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| NTERLEUKI N 15 (1L-15) Background of the Invention Interleukin-15 (IL-15)
is a pro-inflammatory cytokine, a glycoprotein of 5 14-15 kD. Eorf¢8il006ti ve
expressi on has been reported in various cells and tissues including
nmonocyt es wdosmaeyephages, fibroblasts, keratinocytes and gerpdideib@Essel | s
(Wal dmann  and Tagaya, 1999; Fehniger and Caligiuri, 2001). The expression
is wupregul ated under inflanmatory conditfons, as reported for nonocyte
stimulated with [IFNy and LPS or by infection with viruses, bacteria or
prot ozoans (Ki r tdUVMANANTIBODIES SPRAIITREFORINIMERIBUKINIA @hel® and
Tagaya, 1999; Fehniger and Caligiuri, 2001). Furthernore, in chronic

i nfl ammat ory di seases such as rheumatoid arthritis, locally produced IL-15

is likely t®a bihd of tHellav&mionon by the recruitment and activation of
synovi al T-ce” This TL-15-1nduced. effect has been suggested to playa
pivotal role in disebdalegkintgddmds)is a(PI’@'rlfPﬂﬂﬁmé%toaitcyt(_’é@% glreen Wé@ﬂ@f at
1996; Mcin a

4 n]gﬂébfch tCOllg'l%%?lVC %Elloﬂ'ﬂ ssbé%ﬂq cﬁf c dgtﬁ

Caligiurt, Invitro s ave s ovvn shar es several
bi ol ogi cal iacludingtmemocytet tutd inher@phagae ﬁbmlﬂimr kekanmmrpﬁsmnd demjridicereils. The

| L-15 receptor, .present,.on T- I consi nique a-chain, |L-15Ra,
but shares M@d%?n%ﬁ%ﬁirﬁa%@ @ﬁéﬂ%}’lﬂ%ﬁﬁf‘ %%9§ XPESHeR_Fuence, both
recept ors UgRedlfted ander IxdmalAdryTodliabad) ds eép%ﬁsmo% m&ﬁcﬁ@é’\ﬁi’rﬁﬁlate@%ﬁl@ld on
conpl ex regul ati on and dlfferentl al expression of IL-2 and IL-15 and their

receptors, IFN-1 andLP8iof by indention with itwees, hastenaorf prowzoans §Kiveae ebekarl%&por t ed

(Kirman 1998 nd Tagaya, 1 dmann ef. a It is
s 1 Wpor ke o gl el SRE N AR RR dkaver DER: Febmi et 208 CRlief 20 ki 11 o0
(NK) Cell IMfthEr6i6te, in dichié Hflad@iitdrh alseddes kiydRMRQRMIngat6ia werthAREBsYallysur vi val ,
expansi on and _function iﬂlﬁennedy 25 et al., 2000; Liu et al., 2000 I\/blnnes

and cowor keaMedyagd | thridds ikelyto amplify infigmmaien binde reawiman gng actiglen pd t he
i nduction OJt}mEY@JEr R HPGE 1275 Hdu géd égkec%ﬁaéﬁéeﬁuhggp'se&t ;Sla;f fﬁ,gJ ésilgﬁﬁ ved

from rheunma arthritis patient er nor e eri phera cells
acti vat ed bdiseab¢ pathéganesie (Kinpamertad , i 98, dMclsnegrer 1. ClO96; NIkanas gradd 1897; on by

Tt P i o B SRR, R o Pecause of Lt
cytoki ne decreases di 59356 stabies Hivie)shd BRI 95 sBires £96M)] biological activities
with IL-2, due to shared receptor components. The IL-15 receptor present on T _cells
consists of an unique a-chain, IL-15Ra, but shares the f-chain and the y-chain with IL-
2R. As a consequence, both receptors use the same Jak/STAT-signaling elements.
20 However, based on complex regulation and differential expression of IL-2 and IL-15
and their receptors, critical differences in the in vivo functions have been reported
(Kirman et al., 1998; Waldmann and Tagaya, 1999; Waldmann et al., 2001). It is also
important to note the non-redundant role for IL-15 in natural killer (NK) cell, NK-T cell
and intraepithelial lymphocyte development, survival, expansion and function (Kennedy
25 etal., 2000; Liu et al.,2000).

Mclnnes and coworkers (McInnes et al., 1997, McInnes and Liew, 1998)
reported the induction of TNF-a production after I.-15 stimulation in T-cells derived
from rheumatoid arthritis patients. Furthermore, peripheral blood T cells activated by
I-15 were shown to induce significant TNF-a, production by macrophages via a cell-

30 contact-dependent mechanism. Because of the destructive role of TNF-a in rheumatoid
arthritis, inhibition of this cytokine decreases disease activity (Bathon et al., 2000;
Klippel, 2000; Lovell et al., 2000; Maini and Taylor, 2000).



Kl'i ppel, 2000; Lovell et at, 2000; Maini and Taylor, 2000). 01 FEB - 2006 WO
03/ 017935 PCT/ US02/ 26769 -2 Summary of the Invention The present invention
is based on the generation and isolation, for the first tineg, o@ﬁpgglmﬁ
human nonocl onal anti bodi es: whi ch speC|f|caIIy bind to human IL-15 5 and
whi ch i nhivbd v3/011e3spr oi nfl ammt ory effects induced by |L-15PGsuUseeRércas t he
characterization of such novel anti bodi e§_and the denonstration of their
therapeutic value in treating a variety of IL-15 nedi ated di seases. For
exanpl e, as described herein, the human anti bodi es have been shown to
inhibit both TNFa production and T cell proliferation, both of which are
integrally som@aebfithe InVehfigaat ory di sorders. 10 Accordingly, the human
anti bodi es of the present 1 nvention provide an inproved neans for treating
and preventing such difBoP@sss II{VS%P%)‘PWE‘W@rthff ger@satmapéﬂ@bﬁtleps@r ther ) |

attri but abl a ecies '
speci fici ty?ugt Hm%f {S%ﬂlghh}sﬁtﬁ{r} uEnc?%{ Eélg#ﬁ uﬁ%ﬂl% céel%%/f?ta l;ygngttgﬁﬁn%p ﬁf §$ha't

t hey aresf ub.lhwwhmhmﬂ)ibinﬂieimgnﬂmhmjtmyleﬁmtﬁ iriaodd tyy ITes5, aswdlinsgieni ¢ and nore

t her apeutic effecti nd ysef ul 15 adm ni stere human patients '
t han ot her Faf%% CTZHIPHE ‘@SHBY%\?P%‘E@I‘%? ag@ﬁléf‘r%qwstreuﬁw tg%ﬁ?’ie eulifd

humani zed apfudaP&tihg a VABeth0E FENE n&é&‘i’a@é&!‘-dl%séss f@r%?mﬂﬁéeﬂ d@él:n’fbl%@h&leﬁlCOVer y
of new t herapeutic applications, including treatnment of inflamrmatory

di seases, sthethugsmn anhmlmvclbeﬁntsmwmt@mhﬂsbbothgﬂ\&?a pmémlphand Treg)lect i ons
and cancers h|b|t|n [ such as th n anti bodi es
descri bed h@?oi‘?‘ﬁatl% él‘f*%“d’%ﬂﬁ?ﬁ&ﬁ%%gﬁﬁi? a?’ﬁﬁltqrxgbg ‘f?fn i ncl ude a
vari ety 10f artdrbR@yy, the%&ﬂ/aﬂ%ﬁtlb&ﬂé‘sl'bfétﬁe preéent ivefiton d;blgﬁae ahg@mvécgﬁ{leadsgAl

| gA2, 1 gAsec, IgD, and IgE. ally, they inclu (e.g0., lgd k),

| gG3 and | ghritesatingend Pf?‘i‘?éltla&’@‘iﬂgdbﬁoé@ef%émd apg othgr Eﬂléﬁgaﬂratf(dehg)rderbn |gG or

| g& anti bo I a Fab,
Fat o, o it HbE iBuAtlomRn soR) (AP0 it LA, o, 2

det er m ni ngaffmify pstruc@bi)fumntional aotiiynatdi the faot thvat/\mcpla:erfurlyehumaﬂ amzémthDRs) In
one enbodi ngnt, .the h n anti bodi es are reconbi na ti.bodi es.

particul ar ng}?ﬂb%i %r}ﬁ??é IRRe At G ﬂéer@?f'élé‘ﬁ %&CH&W ‘fsﬁﬁ‘% Wé‘ﬁ’i‘/y
chain ang b&&ﬁﬁﬁkt&e@ﬂﬂldmar;sausﬂ@mnwnqsaﬁhy@dlwlbﬁdl %e oS eketd de

-

sequences in their variable regions as set forth in SEQ 1 anof SEQ I D
NO 3, respeBuyipgpyd h'atﬁemw@éb Pﬁ)v3h89r€§@ljwé‘f¢@§0mmﬁk’rq 12?&?4 ohibedisepvasy . | n
anot her e”bBF'héWE}% apeli i{% HH&’M h%&kﬂégﬁéflnhﬁzﬁnﬁ?o?—ygls%@é Rud W kappa
i ght chain varlaré)rel rlse e am no

rheumatoid arthntls psorla51s transplant rejections and cancers, for IL-15 inhibiting
antibodies such as the human antibodies described herein.

20 Isolated human antibodies of the invention include a variety of antibody
isotypes, such as IgG1, 1gG2, IgG3, 1gG4, IgM, IgAl, IgA2, IgAsec, IgD, and IgE.
Typically, they include IgG1 (e.g., IgG1Kk), IgG3 and IgM isotypes. The antibodies can
be full—lengthl (e.g., an IgG1 or IgG3 antibody) or can include only an antigen-binding
portion (e.g., a Fab, F(ab'),, Fv, a single chain Fv fragment, an isolated complementarity

25 determining region (CDR) or a combination of two or more isolated CDRs).

In one embodiment, the human antibodies are recombinant antibodies. In
a particular embodiment, the human antibody is encoded by human IgG heavy chain and
human kappa light chain nucleic acids comprising nucleotide sequences in their variable
regions as set forth in SEQ ID NO:1 and SEQ ID NO:3, respectively, and conservative - |

30 sequence modifications thereof. In another embodiment, the human antibody includes ' |
IgG heavy chain and kappa light chain variable regions which comprise the amino acid
sequences shown in SEQ ID NO:2 and SEQ ID NO:4, respectively, and conservative

sequence modifications thereof.



sequences shown-in SEQ I'D NO 2 and SEQ ID NO 4, respectively, and
conservative sequence nodifications thereof. | 01 F E B 2006 WD 03/017935
PCT/ USQ2/ 26769 -3 Human antibodies of the invention can be produgedgp 7006

reconbinantly in a host cell, such as a transfectona (e.g., a transfectona
consi sti ngwsfosrmrestal i zed CHO cells or |ynphocytic cell spceaRbBishdong
nucl ei ¢ acids encoding the heavy and |light chains of the antibody, or be

obtained directly froma hybri donma whi ch ‘expresses the antibody 5 (e.qg.,
whi ch includes a B cell obtajned froma transgeni c non-human_ animl., e.g.,
transgeni ¢ nouse, haviFAnanibadise otBeEveRtioncal hepredposd srombHantly rdansgene
and a hu Lgh ' t ; ag%g 0 an
imortalize S!céee T%‘%Cﬁ:aﬁwrgh gbig?tgfﬂg[g?grggh%%%ﬁ&ngﬁf&ﬁ% rt]@thE“ Oﬁ?lfeiséﬁgfrf{eé pr oduced
by a hybri deitsorlghphoadictcellfjeoriamingmucleié 81doenchying tholsdavy ahd light chains a CHO
cell) transfectonma containjn man. heavy .10 .chai n.and human |ight g¢hain
nucl ei ¢ aci(bfg}.‘%ﬁ?@ﬂ‘&é’ﬁg‘? P@‘éﬁﬁaﬁrfsgm %‘ém%‘(Xg'éﬁ%%Wih}th%B{eres\%ﬁ'%&B?‘@ regi ons
as set fort@ o WhREQntlRd&NEB ckll 3B@indd [ofSPREsEYEL Yion-Rilfhaf QRMAN L3S | /e

modi fications thereof. In particular enbodinents, the antlbodles are
produced bytrankgenic rHowRgshaval e sepmeronprising adumeadeavy dpgHgansgenerad aand

404A8. In f - Qdli t | Y. ifi. |y bi tg an

epi tope 1 oduP 135! &in FAREEETERY ol Pldbadel B RiElah ottty B 7 | |
anot her enhoghirtieibdr enibodinantthe antibolies mepreducet by phebRdéma refa@rddi to herein

speci ficall i to human -15 inhibit the abiljty of IL-15 to induce
proi nf amﬂ%&?‘?lﬁgf’ﬂ&? ?Stéf"ék‘f'g’r ﬁ% ?elﬁﬁéniﬁaﬁﬂlﬁéf’?’btﬁm&iéhmfﬁ& % or inhibit
the prodif@hmldn@Rufan lighCdHah n2UGHadE WRMrcOhphstidickofid &lghéhceRAReid L- 15
binding to the IL 20 15 receptor. Typically, t he human antibodies bind to

| L-15 with vargbls semonstas oot foefgmm BEQr &dnandah respeativelys, apdeansernative

approxi matel y,.10-.7 h . . | At el 0-8 -9 Mor

10. 10 M or ‘J’éé‘le‘}rﬁgﬁt%’ﬁ%he\fﬁ%gnhg’g%&é‘?‘% neé‘g’%glﬁn%‘gsr? ?lge)c%e“%% ied ‘r’%er?r?dé‘fél\,%dn ce (SPR)

t echnol ogy hybridomBhsA€tfed 30 Glreimst I46BR46HS], HOUE4S, end At ARinin dprefierred L- 15 as

the anal yte and, the antibhody as . the ligand. Ina particular 25 enbodi nent,
the anti boo‘i’nt[ﬂdﬁﬁ@t’ttge ARttRadY speciicatly bnds tojp epitars decstedemthe Prand/fhy- const ant

(KD) of 1§1pp511%1iiﬁg;a%{iﬁg ﬁorﬁa?ﬁ q]fQﬂ-%SM I n anot her aspect, the invention
no

provi des nucleic aci ecul es encodi ng
In another embodiment, the human antibodies of the present invention

specifically bind to human IL-15 and inhibit the ability of IL-15 to induce

a

proinflammatory effects, e.g., inhibit the production of TNFa and/or inhibit the
proliferation of T cells, such as PBMC or CTLL-2 T cells, upon I.-15 binding to the IL-

20 15 receptor. Typically, the human antibodies bind to IL-15 with a dissociation
equilibrium constant (Kp) of less than approximately 107 M, such as less than
approximately 10% M, 10° M or 10" M or even lower when determined by surface
plasmon resonance (SPR) technology in a BIACORE 3000 instrument using
recombinant human IL-15 as the analyte and the antibody as the ligand. In a particular

25 embodiment, the antibody binds to human IL-15 with a dissociation equilibrium
constant (Kp) of approximately 6.5 x 10° M.

In another aspect, the invention provides nucleic acid molecules encoding
the antibodies, or antigen-binding portions, of the invention. Accordingly, recombinant
expression vectors which include the antibody-encoding nucleic acids of the invention,

30 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.



t he anti bodi es, or antigen-binding portions, of the invention. Accordingly,
reconbi nant expression vectors which include the anti body-encodi ng nucl eic
acids of the invention, 30 and host cells transfected with such (viepitpigs are
al so enconpassed by the invention, as are nethods of naking the antibodies
of the i nVRBAWIBY cul turing these host cells. 01 F E B 2BPOEUSDR/WB9017935
PCT/ US02/ 26769 -4 The invention also rglates to an expression vector
conprising a nucleotide sequence encodi ng heavy and |ight variabl e regions
whi ch conprise the ' i s _sh in . nd SEQ I D

NG 4, respectively, g%ﬂtfqg‘é%nlggﬁgégglg\%gﬁ’oﬁ ?x?){:eaflpgxggﬁée%e%%ggs%ch expression
vect or s ar enuwstdotidk s@venderent ddinglidavy andEK gigplacisblb eggioris winch vodprise thet r o
transcription/transl ati on vector sin for, exanple reticulocyte |ysates.
In yet anot#EHOgelSequensarehpyy anSFGIDING ST B N4, 1ssetivelyrandm a
transgeni ¢ Qs DR ons Frcfbor. Such ABRAGHH Cedfyafe whit il REFmE aRAD! € of
expressing various 1sotypes (e.qg., 1gG "IgA and/or 1gM of human nonocl onal
ant i bodi &s ExwempléOhaed mdudeah virrdiirangctipgiohltrahSlatié edctorabbing, fonexdngdé,at ed B .
cells are ob%.ai ne Ié,r oma transgenic non-human aninmal, e.g., a transgenic -
mouse, whi CFORHECHRET S muni zed with a purified or enriched preparation of
IL-15 antigen and/ or Is&kl smothdpa§esi, i ihtenlion prdvidk @scdktby B-ddNie flohpnsgeni ¢
non- human aninal, e.g., a transgenic nouse, ﬁas a genone conprising a human
heavy chai riransgerigBerehynn animakes- 14 tipmsecalranebser Whish arrecapble of SXpresing: ed
B-cells ar -d itZedr A0 i , f.doma) of
human m)ng‘(’: oﬁgféc’%tg%%?di%g’ %gI)A ?’Eﬂ‘%\sl[hgﬁé’?%‘ﬁ‘gﬁgﬂ%?g’af’ éaﬁﬁgémé%th?tnventi on

al so pr vQi deecifichNybind 6l - t5 pRdefeeabdy, theisokitediBicelBwnmobtainad floan@l ant i bodi es

that specifjcally bind to IL-15. In one enbodinment, .the hybrido i.ncl udes
2B el | obtRREH PGS TSk & - CHOFTIRRIFp U R R oo 2ot s gan
nouse, havi gurdfidieit @B cHed PRépatdtiofl of INUF BNt SEpawM/of BalldexphdssigIeENS. and a human
|l ight chain transgene fused to an inmortalized cell. The transgenic

non- human aPhefatbldhe wenseomici e Bemap aHmal, g@iaf raeBic mepse; hasa BeNFEr at i on

of IL-15 an 5’%’% ' liL- "%émt ERER
ant i body- pr{')d cin %%ﬁ%%@gﬁgg%ﬁ%%é%gﬂlahhy ri c}%l?gs pr%ﬁsifgge'bflh% he
i nvent i df iisclateddB-tABBY thiv Bhinortalied AQpiedidearsdurt® 4éA8., ahybsidemaredthhman aspect ,

the invention provides g. trapsgeni c non-human animal, such as a transgenic
nouse, Whi c’ﬁc”é‘g‘ﬂ?‘?l?gﬁ’oﬁﬁ%‘ﬁﬁﬁgﬁocl onal antibodies that

Accordingly, the present invention also provides a hybridoma capable of

producing human monoclonal antibodies that specifically bind to IL-15. In one
embodiment, the hybridoma includes a B cell obtained from a transgenic non-human
20 animal, e.g., a transgenic mouse, having a genome comprising a human heavy chain
transgene and a human light chain transgene fused to an immortalized cell. The
transgenic non-human animal can be immunized with a purified or enriched preparation
of IL-15 antigen and/or cells expressing IL-15 to generate antibody-producing
hybridomas. Particular hybridomas provided by the invention include 146B7, 146HS,
25 404E4, and 404A8.
In yet another aspect, the invention provides a transgenic non-human
animal, such as a transgenic mouse, which expresses human monoclonal antibodies that
specifically bind to IL-15. In a particular embodiment, the transgenic non-human
animal is a transgenic mouse having a genome comprising a human heavy chain .
30 transgene and a human light chain transgene. The transgenic non-human animal can be
immunized with a purified or enriched preparation of IL-15 antigen and/or cells
expressing IL-15. Preferably, the transgenic non-human animal, e.g., the transgenic

mouse, is capable of producing muitiple isotypes of human monoclonal antibodies to IL-



~specifically bind to Il;,=15. In a particular enbodi nent, the transgenic
non- human aninmal is a transgeni c nouse having a genone conprising a human
heavy chain 30 transgene and a human |ight chain transgene. The ﬂgéﬁﬁd&ﬁic
non- human ani mal _can be inmmunized with a purified or enriched preparation
of 1L-15 aMeYEH™8Ad/ or cells expressing |L-15. Preferabl PCTU$8224esgeni ¢
non- human animal, e.g., the transgenic _gouse, is capable of producing

mul tiple isotypes of human nonocl onal antibodies to IL O 1 F E B 2006 WO

VD3 recon i1 66 kg @RI DA alerechiey-D IR hRlioh BN skl 0 ey,

e.g., cl assswiadhiny. Inotypebwschingahay s@uypp e.gWlhsivahgr nonrelaschhestypspect , t he
present invention provides nethods for producing 5 human nonocl onal
anti bodi es W P& pecifically react with IL-15. In one enbodi nent, the

met hod i ncl udes i MUNkZiHAcheR adpb@NHE PRsent 18 Pertd iR oBMs Fdthod 18 produdiiginsgeni ¢
nouse, having a genone conpriSing a human heavy chai n transgene and a human

| i ght chai humammeyesienal ititedies pilnabfspecifioallerer¢tonidllpt B plaraneicorbodfment.- 15
antigen andfar cells xpressi.ng IL-15 B cells (e g. . splenic B.cells) of
t he ani nal (QF & et%hoednmgltl)l? gsfllrrll e azﬁlgg h%lés&e% n\c/énnf%umr?ygie rlfdelt’ ec'gt ?gr aﬁstge?%r m
imortal, hybtuselhiing &lgbori\@impBRtizal mnfitsavohdia kaisgkne &idd afaelihagal nst
I L-15. I n another aspect, the present invention features. a hupan anti-IL-15
ant i body cofhaiRERIsE% VAt RyIAEe ot saiched Breparagio of g3 gatigep,apd/ogeelly, an
enzymat i cal dbredinliTy €1 5t B¥efls (&Y., sﬁlefrﬂca@%@ﬁ% Jr A Sthal fe fheflbBlafRIARE fsLd @
smal | nol ecul’'e anfi - cancer drdg. 15 In another aspect, the present Invention
pr ovi ded0cowpbgiyelanscells.tg form ipizoriah debitidemb celtsdthati sagrateduiman ewmpolkontli ons,
conprising_d%lt h %ngceu&i gkly acceptable carrier and at | east one human
nmonocl onal anti oayg%? tHe”i nvention which specifically binds to IL-15. The
conposi tion can furt hifanotier bgectpthb peesthtdhagitishifeat@genhemars tthlags ot her
i mrunosuppressi ve agent or chenot herapeutic agents. 20 In yet another
aspect, t hea‘i‘tmé}ﬁf?’gHgﬁ?‘gﬁP@ Btfésra?Fé‘flﬁé‘EféetVo?-gj’ AV gugHE enﬁmﬁwaﬁémmt ory
effects of divlRoxifUWith BgridAMinbicbs BQadi&ts&f%prQ!&%%&LllM@c@é AfHEid BN gru@nd/ or T
cell proliferation, preferably without inhibiting the activity (e.g., TNFa
product 1dn and/ or T chbianoheohipkets the praspnidhvention praviddsicompesitionsie.g.,
iplr’l\?faﬁlt IH?){’I Cyﬁl?a‘%ﬁlgge%tl(:gl' agld’die{gll‘lés%i)c cgrsnlpggtigrgls? cgrrnprrlr%g arﬁﬂanr%%cgﬂliclall?}p géc%Staﬂ]:e the
carrier and at least one human monoclonal antibody of the invention which specifically

binds to IL-15. The composition can further include other therapeutic agents, such as
other immunosuppressive agents, or chemotherapeutic agents.

20 In yet another aspect, the invention provides methods for inhibiting the
proinflammatory effects of IL-15, such as inhibiting IL-15 induced TNFa production
and/or T cell proliferation, preferably without inhibiting the activity (e.g., TNFa
production and/or T cell proliferation) of structurally related proteins/cytokines
(e.g., IL-2) using one or more human antibodies of the invention.

25 Human antibodies of the present invention can be used to treat and/or
prevent a variety of IL-15 mediated diseases by administering the antibodies to patients
suffering from such diseases.

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,

30 inflammatory disorders, such as arthritis (e.g., psoriatic arthritis and rheumatoid arthritis
including active rheumatoid arthritis and juvenile rheumatoid arthri‘tis), inflammatory
bowel disease. For example, the antibodies have been shown to reduce parakeratosis,

reduce epidermal thickness and reduce proliferation of keratinocytes in psoriasis. The



~ 25 Human anti bodi es-of the present invention can be used to treat and/or
prevent a variety of IL-15 nedi ated di seases by adm nistering the anti bodies
to patients suffering fromsuch diseases. Exenplary di seases t hat Oclal
treated (e.g., aneliorated) or prevented wusing the nethods and conpositions
of the i nVERBBH¥hcl ude, but are not limted to, 30 infl aPGEUsipeewpsor ders,
such as arthritis (e.g., psoriatic arthgitis and rheumatoid arthritis

i ncluding active rheumatoid arthritis and juvenile rheumatoid arthritis),

i nfl ammat ory,., bowe i sease. . For ex | e~ the antibodi es hayve been shown to
Feduce par BREpaARS S Mt EREG woh SEANE SaainRl ehdRep e SHERPaRRPEr ot | on
of kerati naefasl lbukdeses irdsived il ARuhhtorEBHRH0 THO 08b6idSabo fabelstd26769
-6 antibodi es al so haye been shown to reduce inflammation and/ or_ prevent

chenot axi s tiept infeliqupdliTsasescineb ay HAY misctismy duriharmore, e eplibpdigschr bevsed The
ant i bodi estcgtn?sﬁ’ 1@@réj§ﬁf$n¥ Lttt thEhs dd‘?ééscag'bé%é‘&ﬁ%,treﬁ%baﬂ%gyp v

i nfection. Further e anti bodi es can be use to treat tran ant
rej ecti on. dBeades idvohitell,-15 nedatdineodised ardzatiobesugh @d tunsort grewth amdvari ety of 5
di seases invol vi ng #_L-@?uﬁ*(rediat ed neovascul ari zation, such as tumor growth - '
and cancefl&"°E; §& T CEel*PEtaeni a. The human antibodi es of the present

invention nmay al so bgnhepmRhM8ktibotids Bf BRPrQEnt MY EntRAGhy A8Rbe ddgHiARIEU i C
agents, such as anti-inflammuatory agents, DMARDs (di Sease-nodifying

ant i - r heunsitithcond on gre additienad theppenissispatsatpehs anti-gnflgwenetonagapieut i cs, and
psori asis GARSys (i e e I en e itigpally treated
with one of  Tore (Q‘S%a%? ?%gﬁgfn%eﬁgﬁg%rﬁ{lﬁe&#g% %‘#ﬁlﬁ%%ugﬁe%ﬂ‘% "%F%P’nf | ammat ory
ef fect 10f themethérapadicgand peorinsis agantant i -i nfl ammat ory agent, such as a
steroidal drug or a NSAID (nhopsteroidal. anti- inflammtory dryg). Preferred
agents include, for g&%‘??p?r&_,mdg@ﬁ?tr%ﬁs'iﬂﬁ"tﬁﬁ%g? a%‘IiPP— It d“ﬂﬁ‘%ﬂ‘i T2

i nhi bi t or s ;b edenBSthaQNRSRE tRe nMivRRon ofAREpo Sl REMIABr( PRICEBF B dntibdaRb Ds such
as ibuprofen (Mdtrin, Advil), fenoprofen (Nalfon), "naproxen (Naprosyn),

sul i ndac €@ iangniitinflaramatony ageat spakoastaptaniral diug ox a A IDFeoddereidal sk opr of en
(Orudis), M ni ' %&1 s I . i ne),
oxaprozin %%P%?gj darﬁé)wirn%lgg% %%g)]ﬁ&?{legg orcfi(}‘n .p?é’ %8‘) Wﬂ%ﬁgﬁlﬁ%&’r&hgﬁ%g%i ment ,
the hunin ghixiZietibéerspsuchhas rofecedity (Vinxxjand kelecadbi(@elebrex) MNIATDs sudhi asat i on
with one Oriburlr)%fgn %51% Ad%/H)(E r%en%f)ro e& &?atl{ogi(, %gl:e)roxen (Naprosyn), sulindac

(Clinoril), diclofenac (Voltaren), piroxicam (Feldene), ketoprofen (Orudis), diflunisal

(Dolobid), nabumetone (Relafen), etodolac (Lodine), oxaprozin (Daypro), and
indomethacin (Indocin).

20 In another embodiment, the human antibodies of the invention can be
administered in combination with one or more DMARDSs, such as methotrexate
(Rheumatrex), hydroxychloroquine (Plaquenil), sulfasalazine (Asulfidine), pyrimidine

'synthesis inhibitors, e.g. leflunomide (Arava), IL-1 receptor blocking agents, e.g.
anakinra (Kineret), and TNF-a blocking agents, e.g. etanercept (Enbrel), infliximab

25 (Remicade) and adalimumab.

In another embodiment, the human antibodies of the invention can be
administered in combination with one or more immunosuppressive agents, such as
cyclosporine (Sandimmune, Neoral) and azathioprine (Imural).

