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DUAL SPECIFICITY ANTIBODIES AND
METHODS OF MAKING AND USING

Background of ¢he Invention

The mammalian immune system includes B Jymphocytes that, in totality, express
an eatibedy repertcire composed of hundreds of billions of different antibody
specificities. A normal Lnmune Tesponse 1o 4 particular autlgen involves the selection
from this repertoire of one or roore antibodiss thai specifically bind the antigen, and the
success of an immune response is based, at least in part, on the ability of these
antibadies to specifically recognize (and ultimately eliminate) the stimulating antipen
and “ignore” other molecules in the environment of the antibodies.

The usefulness of antibodies that specifically recognize one particular target
antigen led to the development of menoclonal antibody fechnology. Standard hybridoma
technology now allows for the preparztion of antibodiss haviog a single specificity for
an antigen of interest. Mote reccntly, xecombinant aptibody technigues, such as
sereening of i wire anlibody librugies, have been developed. These techniques also
allow for production of antibedies with a single specificity for an untigen of interest.

Antibodies having specificity for a single target antigen may, at least under
certain circumstances, éisplay undesired croes-reactivity or backgronnd binding to other
antigens. This cross-reactivity or background binding, however, is usually unpredictable
{i.e., it is not possible to predict which antigen the antibody will cross-react with).
Moreover, it is usually distinguishable from specific antigen binding, since it typically
reprosents omly # very minor portion of the binding ability of the antibody (e.g.. 1% ar
less of total antibody binding) end typically is anly observed at high antibody
concentrations {¢.¢., 1000 fold, or higher, concend{ratiofis thar needed to observe spevific
antigen binding). Although there are several antigens that may beleng to a structurally
related fapily of proteing, the wnlibedy response to @ particular (amily member is highly
specific. Tu addition, there are several examples of protein family members (e.g..
members of the TL-1 and UNF families) that bind ta the same receptor, receptor

somponent or structurally related receptors, yet monecional entibodies raiscd agzinst one
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member of the family do rat show kigh cross reactivity towards other family members.
‘There could be two reasoms for this lack of cross-reactivity of MAbs towands varous
family members. First, in standard hybridoma producton, one searches for only a few
antibodies of high speciticityfatfinity for the target antigen and then checks for cross
reaetivity or background binding of the few selected antibodies. Second, although
proteins within a family are struclurally related, they may have exclusive, non-
overlapping immunodomingnt epilopes. Therefore, MAbs raised by using ull length
prolein may not cross react with other structurally related proteins.

There are also examples of monnclonal antibodies raised against an antigen of
one species that will bind specifically to the same funetional antigen in anather species.
For example, 2n anti-mouse X antibody may readily bind antigen X from horaan. This is
because they share significant sequence and structural similarities though they are not
identical. However, such species-cross-reactive antibodies do not constitule “dual
specificity” antibodies, since they have specificity or the same antigen from dilferent
species.

Thas, monoclonal stibodies having prediciable dual or muitiple specificity, thai
is, antibudies having true specificity for two or more different antigens, are still needod.
Summary of the Invention

This invention provides methods for making antibodies having dual specificity
for at lewst two structurally-related, yet different, antigens. The method generally
mvolves providing an antigen that comprises a common structura) feature of the two
different but structuraliy related molecules; exposing an antibedy repertaire (0 the
sntigen; and sefecting from the ceperfoire an antibody (hat specificaily binds ihe two
different bt stracturally retaled molecules (o thereby obtain the dual specilicity
antibody. In clinical settings, several members of lhe same family of proleins may
conlribuie to the various symptorms of a disease process. Therefore, use of 2 dual
specificity antibody of the invention, which binds merubers of the sume family of
proteins, to block the functions of mote than one member of the protein family can be
bencticial for alleviating disease symptoms or for intcrrupting the discase process itself.
Morcover, such dual specificity antibrodies of the invention are nseful to detect.
structarally rclated antigens, to purify structurally related antigens end in disgnostic

assays Hvolviog structurally related antigens.
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In a preferred embodiment, the antigen is designed based un a contiguous
topological area of identity between the two different but structurally related molecoles.
For examplg, the two different bat structurally related molecules can be proleins and the
antigsn can be a peptide comprising an amine acid sequence of a contiguous topological
arca of identity berween the t™wo proteins.

In anotier embodiment, the antigen is designed based on structarally yoimicking
2 Inop of a comman fold of the twa different but structurally reiated molecules. For
example, the antipen can bo a eyclic pepide that steucturally mirmics o loop of a common
fold of twa different but structurally rclatedt proteins.

In yel anoiher embodiment, the anligen is designed based on splicing together
altermaling and/or overlapping portions of the two different but structurally related
molecules te creale o hybrid molecule. Forexample, the antigen can be a hybrid peptide
made by splicing together alternating and/or overlapping amine acid segquenecs of two
different but stecrurally related proieing.

In stili ancther embodiment, the anfigen can comprige ene of the two different
but structurally related moleculss and the meethod involves selecting antibodies that
speeifically recognize both related molecules,

Tn the method of the invention, the mntthody reperioire cau be eaposed to the
antigen of interest either in vive or in vitre. For example, in one embodiment, expasure
of the repertuire to the antigen involves immunizing an anima? iz vivo. with the antigen.
This ir vive approach can further involve preparing a panel of hybridomas from
lymphocytes of ihe animal and selecting a hybridoma that secretes an antibedy that
specifically binds the two different but structarally related molecules. The animal that is
immunized can be, for example, a mouse, a rat, a rabbit, ar a poat, or a fransgenic
version of any of the foregoing animals, such as # motse that is transgenic for huran
immunaglobulin genes such that the mousc makes human antibedies upon antigenic
stimalation. Other types of animals that can be immu‘n_izcd include mice with severc
combined immunedeficiency {SCTD) that iave been reconstituted with human peripheral
bloed manonuclear celts the-PBMC-SCID chimeric mice) or lympheid cells or
precursors thereof and mice that have been treated with Jethal total hedy irradiation,
followed by radioprotection with bone marrow cells of 2 severe combined

immunodeticiency (SCIDYY mouse, followed by engraftment with functional human
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Tymphocytes (the Trimera system). Still another type of animal that can be jmmunized js
an animal (e z., mouse} whose genome has besn “knocked out” (e.g., by homalogous
rezombination) for an endogenons gene(s) encoding the antigen(s) of jnterest, wherein
upan immunization with the antigen(s) of interest the KO anima! recognives the
antigen(s) as forcign.

In another embodiment, the antibody repertoire is exposed to the antigen in vifre
by screening a recombinant antibedy library with the autigen, The recombinant antibody
library can be, for example, expressed on the swface of bacteriophage or on the surface
of yeast cells or on the surface of bactorial cells. In various embodiments, the
recombinant antibody library is, for example, a scFv library or a Fah library. In yet
another erihodiment, antibody librarics are cxpressed as RNA-protein fusions.

Another upproach to proparing the dua) specificity antibodies involves 2
combination of in vivo and in vitre approaches, such as exposing the antibody repertoire
1o the antigen by in vivo immunization of an animal with the antigen, followed by fz
vitre sereening of a recombinant untibody Library prepared from lymphoid celle of the
animal with the antigen. Still snother approach involves exposing the antibody
repertoire to the antigen by in wive immunization of an animal with the antigen, followed
hy in vitr affinity maturation of a recombinant antibody librery prepared from lymphoeid
cells of the animal. ‘Yet another approach involves exposing the antibody repertoire ta
the anligen by i vivo Immanization of an animal with the antigen, followed by selection
of single antibody producing celis secreling an aniibody of intercst, recovery of heavy-
and light chuin variable region €DINAs from these selected cells (a.g., by PCR) and
expression of the beavy- and light chain varisble regions  mammalian host colls i
vifro (refecred to as the selected lymphecyte antibody method, or SLAM), thercly

allowing for further selection and manipulation of the selection antibady gene
sequences. Stll further, monoconal antibedies can be selectad by expression cloning by
expressing heavy and light chain antibody genes in mammalian celis and selecting for
mzmmalian cells secreting an antibody having the requisite binding specificity,

The metheds of the invention allow for the preparation of various different rypes
of dual specificity antibodies, including fully human antibodies, chimeric antibodies and
CDngra'fLed antibadies, and untigen-binding portions thereof. Dual specificity

antibudies prepared acoording Lo the methods of the invention are also provided, A
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preforred dual specificity antibedy of the invention is one that specifically binds
interleulin-lo: and interleukin-1p. Such a dual specificity antibody can be ysed in
methods of detecting 1L- 1t or T-1f comprising contacting J-1ecor TL-1B with the
dual-specificity antibody, or antigen-hinding portion theveof, such that IL-1eor IL- 1 is
detected. A noulralizing dual specificity antibody also can be used in methods of
inhibiting -] @ or [L-1(3 activity coreprising contacting IL-laor 1L-16 with the dual-
spacificity antibedy, or antigen-binding portion thereof, such that the sctivity of TL-loor
FL-1f3 s inhibited. Such dual specificily anlibodies alse can be used in methods of
treating an interleukin-1-related disorder comprising administering to a subject suflering
from an intcrleukin—l-rélated disorder the dual-specificity antibody, or antigen-binding
portion thereof.

