WO 2007/149932PCT/US2007/071688 METHODS AND COMPOSITIONS FOR TARGETING
HEPSIN 5This application claims priority under 35 USC 119 to US Provisional Application No.
60/805,589, filed June 22, 2006, the entire contents of which is hereby in&gp@gﬁ%gﬁpyﬁggference.
FIELD oF THE fUERHTON 10This invention relates to the field of anti-HEPSI antibodies, and more

particularly to anti-HEPSIN antibodies that are particularly useful for diagnostics and other HEPSIN
targeting purposes. BACKGROUND 15Hepsin is a type Il transmembrane serine protease (TTSP)
expressed on the surface of epithelial cells. The 417-amino acid protein is composed of a short
N-terminal cytoplasmic domain, a transmembrane domain and a single scavenger receptor
cysteinerich domain i preiiaRly AGARSHEATORITOR PIRiasee e EINThe physiologic
function of HEPS1N is unclear. Despite Its expression in the very early stages of 20 embryogenesis
(2), HEPSIN-deficient mice were viable and developed normally (3,4). HEPSIN was found not to be
essential for liver regeneration and for coagulation-related physiological functions (3,4). However,
HEPSIN has been implicated in ovarian [(5);. W02 01/6%%71 d praostate canceerSelverallgene
expression studies THEAMSGHEPSHRISE RS o ﬁ%éﬂ&iﬁ%ﬁge%@élﬁ Sh’ JrDSaE tancer
(6-11). Hepsim, Riy/Ade\als 28:Avene foundom be toinriconisnal rostate ahetdbenigodypeeplasia, but
strongly increased in prostate carcinoma, particularly in advanced stages (8-10). Hepsin protein
staining with & F6clonal anti-HEPS1N antibody showed that HEPS1N expression was highest at
sites of bone metastasis and in late stage primary tumors (12), which is consistent with the finding that
increased HEPS1N RNA levels correlaﬁgﬂﬂt@)p?%rﬁ{gwdes and tumor 30progression
(7-10,13). Experimental evidence f iN prostate cancer came from a recent
study byoKlezovitchTbisiin(@tiodanisasteatvdithdofatinbiRENnauiiak o Aok Bs A RGO
2007/149932P G 1/ PR/ QfHR%s that are particularly useful for diagnostics and other HEPSIN

targeting purposes. -

BACKGROUND

15 Hepsin is a type II transmembrane serine protease (TTSP) expressed on the surface

of epithelial cells. The 417-amino acid protein is composed of a short N-terminal
cytoplasmic domain, a transmembrane domain and a single scavenger receptor cysteine-
rich domain that packs tightly against the C-terminal protease domain (1). The physiologic
function of HEPSIN is unclear. Despite its cxpression in the very carly stages of
20  embryogenesis (2), HEPSIN-deficient mice were viable and developed normally (3,4).
HEPSIN was found not to be essential for liver regeneration and for coagulation-related
physiological functions (3,4). However, HEPSIN has been imphicated in ovarian [(5);
WO2001/62271] and prostate cancer. Several gene expression studies identified HEPSIN
as one of the most highly induced genes in prostate cancer (6-11). Hepsin RNA levels
25  were found té be low in normal prostate and benign hyperplasia, but strongly increased in
prostate carcinoma, particularly in advanced stages (8-10). Hepsin protein staining with a
monoclonal anti-HEPSIN antibody showed that HEPSIN expression was highest at sites of
bone metastasis and in late stage primary tumors (12), which is consistent with the finding
that increased HEPSIN RNA levels correlated with higher Gleason grades and tumor
30 progression (7-10,13).
Experimental evideﬁce fora rble of HEPSIN in prostate cancer came from a recent

study by Klezovitch et al. (14) demonsirating that in & mouse model of non-metastasizing



prostate cancer, overexpression of HEPSIN led to primary tumor progression and metastasis.
Intriguingly, HEPS1N ovcrexpression was associated with basement membrane disruption (14)

pointing toww’gsﬂmﬁlg@ﬁibility that HEPSIN activity is somehow linked tg.thgdearagiatign of basement
membrane components. In-vitro, HEPSIN 5 is able to convert the latent growth factor pro-hepatocyte

growth factor (pro-HGF) into its active two-chain form (HGF), which induced Met rece?ptor ségnaling
[(15); (16); \MOSBEG/CAWODSP BEEBIRsE e M CEIRITh AtAWEY PERHE A TRMDICREE TR AV Ve tumor

growth and petastasis, itignessiNe tharevrrexpressiepstiH BRS | saativatbswik Hiasdhet axis in

prostate cancer (15,16). Hepsin was also shown to cleave other.10substr in-vitrg, mainly
coagulation-‘?@@iganﬁréi’éfﬁgt@rs,ﬁ“fﬁ ﬁ%%%%rfcf%ﬁf of%e@in i (?tc))lr?i‘lt #&%ﬁéﬁ?ﬁ%}g@r‘{}ty "The strong
expression @hERSINisdnostatienthisherf tanceestmakedsdtarcathentive dingitestieEiNer for a
variety qf diseases, in particylar cancers. Furthermare, other W?ﬁﬁ fihe, LB pmiysuch as
matriptase dﬁggﬁa\/fﬁlﬁ 4:Zﬂajfrf]ec g%gl %)r‘ﬁwgglr? C}%grgﬁ?fgggcg{é%ﬁa@s%e maat%rigtgthaﬁszeohas been d_égtected in
human breasttinik (8 Basddron (F&Ekuctbielt sinditaedy Weh tresiorTSeraling Hdsdiblé that

tumor-deriveg HIERSINGAMIY e detegied 10 INBERRRAY TSNS ARRIPHRIS deleatipRsystems.

It is evident pression is associated with, and likely plays a role in the etiology of,
various dise@BesthHERSI¢EsieFtssibrivsrasE8iatet \ITRGEPSEE D0 ehadl 5SS St aisdises, such

as particulanstageg.andiexteni-efmalignancy s wancarspfineval thgonasiudiffieultiehallenges in clinical
management of complex diseases such as cancer is the ac.curas d ﬁ?rb{f ident{'ﬂcati%?eofnthe

diseasd8 in AYPAHESE. PHEOAHBEYhCSBHRIEUMBEEIRS e Be Bd it apparently bind

HEPSIN (e.gunisititets ishoBiglotahem. (1991), 266(25):16948-16953; Torres-Rosado et al., Proc.
Natl. Acad. Sci. 25 USA (1993), 90:7.181-;Jﬁgi,g\ﬁgzoomos573%1%)8%99%9}%@3%&%9%p%/osseso),

it is clear that it wom%%} BBRefiRAT o NaVe composih%rl?éoas%aL methods that are effective and flexible in
detecting anefeidavgelinmesERSHkin fitre smiciy vivdisTsesinvaruorpovites hekeibeamgesto such

compositions, andBelnadsy . rrdd aslRienGs clarkhaialy dgletia sesant anplisRlipusind

publications, are incorporated by reference In their entirety. SUMMARY The disclosure provides

novel arftibosizfcapailstetbimingsn e besy deisgtediodumnm erhssdedy BEPS PN Brotein, in
vitro and in viyg.4-pAaghRknerimal andpuan HREINanHhasiar e BERSTRIcsIabind (O

HEPSIN in various forms and at different epitopes. These antibodies have a variety of uses, including

use in sensitilegistirbrmapte AR ATRGOREAS SRR ¥ CBIdlogical samples.  In one
aspect, there is proyigieghanisahatagsptiiogy whith hindsdieqreteasenddiieln whimate HEPSN
comprising amino acid sequence of HC-HVR1, HC- 2, HC- HVR3, LC-HVRJ, LC-HVR2 and LC-
HVR3 of an %ﬁib%ﬁil/’ﬁ?’od%cev&rb‘ﬂ}lﬁy%%ﬁ?a ceglgﬁgeﬁgeﬁ%%%egt RmEhean" yp\g%ul¥6?§lgollection
(ATCCYundemhiecassion NMOdiPhAL 468 BTpefitdly RiRdey 474 cREA-FUTRlignPTAC 478k herein said

antibody binq?nce)l&s it(gg r%rc])s?cgﬁ[f?céﬁec??iif%%é@:@@&&ﬁ%&“rﬁ%ﬂﬁé@&&ﬂ ng complex diseases such as
cancer is the accurate and carly identification of the discases in a patient. Thus, although
some antibodies have been generated that apparently bind HEPSIN (e.g., Tsuji et al., .
Biol. Chem. (1991), 266(25):16948-16953; Torres-Rosado et al., Proc. Natl. Acad. Sci.
25 USA (1993), 90:7181-7185; W02004/035733; W02002/064839; W02004/033630), it 13
clear that it would be beneficial to have compositions and methods that are effective and
flexible in detecting and/or targeting HEPSIN in vitro and in vivo. The invention provided
herein relate to such compositions and methods.
All references cited herein, including patent applications and publications, are

30  incorporated by reference in their entirety.



by a hepatocyte growth factor activator inhibitor. Disclosed is an isolated immunoglobulin polypeptide
comprising at least one, two, three, four, five or all hypervariable (HVR) sequences selected from the
group consisting of HC-HVR1, HC-HVR2, HC-HVR3, LC-HVR1, LCHVR2 and LC-HVR3 sequence of
an antibody. produced by hybridoma cell line deposited at American Type Culture Collection (ATCC)
under Accession No. PTA-7469, PTA-7470, PTA-7471, PTA-7472 or PTA-7473, wherein said isolated
immunoglobulin polypeptide specifically bindsHMMBREPSIN. For example, in one embodiment, the
disclosure provideg,ansisqlated,aRtody.compsiRing éﬁh%%mlﬁ\g@mﬂaﬁe&gﬁﬂug diveior all
hypervariable (HVR) sequences selected from the rou con5|st|n (\jélfg §gn;lv§g
HC-HVR3, e pllRsso@atef/REENY PEIGORS 1%1‘ B arit aély produced by hybrldoma cell

line depositgd af AmEsgaN.AYPSifek e gﬁihe@sﬁrtmm tordEPARE aBSTeriaus fema-7ufb

PTA-7470, PTA-7471, PTA-7472 or P , wherein. said e gy, spegificall \ands
human HEP@fi@quﬁ @Héoéﬁ%bogh’?%n “ﬂ%%‘ Vﬁrg VrovHesi%%b%@e%mgﬁfﬁgy comprising at Ieast

one, two or agtg&%ﬁwgﬁ@mgm&gmtmmnmmmmwm HC-HVR2 and HC-HVRS3,
and at least one, two or all LC- HVRS selec (Eecc{i froth,the %Qggdgq\%@tmgdgftﬂeq,ﬂy&d&&mwz and

arl 180

LC-HVR3. In one eMBBaiARHE PR SSEUEREES Th an isolated antl%éécﬁﬁe those
of an antlbodwpmdmmwmﬁmdmmlmd@@mt@fdlﬁ? ure Co 1ect|o ATCC)
under ACCGS{@W&A\%M@@&BM tihe bV seuencdslincalissiated Antiboaly of

the disclosure. %ﬁ%ﬁ& FLARNRICER D IUbRAOmR colding ARDASer Bl AMETRR TPP or

Culture Colle cess on 7470, In one embodiment, the’HVR sequences in an

isolated anubemymrzmemmd angbtiiydends mmmwm@myﬁ’m&%ﬂ Wrdeposited
at American 'ﬁ(y?pehC%gg COQL%lga%A;’g@&@gggégcessmn No. PTA-7471. In one embodiment, the
n

F1VR seque ani olﬁted antibody of the disclosure are those of an antibody produced by
hybridorna cell line @m&%aﬁ&m&&mﬁﬁw@cﬁm&w@l@eﬂwlon (ATCC) under AcceSS|on No.

PTA-7472. In one embodl ent the% tgreg(éu esfigeagljszﬁa Q.ng@é f?ﬂ' §ég§§ are
Y

those of an El%y hyBRddma cell Tine deposited at American e Culture Collection

(ATCC) und%ﬁ@ﬁ&fﬁbﬂﬂtﬁ&gﬁﬁ%ﬁﬂs’i&ng of HOHVEHbGirHRR2HEHIBSu eV Re 41 isolated
immunoglob rlsm I InYakishlieaanansequapaadf an
“antibody pro%{}é%l %Beﬁ%n om CEﬂﬂlllne S%Egmted é’tf’gg%nf%%# ge Culture CoIIec?tilé()gn SSATCC)
under Accessmhnﬁéncﬁmhﬁa' Bolarr PR GGy e M&%WR%? 45erei S8 isolated

inimunoglobylip p‘?}éﬁem Cificaiy binsis WB%&@EE@AN&%@r%m@@omwmﬁﬂment the
disclosure provides ari isolate antlbo%compnsm% heavi}/ and/ar Ié% |n vanable domain

sequence of srraREBbASrSUTERE B b FqorarEat he aehogitet mér?coasnureﬁ/)mw Ufttire
Collection (AT G gﬁl@gﬁ%ﬁﬁgﬁm&% SAE /B Tilrdd 18uR Tibe 0 BlI, BPArrtiaRlo (VR 7473,

wherein said |solated antibody speC|f|caIIy b|nds huyman isolated
antibody comisdseeposRlsCdolorTi gt Maﬁ; r‘%& g: afnaabg%ody pro li]d‘jcjced by

hybridoraa celt{ing danesited ﬁ&mmmﬂy&g&uﬁwe a@@tmm (ADACHdiyeryhodessioniNo.

PTA-7469. In one embodiment, the isqlated a tlbo om d/or Blgh@dnpfﬂgable
domain sequéRedienosiicd iRy %&Bﬁ &l:raa cel %Eg b%gﬁeak%% girgwerlcan ‘Type Culture
Collection (AT4£3) wridenAocassion4io, PTA-M?momméﬁﬁBomﬁm theidstielrser apriBrdy :

comprises heavy and/or light chain variahle doma| &pél duRraducadby hybnddma
cell line deposked e ARRLKE SHHARIEEE r@@?ﬁl% g? 180 er Aglg)essmn No. PTA-7471. In

o][\e emb%dl (rjnﬁmb@bg isniptathanti mymmm%mgmlﬁgﬁﬂcf% "'\]Fé:i&'ﬁ?@ &Bﬁ;’iﬁpge&fgg
of an antibo raeLican, et ion
T R R H IR e 2l e

under Accessft odiment, the isolated antibod comprises h av and/or
light chain varfasietiipgrain sermisiTaas{ArENRIody-prodREcaby-H gfé?ﬁvﬁyné%@ﬁﬁ? bd at

American Typ%e grge&gL&QqQ DAL Ml AEERIBIOIINE. el Those of an antibody
produced by hybridoma cell line deposited at American Type Culture Collection (ATCC)
under Accession No. PTA-7469. In one embodiment, the HVR sequences in an isolated
antibody of the disclosure are those of an antibody prbduced by hybridoma cell line
deposited at American Type Culture Collection (ATCC) under Accession PTA-7470. In

one embédiment, the HVR sequences in an isolated antibody of the disclosure are those of



7473. In one embodiment, the disclosure provides a monoclonal anti-HEPSIN antibody encoded
by an antibody coding sequence of hshridorria cell line deposited at the American Type Culture
Collection (ATCC) under Accession No. PTA-7469, PTA-7470, PTA-7471, PTA-7472 or PTA-7473.
In one embodiment, the disclosure provides an isolated monoclonal antibody that binds to the same

epitope on human HERSIN as an antihody. produc l“%éfhy%ridom C I%rtl%de osijted merican
Type Culture Cofied |8W(R’f%s e%r?&%%%lgg&%n%g. A- H%%tegT% HBQFA%?’??E PTAS7472 Or
PTA-7473. InGrie@ivbhddiied), théadigotossienptdvideBlali 4i5blatbd amtibbohyothatebindsat d& Bifferent
epitope on human HERPS1N as ntibo roduced b bridoma cell inegﬁ osited at American
Type Culture gcp%ﬁeenéﬁ%ﬁ* (‘Rﬁs@& %J%G?é’?‘%‘(c%ge%ég?g%’ o A%’i%@%ﬂﬁ%%% dr E&:(%l%l, PTA-7472 or
PTA-7473. hybridsmezembBotirnedapebitedist oboneiprovitias af isokatcdotieonl ofal @Rtibeeirthat
competes with an apiibqgyserechuoa hvchvuidemmcel e AeRasiiethal AMENSAR TG Slyre
Collection (ATCC) under Accession No. PTA-7469, PTA-7470, PTA-7471, PTA-7472 or PTA-7473 for
binding to human HEP SIN. In one embodiment, an-antibody of the disclosure binds specifically to an
antigenic determinant or epitope located in an extracellular domain sequence of human HEPS1N. In
one embodiment, the extracellular domain sequence comprises Ares through Leu417 of human
HEPSN. In one embodiment, the antigenic determinant or epitope is located in the protease domain of
HEPSIN. In one embodiment, an antibody of the disclosure does not bind specifically to the A chain of
HEPSIN. In one embodiment, an antibody of the disclosure binds specifically to human FIEPS1N but
does not substantially inhibit in vivo and/or in vitro HEPSIN enzymatic activity. In one embodiment, the
enzymatic activity comprises cleavage of polypeptide substrate of HEPSN. In one embodiment of
an antibody of the disclosure, the full length 1gG form of the antibody specifically binds human HEPSIN
with a binding affinity of about 150 nM or better. hi one embodiment, the binding affinity is about 120
nlVI or better. In one embodiment, the binding affinity is about 100 nM or better. In one embodiment,
the binding affinity is about 75 nM or better. In one embodiment, the binding affinity is about 50 nM or
better. In one embodiment, the binding affinity is about 25 n_M or better. In one embodiment, the
binding affinity values are obtained by direct ELISA (e.g., expressed as EC50 as measured in direct
ELISAs as described in the Examples below).
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‘An antibody of the disclosure can be in any number of forms. For example, an antibody of the
disclosure can be a monoclonal antibody that is a chimeric antibody, a humanized antibody or a
human antibody. An antibody of the disclosure can be full length or a fragment thereof (e.g., a
fragment comprising an antigen binding component) In one embodiment, an antibody of the

disclosure is nti-HEPSIN a tlbo lescr e Molume66, pages
3611-3619 6’6[‘%@5%8 SRRV VR RN Panta‘??[ Fé? i 9%3/&71%/@%%\6%21 and/or A24 as

exemplified M@mmaﬁdmdaﬁmeE@Q@@)amﬂ%effﬁ%%M@ BET433lications

WO02004/033630 (e.0., aniibody 4745, 34G.7, 40042 S0 FIR1ANH A dospehas 246 referred
to on page 93 and in gures n one em odlment an antlbodg/ of the dlsclosure es not

compete fordomﬁnwgﬁhmand‘@lhsm Wﬁ@&ﬁ%ﬁiﬁﬁ%%ﬁﬁ%&f &8 EHRAGH EUHEEF B search,

Volume 66, 83&195891 130 hePH %L%%ﬁ ig; 2006.(8:5, PRDATMME EARIDIATIRS, Alled, A21
and/or A24 as exemph ied in Figure 4), or an isolated FEEPSN antlbog dlsczboéed in PCT Pé.JbIlcatlons

W02004/033636s6isny NanHEe&dW?ABTME‘?%BMéZﬁéEE%?F)%Z §i &1 aWBFBFF 6 referred
to on page 93 andsin HaHEeR dok go’xﬁe@ﬁ@a eyRaRiRNGiM: AnHRAGYEIIG, dRslesuseptoas not bind

to the same epitope on human HE as an anti-HEPSN antlbod desc ibed in anc r Research,
Volume 66, PAGERIREMeeho HERRReRr i SH68 Ke'g e HmHBed o Y @‘Z?A"? 'RE, A174, A21
and/or A24 ag exemplifieddn £iogn éﬂceb%laﬁt@tﬁﬁblﬂﬂaﬁi\émﬁmﬁmﬂﬁd%ﬁdm R@DsRablications

W020041033630 (e.g., antlbod 47A5 1407, 4 38E2,37010, 310 o 7 referred.
to on page %éﬁ&%@laﬁf’é’ STQ’HF %@é@%%tﬁ%%rré STovi %%ajgo}r‘f%r?gz}s 1bn con’%’n@smg an

antibody as @e%%@bpm-?mzao@ame{ menam&mohmmmm@mtémypmémubmw
acceptable. Disclosed are nucleic ac ds encpding,an jm n I igles (6 AN
antibody) of IVE#isHORRHS: 11 GRSHRPLSKRER bt B ﬁ% |so§ Sh R‘y te

ere’is prov nuc c acid moIecuIe
comprising a-Ruieleiei adid segirrequencoding mmmmﬂw@bﬂﬁe@m@ cBliditesisauitdectors

comprising a n%\m%gogglq" o t%ugclusrgl%?'olﬂeeoﬁon (ATCC) under Accession No. PTA-7469. In-one.
embodiment, the isolated antibody comprises heavy and/or light chain variable domain
sequence of an antibody produced by hybridoma cell line deposited at American Type
Culture Collection (ATCC) under Accession No. PTA-7470. In one embodiment, the
isolated antibody comprises heavy and/or light chain variable domain sequence of an
antibody produced by hybridoma cell line deposited at American Type Culture Collection
(ATCC). under Accession No. PTA-7471. In one embodiment? the isolated antibody
comprises heavy and/or light chain variable domain sequence of an antibody produced by
hybridoma cell line deposited at American Type Culture Collection (ATCC) under
Accession No. PTA-7472. In one embodiment, the isolated antibody comprises heavy
and/or light chain variable domain sequence of an.antibody produced by hybridoma cell
line deposited at American Type Culture Collection (ATCC) under Accession Na. PTA-
7473,

In one embodiment, the disclosure provides a monoclonal anti-HEPSIN antibody encoded
by an antibody coding sequenco of hybridoma cell line deposited at the American Type
Culture Collestion (ATCC) under Accession No. PTA-7469, PTA—'}_‘MO, PTA-7471, PTA-
7472 or PTA-7473., |

In one embodiment, the disclosure provides an isolated monoclonal antibody that binds to
the same epitope on human HEPSIN as an antibody produced by hybridoma cell line
deposited at American Type Culture Collection (ATCC) under Accession No. PTA-7469,
PTA-7470, PTA-7471, PTA-7472 or PTA-7473. In one embodiment, the disclosure provides an
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Disclosed are host cells comprising a nucleic acid or a vector of ihe disclosure. A vector can be of any
type, for example a recombinant vector such as an expression vector. Any of a variety of host cells can
be used. In one embodiment, a host cell is a prokaryotic cell, for example, E. coil. In one embodiment,
a host cell is a eukaryotic cell, for example a mammalian cell such as Chinese Hamster Ovary (CHO)
cell.  In qgg ASPeskiberalissavises anisetaiedpiosicell dumprisHEPAMUekeimpcidtialiEcule
comprising a nucleic acid sequence, encoding the antibody as.defin boye., erpspect, there
is provided AJeEAGTRY BATHND 2 SHRER eﬁ%&ﬁgiﬁtg%‘ﬁ%%| %tﬁ)%@‘;eas i |ﬁg!8| bo@gs Disclosed
are methodg.for- makiashamnantipadyseb v disaits REAFBI7ExBIE4 TReREioddid provides a method
of making an anti-HEPSIN antibody (which, as defin dﬁ?‘% eindpgludes fll lengihy and fragments
thereof), said meth’&d’%‘?ﬂ’ﬁﬁgﬁﬁlﬁn&}pﬁ?&s&ﬁsgu]iﬁ Bsuita e%wost cell a recombinanit vector of the
disclosure epggiag waid aniibtdyyarihgetehy théndddnanedldvoinpagisdigtamsogs TyPi one
aspect, there is proyided.a of producing.an anti ngﬁ%glq{@gggm\@r ggmpﬂs;i;qgwulturing a
host cell coﬁfﬂ}ﬂgﬁﬁ@ﬁﬁbﬂ%m@c? Erq%gir‘%c%ﬁ%lgﬁt%%dpy under Conditions wherein the antibody is
produced. Disviasertis-an7arfieleiofimamuifactar¢EBBIPYising a container; and ;:a composition
contained within the container, whereln (0 cOPROSHions GemRESgsaRaIL nareiaitiodies of the
disclosure. In one embodiment, Fﬁé_composﬁ/ion comprises a nucleic acid of the disclosurel. In one
i :

embodimenisgranypositienitoperiprsisbin an extracelluiar domain sequence of human HEPSIN

one embodiment, the extracellular domain sequence cOmprises Arg® through Leu“j” of
human HEPSIN. In one embodiment, the antigenic determinant or epitope is located in the
proteas.e; domain of ﬁEPSIN. In one embodiment, an antibody of the disclosure does not
bind specifically to the A chain of HEPSIN.

~ In one embodiment, an antibody of the disclosure binds specifically to human
HEPSIN but does not substantially inhibit in vivo and/er in vitro HEPSIN enzymatic
activity. In one embodiment, the enzymatic activity comprlses cleavage of polypeptide
substrate of HEPSIN.

In one embodiment of an antibody of the disclosure, the full length 1gG form of the
antibody specifically binds human HEPSIN with a binding affinity of about 150 nM or
better. In one embodiment, the binding affinity is about 120 oM or betier. In one

| embodiment, the binding affinity is about 100 nM or better. In one embodiment, the
binding affinity is about 75 nM or better, In one embodiment, the binding affinity is about
50 nM or better. In one embodiment, the binding affinity 18 abo?.ft 25 nM or better. In one
embodiment, the binding affinity values are obtained by direct ELISA (e.g., expressed as
BCs; as measured in direct ELISAs as described in the Examples below).

An antibody of the disclosure can be in any number of forms. For example, an
antibody of the disciosure can be a monoclonal antibody that is a chimeric antibody, 2
humanized antibody or a human antibody. An aﬁtibody of the disclosure can be full length
or a fragment thereof (e.g., a fragment comprising an antigen binding component).

In one embodiment, an antibody of the disclosure is not an anti-HEPSIN antibody
described in Cancer Research, Volume 66, pages 3611-3619 published in 2006 (e.g.
antibody 1A12, 85B11, 94A7, A6, A174, A21 and/or A24 as exemplified in Figure 4), or
aﬁ isolated HEPSIN antibody disclosed in PCT Publications WO2004/033630 (e.g.,



an immunoglobulin polypeptide (e.g. an antibody) of the disclosure further comprises a carrier, which

in some embodiments is pharmaceutically acceptable. In one. embodiment, an article of manufacture

of the disclosure further comprises instructions for administering the composition (e.g., the antibody) to
a subject. In one embodiment, the disclosure provides a kit comprising a first container comprisinga
composition comprising one Qr m ihadi t q's re, inefeoMprising a
buffer. In on%“@ﬁ?ﬁéfcﬁﬁgénéﬁfﬁé’ 6’5#222‘%%rﬁ§§éﬂﬁa %iggggp% g%%?ﬂ?%gg??ndg%aa
compositiongzomprisFguass antkboyly further comprises a carrier, whieh in some embodiments is

pharmaceutically ac%e&tgb}%% Qe gmbadisentyaddtiuthal-eonpesapiasiitiiding for using the
composition (e.g., the antlfboé)fg to detect and/or measure PEPSIN in a sample. In one embodiment, a

kit further compriseSHERSINIsteNsfenth RSty dovnperiior@er; Mol T dSubject.

In one embodiment, an.antibody: of the dj e i5linked 1Q eotoxdm suchsasra £¥IAORIL agent. These
molecules c&ﬁﬂ?@%&ﬁf&%ﬁt&e@%%rﬁg r%}ﬁs%t%@? 'é(%bina ion with an additive/enhancin}g ﬁl%e{nt, such

as a chemothetapeAlicageatrabidtiorF wustetbier an ispabpRBEERSEY 1HERYTY FréRiRset hod of
diagnosing %;géﬁ%qae%% g@g@%}gﬁgﬁﬁﬁg@s,aﬁaga,fasisimsp@min%mm@gm@ Witk the stibody as

defined above ing of the"antibody to the sample, wherein binding of the antibody
indicates presEDtendfd EHRI Kferntbte ampres [P 6AE ﬁs%’ééf?fﬂeﬁ%‘@provided a method of determining

presence of a cell(s)agsogialadiin sysragnlation.oh GRS bexprassin iaxslisample that has

been obtained from a subject, said method comprising contacting, the cell(s) with th tibody as
defined abomainmet&ﬁaﬁﬁrﬁﬁgaéﬁaré%%ﬁﬁé@sanF%i@P%‘-‘fﬁ‘,‘l% @a&é Kok C%Tag&%@%fN in the

T
ression

cell(s) ata Ie?% Iggggstejr()tﬂagbqh)eﬁggégggign tous| (@fBERSININ BAIABARE e teick sdmplE/ndicates

6!
that the cell(s) are associated wi

regulation of BEP SIN ex ' | : 1.:.3here is
provided -a m&hwd@f&é&i&iﬁﬁ%%%%?%m% éﬁ’aggﬁgjégc?tl %%?éﬁr%%/h?oﬁrglg?sgga%é%agi%é%ated with
dysreg,ulatiopof BERSUN Gxpoeestrl/ssidinathad aainpdising chntatih a3 3RER oAV IR subject

with the antibody as defined above and determinin pression levelsof HEPSIN, wherein expression
of HEPSIN int sé}ﬁdlé‘iﬁi&ﬁ’ﬁ%%sfﬁ%i@“&gé? 8’1@3%%gsr§(e%l%erl?r%§ﬁ“ﬁ\ég i;eS)?ﬁre sion level of HEPSIN in a

normal reference sampladneicatasethattheisubjecmpoilidrhemmsisondivenidads théslpse 20oVen one
aspect, there is provided a method for assessing minimal residual disease. in a subject treated for a
disease assosidtediwith dyareguieaibraat e PSR SEETaUHISHY IS8 comprising contacting a

‘'sample from the subject with the antibody as defined above and determining expression levels of

HEPSN, wherein EXRIGR oisoe% %Lglllzcﬁlsclelx\(l:igg EQ@O&%@B!%%O@@@HQWW&@Y@&, an antibody) of the
disclosure.

Tn one aspect, there is provided an isolated nucleic acid molecule comprising a nucleic

acid sequence encoding the antibody as defined above.

Disclosed are vectors comprising a nucleic acid of the disclosure.

Disclosed are host cells comprising a nucleic acid or a

. vector of the disclosure. A veetor can be of any type, for example a recombinant vector
such as an expression vector. Any of a variety of host cells can be used. In one
embodiment, a host celt is a prokaryotic cell, for example, E. coli. In one embodiment, a

host cell is a eukaryotic cell, for example a mammalian cell such as Chinese Hamster
Ovary (CHO) cell,

In one aspect, there is provided an isolated host cell comprising a nucleie acid molecule
comprising & nucleic acid sequence encodirig the antibody as defined above.

In one aspect, there is provided an isolated cell line capable of producing a HEPSIN

antibody as defined above.



greater than the expression level of HEPSN in a normal reference sample indicates presence of
minimal residual disease. In one aspect, there is provided a method for detecting a disease state
associated with dysregulation of HEPSIN expression in a subject, said method comprising contacting a
sample from the subject with the antibody as defined above and determining expression levels of
HEPSIN, wherein expression of BEPSIN in the sample from the subject at a level greater than the
expression level of BERSN.iN.a Rsmsal referanse sampledindidates presence of a disease state in the
subject. In one aspect, there is provided a method for assessing predispositi f a subject to
develop a dis%&s‘%sgﬁm&ﬁ%?@ﬁﬁﬁﬁiﬁﬂ%‘ﬁﬁEﬁgﬁfc&isrr%%g?gﬁ?gﬁ%%n?gtg%g comprising
contacting a ww(&rﬂim&subf&ﬁﬁvhmmmdmﬂbbﬂﬁldmiﬁ%%@%@ﬂ%?&wﬁ%%e&? ression
levels of HEPSN, wherein expression. PSIN;i ethie: sibjestrat a level greater than
the expressiofiTePEI'6¢ ﬁ‘@’iﬁg%\? ] aasﬁlg?%%l?se%%Eé%%%gﬁﬂ%icates predisposition of the subject to
develop the dispedsng said intindpapdttgtherahsronslisrtiracmsTrasir §§’ihg a disorder
associated with dysregulation of HEPS1N expression. in . a subject, said m IS ntacting
a sample from the subjeet WAth & ERtIHIERY %%%%eé%ﬂgﬁg\%ggﬁgn&e%raﬁ?}%%%geg%%ﬁs%%nrﬁg\?éls of
HEPSIN, whergin gxiessiangfiEPSE Moinptiwngamplifrop tisatingdet BEPRVAPGTESHRT R the
expression Iev%éof H PSI}gbin ! Qo;g&gkg&ference sample indicates that the subject has said disorder.
In one embodi eﬁfff“tﬁg Hiaciodar provides a method of detecting presence of HEPSIN in a sample,
comprising contacting the sample wijth a i isglgsure. In one embodiment, binding of
the antibody to the sa ﬁé’Sfégﬁ%ﬁgglgﬁegﬁ%ggggﬁgé%%% t g sample. In_ one embodiment,.the
disclosure pro\igesiasmetibd abdipesivsingeatdised SEiEim BRI R MTG thé e verar EEBSN in a
test sample of tissue cells by contacting the sample with an antibody of the disclosure, whereby
HEPSIN bound by the antibody indicates presence and/or amount of HEPSIN in the sample.
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In another embodiment, the disclosure provides a method of determining whether an individual is at
risk for a disease (e.g., a disease associated with dysregulation of HEPSIN expression) comprising
determining the level of BEPSIN in a test sample of tissue cell by contacting the test sample with an
antibody of the disclosure and thereby determining the amount of HEPSIN present in the sample,
wherein a highgglevelef & EBS iitothe testsamplerasiconparediweatcintronsesitiore comprising
normal tissue of the same cell Qrig?l]n as the test igtmple, jbs $n ti:g ié:aéinqnogg?otntgg indi}/idual is at risk for
the disease. TIRGHRBHBO A hISI BN Es Srife HRiGate * fhe fevel of HEPSIN is determined
based on amguahahSERSN RelyeaRde ingicalardy ameumiERSI baupddwthe antibody in the
test sample. An antihody.employed in thep method may o%lirlo allg/ be dgltec%b(gl%llab Ieg, attﬁg:hed to a
solid support2Bihe Hed. hsGHE SRBRSBTEH: HRAHTOERsS 3@%0\%@? ThethSd of BIvaRyG an antibody
of the disclosutetigedERDINpies enfhindadadiy fitid: tomexamplerbldock for admipstaingther
embodiment, the discl 'Slél\’ﬁ%is jrect%rd%taﬁtmeth%d Otf binding an antibody of the disclosure to a cell
that expressg% EEREIN Widrein the metho %glrlnﬁ)?ics'es contacting said cell with'said antibody under
conditions which aré suitaflecfondindingdisiuscanb e fo 1IEmYNPEAdE SHAGBiFrRRG thefebetween.
In one embodiment, said ant,ibodg does not inhibjt int rﬁn?c io o&rlél_EP?a!I;IeggitQ (i:g)%tlég%pd. In one
embodiment‘f‘fﬁ’@%ﬁéﬂb“é’ﬁ‘?@“ﬁ% &88‘&‘1‘?{8&?88"8%%%?& G AR agent (6.G.. diapostic or therapeutic .
agent) to a RERSINsgssodiate drtisstenibaiinost, the mé&ltiod vomprisinicadyiassmeng th it host said
agentinaform‘thtisgk t . [$¥l he dj r st ted to the
HEPSLN-asggIg%%geﬁ }uggfﬁﬁ%%e{ﬁﬁ%?s%g% or%1 %r%%%%%ﬂft e a?n%%%%%%%%ﬁ%?ﬁ%%gﬁ% is _
capable of speviicathotingitg to HEPSKEISTalsd wewieblc(cifnepis ARbUHREYvE) Mbfestample where

HIEPSN IS HESRALANRESUHIRCSA A6l me cdRAERMROdMEN. Mifdisalasuigiodes a method
comprising detefmining whether a subject comprises a cell that xgresses EPSThI at a level greater

than the expreszsion TERSBY kRreRpl-alnonn sMIeieset s&w WP isee etiee s cell
indicates thagmgﬁggﬁ@&glg&gg{gg@?§%%g\gbgy§ﬁg gtion (e.g., overexpression) of

HEPSN. hi one embodiment, the disclosure provides a method of predictgilré%responsiveness of a
subject to therapy foldisortbodissnbienaatiRady 6 Sredararmsir lgkeave i) TPREPSIN, said

method Comaﬁiﬁﬂg determinineuubhether thersHbigatgopppsisamacalithat @mressps RERSHN at a level
greater than the expression level of HEPSN in a normal reference sgmple, wherejn presence of said

cell indicate LT HESERFEN 96T BERESh ERRERAERTARIH A ST, "2HH0G RS BBdiment, the

disclosure provides @ method for monitoring minimal residual disease in a | reated fqr a disease
associated with dysreg,ulat gﬁt’(e%i K recrg%ér%éps%n%drgf gﬁ%‘ﬁ%ﬁ“ &1 Srenngfhoggﬂégg%r}%i%aﬁ% @rmining
whether the SUBjERHESAPRISEEANSR IR BilpFes st ¢ pSieRped ehioveand dareinhbindhe efdbression

level of HEPSiiihisua potaakigierence-mamine wheteihaeiegtion ol-said callis ingipativepfpresence
of said minim&%&g!dual disease.

In one aspect, there is provided a method of determining presence of a cell(s) associated
with dysregulation of HEPSIN expression in a cell sample that has been obtained from a subject; said method
comprising contacting the cell(s) with the antibody as defined above and determining
expression levels of HEPSIN, wherein expression of HEPSIN in the cell{s) at a level] greater
than the expression level of HEPSIN in a normal reference sample indicates that the cell(s} are

associated with dysregulation of BEPSIN expression.

In one #spect, there is provided.a method of predicting responsiveness of a subject 1o
therapy for a disease associated with dysregulation of HEPSIN expression, said method comprising
coritacting a sample from the subject with the antibody as defined above and deiermining expression levels of
HEPSIN, wherein expressiox; of HEPSIN in the sample from the subject at a level greater than
the eﬁpression level of HEPSIN in 2 normal reference sample indicates that the subject would

be responsive to the therapy.



In one embodiment, the disclosure provides a method for detecting a disease state associated with
dysregulation (e.g., overexpression) of HEPSIN in a subject, said method comprising determining
whether the subject comprises a cell that expresses HEPSIN at a level gieater than the expression
level of HEPSIN in a normal reference sample, wherein detection of said cell is indicative of presence
of said disease state in the subject. In one embodiment, the disclosure provides a method for
assessing predisposition of a subject to develop a disorder associated with dysregulation (e.g.,
overexpression) 0%‘4 B SR Shidrrifeth 8EP i prisiad Wefeinmistmune eithese tesidulj dbtessmiprises a cell
that expresseli¢ERSIN fat a develgiadienihandh s expmassiondavel akHERSINLN apormaldeference
sample, wheggj clien id_cell is indicative of a predisposition for the subject to develop said
disorder. In P‘%’Z’g %ﬁ%&@ﬁ?ﬁﬁg ?:ﬂ’é’éf%%f?e‘ﬁ&so‘%}’ﬂ&é%“a BB g s avaisst derasspsismssion
with dysregUiation, (&9t SRS ESEioR PEESISIN inlsuijepte Sainl hetfeQmprisng - .
determiningewiattiiaat e supjegiconprisesereeN that PSIN. at a level greater than the
expression B‘?‘{SE%E?@%”\H i(-ﬁf%aggrmal reference%%n%%%?ﬁﬁ%ﬁ%%%@%%olfgtﬁfd”éeéﬁ’wdicates that -
the subject has said disorder. Tn 6fie embodiment, the disclosure provides a method for distinguishing
between early and Jate stage of a disease associated with dysregulation (e.g., overexpression) of
HEPSIN (e.q., degfB&st HRARGHARE!S @apKjdst advethodostdgestits ) Hisastibigetasaithmettiad
comprising diteulring o HEPEIN BepSHbIQCECOMBHSE Safl GRYIHALEXIRSSE N.at.a level greater
than the exgﬁj&gd%qﬁgﬂg ol o Edﬂggﬂ%" nc rﬁf:a%' (‘(:)g‘fl

EbSIJSI, in(g ormal reference sample, wherein detection of:sali
indicates that the subject has tﬁe ate st eé]&e&ﬁﬁ?éemg%a@éﬁﬂmmm@mm RIS Siti@cin
provides a fiiEtHBH 1B CHLHRYISHiFR Hemledromohimmgive on lvasive:siage-oha diseaggAssociated

with dysregldatiosf EEFSBVRrexpressiont St HER: M@j@a %b'ect said.method comprising detennining
whether thess%b'e%ct comprises a cell that expresg(les REP el I\IlJraeF %n?g\?elagc?lég?é? ff‘f’éﬁ’-’f"r@f‘expression
level of BEPSLN in a normal reference sample, wherein detection of said cell indicates that the subject

has the invasive stagef the dispase In ane embadiment, the disclosure provides a method for
distinguishing between no%e’tastati%:S ﬁ?%egtgs%%&ogtg iUk exsipesiiviaéd withedysregulation

(e.g., overex{PE&EGH BridEsseiriah wih biseedaienbERSES rrmsing etdmining) whethrihe
subject comprigagiagetathplkdxpriagsesuiHER, level greater than the expression level @
HEPSIN in apeunal jeference samoglefg;@gg%ﬂgge%gﬁ%ﬁjg & CeIPiai égs%ﬁgﬁﬂ%eé‘%ﬁg&nﬁ%e{ﬁ%f

said ce
metastatic stage of the Rl SXPIEssIon 6 in the sample from the subject at a level greater than

the expression level of HEPSIN in a normal reference sample indicates predisposition of the
subject to develop the disorder.

In one aspect, there is provided a method for diagnosing a disorder associated with
dysregulation of HEPSIN expression in a subject, said method comprising contacting a sample from the

subject with the antibody as defined above and determining expression Jevels of HEPSIN, wherein
expression of HEPSIN in the sample from the subject at a level greater than the expression

level of HEPSIN in a normal reference sample indicates that the subject has said disorder.

In one embodiment, the disclosure provides a method of detecting presence of HEPSIN in

a sample, comprising contacting the sample with an antibody of the disclosure. In one
embodiment, binding of the antibody to the sample indicates presence of HEPSIN in the
sample. 7 ‘

In one embodiment, the disclosure provides a method of diagnosing a disease comprising
determining the level of HEPSIN in a test sample of tissue cells by contacting the sample
with an antibody of the disclosure, whereby HEPSIN bound by the antibody indicates

presence and/or amount of HEPSIN in the sample.

Ta



The steps in the methods for examining expression of HEPSIN may be conducted in a variety of assay
formats, including immunohistochemistry, ELISA and blotting assays. Optionally, the tissue or cell
sample comprises disease tissue or cells. Methods of the disclosure provide information useful for
determining appropriate clinical intervention steps, if and as appropriate. Therefore, in one

embodiment of a meghadatteasisshosin themeathadidahercaniseraainicahintgngntion step

based on results of the assessment of the expression of ELEPSN. For example, appropriate
intervention riedirshs ﬁraﬁ}a;ﬁm&ié@ﬁaﬂq&@&m&%ﬁpgﬁ%mémHwﬁiaﬂwﬁéﬁ%ﬁﬁ%t
prophylactic Qi eaimerisiepsipasedonbizRRN-exnse serPRIRfQrratanahiangdibya setyod of the
disclosure. Still further methods of the disclosure include methods of treating a disorder associated
with dysregulSEUA BGOSR ELEI8AT 8?‘1‘3@1@%\'11‘% RASHRAAS téﬁf%yacg%gﬂ%@ &8mprising steps
of obtaining tissisertrod HEPSaNprestianntiie: mampraatiexaminihiphbe keslefonEPEENOhakpression
(e.g., amount of expression) of HEPSIN, and upon determining said tissue or.cell sample expresses
HEPSIN (e.q SRR HEPER 1 &x et BT AP et S A o Sl
administeringaarhe ffet ttemsim dsint ofdictiherapeufic agévititalsaist menfonahe@tiostally, the methods
comprise administeri n effective amount of rgeted therapeutic .g., an antibody that
binds and/or blocks g’:gt?\%ﬁ)?%t? EBSi %’“ﬁ%ﬂﬁ% %tc%%r%csﬁsouﬁ%ihggg %ﬁgknotf%%g%‘rﬁ §u %?ngiél? (?and a second
therapeutic agesad(enareytotoxXicERSAY ptdyprpisdsdndaaindaby amonstywdild B Vidend feyohe skilled
in the art, in any method of the disclosure, while detection of increased expression of HEPSIN would
positively indicate a characteristic of a disease (e.g., presence, stage or extent of a disease),
non-detection of increased expression of HEPSIN would also be informative by providing the

reciprocal characterization of the disease. In one aspect, there is provided a medicament
comprising an antibody as defined above for use in the treatment of a disease or condition associated
with dysregulation of HEPSIN expression, wherein the antibody is linked to a therapeutic agent. In

one aspect, there is provided the use of an antibody as defined above in the manufacture of a
medicament for the treatment of a disease or condition associated with dysreg,ulation of HEPSIN
expression in a patient, wherein the antibody is linked to a therapeutic agent. In one embodiment, the
disclosure provides an array/probe set comprising one or more antibodies capable of specifically
binding to HEPSIN (e.g., antibodies of the disclosure). In one embodiment, the disclosure
provides a kit comprising a composition of the disclosure, and instructions for using the composition to
detect a disorder associated with dysregulation (e.g., overexpression) of HEPSIN by determining
whether expression of HEPSDI is at a level greater than the expression level of BIEPSLN in a normal
reference sample. In one embodiment, the composition of the disclosure is an array/probe set
comprising one or more antibodies capable of specifically binding to HEPSIN (e.g., antibodies of the
disclosure). In one embodiment, the composition of the disclosure comprises an antibody that
specifically detects HEPSIN. In one embodiment, the composition of the disclosure comprises an
antibody that specifically binds to at least a

To



portion of HEPSN. BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1. Characterization of
anti-HEPSIN antibodies. FIGURE 2. KiaPP values of inhibition of HEPSIN and uPA by HAI-2. FIGURE
3. HEPSIN binding ELISA. Antibodies were added to microtiter plates coated with soluble HEPSN.
Bound antibodies were detected with horseradish-peroxidase conjugated anti-mouse 1gG followed by

BioFX TMB,subsiiate asditien skaIdRE4. SHHepE dambpsdatiombymeahogdeditignobiisigyEde SA.
Biotinylated antibody and molar excess of unlabelled antibgdies were added to rnicrotiter plates coated
with .solubIedFFEffi‘@lN@%@Gﬂfﬁﬂﬁ?ﬁ?l&é&%ﬁﬂ%ﬁg%ﬁﬁ%d with horseradish peroxidase-c*ugated
streptavidin followes bysBisteXithétDBeslitviirateraddiion nRIBU R BdHiIsto grabedTdttfbody 3H10.1.2
binding to HEPSN on LnCaP cells. LnCaP-34 e_IAs exg)ressiL sfected PEPSIN and endogenous
HEPSIN, whileckiae HOAEPPCBIRBhiY Lot ihdSgaitns IN. Cell suspensions were
incubated with 3H 19 Je2:antiasybadichsurfacésoivaund adtibody idetecteet withiRPcunjoderéd F(abe)2
anti-mouse 1gG on a FACScan. orgtr)(i)lrseég/eesr in‘%Jetr)%%e é/vite };[gl CgE-lglgn'g ate. FIGURE 6.
Chromogenf® StsLiFitE 48 47 AR SHEE &t 500 - were Incubated with sofuble EMESN (0.25 nM)
for 30 min. REPSINvanZybsisdetyiin fenarditie perahitoranilidl s fistiaténg 2866 waibthkizn
measured and sed, as fractional.actiyity (viivo). The REPSIN inhibitor KD1 s used as
. a positive c&?\t@%r? éfé : Bt dléléti%\{}g\t[lﬁcg)ﬁégss‘egy. %hﬂ%eog%héoa‘%ér? a@e%éagn%&%)gé% for 30
min with O.5naMridibi RSN i pfAEHEPARUODbNM Jigmsiadded to start the reaction. Aliquots were
removed at various (e B A0Y hegencetAlR.Cl lRnebAdRieiHRed adhe second stage

of the assay using the UPA substrate 52444. The rates of uPA formation (Table 1) were calculated

from the sloggndtie HEEStRbmibikgeODY @ HRNGINastpséais topsitive dostrsherTCURE 8.
Immunoblotti%gtof. regoaﬁ(}gm@grﬁg’éug!&55@?4&@@&@%9%&%%&@&9% HERSLMwRsanalyzed

by SDS-PAGE thderre ucing conditions and, after transfer onto nitrocellulose membrane, detected

with the antifhe BFSsNenToras it 2eambs drestet o dRioHe SrtAdase BSINrBIERSHh (protease

domain) andthe molecular.weight M@%{%&Qﬁ@’@@iﬁdéﬁﬁﬁ%@e oNVecifically binding to _
2007/149932PCT/US2007/071688 FIGURE 9. One embodiment of an amino acid sequence of native

human hepsHERIBURRELaOACE BIAGEHTE FreYHIOBRHEY B 47T SHFE SRS FHETRBYGF REWGE human
hepsin. SMORRY EQR.CARRMING OUT THE INVENTION General Techniques  The practice of
the present invention will employ, unless otherwise indicated, conventional techniques_of molecular
biology (including redopmirrbrIeRmhiBGSSE I PRIEs I RENRTTY BISATEHHIEHS Jh& M Aunology,
which are withietheskikEs a cell that expresses HEPSIN at a level greater than the expression level

of HEPSIN in a normal refersnce sample, wherein presence of said cell indicates that the
subj'ect has a disorder associated with dysregulatior (e.g., overexpression) of HEPSIN,

In one embédimeni, the disclosure provides a method of predicting responsiveness of a
subject to therapy for disorder associated with dysregulation (e.g., overexpression) of

' HEPSIN, said method comprising determining whether the subject comprises a cell that

expresées HEPSIN at a level greater than the expression level of HEPSIN in 2 normal
reference sample, wherein presence of said cell indicates that the subject would be
responsive to the therapy. o

In one embodiment, the disclosure provides a method for monitoring minimal residual
disease in a subject ireated for a dissase associated with dysregulation (e.g.,
overexpression) of HEPSIN, said method comprising determining whether the subject
comprises & cell that expresses HEPSIN at a level greater then the expression level of
HEPSIN in & normal refersnce sample, wherein detection of said cell is indicative of
presence of said minimal residual disease.