. In another embodiment, the human antibodies of the invention can be

30 administered in combination with one or more chemotherapeutics, such as doxorubicin
(Adriamycin), cisplatin (Platinol), bleomycin (Blenoxane), carmustine (Gliadel),

cyclophosphamide (Cytoxan, Procytox, Neosar), and chlorambucil (Leukeran). The



+(-Rheumat r ex).,- hydroxychl oroqui ne .(Pl aqueni | ), sul fasalazine (Asulfidine),
pyrimdine synthesis inhibitors, e.g. leflunom de (Arava), IL-1 receptor

bl ocki ng agents, e.g. anakinra (Kineret), and TNF-a bl ocki ng aggntBL8 H0D.
etanercept (Enbrel), infliximb 25 (Rem cade) and adal i nunmab. |n another
enbodi nentWOdi®1wafran anti bodi es of the invention can be admusizicemed in
conbi nation with one or nore inmmunosuppressive agents, such as cycl osporine
(Sandi mune, Neoral) and azathioprine (lrural). In another enbodi nent, the

human anti bodi es he inventli can be 30.adm nist.ered.in conbi nat.ion

W Eh one. or L etiE: PRy e FR S o8 AR EE A AR
cisplatin (Rdatibh@herapybl eonycin (Bl enoxane), carnustine (Qiadel),

cycl ophospham de (Cytoxan, Procytox, Neosar), and chloranl bucil (Leukeran).
The 01 FEB 2006 WO 03ngaqthgmemiprimen fiedmeyn antitpodigsafihariy puise s baccor di ng

to the invepi: : . }.0J j j j I iLation
therapy. In a%%heg%%%gpﬁ%ﬁgﬁbh%ggﬁﬁ@% %%Plﬁggﬁﬂ%tsﬂng& S%}%Sr% F’]\K/CZ%IF i on can be
adm ni st 8r ewpical medibitivas cantaining lkoalner, ¢y vitmiia, @yksons of othet catitasngoidsor i asi s,
such as 5 topical di cat i ons cEnt ainin co(gl ttglr A vitam’.&n cortisone or
ot her cort | Y85PERIGF§d megicalions, syc jaééP’é‘GO%@’d’? aiophalexate, dpimplds, e.g.

corti cost ergiidetin o@édgﬁmﬁmt@cloglfaﬁﬂmaﬁmﬁn&e, N&Sh§. GfhkréNaests kagon) or
cycl osporine (Sandi mmune,” Neoral). OQher treatments’ may include ekxposure to
sunl i ght oringlide exprsucgpy sunlighterathietathesagiodi ment, the human anti bodi es of the

i nvention can be 10 1k red.i.n_c ina}i 3 Wt h her anti | es, such
as CD4 specific anti ﬁ‘% I é%gr;en& O%ll“h?lit’ g‘%&‘e. i ggtgl?ﬂ } Sooé(i?féesﬁwgl%@grfglgﬁgti on of
t he presentadminiteradinicomtinagomivith ofiid4 antiipetiésf sueh as ODOgbeeific antitddied agpeci fi c

anti bodi es are consi dere articuyularl eful for treati aut gi_ mune
di seases anﬁ“‘gf%ﬁ?é‘%] aéﬁﬁ‘%’o‘ﬂ%{')dgf?‘& ’é‘.at‘P%oﬁ _Pé‘ﬁ?)‘_tt%&m_‘{&_?ﬁ%?‘ﬁgst‘ﬁ’él} gpésent
I nventi on D@Eiﬁ@%tiﬁodi@to?m—ﬂsﬂéciﬁéin%d?&tdré‘&)dsﬂel\edtﬂa&j&'iaﬂyﬂxs&ﬂﬂ)rt he

presence of the IL-15 antigen in a sanple, e.g., to" diagndse |L-15-nedi ated
di seases. |¥eating astoiyomunediscasesand transplamfiteleeldonsy contacting a sanple to be

tested, along with a & {&%kh%%?ﬁgheﬁgﬁﬁngiﬁ%?‘ﬁﬁﬁ% erglhogg&j _body of

the invention, or an antigen- conditions that
allow f o daectmiiiomninofor @& wenfllegredeataveithe Tlha5 antigdndd y samglel £glf Conpl ex

;g; msat Ia? In slt &@t&qt]q%g Dg-l a%?qtdlleai%jﬁ(?lse ge'sg "I one Ierr1]1 ) unnegtlj Ith?s',b\ 28 alcﬂieggé Qy g(?nt cltigg a and
sample to be tested, along with a control sample, with a human monoclonal antibody of
the invention, or an antigen-binding portion thereof under conditions that allow for
formation of a complex between the antibody and IL-15. Complex formation is then
20 detected (e.g., using an ELISA) in both samples, and any statistically significant
difference in the formation of complexes between the samples is indicative of the
presence of the IL-15 antigen in the test sample.
Other features and ad;/antages of the instant invention will be apparent
from the following detailed description and claims.

25

Brief Description of the Drawings

Figure 1 includes graphs showing the binding of the human IL-15
specific antibodies, 146B7, 147THS, 404A8 and 404E4, to human IL-15 (hIL-15) and to
the mutant IL.-15 proteins, Q108S and D8SQ108S. Serial dilutions of the antibodies

30 were examined for their binding to hIL-15 or the mutant IL-15 proteins D8SQ108S and
Q108S in an ELISA.



difference in the formati on of conpl exes between the sanples.is indicative
of the presence of the IL-15 antigen in the test sanple. OQther features
and advantages of the instant invention will be apparent from thertphhgw ng
detail ed description and clains. 25 Brief Description of the Draw ngs Figure
1 incl udesv@P¥ph8iishowi ng the binding of the human |L-15 MpRE$RI26769

anti bodi es, 14687, 147H5, 404A8 and 404E4, to human |L-15 (hlL-15) and to
the nutant IL-15 proteins, QLO8S and D8SQL08S. Serial dilutions of the

anti bodi es 30 were exanm ned f t hei r. bi ndj t ﬁL_—lSo t%e tant |L-15
prot ei ns D8SQLO8S an 'g”lfslg%'gp%ﬂ‘oé{vnmﬁﬁp§ﬁl. @%QF&E ésﬁd’b’é‘()\b“ §’flg1{0f 5

PCT/ US02/ 2 IDNG: 9 UhES) séqadtdesdofthO Wit NQ -@Eiofs, redpe e\ @2 aitddg) and
nucl eoti de 9éBE I D NGs: | and 3) sequences of the VH and VL-regions,

respect i vel§0B7.r bhg BamneworlWFR) agbompieraentantyagisrmeinirresiong (CBRpr@rent ari ty
determ ni ”&d‘i&ﬁéaﬁ”s (CDR) are indicated. 5 Figures 4A-D include graphs )
showing the inhibition of IL-15-nediated TNF-a rel ease by anti body 146B7.
Human PBMC were incubated with hiL- 15 (0, 50, 100 ng/m) in conbination

with 146B7 antibody g with an isotype control _antihqd 0,1, 1, 10 g/m)
for 72 hours. The a tﬁzﬂ'eso"f‘l'ﬁl‘{lﬂ‘-’lﬁgﬁ)g‘g W%thﬁérg’élﬂ?‘%%o ﬁ“l@“@él . Data
fromtwo hgRIFLHYe¥ LE6S 18RS N RRan P [ 1 { he

ef fect of anti%gﬂygjf%gm o(ﬁlyﬁL;Sggbr ILa-nﬁj%\E{ @1?3@3%%@%%3‘3@?’9&. Human
PBVC wer e il 6@ nd/ailph ovirbinatibh with 1468730061 orrveiindn) isetypersdrtrob habtitddg 100 ng/ m )

in conmbinatjon wth 146B7 (0.1, 1, 10 g/ for 7 5 hours. The anmount of

TNF- a prodmgﬂla\kgé"%ﬁgﬂr@c}‘%‘f}s' Aeapmoy &%Mmrgﬁy PSRRI RY t he

| nhi bi el yERESAV Dy S A hMh S8 1k4ERTo AAGLE, 404114 and 404A5 on hiL- 15

i nduced CTLL-2 proliferation. LL-2 cells starved for hl-L-2 were incubated

with hiL-15 (60 pg/m) conbined with 20 serial dilutions of 146B7, 146HS5,
404E4 and 4088 101 FRaots chBHac NPl BB ASR0BET Pherh RS, BpASUr ed 1O
express proliferation<cpn. resul'ts are presented as

15-mediated TNF-a production. Human PBMC were incubated with hIL-15 (0, 50, 100

ng/ml) or with hIL-2 (100 ng/ml) in combination with 146B7 (0.1, 1, 10 pg/ml) for 72

15 hours. The amount of TNF-a produced was measured by ELISA.

Figure 6 1s a graph showing the inhibitory activity of antibodies 146B7,
146HS, 404E4 and 404A8 on hil.-15 induced CTLL-2 proliferation.
CTLL-2 cells starved for hIL.-2 were incubated with hIL.-15 (60 pg/ml) combined with
20  serial dilutions of 146B7, 146H5, 404E4 and 404A8 for 48 hours. [°H]-Thymidine
incorporation was measured to express proliferation (cpm). The results are presented as
mean values.
Figures 7-9 include graphs showing the inhibitory activity of antibodies
25 146B7 (Figure 7), 404E4 (Figure 8) and 404A8 (Figure 9) on IL-15 induced PBMC
proliferation. Human PBMC were incubated with hIL-15 (0, 25, 100 ng/ml; Figures 7A,
8A, and 9A, respectively) or hIL-2 (0, 10, 100 ng/ml; Figures 7B, 8B, and 9B,
respectively) in combination with 146B7 (Figure 7), 404E4 (Figure 8) or 404A8 (Figure
9) at 0.1, 1, 10 pg/ml for 72 hours. [3H]-Thymidine incorporation was measured to

30 express proliferation (cpm).



mean values. Figures 7-9 include graphs show ng the inhibitory activity of
anti bodies 25 146B7 (Figure 7), 404E4 (Figure 8) and 404A8 (Fi[ﬂ,ﬁﬁf %@ on

| L- 15 i nduced PBMC proliferation. Human, PBMC were incubated wit @_ & (0,
25, 100 ng/m; Figures 7A, 8A, and 9A, respectively) or hiL-2 (0, 10, 100
ng/ m ; Fi guoes/0Tw35 8B, and 913, respectively) in conbi nabCooseishsol46B7
(Figure 7), 404E4 (Figure 8) or 404A8 (_Fé'gure 9) at 0.1, 1, 10 gg/m for 72
hours. [3H] - Thym di ne i ncorporation was heasured to 30 express proliferation

(cpm. 01 FEB 2006 WD_0 3/01 793 PCP/ OS02/ 26769 . -9 Fiqure 10_is a graph
showi ng the binding of&4iftiididayrap QW%tP¢€\\QS‘“§Pﬁﬁ%}8&d€g%ﬁ§ﬁ&m@§. Human
PBMCs were (i i e 2 days
(370 " uor SRS okl HRLSTANSACE wkt DUgRPR i Phchct BE AR (580 7

det enuned dfifmel) fangl t¢ i dayH B 71C)0 Winyreseemrder iyiteasity afait leagt S000chls proaapiees. Dat a

5 show the stipulation jndex (S. I, = (nmean fl yorescence positive
st ai ni ng) / (Hesdrtemiing: afer el s&tﬁalewépﬁgﬁg)g)qn tﬁF&E’r"QCSﬂS-SIR%\/S bi ndi ng

of _humans mpeGYhe stiidaRotBibLeslY ~YARE( fAubRaate Rsitte sWikilgl/ifeahs ot Ype
control antibody (panel A). Human PBMCs were isolated 10 and cytospins were
made after ftadresgencecpackgrownd staninghh | FNy (500U/ m ). Cells were
counterstained with haematoxylin . Figure 12 shows bi ndi ng of human
psoriatic skin with 146B7 (panel B) or with the isotype control antibody
(hlgd@) (panel A). Hufgreldehowrt bindplgadhamanaidhodedRitRangsbdlyriagBpat i ents
after informed cqonsent, and stored at_ -80C until|l assay._ Tissues were

st ai ned wi t(R2B1FHion yyiththensalpe pyiob antthodypangh). Jduman PBMGevesgdsqlaed of

horse ragli s j j i r f e t age of
nuct eat 5 oo SRt 33 male St Sufhihe Be Bl AR UMb PR R S sa b
mce wth lcboBerasined with usdmatdelinTi ssues were stained with haematoxilin and
eosin (H&E) and anal ysed with Photo Shop version 6.0. Data are shown as
mean and s.e.m of nuclei (as percentage of total area) of mice after 146B7
treatnent (n=4) or Veﬁigﬁ_e@ﬁsh@@EBﬁth(dﬁ%ha%Eh&ﬂ{ti% sikid By s PA6B B(panel B)
representative H&E staining of xenografted tissue in SCID mce, after
treat ment 25 With theiswr coplaplantiydydhlgfF DHpPREA) pHHman pyoriatic plaques were

15 obtained from patients after informed consent, and stored at ~80°C until assay. Tissues

were stained with biotinylated antibodies and visualized after activation of horse radish

peroxidase.

Figure 134 1s a graph showing the percentage of nucleated cells in
20 rheumatoid arthritic tissue after treatment of SCID mice with 146B7 or with vehicle.
Tissues were stained with haematoxilin and eosin (H&E) and analysed with Photo Shop
version 6.0. Data are shown as mean and s.e.m. of nuclei (as percentage of total area) of
mice after 146B7 treatment (n=4) or vehicle treatment (n=2). Figure 13B shows a
representative H&E staining of xenografted RA tissue in SCID mice, afier treatment
25 with 146B7 (panel B) or with PBS (panel A).

Figure 14 includes graphs showing the effects of antibody 146B7
treatment in SCID/psoriasis mice. Biopsies were fixed in formalin for paraffin
embedding and stained in H&E and for Ki-67 nuclear antigen. Figure 144 shows the

30 severity of psoriasis evaluated by epidermal thickness which was measured from the
stratum corneum to the beginning of the rete pegs. Figure 14B shows the epidermal
thickness which was measured from the stratum comeum to the deepest part of the rete



~Fi gure 14 includes graphs show ng the effects of antibody 146B7 treatnent
in SClD/psoriasis mce. Biopsies were fixed in formalin for paraffin

enbeddi ng and stained in H&E and for Ki-67 nuclear antigen. Figur %mﬁéﬁows
the 30 severity of psoriasis evaluated by epidermal thickness mhl h

measur ed fWOMBOHE3S stratum conmeumto the beginning of the petes@pegsy Figure
14B shows the epidermal thickness which was neasured fromthe stratum
comeumto the deepest part of the rete O1' F E B 2006 WD 03/ 017935

PCT/ US02/ 26769 _ - Figure 14C shows the grade of parakeratosis.
Fi gure 14[?%0\@%%446%?%%? thgsradefparakgiainsis: dosiardéPshews dienaimber a{)per

derm s. 6 dngﬁﬁy,}«
Figure 15 gﬁr(y)ws s%@ﬁ?ﬁ% cg?gﬁlﬁd o dés%ﬁ altz%u %En&g‘r’%?gﬁ KgCI D

m ce, aft e67+ cpdingdrtatinbtittesant i body 14687 (panel C), with CsA (panel B), or
with vehicle (panel A). Three weeks after transplantation mce received PBS:
(pl acebo), CsA (cyclosporine A) (Sandoz) at a dose of 10 ny/kg every second
day forsl5 days, or FABBT5 dowd f@&g%t&imggfﬁml&gps%aé@m& eAstefddinm/ kg on

days 8 and 15. One week after 10 the injection, mce were sacrificed,

and a 4 rmeSHﬂ@nc@ua@psveamgltmaﬂveamhm@mé@&%(pan@l@gwsthtCSAmp@mBé,sorwaﬂe fixed
o el Qe R 417 o2 UBIICag ) S AINSH L PcHEE PRSIl fiove

Ki - 67 stalnlng sori ICSIn enra

t r eat nent WybtmsﬂdkﬁfﬁAX(}Saﬁmiz) ﬁ)a,dd&/bbhl@&&/l(gameysd&md Gay for 1 b dwghoel e 15
(panel A). ved PBS (pl acebo)

Kk |
CsA (cycl b‘é ? i‘tr?e wd0gg ¢ (%&%’i‘%‘ﬁtgﬂé{g’g %’gts@t%g/?(ignﬁéﬂigg‘é‘i/é? yOBR Ve Ry or 15
(i gys Q0 #GR4 uf’ijEctﬁmhﬁl?& vre SR ifRLK An@12 44 pundR BiohSy Wad {%ﬂexpﬁoﬁ'?%& 8 and

One week after the last inj ection, mce were sacrificed, and a 4 nm
punch bi opssnogzaft.t Biopsies wenmfizad in fcmnbrgfcafnarafml ombﬁthnm@stmn%bm H&Ef ormal i n
for paraffin enbedding and stained for Ki-67 20 nuclear antigen. Figure 17
is a graph showi ng the binding of antibody 146B7 to receptor- bound IL-15.
Pl at es vvere coat ed V\thgilrélék}E)R(stKjaﬁiUsthmmgllﬁﬂmﬂlampbdmdtlb-skﬁl enpfdfied i 0

eceptof 28CHIMMESIAer Fethgy St i daat Closthioshi bt SAEEERE F qur e
18 is QSgr?;ﬁBeISRPV\Tm%w%El@ a?cbﬁ@éxﬁﬁlaﬁfaﬁ@ﬂhh@&f&eﬂw&ﬁﬁﬁs a«l:ébo L 5sA af ter

binding of 1L-15to its receptor expressed on Raji cel After incubation
of IL- (cyclosporine A) (Sandoz) at a dose of 10 mg/kg every second day for 15 days, or

146B7 at a dose of 20 mg/kg on day 1 and 10 mg/kg on days 8 and 15. One week after

the last injection, mice were sacrificed, and a 4 mm punch biopsy was taken from each
xenograft. Biopsies were fixed in formalin for paraffin embedding and stained for Ki-67

20 nuclear antigen.

Figure 17 is a graph showing the binding of antibody 146B7 to receptor-
bound IL-15. Plates were coated with IL-15Ra and incubated with IL-15. After 10
minutes, biotinylated 146B7 was added to the wells. Binding of 146B7 to receptor-
25 bound IL-15 was evaluated at 405 nm in an ELISA-reader.

Figure 18 is a graph showings the binding of antibody 146B7 to IL-15,
after binding of IL-15 to its receptor expressed on Raji cells. After incubation of IL-
15R-expressing Raji cells with IL-15, biotinylated 146B7 was added to the cells after 10
30 minutes. Binding of 146B7 to receptor-bound IL-15 was evaluated by FACS analysis.



15R-expressing Raji cells with IL-15, biotinylated 146B7 was added to the
cells after 10 30 m nut-es. Binding of 146B7 to receptor-bound |IL-15 was
eval uated by FACS anal ysis. WO 03/07 7935 -11 01 F E B 2006 PCTDUSER/ B¥769
Det ai | ed ®e@ere1geison of the Invention The present inventi ecTorsdvedes novel
anti body-based therapeutics for treating and diagnosing a variety of

di sorders nediated by IL-15 (i.e., disorders caused by the proinflammtory

effects of IL- 3) ysed_herein, the term"proinflaimatory 5 effects of
1L-15" i ncpé%é—élﬁi—ﬂﬂ-ﬂ%éf—h&‘—lﬂl—‘—amt di at ed i mmune response i nduced by IL-
15, such as producti qfe pfesdiVirvemitth fotiRles héVdl anmByd9 by sdmAé@pQiies f@nd

recruitment/proliferation of T-cells. Therapies of the invention enploy
i sol at ed ht;cmrng amdrﬁ»@ﬁn@ﬁag a yendth ofidieerdensimediaipd by 1-d i ¢y, dasarders galaﬁd epi t ope

present Onb)ihl e proinflamma org’éBQSTHFﬁtls)t D&s uster ere%nkhel%erg}mpsr giﬂgmﬁ{ ced in a

non- human rans eni c ansgenic capa of

produci 5g sffédts @fleL-wt MBIQ&esQlfny hhmamln oﬂwpﬁieaiatﬂd mmtuﬂbe@bpeﬁsetlﬂddcbd 9 (e.g.,
1gG 1 gA and/ or g under&m ng V-D-J  reconbination and i sotype
swi t chi ng. adécug ﬁgpspduwnuqﬁ @@cqtéeranﬂm@aiomwﬁ@m@rﬁ, apdhc| ude anti bodi es

d ph h
ani ol o, " reetiri@upEARRR bR Sl BB ies T o BB B FBR MBI ICTCE 1
monocl onal nﬁ)ﬂbctlbﬂzﬂlaﬁﬁbod\ﬁvﬂﬂdﬁsmélﬂdslﬂ)ﬂ@lnﬁh&aﬂB@tdp@@t&Snt@fn ILhks.i nvention to

detect cells to which IL- 5|s bo g and/ t0|nh| it LL-15 Kedlated
functions either in V% 1 \S‘“a’él"“ét 155 ERIBMad Loy e,

i nvent i1Qn. trMRBREdIniRL, & §rQ&£dsQ&u@9ﬁ>ﬂE§ cEﬁab@@éﬂp?o&&mg"iﬂhl%le'lbdt}ﬁes'o? bound
are also included. In order th present invention nay be nore readily

under st oodhumapmeapelgna atl@l?qqlteséﬁ Hfﬂﬁ (&g M,llﬁédmd/ﬂdéﬁﬁ)lbdr\@ﬂememﬂ D-bns are
set forth I- E&#ﬂ{h 1‘1 {ﬁﬁtyggéﬁlgérhﬁ%dﬁé %HlBL o-ﬁg'gs te{?t%%ﬁe" llﬁve]nlﬁo;: "IL-15

anti gen" |nf rern, and include
any vari antmlualle axnabcﬁd)emdv;ﬂmm’mcmahmmpc&itiops tl&:xqu,essmﬂl dsyloﬁdiuhsan 25 The

term "anti body" as refer to herein ncI udes es and any
ot | gen bi HFSRG AR folsciost Sl fratg b s oy SRR OOy TBKTG NG e ohai n
thereofis  fMNono aahamquodlésefmtﬁods%f@sﬁ YEOR Db oPﬂiErﬂf\ﬂeﬁildS}Qtoaietéc?@éIs t wo
heavy (H) chains and two ight (L) chains inter-connected by disulfide

bonds, or #hwhishilkel? ip bﬂ!éﬂdn gndiarte bt IL-15 mediated functions either in vitro orin

vivo, are also encompassed by the invention. Methods for targeting agents to cells to
which IL-15 is bound are also included.

In order that the present invention may be more readily understood,

20 certain terms are first defined. Additional definitions are set forth throughout the
detailed description.

The terms "IL-15,” “IL-15 antigen” and “Interleukin 15 are used
interchangeably herein, and include any variants or isoforms which are naturally
expressed by cells.

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

30 herein as Vy) and a heavy chain constant region. The heavy chain constant region is
comprised of three domains, CH1, CH2 and CH3. Each light chain is comprised of a
light chain variable region (abbreviated herein as V1) and a light chain constant region.

The light chain constant region is comprised of one domain, CL. The Vy and Vi



t hereof . Each heavy chain is conprised of a heavy chain vari.abl e region
(abbreviated 30 herein as VH) and a heavy chain constant region. The heavy
chain constant region is conprised of three donmains, CH , CH2 a@ql F@PQWEaCh
light chain is conprised of a |ight chain variable region (abbreviate

herei n as wbhy3an3a | i ght chain constant region. The |ighbctgiinggnst ant
region is conprised of one domain, CL. e Vu and VL 01 F E B 2006 WO

03/ 017935 PCT/ US02/ 26769 -12 regions can“be further subdivided into regions
of hypervariability, ternmed coinplenentarity determ ning regions (CDR),

i nt er sper s&EMRY yporhediabey subdivided witagpgions e hxrarvastpbilitertpaseedf r amewor k r egi ons

(FR). Each -1 ¢ . e. : r ged from
am no-ter mCér{lElg ?etggen}:%lr g?(%%&%%r%gﬁsi @}ﬁémé%e?vr}ngl rt]lg%g{oggﬁfat &%fﬁ 1, FR2,
CDR2, FR3, cGih¥edvedFidmed Rameanikabgions @R)0EacloVy anldd/;Heasmipased of tlgéd chai ns
contain a bjndin ongi.n that interacts with an antigen., The _constant -
regi ons of ?‘t%s %r%ﬁgﬂgﬁhénﬁagﬁdM%Wwftﬁgnmﬂﬁm LSRRG gl obul in to

host ti %Su?élld%ingéﬁié?!f $R 1] ODRYUCEIRE MR D WS CHRP FR. 1T vaARBIO Reggdiilogm (€. 9.,
effector cells) ~and the first component (O q) of the classical conplenment -

system 10 thenkeavy and lighitchgims ctritaidiarbgnding doroaih thdt iataragistwithouyentigen.sTigp| y

"anti body ortiaon" us herein, refers.to.one.or.nore fraqgnents of an
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(iii) a Fd fragment consisting of the Vy and CH1 domains; (iv) a Fv fragment consisting

of the Vi and Vi domains of a single arm of an antibody, (v) a dAb fragment (Ward et
20 al., (1989) Nature 341:544-546), which consists of a Vg domain; and (vi) an isolated
complementarity determining region (CDR) or (vii) a combination of two or more
isolated CDRs which may optionally be joined by a synthetic linker. Furthermore,
although the two domains of the Fv fragment, Vi and Vy, are coded for by separate
genes, they can be joined, using recombinant methods, by a synthetic linker that enables
25 them to be made as a single protein chain in which the Vi and Vy regions pair to form
monovalent molecules (known as single chain Fv (scFv); see e.g., Bird ef al. (1988)
Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-
5883). Such single chain antibodies are also intended to be encompassed within the
term "antigen-binding portion" of an antibody. These antibody fragments are obtained
30 using conventional techniques known to those with skill in the art, and the fragments are

screened for utility in the same manner as are intact antibodies.
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immunoglobulin gene sequences to other DNA sequences. Such recombinant human

antibodies have variable and constant regions derived from human germline
20 immunoglobulin sequences. In certain embodiments, however, such recombinant
human antibodies can be subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo somatic mutagenesis) and thus the
amino acid sequences of the Vg and V|, regions of the recombinant antibodies are
sequences that, while derived from and related to human germline Vy and Vi, sequences,
25 may not naturally exist within the human antibody germline repertoire in vivo.

As used herein, a "heterologous antibody" is defined in relation to the
transgenic non-human organism producing such an antibody. This term refers to an
antibody having an amino acid sequence or an encoding nucleic acid sequence
corresponding to that found in an organism not consisting of the transgenic non-human

30 animal, and generally from a species other than that of the transgenic non-human

animal.
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"an antibody recognizing an antigen" and " an antibody specific for an antigen" are used
20 interchangeably herein with the term "an antibody which binds specifically to an
antigen".

The term "Kp", as used herein, is intended to refer to the dissociation
equilibrium constant of a particular antibody-antigen interaction.

As used herein, "isotype" refers to the antibody class (e.g., IgM or IgGl)

25 that is encoded by heavy chain constant region genes.

As used herein, "isotype switching" refers to the phenomenon by which
the class, or isotype, of an antibody changes from one Ig class to one of the other Ig
classes.

As used herein, "nonswitched isotype" refers to the isotypic class of

30 heavy chain that is produced when no isotype switching has taken place; the CH gene
encoding the nonswitched isotype is typically the first CH gene immediately
downstream from the functionally rearranged VDJ gene. Isotype switching has been

classified as classical or non-classical isotype switching. Classical isotype switching
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when one of ordinary skill in the art would recognize the glycosylation pattern of the
heterologous antibody as being more similar to said pattern of glycosylation in the

20 species of the nonhuman transgenic animal than to the species from which the CH genes
of the transgene were derived.

The term "naturally-occurring” as used herein as applied to an object
refers to the fact that an object can be found in nature. For example, a polypeptide or
polynucleotide sequence that is present in an organism (including viruses) that can be

25 isolated from a source in nature and which has not been intentionally fnodiﬁed by man
in the laboratory is naturally-occurring.

The term "rearranged" as used herein refers to a configuration of a heavy
chain or light chain immunoglobulin locus wherein a V segment is positioned
immediately adjacent to a D-J or J segment in a conformation encoding essentially a

30 complete Vy or Vi 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.
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conservative sequence nodifications include nucleotide and amndo acid
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modifications” of the sequences set forth in SEQ ID NOs: 1-4, i.e., nucleotide and

amino acid sequence modifications which do not significantly affect or alter the binding

20 characteristics of the antibody encoded by the nucleotide sequence or containing the
amino acid sequence. Such conservative sequence modifications include nucleotide and
amino acid substitutions, additions and deletions. Modifications can be introduced into
SEQ ID NOs:1-4 by standard techniques known in the art, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Conservative amino acid substitutions

25 include ones in which the amino acid residue is replaced with an amino acid residue
having a similar side chain. Families of amino acid residues having similar side chains
have been defined in the art. These families include amino acids with basic side chains
(e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine,

30 tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine, valine, leuciﬁe,
isoleucine, proline, phenylalanine, methionine), beta-branched side chains (e.g.,
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,

tryptophan, histidine). Thus, a predicted nonessential amino acid residue in a human
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are identical, with appropriate nucleotide insertions or deletions, in at least about 80% of
the nucleotides, usually at least about 90% to 95%, and more preferably at least about
98% to 99.5% of the nucleotides. Alternatively, substantial homology exists when the

20 segments will hybridize under selective hybridization conditions, to the complement of
the strand.

The percent identity between two sequences is a function of the number
of identical positions shared by the sequences (i.e., % homology = # of identical
positions/total # of positions x 100), taking into account the number of gaps, and the

25 length of each gap, which need to be introduced for optimal alignment of the two
sequences. The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithm, as described in the
non-limiting examples below.

The percent identity between two nucleotide sequences can be

30 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 be determined using the algorithm of E.
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homologous to the protein molecules of the invention. To obtain gapped alignments for
comparison purposes, Gapped BLAST can be utilized as described in Altschul et c;l.,
(1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped

20 BLAST programs, the default parameters of the respective programs (e.g., XBLAST
and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov.

The nucleic acids may be present in whole cells, in a cell lysate, orin a

partially purified or substantially pure form. A nucleic acid is "isolated" or "rendered
substantially pure" when purified away from other cellular components or other

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

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

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

Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, New York
(1987). |

30 ' 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 thereof may be mutated, in accordance with standard techniques to

provide gene sequences. For coding sequences, these mutations, may affect amino acid
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"plasm d", chrefers to a circu d I ra Into
vectors are capable of autonomous replication in a host cell into which they are

introduced (e.g., bacterial vectors having a bacterial origin of réplication and episomal
mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) can be

20 integrated into the genome of a host cell upon introduction into the host cell, and ﬂlefeby
are replicated along with the host genome. Moreover, certain vectors are capable of
directing the expression of genes to which they are operatively linked. Such vectors are
referred to herein as "recombinant expression vectors" (or simply, "expression vectors").
In general, expression vectors of utility in recombinant DNA techniques are often in the

25 form of plasmids. In the present specification, "plasmid" and "vector" may be used
interchangeably as the plasmid is the most commonly used form of vector. However,
the invention is intended to include such other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated
viruses), which serve equivalent functions.

30 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
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
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1. Producti lqrbndizahbnmcékhireslmd peeferted, inlprikbiple, other techniques for producing

monoclonal antibodies also can be employed, e.g., viral or oncogenic transformation of

B lymphocytes, phage display technique using libraries of human antibody genes.

20 The preferred animal system for generating hybridomas which produce
human monoclonal antibodies of the invention is the murine system. Hybridoma
production in the mouse is well known in the art, including immunization protocols and
techniques for isolaéing and fusing immunized splenocytes.

In one embodiment, human monoclonal antibodies directed against IL-15

25 are generated using transgenic or transchromosomal mice carrying parts of the human
immune system rather than the mouse system. In one embodiment, the invention
employs transgenic mice, referred to herein as “HuMAb mice” which contain a human
immunoglobulin gene miniloci that encodes unrearranged human heavy (1 and y) and «
light chain immunoglobulin sequences, together with targeted mutations that inactivate

30 the endogenous p and « chain loci (Lonberg, N. et al. (1994) Nature 368(6474): 856-
859). Accordingly, the mice exhibit reduced expression of mouse IgM or x, and in

response to immunization, the introduced human heavy and light chain transgenes
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Pt orne oy U A RAAGRAR) Bibhylloin 2 536501, ORBERON. bhq AOGaEMD 40005 HHer( 199°)
(1995) 5 AnRev.Nmvufnela¥ol. $3i 65/8%;: I%6m5,4$)and‘[babqrg,dﬂa(rlat)5)ohnow ¥Futdald Sice i s
descri bed i [N " ciion,ll I 992
Nucl ei ¢ Aci 224%%2%4"&5%‘@3%’ g &3%3]%’5 rgjﬁtegé’f’%’q(ﬁ%}é%?? e«frfﬁélfeirbnél

| munol qgy ©.S.@%ienbN6s. 5'546i80|6051569 825at5 ,6025298) 5,83 3425; 5a180,6 50 81877,991;  USA

90: 3720- 3724; Choi ure Genetics 4:117- 123 Chen J. et at

et
(1993) EMBOSS61.936; 588211‘ 3é§05 Sﬂré\?? |38h 570429y allgg Apnbere pod KeynanddpenPharm
152: 2912- 29 £Rs Shardh Nol 3394 801N} El 3P4 Al tetdatioft QatidndtRerg, N
(1994) Hand oorlgl O1?BEX er |ament é) %har naco gi/1 1% qﬁ e%ag)lf 5‘% ? T lolnL. et at
WO 98/24884, pubhshed on June 11, 1998; WO 94/25585, published November 10,
1994; WO 93/1227, published June 24, 1993; WO 92/22645, published December 23,
20 1992; WO 92/03918, published March 19, 1992. The preparation of HCO12 transgenic

HuMAD mice, in particular, is described in Example 2.