In another eonbodiment, the invention provides a method of making an antibedy
<r an antigen binding portion thereof library by performing the following steps:

a} obiaining a recombinant heavy chain or an antigen binding portion thereol Wbrary &
from an antibody repertoire resulting from cxposute Lo & first antigen; b} obtaining 2
recombinart light chain or an antigen binding portion thereof library B from an antibady
ropertoire resuliing from exposurs o the first antigen: ¢) obtaining a recombinant heavy
chajn or an antigen binding portion thereof library C from an antibody repertoire
resuliing {rom exposure 10 a second antigen; d) abtmning a recombinant light chatn or an
antigen binding poriion thercof libvary D from an antibody repertire resulting from
expasure to the second antigen;.ﬂnd e} combining the recombinani heavy chain or sn
antigen binding portion thereof library A with the recombinant light chain or un antigen
binding portion thereof itbrary D 1o obtain an antibody or an antigen binding postion
thereof library X and/or combining the recombinant heavy chain or an antigen binding
portion thereof library C with the rccombinant light chain or an antigen binding portion
thereof library B to chiain an antibody or a aatigen binding portion thereof library Y.

In another embodiment of the present invention, the immediately forogoing
method of the invention can further comprise the step of combining the antibody or an
imiigen binding porlion thereof library X with the antibody or an antigen binding portion
thereof library Y {c obtain an antibody or an antigen binding pottion thereof library Z.

In a [urther embodiment, the present invention is directed ta the antibody or an

antigen binding portion thereof libraries X, ¥ and Z.
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In another embodiment, the method of the present invention allows for the
identification of dual specific antthady or an antizen binding portion thersof hy
selecting from the libraries X, Y and/or Z an antibody or an antigen binding poriion
thereof that binds both the first and the second antigen.

I & jurther embodiment, the present invention is directed to the dual specific
antibody made and/or sclected by any of the methods of the present invention.

In ancther embodiment, the present invention is also directed to the nuclestide
sequence encoding each member of the antibedy or an antigen binding portion thereof of
lbraries X, Y, and Z; and the doal specific antibody or an anligen binding portion
thereof, a vector comprising the ufore mentioned nuclestide sequences and. host cell
transfected with the afore mentioned vector.

In a prefered embodirment, ihe first and second antigen is Ei‘ich independently
selected from the group consisting of proteins. polypeptides and peptides provided that
the first and second antigens are not the same. In a further embodiment, the proteins,
polypeptides and peptides are secreted proteins or surface receptors and the secreted
protein is selected from the group censisting of an IFN, a TNF, an Interleukin, IP-10,
PF4, 2 GRO, 9E3, BMAP-TT, 2 CSF, an FGF, and'a PDGF. In another preferred
cmbodiment the ficst antigen i3 IL- 1ot and the sceond autigen is IL-1(.

Detailed Description of the Invention

This invention portains to the design and vse of antigens {or generating dugl
specificity antibadiss, ie, anibodies having specificity for at least two differont but
structurally related moleculas, as well us the seloction, prepavation and use of such dual
specificity antibadies. The structurat relatedness of the antigens of the invention can be
over the enlire anligen {e.g., protein) or enly it certain structuraliy-related rexions. The
invention provides a method [or obtaining a dual-specificity antibody that specifically
hinds two different but structurally related molecules, whorein the method involves:

providing an antigen that comprises a common structural feature of the
iwo different but structurally related molecules;

exposing an antibody repertoire o the antigen; and

aclecting from the repertoire va mntibody that specifically binds the two
differant but structurally related molecules e thereby obfain the dual apecificity

antibody.
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It should be noted that while the invention is described herepn it iexms of
recognition of two different but related antigens, it should be understood that the term
*“diral sperificity antibody” is intended to include antibodies thar specifically recognize
even more than two different but related antigens, such as antibodies that m_;ognize
thites, four, five or more stcturally related but distinet antigens. Furthermore, the ierm
“different but siructurally related antigens” is intended bo include antigens (e 2.,
proteins) whose overall strustures are related as well as antigens (e.g., proteins} which
share one of more structurally-refated regions but that are otherwise unrelated. Thus,
“ditferent but structurally related” antigens canld be, for example, two proteins that are
members of the same protein family having a cowmmaon overatl stractare or could be, for
example, two proteins whose overail structure js disimilar (uorelated) but that cach
contain a structurally-related domain.

Various types of antigens may be used ta elicit the antibodjes of the invention
and various methods of making satibodies can be applied to obtain a doal spacificity
antibody of the i.nvcntirm, as discussed in further detall below in the following
subsections.

L Dual Specificity Antigens

‘Yo prepare a dual specificity antibody of the invention, antibadics are raised
against an antigen capable of sliciting dual specificity antibodics. Such antigens
generally are referred to herein us dual speciticily antigens. Various different types of
dual specificity antigens can be used in the invention and the design of various types of
dual specificity antigens is described further in the following subsections.

A. Contiguous Topological Aveas

Tn one embediment, a dual specificity antigen of the invention compsises a
contigrous topological area of identity and/or similarity between the two different but
struciurally related inolecules to which a dual specificity antibody is to be raised.
Preferably, lhe antigen comprises the Jargest (. 8., Jongest) contiguous opological area
of identity andfor similarity between the two different but structurally selated rmolecules.
Preferably, the two different but structurally related molesules are proteins and the dual
specificity antigen comprises 2 [inear peptide comezponding to the largesl {e.g., lungest)
contignous topologicel area of identity andfor similarity between the two proteins. The

appropriate region of identityfsirnilarity that i chosen is preferably a receptor or ligand
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binding region, although other regions of identity/similarily can 2)so be used.

To determine contiguous tapolopical areas of identity between two molecules (e.g.,
proteins), the two moleccles (¢.g., proteins) are compared (¢.g.. homology modeling,
structural mformation or aligned) and tdentical or similar regions are identified. For
proteins, an alignment eigorithm can be used to create pptimai alignment and identi{y
the largest (. g., lengest) contiguous topological area of idertity andfer sirilarity
between the two proteins. A preferred, non-limiting example of a mathematical
algorithim ulilized for the compatison of two sequences is the algorithm of Karlin and
Altschul (1990) Proc. Nad. Acad. Sci. USA 87:2264-68, modified as in Karlin and
Altschul (1983) Proc. Natl Acad. Sci. USA 90:5873-77. Such an slporithm is
incarporated into the NBLAST and XBLAST programs of Altschul, ef af (19%0) .1 Mol
Hiol. 215:403-10. Ta obtuin gapped alighments for comparison purposcs, Gapped
BLAST can be utilized as described in Altschol f al., (1997) Nucicic Acids Research
25(17):3389-3402. When utilizing BLAST and Gapped BLAST programs, the defauft
parayneters uf the respective programs (g.g., XBLAST and NBLAST) can be used. See
http:/Awww.nchinlinib.gov. Ar alternative mathematical algorithm that can be used is
that used in the ATLIGN progyam deseribed in Myers and Miller (1988} Compat. Appl.
Biosci. 4:11-17.

When an appropriate region of identity/similavity is chosen, the dual ypecificity
antigen corresponding to the region can be chemically synthesized. For example, for
peptide antigens, the peptide can be synthesized by slandard peptide synthesis methods.
In one embodiment, the peptide antigen comprites L amino acids. To other
embodiments, the peptide antigen may be partially or entirely composed of D aming
acids, An example of the desipn of a dual specificity antigen based on a contiguous
topological area of identity and/or similarity hetween twe different but structurally
selaied proteins is described tn detail in Bxample 1.

8. Cyclic Peptides Mimicking a Structural Loop

In another embodiment, a dual specificity aniigen of the invenlion comprises a
cyclic molecule, preferably a cyclic peptide, thst sirectually mimics 2 key loop of a
commeon fald of the two difterent but stuctarally related molecules (e.g., proteins) to-
which dual specificity antibodies are {¢ be raised. To prepave this type of antigen, the

structures of the two rclated molecules are compared and a loop of a common fold found
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in the lwo molecules is identified.  Standard molecular modeling and crystollographic
analysis can be used to aid in the {dentification of such loops and cornmon folds.
Identical and simdiar regions {e.g., amino acid sequences berween (wo proteins) are
identified and a consensus sequence can be designed for similar but not identical
regions. A linear rlnolccule. e.g, a linear peptide, is designed bascd on thesc similar and
identical regions and this Linear molecule can then be cyclized, by known chemical
means, to create an antipen that mimics the key loep, For example, 2 proline and a
glycine can be added to the end of a linear peptide to allow for cyclization of the peptide.
An example of the design of a dual specificity antigen based on a cyclic peptide
mimicking a structural loop shared by two different bot structurally related proteins is
described in detail iz Example 2.

C. Hybrid Molecules

In another embodiment, a dual specificity antigen of the invention comprises a
hybrid molecule, preferably a hybrid peptide, that includes alternating and/or
overlappiong egions of the twe different but stracturally relared molecules (e.g., proteins)
to which dual specificity anlibodiss are to be raised. To prepare this type of antigen, the
structures of the two molecules are compared, and overlapping regions are identifted
{i.¢., regions of identity), as well as nonidentical regions between the twe molecules. A
Lybrid melecule (e.g.. a hybrid peptide, when the two related moleeuics are proteing) is
prepared that preferably comprises allernating regions (2.2, amino acid sequences) from
cach of the two molecules, a5 well a3 an overlapping region that s common to both
melecules. Schematically, such 2 hybrid molecule can be deseribed as: X-Y-Z, wherein
Y represents a repion. of 1dentity of strong sinilarity between the two related moleeules
(i.e, an overlapping region}, X iepresents a region from one of the telated molecules and
Z represents a region from the other of the refaled molecules. An example of the design
of a dual specificity anligen hased on » hybnid peptide compesed of sequences of twa
different but structurally telated proteins is deseribed in detail in Exampie 3.