Tn one embodiment, the disclosure provides a method for detecting a disease state

associated with dysregulation (e.g., overexpression) of HEPSIN in & subject, said method

8



10 the art. Such techniques are explained fully in the literature, such as, "Molecular Cloning: A
Laboratory Manual", second edition (Sambrook et al., 1989); "Oligonucleotide Synthesis" (M. J. Gait,
ed., 1984); "Animal Cell Culture" (R. I. Freshney, ed., 1987); "Methods in Enzymology" (Academic
Press, Inc.); "Current Protocols in Molecular Biology" (F. M. Ausubel et al., eds., 1987, and periodic

updates); "BG:Ry-Ehe BalwmprasesheGheirRetetpotn{pistisetdl. fed soestys HERSRliehrGuide to
Molecular Cloning" (Perbal Bernard V., 1988); " Display: A L t 5 Rarh:as et al.,
2001). Defilftigh® fa?mthﬁgﬁgqﬁwﬁa@% m&%&%%%%@%%%%&se%u &rjle?’:e polypeptides, 20
polypeptidejuariaptsoasd fagrnentsafieendtvessegusiealpbiypeptide aridipeippeptide variants (which
are further defined_herein) that is able of pro-HGE cleavage.in ABanngk Sitpiade wild type
HEPSIN. The HEPI§ICI\II‘epeo ?B@&?&?gg%ﬁﬁﬁ er:(;e%%ay be that'\?vhich iS is%lated from a variety of
sources, sugboﬁ@tfr@mmm@ndisﬁstedmpa&mi&temwitbtldefsmu}@@mr(p&paf@éeﬁmﬁé@@ﬁibﬂﬁant or
synthetic methods. The terms "HEPSIN", 25 "HEP S| entider i EHERSINg0gme apgd "HEPSIN
protein” als es\%ﬂ’i r%‘%df LAEPEIR %ﬁ%&ﬁ&ﬁ%scloseg F‘]mereicn. "native sequence
HEPSIN pobspegsise HERSDIises deyelypeptiddhhaing srereming kvrheEERTNlLEh e AT e
corresponding HEPS1N polypeptide.derived from natyre. In ang:embodimentsa fatvesegyence
HEPSIN pofff %E)?lc esé%lﬁgf)’ré%lg% e g‘ftr%%%ggc‘%d 30 sequesnce of éEQ ID @g:l see Figure 9). In one
embodimentbiaativéeselipenatkdBRSIN polypeptide comprises the amino acid sequence of SEQ ID

'NO:2 (see Figure 10); Such native, seaurpes.HERSHN: pabemtidedan binisoliteddrenpsigdre or can
be produced by recombinant or synthetic means. The term "native sequence HEPSIN polypeptide"
WO 2007/14698¢ReTilason 6720 pyeggpression) of HEPSIN in a subject, said method comprising

determining whether the subject comprises a cell that expresses HEPSIN at a level greater
than the expression level of HEPSIN in & normal reference sample, wherein detection of
said cell indicates that the subject has said disorder.

. In one einbodiment, the disclosure provides a method for distinguishing between early and
late stage of a disease associated with dysregulation (e.g., overexpression) of HEPSIN

- (e.g., degree of malignancy, early or é.dvanc;ed stage; etc.) in a subject, said method
comprising determining whetﬁer the subject comprises & cell that expresses HEPSIN at a

. level greater than the expression level of HEPSIN in 2 normal reference sample, wherein
detection of said cell indicates that the subject has the late stage of the disease.

In one embodiment, the disclosure provides a method for distinguishing between

_poninvasive or invasive stage of a disease agsociated with dysregulation (e.g.,
overexpression) of HEPSIN in 2 subject, said method comprising determining whether the
subject comprises & céil_that expresses HEPSIN at a level greater than the expression level
of HEPSIN in a normal reference sample, wherein detection of said cell indicates that the
subject has the invasive stage of the disease. '

In one embodiment, the disclosure provides a method for distinguishing between
nonmetastatic and metastatic stage of a disease associated with dysregulation (e.g.,
overexpression) of HEPSIN in a subject, said method comprising determining whether the
‘subject comprises & cell that expresses HEPSIN at a level greater than the expression level

of HEPSIN in a‘ normal reference sample, wherein detection of said cell indicates that the '

subject has the metastatic stage of the disease.



specifically encompasses naturally-occurring truncated or secreted forms of the specific HEPSIN
polypep_tide (e.g., an extracellular domain sequence), naturally-occurring variant forms (e.g.,
alternatively spliced forms) and naturally-occurring allelic variants of the po lyp epti de. 5"Hepsin
polypept?de variant", or variations thereof; means a FIEPSN polypeptide, generally an active HEPSIN
Egiypeptlde, as deEp5|g§[§iP@M%®@ foask ahoth §0premioo cicHERSIDemey iztertitgusith any of the
ive sequence I polypeptide sequences as disclased herein..Such HEP; [
variants incﬁ&é%rﬁ%ﬁéﬁ%%ﬁélﬁc& e m&%gﬁé?élﬁ%lﬁ%?grfﬁﬁgaa%%ﬁ&%’g z%%si ueeestl:?e
added, or delteshiat, # theudloogl-terplousmidseativeeserinmaciccsbguence. Ordinarily, a HEPSIN

polypeptide varian 'IO 5 9 i ' ' i tively at least
Cbout 5156, 5236, BBt BT WL h e COh e Gone Bube A OTICPEAs, o5, oo,

970(/;_, 9|8%, g&ﬁ%iﬁm’r&@t&gi%@quma&dch@nﬁppmprfamati@w@uen@ prEPSINogsRARe ifde sequence
ngth, e RATE ANGAa A ST B A8 TUTRE A0 oE, B U 106 L1 136, 150,40, 150. 160,
170, 180, 198:ROM2%0, assessment of the expression of HEPSIN. For example, appropriate '
intervention may involve prophylactic and treatment steps, or adjustment(s) of any then-
current prophylactic or treatment steps based on HEPSIN exi)ression information obtained
by a method of the disclosure.
Siill further, methods of the disclosure include methods of treating a disorder
associated with dysregulation (e.g., overcxpression) of HEPSIN n a mamrriﬁi, such as
cancer, comprising steps of obtaining tissue or & cell sample from the mammal, examining
the tissue or cells for expression (e.g., amount of expression) of HEPSIN, and upon
determining said tissue or cell sample expresses HEPSIN (e.g., wherein HEPSIN is
expressed in amounts greater than a reference (control) sample), administering an effective
amount of a therapeutic agent to said mammal. Optionally, the methods comprise
administering an effective amount of a targeted therapeutic agent (e.g., an antibody that
binds and/or blocks activity of HEPSIN and/or its corresponding ligand and/or substrate,
_and 2 second therapeutic agent (e.g., cytotoxic agent, etc.) to said mammal.
As would be evident to one skilled in the art, in any method of the disclosure, while
detection of increased expression of HEPSIN would positively indicate a characteristic ofa
disease te.g., presence, stage or exient df a disease), non-detection of increased expression
of HEPSIN would also be informative by providing the reciprocal characterization of the

disease.

In one aspect, there is provided a medicament comprising an antibody as defined above
for use in the treatment of a disease or condition associated with dysregulation of HEPSIN

eXpression, wherein the antibody is linked to a therapeutic agent.

In one aspect, there is provided the use of an antibody as defined above in the
manufacture of a medicament for the treatment of a disease or condition associated with
dysregulation of HEPSIN expression in a patient, wherein the antibody is linked to a therapeutic

agent.

10



220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380,

In one embodiment, the disclosure provides an array/probe set comprising one or more

antibodies capable of specifically binding to HEPSIN (e.g., antibodies of the disclosure).

Tn one embodiment, the disclosure provides a kit comprising a composition of the disclosure,
and instructions for using the composition to detect a disorder associated with
dysregulation (e.g., overexpression) of HEPSIN by determmmg whether expression of

HEPSIN is at a Jevel greater than the expression {evel of HEPSIN in 2 normal reference
sample. In one embodiment, the composition of the disclosure is an array/probe set
comprising one or more antibodies capable of specifically binding to HEPSIN (e.g.,

antibodies of the disclosure). In one embodiment, the composition of the disclosure

10a



390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580,

5h90 600 amino acids in length, or more. Optionally, HEPSIN variant polypeptides will have no more
than one

comprises an antibody that specifically detects HEPSIN. In one cmbodiment, {he

composition of the disclosure comprises an antibody that specifically binds to at least a

portion of EEPSIN.

BRIEF DESCRIPTION OF THE DRAWINGS
'FIGURE1. Characterization of ant-HEPSIN antibodies.
FIGURE 2. K™ values of inhibition of HEPSIN and uPA by HAI-2.
FIGURE 3. HEPSIN binding ELISA. Antibodies were added to microﬁter plates coated
‘with soluble HEPSIN. Bound antibodies were detected with horseradlsh«peromdase

conjugated anti-mouse IgG followed by BioFX TMB substrate addition. ) _
FIGURE 4. Epitope determination by competition binding ELISA. Bmtmylatvd
antibody and molar excess of unlabelled antibodies were added to microtiter plates coated
with soluble HEPSIN. Bound biotinylated antibody was detected with horseradish -
peroxidase-conjugated sireptavidin followed by BioFX TMB substrate addition.

FI.GURE 5. Histogram of antibody 3H10.1.2 binding to HEPSIN on LnCaP cells,
LnCaP-34 cells express transfected HEPSTN and enddﬁenous HEPSIN, while the LnCaP-
17 cells only express endogenous HEPSIN. Cell suspensions were incubated with
3H10.1.2 antibody and surface-bound antibody detected with PE-conjugated F(ab"), anti-
mouse IgG on a FACScan. Controls were only incubated with the PE-conjugate.

FIGURE 6. Chromogenic substraie assay. Antibodies at 500 oM were incubated with
soluble HEPSIN (0.25 nM) for 30 min. HEPSIN enzymatic activity towards the pare-
nitoranilide subsirate $2366 was then measured and expressed as fractional activity (vi/ve).
The HEPSIN inhibitor KD1 (50 nM) was used as a positive control.

FIGURE 7. Pro-uPA activation assay. Antibodies (710 nM) were incubated for 30 min
with 0.5 nM HEPSIN and pro-uPA (100 nM) was added 1o start the reaction. Aliquots
were removed at various time points and the concentration of formed uPA determined in
the second stage of the asszy using the uPA substrate 82444, The rates of uPA formation
.(Table 1) were calculzeted from the siopes. The HEPSIN inhibitor KD1 (71 nM) was used
as a positive control. . '

FIGURES. Immunoblotting of recombinant soluble HEPSIN with monocional
antibodies. HEPSIN was analyzed by SDS-PAGE under reducing conditions and, after
transfer onto nitrocellulose membrane, detected with the anti- HEPSIN monoclonal
antibodies. The positions of the HEPSIN. B-chain (protease domain) and the molecular
weight standards (M; x 10%) are indicated.
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20 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"l‘[flg%;}fﬁl1 ‘%%%peptid.e sequence. "Pe;rcent (%) amino acid m@m,@%ty"with ‘
respect to a peplide or polypeptide sequence is defined as the percentage of amino acid residues in a
candidate sequence that 25 are identical with the amino acid residues in the specific peptide or
polypeptide EEGURRCR, affdresmghndiner ebem amées asibsrirenrich § s IUrAR 88RE Sy, to achieve the
maximum pefieeik SeRCRCE Identitys @NdHBOL ARSI GETIRT A CABIesvRlbR S ubstiittionsraspart of the
sequence identity. Alignment for purposes of deteimining percent amino acid sequence identity can be
achieved in V&Pidts ways that are within the skill in the art, for instance, 30 using publicly available
computer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled
in the arf can determine approptia asuring %Iiﬁ?}g{\lﬁ‘} (ncluding any algorithms
needed %o achieve maximal AL.O PIAAHOLE LAY if] sgueT Il\pbeing compared. For
purposes herein, WO 2007/149932PCT/US2007/071688 however, % amino acid sequence identity
values are géneeabdasdimgane sequence comparison computer program ALIGN-2, as described in US
Pat. No. 6’828’146Thc e"anc;iISeOIaI{etH; arzlgéj %QXI{\Sfe%ﬂSnW\QﬁP Qﬁéﬁ,‘e&ig&“%{%ﬁﬂ@? ﬁﬁ%@&?d and/or
manenf of | F ntami

recovered from a co s natural environment. Cor hant components of its 5 natural -
environmentcanyematesialsutichiavoofd inetadales whikleegHowiednahareqrebiieisxchgidra antibody,

and may inclyde enzy %eﬂ%ﬂBQﬁ%i@@}%&ﬁ@&&péﬁ@iﬂﬁ%ﬁﬂég/?{ HRNRreleinaeao U Selutes. In one
embodiment, the antibody will be purified (1) to greater than 95% by weight of antlbod_é as determined

by, for &amibte stheSushFschiaetierarra i s E BB amtksRWofacthah F99aY &) to a
degree sufficient ig.piain atdgagt 1QdadesiduamoiMaignpinaler intemmbamimiasiddesiience by use
of, for example, a spinning cup sequenator, oy, (3) to h eneity, by SOS-PAGE unde ucing or
nonrcducing%Eﬁ}&‘?ﬁ‘éns(wsiﬁg,gl%‘ﬁe‘igaﬂ}&%}jc m%éig%%%%ﬁ{ve&stg% (fg%]ilgéc?%ht;bo includes
the antibody-ivsitisavithin Fesandigent @ellsiairicefatieadhane ‘Componénttotdhe antibaldyidanatural
environment wil| not, resent..Ordinarily, howeyver, 15isolated antibQdy will . I y at least
one purificati ng@(p.t@'&fs \1SE ?;E#S?ﬁ,¥%sé tié&rﬁr;f"%’% ﬂﬁ%@éﬁ Iﬁpgﬁt%%%dyﬁﬁgfﬁ%oﬁgﬁ%ﬁ%dy that is
capabld Hf bifibtig Re4dERSINMullisTHeabhrabe 199hstamtiBracshadilGnides b Sty t ",
reduivalent’ ot isybstaniiply aguiyalent,asised. nerelfodRng e s fisianbehlghadegree of
similarity 20 between two numeric values (for example, one associated with a molecule and the other
associated with a reference/comparator molecule) such that one of skill in the art would consider the

difference begyppp;ihe two values to be of little or no biological and/or statistical significance within the
context of the biological characteristic measured by said values (e.g., Kd values, anti-viral. effects,

etc.). The difference Wetfiden K&iPtNo o8itied i858 BLTERRA eSS HER %%%%??r@%?g%ly less
than abmyt 498y Reafesablyidess tharfabewh 8098, Preferablyjessthsulpopid 2@%, poéfecatile less than

about 10% as a functjon.qof the valye fo %‘ue eference/comparator maleculs he phrase
"substantially” ?Eaﬁtéeéfgk??‘--éﬂ%ﬁé%ﬁé@" ﬁ?éreﬁf@f % sAﬁ%?eclzl‘(Phcéi ed%i,ed(gng{gs% Y guf;l[%‘llgﬁ%ﬁ/ ﬁgzh degree
of difference hetweesinhivar nomiddityyalHES s neFadHERSIN polypeptide described hercin may be

that which is isolated from a variety of sources, such as from human tissue types or from

another source, or prepared by recombinant or synthetic methods. The terms “HEPSIN”,
25 “HEPSIN polypeptide”, “HEPSIN enzyme”, and “HEPSIN protein” also include variants
of a HEPSIN polypeptide as disclosed herein.

A "native sequence HEPSIN polypeptide” comprises a polypeptide having the same
amino acid sequence as the corresponding HEPSIN polypeptide derived from nature. In
one embodiment, a native sequence HEPSIN polypeptide comprises the amino acid

30 sequence of SEQ ID NO:1 (see Figure 9). In one embodiment, a native sequence HEPSIN
pbiypeptide comprises the amino acid sequence of SEQ ID NO:2 (see Figure 10). Such
native sequence HEPSIN polypeptide can be isolated from nature or can be produced by

recombinant or synthetic means. The term 'native sequence HEPSIN polypeptide”
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30 associated with a molecule and the other associated with a reference/comparator molecule) such
that one of skill in the art would consider the difference between the two values to be of statistical
significance within the context of the biological characteristic measured b¥ 5}?95\5@@)1’"3% § g., Kd or
IC50 values)W%‘}aﬂfg’?éﬁce between said two values is preferably greater than about 10%, preferably
greater than about 20%, preferably greater than about WO 2007/149932PCT/US2007/071688 30%,
preferably gspetéiciin atsompad®s, priefelabiyayraate trngateh outssovicd sferminefidheoigtéligalue for the
reference/cqRRARMARGHE (.o BdnEAAoasACIANIREr R hg itenaihuotihgpum total of

noncovalent interaction tweena single binding site of a molecule (e.g., an antibody) and its binding
5 partner (e.§rmen @gigeHymarists %Wﬁéﬁ@ﬁe%é@%ﬂgﬁ%@@%,a;EﬁHEiil‘@r%iﬁFﬁiﬂﬁ ters to
intrinsic bin%@g E’ggy_ which reflects a 1:1 interaction between members of a binding pair (e.g.,
antibody and antigen). The affinity of a molecule X for its partner Y can generally be represented by
the disséciation corg)f’é’ﬁ’tn(llﬁﬂllypﬁfﬁ‘ﬁiﬁy"éﬁﬁ“be ?ﬁé’ﬁ?ﬁ?@ﬁsb@%ﬁﬁ:ﬂbﬁﬂﬁ&%@%@% I?f%ﬁ‘u Fart,
including thoge desgribedchescinEboN-aiipityplid-aniibodiesigreaeiallybing sntigenablow!§ad tend to
dissociate readily, whereas high-affinity antibodies gepnerally. bind antige nd,tend to remain
bound Ionge?%“%a?’f@% STt 4 ?%gélébri}ﬁig @?\drlﬁr?g %%ﬁ?tysg & %%r\}vi]gﬁw me %Or%?’%er%ug? which can
be used for peypases af thejosedent tnvestion BRSO piyptide wmibdel indnds, de desarbed in the

following. 1 mbodi ~Jhe "Kd' ar lue’ accardi Is.inyention ig.Measkred by a
radiolabelegﬂ—%%%%f%?q) #g}lgé;ig@ %ﬁ&f%%erof%\{e% %‘lv%ﬁf]@’tr%g %é%)gégﬁé?é% 01%{ gﬁ&éntibody of interest and

its antigén athd@écribEdiisyihesioflawitiycausing trd ssessmes QulimsiybmbRSAN AR BIE4ES for
antigen by equilibrafing 3 with2midinabepnseny ationef(d L iahelcdiantigarip dhearesence of

a titration series of unlabeled 20 antigen, then captugin bgund antigen with an anti-Fab
antibody-coaﬁ‘é‘dlbfa&%(@%%n,8é?/‘al.8, ”f9§§3/3=. fach-Ribt? :é6§9§/813. ’ﬁ’o%]s{%lbgi%ﬁ’c%}ﬁit%%’for the
assay, microfites, e Dy ex), areooatatnoveinighfusite Mugin of arcaptsiggeant HizRtantibody
(Cappel Labs) in 50 mM sodium caybgnate (pH. 9.6), and subse tly blocked with 2% (w/y) bovine
serum alburdPYRPEE ﬁ?ﬂﬂ%c?oaﬁ%g%fﬁité%?%rﬁg fg}%@?’aﬁﬁeggaﬁgp‘%%&% 3@@3 A r%l% }5/1
non-adserbalat plabeiNuna#26 9620 Jin 106\ hberd iy 12 Ebhtarbioge Alafd ket with Faridl. dilutions
of a Fab of interest. (e.g., i t.with.assessmen I i , , A Presta et
al., (1997) C%ﬁc%@%zg}’S%%gf&%%). gﬁpoﬁf%%ggﬁg@e{? ?récf:l%g’te ofe’ir%%%tg’ %Igé\?ever, the
incubation ME0cABRIARY F30, by SR peiidd 180y 365 Hours o3 ARV HAL etiLER AN 38-rédohed.
Thereafter, theqTishpR ARAJiasaies Ty S90S apire RIaseos INCHiAtion dhiaieRRarature

(e.g., for one hour). The solufion is then removed and the pfate washed eight times with 0.1%

Tween-20 iniPBBVErwis-plArsse HRBAMN seriaMen vreatintizit dc e eRt2t2pakard) is
added, and thg,plates.aracauntedonastianeatng danpawouster (BeekaPlomepomingtas

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.
"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
25  are identical with the amino acid residues in the specific peptide or polypeptide sequence,
after aligning the sequences and introducing gaps, if necessary, to achieve the maximum
percent sequence identity, and not considering any conservative substitutions as part of the
sequence identity. Alignment for purposes of determining percent amino acid sequence
identity can be achieved in various ways that are within the skill in the art, for instance, -
30 using publicly available computer software such as BLAST, BLAST-2, ALIGN or
Megalign (DNASTAR) software. Those skilled in the art can determine appropriate
parameters for measuring alignment, including any algorithms needed to achieve maximal

alignment over the full length of the sequences being compared. For purposes herein,
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WO 2007/149932PCT/US2007/071688 Concentrations of each Fab that give less than or equal to
20% of maximal binding are chosen for use in competitive binding assays. According to another

embodiment the Kd or Kd value is measured by using surface plasmon rqgg@ggﬁ.ﬁ using a
BlAcoreTM- Y6864’ BiAcore TM-3000 (BlAcore, Inc., Piscataway, NJ) at Wltﬁﬁlsr?lgrg%bilized 5

antigen CMS5 chips at -10 response units (RU). Briefly, carboxymethylated dextran biosensor chips
(CM5, BIAcOrewnie:). ate attivatadidvisaqucathylduntifs- vinethylaniisprsy ByiearBsdimaegice

hydrochloridg (EDG) and N-hvdroxysucainicside INFSLasceiding euthesegligrsinstructions. Antigen
is diluted with 20mM sodium aceta MH 4.8, into 5ug/m1 (-0.2uM) before injection at a flow rate of

5uUminute to 10 adHleverkiptoanikesdy 1D PaepuHsE Gaft o j&rEdsIdah sttt aeortHMg the
injection of %@Q@é?ec% &?gﬁih@&?{ﬁm@ﬁtigfi nieateekip dlaeknrneactesgroups. feijdnetissf its
measurements, two-fold serial dilutions of Fab (0.78 tilyl to 500 nM) are injected in PBS with 0.05%
Tween 20 (P88 05 EeP IR S %@Wﬁﬁfﬁ‘éﬁir‘ﬁ'ﬁﬁﬁf ?&%iﬂ’. Rs@%@gﬁ% PLES 5} and
dissociation reteFdkaif) aistodlcuiate chusingladsimpigrans terddeseand ngheuipioirdingemedel (BlAcore
Evaluation Software.version 3.2) by simultaneoys fitting the association and.di iati sorgram.
The equiIibriﬂW?pc?l(lc:E OErAton %%Lﬁzsetgan n(%ndﬁ) ef%ncgl#éu Ated as. gebc?(g i’ igﬁik]g{ﬁl %ﬁai%%%ﬁgﬂ Y., etal,

(1999) J. Mahaioh%293:868:8F lanfithdyon-datermicattls 196:MmPE- sy wrarsumibedptadninon
resonance agsay %988&?& PQ&QEJE‘%%B;P‘%QQ&ET@%%%Q@@&ﬁiﬂ%ﬂf@é%@&iﬁ%@&&ng

technique that 20measures the increase or decrease in fluorescence emission intensity (excitation =
295 mntlemis8ioeridBaaRY-EaH bain s BRPSORSI8f SRR DA RN &5HBBYy Eab form)

in PBS, pH 72 ipdhe-Rreseqes Abinaeasing caprribiaions of aptigencss mersuratiing or
spectrometer, such as a stop-flow equipped spectrophometer ,(Av'l\}/l Instruments) or aggﬁo- series

SLM-Amincd SPEeHEBRABIEIERS THEIhoShETHORIE) WRATBSHE rB S T ¥e B on i r "rate of
association" gilrssoGiAliaRIalk: Anflvedyaceordingvichthisdoveniianicaniplsdre detérminetwith the

same surface plasmon resonance technique described abgve using a BlAcoreTM-2000 or
B1 ACO@TM—WP@%SE?%? ﬁ%lgg’odys HAluraE cnvignment wil ot be esen{ %ﬂ‘cﬁnamiy,%owgve%
15  isolated antibody will be prepared by at least one purification step.
As used herein, the term "anti-HEPSIN antibody” refers to an antibody that is
capable of binding to HEPSIN,

The phrase “substantially similar,

23 &% " 119

substantially the same”, “equivalent”, or
“gubstantially equivalent”, as used herein, denotes a sufficiently high degree of similarity
20 between two numeric values (for example, one associated with a molecule and the other
associated with a reference/comparator molecule) such that one of skill in the art would
consider the difference between the two values to be of little or no biological and/or
statistical significance within the context of the biological characteristic measured by said
values (e.g., Kd values, anti-viral effects, etc.). The difference between said two values is
25  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 molecule.
The phrase “substantially reduced,” or “substantially different”, as used herein,
denotes a sufficiently high degree of difference between two numeric values (generally one
30  associated with a molecule and the other associated with a reference/comparator molecule)
such that one of skill in the art would consider the difference between the two values to be
of statistical significance within the context of the biological characteristic measured by
said values (¢.g., Kd or ICs values). The difference between said two values is preferably

greater than about 10%, preferably greater than about 20%, preferably greater than about
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Piscataway, NJ) at 25C with immobilized antigen CM5 chips at -10 response units (RU). Briefly,
carboxymethylated dextran biosensor chips (CM5, BlAcore Inc.) are activated 30 with N-ethyl-N'-
(3-dimethylan”;ino ropyl)-carbodiimide hydrochloride (EDC) and Nhydrox;i;‘gf; iimi S) according
to the suppli&@ %ﬁ@fﬁgé@ns. Antigen is diluted with 10mM sodium acetate, p@%@@ﬁ%@gg/ml
(-0.2uM) before injection at a flow rate of WO 20071149932PCT1US20071071688 Sul/minute to
achieve appRo%inmatétyably megontensiii(RUf afebupibuzpromsithamoowiag e infeetidnof 1m
ethanolamlngé@ﬁ&%m@@g&q{&pg&%mﬁ% kingticg.measurements, two-fold serial dilutions of Fab
(0.78 nM to 500 nM) are injected i’p PBS with 0.05% Tween 20 (PBST) at 25C at a flow rate of
approximately ZSUiMﬁl.nAﬁﬁﬁﬁtiogﬁﬁﬁfé%YS‘ﬁfﬁﬁ imihaissesthioh e LKomn! AereaRUEEE using a
?'t?_‘P'et k?“e'tﬁa@fa%tﬂo%@@%%%kfcﬁ'Q%iﬂglmﬂﬁh@slﬁ&@f% Exadeation Sofwarebeassiend3R bdsigultaneous
itting the association and dissociation sensorgram, The equilibrium djssociatjan constant (Kd) was
calculatéd a84FBSTARE kf/RBIES e WESSCR at?d%tpflrwt 1998) 5 M Eidr 2@%@8%@%{‘? tg’ However, if
the on-rate exegeds hOe Nt bibdRyafiiaisurfact plEkmon resdnanceiasdaywtoalborehdtrer the on-rate
is preferably determined by usi flugrescent quenching technigue that,measures the increase or
decrease in f '8%88%?8’%% tg%%r?flen%‘%ﬁfgibi aﬁﬁgn =z %gﬁﬁ%g?ﬁ?ég%rr?oé zggr?%gefga%n
band-pass) aR50G dkagonkhatbaritgénsaritbodydEsndin).in/FBESHPHT 1Z, ieasergtdsence of
ncreasing COSSNRIRIRAL A0AGT 45 easrering ¢ sRCTomeiercHaias aigondion pauipped
spectrophometer 8 AvIv Instruments) or a 8000-series SLM-Aminco spectrophotometer
(Therm_b(Spewmﬁwmaf@ﬂh’réﬁlélﬂiét@p%“mﬂﬂér“el’éé Vaudisseridsrimadito tiheiprRehtEdh is in one
embodiment measuratiby:a radiclaheiethantigea.bindingassandRIARRMRIBehwilk:the Fab version
of the antibody and antigen molecule as described by the following assay that r?e suhres solution

Of wnlic

binding affinititrabastiodneg ey et NiBrsmA RAE Wit itHe art any can be

used for purposes of the present invention, Specific illustrative embodiments are described

in the following.

15 In one embodiment, the “Kd” or “Kd value” according to this invention is
measured by a radiolabeled antigen binding assay (RIA) performed with the Fab version of
an antibody of interest and its antigen as described by the following assay that measures

solution bindihg affinity of Fabs for antigen by equilibrating Fab with a minimal

concentration of (1257)-labeled antigen in the presence of a titration series of unlabeled
20  antigen, then capturing bound antigen with an anti-Fab antibody-coated plate (Chen, et al.,
(1999) J. Mol Biol 293:865-881). To establish conditions for the assay, microtiter plates
(Dynex) are coated overnight with 5 ug/ml of a capturing anti-Fab antibody (Cappel Labs)
in 50 mM sodium carbonate (pH 9.6), and subsequently blocked with 2% (w/v) bovine

serurn albumin in PBS for two to five hours at room temperature (approximately 23°C). In

25  a non-adsorbant plate (Nunc #269620), 160 pM or 26 pM [125]}-antigen are mixed with
serial dilutions of a Fab of interest (e.g., consistent with assessment of an anti-VEGF
antibody, Fab-12, in Presta et al,, (1997) Cancer Res. 57:4593-4599). The Fab of interest
is then incubated overnight; however, the incubation may continue for a longer period
(c.g., 65 hours) to insure that equilibrium is reached. Thereafter, the mixtures are

30 transferred to the capture plate for incubation at room temperature (e.g., for one hour). The
solution is then removed and the plate washed cight times with 0.1% Tween-20 in PBS.
When the plates have dried, 150 ul/well of scintillant (MicroScint-20; Packard) is added,

and the plates are counted on a Topcount gamma counter (Packard) for ten minutes.
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20concentration of (125l)-labeled antigen in the presence of a titration series of unlabeled antigen,
then capturing bound antigen with an anti-Fab antibody-coated plate (Chen, et al., (1999)J. Mal Biol
293:865-881). To establish conditions for the assay, microtiter plates (Dy XNRES q§§§governight
with 5 ug/ml P&%‘gﬂf@?ﬁg anti-Fab antibody (Cappel Labs) in 50 mM soglsjrr)]‘%ar%c&ate (pH 9.6), and
subsequently blocked with 2% (w/v) bovine 25serum albumin in PBS for two to five hours at room
temperature(approxiately 280)Fa shabareusahat gratay uaci Y696 soyimEb HMGE265M

[125'1'a”“ga?oééx?fﬂ#ﬁS?éjii{VH&h?geﬁ@k@iB{H%@ of vk ah elnistes! {romsisiabbwith-Assessement of an
anti-VEGF antibody, Fab-12, in Presta et al., (1997) Cancer Res. 57:4593-4599). The Fah of interest is

then incubatied exernightziaveviy, thia gneufatgrlaneyncmstnusdorsseisngenperidid cerg! 65 30 hours)
to insure that equilibrium is reached, Thereafter, the mixtures ar nsferred tq the capture, plate for
incubation at%® ﬁft@%?ﬁfﬁ?é@&ogﬂe?%lcﬁﬁ‘.’rfhingblr&fgﬁtlag ﬁqféﬁ&rj rﬁ%\%‘?gﬁ tﬁ%%%%ﬁ%shed eight
times with Oah¥pdesns 26hipsPBS- 10/ hespdhes plates (Ve dBedtfli5artwetineflgdmtdl adextran
(MicroScint- ]O; Packard).is a San%f(glg O;r)late% ae a\%O %gg%%%%cp@eﬁg,@_g]m@gi%

counted on & T6PEBunt G&Mma colinter (Packard) f r ten minutes. Concentrations of each Fab that
give less thafimetbyjamitor208%! pfariaxiimaideinbidepabdiosERe) usedin EdyHerieBIHNNG assays.

According to%ﬁﬁgt)hg&gmg%ggm%t, KooK valug is %Hr%dﬁwéaigg@wm RlggmeN

resonance assays using a BlAcoreTM-2000 or a 5B1AcoreTM-3000 (BlAcore, Inc., Piscataway, NJ) at
25C with imarstilizetHafigant T s aigshiulD fedprsniecrng oke)lietianls cAddgmethated

dextran @iOSEJH%&FeCJE (MR BlAGRISING Lane acliyatesbutbiNrsthivl-RotlGvaipethidpmionpropyl)-
carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (NHS?ﬁ ccording togthelsu ) lier's
instructions. KnijEts d%t@éhﬁﬂﬂ#a’fﬁﬁ?mssdmﬁ?%%c@ta}fgfc HAEATHE SUYRi1 160 2t hefore
injection at aflowiraieal Swininyiedalathisvesappraxiatehnl G respanspannity (Rid) iofi38ipled

protein. Following the injection qf anti 1M nolamine is injected tq blo lé nreagted.groups. For
kinetics mea¥| r%gg(f/% S%Ig%e@algg(ﬁput%n%tg@ﬁéba(o%g nﬁrl%%o otf Rﬁ?la&ré%ﬁ{ecte?% PBS with
0.05% TweeAs26:(RBS Titat @56 ahd fiovwcatéoofrapp (byinately2SuUafdinsing SotianisrPratEs (icon) and
15dissaociation rates (koff) are calculated usin simple one-fo-one Lan ir binding. mode| (BIAcore
Evaluaton ST ATERAS A G By B TG e SO R e A * S anas

fitting the association and dissociation sensorgram. The equilibrium dissociation constant

(Kd) is calculated as the ratio kofkop. See, e.g., Chen, Y., et al., (1999} J. Mol Biol

293:865-881. If the on-rate exceeds 100 M-1 §-1 by the surface plasmon rcsonance assay
above, then the on-rate can be determined by using a fluorescent quenching technique that

20 measures the increase or decrease in fluorescence emission intensity (excitation = 295 nm;
emission = 340 nm, 16 nm band-pass) at 250C of a 20nM anti-antigen antibody (Fab form)
in PBS, pH 7.2, in the presence of increasing concentrations of antigen as measured in a
spectrometer, such as a stop-flow equipped spectrophometer (Aviv Instruments) or a §000-
series SLM-Aminco spectrophotometer (ThermoSpectronic) with a stir red cuvette.

25 An “on-rate” or “rate of association” or “association rate” or “kop  according to
this invention can also be determined with the same surface plasmon resonance technique
described above using a BlAcoreIM-2000 or a BlAcoreIM-3000 (BlAcore, Inc.,
Piscataway, NJ) at 25C with immobilized antigen CM5 chips at ~10 response units (RU).
Briefly, carboxymethylated dextran biosensor chips (CMS, BlAcore Inc.) are activated

30 with N-ethyl-N- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-
hydroxysuccinimide (NHS) according to the supplier’s instructions. Antigen is diluted

with 10mM sodium acetate, pH 4.8, into Sug/ml (~0.2uM) before injection at a flow rate of

16



dissociation sensorgram. The equilibrium dissociation constant (Kd) is calculated as the ratio koff/k on.
See, e.g., Chen, Y., et al., (1999)1. Mot Biol 293:865-881. If the on-rate exceeds 106 M4 S-1 by the
surface plasmon resonance assay above, then the on-rate can 20 be detennined b_)/ ing a
fluorescent qWQr?@H?Hﬁglgé’éhnlque that measures the increase or decrease I HUSTESCENEE emission
intensity (excitation = 295 nm; emission = 340 nm, 16 nm band-pass) at 259C of a 20nM anti-antigen
antibody (Fatufonmyiat® B&iqylel a@;ﬁobdmeamééemmi norsd By doreehtdatiosioFaltwar as
easred I WA syl an Aialo8 lowcaied sReGlloRRAmEIEI e ) o 2
minco 25s

8000-series pectrophotometer (ThermoSpé&ctronic) with a stir red cuvette. In one

embodimenttvemfidd-serial diturians of didothatiomvbite a¥¥baif oo atéectid ko M s6HIiAg io°this

invention is %@éww% Wi the spme suriRce ﬁ@%?%ﬁgﬁ%%%ﬁ?i@%ﬂuef@%%ﬁ@ﬁ alpqve using a
BIAcoreTM-2000 or a IAcoreTM 3000 (BlAcore, Inc scataway NJ) at 25C with immobilized

antigen EM5ehipst @@ﬁ?@%ﬁ@ﬁs@tﬁhﬁcﬁ@ (‘F?‘EJW@H | 5P 3 SN | St %G A PBRSEBhsor chips
(CMs, SIAanh [(1}9%) AR achaed Wil Noathy - dr{d ’P&g%a@ mopropyLlisatbadimige fiudrochloride

(EDC) and xysuccinimide (NHS) according to the suppllers instructions. Antlgen is WO
2007/14993mqrﬁ@g2@@7¢@353}5@30n sensorgram. The equilibrium dissociation constant (

calculated as the ratio kofkon See, e.g., Chen, Y., etal, (1999) .J. Mol Biol 293:865-881.

d) was

However, if the on-rate exceeds 100 M-l S-1 by the surface plasmon resonance assay
10 above, then the on-rate is preferably determined by using a fluorescent quenching

technique that measures the increase or decrease in fluorescence emission intensity

(excitation = 295 nm; emission = 340 nm, 16 nm band-pass) at 25°C of a 20nM anti-
antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations
of antigen as measured in a a spectrometer, such as a stop-flow equipped spectrophometer
15 (Aviv Instruments) or a 8000-scries SLM-Aminco spectrophotometer (ThermoSpectronic)
with a stirred cuvette,. The “Kd” or “Kd value” according to this invention 18 in one
embodiment measured by a radiolabeled antigen binding assay (RIA) performed with the
Fab version of the antibody and antigen molecule as described by the following assay that

measures solution binding affinity of Fabs for antigen by equilibrating Fab with a minimal

20  concentration of (123])-labeled antigen in the presence of a titration series of unlabeled
antigen, then capturing bound antigen with an anti-Fab antibody-coated plate (Chen, ¢t al,
(1999) J.- Mol Biol 293:865-881). To establish conditions for the assay, microtiter plates
(Dynex) are coated overnight with 5 ug/ml of a capturing anti-Fab antibody (Cappel Labs)
in 50 mM sodium carbonate (pH 9.6), and subsequently biocked with 2% (w/v) bovine

25 serum albumin in PBS for two to five hours at room temperature {(approximately 23°C). In

a non-adsorbant plate (Nunc #269620), 100 pM or 26 pM [1251]-antigen are mixed with
serial dilutions of a Fab of interest (consistent with assessement of an anti-VEGF antibody,
Fab-12, in Presta et al,, (1997) Cancer Res. 57:4593-4599). The Fab of interest is then
incubated overnight; however, the incubation may continue for a longer period (e.g., 63
30 hours) fo insure that equilibrium is reached. Thereafter, the mixtures are transferred to the
capture plate for incubation at room temperature for one hour. The solution is then
removed and the plate washed eight times with 0.1% Tween-20 in PBS. When the plates
have dried, 150 ul/well of scintillant (MicroScint-20; Packard) is added, and the plates are
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diluted with I OrnM sodium acetate, pH 4.8, into 5ug/m1 (--0.2uM) before injection at a flow rate of
5ul/minute to achieve approximately 10 response units (RU) of coupled protein. Following the
injection of IM ethanolamine to block unreacted groups. For kinetics mea%Lg_F@Eeznﬁéo fgfold serial
dilutions of F&R 6@97@431@2[0 500 nM) are injected 5in PBS with 0.05% Twe€en' 2 ? %at 25C at a
flow rate of approximately 25ul/min. Association rates (kon) and dissociation rates (koff) are
calculated usingtadsimplEapoeats-gemenk angritrikBriokiird) faoths 1BMEsreGovarraBEAS Oftfasfe version
3.2) by simutgnegis f{U%“%%"%ﬁESBP@%?Q AN gsSoEIFNORN SANSRIRaM e RAREHIHBFIWR dissociation
constant (Kd) was cafculated as the rati koé%l;;n. See, e.g., Chen, Y, et at., (1999) J. Mol Biol
10293:865-8®midtiebinding assprrated 6 Ponbe SAbsdimesu sk hrishbrr¥EdRance
assay above, iep 196, O, (A1e I8 EleTARvAIRUANRA PS4 g esarplavangigoghnique
that measureS the mcrease o decrease in fiuorescence emission INtensity (excitation = 295 nm;
emission = ek M nopb ek pass)al, 250G oRay2 Bl uapficaniiemantibiodyl @apcdofih)in PBS,7.2,
in the presence of increasing 15 concentrations. of antigen as measured in a a meter, such as a
stop-flow eqﬁ?ﬁ)ﬁeﬁts“b@cfr% %Sﬁlélflé?s( Vi 'Ins%ﬂfm%’n‘fé% or n%% ell—%%c}?egs M %Br%%%% 8
spectrophotgaidter (BhetmeSpeciroan) witivatstirredicuvsitthyl-N Théteimethsktoroampged herein, is
intended to rfer (A NKGIE AL eEHe capaiNa pl ERUSRHRG Ah eIt pUGlElaAE blaehich it has

been linked. Bhe )}pe o] vector Is a "plasmi Hich réfers to a circular double stranded DNA loop
into which additdisasDNtusterhednismyibdligededihnHmd s rritiomd 4 Priggevectr. Another
lype of Npclar g A Ylab UBslor iR afdiion sl ONA seomens waxchegaigddniahe vial genome,

Certain vectors are capable of autonomous replication in a host cell into which they are infroduced

(e.g., bacteriEsherteransyitRla icRMRISHAP SIS rEpliesitn Md BHSERTathaRShan Vectors).
Other vectors:{@:@i.ReR-ePisRmat Basmaaliaryaeiors) gan beriniegisiatdaniadhergenaménl a host

cell upon introduction into the host cell, and therehy are replicated with Hnost gengme.
Moreover, cSFEHh FEUiGRs Ql}e}?&gﬂég(ls% %%We%%@ aé%ré%cé%{?f% %gﬁgg{%odw%ig%oiﬂlgﬁnaggﬂl
operatively liKesiTSatchsveciors five neferoédipprheiminehs 2retomibinAstweigressives iégtorandor simply,

30 "recombinant vectors"). In general, expression vectors of utility in recombinant DNA techniques are
often inlthe fSﬁ?PS‘F‘BF&bFﬁ‘i%@%ﬁ%@%F@%‘}ﬁt%Eﬁ?ﬁ%&tmﬁﬁﬁfﬁﬁ)édmﬁ?{j%%rrg% %@?f}sggd

interChangea(@}/A%%@%Qqu i§o%a%°§éx§ﬁﬂ?@%'%W%ﬁﬂ%ﬁé&wﬁ%@g the association and
dissociation sensorgram. The equilibrium dissociation constant (Kd) is ealculated as the
ratio kof'kon, See, e.g., Chen, Y., et al., (1999) J. Mol Biol 293:865-881. If the on-rate

exceeds 106 M1 §-1 by the surface plasmon resonance assay above, then the on-rate can
20  be determined by using a fluorescent quenching technique that measures the increase or

decrease in fluorescence emission intensity (excitation = 295 nm; emission = 340 am, 16

nm band-pass) at 250C of a 20nM anti-antigen antibody (Fab form) in PBS, pH 7.2, in the

presence of increasing concentrations of aniigen as measured in a spectrometer, such as a

stop-flow equipped spectrophometer (Aviv Instruments) or a 8000-seriecs SLM-Aminco
25  spectrophotometer (ThermoSpectronic) with a stir red cuvette.