Immunizations -
To generate fully human monoclonal antibodies to I1.-15, transgenic or
25 transchromosomal mice containing human immunoglobulin genes (e.g., HCo12, HCo7
or KM mice) can be immunized with a purified or enriched preparation of the IL-15
antigen and/or cells expressing IL-15, as described, for example, by Lonberg et al.
(1994) Nature 368(6474): 856-859; Fishwild et al. (1996) Nature Biotechnology 14
845-851 and WO 98/24884. Alternatively, mice can be immunized with DNA encoding
30 humanI1-15. Preferably, the mice will be 6-16 weeks of age upon the first infusion.
For example, a purified or enriched preparation (5-50 pg) of the IL-15 antigen can be
used to immunize the HuMAb mice intraperitoneally. In the event that immunizations

using a purified or enriched preparation of the IL-15 antigen do not result in antibodies,
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cells expressing IL-15, e.g., a cell line, to pronbte inmune responses.
Curul ati ve experience with various antigens has shown that the HuMAb

transgeni c freesatieseidivbriveses Rredvcing iuman onontendl Zféél'bWﬁ?&fa’pléM& oneal Iy (IP)
Fol Ioned by cvery ot ReP i idchel e Ehe BRSO NORIL ) 1y e
antigenlsn ifjcplepbeies andiygnpidhedead)ls Gant imnlitezddmice ean bsisolass and ifused to
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(as descri bpgbriRhfidlan MBEbELGEenel by thebiddaEtfH oftahtifdrSspkifitfan@iBbdied. LFot5 human
i mmunogl obul' i n can be used for fusions. Mce can be boosted
example, single cell suspensions of splenic lymphocytes from immunized mice can be
fused to SP2/0-Ag8.653 nonsecreting mouse myeloma cells (ATCC, CRL 1580) with
20  50% PEG (w/v). Cells can be plated at approximately 1 x 10° in flat bottom microtiter
plate, followed by a two week incubation in selective medium containing besides usual
reagents 10% fetal Clone Serum, 5-10% origen hybridoma cloning factor (IGEN) and
1X HAT (Sigma). After approximately two weeks, cells can be cultured in medium in
which the HAT is replaced with HT. Individual wells can then be screened by ELISA
25  for human anti-IL.-15 monoclonal IgM and IgG antibodies. Once extensive hybridoma
growth occurs, medium can be observed usually after 10-14 days. The antibody
secreting hybridomas can be replated, screened again, and if still positive for human
IgG, anti-IL-15 monoclonal antibodies can be subcloned at least twice by limiting

dilution. The stable subclones can then be cultured in vitro to generate antibody in

30 tissue culture medium for characterization.
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eukaryoti c R¥Rf BESUMIng BeRSMtifo e@m M6 Bkt R¥ICRIBRPrl%AE BRHnABodY St €M
di scl osed in WD 87/04462, WO 89/ 01036 and EP 338 841 or ofher expression

syst ens lvel fankprodentifiedtang seleated. Thesexgllpiaprdseridhpiransigcipmas Whiel sarc thembel
anti body ge . } J i t | £HO-cel I's
or NSO cel | gﬁglrlﬁﬁfog?nﬁyt}%{ é%?#y&ggﬁgg ngdl‘ég‘%egﬁi’ g’rcg@?% %ntﬁl?)fglé%aﬁ%ﬁglr? derived
cel | s, fungantirodyesast berblated ard puriddfrcmulsed ctilbure sipentitads bilbaeetienes coul d
be Altematively these cloned antibody genes can be expressed in other

expression systems such as E. coli or in complete organisms or can be synthetically

20 expressed.

Use of Partial Antibody Sequences to Express Intact Antibodies
Antibodies interact with target antigens predominantly through amino
acid residues that are located in the six heavy and light chain complementarity
25  determining regions (CDRs). For this reason, the amino acid sequences within CDRs
are more diverse between individual antibodies than sequences outside of CDRs.
Because CDR sequences are responsible for most antibody-antigen interactions, it is
possible to express recombinant antibodies that mimic the properties of specific
naturally occurring antibodies by constructing expression vectors that include CDR
30 sequences from the specific naturally occurring antibody grafted onto framework
sequences from a different antibody with different properties (see, e.g., Riechmann, L. et
al., 1998, Nature 332:323-327; Jones, P. et al., 1986, Nature 321:522-525; and Queen,
C. et al, 1989, Proc. Natl. Acad. See. U.S.A. 86:10029-10033). Such framework



met hods described in the art such as electroporation, |ipofectine,

| i pof ectam ne or other. After introducing these antibody genes in the host
cells, cells expressing the antibody 15 can be identified and selleck2006
These cel I‘g Sg)r% ent the transfectomas which can then be mél ified for
their expr&&PPShPtvel and upscaled to produce antibodi es. PREUSHRSHENt

anti bodi es can be isolated and purified 24r-omthese culture supernatants
and/or cells. Alternatively these cloned antibody genes can be expressed in

other expregeémes ystEsMaifsion public DNA dRhbdsts A TREIBIC AT IMBasiilod9r can be
synthetically 20 expressed. Use of Partial Antibody Sequences to EXpress

| ntact Ant i 2sodisednenensi Hd@seegsrinhnesequencgp whll diffeg dompmeiugeanibede 8o nant | y

thr ough am 0,06l 64651 AU IRRAIR LS6ALEY LI BExePoRN% AalkONt

chain conple ermning regions ¥ eason

anm no aci d pegeeby ¥EDW joling dudng B edlPmaniktiodl mmﬁnéagémeeqndnaal wil Ichll
uences outS| de of _  CDRs. Because .CDR sequences. are

anti bodi es than s
r esponsi Dl eélffs? fr%\g{le so PSS9 L bveh g8ipibhicepnsaey E?ﬁgﬂowetamléodsp@ggﬁhmdéalt 0
expr ess recw@w%ssm¢ e $idl) @k orBx i glet %&f&ﬂ%ﬁéxﬁ%@ﬁdaﬁ%%f' C

naturally occu ng anti bodi es by constructing expression vecto t hat
i ncl ude CDRDBqumqueuhgemnfm@nnmhlaxsp@cof framenionlaregidy. Barcaxampleg sematicbody

ot oper 1 oo uEEOREH e R BANRERE i RguRif erBisaRhorfEh o ket Jubien b °r o
Jones, P. ednddh ,thelwlﬁ)xyNaﬁmlhﬂ pdrtiorbat A 3w orR Rékiédie ERurtheemofy, mahy sord&if9,
Proc. Natl. Acad. See. S. A 86:10029-10033). Such framework 01 FEB 2006

WO 03/ 019 9@5%@?%&@0129@%@)2@@&@@%@5 pEaneTtiss o Breantibedy. riamnthisbl i ¢ DNA
dat abases tﬁéﬁo | S %hlﬂ%e&%& J6beAN A e DREN SeBlicG ISCI SRHSRE | ne

sequences W er frommature antibody gene sequence ecause t ey wll
not i ncl udeordartpliretredty am sgatircenhbirani aitibedybmasg bindinglprepregtiesfsonilado by V(D) J
j 0i ni ng dur{

Fom the ‘scbfBebpe IR FERLLRRASF PORRR o Lk i, 11

i ndi vi dual heavgahd liget'chsin sbdiRn¥edpaahing theeQDRTegibhs 1s@9§ﬂemlyesufﬁ@émtfmh1s
mutations are relatively infrequent in the amno-term nal %Ol’tl an, of
G|

frameworR rRgPes: TIhGrPaEB?é?FﬂP@lceé%Wéﬁt%detﬁﬂ?@FWE’éFIEh?"eY?&% {eng Jpiinge quent
in the am ng.tEMLARL cmﬁﬁdtémo%e Iercaﬂisﬁea lénﬁﬁcmy%nhmﬁ g&&ks' hE B8rmline

car boxy-t erm nal portion of framework region Furt her nore, ny somatic 10
mut at i ons deeqnertcess than ifaddn fillyn ajissamg pcmaom mfdhﬂgarmbtqregmnengﬁvytamdhghh body.

g g: t ;[ Qluls ar r‘g}?{ %8% siaclhusen(r:]e%taren qgaev%ﬁ %méng pro%)l}l %{art]urgtrl]c?n fn%tdorr?ot Qole‘mgutg"tlence of a
the properties of the final antibody. To add missing sequences, cloned cDNA sequences

20 can be combined with synthetic oligonucleotides by ligation or PCR amplification.
Alternatively, the entire variable region can be synthesized as a set of short, overlapping,
oligonucleotides and combined by PCR amplification to create an entirely synthetic
variable region clone. This process has certain advantages such as elimination or
inclusion or particular restriction sites, or optimization of particular codons.

25 The nucleotide sequences of heavy and light chain transcripts from a
hybridoma are used to design an overlapping set of synthetic oligonucleotides to create
synthetic V sequences with identical amino acid coding capacities as the natural
sequences. The synthetic heavy and kappa chain sequences can differ from the natural
sequences in three ways: strings of repeated nucleotide bases are interrupted to facilitate

30 oligonucleotide synthesis and PCR amplification; optimal translation initiation sites are
incorporated according to Kozak’s rules (Kozak, 1991, J. Biol.

Chem. 2661.19867019870); and, HindIIl sites are engineered upstream of the translation

initiation sites.



order to recreate an intact reconbinant anti body having binding properties
simlar to those of the original antibody (see PCT/US99/ 05535 filed on
March 12, 1999). Partial heavy and |ight chain sequence spannibhgFEB00BDR
regions is typically sufficient for this 15 purpose. The partial sequence is
used to deP&H4HHE3(hi ch gernline variable and joining genBCHEGHEHTS
contributed to the reconbined anti body vasiabl e genes. The germ i ne
sequence is then used to fill in mssing portions of the variabl e regions.

Heavy and |ight chai ed,¢aflGhe ﬁ&qg%ﬂ&ﬁ%ht%h%incdaﬁayl%qeg%&{si 1he oniﬂltifédrbodin .
mat uration and do not contribute to the properties of the final antli éody.

To add mi ssiand cemgipeondivg nosicodiagl strBMiscseenren arsbrokenclmwnlistochrbi ned wit h

synt hetic olj.gonucl.eoti des by.ljigat.i.on or. PCR anplification. Alternatively,
The enti re viRABOHAF ayTSRmal ERIURTAGL Dt REbadia g |

over | appi ng,oligbhudéyiide! Gk, deteadichae® Al G1RbnbYlehidRs 8ibd dsb&able@ntb O Create
an entirely synthetic variable region clone. This process has certain

advant ages~ sveHappingfoyhlagtanded ssts thatsepugaementrofdap 400 mueleptedesy The i on
sites, or O%hp%ﬁ{ﬂeﬂ%s&i asR@rﬁ#,lh%Hkcféroﬁ&%cﬁ%gﬁﬁgﬁbﬁioﬂwﬁ%lﬁ?séQquences of

heavy and Ii aln transcripts om a oma are used to design an
over | appi ng 48muofeosyest Agpicallylaisgpinrcirablel rdgion b ganekbtide sy milhbé brokeh

sequences with identical . am.no acid codin acities as the natu

sequences. RSP HATREIE0) 2 SEP AR AT LN (SRR R0 CHABIPE EER om ¢ he
natural seqedife®s THesé We@ﬁgﬂiﬁ?ﬁfodﬁét@ hRARePEorhSIRERL EPCR WRIpHPLAtL: Bds@s are
interrupted to facilitate 30 ol gonucl eoti de synthesis and PCR

anpl i fi cH i dhe coppleteaiariablg region: i lbmay alse batdesirpbis todaclugecan aviedapnieg at ed

according taq, fe% ofthb %ﬁé d Iﬁ%ﬁfg%lain B%tanf]reg@ht? 8111%}%% ﬁl?s@ L8P étlggpzaloé n

and, Hi ndllI es are engdi né upstream nsl‘ation "1ni
sites. 01 F lighBcROnGorie AgIGle F3ke RAlhbbORyAhAmY in the PERFamiplifizhtion tve heavy

and light chain vari abl egi ons, the optim zed codi.ng, and correspondi ng
on- codi ng. EENPAIRITSEREHEEEHS FRITY PSR SR e EGTEon K oreBi e,
approxi mately the m dppidtecabtridi&l Kby asPREs hsinafal®flghths afd the@nucl eot i de.
Thus, for each chain, the oligonucleotides can be assenbled into 5

over | appihg wwathine with elqaedpremptortlpader sqqupnesetpmsiation gritiati, leadggequence,
nuch oo 0o scPRERRORLS. MARISR RIS A R BRI | . o
regi on ol i goegaedneet foderns expredsion veetobcwisenctsddhmhéavyand lightpheinsxpidsaon ar e
cobaratel y Pl Lol AGRSLALG, 0, 01eL) 200l g, PO, Bl RS ThEcs
separately transfected into host cells which are then fused to form a host cell expressing
20 both chains.
Plasmids for use in construction of expression vectors for human IgGx
are described below (Example 1). The plasmids were constructed so that PCR amplified
V heavy and V kappa light chain cDNA sequences could be used to reconstruct
complete heavy and light chain minigenes. These plasmids can be used to express
25 completely human IgG;x or IgG4k antibodies. Fully human and chimeric antibodies of
the present invention also include IgG2, IgG3, IgE, IgA, IgM, and IgD antibodies.
Similar plasmids can be constructed for expression of other heavy chain isotypes, or for
expression of antibodies comprising lambda light chains.
Thus, in another aspect of the invention, the structural features of an
30 human anti-IL-15 antibodies of the invention, 146B7, 147H5, 404A8 and 404E4, are
used to create structurally related human anti-IL-15 antibodies that retain at least one
functional property of the antibodies of the invention, such as binding to IL-15. More
specifically, one or more CDR regions of 146B7, 147H5, 404A8 and 404E4 can be



10 the conplete variable region. It my also be desirable to include an
overl apping fragnent of the heavy or |ight chain constant regi 061 gmhlﬁdl ng
the Bbsl site of the kappa |ight chain, or the Agel site if the é eavy
chain) in nplification to generate fragnents th sy be

cl oned int‘%aﬁﬁ/g%(sgr ession vector constructs. The reconst?’fjcggg%zﬁgg\b/y and

i ght chain variable regions are then 1%%onbined with cl oned pronoter,

| eader sequence, translation initiation, |eader sequence, constant region,
3' unt r ans| eirebinep ricpmbienyilnwith knosn dunas fiscreivoth wgione and OBREs dmcreateequences

to form expr i on vectaor nstructs.. The heayy, and.light _.chain gxpression
constructs %@ﬁﬁ%réaic%%f’%@qf hetngmﬁe@ﬁ’nt&}"éa”\f"é@?%f 1,5a?fgl-bf’ fhgﬁgftg’gf'ﬁ’&?ﬁ%rgri ally
transfected, or sepamat@tigly, ablofet egbbdihient) @f intaltlos pydVidds aanenédgn fused
to forma host cell expressi ng d20 both chains. Plasmds for use in .

const ruct i opreprReyt asllohs Yy sompyisifgiran | gG are descri bed bel ow
(Exanpl ec<l). The plasqm . e ief ] heavy
and V kagpa | i ght chap%gg‘ﬁmﬁ&s%gﬁgﬁ%"gﬁ ‘%‘%ﬁﬁ%é‘%‘é%ﬁ@%@%@%&

conpl et e hemgiomadd hughh hedvgichaiiCDRS véereid hidsast phasithe burnanhd2eydhsid t o

express 25 &ﬁ%l etely human IgGI x or | g&Ax %ppil bgldi es. Fully human_and
chi meri ¢ antPHSECEPTGFS 2 deinp fed sefuencrASiciodrTam 8t aoHe? #d styeRcesirfcs, |1 gE,
1 gA, 1gM  agpRsGRowA A PREFES (or ciréSpbAding hRARY L1 ©3Aubiin SEASID NeJ: 2§l 2har

expressi on of other heavy chain isotypesS, or for expression of antibodies

conpri si ng (2myuanlighhehagh@amewor megons anddwotandighbeparCDBS, wheseinayleasti on,
the strygtural f . u ntl-JL-15 tibodie
i nventi gﬁ Q%Gﬁgtﬁg&%gg,hga%}ﬁ@ngﬁ)&g 4%%%2-&%}%&11&858%[ Shlgern 8%1 ezecg%dr%c urally

rel ated hunte aatiho adii-sdqueacdsiof CiliRBshdWaln Figusd 31 (cdlcotrespsidiag emirfouadid i onal
property of the a%gﬁgbg\? of the invention, such as binding to IL-15. More

speci i cal | {FsidgaR! @9 regi ons of 146B7, 147H5, 404A8 and 404E4 can
be 01 F E B 2006 WO 034@retn the tibody ethiHOBR H#5 % bind% AP ned reconbi nant |y
wi th known human framework regions and CDRs to create additional,

r econmbi nant The ehiljieldhe antibedyrémbind{l-16 (can be deteingned wsing§tandaed hindimat i on.
Accordingly,. . t 0, |£r§ptli i t] vi des a nethod for
prepari rrlig azrllssgﬂsf %ﬁﬁﬁﬁ?%ggttfg ody E(I)E%b&r%f)ieglyeg‘gﬁ’ &gﬁlﬁge aring an anti body
conprising (1) human Bawrvyt ishall kndwmirethe ak that egiittodsy lead) dndriight Bedwy chai n
CDRs, wher €j t .l east one of. the human heav hajn. CDRs_co i ses_an am no
acid s equenbg’@eq‘%%ﬁ%plﬂy B ARy RS TREY EPI éﬁﬁ%ﬁe@@g&wﬁcﬂy fhinity of an

antibody for an antigen, the recombinant antibodies of the invention prepared as set

forth above preferably comprise the heavy and light chain CDR3s of 146B7, 147HS5,

20 404A8 and 404E4. The antibodies further can comprise the CDR2s of 146B7, 147HS,
404A8 and 404E4. The antibodies further can comprise the CDR1s 146B7, 147HS5,

404A8 and 404E4. The antibodies can further comprise any combinations of the CDRs.

Accordingly, in another embodiment, the invention further provides anti-

IL—iS antibodies comprising: (1) human heavy chain framework regions, a human heavy

25 chain CDRI1 region, a human heavy chain CDR2 region, and a human heavy chain
CDR3 region, wherein the human heavy chain CDR3 region is selected from the CDR3s
of 146B7, 147H5, 404A8 and 404E4, for example, a human heavy chain CDR region of
146B7 as shown in Figure 2 (or corresponding amino acid residues in SEQ ID NO: 2);
and (2) human light chain framework regions, a human light chain CDR1 region, a

30 human light chain CDR2 region, and a human light chain CDR3 region, wherein the
human light chain CDR3 region is selected from the CDR3s of 146B7, 147THS, 404A8
and 404E4, for example, a human light chain CDR region of 146B7 as shown in Figure
3 (or corresponding amino acid residues in SEQ ID NO: 4), wherein the antibody binds



CDRs shown in Figure 2 (or corresponding amno acid residues in SEQ ID NO

2); and (2) human |ight chain franmework regi ons and hunman |i ght { [gDRs
wherein at | east 10 one of the hunman heavy chain CDRs conprises gﬁr@h&ﬂ

aci d sequeMe@oxdeisted from the ami no acid sequences of CPRI/ &9 N
Figure 3 (or corresponding am no acid rgsi dues in SEQ ID NQ 4); wherein
the antibody retains the ability to bind'to IL-15. The ability of the

antibody to bind |L-15 can be determ ned using standard bi ndi ng 15 assays,
such as t hodelxelhg tibady may derthex sorppiass the hepvy chaingglpRApnd/eg the Behtchpign wej |

known i n t hepablyrt gk aatiB oL 4@@&3&0@3@. The Bhtiodginthy %&&g&ggﬁwpl ay a

particularly I nportant role in the binding specificity/affini of an
ant i body f dreamy chain (] andhe thekghtiohainGiDRhof bodi7e 4 815,1404A8 avd AO41in

prepared as set fort referably comprise.the .heavy..and |i.ght chain
CDR3s of 14687, WERLEL A S S R _eﬁ%'i"_’qegan

conpri sest hgy oL@ cdthprist G exbt/zhiiRo acid Qé@nedTs) AQHdg of ThsBANUTHO MBS ur t her
can conprise the CDRls 146B7, 147H5, 404A8 and 404E4, The anti bodi es can

further congndi“¥E4disclaspdbhgiain; sleycyer, thecordinmaly skiled ertisag Wil appieeintsthad

enbodi nent , e nventd i frs | i i

corrpr: Si ng:SO d*@‘@ﬁ%ﬁ@%%%?@ﬁ%ﬁg\%g QF?%691?76%1§?I%§.’ @Bﬁgﬁﬂﬁgg%ﬂ 25 chain
CDR1 r egi onmapbéposaibldiehily stihetamifpRe abéy ofitheantbalyhtd il ekveffediacly CDR3

regi on, wherein the human heavy chain region is selected.fromthe CDR3s
of 146B7, 1 f%onﬁweéﬁﬂleaméa@gﬁm% fingly o AmAPRESHRP AR b DR

regi on gqb %@re@%ﬂﬁb&?{’hﬁﬂbcﬁ:(ﬁﬁﬂc_ﬁe@of&fe dr Phdr8 TPRhAGhra Thiadfpidl T esi dues
in SEQ I D NO 2%; and (2) human 1ight chain framework regi ons, "a human

li ght chai n? %70 At 9% Bademtisglio preyert mereL AREPRMGEy il HHLS, 494AS apdiman
l'ight chai nyf#p33 regi on, wherein the human Iight chain CDR3 region is

sel ected fromthe CDR3s of 146B7, 147H5, 404A8 and 404E4, for exanple, a
human | i ght chai n CDRuoragditon tobinbhthndiag IEHOwWengimeckedyantidodids fuch as those

correspondi mno acid residues_ in SEQ ID NO. 4), wherejn the anti body
b nds b 1 FEoRbslRe s F SRS opbe s shy e B RS LoD e Gt  body
may furber afidaRick SLthehtvenfay ¥udwt N COR2 and/or the light chain CDR2 of
146B7, 147H5, 404A8 and 404E4. The antibody nmay further conprise the heavy

chain CDR and/or the(l) pgdingthiimacBr]S gnd mbdnting 4 ¥Hnduggh A8 and 404E4. The
CDR1, 2, anﬂ/o%aﬁuﬁaq&iy%éctgf t he engi neered anti bodi es descri bed

(2) inhibiting I1.-15 induced TNFa production or T cell proliferation;
(3) binding to human IL-15 with a dissociation equilibrium constant (Kp)

20  of less than approximately 107 M when determined by surface plasmon resonance
(SPR) technology in a BIACORE 3000 instrument using recombinant human IL-15 as
the analyte and the antibody as the ligand;

(4) binding to an epitope located on the - and/qr y-chain interacting
domain of human IL-15;

25 (5) interfering with the binding of Asp® of human IL-15 to the B-unit of
the human IL-15 receptor and/or of GIn'® of human IL-15 to the y-unit of human IL-15
receptor;

(6) binding to receptor-bound human IL-15;
(7) binding to human IL-15 and inhibiting the ability of human IL-15 to

30 induce parakeratosis;

(8) binding to human I1.-15 and inhibiting the ability of human IL-15 to

induce epidermal thickening;



5 above can conprise the exact am no acid sequence(s) as those of 146B7,
147H5, 404A8 and 404E4 di scl osed herein. However, the ordinarily tg}
artisan will appreciate that sone deviation fromthe exact CDR seq; ces of
146B7, 14 ™3 03/40478 and 404E4 nmaybe possible while still R@EBsM26G9t he
ability of the antibody to bind IL-15 ehbkectively (e.g., conservative
sequence nodifications). Accordi ngI y, in another enbodinent, the 10

orami e Cooo ooor JeyeRRigIOBERRS LRy AT itivifRk by of Bl 13 Ber
147H5, 404A8dwdechrolfefitién omeladﬂfbdytdgmﬂdmrm npl y b| ndi ng 1 L-15, engineered
ant i bodi es such as those descri bed above ma selected for their

retention of ot her f UAE1 biadine %hﬁrﬁéﬂ“ﬂr b3 apd1 Q’lﬁm thssh1IEY obumandLi-Intent i on,
such as: (]1)1d19!e gtakg, dpég?v Ml 1-e gl inhibiting IL-15 i nduced

pr oi nflanmatory ects g I L- 15 induced TNFa production or T
cell probiferation; (3) bi ndi ng to hurran IL-15 with a dissociation

equilibriu onst ant 0 of i mately 10,7 M when '
det er mi ned karacferizgiion pﬂl?zié‘r’ﬁﬂ‘f]\‘[%’éo(f ﬁ{:‘é" al?oga %‘Jﬁﬁol ogy in a Bl ACORE 3000

I nstrunment US' ng I ecoiiffonbHoRdD aﬁtkbo%lﬁas%?thetlheerﬁ%'c)ih%e@ﬁ%ﬁa&&&e&%ﬂ body as
the ligand; (4) binding to an epitope |ocated on the p- and/or_ y-chain

i nt er act i ngbindiagrae H-b5 usingaariety pbknopm (eslymgustSerG@ptaHg theaptibodiesisrndi ng of

Aops of MuTafohl k@At 18heg) RECONARPIG & chppt SSREE iy OGN O

GLn108 of hung y-uni rece nding to
recept one boIm,ntB P ah&{lﬂdﬁ bl«éclc)ed biithdirelgvim pimaial sﬁdh—akl’mo&ﬂﬂ serinl ddbiming t he

bilit f [-15 30 jnd k bi, nd to h
'L 15 And. i CRPOTFRY E RES iR B RO 16 T G B as e
Ll ckeni ng:codd oEHind 96 PIAY.OhS%95 FICF/ USRH1ABTH wadfla i POt L0

human | L-15 and inhibiting the ability of hunman - I nduce
prol i f er at | ¥hanskthremgubatetyite g gomldrun(axd)thﬁqﬁwen@cmlmmhrea&eni5 and

I nhi bi ting éolﬂﬁlgapeidl tL taﬂ(aﬁtge 5&6’581%&% fc]frsl hShr at 37°C. After washing, the plates are

15 developed with ABTS substrate, and analyzed at OD of 405. Preferably, mice which
develop the highest titers will be used for fusions.

An ELISA assay as described above can be used to screen for antibodies
and, thus, hybridomas that produce antibodies that show positive reactivity with the IL-
15 immunogen. Hybridomas that bind, preferably with high affinity, to IL-15 can than

20 be subcloned and further characterized. One clone from each hybridoma, which retains
the reactivity of the parent cells (by ELISA), can then be chosen for making a cell bank,
and for antibody purification.

To purify human anti-IL-15 antibodies, selected hybridomas can be
grown in roller bottles, two-liter spinner-flasks or other culture systems. Supernatants

25 can be filtered and concentrated before affinity chromatography with protein A-
sepharose (Pharmacia, Piscataway, NJ) to purify the protein. After buffer exchange to
PBS, the concentration can be determined by ODygo using 1.43 extinction coefficient or
preferably by nephelometric analysis. IgG can be checked by gel electrophoresis and by
antigen specific method..

30 To determine if the selected human anti-IL-15 monoclonal antibodies
bind to unique epitopes, each antibody can be biotinylated using commercially available
reagents (Pierce, Rockford, IL).. Biotinylated MAb binding can be detected with a
streptavidin labeled probe. = To determine the isotype of purified antibodies, isotype



i nduce chenotaxis of activated | eukocytes. 5 Characterization of I—ﬁ:m
Monocl onal Anti bodies to IL-15 Human nonocl onal anti bodi es of th(j.J 'A]pfi on
can be characterized for binding to IL-15 using a variety of known

t echni quesvo@emerisl |y, the antibodies are initially char &T&rS02@doby ELI SA
Briefly, mcrotiter plates can be coatedgwith purified 10 IL-15 in PBS, and
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diluted in ' [ ( -%ﬁfi;l] ' iC added to
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PBS/ Tween itretiter platen cambdidiategiovith 1pgngd ofitntahtunah igeverhighd fFd°GCpaéef i c
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After washi Plgekipgavith S the plgteyiarg &tagisd Jvith 1hrg(ent of memeelpual antibpdipsanal yzed
at OD of 40 f I LGe. Whi¢ vel | ghest, t] Ler ill be
used for fuegli %ﬁf{%di%oﬁeydgﬂgggsaé%gg&ateeglg)re ?at%%g f(étl{}gv\?gl oggsh hg ‘;ﬁeglg grtliolﬂleécr een
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preferabl y Wit ar ¢velepsd #nd nabegd py depeikedibp¥fan 20 be subcl oned and furt her
characterized. One clphgsf theBRAFLINRIL BRI iBOHIE o 1RleAlNS exptdiSink fACT i Vi ty
of the parent cells (by ELISA), can then be chosen for making a cell bank,
and for ant1hdipy gxiemeétryean kprused.oBpefly. eyl hnessamdfnthiumiah PV @nexpesding s,

sel ected hybrjdomas can.b rown i.n roller bottles..two-liter .

pi nner 1 | ABEORTARI T (Ho§H ot Bun ardfh coliiohae bRzt | (o o
and conaent vaiohe comdetrtica foif frichyclehdl anttodiysap RRSWohtaidh ®0 ebaBIA aadhar ose
(Phar maci a, Pi scat anway o purify the protein. After huffer exchange to

bBe (he coPATANENS S Cat bboubiAderirskingyhopmisire gl 10N IGHescROt | o
coef { i ci ent 148bied RAEHERAPLIG RAHRAPUSHGTR! Lbfe BABNIKAL S ik GBRBBoENECked by

gel el ectrophoresis and by antigen specific nethod.. To ‘determine if the

sel ect ed hustamingntThelsampls pambe drahakd bnF AbSdaremstrivingnt usmgUightard sidsi t opes,

h i bod be..bi otinyl at ' ner ¢l al i Lahl e.
(P or oo,  rotprgrobP S sefblnfiile O M BRRRRATIG: It Bl o " 2

st r ept aviisdi deteraiigtd dApalodrRativEQissiSiegiflnerdsbehct aRénpRRpd imdibeivséd@dn ant | bodi es,
i sotype 01 FEB.2006 WD 03/ 017935 PCT/ US02/ 26769 _ -29_ELI SAs can be perforned
using art r 8RR P g Jowpsgtomelry AsFay: Gellsican by stained exacily as

described above and examined by fluorescence microscopy. This method allows -

visualization of individual cells, but may have diminished sensitivity depending on the
density of the antigen.

20 Anti-IL-15 human IgGs can be further tested for reactivity with the IL-15
antigen by Western blotting., Briefly, cell extracts from cells expressing IL-15 can be
prepared and subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis.
After electrophoresis, the separated antigens will be transferred to nitrocellulose
membranes, blocked with 20% mouse serum, and probed with the mon_oclonal

25 antibodies to be tested. Human IgG binding can be detected using anti-human IgG
alkaline phosphatase and developed with BCIP/NBT substrate tablets (Sigma Chem.
Co., St. Louis, MO).

