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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 IcD. §qrf¢Biz00ti ve
expressi on has been reported in various cells and tissues including
nmonocyt es wdosmaeyephages, fibroblasts, keratinocytes and gerpdidesb@Essel | s
(Wal dmann and Tagaya, 1999; Fehniger and Caligiuri, 2001). The expression is
upr egul ated under inflammatory conditi onk; as reported for nonocytes
stimulated with [IFNy and LPS or by infection with viruses, bacteria or
prot ozoans (Ki r tdVMANANTIBODZES SFPRAFICHORANTHRLEUEIY: 15ALd$ann 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 |i _kel y (®a bihd of tellaPeriini On by the recruitnent and activation of
synovi al T-cei i s. This TL-15-Tnduced effect_ has been suggested to playa
pivotal role in di seléaleglintodtirds) s aprp-infipupatory cytolun a.glygepratan okt al .
1996; Mcinngs al - X ' ; i and
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conplex regulation and differential expression of IL-2 and IL-15 and their

recept ors, IFN-1 andLP8iof by irdention with titwees, hastenaporf prowzdams §Kivenae ebelg 1 99&por t ed

Ki t 1998: d T 9. Wl d t. al 001). It
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survival, expansion and function (Kennedy 25 et al-; 2000; Liu et
al ., 2000) . mefyreddLlaleds bikely taaprlify vpflampraation bythe recrojiment gad actbatiamel L ew,

_}_ ?ggl) I s r ggfslry&g\giaf PN IHGE 1075 Hdul D efecP LGS isf?&e@tfeﬁ & plla&é})ﬁ/o?atl Lgulation in
disease pathogenesis (Kirman ez al., 1998; Mclunes et al., 1996; McInnes et al., 1997,

15 Mclnnes and Liew, 1998; Fehniger and Caligiuri, 2001).

In vitro studies have shown that IL-15 shares several 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).
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PCT/ US02/ 26769 2 Summary of the Invention The present invention is based on
t he generation and isolation, for the first time, of fully human nonocl onal
anti bodi es which specifically bind to human 1L-15 5 and which inhibit the
proi nf | ammt gumnefvegithe Invditiesl by | L-15, as well as the characterization of
such novel antibodies _and the denonstration of their therapeutic value in
treating a variety of The preseniyeniiQiyis rsed padhe smeratiopand iselatign, igether i bed
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applications, including treatment of inflamuatory seases, such as
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i ncl ude 18Nl Yd@ihidered 8EMmPAd $htiBaks than other IL-15 antibodies previously generated (e.g.,

murine and humanized antibodies). The present invention is also based on the discovery

of new therapeutic applications, including treatment of inflammatory diseases, such as
rheumatoid arthritis, psoriasis, 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.
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whi ch i ncl utresgeaicBnewsel haybngi sendnfereompaisingarsgenihsavioehaturemsendiandl, e.g., a
transgenic o sgene
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embodiment, the antibody specifically binds to an epitope located on the B- and/or y-

15 chain interacting domain of IL-15.

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 |
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.



I n anot her enbodi nent, the human antibodi es of the present invention
specifically bind to human I1L-15 and inhibit the ability of IL- 15 to induce
proi nfl ammatory effects, e.g., inhibit the production of TNFa amdy pEg f00hi bit
the proliferation of T cells, such as PBMC or CTLL-2 T cells, upon IL-15
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The invention also relates to an expression vector conprising a nucleotide
sequence enEBEEHHC AUEIYMANINIMAG BE. \AdFanggenic herseowBichiretepebleel eXessBE  ani no
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conservative nodi at expression vectors are wel known
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vectors using, faor ex le, . reticulocyte.lysates.. t anot her aspect,
Uhe T nvent | BHSEG POSCUPELiniPaG e8> AarrieFicHb e ¥hishdgh R e HOMIEEAIN tan ral
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speci fi cal | Brefsrshlythe frasgepic ppr-hwpampygimal, g i atAnsg@HC Borss, has HE@OFIt ai ned

L;gnm ?mTL L%&%}%Qﬁ@@y i R hnsgbnetand Ll ARHE Bhfin TR Ene ML has
15 isolated B-cells are then immortalized to provide a source (e.g., a hybridoma) of human
monoclonal antibodies to IL-15.
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-



~a purified or enriched preparation of IL-15 antigen and/or cells expressing
| L-15. Preferably, the transgenic non-human animal, e.g., a transgenic
nouse, has a genome conprising a human heavy chain transgene an@ ERIAREN

|l ight chain transgene. The 15 isolated B-cells are then immortalized to
provi de a ¥RUPER7PE. g., a hybridoma) of human nonocl onal XRF(USBURE t o

| L-15. Accordingly, the present inventiog_also provides a hybridoma capable
of produci ng human nonocl onal anti bodies that specifically bind to IL-15.
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Preferably, the transgeni c non-hunman ani Y ransgeni c nouse, iS
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1gM by unde 90|n§ ¥ -1 @conbi nat i on and | sotype -switching. |sotype
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active toxin, or a fragment thereof, a radioisotope, or a small molecule anti-cancer drug.
15 In another aspect, the present invention provides compositions, e.g.,
pharmaceutical and diagnostic compositions, comprising a pharmaceutically acceptable
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
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i nvention include, but are not limted to, 30 i nflarmator%/ di sorders, such
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(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
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SRt as, I?:—E’;pe%l 1&%&1 gc? ;s~ZK com{)matlon of the present human antlbodles with CD4
specific antibodies or IL-2 specific antibodies are cons1dered pamcularly useful for
treating antoimmune diseases and transplant rejections.
In yet another aspect, the present invention provides a method for
15  detecting in vitro or in vivo the presence of the IL-15 antigen in a sample, e.g., to
diagnose IL-15-mediated diseases. In one embodiment, this is achieved by contacting a
sample to be tested, along with a control sample, with a human monoclonal antibody of
the invention, or an antigen-binding portion thereof 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.
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phot ot herapy. Tn anot her enbodi nent, the human anti bodi es of the invention
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antigen in the test sa O her features and advant ages of the instant

i nventi on ngfl) pewih bH- |6100 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).
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Figure 12 shows binding of human psoriatic skin with 146B7 (panel B)

or with the isotype control antibody (hIgG1) (panel A). Human psoriatic 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
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Figure 11 shows bi nding of human nonocytes with anti body 146B7 (panel B) or
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mce with 146B7 or with vehicle.

xenograft. Biopsies were fixed in formalin for paraffin embedding and stained in H&E.

Figure 16 shows Ki-67 staining of human psoriatic skin engrafted in
SCID mice, after treatment with 146B7 (panel C), with CsA (panel B), or with vehicle
15 (panel A). Three weeks after transplantation mice received PBS (placebo), CsA
(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.
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human monoclonal antibodies to IL-15 (eg.,1g IgA and/or IOE) by undergoing V-D-J

recombination and isotype switching. Accordingly, various aspects of the invention
include antibodies and pharmaceutical compositions thereof, as well as non-human
transgenic animals, B-cells, host cell transfectomas, and hybridomas for making such

15 monoclonal antibodies. Methods of using the antibodies of the invention to detect cells
to which I1-15 is bound, and/or to inhibit IL.-15 mediated functions either in vitro or in
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
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antigen-binding function of an antibody can be performed by fragments of a full-length

antibody. Examples of binding fragments encompassed within the term "antigen-

15 binding portion" of an antibody include (i) a Fab fragment, a monovalent fragment
consisting of the Vi, Vy, CL and CH1 domains; (ii) a F(ab"), fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region;
(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 Vi 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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and the firgt, mc;rg@gm_ (A q) of the classical conplenent system 10 The

I'n

term"anti gen- I'ng portion” of an antibody (or sinply "anti body
portion1), as used heTkH term Met@nbintnt hnnenantibaiyd, 4snagdbats, mtludes dht | body

that retain the ilLit 0 specif.icall ind t.o an_ antj gen . 0., |L-15).
1 o has baen i gt b HiEte Shrined srrtear Mg bERtatbindi, can b
perforned byeddsa@idB Rk fa)@htiBodisd iolated Gt mﬁdﬁ‘iﬂu@l@? 38182} @it 19 krabdgasic Pg

(0]

fragments enconpassed within the term"antigen 15 bi nding portion" an

ant i body i nefteaschppmogona forr umpmdmmung globwlay ggnea or f hybfidoma prepased st i ng of
the VL, VH 4 &erdlfldctdivd® RS in Sdctidn P bElo3B, dbf ahfiii& N bolatBd RbA! R cell
15 transformed to express the antibody, e.g., from a transfectoma, (c¢) antibodies isolated
from a recombinant, combinatorial human antibody library, and (d) antibodies prepared,
expressed, created or isolated by any other means that involve splicing of human
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.



.fragnment conprising tw Fab fragnments |inked by a disulfide'bridge at the:
hinge region; (iii) a Fd fragnent consisting of the VH and CHL donai ns;
(iv) a Fv fragnent consisting of the VL and VH donai ns of a singl(el BFgQ006
an anti body, (v) a dAb fragnent (Ward et 20 al., (1989) Nature 341:544-546),
whi ch conswetsioob3a VH domain; and (vi) an isolated conpl R@BOSENA6T16p

determ ning region (CDR) or (vii) a conbjpation of two or nore isolated
CDRs which may optionally be joined by a synthetic |inker. Furthernore,

al t hough the two domuai,ns,.of the Fv fragnment, VL .and VH, . ar oded for. by
separate genes, they aﬁs%aeteﬁbﬁl?t’r?g@”ﬁgﬁ?gt}?’éeé%% eed ﬁoelieﬁ%gos?n Buyibgdy

synt heti c | inpkdris biittangianp fes oRothénaibsdledigviiodi fRfent atigegic 8pdvi Akigesn chai n
in which the VL and VH re_gi ons Pair to form nonoval ent nol ecul es (known as

si ngl e chai ke-&vay iselaterd: ankipadysthyt spegifialychindg to IL11gig pubstntighheGeoab: 423- 426;
and Huston a1 : ) i&?ﬁd . AC i : - Such -
si ngl g chai %ﬁtgﬁ){df%gﬁggkzﬁ%ﬁ% bso I r?lggﬁdcggertt%ﬁ{b%_g% (Slé mggg@ﬁ a\?m&t?ﬁll%h%thg term
"ant i gen-5bi sehcifgpafip binidsnd amepitopeafll-bd dhay, Hiveser,dave bodsrdactagiyentoshear e
obt ai ned 30 ysi convent i onal hni ques kn to those.with skill in the
ot and el EveRines o to St LIS Bt gs Bom G et HAMEveralier ac ar e
intact anti htHoRy prédrablyEalRagONGdMEHERAA 17935 1REddikS 2n3&IA% ankibodPes t erm

"monocl onal anti body" as used herein, refers to an antibody which displays
a singl e bi haieyspestirttially fiecgf athgr ¢ellnlar patesial angfer ehiegueads: Taphe ope.
Accordingly *h . o] . ds ty y
anion at sppapSulelt O me iR HEANE A FB e REREGd SRR AR AR
const ant10r ediffenant dE+1i5\epecificities ane ltumibined &t ariviel @efinedicuagposhioni N sequences. I n

one enbodi ment, human , nonogcl ona) anfi bodi es e produced. by a hybridoma

whi ch includes a B ceﬁf“ﬁﬁ‘?gﬁ’rﬁ‘é‘d SpF?éﬁF’é‘g{I’fga_FFgIﬁréﬁgé?tﬂMﬁ‘yrd? @fimal, e.g.,
a transgeni prdieidfifined aliifah. AryPRIAAYERKe £RIFBEY BIndY vAth HAERNIReaw)) othai n
transgene and a |ight chain transgene fused to an imortalized cell. 10 The

t er m " r econBPRIARAIsdess Hran; 190 AV such as appsekimatady fess thar 10ded, 1071 M ardfah
b odi . nant
moans. suoh “ogt ¢ IoRbE PR R G e SR reBinanBPISHH el RO BIP) 10

i s transigenBEACORE 3000 instrument using recombinant human IL-15 as the analyte and the

antibody as the ligand, and binds to the predetermined antigen with an affinity that is at
least two-fold greater than its affinity for binding to a non-specific antigen (e.g., BSA,
casein) other than the predetermined antigen or a closely-related antigen. The phrases
"an antibody recognizing an antigen" and " an antibody specific for an antigen" are used

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



~or transchronosomal for human i munogl obul i n genes or a hybridoma prepared
therefrom (described further in Section I, below), (b) antibodies isolated
froma host cell 15 transforned to express the antibody, e.g., frg 6
transfectoma, (c) antibodies isolated froma reconbinant, conbi rgaﬂj‘fq %{]P
human ant iwodpnohidbs ary, and (d) anti bodi es prepared, exprees®dozmi®ated or
i sol ated by any other neans that involv plicing of human i nmunogl obulin
gene sequences to other DNA sequences. Such reconbi nant human anti bodi es
have vari abl e and constant regi ons .derived from human gernine 20 .

i mmunogl obCHTSIGEENBREAtHEERIS I BHpIyERhIERT N REHER SaUCTSh EFE1 P EdMDI nant
human ant ! BegisEehel AorlAaSitl REHPE shictlify Mah LECUTHARFIL NSl (RinolgER an

animal transgénic for hunman sequences s used, In vivo somatic
mut agenesi secanblinbtiorsbdtiveen lumancgaidhusenenGessodiattd deletibrandltetnatiegi ons of

t he reconbi nant anti bodi.es are sequences,that, while derived from and
rel ated to MEnEASSHE! A IGHENSMechasgs, %EG%HE@??“%HWWtCF@{W%ﬁOW?exi st

wi thin the RumBinafbd aﬁmg%@f{eﬂé,mgog&ﬂ%aghwuhe ié@t%ﬂ%-svﬁﬁhﬂg.ed herein, a
"het erol ogous anti body” 1S defined in relation to the transgenic non-human

or gani sm produci ng sudh usgd keneinjtbelterm Tewidch sequencst esferstt@thase DMAt i body havi ng
an am no aci d_sequence qr._an encodi ng, nucl ei ¢ ,ack equence carrespondi ng
fo that 1 odseiea ety B RAEEKsREPEHrRG Br2Fith AP GoRmetShEREAN 30
ani mal , and, genex Adgioh, WilPBE 3' (3RS Gpheal} HEthe th@inichalidfto bb geltledAaHBNI C

non- human animal. 01 FEB 2006 WO 03/ 017935 PCT/ US02/ 26769 -14 An "isol ated

anti body", theswielyresembingtion.s The'wnigh dcaeptarefegion wilkbe batwpandhigcongipdh i s
substantjal ly. fre f. pther ihodi es having different [ PC .

apect 11407 rgtiont§ B Bl RURHROMGE g fochonl (ST AP} Moo pg | 15
i's subst antgpatilfiy skt &thefdf recanibinbish A& ayshatuspde iffnal gdnlesedpienct il tiygieflsy ot her
than 1L-15). An isqlated antibody that 5 specifically binds to an epitope of
| L-15 may, MbRePesdictable drog heconfitiet i vity to other related cytokines or to

ot her IL-15 proteins Aggg@(g;efréiﬁ’rv%%?%ggﬁ,:n%ﬁellﬂwggg{mdtaggle paﬁgr}llg@dy

preferably always binds to human n addition, an isolated antibody is
typi cal | y seddeaheydratemiis thatese ofvabanty pttardied td aproteinemprel spegifivally te weni cal s. I n
one 15 immunoglobulin protein. A glycosylation pattern of a heterologous antibody can be
characterized as being substantially similar to glycosylation patterns which occur
naturally on antibodies produced by the species of the nonhuman transgenic animal,
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.



enbodi nent -of the invention, a conbination of "isolated" nonocl onal

anti bodi es having 10 different IL-15 specificities are conbined in a well
defined conposition. As used herein, "specific binding" refers tBﬂ&EBlZﬂ%dy
binding to a predeterm ned antigen. Typically, the antibody hinds with an
af finity WRHIPOEI3S approxi mately less than 10-7 M such as ﬁ% POt el y | ess
than 10 _$ M 10-9 Mor 10-10 M or eveh6lower when determ ned by surface

pl asnmon resonance (SPR) technology in a 15 Bl ACORE 3000 instrunent using

recombi nant human | L-The tésn thiReanaksd @r agdmlline codfichireshy agssddherdih gand, and
binds to the predeterm ned antigen with an affinity that is at |east

two-fol d grefsteape immN seemepiirefery toghyg epniigpraipn iheerin theon segsesat Binot ant i gen
(e.g., BSA, éd‘s? agttg'ﬁ%ﬁ}.ﬂ%ﬁm{egﬁa@{c%%%ﬁ?‘og?g gen or a

closely relate ant1gen es an an recogni zing an antigen"
and " an anti body spé&tefteren Pmrcle@cnammb@emle" ais asedshaeidDisiintended hanghais| vy

herein wt e term"a I body whi ch bhi.nds specifical to an tlgen
The term " ﬁ@t‘ﬂna e oanﬁé’ﬁ%ﬁm? I PCPRC o4 Famigeuls Sy bt spfleSber

equi | i b“ U%‘rﬁ@ﬁlﬁ%@ﬂ&nd&ﬁ ButRRéfbiab i id Hobd-5iafdidd A gen inter act ' 0“ As used
herein, "isotype" refers to the anti body class (e.g., IgMor 25 that

i s encoded by heavy digitermet ﬁ@@t&dnuqlelga@idrgén@de“ Asuwé@remamerp reﬂc@ﬁbtype
swi t chi ng" fers. e clas of an
n€left 4% (}s en&p(ﬁng Fr?tﬂ) 249 ?IB ﬁgﬁ%%% €Ly Jr\{gf%, Q&R#)%Rgt%d

anti body changes 1T°om one a8 asses used

herein, " ndnsl\m ith&dd&dStDtryﬁe’to 4 pdoiis adi® nidleulesiatwihitle thelraskotide se@ﬁbnbémvy
has .t aken pl ace; the CH

chain t uced en nQ ot ype svm tchin
gene eng(gdleﬁﬁoq?%%‘? WV\‘/{]C‘?{@&“P R%‘éoq e figgiof g eyn‘ﬂﬂ%oqdfarsg‘iueﬁﬁ‘?sgene

i mredi at el ync g aibRaEs b Qﬁﬂﬂoﬂ‘? pBHfBﬁé ih@ﬂ&hhﬁnflgé{sro%%%%\f%sgﬁrﬂﬁh | sotype
switching has been classif as classical or non-classical isotype

swi t chi ng. otheasequeatesingast W@agmﬁlﬁdhﬁhn QUQQICFaCF_J 1B Ip@B8 genenTIHINA7 @EQ\B]D
PCT/ US02/ 28449, 1 1%08-8 35& tf%e n%f?lr QNRIeNAk L8 Xcei'ﬁ'%é Wil Qoh§¥?$%ﬁme% ast one

swi tch sequence reg ansg ené o SR otype sw tchi ng
may occur leyiainf(¥i) emh]im‘itehamww @yﬂblls regions of the human anti-IL-15 antibody
15 146B7 of the invention. In particular, SEQ ID NO:1 and 2 correspond to the Vy of the
146B7 antibody, SEQ ID NO:3 and 4 correspond to the Vi of the 146B7 antibody.

