Wc) 01/09192 PCT/US00120247 -1 HUMAN MONOCLONAL ANTI BODI ES TO PROSTATE
SPECI FI C MEMBRANE ANTI GEN Background of the Invention 5 Prostate cancer is
a highly pr cancer and a |l eading cause of: norbidity and nortality
anong nen. Woad&@%ﬁts for prostate cancer include surgery?{’ BiSAuARY

radi ati on and chenot herapy. There is little effective treatnent for
nmetastatic prostate disease, therefore.tthe identification of genes and/or
gene products that represent accurate diagnostic and prognostic markers,

as well as targets for th@GMANMONOCLONAL ANPEObMESPospeci fic antigen
(PSA) is one such cancerr§§§ker the val ues of which are useful in the

cfinical diagnosis and s 14 TE SERCIFIGMEMBRANE ANFIGEN | PSA cannot

differentiate benign prostat-ic hyperpl asia (BPH) fromprostatitis or
prostate cancer in the range of 4- 10 ng/m, thus necessitating a cytologic
and/ or hi st ol Baekpransbsfthelnveritionconfi rm the proper diagnosis (9). 15
Prostate specific rane ant s a /50 amno acid pe |1
transnenbr dane gly &ﬂ“ﬁﬂd’fa%@?@%%@°&i@%ﬂ%ﬂ%§@%¥?ﬂ| ogy to
the transf er foRalitg a@pigmhen. Fﬁéﬂtmbrﬁs fOF prosia/chitel MEthde silP%ebﬁﬁgnﬁdﬁEsm of PSMA
which is localized in,the c gl asm _PSMA has 3 structural domins,

i ncl udi ng a 1%5dEHpMERdchemo y,. 3 ditle eHestine Heatraerﬁorm&@vaemate
transmﬂbranedﬂﬁwmhef&@%e%&ﬁﬁca%hﬂ éﬁ@d&dﬂ)@ ;ph?‘ﬁ% t]égre Grate' N€
ate

PSMA protein displays neurocar oxype | dase and ase act ivity,
and t her ef or ediggRpstitand prognostig mark %@W@h%ﬁd@&mwmﬁad Brosste prostate

growt h an@od'HeEiﬁﬁaﬁﬁ%éﬁ[PSA)@&nes @e?nﬁf P%aﬁ%?%ﬁﬁﬁgga{s}%h Gifng that it

is a novel marker redom nantly expresse I'C eplthelial
cell's. Furt he¢hm<tahémz,r;@plﬁ e%qtaamaﬁf PRSIGE cap@r.| Howmr,é’Sé@dnnqndqﬁemnace cancer,

especial ly i nbégggf,_r st @P‘I’-ﬁ DRA She ory

carci nomas (8, ﬂr Ther ore f’é’gf’;e’gs?ﬁ?%bgpv%u %{ g’ r#(’)%?h

prognosti c anwM@Léipmsqeesﬂawammamlmsnsmmw doaﬁmhthexpr essi on

of PSMA has erved in extraprostatic tissues such as the snall
Fypa PERR:

bowel , saliva odenal mucosa, proxinal renal tubules and brain
(11). 30 ASMA in tBrestdse specific menbrapt smtigen (PSMiA) is @ 15@arsino acid,ftype i

neurotransm tfer %ﬁ% ?Pﬁ be ipportant in
t he pat hogenesis 0o neuélg‘fo cgppaph‘ltsoraghytl%@ a%l@hrsru'?tlﬁ"m% 6‘?'§Fosis,
anyot r ophi ¢ | tansfegrin lscdpmroESM' is Ab alleenatiwely splited fomn@f 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 neurcendocrine regulation of
prostate growth and differentiation (7).

Studies of PSMA expression indicate that it is 2 novel marker that is
predominantly expressed by prostatic epithelial cells. Further, the expression of PSMA

25 is increased 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
gland, duodenal mucosa, proximal renal tubules and brain (11).

30 PSMA in the brain is involved in the conversion of the neurotransmitter NAAG
to HAA and free glutamate, which may be important in the pathogenesis of neurological

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



WD 01/ 09192 PCT/ US0020247 -2 and schizophrenia (12). PSMA expression is

al so observed in endothelial cells of capillary vessels in peritunoral and
endot unor, s of certain malignancies, includingr sb@iohgrCar ci nonas
and coloﬂgégﬁéﬁ omas, but not in blood vessels from no?ﬁgrltisngs,
suggesting that its expression may also be related to tunor angi ogenesis 5
(11). Surmmary of the Invention The pre2ent invent ion provides isolated
human nonocl onal anti bodi es which specifically bind to prostate-specific -
menbr ane amhd sphivopREARY12)aBSMA dxpressidiis alsopbserved amendothelialicellsof one or a

conbi nati on_qf, such .ant i Les.. kn | | human anti body
also i s ch&f® ﬂr"?sfglg"bgle?@fd‘ﬁ i rﬁd%&ﬁgﬁiﬁh&ﬁaﬁgﬁ?bh a% %I Al 3’, and by :
i nhi bi ti ng ihdhling @il kel caléinomasend atlom garciabmasg bt riohip blapdgyesselsfoms or

phagocyt osi s f. cell s expr Lng PSMA (in_vitr i ivo) in.the
presence oﬁmﬁﬁﬁﬁﬁﬂw%fW%%§§$ﬁ@§FFg“???ﬁ??mﬁ8ﬁvk53%ﬁ§ﬂﬁ%ﬁ%§# g%ﬁ%%?&
nmonocyt es, (rBerophages and dendritic 15 cells). Accordingly, the human
nonocl onal anti bodi es of the invention can be used as diagnostic or
t herapeutic agents in vivo and in vitro. Isolated human anti bodi es of the
i nventi on eymRHRAST telnventforant | body isotypes, such as g3, 1g&, 19G3,
lg&4, IgM TgA—_TgAZ, [gAsec, lgD, .apd I gE. Typically,. they include |IgQ
(e.g., I'gQk) arfbe PRt SNERtoBY W@élsaﬁﬁdmﬁoea °'BiX?WFT§hﬁgh_ 20.
(e.g., an 'sgﬁiﬁ&llybﬁﬁ-‘logf&thié%gy&ﬁ@ﬁleﬁ&ané Aftigesl PSMWY aswelb@it | gen- bi ndi ng
portion &e. ., a_Fab, F(ab')2, Fv or a single chain Fv fragnment). In one
enbodi mfit , comtpesitienseAntaining ope af aeombiration ebsHsh ABROdiSHNIHFSEAME  bodi es. In
anot her e”%@koﬂﬁ&ubﬁéﬁumWMMéﬁedhﬁ&té{ﬁdeimaﬁg%MMAMﬁhﬁgldona whi ch
0

includes a B ce tained froma transgenic non-human animal, e.g., a
transgeni c affiuitye andbyinhiyiting e ssonsth and/py mediatipgceb kilking 8.8 S chai n

transgene | | r Mesinthe R Nuinah | zed
cell. In pyg%%#gwrﬁ%ﬂ?zﬁéﬁ?@@ﬁg(ﬁ?ﬁ@ es a?le p'rggﬂeged' b{l hybri domas

referred t ceffestoriellséeg4pdymarphanuciearrells, gropoesites, magrophages and dgndsitic 09192
PCT USOG5202418. AcdorithgRf e hifmaf FHBANISTRNntibBHEPST e nbenkal antliskigl o5 Of the

present T nvention be characterized by one or nore of the follow ng
properti es: diagnostic or therapeutic agents in vivo and in vitro.

Isolated human antibodies of the invention encompass various antibody isotypes,
such as IgGl, 1gG2, IgG3, IgG4, 1gM, IgAl, IgA2, IgAsec, IgD, and IgE. Typically,
they include IgG1 (e.g., IgGIk) and IgM isotypes. The antibodies can be full-length

20 (e.g.,anlIgGl orIgG4 ani:ibody) or can include only an antigen-binding portion (e.g., a

Fab, F(ab")y, Fv or a single chain Fv fragment). In one embodiment, the human
antibodies are recombinant human antibodies. In an_other embodiment, the human
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

25 human heavy chain transgene aﬂd a human light chain transgene fused to an
immortalizéd cell. In partlcula.r embodiments, the a_x_ltibodies are produced by
hybridomas referred to herein as 4A3, 7F12, 8A11, 16F9 and 8C12.



a) specificity for the PSMA; b) a binding affinity to PSMA with an affinity
constant of at |east about 5 107 M1, preferably about 109 M1, and nore

preferably, about 1010 M1 to 1011 M1 or high&r; c) an

const ant (K)”%lfoﬁl BSMA of at |east about 108, nore prefe?ﬁ%@%ﬁt | O~
and nost preferably about 105 M'S'r; d) a dissociation constant (Kas) from
PSMA of about 10-3 s-1, preferably 10 Jbout 10-4 s-1, nore preferably,

10-5 s-1, and nost preferably, 10-6 s-1; e) the ability to opsonize a cell
expressi ng PSMA; & arojhet éisbodinmdnt, hymharitHPS MA taniliodies bf e fiessnt ivetitish e

phagocytosi s an i cellse ing PSVMA (e.g., a tunor cell) in
t he presence 8% ™ %ﬁe@?ng’é’l”ﬂ?%@??g Q‘F?‘iﬁ“ﬂ&fﬂ@m‘ tion of about 10 tg/m
or less (e.g., in vitrgkpecifitiferiip BSMAf tunor cells which can be targeted

by the human anti bodies qf fhe _invention jnclude, but ar ot Limted to,
prostate, renal, colon b ing affimity t °P§%@%ﬁ%§gpwmt§ ?aéEPbﬁE‘nan

ant i bodi ess of 7 Rp1] ﬁ}é’iﬁﬁb qaoﬁlwﬁmt -D afiPMbre p?émasﬁrhmmtﬂemm-law joil pylconst ant

of at |east about T07 M preferably about 108 nore preferably,
about 109 M Zor higher; nor e pref erably about 1010 to 1011 NO or 20 stronger,

and are capable of inhj l&hta*sga tﬁHn \Aﬁggmﬁ 5@%%&% %@ggbgyi(p’s,hgreand
killing of cells expréssin &\g‘ e.dg.,
pol ynor phonu@mwewwlo(ﬁglmﬁpmﬂuyb@slﬁdﬂ' crophages, with an | C50 of

about 1 x 10-7 M or of¢ =310 | ess
invitro. In anot her %dl%@%e%?ﬁ\%g@e@t pro%es ﬁ‘ﬁ'@ 6e|(j§ é%?anfecul es
encodi ng the ab@s 181sth o@rwfenblyatﬂ'?g’ mddmmstprgfeptbm 10f8s7l; of the invention.
Accor.di ngly, reconbina a%ﬁﬂ%ﬁ)so%%o%\/ec%&s%ps ?,EMA’]%{_ ude t he

[ e AET QR

ant i body- encodi ng nucl € c "aci host cells
transfected with such t)dmtabﬁmytoanlablagmmmm@hmmwaxﬂ\kﬂﬁngufn, as

o TELNOYS B R LOB 0 B RO 1058,
from a transgefideitratida oﬂmuhwwmmsmmkeg CinGitro)a tr ansgeni c nouse, Wwhi ch are
e monGS1 onal - BREPHEU S8 eeks SULR e HrHied il gmesiRaespLRE) abl v
t he isol at ed jRreafidd Bclade bitabexiod Bited @”iuﬁstﬁté afa&m,%loﬁ tuby? M3, 01/ 09192
PCT/ USOORA247 -4 _human _ani nal , eg . a transgeni c nouse, V\‘I;]‘I: Cphwﬁls been
i muni zed with a b\mq erembgdiment, isolated human antibodieés of the invention bind to PS
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 1010 t0 1011 M- or
20 stronger, and are capable of inhibiting growth and/or mediating phagocytosis and killing
of cells expressing PSMA by human effector cells, e.g., polymorphonuclear cells
(PMNs), monocytes and macrophages, with an IC5q of about 1 x 10-7 M or less, orata
concentration of about 10 ug/ml 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 nop-human animal, e.g., a transgenic mouse, which are cabable of expressing various
isotypes (e.g., IgG, IgA and/or IgM) of huiman monoé¢lonal antibodies that specifically
bind to PSMA. Preferably, the isolated B célls are obtained from a transgenic non-



enriched preparation of PSMA antigen and/or cells expressing the PSVA.
Preferably, the transgenic non-human aninmal, e.g., a transgenic nouse, has
a genonme conprising a human heavy chain transgene and Bt Lght chain
transgendYO§¥EIR o/ ated B-cells 5 are then imortalized to provide a source
(e.g., a hybridoma) of human nonocl onal antibodies to PSMA. Accordi ngly,

t he present invention also provides a4hybridoma capabl e of producing hunman
monocl onal antibodies that specifically bind to PSMA. In one enbodinent, .

the h?/br | dRifRan AdGhal(es, ftrdhsgediid m&bﬁ,ah}ﬂﬂﬂw‘sfbeéﬁ imﬁlﬁm&miafpuﬂﬁmdgurmn ﬁo
animal, €.d.,_ a transgenl use, avl n enone CO resi_n uman neavy
chain t raﬁ%@?@fﬁﬁ’wnﬁg%m qnygen @H}QF gen(%regl’@mﬁ? 'tpS&%Fslblemr talized
cell. The thehaR@eie nén-Reharl uhisl, 5 {Bdnsgedic MBuse]Nis Aigémine/okprisingur i f i ed or

enriched preparation _of PSMA antigen and/or cells expressing PSMA to
gener at e ahwmwmﬁﬁne%hm@t haintransgens. FRajsol et the

I nventian LiGdy ized o' providéa sourdeqER., 4 RyBridbnRydLhuntiBRtiotiBshlW th the
ATCC at Accession Nunbers_j. In yet anothéer aspéct, the invention provides
a transgenamsibedies taMMAani mal, such as a transgenic nmouse (also referred

to herein as a , W | : %rglggﬂ pbodi es t hat
specifically bl%@%ﬁ%ﬁ%ﬁ%@?ﬁ?ﬁ%@% odi ng%tg%aﬁlgbfransgeni c
non- human aroducing nunan menelonal antibadies that specifice)ly-bindiedPMAOInesapri sing a -
human heav Lot ﬂﬁ% m,%s | i  REman' NE

t ransgeni cx%lg&r%ur}ht?\‘gg |maﬁ’acan epﬁﬁﬂﬂi."’%@ Srm&?lﬁad;&nL eﬁa??lg or enriched
pr epar all oanimaf, e@Skiransgenig erouse; bidving cganbme esapprising nhpneaNavyrbainer abl y, t he
t ransgeni ¢, hon- hunan ni , Sudeli | S, capabl e of

pr oduci ng Hﬁ?sgf'}?lagﬁf’%%g@hg?ﬁ%%ﬁgﬁ%mnoc %ﬁ%ﬂhangl gocg}l'e'glﬁ’t o PSMA (e.g.,
| gG | gA amdhsgenit add-hiyan aniieal gan beginivhudizéd Mthragmdfied orxnricired praparation ype

swi tohi ng. | SLXDS S LG Bl TRYe QEE WM vo fenflane oAl e BE -

non-cl assi & ﬁeél Of EATAE T heanot her® aspect, preésent invention
provi des nmaybrddmat.oParticutet bhgbridprias ofthe investivnlinclede 443, 7B BAS1,UAFZ h :
specifigall with P | th met hod i ncl udes

I muni zfsﬁg aéd #¢%éﬁ’é’ﬁ\h@%§{r\1@ﬁﬁg§%§ﬁ%¥8€§u§% "ansgeni ¢ nouse, 30

havi ng a genonelyetmmotier agpect, the inventivaprovides aitransgepin age-hemamahimalhunan | i ght
chain transgene, wth a purified or i " Aali: SMA anti gen
and/ or cel | aé?ﬁﬁ“?&‘i“ﬁ&“’ﬁ%\fﬁisb cer Itgﬂ%rgggls Q ggﬁ%ﬁi)’g&g cee’ﬁes of the
ani mal  ar e hish@nmohdcionabahtibodiesithatspésifivally biad tPSMARIPA particldar1 111111 || NI |
LEEE 11

embodiment, the transgenic non-human animal is a transgenic mouse having a genome

20 comprising a human heavy chain transgene and 2 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., IgG, IgA and/or IgM) by undergoing V-D-J

25 recombination and isotype switching. Isotype 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 human heavy chain transgéne 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
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111 WD 01/09192 PGI/ US00120247 -5 fused with nmyeloma cells to form

I mMmmortal, hybridoma cells that secrete human npnocl onal anti bodi es against
PSMA. |sol at ed anti- PSMA ‘hdivan nonocl onal anti bodi'es of tPﬁﬁb E@&b
antigen bfW?WH&"&brtions t hereof, can be derivatized or %% 0 another
functional nolecule, 5 e.g., another peptide or protein (e.g., an Fab’'
fragnent). For exanple, an antibody or & igen-binding portion of the

i nvention can be functionally linked (e.g., by chem cal coupling, genetic
f usi on, noncdikel exith nieibamicalls to forf imdidial, bybriiomb eeliytbat S¢écrai®lngnant her

nol ecul ar entities, .such as another antibody (e.g., a bispecific or a
multispecifiém”QaPWﬂﬁﬂﬁ?de @@Wﬁd&ﬁ@ﬁy, in anot her aspect, the present

i nvention featur egsoltddiafiPSMA Buntin rdhoblohdl asttReies bfahéibértioh,or @A Si Ng at
| east one first, _binding spe |f|C|ty for PSMA and a,Z second blndlng

speci ficity &ndngnogiaepihsreot, ganbe deriyatized prdipked toranather finetional molectlee i or .
Mil tispecigi @g@h@awp%a:&for in @\gf%lm fagﬁemj Mok Elfapld, b Rftbbdy ér

tetraspecific and ot her i specitic nolecules. In one enbodi nent the

nul ti speci fi @nméﬁmpmmé@gn@nnmanbemmubmkeﬁ&ez oby ghemjcapor t i on,
e.g., a noleg Lﬁ% E{EH G615 pbiko @alexﬁéssga&éo%??méaﬁs%m dn@‘éPJnKﬁa%ﬂ*e? cytotoxic

activity. In ar enbodi nent I specific and nmul ti speci
mol ecul es of mﬂ@ularMm,lsmhaemhmwb@dy [@mbmeﬁammwwectﬁc fragnent

thereof (e.g 'ﬁﬂ’gl 4”??

particul ar er%n%ﬂ*g%? 0 ”arﬁf ﬁgégect’f P rrentt n%h@%e%?‘m?égg@é&ﬁcq etely

huma B Snt lmodgulmpeaﬁpmplﬁcldmcmztsmfat leﬁm oge ﬁxsfbmd;%g%} sp'eciﬁcityafof PﬁM&rmd Ied 20°

anti body or a h‘g@‘é‘ﬁt er, % as ahvar-l e r‘glﬂ!,ﬂ fﬁ?&?&i east a

conpl enent ar |s?‘8’ PR ﬁgy g‘f SRERS i ¥p 3“%%

antibody (e.g., nultispgcifid bletulss otfn?me?umlmﬁ?ﬁdgnﬁgp)mﬁe,na@sﬁuﬁ?nt Ih n f
at | east one anti n ereo

origin). In on nbo e or, fr

of the bi sp@@&f’&’ﬁ”ﬁ&“?ﬂﬁf'hf’g’ﬁg&‘lﬁ Jn0BE embe Tﬂtﬂ’ﬁén %’ %ptor such
as a human | ghelidles ireaftiinbiinceer@ factor(E mmmgrmela&mewhiauﬁ)ismwch as
FcyRl (CD64), FcyRI I (CDBZMand FCyRIIl (CD16). A preferred Fcy receptor
I's the hi %”(99 BEY- However, other Fc receptors,

such as hunman IgAIﬂ@WSmﬁwlﬂemﬁﬁa&mcah@ﬂum&cm moleieebRle The Fc

receptor is preferably Iocated on ,he surface of an effector cel e.g., a

monocyt e, nadrYsBReRoNtRFisest leastiong antibedy, or Sraginent thersef (g ap Epb, Fa'l’rf(ab}ir eferred
30 embodi nentgy, il dhemiFv). Cinddrtitiat LraBAfhdnt, Sha RiBEIY o Srafthéi tefeokN FC

receptor at 6}5 as i:gnspletely 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, such as a human IgG

25 receptor, e.g., an Fc-gamma receptor (FcyR), such as FcyRI (CD64), FcyRII(CD32), and
FeyRII (CD16). A preferred Fey receptor is the high affinity Fey receptor, FeyRL
Howevet, other Fc receptors, such as human IgA receptors (e.g. FcaR1) also can be
targeted. The Fc receptor is preferably located on the surface of an effector cell, e.g., 2
monocyte, macrophage or an activated polymorphonuclear cell. In a preferred

30 embodiment, the bispecific and multispecific molfecules bind to an Fc receptor at a site
which is distinct from the immunoglobulin Fc (e.g., IgG or IgA) binding site of the



which is distinct fromthe i munogl obulin Fc (e.g., 19gG or 1gA) binding
site of the WO 01/09192 PCT/ US00120247 -6 receptor. Therefore t he bi ndi ng

- of the bi and rultispecific nolecules is not ?hrﬁ
physi ol og%aq(ih;@gel s of inmmunogl obulins. In another aspec ﬁ]e pr esent

I nvention features a human anti-PSMA anti body, or a fragnent thereof,
conjugated to a therapeutic noiety, e.f- a cytotoxic drug, an 5
enzymatically active toxin, or a fragnment thereof, a radioisotope, or a -
smal | nol ecmbq:toxaﬁmbreﬁquwbin&ingofthmbxspwiﬂomndamhisp&ciﬁdrhde@ﬂess:em i nvention

rovi des t | f.1.C i ch conprise an effector cell
gxpressi nga@ﬁel?—egig@ Sb?lg?galle%glts%% 055’8 e or gﬁ activated PW cel |, :
and a bi speci fi cinanotier dspesp dei fresentrinventior fatufes hemenaetiPSMA anfiBodyn anot her
aspect, the prgsent jnveption es conpositions har maceut i cal
ang di agnos? %ﬁiﬁﬁﬁ? Dﬁ%“-’“%g%g? g} Syl ﬁﬂ%f?%%%u’f?yé%’gwdﬂgc@pt abl e
carrier gnde mymtmammﬁtmofwmdm &lor 4 Bifiall MyRAIE ON, or an
antigen- bi nd % on thereof, which speC|f|ca!Fy binds to PSMA. I n one
enbodi nment , "r‘l%“% di'&fosﬂmn conpri ses.a conbi nati on of the human

anti bodi es or anﬁalaﬂemeltusﬁeéf, g}éemﬂidnﬁ&ﬁpkhﬂéﬁﬁfget@é&heéﬁéﬂt&mh of whi ch

binds to a distinct _epit Qr exa a har maceuti cal conposition
conpri sing &’hWbﬁﬂlﬁP'ﬂ%r‘i‘BG “Hﬁi‘l?"%ﬂ‘ﬁ aﬂﬁ&f"-"ﬁ%‘ﬂ%&ﬁe?‘“ﬁ%ﬁ?&‘?"éﬂ ective

ki11ing of tangelpMN bell, il  $iSheBitie SENGRIsPcifRith6IEdM of3Re invertidh. De combi ned
wi th anot her human nonocl onal anti body that inhibits the growth of cells

expressiifg  PS\ain anpther aspech theqreseptinyegHonproviderepmpopitions, &8s her apl es

tailored togﬁ:ﬂc Mietfical B dibbnBRHE dSHIBL §1ﬁ&ﬁa&%%is%gﬁaﬂﬁ;ﬂaﬁemi Eé €.9.,

phar maceut i onposi tions, conprising a ation o st one
human nonocFasrienand jat leass e ksmaneonpelors) exntihedy osﬂlemmgmnommuzﬂg- portions

t her eof, a”ﬂmﬁfn Sﬁi% ﬂiéﬂe“o lﬁ&ﬁ%&ﬁé‘aﬂ@%ﬁﬁﬁ?ﬁﬁﬁc'ﬁbﬁeé?ﬁﬂoﬁﬁﬁﬂnﬁtbeo‘c the

i nvention, are BIso wit e scope e invention 13)/et anot her
aspect, t hempmnloh@nmm#m bigatipatoffthe bumen patbioics praptigeredindingr ol i f er ati on

and/ or tﬂé*ﬁ‘n m?t% [ owt h
and/ or by | ﬁéjﬁm ng ocyt s{%ﬁ gﬁwﬁ!/ﬁ%l?ﬁ?(ﬁ?%l n é?ﬂyetﬂt%*%lﬂa
effector ce phmaceyneﬂh cempadsitien somprisiRg A lpjmmr@alonai@nu@dy Wdlam noc yt e s

and macr oph i ereof (or
a bi specifi éﬁgﬁ‘ﬁ" Héﬁq}spgﬂ%?l c ant ﬂ%mﬁp@&?é&ﬁ‘éf?%ﬁpgg%% Cbﬁ&nw
enmbodi ment , withanetherthyman m@qle'@éarétbndmb@ﬁ inkjbits the gq‘o“@xpﬁ'qsﬁwwssm PSMVA

ei ther in Viki\ Offub/tndofsbittib pRARS hufiphAilthflal tilitelo fioNIBImETONOC! Onal

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 muitispecific 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 antibody)
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 combina_tion. 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



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

presence of a human effector cell. The nethod can be enployed in culture,
e.g. invitro or ex vivo ', H W 01/09192 PCT/ US00/ 20247 -7 - cul tures
conpri si ng WRMWERy hr essi ng PSMA and effector cells). Forf a

sanpl e containing cells expressing PSVA and effector cells can be cultured
in vitro, and conbined with an anti bodyr.of the invention, or an antigen
bi ndi ng portion thereof (or a bispecific or nultispecific nolecule of the

i nvention). eé.g.,eéxmaieguahpﬁsixfghenmpi%g:mmhapdéﬁmwrsg%ri aniplé,4bj ect ,
e.g., as part of an in vl_’%lg (e.q., .therapeutic or praphyl ac%lc,ﬁg;&i)ocol.

For in vivo ﬁﬁ?ﬂ%&‘g‘,‘a“ﬂ‘ﬁé : FW%“H‘}‘,S%MAaﬁ{dieﬁféﬂo‘kﬁeH‘ﬂfﬂd’eﬁWF ¥ et (or a
bi speci fic Oombinkd Wiiesd dntiBodyRifAeliheenfén, bhsh mg&mih&mg porfigithBRof@FA Ni st er ed

to a human subject suffering froma PSVMA-rel ated disease, such as cancers
of the prost dispecific ermaytisperifiggolsenieof theipventionh tAltgrstively.ithemethed ¢am be
Phagocyt 0%y s pBdfid dbjelide £ ol of R UPNE B therdpSi of Bropfifluigegl. 1 one
enbodi mantSj, e sugj‘ ectu jce%ege additional“l%fl( r’eae{ d w tﬁmgiri?q aggnt t hat
nodul at es, eptptocobnhances or inhibits, the expression or activity of Fc

receptor, e.g., . : =T r | e,

reari ng' the. oubj ok i iEBEEY Bl b, drakideh AR pornidh delorfoia™

adni ni str at i dispehific orgmiltispedifiemolenile bf théinviitiopk carf beadtbinisiered toud lumapeci fi ¢
nmol ecul e i ncl ude. ar t -std nul at,ng facto .
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anti body co jons of .the inventi al so .can, be,..adm ni stered in
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usi ng the net hods_and conpositions of the invention inclyde, but are not
i ted Lo, dmdPFGRHoEPIoNer 2t Euueceptndy oy ramplscteng e sshisst Wihe) (e

cancers of tReoRh@SPRfcfred KiSlERM e Hdmiaitilion dirhg¥RMnRRAOHthe BSPRET. t he

present invention provides a nethod for detecting in vitro or_in vivo the

presence b Paimullispscifiemalsrule indlyds exanulocye colppy-stnyiging Jacty (G-GS8- 25
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antibody of tahdtumepaerresisrfacten(THR)- anti gen- bi nding portion thereof (or a

e " o PR R o oA TRl Lt
administered in combination with other known therapies, e.g., an anti-cancer therapy .

