2 8 APR 7004 WO 01/09192- PCT/ US00/ 20247 - 1  HUMAN MONOCLONAL AWIZWIE%UTO
PROSTATE SPECI FI C MEMBRANE ANTI GEN Background of the Invention Prostat
cancer is a highly prevalent cancer and a | eadi ng cause of norbi di ty and
nortal i t WoeP2men. Treatnents for prostate cancer inclué&T

hor nones, radiation and chenotherapy. There is little effective treatnent
for metastatic prostate disease, therefore the identification of genes
and/ or gene products that represent accurate diagnostic and prognostic

mar kers, as well as targets for r ' I state specific
antigen (PSA) is one su%%ﬁ&bm&#ﬁhémﬁg)@tgﬁﬁm ch are useful in
the clinical diagnosippepd efEapREIFiCIMEMBRRNICARIIGERDEVET, PSA cannot
differentiate benign prostatic hyperplasia (BPH) from prostatitis or
prostate cancer in the range of 4- 10 ng/m, thus necessitating a cytologic

and/ or histologic assessnent to confirmthe proper diagnosis (9). Prostate
specific nBabkmendmeh;ean(ePSM) is a 750 amino acid, type Il

transme raneg rotelnof r X tI_|ogyto
the transferri %ﬁ"&?r lsﬁé’f{ﬁqﬁf evam aé]gﬁéagllg\e}i d@?%g%"?é}%r%h

which is | %ah?ﬁﬂnoﬂgnnérhenéﬁrﬁaﬁsa@ rdstM cdnas xﬁclsdersmcgeny,aiondm ns,
including a 19 amno acid intracel I ul ar domai n, am no acid

t r ansnenbr amleatummdwhmaﬂ@ne@pyoThamlhbm&@if@cte‘ﬁ&lrﬂée’éw TP O A fie PSMA
protein di a i @ftdcrhhie, and
therefore % %e ? 82&3{ g&lﬁgﬁ %égggw %&E?’e"ﬁx‘gtﬂ?‘%ﬁ? prcost ate
growt h and dehi Bf)ﬁfcemﬂlpaégrmmu( r?l)arke&, aciivel amfargéﬁl\/lhr éwmpessq:r@mal ndfogtatee t hat it

is a novel marker that _|Is predo nantl Xpr,ess b statl hel i al
cel I's. 1Pur sprsific aniigeB APrRALISiI998 SB‘F ‘X?rg "pH‘Er‘@E@% %’w sgied ca%lcer

especial ly }@,cgp%éa&%ﬁ anfl §Tag gl Wtat@‘e&rﬁsﬁ ﬂ%\ﬁe@ﬂd’sbpffdﬁﬁm&hffafeﬁﬁmé ory
car ci nonas erefore PS represents a val uabl e _djagnosti.c,
prognost i ¢ banigniphestajsdypemplasia @RH)ifrom prestatitieocpragiale. capgsiin @Qéqngéﬁﬁflesm on
of  PSNVA h al sp been observed. SHSEPGet he snal |
bowel , sali @ ‘ﬁd’&“esa H’&na (fymrlo osa%%ff?%g?l r%fas%%%%%ftﬁbul es and brain
11). PSMA | ﬂagqlaﬁgig,g(%)s I nvolved in the converS| on of the

?ﬁgr g;[%g;g]nte;?&rgqtatgéggcgﬁggé nzgnefa;neigcn JP%M‘ }isa 758\ham1no acl type Ii portant in

transmembrane glycoprotein of approximately 110 kD that has 54% homology to the
transferrin receptor. PSM’ is an alternatively spliced form of PSMA which is localized
in the cytoplasm. PSMA has 3 structural domains, including a 19 amino acid
intracellular domain, a 24 amino acid transmembrane domain, and a 707 amino acid
20 extracellular domain. The PSMA protein displays neurocarboxypeptidase and folate
hydrolase activity, and therefore may be involved in the neuroendocrine regulation of
prostate growth and differentiation (7).
Studies of PSMA expression indicate that it is a novel marker that is
predominantly expressed by prostatic epithelial cells. Furthei, the expression of PSMA
25 isincreased in prostate cancer, especially in poorly differentiated, metastatic and
hormone refractory carcinomas (8, 11). Therefore PSMA represents a valuable
diagnostic. prognostic and therapeutic target in prostate cancer. Low level expression of
PSMA has also been observed in extraprostatic tissues such as the small bowel. salivary
giand, duodenal mucosa, proximal renal tubules and brain (11).
30 PSMA in the brain is involved in the conversion of the neurotransmitter NAAG
1o HAA and free glutamate, which may be important in the pathogenesis of neurological

disorders such as multiple sclerosis, amyotrophic lateral sclerosis, Alzheimer’s disease



di sorders such as multiple sclerosis, anyotrophic |ateral sclerosis,

Al zhei nmer's disease 2 8 APR 2004 -2 and schi zophrenia (12). PSVA efpﬁﬁﬁqm n
is al so observed in endothelia] cells of «capillary vessels in per

and endotunoral areas of certain nalignancies. including renal cel

carci nomas and col on carci nomas, but not in blood vessels from nornal

ti ssues. suggesting that its expressiommy also be related to tunor

angi ogenesi s (1 1). The clainmed invention is based on Applicant's
successf ul uct.ion i halfdeBbedf of fully
human ant i E’é&t\ ?R%‘ﬁ%%”; PépfA l&g?geséo g\g/}lnsﬁéj%g&bgdn?giﬂedgg?rgbl nation of
functi onalc,giidhovessdls Hoterndhoral @rﬂﬁéﬁdoﬂﬁnorhimremfrcasmmmalum‘@mrmsr| ne and
humani zed nonocl onal anti bodi es agai nst PSVA tigg ]tQFty 1OFort (e

in WO A- 97@56i8, rerraﬂ ol beseit ne2s Bnd FAOMFREFIPE RS- AL HEY %?tl? O Yo cancer
Resear ch Annua 1BhRt aahoghegy
(1998) 16:"9%534! %%5555 F%m?m%’l(”g{gé‘ lk]Sr‘ &98%%‘2 i’%gezﬁ A°0°7 %ﬁ%@?%nd Cancer
Innunologwlrpnunotherapy, (1997) 45:210- 215), the presently claimed hunman
nonocl onal anti bodi es conprise only human sequences. Furthernore, in

sel ected enbodi nents, the human anti bodies bind to native human PSVA but
not to heat de”ﬁ}é’{lﬁﬁ,eﬁ FVRni& fs@fabddid A pﬂﬁﬁlﬁtasls%cé’e@ﬁﬂ)pﬂ@blu@i%ﬁeﬁﬂﬁﬁtf rst
cellular cytotoxicity, are Internal |zedp MA- expr essi ng cells, and/or
conprise pme in thelesiibddy figidy gf Sdkylemasenti %mmnmﬂom@nmbﬂd@%thamg?he

Cpeit1 cal 1ot et o P B it o YRR B ST MBI HCE, |

conposi ti ons mmnaeﬂmoaaﬁal@rmeodmrﬂghinatawméugauwnharprrmbad(eeg inlWOecert ai n
enbodi nents, the human anti body also is charac erlzed&g Eh ?q to PSVA

with high éf%?f%ﬁﬂ@f’r%ﬁqadfw Wrifg Brerieay 439eC gHBeh Canes § cell
killing (eA«?ezgnrg pﬁhéh 0(993?B@QQGYN%LeSﬁm%Mo%é;S(1@99{ ﬁ@%BSng,ﬁ’SMﬁuﬁablagyl tro

and in vivo resefice of human effector

pol yror phoh"@rtllye(df?%)dl?l 391- mnmtrerscer hmuw@gzgfe@r@ndvewmﬂg??w ot s) .
Accordl M0l YL pRIED IBRES hONa nBRbLRRALLERAles LAV hyFan DS Leed

as dlagno MPLOC R YO %and TRVt o APR 2004 - 2A
| sol at ed hsgaencant Flytdiresre oh seleeted embodiments athe bupars sntkadies bndan natbedy

i sotypes, . . .
yP human PSMA but not to heat denatured PSMA, effectively mediate antibody dependent
cellular cytotoxicity, are internalized by PSMA-expressing cells, and/or comprise

particular binding sequences.

Summary of the Invention

The present invention provides isolated human monoclonai antibodies which
specifically bind 10 prostate-specific membrane antigen (PSMA), as well as
compositions containing one or a combination of such antibodies. In cenain
embodiments, the human antibody also is characterized by binding 10 PSMA with high
affinity, and by inhibiting the growth and/or mediating cel] killing (e.g., lysis or
phagocytosis) of cells expressing PSMA (in vitro and in vivo) in the presence of human
effector cells (e.g., polymorphonucliear cells, monocytes, macrophages and dendritic
cells). Accordingly, the human monoclonal antibodies of the invention can be used as

diagnostic or therapeutic agents in vivo and in vitro.



such as 1gd, 1g&, 19gG3, 1g#A, 1gM I1gA, 1gA2, IgAsec, IgDh and IgE.
Typically, they include 1g@ (e.g., 1gdk) and IgMisotypes. The 28 APR 2004
anti bodi es can be full-length (e-g., an JgG | or 1g&4 antibody) or can

i nclude only an antigen-binding portion (e.g., a Fab, F(ab')2, Fv or a
single chain Fv fragnent). In one enbodi nent, the human antibodies are
recombi nant human anti bodi es. In anot#er enmbodi ment, the human anti bodies
are produced by a hybridoma which includes a B cell obtained froma
transgeni ¢ non-human animal, e.g., a transgenic nouse, having a genone
conprising a human heavy chain _transgene and a human | i ght ,ﬁhaa\in t ransgene
fused to an i nriseletgl ihpegn aanpodigspfghe inVeiloREneIBRS YAH PSS antRRSLFPIYBEY es

are produced bk r r , e R 4 _ ically. 16F9
and 8012. ?“ﬁ%%ﬁ@omﬁ%ﬁggﬁg&%sh%&%&ﬁ%ci I’r?zghi%t hg?ﬂ'(:eall odi nent
human ant i -IRSMAchidt il §OTies., Gtk endlgdd éntypenv &ht amibodearabbe Sibleagther i zed
by one or nore of the fol]|own roperties: specifi.city for. the PSMA, b)
a bi nding &g rntlgod §r F%Lnﬁma%ittﬁﬁyg?f ‘%Pf?ﬁlm‘i‘“f“fr@%)ﬁ% %&"-”iﬁ’“‘i{gg P@ESP?%%oﬁt 107
M1, prefer f}f(a%?ﬁ?}!fv&rOagsiﬁﬁléchﬁﬂ(ﬁvr}ﬁrgﬁ:eﬁi).eflﬁbﬁbéﬁibocﬁhﬁﬁﬂIHJelelGnaM1 to 1011

M1 or highe an assoctation constant (Ka,,) with PSVA of at |east
about 103, amibedicparefreccatttiard buan agubagies. henotherefehagimentathpfrmay M S ' ;

d) a dissociatign constant.(Kdi,s) .from PS f .aboyt : eferably
10 about - 2omvedis Sfgrafitee b by todguERY Al At ot 8oclspa honpt ©! 1,72
s-1; e) thegabiobiit Yor-Bu@BS ORinZe, @g.CRIrknsXNE Bffise)haPiBA; geaomE romhasiapal i ty
to inhibit growmh and/ or medi ate phagocytosis and killing of cells

expr essi ng P8Mn figavy chaip repsgspe é@fi)ﬁ puman light chpadEReeenSURdNaA" ef f ect or
cells at a .con iy O . . : | ytro).
Exanpl es of ‘T‘Bﬁ%fﬁﬁéél%%lé W&%a?an bcjaog{rgérngr@é\tI edarhf;ﬁ?ﬁggﬁ&ﬁg#dg%??bodi es of

t he i nvent heitidoned veferredia heaein andA3) THi2t 8411.0/6FSrand 8418, renal, col on
tunmor cells. In one enbodinment, isolated human anti bodi es of the invention
bind to PSMA antigen with an affinity constant of at |east about 107 M1,
preferably about 108 M1, nore preferably, about 109 M1, and nore
preferably about 1010 to 1011 M1 or stronger, and are capabl e of

i nhibiting growth and/ or nedi ati ng phagocyl osis and killing



of cells expressing PSMA-by human effector cells, e.g., polynor phw%g@?{m
cells (PMN\s), nonocytes and nmacrophages, with an | C50 of about | X - ﬁ/l

or |ess, concentration of about 10 g/m or less i i n
83 afiboi; , PIASRT )t he

anot her a e invention provides nucleic acid nol ecul €s enco

anti bodi es, or antigen-binding portions, of the invention. Accordingly,
reconbi nant expression vectors which imnclude the anti body-encodi ng nucl eic
acids of the invention, and host cells transfected with such vectors, are

al so enconpasse Heb EmboMBRE afSnti- hgg,jfé' Rg: & RAt | bodi es
of the inventi oﬂl%‘étcgﬁtnuwng t’ﬁ%‘s}e %&tﬁg@éﬁt. glqﬁsgg% nost elr aspect, the
i nventi on ¢andeidiesciesie¢tdityecheBramirt of thedoli@ving pnsgeidsc  non- human ani nal |

e.g., a transgenic use,..which ar pabl e of expressing various isotypes
(e.g., 1gG IgA and?%ﬁpf ’%&Wﬁ%nocl onal antibodi es that

-~ specifical ly bind o) Fighfing BBhonaPiua With disehihechoianedias Idseatbi ai ned

froma transgenjc non 2 6 A uman ani mal, €.g., trans% i C . nouse,
whi ch his BYav-i.imefriablycbait w9d\4p‘urandh@demeferéﬂy,iabheﬁmdﬁépértatli IhMt Pswa
antigen and/.or, cells expressing the PSVMA. Preferably, the transgenic
non- human ¥iP8RE™ e g, a transgeni c nouse, has a genome conprising a

human heavy chain tr@nsgenRiBs censiniBi, i) $ith FIMianfial RESGBOE. 1 0Thaodesol at ed
B-cells are then imortalized to provide a source (e.g., a hybridoma) of

hurman nonoetefsmily abawt il B oandegost grefepily ahewtdl0IiMig y, t he present invention

al so provides a hybrjdo r i orl-an |, bodi es
that specifically bi @%@%@%ﬁ@%&ﬁ&%hgﬂsg%@maﬁﬂgﬂgﬂ b%i a@ﬁ?ﬁ% udes
a B cellb oiboat n@d st ¥, eworapiefaraisigeit-2 slomdmommprefedabhy, 10€.sgl;, a transgenic.
nouse, having a geno C ri sing a hungn heav [N transgene and a
human |ight chain trgﬁgﬁéﬁnﬁtyﬂﬁ% nl‘?_?"a‘gﬁi‘?fﬁfﬁsi‘& ?gg{ﬁ’d’él |. The transgenic
non hurman ani el canplyge dofy R Fhivblinuyed hiciste Sha@yosiiesld RIEREHAL | ON

of PSMA antigen and/or cell$S expressing PSMA to generate antibody-producing
hybr i domasceliParpresaimsPSMptleigdartumontelh) he therpresen¢eosf Humsneftscipngellsaraln ga

11, 16F9 and 8Cl2. I?%eumﬁn%} hler aspect ., the.invention provides a
transgeni cCPSRTFARIRM! APRUAY He/m PrUes3 Lo {1 WA @Yeni ¢ nouse (al so referred to

hereinjas a "Hupdnpies $isbr RS cdABERRrBRAGS RO RIma dritidodiee 8f theat
specifically bind to PSMA. In a particular enbodi nent, the transgenic

non- human nemign ipglude, babars genliniterbies rosate, Frpah cORBWROLSHBr | sing a hurman
heavy chain trapsgens;a3tnéh 1RBd hh@M 2 Hlks b HeSHERGon iR 1o PSMA

antigen with an affinity constant of at least about 107 M-1, preferably about 108 m-1,
more preferably, about 109 M-1, and more preferably about 10100 1011 M-1 or
20 stronger, and are capablie of inhibiting growth and/or mediating phagocytosis and killing
of cells expressing PSMA by human effector cells, e.g., polymorphonuclear cells
(PMNss), monocytes and macrophages, with an IC5( of about 1 x 10-7 M or less, orat a
concentration of about 10 pg/m!l or less in vitro.
In another aspect, the invention provides nucleic acid molecules encoding the
25 antibodies, or antigen-binding portions, of the invention. Accordingly, recombinant
expression vectors which include the antibody-encoding nucleic acids of the invention,
and host cells transfected with such vectors, are also encompassed by the invention, as
are methods of making the antibodies of the invention by culturing these host cells.
In yet another aspect, the invention provides isolated B-cells from a transgenic
30 non-human animal, e.g., a transgenic mouse, which are capable of expressing various
isotypes (e.g., IgG, IgA and/or [gM) of human monoclonai antibodies that specifically

bind to PSMA. Preferably, the isolated B cells are obtained from a transgenic non-



transgeni ¢ non- human ani mal can be inmunized with a purified or enriched
preparation of PSMA antigen and/or cells expressing PSVA. Preferad N’R iie
transgeni ¢ non-hunman aninmal, e.g , the transgenic nouse, is capable of

produci ng Huthhn Stithal, %0t yP@nsEnib HvASe, WitIOBAsHeeh idmuhi2ed we o puritilfir (€. 9. ,
lgG 1gA and/or 1gM by undergoing V-D-J reconbination and isottype

swi t chi ng. enrigheq peepavation iof B§Mmgntigenandioy cells expressing the RSMAo Preferably,

non-cl assi gal_isotype switching.,|n anot her .aspect, the present invention

br ovi des e NESEGT o BTN AL 5o 2 FRIERTIEIRHISE, s EelIoge SRRREIng 2

speci ficalj, mﬁgat,?; ' I AR Bl Olated B-LHIE S

I mruni zi ng %mt rans \g’rl%la@ tﬁa@%ﬁgﬁ%ggﬁl mal , g&gﬂ?tr%ﬁs ?nthsgem&gaﬂrcfg?s%gﬁghavi ng
a genond camephénsimmonraliredrepioeiden sohrerfe. !, athybddemayod hanfannsendcloghl chai n

t ransgene, vvth_ a pér'fied or enriched preparation of PSMA antigen and/ or

cel s expiubedics tp WA ‘B cells (e.g., splenic Bcells) of the animal are

PCT/ US00 20247 TUsaiRry (et vediortaith oaEPd Rybiadka BB of o oo 16

t hat secr eprodti¢lAR humah Rmbelonil adtibbdiesithasspaaificaldy biSMA\PSMX! Ri @k ant i - PSVA
human nonocl onal anti bodies of the invention. or antigen binding portions

t her eof , cURbeimgnt thednbridama inglydesadd cell abtaingd from s tansgenic npathumane

ot bodf oAb Bkt GorarrRE A P Ting et RmpifiBR Ty poRy BT T *"
l'i nked (e.@ansgéne dHdemeddn ligh? dRdih Beinsgeae Bised td ks irdMortaliied @er Fiy

associ ation or otherwi se) to one or nore other nolecular entities, such as
anot her ani@sgeRic pen-dumap apimgh san be imgpnizedwithjagpsified jog enrighed preppyation

Accor di ngl Ve pd . fﬁﬁﬂt i ' | . 3 bispecific
or multi sp%fcfi)%hlqéaﬁrrlglltggﬁ t%‘l“gg}g%rﬁ%}e féﬂlg%glfpéa ea&é&\éﬁ%@@?ﬁg{ﬁ%%m%@ ?\%’Es pecificity
for PSVA alfybriaionmasc PadichianHybritlonias of thedntention ikcludetARIAF] 2, 8A Y1, 16F9Man
FcyR ié a hUéE%Fca receptor. Miltispecific nolecules of the invention

al so i hel e 86} pecific, tetraspecific and other nultispecific nolecul es.

| n one enbodi nepyt ' b {4 v ' ‘mf;gd'a-mgqancerrent
factor (EF) port|yoetrt1,gﬁ%tﬂg%sbz§a&’%1:fadggflg&lvﬁli%cl]&f)?%é#gﬁ?&gbr ace protein

i nvol ved isuchys atmarsgenacmowset(glso refemedtarhercinana "Hubhiabl ywibich dxipsgseci fi ¢ and

et mbSel 5 Bl 1S s S IR GSTTY S R 200
Fv). In a @abddimehe theafdRgini®@ndn-hiigh atlidaPREMrPgélieMoase hdvigs £8énome
20 comprising a human heavy chain transgene and a human light chain transgene. The
transgenic non-human animal can be immunized with a purified or enriched preparation
of PSMA antigen and/or cells expressing PSMA. Preferably, the transgenic non-human
animal, e.g., the transgenic mouse, is capable of producing multiple isotypes of human
monoclonal antibodies to PSMA (e.g., [gG, IgA and/or IgM) by undergoing V-D-J
25 recombination and isotype switching. 1sotype switching may occur by, e.g., classical or
non-classical isotype switching.

In another aspect, the present invention provides methods for producing human
monoclonal antibodies which specifically react with PSMA. In one embodiment, the
method includes immunizing a transgenic non-human animal, e.g., a transgenic mouse,

30 having a genome comprising a buman heavy chain transgene and a human light chain
transgene, with a purified or enriched preparation of PSMA antigen and/or cells

expressing PSMA. B cells (e.g., splenic B cells) of the animal are then obtained and
SUBSTITUTE PAGE —4 -



Is a conpletely human anti body or a portion thereof,-or a "chineric %R gw
"humani zed" anti body or a portion thereof (e.g., has a variable reéi% '

at least a conplenmentarity determning region (CDR), deri ?j
non- humﬁv‘aﬂf’%%y (e.g., nmurine) with the renaining port¥§ﬁ ég’%‘?’ng
human in origin). In one enbodi nent, the at |east one antibody or fragnent

thereof of the bispecific or nmultispecif§ic nolecule binds to an Fc
receptor. such as a human | gG receptor, e.g., an Fc-ganma receptor (FcyR),

ecoptor 1 PR EES TG ol oS g WA el Ry 5.

- receptors, nprétlons antbedied HAisePSMQrs (e.g. FcaRl) also can be targeted.
The Fc receptor is preferably |ocated on the surface of an effector cell.
e.g., a nonocylslatedatoBRifehwnammoneeipnal paibasinsyattheiRrnenedrantigdn . | n a

preferred i ' LG . | L+ ] ind to an
e ecept of PaEpeE s thetfol EBPEE Lo BriBRFor il FRGRer FltBh AR o, " 0
| gG or BEgAg.ghiansthegpaptite opprotdie (£g SarfPab’ 2RQhe)) Pd/ HQHDPR, BCamidddO0r 20247 -6
receptor. Therefqre, the binding of the bispecific and nmultjspecific

mol ecul es PRNgEAtbIngINg ERRIANISY thipuemiongre e finstienallvdinkedffmoby esMirdls. | n
anot her as Qﬁ.lfptlinﬁ:[ gh%epé ARSI nb%%gkhpdks&&ﬁﬁdﬁr&%t&r@}éﬁ%ﬂa AP bF mdrMingnt | body,
nt" t hert eof, lety, e.g., a

or a fragne conjugated to a therapeutic
cyt ot oxi ¢ dholgulanensinsy suehias ahdtheraitibody (o | mbispecific érraaguibspecifirer eof , a

radi oi sot ope, qr. a,small | ecul.e anti-cancer drug. In another aspect, the
present | nBHaSEh AFOVHARY: ILBUEr FRseh FRaPETePLIy BndF RGeS afeRC RO Rpr | se
an ef f gt Of, Gfpkci&t PG EbrApt :1_9% S(9ERPHRY firsEbiflding dpdREdiPBAPSMAN ardh
activated PWN cell, and a bispecitic or nmultispecrfic nolecule of the

i nvent i on. sdcondbotdirey spasifieny an Fheeqepes.ang., humrsnEdy®ih opa buinareEca oaeppiei-t i ons,
e.g., pharmaceyti,cal d di agnostjc. conpositions, conprpsing a .

phar maceut i cal | w‘%%fﬁ?ﬁﬂp‘g’ec@%?ﬁ%‘? "%Yﬁg}‘) z_‘lF%’%ﬁ’dBH@gEﬂhﬁ'ﬁe%ﬁfﬁ!ﬁ%na!

anti body Ofind el MuBRpeGHIe mdiecalesa bfteéinbdlimehiNBe RRMtisp&id Mok, Whi ch
specifically binds to PSMA. I n one enbodinent, the conposition conprises a

conbi nat i ofmchides pe aptimplrrnaemepdactes(ES) pamidnges- Binleaws Which binds ta der eof
el AL b RS IB@ ghaplrct eoiiope, PO cxamle: 8
nmedi ates hi ghl yn efpheictlay embbdibieng bizbedific gad mubispscifinmioleeules efdiece of
effector C(iarjlvlersltignagorggﬁs%%gma?teodne antibody, or fragment thereof (e.g., an Fab, Fab', F(ab')7,
Fv, or a single chain Fv). In a particular embodiment, the antibody or fragment thereof
is a completely human antibody or a portion thereof, or a "chimeric” or a "humanized”
20 antibody or a portion thereof (e.g., has a variable region, or at least a complementarity
determining region {CDR). derived from a non-human antibody (e.g., murine) with the
remaining portion(s) being human in origin).
In one embodiment, the at least one antibody or fragment thereof of the
bispecific or multispecific molecule binds to an Fc receptor. suzii as a human IgG
25 receptor, e.g., an Fc-gamma receptor (FcyR), such as FeyRI (CD64), FeyRII(CD32), and
FcyRIII (CD16). A preferred Fey receptor is the high affinity Fcy receptor, FeyRI
However, other Fc receptors, such as human IgA receptors (e.g. FcaRI} also can be
targeted. The Fc receptor is preferably located on the surface of an effector cell. e.g., a
monocyvte. macrophage or an activated polymorphonuclear cell. In a preferred-

30 embodiment, the bispecific and multispecific molecules bind to an Fc receptor at a site -

which is distinct from the immunoglobulin Fe (e.g.. IgG or IgA) binding site of the



wi t h anot her human nonocl onal anti body that inhibits the growth of CBeJ\igRSZUUA
expressing PSMA. Thus, the conbination provides nultiple therapi eg
tailored to provide the maxi numtherapeutic benefit. Conposition

e.g.,
phar maceul?PHE{O¥8mposi ti ons, conprising a combination of sﬁmﬁf?‘%e
human nonocl onal anti body of the invention, or antigen-binding portions

thereof, and at |east one bispecific or_gultispecific molecule of the
i nvention, are also within the scope of the invention. In yet another
aspect, the inventj

on proyides.a hod for inhibiting.the proliferation
SnaTor i 1 rispeer oLegsfoisy ths ok s Biet ufspecis BRISFHES i h
and/ or by ipdueEdnNg m%gfgﬁctapﬁ:bgls@pg,lﬂg[mé@&gdmg of target cells by hunman
effector cells, such as hunman pol ynor phonucl ear cells (PMNs), nopnocytes

and nmacr ophages, Inaniothgr aspectatheinbesdyt, invantian fé¢agens phwdamantpEbMAanthedyeof (or
a bispecific o rrultib%pe 1 fic aQetdi boﬂi%) of. the inventign. 1n,one

enbodi ment , TAERETRTY RFTEnY Rt (O R HITEARCHHC TOR S Trd PRLLHISSITBER e ¢ her

i n Vi trosoredOmiivyictile R, Of a fraBRBRI tRELHOR rRfioiSHBR) oFBIMG] Pidikcule |

anti bodi es of "the invention, or an antigen-binding portion thereof, in the

presence ofami-cangerdrugf f ector cell. The nmethod can be enployed in culture,
e.g. invitro or,.ex wivo 2 0 APR 2004 01/09192 PCT/ US 247 -7 (e.g.,
cultur es. conpr | slrapolie Ppeek P @Rt RN B BT AT B LR OF S Feanpi &,
a sanpl e CQRRICBINPEsER éffectirRER SRProginpVF cveeeped:t @.?I,Qrmeﬁ:%ﬂlﬁgﬁ 8habe
cultured in vitro, and conbined with an antibody of the invention, or an
ant i .gen- bi natitivatep EMN salltane adispe¢ibie op mulisppeiBF Motecyle ofithe inypelédr.i ¢ nol ecul e
of the ipvention). Alter i wel X . d in a subject,
e.g., alalpart o1l:ll)r1aa O}hﬁ?eéb\%t’ i"g.péés,e;"p ﬁ\éﬁ%ﬁ‘éfqv@@%ﬁ%ﬂ: g%h}%ﬁ%g%c) pr ot ocol .
For in vivopimhbadsicaltdng dighodtiediympositions, cagapridihgslpRgnpoéiticany abepable (or a
bi specific or nultispecific nolecule of the |nventjon), can be adm nistered
to a hunman casigyjasdiat lggsieseihypan mopeglopadantibedyfdbe Wivede o7 1 &MWEEE- cancer s
of the prosy | RBE WhRhQReci LY BiRdlio PSMK N1 Y dhibd th

phagocyt osisslﬁgﬁglpgbﬂﬁﬁﬂfiﬁg O?J %@ﬁls egprlesst?ng%smgﬁys%n ucgrélt.’ Ien one
enbodi ment , cdnygosaion @atprisesa danbsskadioniodnizd humanr asibedieswrt dntigen-bagierg  t hat

T bpeof” Sfors GARBRER RO B i s R BB AN P A st
treating thgh.shbiREicalobipodition ¥éakidiee a RuSheioReci6ndl akiibRsy th&'mediates

adm nistration during treatnent wth the bispecific and nmultispecific
nol ecul e i nhighlyeeffpctvakidingof 1weetonils ixthepreserica f eleqter ceflscaspy combined

with another human monoclonal antibody that inhibits the growth of cells expressing
PSMA. Thus, the combination provides multiple therapies tailored to provide the

20 maximum therapeutic benefit. Compositions, e.g., pharmaceutical compositions,
comprising a combination of at least one human monoclonal antibody of the invention,
or antigen-binding portions thereof, and at least one bispecific or multispecific molecule
of the invention, are also within the scope of the invention.

In yet another aspect, the invention provides a method for inhibiting the

25 proliferation and/or differentiation of a cell expressing PSMA by inhibiting growth
and/or by inducing phagocytosis and/or killing of target cells by human effector cells,
such as human polymorphonuclear cells (PMNs), monocytes and macrophages, using an
antibody, or antigen-binding portion thereof (or a bispecific or multispecific anubody)
of the invention. In one embodiment, the method comprises contacting a cell expressing

30 PSMA either in vitro or in vivo with one or a combination of human monoclonal
antibodies of the invention, or an antigen-binding portion thereof, in the presence of a

human effector cell. The method can be employed in culture, e.g. in vitro or ex vivo



granul ocyt e- macrophage col ony-stinulating factor (GwWCSF), int erferon-?ﬁ
(IFN-y), and tumor necrosis factor (TNF). Isolated human nonocl odidl APR 7004
anti body conpositions of the invention also can be admnistered in

conbi nat WNORRPE ot her known therapies, e.g.. an anti-cancRET/URMYAMT
Exenpl ary di seases that can be treated (e.g., aneliorated) or prevented
using the nmethods and conpositions of the invention include, but are not
limted to, tunorigenic diseases. Such tunorigenic diseases include
cancers of

the prostate,. kidn and colagn. In yet another aspect, the
present i n{fekit ?‘gwrﬁrcﬁmpﬁéggéeﬁg?%ﬁsmrP%&@t\é‘BElieﬁﬁ‘f‘PhC st ripréxamplevayo the
presence OfarSiMBomBinEEdRIls Bxpte SHEPIMACHE -effgagf céilsactq}?% e B%urdd Pﬁ%ﬁé&ﬁ at ed

di sease. In one enbodinent, this s achieve y contacting a sanp 0 be
tested, afenbingd withanaonbedy ofgherimiventioni dharsarhigem-bimdingpdroomthessof (drady of
the invention, .or an . antigen-pi ndi portion thereof (or, a bispecific or
i t1 Speci PR e2RpuRRe AGRP R of helRienRh) ' ARraas vebr HomeibeR omn by a
conpl ex shepwisthehe adimbieAody | anshrPSIMY in vEBTR LS Xhdr HIBE bPhrobfyibfigy det ect ed
(e.qg., usi%g an ELISE.f in %oth sanplégy agggényrﬂ{atistngﬁyy gﬂgnificant
di f f er enceptotocohe fornmati on of conpl exes between the sanples is indicative

the presence of -PSVA.antigen i.n t est sanpl.e.,7 8 APR 2004. WO 01/ 09192
PCTIUSA0) 20247 T8 oAbyl Suﬁ%smﬁﬁ%&yamme& ndjpe porop Rerepf©f dvent i on be

appar ent f bigpedifi€or hohisgstifomdRtale |o¢d1ed§ﬁéiﬁibﬁ% IR bARAN ST 10 BhibuRdn
Description of the Drawngs Figure 1 is a schematic diagram of the

target ed i fauect pefiferam fromadSMAdelated diseass. sudhas Sanderssofithe postates kginky exon.