II. Production of Transgenic and Transchromosomal Nonhuman Animals Which

30 Generate Human Monoclonal Anti-IL-15 Antibodies

In yet another aspect, the invention provides transgenic and
transchromosomal non-human animals, such as transgenic or transchromosomal mice,

which are capable of expressing human monoclonal antibodies that specifically bind to
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expressimg ikdtyger of ABmBE moRbEIBAL] QeltiBdEesI PLASYE Y , 16G SRAl i Hosiday sul fate

pol yacryl am de gel el ectrophoresis.  After el ectrophoresis, the separated

anti gens wiundengeing \ahk{ eacomhinaon ped iselype siideung. nsalypa AEEChing Bax eerudii t h 20%
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animal s, such as transgenic or transchronosomal mce, which are capable of

expr essi ng focion cepredy Srengbavthe pehway efBicell devglenraent; Jhisiipdudes, fopp
03/ 017935 'e?kgmgi'e, FsE@pé g@ﬁchjng of the heterologous heavy chain transgene. Accordingly,

transgenes are constructed so as to produce isotype switching and one or more of the

following of antibodies: (1) high level and cell-type specific expression, (2) functional
20 gene rearrangement, (3) activation of and response to allelic exclusion, (4) expression of

a sufficient primary repertoire, (5) signal transduction, (6) somatic hypermutation, and

(7) domination of the transgene antibody locus during the immune response.

Not all of the foregoing criteria need be met. For example, in those

embodiments wherein the endogenous immunoglobulin loci of the transgenic animal are
25 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.

For background on molecular immunology, see, Fundamental Immunology, 2nd edition
30 (1989), Paul William E., ed. Raven Press, N.Y.
In certain embodiments, the transgenic or transchromosomal non-human
animals used to generate the human monoclonal antibodies of the invention contain

rearranged, unrearranged or a combination of rearranged and unrearranged heterologous
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nmol ecul ar  iseguemotsa@ills end,, Newah diaids Reall S17305HT81 ® (V991 P iSddezak & ub 80 ( 1989) ,
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a conbination o earranged and unrearranged heterol ogous
20 a significant fraction of the B-cells of the transgenic animal (at least 10 percent).

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

25 encoding-at least one variable gene segment, one joining gene segment and at least one
constant 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

30 one aspect of the invention, the transgene is constructed such that the individual gene
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
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constructe h that_the individual gene o ) )
example, a minilocus comprises a portion of the genomic immunoglobulin locus having

20 at least one intenal (7.e., not at a terminus of the portion) deletion of a non-essential
DNA portion (e.g., intervening sequence; intron or portion thereof) as compared to the
naturally-occurring germline Ig locus.

In a preferred embodiment of the invention, the transgenic or
transchromosomal animal used to generate human antibodies to IL-15 contains at least

25 one, typically 2-10, and sometimes 25-50 or more copies of the transgene described in
Example 12 of WO 98/24884 (e.g., pHC1 or pHC2) bred with an animal containing a
single copy of a light chain transgene described in Examples 5, 6, 8, or 14 of WO
08/24884, and the offspring bred with the Jy deleted animal desclribed in Example 10 of
WO 98/24884. Animals are bred to homozygosity for each of these three traits. Such

30 animals have the following genotype: a single copy (per haploid set of chromosomes) of
a human heavy chain unrearranged mini-locus (described in Example 12 of WO
98/24884), a single copy (per haploid set of chromosomes) of a rearranged human K |
light chain construct (described in Example 14 of WO 98/24884), and a deletion at each



segnents are unrearranged , i.e., not rearranged so as to encode a
functional imunogl obulin |Iight or heavy chain. Such unrearran&?g
transgenes support reconbination of the V, D, and J gene segnent EB 2006
(functionalvaeatmangenent) and WO 03/ 017935 -32 01 F E B 788us02/26769

PCT/ US02/ 26769 preferably support incorpgration of all or a portion of a D
regi on gene segnent in the resultant rearranged i munogl obulin heavy chain
within the transgeni c non-human ani mal when exposed to the IL-15 antigen.
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(e.g., pHC or, pHC2) bred with an animal containing a single copy of a
li ght chai nfrestigRidneclisescribed in Exanples 5, 6, 8, or 14 of WD

Transgenic and transchromsomal mice employed in the present invention

exhibit immunoglobulin production with a significant repertoire, ideally substantially
20 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 toIgG from IgM has been
introduced into the transgenic mouse, the adult mouse ratio of serum IgG to IgM is
25 preferably about 10:1. The IgG to IgM ratio will be much lower in the immature mouse.
In general, greater than about 10%, preferably 40 to 80% of the spleen and lymph node
B cells express exclusively human IgG protein. ’
The repertoire will ideally approximate that shown in a native mouse,
usually at least about 10% as high, preferably 25 to 50% or more. Generally, at least
30 about a thousand different immunoglobulins (ideally IgG), preferably 10* to 10% or
more, will be produced, depending primarily on the number of different V, J and D
regions introduced into the mouse genome. These immunoglobulins will typically

recognize about one-half or more of highly antigenic proteins, e.g., staphylococcus



98/ 24884, and the offspring bred with the JH del eted ani mal described in
Exanpl e 10 of WD 98/24884. Animals are bred to honozygosity for each of
these three traits. Such 30 aninmals have the foll ow ng genotype: a E‘ gj
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encoding human IL-15. The mice will then produce B cells which undergo class-

switching via intratransgene switch recombination (cis-switching) and express

20 immunoglobulins reactive with IL-15. The immunoglobulins can be human antibodies
(also referred to as “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 recombinatorial joints, as well as germline-
encoded sequences; these human antibodies can be referred to as being substantially

25 1identical to a polypeptide sequence encoded by a human V| or Vi gene segment and a
human J; or Dy and Ji 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. The variable regions of each antibody chain are typically at least 80 percent
encoded by human germline V, J, and, in the case of heavy chains, D, gene segments;

30 frequently at least 85 percent of the variable regions are encoded by human germline
sequences present on the transgene; often 90 or 95 percent or more of the variable region
sequences are encoded by human germline sequences present on the transgene.

However, since non-germline sequences are introduced by somatic mutation and VJ and



25 preferably about 10:1. The IgGto IgMratio will be nuch lower in the
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pr edet er m nélb‘Stggti gen type. A heavy chain transgene having a predeterm ned
repertoire may Cconpri gRmah@AtiOERERIEch BiHABhYHraRALHINAMIahgdd Qn result
preferentially used in anti body responses to the predeterm ned antigen type
in humans. fiahtigetpe switdhyng, sushehayiiupen estibpdjessomgrising dduinfansaquendef i ned
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i mmunogeni ¢ to certain humans). Thus, prior to rearrangenent of a transgene
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oxpr asei ng PG ASE DB aRHECS UG oL BrIPY 1T wah b BLDARG O w th
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t he heavy and
hybridomas expressing human monoclonal antibodies which bind with high affinity

(e.g., lower than 10”7 M) to human IL-15. Thus, in another embodiment, the invention

20 provides a hybridoma which produces a human antibody having an affinity (Kp) of
below 10~ M, such as of below 10°M, 10° M or 10" M or even lower when
determined by surface plasmon resonance (SPR) technology in a BIACORE 3000
instrument using recombinant human I-15 as the analyte and the antibody as the ligand
for binding human IL-15, wherein the antibody comprises:

25 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 Vi gene segment and a human J;. segment, and (2) a light
chain constant region having a polypeptide sequence which is substantially identical to a
polypeptide sequence encoded by a human C; gene segment; and

30 a human sequence heavy chain composed of a (1) a heavy chain variable
region having a polypeptide sequence which is substantially identical to a polypeptide

sequence encoded by a human Vy gene segment, optionally a D region, and a human Jy



pol ypepti des are encoded by human transgene sequences, which may include
sequences derived by somatic nutation and V region reconbinatori@thngms,
as well as gerniine- encoded sequences; these human anti bodi es cah be

referred Wogﬁmt}gjsng substantially 25 identical to a pol y%ﬁgﬁﬁg%ﬂence

encoded by a human VL or VH gene segnent and a human JL or

segnent, even though other non-gernline38equences may be present as a
result of somatic nutation and differential V-J and V-D-J reconbi nation
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regions are encoded byhdusBIBpAELTH MR affaEYBNESS mPheS 6 affibddRs aghiagisgene;
often 90 or_95 percent or nore of the variable region sequences are encoded.
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positions) 5 will cluster in or near ( , Or 'in regions ere somatic

mut at i ons aréfikiabeimomesoned cempeising lvettoTEe 4 Iypede ¥ whVe KV grde segmént
predeterm ned aptigen can result . fromisotype sw t.chi Sy t hat human
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y3) and a hepaatebebyrno@binagihethdds which wmady inslubdapmieyf-ddea ot@mpittabVgene Such
i sotype-switched h n anti bodi es offen_ contain one-or nore songti

mut at i on( s)s',eglfn%‘iscg?rﬁae?af ast e PEMOLHBCRR YrBeRf JeFRIUHAP SORANGE PRINE about

10 resi duesygt, an tPRAriARnait [s§o4sible®b naké h Mah¥zARIHORE pRINuBAIL PRlact i on of B
cells by antigen, particularly subsequent to secondary (or subsequent)

anti gen chalepertrjee exphrsien methpd, aftferein the rhonsgrexprestes bo ithmsneglgbulmabaisi ndi ng
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To10 Moy SibishlsEfa il MasBietnBRading Py iR piheVkembi A 1 P
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anti bod 65 WAMCITPBRIES SHPRRGR TP AT pe ey MRSt AT EY B t o hurran
I L-15. Thussanite g2Refalt@! ascd¥h adid®Mtainihp 8t IeBM @B WA V genes or more. Some V
gene segments may be non-functional (e.g., psendogenes and the like); these segments
20 may be retained or may be selectively deleted by recombinant methods available to the
skilled artisan, if desired.
| 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
25 into other genetic backgrounds, including backgrounds where the functional YAC
having an expanded V segment repertoire is bred into a mouse germline having a
different human Ig transgene. Multiple functional YACs having 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
30 transgenes when integrated into the genome may substantially lack yeast sequences,
such as sequences required for autonomous feplication in yeast; such sequences may
optionally be removed by genetic engineering (e.g., restriction digestion and pulsed-field

gel electrophoresis or other suitable method) after replication in yeast is no longer
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IV. Transgenic animals containing rearranged heavy and rearranged light

20 immunoglobulin transgenes.

Of these categories of transgenic animal, the preferred order of
preference is as follows II > I > I > IV where the endogenous light chain genes (or at
least the K gene) have been knocked out by homologous recombination {(or other
method) and I > I > TII >IV where the endogenous light chain genes have not been

25 kmocked out and must be dominated by allelic exclusion.

1. Antibody Conjugates/Immunotoxins

In another aspect, the present invention features a human anti-IL-15
monoclonal antibody conjugated to a therapeutic moiety, such as a cytotoxin, a drug
30 (e.g., an immunosuppressant) or a radioisotope. When conjugated to a cytotoxin, these
- antibody conjugates are referred to as “immunotoxins.” A cytotoxin or cytotoxic agent
includes any agent that is detrimental to (e.g., kills) cells. Examples include taxol,

cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide,



gene segnents may be non-functional (e.g., pseudogenes and the like); these
segnents 20 may be retained or may be selectively del eted by recmﬂ%ﬁﬁ

nmet hods available to the skilled artisan, if desired. Once the
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V segnent repertoire, substantially not sgresent in the human 1g transgene
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human | ynphocyte proteins. "The invention also provides a high affinity
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expanded V ' riQir AC transgene. Although the foregoing
descri bes a{egarq%(?@?&g‘a{’glpéloagi%rgen%e}(bf t he transgeni c animal of the invention,

ot her enbodi nents ar eThoaitiboyy adrgapavdsiof thehaventiopean be hisslto todifyiangivemur
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cont ai ni Ng @HenHbdl UWerAFNEE dod@a \Bor 8Rdnple, the drug moiety 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

20 A, pseudomonas exotoxin, or diphtheria toxin; a protein such as tumor necrosis factor or
interferon-y; or, biological response modifiers such as, for example, lymphokines,
interleukin-1 ("IL-1"), interleukin-2 ("IL-2"), interleukin-6 ("IL-6"), granulocyte
macrophage colony stimulating factor ("GM-CSF"), granulocyte colony stimulating
factor ("G-CSF"), or other cytokines or growth factors.

25 Techniques for conjugating such therapeutic moiety to antibodies are
well known, see, e.g., Amon et al., "Monoclonal Antibodies For Immunotargeting Of
Drugs In Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et
al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom e al., "Antibodies For Drug
Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53

30 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer
Therapy: A Review", in Monoclonal Antibodies '84: Biological And Clinical
Applications, Pinchera ef al. (eds.), pp. 475-506 (1985); "Analysis, Results, And Future
Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy", in
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cancer.

psortasis agents. The pharmaceutical compositions of the invention can also be
administered in conjunction with radiation therapy. Co-administration with other

20 antibodies, such as CD4 specific antibodies and IL-2 specific antibodies, are also
encompassed by the invention. Such combinations with CD4 specific antibodies or IL-2
specific antibodies are considered particularly useful for treating autoimmune diseases
and transplant rejections. _

As used herein, "pharmaceutically acceptable carrier” includes any and

25 all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. Preferably,
the carrier is suitable for intravenous, intramuscular, subcutaneous, parenteral, spinal or
epidermal administration (e.g., by injection or infusion). Depending on the route of
administration, the active compound, i.e., antibody, bispecific and multispecific

30 molecule, may be coated in a material to protect the compound from the action of acids
and other natural conditions that may inactivate the compound.

A "pharmaceutically acceptable salt" refers to a salt that retains the

desired biological activity of the parent compound and does not inipart any undesired



15 The anti body conjugates of the invention can be used to nodify a given
bi ol ogi cal response. The therapeutic noiety is not to be construed as
limted to classical chemcal therapeutic agents. For exanple, §heggned
noi ety may be a protein or pol ypeptide possessing a desired biol ogical
activity. WSueH0I3¥6t ei ns may include, for exanple, an enzRt{YWa4Y active
toxin, or active fragnment thereof, suchggs abrin, ricin 20 A pseudononas
exotoxin, or diphtheria toxin; a protein such as tunor necrosis factor or
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Monocl onfll methylgbeminereirlo@pnseineioting idigthametantinereipylencBigming, praseingt .
(eds.), PP-an %gg 16 (Academ c Press 1985), and Thorpe et al., "The
Preparation ,gn 1a;‘/‘?'ot oxic Properties O Antibody-Toxi n Conjugates",
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anot her aspect,  t present invention provides a. copposition, e.g., a
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the inventi 1()30 ylgclerss%ag %Q usbe%, gu% .ars] ie tyi%£§ gini}lpacetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and bolylactic acid. Many methods for the preparation of
20 such formulations are patented or generally known to those skilled in the art. See, e.g.,
Sustained and Controlled Release Drug Delivery Systems, I.R. Robinson, ed., Marcel
Dekker, Inc., New York, 1978.
To ‘administer a compound of the invention by certain routes of
admuinistration, it may be necessary to coat the compound with, or co-administer the
25 compound with, a material to prevent its inactivation. For example, the compound may
be administered to a subject in an appropriate carrier, for example, liposomes, or a
diluent. Pharmaceutically acceptable diluents include saline and aqueous buffer
solutions. Liposomes include water-in-oil-in-water CGF emulsions as well as
conventional liposomes (Strejan et al. (1984) J. Neuroimmunol. 7:27).
30 Pharmaceutically acceptable carriers include sterile aqueous solutions or
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



combi nation therapy, i.e., conbined with other agents. For exanple, the
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such as hydrachlaoric, nitric, _phosphoric, sulfuric, hydrobromc,
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cal cium and e’like, as well as fromnontoxic organic am nes, such as

N, N' - di benzyl et hyl eneflietitd ingectable olutivhdyan Gk peeparedchy wbbrponapingtiadkve chol i ne,

di et hanol am ne, ethyl enedi.ani ne, procaine .and the ljike. A conpositi OP of

the present CYRRAREIDCIEHIEE ARATHISPSPRAPHFe JolygR Wik one or a combination o

ingredients enumerated above, as required, followed by sterilization microfiltration.

20  Generally, dispersions are prepared by incorporating the active compound into a sterile
vehicle that contains a basic dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are vacuum drying and freeze-
drying (lyophilization) that yield a powder of the active ingredient plus any additional

25 desired ingredient from a previously sterile-filtered solution thereof.

Dosage regimens are adjusted to provide the optimum desired response
(e.g., a therapeutic response). For example, a single bolus may be administered, several
divided doses may be administered over time or the dose may be proportionally reduced
or increased as indicated by the exigencies of the therapeutic situation. For example, the

30 human antibodies of the invention may be administered once or twice weekly by
subcutaneous injection or once or twice monthly by subcutaneous injection.

It is especially advantageous to formulate parenteral compositions in dosage unit form

for ease of administration and uniformity of dosage. Dosage unit form as used herein



of methods known in the art. As will be appreciated by the skilled artisan,
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pharmacy. The amount of active ingredient which can be combined with a carrier

20 material to produce a single dosage form will vary depending upon the subject being
treated, and the particular mode of administration. The amount of active ingredient
which can be combined with a carrier material to produce a single dosage form will
generally be that amount of the composition which produces a therapeutic effect.
Generally, out of one hundred per cent, this amount will range from about 0.001 per cent

25  to about ninety percent of active ingredient, preferably from about 0.005 per cent to
about 70 per cent, most preferably from about 0.01 per cent to about 30 per cent.

Formulations of the present invention which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate. Dosage

30 forms for the topical or transdermal administration of compositions of this invention
include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and

inhalants. The active compound may be mixed under sterile conditions with a



of the required particle size in the case of dispersion and by the use of
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agent that del ays absorption, for exanpté%'nnnostearate salts and gelatin.
Sterile injectable solutions can be prepared by incorporating the active
conpound i nphirenaceufisel parcaptoblatcaiieraandapifr apymiresery atives, buffersi ariprepellands  a
conbinationvﬁﬁciqgggd% Q}ﬁienunerated above, as required, followed by
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unitary dosages for the subjects to be treated; each unit contains a

pr edet er m néQatifgmatensls, sachhes lpgithipdyibemaintenanes efttheiregpired partide size Hethglesi r ed
t her apeujd c SN K hatd i equi red pharmaceutical carrier.
The speglltjfi c"g%"‘{%%?8&‘@%’?@3?%@%%%@%@'of the invention are dictated by
and directly 5 dependé&heseaonfpagitibheman ko eothiandmvents stdhcs podsetvhgveaact | ve

commound and . BRLLI Sl mhel AT aPSH L ettt L opbs, achi e, and (5) 't he
t he treat merbicRiorS@itfistnhayi BeYenbuired BEihvHyditet 1Zation procedures, supra, and by the
inclusion of various antibacterial and antifungal agents, for example, paraben,

20 chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include
isotonic agents, such as sugars, sodium chloride, and the like into the compositions. In
addition, prolonged absorption of the injectable pharmaceutical form may be brought
about by the inclusion of agents which delay absorption such as aluminum monostearate
and gelatin.

25 When the compounds of the present invention are administered as
pharmaceuticals, to humans and animals, they can be given alone or as a pharmaceutical
composition containing, for example, 0.001 to 90% (more preferably, 0.005 to 70%,
such as 0.01 to 30%) of active ingredient in combination with a pharmaceutically
acceptable carrier.

30 Regardless of the route of administration selected, the compounds of the
present invention, which may be used in a suitable hydrated form, and/or the

pharmaceutical compositions of the present invention, are formulated into



Exanpl es of pharmaceuti call y-acceptabl e antioxidants include: (1) water

sol ubl e anti oxi dants, such as ascorbic acid, cysteine hydrochloride, sodium
bi sul fate, 10 sodium nmetabisulfite, sodiumsulfite and the Iike;01E}B 2006
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dosage until the desired effect is achieved. In general, a suitable daily dose of a
20 compositions of the invention will be that amount of the compound which is the lowest
dose effective to produce a therapeutic effect. Such an effective dose will generally
depend upon the factors described above. It is preferred that administration be
intravenous, intramuscular, intraperitoneal, or subcutaneous, preferably administered
proximal to the site of the target. If desired, the effective daily dose of a therapeutic
25 compositions may be administered as two, three, four, five, six or more sub-doses
administered separately at appropriate intervals throughout the day, optionally, in unit
dosage forms. While it is possible for a compound of the present invention to be
administered alone, it is preferable to administer the compound as a pharmaceutical
formulation (composition).
30 Therapeutic compositions can be administered with medical devices
known in the art. For example, in a preferred embodiment, a therapeutic composition of
the invention can be administered with a needleless hypodermic injection device, such

as the devices disclosed in U.S. Patent Nos. 5,399,163, 5,383,851, 5,312,335, 5,064,413,
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| evel s of the active ingredients in the pharnaceutica
formulated, for example in liposomes. For methods of manufacturing liposomes, see,

e.g., U.S. Patents 4,522,811; 5,374,548; and 5,399,331. The liposomes may comprise

one or more moieties which are selectively transported into speéiﬁc cells or organs, thus
enhance targeted drug delivery (see, e.g., V.V. Ranade (1989) J. Clin. Pharmacol.

20 29:685); Exemplary targeting moieties include folate or biotin (see, e.g., U.S. Patent
5,416,016 to Low et al.); mannosides (Umezawa et al., (1988) Biochem. Biophys. Res.
Commun. 153:1038); antibodies (P.G. Bloeman et al. (1995) FEBS Lett. 357:140; M.
Owais ez al. (1995) Antimicrob. Agents Chemother. 39:180); surfactant protein A
receptor (Briscoe et al. (1995) Am. J. Physiol. 1233:134), different species of which may

25 comprise the formulations of the inventions, as well as components of the invented
molecules; p120 (Schreier ez al. (1994) J. Biol. Chem. 269:9090); see also K. Keinanen;
M.L. Laukkanen (1994) FEBS Lett. 346:123; 1.J. Killion; LJ. Fidler (1994)
Immunomethods 4:273. In one embodiment of the invention, the therapeutic compounds

- of the invention are formulated in liposomes; in a more preferred embodiment, the

30 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
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adm ni ster the_ conpound as armaceutical fornulation (corrp05| tion). 30
Ther apelft i ArdgisdRhaumat éh‘—?%géga??ﬁr?ﬁ%tered wi th nedical devices known in
the art. For exanple, in a preferred enbodi ment, a therapeutic conposition
of the invention canlhsebilitypft eerapamdyip inhibit pansen cands s valypledisy a0 &imal ect i on
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inhibition in vitro by assays known to the skilled practitioner. A therapeutically

20 effective amount of a therapeutic compound can decrease tumor size, or otherwise
ameliorate symptoms in a subject. One of ordinary skill in the art would be able to
determine such amounts based on such factors as the subject's size, the severity of the
subject's symptoms, and the particular composition or route of administration selected.

The ability of the antibodies to treat or prevent psoriasis can also be

25 evaluated according to methods well known in the art.

The composition must be sterile and fluid to the extent that the
composition is deliverable by syringe. In addition to water, the carrier can be an
isotonic buffered saline solution, ethanol, polyol (for example, glycerol, propylene
glycol, and liquid polyetheylene glycol, and the like), and suitable mixtures thereof.

30 Proper fluidity can be maintained, for example, by use of coating such as lecithin, by
maintenance of required particle size in the case of dispersion and by use of surfactants.

In many cases, it is preferable to include isotonic agents, for example, sugars,



useful in the present invention include: U S. Patent No. 4,487,603, which

di scl oses an inplantable mcro-infusion punp for dispensing med'hgaFti 2{@ ﬁat a
controlled rate; U S. Patent No. 4.,486,194, which discloses at aﬁg

devi ce forwa@dspisd eri ng 5 nmedi cants through the skin; U Sciaé@niedNo.
4,447,233, which discloses a nedication _infusion punp for delivering
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| i posones. For M%ldb of manufacturing |iposones, see, e.g., US. Patents
4,522, 811; %514 S658T6T-399, 331. The |iposones may conprise one or nore
noi eties which are selectively transported into specific cells or organs,

t hus enhance target ed dr ug dellvery (see, e.g., V.V. Ranade (1989) J. Chin.
Phar macol . 20S 8 0 Wipeti ng noieties include folate or biotin
(see awa et
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Agent s Chermt her ?59 180); surfact ant protein receptor (Briscqe et al.
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conpri se the forrml at if eRfbodliftfent, ﬁx\ﬂﬁﬂﬁ'a&ﬁ@odlé%f\fﬁéﬁw%oﬁmﬁ%ﬁmm t he
invented nolecul es; pl20 (Schreier et a (1994) J. Biol. Chem 269: 9090)
see al s0 K IIKES imahment TNFo produtitkidayn® neltslegﬂlt)r nﬁﬁamdmcroph&c&mttferhbw
Killion; LJ i dl.er | mmunonet hods, 4: I.n one enbodi_nent of the
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targeting noiety. "I'n a nost preferred enmbodi ment,” the ther apeut| C corrpounds
inthe i po@mlmiafSdeLdSGQISIgn@rtmugyﬂdedé reegpéartis mhlhlt@dané,lth@, preoxi mal to the
tumor or infection. t|o nust be fluid to t nt .that easy

syr i ngabi | | RyAuean gt Nije by Tl andlor dpgmocyise/mectonbogss AP AT BIOIGE: manuf act ur e

and storag er%ft@re@I%hb&ﬁa%&%&@Q& (e ¥OpaAHibf Situnkt HusiPihe 6 Afifha
20 subunit) which are specific to IL-15 and, thus, advantageously inhibit IL-15-induced
TNFa production, but do not interfere with TNFa production by structurally related
. cytokines, such as IL-2.
In another embodiment, human antibodies of the invention are used to
inhibit II.-15 induced T cell recruitment and/or proliferation, preferably without
25 inhibiting T cell proliferation induced by other structurally related cytokines, such as IL-
2. As with TNFa production, by contacting the antibody with IL-15 (e.g., by
administering the antibody to a subject), the ability of IL-15 to signal through the IL-15
receptor is inhibited and, thus, T cell stimulation by IL-15 is inhibited.
Accordingly, in yet another embodiment, the present invention provides a
30 method for treating or preventing a disorder mediated by IL-15 (e.g., an autoimmune
disease, such as psoriasis, rheumatoid arthritis, or inflammatory bowel disease, or an

infectious disease, such as HIV), by administering to a subject a human antibody of the
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| mpr ovengnt 1115 BhQsuiad @ighsévr thritis; 15 Arthritis Rheumati sm (1995) 38:
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prevent psoriasi.s can alsq b 25 eval ya accordi ng, to.net hods wel |l  known
Pt he art. BerigupsRey droeiees o e 1§ Blana ey Tebe it e SERA0 hat t ne
conposi ti onpdeguiflfddt VETRRHEarAin $H ihB8Eion bR TRAUL h@ BiHeP intRhflatory RtokBES. €7 can
be an isotonic buffered saline solution, ethanol, polyol (fof éxanple,

gl ycerol, pTbpydlen€IL-§$ yribk pragnession gliRA ipubdlyes mprocessevhgrebydl; 15amtlichhe | i ke) ,
2 o018 BTl 55 ke, ORGP Bl 2,
particle si gRitfinthRrehage Mtivahici ahd (2 Induod THIF-H peodilctisn!r Sasblarts. 1 n many
cases, it is preferable to include isotonic agents, for exanple, sugars, 01
FEB 2006 macrophages promote the synthesis of more IL-15 and T cell activation, thus, continuing
the cycle. In addition to its effects on TNF-a and macrophages, IL-15 also activates
neutrophils and affects local B cell immunoglobulin secretion, particularly rheumatoid
20 factor synthesis.
Accordingly, anti-IL-15 antibodies of the invention can be used to
prevent or block the foregoing effects of IL-15 which cause RA and, thus, can be used to
prevent or treat this disease. For example, anti-IL-15 antibodies of the invention can be
used to inhibit inflammation and/or prevent chemotaxis of activated leukocytes involved
25 inRA.
The human antibodies of the present invention may be used for inhibition
of progression of structural damage in patients with rheumatoid arthritis who have had
an inadequate response to methotrexate or for reducing sign and symptoms and delaying
structural damage in patients with moderately to severely active rheumatoid arthritis,
30 including those who have not previously failed treatment with a DMARD.

Human antibodies of the present invention also can be used to block or

inhibit other effects of IL-15. IL-15 is expressed in various cells and tissues including
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sorbitol, and sodiumchl-oride in the conposition. Long-tern absorFtpt i 8[% of
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nonostearate or gelatin. Wen the activ% conpound is suitably protected, as
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t he anti bodyatibftsa Hadtan@e#IL- 1shaitiBsdy dfitie Rivertlonlih ah QuivufieHectivy OUHat drhe | L- 15

receptor is inhibited and, thus, T cell stinulation by IL-15 is inhibited.

Accor di ngl yBrevant sherdisorderh Eer examds. ratinL- 15 matibediesafithe Averionsan brysiddes a 30
o o 431, SRR RS S R e bttt 0
i nf | anmat orrgditsvpeblifiadion of keratinauytes impscipsious di sease, such as H V), by
adm nistering to a Sullij-%c 2t11sc(;Jl m%'dgl% es ﬁfétdn?c%%}é o?fintctesrt]i%al epithelial cells (Reinecker,
et al. (1996) Gastroenterology 111:1706-13). Specifically, IL—YIS can cause
modifications on mucosal epithelial cells and on intestinal epithelial cell lines and,
20 therefore, is involved in the pathogenesis of inflammatory bowel disease, e.g., celiac
disease. The role of IL-15 in such diseases is shown by the selective over-representation
of IL-15+ cells in the small intestine of untreated patients with celiac disease (WO
00/02582). Thus, it has been shown that IL-15 is directly involved in the initiation and
maintenance of celiac disease. Accordingly, in another embodiment, anti-IL-15 human
25 antibodies of the present invention (i.e., which inhibit the proinflammatory effects of IL.-
15) can be used to treat and/or to prevent celiac disease by administering the antibody to
a patient in an amount effective to treat or prevent the disorder.
In addition, it has been found by the inventors of the present invention
that IL-15 also promotes the formation of new blood vessels, a process called
30 neovascularization or angiogenesis. Accordingly, yet another use for the antibodies of
the invention includes the prevention or treatment of diseases involving

neovascularization. These diseases include a variety of cancers which rely on or are

characterized by neovascularization, in addition to inflammatory diseases.



01 FEB 2006 WD 03/017935 PCT/ US02/ 26769 -48 invention in an anount
effective to treat or prevent the disorder. The anti body can be

adm ni stered al one or along with another therapeutic dgent, sudhl &EB &6 anti -
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parti cull@r |opnleasertbonkibit 20 bfogk flod 5 fiynetibe sihich, Actmor, dkm gieyentan timelibrates

anti bodi es pf the invention,ca used to prevent or block the foregoing
effects of ‘?_QafesSWﬂt%rﬁsSﬁﬁg‘éghﬁ‘iﬁgfncﬁ%s, can be used to prevent or treat

this disease. For exagppRvioaslyidedckibdd hardah RAGLIIESI Saintibbdies OMBOnveRignan be
used to inhibit inflanmati on and/ or prevent chenmptaxis of activated
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therapeutic agents include, among others, anti-inflammatory agents, DMARDs (disease-

modifying anti-rheumatic drugs), immunosuppressive agents, chemotherapeutics, and
20 psoriasis agents. The human antibodies according to the invention can also be
administered in conjunction with radiation therapy.

