HUVAN MONOCLONAL ANTI BODI ES TO PROSTATE SPECI FI C MEMBRANE ANTI GEN ( PSMA)
Background of the Invention Prostate cancer is a | eading cause of norbidity
and nort avotgoczoseasg nen. Treatments for prostate cancer pcmaiseas/osisspery,
hor nones, radiation, and chenotherapy. There is little effective treatnent

for metastatic prostate disease. Therefore, the identification of genes
and/ or gene products tHEMANMONOELONAINTBOREESTEYnost i c markers, as

wel |l as targets f anti gen (PSA)
is one such canceﬁﬁ@&mﬁpﬁﬁé DEE@J#{A&EOMIEJI%E%%I{{A& agnosi s and
staging of prostate cancer. However, PSA cannot differentiate benign
prostatic_hyperpl ( PI—Ql fromprostatitis or prostate cancer in the
range of %@mﬁ essitating a cytol ogic and/ or histol ogic
assessment to pRRd dinb&as RIQRRE cdiRATISdBidifHanE Sibrtalidy arBéngnen.( 1998)
Prostate 36:181-188). Prostate specific nenbrane antigen (PSMA) is a 750

am no aci Ereatryfp‘és for ptostate eanebirinelade syreesyr barslones radighpmeidmat el y 110 kD t hat

e oA PO Sy G AL R ARR R R e Sl ur o

donmi ns, race amno acid

transme anﬁéi'@foﬁi@ iR dentdfivatian 60gerrBaidongind peoducacthht ruprasend diughasticThe PSMA
protein dis Iays neur ocar boxypepti dase and fol ate h dr ol ase acgl vity and is

report ed PreSnais Iaskers.fs el a3dareee AIdhempY is eglia tP’iS’ﬁtaE?fSPE?l §tate growth
and diff 1996 407

PgM :s g%\rﬁ%&b frggnjg |v§?§£§g |ce5}ﬂ {c()rm 0 hgs‘%kﬁﬂmﬁn%% Ffd %gaﬁﬁ?n th)e
cytopl as m:tag%ﬁyléf pmsmechnmma{quweefx’ﬂﬂemadt d:ffemnumbbmlgn ppistdtiel i al cel | s.
The i d t at ially i

poor |y i FYRSTaAE QPR (HBReR AT PR hGRRGLE PEFPAE b OREREL MBms

(G egor akhé‘cesﬁa’tﬁl%ﬁt:\é%loglc( P hiseS IR s Sesbhleddhd E&Eﬂrﬁl t@%ﬂip@gma@@os@’s 12;

Silver, inical Cancer Research 3 :81-85). Low | evel
expr essi ofBam‘enPBl\?AeliCEl @B@@r&@dﬂ?ﬂ&k&lrhﬁﬁ)ostatl c tissues such as the smal |

bowel , sallvar n ode cosa and brain
(SiTvers D A Pl Ser i RGTS end HERBRRSURI B 7 SRR LUEHIETL 2T,

expr essedtrmﬁbnﬁihﬂﬁbﬂftﬁély@dpr@-@irﬂ oF a Pf)ro&ﬁﬂatblly&ﬂlb Krethashs 540 hahologyt the and
endotunoral areas of certain nm |gnanC|es i n¢cludi.ng renal cel |l carcinomas,

and col ontrensferinseeeptorn REMbhas hsthichual dasmaing, inqluding m o9 Aang 35 yes hi

addi ti on, t | ver,
D. A (1999{3 ldr%:?rcdgﬁp%;alﬁ?glra&%eggg?%aﬁ%ﬁgﬁ%g% H@é@é% ‘59@73@& hasﬁ been
denonstr ateﬂehcenulbedmmne TheBSMA protkah ldesplayb nelﬁbba&bmiypepmmse asbditat ed

neovascul ature in car onmas of tq)% col.on east | adder 1%&ncr

ki dney, aRyirRisaASHELY ésnﬁpo@ é@YPAYe@Brt ﬂeq%ﬂ%%etlieéu Wl 5. 611-5) .
Anti bodi e A0 Aetvit B GXfARSIIEREHOWBDN (1906 SN RN fsaen. descri bed

35:400-407). PSM' is an alternatively spliced form of PSMA which is localized in the
cytoplasm.

PSMA is predominantly expressed by prostatic epithelial cells. The
expression of PSMA is increased in prostate cancer, especially in poorly
differentiated, metastatic, and hormone refractory carcinomas (Gregorakis, A.K. et al.
(1998) Seminars in Urologic Oncology 16:2-12; Silver, D.A. (1997) Clinical Cancer
Research 3:81-85). Low level expression of PSMA is observed in extraprostatic
tissues such as the small bowel, salivary gland, duodenal mucosa, proximal renal
tubules, and brain (Silver, D.A. (1997) Clinical Cancer Research 3:81-85). PSMA is
also expressed in endothelial cells of capillary vessels in peritumoral and endotumoral
areas of certain malignancies, including renal cell carcinomas, and colon carcinomas,
but not in blood vessels from normal tissues. In addition, PSMA is reported to be

related to tumor angiogenesis (Silver, D.A. (1997) Clinical Cancer Research 3:81-
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(see e.g., Liu, H et al. (1997) Cancer Res. 57:3629-3634; Mirphy, GP. et
al (1998) J. Urol. 160:2396-2401; Wang, S. et al. (2001) Int. J. Cancer

92: 871- 880 2M@03923K. et al. (2003) Int. J. Urol. 10:439rd1A1S200500%5ENt NoO.
6, 150,508 and US Patent No. 6,107,090). More recently, human and humani zed

anti bodi es that bind PSMA have been described (see e.g., Bander, N H et
al . (2003%5)s&ecentlyORSMA hathess demppstraprgrio bgiskpresser i enjotipticbodisof;  PCT

Publ i cation WD 01/09192: | [.call ; i.cation WO
03/ 034903&“5’683*19&3235‘6?‘%08% Cﬁl‘;ﬂg .édf(. ﬁﬁg&%gg@%@ggﬁt,gﬁ%}iggg%ésrg ave been
used for kidagy, agd alelaonat(@hengs SIS €200a% Cusr Opldntesg Dr¥aos:6D1-5gt al . (2002)
Semn. Uol. Oncol. 20:211-218; Bander, N.H et al (2003) J. Urol.

170: 1717- 1721) Anpibadicsragpmstihe ersselulandemain of ESYE havrskeah dg3cribpdr apeut i ¢

i ntervent} Nt t r Yioi I kugate with
" chenot neraggnt i T ZHT (L) ERARL Rk TR0 iac i, b ey PROYDS P
al . (2003). Urol. W6012396-2001S8%ar39 S. Mdla@ey), Inf | Career 93:87 12806 Kalo, lCldfn. Oncol .

rocor al nofl 0BRMRL e BRels A0 R4 IF S Rk o L0 S and s Prgtent  of
prostate g3pg gé(gg gﬁo?eofﬁg?ﬂt%}{mﬁan A BIm i xBas880 ABAhackied PEREA ByvePSMA

expression an erapeuti c agents that recogni ze PSVA are
desired. Semdesoribetl (tche.d. Rader, dhHTerer/ (208Brifeniinv@miol. 39:¢7ewi6d ETi sol at ed

To Pova. vt B PaobB RE T vRheir P RuTR00EEr PES BBLEARENED Lok as
hi gh af fi g3/b§4do8r PES¥RDIENARNAVO 037034003 PrdiTS AFgﬁdzdﬁaﬁwoby PSVA expr essi ng

cells and a hi %h nelting tenperature. Preferably, antibodies of the

i nvent i on20NRO33B2: Mych entihodias hees besn used fasaweging obprosigte enceregids 69 0C or
at | east Cxs.l.none tqont: D6 - AVENLE | O 8T 1@l [ at ed
nmonocl ona Seéﬁ%’ 8%183/]?' %tralg(r?sgér}tqeéﬁelﬂ'%flog’ |ﬁr1%ﬂ'gj§f@?oénl%f ﬁg?%eg‘fﬁ@%gr?rgifi sing a
heavy cha{2009g7.itabl. ¢70:291 B0721HaAntisPSMe. Jutibddies aled hawe teben useifof r om a human
VH 3-30. 3 _gene, .wherein the anti bodty specifically aﬁi nds PSMA. Thethi nvention
further pHEAPEEE IRETYEPE iR HeHBSBIIPKOTtate ARI956 dYPLCANY a5 AR Uga-Bihdii ng
portion t?%f&% bbs idacG is61aBt Tl Bis, IS8R ol 803 §. t he
product of or %?@ggagéi(g%ggﬂhdfngﬁél\si L?égseggrgé?@\}\lhg’rei n tﬁetegdnt?body

speci fi calkol. Hih84-PBNMilowskya Mok ef et. (2004 kiscldi. ©eol. 2212622-252htHenny,pr ovi des

an isol at nonqc | .antibody, nti gen-bi ndi ng portion thereof,
conpri si ng.~ (%f)agadzﬁg‘g\gfn@ﬁ‘él?‘?‘?' 5%7?%%?@013eg| on of a human VH 3-30.3 gene;
and (b) a |ighhcediaingly’ 2ENER L réeals @RaRfabR thiseBMr W6 thdatBerl @R Brosiier ei n t he
anti body specifically "binds PSMA. I n another preferred enbodi nent, the

i nvent i oncgncendndesvagisty efitharaidgseases characterized by PSMA expression and
additional therapeutic agents that recognize PSMA are desired.

Summary of the Invention

The present invention provides isolated monoclonal antibodies, in particular
human monoclonal antibodies, that bind to PSMA. The antibodies of the invention
have desired properties, such as high affinity for PSMA, the ability to be internalized
by PSMA expressing cells and a high melting temperature. Preferably, antibodies of
the invention have melting temperatures of at least 67 °C, or at least 69 °C or at least
71 °C.

In one aspect, the invention pertains to an isolated monoclonal antibody, or an
antigen-binding portion thereof, comprising a heavy chain variable region that is the
product of or derived from a human Vy 3-30.3 gene, wherein the antibody specifically

binds PSMA. The invention further provides an isolated monoclonal antibody, or an
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nonocl onal anti body, or an antigen-binding portion thereof, conprising: (a)
a heavy chain variable region of a human VH 5-51 gene; and (b) a |ight

chai n varwehb@/segoon of a human VK LI 8 gene; wherei n P/ tsnancloetky2
specifically binds PSMA. In preferred enbodi nents, the invention provides
an isol ated nonocl onal antibody, or_antigen binding portion thereof,

conpri si naptigendpindingparyior thereofiyeempaising a laglit sheirpriatieragiansthalgs ¢ ani no aci d
sequence sel.ected f.rom.the ISt ey 11, and
1o oy aPRAhT eh PR B G R SR S irg e Mo spctieiclly,
sequence sigheps®h.from the group consisting of SEQ ID NGs: 13, 14, 15, and
16; (c) a heavy chain variable regi on CDR3 conpri sj n%t an am no acid

sequence sel ecletiPefaipdembogingmnb the HYpRiqIRyowdestysplatedagonofiona g 19 and

20; (d) a_lj 10 yal reqi %ﬂc i.sing an am no acid

sequence asllet*bgg%’eog%ragﬁgﬁ%ﬁgﬂrngggﬁg}gﬁg?rs r n% g:??ﬁ Q ID NGs: 21, 22, 23, and

24; (e) a l|ighta)aheiavy stain ediablerregionof ChRRAan &h-86&.B pgngnndni no aci d

sequence selected fromthe group consistin f | D NGs: 25, 26, 27, and

28; and (f) a (h)@H&%%%VW?%‘EE@HPEQ%HW%L%%EFsi ng an amno acid

sequence sel ec%grefﬂtgghﬁ% IBERACARYiRds pM@&f SEQ I'D NGs: 29, 30, 31, and
0

32; wherein the anti y spécifically binds PSMA. A preferred conbination
conpri ses: (a)Imarnuter praferacdemizndimbitethe égientioCpRIvidss apasoditedy SEQ | D NO 9;

(b) a heavy chain variable region conpri,sing SEQ 1D NO 13; (c) a
homvy chatmodprlsnabedlop i Ees PORETE HIHG: CRPrSORBIE (d) & || ght
chain vari abl e(d) Qe Hall vARBRresion 8f RGP W3-52Eend;@ad a | i ght chain
vari abl e regi on CDR2 conprising SEQ ID NO 25; and(f) a light chain

vari abl e regi ofb) @bt ekpipritdbinregon of p nman ) Lihetser preferred
conbi nation coppLises: ' r-habl e regi on CDR conpri sing
SEQ ID NO 10; %B‘ﬁe%na%ﬁé‘é@ocﬁﬁggﬁﬁgﬁﬂ%@ey%& on CDR2 conprising SEQ I D NO
14; (c) a heavih plefinrd\aibodidhets, @@ iavertioRPreddesrandsoigeSr@nbelohdd 18; (d) a
i ght chain_variable region CORl conprjsing.SEQ DD NO 22; (e) a light
chai n var B8y r @nEaeCRINg HRTININFEOISERPESING, 26; and (f) a |ight chain
vari abl e regi op,GRR3, LS I ‘o

g’%ri ses}?a{(mga {/ag'laﬁgsrg @ﬁpcorﬁﬁrémﬁg;% Qﬁ{nop.{cgf[)%lﬁﬁﬁﬁe

conbi nati on co eavy chain variab regi on conpri si ng
SEQ I D NGO 11; sdléntechfrbmethy grobpiconsraimgalf SEQ BYNEXs: LORR 1t,0mdrli2si ng SEQ | DNO
155 (c) a heav{b)camaelagy gl?arnll 3%a%lcar 1%3{0%%%%01%811 11r'1|g an %inSoEe%(i s%qll}lgicelg’

selected from the group consisting of SEQ ID NOs: 13, 14, 15, and 16;

(c) a heavy chain variable region CDR3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 17, 18, 19, and 20;
(d) a light chain variable region CDR1 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 21, 22, 23, and 24;
(e) a light chain variable region CDR2 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 25, 26, 27, and 28; and
(f) a light chain variable region CDR3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 29, 30, 31, and 32;
wherein the antibody specifically binds PSMA.

A preferred combination comprises: |
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 9;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 13;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 17;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 21;
() a light chain variable region CDR2 comprising SEQ ID NO: 25; and
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(d) a light chain variable region CDR conprising SEQID NGO 23; (e) a

| ight chain variable region CDR2 conprising SEQ ID NGO 27; and (f) a |ight
chai n varwehkb@/aseoon CDR3 conprising SEQ I D NO 31. AnecCmars@meebiss: ed
conbi nati on conprises: (a) a heavy chain variable region CDR conprising
SEQ ID NGO 12; (b) a heavy chain variable region CDR2 conprising SEQ ID NO
I16; h(c) ha heav@)@hglntmhalarwaablplem@@nGHR@QOmmrSEQHabéﬁzg)%‘l-D NO 20; (d) a
i ght chaijn yariaple.region. rising SEQ 1D NO 24; (e) a light
chai n var‘%\ﬁ%t?!‘%rl?rg s © a%‘%“ﬁé‘?%g SEQ ID NO 28; and (f§ ; Iigh'? chai n
variabl e regi oGO3y el b &idble BEn|CDROcodPrisitk BEQ Iy ®enoged anti bodi es
of the invention, or antigen binding portions, thereof, co ise: (a) a
heavy chain va) abeevs dgioyarieblegegion fdRehcomprinneki@ RN Qelbe sel ected from

the group consj stin | . : bye.a light chain
variabl e regi o¢?§é:§rer%/ iiﬁaﬁ‘g‘ggﬁaﬁéﬁ%‘l g(i:)led? %ozﬁqqptfgggeg%%?gg\g%di%’r om t he group
consi sting of @r@light ¢k vdriabk, region &R Beonaprésieg BEQHD MOt 22yody specifical Iy
bi nds PSVA. A preferred, conpjpati.on rises. ( ngg chain variable
rﬁgi on corrp[)ise%@hlgh@héiﬁwé‘a i1§21R EOTRIL ® INAV; 6,=aaad (b) a light
chai n vari abl e f gL LGNSl EpibH ETRY dfnrt weNes: . SEQ I D NO

5. Anot her prefgre cg%% nat?ogggclorrpri ses: I%%)r%ag%avy chain variabl e

rﬁgi on coApotheri prgferted cambimatio tampesgsence of SEQ E) NO 2; and (b) a light
chain vari abl e region c ri si,ng the 1no _aci.d s )f . SEQ I D NO 6.
Anot her pref er t(%)da H%F_ﬁad y%abé(g%}qns@gi_{rf(:31}1p5s1ﬁ%§§y23@%§202 Wariabl e region
conpri sing t he(3RinReyvAeHath SARBRIEEI0R ICHIE X dbbidg SEQIDANQOb)5;a |ight chain
vari abl e regi on conprising the amno acid sequence of SEQ ID NO 7. Another

preferred conmb(chaticavy deinprarigbleregigy CRReamprising $EQIPINEI i egi on
conprising the, am I e : 'I?ﬂg( .a light chain
vari abl e regi oﬁﬁg (%%%F ggﬁlﬂ‘é&?aﬁgé %gﬁﬁ?%%g’%@é%%gg(% EQQ%’D NO. 8.

(e) a light chain variable region CDR2 comprising SEQ ID NO: 27; and

(f) a light chain variable region CDR3 comprising SEQ ID NO: 31.

Another preferred combination comprises:
(2) a heavy chain variable region CDR1 comprising SEQ ID NO: 12;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 16;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 20;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 24;
() a light chain variable region CDR2 comprising SEQ ID NO: 28; and
() a light chain variable region CDR3 comprising SEQ ID NO: 32.
Other preferred antibodies of the invention, or antigen binding portions thereof,
comprise:
(a) a heavy chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 1, 2, 3, and 4; and
(b) a light chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 5, 6, 7, and 8;
wherein the antibody specifically binds PSMA.
A preferred combination comprises:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO: 1; and
(b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 5.



The anti bodi es of the invention can be, for exanple, full-length

anti bodies, for exanple of an 1gd@ or g4 isotype. Alternatively, the
ant i bodi esocass/dse23ant i body fragments, such as Fab or FalpCZ/Usec@gmessss, or
single chain antibodies. The invention al so provides an i munoconj ugat e
conprising an anti body of the invention, or antigen-binding portion

t her eof , Anetkecpbrefrrad combinpeon ¢ampiggssit, such as a cytotoxin or a

di ti i ._The. inventi |.SO _PI:OV] . i i f i I
Compr 51 ng.an GhenesaFra ARy R AP RES B HPERERo E™ ©

invention, |ingeRa:Q; andecond functional noiety having a different binding
specificity than said antibody, or antigen binding portion thereof.

Conposi ti ons cphight ﬂglmwrah{qrﬁ@ap,compnaﬁg thyeoiBp Aeidsgusaee POPERher eof , or
innunoconjugatﬁ)R&y%ispecific nol ecul e of the invention and a
pharmaceutical Ty accéeptable carrier are also provided. Nucleic acid

ol ecul esAgswediBfrieheombinatiotdé@aprises: ant i gen- bi nding portions thereof, of
the invention are_al so_enconpassed by the .invention, .as well pressi on
vectors conpr i@ Ageaicthapyariable regpysomppsipg the aune %mgéﬁ‘iﬂei“%? %é ch
expressi on vecipRg. sVRggover, the invention provides a transgenic nouse
conpri sing human i mmunogl obul i n heavy and |ight chain transgenes, wherein

t he nouse expr @ adghbchaanvariebtbyregionichmpiisme the amino asidwedienas ohyBRi donmas

pr epar ed fron1ﬁﬂ%€E% nouse, wherein the hybridoma produces the antibody of
the invention. t'-anot her aspect, the invention provides a nethod of

i nhi bi ti ngyaheMhBrepled CHMBMatih ESmprised: subj ect, wherein the tunor cells or
vascul ar endothelial cells proxinmate to the tunor cells express PSVA
conpri si ng adn{ahadeani chgin wriablsupgies comprising fhepoNpe ACifRIUEAET DR of t he

pr esent inventg?ﬁ%% .an,amount effective to growh of the tunor cells. In a
preferred enbo t,’a%ﬁowth of prostate tunor cells is inhibited. The

i nvention al so(k)adightigmineiriubitsrebioh comlprisiaig tiseanind ageeqainceof SEQt i - PSVA
anti bodi es based on the sequences of the anti-PSMA anti bodi es provi ded
herein. For exHMIQ38.-the invention provides a method for preparing an

anti - PSMA anti 131120, L G NG ey nad; i abl e
region anti bod?ﬂgéﬁﬁgﬁéb(ﬁ%ﬁé@%e?%@?&%&%g@l ﬁggw%nglgggle%\g?red from
t he gr oupexaaidé sf AmipGif or S OGS ‘Al rnadiely] the aatitodies can beRREbsduence t hat

is selected fromthe sjsting of S D - 13, 14, 15, and 16;
:and a ag@?ﬂf%ﬁ&g‘? %u(?rsf agé %%@:%?ig?’tof)ﬁ’lngﬁé’lhﬁ?‘g%b%%ﬁ%i sting of SEQ ID
NGs: 17, 18, 19pc AREntE al§) probidks &n lhnbihocdRichte\BipRiing ahegiiBeyastt | body

sequence conprising a CDRI sequence that is selected fromthe group
consi st i nthedfiveBHGN,| dD aniigen-binding porta thendf, Bnkedto@rierapatiigeagers, susht i s

I df he. y i sti SEQ |.D ; . 21 d 28, d
CoR. sequinite P URRTTEate Pl tedioptty B e B e o s 20,

30, 31, apdieddie comprising an antibody, or antigen-binding portion thereof, of the invention,

linked to a second functional moiety having a different binding specificity than said
antibody, or antigen binding portion thereof.

Compositions comprising an antibody, or antigen-binding portion thereof, or
immunoconjugate or bispecific molecule of the invention and a pharmaceutically
acceptable carrier are also provided.

Nucleic acid molecules encoding the antibodies, or antigen-binding portions
thereof, of the invention are also encompassed by the invention, as well as expression
vectors comprising such nucleic acids and host cells comprising such expression
vectors. Moreover, the invention provides a transgenic mouse comprising human
immunoglobulin heavy and light chain transgenes, wherein the mouse expresses an
antibody of the invention, as well as hybridomas prepared from such a mouse, wherein

the hybridoma produces the antibody of the invention.
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(b) altering at |least one amino acid residue within at |east one variable
regi on anti body sequence, said sequence being selected fromthe heavy chain
vari abl e wego@wsgasvi body sequence and the |ight chai n vaciraisc@énesgspn

anti body sequence, to create at |east one altered anti body sequence; and
(c) expressing the altered anti body sequence as a protein. In another
aspect, the i ninevet poothgrraspdctidhe mvamidnaowtled amictiod of gnhabitipg exesrihiohg gr owt h

f R I , : ' ,
ol acder . e pRupRE el Sl o P ept ST s weafhEE

tunor or 1y&Sekthar cefd dRpR8 PSNIAC Ebihrigih@xdriistering tb Aubjediim @xXIrSMds PSVA.
The nmethod includes adm nistering to a subject _an anti-PSMA anti body, or

ant i gen- bimen agtitpsytof e nrasenbisvention g grismeant effective to grawined the tweer agent

both in a i Lo LARLR OWibyodq the tunmor. In
anot her g@bsé{:fﬁ ,Lé%%fgﬁlgcggétr)\%@glﬁg% owtgggp%rﬂr?%{ﬁ}gg@g?@%? i 1aé;d|. ng anti body
dependent cel | Thegivaitia ayot mbedecimetho(ARCT)akafg ‘Gedand@enémtion’Santii- ect |
wherein cells of the tunmpr or vascul ar,_endot hel i al iEel,l S prg@i mate to the

tunor exprébs apitigdiesgedan qh%ée‘!‘%?ﬁ?etﬁd’ééheaﬁ%’r Mt @dlﬁbp@v Bj ect an
anti - PSMpe 2 'm(&am'g%t ﬁl@ﬁﬁ\%‘ﬁﬂpﬁ Erlgivf&s B?x?éth&f‘fo} Bf‘egﬁlg{l% all htEPSRIA At 1 on wi th

an anti-tunor agent in an anount effective nmul at e anti body
dependentntiteidy-coeghriatngd cyt ot oxicity (ADCC) of the tunor. In a further

aspect, the inventian. provides a nethad .of of inhihiting tunorrelated
cachexia in a tﬂr%%'ﬁl,ngvﬁ)a? FAY y&@‘?’insvaagblfa ﬁ%gl?fhﬁ@&"a?f S%@Bﬁﬁ AR hel i al
cel I's proxomieselRerdoB thdt WiRlecR¥ATAS the2obiy colRRLARDNIBQIINANOSSS 10,

adm nistering to a subject an anti-PSMA anti body, or antigen-binding

portion thbradfl2, 4 GDR3rEsivrce B1at isiselected feom thewoniy coagishng 8bYPQIR an anpunt

effectiv . 1hhibj r-rel ha, i i n one

enbodi mﬁwbgfi£ﬁé’ ﬁn\?}éﬁglg’oar?d aa@%‘lﬁgiss%%g?%%%t fg elfgﬁgdzlléﬁ@% Panti body, or
ant i gen- bédidistigg POSEQUD NOsr 018, 199 and 30ifajr ¢idY a lighn chaintviariable osgiont t h t he
anti-tunor agent, leads to. a syne#gl stic effect on the inhibition of the
growt h of attHhedy gefvence Gonamistiest CRRS seavret that Maclsried Siophde exgint causes
damage i n.J g qusN har | | i ghipody
dependentcgclzgmf@%g};lg%te 09%'22'? 62?%2'3{ W%%%?St gﬁ%fﬁ&%ﬁsglélﬁﬁgﬁot her

errP_oSi genthp grdp mbmﬁrﬁﬂ%iﬁ@ﬁ?my 20936, 128, artie287 Bdda £¥]:_8&3 équa;cezlﬁﬁtiso_r 2C6
anti body. |Ln one enbodi ment of. V. i.on e,anti-tunor agent is a
chenot her eéﬁ?$§°%3€%¥ﬁ°“%ﬁ@ﬁ‘%’§g?§§gmpﬁ %9(1%@6%]:)?'811)3.&’ | n anot her

enbodi ment, t hg)aftind MNO4st S8LRhinb hcRtediid wAREI 20 BN dheddBMle rédich as

angi ostatin Kl 6)% Arl%éest er?, aaA‘I’l,n Cgmsfati n\jv DL-aa- Difl Sor orre?rﬁy - orni t hi ne,

Endost at i atibedyraefiuen¢en saideeriusnes being selected from the heavy chain variable region

antibody sequence and the light chain variable region antibody sequence, to create at

least one altered antibody sequence; and

(c) expressing the altered antibody sequence as a protein.

In another aspect, the invention provides a method of inhibiting or preventing
growth of a tumor (e.g., prostate, colon, renal, rectal, urothelial, breast, bladder, liver,
pancreas or melanoma) in a subject, wherein cells of the tumor or vascular endothelial
cells proximate to the tumor express PSMA. The method includes administering to a
subject an anti-PSMA antibody, or antigen-binding portion thereof, in combination
with an anti-tumor agent both in an amount effective to inhibit or prevent growth of
the tumor.

In another aspect, the invention provides a method of stimulating antibody
dependent cell-mediated cytotoxicity (ADCC) of a tumor in a subject, wherein cells
of the tumor or vascular endothelial cells proximate to the tumor express PSMA. The

method includes administering to a subject an anti-PSMA antibody, or antigen-
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M nocycl i ne, Staurosporine, Thalidom de, and Tunstatin. In another

enbodi nent, the anti-tunor agent is an i nmunonodul atory agent, such as
anti - PDI wotndwodpmss, anti- CTLA-4 anti bodi es, phosphor ot RCOIUs2@6/005852

ol i godeoxyri bonucl eoti de (1018 1SS), GW CSF gene vacci nes, interl eukin-2,
interleukin-7 (CYT 99 07%). interleukin-12 and interleukin-21. |In another
aspect, t bisding\pertidnohenspbin ergsbingtidnoditiy fn ﬁ@eﬁﬁlqrﬁg%ﬂ&ﬂlmﬁm%r agent

cavable ol LIS IR LNl B SRR a0k gk L

endot hel i gimgzel | s proximate to the tunor express PSMVA The net hod i ncl udes
contacting an indicator corr‘p05| tion with (a) a test antij-tunor agent al one,
a

(b) an anti - PShp Grtienaagctathsieyentipr Pioyjdep s method @lsaf 1@Hbﬁtmgtﬁ%?r'agent and
an anti - P%m@%lat tg’?gg}hae 1t ?qu’%han 1% %@8@%}}1&3& v@lcul a"il)en%&ﬁeﬁa‘?%llsant I -tunor

agent al one an one to Inhirbit or prevent
growt h of pxirhiareto the tiher exlpirdss PEMA. Thg misthold 1md’med$edmlmstl3nngtmrmr agent and

t he anti-PSMA anti bod o i.nhibit or event .a tupor, wherein
i nhi bi t i offbégct ﬁ%%ﬁﬁmaetqudun%m 8 ’r‘i1 H’ngo V\ﬁ?er&ﬁ CFRPIRRSR i s

greater t{an ah*éﬁ qgilbi 4 adefit 6dth & hn %o&ﬁ)eﬂ%&?{re(tmrﬂmw hﬂn&r%f&téd%a&ﬁl%la

identification an anti-tunor agent capabl acting synergistically
with an ammemtantl body in inhibiting or prevent| ng grom h of a tunor.

I n anot her asp e inv i.0Nn r1a| to a.co SItI. nprising an
anti- PSMA ant nﬁ%d E’Eﬂtgilfl 1°§A m’fff%tl%ﬂ’ r@%% éﬁg anti - t unor
agent (e. 511t1boﬁ9>‘<9taﬁf1? ‘Bnn(lﬂl% Hi’éfﬁthéneoﬁ'ﬁgh osHjédt) iR c&nblr&tloﬁﬁﬁm&h@n aaAT,
Canstatin, DL-a- uor onet h | -ornithi ne, Endostatin, Funargl [ 1in,

Geni st ei nantwmmweﬁmtn@adsspmgrﬂmtlp s&ectpndhe whhiden ofihagrowthef then ant i - PDI

anti body, , ] @ h
oli godeoxyrl onuc ‘%T% 0?%%&?1%%?&9%&%% hgéﬁgltd@lg %}nntge X hterl eukin- 2,
i nt er | eukinass( t}(eféﬁgz 1981160 Jo, a inbfecdfTe@tike mtﬂazdpﬂepdnﬂerrtloenkmdiétéd in an anount

effective to inhibit or prevent growh of a tunor and a pharnmaceutically
accept abl &/teRKIFHIARCE)PILhe BiMfint ef fective to stinulate anti body

dependent cel | gioa;e@qm% X ihd %é%ﬁ@m@fgg fﬂérth@ﬁﬁlzam:« 2A10,

phar maceut i cal y acceptable carrier. s and advant’ages’ of the
instant i2Feot2Chantilddybe apparent fromthe foI I OWI ng detail ed description

and exanpl es ich s oI.d ot. be. constr eda limti The contents of all
ref erences, G\e\lﬂb fﬁl}ftle‘ﬁ? 108n ﬁﬂffﬂ FORREC Q’gélnt appl i cati ons

ci ted thrgughatira &éwla agaﬂl iRl PAx RERBANBERSE])Y Th AEGhACHMREMBE! BN by
reference. Bri ef scription of the Draw nas Fi'lgure | A shows the nucl eotide

sequence @SEQMA@NGentIgHn anfitangid grniaegent, s iosBHO NP3 Ngrestgn, of t he heavy
oha 0, Ve BB SR Bl AR MICEL R L, TR, (550
del i neat effiasd clihg Staukbspoting, TWRlidbhi#e, and Tumstatin. In another embodiment,

the anti-tumor agent is an immunomodulatory agent, such as anti-PD1 antibodies,

anti-CTLA-4 antibodies, phosphorothiolate oligodeoxyribonucleotide (1018 ISS),

GM-CSF gene vaccines, interleukin-2, interleukin-7 (CYT 99 07), interleukin-12 and

interleukin-21.

In another aspect, the invention provides method of identifying an anti-tumor
agent capable of acting synergistically with an anti-PSMA antibody in inhibiting or
preventing growth of a tumor, wherein cells of the tumor or vascular endothelial cells
proximate to the tumor express PSMA. The method includes contacting an indicator
composition with (a) a test anti-tumor agent alone, (b) an anti-PSMA antibody alone,
and (c) both a test anti-tumor agent and an anti-PSMA antibody; and comparing the
ability of (a) the test anti-tumor agent alone and (b) the anti-PSMA antibody alone to
inhibit or prevent growth of a tumor to the ability of (c) both the test anti-tumor agent
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derivations are indicated. Figure IB shows the nucl eotide sequence (SEQ ID
NGO 37) and am no acid sequence (SEQ ID NO 5) of the light chain variable
regi on ofwoheocl0823nunman nonocl onal anti body. The CDR ( SEQuUSBvosiansszd), CDR2
(SEQ ID NG 25) and CDR3 (SEQ ID NO 29) regions are delineated and the V
and J gernmine derivations are indicated. Figure 2A shows t he nucl eoti de

sequence skEhe pmi-ROMA antitody teinbilit ercpravens giesyih of g SEapn, phy R@m 2) of the

(5201 b neei B St fe P Bloge Sy A B TRRP BB NS ST

del i neat egidatint éﬁb%tM(amldJ(bgwamd 1@@d t?bethb mhuﬁmloarocfan laﬂﬂlmhexctigeiﬁ gure 2B
shows the nucl eoti de sequence ( 38) and am nqg acid sequence (SEQ
ID NO 6) C%PﬁbltehﬁaPﬁﬂwﬁ}’nél}%ﬁtlﬁal\%WitBBPémﬂ"géi\% agibadydn MibjtiRG AN nonocl onal

ti bod I 22 CDR2 (SEQ ID NGO 26 d CDR3 (SEQ ID
oo oML BERBIR, 22), O (501D N 20) and cos (S

ineated and the V and J germine derivations are
i ndi cat ed. Fi ghir ahoB&r aﬁpws tltellﬁvesmmh@ettmdetmcmmétio@l%@plrﬁng@n a@f) and

h bl f
he 25" hERA HEmoaY bk ThIR 1ob A 107PES L6 il Pl ReonasFat o ( SEQ | D
NO  15) apgh (HES ( a&%@;aeg é}glos%a% K £8i ANSsta SaA9! CasRiedpang. the V and J

germ ine derivations ar di cated. Figure 3B shows thé nucl eotide sequence
(SEQ | D NOifl3®ymethsil- etmthmeaEﬂnctbs‘@sqLi%anﬂ(llﬁE@emlElemol\/IlmC}@hnt,he li ght chain

23) - Cor PR BN PP R GG BRI BHY PR gESI T el neat od

and the Vamibddy, fhREsHorotBiol2E bMaddeoRvritthacletiie@d eglISI)) 9GNE CHR géhé)WS t he
nucl eoti de seq?)encelm( QID Nogii SGiﬁ}and am noeo(am d ssgquence | D NO 4)

of the he&Wlf@hmIQﬁlwbmr%Mtéﬂ@%m FRCHT QW)Q@@rI@MrMﬁm@ﬂémn-Z 1 body.
The CDRI % I 20
regl ons aélgﬁ’gm}“?nggfu%zt %h e é)%g%g °V§g°%£ﬁ%%8§%}%§§eg§lﬁ gll nd| ca% ed.

Fi gure 4Ba®hpmbletcbmm0ﬁirmﬂdrd@nﬁ effediveeo étﬁEQateDnlt\iﬁbdﬂd)e)peadnhtaaﬂ—no acid
sequence (SEQ I DNO 8). the light chain vyari abI e ion the 2C6 human
nonocl onameéﬁfqdﬁdWOX1tiDé(‘A@ﬁE (’éE@lTI‘q_f) P% é’% ‘%EWGZS) and
CDR3 (SEQ ID NO 32) regions are deli neated and the V and J gerniine
derivations are indicated. Figure 5 shows the alignnment of the am no acid
sequence of t hOtheedeapurehaidadvantages of the instant invention will be apparent from

the following detailed description and examples which should not be construed as
limiting. The contents of all references, Genbank entries, patents and published
patent applications cited throughout this application are expressly incorporated herein

by reference.



variable region of 1C3 (SEQID NO 1) with the human germine VH 3-30.3

am no acid sequence (SEQ ID NO 41) and the JH6b germine (SEQ ID NO 45).
Fi gure 6 wbaws/ashmsoal i gnnent of the ami no aci d sequence pafi/ush@eioesssy chai n
vari abl e region of 2A10 (SEQ ID NGO 2), 2F5 (SEQID NO 3), and 2C6 (SEQ ID
NO 4) with the human germline VH 5-51 amino acid sequence (SEQ ID NO 42).
Figure 7 € oy aypdShe am no aci d sequence of the light chain
variable region of 1C3 (SEQ ID NO 5), 2A10 (SEQ ID NGO 6), and 2F5
(residues 1- 107 of SEQID NO 7) with the human germine Vk LI 8 am no

aci d sequence Figh€ 1DsiNw«Bp nacldotidesedichcg STHD IDNQSBPahdatdino &) . Fi gure 8

" eai on of SHECAER D N Thy! WP BROOHDaRADGEr P AELO COd Ao aci d
sequence ﬁﬁﬁ%lb%ﬁ@dﬁ”ﬁhé 6BRINSEE/DNDNE), (P (20D NG 13fgyre 9 shows

the results metry experinents denonstratrng that "the human
monoc! onalCDR3: (SECQUILEN R B3F) regfubd arcadwdin@a®6] amdi the M, &lamigbgarsdinbuman PSMA,

bi nds the cell. surfac f ., PSMA- expressing LNCaP cells. Figures 10 shows the
resul ts offeTB{fiens @Qb%ﬁ?a?#%dnts denpnstrating that human nonocl onal anti bodies
agai nst human PSMA specifically bind to PSMA purified from LNCaP cel | s.
Figures 1IA-l IB are results of antibody binding conpetition studies that
denonst rat e t hBigurehB3 Buavesntharondedtidesequance 0HHR m%)andampmcuai rect ed

agai nst hunman P e r .bindin - i CaP prostate
cgncer ceﬁqél?ncl—eﬁgﬁgeﬁgggs ﬁﬁaﬁtﬁg él%te%a%nlg‘()éﬁﬁgg%%@gﬁégﬁgﬁﬁ%@oI d ?FI 2

ant i body. nfong¢lbgal HBHERBWSTEOOPRI (SEQDONO1 25), CIIRZ(SHQ D NO:2524dd ant i body.
Figures 12A-12B shows the results of internalization experinents

denonst r aCORS CER IR NO: Rahisgions srcddingrted and the K anda germling des eionyai nst

human PSNQfeiﬁ&E?cE& PSMA- expressi ng LNCaP prostate cancer cells by a
3H-thyni dine release assay. Figure 12A shows results for LNCaP cells seeded
for 2 hours prior to introduction of antibody. Figure 12B shows results for

LNCaP cell s seeded overnight prjor.to intr i of .ant,i body. .Fi gures
13A-13B are gr ’;ﬁ"&eg%ﬁf‘%‘?’ Wgngﬁfgowqgmeg%;hﬁﬁﬁap r?ﬂ}m‘i%‘:ﬁ‘gg?afts
gr owt h CUsyRSndeQSEN BEND: 87behe Wehty Glafl\Rliiableh8eiafibf RIMA 07ftmag anti body,

the isotype control antibody Rituxan, Taxotere (2 r%/k%% Taxotere (4
ng/ kg), t menaelpnal RENBodIF1ThaGDRIJEEQ I NOnBIh &ORA(SEQ O N deerd (2 ny/ kg) ,

n o CLodv. i . ) ¢ ' ih
{Sotype o bTITHEQ D Rt RRf ki o ARk Al sl e et B WP RSAEY o'
t he i sot ype ip@oite®! anti body Rituxan in conbination with Taxotere (4

ng/ kg), or PBS. Figures 13C 13D are graphs depicting the nean and nedi an
body wei ght change of LNCaP tunor-bearing mce

Figure 2B shows the nucleotide sequence (SEQ ID NO: 38) and amino acid
sequence (SEQ ID NO: 6) of the light chain variable region of the 2A10 human
monoclonal antibody. The CDR1 (SEQ ID NO: 22), CDR2 (SEQ ID NO: 26) and
CDR3 (SEQ ID NO: 30) regions are delineated and the V and J germline derivations

are indicated.

Figure 3A shows the nucleotide sequence (SEQ ID NO: 35) and amino acid
sequence (SEQ ID NO: 3) of the heavy chain variable region of the 2F5 human
monoclonal antibody. The CDRI1 (SEQ ID NO: 11), CDR2 (SEQ ID NO: 15) and
CDR3 (SEQ ID NO: 19) regions are delineated and the V and J germline derivations

are indicated.

Figure 3B shows the nucleotide sequence (SEQ ID NO: 39) and amino acid
sequence (SEQ ID NO: 7) of the light chain variable region of the 2F5 human
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treated with either: the anti-PSMA 7F12 anti body, the isotype control

anti body Rituxan, Taxotere (2 ng/kg), Taxotere (4 ngy/kg), the anti-PSVA
7F12 ant iwodyod/asozsonbi nati on with Taxotere (2 ng/ kg), treTAsRoocPESEe 7F 2
anti body in conbination with Taxotere (4 ng/kg), the isotype control

anti body Rituxan in _conbination withTaxotere &2 ng/ﬁ% t he isot(%/pe control
ant i body Riopeslemsl iantilasiybi Fag CHRIWSER N6t &9)e CORZWSERUID NoX: 28Bmd Fi gur es

14A-14B a r .Gt Ng: : ' : . rafts

ar ovi 1 ca VRS (B RE: 51 LA A ARt 8 AP DGB00T P05,

t he i sot ype isdigdtedd] anti body R tuxan, or PBS. Figures 14C- 14D are graphs
depi cting the nean and nedi an body wei ght change of LNCaP tunor-bearing
mce treated with either: the anti-PSVMA 7F12 anti body, the isotype control
anti body Ritux ok A BR%ys 1l : - } fﬂgﬂ :he nmean and
medi an LNCaP tu ?eégfénogrsa %gﬁglrg%t\lmth %%?%?%@%ﬁg?éﬁggg%ﬁ WICE(E ei t her:
Tfa;«ﬁt _(T_r e fe@umgieL(fSEQ/IﬂgﬁéOi: g)ﬁd)ﬁ/theglgm)ftdllain?\aldublbmegigﬂbf e 206 uneoanbi nat | ont ]
Wi axotere , , e i 0 nati on w
Taxotere mn?(ﬂé’%;gu YPB e%ﬁ&&é@%@‘@sb@ﬁi’@@%@@&@%b t he nean

d di ; . ; j ith
and nedi a@md(rm(ez?ga %gf‘%&%ﬁm@faﬁd@ﬁ%&djﬁmﬂﬁ@@fﬁﬂm %eéﬁ;ﬁn& HEMBidnyv

ei ther: Taxotere the 1 sotype control antibody Rituxan in

conbi nat i ane inditdledaxotere (4 ny/ kg), the anti-PSMA 7F12 anti body in
conbination with Taxotere (4 nmg/kg), or PBS. Figures 16A-16B are graphs
depicting the nean and nedi an LNCaP tunor xenografts growth curves for mce

treated with efFihfy 4B diov e Auéléotidd/ kGuenct (BEQMDINOPBYAnd kthzhorarid body i n
conbination with Taxotere (2 ngy Iég the isotype control antibody Rituxan

1kg), the | ]
i n combi nérdueRreSER HPaNEX 8} ef the i ‘3%@)Qva@|abbB§BIOFP§meé’§61}B@@6D are graphs

depi cting | i . PR . aring mce
treated WW%ESQP?%QPWX%%D@%%WQ %{gﬁantl -@M@E&%%ody in
conbi nat i GCDRA (SEQTAXNIO2B3R) fe2iong akgdelintdted asbthy pearehhgermlline detividys Ri t uxan

i n conbi nati,on vvi&h Taxotere (2 ng/kg), or PBS. Figure 17A-B shows the
resul ts ofedDEEHed-proliferati on assay denonstrating that toxin-conjugated
human nonocl onal anti-PSMA anti bodi es show cytotoxicity to prostate cancer

cells (A) with a three-hour wash and (B) with a continuous wash.FIG 18 is
a graph of chaRigese § shawsitbe akigiinoend obtherantinorecifl sequenexeofibe behvichhinan i sot ype

con] ugat | SHITH FEPnadfa HEREENGS 1P kB P A BREL h Cunor
vol une oveggidkédRnéASEN BENERSGH i the TM8b icewsliRBEN B RD: 35pPSVA

anti body-drug conjugate or a conjugation buffer alone (vehicle). FIG 20 is
a graph of changes in tunor volune over time for mce dosed with various

amounts of an RgLyReRIhE Rlig il BEH HiHY 88 URRLSo b ReiPUhligat | O
variable region of 2A10 (SEQ ID NO: 2), 2F5 (SEQ ID NO: 3), and 2C6 (SEQ ID
NO: 4) with the human germline Vg 5-51 amino acid sequence (SEQ ID NO: 42).

Figure 7 shows the alignment of the amino acid sequence of the light chain
variable region of 1C3 (SEQ ID NO: 5), 2A10 (SEQ ID NO: 6), and 2F5 (residues 1-
107 of SEQ ID NO: 7) with the human germline Vi L18 amino acid sequence (SEQ
ID NO:43) and the JK4 germline (SEQ ID NO: 46).

Figure 8 shows the alignment of the amino acid sequence of the light chain
variable region of 2C6 (SEQ ID NO: 8) with the human germline Vi L6 amino acid
sequence (SEQ ID NO:44) and the JK3 germline (SEQ ID NO: 47).
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al one (vehicle). FIG 2 1 is a graph of body weight change over tine for

m ce dosed with various anmounts of an isotype control antibody-drug

conj ugat eworzo@/mse23pugat i on buffer al one (vehicle). FlIG pe2/ussooa/ogssaph of
body wei ght change over tinme for mce dosed with various anounts of a aPSVA

anti body-drug conjugate or a conjugation buffer alone (vehicle). FIG 23 is
a graph of chaligure 9 shopisibe regult QO eytomptip exgesymantidsmeonstigtingghain i ni ti al

average t r_vol une pf 24 I AR C gé};sbe - \M j e control
ant i body- nﬁ%“@%ﬁ?%&%@@?l aélag%ﬂg%t%bqgﬁ@d r ugqggérﬁ%%?%%tﬁg%g conj ugati on
buf f er al pSRIA Waldsthegell dulfece GAPSM Asexpraapig BINCGAPasties i n tunmor vol ume over

time, for tunors having an initial average tunor volune of 430 nmm®B, for
m ce dosed with a aPSMA anti body drug conjugate or a conjugation buffer

al one (vehicl ey; @l Ot . i ﬁﬁl‘ﬁ%

i nvention rel a%rgggtgc@isgg\g%@gggﬂ%tgtggﬁgg eaﬁr%ﬁr%ég\éf@&%g%?fgctg? arly human
monocl onamoaodlofd dhigisadidshaahinbi huanasSNIA| spedifiyaltydhiREMAP SWIAhpurifipd fedinf i ni ty.
I ncertain eg_ﬁdi nts, the antibodies of the invention are derived from
parti cul aFNG@EW§8nd 1ight chain gernline sequences and/or conprise
particular structural features such as CDR regions conprising particul ar
am no aci d sequences. The invention provides isolated anti bodi es, nethods
of maki ng suchFintdsdddir BB aierrnsnite ob aptihpdy bindingicdminspigion siudiegthaécul es

conprising such i,hpdi es and ar maceut.i cal, .co Ltion ont-aj.ni ng the
ant | boa ede RO Goatiet Bederl et Sor AR FREEIRAR oY The
i nvent i onhah&PPSRIAR et HESNGES toPSM-BEprEdthc AN CIP gicstite Gedt as to treat
di seases such as cancer. In order that the present invention nay be nore

readi |y updllsr skigwe, 1 leBpwarempetitinn ofr el Q tvitherolh 882 2didpeY-ogPiedef i ni ti ons
are set f'i’f]%gh&psr é)o'ﬁ%{é‘ﬁ%nng;%?é%gkﬁﬁ%ﬁﬁ%Mb%ﬁ?ﬂityéThe terms "prostate

speci fi c nenbrane ait1gen are use rchangeably herein, and
i nclude any variants, isofornms and speci es honol ogs of human PSMA that are
natural ly expressed hy cells and that retain_binding to the antibodies 1C3,
2A10, 2F5 or ZE@uBf'ésl&Ai"b%S}H&YSetgﬁ.res‘F %°€‘8WHF%11Z%"1°&W RN sequence of
human PSN&erH&%ﬁﬁﬂ%ﬁﬁﬂh%mﬁm%@m{a&oﬁa%ﬁﬁbm&mec&& AdBimaghe conpl ete
cDNA sequence encodi ng t he hunman PSMA prot€in has the ¢ nbank accession
nunber NVPOBZ, ZBters'PSiAgergiressingISNiUaR prostafsaahewgtlly ey @r8-thymiding bi ocheni cal

relati onship betueep a Vo) gty of 5).403) NELANSHUSLLA T TIHEEH RS, hat Pl ay a
introduction of antibody. Figure 12B shows results for LNCaP cells seeded overnight

prior to introduction of antibody.

Figures 13A-13B are graphs depicting the mean and median LNCaP tumor
xenografts growth curves for fnice treated with either: the anti-PSMA 7F12 antibody,
the isotype control antibody Rituxan, Taxotere (2 mg/kg), Taxotere (4 mg/kg), the
anti-PSMA 7F12 antibody in combination with Taxotere (2 mg/kg), the anti-PSMA
7F12 antibody in combination with Taxotere (4 mg/kg), the isotype control antibody
Rituxan in combination with Taxotere (2 mg/kg), the isotype control antibody Rituxan
in combination with Taxotere (4 mg/kg), or PBS. Figures 13C-13D are graphs
depicting the mean and median body weight change of LNCaP tumor-bearing mice
treated with either: the anti-PSMA 7F12 antibody, the isotype control antibody
Rituxan, Taxotere (2 mg/kg), Taxotere (4 mg/kg), the anti-PSMA 7F12 antibody in
combination with Taxotere (2 mg/kg), the anti-PSMA 7F12 antibody in combination
with Taxotere (4 mg/kg), the isotype control antibody Rituxan in combination with
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of a signal fromone portion of a cell to another portion of a cell. As
used herein, the phrase "cell surface receptor” includes, for exanple,

nol ecul eswandossoapbexes of nol ecul es capabl e of recei vi RgTAIS00gOBISSANd t he
transm ssion of such a signal across the plasma nenbrane of a cell. An
exanple of a "cell surface receptor” of the present invention is the PSVA
r ecept or . Tatudere €2 mg'kadtthd tdiype sentralfagtibedy Riggaie rembiatierwshwhol e

ant i bodi es_and nt i inding fragnment (i.e., "antigen-binding
port i on")%’i’)’?Ot%rF%%gﬂ%gbn’aqqﬁébggher eof . An "antibody" refers to a glycoprotein
conprising at |east two heavy (H) chains and two Iight (L) chains

inter-connected by disulfide bonds, or an antigen bindi r})? portion thereof.
Each heavy chaFigujes 1¢8nifB aregraphs depisting the mgan 2pd medisnd-Neafl Bmorabbr evi at ed

herein as ' Yol R : i onst ant
region i sxecd%a?@%éogmﬁc}g a%%rs Ze %ﬁa?@%%&%léﬁ%i%aaﬁﬁwwgc%ﬁawdﬁt chain

i s conpri tedsddfpeohirghintibbdy Ritwedn, abPBSr Bipuess 14@bbiRuicadreghshiepieting as VL)
and a light chain_constantregion.. The I chai n_ const ant regéon is

conpr i sedthsmesaand gwedian body Weight changs @f JreRsbeamegaice trepthd Wilybdi vi ded
into regigns,. ) bap L t I t &P ng

regi ons (%@f%? %%%{e)?g%%% Zggi %‘/&h%bﬁd?etg% gﬁfé’p’? %gi}(&kg;ﬁgﬂﬁnﬁyeﬁ%%)%g,ecfrfgﬁ t er med
framework regions (FR). Each VH and VLis conposed of three CDRs and four

FRs, arranged from agm,no-{ermnus to carboxy-terninus i f ol | owi ng
order: FRI, CD%%@“%%?‘,*%%?F?&@F d@%r}g @Ezﬁea?ﬁ&%heﬁﬁél&rﬁé?ﬁﬁ%%%; of the
heavy andydroghins GrlthubRB e Mice tihidd with SMERITAx68AL (4imid/RER BeSsoMpd an
antigen. The constant regions of the antibodies may nediate_t he binding of

t he i nunegyitebentinedy Ritwsen in ¢osehieatiosrwiftiEexstere (4 mefliei the apPSMA cel |'s of
t he i mmun stemd{e g. ... . I ' . € (Clqg) of
t he cl ass?%%ya R@ﬂ%’? lerlrr(igg)rr]rtlblg}}{so?1 g%n%ﬂ{ %Ot%rga(%ﬁ{ég(@ihogeﬂrﬁ%?%glﬁ 1%81? gdg?? |bon" of an
anti body {erergihgiakpyictiggihic beseiy apd hiddtin Hody aseight eharperoiLNCaPefimws t 0 one or
nore fragnents of an antibody that retain the ability to specifically bind
to an antbwg{f@?@]??atﬁisw.eltﬁ?ﬂ Raxoteedh mepesinthe H%?EYHGWQHEWF’&@H% ndi ng
function g, an @i ] rrggqi Yhed ST Atibsdy inengt h

ant i body. anﬁﬁgémg'ﬁggfgg%&%}g regegérgnt gjr%c%npasse W|7t hin 1t he}L tner m

"ant i gen- bombinagprpeith Taxdteref(4 ang/leg); obRBY. i ncl ude (i) a Fab fragnent, a
nonoval ent fragnment consisting of the VL, VH CL and CHl domains; (ii) a
F(ab')2 fragment, a bivalent fragment conprising two Fab fragnents |inked
by a disul fi deppkidaeaaiecs Bl%,g%ﬂ}ﬁ%gﬁi%ahgﬂferﬁésnlahd@_le!athmmmeaﬁn&onm sting
of the VH and CHL dommins; (iv) a Fv fragnent consisting of the VL and VH
domai ns okemgsifisgirewtirawress fanmensttichisd ywith(sither Taapteres @gnelie). thewmndi-et al |

(1989) Na - 544- 546 i ¢ch _consisis_ of | Vi) an
i sol at ed %g% ﬁ@n‘?’gﬁ’g}{/ 1%%%@%@%%‘6’% ‘g%)fog%re ((%:%5}{&) gglg?gr?g’f'p r?% rggt,r&al t hough
the two dgifods Refuxkdi dombinapmedith TMotés @ Md/kgy & FBSIelghes 16C-16D

are graphs depicting the mean and median body weight change of LNCaP tumor-

bearing mice treated with either: Taxotere (2 mg/kg), the anti-PSMA 7F12 antibody

in combination with Taxotere (2 mg/kg), the isotype control antibody Rituxan in

combination with Taxotere (2 mg/kg), or PBS.
Figure 17A-B shows the results of a cell proliferation assay demonstrating that

toxin-conjugated human monoclonal anti-PSMA antibodies show cytotoxicity to

prostate cancer cells (A) with a three-hour wash and (B) with a continuous wash.
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by separate genes, they can be joined, using reconbinant methods, by a
synthetic linker that enables themto be nade as a single protein chain in
whi ch t hew@lo@md923bl r egi ons pair to form nonoval ent nol eCElusS006l038N as
single chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426;
and Huston et al. (1988) Proc. Natl. Acad. Sd. USA 85:5879-5883,). Such
singl e chai n afiG.B8ds 2graghef ehanges intumgerolipelpyertiias fyasise dosgdtritth t he term

"anti - bi ndi ion" of ti body. ANt | f. t
ot ai ned HLPRUPCERDBheR s 4B RS SRR B PRbL BN BB % e
art, and {QendKisfBRftSidiqvameRgned for utility in the same manner as are

intact anti bodies. An "isolated anti body”, as used herein, is intended to

refer to an antibody that is substantially free of other antibodi es having

different anti i.c.specificities . g. n..i sol at j

specifically biid? SERRERL E b Srnf“ﬁ%%"{z"@%“e“& RpPIRE BhlcE 0

speci fi cajdnbudbiidums bf 8 ePSMA Bﬁt’ibdd'?&i}u%’&ﬁﬂﬁv)lgaté\ﬂr 4 &6 @dagidn dOLEDAGE t hat
specifically binds PSMA may, however, have cross-reactivity to other

anti gens, (vhiclke)as PSMA nol ecul es from ot her species. Mreover, an isolated
anti body may be substantially free of other cellular material and/or

chem cals. The terns "nonocl onal anti body" or "nonocl onal anti body

conposi tion" apIai26ds Befrphhbf chiges indumop ¥ epalealvefime foranick ldoskd with ecul es of
singl e nol ecul ar conposition. A nonoclonal antibody conpositjon djsplays a
singl e bi Vrtiong ameuets Pf en isptypa gorirelianiibgdyr drug sopyeate enp spubgatiogdetierhe term
"human an&bgg hicldS used herein, is intended to include antibodi es having
vari abl e regions i n which both the framework and CDR regions are derived
from human gern i ne i munogl obul i n sequences. Furthernore, if the antibody
contains a con nt .region, the constant region also.is. .derived from human
germine i m"run%]té’?@ﬂd? ?%@Bdﬁéﬂ&ég’?lg’h Gt e e {?SEI%%d??FdiH i nvention
may i ncl Ugﬁ-fcﬁlg‘aﬂl‘auﬁ’tﬁ lof o BD by @8t anBPERAEH o RYnid YA Br HeblbARN buffer

i mrunogl obul i n sequences (€.g., nutations introduced by random or

si t e- specalbne(vehickjenesis in vitro or by somatic nutation in vivo).
However, the term "human anti body", as used herein, is not intended to

i ncl ude anti bodi es in which CDR sequences derived fromthe germine of

anot her mammal Fam m@siﬁﬂm o?%@h')r/]ﬁ'%igﬁt ORHASE ovéraiee R eficgd@bt @dthont o hunman
framewor k sequences. The term "human nonocl onal anti body" refers to

ant i bodi evarttius pireyints @f a oFISMh antiboryt-dryg spaivgdte ef & gonihgatienhafier Yans abl e

regi ons ifﬁﬁ@%ﬁh both the framework and CDR regions are derived from human
germine % gl obul i n sequences. In one enbodi nent, the human nonocl ona
anti bodi es are produced by a hybridoma which includes a B cell obtained

froma transgeni ¢ nonhuman animal, e.g., a transgenic_nouse, having a
genome conpri sFKg 23 inageaphind shgngen #1 Wmor ypbge Ry ep Hmegfor tumors having

an initial average tumor volume of 240 mm?®, for mice dosed with an isotype control
antibody-drug conjugate, a aPSMA antibody-drug conjugate, or a conjugation buffer

alone (vehicle).