Panel depi i ot the.}z | the filled
boxes 19pr tacédion BTG LTI, Thakot il il P Tine of il GrPRREPE
targeting P8MALs.indaee! Ilbmephinidimémnaht siljedtetn bé 8ddifonallyWiat wiltPaeo

cassette has been inserted into pl. Figure 2 is a schematic description of
the producf8htEt megeinies fudatnhaness S8 Inbikils. WSeXBIEEYIeR o 294NEY 8f Faapseper. PSVA,
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cytokine. Preferred cytokines for administration during treatment with the bispecific
15  and multispecific molecule include granulocyte colony-stimulating factor (G-CSF),
granulocyte- macrophage colony-stimulating factor (GM-CSF), interferon-y (IFN-y),
and tumor necrosis factor (TNF).
Isolated human monoclonal antibody compositions of the invention also can be
administered in combination with other known therapies, e.g., an anti-cancer therapy .
20 Exemplary diseases that can be treated (e.g., ameiiorated) or prevented using the
methods and compositions of the invention include, but are not limited to, tumorigenic
diseases. Such tumorigenic diseases include cancers of the prostate, kidney and colon.
In yet another aspect, the present invention provides a method for detecting in
vitro or in vivo the presence of PSMA antigen in a sample, e.g., for diagnosing a PSMA-
25 related disease. In one embodiment, this is achieved by contacting a sample to be tested.
along with a control sample, with 2 human monoclonal antibody of the invention. or an
antigen-binding portion thereof (or a bispecific or multispecific molecule), under
conditions that allow for formation of a complex between the antibody and PSMA..
Complex formation 1s then detected (e.g., using an ELISA) in both samples, and any
30 statistically significant difference in the formation of comi)lexes between the samples is

indicative the presence of PSMA antigen in the test sample.



CD89 (FcaR) and to PSMA. The nol ecul e contains an anti-CD389 F ab' anti Bﬁ)%/
fragnment (derived from human nonocl onal anti-CD89 anti body, 14.1) 78 A 04

chem cal |y linked by disulfide bond to an anti-PSVA F ab
fragmsntw%’ ﬁgd from human nonocl onal anti-PSMA anti bodf%@%g%&l gure 4
shows the reactivity of human anti-PSMA nonocl onal anti bodies with

menbrane fractions from human prostaticgadenocarci noma LNCaP and PC3 cells
as assessed by ELI SA. Background absorbance at 405 rimwas 0.05. Figure 5

shows the bi ndi 0 NCaP and P t unor
cells as assesscgt ¢ ltemfukjoma\ivng% Vém{) g8 ana Sl?%"?s \%& 153 %?psaf%é?%) Cf?‘ﬁi nding to

LNCaP cel Ifsno\E’in@lﬁetuﬂaﬂﬁwcﬁﬁhorbmﬁtduaﬁ]st o] PC3 cells; Pur pl e hi stogram
irrelevant human 1gd . Panel A, antibody 4AS; Panel B. anti body 7F12;
Panel C. anti body 8A 11; Panel D, anti body 8C 12; Panel E, antibody 16F9.

2 0 APR 2(:}9, f Pl?ﬂvHﬁ 20247 -9 Figure 6 is a graph show ng
bi ndi ng t C m)lecule showmn in Figure 3 to
PSVA- expr essi ng LNCaP cells as a function bispecific nolecule

concentration. Binding was neasured by nmean fluorescence intensity. Figure
7 is a graph srfawr@gl véuaﬁabwtwfdlwémpithe targgedipsasiiaheld pqocasistiedtiPe  shown

|0 FLoure g 0PRSS QUL BRLIOPIRT GSlclaneBeRe MIGILEN. Gl BRSEI T ©

nol ecul e ‘cohcen 2 on ndi n uor e'scence

intensity. w@r@ﬁe%l&d%ﬂ&@rebmﬂ%& @ ekdtst FHanbhB sta KaMNafi¢ giaplabiCeRheel |
detergent |ysates using human anti-PSMA specific antibodies. Lane 1, LNCaP

cel | | ysat@nDltangesng® vedtdn dagk/ ¢ depinsulmopraetddoi taeus onwiich he e dagdeftow ng
ant i bodi es |rreI evant. hurran | gGl, 4A3, 7F12, 8Al1 ], 8Cl2 and 16F9,

r espect? velay besmingteddBioptlexes were anal yzed by SDS gel electrophoresis
and Western blotting using the murine anti-PSMA anti body 4D8. Figure 9
denonstrates the effect of heat denaturation of isolated PSMA on human
anti - PSMA ant i bfgyrea? ischi sabeméicglesernpt®nsi ehvespradeoimpetfil g G Ve hisnam i ng anal ysi s

O e e PR i T WS 2 s U bR

immunizing transgenic mice.

15

Figure 3 shows a fully human bispecific molecule, 14.1 x 8C12, which binds to

CD89 (FcaR) and to PSMA. The molecule contains an anti-CD89 F ab' antibody
fragment (derived from human monoclonal anti-CD89 antibody,14.1) chemically linked
by disulfide bond to an anti-PSMA F ab’ antibody fragment {(derived from human

20 monoclonal anti-PSMA antibody, 8C12).

Figure 4 shows the reactivity of human anti-PSMA monoclonal antibodies with
membrane fractions from human prostatic adenocarcinoma LNCaP and PC3 cells as
assessed by ELISA. Background absorbance at 405 nm was 0.05.

25

Figure 3 shows the binding of human anti-PSMA antibodies to LNCaP and PC3
tumor cells as assessed by flow cytometric analysis. Green histogram- binding to
LNCaP cells; Pink histogram- binding to PC3 cells; Purple histogram- irrelevant human
1gG1. Panel A, antibody 4A3; Panel B, antibody 7F12; Panel C. antibody 8A11: Panel

30 D, antibody 8C12; Panel E, antibody 16F9.



foll owi ng anti bodies: Irrelevant human g3 (solid purple histogram; 4A3
(yel low histogran); 7F12 (green histogran); 8All (blue histograhg ABRCIN04
(pink histogram); and 16F9 (orange histogram. Panel A FILTC - _Panel B,
FI TC 7FIYO B2 c, FITC 8AL1; and Panel D, FITC 8Cl2. Ffﬁwgﬁo%i’"g’homs a
conpetitive binding anal ysis of human anti-PSMA anti bodi es versus nurine
anti-PSMA conformational antibodies, as geasured by flow cytonetry.

Pretreat ment was conducted with the follow ng anti bodi es: Irrel evant human

1gG | (solid pwple_histoagram; . 4A3 (vell hi am ;. 7F1 reen

hist' gran; 8A15iu;§‘5f 685 % g's#&ﬁﬁgwg bga(’%g Ehﬁiq\r%l ’h?éf%éﬂsg?ﬁﬁc ’Qﬂ%‘:é}gl‘% P¥%r ange
hi st ogr am in il 3 © PSVACexbré®ing LRATHH ceBs akh TéncB6R bis iERdRlcule, FI TC 4D4.
2 0 APR 2004 01/ 09192 PCT/ USO0/ 20247 - 10 Figure 12, Panel A is a graph
showi ng nofrREgRtEatinnd Bindieg was mseajeddepmaagefivoresnende iotensityoxi ci ty (ADCC) of
PSMA- expressing cells via the 14.1 x 8Cl2 bispecific nolecule shown in
Figure 3 as a function bispecific nolecule concentration. Results were
nmeasured as a pFYHRAY i0h gripAchdwing Giding ¥Sihe 1431NEC IobigskdET: mhelehblit or, 50
g/m free anti-FcRaR (14.1) F(ab')2 and 50 .ig/m free anti-FcyRJ (H22)
F(ab')2; Peheaynip igurg -exseising Wotow)is es adusiclieral bippacBsdpodegendent

‘9
cell cytotoxicity. Vi i {fic nolecule 14A8 x
8Cl12 and nggr%l(‘):g{n(})%ﬁ(rﬁan |%%%§S g‘g‘%@%ﬁ %ﬁaﬂe}fl&e}%g%?&tlgrgggt ‘ratio of 100:1;
Panel Cis a graph show ng nonocyte-nedi ated antibody dependent cel
cytotoxicity (ADCC) of LNCaP cells via the 14A8 x 8C 12 bispecific nolecule
in the absence 6f&WaRishe¥oImmyponrecipitation o shba figm LNEaR celhAgienesnior  14A8
F(ab') 2n0r -abj | Ldar i ; Lgure
15 pandy" SAEs G htan B P 2B kel e f AN I b O
cyt ot oxi ci thyoughDC@nmomopPSkihitesqr wib ithegfotievirg antihodibe iteledanx h8GaR g6k kpeci fi c

nol ecul e sho i i qur as uncti an bi specific npl ecul e cqncentrati on-
Rosul ts vk Thds Badl Gait SR Rra FSRc i, TRrEnE SRS, Ao SRl mdded

i nhi bi tor, B8 ROLREudIHREesiSNd WEGEARI éthiflg 4ink UM drinedhe - BSMAHnTbody €€
anti-FcyRl (HZ2) F(ab')2; Panel B is a graph show ng neutrophil-mnmedi ated
ant i body dék@ndent cell cytotoxicity (ADCC) of LNCaP cells via the 14A8 x
8C 12 hi.specific nolecule in the absence of inhibitor, or in the presence
of exceS8s anouts of 14A8 F(ab')2 or H22 F(ab')2, and at an effector:target

Figure 9 demonstrates the effect of heat denaturation of isolated PSMA on

human anti-PSMA antibody binding.

Figure 10 shows a competitive binding analysis of the human anti-PSMA
20 antibodies, as measured by flow cytometry. Pretreatment was conducted with the
following antibodies: Irrelevant human IgG| (solid purple histogram); 4A3 (vellow
histogram); 7F 12 (green histogram); 8A11 (blue histogram); 8C12 (pink histogram); and
16F9 (orange histogram). Panel A, FITC A43; Panel B, FITC 7F12; Panel C, FITC
8A11; and Panel D, FITC 8C12.

Figure 11 shows a competitive binding analysis of human anti-PSMA antibodies
versus murine anti-PSMA conformational antibodies, as measured by flow cytometry.
Pretreatment was conducted with the following antibodies: irrelevant human IgG1 (solid
purp'e histogramy}; 4A3 (yellow histogram); 7F12 (green hist~aram); 8A11 (blue

30 histogram); 8C12 (pink histogram); and 16F9 (orange histogram). Panel A, FITC 1G9;
Panel B, FITC 3C6; and Panel C. FITC 4D4.



ratio of 200:1. Figure 14, Panel A is a graph showng whol e bl ood%mhab@d
anti body dependent cell cytotoxicity (ADCC) of PSMA-expressing cell

the 14.1 x 8Cl2 bispecific nolecule shown in Figure 3 as a '
bi speci f i WOPP8L%I e concentration. Results were neasured 5&5’%@?@@% of

specific cell lysis using no added inhibitor, 25 wug/m free anti-FcRaR
(14.1) F(ab')2 and 25 g/nl free anti-FcyRgl. (H22) F(ab')2;, Panel Bis a
graph show ng whol e bl ood-nedi at ed anti body dependent cell cytotoxicity

ADCC) of LNCaP | iat .14A8 Cl2 hi ific. le i,n th

Cboonmee of 1 bEEe 12 Pk % i ahhel shitvune e at it S5pSy Yhehin, |
or H22 F(abieliZytatodcf’FABOCS oF E5 0N -Oht&2inB Gl WA H2021A % 8CI 2 bispgeifie 15 is a
graph show ng bispecific nolecule (14.1 x 8Cl2) -nedi ated pha%z)cyt osi s of

PSMA expr esmpleguleisheyap)n Eigpres? anp fupetinn hispedidici melecuieansphieayes. Resahy)
ircles). Result d t. of ph t QSi S b in th
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12) - mﬁdi at g?p}pkiagdg%ngmbeytoine?h@mmbm depehdent bs! vg_rtmomisy?f géAEPé}CP\nédl
macr o ages . | qur e | a n | SRecCl,TI C
(rane s e stk encia thetiirectc maleCud LAY x 0 aR8mdn3d5 a bpfodiR £

derived macfoghResIaleMMio of $00:E! Bfk CTOS glaPR Showifg MrdAbaRE-ndiRMEN] _
phagocytosis nedi ated by the 14A8 x 8Cl2 "bispecific nolecule (1 gg/m) in

t he pr esencantibbdedepsnderiianl cREtxig (ADGODS Beells vy thed 488 &BWscri pti on
f th ti Th t t On. i d ' -
Cher api 40 FPRMCpIBUE TG Me SRR bF R0 o 1 e BRtflce M eh A UrnBRR F

expressi on, 1 98 FiabUb af HP2 Pvy)2 eaidrt af effecioffarpepfaistofil 88:3peci fi ¢ menbr ane
antigen (referred to herein as "PSMA") and/or related 20 nol ecul es.
Ther api es of the invention enploy isolated human nonocl onal anti bodi es, or

ST BB PR S el S e sthacn P
transgeni ¢ ealli aysdrpxieity (ADCC) of PSMA-expressing cells via the 14.1 x 8C12 bispecific
15 molecule shown in Figure 3 as a function bispecific molecule concentration. Results
were measured as a percent of specific cell lysis using no added inhibitor, 25 pg/ml free
anti-FcRaR (14.1) F(ab')2 and 25 pg/ml free anti-FcyR] (H22) F(ab")2; Panel Bisa
graph showing neutrophil-mediated antibody dependent cell cytotoxicity (ADCC) of
LNCaP cells via the 14A8 x 8C12 bispecific molecule in the absence of inhibitor, or in
20 the presence of excess amouts of 14A8 F(ab')2 or H22 F(ab')2. and at an effector:target

ratio of 200:1.

Figure 14, Panel 4 is a graph showing whole blood-mediated antibody
dependent cell eytotoxicity {ADCC) of PSMA-expressing cells via the 14.1 x 8C12
25  bispecific molecule shown in Figure 3 as a function bispecific molecule concentration.
Results were measured as a percent of specific cell lysis using no added inhibitor, 25
pg/ml free anti-FcRaR (14.1) F(ab")2 and 25 ug/ml free anti-FcyRI (H22) F(ab')2; Panel
B is a graph showing whole blood-mediated antibody dependent cell cytotoxicity
(ADCC) of LNCaP cells via the 14A8 x 8C12 bispecific molecule in the absence of

30 inhibitor. or in the presence of excess amouts of 14A8 F(ab")2 or H22 F(ab')2.



a transgeni ¢ nouse, capable of producing multiple isotypes of hu@‘l "
nonocl onal antibodies to PSMA (e.g., 1gG I1gA and/or IgE) by un 6%& 2&9

V-D-J reconbi nation 25 and i sotype sw tching. Accordingly i spects
of the iWMOOPA i ncl ude antibodies and anti body fragrrenrg),m%h@%“?

pharmaceutical conpositions thereof, as well as non- human transgenic
animal s, and B-cells and hybridomas for;paki ng such nonocl onal anti bodi es.
Met hods of using the antibodies of the invention to detect a cell
expressing PSMA.or a.telated,, cross-reactiv r f r tor. or to
i nhibit grow h%%”a?f 154 FIRPY SAOP3RE §ﬁa7°iff° %F%?&eif?? @?Zw&gﬁ‘g?essi ng

PSMA, e t hgRhadoByiéhit P PSMA Bxpréséide (BREAPRLAR BNAOIRARIRHvEY mat@phapesnt i on. 2
-8 APR 2004 01 /09192 PCT/U S00120247 - 12 In order that the present
i nvent i on GPNSE(cireles). rResults yergmaraswied g8 pereental phagackwsis bow Nithst def i ned.

nvent i on AUPNEcin RSB tg "
The torns. PRund SEelt 7Sk bR DE R LB BT L0 o

are used i phsbdangeaptryl (BRAMNGs). and i ncl ude variants, isoforns and species
honol ogs of 5 human PSMA. In a preferred enbodi nent, binding of an
anti body of the invention to the PSMA-antigen inhibits the growth of cells

expr essing PSVA L6, 0,452, LUBRUGEh bispliteic ARAIET PAFL BCIOGnRaq ment

bi ndi ng of an an ody I nvent| - antigen nedi ates
ef f ect or cehhgdehree eyl anitsdgi8C 1) kiedlagdgphagoayadsissofdn@AdSsimmy BB As used
herein, the term "antipody" refers M) a glycoprotein conprising at |east

10 two heawpeneryte dprysdsmagiephages (MBM)- (L) chains inter-connected by
disulfi%e bonds. Each heavy chain is conprised of a heavy chain variable
regi on (abbreviated herein as HCVR or VH) and a heavy chain const ant

regi on. The heaWgwhdns z graph almwing hispecifis modaeple ($ 648 3B GIR-wwedwéadai ns, CH
1, CH2 and . Each i chain.is conprised of .,a_ |ight i\, vari abl e
regi on (ablﬁ’?@?ﬂ%f‘“@ﬁ Qﬁré"g}% téfg’oﬂfﬁ}k rm@%cygn%naeq PEHEPE EFW)COHS'IG.M
region. Thecikdight TRO skt i§ @ RSdpAhoWRR MAgd i Ediaedbptheddagiod@ln, CL. The
VH and VL regions can be further subdivided into regions of ,

hyper var i abispecific madequiei1 Hedmpin Hﬁnfa$€il'éf5/0f&f‘é‘€éﬁ5ﬁi4#i8%éati)8g¥ﬁ?sz G
intersp]esrsed with regions that are nore conserved, terned framework
regions (FR). Each VH and VL is conposed of three CDRs and four FRs,

arranged f miiked Descriptivhrufshé mveatibwxy-ternminus in the 20 fol | owing order:
and 11 ght char hlTEGRFSPHTCTORAFPHOTIRRA P ey Prse L it heative Bt gen.
The diagnosing diseases characterized by expression, particularly over-expression, of
prostate-specific membrane antigen (referred to herein as “PSMA™) and/or related
20 molecules. Therapies of the invention employ isolated human monocional antibodies, or
antigen-binding portions thereof, which bind to an epitope present on PSMA. In one
embodiment, the human antibodies are produced in 2 non-human transgenic animal, e.g..
a transgenic mouse, capable of producing multiple isotypes of human monoclonal
antibodies to PSMA (e.g., 1gG, IgA and/or IgE) by undergoing V-D-J recombination
25  and isotype switching. Accordingly, various aspects of the invention include antibodies
and antibody fragments, and pharmaceutical compositions thereof, as well as non-
human transgenic animals, and B-cells and hybridomas for making such monoclonal
antibodies. Methods of using the antibodies of the invention to detect a cell expressing
PSMA or a related, cross-reactive growth factor receptor. or to inhibit growth,
30 differentiation and/or motility of a cell expressing PSMA, either in vifro or in vivo, are

also encompassed by the invention.



constant regions of the antibodies may nedi ate the~bi nding of the

i mmunogl obulin to host tissues or factors, including various ceﬁBsAPtﬂf'lUthe
i mmune system (e.g., effector cells) and the first conmponent (schg%)z of the
cl assi calw@énpH@tent system 25 The term "anti gen- bi ndi ng PEFUSENE: an
anti body (or sinply "antibody portion"), as used herein, refers to one or
nore fragnments of an antibody that retajy the ability to specifically bind
to an antigen (e.g., PSMA). It has been Shown that the antigen-binding

function of an antibogly Lﬁan be perfarned %y fragnents of a full-length
ant i body . Exampl@rdet et HEPHSCHNBYFRURR a%HE SPAa L0y Wt ers Rod frempia icis

"antigen 3Qrfet}ir&dde?igecﬂoﬁhﬁiﬁtﬂﬁal%feﬁ?ﬁﬁpﬁﬂ&ﬂ@%@%ﬁh@l%ugl?ouﬁ the d4iRA dHcﬁﬁﬁ?n?t - a

nonoval ent fragnent consisting o , VH, CL and CH donai ns; a
F(ab') 2 fragneniThe tenins Vplostate-splcifig meamy bremnguitigen iy RSMAFahd P33 Aeamtigen’| nked
by a disulfide bridge at tlhﬁ hi n%(ﬂa reﬁligon: o) 01/f09192 -13.2 B AI?R 2004
PCTI US00/ 285 ST anepeply hergife ied BERF SEFFES- STOTPRE U8 BRI I8 R s
(iv) a kv [hAGNPIMAORS] sikfch@d eRfboliffteny bidiifly M“hrﬂﬂﬁﬂebﬂ%gﬂfhe@m&hﬂ&hﬁ) arm of
an antibody, (v) a dAb fragment (Ward et al-, (1989 ture 341: 544-546),
whi ch consitetRSMA-antigeh thhitatisnbe gnowth{ of dellanxpressing BSMAc(srep) avwmer aell) yn

determ ning reqgio -urthernore.. al t hough e.two.donaj f, 5 the Fv
fragment, O‘S%d“%ﬁé'g‘g%"%‘gﬁ'éa@gmg? f?@ﬁgpg‘f% %‘telﬁglsqvcf‘%oe%/g?g%?%@ﬁ'oi ned,
usi ng recaRitienanddidiBd Mrdtor cBY pBagh flobigtah&/of kilikay oft d2ilk extaktigsPSMam to be
made as a single protein chain in which the VL and VH regions pair to form

nmonoval ent nol edglused herginotha term ‘antbedy” sefarsio pglycapraigin coBpriging atlegsty § et
.. (1988). Scj 423 e § | Acad.
s LA b ERERTSuE SR ela R i L) s Ml Ptorepned b ARl Metonalden 08

to be encoppasshdinik thhprisedof adeary dnaird geiablhi ragiongabiperistied héreof asdiCVR
anti body. These anti body fragnents are (hb"t gi ned  usi n%fconvent i.onal
t echni ques Ok HBMIng 8 beppscbal qoRsiany Tegiop, The deayy chal (s RAt 1EWB RNt s are

screened f g&ﬁgﬂggédic}ﬂhﬁé Bothi5s, ST, CAPRSI CAS. ¥ah 1iBhathifiB cbRpHia®faThe term
"bi specific ecule” Is intended to include any agent, e.g., a protein,

15 pept i deighrchainotaginbleaegipe (abbrryiateshipdrein as W6 iR on X$.) e adighf @ent  bi ndi ng
e O A8, P A o byl 2 o0
"mul ti speciH gndTot 8Egtbas cadlbe fiRh@TsabgIeRIed into regibecafitgpedvariabilignaeded o
I nclude any agent, e.g., a_protein, peptide, or protein.or peptide
complementarity determining regions (% R), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and VL is composed of three
CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in the
20 following order: FR1, CDRI, FR2, CDR2, FR3, CDR3, FR4. The variable regions of
the heavy and light chains contain a binding domain that interacts with an antigen. The
constant regions of the antibodies may mediate the binding of the immunoglobulin to
host tissues or factors, including various cells of the immune system (e.g., effector celis)
and the first component (Clq) of the classical complement system.
25 The term "antigen-binding portion" of an antibody (or simply "antibody
portion™), as used herein, refers to one or more fragments of an antibody that retain the
ability to specifically bind to an antigen (e.g., PSMA). It has been shown that the
antigen-binding function of an antibody can be performed by fragments of a full-length
antibody. Examples of binding fragments encompassed within the term "antigen-
30 binding portion” of an antibody include (1) a Fab fragment; a monovalent fragment
consisting of the VL, VH. CL and CH1 domains; (ii) a F(ab'); fragment. a bivalent

fragment comprising two Fab fragments linked by a disulfide bridge at the unge region:



conpl ex, which has nore than two different binding specificities which bind
to, or 20 interact with (a) a cell surface antigen, (b) an Fc rece&®f APR @4
t he surf effector cell, and (c) at |east one oth t.
Accor di ng)f@“”{’ §P| nvention i ncl udes but is not limted tgh@%gﬁg@??l c,
trispecific, tetraspecific, and ot her multi specific nol ecul es which are

directed to cell surface anti gens, suchjss PSMA, and to Fc receptors on
effector cells. The term "bispecific antibodies" further includes
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specificities I nclude a binding specifici for an Fc receptor on an
ef fect or cérownamdingléchaimkv (sgFepsaeied g cBirg ef a’r (1538 pSitierger243rd28pi26omel on a

o Pt endedusnithiet T8 TRtach St ceclanir Gt S5 3E0rs B b e o aRegi ons
deri vedof r gAbH4NER ArdAEd ndged m&mbﬂpws&m%me% antlgéh-BiWamg anti bodi es

of the invention may include am no acid residues not encoded by human
germine i mxwgp&ajumtw0§bqﬁb¢$eéstlk@ydmgnwntsar¢ @bﬁgmedmmoﬂ@e@drnbynalandom or
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However, the PRuman ant
i ncl ude anin thedams mafnevtds afe ﬁa&armqunemces derl ved from t he ger m i ne of

anot her mammal i an specj es ?uch as, a,nmpuse, have been grafted onto human
f r amewor k sequeﬁéaéemnbm% 16 golechlen iy wieRAed it IPElYAS ampRgenhsriocd BRI,

anti body nga%' by ﬁﬂteu@ér ﬁé?ﬁ&'e 18€Wich REf &b differd ms&aage@em,ﬁés anti body

nol ecul es si ngl'e | ecul'ar comnposition. A rmnoc onal
conposi t i onvhiéhsiphdiyes oalmrarg Ivetlmahdcﬁbsv.sfaec alflmgmtayld &bcanalf o nem:ntqr dirothe a

i cul ! bod
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vari abl e apghienStiaitkended to include any agent, e.g., a protein, peptide, or proteln or peptide

complex. which has more than two different binding specificities which bind to, or

20 interact with (a) a cell surface antigen, (b) an Fc receptor on the surface of an effector
cell, and (c) at least one other component. Accordingly, the invention includes, but is
not limited to, bispecific, trispecific, tetraspecific, and other multispecific molecules
which are directed to cell surface antigens, such as PSMA, and to Fc receptors on
effector cells. The term "bispecific antibodies™ further includes d:ubodies. Diabodies are

25 bivalent, bispecific antibodies in which the VH and VL domains are expressed on a
single polypeptide chain, but using a linker that is too short to allow for paining between
the two domains on the same chain, thereby forcing the domains to pair with
complementary domains of another chain and creating two antigen binding sites (see
e.g., Holliger, P., et al. (1993) Proc. Natl. Acad. Sci. USA 90:5444-6448; Poljak. R.J.. et

30 al (1994) Structure 2:1121-1123).



regi ons derived from human germn i ne i nmunogl obul i n-sequences. In PREAPR (g
enbodi nent, 20 the human nonocl onal anti bodi es are produced by a hybri
which includes a B cell obtained froma transgenic non- hu gh@kn e.g.,
a transgd¥f #/4%%se. having a genome conprising a human he &ﬁ]

transgene and a light chain transgene fused to an immortalized cell. The
term "reconbi nant human anti body", as us@d herein, is intended to include
25 all hunman anti bodies that are prepared expressed, created or isolated

by reconbi nant n Suc nt i bodi LSQ from an_an . (e.qg.,
rr)[/)use) that is a?\gsg R 1@?3861% u#ﬂ%}ﬁmf‘ Bcgfﬂs t@eﬂe’?%@@b@%‘ﬁéd )
further inapgisddy®inding lﬁeg@l%as (@al, r:b@p U@ﬁva@@@é’ SSRGSt Bftigdn bRfdMEieBRAS

expression vector transfected into host cell, antibodies isolated froma
r econbi nantinkedbiasEwar. of least twerraénvhaqrrt haryedyfchrmsaccyf cigies. ahhese didfesent 30

prepared, KRl AaREinc LAl ol SHRL G e AR NS BN LRl VOl ves

splicing o "N gen sequence sequénces.