The present invention also encompasses “conservative sequence
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



- reconbi nati on between human a and human Y- (S-associated del etion).
Alternative non-classical swtching nmechani sns, such as intertransgene
and/or interchronpsomal 5 reconbination, among others, may occur gangkg 72006
effectuate i sotype switching. As used herein, the term"sw tch sequence”
refers to WI%’S"@“%@ sequences responsible for switch recoRBTASIVBAM A
“switch donor" sequence, typically a _sw.tch region, wll be 5 (i.e.,
upstrean) of the construct region to be deleted during the switch

reconbi nat | &Qi-n[T_ﬁ‘faxg%‘@dg?{ RS §(9er Jack & PR Andihks &&o%id"}%ﬁﬁué AsmeRnstruct 10
region to be deleted an b repf acenent cons ant region (e.g., y, c, etc.).
As there i ssane sidqehald familyi t e where reconbi nati on al ways occurs, the final
gene sequence will typjcally not be predictable fr,omthﬁ construct. As used

herein, "glycosyl ati oft!FAEH el N AROTRRI e Mt g apeRs P hedprodgihony dr at e
units that ghe,RRVAbEYI & FAt AGNERE 10 ParbOE PESind W BerfREGichia68) | Y 10 an 15

i munogl obulin protein. A'glycosylation pattiern of a heterol ogous anti body
can be char satureti¢nznttagenesisi ang the bsstliing inzddi fedsinti-ILalS eibgdies oanybeatcragned
patterns vvh]?cg. ccur .. Qatur ally on anti bodi es produced by the species of the
nonhuman t r &M Fﬂgc“&m%m, when one of ordinary skill in the art would

recogni ze the gl ycosyhaddrdifighyint®obie®tndoded b} eeqhedvyamdsighnétatiodyiable bei ng
nore simlar to said pattern of glycosylation in the 20 species of the

nonhuman t r E89geRTdetde sequensesdiscdosed bereianrog contaimng the theamp arHightnes  of
th t . i ; " t N Y i
e tr ansQe%ﬂ%b@%?é%xg&?%cﬁ%ﬁ%en é&df{]ci’&éeb{h&‘ég}“@%!t, %%%ﬁ%g@?eﬂwef €rn as

applied to an obj ect o the'tact that an o ound in

nat ur e. 1Por ingluderpibstantialiyosiyplaptntibedss enqpded hy ot emttaidmgsegiarsepientast | S
present in an. ani sm (i ncl udi Vi-EU that can be 25 isolated froma
Bource. i n napgP LA R R SpodaeR Seer BeoRBin JE Y B8 by e 1

t he | abor at QibytahSallyadimilad dnyibedies!4n begkendiaRdbasdt on thahadADEE., hasyused herein
refers to a_ configuration of a heavy _chain or light chain inmrnoglobulin

| ocus wher elight shah yagshlnregranshepguencshdigclossdrheasinee PH QAN Nes bt i proXided 3 or J
segnent in geggenformation encoding essentially a 30 conplete VH or VL

domai n, respectively. A rearranged imunoglobulin gene |ocus can be
i dentifiléd by conpariBamuclgiquaends, thederDNAubsiantmhhomolpey” Indivates thial twhave at

| east one ﬁl?ccfé%ggclngsf C(i)r Hg i én%%%rs/eager})%frzrse ti'xerggglv)dh%g %pﬁrlngﬂ}? Qfl gned and compared,
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.



-01 F E-B-2006 WD 03/017935- PCT/ US02/26769 -16 The term™unrearranged" or
"germine configuration" as used herein in reference to a V segnent refers
to the configuration wherein the V segnent is not reconbined sog qSFEtBOZ[JFif"

i rmedi ately adjacent to a D or J segnent. The term "nucl eic acid nolecule",
as used h¥@P17938 intended to include 5 DNA nol ecul es aR§TRNAZASP%®cul es. A
nucl ei ¢ acid nol ecul e may be single-stragded or doubl e-stranded, but
preferably is doubl e-stranded DNA. The term "isol ated nucleic acid

mol ecul e, gy diSal WeRLG (U)\Bl@fseﬁel'igleis 989)2% itfas %Eéxf’ﬁc@r%ﬁ%drlﬂto@ﬁg' bodi es

or antlbody portlons (e. bind to 1L-15, is intended
to refer toAJaIGNJpltogramémrsiomﬁloé;wingmHﬁMﬂ:%wetglnerqaLd@lleedﬂ(t,@egapéquﬁnces 10

encodi ng the or antl il free 0 nuc) eoti de
sequences é?’f’@ ?fg& |a‘&318|p§§a fa‘ﬁ?[f‘ @‘y‘o f?%rﬁgnt lﬂ?i]t%tt‘bﬁ?me%fh{"f %ens other
than IL- 15,ar1Yi'ﬂd> s&ids @ﬁées%eﬂueaaeﬁmﬁ@d/umg the N deMletaartiad tWegnson ¢f @4 acid in.
human genom ¢ 1-4 correspond to the nucl eotide and am no

aci d sequerfdiek (4864%414@ |ﬁb9710%ealgm§blyl Whigtahas beomijncamerated nto BrediAP (VL)

bl t ti hady. 48, 14687 of _th tion.
}/zr;]lr ;ogr ! IeClrJle | on%é%{q%ﬁﬁg R%%§ap}ck%ﬁeH%%aglgﬁfé#§R?%w%ggg TN 'E%,g’ﬁl‘f?ven i on.
anti body, SHgksula 6¥@nariarg a@mﬂﬁ@ﬁﬁﬁﬂ@aﬁd)a paewWighodf 16334,11416&7, g6t boody. The

present invention also. enconpasses "conservative sequence nodifications" of
t he sequenc®d adength weight .38 4.5- RC®: 1-4, i.e., nucleotide and anmino acid
sequence modi {1 cat i ongowfibfels 4lf At prsiefiie 9 h&RBY lc)jﬁ’tgé‘%f'éggﬂt if¥enfibd €n LN

bi ndi ng 20 characteristics of the ntlbo enco he nucl eot1 de
sequenctO orfughertbaiusédas a 'Meeryaamm)lcabmd)esfequ erseach &mhst(puhhcedatdxasmms equence

nodi fi cati ons i ncl ud [ t id substi utlons dditions
o et ot JREeAMe fenlifihtd §5uaREs. ShaRuEitsta e & by

st andard tQQBDAS’DQﬁdMBIMKSTﬁrng@nSB(WEnsmﬁm AAEChSE; dzldze(qpeawmlloa@ﬂeSI s and
PCR- medi at ed nut agenesi s. Conservative anino acid substitutions 25 include

ones in whidR408d a.ﬁ%’iﬁewdeqt@eusa%hqsscam bpPeréerpediwith te NithART Bragtmesi due
having a 5's'&‘bihaI 100, dBrdi | neg%“otfa uol eoﬁﬂé uRfded hbﬂx%!%‘dﬁ&oﬁﬂé’hﬁb@mé' m | ar

si de chai ns ave been Int art. e fam | I ncl ude am no
acids wiih dyabmglegﬂgmofdhanmgntlon BLAST protein searches can be performed with the

-.

XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences
homologous to the protein molecules of the invention. To obtain gapped alignments for
comparison purposes, Gapped BLAST can be utilized as described in Altschul ez 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



(e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic
acid, glutamc acid), uncharged polar side chains (e.g., glycine,
asparagi ne, glutam ne, serine, threonine, 30 tyrosine, cysteine,UTFEBYW5
trypt ophan), nonpol ar side chains (e.g., alanine, valine, |eucine
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whi ch have been, conservatively nodified. Further. di scussion as how such
Substant ol FoPet i Faseritins S aGRE s e, BREROD dikea Sarefat ARG (1 o
(i.e., heavyeqasstes bliglinkdiairs cyiguatid sdl KBERMSLesERYUE iR Swé boediRsedndIer ei n

as SEQ ID Nos; 1-4 i.s provided below 15 For nucleic acids, the term
"subst artl aregiRmsIoBtgHoUs 3B dkicading fiamer T switkh ssauenses. gperably liked gnat ed

sequences { RGRl maiEheRRhbEBL YafbleierANd SARALSHbnl, | dent i cal ., with

appropriate nucleotl rtions “or et east about 80% of
t he nucl eoti des, usuadlheteat "verdwt', mmoert hed€itp is nteddéd tanefenoranyoledd midabl y at

| east about 8% to . 5% of the nuc]eotides..Aternative sybstanti al
ol ogy. exPERERHERDIG S Rt Arend A ioisid i heh s vi iR, ORe
hybri di zat i gpeo@RetitdriiONSplatiBidt 'ehiek FaTes 188 tir@flar double stranded DNA loop into

15 which additional DNA segments may be ligated. Another type of vector is a viral

vector, wherein additional DNA segments may be ligated into the viral genome. Certain
vectors are capable of autonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin of 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



the strand.-The percent -identity between two sequences is a function of the

nunber of identical positions shared by the sequences (i.e., % honol Or% = #
of identi caI positions/total # of positions x 100), taki ng i nt o 8dddBrd06t he
nunber of and the 25 Il ength of each gap, which need to be introduced

for optina P/{’bﬁf‘ﬁant of the two sequences. The conpari soffBPS8&4inces and
determ nation of percent identity between- two sequences can be acconpli shed
using a mat hematical algorithm as described in the non-limti ng exarrpl es
bel ow. The gy 6&ut i s@e&;euw RALUBGR éu\e@o elufér ﬁﬁﬁatﬂﬁ o VSR G Rchtd 3 ﬁ s
determ ned using the GAP programin GCG software package (avali a%le at
htt p: // www. ey pmgm)y may mg nafaNJ\Sg at@dh@al GMAepatent sellbut axe ghlb inchidgt within 40,
50, 60, 70, orc aglet el%g{ | ge %;e& 2, 3, 4, 5, or 6. The percent
i dentity bePRASIRC PR AL ‘fe&le oPSHASFAN aci d sequences can al so be
det erm ned using the md gedihtRm, die ttrm OubldeB id6108es MPHAR{A bF 96 human :
PCT/ US02/ 26769 -18 Meyers and W MI|er (CABIOS, 4:11-17 (1989)) which has
been i ncdr p?@ﬂraﬁlefor eranRlpcthe methors pidrpmnesiogas ef e present investiay can =AML 20 :
wei ght resi f of 4. In
addi tion, '%ggg;e?%lg%?u@aentﬁﬂ]%h eg&?\%fosgasgrﬁu%%agc Sgg%énces a}:%% be
det er m ned arthiritig. ﬂ"heteNaé'dbmhmnamaninlAﬂ‘risclhdc(shll WintebratesBe. g, maﬁﬁx&ﬁls dnid- 453
(1970)) algorlthmwglch has been incor ted.into the GAP ramlnthe
GGG sof t varBTFHERIGE: {sh 4 PaBTEmER PRERIES) a%»gc%%l?k% HEPIDRe
Bl ossum 62 jpiifed %tc0r a PAM250 matrix, and a gap wei ght of 16, 14, 12, 10, 8,
6, or 4 and a l'ength weight of 1, 2, 3, 4, 5, or 6. The nucleic acid and
pr ot ei nl€equences of Yarr@upuamtstofthwemnh@namsqmquunﬁn@rer@etamsmﬁleas a
‘query seq rma search agai nst public databases to, for
exanpl e, (L;Bﬂ§‘?’n)$s {%g{éer%'sequences. Such searches .can be perforned using
the NBLAST and XBLAST prograns (version 2.0) of Altschul, et al. (1990) J
Bi ol 5,403-1 BLAST nucl eoti de searches can be performed with the
NBLAST pr ogﬁ' dug, L 1t%&€§—@r%£§ = 12 to obtain nucl eoti de sequences

horol ogous to the nughghsn monoclonal antibodies of the invention can be produced using a
15 variety of known techniques, such as the standard somatic cell hybridization technique
described by Kohler and Milstein, Nature 256: 495 (1975). Although somatic cell

hybridization procedures are preferred, in principle, 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



15 acid nol ecules of the invention. BLAST protein searches can be perforned
with the XBLAST program score = 50, wordlength = 3 to obtain arfihbthdld
sequences honol ogous to the protein nolecules of the invention. To obtain
gapped al i g8 ®3f or conpari son purposes, Gapped BLAST crarmsoxterdoi zed as
described in Altschul et al., (1997) Nugleic Acids Res. 25(17):3389-3402.
When utilizing BLAST and Gapped 20 BLAST prograns, the default paraneters of

t he respectiyv rQQgr ans and NBLAST e e
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| nt er sci encéctailiypeptipi I beloygand indinyiesel. rﬁéé?él%zbéfﬂélle@e%‘é%ﬁsﬁ@iﬁé of the
present | ”VQ@BQW&%’“bhﬁ]é@f Lel ('199$ Int@ﬁ?dtzﬁﬁal%z%ﬁ&gy 6e§PLBE6; LIRS T 1 ed

restriction sites and t i ke) om el enom ¢ 8r m Xt ures
t her eof nayab€l 998) BtoedVadl. md cadclni daACH): W2DI¢B7§4a@lﬂnredat €198) tyarge Genetios ovi de
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particular, J;M&epﬂzemm9§0h§&@eﬂd bl y(lbml)wcﬁﬁ@%szam)" 85958'59VES}1bfefg0m

native V, D , constant, sw t ches and ot her suc uences descri bed

herein are yoﬂt ik Handbaok alernsrimasial x’/’é@”"qcﬁ@gtél%é%lgb’tT?&’l@ehu@rﬂée i's

i dent i 9al g199ﬁPﬁz%Jﬂz Sl | AR g}% 596392 fhberg Lxs%? L@béﬁnt gperably
i nked 'S ace |n o) functi ona t I ons

nucl ei ¢ aci &es émumnoleVOFch 65183 dbarding oF. pllndﬂ:on‘mrg,(N (éﬁﬂb)n‘ber M)é Aoa{ie?cabl y
Wy Ped 1o ar6p8t it SSARCD! b di (1856) Nalire iSrebidlns 1P Bh 28 £l s uen ce:
15 U.S. Patent Nos. 5,545,806; 5,569,825; 5,625,126; 5,633,425, 5,789,650; 5,877,397,
5,661,016; 5,814,318; 5,874,299; and 5,770,429; all to Lonberg and Kay, and GenPharm
International; U.S. Patent No. 5,545,807 to Surani et al.; International Publication Nos.
WO 98/24884, published 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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hybridomas can then be screened for the production of antigen-specific antibodies. For

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.



such progeny may not, in fact, be identical to the parent cell, but are
still included within the scope of the term"host cell" as used herein. As
used herein, the term"subject" includes any human or non-human( 1%EBd0lal .
For exanple, the nethods and conpositions of the present invention can be
used to tr &R 0HEYSj ect with an inflammatory di sease, suchP&¥/USPVHI%X i s,
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amplified for their expression level and upscaled to produce antibodies. Recombinant

antibodies can be isolated and purified from these culture supernatants and/or cells. -
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



01 F E B 2006 WD 03/017935 PCT/ US02/ 26769 -21 undergo class sw tching and
somatic nutation to generate high affinity human 1g& nonoclonal antibodies
(Lonberg, N. et al. (1994), supra; reviewed in Lonberg, N  (1994)1 F—Eﬁ”l?i]ﬂﬁ)ok
of Experi ni ent al Pharmacol ogy 113:49-101; Lonberg, N. and Huszar D. (1995)
| ntern. ‘&%‘Wﬁmgnol Vol . 13: 65-93, and Harding, F. andWHHB@“@WN

(1995) 5 Ann. N. Y. Acad. Sci 764:536-548@4.- The preparation of HuUMAb mce is
described in detail in Section Il belowand in Taylor, L. et al. (1992)
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gene segments contributed to the recombined antibody variable genes. The germline

sequence is then used to fill in missing portions of the variable regions. Heavy and light

chain leader sequences are cleaved during protein maturation and do not contribute to

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.



845-851 and WD 98/24884. Alternatively, mce can be imunized with DNA
encodi ng 30 human |L-15. Preferably, the mce will be 6-16 weeks of age upon
the first infusion. For exanple, a purified or enriched prepar&iifbh 2{06- 50
pg) of the IL-15 antigen can be wused to inmunize the HUMAb m ce
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fused to an appropriate immortalized cell line, such as a nouse nyel oma

cel | 1int) Thecemplgietvargble negion. dbmay alsa be tdesirpbirtognelederpacdvedapping pr oduct i on

of 3t gen- SRESI Br AEARK. Sin, ol coRNANR Bion PRl B URREANE 5"

splenic lynp ytes from rmmfil zed m ce can used
nonsecr et i ndigho tis#n,ny dheoApel it 1fshe gahtiia h&Rly chaii jn the PER20nH Iafitatto( W V) .

Cells can be plated at r oxi mat.el x,105 in flat. bottommcrotiter
S at e, STor | camerals el Riiah TR vk clopia PO Gl Seryer MR BICSI i ng
besi des usual reagentphelBnk@ickd Kda0P nREMBhain vAAIRIO IR altyliEh doma

cloning factor (I1GEN and 1X HAT (Sigma). After approximtely two weeks,
cel | s cahS becombingd with ¢lanedpipipaicr.Jeader sequence, translation initiation, leader sequence,

constant region, 3’ untranslated, polyadenylation, and transcription termination,

sequences to form expression vector constructs. The heavy and light chain expression
constructs can be combined into a single vector, co-transfected, serially transfected, or
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



which the HAT is replaced with HT. Individual wells can then be screened by
ELI SA 25 for human anti-IL-15 nonoclonal 1gMand |1gG anti bodi es. y’rgg 7
extensive hybridoma growh occurs, nedium can be observed usuaI{J tgqjS

10- 14 day | body secreting hybridonmas can be repl J.gened
agai n, an??}?@{’?ﬁt positive for human 119G anti-I1L-15 mﬁ%@?%’%%f%g

anti bodi es can be subcl oned at |east tw by limting dilution. The stable
subcl ones can then be cultured in vitro to generate antibody in 30 tissue
cul t ur e nedéambimed rechabartdy wrthknown hOhak igmBw200B i @81 CDRE 3G create

PCT/ US02/ 26769,. -23 CGeneratj oz of Ti-ansfect. Produci ng. Human .Mbnocl onal

At | bod es. (BT e ST EA et BTy LT o P o BRAMBER pr oduced
in a host cell transf @&E&Hﬂlg%M‘ﬁwtﬂe@én@&&ﬁﬁh@lheaip@&méh;@%di@@ aGheth@E RIFDI nant
DNA techni ques and gene transfection nethods as is well known in the art

(Morrison, Bepirigss) aillehe entodpoomposing: For exanpl e, in one enbodi nent, -
t he genegs) of |ntereﬁ;eggg%gaeﬂu%gﬁwcomsﬁxpgggzP%ﬁgﬁzg?agg%ﬂﬁg%a eg‘g)hgd into an

expressi on vector suc I C expr such as used by
GS gene expreghsis@and hyusiae healiyhhia R4, whéfeiBat/ 184k4 62 ofib: hiBADAIE chaid EP 338

841 or ot her_expressjon systens well kno in the art,. The 10 purified
pl asm d wi tﬁ%éoﬁp&ﬁ%%a“a%?lp%‘é@ SHRITRS® ﬁ?g%teﬁlgiql%ﬁ}ec?ﬂ'ﬁ}ﬁ%@lgﬁeoé‘ﬁ %FF?& i ¢ host
celI's such eprGHEb&AlA Figlgfesmc&@ésb%dlﬁg ﬁ:'nlrﬁﬁ%liﬂlﬂegi‘ahé’s thS@gDﬁNKﬁ Q%/i%{ngc cells

li ke a plant derived ce fungi “or yeast cells. The nethod use

i ntroduce t&sumgadiebt duin Gamevorkeeonsanddwioranight ¢hain GBRarwheselplat kggst

el ectropg@ratio ' .0y i ectJ%[n'n or._ot her. fter.in ci ng

t hese aﬁt8 [ b%%ygfg%%g@%ﬁﬁ%%vg CH%]}slt ce (ios, e8 ?%&8’%89815‘15%3%‘%’1{’ %‘céel%frtf%dl’%%ﬁy 15 can
be identifithd antiflo acilgequetices D DR sGROWA it Bipuas®E (@ cofrespbnding briocavis whi ch
can then be anpljf] their expression level and upscaled to produce
ant i bodi es. TGN ﬁ(gt&)%ﬁ)bodi es can be isolated and purified fromthese

cul ture supernatants pgled the8hiitody fbithRt BRdbYIRY Yo biAIS TGN 9ned anti body genes
can be expressed in other expression systens such as E. coli or in conplete

or gani sns ofhe apilipeofdhe antirody & bipd 1205 eapbedefemnined using standard binding
15 assays, such as those set forth in the Examples (e.g., an ELISA).

