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2001) . nerve fibers. Eosinophils also produce mediators that can augment mast cell hlstamme release.

25 This spectrum of activities contributes directly to chronic inflammation of the bronchial
airway as manifested by swelling of the airway walls and the generation of airway mucus. By
facilitating the penetration of airborme agents through the damaged airway epithelium, this
inflammation can directly cause increased neuronal responsiveness and smooth muscle
contraction (Greenfeder et al., Respiratory Research 2:71-79, 2001).

30 Interleukin-5 (IL-5) is a major eosinophil mediator and a critical factor in
inflammatory injury of the airways in asthma. It is produced primarily by the Th2 subset of T
cells and, to a lesser extent, by other cell types including eosinophils. IL-5 is of critical
importance for the maturation of eosinophils in the bone marrow and of minor importance for
the chemotactic response of eosinophils. IL-S also stimulates eosinophil activation, prolongs

35 survival, facilitates degranulation in response to specific stimuli (such as IgA or IgG), and is
generally a pro-inflammatory mediator. Increased levels of IL-5 have been measured in
clinical asthma and human bronchial antigen challenge models (Greenfeder et al., Respiratory
Research 2:71-79, 2001).

Asthma is currently most effectively treated by a regimen of either inhaled or

40 oral steroids that suppress expression of a number of key mediators in asthma, including IL-5,
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25 compared to the germline amino acid sequence.

In some embodiments, the light chain amino acid sequence of the antibodies or
antigen-binding fragments thereof comprises an amino acid sequence derived from the
germline amino acid sequences of a human VK08/018 gene and a human JK4 gene. In further
embodiments, the light chain CDR1, CDR2, FR3, CDR3 and FR4 each comprise one amino

30 acid substitution compared to the germline amino acid sequence.

In some embodiments, the antibody comprises the heavy chain amino acid
sequence shown in SEQ ID NO: 2. In other embodiments, the antibody comprises a heavy
chain comprising the CDR1, CDR2 and CDR3 shown in SEQ ID NOS: 8, 10, and 12,
respectively. In another embodiment, the antibody heavy chain comprises a contiguous portion

35 of the amino acid sequence shown in Table 2 from CDR1 through CDR3. In a further
embodiment, the antibody heavy chain comprises the amino acid sequence of the heavy chain

variable region shown in SEQ ID NO: 6. In other embodiments, any of the above-described
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According to another object, the invention provides a human anti-IL-5 antibody

or antigen-binding portion thereof that is labeled or derivatized. In one embodiment, the

25 antibody or portion thereof is labeled with a radiolabel, an enzyme label, a toxin, a magnetic
agent or a drug conjugate. In another embodiment, the antibody or portion thereof is
derivatized to improve one or more of its characteristics, such as half-life, bioavailability or
activity. In a preferred embodiment, the antibody or portion thereof is derivatized with
polyethylene glycol, at least one methyl or ethyl group or at least one carbohydrate moiety. In

30 another preferred embodiment, the labeled or derivatized antibody or portion thereof is used in
diagnostic or therapeutic methods.

According to another object, the invention provides an anti-IL-5 antibody or
antigen-binding portion thereof of the invention that is characterized by one or more of the
following: inhibits or decreases IL-5-mediated inflammation, eosinophil maturation,

35 activation, degranulation or infiltration into a tissue in vivo or in vitro, inhibits IL-5 induced

hyper-responsiveness of a smooth muscle, and decreases IL-5 levels in lungs, airways or blood.
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25  Strauss syndrome, atopic dermatitis, onchocercal dermatitis, episodic angiodema, eosinophilic
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myalgia syndrome, coeliac disease, eosinophilic gastroenteritis, helminth infections, Hodgkins
disease, nasal polyps, Loeffler’s syndrome, urticaria, hypereosinophilic bronchitis, arteritis
nodosa, sinusitis, chronic sinusitis, eosinophilic esophagitis, allergic eosinophilic esophagitis,
allergic conjunctivitis. In a more preferred embodiment, the method inhibits or decreases

30 eosinophilic infiltration into the lung. The antibody or portion thereof may be administered
from three times daily to once every six months, and may be administered via an intravenous,
subcutaneous, intramuscular, parenteral or topical route. In another embodiment, the method is
performed along with surgery or other immunotherapy. In a still further embodiment, the
antibody is labeled with a radiolabel, a drug conjugate, an immunotoxin or a toxin, or is a

35 fusion protein comprising a toxic peptide.
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allergic bronchopulmonary aspergillosis, hypereosinophilia, Churg-Strauss syndrome, atopic
dermatitis, onchocercal dermatitis, episodic angiodema, eosinophilic myalgia syndrome,
coeliac disease, eosinophilic gastroenteritis, helminth infections, Hodgkins disease, nasal

25 polyps, Loeffler’s syndrome, urticaria, hypereosinophilic bronchitis, arteritis nodosa, sinusitis,
chronic sinusitis, eosinophilic esophagitis, allergic eosinophilic esophagitis, allergic

conjunctivitis.

DETAILED DESCRIPTION OF THE INVENTION

30

Definitions and General Techniques

Unless otherwise defined herein, scientific and technical terms used in
connection with the present invention shall have the meanings that are commonly understood
by those of ordinary skill in the art. Further, unless otherwise required by context, singular

35 terms shall include pluralities and plural terms shall include the singular. Generally,
nomenclatures used in connection with, and techniques of, cell and tissue culture, molecular

biology, immunology, microbiology, genetics and protein and nucleic acid chemistry and
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pol ypept bdpolymeric. Preferred polypeptides in accordance with the invention comprise the human
25 heavy chain immunoglobulin molecules and the human kappa light chain immunoglobulin
molecules, as well as antibody molecules formed by combinations comprising the heavy chain
immunoglobulin molecules with light chain immunoglobulin molecules, such as the « light
chain immunoglobulin molecules, as well as fragments and analogs thereof.
The term “isolated protein” or “isolated polypeptide” is a protein or polypeptide
30 that by virtue of its origin or source of derivation (1) is not associated with naturally associated
components that accompany it in its native state, (2) is free of other proteins from the same
species (3) is expressed by a cell from a different species, or (4) does not occur in nature.
Thus, a polypeptide that is chemically synthesized or synthesized in a cellular system different
from the cell from which it naturally originates will be “isolated” from its naturally associated

35 components. A protein may also be rendered substantially free of naturally associated

components by isolation, using protein purification techniques well known in the art.



30 that by virtue of its origin or source of derivation (1) is not
associated with naturally associated conponents that acconpany it inits
native stwoe3/0§dy9is free of other proteins fromthe sanePCIasos/ere(3) is
expressed by a cell froma different species, or (4) does not occur in
nature. Thus, a polypeptide that is chemcally synthesized or synthesized
in a cellular systemdifferent fromthé cell fromwhich it naturally

originates will be "isolated" fromits naturally associated 35 conpongnts.
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purificati gn. 15 The term "pol ypeptide fragnent” as used herein refers to a
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Typically, polypeptide analogs comprise a conservative amino acid substitution (or insertion or
25 deletion) with respect to the naturally-occurring sequence. Analogs typically are at least 20
amino acids long, preferably at least 50 amino acids long or longer, and can often be as long as
a full-length naturally-occurring polypeptide.
Non-peptide analogs are commonly used in the pharmaceutical industry as
drugs with properties analogous to those of the template peptide. These types of non-peptide
30 compound are termed “peptide mimetics” or “peptidomimetics”. Fauchere, J. 4dv. Drug Res.
15:29 (1986); Veber and Freidinger TINS p.392 (1985); and Evans et al. J. Med. Chem.
30:1229 (1987), which are incorporated herein by reference. Such compounds are often
developed with the aid of computerized molecular modeling. Peptide mimetics that are
structurally similar to therapeutically useful peptides may be used to produce an equivalent
35 therapeutic or prophylactic effect. Generally, peptidomimetics are structurally similar to a
paradigm polypeptide (i.e., a polypeptide that has a desired biochemical property or

pharmacological activity), such as a human antibody, but have one or more peptide linkages



drugs with properties anal ogous to those of the tenplate peptide. These
types of non-peptide 30 conmpound are terned "peptide m netics" or
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Freidinger TINS p.392 (1985); and Evans et al. J. Med. Chem 30:1229
(1987), which are incorporated herein by,reference. Such conpounds are
often developed with the aid of compute §| zed nol ecul ar nodel i ng. Peptide
mnetics that are structurally simlar to therapeutically useful pti des
my beé usetonalygepldeaddyamlinage selecser fram th%@ﬁoapéamﬁl%m@wfméﬁtht1(§'l.§f‘ﬁ ect .

General ly, peptidom netics are structurally simlar to a aradé

pol ypept rd%}?:( EHe“ --Q%@Wd@ﬁt@@gaﬁﬂarcﬁé@{a' d@f(péﬁcﬁ’oeh‘éﬁf@éll C8"()tb'erty or
h o) t. tibod but h

et i do. etk imas b PelfeisBRRuim o B st ar iy BRI by

l'i nkage %Sﬁ&ﬁh%@e&ﬁéﬂ%m adD- QN CAVS bSthe @ﬁ&n@f};e-(c E\'I‘)‘sme in plaERSf Exlysine)
- - CH2- -(cis and trans), -- CH(OH) CH2--, and

-CH ) SO mayba;}so breushcb@sgmrate mnmmahlmp@m@earin adgyWeemtstrémg@mmtidﬁm i on of
ds_of th
one ]{pr éo?lgnamg%ﬁ_%ﬁ%;g?%gseﬂ%nﬁ% 81“ > Sﬁ)?s{'é ti f}gﬂgﬂfc%l &Hspnﬁ?l cﬁl@h&ova?l%t gn 91fay e

sane ace o

gener at e bapegersted Bl endlitds ikele®n il the aetdRizocind @ens:t}rmm R@v. pﬁbtke@besél 13(87
conpr|5|nag$ consensus sequence or a substantially. identical conse
sequence (V32).dn¢esmorategl hepran B FRAGISRS fayewm%%&@/ addmgrinteraf pesteing reg ‘E% and

G et asch Aiye it HeanRabcaL ISR WhIAL BRIANE efifreei n bY

ref er encé |ng inter a cysteine re ues capabl e of
for m ng i ntranol eCLAra‘rurﬁlthglfobuﬂm s hdegresneantei mbleaye | Inzaenzttmnp@pd:urdag An

"imrunogl.obulin” is a tetraneric nol egule. a nat.ur - OCCUrr,i
i munbg | dBmUrAgloRule, cpe ieRreT 1f §°‘BB?P6§§§BV%¥£PWI PRENL R? 5 ﬁb'?s cath

pOl ypept ﬁ' hﬁtﬁﬂg%ﬁe “ﬁ%ﬁ’h (7abB§1' 35 IEI??%’) aid oRPeheal! ’gmam (a@@ﬁ’tui';o ?@kaa)T&erﬁG-e

heavy" chain bout he am no- erm nal portion of each chain
i ncl udes tmmi lpabioa afegétochapf malludcﬁta yf@abtearegiv0 ofaband 80 ol Hbor meriedsino

| bl e f t t box ti
b each SGHAPRTAE] e oG PR FEGRONoBr hRFRPG Y BSHON PRI FF f ect or
functi onchiid@Ands egnfbtnstﬁﬂﬁ'e%r%n %ﬁnﬁh@y fek@&ﬁibﬁé £ effSctlr ﬁmeluaﬁ | @hhn EBRichgins

Heavy chains are cl assi f , or s, and define the antibody's

i sot Ve aee qlgqv;ﬁnga@fc alng@hghgﬁhauénd{qagEchm@%ye@{asvﬁF@ as MyA-fi p1, 0T egARd gefine

of - atvout TRApORS istReR 10T R, TG bad AR RO AR, PGS ke ey 9.

regi on ofch@hgUhe wdiab MdaBhiient a&dislss. arSﬁﬁnemrhe‘rJaflrbgion Eﬂﬁtdﬂllﬂ‘ﬁimbﬁinofd’riﬁimol ogy
Ch. 7 (Paul, W, ed., 2nd _ed. Raven Pre N. Y. (1989)) 25 (incorporated by

r ef er enc&cidp, Witlsthehepyeghpirt gso @F\‘Jdﬁ’lgrapd% er§¥1°n'ﬂﬁéb%rli0dmr§ apERA FAdS- o¥¢eeach
1 Ont ] D eRNe, GG BB bndd Ll €. § YW L1908 b RAGPrERAN 1AM SHRCE

i rmunogl|
25 (incorporated by reference in its entirety for all purposes). The variable regions of each

light/heavy chain pair form the antibody binding site such that an intact immunoglobulin has
two binding sites.
Immunoglobulin chains exhibit the same general structure of relatively

conserved framework regions (FR) joined by three hypervariable regions, also called

30 complementarity determining regions or CDRs. The CDRs from the two chains of each pair
are aligned by the framework regions, enabling binding to a specific epitope. From N-terminus
to C-terminus, both light and heavy chains comprise the domains FR1, CDR1, FR2, CDR2,
FR3, CDR3 and FR4. The assignment of amino acids to each domain is in accordance with the
definitions of Kabat Sequences of Proteins of Immunological Interest (National Institutes of

35 Health, Bethesda, Md. (1987 and 1991)), or Chothia & Lesk J. Mol. Biol. 196:901-917 (1987);
Chothia et al. Nature 342:878-883 (1989).



two binding sites. Immunoglobulin chains exhibit the same general structure
of relatively conserved franework regions (FR) joined by three hypervari
abl e regiwpg3/0sdoso cal |l ed 30 conpl enentarity determ ni ng PeFiusNyons0 CORS.
The CDRs fromthe two chains of each pair are aligned by the franmework
regi ons, enabling binding to a specifi cgepi tope. FromN-termnus to
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thereby fiabeinBfpthfiedam Bet Jsﬁlggﬁiiﬂkewtﬁ[ahi_s@mo@m l18%Yfor SARRE BetweEn afeot her
chai n and crePatl ng two antigen binding sites (see e.g., |1 Tger, P., et

al .,  Prbeo dodadihs omthagamschainUBaeby f@ding teadrgnaingoairayith eunplamenty J. | et
Ialnt o gt ' ((P:rtéglhfe 8f2 %ofh:ﬁ% ]F'l%liﬁ :!air]fg g’feat]fngggtl\lx)o' an(t:@gn erndmérsﬁes see e.gg)ﬁolfl?geir,rp%t%?,r at ed
Proc. Natl. Acad. Sci. USA 90:6444-6448, 1993, and Poljak, R. J,, et al., Structure
25 2:1121-1123, 1994). One or more CDRs may be incorporated into a molecule either
covalently or noncovalently to make it an immunoadhesin. An immunoadhesin may
incorporate the CDR(s) as part of a larger polypeptide chain, may covalently link the CDR(s)
to another polypeptide chain, or may incorporate the CDR(s) noncovalently. The CDRs permit
the immunoadhesin to specifically bind to a particular antigen of interest.
30 An antibody may have one or more binding sites. If there is more than one
binding site, the binding sites may be identical to one another or may be different. For
instance, a naturally-occurring immunoglobulin has two identical binding sites, a single-chain
antibody or Fab fragment has one binding site, while a “bispecific” or “bifunctional” antibody
has two different binding sites. Bispecific antibodies can be produced by a variety of methods

35 including fusion of hybridomas or linking of Fab’ fragments. See, e.g., Songsivilai &



covalently or noncovalently to make it an i mmunoadhesi n. An i mmunoadhesin
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A humani zetd)calv\lﬂ;]lnmgdaﬁprspaam i Yasistyoftways, asqleg@iied ¥81MY.om a non- human
species, in iC ertain L els

domai ns of the hea %edgamlg()dﬁ glaﬁgm y}%attégn mut atﬁlg)(li“?l ggoggﬁﬁgﬁa coles

abr ogat e ipWhicAein &ﬁﬁmm& infthdframesork 20d Abhsam abmaais\of tiee Hvanﬁmmcth@ht
anti body may be produced by fusing the constant domains froma hunman
ant i body chaing kpvepgen @Htaéedcwmﬁlt%é"%ﬁ ORabiREALe ARHAMEPRESSRAISE Y AMAIMSs of how t o

6. 052 5o PG RHS LR o R e ocd . BRI Snsle %‘%?ﬁp?%?é‘r s to

an ant i bodiak Bi&ibod9né tenariable domaims Ioéa nas-hnmgh spesidsr dxampies afhobwdelmaked one

or nore regions fromone or re .o nt |
hUI%aanCd antibodies may be found in mte tatesbé)atent ?\Ios 6,054,297, 5,886,152 and
5,877,293.

The term “chimeric antibody” refers to an antibody that contains one or more
25 regions from one antibody and one or more regions from one or more other antibodies.
The term “K, ¢ refers to the off rate constant for dissociation of an antibody
from the antibody/antigen complex.
The term “Ky” refers to the dissociation constant of a particular
antibody-antigen interaction.
30 The term “epitope” includes any protein determinant capable of specific binding
to an immunoglobulin or T-cell receptor. Epitopic determinants usually consist of chemically
. active surface groupings of molecules such as amino acids or sugar side chains and usually
have specific three dimensional structural characteristics, as well as specific charge
characteristics. An antibody is said to specifically bind an antigen when the dissociation
35 constantis 1 uM, preferably <100 nM and most preferably <10 nM.
Fragments or analogs of antibodies or immunoglobulin molecules can be readily

prepared by those of ordinary skill in the art following the teachings of this specification.
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secondary structure that characterizes the parent sequgence).. anpl es of
ar t - r ecoYRFS A PepAdPpETTICHE %Emvzﬁﬁﬁ‘etpé o gﬁqyegcteﬁugfﬂpélgsgfe descri bed

in Prot e&r'f'—?ecognized polypeptide secondary and tertiary structures are described in Proteins,

Structures and Molecular Principles (Creighton, Ed., W. H. Freeman and Company, New

25  York (1984)); Introduction to Protein Structure (C. Branden and J. Tooze, eds., Garland
Publishing, New York, N.Y. (1991)); and Thornton et at. Nature 354:105 (1991), which are
each incorporated herein by reference.