Another type of hybiid moleculc is one in which a peptide has been introduced
inte 2 full-length protoin (referred to a5 a “target” protein). Peptides are seiected that
represent functional regions of two different but strucrarally related proteins, for
example, receptor tnleracting regions. Such peplides are referred to herein as functional

peptides. A funciional pepiide from one of the related proteins is then introduced into
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the full-length protein of the other related protein oz, allematively, an unrelated protein.
For example, a peptide of [L-1acorresponding to a receptor interacting region of IL-Lot
is identified aod this fimetional peptide of I-1eis ntroduced into the fill-length IL-1B
protein ta create a hybrid IL-1e/TL- LB molecule. Similacly, a peptide of IL-1p
comresponding 1o a receptor interacting region of 1IL-1 js identified and this functional
peptide of [L-1B is introduced into the full-length TL- 1o protein to create 4 hybrid TL-
LovIL-1p molecule. This intreduction of the functional peptide into the related full-
length protein constrains the functional peptide at both ends and maintains the fold-
structure of the functional peptide.

In case of an [L.-1o/IL-1[ hybrid, the funciional pepiide preferably is inseried
{replaces the natural amine scids) in 2 target arca representing the cormmon fold
structures of IL-1o:and IL-1B. Such areas may be found over the entire length of the
protein (2.g., in the N-terminal region, in the pnddle of the protein, in the C-Herminal
region). Furthermore, functional peptides roprosenting the common TL-1o/TL-18 fold
structures can ulso be inserted into an inelevant protein, such as atbumin or some other
naturally gecurring protesn. Ir this instaoce, the preferred imsertion site for the peptide is
a refgion that allows the peptide Lo maintain the desjred fold structure. Therefore, the
insertion sites can be either at the N-terminvs, the middle, or the C-terminus of the
protein. The positioning of the peptide in any naturally occurring targct protern is
selected 10 mimic the stuciural consteaings placed upon it by the native protein from
which itis derived. While the functional peptide may simply be inserted into the tarper
protein such that the amine acids of the functional peptide are added ta the tarper
protein, preferably the amine acids of the funetional peptide replace a pattion of the
tarzes protein into which i is ingerted.

As & non-limiting example, a hybrid molecule is construeted for use as a dual
specificity antigen for raising dual specificity entibodics to TL-Loiand IL-1B wherein a
functional peptide corresponding 1o a specific structural element of either IL-1oor IL-
1B i.s introduced into the full lenpth TL-1B or IL-lotin the equivalent siructural position.
The chosen hybrid molecule replaces residues 160-176 of TL-IB with residues 168-184
of [L-lee. The resulting molecuie possesses the following amino acid sequence, in which

the substifuted [L-Ic sequénces (residues 168-184) are undedlined:

il
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DAKITVILGLEEKNLYLSCYLEDDKPTLQLESVDPENYPKKEMEKRFVFNKIE]
NINELEFESAQFPNWYISTSQAENMPVFLGGTEGGQDITDFTMQFVSS
(SEQ 1D N 4)

This motecule can be prepared using standard meolecular biolngy techniques {e.g.,
cloning, polymerase chain reaction) usiog the publicly available IL-1ocand IL-15 cONA
sequences and recombinant protein eapression lechniques. A hybrd cDNA can be
prepared, introduced nto an appropriate expression vector and the polypeptide can be
expressed by inlroducing the expression vector into an appropoate host cell,

D. Peprides Hased on Hydrophobicity Plots

In another embodiment, a dual specificity antigen of the invention is selected
based on hydrophobicity plots to select peptides predicted to be highly antigenic. For
example, antigenic indexcs of peptides can be caleulated using computer software as
deseribed by Tameson and Wolf (CABTOS, 4(13, 181-186 (1988)} Regions of interest
for antibody binding can be chosen to maximize the probability of antigenicity.

E. Immunization with Antigen-Transfected Cells

In another embodiment, a dual specificity antibody of the invention s prepared
by immunization with antigen-transfected cells (i.e., dual specificity antigens of the
invention can be antigen-transfected celis). Cell lines can be uencrated that stably
express the two different but structuraily related antigens, or a hybrid molecule thereof.
Yar example, c2ll lings can be generated that stably express U-tocor 1L-1p or an IL-
1o/ML-1 hybrd motecule (e.g., SEQ ID NO: 4). The molecules of tnterest can be
secreted Itom the cells (in case of soluble proteins) or can be expressed on the cell
surface (in case of recepturs, enzymes). Gene delivery into the host cells to alfow for
expression of the antigens by the host cells can be accomplished by a number of
conventional means, including bot not limited to transfection. clectroporation, vell
fusion, lipofection, particle bombardment, microinjection, or vital infection. The cell
lines expressing the antigens of intersst can then be transplanted via one or more vadous
routies (infraperitoneal, subcataneous, mtramascular, end the Jike) into an animal of
interest for antibady production. The cells then serve a5 a slow release source of the

antigen of interest. Preferably the cells express the full length proteing. However,
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antigenic fragments can also be expressed. Bor soluble proteing, the proteins preferably
are secreted by the cells. To generate a dua) specificity antibody to the extracellular
dotnain of two closely reluled receptors, the receptors preferably are expressed on the
cell surface.
F. Immunization with One of the Structuraily Reluted Molecules
In apother embodiment, e dual specificity antigen is simply one of the two

differant but structurally related molecules lo which dusl specificity antibodies are to be
raised. One of the two related molecules is used as the immunizatdon agent and then the
resitant antibedy repertoire is soreened for antibodies that bind, and more preferably
neutralize, both of the twe different but structurally retated molecules. Yor example, one
can immunize with cither TL-1tcer TL-1P and then screen For of P binders, and more
preferably neniralizers. As used in this cinhadiment, the tenm “immunize” is intended to
broadly encompass the cxposure of an antibody reperioire lo the antigen, such as [IL-1¢
or IL-1P, either in vive or in vitro. Thus, this embodiment encompasses immunizing en
animal with either TL-1ocor IL-1B, and screening the resuitant antibodics raised to select
for those antibodies that bind bath IL-1eand IL-1f3, as weil as screening a recombinant
antibody library in witng with cither IL-1ocor TL- L[ and then selecting for reepmbinant
antibodies that bind both TL-{ e and [L-1B.
IL._Methods of Making Dual Specificity Antibodies

To prepaie a dusl specificity antibody of the invention, an antibody repertoire
(either in vivo or in vitra) is exposed tn a dual specificity antigen, prepared as described
in the previous section, and an appropriate dual specificity antibody is selected from the
repertoire, The two clements of aotibody recognition of an antigen are structural
recognition and affinity maturation based on specific melecular intoractions. Dusing a
natural immune espense, low altinity antibudies that recogmize structural motifs (for
example the recogmition of an antigen by certain pattern recognition receptors) are
developed easily, and early on'in the natural immune response this is followed by
somatic Toutations to increase the affinity of a few clones. Various in vivo end in vitro
processes have been deveioped to mimic this naiural phenomenon. Low affinity duat
specificity antthodies com be generated by any of the in vifre and in vive methods
described herein and higher aflinity dual spscffiCit.y Mabs can be prepared by somatic

mutagenesis methods described herein. Moreover, to optimize high affinity dual
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specificity MADbs, co-ciystal struetures of she low affimity MAbs with the desired
antigens can be made. The structural information obtained can guide further affinity
enhancements by altering (mutating) specific contact rasidues of the MAbs to enhance
specific molecular interactions, as described herein.

Methods for making dual specificity antibudies using in vive approaches, in vitro
approaches, of a corobination of both, are described in further detail in the following
subsections.

A. Invive Approaches

A standerd in vivo approach to preparing antibodies is by immmmizing an
apprapriate animal subject with an antigen to thereby expose the in vive antibody
repertoire to the antigen, followed by recovery ef an anttbody or antibodies of interest

from the animal. Such an approach can be adapied to the preparation of dual specificity

antibodies by use of a dual specificity antigen and selcetion for antibodies that

specifically racoznize the twa structurally related molecules of intevest. Dual speeificity
antibadies can be propared by immunizing 2 suitable sulyject, (2.g., rabbit, goat, mouss
or nther mammal, including transgenic and knockout versions of such mammals) with an
immunogenic preparation of a dual specificity antigen. An appropriate immunogenic
preparation can contain, for example, & chemically synthesized or recombinantly
exprassed dizal specificity antigen. The preparation can further include an adjuvant, such
as Freund's complete o incomplete adjuvant, or simifar immuasstimulatery corpound.
Moreayer, when used to raise antibedies, in particular by in wive inumunization, & dual
specificity sntrgen of the inveniion can be uged alone, pr more preferably is veed as a
comjugate with a carier protein. Soch an approach for enhancing antibody responses is
well known in the art. Examples of suitable catrier proteins 1o which a dual specificity
antigen can be conjugated include keyhole limpet hacmocyanin (KLH} and albumin.
Antibody-producing celly can be obtained from the subject and used to prepare
momoclonal antibodies by standard rechnigues, such as the hybridoma techmique
originally desctibed by Kobler and Milstein (1975, Nazuwre 256:495-497) (see also,
Brown ez al. (1981) L Fmnunel 127:539-46; Brown er al. (1980} J Biol Chem
255:4980-83; Yeh ef el (1976) PNAS 76:2527-31; and Yeh et al. (1982} Far. J. Cancer
28:269-75). The technclogy for producing monocional antibody hybridomas is well
known (see penerally R I Kenneth, in Monoclonal Autibodies: A Naw Dipengion In
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RBivlogical Analyses, Plenwm Publishing Curp., New York, New York {1980} E. A
YLemer (1981) Yafe J. Biol. Med., 54:387-402; M. L. Gefter et al. (1977) Somaric Cell
Genet., 3:231-36). Briefly, an imumortal cell line (typivally 2 myeloma) js fused to
Iymphocyies {typically splenocytes or lymph node cells or peripheral blood
lymphocyies) from a mammal immunized with a dual specificity immunogen as
described above, mnd the culture supematants of the resulting hybridorna cells are
screened to jdentify a hybridoma producing a monoclonal antibody with dual specificity
for the twa different but struoturally related molecules of intersst. Any of the many well
kfown protoceds used for fusing lymphooytes and innmortalized cell lines can be applied
for the purpose of generating dual specificity monoclonal antibodies (ses, e.g., G. Galfre
et al. (19773 Natare 266:555-52; Gefter ef al. Somatic Cell Gener., cited supra; Lerncy,
Yafe J. Biol. Med., ciled supra; Kenveth, Monoclonal Antibedies, cited supra).
Mareover, the ordinary skiiled artisan will appreciate that there are many variations of
sych metheds, which also would be useful. Typically. the immortal cell line (e.g., a
myeloma cell line) is derived from the same mammalian spectcs as the lymphocytes.
For example, murine hybridomas can be made by fusing lymphocyles from a ruouse
immiegized with an immunogenic preparation of the present invention with an
imnmortalized mouse cell bne. Preferred immortal cell lines are mouse myeloma cell
lines that are sensttive to culture medivm containing hypoxaitthing, aminopterin and
thymidine ("LLAT medium™). Any of a nursber of myeloma cell himes may be used as a
fusion partner according to standard techniques, ¢ 2., the P3-MNS1/1-Agd-1, P3-x03~
AgR.653 or $p2/0-Agld myeloma lines. These myeloms lines are available from the
Amcrican Type Culture Collaction (ATCC), Rackville, Md, Typically, BAT-sensitive
mouse myeloma cells are fused to mouse splenoccytes using polyethylcﬁe glycol
("PEGY). Nybridoma cells resulting from the fusion are then selected using HAT
medium, which kills mifused and sepreductively fused rayeloma cells (unfused
splenocytes dic afier severat days because they are not transformed). Hybddoma cells
producing monoclonal antihodies that specifically recognize the two structurally related
molecules of interest are identified by screening the hybridema culture supermatants for
such antibodies, e.g2., using & standerd ELISA assay, to select those antibodies that