Since it is well known in the art that antibody heavy and light chain
CDR3 domains play a particularly important role in the binding specificity/affinity 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



Use of Partial Antibody Sequences to Express Intact Antibodies Antibodies
interact with target antigens predom nantly through amno acid ?%I ﬂ%{]%
that are located in the six heavy and |ight chain conpl enent arit@/ EF:

determ ni n§vO 6ye1G9s (CDRs). For this reason, the am no aci ecaageenges W thin
CDRs are nore diverse between individu g anti bodi es than sequences outside
of CDRs. Because CDR seguences are res'g nsi bl e for nobst antibody-antigen
interactions, it is possible to express reconbinant antibodies fhat, mmc

t
the proper tJ?lebS"on'les%’&Ofiy Bay furthsr seppnsdbabFaaghan (B redone BghsPaiict i ng
expressi on @Blﬁggﬁg%%ﬁﬂtmﬁ@! 1o SR 43953 € FHE BGBddl AP AilRertBRPLkE henat ural 'y

occurring ant y grafted onto framework sequences froma different
anti body wihdavyichdie €31 gddpehe ligt chan&€DRI of 146R7e t4nH04AS and 404H4., 1998,

Nat ure 332: 323-327; Janhe P. et .al 1986,. Nat ure 321:522-525: and Queen,
O ot Sl 1589, Pr oo TIRGPRT: hhe/Br Seson U engiserid s aghg s g,
framewor k Ogbolre BarPootbifse \he H3L0hNAS aciPcdduenb®b R the v2446RTUBTHS S403AI8 be
obt ai ned fror% egubl iC DNK dat abases t(ﬁat (lén.cl U(éﬁgler r?1 [ ne§§ﬁti body gene

sequences. E4 diselaseehegeigu Sloveyernihel ordinprilyrskilled grtipan vl appiesiblsdiat gene
sequences b use. t. i ]y coie I wabl e genes,
whi ch are ﬁ%gl?en(zegl tu{(}ﬁ{%o‘é% Jj“ajegl%rﬁi ng %fég?%c%ggp%ﬁx?) %ﬁﬁ?:{q&é‘g%@pﬁ?ne gene
sequences Wwnhy bapswibbe dhilé still fetaiting the abdiiyefitteantibody thibidd BAFf5 efifécyivdlgcondary
repertoire antibody at individual.. evenly, acrass the variable.region. For
el 6| s YA SRUBP s Pal A SO F RO AR oD or mi nal
portioni0f dnpiERyaaraktibEd) iy bEIMESETHE éhe o NGHE CDRIMAE IDcexabpld, €l ativel y
infrequent in the amino termnal portion of franework region 1 "and in the
car boxy- t er "> "pA80h on9B3 Yefidentieslde Rne egners UDREaf 1468 Tndf &5, #ApSsadat i ¢ 10
nut ations dgygot significantly alter the binding properties of the antibody.
For this reason, it is not necessary to obtain the entire DNA sequence of a
particul ar anti body ilm additebarto simplyekinémpdldiy, emdincred atibodicnaich aaktosdody

havi ng bi nding.properties . simlar.tq .those of .the original antibody (see
PCTI UR0o/ 0SS3EPd BavE aKRP shiccie for disireteptipn pEpthGy SApualRroRaT Sehal n

sequencaq ss paiibois bhte GEF3nti6flistdsast S typically sufficient for this
(1) binding to human I.-15 and inhibiting IL.-15 induced

proinflammatory effects;
(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;



15 purpose. The partial sequence is used to determ ne which gernline
variable and joining gene segnents contributed to the reconbi neds[gﬁ]'g)?(ﬂy
vari abl e genes. The germine sequence is then used to fill in m Fg
portions AVOONBIQ¥HY i abl e regi ons. Heavy and |ight chain |RidE$0286GUences
are cleaved during protein maturation apg do not contribute to the
properties of the final antibody. To add m ssing sequences, cloned cDNA

scgvences, 20 can be canl st ol s O5htEp BV SEUSHEN i Finali 8 ©

synt hesi zedn@&;eq)raﬁfer@fbn@mlaéfatm@y&fsl aidprng, ol igonucl eoti des and conbi ned
by PCR anplification to create ah entirely snglnt hetic _variable region cI one.

Thi s process has cer t@Phbiadipgie hyaan Hath aidinsrhitingteiabHity o hymesy Hisisde o |
particul ar &&?éerdh%ﬁm'o&g IfESvatd 1 gﬁlfl)t zﬁ%zatl on of particular codons. 25 The _

nucl eoti de sequences eavy an chain transcripts froma hybridoma
are usedSto deS|gn an overlapplng set of synthetlc ol i gonucl eotides to

create &hetl cV bL th id :‘;RCR? 1222 acid coding capacities as
t he natur al "é@ﬁfﬁ@?ﬂf@é’ ?’F‘Pé{q”g e549 6pa_ chai n sequences can
differ fromthe nat Url%maﬁﬁﬂ!dsél&% ahtibdd¥sF thESentiohdal B€ cRiradt@BRated

nucl eoti de bases are interrupted to facilitate 30 oligonucl eotide synthesis

and PCR ami?lildlilg & ohS usipg p ivatiety of keovan teohnifivest iGeanerllysthe astibediesiarcor por at ed

according t tla %EargcteHie%lsoy(Iﬁ?@%k B Q'B/:Lmu}]rotlgk ?in tesg]m? g}a ng% ? 1#%2 7.0)

and, Hi ndl I re engrneéred trans | on tion
sites. Qa0 FllElmeZ[Em aﬂ@ﬂ&&/&dﬂ&&%&&ﬁ&l&tﬁﬂ@t&ﬁﬁﬁ%aha@%oﬁm& s&rafnhalbliginheavy

non- codi ng, (orieds b 38 ke of et bemhE i Grsor s

appr oxi mat elayh Hha a&‘iﬁ%ﬂﬂb%d @r LDGoGO LS ?ﬁ@oﬂ‘iﬂe'wat&od}e %Ql'xé?lg.vaﬁBQ@Wéﬁxh eoti de.
Thus, for each chain, the oligonucleotides can be assenbled into

over| appi ngZOcmimhen Blcubﬁmbwlth@tggattmw@mrl Sdipeneciicaiolycbmal reagrmt
l eotid
glrjrgl |e19 i I(:ate ;Sonjuér%t fa% %‘? Iiﬁfggﬂﬁ%g? Oé{cr)tglfrﬁéeo? e%%ﬂ%%%u&gpggr?g e variabl e

regi on abi gdmalblped)tmnﬁef\m swhstrhtebmdtune)llyem atd@vof 405 .OPieferallpahise whichh ar e
separatel y (?eve opt elqlg{‘nest 1?err]se&/ be uswg for ﬁJ,smnsppl ng PCR
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



products. These overl appi ng products are then conbi ned by PCR a lléﬁq:@hﬁ on
to form 10 the conplete variable region. It nay al so be desirabl 1t ude
an overlapping fragnment of the heavy or |ight chain constant region

(i ncl udi ngvolgoBbssl site of the kappa light chain, or the PAJEISO3R{76%if the
gamma heavy chain) in the PCR anplificatigan to generate fragnments that can
easily be cloned into the expression vector constructs. The reconstructed
heavy and | chai ' : ' ' | | oned
promator. | ERAs O8NS pUAAN Rl QORRIER LS FETRARE WAE

const ant r egi@otiteBplaten tarabrstateeidyitlpdd y@ed oy bati-homan &novdrnightsat AP @t Abor

term nation sequences to form expression vector constructs. The heavy and
| i ght chai nbleslgngsaihaio BSén dernlatesare asicisd winif] me/mliofmenaclenal gntibogisst or |
co-transfecfed .sariall S [ atel f LNt o host
cells whi chBrer e ﬂt%ﬁé‘lho t?}s/cgh{r?lg’ %t?‘)l?n%?egn %%’%’ter%%??(g expr}}e{)éléslr' ﬁ%hse vgegltsggrtl ﬁlg%hai ns.

Pl asm ds 5f obe ttacted witheithérhigidndgGbr @kgtmatindsotyRedpecific icofjufiiedprobgS ¢ are
descri bed bel ow (Exanpl e, 1), The pl asm ds re constructed so that PCR
anmplified VaFFééWdeé(g@P‘?fl Rppralyzrt ﬁ%deéﬂweﬁ\%% sequences coul d be used to
reconstruct  conpl et erfeave Biifind GHhoroBRhM MMiBbBENEive LRAS&pRissPids can be
used to express 25 conpletely human 1gd@ic or |g&ic antibodires. Fully human
and chi mer i t5,dlowi ¢3deinetsy edn betused.pBusiéncell huesranidan bago PBMCsekprdsg@@, | gG3,

| gE, 1gA | and .l gD antibodi es. . Sim.lar plasm ds. can be.canstructed for
expression %Fwngf%lg_rboﬁ%%%ﬁé Pﬁlniugg?rﬁlﬁagg?r%&rg rcong’?(lﬁf'@sa ¥ B leglnt I bodi es
conpri silng Vatdug dohdegtition aif fifonodlbhtd antibbdddach RBS casfthg 0f1% BSA andent i on,
the structural features o 30 human antj-1L-15 anti bodi es of the

i nvention, $R8EANaN}EC abi)rigura%ﬁ%@é&pgéh%cellfsaéarqaeteé mattdnarescgiar ur al |y

rel ated hunpBefbiht-hlmir 1ADhatRAY GRdd MR sahilRhitdhs b b?%ﬂﬁﬁfy arki¥pgy | onal

property of the antibodies of the invention, such as nding to IL-15. Mre
speci fi cal | stainge The samples CBRb¢ awlyznd bpF ACHEBYinstrumeis, ust@4igBt anddsidf04E4 can
be 01 F E B_2Q0E WO 03/.017935 PCT/ 2/ 26769 - Ined reconbi nantly
i th knovn TARErPPPAREAS e o IR an ERfing o2 PRt AR R

r econbi rnant deterdiigéd) eLt eiterndtiverdsanising Ifluofdscenot niads@py alaytbraised@ent i on.

addition to or instead of) the flow cytometry assay. Cells can be stained exactly 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



Accordi ngly, in another enbodi nent, the invention provides a nethod for
preparing an anti-IL- 15 anti body conprising: 5 preparing an anti bod
conprising (1) human heavy chain franmework regions and hunan he&\})FEéﬂﬁﬂﬁn
CDRs, wher¥pm3@at79Beast one of the human heavy chain CDRs pOnpsi2e@sean am no
aci d sequence selected fromthe am no @géd sequences of CDRs shown in
Figure 2 (or corresponding amino acid residues in SEQID NO 2); and (2)

human |ight_chai n framework_regi ons and hunman I,ight chain CDRs, wherein at

least 10 orf&br APH! c @a@we@héﬁlwnmncpa%# PR fiPho aci d sequence
sel ected T romHfoMdlthodct HayiRgIH eeoRR: &&B@Qﬁfg SIEM kv bRHH BandgbR!
corresponding amno acid residues i'n SEQ ID NGO~ 4); wherein the anti body
ret ai ns t heuglbthat thy nausppreduces Human p6ti-ITHS aabibodiesywheén nhmurined widhiIL-1D bi nd

| L- 15 can be,det erm ned usi ng. st T, i ndi n 15 assays., such as those set -
forih o HouEg s S T e b At BB e % Lo art

that ants bagighemvitoaRél clirbfioboriIaDNA oE3nSFPASIS tiY ci¥e forPrahdgei] @5.] ¥
i mportant role in the binding specificity/affini ta of an _ antibody for an
0

antigen, tHAUMAbawise Andescrabrd Belgtadlderin andkexempbifiel o Altsmatizeldbeludan  forth
above pref ' . .ﬂxtbtm ' GRR3 B7, 147H5,
20 404A8 ag{ga%%gg%%agen%apgg |a<qafs{t¥‘f“g‘?tgﬂlédr° can&gg{rarg?"l Se tﬁ'ﬁggs s of 146B7,
147H5,  404ARscnoinddiiad (. FhEM)nhice asliesribed iniF O 02448498r(pubilsked lnee GDR1 s

146B7, 147 4 and 404E4. The anti bodi.es can rther. conpri any
conbi nat i O@O&}. 4§O‘1‘f€ WCA@E&?"HF%‘?’V?SOF}??HWE&?{%Fai@ﬁ?%o%‘?%qﬁcfngt"ﬁ‘gaﬁﬁvent i on
further1@r qydtfes o2 Rtman hendSoAdltanEBsHi&Io TRITBI(L.E1, 18G, Igh) andibragE)hsavy chai n

f ramewor k regl ons, a_human heavy 25 chain CDRI region, a human heavy chain
CDR2 r egi oriindaigging YridvhrecRadination aphisempraswisging, [sofype SVHChIRQMAYIAEMHT heavy
chai n CDR3 i_onq.l - 1LQF of 146B7, 147H5, 404A8 and
404E4, for téf;gﬁﬁ:agks?%ﬁ%tﬁ%%‘éﬁgééagﬁg ?ﬁ‘g‘@ﬁ%égi on of 146B7 as shown in

Fi gure 2 (or corr espdriaidesigani adransgedic e fankehsonsonBEQon-BulNgh arfijal thand ( 2)
human |ight chain framework regio a.humap light chain CDRl .regian, a 30
uran |1 gnreaRBh o dPRAET Bipah STt Rishanelrehtotsah RoBrRa G A hor of n
the hupsn thaghé h&a@idEZMnﬁﬁsglwmihsIaﬁ eféd Qehtdindwithia thd 2 sgdiic AMAET,

147H5, 404A8 and 404 for exanple, a human |ight chain CDR regi on of
146B7 as sHyBFtomFopeetly throughout the pathway of B-cell development. This includes, for

example, isotype switching 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



3 (or corresponding amno acid residues in SEQID NO 4), wherein the
antibody binds 0 1 F E B 2006 WD 03/ 017935 PCT/ US02/ 26769 -27 | L+ ﬁSF @ﬁﬁn
anti body may further conprise the heavy chain CDR2 and/or the I| |:—(ﬁh

CDR2 of 14’8%?3/0174?%—15 404A8 and 404E4. The antibody may f RGTHESO2E6HPri se t he
heavy chain CDRl and/or the |ight chain3CDR1 of 146B7, 147H5, 404A8 and
404E4. The CDR1l, 2, and/or 3 regions of the engi neered ant i bodi es descri bed
5 above ca o c&i%h . 146B7,
200" 2 Ty PATREIR R e SARE AR BB ESAURT R he P ukIBR 0L, LIOBT,
artisan wi Iahun@iplﬁaclh of the hbaty chamrtmns@memqrmnsé:s atriﬁaShence@ageneCDRaé@mrences of

146B7, 147 404 and 404E4 S bI whil.e . still ret t he
2ot 111y of HACKEREE Rt ey PR BR pBE R s Sgengdsn s B DAt e
sequence rrwapéu]@af gu@ﬁ&ﬁtm AfobPeGinitghivig of A hetedldRis & ehaaﬁbdmbmltlﬂe

engi neered anti body %e conposed of one or nore that are, for
exanpl e,5 gbp/gen%%thg@%eélﬁ ofthegmanpgeaistanizadl. Sycly pitedy segpensesanry bethosel6B7,
oot os S4ER e AR A R DI b B o
retenti on aekrves hethesource obtha ltrapspepelt; igasespdr sih&h amitahtnedummmw bede:mént I on,
such as: ( bi ndi n 0 huna I L-15 and |nh|b|t|n | L-15 i nduce g

proinfl a Q@ {hose plichoceyrin thegpegies thalds i q_ref’i‘?iv?ﬂﬁ SECPRIEIPSHNG ionor T
cel | proli fiehaddn®unitadl). PbiiaRipld, @ hiaR Fahdeerddcosirict T S8 tdprodite a

equi librium constant ( D 20 of |l ess than approxi mately 10"7 when

det er m Hed twsg,emerla@%semlmm@uqe@smﬁméequ QDRE lspfyehﬁ\mt@iggg ¢vents iBIt ACORE 3000
the 11 gand: IR PE! ERtaces Bl e 3o bR Y & Bk J0 &
I nteracti n@hamdnmmasqfres’rmmm thé niblse s’a‘ﬁto(n&):quent@rérebptnglzw tdﬁmbteodmﬂdl ng of

Asp8 of hunpn | L-15 the .0-unit of
P nPe niouse sw&cﬁ recombmase enzyme system, whereas the human switch sequences are

not. Switch sequences may be isolated and cloned by conventional cloning methods, or
15 may be synthesized de novo from overlapping synthetic oligonucleotides designed on

the basis of published sequence information relating to immunoglobulin switch region

sequences (Mills et al., Nucl. Acids Res. 15:7305-7316 (1991); Sideras et al., Intl.

Immunol. 1:631-642 (1989)). For each of the foregoing transgenic animals, functionally

rearranged heterologous heavy and light chain immunoglobulin transgenes are found in
20 asignificant 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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immunoglobulin enhancer sequence for use in a transgenic mouse. Alternatively,
synthetic regulatory sequences may be incorporated into the transgene, wherein such

15 synthetic regulatory sequences are not homologous to a functional DNA sequence that is
known to occur naturally in the genomes of mammals. Synthetic regulatory sequences
are designed according to consensus rules, such as, for example, those specifying the
permissible sequences of a splice-acceptor site or a promoter/enhancer motif. For
example, a minilocus comprises a portion of the genomic immunoglobulin locus having

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



the reactivity of the parent cells (by ELISA), can then be chosen for naking
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15 rearranged human « light chain gene will allelically and isotypically exclude the
rearrangement of the endogenous mouse k and lambda chain genes in a significant
fraction of B-cells.
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
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may be readily identified, e.g. by hybridization or DNA sequencing, as being from a

species of organism other than the transgenic animal.