20 Exemplary diseases that can be treated (e.g., ameliorated) 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 a 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 is then detected (e.g., using an ELISA) in both samples, and any
30 statistically significant difference in the formation of oomi:lexes between the samples is

indicative the presence of PSMA antigen in the test sample.



Compl ex formation is then detected (e.g., using an ELISA) in both sanples,
and any 30 statistically significant difference in the formation of

conpl exes be n the sanples is indicative the prese anti gen
in the tmm}gﬁﬁ% WO 01/ 09192 PCT/ US00/ 20247 -8 Otheiré?ﬁega"t"}g‘rgg? and
advant ages of the instant invention be apparent fromthe follow ng

detail ed description and clains. BrieB-Description of the Drawings 5
Figure | is a schematic diagramof the targeted insertion of a neo cassette
into the Snmal OCahdréeanfrestdnd agvantagesof tidnstant Mnweationchesapparentfronothec st ruct ure
of the e f.ill d Doxes represent the p exons. Panel Bis a
schemtlc%ﬁﬁ% ﬁﬁ?}ﬁ‘i‘%ﬁ’[ﬁ% aé’@fl ng vector. Panel C depicts the d
targeted locus in which the neo cassette 10 has been inserted into I.
Figure 2 |§ g.SC { Rtl on of the production of IgGLK human

nonoc| onal 2 S HE BT e o= ggai nst PSMA, HER2/ neu and CD89 (FcaR) by

| muni zgng transgeni c mce. 15 Figure 3 shows a fully human bispecific

nol ecul e, 141>g8012 |chbndst 9(FcaR dtoPl\/A The

mol ecul e cont aifigereh 5 Wﬁ?&%}“s B from human
monocl O”alm%xhr@%?ﬂﬁ'ﬁl'eh&SjYPMliheﬁaﬂﬁb &Ldﬁckﬂﬂﬁﬁéofﬁupdmy,lflde bond to

an anti-PS F ab" antibody fragnent (derived from human 20 npnocl onal
ant i - PSVA wiiré the dijled Baxes yepraseny theg: exonth ofanel B is & scherpatiidiagrase oftheran ant i - PSMA

nonocl onal .ant.i bodi es w t ng fr tic
adenocar ci Rengyesieh %@%‘?@sgg %éde'gg&g;{)%kggﬂ ‘gac gr ound
absor bggcepatbedGnsened waspf. 05. 25 Figure 5 shows the bi ndi ng of human
anti-PSMA antibodies to LNCaP and PC3 tunor cells as assessed by flow
cytonetric analysis. Geen histogram binding to LNCaP cells; Pink

hi st ogram  bi nci‘*‘tgﬂ'etzqs?ﬁﬁeﬁﬁﬁd&escrﬁdbﬂbﬁhbt])ﬁ)ﬁ Q&HoABf I¢G Keutiagnt human 1 gQ .
Panel A, antibody 4A3; Panel B, antlbo% 12; Panel C antlbody 8A11;

Panel 30 Moncgimabantibodies (HuMabg)gainst PSYA.HERR/neuand C M"dé’xgz
PCTI USCOY Z%Jnizing 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 (derivéd 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 5 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
IgG1. Panel A, antibody 4A3; Panel B, antibody 7F12; Panel C, antibody 8A11; Panel

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



-9 Figure 6 is a graph showi ng binding the 14.1 x 8Cl12 bispecific nol ecule
shown in Figure 3 to PSMA-expressing LNCaP cells as a function bispecific
nol ecul e concentration. Binding was neasured by nean fl

intensity. Wﬁ’?ﬂﬁze 7 is a graph showi ng binding of the ?ﬁ&ﬁ@@%

bi specific nolecule shown in Figure 3 to CD89-expressing W37 cells as a
function of bispecific nolecule concem-ation. Binding was nmeasured by
mean fl uorescence intensity. Figure 8 shows inmunoprecipitation of PSVA

from LNCaP cel | dfigareeist giaph Ehowdhgbindifig thg 18.1E8C12 bispecHid\Aolsdestionn

ant i bodi es. 1, L cel | | anes L Ou

i munopr eci pl’?lg’lg?”i‘}r? w%mmﬁ%c%ﬁ%%%%??g&@w&ﬁ?lehuman | gd ,
4A3, TF12, SpbnckntrdlichBiaditg Wahfeasines e ficiny Bldrescnd@inbsio Pl exes were

anal yzed by SDS gel el ectrophoresis and Western blotting using the nurine
anti-PSMA anti body 4D8. 15 Figure 9 denonstrates the effect of heat
denaturatign of 'F@u?éﬁﬂa@%sﬁﬁivm%’ﬂﬁaﬁgémxé1?55%0@2‘61&}5&&%%1%!&9 Figure

10 shows a conpetitive binding analysis of hunan anti - PSVA

anti bodi es, a&bowmiadiguse WE?%WPW&%@?-"?MCUP@%% functionehbisnesiicanpienulet ed wit h
the follow pg,anti et purpl e histogranm;
4A3 (yel | ow E?stoéirag%lﬁ&n%{wag?{#g%%t’ ?*séto rdé&gmé%% (bl ue histogram;
8Cl2 (pink histogram); and 16F9 (orange h| stograr’r) Panel A, FITC A43;
Panel B, FITC 7F1 25 Figure
11 shows a conpet i%tglug %Jo leﬂ,ﬁgﬁ kmgmoo?ﬁsﬁ{ﬁgﬁ&g% Caggﬁﬁd %é%odl es
versus nato néysam mmﬂumm@nﬁ«asm specifit alaxbbdxb@cﬁmsl H@Ca?mﬁdorse@, loges2l ow

cytonetry. g,?ghleﬁt ] jt%’*@g’x&ﬁ)ur pﬁlttﬁ%foyto n?b g%wy%%%qgggg?am

Irrel evant hu
7F12 (green mtwaamn s@\m(xﬂ|16§9 S&péntlselggham)me cﬂﬁli:léx(smetkarkaﬂmd)gy am; and

G F1TC ani. SHS hApab G a e b g bt sichsNaRibedd s oo,

show ng nonoet8e- nedi at ed anti body dependent ceII cytotoxicity (ADCC) of
PSMVA- expr«f?si ng cells via the 14.1 x 8Cl2 bispecific

-|
p

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 IgG1 (solid purple histogram); 4A3 (yellow
histogram); 7F12 (green histogram); 8A11 (blue histogram); 8C12 (pink histogram); and
16F9 (orange histogram). Panel A, FITC A43; Panel B, FITC 7F12; Panel C, FITC
8A1l; and Panel D, FITC 8C12.
25
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
purple histogram); 4A3 (yellow histogram); 7F12 (green histogram); 8A11 (blue
30 histogram); 8C12 (pink histogram); and 16F9 {orange hisfogram). Panel A, FITC 1G9;
Panel B, FITC 3C6; and Panel C, FITC 4D4.



nol ecul e shown in Figure 3 as a function bispecific nolecule concentration.
Results were neasured as a percent of specific cell lysis using no added

i nhibitor, 50 m free 5 anti-FcRaR (14.1) F(ab')2 and free
anti-FcyéYOQIiofgé) F(ab')2; Panel Bis a graph show ng r?oéﬁg%%@r?edi at ed
anti body dependent cell cytotoxicity (ADCC) of LNCaP cells via the

bi specific nol ecule 14A8 x 8C 12 and -tdrocl onal anti body 8Cl2 at an
effector:target ratio of 100:1; Panel Cis a graph show ng

nonocyt e- medi at Etgurals, Pondyl  iSapeaptichewiag imMonagytesmediated antibodpdPendent | NCaP

cells viat 48, Lkspecific ec Q. of

nhi bi tor, o extiiokily M@%ﬁﬁ&%@%@g&%@%ﬂ“ ff&@zﬁt’?%ﬁaﬁ or H22

F( ab'h) 2h amsblevuleshowh Eﬂfim gfra&aggt:timrﬁlpikpegiﬁh gmnlh.coﬁéegttatlinlnlxesmne! Ais a
ra sSNOW n neutr Il - medl at ed.an Q .depengent , .,ce C t.oxi cit
CADR0) "o - PeRmPRHIoQ e R RO P o iacei s ieige §o Kesd Bhifoh SOPHRT 58 ol Loul o
shown i ns FigHiiFeRARTE4. B H(aHRlah@50 pgﬁﬁ%eaﬁtlpfévlizhmﬁ)@(&%fmietmaon- Resul t's

were nmeasured as a percent” of specific ce ysi s "using no_added i nhi bitor,
25 g/ nl fr esaphshewingoRascytermediyted-antiboyy dependenteell/ctotaxiaty (ARGCOPEy R1( H22)

F(ab')2; P | : ] I | 'Hﬁ‘ﬂ* '},tm ependent
cell cytot %@ﬁfilfﬂws@?aﬁfﬁ& gé?’iegk\!}legft % Xgﬁ‘%g%d bi s%ggi fic
mol ecul e i ranteffectatargatratiodf 100H; Bared C, is a graph sivovingmonacytegnediated excess
anouts of 14A ' )2 : AT £ actan ot et ratio of
200: 1. Fi g@é@ﬁfd@%ﬁlﬁg}t%ﬂl Hé&gﬁél?sgﬁﬁcs?ﬁv}\ﬁﬁgé a\lxhacg\lgl%ﬁ%o@é#g | alt9 ed anti body
dependend dispecifiy moleoul dn thy abseixe©f inhibileSAincthp presaiceiof exeedsgmpitaof he 14. 1 x
8Cl2 25 bis If1.GATD nSh i lL.gure nction bispecific
nol ecul e Co@?@d{@@ﬁ%hﬁk}k@%@&,ﬁ‘%ﬁﬁg&?{ﬁg@aﬁigeg&%ér cent of specific
cell lysis using no added inhibitor, 25 g/nml free anti-FcRaR (14.1)
F(ab')2 and 25 /m free anti-Fc H22) F(ab')2: Pa ' gr aph
showi ng whol e biF65HE &iﬁgfléﬂlsamvﬁ%aﬁg%@waéﬁfﬂ%iﬁed &%&Fﬁ?ﬁ?ﬁ?@t ( ADCC)
of LNCaP cedeligytotoxicith ADCES oXPSMA 2xriesgirendefls via il Idcik 8C12bisgeeifisbsence of 30
inhibitqQr, or, in the presence of. excess amputs of 14A8 F(ab' r H22
F(ab’ )235 \A@‘B‘i?"é@%&??“ﬂﬁ%@%@f?&%m‘ ‘fpﬁfi%df‘ "Tg" ﬁ°§°=§m3{r*°§*3 hﬁs B ng
bi specific x?&bﬁcﬁhﬁtﬁedal%?-p&gﬁmmiﬁcmeﬂai}@kﬁﬁggﬂhwmiﬁ,Zsfpgﬁﬂ\ﬂzee es)
expressing (LnCAP) cells by nonocyte deriy [ s, ( circles).
Resul t s wer@“n@gggﬁr@ﬁlhg(aﬁyzp@ﬂ_@éhé}%k&eﬁﬁgﬁ‘g’mpﬁg?ﬁ’ f’?fswa presence
and absencey gl S¥aaphelfophiladRahuibsiyipinabitRtl Botbsiditp(aseCcred H22 5
anti body as a control (di am)ndsl). L . e )
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 A is a graph showing whole blood-mediated antibody

dependent cell cytotoxicity (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 pg/ml free anti-FcyRI (H22) F(ab')2; Panel
B s a graph showing whole blood-mediated antibody depéndent 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.



Figure 16 is a graph show ng bispecific nolecule (14AS x 8Cl2)-nedi at ed
phagocytosi s and anti body (8Cl12)- nedi ated phagocytosis of LnCAP tunor

cells by m)noc t e derived macrophages (MDM). 10 Figure ph
showi ng” bi ¥ ¥ P¢ nol ecul e (14A8 x 8Cl12) - nedi at ed phagé’@f@g‘?@gg? LnCAP

tunmor cells by nonocyt e derived macrophages (MDM) (circles). The inset is
a graph show ng phagocytosis nedi ated byithe 14A8 x 8Cl2 bispecific

nol ecule (1 gg/m) in the presence of excess 14AS F(ab')2 or H22 F(ab')2 .
15 Det ai | ed Descr Fgurel¥ i giaplesHomirgy tispecifid holdetle $BI0K x B(Dmnﬁxédmed)r ovi des
novel anti body-based t | es f.orééﬁ(g‘}aéi and di agnom n eases
characteri zed’ﬁfﬁp CERSIF EXIEFRE )yl Ry menoryte derfvgd .

pr ost at e- SpeqMDM) (&ﬁabs)anesuamve@maiwai@rarpedeﬁttbfbmgemsﬁ&oﬂﬂsw ) and/ or
rel ated. 20 nol ecul es. Therg%c gf t he |nvent| g‘B‘lﬁéF a%ed human
monocl onal ad§seRsg RS abspce o 54 lmmdﬁgsm ich bind to
an epitopes praﬂﬁﬁj@a@ﬂc&ﬁ@?(dxah{bnﬂﬁ) enbodi nent, the human anti bodi es are

produced in a non-hunman transgenic aninmal, e.g., a transgenic nouse,
capabl e of producing nultiple isotypes of human nonocl onal antibodies to

PSR (e 9. 1 9G IirAnsie Qlra ot HAREESIoNGuY L2k J REOWBIeBRISLON 25 and

I sotype switching. "Accordi ng varil o aspects the 1 nvention include

anti bodi es mmlﬁmflbwm% mm%mgmmmofbnﬂml’:umsﬂlslbdns

t hereof, as gg;g Hﬁ@ﬂ nic animals, and B-cells and
hybr i donas f\cq)ﬁcH éd a{:"H gcl(ona 5 anti bodi es. Methods of using the

anti bodi e$0 of the | nvent lon to detect a cell expressing PSMA or a rel ated,

- ti X
G Ctorent at | on ni gl 176 hafaph QSR Yisnctie bb R Pide LA el |
or in vivo, gheagocplosieoEitAibtassectllbby trioaouymdenwdmacmwam(Msz

PCT/ USOQ 202 | n der t t.he t re readily
under st ood, i‘é'ﬁleas}ZﬂE lsa e fs#‘ Pgal-gag %‘snﬁg‘bﬁ%’tﬁbg%%ﬂ nitions are
set forth th rbiupgéiﬁumotehde (leighnl) &rithe pesencpdf exbess 1JARF@ab)2m H22 F(ab')2 .

"prost at e-ipecific menbrane antigen ," "PSMA" and "PSMA anti gen" are used

I nt erchangeably herein, and include variants, isoforns and speci es honol ogs

of 5 human Hﬂ%ﬁledln‘esmmi@fcﬂmﬂdvmﬂiﬁdi rrent bi ndi ng of an anti body of the

vention to The DO a0LL 5k, LNAEL S HEn M0 Rl ihnShRY 53 19 POV

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 monoclonal antibodies, or

antigen-binding portions thereof, which bind to an epitope present on PSMA. In one
embodiment, the human antibodies are produced in a non-human transgenic animal, e.g;,
a transgenic mouse, capable of producing multiple isotypes of human monoclonal
antibodies to PSMA (e.g., IgG, 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 vitro or in vivo, are
also encompassed by the invention.



anot her preferred enbodi nent, binding of an anti body of the invention to
the PSMA- antigen nedi ates effector cell phagocytosis and/or killing of

cells expressing PSMA. As used herein, the term"antibody” r rs to a
gl ycopr ot\ypﬂl’ﬁ%g?pri sing at least 10 two heavy (H) chai %‘Wﬁz’ light (L)
chains inter-connected by disul fide bonds. Each heavy chain is conprised

of a heavy chain vari abl e regi on (abbnegvi ated herein as HCVR or VH) and a
heavy chain constant region. The heavy chain constant region is conprised -

|OT th? reﬁ o n'ﬁmt;flzmatgd% ( .b o t 3d dh'h&h&eaﬁhﬁme}%ﬂ VL. dOf ? ht
g chaln varl aple redgl on reviat e relrn as or . an a g
chain 15 cavwdirsidetipgdy; ?“Wﬂé'%?'w&ﬂ?s%%ﬁt f?"i‘dh@wt ﬁhgg?‘ﬁ‘gl’dld;es‘){’gﬂﬁ‘h sed of .,
one domai n, CL. Ti{d\Rrmsrestite-Sfecifie ticRibfant antiges ,’ "PSMICT and " PSMA alfiiged™nt O
regions of hypervariability, terned conplenentarity, determ ning regions
(CDR), i nt eresised isteachapgerbly bereim and inglpdeayasiantsitoforms 3ad sRreigs heraolagseft r amewor k
regions ds( FRumar BENAY Th 8 Pt fftediemmbbAMRAS Bk of & Afibody¥iiheiderkithito FRS,

arranged fromamno-termnus to carboxy-tefmnus in'the 20 foll owi ng order:

FRI, CDRI1, thePSMA&nppigenintibitstiragrowtief celivrxpressingBMA(e.gi, a tumagicell fe heavy
and |ight | Zg&pédaén% ofininh 8 AR ' ' 1 antigen.
The const%‘?‘hér} gions o ﬁ]’%hgﬁwg‘ég’?g@mnﬁ’ty’%m%gé‘?ﬁ?%%S?’Ir‘{g@of t he
i nmunogl obahtigenimediates sffectorxell pbagorytosisandios killing-ofiegllseypressingB8Meéel | s of t he
i mmune system ( . " | : [g%m; t g) of the
cl assi cal conpl g‘rsrgﬁﬁdhg{/eglgg{rﬁq%%@dy e%%%%eﬁl%dghﬁ?ﬁgl g g%rattlfe(%" of an
ant i body0 ( awo beavp(§l) ¢hains iahdtivo light (It)ichaitty interrsonneeted bedislfide bandsrEacho one or
nore fragnents of. a ' s . oL t r&gal |y bind
to an ant rg’ﬁ%wfgga.'F%W&ﬁ&%@%'@M%&EmP g%{butv%d l{a%ﬁet?'?gsglrlléggndi ng
fu?phi gn ogm?iﬁ hh:mf;gpbﬁmcdrs%eﬁim.gﬁbltcyvﬁch’g:mn@t;négimi&ul | -1 ength
ant i body. a S ndi n n ssed .wi.t hin . erm
"antigen 3(5"’6’%??358’5% Wg%]ffﬂ’g%i% 4 %?ﬁ%ﬁgguﬁgmﬂs)&én%é%ﬁéaagnent, a
nonoval ent lHghtdhainvariatderegiont(abbgevidted Heeein/ks LOVR of VL pardl adight deaimi ns; (ii) a
F(ab')?2 %ragﬁﬁ{% a ?)' L Ot 'LE&%QEP&; nyri i.t%dg Ew[gg ts |inked
by a di& Ifcﬁ ﬁg%?del-ré? Elhehﬁl nge regggﬁf %%BQ \%85 020247 -13
(iii) a FdVH aghehiegianscasbe fagharfsubdiedéd-intoregitis of Bppevarimbilify, termed Fv
fragnment consisting. of the.VL and anai ns_of i.ngl rmof an
ant  body,  CoppEmsaRy efin ot PR Do RuPHh Ballilh8h, °0 )
\(/j\hj[ch popsicshmﬂ,t&rﬁéﬂf;ﬁmrgbﬂ:reg’nnb(M.)Ea:::ﬁa::hﬁﬁkimbzddm«aricté e E
etermnin | ._Furthernore, al. u wo dommi Nns o e Fv
f ragnment, &ﬂ%ﬁ%&m@gﬁegﬁ%pnw-@%}sg? g"g%ﬁé S ] EBgean be j oi ned,
using 20 following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of -

the heavy and light chains contain a binding domain that interacts with an antigen. The

s )

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 cells)
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 (i) a Fab ﬁ-agrnent; 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 hinge region;




reconbi nant nethods, by a synthetic linker that enables themto be nade as
a single protein chain in which the VL and VH regions pair to form
monoval ent nol ecul es (knowh as single chain Fv¥(scFv); s ird et
al . (1988) WOIOMBEE 042: 423-426; and Huston et al (1988) Eﬁ@sa’i@ﬁ Acad.
Sci. USA 85:5879-5883). Such single chain 10 anti bodi es are al so intended
to be enconpassed within the term "anti-gen-bi nding portion" of an

anti body. These anti body fragments are obtai ned using conventi onal

t echni ques krii)a Fddraginemeonsistig 6fthe VH and OH @hiamsﬁ(nd aFRdragmagronsistingr e

screened for t|| the s .manner .as are.inta ti bo The term
"bi speci fic ‘kﬁt‘é’dYQdP‘H?’%%ma Wcﬂfﬁﬂémg’ﬁgy’ @réAbaiga @?aﬁqfft ein,

15 pepti de, Qﬂ gow)emureszmmmﬁmm@oﬁsistsmvmbaﬁntmmaﬁi@éma bi ndi ng
specificities which hindt or interact with (a) a cell surface antigen

and (b) an F@ome@@alwwcﬁ%twgﬁﬁlw@mf Fan#ieemrs&faméém twolomaing pfy,

"mul tispeckf 'tﬁeWﬁféfﬁHn? vLOarndv}ptaerdaaa%fw& ardfelg8fed] they dafi bk SHiRACERShgt O
i ncl ude any agent protein, , rotei'n or peptld
conpl ex, whi oReombin eﬂwdsabv%%thamrhrd:peth@temhi@ﬁtﬁgn@d@@ﬂdmwe&lem ch bind

o, or 20 | niugh@hicnh il e vE Sl ViYL RGEpAN i nodobliendienfeg copL of on

t he surface ector east one ot her conponent
Accor di ngl y, (kkaswn assingleichein Fy (scEdesse elthitdset ah 01988) SeieneaR424234426;30di f i C,
tispecific, S £ t ich are
directed to c}ﬁH&segglfcgce épr'\'?pﬂ’ggsmgu %é '5§83§D %&%g‘ngr&egggtors on
ef f ect or ct@l | antibokdies ateealmmmmbp&ba‘encompasseﬂcdﬂmsﬂ:e ferm {'dntigen-biodlingle s

di avodi es. D1-aAR: SEurfndt Hualuiilony BLRSE! £ 6Ll O SR ol o the

and VL dorral expressed on a using a

| i nker that |techhques§mmmthosalw:ﬂwkﬁhntlmamamhbﬁagnmtsardmmadfomm ns on
t he sanme chai.n, thereb fOI’CI g&gg{}\%}? mains to pair wwth conplenentary
domai ns of ar‘fﬁfl}?es?‘m?:ﬁl antlgen bi nding sites (see e.g.,
Hol liger, P., et ahetﬁgﬂﬁcﬁbmechhfﬁlﬁemdtﬁnclnddﬁ&agﬂn @l odtéi;, Pol j ak,

R3., et 30 al. (1994) Stru 1 12 919 NSOO’ 20247
R A s usdl epiend HEREinop o b? S e 3] YerpepS00 2
antibodi es, wHith Ih‘imiw,M:ﬂléia&@viiﬂ(&)}ﬂwﬁts&rfé&-ﬂngenﬁﬂblb)aﬂﬁ te¢epitoroaghd her ef rom

or antigen bindi ng_regions ed to her_ gst . two of which have
different sp ?‘iecgﬁf e"“’fﬁﬂL &'1or hetgrosPedfie o bi ndi ng

specificity fidlecute” Es:mfeﬂmn& mbluaaax@ragaitf Al @j&rot‘eﬁi, bepnaﬂ @r profeioriRpits
The.t er m  purfdmelEs PR Mok gLt GiEwER i PrRBTU NG e
ant i bodi e3¢ hauieragt 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 diabodies. 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 pairing 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 90:6444-6448; Poljak, R.J., et
30 al. (1994) Structure 2:1121-1123). '



vari abl e and constant regions derived fromhuman germ i ne i nmmunogl obulin
sequences. The human anti bodi es of the invention may include amno acid
resi dues not encoded by human germine i munogl obul in Birsedar( € 9. .

mut ationsw?ﬂ't’?%%uced by random or 10 site-specific nut ag’gﬁ’é@ S | r? vitro or
by somatic nmutation in vivo). However, the term "human anti body", as used
herein, is not intended to include antldodies in which CDR sequences
derived fromthe germine of another mammalian species, such as a nouse,
have been gr aft &d uset herdinthertefm Shetengankibadicsl eafiers to. twbloe miose angibddiesaocl onal

R s T e L O M R e L G
nonocl onal linked fogetiiercatigasttwbio whithdpvedifferentspenificitidsi THesegliffgrenti fi city and
affinity for a. .parti.cul ar | tope.. Accordi ngl t he rm "human nonocl onal
ant1 body"  repanuReGhdidsabindiBa sed B oF P Rl ob 45 e e DBRA Cl 1y

whi ch hage bhdihg@dpecificibofor ansitigad or epitgpecdica teped celife..) Dnmtoroglh gernl i ne

I mmunogl obuﬁ#ge%?eguén%%‘lig oneo%%m%i%rﬁ#}%g%%g hg@%&g}l)ﬂgcl onal

anti bodi es » PRSP bt ai ned
from a tranggesle &mm%m&mdmmmmmflmﬁmqmsng a,
genone conprising a hunman avy chain transgene and a _light chain transgene
fused to aFheihvmsp aptibodics ofthe uvention mayincludeaming acid residpes pohencpdedyqy " as
used her ei Nypish gerMifRGRAubElIbbuGh YotfienctS (4. | mAHHEHS intidkiudea By eandbiadr ar e

prepared, expressed, created or isolated by reconbi nant neans, such as
ant i bodil@s sigwpesificmptaganesisinifraren by(sematic migtation ajvo}. Hewever. thedi@eni ¢ f or
human i mungglabhibBdPcnaaed RR&A/ ik BSntkrdci i inclule RABbEIESin whilECDR) ;

anti bodi es expressed using a reconbi nant expression vector transfected
into a hostseaesnres deriveddfinm ts gemaliseof arpther spmnaliar spepieh Aheh asadidhat or i al

human ant i badypld, onﬁrhuﬁ%ﬁg?ﬂ%ﬁri ehéegpar ed, expressed, created or

i sol ated by any ot'her neans I nvol ves splicing of human i mmunogl obulin

gene sequences tlhedarms 'mopeslosalpntibedys or Soeneciond antivady semposifinnn aswsed bodi es
01/ 09163 P 3083 sPA i SR ity RARIRs bf SERIO HORBuAolipolifio. 4 10
enbodi nent smonasienglantibady campesiignadi a singledinding sppe ficityand affinity forect ed t o
in vitro My acheshitopeCAccoplififly e ffth "Rimdn MSHORRAI Gntilday" ReaRER | 9 sequences
I's used, in vivo somatic nutagenesis) and thus the amnd acid sequences of
the VH and antibedies displaying asingle binding spesificitywhich baveaariahle andeopitates t hat
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 I, 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 germline