In one embodiment, an “on-rate” or “rate of association” or “association rate” or

“kop according to this invention is determined with the same surface plasmon resonance

technique described above using a BIAcoreIM-2000 or a BlAcorel M-3000 (BlAcore,
Inc., Piscataway, NJ) at 25C with immobilized antigen CM35 chips at ~10 response units
30 (RU). Briefly, carboxymethylated dextran biosensor chips (CMS, BlAcore Inc.) are -
activated with N-ethyl-N’- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC)
and N-hydroxysuccinimide (NHS) according to the supplier’s instructions. Antigen is

18



WO 20071149932PCT/US2007/071688 "Polynucleotide," or "nucleic acid," as used
interchangeably herein, refer to polymers of nucieotides of any length, and include DNA and RNA. The
nucleotides can be deoxyribonucleotides, ribonucleotides, modified nucleotides or base§$ and/or their

analogs, or aR§ 2B&d%Z that can be incorporated into a polymer by DNA 6f RRA Bpolyrherase, or by

a synthetic reaction. A polynucleotide may comprise modified nucleotides, such as methylated
nucleotides aitdt¢teiritintlogd. sodivArtisttie gHALR) inted Mugimufidhfobllihsfoty &)iagsaglyédproteins
having the sgme structuralsharacteristis. Whils antibadies: eubib hindingsspegificiydp.aapecific
antigen, immﬁlfr%gﬁc{%uﬂﬁéﬁﬁgﬁlﬁgk%th an?bod‘!gg and o%?er antit%ody-like molecules Whi(li 10generally

lack antigenmpéscificifiel Polisefrdiskcotioneafitdf ieihanatamise dxiiske, WWrstice ERPRw 1EY%Is by the
lymph systeq and.atincreasgddenalsdiy Ryalomagons of P&EIMS neNiDeo naNdrimimudnaglobulin

are used interchangeably in the broadest sense and include monoclopal antipodi sé .g,, full length or
intact ménodRESariBJUESS, PerEIcRatAtboties, 916?16\%@&?%8&&%@%‘%&%% ? Hultispecific
15 antibodieg (& gatRispaciiggniibadiessadong asthay gxbibitihaldedinathbioldgiphl antiity) and may
also include certain antibody fragments (as described in greater detail herein). An antibody can be
chimeric, hummenL4ngmanibEdina dred iRl serstradration SeFHENG P the Arin S BEiF s ences of
the constantglomains At tbaidheay shansianibadigsdmmynegiomting) dandieriassignashio different
classes. There are five 20 major classes of immunoglobulins; A,alégD, I Eé&%ﬁ?{dﬁ% aqd several
of these may @) ftiah&rla aﬁﬁ%‘*s‘i?ﬂ@lﬁ@é@éoﬂso%ﬁegﬁ'eg{l'i’g :1?ﬁ§b- gR-1, 19 B%nd etc.
The heayy chain tant domains thaf correspond to the differentclasses, of | nogal ins are
called ,6/6, ag%l’%%?dr%?reg é"f:et‘l'r\%’I3}.P 'Iaiﬁeé SUBtinits ?ﬁ%({%?é@{%&d tt:“?(ée-% mﬁé%s#gr%%cgﬁ%%ﬂé}laﬂons of
different classesnefitmassmogiobellifismtborelttetowpaScanidydéserivedd bnerally i [Merescaniple,

Abbas et al. Celllar ang Mo, Impbngloge S5 (20001, A anibecs: M08 AL efdger usion

molecule, formed ytova or non-covalent association of the antibody with one or more other
proteins or papkiges. (excilitieder s fiul lengiicantBatyh,ihtachartiderhss aric WA oibaatftibddy” are
used herein interchangeably, to r to.an antib in itﬁ sgt%st%tiﬁ,lg/' ch il iny notantibody 30
fragments adUefihes el%n\}v%.{xi%e?g?raﬁsf%%? icllar y rSéféjr to an’ antibOdyg\}vIéi%h heavy chains #\%t contain
the Fa fsgioroncertfatitinedy fraigerentsheomprise anlyregortsienfsaahinastsanibonycWwHeEn the

portion prefetably.fefaisal loast e, AIEIREY magherelcolheriunctions parmplisassasiated with
that portion when present in an intact antibody. In one embodiment, an
(ThermoSpectronic) with a stirred cuvette.

The term "vector," as used herein, is intended to refer to a nucleic acid molecule

capable of transporting another nucleic acid to which it has been linked. One type of

20  vector is a "plasmid", which refers to a circular double stranded DNA loop into which
additional DNA segments may be ligated. Another type of vector is a phage vector.
Another type of vector is a viral vector, wherein additional DNA segments may be ligated

into the viral genome. Certain vectors are capable of autbiomous replication in a host cell

into which they are introduced (e.g., bacterial vectors having a bacterial origin of

25  replication and ecpisomal mammalian vectors). Other vectors (e.g., non-episomal
mammalian vectors) can be integrated into the genome of a host cell upon introduction into

the host cell, and thereby are replicated along with the host genome. Moreover, certain
vectors are capable of directing the expression of genes to which they are operatively
linked. Such vectors are referred to herein as "recombinant expression vectors™ (or simply,

30  ‘"recombinant vectors™). In general, expression vectors of utility in recombinant DNA
techniques are often in the form of plasmids. In the present specification, "plasmid" and
"vector” may be used interchangeably as the plasmid is the most commonly used form of

vector.
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WO 2007/149932PCT/US2007/071688 antibody fragment comprises an antigen binding site of the
intact antibody and thus retains the ability to bind antigen. In another embodiment, an antibody
fragment, for example one that comprises the Fe region, retains at least %lféeﬂ?; gﬂ%j@éi?olgégical functions
normally assBEiat8H AtR%he Fc region when present in an intact antibody, SUCh-as FCRA binding, 5
antibody half life modulation, ADCC function and complement binding. In one embodiment, an
antibody fragment iBaymatevalefit antibodyithachis an irssdvankaihrifelbstdsirilly §faiCto an intact

anibody. For xampie, syety A0.207a0Y AMENY May oA PRAntosndidiagiaginked to an

Fc sequencgocgggB € of conferring in vivo stability to the fragment. 10The term "monoclonal antibody"

as used herbin defssitorarslantitesdyribbrairieettiom aosbielatioplsTidehstarimy s hebus

antibodies, i,g.,{e individHalantihodies caMpLising .RPWalion KagRiSe e saeAtisHyRantical
amino acid sequénce except for possible naturally occurring mutations that may be pre ggntdin minor
amount§. MOAbENSHaFartibbrlids SRENSHhIVeapRsic, %W@ﬁ?&@&t&"é@ﬂﬁsﬁa@fﬁbﬁ% %h?f% i

Furthermore, jp & antrast 10 Relyelapahasntibees prepasationsotiat typically include different
antibodies directed against, different determinangﬂ(tz‘ﬂ%lopeé%geach monoglonql} antibgldey IS girected

against a single detérHiiesHSofthY ARfighRuno SnOERIAT SNBSS Rarain Specitically include
"chimeric" agtibadiesdmyibishsadeoMibiioftisohiza\y idbdnnligly pheaificisyideatipetiWithngigdmologous
to 20 correspondin ences,in antibodies.derived fr articular species or belonging,to a
particular anﬁﬁ‘gaﬁ}%?%%%}ssﬁ%%}gse;b@gllea lgoréﬁaiﬁﬁ%éﬁﬁea%%%%is) IS identi%:al with or
homologousgaenitesiaohdinggsequentestin aftbogiiidenfedidrdiiansmeriheie$ B Bfonging to

another antibody class grsu 1h 2, ragmenss sl sushianiosies, spong as they exhibit

ABSHRS|
the desired lgiroologlcalaactlwty %Jj Patg\r‘ﬁ No: 4,816,567; and 25Morrison etal., Proc. Natl, Acad. Sci.
USA 81:6851-68551{k0sayps "antidosyanirdd" irsrmyacsieiap uﬁf&n%ﬁ.,ﬁﬁ?%@%ﬁﬁ%dﬂi&%re

chimeric antifadies thakcontain RiimABemensaubeENed SoMIDNAyman ifnmunogiebidin. In one
embodiment, a humanized antibody is a human imrﬁﬁnoglob}glin ijr:ecipieq; %ntibod in WhEh residues
11bo 1

from a hyperHReBIE e O BPb AEERRSHSArE ORI b FESIAIRE HBHY LSS hibemAraRle region of
a non-humanspRERs (denelspatifiody)iseibsas oy seilra) cdtibit the dertedrbiafoprinl atgiviaxing the

desired specificity, affjnity, and/or capacity. In some instances, framewor ion;(ER) residues of the
human immtﬁ’?@ﬁ?ﬁﬂh‘f’ P@%é%il%le&ddgoaﬁl%%%f&sp%ﬁ% %?lc%’r%e s&r%{éer? %ggééfgé%%%fi%ﬁ?re humanized
antibodies mayisedgprisdsesidues thathanemotdoued sndthe aieigienttartibody or in the donor antibody.

These WO 2007/149932PCT/US20071 07%gg8sgagg;gg§ggqgeaggﬂglqedmﬂgpgge iglipe,anHpbody

perfollance. In gener%‘f,%énﬁumamze antibody will comprise substantially all of at least one, and

typically two chaniabdetibodies (immunoglobulins) can be assigned to different classes. There are five

20 major classes of immunoglobulins: IgA, IgD, IgE, IgG and IgM, and several of these may

be further dividéd_ into subclasses (isotypes), e.g., 1gG-1, IgG-2, IgA-1, 1gA-2, and etc.

The heavy chain constant domains that correspond to the different ciasses of

immunoglobulins are called a, 8, &, v, and L, respectively. The subunit structures and

three-dimensional configurations of different classes of immunoglobulins are well known

25  and described generally in, for example, Abbas et al. Cellular and Mol. Immunology, 4th

ed. (2000). An antibody may be part of a larger fusion molecule, formed by covalent or
non-covalent association of the antibody with one or more other proteins or peptides.

The terms “full length antibody,” “intact antibody™ and “whole antibody” are used

herein interchangeably, to refer to an antibody in its substantially intact form, not antibody

30 fragments as defined below. The terms particularly refer to an antibody with heavy chains

that contain the Fc¢ region.
*Antibody fragments” comprise only a portion of an intact antibody, wherein the
portion preferably retains at least one, preferably most or all, of the functions nonmally

associated with that portion when present in an intact antibody. In one embodiment, an
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domains, in which all or substantially 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 5
immunoglobulin sequence. The humanized antibody optionally will also comprise at least a portion of
an immunogt¥BaEdHSRant region (Fc), typically that of a human immunbidBetlt 2o firther details,
see Jones et at, Nature 321:522-525 (1986); Riechmann et at, Nature 332:323-329 (1988); and
P_reztar,] CurrafffipoStifuainBinlc@HoReS86:(1ROR hifEagto tichiolivevingtiboibweadtiblsgednidreferences
cited therein; Vaswani 10and Hamilton, Ann. Aller h | :195- , Harris,
Biochem. SO %is?l\afl\{r%é"c]ﬁé%dsa 4563 ?fé‘ﬁ%?ﬁ&%%ﬁ%{ﬁ%ﬁ%@?ﬁ%@ﬁ%’p&%ﬂ ;%2(%28-433
(1994).  The wmptigpehvaFiabigitagivraingayReassrons\of Wisebidsslgd helptiste o8l regions of

an antibody yagablesdomaln Ich.aie RYBeMaLARIR B ARG QRO StrURik B sig ined
loops. The letters "HC" and "LC" preceding the term "HVR" or "HV" 15 refers, respectively, to FIVR or

HV of a heavyttiodin Al ikt errdnlatanefdl( CarftiBeings ¥ prreelereny piRiREblePediths: three in

the VH (F(I;, la&%bb&%@adaihagﬁr?&ghﬁa}rgﬁlé%a%% rhgﬂoéﬁmmm@ﬁﬁmrhﬁi&b@ regiomtdlikeations are
in use and are encompassed herein, The Kabat Complementarity Determining Regions (CDRs) are
based on seﬂi‘i’éﬁ&gax}gri%iﬁﬂw fhamarat e miBe E‘orﬁ?r’ic?ﬁ@}’ft?i‘é’d% ﬁ’étagf%?fgégﬁ er?gséén SYPrgteins of
20 Immunolegigptiteteresiipth GieldRyblim Hieakt SenviEe shtathanakipstitutes ohFtealth /Betlresda, MD.
(1991)). Chothja refer%#]ng[ead t(g the location of the structural loops (Chothia and Lcsk J. Mot Riot
196:901-917 )3(.) fe RW%ypervariable regions represent a compromise between the Kabat
CDRs afnd ChothiaBteuetor droopdomndrafedgbes byOkfoeih vidtec tlans mBdartbsaydnioseling

software. The (SRIIRy 2SR XRERANIE IEAIRMRAIR PARA%A.AN analisinaiieavallabimaomblex

crystal structure residues from €ach o pervariable regions are noted below, WO
2007/149932P0TiS2 HB7r0TBESL S pPREhasABIAbh BleRscebMRIEe 12¢if $RQUSACE SACLRYPDE-L 32
L30-L36 L2 1,5Q54,R6:50sH8 dcRthe Znbhfich3 Rraclal:-B3-p ek BB hBifok Gk BsL 890k86lonal
antibodies are highly specific, being directed against a single antigen. Furthermore, in
15  contrast to polyclonal antibody preparations that typically include different antibodies
directed against different determinants (epitopes), each monoclonal antibody is directed
against a single determinant on the antigen.

The monoclonal antibodies herein specifically include “chimeric" antibodies in
which a portion of the heavy and/or light chain is identical with or homologous to

20  corresponding sequences in antibodies derived from a particular specics or belonging to a
particular antibody class or subclass, while the remainder of the chain(s) is identical with
or homologous to corresponding sequences in antibodies derived from another species or
belonging to another antibody class or subclass, as well as fragments of such antibodies, so
long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567, and

25 Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)).

"Hymanized" forms of non-human (e.g., murine) antibodies are chimeric antibodies
that contain minimal sequence derived from non-human immunoglobulin. In one
embodiment, 2 humanized antibody is a human immunoglobulin (recipient antibody) in
which residues from a hypervariable region of the recipient are replaced by residues from a

30 hypervariable region of a non-human species (donor antibody) such as mouse, rat, rabbit or
nonhuman primate having the desired specificity, affinity, and/or capacity. In some
instances, framework region (FR) residues of the human immunoglobulin are replaced by
corresponding non-hurman residucs. Furthermore, humanized antibodies may comprise

residues that are not found in the recipient antibody or in the donor antibody. These
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H1 H31-H35B H26-H35B H26-H32 H30-H35B (Kabat Numbering) H1 H31-H35 H26-H35 H26-H32
H30-H35 (Chothia Numbering) 10 H2 HSO-H65 HSO-H58 H53-H55 H47-H58 H3 H95-H102

H95-H102 H96-H101 H93-H101  "Framework" or "FR" residues are thgse varziglobfl’%(lzlﬁ%rsnain residues
other than thEPyHEAMbIe region residues as herein defined. 15The "vAfiabl& tegion™ or "variable

domain” of an antibody refers to the amino- terminal domains of heavy or light chain of the antibody.
These domainsiftegeneralydie mbstheaniabie paitodf peramibody dnduomnhitheHaaatigen-binding

sites. A "human antiod isane pUish aRsssses anaming.acid segurage whicheagsponds to

that of an anat?oloayypr% uced by a human and/or has been made using any 20 of the teché(f]ues for
{

making humdenetibouiekictisadliselodut:rerdingl TofhednmaorTaiieroprasoarsperi Bsbeily
excludes a humanjzed aptihady campRSINENAR- QaamaANYIeNPREING J 88idHES of a Alafflinity

matured” antibody is one with one or more alterations in one or more HVRs thereof which result in an
improvementoimime gleimiiy erarnentibbejwoRRRRS SRt PRI 574 PEPHIRRIBSy Shich does
not possess those; aitesatian (Fhon Rt BanRodIRG N ar@finity matypeckiantibadyohas hanamolar or
even picomolar affinities for the target antigen. Affinity matured antibodies aye c procedures
known in theBFuRRgiREwE. BigyT 5@@9&}%:?%_ " S(fég%’dé@é%fﬁé%@r%%aﬁgﬁ% by VH
and VL domainshwffing. Randemern staarsntis of B Ruadnbiertdramework fsidudsds 309%escribed

by: Barbas et al. Nat. Acad,, Sc!,,USA 91:3809-3813 4) ier e 14:7-155
(1995); Yeltogr%{iigﬁhngr%euﬁ%ﬂ %&‘Egﬁ%ﬂ‘@g@%&%ﬁsac %go%%%g?é % dﬁr%f?nk&%gﬁl 15%4%(%”% §1310-9
(1995);18nd kialvkinsileta) AhVOVeRiol A206:889/896:(wH 9] 0SNDS 208 14935 PEIT7ir8R007/071688

A “blocking® antlechy ol 20 FAYONIEANRGAY IR LORWDIED neipitai0rifdass hidlpaioa activity of
e antigen it binds. Preferred blocking antibodies or antagonist antibodies substantially or completely
inhibit the biologicalaetisity ‘Gturevariabiericsion”, ‘ANVRgshisHRHBOW v JesiHsein 9l antibody

which mimic?e@clﬁsa&” oneRivetiesiuneionahastivties ok pelyRentisle ef niprest and/or form

structurally defined loops. The letters “HC” and “L.C” preceding the term “HVR” or “HV”

15 refers, respectively, to HVR or HV of a heavy chain and light chain. Generally, antibodies

comprise six hypervariable regions; three in the VH (H1, H2, H3), and three in the VL. (L1,

L2, L3). A number of hypervariable region delineations are in use and are encompassed

hercin. The Kabat Complementarity Determining Regions (CDRs) are based on sequence

variability and are the most commonly used (Kabat et al, Sequences of Proteins of

20 Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health,

Bethesda, MD. (1991)). Chothia refers instead to the location of the structural loops

(Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). The AbM hypervariable regions

represent a compromise between the Kabat CDRs and Chothia structural loops, and are

used by Oxford Molecular's AbM antibody modeling software. The “contact”

25 hypervariable regions are based on an analysis of the available complex crystal structures.

The residues from each of these hypervariable regions are noted below.
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A "disorder" is any condition that would benefit from treatment. 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 iqclu‘(}:l,]%gaggé:er and other
cell proliferalit@ WEHI&E. 10The terms "cell proliferative disorder” and "grofiferative disorder” refer to
disorders that are associated with some degree of abnormal cell proliferation. In one embodiment, the

cell proliferatigepdisprder isancerChothifumobohtas used herein, refers to all neoplastic cell growth and

15terms "cancer", -cancerous", "cell proliferative disorder", "proliferative disorder" and "tumor" are not
mutually exddsitéas¥efelrztidhelslh-L32 ThMEtmE "cancer” and "cancerous" refer to or describe

the physm'%@f%‘g@mﬁgorwbmg@nﬁig_ﬁt@ is typicplly characterized by unregulated cell

growth/proliferation. Examples of cancer include but are not limited to, carcinoma, lymphoma,

blastoma, 28-3alediid7anbiedEmikoMbPé pakitliat®xamples of such cancers include squamous

cell cancer, gmal;gellihig aaneer NonisrpalixeliltngTswcer, adcnocarcinoma of the lung, squamous
carcinoma of the Iung%cance_r of the peritoneum, hepatocellular cancer, gastrointestinal cancer,
[

pancreatic can@%ﬁb@‘l %E?Hﬁiﬁ, cervical cancer, ovarian cancer, liver cancer, bladder cancer,
hepatoma, bpgagticappar, coterrcancen chldtectdXaHGEr, 25 endometrial or uterine carcinoma,
salivary gland c&rciqgn;@, k{gn.e Lcancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer,
hepatic carcino 35 av rioﬁrslré})es of head and neck cancer. As used herein, "treatment” refers
to clinicdl inteieHtioAIes antEiterfift tdiakdiihe ndttifdiledurse of the individual or cell being treated,

and can be Rﬁfoﬁ@ﬁ%ﬁﬁ?eﬁé@rﬁ%ﬁr%%ﬁ%@m gierng the course of clinical pathology. Desirable
u

effects of treaiment’include preventing occurrence or recurrence of disease, alleviation of symptoms,
diminishment of any direct or indirect pathological consequences of the disease, preventing or

decreasing inflammation.andierdisgtie/ogan damagrsdestrasingtherateigheiserseitGhe
2007/149932PCT/US2007/071688 progressioné%afmelioration or palliation of the disease state, and -

remission or RSFEvERPISHEEHBSTES (I Soth &b ddiEhts, antibodies of the invention are used to delay
development of a dispasa.eslisergier” or “vARbefieativerasbuntimiedy tefrs amduntrethective, at

dosages and for periods of 5time necessary, ta achieve the desired therapeutic o rop l[ggtic result.
A "therapeutf&gwl%lff&ﬂ@‘élsa?#gﬁ‘h‘fy 8t E@ﬁt‘fh 3 Oth; e‘fn%; g%f S

stance/molecule € invention may’ vary according to
factors such asdhe:diskasetststen agehstxaahchweig ttcofithgembiviiugkitghd the ability of the

substance/moleculs, tq eligt & desireh respanse e ddividual Adhesepguticaiueieativg.amount s
also one in which any toxic or etrimental eﬁects of th§e _
corresponds to that of an antibody produced by a human and/or has been made using any
20 of the techniques for making human antibodies as disclosed herein. This definition of a
human antibody specifically excludes 2 humanized antibody comprising non-human
antigen-binding residues. |
An “affinity matured” antibody is one with one or more alterations in one or more
HVRs thereof which result in an improvement in the affinity of the antibody for antigen,
25  compared to a parent antibody which does not possess those alteration(s). In one
embodiment, an affinity matured antibody has nanomolar or even picomolar affinities for
the target antigen. Affinity matured antibodies are produced by procedures known in the
art. Marks ef 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
30  described by: Barbas ef al. Proc Nai. Acad. Sci, USA 91:3809-3813 (1994); Schier et al.
Gene 169:147-155 (1995); Yelton ef al. J. Immunol. 155:1994-2004 (1995); Jackson et al,
J. Immunol. 154(7):3310-9 (1995); and Hawkins et al, J. Mol. Biol. 226:889-896 (1992).
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10 substance/molecule are outweighed by the therapeutically beneficial effects. A "prophylactically
effective amount" refers to an amount effective, at dosages and for periods of time necessary, to
achieve the desired prophylactic result. Typically but not necessarily, since a roPh lactic dose is used
in subjects pH& W BH4PRN earlier stage of disease, the prophylactically eﬁ‘é&%’@ Q?%Ogﬁ?ﬁﬁwould be less
than the therapeutically 15effective amount. The term "cytotoxic agent" as used herein refers to a
substance that inhikit$letiprgyentsbthlsy hmetidmaegcels’ andlodgasises ehsiructibioscalfoces The term
"diagnosis” is. used herein.to refer to the ideptification, of.a 0 l0g] .disease or
condition, sﬁﬁi%%%eafz eh fig(%ag}g)% %‘%‘%?eeﬁl_lgﬁéﬂ é’r’at%é%%?s{jg%@{ e.EL g%?%%%gfgﬁl&he erlr%I
"prognosis" imtibedidandiviatsisdieetoctng] prawictidritehefeoliegithbud vf disdbgamtgibutable disease
symptoms, including, for example, recurrence, relapse, and drug resistance, of a disease. The term
"prediction” is used¥ieieganist ETEbadThaTikethBeEihat S ERRER TR IBRE SitdrashaaBly or
unfavorably {Q.agkueo setafidiugs Jnanermbegiment, the prediction relates to the extent of those
responses. In one 25 embodiment, the prediction relates to whether and/or the probability that a
patient will survive gr igierdee’ fillenvingiteasmeint fooddraplé ttratmesdtwitit.a Particodbuddserapeutic
agent, and for a certain period, of time without disease recurrence. The predictive: f the
invention cafb&fs&8% |ﬁ’i‘é%lf%}st%rdg%ﬁ(grtrelg?raﬁgsnt”%ige%{é? g‘ By %o%?%%%#e%r%@é%%%%ﬁ%te
treatment mecalities fohamymanticoldrephsiarer TheusssdictiVerrathtels vfmplaopssdeinhiention are
valuable t°°\§e'g-é%@9h%ﬁ'—é‘fa fh &g&‘&%&% %&%&l&r&ﬁ%ﬂf@%@&@'@u&%&&featmem regimen, such as a

[ u

given therapeutic regimen, including for example, admiglstrati(‘)‘n of a given therapeutic agent or
combinkion, surgiddianterventien sreabieratire do0weLo9a9 PElfSENT /Gy réslfhe, etc., or

whether longgferm.supyival.of iig patgni fplQmbuatherapsstistrginandslikalton. Rasient

response” can be assessed using any endpoint indicating a benefit to the patient, including, without
limitation, (LFPRBITSAT-BEeHeORERISE dis¥deehrEBtEssion, 5 including slowing down and
complete arrest; (2)ragisstion indhe nesberofdiseaserpisastas aidiansyimptanssi{Bragdaction in
lesional size; (4) inhibitjon (i.e., reduction, slowing down or complete stopping) of diseas Il
infiltration int‘g(}?&!i‘% ‘ﬁ&?fﬁr%rg?%%‘aﬁgdg?(\fé Be?(f?snscﬁré)su;s(%g m“ﬁ guseely 2 d G T

ibition (ire. reduc lon, slowing down or
completa stopping) ahdistasespread’, (6 degretise aiveetipralifdationlifitwibiondooretastadis, which
may, but 10 dt%%lsopogrg%\@ A0y 1{%%9@;0 &Qz% ergg;g%%g@@rhg%%t_ion of a disease lesion; (7) relief, to some
extent, of one Or more symptoms-associated with the disorder; (8) increase in the length of
disease-free presefiatitmoiolloswiviy tradtivamteatel oefto yeletAssealy the mANEOMR HcalveRBIBM of time

following tregiment, The tgim i'éat%k%%i'lrya%ﬂﬁﬁeﬁlﬁéﬁi%{e&%@gﬁﬂa@eﬁomogﬁmﬂﬁﬁ&iﬁe%@ﬂed or 15

derived from a subject of interest that contains a cellular and/or other molecular entity that is to be

characterized 5o RSremsar e BXanible BasH) SRS siRalCHBIEpEHICEIRS RicRIAS T8

physiolegicalgharactehistica: ok examplarthephsasapdisensechamiples andudarigtionsithestof refers
to any sample obtained from a subject of interes tha%f{vi/ould be exp(acted or.is knovmﬁo Fontain the
e g ung,

cellular and/SFPABetF St IR SERCE DRUERRE SEtel {8 fancer, adenocartinoma o

squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer,
gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancet,
liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer,
25  endometrial or uterine carcinoma, salivary gland carcinoma, kidney cancer, liver cancer,
prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and various types of head

and neck cancer.
As used herein, “treatment” refers to clinical intervention in an attempt to alter the
natural course of the individual or cell being treated, and can be performed either for
30  prophylaxis or during the course of clinical pathology. Desirable effects of treatment
include preventing occurrence or recurrence of disease, alleviation of symptoms,
diminishment of any direct or indirect pathological consequences of the disease, preventing

or decreasing inflammation and/or tissue/organ damage, decrcasing the rate of discase
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By "tissue or cell sample" is meant a collection of similar cells obtained from a tissue of a subject or
patient. The source of the tissue or cell sample may be solid tissue as from a fresh, frozen and/or
preserved organ or tissue sample or biopsy or aspirate; blood or any blood constituents: bodily fluids
such as cereBAPPRE*Atid, amniotic fluid, 25 peritoneal fluid, or interstitigFﬁ(Ha;z'}(%ngﬁ%% any time in
gestation or development of the subject. The tissue sample may also be primary or cultured cells or
cell lines. Optiopalsiothetistivedscell satfigienscdbfaingskfronstaidised setissimioryanpRivedissue
sample may contain compounds which are not n intel mix ith the.tis [ such as
preservativegfogﬁﬂ%%agu anht%r,nﬁuf:fglrso, &lgﬁvsés?r%%%lr%sf&fn%l ioﬁlgrséfM g??hegﬁ%keﬁgﬁ)‘?ﬁqea%gﬁ?}
"housekeepidgygepeenefésdseasgraupsofdgenes that codes for proteins whose activities are essential
for the maintenancg, o el funcliap.FRese9e0es aetmpicalysimiad ey assast ipeabacitypes.
Housekeeping genes include, without WO 20 17/149932PCT/U§2007/0 1688 limitation,
glyccraldchytiesngspoaphite diesisglasied tsmpaytn oo iksHireHtins, e.g. 13-actin, tubtilins,
cyclophilin, hypoxapting-pisapbaribasvitranstrsase 0 REbki4ndmS8Ss and 18R, iramtie purposes

herein a "section” of a tissue sample is meant a single part or 5 %Jr;ece of a ?igs%eg%sam le eg.a thin

slice of tissuS%Y REHEENEAD AL SRR S35 153 BitiRr &850t th AP fhiiftls TSATRY

1on ISSue
samples maﬁrﬂﬁtﬁa@ﬂi@ndfsb@iﬁﬁmﬁafam&yﬂs, aceticdingiteitbé presant invkafichyidmelidéd that it is

understood that the present.invention comprises a method whereby th e sechon of fissue sample
is analyzed é?%glﬂ%%%%ﬁr? %ﬁ%ﬁf}:vael aanﬁ%urr%& eaciﬁ?aornl%%/% S, 18?1 iaénzr%%)f)l/éz/gagv%%lﬁ@%"spect to ﬁoth protein and
nucleic 1 I0acidbstan@yicierdtateteorisomglatihghys theaticommpraly, raghciwhyciitetperfobmance

anaor results of & It AOAVEIROF RIOIRERLWITL e pedRr matlee andiprdestiie ohasagpngkanalysis

or protocol. Fgrrogxgmp’[ea; ne may use the results of a first analysis or protocol in carrying out a
second protassisdsrd/onsmes prsspisdothehigseiteotasifmd iRy St ESrotorBIctly drifhe whether

a second analysis0fi Prefncol shopigihe parermedeWVithasreact tethe snbadiseni-afaotgin binding

analysis or protocol, one may use the results of the protein bindln%ﬁ%nag/sis r%otocoltto etermine
whether a splthecthiiapeRrity adiradn SHEIYDEBErRreYeThe (od it WIErPGREF Merein refers
to a comypoungRrcormRasition which is 20 conjugated or fused directly or indirectly to a reagent such

as an antibody and facilitateg detection of the rea tto.whi%l);u it s conjugated or fused.. The label may
itself be detectable IE?QF??&diS%%@B‘é Pe58ls 8% Hﬁ%oa sCeRt a5 sé)0 T Sdg%‘mce Gl il

escen of, i the Case of an enzymatic
label, may catelyzeschehicalwltetedibnol/arsulpstratescortpowiideds composition which is detectable.

25
The term "diagnosis” is used herein to refer to the identification of a molecular or

pathological state, disease or condition, such as the identification of cell proliferative
20 disorder (e.g., cancer). The term "prognosis” is used herein to refer to the prediction of the
likelihood of disorder-attributable disease symptoms, including, for example, recurrence,
relapse, and drug resistance, of a discase. The term "prediction” is used herein to refer to
the likelihood that a patient will respond either favorably or unfavorably to a drug or set of
drugs. In one embodiment, the prediction relates to the extent of those responses. In one
25  embodiment, the prediction relates to whether and/or the probability that a patient will
survive or improve following treatment, for example treatment with a particular therapeutic
agent, and for a certain period of time without disease recurrence. The predictive methods
of the invention can be used clinically to make treatment decisions by choosing the most
appropriate trecatment modalities for any particular patient. The predictive methods of the
30  present invention are valuable tools in predicting if a patient is likely to respond favorably
to a treatment regimen, such as a given therapeutic regimen, including for example,

administration of a given therapeutic agent or combination, surgical intervention, steroid
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General illustrative techniques A sample comprising a target protein can be obtained by methods
well known in the art, and that are appropriate for the particular type and location of the disease of
interest. Tissue biopsy is often used to obtain a representative piece of disease tissue. 30
Alternatively War84AE obtained indirectly in the form of tissues/fluids tRatAERNSIHEr thought to
contain the disease cells of interest. For instance, samples of disease lesions may be obtained by
resection, breaghescopy, fine waatle aspiration shronehiaf bhushitigst, \Wbwing a therapeutic
2007/149932PCT/US%&OE/OHGSS or from sputum, pleural fluid or blood. Protein targets can be
detected front diseade ti€slie or from other body samples such as urine, sputum or serum. The same
techniques discussed above for detectign of target proteins in disease samples can l(% applied to other
body samples. Diseggtée%ﬂ%g%‘?@sglo??é'h?é‘fd BSHERG HO8£5E IBLBRYG lﬁﬁtﬁp‘é‘}a? i%egﬁ“ IE Bod 5
samples. Bysgiegningustig) tatyusdmplemna @niiéhary diagnesisaapbdischcyedfosithese
diseases. In addition, the progress of thera an be monijtored more easily by testi ich body
samplesg for fg?fdj]e lrbgro%[;?lﬁ%g Tofie e?%%}id%%%eﬁf: ?ﬁ{l(igjo %83?%193 ilr?ven%iélrlf}gﬁg%ué}g‘ﬁly%?cdetecting
any disordercassaiciated withyoysreguleiondicHEPBINefonp!, overdiprabdisinn The.disdrbstic methods

L0 of the preggaLipvENIoR AEHSRIVLIBLAIIFIanais.balNaYRR ARG UARRAD ARRAKate course

of treatment. For example, a sample fro ubject displaying a high level of expression of HEPSIN
disclosed hepstanmigidtasiitsoesss Smishébiingr éssivettsepapslotane e rramales gy e titing a
comparatively lowerlevel. qkeuaassions Methasisrabihe, invantionsandetiizeshitanaiey of
settings, including for example in 15 aiding in patient selection during the course ]‘grug development,
predictith of BRI 6 Qutmlis f/ie A wEshiog 8h ahaRRaRl patiehe W\Oﬁ’r@tﬁﬁ’ r é8ent
regimen, in assessSinLEiSAasePRApRsIBNsidMmMeRitRtingHseament (fficasyadn detertainthgpprognosis
for individual patients, in assessing predisposition of an indivigual to develo rticular disorder (e.g.,
cancer), in df#é%ﬁf ‘ﬁ%é’rﬁf’ggﬁiggrgég%ﬁ%g SRR rﬁlég?é § %‘ﬁﬁ%%é‘%%%%h% ihvention

The methodgainddsray sotiiseloged dversin are directed to the examination of expression of HEPSIN in

a mammalian tissue or cell sample, wherein the determination of that expression of HEPSIN is
predictive or indicatiyg afmwhethapibie tissisedheethsaniple wilk hedpsstisititkatoitrebtaesdt dased on

the use of HEPSIN inhibitors.. =~ As discugsed abave, there are some populations of diseased human
cell typés thataré %&i%tsé%l%ﬁfafﬂ%?%g{}%fﬁpe%@igo% cc‘)g?‘ @%ﬁ%\l}v t|Il(1): A %(ggcslgéfaﬁ%g Wi S{various
disorders. It is theteforebetieied thal/the distiosk dmethodslaridedsayspbarigroitsfonsshvenient,
effisient, and poisalely AeeLRIRHe [ eAnade.ARIAIN AL ARGh IeRTAHORA BRI LIk pRsessing
appropriate or effective t erapies treating patients. For exanple, a patient having been diagnosed
with a HEPSHNdratateitbue Huitiof shutithave sabiblssybparrstiiea tossbieihaf ISR IIrEe@dthple, and

the sample cguild.he examined yway elxarpuadvilinASsAYS haletermingwhetheridhs patient's

cells would be sensitive to a therapeutic agent such as a HEPSIN inhibitor (e.g., an anti-HEPSIN
antibod%_ characterized.

By "tissuc or cell sample” is meant a collection of similar cells obtained from a
tissue of a subject or patient. The source of the tissue or cell sample may be solid tissue as
from a fresh, frozen and/or preserved organ or tissue sample or biopsy or aspirate; blood or
any blood constituents, bodily fluids such as cerebral spinal fluid, amniotic fluid,

25  peritoneal fluid, or interstitial fluid; cells from any time in gestation or development of the
subject. The tissue sample may also be primary or cultured cells or cell lines. Optionally,
the tissue or cell sample is obtained from a discase tissue/organ. The tissue sample may
contain compounds which are not naturally intermixed with the tissue in nature such as

preservatives, anticoagulants, buffers, fixatives, nutrients, antibiotics, or the like.

30 The term "housekeeping gene" refers to a group of genes that codes for proteins
whose activities are essential for the maintenance of cell function. These genes are

typically similarly expressed in all cell types. Housckeeping genes include, without
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WO 2007/149932PCT/US2007/071688 The invention provides methods for predicting the
sensitivity of a mammalian tissue or cell sample (such as a cancer cell) to an anti-HEPSIN inhibitor. In
the methods, a mammalian tissue or cell sample is obtained and examined for expression of HEPSIN.
The method$HaHa4Hducted in a variety of assay founats, including SPWH{ﬁﬁ%W@ﬁéﬁemistry
assays. Determination of expression of HEPSIN in said tissues or cells will be predictive that such
tissues or celisiwitidae gensitiventalantiHaRsiN itibdiosthesagGAPDAS Oigdusleddbelevinexpression
of HEPSLN in a sample can be analyzed by a number of, methodologi jch known in
the art and Jh%[egé%t d b glf%lémsikﬁygfax %rf?ls%nl,lyfé) Xf?%ﬁ?jiﬁgs% oﬁqg%oé)rﬁ%%{%},%%%%étgﬁemical
ancUor Westéf) anlalysis, quantitative blood based assays (as for example serum ELISA) (to examine,

for example, levels of protein expression). Typical protocals for evaluating the status of proteins are
found, for examplefRtAbRUBEISERhEaE 1 Gostien rdnt BrotScHILRIF MoTRRNaA BIBREY BN 15

(Immuneblotiing), ftg-keThaRmoclsbalawirelaing tocdetestionwifidERSids e sesaieplé: ase provided
for illustrative purposes, *** itk ikttt ZOOBg%H{aI me&h%gs of (tlht% invention include

protocols wHIBAEXAAi bl sesHons A E R EPEIRE T Ma i 1eRGEsr G 5ét‘g’rsrllsple. A
variety of mefhwasforeeiegting RN candvelehtployed andtischtitafcherasmplenvention
immunohistochemical analysis, immunoprecipitation, Wester %: t%;‘%ygi;? molgcular bipging assays,
ELISA, ELIF%{%%Sr%SSgech%Eg%cti%?égg eﬁ’fs:o“%fﬁa 69%85) (ga?np'st u% like. ForsexamSE)%Ie, aan optional 25
method of detectimjciieatxpiassioraf KERS N inatissed Witk Emsk orapREicEbMEaIithe sample
with an]%ntibetl)cq(;_( of the invention, a HEPSIN-reactive fragment thereof, or a recombinant protein
containing an antigen binding region of an antibody of the invention; and then detecting the binding of
HEPSIN protein in the ‘samgige Ibpaciselatemboginent b ventigny thetbxpressinanot HEPSIN
proteins in a 30 sample is.e mine%{gsin immunohistochemistry and staining protecals, .
ImmunohistdtHEhiEst Téﬁﬂ?n%%fa% Gésgggﬁ%tﬁg%qéﬂgtgegé%psr%)vr\}% ohe'a ?éllfg%%srﬁgﬁ%aogfi assessing
or detecting preBaizce pfqusoteirnBoineaasarivpmd mayumohistochdmistnyfitdHeyrchnigefesalttize an
antibody to probe and visualize ellug%\r ntigens.in sity, generally by chromagenic grflugrescent
methods. WETS007/1400 335 BST00 /10 RRe T T L R S 5
15  protocol to determine whether a second analysis or protocol should be performed. With
respect to the embodiment of protein binding analysis or protocol, one may use the results
of the protein binding analysis or protocol to determine whether a specific therapeutic

regimen should be performed.

The word "label” when used herein refers to a compound or composition which is

20  conjugated or fused directly or indirecily to a reagent such as an antibody and facilitates
detection of the reagent to which it is conjugated or fused. The label may itself be
detectable (e.g., radioisotope labels or fluorescent labels) or, in the case of an enzymatic
label, may catalyze chemical alteration of a substrate compound or composition which is

deteciable.

25

General illustrative techniques

A sample comprising a targst protein can be obtained by methods well known in
the art, and that are appropriate for the particular type and location of the discase of
interest. Tissue biopsy is often used to obtain a representative piece of disease tissue.

30  Alternatively, cells can be obtained indirectly in the form of tissues/fluids that are known
or thought to contain the discase cells of interest. For instance, samples of discase lesions

may be obtained by resection, bronchoscopy, fine needle aspiration, bronchial brushings,
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For sample preparation, a tissue or cell sample from a mammal (typically a human patient) may be
used. Examples of samples include, but are not limited to, tissue biopsy, blood, lung aspirate, sputum,
lymph fluid, etc. The sample can be obtained by a variety of procedures known in grhegnaﬁ%t including, but
not limited ta¥$uef¢ar¥ieision, aspiration or 5biopsy. The tissue may be FeL 3% E8% N one
embodiment, the sample is fixed and embedded in paraffin or the like. The tissue sample may be
fixed (i.e. presapmd)pyaoprantianal meihadologyiSeergey. ciMondet o éiswoloticas Staming Method
of the Armed Forces Institute of Pathology,” 3rd edition (1960) Lee G. Lufa, HT (AcGR)Editor, The
Blakston Di\ﬁ%i§ﬁ‘&o"f§8‘c gg&x%@gegksg%hm%aﬁﬁl ew o‘ﬁcg‘ll"hgee Armed Forces [nstitul)t% of Pathology
Advanced Lahkorstatybdetfodddrddisialdgysndrpainelogliesosynniekesy byaral st Armed
Forces Instifutg of Pa{hc?'?ﬂ eaé&%p%%%( Eﬁ\%ﬁ%& S RRtholngys Weshingtenp P& i Qe ekl in the

art will appremeﬁgatlﬁg The choice 0 Is deteimined by the purpaose for which the sample is to

be histofogicathpltaingy sretiaaied iDdnspRes OREBHS AN SRERETHAME LS AHHTETR that the
length of fixafjon depends ypopi.size,ofHee tissue srmple andihenfixatiel usetk Bytityayyof

example, neutral buffered formalin, Bouin's or paraformaldehyde, may be used to fix a sample.
Generally, tHiesdpgrirh RofpstapigsdRt el Y8R drated through an ascending series of alcohols,

infiltrated and embgdged with apRiepriate-geclionirigvaeiia ae thafith2@-tissng sayikendray be

sectioned. Appropriate sectioning medi (nclude media that permi tect| SIN under
desired dete‘i?ﬁBﬁaéﬁﬁl]d\’ﬁBréfsfﬁ% %té‘fﬁlgaf)%%#grng 3—%(;8%{81}?’%}%5‘3%’;%%&?% %%%%g%g(ﬁ{gﬁg%btamed.

By way; of exdmpie ptoetissuecsampleanay fib &mbetiisenant plotetised b9y cosidntienal Aethodology
e o2 iRl g AAn o len gL Aiged Bare sl ol Rathaigay” Supra)

Once 25 the*f85UE'§amplé Is embedded, t e sample may be sectioned by a microtome or the like
(See e.g., "Mamliabhichipstsiogical HERFY Méiatlosrof el Hbeh SRS Tn it O I88IASISGy ", supra).

By way of example for this pocediites seatansmans andsfrenebguicihee eoniceans seeabaut five

microns in thlc%]ness. On?enpsectl_oned, the sections may be attached to slides b¥ several 1standard
methods. Exieiphsls of Siviensemiosivas hschidiechin QO’&F@WdifLﬁ?ﬂi‘fb%ﬁ’tH’,cg fig 'GefiiR HoN-L-lysine
and thl‘lel—| ggel . ﬁgingg{igg@gm,fm%guﬁ%@t_ﬂaw e mi(%@éaﬁ?pmaﬁﬁgptﬁisémmﬁ hiﬂtamimechlnalyz?d
using : may be performed in comhinatign with additional t igues, such as.maorphologica
staining andRr $RFSFES CERTE g b %‘éi‘b%.%%nbe%lé}a‘f r%ae‘ﬁ%ggasr g eﬁtgeanrt(]arg%éﬂa%&? direct and
indirect assayscAagoaliBg s tberfitsbassamdainsting obaWEn200Ra49982RATIIB20072071688
antibody to the target antigen (e.g., FIEPSIN) is.determin ir - This direc. labeled
reagent, suc Oéglqu&%é%SﬁE{%’a%ﬂo%sa%ssé‘ﬁ% Fﬁgiiggsel%él %%r%daﬁﬁ}ﬁﬁ-%%fdﬁf %ﬁ%ﬁ@:ﬁé geﬁ%i%ialized
without furtheisantibdely. interaciion diffaaytiitaki disirerct B&8ag, ¢ihconjugated primary antibody binds to
the antigen and then a labeled secondary antibody 5 binds to the primary antibody. Where the
secondary antibody is conjugated to an enzymatic label, a chromogenic or fluorogenic substrate is

Jiriionlaneihpdsiapd shshys ahtigamvaliala| amplification occurs because several secondary
antibodies may reagiwithdiffe ant SRiloRes IO iR RIrBRATVianiiaadyhe examiheiprioiaryamndior
secondary antibod§ used for immunohistochemistry Iyg)ical!g 101\{vill be t{labgé%edﬂ}/l\{ggﬁgnd%tfe%gtble
moiety. Num@FotlESbdidme BEnmEaEtyHiSHECEh Bt Semple, wheremn the |

expression of HEPSIN is predictive or indicative of whether the tissue or cell sample wiil be

25 sensitive to treatment based on the use of HEPSIN inhibitors.