As used herein, the twenty conventional amino acids and their abbreviations

follow conventional usage. See Immunology - A Synthesis (2™ Edition, E.S. Golub and D.R.

30 Gren, Eds., Sinauer Associates, Sunderland, Mass. (1991)), which is incorporated herein by
reference. Stereoisomers (e.g., D-amino acids) of the twenty conventional amino acids,
unnatural amino acids such as a-, a-disubstituted amino acids, N-alkyl amino acids, lactic acid,
and other unconventional amino acids may also be suitable components for polypeptides of the
present invention. Examples of unconventional amino acids include: 4-hydroxyproline,

35 +-carboxyglutamate, e-N,N,N-trimethyllysine, e-N-acetyllysine, O-phosphoserine,
N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-hydroxylysine, s-N-methylarginine,

and other similar amino acids and imino acids (e.g., 4-hydroxyproline). In the polypeptide



Structures and Mol ecular Principles (Creighton, Ed., W H Freeman and
Conmpany, New 25 York (1984)); Introduction to Protein Structure (C. Branden
and J. Towoe3ngdse , Garland Publishing, New York, N.Y. (P2e91sysoasd
Thornton et at. Nature 354: 105 (1991), which are each incorporated herein
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sense or antisense oligonucleotides.

25 The term “naturally occurring nucleotides” referred to herein includes
deoxyribonucleotides and ribonucleotides. The term “modified nucleotides” referred to herein
includes nucleotides with modified or substituted sugar groups and the like. The term
“oligonucleotide linkages” referred to herein includes oligonucleotides linkages such as
phosphorothioate, phosphorodithioate, phosphoroselenoate, phosphorodiselenoate,

30 phosphoroanilothioate, phoshoraniladate, phosphoroamidate, and the like. See e.g., LaPlanche
et al. Nucl. Acids Res. 14:9081 (1986); Stec et al. J. Am. Chem. Soc. 106:6077 (1984); Stein et
al. Nucl. Acids Res. 16:3209 (1988); Zon et al. Anti-Cancer Drug Design 6:539 (1991); Zon et
al. Oligonucleotides and Analogues: A Practical Approach, pp. 87-108 (F. Ecksteir_l, Ed,,
Oxford University Press, Oxford England (1991)); Stec et al. U.S. Patent No. 5,151,510;

35 Uhlmann and Peyman Chemical Reviews 90:543 (1990), the disclosures of which are hereby

incorporated by reference. An oligonucleotide can include a label for detection, if desired.



usual ly single stranded, e.g. for probes; although oligonucl eotides may be
doubl e stranded, e.g. for use in the construction of a gene nmutant.
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binding site, and transcription termination sequence; in eukéryc;t’es, generally, such control
25 sequences include promoters and transcription termination sequence. The term “control
sequences” is intended to include, at a minimum, all components whose presence is essential
for expression and processing, and can also include additional components whose presence is
advantageous, for example, leader sequences and fusion partner sequences.
The term “vector”, as used herein, is intended to refer to a nucleic acid molecule
30 capable of transporting another nucleic acid to which it has been linked. One type of vector is a
“plasmid”, which refers to a circular double stranded DNA loop into 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
35 bacterial origin of replication and episomal mammalian vectors). Other vectors (¢.g.,

non-episomal mammalian vectors) can be integrated into the genome of a host cell upon

introduction into the host cell, and thereby are replicated along with the host genome.



sequence); sequences that enhance protein stability; and when desired,
sequences that enhance protein secretion. The nature of such control
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such as viral vectors (e.g., replication defective retroviruses,
adenovi r usaddhesik  adeno- associ at ed viruses), which serve equival ent
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cel |, butcids.e“Iighlstringendyided highl hstringére” sesiitéonsfcan he usedrtmatinovs sedestive  as
25 hybridization conditions as known in the art and discussed herein. An example of “high
stringency” or “highly stringent” conditions is a method of incubating a polynucleotide with
another polynucleotide, wherein one polynucleotide may be affixed to a solid surface such as a
membrane, in a hybridization buffer of 6X SSPE or SSC, 50% formamide, 5X Denhardt’s
reagent, 0.5% SDS, 100 pg/ml denatured, fragmented salmon sperm DNA at a hybridization
30 temperature of 42°C for 12-16 hours, followed by twice washing at 55°C using a wash buffer
of 1X SSC, 0.5% SDS. See also Sambrook et al., supra, pp. 9.50-9.55.

Two amino acid sequences are homologous if there is a partial or complete
identity between their sequences. For example, 85% homology means that 85% of the amino
acids are identical when the two sequences are aligned for maximum matching. Gaps (in either

35 of the two sequences being matched) are allowed in maximizing matching; gap lengths of 5 or

less are preferred with 2 or less being more preferred. Alternatively and preferably, two

protein sequences (or polypeptide sequences derived from them of at least 30 amino acids in



used herein. 20 The term "sel ectively hybridize" referred to herein nmeans
to detectably and specifically bind. Polynucleotides, oligonucleotides and
f ragment swolenem89 i n accordance with the invention sel ecticraisgs/ebei di ze
to nucleic acid strands under hybridization and wash conditions that

m ni m ze appreci able amounts of detectable binding to nonspecific nucleic
acids. "Hi gh stringency" or "highly stri gent" conditions can be used to
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vol ume, pRuedce GTANR”I WO sequences or parts thereof are more preferably 10
honol ogous if their am no acids are greater than or equal to 50% i denti cal
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sequence, £af.d Jequé:ffc'é?ﬁd-y%’a LBt BPE 204 s08uchEY YS S@mple, as a segment of a

full-length cDNA or gene sequence given in a sequence listing or may comprise a complete

25 cDNA or gene sequence. Generally, a reference sequence is at least 18 nucleotides or 6 amino
acids in length, frequently at least 24 nucleotides or 8 amino acids in length, and often at least
48 nucleotides or 16 amino acids in length. Since two polynucleotides or amino acid
sequences may each (1) comprise a sequence (i.e., a portion of the complete polynucleotide or
amino acid sequence) that is similar between the two molecules, and (2) may further comprise

30 asequence that is divergent between the two polynucleotides or amino acid sequences,
sequence comparisons between two (or more) molecules are typically performed by comparing
sequences of the two molecules over a “comparison window” to identify and compare local
regions of sequence similarity. A “comparison window”, as used herein, refers to a conceptual
segment of at least 18 contiguous nucleotide positions or 6 amino acids wherein a

35 polynucleotide sequence or amino acid sequence may be compared to a reference sequence of
at least 18 contiguous nucleotides or 6 amino acid sequences and wherein the portion of the

polynucleotide sequence in the comparison window may comprise additions, deletions,



"TATAC' corresponds to a reference sequence "TATAC' and is conplenentary to
a reference sequence "GTATA'. The following terns are used to describe the
sequence woeloansosshi ps between 20 two or nore pol ynucl eotrcaarses/oenst no aci d
sequences: "reference sequence", "conparison w ndow', "sequence identity",
"percentage of sequence identity", and "substantial identity". A
"reference sequence" is a defined sequeﬂ%e used as a basis for a sequence
conparison; a . reference sequence be a subset of a |arger sequence, for
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PCT/ USO3/selgcted 16 5 substitutions, and the like (i.e., gaps) of 20 percent
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conducted by the |ocal honpl ogy al gorithm.of Smith and, Vater Adv. Appl .
Mat h.  2: AeoComppgigan winklow. hEheEig | RRgGenEASe §f Aeenca Gsmw hmcafw Yeman and

Winscjy J. . B : : ; S hihhe'TRE hod
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the window size), and multiplying the result by 100 to yield the percentage of sequence
25 identity. The terms “substantial identity” as used herein denotes a characteristic of a
polynucleotide or amino acid sequence, wherein the polynucleotide or amino acid comprises a
sequence that has at least 85 percent sequence identity, preferably at least 90 to 95 percent
sequence identity, more preferably at least 98 percent sequence identity, more usually at least
99 percent sequence identity as compared to a reference sequence over a comparison window
30 of atleast 18 nucleotide (6 amino acid) positions, frequently over a window of at least 24-48
nucleotide (8-16 amino acid) positions, wherein the percentage of sequence identity is
calculated by comparing the reference sequence to the sequence which may include deletions
or additions which total 20 percent or less of the reference sequence over the comparison
window. The reference sequence may be a subset of a larger sequence.
35 As applied to polypeptides, the term “substantial identity” means that two
peptide sequences, when optimally aligned, such as by the programs GAP or BESTFIT using

default gap weights, share at least 80 percent sequence identity, preferably at least 90 percent
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25 basic=lysine, arginine, histidine; (3) non-polar=alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan; and (4) uncharged polar=glycine, asparagine,
glutamine, cysteine, serine, threonine, tyrosine. More preferred families are: serine and
threonine are aliphatic-hydroxy family; asparagine and glutamine are an amide-containing
family; alanine, valine, leucine and isoleucine are an aliphatic family; and phenylalanine,

30 tryptophan, and tyrosine are an aromatic family. For example, it is reasonable to expect that an
isolated replacement of a leucine with an isoleucine or valine, an aspartate with a glutamate, a
threonine with a serine, or a similar replacement of an amino acid with a structurally related
amino acid will not have a major effect on the binding or properties of the resultinglmolecule,
especially if the replacement does not involve an amino acid within a framework site. Whether

35 an amino acid change results in a functional peptide can readily be determined by assaying the

specific activity of the polypeptide derivative. Assays are described in detail herein.



aromati c side chains is phenylal anine, tyrosine, and tryptophan; a group of
am no acids having basic side chains is |ysine, arginine, and histidine;
and a growmp os0ssagd no aci ds having 15 sul fur-containing si #eTalsas/oeo s
cysteine and nethionine. Preferred conservative am no acids substitution
groups are: valine-|eucine-isol eucine, enyl al ani ne-tyrosi ne,

| ysi ne-arginine, alanine-valine, glutanite-aspartate, and

asparagi ne-gl utam ne. As discussed herein, mnor variations in the amno
aci d Sequences of dstuserblkreis. thetermsmiabsl| BHiAPElsd N fers te ssomortion it appiher ed
as being_e e th e . i i.on, i di t he

vari ati or%oq:gc%?%)ﬁzﬁ%%t%d%cﬁ%&%@;ﬁéﬁ&r&ﬁ% al’tafnlggtde g%‘ékd&}%%;&’ 3 'e

pr ef er abliptogioritmsdf aG83ip1a8O1%d a®RG aciher amashmeited e pablpyptdR6fbiainyhoeieties
identity. In particular, conservative am ngo.acid . replacenents are

cont enpl 1atgan epdtentedhy marked gy (e streptauiditenataining g lyozesee MAKENQT ¢ hi n a
famly of]g;ﬁi r A hFi Sl hAS. ically
encoded am nozﬂl(aecal {élggtrh ép%%r%rdg}e%ghg)%)?gg O;r E?gﬁ?%%g@:%?i)m SR

aci dilg=asmbpdiatent, tid label waherker 2in BS theespeutd, g, rejrugcopjngate pr fox st i \drmas  ( 3)

oo I o b i o s e B i ol SRbPRE. "

gl ut am ngy A EYRL BF RBels 36 P oMDeptifdsGRALME buf 3t AS1 [Bitedd icRbREWMEEd fam | i es

are: serine and threonine aPe al_i phati c- hgdr xy famly; asparagi ne and
d,

gl ut ani neadisieotapesatiratitomeite (eigndH, oy Y, 8y av fee, 'Vah, 'ia, I putiarescantd

i soleucine are an_aliphatic famly; and phenylal anine, 30 tryptophan, and
tyrosi ne labels erg-Fldfathodamine, lapthapige phoephprsy, enzymatic labels (habherseradishk pect
that .an _isolated r cenment . of leuci i N i ine, an
asnartat SRS PP RAREREE einf a0k Biosthlcds b AU Lo Hark B

r epl acemidtingf gratipsa predeteaningd polyPeraide tepliciad redokiize® bat eebondatyrepater de.gi | |
not have a nmjor effect on the binding or propertjes of the resultin

mol ecul e JCUCHEFRPERPAIYSGApeRass birding sl ?frtsea%@rwtﬂbpﬁ%m@abmnﬁﬁg qematisg

within a_f; ' . am j - I hind

Funct | ongP Gt indlrkc adhfs Ath o Rl Rih AL 1o BRORAR dspEMUm b2,

acti vi t y tadol, telichahsip Bp giadecidiarD validinen brassde smatise, cheisonydiectoposdes ai |

her eiQE)b WO 03/.&535089. PCT/ USP3/.09260 . 18 5 As used, herein, the terns "l abel"
ell@QPOsids: XpeTipiing K lgﬁ%?eaf?lﬁh“’% AN, daypertictn. i iy Yant i body.

In one egh@eiciPdibne, iR xhABGle, ithAntiRie GE@RIngy TRDK Bldeh RirStestostbfdnel Por at i on
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met hods of | abeli ngr pol ypept i des and gl ycoproteins are known in the arft and
may B8 used. he term “agent” is used herein to denote a chemical compound, a mixture o
chemical compounds, a biological macromolecule, or an extract made from biological
materials.
The term “pharmaceutical agent or drug” as used herein refers to a chemical
compound or composition capable of inducing a desired therapeutic effect when properly
30 administered to a patient. Other chemistry terms herein are used according to conventional
usage in the art, as exemplified by The McGraw-Hill Dictionary of Chemical Terms (Parker,
S., Ed., McGraw-Hill, San Francisco (1985)), incorporated herein by reference).
The term patient includes human and veterinary subjects.
Throughout this specification and claims, the word “comprise,” or variations

35 such as “‘comprises” or “comprising,” will be understood to imply the inclusion of a stated

integer or group of integers but not the exclusion of any other integer or group of integers.
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The XenoMouse™ is an engineered mouse strain that comprises large
fragments of the human immunoglobulin loci and is deficient in mouse antibody production.

25  See, e.g., Green et al. Nature Genetics 7:13-21 (1994) and United States Patents 5,916,771,
5,939,598, 5,985,615, 5,998,209, 6,075,181, 6,091,001, 6,114,598 and 6,130,364. See also
WO 91/10741, published July 25, 1991, WO 94/02602, published February 3, 1994, WO
96/34096 and WO 96/33735, both published October 31, 1996, WO 98/16654, published April
23, 1998, WO 98/24893, published June 11, 1998, WO 98/50433, published November 12,

30 1998, WO 99/45031, published September 10, 1999, WO 99/53049, published October 21,
1999, WO 00 09560, published February 24, 2000 and WO 00/037504, published June 29,
2000.

The XenoMouse™ strains were engineered with yeast artificial chromosomes
(YACs) containing 245 kb and 190 kb-sized germline configuration fragments of the human

35 heavy chain locus and kappa light chain locus, respectively, which contained core variable and

constant region sequences. Jd. The XenoMouse™ produces an adult-like human repertoire of

fully human antibodies, and generates antigen-specific human monoclonal antibodies (Mabs).
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25 In another embodiment, the invention provides a method for making anti-IL-5
antibodies from non-human, non-mouse animals by immunizing non-human transgenic
animals that comprise human immunoglobulin loci. One may produce such animals using the
methods described in United States Patents 5,916,771, 5,939,598, 5,985,615, 5,998,209, -
6,075,181, 6,091,001, 6,114,598 and 6,130,364. See also WO 91/10741, published July 25,

30 1991, WO 94/02602, published February 3, 1994, WO 96/34096 and WO 96/33735, both
published October 31, 1996, WO 98/16654, published April 23, 1998, WO 98/24893,
published June 11, 1998, WO 98/50433, published November 12, 1998, WO 99/45031,
published September 10, 1999, WO 99/53049, published October 21, 1999, WO 00 09560,
published February 24, 2000 and WO 00/037504, published June 29, 2000. The methods

35 disclosed in these patents may be modified as described in United States Patent 5,994,619. In

a preferred embodiment, the non-human animals may be rats, sheep, pigs, goats, cattle or

horses.
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administrations of the polypeptide, spread out over several weeks.

25 Production of Antibodies and Antibody-Producing Cell Lines
After immunization of an animal with an IL-5 antigen, antibodies and/or

antibody-producing cells may be obtained from the animal. In one embodiment, anti-IL-5
antibody-containing serum is obtained from the animal by bleeding or sacrificing the animal.
The serum may be used as it is obtained from the animal, an immunoglobulin fraction may be

30 obtained from the serum, or the anti-IL-5 antibodies may be purified from the serum. It is well
known to one of ordinary skill in the art that serum or immunoglobulins obtained in this
manner will be polyclonal. The disadvantage in using polyclonal antibodies prepared from
serum is that the amount of antibodies that can be obtained is limited and the polycl_on_al
antibody has a heterogeneous array of properties.