5 while derived fromand related to human germline VH and VL sequences, may
not naturally exist within the human anti body germine repertoire in vivo.
As used herein, a "heterologous antibody" is defined in relation to the
transgeni ¢ wuooolobaegan or gani sm produci ng such an anti body .PCTAIS80/20847m r ef er s
to an anti body having an am no acid sequence or an encoding nucleic acid
sequence corresponding to 10 that found_i1 _an organi smnot consisting of

t he transgeni ¢ non-hunman animal, and generally froma species other than

that of the transgeni.c..non- human, anj mal . used herein " rohybrid
ant | body” 1 ef EREugRRRE REEREE T Blalembodngti RorkTer bty oLomBERs’ ot

di f ferent or ghmmasaitibodiesyreisubjeeted tenaim mutaganesisifor, ey atnanimalgransgehicman
heavy chain agsqciated with a nuri.ne, light. chain is, a heterohybrid

anti body. 15 B THORE {B SHUGMEesds T vite Soiatis Rivaesoqsi) rt s dhe wlipp acid g
humani zed ant isk@eihdeRs of thél VEGand VE Cre@iti of theAeconibihtdntillodiél ard @fencesaBatus ed

herein, is intended tqQ, refer to an _ anti body which s substantially free of
ot her anti bbdi eﬁgwe grom 4o zglated toJymap g n%?fgcﬁ“fli‘)éiﬁeﬂ‘é@“’(se‘.“@f‘,“’tan

i sol ated anti hoghaty Bkt WiBCHhE hedhd sntibbdyderhineRSMioirs inyfest antial 1y free of
anti bodi es that 20 specifically bind antigens other than PSVA). An |sol ated

anti body that spechspssdhesgin, g hstezolpgpus antibody”dpdefined i relationste thedranagenicof

human PSVA may,., ReWEY&bani &c‘i:%%%‘h&:?ﬁﬁ% |t R0 b hdtfvedy ant i gens,
e.g., fromot )fglgxr‘nspec‘?rgasm(‘e&gé, SI\/K specl e&g Tﬁgrm 0gs). Moreover, an

i sol at ed ant i avipg seamine acid seguense Pran speedingnusieicocidsequentd qoraspondiag tor | al

and/ or chegg c : r&gﬁg‘d‘;{]@gﬁﬁ- | 1.0 Linatd on of 25
"i sol at ed" mnoz%a?: o(\)xhgrxf%ﬁot odi es al\gl‘){lgr%g %ﬁ*@%@‘%‘@g&%@‘?%&?‘fm e
conbi ned i n a geesirilly oo & speciesotherdkantthas of thetransgenic hen-lninan atisgbei fi ¢ bi ndi ng”

refers to anti body ,bi.nding.t on ant | : Lealhy., t he
anti body binds w tﬁgg%qa }“mgt@e‘eg‘gh?gﬁ& east” a %ﬁ%%‘g@%&%ﬁ@azﬁg bi nds
to the predet endrheary clairtsiof differant érgamisnedl briging. \Far kzempls asantibedishavinga- f ol d
greater than ,30 iis affinifv.f Bi ndi ng nan- A At i.gen (e.g.,
BSA, casein) M@‘l’ ﬁ?aﬁyo\ﬁhatnﬂiesg%}aé evt“g‘rahg‘%%%%f %é‘n’s 8?‘8%%*63[1’5@5‘?@09 21 at ed
antigen. The Examplesofteterahybridbaniipodiessodode chimagicand hmhandzed antihodiel, an

anti body specifi an antigen" are used WD 01/09192 PCTI US00120247 -16

c for
i nt er changeabl ¥ FEFTR™i th the term "an antibody which binds specifically
to an antigen! AsAudidlaledantibody™, bcustdhdreii )ik titendéd tomefentd ah antibady Which

antibody refe s su%&an%iaﬂ;ir ?rgé Ofbther antibodies having different antigenic specificities (e.g., an
isolated antibody that specifically binds to PSMA is 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. Typicaily, 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 least 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



affinity of at |east about 107M 1, preferably at |east about | OOM4, nore
preferably at 5 | east about | O1M'1,1011M'1, 1012M 1 or greater, e.g., up
t01013M 1 or greater. However, "high affinity"” binding_can va for ot her
ant i body WQBY@EJ%S. For exanple, "high affinity" bindi nd 6 TgM i sot ype
refers to a binding affinity of at |east about 1 x 107M1l. The term
"Kass", as used herein, is intended tola-efer to the association constant

10 of a particular antibody-antigen interaction. The term"Kd;s ", as used
herein, is ihteichatgesbly heréin fwith theteinh tandintibedyivetictobindsspedifically toodn a particul ar
anti body-anti.gep interaction. As used herein, "isotype" refers to the

ant i body cla&Ege“('e.g., IgMor 1g@) that is encoded by heavy chain constant
regi on genes. lAsAfedietsin, iy @ind high ShiyyrSosal IgGhintiBody réfefSt6 a bindinge

phenonenon whi ch the sot ype nti body changes from one
lg class t&%ﬂ@%?“@%a?ﬂ“ﬁ&q 9 Mmglﬁwougghﬁ‘emmwfeﬁbw i t ched

i sotype” 51 qERf shoh10' N w'éw;ow!’m als@eaér,&]%ﬂu YA 08M? dr SHewaRECed when

no i sotype swtching has taken pl ace; gene_encodi ng the nonsw tched
i sotype i s ‘highi wybtnﬁ@gﬁmm&qog@h@tﬁbﬁ%wm@rfoa@m@leséaahfromthe 20
funct I onal |offfify bl 36 AIMCISHSpe (R W BB LI PR AR P hasSI T ed as
classical or,ngn-classical "i sotype switching.” (assical isotype swtching
occurs by rl@Mnbination events which involve at | east one swtch sequence
region in the t [ N® Ny r by, for
exanpl e, honol og‘ggz&ﬁegml natufégn E’g?m%fgﬁ&%ﬁger{é\gﬁgﬁﬁumn ci‘:ﬁ

(S assodOat@@mkwmhdymﬁmmmomon cl assi cal 25 swi t chi ng nmechani sns,
such as intertr nd/ EQORS Qmong

ot hers, may occﬁ‘raé%%g ’Féc 656 g&g@b{gype s‘\?\n |ng sa%‘saggﬁ]ﬁoer elrn, the
term"sw todfamhelacmhbodafmenmtdrmem DNA sequences responsi ble for

tch nbi " ' i tch
eqi on, i 1 bo Asusp nfein SHob Bl SRR eSS s AP 0 ortey aBfls' O, o o
during the wdedbyh&w@hanbomalmmmonihes"svm tch acceptor” region will be
bet h I t ant
bet heen e CONSiy ikl pha Muhf il Lokt AR AGRIF CorsL "
PCT/ US00 120@3&5’, or isofypesof ae antihodyrcliangdsifrom arievig glasoioone of the biherf Igglassegene
sequ_ence wil | A&u{%@tlllxe\(eiﬂ,?' orggutcﬁ)edq gpt ag Iortﬁﬁms %Pagssé 8 used

atron pa

her ei n, glycosy ern 1s I'ne tern o ai ohydrat e
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 Y, (8-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 betw'een the construct region to be

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



units that are covalently attached to a protein, nore specifically to an

i mmunogl obulin 5 protein. A glycosylation pattern of a heterol ogous

anti body can be characterizéd as being substantially simlar

gl ycosyl at i WRI¥8P% ns whi ch occur naturally on anti bodi ekgr’b’%@’e\%‘gd by the
speci es of the nonhuman transgenic animal, when one of ordinary skill in
the art would recognize the glycosyl ati-arr-pattern of the heterol ogous

ariti body as being nore simlar to said pattern of glycosylation in the
speci es of t hghepOrrbatibifatibh alwago@ans) the fifldl Forle seqiAicd willtthsicalip@si kes fr om whi ch
t he CH genes of é&g ransgene were derived. The term "naturally-occurring”
as used her eiffedi f)é'P‘i"‘ GBSt opj ect refers to the fact that an object
can be found in nasiisel hekddd, "gyedtPlaton FuttBal 1RRRAIGS 1R palieth ¥PeEbQEratée

sequence that is present_in an orqani sm_(including viruses) that can be

i sol ated frorfmits {3t are gyvalenilyatfghedrie 2 protpigymasnsneaifcaliyito prissmynogloitlitonal | y
rodified by brein) A cdsARRnaicd of & Rerdtalobidlahilblf Ch bl ibrmctlriRda”

“rearranged” as use ein refers to a configuration of a heavy chain or

| i ght chai n ibeingsebgtaially similgde glyopszlatiompattens sdishoneur patusy pr argibedies

I medi atel y b ACE : }ﬂfﬁﬁm ' r FOR: I ng
essentially C%%.ﬁg&%ﬁ%@{%ﬁ onmal n, éerngc;hagxéz?,?\% fg@gf@’glgwgﬁﬁgied

i munogl obul iin thepsarewéuld resognias thecglycdsyiatiohipatterivof the betpralogeusantibpdy@s nl i ne DNA;

A N T T Y e e

honol ogy el e I'ne con uration" as
used her eilf |transgehizrapingad that & the Spesies)frem twhichfthe €Higends loEthe trafisgenerwdre on
wherein the V%‘e,%{rent is not reconbined so 25 as to be inmediately

r'

adj acent to ad J segnment. The term "nucleic acid nol ecule", as used

herein, is intenddtetemi"nathrakieodobkingirad wsediherdin anspphbdtonm lobjectirefdrs tétheucl ei ¢
aci d nol ecul g be single-stranded or.. doubl.e-stran , _but elerably is
doubl e- stran of@%ﬂn 0%% g?nee?e%gm}adgg P%P‘@dF o FERBRIE: 250 Fyaeﬁ@g 8&Eﬂq€“‘?’f°3§‘%u sed
herein in refg®ancethands presentinen offAnismi(hsluding ituses) that carbiRdidistedfromat i body
portions .0., VH, VL t hat .bind ta SMA,..ig.intended.to refer to a
nucl ei c aggd WBT"EM”@“’??P%?‘ ¥H8‘%%'-%%P9wsyw&tﬁéﬁé§?mgh§6 AgtaThe

anti body or aghithRly-ofEdigon are free of other nucl eotide sequences WO
01/09192 PGT/ US00/,20247 = -18 epcodi ng anti hodi es or anfibody. portions that
bi nd anti gens oth "'t“ﬂ%’n‘%mfg‘vﬁ?i“é?ﬁﬂ‘eﬂ‘h@?“%@&&@@tﬁ?ﬁygﬁéﬁ&‘Eﬁ‘%/ f1 ank
the nucl ei ¢ a6xilighi dhaidifiBinsRetalih lochiNdhersir @Vt degment 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 locus can be identified by
| comparison to germline DNA; a rearranged locus will have at least one recombined
heptamer/nonamer homology element.

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 "mucleic acid molecule”, as used herein, is intended to include DNA
molecules 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 herein in reference to nucleic

30 acids encoding antibodies or antibody portions (e.g., VH, VL, CDR3) that bind to
PSMA, is intended to refer to a nucleic acid molecule in which the nucleotide sequences

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



NOS: 1-12 conprise the nucl eotide and am no aci d sequences conprising the
heavy chain (VH) and light chain (VL) variable regions of the 3.F2, |.D2

and 2. E8 @hﬁ)&m?ﬂe t5 PSI\/A nonocl onal anti bod'i' es of t he #qu@%{,h% For

nucleic a erm "substantial honol ogy"” indicates that two nucleic
acids, or designated sequences thereof, when optimally aligned and
conpared, ~are identical, with appropfl&te nucleotide insertions or
deletions, in at |east about 80% of the nucleotides, usually at |east
about 90%tﬁlc&ﬁﬂgMddxmrmmmy@nahhymatbindaﬁgemmmaﬁMWWhQQ 5% of

tsggnggflse\?\ﬁt‘:"tﬁ rﬁﬁ?%?%’%?h%%%lyggﬁ%@%‘%mﬁ% i Zat 170N ci)n ong to t he
conpl ement WOS: Im?;cahprisadxe n‘ﬁbieomleranénmlnocieldtseqqend:mtcompmmg/\ﬂne hemmences is a
function of .the

(i e %ho Engligh cpai (Y Loarabie Rifonk PR 27201 B2 4B 3 PURMBRIHERC

100), taki nESMNrﬁoxﬁGl@ﬁél@thdd&shﬂﬂib&[veﬁﬁongaps and the Iength of each gap,

whi ch need to be,intraqduged for opt.i mal, mept of the sequences.
The conpari son dior Busleie ARdss the termy spbstantial %ng}’gﬁf“’ﬂé’ﬁﬁ tﬁ‘”&éWfF'f’y bet ween

t wo sequencs‘édsﬁ&rueﬁmam Flint&stRdtedfsWh ohtiflly Qighed &l coplpgrd) debm  as
described in t non-limting exa | es bel qw. , 20 The Oslhé&%ﬁ\bhl dentity

bet ween t woidenficel With aeprepiatemiclesti 'HSEEE‘”BQF eletiqne.n atlessyab Brogram

in the GOG saido@ésCusiattla dst abvat J00DloDS5%, alll hbre/prafibly aflleas® Bout 98%i Ng a
NWBgapdna. CMP_ mat I’SIX and a gap weight of 40, 50, 60, /0, or 80 and a |length

wei ght 1t0925°/§3°f1hem531e°§¢°56 Alteratipely. substantialhomologyssistavdisn thto nucl eot i de

or am nO aci Rg&ﬂjfe%ﬂd&ls@l@ct%th%ﬁﬂlﬂﬁgn Editibnb, 16 iRl combletre ot E.
Meyers and | er ( Comput " Biosci., 4:11-17 (1988)) which has

been mcorpﬂleatrmd into the ALIGN program (version 2.0), using a PAML20
wei ght residue tapl rceﬂtlaﬁrgeﬂfé?\%eataﬁgéi ubNcels alfénctioR Of heG@MbR@FAl Ly Of 4.

In addition, the p cent ntity between two am no acid sequences can be

det er ni ned wm@pmﬁlonbdmeérbuﬁhmduWﬁbh,%ﬁomgy =t oflidentigal) : 4144- 453
1(1970)) gﬂg ﬁgﬁweﬂage oris&E100), gﬁ%%&ﬂnimémm %%s%aa{eam in the.

GCG 30 soft avallable at %&//vwvw gcg. co usi ng either a
Bl ossum 62 keagthiof eachigap, techerintrodugestforopsimeal glignment ofthavo 14 12 10,

8, 6, or 4 t Rlof sddfientes #nd daterflination Has Been
Repl aced 11 4 T Pt dilof e I WO 01/ 09102 Epritent ey tRARen

- two sequences can be accomplished using a mathematical algorithm, as described in the
non-limiting examples below. _

20 . The percent identity between two nucleotide sequences can be determined using
the GAP program in the GCG software package (available at http://www.gcg.com),
using a NWSgapdna. CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length
weight of 1,2, 3, 4, 5, or 6. The percent identity between two nucleotide or amino acid
sequences can also determined using the algorithm of E. Meyers and W. Miller

25 (Comput. Appl. Biosci., 4:11-17 (1988)) which has been incorporated into the ALIGN
program (version 2.0), using a PAM120 weight residue table, a gap length penalty of 12
and a gap penalty of 4. In addition, the percent identity between two amino acid
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

30 software package (available at http://www.gcg.com), usi:fg either a Blossum 62 matrix
or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight
of1,2,3,4,5,0r6.

This Sheet Has Been Rep

T




-19 The nucleic acid and protein sequences of the present invention can

further be wused as a query sequence" to performa search against public

dat abases to, for exanple, :identify related sefjuences. Such searches can

be perfor neWOBNE2 t he NBLAST and XBLAST prograns (versi BREESWROM

Al'tschul, et al. (1990) J. Mdl. Biol. 215:403-10. 5 BLAST nucl eoti de

searches can be perfornmed with the NBLASJg program score = 100, wordlength
‘12 to obtain nucl eotide sequences honol ogous to the nucleic acid

mol ecul es of the 'mmae%m%hé\ﬁ&a; h&eneemeg,ﬂ@sé B6h RRRirHerBd Wi th

the XBLAST program score = I"engt h a| n amno acid
sequences hotesdag 8 ligueriosegerace) rt@P@fqmmsB@dmmubilhéammm, ifesrexammple.obt ai n

92RO 1 | 9Nl e Do REE S,y LGRS p BRARE Bl nE TR 1 |1 200

25(17) : 3389- 3XBLASKprograms (vVersiond.03oASIFschuldet@h {1294) J mozpztfg«am t he
defaul t par s 0f, L he re cti,ve # BLA AST)
can be usedg.a ngi'g‘sﬁﬂuﬁl.e;’t}mgmnqeﬁeﬁrﬂgg tﬁ‘ﬁgﬂhﬁ§ rsag%!f N%;be
present in whalosdlengti =12 tombaxlmmicleoixgesadmncesmomnlogomads ﬁueahdlgic ad® purified or
substantial ly re fo A nucl soI a ered
substantial |y €s &f%&”%ﬁﬁ"f’l g“f’ EB?’FW&qw@@ﬁﬁonent s or
other cont am’)mmea‘,preg:an scOrie€30, @eﬂdldngmr— m&ib&ixpmﬁﬁd;dad&quaw ei ns,
standard techgi ulgs, cl udi.n aI | e/ SDS tre t qc_li bandi ?09

col uim chroma 6‘3? ﬁ Brotn, ’PYFBHB‘?e EaPBF alienmgpts fory o wn
in the arti0 Seémpdrisod'piEpdies, Ga edeﬂLAS'IedinbEJdﬁﬁzeabs %crﬁfeehp&@cﬁuueaall\/bl ecul ar
Bi ol ogy, G eene ubI sh| n ' | nt ersci ence,. New Yark (1987) The

Wl e
nucl ei ¢ acid W’f‘i’"f‘%@‘ egt?’?é‘@@é%%?ﬂ 02; MNhenuiliziog RRASE and Gaped n” o nat i ve
sequence (excm%sfrqamgmﬂs ftﬁe‘i‘!éfaﬁﬁ§£r%&€is%?&§'r&s$§cﬁ@@9m§ﬁﬁ:sl(é KEXBLASPM ﬁ' t her

cDNA, genom c m xt ures nmay be nutated hereof i n accordance wit

st andar d techﬁPﬁNB&@@?ﬁ“@@% §S°Wé""‘§\¥@e@w@é§1h%r codi ng sequences,
these nutati ons, r@ueaicfee%dama%ea&séhmmmf@lﬁcéiﬁ?éa&@érmla@anﬁr icul ar,

DNA sequences substant I al ly honbl ogous to or erived fromnative V, D, J,

constant, bwi putilies ofsebstantially pyrecfama oy pueleie geid éss'dsolatrdy or heﬂeﬁeﬁ are
cont enpl ated Guher ﬁd%q%np?r@%%%ﬁﬁoﬁl%r@dﬁﬁgm ical or

nodi fi ed from anot uence O Anuclerc acid 1s operab y |inked"
when it is pl semamingts eg. fommﬂéhanuchﬂe#c@dsmnmnp by standarddechniquesucl ei ¢ aci d

sequence. For ;i f:@%‘ﬁ&i to a
codi ng sequence 1Tt al? ects gx{ti?{%gcrl ?%hﬁh%fmgﬁ%gg%%e#?g&gg@l

electrophoresis and others welI 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, J, 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 is "operably linked” when it is placed into a functional
relationship with another nucleic acid sequence. For instance, a promoter or exhancer is

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



WO 01/ 09192 PGIT/ US00/ 20247 -20 respect to transcription regul atory
sequences, operably linked neans that the DNA sequences being |linked are
contiguous and, where necessary to join tw protein codin regi ons,
cont i guoUWOA&HP1I9n readi ng frane. For switch sequences, d‘ﬁg' ’g""ﬂl nked

i ndi cates that the sequences are capable of effecting switch reconbination.
5 The term"vector", as used herein, Jdg.intended to refer to a nucleic acid
nol ecul e capable of transporting another nucleic acid to which it has beén

| i nked. O’g%sgg& ﬁ’énscﬁ’;ﬁﬁh?égul seqﬁérﬁéﬁbgembly"ﬂﬂ?éﬂdi&fﬁﬂﬁt thODRACI 1 cul ar

doubl e str DNA [ gop into dditional DNA segnents may be
| i gated. Arsequenges byp&llﬂfedmngqoys ald«whem noeessagy to joipfiwe profeimending onal DNA

segnent s I ﬁme‘il ors are
capabl e O][“}g Jtﬁg’n‘%)drrrlgg‘g rg:lo%g%%dlk}%n I n eaFoﬁost ce &#éﬁ’?dgeﬁkﬁéﬁ&%ey are

i nt r oduced x(ubcagesﬂmﬂtetsequemesm of elfectingswitoh recembination gi n of
replicatgon and

non- epi s%mal ma%a an vectors§ canmbg%tl n egrlagfé?gg ‘Fﬁé“?ﬁ"z"é‘?ﬁ'g“r%% of a
host cel | cepabld ofttransporting @nothernucleicacidds which it has been linked. dDne typeraf 1 epl i cat ed
along with t sty o) r r{ain _vect r | e of 15
directing tvﬁgg‘&% ég‘g:&‘i (E)iri Chgl\‘g%%gxg (():irc igc‘#?ﬁ#lﬁg&%‘gbgﬁéf’%ﬁ%%@c I nked.
Such vect oraddisioral DNX segmenkts iy fbe ligated. aﬁdtheetmh’fmmlmmra}sedtm vect or s"
(or sinply, . expressi ctors eral.,. expressio ectors of
utility in W‘EE%M‘&’M& ??rﬁg'aal.?'e%eqﬁggeﬁé?t?&? 'ﬁpgeﬂ mey ?'#nbf pl asmi ds.
In the po es&abrsamabiﬁleeﬁaummpmom eplivation inrachostoell io whidi)thdyarelsed
mterchangeabl t he nDst. .coND used fqgrm of vector.
However , ‘F‘H%‘c ?P‘g‘?f‘a? ¥“$‘m§ iep fasterial arige qjé'ég'ﬁ episomRl of -
expressi On maﬁhﬂfaﬁ,veaueh Otherwettots (e. ¢ fibrPépsisopgal g:amnfaﬁai ve‘c&:‘rs)em Ekef ective
retroviruses, nQVi.r uses a ad en@ associ ted gerve

equi val ent ! 'Gﬂ@legéfﬁ%‘he’ﬁﬁ@‘?"e @ hostell ypon e %%'i f °sffﬁ“ §ﬁ' ¥ host

cell m))_, as dérglidatidaldhg with thé hﬁr?egﬁiﬁﬁe.t M20E®fv5 ex; cérﬁxd tﬁvegﬁkdaréeépﬁbl\léfgfgh a

reco I nant ..exp S| on vect as n I ntro ou e

orot D81 dite eI Froresting OLgencs 1 e ey a5t Prsrabivel ke Sph gecidra &

|oa(r]I t :c cul ar refehbEthefeit as 'mbmbmm%mmymm (crisinipl, "e:qirbssmBQeauS'e certain

nodi fi cati qQns y OCcCUr i1n s I.N er at ue to el mut ati on

or envi r onnB#EREral FPFeSHoR wEto rs%fcd’gj g‘?}gﬁ\g"ﬁ%ﬁlﬁgﬁcﬂwﬂ“ﬁf‘m" énfhaentlcal

tﬁ tre p;’ilr efahneﬁblbs:mﬁutlna{e@rg%nﬂ&bwmhuqe asﬂniﬂhb:ﬂl'?rﬁél& aE9Heusdd the term
0S ce asS _ use ereln | OUsS a I nve I on are

descri bed |1ﬁ‘°¥°3}1“1$&?1 Y gefis plasmid i “PS‘H°HV£‘PP§’“5§§8§@¢°§’VB‘H%‘ owever,

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 to 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.



WO 01109192 PCT/ US00/ 20247 -21 1. Production of Human Anti bodies to PSVA
The nonocl onal anti bodies (mAbs) of the invention can be produced by a
variety of techni ques, including conventional nDnocIonaI antlb

net hodol ogyV@UPN2t he standard somatic cell hybridizatidt ue of
Kohler and M I stein, Nature 256: 495 5 (1975). Although sonatlc ceI

hybri di zati on procedures are preferred,21i-n principle, other techniques for
produci ng nmonocl onal anti body can be enployed e.g., viral or oncogenic

t r ansf or mat i o Prefuction o HURAA WnBBodicEiePgVMAl er red ani mal system for preparing
‘hybri domas isThe_nurin Tem Hybr1 doma, production in the nouse is a

very wel | - est abl i 3B &gn ?R? wgdreq(mnﬁhmfahqlmnhmwerhstpmeél Yadane¥hni ques

for isolati %ftemqmamqg SoiveRRai nfohobiBhal Bitilo@P mRfMBddis M. ithe t he art.
Fusion partners (e murt ne_nyel oma _cel | s) and fusion Er ocedur es are al so

known. In a me%bmmtlonhm%mﬂmélmbm, %ct ed

agai nst BES n ik %k LY of the

i | mine T 1g A S Mo AR R pER R SRR D

mce, refer rtedmiqyesﬁreﬂommmmmﬂamhpéycmemp!pyadhe;mmﬂpmg@mbul in

gene mnil oc ts N%P rranged human heavy (Et and y) and x |ight
0

chain i m"runo urrn seq toget her with targeted nutations that
i nactivate the eﬂﬂhegm&mdammaﬂsyxtemrfanprepmghyliﬂdombesg;emunmtsymm (1994)

Nat ure 368( 856- cordi [e d

expr esst on ciYuEa PRgitch m B8 SRRy sl e ThiESeditiels, FlnbipGR

i nt roducad ﬂrmmkhﬂawﬁnqmﬁfbngﬁlﬁmhﬁimﬂm&gkmmfdﬂmméhmsw t chi ng
and somati c tation t ener at e._hi af fi | gG ¢ _nonocl onal
(Lonber g, N.tﬁg?'%a*‘?sm(’f@’g‘lf?s,@ ugmemgg(; &F‘ﬁi{‘ﬂ ff%mﬁs €f§§4) Handbook
of Experi rrerltmbvnPhar macol ogy 113 49 101; Lonberg, N. and Huszar, D. (1995)
I ntern. Rev. noI Vol 3 -93, and Har 25,. F. .and Lonberg N.
(1995) Ann. %ﬁafff@ffle‘?éwl m°1’ﬁ%1°'ﬂﬂ? %%}chﬁf‘ Mt ab mice is

described i nPsMAamL bef@ﬁérhﬁﬂ udihg b@isgafﬁoaﬂﬁe b&ﬂrﬁ_@/ﬂaﬁﬁ of the h\ﬁixaxﬂhnmﬁ&992)
Nucl ei ¢ Agl ds Res 20: 6287-6295;__Chen, et. al ]3;% J nternational

| munol ody Bste®. the mPuse Systexy- These ‘(31'9@3)" mpice, geft TRUA8 Sci USA

90: 3720- 3724 1A%~ rﬁfce bntaina HA8EY xd}ﬁﬁwg&b@%ﬂgénbﬁﬁmmcﬂxﬁ&eﬁ&aes Chen, J. et
al . (1993) EMBO J. 12: 821-830; 30 Tuaillon et_al. (1994) J, Im*runol

152: 2912- 29 Apireargngsd hyman hegyy (1 audgband wlight ehain inpmmoalpbylin seasnesso: Lonber g,
N (1994) HatBEé%ﬁ’éP &nﬂfm@faﬁﬁﬁmts Bar f Q&f\ﬂ@:‘fﬁg ébdgenous } and x chain loci

(Lonberg, N. ef al. (1994) Nature 368(6474): 856-859). Accordingly, the mice exhibit

20 reduced expression of mouse IgM or k, and in response to immunization, the introduced

human heavy and light chain transgenes undergo class switching and somatic mutation
to generate high affinity human IgGik monoclonal (Lonberg, N. ef 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) 4nn. N.Y. Acad. Sci 764:536-546). The preparation of
HuMab mice is described in detail Section II below and in Taylor, L. et al. (1992)
Nucleic Acids Research 20:6287-6295; Chen, J. et al. (1993) International Immunology
5: 647-656; Tuaillon et al. (1993) Proc. Natl. Acad. Sci USA 90:3720-3724; Choi et 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 et al., (1994) Nature
368(6474): 856-859; Lonberg, N. (1994) Handbook of Experimental Pharmacology
113:49-101; Taylor, L. et al. (1994) International Immunology 6: 579-591; Lonberg, N.



113:49-101; Taylor, L. et al. (1994) International |munology 6: 579-591;
Lonberg, N. WD 01/09192 PCT/ US00/ 20247 -22 and Huszar, D. (1995) Intern.