FIG. 24 is a graph of changes in tumor volume over time, for tumors having
an initial average tumor volume of 430 mm’, for mice dosed with a «PSMA antibody-

drug conjugate or a conjugation buffer alone (vehicle).

Detailed Description of the Invention

The present invention relates to isolated monoclonal antibodies, particularly

human monoclonal antibodies, that bind specifically to PSMA with high affinity. In
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i ght chain transgene fused to an imortalized cell. The term "reconbi nant
human anti body", as used herein, includes all human antibodies that are
pr epar ed,woxprsasssd, created or isolated by reconbi nant POEAIS3006®088K2 as ( a)
anti bodies isolated froman animal (e.g., a nouse) that is transgenic or
transchronosonmal for human i mmunogl obulin genes or a hybridoma prepared
t herefr onte(rdiascmbchxhnhemwﬂhh entitipdias\gf the(myermmam)@rergdﬁ@m parbenlar om a host

I 1t d .he h b f
(o) anti behvaent LenCRG TPmline-uEhAs AR i riicalt SR Bbn ant i body

library, fetaﬂ;résoalc@aé Cmegﬁnﬂb&ﬁﬁlﬁﬁﬂg %ﬁﬁ&ilﬁﬁ&ﬁﬂo agldeslesheey. THeol ated by any
ot her means that involve splicin uman i mmunogl obul i n gene sequences to
ot her DNAnyerfinarresidesigelatedant @ﬁamethﬁ)dﬁﬁﬁmalﬁmgﬁé‘dl adibadigs vari abl e

which the frang h
gerrt  ne Piriihegrbafiet HECEARGIR OROIeRE, ORI AL AR E i e S

r econmbi napharihdcaiticltointposiitiefis mlm@gsmmbeﬂs timmunchijigaesatt agenesi s (or,
when an anj mal _transgeni ¢ _for human |g. sgguences is used, in vivo sonmatic

mut agenes Pispecificimelegales akthg dnvestian Theiayeriinmalsogelafasdo mathad olisiagi ons of
the reco whi |l e derived from and
rel ated F@fe%gﬁ%%cﬁ&t g‘%ﬂd&%gﬁt %g%§§§§%eéﬁ§§é§ may not naturally exi st
wi thin the human antl body germine repertoire in vivo. As used herein,

"isotype" refe[s he. anti body cl.ass or IS encoded
by Che neavy cHaHECBAGRRTEGhsH geay be e FAL baddhda cblhinay
recogni Zi pgmaBreditht dfied. anqdm%ﬁamehhi@eﬁya&@epfohhcemfoagh@@ﬂ@r&etagea ar e used

i nterchangeably herein with the term™an antibody which binds specifically
to an ant flegeriptionThe t erm "human anti body deri vatl ves" refers to any

nodi fied form e hu n,_anti.bod gy o] anti body and
anot her agent ﬁl %ﬁ??b@&@ate'lsﬁgmf%mnbﬁﬂ%ﬁ 3¢ g4 arcllt?'gi\@ I’I|JE31;sllg':§(lntended to
refer to amétedeasy hé‘reﬂmﬁdlmemaeaﬂguﬁm 1sd>@dﬂnseddfspwiasm@mog@"srdﬂ ne of
anot her mammal i an 881 cies, such as nouse, have been_grafted onto human

f r amewor k %@%Bﬂb@s angrgingiusaiy eXPFeéFFé\/WQ@Hﬁéﬁ‘ilgﬁt FRn Pinding otk may be made
W thin th 1CBAPRYO s I AR hed ALk Tho EafmidNididody” is

i nt ended o re er to an res in e varl abl e regi on sequences are
derived f seauenreefHpeah @SMA prdttia hamﬂlet@mﬂaanlegdoessimaquﬂmé@ @Oé46d7eri ved from
anot her species,. such_as an antlb i ch. .t sequences
are deriv EeFﬁ’rBﬂlFfé ﬁ%ﬁgéewrﬁ%w (ﬁf“ftnli‘l@"%‘bﬁ@’fgrﬂ?m eé‘b ﬁﬁg es are
derived fromaWiEse-aNi Oeds. As used herein, an antibody that
"specifically binds to hunan PSMVA" |s |ntended to refer to an anti body that
bi nds to humanAPSighalratsduectiod pafhvByX rafersgo Khedriothesscal melpigonshipf er ably 1 x 10
8 Mor | © Betwett & Va ét?lcc)%l%?:!dytrans&(ucgion mol}écu{es 5T play %% in the transmission

of a signal from one portion of a cell to another portion of a cell. As used herein, the

phrase "cell surface receptor” includes, for example, molecules and complexes of
molecules capable of receiving a signal and the transmission of such a signal across
the plasma membrane of a cell. An example of a "cell surface receptor” of the present
invention is the PSMA receptor.

The term “antibody” as referred to herein includes whole antibodies and any
antigen binding fragment (i.e., “antigen-binding portion”) or single chains thereof.
An "antibody" refers to a glycoprotein comprising at least two heavy (H) chains and
two light (L) chains inter-connected by disulfide bonds, or an antigen binding portion
thereof. Each heavy chain is comprised of a heavy chain variable region (abbreviated
herein as Vy) and a heavy chain constant region. The heavy chain constant region is
comprised of three domains, Cy;, Ciz and Cgs. Each light chain is'comprised of a

light chain variable region (abbreviated herein as V1) and a light chain constant
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preferably 1.2 x 10 9 Mor | ess, even nore preferably between 1.2 x 10 9 M
and 1.2xl1 O-10 Mor | ess. The term"Kassoc " or "Ka", as used herein, is

i nt ended WO 20@&fm8p2300 t he association rate of a parti cul acTarstédsoosssant i gen
interaction, whereas the term"K jg" or "Kd," as used herein, is intended

to refer to.the dissocjation rate of a particular antibody-antigen

| nt er act | EFRionFrEIe et chagmeonstand repieiisiveigrised pkoTe ORI Gt d eI o ¢ he
di ssoci at i ﬁdwﬁlé bS: RBEA r[g-rﬂl% - At to K (i.e,.
Kd/ Ka) anﬁqgﬁggsgéaggsee asrcsgbérlrlgidéé?h?gﬁ%ggﬁsr ati %%Z rl%/? _ht%Df%%}g ues for

ant i bodi esomplenivetadity detennriathgusgions (GRR) dserspdrsedesitlatdgicl ditht are thtve art. A

referred nethod for termning th D_of antihody is sing surface
BI asnmon r EYGHRIY etFHB‘?‘gE%IPS\‘EPSk rﬁgloﬂbﬁjﬁbi‘?@glé%@ﬂlgg@’?& E%S@H%éﬁlrse %i acore(r)
system AgDIRCHITEAEIRS, aﬁ%ﬁge}@%dﬂl aftifiefthinuf td darbd:8 teARlinhfg @Bt | body refers

to an anti body having a KD of 10 7 Mor less, nore preferably 10 8 Mor
| ess, nor &lpvngerdst:yFRO, ODRILOFR2,dF3R2, RS, PR3, dilde Theehdakblsgia® 10 M or

| ess for arget  ant, . .However, . high. aff.inity” bindi can vary for
ot her ant ?g%lgﬁ?‘@’o?&pl@?%?s %%?}[;%Pgm%r% %‘HT*%{PM?/ tgracty with 18 an 1 gm
i sotype r @heesnstit aspidiRioffRahtidatiedaq nkddiRé thk®irddiM 6f thkess, nore
preferably 10~8 Mor |ess, even nore preferably 10~9 Mor |less. The term
"vect or , " pEUpeglebyEy teihest tissugsior dardrs, ineludiagevpripes eellp o€ theiimnawed ol ecul e
capable o O fel t har i I } L i nked.
tne- type. o RLEE iR RNBBCHA Krip@hlCi b Baldieal BSpBRRRY
stranded BMeerh.oop i nto which additional DNA segnents nmay be |igated.

Anot her type of, vect ..s a.viral vector, wherein additional DNA segnents
may be |igat edtrf‘?lfeﬁr_n?{%t_l%ﬁnr' PdlﬂgﬁB%Q.n; 8@?‘% at _°\91¥ PIHEPLyy ém_é bl e of

aut onomugokah, saldeMelelh, o855 ofiEbt mbid Lagtfiifillof B iBEE i fpdhced (€. 0.,

bacterial vectors having a bacterial origin of replicati a epi somal
manmal i antheebildy &) specificelly bindtto ps atigen. (¢.2n BSMep). slohad basnshen tat thect or s)

can be in rat.ed..i nt.o f.he geno f a host .cell on intrad ion into the
host ce: I %Et § "ti"i‘\cgb%WCQ?%OE%THQ@Q?%G%]?%%&WH bg' ﬁ@gﬂ%g‘is 088 A . I\/Ibr eover,
certain vesgi tiBody. Copail1es bifdihe Ghbments BEcRXkeISIiain @fe te@nes to which

they are operatively Iir_lke"d. Such vectors are referred to herein as
"r econbi na#tieEspinding pewtiocafengmtiberdy inpluge (i) a Fek fremsntonmpsevales” ) . | n

3 . A S o | o
often | n FRERATHAN-HERSARS VO Vi ¢ ¥ Ao RERIBLO G BN RERY 2000 4™ 2
"vector” Bﬁﬁleﬁﬁﬁ&gﬁ&tho&\%gﬂﬁhgﬂgﬁg% ¥raBRehtd BnRL PG bis 1(§1Et@§dgé§§ttth&0mm“' y

used form of vector. ver, Invention I's intende cl'ude such
ot her f or himgetegxy (il siFdrfragatmbcansissing of e Wi aral Cyedotnaaisss; (i) g Fyr epl i cati on

defective,retraviruses epovi s and adeno-associ at ed, viryses), which
serve equitdaPEHCOPIFES %ﬁ‘g‘? Tﬁ@étl@ a}néé)gﬁﬁf%%‘l‘mh aé'gl’:’?‘ky’ K@ra )si npl y
"host cel HAD fragfetiS@Wardes 81 1198 NdMRrade &4ucs 465 ik orRiskedfla Vit 0 which a

reconbi nant expression vector has been o ]
domain; and (vi) an isolated complementarity determining region (CDR).

Furthermore, although the two domains of the Fv fragment, Vi and Vy, are coded for
by separate genes, they can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein chain in which the Vi and Vy
regions pair to form monovalent molecules (known as single chain Fv (scFv); see e.g.,
Bird et al. (1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad.
Sci. USA 85:5879-5883). Such single chain antibodies are also intended to be
encompassed within the term "antigen-binding portion" of an antibody. These
antibody fragments are obtained using conventional techniques known to those with
skill in the art, and the fragments are screened for utility in the same manner as are

intact antibodies.
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i ntroduced. It should be understood that such terns are intended to refer
not only to the particular subject cell but to the progeny of such a cell.
Because cwotatamsoasdi fi cations may occur in succeedi hg geaenaskeosnsssdue to
either mutation or environnmental influences, such progeny may not, in fact,
be identical to the parent cell, but are still included within the scope of
t he term "host Aoéisblateglsantibedly"hes esed heRis imipianded toelr toan dibody thadle, f or

cramLe, gy AR LA ok IRt lhatiacy > o

" nonhuman;jsagntei@htibodicthbickpscifitllVshiSES M sulssthtiallni@w Bl sntibodics apramal s,
such as nonhuman grinates, sheep, dogs, cats, horses, cows, chickens,
Prﬁ%\gA -

anphi bi anspeciiisplly biad antigens ofhes thagr AndspdatedantibofntheppesHically " refers
to a nonhyman iyl I e i, Sl n hea
and/ or IigﬁﬁsgﬁgAﬁ ’%&eg%éga%&gggﬁg@%ggg%ﬁ%ﬂ eﬁ%’ﬁ{e{@{i&n egrat ed \c/))r/

non-i nt eginleedles ftom dther spoties| Mareoaén, malsopesioamtiboDNARy dadubsntiblly s capabl e
of expressing fully human anti bodi es.  For exanple, a transgenic nouse can
have a hufghof ethercelnlar materighauléorehgmiralsi t her a human heavy chain transgene

or hunan heavyrehai; L aRSAOPFASIE oStk LiBodPUSEAIRANGES human

anti-PSMA anti bodi es en 1 muni zed”w th PSMA anti1 gen” and/or cells
expr essi ngseRSkin fidfier th arpacpaneanyof ehtihadytmalregens sumbe melacnliaegr at ed i nto t he

h | DNA. of th . as js the case for t ic e g., HIMAD
i ce, or EHEPHHIRIn haRgCloRTetbedy egune e dimtnartel edne © 0 T

extrachroggggmg,laﬁdaﬁﬁmg%lmﬁmﬁg‘ggréﬁtropg_r anschronosomal (e.g., KM mce as
described in WO 02/43478. Such transgenhic and transchronosormal mce are

capabl e of prodbeteny "huingn phtébadybiay yessl hsreiniganiendsdde instugde aabodiedi es t o
PSMA (e. 0, .l . b gA _and/ ar r.goi \V/ . [ [on and

i sotype swvfﬁ%!b%&g glﬁg%al Wiélggil)ﬂ;&%kl ﬁ%%g%%ﬁ%l&?@%&ﬁél?ﬁ%%ggg{’ éadﬁy human or
nonhuman & Taimanldtémlifs maasHiobmin saqieiess. Hubthetmlas, iftHe andbdbdbr ates, e. g.,
manmal s and nonmanmmal s, such as nonhunman primates, sheep, dogs,. cats,
horses, ceRalahp exustant rogigih ths comstantrggion jalse is derveddiomp iaman gagrlineof t ne

i nvention: i ' bddibdot g LR iRuReect i ons.
Ant i - PSMA r%tﬁlll%gﬂlﬁgfg%%ﬁ%éng%{' ?}B}%gﬁl énsag%lﬁwudelé?%iflgﬁﬁvg}ﬁﬁ ar egg aracterized by
parti cul anmfnoreeid wesidhed o encegled by hpmep gemilas infmuroglobnlin bapicrses (&1,

crarpl e, LIG AL oo o0 1 1, Specl L collt 0. U PR B Sharall Y. or
with a KDyRtatenk%n 30y HbREver RS terdShamah BRibRNAMRBed hd¥6in, is not
intended to include antibodies in which CDR sequences derived from the germline of
another mammalian species, such as a mouse, have been grafted onto human
framework sequences.

The term "human monoclonal antibody" refers to antibodies displaying a
single binding specificity which have variable regions in which both the framework
and CDR regions are derived from human germline immunoglobulin sequences. In
one embodiment, the human monoclonal antibodies are produced by a hybridoma
which includes a B cell obtained from a transgenic nonhuman animal, e.g., a
transgenic mouse, having a genome comprising a human heavy chain transgene and a
light chain transgene fused to an immortalized cell.

The term "recombinant human antibody", as used herein, includes all human
antibodies that are prepared, expressed, created or isolated by recombinant means,
such as (a) antibodies isolated from an animal (e.g., a mouse) that is transgenic or
transchromosomal for human immunoglobulin genes or a hybridoma prepared

therefrom (described further below), (b) antibodies isolated from a host cell
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anti bodi es bind specifically to a PSMA-expressi ng LNCaP (ATCC CRL-1740)

cell line. Standard assays to evaluate the binding ability of the
ant i bodi esot2oee8g3PSMA are known in the art, including fPor/uszewpbiss2 ELI SAs,
Western blots and RIAs. Suitable assays are described in detail in the

Exanpl es. The binding kinetics (e.g., binding affinity) of the antibodies
al so can Hensfeuredde gxpipsssihg hamay %@%&vse-&-n&ﬂﬁlm&&%t%% ()spdihodies by ELI SA,
Scat char d; j sl : . rii of the

ant i bodi eésog#éht ﬁ%ﬁﬁ%gor@? ‘(;-)}%’lﬁ{,l énc bﬁ%&?ﬂg a ?1%?{1§&hg§§tggl%i Erﬁﬁ@)nal i zed by PSMA
expr essi ngntiteidies pacychrdal, ghpredsed, opsttabirlisdlyted bptry othler matnsdhatafivednd | bodi es
can be assessed as described in.Exanple 6. Ther tability can be assessed
as descri _af%ofﬁ%l?ﬁa OBl ER SANTSGRICR SN e Vet RO have. a
mel ting PalBhbfanthuh§PakibBRieSha P 8iableGESbALIwhigh tﬂe%ﬁewﬁ% Gmg €ven nore
preferably at least 67 C, even nore preferably at least 68 C, even nore

pr ef er abl D& relgias tarecderi®ed dvenhumaregeuméine matmuyoglobilrewtudeC Iand even nore

pr ef er abl t least. 71 Preferably an. ant.i bod .he invention . has

el t g poTHIR PRDSPERschay s Seat trbod e pelbedid pap BIER 72, o
69 C to 7% fvib mifagenésds (62, whedlanGRirkalltRinddenfc3 fohuMbn l?&qﬁéﬁd'eg’ﬁdy has a
melting point of approxinmately 7 1.43 C. nocl onal Anti bodies 1C3. 2Al G

2F5 and 2usdpinetfier saseptigrmtaganecsis) and thesethe aménn acithseguenaek of therManandbonoc| onal

anti bodi e .and. 266.. | sal S Ealdl har act eri zed
as descri géé%%ns@égr%feégé g ’[da@.%gqjﬁééir%ﬁg‘gfﬁ%ﬁ%ﬂg% %‘ﬁggﬁ ‘%gefgongfagci@ 2A10,
2F5, and 2gedtochshavgerinlin®SFg an® Wsquehces) may,nodfgturhllyle@Bpetthintdty. The VL
am no aci d sequences of 1C3, 2A10, 2F5, and 2C6 are shown in SEQ ID NGs: 5,
6, 7, andh@mnap ganodyisgmineceRdipiedav8ach of these anti bodies can bind to
PSMA, the VH a e Ui n ot her
anti - PSMA bi nd%&%gy%rdolﬁég%gi ggcﬁ%%e@? ﬁfggﬁﬁ&lggn%&?%ﬁ&ygléﬁ%e%?’ggwngﬁgg)gg%ﬁs "m xed
and mat cheatbdedby Bedicewy clzam benstaps tegtbnugeinag t he bi ndi ng assays descri bed

above and in t anpl,e . 0., FACS, or ELISAs). Preferably, .when VHand
VL \éhai ns :atr e ﬁﬁ?gﬁag%d aﬁ&ﬁ@?@é{ Tecostag! @A?%“&ngﬁ a@qﬁ%ﬁ@ﬁﬁ‘ VH VL
pai ring i forARhAEAH A fided Intsichhedetibig Hedeid WithtR teMASBANR Moy wWHiIlEW Se,

pr ef er abl K a VL sequence froma parficular VH/ VL pairing iS replaced with a
st r uct ur abings speasificatly Yo ananfigence. Accordingly, in one aspect, the invention
provides an is ‘ | onal .. ant.i hodv, _or anti gen.bi ndi rtion

t her eof conpri g#’%%e%%(g?&%ﬁﬁ%g@ofyc%}&?%ﬁ r?eg%rr“'g" ?’@8‘?18%1%8%%r %fipt § an anino

aci d sequiamaen aftibedy edle.{ & oonjigite of Y BnEUS Bt iaRethef agthdd Aatibkdy. 1, 2, 3,
and 4; and (b) _a light chain_variable region conprising an amno acid

sequence sel ectBeitermoheRBized BRfPodynisiigiende temrelsEty qtibrdiss imswhigh 7, and 8;
wherei n t ReRLLARDY aSRRE! drf el 2erliRdSs Foter ntinGhAlARLY 0V ga KIVA

mouse, have been grafted onto human framework sequences. Additional framework

=5

region modifications may be made within the human framework sequences.

The term “chimeric antibody” is intended to refer to antibodies in which the
variable region sequences are derived from one species and the constant region
sequences are derived from another species, such as an antibody in which the variable
region sequences are derived from a mouse antibody and the constant region
sequences are derived from a human antibody.

As used herein, an antibody that “specifically binds to human PSMA” is
intended to refer to an antibody that binds to human PSMA with a Kp of 5 x 10° M or
less, more preferably 1 x 10 M or less, more preferably 5 x 10° M or less, more
preferably 1.2 x 10® M or less, even more preferably between 1.2 x 10° M and
1.2x10"° M or less.
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Preferred heavy and |ight chain conbinations include: (a) a heavy chain
vari abl e region conprising the am no acid sequence of SEQ ID NO 1; and (b)
a |ight owNeiznoomeizabl e regi on conprising the am no aci dprseqiseonsmo3ss2 SEQ | D
NO 5; or (a) a heavy chain variable region conprising the amno acid

sequence of SEQ ID NO 2; and (b) a light chain variahle region conprising
the anino aci d’%@@l}éngessm‘ osES ) pesed dicregy, 1§ Wyengde @h&egeré%men vari abl e

i he. ani i nce. of SEO | D NO 3. an li gh
Chi e Panr gl R B R TR Pt o Wb s D R O

2o D PR, SRR Ak Eniadh A ATRE LRGSR AdaAR S PauenCe Of

SEQ I D n variabl e region conprising the am no
aci d sequenibedphniBiQ ihfardyGon.8Thd tera&iticss BsdRatin, ishiatehdadentrefentopr ovi des

anti bodi es that .conprise the heavy chain and |ight chain CDRI s and
CDR3s of thedlissogiatgon @Fﬂst,anfawéa\l%?g%meéérﬁm Wﬁtri‘téfh%tt Entorfedt-e- ﬁ&m&?o aci d
sequences; %};ﬂ& A 0 : own in SEQ ID
NGs: 9, 118%&]1}18%5%521 , rggl{:)%ctleléﬁf/}.}' I—Fﬁ?g‘ﬁfﬁ%%ﬁ@@i%ﬁ?ﬁces of the VH
CDR2s of déi8mifdllisingmbthodneel? €8atadished tnothe aitn ASfE€ferdd N@ghod®r 14, 15, and

16, respectively. The am no acid.sequences.of fhe VH CDR3S of 2A10,

265, and SRR O Y ST G 4ge plagTo Fepobce, EBERY vel y. The
am no aci giseAYRRGRS: &fstdhfucklks FPR & siddn. 2A10, 2F5, and 2C6 are shown
in SEQ DD » 21, 22,7 23, and 24, respectively. The am no acid sequences

of the Vk CDR24s vsediigseintha Grmsihizh affinitg'dor an G pufiedymefeBaoPD NOs: 25, 26,

27, and 28....respectively...The -am no _aci a&s, Of CDR3s of 1C3,
2A10, 2Fsattipegy BEGhE ¥ Rt A0 e %@:@r‘&@g{l‘bﬂd o3 1%59’3?‘1%%32,
respect i vgleferabliie0CRRor B, and ewdhaneielprafeabsdl 1S iMgr tdsefdfahazeisy st em (Kabat ,

E. A, et al. (1991) Sequences of Proteins of |nmnmunological Interest, Fifth
Edi tion, WtgenpDdiayevsnntighratigity thinding canuvaiy faserlgr qadbody isptspast ifht i on No.

91-3242). .G « hat . i ‘Do i nd: t hat

ant i genbi %Wasp cﬁﬂl?%ﬁ*y&ll&gﬁ%?og\eﬁl 3@% IBW%I%%% ?ﬂg%%w, and
CDR3 r egi of)” Mher 134s, \GBR prefeRRPy; 1GTHM GDRS, senueore @sefartiy\i0 QDRIr les€DR2, and
CDR3 sequences can be, "m xed and. mat ched" {1.e., s f.rom.different

ant i bodi efﬂ%‘gﬁnggewrxe‘ﬁ’ %ﬁ@g%%ﬁ,lmﬁp@?ﬁﬂtﬁd#eé?c%nﬁgg BRdy ®contain a VH
CDRI aBRO GRS AN Molter FRiRbic a6HARE wiRdlFit i en 1RKkEd. COhELyRE BET

ant i - PSMA b nding nol ecul es of the invention. PSMA bi nding of such "m xed
and nat cheettorana "plestiisd, which befets o o etcwls dapblewirapileiDNG lnopayis descri bed

shove o RGABSek i TR o P B SRl
vector, wherein additional DNA segments may be ligated into the viral genome.
Certain vectors are capable of autonomous replication in a host cell into which they
are introduced (e.g., bacterial vectors having a bacterial origin of replication and
episomal 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, "expression 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. However, the invention is intended to

include such other forms of expression vectors, such as viral vectors (e.g.,
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CDRI, CDR2 and/or CDR3 sequence froma particular VH sequence is replaced
with a structurally simlar CDR sequence(s). Likew se, when Vk CDR
sequencesweaneoansssd and mat ched, the CDRI, CDR2 and/ or EDRAISs@quessse from a
particular Vk sequence preferably is replaced with a structurally simlar
CDR sequence(s). It will be readily apparent to the ordinarily skilled
artisan tIeaticaiondiefoghivarriroviruscs fdeneBEISeMdRdens-assoeigien VIS tWhIER i ng one

nore V, £gion sequences with structurally sinmlar
sequences@%ﬁalw&quences di scl osed herein for nonocl onal antibodies
anti bodi es 1C3Th@®iA, "redbmbiranthaCeell"Aocsimpiynloyt celll), anoteddrerasject , t he
i nvention, provides an isol ated noclonal anti bod 0 en bi ndi ng
portion tHéndsd x5 HRaIte §|Cﬁ]é1mt? éY)hr% HER @ngeﬁp(?%lg%ﬁ‘?‘%orq@é Ibg
conprisin I ing of SEQ
D Nos: | oDfuch PARGIEbARALGREA BE sl hn, LETHHRR I BB %ﬁ%
conpri si n@le@arth;nianeu‘tgedtateﬂbqﬁjenh@pmgd:rem@dcm aoeﬂtEecagsm,qntanDnsi sting of SEQ
| D NGs: %. 15, and 16’&138‘ %F@g heav chal arJabIe regi on CDR3
conpri si n’@‘og ICRTR AP FUE TGS m§¢§eﬂ té%nsf Ynsi sting of SEQ
1D NGs:  ldnvirb8mehf miﬁl@ne?e@ Sudh pﬁ)g\ahﬂﬂltay%lﬂ'uﬁlfa‘éﬁfb\e@&ﬁnﬁcﬂ&g R e

conprising an am no aci d sequence sel ect ed fromthe group consisting of SEQ
E) NOs: 2dell, bt arpgtill inednded w1(her) the scoppraf thhierm "hest celb] as usedheraincDR2

conpri si an .amn ence _sel ect [ nsi sting of SEQ
TD Nos: | 2Bt fof ot BERE 15 IR RO AT RO RHE 5 eg on Cora
conpri si ngmahoayidveliaci d sequence sel ect ed fromthe group consi sting of SEQ

I DNGs: 29, 30, 31, and 32; wherein the anti bodg speci foél%ally blrr@gs PSMVA,
preferably humd§u femnthﬁteﬁ?’eﬁ%bﬁ‘@dlmﬂﬁ% man ENORIIER Y npr i ses:

(a) a heayy, InDoifthh e CORYy, 9; (b) a heav
chain vari a%feglﬂr g& on @n%lo%?@sel ng gﬁ% | Bé’%é]’q?ém isqnuqﬁelavy(c%w n y
vari abl e rmgnmnis CffBasommpumsn prijEQ shBe\l@pgd] gatslysen, dawghthickeisn vari abl e
regi on CDRI E I‘ISI SEQID r 21; (e) a light chain variable region
CDR2 corrp'f“?lgli11 gﬁeé@r R 25; and (f) a light chain variable region CDR3
conpri si ng SEQrhOreNR “Bahsgbdlc adbahi@hn Ql'ilﬁica?flreﬁ‘gs @Mﬂlﬁﬁﬁhanﬁlﬂﬂ anti body
conprises: (a) a heavy chal n variabl e region rising SEQID NO 10;
(b) a heahayvmgnagcnmmmmremwem n@msmumanbpavsaemg/os tghaigo, 14; (c) a

heavy chajn variable r i si.ng S d) a light
chain Varfrgtbﬁggnqsgéltrgﬂsc 0388}?5 ?‘@‘i‘?ﬁ”ﬁ‘ (?E)r N% ngengqud n% (el zght Chgl n
vari abl e p@fia08 nsikbg g@mrclmmgalﬁﬁ%lbﬁlé\apaﬁl@,ofameésiﬁg ﬁllymghfanc hai n

vari abl e re% on CDR3 conprising SEQ I D NO
antibodies. For example, a transgenic mouse can have a human light chain

transgene and either a human heavy chain transgene or human heavy chain
transchromosome, such that the mouse produces human anti-PSMA antibodies when
immunized with PSMA antigen and/or cells expressing PSMA. The human heavy
chain transgene can be integrated into the chromosomal DNA of the mouse, as is the
case for transgenic, e.g., HuiMAb mice, or the human heavy chain transgene can be
maintained extrachromosomally, as is the case for transchromosomal (e.g., KM)
mice as described in WO 02/43478. Such transgenic and transchromosomal mice
are capable of producing multiple isotypes of human monoclonal antibodies to
PSMA (e.g., IgG, IgA and/or IgE) by undergoing V-D-J recombination and isotype
switching.

As used herein, the term "subject" includes any human or nonhuman animal.
The term "nonhuman animal" includes all vertebrates, e.g., mammals and non-
mammals, such as nonhuman primates, sheep, dogs, cats, horses, cows chickens,
amphibians, reptiles, etc.

19



I n anot her preferred enbodi ment, the antibody conprises: (a) a heavy chain
variable region CDRI conprising SEQ ID NO 11; (b) a heavy chain variable
regi on CDRD 20@ms9138i ng SEQ I D NO 15; (c) a heavy chai nprcanisaime@03ssyi on
CDR3 conprising SEQID NO 19; (d) a light chain variable region CDR
conprising SEQ ID NGO 23; (e) a light chain variable region CDR2 conpri sing
SEQ ID NO 27; and (f) a light chain variable region CDR3 conprising SEQ TD
NGO 31. In ano t
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chai n var sdiseetianegi on CDR2 conprising SEQ ID NO 16; (c) a heavy chain

vari able region CDR3 conprising SEQ ID NO 20; (d) a light chain variable
region CDRI conprising SEQID NGO 24; (e) a light chain variable region
CDR2 conprinsiipgMAERhHddNe 28; and(f) a light chain variable regi on COR3
conprising SEQTD NGO 3Z. Antibodies Having Particular Gernline Sequences
In certain enbodi nents, an anti body of the invention conprises a heavy

hai i abl I ! | obul i
Gene and or a. MPERORISH IR Raprio A arroiset By DRt ARE gl me 1 ght |

chai n i MaagtHSrbperd €6 thE SiitiRYRRPF6r exathple, wﬁeeatr@ﬂbb@ﬁs BidGgediBEHILy t he
i nvention provides an isol ated nonocl onal anti body, or an ant |h% n- b| ndi ng
i

portion t Hhuem P%Mﬁpr]?@fef@lh an@avbodmﬁthe ipxentigm léndsetglPfoh‘éﬁ ght he
product o d fr e ant i body
speci fi ca%{fﬁﬁtgiﬁ) X .“ﬂfﬂn ?%gxy I\/f)grrlrésesg A]ese rren%rﬁbl%"ﬁg i nvention
provi des ambael«rlsam&ﬁspwimmﬂymad PWW—WgssmgermmT@é@Rﬂ—ﬂlmmgeﬂ)ort| on

t hereof, conpris a light halgvarlable relontg?)%ls duct of or
deri ved f B SARCATRASSORS (0 &8 e bifdeaabiity ok theni 98@& l'y binds

PSMA. I n yRikdnatiRele 8 %&ﬁdﬁg’f&@%3I$EELISA§1WéstY§BIo't%dFR]9&é' des an
i sol at ed nonocl onal ant’i body, or antigen-bi nding portion thereof, wherein

t he ant i b&diabl¢ agsaysoarp demeélﬂmgnndh@linamplcs abhebindigg dmetihaite.g. s t he

product o 41,

onpr | ses e in e A Paid iha (e eef 67 bl ata IR der ] ved
froma hugnrlykudhl ashydems A( SRR, Mok Biddore adlysid)eOfieR ptdfera@nt | body bi nds
PSMA, preferably human PSMA. | n yet anot her preferred errbodl ment, the

i nvent i onPioPeRtied o5 theranfibedies eidheinvertiariarludn therbilify tobe mtarnefined by¥ndi ng
portion tgsﬂf@%}ﬁ@@ﬁ{;ﬁé %H&P%H%ég&%ab .r]gl%%’a[hzﬁt?&q @g;{g}?gk%i@eﬁfﬂé vari abl e

region th ertved gene (SEQ ID
NO 42); assessed as described in Example 6. Thermostability can be assessed as described in

Example 7. Preferred antibodies of the invention have a melting point of at least 65°
C, more preferably, at least 66° C, even more preferably at least 67° C, even more
preferably at least 68° C, even more preferably at least 69° C, even more preferably at
least 70° C and even more preferably at least 71° C. Preferably an antibody of the
invention has melting point in a range of 67° C to 72° C, more preferably 68° C to 72°
C,or 69°Cto 72° C, or 70° C to 72° C or 69° C to 71.43° C, or the antibody has a
melting point of approximately 71.43 C.

Monoclonal Antibodies 1C3, 2A10, 2F5 and 2C6

Preferred antibodies of the invention are the human monoclonal antibodies
1C3, 2A10, 2F5, and 2C6, isolated and structurally characterized as described in
Examples 1 and 2. The Vy amino acid sequences of 1C3, 2A10, 2F5, and 2C6 are
shown in SEQ ID NOs: 1, 2, 3, and 4, respectively. The Vi amino acid sequences of
1C3, 2A10, 2F5, and 2C6 are shown in SEQ ID NOs: 5, 6, 7, and 8, respectively.
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(b) conprises a light chain variable region that is the product of or
derived froma human Vk LI 8 gene (SEQ ID NO 44); and wherein the anti body
bi nds PSN®Q 2pocaisezsabl y human PSMA. An exanpl e of an ant Pbodys20vawdisg2 VH and
VK of VH 3-30.3 and VK LI 8, respectively, is 1C3. Exanples of antibodies

having VH and VK of . VH 5-51 and VK L18, respectively, are 10 and 2F5. As
used herein, a Virethatf3eh B @?Sec%‘?ﬁg? lg%m%‘gff ]%éM%P é‘ﬁ‘t\?fé Lvari abl e

regi ons t bafichses chiBe BB Ghd Aated” Bedrbae dinbt MLPWBihHﬁ%lrgél afég i ne
sequence if the variable regions of the antibody are obtailne ?r om a system

t hat usesohinsanveptiond PHMA birdimggif sipall ‘tomix gé ambmaighed) ayibodinscaniel ude

i mmuni zi n t ransgeni ¢. nouse carr.yi human. i ogl obul i n es wth the
anti gen of*SfveRedte Brdg s Ageibrlamate rndin B ronmpls GenE G bPary

di spl ayed EQIS Ré)aderefdritily,tvigenan hbeV, SaihdUr8 hfiRdd and BB, ﬁ"ﬂ%&@ﬁ’éﬁc& hat is
“the product of or "derived fromt a human germnline i munogl obul'in sequence
can be i d&em ¢ paticelsr ¥ydh myingoapalicad withe dmchisalhtsigileeuseaenes. t he human
ant i body i i ence hu n_i.ne i nogl ohQul i ns and
el ot ng st/ ARG Vi SEME SR Eh FRC VBL Rl i s SR BB L 5
sequence §ructurallyEidlag st stoiepeat i ty) to the sequence of the human anti body.
A human anti body that is "the product of or "derived front a _particular

human gern i neAiCﬁ?FGHB@Dé‘bQ]P‘? P& gihe frventien Proyiten AR 1saHtetomaRedond f f er ences
as conbar gl e BeLib bR e SRR G0 iindiind O exanpl e,

natural | y-occufring tations or 1n ional introduction of
site-directed frtabéayy.chhioweriesle regicedongiresthgramaninantidedyenty péledéd y i s at

| east 90%.i dentical in .am no aci guence to an am no acid sequence
encoded b Oﬁltﬁﬁﬁﬁq?p§8pﬁf%%°ﬁ$ﬁélﬂib\ﬁ%ox1£ ’S‘é‘ﬁé’_”éﬁd contai ns anino acid
residues that {wlenighk ¥hdih9a _fégﬁﬁtdoi%@%ir@%n%iﬂ&aa&@ﬁe{heﬁ&e&lé&%@ar ed to

the gernline i munogl obulin am no acid sequences of other species {e.qg.,
muri ne gefipin the sxagurensisidg ofiSEQ 8 N Scasesnd & human anti body maybe at

| east 95% or n. I t,,96%..97%, .98% ..gr 99% i.dentical R, an no acid
sequence to thg"\ﬁgrr%nﬁ%leggll d%’esé’ﬁgéﬁ%aél}?ebﬁ%%dﬁe%p{er%alggmr’laﬂg S:[\)%unogl obulin
gene. TypPgddrted heavi uidhgiarthhipeembiekibnecfudem a particul ar human gerniine

sequence will display no nore than 10 amino acid differences fromthe am no
aci d sequence EncheayyshainyarishlpEsgioresanmrising theamsy sblsqayerem. I n certain

cases, th QLWN té'ntgp@ | 0. 5, 10 nore than
4, 3, 2, glr3 1 amozg’ acl y&%&%ﬁ%g arb('i;é;;lre eecg}nﬁlb?llgmgélll%&ggl\éﬁ%lnd;e encoded by
t he ger nl seymencemfrsdif) AHNQ:5; gene. Honol ogous Anti bodies I n yet another
enbodi ment, an_ antj body, of the invention co i ses heayy and light chain
vari abl e regio acfé‘?‘?ﬁfﬁ’icgi“ﬁda’a%l%egé‘&WW%@%WWWQ@“WQQOUS to the
am no_aci dreRARIADEaSaf (o) h3ight B LAhHAIERALL A IERARL BRthRIP N, and
wher ei nt he anti bodi es r(g? ai 1nglillt he desired unctoiﬁhg)nallq%propertoi es of the

ant i - PSMAseuendeadiSES) B9 NO: 6; or

(a) aheavy chain variable region comprising the amino acid sequence of

SEQ ID NO: 3; and (b) a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 7; or

(a) aheavy chain variable region comprising the amino acid sequence of
SEQ ID NO: 4; and (b) a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 8.

In another aspect, the invention provides antibodies that comprise the heavy
chain and light chain CDR1s, CDR2s and CDR3s of 1C3, 2A10, 2F5, and 2C6, or
combinations thereof. The amino acid sequences of the Vg CDR1s of 1C3, 2A10,
2F5, and 2C6 are shown in SEQ ID NOs: 9, 10, 11, and 12, respectively. The amino
acid sequences of the Vi CDR2s of 1C3, 2A10, 2F5, and 2C6 are shown in SEQ ID
NOs: 13, 14, 15, and 16, respectively. The amino acid sequences of the Vg CDR3s of
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t he invention. For exanple, the invention provides an isol ated nonocl onal
anti body, or antigen binding portion thereof, conprising a heavy chain

vari abl e wegoawssasd a |i ght chain variabl e regi on, wher ecmusg@y/ovise2 heavy
chain variabl e region conprises an am no acid sequence that is at |east 80%
honol ogous to an am no acid sequence sel ected fromthe group consjsting of

SEQ ED NOE3.2A1, 2835, agd @ Ch arg phovymie IHQHY NOmil . 18l Petndes Egpestivelypri ses
, ) \ | . '
sequence o0 SuBEHADSEuIAES of Soth CIRK oS PATE ARMR pC6 3L AR T o
and (c) tBRBQAM NDed¥l, 223, hind a4, rgspettivkdy.t ThaarkiBbherbspreasengf thélWaP cel |
line. In ath nbodi pents, the VH and/ or. VlI_anj i_d b
50 gom, CSh oS THS LB SBssh i bm et el T 0RTs S L ERERE ™Y o0F,
above. A”ﬁégﬁ%c:tiggfélyt@%;énﬂﬂo Y 80fhendes %?ﬂie%scb‘ﬁ%h BH163, P10, 285,:an80% OF

greater) ne VH and VL regions of the sequences set forth
above, cafCbhereadhbwvinnie SEQIIMNOay2NE9i 31,@ed §2, respectvaly.r €b¢ EPRoregROR- nedi at ed

mut agenesi s), af nugcl eic,acid nmol ecu carr.espondj o SEQ I D NGs: 33, 34,
35, 36, 3gredg I,le%?ji,c u thﬁgi,agf‘toﬁyﬁtﬁ%@fa%ﬁf’ ge_é’t’ieﬂﬁi1 g#d@ghgeoé}?g%feog al tered

anti body bRiieih&bLintRehJ16K164] 1RRresd, Feth EMiBAI 1S, Depdingi oPEMAtaid a KD of
5X138 M or Ies?@ using the functional assays described herein. As used

herei n, tHamaaSeenceshyhsPoblcatienweAlB3dd2)am no aci d sequences is equi val ent

to the percent d.dentity b en t.he.. , t identity
bet ween t he twg“ée gtlaétne\é% g%t\ggsf t&ﬁ%‘%@%ﬁ“ﬁﬁ%ﬁ’%@? %%g%?lgg%tl cal

posi ti onsbildaigagedificithd preddae@aarly.b8.the ZDRITOIDRYY amd £DK3 degd@ns,ithal
positions/total # of positions x 100), taking into account the nunber of
gaps, andVafePRbrigPR2onddeleR3 geyiencesioas Vm&!?alg%ad?%%% 3 (o2 eeueBtes opt i mal

al i gnnent .of £ 46 L40,F RAHEBLES ¢, EHRLONRAL SR aﬂfibécﬁ&“@iﬁ%%n%@@ and

determ nation of percent |de‘r31([§'fe‘t’y between two sequences can be acconpli shed
usi ng a nataldnaitiongh eadhgortibbymusiscodtsc a Mpe@DR b, €hB2nand- CDRB andig Vaxanpl es

bel ow. Th er id i bet ween two .am acj.d se nces.can b
det e\er' neg:q@%]i’ @%éﬂ‘i%ﬁﬁ%ﬁﬁeﬁﬁ OE}}er S}Z}gﬁ‘gﬂ?&“{’ﬂg %Pﬂllé'é 5P ut . eAppl :
Biosci., fhvidtidy RSMADihdink bEsdAatmiRaEMd NECRRIOTaAtBEHiE a8 ehtestdd| GN program

(version 2.0), using a PA 20_vve|a%2t residue table, a galg Iength penal ty of
12 and a gsipg pertdndipg essays daserakidi abows and inghp Bxweples (alpnk ACH, BelSAsen t wo

an no aci d.sequenges. c e, determ sinag._the 2dl sch (J.
v oer el BigSARER MR gn R AR VA R e A RS R ARaRE T
the GAP pCOIRIQUDRY idiBor@IORS eédusacefrPRackagtcul@Wai seabead replaced with

http://ww:. gcg. com), using either a BlLossum 62 nmatrix or a PAM250 matri x,
and a a structurally similar CDR sequence(s). Likewise, when Vi CDR sequences are

mixed and matched, the CDR1, CDR2 and/or CDR3 sequence from a particular Vi

sequence preferably is replaced with a structurally similar CDR sequence(s). It will
be readily apparent to the ordinarily skilled artisan that novel Vy and Vi sequences
can be created by substituting one or more Vy and/or Vi, CDR region sequences with
structurally similar sequences from the CDR sequences disclosed herein for
monoclonal antibodies antibodies 1C3, 2A10, 2F5, and 2C6.

Accordingly, in another aspect, the invention provides an isolated monoclonal
antibody, or antigen binding portion thereof comprising:

(2) aheavy chain variable region CDR1 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 9, 10, 11, and 12;

(b) aheavy chain variable region CDR2 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 13, 14, 15, and 16;

(c) a heavy chain variable region CDR3 comprising an amino acid sequence

selected from the group consisting of SEQ ID NOs: 17, 18, 19, and 20;
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gap wei ght of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4,
5, or 6. Additionally or alternatively, the protein sequences of the
present iwoentdmm3ean further be used as a "query sequeRrCEUS2@6passEor m a
search agai nst public databases to, for exanple, identify related
sequences. Such searches can be perforned using the XBLAST program (version
2.0) of Altschid) alight ¢hiain Yargblp)region (IR BeanprismGamgBneECidseASNCRr ot ei n

searches can %%ﬁcggglf&e?%ggdaggﬁsgnégggﬁﬁogzr@gﬁ?@l§ﬁ¥§$ = 50, wordlength =

3 to obt alrCsi uence "0gous hé’ant 1'body nol ecul es of

the invention. (eJQ 1ot ahdin GaedieiregiondTIDRD combrising anpmincsaid ggupacees, Gapped
BLAST can be utilized as described in Atschul et al, &1997) Nucl ei ¢ Aci ds
Res. 25( 1selectrddonm simeroyp eensisting oz SRE IBXGY: 20nd0.3Hppad28I3ST progranms, the

defaul t parame %ﬁ}gj’l{ cﬁaﬁ?v%ﬁ%%foﬁ%ﬁ?% tslié%g?amil ) Egﬁ&f&eNBLAST) can

be used. See h WWW. ncbi ni h. gov. es wt nservative
Modi f i cat sebseged! fiom élid grotp esdsistinpgefiSEQ INAGst2%80y31ofind B2, i nventi on

conprises a heavy chain yariabl e.region risi , nd CDR3
sequences and WPPEGH eé‘PfQ%"ﬁy\%‘Fql%‘Eﬂ? W%&Wé%?&@ﬁ“@ﬁ%%m and CDR3
sequencesy, yigfeid AiBdRferRhEafibolenfplR: sequences comprise specif i ed

am no acid sequences based on the preferred antibodi es described herein
{e.g., 1C3, 2A14), a hedyy chrin2@6xbleoegion DR veamiprisingdtEi@ IRANQ s t her eof , and

wherein th i badi tain.the desi funct.i ; f th
Anti - POVA ant 1 BOdi B BEREH dRHIERE BT OO RASP IR £ Q HeNREeht 1 on pr ovi des
an isol ated noRyshens) chant vARREK regfion DR DSinfishel SBQADMNOO17;t her eof ,

conprising a heavy chain variabl e rgﬁon conpr.i si n& CDR, CDR2, and CDR3
sequences and @) pilight chetmyanablgegion LR rompasrpPEQ IRYNCHRL;, CDR2, and CDR3

sequences, ekt gt Bloih U HEKIGTSHROXBLLARS SERSIDR A e auence

conprises an a sequence s roup consi sting of
am no aci d seq(endiht chaibkeidbl fsghn ADR3 t8mpdifing SEQ WONCaf. conservati ve

nmodi ficatjons thereof;(b) the light chajn varjable regi on CDR3 sequence
conpr i seseanother prsterEsdenalasinsite éP‘é]Eqdé@OfT}P&ﬁ?sthe group consisting of

am no acid seqy n&ﬁe?’y@ﬁ%ﬁaﬁ@égigﬁcﬂ& codpri E@ payd; ppnservati ve

nodi fications thereof; the anti body specitically bi nds to a
PSMA- expr essi n(h) LNGaRPy chiih vhiistde region GDBReboprisichg SISOED MEMt14; t he heavy

chal n ver abl £ G on, COR2 Seghonce Smer L Se5,a0, &2L1A @plthsetuence
13, 14, 15, angdy)hbighthit 0RsdldRbioneC IR cbnpAdih@BEQIENERD2; and the |ight
chain variabl e region CDR2 sequence conpri ses an am no_aci d seguence
sel ect ed from (e kight ehain yadatie regiomEDRAiceupaising STyl A& 205andEQ | D
(H) alight chain variable region CDR3 comprising SEQ ID NO: 30.
In another preferred embodiment, the antibody comprises:
(a) aheavy chain variable region CDR1 comprising SEQ ID NO: 11;
(b) aheavy chain variable region CDR2 comprising SEQ ID NO: 15;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 19;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 23;
(e) alight chain variable region CDR2 comprising SEQ ID NO: 27; and
() alight chain variable region CDR3 comprising SEQ ID NO: 31.
In another preferred embodiment, the antibody comprises:
(2) aheavy chain variable region CDR1 comprising SEQ ID NO: 12;
(b) aheavy chain variable region CDR2 comprising SEQ ID NO: 16;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 20;
(d) a light chain variable region CDR1 comprising SEQ ID NO: 24;
(e) alight chain variable region CDR2 comprising SEQ ID NO: 28; and
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NGs: 25, 26, 27, and 28, and conservative nodifications thereof. |In another
preferred enbodi nent, the heavy chain variable region CDRI sequence

conpri seswanoamspsoaci d sequence sel ected fromthe groupCtarssesisg2 of

am no acid sequences of SEQ ID NGs: 9, 10, 11, and 12, and conservative
nodi fications thereof; and the |light chain variable region CDR sequence
conpri ses an aff) adightcloirsenisbiecegiorl (IR P dorhpmymg BEQJPONP: 33nsi sti ng of

am no acid sequences of SEQ ID NGs: 21, 22, 23, and 24, and conservative
nodi fications thereof. As used herein, the term "conservative sequence

nodi fications" is intended to refer to amno acid nodifications that do not
significantly affect or alter the binding characteristics of the anti body
containing the amno acid sequence. Such conservative nodifications include
am no aci ¢ [ . dd' t| Qns Sand dgl etions. Mdifications can be

i nt roduc AV HEE oY ventTon by standard techni ques known
inthe art, such as site-direct ed nmut agenesi s and PCR-nedi at ed nut agenesi s.
Conservative am no acid substitutions are ones in which the am ng acid
residue is replasggingmbydanenisiangutieedy ofdhs Byentipasompraes? avichande chain.

F I
of i ned i TeripE T80 Sl BREHEP et inRfotly Brb Bl inBh S BRURBREMR AT |
chai ns ( elight chhiyi atighle asgidbmirom,a gartidul ati gemhlinealighd ichais iienuobglobdin e. g. |

aspartic acid, glutamc acid), uncharged pol ar side chains (e.g., glycine,
aspar agi n€1€gl| ut am ne, serine, threonine, tyrosine, cysteine, tryptophan),

nonpol ar side ¢ AR eRfbodiAbrt NBe ilveHGhfrovide@heiseiatd  prol ine,
phenyl al ani ne, Xﬁﬁlgnl ne pregéeta braonched’ sﬂje charrﬁrgv( g. tahreonl ne,

val i ne, |moh@1]cnahel)1tﬂmdd mmrmlgm-blrldmgqiwmrsth@ﬁsoé ConWsmglad@aVy chain
phenyl al ani r e or m 0o acid
resi dues Wn[aﬁ 8%8 a&&af%ﬁg{%éor%nﬁ?&#%ﬁuﬁaﬁ e% on can be
repl aced %h&ﬂénﬂh@@ﬁu%@pecﬁﬁédmyﬂﬁﬁdsdlmﬁ R ehdther Iﬁraﬂéﬁeé eﬂeo@lh@m theam |y
andthe altered antibody can be tested for retained function {i.e., the

functi on kwentjasynravides gcipolaiedimepocioaal aptibedys 9apn AalgepipEEE POBOE her ei n.
Ant i bodi es,_t hat f th
vents ontrohsaRinaFins AP i Farittd @B il roels S0 RAGLERORT | 7E

bind to thawsanWapistene, mrﬁummmqu&cmﬁupbmdb@sm nmonocl onal
anti bodi es of the invention {i antibodj es fhat hgve th §I|Ityt0

cross-conpete hbyetan%isrr@eﬁegeﬁvsmomqm ARR/ ¥R PTG ASIISAA ANt i bodi es of
the invengj, p&élona{mnﬂﬁ fyebi G @;g*gﬁftahwram Hafeof SIS ¢ AfibbBedy for

cross-conpetition stu es caf e rmnoc onal’ anti body 1C3 (having VH and
VL sequences a)shovempmseSEQedy di@in vatiabledeSion theg petbe prasiugtof oaor t he

nonocl onal 2A10 e ences as shown in SEQ ID
NOs: 2 an@lerﬁ’edr‘{fg%é@mlv( rga)’(@?%? (Sﬁgﬂﬁm ;ant i body 2F5 (having VH and
VL sequences ag,)showgy C%ﬁls(e%(ﬁgh{};mvar&bm‘égﬁn 1 SPBS proRIcYf or Perivére

nonocl onal anti body 2 havi rJEg VH and VL sequences as shown in SEQ I D NGs:
4 and 8, from ahuman Vg L18 gene (SEQ ID NO: 43); and

wherein the antibody binds PSMA, preferably human PSMA.

In yet another preferred embodiment, the invention provides an isolated
monoclonal antibody, or antigen-binding portion thereof, wherein the antibody:

(a) comprises a heavy chain variable region that is the product of or
derived from a human Vg 5-51 gene (SEQ ID NO: 42);

(b) comprises a light chain variable region that is the product of or derived
from a human Vi L18 gene (SEQ ID NO: 44); and

wherein the antibody binds PSMA, preferably human PSMA.

An example of an antibody having Vi and Vi of Vi 3-30.3 and Vi L18,
respectively, is 1C3. Examples of antibodies having Vy and Vi of Vi 5-51 and V¢
.18, respectively, are 2A10 and 2F5.
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respectively). Such cross-conpeting anti bodies can be identified based on
their ability to cross-conpete with 1C3, 2A10, 2F5, or 2C6 in standard PSMVA
bi ndi ng aseay®/08pn exanpl e, Bl Acore anal ysis, ELI SA as®ayasesociohisaz
cytonetry may be used to denonstrate cross-conpetition with the antibodies
of the current invention. The ability of a test antibody to inhibit the

bi ndi ng of , foAsesmlrhﬂr@n, alleenam@odszasnpmes hewy ardighuehain REibledenonst r at es

that the test b et ar 206 f bi ndi ng
to hunman PSIRS ﬁﬁ%prgg ngr dﬁgv%&ﬁ% epi’ ta’(%lcgpa%ﬁe%%ese fli

2A10, 2F5yarfibled@Biont Bf fe @ﬁt@fﬁ%&@@@oﬁﬂiﬂ@&i fioBNd systehﬁtlﬂﬂﬁﬂeb agiah @éﬁmlﬁiends to

t he same epitope on human PSMA as 1C3, 2A10, 2F5, or 2C6 is a human

monoc| onalmmpwe¢ghewin g8oesh Svaharsteranimeludn anmamzngrirasgena meEsyr epar ed and

i sol at _ed %?T}%l’fl [ el?neﬁjnﬁ'r c}gﬁ]o% 515 és%ﬁh E@%hﬁge%ro%qm%gbqt M&téehﬁg aAnt | bodi es

An anti bo &4 Wenta%on er can be usi ng ant i body
havi ng onkurfin imhencsgﬂotiuﬂm gt Hmdfmlsﬂhyaleﬂmmgewmﬂrthemﬁséed olﬁﬁftﬁ‘eﬂ as
starting material to engineer a nodified antibody, which nodjfied antibody

may have érhuerae@nbbetwh@t igg ﬂﬂﬁ@ﬁ%ﬂﬁbofétoa “Uerhigd dromy by Bymamge body can be

engi neere H&ﬁﬁm vari abl e
regi ons (?mwn%frltl /S([%éiih @E?,Q{boermé@g{rsgﬁng t Hi n&r‘g?tengﬁﬁen%?gla%%% regi ons
and/ or Wi teuencernd ther humemeantibadetochk amewi witsseqAeties dOmahaygomliabt er nat i vel vy,

an anti bod can_he.e nodi f r esi due wi.t hin the_constant
ot on( oy S oIS Snd e e e St deufint SRmRRSElgmE Yot 850 pody .
One type @bsdépinl RBh&cE B, cgtree@ét@tymﬂeﬁﬁwtotthageqz@ﬂcdo&tﬁ@ht@amlma CDR
graftr ng. Antibodies int eract with target ant1 gens predom nantly through

am no aci 4 huawindatibody-het iaf tepoeductefl” om“dweéufsomi’eepgmarﬂaﬂnurgm chain

| -
ceauencese At AREEEIRueh EolsR M e iR el ol Ml R bR T

sequencestoatit grtfinefseqdnse, dae ¢aUscexabiples ﬁﬂlﬂl&féﬂ@&&cﬁﬁﬁlgrseﬁﬁﬁamdﬁdt@nﬁ or nost
anti body-antigen interactions, if is _possible_to express reconbi nant

ant i bodi e®r mrﬁatloml ﬁt@dpﬁ(éorb?%%@r‘tﬁeé@dé‘?“t%tﬁ@c|H‘?‘tée"r‘?&tarﬁ651‘3fe§l hyggr ri ng

anti bodi e ey uences
fromthe %‘Eg’?fi? %(thagl# ggr %?P?S?g%ﬁéﬁtﬁgl %ﬁnﬁl gé g‘?&%&%‘é&ﬁ to nt o a%eﬁgvmr Kk
sequencessdguameandodeldryeriunznt gepatiye inmbnaellébudmenehe pncbpcmtamesm(mee e.g.,

Ri echmann, 99 ture 332:323-327. Jone P. e 1986)

Nat ur e 32&@%2@1@2%&%19@%3) tpe Prgpagpat 1589}eipg fumapzien Copgtred it 'S A
86: 10029 A0k itdriino Figh S abllo 2id?R5u33% $ukhpetios @ rhluhe Patent Nos.
5,530, 1017 5, 585 089; 75,693, 762 and 180, 3 0 Queen et al.) Accordingly,
anot her eptrodingsequenées).hbn denaiarasesna pemaamniﬁaqda naay hesatlleast fonsytonal

anti body, atcleas?%‘%gs%ﬁp odY }j dD9RP l’dtenp : lgrp gnraﬁl%famdc seHB nc% Iton gle%rrﬂr%i Xé’idCha' n

sequence encoded by the germline immunoglobulin gene. Typically, a human

antibody derived from a particular human germline sequence will display no more
than 10 amino acid differences from the amino acid sequence encoded by the human
germline immunoglobulin gene. In certain cases, the human antibody may display no
more than 5, or even no more than 4, 3, 2, or 1 amino acid difference from the amino

acid sequence encoded by the germline immunoglobulin gene.