35 In another embodiment, antibody-producing immortalized cells may be
prepared from the immunized animal. After immunization, the animal is sacrificed and B cells

from spleen or lymph nodes are immortalized according to any means well-known in the art,



purified IL-5. In a preferred enbodi nent, the IL-5 antigen is human |L-5.
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the polyclonal antibody has a heterogh neous array of properties. 35 In

anot her m@ih@wnw&h%eweydlmr&amnﬂ S%hortalized cells may be prepared
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See, e.g embg@l'ﬁlem’,vthe immunized animal is a Xenomouse . and the myeloma cell line is a non-
secretory mouse myeloma. In certain embodiments, the myeloma cell line is NSO-bcl2 or P3-
25 X63-Ag8.653. See, e.g., Example 1.

In one embodiment, hybridomas are produced that produce human anti-IL-5
antibodies. In a preferred embodiment, the hybridomas are mouse hybridomas, as described
above. In another preferred embodiment, the hybridomas are produced in a non-human, non-
mouse species such as rats, sheep, pigs, goats, cattle or horses. In another embodiment, the

30 hybridomas are human hybridomas, in which a human non-secretory myeloma is fused with a

human cell expressing an anti-IL-5 antibody.

Nucleic Acids, Vectors, Host Cells and Recombinant Methods of Making Antibodies
Nucleic Acids

35 The present invention also encompasses nucleic acid molecules encoding

human anti-IL-5 antibodies. In one embodiment, the nucleic acid molecule encodes a heavy
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the initial screening is perforned using3an enzynme-|inked i mmunoassay

(ELI SA) or a radioi nmunoassay. In a nore”preferred enbodinent, an ELISA is
used for initial screening. An exanple of ELISA screening is provided in
WO 00/ 37504/o0r Hghtethain afodntaetrwman apy-1Eof inapraglobydin; In p pgeferred embodiment, a
ant i body- produci ng _hybrido I r. ned
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Aci ds 35 The present invention al so enconpasses nucleic acid nol ecul es
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chain"of a uman anti - nogl obulin. In a preferred
enbodi nent, a In some embodiments, the nucleic acid molecule further comprises a nucleotide

sequence derived from a human D1-20 diversity segment gene. In still other embodiments, the
nucleic acid molecule further comprises a nucleotide sequence derived from a human JH4B.
Table 1 lists the nucleic acid sequences, and the corresponding amino acid

25 sequences they encode, of the 20.13.3 antibody or portions thereof.

Table 1 List of sequences for Mab 20.13.3 or portions thereof
SEQ ID NO: SEQUENCE INFORMATION

1 Complete Heavy Chain DNA sequence

Complete Heavy Chain PROTEIN sequence

Complete Light Chain DNA sequence

Complete Light Chain Protein sequence

Heavy Chain variable region (Vi) PROTEIN sequence

Vy CDR 1 DNA sequence
Vy CDR 1 PROTEIN sequence

2
3
4
5 Heavy Chain variable region (V) DNA sequence
6
7
8
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WO 03/ 085eBBneENcubos tigomeno agid ssquercrithe Vibhef the d0d A deantibody at least from
CDRI1 through CDR3 as shown in Table 2. In another embodiment, the nucleic acid molecule

comprises nucleotide sequence encoding the amino acid sequence of one or more of the CDRs

10

of the heavy chain of the 20.13.3 antibody. In another embodiment, the nucleic acid molecule

comprises a nucleotide sequence encoding the amino acid sequence of the heavy chain of the

20.13.3 monoclonal antibody shown in SEQ ID NO: 2. In another embodiment, the nucleic

acid molecule comprises the nucleotide sequence encoding the heavy chain of the 20.13.3

monoclonal antibody shown in SEQ ID NO: 1. In another embodiment, the nucleic acid

15

molecule comprises a nucleotide sequence encoding of one or more of the CDRs of the heavy

chain of the 20.13.3 monoclonal antibody shown in Table 2 or shown in SEQ ID NOS: 8, 10,

AND 12, respectively.



10 VH CDR 2 PROTEI N sequence
sequence
2 DNA sequensessdew VL. CDR 2 PROTEI N sequence
CDR 3 PROTEI N sequence

nol ecul e

of the VH of the 20.13.3 anti body at

13 VL CDR 1 DNA sequence 14 VL CDR 1 PROTEI N sequence

5 1n preferred enbodi nents,

conprises a nucleotide sequengg encodi ng the am no acid
t

11 VH CDR 3 DNA sequence 12 VH CDR 3 PROTEI N
15 VL CDR
17 VL CDR 3 Ptiivusesjuesce 18 V0L
the nucleic acid

sequence

from CDR1 through CDR3 as shown

in Table 2. In another enbodi nent, the nucleic acid nDIecuIe conpri ses
nucl edti de sequence drablsd W%WWQ@W%@?& or nore of the
CDRs 10 of the heavy MONOCbONAe ANTIBODSY 26 dﬂ@AVYnCHMNher embodi nent ,
the nucleic acid nolecule conprises a nucleotide sequence encoding the

am no ac| TheSREHISHER, B firkth e amigarcyds,ahatdilied. ThaeompRhedt@itddampmiomg onal {ant i body
shown i n| BE&xs DB (SOR1, 2DR? imddI®B ees bodledond umderiined. t he nucleic acid | ecul e
conprisep_the nucl eotide sequence encoding the heavy chain of t 20.13.3
nonocl onpl anti body shown in SEQ ID NO 1. In another enbodi nent, [the

nucl ei ¢ pcild 15 L V&%@‘F@@%Y@%G‘%WWS@%@& ng|of one or
nmore of |he @F@N@Pﬁpﬁ@’fheavy chal n of the 20.13.3 nonocl onal anti body
shown inf T bIe2c ely. WO
03/ 08508P 156N gG%M@&E?%I b NG 2)
O MONCCL ANTI BCD .13. 3 HEAVY CHAIN The signal peptide, the first
19 am no 61%5 ds c; éﬁ@%b&IAwd{CAil@m@vm@mmh@rmedgwmcﬁuswm ¢gi ons 1-3
(CDR1, OPR2 brar e boladed sgaghginderTi ned. 1 MEFGLSW.FL VAl |KGVQCE
VQLLESGEAL VQDGGSLRLS CAASGFTFSS S| GNAL PEPTI DE 51 YAMBW/RQAP CKEGLEW/STI
SGSGGSTY|YA s DSVKGREES ISERDASKSTILWK DY EXBRY TEORR SGALTSBANBL FAMDDSAGLY Y CAKERY
NVWNYLHYWEQ GTLVTVSSAS TKGPSVFPLA

201 YSLSSVVTVP SSSLGTKTYT CNVDHKPSNT KVDKRVESKY GPPCPSCPAP
251 EFLGGPSVFL FPPKPKDTLM ISRTPEVTCV VVDVSQEDPE VQFNWYVDGV
301 EVHNAKTKPR EEQFNSTYRV VSVLTVLHQD WLNGKEYKCK VSNKGLPSSI
351 EKTISKAKGQ PREPQVYTLP PSQEEMTKNQ VSLTCLVKGF YPSDIAVEWE
401 SNGQPENNYK TTPPVLDSDG SFFLYSRLTV DKSRWQEGNV FSCSVMHEAL
451 HNHYTQKSLS LSLGK

In other embodiments, the above-described nucleic acid molecules can
10 hybridize under highly stringent conditions, such as those described above, to any one of the
nucleic acid sequences described above.

In other embodiments, the nucleic acid molecule encoding the variable region of
the antibody light chain comprises a nucleotide sequence derived from a human 08/018 Vk
gene. Said nucleic acid molecule may contain up to ten, up to 6 or up to 3 amino acid changes

15 from the germline 08/018 Vk gene. In preferred embodiments, the nucleic acid molecule
contains at least three amino acid changes compared to the germline Vk sequence that are
identical to the changes from germline found the 20.13.3 monoclonal antibody. In further
embodiments, any of the foregoing the nucleic acid molecules further comprises a nucleotide
sequence derived from a human Jk4 joining segment gene.

20 In preferred embodiments, the nucleic acid molecule comprises a nucleotide
sequence encoding the amino acid sequence of the light chain variable region of the 20.13.3
monoclonal antibody, at least from CDR1 through CDR3 as shown in Table 3. In other

embodiments, the nucleic acid molecule comprises a nucleotide sequence encoding the amino



CDR3 CH

1 BEG NS 151 PCSRSTSEST AALGCLVKDY FPEPVTVSWN SGALTSGVHT

FPAVLQSSGL 201 YSLSSWTVP SSSLGTKTYT CNVDHKPSNT KVDKRVESKY GPPCPSCPAP 251
EFLGGPSVRrORBIR$EeEDTLM | SRTPEVTCV VWDVSQEDPE VOFNWYVDGY 30T TREShIEIKPR

EEQFNSTYRV VSVLTVLHQD W.NCKEYKCK VSNKGLPSSI
PSQEEMIKNQ VSLTCLVKGF YPSDI AVEVWE 401 Sg
DKSRWQEGNV FSCSVMHEAL 451 HNHYTCKSLS L

above- descri bed nucleic acid ?D
st ri ndentcidspgienronkonesaraporg of tsdsldRyekiar

nuclel anbeamances, deaniRed

aci d nol ecu

&K I n ot her
| ecul es_can
{18
Qﬁaﬂck&nﬁﬁﬁg

e regiron o

enbodi nent s,

€ enco vari a the antib l'i ght

halictahe 1615 ket e
fa rﬁlmggéi@%g{&énqetehé‘odﬂh@{h%i c

351 EKTI SKAKGQ PREPQVYTLP
ENNYK TTPPVLDSDG SFFLYSRLTV

t he

L%he

chai n

conpr i sesmindatid srjueste ekt ehale oif the@0f 3chmanélonal 2083 RIYESHR [D¥Re4). Sai d

nucl eic acid nol ecule may_contain yp to ten to 6 .or. to 3 am no.acid
cﬁangles i%glﬂqt@ﬁe(q’fgdﬁ’é‘?wythﬁéuﬁglﬁﬁi Tygie %%qmé{%eﬁf’é’f“élre?té%p%ﬂﬁ%ﬁf glé%‘ﬂ‘,n tlhe

nucl ei ¢ AGFDRIERUNE anGRB SitbiRint] BaahcItibR6R RAEAe 86hfrislanaericrmar ed

to the ger

I ne VK sequence that are identical to the changes

from

ger ml 1the séquenct thheer26des3hSamimoce]dosegqiicnan bf drstiyr. mong off thet GBRS skeryb i TERLR,

any of t
nucl eot i

sequence

regi on of the 20.13. STabkohotMENQIAG

as shown

dos gtk

preferred enbodi nents,

he nucleic acid nol ecul es further conprises

0815

encodi ng the am no aci d sequence of the Ibs
PBAUENGE (SEQ
in Table 3.

conprises a nucl eotide sequence encodi ng the am no WO 03/ 085089

erived froma human JK4 joi ni ng segnent gene.
the nucleic acid nolecule conprises a nucl eotide

ht chain variable
NQohh@DR1 t hr ough CDR3
IMODIOELONARDANTIBOPY, 20 He3 hilcH&I GHAENd nol ecul e

PCT/ US03
chai n of
nol ecul e

ORZGHal peptider tha Gifs(R2 MG BB As @idertie. Wote: Mhietheraife sighs p@DRSegihs t
tMBMRO.. T3r QMRANT ishadyain. | The ceanpimbrearitatriomdningegions i 3dCRARKG| ei
CORDiNd SOV mrahebledod puflerlisdguence encoding the amino acid

of the |i
anot her ¢
sequence
nol ecul e
sequence
Tabl e 3

ght chain of the 20.13.3 nonocl onal antibod SEQ | D NO

brblodi MR QUEQPRSESAPYPRRYTH ti
shown in SEQ ID NO “BRl|n another enbodi ment, the nucl ei
conprises.a n

oF e iR EL BRSSP O R
AM tipse (SEQ ID NO 4) OF

101 QPEDIATYYC QQYDNHPLTF GGGTKVEIRR TVAAPSVFIF PPSDEQLKSG
CDR3 ACL1BEGINS

151 TASVVCLLNN FYPREAKVQW KVDNALQSGN SQESVTEQDS KDSTYSLSST

201 LTLSKADYEK HKVYACEVTH QGLSSPVTKS FNRGEC

20

a
20 I'n

he |ight
c acid
seqguence
4). In
de

c acid
no acid
and 18.

In another embodiment, the nucleic acid molecule encoding a VL can hybridize

under highly stringent conditions, such as those described above, to a nucleic acid sequence

encoding a VL described immediately above.

A nucleic acid molecule encoding either the entire heavy or entire light chain of

an anti-IL-5 antibody or the variable regions thereof may be obtained from any source that

produces an anti-IL-5 antibody. In one embodiment of the invention, the nucleic acid

molecules may be obtained from a hybridoma that expresses an anti-IL-5 antibody. Methods

of isolating mRNA encoding an antibody are well-known in the art. See, e.g., Sambrook et al.

25 The mRNA may be used to produce cDNA for use in the polymerase chain reaction (PCR) or

cDNA cloning of antibody genes. In a preferred embodiment, the nucleic acid molecule is

derived from a hybridoma that has as one of its fusion partners a transgenic animal cell that

expresses human immunoglobulin genes. In an even more preferred embodiment, the fusion



MONOCLONAL ANTI BODY 20.13.3 LIGHT CHAIN 15 The signal peptide, the first

22 amno acids, is underlined. Note: Wuether the signal peptide begins
"VDVRV. . .WO@B/0830B. . . " is uncertain. The conplenentarity aerase/omeg

regions 1-3 (CDR1, CDR2 and CDR3) are bolded and underlined. 1 MDVRVPAQOLL
GLLLLWL.SGA RCDI QUTQSP SSLSASVGDR VTI T @ CDR1 51 |1 NYLNWQQ KPGKAPKLLI
YSASNLETRV PSRFSGSGSG TDFTFTI SSL  CDR1 101 QPEDI ATYYC QQYDNHPLTF
GGGTKVEI RR TVAAPSVFI F PPSDEQLKSG CDR3 CLJ) BEG NS 151 TASVVCLLNN FYPREAKVQW
KVDNAQS @Gt SOERVIHE QEIBi skiBE VY68’ X@tindubt SKADYEK IHCEMbidd DBNSIP/TKS
FNRGEC I n anot her enbodi nent, the nucleic acid nol.ecul e encodi. VL can

hybr i di z8Ybrisee 15 egHed)ram i eg AR aR o PRI FIOBHSTANSBRIHC FMahasdes w4
above, to a nuclei gngg%egem) ecugﬁnerﬁ,%gﬂem Baflo AR SRE LD 8 1FERY hiak By

above. 20 A nucl ei | e encoding either the entire heavy or

eEti re | coftructediby fading anudeit eeillim@ear¢ envodingdhe vérebleaddnadih ef a bedvyrehain

t hereof nmay be obtained from any, source. .t hat roduces.an anti - L-.

ant i body Wi onetaptdaseainahs ey chan; §\‘}Eﬂi‘rpyome lﬁ%’gcﬁﬂﬁ Pg?’ba%b'hd > a%%%d(?'ul es
may D@ oRf3iacd bbb damBetc RESS $8&dRE BB Vhridble Bordfihidzadish

Met hg@s B%a?b??of‘%ﬁenm&a"ﬁﬂm %ncodieng%ginﬂgnti body ggge well?-ﬂlieno?/m in th?)ég fatrt.
See, e. gchaifauithramnsant dimai® 6f AhghtroRMA. Amy nhwe pedetradenphodgnens, GPRACEST use

in the polynmerase chain ti PCR . ' f..anti :
| & pr bAGH B e SARARIS e ks Bray Sbein oS e o S ARsOr YL oEd o
hybr i domgpt\igte Rag tiRshuelRe £id mbRchldehedtiiRaitenafisbla rédgdiednemBelightahaiel cel |

that expresses human immunogl obulin genes. In an even nore preferred
enbodi nertgodesithefapsnoacih\GNENGEFOB gesiiur/ 23554 GFEEDID NO: v Bregapippafidani nal

coL T 2 S5 LN Sy SOCTRTSE PRo, o LD TSP .
descri bedomay fegior 6f the RESHRNEIAG 20NOB] BRthe atiito fsddvaquedia frorofresidue 131-
anti-1L-5 anti body may be constructed by fusing a nucleic aci | ecul e
encodi ng286ef SﬁQiIédN@i #igenirts theranaing é’é}\‘?)FeWF‘hOfg‘%F fensiant &%?%ﬁf?thggﬁ%ti %a’dlf a
heavy c h%k?@.l?ﬁimﬂhgrnhgleictalaﬁ Je&&mée ‘f’xjaﬂf ﬂhc@éotiﬂ@ 495‘-t7b9,| 1|-1'0§-1"¥@{7,i P3Ev 585, and
1683-2002 of SEQ ID NO: 1 depicts the nucleic acid sequence encoding the constant region of
20 the heavy chain of 20.13.3, and the nucleic acid sequence from nucleotide 391-708 of SEQ ID
NO: 3 depicts the nucleic acid sequence encoding the constant region of the light chain of
20.13.3. In a preferred embodiment, the nucleic acid molecule encoding the constant domain
of the heavy chain encodes the amino acid sequence from residue 139-465 of SEQ ID NO: 2,
and the nucleic acid molecule encoding the constant domain of the light chain encodes the
25 amino acid sequence from residue 131-236 of SEQ ID NO: 4. In a yet more preferred
embodiment, the nucleic acid molecule encoding the constant domain of the heavy chain has
the nucleic acid sequence from nucleotide 415-709, 1102-1137, 1256-1585, and 1683-2002 of
SEQ ID NO: 1, and the nucleic acid molecule encoding the constant domain of the light chain
has the nucleic acid sequence of the nucleic acid sequence from nucleotide 391-708 of SEQ ID
30 NO:3.
In another embodiment, an anti-IL-5 antibody-producing cell itself may be
isolated from a non-human animal. In one embodiment, the antibody-producing cell may be
derived from a transgenic animal that expresses human immunoglobulin genes and has been

immunized with an IL-5 antigen. The transgenic animal may be a mouse, such as a
TM . . .
35 Xenomouse mouse, or another non-human transgenic animal. In another embodiment, the

anti-IL-5 antibody-producing cell is derived from a non-transgenic animal.
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encodiNg nififted AMBoARE 28 BRIBOIQ ldetigtivies, b deshided furth@sbélbw. nucl ei ¢ aci d
sequence of the nucleic acid sequence from nucl eotide 391-708 of SEQID 30
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i nclude, w thou _ ' o
using standard molecular biological techniques. The same may be achieved using nucleic acid

25 molecules encoding VL and CL chains. The sequences of human heavy and light chain
constant region genes are known in the art. See, e.g., Kabat et al., Sequences of Proteins of

Immunological Interest, 5th Ed., NIH Publ. No. 91-3242, 1991.