15 Transgenic and transchromosomal mice as described above can be
immunized with, for example, a purified or enriched preparation of IL-15 antigen and/or
cells expressing IL-15. Alternatively, the transgenic mice can be immunized with DNA
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
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or transchromosomal mice as described herein. The B cells can be used to generate
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
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can be generated; as can mice containing at least about 24 V genes or more. Some V
gene segments may be non-functional (e.g., 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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native nou . f l. i i I
Genes have e g Rl @R fvenlibh SRR STRBA TN oA, BRARARRRHT e

from about Heei clagsifi®d imgfont caddgosies:um preferably 0.5 to 5 ng/m, ideally at

| east about 1.0 ng/ Wien.a tr ns%gtn.e.ca able of effecting a switch to4gG
from I gM has been i nt TEISEREF FHPYS PRI Faragtikheavy ARt watPREfous e

ratio of seighihffanblob@lM tramsgene;

15 . Transgenic animals containing an unrearranged heavy and
unrearranged light immunoglobulin transgene;

IIL. Transgenic animal containing rearranged heavy and an unrearranged
light immunoglobulin transgene; and

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,



25 preferably about 10:1. The IgGto IgMratio will be nuch lower in the

| mmature nouse. |In general, greater than about 10% preferably 68 @ﬁ@% of
the spleen and | ynph node B cells express exclusively human | gG pr " 11.
The repertWPr8/0W9B3 i deally approximate that shown in a naPCTESIRIZ®,

usual Iy at |east about 10% as high, prefsgrably 25 to 50% or nore. Cenerally,
at |least 30 about a thousand different inmunoglobulins (ideally IgQ,

preferably , 104 to Q. Nofr. i1 .produced. .dependi ng. primarily on the
Punber - of * dPargeie Vet lifuiatng s AR MG DI PREG PR R none.
These | munaghrabildisie, iitokaritsope Gaithrimy¢iaCagnbascialIdUl-dehydrdictdstepsndyor e of

hi ghly antigenic proteins, e.g., staphylococcus WO 03/017935 -34 01 F E B
2006 ~ PCT/ UBBeorortiratisppiocding tolracaipp, lidgraipe, prograneial apdpwsmyrnandianglogy hi bi t
an affinity,( r : ' - < Of bel ow
10 o8 M 10 SOR e BHpEF e hic ARhL GRS buCEL MY il ] a0

pr ef er abbe (e@..geebotatmtaydaseroaritbpuripe,cethi eguanine deytepleine, Si-flesodracil i m t t he

sel ection of V.genes represented in the antibody..5 response to a

pr edet er ni n%&a@%?‘rng)eﬁﬁﬁy g agenis (e, r@qgﬁ}q{etkl%ggwpﬁg{s}lp%nS@CﬁT edet er ni ned
repertoire gephslaiatfestine PBSKEF AR BmuBHART MU HER tHoBpHahidd, Busulfan,
preferentially used in antibody responses to the predeterm ned antigen type

in humans. dipforeemannitoh styeptezptecin/mitpariein Gagndsis-dieblomeriamine piatia ) ned
repertoire var .g. ' ' encodin
hi Sh af fini @5@ Q@é@@s@%ﬁa&ﬂ%‘s&% %rd%‘é‘;ﬁ@‘r’nﬁn(gcgﬁaenlb' F‘%ﬁéﬁ%&éﬁh& low

propensiloy doxomstdeinyantbintts (e gmdaetinoarycmn(dorafeliyrictijfomgdiay, pleompgin, or ar e

i mmunogenic to certain humns)., T rior, tg rearrangement .of a transgene
cont i o ng BRI heR FBRTREHAN R i gHan Sl G CgudHegeins Degnent o
nmay be readjihylabie)t AhiaBlbod: o -thdpredtbink oAl daf be @bnjbiied RAM@AGIRpedS bei ng

froma species of organismother than the transgenic animal. 15 Transgenic
and transche-gntxslionstiveiodineaty geagietcictatoxaptdiopharmassuticatmionreatine\d iohlS-f or

exanple, a ﬁ%EJtﬁ‘g&&%F?fr <& raisc‘;1 L. pr epar at ion of IL-15 antigen and/or cells

expressi ng érnatively, the transgenic mce can be inmunized with
DNA 15 The antibody conjugates of the invention can be used to modify a given

biological response. The therapeutic moiety is not to be construed as limited to classical
chemical therapeutic agents. For example, 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



encodi ng human IL-15. The mce will then produce B cells which undergo cl ass
switching via intratransgene switch reconbi nation (cis-sw tching) JangEB 2006
express 20 inmunogl obulins reactive with IL-15. The 1 munogl obul i ns can be
human ant i hadiseg7e3§al so referred to as "human sequence ant pbodisesicyeo Wher ei n
t he heavy and |ight chain polypepti des_?ﬁg encoded by human transgene
sequences, which may include sequences erived by somatic nutation and V

regi on reconbi natorjal joints, as || as germ.ine- coded sequences; these
human anti b %{%L&B@qdé‘?sé:rof gg“‘fe\g%&?cﬁ%‘? %gdglj&lﬁgapé{nﬁﬁsmrye@z (?‘ggni’l?'cal to a
pol ypept i de 3889YqReLdANE PHRE 1995)2aridUTRibe\dz of! "IVId HEfRaRRONENyBRRi@ human
JL or DH and JH segnent, even though ot'her non-gernline sequences nay be

present as &ropsstigstOlichntdhedstToximterugates” dmenendlf RewrfiZ: Bl19-38 (198hd V- D-J
reconbination joints. The variable regions of each antibody chain are
typically at |east 80 percent encoded by human germine V, J, and, in the
case of heavy. Phamneeutidal gemposaarent s; 30 frequently at | east 85 percent of
the variabl e regions are encoded by human, gernmli ne | sequences, present on the
transgene; often 90 ofn omptheriaspget, thy pragsaEInyEntaReProRidesd FANpPsHioBne.-gsadquences
are encoded i S e Q248 R However,
si nce non-ggpwlﬁg{ﬁs&ggﬁ{a cdggﬁgfgdﬁ%%?%gﬂ%éﬁéﬁ}ﬁggﬁ%tl c nut a?x%%ﬁ@lgﬁa VJ and
01 F E B 2066tiw0i 3610471385 biGi g sdis?d Th@eof; 86thwPiesputiinvengion,t fvenlatedin
sequence an

and | eas. 1 MERTIER Ry SMERIC Ty e PR O R eed BhGImec Bicd by

human V, 1®, cBinpdsi@&Ransla@Eedfibiastidnufmshitiplei(Q1g., BudBmbfe) iplitetia{usdan N t he
germine of the mce. Typicall such non-germ ine sequences (or individual

nucl eot i de pEBdbadiesaf fhesinyentione Preferably; ¢pch of Hieantibpghes ofgthe compasyiomindsher e
somatic nut g i QRELA" el%@%%d%g'toﬁel#ﬁﬁﬁ- Human anti bodi es which bind to the
predet erm ned antigén can res 1 romisotype switching, such that human
ant i bodi es conpri si ng Phatmaveuticmécprarosgions of thaiimy epson hlsasan/be adpfiniste@Bn  or

/3] 2 e SRR DR R e g S
nut at i on($) théraBi Gaalihdludea EdiepasaiondBHR preé@hoivaditbnohities: ledtt 6de oirhdten about
10 residues agcflitignal therapeutic agents, such as anti-inflammatory agents, DMARDs (disease-
modifying anti-rheumatic drugs), immunosuppressive agents, chemotherapeutics, and
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



CDR) as a result of affinity maturation and selection of B cells by antigen,
particularly subsequent to secondary (or subsequent) antigen chall enge.
These high affinity human - antibodies nay have binding affinitiegq (&R
bel ow 10-7 M such as of below 10 -s M 15 10-9 Mor 10-10 Mor even | ower.
Anot her a¥{fee¥013¥35t he i nvention includes B cells derived ROW0R3HeYenic or
transchronosonal m ce as descri bed hereyp- The B cells can be used to
generate hybridomas expressi ng hunman nonocl onal anti bodi es which bind with

high affi nitBﬁ(icol()Eicgl- effé_c%v@ée é.%?ﬁe&g,'SZWet%gr(%g. mr%ﬁSciTgﬁl%l%.n anot her

enbodi nent, the Tnvention 20 pfovides & h produces a human

ant i body hdbiamplesrofanfh sults ynolikio)acolf addiiehealtd &ad basg addition sedtsoAcldeddditiob0 -s M
10-9 Mor 10:10 or. even .|l ower when . determ ned by surface.plasnon
resonance (SIHPMIRINGE S5y T BRRHROIBUG: SRS CPUM D SRSy BEGnbi nant
human | L- 13ma8pHoie, sttt Byd@sttomie hidibiocaRd phesphbiods hhddedikeffwepi43di ng human
| L-15, wherein the antibody conprises: 25 a human _sequence |ight chain
conposed> of frgm poatoxicghgamihagids spgh paalinbati¢ mgnenandedirarboxylisaridpabende sequence.
which is s | 4.dent.i I ptide.. .encoded by a
numan VL genbagbt natolc ek, ko SBaBE AtREPk bR, SRR ERARMEURETY

const ant r egomatid@aNfony &idsenyg piepliied Baseadditicesail iimdudeshsdehietiont fra| v
identical t . pol ypepti de sequence encoded by a human. CL gepe _segnent; and
30 a human e et e _ SE%S%O@%B@@%_;’I% gagopst ,Egaw %%&F%l%@? abl e

regi on havipal & RehYbaRkidRSROHARES W SNMN-diHAs)RmYieabdidmindent i cal to a
pol ypepti de sequence encoded by a hqnan_VH gene segnent, optionally a D

regi on, landmethpigheaming, oiloppine)delivg dishoniesse.ROTY¢Ied e popcaing 6
segnent, aq?mﬁﬁggﬁ%constant regi on having a pol ypepti de sequence which is
substantialTy “1dentical to a pol ypepti de sequence encoded by a human CH
gene segnment. The develcompeditiondf the piesaik frivehtiyn bantnadiinisetadibyla wtietybodi es

O e iSRS e ACH e S O BRI e ever i e
genome  CoNpirdddr Mo RIblaBinGE§tAHRH will VaRHeh NS UL Hlkited 2ANEE TRe adled Net hod
conprising introducing into the genofe
15 compounds can be prepared with carriers that will protect the compound against rapid
release, such as a controlled release formulation, including implants; transdermal
patches, and microencapsulated delivery systems. Biodegradable, biocompatible -
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and 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



a V gene transgene conprising V region gene segnents which are not present
in said integrated human i munogl obulin transgene. Oten, the V region
transgene is a yeast artificial chronosone conprising a portiobldEBgii§unan
VH or VL (V1c) gene segnent 10 array, as may naturally occur in a human
genone or V3 onelyPE spliced together separately by reconbiP€diiiSod@t7hbds,
whi ch may include out-of-order or omtted .V gene segnents. Often at | east
five or nore functional V gene segnents are contained on the YAC In this
variation, it I il r i € .he V
repertoire 12?(%1% ast?)g%%rrtgtt o%ffavgvﬁérﬁ%?ﬁltdt ﬁ%wrr%gésfgnexér eggé%qggﬁgﬂﬁﬁ%%t&%gbul in
chai n 15 cosfithe givagtien saontaimpiatede Fupplesentagnative naageahdsyamalso begi on gene
segnment present on  the V regi on transgene and a C region encoded on the

human 1g triRpQgemted iale thecoraPeitionshe v repertoire expansi on met hod,

transgeni ¢ mce havi ngh&hpufid Sbmpositicisitjifidally HRR 68 stehif iR BRNGIIRIRE; as can
m ce containing at |east ‘about 24 V genes of nore. Sone V gene segnents nay

be non- f fincedndrigins pémgnufagiyra aidgpemegs. did compositikeyan beosmukiedaent s 20 may be

retai ned or be.sel ivel. eleted b econbi pant . ods.ayailable to
[her oot P s Ron Bk Besibiot Ctiosfife s Sthe Yrd FEOHRL AR Lol R AL

engi neer ed éodcearitiah The tairiet cartila solWdal dralispagsi@dmedipanadachining Egnment
repertoire, sub tantiaILy not present in the human g transgene containing

the J and C*gEWEe ptaresinaol.modyol kigr example. gbycsrabugrylees alyeplinddiavl i nt o
ot her genetg,cqyagggw AYBSISand RENIRG! G DAGKOLAKAAS MhesE Tm@g,réﬂepﬁafdﬁyeén YAC

havi ng an expanded \"'Seghent repértoire is bred into a nouse germline having
a dif f d0enbe mamtamedg farreamaplenky thiuse ¢ eafing sucharn décithaChy tleemaigtenancex panded

V segnent repertoir be bred int ermi t.o wor k. wi uman | g
transgene (%tftﬁ% }rfﬁ?ggﬁé Shzeﬂfg‘;ﬁter°§%es‘8f£%§5?‘°“pﬁ’\%ﬁ"8d§% “?eecfkfesﬂ%gmﬁsd erein as
YAC t r ansgemasy c&es; it widlbelprefefadbiteSnokiddisdtoitie gpéits dot éxdatipld)eug@esione may
substantially | ack_ yeast sequences,. .suc

. h_.as guences required for
aut onomous PEBHIFRDALY b pRmpEAIdYl; sogkjak égéa%wiior_w&yn HERore8iiey be renpved
by genetic BRUDEELEHRIiiR: I the MflableohPBsiflbAEShivRbranht Bbd 8didonaig  gel

el ectrophoresis or other suitable nethod) after replication in yeast is no
| onger 0% FinEh@cROPGitWD @3EenbasleRET Abssarionsfos gxample, monostearate salts and

gelatin. '

Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a combination of
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



-37 necessary (i.e., prior to introduction into a nouse ES cell or nouse
prozygote). Methods of propagating the trait of human sequence ()1 FEB 2006

i mrunogl obul i n expression, 'include breeding a transgenic nouse having the
human | g twangsgamsfs), and optionally also having a functipgralso¥AGshavi ng
an expanded V segnent repertoire. Both VH and VL 5 gene segnents nmay be
present on the YAC. The transgenic nouse may be bred into any background
desired by the Fractjtioner, i n¢l udi ng backgrounds harboanq ot her human

t r ansgenes, THGTE FURIRGAINSESTOlegEtE Sk aBIta foarece fertbe B e RsdIAEdot her
human | ynpBReYhR cBAQhS 'a'fﬁedef@%iﬂeﬁ‘c(jll‘tjﬁﬁtit? or alive cBﬁ@‘éhﬁ’(Féal&lQﬂe@tb pofihdai ty
human sequence 1 munogl obul i n produced” by a transgeni ¢ nouse having an
expanded V thegiesiredtierapsuiic effeetan ¥¥sCciatiomwefb tlae reghirétophpnma¢eutita cagist.ng

descri bes referred e dinrent of, . the ansgeni ¢ _ani nal ,of t I pventi on,
other - enbodtTefSap ErCih 1 ASF ot i e BV Ot ilBeq Plbd firsellir ™ ' O™
cat egor i 8s: dépendénd B g ThCwaiid EHabactRRticl o1l thdadtive ¢ BfupoinPagEHe paaivylaand
rearranged |ight imunoglobulin transgene; 15 H. Transgenic ani mals

cont ai ni ng Bsrapawticaiiestiy aﬁblavsﬂ,an@(b)ghﬁlé@rtatme@hqr@gm theriafogl obul i n
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cont ai ni ng rear r angedExmmaplys cfipharmesenticadjgcictdaptdiile arddxidamtsniocihdd (1) water

transgenes. t hese.categori es of .transgenic .ani ..Lhe preferred order of
br of evence. fubls AR fith S schriit O3St i hleridscsBio Ul Gne  chai »
genes (QO abodihf afctabisneitk Bee) s1fenl eRile) EDkRUsohitile RtiIQdmtsO8RUSs .

reconbi nati on %r other nethod) and | > 11 >"1I1 >V where the endogenous

| i ght chai nasgerespHaitatenitylsted hiydexypgede (B3N, tadated by disxyiebwne (B, by

allelic exc|usi: I tj ' . OX ]| aspect,
t he present 16?%%2?? r% g gé’? ’ud}@%q%cmﬂg%ﬁﬁﬁ é 11{’%8&%0)%%% %Hr%glﬁﬂghgﬁsédyp
conj ugat ed swhas tige apé dthydenediaptiye tesraadetia acid (EPTAL) peortrifol atadaniogacid0 (e. g.

?Ee;(ranmnosu gsglg&ngc}d’%d%erlﬁg! oi sotope. \Wen conjugated to a cytotoxin,

15 For the therapeutic compositions, formulations of the present invention
include those suitable for oral, nasal, topical (including buccal and sublingual), rectal,
vaginal and/or parenteral administration. The formulations may conveniently be
presented in unit dosage form and may be prepared by any methods known in the art of
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



anti body conjugates are referred to as "immunotoxins." A cytotoxin or
cytotoxic agent includes any agent that is detrinmental to (e.g. 1E'¥EI ﬁ[ﬁi
cells. Exanples include taxol, cytochalasin B, gramcidin D, et[p]' r%

bron de, ewrs éMAy9381 tonycin, etoposide, 01 F E B 2006 WO @31R%¢P35%9
PCT/ US02/ 26769 -38 tenoposide, vincristine, vinblastine, colchicin,

doxor ubi ci n, daunor ubi ci n, di hydroxy anf‘%r acin di one, mtoxantrone,

m thramycin, actinonmycin D, 1-dehydrotestosterone, glucocorticoids,

procai ne, t phazeeutisally aq@gntabln@anmrmmdawm aly, pr@md/apumhyﬁ‘cns, carpdomzﬂatts)gs or
honol ogs therecHc av eerrea peu ic agents include, but are not limted to,

anti net abol i %‘ }( q '8t hot r exat e, 6-nercaptopurine, 6-thioguanine,

cytarabine, 5- fI uorourraepbraseie'mreh&zalraer)um@tfalﬁyshaéﬂmgdﬁhgﬁﬁtteﬁed@efegterauy"
mechi or et ham ne, thi oepa chl oranbuci | hal an, carnustine (BSNU) and

| onust i ne (@ﬁ:md CE%}%P’G%Wﬁ?#Péﬁf&émHBMPﬂ& erthansm@r%ﬁ%mpeca
strept 0zat oghf; EﬁJtBHVxﬁhéfl ﬁy ﬁg&éu‘c‘sg,auﬁ'lﬁé] Bﬁu@*l&‘i &lds) ( DDP)

cisplatin), ant racyc1 I ne norubi ¢in (forner aunonmyci n) and 10
doxor ubi ci n)mmmladdantntmmtérml,gntraﬂiacal,u intyaoapsudar( lﬁmambrthlylmxatardmorym ny,
nt| m,tot.ic, agents

?Legnyci/in,ncﬁr‘ntéqgr palg {]ape\% Plggrt L8 i(rfug‘f'?{%%é‘ﬁﬁjs‘g? ﬁ@%?@é‘@‘ﬁ‘fz Bhvention

can be conj YgpdapsildrOsubaraskiidd, seﬁn%ﬁm ePiddiral aﬁ@ﬁh@ﬁ@ﬁwﬂfdeﬁdﬁmmmmaener ate
cytotoxic radi opharmaceuticals for treating a |IL-15- related disorder, such

as a cancer. 15 The aRkappleyotsmfablsaaqueousfand nenaqueaisicpaierewhichmayded t o
modi Ty 81&9a\séﬁ#ll?#:h?%nggﬁﬁ':macglﬁ%gréoqnc%gnﬁmg PP h%%»‘éhh meiu%%aé é?%fn of 0 be

construe assica em ca erapeutic ag en “exanpl e,
the drug noipetypelsiychzs ghycprobtpeopylare glp@jl,Whme@mwﬂm@ﬁ laceai,emﬂr ed

enzymat i cal PSR PP AR G EeAR PRI CHEPEL I RSP RIS, 11 ci n

20 A pseudeEnasetey Qlcail Propdr flidHtdag b MAm¥ined, fér dXafip®, By $iéGiRe 36 t unDOr
necrosis factor or interferon or, biological response nodifiers such as,

for exanpl e copngimaRiHesuch @dp@?/m@dw the mamnterance of the requiredpatiicle size m the o) |

interle N " age colony stinulating factor
("Gw CSF"), cgsfeg%éucim lestcgs%gjﬁ%mﬂés:%{%een%flsgﬁg&gﬂpf actor ("G CSF"), or other

cytol dnes or growt h f dhewrcompositions may also contain adjuvants such as preservatives,
wetting agents, emulsifying agents and dispersing agents. Prevention of presence of
microorganisms may be ensured both by sterilization procedures, supra, and by the
inclusion of various antibacterial and antifungal agents, for example, paraben,

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
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in the medical arts. A physician or veterinarian having ordinary skill in the art can

15 readily determine and prescribe the effective amount of the pharmaceutical composition
required. For example, the physician or veterinarian could start doses of the compounds
of the invention employed in the pharmaceutical composition at levels lower than that
required in order to achieve the desired therapeutic effect and gradually increase the
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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COI’TpOSI tions of the present | nvent i on
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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The ability of a compound to inhibit cancer can be evaluated in an animal
model system predictive of efficacy in human tumors. Alternatively, this propertyvof a
composition can be evaluated by examining the ability of the compound to inhibit, such
inhibition in vitro by assays known to the skilled practitioner. A therapeutically

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,
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particl %5 Si ‘ZE PH "E'lﬂgmé‘& &Pra uchigp é‘?dg‘ﬁe‘;aﬂo@‘ir ekiggs, §‘lf?‘ &nt 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, the

production of TNFa by T-cells and/or monocytes/macrophages also is inhibited.
Preferred antibodies bind to epitopes (e.g., particular subunits, such as the gamma
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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used to inhibit inflammation and/ or prevent chenotaxis of activated

| eukocyt es Theodle e8IL-25irn the Rrogression of RA involves a process whereby IL-15, which is

15 synthesized by macrophages, induces T cell recruitment. The activated T cells then: (1)
maintain macrophage activation; and (2) induce TNF-a production. Stimulated
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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reduce proliferation of keratinocytes in psoriasis.