Such r econbiramy spebifizhp férdn :im@ees: Epe b i 1adgbecefiDel g G @msthamdel Il €gi ons
derived from human gerni i ne B APR 2004 WO 01/09192 PCT/ USOQQ 20247 -15

i munogl obdibe r\ergb'auw@éeu ‘P‘i’V"e%Sr‘ES&F’ ReEih dintaaded 1o inphnde aptibodigs hayisg onbi nant
human anti ngébqé f?a.?or?s}égrk ?egicﬁﬂ defvid ir¥inlh ﬁ;@ﬂﬂﬁﬂ@ﬁﬁrﬁuﬂo&ﬁom‘ﬂ'ﬂ% #Rc’Ni Mal

transgenl Cc umin sequences 1S use ) t agenesi S)
and t hus t e &nimaeo aatibaﬂiessrﬂ'qhei‘m/emioﬁ ma iclide anfind/acid egidues nafentduizd by

reconbi nant anti bodj. es, are uences that, 5 while derived from and rel at ed
to human géMmaNEe %W%oi(gﬁ‘ﬁéﬁewnc‘?ﬁﬁ gné'ﬁ“‘a‘ﬂfﬁtsd'r“é‘?q%e‘e?}f?ﬂl t%Ri n the

human apf i Regy &‘?F‘é’f?nh geﬁe%ee,rqtv%e B)F‘?]Yﬁa‘{f& m&%ud:{%r‘?z%%r BloVevér, tH&éA ol ogous

anti body" is defined relation to the transgenic human or gani sm
pr oduci ng shrmharamtd:rme@dysedﬂhnrsnt ismot ingdfnded td inclade antitiddedyn whiohi GIgR an

am no aci d sequenc n_encodi | ei,.c acid sequence cojresponding to
10 that 1 ot ePRErigre BRCHE RSt s aapiniy PGraan HRSHSBRn &° AU Rban
ani mal , an@ayvOen@rpRhfied dri®Humas BAfleorioéddaéndehan that of the transgenic
non- hurran animal . As used herein, a "heterohybrid antibody” refers to an

anti body havi ng Theltergist" menegionalanyibedi] ars menoelpral antbrdygiogmesiweal anrSP@r ns.
Eﬁ: [ nealllrgjI ﬁltt ree ??%ttlb 2 %géﬁ]ak]@gr" 0 ygtr] Mﬁeg\ggé’yé_ff si@%‘:‘%ﬁ%%ﬁggho ﬁ%et er g?ﬁybr i d
anti bodi es mdnekledel ahibody cempositidnudivpiaysedsiagit bhiihgespecifidity andbs@ditg figraa.
particular epitope. Accordingly, the term "human monoclonal antibody" refers to
antibodies displaying a single binding specificity which have variable and constant
regions derived from human germline immunoglobulin sequences. In one embodiment,
20 the human monoclonal antibodies are produced by a hybridoma which includes a B cell
obtained from a transgenic non-human 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, is intended to include
25 all human antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies isolated from an animal (e.g., a mouse) that is transgenic for
human immunoglobulin genes (described further in Section 1, below); antibodies
expressed using a recombinant expression vector transfected into a host cell, antibodies
isolated from a recombinant, combinatorial human antibody library, or antibodies
30 prepared. expressed, created or isolated by any other means that involves splicing of
human immunoglobulin gene sequences to other DNA sequences. Such recombinant

human antibodies have variable and constant regions derived from human germiine



An "isol ated antibody", as used herein, is intended to refer to an anti body
which is substantially free of other antibodies having different? PR g&bi c
specificities (e.g., an isolated antibody that specifically binds to PSVA
i s subst amOioal0dg2free of anti bodies that 20 specifically biPEI/EEIRGETS

ot her than PSMA). An isolated antibody that specifically binds to an

epi tope, isoformor variant of human PS may, however, have cross-
reactivity to other, related antigens, e. g7, fromother species (e.g., PSMA
speci es honol ogs). Moreover, an isolated antibody may be substantially
free of ot hamerdcleludin scaneness: dn cemain smbeAmantahgwever. wak rasapibinanent of t he

vention. A samhABHOnAheRRcd i 8l A5 SRASEL B2l ANkl BATLARARNNY

different s ICitTres are conmbined 1I'n a osi

used her ei nfor hemee I seubndedisged riafviloSsotratia AuitdpRedysif)iand i@ thoarino acid
predeterm ned anti 1?en. Typically, the antibody binds with an affinity of
at | east abwatencesofide Wi and Xhgegionsakthe seqombinang aritbodias geeseauincge®ani t h an

affinitycthat:i I - . ' | Nj or
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predet er m nefurally egignwihinahchuasi yntibeldagednlborirepatvireThevphr ases "an
anti body recognizing an _antjgen" and " an antibody specific for an

antigen' are usefs 3@ W*E'M‘Wé‘i‘}sf?@i@?dﬁ@ ﬂﬁfglﬂ’i_Qﬁeﬁ}P“-lo e "a“Sféeﬂic
| nter changeall-Hulg Gilgininirod g Sicflan 3RiBiy. DA NGRS anﬁmg&nb%f'gg ically

to an antigen". sed Herein,” the term™high affinity" for

ant i-body r elismisg droaminpiaaidi seguenaé O an encodingatucletasdid signence kOAkspbndipgad er abl y
at Ieasﬁ about ., 109M'1, nor.e preferab:(}é ?t 5 -1 east abput 101M1' 1,01 M4,
1012M 118r @Pb@f‘% in 2 grganigmy nof,consistig pT He pmseqnic non-ppqnimal, g,

affinity" bi&ydidng fFdn a\pédes AherQhdifthaPéXith® Besgksie by RBamal @hingtanpl e, "hi gh
affinity” brnding for an IgMisotype refers to a binding affinity of at
| east about | x A30yed hereimiye"hetarphybridantbody deferstedniaatieedy, having alighhded to

|t or acti onth Ry bR AEREhEReatinl bRl Fo S AN ARREN BRMERT ||

di ssoci at i ohuraisdaaytchainfassociaeadt withih aturinetlighochairaista igesmoliybidraatbodyn.  As

Phat 15 1SenEomRlcny! msioyY EHiAMDeS pitile gt e tugianited antbodies, | 0%
discussed supra.

An "isolated antibody", as used herein, is intended to refer to an antibody which
is substantially free of other antibodies having different antigenic specificities {e.g., an
isolated antibody that specifically binds to PSMA 1s substantially free of antibodies that

20 specifically bind antigens other than PSMA). An isolated antibody that specifically
binds to an epitope, isoform or variant of human PSMA may, however. have cross-
reactivity to other related antigens, e.g., from other species (e.g., PSMA species
homologs). Moreover, an isolated antibody may be substantially free of other cellular
material and/or chemicals. In one embodiment of the invention, a combination of

25 “isolated” monoclonal antibodies having different specificities are combined in a well
defined composition.

As used herein, "specific binding" refers to antibody binding to a predetermined
antigen. Typically, the antibody binds with an affinity of at least about 1 x 10’ M, and
binds to the predetermined antigen with an affinity that is at Jeast two-fold greater than

30 its affinity for binding to a non-specific antigen (e.g., BSA, casein) other than the
predetermined antigen or a closely-related antigen. The phrases "an antibody

recognizing an antigen” and " an antibody specific for an antigen" are used



15 As used herein, "isotype switching" refers to the phenorrenons,lba/ p@h@ﬁl
the <class, or isotype, of an antibody changes fromone Ig clas 3 of
the other I g classes. As used herein, "nonswitched isotype" refers to the
i sot ypi cWOBKWI¥Y heavy chain that is produced when no i scR§HESWERThi ng
has taken place; the CH gene encoding the nonsw tched isotype is typically
the first CH gene i medi ately downstreamfromthe 20 functionally
rearranged VD] gene. |sotype switching has been classified as classical or

non-cl assi cal isotype sw.tching. C assical isotype swtchi occurs by

r econbi nat i"BﬁTChé‘%’éﬁB}é’ }\ﬁfﬁ"&ﬁ’“&'ﬁgﬁw 5‘?“?‘@’891’ W&%’%Q@%%ﬁ“@é@&e‘ﬂ@@ region in

t he transgggg%anongn- classical isotype switching may occur by, for exanple,
0

honol ogous re ination between human a,, and human E,, (b-associated
del etion). Al terAsaised bemeom iled tess 'lnigh afmityifdranilpg antbodyniefrsio sbiodings

intert / i nt nbi t t ,
bocur and: STst g Sahoyh 0 b BrtPAYy LT AR B, PP EHERT ALt oh
sequences’ nefelirput P0CROSH A REAUENRE @featet @SPORSIRD EM 061 b However,

reconbi nation. A "switch donor" sequence, typically a switch region, wll
be 5' (i.e. highpffiniedinding cirevarp fiert othertantibgiyosotypesb & odexammel “#ighi ng t he
switch 30 recamyi,nat.ion. T "swi tch.accept.or regi.on Will be beitween the
construct rAEgHbn bc"b‘slﬁ%?ord‘él g%aotgﬂ%rqfq{étorzg%pg@gr?giﬂ‘{ny&ﬁ%kegﬁtta%ro Le“gf on (e.g..
y, E etc. 1o’ . there is no specific site 2 8 APR 2004 WO 01/09192

PCT/ US00/ 20247 - 17 where reconbi nati on al ways occurs. the final gene
sequence wil | tyliedem Kpei" 196 usqs heg¢intiabitended imiefordo dgrpseqciation cagstgiied
herei n, gl ycosyl ation.pattern” | ined as the pattern of carbohydrate
units that %ﬁé’%&\?&?é’ﬂ’tﬂ?@/&yz&ﬂn&%'e"?ier?‘grog' protein. nore specifically to an

i mmunogl obul i N TheRedh eKg,", & @edtefeyl. ad inead@biotrefen tiothe disiadisticol aystast

anti body can be character|zed as being substantially simlar to

gl ycosyl at i3 RIgcudar RaUbRHYCItgER HCTAGHr al |y on anti bodi es produced by the

speci es of the %@E&é&%@r&ﬁ,aﬁl%g@e* @S I BE antiitRH c@ﬂ?(e@%,@%@bﬂﬁg@)ﬁﬁiis' in

the an woul d recogni ze the glycosylation pattefn of the heterol ogous
ant i body asencbddriy heave chdincdmstant cegson genpat t ern of gl ycosylation in the

the Gt bones. of AR PR HEDRE g i Crherremenia Pl PR AECCur 1 ng”
as used her@ifd ASsAPR, bEeh bRidAy QRArpe! fromlde3g tRsd dane bfidie dthatig alassed] ect
can be found in nature. For exanple, a polypeptide or polynucl eotide,
As used herein, "nonswitched isotype" refers to the isotypic class of heavy chain
that is produced when no isotype switching has taken place; the CH gene encoding the
nonswitched isotype is typically the first CH gene immediately downstream from the
20 functionally rearranged VDJ gene. Isotype switching has been classified as classical or
non-classical isotype switching. Classical isotype switching occurs by recombination
events which involve at least one switch sequence region in the transgene. Non-
classical isotype switching may occur by, for example, homologous recombination
between human o, and human ¥, (3-associated deletion). Alternative non-classical
25 switching mechanisms, such as intertransgene and/or interchromosomal recombination.
among others, may occur and effectuate isotype switching.
As used herein, the term "switch sequence” refers to those DNA sequences
responsible for switch recombination. A "switch donor" sequence, typically a p switch
region, will be 5' (i.e., upstream) of the construct region to be deleted during the switch

30 recombination. The "switch acceptor” region will be between the construct region to be

deleted and the replacement constant region (e.g.. v, €, etc.). As there is no specific site



sequence that is present in an organism (including viruses) that f@%&'ﬁ
isolated froma 15 source in nature and which has not been intent |904
nodi fied by man in the laboratory is naturally-occurring. The term
"rearranye@01/889%used herein refers to a configuration of aPEEHSYWRE n or
i ght chain i munogl obulin | ocus wherein a V segnent is positioned

i medi ately adjacent to a DJ or J segp.}ent in a conformation encodi ng
essentially a conplete VH or 20 VL donain, respectively. A rearranged

i mrunogl obul in gene | ocus can be identjfjed by conparison to germine DNA
a rear r ang&eroEgampinpyonalyayseccrsadie fgakesne seausnerentill eeHrBeY Ponaner

honmol ogy el empibiie Fag hEcHstidpby earranged” or "germine configuration” as
used herei h 1N reference 1o a V segnent refers to the configuration

wherein the V segnesad hersinnglycosglatin pagns'as d2fmedsistiloe petermuichriadloidyate
adjacent to a Dor J se]?nglnt. The term "nucl ei c ,?fci nol ecul e", , as, used
herein, isUNHS BRHEE SOVIFMNEI ATRENSENR 2 PRSP RPESSPERECHRNALO AR 'BOMHNO8IOtAliR ¢ ei ¢
aci d nolsgec LY LG8 patidrARES fletef sosit i erably is
doubl e- sster gkﬁgﬁﬂﬁl\gﬁc%ﬁe Itoerpm "1 sol a‘t: edOI%ét}gFEJi“?Dog icgﬁﬁg?l’éag%{gquz% used
herei n i n beingrsshaantiatly sinzilazite gly8esylatiod paterooehivy) cantrn datoalés owantdrididsody

ti gy, VH VL. that bind to PSMA is.int d.t fer t
Puc ot ¢ a¢PEAHSP LI SPGB DAL abiecl SOcHEER ROt Ay SHe

ant i body Ofy aRtdDQENdRPQIOEHiIRE 1R Bydos @Bl G pehPsf e fbeRIbERs SRAMAINGRS 2 B APR
2004 encoélrilng ant i bodi ets% or an%/ bojgy po]?ti ons that bi n%ﬁanti gens ot her

t han PSMA, banigohorstsiteilarde said pateasn phglyeesylatian inthe|spefes ofdhewenbaimanaci d i n
human genpomi ¢ DNA. For cl ej j t r . ySubst i y"
' cardl. tregeetis B hEpElee Fom Ui Be T RS AL Bon BB
optimal ly a@ltigeed and conpared, are 5 identical, with appropriate

nucl eotide insertions or deletions, in at |east about 80%of th

nucl eoti des, usUQIEITRNAPE-OCNEE 9@)%@6‘39@%5 H?R!FCHIS‘_P n ghlestd F§55| L% “é&_
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honol ogy exi sts en the segments Wil hybridize r sel’ective
hybri di zat isequenosnthat isgmesenitio ah leegavisnplinshehng viruses ftbatstandadsolated fiem per cent

1 PEERER, (R SBINTRGE e Bk IREANT - RS o R
posi ti ons/ tighurafiydcciempt i ons x 100), taking into account the nunber of
gaps, and the length of each _gap, which need to be introduced for opti mal
al i gnment of t hefheierm “rearranged™as used herein refers to a configuration of a heavy chain

or light chain immunoglobulin locus wherein a V segment is positioned immediately

adjacent to a D-J or J segment in a conformation encoding essentially a complete VH or

20 VL domain, respectively. A rearranged immunoglobulin gene Jocus can be identified by

comparison to germline DNA; a rearranged locus will have at least one recombined

heptamer/nonamer homology ¢lement.

The term "unrearranged” or "germline configuration” as used herein in reference
to a V segment refers to the configuration wherein the V segment is not recombined so

25 as to be immediately adjacent to a D or J segment.

The term "nucleic acid molecule”, as used herein, is intended to include DNA
molecuies and RNA molecules. A nucleic acid molecule may be single-stranded or
double-stranded, but preferably is double-stranded DNA.

The term "isolated nucleic acid molecule”, as used heicin in reference to nucleic

30 acids encoding antibodies or antibody portions (e.g., VH, VL. CDR3) that bind 10

PSMA. is intended 1o refer to a nucleic acid molecule in which the nucleotide sequences

encoding the antibody or antibody portion are free of other nucleotide sequences



sequences. The conpari son of sequences and determ nati on of percent
I dentity between 15 two sequences can be acconplished using a n? m'fal
al gorithm as descri bed i n the non-limting exanples bel ow. The
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of E. Meyers, and W, M| er Bi osci., , (6‘28 ) which
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I n addi tion WO amni no acl sequences
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453 (1970)) al gorithm which has been incorporated into the GAP programin

the GOG s PRdYeofshe Rugjeotidesarltgmatively, mbstpnt/lal\bﬂmogqgg eecmﬁawhmﬂlﬁg e| t her a
Bl 62 mat MP5 t 16, .14 ,
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-18 2 B ARR #aR4d WO 01/09192 PCT/ US00t 20247 - 19 The nucleic acid and
protei n sequences of the present invention can further be wused as a "query

sequend®’ to peﬂherpnrmnsldentubl baQeaensuropequenoesdaa&tmyes of the nugberafinpl e,
identify relate se uences uch searches c e perf g the NBLAST
and - XBLASTSHH °P%§?¥?‘b‘?¥ ‘g‘céi‘l‘tﬁ‘cﬁ(fsge@rﬂ“’ %‘Bg%r%r‘tqegﬁg ‘""n Bi ol .
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pr ogram sgore = 100, wordlength = to obtain nucl eoti de_ sequences
honol ogous length ¢feeanh gamiwhick need tmbleemmchnserbfortopemahal@meaho tBEASEr protein
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Gapped BLAST can be utilized as described in Altschul et al. (1997)

Nucl ei ¢ Acde-lirdting esmpys Bded. 3402. Wen utilizi ng BLAST and Gapped BLAST
prograns, the dehault RAGETRY Bevedh bl FuliESRR kY cB! O3 Redrfirtba usifg-AST
the GAP program in the GCG software package (available at http://www.gcg.com),
ueing a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length
20 weightof1,2,3,4,5,or6. The percent identity between two nucleotide or amino acid
sequences can also 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 penaity of 12
and a gap penalty of 4. In addition, the percent identity between two amino acid
25 sequences can be determined using the Needleman and Wunsch (J. Mol. Biol. (48):444-
453 (1970)) algorithm which has been incorporated into the GAP program in the GCG
software package (available at http://www.gcg.com), using either a Blossum 62 matrix
or a PAM250 matnx, and a gap weight of 16, 14, .]2, 10, 8, 6, or 4 and a length weight
of1,2,3,4,5, 0r6.
30
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and NBLAST) can be used. See http://ww. ncbi.nlmnih-gov. The nucl ed i?ﬁd fls
may be present in whole cells, in a cell lysate, or in a partiall>2 0
purified or substantially pure form A nucleic acid is "isolated" or
"render evo9ubHPanti al |y pure" when purified away from ot hBETREDI M4
conponents or other contam nants, e.g., other cellular nucleic acids or
proteins, by standard techniques, includjng alkaline/SDS treatnent, CsCl
bandi ng, col um chromat ogr aphy. agar ose gdd el ectrophoresi s and ot hers
well known in the art. See. F, Ausubel. et al., ed. Current 20 Protocols in
Mol ecul ar Bi ol og—ielf,le RYCHIH acibapd Potsim sequsacanal Eie nratear vemtianean fughevbe k

(1987). Th o ' P4 t o) ' of ten
0 a hat i ve R e e aat (EUERTR ] piri Rt Rarc EaBlsEBRM. aBEERE IS 0or M, 7))
f rom ei t heridei relgedcequencer Suck seardess ray bbperfatinat @ding theeNBDA STrand
accordanceﬁhtgésll andard techni %?ﬁéo provi de_ 25 gene, K sequences. For

codi ng seq : RIREAMS (YETSIOR 3riY of Adtschitl st @i (?a?ﬁ% - Mol BiolsPitic - as
desi red. 5| PBPAKTirfieleBlide JRRhESEHHRGRfOSMBS %ﬁﬁh@N%AmP@gi}P%c&9=qm,

derived fromnative V, D, J, constant, swtches a uch sequences
descri bed wWwendédngthaT ¢2 twoltevmpivaleotidg seigeemces Hemblogdils tonbk maias atidat a

sequence is_identic or difi from anot her sequence)., 30, A nucleic

acid is " op@?%ﬁﬁ%sf E@H{cnaﬁ%né#‘tﬁgr?r‘b*%ﬁfcp?ﬁ ‘Ef”g’%fﬂiﬁgf'%“ﬁ’n‘ﬁ!m theg| at i onshi p
Wi th anot hexBnuS/Teirégrafi. dedi€ & 5eNa8rdldrdith ENSb3BEEn aBindlRIMe§herREs €Nhancer is
operably linked to a coding sequence if it affects the transcription of the

sequence. Wamplog@isAptheznoisin melegulepefithe imemiascl ebringappsl lignmsots foo
Leonoorid" | Ahderdbh BbdsSORRE Hons ORA APiZEl A SEATRANS Aihuidie P

|
sequences bel are I guous an ere” necessary ol Nt wo
prot ei n codilfg7) NedéioAsids RentASGLY133 8A3d02 nWheaditiligingk BIMEST ket Gapletich
sequences,sﬁﬁer bl Iinkﬁd fl di cates that the sequences are capabl e of
effecting sWrfch Fearamsi tRafsighlt Paramsters ol the 7espeqtyF Progiamy et KBFASE, i s

i nt ended tOax{d@ﬁBLA_tSqT}W&ﬁh.csé&ﬁt@b:ﬁmi%lﬁnlrﬁ% Bl of transporting
anot her nucleic acid to which it has been |inked. e type of vector is a

"plasm d", whi chThefusieic agdsamey be presentdowbok @ils,dnded!] Disdie] aop aipatt@llphi ch

addi ti onal e S... %%IA] i gat.ed. ., Anot. her,.t ype,.of ,vegtor, is a viral
vect or, lgm/r%urrlgfeﬁ oggg?@hné%g?’p o?g'g}r)?é’rﬁcgﬂ%%} Ke'! o?%?ﬂ & TREF e viral
genone. Cerdudbtanddlyvees owhergneifizd pall drovh omdf IR YSmbeRIntCatdiiR i n a host
cell into which they are L. . ,

contaminants, e.g., other cellular nucleic acids or proteins, by standard techniques,

including alkaline/SDS treatment, CsCl banding, column chromatography. agarose gel

electrophoresis and others well known in the art. See. F. Ausubel, et al., ed. Current

20  Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, New York

(1987).

The nucleic acid compositions of the present invention, while often in a native

sequence (except for modified restriction sites and the like), from either cDNA, genomic
or mixtures may be mutated, thereof in accordance with standard techniques to provide

25 gene sequences. For coding sequences, these mutations, may affect amino acid
sequence as desired. In particular, DNA sequences substantially homologous to or
derived from native V, D, ], constant, switches and other such sequences described
herein are contemplated (where "derived” indicates that a sequence is identical or
modified from another sequence).

30 A nucleic acid 1s "operably linked" when it is placed into a functional
relationship with another nucleic acid sequence. For instance. a promoter or enhancer 1s

operably linked to a coding sequence if it affects the transcription of the sequence. With



i ntroduced (e.g., bacterial vectors having a bactertal origin of
replication and epi sonal mammalian vectors). O her vectors (e.g. 78 APR 2004
non- epi somal manmmal i an vectors) can be integrated into the genone” of

host cel IWQ@G959At r oducti on into the host cell, and ther ebPCTAISO0224F | cat ed
along with the host genone. Mbreover, certain vectors are capabl e of 15
directing the expression of genes to whi (bh they are operatively ]inked.

Such vectors are referred to herein as'“ reconbi nant expression vectors”

(or sinply, "expression vectors"). In general, expression vectors of
utility in ’F%é‘ﬁﬁl‘ﬁ&?ﬁ"mr?@%ﬁﬁﬁ?ﬁﬂﬁﬁrﬁ% optrabky linked meansitbattho PNA asni ds.

In the pre
i nter chang%gﬁeyé%?%l%ﬁﬁféggﬁﬁ? .Risgfa@}ﬁge Cé]‘éﬁ%%ﬁ t?rg’%/ \foo?%&%?cwm
However, 2Qegibss,icoméntousand s neﬁdlagnﬁanhet (Fot mﬂm}d@qﬁ&mhs opérablyflipked of

expression v ctor%6 uch as viral ectors .g., .replicatjon defective
retrovirusd8dic U0 FEBENSTTRT S 6RA ké%?ffé‘?‘&tgeﬁ”“c\l?lr?@gé%’)a“%l ch serve

equi val ent - f Unctjsm ThedreMusd CRQERI 1@%{]?;1&9% &8 b a rﬁx@fe cséc\:%néh afgSt

cell"), as used herein, 1s ‘intended to refer to a ceII
r econmbi nantcapaipe eﬁsmponmgtaoothhasudkee acid To whiqhodhnse:den Imkeﬂh @dedypreof

under stood that . sugch terjs .are i.ntended to the
particul ar O E& Pg%ﬁ“?'d th‘?lbref‘T{émp?ﬁ‘&éﬂtlﬂ’ EGEH"&&C‘@T}’K Jogguaiq whicher ¢ aj n
modi fi cati %ﬂlhOﬁ%ﬂ@@é&@ﬂi&ﬂtS RGO a0, %m&&y;sm vEiSr is% ial D&tofTut ati on

or environnental influences. such progeny nmay In fact, be identical
to the par emcrgalaﬂdltlbual RNa Ssgmbmtslﬂmlhqd@dtewnnﬂolthﬂ wt&hgemmtpecmalm he term
"host cgll" as used_h Vari ous ect.s af h 1 nv nti n are descri bed
T rurs B eBPi P AR Cao Bl Ry RerdRRTER sl G b R30S AR
2004 PCTf Lipeded delg. J-bad?cfrﬁﬂi Mé&tbl@ﬂlaﬁifng kbaederi Andri dap 8 @ﬁi:ézﬁloﬁ’ ah\edibémal

nonocl onal anti bodi es (mAbs) of the invention can be produced by a variety

of techni quUBETMREE} YRGS CORGRYRCISR -8 ot sntea] memmalpayeperi6ambagy e. g.
e 5 OSSR gl O el e a1
are prefer razdreplmatpul eloog with thohbs rgenamc: hiflotpoesr, ﬁ:maimwmlmrs laregcapabie of onal
anti body. cap_be e ede vira oncogeni C. ansformtion of B
[ymphocht e ertieg § Sresnér 1Sy LB #RP G Brupie g o SPRbHECT &7 e
muri ne syst@ffred to herem as recombmant 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,
20 the invention is intended to include such other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated
viruses), which serve equivalent functions.
The term "recombinant host cell” (or simply “host cell"), as used herein. is
intended to refer to a cell into which a recombinant expression vector has been
25 introduced. It should be understood that such terms are intended to refer not only to the
particular subject cell but 1o the progeny of such a cell. Because certain modifications
may occur in succeeding generations due to either mutation or environmental influences.
such progeny may not, in fact, be identical to the parent cell, but are still included within
the scope of the term "host cell” as used herein.
30 Various aspects of the invention are described in further detail in the following

subsections.



Hybri doma production in the nouse is a very well-established procedure.

| muni zation 10 protocols and techniques for isolation of imunized APR 2004
spl enocytes for fusion are known in the art. Fusion partne é nmuri ne
nyel ona WOIN&Y193nd f usi on procedures are also known. 'ééffP &é&?g

enbodi ment, human nonocl onal anti bodi es directed agai nst PSMA can be
generated using transgenic mce carryiqg parts of the human i mune 15
systemrather than the nouse system These transgenic nice, referred to

herein as_ " Hul\/Ab" rri contain.a_ huyp i mmunogl obulin gene mniloci that
encodes &nProske HRANURONSS 19 ¥ 7) and K light chain

i munogl obul i NTHERERERRal ankiBEBENRIA Bﬂh&@ﬁ&%&ﬂcdﬁtﬁ rbdRed bipatvaiiegct i vat e
t he endogenous@ %{ﬁl K c?lezlilnrll ocslr( (Blg))n berg, N. @5(1994) Nat ur e

368(6474) of &Bﬁnlaﬁ&) 1nc¥uﬂmgrq¢nmg1t}ppaltm@10¢i®el mubpcﬁﬂ meﬂmdw@gﬁue &d s pr essi on of
mouse 1gM or K., and e tion t man
heavy andS@péHd SBIP?QW"FICEH }Q’}Eagﬁté%” ﬁﬁl&‘w&o ol aE'\‘/‘thc dif I{IFR% sgn%éﬁvlc

mut at i gn (F9759€RRh&H¢h dirthbic 881 hytiridyzafieApibck @éeks armpMé:ﬂrahai princopibenier N. el
al . 94), supra; Teviewed in Lonberg, N (1994) Handbook of Experi nental
Phar macol mg@nmn& ﬂargrodyglngmonp@lnb@mntlbwy eencdeiamplaried e VIRHYRINCPETUE n.  Rev.
| mmunol . Vol .. 13:. 65- d tarding, 25 F. and Lonberg, N_ (1995) Ann. MY
Acad. Sci UPBsformtion O‘Bnepar ation of HuMab mice is described in
detail SectionTthi @au amlan ﬁstﬁnyﬂoﬂpmpaﬂm@ﬁytﬁidoméﬂ.BQR@ mufilucls‘sit&m Aci ds
Research 20: 6287-6295; Chen et al . (1993) International | nmunol ogy 5:
647-656. Hybridpwa psedugtion U’l‘b@BPUFer‘éé vepgyel e?&é‘%{& e %ﬁ% FPBYBEAPR

Choi n@fe Howr(i£993)
Eveo 50 Sprogd BRlbRlS 38 ‘%‘ﬁ°f§"“'17“*?f8°§2°°y?mn’r&"ﬁ‘8| 152: 2912- 2920;
Lonber g ethedrt., Fisl@Pgartiat(ere m3he ivvTota ceﬂﬁﬁalﬁtﬁfgsnon@)meﬁlges e alsp994)
Handbook of Experinental Pharmacol ogy 113:49-101. Taylor, L. er al. (1994)
| nt er nat i $AAMY mmunol ogy 6: 579-591; Lonberg, N_2 8 APR 2004 WD 01/ 09192

PCT/ USC0120247 15 22, &Bfed biBdfiment, hir@PRbnddlem Brtidodies dirsatediagainsvol . 13:
65-93; Harding, F. and Lonberg, N (1995) Ann. N Y. Acad. Sci 764:536-546;

Fi shwi | d, ASMatcambe g¢riege] usipg Fansgeinf srescanoinggRars o1 g /smeg immYLE cont ent s

of all of which are her.eb f h&ntirety.
Seo- 1 Ut neb o e SR E ol SEAER  ThE sach IsEERrR G R AN (5 e
5, 789, 650;“HuMAR" Bk, coniifid Mitfan innihdgldbdin genamnﬂ@mhmmbodss 770, 429; all

to Lonberg and Kay, and GenPharm I nterr] ional; U S. Pl‘l No.,
unrearranged human heavy (u and y) and x light chain 1mmunog|obu in sequences

together with targeted mutations that inactivate the endogenous p and x chain Joci
(Lonberg, N. ef al. (1994) Nature 368(6474): 856-859). Accordingly, the mice exhibit

20 reduced expression of mouse }gM or . and in response to immunization, the introduced
human heavy and light chain transgenes undergo class switching and somatic mutation
to generate high affinity human IgGx 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. Vol. 13: 65-93, and Harding,

25  F.and Lonberg, N. (1995) Ann. N.Y. Acad. Sci 764:536-546). The preparation of
HuMab mice is described in detail Section 1l below and in Taylor, L. er al. (1992)
Nucleic Acids Research 20:6287-6295; Chen, J. et al. (1993) International Immunology
5 647-656: Tuaillon er al. (1993) Proc. Natl. Acad. Sci USA 90:3720-3724; Choi er al.
(1993) Nature Genetics 4:117-123; Chen, J. et al. (1993) EMBO J. 12 821-830;

30  Tuaillon et al. (1994) J. Immunol. 152:2912-2920; Lonberg e/ al., (1994) Nature
368(6474): 856-859: Lonberg. N. (1994) Handbook of Experimental Pharmacology
113:49-101: Taylor, L. er al. (1994) International Immunology 6: 579-591; Lonberg, N.



5.545,807 to Surani et al.; International Publicati-on Nos. WO 98/ %gggph
publi shed on June 11, 1998; WO 94/ 25585, published Novenber 10, X W
93/ 1227, ‘gubl i shed June 24. 1993; WD 92/ 22645, published Decenber éS,
1992: WO Y9/ /Y8898 published 10 March 19, 1992, the discl odGTESMREY | of
whi ch are hereby incorporated by reference in their entity. Aternatively,
the HCOL2 transgenic mce described in_Exanple 2, can be used to generate
human anti - PSMA anti bodi es. HuMab | nmruni zati ons 15 To generate fully human

nonocl onal i i8S B i an, . j 4 W, t h urified
or enri che&g&;ygg%?'aﬁi (cl)ggsc}féwg‘%@ﬁgg% / E%%é?%%‘@%ﬁ?&?ﬁr&"@% , as
descri bed by (1995bang, N Y. Aedd 8ti 7641538434 6NRIshivd 308464 14996) Babre859;

Fishwild, D. et al. (19$9fg5) Nat ure Bi ot echnol ogy 14: 845-851 and WO
08/ 24884. Bigeclngiagy 141 $-$a b dhsfontentieofalied winelk are herely dnagsparated dyf i r st

nfusion. Faegh SHAIPLAR, B 10 BRLhOUS sregeas Shpts 20 ) of

PSMA anti gen r(‘ﬂ'e. g., expressi ny can be used
to i muki z&.626d 261ER3 425 6,78%150aR877.69NSadd 1y01 6 5,80 W8 18VvERT4,29Mtand

i mruni zat i ing, a purifie r enri.ched reparation of PSMA antigen do
not result ?ﬁogi?i %b’d’l Iecg’,beﬁ_ﬁiqé’g @iﬂa’é‘{ Gen ks masiggal; WS- Faicat Ne- expr essi ng
PSMA, e. g. 5 3513000 SGah] erldl D EnterhRidaP PRSIR ali N g‘tﬁ?ﬁﬁ%" F&’cﬁisﬁ%%ﬂ ative

experience W th various antigens has shown t ransgeni c mice
respond beguenentle 9981 WORH4 35 58fmpubilizked Nonanztped D1 H9aW @ 9811R} 7 iublishednt i gen

in compl ete Freund,s ' fql .l by .every of | | P .

i muni zat i g'r‘&c _ﬁ(' 6293;0‘9&' #%45 O?U%é‘)sﬁﬁ?f“eémcf g%n] 93%’%&%5%‘@(91’??1595‘3' s

adj uvanto. M@ch NITUI9e2 [ 18E BROISSUre€ 8 al DEF WHILH B&”&%B&Wﬁéor{:%@ﬂ%rﬁf‘er&%eﬁ@e _

i mruni zati on protocol with plasma sanples 30 bei ng obtai ned by retroorbital

bl eeds. Théhey asipn plempevedsreeHe® 13yrapsgegrc mios despsthed iimEdampledafan bnd i ce
wth suffi %Eé?ﬂ%g%h SleShutd ng{iipﬁ%nn%m [immunogl obulin can be used for
e

fusions. Mce c &°b00s! intravenously with antigen 3 days before 2 s
APR 2004 WD 01/09192 PCTI US00/ 20247 - 23 sacrifice and renoval of the
spleen. It i xpected fhat 2-3 fusions for each antigen may need to be
per f or med. HNTURZAEOM 1| be i muni zed for each antigen. For exanple, a

total ofs twel ve ToW¥Rkrai¥ faRy Blimbi fhoioina e bl Lo HIMA NBuSLAB nbige LA zed.
5 Generation of Hybridomas Produci ng Human Monocl onal Anti bodi es to PSMVA

The nouse épmanigeymeth apmifigd or somched prepamationd #SMA anthies and/as celbuse nyel ona
expressing PSMA, as described by Lonberg, N. ef al. (1994) Nature 368(6474):
856-859; Fishwild, D. ef al. (1996) Nature Biotechnology 14: 845-851 and WO
98/24884. Preferably, the mice will be 6-16 weeks of age upon the first infusion. For

20 example, a purified or enriched preparation (5-20 pg) of PSMA antigen (e.g., purified
from PSMA-expressing LNCaP cells) can be used 10 immunize the HuMab mice
intraperitoneally. In the event that immunizations using a purified or enriched
preparation of PSMA antigen do not result in antibodies, mice can also be immunized
with cclis expressing PSMA, e.g., a tumor cell line, to promote immune responses.