As discussed above, there are some populations of diseased human cell types that
are associated with abnormal expression of HEPSIN which is associated with various
disorders. 1t is therefore believed that the disclosed methods and assays can provide for
convenient, efficient, and potentially cost-effective means to obtain datz and information

30 useful in assessing appropriate or effective therapies for treating patients. For example, a
patient having been diagnosed with a HEPSIN-related condition could have a biopsy
performed to obtain a tissue or cell sample, and the sample could be examined by way of
various in vitro assays to determine whether the patient’s cells would be sensitive 1o a

therapeutic agent such as a HEPSIN inhibitor (e.g., an anti-HEPSIN anttbody).
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generally grouped into the following categories: (a) Radioisotopes, such as 35S, l4c, 1251, 3-,

ti and 131l. The antibody can be labeled with the radioisotope using the techniques described in
Current Protocols in immunology, Volumes 1 and 2, Coligen et al., Ed. Wiley-Interscience, New York,
New 15YorkWaLas87/439%2) for example and radioactivity can be measure§%E¥¥eitAflion counting.
(b) Colloidal gold particles. (c) Fluorescent labels including, but are not limited to, rare earth

chelates (europiunrghalatesin fexaadR ed:ihndaminelifliqrescensidangylf 4 issamisianumbelliferone,

20 phycocrytherin, phycocyanin, or commercially availapl phores suc ECTRUM ORANGE7
and SPECTWIW@N%E%%r %gﬁf@%‘ﬁfé:iso%aﬁff E‘I)Iﬁé'%{rl'til Hm%}% gﬁ%ﬁﬁ%bo?fe%%h@ﬁﬁ‘tﬁ%’sgent labels
can be conjugateskitihesantibodylUsingpthéstebhuniqd es dischosedd € wrrprsfeotot iSRS ihmunology,
supra, for e ple. Elugrescence_can be,quantified usin luogimeter. 256V atious, 1.4
enzyme-sub r%tel?gglg Sare Haitable’ %nr%%g. Il-;lategnt ‘I(I%feftt’,r2_765ﬂ4 pﬁvides a ’.rengvtlj 01? %ome of
these. The enzymelgsnehaihjstataliars BoheniietibalwratpisssiomecHIBBYdnisakli BstPstedthat can be
measured using yarjqus fefRAIGUES: KRk S1R0PlS. R SRAVRS RayeaiRlRIEpSIO shianies: in

substrate, which can be'measured spectrophotometrically. Alternatively, the enzyme may alter the
fluorescencetlsr®d.chemiluminescence of the substrate. Techniques for quantifying a change in

fluorescence are dagciiRedsaByewT Be shemHlsrineseanh subsipie hesomesaiebyranicaliyrexcited by

a chemical reaction and may then emit light which can_ be measured (usi chemjluminometer, for
example) or %ﬁﬁ@@%&@y%@’fﬁf&’f&cgé‘ﬁ? QB HeAhAD gngfnég(ﬁo?ygngg%% asiﬁﬁqg{fis%iﬁr(gﬁ%lé
luciferages (agludinefbulusiieasec-and, Hacterehiucifiesasel Urd/ oMW estern analysis, quantitative
2007/149932PCT/US2007/071688. Patent No. 4,737, lueiferin, 2, 3-dihydrophthalazinegiones,
malate dehydISYbRAES, fisaEd? %)ﬁﬁ%@gﬁsﬁg %slgfi‘?rgs% gg?sﬁxﬁfélﬁggigggeg_H%O)%kaline
phosphataseyrd@irgaiactesinase] ghiroamidess, lysommtnsdoettideos xitkeas & doughidese oxidase,

galactose 0dase, and glugese:b-phosehale RNACRRRSEL A VRRIGISONRES (En S as
]ﬁ? ec

: ! ( : .
uricase and xan w?ellg)xy ase), lactoperoxidase, microperoxidase, and the like. Techniques for
conjugating émxymiedlerEtibeldies are described in O'Sullivan et aL, Methods for the Preparation of

EnzymezAntibody Gapiynatesifosdiss iRy medmampneassersinMeihadyin £ogystided fé: Langone
& H. Van Vunakis), Academic press, New York, 73:147-166 (1981). 10Examples of enzyme-substrate

combinationdliETaEe PFesEmple:

she s ok ot o oo ot s S ok o ok o o ok o ok o ok o o ofs o sl o o o ol sl sl e ok s b ok

20 Optional methods of the invention include protocols which examine or test for
presence of HEPSIN in a mammalian tissuc or cell sample. A variety of methods for
detecting HEPSIN can be employed and include, for example, immunohistochemical
analysis, immunoprecipitation, Western blot analysis, molecular binding assays, ELISA,
ELIFA, fluorescence activated cell sorting (FACS) and the like. For example, an optional

25 method of detecting the expression of HEPSIN in a tissue or sample comprises contacting
the sample with an antibody of the invention, a HEPSIN-reactive fragment thereof, or a
recombinant protein containing an antigen binding region of an antibody of the invention,
and then detecting the binding of HEPSIN protein in the sample.

In particular embodiments of the invention, the expression of HEPSIN proteins in a

30 sample is examined using immunohistochemistry and stainmg protocols,
Immunohistochemical staining of tissue sections has been shown to be a reliable method of
assessing or detecting presence of proteins in a sample. Immunohistochemistry (“THC”)
techniques utilize an antibody to probe and visualize cellular antigens in siti, generally by

chromogenic or fluorescent methods.
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(i) Horseradish peroxidase (HRPO) with hydrogen peroxidase as a substrate, wherein thc hydrogen
peroxidase oxidizes a dye precursor (e.g., orthophenylene diamine (OPD) or 3,3',5,5'-tetramethyl
benzidine hydrochloride (TMB)); (ii) alkaline phosphatase (AP) with para-Nitrophenyl phosphate
as chromogemit 2485138t tate; and (iii) j3-D-galactosidase (13-D-Gal) MW%SE:M%%H ®nic substrate
(e.g., p- nitropheny1-0-D-galactosidase) or fluorogenic substrate (e.g.,

4- m?tftﬁ/lumbﬁl1ifCBﬁ|M§l@@k@@@sﬁdﬁ$@)ﬁﬁmrMB@mﬁb éruy messulsti dtgpoaihb mlam'mmrs are

available to those skilled in th art. For a.general revie hese 275,149

and 4,318,988/ @%(Ebctlﬁﬁﬁ Spisy @fln%n%[ ﬁ;}n(‘:?’ona/vﬁ’%é%éar 1{@?3}@%@%&??? The gkﬁl’ed artisan

will be awar@leb&aﬂ@glsgﬁrﬁnﬂlqpﬁﬁffnﬂjanpieﬂm@ this. For exaritpten ﬂbm@tmb@b?ywﬁﬁbétﬁ@ﬁjugated

with biotin 2 any,of Y foutbiRad e3ieaniies slishelsmentenedaheve sapbe goaiaaied wit
(otin binds se

avidin, or vide VoA ective aV|d|n and thus, the 25 label can be co qJugated with

the antitSodytiighys muﬁe@mm&ae&mmuﬁr@@ﬁm Wh@#@tﬁ“éoﬁl?ﬁjgﬁﬂ &F fixedBd with the

antibody, th B&&J&M%&%@ﬁ&%‘&% with a small hapten and one of the different types of labels
mentioned above Is conjugated with an antihapten antibody. Thus, |nd|rect con gatjon of the label

with the antibody cRCHEEHRRREl IaTHRETEH - LIRSS QY SO B REUS3E above,
further treatrpent @ﬂﬁgusheo@smﬁossgmr\ g[@m@ duERg DT ol ldeingnhind rﬂa;c@eﬁemrﬁﬂ ¢for

example, eplto e retrievg) methods Ie CI'[ te buff b d
out (see, eg E@é‘fﬁ}et% %&ﬂﬂnlfﬂ Eét C ?9}%)22%%%%%@5 Eﬁ%&n Diviiien”® carme
2007/1468932R&F3B00B6K 1688 pany Follewiligran Bptiohatdiofkingssiepititte tsstielsdetion is

exposed o primary.nybody for aslfient parid of e Saunger putal SeRgiongauen hat he

primary anti (i targe brotein antigen e tissue s propriate conditions for
achieving thiEdiam, bé\detdinfinasdsbylnsutite eﬁp@aﬁh@hﬁaﬂorﬁmmcé&te%?&w%?nd?ﬁgQ?F@E’f%ﬁ’body to the

sample Is de{ﬁ”‘}a %%ﬁag?ydlél?g 695 Y Opa.af m‘%hgeiﬁq@f?@p@é&'étéjkﬁﬁyﬁﬁ?%@&‘éV&’ Praiarably, the label

is an enzymatic la which cataé:es a chemical alteration of the chromogenic substrate

such as 3,3' @mmmtawmmg@ww srapneitd ehePaReisHE et Qg atRT Y85 Entibody
which bjgds gpacifigallyte tieeiimammapiaedy de.caihe atiman: ansinegihisfabhiipotpanal antibody

and secondary
upon the size of the tissue sample and the fixative used. By way of cxample, neutral
buffered formalin, Bouin’s or paraformaldehyde, may be used to fix a sample.
Generally, the sample is first fixed and is then dehydrated through an ascending
series of alcohols, infiltrated and embedded with appropriate sectioning media so that the
20 tissue sample may be sectioned. Appropriate sectioning media would include media that
permits detection of HEPSIN under desired detection conditions. Alternatively, one may
section the tissue and fix the sections obtained. By way of example, the tissue sample may
be embedded and processed by conventional methodology (See e.g., “Manual of
Histological Staining Method of the Armed Forces Institute of Pathology”, supra). Once
25 the tissue sample is embedded, the sample may be sectioned by a microtome or the like
(See e.g., “Manual of Histological Staining Method of the Armed Forces Institute of
Pathology”, supra). By way of example for this procedure, sections may range from about
three microns to about five microns in thickness. Once sectioned, the sections may be
attached to slides by several standard methods. Examples of slide adhesives include, but
30 are not limited to, silane, gelatin, poly-L-lysine and the like.
Optionally, subsequent to the sample preparation, a tissue section may be analyzed
using THC. THC may be performed in combination with additional techniques such as
morphological staining and/or fluorescence in-situ hybridization. Two general methods of

THC are available; direct and indirect assays. According to the first assay, binding of
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10antibody is goat anti-rabbit antibody). Optionally, the antibodies employed in the IHC analysis to
detect expression of HEPSIN are antibodies generated to bind primarily to HEPSIN, including for
example antibodies of the invention. Optionally, the anti-HEPSIN antibody is a monoclonal antibody.
Anti-HEPSINVSEE4ES Are readily available in the art, including from vafioUe T5Commercial sources,
and can also be generated using routine skills known in the art. Specimens thus prepared may be
mounted an%ﬁbm@%ﬂbs&r@ﬂd&%tﬂ@@qﬁ%ﬂ&@ﬁ deteteriried] digclizinghés Wi sespyelsahd staining
intensity criterja, routinely used. in the-ar ] A ] NG | ity criteria
may be ovall A T A L R e cels. O
Faint/barely gerdeptibiesitaihingthode forten ipnimd thetsreeterof the eefgital \WEERSo Hi8Yerate

f;gir? T g,)i;) %@%ﬁ%ﬂ@%ﬁg&%ﬁmﬁ%@%ﬁi% celis 23t Madarete to.sionssiaipig s ABseryed in more
5 binds to the primary antibody. Where the secondary antibody is conjugated to an
enzymatic label, a chromogenic or fluorogenic substrate is added to provide visualization
of the antigen. Signal amplification occurs because several secondary antibodies may react
with different epitopes on the primary antibody.

The primary and/or secondary antibody used for immunohistochemistry typically

10 will be labeled with a detectable moiety. Numerous labels are available which can be
generally grouped into the following categories:

(a) Radioisotopes, such as 3G, W, 129, *H, and "1 The antibody can be
labeled with the radioisotope using the techniques described in Current Protocols in
fmmunology, Volumes 1 and 2, Coligen ef al, Ed. Wiley-Interscience, New York, New

15 York, Pubs. {(1991) for example and radioactivity can be measured using scintillation
counting.

(b)  Colloidal gold particles.

(c) Fluorescent labels including, but are not limited to, rare carth chelates
(europium chelates), Texas Red, rhodamine, fluorescein, dansyl, Lissamine, umbelliferone,

20  phycocrytherin, phycocyanin, or commercially available fluorophores such SPECTRUM
ORANGE7 and SPECTRUM GREEN?7 and/or derivatives of any one or more of the
above. The fluorescent labels can be conjugated to the antibody using the techniques
disclosed in Current Protocols in Immunology, supra, for example. Fluorescence can be
quantified using a fluorimeter.

25 (d)  Various enzyme-substrate labels are available and U.S. Patent No.
4,275,149 provides a review of some of these. The enzyme generally catalyzes a chemical
alteration of the chromogenic substrate that can be measured using various techniques. For
example, the enzyme may catalyze a color change in a substrate, which can be measured
spectrophotometrically.  Alternatively, the enzyme may alter the fluorescence or

30  chemiluminescence of the substrate. Techniques for quantifying a change in fluorescence
are described above. The chemiluminescent substrate becomes electronically excited by a
chemical reaction and may then emit light which can be measured (using a
chemiluminometer, for exampic) or donates energy to a fluorescent acceptos:.' Examples of

enzymatic labels include luciferases (e.g, firefly luciferase and bacterial luciferase; U.S.

31



3+ 25 In alternative methods, the sample may be contacted with an antibody specific for 1-IEPS1N
under conditions sufficient for an antibody-HEPSIN complex to foint, and then detecting said complex.
The presence of HEPSIN may be detected in a number of ways, WO
2007/149932PTTIS$98%7/071688 such as by Western blotting and ELISRIrYEERIERr assaying a
wide variety of tissues and samples, including plasma or serum A wide range of immunoassay

techniques ysipgsweh arassay)fonmpatase asadalleopetaRgnellcted) ahdNgs. dERAB0R43s4,424,279
and 4,018,653. These include both single-site and two-site or."sandwich" assays of the no

5competitive f§pss, REEAEISs SHcth@ traaTRaiEo RTINS bithG asUAgENS HIQEPAEEST ET-SO include

direct bindingefalaaliedantbegite, atagethiomaariddandivicbsaseays grecasaongidae most

useful and commonly used assays. A number o variﬁtﬁor&s of the San wich ?ssag/.éechn'qlu exist, and
? IH S Cl1C 1 SarG

all are intend@HE Be B SRS B oS H R RARS B PEKE HE IN VEHRTBR B S o & Sied 16t assay, an

unlabelled aatibady:is 18ihmellined eddsolid sulystrataland therspenplaltscheatalstéd bhidaght into
contact with the bound molecule. After a suitable periad of incubation, far 8 Rekag; of fime sufficient to
allow folmatiii)?:1dc13}1;11 Aan |ro(i§)§§gﬁ%lién‘ ﬁ)zrﬁaf?es?(}%a %%?ﬁr??%%%o%% s;%)ecific tot 8eﬁj;e\nltligen, labelled
with a reportitathotisciite chpaBiepefasid udingradetettaibledsighaniestien Sddese MakddFtsbated,

allowing tim%ﬁ!ﬁ&éﬁg&%&?ﬁﬁh@&%@#p@&w@m eonppiRsetiaRiRodys1bantiashdahefiedsantibody.
Any unrcacted material i1s washed away, and the presence of the antigen is determine by observation

of a signal proeRicEdtsy Ine TelsériéPMhblecule. The

10 Examples of enzyme-substrate combinations include, for example:

() Horseradish peroxidase (HRPO) with hydrogen peroxidase as a substrate,
wherein the hydrogen peroxidase oxidizes a dye precursor {e.g., orthophenylene diamine
(OPD) or 3,3",5,5"-tetramethy! benzidine hydrochloride (TMB));

(il  alkaline phosphatase (AP) with para-Nitrophenyl ph.osphé.te as chromogenic

15 substrate; and

(i)  B-D-galactosidase (B-D-Gal) with a chromogenic substrate (e.g., p-
nitrophenyl-B-D-galactosidase) or fluorogenic substrate (e.g., 4-methylumbelliferyl-3-D-
galactosidase).

Numerous other enzyme-substrate combinations are available to those skilled in the

20  art. For a general review of these, see U.S. Patent Nos. 4,275,149 and 4,318,980.

Sometimes, the label is indirectly conjugated with the antibody. The skilled arfisan
will be aware of various techniques for achieving this. For example, the antibody can be
conjugated with biotin and any of the four broad categories of labels mentioned above can
be conjugated with avidin, or vice versa. Biotin binds selectively to avidin and thus, the

25  label can be conjugated with the antibedy in this indirect manner. Alternatively, to achieve
indircct conjugation of the label with the antibody, the antibody is conjugated with a small
hapten and one of the different types of labels mentioned above is conjugated with an anti-

hapten antibody. Thus, indirect conjugation of the label with the antibody can be achieved.

Aside from the sample preparation procedures discussed above, further treatment of
30 the tissue section prior to, during or following THC may be desired. For example, epitope
retricval methods, such as heating the tissue sample in citrate buffer may be carried out

(see, e.g., Leong et al. Appl. Immunohistochem. 4(3):201 (1996)).
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results may either be qualitative, by simple observation of the visible signal, or may be quantitated by
comparing with a control sample containing known amounts of I-IEPSIN. Variations on the
forward assay include a simultaneous assay, in which both 20sample and labelled antibody are added
simultaneoudlPteR@dtand antibody. These techniques are well known f-tHESESKTEFH the art,
including any minor variations as will be readily apparent. In a typical forward sandwich assay, a first

The S0l suface Js Miically lags o A palymmer the.most commonly (sor polmers berng

l i ass qr a polymer, the most commpnly used polymers.being
25ce||u|ose,%ﬁ%@fﬁﬁ%@?ﬁl@&e%%g F@r%le%n oﬁv?ﬁyué%‘tljg?i88“(??%%@%%&/%%@8%? salid supports
may be in thenfimsayobintaes, heasigetiisosenf mitzoplates; ossan\sotipée. séfacepsaitapiedidiosdnducting
an immunoagssay, The binding processes are well- in.: n Y GRAS
cross-linkingﬁf:lb%éa gﬁ%ﬁﬁ Br%ﬁ%?ngqé? %ﬁ?frs{%gﬁ?/eba%z%urﬁr%\% (LI};[ éen %%ﬁn;ﬁga%%%{%k Ogo%r%%%%g washed in
preparafion fartiteelyest tbarsahplctin ddiquoinst 3othsisamplets bé teststrriae hebeld iptysase solid
phase complex andhingubated for, apariod.of time suffigient (e pdyAduiin ees,0c oy erriahtif more

convenient) and under suitable conditions (e.g. from room temperature to 40C such as between 25 C

and 32 C inciisioeyno efilbe bifiay etehy SRBTHR (HsSerdt i the BHBIBOLF £ OIWREtRESHEubation
period, the apilagdy suhuBisalidiphase is washedand digdendineubaied wiitifically to the

primary antibody (e.g. the primary antibody is rabbit polyclonal antibody and secondary
10 antibody is goat anti-rabbit antibody).
Optionally, the antibodies employed in the IHC analysis to detect expression of
HEPSIN are antibodies generated to bind primarily to HEPSIN, including for example
antibodies of the invention. Optionaily, the anti-HEPSIN antibody is a monoclonal
antibody. Anti-HEPSIN antibodies are readily available in the art, including from various
15  commercial sources, and can alse be generated using routine skills known in the art.
Specimens thus prepared may be mounted and coverslipped. Slide evaluation 1s
then determined, e.g. using a microscope, and staining intensity criteria, routinely used in

the art, may be employed. As one exmple, staining intensity criteria may be evaluated as

follows:
20
TABLE A

Staining Pattern Score
No staining is observed in cells. 0
Faint/barely perceptible staining is detected in more than 10% | 1+
of the cells.
Weak to moderate staining is observed in more than 10% of | 2+
the cells.
Moderate to strong staining is observed in more than 10% of | 3+
the cells.

25

In alternative methods, the sample 4may be contacted with an antibody specific for
HEPSIN under conditions sufficient for an antibody-HEPSIN complex to form, and then

detecting said complex. The presence of HEPSIN may be detected in a number of ways,
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WO 2007/149932PCT/US2007/071688 a second antibody specific for a portion of the antigen. The
second antibody is linked to a reporter molecule which is used to indicate the binding of the second
antibody to the antigen. An alternative method involves immobilizing the target protein in the sample
and 5 then eXSoditdgi#hEImmobilized target to specific antibody which ma’ilcg"flfé)gwﬁ(gﬁ%% labelled with
a reporter molecule. Depending on the amount of target and the strength of the reporter molecule

signal, a boynehtar gt waychedelgatable byifikepiadetisdovithstiyen gntivaldyvaiteyndtivelsa second
labelled antibogdy, specific {o the fiyst antibody is exposed to the-target-fi ' to forni a

target-first afit lary’complex. The complex Is détected by the signal
emitted by thecteportesamdlenatesByatrdpbiteserokeeuld . SaPasedbin thelprédbrt 4pdeifta88n, is meant

a molecule wijch, by itsehemiealnaiyies LAY dRs.a8 RnaWlicaly deniisblasignst wisallows the
detection of antigen-bound antibody. The most commonly used reporter moleculges in this type of
assay afe eithepentiyrrianesiusrogHorei dhedmdiionnlsEppriivn §RBIeCHIRY Y. o ISSFai¥btopes)

and chemilugigesgent MAleeHamhs of I IB&ASRBEANEAANDE B¥RUAGASSAY, an enzyme is
conjugated to the second antibody, generall%by means of gIutaraldehydeﬁa:%geriod?fe. As will be

readily recognized SHBHWEGBASSRGE g BF Psrarii toridgionasUEEERist: It are readily
available to Hye gkiled SstiganGammanyuseEheeymes indutlekdrsaradish BOepesoxidasé, glucose
oxidase, galactosidase and alkaline phogphatase, amongst others. The supstrates to.be d with the
specific enz%é}%ea?éeﬁgﬁé%ﬁvlgﬁosgﬁ%?%ﬁ% Br h%ﬁ?ﬁ%%%ﬁ%@‘;,&%%%ﬂ e'eﬁ caé(glrlg%d o§n§ding
enzymegof arfietssiabiconclco it anigerakxandples shglitable dmsdiesugvlitie epkédnievphésphatase

and peroxidase. It is also, possible to employ fluar ' if nigh.yield aflearescent product
rather than t%%“ﬁ% g}??g?ﬁ%%eaﬁ’li::géu S"s,%%ag%jg% ﬁ%rtllgj% gﬁg{\}g}) Igril{ %?I’ %%géf%ﬁgﬁg mcg?labelled antibody is

added to thesfirst dmtitrsiy-nfole culiodyarkbeworapipikxafioaread amihet uiPtHEN B3RS  reagent is

washed aw Iytign, cantaininghe APRIRRLiatsrsHhsiats is theraddaskiathe wemplaxiof
antibody-an?%be%l-ga%ﬁé)@d@. Tgréz{subgtrate will react W%i#lpthe enzyme linked to tl;%as cond antibody,

giving a quaResiewhsieds slirEnaviRn Mg IEY fors HranteRes 2 saMPETe R SPRSBinetrically,
to give g ingigalianakihe Amesn. ok iarastanigenwhighswasteseny.imihehspropieccifatnately,
fluorescent compounds, such as fluorescein an rrhord{i ine, may behchemilgtall c?etélpdgd éelntibodies
without alterif 58I RS RERY SSVABA i@éﬁéﬂ@ﬁﬂﬁ?ﬁ? Ao IR ISR SPE BaricUlSr
wavelength, thg iy erockromestabelledtastibodymsisarbetheitighifehergyilidsighag arsteas to

excitability in WO 2007/149932PCT/IS2007/071608 the molecule. followed hy emissiaq of the light at
a characteris‘ifba%ﬁ%?%iéﬂgﬂ@l%a&%%%b e“With Iﬁi%%n%l%g%sc%?eg%%@tﬁe ETA, the fluorescent

labelled antibody is\édttamiecstobitic téothertirstantiiodydant gemdimgstiox. safter WasHig dipthe
“”bou%reagﬁ%‘@éha%&e]%%ﬁ‘éﬁga@%@y complex isithamexrrsediadhe dight ehisspprardate
wavelength, the’s fluorescence observed indicates the presence of the target antigen of interest.

Immunofluortssbeimesad Eatikneermig desarkiliedinbs Al eedipg SREFTHINEEAS FEVEY, other

reporter moleguleg giichaadRdioigoonexhemilvminessrplien bigkynineseenimibldgulasimay also be

employed. _Itis contemplated that the above described t?g?}néﬁjfs maé af!so e empﬁj}oyed to
10detect expracdftftyferthoiniecn it G fal T the RAsSHHN BN R RS 5 &Ue"8F cell €ample

eorc
expresses HEfGINingdicatingptbaltissues ascelpsampie tillbessensithemlto tredtprdyrmeith P SIN

B
solid supports may be in the form of tubes, beads, discs of microplates, or any other
surface suitable for conducting an immunoassay. The binding processes are well-known in
the art and generally consist of cross-linking covalently binding or physically adsorbing,
the polymer-antibody complex is washed in preparation for the test sample. An aliquot of

30 the sample to be tested is then added to the solid phase complex and incubated for a pertod
of time sufficient (e.g. 2-40 minutes or overnight if more convenient) and under suitable
conditions (e.g. from room temperature to 40°C such as between 25° € and 32° C
inclusive) to allow binding of any subunit present in the antibody. Following the

incubation period, the antibody subunit solid phase is washed and dried and incubated with
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15 various pathological conditions described herein can be made by the skilled practitioner. Diagnostic
techniques are available in the art which allow, e.g., for the diagnosis or detection of disease in a
mammal. A HEPSIN inhibitor can be administered in accordance with known methods, such as
intravenous X4 as a bolus or by continuous infusion over a pefi6& BF IS BF%0
intramuscular, intraperitoneal, intracerobrospinal, subcutaneous, intra-articular, intrasynovial,
intrathecal, aradcsapiealibod infretdfioraoutesti@pditthaliytiadmiriistrstiondaattive performédothrough
mini-pump infusion using_various.commercially available devices ctiv edules for
HEPSIN inhil§ S%rm%?/lékél ge‘f‘érlr%%nlgdu y) etﬁq%ﬁ%cai%f/,%%g }%\éal %]Stiﬂ%]é éx&?n%%%?%i g ?s%%:hin the
skill in the artn$gagle or multiple dosages may be employed. For example, an effective dosage or

amount of HEPSIN jphjRitar #5ethalefe may Lanae-Bom. akowt 1 patke, RabayikOQmadkenef body

weight or more per day. Interspecies scaling of dosages can be performed in a manner known in the
art, e.g.5as diselsspasinavibeianmebiizebrEatakesPeRES. 2ptPedy pgeh ymIs\VORaRHh Wi

administratiqpyefi EERHLN-IpoiRionis e MpIoyesha ek desase mnouRisMa Bairamiabout 10
ng/kg to up to 100 mg/kg of mammal body weight or more per dgé/ preferabl ut 1 ug/kg/day to 10

b
mo/ko/day, dBHERSRE GRUFFHE YHte SRAUPRSEFATEN, CUIREY ALl arutna) BessbLhing
methods of dativetyis puesigad iyihe ltesatunabste] tandsdmppedifis. tBahdNbst 4B TH0s
5,206,344; or 5,225,212 It i? WO, _(%07/%%9 32PCT{US2007/1071688 anficipated that different
formulations WHPBE efeltite 45 diffsren ré)a{’(mce%l}lggmpgund%n and difierent disorde S, that
- adminisatiomtéhrgistiegienccorgslnxor Tiesuenideexadupiechby the cegsitataitiediaryhin raneriginer
ditterent fromy that, 1@ anoUg QraARgEdiasuc U saante prialad foatvat addlinngl eiaias may be
employed in the methods. The 5 one or more other therapies may include but are not limited to,
administrationtefieytpitxid crysataamnt areidtan ard st edhe Wegifiehls foenepashalier ttierder in
question. It iggonismpiaiad thalatahAtles fherapigsMmarbr Ry AR dhAMRM SeRarae from the
HEPSIN inhibitor. For use in the applications described or suggested above, kits o#l%ﬁicles of 10

manufacturet@pe afs8arotiasiisy BEmsEntBOBRRISSOG U UGS FOLANLS i BIOREEAS Béing

compar;menmmgb@p%&m@t%iﬁ%ﬁm&me or more container means such as vials, tubes,
and the like, each of the container means com risi%?%one of the separate. eleméants to be uz}ed in the

method. For exampfe {5h&4S¢ (e WoRtATnS: IIEAHOHEY cBMBHEES B;rgg@%ﬁ%ttelstgrtggns be detectably
labeled. Suchrpitakie, mayideian antinedhs o6l shauaehyidn.or pEfmikit.of the iwléntoraadilypically
comprise the container described above and o more other containers comprising materials
desirable froni 4 néznﬁahgroc‘?féelvgﬁda uvgle&;es\{%rﬁﬁgibgﬁ(,i%%ﬁ%cgiﬁg n grgs,%%eln S, fri?ters’, needles, syringes,
and packageringiéyts:withlistuctionkifmdustismmlafeimagnbe prebentonahiebdmiresesdidicate that

the Con%osniw%poxidase, glucose oxidase, galactosidase and alkaline phosphatase, amongst others. The

substrates to be used with the specific enzymes are generally chosen for the production,
upon hydrolysis by the corresponding enzyme, of a detectable color change. Examples of
suitable enzymes include alkaline phosphatase and peroxidase. It is also possibic to
employ fluorogenic substrates, which yield a fluorescent product rather than the
25  chromogenic substrates noted above. In all cases, the enzyme-labelled antibody is added
to the first antibody-molecular marker complex, allowed to bind, and then the excess
reagent is washed away, A solution containing the appropriate substrate is then added to
the complex of antibody-antigen-antibody. The substrate will react with the enzyme linked
to the second antibody, giving a qualitative visual signal, which may be further quantitated,
30 usually spectrophotometrically, to give an indication of the amount of target antigen which
was present in the sample. Alternately, fluorescent compounds, such as fluorescein and
rhodamine, may be chemically coupled to antibodies without altering their binding
capacity. When activated by iflumination with light of a particular wavclength, the

fluorochrome-labelied antibody adsorbs the light energy, inducing a state to excitability in
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20is used for a specific therapy or non-therapeutic application, and may also indicate directions for
either in vivo or in vitro use, such as those described above. The kits of the invention have a
number of embodiments. A typical embodiment is a kit comprising a container I@P said
container, ani&2eEHHBSftion contained within said container; wherein thepgfré]jg%osi g)r}glé]}%ludes a
primary antibody that binds to 25 HEPSIN, the label on said container indicates that the composition
can be usecdkiio meiluate thidopresbncetHBIEMSIN lighitdenshonetaypicobtpammaliadeetebisd
Instructions &%Eﬁ“%}ﬁ%ﬁ‘?%%%%ﬁjx fof exalyatng e PRGSRRESCTdiBR IMipal/easisardyee of

mammalian ce it can further comprise a set of instructions and materials for preparing a tissue

sample and bipglyngafitsodyibe diadisne supnlsh o ias srsiamplt tenenRyphy#atd™$0 both a

primary and secondary antibogywheseinthe sacendary aptinotdssprjpaateddeerighehie.g., an
enzymatic label. Other optional components in the kit i(rzlfclu e one or more bufg@\r%ste.%‘,tblock
buffer, Washiomsecaghs tate kel dtaicsotis rBEgEMS e {HisshratB & ., erest.
2007/149932RG1+442200%Q 21688 chromepeihivhich isehesigalyehlteyatlbyicn iandymatic label,
epitope retrieval solutionhcontrol sample sitive ahnd/or negiative{ contrc%lg%ﬁﬁ?n}ﬂo)lscséiQe@ etc.
Antibodies - Ry °her | nTBRHE A, BHEHEP ST Anfibofies PR invention find utility in a variety
of settings, ipaluding:heingrusadias, reagentfornetection and isolation of HEPSIN, such as detection
of HEPSIN expressjon in varioys cell types i includi inati IN density
and distribution in ?Eal‘lsp%oﬁlﬁé E%E:C%%%(%% I %%’St’i%]g ggfg%&g# %%%&Sgﬁlﬁﬁgggﬁn&%ﬁég %Ir%}‘fther
aspect,lthe pragsentartssdBERSHERRIDodies 10 are useful for the development of HEPSIN antagonists
with binding activit patterns, similar 0. theseRfihs.s thiartaotibodies.fpk exqmapies ampsIRPSLN

antibodies of the invention can be used to determine and identi other,antibodies_thaéihaye the same
HEPSIN bindiigienathetnenes. sl sempinanlbla s gni-i vatiB SR P Pelition can

be used to idgniifygthenanindERSENaRtbadinsthat hindsubsianialibthedkBsameepiiape(s) of
HEPSIN as the antibodies exemplified hereirgr%%cluding linear andéonformai%onqarlne ai}ts?gﬁﬁi
Generation GRRRREIHQHET @ AEHATELLAER 8 AHARE R TFoMHe SKHETRHR THRERIdING those
describegl hergiiusyathak ghalhyhritoma dechitielibasd sendeninglofiphtigeididplayedifioraries of
binder molecyles. These methods are well-established in the art, 20 Briefly, the apti-HEPSIN
antibodies of tRETAVENIBAEIN Behiat ed%a})%sfﬁgﬂ?:%r%%ir\yahg%a IIll%v‘?'a’lrl%é}é'’tooscreeen foéru_rlsyﬁthetic
antibody clorles:with tHelidesited actavityar activities. In principle, synthetic antibody clones are
selected by screening,phage HNATIES SANRINNGRAB0E Ihakdiplavearpus daomantuolatibody
variable region (Fv) fused to, phage coat protein. Such phage libraries are panned by affinity
chromatographipiagaitsts administration as a bolus or by continuous infusion over a period of time, by

20  intramuscular, intraperitoneal, intracerobrospinal,  subcutancous, intra-articular,
intrasynovial, intrathecal, oral, topical, or inhalation routcs. Optionally, administration
may be performed through mini-pump infusion using various commercially available
devices.

Effective dosages and schedules for HEPSIN inhibitors may be determined

25  empiricaily, and making such determinations is within the skill in the art. Single or multiple
dosages may be employed. For example, an effective dosage or amount of HEPSIN inhibitor
used alone may range from about ! ug/kg to about 100 mg/kg of body weight or more per
day. Interspecies scaling of dosages can be performed in a manner known in the art, g.g., as
disciosed in Mordenti et al., Pharmaceut. Res., 8:1351 (1991).

30 When in vivo administration of HEPSIN inhibitor is employed, normal dosage

amounts may vary from about 10 ng/kg to up to 100 mg/kg of mammal body weight or
more per day, preferably about 1 ng/kg/day to 10 mg/kg/day, depending upon the route of
administration. Guidance as to particular dosages and methods of delivery is provided in

the literature; see, for example, U.S. Pat. Nos. 4,657,760; 5,206,344, or 5225212, Ttis
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25 the desired antigen. Clones expressing Fv fragments capable of binding to the desired antigen are
adsorbed to the antigen and thus separated from the non-binding clones in the library. The binding

clones are then eluted from the antigen, and can be further enriched by add%;igné';llﬂ%glessof antigen
adsorption/eNiBGA9%8% the anti-HEPSIN antibodies of the invention caf be GBfained By designing a

suitable antigen screening procedure to select 30 for the phage clone of interest followed by
constructionanfieifattdethgt i idfatieht FRSLMEms ol bel offectisin fothd farese qreeey fronpeiadshage clone
of interest and suitable constant reqi E [ i I engces of

SN H8) FEAUENCes AeSRIBAD ML KARAL SR cxmBAERG
Proteins of I%]r%sghorgafccagf?ﬁ%?sést, F%ftﬁgédlltion, Nﬁl%%’ub icatio%1-3242, Bethesda MD (1%91), vols.
1-3. See alsoRGFtRabciVOTINOREsTahitorené fsvadhatite aneibreiprEvey tissue.

2007/149932PCT/Y Sa00{Q £ 1688 har iR m&&li@mééﬁg%%ﬁ%—&bﬁ%&%@%ﬁ%ﬂﬁ@@@&ﬁﬁhﬁ@ve ntion
p

are monoclonal. Also encompassed within the scope of the invention are ant!b,ody ga ments such as
Fab, FaB', Fane SHsYiel hab hoapiss mantEichikly bty tHersdiooprinsitrir Ps ¥ ilodies

provided hergig,J hese detiRadifnementscambe; ckeated fiytatitianatdneanguatioh. adiSienzymatic
digestion, or may be generated by recombinant techLBiques Sugh antibod}/ltfra%gnagnt%%ayghte)e
chimeric, hufS3ivBP AL SHCiT RBSE DSERIEN RS QUSBIINS S B ghotitHh

Q[he?apeutic
purposes seHfiepiitheteisitor. Monoclonal antibodies can be obtained from a population of

substanially homogensous anibodics. | . ing.Indiyidug) antibadies amprisiahe opglagon are 10
identical except for poss@le na uram/j occurring mutations thatmay be present in minor amounts.
Thus, thé madifiefatmonaciekal Pndideddy the ohardister StahekaptibBHJORPHSR BSHEA Midtire of

discrete antipggles, .., e ANIFHERSINmoRpclnalaRikorliss ofe: mNeelion eap:amade using a

variety of met wn In the art, including the hybridoma method first described by 15Kohler et al.,

Nature, 256:80% (107B)s.orkRerapdivan ey sy HethaaeRrBinrE CBRBMSAIT DR ARS IR fisE ., U.S.
Patent No. 481656y iRsh Getie anthBecembinantMeiogisthe col@ireansabinant

production of an antibody of the invention, the nucleic acid encoding it is isolated and.inserted into a
replicable veﬁ%ﬁfﬁrﬁﬁ@?&%ihb‘)ﬁﬁﬁ(%ﬁ?p%ﬁéﬁﬁ%wgﬁég%l\%&&b&%&’%?ﬁ?’e%%i%‘h N ngmﬂﬁgr?goding the
antibodysis regdil-ssalated and sequenced using conventional procedures (e.g., by using
chains of the antibol sy VA A R B LB B e host
cell to be used. anendlly, poafeired ostposliy ansefieithdegpraitarfotic erreumkamzetic 28 (geperally
mammalian)s a{i ilydin ,eﬂl%ﬁ?&{ﬂg &%@1‘39%ﬁﬁl&ﬁ@%%&k%@éﬁ&&,h%&%g? and package inserts with
instructions for use. A label may be present on the container to indicate that the composition
20 is used for a specific therapy or non-therapeutic application, and may also indicate directions
for either in vivo or in vitro use, such as those described above.
The kits of the invention have a number of embodiments. A typical embodiment is
a kit comprising a container, a label on said container, and a composition contained within
said container, wherein the composition includes a primary antibody that binds t0
25  HEPSIN, the label on said container indicates that the composition can be used to evaluate
the presence of HEPSIN in at least one type of mammalian cell, and nstructions for using
the antibody for evaluating the presence of HEPSIN in at least one type of mammalian cell.
The kit can further comprise a set of instructions and materials for preparing a tissue
sample and applying antibody to the same section of a tissue sample. The kit may inchude
30  both a primary and secondary antibody, wherein the secondary antibody is conjugated to a
label, e.g., an enzymatic label.
Other optional components in the kit include one or more buffers (e.g., block

buffer, wash buffer, substratc buffer, etc), other reagents such as substrate (e.g.,
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Vector Construction Polynucleotide sequences encoding polypeptides (antibodies) of the invention can
30 be obtained using standard recombinant techniques. Desired polynucleotide sequences may be
isolated and sequenced from antibody producing cells such as hybridoma cells. Alternatively,
polynucleotic8 z8A A%y nthesized using nucleotide synthesizer or PCR P{AA/S2007/071688
2007/149932PCT/US2007/071688 techniques. Once obtained, sequences encoding the polypcptides
are inserted iptensbpeEP W iAR dREI A pRbIedOl Y epliaating:an thexpressipg roeteralogtisn, '

polynueleotides in prokaryotic hosts. Many vectors that.are available and known in the art can be used
for the purpcfé’é”ff)‘:flt‘l“?@“&e‘y ﬂfiﬁﬁ%?'ﬂfglrgg fion 2 (gfcﬁ)’ op ﬂ% Sa}%jeﬂ?zeg“'

&fection o appropriate vector will depend mainly on 5 the
size of the nucleic acids to be inserted into the vector and the particular host cell to be transformed

with the vectgr. .Eagh vector cgntains various components, depending on its function (amplification or
tigodigs - Lrenera

expression nucleotide, or both) and its compatibility with the particular host cell in
which it fesides. THe yewtor.cenipdFBATR gavidrsticsind dere ibisraes fidimid &: ay Sigih g
replication, 3 selectignmarker gene. & 10RLomptef.AddResRmeRindinasiter(RBSNG signalssequence,

the heterologous nucleic acid insert and a transcription termination seguence. eneral, plasmid

_In
vectors contéﬁﬁﬂqé%m&éﬂ@@éoﬁ%%édhéﬁcé@qwﬁcﬁ‘é}e@B?&@dlﬁo?ﬁsgﬁ%cﬁlﬁg atile with the
host cell are yisg¢hiRsa8RNCHEPYith dbess hestxlidhBuveetan eingijlyletsrigssad eplicationgsite, as

well as marking sequences which are 15 capable of providing phenotypic. IQn in. ransformed
cells. For ex3MpleeELEOR Y Wﬁcéﬁﬁf’ﬁaﬁ’%f?ﬁ?wgat%%%épﬁgR%g B} dl%%ﬁ}j%e%%n Fégr%déer? E. coil

, a plasmi
species.opBRaz2wantdinsigeessneadingArpiRiliN @ump)mstd tetiadyotine (Fetyigsiztaiee and thus
provides easy means for ideptifying transformed cells. pBR322, its dervatives,Qfsiher,migrobial
plasmids or é‘ﬁéopé‘}fgb% ?npafl)l/leafsggjggtn gltﬁ?ggiﬁ e nggd?lggé?océé%tg?rf\?% promoters which can be
used by the inicnohial Gigdnissefotexpression ofdentioténetksprotehesiexiiples otsBREE?
derivatives u XRissSIan abRAdicyIaranibgrics e ARscipedindeteilinGanstab, U.S.
Patent No. 5, 8@%3’.1%%%%%{%tion, p%élge vectors conta?ﬁllgri] replicon and control sgﬁ#ences that

are compatible-entionsebstraitipotgaiis et HEBS RS waRessHiltY YadsresitEiydbeion 25 with

these hpsts. Eof.Lxample,) RACIFEEPNRYS BChADAISEMAMALL Ravbeardlizeg iinnaking a

recombinant vector which can be used to transform susceptible host cells such as E. coil LE392.
conformational epitopes.

Generation of candidate antibodies can be achieved using routine skills in the art,
including those described herein, such as the hybridoma technique and screening of phage
displayed libraries of binder molecules. These methods are well-established in the art.

20 Briefly, the anti-HEPSIN antibodies of the invention can be made by using
combinatorial libraries to screen for synthetic antibody clones with the desired activity or
activities. In principle, synthetic antibody clones are sclected by screening phage libraries
containing phage that display various fragments of antibody variable region (Fv) fused to
phage coat protein. Such phage libraries are panned by affinity chromatography against

25 the desired antigen. Clones expressing Fv fragments capable of binding to the destred
antigen are adsorbed to the antigen and thus separated from the non-binding clones in the
library. The binding clones are then eluted from the antigen, and can be further enriched
by additional cycles of antigen adsorption/elution. Any of the anti-HEPSIN antibodies of
the invention can be obtained by designing a suitable antigen screening procedure to select

30 for the phage clone of interest followed by construction of a full length anti-HEPSIN
antibody clone using the Fv sequences from the phage clone of interest and suitable
constant region (Fc) sequences described in Kabat et al., Sequences of Proteins of
Immunological Interest, Fifth Edition, NIH Publication 91-3242, Bethesda MDD (1991},
vols. 1-3. See also PCT Pub. W003/102157, and references cited therein.
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The expression vector of the invention may comprise two or more promoter-cistron pairs, encoding
each of the polypeptide components. A promoter is an untranslated 30 regulatory sequence located
upstream (5') to a cistron that modulates its expression. Prokaryotic promoters typically fall into two
classes, indEDRSMGEEEBNstitutive. Inducible promoter is a promoter that Ffif (& ids&ed levels of
transcription of the cistron under its WO 2007/149932PCT/US2007/071688 control in response to
changes in the cultyre coRgitiemines:, tReiPMETNISE AiBbSRRGES cha Mitielmone changinl.
temperature. A large number of promoters_recognized by a variety of potential host cells are well
known. The S61R CRQBPETTtSYEHR B 85%8@1%% ‘ﬁelfgocrlls%%ﬁ%ﬁggmﬁ%%ﬁggﬁgﬁt%%ﬁeavy chain
by removingriie, peshiHenttointhe Romiea:DMA viainastrctiorehaythe digdstibAbahitedrting the
isolated promoter, sequence . into the vector.of the 'nvent!')%n g%la E%et %qit\(g Rrmgier segugnce and
many heterdeog%ﬂesfp%%rreﬁ%tersh %%?%}é%%egat%m |?é%f eg}mpliﬁl::f?ftion nd/or e>1<]pression’ of the target
genes. If soeneyemibodiguetits, heterajojowsprotmdteysracentiiizat] fesbmipairy e iRV HERAl greater
ranscriptionggh J0IBNS ieldm. L RMERSPA/AIGRLARNE APRAMRAIAILIA (e Rative fardt
polypeptide promoter. romoters suitable for use with prokaryotic hosts include the PhoA
promoter, théia@wrtiaedriieserais RERSESHO AR PSFEems, a tryptophan (trp) promoter system and

hybrid promoters sygh.agdha tagaothe re.Aramoltaavenss athpsamatess thajsanaidyfiinctional
in bacteria (such as other known bacterial or phage promoters) are suitable as well Their nucleotide

sequences HEVRBEROBUPRERRESthéfenPEnaAinG S SR 'rlf@?"né)ﬂ)-lé}%%@/h?oI?fg)éltlgtfﬁlén%r?o cistrons
encoding thgdawget lightaneheaybehains4Bicbantishgtralt{i880)Haeth 20 b2 GIywsing kmikers or

adaptors to supply any requijred respriction sites. In,one a t of the inv ii-?”a %%ra igstrg within the
recombinant%@fﬁ?zoyrég?héﬁslggﬁé%%c%ﬁ%?\(ﬁsolrglﬁgl1§§§ﬁ§%%ec%%r68{ﬁé§? that wectg? translocation of
the expresseadipglypagtide sfatirosscaamidmizane. In general, the signal sequence may be a component

Of the vector, or It may Be.2inasal I iBLastpAvpEpHced?ie RLiRiRselieddNipdba gl The

signal sequence selecte e purpose of this invention should be one that is recognized and

processed (iericlhavetdiod sigeanpaptivase) Byludinpdhe debrioms msbrd disticrsEbed Rrthat do not
recognize ang process; the sigpal sequences Nafive: ien e hpterg!eagusnabmeplidesnibraignal

sequence is substituted by a prokaryotic signal sequence selected, for example, from the group
consisting ofPhetanaiipds phesphatdeens eiciitas®ibp, or heat-stable enterotoxin Il (5Th) leaders,

LamB, PhoE, PelB, OmpA and MBP. In one embodiment of the invention, the signal sequences used

in both cistroxscifief Hoet €xiessidiesysinmnws! SMdlisignal sequences or variants thereof. In
another aspect, the production of the immunoglobulins accordin%to the invention can occur in the
{

cytoplasm of the hdgurcedkoaringrsrafofadivas Hotretiiipedneot the invention, the nucleic acid
encoding it is isolated and inserted into a replicable vector for further cloning

20 (amplification of the DNA) or for expression. DNA encoding the antibody is readily
isolated and sequenced using conventional procedures (e.g., by using oligonucleotide
probes that are capable of binding specifically to genes encoding the heavy and light chains
of the antibody). Many vectors arc available. The choice of vector depends in part on the
host cell to be used. Generally, preferred host cells are of either prokaryotic or eukaryotic

25  (generally mammalian) origin.