IL-15 also modulates the function of intestinal 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.
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15 inflammatory effect. The antibody can be linked to the agent (as an immunocomplex) or

can be administered separate from the agent. In the latter case (separate administration),
the antibody can be administered before, after or concurrently with the agent. Suitable
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).
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15 The present invention is further illustrated by the following examples
which should not be construed as further limiting. The contents of Sequence Listing,
figures and all references, patents and published patent applications cited throughout this

application are expressly incorporated herein by reference.

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.
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15 EcoRVHindI digested pGEM-7Zf (+) to generate pGEM-7 (KJ1). The neo cassette
was excised from pGEM-7 (KJ1) by EcoRI/Sall digestion, blunt ended and subcloned
into the Smal site of the plasmid pTAR]1, in the opposite orientation of the genomic-
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
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15 has homologously recombined w1th 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



53-CM targeting vector was el ectroporated into AB-1 cells by the nethods
described Hasty et al. (Hasty, P. R et al. (1991) Nature 350: 243-246%.
El ectroporated cells were plated into 100 nin dishes at a densi(yFbd e 2 x
106 cell s/ dj er 24 hours, (418 (200 nucrograns/m of Y76
corrponent)%a(?lbt}ml'—lﬁ%u (5 x 10-7 M were added to the 5 nedi ur%ca[gt'%\%m”(g
drug-resi stant clones were allowed to dédel op over 8-9 days. C ones were

pi cked, trypsinized, divided into two portions, and further expanded. Half
of the cel |ES celbcany@lghtion dmtheabimeh omebeversealtystimfated byrthaadourtef egdgir  hal f

anal yzed for honol pgous . reconbj nat.i on,bet ween,ye nd .t ar get seqguences.
A aoery o oal GTBRA0 G bE RORD AR Rl e e R B B R ol 16

i sol ated fro@héd®72cdnaA08 p%ﬁuﬂ&?&ﬂ&hﬁdp&ﬁéexk@éd Shifbrad(i.e. (dvpérBentihe O et al .,
D Lol oo aes -heks ehpruar TSI SRR e 1)

Wi : o
whi ch hybri di i roni ¢ _enhancer, and the nu
v toh Loy iR bt E AT RRTBEY e WiEadbl AR FeRORARGRE, OC oo

| ocus, and iadidhi@ sFeifling thankihisoAdf thicOBS selNgerdodfelSdresting for tHdbtalgeed
honol ogously reconbined with the CVD target] I’(l)g vector (the neo expression

cassette cdhf&fhfsWes agpaqd auf by Pouthprniblatanglysiy o RellrigesteddANAHEgm i} ones
screened by, t t i : i t ;Sﬂﬁ nd
i ndi cati veybé ;§ ﬁ%r%) %éégllgéséa aP g‘(l;:%f ?%%ﬁ%ﬂ%? Qélﬂg%' {Agjgéqsﬁm?ﬁl se /fél()gF%nes wer e
further di gesttedffepring shhwedabybradizinBgll baBd Xr,7 ldnid afidiGRh td thewdld tyye t hat t he

vector jntegrat ogousl.y into t.he nu 20.gen e bridized with

pr obe A!&S%Pﬁé?fﬂs'g%g%mgws t %%@Ewagﬁnaﬁ%%éﬁte% %geqﬁg%f’,geﬁ%t X, or
EcoR produce fragnments 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 Kbnalysisefdransgenicmica for funcfiong aligpekmyeenet ed by the Spel

di gest showed the expe %ﬁln-rﬁg;, |1 ment s

di agnosti c of insertixlg)nda(t) the llrlleet%Q%S g%sggffgﬁﬁh?ggﬁ%%é%&u@gigﬁg

Gener at i on indctivated thedghieany dham gant.at ddna264gchmmerbhveasthnedwithamgetsed ES cl ones,

oFas ool SR Gkaf Hieh B B e i SRSl ol iP5
Ter at ocar cigfaBREoRBEhETH g idpnth&NCEeh bil, @998 AainERl. 5ABRT-686)0 FouE. J.

agouti offspring were generated. Serum was obtained from these animals at the ageof 1

a
s

e
2
X

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

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
15 Vg 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
20 into the pPBR322 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
pGP1f, pGP1k (SEQ ID NO:13), was digested with EcoRV/BamH], and ligated to a 10
kb EcoRV/BamHI DNA fragment, comprising the germline human Vy 3-23 (DP47)
gene together with approximately 4 kb of 5° flanking and 5 kb of 3’ flanking genomic



expression of the nu gene. i~ 01 F E B 2006 WO 03/ 017935 PCT/ US02/ 26769 -56
sequence. The resulting plasm d, pll2.2RR 7, was digested with Bﬁ{ﬂ?l é%ﬂdﬁl
and ligated with the 7 kb purified BanHl/Sall insert of p251 f. é

resul ting i.0,.- pVX4, was digested with Xhol and |igat i he 8.5 kb
Xhol / Sal | W?@?ﬂtﬂ)g p343.7.16. A clone was obtained with t%ngSwi@% gene

in the sane orientation as 5 the other5¢wo V genes. This clone, designated
pVvx6, was then digested with Notl and the purified 26 kb insert
coi nj ect edséqpgatd eTherdshiting @igemid, il EXI2RR. 7K bvabldidested sethtBatH/PdiC2ndat a 1:1

ey on e Rl bl o AarT ol ot ot T e et Al e
Mouse Eﬂbwégdig%sﬂea%{mmmg&@ with 6k €9 I/%Mselrt;:cﬁl §43§’ fighg Har bor

Laboratory Press, 10 Pl ainview Three i ndependent transgenic
m ce conprising sequénclese Wanohtaibat With/tie Eind- 1GQRneeu theasameabtieghigeh 4sr om i ce -

( Py $ap B OO SGna R ke oS 508 S, Vet Gt A Pihes were
then bred tiehica @6apRidSloRfect i1 Mher WitiAhL Bllifles s LORAUfkeaTDl e 1, the

JKD nut ation gChen et al. 1993, EMBO J. 12: 15 811-820), and the (KCo5)9272
transgene PH 2l1¢l mplagratior-dige themonicdei Bf one-bhli drw (S 7BI46] 8BDBAGBNF2 The

resulting m express. h heay dka l.ight.chain. transgenes in a
backgr ound RERsS I8 AEERpH BRRoPaR A, TBCROBRED ot MR G MRIRETT S
kappa | i ghEnbtgs, " LatsdratoR0Manealyd"edtidh, 4994, Cs1a Spingitiagtor Mabsaiopy Bless,

Ant i bodi es_Agai.nst_|L-15 HCgl2 and _HCo7 transgenic m ce, L generated, as
descri d8d Blgvdew h)- dlipsn indepepdeptlingspf tensgenigmics cemppping seguenggs fom

i nmuni sed %thfvptwmmcgag@és%mhed'fiohlﬁnmhaf&e@elobe@!&emeeﬁ&md Seattl e,
USA) suppl enented wth either Conplete 25 Freunds Adjuvant {CFA, |ot no.

121024LA, Bibrwsl Abesedines arsiesiPated(HCOM)d #381a FICOISM)S083, aniit h | nconpl et e
UL Ad.tﬁ'&@rﬁ) I(Sbg:}:.AEaclhoc}f tlg]eoﬂlre% 1:11'1%59 vSVIEI%’tth% lf)r%8 'with mice comprising the CMD
mutation described in Example 1, the JKD mutation (Chen et al. 1993, EMBO J. 12:
15 811-820), and the (KC05)9272 transgene (Fishwild ef al. 1996, Nature Biotechnology
14: 845-851). The resulting mice express human heavy and kappa light chain
transgenes in a background homozygous for disruption of the endogenous mouse heavy

and kappa light chain loci.
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.



subcut aneously (SC) intraperitoneally (IP) or intravenously (IV). In several
i nstances hlL-15 coupled to KLH was used for immnisation. After several
boosts with hlL-15 supplenented with either Conplete or |nconpl{et BEFIBUNds
Adj uvant , R,Q(?e serum of the 30 mice was tested for the presence of human

ant i bodi es "7 PELYER against 1L-15. 01 F EB 2000 WO 03/ 01793 THEPRRE6%/ 26769
-57 I mmuni sation schenes of the transgensg-m ce which resulted in final

cl ones 146B7, 146H5, 404E4 and 404A8 Mbuse no. 146 (HCol2), |D 995-146,
Femal e 51706393(12i8n BlHeints of the Hafisdelchifite whith faG1ted 24 BAdlMnL 184I9PSCL2 g
hlL-15 in ICFA(Dfco, Lot no. 1Z2IT95LA) 150/99SCIZ g hIL-I5 in TCFA
020899SC12 d4bHb: 4B 4ddi404A8FA 070999SC12 g hl L-15-KLH in | CFA 10280999SC12
g hlL-15-KLH in CFA 1110991V30 g hlL-15 in PBS 1210991V30 g hlL-15 in PBS
151099f usi on of | ynph node and spleen cells of this nmouse with SP2/0 15Mouse
no. 404 (HCQfduse b PRIHEOA ), Tonose; 40EG9ALP25 g 1ilL-15-KLH in CFA (Difco,

| ot no. 121024LA) 0311991 P12.5 g hlL-15, 12.5 g hlL-15-KLH, 25 g in |ICFA
(Difco, It 178699121198CA) 18149dIMBAnE kg @Mikcol bot 1@ 131¢240A)- 15- KLH

201211991 V12, h1L- 12,5 | L-.15- 191199 fusj £l h node and
spl een cel | i)lg?&t hi s #gljse%\%dﬂﬁaﬂgﬂgllﬁﬁeﬁ#hf &g }S::’(t}gigéﬁAh’a)r/tnﬁer Medi um
(FPM : 251 sqqyasm Modi fgced I@glﬁqﬁgqﬁnl}@ﬁjxum was supplenmented with 100 U

020899 SC 12 pghlL-15-KLH in ICFA
070999 SC 12 pghll-15-K1LH in ICFA
10 280999 SC 12 pghlL-15-KLH in CFA
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).



penicillin, 100 g/m streptonycin, 1 mM Na-Pyruvate, 0.5 nM
(3-mercapt oet hanol (Life Technol ogi es, Paisley, Scotland) and 10%
heat-i nactivated fetal calf serum (Hyd one, Utah, USA). L NJLCQAKEB 2006

. Cl LJd~ts/ | yf~"1S a,.s~. Tr col3ce33ttatto , ~'; z*fFrft ,' ierr .
rro;or ~ \Y(?Hé&kw"@ . T T s}C ~r zys~-~~ f~e~ .r 10 (PAHY3REHWEd from
iii rf frvme, fs at S7 C,'- AAvv-"k- rlsg~ and LgLs = ""1 w 'gymO

cutccrrud aka ef i& -7r_:-~ ~~~ ~ .~ iIinFSMA3dJ1f f i~r ~z_ ~

~g g=r witfi TeSl 33t F}:,égh_gézgct{oniﬁygjiwﬁ?p&@. ~ 1~~ 25 |46DEZELi rex7 r-r . r
j F-r f = 30 Screening of 1ii.. 01 F EB 2006 WO 03/017935 PCT/ US02/ 26769

-59 ELI SA to screen fBPMtsupplemested v6thof0 mli@egen J@ridomt€loping Kactor

bt bodi es. GCES RGtheERre et ts ), HAT 7L Bl S Bhg  e Cominel s boct e
(DAKO, G ostdii¢BatratisanSiemk )CHeRRcAd¥e &t Mou) REONES 8) B 6.8 heHmS Rarlad®yctiPBS) t o

Nunc Maxisorp ELISA 5 plate (incubation overnight at roomtenperature).

After bl 8ck{lite Teshngipges Paislay, Bgglandippl enent ed with chicken serum (2 % ,

Li fe Technol ogi es, Paisley, Scotland) and Tween-20 (0.05 % PBSTC), culture

supernatants were added. After incubation for 1.5
Fusion Cloning Medium (FCM):

FPM supplemented with 20 ml Origen Hybridoma Cloning Factor
(IGEN, Gaithersburg, MD, USA), HT (1 vial, manufacturer’s recommended
10 concentration, Sigma Chemical Co., St. Louis, MO, USA) and 0.5 mg/ml kanamycin
(Life Technologies, Paisley, Scotland).

Hybridoma preparation; fusion of spleen and lymph node cells with SP2/0 myeloma cells

To obtain hybridomas, spleen, inguinal and para-aortic lymph nodes were
15 removed from the mice. Single cells suspensions of spleen and lymph node cells were
mixed with SP2/0 myeloma cells in a cell ratio 1:2. Cells were spun down and the 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:



hour the plates were washed and rabbit-cc-Human |1gG (Fab2-fragnents)
conjugated with horse radi sh peroxi dase (DAKO, d ostrup, Dennarﬂl;i} \?BSIZ_{)UEJQ/ m
diluted in PBSTC was 10 added. After incubation for 1 hour, the f wer e
washed and rate, ABTS (2,2'-

Azi nobi s- 3-@#@#]@%ﬁzt hi azol i ne-sul phoni c-aci d, Roche Di agncg)s?t'rl/[{:sé),zlz VBhnhei m
Ger many) was added according to the manuf8cturer’'s protocol and anti body

bi nding was evaluated at 405 nmin an EL808 ELI SA-reader (Bio-tek

| nst runent s, EMSA0OSkieen fof the preddhce dBhminhdnIRA id tBEEdRife Supermiab@itspr esence of

I L-15 specific antibodies Wells containing human 1g@ k anti_badi es were

further tested for thelo parfosstbeELIS A indetech henresendsoidmmandatagtibedies,

| L- 15- speci f{g Fh T 1t he. > | m [L-15 was
added in phofsdg at ee%gbuffofée)%l g@hfsrablgpn(%ﬂﬁl&él%ﬂat% aréggﬂﬁéngﬁ‘%\‘}a(ﬁ sb(%(r}sp | SA- pl ate
(i ncubat i on otk pkbs dlded GophokshapeEfaiédEgalind(RBS) tbNudk IMikisdne ERISKAe Wit h
PBS suppl emented with chicken serum (2 % Life Technol ogi es, Paisley,

Scot | and)® alatr{E@erhasion pgerpightgt rep tesperatyre)y Adtes blogkipg thelate WathePBRided.
After incubat, : C@g& bat : = Eﬁaé}, gG Fc
conj ugat ed %\t}\l}@ Em}f?gt;e(slé’ ltrli’ia I s&é%%é%élﬁdfg’s%&(?%gﬁ%%%%gﬁﬁﬁu 6Sr@0etsld§ar C d Vst
G ove, Pennsiweeari(a0.03%46] FBSTA)] 6ll00e supentatahts wereB8d&d. whBeraddedtiolfdrdrs
i ncubation for hour, the l1s were she suhstrate, ABTS .
(2, 2" - Azi nolosr é‘@@?ﬁ@% BeA AR irml%%ﬁlﬁa%aﬂdﬁg@?'a%- 2RHEMS) WPHEAL TR
Mannhei m . AGEST i f ' | and
ant i body biGr%{ %gxﬁﬁsgﬂgﬁ@d at’ (gll(s)gtgu r#m%iehﬂlgf] j@LSB%EﬂHIE{,&d ?%ggg?tq%%i o-tek
| nst r unertt s addéd oafitd incubhtionSSA) hodf) thElwéllsEwee 2@0be AMIIGAbAMTQ ZBTS (2,2°-
PCT/ US02/ 26769 .-60 Subcl oni ng. of e hybrjdonas_To obtain stable anti-IL-15
cell lines, %@mﬁgﬁﬂ&%&ﬁ&’@’méé’%%%m?%itlcﬁ Mon of the
cells (to O0.Cermah)y walddled fc8RiNab e RhAlBSrePIPrsididl ah@ARiTHos bindigst ed
after approxi matel’y 10 days with the above

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



5 mentioned |IL-15 ELI SA. During the several subcloning procedures, FSM was
changed in phases via FCMto FPM The isotype of the subclones was '
determined with the ELISA described bel ow. |sotype determi nati 01 FgB 20e
anti-lL-1 gl es by ELISA 10 To performthe isotype Ej o /el l
of 1 /ms\gﬁp}t’- Eu?ran Fc (Jackson I mmuno research) was adde}d%so%ﬁgﬁs hat e
buffered saline (PBS) to Nunc Maxisorp ®Lt SA-plate (incubation overnight at
roomtenperature). After blocking the plate with PBS supplenented with

chi cken ser gabdiénife oLinkvbaabmad ogi es, Pai sl ey, Scotland) and Tween- 20
(0.05 % PBSTC), culture_ supernatants were added. After 15 incubati on for

1.5 hours the plates werobtainsabls antidldgel lines-thegubridewmps yatesubsiprad by
al kal i ne phgﬁﬂg h A8 8uticfVe ﬂecéﬁ 3@, dgélmgl)a]aggcfm%%e@s Hul g&G conj ugat ed

wi th horse per ox ase i ncubation for 1 hour .
the wells were was he@‘hasnb@mﬂmsbvremtestedﬁm'es approximately 10 days with the above .

(2,2 - Azlnobls 3- et hyl t hi azol i ne-sul phoni c- aci d, osti Cs
Mannhei m’ s G G6ces b e Seirfdonag RGeS EEQPWQ{}W%M
Ant i body b' nges"‘ﬁ§ F@K/P{ouﬁlblqd gi. 154)%e%mﬂé¥uﬁao§é58\9§s Fdrrfindd®Aleihe( Bi 0- tek
| nstrunents, nooski , A. Exarple 4 Epitope Specificity of Fully Human

Anti-1L-15 EhisﬁeddﬂcebereWw functl on therapeutically and to inhibit
| L- 15-i nduced proinflammatory effects, IL-15 specific antibodies need to
recogni ze the IL-15 epitopes invol ved in | nteraction with the IL-2RP-chain

and/ or the Yosipaidetethinhtiod bf the @RS aMibaiiés B BLEAS (described by Pettit
et al. )vvere used to evaluate the epita eCIfICIt% of the fully human

anti-1 L4195 anti bodi esTo pgdeym thesentype %BAESI (hal/wel o ag/ml aptidhumanths 1t ant s
used incl udgaddson b 3 al kPR 4404 u?ﬂ%os@ﬁégyl?fférggsm% &ﬁ@ B9gfcPy Ser; a

rrutatlonlnthe -chain interaction sit mut ant . D8S S (Gn 01 F EB
2006 WO 03/ M:aigaﬁ) MwmmalmeMgMeSthemﬁmms) r &fi¢rddektingthSer and

Asp at ition . tituted for. Ser bath the (3 and
- Chai n 1 m BB R EBS sFEp et SithRlok e fekym TR YR TrchBo BB RRIPRG ¢ ne
hl L-15 spec§édtiandydndimaidens2o GABB4; PBITED cuth@é S¥pemnatants were added. After

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



5 and 404E4, to hlL-15 and to nutant IL- 15 proteins To performthe ELI SA
100 I of 1 p.g/m IL- 15 or hlL- 15 nmutant protein, in phosphat @ 1bREBf 28ted
saline (PBS), was added to Nunc Maxisorp ELI SA-plate for coating. After

bl ocki ng tRg, wi th PBS suppl enented with chicken seru 0 fe
Technol ogi es, I5a|t75Fey, Scot |l and) and Tween-20 (0.05 % PBS[P&)(T?US‘{%MI“
dilutions 10 of the hlL-15 specific antibbeies were incubated. After

washi ng, a-Human 1gG Fc conjugated w th peroxidase (Jackson | mmuno
research, Westes(duoVes wReropiackd 81iSar andUSH) at pHSHOSDS ik witedinited PBSEE was added.
After vvashl ng substrate, ABTS (2,2'-

Azi nobi s- 3- AR iy beth bk Pﬁfb¥'§h@l{bﬁﬁﬁ?@1%ﬁds ofdchd- Di agnostics, Mannhei m
.Germany) was added according to the manufacturer's protocol and ant i body

bi ndi ng 15 was evaluated at 405 nmin an EL808 ELI SA-reader (Bio-tek

| nst r unment s EIME A0 détermind/BindipAYf. thel g - 18 sidtifig aofibédies, 1 4618y, 146044815
specific antibodi es 146B7 146H5 404A8 and 404E4 to hlL-15 and to the

| L- 15 nutlant@ngAB4Ed. fehldy hpa aridioldproteinsshown in Figure 1. Neither
146B7 nor 146H5 were ns. Since
both nutants carry thgg(s‘%ﬂg%n@uﬁ%ﬁsgnqb@ﬁgoﬁé?g%grng(j:oggh%lEzlgé]%t%t 146B7 and
146H5 i s wi iphoteing ilnephosphatedtaiffeds:nimlms(RHS)J Wwasldslded icc NunMeaxesotp BiLESH- plhe

y-chain of the - 404E4 wer t bIeto dthe
it ant | pr ot dPesting ipETedTY e slile i B Berruetli ol HidhSebBuloh o1 e
t he (3--and 1yfeCitahiblodiés Paslely NScot dAdBINA T vennb10.95 BB AN BefiadAflutioh€HS bi nd
to LL-15 at the region that interacts with 25 the y- ‘chain of the |L-15

r ecept orl0 Tieff $redgk-déspedifih antihoditaerobrubiated Aftanvashiae, gribimineleht Fon assays

using the fully_ bodi es of .t resent, i nvention. As
Hoscri bed 1 Somtede i PRekidess CRIROR RS B e e RCF R ek B Melan ¢

| L- 15- i ndudzsh)as000fddugidiie PBSTCGrAd added: @A fies waskin sabstrateBMBSIS @@h 146B7 and
146H5 were able.to inhibit. IL-15-induced, proliferation. Further, inhibition

of prolifer AzbisSetylbsasthiaglinenypinhopictacity Roghe Piagaostics: MAMEIN - 15 wi t h
they- subunide nﬂgnytg%s E&déd%ce&fa t8rthe Rndradinrby 2g9ﬁoéépa9§é&;lb%8 %md

PCT/ US02/ 26769 2 Exanple 5 VI VL - Regl on Sequences of” 146B
15 was evaluated at 405 nm in an EL808 ELISA- reader (Bio-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.