In another embodiment, the human antibodies of the invention can be
administered in combination with other antibodies, such as CD4 specific antibodies and
I1.-2 specific antibodies. A combination of the present human antibodies with CD4

25 specific antibodies or IL-2 specific antibodies are considered particularly useful for
treating autoimmune diseases and transplant rejections. _

Also within the scope of the present invention are kits comprising human
anti-IL-15 antibodies of the invention and, optionally, instructions for use. The kit can
further contain one ore more additional reagents, such as an immunosuppressive reagent,

30 or one or more additional human antibodies of the invention (e.g., 2a human antibody
having a complementary activity which binds to an epitope in the IL-15 antigen distinct

from the first human antibody).



inhibit other effects of IL-15. IL-15 is expressed in various cells and
tissues including 01 FEB 2006 WD 03/017935 PCT/ US02/ 26769 -49 Fppgﬁ%ges
and macr ophages, fibroblasts, dendritic cells, and keratinocyté%.
Keratinocytes are major constituents of the epiderm s and the epithelial
lining of WAI¥BYAS tissue. Control of keratinocyte grow h PEI/HEM26T8d by a
conpl ex network of cytokines and growtlR;factors, sone of which are produced
by keratinocytes thenselves. 5 Keratinocyte-derived IL- 15 contributes to T
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intestine of untreated patients with celi'ac di sease (WD _00/02582). Thus, it
has been shown that [Qthesemkodiments pf the prasentubventian arredaserihedan then and

mai nt enanc %%gﬁ jsease. Accordingly, in another enbodi nent,
anti-lL-lSqﬁg%%ﬁg aﬁ%%bodies of the present invention (i.e., which inhibit
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or angi ogeriPplieationaspexpresglyyincerperaigd betesy byreferersie. t he anti bodi es of
20 EXAMPLES
Example1 Generation of Cmu targeted mice

Construction of a CMD targeting vector

25 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 into the Xhol/EcoRI sites of the plasmid pICEMISH (Marsh et al; Gene 32,
481-485, 1984). The heavy chain sequences included in pICEmu extend downstream of

30 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.



the invention includes the prevention or treatnment of diseases involving
neovascul ari zati on. These di seases include a variety of cancers which rely
on or are characterized by neovascul arization, in addition to §nffE&H0Et ory
di seases. WD ®B/ETB52006 WO 03/ 017935 PCT/ US02/ 26769 -50 Heowwsaniddodi es of
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| L- 15, or Iwlabs&nptf(suatdgsnagvmadhlla;d}mal"ﬁma pICEﬁunﬁhagth exterddbiram ¢hesimfiHEe or

such' 1 evel shgrocde PR mavebBs P CRul o BHSRE! ol ke aGGHEE) R ons
Al ternatp velleyumﬁgﬁlaﬁﬁid Wi esstelOv RIRBmMAPSHEI @ tHe dpﬁfoli}hﬁteBM 21 &%KI/XBaI15

function which, in tam can prevent or aneliorate disease s t oms caused
by IL-15 fuﬁ@gm@ﬁfromlﬁrﬁéw gkisnding &ogy the Seha Iisitedm Cail i3 ItQ;ﬂTEE?gtglE‘éli%odl es of
the inventi B@atec?ﬁ@tci% SRt T HeShEhh Wo hw&“l%sa{edoﬁ%% %mﬁrtgé{l&%{ gpeutic
agents, e. MMUNOSUpPpPr essi Ve agen AR ant i 1Nt ory ‘agent to

i ncrease thﬁrme,wedsllmmhmd%therﬁmﬁrma,tanﬂyi riéf)feﬁp’fesm&h@s&mtelmw CHhis be | i nked
to the agent gas an | nocongl ex) .or_ can he_adm ni ster d separate fromthe

agent. In tFRSSoHgcPRyste gkthe pee CFATSPYRA RINOl Oh BiegRRiSBody can be

adm ni sy gr eghREEdH a@él‘cﬁé Gbief kbl W I Radhént288Aler aBY |
t her apeuti gﬂ]aggﬁlt sfclerncl ud Squ%}g)?? ot ﬁepgﬂ é.[‘r%@[ll -?nf ém’rat oertg a@eﬁ;s@nm RDs

(di sease- nﬁbﬁﬁymm gnémntalmh\te @mgl@dyadgsylathnﬁm@sulypm@ﬁ eay Boeset
chenDtherape 13 h ccordi ng
to the i nven¢J| gﬁocg‘fm cagé&agmb§|@§%2 in ?%Sr?jgtltmc %rfal\flm ?lﬁg at| on

t herapy. | nplam‘ﬁfpﬁJIQméwﬂbdlﬂi)tTyﬁdmlbmm 901 el 65: le53t1h63)ﬁ1MﬁN\th1@1n can be
adm nistered in conbination wth ofher i bodi es specific

ant i bodi es g‘ﬁ&“?‘}f'seftes‘ﬁ%gﬁxﬂsﬁ d agqn %’gﬁl@%“é]ﬂ %ﬁ?’b‘?"ft\é’?‘?ﬁ# &Dd present human
anti bodih§s wedrY/ERHIRS ésl@&ﬁb(f}EM mﬁ?ﬁﬂge‘%@ra@péf&h@7 BREG! fI‘hG n8ddshqdi es are

considered particularly useful for reati ng autoi nmune di seases and

transpl ant we exsisedfrom pEEM-WICH) rb)'tﬂﬂ?eRySdbéngﬁlqnhblupt egled and snbelongdn ar e
ki Us_compr i g g QRO . 871 ohabink Py Bk | BRI pBhtd Mont RS UL AN

optionally, T'ns ruc I ons use Ki't
Cmu sequences. The resulting plasmid was linearized with Not I, and a herpes simplex

virus thymidine kinase (tk) cassette was inserted to allow for enrichment of ES clones
20 bearing homologous recombinants, as described by Mansour ez al. (1988) Nature 336:
348-352. This cassette consists of the coding séquences of the tk gene bracketed by the
mouse pgk promoter and polyadenylation site, as described by Tybulewicz et al. (1991)
Cell 65: 1153-1163. The resulting CMD targeting vector contains a total of
approximately 5.3 kb of homology to the heavy chain locus and is designed to generate
25 amutant mu gene into which has been inserted a neo expression cassette in the unique
Smal site of the first Cmu exon. The targeting vector was linearized with Pvul, which

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

Generation and analysis of targeted ES cells
30 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
Practical Approach (E. J. Robertson, ed.) Oxford: IRL Press, p. 71-112). The linearized




further contain one ore nore additional reagents, such as an

| mmunosuppr essi ve reagent, 30 or one or nore additional human a k?ﬁ%’ s of
the invention (e.g., a human anti body having a conplenentary a yﬁmhich
binds to agwgggégge inthe IL-15 antigen distinct fromthe first human

ant i body) . ’006 WO 03/ 017935 PCT/ US02/ 26769 -51 Ac®ETdisngyRere9
patients treated wth anti bodi es of thesinvention can be additionally

adm ni stered (prior to, sinmultaneously with, or follow ng adm nistration of

a human an W{mé O&tdl 4§ @fe'cf?&%]ore. %tﬁlt@‘&% E'%Ellé 1@%&%% dt@%ﬁggd such as

an anti - agent, ances or ments t erapeutic
ef f ect of tHEst)mmﬁr(H'ésta,rR inedaleel991riNytare ﬁ@oﬂ#&%@nfmmmmatedhmﬂawere

ti bodi f the i t b t t d t t]
Sente. 1 aptited it | QYEHH didhbs SPactRisn D s Bl Bin RRBOA R AT v
IL-1S boun@@@nﬁé}sgr%m%nfoﬁs&ve%oﬂlponemrm BAUTE 1) wRed el fo fHe- 15

receptor by linking such conpounds to the 10 antibody. Thus, the invention
al so provi desslivet anddbug-resistaptelpesivage allowedto develop pyvey &f days. Glonesovere | s

expressi ng | tkeé%rﬁa@ﬂyzeh cfivr'ldéc? 16 anp%&%algs muyvfurﬁler ex%%tggedt %—Pllﬁ ofl i bce:ellls such as

a radioi s&t¢ uoresc enzyme co-factor).

Q her enbocjueﬁeeu ﬁromfeaﬂhﬂorw\eee Itlieni ﬁnzeﬁran@mea;ltl&rdemﬁalpﬁsd fbﬂhdﬂfn@logdusl | owi ng
Exanpl es. 15 The present invention is further illustrated by the foll ow ng
exanpl es  RAFERPIRHION GIESR VERLOIBELUBEEIMANCEUr t her |initing. The contents of

Sequence Listing, ik gSadidwald darfibd 6t Cs%%theﬂﬁlglﬁf’ﬁ?orﬁiﬂu%'bbb@bﬁgs pat ent

applications cited throughout this “application are expressly incorporated
herein By nm‘letpéﬁomthQGlows/ﬁEESbEi(hﬁﬁhmd &t diefieirds P.ON. dfalC(ﬂ99ﬂhNgdbled m ce

Const t [ 1] t Th
FooR | ol AoduREniY DRl SBR, AR A AR SeraptpiRag Sile T
gene, that agasS Sl fisghdot, prote: Badde/Fimge mp rmﬁch m;a;miiach%s phagRutidabatieen Mar cu

et al. Cell_ 22: 187, 1980). Thi.s genom c fragnen subcl oned_into the
Xhol / EcoRI 18§ Fdnigprig ﬁélameaélaﬁ Hleﬁrltmt%e@mr ErpbétA Q‘Fte"tﬁ%ﬁé’ ISpel 481.- 485,

19541, e OB SR, SAUIEIGS 20 il Pk MRS oSSy of 50

| ocat edl5 has homologously recombined with the CMD targeting vector (the neo expression
cassette contains a Spel site). Of 1132 G418 and FIAU resistant clones screened by
Southemn blot analysis, 3 displayed the 7.6 kb Spe I band indicative of homologous
recombination at the mu locus. These 3 clones were further digested with the enzymes
Bgll, BstX1, and EcoRI to verify that the vector integrated homologously into the mu

20 gene. When hybridized with probe A, Southern blots of wild type DNA digested with

Bgll, BstXI, or EcoRI produce fragments of 15.7, 7.3, and 12.5 kb, respectively,
whereas the presence of a targeted mu allele is indicated by fragments of 7.7, 6.6, and
14.3 kb, respectively. All 3 positive clones detected by the Spel digest showed the
expected Bgll, BstXI, and EcoRI restriction fragments diagnostic of insertion of the neo

25 cassette into the Cmul exon.

(Generation of mice bearing the mutated mu gene
The three targeted ES clones, designated number 264, 272, and 408, were
thawed and injected into C57BL/6J blastocysts as described by Bradley (Bradley, A.

30 (1987) in Teratocarcinomas and Embryonic Stem Cells: a Practical Approach. (E. .
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



approximately 1 kb downstream of the |ast transnenbrane exon of the nu gene;
however, nuch of the nu switch repeat region has been del eted by passage in
E. coli. W 03/01793-5 - 52 01 F E B 2006 PCT/ US02/ 26769 Thd)téib&ﬁﬁng
vector was cted as follows. A 1.3 kb HindlIUSnal fﬁgﬁﬁﬁ@

exci sed frgﬁ?nf nu and subcloned into H ndll1/Smal digeste p %%@giript
(Stratagene, La Jolla, CA). This pl CEmu3fragment extends fromthe Hindll
site located approximately 1 kb 5° of Crul to the Smal site |ocated within
Cmul . The 5ES e@htdrimhlglti@ha@tﬁeathimera dargbs viehlly dshm3ted Iby $pehmewrd of hgouti

appr oxi mat el 4 kb..Sl n X fro din fr m t he Sma
| site in f cooratign,; deut ?‘gg‘f’ms{hfgg %éﬁmgiﬁ | ast Cmu
exon, was I@}%ﬁégmanlms hRsubdd Hidy mvageacaatagdoémlﬁérasygaeﬂdw f)&aédtég%ﬁofat t he
Smal site, and a neo expression cassette inserted hi cassetie consists

of the neo a;gente pigwekstationkbut clone 261 prodused high percentagy mtahethmg% Tlgese
phospho ne %r%s glgpe";bsgd i @57%{[49%1%&6 é?@%%iﬁ?%ff fe a§| O%Ees et al.

(1987) contal nrng

( Pvul UHi ndl1ﬂdlc§ﬂiﬁ‘9jf%'ah1ﬂuﬁ(1ﬁihsmis31oﬁ|oftl(ellQQ@éll @r@ﬁﬁemreaimg%ﬁﬂﬂid mge?ea
299-308). This cassette was obtalned fromthe | asm d pKJl (descri bed by
Tybul ewi cz 188 ggfre Wesiagoned qubpy Sgutherpiiat anplysys of Behh diggsted DNAdTqe ik asset t e

uas_exci sedignianCaaBiddBihd for thARIERERSDE) BRAG! BBk LEEGRRI H ndH

di gested p to generate p e0 cassette was
exci sed fr cgoptieiMbptingkshdyedy hfvudriihSH gl thind of 7i7dth, in laliditibn éntthe dvibihilpes ubc| oned

genom of? Gt BhhERR S ERBTRRA bl ratihie S B Reate OB R Rot 1 anc

a herpes sinplex virus thym dine kinase (tk) cassette was inserted to all ow
for enrichnent of ES clones,. 20 beari ng honol ggous reconbi nants, as described
by Mansour Analygig of/tnapggemovpicg for funefionabinactiygtion phing geB& sett e consi sts of t he

codi ng sequences of tfhey r and
relpdenaln ;;mimgesC;;g%%fgﬁ@%ﬁ%ff%@i&?g’ﬁ e

VAl a atnegegetd clgnes MEBIW B with atmaduse
appr oxi pat I 5.3 k to,t hai n. .l ocus and is desjgned to
generatgéa %ﬁ’ WZEy ?f%ﬁ?@ﬁﬁ%“t%@o%‘f iR ﬁ’gyeﬁg‘gﬁw%‘é‘retxgﬁesﬂoﬂ%aé? #essi on
cassette i npfldBRtibNbAINE THIHE sepietsqUhbh et 1] (1993 )Tuing%ers: 6Ih656)arfgﬂil ng
vector was linearized with Pvul, which cuts wthin pl asm d sequences, prior

to el ectr oGPl pEfspringrweregenesated; Sesym was obtained from these animals at the age of 1
month and assayed by ELISA for the presence of murine IgM. Two of the four

offspring were completely lacking IgM (see Table 1). Genotyping of the four animals
20 by Southern blot analysis of DNA from tail biopsies by Bgll digestion and hybridization

with probe A (see Figure 1), and by Stul digestion and hybridization with a 475 bp

EcoR1/Stul fragment (ibid.) demonstrated that the animals which fail to express serum

IgM are those in which one allele of the heavy chain locus carries the JHD mutation, the

other allele the Cmul mutation. Mice heterozygous for the JHD mutation display wild
25 type levels of serum Ig. These data demonstrate that the Cmul mutation inactivates

expression of the mu gene.
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10 The HCO12 human heavy chain transgene
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The HCO12 transgene was generated by coinjection of the 80 kb insert of
pHC2 (Taylor et al., 1994, Int. Immunol., 6: 579-591) and the 25 kb insert of pVx6.
The plasmid pVx6 was constructed as described below.
An 8.5 kb Hind[II/Sall DNA fragment, comprising the germline human

Vu 1-18 (DP-14) gene together with approximately 2.5 kb of 5’-flanking, and 5 kb of 3’

flanking 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 Vy 5-51 (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 ef al. 1992, Nucleic Acids

Res. 20: 6287-6295), to generate the plasmid p251f. A new cloning vector derived from
pGP1{, pGP1k (SEQ ID NO:13), was digested with EcoRV/BamH], and ligated to a 10
kb EcoRV/BamHI DNA fragment, comprisiﬁg the germline human Vy 3-23 (DP47)
gene together with approximately 4 kb of 5° flanking and 5 kb of 3’ flanking genomic



Generation of mce bearing the nutated nu gen The three targeted ES cl ones,
desi gnat ed nunber 264, 272, and 408, were thawed and injected iﬁt]cf:E%:%lEL/ 6J
bl ast ocysts as described by Bradley (Bradley, A 30 (1987) in

Ter at ocar nd Enbryonic Stem Cells: a Practical

Robertsoncwaﬁ Z &?ord 1RL Press, p. 113-151). Injected b?’giﬁgwg&? wer e
transferred into the uteri of pseudopfé@nant femal es to generate chineric
mce representing a mxture of cells derived fromthe input ES cells and
t he host blsaﬁieﬂcglstl‘heﬂ'éseltmgtpeﬂml@blDZLZEEB RQ0 Qi 460 3/iMIBRID/FAIT 4AIS02/ 26769
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cl one 384 Ekimdsy Nips Tresdndsnepdent hpesf trans Wwngﬁweamfmau on,
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20 Example3 Production of Human Monoclonal Antibodies Against I1-15

HCo12 and HCo7 transgenic mice, generated as described above and
supplied from Medarex, San José, CA, USA, were immunised with human recombinant
IT-15 (bIL-15, Immunex corp., Seattle, USA) supplemented with either Complete

25 Freunds Adjuvant (CFA, lot no. 121024LA, Difco Laboratories, Detroit, Michigan,
USA) or with Incomplete Freunds Adjuvant (ICFA, lot no. 121195LA, Difco,
subcutaneously (SC) intraperitoneally (IP) or intravenousty (IV). In several instances
hIL.-15 coupled to KLLH was used for immunisation. Afier several boosts with hIL-15
supplemented with either Complete or Incomplete Freunds Adjuvant, the serum of the

30 mice was tested for the presence of human antibodies directed against IL-15.



expression of the mu gene. 01 FEB 2005 WO 03/017935 -55 TABLE 1

PCT/ US02/ 26769 MouseSerum IgM I g H chai n genotype (m crograns/m)

42<0. 002CVD JHD 43196+/ JHD 44<0. 002CMD JHD 45174+/ JHD 129 x BL6 (FLABBIN
JHD<O0. 002JH[%$JI | D Table 1 shows the |evels of serumIgM detected b7y ELI SA,
for mice cart¥Md®Hoth the oVD and JHD nutations (CVD JHDFCHGIO02A476R

het erozygous for the JIID nutation 5 (+L3#HD), for wild type (129Sv x
C57BL/6J)F1 mce (+/+), and for B cell deficient mce honpzygous for the
JHD nut at i 0Nl dbiPbchefmt@ BPUR ianSERARI Ak Wi reb#Hdh4n fhiRGREMueRIM ce 10
The HCOL2 human heavy chain transgene Ine HCOLZ transgene was generated by
coi nj ect i on 18bHO D433 dnld 404A8rt of pHC2 (Taylor et al., 1994, hit.

| munol ., 6: 579-591) and the 25 kb insert of pVx6. The plasm d pVx6 was
constructed as described below. An 8.5 kb H ndM Sall DNA fragnent,

conpri sing tiagus8@bM46\@ICVIOTRID J5- M4, keiddde (DP- 14) gene together with
approximately 2.5 kb of 5=flanking, and 5 kb of 3" flanking genomc
sequence ad7868%| onedG nt d2tugehIptIbsiniCGF A/@difay, LoSmy 12{@4fdga, Madi son, W)

to generate | asm_d, p343. 7..16. A | / Hi ndL%lL] fragnent,
conpri sing th\B?%qgr m i ﬁg: huﬁéd‘&}éfsljéﬂkég-@?)m@éwt ?%w th

appr oxi mat elyg¢gmkb of g+ fl 1176 1épkb of 3' flanking genom c sequence,
was cl oned 20 Ji"nto thg%pBRS%g@o}ggelgqu%s}éﬁ d cloning vector pGPIf (Taylor et
al . 1992, Nweb#9%c Aci ¢ Ra3.ugd-182BTHGRISYA to generate the plasm d p251f.

A new cl oni %g vector derived from pGPlf, pGPlk (SEQ ID NO 13), was digested
wi t h EcoRV/ 84849 and SG gatlédadld SIOLHpIEEARY/ Bani 111 DNA fragnent,

Compr i S1 19 Ufodier M 1 8. Uy, iy 3528 GEPAE

111099 v 30 pg hIL-15 in PBS ' -
121099 v 30 pg hIL-15 in PBS
151099 fusion of lymph node and spleen cells of this mouse with SP2/0

15 Mouse no. 404 (HCo7), ID 997-404, Fe;nale

201099 IP 25 pg hIL-15-KLH in CFA (Difco, lot no. 121024LA)
031199 P 12.5 pg hll-15, 12.5 pg bIL-15-KLH, 25 pg in
ICFA (Difco, lot no. 121195LA)
101199 v 12.5 pg hIl-15, 12.5 pg bIL-15-KLH
20 121199 v 12.5 pg hil-15, 12.5 pg hIL-15-K1LH
191199 fusion of iymph node and spleen cells of this mouse with SP2/0
Culture media )
Fusion Partner Medium (FPM):
25 Iscoves Modified Dulbecco’s Medium was supplemented with 100 [U/ml

penicillin, 100 pg/ml streptomycin, 1 mM Na-Pyruvate, 0.5 mM B-mercaptoethanol
(Life Technologies, Paisley, Scotland) and 10% heat-inactivated fetal calf serum
(HyClone, Utah, USA).



gene together with approximately 4 kb of 5 flanking and 5 kb of 3" fl anking
genomc 01 F E B 2006 WO 03/017935 PCT/ US02/ 26769 -56 sequence. The
resulting plasmd, pl112.2RR 7, was digested with BanH /Sal | and{( 1l fifgailtid
with the 7\ oﬁbigsf-i ed BanmH /Sal | insert of p251f. The resulti nl? gl asm d,
pVx4, was di gested with Xhol and ligated with the 8.5 kb YdVY822676) nsert
of p343.7.16. A clone was obtained with 4she Vii 1-18 gene in the sane
orientation as 5 the other two V genes. This clone, designated pVx6, was
then digested with NOFJ:sié}PﬁeleJtB‘ﬁA?Mi&;fzi(ﬁﬁﬁé%ﬁ kb insert coinjected-together
with the purified 80 kb Nod insert of pHC2 at a 1:1 nolar ratio--into the
pronucl ei of one- hal f FRidysupplsmBuied vith 1BAl QipsieHyemdumyoSloasglisstari bed by
Hogan et al an et nj ing the use Enbryo Laborat ory
Vanaal - 2nd UGG gR, U g U PR e BB e RESed 16 Pt A v o
NY). Thbree phifdepenansighi @@ieniéal CoaSiaeiis MOOES APART 0.5 nim? Rshueneas from
both Vx6 and HC2 were established frommce that devel oped fromthe injected
enbr yos. 5Thesgt Techaelogies Paistivgheatiaaid) HCOL2) 14881, (HCOL12) 15083, and

(HCOL2) 15087. Each of the three lines were then bred with m ce conprising
the CMD nutation described in Exanple 1, the JKD nutation (Chen el al.

1993, EMBO J. 12: 15 BidsleiB2hingaMediaqFCBL05) 9272 transgene (Fishwild et at

1996, Nature Biotechnglogy 14: 845-851). The resulting_m ce express human
heavy and kappa | i ghtFidiaipplementrd yathed mhOgeeldwbdomaCIRBeAA s f or

di sruption QhEMQ}a%BQQQﬁ%%,'@%‘A??H‘TeQVMaJ AL AR st I mERtRRN | oci . 20
Exanpl e 3 Production of Human Mornocl onal Ant | bodi es Agai nst | L-15 HCo12 and
HCo7 t r 4fsgemicentritios, Sigmaéhatmacil &9., b slomis) M0, dB%Aparsin@lS nefppkaradhycinom
Medar ex, Sap. e . U were J nised with human reconbi nant |[|L-15
(hl Lr 15, Inﬁﬂg?gﬁecggcﬁg‘glfs,gégﬁyrggot@% suppl emented with either Conplete 25
Freunds Adjuvant (CFA, ot no. 121024LA, Difco Laboratories, Detroit,
M chigan, USA) or with Incaonmplete Freunds Adjuvant (ICFA, |lot no. 121195LA,
D fco, subEdPa¢urs argtgr T Cp @R & hSPPanyalems celly |
several instances hlts 35 0HBLES LS sKik s b YSALLL wak t er
several boosts with hil-1b q@ﬁpp%grrér#ﬁegl’wgﬁ e?ﬁ]%ér}gégrrpl 8‘%“2 or %nvtv:orrpl ete
Freundsl ﬁ\dj Ismm'cd frphleihs Byicem &i{lgle hell3@sprnsienswakspieen tand Iymph ndde qetleserce of
EUCT”? 6882} Izg%gswlg{ §}(’:‘2% Iergfel% 4 créﬁg ul .'!1' (_:ejl'F r'atigjlz?_'.: (Ealﬁs 2W06966 spvliQ d%%\/moalnégtgg pellet

was resuspended gently in 1 ml polyethyleneglycol (50% w/v in PBS, Sigma;AldIich,

Irvine, UK) at 37°C. After swirling the cells for 60 seconds, 25 ml FPM-2 was added

and cells were incubated at 37°C for 30-60 minutes. After incubation, cells were
20 cultured at a cell concentration of 0,75 x 10” cells per well (in 100 ul) in 96-wells plates
in FSM. After 3 days, 100 pul FSM was added to each well.

Fusion of spleen and lymph nodes of HCo7 and HCo12 mice immunised
with hI1.-15 resulted in the generation of several hybridomas producing antibodies
directed against IL-15. The following four stable clones producing fully human anti-

25 TIL-15 antibodies were isolated: (1) 146LyD7F7B7 renamed: 146B7; (2)
146DE2E12A3HS5 renamed: 146HS; (3) 404CG11B7E4 renamed: 404E4; and (4)
404FB12E7A8 renamed: 404A8. These clones were all of the human IgG1/k subclass.

Screening of the hybridomas

30 Between day 7 and 11 after the fusion, the wells were screened for the

presence of human antibodies using the following ELISAs:



-57 I mmuni sation schenes of the transgenic mce which resulted in final

cl ones 146B7, 146H5, 404E4 and 404A8 Mouse no. 146 (HCol2), ID 996%@1@5
Fermal e 5170699SC12 g hiL-15 in CFA (Difco, Lot no. 121024LA) 01d7

hl L-15 in Lot no. 121195LA) 150799SCl1l2 g hlL-
0208998C12%A3/§1%3f 15 KLH in | CFA 070999SC12 g hlL-15-KLH i ]P%f &%:7’(%
10280999SC12 g hlL-15-KLH in CFA 111099+¥386 g hlL-15 in PBS 121099IV30 g

hl L-15 in PBS 151099f usi on of |ynph node and spleen cells of this nouse with
SP2/ 0 15MbusELIS. to40Orkeh Fizal{e predeide &S, IO@lﬁ&h@Clﬂ&l@Q@bﬁ%ﬁlﬂts’[ g 111L-15-KLH
i n CFA (leco | ot no. 121024LA) 0311991 P12.5 hl L-15, 12.5 hl L-.15- KLH,
25 jig in | CFA (Difco,Tq Eﬁr%ﬂlq@lﬂﬁg"sme@@ﬂmwmge of Wﬂg@@nﬁ odies, g

h1lL- 15-KLH 2 ﬁ“g I 15, sion of | ynph
node and spllg)é) ceﬁ%l ;fjog% E% lllgz;lgbr?gtjfgie( %gh%b%’t‘%%#%@ﬁg%s. on Partner
Medi um (FPMDer&ﬁrﬁmysﬁﬁdb@diﬁHo@;@a%xﬁ&i&Dsa&mN%%MﬁncMmﬁémmm with 100

U m pen|C|II|n 100 g/m streptonycin, %ruvate
(3- mer capt odt ﬁa.@apubaﬁlenPéem@bhﬁéwgutﬁgperm% Syter %maﬁmplatﬁawtinﬂ}és

heat - t 06 WO
02?01;322 ! %})@gﬂl}ﬁ%g%’f%%géﬁum org&?él%é%??%ﬁ%l\}g d%%ﬂ/?;odélg sucgpl enment ed
with 30 m (Twayerﬁ(l—@tﬁﬂ%pmsm)omlnge Baermatanty W%M,ddééiAﬂmiadamagon KD,1.3USA) ,

HAT (1 vi al cturer's reco ed . .
( "hour the plates were washed anmbqgt-a-Hmnan IgG (Fab2-fragments) conjugated with

horse radish peroxidase (DAKO, Glostrup, Denmark) 0.5 pg/ml diluted in PBSTC was
10 added. Afterincubation for 1 hour, the wells were washed and substrate, ABTS (2,2’-
Azinobis-3-ethylbenzthiazoline-sulphonic-acid, Roche Diagnostics, Mannheim,
Germany) was added according to the manufacturer’s protocoi and antibody binding
was evaluated at 405 nm in an EL808 ELISA-reader (Bio-tek Instruments, Winooski,
VT, USA).
15
ELISA to screen for the presence of I1-15 specific antibodies

Wells containing human IgG/k antibodies were further tested for the
presence of human anti-IL-15 antibodies in an IL-15-specific ELISA. To perform the
ELISA, 100 pl/well of 1 pg/ml IL-15 was added in phosphate buffered saline (PBS) to

20 | Nunc Maxisorp ELISA-plate (incubation overnight at room temperature). After
blocking the plate with PBS supplemented with chicken serum (2 %; Life Technologies,
Paisley, Scotland) and Tween-20 (0.05 %; PBSTC), culture supernatants were added.
After incubation for 1.5 hours the plates were washed and o-Human IgG Fc conjugated
with horse radish peroxidase (Jackson Immuno research, West Grove, Pennsylvania,

25 USA) 1/5000 diluted in PBSTC was added. After incubation for 1 hour, the wells were
washed and substrate, ABTS (2,2’-Azinobis-3-ethylbenzthiazoline-sulphonic-acid,
Roche Diagnostics, Mannheim, Germany) was added according to the manufacturer’s
protocol and antibody binding was evaluated at 405 nm in an EL808 ELISA-reader
(Bio-tek Instruments, Winooski, VT, USA).