Rev. Imnég I0 XQS 13: 65-93; Harding, F. and Lonberg, peérnisbifiiz Ann. N
Y. Acad YN %536 546; Fishwild, D. et al. (1996) Nature Bi ot echnol ogy

14: 845-851, the contents of all of which are hereby incorporated by
reference in their entirety. See furtf#ér, U.S. Patent Nos. 5,545, 806;
5,569, 825; 5 5,625, 126; 5,633, 425; 5,789,650; 5,6877,397; 5,661, 016; ‘
5. 814, 318: abd Huszag Do(199f)intern. Rep ImpmmolgVpl. 135 663pHaingnk amd Jonbergs GenPhar m

| nt ernati oRal,4 " a4, s ' - | nternational

Publicati oﬁﬂ)gg 5% @?} ?ﬁ%%??r 7&%???%%?@%\3519\]1?;%%2Xlﬁgb.giémrev\o 94/ 25585, -,

publ i shed Mioredkhelogyi B: 849851, thagootents pPall ofywhich arp berebyyinperpomated byo3: W o

92/ 22645, | i she r ; ' d 10 March 19,
3? ‘begﬁg}eesgeegﬁ I |Se§?‘“9a§?gﬁs are 6322%1%80@'53'69,%@53

1992, the er I’ncor por’at ed by reference
in thei§ epE251196; S636426:8,789:659; 5,813 FACE661.016a6.84431 % 5:874.89%andr i bed in

Exanpl e 2,  ysed .t o a t hG&S. HuMab
uni zat | areioa0: Al 1 el SRGHTb A RN RIckraROM O, blBlINGE - | (UGN,
HuMab mi ce 5c548,80% to $urani i ale dntevnational Rublicdtion iNosr WOHi8/24884) ppblisbed et i on of
PSVA antigen and/or. pr i PS S S&iA y. rg, N et
i (1994) e 4588 R0 4925 5 RS ioveer BTSSR
Bi ot echnol qeie 34419934 WG 54/22643, Hifblist TRé&fier 28y 19D2y WI 92/03918; publéshedvi | |  be
enr i chodd pridish 51956 . g tagyreg f skSbIGH e b mesiporn By edgp b~
PSMA- expr esadif@hibNGaRne@vtlg) the HCOL trafisgenit titedesiribed in Exvamiple\d; barmbec
intraperitoneally. In the event that ipmunizations using a purified or
enriched prsed@esrsras hpnanagtb SMAagibediss: not result in antibodies, mce can
al so be imunized wth cells expressing PSMA, e.g., a tunor cell line, to

pronote immune responses. 25 Cunul ative experience wth various antigens
has shown tHuMak Inwniagligns « r ansgeni ¢ nice respond best when initially

| muni zgg i ntr aﬂ%?eﬁ&ﬂe alllyhuralinoibélbnal aitibogiesto PEMA] EMMalemice@amnbe s -
adj uvant, followed by every other ek IPi I zat [ ons ﬁu&o lto a total of
6) with antimgaumized W @pufified &r epp (?f‘g’a’éﬂj’%&gllﬁ_ VA gpfigen apdy ’e_e} #sponse can
be noni tor g_@é&ﬁg PIMACE HeSRibed by Nnberd) NN bZall (1 99%) Mafir&868(64M):h pl asna
sanpl es 30 bei ng obtained by retroorbital g{lﬁeds. . él’é;t(_aiﬁql a can be
screened by8%6r858,Fighygld, Peg‘(ﬂlj(l!)%) Biafupe Bioteghnplogy 14: & ient titers of
anti - PSVA hggyqash. "Pefepsbly? el thide 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 to 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 cells 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 to 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



can be used for fusions. Mce can be boosted intravenously wth antigen 3
days before W 01/09192 PCr/USQOQO 20247 -23 sacrifice and renoval of the
spleen. It is expected thati 2-3 fusions for each.antigen may need to be
performed. WoOWMH2nice will be i munized for each anti geRCTESI 2B Mnple, a
total of twelve HuMAb mice of the HCO7 and HCOL2 strains can be inmunized.
5 Generation of Hybridomas Produci ng Hursgn Monocl onal Anti bodi es to PSVA
The nouse spl enocytes can be |soI ated and fused with PEG to a nouse nyel ona

cell line basgds ME Q&{F@é domas
are then screenﬁb%%'ﬂor g’h@%‘?gﬁiﬁ? a b@e%a:s%gsg%r{s?%%‘gint 0 P{g For
exanpl e, si ngheedmd)dperfgumdeﬁsvemimmfmmbbmmwfptmlymeﬂ ramekamplei zed
mce arefuse r = AgS. creting
nouse nyel ona 8&??&%@%%&3%%?%??%8&%%“%!ngé‘g%g&g ‘at ed at
approximately 2 x 105 in flat bottommcrotiter plate, followed by a two
week i ncubatign i .sel di,um cant ai pi n d Serum 18%
"853 Conat ) el Bbridgiel P s Bt Mondhgrel Anefipdis 2

Logl ut am ne/ o mw'ﬂﬁdrdluse @mwemwmﬁﬂm&dmmﬂammwmanol .
50 15 units cillin ta n ent anycin an
1X HAT (Si gnace“q’t“ﬁéa%‘?p?”?‘a& °f§(§éxel§) % s“l%%é%"m% ﬁ?‘?‘er t Wo
weeks, cells @feenédNof the sebdidtion aﬁdmgea-spacfﬁb aftibolifde FdhExdnSplé, SipbReen Wi th HT.

I ndi vidual wells are then s n@in%?rg ELI SA for human anti - SI\/A nonocl onal

| gM and | gG aeressans splesie | B inpounized Brice a5 5gdiio gRe ikl therpdi um i s
observed qéuaskdﬂbea&tme%mg%sdg&&ecr&h@ rRdtsk ﬁ%tsngetsmre@mmym wWigmas are

repl ated, screened again, and if still positi human ant i - PSMA

monocl onal ani0%BEGeellvappiged MEW@SW‘&? X1 @tﬂaf W‘@@ xgyrm?qqp{a
dilution. Thgy é&/&i’é)ﬂa %Qﬁ'eﬁ’ ﬂﬁﬁbaﬁ&&xrﬁs@ﬁ@n&%édﬂﬁx?&hn’td%ﬂg 3009 £t cnﬁfaer ate

smal | amounts of ant’ib in tissue culture diumfor characterization.

25 Charact er i mdﬁ%)’fﬁé eraitignedrmadiayate M%GGENAI"' mMiL-glytsmine, 1 @MSVA To

characterize ﬁ“ﬂéﬂﬁﬂ'e MWQQQ 0. P isgvention,
sera fromi rm%) zed mce can tes{tee ror exg% B‘R&i%%ﬁx ,%\th o% ng ly,
m crot i t ed5p nitsinl pericifina SQueimi sheptemyciz, 50 ﬂ&mea@mcmgn(blm'fr(sm, and

PSR | i 23 B T Ao Pt Btes Bl Mot Aol el bl AR i 2 our <

at 37C. The phedies imwhichheHAT isvgplacednith Ml dndividenl wieBsare thenbacened b t h a
t ti-h - o ' | kal i
Dhosphat ase.rErSAT fbiRRE T SMA B0t e anli 10 GO AT GHRBERRL 71 Kal ! ne

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 i vitro to generate small amounts of antibody in

tissue culture medium for characterization.

25 Characterization 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 thh purified PSMA at 0.25 pug/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



WO 01/ 09192 PCT/ US00120247 -24 are devel oped with pNPP substrate (1

ng/ M), and anal yzed at OD of 405-650. Preferably, m ce which develop the
hi ghest titers will be used for fusions. An ELI SA assay .bed above
can al soWRIMEE 1o screen for hybridomas that show poﬁmgmgctivi ty
wi th PSMA i mmunogen. Hybridomas that bind with high 5 avidity to PSMA wil |
be subcl oned and further characteri zeg4-One clone from each hybri dong,
which retains the reactivity of the parent cells (by ELISA), can be chosen

for maki ngag devélpediviith pNEF subsiite (3 tng/@Y), Bid andi¢EedGt OBt 40865t | body
purification. To puyif lé n a‘B MSNA arl’ﬁ‘h??gdl es Iect ed hybridonmas can
be grown i Kref ?’ﬁk}yi‘f’{céf"y'écg RYRLOR the highest titgys &‘F‘?S‘rfa‘[ iA8S- body purification.
Super natants capn!BLISA adshy hsdeselibad dbdie RaEalid B wed i&%f&ﬁfo’ﬂh%rmohﬁs

chromat ography with, protein A selphar gse (Pharnacia, Pi scat avva

El ut ed | gGteahphosepasitive reagtivity with PRIV impypegspe Hybridomas nce
liquid C§1rQVH&?EHMﬁﬁb@%&[&e@ﬂd‘ﬂﬂhﬂzﬁﬁa&éfzg@ro%éwﬁéﬁ’(ﬂnﬁﬁlﬁ be

exchanged into PBS, and the concentration can be determ ned by OD280 using

1.43 exti hybridomas which retaing the repptivityof gheinereat celln (tyEIdSA) cembp @@sm i quot ed
and stored gt an'{‘i'%%d‘%'éégmn u%ﬁx@ét&e&st 1140 30%nd fraffited ? i it - PSMA

nonocl onal uni q epi topes, each o y can be
bi ot i nyl at ed usil'nguuﬁrrhmcm-P§mnb@m¢Se%lm@abm®Wmmvmhkf ord, IL).

Conmpetitio I n Qg@ bi oti nyl at ed
nonocl onal Qw E}éggélﬁ%ésﬂ%canrg{m 4‘°orrre u |p§‘gﬂ+§§ﬁ/€\ é& oa hg&é%F%A pl ates as
descri bt M.m&mmedtbeﬂ)mnim clulomgogx'aphybaﬂuubentkdem«wt h a
strep-avi di g [ t pe of
purified ahﬁ%@%ﬁ%ﬁ% E@?@sﬁ can bgcﬁec‘it@&ﬁ%gllgwp éﬁ m croliter
pl at es can high pecfetnehceliquid dmomgbmpmtoamepmmnm@ufbvmluuogmnb& 4C. After
bl ocki ng w_t 5% B h e rea Wi .t h 10 n1 .of nocl onal
ant i bodi es Bf g%f dtqb%eonco%'fag% %ﬁ%gtg%lf' lgy? b’?gofor two 25
hours. The euﬁdndtmn c@aﬁimémﬁrhemomhdmbhmbdsdiemn beahduutcdand g,ﬁ‘iedat-st)aﬁnn :

| gMspegific alk - CONJ r Pl.at.e devel oped
and anaﬁlzed aer Tﬁﬂgaﬁeg%%\%'gé ﬁwhmbﬁgﬁéﬁg ngogﬁgﬁgﬁl ﬂtfbé)dﬁ? Rﬁdﬁb

nonocl onal uaitme bpnhpms edoh ahtibody car bsbtemmlmsmg comknerdmwavaﬂdbtm cyt orret ry
can be used. Bri & h%e%%) ess l’"ﬁl ?vgn F}%er standard.
growt h con(:1'1=“’tg|e'{)tﬁ§II 'éeg%% Red Hﬁlgﬁ g?e nocl onal

ant i bodi es antibddiS and)hmanyiatagmemi:ldhaﬂamboﬂxﬁ&anbdpé}ﬁﬁmmtﬂng BRSMAM and

I ncubated al, 3 B1ISA 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
overnight 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

25 hours. The wells can then be reacted with either human IgGl 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 monoclonal
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-labeled anti-



37C for 1 hour. After washing, the cells are reacted with

Fl uorescei n-| abel ed anti WO 01/09192 PCT/ US00120247 -25 human |1 gG anti body
under the sonme conditions as the prinmary anti bodly stainin npl es
can be analW8HM? FACScan instrument using |ight and si dﬂcg@@gﬁ?
properties to gate on single cells. An alternative assay using

fl uorescence mcroscopy nay be used (i-nsaddition to or instead of) the
flFow cytonmetry assay. Cells can be stained exactly as 5 descri bed above and

exani ned by fﬂuﬂﬁﬁ!ﬂ%iiﬁﬁibedyﬁtﬂéﬂﬁsﬁmé colditiéns B th Qeimaty @tibody\stakied. iZhat i on of
I ndi vidual cells ut may have_dim nished sensitivity depending on the

density of t [#BmBIEE Fa9cG an R SERipsirumsriusing 4 Siie FRRHenREAREBHS  or
reactivity wig atE%@a@EbaenAn%r\%%%ﬁy Eéleéﬁ&d?&cmﬁéhﬁ&bséo ity besbd act s

fromcells expressing PSVA can be prepared =~ 10 and subj ect ed to sodi um

dodecyl sul f a(zxeaddeee}o grdnsiead pf) |thﬁﬂqyecsgenete'| assayy Gplinan ¢ staingd exaetly as

el ectrophote r&%lﬁ &g&ﬁ

nitrocell u? o?e"'?""bw rogﬁggl W t e%k}lrﬁp)%gg ﬁ%ﬁ]&flﬁﬂfog’?obed W th

the monocl onalisuabisatiomofindivideal 61;!1;, b@mae&avedmmhe@enmm degensling ondhalet ect ed

using anti-hy | i ne phosphat ase and devel oped wi th BCl P/ NBT
b‘#m{k%"’?@ a?%{’aé%]

substrate ta 15 Co., St. Louis, M) . Phagocytic and Cell
Killing Activiti esﬁntfoSIN(&hhwnaﬂgﬁsbmialﬁmﬁrm'tdstadfmsemmx@s«i&PSMAauigmi onto

2111, 0 Gl gk AR5 S o SR AL S 50

LD,

tested for t x&‘é‘s
expr essi ngo P%wb]’émdttesidhmgdﬁecyfnﬂfné (SDS) payidr}kmdhie geiteleﬂnbghoremwl t ro vm I I
provide an ipitial screeni rior to testin 0 Briefly,
pol ynor phonuc‘{%"‘é?ﬁﬁ%‘? g‘“"{’ﬁﬁ%ﬁ&%‘#ﬁ%ﬁ‘? %4 %‘po‘feﬁw??f%eal t hy
donors can beanghbrades,Gockyd Witle 20% nddyseosgtien, aﬂeprsbetdywmemembﬁamm on, followed
by lysis of con [ thr P ,.__can. be pended I n
RPM ~ suppl ené‘ff‘é@r‘ fﬁe 85}&% ﬁé&’ﬂ%"é’d&&%ﬁ% P‘Hﬂ‘?”:\lﬁg 25 ni xed

with "Cr | abeiiigginestios %@ﬁﬂ&ﬁVﬂ@e&’%B(ﬂPfNMé@Mﬁ&lbt@@Sx@rﬁaeﬁ&ﬂCt or cells
to tunor Ce”‘beél eff,eafoﬁr cells.-tunor cells). Purified human anti - PSVA
| gGs can fherC t various concentrations. Irrelevant human 1gG can
be used as negative control. Assays can be carried out for 0-120 m nutes
at 37C. Sanples can be assayed faor. . cytolysis by asuring "Cr. release into

the culture s@hﬂé?‘ﬁ’ﬁ‘c‘ mCelm¥1nsﬁsmﬂec>f FRrge Moreglonah Antifodiss (9PSMA t ed i n

conbi nations wit hwmldatt@smdﬁag d&eﬁemyta?smmmhmsuscmnmnﬁ-pm@nhanced

with rmultiple nonoclonal antib
antibodies can be tested for thelr ability to mediate phagocytosis and killing of cells

20 expressing PSMA. The testing of monoclonal antibody activity in vitro will provide an
initial screening prior to testing in vivo 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 supplemented 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 1gGs can then be
added at various concentrations. Irrelevant human IgG 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 >'Cr release into the cultore supernatant. Anti-PSMA

30 monoclonal can also be tested in combinations with each other to determine whether
cytolysis is enhanced with multiple monoclonal antibodies.



WD 01/ 09192 PCT/ US00/ 20247 -26 Human nonocl onal anti bodi es which bind to
-PSMA al so can be tested in an in vivo nodel (e.g., in mce) to determ ne
their efficacy in nmediating phagocytosis and killing o pressi ng
PSMA, e. d."?“’(’%/?ﬁ% cel|'s. These antibodies can be sel ectfg ,ﬁ}sb%?zroﬁgxarrpl e,
based on the following criteria, which are not intended to be exclusive: 5
1.) binding to live cells expressing £28¥A;, 2.) high affinity of binding to
PSMA; 3.) binding to a unique epitope on PSMA (to elininate the possibilify
t hat nonocl onalHuafah nfonoéiexal witibadieowhich bind taPMaACdsovdah be testelh dmanired i n
combi nation woul d 10 conpete, for, bindi to,the,.sane,epitope):. 4.)
opsoni zat i dkvedrodebieigs ‘%Qﬁi?ﬂ"mm’ iqacy inmediating pbfé)°§¥t8§f %\dq nhi bi tion,"
phagocyt osi§iiing of &iis kipréski@ PSMAS; elgl, ume el SEhiestgantibddiesi can béiselgteds ence  of
hunan effector cells. is Pr;f err,eg hupan nocl onal %i bodi.es of the
i nvention rfeeexagmpls, based:on the %er'mqﬁf%?r@ryls\%ga’amvﬂtﬁﬁf PECXUSVE i 5 1 n a
particul gr enbodi ment, the human nonoclonal antibodies are used in

conbi nat1on, e. %6) .as a E_har maceut i cal__conposition conprising two or nore
anti - PSMA nonoc 19bindingte likeerlls sxpressmg MMt s t hereof . For exanple, hunan

anti - PSVA mnoclﬁmﬁiﬁgﬁ%ﬁpgmﬁi fferent, but conplenentary 20
conpl n

activities can be cor in asingle therapy to achieve a desired
t her apeutic or 3dibindingspiacmigue epitope ap PEMAq ¢liminge therpossibilitythall d be a

conposi tio L {dompliEiiady SEEVERARG SEh oBRbhBRMIAL

medi at es h%ﬁ%iog%l%%%%*Pﬁgfﬁo argetI ce'fls I'n the presence of

ef f ect 0n0c edompetedoniiindingttothe samgrepiténs); hunan anti - PSMA nonocl onal  anti body
that inhibits t ;gMg _ : j;ng PSMA. 25 |1. Production of
Transgeni c Nonhtr}‘;)aog’ i n%‘féf‘fﬁﬂ%%’ﬁ"%ﬁé?g e "Human Monocl onal  Anti - PSVA
Ant i bodi es | n yek) mediation of groptivinhibitios, phagenytosisang/erkilling of esllansgeni ¢

non- human ani_mal.s g r ' - I ch are capabl e of

expressi ng mﬂ%%%ﬁlael gﬁﬁg%gg%%{ﬁfaﬁrc%' specifically bind to PSMVA,
preferably with high affinity. In a preferred enbodi nent, the transgenic

O T 20! o Pefefiemabiiforob BAA A6icl bP e MR oief Be or MY afid OCNON

conpri si a hurman "héavy chalrn transgene an aln transgene. In
one preferably all, of these criteria. In a particular embodiment, the human monocional

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.

25 '
II. Production of Transgenic Nonhuman Animals Which Generate Human Monoclonal
Anti-PSMA Antibodies

In yet another aspect, the invention provides transgenic non-human 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 animais, e.g., the transgenic mice (HuMab mice), have a

genome comprising 2 human heavy chain transgene and a light chain transgene. In one



WO 01/ 09192 PCT/ USOQ 20247 -27 enbodi nent, the transgenic non hunan

animal s, e.g., the transgenic nice, have been imunized with a purified or
enriched preparation of PSMA antigen and/or cell's- expressing PS

Pr ef er abl y,ngﬂE“’tl??ansgeni ¢ non-human animals, e.g., the t ToFw 7 M ce,
are capabl e of producing nultiple isotypes of human nonocl onal anti bodies
to 5 PSVMA (e.g., lgor, IgA and/or |gE) _by.undergoing V-D-J reconbi nation
and isotype switching. |Isotype switching may occur by, e.g., classical or
non- cl assi Calemb3@nkRCthe Bihdgbrik Ash-hubl HHRAOE. gfne@r_ahggaﬁiéﬂﬂey, fiavE B8 UTRN
animal that responds to foreign antigen sti %u ation wth a heterol ogous
ant i body r epdmmynized witloeypirified or praiched-psepacation of BYMAantigeniangforeslis obul i n

transgenes c | ighid N %gﬁ%a!' ' § kA1 I 3
t hr oughout t% xg%spﬁwasy%fl)%@gag}}{’aﬁeve g%‘r’reﬂ%mkarxl‘ a prléé?%??%éhgﬁ%%i ment ,
correct funaiceareshpablensipeaduting mullipledsotypes bftiumanmonecjonnd antibodigsios i sot ype

swi t chi ng. ' , t  nvent structed so
as to pro uc?‘sﬁis%ty ﬁ’g%ébl\ﬁh[m%ﬁ)io%%%zﬁg&gd%g%é’rg%Fjeﬁ%c%%%g?ﬁ 9 g: (1) high
| evel and celsiitthipe Isqrem switchih® may pccashy, eig,, clafical ommwhictassital yetype

rearr angenent g‘@ﬁ activation of and response to allelic exclusion, (4)
expr essi on Ofng ‘ficient primary repertoire, (5) signal transduction, (6)
Zomatic Eyperrmt aﬂ‘h@ﬂbsigﬂmda(rir)sgéﬁmiu?ﬁ\inﬁﬂr?ﬂih}alh&t&f}ﬁﬁdﬂelﬁﬁeigmﬁﬂttgadé Locus
uring the immupe response.. Not all of the foregoi criteria need be net.
For exanpl e, SPW“‘{‘]‘H%@ phetrrologPysamtibody repertoirss feHB‘%"e‘ s tsR98sin0gl obul i n
loci of the timaREsEsbulin &hsgBles dbiRain Withinithmkdenictininidl Rineton doltectlyr ansgene
need not activate al|elic exclusion. Further, i t hoge enbodi nents wherein
the transgendOBIAIF %gat%\wfyuﬂf&?%‘ﬁﬁmlgmeearlpa Wéﬁa’yd‘"‘gﬂw‘tﬁ“ﬁ i ght chain
i munog| obul ifin&iBR6f a RetBoloLsus hekvg chdif frhidgdte idcidiet is6fypé sviRRRg! €ar r angement

I s unnecessary, at |east for that transgene which is already rearranged. 25

For backgrou gy, the Hruseenss R e inygutionagsconsiricied 52 At \QIPrqdusR i8YRSgy,  2nd
edition (1 9%%chiﬁ’g?\éﬂg ofik bt B oEthe FObwiMA (B'hidh 16w and\belf-type\pctit | S

I ncor porated herein reference. In certain enbodi ments, the transgenic
non- hunan 1&niexeressions @) fungtionahgeng rearrangement, (3 activatinnaf apdiresponse taaligliss of t he

i nvention co r , : ' |
@gﬂhﬁoﬂ, o) ekpredRpl of ¥ @&fﬂ?ﬁ&ﬁ%&%ﬁﬁr ml‘%elﬁxre,:?@) ﬁaﬁbﬁaﬁa@% gé)l ght

rearranged and unrearranged heterol 0go nogl obul T n heav

chai n t r ansgeépmatiq hypenaitation.aog (B deminatien efithetrapsgrne anfitodylocusivsing e t he
heavy chain gnmune 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
functionally 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 monoclonat antibodies of the invention contain rearranged, unrearranged or a
30 combination of rearranged and unrearranged heterologou§ 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



transgenes conprises at |east one CH gene. In addition, the heavy chain
transgene may WO 01/09192 PCT/ US00120247 -28 contain functional isotype
switch sequences, which are capabl e of supporting isoty, s%%?ﬂhi ng of a
het er ol o}OMAM2nsgene encoding nultiple CH genes in the B-cells of the
transgenic animal. Such'swi tch sequences may be those which occur.
naturally in the germnine i munogl ob@Bi-n | ocus fromthe species that
serves as the source of the 5 transgene CH genes, or such switch sequences
may be. degbitgf fifncGonat 3owpe switchizequenices, which drk eapableof sppbhiag isotypeo r ecei ve
the transgene construct (the transgenic ani.mal For . ex l.e, hunan X
t ransgene é%@??ﬂﬂﬁwégoé‘sﬂ'%w nﬁdg&m@gﬁlehﬁﬁéﬁﬁ%ﬁ%ﬂ&fﬁl@ produce
a higher f 4ga4seme inithl. | Sueh yWitchsssipicntdsighyeéaiiuse whichictcur natarafip imthes swi tch
sequences sim]ar to thaqse shat occur natu ag[%‘% in the rmu?ﬁtheavy chain
| ocus, as Eempineimmupeaiobuln Q?Bﬁgﬁmélﬁsﬁ’ﬁﬂe%éﬁ A5 g QUEE O e zed ¢ o
functiong ku{?{?s IBURSE or Subh shitcH REaHETIASLLRRAEVERGY Siogdwhichocwtin t he

c eq

human sw t uences are not. Switch se(%uences may he jsgl ated and

cloned by ¢arspenesithatis togrcsive thy HADSGTHE conswpct (the trapsgenic apimal); 5¥y de novo from
over| appi ”W@%ﬁ%ﬁﬁnu@ké?%ﬁ&ﬁﬁiﬁﬂﬁ§u&ﬁ%ﬁB&ﬁEeQﬂrahgg%nicbﬁo%E@mﬁi publ i shed
OrnEtion re i

sequence in ating to i munogl obulin switch region 15 sequences

(M11s et groducevubigherfsrepacretisotyps spitshing gyestsif Boncpronytesspiich ot al ., Intl .
| mmunol . 1 Gikadd GinfihOf Hose Wk GlbuPhidhually AYRHORBLR heldi Bl 1d8s 281 o1 ence) . For

oregol ng transgeni c animals, functionally rearranged
het er ol d@jopsesuinghly heaniis¢ swikch sequenees iareaptioviged e fungtion wiflshe meusear e f ound i n

a significant, fr | - g; ! - thidEn | Logl (at |east
10 percent )S.Vmﬁlbr"tﬁr}lebl rans enerekgstgg’gﬁhétr%sg%ener at rg“?ﬂﬁﬁﬁ?égﬁg%@ ani mal s of

t he i nvent iSwitchseqjuenhes may beisolatediand cloned:hyrguyentiorahplonisg me opmEydi ng at

| east one variable ' ' e joining
gone. segner Heed AL fop HHE Nerapitif sRE ok lERReS gt on 0

i mmng:gl obLBahiofp@ﬁkthQum@ﬁ@mrd&WOMHM(;sﬁca}ﬁt@gfam I east-t onte
vari a gene_se : i 2 : S ne constan

25 1 ogi on gEReEa (Nibise: ty vl a3 BB ot i BRI R NG heavy

chai n gene Inmagok h631-642(1889)cwhich greuscorpratédcherein hy tpferencehion- human ani nal i n

t hat they e deri.ved. fr. r A Rt DN/ =TaloTeTo [MaTe 1 nogl obulin
heavy and Fﬁ%ﬁ?c%&ﬁﬁeﬁoﬁﬁ%g&?% er%lgér)\%r[sﬁ?l?’om a g%lm es Hot congé‘g?tg?n of the
t ransgeni ¢ heavy dndriight chainrimimunbgiobuiin transgeaestarofoundiin 4 signifirantdiactiomef t r ansgene

oy ot o Praif b bl bt | GRRGy peoTent s are unrearranged

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
least 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 a 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 I'ight or heavy chain. Such unrearranged transgenes support
reconbi nation of the V, D, and J gene segnents (functional rearrangenment)
and WO 01/09192 PCT/ USOQ 20247 -29 preferably support incorporation of all
or a porti oMO@HID region gene segnent in the resultant PEEHPOGMRGR

I mmunogl obul i n heavy chain within the transgenic non-human ani nmal when
exposed to PSMA antigen. In an alternat ehgenbodl nment, the transgenes
conprise an unrearranged ' m' ni- 5 locus”. Such transgenes typi cal I y

conprise a sgg}@%@ﬁ g%@g as a
subset of th gefﬁ egrrents %og{a}g I%W%\Oggdg%glrggns ruct %n the var| ous
regul atory sequdtnme@,rraagpd mmmlebt&phmmmmm@msmqmn- ons,
splice- donor kggé&qﬁggm %E&luences for RNA processing,