The nucl eotide and deduced am no acid sequence of rearranged VH and
VL-donai ns of 146B7 were determ ned using the foll ow ng procedures. These 5
sequences give information regarding the VH and VL germine fani{{&EB dted;
point nutations in these gernline sequences are due to affi n}t mat ur ati on
of B-cel | sSYQUP'HE3S t he i muni zation of the aninal. RNA pr eﬁgréﬁ{%ﬁ{’ﬁ% Tot al
RNA was prepared from5 x 106 146B7 hybrb2lema cells with RNAzol
(Bi ogenesi s, Pool e, England) according to the manufactures protocol. cDNA
prepar ati on Eaepl&BA ofy KMV L qegicibSdquiasesyrangped from 3 g total RNA with
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) i Pr : i to rer's
protocol. 20 25 30 PClﬁngﬁlﬁ%@i&e@ggﬁ%@g%ﬁ%&@g@ggm&e\?f&%@gﬁgﬁgb cl oning .
Primer pair &/ sdadainVblf 14687 wére dptetiimed uihy ABGBTéging PlodedgresTThestg CAg TC
(2) AB63SAg gTg CAg CTg KTg gAg TC (3)AB65gAg .gTg CAg CTg..gTg g.TC VH
| eader 59 pg?(ﬁﬁfl%%(ga‘;%sésmwrg%arﬁg@ theéfwr)gé \%g&m}r@ P RERERFPYMA TTg ggg -
CTg A9C Tg GAXARREAT ﬁlegeb%éﬁ{[e a%ﬁrfe&lég afdfuctd af?ﬁﬁtg%%moﬁéﬁr&@@sqﬁanggg TTC
TTC (8) AB89ATg ggg TCA ACC gCC ATC CT 01 F E B 2006

the immunization of the animal.

RNA preparation
10 Total RNA was prepared from 5 x 10° 146B7 hybridoma cells with

RNAzol (Biogenesis, Poole, England) according to the manufactures protocol.

cDNA preparation
The cDNA of RNA from 146B7 was prepared from 3 pg total RNA with
15 AMV Reverse Transcriptase with buffer (Roche Diagnostics GmbH, Mannheim,
Germany), oligo d(T);s (Promega, Madison, W1, USA), ANTP (Boehringer Mannhetm
corp., USA) and RNAsin (Promega) according to the manufacturer’s protocbl.

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



WD 03/ 017935 PCT/ US02/ 26769 -63 VH 3" primer (9) AB90 TgC CAg ggg gAA gAC
CgA Tgg VKi 5 FR1 5' priners (1) AB8 RAC ATC CAg ATg AYC CAg TC, .( Zﬁ@9
gYC ATC YRg ATg ACC CAg -TC (3) ABLO gAT ATT gTg ATg ACC CAg AC Qd F(?Eﬁ) B 11
gAA ATT gTg TTg ACR CAg TC (5) AB 12 gAA ATW QTR ATg ACA CAg TC 6(;__{6%/ AB 13
gAT gTT gTE'NYIABR CAG TC (7) AB 14 gAA ATT gTg CTg ACT 6&3/%2/1 0K

| eader 5' priners: (8) AB 123 CCC gCT Cags3CTC CTg ggg CTC CIg (9) AB 124
CCC TgC TCA gCT CCT ggg gCT gC (10) AB125 CCC AgC gCA gCT TCT CTT CCT CCT gC
(11) AB 126 ATg gAA CGh Tdg.AAg CCC CAg CAC AgC 20 VK 3' priner (12) AB 16
Cgg gAA gAT gAA gAC AgA TglgréS 30 PCR conditions used to anpli fy VH and V1
regi ons for @) oni ng PCRBReact i origCreAg grergfick pAC WgA Agdnpl | Tag pol yner ase
(Perkin Elmer) on a GeneAnp PCR System 9700 (Perkin El mer Applied

Bi osystens, Foster City, CA USA). PCR cycling protocol: 94 2' 11 cycles
94 30" Vi

5 FR1 5’ primers
) ABS RAC ATC CAg ATgAYC CAgTC
) AB9 gYC ATC YRg ATg ACC CAg TC
3) ABI10 gAT ATT gTg ATg ACC CAg AC
10 (4) AB11 gAA ATT gTg TTg ACR CAg TC
) AB12 gAA ATW gTR ATg ACA CAg TC
() ABI3 gAT gTT gTg ATg ACA CAG TC
%) ABl4 gAA ATT gTg CTg ACT CAg TC
15 Vk leader 5° primers:
) ABI123 CCC gCT Cag CTC CTg ggg CTC CTg
) ABI124 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



6530", mnus 1 per cycle WD 03/017935 -64. 5 72 ' 3" 30 cycles 94 30" 55
30" 11, 72 10' cool down to 4 PCT/US02/ 26769 Cl oning of VH and Vi in
pPGEMT- Vect or Svster | After anal ysing the PCR products on an agd}bﬁﬁ3ﬂﬁﬁ,

t he produckagﬁg{g 10 p nad w"li S4 "De. 6r. &K t-1 Z-awn r A cw-; &
Pi scat away, MBRY " or with the Q AEX 11 Gel Extraction- I{’tCT( 0 Je?

Hi | den, Gernmany). For each experiment 2.gmdependently anplified PCR

products, using FRI orleider sar :, L _~a: rr? ~~s :ir_ +=  ~ ~dt~ .=y
r | (Pronmega) accordipgqpo manufacturers protocol 15 After transformation
to E. coli DH5a, individual colonies were screened by Boloy P' 77 g T !

ti ~ _ tiff30cPcles. , 98°B0”s individual colony was purified using Q aprep
Spin mniprep kit (Qa To Ruth-m analyze a Ncol/Notl (NE Biol abs,

Uni ted Ki ngdom and Roégefiﬁj agnostics) digestion was performed and xWxed i
V ,_ 20 Sequencing Thg y3 fegions were swL:t y~1| =1} -s Systeml. T7 and
Sp6 prinmers (Eurogent (7: ui k, Belgium were used in conbination wth the
Segaerc & i * ASrr gméarl ye i'~izn;r~ct - : ic~ 1 ucha;ng ~ yam

~~Yiru- 25 Kit (Applie | osystens, Warrington., United Kr &t ,7 . Ar : -

h reactions were pertosiavmow 4 ABI PRI SM 377 Sequencer (PE Applied
Bi osyst ens)

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).

30



and ffie sq ae-ees: Tf. u- yu-- %i :'"=ti 5 _m E. re v were then aligned
to germ ine V-gene 'sequences in VBASF- 1F ggue

cpe. camac. uk/int-doc/Public/intro.htn-i). 30 01 F EB 2006 V\O&S/OEJ‘% 35
PCT/ US02/ 2 5 doning and sequencing of the VH and V ' f 146B7
VH and VL- r@‘g(g‘?%oﬂgggfrom hybri doma 146B7 were anplified by Péﬁ&gﬁ’gﬂﬂg oned in
pCEMI- Vect or System |to determ ne the cbldA-sequence. The nucl eotide and
correspondi ng am no acid sequences are shown in Figure 2 (SEQ ID NGs: 1 and
2) 5 and Fi glloging ahSEEQuEhtiNes thd Vanmd4) repRapgaeBel y. The framework (FR)
and conplenmentarity determ ning regions (CDR) are also indicated. The
germine famly for t\ﬁemt'éf@lﬁﬁle%%mlmeﬁﬁlp&ﬁﬁbwgapﬁ Vbase:
VH5-51 (VHS e

germ ine farr(? ?&QH#IPPGEMGT \?I'_%Clr%gé%%&?ﬁ éﬁ%? gahgé:or dR ﬁé%ggqrﬂgﬁ%ﬁ?ﬁ}n Vbase:
A27 (VKIII - smldgomqp)m@nglaﬂm {cdKsegiegmenire shd®n MbFigurei? (SEQID di0sr dgad 2) ng VH

Lt 17 WP VRS 8 (EDE ) Ga) PRI o7 R P eteaR ARDGPSi | o8 of
146B7 15 Thecoﬁi‘pidn%ni%tﬁﬁet@ﬁﬁ%g élfd‘(?DR)%‘ e Rio S8t AGE PhASIHRIInd REFRHANCE

(SPR) technol ogy using a BIA I nstrunment to determ ne biondl ecul ar
protei n i ntferthet umtrgloa@(fdﬁﬁlB?]gcqouimg]@ dlighmeni lnd\’YmS@c‘éqﬁjﬁbéVng@GB),l n the

SPR si gnal urface y ar.e detected
ana o ont 1y DA gD R0 ML CRREERDY 2k SR By oy e 378G OF
Affmity is empBesmldmg thQJénht&nf Bl Vignab: AR 207, dBfsubtoupaid }Ka (Fx- s&gﬁﬁ@u) ation
rate constant (M "), = di ssqci ation rate constant (tsec '

. KA —
associ at Ibn I‘é%fﬁl"l‘fPHFﬁ‘tlﬂﬁ‘]rE%g’cn&n\fH andi Vg -dameips 19 shoypypt s Kabg §§6‘2ﬁ5%1t i on
equi | i bri umggnstaibo rdeHwl@iuVbr th“{r?rzlr“g NIl res were perforned to

obtain the aftinity of 146B7 Tor | L-15 (hiL- 15) Human r econbi nant
IL-15 fromtwo different suppliers 25 (hnmunex corp., Seattle, USA and

Peprotech, Rockyith! | adiity Piiding 2rarsSiRsES (A adn7

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



CVb sensor chip. The conpound coupled to the sensorchip is defined as
ligand. In other experinents 146B7 was used as |igand. In each kinetic

anal ysis, the binding of the analyte, 146B7 or hlL-15 adapted t(} fbg 2006 gand
coupled t sorchip, was conpared to the binding to rence
control tors})glr?z?rabchi p. Serial dilutions of analyte were ?gs”t?ggi’/%g& 3.125,
6.25, 12.5, 25, 50 p.g/m). Association-&nd dissociation curves were fitted
for nmononeric interaction in the nodel Langmuir 1:1, to determ ne ka and kd
and to cal piwvhRheintefactibal thnods] bialeat #RNReaRA Wse@d AlHNAY sBlvrEYatddaldi on
Version 3.1. For.a 01 F. E B 2006 WO 03/ 017935 PCT/ US02/ 26769 -66 bi val ent

i nt er act i onfor @elrifpembaselineyal ent anal yte" was used. Al anal ysis were
corrected for a drifdti Sel : } i Bhity of
14687, the affinity of SAREREU Gl HERRLBY e, AltRO Y bk 1Y

| L- 15 deri vbe4bB7 oas tessurhdfi fbelhanin fecompimhntdi sl5 derived éonatwb Aéfpreat ech, at the
Bl ACORE 3000. i ng 146B7 | i gand d _hll-15 as alyte, . the nonoval ent

i nt eract ?onswgg‘aeg%‘?‘t‘ﬁeﬁé’ﬁg%é by ?t?t?? ﬁ&@éﬁéﬁﬂop %{ﬁ!ﬂsl“ﬁ?ﬁés g‘ﬁ?l? y of .
146B7 for l{yl I "E]f‘an ciation
rate const airlliiL Esazﬁé 1. 57 ’)(Ehegg%%‘)a}(é@g%&a&idﬁsvg%&%%%%ﬁg‘g%\gﬁgﬁ on %glt%g

constant kal:15.56 ( 0.09) x 10"3 sec' Association equilibriumconstant KA
1.55 ( 0.21) x 107 M Dissociation equilibriumconstant KD. 6.59 ( 0.88) x
10-'M 15 To determne the avidity of 146B7, IL-15 (I munex Corp.) was used
as ligand and 146B7 TwsaffiaR(lons46BRioy IE-15 (hanuidieCephavathakied ayer e

anal yzed using Langmuir (1:1) curve fitting the bivalent interaction of the
ant i bodyOwa®llewsr essed, the avidity of the anti body was deternined. 20

The association rate constant K,: 1.07 (£ 0.17) x —105 M sec’!
The dissociation rate constant kg: 6.56 (£ 0.09) x 10’3 sec”!
Association equilibrium constant K: 1.55 (£ 0.21) x 10”7 M?
Dissociation equilibrium constant Kp: 6.59 (£ 0.88) x 10 M
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.



The avidity of 146B7 for |L-15 (I mmunex Corp.) was neasured as follows: The
associ ation rate constant ka: 7.30 ( 0.81) x 105 M' secs The dissociation
rate constant kd: 1.45 ( 2.05) x 10 sec-1 25 Association equil rFlEanm

const ant 053/%# 3.40) x 108 M1 Dissociation equili brlpgg]

1.55 ( 1.24 M The affinity and avidity of 146B7 for }5 derl ved
I L-15 were determned also. No major dié¢fTerences in affinity or aV| dity for
two di fferent sources of 30 |L-15 were seen. WD 03/017935 -67 01 F E B 2006

PCT/ US02/ 26769 As is Q@.S&ﬂés@ﬁﬁ%diiﬂtﬁé@aﬁiﬁé@l&v@@éa@d&h&ﬁﬁ%ﬂbﬂﬁnwmﬂn&h' bi tion
of human interleukin-15 (hlL-15)-induced proliferation of CILL-2 cells and

PBMC by f ul kaferlenlsnnhs @it 15)-indusedprolifesaticasof CIAdB? celigang REMCiby @llmOse
dependent ngpner L A% ik fi?bodléld%@dgﬁl%ng era&és%’&e endSn m%g o1 nh| bi ti on,

[ 3H] -t hym di ne I ncorporation doncent ration a

a nore funciidused pmmaronta@udewamréwbﬁ[m nhwrdlﬁenﬁmxp@ﬂaﬁsle ’DllifDI(ISfOer atl on

i nhibitiagn experinments was, calculated: 3.1 91 nM This IC50 is

agr eement wrencepkationAtgp g inkbaden eamasg f‘B'lCﬂ@@-JQE“%’GB‘UO(dRﬁnIm@ W%Q"Hb 146B7
as ligand a f finity
and  avi di e ORI SO bt S AL 0P O RS E

hl L- 15- |nduﬁ%gra'éﬂfexﬁuﬁﬁh@&lmdllqrmba/sufddlﬂwmmmaom) (Kp LM puingpd4hiBYs The
ef fect of fu'ﬁéaqﬂ ngn an |-I L 15 anti bodi es, 146B7, 146H5 404E4 ~ 15 and
404A8, on |8 Aid Eegr m@nb hpatcly ahenplde sid eandamed gi‘f%‘éFyftﬂ‘i‘eral bl ood

derived mONERHR, GRAsirEhéms s6TENEd ndeom heal thy vol unteers using the follow ng
procedures. To evaluate specificity to IL-15, the effect of these anti bodies

on | L-210nedi ated TNF-a producti on was al so exam ned.
Example 7 Inhibition of hIL-15-induced TNF-o production by fully human anti-
IL-15 antibodies

The effect of fully human anti-IL-15 antibodies, 146B7, 146HS, 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).



20 Cell culture Cultures were maintained in RPM-1640 with 2 mM L-gl utam ne,
100 1Td/ nm penicillin, 100 g/m streptonycin (all derived fromlLife
Technol ogi es, Paisley, Scotland) and 10% heat-inactivated fetal 0dHEB 26 um
(Hyd one, | ;;;,3!33/ Mof) . 25 Purification of peripheral blood rmnonucl ear cells
(PBMVC) Fresh hunan bl ood was drawn from a heal t hy vol unt eer’ @ P¥2P%P or ned
consent, heparin was added agai nst coaguggtion. Purification of PBMC was
perforned by density gradient centrifugation using Ficoll (Pharnacia,
Uppsal a, S\I\@gﬁ@om bumd-91 X WO 03/017935 ? L " ~~1~,}?l ~G-rr' | -68 Test
Conmpound H1T- rorm ci 87?-????, ~~r t, ~att~e mast r~eo hfr,-2,C .u”r.!
.U, ?j1 RV,Q ~terc7 , - HiR-1@r lotn5u687§0 (hldl;rknmanm trgp ? Seattie, WashirigtmrfoStAr ~~2~ 5
14GB7RDJW)7 404A8 (b

34
control antibody TI S]E}“ 9’2% %@[‘}fﬁl"g%‘(rf&‘?lstefd@?bﬁeF‘Ietheﬂﬁn‘isnhl biti on of
human I'L-) 5 f)b. -) ﬁﬁllyﬁﬁﬁamdﬂﬁbé&eﬁﬁmbm@ﬁ(%ﬁmm{m gdl tured in

triplicate or qua ease 1 ~ ~b -5TffANM plate at 1.5 x 20 eeiis per weii i

tt~e pre8er RDIWHTA04A8 (baich: Oigu)l)agd 10%‘34 (hoteh: B§(11j01) and apSsafypei i adi . 7

t; e car_tt el 1 el control. Concana-aalin 4
42. S} ~g& . Sorgoian%ofxﬁ @§ 2§1? zglgbﬁc% 58960«2'ar ~~Q dr proliferation.
Cells were incubated for 72 i s of 3TbC WA 5D~ CG-02".. ~r~Ps t 15 were

harvested to uantlf tfle anount of fiuman T 'y~ ~ rrg’?~s<r ass _s~, The
Net her | ant 4 cigand Lok (hllg-18 8o hlE-27ind dTNEaAmroduamlbvaBM@bv

15- nedi at edan'la\ﬁ @5 %t%lﬂ?t I on by PBMC.
10 PBMC were cultured in triplicate or quadruplicate in 96-well flat-bottom

plate at 1.5 x 10’ cells per well in the presence or absence of hIL-2 or hIL-15 and with or
without anti-IL-15 antibodies. Isotype control antibody (T1) was included as negative
control. Concanavalin A (2.5pug/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.



production in a dose dependent fashion, whereas tine iso e ei z rthp 20
inhibi t 1tt~ -15-iridtrced 77 a prQrrctrarr (t r~zrre ~ rata % j@ﬁ? ~ 0 ~Z
s are shown. 4 34E4 a'}d 4 Q ~acP,re,a?ah~r Ti t ? _ ~ cc~t r 3 @ To
ensure the 5864 ~~ cl ~Pwar - ?2{ sts ~, r srP. ~~c¢ - nedi d TNF-a
producti on mas @gPﬂbted c'~J~ai.r~.".f? *nesatesr<? produc?%%ﬂgﬁég%gnduced
by 146B7 (Figure 13. 1'~o0 dense ' S AQARgoar fIfVIJ RiV c cpPr) in{~1 731
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tirfdrF ~ e~ ~uvs s m5 hlL-15; 1L-2-nediate raducd
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" IFlc Net herlaar \PJf ~ v~3~r 'ice
"~.5; ?thx 15 CTLL-2 ells were was. z Purlflcatlon of pe~ plewat |alw Fresh
human ~~~~ %2? t~ r~alrrrtss~r~*~COI LS"'" u, &-pa' ?22273" 3
Sa- Ml LI’MXB~’>TSBIS’>a GT)I FJJ-L~f1 (i1lLQ
Sihti S~Yli."'7Z4 %dlx%&we?é’m*amtéhkéd 1§k¥M1tf64o~\ﬂtmzx%1\é1L -glutamine, 100

4~ i a' 32f~I~J7ax237~" "TsJ~1l:xiu'r?e ~'za~1lu~i ,ar
10 [U/ml pemc111m 100 p.g/ml streptomycin (derived from Life Technologies, Paisley,

Scotland) and 10% heat-inactivated fetal calf serum (HyClone, Utah, USA).