Homologous Antibodies

In yet another embodiment, an antibody of the invention comprises heavy and
light chain variable regions comprising amino acid sequences that are homologous to

the amino acid sequences of the preferred antibodies described herein, and wherein
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vari abl e region conprising CDR, CDR2, and CDR3 sequences conprising an

am no aci d sequence selected fromthe group consisting of SEQ ID NGs: 9,
10, 11, aw0206@/0888Q | D NOs: 13, 14, 15, and 16, and SEQprCDuUNGmS6/00852 18, 19,
and 20, respectively, and a light chain variable region conprising CDR,
CDR2, and CDR3 sequences conprising an am no acid sequence sel ected from

t he grouptheomsbediesugtadi theEesired fuagionghpropartiepdf the aefi-PFM ASEgitodiesed: 25, 26,
27, and Zﬁi .and .SEQ I D NGs: 29, 30, 31, and 32, respectively. Thus, such
ant i bodi e5"¢BHPEPH t he VH and VL CDR sequences of nonoclonal anti bodi es

1C3, 2A10, 2F5Fopéxaiiple, Yiedinh@itioa@névdes £liikdlgee RionbelonEwtibodgatiences from
these antibodi es. Such franmework sequences can be obtained from public DNA

dat abases a@figep bindingpertipe thereohccosmrising 4 hravy slaiy gpmgieeegion angdddighgene

sequences ., 'izxﬁ(/ar%%%ﬁ%lﬁ%n QfLAl . ne DNA sequences ]"or hu'r'ran heavy and |ight
chai n varrabl e regi of géenes canbe found in the "VBase" human gerniine

sequence dat abase (@yai |l gelleavnchiaievdrisb&region@bmprises an amino acid
WWW. NT C- cpe. cam ac._uk/vbase(), as well as in, Kabat

., E. A, et al. (1991)
SequencesS@uemedhgiinat lsast P hrsrdeguato pheminescid seapense selested ?f,onuils

Depart men Seryiscesy 4.NI H Publ i cation No. 91-3242;
Ton i nson,gro}ai’ CS\?,%%% OgI@% % ?98253 "IRe’ Repertoire of Human Germine VH

Sequences Reveal s aflut Hieflight Graoupariable ¢eioBegmprisss ani anhinDiatiler ent
al

Hypervari abl e Lopps"™ J. Bi ol.. 227:776-798:.and Cox, J. L. et .
(160) * ASSUFREEIBRYS §f1eph AL REIRIRETR L0 O Fraig s SonERE sPEetsT BOFLRE 51 as i n
thei r Usagguplebfsistihg JIBROE NG44 585, 77; 82P8; dnde contents of each of which are
expressly incorporated herein by reference. Preferred framework sequences

for use in the anti fOdheantibpdy precifivaByibindn tap BSMHosepressang biNeaBeellict ural | y
simlar tol he framewor k sequences used by sel ected anti bodi es of the
invention, €.g., simlar to the VH 3-30.3 framework sequences (SEQ I D NO

41) and/ or t hehVther édbddirsmuahk Vaeaden Ve sn(ifdail Beqiencet Mayeecli 596, t he Vk LI
8 framewor k seguences and/or the VK L6 framework sequences

SEQ | D NQ .43)
(SEQ | D NeY7e43370, 2%, o,p‘:}%é’@ eF Y26 hepivdegoyn i the sequsaeRssst iorth@Revs: gnt i on.
TheVHCDB_l]-ﬁ?Iﬁg- EG‘@R;B . 1, hepe %@km CDR3
sequences, t%:bé)n bewélgg?}{e oLnIt% %?Hrgggng\?\%%l gle'&g'l’ g(gl)s%{ at eﬁ%ave tﬁ%ﬁﬂggnti cal
sequence ¥ andaf; kgionslof the séxpregessisti foethiabovm ogyl odbobthimed by entfiagenesshi ch t he

framewor k , sequence derii or .t he CDR sequences. can.be grafted onto
f r anmewor k (¢ & giitrdiree Orgjg;ﬁ‘ﬁ}eﬁla&‘?emﬁtﬁg%g’g) ?{R“&{ql%?@ggho%%#ﬁar ed to the
gernline 3&OLBHLER: tdPEQENADL:S3, B4, 33256, reng founch 40)ab11dvwedsy fedtidy

instances it is beneficial to mufat’e residies within the frarework regions

t o mai nt apfithereneaded alferet lantikosyi fgeretdinetiuneticibii.ki. bindofg toemanttiShbdly (see
e.g., U S .Patent 8, 930.101; 85,.089; 5,693, 762.and. 6,180,370 to
Queen ot 2% ST RED Wk Tow i dp Rl sr e Ry L o micat o
am no acid resiAduged Mérkil thetpBreeMhoansld gf béfike&Wo arkiBAcANGq@ncédIR3 r egi ons
to thereby inprove one L L

equivalent to the percent identity between the two sequences. The percent identity

between the two sequences is a function of the number of identical positions shared

by the sequences (i.e., % homology = # of identical positions/total # of positions x

100), taking into account the number of gaps, and the length of each gap, which need

to be introduced for optimal alignment of the two sequences. The comparison of

sequences and determination of percent identity between two sequences can be

accomplished using a mathematical algorithm, as described in the non-limiting

examples below.

The percent identity between two amino acid sequences can be determined
using the algorithm of E. Meyers and W. Miller (Comput. Appl. Biosci., 4:11-17
(1988)) which has been incorporated into the ALIGN program (version 2.0), using a

PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of 4. In
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or nore binding properties (e.g., affinity) of the antibody of interest.
Site-directed nutagenesis or PCR-nedi ated nmutagenesis can be perforned to
i nt roducewoheoamstmdi on(s) and the effect on anti body bi rdirnug2o0enosssher
functional property of interest, can be evaluated in in vitro or in vivo
assays as described herein and provided in the Exanples. Preferably
conser vat additiom thef peceent shestitydstwitendwe sadnapnd egquancesican be defemeinedrhe

mut ati ons._nmay..be.am no _aci,d.,su i tLuti NS, .addi Al l.etions, but are
pr ef er abl Vlg%glgﬁ_eteaitefn&ﬁ@d_ ?rggéy, ,A}‘,lcfly%log é‘?%@gﬁfgﬂg@eﬁ ﬂgﬁn%e‘?ﬂ%"&o_, t hree,
four or fhikehekR HicdHRSatvd i theds ADPrdedh @NthalGC@IsbRWaR phekaedhvigiblle in

anot her enbodi nent, the invention provides isolated anti- PSMA nonocl onal

ant i bodi e, htigi//vayiwi ggasom singeiiher ¢ Bissumn e meadrx ord RHM I Gigataxn&¥dd chai n

vari abl e region, c Iy 310497 ( V l(a?l I: r4 g an amno acid
sequence %ag?‘g‘gllg}étd‘)%o?ni’t Qél%r%éb&c%%’lslsel %%Q%&gggqr%%ﬁ%ég’%%nlo 11, and
12, or an ani nadagciotalpesiudienntihely) the protein stqwencdstofeles presant inventionve am no

aci d substitutions, del etgons or additions as c%gﬁare_d to gE E) NGCs: 9,
10, 11, affd furtherbsusgd oap COIRDY FOHPRAS " EORRBFITE atyaken 28RS REP d2@Btsence

sel ected {y apthe,Qr ﬁl‘éﬂtilﬁ;qgﬁteﬁts% nBls. Futh b&3rS car By pdformbaus@Bdne 6, Or an
am no aci é) sequenge avi ng one, two, three, {our or ?Pve am no acid

subst i t ut X8fis\STherogtamo(version 20p0f Altsthulas: @ofiP80)ed Md. BEQA10:498sl0. 13, 14,

15, and 186; a VH regi on co i Si 1ho acid sequence sel ected
fromthe g%@%ﬁ‘)%‘ﬁg} %EPTCEBS Wg@é@ﬁﬂﬂ&m@%}e %g?%%{]pr&??&mzéforgf' h am no

aci d sequURBERedpAY=RGo @BRIN Ao dcfdl REuenkorRblobduéto &M dil@ib@@g' fholecules
substitutions, deletions or additions as conpared to SEQ ID NGs: 17, 18,

19, and 20fthe dyveationk Topbtainegsipperd dignprents fagcampasisPh puEpeBs. SépRfdnce sel ect ed
fromthe consi st.i ng._of S l. 12 n an am no
aci d seq UQF%% hczf%}ibﬁél%%lﬁeec?ast%%?n%f(gﬁrlgeA !ﬂg@‘% F l;l-%li”%fgl 9\/75%%’51%502‘4%%% 59;'

substi t ut p§M$):33RLBA020"Whed utilthihd BDASTasd Gupped BUAST pobgaink), thes: 21, 22,
23, and 24; (e) a VK CDR2 region conprising an_amno acid sequence sel ected
fromthe @FfaupPEamEtess oliihe sPPestive progms (e, @éﬁsiﬁndwégi) e Ben ani no
acid sequ e G QRE i : , four or five amno acid

subst i tutﬁ%ﬁ's,sggie{#@?i ons'ngl;rl%ajﬁlﬁﬁs as conpared to SEQ E) NOs: 25, 26,

27, and 28; and (f) a Vk CDR3 region conprising an am no acid sequence
selected frami.he group consisting of SEQ E) NGs: 29, 30, 31, and 32, or an
am no aci SNERAES W Lohservatiye MOGIREAlong - e “ four or five am no acid
substitutions, deletions or additions as conpared to SEQ E) NGs: 29, 30,

31, and 32. Engineered antibodies of the invention include those in which
nodi fi cati ons hneestafyeembaramients canfangihedyoeliche byientierscamprisen a epvaramr VK,

e.g. to inproye the properti f anii-hody. Typi cal | uch framework
nodi fi catl eax}egmﬁﬁg,glp?ismge@?légs@?ﬁémﬁ?mo%gﬁ?%% z§/ndo"f M%Iﬁecﬁ%llﬁlt i body. For
exanpl e, QAMLAPRERAGINIpFising CIHRLKIDRAbA] CORS Rtudiees wWHeadiB'0aE br hmetd dues to

t he correspondi ng gerniine i i ) .
of these CDR sequences comprise specified amino acid sequences based on the

preferred antibodies described herein (e.g., 1C3, 2A10, 2F5, or 2C6), or conservative
modifications thereof, and wherein the antibodies retain the desired functional
properties of the anti-PSMA antibodies of the invention. Accordingly, the invention
provides an isolated monoclonal antibody, or antigen binding portion thereof,
comprising a heavy chain variable region comprising CDR1, CDR2, and CDR3
sequences and a light chain variable region comprising CDR1, CDR2, and CDR3
sequences, wherein:

() the heavy chain variable region CDR3 sequence comprises an
amino acid sequence selected from the group consisting of amino acid sequences of

SEQ ID NOs: 17, 18, 19, and 20, and conservative modifications thereof;
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sequence. Mre specifically, an antibody that has undergone somatic

mut ati on may contain franmework residues that differ fromthe germine
sequence Wwoameispsh t he anti body is derived. Such resi dRe3/usacmeloesss2
identified by conparing the anti body franework sequences to the germine
sequences from which the antibody is derived. Such "backnutated" antibodies
are al so intended t@®)be thadightemedrighlerpgion Rk} segneIRg compapgsiad, for 2C6,

am no acid.residue #9 i thin F of VHi sef ] r & residue in
the corr gw}ﬁﬁeqwqgfs\éffctagmr}% gg%ucﬁ’ucé)ﬁglg%il%%aﬁﬁg \aéﬁ:aﬁgﬁe?%%ét urn the

f ramewor KEQEE ROsSEI BONTE Sndl 82.{ 44l dongevative Aodificitiogsthetdofndt he somati c

mut ati ons can be "backnutated" to the gernline sequence by, for exanple,

si tedirected nutagesi stheentiedywpesifie W%@@@eﬁﬂé‘%?ﬁ?lpgwaﬁue 9 of

FRI of the,yH of 2C6 can be "backnutated" fromserine to alanine). As

anot her e&eé s, for 2F5, amino acid residue #84 (wthin FR3) of VHis an
aspar agi ne whemeasefchied efrsiigit,ithe hdwey chiin @anabled repgoMEDR25tq@aced i ne
sequence is a_serine, To return the framewrk regi on sequences t.Q their

ger m i ne WRTISGHARENER, acidieqususaselected égw\c@g%g&%lp&rmw@goqf 3HRo quf 2F5 can

be "bac kng'égﬁérﬁgs o{ §]§e’(g1IB§‘@@£:.aigi D8 1150aRE14, ARd c&ﬁ.@{})&g@e Inbagiciods amewor k

nodi fi cat1on 1nvolv mut ati'ng one’or nodre resi s wthin the framework
regi on, otheofnnuilicight ohsin orriahde eegtDFCPRYiseqence comiissy en Impml dcickpi t opes

to thereby reduce th otential immunogenicity .qf the anti Thi
appr oach egueal}cgée]F%thﬁlggﬂt%F@‘&? GOB%‘F[?'Hﬂ%?ﬁqa?HP?gﬂa SEHFFE ojé%gfﬁ%ed :f\ f ut her
detai | i nNHsS 5, Bat 2Ntnd’98) dne@bh@ivdiRe nef R HeROthdrddy. eednotirt piferrddn

addition or alternative to nodifications made within the franework or CDR
regi ons, embodimditethedfeatshehaimvasirbleorgionycIhR] eqgyeRrrecqosprises hanige

di i . b F . /
funct i onet i sestisBietiSH o b ep RSt dub8 Pld Rhudtily VIS o
fixation, NBg: 9,60¢pt,ahd b2 ngid@nsansiivermadificgons drepidedtthe Bphtwhain

cytotoxicity. Furthernore, an antibody of the jnvention may ge cﬂerri cally
modi fi ed Ya&iagle regigs (HR heramergeesorpases an wring acidssdirace seleteblondhs he

ant i body) mdi ficed t o i q@gll ignpoagalng b® @kt er one or
nor e func%tlgg g&%@%ﬁ@??&é@ %C?d %%qele%ér??f)g%%g a? "‘of thede enbodi nents is
descr i bedcomervatitehmodifiestions thebafv. The nunbering of residues in the Fc
region is that the EU jndex of Kabat. In one e

region of CH ﬁgﬁl FIRADE (R fﬂ’éﬁer‘faltﬂé’e AefvsRse 1gpdi Ogtlfcg\%ﬂég ipégg?fﬁtégg?n t he
desr i ed D B o s e o mber
of cyst ei cleractgistices! the antiwdyicngeiniegyihg amifio Bl s¢giende: drueH corservagive exanypl e,
B:gir leiats 2t ﬁ]ﬁ@&%?ﬁ%}%ﬁp@{}d%%ﬁphé%gﬁu?%ga 'c?naSYXdcﬁtri]c‘;ir{s%%d %'éle%ign; ncrease or

Modifications can be introduced into an antibody of the invention by standard

techniques known in the art, such as site-directed mutagenesis and PCR-mediated

mutagenesis. Conservative amino acid substitutions are ones in which the amino acid

residue is replaced with an amino acid residue having a similar side chain. Families

of amino acid residues having similar side chains have been defined in the art. These

families include amino acids with basic side chains (e.g., lysine, arginine, histidine),

acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains

(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan),

nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,

methionine), beta-branched side chains (e.g., threonine, valine, isoleucine) and

aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, one

or more amino acid residues within the CDR regions of an antibody of the invention

can be replaced with other amino acid residues from the same side chain family and
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I n anot her enbodi nent, the Fc hinge region of an antibody is nutated to
decrease the biological half life of the antibody. Mire specifically, one
or nor earvoao@aisek3mut ati ons are i ntroduced i nto the CH2PCHIISdanmIss2
interface region of the Fc-hinge fragment such that the anti body has

i npai red St aphyl ococcyl protein A (SpA) binding relative to native Fc-hinge
domai n SpAe hiterdd agtibollyican ap Esed dbr iekimtd Sondtivad:. & nthedvndiion sekefordhfini n U. S.
Patent No, 6, 165, 745 h rd et al.. In another enbodinent, the antibody is
modi fi ed €9 qsﬂjcgrt@%lg@cp%/%a\{%ﬁsél”% SELpedIef PN j fe. vVarious approaches are
possi bl e. For exanple, one or nore of the follow ng nutations can be

i ntroduced: T252L, T254S, T256F, as described in U S Patent No. 6,277,375
to Ward. Alternatively, to increase the biological half life, the antibody
can be altered within the CH or CL region to contain a sal vage receptor
bi ndi ng epitope taken fromtwo | oops of a CH2 domain of an Fc region of an
1 9G,  as dgsgsddpadnitBibi & thE3heBEpNese aPASBPSIA Aaitilodied 3f1the 2 ehslor est a et
al. In yet other enbodinents, the Fc region is altered by replacing at

| east one amino acid residue with a different amino acid residue to alter

the effector functj,on i 4 re amno
aci ds sel ect eﬁ@8ﬁ11%5%1n%%%(ﬁ%g%‘€ﬁlregg%éd@gg¥E%ﬁ?gsf§§?8@g%ha%§? EHZ%‘ , 318, 320
and 322 camdwpitbppbibadanPSR AadinyfcdtiesPSMA moneutorch] extiiodies oftheh t hat t he
anti body has an altered affinity for ,?.n effector Ii ng_ aut r% I hs the
ant i gen- binNentiog (aei mtibpdiss thah baystne AbilgHO cEesyPompsts 18F Paging o @L{&n]d to
whi ch af fini j ey ﬁﬁr@ﬁt‘: &Rl the C
corrponent‘!Vg#lt‘u)é}(’)tr)rif)tlhgrrln!ie(ﬁl!t’0 ?Bﬁlﬁl?agtlgg%?{)gﬂghgl S e(ghg'r ?ng%@?rfle%f urt h{er?éigsét ail in
U. S. Pat etht réfeencé&abibod B & carsd-conpédtiasdudiboedn tpytheneneeloral agtibodyn anot her

| e, : i id | ect i, id resi 329, 331
and 522 o5 BBV RV WO R AF FEPEHE S D N d P Foe TN nat i ne
anti body hage &lonBE18al Qhﬁbé&gg;uﬁ.r(g(hawﬂé oF,; dnddnceduetices bodtiowdd SBQId ement

dependent cytotoxicity ( . This approach 1s described in further detail
in U S PO a6 repetiovelpsar thy mangelegilentibody 2F5 dagingt\hretnde¥aanpl e, one or

nore am no acid resi dues s B } cl i1ty 39 are
altered tSUWHREP %%i/sshéjmnel? S‘E@fndeﬁ%&(ﬁ% 98 %? ’ I{G%)eeegﬁ‘%lwbgg@leﬁg&\@xm%%%rrpl enent .

Thi sI appr gabdy gcdﬁwﬂgo'eg afldlMLhﬁdiueinﬂesl%@'EhdRubﬁﬂ SEQiI@rN@? D4PH351 by Bodmer
et al. In yet another exanple, the F¢c region is nmpdified to_increase the
abi | ity ofeSpesEvelnt i Bisdrress-crawringaniihoriss g5n B%E@ﬂ&&g?f{baé%fi PRFBSH cyt ot oxicity
(ADCC) ang/. el : fHiARint : i J5CQ receptor
by o £y i 4k S e BB L, 2 e o B ey ™ e, b3o.
248, 249, asdh®, Phrdxadble, BPAGore 268yd§ ELISBAss38 81 {128 yt@Tdry magbe 276, 278,
280, 283, 285, 286, 289, 290, 292, 293, 29 95, .296, 298 301, 303, 305,
307, 309, ussgo dgnpenstrgtayrosscompesjion E‘g,th%‘?éf,b"é’fé?fé@ urrgRbiiveiigh. 334 335,

337, 338, TRéMbiliBaHa t3:f AntiRS: to Ififibit AR DinBBS of, 38 %bxaB DR, 1432AAILOFS,
or 2C6, to human PSMA demonstrates that the test antibody can compete with 1C3,

2A10, 2F5, or 2C6 for binding to human PSMA and thus binds to the same epitope on
human PSMA as 1C3, 2A10, 2F5, or 2C6. In a preferred embodiment, the antibody
that binds to the same epitope on human PSMA as 1C3, 2A10, 2F5, or 2C6is a
human monoclonal antibody. Such human monoclonal antibodies can be prepared

and isolated as described in the Examples.

Engineered and Modified Antibodies

An antibody of the invention further can be prepared using an antibody having
one or more of the Vi and/or V1 sequences disclosed herein as starting material to

engineer a modified antibody, which modified antibody may have altered properties
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419, 430, 434, 435, 437, 438 or 439. This approach is described further in
PCT Publication WO 00/42072 by Presta. Mreover, the binding sites on human
| gd@ for Woghe/08b3gRI 1, FcgRI 11 and FcRn have been mappedtarsdoosmoisant s with
i nproved bindi ng have been described (see Shields, RL. et al. (2001) J.

Biol. Chem 276:6591- 6604). Specific nmutations at positions 256, 290, 298,
333, 334 finu tB3ganimgantibedyh Ao anfpedycan bie wagingered brawrifyingaagior mwaal |y, the

fol |l ow ng_conbi nation nu t.s_.wer own tg i F | . bi pding:
Tos6a soopntie bbb ThboR Baik SN’ LR R FP el V)

anot her eghoshH MBRICDR hesi@isy:ma oy hathirdonedr radre drdinidn@ely rdggorpdi fi ed. For
exanpl e, an agl ycosl a??d anti body_can be made (i.e., the antibody |acks

gl ycosy! atdgitipnally gredisyiaivelnancaitibpdy eanks aginestediymedifing wsidpeicr ease the
be. accompit g BB G, R e Pl AL Ak Ruf g fpeat f ons. can
gl ycosy! atutibodw t hi, n the anti boay sequence. For exanple, one or nore am no
acid substitutions can be nmade that result in eli %ati n one or nore

variabl e regi oR0f PRshsARab]e jreiameinesing ihebeanks RopOrBeY ISt PRi nat e

gl ycosyl a4 t - Sk ETaTal [ ; affinity
of the an%flag[glc@ ‘Afﬂg[lri)%tzglnet'§ ?Iggrﬁc%ﬁlghﬁgrﬁ ap%r %ggéﬁgﬁléﬂ%gg é@?ggg%ﬁfoﬁlrc?her

det ai | i nresid8es at @aioditzd.in BieAldh&H9 and dight 350, @diployerduritytdetermining

Additionally or t ernatj vel anti bo can be de at _has an altered
type of gFﬁi"é’éW@ S)Jnl'n or hléﬁeaégngg%%glﬂ%%ﬂg@gas ‘é(ﬂ?ﬁ“b%légs AV reduced
anount s ofivkie Bedlech BRIFHEA aBfibGilesdRin RAdMIIRYiBEIe IoFCIDERS Ekchiszect | ng

A cNac structures. Such altered glycosyl'ation patterns have been
denonst r aEBR 3equenses arggespongiblafoonasiantibgdyotntigen inerapiéans, icnessihichohydr at e

nodi ficat}o can i . 0 , 0SS| he anti body
in a host {ocﬁires%rﬁcﬁ&gﬁ%%fggibaﬁf&gg;sa??ﬁéﬁco%e ﬁg@hgﬁlﬁag P 35?@% %iu\%ﬂltl% altered
gl ycosyl abécufrinpahibodiey b avssthekiiy eesasionedcton thixdnéelude 6DR wqueres used as

host cells in which to express reconpi nant anti bodies of the invention to
t her eby pfeBbe seasiicnatgaty osfurpngantdedy sified 98in Hmerorksgqueasssnpl e, t he
cell line 7 : ] efa gene, FUT8
(al pha (1?8?453 %ﬁ%@%{rfzr?gbﬁg?ggg{;%@%g@ﬁﬁ?hgﬁsgﬁfei%sb%%lfeggﬁi‘%!‘éi@el'd in the
Ms704, Ms{I088) NonrdBIDRE82T; JbneseB. drad K1986) d&ure324 13821526 2Qbeenydr &t es. The

Ms704, Ms7 S FUT8cel I |ines e é b e d

di srupti oﬁpgpggﬂg”#’t@%g‘é?ﬂff&ﬁe WD@A@@H@S?&% P?%B%ﬂgp%’g%g%bgﬁt vectors
(see U S. iPataet «Fubl S catdnoNN05 5309605 J4576%6. BY:0YaBRARd 61186570 @nd

Yarmane- Chnuki et al (2004) Bi ot echnol 'Bioeng 87 614-22). As anot her

exanpl e, ORean &7$)195 by Hanai et al. describes a cell line with a
functionally di,srupted FUI8 gene...whi.ch .encodes a f.uc ] ferase, such
t hat anti bodi eé"%‘?@}% S%Otﬁ?fgeﬁqt%%hrﬁerge Ithq lfl‘rlleen(%lé)>12l |e§?ltng§&/y%)no é%%?yl ation by
reduci ng @ion6élondl RatbALY, bhgititen Bihding dptadtheriodicothpeigity iEheatinctain et al .

al so describe cell |ines which have

a |l ow .
variable region comprising CDR1, CDR2, and CDR3 sequences comprising an amino

acid sequence selected from the group consisting of SEQ ID NOs: 9, 10, 11, and 12,
SEQ ID NOs: 13, 14, 15, and 16, and SEQ ID NOs: 17, 18, 19, and 20, respectively,
and a light chain variable region comprising CDR1, CDR2, and CDR3 sequences
comprising an amino acid sequence selected from the group consisting of SEQ ID
NOs: 21, 22, 23, and 24, SEQ ID NOs: 25, 26, 27, and 28, and SEQ ID NOs: 29, 30,
31, and 32, respectively. Thus, such antibodies contain the Vi and Vi, CDR
sequences of monoclonal antibodies 1C3, 2A10, 2F5, or 2C6 yet may contain
different framework sequences from these antibodies.

Such framework sequences can be obtained from public DNA databases or
published references that include germline antibody gene sequences. For example,

germline DNA sequences for human heavy and light chain variable region genes can
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enzynme activity for adding fucose to the N-acetyl glucosam ne that binds to
the Fc region of the antibody or does not have the enzyne activity, for
exanpl e twe 2oatosmsel oma cell |ine YB2/0 (ATCC CRL 1662) PCP@B200alobissati on WO
03/ 035835 by Presta describes a variant CHO cell |ine, Leel3 cells, with
reduced ability to attach fucose to Asn(297) -1 nked carbohydrates, also

resul ti ngbé foung pothed YBpselthusmangermhing spquencs databasesgwailable anihe Iniermet cel |

(see al so_Shi el ds 2 I e 40) . PCT
Publ i cati %tnwwr@@f@ffﬂ?%u@basé 938331 s ‘83?3’?? E]):‘Ss%‘ cnaet ﬂ? gééiueé?%eer ed to
EXpress gbﬂmwiﬁcﬁllﬂnﬁtﬁﬁlcfgydam IhtetestePiSHI Editian) &7, Sr]’dep%&n(eﬁt of FHealth and

bet a(I 4) - N-acetyl glucosam nyl transferase 111 TII )%ia?uﬁ:%@bhat

ant i bodi eEuERp ﬁé%’é%eé: NEP thcé‘ﬁﬁp %@e?kéfl%ﬂomlmﬁe& Ielhi e48ed

ant | bodi cR 4B oF HhEREARINO NS SegiE) Relpud ARLPRRRFOOITRE 5y @ 110

Al t er nat i Sednyentd Wﬁhﬂ)lffemﬁt Hy@&rdzn%ledtodpls’éj avol BM)@Z‘V&X%IB@&; bedCexl Jof f usi ng
a fucosi dase en

th h Lf d
Fucosyl 1 Babcidl (T A seuty oL HomanGTrBe ot SeSuBMaREVHGETOR ochem
14: 5516- 28),¢ n@f}feirft%a o O, f Jcﬁﬁihpgi?al czf4 ézhess%nme%ﬁteﬁ& JrRh&1 & Wikah adeS

contenpl at ed the rnvention is pégylation. An anti body can be pegyl at ed
to, for ewquﬂsb/mwrpmamldletdmbblrdbmgce;al (e.g., serur‘r) half life of the
anti body. To p | at.e. an an od the anti.bod nent ..t her eof ,
typically is rg’g%ffréedl TR os |S§%‘{@ﬁ§ﬁséh Iéus&l%]bel ar%’I‘BE%)eS 0@@% KOSRUGDFE . ot ve
ester or flogeimtfedendtitally eBniddr tE8s franisiRirk GefidhédsaRsd b sakdteh one or nore

PEG groups becone attached to the antibody or antibody fragnent.

Pr ef er abl gutibories géghpiiayandian; &g-caimiloety BednA-30. arﬁraaraewoalf PR ESEQ@N or an
| kyl
ot ot - sor TR SRub 1 yA, £82 HhirkfioESeqIBlRt o KNGy AIRuRaRf St Ve

wat er - sol pol yner A ised “herel n ene ¢ is

i ntended L18 ﬁaﬁﬁwpﬁsgbqamcesn(SEQ EDMND:M3) ahd/BEBet\hal 6 framnewbdesequaeds t 0
derivati ze ot her ei ns s nmono (O -C ) al koxy- or

aryl oxy- p& @ Sgﬁiﬂc@f 2 erﬁ?&%@ﬁvpéw@tlgp@?%ﬁfapﬁvm‘én {the Yar t ai n
embodi MengeR it @@‘Eﬁ@@@k§&qﬁ&cg§%t%% CHR ity GRg vipatedant i body.

Met hods for pégylatfing proteins are known in the art and can be applied to
t he anti bedjueiscesfcanlve graftednintoframSeerkiregionx thaphaye tEePldtanll@JlSe}menWSNl shi nur a

iﬁ]t ?lbodl eg" Eg’ugflilg 384 . k%\e[\%é‘ﬁfllge’ﬂ%m t‘glfld% féagﬁ]%‘évﬁe” %nd VK

sequences d&i@bp&@@mgﬁu@n@e@r&ame Mdbﬁto%ﬁﬁ’év@orﬁ@%@ﬁﬁthaﬂ%%%@&ﬁd bodi es
by nodi fying the VH and/or V sequences, or the constant region(s) attached

t her et 0.  Thuere mntations seompapedde thsf germibing paguamgesn Fox erample, uidias 8¢n features

ised to crodRe BTl o dF BT R iR ibdng RiponBfic PO, €

| east onerdgitistid ﬁmﬁitalﬁro@ palidnge e dntigerabibiidgadbitiny of thehatibody (see e.g.,

U.S. Patent Nos. 5,530,101; 5,585,089; 5,693,762 and 6,180,370 to Queen et al).
Another type of variable region modification is to mutate amino acid residues

within the Vy and/or Vg CDR1, CDR2 and/or CDR3 regions to thereby improve one
or more binding properties (e.g., affinity) of the antibody of interest. Site-directed
mutagenesis or PCR-mediated mutagenesis can be performed to introduce the
mutation(s) and the effect on antibody binding, or other functional property of
interest, can be evaluated in in vitro or in vivo assays as described herein and provided
in the Examples. Preferably conservative modifications (as discussed above) are
introduced. The mutations may be amino acid substitutions, additions or deletions,
but are preferably substitutions. Moreover, typically no more than one, two, three,

four or five residues within a CDR region are altered.
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i nvention, such as binding to human PSMA. For exanple, one or nore CDR
regions of 1C3, 2Al10, 2F5, or 2C6, or mnmutations thereof, can be conbi ned
r econbi nawmol2goenispisoknown framewor k regi ons and/ or ot her PCDRS2406/003862t €
addi ti onal, reconbi nantly-engi neered, anti-PSVMA anti bodi es of the
invention, as discussed above. Qher types of nodifications include those
descri bed in tAecosdioglyo isanpslear iegypodmeat, deainy prpnmiewdpsisolpisd aphe

engi neeri t hod ;i s.one or . : provi ded
herein, o m8P°Cr‘1r% aé %:leesg? 1{)%%1%% é@g#g@g&%&fgg@gf, ?‘ﬁgﬁ%ﬁﬁﬁ %eer ed

ant i body, hédvyichaif Garisitsle @sS8&i yorhysished: (8 d Yy RIDRaregioni comprisitgph@gin@s a
protein) an_antibody having one or nore of the VH and/ or VK sequences
provi ded Aed spavenesselnsteddromdieasropreqnsisting of PRQIPINOs ek, ap¢d2,

| nfor mat i gn cantBI0Adel DG ARAURN 0L Shyck StPEGASabB (Sfar i ng mat eri al
to create a "second generation" - seduence(s) derived fromthe original
sequence( sybstitutiohd) deletibes Sraddiviods gecmnErédio"SER D dN@e 05)0,i14, prdlgr ed and
expressed _as a protein. Accordingly, .in apother enpodinent, the invention
or ovi des. ) RetnGORAGFEIR SHRPTIFGE 4R AR SBENRUSHEBEATITERbIC TN (o)

provi di ngeor{sislingobmm&m:qaj APLE 16Tr AN affhd RIEYeEANARERICRRP! | Sing a
CDRI sequence selected fromthe group consisting of S ID NGs:™ 9, 10, 11,
and 12, atvepitzresdquendiesmiine heid shbstitntions, dgtatiops ooakiitgansag cahp@8EQtd D NOs:

13, 14, 1 6, / a, CDR3. s sel ected.fromthe gr.aup

consi sti ngEQfaIBgEésl B?R&Psr’ d E%’gc) igﬂ%?ﬁona%oﬁl}%}mﬁ%m@nﬁ%&ﬁt chain
vari abl e sRgikmde s8Rtich Tbyn ERPHIERLS SRR 6SSHY ID NDKI 175 egluensel Zxloeah ed from
t he group %%nsi sting of SEQ%FD NGs: gﬁg 22}],&923, and 24, a CDR2 sequence

sel ect ed AMEackkscgnegs hawingione.ithg, breesfor br ive ampw acihsubstitutianss 28, and/ or
a CDR3 se - f Sk Stqich .29, 30,
31, and 3 %igt?@fs °§?{“Z‘ﬁ’ﬁsgasa‘{°9@é‘é@ﬁ 0%@2%&%' :‘lii’i 1c§ ’ ?%’gaﬁlgéggval)tg r}?\ll?c'nbt he heavy
chai n var Caileregiegicompaising hadynisesié¢ pamervedetzctet Hoonh tlghgroghednsistiag | abl e

regi on antjbo sequence tq cr e at |east pne altered anti body sequence;
and (c) e%?@‘gﬁpﬁ\gaﬁ‘ﬁé{gh?éré‘b‘fg‘i\ﬁ%aw %F@&e%ﬁﬁvww&wm Shdar d
mol ecul ar gl ol GGy a&ﬁﬁ*‘%&icﬂé&%ﬁﬁﬁ%@ﬁd@ﬁ&ﬁ drAd@BRM ScRPhr&BIERF I he al tered

anti body sequence. Preferably, e anti body encoded by the altered anti body
sequence( NOsi 31,2323, lnatl 2de(edn Vi CRB regiomecompadihg af amime deidwegiencal

properties  of e ti - PSMA anti badi cri rei whi ch .functi onal
D opor t | oI e the,giouR R OB MECLE (D Sspbat fLdPrySo i Ao a
PSVA- expr 858 k&fhch&GaRirtedde, tvd) hred,TBurf 3+ TRlel 24186 afltl @FBitRRs Afeldiiogs al t er ed
anti bodi es can be assessed usi ngD'tstandard assays available in the art

and/ or destaddiféansie cempared (e AEQSDINGs'e25s 86, TTo PR 28:rind B 2YbPIRSs (e. g.
flow cyt Of?‘g%r?’ cOrrPﬂrﬁﬂ{gngl a?ﬁi%g%gili'sequence selected from the group consisting of SEQ

ID NOs: 29, 30, 31, and 32, or an amino acid sequence having one, two, three, four or

five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 29,
30, 31, and 32.

Engineered antibodies of the invention include those in which modifications
have been made to framework residues within Vg and/or Vi, e.g. to improve the
properties of the antibody. Typically such framework modifications are made to
decrease the immunogenicity of the antibody. For example, one approach is to
“backmutate” one or more framework residues to the corresponding germline
sequence. More specifically, an antibody that has undergone somatic mutation may
contain framework residues that differ from the germline sequence from which the
antibody is derived. Such residues can be identified by comparing the antibody
framework sequences to the germline sequences from which the antibody is derived.

Such “backmutated” antibodies are also intended to be encompassed by the invention.
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hi certain enbodi mrents of the methods of engineering antibodies of the

i nvention, nutations can be introduced randomy or selectively along all or
part of awmoantdosPSWVA anti body codi ng sequence and the reswuseovg/onssd: fi ed
anti-PSMA anti bodi es can be screened for binding activity and/ or other
functional properties as described, herein, Mitatiagnal nethods have been
descr i bedFpiexapwlefor, 2Gh pmncsasid esidpetd pyshindSR ) ok nds 8 spureyvheyeasy Shor t
descri bes . i } i I - At | i ng
ot ur at i oflirieAge LB sotERhiE A FELARTIRA AN, AN M, ADRLE, O

t her eof . Metfemisiork edgion f¥gleiRiebld thair igormii® dafigr46aS thysdnatmr et al .
descri bes nethods of using coegput%tﬁi onal. screenirg thods to optim ze
physi ocheFutaiong ey thaginpiatedn {9 fig grarlnagsgreice bxAon SAmRIe s Encodi ng
Ant i bodi es;: tdr PORARR : hesoi i .ns to
nucl ei c agllr t%@g?g%egﬁtdﬁg@ encg gerdtlﬁgtggﬁeislggal 'égést)d?g? hrUgF?{Evcgﬁfti% gh The
nucl ei ¢ aof 286 paybeapkestated” ftommeoine teghhise).in a cell lysate, or in a

partially purified or substanti.agll ure. for. cl.ei id.,s "isol ated"
or "rendered s{MSPYAES %Wﬁepg reﬁ:lsm%‘é‘ﬁ"or?ﬁ}‘{rﬁlghe %t}"%@%mfﬂg}’%ﬁ ul ar
conponent §s;fafagﬁien%er5&%ﬁ%m%ﬁ,theeeo@recsjp&fdn@ﬁrvgg!dl edhlifdisdq@Eiceagh ds or
proteins, bystandard techni ques, including alkaline/SDS treatnent, Csd

bandi ng, swingmTochionthedtpanzgyroyk regien spquenges toctheic seplinsraosfigurahien.dether s wel |
known in the art, .See,. F S I « cols in
Vol ecul ar B o TET LS AR RHRE i 2R o BF pAdRR A EAoRIAOC0 S )

nucl ei ¢ agd grigk. t he i nventi on can be, for exanple, DNA or RNA and nmay or

may not contain intronic sequences. In a preferred enbodi nent, the nucleic
acid is a cDNAARSIhsEtyPe of Rigerewprrk medidisatym nKelvesAEiHINg A0E GHMBES obt ai ned

using st ap&gﬁgs HRhfGHE Rarl2BHORY 61 A Within B oibicRAR SSgiGRiPssed by
hybri domas {e.g., hybridomas préepafed fromtransgenic mce carrying human
i nMunog! okamhdve Texikbspitapeciodherctnertdfice thh potehdlammunoBiidsityeoittbeli ng t he |i ght

and heavy chains qf the ant.i bod de by .the hybridoga can, be.ohtai ned by
st andar d OQPf‘plﬂfl? e IBP%SBWQCf@%n © %HF%’(S’ES an‘fs:: rdeé‘fﬂtieaéﬁi es

obt ai ned R @Bl IAMTHS OBH &R PubRcARANJ. 2b0FY183043 By Caltet A0 phage di spl ay
techni ques), nucleic acid encoding the anti body can be recovered fromthe

library. Prefehrabitrcorslicrmativeto molidicatians ragdetwithin fhedrmayorkos Giose

encodi ng the VH and.VL uences of the 1C3 Al F : nonocl onal
ant 1 bodr e oEepet Baits el BEdRRaTRR §iavine ol Berad 5 Dot opBeafihs 0" 5 r s "ang
2C6 are skQih tho FOEEZibA) tHa11y33,altéfonedlr. mérb durdbiondlgnpattidsudiiie DNA _
sequences encodi ng the VL sequences of 1C3, 2A10, 2F5, .and 2C6 _are shown in

SEQ DD Nogatitwy, sgh agscrugrililfe, senaplementiiiajion.disdecaptex irdingr@REQr encodi ng
VH and VL aﬁt?g%g?d%béna%h?cﬁﬁﬁﬁ'c%%xiéiﬂ? Ffurthermore, an antibody of the invention

may be chemically modified (e.g., one or more chemical moieties can be attached to

the antibody) or be modified to alter its glycosylation, again to alter one or more
functional properties of the antibody. Each of these embodiments is described in
further detail below. The numbering of residues in the Fc region is that of the EU
index of Kabat.

In one embodiment, the hinge region of CH1 is modified such that the number
of cysteine residues in the hinge region is altered, e.g., increased or decreased. This
approach is described further in U.S. Patent No. 5,677,425 by Bodmer et al. The
number of cysteine residues in the hinge region of CH1 is altered to, for example,
facilitate assembly of the light and heavy chains or to increase or decrease the stability
of the antibody.

In another embodiment, the Fc hinge region of an antibody is mutated to

decrease the biological half life of the antibody. More specifically, one or more
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DNA fragnments can be further mani pul ated by standard reconbi nant DNA

techni ques, for exanple to convert the variable region genes to full-length
ant i body wbanes/ogeses, to Fab fragment genes or to a scFeCEarseoosclnssshese
mani pul ations, a VLor VH-encoding DNA fragnment is operatively linked to
anot her DNA fragrrent encodi ng anot her protein, such as an antibody constant
regi on or aminolagxd mu’etlbmmgmtroﬁheedlatqﬂlé @&@mxﬂ@mm intackage regien ofghel in this

context, Ls,intended to tha nts ar.e, _jojned such
that the E@H‘@ez@gﬁe@eﬂ‘ﬁ @8%@311333}@%%%\6 ofc?gé)rlf%tﬁ{ sAr emai n

i n-frame. g Un&ﬁhgl%eqmlv@h%n@quj-mgé demhl Spaghifding aThRepsavelt ed to a
full-l engt h heavy chain gene bé oper ati vel gﬂl i nki ng the encoding DNA to

anot her Dig&cribgdsiafiudhesdetadiind)-heRaignt Neapi 6 ﬁébﬁﬁf!’arﬁié?@i%ns (CH, CH2 and

), T, SCOUEG b AR B SRR L e ST ARERARAr 7ot 1

| mmunol OgllfbaWdribheﬁﬂfrbaclﬁs ﬁﬁehﬁé$1blleom“or skampléma ot Mo obthe idRdviihg and Human
Servi ces, N H Publication No. 51‘53& and_DNA fragnents enconpassi ng
these r eg%?%loéﬁa?ﬁflﬂ@ @H?@i%édTWLs tapttfarld > prasseparived enb o atephioneavy
chain con C ; gM or

| gD const gtr%? *ﬂ?eggl on, bu%ﬂelrrggttl@eg%e?gcra aFegﬁil%sb Kgg@dgaﬁ%e th%ltéﬂgggic aaéu

regi on. Fbe alaer&himthmgerﬁlmﬂ dreivyegainatb monteines saﬂme%etepm: bmdm; dpMépean be

operative nked to ang mol ecyl e enco nI th e chain
Ot const Hken Fl B am i A dRa B e aeh oL HE BRed e
convertedpg@nﬁquglgﬁb@qggﬂdgllghmgbﬁgp&sgieég%l(as wel | as a Fab l'i ght chain

gene) by operatively 1inki ng t he” VLencodi ng DNA to anot her DNA nol ecul e
encodi ng t he | Ingyet otfisapmbedimentsntheFegegion isGltererthy rsplgciasebleagionhunan | ght

chain constant r enes Known E. A,

ot al ( 100 oestdidate VRS BEEIANNR ety B efteflor e,

Edi tion, bFibe abeiuayl FoRbxihpltiaicton nﬁi@darhuml@&eleueeﬁoni\&ﬂmﬁmid cation No.
91- 3242) and DNA fragnents enconpassi ng these regi ons can be obtai ned by
st andar d FeRugnHi4; ?3(%8&350257#9@?%89%0 i @B hsrepttcedayitndiéierrbe a kappa

o o va, BRI REOL AR ke TRAbGPLE! LARCH Ry aRHRLROREhgRk " o01on
oper at i vebwt rktaitlselk ﬁml@ndmﬂtMg :ﬁbihgrnﬁmm Imemdum‘godw f’lrlmeffa:bmr ligmideto, e.

?RS"%”S&“W%@" Rebered g b6 B3 PrEle 400 Faeodlh £F B P XPRgIeBE thal i

protein, efn@& wthl@%\q)ré/déhn@gés@ﬂﬁed R fﬁﬁﬂer%amﬁ U5 exdedt @qul nker (see
e.g., Bi rd e Sci ence 242 3-426; Huston et al (1988) Proc.

Nat | . Acad62$621 EJSAS&&&BS(?QJO&BB}BWIWCQWHW et al, (1990) Nature

348:552-554) . pr Od"f‘k%r Ie)(zarllmp e, (%%no(%%rlngjrg %}mrﬁ)natlcllcti)s s%ie%?edqiror}l Qr%nllone\llc?@ tion

residues 329, 331 and 322 can be replaced with a different amino acid residue such
that the antibody has altered C1q binding and/or reduced or abolished complement
dependent cytotoxicity (CDC). This approach is described in further detail in U.S.
Patent Nos. 6,194,551 by Idusogie et al.

In another example, one or more amino acid residues within amino acid
positions 231 and 239 are altered to thereby alter the ability of the aritibody to fix
complement. This approach is described further in PCT Publication WO 94/29351 by
Bodmer et al.

In yet another example, the Fc region is modified to increase the ability of the
antibody to mediate antibody dependent cellular cytotoxicity (ADCC) and/or to
increase the affinity of the antibody for an Fcy receptor by modifying one or more

amino acids at the following positions: 238, 239, 248, 249, 252, 254, 255, 256, 258,
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Monocl onal anti bodi es (mAbs) of the present invention can be produced by a
vari ety of techniques, including conventional nonoclonal antibody

met hodol oy 2e06p89230he st andard sonmatic cell hybridi zat i eaTiusSeévaioofss2 of
Kohler and MIstein (1975) Nature 256: 495. Although somatic cell

hybri di zati on procedures are preferred, in pri ncigl e, other techniques for
pr oduci ng26MmR6¢) 28aL6RRT0 5 Ay 2 taR 7B.L280np8 b yes 286¢289,P0.24920295@84geni ¢

t ransf or i B t r I nipApl,,sY. prepari ng
nybr 1 domae SO Ena A et &% SEH b Rroact T o2 A heheale | & &
very wel | s35t33B)333heth, BROCE8UB A0, BEULAT3Z 314,878 3821 88%)1389,23%8, e nsques for

i solation of immunized spl enocytes for fusion are_known in the art. Fusion

partners 8,430, 43ds 1310 43y t3Sraa 4881 This apnwpaclyisidsperphed dadhipr & Pede al so known.
e o ; 1O g . |
| meric ?{%bhc'ﬂﬂgﬂ'g\ﬁ(ggo%?bg?ﬁﬂ?%ﬁtapflw&@%{e?rtﬁ? 8@?{42&%@5% ﬂﬂmﬁﬁg%é)gfd?r epare

based on e Ssequ I'ne’ nonocl oha repar S descri bed
above. DNA:@NGPEYRIY HARIMN 8RY FcRiRavei @bl neppédandaiang kathihipisvedan be
obtained fromthe nmurine hybridoma of interest and engineered to contain

non- nur i nkindingdaye heavedescriedusrsgibotlds, Ral o ¢l d AU JuBioh | hera ddéib89 ol ecul ar
bi ol ogy tgé(glﬁ'o ﬁggcslﬁc E%éatﬁﬁ%g@dﬁ%tgﬁﬁz% %hS g% g%’%,@%ﬁ'aﬁd 356 LAndyoyhe murine

vari abl e can unen - const a regl ons” usi ng net hods

known i n tdighpasie Hifdifg € BeyRID. AddResnany, thiefollbwdddciiinitonGatiahlsyverté al . ) .
To create a humani zed anti body, the murine CDR regions can be inserted into

a human f skovevioritopuesiedigYRBI bindmek ARMOATI2I8Re SAPA/ESSBASWIA/KRBIA Pat ent  No.
5,225,539 t (Nt S. Patent Nos. 5,530, 101; 5,585,089; 5,693, 762
and 6, 180, %ﬁg&k/%%}ﬁﬁggyéi ). In a preferred enbodi ment, the antibodies of
the invention gf&ilhindBier eﬁl@@@ihfbﬂalth@glgmpmﬁeﬁ of SMekibddyamovifiee! voal

anti bodi es directed agai nst PSMA can be generated_using transgenic or

t r anschr ofRsEE.@nfisbsoglated wnipdycen e grade Kee. Hberartibodinlarks syst em rat her t han
t he nouse J i i i i de mce
oferred B3 Ron) ERRHIBIAAERYE AABRHS MG AT Maabiifbt O° T,

col | ecti veeyntibddr foe antigenh Sueh carbshydraterarodifipatibnscan belrecdtplBshedrbuse( r)

(Medarex, .Inc.) contajns human i mmnggi obulin gene mnil.oci that encode
unr ear r an§EE<HURENFERGPIE OF HIREE 3ies 2A FVRPIYHIONSCHENR theARHRBGY SIUFRST-

sequences [y MM 3 I i i .t he endogenous
mand. Kehhr T pabe! el AA b AMRRS A 0s ghie R IR Lo eara)

856- 859) . clmmatioin nfbne, ortrhererviadable xdgidi framedokegly®spatessitas tofhenabyse | gM or
K, and in response to, i.mmunizati o t he introduced.hunan heayy. and |i ght
chain tr aﬁ%@ﬁ&gﬁﬁ?ﬁ)&&abfﬁn & thgtss@w@{‘ﬁlh?ﬁécoéﬁga%Wé“?’i“&crﬁaﬁ? 19 %ﬁ}ﬁt %Yenerat e
hi gh af fi pietantiPsdipRr hakiZen TSNk b Afiroddha s B&cAbedNn Mithéd detdili@q4s, supra,
reviewed in Lonbérg, N (1994) Handbook of Experinental Pharnacol ogy 113

: 49-101; Paianid¥es. SN14340 an 632,86 bby Co et al.

Additionally or alternatively, an antibody can be made that has an altered type

of glycosylation, such as a hypofucosylated antibody having reduced amounts of
fucosyl residues or an antibody having increased bisecting GlcNac structures. Such
altered glycosylation patterns have been demonstrated to increase the ADCC ability
of antibodies. Such carbohydrate modifications can be accomplished by, for example,
expressing the antibody in a host cell with altered glycosylation machinery. Cells
with altered glycosylation machinery have been described in the art and can be used
as host cells in which to express recombinant antibodies of the invention to thereby
produce an antibody with altered glycosylation. For example, the cell lines Ms704,
Ms705, and Ms709 lack the fucosyltransferase gene, FUT8 (alpha (1,6)
fucosyltransferase), such that antibodies expressed in the Ms704, Ms705, and Ms709
cell lines lack fucose on their carbohydrates. The Ms704, Ms705, and Ms709 FUT8™
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(1995) Intern. Rev. Immunol. 13: 65-93, and Harding, F. and Lonberg, N
(1995) Ann. KY. Acad. Sd. 764:536-546). The preparation and use of HuMab
m ce, andwoheosgsssm ¢ nodi fications carried by such m ceCTizs260d003362
described in Taylor, L. et al. (1992) Nucleic Acids Research 20:6287-6295;

Chen, J. et ?I. (1993) Internationall rmunolgt%g 5. 647-656;: Tuaillon et al
(1993) Pr 68!l lings Were secated bycthe facgeterhdisption eftis FUgSgengin §HQP6Y4) Nat ur e

Genetics 4; : ; | (ena(12Q9 o 1A ; illon et
a(199) o PHR ey €508 oes U b te YeBticaion o 2 a P 04HT L ona
| mrunol ogy afnan é8a/58d Y amend-Dbiwliiletlg!l. (2004} Bavktechd/FR6dngNit-6irde2BiL iisechnol ogy
14: 845-851, the contents I.I of which are herehy. specifically

i ncor por a@g@hwwglpgqa gﬂ%clel 7|Oqf’|1 93&&? ﬁm@hfﬁ ‘ﬁe‘ile;?.cn@éé‘ qeﬁﬁ’ﬂlﬁé‘flﬁl {}.L”@?tl‘?’%i‘lué(nt Nos.
5, 545, 806 4jspup&PrB2R gere, SdReldRoded: a%gws‘??éhnéeﬁ&? s@AAhat2nB¥ddidd 7

5,661, 016; 5,814, 318; 5,874,299; and 5,770,429; all to Lonberg and Kay;

U. S. Pat esxprgsed 5 §uh a8@1l ling eSuibi iypefiicedylatio@byPedicingadriebimihigmg tid

92/ 03918, 12227 94/ 25585, . WO,97/ 1385 98/ 24884 and WD

061 4596, AP 1P BIEIY SR R B A dRRG G GAR IM 24 o
Kor man et edadyndactin@y e adaifipadessend thelNUaB&ty @ Rich fethe habbintih® theyent i on can
be raised using a nouse that carries human i mmunogl obul i n sequences on

t r ans gene&e@eiok the Astitedyes daessnot davehitha snzympastivity higr exaample 8 18t hunan heavy

chain tra : ' -5 t 8 : ] ce,
Fererred e oRan AR REBTATCH RO, e SRR MG oS S b

Publ i cat i GresiddddchiBks4A@rite CHOIEH liak, Iﬁécl&:élﬂd, vvfitﬂ:lrrh}ilxbgd Ia‘ailli't}Gforlafﬂﬁai:h{e
transgeni ¢ anima| s e Xpr essj ng man i mmunogl obul in genes are

avai | abl e 1§495¢ We'&%ﬂ(i)[%ﬂg&é‘gﬁ%eh@@a&@ Orraﬁ%t@gdﬁﬁwm@ﬁwwmwédi es of the

| nvent | On eniRfi@RFRG i hulhb R B (4l SIsh SAIMACRIC Y 9fgpied to as the

Xenonouse (Abgeni X, .) can ; such mce are escél bed in, for
exanpl e, Chgn. PEL2633M865405 , 3D Polbigation 38 996434 Bbt Uinaha 8t alb destibes84 and
6, 162, 963 tlg.KucherI a%?ti et al 1I\/bre v.er (Hﬁ*.ter at i Ve tr?nschr onosom ¢

ani mal sy SPEHICSEREMEEEL 1o SYRTRR BYSORTRAGrBlinTTe gerrsyl amsietser (8t e in the
art and caBabgd)usedety Ik SRingHnsRRVAIR(GHPRD) AfhThattahfbddident i on.  For
exanpl e, mce carrying both a human heavy chain transchronosonme and a human
| i ght chaickPressahehthewpgoaered el bngseghibit ingreasedbisecting GleNapetrugfengs such mi ce
are descri ' ' 0) .Pr . L, USA

97: 722- 72 .? uﬂfgﬁtgﬁﬁ%‘ﬁg‘%&%%@\}s@c%?‘%@’%%é’} ﬁhfég‘ﬁbﬂégg%e%ﬁggﬁ%% % fai n

t ranschr oISy Na:. Basrech @@ 764380).i hekkrhativiehs tias fucdISueBiduws of theadntib3HP2)

Nat ur e Bi ot echnol ogy 20:889-894) and can be used to_raise anti-PSVA

ant i bodi e&a¥feciraviholnsings fueasidrse syvast dioarxamlpHbe fucesigpsetatghakvent i on
can al so ARoBHERALAAUSHBGPIANR iSR! AlibIELN a6, A1 8PRL (7S] Prari es of

human i mmuno pbul 1 n genes.
Biochem. 14:5516-23).