Ke

reconblnatlon S|gn conpri se correspondi ng sequences
deri ved fromthe ﬂnmdwhupcnnﬂaoﬁimm&mhnﬂg&nesmgmbmw&mmy be

I ncor por at I ntp tran omthes or a.relate S I es of the
non- hunan nllﬁ‘é‘fs %‘gg %ph(@g%fqn&{segm ngonﬂﬁiﬁ}g?;, nogl obul i n
gene segnent Ssegwntbammslarmketofﬂaengggﬂmwmhmhwaﬁ@emconsmmgl obulin
enhancer sequence for, use in a transgeni c use. terngtlvel Y, . Synt hetic

regul at ory sefapts %‘ﬂﬁﬁvsﬁ‘@‘e???é’cﬁ'ﬁalﬁ" ajeqrh &1ap 2i n such
15 synthetic ddpgtdndisplicé-oeuptie m&@gmmmlﬂgmsmﬂa@nfsmmh DNA

sequence that_ is known to o natural ]y in the g nones_of

Synt heti ¢ r egifcafosmnyise eRstrennpdl gS%ﬂuama%%%ryﬁéﬁma BB é{ﬁﬂssé’ﬁ us ruI es,

such as, f1or R¥AfBlyaeq Jeh&?:iha?l%ﬁicf)?&b til’ﬁStheFiﬁﬁ SSfrbth heSBRE 6P CREtAS 2
spllce acceptor site or a pronoter/enhancer For exanple, a

mi ni | ocus confpesiesef ‘%F"QBT}PF’GENBF’ W@W@“PWGM IURaR ocus havi ng 20
at | east one 1&?&1&%&1@ Oﬁgﬂ@ﬁtsﬁﬁyﬁeéd?ﬁﬂ?ﬁéalﬁa% dfe Wit 4 bt del etion of

a non-essentia por .g., Interveni ng sequence; Intron or port I on

t hereof) as Crgmjaxpglgbql@ eph@cefﬁa‘lq?ﬁ@l fpxusg inaransgapicyoeuse. Allemgivelieus. In a
preferred e”bﬁﬂihgﬁ{'&te to
generate hu ant | b%lgl e’?ag%de%%ggﬁ%ngl %Gmge?qﬁgggﬁsr%@&typl cally 2-10,

and 25 sortBt i systheticreggatory sagnences a1sinothaptologeus torafimagional DI saqnensel thatis Ex arrp | e

i ngl e copy oFenne oftuenaurlih i peRbbelorbiafihall, SinBRicullRm GOeRel’ 79 7

14 of WD 98/ 2aredesignadhakcoidingdé fensensugrulebrsuch asi fonexample) moeesm@mgam mal

descr De0 ) Sk ol 1A 20806 ARG Bpele Wi 1o 7

example, a minilocus comprises a portion of the genomic immunoglobulin locus having

20 atleast one internal (i.e., not at a terminus of the portion) deletion of a non-essential
DNA portion {¢.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 to
generate human antibodies to PSMA contains at least one, typically 2-10, and

25 sometimes 25-50 or more copies of the transgene described in Example 12 of WO
98/24884 (e.g., pHCI 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 bred to

30 homozygosity for each of these three traits. Such aniinals ‘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



30 honpzygosity for each of these three traits. Such animals have the

foll ow ng genotype: a single copy (per haploid set of chronbsones) of a
human heavy chain unrearranged mni-locus (described in Exanple 12 of WO
08/ 24884) WOyl e copy (per haploid set of WO 01/ 0919PGHAF 1 20247
-30 chronosones) of a rearranged human K |ight chain construct (described
in Exanple 14 of WD 98/24884), and a.ggl etion at each endogenous nouse
heavy chain |ocus that renoves all of the functional JH segnents -
(descri bed chiynfesaiHed) 6f alfdarpdng¥iohBRdr’ié B8Ht chain Sbsuet{ldkRliBeddh ExRhfE 13M th mice
that are honoz gous for the deletion of the JH 5 segnents (Exanples 10 of
VO 98/ 24884f Wé Bretidd andp deletion fy eachendegenous sravsg hrgvy, chain locysthat )4 del et i on

o0 e Y S8 o B RIS PRy e O R

resul tant aninals are Injectec t1gens an | Tor pro
human nondsikchagimalsatei vidls mige Ahat gre homozygous for therdeletipn ofthe du i sol ated from

such an ani I visk ' I t - and
gt ooy e GRS R WB8AE o Giltiee sty TR onk v IRE Yot
Fur t her nor ghe Iqdeletion trid Hemizpgoussioethe hivpamhdalvy ambjightl shajrocdnstmeats. dfhenobuse heavy
chains becau h,end heav hali n les are
nonf unct i orfgﬁ“ﬁ%}ggmsuage@%%?ﬁmgﬁéﬁ%f%ﬁéﬁoﬁipﬁoﬁfﬁg(glq regi on introduced
as descri banornoolohal antilodie® agambt thasecdntigdns. 98/ 24884. Furt hernore, a
substantial fragtiaqn. of e Bcells.will be monospecific wih.,15 regards to
the human or rm?sc@ﬂﬂsglﬂﬁea?fﬁg'l Wghﬁ%%ﬂglear%wﬂ?%ggcﬁ%ﬁw@fm?ﬁgt%hﬁé’f"é‘m&opy of
the reaor argecandlightchiing bephisedhsyi congitronly sihglatdpylof eadhlgenand i sot ypi cal |y
1 asi gni Sk, R L he Gprospeciic Yl eares FLRGHEF BN BV e | O
prefe ][ red ejebmst m_bndugédogemia}:gtiﬁeaégmmm@h@i&uﬁdm xﬁﬁfdﬂbﬁkﬁﬁﬁw dfueefth a
significant_ repertoire, ide substantial ly..si.mlar to_t native
mouse. Thudhe 3"3‘?"‘03)?%“3,&‘3 ‘ﬁ' 'E%%Wﬁé‘fﬁ’é ef I‘fbi':’é"mfg"g)%ﬁ?ﬁﬁtz ‘ﬁjgyv éenes have
gein inactém/ sd%miheqﬂdaé,alsu&sftamml ﬁ&vgﬁtﬁeh‘gﬂﬁ\?i%\fddn!méab%ﬁiﬁ” cfumlm about
.1lto of. serum preferably 0.5 to i de at. .| east
Sbout (118 TaRHs iR oF mhus dehr Telhs Bisruse roraR A B Y S B0 ) o
from | gM hagarRgéd huittah igheéhain dete WiltallliodlBaAa isotypfeallPeitcfudetike adul t nouse
ratio of serumlgGto IgMis preferably about 10:1. The 1gGto IgMratio

wi |l be nucsarrasgement af the endogenous meusestand lambdachaip ggnes inyp significant han about
10% prefer -Xnglq;_wléSO% of the spleen and | ynph node B cells express

excl usively uman | gG prot ein.
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 immunoglobulin levels will range from about 0.1 to 10 mg/ml 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 to IgG from IgM has been introduced into the transgenic

25 mouse, the adult mouse ratio of serum IgG to IgM is preferably about 10:1. The IgG to
1gM 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 to 50% or more. Generally, at least
about a thousand different immunoglobulins (ideally IgG), preferably 10* to 10° or
more, will be produced, depending primarily on the number of different V, Jand D



The repertoire will ideally approximte that shown in a non-transgenic
nouse, 30 usually at |east about 10% as high, preferably 25 to 50% or
nore. Cenergl| | east: about a thousand difterent i NS
(ideally Ig ,°¥’B?]g$ erably 104 to 106 or nore, will be pr o%@E@%Zpendi ng
primarily on the nunber of different V, J and D WD 01109192 PCT/ US00/ 20247

-31 regions introduced into the nouse g&lene. These i munogl obulins wl|
typically recognize about one-half or nore of highly antigenic proteins,

e. g., staphylmegioncinfodysedint the Mousé geonsl [Thesetilnmunogiobudias withtypicatlyw | |
exhibit an affinit or pr | ected.,.antigens of at |east out 10TML,
preferabl y at re?‘%?&?‘% aéfB"B ﬂ’?e'%“f’e %@%‘?‘%ﬂ%‘}‘&%&% ©.g» %@&mt
1010M 1, 10" M proteiiOd.2Mrplcall9) the/ineminoglobling will exhibiCakkiRAy for préseRete@r . | n sone
Feport of s tBHERMAE SFES QUL Vo PrOFHA0 b e ape € Sbngiol FHEER St | bod
repertoires 0 n nti body
response tg deaspaiiel @V NOMANIGDEH ok gRéater, Agh ap Y01 0ENE 62 gheatiSgENE having a
predeterm ned repertoire . may conpri ;e, for exanple, human VH genes_ which
are preferential | ynsemeembodipants, gpy bppregasshis o gsnarge mice withguedeErminadd
antigen type fegeﬁbmq;miﬂh& @él&%ﬁﬂﬂ!enﬁfk??eséﬂfk&ﬁ'ﬂﬁsanﬁw ré%s?rﬁéfd gided from
f e.g., h | Ow

a defined repertoire for various reasons .g., have a | kel 1 hood of

encodi ng hi ghpredetermined antigen §ipen4 bewiy chiip tignsgens having apeedeterminesrepamteire a | ow
J o : . g FHEE
propensity W@g&r@g?,mhh Ierﬂﬁhﬁhmﬁ%ﬁmw I-e‘feréiﬁ@fglféﬁ'ﬁh ﬂgan%xﬂgd re

| mmunogenic to n hunma s:’). Thus,”prior to rearrangenent o

t r ansgene 18orrespionses ¢ the predetermntived\aptiges type ih hyphansc Adtematipelye samegYid genes such
gene segnents SPFl) ] | £ - rJ qi ' or DNA
sequenci ng, as Sgelér%(gl“?r omAéxg%%%lﬁgéggﬁgo?ggﬁog%%ﬁoﬁigéf’%gﬁea%]hg’n transgenic
ani mal . The tlikelibepdrif enqeiding high affinity M mgiens for the predetermivedantigen; havgnilowd wi t h

PN s descr PR on s AR kAR sl Mok BT Bl BT o1 10

under go cl assecestainthoinans). Vhus, privr tetearsangeypent of avirdnspene ecrdaibing aénous heavy

(ci s-sw tghing),. express | negl obulins reactive wth PS The

I mmunogl oggl i%&ggg%ﬁﬁﬂﬁéﬁag’éﬁ%%bege %ﬁﬂ“b‘%m‘@?"\%@r‘ q%‘%egﬁ@' avy and

| i ght chai n plyibyigiadance DNk seqeencingcd beiyig fronraspediertfgruanisnedieethaethe  Whi ch
may i nclude sg uences.d?rived by somatic nutation and V region 25

r econbi natoriﬁg‘ﬁ “AE%as wel | as gernl i ne-encoded sequences; these human

sequence i nMmunog|Thetdahsgenic mlicelvf thereért rtleitionaan be inffuriized SWithratpusifibd/
identical to a palypeptide nce. encoded a hu or Vy gene
segnent and a"rtfgﬂﬂﬁg gfepgpu%&‘j’gmmigen and/or celpsy expressm%%l\ﬂi as &scn%eg

20 previously. The mice will produce B cells which undergo class-switching via

intratransgene switch recombination (cis-switching) and express immunoglobulins
reactive with PSMA. The immunoglobulins 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-germline 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 least 85 percent of the variable regions are encoded by human



even though other non-gernline sequences may be present as a result of .
somatic nutation and differential V-J and V-D-J reconbination joints. Wth
respect to such 30 human sequence antibodies, the variall gk 9?&9,5 of each
chain ar VOIHPHH |y at | east 80 percent encoded by human gennfine V, J,
and, in the case of heavy chains, D, gene segnents; frequently at Ieast 85
percent of the variable regions are engded by human WO 01/09192 .
PGT/ US00120247 -32 germ ine sequences present.on the transgene; often 90
or 95 per cegeimlidie setuiccesiprdstr on s trankgeac;rofigh 66 ospeecroter more ofthe oded by

hunan gern i ne sequences present e ansgene.

non- ger i i neariabl ff%‘fﬁ’(ﬁq‘!ﬂ‘ sﬁﬁﬁ“&‘s‘b‘%@é’& M%W?'ﬁ % ?nt?vﬁg&ho J and VDI -
joining, t h@anbgHﬁB.nHSQWbﬁl %ﬁﬁeﬁm-g&rﬁfire&quedcbsérthmm&yy Isanancsmtatld\f\th ya[1 i abl e
regi on sequeng ess frequen constant r on uences ich are
not encode¥d B&%ﬁﬁﬁﬂl J‘Sﬁ‘ﬂ'ﬂmb%ﬂ%e ﬂﬁ’{?ﬂ‘ﬁlgs‘ﬁ@%e ﬂﬁﬁ' Y W uman

t r ansgeng( Syariable képfon ﬁ%ﬁds@@ﬂéss@éﬁu&ﬂ@&m@ﬁe@i@hbﬂuem)wlﬁdnargamm i ne
sequences (or individual nucleotide posi § i on Fé‘-h‘k cl ust er in or near

CDRs, or i rencedpddhyduppe VeDsorlacne segmeatsay Hspan tragsgeng(s) inthe 15 e
human Sequﬁgﬁﬁhﬂé‘&f*tﬂéﬂk@s Tyt fich on-Berirlige EHqﬁ@lﬁE@%)mrﬂﬁﬁdnﬁDﬁucQ&ﬁd@ an
I'S

result fro otype sw tching, such that human anti bodi es co Ising a

hunan sequepnsiions) VBH&I‘WC( i 9% Reas CDRs, orjip zegiqns whegs;somalic myigtions n sequence
| i ght chai anch) are produced. Such isotype-switched human sequence
anti bodies often contain one or nore somatic rrutation,(nE%I typically in the
vari abl d0r egi on Mmmﬂme@ﬁmﬁﬁmlﬁmmmmm§ atigghcap CDR) as a

result of aIeLﬁ HE@id cg&gar ; bl SftivOdietonfphising B huMBd scifidhee

particularly s seq t to or subsequent) antlgen chal | enge.
These high ydiaﬁncsuﬂ»,ashumv&queh@adahummomwcmtnhm(syplmﬁlﬁbaraff| nities

Chan 1 % 10mSdRe. SuhisatypelsHitchi nokua e BA6S i Sted fomaif S thony 101

Anot her as psdiatie mitdtion{s)) typidally in the varidblesregion arivbofin o witlin abnut 1@ h i ce
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dt t havi
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said |mmnoglpﬁiauyaﬂeasosmﬂ0§ﬂ' fraqubntlyemors e d ek’ M handshaietimesshp d'ed of (1)

a |light chaM], var) | ﬁplﬁnr egreo&_.

20 Another aspect of the invention pertains to the B cells from such mice which can

be used to generate hybridomas expressing human monoclonal antibodies which bind

with high affinity (e.g., greater than 2 x 10° M") to 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 variable region
having a polypeptide sequence which is substantially identical to a polypeptide sequence
encoded by a human Vy, gene segment and a human J; segment, and (2) a light chain
constant region having a polypeptide sequence which is sgbstantially identical to a

30 polypeptide sequence encoded by a human Cy. gene segment; and




havi ng a pol ypeptide sequence which is substantially identical to a
pol ypepti de sequence encoded by a human VL gene segnent and a human JL
segnment, and (2) a light chain constant region:having a ,fe
sequence W‘éﬁi"&’é”subst antially identical to a 30 pol ypep %&gé%ence
encoded by a human CL gene segnent; and WO 01/09192 PCT/ U$00120247 -33 a
human sequence heavy chain conposed of -33¢1) a heavy chain variable region
havi ng a pol ypepti de sequence which is substantially identical to a
pol ypepti de sequen@imarstgaaieshdayy ehati dbiiposéd oL (1) ahegyRMkin vafidbleaegibhy a D
region, and a human JH aggnent, gnd_(Zéaa_c nst ant re%ion h ving a
pol ypepti de $8%18APRYRFPHEEseAUEnse Waich f5spl allyfdentical 4o a pelypeplide $59PSAGR nt i de
sequence encgﬂ@d&e&)uyahﬁmmgaﬁgg?mnésmmyaﬁ 6l WAl PRIFRALT, Sgnivhg

[ |

affinity human _nonocl onal anti bodies against PSVMA is facilitated by a
met hod for e@pdfAnsgnsantregiopdaying # polmertidnranucnes Whigh is shatantallyjdenticals egrrent s
in a transge%gP d@&\ﬁh&?ﬁe&x&% lﬁﬂllmthg e?rﬁedt.nt egr at ed human

in I ng

i munogl obul ransgene,” said nethod conpri ntroducing into the
genone a V 10 gendhe devslogment of bigh affinity juran monosleng@antbadies agamst PRMAGE ar e

RO DI eSent il by eS8l B Sl e RO AR SIS e O L, D

V region transgene I _ I Cl OMDSOME CONPrT s a portion
of a human Videgmentd in@\dhsgguin mousedhauing a genome,comprisingian integmted hupamccur in a

ot hods, vt dEge TP ety SEFnhBGRaRERELM it ERBEATTT.

O ten at [@agend fransgene comprisitfg\ireigionigate ségmemewhiel afe mbipresent insaid ai ned on t he
YAC. In this.variati it 1S sible to ke a.transgeni ¢ _nouse produced
ranSeiBRRR et o Fken o NS RER B8 e A e

on, .
by the V reﬁ‘é‘?%ﬁea Rt
I mmunogl obul iafifivhel ciromoshmgay dotiptisingia partiomdll ahuiag iViyror Ve (VR geee ssgmented by a Vv
regi on gene segnent present on .the V reqgion transgen d C region
encoded on t ?‘rmgfl@m{aﬂéﬂg"&é% “Wnﬁﬁr&ﬁ?°6?s?ﬁy€%?%?ﬁaqr’]tg%%} oire
gX pansi on Wgtsblﬁﬁ’ateljr b Rz oM binan tﬁﬁeﬁﬁd&)mﬁdhg?@tin&lﬁﬁ&mb t-bf-6tdertor Daiitte VOgenes can

e genera ; as ca I ce. containing.at . .leagt about 24 V genes, or, nore.
Some V' e SeBBSAED QA B EHo R T S HFRE ¥ e eBm AR SUBHT S { ho
like); these BLONRIthE varfidtin,I6is poisible 10 dhake a FRdsghfic mBLRPrddueddbydid ¥t ed by
reconbi nant met hods available fo . the . skilled artisan, if desired. 25 Once

the nouse gerFREFAKC Fepensipndethody WhErE e mejise SFAresSes 48 IEHROSIORTN S havi ng
an expanded \ompHSR 4 virRBR régidn Rquehbtéricadtidibglal\yreioh gBic@e@hiént bResdnén human | g
transgene containing the J and C gene segnents, the trait can be prgpagated
and bred the V region transgene and a C region encoded on the human Ig transgene. By means o?
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 ﬁaving an expanded V
segment repertoire may be bred into a germline to work with a human Ig transgene (or

multiple human Ig transgenes). Although referred to herein as YAC transgenes, such



i nto other genetic backgrounds, including backgrounds where the functional
YAC having an expanded V segnent repertoire is bred into a nouse gerniine
having a 30 different hunman I g transgene. Multiple fun %ﬁﬁ@ka havi ng
an expanWoPP9%cgnent repertoire may be bred into a germline % work with
a human I g transgene (or nmultiple human I g transgenes). Although referred
to herein as YAC transgenes, such WD-84/09192 PCT/ US00/ 20247 -34
transgenes when integrated into the genone nay substantially |ack yeast
Sequences, waripéis ﬁﬁeﬁﬂﬁﬂﬁ&ﬁﬁ&o&lﬂ&ﬁéhﬁ:ﬁdmﬁ@éub@ﬂhﬁm@myemBéquéxa:'es on in yeast;

such sequences may optignally be renoved enetic .engi neering (e.g.,
restricti owch%@ﬁt‘%??f&ﬁﬁwﬂ ‘y npmgmeplg:@pgtg?tgeﬁ WnEesIpaYot her

sui tabl e ng% @J{eﬁ[wgdqgigeﬁ@{deg Sinbeping trektﬂcmdlgmﬁ@{mﬂpme@.ﬁsmry (i.e
prior to in roductlon into a nouse ES._cel nouse o @E;,% Met hods of
pr opagat i ngelelestropharesis oF O@Wrﬁﬁﬁa@%ﬁﬁ@ﬂ@é‘ﬁleﬁm PRIE “bi"g'f" i on, include

breedi n apd
%l y a‘{ %(Q)ﬁ&ﬁ@ vﬁldf“ﬂi"ﬁﬁb&lﬁﬁbﬂﬁlt& Qﬁloﬁﬂémeil or fnbﬁdéwgét& M@nslis

opt i onal ng a functional YAC having an expanded V segnent
r epert oi reofmpagamthmalwfh@@nmmmm pglgbulia expression; inglyde ne YAC, The

t th

bt act 111 onBiPGAiig s Fibketf BRE halind ¢RI Plrssi E?nﬂﬁﬁiaoﬁﬁg’t??nsggnes
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ynphocyt e _protej n%o %E%ﬁ DyvAlcS TR QMo BES ndd rbdinto/anglmen
Eﬂﬁfﬁ%ﬁ roduce

sequence by a trans eni ¢ nobus€ having an”expanded

V regi oo bagkground desird@¥y the mgmmr ml:lludﬁnalghkgrmds barberingathenbuman bes a
preferred enbodi nent ot her
embodi ment S25EERS éﬂﬂ?hé‘ﬁ%%éﬁn%h%h ave g%’hg%ka%?*gggﬂll n gour

cat egori es 1y;ﬂphoirytapmml The mvmuicm alsorpraviides a dighraflimtydwman seguandeeavy and
rearranged.|ight alin L r.a ILC.ani mal s

cont ai ni ng %Wg‘ﬁ?ﬁl%b “’"E’g eﬁ?ﬂ'ﬂﬁ%ﬁge:l}arda éigg‘ﬁ?‘gﬁfv r%O&Pm'runogl obul i n
tr ansgene réﬂehmreTYAGSIgﬁfgene aMtlmlIgh theiforagoing\descrites r prefraredicambodimentofan

cont ai nFhg PR Rl AG e S A, e R ren RAFe otembl AR v T <

transgenes be&ﬁcl&xﬁb&lhﬂbumtegmt es of transgenic animal, the preferred

order of prefer ﬁ@gﬂts'ﬁﬁngésn%lag?n?? Rngenar?méédhe d%dmgédqumendogenous

l'i ght chain.
immunoglobulm transgene;

I1. Transgenic animals containing an unrearranged heavy and unrearranged light
20 immunoglobulin transgene;
III. Transgenic animal containing rearranged heavy and an unrearranged light
immunoglobulin transgene; and
IV. 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 II > I > III > TV where the endogenous light chain genes (or at least the K gene)
have been knocked out by homologous recombination (or other method) and I > II > III
>V where the endogenous light chain genes have not been knocked out and must be
dominated by allelic exclusion.
30



have been knocked out by honol ogous reconbination (or other nethod) and I >

Il > 111 >V where the endogenous |ight chain genes have not been knocked
out and nust be dom nated by allelic exclusion. 30 WO AO/09192
PCT/ USCO/ 20 M6Y010983 | | | . Bispecific/ Miltispecific Ml ecul RSIEHIRR4BI nd to

PSMA I n yet anot her enbodi ment of the invention, human nonocl onal
antibodies to PSMA, or antigen binding portions thereof, can be
derivatized or linked to another functional nolecule, e.g., another

peptide or prgg a%e&ﬁc&ﬂuh@}ciﬁ@deiécﬁgﬁnﬁ@BMt ate 5 -a bispecific or

mul ti specific cUt e Wi It bras—t o nu re—brndrng sites or target
epi t opes. For exarﬁnly@tanatﬁcmmboﬂnnb}noﬁthemverglen,linmadnwgoqimat ansibodiés tohe

i nventi on can i . Q. . cheni cal enetic
f usi on, nonccpgﬁAénf&%ésggﬁ%bg Bélﬁig‘kéﬁg%éqﬁbcgﬂnb%g%mta -~ r?gﬁ%lf’eﬁrm?meom%?heg

bi ndi ng nol ecﬁineﬁqna}smolbctﬂsegqandtherpaptidiehﬁﬂmenﬁ(mg'.,lanﬁyb'ﬁaggtm}mgem i de or
bi ndi ng m

R e e S e

specificity f epitopeViFopehntple; acmﬁmymrmdug@-lﬁrm@ porrtidntof tHeGiiventiGrecaaibe t ar get
epitope. In a al’tlﬁ b%p?nbodl nt of the Jjon, the second.target
epitope is an e @@alfndwn@v algptAssocietion

recept or (Cmgbom%éﬁ&)%heorﬂmﬂéoﬂﬁﬂﬂﬂ&h &olemwgﬁaabmaﬁﬁw@and 15
mul tispecific rmlg Haes capabl e of binding both to FcyR, FcaR or FcsR
H

expressing efftde %?ek‘@eg" bindige, gumetics  racr ophages or

pol ynor phofgucl ear g&okdingly, '\ﬁ@r&senﬁﬂ%ntn&rﬁn&lﬁ&é&%ﬁsp&‘&ﬁé sdSudipediad PSVA.
These bispecific and multispecific nol ecul es target ~PSMA expressing ceI S

to effector cé&olecylaycomprisiag Wh%‘@d@%ﬂ &Pﬁéﬁc@(rf?ﬂ P2 and gseconds
invention, trL@aRks gééxﬁclf\i/g\?&ta%écoﬁ@w @ﬂ?o?é f ﬁ%;@fncﬁﬁ{‘ tmBdichet bf®S. such as

phagocyt03|s of a expressing ce | body dependent

cel | - medi at edinypationothi sdcond trseGDjtope 18951 Bferaptores. palymandicyRI(EB64dran of

can furt hor - RaPinfoS8&le (CDR e BE Sivchio R bigheetic bl o' 00Tt P
b irrtr;dij ng Speci inuﬁistr:]mfmdoleagxlarchpabﬁ%ndhg BEThQ FSRE BtdR ext Fc}éR ﬁkpressh@ f

enbodi ment , thir ndi n ecificity is.an apti e nt, factor
(EF) portion,® e‘ﬁ‘"“&@ﬁ#@@ﬂ B3 O PRlY RO %ﬁ%@@ﬁﬁ%em/m ved
0 Cytotoxi C apiigel dells @ipEksiBEPSVIA. ThESORBEGHE SRt ultRBESE BoREIEAaREAI NSt he

target cell. The " antl-enhaincergnt factor_portion" can_be_ an_anti body,
functi onal PSMA expressing cells to effector cell and, like the human monoclonal antibodies of the

pt

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-Fc 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 ora
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
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I
the Fcy bindin the receptor and, thus, their binding is_not
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The production and characterization of these preferred monoclonal antibodies 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 Fey binding site of the receptor and, thus, their binding is not blocked substantially

by physiological levels of IgG. Specific anti-FcyRI antibodies useful in this invention
are mAb 22, mAb 32, mAb 44, mAb 62 and mAb 197. The hybridoma producing mAb
32 is available from the American Type Culture Collection, ATCC Accession No.
HB9469. 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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the present i p&8phaBes 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 multispecific 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 ahuman 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 Fe receptor of effector cells 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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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,
chimeric and humanized monocional 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 173,494; Neuberger
et al., International Application WO 86/01533; Cabilly et al. U.S. Patent No. 4,816,567,
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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 human 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 Applica'ﬁon WO 94/10332 entitled,
Humanized Antibodies to Fc Receptors for Immunoglobulin G on Human Mononuclear
Phagocytes.
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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-succinimidy!-S-acetyl-thioacetate (SATA), 5,5'-

30 dithiobis(2-nitrobenzoic acid) (DTNB), o-phenylenedimaléimide (oPDM), N-
succinimidyl-3-(2-pyridyldithio)propionate (SPDP), and sulfosuccinimidyl 4-(N-
maleimidomethyl) cyclohaxane-1-carboxylate (sulfo-SMCC) (see e.g., Karpovsky et al.



be prepared by conjugating the constituent binding specificities, e.g., the
anti-FcR and anti-PSMA binding specificities, using nethods known in the
art and described in the 25 exanpl es provi ded herein. For each
bi ndi ng spI¥PPYEIRy of the bispecific and nmultispecific W%an be
gener at ed separately and then conjugated to one»another. \Wen the binding
specificities are proteins or peptides,.g.variety of coupling or cross-
| i.nki ng agents can be used for coval ent conjugation. Exanples of
cross- i nki nq 6§ M Ekp. Meg!1609685; LheMM &-al ¢ PI88PBHoL Nl Acad. Sci. USA

T B ) AIPHOL T

N-succi ni m dyl - S ac -thi oacetate (

di t hi obi s(2- 828648 (A} reneswaywigm,demé%b@mh@&mﬁinsilﬁ N (B85 N
Succli nikm - - Il A Inrm

o Ol o it 7B, R 1S) Bikahil A0 (QREE b5 2206 k), BRI BRITE. 01 11 V!
Kar povsky et IsimunglO(I98703920286P237DSBefard 4onjugating 4gepBaye SATAand sulfod .