specifically can bind the two related molecules.
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Depending on the type of antibody desired, various animal hests may be used for
. vivo immumnization. A host that itsclf expresses an endogenous version of the
antigen(s) of intersst can be used o, alternatively, a host can be used that has been
tendered deficient in an endogenous version of the antigen(s) of interest. For example, it
bas heen shown that mive rendered deficient for a particular endogenous protein via
hemelogous recombination at the comespending endogenous gene (.e., “knockoui”
micc) elicit a humoral responsc to the protein when immunized with it and thus can be
used for the production of high affinity monoclonal antibodies to the protein (see 5.,
Roes, J. et al. (1995) J. Inmainol. Methods 183:231-237; Lunn, MLP. et 21. (2000) J.
Newrocherm. 15:404-412).

For preductton of non-human antibodies (e.g., against o human duzl specificity
antigen), various non-human mamamals are suitable as hosts for antibody preduction,
including but not limited to wice, rats, rabbits and goats (and knockout versions thereof),
although mice are preferced for hybridoma production. Forthermore. for production of
fully-human antibodies against a human dual specificity antigen, a host nor-hurman
animal can be used that cxpresses 2 human antibody repertoire. Such non-buman
animals include transgenic animals {e.g., mice) carrying human immunoglobulin
transgenes, ha-PBMC-SCID chimeric mice, and hurnan/mouse radiation chimeras, sach
of which is discussed fusther below.

Thus. in one embodiment, the animal that {s immuenized with 2 dual specificity
anfigen is a nen-human mammal, preferably a movse, that is transgenic for human
immunaglobulin genes such that the. non-human mammal {¢.g.. mouse) makes kuman
entibodies vpon antigenic stimalation. In such animals, typically, human germline
configuration heavy and light chain immunoglobulin fransgenes are introduced into
animals that have been enginesred so that their endogenous heavy and light chiain loci
are tnactive. Upon antigenic stirmulation of such animals {e.g., with a human antigen),
antibodies derived from the human immonoglobulin sequonces (i.e., buman antibodics)
are produced, and human menoclongl antibodies caun be made from lymphocytes of such
animals by stapdard hybddora toehnelogy. For further description of human
im.munog] obulin transgenic mice und their use in the production of human antibodies see
for enamp's, U.S. Pateat No. 5,939,598, PCT Publication Ne. WO 06/33738, PCT
Publication No. WO 96/34096, FCT Publication WO 98/24893 and PCT Publication
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WO 99753049 to Abgenix Inc., and TL.8. Patent No. 3,543,806, No. 5,508,825, No.
5,625, 126, No. 5, 633, 425, No. 5,661,016, No. 5,770,429, No. 5,814,318, No.
5,877,397 and PCT Publication WQ 59/45962 1o Genpharm Ing. Ses also MacQuitty,
1.3 and Kay, R.M. (1982} Scierce 2571188, Taylor, L.D. e al. {1392} Nucleic Acidy
Kes. 20:6287-6203; Lonberg, N. er af. (1994) Nature 368:856-839; Lonberg, N. and
Huszar, D, (1995) Int. Rev. Immunol. 13:65-93, Harding, F.A. and Lonberg, N. {1985)
Ann. N Y. Acad. Sci. 764:536-546; Fishwild, D. M. et al. (1996) Nature Biotechnalogy
14:845-851; Mandez, M. I. et al. (1997) Naiiere Genetics 15:146-156, Green, L.L. and
Tekobovits, A, (1998} J. Exp. Med. [88:483-495; Green, LL. (1999) J, frmmunal,
Methody 231:11-23; Yang, XD, er al. {1999) J. Laukac, Biol. 66:401-410; Gallo, M.L.
et ol (2000) Ewer. . Immnunol 30:534-540.

In another canbodiment, the animal that is immunized with a dual specificity
antigen is a movse with severe combined immumodeficiency (SCID) that khas been
recenstituted with human periphetzl blood mononuclear cells or lymphoid cells or
precursars thereof. Such mice, referred to as hu-PBMC-SCID chimeric mice, have been
demonstrated to produce human immunoglobulin respomses upon antigenic stimulation.
For further description of these mice and their use in amtibody generation, see for
crample Leader, KA. et ol {1992) Imraunology 76:229-234; Bombil, F. ef al. {1895)
Jmmunobiol. 193:360-375; Murphy, W.I. ef «l. (1996) Semin. fmmunel, §:233-241;
Ilexz, U. et al. (19973 Int. Arch. Allergy Innmunol. 113:150-152; Albert, S.E. ef el
(1997 J. Imnnerol. 152:1393-1403; Mauyen, H. et @l (1997) Microtiol. Inmunol.
41:901-907; Avas, K. 62 al. (1998) J. Immunol. Methods 217:79-85; Yoshinar, K. and
Arai, K. (1998) Hybridoma 17:4)-45; Hutchins, W.A. et ol. (1999} Hybridoma 13:121-
129; Muwsphy, W.J. er al. (1999) Clin. Imrumol. 90:22-27, Smithsen, S.L. &f al. (199%)
Hol. fmmunol. 36:113-134; Chumat, 8. et af. (1999) /. Infect. Diseqses 180:268-277;
and Heard, C. ef @f. {1999} Molec. Med. 5:35-45. .

In another catbodiment, the animal that is immusized with a dual specificity
antigen is a mouse that has beer treated with lethal tofal body irradistion, followed by
radioprotection with bone marow cells of a severe combined immunodeficiency (SCID)
mouse, follawed by engrafunent with functionat human lymphocytes, This type of
chimers, refered to as the Irimera system, has been used to produce human monoclonal

antiboedies by immunization of the mice with an entigen of interest followed by
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preparzfion of monoclonal aptibodies using standsard hybridema technology. For further
desedption of these mice and their use in antibody generation, see for example Eren, R.
et ol, (1998) fmunology 93:154-161; Reisper, Y and Dagan, 8. (1998) Trends
Riptechnal. 16:242-246; Lan, E. er al. (1969} leparology 29:553-362; and Bocher, W.O.
et af. {1999) Immunology 86:634-641.

B. In vitro Approaches

Alernutive to preparing dual specificily antibodices by i vive immunization and
selection, a dual specificity antibody of the invendon can be identified and isolated by
screening a recombinant combinatorial immuseglobulin library (e.g., an antibody phage
display library) with a dual specificity aniigen, to thereby isolate immunogiobulin library
merbets that bind specifically to the two structurally related, bot different, molecules of
interest. Kits for generating and screening phage display Ubraties are commercially
available (2.g., the Pharmacia Recombinant Phage Antibody System, Catalog No, 27-
9400-01; and the Stratagene SurfZAFIM Phage Display Kii, Catslog No. 240612). Tn
various etbodiments, the phage display library is a scPv library or 2 Fab ithrary. The
phage display techrigue for screening recembinant antibody libravies has been described
extensively in the art. Examples of methods and compounds particulary amenable for
use in generating and screening antibody display library can be found in, {or example,
MeCafferty ef @l ntemational Publication No. WO 92/01047, U.S. Patent No.
5,969,108 and EP 589,877 {describing i particulay display of scFv), Ladner et al. U.S.
Patent IMo. 5,223,409, No. 3,403,484, No. 5,571,698, No. 5,837,300 and EP 436,597
(describing, for example, pMM fusion); Dower er al. International Publication No. WO
91717271, U.S. Patent No. 5,427 908, U,5. Patern Mo. 5,580,717 und EP 527,330
(describing in particular display of Fab); Winter &1 al. Inteynational Publication WO
92/20791 and EP 368,684 {describing in particular cloning of immunoglebulin variable
domain sequences); Griffiths er al. U.S. Patent No. 5,885,793 and EP 539,677
(describing in particular isolation ef human antibodies to human eniigens using
recombinant libraries); Garrad ef al. Intermnstional Publication Mo, WO 92409690
(describing in particular phage expression techniquesy, Knappik ef al Intemational
Publication Mo, WO 078320 (deseribing the hmpan recombinant antibody lbrary
HulCalY, Salfeld ez al. Tternational Publication No. W0 97/2913), deseribing the

preparation of a recombinant human aniibody 10 2 burgan antigen (hyman tunor necrosis
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factor alpha), as well a3 in vitre af{inity maturation of the recombinant antibody) and
Salfeld et al. U.5. Provisional Application No. 50/126,603, also describing the
preparation of a recombinant hitman antibody to a human antigen {human interteukin-
12}, a5 well as iz vitry affinity maturation of the sceombinant antibody)