CTLL-2 cells (Gillis ef al., 1978) were maintained in the abox}e mentioned medium

supplemented with 36 units hIL-2/ml (Chiron Benelux BV, Amsterdam, The

Netherlands) and starved for hIlL-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).
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5 incubated for 16 hours at 3 70C and 5% G D {3izr~~r!5:L Life Sciences,
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hl L-15 and the was added as a positive, control for graliferat air.- Qte

cet t seezef ~cffees on pylifgratmnceaghaiths foup anti-Bhi TRpthadies were addeg- (@iliwer% alf~
f ~~ Cnal {n%%a&efat‘dg {P&f’}m&{ $Pc8ind 58, CORS T8 nihind (1 [ &1, Aoadtfa) T T W
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Life Sciences, Little Chalfont, Buckinhamshire, UK) was added 4 hours before

harvesting (Harvester 96 Mach I1 M, Tomtec, Orange CT, USA).
As is shown in Figure 8, I1.-15 induced proliferation of CTLL-2 cells was

10  decreased in a dose dependent fashion by 146B7 and 146H5 as was reflected by reduced
[’H]-Thymidine incorporation. Both 404E4 and 404A8 were unable to block IL-15
induced proliferation of CTLL-2 cells.

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



dose dependerAy ,d, r~:s~.xe, Ti?frt~ rsss~ ~, ~>rt=. r rrr_rl 25 404E4 and
404A8 were ur3abie was not tested a COFf~int. uiu ;} , r~ RL ;J~3~ rte;
Y'1'JLc. Ste." i~sLQ@- ~~y i. To ensure the specificity of ;L44R7@1ﬁ\€200@nd
484Rd ar "' Wo 5/@7%& ~ also evaluated for their effects c %—-2 1 IL-
anti bodi es "exfii bited an effect ~.r.~ 7? 30 WO 03/ 017935 - 7TCTP%2E 2006
PCT/ US02/ 26769 Exanple 9 Human anti-IL-18 anti body 146B7 binds to human

| L- 15 present on human PBMCs Test conpounds 5 Human PBMCs wer e obt ai ned
fromhealth ee . tinfar, . i tch no.
MDX015), Me é‘?g{?%c. ?ﬁ’m%ﬁthg 1%&%%%%?@%?%? P 'n'ﬁg % Pgﬁqgf'i 14 #gﬁ uman
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dilution: 100 ng/m) and then in 0.1 M NaHC®3 (final dilution: 1 ng/m,
Sigma). Per 1 ng of antibody (diluted in 1 nm), 600 | of biotin solution
was added (dadtleompbiufds RT). Anti body-biotin solution was dialysed in a
slide-a-lyzerTM dialysis cassette (10,000 MACO_ Pierce, Perbio Science,
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peri pheral blood To induce IL-15, blood was obtained by venapuncture from
heal thy volunteers. PBMCs were cultured in RPM 1640 (Bi owhittaker Europe)
suppl ement egl—"t—@d@ﬂ&&ﬁibﬁﬁjﬁﬂﬂlmﬁ’é@g@/ m), streptomycin (50 g/n),

L-gl utam ne (2m) (B Rufyar36REirRHIRATYin RIS ONAS BisRhilREL iy SRISETdSP! | mum
C241, Multicell, Wsent Inc.’) for a nmaximmof 2 days (37C), and were
stimul ai@d diltien5000 tiefrhl) arhihet BoAM AGEICOs (final dilution: 1 mg/ml, Sigma). Per 1

mg of antibody (diluted in 1 ml), 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) (overnight at 4°C) to remove unlabeled
biotin. The following day, concentration of biotinylated antibodies was determined by

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



I ngel heim). 25 Flow cytonetry Cells were pre-incubated with 10% human AB
serum (CLB, Ansterdam Netherlands) in RPM 1640 (Bi owbittaker Europe)
suppl enented with penicillin (5 Um), streptomycin (50 .tg/m X, FEB 2006

L-glutam n Bi owhi ttaker Europe) and 10% fetal calf timum
c241, Ml t?%éﬁW@é%ent Inc.). After perneabilization (20 mﬁ"?%%é, in

Cyt of i x/ CytopermifM Ki t, Becton D cki nsony2 San Di ego, CA) and washing in
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m nutes (4C). Fluorescence intensity 5 of east 5000 cells per sanple was
det er mi néd afatdeast ho00/edlls peysammiewas/daterstingd affeF aggysiaby fiow, cyRaadton
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(mean fl uor egbemecD@aShow i SindilstionGidek8dY), Whithliesdaansed baopkewo st =
staining) 10 I nmunocytochem stry To detect |L-15 present in hunman nonocytes,
cyt ospi n pr Epeatliiaesecngerositivg gingre)imenllppressgnsabgskgroundsta®ing pi nni ng” down
5 x 104 cells (200 1) onto Superfrost(r)-Plus mcroscope slides (Menzel),
slides were air-dried (< 60 mn), fixed in 2% parafornmal dehyde/ PBS (8 mn,

4C), wadRedlmmnuho®BRhemdistei r - dri ed again. Before 15 staining, cytospin
CubSequent 1y used | hr GARISEL e hEPEEcH B BORHaT e, o Tomi BRI DU
per oxi dase a@alé ¥i WholeBISRBRIpIR! ARRF B d¥RhS * NFWEAs @A0 WI)idhtd)- 05% (Vv/ V)
hydrogen peroxide 202) diluted in citric acid/ phosphate buffer (pH 5.8, 20
m n, RT). APgparfrost®-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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anti body, hlgd, shows little binding to unstinul ated nonocytes. Stinulation
with | FNy i R9€e¥eS bi ndi ng of hlgGl through increased expression of Fcy

receptorig on nonocytes. 10 | munocytochem stry Figure 13 shows staining of
human nonocytes with 146B7, or with the control antibody, hlg@. A clear red

st ai ni ng of Imhpmogytenhlendstryi s observed after incubating the cells with
14687, but not wWth t E‘?gu%é) ghoolwsas%ilili?lg%¥hur§gncr%gg$c%elzsxvitﬁl' f/-?b%%, or with the
control antibody, hIgGl. A clear red staining of the cytoplasm is observed after
incubating the cells with 146B7, but not with the control antibody. Accordingly, 146B7
15 binds hIL-15 in monocytes and this binding is upregulated afier stimulation with IFNy.

Figure 13 also shows that II.-15 staining is primarily intracellular.

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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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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bi opsi es wer e obt ai nedAstibody pa6B7 fatch rpl MRS f Medarep &icl, diilsitas, AVUSAd and
transpl anted. onto C. B-17 SCl D (Jackson Laboratories) mce. Three weeks
after transpPaPiCREsSRRAE I Secei ved PBS (pl acebo), CsA (cycl osporine A)

(Sandoz) at a Antibody 146B7 (batch no. 15-00RDIW07), Medarex Inc., Milpitas, CA,
15 TUSA for rheumatoid 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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divided and transplanted onto C.B-17 SCID (Jackson Laboratories) mice. Three weeks
after transplantation mice received PBS (placebo), CsA (cyclosporine A) (Sandoz) at a

15 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. 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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nost of the ;l)rot ein is relocated to the surface of the chronobsones. The
fact that tKelsyitsdarkmyelel, as pempaedieudinle igdtmeet- al | active phases of the
cell cycle (1), S, 2), and mtosis), but is absent fromresting cells
(¥0)), makes it an excellent marker for determ ning the so- called growh
fraction5of S&IDipsertastsrhbdgbopul ation. 146B7 reduces the number of Ki-67+

| k t t F PBS (247.9 77.0 116. 24. 1
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arthritis. Furthernore, mce with engrafted human psoriatic
pl aques, tr psarinsisteveliathd bmsB?lemmi tiuekheshwherwes incgsuresk frigrpdhé siwityn as
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mce. WO 03 017935 Y Cr411 1. C,,ZC Exanp Human anti-IL-15 anti body

| 46$T res aaMélsn waewwaad frymuhcstratummsteumnphnnmtpedh pgiGof the rhtgpegs cart a?

const 1 ut 1 vE B RS PR P, G e enilios F o £ 1

Laboratory, ,zgutAi@ iie ééed}ﬁ)f eﬁ%@ W& redReH 'Byrlagﬁmt{egﬂme\lt (Flé‘u:e 16C):

Bi otinyl ati on of 1468 and human
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.
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stop*t, 2d' ul). Binding was evaluated ar 4d5 rm
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2000 WO 03/017935 PCT/U 2/ 6769 -79 Bindin 146 to IL-15 - IL 15R

conpl ex on @b}tloncé@o mgfRal) andtdeh g &ﬂéﬂﬁ‘iﬁa(ﬁdﬁbahbhﬂwﬂol migirok, 8gra). B! wi t h

10% human pool therl an n, £ b (PBS,
0. 059BSA, 07§ A) h\??ﬁ%éélﬂ%%@ﬁ'@u&%%%m@& V& ;35 &@F@% ﬂnfrf’ﬁ t he
vells, and RBtibodibibith mwﬁ%ésldlal%@d’iﬁ% ﬁqQ-QQyié?“ﬁ(ﬁﬂl%l@'ca&%ﬁotUO@t rons
(dil uted in FACS buffer with 10% human
MWCO, Pierce, Perbio Science, Netherlands) (overnight at 4°C) to remove unlabeled
15 biotin. The following day, concentration of biotinylated antibodies was determined by

spectrophotometry (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).



serun). After incubating the cells for 30 mnutes (4C) and washing twice in
FACS buffer, 50 I of biotinylated antibodies (146B7 or hlgd) was added to
the wells (30 mnutes at 4C). After washing tw ce in FACS buffefrpfs! of
streptavidin 10 phycoerythrin was added to each well (30 mnutes at 40C).
Aft er \Nashi‘ﬁﬁ“t”\ﬂf"c‘,’é’ in FACS buffer, cells were taken up i nPeBYS122819FaCS
buffer, and fluorescence intensity of at74east 5000 cells per sanple was
determ ned after analysis by flow cytonetry (FACS Calibur, Becton

Di ckinson) using Cell Quest software. Data show the stinulation index
(S.1.), which is calculated as follows: 15 S.1. = (nean fluorescence

posi tive st aBiding ¢ ERBT t6 IlidiSesiteiRecdmalkxvo Rai csti@i ni ng) ELI SA Bi ndi ng of

146B7 to IL-15/1L-15R conplex in ELISA is_shawn in Figur 9. Bindi of
146B7 increases with i MRE& W@p?éﬁﬁé?ﬁﬁdégﬁﬂgu@? aﬁ‘fggﬁ’l‘gilﬂ% bfﬁ“”l”d’oiopegl 20
receptor. AR {efh SCIB! RnRe@in A RUOH PICSHuBSHPHY 0RRHABINNG doog | L- 15

or to IL- 15R Binding to | Z-15R-expressing Raii cells Binding of 146B7 to
| L- 15/ | L- $5RNabih). eRkajocel R4 i2*1 @] dells/ng) whewwt imth2 SveHls,ud 020 of dd6i@Ieddilnds t o

the I'L-15/1L-15R ¢ l.ex in _a dose-dependent. r. No . binding of hlgd to
the IL-15/1L11BRS8 |1%>§CV<5’R1|§8P?€“H@I‘9”§_(Gég‘é‘e‘%ﬁgﬁ‘&eg&“?ﬁ wﬁéogéﬁmﬁém is
abl e to bi ndsdrmiSAREL BE Haiigg;ﬂr%eﬁé f&rh’(ﬁni@xﬁfe@}@"@? ah®walling SAEPIATACS 146B7

u
binds to an epitope on IL- is not involved in binding to the

recept or. Ol1bHfdE, 5 pbobividyI8edanibe8icPOR6BICR 27 bowas BidedRefthe wele@0Bat hon
J. M, Martin.R W, FElejschmapn R .M, ser.J. . R, Schiff M H,
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met hotrexate I'n 5°patients wth earl eumatoird arthritis. Engl J Med
343, 1586- 93FAESHnIfgecells ereaalbn@gpl in @00 pl of\ F ACS (261181, )and flnercbenéd mtehSity

bi ol o and el evance tQ human di sease. Bl qgod 97: 14-28
gy otr at least QOO% ceﬁs per sample was etermllsned after analysis by flow cytometry

(FACS Calibur, Becton Dickinson) using CellQuest software. Data show the”
stimulation index (S.1.), which is calculated as follows:

15 S.I.=(mean fluorescence positive staining)/(mean fluorescence background staining)

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.
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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.



01 F E B 2006 -82 W claim 1. An isolated human nonocl onal anti body which
specifically binds to human IL- 15 and inhibits IL- 15 induced

proi nfl ammatory effects. 2. The antibody of claim1 which inhibiltisFEB 200

| L- 15-i nduced TNFa production or T celi8proliferation. 3. The anti body of
claim2 which inhibits IL-15 induced T cell ©proliferation wth an I C50

val ue of less than approxinmately 100 nM as determ ned by proliferation

i nhi bition @&as@¥im:4- The anti body of claim2 which inhibits IL-15 induced T
cell proliTerattron with an 1 C50 val ue of | ess than approximately 10 nM as
determned by proliferation inhibition assay. 5. The antibody of claiml1
whi ch binds to human | L-15 w.th a..dissociation _eguilibriumconstant (KD) of
bel ow 10-7 M as deter 'nedAﬂﬁygﬂ??gggmjBF%%%BWH?EQ%ﬁQH@@C%§5ﬁ§ﬂ?§¥ﬁﬁﬁ$ogy
usi ng recomfy Kiaidn I0LIBBEhdl ikhiblis 8515 heluesdpysidlagiidatbRefRlisi body as the |igand.
6. The antibody of claim1l, wherein the antibody specifically binds to an
epitope |located on the (3-chain or the y-chain interacting domain of human

| L-15. 7. The anti body of Lm.6 rei n t.he anti speci fii | y binds
to an epitope Iocateden tﬁ%g%ﬂgﬁgrﬁﬁﬁﬁﬁé?ggFﬁhgmﬁ%ﬁgﬁﬁ5358ﬁ%%§§ﬂ${-15_ 8.
The ant i bodyro@fictin®rm dell pibEBfeeitidnt he antibody interferes with the binding
of Asp8 of human IL-15 to the O-unit of the human |L-15 receptor or the

bi nding of A nl08 of human IL-15 to the y-unit of human IL-15 receptor. 01

R A ST T T S T e

human nonocl onal

anti body whpelifaaas Witk ah (95, valvdf 1ds9 tHaH approkimakélyd00 adleds Btedifi@by 9G heavy
chain and hurman kappa |ight chain
proliferation inhibition assay.

4. The antibody of claim 2 which inhibits IL-15 induced T cell
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.



nucl ei ¢ aci ds conprising nucl eoti de sequences in their variable regions as
set forthin Figure 2 (SEQID NO 1) and Figure 3 (SEQ I D NQO 3),
respectively, and conservative sequence nodifications thereof. 110 14£8 2006

i sol ated human nonocl onal anti body whi ch8%pecifically binds to human IL-15
havi ng |1 gG heavy chain and kappa |ight chain variable regions which

conprise the am no acid sequences shown in Figure 2 (SEQ ID NO 2) and Figure

3 (SEQID NO 4), respectiygk thtﬁﬂ? o?@l@ﬁﬁﬁ%‘é«hér&% tﬁ@%&%&? spRGfiédIGinRNS
thereof. 12. An isolated human nonocl onal antibody whi ch specifi call'y binds

to human | LtolSceptorgrdusd hgmandDRSdomai n sel ect ed fromthe group consi sting of
(a) a CDR1L domain conprising the amno acid sequence CDR1L shown in Figure 2
(SEQ ID NO 2) and Figure 3 (SEQ ID NG 4), respectively, and conservative

sequence nodi ficationgot hepaqéolated Bliman HoRdclgRATRhAbEDWRICE sptifidadly BHd§o aci d
sequence CDR2 shown in Figure 2 (SEQ 1D NO 2) and Figure 3 SEQID NG 4),

respect i vel {p, hugran IEohsencoded ehurg vyplin pedhhymas kanperlight chaithd (c) a
CDR3 d 2 (SE
D N0 ) and g ot 36 Bpbdn PR S REGUIRHE R RIS B By TR 2 (S50

sequence rmEighrecm(SEQlﬂ)N&ﬂmid FighereiSEQ meNCHR, ebspwmelﬁamm&ersé@dmim an
anti body framework or 10| ned by a synthetic linker. 13. The anti body of
claimi, whesasepeerpedig Fﬁtloﬁéwr‘?(g selected from the group consisting of an
g3, an Ig&, an 1gG3, an IgHA, an IgM an IgAl, an I gA2, an |IgAsec, an
gD, and an IgE antibody. 01 F E B 2006 -84- 14. The anti body of claim 1,
conprising an | gGl healy chAaiisolatédhurhbue mnbdéelond yintibods! ahioh dpesificatly bindan

i a single chal n anti body. 16. The anti body of claim1l

anti body fragment or
which is a w?mw ht | Plerying kg hepyy chaip @%E@Ppafhgm o &arlaskorea@@ﬁww a
hybri doma V\@érﬁ}g’rise 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.