25 Cumulative experience with various antigens has shown that the HuMAb
transgenic mice respond best when initially immunized intraperitoneally (IP) with
antigen in complete Freund's adjuvant, followed by every other week IP immunizations
{up 1o a total of 6) with antigen in incomplete Freund's adjuvant. The immune response
can be monitored over the course of the immunization protocol with plasma samples

30 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



cell line based upon standard protocols (8, 13). The resulting hybridomas
are then screened for the production of antigen-specific antibodl 8 APR6H
exanpl e. single cell suspensions of splenic | ynphocytes from i mmni zed

m ce are woIedomd one-si xth the 10 nunber of P3X63- Ag8. 653PATAS?BHT ng
nmouse myel oma cells (ATCC, CRL 1580) with 50% PEG Cells are plated at
approximately 2 x 10" in flat bottom m'&r,otiter plate. followed by a two
week incubation in selective nmedi um contdirning 20% fetal Cone Serum 18%
"653" conditioned nedia, 5%origen (IGEN), 4 mML-glutamne, 1 nM

L- gl ut ani neacrifiosiond setheval pfthgvaleen. Bisvexpered thay 205fisions forge¢hc aptigeathainol |

50 15 units/ enicillin, . ept ony.Ci 5 . t i n and
ox et (i e e hetghb sARATHIOL whl CERARIKES o 2e Bl PG ATMEI
weeks, cel lagoRl &f el el e AbrmiceeflingrHCOT7 s HO0 herdiscanberigplunied. Wit h HT.

I ndi vi dual wells are then screened by ELISA for human anti-PSVMA nonocl onal
Il gM and | gG anti bodi es. Once extensive hybridoma growth occurs, nediumis

observed- u | Ly. af 0- . ti ' ri domas are
repl ac eéi%, s%éle??ée‘%nlgg Ozgfgf’en’?‘”ﬁ" [ %’f? g?ﬁ‘"%@& ?é\}go%g?qﬁﬁﬁgﬁ'g% ’Pg)ti ant i - PSMA
nonocl onal ant i Nheinesuse eplandeytes el boisethteak arldefasdd with PEGhy almaust rmygloma

dilution. The stable subclones are . then . cultured.in vitro to ner at e
smal | armpursed ligs b%ﬁ?@i“BB’afr‘aP%’SP’foé%‘i&’és @ul%)ur erFEﬂ%q‘dFrﬁ wipdermar 2eth zat i on.

25 Charact %Elieéll?ér?ijjigﬂttﬁz?fr&dlﬁbﬁﬁQ'Ttig'éy- ifHPRAtlANR! FOPLIRGH SfholddeliSMA To

characterize g human nonocl ohal PSMA anti bodies of the invention,
sera from ismpensizedofrspte@iclympbecytessirau imfromized ampé are fhsed b b@AsixBrthef | y,

mcrotifer plates cQa with purified PSMVA at Q. g QP and
Chen_ bl bk aimisy SHPSoEERe R BhisdRiihe msne s e FRTFERCRLSEPLE Trom
PSMA- i munispegdpBQ. Wefie ari Ratéd deppickifaey ?R110° antatibaaumahiefbui@iplate.2 hours

at 37C. The plates are washed wth PBS/ Tween and then incubated with a

goat - ant i - Hokeved by Fre weekcintpkatign iy salentiye mediym epntaining Agafed Glenal kal i ne
phosphat ase. for Lehordsm A ' s_lwg.ti R 4 WO
01/ 09192 P N%?de%zé?? 3hn§?l§neg§béecﬁ%’p§gﬁgak%ga§£@’ Eu stq“r t%e ligngrﬁ%f) . and
anal yzed atL-@hitarhinéQb nfM Godiuky irevard) ISynM HERE SY0.055 /2 nepaptvethanglh &t
titers will be used for fusions. An ELISA assay as descri can al so
be. sedi s o RN a ReisH BHTH Bl e P PHAT S p D BT Taad DY (o e psin
i munogen. kil A aBded Jilourd Afthr\Whd fisidhyNA fier A% Widig, defls BRMItwellin be
subcl oned and further characterized. One clone from each

medium in which the HAT is replaced with HT. Individual wells are then screened by

ELISA for human anti-PSMA monoclonal IgM and IgG antibodies. Once extensive

hybridoma growth occurs, medium is observed usually after 10-14 days. The antibody

20 secreting hybridomas are replated. screened again. and if still positive for human IgG,
anti-PSMA monoclonal antibodies, can be subcloned at least twice by limiting dilution.

The stable subclones are then cultured in vitro to generate small amounts of antibody 1n

tissue culture medium for characterization.

25  Characierization of Binding of Human Monoclonal Antibodies to PSMA
To characterize binding of human monoclonal PSMA antibodies of the
invention, sera from immunized mice can be tested, for example, by ELISA. Briefly,
microtiter plates are coated with purified PSMA at 0.25 pg/ml in PBS, and then blocked
with 5% bovine serum albumin in PBS. Dilutions of plasma from PSMA-immunized
30 mice are added to each well and incubated for 1-2 hours at 37°C. The plates are washed
with PBS/Tween and then incubated with a goat-anti-human IgG Fe-specific polyclonal

reagent conjugated to alkaline phosphatase for 1 hour at 37°C. After washing. the plates



hybri doma, which retains the reactivity of the parent cells (by ELISA), can
be chosen for making a 5-10 vial cell bank stored-at -140 C, and?fdPR 2004
anti body purification. To purify human anti-PSMA anti bodi es, sel tgd

hybri don®® B481%8e grown in two-liter spinner-flasks for ﬁ-’&%@%ﬁﬁ%‘

anti body purification. Supernatants can be 10 filtered and concentrated
before affinity chromatography with protgi n A-sepharose (Pharnmacia,

Pi scataway, NJ). Eluted 1gG can be checked by gel el ectrophoresis and high

performance |jquid chr raph 0 ensure purity. f sol ution can
be exch an@fédjel’"?l‘f’ﬁecbﬁﬁg r{’m%gsf’ﬁgr%%{wlc@ﬁf’?liﬁnﬂ ﬁ"@ﬁ?ﬁé@é&q:gf’gﬁ%‘ by OD280
using 1. 43p,&xLhRCH QWhiRR RV highes (BRG] BB ake} hipsises can be
aliquoted and stored at -80 C. 15 To determne if the selected human

ant i - PSMA nonoc kol S#nassipoah descritbaddibbee camdlsputee wpd tooggesen fettbrdamabody can

be biotinylated using commerci all vai |l able r ent s i erce, .Rockford,
D) Conpatit e BotiarSEag g iim! S s Restase! SRERaoTm Py v RS

bi ot i nykat smn? ROBENNR Wil BE bltRlinRE af@ FurltRy BiRri@ériRd. Ont RBnE &Y each

coat ed- EL1SA pl ates as descri bed above. Biotinylated mAb bi nding can be

det ect ed 2bybwiddmas vérielerstaing the reagiiviay divbe pargsipiedls faveElplSdhecants cBesedr ni ne

the isotype of ,purifi ant i,bodi es. J.so L . formed. Wells
of mcroti ?Oerrm 8 %é‘@g" glbcghc%gait( gtgr%;ﬁﬁ}%%%# %(?fsangﬁtpdl)}?}ﬁ{?n@%ﬁ%rg over ni ght
at 4C. After bl gekjunigy Wokbn Bi6-BSMA bitbodied! @fectidehybadeharcanibelgrd®n it g/ M of

nonocl onal antibodjes or purified isotype controls, at anbient tenperature
for two 25twerdites SppRer-flasks forapenqalerl glihody pretcaiopn SUPSTRERNR GADE | @ or
human |,gM I5F ' - 'ng,gt\g ehg S seBhales are
devel or}gd g'lﬁg&gﬁgﬁ;g@ﬁ?gkﬁg’g?ﬁ?ﬁfgﬁﬁ?gﬁﬁ’yﬁ@%m rd@#ﬁ{oo d%n%ﬁst_r at e bi ndi ng
of nonocl o(RharmatiaRidiasvdyy NJ).vEIuts 1§ w@nibe ebsiked by ghleel@Siphoresioantyt onet ry

can be used, Briefly, cell,l.ines expressing PSVA (gfo 30 der _sgandard
growt h _cong_i&*ﬁ Wﬁfg’)’“é?@clfﬂ%ﬁ"wwgﬁw&gnsgﬁﬁ@m'r g{“? %?TS?MQS%S%W ohal
ant i bodi es ek¢habBRl F90 PBENANAGhE cdnc¥ntNRMTaf Be ABR MK BP TIB,ySBingM . 48nd.

i ncubated at 37C for 1 hour. After washi ng. the cells are reacted with

FI uor escei Axtingsion sgefisiant.2 The mprodiom apybmhesean g abgptadsnd/ssaed 2t $8 “Chunan
|5 00 R PR Ry s bt 8810 0
scatter prQpRjutiepRopdspeahtntimnlysian de diatinlylased vsingadotrenereially evakbley usi ng
F1 uor escengeeagrgn% I’(Igisegc%?ﬁogl?%rd? ?L)u S(‘?rf‘»jmp\‘:tition studies using unlabeled monoclonal
antibodies and biotinylated monoclonal antibodies can be performed using PSMA
coated-ELISA plates as described above. Biotinylated mAb binding can be detected
20 with a strep-avidin-alkaline phosphatase probe.
To determine the isotype of purified antibodies, isotype ELISAs can be
performed. Wells of microtiter plates can be coated with 10 pg/mi of anti-human Ig
ovemight at 4°C. After blocking with 5% BSA, the plates are reacted with 10 pg/ml of
monoclonal antibodies or purified isotype controls, at ambient temperature for two
75  hours. The wells can then be reacted with either human IgGi or human IgM-specific
alkaline phosphatase-conjugated probes. Plates are developed and analyzed as described
above.
In order to demonstrate binding of monoclonal antibodies to live cells expressing
the PSMA, flow cytometry can be used. Briefly, cell lines expressing PSMA (grown
30 under standard growth conditions) are mixed with various concentrations of monoclonai

antibodies in PBS containing 0.1% Tween 80 and 20% mouse serum. and incubated at

37°C for 1 hour. After washing. the cells are reacted with Fluorescein-iabeled anti-



(in addition to or instead of) the flow cytonetry assay. Cells can EeA
stai ned exactly as 5 descri bed above and exam ned by fl uor escence 2 PR 2004

m croscopy. This method allows visualization of individu ut may
have di m%g'r{%"dg%ensitivi ty depending on the density of f'lr%ﬁ‘z%‘{"?gzé‘ﬁ.

Anti - PSMA human 1gGs can be further tested for reactivity with PSMAanti gen
by Western blotting. Briefly, cell extragts fromcells expressing PSVA can
be prepared 10 and subjected to sodi um dodecyl sulfate (SDS)

pol yacryl am de ecirophoresis, After electr resl : at ed
anti gens wihlufnaBgE{Sraghgqoé’rﬁq@ap?g%%rﬁ% F%ncel‘l?qnﬁﬁgghée pr%ﬁ?@ﬁé’?“ g?:ée wi th 20%

nouse ser Ukhmplkel cid bO&th! Wit by F2eCStan astramain usailf lidhoshdsidd scaher drepdrées.  Human
| gG bi ndi ng can be detected using anti-hunman_|gG al kaline phosphatase and
devel oped W gate BaispYErellsy panaltsmative sisex %51{‘5%‘?1‘&5%@’“0?50%.“?3’ usedo i S,

MO . Phagocyt jG: AN t it - | bodi es
to PSMVA Ig%adggit@oﬁgﬁ#sbe:&ri]gmgggggccilyﬁ%%%ggb%ﬁﬁ? urréh&prr%lr%c ggnal

ant i - PSIYA aistdribediabsvecamd elsamined be dlubcescérite micrabidpiyt Fhisanavieatl alosvs
phagocytosis apd killing Qf cells 20 expressing PSMA. . The testin f
monocl onal VAWRIESE) %&ﬁvﬁw el Dt may bive llafragwaee*&ﬁ“"%ﬁei’? ingoh g o ng
prior to t%%h:‘;i{}gofitﬂe X,’mggnm)del s. Briefly, polynorphonuclear cells (PWN),
or other effector cells, fromhealthy donors can be purified by Ficoll

Hypaque densi t YArseREMA higraan kghis ciap bt Suwther kestedyfer reaasivity ovithad MAenigen

th tes.. Washed PMNs, . ded,.i n. RPM i.th 10%
heat | nact toaYEepatanngoprelERofl e FHTEEORTS U Srrins PN SHEPL Btatiel
expr essjigng aRSMhbie@td wadoldning déddcysulfafe (SDSe pblacreRMlide ded eletuivfioradl | S

(-effector cells:tunor cells). Purified human antj-PSMVA | g can then be
added at varfiessieconkants. abq wRaratedanigensanl! beurrasferefiogaossdulesed as

negative copld@hnes, ORSRUPWARB0AGGRE SEAth. 8Hd ploBEd Qi 2t bRl G Al 37C

Sanpl es can be assaye cytolysis by neasuring 51Cr release into the
cul ture supetibadiesio. beArsiéd. FBMarBlzGrbinding@an be detacted sunhanti-berneamigh

combi nati on th, each other.tao determ her  cytol ysd.S i nhanced
ST el el Aneabare i desSapel S BERIPANE Feual ey Rilma TushY
PCT/ USOQY 2Q24t 7siHup®s, Mojocl onal anti bodi es which bind to PSVA al so can be

tested in anin vivo nodel (e.g., in mce) to determne their efficacy in
medi ati ng phagocytosi s and

Phagocytic and Cell Killing Activities of Human Monoclonal Antibodies to PSMA
In addition to binding specifically to PSMA, human monocional anti-PSMA

antibodies can be tested for their ability to mediate phagocytosis and killing of cells

20 expressing PSMA. The testing of monoclonal antibody activity in vitre will provide an
initia} screening prior to testing in vive models. Briefly, polymorphonuclear cells
(PMN), or other effector cells, from healthy donors can be purified by Ficoll Hypaque
density centrifugation, followed by lysis of contaminating erythrocytes. Washed PMNs,
can be suspended in RPMI suppiemented with 10% heat-inactivated fetal calf serum and

25 mixed with >'Cr labeled cells expressing PSMA, at various ratios of effector cells to
tumor cells (-effector cells:tumor cells). Purified human anti-PSMA IgGs can then be
added at various concentrations. Irrelevant human 1gG can be used as negative control.
Assays can be carried out for 0-120 minutes at 37°C. Samples can be assayed for
cytolysis by measuring S1Cr release into the culture supernawant. Anti-PSMA

30 monocional can also be tested in combinations with each other to determine whether

cytolysis is enhanced with multiple monoclonal antibodies.



killing of cells expressing PSMA, e.g., tunor cells. These anti bodies can
be selected, for exanple, based on the followi ng criteria, which RIO84

i ntended to be exclusive: 5 1.) binding to live cells expr M )
hi gh af f WR 840992 bi nding to PSMA; 3.) binding to a unique ‘epi ope on PSMVA
(to elimnate the possibility that nonoclonal antibodies with
conplimentary activities when used in cegbination would 10 conpete for

bi nding to the sanme epi tope) 4.) opsonization of cells expressi ng PSMA,

5. di at f wt h t Il
S o o0, o B P e TG B bty B 1
monocl onal ,apthond(es, fﬂfmkéyqoldete%ﬂide%maﬁta rAddiathipephagodytosin afder abl y

all, of these criteria. In artlcular enmbodi nrent, the hu n noc,| onal
ant i bodi es kalﬂ:agtnﬁe&ilsmnpncsmtg 6.8..aurgor cells. ghﬁ?aH“HHE‘é'G%F eS¢ sition
conpri si ng two or r LAORARL S

t her eof . ED ﬁﬁﬂﬁlée fc’él%wm%%m%r’rgvnmgé onakpglg%ntag%gﬂéi havi ng

di fferen§ but corrpl enentary 20 activities can be conbined in a single
therapy to achieve a desired therapeutic or diagnostic effect. An
i|lustration of lnbindipgin iverells cxapseg RIMA: cont ai ni ng an anti- PSMA hunan

nonocl onal anti | effective killing of target cells
in the presencebg*%é?fr‘@ftg%%ﬁ'ltdﬁ%tg P%%l hed with another human anti- PSVA
nonocl onal  ant iNpsikdinpad a imigudepisopt ba P@mn(tm edimioatk [tise Eosprbdgsithag PSMA. 25
1. Production of Trans epic¢, Nonhyman Ani nal s Wl{‘f an bmauonwould
Monocl onal mmqlmplswbmﬁ BHhicowPimenery gty RS Vg0 Seet 1 ‘foﬁ% fhvent 1 on
provi degytra ?%ﬁ%o?bﬂﬁ hgmrgagfgle?ﬁbﬁe e.g. a transgenic mce, which are

capabl e of ressi ng nan monocl onal” ant i bodi es that 30 specifically
bind to PSVA  pr&f epsabizstion aftcelis gtpressigSNA; I n a preferred enbodinent. the

= “genoms. compr i $1 AECERLEATo NG Bpeigely bR RE ol b bieRs 10 have
transgene. éﬁr&@ﬁg%s&mﬁﬂhag&éem T huAaa e dr cdMST|I USOOR0247

15 Preferred human monoclonal antibodies of the invention meet one or more, and
preferably all, of these criteria. In a particular embodiment, the human monoclonal
antibodies are used in combination, e.g., as a pharmaceutical composition comprising
two or more anti-PSMA monoclonal antibodies or fragments thereof. For example,
human anti-PSMA monoclonal antibodies having different, but complementary

20 activities can be combined in a single therapy to achieve a desired therapeutic or
diagnostic effect. An illustration of this would be a composition containing an anti-
PSMA human monoclonal antibody that mediates highly effective killing of target cells
in the presence of effector cells, combined with another human anti-PSMA monoclonal

antibody that inhibits the growth of cells expressing PSMA.

1I. Production of Transgenic Nonhuman Animals Which Generate Human Monoclonal

Anti-PSMA Antibodies

In yet another aspect, the invention provides transgenic non-hurman animals, e.g.,

a transgenic mice, which are capable of expressing human monoclonal antibodies that
30 specifically bind to PSMA, preferably with high affinity. In a preferred embodiment,
the transgenic non-human animals, e.g., the transgenic mice (HuMab mice), have a

genome comprising a human heavy chain transgene and a light chain transgene. In one



enbodi nent, the transgenic non-human aninmals, e.g., the transgenic nce,
have been inmmunized with a purified or enriched preparation of P%AP
antigen and/or cells expressing PSMA. Preferably, the transgenic on-%a%n
ani mal s. wogumetshe transgenic mce, are capabl e of producPag/usnoazgt e

| sotypes of human nonocl onal antibodies to 5 PSMA (e.g., 1gG |gA and/or

| gE) by undergoing V-D-J reconbination and i sotype swtching. |sotype

swi t ching may occur by, e.g., classicat2dr non-classical isotype

swi tching. The design of a transgeni c non-human ani mal that responds to

f or ei gn antengedimett. theitransgemc won-humah ebierad, eaube aatigbnidynice hevd orene,

requires that the . heterol us 10 .i nogl obul i ansgenes,contain within
t he transgéﬂﬁ"ﬁ‘“ﬁf’r‘f’ﬂthﬂﬁgﬁ%&{ eB’d‘f‘}ﬁE‘ﬁ?&?gﬂ‘mﬁéﬁgr‘}%@P_ ﬁ@{%ﬁgiﬁ of B-cell
devel oprre_nte.x{,,leggiﬁg PSRIAET PrefbrfIARE 1 R1kheni6 AbA-BGinan bHIGAIL, @1y, Qhe RariéfiE Ol OgoOUS
heavy chain transgene includes isotype switching. Accordingly, the

t r ansgenes Teice.arecapablend poduaing radngle nssttpsd of bumasn menpelonr) @atibasinsype

spect 11 13 BB TEe TR fuch MY rdoiie L0 A alh 8RB, L LYPO,
of and r espoRgRingO Idlypelsivtichidyg GhaySocoir by( 4)o.,&X3kiesiSdraianlassicalusdym ent

primary repertoire, (5) signal transduction, (6) sonmatic hypermnutation,
and (7) dorf*isbiP8n of the transgene antibody |ocus during the immune

response. Not al’l‘heQifesi&ﬁﬂf 5 %ﬁ%&ﬁi@go Tubih 2R Shhr l?gﬁpgﬁc?ﬁ to@{eicgggn?%g?ér?’ in

t hose 20 enbodi nents erein e endogenous | nmuno In | t he
t ransgeni ¢ samutmionarith a haierotagonsaritipody sapapoiee requiresitha tiegetaclogaws not

tivatg allelj .usion. Further. . in th mbodi pents wherein th
transgele JBIPPEEENLD FRaEres TR Wiip 6 GRERUS AP mal REEPT FREARY chai n

i munogl obuhioRgigsit éhe ahﬁva?eqmldelpaéaeﬁf' nBf InfdifeidrRB@mbeameent R3fre@angenent
S unnecessary,g at Ie%st or that trar%gene which is already rearranged. 25

For backgr dupdlioaref pdrisralpequsibsarhiabiiyansgens includerdseipasvitditnol ogy, 2nd
edition ( 1%&&)&11@%%&/ }%Jlgslgkﬁépo%he iﬁgent}gﬂ\éfgccﬁ{sﬁ'ﬁn%ed B Xs w0 sp‘,%‘cPﬁQ igoﬁ/g

| ncor porate erence. In certial n enbodi nment etr ﬁsgenic
non- human amiiwhing aud ede bramgenditixt folibving: (Lirgh fevabaridoriitypndpetifidi es of t he

i nventi cont ai.n rearrange unrearranged _or a 30 conbination .

Foar r anbbd SRETiNGOF MR ket arSTEaaaT, (AraHOG OB AR OB B gt
chai n transgemeidni @) bXfRe@RINNfiaNafier Fsﬁn{aha&@gﬁm& (8di gl rafmGhiAN (6)he
heavy chain transgenes conprises at [east one CH gene. In addition, the

heavy chai rfomesnbyrarmuiption \gnd@1) desnigation of the transgene antibody locus during the
immune response.

Not all of the foregoing criteria need be met. For example, in those
20 embodiments wherein the endogenous immunoglobulin loci of the transgenic animal are
funcuonally disrupted, the transgene need not activate allelic exclusion. Further, in
those embodiments wherein the transgene comprises a functionally rearranged heavy
and/or light chain immunoglobulin gene, the second criteria of functional gene
rearrangement is unnecessary, at least for that transgene which is already rearranged.

25 For background on molecular immunology, see, Fundamental Immunology, 2nd edition

(1989), Paul William E.. ed. Raven Press, N.Y., which is incorporated herein by
reference.
In certain embodiments, the transgenic non-human animals used to generate the
human monoclonal antibodies of the invention contain rearranged, unrearranged or a
30 combination of rearranged and unrearranged heterologous immunoglobulin heavy and
light chain transgenes in the germline of the transgenic animal. Each of the heavy chain

transgenes comprises at least one Cy gene. In addition. the heavy chain transgene may



-28 2 8 APR 2004 PCT/US00120247 contain functional™ isotype switch
sequences, which are capabl e of supporting isotype switching of 28 APR 2004
het erol ogous transgene encoding nmultiple CH genes in the Bgohdoanedszt he

t ransgenV@ Q30PHA1 . Such switch sequences may be those which occur naturally
in the germine imunoglobulin locus fromthe species that serves as the
source of the 5 transgene Cl1 genes, otjguch switch sequences nmay be
derived fromthose which occur in the species that is to receive the

transgene construct. (the tr | ' : leap bl {WHRDe
transgene EB‘H@H%E‘E“QE“F{Eisoﬁglggg%g‘?p%egu%?yggﬁlé%cgggrcgﬂsgeni gﬁﬁ%ﬁgg may produce
a hi gher f LgpLRREBS Phelefflbptne anidenbenmpdmpentliple Cii gerien oothp &-ealbT 8w t ch
sequences simlar to those that occur natural E‘%"‘Elé’g’t he nouse eavp'echai n

| ocus, as lensgeawaniprl JUGB SHHER equpges Myt ich eecHp PFHERYE 41 17

function with the. N TR sPASEs BAZEFRs 8y Sk 8Burcebeiras the
human swi t@ﬁ”géﬁeulgﬁgﬁoegé?b}%gg&s Sw tchsBsequences rsmy be isol ated and

cloned by GRAYEM: ICEthes loosicbgwithisegtencey mapbe déived yiorméiess whichOcHBY® from

over | appi ng synthetic oligonucleotides desi n the. | publ i shed
sequence i nhoFneates Yot P IEGERYF 4‘8 “Pﬁ%ﬁﬂ%ﬁ?%ﬂﬁ&ﬁﬂ‘eg\rﬁnf R %%?%ﬁ' ?Et sequences

(MIls et %% pgugh?q@giugﬁségﬁg? consBrudi3fiR-id 83 16 bAALE¢ 2 Hhslgeais medusatmay I ntl .

| munol . 1:83TP&2 9), Wwhich are incorporated herein by refgrence). For
each of t herbduceadigher freanargywif isoxyrersmiiching snents HribinFYPPRSSHIGEd

het er ol ogous heav nd, I ight . chain | | rg found in
a signifi ca?ﬁﬂ“?“rcﬁﬁ:%{% Eﬂ‘t'hgstehlga el a@%ﬂ?ﬂ@@ﬁdgﬁg%@ﬁ %ggﬂﬁén%ﬁ %at | east

10 per cept )predfinabilPihe RGBS SWReh béiEndes ageojRinsbel bifendtioavegehe cnansé mal s of
the inventi'on 1 ncl'ude a heavy chain transggFe conprising DNA encoding at

| east one \ewilchiskeorgfEnasesagyfRf systerp b pe Prgan,d é‘*‘:%% v> A6A"j oi ni ng

gene segment and a Lloh&ObPEonvERihaPEERRE imetHdHs. or may
i mmunogl ob[#"maT < h?Acgﬁg%ax%{g?%ﬁggg%@]cgnpriygesnvDNA gncodi %g at | east one

vari abl e gemesysaigsiad de eow fronmivegagrinesynthave wligennslogtidesedesiensd an isnst ant
25 regi on gene seg t., The gene segneni.s.. | | qReavy

chai n gene b@%&@&ﬁéﬁ%‘&f‘@? 3&8%%’ n[r%ﬁttlﬁ%%ﬁ g{gﬂglggﬁlﬁgh%gﬂﬁﬂﬁ%g#ﬂani mal in
that thgy a%ééue%eis VeSS Eufa NIl AEidls Ress 61730503 160I89¢N Stttraset hdnlogl obul i n

heavy and |1 ght chain gene segnents froma sg%gi es, ho conﬁi sting of the
transgeni c fomshelnkh3 kRHEI 989 highare nenEperatst beyl PLIFISTERSS)  the transgene

I's constructed such fhat Lhe tidset diihnaBERmct6haN§ SeBahsedhderdlgoas r anged,
i.e., not r 3?735#16@&’ SO &snl?o en%ode a functional - .

heavy and light chain immunoglobulin transgenes are found in a significant fraction of

the B-cells of the transgenic animal (at least 10 percent).