Cther escriptions of recombinant antibody Hbrary screenings ¢an be found in
scientific publications such as Fuchs er af. (1991} Bie/Technalogy 9:1370-1372; Hay er
al. (1992) Hum Antibrod Hykridomas 3:31-85; Husc et al. {(1989) Science 246:1275-
1281; Griftiths et af. {1993) EMBQ J 12:725-734; Hawkins e/ af. (1992) J Mol Biol
226:880-896; Clarkson et al. (I991) Nature 352:624-628; Gram ef af. (1992} PNAS
86:3570-3580; Garrad of af. (19913 BloTecknology 9:1373-1377; Hoogenboom et al.
{3991) Nuc Acid Res 19:4133-4137; Barbas e¢ al. (1991) PNAS 88:7078-7982;
McCafferty ef al. Nature (19%0) 348:552-554; and Knappik ef af (2000) J. Mol Bioi.
296:57-86.

Altemnative to the use of bacteriophage display sysiens, vecombinant antibody
libraries cun be eapressed on the surface of yeast cells or bacterial cells. Methods for
preparing and serecning librarics expressed on the surface of yeast cells are described
Turther in PCT Fublication WO 9936300, Methods for preparing und screening libraries
expressed an the sutace of bacterial cells are described further in PCT Publication WO
98/49236.

Once an antibody of interest has been identitied from a combinatorial Hhrary,
DNAs encoding the light and heavy chains of the antibody arc isolated by standard
molecular biology technigues, such as by PCR amplification of DNA from the display
package (6.g., phage) isolated duting the library screening process. Mucleotide
sequences of anlibody light and heavy chain genes from which PCR grimers can be
prepared we known in the art. For cxample, many such sequences are disclosed in
Kabat, EA. ef al. (1991} Sequences of Proteins of Immunological Intevest, Fifth
Edition, 1.8, Departnent of Health and Human Services, MO Publication No, 91-3242.
and in the "Vbase" human germline sequence database.

An antibindy, or antibody perlion, of he invention can he prepared hy
recombyipant ox prossion of immunoglobulin light and heavy chain genes in a host cell.
To express 4n antibedy recombinantly, @ host cell is transfested wilh one or more

recombinant expression vectors carrying DNA fragiments encoding the immunoglobulin
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light and heavy chains of the antibady such that the light and heavy chains are expressed
in the host cell and, preferably, secreted into the medium in which the host cells are
cultured, from which medium the antibodics can be recovered. Standard recombinant
DNA methodologies are used obtain antibody heavy and light chaip genes, incorporate
these genes inta recombinant expression vectors and introduce the vectors inle host
cells, such s those described in Sambrook, Fritsch and Muniatis (cds), Malecular
Cloning, A Laboratery Manuad, Second Edition, Cold Spring Hatber, MY, (1980),
Ansubel, F M, ef af. {eds.) Current Protocols in Molecular Biology, Greene Poblighing
Associates, (198%) and in 11.S. Patent MNo. 4,816,397 by Boss et al.

Once DNA fragments encoding the VH and VL segments of the antibody of
interest are obtaimed, these DMA frapments can be further mamipulated by standand
recombinant DM A techniques, for example 1o convert the varisble region geses 1o full-
length autibody chain genes, 1o Fab fragment genes ot to a scFv gene. In these
manipulations, & VL- or VH-encoding DNA fragment is operatively linked to another
DNA fragment encoding mmother protein, such as an antibody constant ragion or a
flerible linker, The term “operalively linked", as used in this cantext, is intended to
mean thet the two DMNA fragments are joined such that the amino acid sequences
encoded by the two DNA fragments remain in-frame.

The igoiated TINA cocoding the VH region can be converted to 2 full-length
heavy chain gone by operatively linking the VH-encoding DINA to another DINA
molecule encoding heavy chain constant regiens (CHY, CH2 and CH3). The sequences
of hurnan heavy chain consiant reginn genes are known in the art (see ¢.g., Kabat, E.A.,
ot ad (1991) Sequences of Proteins of Immunological Intsrest, Fifth Edition, U.8.
Department of [Jealth and Human Services, NIEE Publication Mo. 91-3242) and DNA
fragments encompassing these regions can be obtained by standard PCR. amplification.
The heavy chair consfant region can be an TpG1, 18G2, 19G3, 12G4, 184, I2E, IeM or
IeD} canstant region, ut most preferably is an IgGi or [5G4 conslant region. For a Fab
fragment heavy chain gene, the VH-encoding DNA can be operatively linked (o another
DNA melecule encodmg only the heavy chain CHI constant region.

The isolated DMNA encoding the VL regian can be converted to a full-Tength light
chain gene (s well ag a Fab light chain pene) by operatively linking the VL-enceding
DNA to another DNA melecule encoding the light chain constant region, CL. The
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sequences of human light chajn constant region genes are known in the art (see 2 2.,
Kabat, E.A., ef al. (1991} Sequences of Proteins of humunolagical Interest, Fifth
Edirion, (1.8, Department of Health and Human Services, NIH Puablication No. 91-3242)
and DNA fragrnents encorpassing these regions can be obtained by standard PCR
amplification. The Jigit chajn constant region can be a kappa or lambda constant region,
but imost preferably is a kappa constant regiom.

To create a $6Ey gene, the VH- and VL-encoding DNA fragments are oporatively
linked io another fragment encoding « flexible linker, e.g., encoding the amino acid
sequence {Gly,-Ser}s. such that the VH and VL sequences can be expressed as a
contigueus single-chain protein, with the VL and VH regions joined by the flexible
linker (see ¢.g., Bird er al. {1988) Science 242:423-426; Huston et e, (1988) Proc. Natl.
Acad. Sci. (1SA 85:5879-5883; McCafferty er al., Nature (1990) 348:552-554).

To express the recombinant antibodics, or antibody portions of the invention,
DNAs encoding parlial or fult-Jongth light and heavy chains, abtained as described
above, can be mserted {nto expression vectins such that the genes are operatively linked
to tramsoriptional and tragslational control sequences. In this context, the e
"opetafively linked" is intended to mean that an antibody gene is ligated into a vector
such that transcriptional and translational control sequences within the vector serve their
intended funetion of repulating the transcription and iranslation of the antibody geae.
The expression vector and expression control sequences are chosen to he compatible
with the expression host cell used. The aniibody light chain gene and the antibody heavy
chign pene can be inserted into separate vector or, mnre typleally, both genes ace inserted
into the seme expression vector. The antibody genes are inserted into the expression
vector by standard methods {e.g-, ligatiom of complementary restriction sites on the
antibody gene fragment and vector, or blunt end Ligation if no restriction sites arc
present). Prior to insertion of the light or heavy chain sequences, the expression vector
may already carry aptibody constint region sequences. For example, one approach 10
conveuting the VHE and VL sequences to full-length antibudy genes is ta insert them into
expression vectors already encoding heavy chain copstant and light chain constant
tegpong, Tespectively, such that the VH segment is operatively linked o the CH
segment(s) within the vector aud the VL segment is operatively linked to the CL.

sugmerit within the vector. Additionally or siternatively, the recombinant expression

20

JP 2004-502428 A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(64)

WO 002773 PCTIUSOLI075S

10

15

2

30

vector can encode a signal pepiide that facilitates secretion of the antibody chain from a
host cell. The antibody chain gene cap be cloned inéo the vector such that the signal
pepride is linked in-frams to the amino terminus of the antibady chaim gene. The signal
peptide can be an immunoglobulin sigaal paptide or a heterologous signal peptide {i.e., a
signa} peptide from a non-immunoglobulin protein).

In addition tw the antibody chain genes, the recombinant expressicn vectors of
the invention carry regulatory sequences that control the expressivn of the antibody
chain genes in a host cell. The term "regulatory sequence” is intended to includes
promgters, enhancers and other exprassion controt elements (e.z., polyadenylation
signals) that conirol the transeription or translation of the antibody chain genes. Such
regulatory sequences are deseribed, for example, in Goeddel; Geite Expression
Technalogy: Methods & Frzymotogy 185, Academic Pross, San Diege, CA (1950). It
will be uppreciated by those skilled in the art that the design of the expression vector,
ineluding the selection of regulatury sequences may depend on such factors as the choice
of the host cell to be transformed, tic lovel of expression of protein desired, efc.
Preferred regulatory sequences for mammalian host eell expression melide viral
elements that ditect high levels of protein expression in mammalian celis, such as
promatecs andfor enhansers derived from cytomegalovinus (CMV} (such as the CMV
promotedienhancer), Simian Virng 40 (SV40) (sueh as the SY40 promotesfenhancer),
adenovitus, (e.g., the adenovirus major late promoter (AJMIP)) and pelyoma. For
further description of viral reguiatory elements, and sequences thereof, see vg, US.
Patent No. 5,168,062 by Stinski, 1.5, Patest No. 4,510,245 by Bell o ok, and (5. Patent
No. 4,968,615 by Schaffner ef al.