Another modification of the antibodies herein that is contemplated by the

invention is pegylation. An antibody can be pegylated to, for example, increase the
biological (e.g., serum) half life of the antibody. To pegylate an antibody, the
antibody, or fragment thereof, typically is reacted with polyethylene glycol (PEG),
such as a reactive ester or aldehyde derivative of PEG, under conditions in which one
or more PEG groups become attached to the antibody or antibody fragment.
Preferably, the pegylation is carried out via an acylation reaction or an alkylation
reaction with a reactive PEG molecule (or an analogous reactive water-soluble
polymer). As used herein, the term “polyethylene glycol” is intended to encompass
any of the forms of PEG that have been used to derivatize other proteins, such as
mono (C1-C10) alkoxy- or aryloxy-polyethylene glycol or polyethylene glycol-
maleimide. In certain embodiments, the antibody to be pegylated is an aglycosylated
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phage di splay nethods for isolating human anti bodi es are established in the
art. Seefor exanple: U S. Patent Nos. 5,223,409; 5,403,484; and 5,571, 698
t o Ladnerwet2oa@l08913nS. Patent Nos. 5,427,908 and 5, 580, 7PC¢Tius2@d6xve3sset al ;

U. S. Patent Nos. 5,969,108 and 6,172,197 to McCafferty et al; and U S

Pat ent Nos. 5, 885, 793; 6,521, 404; 6, 544 731; 6,555, 313; 6, 582 915 and

6, 593, 081antihodyi ¥pthads fer PesylaingamoteBI o8 leam itk ybandendre aphlied ivent i on

can al so e I 7 s have
been recoﬁ%ta%&?(ﬁés ésjft}}cf%lntqlg{étﬁ) %é%??nfglﬁdaﬂ#?ebwgy&ﬁg;%% can Eeng‘Lener at ed
upon i MmumdBP 0cl01 3S4obk Ishikevadraldescri bed in, for exanple, U S. Patent

Nos. 5,476,996 and 5,698,767 to Wl son et al Im"runi zation of Human Ig Mce
When human I g mce are used to raise hunan anti bodi es of the invention,

such mce 409 ;@ PSMA-expressing cell line, such as the
LNCaP cel M—é%"a purified or enriched preparation of PSVA

anti gen and/ or reconbi nant PSMA, or an PSMVA fu3| on prot ein, as described by

Lonberg, N. et  a Nat ur e 47 Fi shwi | d, D et al
(1996) Nature &fsé‘ré%%ﬁ p ‘il an%i’%%fgfm‘é%e BB PRbY K SRS/ 24884
and WO 0144134 hedif b8 BOhsed tb Eh%afé'rfe@v e\/MuLPSM% &m%@dl\e@syﬁmaffyﬁg%@pon the
first infusion. For exanple, a purif or reconbi nant” preparation (5-50
mg) of PSVE qug\énsaqamd@a qnsﬂeedcqnetanmwn@ aﬁme%ﬂm@’sm ghm geanother

i ntraperi Lone: Det. ai res to e n nonocl onal
ant i bodi e&°Pf9 Cigl né{?lgm&le ers rB‘éHr ?g aglafg h\.ﬁla jzln?iie experience
W th vari giventedi, e@enS3 sl 05 DBSor RIs! aﬂeh@ed roadaé@@mmnﬁralasm@rﬁd when
initially_ immunized intraperitoneally (IP) with antigen in _conplete

Freund' s B%i%aﬁtbodareérthaéwéan@yleévm fmqﬁl@flal\yé@?@rqymf.thﬁmm odies ghdeup to a
total of t jieleTelanc!)
adj uvant s otl\rilYll ﬁ&ds%?ghd%%tols are aﬁ%lg ?cmngg? be eﬁmﬁtl ve. \Ién addi tion,

whol e cel bf1CH 2AH®, 2555%@@60& radjativasthereo cimbmcbrbinéerecomhingnilymmunogeni c.
The i mune, can noni t or ed . ov t he cour of the irnmunization
pr ot ocol %‘ﬁmg & Fe&‘mﬁé’flafﬁr 8@?&&#&? tBﬁreF‘t«?ta?igﬁlroBPlt al bl eeds. The
pl asma Cafbc@ﬁbﬁﬁﬁﬁﬁ-@ﬁgnpéfecﬂakﬁ@m aﬁﬁ§6‘dié§3cﬁfih@ﬁllvgﬂﬂon aNglistliss®l W th

sufficient titers of anti-P human i nmunogl obul in can be used for
fusi ons. Apave. &Hhertmpdsc@cﬁmoeldﬁqanpmmemgﬁio;e vlﬁacnb@dm thepregicyagectionf or e

sacrifice f. the spleen. ectedt us} ons for
cach | mmunoSter R Ayl el s einidis SRRERER &M YAl SUChr o

typi cal | ysdgehies peslidedhetss,ordnt bf fidre Umaﬂegﬁonbﬂfefeoﬁar% @bdle Heo12 strains
areused. In addition, both HCo7 and HCo 12 transgene can be bred, together

into a si AegiRconwslanBibRAYiTHE npliecgssEnEieantualy Reaparedacy SEMaIS IS BsdSHenes
(HCo7/ HCol, 2 t1B%|d£1?1]E1ﬁag IME %’m%fe Wg%&)ohx%s%&%g% C;f}gglgg& k%}ngsf ain can be

used. Ceneratlion’o bri domas ProducCi ng odi es of the
| nvent i onone or more CDR regions thereof. Rather, the information contained in the

sequence(s) is used as the starting material to create a “second generation”
sequence(s) derived from the original sequence(s) and then the “second generation”
sequence(s) is prepared and expressed as a protein.

Accordingly, in another embodiment, the invention provides a method for
preparing an anti-PSMA antibody comprising:

(a) providing: (i) a heavy chain variable region antibody sequence

comprising a CDR1 sequence selected from the group consisting of SEQ ID NOs: 9,
10, 11, and 12, a CDR2 sequence selected from the group consisting of SEQ ID NOs:
13, 14, 15, and 16, and/or a CDR3 sequence selected from the group consisting of
SEQ ID NOs: 17, 18, 19, and 20; and/or (ii) a light chain variable region antibody
sequence comprising a CDR1 sequence selected from the group consisting of SEQ ID
NOs: 21, 22, 23, and 24, a CDR2 sequence selected from the group consisting of SEQ
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To generate hybri domas produci ng human nonocl onal anti bodi es of the

i nvention, splenocytes and/or |ynph node cells fromimmunized mce can be
i sol at ed woaodeusersot o an appropriate inmortalized cell IPcmalS2edobssas a
nouse myel oma cell line. The resulting hybridomas can be screened for the
production of antigen-specific antibodies. For exanple, single cell

suspensi o3 Né¥s: 2 26n 2%, andASharsleresCPRS sequencmsctectednirera thagrobp fused to
one-si xth _t he..nu X637 6 )nsecreting nouse nyel oma cells
(ATCC, mﬁoﬁ§§8¥$ﬁﬂﬁﬁpﬁ%’%ﬁ’§§%% pl ated at approximately 2 x 105 in
flat bottom m croti ftgralkiat et lchglohewethdacidresitae wetin the teiat dhath i n

sel ective nediumcontaining 20% fetal C one Serum  18% "653" conditioned
medi a, 59y&abipsesionaapodysscangce gndlprihedight ahai Yareble rggiopptivedye, 5mM

HEPES, O. - C ' penicillin, 50 ng/m
streptony(%i%ﬁ,ﬁqaxl&gﬁgéﬁﬁaqg%%%%aag&nedfﬁgbwﬁqm(cg’lag@a; the HAT is added 24
hours after the fus{nxpredingthegieradntibddy sequevzeaselpsoteinel | s can be
cultured in nediumin ich the HAT i.s replaced with HT. Individyal wells
can then be scoEEREd nyﬁ‘«%@%fé@%@ﬁ@ﬁ%@%&ﬂ@&ﬁ&ﬁ‘ép PrRpeand qxgt@ﬂ%ﬁﬁ bodi es.
Once extepsd i owt h occurs, nedium can be observed usually
after 10- %ﬁérﬁﬁyg%%g%?%ody secreting hybridomas can be repl ated,

screened agai n, andPidfersbly) the poghddyencdded tythmaltdredSntibody seqventainas

anti bodi es can be,subcl.oned at |ea i ce imtin i, ] uti. he stabl e
SUbel ones. can PRONEUR AR G of 1 erihe FEe Bt pRes B al eahliinedor
antibody in tigaitRdfedldestiBedBeewhth faheionel @bpefitd @Bludd budfd oy hunman
nonocl onal anti bodi es, sel ected hybridomas can be grown in two-liter

spi nner - f | askslimied gpsnseifisaldy biadinghe ey SMintexpresting RNC3Bsel fiseant s can be
filtered and concentrated before affinity chromatography with protein
A- sephar ose (Pharnacia, Piscataway, NJ.). Eluted 1gG can be checked by gel
el ect r ophor esi $hafichchiogh ppretiiss of tieealleteduintbodiensmtbegisspied Usmgensur e
purity. The buffer solution can bed&charlljgeqfli into PBS, and the

slgtsribed

concent r abtARdire assapeavaaalie i the grtsp grem, susBas ithase SeHOEB & £ i ci ent .
The nonoc icbadi SR0 : 1 nd stored at -80 C. Ceneration
of Tr ansf{e}%{]%éﬁan@ Pr(g'gﬁgﬁﬁvg an@ﬁ%?}]%i %%st%?’gzm es of the Invention

Ant i bodi es  of Tiheerfanvembidiments 96theancthedspf edginectinganibbdiss oftthe |

transfectoma usin for e | e,, a.conmbination of reconbipant

t echni que@VﬁﬂtgonlgEﬁ!éatlopéﬁgﬁ(é%t@ﬂu??gfﬁ%‘g’éﬂﬁ?lr FQG%F{Y ‘?ﬂﬁ/\?l']lp‘?rrpaﬁw%g%&rt (e.qg.,
Morri son, ami-pERABatibIAlyRD&Rg Séfichdld thE AsuRmBiEfied MmtERPV@SS the

anti bodi es, or antibody fragnents thereof, encodi ng partial or

ful | - | engemtitiodighcamhesirecnpd terkinding activityradiotion Stnchigna pronssies afol ecul ar
nybri dormagnapetifens due ot uRiRes by iR Qe bt i at rOPERIMAL. e
i nserted PQT®ublication WO 02/092780 by Short describes methods for creating and

screening antibody mutations using saturation mutagenesis, synthetic ligation

assembly, or a combination thereof. Alternatively, PCT Publication WO 03/074679

by Lazar et al. describes methods of using computational screening methods to

optimize physiochemical properties of antibodies.

Nucleic Acid Molecules Encoding Antibodies of the Invention

Another aspect of the invention pertains to nucleic acid molecules that encode
the antibodies of the invention. The nucleic acids may be present in whole cells, in a
cell lysate, or in a partially purified or substantially pure form. A nucleic acid is
"isolated" or "rendered substantially pure" when purified away from other cellular

components or other contaminants, e.g., other cellular nucleic acids or proteins, by
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expression vectors such that the genes are operatively linked to
transcriptional and translational control sequences. In this context, the

t erm " opeweat2oacaisy23bi nked" is intended to nean that an amCrhsdyecmesss2i s
ligated into a vector such that transcriptional and translational control
sequences within the vector serve their intended function of regulating the

transcri pStreserdieghniguessingluding alkaligSDintreainayt. Gehbantie, eSlpmBssi on vect or
and expregsi 0 : CRNRA] k t he

expr essi o?ntﬁhlg@%o%g%w’ @gog.gggh%e&zrr?? ?@85’59@?%&% al 1n gengtgén%t'méeebghti body
heavy chalAnsidehe: aiaredb@ 98MpEutrad Protbeols epsliobcelay Botlogy, Gireenetublishipg cal | vy,
both genes are inserted into the same expression vector. The anti body genes
are inser Wlll‘?yéntﬁﬁéle@%;\@&%%@%’ vEREFIC gl ﬁ%é}ﬁdé?’ﬂlt%tc%ag’ e g., ligation

of conpl e&&%fﬁé,bﬁﬁ?%?il\%iaﬂ@nﬁ b tha9hot BsiARiRATY scdGOf b M BETENT and

vector, or unt en rgatton I'f no'restriction sites are present). The
| i ght andpieéaned eattmidmendythabieeic @gidans cDINA treleankei bodi es descri bed herein

b dt te.full-length antjbody. tibody isot b
Choerti ng. t henNiHER GidsRcds Bredeean be apudi JSde Shari) e cha no T
constant giaghgyit&dhhiftbal ForGARBO@ABS exREs Sy Ribriddthad €8k Bebridwalagpe such that

the VH segnment is operatively linked to the CH segnent(s) within the vector
and the Verepaghiom fransgpe ati¢s/carnying niveah invnyreglabulis ggrasies dasorivpd t he

can. oncoatiet PR 6Bt fi IR e Bintand Bl SORRY oF AR B OBARRN 150,

chai n fr othetyb&émg €4l be Jhginadby fiaadard RERugsliTRatamobsDNAa@tng nt o t he
vect or such that the signal geptide is linked in-frane_to the am.no

term nus tEhRifgess For peipdics pkngd eom o dnaugeglpbumygeng lbpsy (4%, using

ani nmunog | 4 i : j . : i I j i.e., a
e B S A e e R
ant i body thedibrargenes, the reconbi nant expression vectors of the invention

carry regul ato seguences that control  the expression of the,antibod
Chal b eas™ mbbrE T i o BRI O TRt S Te sotednE B poed o

include paIYEREGuenBEEIMRETE3, 2 02PS or OXBIBSRIcRNaFafifhb@les eDBNENt s {e. g.,
pol yadenyl ation signals) that confrol’ the transcription or translation of

t he anti bsdyendeacncoginethe VElsdquenags bail 03,2 AKG dEhaad 24i6carel syt iwe¥EQ f or

exanpl e, | e n ression nol ogy. t hods i\ Enzynol ogy 185,
Academn c E?B](SE%‘ g%:gﬁl %Jggaé@?’%x S}QTS@%)Y) Eﬁ‘g SWWeggegéma%cgl? gnlea\"t;%d by those
skill ed i gequbgeabf 1CHAA 10)EF §lenid T 6are EiEvEXIBIS 8D N0/ 8¢} 38, 39) 4iel 40di ng t he

sel ection of requlatory sequences, nmay depend on such factors as the choice
of the hoB¥PENVFYt 0 be transforned, the | evel of expression of protein

desired, etc. e r S %Baml cel |l
expression i ncplglgéeﬁ\il\lerr gﬁé@%ﬁ#gw%g?ﬁgéﬁgﬁ% eve @@%’Pﬁ%treot ein
expr essi oODNAfrapmert canbe firthsy maniphlated byrstateiscanbihant IMAancer s deri ved

;Elce)nmos%/f’ 8?(3: a}]g%/sl, %tséégrgﬁ%oﬁéf:gvrgﬂatﬂe yr:lrria%?e fegio Sg\c{,ﬁg to ﬁl?—?gncgt/ﬂ zrlrﬂﬁ)’od 9., the

chain genes, to Fab fragment genes or to a scFv gene. In these manipulations, a VL-
or VH-encoding DNA fragment is operatively linked to another DNA fragment
encoding another protein, such as an antibody constant region or a flexible linker. The
term "operatively linked", as used in this context, is intended to mean that the two
DNA fragments are joined such that the amino acid sequences encoded by the two
DNA fragments remain in-frame.

The isolated DNA encoding the VH region can be converted to a full-length
heavy chain gene by operatively linking the VH-encoding DNA to another DNA
molecule encoding heavy chain constant regions (CH1, CH2 and CH3). The
sequences of human heavy chain constant region genes are known in the art (see e.g.,

Kabat, E. A., el al. (1991) Sequences of Proteins of Immunological Interest, Fifth
‘ 39



(ADMLP) and pol yoma. Alternatively, nonviral regulatory sequences nmay be
used, such as the ubiquitin pronoter or b-globin pronoter. Still further,
regul at orwoeb@msnids conposed of sequences from differenPCIaseasspssszch as
the SRa pronoter system whi ch cont ai ns sequences fromthe SV40 early

P orebe, Pation .. Bidaumenaat Healdi RS Hugian Srvighs. NS Publicatigndta obn to tho:
ant i body @b@. %gmﬁf@a%eﬁ@%&ﬁﬁg;mggdmOna sc%ﬂﬁeBﬁt%Hféﬁ'bgl% aggpr essi on

vectors of the invention may car sequences as sequences
t hat r eguP&Reamplffidation.iTde hefvyt ¢thminveanstant regldmccan beeh IgG,dgG2, Ig0i3; gi ns of

i |1t at SR04 3P R, PO 1R PRSIt b Dot S SO bos ol B hst st
i nt r oducedorstRe regiord- Forld- Fab fﬁ%h&enf\ﬁ’évyéhﬁﬁ%egel%e ‘éHﬁe%ﬂocﬁﬁg A0 can 3¢9, 017,

all by Axel et al). For exanple, typicallythé selectabl e marker gene
confers repwativaictinked tarnetber BNAmalsc@s e8coding s heavy chein KBl exat e, on a
host cel |l c&ﬁ %0 the vector has been introduced. Preferred sel ectable
mar ker genes | nc e the di hydrofolate reductase (DHFR) gene (for use in

dhfr- host cel IThe vUolalﬂedTlBNlACﬁrfcﬁéhag%@VLQ@élb@Bﬁﬂb’GXLdn%&@ithﬂﬂlﬂaﬁktﬁ he neo
gene (for (A18 sel ectl on).. For_expression of the |ight and heavi chai ns, the
igkingdhe Vn

expr essi oHeWebeingeas (asirdhasrigh abreehh ehaiy sarf) bl}’loghltatlﬁﬁﬁll sfect ed
into a hogleoagld DX tﬁtaﬁ&g@{dﬁN{A%BfébﬂH%ﬁcod A ERG &l BnPleglode term

"transfection” "are inten to enconpass a e Barie i ques
comonl y ($edhesequdnees crﬂhum&ndight)cham cc&mmgemmgah&arakﬁomﬁmiharaytotl c or

karyoti ¢_host t | hosphat
ot oci bt a(eBRE-REb Beferiit (1AL FERRTE o haotefis OF FRBnaPBRALGITS, | <
t heor et i CRiAYERRSS TPREDESrXddk 6§He£1hﬁa1ﬂrﬁﬁrﬁ&{is&%me£ N@Ppﬁﬂf&%ﬂ QY. I n either

prokaryotic _or eukaryotic host cells, expression of antibodies In
eukar yot i 81-ééﬁ)sﬂndaméArﬁﬂgmeptS@he@IamsymgﬁmImmnsmasfoe obtaired biys t he nost

preferred ti.C d, i articul ar ian cells,
are rmore | R‘E&?&lﬁﬁﬁa %pnfe okars ?ﬁ‘. élggg‘ﬁ'faén ?O&S{}Eygﬁﬁﬁé’aﬁhﬁ aARPAT, ?m LB? operly
f ol ded ancbnstﬁﬁumgidmb@tahbyp?&éﬂam@HkhMmtEﬁtQJégibMOtl c expression of

anti body genes_has been reported to be ineffective for production of high

yi el ds of acti Ve CEate sy geBMl@eVHradeén@lcv@@aD@ frgmentesy | munol ogy

Tod 6:1
rgcg?/mi naﬁ?&a;%‘{tellyls%@% ggso tt e ThvVent Jlﬁ%ﬁ I 41&2[) nésreég ra?ne%ttﬁ%/ary (CHO
cells) (i amimd:cnbsedhént:e (GHY-8&a);| (SEQAESNO: B8] sudh tthitItH&VHamm Yhasin, (1980)

Proc. Natl. Acad. . USA 77:4216- 4220, used with a DHER sel ect abI e
mar ker, eSSgUencss Cgh ec‘?’?pﬁ‘“egéeq 3 Feongigueus Mralerchain Protein, Widh hepVk g8 oL

Bi ol . 159re%ﬂ)1as ?c%ﬁéd b}N%@ﬂ&(ﬁJl@Hﬁ{ ?éele @ ége% Ezez!l | @ﬁggl}%c%?e Q@ 3?3 4&@

particular, fof use wt ano prefe expreessi on
Huston et al. (1988) Proc Natl Acad Scz USA 85:5879-5883; McCafferty et al.,

(1990) Nature 348:552-554).

=

Production of Monoclonal Antibodies of the Invention

Monoclonal antibodies (mAbs) of the present invention can be produced by a
variety of techniques, including conventional monoclonal antibody methodology e.g.,
the standard somatic cell hybridization technique of Kohler and Milstein (1975)
Nature 256: 495. Although somatic cell hybridization procedures are preferred, in
principle, other techniques for producing monoclonal antibody can be employed e.g.,
viral or oncogenic transformation of B lymphocytes.

The preferred animal system for preparing hybridomas is the murine system.

Hybridoma production in the mouse is a very well-established procedure. -
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systemis the GS gene expression systemdi sclosed in WO 87/04462, WD

89/ 01036 and EP 338, 841. Wen reconbi nant expression vectors encodi ng

ant i body wenes/mem0i nt r oduced i nto mammal i an host cel | spcrhms2@anissdi es are
produced by culturing the host cells for a period of time sufficient to

all ow for_expression of the antibody in the host cells or, nore preferably,
secr et i onlnafunizationproiseels and teshriquescior tsqladiopediinmmigednlenocyise fdfost cel | s

are growng Anti bpdi es. e r r i 1Si Ng

ot andar d PrSPert BRUT PR eRo RSP KR (aEbitls MY bl S MDY RS,

Bi ndi ng; pchnirégrsaRokhdemi es of the invention can be tested for binding
to PSVA by, for exanple, flow cytonmetry. Briefly, LNCaP cells are freshly
har vest ed” f r onfhimegigeordymapized pitzhodies of thepresenhinyentign cag he pesreredn pr epar ed.

LNCaP cel ' | ' : ' DAY, JET ect |
S L e e i S S P
cel | s ar eDiNgs exspdingehle heaviPBEd tightt chiam ingnithdglebBEds eeamctbeSibiA0EA] frghirthe of

primary antibo and i ncubated on ice for 30 mnutes. The cells are washed
PW o i ¢ RIPBS A 1o BRI TeEred 20, RN, PO S e PR 00 o
1:100 dil Hﬁlﬁ%@ﬂlﬁ1ﬁ%€%ﬁ&@éﬁﬁi@%&ﬂd@fﬁ ﬂnoiwaiaf\bibg%,&m@eﬂ lpgFrUNoResear ch,

West Grove, PA), and incubated on ice for an additional® 30 m nutes. The
cel | s ar eexegaile, tomshtech chivineas antibodgghe dwdine vaGatde rdgias caabh libkddter and

anal yzed for fluorescent st.aini n._a FACSCal i bur cy [ ect on-

Di cki nsonfxmgghc%gag?re%n_s uﬂpg&eﬁgﬂg\%f)w nﬁei 0 ?ee%g'omg?qnﬁvghti on can be
tested fon,ghs 567 ﬂgc&mu{j’a\é%%bIo&ir@ﬁ@@hﬁrnﬁhk&iﬁgmﬁbﬂgfthamuﬁh@C@R‘ ter plates
are coated with purified PSMA at 0.25 mg/m in PBS, and then bl ocked with

5% bovi neregiang ermbe inseited intorBgima frampwak wingdpethadnope ig the &t (681 ons of

plasma fr %S%/ISP Q;Emﬂi ' t I . i ncubated for
1-2 hoursgg’t’ 371 ét e'é?g§’§§§g%ﬁ\t§§%g§%€ms't%t%§g? ﬁ’eséo’ggg’vt hen i ncubat ed
wi th secofdas 89,603,162 amd®,180(370 th Quean arvl/i)bodi es, a goat-anti - human | gG
Fc-specif c polyclonal reagent) conjugated to al kaljne phosphatase for 1
hour at 370C. N%E@efwmﬂﬁtj’ﬁlmﬁ@%Fé’ﬁ“g%odéﬁsé’f&éﬁv‘w%’é’é}aﬁ%)ﬁ‘ﬁn PP substrate (
Lo/ ). nandianalyassial s hmARRioRB0ondTAHRIAR drecliGganbimvdevel op the
hi ghest tfr%ersal\gmbﬁla?{ lEéejhuse formf usi ons.onArf1 I%LI SA agegayq%gl descri bed above
can al so b bhesguhetatedssimgrankgenihybiramdmasosdraic sicovapyng pansofitbact i vity

ith PS i nmunogen. bri domas that bind wth_hi avidity.to PSVA are
\ému bel ongﬁh‘:’%ﬁ?}“ Fﬁ‘%?ﬂ%?y%ffagﬁngﬁ"fgﬁmo&eesyég%e ]?elrs%ﬂla%s\%wlcﬁégri doma, which
retains tfendoR@fids¥inidmik ihdleddPRIRIEfefed kShdrbiv EHuBMD ntisdakeEkwhosen for

meking a 5-1Q vial cell bank stored at -140 C, and for antibody
purificat e susspretively, andtare eadlontively refodedto hesan ae tlamandgrmgenas can be

grown [0 wol | 4L pRLADGLLIANIRALSL 110505 ARGhuAN bRSGRURE &AL O
miniloci that encode unrearranged human heavy (i and y) and « light chain
immunoglobulin sequences, together with targeted mutations that inactivate the
endogenous p and k chain loci (see e.g., Lonberg, ef al. (1994) Nature 368(6474):
856-859). Accordingly, the mice exhibit reduced expression of mouse IgM or k, and
in response to immunization, the introduced human heavy and light chain transgenes
undergo class switching and somatic mutation to generate high affinity human IgGk
monoclonal (Lonberg, N. et al. (1994), supra; reviewed in Lonberg, N. (1994)
Handbook of Experimental Pharmacology 113:49-101; Lonberg, N. and Huszar, D.
(1995) Intern. Rev. Immunol. 13: 65-93, and Harding, F. and Lonberg, N. (1995) 4nn.
N.Y. Acad. Sci. 764:536-546). The preparation and use of HuMab mice, and the

genomic modifications carried by such mice, is further described in Taylor, L. et al.

(1992) Nucleic Acids Research 20:6287-6295; Chen, J. et al. (1993) International
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and concentrated before affinity chromatography with protein A-sepharose
(Pharmaci a, Piscataway, NJ). Eluted 1gG can be checked by gel

el ect r ophwoesicsgasd hi gh performance |iquid chromat ogr aply/use006/08issE
purity. The buffer solution can be exchanged into PBS, and the

concentration can be determ ned by OD280 using 1.43 extinction coefficient.
The nonoclemaholagy §:15ddi66; Eamllb@ez‘aall dQ83)eroantiaté thenddSaat USA00:8720-To

det er m ne e.s t] n uni que
epi t opes, 32%46@]8%‘6%0@%6@5%} & (g F6t Ic%{fgfég?ﬁé}}eﬁg& cegngéfﬁggﬁ%%gal | abl e
r eagent s( P2 egxmeg30Rqakilion @ all LP94YR Taghunbi. 252:39 1P EX); T8 %m Turek azbel ed
nmonocl onal _anti bodi es and bi oti nyl at ed monocl onal anti bodi es can be

per f or med (A GeBmiond dredu s PoatHs ard Fighwildi Ped cAKER26) Nayisei ny| at ed
0 01 nd! BEaRohey 38! eated Mol RnfldraRatisdid nehiRbl BcfiaRghal ase probe.
Al ternatively, I"on studies can eper or ne gra olabeled

anti body am;drpmitabbj/ m’etemmehém@taetyi Bedfiather, AN S bkatela Nast £445,8068 Scat chard
anal ysis, as further described in | es below. To det&;m’ ne the

o e P SaeTh Ehs e Biandds: Dablosk SHPail; 26D hLs s et R i e
reagents g &@Q'Z@QCardeST7’ﬂ‘)”429bﬁl‘i"tc?Eorﬁiergﬂa XWSaPatéxﬁNd’ 8%4553@'7 igxanple, to

determne the isotypé of a m)noc ant’i body, wells of microtiter
pl at es cafubwi efads; @avabhcanm@qm V%(D9am391&dﬁ@r93/m2ﬁow&3ﬂl255850ver ni ght at

less of 1 00 IRERBeP N Sp it it O 3P BB TRebi el Kot 1 £CT2: Ao et

t enper at UpgblicikioR MR, T10 DA 4824 H0Korhitd oM. | s can then be reacted with either
human 1g@ or human I gMspecific al kaline phosphat ase-conj ugat ed probes.

Plates are dev@& asdleprambodinanyAwenaasantibedied ¢fdlic lyeniéon gantteIpspusigran | gGs
be f t bl ot t
B rerry, - Bune MR bEel AlnbERhinddchulindoleRi RIS P O 2 ot M

pol yacryl aahsthogesontdseaichaphai@se shat Adrties a Rlmah heyvipeheaisitmnsgdne asépar at ed
antigens are transferred to nitrocell ul ose nenbranes, blocked wigd 10%
fetal cal Pu%léﬁll}ﬁ?tcé‘ﬁ’dltfﬂ“é%amﬁiqfﬁetﬂ@ PBIRBAFEHES RheFBcE 6 Miche 1 est ed.

uman | G QlARaGRAcR (Pt PR eH RO ANIS Ll iGrak kal | ne phosphat ase

and devel ope substrate tablets (Sigma Chem Co., St. Louis,
M. ). | mmnocoShll@artﬂw dlereatiot hensgnmantmaltslyﬁelps exmnRising wamn on features an

ant i - PSMVA. antlb or afra dto a.t peutic
ot ety TR BSEaA Bk VARG (e g ad G YGRGH SRR o a

radi ot OXi Brtibdidd oF Y OGRS, FoLelBiRE, oGkl haltes fhibodfic s|HPOEREI toat es”
|mTUI’lOCOI’lj ugates that include one or nore cyt ot oxi ns are referred to as

"i mrunot o$ e XenampysofAdgenixocowanbexbasl; sepbrmice atd degedbedriy, iggent that is
detr i ment ol £ 9§ sIparelfiihss,0361508; 6,6¥8TH 85114385164 sh349 ana 8Y69%B3! 2si n B

grami ci di
to Kucherlapati et al.

Moreover, alternative transchromosomic animal systems expressing human
immunoglobulin genes are available in the art and can be used to raise anti-PSMA
antibodies of the invention. For example, mice carrying both a human heavy chain
transchromosome and a human light chain tranchromosome, referred to as “TC mice”
can be used; such mice are described in Tomizuka et al. (2000) Proc. Natl. Acad. Sci.
USA 97:722-727. Furthermore, cows carrying human heavy and light chain
transchromosomes have been described in the art (Kuroiwa et al. (2002) Nature
Biotechnology 20:889-894) and can be used to raise anti-PSMA antibodies of the
nvention.

Human monoclonal antibodies of the invention can also be prepared using
phage display methods for screening libraries of human immunoglobulin genes. Such

phage display methods for isolating human antibodies are established in the art. See
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D, ethidium brom de, enetine, mtonycin, etoposide, tenoposide,
vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy
ant hr aci rwoi2eosanspispoxant rone, mthranmycin, actinomyci n BCT/US2006/005852

1- dehydr ot est ost erone, gl ucocorticoids, procaine, tetracaine, |idocaine,

propranol ol , and puronycin and anal ogs or honnkggs t hereof . Therapeutic
agent s al §u expwbled dJ.Sf Baterd Nosp?,823.404 i SsAB A1 fndes 5O to Indneiott véxat e,

O, rer capt opUY ey NG D PIRILAS s VT AN oPall Uar el decar bazi ne).

al kyl ati ng- et ham ne, I'0epa orambuci |, nel phal an,
car nust i ng,96830khn@6d 72,0016t Me€afféitNedal. ; and UB. Passahies. de8ssirgsyl f an,

di br onronmanni t ol , stre$tozotocin, nitog¥cin C, and cis-dichl orodi am ne

pl ati num BRI 40Brp§44 X PP A3 GRshY bednd 6383508 IdoGriffigha ai 6t ubi ci n
(fornmerly daungmyci LCl : -l Of | finonycin
(formerly acti nony%%%rﬁ)@%flg%%?%e%nﬂ%lﬁrng‘%%&n%aa?\% %ﬁ%‘?%ﬁ%%# (AMC)), and
ant i - m t oSCED agedinso (hich).human mtmust icelés lave beemiebaistituied suchttingm pref erred

exanpl es of theragpeutic cytotoxins that can be .conjugated .to an anti body of
the i nvepﬁv@ﬁn amf@wéa_éesa%%mn?e ERSTo(E PRI IR AN, (iR g #es and
auri st ati RgecriB@flind ffrle¥Ahpies. <. 'Plﬁilfeﬁpﬁos.érhﬁ@@(%}hxg 556‘98?76(9% WElea &1 n

anti body conjugaté Is comercially avail abi'e lotarg(tm; Weth-Ayerst).
Cyt oxi ns can be conjugated to anti bodi es of the invention using |inker
technol ogy_avail able..in th .t. Exanples of linker types that have been
used to ¢ QLo %% an antibody include, but are not |inited

to, hydrazones, thioethers, esters, disulfides and pepti de-containing

i nkers. A linker can be chosen that is, for exanple, susceptible to
cl eavage by | oWhsH hymanily mierare psedioraise bunpa pntthodies of theysvawonpiueht o
cl eavage t . t - r i.al in tunor
S L L S s et
di scussi otino{ATEE&RI0A 740)1 @pwidi¢isor dnriokel mreparatiored iREMAfantigaoajdigat i ng
t herapeutic agents_to antibodies, see al so Saitaq, et al. (2003) Adv.
Drug Del i R >Nldg opamPSIA, [ysiongprofeing as qssm‘eadg%ssvor@&% -¢f @unol .

| munot her19032NG28e 3664 PR 1 5; HAIRA) DAIAS 988 Nandr MibrcRloiod) | en, T M
(2002) Nat. "Rev. Cancer 27150-163; Pastan, |. and Krertman, R J. (2002)
?21 (r) (r) .1) Opi h4: 8[4)lr|5v&551t gyl mebli&;igﬁggmﬂmg&f%xnnd &0 é)IP/ 1@42?.nﬁr§&nablyi,th , QJ.

, V.. V. ev . - " tl 1 es t he. pr.esent

{pvent | ontisoSHEbsEb Wesh] tige ok fredtran G o TR B P R Shor at o
cyt ot oXi CrdcaghbaiepRBaeEdd @aﬁ(ﬁug)adﬁisMﬁfaﬁﬁ%&ﬂcathe%ed fdh@hiz@eonj ugat es.
Exanpl es of radioactive isotopesS that can be conjugated to antibodies for
use di agnbempelg micegnirapsaiiansallit-i cal |y i nclude, but are not linmited to,
i odi nel31 , iodjnel Lhdiu by | ut.et ol 77, . hod f or
pr epari ngradi oﬁﬁ%ﬁlﬁégﬁicﬁéﬁ Setrséﬂ%e%igfatee\s/@g%;h#éﬁga%ﬁﬁckoﬁgel %W%étg% es of
E adi oi MuaeakRE¢ritgdtieExansleqdsiey.c Calulatiaw akpartehes with hticlisngtigensdlas n(t m

| DEC

shown that the transgenic mice respond when initially immunized intraperitoneally
(IP) with antigen in complete Freund's adjuvant, followed by every other week IP
Immunizations up to a total of 6) with antigen in incomplete Freund's adjuvant.
However, adjuvants other than Freund's are also found to be effective. In addition,
whole cells in the absence of adjuvant are found to be highly immunogenic. The
immune response can be monitored over the course of the immunization protocol with
plasma samples being obtained by retroorbital bleeds. The plasma can be screened by
ELISA (as described below), and mice with sufficient titers of anti-PSMA human
immunoglobulin can be used for fusions. Mice can be boosted intravenously with
antigen 3 days before sacrifice and removal of the spleen. It is expected that 2-3
fusions for each immunization may need to be performed. Between 6 and 24 mice are

typically immunized for each antigen. Usually both HCo7 and HCo12 strains are
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Phar maceuti cal s) and Bexxar(tm (Corixa Pharnmaceuticals), and simlar

nmet hods can be used to prepare radi oi munoconj ugates using the anti bodi es
of the i nwernbicnss23dthe anti body conjugates of the inventipom/usasehessased t o
nodi fy a given biological response, and the drug noiety is not to be
construed as limted to classical chem cal therapeutic agents. For exanple,

t he drug usefleltyadditjorhboth HE et aidoplhbrnsgeis sandepsakiogethiiginte aEagleed

bi ol ogi cal act.ivity. h_pr, i k f le, an

enzymat i CIEPV%? }ggmotﬁg@?rﬁr?t h%#%&%?%@;%#égﬁetsﬁgp 82 ) s& h as abrin,
ricin A REEUSORENaSadaknaly,the KM diopks Metram daptemsed protein such as tunor
necrosis factor or interferon-g; or, biological response nodifiers such as,
for exanple, |ynphokines, interleukin-1 ("IL-1"), interleukin-2 ("IL-2"),

i nterleukhn- ol drRvbkido@ : ol Yaisd byl ating factor
("Gwv CSFR)}Z&GS?%?UI U(,}%l go%&?g{%gﬂgl%ﬁ%% rat i lﬁgﬂ‘?‘g‘&%?&?ﬂdwr@, or ot her

growt h f aewedtion Techni ques for conjugating such therapeutic noiety to

anti bodies are well known, see, e.g., Arnon et al., "Monoclonal Antibodies
For | mmunotargeting O Drugs In Cancer Therapy", in Mpnoclonal Antibodies
And_Cancer Thef@gé’nerﬁ@h%rﬁio%a%?r@duci ah mARcltdBarolidl 8nhB. Liss, Inc.
1985); Hellstronret al,” "Antibodies For Drug Delivery”, in Controlled Drug
Del i very ihfemtiofdsplenoRples asdior ymphinod¢ eelts. fiom ppmusized Bacq dtrhedsol@etkker , | nc.
1987); Thorp, "Anti body .Carriers..Cf t.ot oxi c Agents In ncer, :.Lherapy: A
Revi ur | SR ARG PO ARP O Baos Rl NPy Sish s iR el Rl ke

Appl i cat | PRSrosiliing AgsRloRtas@hn bé 8tSenkd fOthe fToaubiéh ¢LABDIr-spedITR YSi s,
Results, And Future Prospective Of The Therapeutic Use O Radi ol abel ed
Ant i body Mlb@dw&-efoﬂﬂ?(ém@%ySlpglerﬁell’tﬁﬁﬂ@n@%ﬂ ofptenlympBoees XefAcer Detection
And Ther a, | ) o 3036 e ress 1985), and
Thor pe et%ﬁ%‘ﬁ@%ﬁ%g‘?g*ﬁ@%‘%ﬂ@ﬁ 15 oxXl cé]rg)rf %ggr%'? i‘%%g% Ant i body- Toxi n
Conj ugat esonsedretigudbuseReyelomb 2111 THEC, (CHRIB 2 5 80) Biigp®@ic fPIEG. MB¢llscme es | n

anot her aspect, the present ingveption features hispgcific nolecules

conpr i si nRfaiA a ?HHTQ’PEM@?b%N Wo&&ﬁatd%oﬁﬁn?IP&&ﬁE?ﬁpqﬁtﬁe%@BW?gBY afRKR i nventi on.
An ant | bogeiolififiol Y SIIL mcdu BRI kA (RBRS 4T, 18Re0S:  can be
derivati zed OI‘FI nked to another functional nolecule, e.g., another peptide
or pr ot ei condéioged needit, B%rorggeni(okly), drmM hGahdarhime, hmMeeginorpyreatyener at e a

bi speci f e t .binds tq I t t di fferent. bi nding sites or
t ar get mf@ﬂ@h@?%ﬁ@%ﬁ@?%3{}?}061‘50%@10?’ SR H?ﬁﬁ?ﬁglﬂ’ #Oal@g&%e derivati zed
or I'inkd §iRof@higit, MmN ehthficinbngionAlT > WheSHINT 16 @@@Ida4ehours

P > : ; ; .
mul tispecific nolecules that bind to nore than two different binding sites

and/ or t aaftpstthaviisionk| Aer appeoxinately Bysewpakscoollp car b ertuedingpedumniR ended t o

be enconpass e _term," bj cifj. I | e Ik QRO Create
a bi speci Wﬁgﬁg%%&d}é T ?actefilgv ljfhﬁl\ggh;[\{ dé?li,d {Hgﬁ& egfr%tclg%g%?} b%% g&ﬁ%ﬁ@v%%]ts&n can be
f unct i onafdrfutiafi k@shoclonal IgM and IgG antibodies. Once extensive hybridoma growth

occurs, medium can be observed usually after 10-14 days. The antibody secreting
hybridomas can be replated, screened again, and if still positive for human IgG, the
monoclonal antibodies can be subcloned at least twice by limiting dilution. The stable
subclones can then be cultured ir vitro to generate small amounts of antibody in tissue
culture medium for characterization.

To purify human monoclonal antibodies, selected hybridomas can be grown in
two-liter spinner-flasks for monoclonal antibody purification. Supernatants can be
filtered and concentrated before affinity chromatography with protein A-sepharose
(Pharmacia, Piscataway, N.J.). Eluted IgG can be checked by gel electrophoresis and
high performance liquid chromatography to ensure purity. The buffer solution can be

exchanged into PBS, and the concentration can be determined by OD280 using 1.43
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{e.qg., by chem cal coupling, genetic fusion, noncoval ent association or

ot herwi se) to one or nore other binding nolecules, such as anot her

ant i body,wernidsadsof r agnent, pepti de or bindi ng m neti cpCIaskooseissa

bi specific nolecule results. Accordingly, the present invention includes
bi specific nol ecul es conprising at least one first binding specificity for
PSMA and extinstiondodffipignt dhe peapelpaslaptibestiescan be ghauated ged stesisieb® 1n a
partlculab enbodi ment of the invention, the second target epitope is an Fc
receptor, €.g., human FcgRl (CD64) or a human Fca receptor (CD89).
Therefore, the invention includes bispecific nolecules capable of binding
both to FcgR or FcaR ex-reSS|ng effector cells {e.g., nnnocytes
macr ophag&$ne tiomm0ok Franseeion ploRghANTIbogies of thenyentioga| | g
expressi ng PSMVA These blspeC|f|c nDIecuIes target PSVA expreSS|ng cells to
effector cell and trigger Fc receptor-nedi ated effector cell activities,
such as phagocyntbodiendf theinRSMforead gy msljermodm:bﬂ 1 a hodticklb dynsdfepemaent

ceII-nedlatedctot0|C|t ADCC) ,. cytokin or generation of
super oxi dBS1B&if8 exafrﬂ’ a8 tlﬁ%ﬁ{freﬁgmg ﬁﬁ&é’n&eglﬂﬂq‘ﬂ% aﬂﬂlgf:‘?f’ t he bispecific
mol ecul e {ﬁléﬁﬂtltoh%%ﬁdcfs a§ is WOSKARLE L€ 2R 30 M drh&dn, SNClogerS@erdcli rd bi ndi ng

specificity, Iin addition to an anti-Fc bi nd| ng specificity and an anti-PSMVA
bi ndi ng sp2&i20ity. In one enbodinent, the third binding specificity is an

SOt acaane PTeRYr et o PpeB it bftecEadranfoSh BBl e0s A L0 he

i mmune I eeikasty a8l B8 full-RagthaighebnCiRdalvy cHdigs, cambé obafhed 6¢RRAdariact or
portion" can be an antibody, functional anti body fragnent or a |ligand that

bi nds to @oicukar biphegydashaiquss fe.g., RRRAMDIGEALQE OLLINA LIRS USRER t her eby
| t t. for th
For o H ?‘{har g e'?(gg e% a n%?%g Q{’ Bﬁﬁ‘%@l‘g&];) érﬂlethg W {'&m%% &3%5' ﬁﬂ& . Ve ©

Fc recepto nt1-enhancenent actor portion”
can bind axprEssldrﬁmetoirsmch thea theagepes are @pkratingly dieked Wl traasargitionel and t he

anti - enhance actor portion_c n bind to an entityt different from
the enti tira@ﬁaetmﬁ wnfrﬁququﬂes Pibr B&eBst: Bh%famg ei %ale?lieﬁegs bi nd. For
exampl e, {h&RAk nﬁﬁ&h&ﬁ?éﬂ'ﬁﬂfboﬁ%ﬁ 1CD§‘5t'éﬂﬂﬁo ‘é%ct@f th%haﬁyt otoxic T-cell

282

{e.g. via CD2, CD3 CAM | or other inmune cell that
results i tranampnmaéamiatiansﬂmmel qoel;pbwgeemgewnhm thhwedtorsgete theik | ). i one
enbodi nent fIC nol |l es of.the.inv ntlon a binding
speci fi ci {je r%@?’g Eegg]r;ﬁtlpg ranﬁ?nlﬁ}?na?ﬁfll%% 195 %fgtﬁ’ﬁﬁﬁt l{oﬁ&ggleﬁ

i ncl udi NgThe efpressith \E@er ahi@BxpredsioitohBoléquéticefartichBded t6 Bacomptibld he
anti body may al so be a light chain or heavy chain diner, or any m nimal

fr agrrent phifdrtboexpsessiondwsteetinsed. Bhesinigody bkt chainagene aud theastibedicr i bed i n

Ladner Pgaa/’y cHaf% ﬁg Lelbe {H?erteﬁ ) t% ﬁ%arg E'&%r 81? %&o?ghﬁ) dc%fllgvmtﬁg 1# e EXPr essly

i ncor porat ed’by reterence. spe€iticity for
an Fcg r ear{hadited $ntp tig/dadrctxbyessionweaerd. Ol andbbdyogaigs ateligsepied ditotheof whi ch

's not bl gg&”ggslo%yveg’&)rrr%y standard methods (e.g., ligation of complementary restriction
sites on the antibody gene fragment and vector, or blunt end ligation if no restriction
sites are present). The light and heavy chain variable regions of the antibodies
described herein can be used to create full-length antibody genes of any antibody
isotype by inserting them into expression vectors already encoding heavy chain
constant and light chain constant regions of the desired isotype such that the Vy
segment is operatively linked to the Cy segment(s) within the vector and the Vg
segment is operatively linked to the Cr, segment within the vector. Additionally or
alternatively, the recombinant expression vector can encode a signal peptide that
facilitates secretion of the antibody chain from a host cell. The antibody chain gene

can be cloned into the vector such that the signal peptide is linked in-frame to the

amino terminus of the antibody chain gene. The signal peptide can be an
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i mmunogl obulin G (1gG. As used herein, the term"lIgG receptor” refers to
any of the eight g-chain genes |ocated on chronbsone 1. These genes encode
a total oWotemlose23or ansnenbrane or sol ubl e receptor i sofPorms2eaiocissar e
grouped into three Fcg receptor classes: FcgRl (CD64), FcgRII(CD32), and
FcgRI1l (CD16). In one preferred enmbodi nent, the Fcg receptor a human high
affinity mgmogldh’qlélnﬁmm}rp®@éﬂpr 2 BetgrojuEorpaigAYIDEBIdE(i cnpistamakpmptide hi gh
affinity nonone 109M 1) . The production and

char act erllzr%’gta%)ﬁl"] muno og’lgﬁl(lé%?m}red anti - Fcg nonocl onal anti bodies are

descri bed by Fﬁrwlﬁftloﬁtto@lie anitiboRCThatu péries,ahé ocoMBirAa! ﬁ@)@é@loawdctbn; df. S.
Pat ent No. 4,954,617, the teachings of which are ful]ly incorp B ted by
r ef er encethgareEnton ‘m@’s@g&h‘fqrbé‘?ﬂué%wéim?ﬂ cpriro] thegpression o t WFC%’R od¥-cgRI1 or

PR L bt BURE i OhEchif, PheLhfClog AR LGS iDlrdiag el the

el r bi'ndin not ed substanti a
physi ol ogpoalotdre \eahsncefs alnthheSplemesﬁmm amtrol ElemBRhts &ng., polda@ylaﬂeﬁul inthis

i ti ) j Ab 22, brid
or oducs ﬁSs@é@is)gizat-cen%eﬂé%msemwrﬂr?@i&m B SR et Ao o | on.
ATCC ACC rglgnn% vERM AR adsBriddN & 2RI AR Ridelt né‘EE( reEﬁ&h r ecePt or

ant i body i zed form of nonocl onal anti body .
product i o’ﬂec:lmdloghaMathD& inZBuzyoolagy ltSﬁeAmnaﬂPrdsacﬁanﬂ%legte (1@86))1 n

Grazi ano, et a 5002 d PCT

Publ i cat i B 1%egﬂprf@§§g%y%ﬁ%seﬁgg gvu ﬂﬁc?ﬂ&lltﬁﬁt tg%lgém%ﬁgtgia quresse Was deposited
at the Anpgckdiaimcitipe thd bélwtﬁnmlrégemo@%eMeés hiag ddpaidpiaduch facktd®a2CL1 and
has the accession no. CRL Wrll.In still other Freferred embodi nents, the

bi ndi ng steeheice pf thefhept cgH terbe irapdpimesd, the lpved of eraressipnaaf PEdieinbody t hat

bi nds t I | (CD89
Che bi ni S5 el 4, e aEEl Mon euend B B B AR RS R heptesaBhl Ll W
(1gA) . Thactude wiral egiéknem Ehgt diréct ihighi lmcﬂmdﬂdgtem_rﬁmd:ssm it hengealenpr oduct gf
one a-gene (FcaRl ocat e i s to encode
sever aIg afdl ér Wéﬁhla%@f“}i“‘gff?laﬁ@gr ?r:]’éﬂ ﬁm‘ﬁﬁéi%sm BYIr@s&It&g 10 kDa.
FcaRl ﬁﬁﬂlaﬁ Vi %t(SW?])' ff&énxvﬁa@ (£558R BBndVRRe RResARRAgeS,

eosi nophi 't c and neutro I c granulocytes, but no on non- ef fector cell
popul at i osdMEBa®Id przisomedAltmnaiﬁvelyunoyvﬁalaegulatcmeﬂ)leﬁcc$ mgybh ubgglAl  and

| gA2, V\:hIChISIn rreased upon e re to cyt such as G CSF or GV CSF
(Nbrton, $ick asghe uhiquriy gegyotes qr i gRPI GRSl gﬁh F%‘&?z O%%: 423- 440) .

Four Fca , A62 and
i PR opirBefE Nl oAb i, B8 2ol R st S SR Ot Deen

des cri bedsjstntvﬁnﬂDcorl&lﬁk seqheﬁdes friofOB2 S Va0leariy pﬂdmot&ﬂﬁid]tﬂﬁlbﬁch aRl and

FcgRl are preferred trigger ceptors for i h S | ecul es

of the |ntﬁé1ﬁma§¥?p5%t@£é}§@a¥l ﬁal? epjg v ?yeggéﬁgﬁﬁvﬁfﬁéﬁﬂd? @%%W

ef fect or @g}llﬁolgégﬁkllmnocyt es, PMNs, nmacrophages and dendritic cells; (2)

expressed

In addition to the antibody chain genes and regulatory sequences, the
recombinant expression vectors of the invention may carry additional sequences, such
as sequences that regulate replication of the vector in host cells (e.g., origins of
replication) and selectable marker genes. The selectable marker gene facilitates
selection of host cells into which the vector has been introduced (see, e.g., U.S. Pat.
Nos. 4,399,216, 4,634,665 and 5,179,017, all by Axel et al.). For example, typically
the selectable marker gene confers resistance to drugs, such as G418, hygromycin or
methotrexate, on a host cell into which the vector has been introduced. Preferred
selectable marker genes include the dihydrofolate reductase (DHFR) gene (for use in
dhfr- host cells with methotrexate selection/amplification) and the neo gene (for G418

selection).
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at high levels {e.g., 5,000-100,000 per cell); (3) nediators of cytotoxic
activities {e.g., ADCC, phagocytosis); (4) nedi ate enhanced antigen

pr esent atworro@fosaasvi gens, i ncludi ng sel f-antigens, targecewstaocobss Wil e
human nonocl onal anti bodies are preferred, other antibodies which can be
enpl oyed in the bispecific nolecules of the invention are nurine, chineric
and humani zed Fonexpiresaigh o thei light pedheayehains pee¢xpression| veelgr®s of t he

ni zed | ah od SheaTlighbins oo e e of the
Cpeciti ci preRinegie RERyRRaRRRPALER DhabTie Bl At O REMRMAITTG o, ™

usi ng met kRESqKEO Whelvaribliefoaib of feterdxarmpbRctificle Mitshded & &iRofiphist ty of
t he bispecific nolecul e can be generated separately and then conjugated to
one anot h#tide Varisty efiiechniqnes sgmaeioaky ysed quth%marpéuﬁm@eﬁ@g@pu@@M des, a

variety o ' r =} 10k e g | ent

con] ugat | S5 EERaR o LR Touo US| O, BSST R GRMh, KR Hol BhofE

car bodi i mpebeipithkion O AE diedyan tTarsteetiyh bind tha dikb atAdthOGhliAjs theoretically

5,5' -di t hi obi_s(2-nitrohenzaojc_aci (DTNB) ,. ophenyl enedi nmal ei m de (oPDM,

N- succi ni ﬁ?ﬁﬁ@ tp qxpresy theptigpding %éjtia? Bﬂdﬁeffén ig eetéﬁfnéwaraﬂw SAYKBYQEE | ni mi dy!
4- (N mal ej . =1 t s{BH -m,(see e.g.,

Kar povs kyhggttqgﬁ@g%?%%%Si&%ﬁéﬁg%ﬁeﬁfn%f%&%%‘%ﬁi u, k/%ﬁt\%ét al.” (1985) Proc.
Nat | AcadmaSmhallagAos82e8§48)he mbsh preferetdimdsuse suthucikatyotis eelds sud inbed i n

Paul us (1985) Behring.lns.. . Mtt. 7 118-132:. Brennan et al .. (1985)

Soi ence. 2BYTBYIARRRIAR SpI Meahel ety thbBiaryotis fRiRdD SRSEPINE, 2375)
Pref err edsgpdtb H@?&ﬂeﬂ? feided hid AfBuRAddcanthctivt bRibMCrrdl@tybtiavai | abl e from
Pi erce Chem cal Co. (Rockford, IL). en the binding specificities are

ant i bodi egxpression ofantibedycasmpsbrs bean vaparted b bymeffective don prgdestionisd G-t er mi nus
hi nge r egj . : aj [ i U ed
erbodi nent SRt OB IAEIBEITA S sha BB G KPR IBELEET o
sul f hydr ylfod®sé:0pa3). preferably one, prior to conjugation. Alternatively,

bot h bi ndi ng sgeci ficities can be ]ﬁncoded in the sane, vector and expressed
and assenbl ed Feiemsl mammaiaa hogt eplls forpxnresre{Berscembinant @bafiey obisef ul

wher e t heghi; ik i i @PaF RO, ikl \hepoF(ab' ) 2 or
| i gand x E%Bﬁ é&&bfgﬁ&éﬁﬂ(ﬂ%ﬁﬁé&g |§%e0| ?g nolcgg%-}lb(é of t %lﬁ?ﬁ(\:/egti on can be
a singl e célis desonbetnl Erlabmndi Gliasig, (980 gl Baid hdad. §mit UB6dV.4ab@ a bi ndi ng

determ na or sin hai i specific nolecul e .c risi t bi ndi n
ot or i nane2 s Qb AR Sl SRy ¢6nroeett RI00 KRiBRuifigPe chal b
ol ecul es Mﬁmq@%i)%zpmmafﬁmﬁ&zsgwm nfye A LEs 6808 cellgiaricgped for
exanple in U S’ Patént Nunber 5,260,203; U’S. Patent Nunber 5, 455,030; U. S.

Pat ent Nuetlés: I pggitularSor wseIvittPNSOrmydlpmb eells an@herqusferred sxpressiaiint Nunber
5,091, 513: U S. Patent Nunber .5 476.786:, U._S t . 653; U.S.
Pt et SECR RaP ek S 6n SikoRqin WO HiusbELRT sShoftlss

and EP 338,841. When recombinant expression vectors encoding antibody genes are

introduced into mammalian host cells, the antibodies are produced by culturing the
host cells for a period of time sufficient to allow for expression of the antibody in the
host cells or, more preferably, secretion of the antibody into the culture medium in
which the host cells are grown. Antibodies can be recovered from the culture medium

using standard protein purification methods.