Vectors

30 To express the antibodies, or antibody portions of the invention, DNAs
encoding partial or full-length light and heavy chains, obtained as described above, are inserted
into expression vectors such that the genes are operatively linked to transcriptional and
translational control sequences. Expression vectors include plasmids, retroviruses, posmids,
YACs, EBV derived episomes, and the like. The antibody gene is ligated into a vector such

35 that transcriptional and translational control sequences within the vector serve their intended
function of regulating the transcription and translation of the antibody gene. The expression

vector and expression control sequences are chosen to be compatible with the expression host



limtation, adenovirus, retrovirus, adeno-associated viruses and other

pi corna viruses, hepatitis 10 virus and bacul ovirus. The vectors may al so
be bact erwopb/agsesd ncl udi ng, without limtation, ML.3. Therauaised/@2eci d

nol ecul es may be used to reconbinantly express large quantities of
anti-1L-5 anti bodi es, as descri bed belog The nucl eic acid nol ecul es may
al so be wused to produce chineric antib aies, single chain antibodi es,

i munoadhesi ns, di abodi es, 15 nutated anti bodi es and anti body derivatives,
as desir icolbusaduThhantitiody dight ghairpgrae andHsi arsRedy haauy lrin gere ¢ ke IRTEe iftes
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enbodi e nucl el ¢ acl encodi ng the VH and/or VL chai ns
are cpnverted into A cordvehientgtdotonnd oreabiat egeties atfyndtionkilngprnplete humehdilt onci d
nol ecul e encoding a VH chain tq_a nucleic acid np] ecul.e encoding a hai n
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human heg\{'/lie/g‘%#%ei%gaﬁt%eg%é?n consta%yrr e%i_on. genes are known in the art.
See, e. g.split{apatually oaturs bSegerthesplicf dampbsitd ingheinsertagnissiongnd e PHeer est |
5th Ed., NIH Publ. No, 91-3242, 1991. Vect.ors, ..30 .Tq _expre s

ant i bodi &8P SH?\PTQBB‘?J‘W ét?r ui“}ﬁ’ilsclﬁe_fglotnhgn ?‘ll\sl(_)e%ttt%ﬁehcﬁl{ﬁ%lgnse%?:to& | ﬁrgwglélrn e,
or fuld4 - ippghicH beds. PAJadiaqidtors B Rmscoftich tieginasordesar athrdvaticumosanal
inserted into expression vectors such that the genes are operativel
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e an ene | Into a vector SaCh 35

that trangpgihigehé fRRbe alted (a0 sHealec o alchabattthosigss paptideeis link¢dinrfrarhetotbet or
serve their intended function of regulating the t rangcri ption n@gl
t r ansl at iagHn@fermius ghthepatihodeshain gme. Hievigwd pepiiderap pgan Hﬁﬂ‘“@?(%? Y on

contr S trr&zﬁ DL ;i i f bR fB¥P4 €SSi on host WO
03/ 082%8QS?%%%g?BgB%‘g%§§%ugggg?llpggée .'IeThglggﬁtllgk&)ldy I'1 ght chain gene and
t he anti hpdymhameylobbhn proggdne can be inserted into separate vector. In a
preferred enbodi nent, both genes are inserted.into the sane ex ress

) i on
vector. The anti bod) 2@HeR toihe antikady chynigsRes tedecamp Bl expresadt ¥ioqss of
standard tﬁgﬁk}gxqﬁ)n(é%r&'regulatory sequences that control the expression of the antibody chain

genes in a host cell. It will be appreciated by those skilled in

25  the art that the design of the expression vector, including the selection of regulatory sequences
may depend on such factors as the choice of the host cell to be transformed, the level of
expression of protein desired, etc. Preferred regulatory sequences for mammalian host cell
expression include viral elements that direct high levels of protein expression in mammalian
cells, such as promoters and/or enhancers derived from retroviral LTRs, cytomegalovirus

30 (CMV) (such as the CMV promoter/enhancer), Simian Virus 40 (SV40) (such as the SV40
promoter/enhancer), adenovirus, (e.g., the adenovirus major late promoter (AdJMLP)), polyoma
and strong mammalian promoters such as native immunoglobulin and actin promoters. For
further description of viral regulatory elements, and sequences thereof, see e.g., U.S. Pat. No.
5,168,062 by Stinski, U.S. Pat. No. 4,510,245 by Bell et al. and U.S. Pat. No. 4,968,615 by

35 Schaffner et al.

In addition to the antibody chain genes and regulatory sequences, the

recombinant expression vectors of the invention may carry additional sequences, such as



ligation of conplenentary restriction sites on the anti body gene fragnent
and vector, or blunt end ligation if no restriction sites are present). 10
A conveniwpto3wemsdr i s one that encodes a functionally comrpiratses/mesean CH or
CL i mmunogl obul i n sequence, with appropriate restriction sites engineered
so that any VH or VL sequence can be e?iily i nserted and expressed, as
descri bed above. In such vectors, splicing usually occurs between the
splice donor site in the inserted J region_and the splice acceptor site
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expression vector, including the selection of regulatory sequences may
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PCT/ USO3PB@916@°“130°‘5°‘§%Q}%¥1 Sintouged "ét@aw?@aﬁ@p?qﬂé f/.VHﬁ ?%fﬁelv(?&}adaf’f. n
host cel LSndEmBng cOlid Sk A2 Rhot ARk iHeald WY, 9dU.S. Patent Nos. 4,399,216, 4,912,040,

4,740,461, and 4,959,455 (which patents are hereby incorporated herein by reference).

25 Mammalian cell lines available as hosts for expression are well known in the art
and include many immortalized cell lines available from the American Type Culture Collection
(ATCC). These include, inter alia, Chinese hamster ovary (CHO) cells, NSO, SP2 cells, HeLa
cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human hepatocellular
carcinoma cells (e.g., Hep G2), A549 cells, and a number of other cell lines. Cell lines of

30 particular preference are selected through determining which cell lines have high expression
levels. Other cell lines that may be used are insect cell lines, such as Sf9 cells. When
recombinant expression vectors encoding antibody genes are introduced into mammalian host
cells, the antibodies are produced by culturing the host cells for a period of time sufﬂcient to
allow for expression of the antibody in the host cells or, more preferably, secretion of the

35 antibody into the culture medium in which the host cells are grown. Antibodies can be

recovered from the culture medium using standard protein purification methods.



sel ect abl e marker genes. The sel ectable marker gene facilitates sel ection
of host cells into which the vector has been introduced (see e.g., US.
Pat. Nos.w0,039%0816, 4,634,665 and 5,179,017, all by AxelpCetusas/o9eo For
exanpl e, typically the selectable marker gene confers resistance to drugs,
such as (418, hygronycin or nethotrexat on a host cell into which the 10
vector has been introduced. Preferred s Fectable mar ker genes include the
di hydrofol ate reductase (DHFR) %ene (for use in dhfr host cells wth
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direct mcroinjection of the DNA into nuclei. In addition, nucleic acid
mol ecul e NE shtdieduced into mammualian cells by viral vectors. Methods
of tranzrggéfng cg${s are well known in the art. See, e.g., U S Patent
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are produced by c Ing t erio time sufficient to
al | ow f oPaerpErsexls,1h, 939,698, 2ck8iSAdys,098,20%k 61095118¢ 6,021,001, 6riddeS9B8med er abl vy,
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ot andard FEBibA) 911904, iVl OGRY 4096 ARE WY 96/3963 5 BRI ABELLEIIN 0PRBOWSEL 5
urther, expréssion of antibodies of the invention (or other noieties
t her ef r 09PB/16654, published April 23, 1998, WO 98/24893, published June 11, 1998, WO 98/50433,
25 published November 12, 1998, WO 99/45031, published September 10, 1999, WO 99/53049,
published October 21, 1999, WO 00 09560, published February 24, 2000 and WO 00/037504,
published June 29, 2000. In another embodiment, the transgenic animals may comprise a
“minilocus” of human immunoglobulin genes. The methods disclosed above may be modified
as described in, inter alia, United States Patent 5,994,619. In a preferred embodiment, the
30 non-human animals may be rats, sheep, pigs, goats, cattle or horses. In another embodiment,
the transgenic animals comprise nucleic acid molecules encoding anti-IL-5 antibodies. In a
preferred embodiment, the transgenic animals comprise nucleic acid molecules encoding heavy
and light chains specific for IL-5. In another embodiment, the transgenic animals comprise
nucleic acid molecules encoding a modified antibody such as a single-chain antibody, a
35 chimeric antibody or a humanized antibody. The anti-IL-5 antibodies may be made in any

transgenic animal. In a preferred embodiment, the non-human animals are mice, rats, sheep,

pigs, goats, cattle or horses.



from production cell lines can be enhanced using a nunmber of known

techni ques. For exanple, the glutam ne synthetase gene expression system
(the GS swetoan3soss a common approach for enhanci ng expr ePETarsozonter
certain conditions. The GS systemis discussed in whole or part in
connection wth European Patent Nos. O 6 846, 0 256 055, and 0 323 997 10
and European Patent Application No. 89303964.4. Transgenic Aninals

Ant i bodi es of the invention can al so be produced transgenically through the
generation of a mammal or plant that is transgenic for the immunoglobulin
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States PRatents. 5,916, 771, 5 , 598, 985, .6 , 298, 209, 6, 075,181,

6, 091, oofor PS?PPI‘E%’Q% S‘éfﬁ‘af‘m%,s‘-@g?%lﬁs aeg 03‘1“318%1}?‘%593? CoRmTEEREG July
25, 1991’avmwig%p%negﬁ%bbﬁﬁgé‘hi?fﬁbﬁ%% %.,m%harmla@ie%ﬂgﬁama‘@@
96/ 33735, both published Cctober 31,” 1996, 98/ 16654, publ i shed Apri |

23, 1998 An60&B5 MA@ Jatgioh. AT 00U earddithe S8R genA(319 81 5P 4 FBage2bspapkitshed
Novenber 12, 1998, WO 99/45031, published Septenber 10, 1999, WD 99/ 53049,
publ i shegatalogate?40612). Idgm: arpyfso othgomethods aitsl Teagras thatyandiesedin gE9EEIRRG WO
00/ 03,7504 l.is oy n qﬁb@i . ni c
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anti bodi es may be nude in any transgenic animal. In a preferred
enmbodi nefirjffithset alo (LEHEMBO A21725484; Hawlens ctaftl-s(,19%2*)deb(f01- Biof 226.§821886;

cattle ol horses a1 PS5 N85283, 85 655031.094% (19%) Proc. Natl. Acad. Sci. USA
89:3576-3580; Garrad et al. (1991) Bio/Technology 9:1373-1377; Hoogenboom et al. (1991)
25 Nuc Acid Res 19:4133-4137; and Barbas et al. (1991) Proc. Natl. Acad. Sci. USA
88:7978-7982.

In a preferred embodiment, to isolate human anti-IL-5 antibodies with the
desired characteristics, a human anti-IL-5 antibody as described herein is first used to select
human heavy and light chain sequences having similar

30 binding activity toward IL-5, using the epitope imprinting methods described in Hoogenboom
et al., PCT Publication No. WO 93/06213. The antibody libraries used in this method are
preferably scFv libraries prepared and screened as
described in McCafferty et al., PCT Publication No. WO 92/01047, McCafferty et al., Nature
(1990) 348:552-554; and Griffiths et al., (1993) EMBO J 12:725-734. The scFv antibody

35 libraries preferably are screened using human IL-5 as the antigen.



5 Phage Display Libraries Reconmbinant anti-IL-5 human anti bodi es of the
invention in addition to the anti-IL-5 antibodies disclosed herein can be
i sol at ed W9 osps@eni ng of a reconbi nant conbi natorial antipowodysodidrs@ry,
preferably a scFv phage display library, prepared using hunman 10 VL and VH
CDNAs prepared from nRNA derived from hgg&n | ynphocyt es. Met hodol ogi es for
preparing and screening such libraries e known in the art. There are
comercially available kits for generati ng pha splay.librarigs (e.
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the nucleic acid can be further manipulated to create other antibody forms of the invention, as
described below. To express a recombinant human antibody isolated by screening of a
combinatorial library, the DNA encoding the antibody is cloned into a recombinant expression

25 vector and introduced into a mammalian host cells, as described above.

Class Switching
Another aspect of the instant invention is to provide a mechanism by which the
class of an anti-IL-5 antibody may be switched with another. In one aspect of the invention, a
30 nucleic acid molecule encoding VL or VH is isolated using methods well-known in the art
such that it does not include any nucleic acid sequences encoding CL or CH. The nucleic acid
molecule encoding VL or VH are then operatively linked to a nucleic acid sequence encoding a
CL or CH from a different class of immunoglobulin molecule. This may be achieved using a
vector or nucleic acid molecule that comprises a CL or CH chain, as described above. For
35 example, an anti-IL-5 antibody that was originally IgM may be class switched to an IgG.
Further, the class switching may be used to convert one IgG subclass to another, e.g., from

IgGl to IgG2.



5 Once initial human VL and VH segnents are selected, "m x and match"
experinents, in which different pairs of the initially selected VL and VH
segnent s woa3/0sw8eened for |1L-5 binding, are perforned toprselusesopseferred
VL/ VH pair conbinations. Additionally, to further inprove the quality of
the anti body, the VL and VH segnents of3 he preferred VL/VH pair(s) can be
randomy nutated, preferably within the region of VH 10 and/or VL, in
a process anal ogous to the in vivo somatic nutation process responsible for
affinity maturation of antibodies during a natural inmmune response. This in
vitro aff ion can be acconplished by anplifying VH and VL

regi ons Arfibbi va@érs conplimentary to the VH CDR3 or VL CDR3,
respectively, whi clOnpmayarss theaveldieand trmpick ked desonbed abovean gemarate entbalyof
the four nucl eotide bases at certain positions tsug.h t hat th{ﬁ rﬁsultant 15
PCR pr oddefative paes \?Fh‘&ﬂ%?s\?Edé’é“éh‘%gtké‘OWHt“bo%‘?coﬁ ahdo Hit'aff'ons have
been introduced into the VH and/or VL CDR3 regions. These randonmly nutated
VH and VL segnments can be rescreened for binding to IL-5. Follow ng

scr eelll ngfiandd Asobedieson of an anti-1L-S anti body of the invention froma

reconmbi nant i munogl obul i n di spl a i brar.y, .nuclei ¢ acid encodi

sel ected 20 anti bglﬂﬁn%}éﬁ{ eﬁg’oﬁ&%‘?ﬂ%’éb%ﬂuﬁ?lgﬁ?la I ﬁgfq%rééﬂgg‘éﬂ?%ﬁ%%?yf rom
the phageegeanEBlakdMtlitaed BEt-INSthntiBbAeNt TIRS anBkdieSHa 9 Be aGitEd & hy vatisnear d
reconbi nant DNA techniques. |If desired, the nucleic acid can_be further

mani pul atdevhains of thedteavivartiéor light £lnian,tofalipmabigling peoneriyed thomtibady. B¥scri bed
bel ow. To express recomhi nant -human. anti 1$0]_ai eend f a
conbi nat GFFHP'® ?Wgalnﬁn M HNAENE B%Prn’§°{eh°§{?%ﬂ)§‘o%§lt°ﬁgt°2‘1¥‘8%g{§’ ?qr?fe%%g&
reconty nawy K ghe astitddy Z28r N es,1te incadide bNddcadve Kely, ontooaleer e binding spdeafsdity

cells, as described above. . ass. Swtching Another aspect of the, instant
i nvent i of the angbedye\iegbniguesdn ierdirasted myngenesisiige WellASeWan 4§ alh3ee) ¢-85

ant i body 1 i n r LNV, j a

30 nucl oAbt B WidRGeiel 8 AALDR 1 d BreRpRaRARERImAk, hiUbREp b0

wel | - known ainind dvéd egsidus thedn ist Kaaivni tb bd okanged tomparkd thegamying uic b gargabderegion
sequences _encodi ng CL.or CH The nuclejc acjd nolecule encodi n% VL or VH
are t hen o5panit-{kra|aptibedyk d 21ROTS PRI ENRRAHCY e QRN IBOEARY AT Y 45 m@ﬁg_)e % cH
fromzgy digh i ici§ *é@ﬁﬁf Afat iSVRINAAD BB ChidEeTRbBEMEE to theigerEYe iR vasabRY ed
using a vector or nucleic acid nolecule that conprises a CL or CH chain,
as descr irtggon apmeanf tikoanti3B -5 eatipldéss ofithednvéntion- 81 anmthdsshpodimgnt the nucleic

originally. |l be class. switched tpo.an 1gG ., Further, t cl as
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19G 1 10 ffekn a‘ﬁ@r@%ﬁ@é@%% FRedhdRR A6RAREGH increase the half-life of the anti-IL-5
antibody. See, e.g., United States Application No. 09/375,924, filed August 17, 1999, herein

25  incorporated by reference. A mutation in a framework region or constant domain may also be
made to alter the immunogenicity of the antibody, to provide a site for covalent or non-
covalent binding to another molecule, or to alter such properties as complement fixation.
Mutations may be made in each of the framework regions, the constant domain and the
variable regions in a single mutated antibody. Alternatively, mutations may be made in only

30 one of the framework regions, the variable regions or the constant domain in a single mutated
antibody.