In addition to the antibody chain genes and regulatory sequences, ihie
recombinant expression vectors of the invention may carry additional sequences, such as
scquences that regulats replication of the vector in host cells (. g., origins of replication)
and selectable markes genes. The selectable marker gene Tacilitates selection of host
cells into which the vecter has besnt intreduced (see e.g., 1.5, Patents Nos. 4,399,214,
4,634,665 and 5,179,017, all by Axel ef «d.}. For exarnple, typically the selectable
marker gene cenfers resislance to drugs, such as G418, hygrompain or melhetrexate, on

a host cell into which the vector hus been introduced. Preferred selectable marker genes

anr
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include the dihydrefvlate reductase (DHFR) gene for use in dnfr host cells with
methotrexate selectionfamplification) and the neo gene ifor G418 selection).

For expression of the light and heavy chains, the expression vecion(s) encoding
the heavy and light chains is transfected into 2 host cell by standard techniques. The
varipus forms of the termn "transfection” are inteoded to encompass a wide variety of
techniques commonly used for the introduction of exogenous DNA. into 2 prokatyofic or
cukaryotic host cell, e.g., elsctropotation, calcium-phosphate precipitation, DEAE-
dextran transfection and the like. Although it is theorstically possible to express the
antibodies of the invention in either prakaryotic or sukaryotic host cells, expression of
antibodies in enkaryotic cells, and mest preferably mammalian host cells, is the most
prefesred because such evkaryotic cells, and in particilar mammalian cells, are mare
Itkely than prokaryotic ecils to assemble and secrcte a properly folded and
immunologically active antibody. Prokaryotic expression of antibody genes has been
reported to be ineffective for production of high yields of aclive antibody (Boss, M.A.
and Wood, C. R. {1985) Immunclogy Today 6:12-13),

Preferred mammalian host cells for expressing the recombinant antibodies of the
mventian include Chinese Hamster Gvary (CHO celis) {including dufr- CHO cells,
described in Uraub and Chasin, {1980 Proc. Natl. Acad. Sci. DSA 77:4216-4220, used
with a DHFR selectable macker, .g.. 2 deseribed in R.J. Kaufman and P.A. Sharp
(1982) Mol. Biol. 159:601-621), NSO myeioma cells, COS cells and SP2 celts. When
recormbinant expression vectors encoding antibody genes are introduced inte mammalian
host cells, the antibodies are produced by cultering the bost vells for a perind of time
sufficient to allow for expreseion of the antibody in the bost cells or, more preferably,
gecretion of the antibody into the culture medium. in which the host cells are grown.
Aatibodies can be recoversd from the culture medivim using standard protein
purifrcation methods.

Host cells can also be used to produce portions of intact antibodies, such as Fub
fragmerls ar scFy molzevles. Tt will be ynderstood that variations on the above
procedurs are within the scope of the present invention. For example, it may be
desirable 6 transfuct o hest cull with DNA encoding either the light chain or the heavy
chain (bui nat both) of an untibody of this invention. Recombinant DNA technology

may also be used L0 remove some or al) of the DNA enceding either or both of the light
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a0d heavy chains that is not necessary for binding to the antigens of interast The
molecules expressed from such truncated DNA molecules are also encompassed by the
eatibodies of the invention. In addition, bifunctional antibodics may be produced in
which one heavy and one light chain arc an antibody of the invention and the other
hoavy and Hehe chain are specific for an antigen other than the antigens of interest by
crosstinking an antibody of the invention to a second antibody by standard chemica)
crosslinking methods.

In a preferced system for recombinant expression of an anlibody, or aniigen-
binding portion thersof, af the fnvention, a recombinant expression vector encoding both
the antibody heavy chaip and the antibody Kght chain s introduced into dhfr- CHO cells
by calciwm phosphate-mediated wransfection. Within the recombinant expression vector,
the antibody heavy and light chain genes are each operatively linked 1o CMY
enhancetrf AdMILP promoter repulatory elemants Lo drive Righ levels of wranseription of
the genes. The recombinant expression vector plse carmies @ DHFR gene, which allows
for selection of CHO cclls that have been transiceted with the vector using methetrexale
selection/amplification. The selectod transformant host cells are enlture w allow for
expression of the antibody heavy and light chains and intact antibody is recovered from
the cufture medinm. Standard molecular biology techniques are used to prepare the
recombinant expression vector, transfect the host cells, select for transformants, cullure
the host cells and recover the astibody from the culture medivm. Still further the
invention provides a method of synthesizing a recombinant antibody of the invendion by
culturing & host cell of the invention in 4 suitable culturs medium uotil 2 recombinant
antibody of the invention is synthesized. The rethod ¢an [furlber comprise tsolating the
recernbinant antibody from the culture medium.

Alteenative to screening of recombinant antibody Iibraries by phage display,
other rmethodologies known in the art for soreening large combinatorial libravies can be
applied 1o the idontification of dual specificity antibedies of the invention, One type of
alternative expression system is one in which the recombinant antibody library is
expressed as RNA-protein fasions, as described in POT Publication No. WO 98/21700
by Szostak and Roberts, and in Roberts, R.W. and Szostk, LW, (1997} Proc. Natl.
Aced Sci. 8A D4:12297-12302. In this system, & covident fusion is created between an

mRNA and the peptide or protein that it encodes by in vizre trenslation of synthetic
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mRENAs that carry puromycin, a peptidyl acceptor antibiotic, at thoir 3 end. Thus, a
specific mRNA can be enriched from a complex mixtore of mBNAs (e.g., a
combinatorial library) based on the properties of the encoded peptide or protein, e.g.,
antibody, or portion thereof, such as binding of the antibody, or portion thereof, to the
dual specificity antigen. Nucleic acid sequences encoding antibodies, or portions
t.hcmof, recovered from screening of such librarics can be expressed by recombinant
means as described above (e.g., in marmmalian host eclls) and, morsover, can be
subjected to further alfinity muturation by either additional rounds of screening of
mRNA-peptide fusions in which mutations have hezn introduced into the oviginally
selected sequence(s), or by other metheds for affinity maturafion i vitro of recombinant
antibodies, a3 described above.

€. Combinaiton Approgches

Tual specificity antibodies of the invention also can be prepared using a
gombmation of in vive aud in vifre approaches, such as methods in which the dual
specaficity antigen is originally exposed to an antibady repertoirve i vivo in a host animal
to stimulate production of antibodies that bind the dual specificity antigen but wherein
further antibady selection andfor maturation (i.2., improvement) is accomplished using
one or more & vifra techniques,

In one evabodiment, such a combination method involves (irst imimunizing a
non-human animal (e.g., 2 mouse, rat, rahbit, goat, or transgenic version thereof, ora
chimeric meuse) with the dual specificity antigen to stiroulate an antibody response
agaimst the autigen, following by prepagation and screening of a phage display antibody
Jibrary using immunoglobulin sequences from Iymphoceytes stinulated ja vive by
exposure to the dual speciticity antigen. The first step of tiis combination procedure can
be conducted as described in subsection A 2bove, while the second step of this
procedure can be conducted as described in subsection B above. Preferred
metkodolopies for hvperimmunization of non-human animals followed by iz vitre
screening of phage display libraries prepared from the stimulated dymphoeyies include
those described by BioSite Inc., see e.g., PCT Publication WO 98/27343, PCT
Publication WO 61717271, ULS. Patent Mo, 5,427,908 and ULS. Patent No. 5,580,717,

In another embadiment, a combination methed invelves first immunizing a non-

human anirzal (e.g., & mouse, ral, rabbit, geat, or knockout and/or tranggenic versian
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thereof, or & chiteric mouss) with the dual specificity antigen 1o stimulate an antibody
response against the antigen and selection of lymphocytes that ave producing antibodies
having the desired dual specificity (e.g., by scrcening hybridomas prepaced from, the
immunized animalg). The rearmnged antibody genes from the sclected clenes are then
isulated (hy standard cloning methods, such as reverse transcriptase-polymeraso chain
reaclion) and subjected to it vitre affinity maturation, to thereby enhance the binding
properties of the selected antibody or antibodies. The first step of this provedure can be
conducted 2s described in subscetion ITA above, while the second step of this procedure
can be conducted as described in subgection 1B ahove, in particular using in vitro
affinity mataration methods such as those described iu PCT Publication WO $7/29131
and PCT Publication WO 00/56772.

In yet atother combiuation method, recombinant antibodics arc gencrated from
single, isolated lymphocyTes using a procedure referred (o in the art as the selected
fymphocyte antibody method (SLAM), as described jn 1.8, Patent No. 5,627,052, PCT
Publication WO §2/02551 and Babonck, I.5. et al. (1996) Proc. Natl. Acad. Sei. USA
93:7843-7848, Tnt thia roethod, as applied to the dual specificity antibodies of the
invention, 2 non-human animsal (e.g., & mouse, rat, rabbit, goat, or transgenic version
thereof, or a chimeric mouse} first is inmnunized in vive with the dual specificity antigen
1o stimulate an antibody response against the antigen and then single cells secreting
antibodies of interest, e.g., specific for the dual specificity antigen, are selected using an
antigen-specific hemotytic plague assay (e.g., the dual specificity antigen itself, or the
structurallyrelated molecules of interest, are coupled to sheep red blood cells using a
linker, such as biotin, thereby allowing for identification of single cells that secrete
antibodies with the appropriate specificity using the hemolylic plague assay). Following
identification of antibody-secrering cells of interest, henvy- anpd Hght-chain vartable
region cDNAs are rescued from the ccils by rverte Uranscriptase-PCR und these varfable
regions can then be expressed, in the context of appropriate inununogiobulin constant
1egious (¢.g., uman constant regions), in mammalian host cells, such as COS or CHO
cells. The host celis transfecied with the amplified immunoglobulin sequences, derived
from it vive selected lymphocytes, can then underge further analysis and selection ie

vitre, for example by panning the transfected cells to isolate cells expressing antibodies
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having the desired dal specificity. The amplified immunoglabnlin sequences further
cun be murdpulated ir vitro, such as by in vitre affinity matoration, as described above.
In another embodiment, the combination meihod to preduce a dual specific
anlibody involves the following steps. A fitst non-human anjmal is immunized with a
first antigen imd a second non-huran anima? is immurized with & second different
anligen, wherein preferably the second antigen is structurally similar io the fitst antigen,
1o stimulate an antibody response in. vivo. & recombinant heavy chain libracy and a
recombinant light chain library are construeted from antibody gence derjved from the
first non-human animal and the second non-human animal, respectively, a5 described in
section [[B. The hcavy cham library from the animal immunized with the firsi antigen is
combined with the light chain library from the animal immunized with the second
antigen to generate an antibody library X. Simitarly, the heavy chain library fiom the
amimnal immumized with the second antigen is combined with the light chain Ubrary from
the anima! immunized with the first anligen to generate an anttbody library Y.
Additionaily, Horaries X and Y can be combined to gencrate lbrary XY. Dual specific
antihodics that bind both first and second antigen can be identified and isolated from X,
Y andfor XY Ybraries.
118 Characteristics of Dual Specificity Antibodiss