160: 1686; Li . . i . USA 82:8648). O her
othode i gl Satt, B A ‘é%*“c%‘?g'g?’%{?@g{?ﬁ%&?ﬁ@ﬁ%ﬁ%ﬁhs_ Mtt. (1985) No.
(7?8, I118- 13|2); ir) g7mmn13 éﬁbzindix;g sggc?iﬁeitimp #0B6JieA2g:, 8o BRYan imdldnttﬂtoéiaﬂi e gtA TaA| .
: munol . . H . ref.err nj ugati n agen ar e

and sulfo 5 éﬁ@em%sm%%ﬁwﬁmwwﬁ%iwﬁfhesgmg%m%d ).
Wien the bi ndwb@esyehaihs. dniaipasicalady prefeirbdeihbilicient,ghe hibgeregiomismiodifted

o 00 9), Lt SRR sl U B0,

pr ﬁ{) err e}g 1€ mﬁ?ﬂi drrmsel mativedy, Ibbth@&xdtr@f@baﬂﬁiﬁes m&céne&edﬁxfﬂle eaaﬁqaéeatoa@doddlo

nu er o Su yar esl €S, rerera Qne, prilor Q (6] u 1 oNn.

Al ternativel ﬁXPWS?F%a‘H{%Bﬁ“ﬁE"dS‘B ispng host eddl. Lhis my %EBHBH'&?’W‘F%@?%% vect or
and expressqge ﬁ?&ci’ﬁé%ﬁ@ﬁhﬂtﬁ%&fﬁctﬁb}ec&&ﬁ?a hiddtx mAb] mAD R Fab, Fab H(P‘(bbi)? or

particul arly useful where he bjspecific and multispecifc nolecule is a

mb x mAb, mAlBand FEsp fupgn protefry. o bispecific and mylspeciicapleqiefbe ipyestietn. A

bi speci fic a%.,@ﬂiide&ﬂ@ﬁioiebﬁkBﬁilﬁfdgh?%l@éhafnhﬁ‘olécﬁl@?%hﬁﬁa sinfle Ghain @ Di specific
ecul e

nol ecul e can be a S|ngle chai h no such _as a single chain 15

bi speci f i &5 arhispeeifigan -Agmglechaip hisgﬁc'gfi‘;geqlfq%e eEIPdEing enecdngh 18img one
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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 radioimmunoassay
(RIA), FACS analysis, a bioassay (e.g., growth inhibition), or a 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 e.g., an enzyme-linked antibody or antibody fragment which recognizes and specifically
binds to the antibody-FcR complexes. Alternatively, the complexes can be detected
using any of a variety of other immunoassays. For example, the antibody can be
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20 and lomustine (CCNU), cyclothosphamide, busulfan, dibromomannitol, streptozotocin,

mitomycin C, and cis-dichlorodiamine platinum (II) (DDP) cisplatin), anthracyclines
(e.g., daunorubicin (formerly daunomycin) and doxorubicir;), 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 construed as limited to classical
30 chemical therapeutic agents. For example, the drug moiet.y may be a protein or
polypeptide possessing a desired biological activity. Such proteins may include, for
example, an enzymatically active toxin, or active fragment thereof, such as abrin, ricin
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nonocl onal

V. Pharmaceutical Compositions

20 In another aspect, the present invention provides a composition, e.g., 2
pharmaceutical composition, containing one or 2 combination of human monoclonal
antibodies, or antigen-binding portion(s) thereof, of the present invention, formulated
together with a pharmaceutically acceptable carrier. In a preferred embodiment, the
compositions include a combination of multiple (e.g., two or more) isolated human

25 antibodies 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, ¢.g., as a pharmaceutical

30 composition, comprising two or more human anti-PSMA xﬁonoclonal antibodies. For
example, a human monocional antibody that mediates highly effective killing of target



anti bodi es, or antigen binding portion(s) thereof, of the present
invention, formulated together with a pharmaceutically acceptable carrier.
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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 derived 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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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 is 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 containing, for

30 example, water, ethanol, polyol (for example, glycerol, prépylene glycol, and liquid
polyethylene 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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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
25 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 sensitivity in individuals.
Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble
30 antioxidants, such as ascorbic acid, cysteine hydrochloridé, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,



physically discrete units suited as unitary dosages for the subjects to be
treated; each wunit contains a predeterm ned quantity of active conpound
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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 parenterally” as used

25 herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,
subarachnoid, intraspinal, epidural and intrasternal injection and infusion.

30 Examples of suitable aqueous and nonaqueous carriers which may be employed
in the pharmaceutical compositions of the invention include water, ethanol, polyols
(such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable
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the route ofacHymipgedientin pombisationcvitys Pharmaacewtisally aresptahile eatderpr esent
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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 therapéutic response for a

25 particular patient, composition, and mode of administration, without being toxic to the
patient. The selected dosage level will depend updn a variety of pharmacokinetic
factors includihg the activity of the particular compositions of the present invention
employed, or the ester, salt or amide thereof, the route of administration, the time of
administration, the rate of excretion of the particul:«ir compound being employed, the

30 duration of the treatment, other drugs, compounds and/or materials used in combination

with the particular compositions employed, the age; sex, weight, condition, general
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with medical teet.céos cxamenim in #prefared smbodimest, atherapsutic compogition ef the r ed
embodi Menbg GbdARERERAYe A BmNREPNiN PReclleleld ¥ podermic 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 implantable infusion apparatus for
continuous drug delivery; U.S. Patest 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



20 invention can be adm nistered with a needl el ess hypoderm c 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; 0750847556
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mannosi des (19f4nsimicrad. é&e"“ ‘Ghemyother. 1 80) sirfagtaptimgiein

153: 10389 ; 1100%Y 6% J( Ph zﬁizsa@m«y dfferaht s écle%?);vhﬁﬁaﬁylcempnseaﬁe? 140; M
Onai s et al 5) Anti mcrob gents Chem) er 39: 18(% ctant .
protein A rfe@eimns ofithe igyentions; agwellas compgyents of the ipventad ragigul esiL :134) ,

diffe { ent Qaﬁélaset elf (ndgapﬁgfwwiﬁmmq 97090) Ree alédx Rdifine:@.LO aukignen
i nvent i ons,

nE) of i nvent ed nol ecul ei g)kg
(Schrei er 4199&DFE€§§9’4)34§ 38931 K‘“@ﬁ’eH Fi‘ﬂg (&Y Ymmunometiiod4-R73. 4B nanen:
M L. LaukkapgembédiReibof HeRwehd, thedekapesdiic compbunds df kliedfiventionlare Fi dI er (1994)

| mmunonet hods 4:273. In one enbodi rent of the |nvent|on the therapeutic
conpound® dormulated inJippsomess; i panore preferred embodiment, the liposomes include a

targeting moiety. In a 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 system

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




20 fornmulated in liposones; in a nore preferred enbodi nent, the |iposones
Include a targeting noiety. In a nost preferred enbodi nent, the

t herapeutic conmpounds in the |iposonmes are delivered by bolus injection to
a site proxvoainone the tunor or infection. The conpositi BAMVEEERME | uid
to the extent that easy syringability exists. 1€ nust be stable under the
conditions of manufacture and storage ang.nust be preserved against 25 the
contam nating action of n1croorgan|sns such as bacteria and fungi. A

"t her apeut i caajzthg Iggu{lgg&ﬁd;rbe fi al%&;fg ﬁplo\‘o%m%{é'% {oﬂ}%ﬁ‘a by at

| east about nor e east rmre
preferably bysubjﬁcﬂ éhspfordbwﬁkﬁd%hemtmdabm éetmmualbmym based east

about 80%re| ound to

i nhi bit cancer can %e él*?/h{ g%&gsﬁgpglﬁ%%ﬁl &?ﬁ %@ekﬂsyi?%m%’oa?’gﬁﬂe%di ctive of
efficacy in Hpanicolat composition\ort rente af adntihigtrationiseleqtedoper t y of a conposi tion
can be evakuat ed % exanm ni ng the il | t f cO hi b|t such
inhibition“in wvit Wé’é’gﬁ%ﬂ:}’ﬁg%ﬂ etagdﬁﬂiﬁtgb‘e f“&ﬂ‘r{gﬁb"t?*ﬁ?ﬁ%

t her apeut i caldeliveritiieby syﬁﬂgearmudummfto%te@,lth@&iﬁ cﬁ%?MWred- 51 a

t herapeutic c ound ca C tunor. size, or er | Se | Lorate
synptons in aF"'P&PB ’H&cﬁ Rﬂ?y iffﬂfmlesﬁlﬁefdamoﬁ me laﬁgﬂe able to

det er mi ne suc eﬁssgiia@s,addﬂxenkswﬁ{asﬁﬁéﬂl&hﬁmﬁé‘sm&&,fspmacﬂmaq&aaee the
severity of th sub ?ct S toms, and t pa ticular conposition or
route of adm‘ﬁ? of r?"%@l’ e oksogting cqithingby maatenance ot reavired ang

fluid to ghe Rz ehﬂﬁicc&d&%fﬁ@ﬁﬂi’ﬁ&iiﬂd%dséofsﬂ&id% 3R h@nPassy ftinge. | n

addition to water, the carrier, can be an isotonic buffered _saling

sol ution, et HuFfrEbleteinclyde isotaric agemtanfos exaginle, suears, Poiyaehols sushgs yapitol and
liquid pol y%Q@asitan&d%asﬁaIcmoﬁaéimttﬁtecokﬂasahm %@k ééﬂﬁ&mr?ndnaﬁw es thereof.
Proper fluidity can be maintained, for exanple By use coating such as
lecithin, by lmptnlrlémmﬂmsqae&abwe@t a!mxt by incluging usﬁhz €omppsition ap ageat of

di sper sion arghibldiss abroith, 6 e be; aﬁr&nmawons i of deldeis. Preferabl e to
I ncl ude isotonic ag f&fﬂ for exanpl e, sugars, such as mani tol

or sorbitdp, and @hvwmmhsmbbmwds mscmbeﬁmm absor ption
of the inje ing in the
composi t§ on' e e aER Y b faReg kPl Wil the Pl 1O 1
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as descri bed above, the conpound nmay be orally adm nistered, for exanple,
with an inert diluent or an assimlable edible carrier. VI. Uses and

Met hods of t Né. [UsesandiMethods 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 cells 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 a 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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and f1ow cyt onetrl eofsafitas (85 Hulndf dniitddfel SmrideBS indWikgRUific5 Mor eover, the

activity of these nolecules in triggeri rlg at | east one eff egtor-rredi ated

ef f ect 010 c aholecuiss) of the/invention have additional piilitydn drerapg ppdsdiagnosis eEPSMAPSVA can be
assayed. Fr ERaIL A AR aftftobieS kY MhlBsheBiR@PCY OSi S
are descri brglg{e??il%%%g&%&arrp e%%gaehug{v?%e cgﬁrp_osiot ions (e. gb , human

ant i bodi es, bispetific sypteciiles eandedsest, oy example; ta eliciigh atva lopitrvinyy oerps mosg eyt i on

have additignal YA Etpfﬁg EME i | PERA af.ed di seases.
For exanpl e@eﬁlg%ﬂ&%ﬂx%%gc 'on%ﬁxg ti zgg?:gfg t g rEnlJ)Itls’Boeicizligé‘hia% or
bi speci fi c phagaytdsisor colysisof sl exprossingEHMA dn the pres¢rice pf humpnefigeiorr i n
vitro one or..nor | QW RO PE activities: to opsonize a .
cel l exBSescsepﬁé’r&éﬁk?ltk%%%g?gcagﬁ%%%%ggﬁ?or cytolysis of a cell
expressi ng PSMA In a patticulpresshodieens fthe-hwmen antilfodies gnd dazivatives theregf ateo j nhi bi t
the gromh of ,a cell p ' : F yhaedi geah he human
St oyl o (EACHERH B bl o vifiel FFSMCHIAL & e

anti bodi es . are u In vivo to treat, prevent or
di agnose a oftSMA-yelated distdsesrindludecivatictyof sansers sughps prestate kidnexpnd e| at ed

di seases include a variety of cancers, such as prostate, kidney and
colon cancer.

20 Methods of administering the compositions (e.g., human antibodies,
multispecific 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,
105Rh, etc., as described in Goldenberg, D.M. et al. (1981) Cancer Res. 41: 4354-4360,

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

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

30 macrophages, neutrophils or monocytes. Other cells incluﬁe eosinophils, natural killer
cells 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

R |
]



col on cancer. 20 Methods of adm nistering the conpositions (e.g., hunman
anti bodies, nultispecific and bispecific nolecules) of the invention are
known in the art. Suitable dosages of the nolecul es used mﬁllage end on
the age andVQBMYKZ of the subject and the particular dr UL .m%e

nol ecul es can be coupl ed to radi onuclides, such as 1311, 90Y, 105Rh, etc.,
as described in Goldenberg, DM et al ..561981) Cancer Res. 41: 4354-4360,
25 and in EP 0365 997. The conpositions (e.g., hunman anti bodi es,

nul ti speci fi Gaaffsterbd &RAGEJehGol B B¢ th @ Phyiloditifly afoepiable SHlufic) FHeSO be
coupled to anti-infectiqus _agents. Target-sfpeg#‘a%c effector cells, e.g.,
rdgr of 1§

effector cel mymbernfeellsagministered canibg insthe gr bt yill waryidepending on
e °s . Lo o . _ q
e

as therapeutic age or targeting can be human |eukocytes
such as 30 mhthedgtgelb e-gnatnmarsell expressingBAMAy arslto effiedt cell killingbyi el ude

cosi nophi |l g, Hm - K r G or I gA-receptor bearing
cells. If %eﬁ% ) Léﬁ%%l{t%ﬁf%@tﬁ#@@%%%%m% iined fromthe subject to be
treated. The tar g@herspewitl fargetspedific effectarictlis can bepdrformedin/cofjif@ion with

P 20247 -53. kNI ' f | 1's S .

pﬁ;/-/s iuc?loc?glgi galqz rg?@g@%g qr}éaé‘g)’fg%it%ﬁ?tgdl%gg‘pﬁ%rs?%‘g&plgfmgﬁf’?% ﬂi’ﬁn F®8ered can
be in the or dieconfposifi@ns(88., mrhanvantibodieay multispeeifid amdbispecific hmoldchles)af éhet i C

pur pose. |In general he.anou Wi | e.sufficient to,obtajn |ocalization
at the target™¢8r "'@f%?ﬁfe"?"ﬁ%}#&ﬂ“‘%‘lew%‘ thess compesitipns e ‘ﬁf‘dﬂm‘[o effect cell
Killing by eofjunctioh withabemsothaapys Addidhally, imbithtibn irhitheRipy ey bal so vary.
Therapy with ta}g t-sgeci.fi.c effegtor. cells can bwerfor d.in conjunction
with other (EEHAGHERI GRICLGRUSC SRecior pORART BNPE fpet col FERIcE.
anti-tunor t 7R aRinpls; kitBPSMANABERE $inkddab Snt-Fe-SammiRI B Ant2 CD3LLG 1eS |

mul tispecific and bispecif| | ecul es) of the  .invention and/or effector
cells arnmed ¢ n%!‘@’“ﬁ%ﬁﬁﬁg@i"é FestPiRfesperilibinding 28eBtSnj unct i on with
chenot her apy. AddBispedifid 4nd miQspbdifienbRBulty BTHRQAVAH PN ARY b Bseddsed t o
direct two distinct CKt otoxic effector pogul ations toward tunor cell

rej ectionls &r FeoRk levedsmpeffastor pellsi sush 2sibyicappirgand eliminaiogafmaR  or
anti-CD3 may HSRdhd QnGRRcdN Wik F AR ecific

bi ndi ng agentrgé.acptgl spec‘% fic and mult| gg%%@f#cg&reng@%céaﬁgﬁg‘fcﬁg%ﬁégnt i on can
al so be used pupos® nodul ate FcyR or Fca, R Il evels on effector cells, such as

by cappi ng and el ' r ‘g‘ﬁ?; : ] ﬁﬁﬁi M xt ures of
anti-Fc receptors Tg%%@ﬁed S (E)lm%fe(eﬁ'ég oagilht§ %‘?és;’ &B@rs%gisdg -aﬁ&‘fng ¢
molecules) of the invention which have complement binding sites, such as portions from

20 IgGl, -2, or -3 or IgM which bind complement, can also be used in the presence of
complement. In one embodiment, ex vivo 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 cells 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, multispecific and bispecific
molecules) of the invention can also be administered together with complement,

30 Accordingly, within the scope of the invention are compoéitions comprising human
antibodies, multispecific or bispecific molecules and serum or complement. These

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



The conpositions (e.g., human anti bodies, nultispecific and bispecific

nol ecul es) of the invention which have conpl enent binding sites, such as
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used in moﬁm’&?ence of conplenment. In one enbodi mant,ngx }\l/TJ?vo treat ment of
a popul ation of cells conprising target cells with a binding agent of theé
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I mproved by binding of conpl ement _profeins. In another enbodi rrent tar get

cel I's  coatagibgies multispecfin s Sisprfigmolecyles ofithe-inventipn f eQmPlEMERt O neci f i ¢
and bi speci ciPbeSatifisidre®ephifely. NVent i on can al so be |ysed by

conpl enment. The conposjtions (e.g., human antibodies, nultispecific and
bi specific nol e@mmméhewq fithednyengian awkits eraprising1he SOMROsiEPRS (e €aget her

W th congl efgid, anﬁroﬁé‘sCﬁ iﬁéan&"b%pégfﬁctnﬁ@l P6f tE mmﬁmh%&ntlon are

conposi tions conprising ant i |speC| ic or bispecific
nol ecul es amdrmpl!mﬁoouseca'h@klémﬁmhemmn admmlaﬂdléﬁ@l eegenhfYeldsageous in

that the co t

PCTI USOQY 20@%"?&%@‘3 dr%“é ﬁﬁﬁn‘ga’%q%n{tﬁ?'%l@ﬁﬂ c![?élss&fg{(te??I C %’:( %91"3%3% c

mol ecul es. dhtibedmmngsd opmplehmntaurmvntﬁwhncmbmdem anrmitonespBSMAaetlgﬂn

bi specific 0, n and the conplenent or serumcan be

adm ni stere Eﬁ?‘iﬁ% fmf%%%&ﬁ the scope of the invention are kits

conpri sileg the chmﬂmmbmnedmllmwbje&daubaadmmmwimmagsmtfic and

can' 1 ur t her TOREEH & SRS o e Prrariop okt oL e B edBfoermant . or

one or mrebﬁﬁd'ekd:ﬁﬁl@,he&ﬂiﬁ&l%s’ﬁbjebbﬁme okiné. Wefeftedoytokmesfer. 9., a human

PSVRANt | gonaeRiSRAIR LT R FPERERTTbS PRpEeLrnelog meiser O geploapic |
ntigen

enbodi ment scolbﬁseﬂﬁm“ﬁ@tfmmet@smgmﬂlm maciopkige eolonty-stimulatingGaneér t hat

nodul at es e ]% enhan es or |nh| b‘L t he expres or activity of Fcy or
Fca recebt C erop {HiNs Wﬁ@e‘?‘ﬁé‘ Yy ‘Wi th a cyt oki ne.

Preferred cyt oki 'ﬂﬁé%coiﬂ%s:ﬁd@(@gsrlm AEbEAES, ﬂmﬁsp@mcfmtbnswfrc t he
mul ti specific nol ecul e include of gr anul ocyt e _colony-st| mul &/Iact or
e

(G CSF), gr melscalepiof theipyeption sagalse be ysrpl.ta targat pellsicxpressing ISR on CSF)
interferon g eﬁ(&ﬁg mrm‘g rlifgéusnegmehﬁs;f g,etbﬁfd"{gzgﬂmﬂmu&em' tions

(e.g., human anti |es ecific an | specif
molecule that can be detected us, the invention provxdes methods 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 a 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 to PSMA, under conditions
that allow for formation of a complex between the antibody or portion thereof and
PSMA. The formation of a 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.



nol ecul es) of the invention can also be used to target cells expressing
FcyR or PSMA, for exanple for |abeling such cells. For such use, the

bi ndi ng agent. can _be linked to a nolecule that can be quﬁﬁ} us, the
I nvention BWBV met hods for localizing ex 20!vivo or invitro cells
expressing Fc receptors, such as FcyR, or PSMA. The detectable [|abel can
be, e.g., a radioisotope, a fluorescent.ssonpound, an enzyne, or an enzyme
co- factor. In one enbodi nent, the invention provides nethods for detecting
the presence of Rl anbthérdaibotihent, 3R TRlettioroViRAabidtiRa fobdetatinghe of PSVA
antigen, conprising 25 ¢ ntactinqmﬁhe sanple, and a_contraol sanmple, with a
human nonoc| dIReBFICEOF A¥AGHTyE he amo a?ﬁﬁcgféaresslmeﬁﬁmamor Bt ee¥of , whi ch
speci fical |y RislicohpriReifadbinEeting @ ikubj n?ﬁﬁﬁo 0 -okormation of a
conpl ex betmégi Lhehgnﬁﬁbody qr pogtion'kﬁgﬁgo anEthéwkﬁm%he formati on of

a conpl ex i s tispesifiemplesule)pf therinyeation or adragmentahmreof conjypatsd toragsletegtablen bet ween

the sanpl egc ; : | 3Stebtiid i A 4l ence 30 of
PSR ant 1 gon TSR E) o e 38R o SRER o fririt 93 Sy talip BaftePBE

anot her enbodidentifit areasiconthinipg fciewpressingeellies a be prosent ipvention isdtthey t he
presence or Lf : < | .S £ ' rin
vitro. The %%ﬁa%%ﬂrr%rf{’lggg % % gg%ivr}{ﬁgtsg%ﬁﬁ{g&tﬁ%&gmsudjagg%rﬁgylg}élﬁg )si tion
(e.g., a nul tThe contenthofatldigufes endvall emdneds, ptentsrundipnbiished patenbapplicstions) ment

a moans for (AERRERhS B AR R ol Bperkd BT I MeleR” D) 27 g

Fc-expresgong cells. The present invention is further illustrated by the
fol |l ow ng exanpl es whi ch shoul d not %ﬁ@&fé ued as further limting. The
contents of all figures and all refe ; %atents and published patent
applications cited throughout this application are expressly incorporated
herein by reference, 1 L Exanpl e 1 ner ati on,.of . eted mce
for the prodJ'g’f 2Y; gm%’%ﬂﬁmggﬁﬁﬂlﬁ%&w%ﬂgf%*% f a CMD
targeting vector The phafsa satiediesu cont ai ns an EcoRI/ Xhol fragnent of the
murine I g _heavy chain |ocus, spanning the nu gene, that was obtained from
a Balb/C d nom c | anbda

Construction of a CMD targeting vector

The plasmid pICEmu contains an EcoRI/Xhol fragment of the murine Ig heavy

chain locus, spanning the mu gene, that was obtained from a Balb/C genomic lambda
phage library (Marcu et al. Cell 22: 187, 1980). This genomic fragment was subcloned
20 into the Xhol/EcoRlI sites of the plasmid pICEMI9H (Marsh et al; Gene 32, 481-485,
1984). The heavy chain sequences included in pICEmu extend downstream of the
EcoRI 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 E. coli.
25 The targeting vector was constructed as follows (see Figure 1). A 1.3kb
HindIIl/Smal fragment was excised from pICEmu and subcloned into HindI11/Smal
digested pBluescript (Stratagene, La Jolla, CA). This pICEmu fragment extends from
the HindIIl site located approximately 1 kb 5’ of Cmul to the Smal site iocated within
Cmul. The resulting 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, pTAR1, was linearized at the Smal site, and a neo expression cassette inserted.



phage library (Marco et al. Cell 22: 187,1980). This genom c fragnment was
subcl oned 20 into the Xhol/EcoRl sites of the plasmd pl CEMI9H (Marsh et
al ; CGene 32,481-485, 1984). The heavy chai n sequences included in pl CEnu
ext end dO¥@8HR®M of the EcoR site located just 3' of PRSI 1 onic
enhancer, to the Xhol site |ocated approximately 1 kb downstream of the
| ast transmenbrane exon of the nmu gene;s¢_however, nmuch of the nmu switch
repeat regi on has been del eted by passage in F, coll. 25 The targeting

:‘/regtg?nren\t,va\?va?ﬁ%% se%&gﬂeé&@w %@cw ﬂ%ﬁnﬁhﬁ?@% IIIJI{ ggglt ed.
pBl uescri pt pbﬁpheglmanﬂgnasa(pbk) pramo@AXbalTiagl fpdgBient Adraeyak (1987 Genels from
| ocat eq wi ¢ A0S TAAFELGRRLEE SRR odtalih she (yriniturt fogilie BB oS P
t he apprOX| mht(éPgO)BxddhetﬁﬁaISEmbﬁdéli’at 2§9|=2ﬁl§bre'ﬁhxs tassattewaSbbtained fromnhs ng from
| ast - omy ‘exdrsmthaH (astertel) o HimirRe el G0 DGRl R MR SRRE O | D

at the Snal tls iee cassertk Wasmeas@apaeseomm:ndﬂmgmm alsnbalched Wffb 01/ 09192

e ansor pr  SaRVEGHT BesesRriRR 720 68% bk SnrioiYo. A0, SRRt bRkl ©

promoter ( X%ﬁéﬁ“@@h ﬁfohaml 17 (KA by EHoRNSal(I %Q%F’}I’ngeﬁﬁw &&:cﬂ)ﬁéd g nd
containiiig,t e p.o ite u i n agneni ; Boer et
o & 660) ° iftd e ate AR Nssaa pRARS iy Tacgpposteiprieniaiarios ek 3\ o
from theip Rimsaqdem&l IThe @R6Rihg pﬁﬁnnw&yﬂabﬁrmmwotnhndéﬁ&aés)suﬁiﬂéi 65:
1153-1163) from le'ﬂ&ﬁ thegpeo cassette S ex0| ed a an_'o%%% [ H ndl I
fragment andirssbhymidinskinase (k) qassoiie wef masried toyplipveios aﬂr&fmwt (clopes o
generate p%molagouJQ&mmgé@edwmmm {]1'9383'1%%%56 :(KJ1) by
EcoRUSal | di gestion, blunt ended and subcloned into t site of the

pl asni d pTARAS-3p% mé"%?&'ﬁ'ﬁﬂ"!sém(ﬂ iths-oding seauspees qEthg thgrne bracketed By the quences.
The resul ti ngoak ¥aSarld poRaddny RffoNkite) ad\Riseribed Y AyBul\GiE P&l S(1991)E X
virus thym di ne maseé g@intte was inserted to allgﬁlﬁjor enri chnment
of ES cl bheLellfisaliNg 1k rr"t;%“dﬁ & D taresting vectopcontalns 4 to by Mansour et
at. (1988) :}ﬁ%& a&iﬁs 3 k%?h&&&ogyﬁblﬂ& Keaaﬁaiahﬂoaﬁaﬁa ldesiBhedth BerieRii NQ

sequences o gene bracketed by the nouse pgk pronuter and
pol yadeny! at& re\mt.%gmagﬂw@eh haschgem inserted @W%wnaessewg%mmew | 65:

1153-1163. Kl ﬁébﬂtﬁéﬁﬁt@@eﬁ&“ﬁéﬁ%ﬂﬂ Gofr wal Hhdatine Wit Phdd] wiiéh

approximately 5.3 kb of honolo eavy chain | ocus and is desi gned
to gener atec%wﬁﬁ%ﬂﬁmswe%mﬁgmiwml%é@ﬂﬁﬁﬁ’&ted a neo expression
cassettesgn the unique

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 et al. (Hasty, P. R. et al. (1991) Nature 350: 243-246). Electroporated cells were
plated into 100 mm dishes at a density of 1-2 x 108 cells/dish. After 24 hours, G418
(200 micrograms/ml of active component) and FIAU (5 x 10”7 M) were added to the

30 medium, and drug-resistant clones were allowed to deVelc;p‘over 8-9 days. Clones were

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



Smal site of the first Cru exon. The targeting vector was |inearized with
Pvul, which cuts within plasmd sequences, prior to electroporation into
ES cells. 20 Gener ation and analysis of targeted ES cells AME& ells
(McMahon, AYOBIIR Bradliey! A, (1990) Cell 627 1073- 108§¢ﬁ"\/\ere grown on
mtotically inactive SNL76/7 cell feeder layers (ibid.) essentially as
descri bed (Robertson, E. J. (1987) in Tgratocarci nomas and Enbryonic Stem
Cells: a 25 Practical Appro ach (E. J. Robertson, ed.) Oxford: IRL Press,

p. 71-112). | FRERL I dinto
AB-1 cells by-ﬁa{t?“r(léé1 met hdgglgﬂgeegggrglﬂ%gﬁ& I-xl{a%iq)sﬂ eg&ﬁégl % ﬁk&ﬁ%%%&%ltﬁ al .