20 The transgenes used to generate the transgenic animals of the invention include a
heavy chain transgene comprising DNA encoding at least one variable gene segment,
one diversity gene segment, one joining gene segment and at least one constant region
gene segment. The immunoglobulin light chain transgene comprises DNA encoding at
Jeast one variable gene segment, one joining gene segment and at least one constant

25 region gene segment. The gene segments encoding the light and heavy chain gene
segments are heterologous to the transgenic non-human animal in that they are derived
from, or correspond to, DNA encoding immunoglobulin heavy and light chain gene
segments from 2 species not consisting of the transgenic non-human animal. In one
aspect of the invention, the transgene is constructed such that the individual gene

30 segments are unrearranged, i.e., not rearranged so as to encode a functional
immunoglobulin light or heavy chain. Such unrearranged transgenes support

recombination of the V, D, and J gene segments (functional rearrangement) and



I mmunogl obul in Iight or heavy chain. Such unrearranged transgenes support
reconbi nation of the V, D, and J gene segnents (functional rearraride 2004
and 2 8 APR 2004 WD 01/09192 -29 PCTI U500120247 preferably su oorp;q

I ncor por @ eriox$2 all or a portion of a D region gene segne'ﬁ‘ETfBEO B

resul tant rearranged i mmunogl obulin heavy chain within the transgenic

non- human ani mal when exposed to PSMA_@gt_i gen. In an alternate enbodi nent,
the transgenes conprise an unrearranged™nmini- 5 | ocus". Such transgenes

typically conprise a substantial portion of t ., D, and J s nts as
wel | as a ﬂ&@b]yww%'wowl%éﬁﬁﬁﬂ §.P°F‘FP"'5‘{}E&1§€?%¢‘&§%W§B%'8?@?%&s, t he
var ous T e Mafi ok idtE ifiino foBuliPhAUP L £dif wifhi AR Ak Spenf % humnt Ch

sp onofr- and sp

regi ons, I Ce- ce-acceptor sequences for RNA processing,
r econbi nat iapimaivghealexpased t¢ REMA aldegenconpri se correspondi ng sequences

derived fromthe heterol ogoys ,DNA. ch 10 requl at or S F be
incl)\r/porat ed inﬁBaf1 e?‘?‘&%&"é’é’ﬂ@‘f“ﬂdﬁ?f’ﬁ’?%ﬁ?ﬁe&g’?prgePéf‘%ﬁ%glgg&ggeg@g of the
non- humeg gpi,el S&lﬁlet?laniséﬁ)r{eg'?y O RbhPRse X ibstraaPpEtiomathe C, Dranhbgl obul i n

gene segnents nay be cohbinéd in"a transgene with a rodent i mrunogl obulin
enhancer seggaante 2$ vell as e sibsenofithe Ysgreaiseemeniseln ich HRRSRENS GANFUUCIEVRR het i ¢

regul atory sequences. may be incorporated i e : LN such
15 synt het i ‘@ E{ﬁfﬁ&fﬁm LHIHcee pa“r”éw%(lﬁ’ eﬁ%ﬁnlg%ogg%%%%gg?%d%ﬁgf%ﬁgl DNA
sequence t hfihot nd dpleAcdepro? Ge4iienceatfor RNIAyprobessing, geoabinatiaf sigmatnaridshe
Synthetic regul atory sequences are designed ac&grdi nq to n egsH’s rul es,
such as, f dikeegemprise cormenpadmgssayeprergderyed iroa the hefepylaequis c8¥bf a
splice-acceptor. Si a6 ' tIGX PR o 2 rélated

m ni | ocE@ c‘%g?gl Eogegse%élglﬁo‘:g?# g%%ﬁﬁ%éﬁ%?ﬁ‘%@%%ﬁ%ul i n locus having 20
at | east ongetias 6f thanoghuman animal asedanttey miventsonofFor lexampples husean del eti on of

a non-essential DNA portion (e.qg., intervening sequence.;. | or portion
t her eof ) as‘%ﬂﬁ?&?‘gﬂ'hf‘@e’f‘%%cg”}?&fsgp%ﬁ 4”‘;3/90(5'6%3?4 1“%9“"513%%3%@]%58 0T‘eg{(‘:us. In a
preferred eghadi liRfenhdMRed RYBEHC Tk usk e a taAsRgRMhousaN Wematisey, t o
generate human anti bodies to PSMA contains at |east one, typical I¥ 2- 10,

and 25 sonetynthetic EpUENONyrSeqUANSETHAY be ingprpofted mg\jéﬁgsgfeg,c hererg s ?p Exanpl e
L ot "85, Byt 8 LR BAS 2 DR gt o
14 of WD 98L2ARSHh, ocalthanliellpfrf thpgemygnes of mammals. Synthetic regulatory sequences
are designed according to consensus rules, such as, for example, those specifying the
permissible sequences of a splice-acceptor site or a promoter/enhancer motif. For
example. a minilocus comprises a portion of the genomic immunoglobulin locus having
70  at least one internal (i.e., not at a terminus of the portion) deletion of a non-essential
DNA portion {e.g., intervening sequence: intron or portion thereof) as compared to the
naturally-occurring germline Ig locus.
In a preferred embodiment of the invention, the transgenic animal used (o
generate human antibodies to PSMA contains at least one, typically 2-10, and
75 sometimes 25-50 or more copies of the transgene described in Example 12 of WO
98/24884 (e.g., pHC1 or pHC2) bred with an animal containing a single copy of a light
chain transgene described in Examples 5, 6, 8, or 14 of WO 98/24884, and the offspring
bred with the Jy deleted animal described in Example 10 of WO 98/24884. the contents
of which are hereby expressly incorporated by reference. Animals are bredto
30 homozygosity for each of these three traits. Such animals have the following genotype:
a single copy (per haploid set of chromosomes) of a human heavy chain unrearranged

mini-locus (described in Example 12 of WO 98/24884), a single copy (per haploid set of



bred with the JH del eted ani mal described in Exanple 10 of WD 98124884, the
contents of which are hereby expressly incorporated by reference mrr@ms
are bred to 30 honozygosity for each of these three traits. Such gﬁl I
have the Wwaldimeisag genotype: a single copy (per haploid s®CTaisS0020247
chronosones) of a human heavy chain unrearranged mni-locus (described in
Exanmpl e 12 of WO 98/24884), a single copy (per haploid set of WO 01/09192
-30 2 8 APR 2004 PCTTUSO00/ 20247 chronﬁs’(?rfes) of a rearranged human K |i ght
chain construct (described in Exanple 14 of WO 98/24884), and a del etion
at each enddgenowsaspoberehgangeddivman K beltshuinaonstrushideseribgt in brample 14

functional J d i bed | le 10 of 98/.24884) .. Such
ani el o ar oY DPYT e & drleron L Each B s o e PR IR RO Bt he am 5
segment s ( ExmaReLA] d0he FundGodt )8 48idontd @eibdd GRERI SO 0 DO WD 88/2a8%1).

honozygous for the JH del etion and hem zygous for the human heavy and
| i ght chai rSusbrasimals exs. brachwith muiee thakare hamogrgous serehe dgletiansef thg dh ant i gens

d d- f t] I | ' '
anti gens® | eelFRS (ErbRReSlp Pt TR o ZRRER SRR auR YR B LA PR RIS oo
to the hunmaRe J,]8elb@atyindetivehiky s forhhé hembehas and ligh cheintahstnen. yIte si ngl e

copy of each gene. | Furthernore, they will_ be nonospecifi¢g with regards to
human or noUesHtaRERIpalsEs ectesiovish aa1gsas Andped desoduchHen §EPHBAY Y chai n gene

copies are ' |+: A . e del etion spanning the JH region
I nt roduced rﬁé’m @%&?@@d;éﬁ%g%g%ﬁée%%%éggiz of WO 98/24884. Furthernore, a

subst anti al fr acB iells wblatelldroth swethlan anmirhil apemionospsgi6c fitharegard o 18 huegar ds t o
t he humg ai ns because. expressi on of {he si ngl e copy of

or nouse,.| | g‘:%t. c
the reblrdifguyand tight aﬂﬂﬁgF&a“é% Y QAL ARAY ¢ SIRBIESPPY.AY §A7h SRR sot ypi cal I y
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in a significant fraction of B-cells. The transgeni c nouse of the
preferred erdoadierhotit endogenaus mdyise heaymehaigl asheiromes 20 nppfgadionalhy virtuaof
significant,repertoire. .| ly s tial g o .ak f ive
nouse. Thust,he ggllg{l %Pr%’f‘ g,gqﬁﬁﬁ%%ﬁggﬂﬁﬁ%@ug e@ﬁéeér{eéértﬂagg lgr%%'g'g}neﬁndﬁgz (gfe\'gg)ts have
been inactyg/assd, FubBedniraa subbramiy) fabiidn of the Badells will be r@ngepetifiorwigbout

0.1to 10 nmg/m_of serum preferably 0.5 to 5 ng/nml, ideally at |east
about 119 nigsas tafhe humap Péﬁ?@‘é%]égh‘tféﬁah agfe eprETen Ht)g’ﬁ SR % ‘E"r?yt"g%TegG
fromigM ha}%m@ﬁ?ﬁ%d ihﬂMaB%fg%‘? chdlh %eﬁéﬂ'@ilf a(lféﬂéﬂm isotypically exclude the
rearrangement of the endogenous mouse k and lambda chain genes in a significant
fraction of B-cells.
The transgenic mouse of the preferred embodiment will exhibit immunoglobulin
20 production with a significant repertoire, ideally substantially similar to that of a native
mouse. Thus, for example, in embodiments where the endogenous Ig genes have been
inactivated, the total immunogiobulin levels will range from about 0.1 to 10 mg/m! of
serum, preferably 0.5 to 5 mg/ml, ideally at least about 1.0 mg/ml. When a transgene
capable of effecting a switch 1o IgG from IgM has been introduced into the transgenic
25  mouse, the adult mouse ratio of serum lgG to 1gM is preferably about 10:1. The IgG to
IgM ratio will be much lower in the immature mouse. In general, greater than about
10%, preferably 40 to 80% of the spleen and lymph node B cells express exclusively
human IgG protein.
The repertoire will ideally approximate that shown in a non-transgenic mouse,
30 usually at least about 10% as high, preferably 25 1o 50% or more. Generally. at least
about a thousand different immunoglobulins (ideally 1gG), preferably 10° to 10° or

more. will be produced. depending primarily on the number of different V. J and D



25 nmouse, the adult nouse ratio of serumligGto 1gMis preferably about 10:
1. The IgGto IgMratio will be nuch lower in the inmmature nouse8IARR 2004
general , greater than about 10% preferably 40 to 80% of the spleen and

| ynph noowoBi®eigs express exclusively human | gG protein. PCHASYPBATOI re
will ideally approxi mte that shown in a non-transgenic nouse, 30 usually
at | east about 10% as high, preferably 25 to 50% or nore. Generally, at

| east about a thousand different i m’run'oﬂl‘obul ins (ideally 1gG, preferably
104 to 106 or nore. wll be produced. depending primarily on the nunber of
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def i ned r epeay oomprifeofor\eaampleshumeas¥Hgefies which heeveefardntally Lsedeh aindwdy of
encodi ng high affinity V. .regi.ons for the.predetermn ned. anti gen;, have a | ow
ot opensiy Epintp s e S nuen lype b Grrn ALTSHivR e sitRg Y fenes o

| Mmunogeni cmhPbe ERNkRITrdth ARBANed rEPatfoire@bl Pdridul réa8aHsI(@RINARNA 10W @
transgene contai nlg&varl ous heavy 15 or |ight chain gene segnments, such

gene segnenikeliragd pleencedinig el afenty Viregionsefog thegyredetgronnedi antipérs haes a oA
sequenci ng, L0 | es.of qr gan ther than.th r geni c
animal | ThPDpeREy Mudentt oG arld AR Meflelle; bR ihMpodbBIROCN ¢
a purified cepraireiiinhanila e dThuse pdsrat ireatrangertéol/Bf a tiahggene eonilditing vatibwss APy essi ng
PSMA as_described .20 previ ousl%ll.5 The mce will produce %ﬁig_el | s which

under gol 2| S¥IERFRAMBERF SFRIENTS: ugh pEITYGRMENS WAy TPy Heetbied fne- bY

(ci s-swit chiyig)iARgn BXDRGS SequBREHIAS BAHE K a §RRRE bY Gredhib oiRlYhan the
I mmunogl obuli ns can be human sequence anti bodies, wherein
transgenic animal.
The transgenic mice of the present invention can be immunized with a purified
or enriched preparation of PSMA antigen and/or cells expressing PSMA as described
20 previously. The mice will produce B cells which undergo class-switching via
intratransgene switch recombination (cis-switching) and express immunogiobulins
reactive with PSMA. The immunogiobulins can be human sequence antibodies, wherein
the heavy and light chain polypeptides are encoded by human transgene sequences,
which may include sequences derived by somatic mutation and V region
25 recombinatorial joints, as well as germline-encoded sequences; these human sequence
immunoglobulins can be referred to as being substantially identical to a polypeptide
sequence encoded by a human V, or Vy gene segment and a human J, or J; segment.
even though other non-germliine sequences may be present as a result of somatic
mutation and differential V-J and V-D-J recombination joints. With respect to such
30 human sequence antibodies, the variable regions of each chain are typically at least 80
percent encoded by human germline V, J. and. in the case of heavy chains, D, gene

segments; frequently at Jeast 85 percent of the variable regions are encoded by human



the heavy and |ight chain pol ypeptides are encoded by human transgene
sequences, which may include sequences derived by somatic nutat i2an AR 2004/
region 25 reconbinatorial joints, as well as gerniine-encoded sequences;

t hese hunwo ®®g1%2nce i mMmunogl obulins can be referred to a$aIaIseg/20247
substantially identical to a polypeptide sequence encoded by a human VL or
VH gene segnent and a human JL or JL segnent, even though other
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20 Anot her ect I nvention’pertain o] from such m ce
whi ch can affinity human sequence antibodies may have binding affinities of at least 1 x10° M,

typically at least 5 x 10° M, frequently more than 1 x 10'® M"', and sometimes 5 x 10"
M 10 1 x 10" M or greater.

20 Another aspect of the invention pertains to the B cells from such mice which can
be used to generate hybridomas expressing human monoctonal antibodies which bind
with high affinity (e.g., greater than 2 x 10° M) 10 PSMA. Thus, in another
embodiment of the invention, these hybridomas are used to generate a composition
comprising an immunoglobulin having an affinity constant (Ka) of at least 2 x 10° M"!

25 for binding PSMA, wherein said immunoglobulin comprises:

a human sequence light chain composed of (1) a light chain variabie region
having a polypeptide sequence which is substantially identical to a polypeptde sequence
encoded by a human V| gene segment and a human J; segment. and (2) a light chain
constant region having a polypeptide sequence which is substantially identical to a

30 polypeptide sequence encoded by a human C; gene segment: and



be used to generate hybridomas expressi ng human nonocl onal anti bodi es which
bind wth high affinity (e.g., greater than 2 x 109 M'1) to PSMAg SRRUK04 i n
anot her enbodi ment of the invention, these hybridonmas are used to generate
a conposMQ eM0918bpri si ng an i nmunogl obul i n havi ng an af f i PFETA/SKR34 ant
(Ka) of at least 2 x 109 M' 25 for binding PSVA, wherein said

I mmunogl obul in conprises: a human sequegce | i ght chain conposed of (1) a
light chain variable region having a pdfypeptide sequence which is
substantially identical to pol ypepti de sequence encoded by a human VL
gene segnent and "aMafseairesge Qjﬁéﬁﬁ‘!‘ cgmposedyof g (1) yhgavy khain vabigile rein r egi on

having a p ' j - ntJ4.al: | | 0
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gene segne | I | egnment. and (2) a
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i dentical 5 toThedevelgmmnt dEhighglfemtehenaodenbdiynabattibodies GehigeRSMaegnent .
The devel o nt hi gh, affinity human nonocl opal anti bodi es. agai nst PSNVA
'e° facil i ramenpy 2 Hiandbler PupahaRRaroRER oK Of BHuft YA gFEROGAIF var | abl e
regi on gengepnd@AdRN Pansferfc MOBRIBOMCa FENSER DBRipRthpAndRRSARAIRIRUN Si NG an

i ntegrated human inmunogl obulin transgene, said nmethod conprising
i nt roduci nimmunogiphdingleansaeneasad methpdrrempriamg getnedusimgpnioghe gengmeesyV¥on gene

segnent,s which _are not pres i 0 sai | ntegrated human i | obul in
Cr ancodle. Bt B R op RS ebr st seb PR b Hlear W FLRIRL P oo
conpri si ngirdegi@iet ihamadimmuhogiobuliMHraisgéfle. (Ofieh, §RNE r&SeRDisged § aWeasdS My
natural ly occur in a human genonme or as nmay be spliced together separately
by reconbi ABHiciasirpmasomgRPBRRTIHAY 2 PREIAIRS adiimags Yinpg¥r (Vk) &5 SEHRENY gene

15 segnent | ' I nts are
S€g §rraﬁ]atg% x Cat\lr?l?)fs(gcc b M mmﬁp%ﬁ'{og#?ﬁfagﬂ{&g be_\égﬁgéa%g&ﬂ&e S

cont ai ned on n this variati ssible to make a
transgeni c serpuaelyhyoccastindy ntettods, whieh erayoneledeoytaniirder orentive] Vighee ei n

(D ToU3°, 2R 32Sonah LRSS OB oSBT SBEBER TS T RRAT
transgene 3K alfGhiS@irafion Mo Poskine 1d hak s Famsgkdic nidils gesdacedyy teans of 20
the V repertoire expansion nethod, transgenic mce having at | east 5
di stinct Vreperene expansion method, wherein the mouse expresses an immunoglobulin chain
comprising a variable region sequence encoded by a V region gene segment present on
the V region ransgene and a C region encoded on the human lg transgene. By means of
20 the V repertoire expansion method, transgenic mice having at least 5 distinct V genes
can be generated; as can mice containing at least about 24 V genes or more. Some V
gene segments may be non-functional {e.g., pseudogenes and the like); these segments
may be retained or may be selectively deleted by recombinant methods available to the
skilled artisan, if desired.
25 Once the mouse germline has been engineered to contain a functional YAC
having an expanded V segment repertoire, substantially not present in the human Ig
transgene containing the J and C gene segments, the trait can be propagated and bred
into other genetic backgrounds, including backgrounds where the functional YAC
having an expanded V segment repertoire is bred into a mouse germline having a
30 different human Ig transgene. Multiple functional YACs having an expanded V

segment repertoire may be bred into a germliine 10 work with a human Ig transgene (or

multiple humanr 1g transgenes). Although referred to herein as YAC transgenes. such



can be generated; as cah mce containing at |east about 24 V genes or nore.
Some V gene segments may be non-functional (e.g., pseudogenes aid@ AfRell04
like); these segnents may be retained or nay be selectively del eted by
reconbi nwBt0181Mods available to the skilled artisan, if Ffdép508@92425 Once
t he nouse germine has been engineered to contain a functional YAC having
an expanded V segnent repertoire, substaptially not present in the human Ig
transgene containing the J and C gene s&ghents, the trait can be propagated
and bred into other genetic backgrounds, including backgrounds where the
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Al t hough t hgefioire YR ganbgeny. | Akisoughphefopegontp dustrilsts apnéfeméd dibbdadimment of

transgeni c ani mal of the inyention, other odi ments are .cont l,at ed
whi chHave hedEBReeaieaums] Ridhe IpveBYn. OUIcE GbP lenip arerroniapRiAid WP

cont ai ni ngpad, Hﬁ’sﬁﬁlariﬁlﬁgﬁ(éa{gg@ﬁég: and rearranged |ight inmunogl obulin
transgene; I. Transgenic animals containing an unrearranged heavy and rearranged light
immunoglobulin transgene;
11. Transgenic animals containing an unrearranged heavy and unrearranged light
20 immunoglobulin transgene;
I11. Transgenic animal containing rearranged heavy and an unrearranged light
immunoglobulin transgene; and
1V. Transgenic animals containing rearranged heavy and rearranged light
immunoglobulin transgenes.
25 Of these categories of transgenic animal, the preferred order of preference is as
follows 11 > [ > III > IV where the endogenous light chain genes (or at least the K gene)
have been knocked out by homologous recombination (or other method) and [ > 11 > 11]

>IV where the endogenous light chain genes have not been knocked out and must be

dominated by allelic exclusion.



1. Transgeni c animals containing an unrearranged heavy and unrearranged
light 20 imunogl obulin transgene; Il11. Transgenic ani mal contii Aﬂgn
rearranged heavy and an unrearranged |ight immunoglobulin tran ég X Q%d

| V. Transganbpods mal s containi ng rearranged heavy and rearpangessobaht
I

I mmunogl obul i n transgenes. 25 O these categories of transgenic animal, the
preferred order of preference is as follows Il >1 > 111 > 1V where the
endogenous |ight chain genes (or at |easgs5the K gene) have been knocked

out by honol ogous reconbi nation (or other method) and I > 11 >[Il >V
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m metic. 10°7Q¢ Wéﬁegg? one QTH@c’fﬁr%Ef'éry?enfiima/@ﬁlemﬁs- iswel! arcrasthsr apiderly.i ¢ and

mul t.i speci f 4,G; M St st one first binding specificity
for PSVA an%rﬁgmggE%%%ﬁkﬁlg?ﬁg{ar%gd@%ﬂg%ﬁ’g{]%ﬁ&for a second target epitope. In
a parti d¢Ql ar enbédiardmglyofhetriresent mvemidndncluddsdispecifiecing andtispedfic t ope is an

Fc receptor 9. . human_ FcyRI 4) or..a hupan Ec cept or 9).
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15 multispecific molecules capable of binding both to FeyR, FcaR or FeeR expressing

effector cells (e.g., monocytes, macrophages or polymorphonuclear cells (PMNs)), and
1o target cells expressing PSMA. These bispecific and multispecific molecules target
PSMA expressing cells to effector cell and, like the human monoclonal antibodies of the
invention, trigger Fc receptor-mediated effector cell activities, such as phagocytosis of a

20 PSMA expressing cells, antibody dependent cell-mediated cytotoxicity (ADCC).
cytokine release, or generation of superoxide anion.

Bispecific and multispecific molecules of the invention can further include a
third binding specificity, in addition to an anti-Fe binding specificity and an anti-PSMA
binding specificity. In one embodiment, the third binding specificity is an anti-

25 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

30 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 that is different from the entity to which the first and



I nvention, trigger Fc receptor-nedi ated effector cell activiti e.?B Awolm['as
phagocytosis of a 20 PSMA expressing cells, antibody dependent
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i n cyt ot oxi eecaod biriding spacificities bing. Fotexsayds thhanti-emhanesmers sty ostii wagt t he

target cell,. The " nt| cene r r{ion” |bo
functional 243 B ’“Fr %‘Eﬁ(ntg W'EP %gﬁ@ﬁﬁﬁ‘gﬁf?ﬁ@ g(?‘%@ﬂ @%ﬁl e,
e.g., an anihgfe 661l hat feQARRH h inchdided mﬁekefregﬁﬁﬁé %@a:ﬂé@t&ﬂa@@h@é‘]‘]@eﬁe”t of
the effect of the binding determnants 30 for the receptor or target

cel | antigen. Thén cemembasitnenicbabinpesific and mpditspeafic mpdgruldsiofitheanvergion

Factor - for ERBRESE e SR " CrRBSy pr o B TRERRISERERL,
whi ch the fidcpidiag@.gf, 4 FABRFAO R, BY/RALH7| CERABEOT RO 2Atibod B rayest st

bi ndi ng speC| ficities bind. For exanple, the anti-enhancenent factor
por t i on cana lighhehain eryheem&haen dirmegy or any mjmimg] dragment toergof gob as ebpy®racny,

| AV Lle ASTons UG 01 Blind 70 15! P ARNDIOR8396. LIRS

response agal one e %hebi Speci
mul ti speci f Mgnﬁl?edmmshem‘ontdna of wiaeH 1s@nprc55}pmfprposaedasy eeflriencdt. ng

specificity at |east one antl ody, nti b fra ment thereof
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contents of which is ex ssly . inc or at 4 ref rence. .10 In e
enbodi ment  bi sped? PPEER IW&%ME{ 45 o CE&yﬁ‘P FTeE RO I PGP 2
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surface of an effector cell, and a second binding specificity for a target

cel | antliSgenmmangglobwMa (IaGh xﬁﬁ@seérhbmm itestermt"fgG recepiprefepeieiany @ the for an
B e M
term"lgGr %‘éﬁ%&ﬁbmﬁ@ﬁﬁo&ﬁl@re@éﬁioﬁ%ffchﬁs whichlre Yrotpéd MAIBRRFdyedtpRE On
chronmosone 1. These genes encode a total of twelve
classes: FcyRI (CD64), FcyRII(CD32), and FeyRII1 (CD16). In one preferred
embodiment, the Fey receptor a human high affinity FeyRI. The human FeyRI1sa 72
20 kDa molecule, which shows high affinity for monomeric 1gG (108 - 10°M-').
The production and characterization of these preferred monoclonal antibedies are
described by Fanger et al. in PCT application WO 88/00052 and in U.S. Patent No.
4,954,617, the teachings of which are fully incorporated by reference herein. These
antibodies bind to an epitope of FcyRI, FeyRII or FeyRIII at a site which is distinct from
25 the Fcy binding site of the receptor and. thus. their binding is not blocked substantially
by physiological levels of 1gG. Specific anti-FcyR] 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. Anti-FcyRI mAb 22, F(ab"); fragments of mAb 22, and can be obtained from

30 Medarex, Inc. {Annandale. N.J.). 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.
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gr anul ocyt es, on non- ef popul ati ons. FcaRl has medi um
af fini tys(~A3, 85% A&Warkd+A’)7, dichiiond FegRl owside tigA2A hdand bindsng dwmaiadwile upon

Ot cal ReUeHESTPRe AYRTROP o 16212290 byt LA speci fi ¢ monoc! ondl
antibodies, i denf-’é&RFéjnd%Rl are preferred trigger receptors for use in the invention because
they are (1) expressed primarily on immune effector cells. e.g., monocytes, PMNs.
macrophages and dendritic cells; (2) expressed at high levels (e.g., 5.000-100.000 per
20 cell); (3) mediators of cytotoxic activities (e.g., ADCC, phagocytosis); (4) mediate
enhanced antigen presentation of antigens. including self-antigens, targeted to them.

In other embodiments, bispecific and muhispecific molecules of the invention
further comprise a binding specificity which recognizes, e.g.. binds to. a target cell
antigen, e.g., PSMA. In a preferred embodiment, the binding specificity is provided by

25 a human monoclonal antibody of the present invention.

An "effector cell specific antibody" as used herein refers to an antibody or
functional antibody fragment that binds the Fc receptor of effector cells. Preferred
antibodies for use in the subject invention bind the Fc receptor of effector cqlls at a site
which is not bound by endogenous immunoglobulin.

30 As used herein. the term "effector cell” refers to an immune cell which is
involved in the effector phase of an immune response, as opposed to the cognitive and

activation phases of an immune response. Exemplary immune cells include a cell of a
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expressed at high levels (e.g., 5,000-100.000 per 20 cell); (3) nediators
of cytotoxic activities (e.g., ADCC, phatfocytosis); (4) nediate enhanced
antigen presentation of antigens. including self-antigens, targeted to
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I nvention further colg'qp{é_lse a. hi nding specifici ti'/ﬁ whi ch recogni zes, e.g..

bi nds to, &Yielyyel ce Lsob kijlep celis. gaturabgiljer celis. magiophages grionaelssl ment |

t he bi ndi nGosREEkifs. Gélor ' I I ti body of

t he present 0i Invgn]t i on.t y nﬁﬁ,go%%@ﬁo@}éhaggﬁg%? I'C 3%{?%3%%5{;&%5‘5535% her ei n

refers to dnrsephiisbSdmeaffectonoalsiexpedss specifitoftyretbémersand cirhpbutlspeudic t he Fc
r ecept or_ of. effeﬁtggr. cells. Preferred. antibodies for use_in the subject

i nvent i (rj% BIRnE onp-o cde Hesnis- ap effestopgellis ganable offinducings not
b d b i 1 H n t
oune DY, enBMBSROH B CeBA oSy RBRLCNE BreihEp et oo

cell" refers to an_ i mune ce S vol ved ase of
an i mmune riedysinsaDCLS bppeewle, monbeyten grictdpheganehichekpresst FaRarphases of

i : .__Exenpl Il,s include a cell of a 2 8 APR 2004
WO 01/ 09199 BERUBSBFSHS i ling of FEes Fells and FysaRunREATSIEr o 1 OUer GOmPPRERBhoCyt e
(e.g., B calfie iaiiflurle $8lehs of Birkitiy B%ellChbOpébdnt aiﬁieggﬁé.l 1 difietlefbbdinkdnhd, €r

cells, natural killer cells, macrophages, nonocy , eosinophils,
neut r opH | ¢n ehEripreelbersrrhageeriosed target antigen] wrget esll, onmsdroorghnism. Jind

b hils. : : ific F t t
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e.g., a neutrophil capable of inducing ADCC. For exanple, nonocytes,
macr ophage Py isrisrensanma dFNeR. dihés enhanesid\exgressios puthasdschkyibionty asfivitar get

|1 d | NQ. ' th f the i t
e e SRR LRI Ry Pk SHARGREE 2o St FVRG BT

ef f ect or5 caintig@asr Pplag@oesti.ose a target antigen, target cell, or
m croorgani sm The exEFr"eS;si on of a particular FcR on an effector cell can
be regul ated by Hamst s§!l"rshall giean any updesirable celk impsubiechie. gsa@binan orexpr essi on

of FcyRl hag;ihasat eaHsk tra&e% B Ecﬁﬂﬁﬂsﬁfo%d(e.g., a human monoclonal antibody, a
bispecific or a multispecific molecule) of the invention. In preferred embodiments, the
target cell is a cell expressing or overexpressing PSMA. Cells expressing PSMA

20 typically include tumor cells, such as prostate. renal and colon tumor cells.

While human monoclonal antibodies are preferred, other antibodies which can be
employed in the bispecific or multispecific molecules of the invention are murine,
chimenc and humanized monoclonal antibodies.

Chimeric mouse-human monoclonal antibodies (i.e.. chimeric antibodies) can be

25  produced by recombinant DNA techniques known in the art. For example, a gene
encoding the Fc constant region of a murine (or other species) monoclonal antibody
molecule is digested with restriction enzymes to remove the region encoding the murine
Fc, and the equivalent portion of a gene encoding a human Fc constant region is
substituted. (see Robinson et al., International Patent Publication PCT/US86/02269:

30  Akira, et al., European Patent Application 184.187; Taniguchi, M., European Patent
Application 171,496, Morrison et al., European Patent Application }73,494; Neuberger
et al., Intemational Application WO 86/01533; Cabilly et al. U.S. Patent No. 4.816.567:



by interferon ganma (I FN-y). This enhanced expression increases the
cytotoxic activity of FcyR -bearing cells against targets. An ef fzq;cpdqqr 2004
cell can phagocytose or lyse a target 15 antigen or a target cell. "Target
cel I " shAYQ 0H@pdP2 any undesirable cell in a subject (e.g., BCHUMNPOM7
animal) that can be targeted by a conposition (e.g., a human nonocl onal
anti body, a bispecific or a nultlspeC|f|c nDIecuIe) of the invention. In
preferred enbodi nents, the target celt 335 a cell expressing or

over expr essi ng PSMVA. Oel | s expressing PSMA 20 typically include tunor
cells, sucﬁa@gvm ak.tEurepeap Fatent Applicadbon23.020 Better ¢tsal. (VWA88 Sciengman
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, European Patent Application 17 Neuber g nternatlonal
Appl icati omt%d&@hﬁdﬁtiesxdcd:bblhﬂtbrylsm, SalL., 168%. ScRatem‘) NO2-IREBHBdB8 Vi e2 8 APR

2004 0 /USOO/ Cahi | | Eur ope Pat ent

Aopl i cali offi-19800B T Eelatiues A d Those Gispods Fashids Sokise: pRPRBNIG. 1 e
al . (1987) cfﬂ}@s@lr@“thgﬁ&gma%@ﬂ,scgthéhc@i thad encode&1or phrt dmbglobﬂl"ﬁr}% ¥521- 3526;
Sun et al. (1987) PNAS 84:214-218; Nishinmura et al. 987, Canc. Res.

47 999- 1005anabém@gmnsénom ailemsynapf aheavg onlighyshaing Soams shaigh gucleir acid1988.

Nat | %Q&‘ﬁ lfﬁcﬂéri 0 tﬁQse%ﬁﬁ?éd%?é?e)%ﬂae 'ékzﬂ%i %%é Qﬂg%egﬁrﬁmhbﬁ’f urt her

hunanlzed replaci’'ng sequences v var region afe not
directly i avemePliyillgatitgpdy pbmdudlnggmhfntibmetheyﬁzlcembinaﬂenue\rmsdmg then human
Fv vari abl e re%| ons, CGeneral revjews.of humani.zed .chineric antibodies are

provi ddd b§hiRtsFIFia8Bhodysor jragmerg dheread, fan fhen begoReslIOBEPPIIRTAy G el 10
al, 1986, BiRdQtdHWeirs Stiablé hurhBas& ARMHOGES cAr e HAGvES Yedhbdifed by

mani pul ati ng, and
CDR substitution U.S. Patent 5,225,539; Jones et al. 1986 Nature 321:552-525;
Verhoeyan et al. 1988 Science 239:1534; and Beidler et al. 1988 J. Immunol. 141:4053-
4060.

20 All of the CDRs of a particular human antibody may be replaced with at least a
portion of a non-human CDR or only some of the CDRs may be replaced with non-
human CDRs. It is only necessary to replace the number of CDRs requireci for binding
of the humanized antibody to the Fc receptor.