30



concentration, Sigma Chemical Co., St. Louis, MO USA) and 0.5 ng/m
kananycin 5 (L| fe Technol ogi es, Pai sl ey, Scot | and) . Fusion C oning Medi um
(FCM : FPM suppl emented with 20 M Oigen Hybri doma C oni ng FacfdrFEB(IEEN,
Gai t her sb , USA) HT (1 vial, manufacturer's reconme

concentratj\lgvcg)n03 |gma Chem cal Co., St. Louis, MO USA) andpgj.le/glsérzé;)%(’?’rq9
kananycin (Life Technol ogi es, Paisley,-&totland). Hybridoma preparation:
fusion of spleen and | ynph node cells with SP2/0 nyeloma cells To obtain
hybri dones, Saidle€iig of thgybatormad para-aortic |ynmph nodes were 15 renoved
fromthe mce. Single cells suspensions of spleen and | ynph node cells were
mi xed with SP2/0 nyel dfe@btarptaklejapti-ldacell figes, glelh}imd@é‘% wergspelepsdbydown
and t he pel | enegl ycol (50% w' v
in PBS, Si ggﬁﬂé@ﬁmﬁ%ﬁ?@é“ﬁe@ﬂ (%%15 kéﬁ/‘gé}ym?? tvpal%\;/}\n&t?%{i ng the cells for 60
seconds, 25 ml FPM 2 {Ths sutsbiiects werdkested iﬁermppxexlmmtallyaloeﬂyamtﬂﬂ:@ dbove 30- 60

m nutes. After _.inc {] cells re 20 ¢C ured at onc i on of
0,75 x 165 e&vﬁw%ﬁﬁﬁe‘?ﬁ% Dt S‘r“’ﬁ“’éé PTHEE Blog & PV ped | 3

days, 100 |ifFhaasa eipeh Feveass Wofmugaoﬁéswg@&anﬁmwlme nodes of
HCo7 and HCol2 mce immunised wth hl-15 resulted in the generation of
sever al hybELHowdescpbedibelowg ant i bod| es directed against IL-15. The

foll owi ng four stable clones producing fully human anti 25 IL-15 anti bodi es
were isolated: (1) 146LyD7F7B7 renaned: 146B7; (2) 146DE2E12A3H5 renaned:
146H5; (3) HOHpeHEBnhihatieman®E andOKHS antibshiéshyy ERBEB12E7A8 renanmed: 404A8.
These cl gnes were all_of the human | subcl ass. 30 Screening of the

hybr i don‘Qs Bet ween day© pexpmn the1 gEItIﬁé\ ﬁ%PBWeutoﬁéPﬁéN%l indicr eened

for the 01 F EB
2006 WO 03/ g?%gg III%ICI}}'I/Iﬂ %%@g%ﬁ@éﬁ&%g@@%&{gﬁsf%% %%ﬁggﬁyﬁgﬁg}n@sence of

human | kG i MakiserpcELESdy-plagasimaubati aondvemiight perdoor tenipemtiEL). S&ﬁer(blmrwtle t he

resence of hunma antlbo 00 |/ well Q a a- k-11ight
Ehai ns anti B%%V@Ei‘% 1@“8%&&?)& }1”& (%v% Idaeglée(%ﬂf‘#‘)%‘ﬁ%? Let e buf f gr ed
sal i ne (PBSycdtiandu@ Méensm@ cSL%SPB§r@j ahiurk s hft9WeRVANIEd. Qhfterat room

tenperature). After blocking the plate with PB
15 incubation for 1.5 hours the plates were washed and mouse-a-HulgG1 conjugated with

alkaline phosphatase (Zymed, plaats, land), or mouse-o-HulgG3 conjugated with horse
radish peroxidase (Zymed) was added. After incubation for 1 hour the wells- were
washed and substrate, ABTS (2,2’-Azinobis-3-ethylbenzthiazoline-sulphonic-acid,
Roche Diagnostics, Mannheim, Germany) was added according to the manufacturer’s

20 protocol. Antibody binding was evaluated at 405 nm in an EL808 ELISA-reader (Bio-
tek Instruments, Winooski, VT, USA.

Example 4  Epitope Specificity of Fully Human Anti-IL-15 Antibodies

25 To function therapeutically and to inhibit IL-15-induced proinflammatory
effects, IL-15 specific antibodies need to recognize the IL-15 epitopes involved in
interaction with the IL-2RB-chain and/or the y-chain of IL-15 receptor.

Mutant proteins (described by Pettit ez al. )were used to evaluate the
epitope specificity of the fully human anti-IL-15 antibodies, 146B7, 146H5, 404A8 and

30 404E4. The IL-15 mutants used include IL-15 mutant Q108S (Gln at residue 108 was
replaced by Ser; a mutation in the y-chain interaction site) and mutant D8SQ108S (Gln



suppl enmented wi th chicken serum (2 % Life Technol ogi es, Paisley, Scotland)
and Tween-20 (0.05 % PBSTC), culture supernatants were added. AfitiB 2006

i ncubation for 1.5 hour the plates were washed and rabbit-a-Hurman | gG
(Fab2-frag njugated with horse radi sh peroxidase trup,
Denmar k) 0@5373 7&3& | uted in PBSTC was 10 added. After Inc&ﬁ@gﬁ/%@f

hour, the wel I s were washed and substraté]-ABTS (2,2'- Azinobis-3-et hyI
benzt hi azol i ne- sul phoni c-aci d, Roche Di agnostics, Mannheim Germany) was
added accor dit Rgidue 10&aspsplidcad by ISer arfl Aupoit pesitionB dvagviibspinctyd Birisdi;ng  was
eval uated at 405 nmin an EL808 ELI SA-reader (Bio-tek Instruments, W nooski,
VT, USA). 15nptfionain bothdheldand wehainantppetieaites of IL-13)15 specific anti bodies
‘Wl I's containing human 1g@ k anti bodi es were further tested for the
presence of human anti-IL-15 antibodies in an IL-15-specific ELISA To
perform t he EIFEASA\detd@fint bitdidg sffthe hiDgl dpecilfic ahbodiss, d4i6i7. 14MHP Epigat e

buf fered saline PBS) to 20 Nunc IVB.XI sorp ELI SA- pl ate (i ncubation overni ght
at roomt sad 4041 d teymputpnt]h-kSprotemst e with PBS suppl enented with
chi cken serum (2 % S, I en-20
(0.05 % PBSTC), cul tgpg’egﬁgdg%%‘%@ \}\29 Eﬁb%l E%/m%?:sec?m%clgg%ﬁ% for 1.5
hours the pipatteis, i espkmtct’cmffemdcbahnet—ﬂ’t%) weradded UDN}mngamkorp/EIL]Sm;ﬂaSe

radi sh per oxi i dase (J n.lL no. rese st & Pennsyl van
US) 17 8000 T oty AR ARsHeTRE PIAGRAE P sup FraeTisa P G R SR ot
well's were Dmsﬁwﬂqﬁdg[desspbi%fm&uaﬁ%%d Tween-20 (0.05 %; PBSTC), serial dilutions

y

(2,2 -Azinobis benzt hi azol i ne- sul phoni c-aci d, Roche Di agnosti cs,
Mannhei M0 Gef therhfh.- I\ﬁ/épecaﬂ@le@tﬂ@d@@Nchrwglcmibﬁt%é\ﬁﬁimﬁsamgu@céimsan ©col and

ant i body bi ndi ng. WA val u at 405 nm in E Ll SA-rea (Bio-tek
st ranont s COURRRERIF AR Rt Beihe BBt E R Sr0s S ES BRI USO2) 26769
-60 Subcl OnIUmA)Olf/S(Ileﬂhtddl’lh@Blm W@s ambécalAﬁambﬂnﬁgaﬂﬁstratd,AﬂﬁrSC(e |2>-1ines, the
hybri dol nas were, subcl oned alimting dilution of the cells (to 0.5

cel | /wel I M“Q@‘%thxlbﬁpzéb@@h@h%‘@@%raﬁ%3093&]8138@%1% Mpandeign 5 oxi mat el y
10 days wit @&:ﬂ%ﬁ%\g @d@ed%@&‘dﬂ%ﬁtg ﬂﬁémglﬁlfﬁﬁéﬁs 8&'&0@ nd Ql%lb%e]g_%mhﬁg .

subcl oni ng proceddres, FSM was anged s via FCMto
i sot ype 16f Waeesalmtd:d)atel@Smsu)chEn&%rfddSWItehddr KBio-tek Instruments, Winooski,

VT, USA).

The binding of the fully human IL-15 speciﬁc antibodies 146E7, 146H5,
404A8 and 404E4 to hIL-15 and to the IL-15 mutant proteins Q108S and D8SQ108S is
shown in Figure 1. Neither 146B7 nor 146HS5 were able to bind to these mutant IL-15

20 proteins. Since both mutants carry the Q108S mutation, the epitope recognized by
146B7 and 146H5 is within the critical domains of IL-15 which interact with the y-chain
of the IL-15 receptor. 404A8 and 404E4 were both able to bind the mutant proteins,
therefore, these antibodies recognize an epitope outside the B--and y-chain interacting
domains of IL-15. Both 146B7 and 146HS5 bind to [L-15 at the region that interacts with

25  the y-chain of the IL-15 receptor. This agrees with the data obtained from the
proliferation assays using the fully human anti-IL-15 antibodies of the present invention.
As described in detail below, neither 404A8 nor 404E4 were able to inhibit IL-15-
induced proliferation of CTLL-2 cells and human PBMCs. Both 146B7 and 146H5
were able to inhibit IL-15-induced proliferation. Further, inhibition of proliferation is

30 achieved by blocking the interaction of IL-15 with the y- subunit of the IL-15 receptor.



ELI SA descri bed bel ow. |sotope determ nation of the anti-IL-15 anti bodi es by
ELI SA 10 To performthe isotype ELISA, 100 gl/well of 1 jig/nil anti-human
Fc (Jackson I nmuno research) was added in phosphate buffered sajifEB #BS)
to Nunc Maxi sorﬁ ELI SA-pl ate (incubation overnight at room Ir@nﬁer ature).
After bl ocRiHGHES plate with PBS suppl emented with chi ckERTEEPUH 2 o

Li fe Technol ogi es, Paisley, Scotland) af@l-Tween-20 (0.05 % PBSTC), culture
supernatants were added. After 15 incubation for 1.5 hours the plates were
washed and muastplesHUNGGndvD-IBRiAASYiecestifhabBne phosphat ase (Zyned,
pl-aats, |land), or nouse-a-Hul gG3 conjugated with horse radish peroxidase
(Zymed) was added. After incubation for 1 hour the wells were washed and
substrate, ABTS (2,2 i i - at -1 [ ne- | G- g Roche
Di agnosti cs, Mannhei m%?@rgél%e%\ﬂgg Qg‘%‘%ggﬂg%dc%@g%éﬁgg?%quﬁ%%ﬁ??@%c}er' s 20 .
protocol . AM-dadyinbbNtH6BY wes dereahined asing thedfoBowingiprocddufes SDhedel | SA- r eader -
(Bio- tek Instrunents, Wnooski, VI, USA u,*Elgarrpl e 4 Epitqpe Specificity of
Ful |y Hurtan SKHENees| S AliRIfegarding the Vi ARdt\ LoiFr s Hpulies wseli BPBInd t o

i D L WA G thel QrfihALEURE RN arcleq6 bifinity matdaRBR BF B-CerRifulifdi e

need to recognize the IL=15 epitopes involved Iin” Iinteraction wt

| L- 2R(i - chaihe iamoMozationef theainaial. of | L-15 receptor. Mutant proteins
(described by Pettit et al.)were used to evaluate the epitope specificity
of the fully human anti-I1L-15 anti bodi es, 146B7, 146H5, 404A8 and 30 404EA4.
The 1L-15 npNAbspds@eni ncl ude IL-15 nmutant QLO8S (A n at residue 108 was

repl aced by Ser; a nmutation in the y-chain inbgraction site) and nutant

D8SQL08%0(A n 01 F E §otabBNANeoBEpared FonrTx/105b4BIdndoidoga cglls waki due 108
was repl ace . AR, (A ‘%i%‘{% LAk er;
mutations in %Ztoﬁlsﬁ?ﬁgg%é S’ané’%ﬁ@%%?lgj igdr%? er itg%géllt"{%s og pF(ﬂB?LOé;) . ELISAto
determ ne binding of the hlL-15 specific antibodies, 146B7, 147H5, 404A8 5
and 404E4, t IL-15 and to nutant IL-15 proteins To performthe ELISA, 100
| of 1 QIMMC FBHIM - 15 nutant  protein, in phosphate buffered saline
(PBS), was added to Nype IHRA SGRA ffdch PA6I) dh€preped GORS 3 ﬂ%-totémmmckl ng

the plate with PBS supplenented with chicken serum (2 % i fe Technol ogi es,
Pai sl ey 15 Sc MNTHREy ersa d rahgergriase Oviftobfer (R o g INi@gnosties GmbHdMannheins 10 of t he

I L- 15" SPecii 35! SRR B Rl Sebd SERRLEIWIALLRS, MRS Rnrifa RS Fe

corp., USA) and RNAsin (Promega) according to the manufacturer’s protocol.

PCR primers used to amplify Vi and V| regions for cloning

20 Primer pairs used:
Vu:
FR1 5’ primers
) AB62 CAg gTK CAg CTg gTg CAg TC
()] AB63 SAg gTg CAg CTgKTg gAg TC
25 (3) AB65 gAg gTg CAg CTg gTg CAg TC

Vy leader 5’ primers

4) AB85 ATg gAC Tgg ACC Tgg AgC ATC
(5) ABS86 ATg gAA TTg ggg CTg AgC Tg

30 (6) ABS87 ATg gAg TTT ggR CTg AgC Tg
(7 ABS88 ATg AAA CAC CTg Tgg TTC TTC

®|) AB89 ATg ggg TCA ACC gCC ATC CT



conjugated w th peroxidase (Jackson Immuno research, Wst G ove,

Pennsyl vania, USA) 115000 diluted in PBSTC was added. After V\B.Sﬂi r%B 6
substrate, ABTS (2,2'- Azinobis-3-ethyl benzt hi azol i ne-sul phoni c- éi ) %QQ) he
Di agnostics, Mannheim Cermany) was added according to the manufacturer's
prot ocol aMtP &BBdy bi nding 15 was eval uated at 405 ri m iRETAPOEEEES

ELI SA-reader (Bio-tek Instrunments, Wnoagki., VI, USA). The binding of the
fully human |1L-15 specific antibodies 146B7, 146H5, 404A8 and 404E4 to
hil1rl5 and to the IL- 1§ngé@rgg protei ns QL08S and DSSQL08S is shown in
Figure 1. Neither 146B7 no 146H5 were able to bind to these mutant IL- 15
20 proteins.(95i nce botABSt ant s Tedl Chgtgee s@A 886 Gghh Aggon, the epitope
recogni zed by 146B7 and 146H5 is within the critical domains of IL-15 which
interact with the 'Y-chain of the IL-15 receptor. 404A8 and 404E4 were both
able to bindythe nutant proteins, therefore, these antibodies recognize an
epi tope outside the (3--and y-chain interacting domains of IL-15. Both
146B7 and® 146H5 bind tER1$-mrBness the region that interacts with 25 the
y-chain of the IL-15 receptor. This agrees with the data obtained fromthe
proliferation assays using the fully human anti-1L-15 anti bodi es of the
present invegmjion. AspaHgsCri beRAO ART ailg AL aW,C QaigtTer 404A8 nor 404E4
were able to i nhibit IL-15- induced ;%roliferati on of CTLL-2 cells and human

PBMCs. Bot h (346B7 and AB8HE werd GAILE YBiAke ACE ¢Ag T8 i nduced
proliferatiqgy Furthersgjghi biti A renaid pn . S~30 achi eved by

bl ocki ng thg ? nt er act i%]r%i%f I L- f%%wg{lﬂrr{%%ekggﬁﬁfbg%l"t&%f the IL-15 receptor.
01 F E BI®R0@8) WO 03/ 01ABBE PCT/ da0RAIA7€R: TTAREMNE BC5 Vu and VL - Region

Sequences of, .146B7 The | eotide a educ 1o acid sequence of
rearranged \ﬁpland VL-‘AdIgﬁéi ns oéﬂ@ﬁéwﬂ%m@‘gm ng the foll ow ng
procedures. (ghese S5 seqgRENCes JigWT T @TEPATHOACARCAGAFMY the VH and VL
germine famlies used; point nutations in these %iegrm i ne sequences are due

to affinity (Ahturati omAB4 B- cel l28AATTrgl s €he AGhGACAL i on of the aninal.
RNA preparation 10 Total RNA was prepared from5 x 106 14687 hybri doma cells
with RNAzol (Biogenesis, Poole, England) according to the manufactures

prot ocol 15 cDNA pr epar &¥y leadeFlseprifdia: of RNA from 146B7 was prepared from3 g
total RNA wi(g)h

ABI123 CCC gCT Cag CTC CTg ggg CTC CTg
) AB124 CCC TgC TCA gCT CCT ggg gCT gC
(10) ABI125 CCC AgC gCA gCT TCT CTT CCT CCT gC
(11) AB126 ATg gAA CCA Tgg AAg CCC CAg CAC AgC
20
Vi 3’ primer
(12) AB16 Cgg gAA gAT gAA gAC AgA Tg
PCR conditions used to amplify Vy and V| regions for cloning
25 PCR Reactions were performed with AmpliTaq polymerase (Perkin
Elmer) on a GeneAmp PCR System 9700 (Perkin Elmer Applied Biosystems, Foster
City, CA, USA).
PCR cycling protocol:
30 94° 2’

11cycles 94° 30’

65° 30°’, minus 1° per cycle



15 AW Reverse Transcriptase with buffer (Roche D agnostics GrbH, Mannhei m
Germany), oligo d(T)15 (Pronmega, Madison, W, USA),  dNTP (Boehri nger
Mannhei m corp., USA) and RNAsin (Pronmega) according to the manufREERZ08E' s

pr ot ocol . P{iners used to anplify VH and V1 regions for_cloning 20 25 30
VH: Pri mer g‘g?g?é”d%?’éd: FRI 5 primers (1)AB62CAg gTK CAg CTdJre¢Ayrc

(2) AB63SAg gTg CAg CTg KTg gAg TC (3) AB6ggAg gTg CAg CTg gTg CAg TC VH

| eader 5' priners (4)AB85ATg gAC Tgg ACC Tgg AgC ATC (5) AB86ATg gAA TTg ggg
CTg AgC Too (6) AB87A£%2§] » TTT ggR CTg AgC Tg (7) ABBBATg AAA CAC CTg Tgg TTC
TTC (8) AB89ATg ggg TCA ACC gCC ATC CT 01 FEB 2006 WO 03/ 017935PCT/ US02/ 26769
-63- (9)Vy 30cpelesrer PgC3CAg ggg gAA gAC CgA Tgg AB90 VK: 5 FRI 5 priners
(1) AB8 RAC ATC CAg ATg AYC CAg TC (2) AB9 gYC ATC YRg ATg ACC CAg TC (3)
AB10 gAT ATT gTg ATg AgfﬂQ%g AC 10 (4) AB 11 gAA ATT gTg TTg ACR CAg TC (5) .

AB 12 gAA ATW QTR ATg CAg TC (6) AB13 gAT gTT gTg ATg ACA CAG TC (7)
AB 14 gAA ATT gTg CTg CAg TC 15 VK | eader 5' priners:
5 72° 108

cool down to 4°

Cloning of Vi and V. in pGEMT-Vector System I
After analysing the PCR products on an agarose gel, the products were
10 purified with S-400 or S300 microspin columns (Amersham Pharmacia Biotech Inc.,
Piscataway, NJ, USA), or with the QIAEX II Gel ExtractionKit (Qiagen GmbH,
Hilden, Germany). For each experiment 2 independently amplified PCR products, using
FR1 or leader primers, of each Vy and Vy region were cloned in pGEMT-Vector System
I (Promega) according to manufacturers protocol. |
15 After transformation to E. coli DH5a., individual colonies were screened
by colony PCR using T7 and SP6 primers, 30 cycles at 55°. Plasmid DNA from each
individual colony was purified using Qiaprep Spin miniprep kit (Qiagen). To further
analyze a Ncol/Not1 (NE Biolabs, United Kingdom and Roche Diagnostics) digestion
was performed and analyzed on agarose gel.

20
Sequencing

The V-regiéns were sequenced after cloning in the pGEMT-Vector

System I. T7 and Sp6 primers (Eurogentec, Luik, Belgium) were used in combination
with the sequence kit: ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction

25 Kit (Applied Biosystems, Warrington, United Kingdom) according to protocol. The
reactions were performed on a ABI PRISM 377 Sequencer (PE Applied Biosystems)
and the sequences were analysed with the program DNAStar, SeqmanIl. The sequences
were then aligned to germline V-gene sequences in VBASE (www.mrc-
cpe.cam.ac.uk/imt-doc/public/intro.htm).
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(8) AB 123 CCC gCT Cag CTC CTg ggg CTC CTg (9) AB124 CCC TgC TCA gCT CCT
ggg gCT gC (10) AB125 CCC AgC gCA gCT TCT CTIT CCT CCT gC (11) /ﬁlﬁ%ﬁmﬁg gAA
CCA Tgg AAg CCC CAg CAC AgC 20 VK 3' priner (12) AB16 Cgg gAA 8A gAA gAC
AgA Tg 25 onditions used to anplify Vg and VL regi oni ng
PCR Reactig‘g%ggﬁggceiaperforned wi th Anpli Tag pol ynerase (Per??E/JSE{/Zr?g}FQ) on a
GeneAnp PCR System 9700 (Perkin El nmer Appbied Bi osystens, Foster City, CA
USA). PCR cycling protocol: 94 2' 11 cycles 94 30" 65" 30", mnus 1 per
cycle 01 FERIZM0H aMDs&aLAGHQ3BBUY/ #iB03/2606%f 146875 72 30" 30 cycles 94
30" 55 30" 72 30" 72 10' cool down to 4 Coning of VHand VL in

pPGEMT- Vect or System | Yaf 2k VigFegignsifiog hyhaidoor W%&d&rg agplified byyBERard gel |

the Product s 5%, pdfPNcbip Syt odOinE R IOATEEOREL MEBbURIme |\

( Amer sham Phar naci | ot ec | scat away, or wt
Il Gel Extr antlicomedfondifamipenacidrizidnencel srdashowsen Ripnyg 2 (SEQ IR AKs: &xpdl) nent 2

i ndependept | lifi P roducts, using. FRl or |eader_nriners, of each
VH and VL§1 r%ﬁ%%%&@@dﬁgﬁf% f@éﬁﬂ@%ﬁ@%ﬂy'sﬁlﬁéﬁlﬁwcﬂgm ) according
to manuf act WoRhferin@didf @ktermining regions (CDR) are also indicated. The germline family

for the Vy-region of 146B7 according to alignment in Vbase: Vy5-51 (Vy5-subgroup),

D2-15/D2 (Dy-segment), JH4b (Jy-segment). The germline family for the Vi-region of
146B7 according to alignment in Vbase: A27 (VgIII-subgroup) and Jx2 (Jx-segment).
10 More information regarding Vy and Vi —domains is shown at the Kabat database

http://immuno.bme.nwu.edu/ or at http://www.Vbase.com.

Example 6 Affinity binding characteristics of 146B7

15 The affinity of 146B7 was analyzed by surface plasmon resonance (SPR)
technology using a BIACORE 3000 instrument to determine biomolecular protein
interactions according to the following procedures. Changes in the SPR sighal on the
surface layer caused by biomolecular binding are detected and signify a change in the
mass concentration at the surface layer. Affinity is expressed using the following

20 definitions: k, = association rate constant (M~ sec™"); kq = dissociation rate constant (sec”
N Ka= associafion equilibrium constant = k,/kg (M™); and Kp = dissociation
equilibrium constant = k4/ k, (M).

Different procedures were performed to obtain the affinity of 146B7 for
human IL-15 (hIL-15). Human recombinant IL-15 from two different suppliers

25 (Immunex corp., Seattle, USA and Peprotech, Rocky Hill, NJ, USA) was coupled to a
CMS5 sensor chip. The compound coupled to the sensorchip is defined as ligand. In
other experiments 146B7 was used as ligand.

In each kinetic analysis, the binding of the analyte, 146B7 or hIL-15
adapted to the ligand coupled to the sensorchip, was compared to the binding to a

30 reférence control CMS5 sensor chip. Serial dilutions of analyte were tested (0, 3.125,
6.25,12.5, 25, 50 pg/ml). Association and dissociation curves were fitted for
monomeric interaction in the model Langmuir 1:1, to determine k, and k4 and to

calculate K4 and Kp. All data were analyzed using BIA-Evaluation Version 3.1. For a



15 After transformation to E. coli DH5a, individual colonies were screened
by colony PCR using T7 and SP6 priners, 30 cycles at 55. Plasm d DNA from
each individual colony was purified using Q aprep Spin mnipred KFEB 2006

(Q agen). rtjier analyze a Ncol/Notl (NE Biol abs, Uni i m and
Roche Di agv-rqgsotg%ﬁé;s Y di gestion was perforned and anal yzed o%ggﬁébiggg&gel. 20
Sequenci ng The V-regi ons were sequenced-&@ter cloning in the pGEM- Vect or
System|. T7 and Sp6 primers (Eurogentec, Luik, Belgium were used in

conbi nat i onbiviiehhintdptis s ehaned:]1 KbivaleABinaRiéswaBisgBy AlllRksRatddE céaveted
Sequenci ng Ready Reaction 25 Kit (Applied Biosystens, Warrington, United

Ki ngdon) acts@ ng bpsglingt ocol . The reactions were performed on a ABI PRI SM
377 Sequencer (PE Appti j g . sed with
t he program DNASt ar, gég%ﬁ%@&%%@é%%@@%&B?ﬁ%ﬂ%@gﬁéﬁ%@?gyger m i ne
V- gene sequbdeBEBwaimdA3AsH fHmmnimrecembinant IL-15 derived from two different ‘

cpe.carn._ac. uk/.int-doe/Public/intro.htn-1), 30 01 F_EB 2006 WD, 03/017935
PCT/ US027 2 em{leﬁeﬁﬂ%ﬁiaﬁs P&R’a’t%@qﬂé{ﬁ“cﬁ QREt%QQOVPEaWdl 4\9%7!*? bgmytands 14687 .

VH and VL-rpgl piigs ffaRR, W@&bm&ﬂﬁﬁzctmfv%s%dnﬁﬂéﬂcﬁ%e R gnfalroned in
pCEMI- Vector System I't 0 determ ne the cDNA-sequence. The nucleotide and
correspondi hd).am no aci d sequences are shown in Figure 2 (SEQ ID NGs: 1 and
2) 5 and Figure 3 (SEQ ID NGs: 3 and 4), respectively. The framework (FR)
and conplenentarity determining regions (CDR) are also indicated. The

germine famly for Theafihity 801468 0for 4GB (na6eaxdC :}tvﬁas&héagﬁrﬁﬁai in Vbase:
VH5- 51 (VH5-subgroup), D2-15/D2 (DH segnent), JH4b H segnent). The
germ i ndOf aflloysSf or the VL-regi on of 146B7 according to alignment in Vbase:

A27 (VKII'1 -sgibar ol an,gtg C%K%ﬁ‘g"]é segnent) 071% &E?fﬁi:—lpa‘lgf%glon regardi ng VH

and VL-domains 1S shown at abat dat abas [T’ hmuno. bne. nwa. edu/ or

at http://wiediviai€os aife consampkge 6 Af fi nd.5¢/(200.0d) Rgoéhaedcteristics of
14687 15 The affinity of 146B7 was analyzed by surface pllasm)n resonance
(SPR) t echfssoe@iion squaldprtumBrAGERIEK3000 | nkiT GneAl) xd0dder mi ne bi onol ecul ar

Dote N e e QRS Lo tal A TSN fYsPL gpegy” o> Changes i the
15
To determine the avidity of 146B7, IL-15 (Immunex Corp.) was used as
ligand and 146B7 was used as analyte. When the data obtained were analyzed using
Langmuir (1:1) curve fitting the bivalent interaction of the antibody was expressed, the

avidity of the antibody was determined.

20
The avidity of 146B7 for IL-15 (Immunex Corp.) was measured as
follows:
The association rate constant k,: 7.30 (£ 0.81) x lQ5 M sec!
The dissociation rate constant kg: 1.45 (£ 2.05) x 107 sec™
25  Association equilibrium constant K 4: 5.03 (£3.40) x 108 M™!
Dissociation equilibrium constant Kp: 1.55 (£ 1.24) x 10° M

The affinity and avidity of 146B7 for Peprotech derived IL-15 were
determined also. No major differences in affinity or avidity for two different sources of

30 IL-15 were seen.



surface | ayer caused by bionol ecul ar binding are detected and signify a
change in the nmass concentration at the surface layer. Affinity is
expressed using the follow ng 20 definitions: ka= associ ation tre pgofgggst ant
(MO see-"); =.disssociation rate constant (see 1); KA = 3%% ion

equi libri urwdégsr{glﬂgéﬁt = ka/ka (M); and Kn = dissociation e%ﬁ? B %Jﬁ??n
constant = kd/ ka (M. Different procedué¢es were perfornmed to obtain the
affinity of 146B7 for human |L-15 (hlL-15). Human reconbi nant |IL-15 from

two different suppli engi?@esthrailine SQhple beRORTidEdinBR iANMitidaralash, Rocky
Hll, NJ, USA) was coupled to a CM sensor chip. The conpound coupled to

t he sensor cHitgrleukingé$ (IHbd Shsndurebprgliferationsif KL IeR gelld and REMEC40HRIlas used as
ligand. In j net i »al ysi e, bi.ndi ng,of the al vt e or hlL-
15 adapt edﬁﬁ%ﬂ? %@'ﬁéﬁgﬁﬁ{@o&u%l 2‘166’%72 1et egglnzg%?sg ﬁf%?nd\%@sm%r?%gl?e ilgﬁt o the

bi ndi ng to &dudéd pelitraivaes aaphicaburédby Fe1sRymidticincsegsratibn. dTheildsons of
anal yte were tested (O, § 125, .6.25, 12.5, 25, 50 Itg/m)., Association and
di ssoci aPi oRCREGPYEIONH PR % Inhibilipn, gmorgdnstiensl snanperdp deterigine affpif fiogyel

Langmuir 1: Faup : n . .. data
vor o anal y7 Byt B gieR B En BBt flal Suo fREL FLOIME TR ICR

03/ 017935 Pmlddvstrén oithIhe avidiby texsatiriy BIEDREB0OON (K he. smiMphsingd1 468 7ent

anal yze" was used. Al analysis were corrected for, a drifting baseline. To

det er mi ne t Ael2ARdiad ascombinant kymay L1 kg psranalyjieangd ¢anfirmed g afbpfy 146B7

was neasur egyiify YR ERS LB RRAEre! L- 15 derived fromtwo different 5
suppliers, Immunex and Peprotech, at the Bl ACORE 3000. Using 146B7 as |igand

and hl 1015 as anal yte, the nonoval ent interaction was determnined (curve

fitting Langnuir 1) .. .The affinity qf for JL-15 (I ex Corp.) was
reasur ad-astR8mPlA T owdinitiien 2L bELriindhestfi9F o Readsiiog py ey Bifoog 3p) 15
M' sec 1 The di ssocyplis@ntibédigs constant ka: 6.56 ( 0.09) x 10-3 see-'

Associ ation equilibriumconstant KA. 1.55 ( 0.21) x 107 M1 Dissociation
equilibriumconstant KD: 6.59 ( 0.88) x 10-$ M 15 To determ ne the avidity

of 146B7, IL-15 (I mupgxX. &0 Br fun)Aimis G0t 3E-15 antibodies, 146B7, 146H5, 404E4

15 and 404A8, on IL-15-induced TNF-a production was studied using peripheral blood
derived mononuclear cells (PBMC) from healthy volunteers using the following
procedures. To evaluate specificity to IL-15, the effect of these antibodies on IL-2-

mediated TNF-a production was also examined.

20 Cell culture
Cultures were maintained in RPMI-1640 with 2 mM L-glutamine, 100
IU/m1 penicillin, 100 pg/ml streptomycin (all derived from Life Technologies, Paisley,
Scotland) and 10% heat-inactivated fetal calf serum (HyClone, Utah, USA).