The invention provides dual specificity antibodies, as well as antibody portions
thereof, that can be prcpm‘c.cl in accordance with the methods of the invention,
Preferably, the antibodies, of pertions thereof, are isolated smtibodies. Preferably, the
untibodies, or partions thereof, arc neutralizing antibodies. The antibodies of the
invention include monoclonsl and recembinant antibodies, and portions thercof. In
various embodinests, the antibody, of portion thereof, may comprise amino acid
sequences derived entirely frem a single species, such as a fully human or fully mouse
antibody, or portion thereof. In ofher embediments, the antibndy, or portion thercof, can
be a chimetic antibody or a COR-grafted antibody or other form of hurmanized antibody.

The term “antibody”, a5 used herein, is intended 10 refer to immunoglobulin
molecules comprised of four polypeptide chains, two heavy (H) chains and two light (L)
chains inter-connected by disulfide bonds. Bach heavy chain is comprised of a heavy
chain variable region {abbreviatod herein as HCVR, or VH) and a heavy chain constant

region. The heavy chain constant region is canaprised of three domains, CHI1, CH2 end
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CH3. Each light chuin is comprised of a light chain variable region {(abbrevialed heremn
a3 LUVR or VL) and & light chain constant region. The Night chain constant region is
comprised of ene domain, CL. The VH and YL segions can be forther subdivided into
segions of hypervariability, termed complementarity determining regions (CDR),
interspersed with regions that dre more conserved, tetmed framewaerk regions (FR).
Each VH and VL is composed of three CDRs and four FRs, arranged from amino-
terminug (o carboxy-terminus i the following order: FR1, CDEL, FRZ, CDR2, FR3,
CDR3, R4,

The term “antigen-binding portion” of an antibody (or simply “"antibody
portion™), as used herein, refers to one or more fragments of a dual specificity antibody
that retain the ability to specifically bind two different but structurally celated antigens.
It has been shown thai the antigen-binding function of an antibody ean be performed by
fragments of a full-length antibody. Examples of binding fragments encompassed
within the term "antigen-binding portion” of an antibody include (i} a Fab fragment, a
monovalent fragment consisting of the VL. VH, CL and CH) domains; {ii} a F(ab’)3
fragment, 2 bivalent fragment comprising two Fab fragments linked by a disulfide bridge
at the hinge region; (jil) a Fd fragment consisting of (he VH and CH1 domsins; (iv) a Fv
framment consisting of the VL and VH domeins of 4 single arm of an untibody, (v) 2 dAb
fragment (Ward er al., (1939} Narure 341:544-546 ), which consists of 2 VH domain;
and (viy an isolated complemeniarity determining regien (CDR). Furthermore, alihough
the two domains of the v fragment, VL and VH, are coded for by separate gencs, they
can be joined, using recombinant methods, by 2 synthetic linker that enables them o be
aade a3 a single protein chain in which the VL and VH regions pair to form monovalent
molecules (kewn as single chain Py (scPv); see ¢.g., Bird at al. (1985) Science
242:423-426; and Huston ef «f. (1988} Proc. Nafl. Acad. Sci. USA 85:5879-5883) .

Such single chain antibodies are also jniended te be encompassed within the term
“antigen-hinding portion” of an entibudy. Other forms of sinple chain antibodies, such
as dighodies are also encompassed. Diabodies are bivalent, bigpecitic antibodies in
which VH. and VL domains are cxpressed on a single polypeptide chain, but using a
linker that is loo short to allow for pairing between the twe domains on the same chain,

thereby forcing the domains to pair with complementary domains of anether chain and
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creating two antipen binding sites (sec e.g., Holliger, P., ef al. (1993) Proc. Nail. Acad.
Sci. USA 90:6444-6448; Poljak, R.1., ef of. (1994) Sivwcture 2:1121-1123).

S further, an antibody or antigen-binding portion thereof may be part of a
larger impounoagdiresion melecules, formed by covalent or noncovalent association of the
entibody or antibedy portion with one or mare other proteins or peptides. Examples of
such immunoadhesion molecules inctude use of the streptavidin core region to make a
tetrameric scbv molecule (Kiprivanov, 8.M., er af. {1995} Mumar Antibodies and
Hybridomas 6:93-101) avd vse of & cysteine residue, a marker peptide and & C-terminal
polyhistidine tag to make bivalent and bivlinylated scFv molecules (Kipriyanov, S.M.. &
al. {1994) Mol. Immuinsl. 31:1047-1858). Antibody portions, such a5 Fab and F(ab’)y
fragmenis, can be prepared from whele antibodies using conventional techniques, such
28 papain or pepsin digestian, respectively, of whole antibodics. Morcover, antibodics,
antibody porticns and immumeadhesion molecules can be obtaned using standard
secornbinant DNA techniques.

An "isolaled dual specificity antibody”, as used herein, is intended to refer to an a
duad specificity antibody that fs substantially free of other antibodies having different
antigenic specificities {e.g., an isclated antibody that specifically binds bwo different but
structurally related antigens, or strocturally-relaied regions of otherwise unrclated
antigens, but that is substantially free of antibodies that specifically bind other unrelated
antigens). Moseover, an isolated dual specificity antibedy may be substantially free of
other ceflular material andfor chemicals.

A “neutralizing antibody”, as used is intended to rafer to an antibody whose
binding o 2 particular antigen results in inhibition of the biological activity of the
antigen. This inhibition of the biclogical activity of the antigen can be assessed by
measuing ons or more indicators of biologicsal astivity of the antigen using an
appropriale in vitro o in vivio assay. ’

A “monecional antibody” as used herein is intended to refer to a hybridoma-
derived aniibody (e.£., an antibody secrcted by a bybridoma prepared by hybridoma
technology, such as the standard Knhler and Milztein hybridoma methodotogy). Thus, a
hybridoma-derived dual specificity antibody of the invention iz still referrsd to as a

monoclonal antibody although it has antipenic specificity for more than a single antigen.

28



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(72)

WO 002773 PCTIUSOLI075S

i

20

20

The phrase "recombinant antibody” tefers to antibodics that are prepared.
expressed, created or isolated by recombinant means, such as antibodies expressed using
a recambinant expression vecor ransfected taro 4 host cell, antibodies isolated from a
regombinant, combinatorial antihady library, antdbodies isolated from an animal {&.2., 2
moqse) that is wansyentc for human immunoglobulin genes (sec e.g., Taylor, LD, et al.
(1992) Nucel. Acids Res. 20:6287-G245) or anlibodies prepared, exprossed, created or
isolated by any other means that invalves splicing of particelir immuneglobulin gene
sequences {such as human immunoglobulin gene sequences) to ather DNA sequences.
Examples of recombinent antibodies include chimeric, CDR-grafled and humanized
antibodies,

The term "human antibody" refers to antibodies having variable and constant
ragions corresponding (o, or derived from, human germline immunoglobulin sequences
ug described by, for example, Kabat ef al. (See Kabat, e al. {1991) Sequences of
Proteins of mmunclogicat Intarest, Fifth Edition, 1.5, Department of Health and
Human Services, NIH Publication No. 91-3242). The human antibodies of the
invention, however, may include amino acid residues net encoded by human germline
immumeglobulin seguences {e.g., mutations introduced by random or site-specific
mitnagenesis in vifro or by somatic mutation in vévg), for example in the CDRs and in
particular CDR3.

Recombinant human antibodies of the invention have variable regions, and may
alsv include conslant regions, derved from human germline immunoglobulin sequences
(See Kabal, EA., et af. (1997) Sequences af Proteiny of Tmmamologicel Inigrest, Fifth
Edition, U.S. Department of Health and Humin Services, NI Publication Mo, 91-
3242). In certain emboedimerts, however, such recombinant human antibodies are
subjected to in vifro mutagenesis (or, when an unimal fransgenic for human Iz sequences
ig used, in Prve somatic mutagenesis) and thus the amino acid sequences of the VH and
VL regions of the recombinant antboedies are sequences thar, while detived from and
related to human germline VH and VL. sequences, may not naturally exist within the
human andibedy gemmline repertoire in vive, In certain embodiments, however, such
recombinant antibodies are the result of seleciive mutagenesis or backmutation o baoth.