Characterization of Antibody Binding to Antigen

Antibodies of the invention can be tested for binding to PSMA by, for
example, flow cytometry. Briefly, LNCaP cells are freshly harvested from tissue
culture flasks and a single cell suspension prepared. LNCaP cell suspensions are

either stained with primary antibody directly or after fixation with 1%
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Bi ndi ng of the bispecific nolecules to their specific targets can be
confirnmed by, for exanple, enzyne-Ilinked i mmunosorbent assay (ELISA),

radi ol mmmoas&gI3Rl A), FACS anal ysis, bioassay (e.g., gcowshooscobissztion),
or Western Blot assay. Each of these assays generally detects the presence
of protein-antibody conpl exes of particular interest by enploying a | abel ed
r eagent {Qa@forma}degmq ipdBS. Apwekimagely ope mibion ool &k restspended @dABS For

enoy e | | HREBTS 0 Bk rony POEAG S GrERE GHENS ek BiP e Sa es 1o

speci fi cabbymﬁme@lSTﬁ@cefuB%reawasih@@@lyrcgqﬂhm&&ﬁﬁﬁmg@ feeama iRy, the
conpl exes can be detected using any of a variety of other i nmunoassays. For

exanpl e, NaNaanevSusbcrdipdmaﬂlO(}bgl ofaldi ¢bdihitedeFET O-abrghgadedagant-asdiuinan 3gG

radi oi nmu or .exanpl e, intraub, .B., Pri s of

Radi oi mmzlo&ﬁag@aﬁ?g'“ Ab@éﬁaFf’%TP\&ishgﬁﬁ’e%} %x\é @8&811?‘76&1‘8’6 ‘@é’if&ﬁgchni ques,
The EndochpRgnsmes! Bhd/ccllVafdpain @#iHied WHCE TedushORE ROD BUBLLRYash BlELNCEe
herein). The radi oactive i sotope can be detected by such neans as the use
of a g coand enalysed dorsftuanesckntataining oo @A S Calibpy cametea (Besteraphy .

Phar maceu? (géi%tl %OJSI ti I n anot her aspect, the present invention

provi des (g&% a pharmaceutical conposition, containing one

or a conbinati Meﬁfanm@ommames afihk heebneien c@fb@t@étb@%bbﬁdiﬁl%]ﬂﬁ’mﬁtl on(s)
t hereof, of the present invention, fornul ated together wt

phar maceuby s@ndyrd L dapt @é’le@}’c@iqm‘@ﬁrPlgﬁ’&HrecF@ﬁ??éé’Ylihmﬁgi%H’ﬁMA@F ude one or a
combi nat | 9'1524 hPinbrs, AR 1P bqgék% Wi 2, %nw%n)n QAR
i mmunocon;j g it > ahd dign BloGked with 328 ?%e 'hvent "m(ﬁBéor exanpl e, a

phar rraceunjlmﬁbns:mwébdy @rg Qfﬂu&lbﬁs bMIedtid REmEPEM AdiiEedanieeydt nat i on of
ant i bodi esﬁéqdﬁ I MuNoco ugat es or bispecifics) that bind to different
8

epi t opes 8 e@@r‘(j@i incatedior { Hatourpits c@nﬁh@ﬁﬁ‘ﬁﬂsﬁﬁ/waﬂleﬂwlm es.

Ph I d
Phar o bl EATRATA ARl L6 NER) LARAE0. SAmBE oA &7 L1
conbi nat i guattdmalclamandg@ Fmsﬁeuﬂi&z peiyctonial reRSEvi) mmyugamlyco afkatihe present

i nvention go |nedvm st one qther, anti-i nf| ammt 0
immnosupﬁﬁ%{lr’gétﬁfe lej}é ur ﬁ?&r@ edtepyvaiiing hepiptes glopg ‘gﬁh@éwl)be used in

conbi nat i efbstaR( @Iﬁi’dg/ﬁﬂ)ea&cﬁﬁfaﬁﬂa&% ob &#81630. ‘i‘?éf@fabl}bﬁhé’é"(zvhi'&htd@@d@&m 1 on on
uses of the antibodies of the invention. As used herein, "pharmaceutically

accept abl éle&aghaSémfersmﬂhﬁdssdmam@ al | soI vents, di sperS| on nedi a,

coatings, antibha i,al and n oni ¢ tion
ol ay b’ agent b S A fredl socothat Mo SR GreatsP Rl Ry R afEpaRs
Pr ef er abl yhat bitey pavitiveeadtiitgiitePEF Al MmantgeRY BRBHEomAI thaEHTHS Ghthar ,
subcut aneous, parenteral, spinal or epidernmal admnistration (e.g., by

i nj ect i onhigh aviiydp HSMA pesyashaioned el furiber charasteszeddRnp Flone Fommeacht he
active Cog?%lljdﬂ)%a, 'gfh?c}% re@a%% tﬁ? gééctﬂu%’%ﬂﬂ% ﬁﬂleﬂtac%ﬁs S EPISHEE HeCenBlecul e,

may be co erra
for making a 5-10 vial cell bank stored at -140 °C, and for antibody purification.

_lD

To purify anti-PSMA antibodies, selected hybridomas can be grown in two-
liter spinner-flasks for monoclonal antibody purification. Supernatants can be filtered
and concentrated before affinity chromatography with protein A-sepharose
(Pharmacia, Piscataway, NJ). Eluted IgG can be checked by gel electrophoresis and
high performance liquid chromatography to ensure purity. The buffer solution can be
exchanged into PBS, and the concentration can be determined by OD,g using 1.43
extinction coefficient. The monoclonal antibodies can be aliquoted and stored at -80
°C.

To determine if the selected anti-PSMA monoclonal antibodies bind to unique

epitopes, each antibody can be biotinylated using commercially available reagents
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conpound fromthe action of acids and other natural conditions that may

i nactivate the conpound. The pharmaceutical conpounds of the invention may
i ncl ude ome 2006/a3223¢ phar maceutically acceptable salts. ARCTalsaroemessti cal ly
acceptable salt” refers to a salt that retains the desired biol ogical
activity of the parent conpound and does not inpart any undesired

t oxi col ogi®iatcecRdakdord, [l9e £ompytitioBstndies usngmlabgledmonpalora pntibgdiesr m  Sci .

66: 1-19). | es, of such_sal L.ncl ude acid addij.ti | t se

addi i on” & PRRTRied mi ol oy RS batt S PR Lo PRVBE e RIS o

I nor gani ¢ pagdsds descii®Bd asoviey BioEd1aed mAbBihding caPBOaEBAEd Fithakpr i C, _
hydr obr om c, hydroi odi ¢, phosphorous and the like, as well as from nontoxic
organi ¢ aévidir-gielinephospliapasa prabenvrismagively deapabigion studics cpry e

phenyl - su i . al i [, 6%, 1 h | G aCl . i c acids,
al i phati CB%I#) aﬁdggrrla .ré@ig%]'bg lé%%%ggé%&%%%gg?%g& adsng%%cgg% ?%ﬁg)tr? salts

i ncl ude t detsetedér a $edcHard naAydig s Arthenddsoribal ialtie Esatapleabelswdi um

pot assi um mnagnhesj um . cal cj um angﬁgﬁ like, as well as from nontoxic

organi ¢ am nes Loggtermine the otyge sk anfibadigsiisptyrreELIRASSER VP gl ucani ne,

chl or opr gl dGflel Bfentl HEN AR 23 DG e LS W) £RGHLATI DS, I&ahPR, and the
gal sg H};Bﬁ] EEB.E} glga may

| i ke. A pharnaceutl conposition o e I nventlon I nct ude a
phar maceuta deériminatheepttyis of adninmanoromeitinal dtdopy.eselsiof phiamobkar platéscal | y

accept abl e tioxidants incjJude: (1) water spluple antioxidants, such as
ascor bi ¢ 5&t ,cqew‘gﬁhi w&{rai it ImamogIAPBIT G raeht Atk difier

nmet abi sul £it.e; i fq f kei 4 i I B Qxh dant s,

such as afg%:égg]glﬁﬁﬂg{a%%’et%’é ﬁgﬁkég%téiﬁﬁgg 4“@61%%? g%ﬁn%%%? ed

hydr oxyt obkuigbvdids Brfphrifie®isotype tontpulgpy imbight @inperatdrp fa-dnecophehalrs. and t he
l'ike; and_(3 tal chel ating agents,. such citric acid, efhylenedi am ne
tetraacet iTiaeQ@ﬁgci@b?A © Feggiet i) eithek R koG unpﬂﬁlﬁ%we{%ik "Cand the
i ke. Examésﬁﬁaﬁi,e-édffjﬁ@mdeprm.em&s%f@dd%%geal%&waﬁla@)%a aShssclibd may be

enpl oyed In the pharimaceutical compositions of the Tnvention iInclude water,
et hanol , pbdweol s (such as gl ycerol, propylene glycol, polyethylene glycol,

and the like), ,an i,t,abl e mxtures_.thereof ., .vegetabl e .0ils,,  such as olive
oi I, and inj ep%&ﬁ%ﬁ&%@@%é%,ﬁe%@’ﬁf%?éte&f?ﬁfgaﬂvété{t"@&@}%‘er fluidity
can be mabafignsdvedton W @R Brieﬂ% EIMAUSE bebrpardd aad siBjesied & sodiibiCh as
| ecithin, by the maintenance of the required particle size in the case of

di sper si oflgdecahenlfsie nohgacadamiste seliplpetearhiaresis. THts clectnpheseds. s may al so
contain adiuyant silad T BLESE YA ETNIE b NEALbed STHL Aok v O agent s
and di spersing agents. Prevention Of presence of mtroorganisns may be
ensured basthi dalf seitu@, iahd padbied Wifhi the adinbEl6nal Sufibadiestdobehystédrelumed Ipgd on of
various antibacterial and antifungal agents, for exanple, c@graben,

chl or obut RHEIME G3ASRArtesARFmEsRIhuEA LG REkalipg ghosphaizsgand degelgrediesi r abl e
to i ncl ude;iSetPATBTAIRRM P aBRENSARSERGh Seo. S8 Bl CHo9! | e, and the 1ike

into the conpositions.

Immunoconjugates

In another aspect, the present invention features an anti-PSMA antibody, or a
fragment thereof, conjugated to a therapeutic moiety, such as a cytotoxin, a drug (e.g.,
an immunosuppressant) or a radiotoxin. Such conjugates are referred to herein as
“immunoconjugates”. Immunoconjugates that include one or more cytotoxins are
referred to as “immunotoxins.” A cytotoxin or cytotoxic agent includes any agent that
is detrimental to (e.g., kills) cells. Examples include taxol, cytochalasin B, gramicidin
D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincristine,

vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy anthracin dione,
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In addition, prolonged absorption of the injectable pharmaceutical form may
be brought about by the inclusion of agents which del ay absorption such as
al um numwonostmsazsat e and gel ati n. Pharmaceuti cal | y accepCcahiseoosmoIsser s

i nclude sterile agqueous solutions or dispersions and sterile powders for

t he extenporaneous preparation of sterile injectable solutions or

di sper si omitoxagrapsemhragiyein, AetiiomyaicD adehysiretestosieraneredeageoiiarids, acti ve

Z ; te)f] E a?geﬁﬁ)goi%g’gg% a@%\,/\ﬁ@'%aﬁ{%p%&%@%ﬁ, @%ﬁ%@%ﬁ’é‘{"ﬁ%@%ﬁﬁo e\éfﬂ%,ﬁﬁg{g,%ge medi a or

phar maceuthiegslf. Themppsiticiagads also idttudenfoe skaraple] mtimidtetipsategd. Suppl enentary
active conpounds can al so be .incorporated intog.the conpositions.
Ther apeut Pethogrpge G-meFrartoppTiRg Or{oguaning, eyierabing, a-fhiegowashl e under the

condi tion f r cWe Lt fornul ated as
a sol uti oﬁ?&%agﬁl ggr%u s#%%,a%gﬁﬁgégh%?ag?fg%?ﬁgﬁ%gb rdecgﬂ]osrtg @B%@gr e suitable to
hi gh dr ugneiphaknf caatustine (BN Handil@nustian (6ENU)s ofclehosphamitiespesuifagn  medi um
o ooy! onedoryBan D oSt SUPRF S e Sk RRE efh tiFy
sui t abl e pp ; -he D { b Lehghmed, for
exanpl e, @E?ﬁéelgﬁg%ﬁ)bérﬁ%fa%éaqﬁ?%ggés)}ljﬁlmgllsu“licg(&n&?ﬁ?%w %‘fﬁm?%g&ngi nt enance of
the requi dexbrpaicin),cintibiotize(d g, daotnaagen (oruédpastisomycandléynydis use of
2gent o, 1 ovgeRvelr v SEEERLen Yo dRo Pt uiloRe sbniin v ere B Brdol  or
sodi um chi@biadend)n t he conposition. Prolonged absorption of the injectable
conposi tions can be brought about by including in the conposition an agent

that del ays abS#igpprdeired examplesaytherapepte sytetorinsdhagpn e serjugadediio n.
Sterile ipj .1t 1 . b d NG I active
compound. Th LR 8¢ B2 M08 £ A e OB ERELE e M ARG OB 30 701 D
conbi nat i eurigdtinisapdetdrientves einaes! aAe dxalyse ef a aslichegmicireshtibbdy | owed by
sterilizatiqgn mcrofiltration. Generally, djspersions are prepared by

i ncor por afYHESEHE cqrIReFeialy AYBiThils (Mﬁlgar&’msi'tﬁyﬁ V&Ricl e that contains a

basi ¢ di spersi egto&?af;ieaﬂbeegn'hgﬁ d ROHHEHOLNBE ihREfiGHhGAS finfdrom t hose
enuner at ed abové. In the casje o? sterile powders for the preparation of
steril e i tichudlogy avasleblatin tresyt. tHxamplesfodlinkel typeshbaihawé beanaed &t i on ar e

vacuum dryin nd freeze-drying (lyophilization). th ield a powder of the
active i n_é?%g%ag%% C}Stpﬁ’éilrhﬁ?m&ﬁ?éyo‘)éﬁﬁgﬁé)&% ALEof ﬁw@aﬁ%ﬁ%ﬁ‘f%?ﬁsa previ ously
sterile-fifidthad csRltisamided 8hEpdptiddRentaimbini@fs. 38 link& dal BE@RbRAt Whi ch
can be conbined with a carrier material to produce a single dosage form

wi || varythatjsefadiengnplgotusedpéibln ibjcteavagsdiyigwiptbwithin the fxgosarealpar t i cul ar node
of adm ni L.on. e i I edi LC e. conbi ned
uth a caprpariidy el ARl Gt bl Pl g ol SRR ARSI b

t hat anoustpredsed fictuagRIpesictsucinasdtichsips (el cefhapsine®, @pE)t i ¢ ef fect.

For further discussion of types of cytotoxins, linkers and methods for

conjugating therapeutic agents to antibodies, see also Saito, G. et al. (2003) Adv. Drug
Deliv. Rev. 55:199-215; Trail, P.A. et al. (2003) Cancer Immunol. Immunother.
52:328-337; Payne, G. (2003) Cancer Cell 3:207-212; Allen, T.M. (2002) Nat. Rev.
Cancer 2:750-763; Pastan, 1. and Kreitman, R. J. (2002) Curr. Opin. Investig. Drugs
3:1089-1091; Senter, P.D. and Springer, C.J. (2001) Adv. Drug Deliv. Rev. 53:247-
264.

Antibodies of the present invention also can be conjugated to a radioactive
isotope to generate cytotoxic radiopharmaceuticals, also referred to as
radioimmunoconjugates. Examples of radioactive isotopes that can be conjugated to
antibodies for use diagnostically or therapeutically include, but are not limited to,

i yttrium9° and lutetium'”’
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General ly, out of one hundred per cent, this amount wll range from about
0. 01 per cent to about ninety-nine percent of active ingredient, preferably
from abouwoQode/qser3ocent to about 70 per cent, nost pref ecahisgoocnesssabout 1
per cent to about 30 per cent of active ingredient in conbination with a
pharmaceutically acceptable carrier, Dosage reginens are adjusted to

provi de t Fsligpmunganigsaies &g cplablipbgd & the ag. Examplgs0dpeut i ¢ response). For
exanpl e, i: . J: Qi . [ VAN ses may be
i ni ot e iR hop B PP DG BRI MBI e, (KBNS 2ol IEHEES S,

i ncr eased Pasrmadelitivalsy andBettaem™e(logien Phagnaotutidal) tdnd sap@artmeth@dstodaabeon. |t
is especially advant ag_eous to fornmul ate parenteral f@lngSi t.ions in dosage
uni t f or mApesio @ERPaTeHRAIOHINNQFIAHEES Using thrmntigpdies of e 1i6s8tgR. Dosage unit

form as used heyehiliidlSofiubRepbb aflchtioflba el a Wnbsirp ighyed as uni tary
dosages for the subjects to be treated; each unit contaihs~a predeterm ned
guantity biolegital vespomsepandnttic dalgoubiatyed nootofeadustaictitae lideid te dlasdieal apeut i ¢
effect in association with the required pharmaceutical carrier. The

Spect 11 caPhamoRgheRBaecs. R il thesHoF RN VRN OE TPl O ot ated by
and dir ecbb%opetﬂm%@%?ssi a (8oirek hRol0 LA Rt GiRAT Arch§hrdtetnks GPayQhclbfle fact i ve
conpound and the particular therapeutic effect to be achieved, "and (b) the
| i mtati ossamplhcnenzyinatically agiive toking ongsbive diagmeniibereaf; sadh dswebrivongiound f or
the treatnent_qf sensitivity i.n.i.ndividuals. For adm.nistratio f the

ant i body, ¥ R HBRES PRalegit or Hibpltitla (s o ieny grofiog i Frelrtoshicadior o

usual 'y 0oPihtdreerén-pirkeiolodical fh@ﬁ&l@é indapibts YWRIGR! for ERIMSX agMbRoldRGAJes can
be 0.3 ng/ kg body wei gh 1 nyg/ bo body wei ght, 5 ng/kg

A ¢ L, . Idz vei ght, 3 n%/ak
body wei ghtterdgukirnl (GLK),butgsle Kt TLo? "vintenlienlintfe(" ﬁ%eg@ulpcm@ nmy/ kg. An
exenplary_tr nt . reqi.nx t ad Sk atl o ce [, once every
D& o1dst A tlll’r._a%.lelstﬂl Zf'&lét,gr @%@é-ﬁes\iﬁgi, )};r glﬁ]orc?/gevece lcgn%/ stlvnvﬁﬁalﬁin% nt h,

mag O%il
two weeks, once very , once a

once ever Yactro®IASF Ylor OtRe ghmeh Yadidtsee to 6 nonths. Preferred dosage
regimens for an anti- PSMA antibody of the invention include 1 ng/kg body
wei ght or 3 ngARGiGey fRicogieatingsichihetraytio sroaetiin pathodics g Well t h t he

ant i body i QY j e f QL k0w I . (1) every
f our vveekgﬁ ‘glgsg‘%’f%’o%%gg%f 9{)’hé\’géneo&ie6§§l %é@\glér%%ﬁg Es; %??fééggg@st hr ee
weeks; (i Dipgs3nr@phker Hetpyhandioncciomel AotibaliesdAtd/ CindegTherappnReisfeldght every
three weeks. hi. sone ‘ o 0 clonal _aptihodies with

di fferent e‘nﬁlnépﬁs p?p%gi%]g‘gﬁp&%ef‘“&gﬁﬁpggﬁgﬂ%@ﬂm t‘é’ﬁg‘&% S¢OTi n whi ch
case the gpsapeliRiyeaeloRRblRANAHHvEHSLAE #d.)f RbbifisoM &2, Teds)epp.anges

i ndi cated. Antibody is usuallyadm nistéred on"nultiple occasi'ons. Intervals

bet ween sb6RyH (MesahBskksannbel 987 iirThoxeerpAntibadydkdrsiers (it Hotpxicehganis t hr ee
ron . o KGR K SR ER R PR RN et
sone net hoggicalAEdRLibSs, Rdicksiad ol CeddQHLMUES5-30P (B8, 'AiHalRBIR esults,

And Future Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer

Therapy", in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin ez

al. (eds.), pp. 303-16 (Academic Press 1985), and Thorpe ef al., "The Preparation And

Cytotoxic Properties Of Antibody-Toxin Conjugates”, Immunol. Rev., 62:119-58

(1982).

Bispecific Molecules

In another aspect, the present invention features bispecific molecules
comprising an anti-PSMA antibody, or a fragment thereof, of the invention. An

antibody of the invention, or antigen-binding portions thereof, can be derivatized or
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concentration of about 1-1000 ng /m and in some nethods about 25-300 ng
/m. Alternatively, antibody can be adm ni stered as a sustai ned rel ease

f or mul at iwo,200a08930ch case | ess frequent adm ni strati onPc3/use@dionzsd2 Dosage
and frequency vary depending on the half-life of the antibody in the

patient. In general, human anti bodi es show the | ongest half life, foll owed
by hunani Yekedtetanpber Bmctiohl moldcsleangi, Bartherpeptifrioniateimees. avotlisodi es. The
s S SRS BUELALRLE b SR BRI AR A R, L
relativel yeabtqudﬂﬁfa@ﬁt bifdiag gited G tt@ednsleculed. al.'he\/&hbody‘léﬂtﬁé] usmhtiomt erval s
over a long period of tine. Sone patients continue to receive treatnent for
t he rest t ely hig

h may 1R £4ct be ﬂ%\@tlzmwmt lﬁéﬁdéﬁé‘lﬂr? Elaaﬁap Pﬂ“ﬁf fimgtonad madeeats igel y hi gh
dosage at I r

progr essi n %Emﬁﬁ%eglggs{%d%@ﬁ%et uce erm nat e%ﬁ&%htgﬁgdlﬂggfrt%asbl y until

t he pati eahd/shiavget p@idcuks; mchnmmﬁpem&cmméaumsare aso mftemlydrpﬂmerrs of di sease.

Thereafter, the patient can, be mnlst red a prophylactic r |rre Act ual
dosage | evbcsasiedsh t%fwebﬁﬁ@mgap@#ﬁcg "5 pird HoFEiR ek e AT PEHPEsi ti ons
of the pregellid JMESMVERdE YN BRin6a 'o?ﬁle%ﬁve%%lohem@@é RinR1iGhl RITRIES of the
active ingredient which i1s effective to achieve the desired therapeutic
response {ag., by gemticdwoapling gematic fugonposédvalnt assodatiode aheradse) to st rat i on,

wi t hout bein oXi t. The selecte sage l.e eI WI II depend
o v ahefmar e bindiEe RRlecfTEs ondt G SRR ph RS EbosE Remelt o “Che
particul abeﬁw%iﬁdh@&nﬁéud B&hﬁhﬁ%ﬂﬁﬂaebmé@ﬂélb&ﬂe%mh@yed or the ester,
salt or amde thereof, the route of admi nistration, the tinme of

adni ni st r at i onAceordinghy, éhepregspt mwentinn igeludescisneeificanolgeulessasemisingei ng

I d, d/
ooy o o 0 NG AL e SRS AR B DSEr ol I oL o
t he age, s&x»ndmg@fepuopmridlatpaﬁmulegeﬁﬁbéimdmaf thie ixretltipn,ithe sevend taagethi st ory
of the patlent being treated, and like factors well known in the nedical
arts. A "eHEPgpe Fe eceptob fefgadiungas RegRh(fePohror arhumen ECHREePENit i body of t he
| nvention g@b%f rﬁl%l‘éfblreeﬁllélllrl\i?n dg? g}cﬂﬁ%é ﬁﬁﬁgmﬁé‘m%?e‘éﬁfeb E%(pag ofi*b%?cﬁﬁ synpt ons,

an increa f'requenty "an ion o peTi ods, or a

prevent i obeth tb MR bAEEUR exprdistraétfdctor celie(eld, Ihmbcgtes Qﬁ&(ﬁ‘o@‘fagb;t étion. For
exarrple for the treatment O PSMA+ tunors, a "therapeutically effective

dosage" @b’éﬁé@loyluﬂﬁﬁ el EPIDs)), gwdmtﬁg@trcellﬁnmreﬁm/ﬁww Thesg east about
20% norey I y by at

| east abou{%%%ﬁ} neé %%iteﬁl%ﬂr%?‘g‘kfr g‘%ggrné%%/{?sggg?a{;qe)%e?ta%ggég%&?ﬁ% relative
t o untr eatedptorhjediiteal efﬂan&)rabil hd':tiwu@t sth@e phagststtosis of ahPBMAt unor  growt h
can be evaluated in an el ystem predictjive of efficacy in human
tumors. ACXRIPSSHRS Gedlp fmt gg@@ﬁ%@ sH-Bredigtedvirierieit bﬁ*@Qﬁ?Wt%%H uat ed by
exam ni ”grélgh%ea&'éehérth&{oHﬁ%ex%Q{Hé%ﬂﬂ to inhibit, such inhibition in vitro

by assay

In an embodiment of the invention in which the bispecific molecule is
multispecific, the molecule can further include a third binding specificity, in addition
to an anti-Fc binding specificity and an anti-PSMA binding specificity. In one
embodiment, the third binding specificity is an anti-enhancement factor (EF) portion,
e.g., a molecule which binds to a surface protein involved in cytotoxic activity and
thereby increases the immune response against the target cell. The "anti-enhancement
factor portion" can be an antibody, functional antibody fragment or a ligand that binds
to a given molecule, e.g., an antigen or a receptor, and thereby results in an

enhancement of the effect of the binding determinants for the F, receptor or target cell
antigen. The "anti-enhancement factor portion” can bind an F, receptor or a target

cell antigen. Alternatively, the anti-enhancement factor portion can bind to an entity
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known to the skilled practitioner. A therapeutically effective anmbunt of a
t herapeuti c conpound can decrease tunor size, or otherwi se aneliorate
synpt ons W0 200608p33ect . One of ordinary skill in the art pamaisdodemozsbt e to
determ ne such anpbunts based on such factors as the subject's size, the

severity of the subject's synptons, and the particul ar conposition or route
of adni ni 8t stdiferesiefremthaientity trowhish the st a1 ﬂep@ddﬁ@@é&ﬁpqclﬁﬂém& on can be

A Vari oty it NP pRRE SRR FrPHhclof Bl R SRR MR BRCTRSRY o °

skill ed agd¢.sancpeheDpsoaps, @DQBO(CDW@M@ﬁCMMMr&M@EManéM theary
dependi ng upon_the desired results. Preferred routes of administration for

ant i bodi eZesBis e Inproesed imMUNA £esperseiagripgithe Buzet celbk r anuscul ar,
intradermal, i ﬂ{&?eoé?{lﬁ&fﬁ’ﬁg bthe%'l’s?%&i?i@ﬂﬁogé@ies%? Ay fioR L Pﬁx@nﬁ?@{lse teral

rout es of adm nis ion I'njection or 1n Ion he phrase
" par ent er aindagspeeifitityhi loast oﬁsamﬂaedy,rwraﬁlantﬂm@rﬁagmmheﬂlem‘of adcludmg; ration

ot her than enteral_and taopical adm nistration, al | jection, and

i ncl udes, e&i-@RSEP: Fabit(a ofV> O AsmglerBst - 'Hhe %H#Pé’é}ﬁ?;éb’ also raalé&hter. al

i ntrat hec raca intraorbit r,acar.di tr I

nt rapor + Susinar Ry SRER Bt b b2 s SRR At LY SN L oot o

subcapsul ghain SoHMRTBCRIIREGHbell M 1AGTRE DAL, U ipdiehBNo 1944, 7119, &5 ®dnfedks | nj ecti on

and infusion. Alternatively, an antibody of the i nvention can be

adni ni st epbyhighas @cmmb'an@fp@ﬁamdhydefeéencguch as a topical, epidermal or

mucosal route of adm.ni or __ex ranas or

vagi nal ly, rec ? eembo gua rifil%%sqe ﬂg??ryan ﬂéecegfrlsy rgglrcrlﬁ%hﬁds can be
prepar ed MJﬁo@l@ﬁﬁl&ﬁb‘od}hfﬂie thﬂ1h1g BF @hRMAlis heh6cken By Mdmagai nst rapid

rel ease, such as a controlled release fornulation, including inplants,

t r ansder rrHPmBa‘?Eiﬂ@ém G éﬁd@%h@gm ﬁxeém'égﬁvrée%pt@ mf@ﬁﬁo gy okthgr adabl e,
bi oconpat I % Qﬁ)au){mar Ss 168 ed bh ¢ Sc?fg(’)so%lrjqca ’gliesgtsg €s ep? cfé a al gf;ﬁ)\t?e%

polyanhydr yco ic a g HGes ers,

pol yl act ﬁm@s@ﬁ&abrm SORINORS et s BENPHARARS | gﬁm &fmw@lt’eefm%degidrons are

patented or general | yknown to those skilled in the art. See, e.
Sust ai nedclhassts:GepRE (CDe4), RelRIHED3D),1and BeyRUE(GCD By s e nmg pl:@fﬂedRobl nson ed.,
Mar cel Dekk Inc., New York, 1978. Therapeutic conmpositions can be

admi i st ePBROGMERS sk GArCRT adBEn R gt ARy KeVik (1he BEGRIS2 10 a

preferred giaﬁg qu“& IR0 t| on can be
admi ni st e}% éﬁl%;%r?é%d% eﬁé?s yfﬁgl(g%r m c&%or}lﬁegfgtIgonﬁgk{eavllogié@ such as the
devi ces di scl oTae piadutlidh arEaﬂlefat:teNasuorEof%ﬁaﬂanﬂefeﬁrecB&31-85y1 mdnodlbRal335;

5,064, 413; 4,941, 880; 4,790,824; or 4,596, 556 | es of well -known
i rrpl ant s QWHDQ%GF%@GSH%WYE%E%%@%r@?@ﬂjtl)‘i‘h]l\‘f‘éﬁ*ﬂq P B${OPORPeandiins,  pat ent

4, 487(@%1&9!@1\1‘6“4 45364 SRSt %%lﬁi?ﬁlé‘ﬁ)h% f@lﬂggt @?Mﬁo@r&% d or

d| spensi ng nedi cation at’ a contr rate, 194,
whi ch di shtreesThrsé aeibagies bimd tdevieprogeost FaglRl, HegR B ok FgyRiEditaaitts t hr ough

the skin; U S. Patent No. 4,447,233, which discloses a nedication
which is distinct from the Fcy binding site of the receptor and, thus, their binding is
not blocked substantially by physiological levels of IgG. Specific anti-FcyRI
antibodies useful in this invention are mAb 22, mAb 32, mAb 44, mAb 62 and mAb
197. The hybridoma producing mAb 32 is available from the American Type Culture
Collection, ATCC Accession No. HB9469. In other embodiments, the anti-Fcy
receptor antibody is a humanized form of monoclonal antibody 22 (H22). The
production and characterization of the H22 antibody is described in Graziano, R.F. et
al. (1995) J. Immunol 155 (10): 4996-5002 and PCT Publication WO 94/10332. The
H22 antibody producing cell line was deposited at the American Type Culture

* Collection under the designation HA022CL1 and has the accession no. CRL 11177.
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i nfusion punp for delivering nedication at a precise infusion rate; U S

Pat ent No. 4,447,224, which discloses a variable flow inplantabl e infusion
appar at uswbanosospzsonuous drug delivery; U.S. Patent No. P¢TAB200606585hi ch

di scl oses an osnotic drug delivery system having nul ti-chanber

conpartnents; and U. S. Patent No. 4,475,196, which discloses an osnotic
drug delivery d$ystilbptherpretesred snbadinents thatindips spactiritydpreamFbiecertber ence.
Many ot her. L ol i ; ul es e_kpown to those
sk 11 e 1 s Tl BY of oo Shd I s R 18 Rt £ PGB o101 bod e

of the i nyeRpiod(Fdedl (CBOY felaidal bOWRIE W SreRiMIE hotdi16dKet By thiugfani N Vi vo.
For exanple, the bl ood-brain barrier (BBB) excludes many highly hydrophilic
conpounds immyneglebwlin AKIgA)R Hdeterar dpduceaptardispvignded tofinglhde thagere | on cross

the BBB (if desired), they c be formul ated, f anple, .in |iposomnes.
For ot hodoBf HRasrt rgeDpatefitth-agon . FifEhguaivetd S0 a1s.
5, 374, 548 en@id severARit3hbtivdly @plidel WATREMPRMe R DE 59068 1 FF kDRI € i et es
whi ch are selectively transported into specific cells or organs, thus

enhance t &cgBI €CD8Mig cotstitutively xpmssedengmoenogytes/nRenepdegsl 68x)ophilicCHn.

Phar macol . 29: 685),. Exenplary targetin ieties incjude folate or biotin
(see, e.g.a?g{lf‘ér.ol’ YRt %3@%6‘%8“12 'ng?cl“éll‘?eil;poﬁﬁ HB%%O@‘@‘%%[ zawa et
al, (1988) Bi . B . : . antihodies (P.G

31 verman oty 2B FREKS A Tr hal TEN ek i s ML A0S

Ant i m cr olkxpddgsnb e ytdaes kit as GLSFER)GMSOSF adbaoi, H.COEtIN(1896)CRfEAr

(Briscoe et al. (1995) Am_J. Physiol. 1233:134); pl20 (Schreier et al.
(1994) J. Reyigws irdyamynopesy odi5y4403 e Bown EcoRE-sprefin sinsgelongd anfibediRanen (1994)

ano vt nolfied BEARhan ot ey Eccot et PRI C 2

et hods obiddigs QuneseHave BY& ddsibdaaq¥eonteifts ROOSez lal) (Y992) 9. Biurdl. Vi VO
di agnostic and therapeutic utilities involving the diagnosis and treatnent

of di sor dé#&17fol vi ng expression of PSMA. For exanple, these nol ecul es can

be adm ni ster e%c&ﬁlﬁfd#éyl{l%rﬁ’rlgge fegﬁr}%?gﬁﬁcientﬁﬁift‘%ﬁ%fﬁégt e();]%IVi v or to hunan

subjects, e.g., in Vivo, PG cariety of

di sor der s mobscults @ tivsiheédtiontbReavse tHBy aBdIfl]) egpressed phiffagifd@dini@uaéicl ude human
and non- human ani mal s. Non-human animal s _includes all vertebrates, e.g.,
mammal s afEesencelimbs smoseesiesa BV megrephagesiand derdriticislly (2Hewpsossedit s,
cows, hor i A8, Ghi N [ amphi b ks eferred
ubj ect's. ThaphB¥R e g RPr 0 B A AR MRS o BRERM iR Ch S0

expr essi oADOWephagodyitdsia)i @9 nicdidRSddhaacs atigempetanaibntadgatifians, wi t h anot her
agent, the two can.be, adm ni st(ﬁr etg in either order or sinultaneously.

Sui t abl e MSHARS I f-antigens dargrted i he®- anti body conpositions {e.g., antibody

fL ei gml ng f, 3 Nj UGALiR) hithart HEndINBPhARR AR a¥d MBredRM, dtferdhnlibOdidd ®hitR!chn known in
be employed in the bispecific molecules of the invention are murine, chimeric and
humanized monoclonal antibodies.

The bispecific molecules of the present invention can be prepared by
conjugating the constituent binding specificities, e.g., the anti-FcR and anti-PSMA
binding specificities, using methods known in the art. For example, each binding
specificity of the bispecific molecule can be generated separately and then conjugated
to one another. When the binding specificities are proteins or peptides, a variety of
coupling or cross-linking agents can be used for covalent conjugation. Examples of
cross-linking agents include protein A, carbodiimide, N-succinimidyl-S-acetyl-
thioacetate (SATA), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), o-
phenylenedimaleimide (o0PDM), N-succinimidyl-3~(2-pyridyldithio)propionate
(SPDP), and sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohaxane-1-carboxylate

54



can be selected by those of ordinary skill. For exanple, the antibody
conpositions can be adm nistered by injection {e.g., intravenous or
subcut anewopoc/Baisvabl e dosages of the nol ecul es used wpChr/u$e@enasssn t he
age and wei ght of the subject and the concentration and/or formnul ation of
t he anti bod con‘gom tion. In one enbodi nent, the antibodi es of the

i nvent i on( Chl(%eieélg Karpaysky ef @ (@MN@P&MF#\A@%@%E@ MAer wit h
th t f th
vent ondb{SSLrPALARY et el DSY s POURE RIS, AR O O Ler

t he acti videseribéd mrmmsr(mmomeaang inst Migoo. 783 128- lBamm@mezt al. (1985)
ef fector - nedi at ed effect%; cel | 4t| Vi té i ncl ug g inhibiting the growh

of and/ or SKiEreE 4GS SDet G@S@B]teéég N PSR ond 38 sS9/ed 7S Pr ot ocol s for
a I
R s e e S R Lo B

i nvent i onChemidabCos@ackfordidi.ect | evel s of PSMA, or |evels of cells which

contain PSMA on. thejr nbr ane_.surface, .whj.c eveI can then be linked to
certain di seasg\]@%‘? Bﬁgmlgr?pamﬁ%lp?? @ﬁ@&?@%ﬁ}e P%uz%aﬁv&ﬂ?. on provi des
net hods f@&lﬂ%}ﬁ%bhd‘iﬁgb@%eﬂt Sainaf Iﬂﬁge‘?@éﬂﬁné &ﬁe%ﬁ@ﬁé tyc%mémﬁﬁé”' ng the
anount of PSMA ‘on the surface of cells, conprising confacting the sanple,

and a conpamulgdyrpreéerrw erhbodtimenrit thb@@tgge rggloarrs modifigéto gintain ag ogdr t i on
t her eof , PSMA, . under .conditions that all ow for

oeret ontlSd SRA A B Bistertitly ORE i B ChfeREh { hereol and Povs

The formation afitethatioflp] Woth bindidiapecGtieies %b%ﬁb@édﬁn&h&&afrﬁﬁ&f&%n@mm' ex
formation betvveen t he sanpl.e conpared to the control gg e is indicative

the pr eseﬁ’éi@eﬁﬁ WSPIﬁbEﬁén theppme hoﬁ&ellegbﬁﬁﬁ@ho‘%tsm tase®d i on
met hods, elﬂtﬂé’té‘ﬁpé ct, R 1lteris £ HEAL Q?n./ﬁh LAY 291 Y F%Bgfgxt fi gcs_ays ,can

be perforne usi ng' the conpositions o € i nvention. in one
aspect, tigy ﬁm&rﬁrb@m wusbé‘dlﬁ@ﬁwécqfesomﬁé m&%ﬁn%n@@ta%ﬁ{gwam‘hbe pr esence
of PSNVA (eoi@ human PSMA) "in a sanple, or neasuring the anount of PSMA,
conpri si ng nleawmmlgmgme§miﬁ chairaaniibady emd 2 bindgrdstesmingot,lor asinght | body of
the i nventj on en_hi ndi or{.ion_ there ically

bi nds 1o Batneisaiei A Rkt R Fer it PoRRe EBEGH ox

bet ween t hryabinplesiyt 164st pas §ihgle chiigmeslécuddyd NESivbds fohpre Fﬁlﬁﬁgﬂﬁlbﬁﬁhﬁtf a
conplex is then detected, wherein a difference in co ex_formtion between

the sanpl @%Hﬁéﬁé’d@@ﬁb%f%@m@q? insld ipp PatenisNymbiercatG0203p U3 Ratewt esence of
PSMA i n t RenR@fPhss oI6eu. gsm%fﬁﬁrﬁ@éi 4°§§1t1%b gef‘%}t{erﬁﬁkhﬁ%r%'l% 4p8, used to

target cells expreSS| ng or exanp I'ng such”¢etls’ For such
use, the Bi.idargt Ng;amter £,001,583;| Uk @dtenoNamivot 5;476 286; hdiS. Patenbiuddtect ed.

s, e AR B R e B g P e LB 38, 1 V0

Binding of the bispecific molecules to their specific targets can be confirmed

by, for example, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay
(RIA), FACS analysis, bioassay (e.g., growth inhibition), or Western Blot assay.

Each of these assays generally detects the presence of protein-antibody complexes of
particular interest by employing a labeled reagent (e.g., an antibody) specific for the
complex of interest. For example, the FcR-antibody complexes can be detected using
e.g., an enzyme-linked antibody or antibody fragment which recognizes and
specifically binds to the antibody-FcR complexes. Alternatively, the complexes can
be detected using any of a variety of other immunoassays. For example, the antibody
can be radioactively labeled and used in a radioimmunoassay (RIA) (see, for example,
Weintraub, B., Principles of Radioimmunoassays, Seventh Training Course on

Radioligand Assay Techniques, The Endocrine Society, March, 1986, which is
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e.g., a radioisotope, a fluorescent conpound, an enzyme, or an enzyne
co-factor. B. Inhibition of Gowh of PSMA+ Cells The anti bodi es can be used
t o i nhi biwogo@msbhe3of cells expressi ng PSMA whi ch, in tural/usaceloesss: nked to
the prevention or anelioration of certain disease synptons associated with
PSMA expression. Differences in PSMA expression during a di sease state as
conpar ed tisoporsed BY sderseceshesein). cHie medlogeitverisaterarapypesisisctedbyrsgcla t est
sanple frgma stﬂ%{;ect uffer{ng fron,g.liage di sease and. a &ontrgqlz sanple with
the anti- PSR FriPF BERL UrRIPieE Sha e ANEOPEIETSt T 47 20R8PBY-mat i on of a
conpl ex between the anti body and PSMA. Any conpl exes forned between the
anti body and PSMA are detected and conpared in the sanple and the
cont r ol . FBharmeagentical Composienishodi es can be used to elicit in vivo or in
vitro one or nore of the follow ng biological activities: to inhibit the
grow h of and/or kill a cell expressing PSMA; to nedi ate phagocytosis or
ADCC of a cel | hexfoties abpet, iMesont inventiignonides tohpesrivigklegat or cells; to
i nhi bit sheddi ng of sollff%_l e PSMVA. As di sﬁ(a:%gsed, hereﬁ?t theggnti bodi es of

t he i nvenPhBRAEKHICR} QONHIONHINE RPIMETDS 8B¢ PY/¢ Egmbisatisnefanerpcianat he fucosyl at ed

form of the: b : 116 I . i L an

provi des gﬁ %rbg{a égﬁ&%tlgéﬁﬁﬁﬂﬁgﬁ% hé?né%qﬁ&%&%gmf%(i%?%mé%@gﬁ 1!lsal}lrﬁgfdlf:egnt acting
sai d cel | ®gathehwith aghhimdeShlicatlytacbepihbleicadder. Sl compostiasihacinehidet o i nduce
ant i body- dependent_.cellul ar cytoxicity_. ) Q aid cells. The cells can
be, for e?’é%?r‘brl aeeor?mﬂﬂwn_&fﬁf-g-.» ﬁoamar%(il%ﬁé%ﬁ aé‘ﬂ%‘é%%ﬁﬁ%@%%@&ﬂtgﬁtepsm _
anti body bSpigpddiBRoRBiILPEe idvenGE %P&%Bﬁpaghmﬁcé&ﬂfchp&% itiohl DI ndi ng

portions thereof, of the present invention can be used to nodul ate PSVA
| evel s onof thedstentienh tan comprise asompinatippiofi gntihodies (ominmattrioagnjngatepporor s on t he

cell surface. . ur es ,of ti-Fc..receptor. antibodies. c al so be used for
Chis pur poagecilsy bt BRgdh afkens epistaeon ot 1oEE% b ST Bed *Cer s T nked
to conposbérh?laﬁleﬁﬁ‘ar}tmviﬂb\g_enti on can al so be used as therapeutic agents.
Effector cells for targeting can be human | eukocytes such as nmcrophages,
neut r ophi | s or Phspseguticsl contpesitions pf Bejipantiene alse sambpadmigistesed r al ki | | er
cells and . 1 gA- I ecent I C j fector
cells cancﬁéﬂgéttl %I%%%B?’rlbe?ﬁ%to h‘gﬁ%ﬁb‘?l @é?&?{)ééggtst ?8%?%%1.' qu’ﬁgé{;(grﬁglel?tg‘%leci fic
ef f ect or deldpy,can drchbie aadmtiFtSNIAraatibedy of the preas iprentibn cahbined with at

physi ol ogl cally acceptabl e solutiaon. The nunber of cells adm nistered can
be i n t hels@FLASE ofer Fpt-Inftpnynatony on mppmesRDEesSeNt Rgen EXABPIA&F apeut i ¢

pur pose. |HrHe t iy W frlepd j | i zation
B The i ot pupensy flonud B AR Hhedth o e e AR el et cal
ki lling bystaidbgloy ipHigseciiten sses R theemtibbdiaglof the stveatioron can al so vary.

Therapy wth ¢ 3QelSRec! [ Sl LERLA, SIS AbS iRSdQ LT hd fy 0N unctfon

solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible.
Preferably, the carrier is suitable for intravenous, intramuscular, subcutaneous,
parenteral, spinal or epidermal administration (e.g., by injection or infusion).
Depending on the route of administration, the active compound, i.e., antibody,
immunoconjuage, or bispecific molecule, may be coated in a material to protect the
compound from the action of acids and other natural conditions that may inactivate
the compound.

The pharmaceutical compounds of the invention may include one or more
pharmaceutically acceptable salts. A "pharmaceutically acceptable salt" refers to a
salt that retains the desired biological activity of the parent compound and does not

impart any undesired toxicological effects (see e.g., Berge, S.M., et al. (1977) J.
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wi th other techniques for renoval of targeted cells. For exanple,
anti-tunor therapy using the conpositions of the invention and/or effector
cel | s ar w0 200ctds913nese conpositi ons can be used in conj BOTUSREV6XWISKH2

chenot herapy. Additionally, conbination inmunotherapy nmay be used to direct
two distinct cytotoxic effector popul ations toward tunor cell rejection.C

Use of | milifaox-$8ar Y- drampknerf sugh ghs mckde apy additionsalénsldhasent |
| munocon #eakesRf Arclﬂﬁ c}cﬁ'tY 19 Phchtfd tﬁ&elﬂgﬁge& Soth HoHkkiH ds (e.g.,

t her apeut 1 ¢ agents, cyt ot oxi ns I ot oxI NS I Mmunosuppr essant s,
etc.) to eabs suw]ms:l’(ydkmheori%SM&m@hbspﬁmnt,eauéfuﬁmlmfdtdbemniayhj/drniodmg such
conmpounds fo the antjbody. Thu e invention also, provides nethods for
ocalt 21 ngh@ehoroys s e ie: & eTLas Fn aQHb Rl RHRNA Tieh oS SO o

det ect abl gdngbsld d1§é%655cy§§ aéld% %eﬁ&ﬁﬁﬁo@tﬁkﬁtedaalﬁahbiféra%ﬁﬁe@dr R, an

enzynme, or an enzyne coO-f . Alternatively, the 1 mmnoconjugates can be
used to kasifs, @edmwwmdshalhﬂm‘ec momtlc Sngmdsméb@ bks Bsset ar geti ng

cyt ot oxi n X to PS as t o PSMAexpr.essi unor cells to
t hereby ef I%Fg&t“ﬁc #eﬁ}B qegivpe frPﬂl aﬁ?’ﬂ@r‘a W%ﬁﬁ@ Stsl‘?gg?bbj ect can be
addi ti Onabbmsdiﬁrﬁalh@@he‘ﬁuhh cABiuRUSN the NRE, IREHI AHRSA néatbxic oeg&ﬁ@dﬂces or
inhibits, the expression or activity of Fcg or Fcg receptors by, for

exanpl e, emEEs; Hgh enkl. N ubbaeyleiiiamedianyne -methyksleqagtine ¢hloyersriaies f or

dm ni I I
o 11 st KGR, AU RPLITRL ARl SRSTHLARY: © ol ony- ot it ing

interferon- g (Alﬁi\dngaceuami compositioe of s iisvehaod also mbincludd a anot her
enbodi nent ati ent

treated wi.th ti body co sitions f thelnventlon
can be  adBhaTrBREHIcY T aPERELIE ARt <Gt FxaTEp o R bR RSBy ARPAPEED I,
fol | ow ngaﬁ%&ﬁn@&h@lﬁﬂ@’tl%a@f‘s&ﬁﬁlb Bk @ntd Q&h‘ d%‘é@éHrbﬁa%):lde%mliC ot her

t herapeutic agent, such as a cytotoxic or radiotoxic agent enhances
or augnenhsdrbddomﬂm lsaqhenutblwlﬁta‘ eoxilumflmthiamﬂﬁtmsochmmsblfﬁie agl thetige:a@) | body
can be |inked t he ent S an | oco an be. adnini st ered
ceparate PronbRAGsRe i Aot LPiaseR: be i Arir E R B on) - ¢ he
anti body a1l mﬁ’@m&ﬁ&feqmmf RERhinArby] allate CASM-foepsHeYolWnidthb he agent

or can be co-adninistered with other known therapl es, e.g., an anti-cancer
t her apy, &k¢j.and(Ranetel delatigg eaenth spelpenaiiris @gb athylenedirmins, telagnsAide ot hers,

ant | - neopl A8 ERTAY RS GRS P DAL AL A ARYEL T L ci splatin

bl eonyci n sul uci spham de

hydr oxyur ea vth@hrnpleyofm«iBEIavl&sQusahe noidgne®isfagidry thainal ®¢eiployeiich are
toxic or su%ﬁom c to a patient, \%El@atl nis.intravenously adm nistered as

a 100 ny/ A thashamskewical empasyipns dnygagon fcludeyeater. ethangls polylfousl y
adm ni st egs%(éhéé Bc88r, éﬁbﬁg!n@gl 8§§tol ggﬁle‘gﬁé%ﬁ(}%ﬁg agld ﬂ@ﬁfke? Raddiigis stration

of the an |-PS antr ragment’s t hereo of the
present i mientesdirereef} Yegetabimdilbesuwheas blive aidemtisnjpetable @eganimteas;tsuch

as ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating

materials, such as lecithin, by the maintenance of the required particle size in the case

of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of presence of
microorganisms may be ensured both by sterilization procedures, supra, and by the
inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include
1sotonic agents, such as sugars, sodium chloride, and the like into the compositions.
In addition, prolonged absorption of the injectable pharmaceutical form may be
brought about by the inclusion of agents which delay absorption such as aluminum

monostearate and gelatin.
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cancer agents which operate via different mechani sns which yield a
cytotoxic effectto human tunor cells. Such co-adm nistration can sol ve

pr obl ens woeotsnsasvel opnent of resistance to drugs or aPpcharsg@scionssshe
antigenicity of the tunor cells which would render them unreactive with the
anti body. D. Treatnent of Cancer PSMA has_been shown to be expressed on
tunor cells, s@bimgseiceBy ascspiebleciarsmaincligsstesils ageousr@lionsohas been
shown 10 RR,SXRAESELLA ARENB! e adRhieldlyGebl s Ruosimae Lo cancerous
cells, suchvas uro eri ab Cancer ous ce S, cot°an icancerous cells, rectal
cancer ous irjedtite sdlutichseridipenion. dlcluse obsuehshediaaienents feel | s and

net ast ati ¢, adenocar ci noma cancerous cell,s of the liver (see US Patent No.

6, 136, 31 Pharmaseicailyagtive spbpdancas isgagradn i arh E5aRidRBmsEy be used to
treat can i kit I . i I by
i nhi bi ti nSg’%"regbv{\i’%ﬂg#e%‘adsrggf‘grlgﬁﬁﬁgrg? %téﬁ?gq%mggﬂ’@%rcg%ﬁ’%Hl?éc;ﬁ‘tet%g?{ cel I s.
Thus, i n #rqgthaemacenticad cormpositidisef pheiaeettionny enttéoplafed o Supelsmantast hod of
inhibitin rowh of a tupor i.n a subject, wherein cells of the tunor or
vascul ar BHIGEREIPPERAEER PO fe SRSt SVIPIE SUFRIISPE PSMAY, |1 wini ch an

anti - PSMA ant i pgepQiticlddfpbBiven tiyﬁi&alcljﬁnﬁ@@ﬂéﬂt&il@%ﬂ&stmemeeﬁﬁbi ect such

that growth of the tunor I's inhibited. For human subjects, the antibody

pr ef er abl yondstienstof meanifastire andsiomge.afhé conyosition can pedérmruiiadd esbodi nent, t he
tunmor cell re prostate tunor cells, In.othe nbodi.nents.. the tunor cells
e fr om EORGE oRERRRlEon, SPenes o Sne! Pragied Rl GPRHLMREIS Mghdfiud “ bl adder
liver, papéiceamattth. MheXBLBR canlbea 10t Be Bispaioh aekstigh cbiv@inidpy @it i on invol ve
adm nistering to a subject an anti body conposition of the present invention
in an ano@xMRe Ees gilane), pelreli(fasexpmpleeglycernb Pepyiang glycokigad dgvidhody
conpositi Tl ¢ P%‘(i}é r [ , such as
a cytot ox?@ygﬁggggggjiég?f %(?%I%Ag{g)ﬁt% ?glgﬁa}%lﬁjeglg e ?@e%«{&?agﬁ%?#o? '? %@gg ith the
ant i body) canibd mhingaitesl, for examplenicy ihenisavof b cauting gl g4 Istittdaldythev t h t he

ant i body co prevent the disease associ ated \ILvith PSVA

osition to treat or :
expr essi oﬁl_.aﬂ%ﬁ@nf? %ﬁ@ﬁ_ﬁ‘?ﬂuﬂﬁ@?ﬂ@&? e ipke ?%ﬁeeﬁélmﬁavg Prifsue of
adm ni st egiGidn®s. & RHRY 85&bs, 3 wANbd prBRMbIARY ihBAGY isbfbnfdfRhRafyon W th
anot her agent, such as an anti-tunbor agent, which acts 1n conjunction with
or syner gexanel sugarg polyal¢rhobkrsuch esinaswitg ooibitodorisodiumechionde iptlkasent t he
di sease associated wih P expressi an. shown .herein, use qf the
ant 1 povRCTTRT Ry Bblonsed theoGiBh L o b is CrRpRrEP By Y b bl
resul ted bbout BRiRiidiRgintthe toMPssi@sOM drehtthandsBlorfRsie forrddnpis, ed t he
animals fromtunor related cachexia (see Exanple 8). Wthout intending to
be |im t ethopgsipapigsrlbmndi geldtie. bel i eved that the use of an anti-tunor agent
causes damage .. . ¢ t.0g. | i tration of
ant i body, effe("?%gtrl&céﬁc ;ﬁ) é(’)srorﬁgi??%g %%?%%Eesl\]}]gg%f e((:)hg;? £t§n etﬂg%gt%, | eading to

nor e ef f ecérpeundyih Gieeyairddyamdunt dnn fpbasasesllvent sathahe a0 a@binbidatioRr agent

causes damage in the tunor mass, thus, . i i
0 1%gred1ents enumerated above, as required, followed by sterilization microfiltration.

Generally, dispersions are prepared by incorporating the active compound into a
sterile vehicle that contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and freeze-drying (lyophilization) that yield a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered
solution thereof.