In one embodiment, there are no greater than ten amino acid changes in either
the VH or VL regions of the mutated anti-IL-5 antibody compared to the anti-IL-5 gntibody
prior to mutation. In a more preferred embodiment, there is no more than five amino acid

35 changes in either the VH or VL regions of the mutated anti-IL-5 antibody, more preferably no

more than three amino acid changes. In another embodiment, there are no more than fifteen



34 5 Antibody Derivatives One may use the nucleic acid nol ecul es descri bed
above to generate anti body derivatives using techniques and net hods known
to one ofworodiossasy skill in the art. 10 Miutated Anti bodi e®Cirrusasnaher
enbodi ment, the nucleic acid nol ecules, vectors and host cells my be used
to make nutated anti-1L-5 antibodi es. T? anti bodi es may be nutated in the
vari able domains of the heavy and/or I'Sht chains to alter a binding

property of the antibody. For exanple, a nmutation nay be nade i.n on& or
more &f emMEoCOR ¢hagsesis theransiapieloseaing mese Peideblysnq maredhanen AR body

for | L Scuc] BGLEASE BErARSE GB3RABlh oBlarliRo alitehaddie bi nding speci ficity

of the a ody. I ques 1Tn site-directed nutagenesis are well-known in
the art. See, e.g., Sanbrook et al. and Ausubel et al., supra. In a
preferred enbodi pent, nutations are nade at an amno acid residue that is
known t of BEOR HAHRUes BB BAOLY ¥ ¥ niine in a variable region of an

anti-1L-S antibodyy, Iy %Sdiﬂ{eﬁf &l §6n %ﬁ%‘ék@ﬂﬁmuﬁ&?‘dh@{in HREDeMERL | ons

are made at 20 an amno a resi due that I's known to be changed conpared
to t h® gehidhicoeprrisessalvara mistien of agpntirlLe§ anttheodyflinkedtosanother polgpemitdebdrlres of

the invention. -l not her enbodi.nent, .t he cl el aci.d nol ecul re

mut at ed PHIGHS W%qaﬂp@to‘?nli’ﬂ%Vfapgﬁﬁ\f\iﬁ‘?(nsroéﬁ#eoﬂ‘glfﬁ‘,&s ARy Sre %e%gg%ennde in

afr amm@élﬁﬁﬁﬂi@% Hoth@Ppedfantd dapSiRehOtHenH easin dranhatifii Ly dmibelly ake

anti-1IL- anti body. See, e.g., United States Application No. 09/375, 924,

filed Augolsyd to7 firsgedypeptidaiwhilzshd VEslopwimefan anji-lLef antthods aredink¢dd® Ron in a
t ant . g

f Kk ' : j | . I
| runogeReRd §oRPeRidE TR eRB S Tl o aon BuDReRfie HRRFark B fEn IR ana

covalgnt Vi dudhdiss ¢ iRRRich@ith Bt esdth& to @i 4h &ltibedy iudihgRitePaf irictiseras
conpl ement fixation. Mitations may be made in each of the framework

r egi ons, prefuredamhosimenoha M deraain heseparataddima the damainbyqsa nkggsechthpt ed
ant i body | t-er nati yel t.af | . i . Rhint he
f ramewor kheﬁégiag% S{L ql%néé‘“\}sé%é e%a%?%&ﬂgj}ées QrgortH?ﬂgeelc%}l@{I gﬁ?éf'%g%?eg ffuﬁ a single
mut at ed Aaibbdied)y The VIDfigkarWodntiteidy is therliakat © thopgypatide of maeresteTham no
acid changes in_either the VH.or VL r epgj ons o} he nut. at ec{ anti-| L—Q?
ant i body fusinmaatibady 5 usefal irflireciing apelypeniiga e am Hi-grexprsssing Sell 9fissihy Wgror e
pref oy e ! 4 fEfaPeit dBEntTRICR ab HaBkih HBwATBEO: BLollerIRghlaRRAgeS in
eit hgor t ﬂ%ﬁr%ﬁglf breegtikﬁorzilge o? a? e mitat ed ant%%- I L-5 anti body, g.rmr 29
pr ef er abbyotein, ormuayebe hédingtidstie egannisnch acindenzhme gies mayrbeaasihesuadirbbsiefent
there ar %orr;graggﬁ %ertogl asg. ! Igata?igi?ion, 91%(1 %tl Oo%?esl?:g/bg %9&:%(6 ?r% gv%ich two (or more)
single-chain antibodies are linked to one another. This is useful if one wants to create a
divalent or polyvalent antibody on a single polypeptide chain, or if one wants to create a
25  Dbispecific antibody. In one embodiment, the fusion antibody or immunoadhesin is prepared
using the variable regions from the 20.13.3 monoclonal antibody. In another embodiment, the
fusion antibody or immunoadhesin is prepared using one or more CDR regions from an anti-

IL-5 antibody, such as from 20.13.3.

30 Single Chain Antibodies
To create a single chain antibody (scFv), the VH- and VL-encoding DNA
fragments are operatively linked to another fragment encoding a flexible linker, €.g., encoding
the amino acid sequence (Glys -Ser);, such that the VH and VL sequences can be expressed as
a contiguous single-chain protein, with the VL and VH regions joined by the flexible linker
35 (seee.g., Bird et al. (1988) Science 242:423-426; Huston et al. (1988) Proc. Natl. Acad. Sci.
USA 85:5879-5883; McCafferty et al., Nature (1990) 348:552-554). The single chain antibody



35 5 amno acid changes in the constant domains, nore preferably, no nore
than ten am no acid changes, even nore preferably, no nore than five am no
aci d charwe3/08308% on Anti bodi es and | mmunoadhesi ns | n anotrl@rusesrtds nent, a
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antibody Is t toth ypepti de of Interest The fusi on
antibady is useful to directing a polypeptide to an IL-5-expressing cell or

ti ssue. The de be a therapeutic agent, such as a toxin,
growt h f &€POo dp oﬁfﬁg ‘%’%gg%gﬁ? and JAFUSIS " or may be a di agnostic agent,
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(1990) 348:552-554). The single chain antibody WO 03/085089 PCT/ US03/ 09260
36

Chimeric Antibodies
In another aspect, bispecific antibodies can be generated. In one embodiment, a
25 chimeric antibody can be generated that binds specifically to IL-5 through one binding domain
and to a second molecule through a second binding domain. The chimeric antibody can be
produced through recombinant molecular biological techniques, or may be physically
conjugated together. In addition, a single chain antibody containing more than one VH and VL
may be generated that binds specifically to IL-5 and to another molecule. Such bispecific
30 antibodies can be generated using techniques that are well known for example, Fanger et al.
Immunol Methods 4: 72-81 (1994) and Wright and Harris, supra. and in connection with (ii1)
see e.g., Traunecker et al. Int. J. Cancer (Suppl.) 7: 51-52 (1992). In a preferred embodiment,
the chimeric antibody binds to IL-5 and to another molecule involved in promoting
proliferation of eosinophils and basophils. In preferred embodiments, the other molecule is

35 eotaxin, IL-3, or GM-CSF.



5 may be nmonovalent, if only a single VH and VL are used, bivalent, if two
VH and VL are wused, or polyvalent, if nore than two VH and VL are used. In
one enbodvowangsoshe single chain antibody is prepared usi rRgTAIS@/@6nOr e of
the variable regions fromthe 20.13.3 nonocl onal anti body. In another

enbodi nent, the single chain antibody B§ prepared using one or nore CDR
regions fromsaid anti-IL-S anti body. 10’ Kappabodi es, M ni bodi es, D abodies
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enbodi ment, the chiOmertise efideribatlied andbelys ppaued hysirogsliokmgdwo wp nOrof
antibodies (of the same type or of different types, e.g., to create bispecific antibodies). Suitable
crosslinkers include those that are heterobifunctional, having two distinctly reactive groups
separated by an appropriate spacer (e.g., m-maleimidobenzoyl-N-hydroxysuccinimide ester) or

25 homobifunctional (e.g., disuccinimidyl suberate). Such linkers are available from Pierce
Chemical Company, Rockford, Ill.

Another type of derivatized antibody is a labeled antibody. Useful detection
agents with which an antibody or antibody portion of the invention may be derivatized include
fluorescent compounds, including fluorescein, fluorescein isothiocyanate, rhodamine,

30 5-dimethylamine-1-napthalenesulfonyl chloride, phycoerythrin, lanthanide phosphors and the
like. An antibody may also be labeled with enzymes that are useful for detection, such as
horseradish peroxidase, 8-galactosidase, luciferase, alkaline phosphatase, glucose oxidase and
the like. When an antibody is labeled with a detectable enzyme, it is detected by adding
additional reagents that the enzyme uses to produce a reaction product that can be discerned.

35 For example, when the agent horseradish peroxidase is present, the addition of hydrogen
peroxide and diaminobenzidine leads to a colored reaction product, which is detectable. An

antibody may also be labeled with biotin, and detected through indirect measurement of avidin



the variable regions fromthe 20.13.3 nonocl onal antibody. In another
enbodi nent, the chineric antibody is prepared using one or nore CDR
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| abel ed with biotin, and detected through indirect neasurenent of avidin WO
03/ 085089 PCT/ US03/Aooangiall-S3@tibody may also be derivatized with a chemical group such as

polyethylene glycol (PEG), a methyl or ethyl group, or a carbohydrate group. These groups
25 may be useful to improve the biological characteristics of the antibody, €.g., to increase serum

half-life or to increase tissue binding.

Characterization of Anti-IL-5 Antibodies
Class and Subclass of Anti-IL-5 Antibodies

30 The class and subclass of anti-IL-5 antibodies may be determined by any

method known in the art. In general, the class and subclass of an antibody may be determined
using antibodies that are specific for a particular class and subclass of antibody. Such
antibodies are available commercially. The class and subclass can be determined by ELISA,
Western Blot as well as other techniques. Alternatively, the class and subclass may be

35 determined by sequencing all or a portion of the constant domains of the heavy and/or light

chains of the antibodies, comparing their amino acid sequences to the known amino acid
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be determined by any method known in the art. In one embodiment, the binding affinity can
25 be measured by competitive ELISAs, RIAs, BIAcore or KinExA technology. The dissociation
rate can also be measured by BIAcore or KinExA technology. In one embodiment, the binding
affinity and dissociation rate are measured by surface plasmon resonance using, €.g., 2

BlAcore.

30 Identification of IL-5 Epitopes Recognized by Anti-IL-5 Antibody
The invention also provides an anti-IL-5 antibody that binds the same antigen or
epitope as a human anti-IL-5 antibody. Further, the invention provides an anti-IL-5 antibody
that cross-competes with a human anti-IL-5 antibody. In a preferred embodiment, the human
anti-IL-S antibody is the 20.13.3 monoclonal antibody.. In another preferred embodiment, the
35 human anti-IL-5 comprises one or more CDRs from the 20.13.3 monoclonal antibody. In a

preferred embodiment, the anti-IL-5 antibody is another human antibody.
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Light and Heavy Chain Usage

25 The invention also provides an anti-IL-5 antibody that comprises light chain
variable sequences encoded by a human Vk gene and a human Jk gene. In the 20.13.3
mononclonal antibody, the  light chains utilize a human 08/018 Vk gene joined to a human
Jk4 gene.

In preferred embodiments, the light chain variable region of the anti-IL-5

30 antibodies of the invention contains the same amino acid substitutions, relative to the germline
08/018 gene amino acid sequence, as the 20.13.3 monoclonal antibody. For example, in some
embodiments, the light chain variable region of the anti-IL-5 antibody may contain one or
more of the amino acid substitutions relative to 08/018 germline sequence that are present in
the 20.13.3 monoclonal antibody. In this manner, one can mix and match different features of

35 antibody binding in order to alter, e.g., the affinity of the antibody for IL-5 or its dissociation

rate from the antigen.



using a variety of methods known in the art. For instance, one may
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embodiment, the heavy chain amino acid sequence is derived from a human Vy DP-47 gene
family. In a more preferred embodiment, the heavy chain comprises no more than eight amino

25 acid changes from germline Vi DP-47, more preferably no more than six amino acid changes,
and even more preferably no more than three amino acid changes.

In a preferred embodiment, the VH of the anti-IL-5 antibody contains the same
amino acid substitutions, relative to the germline amino acid sequence, as Mab 20.13.3. In
another embodiment, the amino acid substitutions are made in the same position as those found

30 inthe VH of Mab 20.13.3, but conservative amino acid substitutions are made rather than
using the same amino acid.

In another preferred embodiment, the heavy chain comprises an amino acid
sequence that is the same as the amino acid sequence of the VH of Mab 20.13.3. In another
highly preferred embodiment, the heavy chain comprises amino acid sequences that are the

35 same as the CDR regions of the heavy chain of the 20.13.3 monoclonal antibody shown in
Table 2. In another preferred embodiment, the heavy chain comprises an amino acid sequence

from at least one CDR region of the heavy chain of the 20.13.3 monoclonal antibody. In
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conprises am no acid sequences that are the 35 sane as the CDR regi ons of
t he heavynkibaion opfi-3-hedi2tedl 3l proffocionbalknadliShodpodhGwmitral  Table 2. In

anot h f d enbodj t, t i, npr i ' id
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preferred embodiment, the cell line is human. In an even more preferred embodiment, the cell

25 line is a human eosinophil cell line or a human erythroleukemia cell line, for example, TF-1.
In a preferred embodiment, the antibody is a human antibody. In a more
preferred embodiment, the antibody is the 20.13.3 monoclonal antibody or functional
fragments thereof.
In certain embodiments, the anti-IL-5 antibody or functional portion thereof
30  inhibits the proliferation of an IL-5-responsive cell line with an ICso value of no more than 10
nM. In preferred embodiments, the ICsg is no more man 1 nM. In other preferred
embodiments, the ICs, is no more than 250 pM. In additional preferred embodiments, the ICsg

is no more than 100 pM. In still other preferred embodiments, the ICso is no more ;han 50 pM.

35  Inhibition of Eosinophil Accumulation In Vivo

In another embodiment, an anti-IL-5 antibody inhibits eosinophil accumulation

in vivo. In a preferred embodiment, the antibody inhibits eosinophil accumulation by
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Accumy ation In Vivo In another embodinment, an anti-1L-5 antibody inhibits
eosi nophil accurmulation in vivo. In a preferred enbodi nent, the anti body
i nhi bi t s Phashavemival Campositibet andrKiksy WO 03/ 085089 PCT/ US03/ 09260

The invention also relates to pharmaceutical compositions for the treatment of

disorders, particularly allergic disorders, characterized by IL-5 mediated eosinophil production,
maturation, migration into blood, activation or infiltration into tissues in a mammal. In one
25 embodiment, said pharmaceutical composition is for the treatment of eosinophilic diseases
such as, without limitation, asthma, asthma exacerbations, asthma worsening episodes, chronic
pneumonia, allergic rhinitis, perennial allergic rhinitis, allergic bronchopulmonary
aspergillosis, hypereosinophilia, Churg-Strauss syndrome, atopic dermatitis, onchocercal
dermatitis, episodic angiodema, eosinophilic myalgia syndrome, coeliac disease, eosinophilic
30 gastroenteritis, helminth infections, Hodgkins disease, nasal polyps, Loeffler’s syndrome,
urticaria, hypereosinophilic bronchitis, arteritis nodosa, sinusitis, chronic sinusitis, eosinophilic
esophagitis, allergic eosinophilic esophagitis and allergic conjunctivitis.
The anti-IL-5 antibodies of the invention can be incorporated into
pharmaceutical compositions suitable for administration to a subject. Typically, the
35 pharmaceutical composition comprises an antibody or a functional fragment thereof of the
invention and a pharmaceutically acceptable carrier. As used herein, “pharmaceutically

acceptable carrier” includes any and all solvents, dispersion media, coatings, antibacterial and
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acceptable carrier. As used herein, "pharnmaceutically

conditions of manufacture and storage. The composition can be formulated as a solution,

25 microemulsion, dispersion, liposome, or other ordered structure suitable to high drug
concentration. Sterile injectable solutions can be prepared by incorporating the anti-IL-5
antibody in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the active compound into a sterile vehicle that

30 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 that yields a powder of
the active ingredient plus any additional desired ingredient from a previously sterilg-ﬁltered
solution thereof. The proper fluidity of a solution can be maintained, for example, by the use of