Generating antibodies using prokarvotic host cells

Vector Construction
Polynucleotide sequences encoding polypeptides (antibodies) of the invention can
30  be obtained using standard recombinant techniques. Desired polynucleotide sequences
may be isolated and sequenced from antibody producing cells such as hybridoma cells.

Alternatively, polynucleotides can be synthesized using nucleotide synthesizer or PCR
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WO 2007/149932PCT/US2007/071688 presence of secretion signal sequences within each cistron. In
that regard, immunoglobulin light and heavy chains are expressed, folded and assembled to form
functional immunoglobulins within the cytoplasm. Certain host strains (e%., the E. coli mg strains)
provide cytoBI8sH tb¥8#ons that are favorable for disulfide bond formatiBh M {HEIEBP Bf&mitting
proper folding and assembly of expressed protein subunits.Proba and Pluckthun Gene, 159:203
(1995).  Antibpgies otihe isventian caualsesbenpsoiduced olipicgides expréssioedsistem in which
the quantitative ratjo of expressed polypeptide. components can be modulated in order 1o maximize the
yield of secr&tét H&%%%%Wﬁ%g%f)ﬁq%%ga@ﬁ ?tl)n fie{[:1 St ?ﬁ%sslhn\gen% %%0. a%%l%&&#%%u%aﬁor? is
accomplishgddkilgast ngart\iynsivueitandonsly medetiting kansatio Hel gtrergbitgifed fhetpolypeptide
components, __One technigue. for ulating.trapslati aogthyis diselased dnmigymens et al.,
U.S. Pat. Nd"gpng?)ogé%e tai éeé%‘.fsrép}%%ts{ o?tﬁeltransla iongiltifnitiation region (T1R) within a cistron.
For a gifen THRsizcswithe wickrisinoidtia by insertad mtaderrmeceddhangiesgahoskerbada with a
range of translatignal sUaRohs WieFeLY RIPVIdIDE @canveniaBiMeatR Wi duag st fhis factor

for the desired expression level of the specific chain. TIR variants can be_%ener%tg% b é%onventional

mutagenesidHBRRIIEY HIRR eRU AT ETEBIPBhEh JESTRIREIE 219 AREF IS Smitlo dshee,

although silei.ghamaes withanusleatider sequesnaarepiiariedddlterpitonsdoithedipnean include,
for example, alterations in the 20 number.or spacing.of S ir!eiDa[I%%mose equences f:f;lrloné_%v%i]th
alterations irBTRE-SIYHAF BEGURH EE° B ATHESH Bl 181 EHL P AT RUtANT SigRal Sequences s the
generatipn ofaroedpn dsskhatiheingginniRgpSf, a s gspguencecthacddesononohiaiigesihe amino

acid sequence of thg gi nal seguence ‘Q%a%é the %hagges are silent). This can be accomplished by

changing the M RTAIESHTE Position of each codon: additionally, some amino acids, such 25 as

leucine, serine, and,gining. gy PyURlR it anthseesnchaosiionsibatcanadd camlaty in
making the bank. This'method of mutagenesis is described in detail in Yansura et al. (1992
METHODS: @@@ﬁ]ﬁaﬁiéﬁ%eﬁ/@tﬁ’@ﬁgkﬁ? EiRyAROROZE £BH A8 8 Ses BESPIRFIOR & U %&?J‘r‘?ﬁ generated

with a range pfeTiR-RIFeREMSIor @ash GstpntireteineT Hisdimiedsekirdpeaeonipatison of
expression levels of each chain 30 as well as the yield off:the desired a iboc%%{gr?gugt%ﬂpger various
TIR stréfgthCBrREIrRiiRRYIdRE BRGNS el BRHMRTRNFRITHY ¢ %ti%ﬁ{ge 1 BXpression Tevel of a

reporter geneypr4lRseukgskincdeidildnpSianoapeiatdiSiRatidio 45, BA®528cBasephii22
contains genes encoding ampicillin (Amp) and tetracycline (Tet) resistance and thus

provides easy means for identifying transformed cells. pBR322, its derivatives, or other

microbial plasmids or bacteriophage may also contain, or be modified to contain,

20  promoters which can be used by the microbial organism for expression of endogenous
proteins. Examples of pBR322 derivatives used for expression of particular antibodies are

described in detail in Carter et al., U.S. Patent No. 5,648,237.

In addition, phage vectors containing replicon and control sequences that arc

compatible with the host microorganism can be used as transforming vectors in connection

25  with these hosts. For example, bacteriophage such as AGEM.TM.-11 may be utilized in
making a recombinant vector which can be used to transform susceptible host cells such as

E. coli LE392.

The expression vector of the invention may comprise two or more promoter-cistron

pairs, encoding each of the polypeptide components. A promoter is an untranslated

30 regulatory sequence located upstream (5') to a cistron that modulates its eXpression.
Prokaryotic promoters typically fall into two classes, inducible and constitutive. Inducible

promoter is a promoter that initiates increased levels of transcription of the cistron under its
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WO 2007/149932PCT/US2007/071688 the translational strength comparison, the desired individual
TIRs are selected to be combined in an expression vector construct. Prokaryotic host cells suitable
for expressing antibodies of the invention include Archaebacteria and Eubacteria, such as
Gram-negatiW3pE4p3positive organisms. 5 Examples of useful bacterBGh&aHEELet¥richia (e.g.,
E. coil), Bacilli (e.g., B. subtilis), Enterobacteria, Pseudomonas species (e.g., P. aeruginosa),
Salmonella ghigIus kEpoSLIfatidmarcesdansaikiansiatiaidiiaieushShigetias Rhizsbiae \ireoscilla, or
Paracoccus. In pne embodiment, gram-negative cells are used. In one embodiment, E. coil cells are
used as hosPEFFHHY PSS EXRHEES of E. coil strains include strain W3110 10 (Bachmann,

Celular and Molecy s Biologkveh 2 (iashingion. By, AIRUGAR Ragietn faiMiaiebielogy, 1987).

pp. 1190-1219; AT eposit No. and derivatives thereof; including strain 33D3 having
genotype WBIdEnAIAtA (AtoteA pptrddtac dep e @ adhpTrehipelfepE Pay paokasthaJightpat. No.

5,639,635, QUEL BRI RUVANGR HRIBBLSHE AR E FOICBAMTC R hAMR) ohayerl B, E
coli),, 1776 (ATCC 31,537) and E. 15 coil RV308(ATCC 31,608) are also swtaglfﬁh'[hese_ examples

are illustrativigei SdneiiRg B dmBRd ErEBHSh IR e iVailEs 67 8hy ofth B mentioned

bacteria haviggidefinadaenabmesaiekpawnit theryt g segeiibetbinotas exampleuBass et al.,
Proteins, 8:309-314 (1990). It is generally necessary.to %ele_ct the apprﬁgriate bac (r)i taking into
consideratioFesIi A %tf‘fﬂeapé%}fcc?ﬁgﬁﬁé’%é?st a PRt AR For 208X

exgrrﬁfp SYETCoIl Sen-atia,
or Salmonellg:gpeicigs:candnoauitably wieddsitheéo sendrelhywedtti ogrertsia smidgsiption asdhBR322,

P o et ol RIS ae0, O SHORY (G BERIFOR. dunicaly e DR Aglipgyid secrete

minima amodﬁ?gro?qpro%eg yﬁ’épenzymes, and additional protease inhibitors may desir
incorporatedpmtigccell culture. Antibody Production 25Host cells are transformed with the
above-described expression vectors and cultured in conventional nutrient media modified as

appropriate for indFsmgosFsnsetable Seasanianeermiisdoss Anpitsiis Hegerietgitotihg the
desired sequg gﬁétamas;”an@fsa@%a@éicg?o@ﬂ@é@ssmmﬂqcing%ﬁhwqﬁ@@ profaRptigdhast saithat the -

DNA is repficable, either as an extrachromosomal element or by chromosomal integrant. 30
Depending o b RE¥PeETSUREA 4 AR fEmMteR 1& dE?f@‘lf@’fn&Qﬂﬁﬁr&%@hﬁﬂﬂ@?@ﬁg%ﬁﬁme to such

cells. The cajgimbipatimenterpeing calciur shiopsdeis.genptally pseddordasterialbillssthat
contain substantial cell-wall barriers. Another method for, 007/149932PCT/US2007/071688
ransformatcHF b ISE ISR B 5 DRSO AR FSEA 10 e 16 L L85

1 Ter .
iqgue US% IS eFec‘?roporatlon.
operably to ligate them to cistrons encoding the target light and heavy chains (Sicbenlist et

al. (1980) Cell 20: 269) using linkers or adaptors to supply any required restriction sites.

In one aspect of the invention, each cistron within the recombinant vector

20  comprises a secretion signal sequence component that directs translocation of the
expressed polypeptides across a membrane. In general, the signal sequence may be a
component of the vector, or it may be a part of the target polypeptide DNA that is inscrted

into the vector. The signal sequence selected for the purpose of this invention should be

one that is recognized and processed (i.c. cleaved by a signal peptidase) by the host cell.

25  For prokaryotic host cells that do not recognize and process the signal sequences native to
the heterologous polypeptides, the signal sequence is substituted by a prokaryofic signal
sequence selected, for example, from the group consisting of the alkaline phosphatase,
penicillinase, Ipp, or heat-stable enterotoxin 11 (STTI) leaders, LamB, PhoE, PelB, OmpA

and MBP. In one embodiment of the invention, the signal sequences used in both cistrons

30  ofthe expression system are STII signal sequences or variants thereof.

In another aspect, the production of the immunoglobulins according to the

invention can occur in the cytoplasm of the host cell, and therefore does not require the
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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 5 suitable media include luria broth
(LB) plus necessary nutrient supplements. In some embodiments, the media also contains a selection
agent, chosefiha¥ad #the construction of the expression vector, to selegﬁ%r@@zﬂgmm“é?owth of
prokaryotic cells containing the expression vector. For example, ampicillin is added to media for
growth of cefisaxprassibgampiiftinl wegistues gettan todmisneaedsalysugptsivemisibgisidds carbon,
nitrogen, and inorganic phosphate sources may als included at opriate_concenirations
introduced a%&gé gpgsﬁégarﬁ?xtﬁkrlén%tha%ng er?ssﬁg’plgorg(%’ﬁ SFme ?ﬁ%@%&cﬁoas%r%o%pﬁgé%#?ogen
source. Optionaiiypdbk it erithédiberc paptasontdinrome orshiorensdduci e df ents el teadnom the

group consisiing of glyiaiane, cyrleinescy SIMIG - bleoiye el Tbiseniniatanddsdiiothreitol,

The prokarygfloc 10st tells are cultured at suitable temperatures For E. coli growth, for exa%Ie, the
preferredl terpgrordtine ravryssiioingabodt 2ecnidaksutaucsstarerably o Ebout Distatdtbout 37C,

preferably atpﬁmlgpgen'gp@spfj@f(t@ﬁedium may be any pH ranging from about 5 to about 9,
depending mainly on the host organism. For E. 20colt, the pH can be from about 6.8 to about 7.4, or

about 7.0.  If aningueile premaGistisitsesialibeexpressionyasior of thertnyrntignigprctein
expression is induced under conditions fsuitablef r the actiil.vation of thetéarom%ter. Lr&g\qg%(gs ect of the
s. Accor

invention, PREABrEtR SHEFLFRISBE P c%%%ﬁﬁ%g??a%{j&lﬁ?oﬁog?ﬂ% holypeptide ingly, the
transfolined bakt eelissaimicuhr gitid of phosphatet ooty 25senddidrantoroidide ofidre. irventon.

embodigent the phosphate-limiting medium is the C R.A.P meqium.(see, & 9. Simmens&lal., J-
Immungﬁ Mestﬁ%ﬁdsn@é%ﬁo%é% 1§§ﬁ%§ﬁgAg%{/aﬁetyeo? otne ‘induclg?jerslmayabe u§e§d, accordirt?g to the
vector consttestsbmplelsidnathisinbwndhypkptide chgaecaibodiment, the expressed polypeptides of
the present invention are 30 secreted into and recovered from the periplasm of the host cells. Protein

recovery typically ifevedigishigang i rtieedarasriont] sERRediy HissRerf b SHERS Shithtic shock,

sonication orlysisOnGs. celisoaresdisiuptede cel-iskiis myholekatiamaytheise mayed YRWO
2007/149932RCT/USZOO7/071§88 ce I{i&%\ation or iItration..Ehe I[i)rqteins J’(Iil%. bengurtvh%r ﬁtlgrified, for
example, by XHHRy? Fé?ﬁ?‘bhfé’ﬁﬁ%ﬁ?ﬁnﬁp s AREPRRAVAR I 6T E5R Be A Epbited into 1

e culture
media and iselated thereih wCalls maycbefremmpiaithfiaomtheriblttirerdndtheicitgire supemetant being

itered and conceriated for el purfesion ohhe P rated ThasesEroeipiventides

means d
can be furthér ieotated and iden using commonly known ods suc lyacrylamide gel

electrophore$iR (PAGE) smdbWestanateblby assegntional mutagenesis techmques that result in codon

changes which can alter the amino acid sequence, although silent changes in the nucleotide
sequence are preferred. Alterations in the TIR can include, for example, alterations in the

20  number or spacing of Shine-Dalgarno sequences, along with alterations in the signal
sequence. Ome method for generating mutant signal sequences is the generation of a

"codon bank” at the beginning of a coding sequence that does not change the amino acid
sequence of the signal sequence (i.e., the changes are silent). This can be accomplished by
changing the third nucleotide position of each codon; additionaily, some amino acids, such

25  as leucine, serine, and arginine, have multiple first and second positions that can add

| complexity in making the bank. This method of mutagenesis is described in detail in

Yansura et al. (1992) METHODS: A Companion to Methods in Enzymol. 4:151-158.

Preferably, a set of vectors is generated with a range of TIR strengths for each

cistron therein. This limited set provides a comparison of expression levels of each chain

30 as well as the yield of the desired antibody products under various TIR strength
combinations. TIR strengths can be determined by quantifying the expression level of a

reporter gene as described in detail in Simmons et al. U.S. Pat. No. 5, 840,523, Based on
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In one aspect of the invention, antibody production is conducted in large quantity by a fermentation
process. Various large-scale fed-batch feimentation procedures are available for production of
recombinant proteins. Large-scale fermentations have at least 10 1000 titers of capacity, preferably
about 1,000 WOLBO70ER%ers of capacity. These fermentors use agitator iﬁ\%@ﬂ@?@‘lﬂ(’agﬁﬁbute oxygen
and nutrients, especially glucose (the preferred carbon/energy source). Small scale fermentation refers

generally to fiermentaipndn atermentanihaids, ndimasdrthinmdppdoxinTakalya10Gditersdnivdametric
capacity, and cag] range from about 1 liter to about 100 liters. 15In a fermentation process, induction of

protein expr&S3IBHE KRR E HNSeG AN IE E8ils have been grown under suitable conditions to a

desired density, e.g,, éa(n 0530 of &m%hjéﬁ:%oﬁr% \{x@g(fﬂ]gsﬁggemgsc&lI&@r&@@n%qggmégationary

phase. A variety of inducers may be use ng to the vector construct employed, as is known in
the art and destrdbegtabevendCElibirayibesyrbwis férsHorREpES G s BHE1S HEGCTEHTEBNS are

20usually i“%ﬁ%zfé%f&?&%ﬁfé&e@m@@mmmae@%,sﬁpmir@mﬁ%tgn%mmysed-

To improve the production gle d and quality of the polypeptidcs of the inventign, various fermentation
conditions c&R5EPaeiTRd? EINRRARHSISPRS i pfobe ty?:)e ' Dé%%eﬁﬁ'ﬂf?ﬁ?ﬁ)afépﬂ%w&‘% secreted
antibody polypgptisles-additionaiveators PR RVerCrIEeES|RhehRRS Ie-psoliginss Suchcascidsb proteins
(DsbA, DsbB, DsbC, DsbD and or DsbG).or FlilPA ga ‘ge tic(ie%ﬁlprolyl c'sétc{a.ns,-tisl(%mer[asC%1 qitdil]echaperone
activity) can BectS it LB Hn S 1R HEs EBro kAR STE celts  Khe EREperone proteing have been
demonstrategktd facilitate the propevdaliding dhdisplabilify bf beterwtaige usgndteisisaprodiidéd in

bacterial host cells. Chen et al. (1 .7 Bio m. 2.74: - X eg;giq . L).S. Patent
No. 6,0 ,71@;*:‘&&%%& “P.r,' s Ceics 1.&6, ?fgsg@ét#ﬁ%%%%’a%ﬁﬁluckthﬁaf t(ggl)%eo J. Biol.
Chem. 275: 61 00ia3b 080 Rari?f an P LR Ll $200058. Hishwaihdle. 2753371 0641 RIT3 N et al.
(2001) Mol. Migrabiq); d&l%gs'@élgﬁﬁ@ RAALLAARRAR GHYR2RAHD TABRAR) prrT NIBIMIZES

proteolysis of expressed heterologous &o&elns (especially those that are proteolytically sensitive),

certain host deainE detisieirir feRébikae SHSrRas ¥ante UsDroPth praterthdemmivcfor
example, hogi gellsstipingpay hemqdified toroffiest genetis mutsliontskiptheenss paaading known

bacterial proteases such as Protease Ill, 5 OmpT, DegP, Tsp, Protease 1, Protease Mi, Protease V,

Proteadé VI aléd RYAHEORsThePSdrrs sl fff_ﬁ.t%}%)lﬁ-pr S ERARRES TS HHINGAAYS SURRA R and

described in; fofgxamplandalyrst abrch9Mhosupiaatzeotion eloahhl) SoRaeniieed 64365,
Georgiou et al., U

U.S. Patent No. 5,508,192; Hara et aI.,‘M'(g‘%)bi I Druggesi%%n%eg%sﬁ?a?z[(1996).
In one emboBﬁYf@ﬁtfl@nGSIﬁ§ﬁ‘§?ﬁ’§?ﬂ%‘ﬁc}@ﬁfvfb?1b%‘fea5fyﬂé §§}%¥8§ IhP16tEREmmed With plasmids
overexpressip@@fig, of: Morgidhgpemnelpiotgtnsr il usethasyhastdells tire thgpexpresshonteystem of the
nvention. Anttégl%d i.rli)tg”c];lo%as?(?e@aﬁon replicability of the replicon in the cells of a bactertum. For
20 example, E. coli, Serratia, or Salmonella species can be suitably used as the host when well
known plasmids such as pBR322, pBR325, pACYC177, or pKN410 are used to supply the
replicon. Typically the host cell should secrete minimal amounts of proteolytic enzymes,

and additional protease inhibitors may desirably be incorporated in the cell culture.

Antibody Production
25 Host cells are transformed with the above-described expression vectors and

cultured in conventional nutrient media modified as appropriate for inducing promoters,

selecting transformants, or amplifying the genes encoding the desired sequences.

Transformation means introducing DNA into the prokaryotic host so that the DNA

is replicable, either as an extrachromosomal element or by chromosomal integrant.

30 Depending on the host cell used, transformation is done using standard techniques
appropriate to such cells. The calcium treatment employing calcium chloride is generally

used for bacterial cells that contain substantial cell-wall barriers, Another method for
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In one embodiment, an antibody produced herein is further purified to obtain preparations that are
substantially homogeneous for further assays and uses. Standard 15 protein purification methods
known in the art can be employed. The following procedures are exemplary of suitable purification
procedures: Wact8iati8d2on immunoaffinity or ion-exchange columns, etﬁﬂpﬁ%(ﬁ?t‘éﬁﬁn, reverse
phase HPLC, chromatography on silica or on a cation-exchange resin such as DEAE,

chromatofocusingneRenP &afe RMioReikiat|fate-precisationy andmgeldiltrationqusingefoiexample,
Sephadex G-75. 20In one aspect, Protein A immobilized on a solid phase is used for immunoaffinity
purification ST$HERRESRY products of the invention. Protein A is a 4 IkD cell wall protein from

Staphylococcus augeas which binds it i ] e ragion; ihogies.Lindmark et al
(1983)1. Imtnunol. eth 8 :Cl‘-:'bi.gs Jllﬁgéﬁs%l?)c]% p%gﬂ%%ﬁ%%g%eﬁgi ?riﬁ%ﬁcﬁbé?liz:a@d%éan be a column
comprising angiisscorsilica therfatendrainbledptronktarpofalyasieesribmtoredsiliBeE@idcsiumn. In

some applicafions. theoumnds saatedaithaieaustecush-as alisarala pressiblyinreyant

nonspecific adherence of contaminants.  As the first step of purification, the preparation derived

from the cellcautaiiegais ae MsEir GV EPREINDE SPPHAY TR PIRSEET R TAIBASEE S8 Phase to
allow specifig3@bindiag phthecantioi@bintergstin Rrotein 4. frbkasalitt phiseoneidhiher be
washed to remove contaminants non-spe{:ificall .hqund to g%f?lidg%lfse Final%%%le 1k?rg;tigody of
interest is reEOREREAT ST e sERE SRASE By T B 1R85 BCIUEE00 /67 1688
Generating antibegigsuging!Bukasvoiic dwast cells: The vector components generally include, but

are not limited to, one or more of the following: a signal sequence, an origin of replication, one or more
markerigenes, an etameersetemewmtpemeoindteridandalpansitiption [ErdninatEsRSRIRSABES50) Signal

seduence CARRERE iy AoV BEI JRlUs SN B RO i esh cal I it lsR-oNRI: Sopignal sequence
Ide navi

or other polypept ng a specific cleavage site at the N-terminus of the mature protein or
polypeptide ofifitarestitrhenpd@rolBtoRaty il SeiuRceSlictted JORBIANY MEBEMYS Fecognized
and processefl£i,ga11¢ 8RVAHRN Hsignal Replidass) bk therhasteelicily lomanenatiantoel expression,
mammalian signal.sequences as well as viral s,ecretori/ leaders, for eﬁ?r{épl& }tlglo%}[&gg%? simplex gD

1 & ame oaB A

signal, are agbESISTRE DRI A Qe YVERT BV EBR iAo SHNY
encoding thejahifoiaditolii) Origin of replication
The prokaryotic host cells are cultured at suitable temperatures. For E. coli growth,
for example, the preferred temperature ranges from about 20°C to about 39°C, preferably
from about 25°C to about 37°C, preferably at about 30°C. The pH of the medium may be
any pH ranging from about 5 to about 9, depending mainly on the host organism. For E.

20 coli, the pH can be from about 6.8 to about 7.4, or about 7.0.

If an inducible promoter is used in the expression vector of the invention, protein
expression is induced under conditions suitable for the activation of the promoter. In one
aspect of the invention, PhoA promoters are used for controlling transcription of the
polypeptides. Accordingly, the transformed host cells are cultured in a phosphate-limiting

25  medium for induction. In one embodiment, the phosphate-limiting medium is the C.R. AP
medium (see, e.g., Simmons et al,, J. Immunol. Methods (2002), 263:133-147). A variety
of other inducers may be used, according to the vector construct employed, as is known in

the art.

In one embodiment, the expressed polypeptides of the present imvention are
30 secreted into and recovered from the periplasm of the host cells. Protein recovery typically
involves disrupting the microorganism, generally by such means as osmotic shock,

sonication or lysis. Once cells are disrupted, cell debris or whole cells may be removed by
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15Generally, 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 20 selectalbi® p9atké93Rypical selection genes encode proteins that (a) ESATEFHEEETAMEe to
antibiotics or other toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement

auxotrophic deficiepaias, whRraeieVaRs, b (shsappyCritiorlnutigeds o tavaiabeyfidfincomplex
media. One examE e of a selection scheme utilizes.a drug to arrest Ig[rgwth ofah %t cell. 35 Those
Ci—: &

cells that ard StcCBSSRHREFRAZ o SR B HERFEIS S8U LG FEBBHIES protain s

s ) C€ a protein conl}leer_rllng drug
resistance apglithomsdniveithe Gelgction tegimencE kampiesof suchrdoinatitsebeptiontase the drugs

neomycin, mycophenolic acid and hygromycin. Anather.example of suitab ablg. markers for
mammaliarrﬁg%lﬁ ztﬁ?éefﬁos‘%l aena %e%néxfdg‘h ification o té%ﬂséggcmep %é%t%) %ﬁggﬁithe‘%ﬂibody
nucleic &cid espehsad 3OPPHERYdhyoatidie fkittaseisphatallothiodeificd ek ng (eogpiiakeown

metallothiongin Gencal, J03AR8I0S RAIDINASE. IS ARSI o Bltn bloy g rample, cell

transformed wit on gene may first be identified by culturing all of thc transformants in

iocrﬁ :;léﬁ_ medil:m t'ﬂflbtﬁ%@gﬁlé ﬁ)\f\'{«t@e%@&_{ﬁf&ﬁﬁ%&l} E}p@%h @@&I{qz 1688.meihatiexateuiMix), a

itive antagonist of [ . Appropriate host cells when wild-type DHER is employed include, f
example, thCHirfeSe RaHR BT (éfﬁ@“ée[ﬁrlﬁfiésﬁ’é?icﬁ%ﬂ’?ﬁcgI%Eﬁeéfaﬂﬁﬂfl%(?ﬁigﬁ?‘l}%agncu =
CRL-9096). Altermativelyhrbosithallsipruisbirtdy priiype lhogtssthat fonaittnddgenctsbsDHFR)

transfoimed o-transfarmed with DNA sequence odi ibody. wild-t DHER protein,
and anc{n eri@%c]llé%'ise ?%é:rarPeaF%ﬁtﬁrgl};e?%?%ggﬁ/‘go;%&?)@ Sﬁ%@% otﬁr{gﬁéfgfgé%ﬁ%%) (I:Tigwesge selected
by cell growtfimemediust egnsainingel iselection dgentipethersbisttabie pepeRiet vebirass dhe
aminoglycosidic anfibiofig, ¢.0.. KANATIYEIy NAPTNR A AR SR8 SrBAIBNINEAHGRA

in a fermentor that is no more than approximately 100 liters in volumetric capacity, and

can range from about [ liter to about 100 liters.

15 In a fermentation process, induction of protein expression is typically initiated after
the cells have been grown under suitable conditions to a desired density, ¢.g., an ODsso of
about 180-220, at which stage the cells are in the early stationary phase. A variety of
inducets may be used, according to the vector construct employed, as is known in the art
and described above. Cells may be grown for shorter periods prior to induction. Cells are

20  usually induced for about 12-50 hours, although longer or shorter induction time may be

used.

To improve the production yield and quality of the polypeptides of the invention,
various fermentation conditions can be modified. For example, to improve the proper
assembly and folding of the secreted antibody polypeptides, additional vectors

25  overexpressing chaperone proteins, such as Dsb proteins (DsbA, DsbB, DsbC, DsbD and
or DsbG) or FkpA (a peptidylprolyl cis,trans-isomerase with chaperone activity) can be
used to co-transform the host prokaryotic cells. The chaperone proteins have been
demonstrated to facilitate the proper folding and solubility of heterologous proteins
produced in bacterial host cells. Chen et al. (1999) J Bio Chem 274:19601-19605;

30 Georgiou et al.,, U.S. Patent No. 6,083,715; Georgiou et al, U.S. Patent No. 6,027.888;
Bothmann and Pluckthun (2000) J. Biol. Chem. 275:17100-17105; Ramm and Pluckthun
(2000) J. Biol. Chem. 275:17106-17113; Arie et al. (2001) Mol. Microbiol. 39:199-210.
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10(iv) Promoter component Expression and cloning vectors usually contain a promoter that is
recognized by the host organism and is operably linked to nucleic acid encoding a polypcptidc of
interest (e.g., an antibody). Promoter sequences are known for eukaryotes. Virtually all eukaryotic
genes have #PAMHE%Egion Located approximately 25 to 30 bases upsHeaSrUH e ite 15 where
transcription is initiated. Another sequence found 70 to 80 bases upstream from the start of

transcription of mamy genRs s ariNGAR Dregipwheradb may: beratmauelpotidity AdietBaend of most

eukaryotic genes is an AATAAA sequence.that may be the signal for addjtion of the poly A tail to the 3'
end of the cBEMFX WéA(f%z? S,&ﬂsbtf‘f%)eézgrgaé’aggﬁtcsg\éaglse%uli ) ty%lf)r{ rr(fj‘)[é3 iﬁ% ee%?’g}fl%ﬁ%le%(cpression
vectors. 20Ankbady (pelyneplidetearisarifiorciranp e btorscidl ma&hmal@nﬂaosbd'éﬂsiqarﬁff@tontroll_ed :
e YOS ARS8 (e ASAAMES PLXILREP YRS RONAMAYIS, [ Inox Vs

adcnovirus (8Uch a8 Adenovirus ovine papilfoma virus, aviart sarcoma virus, cytomegalovirus, a
rctrovirus, h€papiis Beytusen @ Simain!V Rugeas: (SBiothen Vefmreso s midhieabarinemoters,

e.g., the actip, pramoter ¢ an 25immunaglohuinrometsr. o6 iRmheat-shockpraoters srovided

such promoters are compatible with the host cell systems. The early and late promaters of the

5V40 virus arerganuaiaiplontiite oy arCsvariedifiotion rajib Atttat dlstd SoHEhRCthE Sv40 viral

origin of repligaiiog. fagimpiediate sar iy prematermi-the.npmarreyiomegal@srus isoenveniently
obtained as a 30 Hindlil E restriction fragment. A system for expressing DNA in mammalian hosts

using the bovine papillgraacyitusiaseatyektorid disclnseddfidiés. Ratenbidolyted k9 A46:sA ambdification
of this system is descrjbed in,U.S..Patent No. 4,601,978, See also Re l, t

07 50N 0T BHT o At b H R L R R AR o e hos
2007/149932BIG THUIB280 WG Ta688tamdethieenconti@l. of a thymidinc kinasc promoter from herpes
simplex virus. Alternatively, the Rous Sarcoma Virus long terminal repeat can be used as the
promoter. (v) Enhancer element component Transcription of DNA encoding an antibody polypeptide of
the inventior B HIEhEFE EGH&H otes can often be increased by inserting an enhancer sequence into

the vector. Many emhameecsabodiennts areundwdnovaddeod mammalfartge nesifglduin obtastase,
albumin, afetoprotein. and jnsulin ically, howeve Al X cer.fro ryotic cell
28 dratm‘ase%% g'\c/ ngbes-%%lgﬁg hOIRERYEb LS %@%ﬂé? A ?Qhﬁlﬁ Sgeg. @t@n@y}ﬁa

virus. Examﬁ]egmc nhancer on the late s e replication origin (bp 100-270), the

cytomelfaloviras:aaplyipretotaratiisicon the feiporen dstrarilersh thie follatdngdeosedHeteplication
origin, and adengvirs.enBaNGESe SRA MSR% btNRAtI 628 dAdS (1 984 a8 2nhianeingclements

for activation of eukaryotic promoteis. The enhancer may be spliced into the vector at a position 5' or
3' to the antiSselrpEyiskEnaRatrahgredigiiaice, BIRTS GBAS AINHbC ATEABEERRPE Hort e
promoter. (Vigl hransehileRtRHRINALRNGAIMRADEAIRE, chromatofocusing, SDS-PAGE, ammonium

sulfate precipitation, and gel filtration using, for example, Sephadex G-75.

20 In one aspect, Protein A immobilized on a solid phase is used for immunoaffinity
purification of the antibody products of the invention. Protein A is a 41kD cell wall
protein from Staphylococcus aureas which binds with a high affinity to the Fe region of
antibodies. Lindmark et al (1983) J. Immunol. Meth. 62:1-13. The solid phase to which
Protein A is immobilized can be a column comprising a glass or silica surface, or a

25  controlled pore glass column or a silicic acid column. In some applications, the column is
coated with a reagent, such as glycerol, to possibly prevent nonspecific adherence of

contaminants.

As the first step of purification, the preparation derived from the cell culture as

described above can be applied oﬁ?.o a Protein A immobilized solid phase to allow specific

30  binding of the antibody of interest to Protein A. The solid phase would then be washed to
remove contaminants non-specifically bound to the solid phase. Finally the antibody of

interest is recovered from the solid phase by elution.
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15Expression vectors used in cukaryotic host cells will typically also contain sequences necessary for
the termination of transcription and for stabilizing the mRNA. Such sequences arc commonly available
from the 5' and, occasionally 3', untranslatcd regions of eukaryotic or viral_ DNAs or cDNAs. These
regions cont3e AkEIésRé: segments transcribed as polyadenylated fragnt&itd' ii¥H& titanslated
portion of the mMRNA 20 encoding an antibody. One usefttl transcription termination component is the
bovine growi-hanmena,polyadendationseaiop 12eedik094/11026 and the expression vector disclosed

therein. (vii) Selection and transformation of hgst cells Suitable host cells for cloning or ressing the
DNA in the vectors &R A ERMMBOE T FITBFE Ké?fﬁout%et s ded ?i%tgé? eﬁ’?to in:Sncl n%)lﬁeg%?ebrate host

ergin, inclu
cells. Propadattieniog:vestetalescglisnise cutturd diis stiecplitatiop hasshecome: anraltingguoceadure.
Examples of uzefyl mammalian hos) cellines ate menkey Kdney, Gt jing ransformed by V40
(cos-7, ATECTHE 88T)Riuman erﬁbryonlcd%c?ngycflne or 293 cells subcloned for growth in
suspension culture{iGhatranr et:ahgd c@groxbrol. 36:59 (1977)) ; baby hamster 30 kidney cells (131-1K,

ATCC CCL 10); Chinesg hamsiet ayary SYSRETERAFHE, WlauBietiala Bog: Natlofcagt Scl. USA
77:4216 (1980)) ; mouse sertol cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980) ); monkey kidney

cells (CV1 ATET bpepjicARioan GipesiinsliraseRisieyt Sa S (TmReSA, tAre s e romB9y: human

cervical Carc%a@;&f?@sﬁﬁg%1(ﬁ%&t.AT&%@&&@é&@ﬁﬁiﬁM&ﬂ%&eé@&Nb@g&eﬁﬁgﬁ &6Lds buffalo rat
liver WO 2007/149932PCT/US2007/071688 cells (BRE SA,fATCC CRL 144§%ﬁumaglun cells

(W138, ATCECENZ9%) M mIRRenvest Cofls (02 e d985). RSO MMt R SFIMMT 060562,
ATCC QEL5HsTRiicalis(MathesehahAnnaiaisnAcagudcrs 38 dd 68 11082) pdMRiEscells; FS4

cells; and a uman h?gaféoma Ii_ne. Helg O%. 5Hg§ta(];eeldl§a r%ltransformed with the above-described
expression oPHHRE veeEiERs? SHsY i

pr%%‘bchon Aid Cuftured in conventional nutrient media
modified as appropfiateDigirficiusing pramsters;seicstiig trdnsfoadmgt Saorcain BiAneptediggnes
encoding th }gesi[%ddsequences. (viii) Culturing the host cells 10The host cells used to produce an

. € aniiooqay. . . . . . .
antibody of this invention may be cultured in a variety of media. Commercially available media such as
Ham's F10 (Sigma)/idifaél HssehteMedium ((MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco's
ModifiegsEagle's Mediium; ((DMEM) . Sigspakpre-siitabigaomenitugingthe-bast galisminaddition, any of
the media described in Ham et al., Meth. Enz. 58:44 (1979), Barnes et al., Anil. Jl?(/\giqchem.loz:ZSS
(1980), U.S. PAIHISS. 7687 £657i5661%: 81 /65" BBY,BBE6Y 51 3468, W& 8tif3430; wo
87/00195; orcbhiRRatenrtRep@:885 may be used as culture media for the host cells. Any of these
media may be supplemented as necessary with hormones and/or other growth factors (such as
insulin, transferrin, gtiefiderinakbgrewtinfactor), salts (such as sodium chloride, calcium, magnesium,
and phosphate), buger)rrse Sig%_hand. cloning vectors may contain a selection gene, also termed a

20 selectable 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 (¢) supply critical nutrients not
available from complex media. _

One example of a selection scheme utilizes a drug to arrest growth of a host cell.

25  Those cells that are successfully transformed with a heferologous gene produce a protein
conferring drug resistance and thus survive the sclection regimen. Examples of such
dominant selection use the drugs neomycin, mycophenolic acid and hygromycin.

Another example of suitable selectable markers for mammalian cells are those that
enable the identification of cells competent to take up the antibody nucleic acid, such as

30  DHFR, thymidine kinase, metallothionein-1 and ~II (e.g., primate metallothionein genes),
adenosine deaminase, omnithine decarboxylase, efc.

For example, cells transformed with the DHFR selection gene may first be

identified by culturing all of the transformants in a culture medium that contains
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20 as HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such as GENTAMYCINn1
drug), trace elements (defined as inorganic compounds usually present at final concentrations in the
micromolar range), and glucose or an equivalent energy source. Any other necessary supplements
may also be WelaH#E 48 Hppropriate concentrations that would be known f&ftHISEERN&EPH the art. The
culture conditions, 25such as temperature, pH, and the like, are those previously used with the host
cell selectedfRERrassIMaRGWilhbeiapRaraRhie: brDuERanlyskitededrtisar! (hHeurfithation of
antibody When using recombinant techniques, the antihody can be produced intracellularly, or
directly secr&¥8a S thE FTRRANSH: W“fhﬁ?%ir?ﬁﬁ%éwg%ré%u@%‘? f;rlsl ra%gﬁuetg?rg’%rgsga #lritcgg lslfle‘zap, the
particulate dabfisceithcDiBRtacalplclysedfeAyTRNt3)Ee generally removed, for example, by
centrifugation or UNGIIRROD, RS-0 FpLRRENIR Seetelsh N 0e PP RRHIRNLS from
such expression systems are-generally first concentrated using a commercially available protein
concentratioPHIER,) fomefcammsler an-tamidormsd Willlp B3 P etiisoncasteafiReng s At i Grotelke inhibitor
such as PMSE,mayhednglude! nany abio 200HAI9RRGTILISR007 Q7RG (s fRregoing steps

to inhibit protco ysis and antibiotics may be included to prevent the growth of adventitious

contaminantghospiphansfaiss i REN i orl prep dreerter ik RanSiium Feniirined SRy ofor
example, hydraxylapaite cluamatogiarhysee! lesraphwgsiasdirlysigband affinitydahyomatography,
with affinity chromatogra h)(l/) being aggenerall ac 2%%?%5 purification technique. The suitability of
affinity reagettS"S{ReH 8%%?‘ feifk & aﬁ%‘?ﬂhﬁ?lé pends on the species and isotype of any
immunagglobulin Fc glgnraimidiat ismpesemt in the antibody. Protein A can be used to purify antibodies
that are based on human yl, y2, ot y4 heavy chains (Lindmark et al... J. immunol. Meth..62:1-13
(1983)). Protein G i§ T0F&ESMN é%%lérc’igfg?\% e <SR At dnd for 61}%{;}# 196%‘)(%1%%&3?% ., EMBO J.
5:15671575 (1886)}aifive muatrix epanibichithiecdffinitydiganerid atrchied] dspeloBeiteroagaiessd, but other
matrices are é%.va.“'ab'a%-ﬁ%%ﬁaﬁ%ﬁlf%%t e matrices aieh 85 qantielied RAFRAIGSH karyotic

v%'fy allow for

poly(styrenedi enzen faster flow rates and shorter processing times than can be

achieved witigagahese anhEradhecainndoen compiesesaichi® desfahiseharss sk SBBHRF ABX Tmresin

(J. T. Baker, Rhillinshiug; Nd) i§ #sefidfonputifiicatignfteitechnigsesiosipteiamyrifisation such as
fractionation on an ion-exchange column, ethan%kg&?%:i itation, Reverse Phat?g HPLC
i 0

chromatografiyt 6hEmee D AIATEGIBHF Ol A SEBHRR ST T ﬁf@’g’?&fﬁiﬁflt@ﬁ'an anion
or cation exchamgeiresindsmeh askapeliaghriic acid £OMAMkcqhsoteatnioausingiSBSRAGE, and
ammonium sulfate Z%Er cipitation iretls ,av?lri:aibtlg de endSiQ g&éhe :ﬁng' g%tgeb%ﬁegso%%red.
Following an§Piéfith éﬁ?g HRABOEP 1T e MRET B G Bridivg the Antisody arinterest and
contaminantsuitayl b sithjé ciedetddurohe repprificatiordteps, as necessary, for example by low pH
hydrophabic interaction, chromatography using.an eH,J BWQ&H% ata.pH hetwaen.ahout.2 brd.5,
general 3(9 perfouned& &%%ysgﬁ?%%cge&)ﬁt%%ﬁs f‘émg1 f%om 25about 0-0.25M salt)?

controlied, for example, by promoters obtained from the genomes of viruses such as

polyoma virus, fowlpox virus, adenovirus (such as Adenovirus 2), bovine papilloma VITus,

avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus 40

(SV40), from heterologous mammalian promoters, e.g, the actin promoter or an

25  immunoglobulin promoter, or from heat-shock promoters, provided such promoters are
compatible with the host cell systems.