The amount of active ingredient which can be combined with a carrier
material to produce a single dosage form will vary depending upon the subject being
treated, and the particular mode of administration. The amount of active ingredient

which can be combined with a carrier material to produce a single dosage form will
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allowing effector cells to access the tunor, leading to a nore effective
anti body dependent cell-nediated cytotoxicity (ADCC) of the tunor cells. In
anot her ewbadiamspt3p use of an anti-tunor agent, e.g., aPOTAISC40GI003882

i nhibitor, causes tunor cells to be intrinsically nore susceptible to
anti-PSVA nedi ated killing. In one enbodi ment of the invention, the

syner gi st genasallyabiiihel apeouaf pEde compasitien whichtnedugsent Hicsapeati¢ offecdf an

anti - PSMA_ ant i hod ti -t r LS,k ent i.e., not
caused by Oone P PEGe AR L SRRt B BAEPRREEEA 01 pEr 6t he
basol at er aéntppd alss nifRBPAIAE Percdft dfsetvaiapeidient, phdertaBlyromabout O3Mferant i body”
i ncl udes any anti body that specifically binds to the human (ﬁrostate

speci fic REHbe bt A PPt nEshpysirablyrogy abpuh A ehesat tosalioyt P B aehke

anti bodi e I | L0t [ j i [+ Pat ent
Applicati g%gﬁ?g 111%% %&@Sggbrglﬁgﬁg@@ﬂh&%ggnﬁcggﬁﬁgﬁ a@%%%%%éﬁ%%s or the
anti bodi es desDosigdegimebs &xe ddjusiddto pravidefhp bpiimtimadesided resfursé Q4@ la The
entire contents of eac f the foregoin pplications, are, i ncorporated
herein byﬂ}eééfpéwé%eépowg os e eple %.gllnslﬁgwﬁlémy'%mlmmd, SYER" i ncl udes
any agent ghigdg d@ié’sl llﬂjQy géfé‘cﬂnﬁ]%téiiéé&i}é?%in% n%ﬁﬁéﬂéée thdy l?éaﬁlog&i’ibﬂﬁly( e.g.,

partially or totally unor. I n one enbodi nent, “the anti-turior agent is
capabl e ofedveedsomigerdasee ge indicatduebyt therexigaesss, ofithethetapeutid sitwatign. elt isect or

cells to access. the tunor e readi| l.eadi ng,.to a re effecti.ve

oot body AupERIEAT MRS a S prishin SRS ipR BRI R e | <.
The term eaRtdf atitaiMétra898 Rhd uhiferHeas AP IRRhZP@IH foemad A8dEheréilgi 0genesi s
i nhi bitors, mcrotubul e bl ocking agents, inmmunonodul atory agents, DNA

i nt er cal atdeste phsically dicsreic vmigmuioh aneiasy desapes fopths subipts e

transcri ptJ I : . Walale] . The term
+ehenot horsaat e Lk ordaint B R MR ghify o P ERORpb B Al Bleq 10T
cancer, epghducpthesiesiicd thanparic efieerintabeicipion tiith thgsuired phdrodeswickly | at i ng
agents, antinet a&lPooI ites, . plant al kal oi ds, ant itgum)r anti bi oti c(? and steroid
hor mones. C&EEEi Thespesfirpidsion thedosras: ik iapauef the Mysnben iadicided bhut are not

limted t r i.nai i ] : i 7 gg,;ﬂdi ikne,

Az at hi opr %%&#%Flgo(%gg}(%ﬁ%%?@z%f gﬁ%ﬁ{e cggi‘sagﬁ? gﬂglgs%tl\f/%ﬁcﬁkgﬁféé rboag)l'dat in,

Car bopl at iheyart{ddardidrapduny effSsttorbe bchievedBGNMUD) Cedeuitdtmins mere@Chithe
(Lomustine), .Chl oranbucil, (Leukeran), 2- | r odeox enosi.ne (2- CDA;

G adr; bi % of EePORRE sueh 65 B iHHous e Rl ea e e B P DOP)

G spl ati nifdigamei n sul fate, Chloranbucil, Cycl ophospham de (Cytoxanl CTX),
Cycl ophospham de hydroxyurea, Cytarabine (Ara-C;, cytosine arabinoside),
Daunor ubi ci n ( Eer ydshigistraion okibe prtdbadyethe Bvsage ranges from about 0.0001 to

di met hyl trr@zenoi m dazol ecanb 1. de Dagtl no | i in.D,
baunor bt AP AREAL AT OER, RRYBETT & Sy AT B BEb IRTES RS .
( Taxot er efosages can be 0.3 mg/kg body weight, 1 mg/kg body weight, 3 mg/kg body weight, 5

mg/kg body weight or 10 mg/kg body weight or within the range of 1-10 mg/kg. An

exemplary treatment regime entails administration once per week, once every two
weeks, once every three weeks, once every four weeks, once a month, once every 3
months or once every three to 6 months. Preferred dosage regimens for an anti-
PSMA antibody of the invention include 1 mg/kg body weight or 3 mg/kg body
weight via intravenous administration, with the antibody being given using one of the
following dosing schedules: (i) every four weeks for six dosages, then every three
months; (i) every three weeks; (ii1) 3 mg/kg body weight once followed by 1 mg/kg
body weight every three weeks.

In some methods, two or more monoclonal antibodies with different binding
specificities are administered simultaneously, in which case the dosage of each

antibody administered falls within the ranges indicated. Antibody is usually
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Doxi fl uri di ne, Doxorubicin (Adrianycin), Epirubicin, Ethinyl estradoil,

Et opaside (VP-1 6, VePesid), Fluorouracil (5-Fu; Floxuridine,

f | uor odeowgpunécdispsp FUJR), Fl udar abi ne (Fl udara), Fl utarCdais2006/005852

Fl uoxymest erone, Gentitabine (Genzar), Herceptin (Trastuzumab; anti-HER 2

nonocl onal,jant:| , r [ dro r ogest er one caproate,

| dar ubi ci r?flﬁﬁl%tg%gﬁé%‘h%ﬁeg’%#{ﬂ%%t é'w e?@??)eg*r%’ﬁg{ngﬁ% S35 BT | ) |

L- Aspar agierample, Weskiy,ahortidy, dveehihedehbiizer yehBIrawyRNogesig/mne acet ate,
Megest r ol .a%%eqtlat e, | phel an (Al keran), Mercaptopurine (6-mnercaptopurine;
6- MP), MetREY B 28 {gaimoy @ﬁ@ﬁ@%b@ﬂd?@lﬂ\ﬂﬁa@g’y@({)ﬁwﬁ taogey entigeB)in M t ot ane
(o, p' - DDD ] . [ i.n, ;Paclitaxel (Taxol),
Penet rexe}jhe, Mlgteeﬁt;(gg%g@?%e?ﬁ;a\é’g%gf%%?)ggj&y%?% igéh%wie(? r]rﬁlg@?%a“([@f)&%r anycin),

Pr edni soneondentatéorhazboet (-M0L@/ASL ant-inBéhy b abae 25Mobyg /Rt uxi n

(R tuxi map), S rirust i.ne (Methyl-CCNU), Streptozocin, Taxol, Tanoxifen,

Teni posi de, Te%t‘ie Vely, anfibe bg%@mlpﬁtﬁp@M@t%lﬁtamﬂwgmifmmqlﬁion,

t hi oguani Rewhi Thd . itrexed), Topatecan camtin;
(S)-10 [%}g‘fﬂ%@? ﬁﬁﬁeéﬁésﬁgﬁaﬁeﬁt%q?’?ﬁ%*&%H‘ﬁ?@%ﬁﬂ%ﬂ&?&g?ﬁeﬂuw& (3, 4'),

Tr eosul f adee@dmgtoatthe hatflifeudfithé aptibddp i astpatient( Y Bene¥a! lRaRdn an¥ibbgied St i ne
(Oncovin),, Vi dqsi ne df Vi ﬂorel i ne (Navel bine). The term "m crotubul e

bl ocki ng glbo%{he ?Q&?F‘{}H’i@l Sn{‘? qyehpy bimenized ibagies, chimenicaniivoiliss, t he nor nal
or gani zat pgincHhdn@y 36k OfTHaI I .of .m crotubul e bl ocking
agents include, but ar e&iriieost Tlhl@r%%%ée%%?gﬁ%tagiﬁgga %ﬁ%ﬁtaflrg%‘%%lbgacrﬁ t axel ),
Taxot er e( figpepdive onavethey thetieatracndikprophylsctiomirmidragdutioe In piophylagid ne

On i i i.Si . _Fi.l desi . | bj Nave] bi , 2-
ot oy s gmnYi AR DEudef B icadd is Ao ol OBy o GafreaheEt WEN B! hstat i n
15, Nocodawspladoniestidhytiing, §¥ing pafflit? otitue 1R cLiSE FBatmRROHP gﬁr}‘é&ioi’

inhibitor! and "antj-angiogenic agent" are used interchangeably herein and
i ncl ude aﬁﬁlrgﬂéﬁtmtthgﬁpquéw@%l&kﬂlén%ﬁ relevedn highglosage at ndlatitelynghorthe f or mat i on
of bl ood . i.f L f..angiQgenesi sinhi.bi tors include, but
are not 11 e vy sl K R R o B ARG et
DL-a-Difl h@unmn’eﬂkqﬂd—meﬁetdbm el thestaehedhots plitiRed ¢dnhplete GRIiSHGbA of
M nocycl i ne, .St a%(iis%(%rl,lxhe, &%-Thal i domi de, and Tunstatin. The term
"i punomotIPAYTR G digease- T hekrartan die patignigebe administersd @ piephylacsicq. |
stinul at egging) | Mune response. Exanples of inmmunonodul ating agents include
anti bodi es, such as anti-PD antibodies and anti-CTLA-4 anti bodi es, al one
or in combi natfehal dgsagerlevadelof thahetivedhgmdients ib)ils. phRrmadeaii@nal Appl i cation
No. 60/67Q Ab gﬁ. Ilélft?l 05/ 09t/'200 , in PCT Publication WO 01/14424; in U S.
Provi si onal™ 5P1E &t 118 RIS/ 73 1isn may;heygried poay tobipin anamppntiof he
Provi si ontivAptddicd: which, is feffkaﬂzekgbé}tﬁﬁ@tﬂé et M E¥eutl tiBbnddor a

e

MEDX- 0124US2° or 04280/ 1203401- US1) ,
particular patient, composition, and mode of administration, without being toxic to the

patient. The selected dosage level will depend upon a variety of pharmacokinetic
factors including the activity of the particular compositions of the present invention
employed, or the ester, salt or amide thereof, the route of administration, the time of
administration, the rate of excretion of the particular compound being employed, the
duration of the treatment, other drugs, compounds and/or materials used in
combination with the particular compositions employed, the age, sex, weight,
condition, general health and prior medical history of the patient being treated, and
like factors well known in the medical arts.

A "therapeutically effective dosage" of an anti-PSMA antibody of the
invention preferably results in a decrease in severity of disease symptoms, an

Increase in frequency and duration of disease symptom-free periods, or a prevention
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entire contents of each of which are expressly incorporated herein by
reference. Additional imunonodul ating agents that nay be used in the
met hods oWoth&/gssBsent i nvention include anti bodi es thatcClolusedocmosss2
costinmulatory signal, (e.g., CD28 or |ICOS), antibodies that activate an
inhibitory signal via CTLA4, and/or antibodi es against other inmmune cell
mar ker s ( ef gnpaimmnd or dsatilityidya el thestisease afllictien.) For exaimple, perdhei ns (e. g.,

CTLA4- Fc, .PD: 1 - Fc i nos r i -LE..0 '

cycl ospor frﬁ nocr’i) %g‘%)tm%grﬁg%ggr% Cgiﬁgﬁ%#gm’%rudﬁéa edafeaf%r?ﬁlgq%lgé% s include
phosphor otéll gloate oPtuing? Geswiirbylm teaed £otd 2% (1herkrefoSbly BV edsaaidk CSF gene
vacci ne), interleukins ée.?. , interl euki n-1, -2, -3, -4, -5 -6, -7 (CYT 99
07), -8, 48%,even morppreforphly byiat least shout §@%, andsstill mere prafgrablysy atl 21, - 22,
-23, -24, : - . AN - Ad.. - RN Y0 SN § i 40t erl eukin
ant 1 bod: eLeSbguPRs iddive G hnseiP ity Ml abfildof S LSEBOMAO I P 1
(e.g., reotondgrawth cantbercvalukted ii?dn {uitnlal 2diigl,system. predittive of e€figacy iropr el veki n,

e v
activati ”Qxaﬁﬁlﬁh&f the Hﬁﬁ%p&hﬁcggorﬁﬁtﬁfn'dqg intbi€ §lLéh FnBHi®sn indso By a&his factor.
| a cross | I b

Exanpl es of DNAInterc tors/ I nkers 1 nclude, but are not limted

to, Bl eonjmown taChe shipled practitiGer mAsthempeutiChlly efiedtive iatnoud@yalaophosphani de,
cis- Dianmgineplatnmun(ll), dicghloride (C.splatin),. Melphal.an t oxant r one,
oha Ocar 1 iRhae SSpiauinhth fcksfee nbraiad o phbuied arEiTHE R RiR s o ot
limted tasultjbct. AMRITORIiRArY BkifINB AW R¥aldSe abfe tOett@mineduéh BRBERE T i azi ne

1, 4-di oxi de, Am nopterin, Cytosine b-D- arabi nofuranoside,

5- FI uor o- asedemspelt fagionwas the sybjers’s sizecdbp peveranefithe suiiect's BymPORPur ea, and

M tonycin - Ll RL-Lon. ors include, but are
not lim t(eaugd F%qﬁﬁi:ct% ?ﬁg%@@lmﬁ‘%ﬁ%g “Ci ﬁt%llsgol%gfréh%?m n,

Honohar r i ngt oniAneympmsiliohddtheypresent infeigyl @a befadeiiziyteredividiots dransrei ncl ude,
but are not limted to,, S(+)- Canptothecin, ,Curfurri n, -)-Di%gﬁel in,

5, 6- Di chl SWEeAIMiRiEEionISNgPNSOr BIoRe Phh BT ge0 @P@ae%fcwm, &t ane,
Fostri eci s yIHRlughitoiafa Y hOskintdhida bR ok rddeiod abikELAEEA T NE)
Mevinolin, TrichoStatin A’ Tyrphostin AG 34, and Tyrphostin AG 879.

Exanpl es wfill yaryalepeglihgummsthe deditgd eesulist Pef@radabules nf adulinistratiér fara- 2' -

d tidine,.. 5- tidi 1 | ci f | (Vitam
4?%5%&?%%9??@???%%??{83%@“ Oyﬁ%?qn@%ﬁ%t?a@&pﬁ?ﬁ%tﬂ@%ﬁéﬁ trans- Reti nal
(Vitam n fhiabeglorets) subBahhddak Gpafal 8y othéd patdiddial totict dfhdinhi@tion, for
9-cis-Retinoic Acid, 13-cis- FéePI noi c acid, Retinol (Vitam n A), Tanoxifen,

and Trogl Fxampiady injhetionerlivusions Theehirase épareutarakpdoinisiagpn'easatsad ni st eri ng
to a sub ﬁg%in%eén%@&%g OPAHAREGaliSL TR} flaf Sndlh B fopleRl R ANIdLBRGY, O
ant i gen-bi ndi ng portion .

usually by injection, and includes, without limitation, intravenous, intramuscular,

intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,
subarachnoid, intraspinal, epidural and intrasternal injection and infusion.

Alternatively, an antibody of the invention can be administered via a non-
parenteral route, such as a topical, epidermal or mucosal route of administration, for
example, intranasally, orally, vaginally, rectally, sublingually or topically.

The active compounds can be prepared with carriers that will protect the
compound against rapid release, such as a controlled release formulation, including
implants, transdermal patches, and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.

Many methods for the preparation of such formulations are patented or generally
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thereof, linked to a therapeutic agent, such as a cytotoxin or a

radi oactive isotope) in conbination with an anti-tunor agent, which acts in
conj unct iwo 208ctd8930 synergistically with the anti body cecpas2eniconsssp treat
or prevent the disease associated with PSMA expression. The nethods of the
invention further involve admnnistering to a subject a bispecific nolecule

(conpri si kepvantodhese-skalod im fheidso dee, @f- dqigehans qentallegdielqasaDrrer eof |

| i nked to~a,.secend fu i I i;e | j f bhdi ng specificity
t han the Qﬁ{l‘.’%%%”.’sn9’3%%5%5?@%%’% ?E&\Ql&gﬁl?%’tﬁnﬁ %@%ﬁ? ?gl'whi ch acts in
conj uncti on wi Ther@peusiy R6fm@ositibmadah be wlinknisteed avith modiyalclenpeskdidvanint 0 tr eat
or prevent the disease associated with PSMA expression. The anti-tunor
agent maythsartadier skappleds aipseiaryd empedpsnt 2 haranpulie cempesidonRfdige known in

the art o -deschi : [Fane lcal: it 1.0 e The
g e g

ant i - t unothealgeitts did¢iesednin U $Idberd dos 08I0, hidy SBIS3@B5hes,atRyB3h6; Steraid3i n
conmbination with t or. nor j -funor, agent The, anti - PS ti body and
Che ant i - FARbERGARAD. T OEbSABRT S BAEAE SR aMEb IS kB modlil o, t ne.
anti - F’SM%@e@m'iH%ypre&flt %b&t@tihclhm.sawﬂem WBY4, 7 GobTiwhicH BEBskel @get her in

a single pharmacutical fornulation i another enbodinent, the anti-PSVA
ant i body amplanthlele amitio-infirsion pagyemfor dispensingadedipdtiomet edoniroltedgatsame time as

two or no arat e ceut,i cal. fornul ations. The.anti-PSVA anti body and
the ant i Pararah S+ BRG1SF SHLERimeR e B u R BR R rd Pl e ™ o

exanpl e, {fe@icamt trbisDihe 8IANU(SS PatvRyNBE4, 241238, sthedtedis6de0 b niedication

adm nistration of the anti-PSMA antibody (e. about 1, 2, 3, 4, 5, 6, 7,

8, 9, 10, infusiorppump foralelivginggnedicaiongt a pescigrniyrion raie; Bs- Bitekthe ant i - PSMA
ant i body) i . LabieMAwAR . L stered prior
to adm ni Is\ItO %%%gg%f‘%{%}%d%ﬁ??%? %?ﬁgggnt m‘?%ﬁ%@%%ﬁ%ﬁ ,tﬁgzi,%}& 4, 5, 6,
7, 8, 9, ddhtinkbys Hig d2dveny; 4.8, RatemtSNerd, 489, 196, wilivhrdisslased aroosnadtictdmeg
anti-tunor, _agent(s)). Ln one, enbqdi nent, the anti- ant i ho y be

adni ni st eﬁ%lbvemss@tﬁ%h%@s Wﬁﬁﬁf}iqm _ C%P?@%@ng&gt%@%ﬁ%?ﬁggﬂggi he t he
dosi ng schadl @saisks &?%n?&ic*’tfr@ﬁéli\}e?y HRke "Fhes%:‘ét%nt‘é'a?é’in%xﬁpﬁfa‘?eé he scope of
the invention are kits conprising an anti body of the i1 nvention and

i nst ruct i bersinflyrrefesenceTanliother anclf impl4mgs, debvarmisystems and mpdpkss atkdi t i onal

reagents, . such an, i ngstiul atory reagent, a cytotoxic agent or a
r adi ot OXi @%%m%iO%S%@B&% addi tional antibodies of the invention
(e.g., an anti bpebraliparhbisliReso MRE BHRA Hood6hdl \thitibodMy cihdinfeigion0 an
epitope in the PSVA antigen distinct fromthe first anti bodL). Kits

t ypi cal | ycambd foamulateddp ensuraprioper dipgibutien innten dicd examplss the htooddneiant s of

the kit. fhe.fGinh| lfildel RehY HERNar8BHifid EnpRinak SEQLAGH. iRt fE! &
therapeutic compounds of the invention cross the BBB (if desired), they can be
formulated, for example, in liposomes. For methods of manufacturing liposomes, see,
e.g., U.S. Patents 4,522,811; 5,374,548; and 5,399,331. The liposomes may comprise
one or more moieties which are selectively transported into specific cells or organs,
thus enhance targeted drug delivery (see, e.g., V.V. Ranade (1989) J. Clin.
Pharmacol. 29:685). Exemplary targeting moieties include folate or biotin (see, e.g.,
U.S. Patent 5,416,016 to Low ef al.); mannosides (Umezawa et al., (1988) Biochem.
Biophys. Res. Commun. 153:1038); antibodies (P.G. Bloeman et al. (1995) FEBS Lett.
357:140; M. Owais et al. (1995) Antimicrob. Agents Chemother. 39:180); surfactant
protein A receptor (Briscoe et al. (1995) Am. J. Physiol. 1233:134); p120 (Schreier et
al. (1994) J. Biol. Chem. 269:9090); see also K. Keinanen; M.L. Laukkanen (1994)
FEBS Lett. 346:123; 1.J. Killion; LJ. Fidler (1994) Immunomethods 4:273.
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supplied on or with the kit, or which otherw se acconpanies the kit. The
present invention is further illustrated by the foll ow ng exanpl es which
shoul d novoheocosesvr ued as further limting. The cont entsTafS2@loofssyur es
and all references, patents and published patent applications cited

t hroughout this application are expressly incorporated herein by

reference. Exanpl e 1: Generation of Human Monocl onal Anti bodi es Agai nst PSNVA
Antigen | mmuni zation protocols utilized as antigen cells of the PSVA
expressing prostate cancer cell line LNCaP (ATCC CRL-1740). Transgenic
HuMab m ceséddddyMbigadoimeteleatied anti bodi es to PSMA were prepared using
the HCo 12 strain of HuMab transgenic mce, which expresses human anti body
genes. In this nouse strains, the endogenous nouse kappa |ight chain gene
has been honoz S i i . 93) EMBQJ.
12:811- 820 and)f?g@ke%ggééé%ﬂgﬁégﬂgﬁ%gﬁg%fggg“ae:t%bdgéﬁgle%g& telg&\érﬁlg%ozygousl y
di sr upt edhae esgoudye dirinarkdkamptoadidgmoktitsad Retapewatitiditie\NDvVOlARhE 7 .

Fut hernmore, this mpuse strain carries a human kappa light chain transgene,
KCo5, as GigR9sihayl treqtment iphidisgrdsrs igyolvingsapiesyign oF RSMiAo B iswamplsy

14: 845- 854 cs 2 Ruldk BRI IR MistRA B dNIBSARAR, oA Arro®R f656 drlgd 11

Exanpl e 2 of PCT Publication WO 01/0918/7. HuMab ™ mruni zations : To generate
ful |y hunbwnansdgéas alg. anvivooo teest, tpoeviesiind thididzinosd aearisty ef disarders.zed with
LNCaP cel |,s expr essi PSNA antigen..General . i muni zation schenes for
HuNRb m cASaPel ey PR ruRigeh ar iended @indinds g rdeqrrBaEs (6474 :
856-859; mhistad. [Non-Bim&t arinals(id&H8ds MNatereBralis 0f. 8 CHARINAY ankfron845- 851 and
PCT Publication WO 98/24884. The mice were 6-16 weeks of age upon the first
i nf usi on BfangERals,gaeh assopguneE RIENMES, ikeeP, degsdcats covrLlivrses, mB® HuMab ni ce

i ntraperi Ly, t1P) ! roxia f I nj I.on.
Transgeni %ﬁ{%ﬁ%& a\1/\\'/%1{rnelg’ ?mnﬁlﬁﬁ%% %Hg\?mébzléééwf’]?@rﬁeﬁtsiug eﬁtsilﬁcq% oealrr%nlg{yé%g%llétgnd' S

adj uvant havihg BisomidfsugsotiatédPwith PISMAVedpibysiclr. 2Whekaystidodies igpPS® Aareot al  of 11

i mruni zations) with the antigen in inconplete Freund s or. R bi adjuvant.

g
The i munddPEierRgd erisr Wihispetherrgsit, tha twediesbe admpnugsrsd in s1ler Srd e was
screened Ry Ehisbouas. described below), and mice with sufficient titers of
anti - PSMA human | munogol obul in were used for fusions. Mce were boosted
i ntravenously fhttdblamuieged a8mdastsritgethe aatilsaiyrdohipositiens (a e noidbdyybdr t he
spl een. Typi cal | 10: 35,f usi onsf or each, ant.j gen erforned. Several
dozen i cERREReeobealR) Dbl ENePBER it wie Fk el e bR BT WIRRET e
Produci ngcAibd seisehdd iithb st BdinarlAkAR | st lex it PRPIBIAGEb Ry FloBGioANt | bodi es

t hat bound PSMA, sera from )
can be administered by injection (e.g., intravenous or subcutaneous). Suitable

dosages of the molecules used will depend on the age and weight of the subject and
the concentration and/or formulation of the antibody composition.

In one embodiment, the antibodies of the invention can be initially tested for
binding activity associated with therapeutic or diagnostic use in vitro. For example,
compositions of the invention can be tested using ELISA and flow cytometric assays.
Moreover, the activity of these molecules in triggering at least one effector-mediated
effector cell activity, including inhibiting the growth of and/or killing of cells
expressing PSMA can be assayed. Protocols for assaying for effector cell-mediated

ADCC are described in the Examples below.

A. Detection Methods
In one embodiment, the antibodies of the invention can be used to detect levels
of PSMA, or levels of cells which contain PSMA on their membrane surface, which

levels can then be linked to certain disease symptoms.
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i mmuni zed m ce were screened for binding to the PSMA expressing prostate
cancer cell line LNCaP, but not to a negative prostate cancer cell |ine by
fl ow cyt owetnge/08B30ef | y, the binding of anti-PSMA anti bedras2easomssessed
by incubating LNCaP cells with the anti-PSMA anti body at a concentration of
20 mg/ M. The cells were washed and bi nding was detected wth a

FI TC- | abel ed aiit & partiowlar ¢rgi@dientthevineptionpravides ansihodsder datecting éref or ned

usi ng a FACScan f tonetr Bect on Di cki nsan Jo . _Anti bodi es
hat “bounfl S BRE R BRI s e AP B FROPA RN bRk

expr essi NgelR[ @&ﬁ%ﬁﬁn%wing ad éimg?s”, and b Ebried] salﬁ§51e§ebith@ﬁ aBiibudiyner 40 PSVA by
ELI SA, as described by Fishwild, D. et al. (1996). Briefly, mcrotiter

pl at es wepriigesdirkingwartion thergafeyhipkrpeciically pindg t¢ REM4Ay upgs; condiions / wel | s

i ncubat ed r.n.ght. i . 0% | bovi ne
serumin B’é&ﬁr" \%}égor{ ql?’g?adxgg}@%%gﬁg%%ﬁﬁ%gx\%#m%%f%glbﬂdg%n\?b%git%ﬁ%gntﬁﬁzlgd mce were
added to eSMA.WIhE fameition o hab@glek @s thén detbored swindreiriali fferendcoopgylad ure. The
pl ates were washed with PBS/ Tween and then incubated w t oat - anti - hunman

h
| gG pol ycFamation hetvserhesamplegamparsd;te tharomiet %?dm@ﬁlsdééi@%ﬁi@ég% (HRP) for 1

h t j : d with
R 2L PRHLEPRESSiA g gt YeELe LRGBS MR N SLapec
spect r ophkhoneirethe att, ©ich 44 B1 195 andflow cyhatetidesslysmad beperfbingdidasing i t er s of

anti - PSMA ant i bodi.es Le. used for fusions. Fusions were performnmed as
descri bedthﬁé’lomoélﬁﬂn%% f ORI Lhper nat ants were tested for anti- PSMA

activity by E'—h%rd@%[}g'i@éﬁ%p@ét 1% AveHOoR ARG de8 niduidas fdyonocl onal

Ant i bodi es to PSMA: mouse spl enocytes, isolated fromthe HuMab mice,

wer e f usedetagting thEgresencg of BEMEA (g/@) ompancREMA) iim e siyapledonupessusngthdar d

protocol s, The r i ng. hyhrido re then screened for, th roducti on
bt ant 1 geRmOIE ArERBLA o e SR e B S R RERE sl B oy e £rom
i mruni zedafitody WE i ihvggidn! @ @natibaibihbing bortivnrthereof) ivhifiXpacifieslBecr et i ng
nouse myel oma cells (ATCC, CRL 1581) with 50% PEG (Signma). Cells were

pl at ed at bigpokdMer ander conditignsfhpy alloy for fermaiion gharemplex betwesn e,

fol | owed . i A O] L i LU i.nkng 10%
fotal boviiiea st PR R YRR ok e LY EolR AR ELELERTD, 5760
origen (| Ghbdlein adibfedvcé iMechmplex forn@Ron béO/EE theistimphe @mpgledctodiss L- gl ut am ne
and sodi um pyruvate). pl.us .5 HEPES, O. - mer capt oet hanol , 50 ng/ m
gent anyci ﬁorg sf?plﬂﬁrglflgaﬁﬁea? fﬁ@f@ﬁ%gm&f%’ eks, cells were
cultured in ”E‘i'hé'%ﬂlﬂos‘{%lﬁrbfrtﬂ@n%ﬁoﬁ’%ﬁn hRObRGSMA Wt&r@eﬁgﬂs Emgééi’\n/%“m vel |'s

were then screened by ELISA (described above) for human anti-
monocl onaPSMYG fantxabpde fos labEling sushtoells | Far suglbnied thesbigdingegend caube ed, nedi um

it |l t 0-14 T tipbody- tl brid
wor e rapl drEat 8 3deletuBleaftan o6 delectd¥ Sl e RRenPRIR S Righitis G|
ant i - PSMAIgERRARE 0ndivo 8Pl I9dicElss #kddsing PSMA. The detectable label can be,

e.g., aradioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor.

B. Inhibition of Growth of PSMA+ Cells

The antibodies can be used to inhibit growth of cells expressing PSMA which,
in turn, can be linked to the prevention or amelioration of certain disease symptoms
associated with PSMA expression. Differences in PSMA expression during a disease
state as compared to a non-disease state can be determined by contacting a test sample
from a subject suffering from the disease and a control sample with the anti-PSMA
antibody under conditions that allow for the formation of a complex between the
antibody and PSMA. Any complexes formed between the antibody and PSMA are

detected and compared in the sample and the control.
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subcl oned at least twice by limting dilution. The stabl e subcl ones were
then cultured in vitro to generate small anmobunts of antibody in tissue

cul t ure redi2oowdsez3of urt her characterizati on. Hybri donma eCons3006685852A10,
2F5, 2C6, were selected for further analysis. Exanple 2: Structural
Characterization of Human Monocl onal Anti bodies 1C3, 2A10, 2F5, and 2C6 The
cDNA sequences Feneadiphy thehantibediey camie used ka elidiginyivpatiiabite enegrons of t he
1C3, 2A10, 2F5..a 206 0 nal -ant | bodi ¢ i hed .f,rom,t he 1C3,
210, - 275l ot BER ISTEPe Honad- PAHERt R e B AR et cohni ques

and were sgsueREERRMAL RimsdiardhbgodRisseQUBOCIoTg ckB eRpricsHigSPSNIAEinnucl eot i de
and am no aci d sequences of the heavy chain variable rggi on of 1C3 are

shown in Heguessnegroidiananeiieior cellsty ingditshedding pesohede PYMAr. AThe nucl eoti de
s . _ : . . . .
Shown 1 n_ AREESPREUETEE M Mhodios b of A At dAREIASLIAYGHS 20

t he 1C3 heanparethai the ifiovyylagd dou bhthsentiltodye t o t he known human gerniine
i mmunogl obul i n heavy fhai n sequences denonstr at e,g t hat taﬁél iheavy chain

utilizes a VH S&EorameEl: idARARAAPGErthE entian povgese mathodpdidiithhed D
segment , gﬂﬁvtﬁ oﬂ"Sﬁ/ﬁﬁr@%ﬂEc n%?ﬂééﬁ%@}%%@@%&iﬁ%ﬂéﬁﬁﬁ% P SAA BBy of the

1C3 VH seduence to the ger sequence 1Is shown in Figure 5.
Furt her anadersbsditiéng fuffid@s tvihdsegaditodydspengentrelliabaytosiggy éADEIC) CDR

regi on determnati led to.the delineation t.he heavy. chai , CDR2
e Coar o b 0l A sl drfte e SSarnEohirdR oflls, g PSR ERedimenh 15 ang
17, respegid aElBSMEQHEBHAFERA Riman@tiB&dy. | | ght chai n i munogl obul i n sequence
to the known human germ ine i mmunogl obulin |ight chain sequences

denonstrat ed t Faene @eborgpent; tigrantbedies, or bindingportions thaepfefithe r om hunan

germine . J t fr ' The al i gnment
of the 1%&#@2@%@%%2 %?ﬁ%g%@r" %{1 lla%(rap W%@gé@%‘ggéﬁ’ gucshho%x in Figure
7. Furt hetappived 38 dingihatinpereddpdorybon sieosetinagfacts | Mixttfes oRahiFc sagsptem of CDR

region determnation led to the delineation of the |ight chain COR, CDR2
and CD3 ré’@‘i‘bﬂ%ﬂséén§}r§6\?ﬁuﬁqﬁlftﬂ8ﬂ$@§??@- and 7, and in SEQ JD NGs: 21, 25 and

29, respective [ | ; i<d: eavy
chai n vari abl e&%{légge?_g%cgkcég%%drg?%gg%é?m@eﬁﬁr I%?Igsglr%g%@ an isﬁfoggE%PSh% NO 34

and 2, respentiovernyalsolecusades tetapaaticaminambiecae cellstog taegatiag caf be he | i ght
chain varjable region of. 2A10 are shown in.Figure 2B and.in Q JD NO 38
and 6, "1 o0t IpER L & MegRP B ey R oE RS OShERBG) obul i n
Zequentce %&éﬂd{éﬁeo%iﬁ?%’ﬁlsg%gﬁl LRertdIRand TP RAL-ARULA B PRINb G bIBEJUENCES
enonstrate a e
If desired, effector cells can be obtained from the subject to be treated. The target-
specific effector cells, can be administered as a suspension of cells in a

physiologically acceptable solution. The number of cells administered can be in the

order of 108-102 but will vary depending on the therapeutic purpose. In general, the
amount will be sufficient to obtain localization at the target cell, e.g., a tumor cell
expressing PSMA, and to effect cell killing by, e.g., phagocytosis. Routes of
administration can also vary.

Therapy with target-specific effector cells can be performed in conjunction
with other techniques for removal of targeted cells. For example, anti-tumor therapy
using the compositions of the invention and/or effector cells armed with these
compositions can be used in conjunction with chemotherapy. Additionally,
combination immunotherapy may be used to direct two distinct cytotoxic effector

populations toward tumor cell rejection.
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heavy chain utilizes a VH segnent from human germine VH 5-5 1, a D segnent
fromhuman germine 7-27, and a JH segnent from human germ ine JH 2. The

al i gnnentwof20adms93410 VH sequence to the germnl i ne VH 5- BETaABqueness: s shown
in Figure 6. Further analysis of the 2A10 VH sequence using the Kabat

system of CDR regi,on determnation | tg.the | i neation of the heavy
chain CDRI, CDI@gI:'Jisne ]%537%?8099%”%9@55(;1 ng%ﬁ "fagwﬁi (% 2A and 6, and in SEQ
D NGs: 10, 14Tmegk dfibodi@emsihmudeonjugaddar thedtventioh Bah BIRd ké tiRgetchai n

i rmunogl obul i n seguence to the known human germ ine inmunogl obulin |ight

chai n seqGeHERYds dasnicrapcutdc ageats, lapelspudgoxingradietoxing utilizes a VL
segnent from. I I S f germine JK
4. The al ?gnngﬁ{ﬁ%@fegﬁ?’ Eﬁ%y%}ss%}gﬁ}gﬁ%eeﬁsé\% hcgﬂgggﬂ{i %%@W@p8 seqguence

i s shown ilinkifgguetecompduuds toethe amiloyigi Thod, thdiaveAlonQilsdlpregidesnetodsi ng t he

Kabat system of. CDR region determnation |led to the delineation of the
|i ght cha&?fq]?ﬁﬁ&%?{ngmoﬁd”m? Gelly pumessig RN r(eign vefyudetectome abgl. 7, and in

SEQ JD NOgich2R.a rafioRBhps % ﬂﬁ&é@%ﬁééo@oyg%}gﬁenggﬁggg%%ﬁzﬁﬁgc@.ﬂcmpci d

sequences of the heavy chain vari ab are shown 1 n +igure 3A
and i n SEQlEMmakgelythe amoudpcangusgates ivaw bé yselitie killicdlisottiickehaved®SMiA rell aci d

sequences of. the |] hai.n variabl e regi on. of re sho ,n Figure 3B
and in SE@HﬁSeI{ﬁep@gshgﬁg“gﬁtmg8¥{9§W‘?WF§/&°’@5W§§? ﬁgg{&cﬂ“"lﬁ ﬂsew_ eavy chain
i munogl obxibrestirpathOn 6&1stte thddehykdHnmatt i@ cel.i ne i munogl obul i n heavy

chai n sequences denonstrated that the 2F5 heavy chain utilizes a VH segnent

from human ger H ¢pther eppbaliments ghesuhieptean be adshitionabtistregted withran agedt7, and a JH

segnent f ernm.ione JH 2. .The .alignnent of the 5 VH.sequence to
the ger Fh%%ﬁlﬂg%%%e&%ﬁ%% or SRt e DI gF ot of Ry o lysis of the
2F5 VH segpsepioss u:y§rd}@xmplem%ingau@%c@{v%ﬁ&&ﬁ@ preR@A B RdRiken | ed to

t he delineation of the heavy chain and CD3 regions as shown in
Fi gures 3radeigsiraien duringtertnnpiosiudg of grepulpapte rolonyestipudatingdhgfor

Conpari Sop( he 2E5 Light chain imunogl obuli.n.s t.o. t he known

hunan ger Krt‘l}?fnsél:t )i %%%%%gc 3] uigclro r}laigﬁ ﬁ?lo%%—giinﬂuglga%&%ogi&ﬁ&-%ﬁg,tl ta?ftgﬂ)nf%at t he
2F5 | i ght (mppaﬂgﬁl{ﬂo;ﬁgcrgsiygacﬁggm;_ from human germine VK LI 8 and a JK
segnent from human germ ine JK 4. The alignnent of the 2F5 VL sequence to

the gernline VK atotlgr sebodimesat,ipstistioweatedwithgutibody. cofpositiens aftheysi s of t he
2rS UL NBRGR APA EhRR e  Eh ReEShrLLoT 1 ¢
Fi gures 3BipMtng adninthtrafioS5Qu Ate8y oLBe iéndds) with akBReEdrhyRLY. The
nucl eoti de and am no aci d sequences of the heavy chain variable region of

agent, such as a cytotoxic or radiotoxic agent, which enhances or augments the

therapeutic effect of the human antibodies. The antibody can be linked to the agent

(as an immunocomplex) or can be administered separate from the agent. In the latter

case (separate administration), the antibody can be administered before, after or

concurrently with the agent or can be co-administered with other known therapies,

e.g., an anti-cancer therapy, e.g., radiation. Such therapeutic agents include, among

others, anti-neoplastic agents such as doxorubicin (adriamycin), cisplatin bleomycin

sulfate, carmustine, chlorambucil, and cyclophosphamide hydroxyurea which, by

themselves, are only effective at levels which are toxic or subtoxic to a patient.

Cisplatin is intravenously administered as a 100 mg/ml dose once every four weeks

and adriamycin is intravenously administered as a 60-75 mg/ml dose once every 21

days. Co-administration of the anti-PSMA antibodies, or antigen binding fragments

thereof, of the present invention with chemotherapeutic agents provides two anti-

cancer agents which operate via different mechanisms which yield a cytotoxic effect
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2C6 are shown in Figure 4A and in SEQID NO 36 and 4, respectively. The
nucl eoti de and am no acid sequences of the light chain variable region of
2C6 are swoumod/asoiBngure 4B and in SEQ ID NO 40 and 8, PeIaseaocwaisy2
Compari son of the 2C6 heavy chai n i munogl obul i n sequence to the known
human germl i ne i mmunogl obul i n heavy chai n sequences denonstrated that the
206 heavy tehernam wnioricelds Suclyidoedgmmsitationsan Belrapraésmd dusdovH 5-51, a D

segnent fr.om human gernline, 65 n J . § nan mine JH
2 " The al PRI 87 RS drbd ol heflee 6 RRGhick) BRI TRG: 8T g ance
i's shown iwhidhi Woule rérdetheinn@fresrtiad With $heddntibbey.2C6 VH sequence using the
Kabat system of CDR region determnation led to the delineation of the
heavy chain CDRI, CDR2 and CD3 regions as shown in Figures 4A and 6, and in
SEQ I D NGs: 12, ]ﬁ'em;z??fCBE;%EPeCti vely. Conparison of the 2C6 |ight chain
i mmunogl obul i n"sequence t'o the known human germine i munogl obulin Iight
chai n sequence®SiRAThashaeatshohvi helie dxdpeesédddrl hior cbidd, suditdslprassge a VL segnent
from human germine VK L6 an JK segnent, from humgn gern i ne JK 3. The

al i gnment %ffvmpﬁ@%er%Sg@ﬁxﬁi%@éas@smﬁ@W@éPmeﬁ@e@ﬂ%ﬁmV@éﬁ%nce i s shown in
Figure 8. oRUTihdIAl caRiH¥ahRb chiterAO%ol: sHEFNSRERAHAIRE AR diAbal system of
CDR region determnation led to the deli'neation of the |1 ght chain CDR,
CDR2 and ©Cbi8ncagpenyvs calis, s¢ntalicangerdrisgalls ungRanoatods cedlacbreast SEQetoDs NOs: 24,
28 and 32, respectively. Exanple 3: Characterization of Binding.Specificity
of Ant i - PR TR RIRAe BT ITes BBARELE r e B ARe S PRI
speci fici Temaasmmm%?ym%h%m&%& Mveition dah B8 isdderotRac@nc&e! | |1 ne

expr essi ngﬁl?Sl\/A and by SA using purified PSMA. Binding specificity by
f1 ow cyt oREHNbIAS srMYYHh T PSMA\-expretsing thgop eellsi by ishkibidiae ggevth afi ne LNCaP

was used 1.08: ifici ti

ot i bodr e 2l BiDAial 81 HGGIalGh i oot IR URRARRRIR | oo
human noneedsentatveatibn prdids awaghebstiabieilingyerowthudfal tumgr ihesdbiNcaP cel |l s with
the anti-PSMA.  hunman nonocl onal anti bodi eg at _different concentrati ons. The

cel I's wer ¥NgEsheds A hrmer Afvaraslatendeticddl Grfls R pRiece thedBMERatant i - human
1 9G Ab. Fb?.mﬁ,/ﬁrpwﬁfch'aﬁ AP HIL M6 dﬁﬁ% RVERIbS L beeREMR ] oW

cytonetry (Becton D ckinson, San José, CA uman anti-PSMA nonocl onal
anti body @kt cech thetsgrowliedf the tPGF iPinbibitdt FonhM@u8bis4s 06)antbedyused as a

ositive contraol .and a non- PSMA specific i sotype contraol antibody was used
o bl i€ P Bt N betf o P i eiimSl: gl Peva
human nonegiinabroaiitd R 88112 AR otlePbRbodltnBTheRAUBLCIRAF frbfidhhderd O the

S

PSMA- expressi ng LNCaP cell's. . _
such as colon, renal, rectal, urothelial, breast, bladder, liver, pancreas or melanoma.

The treatment methods of the invention involve administering to a subject an
antibody composition of the present invention in an amount effective to treat or
prevent the disorder. The antibody composition can be administered alone or another
therapeutic agent, such as a cytotoxic or a radiotoxic agent (conjugated to or
administered with the antibody), which acts in conjunction with or synergistically
with the antibody composition to treat or prevent the disease associated with PSMA
expression.

The treatment methods of the invention also involve administering to a subject
an anti-PSMA antibody in combination with another agent, such as an anti-tumor
agent, which acts in conjunction with or synergistically with the antibody composition
to treat or prevent the disease associated with PSMA expression. As shown herein,
use of the anti-PSMA antibody 7F12 in combination with Taxotere® (Docetaxel)
resulted in inhibition of tumor growth in an animal model and cured the animals from

tumor related cachexia (see Example 8). Without intending to be limited by
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Bi ndi ng specificity by ELI SA A conparison of anti-PSMA anti bodi es on

bi nding to i munopurified PSVMA was perfornmed by standard ELI SA to exam ne
t he speciwoanespsef3obi ndi ng for PSMA. PSMA was i nmmunopur iPCIras2460600385NCaP
cells and tested for binding against the anti-PSVMA human nonocl onal

anti bodi es 1C3, 2A10, 2F5, and 2C6. Standard ELI SA procedures were

per f or nedmethanisamtif ispshievedihatihenneof ko anli-tener dgsnf ceassesrdemageadthat a

concentration of 5 / and titrated down at .1:2 serial dilutions.

Cont - ant ; Mpgraiss Ju el R et d pEe e o b piss B ton; ugat e

wi th hor sgradiisi PRERX caapendntRENIMas nitsie dffeaiveesiedtly. antdjgody. The human
anti - PSMA nonocl onal antibody 7FI 2 was used as a positive control and a

bl ank was etibedimgst, ashelp gnjictupen feB1t cauppedapage) ip shejftmos Fesh thus. Fi gure 10.

The anti - h nt.i bodj es: . jth high
specifici F @%&}g%@ﬂ?@%ﬁ%&%ﬁ:@ﬁ/ﬁlﬁﬁrﬁgﬁaﬁéﬁégPg"ﬁgFﬁg‘%’t‘?%ﬁ fes 1C3 and 206
exhi bi t eddelehaeitabll-enddidtedeytytok ity (ADEIC) bif tied taghot celBSMAandthen ELI SA assay,

suggesting that these antibodies bind to a. hindered epitope in an ELI SA
assay. ExSwmpedment, sgelanandi-tiper pasnd f» dmipigulsrnhibiter, cymesigmor psva
nonocl ona [ s i.ndi : Wang : At i for the
PSVA- exprg?%ﬁ%g%?%@?%%ﬁ%ﬁ%ﬁ%ﬁ@@ %lgf ?S |An%arg\%laagé%i 'glée}lsh?gdhg%g a

Scat char demhadiy®hniof thélZaential, e sypemgistiboandditvé effeot AbGRed GRIthe 1740) and

i RPM . i t ai nj 10% f et bovi .(FEBS). .Th [ 1
T ypai ni  BdmianS AESH TSP R AR SRS S PO S prt T2
137mM NaGh.¢,, Rttty (3T ol 6P ploAN TRy 26 NG R eProldfe BSA) and  he

cells were adjusted fo 2xI G6 cells/m in binding buffer. MIIlipore plates
( MAFB NOBbasplateralqdagnesimambtangds nonfat dry milk in water and stored a 4 0C

over ni ght. The ,pl r hed..t t. M 1h.0. 20 of hinding buffer.
Fifty mcroli t‘é‘lrgél %’%ﬁ%\éﬁf @re arF“ 0 n%tl\/gﬁg‘&’ﬂgggfyo 1{1(%1helder§aa>r<l' rar‘un%b(b&lg”r%gigng wel | s
(total bi ssbcifithlly bines ko theihweafipesstdte b iicahelbiahe anigdedn Exumplesdded to t he
control wells gnon specific bi_ndi_ngéé Varying concentration of

%

1251 - ant i SyeBmiibediphwalrdathe adhesiet eesaribedfereis, thp anfikadiestesaibeddn . varyi ng
Colums. or UsE it ARl il0sHOE s pCL Bt Rl XoF WFO PIBCROARY, T\ 2, 11

i n bi ndi ngr thefahbodiesr desaitsbedn 10S.drbvisehhlsApplivetign Hbet)/6&14811 Abebat ed for 2
hours at 200 RPM on shaker at 40C. . the conpl etion qof the incubation
the MIIiFYHe CBIPtSIEtéQ?mﬁ?’é’kf s é%ﬁoﬂl}%aé’ghﬁ?t}?é‘é K ﬁorec.’f?teﬁil%efﬁm Séﬂl d wash
buffer (249Medéd s pH 7.2, 500nM NaCl, 2. 7nM KA, 2nM G ucose, | M Cad 2,

I mM Mgd 2, 0.1%BSA. ). The filters were renmoved and counted in a gamm
count er. Eval uassiused ldreingilieltérby Tanthtivinaiageyt \insluges dnyragent thatiomay b ngl e site

D 00 PR LS PSR IS SR B P 2, 1 a0
appr oxi mat@byditheft, M anti-tumor agent is capable of causing damage in the tumor mass,

thereby allowing effector cells to access the tumor more readily, leading to a more

effective antibody dependent cell-mediated cytotoxicity (ADCC) of the tumor cells.

The term "anti-tumor agent” includes chemotherapeutic agents, angiogenesis

inhibitors, microtubule blocking agents, immunomodulatory agents, DNA

intercalators/cross linkers, DNA synthesis inhibitors, DNA-RNA transcription

regulators, enzyme inhibitors, and gene regulators.

The term "chemotherapeutic agent" includes any agent that may be used to
treat cancer, e.g., prostate cancer. Chemotherapeutic agents include alkylating agents,
antimetabolites, plant alkaloids, antitumor antibiotics and steroid hormones. Specific
examples of chemotherapeutic agents include, but are not limited to, all-trans retinoic
acid, Aminoglutethimide, Azacitidine, Azathioprine, Bleomycin (Blenoxane),

Busulfan (Myeleran), Carboplatin, Carboplatinum (Paraplatin), Carmustine (BCNU),
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Exanpl e 5: Epitope conpetition binding assay The anti-PSMA nonocl onal

anti body 2A10 was conpared to a known anti-PSMA anti body, 7F12 (described
in PCT Pubi2o@tiso230\ WO 03/ 064606) t o exam ne whet her t hePCEwSabiobssd: es
bound to the same epitope region using a conpetition assay. LNCaP cells
were obtai ned from ATCC £CRL 1740) and _grown in RPM nedia containing 10%
fetal boveareciahinenGEBE)(Lompatine) Cijosgabaci (haykeinked and washed once in

Tri s basegd, bi ngdi fer : 0] , : KA, 2nM
G ucose, gﬂ@i“@%d%ﬁlﬁgé lgm’vgyfk}o%g%% gu&%ﬁln%ﬁcé%mgnvgf%&a justed to
2x1 @6 cel Cﬁs?mﬁni(ﬂsiﬂmllbi, Qisphtinft@somydid $ulface; Ehjdrambscil, BEBphEIBhamittee coat ed
w th 1% nonf at dr¥mlk in water, _and stored 4 QC overnight, The plates
ver e was h€eytexmbe T nexclophosplmmide hyjropyuses. rqg"aé@?m% Ara'lﬁgéﬁ' 13PIRS v e

m croli teéﬁbl‘ﬁg?i? fbgﬁnﬁﬁgwﬁbﬂg%dDg&rﬁu e\é@ﬁ@; (non-speci fic binding).

A fixed concen tion ant1 - PSMA an y was added to all wells in
a vol une diineAbyritriazatmimidagolecioedatmidd)j Daginomyoml @tteloatycanD),body was added to

wells in vol une. of 25m and .25m of. | NCaP I'ls X 106.cellsim) in
bi ndi ng oD rrREind dagEy it rdORE s bl%stﬁﬁsstt@é’ﬁw@wé%&tﬁ@@ fér 2
hours at RQQ;AREMMRMDex&hBkAT (8L ﬁ@%n),@pifu@ﬁ:iﬁ%h?% ésg&acriﬂ&i, g&&sidecubati on

the MIlipore plates were washed three tines N col d wash
buf f er ( 2@vi1Gy VePesid), Flgorosaeitg-RaCFloxeridine flkorqdeprmr@ing §8IR)) mv Cadl 2,

I MM Mgdl 2 . 1% BSA. ),. Jhe filters were renoyed and. n in a ganmma
count er . E]\ngg?ﬁeiﬁug?’ra)egﬁ‘i“ﬁnbier Eﬁhowaﬁtgﬁn%\genb%@g%lggégﬁl g%?’ng single site
bi ndi ng pHERBRIL(Sadhiiindbh entPHERR sRhbwehs ahesy)) Batoxhisa (Hréot ype
control anti body was used as a negative control. The results of conpetition

bi ndi ng abasiesyDrogeterong eppseaie.dAanpicing Hpsfgmide (Tex). dnarfeomsdtha: i on bi ndi ng
agai nst 12b] - 7 0 |0 El s 3T .. show t hat addition of
ugl abel edfr%ief%ﬁ?ﬁ'géﬁ'%dé?%@%g %%Féﬁgilehlgﬁ(%@% a ag@gg, 2A10 to LNCaP cells
and t he ahfddtdxgprogksterohebedtaid, MAdtrandcetats) Wélpiidldi ¢(Adkerhe), bi ndi ng of | abel ed
7Fl 2 to LNCaP cells, This demanstr that the 0 and 7F12 anti - PSVA
ant i bodi eMeB‘?aHH’pPBH? ﬁﬁé@%tOBW%e;\ﬁéﬁ;ﬁYlﬁﬁp‘Pg?X%%@ﬁ é%ﬁtﬂ%ﬁﬁ? anpl e 6;

I nt er nal i RAthARIP{mifhycPEYAMITBRAE (QNBDBR NROhORE (N&aMRogMADS wer e

tested for the ability to internalize into PSMAexpressing prostate cancer
cel | s usi OgalipliinPaelitakel (Eaxvd), Pemeiroreda Penbpstatii (3-Zeqxycefotmydin),

i nt lization. i o h tibody t h_Ri ndi d
ant { body BIETERAT FRRERY O PG O P S g O aBaf . The.
PSMA- ex pr RESH, BitBi® Biak:e@mes)) S musle| (Mettie-ddiFal, SieptoseafeThxal, 2. 5xI O4

cells/well in 100 mM_ wells either overnight or the followng day for a two
hour per i damoxgifen,denippeide fertifesids, Bestostsene Eanionge, TipeguagiiedSadded to t he

|1 . i C I i 1:3 i al
i1 uti ons MiGhAbbErAGE MG, Hobiof (m iR Do bt kB A ST 0L B SO0 L2
used as a[(digahylxRine) nidinH]-4-Eiie/l-HodiBadrotnd Hapyrenb[FadycTieomlfBy st ens,

| T-22-25) was added at. a_concentration of 11nM and ) ) )
) (Ovastat), Valrubicin, V(l:nblastine (VLB; Vel%an), Vincnas{]me (Oncovin), Vindesine,

and Vinorelbine (Navelbine).

The term "microtubule blocking agent" includes any agent that is capable of
disrupting the normal organization and dynamics of microtubules. Examples of
microtubule blocking agents include, but are not limited to, taxanes (Taxol®
(Paclitaxel), Taxotere® (docetaxel)), vinca alkaloids (vinblastine, vincristine
(Oncovin), Vindesine (Eldisine, Fildesin), Vinorelbine (Navelbine)), 2-
methoxyestradiol (2ME2), estramustine, epothilones, Colchicine, Dolastatin 15,
Nocodazole, Podophyllotoxin, Rhizoxin.

The terms "angiogenesis inhibitor" and “anti-angiogenic agent” are used
interchangeably herein and include any agent that is capable of preventing or

inhibiting the formation of blood vessels. Specific examples of angiogenesis
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pl ates were allowed to incubate for 48 hours. The plates were then pul sed
wth 1.0 nC of 3Hthymdine for 24 hours, harvested and read in a Top
Count Sciwoi2bdeaspsn Count er (Packard I nstrunments). The Presuist@ecmpsBszhown in
Figure 12. The anti-PSVA anti body 2A10 showed an anti body concentrati on

dependent decrease in 3H hym dine incorporation in PSVA- ex]%r essi ng LNCap
prost at e téhirdiers imeluds, bufpiesnod lirmated énaigiostatiasK H-Rafresien, gad L, Osagtatamt | body

2A10 inte aI s int a e
Ther nost a E1 Rz}ﬁ%?rogﬁﬁly?ﬁ%m%r?bﬁgd?& Fm%%i Hgld?eggis?r?gw %‘n? QZ hn? Tal scanning
cal ori met Bauddforidks (FEThaidaniidd, biyd Témbtagn.ant i - PSVA rmnocl onal antibody 2A10

was conpared to the 7F12 anti bady using cal orinetric anal ysis of the
mel ting t enper Ah¢teamgimamaonadylpegagent | ipelpdestany agerst Al modeines, 6€-nel ti ng

tenper at uges, 161M, &1, nng%r&qéﬁoﬁ%r %x,m 1 lesaof\ﬁ%m%g oh@lr %\??éénfy ihfighent i al

scanni ng m'crocal orli (S co an aut osanpl er
(M crocCal aMllﬁdle&knubhammﬁtoﬂDlMﬁtlbchﬁé@ andSatrpﬂ:’ELAefl aintnboﬂmsrmlom: driddd ni.

Denat urati on data qn the gI cosyl.a and, de syl. at r t he
ant i bodi eSCTRRISM éPW@Be%yn B4ES ﬁatkfﬁé’re‘gﬁlﬁng@’xmﬁ alion, ﬂc@%ﬂf 19n of
2. 3mM frﬁmd%/d%cggbﬁ@@f Pﬁbﬁ&&lengfz?%1ﬁ/4@m mthg M‘b@fsﬁ)'nﬂl LBign Ver e

present in phos uffered salin PBS) at . The sa buf fer was
used in tﬁ@ﬁB&,ﬂB# dilek1 31/R2097 andimliS. ﬂmlmndmppéaatlmapam ty by, ftledpari son.

anal yoed BACSROGHCRtoRET DASHE NG NIRRTy SBT & B Lo G 3% The il one

2A10 has Bmtﬁeebnttembﬂ@a&miwhléli/are\&q%ssay iHEBiporatediderfirbyGeftRaiced to 63.05 0C
obtained for the clone 7F12. Exanple 8: Treatnent of in vivo tunor

xenografts wit Adélt@@ﬁlunmmomd@ﬁatmamr@ et pay heuseddn Hremmethiads ofolly The

anti-tuno i W th
Taxot er e( ?568%1{50ce ﬁg(rg ﬁ{ﬁ% 15(5];% bq{%éﬁ%ﬂu man(q;g Sc@? P?gpbg?%g%gm
xenogr af t K:@Sp‘mubdmermhzﬁ achilate SCiRibiiote sighNGaPCRL A= addéorcanibediece! | s
expressi ng hi %h | evel s of PSMA were O%ﬁ ned from ATCCO&Cat# CRL- 1740) and

expanded PERRATPIST IRPIBGPHGATES Fﬁstcr 0 ligand.ar cyfolrines), &istewy 7. sl D

mce fro | aRt h wth 2.5
x| 6 LNCa ﬁndse%l \rllggﬁl%hmrm 3 Pﬁ Mat ri g{ﬁﬁg?@% SIng:e&rrﬁ i;al{)ll cg&\li;lver e

wei ghed anyd:lmpaﬂm AcbﬁRKSOlﬁDxrrﬁtheveXanrmeamﬁ 1ngn1a1mnﬁid«ata1t1ng|agmts;mlclqder twi ce

kly st h t_inpl. i
cat cul at eRhoseRalGHER oSt o BB puisnal (s ek VRS G RES % o <
(determi negl:cmé) tlh@ﬂ&ﬂaﬁ@(eamﬁte%umm tumorg)-sois 1BeCcyrdowss, esr@ndmgazed

into treatnment rou&c and were dosed per individdal body wei ht “on y O.