An antibody can be humanized by any method, which is capable of replacing at

25 least a portion of a CDR of a humman antibody with a CDR derived from a non-human
antibody. Winter describes a method which may be used to prepare the humanized
antibodies of the present invention (UK Patent Application GB 2188638A, filed on
March 26, 1987), the contents of which is expressly incorporated by reference. The
human CDRs may be replaced with non-human CDRs using oligonucleotide site-

30 directed mutagenesis as described in International Application WO 94/10332 entitled.

Humanized Antibodies to Fc Receptors for Immunoglobulin G on Human Mononuclear

Phagocytes.



expressing the nucleic acid sequences that encode all or part of

I mmunogl obulin Fv variable regions fromat |east one of a heavyz-(grejpﬁ g]hni
chai n. Sow(fﬁz g such nucleic acid are well known to those _skilled 1nthe
art and, PorVé¥4Mnl e, may be obtained from 7E3, an anti - GAIGEPHOR9247: i body
produci ng hybri doma. The reconbi nant DNA encodi ng the 15 chineric anti body,
or fragnent thereof, can then be cIoned_hggo an appropriate expression
vector. Suitable humani zed anti bodies can alternatively be produced by CDR
substitution U. S lPat egt g 225,53%.\]0%5 etB%Ii. 1986 Nature 321:552-525;
Verhoeyan et al . “18B¥18 1h(,3c0Ps 9§ hednyentign areppbimeres andk humanizedggtifodiesitunol .
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derived froma non-human antibody. Wnter describes a nmethod which may be
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repl aced wi tiie anmigeitnsomeGRRandes] AGLbOdiGORWHIEDEMPR a8ids haddbédinlRAgt£d

nmut agenesi s as described in International Application WO 94/10332 entitl ed,
Humani zed AffleBddPERbsiyuted agretasted ia hergin asimediBed aibodiss or altered aptibodies.
Mononuclgar Pha rE-Fm HABHI s a149; 3 4 S 247 Al so
within tlﬁﬁ scopqul?){% e ?%}%ﬁt&l on g%ealg%n%r%léraf@%;ﬁ%ﬁ'aaFr’étﬁb%ﬁﬁeeg‘ %r?i’i odies in
whi ch speci fianoglvhalanabedies, hbiverbeanbaliss tnd hireshizedednebedieowhiatidade bédan

parti cul ar, eferred h ni zed. anti bodi es have am acid substitutions
in the franﬁ&%ﬂﬁef@gf&l, e@ﬂ%ﬁdgg’gtﬁ”l YRS BeTHEM ‘B?)a’ftﬁ?_é’déin? Phen. For
exanpl e, in cRariplePal &RBo@NEdntedodified BRMLIBGNgTHe TBnstiRSegidMhmtPrepfdc g if OCat ed

in the human framework region can be replaced with the am no acids |ocated
at the corr ¥dponeAns@npesionimsast foringmesefplfdife. amit semerhalfdifestabiliyytort ut i ons

are knowy t %ffiirm}r&\fﬁe Q‘ltﬂghf'gAB_{l nmdmh&? ﬂ \91%1}1 t?l‘?edgcgpsae e invention so long
as the bispecific and multispecific molecule has at least one antigen binding region
specific for an FcyR and triggers at least one effector function.

Bispecific and multispecific molecules of the present invention can be made
using chemical techniques (see e.g., D. M. Kranz et al. (1981) Proc. Nail. Acad. Sci.

20 USA 78:5807), "polydoma" techniques (See U.S. Patent 4,474,893, to Reading), or
recombinant DNA techniques.

In particular, bispecific and multispecific 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 and described in the

25 examples provided herein. For example, each binding specificity of the bispecific and
multispecific 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-thicacetate (SATA), 5,5'-

30 dithiobis(2-mitrobenzoic acid) (DTNB), o-phenylenedimaleimide (0PDM), N-
succinimidyl-3-(2-pyndyldithio)propionate (SPDP), and sulfosuccinimidyl 4-(N-

maleimidomethyl) cyclohaxane-i-carboxylate (sulfo-SMCC) (see e.g., Karpovsky et al.



the antigen In sone instances. Antibodies In which am no acids have been
added, deleted, or substituted are referred to herein as nodified8 APR 2004
anti bodi es or altered antibodies. 10 The term nodified antibod
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Chem cal Cepaif RRffuds®r may)comprise at least two single chain molecules. Methods for
preparing bi- and multspecific molecules are described for example in U.S. Patent
20 Number 5,260,203; U.S. Patent Number 5.455,030; U.S. Patent Number 4,881,175;
U.S. Patent Number 5,132.405; U.S. Patent Number 5,091,513; U.S. Patent Number
5.476,786; U.S. Patent Number 5,013,653; U.S. Patent Number 5,258,498; and U S.
Patent Number 5,482,858.
Binding of the bispecific and multispecific molecules to their specific targets can
25  be confirmed by enzyme-linked immunosorbent assay (ELISA), a radiocimmunoassay
(RIA), FACS analysis, a bioassay (e.g., growth inhibition), or 2 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
30 c.g.. an enzyme-linked antibody or antibody fragment which recognizes and specifically
binds to the antibody-FcR complexes. Aliernatively. the complexes can be detected

using any of a variety of other immunoassays. For example, the antibody can be
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anti body or antibody fra ment whi recogni zes and specifically binds to
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Assay Techringiapsutiqagenisiaeiuds. hut ag ok ignitedig, @ﬁnmf@éehtew & meghotrexate,

6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil decarbazine), alkylating

agents (e.g., mechlorethamine, thioepa chlorambucil, melphalan, carmustine (BSNU)
20 and lomustine (CCNU), cyclothosphamide. busulfan, dibromomannitol, streptozotocin,
mitomycin C, and cis-dichlorodiamine platinum (II) (DDP) cisplatin}, anthracyclhines
(e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics (e.g.,
dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycin
(AMC)), and anti-mitotic agents (e.g., vincristine and vinblastine). An antibody of the
25 present invention can be conjugated to a radioisotope, e.g., radioactive iodine, to
generate cytotoxic radiopharmaceuticals for treating a PSMA-related disorder, such as a
cancer.
The antibody conjugates of the invention can be used to modify a given
biological response, and the drug moiety is not to be cousrtrued as limited to classical
30 chemical therapeutic agents. For example, the drug moiety may be a protein or
polypeptide possessing a desired bioclogical activity. Such proteins may include, for

example. an enzymatically active toxin, or active fragment thereof. such as abnn. rictn
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exot oxi n, oB303ileHsedsmicPasss 1983, prdThome sualh "Bk Preparetiorednd Siytotexiet or or
Properties Of Antibody-Toxin Conjugates”, Immunol. Rev., 62:119-58 (1982).

V. Pharmaceutical Compositions

20 In another aspect, the present invention provides a composition, e.g., a
pharmaceutical composition, containing one or a combination of human monoclonal
antibodies, or antigen-binding portion(s) thereof, of the present invention, formulated
together with a pharmaceutically acceptable carmier. In a preferred embodiment, the
compositions include a combination of muitiple (e.g., two or more) isolated human

25 anubodies or antigen-binding portions thereof of the invention. Preferably, each of the
antibodies or antigen-binding portions thereof of the composition binds to a distinct, pre-
selected epitope of PSMA.

in one embodiment, human anti-PSMA monoclonal antibodies having
complementary activities are used in combination, e.g., as a pharmaceutical

30 composition, comprising two or more human anti-PSMA monoclonal antibodies. For

example, a human monocional antibody that mediates highly effective killing of 1arget
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For I mrunotargeting OF Drugs |In Cancer Therapy", in Mpnoclonal Antibodies
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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.
A "pharmaceutically acceptable salt” refers to a salt that retains the desired
biological activity of the parent compound and does not impart any undesired
20 toxicological effects (see e.g., Berge, S.M., et al. (1977) J. Pharm. Sci. 66:1-19).
Examples of such salts include acid addition salts and base addition salts. Acid addition
salts include those denived from nontoxic inorganic acids, such as hydrochloric. nitric,
phosphoric, sulfuric, hydrobromic, hydroiodic, phosphorous and the like, as well as
from nontoxic organic acids such as aliphatic mono- and dicarboxylic acids. phenyl-
25  substituted alkanoic acids, hydroxy alkanoic acids, aromatic acids, aliphatic and
aromatic sulfonic acids and the like. Base addition salts include those derived from
alkaline earth metals, such as sodium, potassium. magnesium. calcium and the like, as
well as from nontoxic organic amines, such as N,N'-dibenzylethylenediamine, N-
methylglucamine, chloroprocaine, choline, diethanolamine, ethylenediamine. procaine

30 and the like.
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liposomes (Strejan et al. (1984) J. Neuroimmunol. T:27).
Pharmaceutically acceptable carriers include sterile aqueous solutions or
20 dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion. The use of such media and agents for pharmaceutically active
substances i1s known in the art. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the pharmaceutical compositions
of the invention is contemplated. Supplementary active compounds can also be
25 incorporated into the compositions.
Therapeutic compositions typically must be sterile and stable under the
conditions of manufacture and storage. The composition can be formulated as a
solution, microemulsion, liposome, or other ordered structure suitable to high drug
concentration. The carrier can be a solvent or dispersion medium comainin;g, for
30 example, water, ethanol, polyol (for example, glycerol. propylene glycol. and liquid
polyethviene glycol, and the like). and suitable mixtures thereof. The proper fluidity can

be maintained. for example, by the use of a coating such as lecithin. by the maintenance
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increased as indicated by the exigencies of the therapeutic situation. It is especially
20 advantageous to formulate parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as used herein refers to
physically discrete units suited as unitary dosages for the subjects to be treated; each
unit contains a predetermined quantity of active compound calculated to produce the

desired therapeutic effect in association with the required pharmaceutical carrier. The

| B
Lh

specification for the dosage unit forms of the invention are dictated by and directly
dependent on (a) the unique characteristics of the active compound and the particular
therapeutic effect to be achieved, and (b) the limitations inherent in the art of
compounding such an active compound for the treatment of semsitivity in individuals.
Examples of pharmaceutically-acceptable antioxidams include: (1) water soluble
30  antioxidants, such as ascorbic acid, cysteine hvdrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oii-soluble antioxidants, such as ascorbyl

palmitate. butylated hvdroxyanisole (BHA). butylated hydroxytoluene (BHT), lecithin,
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formulations containing such carriers as are known in the art to be appropriate. Dosage
forms for the topical or transdermal administration of compositions of this invention
20  include powders, sprays. ointments. pastes. creams, lotions, gels, solutions, patches and
inhalants. The active compound may be mixed under sterile conditions with a
pharmaceutically acceptable carrier, and with any preservatives. buffers, or propellants
which may be required.
The phrases "parenteral administration” and "administered parenteraily” as used
25 herein means modes of administration other than enteral and topical administration.
usuaily by injection, and includes. without limitation, intravenous, intramuscular.
intraarterial, intrathecal. intracapsular, intraorbital, intracardiac. intradermali,
intraperitoneal, transtracheal, subcutaneous. subcuticular. intraarticular, subcapsular,
' subarachnoid, intraspinal, epidural and intrasternal injec".tion and infusion. )
30 Examples of suitable aqueous and nonaqueous carriers which may be empioyed

in the pharmaceutical compositions of the invention include water, ethanol. polyols

(such as glycerol. propylene glycol. polyethylene glvcol. and the like). and suijtable
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pharmaceutically e carri.er, and wth, an reservatives. buffers,

or propellants \kﬁﬁ %ﬁlﬂ%gé%g%m?dé&t&&ﬁseﬁ’é’vﬁw %gdfﬁﬁ’l’sé?{f’%ﬁ%ll .
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nodes of adm ni stration ofher than enter and topical adm nistration.
usual |y by CRTBEYHOMcOMABingntor Gersaple, -0 hiu?9.fYartimoae preferabling ¢. huwedWasof

i ntramuscul @ftive ingredient in combination with a pharmaceutically acceptable carrier.
Regardless of the route of administration selected. the compounds of the present
invention, which may be used in a suitable hydrated form. and/or the pharmaceutical
20 compositions of the present invention. are formulated into pharmaceutically acceptable
dosage forms by conventional methods known to those of skill in the art.
Actual dosage levels of the active ingredients in the pharmaceutical
compositions of the present invention may be varied so as to obtain an amount of the
active ingredient which is effective to achieve the desired therapeutic response for a
25  particular patient, composition, and mode of administration. without being toxic to the
patient. The selected dosage levei will depend upon a variety of pharmacokinetic
factors including the activity of the particular compositions of the present invention
; employed, or the 'est'er, salt or amide thereof, the route._o_lf administration, the time of
administration, the rate of excretion of the particular compound being employed. the .
30 duration of the treatment, other drugs, compounds and/or materials used in combination

with the particular compositions emploved. the age, sex. weight. condition, general
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preferable to administer the compound as a pharmaceutical formulation (composition).
Therapeutic compositions can be administered with medical devices known in
the art. For example, in a preferred embodiment, a therapeutic composition of the

20 invention can be administered with a needleless hypodermic injection device. such as
the devices disclosed in U.S. Patent Nos. 5.399,163; 5,383.851; 5,312.335: 5.064.413;
4.941.880; 4,790,824: or 4,596,556. Examples of well-known implants and modules
useful in the present invention include: U.S. Patent No. 4.487,603, which discloses an
implantable micro-infusion pump for dispensing medication at a controlled rate;

25 U.S. Patent No. 4,486,194, which discloses a therapeutic device for administering
medicants through the skin; U.S. Patent No. 4,447,233, which discloses a medication
infusion pump for delivering medication at a precise infusion rate; U.S. Patent
No. 4,447,224, which discloses a variable flow implaniable infusion apparatus for
continuous drug delivery; U.S. Patent No. 4.439,196. which discloses an osmotic drug

30 delivery system having multi-chamber compartments; and U.S. Patent No. 4.475.196,

which discloses an osmotic drug delivery system. These patents are incorporated herein
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one embodiment of the invention, the therapeutic compounds of the invention are
20  formulated in liposomes; in a more preferred embodiment. the liposomes include a
targeting moiety. Ina most preferred embodiment, the therapeutic compounds in the
liposomes are delivered by bolus injection to a site proximal to the tumor or infection.
The composition must be fluid to the extent that easy syringability exists. It must be
stable under the conditions of manufacture and storage and must be preserved against
25 the contaminating action of microorganisms such as bacteria and fungi.

A "therapeutically effective dosage" preferably inhibits tumor growth by at least
about 20%, more preferably by at least about 40%, even more preferably by at least
about 60%. and still more preferably by at least about 80% relative to untreated subjects.
The ability of a compound to inhibit cancer can be evaluated in an animal model svstem

30 predictive of efficacy in human tumors. Alternatively, this property of a composition
can be evaluated by examining the ability of the compound to inhibit. such inhibition in

vitro by assays known to the skilled practitioner. A therapeutically effective amount of
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V1. Uses and Methods of the Invention

20 The compositions (e.g., human monoclonal antibodies to PSMA and
derivatives/conjugates thereof) of the present invention have in vitro and in vivo
diagnostic and therapeutic utilities. For example, these molecules can be administered
to ceils in culture, e.g. in vitro or ex vivo, or in a subject, e.g., in vivo, to treat, prevent or
diagnose a variety of disorders. As used herein, the term "subject” is intended to include

25 human and non-human animals. Preferred human animals include 2 human patient
having disorder characterized by expression, typically aberrant expression (e.g.,
overexpression) of PSMA. For example, the methods and compositions of the present
invention can be used to treat a subject with a tumorigenic disorder, e.g., a disorder
characterized by the presence of tumor cells expressing PSMA including, for example,

30 prostate, colon and renal (kidney) tumor cells. The term "non-human animals” of the
invention includes all vertebrates. e.g.. mammals and non-mammals. such as non-human

primates. sheep, dog, cow. chickens, amphibians, reptiles. etc.
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of PSMA-related diseases include a variety of cancers. such as prostate, kidney and

colon cancer.

20 Methods of administening the compositions (e.g.. human antibodies,
muitispecific and bispecific molecules) of the invention are known in the art. Suitable
dosages of the molecules used will depend on the age and weight of the subject and the
particular drug used. The molecules can be coupled to radionuclides, such as 1311, 90Y,
105RMh, etc., as described in Goldenberg, D.M. et al. (1981) Cancer Res. 41: 4354-4360,

25 andin EP 0365 997. The compositions (e.g., human antibodies, multispecific and
bispecific molecules) of the invention can also be coupied to anti-infectious agents.

Target-specific effector cells, e.g.. effector cells linked 10 compositions (e.g.,
human antibodies, multispecific and bispecific molecules) of the invention can also be
used as therapeutic agents. Effector c;lls for targeting can be human leukocytes such as

30 macrophages. neutrophils or monocytes. Other cells include eosinophils. natural killer
celis and other IgG- or IgA-receptor bearing cells. If desired, effector cells can be

obtained from the subject to be treated. The target-specific effector cells, can be
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can be adwOmig2182ed to cells in culture, e.g. in vitro orpexusy or ina
subject, e.g., invivo, to treat, prevent or diagnose a variety of

di sorders. As used herein, the term"subject"” is intended to include 25
human and non- human animals. Preferred -Rdman ani mal s i ncl ude a human

pati ent having disorder characterized by expression, typically aberrant
expr essi on adeugysieredng @susgenesiosiod ngllsoh apBkiologanlle xanptadle soheioreTheds and

oot genttsy o8 pRgkered REBE 1Pe o AE1 B FEO bolisgry rpepibeence. of
tunor cel | shemprpesidyirRSYALL Behdigli 1 anfof @ﬂ%@u@ﬁciéﬁ tﬁ%ﬁ?k@%@alizﬁt‘?&rpn and
0 e

renal (kidney) tunmor cells. The term "non-human ani mals I nvention
i ncl udes alaf thgdargelsicdls 8., adumor calbguprdssing R Mibrenduoretfed celd kidlingby, e@n- human

pri mat es, g, A | ekens. anphj bi ans, reptiles, etc. WO 01/09192
-52 2 8%AP%H%%X&%&%%W%@%%@“ccgﬁﬁfggiv?riyons (e.g., human anti bodi es,
mul tispecific afthehipypati thiget-spavifeceff@sor cefls éntbel pRYRRhEPH GRftntEod Witk al |y

tested for hindipg actfivi ty associated with therapeutic or diagnostic use
in vitro. OFEriscangres oF mmexal of wrgetesk cellpe Fpraxampie; ante-aumonsherapy vsing usi ng
the ELI SA apd.Jrdidd ot @Bt £ - i | n the l.es bel pw. 5
Vor cover,  {e i uiof: RO hirhaf SRR R GhineIhc Dalpihe RREdeeT e

ef f ect or - menNeatienland#brf fetctur ced$ rmaedtwith these dorgfosidiongcaybeolsysis of cell's

expressj.ng PSMA can be assayed. Protocqls for assaying for effector
cel | - msa' | atcg'(’iuﬁﬂéf’d’o‘ﬁ& 95“?‘%‘?’@”6e‘§8$‘?‘8@"§13” rompigatignimmunoshesamoRay e

conposi t i oRged 18- direct BRI RDEBRAESTecBf bbi .ﬂ&f?&isﬁwaxﬁﬂgmﬁi SHBEektign. 10
mol ecul es) of the invention have additional utility in therapy an
di agnosi s &Pr eempple.raatidtSSdAdinsibadies linkedrto entaifplgamnaRd dnanexCDiomeyg bonal

ant | Dodi e, J1f HESBEEHE 16 O ol ABERLT LECiFRL SO o5, San be used, for

exanple, toelic I'n"VIVOo

bi ol ogi cal act i Bispeeific ahd nafdspecife role@lits the RYShRG BMAL HeQsfR@i at e
phagocyt osi s or c¥tol ysis _of a cell_expressi ng PSMA in the presence of
human &ff e@adulateFed ordicody leyels op ffisstor ells. spchws hy edppanganid elisxpatissifng

AR L LR AT
PSMA- r el at pdrpgssseases. Exanpl es
The compositions (e.g., human antibodies, multispecific and bispecific
molecules) of the invention which have complement binding sites, such as portions from
20 IgGl, -2, or -3 or [gM which bind complement, can also be used in the presence of
complement. In one embodiment, ex vive treatment of a population of cells comprising
target cells with a binding agent of the invention and appropriate effector cells can be
supplemented by the addition of complement or serum containing complement.
Phagocytosis of target cellé coated with a binding agent of the invention can be
25  improved by binding of complement proteins. In another embodiment target cells
coated with the compositions (e.g., human antibodies, multispecific and bispecific
molecules) of the invention can also be lysed by complement.
The compositions (e.g., human antibodies, muitispecific and bispecific
molecules) of the invention can also be administered together with complement.
30 Accordingly, within the scope of the invention are compositions comprising human

antibodies. muluspecific or bispecific molecules and serum or compiement. These

compositions are advantageous in that the complement is located in close proximity to



of PSMA-rel ated di seases include a variety of cancers. such as prostate,

ki dney and colon cancer. 20 Met hods of adm nistering the conpositiZ@nsPR 2004
(e.g.. hovwawimesmwebodi es, mnultispecific and bispecific nol pcoissyz004? t he
invention are known in the art. Suitable dosages of the nol ecul es used

wi || depend on the age and wei ght of the subject and the particular drug
used. The nol ecul es can be coupled to rath onuclides, such as 1311, 90Y,
105Rh, etc., as described in Goldenberg, DM et al. (198 |I) Cancer Res.
41: 4354- 436@ huﬁﬁnamdbmdaeﬂuﬂstcﬂ%r bikp&i fommpReiits. ONReBi Gy, theRBHan

anti bodi es, lspec fic.and blspe0|f|c nol ecul es) of the invention can
al so be couftt RRSPICHAG HisRss figguelequles of shejmveniisadn ithe complement ozel | s,

e.g.. eff ecgé;{lmqﬁhlbg ahllnnhﬁgmgg%pfaggp?si tions (e.g., human antibodi es,
nultlspeC|f|c and bispecific ecures) of the invention can also be used

as therapeutic a@&mt\glthlﬁftlﬁmbp& ofttbk irsvefitdon ﬁxaﬂcgetd)mgisiﬁgnhbeoﬂi\pﬁnﬁoﬂse(ulgqcyt es
such as .30, macro

ut r ophi | no ytes, her cells jnclude
eosi noph? | s UH&R tgh l?f”IIPB 'Spet?é(? d}d (i s) thFQWEP‘é%%‘!%r beari ng
cell's. I'f dpsirh@fbns IRl The kR LAS AfREr c%té?@%"l’éa efaﬁﬁﬁ“o}lgﬁe ?ﬁﬁn 0 be
treated. The target-specific effector cells, can be W 01/0 3

PCr 1usoo, 24camplpmeni) grioneer mors inddididnal humas uspendidsa thef ineaitios (e g.,a human
h | | | t d
e’ Tn’the. cRtbbaBRaeBhLnGelthenlary eyt Bk g ophi TAADAGD ¢

pur pose. | ndigena fRim thelfRsid@iantantibbdy)be sufficient to obtain |ocalization
at the target ceII e.g., a tunor cell expressing PSMA, and to effect cell

killing!By, e.g.nohenembadimenss.dhe mbipcbeandre addirionnli H@ﬁtﬁd)wnhan ag¢nsdhayary .
Therapy wit p 0 |l s.can b i.n_conjunction
with ot her ll?)t g@iﬁ U%é a;l&egé)ﬁér&zﬁﬁs l;he%ﬁpregs[wraor aCFliv'Ry Otg(l;'y OéX ﬁﬁﬂF%epl TS,

anti -t unor b)h&rra:mympﬂm neating ke mbja&o&ithla(w&)k(r% PrefeetBAokingd foedi es,
mul ti specifi¢c and hi saem fic nmol ec of the invention and/or effector

cel I's ar mned®SiPPHURHES %W?qwﬁa @am%@m&@e malecply idelyflepateraprogyte h
chenot her apyq o tithiiafifg Fatior @@@’Sﬂa%ﬂaﬂﬁlobﬂmm%r@]ﬂ{ e ¥olBRY- stl?xﬁulaﬂﬁg eqcfoq

direct two distinct cytotoxi ¢ effector popul ations-toward

rej ecti oh. (GMFC%R}&HMr&romﬂP}PﬁWnémdmdmssIfacn:kQTﬁNFm anti - Fc- gammaR  or

anti-CD3 may be in.conjunction with |gG ar ptor. specific

bi ndi ng agents. EF%&%’&?cfsf[bonélﬁedg rrh'l"f‘f’%ﬂgﬁﬂof’ieg WF'@F&! @sang%‘stpﬁg fithvention can
al so be usegholeRulbs) dﬁﬂéﬂn@hﬁldr:l%éﬁa% PE®AER oQNBkSceNR eIt &1 cy R IPEM L UCh as

by cappi ng and elim nation of
for example for labeling such cells. For such use, the binding agent can be linked to a

molecule that can be detected. Thus, the invention provides metheds for localizing ex
20  vivo or in vitro cells expressing Fc receptors, such as FcyR, or PSMA. The detectable
label can be, e.g., a radioisotope, a fluorescent compound. an enzyme, or an enzyme co-
factor.
In one embodiment, the invention provides methods for detecting the presence of
PSMA antigen in 2 sample, or measuring the amount of PSMA antigen, comprising
25  contacting the sample, and a control sample, with a human monoclonal antibody, or an
antigen binding portion thereof, which specifically binds 1o PSMA, under conditions
that allow for formation of a complex between the antibody or portion thereof and
PSMA. The formation of 2 complex is then detected, wherein a difference complex
formation between the sample compared to the control sample is indicative the presence

30 of PSMA antigen in the sample.



receptors on the cell surface. Mxtures of anti-Fc receptors can al so be
used for this purpose. The conpositions (e.g., human anti bodi es, APR 7004
mul ti spegiSoimognd bi specific nolecules) of the inventionpwhhghaba&@

conpl ement binding sites, such as portions from 20 IgGl, -2, or -3 or 1gM
whi ch bind conpl enent, can also be used in the presence of conplenment. In
one enbodi ment, ex viva treatnent of a-pbpul ation of cells conprising
target cells with a binding agent of the invention and appropriate effector
cells can be suppiileamie @mbodintet aHeinveRbndroGosd @EBol fe ded@iiHpthe
cont ai ni ng conpl enment.  Phagocytosis_of target cells coated with a binding
agent of t Iﬁé"SFIFF\?éFithé‘ﬁlfbiaﬁ tlbf'eanz@mt%Fwemewgﬁeﬂarmgv@pr evowpp ekbat

pr ot ei ns. onpositions
(e.0., human ant |GE'§IOII]S éﬁ"qu?mer&g “?gtsu}?gé %885&9@"@ Fe"(i}ﬁlogs) of the

i nvention (bispe(aﬁsmcﬂm:ule)YBﬁdmebyvsnnﬂﬁbﬁﬂ'ﬁﬁgmerﬁhﬁere(ﬁmmﬁﬁgdtms a(di@@tabldruman
ant i bodi es, nultlspeC|f|c and .bi specific_ nolecules) of the invention can

al so be SadM¥K; 6D EUPLsHghe subisGt %2 Msant fordetecunga bigymarkeptq hin t he
scope of th@en'ugyﬁ@& Ot u?%‘F gékﬁkfg&ilsco”pr e gﬁ:sé}ﬂ G }s £ éres
nultlspeC| bl speci and serum conpl enent .

conposi t i omdusaaeddgubnioligemngsexampddsathitinshoa gt (baemSmusd hsﬁmhedhmmng. ose
proxi m ty WO 01/ Oglﬁ)% -54 2,8 APR 2004 PCT/ ﬁﬁzl't 47 the uman

ant i bodi es, ﬁﬁP't“FE‘Bé’ pif Pgutss apd b sdfrences R AYSP PRI BRA yfa“cme human
anti bodi es c1tedﬂHr6dg‘hB§lCthfs' gpﬁéat@h%ﬁe&dpi'ésglymo%&gé hefeir Berefdp¥igl | on and the
conpl enent or serum can be adm nistered separately. Also within the scope
of the ihvention are kits conprising the conpositions (e.g., 5 human

anti bodi es, multispecific and bispe I}{‘%](gv,ri@;%;e-cuIes) of the invention and
instructions for use. The kit can fu ntain a | east one additional
reagent, such as conplenent or one or nore additional human anti bodi es of
the invention (e 9 hunman anti body having a conplenentary activity

whi ch bi ndExemnle epﬁ@ﬁéﬂm Hhmuiarested m&ﬁegt)r HtPtPHOF'Bﬁﬁ'Q'h%f -E8Mainan
antibody). 10 In othgg, ihRRdsS. the subject can be additionally treated
with an agent that nodulates. e.g., enhances or inhibits, the expression
or actiMty of Fcy or Fca receptors by for exanple, treating the subject

with a cyt %'nrs‘&cu%%%ff zear(.rl\ﬁﬂ t getmg \rileec orf or

The plasmid pICEmu contains an EcoRI/Xho! fragment of the murine Ig heavy
chain locus, spanning the mu gene, that was obtained from 2 Balb/C genomic lambda
phage library (Marcu et al. Cell 22: 187, 1980). This genomic fragment was subcloned

20 into the Xhol/EcoRI sites of the plasmid pICEMI9H (Marsh et al; Gene 32, 481-485,
1984). The heavy chain sequences included in plCEmu extend downstream of the
EcoRl site located just 3' of the mu intronic enhancer. to the Xhol site located
approximately 1 kb downstream of the last transmembrane exon of the mu gene;
however, much of the mu switch repeat region has been deleted by passage in £. coll.