35 acoating such as lecithin, by the maintenance of the required particle size in the case of

dispersion and by the use of surfactants. Prolonged absorption of injectable compositions can



acceptable carrier” includes any and all sol vents, dispersion nedia,
coatings, antibacterial and WO 03/085089 PCT/ US03/09260 44 5 anti fungal
agents, iwowanssoseand absorption del ayi ng agents, and the PCkasoi@Recar e
physi ol ogically conpatible. Exanples of pharmaceutically acceptable
carriers include one or nore of water, saline, phosphate buffered sali ne,
dextrose, glycerol, ethanol and the i k& as well as conbinations thereof.
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t her eof . dikteF@r apleherbpdiitidiatimimbtraionpthe compowals ney tesinedrponated, withoexcepientpl e,
by t h§5 usaend%fsed in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions,
syrups, wafers, and the like. To administer a compound of the invention by other than
parenteral administration, it may be necessary to coat the compound with, or co-administer the
compound with, a material to prevent its inactivation.
Supplementary active compounds can also be incorporated into the
30 compositions. In certain embodiments, an anti-IL-5 antibody of the invention is coformulated
with and/or coadministered with one or more additional therapeutic agents. These agents
include, without limitation, antibodies that bind other targets (e.g., antibodies that bind one or
more growth factors or cytokines or their cell surface receptors), agents that reduce_ IL-5
production or activity, such as IL-5 binding proteins, antisense oligonucleotides against IL-5 or
35 IL-5 receptor, peptide analogues that block IL-5 receptor activation, soluble IL-5 receptor,

glucocorticoids and cyclosporin, and agents that inhibit eosinophil production, maturation,

survival, activation, or migration from the bone marrow, such as corticosteroids. Such



35 a coating such as lecithin, by the nmaintenance of the required particle
size in the case of dispersion and by the use of surfactants. Prol onged
absor pt i omo®B/0830peCt abl e conpositi ons can WO 03/ 085089 PCPCWDE383/@2260 45 5
be brought about by including in the conposition an agent that del ays
absorption, for exanple, nonostearate ?gll ts and gelatin. The anti bodi es or
antigen-binding fragments of the present”invention can be adm nistered by
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reduced or increased as indicated by the exigencies of the therapeutic situation. It is especially
25 advantageous to formulate parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as used herein refers to physically
discrete units suited as unitary dosages for the mammalian subjects to be treated; each unit
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for
30 the dosage unit forms of the invention are dictated by and directly
dependent on (a) the unique characteristics of the antibody and the particular therapeutic or
prophylactic effect to be achieved, and (b) the limitations inherent in the art of compounding
such an antibody for the treatment of sensitivity in individuals. '
An exemplary, non-limiting range for a therapeutically or prophylactically
35 effective amount of an antibody or antibody portion of the invention is 0.1-100 mg/kg, more

preferably 0.1-50 mg/kg, more preferably 0.1-20 mg/kg, and even more preferably 1-10 mg/kg
(e.g.,at 0.3, 1, or 3 mg/kg). Itis to be noted that dosage values may vary with the type and



production or activity, such as IL-5 binding proteins, antisense

ol i gonucl eoti des against IL-5 or 35 IL-5 receptor, peptide anal ogues that
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cycl osporin, and agents that inhibit eosinophil production, maturation,
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the uni que characteristics of the antibody and the particular therapeutic
or immunohistochemistry, Western blot or immunoprecipitation. The anti-IL-5 antibodies of the
25 invention may be used to detect [L-5 from humans. In another embodiment, the anti-IL-5
antibodies may be used to detect IL-5 from Old World primates such as cynomologous and
rhesus monkeys, chimpanzees and apes. The invention provides a method for detecting IL-5 in
a biological sample comprising contacting a biological sample with an anti-IL-5 antibody of
the invention antigen-binding fragments thereof and detecting the antibody bound to IL-5, to
30 detect the IL-5 in the biological sample. In one embodiment, the anti-IL-5 antibody is directly
labeled with a detectable label. In another embodiment, the anti-IL-5 antibody (the first
antibody) is unlabeled and a second antibody or other molecule that can bind the anti-IL-5
antibody is labeled. As is well known to one of skill in the art, a second antibody i; chosen
that is able to specifically bind the specific species and class of the first antibody. For
35 example, if the anti-IL-5 antibody is a human IgG, then the secondary antibody may be an anti-

human-IgG. Other molecules that can bind to antibodies include, without limitation, Protein A

and Protein G, both of which are available commefcially, e.g., from Pierce Chemical Co.



prophylactic effect to be achieved, and (b) the Ilimtations inherent in the
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the IL-5 in the biological sanple. In one enbodinent, the anti-IL-5

antibody is directly
Therapeutic Methods of Use

25 In another embodiment, the invention provides a method for inhibiting IL-5
activity by administering an anti-IL-5 antibody of the invention or an antigen-binding fragment
thereof to a patient in need thereof. Any of the types of antibodies described herein may be
used therapeutically. In a preferred embodiment, the anti-IL-5 antibody is a human antibody.
In another preferred embodiment, the IL-5 is human and the patient is a human patient.

30 Alternatively, the antibody or fragment may be administered to a non-human mammal
expressing an IL-5 with which the antibody cross-reacts (i.€. a primate, cynomologous or
rhesus monkey) for veterinary purposes or as an animal model of human disease. Such animal
models may be useful for evaluating the therapeutic efficacy of antibodies of this invention.

As used herein, the term “a disorder in which IL-5 activity is detrimental” is

35 intended to include diseases and other disorders in which the presence of IL-5 in a subject

suffering from the disorder has been shown to be or is suspected of being either responsible for

the pathophysiology of the disorder or a factor that contributes to a worsening of the disorder.
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In another preferred embodiment, an anti-IL-5 antibody may be administered to
25 apatient having increased levels of eosinophils in bone marrow, blood or other body tissues.
Increased eosinophil presence is known in the art to be associates with diseases such as,
without limitation, asthma, asthma exacerbations, asthma worsening episodes, chronic
pneumonia, allergic rhinitis, perennial allergic rhinitis, allergic bronchopulmonary
aspergillosis, hypereosinophilia, Churg-Strauss syndrome, atopic dermatitis, onchocercal
30 dermatitis, episodic angiodema, eosinophilic myalgia syndrome, coeliac disease, eosinophilic
gastroenteritis, helminth infections, Hodgkins disease, nasal polyps, Loeffler’s syndrome,
urticaria, hypereosinophilic bronchitis, arteritis nodosa, sinusitis, chronic sinusitis, eosinophilic
esophagitis, allergic eosinophilic esophagitis, allergic conjunctivitis. In a preferred
embodiment, the anti-IL-5 antibody of the invention or an antigen-binding fragment thereof is

35 administered to a patient with asthma. In an even more preferred embodiment, the method

prevents or reduces the severity of the disease.
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35 intended to include diseases and other disorders in which the presence

of ILS5 in a subj ehe ansibols or fagmewmmake adnypisisesd fem abewrihess Siesdailne or
. t oL e - . . :
oo Sbe it sl R HAIEHAHRAAPKE Lo hapliSeRa sl e dhctfe

0’ a worseni ng sor der
03/ 08508 thtReddal /DA % Bldravéfors, Abeeraakéong) iftrarusdtuborpeentéral, whiatimaorors
activity is detrinmental is a disorder in which nhibition  of IL-E activity
i s expectapiral pusg. | Big antibodymay plep b6 ASMENHLISH COMBYPREY ViR BENPHEP 4 BSr der .
Such [IL:5. [ ' - L7 - &lil ergic
di‘sor der SIS AT APECRifnl e RF s Bl 2R Pas fdRdhER | bt onary
ti ssues prgided|thammias antibody eame the nondiiarhtoditgpowosersngrayto ibmrexe ddwaatibodyor
exanpl e, by an increased nunber of eosinophils, and/ or.basophils,in the bone
10 mar 1 oMl BrisaR Scre B TSo B8, Of PRSP e CATRASU ot a3 dSoRItpee PEAE)
fluid. | 'Thpaﬁtﬁﬂoﬁg' v al S dnflhiSRF LSS rSpHYRE R F R 8616 pi&eft Bferpi¢l monary or
cut aneous eosi nophi'ia, bronchi al hyper- responsiveness, e05|inh|I _
accunul atrifamrhationiang/ot Eesnphilipanfiltasonfram eosdrringr Thes inby be edpieeirlly peafilons

damage to air ithelium interstitial ,ai edema,., iNCr mucus
secreti oﬁatfet?tsm{g%/toﬁg‘ﬁibefﬂ ShAWHoHGY ?:Bﬁ?ééhﬁ Hgk %#.Ié@éf){”éllgﬁgrq”\ﬁ; f/(,%%tps)egg) fol ogi cal

| L- 5 13Ct bydifophiBiedife@Vodigiied by 15 one or nore of increased eosinopoiesis
in the bone marrow, increased eosinophil survival, increased eosinophi

adhesion to endothelial cells and enhanced eosi nophil cytotoxic activity.

In a pre rre gnbodi ment, an anti-IL-5 anti body of the invention or an
anti gen f agnent thereof may be administered to a patient suffering
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chr OTSC embodiment, precursor B cells or other cells are infected in vivo using a

virus known to infect the cell type of interest. Typical vectors used for gene therapy include
liposomes, plasmids, or viral vectors, such as retroviruses, adenoviruses and adeno-associated
viruses. After infection either in vivo or ex vivo, levels of antibody expression may be
monitored by taking a sample from the treated patient and using any immunoassay known in
30 the art and discussed herein.

In a preferred embodiment, the gene therapy method comprises the steps of
administering an effective amount of an isolated nucleic acid molecule encoding the heavy
chain or the antigen-binding portion thereof of the human antibody and expressing the nucleic
acid molecule. In another embodiment, the gene therapy method comprises the steps of

35 administering an effective amount of an isolated nucleic acid molecule encoding the light chain
or the antigen-binding portion thereof of the human antibody and expressing the nucleic acid

molecule. In a more preferred method, the gene therapy method comprises the steps of
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prophylactically in order to prevent allergic inflanmtion and/or
eosinophilic infiltration fromoccurring. This nay be especially useful in
pati erg s that have been shown to haBXaMPL@ier risk of developing an IL-5
medi ated or 15 eosinophil-nedi ated condition. Gene Therapy The nucleic
acid nol ecul es of theGereration of Hiyhiidomas Pra e SPEPHY to a patient
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enbodi ment, precursor B cells are transfected or infected ex vivo and
re-transplanted into a patienTabla4nkeedutiratioedichedwiesanot her 25 embodi ment,

pr ecur sof—B-eeH-s-or—ether—eetHhs—are—trheeted—+AyvoustAg—a—vrys known
to infec thF cell type of intarest Typicallvectors ilsed fr\E_ra_;_e_n_e t her apy
i ncl ude | IIPploSBREs| “Plmasmi U&* ar UrYaEr vielt'or s™ Jul™* ds "F'ef riovituges,
adenovi r uses| and afleno- a$soemn at|edraira bot 20ug | 10ug | 2-3weeks |4
10 13 SP3-SP6 7
2 10 15 SP7-SP10 in CFA/IFA bot 20 ug 10ug 2-3 weeks 4
10 15 SP11-SP14 7
3 10 15 SP15-SPi8 in CFA/IFA bot 20ug 10ug 2-3 weeks 4
10 15 . SP19-SP20 7
4 20 20 SP23-SP24 in CFA/IFA bot 20 ug 10ug 4-5 weeks 7
5 10 20 SP33-SP35 in CFA/IFA bot 20 ug 10 ug 3-4 weeks 8
6 10 10 SP21-SP22 | inRibi fp 20 ug 10 ug 3-4 days 7
7 20 20 SP25-SP30 Ribi or CFA bip 20 ug 10 ug 2-3 weeks 5
8 10 10 SP31-SP32 IL5-anti m-CD3 bot 20 ug 20 ug 2-3 weeks 4

For base of tail (bot) immunizations, human IL-5 was emulsified in complete
Freund’s adjuvant (CFA) for the first immunization and in incomplete Freund’s adjuvant (IFA)
25 for subsequent immunizations at the doses and times indicated above. (For IL-5 sequence
information, see European Patent Application publication number EP0267779.) For footpad

(FP) immunization, the antigen was emulsified in Ribi adjuvant. Some animals (group 7)
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These exgE%Ies are for purposes of illustration only and are not to be
construed-""as |imting the scope of the invention in any manner. 15 EXAVPLE
| Gengyation of Hybridomas Producing Anti-IL-5 antibody Antibodies of the

invention were prepared, selected, and assayed as follows: |nmunization
and hybr ilbertingeadsswi on A total of 288 Ig& or |1g& XenoM ceTM di vi ded

Lo Sroups Of 19 58 180 e RN S QuAR eSS ey S A i
Schedul eguffemiocieMi@siton@erbumpt 26Gad8st ¢l RaHCO3 M WriR)nogkncutatedet #°Cst
heoks 4 PoemiERSpOUSRGCTor 5 hars 1 Shephisspiese mASTeRAITEREBeRE WA 40 157 s
weeks)f 20 in PBS) three times, blocked with 200 pul/well of blocking buffer (0.5% BSA, 0.1% Tween
20, 0.01% Thimerosal in 1x PBS) for 1 hour at room temperature, and washed three more
times with washing buffer. Fifty ul/well of sample (or controls) was added to the wells and
incubated at room temperature for 2 hours. After three washes with washing buffer, 100
pl/well of detecting antibody goat anti-hulgGfc-HRP (Caltag, cat.#H10507) (and GT anti-

25 hkappa-HRP in secondary screening) was added to each well and incubated for 1 hour at room
temperature. The plates were washed and 100 pl of developing solution (10 ml substrate
buffer, 7.14 g/l citric acid and 16.96 g/I dibasic sodium phosphate), 10 mg o-phenylenediamine
(Sigma, cat. no. P-7288), and 10 ul 30% H,0,) was added to each well. After approximately
10 minutes, stop solution (2 M H,SO4) was added to each well and the plates were analyzed

30 using an ELISA plate reader at a wavelength of 492 nm. Positive cultures were transferred to
48-well plates and were subsequently transferred to 24-well plates after reaching confluence.

A total of 116 hybridomas producing antibodies reactive with IL-5 were
obtained, of which 7 were IgG2 and 109 were IgG4. The disproportionate prevalence of IgG4
antibodies is thought to be related to an effect of IL-5 on class switching. Of the 116

35 hybridomas producing IL-5 specific antibodies, an IgG4/kappa hybridoma designated 20.13

was selected for further characterization based on their strong neutralization activity

comparable to that of a mouse IgG control antibody (39D10 from Schering-Plough). .
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was added to the wells and o
analyzed using a FluoroCount  plate reader at an excitation wavelength of 530 nm, emission

20 wavelength of 590 nm, and PMT of 600 volts.
Results of studies using antibody 20.13.3, purified from either acites or
supernatants, show that 20.13.3 effectively blocked cell proliferation induced by IL-5.

EXAMPLE 3

25 Determination of Neutralization ICso

Mab 20.13.3 was tested in the TF-1 anti-proliferation assay against both human
and murine IL-5 (Egan et al. Drug Res. 49:779-790 (1999)). Briefly, 50 ul of assay medium
(RPMI 1640 supplemented with 1% glutamine, 1% pen/strep solution, 0.1% mercaptoethanol,
0.05% fungizone and 1% fetal bovine serum) was added to wells of a 96-well culture plate.

30 Varying concentrations of Mab 20.13.3 were added to the wells and incubated at room
temperature for 30 minutes. Twenty microliters (20 pul) of human or murine IL-5 (12 ng/ml)
was added to each well (except negative controls). TF-1 cells were prepared at a concentration
of 5x10° cells per ml, and 30 ul aliquots of cell suspension were added to all wells. The plates
were incubated for 44-48 hours at 37 °C and 5% CO;. 25 ul of a Smg/ml MTT solution was

35 then added to each well and incubated for another 6 hours. 100 ul of a 10% SDS solution was

added to each well and the plastes were incubated overnight. The plates were analyzed on a
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weeks prior to challenge with aerosolized OVA. Bronchoalveolar lavage fluid was collected
24 hrs post challenge and cellularity was determined. Blood samples were taken at the time of
BAL collection for pharmacokinetic analysis. The 5 and 1 mg/kg doses of Mab 20.13.3

25 significantly inhibited total cells and eosinophils in the BAL when given 2 hrs and 13 days
prior to OVA challenge. Mab 20.13.3 significantly inhibited total cells and eosinophils in the
BAL when given 4w prior to challenge only at the 5 mg/kg dose. Inhibition was no longer
observed when Mab 20.13.3 was dosed 6w-12w prior to challenge.

We evaluated Mab 20.13.3 in a cynomolgus monkey model of antigen induced

30 pulmonary inflammation (Mauser et al 1995). Briefly, nine monkeys naturally sensitive to
Ascaris suum were first sham treated with vehicle (subcutaneous saline) and 18 hrs later
challenged with aerosolized Ascaris suum (antigen). Twenty-four hours after Ascaris
challenge, a BAL fluid sample was collected and a peripheral blood sample was obtained. The
cellular content of the BAL and blood samples were determined.