M ce wer e-Iori% otedly, ol6,t-Uhol r-éMm-ROa2burd, 68, @éy§5pt¥§s ?ﬂoszgn,gZQﬁﬂd
term nat eg}O‘il tegr hreecglrﬁ 1n%1f1t 1tr1peeleu1£1lr11%¥t1bol\(41gsee\§verlf 2, e.g., Aldesleukin, e.g.,

recombinant interleukins (e.g., recombinant interleukin-21 (rIL-21)), e.g., IL-11, e.g,,

oprelvekin, e.g., interleukin receptor antagonists, e.g., IL-1 receptor antagonist, e.g.,
anakinra, glucocerebrosidase, e.g., Imiglucerase, macrophage activating factor,
macrophage peptide, B cell factor, and T cell factor.

Examples of DNA intercalators/cross linkers include, but are not limited to,
Bleomycin, Carboplatin, Carmustine, Chlorambucil, Cyclophosphamide, cis-
Diammineplatinum(IT) dichloride (Cisplatin), Melphalan, Mitoxantrone, and
Oxaliplatin.

Examples of DNA synthesis inhibitors include, but are not limited to, (%)-
Amethopterin (Methotrexate), 3-Amino-1,2,4-benzotriazine 1,4-dioxide,
Aminopterin, Cytosine 3-D-arabinofuranoside, 5-Fluoro-5'-deoxyuridine, 5-

Fluorouracil, Ganciclovir, Hydroxyurea, and Mitomycin C.
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eut hani zed when the tunors reached tunor end point (1500 nmB) . The dosing
information is summarized in Table 1. Taxotere(r) was dosed at (BDx3

i nt ravenowel2gogasyd3ot hr ough the tail vein. |sotype contr ®CTAS2006005852
Rituxan(r) and the anti-PSMA 7F12 antibody were dosed intraperitoneally

Dx5, foll 1: t N
() 85, 7o el o R b G A B
( rrg/ kg) P%SAJ:QnQ?ImeD q‘)auﬁoru%ﬁ:m yoxo%m@&ioxﬁéharﬂ@gtoﬂlge Shd Taaabiene(r) 2 10

3, 7 Taxotére(r) 0, 3, 7 I'sotype Ab Rituxan(r) 10 O
30 Day o 3, 7Exarﬁple&4fer2:ym62ﬂnbﬁ€r§ 1m:2t;de4§ut%e agtdimingsl t00SE)30 Day O, 3, 7,

10, 14, 2 5, 42, 49 56 Tax 7F12. 1 30 Day 0, 3, 7
for Taxot ép@p%&@ﬁcg Cyréugnin, 'Df%fue ggggwhlﬁgo%eﬂ lmﬁé\b%%q'ﬁyot ere 2 +

| sotype 1Qb8ﬁ1§910§@¥ ]@o @slde7Ff)ﬁﬁesﬂ_a%éOFc%fr§eci?l ‘Hiéiﬂdﬁﬁri IhRgs- Cimidlazoli- 10, 14,

21, 28, 35, 42, q’axot ere + 7F12 Ab 10 4 30 Day 0, 3, 7 for Taxot ere
Day O, 3, dipgacetic amd (szocxzameaﬁlvlewaohm@r@bosr@mot\emphostlm AGt3gpandio 4 30 Day
O 3, 7f? £Px[ tuxan(r) Day O 3, 7, 10, 14, 21, 28, 35, 42, 49 56
The resul t ¢ fo eégoi ng experinents are depicted in Figures 13-16. As
shown in Fi gur Bgankgils ﬂ)BEerﬁﬁdgtﬁatgmrlﬁaude‘}Buﬂ&BnoBl@mﬁﬁi tog5fzattie anti - PSVA

7F12 anti body al gne npdestly decreased th row h of LNCaP tunprs.

Taxot er e( A§OXyRYidae, 2-Yersati @@s&mwcaﬁ@fqliwmn B bitthyaerytameyifen t he two
doses tes Q@g{? 0 of the
ant i - PSMA Ealéﬁlgﬁ%@%gﬁy aﬁg{aﬂ%ﬂé?%i all Ig%g%%lgg ?d wee%fyd%p%?t%drweffl cacy
t han eacha¢id,eﬂlﬂtmmt(VéathmireAannﬂ),rQasm4Re@do1anmé,alr3 mm-metmd)ie acidhRetindlon of LNCaP
t unor grok%ihamgl ee) Eal%g s 13 and Figures 15A-15B). As shown in Figures
13C- 13D a dMe Fifey and Fﬁ 1828/%i nati on regi men al so cured the m ce

of LNCaP-t unor h@h@ﬁﬁﬂs Gﬁ%%\l’eﬁu&%ﬁb Mol hdnifisRPMg & a I%&E/ai‘ig of the
anti-PSMA 7F12 anti body and mg/ kg _of Taxotere(r) also showed superior
ef fi cacy mmnnmjugawe(a@mpmmaamm@l—l’gw mitthedssorr@igent BIDdmgdoFiQjur es
16A- 16D). ,The .f.ore dat a.denpnst rat e an itiv

synergi st }E é’]f’flgjé{tegg g’r%apgﬁ?c 2§58k uc}ﬁ‘s BZC%Ot? 9,% 0] arg‘%\lgacqwggs?\ozép%in W th
Taxot er e( egmbingHdt Wah ap Yinti-Hurhs€adleht) §/hidhraRtsSin cShy@hct&ﬁl witlost at e tunors.

synergistically with the antibody composition to treat or prevent the disease
associated with PSMA expression.

The methods of the invention further involve administering to a subject a
bispecific molecule (comprising an anti-PSMA antibody, or antigen-binding portion
thereof, linked to a second functional moiety having a different binding specificity
than the antibody) in combination with an anti-tumor agent, which acts in conjunction
with or synergistically with the antibody composition to treat or prevent the disease
associated with PSMA expression. The anti-tumor agent may be administered in any
therapeutically effective dosage known in the art or as described herein (see
pharmaceutical compositions).

The anti-PSMA antibody may be administered in combination with a single
anti-tumor agent. The anti-PSMA antibody may also be administered in combination
with two or more anti-tumor agents.

The anti-PSMA antibody and the anti-tumor agent may be administered
simultaneously. For example, the anti-PSMA antibody and the anti-tumor agent may
be administered together in a single pharmacutical formulation. In another
embodiment, the anti-PSMA antibody and the anti-tumor agent may be administered

at the same time as two or more separate pharmaceutical formulations.
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Exanpl e 8: Assessnment of cell killing of a toxin-conjugated anti-PSVA

anti body on prostate cancer cell lines In this exanple, anti-PSVA
nonocl onavoantd/dsezsnes conjugated to a toxin were testedPCoruseéve/oedsstity to
kill PSMA+ prostate cancer cell lines in a cell proliferation assay. The

anti - PSMA HuMAb anti bo%ZAI O was conjugated to a toxin via a linker, such
as a peptidyl, ThyantiPSNA entityidyane thpeanti-iyrer agqmt Myl akse hsfadmiistsrasaipounds

Ej 221(:: r Ingggﬁlffe?%}ﬁltjgr?etse%a} Qxagr al'[{'% %rﬁl_w ¥ a %r{c%?ﬁla ‘B2 %lpétﬁ%earfﬁfo?fb are

04280/ 100 W Hilsdtioh iof 8@ ami mnAemtibasdﬁ(@.g 2006t 1 Ehe, RSV EBpHEERilBg prostate
cancer cell |ine LNCaP was seeded at 5x1 O 4 ceI [s/wells in 100 M wells

for 3 houP®. 247 4Shquresios taﬁ@m%ﬂsﬂh%?if Hle@BHIPL%\éA@nWa%dYAdééf&maBV%lwe vel | s
at a star GG erial
diluti onsttﬂezgiltll sot ;’}ndtenlﬁg%eri?p E%QTEM& hblt {O?dﬁg?\lgg%v{ebca#ﬂ%e cgf PSMVA was
used as atnegatgemés){apt nodut 1P2,a1,d55v63,ﬁe8,89,|10y\1§d20924 orcdfiadues poor td2 hour s
with either a.wash at 3 hqurs or a i nuous he wer e t hen
pul sed wi taﬂmﬁuﬁraﬂﬂ‘ %fhes“ﬂ-lttWﬁ{ ®HHR gc)svoﬁn J’\‘? F@%&\ﬁrd read in a
Top Count aﬁ%d@l&'n‘le{y%é LR ER ORBRIR0A Wlﬁ%qra&iﬁﬁcﬁﬁﬁr ad®k hdRRingH - The
results are shown’in Figure 17A (three-hour wash) and B (contl nuous
wash) . Thehedhe dodhgchadule doliyeazd teresth owEableah. antl body-toxin concentration
dependent decrease in 3Hthym dine incorporation in PSMA-expressing LNCaP
prostate cancer cells. The EC50 values for the anti-PSMA anti body 2A10 was

0. 157 nM Kags the wash assay and 0.0643 nM for the continuous wash assay.

Thi s data denonstrates that anti-PSMA are cytotoxic to prostate cancer
cel I s when conpdipavilinithe scopeef the mympfiorary: Kits gompiisingep gnigkodypfithg s

exanpl e, t e tested
for rr}[)he agﬂltel yé%@ glgp'%%Bg%&lr u%?o'l;l?e lég%lafr%gg%ﬂg’g aﬁg?lirleg%%n%%)%\?%m{d A

Tr eat nent reakents, suclvas mmnumnﬁgtmm%a'geﬁt arayiotd%ﬁvﬂgdduwﬂd)raﬂm‘ﬁbuand an

i sotype control ant i bod qlgauff exchan into }Qﬂogl phosphat e
buf f er pHEETLBRRECR LbQRtes ShflicHFsAL0 ge%‘hé‘ét f8Yngo 6ng/ nl .
Bot h ant BREmBRIFRy 5&%3%1% ﬁﬁﬁgto% YDA i@ PSMA BnfocdRtifiplcdl oI ar

excess of 2-1mnothiolane”for one hour at roomtenperature, followed by
desal ti ng fnom: the@rstlxmpbmb'phgute typidallyringide Dlabdrindicatingths Gitndeddise ahd 2nmv

DTPA buff u Thi ol at ed ant,i od| es.were then
it o no e stRteh St RE A e GRGROIR and s etk BT "o

det er m negduppli é)1€ﬂ%n‘6@$v1ﬁ0cﬁé%Y%ivﬂﬁcﬁ@tﬁéﬁﬁ%‘ac@&mﬁaﬂi@d@%%tm thiol ated anti body
wi th dithiodipyridine (DTDP) The absorbance at 280nm was neasured to

determ ne the concentration of protein in the sanples, and then an aliquot
of each sanpl eTSQ p?e%rlt invention is further illustrated by the following examples which

should not be construed as further limiting. The contents of all figures and all

references, patents and published patent applications cited throughout this application

are expressly incorporated herein by reference.
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was i ncubated with 0.1m DTDP (5nmM stock solution in ethanol) for 10

m nutes at room tenperature. Blank sanples of buffer al one plus DTDP were

i ncubat edwal2o0gsbrse. Absor bance at 324nm was neasur ed amlrdTiuseooaondssr of
thiols present per antibody quantitated using an extinction coefficient for
t hi opyridine of 19800M1 . In the case of anti-PSVMA 5.3 thiols per antibody
were introduced, and in the case of the isotype control 6.0. The thiol ated

anti bodi e r h i i npound A
over the %{'ﬁ ?ei'n?éﬁk%gt&?go%%%?/(I)(Fn()g%%l%gnﬁgoa{es gﬁéﬁ%@ﬁﬁ}q ock sol ution
in DMSO of Conpound A was added to the thiolated anti bodies along with
sufficient DMSO to bring the final concentration of DMSO to 10% (v/v).
After inc n at roomtenperature for 3 hours the pH of the incubation
m xture was rai 5@{@% ] t npound A
conj ugat es wer gﬁ Efﬁgfr%g%%l}?r ggﬁ%%(gg ex Fﬁg%lgﬁo%%%sn@? oég gﬁl;rllggn a
Sephacryl pe2tfe ccanbmmllpineem{(EdH WEHEE@CRL-1A). 1M phosphate buffer (pH 7.2)
cont ai ning 50rM NaCl and 5% (v/v) DMBSO. Fractions containing nononelic
conjugate-were coll ected and pool ed. The resulting purified conjugates were
t hen concgﬁ%%@é%—iwm—r‘élﬁa rred cell under nitrogen, using a 1CkDa cut - of f
menbr ane. Concentrations and substitution ratios (nunber of drug nol ecul es
attached per ahuilpbapansloseslpeal a@ﬁlquﬁ@ t@@ﬁMu@aMeé%pmmréd deingthe Hgdlfﬁsi ng

absor banc ﬁgﬂfg‘c ne efficients
of both agttr"g%ody an aﬁ%gn%e%p@cﬁ eac \?\%\ggfl&a}l?ﬁtlbf)é&&g e%/gl %éﬁ measur ed.
Exanpl es afousd steiins, meldndcghmmdasetmmngm dhem@ma hwlmd homobigoualit | bodi es
of the currentq&rﬁnventloa are described in the co-o0 U. S. Patent

S ¥

appl i cat i STwatedpsAepstas §B@k@tal|\(d99@4%6%é%éb@§§ an‘“heeﬁﬂldﬁgﬁn%bterrber
26, 2005. ptd héak}%ﬁagﬁf Ehecﬁa%eeﬁ mﬁllﬂg}w Mﬁ &ﬁk@a&é&é@&%&qﬁ hﬂf& to

Conmpound A was teste prostate carcino
xenogr af t ef PGT GwhlicatiomahV © (IIEI]9ﬂ.8$CF[DEhnimmxe( thisanbwuse Istramrcame‘ﬁadmmau

Ger mant o r ost c er ce [ i | evel s of PSMA
were obt %@%@Bﬁ? Efg)@@%ﬁ’g‘%ét ﬁ’@l?edlami: %3?8 qu%ﬁg)%bgef ol | owi ng
ATCC i nst BugbdmablogP 14/828k-381 chna® @ﬁ%a{%ﬂ@lmg%ﬁ@ MOAQOMN destifteR

i npl ant ed subcut aneousITynl nthe right flank with 2.5 xI 06 LNCaP cells in

0.2 m of irFEgmmpe Picg8C bil)?atpmlrwlﬁ)%/@%a\?l ce were vvel ghed and neasured for
tunor three dinensi o.naI_I y using an electronic caliper tw ce weekly starting
t hr ee weekliMabsImingpizatonst i on. | ndi vi dual tunmor vol une was cal cul ated as

hei ght x width x length. Mce with vascul arized tunors (determ ned by
appear ance of Thegeneratsrfslly bMapmonmlbmlen‘ébczhl@ to@SYLA difaldab peck Weiteo
treatment, 8)&12;%}&“?1&%(? <‘r62§(eﬁp1%ssmg IS‘QM\K gsua%tlgbOd()freneralqrrxlltmu%l?zaPaX 0. Mce

wer e noni {I’l
schemes for HuMab mice are described in Lonberg, N. et al (1994) Nature

368(6474): 856-859; Fishwild, D. et al. (1996) Nature Biotechnology 14: 845-851 and
PCT Publication WO 98/24884. The mice were 6-16 weeks of age upon the first

infusion of antigen. 5-10x10° cells were used to immunize the HuMab mice

intraperitonealy (IP), subcutaneously (Sc) or via footpad injection.

Transgenic mice were immunized twice with antigen in complete Freund’s
adjuvant or Ribi adjuvant IP, followed by 3-21 days IP (up to a total of 11
immunizations) with the antigen in incomplete Freund’s or Ribi adjuvant. The
immune response was monitored by retroorbital bleeds. The plasma was screened by
ELISA (as described below), and mice with sufficient titers of anti-PSMA human
immunogolobulin were used for fusions. Mice were boosted intravenously with

antigen 3 days before sacrifice and removal of the spleen. Typically, 10-35 fusions

73



around 60 days post dosing and term nated at the end of the study. M ce
wer e eut hani zed when the tunors reached tunor end point (1500 mmB) . The
desi gn ofwoOhnas/osesogr aft study is sunmari zed in tabl e 2pTahiseood/oissiCaP
Xenograft Study Summary As shown in Fig. 18, 0.3 nmmmole/kg (referring to the
nol es of t.he cytotoxin ConPoun A) oftﬂthe 2A10- Conpound A conj ugate i nduced
conpl et e FESPELEIESD Srerepeiqrede Sevgralsforenmirestr mmmzed fonfeels . B,

Dose- Respgﬁt%n.St udy Anti-PSMA (2A10) was buffer exchanged into 0.1M
phosphate buifer pH 8.0 containing 50M NaCl and 2mM DTPA, and concentr at ed
to 5.6ng/mM. Antibody was then thiolated by incubation with a 7.5-fold

nol ar excess of 2-imnothiolane for one hour at roomtenperature, foll owed

) QM HEEES AL ral_—i,.g jQi ng 5mM gl yci ne, 2mM DTPA
o, Thi ol at ed anti body was

d o7 9y _USTNg @ Sephiadex & -2 .
et or m nod. _Thi Soicd Wb b RUARESs HlckbicPtn PRIV BB 0o ant i body

determ ned. This was ac
wi th di t hinmgipized diiceew§rBEERYned Thebiabing i dr@SMA 2pRsshyposteacutad t o
determ ne t C entration of protein in the sanples, and then an ali quot
of each s&ﬂgﬁ%e %&Qﬁvlwt%%%toiaﬁt?ﬁ ‘feéHOWtFﬁa‘@Pe!{ﬁ?HWﬂWWsol ution in
et hanol ) Baefl}AndbAUEROrahti PRV LEHRS ' i r alone
pl us DTDP Wer% i ncube{l{%?d allongsi deﬁ%ﬁ%"%)ﬁdﬁ%%Eﬁ%Slgmkl\ﬁggﬁn%%ﬁlgd and

t he nunbewitbfthe dritoPSMgy agibotly piea catittebidy of @6 pigithlat i@ ceH$ Wereamashud i nct i on
coefficient, f.or. thiopyridine of_19 M 1 . The thial ated anti body was then
i ncubat ed®3 piRdigs yvas %F@CWB "4t 3&]&52 g‘gﬁkd enibeman [gG d\be Flow S vipanetic
concent r afdtedvetd YeRfortb@URRg 2 FATRERN AR, t Wi O iy 10% (v/ v)
DVBQY 90% éqv%e ot he{/tls_er?e s a Rl o@tcﬁeéﬂrﬂ,% B @ekioADLkindh, ki 100 (V1Y
anti body &s Wi Antibndidsi thatdotndtortht @8M 4 kymredsing INNCHR bellsttuwenotthe br i ng t he

final i on. 10.5% (v/v). After incubati t 0t t for 2
hours © naiaPSEiA Sfheb i ot bandet ¢ alE i el for etk FOBSH A e | '
chr omat ogbBhISA Re@etdribad B FishasldapPkd £4(1096)2 Brifty SRiafi @5 flafl M

pre-equilibrated in buffer A(50rM HEPES, 5nM gl ycine, 3% (v/v) glycerol, pH
6. 0). Thecqaiduwith marsficda EAMEA & 1-B vguffl én PRS, 100/ wéllsin@bued # Ter A, 5%

buffer B ES, | Lhe % (.v/ v . ral., pH 7.2) and
then anti é‘ge%}%gﬁg%@%k%%%%@W‘é{%ig%%iaiho‘&ﬁ #nirg@g{gﬁﬁ?léye% 90% buf f er
A Fract i @E5%)0Dikitiond\6f seRfReR PISM A GRMinHGdta mi1es RefoldissieshcBRIRAR! ed and
the pH adjusted to 7.2 by addition of nonoethanol am ne. The resulting

purified WeHalsbics I waltourhetanthient jerepprititer Bomisterwes wasbehwitad , 5mv

gl yci ne, 4 4 1 1R n in.a.stirred cell
under ni tg%/%g\r?é,e@dé?‘%fég lﬁé&ﬁgyc“zufthza o?cg : rarhé@ glé]%g?é:(g&&’\f gfr?g rglae{nltlgﬂgy and

subst i t ut campugatedi voith horserbdish pérogidag: (HRIOAGE BRowtdt asohe ebngRiature. After

washing, the plates were developed with ABTS substrate (Sigma, A-1888, 0.22

mg/ml) and analyzed by spectrophotometer at OD 415-495. Mice that developed the
highest titers of anti-PSMA antibodies were used for fusions. Fusions were
performed as described below and hybridoma supernatants were tested for anti-PSMA
activity by ELISA.

Generation of Hybridomas Producing Human Monoclonal Antibodies to PSMA:

The mouse splenocytes, isolated from the HuMab mice, were fused with PEG
to a mouse myeloma cell line based upon standard protocols. The resulting
hybridomas were then screened for the production of antigen-specific antibodies.
Single cell suspensions of splenocytes from immunized mice were fused to one-fourth
the number of SP2/0 nonsecreting mouse myeloma cells (ATCC, CRL 1581) with
50% PEG (Sigma). Cells were plated at approximately 1x10 */well in flat bottom
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anti body nol ecule) of the conjugate was determ ned usi ng absorbance at
280nm and 340nm by reference to the extinction coefficients of both

ant i body woaogaspsond A at each wavel engt h as previ ousl yCrassancmosssThe

i sotype control (anti-CD70 2H5) conjugate was prepared using the sane

met hod except .that elution of conjugate from.the ion-exchange col um was
achi eved WhemRtitesplatn, fallowed bysboytiuoresekAncubation HicsplosHve et i vity of the

conj ugat e : 8 Al IO t@Le Iy : ografts
grown in ?r%%@ﬁ%?%??/{ﬁgt%%%ﬂé% *as d?@ﬁ%@ g@?vdelfs’ henglgjgn o@ l(ﬁ%lﬁs

xenogr af t netinsy, 3i-5% uigem (IGEN) ih DNEM @1&diateeth IGRI3 10U BICHRh Xégioginadse, St udy
Summary hown in Tahl e 3 and Fi gs - ) e/ kg of

ant | - rswﬁ%ai%mw e @ﬁ}g}wg}cplﬁ%ﬁgﬁ_%ﬁfpﬁé"@igtwgwogﬂ%ﬂdﬁ 0
mol e/ kg L£onpe : . n . >6. sel ectivity
(Fig. 20).9 (r)ﬂ%%ﬁ %ﬁ%ﬂ% oflanti -@ﬁ&-’&%ouzgﬁk %ﬁl y1 smﬁ Ct rsémsi ent

toxi city @eregsiltugd-ig 2)edamd imerbichéholAfTheasmpianedwith HE: dndividimswellsTher ef or e,

an over 6-fold thera ti ¢ . Lndex s, i.dentjified for,. i - PSMA- Conmpound A in
NPt unteralied SR oy LIS A RS 5o VEL o bt St RN HRERHSRI 05 s
buf f er exgdi@Rgiafdidd! Onle sMeRIRSBIVMIBRWE®Ih dcEBrl, aRathdh Rab thontPdaNaCl  and
2mM DTPA, and concentrated to 5. 6gg/n1. Ant i body was then thiolated by

i ncubat i onsusily lafter H-1 4 Haysnlhgrantd secreting hybifidrondsi vedre repldted, seisendsour  at

roomtenp ; I ing. | HERES. .buf-f er pH6. 0

cont ai ni ngéagﬁnﬁ (g Ilfy%]?llrpeofg%@%%fg‘i%?ﬁy’ %’?@W‘% gb%géﬂglg?aoll%%ﬁg‘%{%%s 3e ephadex

G 25 col usibclohled at Rhe dwie tbiyhiagiyingddutiati. Thakabl sabclots, wetb tHeatcultiednunber of
thiol groups introduced was determ ned. Thi,s was achi eved by reaction of a
sanpl e of 7t H{rgliageneran spb agmoppts of antthody dn Hssue qriee msmy forfighelhsor bance
at 280nm g@agaa%%%g_d to determne the concentration of protein in the
sanples, and then an aliquot of each sanple (0.9mM ) was incubated with

0.1m DTDP (59@;&{29&{%5 hég'i ,%ﬁ%ﬂgﬁf@@@@ w%ﬁ sg %th:g&%u?tﬁePﬁna[ gm

t enper at ur e. sanples o r dloné wer e | ncubat ed
al ongsi de. Absorbance at 324nm was neasured and the nunber of thiols

present per antibod uantjtated using a xtinction coefficient for
t hi opyri dw%éﬁﬁﬁumi ‘%ﬁérﬁcﬁ‘?fb‘faéic‘,‘éd’q mmﬁm&onﬁ tpadishated with a
2-fol d nol ar excessjieh, £R1Re¥Rdady Sgr the nolar concentration of thiol

?

groups. Conpound A, 5mM st dck solution in 10% (v/v) DMSO 90% (v/v) ethyl ene
gl ycol dinethyl ether, was added to the thiolated anti body along with

UL %2 N S RO DL bSO
ant i body- Gemesynd 16, 2N hnt2C e mbasclpailishtibslibywere dbexaangs i TEayat ogr aphy.
Reaction ?A)EO,V&‘SS, 21%9 é(llg ﬂyl‘}r(i)do?r?as,Srlzgpseecgcgg,olfs?ngcs?;nlégd Ig)élg-tgc%g}qluiesb griici[ ed in SaM
were sequenced using standard DNA sequencing techniques.
The nucleotide and amino acid sequences of the heavy chain variable region of
1C3 are shown in Figure 1A and in SEQ ID NO: 33 and 1, respectively.
The nucleotide and amino acid sequences of the light chain variable region of
1C3 are shown in Figure 1B and in SEQ ID NO: 37 and 5, respectively.
Comparison of the 1C3 heavy chain immunoglobulin sequence to the known
human germline immunoglobulin heavy chain sequences demonstrated that the 1C3
heavy chain utilizes a VH segment from human germline VH 3-30.3, an undetermined
D segment, and a JH segment from human germline JH 6b. The alignment of the
1C3 VH sequence to the germline VH 3-30.3 sequence is shown in Figure 5.
Further analysis of the 1C3 VH sequence using the Kabat system of CDR region

determination led to the delineation of the heavy chain CDR1, CDR2 and CD3
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HEPES, 5nmM gl ycine, 3% (v/v) glycerol, pH 6.0 (buffer A). The colum was
washed with buffer A then with 95% buffer A 5% buffer B (50" HEPES, | M
NaCl , 5nmwol2g@iase2303% (v/v) glycerol, pH 7.2) and then aotiuseayrazsspound A
conjugate was eluted with 10% buffer B, 90% buffer A. Fractions contai ning
nmononeri c conjugate were coll ected and pool ed and the pH adjusted to 7.2 by
addi ti on &igiensmeskevaniy Havise LApRE 55 andintSHQ I3 NG PelB ewsh] ligat e was t hen

di al ysed k&hgctgg?\/l HEPES, 100" NaCl, 5nM gl ycine, 3% (v/v) glycerol, pH
7.2 and thenh concéntrated in a stirred cell under nitrogen, using a 1CkDa
cut - of f nmenbr adempaaseesttihial CdtightashdinSnsinoglobulin seqiehasio (heloteern of dr ug
nol ecul es_attached, per anti body nol ecul e) of the conjugate was determ ned

usi ng absBrBaRk&eETHNeIBIRRPERRUIY Mg chyp sp@icasesfemongiratedthak e dEH) on

coef 11 ¢l efbey hiniRhA.AVL MM CA b ANRAY ggmﬂﬁfe it 8%%'1%?&6&13
pr evi ousl y~neasur ed. e 1sotype control “(anti - ) confugate was
prepar ed frsimigimdvegesaiire i€ th obhedi@aptent dizthe ¢ CatViloseqoéneedo thegatrmlific om t he

i on- excha | um was .achi eved wi_th_13% buffer % huffer A Efficacy
and sel ooV VLS seGoRIaS BB G Ey oo F I A ROUISP 1 (NSO Ran pr ost at o
car ci nomayRR G IedHaB sy BAYOr CORTRLRN @Bk/mRehbh 166 tRSIHasfionRghaRgye. The
desi gn of thése xenograft studieS is summarized in tables 4 & 5. Table 4.

LNCaP Xenolpim DR GdRR ZSunvdnfelpy regdonstaswhown inTEighees 4 Beand 7r-egd id8EQdDsi ngl e | ow
dose of O . / of anti s PSMA- Conpound A greatly inhibited growth of
establi shgﬁsr%égﬂ{&fﬁeﬁpﬁ%‘ﬁy'of average sizes of 240 nmB hi contrast,

0. 15 mmol e/ kg @he hBaétile 260 Ainig) acid sREIEs Af thathelv NI vaitbie repidh lof
efficacy. As shown in Table 5 and Fi 24 | e dose_of 0.30 nmmol e/ kg

of anti - PSR ersribewRdn RiguFride ead ?%@Eaé@i NQ: gﬁ?dnﬁﬁpw%‘mgr owt h of very
| arge LNCaP t “Eﬁé ﬁu&%otﬂiﬁ%&gﬁli% 58 s%fuen Q oF TR 1ihPlafn §maq)%%gi0§%@ogr af t
ach of t at ents, publ i

St udy Sunmmary e patent applications, , ations, and
ot her pubRA3bect shoeune Rignra2B bindeSEQIDMNOe38 adl G, acdpactivelys speci fication is

herei n incorporated.by refe injts.entirety, .to the same extent as if
each i ndi vi duaCopaaarn oSt 2400 Fey b dRungEsb i s RicedA ke

publ i shedpgag g@iﬁilin‘é@a%nﬁxﬁﬁ%hﬁhlﬁ@héa\&y‘éﬁﬂn 's&?leﬁbél%hioﬁs&dié’d fat @d 2haobe

i ncorporated by reference. Wiile the  present invention has been descri bed

wi t h ref eheavyehpin uiigesp¥tl fegmerinfverd bnman gerohlarec ok, 5-5 &, adheegneenb&oomder st ood
by those gkilled in ar at var,ious.changes .m de..and

oui var enfini EUe T2 B e I e Rt POt RERE PR ERR F AR FUEMERIY ¢ and
scope of bhgei2AMeNTH @equRAek oiBe aaARIME U 5151 FFuenkd iAh@ivhiif Figui@by

nodi fications may be nmade to adapt a particular situation, material,

conposi t | Brrtks ap@lysis of the2d@SEH spausaesusing s knbatyysism ok GDRHegiOn] ect i ve,

spirit an . r | t L h i [ jONs are
ht ended (aona0g Hel U8 ERARkioh B Ry ikl I GTRE Saiehs SRy o
SEQUENCE tdgiohis MESéoven @i Fipures 2A and 6, and in SEQ ID NOs: 10, 14 and 18,

respectively.

Comparison of the 2A10 light chain immunoglobulin sequence to the known
human germline immunoglobulin light chain sequences demonstrated that the 2A10
light chain utilizes a VL segment from human germline VK .18 and a JK segment
from human germline JK 4. The alignment of the 2A10 VL sequence to the germline
VK L18 sequence 1s shown in Figure 7. Further analysis of the 2A10 VL sequence
using the Kabat system of CDR region determination led to the delineation of the light
chain CDR1, CDR2 and CD3 regions as shown in Figures 2B and 7, and in SEQ ID
NOs: 22, 26 and 30, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of

2F5 are shown in Figure 3A and in SEQ ID NO: 35 and 3, respectively.
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1. An isol ated human nonocl onal anti body that specifically binds prostate
speci fic nenbrane antigen (PSMA), wherein the antibody has a nelting

t enper at uWwe 20d6/@b23beast 67 0OC. 2. The anti body of clai mpLI/usheoslodsas a
melting tenperature of at least 69 0C. 3. The antibody of claim1, which
has a nelting tenperature of at least 7 1 0C. 4. An isolated nonocl onal
anti body, or afhenuéleggiletsnddinigp gid ssquenaeh of thoflightehapt variable regiosafy chai n

vari abl e ion,that s th r od . derived frama human VH 3-30. 3
gene, whef BT ﬁre;ﬁ’?8waﬁ?rﬁ86%/?%8%‘_£ﬁl$‘%%%ﬁ‘gi %ﬁ%‘%ﬁﬁ&?e Vel i sol ated
monocl onal ant U@ﬁﬁ)ﬁriscﬁf ofdh'eWBh@%}-chaiﬁdﬂnﬂﬁmbglbbhlﬁﬂsdqh@d&% thed@@Rmi Si ng: a)
a heavy chain variable region of a human VH 3-30.3 gene; and b) a |ight

chai n var hampre gerayingAmpungglebwiémbedyy chaig segiisacesdemroastrateddabie 258 dy
n o o j . _ )
ant gen: o LR R VR so Bk R0 niaTRORMR O T iy Rl B i o

that is thempi geltilinedt2)and e Tiiwegméntdona htumiam penfinel JTHS2.g@he alipheei n t he
ant i body sEeci fically binds . .7. _An isol ated ponocl gnal antibody, or an

ds PSMA. | [
ant i gen- bPhtlieRg> PaH stsneeetbogermbipa it 154 pequpneaisiBawyy e HgUFe ¢ar i abl e
regi on of ; : L @é@i i egion of a
human Vk Eﬁ%&%ﬁgﬁ@gﬁ%@?ﬁ%ge%ﬂ ?eg%sé@ @Bgéc}‘?)? I ae?lyyﬁ%gls}g%%%. 8. An
i sol at ed deaogihetsl leditd theadlineation afithiedeavibelmiih 6PRAo CORPrandHeD2of |
conprising: .a) a heavy chain_variagble. regi _.conprisjng an amno acid
sequence ge&lc@%taé QWﬁﬁﬁgeﬁﬁé@d%gﬁgqg&%%Bg@Eéﬂ gﬁéidzg 10, 11, and
12; b) a F@ﬁé’dﬁv@ﬁ@i n variable region CDR2 conprising an am no aci d seguence
sel ected fromthe group consisting of SEQ ID NGs: 13, 14, 15, and 16; c) a
heavy chai n vafeaprasanefiten2ICDRBhtcbaprimsiunggiahulansaquerssitd thediposmce sel ect ed

fromthe Hl O%IE) ggr%ﬂlsniesl}n 1.%n(g31f081§iEnQithc ain se :I‘u7e.’ncél‘sademjt%strﬁgcij th%? t'he%)FISa |1 ght
chain van% e~“redglion U conprrsing an %m no aci sequence sel ect ed from

t he grouplighrchaditititigeDd VEEQuinEhtNEdm hdhan 2ermidd, VEINA 82dd adX gghieght chai n
vari abl e regi on CDR2 c_on})ri Si ng an am no_acid sequence selected fromthe
group con&pPExhupangerming fI54nCkhe slgnmegt ofthe 2K ¥ Logpquencs t9 hegermbipg  chain

vor 20 SRR AN RS PRl sl om L
speci f i cahsiyg HieisbaPSktem 6f CIDReregiohidotetiyinafion leditontl; delineattonad i light s :
chain CDR1, CDR2 and CD3 regions as shown in Figures 3B and 7, and in SEQ ID
NOs: 23, 27 and 31, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of
2C6 are shown in Figure 4A and in SEQ ID NO: 36 and 4, respectively.

The nucleotide and amino acid sequences of the light chain variable region of
2C6 are shown in Figure 4B and in SEQ ID NO: 40 and 8, respectively.

Comparison of the 2C6 heavy chain immunoglobulin sequence to the known
human germline immunoglobulin heavy chain sequences demonstrated that the 2C6
heavy chain utilizes a VH segment from human germline VH 5-51, a D segment from
human germline 6-13, and a JH segment from human germline JH 4b. The alignment
of the 2C6 VH sequence to the germline VH 5-51 sequence is shown in Figure 6.
Further analysis of the 2C6 VH sequence using the Kabat system of CDR region
determination led to the delineation of the heavy chain CDR1, CDR2 and CD3
regions as shown in Figures 4A and 6, and in SEQ ID NOs: 12, 16 and 20,
respectively.

Comparison of the 2C6 light chain immunoglobulin sequence to the known

human germline immunoglobulin light chain sequences demonstrated that the 2C6
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a) a heavy chain variable region COR conprising SEQ 1D NGO 9; b) a heavy
chain variable region CDR2 conprising SEQ ID NO 13; c¢) a heavy chain

vari abl e wegn@vs@BR3 conprising SEQ ID NO 17; d) a |igircTatsaéod/ovzss: abl e
region CDR conprising SEQ ID NO 21; e) a light chain variable region CDR2

i Si SEQ | D NO 25; d f light ch bl CDR3
Sonpri o Rgig@E%amt s 531 s%&neﬁﬁé‘ra@b%@acgénﬁél?ee@ﬂﬁa@ dalk Rmwohpr ses: a)
h ﬁpﬁh?ﬁ%ﬁg heav

2haieﬁvza?| a e reg on(iii I3ggrrprl st ng EQﬁFB@ﬁgﬁgiéAfB %%gtgjcﬁe%é\;’)fhgﬁai n y
vari abl e I’Vé@Lérsecma% sehpwn & RiguSR) FixthDanil§sis o the JG6HVL se@ﬁm&b vari abl e

CDRI SE ht chain variabl e i on CDR2
Conpr 1 i NG EEG PRy g O R FEigh e EHSR e Al oo ek
conpri si ngha@»g@nm DR Bhdldps Taod s AOd 119?15%{65"4@ %%&%@gﬁg ses: a) a

heavy chain vari abl e region conpri si ng eavy chain
vari abl e PNéYi 3 280RE Poreppéctively. SEQ | D NO 15; c) a heavy chain variable

region CDR3 conprising SEQID NGO 19; d) a light chain variable region CDRI
conprising SEQ ID NO 23; e) a light chain variable region CDR2 conpri sing

SEQ I D NOExREn%gle':md Ohafadtér@hition ot Bind gl ﬁﬁkﬁici@wf%tﬁ%&wprl sing SEQ ID

e anti body of claim8, which conprises: a) a heavy chain
varl abI e region CDRHW@PQ’QDWHD})M 12; b) a heavy chain variable
region CDR2 conprising SEQ ID NO 16; c) a heavy chain variabl e regi on CDR3
conprising SEQ ID NGO 20; d) a light chain variable region CDRI conprising

SEQ I D NO 24; Ireﬂnsae)darr@hi binldaigspecificaplas eeghiasd @BBWQ@/fﬂ?ﬁétﬁyd}ga SEQ I D NG
28; and f) a li tchlnvarlabler conprisin I D NO 32. 13.

An i sol at BSHEHGRra el lagerpseRne W%ﬁd@@ﬁsﬁﬂ?%w qdoPrS Aer eof

conprising: a) a heavy chain variable region conprising an am no acid
sequence fgl e e wl RMRegPNsi sting of SEQ ID NOs: 1, 2, 3, and 4
and b) a Tig n conprising an am no acid sequence
selected fromthe group consisting of SEQID NGs: 5, 6, 7, and 8; wherein
the anti body S fic bi nds PSMA. 14. The anti body of claim 13, which
conpri ses: ggﬂb a%%eWFqsglﬂ@O?t@@%We%%k?%L éa?l"i‘@salﬁﬂf@ aci d

sequence Qéteﬁﬁ% te spifidity &hti-PSMA human monoclonal antibodies by flow
cytometry. Binding of the 2F5, 2A10, and 2C6 anti-PSMA human monoclonal
antibodies was assessed by incubating the LNCaP cells with the anti-PSMA human
monoclonal antibodies at different concentrations. The cells were washed and
binding was detected with a FITC-labeled anti-human IgG Ab. Flow cytometric
analyses were performed using a FACScan flow cytometry (Becton Dickinson, San
Jose, CA). The human anti-PSMA monoclonal antibody 7F12 (as described in PCT
Publication WO 03/064606) was used as a positive control and a non-PSMA specific
isotype control antibody was used as a negative control. The results are depicted in
Figure 9. The anti-PSMA human monoclonal antibodies 2F5, 2A10, and 2C6 bound
specifically to the PSMA-expressing LNCaP cells.

Binding specificity by ELISA

A comparison of anti-PSMA antibodies on binding to immunopurified PSMA
was performed by standard ELISA to examine the specificity of binding for PSMA.

PSMA was immunopurified from LNCaP cells and tested for binding against
the anti-PSMA human monoclonal antibodies 1C3, 2A10, 2F5, and 2C6. Standard

ELISA procedures were performed. The anti-PSMA human monoclonal antibodies
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b) a light chain variable region conprising the am no acid sequence of SEQ
I D NO 5.15. The antibody of claim 13, which conprises : a) a heavy chain
vari abl e wego@vsemnpri sing the am no aci d sequence of SEQTIU20d@003852 and b)
a light chain variable region conprising the am no acid sequence of SEQ ID
NO 6. 16. The anti body of claim 13, which conprises : a) a heavy chain
vari abl e wmetg alded shpeimsemptionef arrigiw! anl Wraledidene et b2 sgQdilLi® 3; and b)

a light chain variabl i on _conpri si h mno acid.se nce of SEQ ID
Mo 9T SRR o bR i el Soly RaRThMBel t SRS, e

vari abl e hg@k@Rish PBIVKIdaENAIRINEY A U8 a26dcHnE&R Ry ThSERnhPaNN? 4; and b)
a light chain variable region conprising the am no acid sequence of SEQ ID

NO 8. 18PSMAuoepoeionilentibashpiilgivas usedasmpesiivepcontpl anetd jark wendi ng

portion thereof, of.an ne Qf. ¢l ai - 17, and h eutdcal 1y
accept abl tgseélaal’S rallleeggtlvfﬁnﬁ:ﬂfiﬁ}?urﬁ%u cs)%eu%lgf’v e lgoﬁ%lrr ?%Qngf’%l ggwﬁody, or
ant i gen- bhiieaf ghopeélbhflAntibel @A 1 (0dndPS Honad @fithdigh specikicly to PSMked to a
t her apeutic agent. A conposition conprisin

§ 20. t he i nmunoconj ugat e of
cl ai m 19 Aheanti-pR)iahemar meapelonal eatbedien KCkand %?Xm@?edﬂ%ecta{‘ﬂﬁ(l?%conj ugat e
of claim h R; ' | | o A
compost 11 SRYASHIERA Bnlii b BRAAR S B.A9E ol e b 2 e Ebofles
phar maceubindab layhirmteesipdpitbp eincar ELISA &8ay. The i nmunoconj ugate of claim 19,
wherein the therapeutic agent is a radioactive isotope. 24. A conposition
conprising the i munoconjugate of claim23 and a pharnmaceutically
accept abl gxGaid £7- 25. écﬁbﬁﬂ‘?ﬂﬁdlfsi{@l*lﬁﬁﬂin% AAARY bBhhG-FSMaant i body, or
anti gen-birndrng portion thereof, of" any one of clains 1-17, linked to a
second functional noiety thenichepad agtibédieent bi ndi ng specificity than said
anti body, or antigen binding portion thereof. 26. A conposition conprising
the bispecific nolecule of claim25, and a pharnaceutically acceptable
carrier. b'27d' ATht SRidaieedfifite b£ihe 2Ad 0 AnfiBd B oot theTINOALRBrdskifg prfstagody, or
ant i gen-bi nain

J cancer 8NCaP cell line was tested using a Scatchard analysis.

LNCaP cells were obtained from ATCC (CRL-1740) and grown in RPMI media
containing 10% fetal bovine serum (FBS). The cells were trypsinized and washed once in
Tris based binding buffer (24mM Tris pH 7.2, 137mM NaCl, 2.7mM KCIl, 2mM Glucose,
ImM CaCl,, ImM MgCl,, 0.1% BSA) and the cells were adjusted to 2x10° cells/ml in
binding buffer. Millipore plates (MAFB NOB) were coated with 1% nonfat dry milk in water

and stored a 4 °C overnight. The plates were washed three times with 0.2ml of binding
buffer. Fifty microliters of buffer alone was added to the maximum binding wells (total
binding). Twenty-five microliters of buffer alone was added to the control wells (non-
specific binding). Varying concentration of '*I-anti-PSMA antibody was added to all wells
in a volume of 25ul. Varying concentrations of unlabeled antibody at 100 fold excess was
added in a volume of 25p1 to control wells and 251 of LNCaP cells (2 X 10° celis/ml) in
binding buffer were added to all wells. The plates were incubated for 2 hours at 200 RPM on
a shaker at 4°C. At the completion of the incubation the Millipore plates were washed three
times with 0.2 ml of cold wash buffer (24mM Tris pH 7.2, 500mM NaCl, 2.7mM KCl, 2mM
Glucose, ImM CaClp, ImM MgCl,, 0.1% BSA.). The filters were removed and counted in a
gamma counter. Evaluation of equilibrium binding was performed using single site binding

parameters with the Prism software (San Diego, CA).
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portion thereof, of any one of clains 1-17. 28. An expression vector
conprising the nucleic acid nolecule of claim27. 29. A host cell

conpri si nyotzbh@s/msxBoessi on vector of claim 28. 30. A traRSTAIS2@6cO0ISSE

conpri sing human i munogl obul i n heavy and |ight chain transgenes, wherein
the nouse expresses the antibody of any one of clains 1- 17. 31. A

hybri doma pr epdising the drave seatehsnd bindingassaymhe Ko eiitbe 8440 ehigbddydor BN aP

pr oduces \%\ﬁ d._anti bod t]??q thod of inhibiting gromth of a tunor in a
subj ect , r ?sr?p%qxf g 388 unor or vascul ar endothelial cells proxinmate
to the tunor express PSMA, conprising admnistering to a subject the

anti body, or antigen-binding portion thereof, of any one of clainms 1-17 in
an amount Exemple §:ve to i BpitBPE conpefitiombinding 2sswbr . 33. The method of clai m
32, wherein the tunor is a prostate cancer tunor. 34. The nethod of claim
32, wherein the tunor is of a cancer selected fromthe group consisting of

col on, renal ﬂ‘ﬁehﬁi-PSMmhimbélahal ahﬁbc&BItZA]hﬂ waeimparéd/iera kno@mcmesES MA
mel anona. A et hod for aring an anti-PSVA anti body cor‘rPrl si ng:

provi di ngant(hoﬂydl?%éamsceh%d s Pablicatipr 4YQ &3&%5%@69 exapine Nehen sVe| ng a
CDRI Sequg@%&é@% ok %ﬁ&gpl{o@e%gl&?ugﬁ yn:og@@ghéﬁ agggye.of SEQ I D NGs: 9,

10, 11, an sequen hat™ 1's serl ect rom-t group consi sting
of SEQ | D NGs: LN&aP14lls WEre cotaindbirorail @C CCRB- KdQuamtgrotvinah RIPMI sediect ed

fromthe gr . C jSti of SE ; 18, ' 19,. and 20; aqr (ii).a

[ ont - craribRiedtih B dBsRe s R s dhe brserab i poinkRg a8 tamed Satgimnce

that is seligehed bid M}@erqz%m TROsH I, N97aM REQ, |ZD/n'ﬁ@>KC?:Qm1\22}luc%§e and

24 a CDR2 se%zence is selected fromthe group consi st ?1 of SEQ I D
B,

. 25, bgM Clzahml\@MgCénQ 140 BSA3 ané theeaslle werradjustedsto| 2«4 0 eetllpimdrin t he
t
8&8“’2&%’2%@.& AR MifRpb e ies (MR gdoRy brerAMhichiioh B BRRE A iRln WaRE

sequence, ashstored @S Rriight) Tiegllgted werefwaahed ﬂ@ed"tﬁﬁwwﬁhalzml\oabirﬂhige regi on
ant i body s ence and the |jght chain variable region antibody sequence, to

create at PMeestlvembr-Hre Br@alir bl éleawﬁ%éddeéﬁa theayells BPrssRSCHIF t he
al tered agfishpdy %ﬁ%ﬁ%@ﬁ@enﬁﬁtlﬁl Bf 104§ H-Pﬁxﬁ Vﬁnﬂ&imgs ﬁ‘de& lﬂ?!ﬂ?hf‘%ﬂ@ﬂl Pr
or a ce s of the tunor or

preventing gr tunor 1h a su ject erein
vascul ar esldaichegRbal. Calying conceniratioes dfmnldbeleﬂlaﬁﬁbo@«pﬂseeaiﬂe@ﬁw@elmnmpri si ng
adm nistering to a subject an anti-PSVA ant or. anti gen- bi ndi ng

portion t Melugsfof 254l it af - aRicelis @rKéﬂ elksm% in bigding bysenwere added to
all wells. The plates were incubated for 2 hours at 200 RPM on a shaker at 4°C. At the

completion of the incubation the Millipore plates were washed three times with 0.2 ml of cold
wash buffer (24mM Tris pH 7.2, 500mM NaCl, 2.7mM KCl, 2mM Glucose, 1mM CaCl,,
1mM MgCl,, 0.1% BSA.). The filters were removed and counted in a gamma counter.
Evaluation of equilibrium binding was performed using single site binding parameters with
the Prism software (San Diego, CA). An isotype control antibody was used as a negative
control. The results of competition binding against '**1-2A10 are shown in Figure 11A and
competition binding against '*’I-7F12 are shown in Figure 11B. The results show that
addition of unlabeled 7F12 antibody inhibits the binding of labeled 2A10 to LNCaP cells and
the addition of unlabeled 2A10 antibody inhibits the binding of labeled 7F12 to LNCaP cells.
This demonstrates that the 2A10 and 7F12 anti-PSMA antibodies bind to the same or a very
similar epitope on PSMA.
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in an anount effective to inhibit or prevent growh of the tunor. 37. The
nmet hod of claim 36, wherein the admnistration to said subject of said

ant i - PSMAvarvedseddp or anti gen- bi ndi ng portion thereof, pcm/useoneionsss: on Wit h
said anti-tunor agent, |leads to a synergistic effect on the inhibition of
the gromh of said tunor.38. The nethod of claim 36, wherein said
anti-tunor agent causes danmage in the tunor mass, thereby |eading to a nore

30, “The. mEAPios” . DERFPHERGR B i YSHE bl Rulaklihas, 00 ) <Lne ant § body

of any one of clains 1-17. 40. The nmethod of claim 36, wherein said
anti-PSMA antibody is the 7F12 antibody. 4 1. The nethod, of claim 36,
wherein sai d addii=RSSdA BwYiAbs aprs tested dordha abilify tp peigipalizpintorhdMdet hod of
cl ai m 36, ' j : te G . tg[g? 43, The nmet hod of
cl ai m 36, %%ﬁ%%ﬁ%#%& Céf]% %%I%aolggﬁc%arp Clg% eéltz Eé rsgarl?{'t %Jrg?a 8up

consi st i negestffocmitarmglizatomdf a préatl humanentibbdyathrovghdasting of askdendary i ver,

pancreas an | anoma. . 44. The hod. of ¢l aim 3G, wherein said anti-tunor
agent is éntg??ggfﬁlﬁb?r}gﬁléﬂ?qré%ﬁgé Cﬁﬁlpgqtﬁét‘?@?l‘i%néﬁmoémai m 44, wherein,
sai d chenot her gpgpEiVeA 2YGREsidSprodRIcah&k ball (HOERICAYS) Is-seéfed af P8x IFt hod of

claim 36, wherein said anti-tunor agent is an anti-angi ogeni c agent. 47.
The met hodelsiwell mi 10048, walls eithérroveriight antlie-faligvogeatay ot hows pseddct ed from

t he group_consjstin angi ost.atin -3, Arresten, aaAT, Canstatin, DL-a-
D f I Uor oﬁ&tﬁw t sﬂliltrﬁﬁﬁfe% a@ﬁ@@&é{@?ﬁ@ﬁf%wﬁq a}c{dﬁi tobiivedllsieha StHgcy ol i ne,

St aur 0spoghRentrdthtal dr30HM @nd BRsted UERhat 1 B-s48a) dﬁﬂﬁoﬂ@t&ﬁ)fgo%e%bﬁ&@ 36,
wherein said anti-tunor agent is an i nmunonodul atory agent. 49. The net hod

of cl ai m a@ibogdyéhasisnaaspgcifierfondSdduy et weg asgaegative cortrelc {ldd Huno#ap he gr oup
consistin f anti.-P t | bodi ti- -4 anti bodi.es

ohosphor ol AYrERE TER s b 2Rl b2 301 Epaday and

vacci nes, piafdsevdre ilidwedto ihdiibatel foHkS Routs.( ChIpARks Yeke the balsb&With-(L2 and
interleukin-21, 50. A nmethod of stinulating anti body dependent

cel | - medi a€eaf F-thymaingifer24 npochaokstad audsed ima Fop Glopacscintlkioni n cel | 's of
Lhe U cBn kAR RAMRIRY Rhe RS URAIT el o)k URPSRAR" o3
antibody 2A10 showed an antibody concentration dependent decrease in *H-
thymidine incorporation in PSMA-expressing LNCap prostate cancer cells. This data
demonstrates that the anti-PSMA antibody 2A10 internalizes into a prostate cancer

cell line.
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adm nistering to a subject an anti-PSMA anti body, or antigen-binding
portion thereof, in conbination with an anti-tunor agent both in an anount
ef f ect i vewbDaostasmsbat e anti body dependent cel |l - nedi at ed pcytustansiosissy ( ADCO)
of the tunmor. 51. A method of inhibiting tunor-related cachexia in a

subj ect, wherein cells of the tunor or vascul ar endothelial cells proxinmte
to the tunor express PSMA, conprising admnistering to a subject an

ant i - PSVMA i Y, i i ndi j - p.n conbination with
an anti-t B gq'nt %{ﬁgyﬁggﬁp3%%%%%%&%&%%%%&%? ¥t tunor-rel ated
cachexi a in the subjbgdiffeeatialscannin@daldrixiet@npri sing an anti-PSMA anti body

and an anti-tunor agent in an anount effective to inhibit or prevent growh
of a tunmor and a pharnaceutically acceptable carrier. 53. A conposition

conprising an %Eiﬂiié?ﬁ%t%fik%g‘;ﬂe %QP%O{A%BE%?%%@%&&AM% ampunt

effective to stinulate anti dependent ce rated cytotoxicity (ADCC)
of a tunorompared tethar7ia2 antibaiyl usingaaoepiaiit enadypsis ofthe nekingAcmpéime of
identifying_an anpti-tunor agent capable of acting synergistically with an
anti - PSI\/AOEH}GI%‘BES’/&X'n inhibiting or preventing growth of a tunor,wherein

cell's of the t RtV aRaslraheRS IPLBRNE M mpE&hiufesPMGYd B RS el Buf §ifa t UNDT
express PSMA, conprising: contacting an indicator conposition with: (a) a

test anti MRiQopillagydd$C diffarential byannimgamiciocHshimetanpldstory thatahegmbinetl (¢) bot h
a test anti.-tunor agent -and i PSMA anti o Aangd_conparing the

i ity oA PhosARR oo E0 A Mool MRS AT SR R Pt

anti body ad @ng4 Q.. iMDdtakirktic depd €V BRigleosyhiad ahd dedliidieylated fbiies @lhéi ty of

(c) both the test anti-tunor agent and the anti-PSMA anti body to inhibit or
prevent gebikddiesrwas abtained bykrafiag e samiplsist dt@rropeentiatior af 2. 8AMo fromuddr gr owt h
by (c) in.a nt . that.4s.greater. than the additive effect of (a) and (b)
vt & 1 eadt P53 AUt A s/t BRSPS BRSHR BRBheSR T 57 act i ng
syner gi st ibaffeted suliid (PRS) anpil 7RSNFheaatne DA d¥r was iisediil tid efraice pElweNt i ng
grow h of a tunor. 55. The nmethod of claim54, wherein the indicator
conposi t | GAtainsths molen heat capaeibl by epmparisonro rLhsPORRKEHNEIRIAGS WErED> NEDAREX,

AN k2 Base et MR H R 5 RS T ST HEL il ERRRANE

software Origin v7.0. The clone 2A10 has higher thermostability, with a T, 0f 71.43
°C, compared to 63.05 °C obtained for the clone 7F12.

Example 8: Treatment of in vivo tumor xenografts with a combination of
Taxotere® and the 7F12 antibody

The anti-tumor efficacy of the anti-PSMA 7F12 antibody in combination with
Taxotere® (docetaxel) was tested on LNCaP human prostate carcinoma xenografts
grown in male CB17.SCID mice.