25 The targeting vector was constructed as follows (see Figure 1). A 1.3 kb
HindlIll/Smal fragment was excised from pICEmu and subcloned into HindIIl/Smal
digested pBluescript (Stratagene. La Jolla, CA). This pICEmu fragment extends from
the HindlII site located approximately 1 kb 5' of Cmul to the Smal site located within
Cmul. The resuiting plasmid was digested with Smal/Spel and the approximately 4 kb

30 Smal/Xbal fragment from pICEmu, extending from the Smal site in Cmul 3' to the
Xbal site located just downstream of the last Cmu exon, was inserted. The resulting

plasmid. pTARI. was linearized at the Smal site. and a neo expression cassette inserted.



adm ni stration during treatment with the rrultispecﬁic nmol ecul e ig Iﬁ‘égg (2f
granul ocyte colony-stinulating factor (G CSF), granul ocyte- nacr @ 00

col ony- stk géong factor 15 (GMCSF), interferon--y (I FNpgrmusessoiypnor
necrosis factor (TNF). The conpositions (e.g., human anti bodi es.

mul tispecific and bispecific nolecules) of the invention can also be used
to target cells expressing FcyR or PSMA; s6tor exanple for |abeling such
cells. For such use, the binding agent can be |inked to a nol ecul e that

can be det eCﬁh‘?ﬂeasQ&'&H%onéﬁ?ofﬂﬂHﬁ% p&e ﬂd@yﬂhg%ngﬁyﬁgﬂaﬁ olI 1?%645%9 ex_20

vivo or in vitro cells expressing Fc receptors MA. The
det ect abl e phasndioglyaeratgekinase (pgk) arcma:dcrch@mUpreI fragmdmmmeeﬂt (BT Gene, an

f act mhodi t d
ot hods 1 or ebEe Ty OBk nek Pepaaraitcaeqeiol Hndl ispmett. gloerer °°°
measuring the @uooyBiohenREAYRS cABlidsIBA 206-308Y. Imélgas%é:ec@ﬂ@o@élhmn%}fﬁhéaﬁpl e,

and a control sanmple, wth a human nonocl onal anti body, or antigen
bi ndi ng por Plasmid pKJ bestescribed by Typulemidzeal. y(189 hoGelt 65: R$§/35c116lﬁcfmrn@\(bmh tions

that allow f 0 o t he ortion

t her eof and PW@EE%?’% grg}gﬁegkg’g[tﬁ%ﬁgi}r etnﬁ@'?# ﬁ‘Z’F%EF‘L ®wherein a
di fference Baohl/ﬁmdlﬂ@iig&ted(pn}mw tbfg@néﬁﬁﬁi@EMWm@fl?dTh@nEMS&@t@t rol
sanple is indicative_ the Eresence of PSMA antigen in the sanple. WO

01/ 09192 55 WaseFgicedcrem AT tbeEthrRlﬁall digasivmhelunteended prasubclonpd
| nvention PEQYiesma GRIPAL Jifmid BITAR, Pk UBpo il RAGRRbr HEAAMX! N9 the
. e me (0]

anount of Fc expressing cell's 1n vivo or In corrpri ses
(i) admil@i stCenu srg;uermea Thbfesdting plasmjpbeag lnman(zed oith Not udnittia-hegpes stmsipeci fi c

| | f th on r a fragnent t on at ed a
fot oot nnl o NamERdSE kit () Bssehe SHe Misgrria sl iy o passtnaropt BS Elo0eT ng
sai d detect %ngwdf@sgd@ rcdoﬂﬂ)ﬂ{dnfs}/a@&ééﬁb&f)%l RAaRbNY efA- %Ws%ﬁhﬂgz. "S

The present invention 1s further illustr by the fol 'ow hg exanpl e
whi ch shoul d4#d62b&hissasseiieeansists diube ¢nsling $f:qut:mcmg of thi€hle gensriracketsddiy the |

figures andnﬂd @{] ubI
e, o bl ol ERISE R BV 400 2 S SThuBBRAGRL 099y
ref er ends. mIIIESAMZﬂBEEﬁxdﬂ‘mlr&ulnd@ﬁﬂﬁ[ﬁﬁt@ﬂu@fve&ﬁuc&%ﬂﬂ ecalwfce for the
production of anti- I¥A

approx:mately kb of homology to the heavy chain locus and is designed to generate

a mutant mu gene into which has been inserted a neo expression cassette in the unique

Smal site of the first Cmu exon. The targeting vector was linearized with Pvul, which

cuts within plasmid sequences, prior to electroporation into ES cells.

20
Generation and analysis of targeted ES cells

AB-1 ES cells (McMahon. A. P. and Bradley, A., (1990) Cell 62: 1073-1085)

were grown on mitotically inactive SNL76/7 cell feeder layers (ibid.) essentially as

described (Robertson, E. J. (1987) in Teratocarcinomas and Embryonic Stem Cells: a

25  Practical Approach (E. J. Robertson, ed.) Oxford: IRL Press, p. 71-112). The linearized
CMD targeting vector was electroporated into AB-1 cells by the methods described
Hasty ef al. (Hasty, P. R. ef al. (1991) Nature 350: 243-246). Electroporated cells were
plated into 100 mm dishes at a density of 1-2 x 10° cells/dish. After 24 hours, G418

(200 micrograms/m! of active component) and FIAU (5 x 10”7 M) were added to the
30  medium. and drug-resistant clones were allowed to develop over 8-9 days. Clones were

picked. trypsinized. divided into two portions. and further expanded. Half of the cells



human anti bodi es 15 Construction of a CVD targeting vector The plasm d

pl CEmu contai ns an EcoRI/Xhol fragment of the nurine Ig heavy chABrAPRdBYs,
spanni ng vidhner/suepene, that was obtained froma Bal b/ C genopctrusesrinder phage
library (Marcu et al. Cell 22: 187, 1980). This genom c fragnment was

subcl oned 20 into the Xhol/EcoRl sites of the plasmd pl CEM 9H (Marsh et
al; Gene 32, 481-485, 1984). The heavy5@hai n sequences included in pl CEnmu
extend downstream of the EcoORI site located just 3" of the nu intronic
enhancer, Heritdiefrofh @hchsdibie WogaharfroanRnaXhdSthel haiflankly Z80M TorRfEoef t he

| ast transrrenbrane exon of the mu gene; however, nuch of the nu switch
repeat regFGATALBR SRtween vedar and tgreet segenaesE, colt. 25 The targeting

K di.L L/ Sl
fragnent vas. oxoresarydeve it sheRes SRt ihypfoidsshar Iy Sl ol e

pBl uescr i ptrofnSthe 2icngemedestribedidldial e:GA)(Laimlm W & 150 agNedéic iR, from
the Hndlll site IocOTted approximately 1 5 of Cwl to the Smal site

| ocat ed wi t i fA29Bmlsclatedrgenomig INA wps ﬁr%ﬁﬂm%&pqu ﬁ@%@@éeﬂ withia 34dp/ Spel
d th /
?Pomt t ﬁeage&ﬁﬂei[é?ﬁee% rébe@?(s%@ $%mé IZ%B]{ F%ﬁ%ltéég{i ] ust d%?\}nsp‘q'leam of

t he | ast Clmroexmnhanm anmﬂmnnmshmtd}he;;ms (Hrbbangd depkaart. 9 kb SpéARragnvens

i neari zed_at the. ite. .a neo ressign cassette i seted 2 B
APR 2004 WIOBMPESY Pf‘s B RGBT ?ﬁf%ba&s oI # MYIgRY whigh ?sthe neo

gene under hbRBldgb@dP fdcoRibirRA ittt ARICMD @ipeliRe vaRYSthe rp.-laQ§ Qﬁ&ﬂ@ﬁg
ki nase (pgk) promoter (Xbal/Tagl fragnent’ Adra et al. 87) Cene 60

65- 74) 1&ndcersamna e dipplsiteheOp ks ?pGFl J&ach B ALY iresistait t:bm(tﬂamelnﬁdl-lbm Sbuthenr ag rre nt:

obt ai ned 1 PigkPERET S EAREEE T el Bind Biisaiyy Ashiouctes - ERREFBa 51
Cel | 65: 1ittBe hibSByud ritese\dicines Wore faheCdsstid withvae &Xﬁhé@glﬂ&?-sﬂm

EcoRI / H ndl IAa fragnment a'% ubcl oned into. EcoRI/H ndl Il digested pCGEM 7Zf
(+) to gendt4E lﬁgﬁwv@( gt t)iy Ve#ﬂ@nmtedaé%ﬂoaou%@%%.f%lé&frner ofhssGEM 7

(kI 1) by Foafibchih e sl iselihe) bals AUIRFBODNAREQ08 i BHIO BsE, i
site of the plasmd ATA . in the opposit orlent lon O e genomc 10
Cnu sedifen&esRl mhéuwsagmqnng)fdﬁa’é M- am.ésl 215i kb zaspentiste i wherkiast the preserdtea
herpes si ”Bk £ %(argeted mu allele is indicated by fragments of 7.7, 6.6, and 14.3 kb, respectively.

All 3 positive clones detected by the Spel digest showed the expected Bgll, BstXI. and

EcoR1 restriction fragments diagnostic of insertion of the neo cassette into the Cmu|

exoin.

Generation of mice bearing the mutated mu gene

The three targeted ES clones, designated number 264, 272, and 408, were
thawed and injected into C57BL/6J blastocysts as described by Bradley (Bradley, A

(1987) in Teratocarcinomas and Embryonic Stem Cells: a Practical Approach. (E. J.

25 Robertson, ed.) Oxford: IRL Press, p. 113-151). Injected blastocysts were transferred
into the uteri of pseudopregnant females to generate chimeric mice representing a
mixture of cells derived from the input ES cells and the host blastocyst. The extent of
ES cell contribution to the chimera can be visually estimated by the amount of agouti
coat coloration, derived from the ES cell line, on the black C57BL/6J background.

30 Clones 272 and 408 produced only low percentage chimeras (i.e. low percentage of
agouti pigmentation) but clone 264 produced high percentage male chimeras. These

chimeras were bred with C57BL/6] females and agouti offspring were generated.



virus thym di ne kinase (tk) cassette was inserted to allow for enrzig:hpprm;,
of ES cl ones bearing honol ogous reconbi nants, as descri bed by Mansour et
al . (1980 NA02e 336: 348-352. This cassette consists ofPQTESWEAL4Ig
sequences of the tk gene bracketed by the nouse pgk pronoter and

pol yadenyl ation site, as described by Tybulewicz et al. (1991) 15 Cell 65:
1153-1163. The resulting CVD targeting Yector contains a total of
approximately 5.3 kb of honology to the heavy chain | ocus and is designed

t o gener at adiatinebfgermime grangmissibo ofithie &3 dellgchemp. Soneiripddr dhenegeed pr essi on

cassette in the unique. ,Sinai_sife the first Chu exon. The targeting
vect or ms“ﬁ”i%@%ﬂafgprtn@(/ﬁ?mhmﬁ% analysig o\ Bel idigesied S A freayiatinces,

prior to ebRelitoPRQHGaLd i HenRRaL i loysl f
o get cd a4 PR @0 SV g
Cel | 62: legauiig8pying aeorvecdp hwhmidsnngiBiib bamdof 3.7 kb ae kddrsorBhltiGnTldaglel  f eeder
| ayers (ibjd. tially as. described (Robertson, E. J. (1987) in

Ter at océr CFM%i%”éﬁWPé%mt@gﬁgé‘m] Ilraé.&méﬁsﬁ %ﬁg"d"f&%ﬁd 'Eé)g?’ﬁach (E. J.

Robertson, ed.) Oxford: IRL Press, p. 71-112). The linearized CM

targeting vector was el ectroporated into AB-1 cells by the nethods
descri bed Applysiy opfrangpenic e {or fpnctiRnaldpactivatiqni@Ony pédst ur e 350: 243- 246) .

El ect ropor at ed | r ed into mm di shes _at.a density. of /1-2 X
T06_cel ol i oh. TRk SinetheRuCipiclioh OB AR SRR P frRu Elkdpachiiled
conponent ) tharg hEaviléhamm gend Qi dlohd 26dedtemarddes bréd Whte a%QnﬁEﬁbeBiyé@ﬂdfor
drug-resistant._clones were allowed to devel op over 8-9 days. ones were

pi cked 9t r PdHR mutption; whighipactytes hegvy ehain exgessipgnpsrageiuieal delepangéhe Hal f
f th | 5 R %ﬂﬁ’ P degi f
gach gl gﬁej%% %g%g%?glz]gg&a&ﬁé%ﬁg ot e?’l'gagf'g%@%ég;%%g}'%ﬁ%hﬁﬁ goLgm

r econbi nat were deatrateen Seaot svas abdired figpet theepnimakr at tholge aNbhpailsandas carri ed
out by Sout hern bl ypri,di zati on.  DNA isolated  fromthe clones as
descri bed ﬁ?’f‘% bétﬁtallsn‘ }(:‘)’Eéh_erﬂfseﬁ?e folm‘é‘t‘""gﬁg& —f‘i’gg’ ﬁ’el‘ﬁﬂ'érl PIAEMFE Res. 5
19 : 4293)eorﬂ:lﬂ@ﬂeﬁlﬁﬂ(iﬂgl@m{&ea\éﬁlé’\ﬁ?@ng@ﬂn‘é%%é Buﬁﬁrﬁha_&m@ Fuakedomt th a

915 bp Sac! fragment, probe A (see Figure 1), ich hybridizes to a

sequent® bnahsisefiRAfIom taik bigpiies nBelhdgestancindiybridizatign with pge dn-  Probe
A detects é$g g%‘gﬁbl}gﬁ%& l# 5&Y HFgE%ti nf Jnﬂ'ﬂy&ﬁgiz#c}.'ng\gltly Q%?g BS %éoRﬁgtqu a

di agnostic om a ocus“wni ¢
fragment (ibid.) demonstrated that the animals which fail to express serum IgM are

those in which one allele of the heavy chain locus carries the JHD mutation, the other
allele the Cmul mutation. Mice heterozygous for the JHD mutation display wild type
20 levels of serum lg. These data demonstrate that the Cmul mutation inactivates

expression of the mu gene.

TABLE 1
Mouse Serum IgM Ig H chain genotype
{(micrograms/ml)

42 <0.002 CMD/JHD
43 196 +/JHD
44 <0.002 CMD/JHD

135 174 +/JHD
129 x BL6 F1 153 i+
JHD <0.002 JHD/JHD




honol ogously reconbined with the CVMD targeting vector (the neo expression
cassette 10 contains a Spel site). O 1132 (418 and Fl AU resi st ant tﬁhﬂpmﬁm
screened by Southern blot analysis, 3 displayed the 7.6 kb Spel t}a

i ndi cative ol Aefd t I ; es
were furt he‘fragbéél] gg@%e ﬂ\#et‘;ﬁﬁﬁﬂe enzmgdeé%hd_ﬂ}%wﬁ,?&éﬁgeég%%gfb gmvtgrgi fy
that the veCM® andHYmiitfibnd (OMIYIHDS] br inidechetdi6zyFoug fstehe JMIP mutiidy | di zed
with probe A Southern blots of wild t/y e DNA digested with Bgll, BstX , or
15 EcoRl pri¢dEdd, farawibiype (I29Syx GQ57BL/GIFL mice 0/5), pd fordd pelbdeficiany migther eas
the presencge of a target mu. al | LSy ndi cated by fragnents of 7.7,
6.6. and 1j‘."?%,goqse@bgfH‘F@ewgﬁoﬂﬂﬁg}%&gitive cl ones detected by the Spel
di gest sfiowed the expected Bgll, BstXl, and EcoRJ restriction fragnents

di agnostic of insertion of the neo cassette into the Chu 1 exon. "20
CGener ati on Example@ beGenergtiomeof H{iQt 2transgegemicEor the produgtige pEantiS

cl ones, desi gnated nwéeém’ 271, a(ri,d 408, were thawed and injected into
C57BL/ 63 bl ast ocyst s Rpap agtibodies o4l ey (Bradiey, A (1987) in

Ter at ocar ci nomas and Enbryonic Stem Cells: a Practical Approach. (E J. 25
Robertson, ed.) Oxford: IRL Press, p. 1133-151). Injected bl astocysts were
t ransf er r edThel HCO12 hamah Beavyathainsteandg@reegnant femal es to generate chineric

mce representing a._mxture of cells derjved fromt i t. ES cel and
t he host? bl ast ochhetHCPML transeene was ge@sateéh C@wn%afﬁsﬁat lpm%fm@a can

be i sual | yresbi 48R Cflod ihifimAIRUNS: §70.89PE (e 93k» BRLAREHRR, THier | ved

fromthe E I'I'he,” on t backgr ound. Cl ones 272 and
408 pr oducgfasaiid pVix6waseonstiickegasalksoribed below. €. | ow percentage of agouti

pi gment ation) but ¢l qgne 2 r hi gh percentage mal e chi ner These
P mer oo wer e brAmbRTHESHEB PN fasreh, Rmago0E thecter ot e VEL1-1
gener at ed, 81 AR gﬂprﬂﬂ/ : IS0 28 2hhkirr2 Sakd ¥l B RinR
gernine tr(ggsiﬁﬁsggl%%gg? t he E%gﬁ?ﬁggnone. 6%% eenling’g fdgsrjk[gﬁggt ar gig ed nmnu
gene wekS cgenomit sequerioy was subdonedbhtottheplabmid wectdr pSEFE (Biogega.ddadivon,f r om
tail bi ' d i bed. l.ysi f |, 1. DNA
oy ont ot Ve SR T T 18 oo SN R e e
of 7.7 kb iBnfpfidinkitRéigdriink Buidah W HIBE (BPLBR e toddthdr With apiRbRInMAAEIKBI 2
germine transm ssSion of the targeted nu gene. Analysis of trans%nl c mce
for functi ofi&l flankang andak kipef Hflankingegenomic sequence, was cloned into the pBR322

based plasmid cloning vector pGP1f (Taylor et al. 1992, Nucleic Acids Res. 20: 6287-

20  6295), to generate the plasmid p251f. A new cloning vector derived from pGP1f,
pGP1k, was digested with EcoRV/BamHI, and ligated to a 10 kb EcoRV/BamHI DNA
fragment, comprising the germline human VH3-23 (DP47) gene together with
approximately 4 kb of 5' flanking and 5 kb of 3' flanking genomic sequence. The
resulting plasmid, p112.2RR.7, was digested with BamH1/Sall and ligated with the 7 kb

25 purified BamHI/Sall insert of p251f. The resulting plasmid, pVx4, was digested with
Xhol and ligated with the 8.5 kb Xhol/Sall insert of p343.7.16.

A clone was obtained with the VH1-18 gene in the same orientation as the other
two V genes. This clone, designated pVx6, was then digested with Notl and the purified
26 kb insert coinjected--together with the purified 80 kb Notl insert of pHC2 at a 1:1

30 molar ratio--into the pronuclei of one-half day (C57BL/6J x DBA/2J)F2 embryos as
described by Hogan ef al. (B. Hogan et al., Manipulating the Mouse Embryo, A
Laboratory Manual, 2™ edition, 1994, Cold Spring Harbor Laboratory Press, Plainview

SUBSTITUTE PAGE -59 —



To determ ne whether the insertion of the neo cassette into Chnu | has

I nactivated the Ig heavy chain gene, a clone 264 chinera was bred 24 APR 2004
nouse horRpgypeasz-for 10 the JHD nutation, which inactivapesaiseapdsThai n
expression as a result of deletion of the JH gene segnents (Chen et al,
(1993) Immunol. 5: 647-656). Four agouti offspring were generated. Serum
was obtained fromthese aninmals at the-&§e of 1 nonth and assayed by ELISA
for the presence of nmurine IgM Two of the four offspring were conpletely
| acki ng | gNlY$eThrEaltdepdidenGenma oy phmgenit nhioe chraprisiag seduecddfrohobidthame bl ot
15 analysis of DNA fromtail biopsies by Bgll digestiaon and hybridjzation
with probe 3d Hegwers griabdshed from gigs thag Vegapgfé§TPFbWeaIFiEC‘ﬁ‘§/5‘PPHP§-aThQ§ﬁ Wi th
a 475 bp E / : ighk . Ra i i ch
fail to exgir}leggg%degrs i%%gllrcg%/lﬁgpte]2§1t4ﬁggéhpr@m%3b%§pgf¢gf2e)tlg@?h@eﬂﬁégwychai n
| ocus carritheeetlines dicif2 then biied ovith hize compasing atd EMD irtugatiomdesaribedn on. M ce

These dut a Levrehis ) Bt akBvaden Chet of Bhavad rBOVRAZ: U ES. @adbess: on of
the mu gg‘g,ﬁfﬁg@%ﬂ;fég%@%b‘m 8! oo, Nﬂﬁﬁ@a@&@&ﬁm%(m Qdﬁgf@”%m)

42<0. 002 i D' 44<0. 002CVDI JHD 45174+/ JHD 129 x BL6 F1153+/ +
JHD<0. 002J HE¥uWtiig 2@ expRs2gman iMhbimglolslindrathand kappk $igbf chear transgepks

detected by EL]| f ] ' hot h .t.h d JHD nut at |
(oD 01D , g RLRaP S g oY POfeie o5 146 SngbavPEn mob s FRAY #nd BPRg |
type (129Svigh: EhaiBldc®)) F1 mice (+/+), and for B cell deficient mce

honozygous for the JHD nmutation (JHD/JHD). 5 Exanple 2' Generation of HCOL2
transgel?c nmice for the production of anti- PSMA human anti bodi es The HCOL2

huran heavyEfahﬁ{)l@ 37 35950 on of Human Monoclonal Antibodies and Bispecifics
Against PSMA

Human anti-PSMA monoclonal antibodies were generated by immunizing the
15 HCO7 and HCO12 strains of HuMAb mice with PSMA antigen purified from LNCaP
cells which express PSMA and/or a crude membrane preparation from LNCaP cells.
HCO7 HuMAD mice were generated as described in U.S. Patent Nos. 5,770,429
and 5,545,806, the entire disclosures of which are hereby incorporated by reference.
In particular, HCO7 and HCO12 mice were initially immunized with antigens
20 emulsified in Compiete Freund’s Adjuvant. [n subsequent immunizations, antigens
were mixed with Incomplete Freund’s Adjuvant. Finally, intravenous administration of
antigen prior to splenectomy was performed with purified antigen, and no adjuvant.
Mice were immunized every 2-3 weeks. After the third and following immunizations,
the human IgG anti-PSMA titer was determined by ELISA (as described below). Mice
25 that developed an anti-PSMA [gG response were administered purified antigen t.v. for
three days or both three and four days prior to splenectomy. The spleens from
responding mice were harvested and dispersed into single cells.
To generate hybridomas producing anti-PSMA antibodies, splenocytes from
mice with plasma containing anti-PSMA antibodies were fused with P3X63-Ag8.653
30 cells (deposited with the ATCC under designation ATCC CRL 1580 nonsecreting

mouse myveloma cells) and PEG. After hybridomas grew out (about 10-14 days) each



10 The HCOl2 transgene was generated by coinjection of the 80 kb le?%tm@f
pHC2 (Taylor et a!., 1994, Int. Inmunol., 6: 579-591) and the 25 I'nsert
of pVx6. Wureor/ghessm d pVx6 was constructed as descri bed belpawushrta? kb

H ndlil/Sall DNA fragnent, conprising the germine human VHL-18 (DP-14)
gene together with approximately 2.5 kb of 5 flanking, and 5 kb of 3

fl anking 15 genonic sequence was subcldHed into the plasmid vector pSP72
(Promega, Madison, W) to generate the plasmd p343.7.16. A 7 kb

BanH / Hi ndl wiell Dsmamagibmidomag wapsdresnad farhige gredwdtion@f human ] 3Gasing ah DP- 73)

gene together.wWth |ately 5 kb of 5 flanking and I kb of 3
f I anki ng geﬁrg}fwgm%ré%:gﬁggé,%s cloned into the pBR322 based plasmd

cl oning vector pERlitive kybdb@ias KtredreedDRBr 2@l KA FSh BESollARing6287 20
6295), to generate the plasmd p251 f A new cloning vector deri veﬁ frompGP

| f, pGP 1 kropemiesdil hprodectiopiof humen RyBandsdtibodies (2) lhadiag td puraficdOPSMA,
EcoRvBantl ragnen risi.ng the rdine human VH3-23 (DP47) gene
t oget heﬁvﬁ%%bﬁ‘%g}ﬁ %&F&ffg'%gpfﬁﬁ‘ tugror F%En @% seqRenes Mplyses eonfirmgdiki ng

genor ni ¢ segeeanti- BSMA afgbdidsheerd bt dby MIBP 2ER: fhRaRingH W th
BamHi / Sal | and |igated with the 7 kb 25 pu)Fi%i N L p251

f. The resuimmupogiobudinitansgeugs, was digested with X/, ol and ligated with

the 8.5 kb Xhol/ galLh, i Lt of L. 16. A clone was, obtai ned with the
VH1- 18 gene in t geé na:}%gl?“i g%ﬁaﬁ'ﬁéﬁ l?ge‘fﬁéayo‘yﬁe‘?mpi?’éﬁ? igr H‘é"rf’é’gg’s*ﬂﬂfs cl one,
desi gnat ed RAién amBBSMreinibodies.! Bemuhdaiihiet furdied PSIeA Pomt [ Nedp £2As Khs | nsert
coi njected--together with the purified 80 kb Not kyi nsert of pHC2 at a 1:1

. P :
30 nol ar Or a§9ated 9mie Maxkaom ¥niyell ericratitepplaten 4Npney Rpchiassr.BN Y 6 andinoaited ) F2

enbryos as G hed~b Hogapn et Al Manji pu i t he
Mouse Enbr y%‘?ﬁ%ﬁi%%o?a%’?g%rﬁ A ﬂeg,»%ﬁgg it ngfggﬁwafﬂgb %’b‘% Et?éﬂi%ar bor
Labor at ory Riths$%, biliné sevire wWbShEST ABE BrAA(GRr abBomWenpdrmfidd Riperrdfims?2 8 APR

2004 PCTFUS00/ 20247 . Three | nd_e(g)endent | i nes of transgenic mce
conpri si ng SegubsantPPMinpedueing/hpridopys 1 eroudfedptibadad! Srugmiirce t hat

(ricon2) 1aeehb) B AT EEAEe ST Ry oS B, B6R PRBE A o2t Pt wer e
then brefl wivtfe washed eahPBSST wesntdsabSMAnduba! inOibatkassith 3ediiof HRIEXanpl e 1.
the JKD mut gt;[nij Sggléd?qagﬁt-gti-glllmanl IgggGB(l :S%I\(;I(BJ;O.Ia‘c]:kso%lzlinrr?ulrl%);eB'sgglﬁ, \%ggt (Er?)%e, PA)
for 1 hour atroom temperature. After washing, 100 pl of ABTS (150 mg 2,2'-azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid in 500 ml of 0.1 M citric acid, pH 4.35)/H;0, (10
ul 30% H,0; per 10 ml of ABTS solution) chromagen/substrate solution was added to
20  each well and the samples read with a microplate reader at a wavelength of 405nm.
Hybridomas which produced human IgG that bound PSMA by ELISA were
further characterized by ELISA and flow cytometry for isotype, binding to tumor cells
expressing PSMA, and lack of binding to PSMA-negative cells, as described below.
Hybnidomas with supemnatants exhibiting these properties were subcloned, and their
25 antibodies further characterized after purification.
Monocional antibodies were isolated from a Cellmax bioreactor (Cellco. Laguna
Hills, CA) using HyQ-CCMI medium containing 1 to 5% Fetalclone (Hyclone, Logan,
UT) and purified by chromatography on a Protein G-agarose column according to the
manufacturer’s specifications (KPL, Gaithersburg. MD).
30 Purified monoclonal antibodies were extensively dialvzed against 0.3 M sodium
carbonate buffer, pH 9.5, for labeling with fluorescence isothiocyanate (FITC). A stock

FITC solution was prepared by dissolving 1 mg solid FITC in 1 ml of DMSO. Stock



(KCo0S) 9272 transgene (Fishwild el al. 1996, Nature Bi otechnol ogy 1§:
845-851). The resulting mce express human i mmunogl obulin heavy a cﬁ Q%M‘
| i ght cham® ew@mgenes in a background honozygous for di srept/uss20i47t he
endogenous nouse heavy and kappa |ight chain loci. 10 Exanple 3 Production
of Human Monocl onal Anti bodi es and Bi specifics Agai nst PSMA Hunman

anti - PSMA nonocl onal antibodi es were gene?ated by i nmuni zing the 15 HO07
and HCOL2 strains of HUMAb mice with PSMA antigen purified fromLNCaP cells
whi ch expr eEETP8mnaddrd)/dpopveise with e onsam i ihghih GRARRBLHND gréam Wﬁ@?]’?@g&s-
HCO7 HuMAb m'c«% wetr)e eneratﬁ as described in U 'S Patent Nos. 5,770,429
and 5. 545, sB% ®2RR %thff"émdi loyang s additgpiof I dhtrealotgn waciorpmeedtiod by -
reference. {4 daA fol i ipitially i i,zed with
antigens 20 errulfé?:r:3 ﬁegd%nh%ﬁgﬂgé redn@?i&gﬁé‘s%@&(’df‘eﬁ “é%%?ggffgrhy

i muni zat i o&d filgtidngems Sephedex G4 10ambhwiht bquilibareal is PESEr eund' s Adj uvant .
Finally, 5i ntravegous lglggn i stgﬁ‘;i on of antigen prior to splenectony was
performed with pofif? YPATRMILRAL Wi sersensd) riodieed humpe teGisr antiberhenthaed
every 2-3 kS j A N9, nuni zations, |, & man
| gG anti - P\gﬁ tlicﬁlg Bﬁlgsf‘s gglglfe%hrﬁr%g gdy{’%H“g% a%ha‘évscé’h%%a’ (It‘}@l"o‘w)i3 9 e 25
that devel opddl.3( 13ranid-IPENA MyGociesglantibodiey gurHibdifiing hetrtbnigd i ed anti gen
i.v. for tshree gﬁgﬁ’&?r bot h. t hree and. f our gﬁ%s prior to _splenectony. The
spl eens fromPre Thwid cig t hadg 4¢ B§Mihas dntegted B BLISA werd ngl e

cells. To oapeicttBed¥Phi %CE{ﬂ%ﬁ&ngﬁgWY_O@ sant i bodi es, spl enocytes

from mce with plasnma contai'ning anti= anti bodi es were fused with
P3X63- AY8. 653 3Bispedifis mptteples iitsighardd hi.1 RECAT (howndiaIFiglas i3gaat i 008 ATCC CRL
1580 nonsecg&g’ Q\% rmuiebrrgel ama cel ls) and PEG After hybridomas grew out
(about 10- 14~ tay'S)¢ WAEHDY chsmigak copiygatiansighe hah' Srapments fgon thedmamen agt-  wel |

cont ai ni ng OPBY hateBEy MASorCuBEBRE of Bk lhhe;m?i'i)gfi’)'ﬂcaﬁeéigﬁhtgﬁj ;%gétgﬁs e8RS N an

anti-human 19G ELI SA. Positive hybridonmas were 'scre€ne select ed
based on t HAdthe hepmanti-BEMipeantibedy, §QI2, piactisuifidobomdt ukingamntig closx-

anti bodi es,y; R4 to purified PSMA, 5 and (3) binding to
PSMA- expresélflﬁagg %rr%drlg%él | s. DNA sequence anal ysis confirnmed
15

Example 4  Characterization of Human Monoclonal Antibodies Against PSMA

1. Binding of human anti-PSMA antibodies 1o tumor cells

Monoclonal antibodies purified from hybridoma supematants that showed

20 significant binding to PSMA as detected by ELISA (e.g., 4A3, 7F12. 8Al 1,8C12 and
16F9) were further tested for the ability to bind to tumor cells that express high levels of
PSMA.
The binding characteristics of human anti-PSMA sf)eciﬁc antibodies were studied by
solid phase ELISA using plasma membrane fractions derived from both LNCaP and

25 PC3cells. To prepare cell membrane fractions from LNCaP and PC3 cells. cells were
scraped from plastic dishes, washed extensively in PBS. resuspended in 10 volumes of
deionized water, and homogenized by three strokes with a Dounce homogenizer. The
membrane fraction was isolated by centrifugation at 15,000 x g for 45 minutes and the

pellet resuspended in PBS. The protein concentration of the membrane pellet was

30  determined using the Pierce (Rockford, IL) BSA kit.



that the anti-PSMA anti bodi es were encoded by V(D)J rearrangenents g a@@i
human 1 mmunogl obul i n transgenes. Briefly, a solid-phase ELI SA base 9[]4
was enpl oyedi/up2 t he anal ysis of human anti-PSMA ant i bodi BST/US00/20247

| munoaffinity purified PSMA from LNCaP cells was 10 coated onto Maxi - Sorp
96-well mcroliter plates (Nunc, Rochester, NY) and incubated overni ght at
4C. The plates were then washed with PBS30 29aween- 20 and bl ocked with 5%
bovi ne serum al bumin in PBS for | hour at roomtenperature. Supernatants
fromthe ant i - PINKCaP antlR( h enemtisanedoartiong BOre. setijlhyodihped infdéedelhptaidsady (1-5

/m dded tq,th | | ubat t.
Fenper at ur i et pHergees et eetia S e padireet b el miaattinen
i ncubat ed vwgM A tibo®f inHES fcﬁqrﬂo‘\&ﬂéﬁﬁd 1d é&gﬂt%n%@ﬁg stnAEE B1ISA (prokA0Rs

Jackson | munoresearch, West Gove, PA) for 1 hour atroomtenperature.
Af t er washiasgiescriped iabgye. A]kq:g‘,cs(uitg@rqi;@tgd  Figuiertbshomsresults for the independent

. 35) 11200 o s RabrBbeu Rl Ene fsiblinchefing e g R GhEL Rr Cubst ot o

sol uti on wesNaalelesl] memB&ne@smmhd;geaffcinhQ@ SondphesiohE ahatkdsNhere ™ GleRE at e
reader at a wavel ength of 405nm domas whi ch produced human |gG t hat
bound PSMA n$yantbpdybiRding abPYF‘r‘Pf’r‘F&ETO@ﬁ‘éF‘hBQéFFQEEUWIEU SA and flow cytometry

for isotype, bingdi dx’ﬁ%{ € R I f L di ng
t o PSMA- negat i vgqggﬁllng’?' ].E’;IS eésnglrel%’%%é %ﬁ%ﬁf%ﬁg‘ﬁ §lé\I{le\&rras W tﬁﬁa?udéerﬁla ants
exhi bi ti ng delieses pudize by iflesv syaomesybBlieflgdumancklisiveirs fréshlphiriveaet fesmf ur t her

characterized after purifi ati n. Mbnocl onal anti bodi es were isgol at ed from
a Cel | H?%\’%%fﬂ't“é"rgldr@eﬁ BCE'Ea‘&aﬁ%FIOWP? B“’-P@F& ABPIoy mRIEYY daM dcRiiho
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chr omat ogr aphy on "a Protein Gagar se colum according to
manuf act ur fITE-epeled huroan MHESMﬁPt.mlHGdylfble}(Srhumg;s ohlje. B dEIJs Mfe'reawdashed

nmonocl onal anti bod Wer e . ex ai.nst M sod
carbonate Hif¥% ’OhBE§§O%‘amI‘%gr6?2°o%¥$néo\iﬂ/$ﬁﬁ ﬁﬂgg’é ero of é‘é rﬁ?CBB'yanate
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was adddéd dcapititioa spftvarec sishann mrmumgﬁmwm aatdtiAaatipedics #3.56129 FI TC
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was i ncubated
cxpressmg PSMA. In contrast, negative staining was observed with PC3 cells, or when

an isotype matched irrelevant human antibody was used with LNCaP.
Bispecific molecule 14.1 x 8C12 was also tested for the ability to bind to PSMA-
20 expressing LNCaP cells (Figure 6) and CD89-expressing U937 cells (Figure 7) using
similar assays. As shown in Figure 6 and 7, the bispecific molecule binds both LNCaP

and U937 cells in a dose-dependent fashion.