35 Three weeks later, the nine monkeys were dosed with Mab 20.13.3 at 0.3 mg/kg

s.c. Eighteen hours later, the monkeys were challenged with aerosolized Ascaris suum and a



Results of studies using antibody 20.13.3, purified fromeither acites or
supernatants, show that 20.13.3 effectively blocked cell proliferation
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human and nmur i ne - respectively. EXAMPLE 4 In Vivo Functional Assay 10
An anti-IL-5 anti body of the invention was evaluated in a nouse nodel of
antigen induced pul nonary inflanmmtion (Kung et al 1994). Briefly, mce
sensitized with oval bumn (O\/A) weBXAlPed 5vM t h ei t her saline, Mab 20.13.3
at 5, 1, 0.5, or. 0.1 /k _s.c ap05|t|,v cotrol rIurlne anti-1L-S
HEA! B 1 AC 1L tibodigs I ITmJnO|

sils ! >
Met hods 125: 233 (1 PaUcRE i chnpahgéa@ggﬂygth 15
aerosol i zed OVA B?g%ﬁﬁ@éoﬁétﬁﬁ%gvfggté@oﬂsﬁr %Ca vvacs collected 24 hrs
post chahﬂ\eﬂg@n “&ruﬂomdlahdlsaqUehged\mleamﬂoaﬂsmnnerdng REwvig-amd pigbticmédiragments
si gni fi cant

crease in all ters 3 si nf antl
i nhi bi te@of‘bli*)gm dewps Brogueing auf iﬁge ‘P%"C?Oﬁlaw{ﬁ‘bg&fs egné 4 ﬁq%er}éﬁsg]?)kg
The dur ahh&ﬂn&fts RBGhd ¥ AN s&ﬂ&ﬁce'dtfegto?}m (}T@Qﬂ'ﬂn@eﬁl &fal Nﬁl(‘: QB FoR IProveid

eval uat e 20 1 n the above-describ M ce sensitized with oval bunmin
( OVA)20we Epguiesatg, Wamhbridge, REE) using MacVector and Geneworks software programs.

To clone the cDNA encoding monoclonal antibody 20.13.3, we isolated RNA
from approximately 1 X 10° hybridoma cells by the RNAzol (Tel-Test, INC.) method. We

reverse transcribed the mRNA using oligo-dT(18) and the AdvantageTM RT/PCR kit

(Clonetech). We used the following primers to amplify the cDNA.
25

Primer name Primer Sequence

Light Chain 5°-GGAAGAATTCACCCTGTGCAGGAGTCAGTCC-3’ (SEQID NO: 19)
Sense: vk018-Eco

LC Anti-sense: 5. TGAGATCGAGGGCCCCTTCTCCCTCTAACACTCTCC-3’ (SEQ ID
ckp2-Apa NO: 20)

Heavy Chain 5’-CCGGAATTCCAGAGAGAACTCACCATGGAGTTTG-3" (SEQ ID NO:
Sense: v3-23-Eco | 21) '

Heavy Chain 5’-GAGAGAGAGCTAGCTGAGGAGACGGTGACCAGGGTTCCCT-3
Anti-sense: Jh4/5- | (SEQ ID NO: 22)
Nhe




saline or Mab 20.13.3 at 5 and 1 ng/kg s.c. 2 hrs, 2 weeks, 4 weeks, 6
weeks, 8 weeks or 12 weeks prior to challenge with aerosolized OVA

Br onchoalweaBbassosavage fluid was collected 24 hrs post clrairiusnge2end
cellularity was determ ned. Bl ood sanples were taken at the tinme of BAL
col l ection for pharmacokinetic analysis, The 5 and 1 ng/kg doses of Mab
20.13.3 25 significantly inhibited tot aF6ceI | s and eosinophils in the BAL
when given 2 hrs and 13 days prior to OVA challenge. Mab 20.13.3
signiPicantly inhibited total cells and eosinophils in the BAL when given
4w prior to challe n . ! Lol | onger
observed when Mb gg?igc?&véﬁslg @Sg‘%@wéﬁvﬁg‘?%‘r& ?l%bt?é#ﬁofégsne\ggﬁ 1{/‘}@ eval uat ed
Mab 20. 18aa805e!T AE g¥I8 @R® -6 brbaideskcivediand piriféedtwitiesephaglackehds 88mpishampar y
inflammati on (Mauser et al 1995). Briefly, nine Elonke%/s nat ur al | g‘ig:engi tive
to Ascapidsubglonedusite PER EOPQRd mectoednutonss GRRAY INSCTESWEE SEHTBEUSVER] i ne)
and 18 h iLh R [ ' ' ) .

Toent y- f S0P E sealit L OGE AL BIRSHPRR) MR DAITEN SR age

col | a0t eSeqrecaarabysisphay i fohedusisgfp] B amGoleWarkeshftvidie EcalVApar cont ent
of the BAL and bl pod sanmpl es. \é\ﬁrF de(%erm’ ed. 3? hr ee weeks Itat er, the

ni ne nonRagmerigsiselatrssiaem fieniifige plasyidsavese glongd Miq e expression Vegto aon hour s
| at er, tgﬁﬁ@? s were challenged with aerosolized Ascaris suum and a WO
03/ 08508 US03/ 09260 55 5 BAL sanple was collected 24 hrs |ater. Bl ood
sanpl es were taken2®és drheawnchaat PERIpeaduets wiredigestad nath BegiUNhskr at i on of

Ascari s suum . Ascar,i.s_ suum chal |l enge S ated 4. and s..after the
initia H6STIRROMTT indfe %ﬂ??%éﬂla‘“‘gﬁﬂs f“hv@"‘k!éﬁﬁ’e‘%a&ﬁteéﬁlﬁeﬁm‘? “\g"ﬁ%ﬁﬁv M uid was
anal yzed bHah ohe(ARBEhAf) HALuBcBhddEintAMBnSHRnas Cldakl #B@seqidrbeLBith Iy

significantly reduced the antigen- induced accunul ati on of eosinophils in
t he BAL puimaf sagnerging ki (Awnlied Biegysteons) withvd923-Eee arcdiihfoNhep@msrs( 550

reduction) 8w after dosing. Na i gnifi unber of
eosi nophil sin the E%‘r?ﬁ&hé&’&ﬁ %?‘6%%‘%%?5%?& v(\:/;,rl w gﬁ%{dggyv&ggatsyr}ﬁe 0si ng

W th | evelastismet urning to near pre-dosing |evels by 14w. EXAMPLE 5 15
Structural Analysis of the Fully Human Anti-IL-5 Monoclonal Antibodies To
anal yze the struct Giege Briliggtionpighists produced in accordance with the

i nveni,y on, we clon qgltlﬁ el [ ' AN ieght
chai n%f ragnents f?gbr%gﬁssﬁtr%i omﬁg%%ngﬁléﬁ‘gngztﬂ %T%Qﬂgﬁg%l ongll acgﬂﬁﬁdgdi es.
W anal yzaitl the Invetipmences by alignnents to the "V BASE sequence directory”
(Tominson et al., MRC Centre for Protein 20 Engi neering, Canbridge, UK)
usi ng MacVector and CGenewor ks software prograns.

TABLE 5 Heavy and Light Chain Gene Utilization

Clone Heavy Chain Kappa Light Chain
VH D JH VK JK
20.13.3 (3-23) D1-20 JH4B 08/018 JK4
DP-47

Mutation Analysis
As will be appreciated, gene utilization analysis provides only a limited
overview of antibody structure. As the B-cells in XenoMouse™ animals stocasticaily generate
30 V-D-J heavy or V-J kappa light chain transcripts, there are a number of secondary processes
that occur, including, without limitation, somatic hypermutation, —additions, and CDR3

extensions. See, for example, Mendez et al., Nature Genetics 15:146-156 (1997) and



To cl one the cDNA encodi ng nonocl onal anti body 20.13.3, we isolated RNA
fromapproximately 1 X 106 hybridoma cells by the RNAzol (Tel -Test, INC.)
met hod. WeO oB/ess®8se transcri bed the mRNA usi ng ol i go- dT( 18LTAISd3/09260
Advant ageTM RT/ PCR kit (Cl onetech). W used the following priners to
anplify the cDNA. 25 Prinmer name Priner Eequence Li ght Chain

5' - GGAAGAATTCACCCTGTGCAGGAGT CAGTCC- 3! (é QID NGO 19) Sense:vk018-Eco LC
Anti-sense: 5' - TGAGATCGAGGGCCCCTTCTCCCTCTAACACTCTCC-3' (SEQ I D ckp2- Apa
NO 206) Heemgti@ahPaien PubbctonTVOORCASAGRRDTHEE ERTBEAGHTIIGS 3 ACEEN Y Y IO

Sense: v3-23-Eco .21) keav 1N - ; : fth

o A R SRR R s ensr e ppdisted aguino acid sequenges gfthe (SEQ I D
NO 22) BhehodesGnPihe @8N A THtainOB0MROclohés. 5 20. 13. 3 cDNA | ight chain PCR
products were el ectrophoreised in |% agarQse/T els and -760.bp band
exci sed and purifi &He bgaviy chaipryagpRis dB’é‘&H’sOf(]\Z??Re%@@gf"m&W& HUgHEMYRAF] nt o
PCR TOPGZ, L vect o | = ofiPMARL PR shdWelo8n TSRS NMERIL Mt chaindy e
prinmer s lﬁbl]fgﬂlgﬁoﬁsgg%lﬁgéar;é({%%ﬁ%ﬁggg%i Sgystglﬁm) W th vI?C]n 8- Eco an1 .ckpazl- Apa
pri mems. vishbhedsieds of Bubl20siis3 vasaipefifomoadonsiron gSeylkie, and ebna Wiks
sof twar e. EcoRJ/A&aI frg‘%rrents isolated fromidentified plasm ds were
cloned i FOR% KR3ekBREM@AERYect or pManuKappa. 20.13.3 heavy chain PCR

products vere di ge’ﬁt\ﬁﬂ b‘éﬁa})@eg&%@%%m  SHRCAHoIPHR B8 Smird a¥4 agRfinsehsT AE
gels and -435 bp band excfsed and purified with 15 sephagl as (Amersham and

subcl onedr ins¢rtiopd\dxist Gaoloselprogingitie® anevithis @ QIR cBerhveubstitdyens yruldrappear to

sequenci Ki t | i ed Biosyste .1 h, v3023~E nd, Jh4- i mers. For
each cl Ogga,r Sg(gle\(;ﬁfg&fqua t}i%négﬁﬂgﬁ%g\ﬂ\%ho%&? ghes L gﬁ] Jequle: gﬁl r{ﬁgg’tg?&{ hr ee

r eactjisongybsERRBniLduld Balel Pohi Akt ¥Fés ugbh thelkfeni®y sfehsardtibolifest he gene
utilization by the 20.13.3 hybridoma I n accordance

EXAMPLE 6
Determination of Affinity Constants (K4) of Fully Human
Anti-IL-5 Monoclonal Antibody by Kinetic Exclusion Assay

20
The equilibrium dissociation constant (Kd) for human monoclonal antibody
20.13.3 was determined using the KinExA 3000 instrument (Sapidyne Instruments Inc.). The
KinExA uses the principle of the Kinetic Exclusion Assay method based on measuring the
concentration of uncomplexed antibody in a mixture of antibody, antigen and antibody-antigen
25 complex. The concentration of free antibody is measured by exposing the mixture to a solid-
phase immobilized antigen for a very brief period of time. In practice, this is accomplished by
flowing the solution phase antigen-antibody mixture past antigen coated particles trapped in a
flow cell. Data, generated by the instrument are analyzed using custom software. Equilibrium
constants are calculated using a mathematical theory based on the following assumptions:
30
1. The binding follows the reversible binding equation for equilibrium:

Kon [Ab] [Ag] = Ko [Ab Ag];

2. Antibody and antigen bind 1:1, and total antibody equals antigen-antibody
35 complex plus free antibody; and



with the invention. TABLE 5 Heavy and Light Chain Gene Uilization C one
Heavy Chain Kappa Light Chain VH D JH VK JK 20.13.3 (3-23) D1-20 JH4B
08/ 018 JKHO 0B@889 Mut ati on Anal ysis As will be appreci at edCTgSN®09260
utilization analysis provides only a limted overview of antibody
structure. As the B-cells in XenoMuseTM ani mal s stocastically generate 30
V-D-J heavy or V-J kappa light chain transcripts, there are a nunber of
secondary processes that occur, includin Wi thout |imtation, somatic
hyper fut ati on, - addi Inbtomsent signalgpha ear'é’)(?%@l‘%ﬁ@e anfibodyrcopceniiafigie  Mendez
et al., Nature Cenetics 15:146-156 (1997) and WO 03/ 085089 PCT/ US03/ 09260
57 5 International Patent Publication W98/24893, published Cctober 11,
1998. Accor di ngly, AliQxpbathbRer préxallied erdipérRaitd stédiging i@ theikinBRAS080 €d
predi cted am no acid sequences of the antibodies fromthe cDNAs obtained
f r om t heMzhosleAll fine weesdonedh diplicater Thb Fedlosongiiahleshoivithe 262y Gorglitwnstier ns

three am no acid__substitutions conp one LN the CDR2 and
two in CORStangprd K4 gis abAaic anefﬁa%}slogﬁqéhﬁ&ﬂgo:ﬂ d’{ﬁi\fﬁﬁoe‘%vié 3 contains

five gutations fromgermine, one each in CDRl, CDR2, FR3, CDR3 and FR4.

It will be apprecratedtiat—many of the abov d—am no acid
substitutions or insertions exist in cl nc&'gs h@r?c’éﬁﬂréﬁd% or—wi-t+-hi-A—a-{ CDR.
Such substilutions woul d appear td-1bdr sone eff«=ct QuBbﬁM he bi ndi ng of
the anti bodyg xﬁplk%ldrﬁe 5 nol ecul e. 5dﬁqnt her, such 15 smmtultutl ons could

have signifj efect—upon—tih AL of—the—ant+ EXAMPEE 6
Det er mi nat i Oﬁarwlegow By Consia &2% W&}Pﬁ’&f Ful ly{H n(gzymiﬁ'?‘f‘ LL-5

Monocl onal fhdbodntey Ki neti c|ExciQdsilon Assay 20 Th¥)Oeguili brium
di ssociatio 'L&b%'ﬂoﬁv"}big( Rd)y—for mTE? B FRARRT onal_ant 1 beey ;1 2ln13. 3 way

det er mi ned uSihQ L nExA 30 nstrurent l Sabi rl\lnn AStHenRt

dI.IUIIUIILD InC.).

The Ki nExA HighestiAgconcenigatione | of 3WMi net i ¢ Exclusi $¥hPMssay net hod |based

on neasuri ngr Rest W@é}{tfaﬁbhon of() sipeonpl exed an{i boelg7 pM a m xt ur e |of
ant | bOdy, an et atreF—etat uuuy art gen

In each assay, two-fold serial dilutions of the antigen were prepared and mixed
with the antibody at constant concentration. The mixture was incubated for 2 hours at room
temperature to equilibrate.

15 Materials used in the above assays were: Mab 20.13.3; recombinant human
IL_5 (thIL-5) (available from Sigma (Cat# 1 5273), R&D Systems (Cat# 205-IL-005),
Amersham (Cat# ARM19005), and Calbiochem (Cat# 407641)); PMMA particles, 8 micron
(Sapidyne, Cat No. 440198); Neutravidin (Pierce, Cat No. 31000); EZ-link TFP PEO-Biotin
(Pierce, Cat No. 21219); Biotinylated rhIL-5 (Biotin/protein ratio: 19/1); and Cy5 conjugated

20 Goat anti-HulgG (H+L) (Jackson Immunoresearch Laboratories Cat. No 109-175-003).
PMMA particles were coated with biotinylated rhIL-5 according to Sapidyne “Protocol for
coating PMMA particles with biotinylated ligands having short or nonexistent linker arms™.
For biotinylation of rhIL-5 EZ-link TFP PEO-biotin was used according to manufacturer’s
recommendations (Pierce bulletin 0874). Biotin/protein ratio was estimated using the HABA

25 assay (Pierce bulletin 0212).

Dual Curve analysis (0.1 and 0.01 nM Antibody concentrations) in the
“Standard mode” (see KinExA 3000 Manual for an explanation of Dual Curve data analysis
methods) generated good best fit curve for Kd with clear minimum. The calculated Kd value
for Mab 20.13.3 for this method of analysis was 1.5 x 10" M. The Mab 20.13.3 Kd calculated

30 by the Dual Curve (Unknown Antigen) method was 1.95 x 10" M, which was realizably close



25 compl ex. The concentration of free antibody is neasured by exposing the
m xture to a solid- phase inmmpbilized antigen for a very brief period of
time. Inwoasnswsy this is acconplished by flow ng the seCutisosiopbase
antigen-anti body m xture past antigen coated particles trapped in a flow
cell. Data, generated by the instrunentﬁgre anal yzed usi ng custom software.
Equi li brium constants are cal cul ated using a mat hemati cal theory based on
the follow ng assunptions: 30 1. The bjndi ng follows the reversible, binding
equat Pontorthe Kepbtainasrhyithe D“F@.C%{gtfrﬂéﬁdgy%m #W“ﬂb?&y I?.O}éﬂ\’l]t%f B’S‘&QPand
antigen hi X 4 t ti body equal s antigen-antibody 35 conplex

pl us fregkgg?%%%ﬁ$§£gﬁﬁgdgb 085089 PCT/ US03/ 09260 58 5 3. |Instrunent
signal is |inearl yThekiattoartabysts meicates thaothg antbedies prapared in Foprdange with
experi ment al pnocedures,merg per f or med qﬁgﬁ;ding to the Ki nExA 3000 Manual .
Al runsthiereentigmpossessdiigh #fEatties forfumagloi ng tabl e show the assay

condi tions for t hﬂin% [H980Rind N aiERNEE Hidrdt L ARSHRE” & vhrishdrand
0.01 nM respective ypgqgﬁgﬂségﬁcent?af}on 0.1 nM0.01 nM Sanpl e vol une:
500 ulb 2628 aslconfaisps orflcomprising” will B&umdetsioas! ©. implythe pnalusiorapied stated une:
500 ul 500 ul Label flow rate: 0.25 m./mn 0.25 m /mn_ Hiah

concent r HX§E5ROT FBEP pNKEECEUL PR E?XCA‘&l%?fgaé’Xtor%}ftr {SRECT T £14 08%3‘3&8% I'n
each assay, two-fohf 6fiéalonshhdibdteiapplicatib’s drtiigens YriHicati@paeddreand
mxed wth the antibody at constant concentration. The m xture was

i ncubat ethcbrporatedrmyuneserencerag dfsack andbedual prlliqagor qUPAtEHaRPRCAIPE @S er i al s

(oL B SRR PR DAY M SREAORAA0L QMR o
205- I1ls- OQfkation¥¥E bedpdestleddHin AbiME A0QH by vaiyhf Chlsriatiolh amd éxGaipte 4G pErbEys of PMVA

particles, 8 mcron (Sapidyne, Cat No. 440198); Neutravidin %Pi er.cF, Cat
No. 3100@lpritymrunflerrtanyipg.AtwiiBbetgadily apparent to those of ordinary skill 1n the art in light

of the teachings of this invention that certain changes and modifications may be made thereto

without departing from the spirit or scope of the appended claims.