LNCaP prostate cancer cells expressing high levels of PSMA were obtained
from ATCC (Cat# CRL-~1740) and expanded in vitro following ATCC instruction. 8
week-old male CB17.SCID mice from Taconic were implanted subcutaneously in the
right flank with 2.5 x10° LNCaP cells in 0.2 ml of PBS/Matrigel (1:1) per mouse.
Mice were weighed and measured for tumor volume using an electronic caliper twice
weekly starting three weeks post implantation. Tumor volumes were calculated as
height x width x length. Mice with vascularized tumors (determined by the
appearance of the tumors) of 180 mm® were randomized into treatment group and

were dosed per individual body weight on Day 0. Mice were monitored for tumor
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<140> <141> <150> 60/ 748, 417 <151> 2005-12-08 <160> 48 <170> Patentln Ver.
3.3 <210> 1 <211> 124 <212> PRT <213> Honp sapiens <400> 1 A n Val Gn Leu
Val Gu ®020@eyp08@E3y Gy Val Val G n Pro Ay Arg 1 5 10 PETESR0AISSAZ g Leu
Ser Cys Ala Ala Ser Gy Phe Thr Phe Ser Ser Tyr 20 25 30 Ala Met His Trp
Val ArgGInAIaProGI Leu Gu Trp Val 35 40 45 Ala Val lie Ser
Tyr Asp GEjowBarowd 69;%}’51‘19?515 ‘1}95(1118\%{1 WH%Q at/the end obtheatpdyy Mice yerg g Phe

Sor Lou Akl BecEiRritl i nGEfimflend S50l . Jae sk O Ve

Pro Trp Gﬂr}foﬁeﬂtioﬁrigsﬁmmﬂwd ityliablBylr. Taxptek&D mAsﬂos’Idtht QBS)xiBiﬁ)tre\w@hoﬁEﬂ)p Ay Gn
Ay Thr Thr h Ser_Ser 115 120, <210> 11> 119 <212> PRT <213>
Hono sapi 2‘?&&@{&5 @Ila]d’%l IsefyRe peuir éﬂlm@dﬁ%g a@fnﬁll?f@](f A Lys Lys Pro
Gy Gu 1y ﬁ1j—%t%d?%eré@d’se&Yﬁr#bﬁtoﬁ@ﬂ%ﬁ ggﬁxﬁfwo%@éd \@tﬁlgfb& Ser Phe Thr

Ser Asn 20 25 30 Trp Pro Ay yLeu Gu
Trp Met
Table 1: Dosing Information
Treatment Nper | Taxotere | Antibody Dosing Schedule
group | ®Dose iv Dose ip
(mg/kg) | (mg/kg)
PBS 10 Day 0, 3,7, 10, 14, 21, 28, 35, 42, 49, 56
Taxotere® 2 10 2 0 Day 0, 3,7
Taxotere® 4 10 4 0 Day 0, 3,7
Isotype Ab Rituxan® 10 0 30 Day 0, 3,7, 10, 14, 21, 28, 35, 42, 49, 56
7E12 Ab 10 0 30 Day0, 3, 7, 10, 14, 21, 28, 35,42, 49, 56
Taxotere® 2 + 7F12 Ab 10 2 30 Day 0, 3, 7 for Taxotere
Day0, 3,7, 10, 14, 21, 28, 35, 42, 49, 56
Taxotere 2 + Isotype 10 2 30 Day 0, 3, 7 for Taxotere
Rituxan®
Day0, 3,7, 10, 14, 21, 28, 35, 42, 49, 56
Taxotere 4 + 7F12 Ab 10 4 30 Day 0, 3, 7 for Taxotere
Day 0, 3,7, 10, 14, 21, 28, 35, 42, 49, 56
Taxotere 4 + Isotype 10 4 30 Day 0, 3, 7 for Taxotere
Rituxan®
Day 0, 3,7, 10, 14, 21, 28, 35, 42, 49, 56

The results of the foregoing experiments are depicted in Figures 13-16. As
shown in Figures 13A-13B and Figures 14A-14B, 30 mg/kg of the anti-PSMA 7F12
antibody alone modestly decreased the growth of LNCaP tumors. Taxotere® showed
a dose-dependent anti-tumor growth efficacy at the two doses tested (i.e., 2 and 4
mg/kg). Combination therapy of 30 mg/kg of the anti-PSMA 7F12 antibody and 4
mg/kg of Taxotere® showed superior efficacy than each treatment alone and resulted
in near complete inhibition of LNCaP tumor growth (see Figures 13A-13B and
Figures 15A-15B). As shown in Figures 13C-13D and Figures 15C-15D, this

combination regimen also cured the mice of LNCaP-tumor-related cachexia.

83



35 40 45 Ay lielie Tyr Pro Gy Asp Ser Asp Thr Arg Tyr Ser Pro Ser Phe 50
55 60 An Ay Gn Val Thr lie Ser Ala Asp Lys Ser lie Ser Thr Ala Tyr 65 70
75 80 LeuwwdQinoeclisp3der Ser Leu Lys Ala Ser Asp Thr Al a MpCTM®RR006W0S8EYs 85 90
95 Ala Arg G n Thr Ay Phe Leu Trp Ser Ser Asp Leu Trp Gy Arg Ay 100 105
110 Thr Leu Val Thr Val Ser Ser 115 <210> 3 <211> 119 <212> PRT <213> Hono
sapi ens <40mbiption thepny o3¢ melkevhtheani-RMAGH] 2 aptibegyand meskg ofys Pro Gy

Gu1l51 ie. T Thr S
1 107, KOy bk e s 0 b g S ST
Met 35 40 14D At \Figires 16/613D). PheofogpinksintSéesmdspatthin sA0givEynd pedsitly o Ser

Phe 50 55 60 G n Gy G n Val Thr H e Ser %a Asp. Lys Ser. . H e Ser Thr Al a
hagly inpombypati

Tyr 65 70SY5rgetiq gfecephibeaptiASHISIF 12 gl o Withdaxgiee®et Tyr Tyr

Cys 85 90,85, g Mim Bh8s bediald meey, Phe Asp Leu Trp Gy Arg
Gy 100 165 H&%@r%ﬁ\%gt% \1}§| Tﬁ‘rsys\/al B 622105 4 <211> 121 <212> PRT
<213> Hono sapi ens <400> 4

Example 8: Assessment of cell killing of a toxin-conjugated anti-PSMA antibody

on prostate cancer cell lines

In this example, anti-PSMA monoclonal antibodies conjugated to a toxin were
tested for the ability to kill PSM A+ prostate cancer cell lines in a cell proliferation
assay.

The anti-PSMA HuMAb antibody 2A10 was conjugated to a toxin via a
linker, such as a peptidyl, hydrazone or disulfide linker. Examples of toxin
compounds that may be conjugated to the antibodies of the current invention are
described in the filed application with Attorney Docket No. 04280/100M629US3,
filed on September 26, 2005. The PSMA-expressing prostate cancer cell line LNCaP
was seeded at 2.5x10" cells/wells in 100 pl wells for 3 hours. An anti-PSMA
antibody-toxin conjugate was added to the wells at a starting concentration of 30 nM
and titrated down at 1:3 serial dilutions. An isotype control antibody that is non-
specific for PSMA was used as a negative control. Plates were allowed to incubate
for 72 hours with either a wash at 3 hours or a continuous wash. The plates were then
pulsed with 1.0 pCi of *H-thymidine for 24 hours, harvested and read in a Top Count
Scintillation Counter (Packard Instruments, Meriden, CT). The results are shown in
Figure 17A (three-hour wash) and 17B (continuous wash). The anti-PSMA antibody
2A10 showed an antibody-toxin concentration dependent decrease in *H-thymidine
incorporation in PSMA-expressing LNCaP prostate cancer cells. The ECsq values for
the anti-PSMA antibody 2A10 was 0.157 nM for the wash assay and 0.0643 nM for
the continuous wash assay. This data demonstrates that anti-PSMA are cytotoxic to

prostate cancer cells when conjugated to a toxin.
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Gu Val An Leu Val An Ser Gy Ser Qu Val Lys Lys Pro Ay Gu 1 5 10 15
Ser Leu Lys lie Ser Cys Lys Gy Ser Ay Tyr Ser Phe Thr Asn Tyr 20 25 30
Trp lie Gvp 200608¥Bbh Arg G n Met Pro Gy Lys Ay Leu G uPTCruskmec/odssz0 45
Gy lielie Tyr Pro Ay Asp Ser Asp Thr Arg Tyr Ser Pro Ser Phe 50 55 60
AGn Gy Gn Val Thr lie Ser Ala Asp Lys Ser He Ser Thr Ala Tyr 65 70 75 80
Leu G n TEXAMPILe?: DeYiveStudies Ser Asp Thr Tyr Tyr Cys 85 90 95

Gn gy Thr Lot O expiliocgh A n%% %%‘ﬂﬁg%%%ﬁeﬁ RoFEAE Py
<213> Honmgestddbeihs asiidpro G11ARSM AN grdstate dadderidet] ks inSav0o.Pro Ser Ser Leu Ser

Ala Ser Val Gy 1 5 10 15 Asp Arg Val Thr He Thr Cys Arg Ala Ser Gn Gy H
e Ser Ser Ala 20 25 30 Leu Ala Trp Tyr An AGn Lys Ser Gy Lys Ala Pro Lys

e S S Bl @t ey o 00 S Y S Fro 09
Leu Gn Pro 65 Tﬁé) aﬂ'tSPSMH-ImI\Mb 2R e afd an iEbtyp?Eywnthlranﬁb@dyGWre@hmh Phe Asn Ser
-{% r5 <5 r18> L uﬁ%rleicg d -IJ_IPCO Opltl]\i pl%s%hate %ugery pI:lrg] E) Xtam\lll?é SOmM Na& y s 100

2mM DTPA, and concentrated to 6mg/ml. Both antibodies were then thiolated by

incubation with a 25-fold molar excess of 2-iminothiolane for one hour at room

temperature, followed by desalting into 0.1M phosphate buffer pH6.0 containing

50mM NaCl and 2mM DTPA buffer using a Sephadex G-25 column. Thiolated

antibodies were then maintained on ice, whilst the number of thiol groups introduced

was determined. This was achieved by reaction of a sample of thiolated antibody with

dithiodipyridine (DTDP). The absorbance at 280nm was measured to determine the

concentration of protein in the samples, and then an aliquot of each sample (0.9ml)

was incubated with 0.1ml DTDP (5mM stock solution in ethanol) for 10 minutes at

room temperature. Blank samples of buffer alone plus DTDP were incubated

alongside. Absorbance at 324nm was measured and the number of thiols present per

antibody quantitated using an extinction coefficient for thiopyridine of 19800M™. In

the case of anti-PSMA 5.3 thiols per antibody were introduced, and in the case of the

isotype control 6.0.

The thiolated antibodies were then incubated with a 3 fold molar excess of

Compound A over the molar concentration of thiol groups.
0]

A\
HN~<—\ o/ O\—/O—\——O/_I-}N~<\/ T\;o?
o) o)

Compound A
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<212> PRT <213> Hono sapiens <400> 6 Ala lie Gn Leu Thr G n Ser Pro Ser
Ser Leu Ser Ala Ser Val Ay 1 5 10 15 Asp Arg Val Thr lie Thr Cys Arg Ala
Ser A n Asp2bies®sn Ser Ala 20 25 30 Leu Ala Trp Tyr G rCEUS20088085D Gy
Lys Ala Pro Lys Leu Leu lie 35 40 45 Tyr Asp Ala Ser Ser Leu Gu Ser Ay
Val Pro Ser Arg Phe Ser Ay 50 55 60 Tyr Gy Ser Gy Thr Asp Phe Thr Leu
Thr lie AémI\Seuoclgaqlu@nuanS&of?@m@@d Agvgs addedpp gheghiglafed amfippdiyr Cys G n

o Lys 100mggan syt thgsoapide 13 Ut padtenlibnSenmSh Bl Bane. 7'

lie Gn LagedHeubdtionaefoddi Qn%@fatlﬁ%rfoﬂ-ﬁhbtﬁ@ﬂw‘id}ﬁoﬁﬁé indabatdrymiktre 10 15 Asp
Arg Val Thr lie Thr Cys Ar a Ser An Asp He Ser Ser Ala 20 25 30 Leu

Ala Trp Tyes@iseddd. ()I}}Syl&iﬁéth@l?/la@ xh%arﬁmdw‘sowé UCqILates WREe 45 Tyr
Asp Al a | 25 60 Ser
Gy Ser Gﬁ{‘?“? : ﬁi‘ﬁgy gﬁg © pm&u at“Er"’g’hg dggeg’hg‘qgl chﬁ% ‘%“‘mi 70 75 80 G u
Asp Phe Ale@uﬁlblfateﬁWithTQ’ 1My sphate GhffierPpH 7/H)rcofinidy 50RMONEELarfdS %90 95Thr Phe
Gy Gy Gy Thr d/sVIGulleLyslleLy5100105<1O 8
(v/v) DMSO. Fractions containing monomeric conjugate were collected and pooled.
The resulting purified conjugates were then concentrated in a stirred cell under
nitrogen, using a 10kDa cut-off membrane. Concentrations and substitution ratios
(number of drug molecules attached per antibody molecule) of the conjugates were
determined using absorbance at 280nm and 340nm, by reference to the extinction
coefficients of both antibody and Compound A at each wavelength as previously
measured. Examples of other toxin compounds that may be conjugated to the
antibodies of the current invention are described in the co-owned U.S. Patent

application with Attorney Docket No. 04280/100M629US3, filed on September 26,
2005.

Anti-tumor efficacy of anti-PSMA (2A10 clone) conjugated to Compound A
was tested on LNCaP, which is human prostate carcinoma xenografts, grown in male
CB17.SCID mice (available from Taconic, Germantown, NY). LNCaP prostate
cancer cells expressing high levels of PSMA were obtained from ATCC (Cat# CRL-
1740) and expanded in vitro following ATCC instruction. 8 week-old male
CB17.SCID mice from Taconic were implanted subcutaneously in the right flank with
2.5 x10% LNCaP cells in 0.2 ml of PBS/Matrigel (1:1) per mouse. Mice were weighed
and measured for tumor three dimensionally using an electronic caliper twice weekly
starting three weeks post implantation. Individual tumor volume was calculated as
height x width x length. Mice with vascularized tumors (determined by appearance of
the tumors) of appropriate sizes were randomized into treatment groups and were
dosed per individual body weight on Day 0. Mice were monitored for tumor growth
around 60 days post dosing and terminated at the end of the study. Mice were
euthanized when the tumors reached tumor end point (1500 mm?). The design of this

xenograft study is summarized in table 2.
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<211> 108 <212> PRT <213> Hono sapiens <400> 8 Gu lie Val Leu Thr A n Ser
Pro Ala Thr Leu Ser Leu Ser Pro Gy 1 5 10 15 Qu Arg Ala Thr Leu Ser Cys
Arg Al a SEO02@8a08B8n Val Ser Ser Tyr 20 25 30 Leu Al a Tr pCTyUS2@B6/00385n Lys
Pro Gy Gn Ala Pro Arg Leu Leu He 35 40 45 Tyr Asp Ala Ser Asn Arg Al a
Thr Gy He Pro Ala Arg Phe Ser Gy 50 55 60 Ser Gy Ser Gy Thr Asp Phe
Thr Leu Thr H e Ser Ser Table GLNGahbXe®rgt ImdgGutinarasp Phe Ala Val Tyr Tyr
Cys Gn An Arg Ser Asn Trp Pro Leu 85 90 95 Phe Thr Phe Gy Pro Ay Thr

LyS Val vo 100 105 <210 Q<2115 0 <2195 DI <213> Honp eapi ens

Ca—a—y =

<400> 9 Ser Tyr Heamgpt s { Rescpgelied Nyen %ﬂsiegjéwiﬂﬁ“wéﬁ‘é@“@fcm

sapi ens <400> 10 Ser Asn Trp |H EV¢Y) H &91B1 F9ut& 7119t Bayed pw’) PR <213>
Hono sapi ¢ns<400>vehicie - 3 ip 100
Isotype Ab-Cmpd A Conjugate 0.3 3 ip 100
2A10-Cmpd A Conjugate 0.3 3 ip 100

As shown in Fig. 18, 0.3 pmole/kg (referring to the moles of the cytotoxin
Compound A) of the 2A10-Compound A conjugate induced complete regression of
all three established small LNCaP tumors.

B. Dose-Response Study

Anti-PSMA (2A10) was buffer exchanged into 0.1M phosphate buffer pH 8.0
containing 50mM NaCl and 2mM DTPA, and concentrated to 5.6mg/ml. Antibody
was then thiolated by incubation with a 7.5-fold molar excess of 2-iminothiolane for
one hour at room temperature, followed by desalting into SOmM HEPES buffer pH
6.0 containing SmM glycine, 2mM DTPA and 3% (v/v) glycerol using a Sephadex G-
25 column. Thiolated antibody was maintained on ice, whilst the number of thiol
groups introduced was determined. This was achieved by reaction of a sample of
thiolated antibody with dithiodipyridine (DTDP). The absorbance at 280nm was
measured to determine the concentration of protein in the samples, and then an aliquot
of each sample (0.9ml) was incubated with 0.1ml DTDP (5SmM stock solution in
ethanol) for 10 minutes at room temperature. Blank samples of buffer alone plus
DTDP were incubated alongside. Absorbance at 324nm was measured and the
number of thiols present per antibody quantitated using an extinction coefficient for

thiopyridine of 19800 M™.

The thiolated antibody was then incubated with a 2-fold molar excess of
Compound A over the molar concentration of thiol groups. Compound A, 5mM stock
solution in 10% (v/v) DMSO/90% (v/v) ethylene glycol dimethyl ether, was added to
the thiolated antibody along with sufficient ethylene glycol dimethyl ether to bring the
final concentration to 5% (v/v). After incubation at room temperature for 2 hours the
antibody-Compound A conjugate was purified by ion-exchange chromatography.

Reaction mix was applied to an SP-Sepharose column pre-equilibrated in buffer A
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Ser Asn Trp lie Gy 1 5 <210> 12 <211> 5 <212> PRT <213> Hono sapi ens <400>
12 Asn Tyr Trp lie Ay 1 5 <210> 13 <211> 17 <212> PRT <213> Honp sapi ens
<400> 13 waloddmBer Tyr Asp Gy Asn Asn Lys Tyr Tyr Al achas2@®enoidgal Lys 1
5 10 15 Ay <210> 14 <211> 17 <212> PRT <213> Honp sapiens <400> 14 lie lie
Tyr Pro Gy Asp Ser Asp Thr Arg Tyr Ser Pro Ser Phe Gn 1 5 10 15 Ay <210>
15 <211> iSﬂnMﬁEPESaﬁnMngwim&%é&ﬁimro&Mﬁ%The eoluna Wasrwashed Gy Asp

Ser Ash TG 188 ggﬁl;%jﬁaffe@h& &, Butrer Hborimr (HEBES 1 N G 17

<212> PRT
glycine, 3% (v/v) glycerol, pH 7.2) and then antibody-Compound A conjugate was

eluted with 10% buffer B, 90% buffer A. Fractions containing monomeric conjugate
were collected and pooled and the pH adjusted to 7.2 by addition of
monoethanolamine. The resulting purified conjugate was then dialysed into 50mM
HEPES, 100mM NaCl, SmM glycine, 3% (v/v) glycerol, pH 7.2 and then
concentrated in a stirred cell under nitrogen, using a 10kDa cut-off membrane.
Concentrations and substitution ratios (number of drug molecules attached per
antibody molecule) of the conjugate was determined using absorbance at 280nm and
340nm, by reference to the extinction coefficients of both antibody and Compound A
at each wavelength as previously measured. The isotype control (anti-CD70 2HS5)
conjugate was prepared using the same method except that elution of conjugate from

the ion-exchange column was achieved with 15% buffer B, 85% buffer A.

Efficacy and selectivity of the conjugates was determined using LNCaP
human prostate carcinoma xenografts grown in male CB17.SCID mice as described

above. The design of this xenograft study is summarized in table 3.

Table 3. LNCaP Xenograft Study Summary

Treatment Dose (umole/kg | N per | Dosing | Average Tumor Volume
Cytotoxin) group | Route at Day -1 (mms)
Vehicle - 9 ip 160
Isotype Ab- | 0.05,0.15,0.30, 9 ip 160
Cmpd A 0.45,0.60,0.90
2A10-Cmpd A} 0.05,0.15,0.30, 9 ip 160
0.45,0.60,0.90

As shown in Table 3 and Figs. 19-20, 0.15 pmole/kg of anti-PSMA-
Compound A (Fig. 19) had better anti-tumor efficacy than 0.90 umole/kg of isotype
control-Compound A, indicating at least >6x selectivity (Fig. 20). 0.90 pmole/kg of
anti-PSMA-Compound A only showed transient toxicity (Figs. 21-22) and was below
the maximum tolerated dose. Therefore, an over 6-fold therapeutic index was

identified for anti-PSMA-Compound A in LNCaP-tumor-bearing mice.
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213 oo o8 35, B B P S B Mgt /o0
containing 50mM NaCl and 2mM DTPA, and concentrated to 5.6mg/ml. Antibody
was then thiolated by incubation with a 9-fold molar excess of 2-iminothiolane for
one hour at room temperature, followed by desalting into 50mM HEPES buffer pH6.0
containing 5SmM glycine, 2mM DTPA and 3% (v/v) glycerol using a Sephadex G-25
column. Thiolated antibody was maintained on ice, whilst the number of thiol groups
introduced was determined. This was achieved by reaction of a sample of thiolated
antibody with dithiodipyridine (DTDP). The absorbance at 280nm was measured to
determine the concentration of protein in the samples, and then an aliquot of each
sample (0.9ml) was incubated with 0.1ml1 DTDP (5mM stock solution in ethanol) for
10 minutes at room temperature. Blank samples of buffer alone plus DTDP were
incubated alongside. Absorbance at 324nm was measured and the number of thiols
present per antibody quantitated using an extinction coefficient for thiopyridine of
19800M™.

The thiolated antibody was then incubated with a 2-fold molar excess of
Compound A over the molar concentration of thiol groups. Compound A, SmM stock
solution in 10% (v/v) DMSO 90% (v/v) ethylene glycol dimethyl ether, was added to
the thiolated antibody along with sufficient ethylene glycol dimethyl ether to bring the
final concentration to 5% (v/v). After incubation at room temperature for 2 hours the
antibody-Compound A conjugate was purified by ion-exchange chromatography.
Reaction mix was applied to an SP-Sepharose column pre-equilibrated in 50mM
HEPES, 5mM glycine, 3% (v/v) glycerol, pH 6.0 (buffer A). The column was
washed with buffer A, then with 95% buffer A, 5% buffer B (50mM HEPES, 1M
NaCl, 5mM glycine, 3% (v/v) glycerol, pH 7.2) and then antibody-Compound A
conjugate was eluted with 10% buffer B, 90% buffer A. Fractions containing
monomeric conjugate were collected and pooled and the pH adjusted to 7.2 by
addition of monoethanolamine. The resulting purified conjugate was then dialysed
into 50mM HEPES, 100mM NaCl, 5SmM glycine, 3% (v/v) glycerol, pH 7.2 and then
concentrated in a stirred cell under nitrogen, using a 10kDa cut-off membrane.
Concentrations and substitution ratios (number of drug molecules attached per
antibody molecule) of the conjugate was determined using absorbance at 280nm and

340nm, by reference to the extinction coefficients of both antibody and Compound A
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Arg Ala Ser An Gy lie Ser Ser Ala Leu Ala 1 5 10 <210> 22 <211> 11 <212>
PRT <213> Honp sapiens <400> 22 Arg Ala Ser G n Asp lie Ser Ser Ala Leu Ala
15 10 <M020@38sBh1> 11 <212> PRT <213> Honp sapi ens <200mwS2@6A03$SAl a Ser
Gn Asp lie Ser Ser Ala Leu Ala 1 5 10 <210> 24 <211> 11 <212> PRT <213>
Honmo sapi ens <400> 24 Arg Ala Ser G n Ser Val Ser Ser Tyr Leu Ala 1 5 10
<210> 25 apaath wavelength apREeviEBrmedsisds dE e39sypeaootoBniaED A 2HBer Ser Leu

S Ser b oonigtal Brephrtl Tsihe e e TS dibept MAPriAR SRt HaR AP A2
Ser Ser Leu t© 8&F
the ion-exchange column was achieved with 15% buffer B, 85% buffer A.

Efficacy and selectivity of the conjugates was determined using LNCaP
human prostate carcinoma xenografts grown in male CB17.SCID mice as described

above. The design of these xenograft studies is summarized in tables 4 & 5.

Table 4. LNCaP Xenograft Study Summary

Treatment Dose (umole/kg | Nper | Dosing | Average Tumor Volume
Cytotoxin) group | Route at Day -1 (mm3)
Vehicle - 8 iv 240
Isotype Ab-Cmpd A 0.15 8 iv 240
2A10-Cmpd A 0.15 8 iv 240

As shown in Table 4 and Fig. 23, a single low dose of 0.15 umole/kg of anti-

PSMA-Compound A greatly inhibited growth of established large LNCaP tumors of

average sizes of 240 mm”. In contrast, 0.15 pmole/kg of isotype control-Compound

A had minimal anti-tumor efficacy. As shown in Table 5 and Fig. 24, a single dose of

0.30 pmole/kg of anti-PSMA-Compound A induced regression and inhibited growth

of very large LNCaP tumors of average sizes of 430 mm®.

Table 5. LNCaP Xenograft Study Summary

Treatment Dose (umole/kg | N per | Dosing | Average Tumor Volume
Cytotoxin) group | Route at Day -1 (mm3)
Vehicle - 6 ip 430
2A10-Cmpd A | 0.15,0.30,0.45 6 ip 430

Each of the patent applications, patents, publications, and other published

documents mentioned or referred to in this specification is herein incorporated by

reference in its entirety, to the same extent as if each individual patent application,

patent, publication, and other published document was specifically and individually

indicated to be incorporated by reference.
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1 5<210> 27 <211> 7 <212> PRT <213> Hono sapi ens <400> 27 Asp Al a Ser Ser
Leu Qu Ser 1 5 <210> 28 <211> 7 <212> PRT <213> Honp sapi ens <400> 28 Asp
Al a Ser As0200apsgd3a Thr 1 5 <210> 29 <211> 9 <212> PRT 218r820460058SApI €ns
<400> 29 G n dn Phe Asn Ser Tyr Pro Leu Thr 1 5 <210> 30 <211> 9 <212> PRT
<213> Honp sapi ens <400> 30 G n Gn Phe Asn Ser Tyr Pro Leu Thr 1 5 <210>
31 <211> 9 <213¥¢hileRite present inwention has begs destoibed with@plsregratorthe spesifiGer Tyr
AR Tgrrnb%di?neﬁtzs]tgéegg it should be understood by those skilled in the art that various

changes may be made and equivalents may be substituted without departing from the

true spirit and scope of the invention and the appended claims. In addition, many

modifications may be made to adapt a particular situation, material, composition of

matter, process, process step or steps, to the objective, spirit and scope of the present

invention. All such modifications are intended to be within the scope of the claims

appended hereto.
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<211> 10 <212> PRT <213> Honp sapiens <400> 32 G n Gn Arg Ser Asn Trp Pro

Leu Phe Thr

<221> CDSVE20@#801) . .

ggc gtg gtc cag cct
Val

ggg agg 48 G n Val

G n Leu Val

G u Ser

Cys Ala Ala Ser

1 5 10<210> 33 <211> 372 <212> DNA <213> Honop sapi ens <220>
(372) <400> 33 cag gtg caa ctg gt @Cyarg2a06100339y gga
Gy Gy Ay Vval

Gn Pro Ay Ar 10 15 tec ctg aga etc tec tgt gca gcc tct gga ttc
ace ttc am-& %FCﬁE@EENlGEM&_QEQeu Ser Gy Phe Thr Phe

Ser Ser 20 J0—¢ge 90 ¢ get aat—ogg ctg
gag tgg gt éEQEL&Pa Sﬁ@@gEVal Ar 99“%3#’&7(2 Pros(g(;ﬁ@gg Gy Ley{Qu Trp
Val 35 40[ 45 gca gt tvﬁtaaa_qgg tat gat dgg aac aal ygaeprac. i aesgca gag tec
gtg 192 a Val H Ser Tyr Asp Gy n Asn Lysi{Tyr Tyr Ala Asp Ser||Val 50
55 60 aag @gc _cga tt‘éHacanAﬂ@ tec aga g?élc aat taé/I%l@@Rdaeca a%a.“gOctg tlat 240
LyS Gy 15\ rllc |h| I'\I U r\olJ ASt 30CI I_yo C 1 F uu -?0 75 80
ctg caa atg aac age ZE get gag g"c2 acg get 8?{; Pgt 215 288 |Leu A n
Met Asn Sey Leu Arg m«a.as&emsp Tt Al[gaval 1y | % CBra 555’2% 95 gd¢ aga
gcc gtc ¢pec tgg gga teg agg tac tac tgac tac ggtiatg gac 336 Ala Arg|Al a Val
Pro Trp @y Ser Arg Tyr Tyr Tyr Tyr Gly Met Asp| 100 105 110 gtc tgg|ggc caa
ggg ace apg—gte—ace t-ea—3F2Vat—Hp—Sy-Gn-Gy—Fhr—Fhr—Vah | Thr Val
299 3°° #r§ Kaa 103 25 FecBRE aics

6 VK a.a. 2A10 26 VK CDR2 a.a. 2A10

7 VK a.a. 2F5 27 VK CDR2 a.a. 2F5

8 VK a.a. 2C6 28 VK CDR2 a.a. 2C6

9 VH CDRI1 a.a. 1C3 29 VK CDR3 a.a. 1C3

10 VH CDRI1 a.a. 2A10 30 VK CDR3 a.a. 2A10

11 VH CDR1 a.a. 2F5 31 VK CDR3 a.a. 2F5

12 VH CDRI1 a.a. 2C6 32 VK CDR3 a.a. 2C6

13 VH CDR2 a.a. 1C3 33 VHn.t. 1C3

14 VH CDR2 a.a. 2A10 34 VHn.t. 2A10

15 VH CDR2 a.a. 2F5 35 VH n.t. 2F5

16 VH CDR2 a.a. 2C6 36 VHn.t. 2C6

17 VH CDR3 a.a. 1C3 37 VKn.t. 1C3

18 VH CDR3 a.a. 2A10 38 VK n.t. 2A10

19 VH CDR3 a.a. 2F5 39 VK n.t. 2F5

20 VH CDR3 a.a. 2C6 40 VK n.t. 2C6

41 VH 3-30.3 germline a.a. | 43 VK L18 germline a.a.

42 VH 5-51 germline a.a. 44 VK L6

45 JH6Db germline a.a. 47 JK3 germline a.a.

46 JK4 germline a.a. 48 (Glys -Ser)s a.a.
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115 120 <210> 34 <211> 357 <212> DNA <213> Honp sapi ens <220> <221> CDS
<222> (1) ..(357)<400> 34 gag gtg cag ctg gtg cag tct gga gca gag gtg aaa
aag ccc gyo20@ysdB80d u Val G n Leu Val A n Ser Gy Al a @cuwogaloclysstys Pro
Gy Gu 15 10 15 tct ctg aag ate tec tgt aag ggt tct gga tac age ttt ace
agt aac 96_Ser .Leu Lys lie Ser Cys Lys Ay Ser Gy Tyr Ser Phe Thr Ser Asn
20 25 30 tY§° B ggc tgg gtg cge cag atg ccc ggg aaa ggc ctg gag tgg atg
144 Trp lie Ay Trp Val Arg Gn Met Pro Ay Lys Gy Leu Gu Trp Met 35 40
45 ggg ate ate tat cct ggt gac tct gat ace aga tac age ccg tec ttc 192 Gy
lie lie Tyl ProA@splafsihuBen newciinal atipody thaSspecificallBbindPpmstfe 55 60 caa

ggc cag gtc ace at.e tea.gee ca te.age a ege tac 240 G n Ay An
Val Thr He Sersmﬁlﬁc ﬂ?ﬂﬁg@? %ﬁgeﬂ-ﬁ%l\é‘gi ‘%‘?Fen)ﬁ? WEO%SE“?‘@ “7%1%55 ctg cag tgg
age age ctg aagedpQahufofaleBC67 Yee atg tat tac tgt 288 Leu G n Trp Ser Ser
Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys 85 90 95 gcg agg caa act ggt

ttc etc tgg tec tec gat etc tgg ggc cgt ggc 336 Ala Arg G n Thr Gy Phe Leu
Trp Ser Sey Aspnleu..lr -Ar . 00 1 110 ace ct C t,~Jtc tec tea
357 Thr Lel VaFFhFha%‘tl%y‘gecgalgeg %éﬂiaffdgagggﬁefﬁ ﬁ%’ffqég%’%‘ *<213> Hono
sapi ens

3. The antibody of claim 1, which has a melting temperature of at least 71 °C.

4, An isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a heavy chain variable region that is the product of or derived from

a human Vg 3-30.3 gene, wherein the antibody specifically binds PSMA.

5. An isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising:
a) a heavy chain variable region of a human Vy 3-30.3 gene; and
b) a light chain variable region of a human Vk .18 gene;
wherein the antibody specifically binds PSMA.

6. An isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a light chain variable region that is the product of or derived from

a human Vg L18 gene, wherein the antibody specifically binds PSMA.

7. An isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising:
a) a heavy chain variable region of a human Vg 5-51 gene; and
b) a light chain variable region of a human Vk L18 gene;
wherein the antibody specifically binds PSMA.
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<220> <221> CDS <222> (1) ..(357) <400> 35 gag gtg cag ctg gtg cag tct gga

gca
Val

tac
Phe
ctg
Trp
ttc

gag
Lys
agt
Thr
gag
Met
192

gtg aaa aag ccc ggg gag 48 Au Val Gn Leu Val Gn Ser Ay Ala Qu
Llwe 200608@3y Gu 1 5 10 15 tct ctg aag ate tec t@CTABOGYLSSSZt gga
ttt ace age aac 96 Ser Leu Lys He Ser Cys Lys Gy Ser Ay Tyr Ser
Ser Asn 20 25 30 tgg ate ggc tgg qQtg .cg¢ cag atg ccc, ggg aaa ggc
tdy at &q@glaﬁd@w@?@pba@%ﬁdwﬁr ap %en@lﬂgl%i) ‘iﬂ%%@r?ofLys Gy Leu Gu
35 40 %ﬁ&ﬁsﬁﬁ%@ ate tat cct ggt gac tct gat ace aga tac age ccg tec
Ay lielre r Pro Gy Asp Ser Asp Thr Arg Tyr Ser Pro Ser Phe 50

55 60 caa ggc caghgtwy dee erblegagign CRRCcangriteramiminageidsegueyce t ac 240

G n
ctg
Trp
caa
Ay
gtc
DNA
cag

Ay
cag
Asn
act

tec

<213> Honp ‘LAGFBRCIES,

ctg

A n Val Thr Ll Ala Asp.L e S Al a T 65 70 75 80
Lo aaceliged g Begguieafindd SQ ofos®, WAL 13y 288 Lew an
Ser Leup)laRavy éhaiflarBSR rEBion PR MBS mPNding M arfti® BRI s%%u%'éz ?ggGa%aThr

ggt ttc'etc tgg tec ttc gat etc t Cc cgt ggc 336
Phe Leu Tr pelgeted fiom thegroupconpigtiogg of Sig(gl%%\l@sxdé, 118515141@1 Hge ctg gtc act

tea 357.Thr Leli1 Val T Val er 115 <210>. 36 <211> 363 <212>
iagls s Bop EURS Spuirislye &1 asipd Regtenie e ot
gt g cageletfed G®an the LrEldtcobistifae QY IDM0YAg, BRd 944hd 20;

d) a light chain variable region CDR1 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 21, 22, 23, and 24;

e) a light chain variable region CDR2 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 25, 26, 27, and 28; and
f) a light chain variable region CDR3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 29, 30, 31, and 32;
wherein the antibody specifically binds PSMA.

9. The antibody of claim 8, which comprises:
a) a heavy chain variable region CDR1 comprising SEQ ID NO: 9;
b) a heavy chain variable region CDR2 comprising SEQ ID NO: 13;
c) a heavy chain variable region CDR3 comprising SEQ ID NO: 17,
d) a light chain variable region CDR1 comprising SEQ ID NO: 21;
e) a light chain variable region CDR2 comprising SEQ ID NO: 25; and
f) a light chain variable region CDR3 comprising SEQ ID NO: 29.

10.  The antibody of claim 8, which comprises:
a) a heavy chain variable region CDR1 comprising SEQ ID NO: 10;
b) a heavy chain variable region CDR2 comprising SEQ ID NO: 14;
¢) a heavy chain variable region CDR3 comprising SEQ ID NO: 18;
d) a light chain variable region CDR1 comprising SEQ ID NO: 22;
e) a light chain variable region CDR2 comprising SEQ ID NO: 26; and
f) a light chain vériable region CDR3 comprising SEQ ID NO: 30.
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Gu
tct
Lys
ggc
Val
cct
Asp
tea
Asp
teg
Thr
ttt
Tyr
Leu

Val
ctg
lie
tgg
Arg
ggt
Ser
gcc
Lys
gac
Al a
gac
Trp
Val

sapi ens

tct
Ser
gca
An

cca
Ser
agt
Ay

Gn Leu Val Gdn Ser Ay Ser Gu Val Lys Lys Pro Ay Gu 1 5 10 15
aag ate tec tgt aag ggt tct gga tac age ttt ace aac tac 96 Ser Leu
SPO 20y6080288 Ay Ser Gy Tyr Ser Phe Thr Asn Tyr P2@/1R20080038§7 at e
gtg cgc cag atg ccc ggg aaa ggc ctg gag tgg atg 144 Trp lie Ay Trp

Gn Met _Pro .G A ey Gu Trp Met 35 40 45 ggg ate ate tat
ga}rcl'tctThGé‘PtlE‘E%"%?im{“a%Vg@almqség ttc 192 Gy lie He Tyr Pro Gy
Asp Thry) Qi gahYéhaiBrarfabR rggﬁn aﬁlﬁ&éﬁisﬁl&gﬁg@ I99¢0CHY gtc ace ate

gac aag tec ate age ace c tat 240 d G@n Val 'Thr He Ser Al a
Ser H ) 8dweaihehai variple 16507 COR2 8omprigng AGQtIPINAgES;age ct g aag gcc

ace gcc.a tat tac t 288 Gn Tt r.Leu, Lys Ala Ser Asp

Vet Tyr® ?@’ana%vaé@gggﬁ%‘@n?&d{%‘&m&fg‘“gﬁéQi@é\@g@’agt tgg act tct

tac tggi)ﬁ@l%hﬁ@ﬁtirﬁbﬁria%%reﬁ’foﬁ BN dothpridiig SBQ 1BaNOTop, Thr Ser Phe Asp

Gy 100 105 110 cag g% ace ctg gtc ace gtc tec tea 363 Gn Gy Thr
a

Thr Vale) 8éighiSdhain yBiabrgegion GO comprisinggSHQIDTIO: Biyand213> Homo
<220> >, <222 1). . 1) <400> tg cag ttg ace cag
tec tec?:? %gl éhtt%?lging‘]caﬁla lgf‘e%?‘écgéé* gﬁmgorﬁ% ﬁ%gléﬁ\g‘ﬁLe' Thr G n Ser Pro

Leu Ser Ala Ser Val Gy 1 5 10 15 gac aga gtc ace ate act tgc egg
cag ggc_att age agt get 96 Asp Arg Val Thr lie Thr Cys Arg Ala Ser
| i1@. SerTheapntibpdy ofslaim & vhich comprises:

a) a heavy chain variable region CDR1 comprising SEQ ID NO: 12;

b) a heavy chain variable region CDR2 comprising SEQ ID NO: 16;

c¢) a heavy chain variable region CDR3 comprising SEQ ID NO: 20;

d) a light chain variable region CDR1 comprising SEQ ID NO: 24;

e) a light chain variable region CDR2 comprising SEQ ID NO: 28; and
f) a light chain variable region CDR3 comprising SEQ ID NO: 32.

13.  Anisolated monoclonal antibody, or antigen binding portion thereof
comprising:
a) a heavy chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 1, 2, 3, and 4; and
b) a light chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 5, 6, 7, and 8;
wherein the antibody specifically binds PSMA.

14.  The antibody of claim 13, which comprises:
a) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO: 1; and
b) a light chain variable region comprising the amino acid sequence of SEQ
ID NO: 5.
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tta gee tgg tat cag cag aaa tea ggg aaa get cct aag etc ctg ate 144 Leu A a
Trp Tyr G n AGn Lys Ser Gy Lys Ala Pro Lys Leu Leu lie 35 40 45 ttt gat
gcc tec ayb 2wa6sgBa agt ggg gtc cca tea agg ttc age ggcpraaIsRwwe/ossp2 Al a Ser
Ser Leu Qu Ser Gy Val Pro Ser Arg Phe Ser Gy 50 55 60 a gt gga tct ggg

aca gat ttc act_etc ac .a age ctg cag cct 240 Ser Ay Ser Gy Thr Asp
Phe Thr Le@ Thrl eiagt@gﬁr%iﬁal@egﬁ,@%gplpo pﬁgs?o ' 75 80 gaa gat ttt gca act
tat tac (gt cad)adlalldhafiPlarible bdbn Ehphlify AR%nhY abRReGRBAYBSEDT Tyr Tyr
Cys G n An Phe"Asn Ser Tyr Pro Leu 85 80 9% act ttc ggc gga ggg ace aag
gtg gag ate aadD392Q: FrandPhe Ay Gy Gy Thr Lys Val Gu He Lys 100 105
<210> 38 <211> :3:22! ﬁﬁjl’éF DNA. <213> Honp .s.agitens <220> <221> CE§E<222> (1)

.. (321) <400> 38 §dighbehain giable egion compriviag the amipg Al sgage PhtPYca tet gta
gga 48 Ala lie8nokleu Thr G n Ser Pro Ser Ser Leu Ser Ala Ser Val Gy 1 5
10 15 gac aga gtc ace ate act tgc egg gca agt cag gac att age agt get 96
Asp Arg Val Thr He Thr Cys Arg Ala Ser G n Asp He Ser Ser Ala 20 25 30

tta gcc t ta . . ef ect aag etc ctg ate 144 Leu A a
Trp Tyr qu%'Gl Erh%%%tlﬁf?‘g’@%@;@&?‘g"@%‘??%&Leu Leu H e 35 40 45 tat gat

gcc tec agt ttg@)gasadghaig@r@abk region teapagdas tHetinsige afigd GediRdcclyf SEGP Al a Ser
Ser Leu Gu Ser_d Pro Ser Arg Phe Ser Gy 50 55 60 tat gga tet ggg

Val
aca gat ttc actIDé\tIé Zawdat e aac age ctg cag cct 24 0 Tyr Gy Ser Ay Thr
Asp Phe Thr Lelb) thgh%}ﬁiﬁd}iagﬁrreéi%ﬂ cganriEiﬁg the amino acid sequence of SEQ

ID NO: 7.

17.  The antibody of claim 13, which comprises:
a) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO: 4; and
b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 8.

18. A composition comprising the antibody, or antigen-binding portion thereof, of

any one of claims 1-17, and a pharmaceutically acceptable carrier.

19.  An immunoconjugate comprising the antibody, or antigen-binding portion

thereof, of any one of claims 1-17, linked to a therapeutic agent.

20. A composition comprising the immunoconjugate of claim 19 and a

pharmaceutically acceptable carrier.

21.  The immunoconjugate of claim 19, wherein the therapeutic agent is a
cytotoxin.
22. A composition comprising the immunoconjugate of claim 21 and a

pharmaceutically acceptable carrier.
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65 70 75 80 gaa gat ttt gca act tat tac tgt caa cag ttt aat agt tac ccg etc
288 G u Asp Phe Ala Thr Tyr Tyr Cys G n G n Phe Asn Ser Tyr Pro Leu 85 90
95 act ttwoQg®/39B0ggg ace aag gtg gag ate aaa 321 Thr Phe/uSkeoc@H3I8SEHyY Thr
Lys Val Gu He Lys 100 105 <210> 39 <211> 327 <212> DNA <213> Honp sapi ens

<220> <221> CDS,.<222> (1) .. .%82 <400> 39 .gcc ate cag ttg.ace cag tet cca
tec tec ct’g t et HGdRMUBOCHYYL %fy‘ﬁﬁn%?%vﬁeéel’%ﬁﬁtﬁ%tﬁpeﬁﬁ‘f’ a@‘%l%%r Pro Ser Ser
Leu Ser Al a Serra&{géct@gysogoé,@_ 10 15 gac aga gtc ace ate act tgc egg gca agt

cag gac att age agt get 96 Asp Arg Val Thr He Thr Cys Arg Ala Ser G n Asp

He Ser Ser Ala 20 25 30 tta gcc tgg tat cag cag aaa ccg ggg aaa get cct
aag etc ctg ate, 144 Leu Ala Trp Tyr.Gn Gn.L Rro.G.y Lys Ala Pro Lys Leu
Leu H e 352%40 4%5°qmposifign cé)gbpr{sgtg té@{mwaocggwgé%tofggém&?@nﬁga tea agg ttc
age ggc 192 Tyrphmc@l@caﬁ9%0§%fab%rﬁﬁj Ser Ay Val Pro Ser Arg Phe Ser Gy
50 55 60agt gga tct ggg aca gat ttc act etc ace ate age age ctg cag cct 240

Ser Gy Ser Ay Thr Asp Phe Thr Leu Thr lie Ser Ser Leu GQn Pro 65 70 75 80

gaa gat t gc ct tat tac t_caa. c tt at _a tac ccq etc 288 Ju Asp
e Ara i Ty Bpecfmeftiultipmifing e oo Ao indBlaBlba”oc, il
gge gga ggg acehaasf, of $hydae odtcRiBea-1df Enladao 3 2dcoht fukdi@nélinfoielyy Gy Thr Lys
Val Ju lie Lys He Lys 100 105 <210> 40 . i ) Lo

having a different binding specificity than said antibody, or antigen binding

portion thereof.

26. A composition comprising the bispecific molecule of claim 25, and a

pharmaceutically acceptable carrier.

27.  Anisolated nucleic acid molecule encoding the antibody, or antigen-binding

portion thereof, of any one of claims 1-17.
28.  An expression vector comprising the nucleic acid molecule of claim 27.
29. A host cell comprising the expression vector of claim 28.

30. A transgenic mouse comprising human immunoglobulin heavy and light chain
transgenes, wherein the mouse expresses the antibody of any one of claims 1-
17.

31. A hybridoma prepared from the mouse of claim 30, wherein the hybridoma

produces said antibody.

32. A method of inhibiting growth of a tumor in a subject, wherein cells of the
tumor or vascular endothelial cells proximate to the tumor express PSMA,
comprising administering to a subject the antibody, or antigen-binding portion
thereof, of any one of claims 1-17 in an amount effective to inhibit growth of

the tumor.
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<211> 324 <212> DNA <213> Honp sapi ens <220> <221> CDS <222> (1) ..(324)

<400> 40 gaa att gtg ttg aca cag tct cca gee ace ctg tct ttg tct cca ggg 48
Gu He WD 2h@wsTisn G n Ser Pro Ala Thr Leu Ser Leu Ser pPT@ws@og/o0ss52 1 0 15
gaa aga gcc ace etc tec tgc agg gee agt cag agt gtt age age tac 96 Gu Arg

Ala Thr Leu Ser_Cys Ar a Ser n.Ser Val Ser Ser Tyr 20 25 30 tta gcc
tgg tac céé-caérhéé%et@?,‘fogé@mc%?g “%fe“&&? e SEAPTRTiRe Spee Iqtey Ala Trp Tyr
Gn An Lys Pro Gy Gn Ala Pro Arg Leu Leu He 35 40 45 tat gat gca tec

aac agg gcc act ggc ate cca gcc agg ttc agt ggc 192 Tyr Asp Ala Ser Asn Arg
Al a Thr G3¢. H &hemaethddofulgnPi vereiGhe thinos5 of @ cagger gegjected fromghe aca gac

ttc act etc ace ate age.age.eta gag,cct .240 Ser r y..Thr Asp Phe Thr
Leu Thr H e Sergr%coﬂlglﬁm@gﬁf@ﬁ%l’g%&?(ﬁeq@’ %r@&lfﬁﬁl’ gﬁ%sﬁsﬁ?d‘(%ah@r’t tat tac tgt
cag cag cgt aggaa@ead @ndl&son®d. @ 288 G u Asp Phe Ala Val Tyr Tyr Cys Gn Gn
Arg Ser Asn Trp Pro Leu 85 90 95 ttc act ttc ggc cct ggg ace aaa gtg gat

ate aaa 324 Phe Thr Phe Ay Pro Gy Thr Lys Val Asp He Lys 100 105 <210>
41 <211> <212> <213> Hono sapi <400>.41 A n.Val G n Leu Val Gu
Ser Gy Gy G g OOy P R ARG il “w g Leu Ser Oys
Ala Ala Ser G yafitevilllig: Ahne h&sfy chein vhyitblé@egldn @ftibody sequence comprising

a CDR1 sequence that is selected from the group consisting of SEQ ID NOs:

9,10, 11, and 12, a CDR2 sequence that is selected from the group consisting
of SEQ ID NOs: 13, 14, 15, and 16; and a CDR3 sequence that is selected
from the group consisting of SEQ ID NOs: 17, 18, 19, and 20; or (ii) a light
chain variable region antibody sequence comprising a CDR1 sequence that is
selected from the group consisting of SEQ ID NOs: 21, 22, 23, and 24, a
CDR2 sequence that is selected from the group consisting of SEQ ID NOs: 25,
26,27, and 28, and a CDR3 sequence that is selected from the gropu
consisting of SEQ ID NOs: 29, 30, 31, and 32;

(b) altering at least one amino acid residue within at least one variable region
antibody sequence, said sequence being selected from the heavy chain variable
region antibody sequence and the light chain variable region antibody
sequence, to create at least one altered antibody sequence; and

(c) expressing the altered antibody sequence as a protein.

36. A method of inhibiting or preventing growth of a tumor in a subject, wherein
cells of the tumor or vascular endothelial cells proximate to the tumor express
PSMA, comprising administering to a subject an anti-PSMA antibody, or
antigen-binding portion thereof, in combination with an anti-tumor agent both

in an amount effective to inhibit or prevent growth of the tumor.

37.  The method of claim 36, wherein the administration to said subject of said
anti-PSMA antibody, or antigen-binding portion thereof, in combination with
said anti-tumor agent, leads to a synergistic effect on the inhibition of the

growth of said tumor.
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Ala Met Hi s
Ala Val lie

Trp Val Arg Gn Ala Pro Ay Lys Gy Leu Qu Trp Val 35 40 45
Ser Tyr Asp Gy Ser Asn Lys Tyr Tyr Ala Asp Ser Val 50 55 60

Lys Gy AvQ 20w08%130 | ie Ser Arg Asp Asn Ser Lys Asn Thr pCewsIgoe/068570 75 80

Leu G n Met
Al a Arg
Leu Val
lie Ser QIS
Trp Val Arg
Tyr Pro Gy
Val Thr lie
Ser Ser Leu
43 <211> Yy,
Ser Pro Ser
Cys Arg Ala
Lys Pro Ay
40.
41.
42.
43.
44.
45.
46.
47.

Asn Ser Leu Arg Ala Gu Asp Thr Ala Val Tyr Tyr Cys 85 90 95

> 9 > PRT ,<213> no sapi ens <400> 42 u Val d@n
Se?ﬁ'él é&’%"%’(l “\/éq Whrein gad pp "g‘%@" ft cpuses CHRC) oy Lys
Lystuﬁ)i/ masy, ﬂ%éby-lié{a{du%{ b &1 ﬂ&e@fec@@é’ anT%Bd%Qe;%ﬁdéﬁ cdfiP lie Gy
Gn Met Pro Gu Trp Met 35740 45 Gy lielie
AspnshateMﬁothmmw(éDﬂﬂ) tﬁélne famerSer Phe 50 55 60 Gn Gy Gn

Ser Ala Asp Lys Ser lie Ser Thr Ala Tyr 65 70 75 80 Leu G n Trp
Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys 85 90 95 Ala Arg <210>

<21 ifod élclaint BeIRyieadth 6018 ad@PRIMS affiBodyiis tHelantib&ly Jihr G n
Ser Leu Ser Ala Ser Val Gy 1 5 10 15 Asp Arg Val Thr lie Thr

Serangone of glaimsel-$8r Ser Ala 20 25 30 Leu Ala Trp Tyr Gn Gn
Lys Ala Pro Lys Leu Leu lie

The method of claim 36, wherein said anti-PSMA antibody is the 7F12
antibody.

The method of claim 36, wherein said anti-PSMA antibody is the 2A10
antibody.

The method of claim 36, wherein the tumor is a prostate cancer tumor.

The method of claim 36, wherein the tumor is of a cancer selected from the
group consisting of colon, renal, rectal, urothelial, breast, bladder, liver,

pancreas and melanoma.

The method of claim 36, wherein said anti-tumor agent is a chemotherapeutic

agent.

The method of claim 44, wherein, said chemotherapeutic agent is Taxotere®

(docetaxel).

The method of claim 36, wherein said anti-tumor agent is an anti-angiogenic

agent.

The method of claim 46, wherein said anti-angiogenic agent is selected from
the group consisting of angiostatin K1-3, Arresten, aaAT, Canstatin, DL-o-
Difluoromethyl-ornithine, Endostatin, Fumagillin, Genistein, Minocycline,

Staurosporine, Thalidomide, and Tumstatin.
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35 40 45 Tyr Asp Ala Ser Ser Leu Gu Ser Gy Val Pro Ser Arg Phe Ser Gy 50
55 60 Ser Gy Ser Ay Thr Asp Phe Thr Leu Thr |ie Ser Ser Leu Gn Pro 65 70
75 80 d uwopodrise23Al a Thr Tyr Tyr Cys G n G n Phe Asn SecTgeooenaess8d 90 95
<210> 44 <211> 94 <212> PRT <213> Honp sapi ens <400> 44 Gu H e Val Leu Thr

Gn Ser Prg Alg Thr Le r. L er . Pra, Gy 15 10 15 Gu Arg Ala Thr Leu
Ser Cys Ar‘%‘ Al Zr@épetbﬁ"ﬁo%g?m\/%{ el’?séff‘d?{}'lg'%orﬁe%b‘s@@u Ala Trp Tyr Gn
A n Lys Pro G yipfghhotlcduBiRy ApshtLeu Leu H e 35 40 45 Tyr Asp Ala Ser Asn

Arg Ala Thr Gy He Pro Ala" Arg Phe Ser Gy 50 55 60 Ser Ay Ser Gy Thr
Asp Phe Thr Leu Thr He Ser Ser Leu Gu Pro 65 70 75 80 G u Asp Phe Al a Val

Tyr Tyr Cys, A n,Gd n Ar r. rp.85 .90 <210> <211> 20 12> PRT <213>
oo Sapi s <ABBneiEbqofSaip T8 ks aid impn ORadlaBE Gt R EoEE] qn Gy
Thr Thr Val 1 kR tHeSerdtl cofistie bf a81-PBD addbbdiest ntZ TLI=4 hitibodliek2> PRT
<213> Hono sapi ens . . ) .

phosphorothiolate oligodeoxyribonucleotide (1018 ISS), GM-CSF gene

vaccines, interleukin-2, interleukin-7 (CYT 99 07), interleukin-12 and

interleukin-21.

50. A method of stimulating antibody dependent cell-mediated cytotoxicity
(ADCC) of a tumor in a subject, wherein cells of the tumor or vascular
endothelial cells proximate to the tumor express PSMA, comprising
administering to a subject an anti-PSMA antibody, or antigen-binding portion
thereof, in combination with an anti-tumor agent both in an amount effective
to stimulate antibody dependent cell-mediated cytotoxicity (ADCC) of the
tumor.

51. A method of inhibiting tumor-related cachexia in a subject, wherein cells of
the tumor or vascular endothelial cells proximate to the tumor express PSMA,
comprising administering to a subject an anti-PSMA antibody, or antigen-
binding portion thereof, in combination with an anti-tumor agent both in an

amount effective to inhibit tumor-related cachexia in the subject.

52. A composition comprising an anti-PSMA antibody and an anti-tumor agent in
an amount effective to inhibit or prevent growth of a tumor and a

pharmaceutically acceptable carrier.
53. A composition comprising an anti-PSMA antibody and an anti-tumor agent in
an amount effective to stimulate antibody dependent cell-mediated

cytotoxicity (ADCC) of a tumor and a pharmaceutically acceptable carrier.

54. A method of identifying an anti-tumor agent capable of acting synergistically
with an anti-PSMA antibody in inhibiting or preventing growth of a tumor,
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<4 00> 46 Leu Thr Phe Gy Gy Gy Thr Lys Val Gu lie Lys 1 5 10 <210> 47
<211> 12 <212> PRT <213> Hono sapi ens <400> 47 Phe Thr Phe Gy Pro Ay Thr
Lys Val Asp2bbeasiase 1 5 10 <210> 48 <211> 15 <212> PRT 2218s208c00385Zi al

Sequence <220> <223> Description of Artificial Sequence: Synthetic dy-Ser

lli gk(i(r) ;45100> 48whcgrgin gel)(s c% ﬂ\'ie tGun¥or%? Qfas%u%r %Xoﬂgel%él %1% p?gxrimgte%o %3/ tmcr;lo¥ Ay Ser

express PSMA, comprising:
contacting an indicator composition with:

(a) atest anti-tumor agent alone,

(b) an anti-PSMA antibody alone, and

(c) both a test anti-tumor agent and an anti-PSMA antibody; and

comparing the ability of (a) the test anti-tumor agent alone and (b) the

anti-PSMA antibody alone to inhibit or prevent growth of a tumor to the
ability of (c) both the test anti-tumor agent and the anti-PSMA antibody to
inhibit or prevent growth of a tumor, wherein inhibition or prevention of
tumor growth by (c) in an amount that is greater than the additive effect of (a)
and (b) would lead to the identification of an anti-tumor agent capable of
acting synergistically with an anti-PSMA antibody in inhibiting or preventing
growth of a tumor.

55.  The method of claim 54, wherein the indicator composition is an animal

model for a tumor.
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