I Binding specificity of human anti-PSMA antibodies
25 The binding specificity of anti-PSMA antibodies 4A3, 7F12, 8A11, 8C12 and

16F9 was further studied by immunoprecipitation of protein lysates from LNCaP cells.
Briefly, a detergent lysate of LNCaP cells was prepared by adding PBS containing 1%
NP-40 to LNCaP cells, incubating for 1 hour, followed by centrifugation to remove
particulate material. The Jysate was pre-cleared by adding 150 pg irrelevant human

30 IgGl per milliliter of lysate, incubating for 1 hour at room temperature, followed by the
addition of 150 pl of packed Protein G-Sepharose beads per milliliter of lysate. The

supernatant fraction was used afier centrifugation to remove the beads.



the dark for 1-3 hours at roomtenperature. FITC | abel ed anti bodi es ﬁe%
I solated by gel filtration on a Sephadex G 10 col umm equili brated 2 87.[]04
5 Sever &yolymeiotionas t hat were screened produced human | gBCT/URGIRR#DOdI es
that specifically bind to PSMA as assessed by ELISA and flow cytonetry
(e.g., 4A3, 7F12, B8Al1 | , 8C 12 and 16F9). Mnoclonal antibodies purified
from hybridoma 8C 12 supernatant that -¥dowed significant binding to PSMA
as detected by ELISA were characterized as having a specific binding

affinity of ? 10ABquatd(1BDSHpef the preraitLed L REapesil w&aﬂe%relﬂﬁﬂedmﬁﬁégg@hom
in Figure 3) and 14A8 x 8Cl2 were nade by chemi cal conjugation of "the
Fab', fragri@ritdividughhyman mhﬁﬁrvﬁhmmom@i\ mothavabovetrdglit a04°@ Ehebldadme of

the 14.1 ant] | gnat.ed. , oIS tively.. and the h n_.anti- PSVA
anti body, - arstp Sashed GREHNENE AR, RS Sk ipni L SRR
procedur es THe Houadhaude maﬁﬁgésewéréambj@ae@fo $eRoLYRPRGANG) Anti bodi es
Agai nst PSMA 1. Bi ndi ng of human anti-PSMA anti ogi e5 to tunor cells

Monoc| oral Slgstropberes apd iransfersed to KX memboamas Surg¥esiern bint snalpgs. showed 20

[ i fi tashl ' { ELI.SA . q, . A3,, 7TE12, 8Al1,
?C%gl alngag l\g%%e&rg‘gh?udr?%‘rj%t% %%f%‘g?nf @ﬂs@#en%? I'T"ﬁ@a‘?domﬁlﬁ?gﬂdt%mf r cells
that expr essuririedineaePSM SHquert@dpitopd¥peifio dhish SSATR L &P 1055, 36y NUMBN

anti-PSMA specific antibodies were studied by soli d phase ELI SA using
pl asma nentedre Theddets ygee wastied SdimesomitlbbBA coMaaingh 6% DEeerC® FHS-E) To

prepare cell 40 Hr igns from LNCaP and.PC3 S,, celLls were
scrape rom plastic dishes, e t y! ‘ 7
o ClhaRABAES AR SR AR AR 5T SR nsBE N Bt 1
vol umeslOof TBRR:Tothiedats waicedeveRipdd banp gRMIEEGLTY cHdMiRem et @kEfub¥rdB kA bounce
honogeni zer {hg ) gﬁe%{ragﬁ fraction was isolated by centrifugation at
15,000 x g (RBE- aithgrahireMIy and misualized Py expesyirsigen@edilin PBS. The protei n
concentration ofrHehes i T dReREF; forg. de yned using the
Pierce IL) BSA Kit. WO 01109%5’9 I@E%ﬁéﬁg%‘b‘% ‘%éﬁ@éﬁi)ﬁggl‘zﬁ LNCaP and
PC3 menbr arbefaned splics vaeams nassingthefirstiS7wheto hdidOffomahd Npkitiass.apd air
dried. The .IE)A.at espnere bl ocked w Lh 5% BSA. and treated with 5ug/m human
anti - indicated by the arrows. Lane 1 shows Westem blot reactivity of PSMA and PSM'
15 present in LNCaP cell lysate. Lane 2 shows results from immunoprecipitation with an
isotype matched (1gG1) irrelevant human antibody. Lanes 3 through 7 show results
from immunoprecipitation with antibodies 4A3, 7F12, 8A11, 8C12 and 16F9,
respectively. In each case, intense bands corresponding to the both PSMA and PSM' are
observed, indicating that these antibodies bind to protein epitopes present within the
20  extracellular domain of the protein, a region spanning amino acid residues 44-750.
Antibody binding to native and heat denatured PSMA was tested to determine
the importance of protein confirmation on binding specificity. An aliquot of
immunoaffinity purified PSMA from LNCaP cells (40 pg/ml in PBS) was heat
denatured by boiling for 10 minutes. and cooled on ice. The heat denatured PSMA and
25  an identical aliquot of non-denatured PSMA were diluted 1:4 in PBS, added to the wells
of a 96-well Maxi-Sorp plate (Nunc), and incubated overnight at 4°C. After coating,
plates were blocked with 5% BSA in PBS for 1 hour. washed in PBS, and subjected to a
sandwich ELISA using the human anti-PSMA antibodies. The murine anti-PSMA
monoclonal antibody 7E11, specific for an epitope comprised of the first 6 amino acids
30  from the N-terminus of the protein, was used as a positive control. As shown in Figure

9. heat denaturation had no impact on 7E11 antibody binding. consistent with its

recognition of a linear sequence epitope. In contrast to these results. human anti-PSMA
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range of antigen concentrations, whereas there is little or no antibody
bi ndi ng above background to PC3 cell md#tfbranes. In addition, human
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16F9 denonstrated strong specific binding to live LNCaP cells expressing
PSMA. In contrast, negative staining was observed with PC3 cells, or when
an isotype mat cHbd | Apsbedyhinding serApetionisiidiesnas used with LNCaP.
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pre-cl eared by Addmmg of. yprotgmiatel el evikioh Umbeﬂﬁudeg@rematedi\’dfitﬁ 20 er of
| ysate, incubati n? for 1 hour rogmtenperature, fallowed
IF

h
addi ti &f ore/mipun dbpmaae%éBSM«%@@ihqdbosmﬁP@s@W@daglﬁequﬁvn ifniﬂeﬂst er of

the- beads. e B DBRES ThesB AR TuT SRl B teRt am S remove

pg/ml FITC-conjugated human anti-PSMA antibody (or in some experiments FITC-

conjugated murine PSMA specific antibody, e.g., 1G9, 3C6 and 4D4) for 1 hour on ice.
After washing, the cells were stained with 10 pg/mi propidium iodide and analyzed by
20 flow cytometry on a FACSCalibur with CellQuest software.

As shown in Figure 10, strong binding of the FITC-labeled human anti-PSMA
antibodies was observed in each case with LNCaP cells pre-treated with irrelevant
human IgG1l. In contrast, pre-treatment with individual human anti-PSMA antibodies
resulted in substantial inhibition of the subsequent binding of FITC-labeled human anti-

25 PSMA antibody in each case. Slight variation in the extent of binding inhibition was
observed with different antibody pairings. For example, 8C12 effectively inhibits 4A3.
8A11 and 8C12 binding, but has much less of an effect on 7F12. Taken together. these
data suggest that the competitive binding behavior of 7F12 and 16F9 with the other
human anti-PSMA antibodies are most similar. Overall, it appears that the individual

30 human anti-PSMA antibodies recognized slightly different. but closely distributed

conformational epitopes on PSMA.,
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WO 01/ 09193emonstrated above, can be tested for the ability to inhibit the growth of human tumor

20 cells expressing PSMA. Briefly, purified antibodies can be incubated with the tumor
cells under normal growth conditions, and cell density can be measured by crystal violet
staining.

I1. Antibody dependent cell-mediated cytotoxicity (ADCC) activity of

human anti-PSMA antibodies and bispecifics
25 Bispecific molecules 14.1 x 8C12 (shown in Figure 3) and 14A8 x 8C12, as well

as monocional antibody 8C12, were tested for polymorphonuciear cell-mediated ADCC
killing of labeled PSMA -expressing tumor cells.
In particular, mononuclear cells (monocytes and neutrophils), as well as whole
blood, were isolated from healthy donors and incubated with 3'Cr labeled PSMA
30 expressing tumor cells in the presence of bispecific molecule 14.1 x 8C12. After
approximately 4 hours. the culture supematant from the wells was harvested and *'Cr

release measured on a gamma counter. The percent specific lysis was determined
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conformational ‘epitopes on
the bispecific molecule 14 1 x 8C12 demonstrating that targeted cell killing was

mediated exclusively by CD89 on the effector cells. As shown in Figure 12B, bispecific
molecule 14A8 x 8C12 and monoclonal antibody 8C12 also mediated dose dependent
20 lysis by monocytes of LNCaP tumor cells. Moreover, the addition of excess 14A8
F(ab); completely inhibited ADCC of the tumor cells by bispecific molecule 14A8 x
8C12 as compared to H22 F(ab)'; (humanized anti-FcyRI), indicating that targeted cell
killing was mediated through CD89 (see Figure 12 C).
Neutrophil Induced ADCC
25 As shown in Figure 13A, bispecific molecule 14.1 x 8C12 mediated cell killing

of tumor cells expressing PSMA by neutrophils in a dose dependent fashion. Addition
of 25 ug/ml of 14.1 Fab'; significantly blocked ADCC of the tumor cells by the
bispecific molecule, demonstrating that targeted cell killing was mediated specifically
by CD89 binding to the effector cells. As shown in Figure 13B, bispecific molecule
350 14A8 x 8C12 also mediated dose dependent lysis by neutrophils of LNCaP tumor cells.
The addition of excess 14A8 F(ab)'; completely inhibited ADCC of the tumor cells by
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as well as whole blood, were isolated from healthy donors and i ncubated
with 51 Cr | abel ed PSMA 30 expressing tunor cells in the presence of

bi speci fic nol egul e Mmhn %n@PEMA AhliBddies and bispecifics mediate phapocytosis and

15 killing of tumor cells expressing PSMA in the presence of human effector

cells

Bispecific molecule 14.1 x 8C12 and 14A8 x 8C12, as well as monoclonal
antibody 8C12, were tested for their ability to mediate phagocytosis of labeled PSMA-
expressing tumor cells (LnCAP cells) alone, as well as in the presence of excess 14.1

20  (human anti-FcaR) Fab'; antibody -or excess H22 (humanized anti-FcyRI) Fab's antibody
as a control.

Briefly, bispecific-mediated phagocytosis of LnCAP cells by monocyte derived
macrophages (MDM) was examined by a modification of the method described Munn et al.
(1990) J. Exp. Med. 172:231-237. Monocytes, purified from normal adult source leukopacs

25 (ABI), were differentiated in 24-well plates (1 x 10%ml) in macrophage serum free medium
(Gibco, Grand Island, NY) supplemented with 10% FBS and {Ong/ml of M-CSF for 7-12 days.
LnCAP celis were labeled with the lipophilic red fluorescent dye, PKH 26 (Sigma, St. Louis,
MO). The labeled LnCAP cells were added to the wells containing MDM in the absence or
presence of bispecific antibody (or control antibody) and incubated at 37° C for 5-24 hours (5%

30 CO,). MDM and non-phagocytized LnCAP cells were recovered with trypsin, and stained with
a FITC-labeled anti-CD33 mAb (251) and an anti-CD14 mAb (AML-2-23) for 1 hour on ice

(4°C). Cells were washed and analyzed by two color fluorescence using the FACScan. Percent
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Figure 12 %Iitl)\letrop il uced Al 25 As shown in_ Figure 13A,_ bispecific

nol ecul e 1 F ‘F% ab sperifically reagt wish highpifiniydp PSMAplhessi ng PSVA
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Fab' 2 significantly blocked A tunor ce fic
nol ecul®, @eerenisinike ¢xitgcelhar domagreefalie owldeule, kdthemgharmm]mhchﬁﬁcﬂ by a
specifi cal lli¥lear amino acid sequence. In addition, the human anti-PSMA antibodies and
bispecific molecules thereof mediate cell killing and phagocytosis in the presence of
effector cells against human tumor cells expressing high levels of PSMA. These results
support the conclusion that the fully human monoclonal antibodies against PSMA and
20 fragments and bispecific molecules thereof of the present invention will be useful for the

diagnosis and treatment of PSMA related disorders.

Equivalents

Those skilled in the art will recognize, or be able 10 ascertain using no more than
25 routine expenmentation, many equivalents of the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following

claims.
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MO . The | abel ed LnCAP cells Were added to the wells containing Mﬁghgﬁz
absence or presence of bispecific antibody (or control antibody)

i ncubat egy@bydfér C for 5-24 hours (5% 30 C02). MDM and nonp@iragecpti’zed
LnCAP cells were recovered with trypsin, and stained with a FITC-| abel ed
anti-CD33 mAb (251) and an anti-CD14 mAb (AM.-2-23) for | hour on ice
(4'C). Cells were washed and anal yzed byl two col or fluorescence using the
FACScan. Percent WD 01/09192 -69 2 8 APR 2004 PCTIU SOQ 20247 phagocyt osi s
was cal cul ated as the nunber of dual -positive target cells (ingested by
VDM) divided bghkhe total nunber of target cells x 100% _As shown in

Fi gure 15, 1&isp Pettl-d 1178) Mapring, ReRFRICAraM7aVeP @Bd P Sfeci fi ¢
phagocyt os i of 14.1
an s of g s S ) b e IR Bllech BE oe M FFPS ! o

bi speci fi cAnwl é443:&}3-8¢ai n denonstrating that targeted phagocytosis was
medi ated specifically by CD89 binding to the effector cells. Simlarly, as
shown in Figure 16, bispecific nolecule 14A8 x 8Cl2 and nonocl onal anti body
8C 12 al so nedi at ed phagocytosis of LNCaP cells in a dose dependent
fashion. Figure 17 shows that 14A8 x 8C 12 nedi at ed phagocytosis of LNCaP
tunor cells was nediated through CD89, 10 as it was inhibited by the
additi on of excess 14A8 F(ab)'2, as conpared to H22 F(ab)'2 (humaized
anti-FcyR) (see inset, Figure 17). The foregoi ng Exanpl es denonstrate the
~generation of human nonocl onal antibodies and bispecifics that
specifically react with high affinity to PSMA. These anti bodies and

bi specifics appear to recogni ze native conformational protein epitopes 15
present in the extracellular domain of the nolecule, rather than epitopes
defined by a |inear am no acid sequence. In addition, the human anti-PSVA
anti bodi es and bispecific nolecules thereof nediate cell killing and
phagocytosis in the presence of effector cells against human tunor cells
expressing high levels of PSMA. These results support the concl usion that
the fully human nonocl onal. anti bodi es agai nst PSMA and 20 fragnents and

bi specific nol ecul es thereof of the present invention will be useful for
the diagnosis and treatnment of PSMA rel ated di sorders. Equival ents Those
skilled in the art will recognize, or be able to ascertain using no nore

than 25 routine experinentation, many equi val ents of the specific
enbodi nents of the invention



descri bed herein. Such equivalents are intended to be enconpassed by the
following clains. 2 8 APR 2004 WD 01/09192 -70 PCT/ US00/ 20247 1. gﬂmlﬁ&
and MIstein C. (1975) Continuous culturfé of fused cells secretin
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Hozum N., and Shulman M J. (1984) Production of functional 5 chineric
nouse/ human anti body. Nature 312: 643-646. 3. P.T. Jones. Dear P.H , Foote

J., Neuberﬁr @gis“’ and Wnter G (1989) Replacing the

conpl enent termning regions in a human anti body with those of a
nmouse. Nature 321: 522-525. 10 4. J.D. Marks et al.(1991) By-passing

| muni zation Human anti bodies from V-gene libraries di sg[ ayed_on phage. J.
Mol . Biol. b22: &giscdged hgnanmopesipeal gntikadyayhich sprgifically b te BaMA Witk hunan

antibodies fr Lce 15 conpri si oyr1di St netd ¢ nodi fications.
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3. The human antibody of claim 1, wherein the antibody binds to human PSMA
with an affinity constant of at least 10° M~

4, The human antibody of claim 1, wherein the antibody inhibits growth of tumor
cells expressing PSMA by at least about 40%.

5. The human antibody of claim 1, wherein the antibody inhibits growth of tumor
cells expressing PSMA by at least about 60%.

6. The human antibody of claim 1, wherein the PSMA is human PSMA.

7. The human antibody of claim 1 comprising an IgG1 or IgG3 heavy chain.
8. The human antibody of claim 1 comprising a kappa light chain.

9. The human antibody of claim 1, wherein the antibody has at least one of the

characteristics selected from the group consisting of:
a) a binding affinity constant of at least about 107 M-1;
b) an association constant (Kassoc) 0f at least about 104;
¢) a dissociation constant (Kg;s) of about 10-4 s‘l;

d) the ability to opsonize a cell expressing PSMA; or



PCT/ USOOf 20247 12_ OKeefe, D.S. et al. (1998) Mappi ng, genom c organi zation
and pronoter analysis of the human prostate-specific menbrane anti @8nAPR 2004
gene. Biochim Biophys. Acta. 1443: 113,_0\;%._ 2 8 APR 2004 -72 W Caim | .
An i sol ated human nonocl onal anti body whith specifically binds to PSVA with
an affinity constant of at |east about 107 M1, wherein the antibody: (a)

bi nds to native human PSMA but not to heat denatured human PSMA; (b)

medi at es anti bod : t i t Qxi Gl . - [
"nternali sod by DAGRASS: aumeduledytiviods U Qlickpiotah PEMA sBBE prbsloel, |
wher ei n t h@umahictfoctyr £dlRAS alcondetrRifor-siMbout ¢ lie/mi ofeks bi dipoconst ant of  at

| east 10' W | The human anti body of claim1, wherein the antibody binds to

human PSMA with an affinity constant of at least | e M. 4. The human
anti body of,,claim 1, wherei,n th nt i.bo i.nhi bi.t,s .arowmt h of tumpr , cells
expr ess ng 'Pova. Bhe AP RREARIR A eAlfy SN fiiRea” BREER Ry AR sl 1
wher ei n t han@ifddybody inhibits growth of tunor cells expressing PSMA by at
| east about 60% 6. The human anti body of claim 1, wherein the PSMA is
human PSMA. 7. The human anti body of claim!l conprising an 1gd@ or 1gG3

Chath o e nutifuaBRIGRYr SR 1 whedinibt P T S0 A Do e s
one of thetumhadetict eri stics selected fromthe group consisting of a) a

binding affinity constant of at |east about 107 M1; b) an association
constant (K.,,,) of at |east about 104; <c¢) a dissociation constant (Kdj,)

of about 1Q44 S-34 i1 o] i .l nessing :PSMR, or 2
o AP 50041233 eq)h"‘f ﬁ‘}em%%%tﬁ{%’?thEXIr?}e“gilaﬁ@&%}*@@sﬁcy ridoma AHICY ngfhdesaB:
PSMA i n t heelpbBaid €rodd a transgenic non-human animal having a genome comprising a human

heavy chain transgene and a human light chain transgene fused to an immortalized cell.

13. An isolated human monoclonal antibody according to any one of the preceding
claims and mediates cytolysis or inhibits growth of cells expressing human PSMA in the

presence of human effector cells.

14. The isolated human antibody of claim 13, which is capable of mediating
cytolysis of cells expressing PSMA by human effector cells at an ICsq of 1 x 107 M or

less in vitro.

15. A hybridoma comprising a B cell obtained from a transgenic non-human animal
having a genome comprising a human heavy chain transgene and a light chain transgene,
fused to an immortalized cell, wherein the hybridoma produces a human monoclonal

antibody according to any one of the preceding claims.

16. The hybridoma of claim 15 which produces a human monoclonal antibody

encoded by human IgG heavy chain and human kappa light chain nucleic acids.

17. A transgenic non-human animal which expresses a human monoclonal antibody

according to any one of the preceding claims, wherein the transgenic non-human animal



human effector cells at a concentration of about 10 g/m or less in vitro.
10. The human antibody of claim 1, which is an antibody fragment or? ®APR 2004
single chain antibody. 11. The hunan an?&body of claim1, wherein the cel
expressing PSMA is a prostate tunor cell’ 12. The human anti body of claim
1, produced by a hybridoma which includes a B cell obtained froma
transgeni ¢ non- hunman ani mal havi ng a genone conprising a human heavy chain

15 A 1 sonht aE e hiAie £ A0 AR BadiBRe kP Al R The ™

precedi ng uahsgperi® and nmedi ates cytolysis or inhibits growh of cells
expressing human PSMA in the presence of human effector cells. 14. The

i sol ated human anti body of claim 13, which is capable of nediating
cytolysis cel j . feg : : of 1
< 10- 5 M of | esh S B 3oBtkif Byt BBOoRY BbAly St ricBp o 2
froma traPsSyeA wmeBidguman ani mal  having a genone conprising a human
heavy chain transgene and a |ight chain transgene, fused to an

i mortal i zed ceMPMURHNES Hansgenip pephyman apinal hawag 3 eaneRIA CHBRBENSAA

anti body a i t i i : { doma of
clai m 15 hap BEEy! el YertBheihd s IR TGAH LA falthe wif pSlE oRYBEL 106
heavy chai expreskidpgiP$Sv Ak 3pgiathhi aptibodibaiane paoduced By Badetls of thé.anfindlf ansgeni ¢
non- human ani mal, whj ch_expresses .a hungan nonocl onal anti body according to
any one of the bﬁo&@&iﬁ"l@elglcﬁi‘%@lmﬁ% n the transgeni ¢ non-human ani mal 2
8 APR 2004 -74 LIS lfg?ﬁ]- Is e and a
human |i ght cha?@n@g%‘?ﬁgﬁ ﬁ{lrl@?élgbﬁ%f%o% 0 b@gﬁﬁtﬁ’%g@é%%%rgangggﬁnocl onal
anti body t bedrets hemiah incalokipnbli amtibodies spe&ids, focPdA. si ng: 1 mruni zi ng a
transgeni ¢ non- human ani mal having a genone conprising a human heavy chain
transgene and a human |light chain transgene with PSMA or a cell expressing

PSMA, suchghat ﬁ%%ﬁ@ﬁc%ol_@&ﬁe E’&gﬂ(‘cii‘ﬁ%?a RYmEh &atdod %clz&rﬁ'ﬁg%' h#iPbne of the

isolating B cells of the animal; using the B Cells wth nyeloma cells
t o form i mpoceding clayros,iadd mesecmwid lendihgspecificity for an Fc receptor.

20. The bispecific molecule of claim 19, wherein the Fc receptor is a human Fey

receptor or a human Fca receptor.

21. The bispecific molecule of claim 19, which binds to the Fc receptor at a site

which is distinct from the immunoglobulin binding site of the receptor.

22. The bispecific molecule of claim 19, wherein the second binding specificity

which binds to an Fc receptor is a human monoclonal antibody.

23, The bispecific molecule of claim 19 which is a single chain or Fab’ fusion
protein.
24, A multispecific molecule comprising a human antibody according to any one of

the preceding claims, a second binding specificity for an Fc receptor, and a third binding

specificity for a tumor antigen other than PSMA.



secrete human nonocl onal anti bodies specific for PSMA. 19. A blspe0|f|

nol ecul e conprising a human anti body according to any one of the gGme
clainms, and a second bi ndi ng speC|f|C|ty7§ an Fc receptor. 20. The
blspeC|f|c mol ecul e of claim 19, wherein'the Fc receptor is a human Fcy
receptor or a human Fca receptor. 21. The bispecific nolecule of claim19,
whi ch binds to the Fe receptor at a site which is distinct fromthe

i mmunogl obylLi n bj d|n Slt of .th bi s | e of
i m Lo, Aier oi Fi¢ FTEEEG RS Hate o SBBLAL el ThEARERGL Py En P
receptor :/\E ngpghﬁplggq:kgn@de @pti body. 23. The bispecific nol ecul e of
claim 19 Is a single chaPn or Fab' fusion protein. 24. A

nultispeC|f|c nolecule conpri sing a human antibody according to any one of

t he precedi gg cl a. second bj ndin pecl3 C'térldf or, an Fc receptor, and
a third bi #8i ng é‘&ols}t‘é’int‘:;‘?mfp&sm&at HPPGAF OIS IOBE APPBMAS 2 0 APR

2004 75 2reckiifie Wiinh SBAG rafmLBCih Acpdabamid, uherel n the Fo

receptor i ceptor or hurman Fca receptor. 26. A
conposition conprising a human anti body according to any one of the

di d a ph |
P ompost 1 Por7of ol RmBoRHLAL SoH oS RURDBTITyt B drfde ieied eq
human anti lﬂﬁgf L6 InMBAELs WRRA ishdGdally vild FSMRSNHerth%EE bPsf@afiidiesai d

ant i bodi es nds to a distinct epitope of 28. The conposition of

clai m 26 f bindseo aclistipei epitoge af BSkfot her apeut| c agent 29. A use of an

i sol ated human nonocl onal anti body that specifically binds to PSMA for the
preparation of a medicanment for inhibiting growth of a cell expressing

PSMA. 30. Aguse 9he 88mpsGiiat SCCIMHTPOTuMPePEMRHin@d Ehhnsiierhhatiticapeasi f i cal |y
binds to PSMA for the preparation of a nedi carrent for inducing cytolysis

of a cell expressing PSMA. 31. A use of an effective amount of an isol ated
human m)no onaI ant i ecifi i t : I
prepar at i o of a i ? Mﬁg?%?m}%%??{‘%‘g%ﬁl %ﬁ%ﬁ?ﬂt%&%&%&%@g
char act er i 201 8ot PréfatatiR R a heddianttht RPMhibiting growth of a cell expressing
PSMA.

30. A use of an isolated human monoclonal antibody that specifically binds to
PSMA for the preparation of a2 medicament for inducing cytolysis of a cell expressing

PSMA.
3t. A use of an effective amount of an isolated human monoclonal antibody that
specifically binds to PSMA for the preparation of a medicament for treating or preventing

a disease characterized by aberrant expression of PSMA.

32. The use of any of claims 29-31, wherein the human monoclonal antibody is

conjugated to a binding specificity for a Fc receptor.

33. The use of any one of claims 29-31, wherein the human monoclonal antibody is

conjugated to a cytotoxin.

34, The use of claim 31, wherein the disease is a cancer.
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32. The use of any of clainms 29-31, wherein the human nonocl onal anti body
is conjugated to a binding specificity for a Fe receptor. 33. TheZH%@R%ﬁM
any one of clainms 29-31, wherein the human nonocl onal antibody is
conjugated to a cytotoxin. 34. The use of’6¢cl ai m 31, wherein the disease is
a cancer. 2 B APR 2004 -76 35. The use of claim 34, wherein the cancer is
prostate cancer. 36. A nethod for detecting the presence of PSMA anti gen,

or a cell ressyn P i sampl e conprising: contacting the sanple,
and a controf saﬁ%‘Fg’,se ﬁfﬁ%éﬂdﬂif elHrEW&@PB‘?’ié"r PIFAfeEBSET- whi ch specifically
binds to PSMA, wherein the antibody is produced froma transgenic

non- human ani mal , under conditions that allow for formation of a conpl ex

bet ween t he36. ant Abwethod her degiring drechresenexcofl PRMAurtifen, wahicel exfressingonpl ex,

wherein a %ﬁl\gﬁrence cgngl ex.f.ormati on between the sanple conpared to the
control sa P WHIRATTUR Y% presence of PSMA in the sanple. 37. An

| solated nucl ei ¢ camhelingQlD5dnipIBtng a4l S i, SABPRGEPRGRSISH Tnitilal 20! ©
region of a human nonocl onal antibody according to any one of the preteding
cl ai ms. 38.whickenepifically binds enPSMa, mdiereim thewmntibadyds poniakedfromboehnsgeantor di ng
to any one of the precedi clai.ns copj,bgated to a therapeytic noiety. 39.
The conpos i‘%"ﬁéﬁmﬁ’f‘ a@f%ﬁm%@% nggp%&@ﬂqu%&: gm‘ioﬁ 026 icg&pijqxg)equfmgq 40.
The conposightibddytind SN ai wherein the therapeutic noiety is a cytotoxin.
41. The conposition of claim38, wherein the therapeutic noiety is a
radi oi sot ope. detecting the formation of a complex,

wherein a difference complex formation between the sample compared to the

control sample is indicative the presence of PSMA in the sample.

37. An isolated nucleic acid comprising a nucleotide sequence encoding a variable

region of a human monoclonal antibody according to any one of the preceding claims.

38. A composition comprising a human monoclonal antibody according to any one

of the preceding claims conjugated to a therapeutic moiety.
39. The composition of claim 38, wherein the therapeutic moiety is a drug.
40. The composition of claim 38, wherein the therapeutic moiety is a cytotoxin.

41. The composition of claim 38, wherein the therapeutic moiety is a radioisotope.