(Pierce, Cat No. 21219); Biotinylated rhlL-5 (Biotin/protein ratio: 19/1);
and Cy5 conjugated 20 Goat anti-HulgG (H+L) (Jackson | mrunoresearch

Labor at orwe93/@si089 No 109-175-003). PMVA particles were cearasonto
biotinylated rhlL-5 according to Sapi dyne "Protocol for coating PMVA
particles with biotinylated |igands hav{i(?g short or nonexistent |inker
arns". For biotinylation of rhlL-5 EZ-Yink TFP PEO biotin was used
according to manufacturer's recomendations (Pierce bulletin 0874).

Bi oti A/ pa@tcéﬁllmirati o was estimated using the HABA 25 assay (Pierce

bull etin 0212). Dual Curve analysis (0.1 and 0.01 nM Anti body
concentrations) in the "Standard node" (see Ki nExA 3000TM Manual for an
expl anat i.on ofnRuebodsusr\eg adeigen-binding $ragmenethbiedSihaggreifebibybigdotl-best fi t
curve for Kd with clear mninmum The cal cul ated Kd value fory Mab 20.13.3

for this met htbeisin shamdrdy Rpgagment comprisep a\jeayy, ehaip amyg apy! spapence

cal cul ated 30 Uakgewn Antigen) nethod was 1.95 x 10-11
M which was ?égée/ﬁt%d;g%&yﬁéc g’lgég%{sosgoswsg PCT/ US03/ 09260 59 5 to the Kd
obt ailoed by the Dural Curve (Standard) nethod. The anti body nol ecul ar

wei ght used r cal cul.ati on was 150 Kda.. ' 1.C al yses i.ndi S
that the anti$ddi efCMUPAARE ssavencESst g’éﬁd@%ﬁﬁimé ?’VﬁSé’ﬁt |1t§ﬁugpt§g§%§élehi gh
affinities for hu tide; 5. Throughout this specification and clains, the
word "conprise," of variations 10 such as "conprises" or "conprising" wll
be under st ood(to iﬁplagninmwquuasciqﬂhowﬁIESEQ&%”EOI bnt eger or group of

i ntegers but t the exclusi,on of ot her d-n ) i nt egers.
Al'l publicati QC s aﬁﬁ abrﬁ?%ﬁ(ild 5?)%@%2&%’18ﬁ%smguletgeoaff]goefgsn&ngﬁ)\fez%?f ?Ié%ti on are
hereijg incorpyrat @ ¢DRI EEBREBEECBR 3 dmia abidiseglieviceisabwh i BEQAD NOS08,
patent application were specifically and individually indicated to be

i ncor porated by rel@rANPd2, mspessivigli- t he foregoi ng 15 invention has been

described in sonme detail by way of illustration and exanple for purposes of
clarity of understanding, it will be readily apparent to those of ordinary
skill in2the @h¢ antibodly@hbntigeh-tidkding fraghéma@scodinghé slaim ' efurthencdryaisinga t ai n

changes and nodi fications may be made thereto wthout, departing fromthe
spirit or scobéht&hamr?éma‘b5@9\d%fweéq%ieiﬁtedm%@%8‘88@%@&*7’%353/ 09260 60 5
Ve cIZ?i m 1. An antibody or an antigen-binding fragnent thereof that
specifically binds IL-5  wherein said anti body or fragnment conprises a
heavy chain a)no teiathiseegiésepence set forth in SEQ ID NO: 4, with or without the signal

peptide;
(b) the amino acid sequence from residue 23-130 of SEQ ID NO: 4,
(c) the amino acid sequence from residue 46-119 of SEQ ID NO: 4; and
25 (d) the CDR1, CDR2 and CDR3 amino acid sequences shown in SEQ ID NOS: 14,
16, and 18, respectively.

3. A nucleic acid molecule comprising a nucleotide sequence encoding an amino acid
sequence selected from the group consisting of:
30
(a) the amino acid sequence set forth in SEQ ID NO: 2, with or without the signal
peptide;
(b) the amino acid sequence shown in SEQ ID NO: 6; '
(c) the amino acid sequence from residue 50-127 of SEQ ID NO: 2; and
35 (d) the CDR1, CDR2 and CDR3 amino acid sequences shown in SEQ ID NOS: 8,
10, AND 12, respectively.



selected fromthe group consisting of: 10 (a) the am no acid sequence set
forth in SEQID NO 2, with or without the signal peptide; (b) the am no
aci d sequeooengisawn in SEQ ID NGO 6; (c) the am no acid sequaisezofsmm

resi due 50-127 of SEQ ID NO 2; and 15 (d) the CDR1, CDR2 and CDR3 ani ho
aci d sequences shown in SEQ I D NOS: 8, 0, AND 12, respectively. 2. The
anti body or antigen-binding fragnment acfbr di ng to claiml, further
conprising a |light chain amno acid sequence selected fromthe group
consi $ti Ag of A iR0lefajcid moleomerromasisthgsatigientide seauendsrselecied fspihesagm 4,
with or wthout t?e si.gnal peptide; (b) the am no acid sequence from

resi due 23- 136°PBI"8ESID NO 4; - (c) the amino acid sequence from residue
46- 119 of SEQ ID NO 4; and 25 (d) the CDR1, CDR2 and CDR3 ami no acid
sequences shown in SEQ ID NOS: 14, 16, and 18, _respectively, 3, nycl ei c
aci d nol ecul e(@onpthegiualsotidnsegrenseifthm B@d%ﬂéé'@?@é&’%@l%&a léﬁ'%sﬁ:@f‘%

sequence sel ected %rrgg%e i.sting of: 30 (a) the am no acid
sequence set forjthfl{; ?%Eﬁlg)ﬁ)wa\nth or without the signal peptide;
(b) tiwe a][n No(HCi q&}&aﬂ]@%aﬁ@e sdaauiteifronBh21edDidRG8- B9, { ©)2-t h, 42605 &c ruld
sequence fromresidue 50-127 of SEQ ID NO 2; and 35 (d) the CDR1, CDR2 and
CDR3 ami no acid sedf&hee®? e PN®EE) 1D NOS: 8, 10, AND 12,

respect i vel y. (N0 034350804 PCHLURAIAIAA ottt 55700 of SeFITBINDAGH d 0l ecul e

conprising a ( e sequence selected fromthe group consisting of:
(a) the nucl e@)i detizamkntde faqoencedrineotdletside-148%0 331 00SEQIP N@2Band585,

ucl eot 1 de. 58(6109, PeRysienigeseaoisd fbalclepifie 1§ b2 8r SERHENG: 17O

15
5. A nucleic acid molecule comprising a nucleotide sequence encoding an amino acid
sequence selected from the group consisting of:
(a) the amino acid sequence set forth in SEQ ID NO: 4, with or without the signal
20 peptide;
(b) the amino acid sequence from residue 23-130 of SEQ ID NO: 4;
(c) the amino acid sequence from residue 46-119 of SEQ ID NO: 4; and
(d) the CDR1, CDR2 and CDR3 amino acid sequences shown in SEQ ID NOS: 14,
16, and 18, respectively.
25

6. A nucleic acid molecule comprising a nucleotide sequence selected from the group

consisting of:

(a) the nucleotide sequence set forth in SEQ ID NO: 3;

30 (b) the nucleotide sequence from nucleotide 67-708 set forth in SEQ ID NO: 3;
(c) the nucleotide sequence from nucleotide 67-390 set forth in SEQ ID NO: 3; and
(d) the nucleotide sequence from nucleotide 67-357 set forth in SEQ ID NO: 3.

7. The nucleic acid molecule according to any one of claims 3-6, operably linked to an

35 expression control sequence.

8. A host cell transformed with a nucleic acid molecule according to claim 7.



1683-2002 of SEQ ID NO 1; (c) the nucl eotide sequence from nucl eotide
58-709 of SEQ ID NO 1; (d) the nucleotide sequence from nucleotide 148 to
381 of SBoloBosdsy 1; and (e) the nucl eotide sequence frorcmusheeRsde 1 to
2002 of SEQID NGO 1. 15 5. A nucleic acid nolecule conprising a nucl eotide
sequence encodi ng an am no acid sequen sel ected fromthe group
consisting of: (a) the am no acid sequerice set forth in SEQID NO 4, wth
or without the signal 20 peptide; (b) the am no acid sequence from residue
23-13D of SEQ ID NO 4; (c) the am no acid sequence fromresidue 46-119 of

SEQ I D Nox | 4?1,3?15‘&11%@0{3%)%&?5}11 i%%pgﬂagulmng@u%&l BisikiFhcSRAURME AR refOWn i N

SEQ I D espectiVvely. 25 nucl eic acid nol ecul e
conpri sing a thacdpecificalty sieduBng.cosgirsutzsbe stepnf cHuirige aupst edresrerdinggoof :

(a) the nucl eatide sequence set forth in SEQID NGO 3; 30 (b) the

nucl eot i de se“c}ﬁ‘ghg-e from nucl eotide 67-708 set forth in SEQID NO 3; (c)

t he nucl eoti de sequence from nucl eotide 67-390 set forth in SEQ ID NO 3;
and (d) the nucl eotide sequence from nucleotide 67-357 set forth in SEQID
NO 30 710.TheArost eeildraasformerbvish alnaclkiscasidiinateculs agepydingédo elaing P §iaim-A4g,
operably linked to an 35 expression.control ence. 8. A host cell
transf or med wit %“Cﬁ%%ﬁ%gémi%iu af%?rg(’:rlﬁtg C;aé%’os'rs%ﬁ%l % claim7. WO 03/ 085089
PCT/ US03/ 09260 62 5 9. A nethod for producing an i munogl obulin or an
antigen binding fragnent thereof _that specifically bhinds IL-5, conprising
the steplbf chinehohfpraradusing @aantibedysnrangtigs biagding fragmenthergof thahost cel |

transfornmed w_th | @] cl j t i l-&4m 4
and a nucl ei CSPaeglifl(aﬁallri}gﬁlg%ﬁ‘eg’adco%'cﬁr?glkn%gﬂ% gteéﬁg?ﬁr%q@ﬁ P @I‘c’g‘%e‘% dg\-:oo’rfilﬂg t,%\ Cﬁdllalﬁhod
for psoduci ngi@n anti body or an antigen binding fragnent thereof that
specifically binds IL-5, conprising the step of culturing a host cell
according to claim

12. A composition comprising the antibody or fragment thereof according to claim 1 or 2,

and a pharmaceutically acceptable carrier.

20 13.  The composition according to claim 12, further comprising a component selected from

the group consisting of:

(a) a diagnostic agent; and
(b) a therapeutic agent.
25
14.  AKkit comprising the antibody or fragment thereof according to claim 1 or 2.

15. A method for preventing or inhibiting a condition or disorder characterized by
undesired IL-5 activity comprising the step of administering an effective amount of the
30 antibody or fragment thereof according to claim 1 or 2 or a composition according to

claim 12 or 13.

16.  The method according to claim 15, wherein the condition or disorder is selected from
the group consisting of: asthma, asthma exacerbations, asthma worsening episodes,
35 chronic pneumonia, allergic rhinitis, perennial allergic rhinitis, allergic
bronchopulmonary aspergillosis, hypereosinophilia, Churg-Strauss syndrome, atopic

dermatitis, onchocercal dermatitis, episodic angiodema, eosinophilic myalgia



15 10. 12. A conposition conprising the antibody or fragment thereof
according to claiml1l or 2, and a pharmaceutically acceptable carrier. 20
13. The cwopoemsinsdn according to claim 12, further conpri #Cmgsas/eanponent
selected from the group consisting of: (a) a diagnostic agent; and (b) a
t herapeutic agent. 25 14. A kit conprishgg the anti body or fragnment thereof
according to claiml1l or 2. 15. A nmethod for preventing or inhibiting a

condition or disorder characterized by . undesired -5 actjvit onmyr.i si ng
the step of a8YRAEPHE.CORNY CHFF%%F@%P?R?@“%%HH?MB‘F“% b?g”%t dﬂt@%‘?ﬂﬁyﬁﬁg‘ms
fragnent ther C i t > : qg%g (" i CHitRg to
claim12 or 1§gL%%i&gagkﬂg?hgggggtgﬁépggn§8ﬁﬁﬁgfh1 5%§$ﬁgﬁgpﬁgﬁﬁ% condi ti on
or di sorder i srteritisamidesh, kinasitis tdheonye Doysittn redisenhnlic esbphapstihrberggst hma
exacer bati ons, asthqa wor seni ng,. epi sodes,.. .35 chroni c pneunonia, allergic
rhinitis, per&Pfrephill ssaplpes %lﬂg iC@UUBLHAPYi ¢ br onchopul monar y

aspergill osis, hypereosinophilia, Churg-Strauss syndrone, atopic

dermatitis, onchocercal dermatitis, episodic angiodena, eosi nophi lic
nyal gita WD 03T885GE®dRCTH BR3P0 0b8d 5 0636 5whsraidrthermethodalerigasedos bhdhats the

eosi nophilic troenteritis... hel math.infections, Hodgkins disease, nasa
pol yps, Loeffﬁ&ﬁ“?l &P@ﬂgﬁhﬁﬁPpéggfggtﬁﬁgereosinophilic bronchitis,
arteritis nodosa, sinusitis, chronic sinusitis, eosinophilic esophagitis,
allergic eosinophilic esophagitis, allergic conjunctivitis. 10 17. The

met hod ad8or didngethod &drairpventing pr m@&blwfb‘i%n5 miediatsk HisrRic ERspig 81 2 Sibject

inhibits the _infil.trati ' ' i I f '
met hod for pr898%??ﬂ%ﬁgfﬁﬁﬁﬁ%8??Hﬁggﬁghi%ﬁﬁ%%ggﬁgpgghgﬂf%?g?g§P%§§%ﬂ§g in a
subj eist  conprtesdoT@cddréing t@plaiii 1 ad Biona sbmpbsigormnccetdisg ta alaimatbont3. of t he

anti body or fragnent 15 thereof according to claim1 or 2 or a conposition
according to claim12 or 13. 19. A nethod for preventing or inhibiting an

B e R e
bl oodstream aglisgssingrefit o endothelium infiltration into tissues;
(a) eosinophil proliferation, maturation, survival, activation, migration into the
20 bloodstream, adhesion to endothelium, infiltration into tissues;
(b) pulmonary edema;
(c) bronchoconstriction;
(d) airway hyperresponsiveness;
(e) pulmonary eosinophilia or neutrophilia;
25 H cutaneous eosinophilia; and
(g) airway epithelial damage,
comprising the step of administering an effective amount of the antibody or fragment

thereof according to claim 1 or 2 or a composition according to claim 12 or 13.

30 20. The method according to any one of claims 17-19, wherein the anti-IL-5 antibody is

administered in conjunction with the administration of another therapeutic agent.

21. A method for preventing or inhibiting IL-5 binding to an IL-5 receptor, comprising the
step of administering to the environment wherein cells expressing an IL-5 receptor exist
35 with an antibody or an antigen-binding fragment thereof according to any one of claim

1 or 2 or a composition according to claim 12 or 13.



(b) pulnonary edema; (c) bronchoconstriction; (d) airway

hyperresponsi veness; (e) pul nonary eosinophilia or neutrophilia; 25 (f)
cut aneouswemsissoghi | i a; and (g) airway epithelial damage, pcomsnd/eizog t he
step of administering an effective anount of the antibody or fragment

t hereof according to claiml1l or 2 or a ggrrpom tion according to claim112 or
13. 30 20. The nethod according to any one of clains 17-19, wherein the
anti-l1L-S antibody is admnistered in conjunction with the adm ration

of andt hét t hArmgiaed s pagrentng orpnhikitpgIhyreceptonmedialelitygsigr pﬁ?ﬁ?F‘BTyﬁfitWQ
I L-5 binding f ng to
t he envi ronrre%]c?n@/%éﬁl}%?lg Sgg%ﬁga@%ﬁsﬁes ﬁéﬁ%ﬂgilgfhglepi\gg%f f(i)’irceg%!?é;%}b@i %/I\]n th an
anti body or aH.-&médegrmekisheithgn hntdgdg ot ab bmugofbladmg)ﬁdgmgntttberaﬂglacﬁn@irtg‘
claiml or 2 or a corzygosltl on_according.to cl a 19 ?,% 03/ 085089
PCT/ US03/ 09261 anypns opslaim 1 greipr g CPB‘P"%P@%‘EFPF agEPrCF‘Hh PEtHg IL-5
receptor nedi ated tyrosine phosphorylation conprising the step of

adm nistering to the environnment wherein cells expressing an |1L-5 receptor
exi stiOwi th an anti body or an anti gen-binding fragnent thereof according to
any one of claim1 or 2 or a conposition according to claim12 or 13. 10
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