(1991) Nature'e@)mnamgbezw@pvegme@dmme@ese| s were plated into 100 mm

di shes at a densi b&@énai]ysxgv?ﬁslﬁﬁe g&%ﬁ%‘?@éﬁiﬂ%uﬁ?lﬁﬁA@%@gﬁﬁzoo

m crograns/ m of active “‘conponent were a to the
30 nedi um arfnbmitinglonssasslesmbedcﬂlau'desammaedd Voeedl., (199 ENudlcip AcideRe8- 9 days.

Cl ones wer | | | Vi I.0t. [ : urt her
expanded. fe?la ];9 %?%hlsu%?% %gmgﬁtg&%g%@%%?%eg%hagﬁ%d from
each cl one weBael fripaent, pobeA (ssedigune])otwhieh htaidizeawa s;qlmdce‘hutwémmltdmgous
reconbi nati on_bet ween vect r and r get enges s carried
out by Sout héPFoHi F‘S#&%Wﬁggﬁ‘ggftﬁﬁ%gyé#sg It%m&\«gnes as
desgr9 |3 ;Jed La:ﬂ‘@n&%u&lﬂtyﬁeﬂ&ﬁuﬁddedla&\ﬁosﬁé76|dkhba(1%ﬂ'gﬂa)arhﬁllbgﬁwhléblﬂaﬁs Rﬁs g 19
4 . Isolate sted wt an roe with a 915
bp Sacl frad}?ﬁ}?? g‘ﬁ? %Dlw\lfge‘ﬁﬁﬁhgﬁ Bget%Yﬁ'veﬁﬁﬁ §s‘ct“cfa§§°§“equence
bet ween t e fHdntain@hSﬁéI'sﬁe)@'ﬂHd'ﬂ@G4Md‘l"['&U%m&mél@r&s&@&rﬂd‘b ?&ﬁmnA detects
a 9.9 kb Spel agggsn {i} \évl type. | ocus, .and a di ag noa}é‘la 6 kb
band from a rh!pq wifiselayqethe 44 Ashs inglicative ofhemelaeans Feom tavo
targeting Ve%ﬁeddlb&m“?ﬁes@&&[&%ﬂ&@ﬁﬁ&%ﬁﬁk&s&d%&@é‘é@&xﬂ&s iEmetxisite). O
1132 418 and FILAU resistant cl ones screened by Sout hern ot _anal ysis, 3

di spl ayed t heangd EgoRdigo weridy thanthg "F‘ﬁ‘éf‘%'ﬁgfﬁfiéh%‘fmlﬁmdﬁﬁd? "("é&‘iﬁ‘ﬁbm’c‘l on at
the mu | ocus.pybAGS& WithproER, SUBthem Bi6ts HEwildiyBeBNAN i Ystcll WithBANBMREDr BA! |

Bst XI, and EcoRI to verify that the vector I nt egr at ed honol ogously |nto

the mu gedé. Eﬁghpf%rﬁiaafpﬁléﬂ°%5t%7ér y19d 28 kbgxsspertively. Mhslteésthﬁpfewiﬁj type
DNA di gest ed aﬁam%e%aixhuaméékndlaeed%§f§ &s@fﬁﬂ%e d PR Spe fivelp: 7, 73,

and 12.5 kb, respéctivel wher eas resence a target mu” al I ele is

i ndi cated by Al &gwmeﬁqyf:s detepted by ghe Spa lgest shogpd ﬂxessmﬂs@dﬁsm pstXI And 3
positive cl ongarefkbichddrddineht Qiaghsstic 0 iI&FonTr MRG0 EiSer MRS HeWmB9! + BSTXI,

and
exon.

20
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 (Bradiey, 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,



EcoR restriction fragments diagnostic of insertion of the neo cassette
into the Cmul exon. 20 Generation of mce bearing the nutated nu gene The
t hree ta&&e@;&gﬁgs cl ones, designated nunber 264, 272, agér,g oyere thawed
and injecte o C57BL/6J bl astocysts as described by Bradl ey (Bradley, A
(1987) in Teratocarci nomas and Enbryonic Stem Cells: a Practical Approach.
(E. J. 25 Robertson, ed.) Oxford: |R:S®ress, p. 113-151). Injected

bl astocysts were transferred into the uteri of pseudopregnant females to-
generatg ctilluml xre(bg@mﬁh mﬁaﬁn@ﬁmtﬁmeassmbg‘emh ific. Sereesiihg fordertarged f rom Lhe

I nput ES cells and the hos st st.. The nt e contribution
to the chi FUESICWES qgaIedout by %pﬁggﬂ?lﬁﬁn@lamwfﬁﬁsgmN §r"Etﬁﬁ‘l}tl coat

col orati Onbmgﬁéd (fdbsérieiabdie f&snelgblk of ES\¢ell DNA). hﬂpﬁbﬁﬁiﬁteﬁBMI)ﬁﬂe

backgr ound Cl on

(T 0 T ow 1B oHERTG bl oA ZEal oot Pty <bin sitbhe BSITBsuced i gh

per cent gepalof 157kBEdehfonstiias & gerfiling Brhufstni S fintof Meatrodled fhu ZBL/ 6J fenales
and agouti offspring were generat ed, WO 01/09192 PCT/ US00120247 -58

i ndi cative of germine transm ssion of the ES cell genone. Screening for

the tar get aday lofiBieti mibesd: iiict inhitivaAsk hilgdteot anal ysis of Bol |

di gest ed for analysis of ES

cell DNA). ApprBXWWQFWﬁﬁ@Oﬂaéﬁ’smPo eAssetisinta Syt datmadtivatedr i di zi ng
Bgl I band gf Zagavgﬁﬁxﬂﬁéﬂldéélbﬁﬁ“z&%ﬁﬁﬁaw amﬁaimaaﬁhxm zygous forkD.,

denonstrating ransm ssion of the targeted ehe. Analysis of
t ransgeld ctheiJBP mmuqmmhmvmmam@m:sxmgmwﬁ etioprofithee whet her

chai n gone T e sskAE e T U0 bilhlndt Ses 1856) TGl ekl Sprld 10, 1101

chain gene, nmera tha m)use s for 10 the
JHD nut at i were gehérated.i mlmpb@nhé&omthﬁsahmmkmﬁsagbﬁhmo ﬂ@dault of

del etion of t f(ggﬁ ﬂgﬁldpﬁl 5. 647-656).
Four agouti Q‘\ﬁbg‘ﬂﬂlgﬁl? tt?eee“ ﬁ‘téefoat gé%hum was o%?al omt hese
ani mal s at cbmpiemlydaddnglghﬁaedﬂ‘&led) Senaiyping Whéfduts&nfnals bVISQUtbﬂ’BbMCG of
muri ne M r‘w]ﬂ ﬁd'ﬁm gM (see
Tabl e 1*59 &%y@f"n@‘bg‘f’kﬁﬁi bﬁég g%c}%ésﬁon@ﬁ ern ot ﬁ%l ysi s of
DNA from t gsek Figurephj mbbyStlBgligestmnglaéhybndmndn w;tba|465 bpEcall/Smilt h probe A
(see Figur @pg | 4 475 bp
EcoRI / St ul %ap)f'%m?r@ﬁ) :Eg §b eqd&?mns?ﬁﬂn h‘F%P{ll g am sgﬁm ch fail to
express sethose hg:khxeh ane 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 Ig. 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
5 174 +ED
129 x BL6 F1 153 +/+
JHD <0.002 JHD/JHD




those in which one allele of the heavy chain | ocus carries the JHD
mutation, the other allele the Chrul nutation. M ce heterozygous for the
JHD nutation display wild type 20 | evel s of serum 1g. Th

denonst r at QV?%’P%zhe Cnul mutation inactivates ‘‘expressi %ﬁbﬁ%‘"m gene.
TABLE 1 Mouse SerumIlgMIlg H chain genotype (mcrograns/m) 42 <0.002
CMD JHD 43 196 +/JHD 44 <0.002 CVD) JHB9-45 174 +/JHD 129 x BL6 F1 153
+/+ JHD <0. 002 JHD JHD WD 01109192 PCT/ USOQ 20147 -59 Table | shows the

|l evel s of sertamld g%wdﬂkm@fkernnﬂmmﬂécﬁabyrﬁmﬁcwmw&rbﬁgfbm CVD and
JHD nut ati ons_ (. CVD/ for terozygous for the JH mut at i on

(+1 JHD), for Wjﬁg Dy H?’PF?‘FI‘F%Y&OW YRLGR o |
deficient mcgyy rte;wq@ty%etmsmesiwsmpt aﬁéequ%h@to}men&ﬁ&&ﬁmtee 2
Gener ati on of HCOL2 trans eni c mce or the productlon of anti- PSMA human
anti bodi es THomezrrons foy HDinsgene 10 The HCOL2 transgene was
generated by coinjection of the 80 kb |nsert of pHC2 (Taylor et al., 1994,
Int. Inmmunol., 6: 579-591) and the 25 kb insert of pVx6. The plasmd pVx6
was const r uctExample des Gentratiomed BGO12 tragsgenicimier foa the preduetionrfantiagnent |
conprising the gernlin @"‘W‘P’“ DP-14) gene together with
approximately 2.5 kb o?s ;%ntib%dg%d 5 kb of 3 flanking 15 genomc
sequence was subcloned into the plasnmid vector pSP72 (Pronega, Madison,

W) to genera eﬁé@ﬂl 1S dene /Kb BamHl /Hindi |1 DNA fragrrent
conpri sing t he—gef =
approxi matiely 5 the(HC(H2t!fahsgakew @ndatﬂ:dhjocaiﬁje&onbfﬂlalsohgnganofpm

Peduence, VA BIS (hf IR G b3 A LA Bk PO
plasmid pVx6 was constructed as described below.
An 8.5 kb HindII1/Sall DNA fragment, comprising the germline human VH1-18
(DP-14) gene together with approximately 2.5 kb of 5' flanking, and 5 kb of 3' flanking
15 genomic sequence was subcloned into the plasmid vector pSP72 (Promega, Madison,
WI) to generate the plasmid p343.7.16. A 7 kb BamHI/HindIII DNA fragment,
comprising the germline human VHS-51 (DP-73) gene together with approximately 5 kb

of 5' flanking and 1 kb of 3' flanking genomic 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 (SEQ ID NO:13), was digested with EcoRV/BamH]I, 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 BamH]I/Sall and

25 ligated with the 7 kb 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 NotI 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 ef al., Manipulating the Mouse Embryo, A
Laboratory Marnual, 2™ edition, 1994, Cold Spring Harbor Laboratory Press, Plainview

-
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20 6295), to generate the plasmd p251 f. Anew cloning vector derived from
pGP | f, pGPlk (SEQ ID NO 13), was digested with EcoRV/BanH , and |igated
to a 10 kb EcoRVIBanH DNA fragment, conprising the gerﬁgir lﬂg‘p’an VH3- 23
(DP47) g¥RMAR¥et her with approximately 4 kb of 5 flanking and 5 kb of 3'
fl anki ng genom ¢ sequence. The resulting plasmd, pl12. 2RR 7, was di gested
with BanHl /Salt and 25 ligated with thes~ kb purified BanHI/SaII I nsert of
p251 f. The resulting plasmd, pVx4, was digested with Xhol and |igated
with the 8.8YkK bn%éah&@ahdemlﬁmebfmfsg@m&cz cafipristhgClequithcevaondbsth vaed Wi t h

the VHI -18 n the I ent het es. This
cllone. " desi ALY SRR i ks s drisibogs Rt Riesied SRBOBLTISE ed 26 kb
i nsert coi mxﬁgaxedesngﬁmt(ne:ommsm (leCOU2)1 $083and{HICD 1M§13087) SBch ofthe PHC2 at  a
1:1 30 nol ar ratlo--lgﬁg p ronucl ei pf on - hal f day (CR7BL/ 6J X

DBA/ 2J) F2 &hise Jinss were them bredivg coppyisiedh e GMD mpfatigRdeseribed iny|

Mani pul aslrEkaHi;PeMammrama(chenwomscnmmnmlsu-%zo)emdtth@n 11994, Col d
Spring Harbor Laboratory ess, Plainview This Sheet Has Beet. Repl aced

i ElllalluU \@@ﬁ)%@%mmﬂw&w&ﬂ% ity Biotechnalagy Ha8h=R3nThe i nes of
transgenic r%qmégéip?é Eﬂuﬁﬁ%ﬁ%gloﬁﬁlﬂ{‘ﬁéﬂw &d\ﬁagp a gt cA e tRE

est abl i she e 'that devel oped fromthe 1 njected enbryos These
lines are daslbgﬂtksr%dPPM?MMSWPMQQ%WOW@HMﬂGWa Each of

the three 4 réhga%(,y\ﬁg then bred with mce conprising the CVD nutation
descri bed i arrp e 1, the JKD nutation (Chen et al. 1993, EMBO J. 12:
811-82019 and the (KCo5)9272 transgene (Fishwild et al. 1996, Nature

Bi ot echnol 384 I
I mmunogl ob(t?y l’;!heavy%zl;l&ﬁﬂ: "é‘bggﬁ I|ngﬁ 'h’laila%a rg%sogﬁggﬁ%dﬁggﬁgsackgr ound

honobzygous for di srupgrimst BSMAhe endogenous nmouse heavy and kappa |ight
chain loci. 10 Exanple 3 Production of Human Monocl onal Anti bodi es and

Bi specifics Against PSMA Human anti - PSMA nonocl onal anti bodi es were
gener ated by i mHumaniant-PSVA mofoclipalarsibaditiOEre geteraied by ipfmurigisgthei ce wit h

oS 4oy et i R S RS R il 2 o 10
descri bed icelléwhich PgpiressPSNbA andfor aztydé 2@embrane 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 Complete Freund’s Adjuvant. In 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 IgG response were administered purified antigen i.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 myeloma cells) and PEG. After hybridomas grew out (about 10-14 days) each



and 5, 545,806, the entire disclosures of which are hereby incorporated by
reference. In particular, HCO/7 and HCOL2 mce were initially imunized with
antigens 20 enulsified in Conplete Freund's Adjuvant. In_sub t

i muni zat i o9, 918%8% gens were ni xed with | ncorrp{' ete Fr eunacgmiiﬁgﬁ%gnt
Finally, intravenous adm nistration of antigen prior to splenectony was
performed with purified antigen, and na@gdjuvant. M ce were i mmunized
every 2-3 weeks. After the third and follow ng i muni zati ons, the hunan

I gG ant i - PSMAw§li édntaint@hybatlHhdl vl Scrbdhed For B préduc@SEhues! 1 Wan M ce 25

t hat devel oped an anti-PSMA | gG response were adm ni stered purified antigen
i.v. for thr%‘mlﬁﬁ%% three and four days prior to splenectony. The

spl eens from resmiv@ﬂybﬁh&ﬁasN&é&r&ﬁ&’ﬁ?%eﬁ&@dﬁﬁs@@&{ﬁ;@%ﬂo% single
cells. To generate hz/lg“ dormas produci n? anti - PSMA anti bodi es, spl enocytes

from mice wipmpgstiesschipwoduntion af kunandegG hpsibodies, () binding tovpurified RSMA, wi t h
P3X63- Ag8. §53 : | \ | ' ATCC CRL
1580 nogse?: r eﬁd:ri% %%@m(ﬁﬂé%%%gp%%ﬁghggpéé%ﬁ?%?é% oﬁrﬁﬁ%n%gr ew out

(about 10- 14 thaythd antisPSMABILLERS 982 eRGHEUBON0 2dfrangefitntsof the hamami ni ng

hybri domas was_ scr d for the production of human 1gG using an anti
human | gG ELI%%E@F‘?}WB?ST domas were screened for and sel ected based

on the foll ow ng Briefipad doli®phase ELISK bided issywafeniployedifor gelaralgsis ofoodi es, (2)
el s, DNA SelpmeRt TAMA wiBodthdraaeRt e ESVA b ARGRt Plsaite. ver o
encoded bygV({dutkd oARBMBISEHEGL el Ohictdfiter Plates (Nuric)ROUASErONY) irfdl ihdubgied es .

Briefly, a solid-phase ELlISA based assay was, ergl %ed for the analysis of
human ant i - Pwermight pb G d&e plates et dhen washed with FBS-R4%Fwiesn-20 & bl cells

was 10' coat egiupiibobliktens o #PBI (i £k bt S6m Rt NifmarkiRE oSt €1

NY) and incubated overnight at 4C. pl ates were tthen washed wth
PBS- 0. 29 weenfr@0 theaatiPShEk praducivig tybeideras\($thel) ve punifiediantibody (1-h ppBdifor 1

hour at room e | £ '

ybr i domms. (Sop D) g addefto e A Buced o hou el el MU |

t he wel | s 1&ndwénaovaklet svithfPBS/TAvden as abost andithen inarbped aithr58.ul BAHRP at es 15 were
washed with PBS[ Twee S ove .a i pcubated with I of . HRP-

conj ugat ed ra@gﬂg_ﬂt\gﬁﬁgbiﬁ-ﬁ% - %g@ilé&ﬁ%lm&ggﬁwqw&f@gség&%P st

G ove, PA) ffpk ] holtQttbord teniriinire "RREr3V4dRiAe, 100 kEsf ABE(150 mg 20 afido-Bis ABTS

(150 ng 2,2'-azino-bis . L. L
(3-ethylbenzthiazoline-6-sulfonic acid in 500 ml of 0.1 M citric acid, pH 4.35)/H.0; (10

jl 30% Hy0; 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 celis
expressing PSMA, and lack of binding to PSMA-negative cells, as described below.
Hybridomas with supernatants exhibiting these properties were subcloned, and their
25 antibodies further characterized after purification.
Monoclonal antibodies were isolated from a Celimax bioreactor (Cellco, Laguna
Hills, CA) using HyQ-CCM1 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 dialyzed 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



(3- et hyl benzt hi azol i ne-6-sul fonic acid in 500 M of 0.1 Mcitric acid, pH
4.35)/H202 (10 gi 30% H202 per 10 ml of ABTS solution) chromagen/substrate

sol ution W§ v@q d to 20 each well and the sanpl es read pdyinlsotr2ddaer Opl at e
reader at el ength of 405nm  Hybri domas whi ch produced human |1 gG t hat

bound PSMA by ELI SA were further characterized by ELISA and flow cytonetry
for isotype, binding to tunor cells e&bressing PSMA, and | ack of binding
to PSMA-negative cells, as described below. Hybridonmas with supernatants-
exhi bi ting Elﬂ‘étsmspddqmirop\ﬁsewﬁhmmummhhxgdnamadoummmoﬁaempgﬁfmm further

characteri zed ion S_\Were Lated from
a Cel | max 0P8 P@Q@@g?}p &} ?%5‘%‘_%6‘& of' Pﬂ“@%"e&gﬁ‘@ &'ﬂ???ea Mdi um -
C(ﬁnt ai ni ng the ﬂﬂk%ﬁlFEhﬁirEkt&Gﬁn(;dmpefaune. FIT@jabeled ddﬁgocﬁﬁdnqwrsﬂlhted(ﬂyby

chr omat ogr a on a Pr i ar.ose caq ing to the

e noractor el fugiof on p Sepln O ARBHSSR£FRIRRA  BBSN'Y 50 buri f1 ed

nonocl ongl anti tsw a&nmw&feinmp%wﬁe&hmlgsux&aﬁo&kwdt um

car bonat e buffer, for labeling with fluorescence isothiocyanate

(FITC). A stpseifical MW@@SMAW%G by a1 494 gnd floy crlomeyy (fep-14A% 7ELL i d FI TC
in | nm of PMYORCE a6, OMonSciStal Riibodiei Paritidd 46 rgﬁﬁd&hﬁcws added

dropwi se with c¢onstant. m Xi ng_in an anount to provi FI TC per ng of

anti body pr#wematantithatishawed gignificagichindingsa PS§M A psidstected by FLISA were was

i ncubat ed i gperature. FITC | abel ed

ant i bodi es \?E“@gﬁzg‘ﬁas dﬂ% ;pe%ldz%wrfgraﬁ?ﬁ nJPozr%sa Sephadex G 10 col um

equi | i brigt ed i n Bisecific rﬁﬂecateakledigdateddéﬂass(tlﬁa(shomnnF@reeﬁaml‘ms)xluced human
| g3 K anti bgdj.es t hat cifi,cal.l SSVA as _.a d b | SA and
flow cyt one?eve(”gredmd A’Xég myicql Sonju F@ﬁ%ﬂﬁéh{%g 5s i ‘E’T%‘r?g -

anti bodi es QD89 hntibddy Mlmhg/hublcldwaftﬂeml antjbody, akesiphatdéd-laiA 8siesprerdivedy, gni f i cant
binding to P s dete b r.e cteri.ze havi ng

speci fic bi ﬂ%\{ﬁﬁﬁl P%‘P?% agtllﬁh?' %d%%ﬁ'@@g? @O %@?Sa@e%?sénat ed 14.1
x 8Cl2 (sholskihgprocegures. 3) and 14A8 x 8C 12 were rrade by chemi cal

conj ugatjon of the Fab'2 fragnments fromthe human anti- CD89 anti body 14.1
or a subdlone of the 14.1 anti body, designated 14A8, respectively, and the
human ant i - Exadipledt i [Clthyactéization of Hushian NénotionabAntibodiespabisa REMAI Ccr 0Ss-

| i nki ng procedures. 15 Exanple 4 Characterization of Human Monocl onal

Ant i bodi es Agai nst PSVA
L Binding of human anti-PSMA antibodies to tumor cells

Monoclonal antibodies purified from hybridoma supernatants that showed

20 signiﬁcant binding to PSMA as detected by ELISA (e.g., 4A3, 7F12, 8Al1, 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 specific antibodies were studied by
solid phase ELISA using plasma membrane fractions derived from both LNCaP and

25 PC3 cells. 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.



1. Binding of human anti-PSMA anti bodies to tunor cells Mnocl onal
anti bodies purified from hybridoma supernatants that showed 20 significant

bi nding to P detected by ELISA (e.g., 4A3, 7F12, 8A§g.m,$‘?;}2’a’u§md
16F9) were Wﬁ%@?’tested' for the ability to bind to tunor cells that
express high levels of - PSMA. The binding characteristics of hunman

anti-PSMA specific antibodies were studiés by solid phase ELISA using
pl asma nenbrane fractions derived fromboth LNCaP and 25 PC3 cells. To

pr eparg ]gell WF”erﬂeTjFﬁxg@UBmﬁ"miﬁabﬁMR'efﬁléﬁﬁﬁiﬁmhﬁﬁ9&WIbhtez\agb
scrape rom p) astj | shes, shed ¢ | ve i n PBS,_ resuspended in 10
vol unes of dé‘Fa’ﬁ?‘izg[a‘e ?”e“ﬁ%ﬁﬁ‘g%ﬁéﬁﬁ% “B%“‘Wﬁdé’@a&“rg&@g’%w‘ﬂp'a Dounce
honogeni zer. PERIA HEBSUyaREBBS Ferd HoRs) pHiBkto idetedtivh Qsind Mtawdaid ELISAGaddediteit
15,000 x g for 45 mnutes and the pellet resuspended in PBS  The, protein

concent r at i onabdeserihed akaye, Harrepults prssenigelin Ergurect hpvyiresults {05 the gindependsit - co
(Rockford, 4 Lhurﬁaca'ﬁn&idclonm&ﬂe{dﬁgl?ﬁels? QHbU@l@Q&e%%&l;ate higt¥spelifiaity Apd PC3

menbrane fractions were serially diluted in 96-wel| plrates and, air dried.
The pl ates weENOsP sdlkmembpaes overagage of Atigen eqpceniratipnsh whergastherp isditte emt i -

PSMA ant i body i %‘ﬁ%ﬁg‘gn%%ﬂg\%ﬁ“k ouf 10P3¢EA BnbRed/S| Ng standard ELI SA

procedures as descrl e results presented in Fi gure 4 show

results for the i naagdifionshumabanmicRBviA sotikedy breding snlivedNTCaPand PE3 gumor

anti bodi es de | Ll ci 0, I RS ayer a

range of antiﬁ@%%%%@ﬁ??’gﬁ?‘g%,g mr%%%ﬁt@bg@g%ﬁeﬁ%@% no anti body

bi ndi ng abliv etifsae ktucs and atsingle©all suspénsivnvizs arepared. | Approidmatekyrl, milioneoells

anti - PSMA anti body bi ndi.n live. L d PC3.t r. S S st udi ed

by {1 ow oyt onePsBRaiiy B coistiiog s BRR S g Wi Db B HRE 10

tilslsue cul lt:JrFI’HIlﬁbﬂe&hlmﬁﬂn@aﬁ-gBMﬁsuﬁmfoﬁm infEifited gﬁib?/f e*ﬁeAceﬂBdmewwmédE_ \ B lé 1

mllion cells were, spended i C inin . 5% and i ncubate

wi th 50- 200 gmﬁewﬁi‘ﬁ%w%m%ﬁ%&%ﬁﬁ#gﬂs& ﬁE fuorgieenty i nut es

on NI3 ce. ghe cgdal inﬁlg\léfﬁraQTAmaﬁfl Bur citoikeer @%nm'mﬂt%gbsﬂxﬁ@)b&hﬂ/caﬁlhes@. 01 %
, and anal yzed, for uorescent, _stainjng on.a i bur ¢ ter

(Bect on Di Bi mmﬂ%m&swwfﬁ“@e{bwﬂﬁ%m W?W’ﬁgfgeware. As

shown in Fi gugg)p schp aei 679 dembiidiied St dnB QpcHR: 1 16 five LNCa#\dells 8C12 and

16F9 denonstrated strong specific binding to |ive LNCaP cells expressing

: nding .
PSMA. | n cont e¥psessing BEMA. \Ja contrast negativesiaining was qbgeryed With 063 eslls 0g whep  \\hen
an isotype mabgReApd MhBheARAEVIHITRRLnAREbIAY Was HRA wihd NPt h 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.