The carly and late promoters of the SV40 virus are conveniently obtained as an

SV40 restriction fragment that also contains the SV40 viral origin of replication. The

immediate carly promoter of the human cytomegalovirus is conveniently obtained as a

30  Hindlll E restriction fragment. A system for expressing DNA in mammalian hosts using

the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,419,446, A

modification of this system is described in U.S. Patent No. 4,601,978, See also Reyes ef

al., Nature 297:598-601 (1982) on expression of human B-interferon cDNA in mouse cells
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It should be noted that, in general, techniques and methodologies for preparing antibodies for use in
research, testing and clinical use are well-established in the art, consistent with the above and/or as
deemed appropriate by one skilled in the art for the particular antibody of interest. 30 Activity Assays
Antibodies oMBEIAVR4MSN can be characterized for their physical/chemicBFBrHPERTEY %A biological
functions by various assays known in the art. WO 2007/149932PCT/1JS2007/071688 Purified

antibodies candae fighebsharagterizad oy direrias of apsayistiiclading hetissotslinyted toird-terminal

sequencing, amino acid analysis, non-depaturipng size excjusion hi ressure liguid chromatography
(HPLC), mas@@b‘?@t‘r’fimet%%% qé%ﬁﬁ’%@gﬁr I8 GPABhY RRY f)agbll%l?ﬁ] S(’]%Eel% iS5 r@%‘a{glr'e necessary,

antibodies are analyzeg-#omtheis/ biodagioadaeatvity. In some embodiments, antibodies of the invention

are tested for their antigen bindi tivity. The antigen binding assay. tare known,in the art and
can be used hereiniiltmac ﬁ&g%ﬁhogﬁﬁ%i%g |%(H%§/ncﬁ%%to ((% gg%caﬁf%e%?ﬁgi}%%sgays{) us%ng techniques
such as Westekatytots, cadibien irimosssed by BiskSin @rzgmheniokedlivhrhosofbenedssallamgandwich”

10 immunoagsays, IMnUNRRIeSIPIAINN 8585w IGIRASR! FUMUAAABHRLE.ARD IBIEIMA,.

immunoassays. In"one embodiment, Invention contermplates an altered antibody that
possesses spbigimondlinsfigoior Fupichdnshavsictr.marevillause s ahhancan dimre Rykany

applications &zwa%.t@%&w&ag @ptibedy v simportantyet aafiain aftesiar dogtanctions

‘(such as complement and ADCC) are unnecessary or deleterious. In certain embodiments, the Fe

activities of tH® RAEHH). sbe sieREEEMEE SaTHNIRRBHP s S pERiBAPEH BrifSined. In

vitro angijor invgdeyiRtericity ResAYS GaRbasondessethio alithisrthe sedustion/aepleianel CDC
and/or ADCC activities, For example, Fc receptor (FCR) bjndin%%%sea s can be conguctegto ensure
that the antibody [adRsERR BhAIGSH thEIFEE Tie ) Tt HINY R AR BERTSISS Fan binding

ability. The psimancells, for satididting AlGesidikicesseixmrassr BeyRiht bailydwhelngasptiionocytes
express FcyRI, FeyRE and FcyRIll. FCR expressign on hcmatopajctic cells is summarized in Table 3
on page 4640F ?f%}\{/%tsgﬁ-uézﬁc lglﬁelts,. eﬁiﬁﬁdﬁxﬁi?f %18rﬁbﬁ81t5§§[?-%3h&}§rgﬂ?§&% example of an in vitro
assay to assess ADGLC Gotivitymoia fmoldeuierofdmperesttis described in US Patent 25 No. 5,500,362 or

5,821 337 Useful eflgalL6r!Sd0bRUGRASHRY SRR PRIPREIA RlaRdypanagueleardalsPEMC)

and Natural Killer (NKS- cells. Alternatively, or additionally, ADCC activity of the molecule of interest
may be assestsRdneryivesessaryifen daitsaningin efdrrascriviionisabden siialipies GeanBas (UsA)

95:652-656 (4998 Gilenbinding RRsAXN VAR DESAMRI PULIQ cRRfiEmMNAL thewantibaaids unable
to bind Clg and 30 hence lacks CDC actjvity. To assess complement activation, a CDC asl'r,sqay, e.g. as
described in ©E2PaR- SHkEBRH St A, VI SIOKEIIAS 205783 $598Y, Al Be ERSITED. Fcrn

binding and ig:Miventlearreesdial pievaeiermicatiapmenn alse: hatperdatededrisingithethdds Aknown in
the art. ZXVO gr?c%é{%g ga%ggrig%l .SZ %g/%ggi%? ?ranscription termination component is the bovine
growth hormone polyadenylation region. See W094/11026 and the expression vector
disclosed therein.
(vii) Selection and transformation of host cells
Suitable host cells for cloning or expressing the DNA in the vectors herein include
25  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
(COS8-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for
growth in suspension culture, Graham et al., J. Gen Virol. 36:59 (1977)) ; baby hamster
30 kidney ceils (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, Urlaub ez
al., Proc. Natl. Acad. Sci. USA 77:4216 (1980)) ; mouse sertoli cells (TM4, Mather, Biol.
Reprod. 23:243-251 (1980) ); monkey kidney cells (CV1 ATCC CCL 70); African green
monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical carcinoma cells
(HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver
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Humanized Antibodies The invention encompasses humanized antibodies.Various methods for
humanizing non-human antibodies are known in the art. For example, a humanized antibody can have
one or more amino acid residues introduced into it from a source which 5 is non-human. These
non-human a¥§lFeagit%¥esidues are often referred to as “import” residue WHICRYAr& Bt ally taken
from an "import" variable domain. Humanization can be essentially performed following the method of
Winter and coswerkerss@oneset@t(1936); Natue 1324 &2R2-6253 RieTh0arTiel Bt (Lasa)Nature

332:323-327; Verhoeycn et at 8) Science 239:1534-15 ityti rvari region
sequences fEF thé &%r&%oé&g g@ga?feﬁlgggn%?fﬁln%ﬁé an%%ggg? Cé)rglng(%%qéﬁl Ezz[Eiu?manized"
antibodies areighimatierantihodies fNS. Paténfdl 333;81-656IPRANEMRCsubdiantidlyddssitidan an
intact human YlariabI%domainl.ha I%ee ubstituted by the corresponding sequence from a non-human
. 8 an atoma i ein . . . 2 .
species. In pra@fnlce, Wimanized antibodiés are typically human antibodies in which some
hypervafiable regidiawsidlesandnsbssibly snbrRresidrreshab snpsatoneel TEBYYEEHES from
analogous sifes i radent Antigosies..ng_JhgCROIe elumanyariabiedomains. etiightand heavy,

to be used in making the humanized antibodies can be important to reduce antigenicity. According to
the s0-CalledPBERIFEe niethid HEHE SERGIHE. ofaeet P& SB RS QBRI o a PHERIAH 6 0% S creened
against the %Q@M%qg{é/@gm Japan variable-domain sequences. The 20 human sequence which
is closest to that of the rodent is then accepted as the human framework for the humanized antibody
(Sims et al. (1993) F i AH614 8- 5986Ehothia et at (1987)1. Mot Biol. 196:901. Another method
uses a particular frammewaskcersived fromdie cansandod sef|tien devefittdhhunyare antipodies of a

particular subgrou light or heavy chains. The same framework SQYEL aifferenf
humanized 2V59£'ﬁf£8%25‘§98an '?%1\{1){5{% 55‘)‘;&%@.@ N 8%%?0%%%%%@?29%% r(%exs%aﬁ(lat(il at
(1993)1. Imniissoitial 3H26@1. [(MEHENIhER igerr iy dedipadld Hpmantivddidslbrotnimbiiddtdvith
retention of AT (8% LRGeS ARG PIRELIAYBIERS: DiplasiEaR RARILES, T ARy (i goal

according to ore me anized a dies are prepared by a process of analysis of 30 the

parental seqaeneéstenaedridasibptdpldamnemaniet pfoduéfdsihg hrdda bsmendlortidhodels of
the paregtal gnd fumaniaed saAISNCes. THreeHinmensional 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 celis. Apy of these media may be supplemented as necessary with
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
20 as HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such as
GENTAMYCIN™ drug), trace clements (defined as inorganic compounds usually present
at final concentrations in the micromolar range), and glucose or an equivalent energy
source.  Any other necessary supplements may also be included at appropriate
concentrations that would be known to those skilled in the art. The culture conditions,
25 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) Purification of antibody

When using recombinant techniques, the antibody can be produced intracellularly,
or directly secreted into the medium. If the antibody is produced intracellularly, as a first
30  step, the particulate debris, cither host cells or lysed fragments, are generally removed, for
example, by centrifugation or ultrafiltration. Where the antibody is secreted into the
medium, supernatants from such expression systems are generally first concentrated using
a commercially available protein concentration filter, for example, an Amicon or Millipore

Pellicon ultrafiltration unit. A protease inhibitor such as PMSF may be included in any of
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immunoglobulin models are commonly available and are familiar to those skilled in the art Computer
programs are available which illustrate and display probable three-dimensional WO
2007/149932PCMS2007/071688 conformational structures of selected candidate immunoglobulin
sequences. FERSTiIdH B these displays pet nits analysis of the likely rolef6fifEZS{H1888 N the
functioning of the candidate immunoglobulin sequence, i.e., the analysis of residues that influence the
ability of theisangigaie imiapneglebivin sehisghsits aatigeibibtidhinwal; FRludsituepreamberd selected
and combined from #hﬁﬁ recipien_t and im ort sequences so that the desired antibody characteristic,
such as incrg’%‘i’é’%% ﬁWb?q}ﬁsecf’ﬂag]tlaarﬁltlben(S), is achieved. In general, the hypervariable region
residues are directijhanshtitogtysuistantialty imepivet! froinfltencilly amtigen pimdied). Winghddy Variants
10In one aspect, the inventi rayvides antj g‘q comprisi ificati . the imt e of Fe
polypeptidese %%Wp%’is%%ﬁg?ﬁépa@geioﬁrﬁé? mlﬁﬁé’ odi#ﬁ%%% S %%ﬁatge{%ﬁ%sfor%%%%?g%
heterodincriationiogwy modifiedtdiscesmpieadniodaittion efsstotaseraidble invs AmHFC
polypeptide aag ayGavity'a.A aa6RNd aRAlyeRldss whareln ferokbRracainRosianable in the
an

cavity so as to promote complexing of the firs 15second Fc %c;lé/peptides. Methods. of generating

antibodies wigPeRes e Hsainesss ARIIRe KPR A tHERROSlepulie Redempadhat i srepstt g5 731, 168.

In some embgdimanteamina asithseluencaRdiicaiinishalihe antibediamaesaribebherein are
contemplated. For example, it ma;gbe desirable to in%grove the binding affinity and/or. ot%er.%:/)iological

properties o @ atiBBEy (ARIMETR R BqubnfBPEAstE oPthe Bhiibdth are HiEpEre
introduging aew&ma@e@w%m@l&%afw%@mmm antaady nueleicragide By peptite syrthesis.
e, de

Such modifications include, for exama letions from, and/or jnsertions into and/or substitutions of,
residues withi$A8- ahlinBaiEy Cattish i BRI Lty ATRF S SHRRRERIbH ey aSHSH! $4%&rtion, and
substitution gafrhesmadeiaRBiye aldbie:fiRall gansituchaprovidadihat teatisiadConsirytismrpossesses

the.desirgd characteristics. The amino ﬂcid Pltefraay% ‘ryal%gseaég rSdu c?d igctr]%gu%j%%t %rl]é(rilbody
amino acid ﬁ%ﬁg&%ﬂﬁ&%ﬁﬁ%{]ﬁﬁf saeaﬂver?cr:e iEthade. A usgPu Method for Tdentification of
certain residugs b regiansdfitita antihedy thihare fefertdddgcatiops sor miiadedmsistis dalled
244110811005 T SRS B0 ot B et L L e el e A T e
such as arg, tagpitsiss lyier ametgiuparide@acegibya ﬁ@@}iﬁ@%pmué@aﬂveiyrtﬁ%%eaﬁﬁ%é%id (e.g.,
alanine or polyalanipe) ig affesct thedntepastion i therapina aeitks Withiaeioen.hhesfamipe acid

heparin SEPHAROSE™ chromatography on an anion or cation exchange resin (such as a

polyaspartic acid column), chromatofocusing, SDS-PAGE, and ammonium sulfate

20  precipitation are also available depending on the antibody to be recovered.
Following any preliminary purification step(s), the mixture comprising the antibody

of interest and contaminants may be subjected to further purification steps, as necessary,

for example by low pH hydrophobic interaction chromatography using an elution buffer at

a pH between about 2.5-4.5, generally performed at low salt concentrations (e.g., from

25 about 0-0.25M salt).

It should be noted that, in general, techniques and methodologies for preparing
antibodies for use in research, testing and clinical use are well-established in the art,
consistent with the above and/or as deemed appropriate by one skilled in the art for the

particular antibody of interest.

30 Activity Assays

Antibodies of the invention can be characterized for their physical/chemical

properties and biological functions by various assays known in the art.
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WO 2007/149932PCT/US2007/071688 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¥pe &8 HEE# not be predetermined. For example, to analyze ¥h&’BeHSIMARYE of a
S5mutation at a given site, ala scanning or random mutagenesis is conducted at the target codon or
region and the exppessed inpodiog ot arerstreeneddar the desited activityincludimibat acid

sequence insertions i cluﬁqe‘amjnr - and/or.carboxyl-terminal fusions ranging in length from one

residue to prEéTBﬁag OcORtETRRG e‘?%ﬁ%crlélg’oarmﬁgrgcrlg% ?Jlggl,sarsmvr\lié(? ﬁé%ﬁﬁ%giezqacéﬁglg{ﬁ]ﬂsertions of

smgl_e or muh‘.i@}h_e WM@citiwﬁsichm:nﬁmgmﬂigs GIAGErmins inpecionsirclute agrghdtgsdy with an

N-teiminal mgltrhlon%l resgldue r the a?}t'lg&ga{lfused to a cytotoxic polypeptide. Other insertional variants
y u

: e
of the antibody molecule include the fusion to the N- or C-terminus of the antibody to an enzyme (e.qg.

for ADERT) or a palypeptide uhich ingigasas.tae,serumi hal-ifeiobibr apiibadyAnotheihipe of

variant is an amino acid substitution variant. These variants have 15 at least.pne amino acid residue in
the antibody BRI Fe BRATRad BY of HiFrErsFRiiRNs IR ST Qi b RS RP RS ALHYEY sUBStitutional

mutagenesis,igiidsitiapueaRatiabladegions.ihubd Rralierations aredlsgdonieupiatdtout

Conservative_substitutions are shown in Takle A under the heading.of "pref d substitutions". If h
Substtotiond BLGHER BEALRGS T OTUTGH A RIS HHER TS GBI AT Shan s e bRnated

na | anges, denominated
"exemplary 204iubstifuttonsivi) TADES R, deas/fucthémblescripedrivetobein refsrghce taEdniind acid

e oS S RIS SRR oA FHMRSREC TP FRALP T 058
immunoassays.

In one embodiment, the invention contemplates an altered antibody that posscsses
some but not all effector functions, which make it a desirable candidate for many
applications in which the half fife of the antibody ir vivo is important yet certain effector

15 functions (such as complement and ADCC) arc unnecessary or deleterious. In certain
embodiments, the Fe activities of the antibody are measured to ensure that only the desired
properties are maintained. In vifro and/or in vivo cytotoxicity assays can be conducted to
confirm the reduction/depletion of CDC and/or ADCC activities. For example, Fc receptor
(FcR) binding assays can be conducted to ensure that the antibody lacks FeyR binding

20 (hence likely lacking ADCC activity), but retains FcRn binding ability. The primary cells
for mediating ADCC, NK cells, express FeyRIII only, whereas monocytes express FeyRl,
FeyRII and FeyRIIL FeR expression on hematopoietic cells is summarized in Table 3 on
page 464 of Ravetch and Kinet, Anau. 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

25  No. 5,500,362 or 5,821,337, Useful effector cells for such assays include peripheral blood
mononuclear cells (PBMC) and Natural Kilier (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 disclosed in Clynes et al. PNAS (US4) 95:652-656 (1998). Clq binding
assays may also be carried out to confirm that the antibody is unable to bind Clq and

30 hence lacks CDC activity. To assess complement activation, a CDC assay, eg. as
described in Gazzano-Santoro ef al., J. Immunol. Methods 202:163 (1996), may be
performed. FcRn binding and in vivo clearance/half life determinations can also be

performed using methods known in the art,



Substitutions Preferred Substitutions Ala (A) Val; Leu; lle Val Arg (R) Lys; Gin; Asn Lys Asn (N) Gin;
His; Asp, Lys; Arg Gin Asp (D) Gin; Asn Glu Cys (C)

W 2007/149932 PCT/USZO07/071688

Humanized Antibodies

The invention encompasses humanized antibodies.  Various methods for
humanizing non-human antibodies are known in the art. For example, a humanized
antibody can have one or more amino acid residues introduced into it from a source which

5 i non-human. These non-human amino acid residues are often referred to as "mport”
residues, which are typically taken from an "import" variable domain. Humanization can
be essentially performed following the method of Winter and co-workers (Jones ef al.
(1986) Nature 321:522-525; Riechmann et al. (1988) Nature 332:323-327; Verhoeyen et
al. (1988) Science 239:1534-1536), by substituting hypervariable region sequences for the

10 corresponding sequences of a human antibody: Accordingly, such "humanized" antibodies
are chimeric antibodies (U.S. Patent No. 4,816,567) wherein substantially less than an
intact human variable domain has been substituted by the corresponding sequence from a
non-human species. In practice, humanized antibodies are typically human antibodies in
which some hypervariable region residues and possibly some FR residues are substituted

15 by residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making
the humanized antibodies can be important to reduce antigenicity. According to the so-
called "best-fit" method, the sequence of the variable domain of a rodent antibody is
screened against the entire library of known human variable-domain sequences. The

20  human sequence which is closest to that of the rodent is then accepted as the human
framework for the humanized antibody (Sims et al. (1993) J. fmmunol. 151:2296; Chothia
et al. (1987) J. Mol. Biol. 196:901. Another method uses a particular framework derived
from the consensus sequence of afl human antibodics of a particular subgroup of light or
heavy chains. The same framework may be used for several different humanized

25  antibodies (Carter et al. (1992) Proc. Natl. Acad. Sci. USA, 89:4285; Presta ef al. (1993) J.
Immunol., 151:2623,

It is further generally desirable that antibodies be humanized with retention of high
affinity for 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

30 the parental sequences and various conceptuai humanized products using three-
dimensional models of the parental and hufnanized sequences.  Three-dimensional
immunoglobulin models are commonly available and are familiar to those skilled in the ast.

Computer programs are available which illustrate and display probable three-dimensional
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Ser; Ala Ser Gin (Q) Asn; Glu Asn Glu (E) Asp; Gin Asp Gly (G) Ma Ala His (H) Asn; Gin; Lys; Arg Arg
lle (1) Leu; Val; Met; Ala; Phe; Norleucine

WO 2607/149932 PCT/S2007/071688

conformational structures of selected candidate immunoglobulin sequences. Inspection of
these displays permits analysis of the likely role of the residues in the functioning of the
candidate immunoglobulin sequence, i.e., the analysis of residues that influence the ability
of the candidate immunoglobulin to bind its antigen. In this way, FR residues can be
5  selected and combined from the recipient and import sequences so that the desired
antibody characteristic, such as increased affinity for the target antigen(s), is achieved. In
general, the hypervariable region residues are directly and most substantially involved in

influencing antigen binding.

Antibody Variants

10 In one aspect, the invention provides antibodies comprising modifications in the
interface of Fc polypeptides comprising the Fc region, wherein the modifications facilitate
and/or promote heterodimerization. These modifications comprise introduction of a
protuberance into a first Fe polypeptide and a cavity into a second Fc polypeptide, wherein
the protuberance is positionable in the cavity so as to promote complexing of the first and

15 second Fc polypeptides. Methods of generating antibodies with these modifications are
known in the art, ¢.g., as described in U.S. Pat. No. 5,731,168,

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

20 variants of the antibody are prepared by introducing appropriate nucleotide changes mto
the antibody nucleic acid, or by peptide synthesis. Such modifications include, for
example, deletions from, and/or insertions into and/or substitutions of, residues within the
amino acid sequences of the antibody. Any combination of deletion, insertion, and
substitution can be made to arrive at the final construct, provided that the final construct

25  possesses the desired characteristics. The amino acid alterations may be introduced in the

subject antibody amino acid sequence at the 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

30  group of target residues are identified (e.g., charged residues such as arg, asp, his, lys, and
ghu) and replaced by a neutral or negatively charged amino acid (e.g., alanme or

polyalanine) to affect the interaction of the amino acids with antigen. Those amino acid
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Leu Leu (L) Norleucine; lle; Val; Met; Ala; Phe lie Lys (K) Mg; Gin; Asn Arg Met (M) Len; Phe; lle Leu
Phe (F) Trp; Leu; Val; lle; Ala; Tyr Tyr Pro (P) Ala Ala

WO 2007/149932 PCT/US2007/071688

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 se need not be predetermined. For example, to analyze the performance of a
5  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
ranging in length from one residue to polypeptides containing a hundred or more residucs,
as well as intrasequence insertions of single or multiple amino acid residues. Examples of

10 terminal insertions include an antibody with an N-terminal methionyl residue or the
antibody fused to a cytotoxic polypeptide. Other insertional 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.

Another type of variant is an amino acid substitution variant. These variants have

15  at least one amino acid residue in the antibody molecule replaced by a different residue.
The sites of greatest interest for substitutional mutagenesis include the hypervariable
regions, but FR alterations are also contemplated. Conscrvative substitutions are shown in
Table A under the heading of "preferred substitutions”. If such substitutions result m a
change in biological activity, then more substantial changes, denominated "exemplary

20  substitutions" in Table B, or as further described below in reference to amino acid classes,

may be introduced and the products screened.
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Ser (S) Thr Thr Thr (T) Val; Ser Ser Trp (W) Tyr; Phe Tyr Tyr (Y) Trp; Phe; Thr; Ser Phe Val (V) lle;
Lcu; Met; Phe; Ala; Norlcucine Leu

WO 2007/149932 PCT/US2007/071688
TABLE B
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 Gln
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gin (Q) Asn; Glu Asn
| Glu (E) Asp, Gln Asp
Gly (G) Ala Ala
His (H) Asn; Gin; Lys; Arg Arg
Ite (I) Leu; Val; Met; Ala, Leu
Phe; Norleucine :
Leu(L) Norleucine; Iie; Val; ile
Met; Ala; Phe ‘
Lys (K) Arg; Gln; Asn Arg
Met (M) Leu; Phe; lle Leu
Phe (F) Trp; Lew; Val; lie; 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

Qubstantial modifications in the biological propertics of the antibody are

accomplished by sclecting substitutions -that differ significantly in their effect on

5  maintaining (a) the structure of the polypeptide backbone in the arca of the substitution, for

example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the

molecule at the target site, or {c) the bulk of the side chain. Amino acids may be grouped

according to similarities in the properties of their side chains (in .A. L. Lehninger, in
Biochemistry, second ed., pp. 73-75, Worth Publishers, New York (1975)):

10 (1) non-polar: Ala (A), Val (V), Leu (L), Ile (I), Pro (P), Phe (F), Trp (W), Met (M)
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Subst_ant_ial modifications in the biological properties of the antibody are accomplished by selecting
substltutlops that differ significantly in their effect on 5 maintaining (a) the structure of the polypeptide
backbone in the area of the substitution, for example, as a sheet or helical conformation, (b) the

chgrge or hyd@pM3BiI%20f the molecule at the target site, or (c) the bulk of tHEEEEHEH. Amino
acids may be grouped according to similarities in thc properties of their side chains (in A. L. Lchninger,

in Biochemigtiysaeand gelapdiy 8575 St TRuIsisss(ONeTyYark (Ea75)), Al(tQnon-polar: Ala (A),
val (V), Leu (L), |1|% (1) Pr?épz? Pleg (F), Trp (W), Met (M) WO 2007/149932PCT/US2007/071688 (2)
uncharged. Ve ‘%(’%3 ?fr gﬁ )nr (T), Cys (C), Tyr (Y), Asn (N), Gin (Q) (3) acidic: Asp (D), Glu

(E) (4) basicih pasfk) LA grIRA RN His(H) Alternatively, naturally occurring residues may be divided

into groups based qQn 5common side-chai Jolfe ies: (1) hydrophabig, N{?{Aeg&%%' Me , Val, Leu,
IIe;_(2) neutral_ hyd%%ﬁ%‘ét:“é%,Iggﬁr,‘a‘ﬁﬁr?)‘%sn, lggn; (é;lg%:idicgfgpq GIu;d(4) basic: His, Eggﬁrg; 10(5)
residues thatinfloens@deblsm oriaradgdn: Gly, Pro; (6) aromatic: Trp, Tyr, Phe. Non-conservative

substitutions will ereﬁi@a&g@g&g@g\]&@m?mﬁ’qﬂggngbg%g,ql@,sses for another class. Such
substituted residues also may be introduced into the
(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;
(3) acidic: Asp, Glu;
(4) basic: His, Lys, Arg,
10 (5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a member of one of these

classes for another class. Such substituted residues also may be introduced into the
15  conservative substitution sites or, more preferably, into the remaining (non-conserved)
sites.

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 modified (e.g., improved)

20 biological properties 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, soveral hypervariable region sites (e.g. 6-7 sites) are mutated
to generate all possible amino acid substitutions at cach site. The antibodies thus generated
are displayed from filamentous phage particles as fusions to at least part of a phage coat

25  protein (e.g., the gene I product of M13) packaged within each 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,
scanning mutagenesis (e.g., alanine scanning) can be performed to identify hypervariable
region residues contributing significantly to antigen binding. Alternatively, or

30  additionally, it may be beneficial to analyze a crystal structure of the antigen-antibody
complex to identify contact points between the antibody and antigen. Such contact
residues and neighboring residues are candidates for substitution according to techniques
known in the art, including thosc elaborated herein. Once such variants are generated, the

panel of variants is subjected to screening using techniques known in the art, including
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15conservative substitution sites or, more preferably, into the remaining (non-conserved) sites.

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 deve WSt AR3Aave modified (e.g., improved) 20 biological prop&riestANETS the parent
antibody from which they are generated. A convenient way for generating such substitutional variants
involves affigipsmatisabioniising Rhagalisplay »Btiefipcseverapspisruabableregiansitaanie.g. 6-7
sites) arc mutated to generate all possible amino acid substitutions at each site. The antibodies thus
generated a?@sﬁéﬁi’ﬁ%?& ﬁ%a?ﬁ ﬁ%afrﬁeﬁffgffé WEg8 BsHicles as fusions to at least part of a phage coat 25

poten (e the e roguetof o3 ASKBSRANIN Se el T ahegrlspiayed varians

are then screened for {ﬁelr ‘f}lolrgalcalf activity (€-g. binding affinity) as herein disclosed. In order to
identify candickpeddyper anatte & giotheiekiformodifieation Tsesmmirigaduingefeshi@g. "eanine

scanning) cap e PRiARGELiCAUEN My RRPLRHANIR egioRIasidues ARuibuIRg sianifaanly to

antigen binding. Alternatively, or 30 additionally, it may be beneficial to analyze a crystal structure of
the antigen-&#fHS8ES COMIPIER toofde?ﬁmﬁ@é‘ﬁfhcbﬁoiﬁ%@%@%@%ﬁ?ﬁ@eﬂﬂﬁ?ﬁ%d@én&%Fﬁﬁﬁ(éﬁ?‘guch

contact residygs andsReibRanngaridues e gendidatesfesiswrstiiviorasepuiig wisecbniques
known in the art, including those elaborated herein. Once such variants are generated, the panel of
variants is sBRRETEIIS SESEMRG SR B8 niques known in the art, including WO

2007/149932PCTIS2007/071688 those described. herein, and antholss i shReriog prapertes in
one or more relevant as‘éays may be Selécted for further evelopment.  Nucleic acid molecules
encoding antipivacid setuestice vitianisvofitos. ahtitbolyssrerptiagat ir g gioraietpsf methdds known in

the art. Thesg, melhgds, EINCRRATe kA AR {Q-IRIRIOR oA ALYl saus (iethe case o

naturally occurfing amino acid sequence variants) or preparation by oligonucleotide-mediated (or

site-directedpirigtahEnasEoPCRIAg b SR IMNEF e nsttEcrting RIBFtHtOR i BrePared

variant or a %%évé}ﬂ%ta\é%?%tmnﬁﬁ@ﬁﬁih vatlbMayne eesiiable to introduce one or more amino
acid modifications in an Fc 10 region of antibodies of the invention, thereby generating a Fc region

variant. The Fc regianyasigatcnaytcampiiserptioman Be regibingeglidncat(eigs @memplatédGl, 1gG2,
IgG3 or, IgG4. Fe region) comprising an aming acid ification. (e.q. a substitution) a one or more
amino 4cid p%%?tigh%olﬂl uc&ﬁn%) (‘i %?8?’aaﬂir?§te% gyg@eﬁgg nlgggrg}é%r%'%ywcf%mﬁ%sd(é}zsce:ri%tionoacznd the
teachings of theraidpit is comtemeg|atelk Mokhain somerptbodiments, camaheibedysithd isyention may

comprise ong, ot mefe AIEIAIIRNS ASCAMARIFA AR MY e SOUNRIRRILADIRORY 84 N Fe

region. These antibodies would nonetheless retain substantially the same characteristics required for
therapeutic Utiityrastisontibiared rosicdie Bpie o et tErBkafp e e hdtighttiebtertain
alterations cap, be. madeinihe:§ eseeiondnatveuic resihimaltesar (eguiithak2Q imbrexsst or
diminished) Clq binding and/or Co)\r%plement Dgpendent C ‘totoxicity%CDC;,[ e.?., as dgig' edin
W099/5P42mpeev iser Bz i]rﬂé%‘fﬂgt%ﬁé’@??f:ﬁ@%ﬁ"@é@g’ﬂ B ST RIET S 69892k0; Us
Patent No. 5:624.83k;and VORI LDNSEENIRG DiliRaeXaMiies 0lFfo+ gD MNMRALSESE),

US Patent No. 5,648,260; US Patent No. 5,624,821; and W094/29351 concerning other

examples of Fc region variants.

Immunoconjugates

25 In another aspect, the invention provides immunoconjugates, or antibody-drug
conjugates (ADC), comprising an antibody conjugated to a cytotoxic agent such as a
chemotherapeutic agent, a drug, a growth inhibitory agent, a toxin (e.g., an enzymatically
active toxin of bacterial, fungal, plant, or animal origin, or fragments thercof), or a
radioactive isotope (i.e., a radioconjugate).

30 The use of antibody-drug conjugates for the local delivery of cytotoxic or cytostatic
agents, i.e. drugs to kill or inhibit tumor cells in the treatment of cancer (Syrigos and

Epenetos (1999) Anticancer Research 19:605-614; Niculescu-Duvaz and Springer (1997)
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Inununoconjugates 25In another aspect, the invention provides immunoconjugates, or antibody-drug
conjugates (ADC), comprising an antibody conjugated to a cytotoxic agent such as a
chemotherapeutic agent, a drug, a growth inhibitory agent, a toxin (e.g., an enzymatically active toxin
of bacterial, fiBgaI7EKAI2 or animal origin, or fragments thereof), or a radBat{reiHtolEsi.c., a
radioconjugate). 30The use of antibody-drug conjugates for the local delivery of cytotoxic or cytostatic

agents, i.e. d{ugsrieckilr iRibiitumor cells & theckealorsmisf caooer tSyrigoandizpanatos (1999)

Anticancer Research 19:605-614; Niculesc,u-Duv?lé and Sﬁfrénger %19@7% WO .
20071149935BE TRIESN0PI0 MBEE AGDI DRYTRRSITHT, HEHBIef05. (el T 78998 allows
targeted delivenmdiihtodrog thsientoidipotd, dngd inteace hulgr @sctinulaticoeherlinoveed systemic
administration of .these unconjygated dru ents may,result,in unac le icity to
normal cellst%]%%’”? g ?Hjé"t?ucrjﬁchr %Sel‘ivsggc?%g {%(g gﬁirlr%iﬁgtlgé?(t@%%v%iﬁg%ﬁ EQ/ (’?nggégteﬁ;grf:éet pp.
(Mar. 155 1986)86D3E08::T hurpeMd985), "ARgibiotia Oatiidisot Cytatsic' AgebrdinGancer Pherapy: A

Review," in Mo ibadies.'84; Bi ical Angs Clinical ications.A-Rinchera eial. (ed.$),
pp. 475-506?%%8%%%?4 %i%gweﬁﬁ%%\m%%@ igigil?g%ﬁt tﬁgﬂﬁ%{)&tﬁh 136%) cionafga(?%bodies and
monoclonal EvloeitisAngdvElbdest repiitetons usefirfidiesedtsd eEP(IR"t?\?né?t{@-etl\éﬁ’?WhQSG)

Cancer Immupgl, JMMUROGImAL b83187 s Divigshiisastds,the seomethapgdnalugdaisiupomyein,
doxorubicin, methotrexate, and vindesine (Rowland et al., (1986) sup%agE T'OXi&%’L}j}’ ed.in antibody-toxin

conjugates idRAE AL ARSI AYG AT ES WRIHIRLAS toH. Blaltetsy &gk fRdsthairmolecule
toxins sych asageldanreyEmMandieneiahé2000) 3owW7 of the dNakCan derstnsi:tBa{d 9)c1uk3-1581;
Mandler et al (2000) Bioorganic¢ & 15 Med, Chem. Letters, 10:1025-1028; Mandler, | (20Q2)
Bioconjugate ®HEMY 3 éﬁél‘ff'?‘né'ﬁ/?g’ﬁg%eﬁ& (ED YB35, |uwe%na%.,é\{ll‘g]96§l %gr%)ibkfgt . Acad. Sci.
USA 93:8618:@628)sahih catidhdgmicin (hrjdesat ah¢hg08)-CaricerRios s68128 28 ieradnér.al (1993)
cancer Res. a3333e-33ial Snaderisdnayaliast Ribedalipds godadasialiligls by .

mechanisms’in 8|ng tubulin bindirig, DNA binding, or topoisomerase inhibition. Some 20 cytotoxic

drugs tend td258Ghmtive shia¥st actvehen BoHd 4fd iR la e shed gl K Biireratetor

ligandsy s ZEYALIND:(Rriumpmab.livxetafBiggsmdidanyismp-nhacdycrgioisotaperoonjugate
composed of a murine :gGl kaé)é)a monoclonal antibody directed against the CD20 antg;g)found on
thiourea

the surface oRABRREIAAY FRIGREM B Wipibe(1eearidws: DEthaetdisisbtope HEahT

linker-chelatqy, fWisemamiet(280Q) Hunodeyrchiel Meds@20ERY BhinfkinWise e Bt @h{2802) Blood
99(12):4336-42; Witzig et al éZOOZI};J. Clin. Oncaol. O(}l :2453-63: Witzig et al %%OO J.tC%n. neck
e

20(15):326258. AKA R 18 ROy A A In Bt - SR HB gkt S T phoma TNHL),

admi_nistratioméaﬁﬂﬂiﬁﬂfgl _isehte!iﬁ@nﬂhpfmlbﬂngﬁxg,@madﬁiaﬁﬂg, mo@ﬁap&tieMs_semMMti@LTATe@ﬁm
(genituzymab ozedaricin, Yiyelh Eharmaceqtisalel, a0 A0 A o aRIe camgRed.of a hu
AR(oR o in 2‘76 8 fort’

CD33 a ibo&Vﬂ%’ 8490 ¢atid eamicin, was approve h& treatment of acute myeloid

leukemia by injsetiond@tagssehidhe Future (2000) 25(7):686; US Patent Nos. 4970198; 5079233;
5585089; 5_606040;5391%2%5&%%%&%6111% tiuxetan, Biogen/Idec) is an antibody-radioisotope
conjugate composed of a murine IgGG1 kappa monoclonal antibody directed against the
CD20 antigen found on the surface of normal and malignant B lymphocytes and M or
25 Y radioisotope bound by a thiourea linker-chelator (Wiseman et al (2000) Eur. Jour.
Nucl. Med. 27(7):766-77; Wiseman ct al (2002) Blood 99(12):4336-42; Witzig et al (2002)
1. 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 results in severe and prolonged cytopenias in most patients.
30 MYLOTARG™ (gemtuzomab ozogamicin, Wyeth Pharmaceuticals), an antibody drug
conjugate composed of a hu CD33 antibody linked to calicheamicin, was approved in 2000
for the treatment of acute myeloid leukemia by injection (Drugs of the Future (2000)
25(7):686, US Patent Nos. 4970198; 5079233; 55835089; 5606040; 5693762; 5739116,
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WO 20071149932PCT/US20071071688 5767285; 5773001). Cantuzumab mertansine (Immunogen,
Inc.), an antibody drug conjugate composed of the huC242 antibody linked via the disulfide linker SPP
to the maytansinoid drug moiety, DM I, is tested for the treatment of cancers that express CanAg, such
as colon, paMPeatit149a%tric, and others. MLN-2704 (Millennium Phaim., BZUS BG83 Immunogen
Inc.), an antibody drug conjugate composed of the anti-prostate specific membrane antigen (PSMA)

monoclonal gfipedy knkegoto, thesmaytansinaickdibgnaishmiMicis tesigd for dhebpateriiag treatment
of prostate tumors. The auristatin peptides, auristatin ) and mgnomethylauristatin, (MMAE),
synthetic anﬁ%ﬁ@@?d@@gﬁﬁﬂ,%ﬁ’@ @89&&?@8&8@@#@?& Yibrdc lﬁ%Tﬁg'ﬁt?é%mfesé%%ég%‘ {specific to
Lewis Y 10omsasainaitedhantbAS M specifietofe Bitenhematolagical thwalkgpenciés) ABoronina et
al (2003) Nature Biotechnology 21(7):778-784) .and are r ' vel t.
Chemothera?ﬂlcggti%S a@g%t%s B%%%Lﬁa %h£tk%'”sg%?fe?5)ﬁo% ot im m%&%ﬁfg%ggggeﬁl i?&%qe% rl?ezrléin (above).
Enzymaticallyialotiie, tximsmupeifrhgremsativiietyf trag canjbgetescorinoisdeofipistiaiamEHain,
nonbinding agiive:Iaamenta af JIRANATRG XD EXRRN S ChaIRIOMPasydamRRes agrUgnosa),

ricin A chain, abrin In, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins,

Phytolaca ameiitanRirotéins(Rikar phepppteni PARISyImemBRiaE chaeitia TSiBs RiRcin, crotin,

sapaonaria qffiginalis Jatbiter QIR RN dHA QUSRS IFIOGH: RRENGMY CHinenaRIEHlogN G the
tricothecenes. See, e.g., WO 93/21232 published Octob{er 28, 1993. A v%@ 0%20 rﬁglon%lldes are
available for SAESHEMIEES T U HEAIEEEhfhgarsd gRReceR Bt SRR s IRl 131t, 9

lt\)/lfv, angd 1?68@&1@96&@?@51(1{}(@@(@%0@& a@@m@mé&ﬁgaﬂb@'taimmﬂgnmd Ic; L I'Bigsa(\imienjm(f )
ifunctional protein-c in ents suc ~shiecinimidy-3-(2- pyridyldithiol) propion SPDP),
iminothiolan&t(t ?%éﬁ?@%ﬁ%’&é@#@?ﬁmi'gigsﬁﬁ%%%ﬁ(ggﬁrﬁe%%ﬁgqur@ni%%]t)e g ), active
esters (sudch as disamef.nhmdyj:daabisu Iagasali:i)umﬁéh@@dsguﬁa&gﬁu@&aﬂd@y@ﬁnﬁsaf%die
compounds (such as bis (pazidoben ) i bis- | S
bis-(pdiazonlu% hgﬁgo%ﬁ?geﬁgﬁ%gr‘{ggiaﬁr% e qé%ﬁ:%g}r%ngx(géc% lgsé%%é?\tg %%%%E%%yggl%tf), and
bis-active fluasidercbripdinhts(susithein Bxobinding- 2o Ve NtBhENS €A BB EEFPI S X QPR

ImmLNGoXin, CafL e REEPRLER B HERCHRE IBRIGHa ot ahaRCIRRe 23 nd B0 LA kin, |
Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylcne trlamlneggntaace,tlc acid (MX-DTPA) is

an exemplary!pheratiio, abysHtiter oW RGNS FARERT RS 1S e BNbBas %8s #11026.
WO 2007/148832P ¢ A5 20Q 7 #0411 858 mombani aaias af-amaivibedy acid, onetr, regigosanall molecule
toxins, such as a. cal_i(__:heamicin, maytz_msir_loid ,dolostatins, a_urgsltatinsi ﬁal téilghrgtig%cegle %lec_i CcC
1065, and theffemeLtia8 B the 46! 000inS HRET AVe TOHT QEHiD S HEE c SRS B ikeet! HherSin,
Maytansine anchthaadanrsingids blg. sante ewibadimeaisistee idembrocthjugite comprises arf antibody
of the 20 radionuclides are available for the production of radioconjugated antibodies. Examples
include 2Y?Bi, °'1, ', Y, and '**Re. Conjugates of the antibody and cytotoxic agent are
made using a variety of bifunctional ﬁrotein-coup}ing agents such ag N-succinimidyl-3-(2-
pyridyldithiol) propionate (SPDP), iminothiolane (IT), bifunctional derivatives of
imidoesters (such as dimethyl adipimidate HCY), active esters (such as disuccinimidyl
25  suberate), aldehydes (such as glutaraldehyde), bis-azido compounds (such as bis (p-
azidobenzoyl) hexanediamine), bis-diazomium  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 be prepared as described in Vitetta et al., Science, 238:
30 1098 | (1987). Carbon-14-labeled 1~isothioc_yanatobenzyi-?»-m.ethyidiethylcne
{riaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of

radionucleotide to the antibody. See W094/11026.
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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 Maytenus serrata (U.S. Patent No. 3,896,111). Subsequently, it was discovered that
certain micro8<M041¥83produce maytansinoids, such as maytansinol and € /A $A4AHE ol esters
(U.S. Patent No. 4,151,042). Synthetic maytansinol and derivatives and analogues thereof are

disclosed, for exanmgjuitiie SfPatQRMINGS: 4ikB 6123605 40348 Bkl 4d%e146pAiR60:E08¢,265,814;
T T Ottt ayinias, dotbaiating Airasthiine, TEho(HELERt, ardl (106 Hnd
the derivatives of these toxins that have toxin activity, are also contemplated herein.

Mayvtansine and maytansinoids

5 In some embodiments, the immunoconjugate comprises an antibody 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 Maytenus
serrata (1).S. Patent No. 3,896,111). Subsequenly, it was discovered that certain microbes

10 also produce maytansinoids, such as maytansinol and C-3 maytansinol esters (U.S. Patent
No. 4,151,042). Synthetic maytansinol and derivatives and analogues thercof are
disclosed, for example, in U.S. Patent Nos. 4,137,230; 4,248,870; 4,256,746, 4,260,608,
4,265,814; 4294,757; 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, 4,362,603;

15 and 4,371,533.

Maytansinoid drug moicties are attractive drug moieties in antibody drug
conjugates 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

20 linkers to antibodies, (iii} stable in plasma, and (iv) effective against a variety of tumor cell
lines.

Exemplary embodiments of maytansinoid drug.moicities include: DM1; DM3; and
DM4. Immunoconjugates containing maytansinoids, methods of making same, and their
therapeutic use are disclosed, for example, in U.S. Patent Nos. 5,208,020, 5,416,064 and

25  European Patent EP 0 425 235 B1, 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
found to be highly cytotoxic towards cultured colon cancer cells, and showed antitumor

30 activity in an in vivo tumor growth assay. Chari et al., Cancer Research 52:127-131 (1992)
deseribe 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 the TA.I-maytansonoid conjugate was tested in vitro on the human breast
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4,322,34_8; {1,331,598; 4,361,650; 4,364,866; 4,424,2109; 4',450,254; 4,362,663; 15and 4,371,533.
Maytan5|n0|d drug moieties are attractive drug moieties in antibody drug conjugates because they are:
(i) relatively accessible to prepare by feimentation or chemical modification, derivatization of

feimentation'pfoWNatd9¢i) amenable to derivatization with functional group& EiEaMEYG¥njugation
through the non-disulfide 20linkers to antibodies, (iii) stable in plasma, and (iv) effective against a

\Salt\;ligty 01; u[J) megleébﬂn% SK-Exemwlan embedimentd of HER4ansifinid diigmgisitied.inthede: DM1;
;an . Irmmunoconjugates containing rnaytansinoids, methods of making sa nd their
therapeutic J38 HEWENHE ?Y8ée3x ﬁ%ffg,qa%fgt.gﬁlﬁgn% 6%? éOZtngd(SsrfSrga 1&8%%%41&2% 5
Eﬁé‘?ﬁﬁ?g maa?h &gfgzéﬁﬁséﬂﬁg @%mAsmmsnaf wrinidierand Texgtonsingire sedjeinterpvated by
ce. . c. Na cad Sci, : - ( ' j 3 jugates
comprising aa%?g?/ nnél?r?%% %esilé%gteén I?)Wf “ %ﬁﬁ?éaadc%gl}%%éﬁ %%%Oé%:%n%g a%%%%%?fémz dirgggd against

human coloreatal cancer. The conjugate was found to be highly cytotoxic towards cultured colon
cancer cells, and showed antitumor 30 activity in an in vivo tumor growth assay, Chayi.etal., Cancer
Research 5_2:127-1@3?1@9@%@%;%@%%%%&1%&& iﬂrwgﬂg &’%Mgmgid?\ﬁé@%oﬁugated via
? d'SU|tf;]de ligkerdaythe mﬁﬁgﬁlﬁgﬂgﬂgmﬂe&miﬂﬁH&m@awﬁm@n diurpashicelahecandegicall lines, or
o another murine monoclonal antibody TA.1 that binds the HER-2/neu oncogeng. The toxicity of
tho TA 1 maHE A0 CSH A DA ELLE TR O RGN oieaey oo 0. PPy

5,208,020 (the disclosure of which is hereby expressiy incorporated by reference). An
10 average of 3-4 maytansinoid molecules conjugated per antibody molecule has shown
efficacy in enhancing cytotoxicity of target cells without negatively affecting the function
or solubility of the antibody, although even one molecule of toxin/antibody would be
expected to enhance cytotoxicity over the use of naked antibody. Maytansinoids are well
known in the art and can be synthesized by known techniques or isolated from natural
15 sources. Suitable maytansinoids are disclosed, for example, in U.S. Patent No. 3,208,620
and in the other patents and nonpatent publications referred to hereinabove. Preferred
maytansinoids are maytansinol and maytansinol analogues modified in the aromatic ring or
at other positions of the maytansino! molecule, such as various maytansinol esters.
There are many linking groups known in the art for making antibody-maytansinoid
20 conjugates, including, for example, those disclosed in U.S. Patent No. 5,208,020 or EP
Patent 0 425 235 BI, Chari et al., Cancer Research 52:127-131 (1992), and U.S. Patent
Application No. 10/960,602, filed Oct. 8, 2004, the disclosures of which are hereby
expressly incorporated by reference. Antibody-maytansineid conjugates comprising the
linker component SMCC may be prepared as disclosed in U.S. Patent Application No.
25 10/960,602, filed Oct. 8, 2004, The linking groups include disulfide groups, thioether
groups, acid labile groups, photolabile groups, peptidase labile groups, or esterase labile
groups, as disclosed in the above-identified 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

HCYI), active esters (such as disuccinimidyl suberate), aldehydes (such as glutaraldehyde),
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WO 2007/149932PCT/US2007/071688 cancer cell line SK-BR-3, which expresses 3 x 105 HER-2
surface antigens per cell. The drug conjugate achieved a degree of cytotoxicity similar to the free
maytansinoid drug, which could be increased by increasing the number of maytansinoid molecules per
antibody moR LA TTHESR7-maytansinoid conjugate showed low systemicE&tBtoXIET) itt%mice.
Antibody-maytansinoid conjugates can be prepared by chemically linking an antibody to a
maytansinoig; seiaeulewitbanssigndicantybiininishioy dhe fHipl agieat dietivity of eilthiaAheuantibody or
the maytansinojd molecule. See, e.g., U.S. Patent No. 5,208,020 (the disclosure of which is hereby
expressly in@6FF8RYESd Bi/&le?ér ’r‘?é(éq)'fi}&ﬁo 3%8@5?@?3%@6% ggﬁ%?er)u’m Mo grclﬁ%ssv%g%?ua%ted per
antibody motisgisie: as-shaweffitaeydbénhane itpoyitatoxicitpoftargeticels Withdlwonegdatively
affecting thec{unct'on or soluhjlity. of the antibody, alt h even o lagule.o; infantibody would
be expected 15’1gﬁh%nr‘lzgge yto 3)%&'(‘33%%? {ﬁ%’ra%xe 8?%’2&% %e%o%slﬁﬂagy?gn%g%%%@gyg gvtdeﬁl)l known in

the art ahd oaidgdyinthesimechbly KRR (Eeisiques dr. Bisishe flod? hdihaPT% [$Gdtead Huitable
maytansinoigﬁ @frﬁﬂiﬁ?ﬂ%?ﬂpﬁd%ﬂ{%@t%&@é@?ﬁ%%ée%’@@aQﬁQ;FH!Q itheother patents and
u referred m

nonpatent publications referred to hereinabove. aytansinoids are maytansinol and

maytansinol analogihsslikwiifleayibehtarhedaiic gy ROSHHER JBSIRTHS 8F (B HERAMERMH molecule,

such as varigus.maytapsinl agers: fhermiarerparyHnkindaroyps kilowe ahearfatnaking
antibody-maytansinoid 20 conjugates, including, for exam§le, those Eisclosedq'% U.S..Patent No.