25 Purification of peripheral blood mononuclear cells (PBMC)

Fresh human blood was drawn from a healthy volunteer after informed
consent, heparin was added against coagulation. Purification of PBMC was performed

by density gradient centrifugation using Ficoll (Pharmacia, Uppsala, Sweden).



| i gand and 146B7 was used as analyte . Wen the data obtained were anal yzed
using Langrmuir (1:1) curve fitting the bivalent interaction of the antibody
was expressed, the avidity of the antibody was deternined. 20 THd FBi 2006t y
of 146B7 fgqy Io}z/ﬁl%’ {1 mmunex Corp.) was neasured as follows: _The association
rate constant K& 7.30 ( 0.81) x 105 M' sec -1 The di ssodiGVP¥R2F%P e
constant ka: 1.45 ( 2.05) x 10 see-' 25 ¢ssociation equilibriumconstant KA:
5.03 ( 3.40) x 108 M1 Dissociation equilibriumconstant KD: 1.55 ( 1.24) x
10-9 M The gifidytufpd avidity of 146B7 for Peprotech derived IL-15 were
det erm ned al'so. maj or differences in affinity or avidity for two

di fferent sources of HID-15| 1dtmoned70-Gld e mmid@e:0&p.] Be88e,-WBashdigtdrEBIS2006

PCT/ US02/ 26769 As is scrihed in th X | e, bel.ow rding the inhibition
of human interl euki ngﬁé’(q Opl%nf’fuﬁg%ixé%‘%gttefﬂap\" lﬁﬁeg'%%ﬁésc%u- 2 cells and
PBMC by fully human gy hidanlaiti®bdiedasdaesscBAG®REH 0TU101f 8 i n a dose :

dependent nmanner the |L-15 |nducedt§rollferat| on as was neasured by

[ 3H] - t hy#ri diHBTRIZON Porit A8 i{batath &30 850 and 44t datchaf3UN1 hands isetypehi bi ti on,

a nore funclional n ' fhhRetX- from these proliferation
i nhi bi tion %&%@?.ﬁ%@ﬁ%ﬁf&a@‘?@%ﬁ%@?%@c .1?&’@91 nM This 1C50 is in
agreenent with the avidity neasured by Bl ACORE 3000 (KD 1.5 nM wusing 146B7

as ligand and_reconbi nant _human | L-15 as analyte and confirmed the affinity
and avi di t ipbpben eiphnmpand] hillerd 8) ortlb-2-mguesd FINFx produstion by BRMK by

hi L-15-i ndugﬁg_i[#gﬂﬁpord?cslucti on by fully human anti- |L-15 antibodies The
effect of f i-1L-15 anti bodi es, 146B7, 146H5, 404E4 15 and
404A8, od |L-15-i nducRBMINwer coitodd i triplicavaor ghatdtugslitatesin9g-vpell flphettain bl ood
deri ved nononucl ear cells ( I\(qti: from heal t hy vol unteers usi qg the follow ng

PB .
pr ocedur es. P 3 a s eclipeei IZ}Ptt@F presepee qnabsepre odbfleZior {L+A@RE MR bodi es
on I'L-2- medhabgdnd -3 HLBGHEL 'Ig&yﬂ@éon@of&t%ﬁw(f%as included as negative

control. Concanavalin A (2.5ug/ml, Calbiochem) was added as a positive control for

proliferation. Cells were incubated for 72 hours at 37°C and 5% CO,. Supernatants
15 were harvested to quantify the amount of human TNF-a by ELISA (U-CyTech, Utrecht,
The Netherlands). | . ,
The effects of 146B7 and an isotype control antibody were tested on I1.-
15-mediated TNF-a production by PBMC. 146B7 inhibited hIL-15-mediated TNF-a
production in a dose dependent fashion, whereas the isotype control antibody did not
20 inhibit hIL-15-induced TNF-a production (Figure 6). Data of two healthy volunteers
are shown. 404E4 and 404A8 were unable to inhibit hIL-15-induced TNF-o. production.
To ensure the specificity of the anti-IL-15 antibodies, their effect on hIlL-
2-mediated TNF-a production was evaluated. No inhibition of IL-2-mediated TNF-c.
production was induced by 146B7 (Figure 7). No dose dependent inhibition by either
25 404E4 or 404A8 was seen in hIL-2-mediated TNF-o. production.
A dose dependent inhibition of hIL-15-mediated TNF-a production was
seen only by 146B7 and not by 404E4 and 404A8. The inhibitory effect was specific for
hIT-15; IL-2-mediated TNF-o production was not inhibited.



20 Cell culture Cultures were maintained in RPM-1640 with 2 mM L-gl utam ne,
100 11U m penicillin, 100 g/m streptonycin (all derived from |th;EI

Technol ogi es, Paisley, Scotland) and 10% heat -i nacti vated fetal Bfmgﬁer um
(Hyd one, Uah, 25 Purification of peripheral blood cells
(PBMC) Fr es\ﬁaﬁa)#aﬁﬁgbl ood was drawn from a heal t hy vol unt eerp(glpﬁ%‘zg%ﬁ?or med
consent, heparin was added agai nst coagub@ti on. Purification of PBMC was
perforned by density gradient centrifugation using Ficoll (Pharnacia,

Uppsal a, - Swalaiple 81 TnfRic B0 AEHAA3E 1 BRRILSERARALED prferdh of
Conpound HI L-15," ot no: 6870-011, Imunex corp eattl e, "Washi ngton, USA.
hl L-2, Chiron Benel ux (B)LLﬂm;ﬂedethMﬁé)yMaﬂhbuhmmu-mllswnhbnwns anti bodi es
used: 146B7 (batch: 070101) and 5 146B7RDIJW7, 404A8 (batch: 030101) and
404E4 (batch: 080101) and as isotype control antibody Ti (97-2B11-2B12,
batch: 190900) . I nhi biArt®die 146BBRN 4615, U04Eh bhd 4G ADIveRd fested fordtemambiliiiF- a
production bV PBMC by anti-IL-15 anti bodi es 10 PBMC were cultured in
triplicat® d&e ndihitF el prodiferation vengelLL12 eglls fellinehalpl 4750 and pariphesal 105 cel | s

| d h h
anti 1 L 15 A1 RoBFRE0eR Sl BISRE R 05 R 0l RS ncl uaed as”

negative control. Concanaval in A (2.59/m, Cal biochem) was added as a
positive co ol for proliferation. Cells were incubated for 72 hours at
37C and 5% Mew rnatants 15 were harvested to quantify the anount of

human TNF-a by ELLSA (Ciifned Gfefe minifsdatin RPVAE1 ¥R h%lqsl) Elu-trd?rﬁn@flt)@m s of

146B7 and an isotype control antibody were tested on medi at ed TNF-a
product i dh W/dﬂamCﬂ]m,GBW) lightnl Bir¢peemycin (deBvektivmtldte Tédlhnalogpsdde, onin a

dose dependen ereas. th pe coptral antib di d not 20

o bi 4 M- e o4 RS Aot 5o B Gy on iAo heal t hy

vol unteers (ang.-soaWGiio¢E4. qusﬂ@&é%laﬂiﬂﬁlﬁe&ﬁﬂhé abdve héhtioakd mediuml 5- | nduced
TNF-a production. To ensure the specificity of the anti-IL-15 anti bodi es,

their ef f ecurRemnentedwithdf ansgihllraiml LClhrandBenelwnB Ved msteadayatldg. No
I nhi bi tion ?\fetﬂeh'é&dm& &84 TORIR-2 for 3-4 days before the start of the experiment.

15 CTLL-2 cells were washed three times before use.

Purification of peripheral blood mononuclear cells (PBMC)

Fresh human blood was drawn from a healthy volunteer after informed
consent, heparin was added against coagulation. Purification of PBMC was performed

20 by density gradient centrifugation using Ficoll (Pharmacia, Uppsala, Sweden).

Test Compound
HIIL-15, lot no: 6870-011, Immunex corp., Seattle, Washington, USA.
hIl.-2, Chiron Benelux BV, Amsterdam, The Netherlands.
25 anti-IL-15 antibodies used for CTLL-2 assay in this report shown in
Figure 8: 146B7, 146H5, 404A8, 404E4.
anti-IL-15 antibodies used for PBMC assays: 146B7 (batch: 070101),
404A8 (batch: 030101) and 404E4 (batch: 080101).




production was induced by 146B7 (Figure 7). No dose dependent inhibition by
either 25 404E4 or 404A8 was seen in hlL-2-nediated TNF-a produgqil:@g.mg\
dose dependent inhibition of hlL-15-nedi ated TNF-a production waS seen only
by 146B7 aRrglo9h;9) 404E4 and 404A8. The inhibitory effect Olyl@éuéBéﬂ'fi c for
hi L-15; 1L-2-nedi ated TNF-a production was not inhibited. %806 WO
03/ 017935 -69 PCT/ US02/ 26769 Exanple 8 471t bition of human interl eukin-15
(hl'L-15)-induced proliferation of CTLL-2 cells and PBMC by fully human
anti- I L-15 piiibadb@nmatt bodies 13687 A dEkEd GPYES Rosk-ARMASyWaE L 1 est ed
for their abiTity 5 to inhibit T-celT proliferation using CTLL-Z cells
(Gllis et h?antibpdieg) and peripheral bl ood nononucl ear cells (PBMC) using
the follow ng procedures., Cell. culture Cultures e i al-ai in - 1640
W th 2 L gl it am nen el EnE b In Y5 Ra SN il

(derived frednslpef well @Cth ptRBcR@Dr abkins¢ 6eitheSEIRL 2 BARIL- BAATd 8¥4luate the o
heat -i nactivated fetal calf serum (Hyd one, Uah, USA). CTLL-2 cells (Gllis

et al., 297efifechen erofifgraitan, gech afibe roar apfolle 1 peptibasiesavere afded GllsWeshented
ith 36 uni L L2/ i B 3 d d
Starved for TEFTAG! BLTE WG ERCEABRERY CHATRIEIERT L E Sl AR EoL 1,

cel I's wer e s Be@ndedrIgaletCHaHnh BuekidhitshirePUKI) fwag atld€dy Béurp®efopher al bl ood
nononucl ear, cells (PBMC) Fresh human bl ood was drawn from a healthy

d
vol unt eer akdrEgsting fRarkester 96dYiadnkl MnkqsatesrOpge @fdd8Akgai nst coagul ati on.
Purification of PBMC : j i Iy ion
A g P 4, g g corps v

using Ficoll (Pharnmaci a, np | ot no:
6870- 0110 | dewirsssd inardose dpeadernt Eshinhdtyi HGBGapd USAHS ahivas gefleCled bymedBeek| ux

By, Ansterd he. Net.herl ands. anti:]l-15 | bodi es ed.fo -2 assay
in this rep@ﬁ'@%’ﬁdd\% 1H°°IPP6’SP% g"h‘iﬁiég‘}m‘ig%g VEHAY 5?64‘64’11:9?5‘ Iﬂ#l L- 15
ant i bodi es M&@&d&@é[im absayBb 2 d4RB7 (batch: 070101), 404A8 (batch:
030101) and 404E4 (batch: 080101).

Inhibition of hIL-15 (hIL-15) or hIL-2 induced PBMC proliferation by anti-IL-15
15 antibodies

PBMC were cultured in triplicate in 96-well U-bottom plate (Nunc,
Nalge Nunc International, Denmark), 5 x 10* cells per well in the presence or absence of
hIL-2 or hIL-15 and the anti-IL-15 antibodies. Concanavalin A (2.5pg/ml, Calbiochem) -
was added as a positive control for proliferation. The cells were incubated for 72 hours
20 at37°Cand 5% CO,. [3H]Thymidine (1 pCi/well, Amersham Life Sciences, Little
Chalfont, Buckinhamshire, UK) was added 16 hours before harvesting (Harvester 96,
Tomtec, Orange CT, USA).
146B7 was able to inhibit IL-15 induced [*H]-Thymidine incorporation
dose dependently and, therefore, inhibited proliferation (IC50 = 3.1 £ 0.91 nM). Both
25 404E4 and 404A8 were unable to block hIL-15 induced PBMC proliferation. 146H5
was not tested according to data obtained from previously performed experiments.
To ensure the specificity of 146B7, 404E4 and 404A8 for IL-15, these antibodies were
also evaluated for their effects on I1.-2 mediated proliferation. None of the tested anti-
IL-15 antibodies exhibited an effect on IL-2 induced proliferation (Figure 9).
30



01 F E B 7006 WO 03/01793-5 PCT/ US02/ 26769 -70 Inhibition of human IL-15
(hl'L-15) or h[L-2 induced CTLL-2 proliferation by anti-IL- 15 anti bodies In
each experinment, cells were seeded in triplicate in-96-well pl at @ % G
cells per %Ig/&g 3t;he presence or absence of either hlL-2 or hll-15""To0
eval uate the 5 eftact on proliferation, each of the four arG yYZ3Ee

anti bodi es were added. Cells were incubated for 16 hours at 37C and 5% CC2.
[3H Thym dine (1 C/well, Amersham Life Sciences, Little Chalfont,

Bucki nhanshi . | i (ya 6 Mach
1M Tont e <Pt o "B AERs- 18 TRy B DAL T3 by RApITEL GRS
proliferation of CTLLhEmaelHBM®@as 10 decreased in a dose dependent fashion
by 146B7 and 146H5 as was reflected by reduced [3H]-Thym dine

i ncorporation. Both 404E4 and 404A8 were unable to bl ock IL-15 induced
proliferati gest@bmbdldds2 cells. Inhibition ofhlL-15 (hlL-15) or hlL-2 induced
PBMC proliferation by anti-I1L-iS 15 anti bodies PBMC were cultured in
triplicafe i n 96Hueiah PBMGs wetinoblained frou healthyNelepdeaxg aféer imfoanethednsent! |

Denmark), 5 x 10 | ls Ll e O nce. ,of | L-2 or
nIL- 15 and the aAPRotb R RbLu SRR B SAGHER RE PRI EA Ll b1 eher
was added as a positive control for proliferation. The cells were incubated

for 72 hours.20 at, 37C and 5% CO2. [3H Thymdine (1 G /well, AmersbamLife
Sci ences, LPigtinylati 7 hire, UK was added 16 hours before
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inhibit IL-15 induced [3H -Thym dine incorporation dose dependently and,
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15 spectrophotometry (Ultrospec 2100pro) at OD 280 nm.

Stimulation of peripheral blood

To induce IL-15, blood was obtained by venapuncture from healthy
volunteers. PBMCs were cultured in RPMI 1640 (Biowhittaker Europe) supplemented
20  with penicillin (5§ U/ml), streptomycin (50 pg/ml), L-glutamine (2mM) (Biowhittaker
Europe), and 10% fetal calf serum (Optimum C241, Multicell, Wisent Inc.) for a
maximum of 2 days (37°C), and were stimulated with 500 U/ml [FNy (Boehringer
Ingelheim). -

25 Flow cytometry
Cells were pre-incubated with 10% human AB serum (CLB, Amsterdam,
Netherlands) in RPMI 1640 (Biowhittaker Europe) supplemented with penicillin (5
U/ml), streptomycin (50 pg/ml), L-glutamine (2mM) (Biowhittaker Europe) and 10%
fetal calf serum (Optimum C241, Multicell, Wisent Inc.). After permeabilization (20

30 min, 4°C, in Cytoﬁx/CytopermTM Kit, Becton Dickinson, San Diego, CA) and washing
in Perm/Wash™ buffer (Cytofix/Cytoperm™ Kit), PBMC were subjected to staining of

IL-15 by flow cytometry. Continuous permeability was achieved by using
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Superfrost®-Plus microscope slides (Menzel), slides were air-dried (< 60 min), fixed in

2% paraformaldehyde/PBS (8 min, 4°C), washed with PBS and air-dried again. Before

15 staining, cytospin preparations were permeabilized in PBS (+ 0.1% saponine; PBSS), '
which was subsequently used throughout the staining procedure. To block endogenous
peroxidase activity, cytospin preparations were incubated with 0.05% (v/v) hydrogen
peroxide (H,O,) diluted in citric acid/phosphate buffer (pH 5.8, 20 min, RT). After
washing with PBSS, endogenous biotin activity was blocked according to the

20 manufacturer’s instructions (Biotin Blocking Kit, Vector Lab., DAKO). After washing
with PBSS, non-specific binding sites were blocked by incubating the cytospin
preparations with 10% (v/v) human pooled AB-serum (CLB, Amsterdam, Netherlands)
(30 min) in PBSS. Thereafter, cytospin preparations were incubated with biotinylated
primary antibody (60 min, RT) and, after washing with PBSS, with streptavidin

25 complexed with biotinylated horseradish peroxidase (streptABComplex/HRP, DAKO;
1:100 in PBSS, containing 2% human AB serum; 30 min, RT). After washing in PBSS,
the cytospin preparations were incubated with 3-amino-9-ethylcarbazole (0.5 mg/ml)
and H,0; (0.01%), in sodium acetate buffer (50 mM, pH 4.9) for 10 minutes (RT), for
the detection of HRP activity. Cytospins were washed with running tap water for 5

30 minutes, counterstained with haematoxylin (DAKO) for one minute, washed with
running tap water for another 5 minutes, and embedded in faramount or glycergel

(DAKO).
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Example 10 Human anti-IL-15 antibody 146B7 binds IL-15 in tissues by
immunohistochemistry
20

Test compounds

Human psoriatic skin — tissue samples were obtained after informed consent.
Louise Villadsen, Department of Dermatology, Gentofte Univérsity Hospital,
Copenhagen, Denmark.
25 Antibody 146B7 (batch no. MDX015), Medarex, Milpitas, CA, USA

Biotinylation of 146B7 and human IgG
N-hydroxysuccinimido-biotin (Sigma) was first diluted in DMSO (final
dilution: 100 mg/ml) and then in 0.1 M NaHCO; (final dilution: 1 mg/ml, Sigma). Per 1
30 mg of antibody (diluted in 1 mi), 600 pl of biotin solution was added (dark, 2hrs, RT).

Antibody-biotin solution was dialysed in a slide-a-lyzer™ dialysis cassette (10,000
MWCO, Pierce, Perbio Science, Netherlands) (ON, 4°C) to remove unlabeled biotin.
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monocytes with 146B7, of with the control antibody, hlgd. A clear red

st ai ni ng of speatrophotapitasidlirespeb2&00ped) fAIR280 mcubating the cells with
146B7, but not with the control antibody. Accordingly, 146B7 15 binds

hl L- 15 in nonocytes and this binding is upregulated after stinulation with
1FNy. Fi guliemédordtschetdi@s that 1L-15 staining is primarily intracellular.
Exanpl e 10 Human anti-IL-15 antibody 146B7 binds |L-15 in tissues by
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PBST. Serum was blotted off and sections were subsequently incubated with

biotinylated primary antibody (146B7 or hIigG1) diluted in PBS containing 2% human

15 AB serum for 60 minutes (RT). Sections were washed in PBST. After washing in
PBST, all tissue sections were incubated with streptABComplex/HRP (DAKO; 1:100
diluted in PBS containing 2% human AB serum; 30 min, RT). After washjng in PBST,
the sections were incubated with 3-amino-9-ethylcarbazole (0.5 mg/ml) and H,0;
(0.01%), in sodium acetate buffer (50 mM, pH 4.9) for 10 minutes (RT), for the

20 detection of HRP activity. Sections were washed with running tap water for 5 minutes,
counterstained with haematoxylin (DAKO) for one minute, washed with running tap
water for another 5 minutes, and finally embedded in faramount or glycergel (DAKO).
Results

25 A clear cytoplasmic staining of keratinocytes in psoriatic skin was observed after
staining tissue sections with 146B7, but not with the control antibody (Figure 14; 146B7

stains IL-15-positive keratinocytes obtained from psoriatic plaques).
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chimeras: significant inhibition of inflammation in both arthritic and
psori atic tilSEPROMBSITEREN M ounds Synovi al tissue - obtained form patients

with juvenile rheumat dibody 18681 (batchHol P5-0DRDIWIEY MODFE e, MifpKal, X ,0m
division of pediatric rheunatology, Children's HoSpital Medical Center,

G nci nnati , &k dor rtbgpnatoid arthritis experiments.

Blocking I1.-15 in SCID mouse — human synovial tissue chimeras

Fresh synovial tissue samples were obtained from patients with juvenile
rheumatoid arthritis after joint replacement surgery. Samples were collected in sterile
20 conditions. Minced tissue fragments from the entire synovial tissue sample were
thoroughly mixed to ensure homogeneity of each preparation. Minced tissues (2-4
grafts per animal; 100 mg per one site) were engrafted subcutaneously in the back of
SCID/NOD mice (Jackson Laboratories). Each animal received 146B7 (500 pg, i.p.) or
PBS on the day of graft implantation, and on post-implantation days 7, 14, and 21.
25 Animals were sacrificed on day 28 post-implantation. Synovial grafts were excised and

placed on formalin for H&E staining.

Quantification of H&E staining of tissues from SCID mouse — human synovial tissue
chimeras (Modified from Lehr ef al.. J. Histochem. Cytochem. 1997, 45, 1559)
30 After obtaining digital images (2600x2060, jpg) of sections obtained

from SCID mouse — human synovial tissue chimeras using a X10 objective (Zeiss
microscope; Axiovision software), data were computer-analysed, by use of Photoshop,

version 6.0 (Adobe Systems, Mountain view, CA) and reduced to 1300x1300 pixels.
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sacrificed, and a 4 mm punch biopsy was taken from each xenograft. Biopsiés were
fixed in formalin for paraffin embedding and stained in H&E and for Ki-67 nuclear
antigen.

20

Quantification of immunohistochemical staining of tissues from SCID mouse - human

psoriatic tissue chimeras

The H&E-stained sections were evaluated for epidermal thickness (um),
grade of parakeratosis (rated from 0-3), and number of inflammatory mononuclear cells
25 inupper dermis. The sections stained for Ki-67 were evaluated for number of cycling
keratinocytes/mm” section. Mean values for the 4 mice in each treatment group were

calculated, and the data from each patient were summarised as mean and s.e.m.

SCID/RA model

30 Microscopic observation of sections showed that the darkest stained

nuclei belong to infiltrating cells. Therefore, the number of nuclei (measured as the
relative surface area) are considered as a measure for infiltration. Injection of 146B7

reduces the number of infiltrating cells into inflamed synovial tissue, as compared to
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i | I ustrat es whie vab iegsisedfrom4b8itratmm correuin tohd deepest pew bf theimtepegenogr af t ed
22" Compar g PR PBaR LR ey el &ho Bmyginadet ol 2515 M1l €1
pm). Also, the grade of parakeratosis was reduced by 146B7 treatment (Figure 16C):
PBS (1.6 20.4), CsA (1.3 %0.3), 146B7 (0.5 * 0.3). Furthermore, 146B7 reduces the
15  number of inflammatory mononuclear cells in upper dermis (Figure 16D): PBS (33.3*
1.9 mononuclear cells), CsA (19.4 % 8.5), 146B7 (16.4*0.1). The expression of the
human Ki-67 protein is strictly associated with cell proliferation. During interphase, the
antigen can be exclusively detected within the nucleus, whereas in mitosis most of the
protein is relocated to the surface of the chromosomes. The fact that the Ki-67 protein is
20 present during all active phases of the cell cycle (G(1), S, G(2), and mitosis), but is
absent from resting cells (G(0)), makes it an excellent marker for determining the so-
called growth fraction of a given cell population. 146B7 reduces the number of Ki-67+
cycling keratinocytes (Figure 16E): PBS (247.9 + 77.0), CsA (116.0 + 24.1), 146B7
(73.8 £9.9).
25 Treatment with 146B7 inhibited the infiltration of inflammatory cells into
inflamed tissue in human SCID models for rheumatoid arthritis. Furthermore, in SCID
mice with engrafted human psoriatic plaques, treatment with 146B7 reduced the severity
of psoriasis, as compared to treatment with CsA. Indeed, treatment with 146B7 resulted
in a major reduction.in iflammation, in epidermal thickness, in numbers of dividing

30 keratinocytes, and in severity of parakeratosis in human/SCID mice.



Figure 16 shows SClI D/ psoriasis mce treated with 146B7 or control

treatnent. Conpared-to the vehicle, PBS, injections of 146B7 reduced the
severity of psoriasis evaluated by epidernmal thickness when wag {rfE8si0ibed
fromthe stratum coneumto the beginning of the rete pegs (Figure |6A)):
PBS (177.8WO4B3/03793§, CsA 10 (91.0 15.2 nm), 146B7 (62.5 9PCTHS02/K7¢%duct i on
in thickness was al so observed when was;greasured fromthe stratum corneum
to the deepest part of the rete pegs (Figure 168): PBS (433.8 32.1 m,

CsA (303.8';.62. d 146B7 8.0.t 33, . Also, th rad f

par aker at os %“WBZ‘* %d&'@ba"b@" ﬁ'g(B'ég at"?'ggfiﬁéﬂ&z gcé’ﬁ?'gesl?@fp t%r%ggn?f]%ls 0.4),
CsA (1.3 10.3), 146B7 (0.5 -' 0.3). Furthernore, 146B7 reduces the 15 nunber
of inflammatory nononucl ear cells in upper derms (Figure 16D): PBS (33.3
1.9 rmononucledcomppunds CsA (19.4 8.5), 146137 (16.4 10.1). The expression
of the human Ki pr nJ 4 . ociated with cell proliferation..
During interphase, lheh%ngah{lf)gtz(?]lsa%‘gh&yeé%é@ usively detected within the

nucl eus, 5wher eas Antibédyt BSBI 1 Mdsdaret IicheMDpi0osein is relocated to the surface.
of the chronosones. The fact that the Ki-67 protein is 20 present during all
active phases of Remeelissyith eapstitatiyeexpressipn Qﬁ(lg)lﬁwqﬁl@@iﬂ?ﬂl?’ Tenevuss  absent

fromresti , [ﬁﬁhﬁﬁ i n far- determ ning the
so- call ednlg?%%ch%faégza? I ’nsoo a é‘%‘i/(é}%&crgﬁgggg%ﬂF%@%i&%ﬂ@&ﬂreduces t he
nunber of Ki-67+ cycling keratinocytes (Figure 16E): PBS (247.9 77.0), CsA

(116.0 24. P,.14687 73.8 .9). 25 Treatment with 146B7 inhibited the
infiltratioé—éﬂﬂ—ﬂﬂmw’ 2 : _d. IeGt o inflamed tissue in human SCID
nmodel s {@r rheumat oi dnafyahidybicRinifttol et igma) RasisPaingbs & MViSH giaf af t ed

human psoriatic plaques,” tréatment with 146B7 Teduced the severity of
psori asi s, dintmonpel wg/mlpand dan retd MINaHCN ingidikgdn: t mganhSigmapy Per 146B7

number s of BEOARIPAGTRFL A T p0did SR Mty Ep R (e BT o 0
huren SOID iy R AR, N DA E T LB RNTE BacsllE ) BRODI o 12

Human anti-1L-15"anti body 146B7 récogni zes receptor-bound 11r15 Test
conpounds hVYACO, Plensen Rerboriaiarice ANetherdahgs) (@vemight at5i°Bhtd teowye tnlabaled Medar ex
I nc., 015, ..Raji |ls with constitutive expressi.on..of L=l SRa {{Martin
& onni oD diatifre The fdlontna ey e AR o bR IR BREY i e

Sout hanpt onspebirdphbtometry (Ultrospec 2100pro) at OD 280 nm.

Binding of 146B7 to I1-15 — I -15Ra complex by ELISA

After coating (overnight at room temperature) flat bottom microtiter

20 plates (Greiner) with [L-15Ra (R&D systems, Minneapolis, MN, USA), plates were
incubated with PBS and chicken serum (2%, RT, 60 min). After washingin PBS (+
0.05% Tween 20: PBST), plates were subsequently incubated with several dilutions of
unlabeled IL-15 (50 pl, RT, Immunex, Seattle, USA). After 10 minutes, biotinylated
antibodies were added to the wells (50 pl) in different concentrations (90 minutes at

25 room temperature). After washing in PBST, plates were incubated (60 minutes at room
temperature) with streptavidin-poly-horseradish peroxidase (CLB, Amsterdam,
Netherlands) diluted 1:10,000 in PBST-C (PBST and 2% chicken serum). Finally,
plates were washed and subsequently incubated with ABTS (Azinobis-3-
ethylbenzthiazoline-sulphonic-acid, Roche Diagnostics, Mannheim, Germany) in ABTS

30 buffer according to the manufacturer’s protocol. Color reaction was stopped with 2%
oxalic acid (50 pl). Binding was evaluated at 405 nm in an EL808 ELISA-reader (Bio-
Tek Instruments, Winooski, VT, USA).



Bi otinyl ati on of 146B7 and human | gG 10 N hydroxysucci ni m do-biotin (Sigm)
was first diluted in DVMSO (final dilution: 100 ng/m) and then in 0.1 M
‘NaHCO3 (final dilution: 1 nmg/m, Sigma). Per 1 ng of. anti bodyq{qjtgqgggd in1
m), 600 pl of biotin solution was added (dark, 2hrs, RT). Antibody-biotin
sol uti on wa¥OdP41P&d in a slide-a-1yzerTM di al ysi s cassett BCPYFO6° maco,
Pi erce, Perbio Science, Netherlands) (oveppight at 4C) to renove unl abel ed
15 biotin. The follow ng day, concentration of biotinylated antibodi es was
determ ned by spectrophotonetry (U trospec 2100pro) at OD 280 rim Binding
of 146B7 to IL-15 - I1L-15Ra conplex by ELISA After coating (overni ght at
room t enper aBinding 6 BtoBTab fh+hSm I iR t@npleR6n Rlagitcels (Greiner) with | L-15Ra

(R&D systens, M nneapol. s, , USA), plat were incubate i th PBS and
chi cken serum (2% RT, ¢ Msr%r? pﬁf%‘%‘r‘bpa\@s(ﬁﬁﬁ‘&“}“ﬁs Pﬁs‘%&? Wlé’dg&mg)ﬁ“‘f%@ﬁl%o:
PBST) , pl at eg pelgn %et%ﬁ,e%ﬁmlrm,'mwﬁh@gin}mtis%%Y@f Qﬁsgp!d%gam 002%

unl abel ed I'L-15 (50 p1, , I'munex, Seattle, USA). m nut es,
bi ot i nyl atedNabiiit). Heafi exdis\@2¢ 1 @lceHstntl pweteguini the welS, anjl 50 df fflebadent IL-

concentration 90, m.nutes gt 25 room t enper at . After shi ng i.n PBST,
pl ates were { 8’%55‘!‘@&1?8@’%6}&8?%?“ EOI&S&WC‘{ E‘r#pjé&stbﬂé Ww\é\ﬁ%q‘um%n“&
streptavi di nsé?@xln)(._'hﬁéﬁﬁfﬁ?&ti%gg%_}edegﬁ5&%@%?&%5(4“@7%@% tviied herA@nds)

0

diluted 1:10,000 in PBST-C ( en Serum. Finally, plates
wer e washed bufdlers$bgkeofinotinyfatedantibaties (WM6BT okBISs [ Awasmidedtodhe wells (30

et hyl benzt hi azol i ne-sul phoni c-aci d, . Roc i .agposiics,. Mannheim Germany) in
ABTS 30 buff’é‘ﬂ“‘ﬁ%f‘mg’%ﬁ W%@W%Fgﬁgrb e&r@t*&d’élstreﬁ%‘f‘%?reacti on was

st opped wpt h,129 j i b A el o@ya Amin an
ELS08 ELISA ?lgyaégglgﬁ?ié% fodigidda foﬁ%c?hwﬁg?%dé‘ﬂh@vaﬁ%\%ﬁkléy J\S‘/ﬁ}@g‘?}%ﬁ@ e R L Do w

O 03/ 017935 PATSUsR, 26116@ ere-taienBiprid 20Q ubbf HAGBbuflr;lahd fitoresdeheclmRnsityTpl ex
on Raji cells.Raji. cells are pre-incupated (20 m nytes aj 4C) with 10% human
pool ed AB s%fr"dﬁ‘lfaﬁk{(&o oAl PErGTRIC mfﬁmsa%eﬁa@iﬁ@ f@pﬁ?wytewsgy 0. 05%BSA,
0.02% 5 NaNGaCehlibvieBdion bickink8R) fld Géithlesh®itevAR4t Dhid shdypmeel | s, and 50
| of unlabeled IL- 15 was added in 'several concentrations (diluted in FACS

buf fer with stonslpierimdan(S.Ek winch is sfledated pe fdshg the cells for 30 minutes

(14687 ot 512 S Chiln Hiokabe Pore Wiy o feREn RO S ANABREL T,
twice in FACS buffer, 50 pl of streptavidin - - v
ELISA '

Binding of 146B7 to IL-15/IL-15R complex in ELISA is shown in Figure
19. Binding of 146B7 increases with increasing concentrations of IL-15 binding to its
20 receptor. No effects were observed of binding of control antibody to IL-15 or to IL-
15R.
Binding to IL-15R-expressing Raji cells =
Binding of 146B7 to IL-15/IL-15R complex on Raji cells is shown in
25 Figure 20. 146B7 binds to the IL-15/IL-15R complex in a dose-dependent manner. No
binding of higG1 to the IL-15/IL-15R complex on Raji cells was observed (Figure 20).
146B7 is able to bind IL-15 after binding of this cytokine to its receptor.