II.  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 lysate 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 pul of packed Protein G-Sepharose beads per milliliter of lysate. The
supernatant fraction was used after centrifugation to remove the beads.

- A . -




Bi specific nolecule 14.1 x 8Cl2 was al so tested for the ability to bind to
PSMA- 20 expressing LNCaP cells (Figure 6) and CD89- expressi ng U937 cells
(Fi gure simlar assays. As shown in Figure 6

bi specific #quggul e binds both LNCaP and W37 cells in a Igo%ngto%gpendent
fashion. 1l. Binding specificity of human anti-PSMA anti bodi es 25 The

bi ndi ng specificity of anti-PSMA anti-gddi es 4A3, 7F12, 8Al 1, 8Cl2 and
16F9 was furt her studi ed by immunoprecipitation of protein |ysates from
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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, arid cooled on ice. The heat denatured PSMA and

25 anidentical a.ﬁquot 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



observed, indicating that these antibodies bind to protein epitopes present
within the 20 extracel lular donmain of the protein, a region spanning am no
acid residues 44-750. Antibody binding to native and heat d h gd PSVA
was tested VOOUBI® i ne the inportance of protein confirﬁﬁpﬁgﬁ @% bi ndi ng
specificity. An aliquot of imunoaffmty purified PSMA from LNCaP cells
(40 pg/mM in PBS) was heat denatured hgsboiling for 10 m nutes, and cool ed
on-ice. The heat denatured PSMA and 25 an identical aliquot of

non- denat ur edyfiifhs WRE &7Fd b 8418 I8 124 add 6FBaM Robolufid foldBtiviEurified Of a
96-wel I Maxi - Sor 5\'4%?6 (Nunc)’ and incggat (salgl&%verni ght aﬁc eAfter

coating, pl while heat denatmationiof PSViARApually ablishedantibodychindingaddesed i n PBS,
d bj ect : i 1 i bz i bodi es.
The mari ne. anplly RpER RN fvEplonh thERGaricl s BHERA 15 Bk AlEPSON OO 52

The marine an ) “ant fic for an epitope
conpri sed of antieodyibindings Candistent avith this weult, agibodiee4AB. 1781 Hi8Ad &, &H2tand prot ei n,

was used L3l : . i | ;heat denaturation
had no i npaicfmgﬁw%ﬁﬁfegtﬁ{}%g%@m@?g [ n\émac‘geﬁ@lngp%ﬁ%m&ﬂtsh its recognition
of a linear sequence epitope. In contrast to these results, human anti- PSVA
Wc) 01/09192 PG [LUJSO0 247.. -65 ant 'ﬁ D&éﬁ&l 4A3, 7F12, 8Al11, 8Cl2, and
16F9 all strongly fou € FESMA, whil e heat denaturation
of PSMA virtual | y Antibddydirsiihganimpltitidy stuidies wegg.coldueted usingflow tgtomenly cat e t hat
a native protei,n.confjirmation,is, requi,r for hu ant.i - PS nti bod

bi ndi ng. CondaraTend e pighidud Al gt kP Shbpo s b Y g
i 1ﬁg9dweg@ Eaﬁiaireﬁaikm; épitopkaton ®SMYY 12% éxpeﬂxgmﬁ_ttmabﬂhy of undabaley si s. . L.
nti body bindin etition studjes ndi onpetition studies
wer e conduct @&“%§%Bft‘ljb8éf%'ﬁtb§’ﬁgg@‘“&ﬁﬁ*@ﬁﬁéel?wm%ﬁ%er t he

i ndi vi dual hyrReespasells wikebdfeda Thi Bdehsis of FITOdabelngof LNUaPicaild wis deferrélingd i nCt
epi topes on PSMA. In these experinents, the ability of unlabel ed anti-PSVA

anti bodi es t PYHloYRBEi ng of FI TC-| abel ed anti-PSMVA antibodies to LNCaP

cells was tested. Alifots M PPokinatddf 1 Fhifibn L RO téB vRfe prdliredledRith 2000as
determ ned by flowlg%}tlorre ry. Alitquots of approxi matelﬁ 1t m.|]ion LNCaP
ARY

cel I s wer &S prie/mlpuifi MéAsaggibady orirreleyantihymand gGhantibodsiondBsht i body

or irrel evant Tﬁé‘% g,g,)é'. ' : cells were
extensively miggﬁ%%ﬂgﬁg:% urt eg? i nfﬁ'%'éét?ﬁ’mgﬁdé’bmg% E‘I’aﬁrégwclﬁ?)ugat ed
human ant i - PSigmERTChodipgsted himan ot Skidpatibodyrlos inEbmEexpetmentg BIEH nmur i ne
PSMA speci fi ¢, ant | DA incpeiia e 3ol L & Yo, 566 ada 4194 ForAholuf it ice.

After washing, the cells were stained with 10 pg/ml propidium iodide and analyzed by

73

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 IgG1. In contrast, pre-treatment with individual humnan 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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Exanpl q 5 Activity of human anti-PSMA antibodies 15 1. Inhibition of human
t unor cél | growt h using human anti-PSMA anti bodi es and bi specifics

Ant i - PSVA ant i Hodi ednhabitiorpefdymenan tingar celh growdinusingslnmeanfang-PSMAli ng t o PSMA, as
ﬁﬁgzs“ﬁ;red above, aﬁt%&d:té?aﬁfﬁigp%giﬁwr t he abj lity to inhibit the growth of

Anti-PSMA antibodies and bispecifics that show specific binding to PSMA, as
demonstrated 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. _
1. 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 monoclonal 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 *'Cr labeled PSMA
30 expressing tumor cells in the presence of bispecific molecule 14.1 x 8C12. After
approximately 4 hours, the culture supernatant from the wells was harvested and *'Cr

release measured on a gamma counter. The percent specific lysis was determined




20 cells expressing PSMA. Briefly, purified antibodies can be incubated
with the tunor cells under normal growth conditions, and cell density can
be neasured crystal violet staining. Il. Anti body dependent

cel | - nedi at é’&gg oxicity (ADCC) activity of human anti SR D odi es
and bi specifics 25 Bispecific nolecules 14.1 x &Cl2 (shown in Figure 3) and
14A8 x 8Cl1l2, as well as nonoclonal antilggdy 8C 12, were tested for
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as descri bed above![anoc%ae Iggﬂggd ADCC As shown in Figure 12A,
bi speci fic nol ecul iated cell killing 15 of tunor cells
expressi ng PSMA byAﬁ@ﬁthﬁgmza,d@ iSREBRRN4. I 2801 0Redifetfiéel iing Of 50

gg/m of 14,1 Fab' 2 et el ocked ADCC of the tupor _cells b I jig/m
of the bi é%e&fﬂ“?’ﬁ%&ggm’ ﬁ’ %"5( by mppocyles indass deperdent fashion. Additicny cel |

Killing was megibejigehi K td. UFibyadopliely biB&kea A DMEofhd RfloPells 8Y h fig/miorshown i n
Figure 128, b Iﬂ?eptﬁscﬂeilﬁc 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 pg/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
30 14A8x 8C12 also mediated dose dependent lysis by neutr-ophils of LNCaP tumor cells.
The addition of excess 14A8 F(ab)', completely inhibited ADCC of the tumor ceils by
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to H22 F(ab)'2 (humai zed anti-FcyRl), indicating that targeted cell

killing was nedi ated through CD89. I11. Hunman anti-PSMA anti bodi es and

bi speci fics negijat eHaihag @yPSMiASantibsliesbad bishédifitd nitidiatd pRABoSRIsisan@X Pr €SSi ng
eciTig nolecyle 14.1 x
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their ability to negéiet e phagocytosis of I abel ed - exp’r essi ng tunor
cell's (LNCAP ol o)l 0S¥ bl i AL V00T e HonSSSTS 142
. 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'; antibody

as a control.

Briefly, bispecific-mediated phagocytdsis 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 10ng/mli of M-CSF for 7-12 days.
LnCAP cells 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 mADb (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




20 (hurman anti-FcaR) Fab'2 antibody or excess 1122 (humani zed anti - FcyRl)
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These res%tsﬁag

ments 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 to ascertain using no more than

25 routine experimentation, many equivalents of the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following

claims.



support the conclusion that the fully human nonocl onal anti bodi es agai nst
PSMA and 20 fragnments and bi specific nol ecul es thereof of the present

inventio i gg useful for the diagnosis and treatne rel at ed
di sordergwwlgyﬂ?lv lents Those skilled in the art will 25; "2’24'\4‘%% be abl e
to ascertain using no nore than 25. routine experinentation, many

equi val ents of the specific enbodi rert#-of the invention descri bed herein.

Such equivalents are intended.-to be enconpassed by the followi ng «clains.-
WO 01109192 PCTGURHr 20¢ Milstein/Q (19751Chintiriudns cultdred/bf fubed dellsectedifly 5)

Cbntinuous ed. s, se anti body of predefined
specificity. tﬂﬁa @%«?gﬁ:&'%ﬁgﬁ%&ﬁaﬂm%{ b%%%’h anne. Hozum N., and Shul man
MJ. (1984) Pr oductl on of functional 5 chineric nouse/ human anti body.

Nat ur e 312 643 3;%0“13 Jqnes. r P.H , Fqote J Neuberger M S.,
and Wnter %G (9§ BIM %“M\Jrﬁlgﬁ)ﬁm@&l@?ﬂmﬂl%@nﬂegl ons in
a human sanichibedy mousdhuntan aftitidy Natie 332 64blgqgr € 321: 522-525. 10 4. J.D

Mar ks et al.(1991) By-passing Innunlzatlon Hunan anti bodies from V-gene
l'i braries displayed on phage. J. Bi ol . 222: 581-597. 5. N Lonberg, et

al . 1994. Anti gpm—msﬁmhum&eanm%emér&mm&& éﬁgs@gﬁprl sing four
d| stl nct gﬁ@&g‘lmtl: difications. Nature 8( 6474 856- 8 G Gafie, Howe

But c e eomplementaritydstermiging reslox(smgh)mmmtlbedu with those of@j or

h| stocorrpa}ﬂomé_mu“@gmg mgspr oduced by hybrid cell lines. Nature
266: 550-552. 20 7. Heston, WD. (1996) Urol oge-Ausgabe A. 35:400-407. 8.

Gregoram s, AK et al. (1998) Prostate-specific rrenbrane antigen: current

and futurg, util_yiﬁmarﬁem, 991'%%%&1%?&@ i i8nahdn c&% fom O Barren,
yl ng pros

RJ. 3rd et al . 99831 od ‘for S Ih senmen

usi ng f | owVcgene jbrarigs Wﬁ‘&l‘m Ji 8ol Bigl: 22 58M59bhy, G P. (1998) Current
eval uation of the tissue |ocalization and diagnostic wutility of prostate
speci fic menbrane_antigen. Cancer 83:2259-2269. 30 11. Silver, D A (1997)
Pr ost at e- speci f Ne Laghers, ghe. 19| Antigenspecificdivpnniantibodiesfiiom mice

15 comprising four distinct genetic modifications. Nature 368(6474): 856-859.

6. G.Gafie, Howe S.C., Butcher M.C. C. W., and Howard H.C. (1997) Antibodies
to major histocompatibility antigens produced by hybrid cell lines. Nature 266:550-552.

20 7. Heston, W.D. (1996) Urologe-Ausgabe A. 35:400-407.

8. Gregorakis, A.K. et al. (1998) Prostate-specific membrane antigen: current and
future utility. Seminars in Urologic Oncology 16:2-12.

25 9. Barren, R.J. 3rd et al. (1998) Method for identifying prostate cells in semen
using flow cytometry. Prostate 36:181-188.

10.  Murphy, G.P. (1998) Current evaluation of the tissue localization and diagnostic
utility of prostate specific membrane antigen. Cancer 83:2259-2269.
30 |

11.  Silver, D.A. (1997) Prostate-specific membrane antigen expression in normal
and malignant human tissues. Clinical Cancer Research 3:81-85.




and mal i gnant human tissues. Cinical Cancer Research 3:81-85. WD 01/09192
PCT/ US00/ 20247 -71 12. O Keefe, D.S. et al. (1998) Mppi ng, genom c
organi zati on and pronoter analysis of the hunman prostate: Lfic_menbrane
anti gen gen¥OWMhi m Biophys.  Acta. 1443:113- 127. peHiDstoznier
11112111211212112121211212121111 WO 01/09192 C L M s PCT/USOOn0247 -72- W
claim 1. An isolated human nonocl onal amt-i body, or an antigen bi ndi ng
portion thereof, that specifically binds to PSNMA, wherein the antibody or
antigen binding portion thereof 5 has one or nmore of the follow ng
characteristics: ,-a bindin ffinity, constant to PSMA of at |east about
107 M1; b) Y¥he Zﬁﬁ?fgﬁg'ﬁt g‘p@é’%)}%&ml%s@owmmh@ gdpromaeter ¢) the
abi ity to i nihaRiib oftheWiranGirostale-§PR6i0 rfdndbydn® hivtidest gfe. Bidehinh. Hloph§y€SSi ng PSMA
in the presence of human effector cells at a concentration of "about 10 g/ m
or less in MWeRildHI132127The i sol at ed human antibody of claim1, or an
antigen binding portion thereof, having an isotype selected fromthe group
consisting of Igd@, 1g&, 19gG3, 1g&4, IgM 1gA, 1gA2, IgAsec, I1gDh and
IgE. 15 3. The isolated human anti body of claim 1, or an antigen binding
portion thereof,: which is an Ig@ic. 4. The isolated human anti body of
claim1, or an antigen binding portion thereof, 20 wherein the cel
expressing PSMA is a tunor cell. 5. The isolated human anti body of claim4,
or an antigen binding portion thereof, wherein the cell expressing PSMA is
a prostate cell. 25 6. The isolated human anti body of claim1, or an
antigen binding portion thereof, produced by a hybridoma which includes a
B cell obtained froma transgeni c non-human ani mal having a genone
conprising a human heavy chain transgene and a human |ight chain transgene
fused to an immortalized cell. 30 7. The isolated human anti body of claim
1, or an antigen binding portion thereof,



produced by a hybridoma sel ecHed fromthe ﬁroup consi sting of 4A3, 7F 12,

8A11, 16F9 and 8C 12, dep03|t m", Immml I"f cessi on Nunbers This Sheet
t
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111111111 ﬁgﬁpL I|Lt PCTRISOO 20247 " 73- &, An i sol at%’ﬁs(%rran nonocl onal
anti body, or antigen-binding portion thereof, whi ch nedi ates cytol ysis of
cells expressing PSMA in the presence-®- human effector cells. 5 9. The .
i sol ated human anti body of claim@8, or an antigen binding portion thereof,
whi ch i s ca\¥ablaimof nediating cytolysis of cells expressing PSVA by human

effector cells at an 1C50 of 1 x 10-7 Mor less in vitro. 10. An isolated
human nonocl onal anti body, or antigen-binding portion thereof, 10 which

i nhi bits griowt hAoﬁsalatbdb.lmnnmlomy aRdddy, érlan ai[di@nib&mhngtpbdndiumfﬁnti body

of claim1l thereOJc ch is capabl e of

i nhi bi ting ‘gﬁcﬁﬁ%ﬁy '8? P«%??E@e‘@ﬂﬁ‘b% °5?Ptﬁg€$b‘W8ng P°5('°&§i°€°° M or
less in §i tha@onekﬁ'rﬂxﬁeoﬂthhﬁmbm{yﬁhaﬁmﬁc&l ng a B cell obt ained froma
transgeni ¢ non-h n an Ill. aV| n ri s 12 human heavy chai n
transgene and a Y’?ﬁﬁfhnﬁ g’r@ﬁﬂﬁ%ﬁe r@ Pialized cell,
wherein the hybfb)m;lﬂymﬁﬁzéaébﬁteeﬁkéﬂﬂ{g@m%}t of a human rmnocl onal

anti body that spge ally _hi.nds to PSMA, 20 13. The hybridoma_of claim 12,
wherein the hunﬁh‘i‘ﬁﬂhgyi ;) Hgibb‘hﬁf’?”ﬂ’dﬁﬁ" madiats sxtolysis of g P@Y epressiag PSMPAowi ng

char act er i sh ifepresedcedf Riuhal ek EdiRia c&,@g}ﬁ}a st about
107 M1, b) the ability to opsoni zeE% cel g%‘r’%@é’?ﬁg ﬁ%ﬁﬂ&aﬁeéﬁg c) the
abilityl@o Wi bit growth or to nediate cytol ysis of a cell expressing PSVA
in the presence of human effector cells at a concentration of about 10
pg/m or less in vitro. 14. The hybri doma of claim 13, which is 8Cl2,
deposi t ed Wt h Aheisolated human autihedy of claim 1, or an antigen bmdmg portion thereof,

having an isotype selected from the group consisting of IgG1, IgG2, IgG3, IgG4, IgM,
IgAl, IgA2, IgAsec, IgD, and IgE.

15
3. The isolated human antibody of claim 1, or an antigen binding portion thereof;,:
which is an IgGlx.

4. The isolated human antibody of claim 1, or an antigen binding portion thereof,
20 wherein the cell expressing PSMA is a tumor cell.

5. The isolated human antibody of claim 4, or an antigen binding portion thereof,
wherein the cell expressing PSMA is a prostate cell.

25 6. The isolated human antibody of claim 1, or an antigen binding portion thereof,
produced by a hybridoma which includes a B cell obtained from 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.

30 7. The isolated human antibody of claim 1, or an antigen binding portion thereof,
produced by a hybridoma selected from the group consisting of 4A3, 7F12, 8A11, 16F9
and 8C12, deposited with ATCC as Accession Numbers
[

heet Has Been Replaced

i



30 Nunber This Sheet . $ $eeri WO O/ 09192 t+—tH+t+++I11 11LILIT VIIL VI L
ey - PCT/USOO’20247CLMS-7A] . o @i C non- human ani mal whi ch
expresses a_hunan ponocl onal antlumﬁmln\mu =£gﬂ;ﬂfical ly hi QJ% %EJ;SNA,
wherein thewpr"é’rq%’a%ni c non-human &ni fal thas & g@genone con%#iil ?\ntéz human
heavy chain transgene and a human |ight chain transgene. 5 16. A nethod of
produci ng a human nonocl onal anti body tlygt specifically binds to PSMA,
conprising: immunizing a transgeni ¢ non- human ani mal having a genone
conprising a 8 humath ibeasd/hu@tad infonbelonss BIRIbOAY BF arfigbhlBRbink pétiibn &AL t ransgene
with PSMA or g .cell . exc%)?ssi r}g rSIVA, such _that ‘anti bodi es are_produced by
B.cel |'s of t usmediptes cyiplysisof Sellsexpressing BSMA, in the presenpeiefibuman gffectosi ng t he B
cells with mygjioma cells to frormimmortal, hybridoma cells that secrete
human nonocl onal anti bodi es specific for PSMA. 17. A bispecific nol ecule
conprising at |east one first binding specificity for PSMA 15 and a second
bi ndi ng specid i ci ek - The @Hﬁ% bG: lﬂﬁ Qf claim
17, vvhereiﬁ tgﬁe_ F??%glé‘gfﬁgr 1s algél‘%{nogﬁlaﬂggsﬁﬁhor hfﬁgﬁ%ﬁgﬁg}ﬂrecegtor. 20
19. The bi spewhi¢h is cansble efimediatingslytolysisvf cellstexprissingMEMA by humanfeffectecept or  at

a site whi cqegé%gh&%%witl;mm“&%sgwggl obulin binding site of the

receptor. 20. on conprising an isolated human nonocl onal
anti body or antigen- binding portion thereof of claiml, and a

phar maceuti cald y [] 25,21 A co lL.tion.copprising a
conbi nati on glto "t m%§%%®%y°§b§@%ﬂa@ﬂ&y’ aﬁﬂ%ﬁ%ﬁlﬁé‘%?‘”&ﬂ? ﬂt-s’bi ndi ng
porti ons 1hervidth iahibits gowth df cellsleapressing PAMA.ei N each of said antibodies or

anti gen-bi ndi ng portions thereof binds to a distinct epitope of PSVMA. eet H
T1i A7Jfl,r WO 01/09192 111111111121112111111 11IN PCTIUSUO, 7 -75- 22. A

met hod of i nHilbi t Theisglaedhimart antibedy df cRif 16,98 ki ntiBEMindif® partibs the@of,
which is capable of inhibiting growth of cells expressing PSMA at an IC50 of 1 x 10-7
M or less in vitro.

15
12. 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 detectable amount of a
human monoclonal antibody that specifically binds to PSMA.
20
13.  The hybridoma of claim 12, wherein the human monoclonal antibody has one or
more of the following characteristics:
a) a binding affinity constant to PSMA of at least about 107 M-1;
b) the ability to opsenize a cell expressing PSMA; or
25 c) the ability to inhibit growth or to mediate cytolysis of a cell expressing PSMA
in the presence of human effector cells at a concentration of about 10 ug/ml or less in
vitro.

14.  The hybridoma of claim 13, which is 8C12, deposited with ATCC as Accession
30 Number___
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contacting a cell expressing—PSMA—w-th—an-isolated human nonocl onal

anti body, or an antigen bi ndlmlrm!'%lmﬁmmi&of that specifically binds
ressing PSMA.J.S..J.0hi bited. 5
ySI's @ * EXPressi ngwnd rising

t o PSMA, at the growth

23. A netvi(g‘gl%aiggi nduci ng cyto

contacting a cell expressing PSMA with an isol ated human nonocl onal

anti body, or an antigen binding port?7en thereof, that specifically binds
to PSMA, in the presence of an effector cell,. such that cytolysis of the-
cel | expreksi ng\ waispenicnon-immah@nitral whichikpreskeod hir@nhonvgloas! aptikoagnt i ng a

di sease characteri zed. L a expression of PSMA, .conpri sing

admi ni ster‘ﬁﬁtépf%é?ﬁggﬁﬁg%PWV%ﬁrﬂ?gﬁwc%‘ﬁmwa‘gﬁ’ﬁ?body, or an
anti gen bi gelbmg cqnprising s hunehdeivy dhbiaitrafispenié¢ dridetuman lighhain@randgehd i n an
anount effective to treat or prevent the PSMA-nedi at ed di sease. 15 25. The
met hod of claim 24, wherein the human nmonocl onal antibody is conjugated to
a bi ndi 89 Epeci/ ineitiol of prodiitirgta NiRhdhoclondl antfibdly MRt Sreifibilydifdstd 24,
wherei n the human nppocl onal anti body is conjugated 20 to a cytotoxin. 27.
The net hodPIMAFOMBASBE: wherein the disease is a cancer. 28. The method of
clai m 27, wher ginfhhiyeh enichoR hamhA hfima P eﬁénéfmrﬁpémgt Has Been

P CPIack | 11110 e S as [k $ PCTNSDORO2AT =7 % 50, A met hod
for det ectumpntheavyshaindiaesgens andammen lightohaingransgenewith BiMAcargiosl]  PSMA, i n
a sanpl & Coupilin POVAC AR Ak bfitholiBCars BB d_bggﬁic&nsspﬂémnaﬁaﬁp' e, wtha
human monoctonal” antibody, or an antigen bifnding portion thereof which
speci fillal | y biisplating® qelispf thearimal; endondi ti ons that allow for formation of

a conpl ex bet 4 (hE Baﬁ'%flé B YayRloma il 18 orhd YilnfsHal, ngRshoma ens @R det ecting

the formation of a conpl ex,
secrete human monoclonal antibodies specific for PSMA.

17. A bispecific molecule comprising at least one first binding specificity for PSMA
15 and a second binding specificity an Fc receptor.

18.  The bispecific molecule of claim 17, wherein the Fc receptor is 2 human FeyRI
or a human Fca receptor.

20 19. The bispecific molecule of claim 17, which binds to the Fc receptor at a site
which is distinct from the immunoglobulin binding site of the receptor.

20. A composition comprising an isolated human monoclonal antibody or antigen-
binding portion thereof of claim 1, and a pharmaceutically acceptable carrier.

25
21. A composition comprising a combination of two or more isolated human
antibodies or antigen-binding portions thereof according to claim 1, wherein each of said
antibodies or antigen-binding portions thereof binds to a distinct epitope of PSMA.

\
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wherein a difference conpl ex formatiom between the sanpl e conpared to the
control sanple is indicative the I i iieiMEw i N the sanple. 10 30. An
expression vector conprising a nuy ﬂ!’]“ﬂﬂﬂ@ R encodi ,abl e and
constant r eYPIHID?2 t he heavy and Iixght chaifs sof *a human %‘1\‘%

anti body, or an antigen binding portion thereof, that specifically binds
to PSVA, wherein the antibody or antiges-binding portion thereof has one
or nore of the followi ng characteristics: 15 a) a binding affinity constant
to PSMA of at2ol eagt mahed'sf idifitidg growthof alcBIE exdipésking PSMA, oGthgidinge a cel |
expressing PSMA, or c)_the ability to inhibit growh or to r_reﬂi ate

cytol ysis of can%msa&BP@%@Sﬁlﬁngymmﬂfﬁu@mt%hwoemm BiHERt Or
cell's at a CoRGRMUIRiAg I brivtn (BRUL! th QpcbifitallP hiniEH PSMA, sidhtha theZRovith.of AN
expression vector of claim 30, wherein the antibody or an antigen binding
portion t her cb¢ celljexprsssing RSMA pyinhibitedhy br i doma 8C 12 deposited with ATCC as
Accession gNunmber 25 32. The isol ated human antibody of claim1, wherein
the antibody or an antigen binding portion thereof binds to a protein

epi t ope wi t hi®- t hé mgthedefdnduging cytabysis ofia extl expressieINMArsomprising  Thi s Sheet

Has Been Repl 366Ginga defl bidrskih PMA with Midiarkd frurfide monocional antibody, or an

antigen binding portion thereof, that specifically binds to PSMA, in the presence of an

effector cell, such that cytolysis of the cell expressing PSMA occurs.

10
24. A method of treating or preventing a disease characterized by aberrant
expression of PSMA, comprising administering to a subject an isolated human
monoclonal antibody, or an antigen binding portion thereof, that specifically binds to
PSMA in an amount effective to treat or prevent the PSMA-mediated disease.

15
25.  The method of claim 24, wherein the human monoclonal antibody is conjugated
to a binding specificity for a Fc receptor.

26.  The method of claim 24, wherein the human monoclonal antibody is conjugated
20 to acytotoxin.

27.  The method of claim 24, wherein the disease is a cancer,

28.  The method of claim 27, wherein the cancer is prostate cancer.
25
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29. A method for detecting the presence of PSMA antigen, or a cell expressing
PSMA, in a sample comprising:

contacting the sample, and a control sample, with a human monoclonal antibody,
or an antigen binding portion thereof which specifically binds to PSMA, under
conditions that allow for formation of a complex between the antibody or portion thereof
and PSMA; and

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.

30.  An expression vector comprising a nucleotide sequence encoding a variable and
constant region of the heavy and light chains of a human monoclonal antibody, or an
antigen binding portion thereof, that specifically binds to PSMA, wherein the antibody
or antigen binding portion thereof has one or more of the following characteristics:

a) a binding affinity constant to PSMA of at least about 107 M-1;

b) the ability to opsonize a cell expressing PSMA; or

c) the ability to inhibit grdwth or to mediate cytolysis of a cell expressing PSMA
in the presence of human effector cells at a concentration of about 10 pug/ml or less in

vitro.

31.  Anexpression vector of claim 30, wherein the antibody or an antigen binding
portion thereof, is produced by the hybridoma 8C12 deposited with ATCC as Accession

Number

32.  Theisolated human antibody of claim 1, wherein the antibody -or an antigen

binding portion thereof binds to a protein epitope within the extracellular domain of the

PSMA molecule.
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