5,208,020 orEBptipith 8 Ayksoxah $59UP SHAR ST EURE SPHRBSE FFERTYITS 7 5 {5H85) &hd U.S.
Patent Appligatian &N o d @/I6QH0Rfiled et 8r R0y theotisclhsute tiopudiicn aredifedbyigéxpressly
incorporated by reference. Antibody-maytansinaid conjugates comprising inke| ent SMCC
may be prepgﬂ@’é‘g’%ﬁ%}é’%g&ﬁqg 203 1)éclt’en Oﬁgiﬁ?ggt%ng%lg. %@O&éoél@ ,’6%%?%1%?(%@ %ﬂg(%lm The
linking groupisairisiuaergisafitlergnpuph thivefherd)wulps!iscit. |4l digtegps fhoelabildyfodps,
peptidase labile.groups, Qr labj jsclosed in the above-identified patents,
disulfide andpt%sllct?g{h mdwa%ﬁﬁéeﬁﬁgap%r% e?%ggﬁ%%??ognlgi linking groups are described and exemplified
herein. Conjugates . adip @8diRRytansinoid may be made using a variety of 30 bifunctional
protein poupling aggnts stich AsMaraenimidyk3nRopysidyidithiohprapionate BRI of the
succinimidyl_-4-(N_-maIeimidomethyggl:yclo_hexane-l-car_boxyla_te_ (SMCQ), !minﬁ;a_ﬂ'olang (I];})F,
bifunctional dBYRAINeSBI 1EHEE IRt EERS A AN R P2 BFB G AR OED AL R REEPE (Hlich as
disuccinimidyhsyberate) aipiebydss{sschsas gy rmegey d®)laiticth2 06T/ 140832RCENI $2607/071688

bis-azido compounds (such as bjs (p-azidobenzoyl) .hex lamine), bis-diazqnium deriyatives (such
as bis-(p-dia? BATHBEREESTS-B céﬂﬁ'gﬁﬁ?ﬁ M&%@ygﬁ z?tgg ‘é&%lé’ %1%:5&%&: e F?ee 2, gng i ics%{élj‘gn ate), and
bis-active flugringcormaniads {5 HsAnbisditiabroA2edtsdinitrOhengthee) 4 ARIG SR Préfentd

coupling agents include N-sucginimidy.1-3-(2 idyldithja): propj e.(S atlsson.Rial.,
Biocher%qa\]. %ge:ﬁé%%‘}e(lg@%)?g%r%y ﬁ%u%lc%n%ﬁ%g%é@b%ﬁd ﬁ%%peénéga[%?a%%j(SPP) to SErovide for
a disulfide linkagss Chepimshimkde RRABOGHacHdy tdolheaiinyrb i S8euBoRYafiBtisCpositions,
depending of.g g AfdieinleF ArsHaAMBENARSIET nkaas mabe Raped iy @agionain @
hydroxyl group using conventional coupﬁg’%é%?mques. The reaction may 10 occur at the C-3 position
having a hydtbxyraiidissiteiay py&k ifibd with hydroxymethyl, the C-15 position modified
with a hydroxyl group,.apiathe Cagspeasitionhpyisienflydraxyhgrouphdn apreteded emhddinent, the

linkage is formed at the C-3 pasition of maytansinal or tapsipol analogue. :
J 25 monomethylauristgtin drug mcﬁgtgs IB% ang IP)@,/ 18C oseg mn g‘ﬂ/?onomethylvalme

Compounds Capable of Conjugation to Ligands”, US Ser. No. 10/983,340, filed Nov. 5,
2004, the disclosure of which is expressly incorporated by reference in its entirety.
An exemplary auristatin embodiments are MMAE and MMAF. Additional
exemplary embodiments comprising MMAE or MMAF and various linker components
30 (described further herein) Ab-MC-ve-PAB-MMAF, Ab-MC-ve-PAB-MMAE, Ab-MC-
MMAE and Ab-MC-MMAF,
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
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Auristatins and dolostatins 15In some embodiments, the immunoconjugate comprises an antibody of
the invention conjugated to dolastatins or dolostatin peptidic analogs and derivatives, the auristatins
(US Patent Nos. 5635483; 5780588). Dolastatins and auristatins have been shown to interfere with
microtubule WAHANESPBTP hydrolysis, and nuclear and cellular division FFOFREVT AT ¥F01)
Antimicrob. Agents and Chemother. 45(12):3580-3584) and 20 have anticancer (US 5663149) and
antifungal awvit&bﬂﬁﬁtﬁmn@p(ﬂc&%)véﬂammmb TAgEntd Ghte maiteni AR:28p 12965 Mhewolastatin or

tati d be attach tib eN ) C
(carboryh 1o RACS] TSRt o T B a0 (e e e erts
include the I‘det&anmImkedeﬂﬁ}dnmﬁddﬁeﬂ@lﬁﬁistﬁﬁlﬁd&@gﬁ&o?@tt@sebﬁ ddDF, diclobed.in
“Monometrybalige Compo s GaRatle o EPIHRIANIOHIGAUSUS Beroh AAIBES A0, flc

Nov. 5, 2004, e d}s closure of |ch IS e pre slylncorp by réference in its entlret%/.§8
hts

exempldry actristSimbeatsoMABIEO A2 MRE it Mr&ﬂ,&&@&d&lﬂ@ﬁé@é’ﬁf&a@r@ﬁ%é:

comprising MMAE or MIMADaadiNariewsdinker campnapts BQdescrbed ‘fMHi*@hﬁ@fﬁlﬁﬁhne
Ab-MC-vc-PAB-MMAF, Ab-MC-vc-PAB-MMAE, Ab- MCMMAE and Ab-MC-MMAE. y pically,

peptide-bas&PBRIHbEARD A e PRESHAI BTN B DSt betieef i 8 more amino

acids and/ ormmlﬂ@f&@qm@m@m&o&ypafaﬁd@@mehs@@m@e(@mwe@l dar, emampte:,daﬂetmﬂmg to the

liquid phase synthesis method (see E..Schroder and WO 200 S2007/071688 K.
Liibke, "The Pelf&Lns, BIHRESD %%ﬁ@%mg%%dsﬁélg emlcé/lr]]e‘x ?éa i< well Rnbwr r?lcri}?ﬁe field of

peptidelghertiigteysyThe aurlstatln/dolastatln drug moieties may be prepared according to the methods

of: US 5635483; U §7%0588 Pettit et al (1989) J. Am. Chem. Soc. 111:5463-5465; Pettit et al (1998)
Anti-Cancer Drug é‘esrgrr%gg%3 277; Pettit, G.R., 5 et al. Synthesis, 1996, 719-725; and Pettit et al
(1996) J.-Chem. Sdo. PérincTiznimerig5e SOBNTMsAlETOr PRI Kat bt Shnte

21(7): 778- 7*%;1 MR &t%vd!t\éa"t@eo&os@%@d&memiaﬁ%%mg@n%mwmmy%ﬂ; No.
10/983,340 Nov. 5,°2004 hereby incorporated by reference in its entirety (disclosing, e.g., linkers

and method®bprltits pracienvitRivemdecabmipiiers Emdsh O Miv AR AR R Y ated to
10linkers). Calhehaamigio FoﬂQl@tﬁﬁ‘épﬁfﬂm{jidiB%B@ugﬁ%dfﬁmlaQﬁ@@h@%@ﬂﬁeﬁ%ﬁﬂlﬁ%am&tibody of

antibiotcs A GG bt Foch s Boubiel i SNA Breaid Ll pidkraar | CH1e

5,877,296 (all to American Cyanamid Company). Structural analogues of calicheamicin

which may be used include, but are not limited to, y;l, o', 0, N—acetyl—yll, PSAG and 9}
(Hinman et al, Cancer Rescarch 53:3336-3342 (1993), Lode et al., Cancer Research

20 58:2925-2928 (1998) and the aforementioned U.S. patents to American Cyanamid).
Another anti-tumor drug that the antibody can be conjugated is QFA which is an antifolate.
Both calicheamicin and QFA have intracellular sites of action and do not readily cross the
plasma membrane. Therefore, cellular uptake of these agents through antibody mediated
internalization greatly enhances their cytotoxic effects.

25 (Other cytotoxic agenis

Other antitumor agents that can be conjugated to the antibodies of the invention
include BCNU, streptozoicin, vincristine and 5-fluorouracil, the family of agents known
collectively LL-E33288 complex described in U.S. patents 5,053,394, 3,770,710, as well
as esperamicins (U.S. patent 5,877,296).

30 Enzymatically active toxins and fragments thereof which can be used include
diphtheria' A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain
(from Pscudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-
sarcin, Alcurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPL,

PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis
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15 concentrations. For the preparation of conjugates of the calicheamicin family, see U.S. patents
5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701, 5,770,710, 5,773,001, 5,877,296 (all to
American Cyanamid Company). Structural analogues of calicheamicin which may be used include, but
are not limite¥@GOTH 149436 a31, N-acetyl-711, PSAG and 011 (Hinman e¥al/LEXREE search
53:3336-3342 (1993), Lode et al., Cancer Research 20 58:2925-2928 (1998) and the aforementioned

U.S. patentsiig;ApgricasaGy aniespifiin Anethabantithemengtig thehthamatibably tantbecconjugated is
QFA which is an antifolate. Both calicheamicin and OFA have {niracellular sites of action and do not
readily crossgﬁ‘?efﬁfﬁﬁﬁp%e% rg(ﬁéf &?eli’rg]filr%e gé#ﬁ?%’rﬁ ﬁ% aﬁggéf these agents through antibody
mediated internalizakiomgseatlyemitian castiiberonytotpiuiesefie tisn2b@thgraedioxicdgentsen  Other
antitumor agents that,can be C"?%‘g%ﬁd? s 5}96&%9'%&1% henveptigpinciude BCNW A

streptozoicina,” ViRcristine and s-fusrouraci , the Tamily of agents known collectively LE-E33288 complex
described indgdSnpdtestsiE063:384x BiPTOTRsGdWeschs esperamicins (U.S. patent 5,877,296).

30Enzymatically agiiye igxing and frRaemeNt: thereafwhidhcan e aserncludipsiphihgriaig chain,

nonbinding active fragments of diphtheria toxin, cxotoxin A chain (from Pseudomonas aeruginosa),
ficin A chainfagiastv IR mdJEstal AlcrdieaaiyRasaiRnes Atedneik R difprbteMed HEm proteins,

Phytolaca amgrisans pIeInsi (AR, RARMNpRIARAR: A Mordrdith etigrantia, irkilitasnciircin, crotin,
sapaonaria officinalis WQ 2007/1_499_32F?CT/U$é2)epO7/0é7V|§688 inhibitor, cloni_naq_aito ?Ili restrictocin,
phenomycinBEnorhycihtandtAdafieatHER HRerSal 1y SXAROTS W@i@@%’fﬁﬁ pUDISHE Betober 28,

1993. Tihe priesentdongion fatibaticentemitatesmaigimiiunaciniuates dophed BEwdER anantibody
doosyrioon B DNHLG el SR de o ol e A e
highly radioactimesatonmsirasiety Hisratioactidmistidpesiardodimithble fiot e Prbdiienoneot?,
radioconjugafed anfibagies, AMRISS- NP Sk 13 kn AR Y3R0, Re186, Re188, sm153,
The radio- or other labels may be incorporated in the conjugate in known ways. For
15  example, the peptide may be biosynthesized or may be synthesized by chemical amino acid
synthesis using suitable amino acid precursors involving, for example, fluorine-19 in place
of hydrogen. Labels such as 1™ or T, .ReI%, Re!® and In'" can be attached via a
cysteine residue in the peptide. Yttrium-90 can be attached via a lysine residue. The
IODOGEN method (Fraker et al (1978) Biochem. Biophys. Res. Commun. 80: 49-57 can
20  be used to incorporate iodine-123. "Monoclonal Antibodies in Immunoscintigraphy”
(Chatal,CRC Press 1989) describes other methods in detail.
Conjugates of the antibody and cytotoxic agent may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl) ~ cyclohexane-1-carboxylate (SMCC),
25 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 (such as bis-(p-diazonjumbenzoyl)-cthylenediamine), diisocyanates (such as
toluene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2,4-
30  dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in Vitetta
et al, Science 238:1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-
methyldicthylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent
for conjugation of radionucleotide to the antibody. Sce W094/11026. The linker may be a

“cleavable linker” facilitating release of the cytotoxic drug in the cell. For example, an
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Bi212, 1332, piD 212 and radioactive isotopes of Lu. When the conjugate is used for detection, 10 it
may comprise a radioactive atom for scintigraphic studies, for example tc99m or 1123, or a spin label
for nuclear magnetic resonance (NMR) imaging (also known as magnetic resonance imaging, mri),
such as iodiNes1287a429#% iodine-131, indium-ill, fluorine-19, carbon-13, N3G/ GiRfen-17,
gadolinium, manganese or iron. The radio- or other labels may be incorporated in the conjugate in
known ways, Fordaexamale gheipaptidamay brikipsyrdieriges ohkay bemsynthdsiked by chemical
amino acid synthesis using, suitable amino acid precursors involyin r e, flyorine-19 in place
of hydrogendisaiile «Quipngagdgsst Sribe ?‘hee%?ﬁé eﬁfﬁﬁ I%%’nggﬁ quag?tlﬁcﬁ}éd %?z% Ia% cysteine
residue in theaptidenditianba@edn be attached via a lysine residue. The IODOGEN method (Fraker
et al (1978) Biochem. Biophys. Res. Commun. 80; 49-57 can 20 be Us %t ipcQparaiedadine-123.
"Monoclonal Antib %sp?ﬁgﬁ%%é%éifcﬁn?ié%?)rﬁifm(é)ﬁ%tegﬁ RC" r%lgs'?{%% S%I(lags%%irbes other methods in
detail. 5 Caljdyatesaofdtheitntinestizind syotoisic RYEN hidjde GdRSUSIRY S vEielyBibifunctional
protein coupfjgea 5 Nisuceingidyd - CRiiyidiine) RiRianatey SRR sussinimidyl 4

(N maleimidométhyl) cyclohexahe- 1'-carbdxylate (SMCC), 25 iminothiolane éIT), bifunctional
derivatives cfifoidddsiBrs (eifieMBSdimu i ladipiridaeMED, ol estdtsrMEHenaad distieBinimidyl
suberate), aldelydes dSHEN-AR MHRIRIARRYSIR) bisiREIde CanpakpdaiEusham RISy azfdahenzoyl)
hexanediamine), bis-diazonium derivatives (such as bis-ép-diazoniumbenig%]g%%thgé rigﬂﬁpine),
diisocyanateRi¢EiicPigtadinengy?, AqiisBorkFRith) Thnd Bid-ativis fIUHSR & n ?? uch as
1,5-diflygro-Adp13Q:initrphemasnendieaitgxample, a ricin immunotoxin can be prepared as described
in Vitetta et al., Scignce 238:1098 ( 95373. Carbon-14-labeled 1-isothiocyanatobenzy1-3-
methyldiethylene trdfRHEpEhiAALERRASHEVRIETPR) is an exemplary chelating agent for conjugation
of radionucleotide tm thie aniibody. Gee WoRLALE02EDThelirnker imayptima ttleaibdds [(Mlarifacilitating

release of the cytotoxjc drug in the cell. For exa an, WO 2907/ 149932P& 1L UR200:4/0 41688
acid-labile Iirﬁ?gr?%ae%%tagggs%rng .‘(?A‘[Hﬁ&f’ b%%%@’llc%h\ﬁ{ér?ditncthyl linker orédisulfide-gontaining

linker (Chari ettbdCdhcerRedviecin2: Ty ABT ofdoppurd nEabarKeas BB EIOFhAY Be used.

The CO_’J'?E’O“988ES%HEJ%Q%W%W&%éi%tﬁﬁ@}%ﬁ?ﬁ@%s? Uh @ 0ot imilediios BoRGIEmepared with
cross-linker reagents? BMPS, EMCS,"GMBS, 1-1BVS, LC-SMCC, MBS MPBl]Ei%?é\APi' IA, SIAB,

SMCC. SMPiBs SMPRLugings -CNreSstign R AoV pRilifoziew 9 s MRS & 18 rbbefrE 2ifh-smec,
and sulfo-SMPR.ant, SMaBAsuccimnidWadnvinvsuiime)bepzaate)ivhichhasaiaammersidly available

(e.g., from Pierce Biotechnology, Inc., Rockford, I].., U.S.A). Sec s 467-498. 2003-2004
10Applicatioﬁ§ﬂ%h’£?&63ﬂ“a?f&éﬁféﬁ%h.‘ﬁ&)‘§f%ﬁgﬁ %"?n‘ﬁl%e@ ﬁﬁ? g% ibé‘ﬁ?g%lgt%@&er reageng’ o

form D-L, via a covalent bond, followed by reaction with the nucleophilic group of an

20  antibody. Additional methods for preparing ADC are described herein.

Ab—(L-D}p 1

The linker may be composed of one or more linker components. Exemplary linker
components include 6-maleimidocaproyl (“MC”), maleimidopropanoyl (“MP”), valine-
citrulline (“val-cit™), alanine-phenylalanine (“‘ala-phe”), p-aminobenzyloxycarbonyl
25 {“PAB”), N-Succinimidy] 4-(2-pyridylthio) pentanoate (“SPP”), N-Succinimidy! 4-(N-
maleimidomethyl) cyclohexane-1 carboxylate (“SMCC”), and N-Succinimidyl (4-iodo-
acetyl) aminobenzoate (“SIAB”). Additional linker components are known in the art and
some are described herein. See also “Monomethylvaline Compounds Capable of
Conjugation to Ligands”, US Ser. No. 10/983,340, filed Nov. 5, 2004, the contents of

30  which are hereby incorporated by reference in its entirety.
In some embodiments, the linker may comprise amino acid residues. Exemplary
aming acid linker components include a dipeptide, a tripeptide, a tetrapeptide or a

pentapeptide. Exemplary dipeptides include: valine-citrulline (vc or val-cit), alanine-
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In the antibody drug conjugates (ADC) of the invention, an antibody (Ab) is conjugated to one or more
drug moieties (D), e.g. about 1 to about 20 drug moieties per antibody, through a linker (L). The ADC
of Formula | may be prepared by several routes, 15 employing organic chemistry reactions, conditions,
and reagent¥knisti#8°8ose skilled in the art, including: (1) reaction of a%&f@%ﬁ%lﬁgup of an
antibody with a bivalent linker reagent, to form Ab-L, via a covalent bond, followed by reaction with a

drug moiety f:@nd{2Zhteastion sihpinyclebphilidagyouipeftaicrugandiety withcavbiimterituiiker reagent,

to fowl D-L, via a covalent bond,.followed by reactipn with the nucleophili oup: n tibody.
Additional iEHSALTS &%@aﬁ%ﬁﬁ%ﬁ%"é’r‘%‘é@%&h gg%&ﬁ&ﬁ%b-(lﬁk—’ﬁ D gcg{i’htb?iigéegr r‘r%g? B
composed ofcomeies mouenlinkeridolinponemtmdaxaniptargclitike: componemeurdindas well as
6-maleimidocaproyl (“MC")..maleimido "MPY), yatinecitrulline Cvalielhs citrulline.
alanine-phcr%lfg 5#\1(3?‘3 aiflfg hﬁ?%%ﬁﬁgfﬁf&%%@g)ﬁﬁ% Z%E%gﬁ?gﬁggc)é?nimldyl
4-(2-pyridythin) e atihdinte | SPPOLRLS Getibimisssach /s RBGTRE iTy el ciSHsREHE- PEarboxylate
("SMCC), apgL\:3Hcciuimidyl 6%‘@?9&&%% aminekenzoaterkpNAB hinAslditionaldinkesicamponents
are known in the art and some are descriped herein. See also "Monomethylvaline Compounds
Capable of CahfrgaBnieddarii P BRSNBS%0/983,340, filed Nov. 5, 2004, the contents of
30which are herebyipgpiperaigebyJeferancetindisrentirethown besome embndimentsy thelinker may

comprise aming acid residues. Exemplary amino acid linker compgnents.include a dipeptide, a
tripeptide, a FAERIEHHIRS %gcé’ﬁf?ﬁﬁﬁtgp%égn%?e%%rac&m 58P ? 82%1%1%??51 valine-citrulline (ye or
vat-cit) jalanine- WO 2007/149932PCT/US2007/071688 phenylalanine (af or ala-phc). Exemplary
tripeptides include: glycine-valinc-citrullige (gly-val-cit) and glycine-glycine-glycine (gly-gly-gly). Amino
acid residues which comprise gn amingjacid linker componenniérglude those occurring naturally, as
well as minor amino acids and%%j =fratu %WQngﬁoé td analogs, such as citrulline. 5 Amino
acid linker components can be #lesi nd optimized in their selectivity for enzymatic cleavage by a
particular enzymes, for example, a tumay-associated prote8@se, cathepsin B, C and D, or a plasmin
protease. Exemplary linker componé?it structures are shown belom}\/{@herein the wavy line
indicates sites of covalent attachment to other components of the ADC): 10 15

O MP
O
i n,
§ ‘-[ﬁN /‘\/’u\ I}I /\/O\/\ O/\n/’
H O
15 O MPEG

Additional exemplary linker components and abbreviations include (wherein the

antibody (Ab) and linker are depicted, and p is 1 to about 8):
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MPEG Additional exemplary linker components and abbreviations include (wherein the antibody

(Ab) and linker are depicted, and p is 1 to about 8): WO 2007/149932PCT/US2007/071688 HN
NH2 HN..7 cr NH2

WO 2007/145932 PCT/US2007/GT1688

1? Q
N\)»Yy—D
Ab Aaml}t Y
H O J/E p
HN
0 NH, ~ Valcit
0
0 f;a o}
Al f?l Y
o) H 0 -
)/ °
HN
0" NHz MC-val-cit

MC-val-cit-PAB

Nucleophilic groups on antibodies include, but are not limited to: () N-terminal

amine groups, (ii) side chain amine groups, e.g. lysine, (iii) side chain thiol groups, e.g.
cysteine, and (iv) sugar hydroxyl or amino groups where the antibody is glycosylated.

10 Amine, thiol, and hydroxyl groups are nucleophilic and capable of reacting to form
covalent bonds with electrophilic groups on linker moieties and linker reagents including:

(i) active esters such as NHS esters, HOBt esters, haloformates, and acid halides; (i) alkyl

and benzyl haiides such as haloacetamides; (iii) aldehydes, ketones, carboxyl, and
maleimide groups. Certain antibodies have reducible interchain disulfides, ie. cysteine

15 bridges. Antibodies may be made reactive for conjugation with linker reagents by
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Nucleophilic groups on antibodies include, but are not limited to: (i) N-terminal amine groups, (ii) side
chain amine groups, e.g. lysine, (iii) side chain thiol groups, e.g. cysteine, and (iv) sugar hydroxyl or
amino groups where the antibody is glycosylated. 10 Amine, thiol, and hydroxyl groups are
nucleophilic #f2ea1H8820f reacting to form covalent bonds with electrophfi& HrétBe Giffinker moieties
and linker reagents including: (i) active esters such as NHS esters, HOBt esters, halofoimates, and
acid halidespdixabeyl g penmdihalides such ashabatidianicés] XiilEatdehytdes: bekigresiitarboxyl,
and maleimide groups,, Certain antibodies have reduciple interchain disulfides, i.e, cysteine 15 bridges.
Antibodies rﬁq%l‘ﬁfgtfg af&goF %%%\]%é %&Oc%cﬁfﬁggt%hﬁwlﬁlhc i Eelrfer%’aggecglglis%B]:f/al\/%)&e0phl%)é é(% J’uss )
2007/149932RCH IBRANT¢0 7b688rtibatieeribwitphatheduemigragériysineh wsD THn(dithioeheitol). Each

cysteine bridge, il tys Jorm thegraticalloduareaciivahielicleantiler.Addiionsl aueigophilic
groups can be introc ucf(ireg nto antiBodies through the reaction of lysines with 2-iminothiolane (Traut's
reagent)resuitingdrnsmduerdisrioothareatifin iso tament thesal dyHvredstipg sy IH&-Midtiuced into

the antibody{gr fraghaant hereoR Y nRIUGREOnRy INR.iRieRbERILS GbmRIarysteibe dpsidues (e.g.,

preparing mutant antibodies comprising one or more non-native cysteine amino acid residues).
Antibody drd@@éﬁﬂ_}_ﬁ‘eﬁﬁée&iﬁﬁ@ﬁmé SHia5Phlso be produced by modification of the antibody to
introduce electrophiligpdietias: witphasn seaw witkasslephiliv be produced by modification

of the antibody to introduce electrophilic moieties, which can react with nucleophilic

10 subsituents on the linker reagent or drug. The sugars of glycosylated antibodies may be
oxidized, e.g. with periodate oxidizing reagents, to form aldehyde or ketone groups which
may react with the amine group of linker reagents or drug moieties. The resulting imine
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

15 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

20 acid (Geoghegan & Stroh, (1992) Bioconjugate Chem. 3:138-146; US 5362852). Such
aldehyde can be reacted with a drug moiety or linker nucleophile.

Likewise, nucleophilic groups on a drug moiety include, but arc not limited fo:
amine, thiol, hydroxyl, hydrazide, oxime, hydrazine, thiosemécarbazonc, hydrazine
carboxylate, and arylhydrazide groups capabie of reacting to form covalent bonds with

25 electrophilic groups on linker moieties and linker reagents including: (i) active esters such
as NHS esters, HOBt esters, haloformates, and acid halides; (ii) alkyl and benzyl halides
such as haloacetamides; (iii) aldehydes, ketones, carboxyl, and maleimide groups.

Alternatively, a fusion protein comprising the antibody and cytotoxic agent may be
made, ¢.g., by recombinant techniques or peptide synthesis. The length of DNA may

30  comprise respective regions encoding the two portions of the conjugate either adjacent one
another or separated by a region encoding a linker peptide which does not destroy the
desired properties of the conjugate.

In yet another embodiment, the antibody may be conjugated to a "receptor” (such

streptavidin) for utilization in tumor pre-targeting wherein the antibody-receptor conjugate
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10 subsituents on the linker reagent or drug. The sugars of glycosylated antibodies may be oxidized,
e.g. with periodate oxidizing reagents, to form aldehyde or ketone groups which may react with the
amine group of linker reagents or drug moieties. The resulting imine Schiff base groups may form a
stable linkag®oiHay*B& reduced, e.g. by borohydride reagents to fowl s?ﬂ@%’r%ﬂg ff®ages. In one
embodiment, reaction of the carbohydrate 15 portion of a glycosylated antibody with either glactose
oxidase or spdimingtacperodate maytyititlocasbdnylréaidellydé anbtbketore)jgeeipdromthibgprotein that
can react with appropriate groups on the, drug,(Hermanson,.Bioconj «1echn nother
embodiment ?gf%}i?'lg '%%alﬁlﬁg Rﬁtae%f;ﬁ]fnaﬁ%serllr]iél%r?lﬁ%?ergtr%ﬂ?eoreasiglggéﬁt:a(%%éggt wi hdgjcglium .
meta-periodatepnpgiaitiddoin productiepeof @Ealdeldositeptatse. of the first amino 20acid (Geoghegan &

Stroh, (1992) BiOC%Gnggggoggﬁghéiﬁ%Aﬁ%% 8362802k Ssh alfrbydsncar hayescted with a

drug moiety or linker nucle ~ Likewise, nucleophilic groups on a drug moiety include, but are
not limitéd toméhsidies tilidesidrei, WibNSAMIiRas iipasindnhhsdenianberbit S AYardzine

carboxylate, and, Aryiydrazide g rMPs saRabIRskeAding toifarsacevalanihares withgrlectrophilic
groups on linker moieties and linker reagents includinpg:eg})/ active esters such as NHéﬁtem’ HOBt
enzyl

esters, halof8ifHatisitahdER- hatides: (FrEIKraAl beny (Hafded st s Heio Mehides: (iii)
aldehydes, kgignasccarpemonndsmalpinile gospsin andltpirdtively FBfusith proteibERMmprising the
antibody and cytotoxic agent may be made, e.q., by recombinant techniques or peptide svnthesis. The
length of DNﬁﬁﬁ{%ﬁgg%g?j]‘ﬁﬁfé;ﬁ%@ﬁg&?{,gﬁg@%&%‘g %ﬁlgorglglr?lgc thé t%/levbc? yo%ﬁgﬁ%nérﬁhg ggﬁjgg%te either
adjacenb oneandshescon Sxparated iy mte@dmm&@dﬂmﬂth@hdmk@ﬁ@i@%@ﬁﬁ@d@@%t_roy the
desired pmpf;{ihen%ﬁf i w%%gl%?%%ﬁmﬂd In et another emboRiment.Ang ansiagdy wigy.bf caniugated to

a "receptor” (such streptavidi zation in tumor pre-targeting wherein the antibody-receptor
conjugate Waibedy7 Aissob32CTRISL0bIOY e8dsis HemtinietirkarterasansameintsiRsazasty removal

of unbound ganjugate from;thecireyiatigRRISING ARICRING AgeNtAvE theDATINUatiasoha "ligand”
(e.g., avidin) which is tonjugated to a cytotoxic agent (e.g., a radionucleqtide). Anté%od /
é 8 sbbofith

(Ab)-MC-MMKEREDaErEBisret ByorshagstrbrRrordiss rifipsaidsdhrelia

MC-MMAE agiolipwssAntikodyssisselvsd iarbOmbosadivimbratedind ©oheadl gedituetichloride at
pH 8.0 is treated with an excess of 100mM dithiothreitol (DTT). After incubation at 37 %éogjabout 30

minutes, the BUHEPISBXAERGES BHRRHOAEReFeMinadls &35 PR IARECIY &I WA With 1mM
DTPA. The thialifthoaluedsieheckaddyiisrrinig the pedfiedcehtibotlytbnebricatibrmfgim the 10

absorbance at 280 nm of the solution and the thiol concentration by reaction with DINB (Aldrich,
Milwaukee, \%?)Saﬁff%lé‘ie?#%njﬁf? eggm%uggs%éb%rﬁlc@ taefsélﬂgﬁﬁ. “the ?%nd%éggséﬁ%%c}%gﬁe ggolved in
PBS is chillegtgagee. The drug linker reagent, maleimidocaproylmonomethyl auristatin E (MMAE), i.e.
MC-MMAE, dissolved.in DMSO . is diluted in,acetonitri donatet:ah known engentiation.and added
to the chllled reduceﬁél %gr%%l\c/@yg Wég fﬁldlng§. IK%#%J&%? oné %%Lljr_, an exgc}ess of maleimi%e is added
to quench themeadtibhesaial with MHy-Mivedt ot amtiscoly midheropiesi dedefon actrsmehRtOFe
concentrated, jpy_ gantiifigal ultrafiltration and 2H9-MC-MMAE is purified and desalted by elution

through G25 resin in PBS, filtered through 0.2 um filters under sterile conditions, and frozen for
storage. Antibody-MC-val-cit-PAB-MMAE is prepared by conjugation of any of the

antibodies provided herein with MC-val-cit-PAB-MMAE following the protocol provided
25  for preparation of Ab-MC-MMAE.

Antibody-MC-val-cit-PAB-MMAF is prepared by conjugation of any of the
antibodies provided herein with MC-val-cit-PAB-MMAF following the protocol provided
for preparation of Ab-MC-MMAE.

Antibody-SMCC-DM]1 is prepared by conjugation of any of the antibodies

30  provided herein with SMCC-DM1 as follows. Purified antibody is derivatized with
(Succinimidyl  4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC, Pierce
Biotechnology, Inc) to introduce the SMCC linker. Specifically, antibody is treated at 20
mg/mL in 50mM potassium phosphate/ 50 mM sodium chloride/ 2 mM ERTA, pH 6.5
with 7.5 molar equivalents of SMCC (20 mM in DMSO, 6.7 mg/mL). After stirring for 2
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20Antibody-MC-MMAF may be prepared by conjugation of any of the antibodies provided herein with
MC-MMAF following the protocol provided for preparation of AbMC-MMAE. Antibody-MC-val-c
t-PAB-MMAE is prepared by conjugation of any of the antibodies provided herein with
MC-val-cit-PEBHNI%BIlowing the protocol provided 25 for preparation’df AbMEMMEE.
Antibody-MC-val-cit-PAB-MMAF is prepared by conjugation of any of the antibodies provided herein
with MC-valigitxi® ABdbMMAffolowittgaite tprotesolpr clideckfGoprepsitation dtlikbeMOIAE.
Antibody-SMCC-DM Lis prepared by.conjugati f ihadi | in with
SR TR e en TR e AL A
cyclohexanesiHoedso RytatEHBMGC CH BiS rcarBistdr nnleinina fer tenprshradchans siectnker.

Specifically, antibogy|8iealGra! AL SOMMPtaSHIMPRasRAGICHRAM:sarin chioride!
2 mM EDTA, pH 6.5 with 7.5 molar equivalents of SMCC (20 mM in DMSO, 6.7 mg/mL:.éAf er stirring

for 2 WO 260dmgddapic?/oSbEBA67 DEBE- Aol JRAL CRGBI S AR HichPtE LD LR reaction

mixture is filtlesed dhramah @ Senhadew s 2b oRtumnEavilipraiadnvith SOmeM:patassiusipkiosphate/ 50
mM sodium chloride/ 2 mM EDTA, pH 6.5. Antibod& ntainin\%fractions areﬁo Ied.al%q as&ayed.
(>

Antibody-S MR B RREHHIR Y08l dreenwitr % SO BIGS SRR T

m i%odfﬁjrm chloride/2
rM EDTA, phlddh iGapfinghconsentratieniof abauinlQ mg/4d, andwehdtedBitheploomMBwlution of

DM I in dimethylacetarnide. The reactiqn is stirred at ient temper under ar 1645 hours.
The conjuge?ﬁsl Er K& n&rriﬁ&(f% em(i%s1 i@r@&%hfo&#a%‘ggh%r&%gf (g{é%ﬁ%rat%nrco umn (1.5 x 4.9 cm)
with 1 x(PBSwat gpid 8.550Mn@.DM | drug to antibody ratio (p) may be about 2 to 5, as measured by the

absorbance at 252 0.06p. 4024 00T vy ASERPULIS BieRate Rycopaionelany of the

antibodies provided herein wit P-DMI as follows. Purified antibody is derivatized with
N-succinimidyith4SER-BYibyAshfoliaiitaraifosd wmtiberices diaispirmdy PER dpsuaciBEay 5 #6.0 mg, 8
mg/mL) in 4 &%ﬁ@%ﬂ%g@tﬁ}ﬁuﬁa&p@n@w@mmmmmmg {5RumN1) and 15
EDTA (1 mMj is freated with SPP (5.3 molar e%uwale tsr&%g mL eth_anoIWF{?wc tio(rll for 90
minutes undsr #tddRlaP bR RERSEIREReS @t?é’é’gﬁ‘i iR R G HREIRY thioligh ' Ephadex
625 column gayilibratadwyith 85.0M snEiSRPCiFatenibid mMinaGls 20N BDTabAntbodyieontaining
fractions were pooled gnd %ssgéeq. T%degreeto'f r%odliIi%amtioenm f rtha% antitc:l)&g(}/nis ﬁjx t%érrgén%? as
described abBRP S8R At Oty EREE B tHhBEYL 31 ARGIEE OF ré’leasa%’lehﬁ-'iﬁlopyng?he groups) is diluted
with the abov@t@sdnivthaddiusplcikat Gpiifehypilc]itoatefindllcohoegvitratonofitbisut 25mig/mL. DM1
(1.7 equivalepte, 17 moles) in 30.mMdimsihylaeRiamid (BIA.% it B be inahieqctiop mixure)
is then added 10 tHée ‘antibo y solution. }fhe reaction proceeds atpamblent temperature under argon for
about 20 howmdtidiceamtioftis odidedyon determined as described above.
20 Antibody-SPP-Py (about 10 umoles of releasable 2-thiopyridine groups) is diluted
with the above 35 mM sodium citrate buffer, pH 6.5, to a final concentration of about 2.5
mg/mL. DM1 (1.7 equivalents, 17 pmoles) in 3.0 mM dimethylacetamide (DMA, 3% VIV e
in the final reaction mixture) is then added to the antibody solution. The reaction proceeds
at ambient temperature under argon for about 20 hours. The reaction is loaded on a
25 Sephacryl S300 gel filtration column (5.0 cm x 90.0 cm, 1.77 L) equilibrated with 35 mM
sodium citrate, 154 mM NaCl, pH 6.5. The flow rate may be about 5.0 mL/min and 65
fractions (20.0 mL cach) are collected. The number of DM1 drug molecules linked per
antibody molecule (p’) is determined by measuring the absorbance at 252 nm and 280 nm,
and may be about 2 to 4 DM1 drug moities per 2H9 antibody. _
30 Antibody-BMPEQ-DM1 is prepared by conjugation of any of the antibodies
provided herein with BMPEO-DMI1 as follows. The antibody is modified by the bis-
maleimido reagent BM(PEOM (Pierce Chemical), leaving an unreacted maleimido group

on the surface of the antibody. This may be accomplished by dissolving BM(PEO)M in a
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25 Sephacryl 5300 gel filtration column (5 0 cm x 90.0 cm, 1.77 L) equilibrated with 35 mM sodium
citrate, 154 mM NaC1, pH 6.5. The flow rate may be about 5.0 mL/min and 65 fractions (20 0 mL
each) are collected. The number of DM1 drug molecules linked per antibody molecule (p') is
determined BYARBHE#MNG the absorbance at 252 nm and 280 nm, and maY BE 88U 2¥8 4 DMI drug
moities per 2H9 antibody. 30Antibody-BMPEO-DML1 is prepared by conjugation of any of the
antibodies psovidethhereinaiti-BIMPE @ Diddnastiollofvs) Tild antibdibiygs motificady tbredsis-
maleimido reagent B LK (RIS ERemicA JeRvDo At ariad Malchmiediaum oy the
surface of the anﬁ%éldfl). TS maygoe acco prﬁ ed E’oy isso‘li;/mg BM?PEO)4 ina WO
2007/149932RGHAIBR007/$ 17368850 tictranbirivardr alixvineg ib @ corrteivg atidAuwT ieOPAN and
adding a tenég!f}gapgﬂﬁgfesc%&éﬁgem@,u@%m&_@é@ng badysin phesphae buieradisaline at a
a

concentration of approximately 1.6 mg/ml (10 micromolar) and allowing it to react for 1 hour to form
antibody-linkéeriterriddinte coMouB MpE@CEXée S8 B Pites e mavetd Byd St (HiTrap

column, Phagmagiad if30:MikoilraislaPE & WIMPR iNoNag | bulierhfnanpiaiimbtd ADxfald molar
excess DM1 is dissolved in dimethg&acetamide (DM(')%) and ad%?_gto the - MPEOIintetggnediate.
Dimethy! foratRsid® (BREPSRMIIES betermsiivtd P HREdke ARG dBEL A5 hE reaction
mixture is allowaetel reagkaiesnight hefare gel it pation DiidialysisnimiixRBSi¢o: emal éounreacted
DML1. Gel 10 filtration on.S200 calumns in PBS was.use remove high molecul Mlleigig aggregates
and furnish PUATE Iﬁ&‘gﬁﬂﬁﬁc%%%}l o Aor{ti@oa SBelﬁ\?})a%\}ge% © rﬁ?ﬁ%o&%%%?%ﬁeﬁnmntioﬁ can be
further meodifiggattoaant&iR0additionsl indtif oteinesdows enoivtibsgthatodveslanovareln tegragsighd readily
available. In one.15.embodi t letigg suitable for derivatization of the antibody are water

. . R/[?Q'ﬁ r
soluble polyr%%dﬁsﬁ}rﬂlgflﬁ-qﬁr&ﬂ)%%%%%p es ofkb\(/?\vzater soluble polymers include, but are not limited to,
polyethylene glycol (PEG), copolymers of ethylene glycoUpropylene glycol, carboxymethylcellulose,
dextran, polyyimy.alcobalgpebsvinyl pyrrolidone, poly-1, 3- dioxolane, poly-1,3,6-trioxane,
ethylene/maleic anhydride copolymer, polyaminoacids 20 (either homopolymers or random
copolymers), and daxtiamias pofy (hevinyigpyinoficlon&xp dyestiaylenedifipdoltopregiepyl aAdityebl
homopolymeys, pralvpiopylens Qiide/allvisne.gde so-amet PRl ey elMAIRE polyalade 0.

yl'alcohol, an

glycerol), poII§/V| ‘mixtures thereof Polyethylene glycol propionaldehyde may have
advantages smbedioferstulinguieios isaislibifey idonzrEratior PO ERERa)harer 4y nbidSiar 25

weight, and may.be bragehehenynRianabeds Taenuwmbes péralweisattached iodberartiiody may
vary, and if more than one polymers are attached, they can be the same or. iﬁer%%emog&cgtges. In
e

general, the HumbRiyERety B SH pSRFfRrs RO RBF HeMaf BHER cA BRI @58 d on

considerationgnslyugingyulinetdimitedds, fhgpariculacisbpsstiesnt funetibdsnef theantiBedy to be

meroved. whethethe anjbedy 30derivaiig wil b 5ed In hSreRA ML A< s eRasians. ec

20  (either homopolymers or random copolymers), and dextran or poly(n-vinyl

pyrrolidone)polyethylene glycol, propropylene glycol homopolymers, prolypropylene
oxide/cthylene oxide co»po]ymérs, polyoxyethylated polyols (e.g., glycerol), polyvinyl
alcohol, and mixtures thereof. Polyethylene glycol propionaldehyde may have advantages
in manufacturing due to its stability in water. The polymer may be of any molecular
25  weight, and may be branched or unbranched. The number of polymers attached to the
antibody may vary, and if more than one polymers are attached, they can be the same or
different molecules. In general, the number and/or type of polymers used for
derivatization can be determined based on considerations including, but not limited to, the
particular propertics or functions of the antibody to be improved, whether the antibody

30  derivative will be used in a therapy under defined conditions, etc.
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WO 2007/149932PCT/US2007/071688 Pharmaceutical Formulations Therapeutic formulations
comprising an antibody of the invention are prepared for storage by mixing the antibody having the
desired degree of purity with optional physiologically acceptable carriers, excipients or stabilizers
(Remington WPHEMEEEUtical 5 Sciences 16th edition, Osol, A. Ed. (198555 ’ﬁﬁ’r@%ﬁﬁgﬁf aqueous
solutions, lyophilized or other dried formulations. Acceptable carriers, excipients, or stabilizers are
nontoxic to regpienisatinesdesages:and concentrations employed, and include buffers such as
phosphate, citrate, histidine and other organic acids; antioxidants including ascorbic acid and
methionine; preserVhtivpsutsubirasldotas eoyidiviethylbetibpdarfibainve et ride PIHEdfethonium
chioride; bengaaniyn ﬁm&%d%eb%ﬂasﬁa?”i{mrfé"ﬁ{édﬂeﬁ%n%&lééyb@rﬁ%ﬁﬂyh@lﬁot}g{mﬁu‘{yl

parabens such @ m ropyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and
m-cresol); IQVhYﬁoleemkm@m%@ﬁﬁWﬁaW@@?@é|é*&@§)zﬁ‘{§lyﬁ effites proks Tﬁ?%@ﬁaés serum

albuming gelatin, o immuneglabulios; hydiophikewolymers.sucsr agurelkvioylayilidesialiamino acids

such as glycine, 15 glutamine, aspar ﬁglne histidine, arginine, or lysine; rg}]onosaccharldes
disaccharides, & %%Bﬁﬂr‘?ﬂ%lt orreiabl ﬁg’@lfifbs‘é"%é%% SEP TR AL 08 8ttt agents

such as ED T4y sugarasue assesesase, m%ﬁtﬁ{tﬂﬂﬁaiﬁ@e)wcﬁmbﬂolmwefdmﬁfag cowimtes-ions such
as sodium; metal complexes (e

ng/ fact
TWEENT . Ip DR a0 BFVBHE DTSRt (o BUTHR R R et 2 i
more than oaﬁdamwﬁlmmopm@hﬁ&mesemw fsr dbedsariidtmathiylbivab ebaingtmatdiprpieferably
those v complementary agihiles hat g nohadysisey alle.SaRh OHBIsSURBMOIRUEs are

suitably presen in combination in amounts that are effective for the purpose intended.

active ingrediemts! mbyphalscaeleptrappradsisimierotaiiguies [@F@Bﬂréﬁfq’@?@?@?é@ﬁbIéeWHtPécervatlon
techniques or by iteriaciay BQ:MH&”ZQ{&P% foeexample. ydraymetbv IcRb1iiasawit 10

gelatin- mlcro apsuie and poly-(met ylmethac‘glate) microcapsulc, res ectively, in collojdal drug

delivery systeanduddr E@éﬁﬁ?ﬁ@qﬁ’pﬁﬁﬁ% SB0IAN PO SHRERES | #hIETEe AL ISEHE IR M ticles and

nanocapsulgs) e R RAGNORLHSIQRt decl@dgaqugeﬁ}aﬂaxwﬁci@ﬁﬁd incRIeMingtonis Blyaimmaceutical
Sciences 3016th edltlon Osol, A. Ed. (1980 farmulations tQ be,used for in vivo administration

must bé%terﬂ@talfﬁ’%ersatséé?ﬁ%mﬁcm ﬁgh . ﬁ1tP§'ﬁ§ﬁ%’rW Y e b acs R Y. wo
2007/14993 e d4H3RAHHFL 68SudingSelsteinedraisase pr efraratiensheiayrige qgreparadh Suitable

examples of rﬁéﬁnedaﬁlggﬁle fjgrg %ar?go%s i olfd§ ?ufnsger 8%9 girqgf{lﬁﬁ%gi%%{yq&ghoblc
globulifi o

polymers co gs"fﬁe ImmMuno & mvention, which matrices are in the Lot in of shaped
articles, e.g. sfittnszorsoiorocapsuié. Exaphples 6f sustinedirile ssmphateidesapdRIddon-ionic

surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

20 The formulation hercin may also contain more than one active compound as
necessary 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

25  example, by -coacervation techniques or by interfacial polymerization, for example,
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 im
macroemulsions. Such techniques are disclosed in Remingtor's Pharmaceutical Sciences

30 16th edition, Osol, A. Ed. (1980).

The formulations to be used for in vive administration must be sterile. This 18

readily accomplished by filtration through sterile filtration membranes.