+  146B7 binds to an epitope on IL-15 that is not involved in binding to the receptor.



10 phycoerythrin was added to each well (30 minutes at 4C). After washing
twce in FACS buffer, cells were taken up in 200 pl1 of FACS buffers and
fluorescence intensity of at |east 5000 cells per sanple was det Brfilied
after anal flow cytonetry (FACS Calibur, Becton Di ck| NsQn), usi ng

Cel | Quest y‘#?{/\ﬁ¥ Data show the stimulation index (S.I. E)Ill"’P%
calculated as follows: 15 S. 1. = (nean fgyorescence positi ve stal ni ng) / ( mean
fl uorescence background staining) ELISA Binding of 146B7 to |L-15/1L-15R
compl ex in Bldrebnées Shown in Figure 19. Binding of 146B7 increases wth

i ncreasi ng C'O'n‘CE'n't‘ratlons of IL-15 binding to its 20 receptor. No effects
wer e observed of bi ndiBathoaf]). ¥oiviadin RuriWi, Btedschhenh R M., Efess'enl RL_,SchB’fM. Bi ndi ng

to | L-15R- [ d 46 5R |
Rai | cel | 1 KRRHISn ooyt o MRS nbertignd heWoy WEar i ESR complex
na dose- dapaRARG! Rl B, DAL Corfarltb G ot ahanﬂeﬁ{ohexaléﬁe, conpl ex

on Raji cells was observed (Figure 20). 46B7 is able to bind IL-15 after
bi ndi ng ¢f mphlientcyithkanherheomiatosd m@u*éthrEngMB@?ll’dBnH%S&%an epi tope on |L-15
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Equivalents
Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents of the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the
25 following claims. Any combination of the embodiments disclosed in the dependent

claims are contemplated to be within the scope of the invention.

Incorporation by Reference

All publications, patents, and pending patent applications referred to

30 herein are hereby incorporated by reference in their entirety.



Wal dmann T., Tagaya Y. and Banford R (1998) Interleukin-2, interleukin-15,
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Wal dmann T. A and Tagaya Y. (1999) The nmultifaceted regul ati on of

i nterl eukin-1S expression and the role of this cytokine in NK cell

di fferenti aiyOflaiand host response to intracellular pathogens. Annu Rev
hnmunol 17,7 I9-49.. 20 Equival ents Those skilled in the art will recognize,
or be able to ascertain using no nore than routine experinentation, many
equi val ents of the specifi¢ _enhodipents of the. ipveption desctihed. herein.
Such equi val ents are "nten%@dg%?%te‘?)g&gﬁ%gl%g%lg%%aﬁ ¢ ewgghf% Cﬁfﬁﬁﬁxgmgfai ns.
Any conbi na{dlﬁiﬂldﬁﬁﬂfﬁ&ﬂﬁh@i@itﬁﬁmsiﬁﬂu&@d%‘@ﬁﬂ]ahﬁnétb@ depandent clainms are
contenplated to be wthin the scope of the invention. |ncorporation by
Reference Al publications, patents, and pendi ng patent applications
referred to 30 hereipn are ' r ted by.reference | [
entirety. 01 FEB 20059282 %@géﬁg%%¥%§&a§§ﬁ3%%&5?%8”%&@&?*%@%%@| nar
whi ch speci piogadtlon RiITesl prbRfefdsioan | L-15 and inhibits IL-15 induced
proi nfl ammatory effects. 2. The antibody of claim1 which inhibits

| L- 15-i nduced TNFct production or T cell proliferation. 3. The anti body of
claim2 which inhibitg IL- i.nd .cell. . .oroli.f :0R W n1Cs

val ue of less than ap%‘r oxXi Fr%?%’iltg) O?gggﬁ%ngg Wc}g?}glrn%bﬁtggia;s lg%lfcgflﬁ?cée?lati on

i nhi bition i8tatich with en 804, iveREYf @fss qiaﬁianradet@lb 100 iMD g Setérarin&d bynduced T
cell proliferation with an 1 C5 value of less than approximately 10 nM as
det er m ned Prplifgsatian inbibiidngssayahi biti on assay. 5. The antibody of claim1
whi ch binds to human IL- 15 with a dissociation equilibriumconstant (KD)
of below 10-7 M as determ ned by surface plasnon resonance (SPR) technol ogy
usi ng reconbi nant hunmén | LTA&ambodhief alaimh 2 twehietihhibits IL-15 induced T cell

;
ant i body

proliferation with an ICsy value of less than approximately 10 nM as determined by

proliferation inhibition assay.

5. The antibody of claim 1 which binds to human IL-15 with a
dissociation equilibrium constant (Kp) of below 10”7 M as determined by surface
plasmon resonance (SPR) technology using recombinant human IL-15 as the analyte and

the antibody as the ligand.

6. The antibody of claim 1, wherein the antibody specifically binds

to an epitope located on the B-chain or the y-chain interacting domain of human IL-15.

7. The antibody of claim 6, wherein the antibody specifically binds

to an epitope located on the y-chain interacting domain of human IL-15.

8. The antibody of claim 1, wherein the antibody interferes with the

binding of Asp® of human IL-15 to the B-unit of the human IL-15 receptor or the binding

of GIn'® of human IL-15 to the y-unit of human IL-15 receptor.



the antibody as the ligand. 6. The antibody of claim1, wherein the antibody
specifically binds to an epitope |ocated on the n-chain or the y-chain
interacting domain of human IL-15. 7. The anti body of claim6, wheBdi if B 18
anti body specifically binds to an epitogk-|ocated on the y-chain
interacting domain of human IL-15. 8. The antibody of claim1, wherein the
anti body interferes with the binding of Asp8 of human IL-15 to the (3-unit

of the human IL-15 regept OTheanﬁﬂbey*areﬂhﬂq wﬁére@tﬁég&lwdy%é@ﬁcdugfbléisto the
y-unit of human IL-15 receptor. 01°FE . The anti body of claim

1, wherein tdrecephor-tyodd hopeoilkiléal |y b| nds to recept or - bound human | L- 15.
10. An isol ated human nonocl onal anti body which specifically binds to human
I L-15 encoded by human I gG heavy chain and human kappa |ight chain nucleic

acids conprising nucl egti dansesistedteHan Hlohbﬁbﬁal\éﬁﬁb&f# WhicR gpedificadl bﬁﬁ‘l% forth
in Figure 2 (SEQ ID NO 1) and Figure 3 (SEQ ID NG 3), respectl ve and

conser vat i vt humapibnbieeneaded bbunanigG heaveitain and hyman kanpatlight ehaim
monocl onal gﬁ'él%}? gg%s X‘@WJ‘H?Q gﬁ lgdtﬁf%lse(?ueg &qﬁ theglovalgfé%r}e#%nggs Q?Ydrﬂqul 9G

heavy chain an var e regions rise the amn

aci d sequenEgaresmCSlEQ []DNH) Qyael PighBSBEQSBY mmm 3R pepEdtyelyeadd cc(nSEQath@ NO 4),
respectively, and conservative sequence nodifications thereof. 12. An

i sol at ed hu?l%lﬁeﬁﬁ?ﬁ%‘?,‘llgizﬁépn&ﬂ’fqr%’édy whi ch specifically binds to human IL-15
conprising a CDR domain selected fromthe group consisting of (a) a CDR |
domai n conprising the am no acid sequence CDRI shown in Figure 2 (SEQ ID
NO 2) and Figure 3 (SER | DAINGBeAated helslaleﬁtohvﬂbtyal aatibodyomisieh giicifically badsence
nodi ficati ons t hereof,. (b) mai n_ conpri sing.the, am no, aci d sequence

CDR2 shown forhumangi b5 hay I@eq lwawocl%m andikanpa light (Sha(fSE‘Q‘aibb 1gjony which
respectivel r c) a
CDR3 donai nxcrg |tfs;(|9%§ﬁ{ hagmaér%ﬁﬁ%&g% gialr}ag créb qgjrs]lgvm |a(rj1‘18fFI1—%Lg€rge 2 (SEQ
| D NO2) and(EPE(gUD(NCMI BEPettieNOadd consespnd seqetnce naodificoastheaddfve sequence
nodi fications thereof, wherein the COR domain is inserted in an anti body
framework or joined by a synthetic |inker.

12.  Anisolated human monoclonal antibody which specifically binds
to human IL-15 comprising a CDR domain selected from the group consisting of

(a) a CDR1 domain comprising the amino acid sequence CDR1 shown in
Figure 2 (SEQ ID NO:2) and Figure 3 (SEQ ID NO:4), respectively, and conservative
sequence modifications thereof ,

(b) a CDR2 domain comprising the amino acid sequence CDR2 shown in
Figure 2 (SEQ ID NO:2) and Figure 3 (SEQ ID NO:4), respectively, and conservative
sequence modifications thereof, and

(c) a CDR3 domain comprising the amino acid sequence CDR3 shown in
Figure 2 (SEQ ID NO:2) and Figure 3 (SEQ ID NO:4), respectively, and conservative
sequence modifications thereof,

wherein the CDR domain is inserted in an antibody framework or joined

by a synthetic linker.

13. The antibody of claim 1, wherein the antibody is selected from
the group consisting of an [gG1, an [gG2, an 1gG3, an IgG4, an IgM, an IgAl, an IgA2,
an IgAsec, an IgD, and an IgE antibody.



13. The anti body of claim1, wherein the antibody is selected from the
group consisting of an Igd, an Ig&, an Ig&, an g, an IgM an I1gAl, an
gA2, an IgAsec, an IgD, and an IgE antibody. 01 F E B 2006 - 84-014FB0606
anti body of claim 1, conprising an |gGl-$eavy chain. 15. The anti body of
claiml which is an antibody fragnment or a single chain antibody. 16. The
anti body of claim1 which is a whole antibody. 17. The antibody of claim1,

produced by a hybri dopg \Ah'rﬁ@anﬁ%qw@l@ﬁnﬁn%&ﬁ;&rtm@m aﬁ%efa%ﬁenaqn.transgeni c
non- human ani mal having a genome conprising a human heavy chain transgene

and a human |ight chain transgene fused to an imortalized cell. 18. An

i sol ated human nonocl gpal t 1 had Lch cifically. binds to human, | L-15
and inhibits the abil ??y o?ﬂ? EIB%?%Y\(I)\I? iW%f%ﬁﬁﬁ%ﬁ%ﬁyﬁ@%@?g&gglnglﬁon

bi ndi ng to ¢Hasn seit@AyoOr. 19. A nmethod of inhibiting IL-15 induced, but not

I L-2 induced, TNFoc production in T cells or nonocytes in vitro, conprising
contacting IL-15 with an isol ated human nonocl onal anti body which

specifically binds to, umaﬁrP% hmmld?,%@dafm ”%ﬂ?&ﬁs%fwhcﬂ@h}?ﬁﬁd pg I L-15 induced,

but not I1L-2 induced, eratiron 1n vitro, Sing contacting
IL- 15 with an isolated human nonocl onal anti body mhlch speC|ficaIIy bi nds

to human 1L-15 in the resche of said T .cells. 21. The nmet had of cl ai m 20,
wherein the T cells até pef ?Jﬁ‘étf’b&ldyﬁfﬁléﬂnlnﬁfﬁe'ﬁﬁ?élbé(e?r y(‘?é‘ldP%la("ﬂ’Bﬂ“J’Cs) or

CTLL-2 cell ﬁmlu%l@T ﬁc@)‘l%kﬂﬁ’é@fr&ﬂ'&ﬁfa&l% &&nﬁaﬁﬁ# an%&ﬁ&aﬂz %éh%hé transgenic

non- human ani mal having a genonme conprising a human heav aln transgene
and a |i ght comBfriddg EEBnéﬁ)B&vglcham ttansgeag emda himse ghtocham tramspertedlisedad cel |,
wherein the hybrldq duces a human nonocl onal anti body which
speci fi cal | $ Bnmadalizsd ﬁ n I L-15. 23. The hybri doma of claim 22 which
produces a human nonocl onal antibody encoded by human |1 gG heavy chain and
human kappa |ight chain nucleic acids.

18.  An isolated human monoclonal antibody which specifically binds

to human IL-15 and inhibits the ability of [L-15 to induce proinflammatory effects upon

binding to its receptor.

19. A method of inhibiting IL-15 induced, but not IL-2 induced,
TNFo production in T cells or monocytes in vitro, comprising contacting IL-15 with an

isolated human monoclonal antibody which specifically binds to human IL-15.

20. A method of inhibiting IL-15 induced, but not IL-2 induced, T
cell proliferation in vitro, comprising contacting IL-15 with an isolated human
monoclonal antibody which specifically binds to human IL-15 in the presence of said T

cells.

21.  The method of claim 20, wherein the T cells are peripheral blood
mononuclear cells (PBMCs) or CTLL-2 cells.

22. 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



24. A hybridoma which produces a human nonocl onal anti body encoded by human
| gG heavy chain and human kappa |ight chain nucleic acids conprising

nucl eoti de sequences in their variable regions as set forth in FQquitd B0 SEQ
ID NO 1) and Figure 3 (SEQ ID NGO 3), respgctively, and conservative sequence
nodi fications thereof. 25. A hybridoma which produces a human nonocl onal

havi ng 1gG heavy chain and kappa |ight chain variable regions which

conpri se t hey 4 a0, ﬁ%,dfusé@ﬂ)%riﬁﬁﬁorﬁﬁgw&éﬂ WhERH fhe yb2FSthh Er&i@c@s)a and
Figure 3 (SEQ ID NG 4), respectively, and conservative sequence

modi fi cat i ohsmaherosoflon@dGntibddy which apeedfidallyrhimdame htwoatylloflScl ai m | produced
by a transfectonma conprising nucleic acids encoding a human heavy chain and
a human light chain. 27. A transfectona conprising nucleic acids encoding a

human heavy chain and3a humemybiidita 6ft2himh 22MBIcRiptodules 4 hamah Bfohe¢Bnal
produces a detectable anbunt of the nonoclonal antibody of claim1l. 28. The

t r ansf ect omani@fodyleacoded by hvoraprlgGibagyyneheinednd hamagkappe bghtrehainauelgiean heavy
chain and a_hyman |ight chain conprising nucl eotide sequences in their

vari abl e re@?gﬁs as set forth in SEQID NO |1 and SEQ ID NO 3, respectively,
or conservative sequence nodifications thereof. 01 FEB 2006 -86 29. A
transgeni ¢ non- human ani mal whi ch expresses a human nonocl onal anti body
whi ch specifically bidds td hhridemawhich pigdasesiarhumeaa menpeianshamtibodpn- hunman
ani mal has (S| [ a human
gnt char nor PRS8BT RERIBELC R Ry TR RN OARRORBE G D ot Dodly
whi ch  specicbmpsisihy ntitlesiiletsoqinoesinltheit Gariablempgions agset forthini Bgug 24 SEQ
transgeni ¢ non-hupan_ ani mal having a genone, conprising a human heavy chain
transgene ahd NOAUawchFRRgH (mm%{q:am@ewémm AnhefpserVRtive Sequelice g cel |
expressi ng Pﬂﬂﬁ% |- ch that antibodies are produced by B cells of the
animal ; iso at.nﬁhEW%@FF§Hof the animal; fusing the B cells with nyel ona
cells to formimmortal, hybridoma cells that secrete hunan nonocl ona

anti bodi es specific fqor I1L-15; a ) )
25. A hybridoma which produces a human monoclonal having IgG

heavy chain and kappa light chain variable regions which comprise the amino acid
sequences shown in Figure 2 (SEQ ID NO:2) and Figure 3 (SEQ ID NO:4),

respectively, and conservative sequence modifications thereof.

26.  The isolated human antibody of claim 1 produced by a
transfectoma comprising nucleic acids encoding a human heavy chain and a human light

chain,

27. A transfectoma comprising nucleic acids encoding a human heavy
chain and a human light chain, wherein the transfectoma produces a detectable amount

of the monoclonal antibody of claim 1.

28. The transfectoma of claim 27, comprising nucleic acids encoding
a human heavy chain and a human light chain comprising nucleotide sequences in their
variable regions as set forth in SEQ ID NO:1 and SEQ ID NO:3, respectively, or

conservative sequence modifications thereof.



i solating the human nonocl onal anti bodies specific for IL-15 fromthe

cul ture supernatant of the hybridoma. 31. An inmunoconjugate corpf FBh Qi85 t he
anti body of claiml1l and a therapeutic agent. 32. The i mmunoconj ugate of
claim 31, wherein the therapeutic agent-8 s an i mmunosuppressive agent. 33.
The i mmunoconj ugate of claim 31, wherein the therapeutic agent 1is an
anti-inflammatory agent selected fromthe group consisting of a steroidal
anti- inflamuatory agegt, i.d and a
DVARD. 34. The i m*runo%%nj ug&atg%g%éfu%cﬁde{{lj ?nﬁ%%p&d&ﬂg?%bﬁﬂgﬁéﬁfﬁé?‘g‘g‘g{&? i c agent
is a cyt ot omioovodgehantithtly FREBClY §@6ificslly Bifds # lpmaamihe By twheadin dertpamsganion

conprising the antibod f claim1l and a pharmaceutical accept.abl e
cartier. | Senotrhanenaog) fsceh e camansa AlARE bR LS EES feapeut i
agent. 37. HhBaCReMmeBAihit@Rsghecl ai m 36, wherein the agent is an

i mmunosuppr essi ve agent. 38. The conposition of claim 37, wherein the
I mmunosuppressive agent is cyclosporine. 39. The conposition of claim 36,

wherein the agent is anti - i nf !l ammat o ent sel ected f.romthe, group
consisting of a ster o?@al éﬁ??tb ? n?ﬁ%rr(? Lé(ilrég?/ﬁgrga%ﬁ}ongﬁan% aﬁ%ﬁ%&e‘?’gﬁcgal

anti -i nfl angmeigicyl]pBiaas to Kinanlinel $; esmpfsihgon of claim 36, wherein the agent
is a DMARD selected fromthe group consisting of nethotrexate, etanercept,
and infliximb. 41. THEMBHAHES FaNsEENsF nQ-Rymamaimahlavinga genomeromprisings
chenot her ap i t I ISt rybj cin,

ci splatin, gﬁ%%ﬁ%?ﬂ,m%grt%%ﬁ%éﬁ@%c g?)ﬁ%@p glr?ﬁqg%,s géélﬁgg (t:}ﬁﬁt‘%rg%{( uci:li? %"C 42.
The conposi i telhexpressingihimiag [Lvitse siwhnhdt aatiagkdstaré sroducaignB cEldy ofitheat i ng
psoriasis. 43. The conposition of claim 36, wherein the agent is an anti body.
44. The comp¥¥Melion of claim 43, wherein the antibody is selected

isolating B cells of the animal;

fusing the B cells with myeloma cells to form immortal, hybridoma cells
that secrete human monoclonal antibodies specific for IL-15; and
isolating the human monoclonal antibodies specific for IL-15 from the

culture supernatant of the hybridoma.

31.  Animmunoconjugate comprising the antibody of claim 1 and a

therapeutic agent.

32. The immunoconjugate of claim 31, wherein the therapeutic agent

is an immunosuppressive agent.

33. The immunoconjugate of claim 31, wherein the therapeutic agent
is an anti-inflammatory agent selected from the group consisting of a steroidal anti-

inflammatory agent, a nonsteroidal anti-inflammatory agent and a DMARD.

34.  The immunoconjugate of claim 31, wherein the therapeutic agent

is a cytotoxic agent.



fromthe group consisting of a CD4 specific antibody and an IL-2 specific
anti body. 01 F E B 2006 -88 45. A use of the antibody of claim1l fo tﬂﬁ
preparation of a nedicanment for treating or preventing a disordé}1hé%' ted
by human IL-15. 46. The use of claim45,8Wherein the disorder is selected
fromthe group consisting of psoriasis, arthritis, inflammtory bowel
di sease, cancer, transplant rejection and i nfectious disease. 47. The use
of claim 46, wherein ghe ap ahﬁéc%uh&l'&&%@%ﬁ&i@orﬁ‘ﬁﬁé‘ﬁér heSintib of-EFh‘?mulse of
claim45, further conpr|S|n a therapeutic agent he use ai m 48,
wher ei n themab%nmnm@ﬂmeﬂbmunqudpﬁ@@@rve agent. 50. The use of clai m 49,
wherei n the i mmunosuppressive agent is cyclosporine. 51. The use of claim
48, wherein the agent is an anti-inflamatory agent selected fromthe group
consisting of a sterogelal TIRE borhpddittidiclid FoRAthedddhRisidpohtRpottal
anti-inflamuatory agent. 52. The use of claim48, wherein the agent is a
DVARD sel ecg@dt. from the group consisting of nethotrexate, etanercept, and
infliximb. 53. The use of claim 48, wherein the agent is a chenotherapeutic
selected fromthe group consisting of doxorubicin, cisplatin, bleonycin,
carnustine, cycl ophosphanTHecorfipshitidl sficidiings, whefedn thEhgentgea®f cl ai m 48,
wherein the agent is an agent for treating psoriasis. 0 1 F ED 2006 -89- 55.
The use of BVHPPRSHBDIEGI 3eAt-t he agent is an antibody. 56. The use of claim
55, wherein the antibody is selected fromthe group consisting of a CD4
specific antibody and an IL-2 specific antibody. 57. A use of an isolated
human nonocl onal anti b&dy Whe cémpasitdm dfictzin 37, bihattén the imumamosupdprdssivand
inhibits the abl|lt of , 1L-15 to induce proinflammtory effects upon
bi ndi ng to gt Pé@@ﬁﬂﬁF“ﬁor the preparation of a nedicament for treating or
preventing psoriasis. 58. The use of claimb57, wherein the antibody inhibits
the ability of

39.  The composition of claim 36, wherein the agent is an anti-

inflammatory agent selected from the group consisting of a steroidal anti-inflammatory

agent and a nonsteroidal anti-inflammatory agent.

40.  The composition of claim 36, wherein the agent is a DMARD

selected from the group consisting of methotrexate, etanercept, and infliximab.
41.  The composition of claim 36, wherein the agent is a
chemotherapeutic agent selected from the group consisting of doxorubicin, cisplatin,

bleomycin, carmustine, cyclophosphamide, and chlorambucil.

42, The composition of claim 36, wherein the agent is an agent for

treating psoriasis.
43. The composition of claim 36, wherein the agent is an antibody.

44,  The composition of claim 43, wherein the antibody is selected

from the group consisting of a CD4 specific antibody and an IL-2 specific antibody.



I L-15 to induce parakeratosis. 59. The use of claim57, wherein the antibody
inhibits the ability of [L-15 to induce epidernmal thickening. gP ﬁ?ﬁ@ se
of claimb57, wherein the antibody inhibits the ability of I1L-1 tB ce
the proliferation of keratinocytes. 61.-8 use of an isolated hunman

nmonocl onal anti body which specifically binds to human IL-15 and inhibits
the ability of IL-15 to induce proinflamatory effects upon binding to its
receptor for the prepgsati an@ifehe dﬁﬁgb&%ﬁﬂimfpforttﬁ&%igﬂgti&{oﬁ eventing
rheumatoid arthritis. 62. The use of cldi m®61l, wherein the antibody inhibits
t he abi | i t ymeflicamgntfBr treatingdu pecvehidnma digprdeomhediated bathamhandlkldeyt es. 63. A
nmet hod of diagnosing an | L-15-nedi ated di sease by detecting the presence of
I L-15 antigen, or a cell expressing IL-15, in a sanple conprising: 01 F E B
2006 -90 contacting the sampé@se GMthim 459 MheRin $i8MNoeder'M $electddefr bt RGN

anti body of claim1, under conditions that allow for formation of a conpl ex
bet ween’ t heZt@Hp icprsdstingrof pperiasisoarthritesy sdlmaraiory |bows] disease aneqst irangplane
formation of..a.. in.a difference in the conplex formation

bet ween thekgg%%ﬁgyﬁggﬁ%%@gégk%wthe control sanple is indicative of the
presence of IL- 15 in the sanple. 64. A nucleic acid conprising a nucl eotide
sequence encoding a variable region of a human nonacl onal antij body. that

i nhi bits the proinfl afffrat od}e ugs gtedaim 46 Whereisthe gethrids i rhpwnatoidqripritis.
conprising a nucl eoti de sequence encoding a variable region of a human
nonocl onal anti body that specifically binds to human I L-15, wherein the
nucl eoti de sequence i 48.sel &ht ast dfrobaimt 49e figtheriporapridng b thegapehitiSkgent.D NO. |
and SEQ I D NO 3, and conservative sequence nodifications thereof. 66. An
expressi on vector conprising a nucl eotide sequence encoding the variable
region of a light chayg, h j ' ' f a
human anti body whi ch %?nds?ﬁﬁﬁgﬁnﬁ%g?geiggg&ﬁhgkgg%nggbgﬁﬁ§%%%2&%%§wglaim
66, furtheragamnpri sing a nucleotide sequence encoding the CDR regions of a
i ght chain, heavy chain or both 1ight and heavy chains of a human anti body
whi ch binds IL-15.

50. The use of claim 49, wherein the immunosuppressive agent is

cyclosporine.

51. The use of claim 48, wherein the agent is an anti-inflammatory
agent selected from the group consisting of a steroidal anti-inflammatory agent and a

nonsteroidal anti-inflammatory agent.

52. The use of claim 48, wherein the agent is a DMARD selected

from the group consisting of methotrexate, etanercept, and infliximab.

53.  The use of claim 48, wherein the agent is a chemotherapeutic
selected from the group consisting of doxorubicin, cisplatin, bleomycin, carmustine,

cyclophosphamide, and chlorambucil.

54.  The use of claim 48, wherein the agent is an agent for treating

psoriasis.



68. An expression vector conprising a nucleotide sequence encodi ng heavy
chain and |ight chain variable regions which conprise the am no actgb
sequences shown in SEQ ID NO 2 and SEQ I D NO 4, respectively, dhb 2006
conservative sequence nodifications theg®of. 01 FEB 2006 -91 69. An
expression vector conprising a nucl eotide sequence encodi ng heavy and |ight
vari abl e regi ons which conprise the am no acid sequences shown in SEQ ID

NO'2 and SEQ | D NO.4, 55 eSPRRL | Neltiai Ntk GABREI ¥RLEYR iTRhfdsaLl ons ther eof

70. A transfectonma conprising the expresdsion vect 0 aim®o6. 71. A use
of an isol ated human nonocl onal anti body which specifically binds to human

| L-15 for the preparatjon a nedica t.for inhibjtjng I.L- i nduced, but
not IL-2 i nducgd, IOTNF é'pro@[]?:??eo‘?fdcillarﬂn"rr%g&hfsrflrb@e%ﬂ%@tlg&legﬁ&gﬂm ® of an
i sol at ed hup®ip (BREGINgEL @M sRedit afibsdy arkiR@al {3 grLifi HitiBEgy.t o human IL-1 5

in the presence of said T cells for the preparation of a nedicanent for
inhibiting IL-15 induced, but not IL-2 induced, T cell proliferation.

57. A use of an isolated human monoclonal antibody which
specifically binds to human IL-15 and inhibits the ability of IL-15 to induce
proinflammatory effects upon binding to its receptor for the preparation of a

medicament for treating or preventing psoriasis.

58. The use of claim 57, wherein the antibody inhibits the ability of

IL-15 to induce parakeratosis.

59. The use of claim 57, wherein the antibody inhibits the ability of

IL-15 to induce epidermal thickening.

60.  The use of claim 57, wherein the antibody inhibits the ability of

IL-15 to induce the proliferation of keratinocytes.

61. A use of an isolated human monoclonal antibody which
specifically binds to human IL.-15 and inhibits the ability of IL-15 to induce
proinflammatory effects upon binding to its receptor for the preparation of a

medicament for treating or preventing rheumatoid arthritis.

62. The use of claim 61, wherein the antibody inhibits the ability of

IL-15 to induce chemotaxis of activated leukocytes.

63. A method of diagnosing an IL-15-mediated disease by detecting

the presence of IL-15 antigen, or a cell expressing IL-15, in a sample comprising:
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contacting the sample, and a control sample, with the human antibody of
claim 1, under conditions that allow for formation of a complex between the antibody or
portion thereof and IL-15; and

detecting the formation of a complex,

wherein a difference in the complex formation between the sample

compared to the control sample is indicative of the presence of IL-15 in the sample.

64. A nucleic acid comprising a nucleotide sequence encoding a
variable region of a human monoclonal antibody that inhibits the proinflammatory

effects of IL.-15.

65. A nucleic acid comprising a nucleotide sequence encoding a
variable region of a human monoclonal antibody that specifically binds to human IL-15,
wherein the nucleotide sequence is selected from the group consisting of SEQ ID NO:1

and SEQ ID NO:3, and conservative sequence modifications thereof.

66. An expression vector comprising a nucleotide sequence encoding
the variable region of a light chain, heavy chain, or both light and heavy chains of a
human antibody which binds human IL-15.

67.  The expression vector of claim 66, further comprising a
nucleotide sequence encoding the CDR regions of a light chain, heavy chain or both

light and heavy chains of a human antibody which binds IL-15.

68. An expression vector comprising a nucleotide sequence encoding
heavy chain and light chain variable regions which comprise the amino acid sequences
shown in SEQ ID NO:2 and SEQ ID NO:4, respectively, and conservative sequence

modifications thereof.



01 FEB 2006
-91] -

69. An expression vector comprising a nucleotide sequence encoding
heavy and light variable regions which comprise the amino acid sequences shown in

SEQ ID NO:2 and SEQ ID NO:4, respectively, and conservative modifications thereof.

70. A transfectoma comprising the expression vector of claim 66.

71. A use of an isolated human monoclonal antibody which
specifically binds to human IL-15 for the preparation of a medicament for inhibiting IL-

15 induced, but not IL-2 induced, TNFa production in T cells or monocytes.

72. A use of an isolated human monoclonal antibody which
specifically binds to human IL-15 in the presence of said T cells for the preparation of a

medicament for inhibiting IL-15 induced, but not IL-2 induced, T cell proliferation.