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.



includes a B cell obtained froma transgeni c non-human ani mal having a
genone conprising a human heavy chain transgene and a human |ight chain
transgene fused to an imortalized cell. 18. An isol ated human nothddEBriélb
ant i body which specifically binds to hugdén I1L-15 and inhibits the ability
of I'L-15 to induce proinflammtory effects upon binding to its receptor.
19. A nethod of inhibiting IL-15 induced, but not IL-2 induced, TNFa
production in T cellsjpr mMpRo&HiRy ioP i  ScontSRd & R 19RAVRERiRY | L- 15
with an isolated human nonocl onal “anti body which specifically binds to
human | L-15. 20. A nethod of inhibiting IL-15 induced, but not IL-2 induced,

T cell proliferation,in viiro,. .c Lsin ontacting, lL-15 with an. isolated
human nonocl onal ant}%odyﬂl\%%thboggg)(%:Flgir%glwﬁvabisr?ﬂsanﬁgoch'ﬁ%ﬁ{nqqﬁpi%Slinﬁlset he
presence of cigan ghtibodgel | s. 21. The nethod of claim 20, wherein the T cells
are peripheral blood nononuclear cells (PBMCs) or CTLL-2 cells. 22. A

hybri doma conprising a B cell obtained froma transgeni c non- human ani nal
havi ng a genone conprigsi ng [ r . alight - 85

ui ftoL9UISY chai n tra%@gengﬁeFﬁgg)y?g@%ﬁnﬁsﬂgg%%fﬁgggg§§?$£9Mherein t he
hybri doma produces a human nonocl onal anti body which specifically binds to
human | L- 15. 23. The hybrigona.of claim 22 wGicg produces a human

monocl onal  anti body &hcod&he Bitihedhehclags] naradycedhyiahyRrdomanancikappa 1 ght

chai n_ nuc eiiiug8eh e dbraidt AW ad0TRetl foh- RERHNEERa PraWHIRNoaRARC] Onal
ant i body eﬁ%égEd gyehunﬁﬁ Ig%gﬁgavy' #¥§|1 angglunanaﬁgab %gﬁ?gchain
nucl ei ¢ aci dsmprisimgra hemagheavy Ichaihitchasgeae amda bsmam liphtashainvtaansgdilecfusedgo ons as
set forth in Fi .2.(S ID NO 1) and Figure 3 (SEQID AV.-3j, rume de

ure, 2 Q
. YiO e vs Ogﬁgﬁéﬁ@EESe nodi fications thereof. 25. A by 6 on? wh.id
rrlrndi ¢ a human nonocl onal having |, gG

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



heavy chain and kappa |ight chain variable regions which conprise the am no
acid sequences shown in Figure 2 (SEQ ID NO 2) and Figure 3 (SEQ ID NO 4),
respectively, and conservative sequence nodifications thereof. 2.1 FEBe]006
i sol ated human anti body of claimi produggd 6y a transfectoma conprising
nucl ei ¢ aci ds encodi ng a human heavy chain and a human |ight chain. 27. A
transfectoma conprising nucleic acids encoding a human heavy chain and a

human |ight g ﬁk@nsggﬁ@rﬁﬂs@ & iHn?&?aflig%& @;ﬁﬂegﬂyﬁg%ﬁri@&h@pf@m& Aamunt  of

t he nonocl onal antibody of claim e transfectonma of clalm 27,

conpri si ng humbeinmnaclods aatibedji whyich apdriffaty besls yo bmamIllahd. a human | i ght
chai n conprising nucl eoti de sequences in their variable regions as set
forth in SEQID NO I and SEQ I D NO 3, respectively, or conservative sequence

nodi fications ihereuf 2301 HhEhBoAdiRa 0f392id922 WhichPIGARBY £ hikdhn hléiBEloAd)I el
whi ch expresses a human nonoclonal anti body which specifically binds to

human | L- 18ntibddseacodet ey humandgeieavy ehoin dndrimmaarkappa lighishaingunisice

conpri si ng a.gunan heavy chain transgene and a hunman |ight chain transgene.
30. A net hod“6¥ produci ng a human nonocl onal anti body which specifically

bi nds to human |IL- 15, conprising: inmunizing a transgenic non-human ani nmal

havi ng a genone conprising a human heavy chain transgene and a _human |i ght

chai n transgene with RBfnan# hybridgmgwhigh piedpces adranas menaslanghantibodg  such

e ot PO SN Y R B B b Bk B el 1 o

t he ani mal ; nyel oma ormimmortal,
hybri doma cebinprisihfiaticls@ideatqudhoesin thainaglableakgiont adhed @t mFigurt 2qSEQr
I L-15; and isolating the man_nonocl onal antj bodies specific for 1L-15 from

h
the cultur& g{%é} and gilgpreo’!;] (StEQImW:ﬁhmc?cﬁvely, and conservative sequence

modifications thereof.

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.



31. An immunoconjugate conprising the antibody of claim1l and a therapeutic
agent. 32. The inmunoconjugate of claim 31, wherein the therapeyi{cERht

i s an i nmunosuppressive agent. 33. The inmunoconj ugate of claim 31, wherein
the therapeutic agent 1is an anti-inflangtory agent selected fromthe group
consisting of a steroidal anti- inflammatory agent, a nonsteroidal
anti-inflamatory agent and a DMARD. 34. The i mmunoconj ugate of cl ai m 31,

wherein the therapeutye agghfanskehicndthha¥ifim gpggfc RfrebicEaflugfii® - 87 35. A

phar maceuti cal conposition corrp Ising the anti aim1
phar maceut i mahdgtorzat a&qihcaiblvdlidamepnﬁcallﬁﬁmdéf h)dlmmrﬂdusl 5, ivderon thel taansgé%ﬁac further

conprising a t eut i ent. 37. The co 03| i on aim 36, wherein the
206nt 15 annorbSUEF bEG FEomg SAmPHSAE STRE L ARRs b RSE R dd 37

wherein thEhﬁngﬂJlﬂé}ﬁléHﬂﬁQﬁgggéﬂe agent is cyclosporine. 39. The conposition of
claim 36, wherein the agent is an anti- inflanmmatory agent selected fromthe

group consisting of a steroidal anti-inflammatory agent and a nonster0| dal

anti-inflammatory agent. S of cl a| he agent
is a DVARD sel ected ﬁ om gﬁgetg?%uﬁpr%gnéﬁg%? %Iéla%fnor%f ﬁ%$ agwg? ner cept,
and i nfli xi gpbificdily bihbetolampasiit | RRoMprisihgl m 36, wherein the agent is a
chenot her apeutic agent selected fromthe group consisting of doxorubicin,
cisplatin, bleonyci nMBERIASY tF?élsg%l}Fclll yhammakhavirgia E¢oRCAMBURISING 42.

The conposi £ j.an. 0fstd 2hihInsgE LA B hbiEn AGRhainS AR A9SRth ilthad fERE b

psor i asi s.
a cell expressing human IL-15, such that antibodies are produced by B cells of the

animal;

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.



43. The conposition of claim 36, wherein the agent is an anti body. 44.The
conposition of claim43, wherein the antibody is selected from tgﬁ ?EOEUB
consisting of a CD4 specific antibody and an IL-2 specific antib l/ billE £
B 2006 -88 45. A use of the antibody of-gaim1l for the preparation of a
medi cament for treating or preventing a disorder nediated by human IL- 15.
46. The use of claim45, wherein the disorder is selected fromthe group
consi sting of psori ast ant rpl%xpg;,l, r,

t ranspl ant rejectlonggnd éﬁhgg?%%ﬁg&gFgg e &{&) he %Q%%§ %hgﬁﬁgﬁ 1

wher ei n t heamta pharmpesutisalihaneepteble damiethr i tis.  48. The use of clai m 45,
further conprising a therapeutic agent. 49. The use of claim48, wherein the
agent is an imunosuppressive agent. 50. The use of claim49, wherein the

i Munosuppr essi ve ageps. i STRY EbRFRMdnSF.cldid. 3 SHgthes@nriselgdd fiedBeutither ei n
the agent is an anti-inflammtory agent selected fromthe group consisting

of a steroi@#htanti-inflammtory agent and a nonsteroidal anti-inflammtory
agent. 52. The use of claim48, wherein the agent is a DVMARD sel ected from
the group consisting of nethotrexate, etanercept, and infliximb. 53. The
use of claim48, whergj.n tiTke s@epssitich ¢ LAiRMH, hderpetheiagentdehect ed fromthe
group consi sting of doxorubicin, cisplatin, bleonycin, carmnustine,

cycl ophosphﬂ?ﬁlﬁ%osual?f&s%‘fﬂ%ﬁeahbuml 54. The use of claim 48, wherein the
agent is an agent for treating psoriasis. 01 F EB 2006 -89- 55. The use of
claim48, wherein the agent is an anti body. 56. The use of claim55, wherein
the anti body is sel ecB&d fThecdthposition of claim 37, wherein the immunosuppressive

agent is cyclosporine.

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.



group consisting of a CD4 specific antibody and an IL-2 specific antibody.
57. A use of an isol ated human nonocl onal anti body which speci fdnfmgl nds
to human IL-15 and inhibits the ability of I1L-15 to induce proi ory
effects upon binding to its receptor for88 he preparation of a nedi canent
for treating or preventing psoriasis. 58. The use of claim57, wherein the
antibody inhibits the ability of [1L-15 to induce parakeratosis. 59. The use
of claimb57, wherein ghe al@ds@%‘f'ihe‘dﬁhb@df&fcmﬁl ﬁﬁir'tlhélyre?iratléd-oflé to induce
epi der mal th| ckening. 60. The use of claimb57, wherein the antibody inhibits
t he abi | it ymeflicamentifbr treatingdu peevehténga disorder mediated by hwereatlLrldcytes. 61. A
use of an isol ated human nonocl onal anti body which specifically binds to
human 1L-15 and inhibits the ability of IL-15 to induce proinflamatory

ef fects upon binding 3@ it$hé a&eHtcMimi4%, whbRirihe Ridoaddr e se®dctad frovadhe ament
for treating or preventing rheumatoid arthritis. 62. The use of claim 61,
wher ei n t hegwip ichrsisfingiohipberiasis; Ardhriis inflagnmeggtory bowel disease, qaiersetranselept axi s of
activated I od of diagnosing an |L-15-nedi ated di sease
by detecti ng&l&?ﬁxtagélensfgcﬁlguédgg%g 15 antigen, or a cell expressing IL-15, in
a sanple conprising: 01 F E B 2006 -90 contacting the sanple, and a control
sanple, with the human_antibody of .claim1, under_ canditions that allow for
formation of a conpl e’ bet WE%HSQ(PfeCIaAWt‘}%B’é‘?reH%theﬁ&h{lpéﬁr pepaerd agtgitis - 15
and detecting the formati on of a conplex, wherein a difference in the

conpl ex formati on between the sanple corrpared to the control sanple is

i ndi cative of the pred&nceThé utdofiaim¥st hetleaomhprisibd a thikrapeatieagenaci d
conprising a nucl eoti de sequence encoding a variable region of a human
nonocl onal antibody that inhibits the proinflanmtory effects of IL-15.

49.  The use of claim 48, wherein the agent is an immunosuppressive
agent.

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.



65. A nucleic acid conprising a nucl eotide sequence encoding a variable
regi on of a human nonocl onal anti body that specifically binds tq ﬂfﬁ?%

| L-15, wherein the nucl eotide sequence is selected fromthe grdh 06
consisting of SEQID NO1 and SEQ ID NQ®®8; and conservative sequence
nodi fications thereof. 66. An expression vector conprising a nucleotide
sequence encoding the variable region of a |ight chain, heavy chain, or

both |ight and heavy eghai ng‘PQTéfeaofcrl‘dé 1 Wﬂ%%ﬁpﬁl&é aﬁ%ﬂtﬁ?a@&rﬂ%dﬂumn | L-15.

67. The expression vector arm further cohfprising a nucleotide
sequence encoding the CDR regions of a light chain, heavy chain or both

| i ght and heavy chai ng_ of huma ntihody which binds .[L-15. 68. An
exgressi on vec%/or cong?'i si nge as%{}ﬁaé@t d%ﬁ@&fh@’ﬁé@“&f@dﬁ?ﬂ&“e‘i\gawﬁ\?:hai n and
l'ight chai r'\%\baf)baqwiﬁin a4 YAt MOBBdY SR dnhe-AiPedRicamtidoegquences  shown

in SEQID NO 2 and SEQ ID NO 4, respectively, and conservative sequence
nodi fications thereof. 01 F E B 2006 -91 69. An expression vector conprising

a nucl eoti de sequencesx;ncogi&ggggne?v%tewung ght (}é%g%%%fbgrgg i,ons which

conprise the am no acid seqguen shown in | D NQO 4,

respect i vel ypecidiedllE binds to/Rinh MEILTDHard iaBibite ik dbiley @01L-15 0 influté ansf ect oma
conprising the expression vector of claim66. 71. A use of an isolated human
nonocl onal Bieinflssayatary dfectssipen binding toyitsypeegtorder the peaparation pbaf or t he

preparation %B“%ngﬁg%Pégﬁﬂ%‘%%%%%ﬁﬁ£%§§}ﬂg&lL_ 15 induced, but not IL-2

i nduced, TNFa pro 1 on i nonocytes. 72. A use of an isolated
human nonocl onal anti body which specifically binds to human IL-15 in the

presence of said T cells for the preparation of a _nedicament for_inhibiting
| L- 15 i nduced, but no?8| L- 2h¢ Hepefedpinmd7s wihereis dieiapdbedy ighibitg thepabglitpodpos WO

03/0/7935 - I]L-Fgg Mﬁ’ggg &@J@?atosis.

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:



SEQUENCE LI STI NG <110> GenMab, Inc. et al. <120> HUMAN ANTI BODI ES SPECI FI C
FOR | NTERLEUKI N 15 (1L-15) <130> GM -024PC <150> US 60/ 314, 731 <]<[f21£

2001- 08- 23 <160> 4 <170> Fast SEQ for Wndows Version 4.0 <210> 1 @@5%
<212> DNA <213> Honp sapi ens <220> <22490€DS <222> (1)...(390) <400> 1 gag

gtg
Leu
atc
Cys
cag
Pro
gat
Thr
tcc
Ser

cag
Val

tcc
Lys
atg
Ay
acc
Arg
atc
Thr

ctg gtg cag tct gga gca gag gtg aaa aag ccc ggg gag 48 du Val Gn
Gn Ser Ay Ala Qu Val Lys Lys Pro Ay Qu 1 5 10 15 tct ctg a&g

tgt aag gtt tesnt8dmglRE sdniffle,ldhtl aRBRtr@GEmMPRS wifh thSRHmke Entkbdly bke Ser
Val Ser Ay Tyr Phe Phe Thr Thr Tyr 20 2 30 }Ggg atc ggc 'i\g% gtg cgc
¢

cccclgyy awrdey genditiensghay allaw far fprmaudon qir peamplexchgtweep thgantibpdy @ n Met

Lys 4. eu G TV, 35 40 45 ggg atc atc tat cct ggt gac tct
agap?lgénbbeéeoggagtné%ist r%:dt 192 G.y llelle Tyr Pro Ay Asp Ser Asp

Tyr Ser Pro Saeteflirg the farmafibn 68@c@fplecag gtc acc atc tca gcc gac aag
agc acc gcc tac 240 Gn Ay Gn Val Thr Ile Ser Ala Asp Lys Ser Ile
ila Tyr 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.



65 70 75 80 ctg cag tgg agc agc ctg aag gcc tcg gac acc gcc atg tat tac tgt
288 Leu @n Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr S/::H%S &0

95 gcg aga ggg ggt aac tgg aac tgc ttt gac tac tgg ggc cag gga ac 1 LUV
Arg Ay Ay Asn Trp Asn Cys Phe Asp Tyr-9rp Ay Gn Ay Thr 100 105 110 ctg
gtc acc gtc tcc tca gcc tcc acc aag ggc cca tcg gtc ttc ccc 384 Leu Val Thr
Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Val Phe Pro 115 120 125 ctg gca 390

Leu Ala 130 01 F E B @006 WP L3fQdBvectt confPHbng AR {cEBGEE s@fieBE: heodiff ttt
ggc cag ggg acc aag ctg gag atc agc cga act g't:g get gca 336 Thr Phe Ay Gdn
g

Gy Thr Lysheaxy aml lght varigele regignsTwhiclyapmpgise the amirgoacidsequences showrein gt c ttc
atc ttc ccg I r~ Val Lkie .Phe Pr.o; 1 <210> .4 <211> 119. <212> PRT
2 ian o SEQID N6 ARLSER D NG RGPy A <ofvagthe G merore”
Leu Ser Pro dy 1 5 10 15

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.



Gu Arg Ala Thr Leu Ser Cys Arg Ala Ser A n Ser Val Ser Ser Ser 20 25 30

Tyr Leu Ala Trp Tyr A@n An Lys Pro Ay Gn Ala Pro Arg Leu Leu BHFEDIUG
Ile Tyr Ay Ala Ser Arg Arg Ala Thr Gy Ile Pro Asp. Arg Phe Ser 50 55 60
Gy Ser Ay Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Au 65 70 75 80
Pro A u AspvoPmoiAlsd Val Tyr Tyr Cys.dAn Arg Tyr Ay Ser SerPCHIES0326790 95

Thr Phe Ay A n @y Thr Lys Leu Qu Ile Ser Arg Thr Val Ala Ala 100 105 110
Pro Ser Val Phe Ile Phe Pro 115 3&EDUENCE LISTING

<110> GenMab, Inc. et al.
<120> HUMAN ANTIBODIES SPECIFIC FOR INTERLEUKIN 15 (IL-15)
<130> GMI-024PC

<150> US 60/314,731
<151> 2001-~-08-23

<160> 4
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 390

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (1)...(390)

<430> 1
gag gtg cag ctg gtg cag tct gga gca gag gtg aaa aag ccc ggg gag 48
Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Glu

1 5 10 15

tct ctg aag atc tcc tgt aag gtt tct gga tac ttc ttt acc acc tac 96 -
Ser Leu Lys Ile Ser Cys Lys Val Ser Gly Tyr pPhe Phe Thr Thr Tyr :
20 25 30

tgg atc ggc tgg gtg cgc cag atg ccc ggg aaa ggc ctg gag tat atg 144
Trp Ile Gly Trp Val Arg Gln Met Pro Gly Lys Gly T.eu Glu Tyr Met
35 40 45

ggg atc atc tat cct ggt gac tct gat acc aga tac agc ccg tcc ttc 192
Gly Ile Ile Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro Ser Phe
50 55 60

caa ggc cag gtc acc atc tca gcc gac aag tcc atc agc acc gecc tac 240
Gln Gly Gln Val Thr Ile Ser Ala Asp Lys Ser Ile Ser Thr Ala Tyr
65 70 75 80

ctg cag tgg agc agc ctg aag gcc tcg gac acc gce atg tat tac tgt 288
Leu Gln Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys
85 90 95

gcg aga ggg ggt aac tgg aac tgc ttt gac tac tgg ggc cag gga acc 336
Ala Arg Gly Gly Asn Trp Asn Cys Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

ctg gtc acc gtc tcc tca gcc tcc acc aag ggc cca tcg gtcec tte ccc 384
Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
115 120 125

ctg gca 390
Leu Ala
130



WO 03/017935

<210> 2
<211> 130
<212> PRT
<213> Homo sapiens

<400> 2

Glu
1
Ser
Trp
Gly
Gln
G5
Leu
Ala

Leu

Leu

Val
Leu
Ile
Ile
50

Gly
Gln
Arg

Val

Ala
130

<210> 3

<211>
<212>

Gln
Lys
Gly
35

Ile
Gln
Trp

Gly

Thr
115

357
DNA

Leu

Ile
20
Trp

Tyr
Val
Ser
Gly

100
Val

Val
5
Ser
Val
Pro
Thr
Ser

85

Asn

Ser

<213> Homo sapiens

<220>

<221>
<222>

<400> 3

gaa
Glu
1

gaa
Glu

tac
Tyr

atc
Ile

ggc
Gly
65

cct
Pro

att
Ile

aga
Arg

tta
Leu

tat
Tyr
50

agt

Ser

gaa
Glu

CDs
(1) ...(357)

gtg
Val

gcc
Ala

gcc
Ala
35

ggt
Gly

999
Gly

gat
Asp

ttg
Leu

acc
Thr
20

tgg
Trp

gca
Ala

tct
Ser

ttt
Phe

acg
Thr

ctc
Leu

tac
Tyr

tcc
Ser

999
Gly

gca
Ala

Gln
Cys
Arg
Gly
Ile
70

Leu

Trp

Ser

cag
Gln

tcc
Ser

cag
Gln

cgce

aca
Thr
70

gtg
Val

Ser
Lys
Gln
Asp
Ser
Lys
Asn

Ala

tct
Ser

tgc
Cys

cag
Gln

agg
55
gac

Asp

tat
Tyr

Gly
Val
Met
40

Ser
Ala
Ala
Cys

Ser
120

cca
Pro

agg
Arg

aaa
Lys
40

gcc
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