73



5 polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylatcohol)),
polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate,
non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the
LUPRON DEY@&PITT#3#iectable microspheres composed of lactic acid-g?%ﬁézgﬁﬁ'%ﬁ%lymer and
leuprolide acetate), and poly-D-(-)-3- 10 hydroxybutyric acid. While polymers such as ethylene-vinyl
acetate and lactic agid:glyeolicacigepablpieleascofpnolecdlesiarnidvaxiNpldays scertmialnydrogels
release proteins for shorter time peripds. When encapsulated immunqglobulins remain. in the body for
a long time, THEYMATFBERATGRe ]6[%?333 ré%%%%eggeaar?)r%sﬁacl)rfceeﬁpgsusroeﬂtgoL mggqus%&aé;n%@ : rée%ulting ina
loss of biologieaiantiyitye anchpassititel chaithe stiveimmunddgenicityicRationalths fsratebibsnedn be

devised for sigblization dapending.endigaiechanisphioyely st at examele olihe.agareagtion

mechanism {s discovéred to Be intermolecular S-S bond fmmation through thio-disulfide interchange,

stabilizafion pobptersachibyéwgsismodiying stthptiny| resbited st R oRratiie soldfions,
controlling mgy ﬁﬁﬁ@&ﬁﬂf))yﬁmeﬁﬁ%@Igﬂ?éef%@!(i%\(%%mﬂldﬁ\@mmﬁp@pﬂi@m@ﬂm&kmatrix

compositions. 20The following are examples of the methods and compositions of the invention. It is

understood #t vaiexis othirranthomarrRdhly rehylersivEy | goeiAtthd araae JAELRSELh provided
above. EXAMEL 25 Materals,and Nethogds ReagepisoRrayibyvas ipmduntexiginsham (San

Leandro, CA),"uPA (high molecular weight form) from American Diagnostica (Greenwich, CT) and the

chromogenicenbetedes agicaeid-2RaliS 2966 M P BRA IR NS ICRRGL A8 MY T RelRutitz domain
inhibitow%giﬁgy?g)ﬁm.m@.at%t;@eg;s@wme@q@m@ngm@m-;&wwxm peduced in E.

cqil as d_es_,cribed (19). T.inPro cells were from Expression System LLC (Woadl rrld,FAr%]C,

Nickel-nitrilofH¥tic 44d sy Wrasort (131%1168‘?11%f%ﬂ‘é‘fgvﬁéﬂﬁaéﬁ)ccégﬁ%}r&éBﬁ%\ﬁose Wo

20071149932 IS0 FieSSeriods. When encapsulated immunoglobulins remain in the body

for a long time, they may denature or aggregate as a result of exposure to moisture at 37°C,

~ resulting in a loss of biological activity and possible changes in immunogenicity. Rational

15  strategics can be devised for stabilization depending on the mechanism involved. For

example, if the aggrepation mechanism is discovered to be intermolecular S-S bond

formation through thio-disulfide interchange, stabilization may be achieved by modifying

sulfhydryl residues, lyophilizing from acidic solutions, controlling moisture content, using

appropriate additives, and developing specific polymer matrix compositions.

20 The following are examples of the methods and compositions of the invention. It is
understood that various other embodiments may be practiced, given the general description’

provided above.

EXAMPLE
25  Materials and Methods

Reagents
Pro-uPA was from Cortex Biochem (San Leandro, CA), uPA (high molecular

weight form) from American Diagnostica (Greenwich, CT) and the chromogenic substrates
30  $2444 and S2366 from Diapharma (Westchester, OH). The Kunitz domain inhibitor KD1
derived from hepatocyte growth factor activator inhibitor-1B (HAI-1B) was produced in E.
coli as described (19). T.inPro cells were from Expression System LLC (Woodland, CA).
Nickel-nitrilotriacetic acid resin was from Qiagen Inc (Chatsworth, CA) and Q-Sepharose
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from GE Healthcare (Piscataway, NJ). A soluble form of hepatocytc growth factor activator inhibitor-2
(HAI-2) was recombinantly expressed and purified as described (16). A soluble form of HEPSIN
comprising the entire extracellular domain was produced by use of a baculovirus expression system. A
secreted His8F§EHH#IEIRSIN 5 cDNA was constructed by fusion of the cBREWEBHIAE#8Fthe signal
sequence of honey bee melittin (Metl-Tyr20) with the cDNA coding for the extracelluar domain of
human HEPSN (4retresdtide Thadinalsh WS)conststivaFinaese ddpasobaculpyivts faxpression
vector under the control of a edrin promoter and expressed in T.in.Pro cells, Hepsin.was purified
by nickel-nitﬁ?&%@éﬁé%%?&'i%’%ﬁ%&%@@?ﬁ At Oe)é%rseé’%??aﬁ%g&éu%%%ﬁ ggsf%s)é)a%)
Hepsin-containing mediutiewasonflifHEINvithrh jnbngo dieneatzicl ex0r v INGC Idanthins waM Imidazole
and the pH wa adiisted (o pr, 0,0 Using NaQL Brescharged nickeliuiatiacetisegigpenn was
added to media (4 mi’rcsing ysorpt ) irri

e |urr?). atch a sorptlgn was performed by gently stirring at 4C for 2
h. After allovwilj Aheasesinstoisiettbyfdesioh offtb sseipdirh sestinfas e sk UHENIsOFdsREP Aeked into a

column. 15 The: columpwaswasheg With RI0ITUR 1P splumBHRINRe4hRBI/O BuMacl pH
7.4, then followed by 10 coflumn volumes of 25 mM Imidazole, 0.3M NaCl, 1 rnM sodium azide pH 8.0.

Proteins werdRASEN (Hith 2564mNI Imidsz 81l 0XP N ACTISURNVED BT 908 FHIS BB fractions

Werg di|Ut6de§9|f£@J;Q)ﬁqVJe@thn-EE§ tiam%ﬁﬁqi%maag&dﬁf&g&&mtadmﬂmﬁmémi ranafﬁ)witf/l f
conductivity below 2.0 mSicm The protejn was 20 Loaded onto Q-Sepharosc FF at 0.1 ml resin/mg o
protein. The EimAREE v%ﬁﬁﬁa%in%ﬁ“%ﬁ%%ﬁ%% 38 Sm%}é}g Booth ne T sodium

azide pid 8.0:apaHIEPSINesatbellted)witemid-edniditiad heiadientin @AdiiiTdisyRmM sddium azide
pH 8.0. Production of.mo al anti-HEP. antibod Five.Balb/c.mi I j
Laboratories’fe!%fwﬁggs’v@gr%oﬁfég rallr]fﬁdrlr_l1 5 n%she&d wllﬂ%zﬁz%ﬁ%%%ﬁ%&gﬁf i%\dﬁf%% %%?Sﬁrvgr?t ‘E%g
ImmunocheN4REbe@rekchacze MO HgISAYi Btoetisfrawidynsih wodeddfrdme fivedinicermlarsifubéd with
ouse il ol 63 AGA55 ARIATTINS Cullys Galesio D, USAaswiaious

ays, a

: 1 .
described (ZIB. ter 10 - 14 e supernatants'were harvested and screened for antibody 30

production with isHEP SIKDipcing theISRearien) FRds ueRlgnd tamesn paled iIRe e WBRectal cell
line HPAC (Amerigamd ¥ke GaliieGollesinnmanassss i a5 anadstivesontal Navepositive

clones, showing the highest immunobinding and specificity after the second r uqdn{)b;lsin le cell per
well cloning ?Eﬁit@@-@?ﬁ%?@%ﬁ&&ﬂ%ﬁ@ﬂm“ ot 25 mM Imdazole, 0.3M NaCl, sodium

azide pH 8.0. Proteins were eluted with 250 mM Imidazole, 0.3 M NaCl, 1 mM sodium
azide pH 8.0. Pooled fractions were diluted 60-fold in 10 mM Tris 1mM sodium azide pH
8.0 and adjusted to a final pH 8.0 with conductivity below 2.0 mS/cm. The protein was

20 loaded onto Q-Sepharose FF at 0.1 ml resin/mg of protein. The column was washed with a
minimum of 10 column volumes of 20 mM Tris, 2mM sodium azide pH 8.0 and HEPSIN
was cluted with a 0 - 1 M NaCl gradient in 20 mM Tris, 2mM sodium azide pH 8.0.

Production of monoclonal anti-HEPSIN antibody

25 Five Balb/c mice (Charles River Laboratories, MA, USA) were hyperimmunized
with purified HEPSIN in RIBI adjuvant (Ribi Immunochem Research Inc., MO, USA). B
cells from lymph nodes from five mice were fused with mouse myeloma cells
(X63.Ag8.653; American Type Culture Collection, MD, USA) as previously described
(21). After 10 - 14 days, the supernatants were harvested and screened for antibody

30  production with a HEPSIN binding ELISA and by FACS using LnCaP-34 cells and the
colorectal cell line HPAC {American Type Culture Collection, Manassas, VA} as a
negative control. Five positive clones, showing the highest immunobinding and specificity
after the second round of single cell per well cloning (Elite 1 Sorter, Beckman Coulter,
CA, USAj, were scaled up for purification in INTEGRA CELLine 1000 (Integra

75



CA, USA), were scaled up for purification in INTEGRA CELLine 1000 (Integra WO
20071149932PCT/US20071071688 Biosciences, AG, Switzerland). The supernatants were purified by
Protein A affinity chromatography, sterile filtered (0.2 um pore size; Nalge Nune International, NY,
USA) and stdfedat/s@# PBS. HEPS1N binding EL1SA 5Microtiter platggm}g@g’fﬁmgslnternational,
NY, USA) were coated with 100 gl/well of HEPS1N (1gg/m1) in 0.05 M carbonate buffer, pH 9.6,
overnight ateGscRiaies were swashednadith B SigabMefuvivinveanifodahy Subssyuerdiibivcked with
PBS/0.5% (w/v) BSA/0.05% (v/v) Twee . 100 gl of cultyre super. h well and
incubated o RAP R Blaied é:}rlée\g\?e(i{;ﬁ?éd Bnd %ﬁ% i%edrﬁﬁﬁﬁﬁgg%%ﬁa%&%c%ﬁﬁﬁ Sﬁgf
horseradishgpdraxidhseddoniLRsed goat anti-mouse 1gG (Sigma-Aldrich Inc. MO, USA), 100 Ml/well at
1:5000 dilution in PBS/0.5A BSA/0.05% Tween 20, incubated for 30 mm. Following an additional wash
step, BioFXﬁﬁ@%lﬁjﬁﬁHﬁgggjgﬁx Laboratories, MD, USA) was added, incubated for 5 min and the
reaction stopped with BioFX Stop solution (BioFX Laboratories, MD, USA). Then the absorbance at
630 TIM was meaddiadtver o kEmichabiatmadbremesivualioN b HEABINEHEPEDHEES PP ncaP cells

The human e GRAEBERN) gy B dnGaB), yyas abtatnadiromiAmerican Type
Culture c:ongytﬁéﬁ I\ﬂ%ﬁassas?\%&%% gglg?sﬁvsec:gé@ é%lt%ﬂﬁi in RPM1 1640 n%ediumg%%%%t) Manassas,

VA) plus 1096cfetaiasesdriei PR S5 AR 2D A oM ST LK PIRekSS widh Sbly

expressed the fisally Aucierase/oene N CaPdoa)iwasuaad fapdiRal Nvieakiedtior@kpedinents. To
establish the LnCaP-luc cell line the luciferasc gen as.an EcoR Xh({l/&%)vﬁliA fragment

was clone
inserted intoMEpavRstsd g0l %&si%ﬁ%&%‘iﬁ(ﬁﬁﬁﬁﬁo%%ﬁﬁ QR ERR IRt View A).
LnCaP1gellspypeeirnsiectadastodiieduciegasesncnstruet lesingpigipeféidartine2000.(Mbivogen, 25
Carlsbad, CA), The cells lected wi Ho/, tiCl i ngsygre
screened forlé?oﬁﬁﬁ’ﬁ?@%tcg?@ge:%ﬁﬁ@rbﬁl L?SEIS r??éb(t)liuﬂé%] %ﬁg@%@g&%&@%ﬁ%@% E!,QMA). Tl?ﬁe clone

LnCaP-luc, WhikiwjrgducedditiensfrovigbsstmmiBiedoe iod BighbstratasBidSen RonpEh thHsfection
experiments, The cDNA of full-lenath HERSIN wesiserahinia s iammalismexnpspiacd) vector

containing the puromycin résistance gene for antibiotic selection (Genentech, South San Francisco,

CA). The LnGiPERid ehometarias. (PARSTESAY vt HBecHMSRRRCe it AN TIIMEH GIFAEHESSIN fith a
C-terminal F}ﬂgma@%g@&_cells were selected with 0.5 jig/m1

Production of HEPSIN over-expressing LnCaP cells

The human prostate carcinoma cell line, LnCaP-FGC (LnCaP), was obtained from

American Type Culture Collection (Manassas, VA). The cells were cultured in RPMI

1640 medium (ATCC, Manassas, VA) plus 10% fetal bovine serum (Sigma-Aldrich, St

20 Louis, MO). A LaCaP clone that stably expressed the firefly luciferase genc (EnCaP-luc)

was used for HEPSIN transfection experiments. To establish the LnCaP-luc cell line the

huciferase gene was subcloned as an EcoRI/Xhol c¢DNA fragment inserted into the

pMSCVneo expression vector (BD Biosciences-Clontech, Mountain View, CA). LnCaP

cells were transfected with the luciferase construct using Lipofectamine 2000 (Invitrogen,

25  Carlsbad, CA). The ceils were selected with 500 pg/ml Geneticin (Invitrogen) and clones

were screened for bioluminescence activity by using the Luclite kit (PerkinElmer, Boston,

MA). The clone LnCaP-luc, which produced the strongest luminescence signal, was
chosen for Hepsin transfection experiments,

The cDNA of full-length HEPSIN was inserted into a mammalian expression

36 vector containing the puromycin resistance gene for antibiotic selection (Genentech, South

San Francisco, CA). The LnCaP-luc clone was transfected with the construct encoding

full-length HEPSIN with a C-terminal Flag tag and the cells were selected with 0.5 pg/ml
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WO 2007/149932PCT1US2007/071688 puromycin (Sigma-Adrich). The clones were analysed by
FACS for HEPSIN surface expression using an anti-Flag monoclonal antibody (Sigma-Adrich). Two
clones, the high HEPSIN expressor LnCaP-34 and the low HEPS1N expressor LnCaP-17, were
selected for HARUSAEPBEthe anti-HEPSIN monoclonals. 5FACS analysis FCTETAAURHE I 1ayers
were washed with PBS and cells removed with cell dissociation solution (Sigma-Aldrich Inc. MO,
USA). The celiewase waishedaith BIrandiesysperded ip By A 4 07 CHESHT inRS/1Y0 (V/v)

FBS. 100 ul of the cell suspension was incuhated with culture supern or purified antijpodies for
40 mm on 15RE S EEls %&%‘%ﬁ%@&%é’& %@jﬁﬁ@%%! f#l%’r ‘3%&%§P§flw\9vﬁﬁoﬁe§-§§n%%%ated
F(ab’)2 goatBHSDOLSEdgGr (JeCkRAd mintindresHERITN aspratanids (ind - PA WIS Al digte®r1:1000 in

PBS/1YOFBS (y/v). Plates werg- ated far in on ice, cells washed twice with PBS. The cell
pellets weresﬁg(gheéﬁ“’elﬁk‘dg ?ﬁ%ﬁ)ﬂ%‘éﬁaﬂlﬁ?&%ﬁé%lnen Scientific, MI, USA) and antibody binding

measured on a FACSscan (Becton and Dickinson Biosciences, 15 CA, USA). Isotyping The
isotypes’of tEé:@ﬁﬁ%@MAbs were detennined by use of two commercially available kits, the

mono-AB-ID SP Kit{gymed LaRofatories, LA LSe) apdihesRouse manoclonalantadycisotyping kit

Isostrip (Roche Diagnostics Corporation, IN, USA). 20Biottnylation of monoclonal antibodies

Biotin was cdixsieilipecapisentéSigeaviadtidhy Moy deiainidd e sedls of ih § eisth BittiRRE CB-NHS,
Pierce, USA), The GBI Songs disslvedyin JaMSO 2 prefn), and - petdsd a0 iatie afclfijug biotin:1
mg antibody and incubated for 2 h. Free biotin was removed by extensive dialysis against PBS at 4C.
The biotinylafétamitBolssifERtder 85 SIS ARG My Sty F&#ﬁ&%ﬁ%ﬁo%ndg?ermination

b com etjtionQindir: GhilShere wilikéatitekplatesPBarerooasedwititiad o il ofitiERS Mbl)jig/m1) in

0.05 M carbonate buffer pH 9.6 overnight at 4C. The plates were washgd with PBS/0,050%.(v/v) Tween
20 and block@&WﬁH’E%%P .%%(&%’ﬂf%@%uﬁ?vlg%%a g) 1‘“3%% . Cé%’lfﬁ)geﬁll% b Lgff)%crllflle, 6altntibodies
(20 jig/m1) werBBSELHBERS forv )l PhitdR Fydollowelthizg e 3@ diflonofdsiotiiiylatethethtivisdiast2 jig/m1).

Alter a 1-h I%Qa tﬂ]etgg.lb]:iagﬂgéél%g% %E:‘E{BSQ%‘@E"% 1% formalin (Richard Allen Scientific, MI,

USA) and antibody binding measured on a FACSscan (Becton and Dickinson Biosciences,

15 CA, USA).

Isotyping

The isotypes of the purified MAbs were determined by use of two commercially
available kits, the mono-AB-ID SP Kit (Zymed Laboratories, CA, USA) and the mouse
monoclonal antibody isotyping kit Isostrip (Roche Diagnostics Corporation, IN, USA).

20  Biotinylation of monoclonal antibodies
Biotin was covalently coupled to IgG via N-hydroxysuccinamide ester of long
chain biotin (LCB-NHS, Pierce, USA). The LCB-NHS was dissolved in DMSO (2 mg/ml)
and added at a ratio of 100 ug biotin:1 mg antibody and incubated for 2 h. Free biotin was
removed by extensive dialysis against PBS at 4°C. The biotinylated antibodies were then

25  sterile-filtered and stored at 4°C.

Antibody epitope determination by competition binding ELISA

Microtiter plates were coated with 100 ul/well of HEPSIN (1 pg/ml) in 0.05 M

carbonate buffer pH 9.6 overnight at 4°C. The plates were washed with PBS/0.05% (v/v)
Tween 20 and blocked with PBS/0.5% BSA/0.05% Tween 20 for 30 min. The unlabeled

30 purified antibodies (20 pg/ml) were incubated for 1 h at RT, followed by the addition of
biotinylated antibodies (2 pg/ml). After a 1-h incubation the biotinylated antibody was
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WO 2007/149932PCT/US2007/071688 detected with 1:5000 diluted horseradish
peroxidasc-conjugated streptayidin (Jackson Immunoresearch Laboratories Inc., PA, USA). The
absorbance at 630 urn, was measured on a microplate reader. 5 Pro-uPA activation by HEPS1N

A soluble forOAMRE4Runitz inhibitor HA1-2 was used as a stop reagent P B activation
assay. HAI-2 does potently inhibit HEPSIN activity but not uPA activity as verified in an enzymatic
assay. HAI- stcmauﬂdatedsMh QlbteMHaREE SN pEdNNkisRAfoe88dnitriptivepos (huffeer(20 mMm
Hcpes, pH 7 5, 150 mM Ca % J{ito reMLie he
chromogenic su smbs rrr.fl3 3 %Zg Orﬁlﬁ%l%ébﬁg& f O%@éﬁ)&%&% added ar?gsec%%ggfﬁgatlon
corresponding wﬁmpiﬁspwﬁ'e K", values, which were determined in separate experiments. After
substrate addition, the increase in absorbance at 405 nm was measured on a kinetic microplate reader
(Molecular Devices, Sunnyvale CA). The K,aPP values were determined by fitting the data 15to the

equatiofd for Righulin#ineg ol20003). In pro-uPA activation assays, the purified antibodies or

KD1 were incubateg] M%B EcEx’ﬁl foﬁae %@m&mﬁﬁiwdﬁﬁ@m wasistaried by pegdiggpfe-uRA. In this
mixture the concentration of reactants was_as follows: n!\&) 5 ﬁ?#e% 10Q nM § uPA 710 nivi
antibodies aREP# HMKEFHOR S rerii Aiirre SRR ARGt ATV ARG %Y MGded to 0.15

ml HAL-2 in idepge Aitetledstopnteezeadionasidier Hetdmama@ﬁzﬁﬁﬂnthQMth (QﬁmwijHWrmrease in
absorption a S asured read I ypnyvale,
CA). The corxge ar%)%,% 5¥ formed L urbgegf" eacﬁtI ng pom err%\?)r?e r%@ﬁ\ségn?ar% curve of
enzymaticallgatinveiEd BraenPR 180 thedimeampsesiof. uPk ﬂhmq@@ﬂtﬁaﬂébm’éééﬁ AlPAfed@urements
were carried m ic. substrate as Lhs.Rurfigd datfoodies or
the HAI-1B cfgé‘:é §alc&idﬁl%l %ﬁﬂ&% a\%ﬁv@egﬁ%ﬁgg%%w#] (g}g@SE;M aﬂgﬁ:%?"w %r 30 %nm in Hepes
buffer. EnzymespadivityKwasreonitdiel arer delameiness thSUaIn GHRmESHstr&Bs s3b¥ e final

Concentratloamiéﬂetﬂg%%agé ALMBFE 25 Ak Hﬁ%&%&@@fé&%@m@wrﬁ@md@%@nd 0.25
mM 52366. The increase in absorbance at 405 nm was measuredéj?# a klnetlpé{rggﬁ} te, reader and

results expreddelacalerRetishn BRAcaliviy (0500). XMHTRASTFSIFEMETR §E%t room

temperature YV LQRAGHHRI32RCHUSZHBHA6L6E3, ig)munoblottlng For immunoblotting
experiments, recombinant s%uble HEPSIN Wa%’ %a{lr)fz ]t))fty 4- 20% @éﬂ?%&ndgr redﬁcmg
conditions. The prot®ifFvaE rAHSRPEEEH S Nl ufose ad Semi

pSs LinVittogen) Using
Dry TransferisyBsIN.f6tBP Si and the reaction was started by adding pro-uPA. In this mlxturc the

concentration of reactants was as follows: 0.5 nM HEPSIN, 100 nM pro-uPA, 710 oM

antibodies and 71 nM KD1. At different time points 50ul aliquots were removed and
20 added to 0.15 ml HAI-2 in Hepes buffer to stop the reation. After addition of 50 pi S2444
(2.5 mM), the increase in absorption at 405 nm was measured on a kinetic microplate
reader (Molecular Devices, Sunnyvale, CA). The concentration of formed uPA at cach
time point was determined from a standard curve of enzymatically converted pro-uPA and
the linear rates of uPA formation calculated. All measurements were carried out at room

25 temperature.

Chromogenic substrate assay

The purified antibodies or the HAI-1B derived KD1 inhibitor (19) were incubated
with 0.25 nM HEPSIN for 30 min in Hepes buffer. Enzyme activity was monitored after
addition of the chromogenic substrate $2366, The final concentrations of the reactants

30 were: 0.25 nM HEPSIN, 500 nM antibody, 50 nM KD1 and 0.25 mM S2366. The increase
in absorbance at 405 nm was measured on a kinetic microplate reader and results expressed
as fractional enzyme activity (vi/v,). All measurements were carried out at room

temypy erature.
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5 was detected by using mouse monoclonal anti-Hepsin antibodies (2D5, 3H10, 1F2, 1E7, 3111)
followed by a HRP-conjugated goat anti-mouse antibody (Pierce; Rockford, IL) and ECL (GE

Healthcare; Piscataway, NJ) enhancement. Results Five monoclonal anti-HIE/PSZI{I}I_lr%Q}'[}gsodies were
produced. THEY ¥NMIE2trong 10 binding to HEPSIN in a direct ELISA-tye BIfing aseay (Fig. 3).

The weakest binder was 1E7.1.1. Cross-blocking experiments were carried out to identify the relative
binding epitdpesuabtihetangibodies. The antibodies 3E11.1.1, 3H10.1.2 and 1E2.1.1 inhibited each

other from binding o HEPSIN (Eig. 4). indicating.t h [ fegred to as
epitope A. 2D5.1.9£a9)ﬁﬂ%%%10% e@%ﬁﬁ%&}&%@&?ﬁg ﬁ%%@%f%@%ﬁﬁ?o&%%%ﬁ%g% 4), indicating

that they bin20f6 sEPSratb(@pitopéss, widietingreqatditiensto adkpieipte® anasC ivsfadveNitrig. 1). The
antibody isofynes YRR AR ARG RSB i Ed d s R Dln EaRseallisemweremspduced to

examine whether the antibodies recognized HEPSIN expressed on cell surfaces. Based on real-time

RT-PCF restits, dfedsdriy tirgraquemonogleal ie-slrapanbedirHeP Nt the' Edcap-17

cell line 20 ogily praiesse L RINERRGHS Jeral g @l HEPSHN attbaal Thaxne). FAKSranalysisiof the 5
antibodies showed that they all bound to the cell surfaces. 1E7.1.1 was the weakest binder in

agreement Vit thS RIS ARG B A% QSR DERHLIERNt with the higher HEPSIN RNA expression

of LnCaP-34magli&sthe antibodies gave a stronger fluorescence signal with these cells as indicated by

the higher mean flugrescence, intensiti ig.;1). -This.is 25 ifiled b ' in Figure 5
showing the bindinuéglg)? 3 m?i?ﬂﬁo%%éﬁﬁv}égﬁﬁcé 11%%%%8? g;%gg %@gﬁjs dyfeﬁg%r%?g%g%{ﬁgthe
antibodiés atergliie to HERSGNize AdiktenGiiSatives HBRgEN 8P (FiSED- oRbthw Wk ifkiea wWaswell as the

recombinant sojuble foim. Next e defermined whetherthe Antibogisnigtarered wiHERSIN

enzymatic function. In a chromogenic substrate as\s;% with the para-nitroanilide substrate S2366, 30

none of the @nifbpelied thectrsieatingth The paikedion A lal 4 DR bt atidn!&ESob Fibid 852 As a
positive CO“té%_é’ﬁ’%ﬁ?%i%%%ﬁ%%@‘ﬂglnhjpMio&ﬁ%@lﬁh\é&mﬁmmaﬂyﬂﬁmm@dwﬁPSIN
activity at a concentration of 50 nM (Fig. 6§ Mareaqver, the antibodli Weﬁ?examing%}ien a
HEPSIN-deg&fdsst H&%ﬁ%‘%&i@ati%‘ﬂgsa]s PByiss brRE 1Thi i’)‘ée DitY ALE SRR potently
inhibitegsHE RGNt 11k U ArfitaHay, e werebatd eo WerhA00H H4PA32RER /LSROBTHI 1688 to stop
the reaction at different ti oints .and ntjfy the formed uPA in the second stage, of the assay. The
linear rates SPHEHE ér%ﬁ?ﬁﬁﬁ?ﬁ@ﬁ%@’sﬁ%@@‘/ anflL 618%850%45 I%ﬁtWacPe‘ﬁéﬁgwﬁg?ﬁr}E% X ogng of the
antibodies siginifieaitlpiinHibited fheCrted HRA fomm atishicohtreasniod wbatiptetarydniioisd the
reaction (Table J In Flon EhdTes aresulls sogeaied tnakibe aniodis nailbernisireqith

\Y

HEPSIN-mediated activation of sma synthetic nor with macromolecular substrates. Therefore, the

binding epitofsesditbst s Ibeadl4ursidinhevarrsrpet PSR, afbilsrilis desfdihgedodenot
allosterigally &W%ﬁ&%&a aEHYE SIS GoniQImatips Al leas! ROt R ARgrestibahwauldopendatrimental

to the processm_g of pro-uPA or 52366 substrates. 10lmmunoblotting experiments hov%ed that the
antibodies bGgHBOR $hehoBRD S HtBasld bRmhin thegshsiRf oFHER SN TR e R 3 ¥Da
A-chain was poidetactadmithibaisniibodies (Figere ydnsicatng deat thiehhinolighep HERS IS contained
in the protease domain. The herein dg cri e%%nti-lgE °SIN mont?{():rllogza %n}étggq&sq?ina 'g%%oth
soluble and Mﬁ@ﬁ?ﬂi@@ﬁg e ;;—fé STR TR S TS e Sisunct epitope regions located on
the HEPS1Nth¢eieask domairzaznzyynékihiatics resultdlsoggastthatttheyisindigutside This astive site
region, yhich ma tFx{.lo an 'boﬁ. binding eyen if the HEPS1N aclive. siterisegypied by.an,,
endoge#:us ?ﬁﬁ%’ 6r1.e$l’11]| %:%:u %ﬁgﬁ‘%%r}tg%r the detection of HEPSIN in blood or urin, because
tumor-derivetidEP SdiNlmey fﬁhmrmmwrmed that the antibodies are able to recognize full-

length native HEPSIN expressed on the cell surface as well as the recombinant soluble

form. Next, we determined whether the antibodies interfered with HEPSIN enzymatic

function. In a chromogenic substrate assay with the para-nitroanilide substrate S2366,

30 none of the antibodies interfered with HEPSIN activity at a concentration of 500 nM (Fig.

6). As a positive control we used the potent HEPSIN inhibitor, KD1, which completely

inhibited HEPSIN activity at a concentration of 50 nM (Fig. 6). Moreover, the antibodies

were examined in a HEPSIN-dependent pro-uPA activation assay. By use of the Kunitz-

type inhibitor HAT-2, which potently inhibited HEPSIN but not uPA (Fig. 2), we were able
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20 endogenous inhibitors similar to matriptase, which was isolated as a matriptase:HA1-1 complex in
human breast milk (18). In addition, the ability of the antibodies to bind to denatured or partially
denatured HEPS1N may allow detection of tumor-derived HEPSIN that has undergone some degree

of degradatiSHCM78r¥Ahaturation. 25The following hybridomas have beEf dEFSEEE fiith the
American Type Culture Collection, 12301 Parklawn Drive, Rockville, MD, USA (ATCC): Cell
LinesATCC #caspsionDiotDeposiifRatet Aintibpdin#sad (@0t . P fseizd 28Xprin 3hoeo@mintibody
4545 (2D5.1.9)PTA-7470Apri 006 30Anti Ha JA-(4 L5, tibody
4547 (1 E7.1§T%1°ﬁf'}ﬁ?§2\’gri#§? §88% i%%%?b°§§§%ys‘§§§%%ﬁ§%%%%sgﬂﬁg o l‘)zﬁée()%g’ Q\)ﬁ\% r
2007/149932RGHtWS2B07I0716880ne Fhewe duphedies vwise fraetldy undditte hrotaiions vithe
Budapest Tr%%&(aaﬁrﬁh%ﬂ@lt@s[{‘%@P%hﬁ?&@&?i@mﬁté@%@%gﬁibﬂf drisroarganigms for tigsPurpose of

Patent Procedure and the Regulations thereunder (Budapest_Treaté/ . This assures maijntenance of a
viable déposisidis3usassie florhthscpiiredimsqeiosr ntrdse ddiliHEE YA Beatier g e HARME by ATCC
under the tegpg ofythe Budapesthraaiynand aubirekians apreefs)tiebivdan Gangateshsinc. and
ATCC, which assures pel inanent and unrestricted at\églilabil%qof the cellf!ines to tq? g)ublic1 upon

: 0 call

issuance of tie!perifemitds bR siN geivRsig Bie & BRSO FR G S SPHSHEGH patent

application, wighevahcaries first;qutshassunestdyailalbolity otitheceetatines: kb mndetiatehmined by the

U.S. Commigsioner of.Patents 19%%% gﬁ%ggg% (t{(rs to be entitled thereto according to 35 USC 122 and

the Commisgc‘?r%?pse?ﬁf}é%og rSuant there (inc udaltneé'37 CFR 1.14 with particular reference to 886 OG

638). 10 The assignesuohbietpreseptapplitatbnhas dgtety thetitpties depoditéel 81l fAkBshould be
lost or destroysd wheg,aiivatecunder shitalie aapdiiansthey i bR RAMRIL iERlasedten
i

notification with a specimen of the same cell line. Availability of the ) ) )
with the antibodics (Figure 8) indicating that the binding epitope is contained in the

protease domain.
The herein described anti-FHEPSIN monoclonal antibodies bind to both soluble and
15  cell surface-expressed HEPSIN. They bind to three distinct epitope regions located on the
HEPSIN protease domain. Enzyme kinetics results suggest that they bind outside the
active site region, which may aliow antibody binding even if the HEPSIN active site is
occupied by an endogenous inhibitor. This could be important for the detection of
HEPSIN in blood or urin, because tumor-derived HEPSIN may form complexes with
20 endogenous inhibitors similar to matriptase, which was isolated as a matriptase:HAI-1
complex in human breast miik (18). In addition, the ability of the antibodies to bind to
denatured or partially denatured HEPSIN may allow detection of tumor-derived HEPSIN

that has undergone some degree of degradation and/or denaturation,

25 The following hybridomas have been deposited with the American Type Culture
Collection, 12301 Parklawn Drive, Rockville, MD, USA (ATCC).
Cell Lines ATCC Agcession No. Deposit Date
Antibody 4544 (3H10.1.2) PTA-7472 April 5, 2006
Antibody 4545 (2D5.1.9) PTA-7470 April 5, 2006

30  Antibody 4546 (1F2.1.1} . PTA-7471 April 5, 2006
Antibody 4547 (1E7.1.1) PTA-7473 April 5, 2006
Antibody 4548 (3H1.1.1) PTA-7469 April 5, 2006
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15 deposited cell lines is not to be construed as a license to practice the invention in contravention of
the rights granted under the authority of any government in accordance with its patent laws. WO
2007/149932PCT/US2007/071688 Partial List of References 1.Somoza, J. R.. Ho. J. D., Luong, C.,
Ghate, M., SPHEHY&RFE. A., Mortara, K., Shrader, W. D., Sperandio, D. PER i ath, M. E.,
and Katz, B. A. (2003) Structure 11(9), 1123-1131 52.Vu, T. K., Liu, R. W., Haaksma, C. J., Tomasek,
J. J., and Howard, FheW . @017} IvBiolrtkienm:RIEL (50) p81a4isn3 18203 Brdane®. ToReh oM 115¢, Lee, Y.
S.,Huang, P. H., Lin, $.R., Tsai, T. ' . e A(>) 870 4. Wu,
Q.. Yu, D., Pas! 3%%%%&1{%%%%3%?3?;% #%%%l‘\%%’%%ng&gg&% 10 |{’r% n&\?egtg?gi(Z),
321-326 5. Pamiedote ahil teaR gl atiaskbssundor dBridanes. Torfye s 2 Rur sdRgnanceofparham,

C. P.. and QURARf, edold 9 h6-A06R! A8 HEOA2BRAR8H CrRhanaselatanif M. dlagretie, 1. R.
Ghosh, D., Shah, R., Varambally, S., Kurachi, K., Pienta, K. J., Rubin, M. A., and Chlnnr%gan, A. M.

(2001) Natursaaisbiebud) TE6Bpadente tarmms of s RRsiRct Ticsbnahy Wbl 9atba F ™ERing, C. M.,
Bittner, M. Lye{yent GloivhicaRdiisaaes AN: 8. Rk GancsirRes6il{i2 ind6h3:4a88 Slabigee, J. A,
Araki, T., Patil, S., Ehrig, T., True, L., Humphrey, P. A, %atalona, WU% Wats{on_, M. A., and Milbrandt,
M (2001) Caf?’fc@te ﬁ%‘é %_ptﬁgﬁ %‘6@’2@%%9 son tssaance of the pertinent U.S. pateni of upon Taying

open to the public of any U.S. or foreign patent application, whichever comes first, and

assures availability of the cell lines to one determined by the U.S. Commissioner of Patents

10 and Trademarks to be entitled thereto according to 35 USC §122 and the Commissionet's
rules pursuant thereto (including 37 CFR §1.14 with particular reference to 886 OG 638).

The assignee of the present application has agreed that if the deposited cell lines

shouid be lost or destroyed when cultivated under suitable conditions, they will be

promptly replaced on notification with a specimen of the same cell line. Availability of the

15 deposited cell lines is not to be construed as a license to practice the invention in

contravention of the rights- granted under the authority of any gbvernment in accordance

with its patent laws.
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amino acid sequence of HC-HVR1, HC-HVR2, HC- HVR3, LC-HVR1, LC-HVR2 and LCHVR3 of an
antibody produced by hybridoma cell line deposited at American Type Culture Collection (ATCC)
under Accession No. PTA-7469, PTA-7470, PTA-7471, PTA-7472, or PTA-7473, wherein said
antibody binds outside an active site of human HEPSIN that is bound by a hepatocyte growth factor
activator inhibitor. 2. The isolated antibody of claim 1, wherein the antibody comprises heavy and/or
light chain variable domain sequence of the antibody produced by hybridoma cell line deposited at
ATCC under Accession No. PTA-7469, PTA-7470, PTA-7471, PTA-7472, or PTA-7473. 3. The
isolated ak##8¥y of claim 2, wherein the antibody is encoded by the antibody coding sequence of
hybridoma cell line deposited at the ATCC under Accession No. PTA-7469, PTA-7470, PTA-7471,

PTA-7472, or PTA-7473. 4. The isolated antibody of any ona of glaims rdeyieisindhigepatocyte
growth faclror ac iva]tséjrz"ltr?ﬁi%?-{bgrogyr‘lﬁé%ﬁgbé@%é gfr%%\(/)th factor activator inhibitor-2 %-2 or hepatocyte

growth factoiractiiateqiatibitb HEBTRA- B HYRde HfcdRR fe bl VB THe )¥ Bttt tibody of any one
of claims 44 WherEif s AbaseReslisalbaindpiHER SN isiernaitoppatiialy denatured or
denatured form. 6. The isolated antibody of an 0 [ - [ > antibody binds soluble
or cell-attdeplisgtiarPIinG) Fden ASGRIEEE M?c%%%ggn%&?&?@%c?%gr@ﬁg%ﬁﬁﬂ acid sequence
encoding thesaniibodyatianyiohineddscaading sidims ac8yasitisel Atmekh SEREIN shrnissing a nucleic

acid molecule comprising a pugleic a(%%d §eq}ﬂggqgrencoding the antibody of any of claims 1-6. 9. An
isolated cé%)( mhéep(?é%ﬁﬁgqgrg}o%ﬁ%ﬁﬁa a HEPSIN antibody of any one of claims 1- 6. 10. A method of

producing an antgady of ANy GRR PEERIMS L sdhecOmBEsHIB S Laing b askcelhtmpising a nucleic
acid encoding the antibody under conditions wherein the %rj?tibo%és%\grod ced. ;11 A composition
comprising P ARTIBRIE SRR OHEET Ml Ana TS IR REPIESH fe Y TR R S LB mprisi

: heaicament comprising an
antibody of @y @ng-phekaiRsHING. BT usE b9, PreAr st BfineT 47 tis8Asd40R corditoMadsociated with
dysregulation of HEPSIN expression, wherein the antibody is linked to a therapeutic agent. 13. The
medicameht of clEhmigstewdrerdindthef WeirmBewtiereigdhn saifbpdraa et PeaPraribedy The

medicamepy of claim. 42 gF A3 whareinithethgraneuticRoRNTie arasotexissagans alor radioisotope.
7469, PTA-7470, PTA-7471, PTA-7472, or PTA—7473.

4. The isolated antibody of any one of claims 1-3, wherein the hepatocyte growth factor
activator inhibitor is hepatocyte growth factor activator inhibitor-2 (HAI-2) or hepatocyte
growth factor activator inhibitor-1B (HAI-1B), or derived therefrom.

5. The isolated antibody of any one of claims 1-4, wherein the antibody specifically binds

HEPSIN that is in native, partially denatured or denatured form.

6. The isolated antibody of any one of claims 1-5, wherein the antibody binds soluble or
cell-attached HEPSIN.

7. An isolated nucleic acid molecule comprising a nucleic acid sequence encoding the

antibody of any of the preceding claims.

8. . Anisolated host cell comprising a nucleic acid molecule comprising a nucleic acid

sequence encoding the antibody of any of claims 1-6.

9. An isolated cell line capable of producing a HEPSIN antibody of any one of clgims 1-
6.
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15. The medicament of any one of claims 12-14, wherein the disease or condition associated with
dysregulation of HEPS1N expression is in a patient and the patient is a mammalian patient. 16. The
medicament of claim 15, wherein the mammalian patient is human 17. The medicament of any one of
claims 12-16, wherein the disease is cancer. 18. The medicament of claim 17, wherein the cancer is
selected from the group consisting of prostate cancer and ovarian cancer. 19. A method of diagnosing
presence of HEP SIN in a sample, comprising contacting the sample with the antibody of any one of
claims 1-6 and detecting binding of the antibody to the sample, wherein binding of the antibody

indicates pfesendensfthod PaMedrcipaaAHedy 56 apy PRARE AL BFEtEr AT MESEHER B fa cell(s)
associated, yith.Aysiaguaion i HERS Wk sxniessionisvaycalisamptitithathashase obtained from a
subject, said method comprising contacting the cell(s) with the antibody of any one of claims 1-6 and
determinirfB ke SBE5Is of HEPSIN, wherein expression of HEPSIN in the cell(s) at a level
. greater than the expression level of HERPS]IN.{ f | indicates that the cell(s) are
associateg%\'/ith ys%’emglfﬂ% ion of HEBSIN %ﬁ%@éﬁ%ﬁ%ﬁ%%ﬁ%@éﬁ%gﬂng responsiveness of a
subject to therapy, for. & difease assaripis duihad\srag  sialimieht ERIANexpression, said method
comprising contacting a sample from the supject with, the Q‘Btitbod%_/f%é%rﬁ)\f]{\gge 1(;Jgsscllg}ilms 1-6 and
determininGeasiiaaia iRsoR STIERE AFRETE TN EXPrEsEIH'S in the sample from the
subject at aliexsh gieatabshars thikaexpredsinpdaweigitlEPSE\L in a normal reference sample indicates
that the subject would be responsive to the therapy. 22. A method for assessing minimal residual
disease in B subj@be tredicunfort af dlesad?d, adsodimteeihamPeyisegeTidhr dtepfme® 0§ @¥5FEssion, said
method comprising contacting a sample from the subject with the antibody of any ane oftclaims 1-6
and deternithing dsreedisrrmyefc3im Ebg N Whardihspreessis S?ﬁfi’géﬁﬁt‘l}n the ‘Emple from the
subject at gl@velgreatestban the expression level of HEPS1N in a normal reference sample indicates
presence of minimal residual disease. 23. A method for detecting a disease state associated with
dysregulatioh of HECSHexpressiory maduljans, Sald.mbtion Esdisersiey cortiitthg a sample from
the subject with tag @ﬂﬂ%g&%%ﬁm onerefalaims: lsbans:detarmining exppession levels of HEPSIN,
wherein expression of HEPSIN in the sample from the subject at a level greater than the expression -
level of HEPSIR3HaE ABiARAl reference sample indicates presence of a disease state in the subject.

24. A methor fo gesessing precisposiipn of 2 sublect 1o deielon oy pesociated with

dysregulatibth of HEPS cilétssmn, Said metho comprising contacting a sample from the subject
with the antipody of 200G of APURSo,RBRHE PTINNRGCRAR ESIOREYIEREHEPSIN, whereln
E

expression of H IN'in the sample from the subject at a level greater than the expression level of

HEPSIN in g normakrefesenssisarpieindicates:pipdispositiosiet ticisubjhe gtougevakipitge disorder.
25. A method for diagnosing a disorder associated with dysregulation of HEPSIN expression in a
subject, saftf FREHRECRRIRISI A EBREARE g a sample from the subject with the antibody of any one of

claims 16 ggd delermiping, pxpiessign levels. o HEPSHNNGIRIR. xpiEsSigneakEERBIN In the

sample fromi the subject at a level greater than the expression level of HEPSIN in a normal reference
sample indieatels wish theastibpeythaavseng fishigsr -oant i ging M atiRb 8T GRSt claims 1-6 in

the manufagiire. ofir seglicamsntianthairpatmeniefadisepssoricarditioneassociated with
dysregulation of HEPSIN expression in a patient, wherein the antibody is linked to a therapeutic agent.
20. A method of determining presence of a cell(s) associated with dysregulation of

HEPSIN expression in a celi sample that has been obtained from a subject, said method
comprising contacting the cell(s) with the antibody of any one of claims 1-6 and determining
expression levels of HEPSIN, wherein expression of HEPSIN in the celi(s) at a level greater
than the expression level of HEPSIN in a normal reference sample indicates that the cell(s) are

associated with dysregulation of HEPSIN expression.

21. A method of predicting responsiveness of a subject to therapy for a disease associated

with dysregulation of HEPSIN expression, said method comprising contacting a sample from
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27. The use of claim 26, wherein the therapeutic agent is for treatment of cancer. 28. The use of claim
26 or 27, wherein the therapeutic agent is a cytotoxic agent and/or radioisotope. 29. The use of any
one of claims 26-28, wherein the patient is a mammalian patient. 30. The use of claim 29, wherein the
mammalian patient is human. 31. The use of any one of claims 26-30, wherein the disease is cancer.
32. The use of claim 31, wherein the cancer is selected from the group consisting of prostate cancer

and ovarian cancer.
the subject with the antibody of any one of claims 1-6 and determining expression levels of
HEPSIN, wherein expression of HEPSIN in the sample from the subject at a level greater than
the expression level of HEPSIN in a normal reference sample indicates that the subject would

be responsive to the therapy.

22. A method for assessing minimal residual disease in a subject treated for a discase
associated with dysregulation of HEPSIN expression, said method comprising contacting a
sample from the subject with the antibgdy of any one of claims 1-6 and determining expression
 levels of HEPSIN, wherein expfession of HEPSIN in the sampie from the subj eét at a level
greafer than the expression level of HEPSIN in a normal fefei_'ence sample indicates presence

of minima! residual disecase,

23. A method for detecting a discase state associated with dysregulation of HEPSIN
expression in a subject, said method comprising contacting a sample from the subject with the
antibody of any one.of claims 1-6 and determining expression levels of HEPSIN, wherein
expression of HEPSIN in the sample from the subject at a level greater than the expression
fevel of HEPSIN in a normal reference sample indicates presence of a disease state in the

subject.

24. A method for assessing predisposition of a subject to develop a disorder associated
with dysregulation of HEPSIN expression, said method comprising contacting a sample from
the subject with the antibody of any one of claims 1-6 and determining expression levels of
HEPSIN, wherein expression of HEPSIN in the sample from the subject at a level greater than
the expression level of HEPSIN in 2 normal reference sample indicates predisposition of the

subject to develop the disorder.

25. A method for diagnosing a disorder associated with dysregulation of HEPSIN
expression in a subject, said method comprising contacting a sample from the subject with the
antibody of any one of claims 1-6 and determining expression levels of HEPSIN, wherein
expression of HEPSIN in the sample from the subject at a level greater than the expression

ievel of HEPSIN in a normal reference sample indicates that the subject has said disorder.

26. . Use of an antibody of any one of claims 1-6 in the manufacture of a medicament for
fhe freatment of a disease or condition associated with dysregulation of HEPSIN expression in

a patient, wherein the antibody is linked to a therapeutic agent.
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27.  The use of claim 26, wherein the therapeutic agent is for treatment of cancer.

28. The use of claim 26 or 27, wherein the therapeutic agent is a cytotoxic agent and/or
radioisotope. |
29.  The use of any one of claims 26-28, wherein the patient is a mammalian patient.
30.  The use of claim 29, wherein the mammalian patient is human.

31 The use of any one of claims 26-30, wherein the disease is cancer.

32.  Theuse of claim 31, wherein the cancer is selected from the group consisting of

prostate cancer and ovarian cancer.
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