The term “backinutation “ refers to a process in which serne or all of the

somatically mutated amino acids of a human antdbody are replaced with the
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cerresponding germline residues {rom a homologous germbine antibody sequence. The
heavy and light chain sequences of a human antibody of the invention aze aligned
separately wilh the germline sequences in the VBASE database to identify the sequences
with the highest homology. Differences in the haman antibody of the invention are
returned to the germling sequence by mutating defined nucleotide positions encoding
such different amino acid. The role of each aming acid thus identified a3 candidaie for
backmutation should be investigated for & disect or indirect rele in antigen binding and
any anine acid found after muiation to affect any desirable charactoristic of the human
antibody should not bo included in the final burnan antibody. To minimize the number
of amino acids subject to backmutation those amino acid positions found o be dilferent
from: the closest germline sequence but jdentica! to the cormsponding amine acid in a
secand germline sequence ean remain, provided that the second germline sequence is
identicat and colinear to the sequence of the human antibody of the invention for at lcast
10, preferably 12 amino acids, on both sides of the amino acid in question.
Backmuation may ocour at any stage of antibody uptimization.

The term “chimeric antibody” refers o entibodice which comgrise heavy and
light chain variable region sequences from one species and constant region sequences
from another species, such as artibodics having murine heavy and light chain variable
regions binked to human constant regions.

The tenn “CDR-grafted antibody™ refers to andbodies which comprise heavy and
Light chain variable region sequences from one species but in which the sequences of one
or more of the CDR regions of Vy, andfor VL are replaced with CDR sequences of
another species, such as antibodies having murine heavy and ight chain variable rogions
in which onc or more of the muiing CDRs (2 2., CDR3) has been replaced with human
CDR sequences.

The term, “bunsanized antibody” refers to antibadics which comprise heavy and
Tight chain variable region sequences from a non-litman species (e.£., a mouse} but in
which at least a portion of the VH and/or VL scquence has heen altered to be more
“human-like”, i.e., morc similar to human germline varable sequences. One ypeof
humanized antibody is a CDR-grafted antibody, in which human CDR scquences are
introduced into nen-human VH and VL sequences to replace the comresponding

northuman CD'R sequences.
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One way of measuring the binding kinetics of ap antibody is by suiface plasmon
resonance.  The term “surface plasmon tesonance”, as used herein, tefers 1o an optical
phenomennn that allows for the analysis of 1eal-time biospeciiic interactions by
detection of allerations in protein concentrations within a biosensor matrix, for example
uging the BLacore system (Pharmacia Biosensor AB, Uppsala, Sweden and Piscalaway,
NI}. For further deseriptions, see Tinsson, U., ef at, (1993) Ans. Biol, Clin. 51:19-26;
Insson, U, et al. (1991) Biateclnigies 11:620-627; Johnsson, B., ot af. (1995) /. Mal.
Recognit. 8:123-131; and Johnnson, B., ef al. (1991} Anal. Biochem. 198:268-277.

The orm "Bog", s nyed herein, is intended to refer to the off rate constant for
disseciation of an antibody froun the adtibedyfantizen complex.

The ierm: "Kg", as used herein, is intended to refer to the dissociation constant of
# particulsr antibody-antigen interaction.

The dual specificity untibodies of the invention are prepared using any of the
various methods for preparing antibodies described mn subsection Il zbove. The dual
specificity antibodies of the invention may be directed against essentially auy
structurally related antigens, although preforred duat specificity antibodies of the
invention are those that specificatly bind [L-1¢:and 1L-1f3, which can be prepared using
2 dunl specit:icity antigest such as those deseribed in Examples 1-4. Qther strocturally
related antigens that can be applied to the current invention include but are not limited to
caspase [amily members, eytokine faratlies, sueh as TL-1 family members (e.g., IL- 101~
18}, TNF family members (e.g., TNFo/TNFR) , IL-6 family members, Jnterferons,
TGRf family members, EGF family members, FGE family members, PDGY family
members, VEGE family members, Angicpoictin family members, Bane morphogenic
protsins, secreted proieinases (metallo-proteinases), and cytokine receptor familics, such
as LL-1-teceptor famnily members, TMF-recoptors family members TGER receptor family
members, CGF receptor family members, FGF receptor family members, PDUF receptor
farnily members, VEGF receptor family members and Angiopoietin reccpier fumily
ambrers.

The dugl specificity antibodies of the inventicn may display equal binding
activity toward the two dilferent but structurally rclated antigens to which it binds or,
altematively, the dual specificity antibodics may bind more preferentially to onc of the

two antigens, yot still have specificity towards the two related antigens as compared to
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ureeiated antigens. The hinding activity of the dual specificity aniibodies toward the
structurally related antigens, as well ag toward unrelated antigens, can be assessed using
standard ir vitre immunoassays, such as ELISA or BlAcore analysis. Preforably, the
ratio of g of antibody toward structoxally unrelated antigens to the X3 of antibody
toward structurally relared antigens should be at least 3, even more preferably the ratie
shoutd be at Jeast 3, even morce preferably the raiio should be at least 10, or even more
preferably the ratio should he at Jeast 50, 100, 200, 3040, 400, 500, 500, 700, 800, 500 or
1000,

Tn quantitative termms, the difference between background binding and dua!
specificity is one of level or degree. For example, background binding is ol & low level,
e.5., less than 5%, more preferably less thun 3% and most preferably, about 0.1-1%
whereas specific cross-reactivity or dual specificity binding is at a higher level, ¢.z.,
greater thatt 1%, more preferably greater then 3%, even more preferably greater than 5%
and even more preferably greater than 10%.  Additionally. preferably the [Csq of the dual
specificity antibody for the target antigens is close io the EDsgr of the antigens in a given
bioassay.

A dual specificity antibody, or antigen-binding portion thereof, of the inventian
is preferably selected to have desirable binding kinetics (e.g., high affmily, low
dissociation, slow off-rate, strong neutralizing activity; for one, and more preferably
both, of the antigens to which it specifically binds. For example, the dual specificity
antibady, or portion thereof, may bind one, and more preferably both, of the strusturally
redated untizens with 4 ko rate consturit of 0,157 or less, more preferably a ko rate
constant of 1 x 10°% o less, even more preferabiy z kq¢ rafe constant af 1 x 10757 or
loss, even more prefarably a ko rate constant of 1x 1077 or less, or even wore
preferably a kg rate comstane of 1 % 1075 or Jess, as determined by surface plasmon
resonance. Aliernatively or additionally, a dual spesificity antibedy, or paction thereof,
oy inhibit the activity of one, and more preferably both, of the stmciurally reluted
antigens with un 1Csp 0f 1 x 10°°M or less, even more preferably wiltk an 1Csp of 15 107
™M or less, even more preferably with an ICs) of 1x 10™°M or less, even more preferably
with an ICsgof I x 10N or less, even mors preferably with an ICsqof 11 107 or

less, ur even more preferably with an 1Csp of | % 10°'M or less. Preferably, 1Csy should
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be measured nsing a sensitive bivassay where ICyp valnes should be clase t9 the FDse
value of the antigen in that assay.

The itvention also provides pharmacentical compositions comprising a dual
specificity antibody, or antigen-hinding portion thercof, of the fnvention and 2
pharmaceutically acceplable camter. The prarmaceutical composition of the invention
can further comprise af keast one additional therapeutic agent, e g., one of ke
additional therapentic agents for treating a disorder in which use of the dual specificity
antibody is beneficial to amelioration of the disorder. For example, when the dual
specificity antibody specifically binds IL-1¢t and 1L-10, the phammaceuticul compaosition
cau further include one or more additional therapeutic agents for treating disorders in
which TL-1 activity is detrimental.

The antibodics and antibody-portions of the invention can be incorporated into
pharmaceutical compositiens suitable for administration ta a subject. Typically, the
pharmaceutical composition comprises an antibody or antibody portion of the invention
and a pharmacentically acceptable carrier. As used herein, "pharmaceutically acceptable
cartier includes any and all sofvents, dispersion media. coatings, antibacterial and
antifungal agents, isotonic and ebsorption delaying agents, and the Jike hat are
physiologically compatible. Examples of pharmacentically acceptable carrters include
one or more of water, saline, phosphate buffered saline, dextrose, glycerof, ethano) and
ihe ke, as well as combinations thereof. Tn many cases, it will be prefecable to include
isotoric agents, for cxample, sugars, polyaleohols such as mannital, sorbitol, or sedium
chloride 1n the composition. Pharmaceutically acceptable carriers may further comprise
miner amounts of anziliacy substances suclh as wetting or emulsifying apents,
preservatives or buffers, which enhanee the shelf life or offectiveness of the antibody or
antibody portion.

The antibodies and antibody-portions of the invention can be incorporated into a
pharmacentical composition suitabic for parenteral administration. Preferably, the
antibody or antibody-poctinng will be propared as an injectable rolution containing 0.1-
250 mg/mil anzibody. The injectable solution can he composed of either a liquid or
|vophilized desage form iu a flint or amber vial, ampule or pre-filled sycinge. The bulfer
van be L-histidine (1-53 mM), optimally 3-10mM, at pli 5.0 1w 7.0 (optimally pIT 6.0).

Other suitahle buffers include but aze not limited to, sodior succinate, sodium citate,
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sodium phosphate or potassium phosphate. Sodivm chloride can be used o modify the
toxicity of the sclution st a concentration of 0-300 mM (optimaily 150 mM for a liquid
dosage form). Cryoprotestants can be included for a lyophilized desage form,
principally 0-10% sucrose {optimally 0.5-1.0%). Other suitable cryoproicetants include
irehalose and lactose. Bulking agents can be included for a lyophitized dosage form,
princtpally 1-10% mannitol {optimally 2-4%}. Stabilizers can be nsed in both liquid and
Iyophilized dosage forms, principally 1-30 mM L-Methionine (optimally 5-10 mM).
Other suitable bulking agents include glycing, arginine. can be included a5 0-0.05%
pelysorbate-30 (optimally 3.005-0.01%). Additional surfactants include but are vot
limited 1o polysorbate 20 and BR1) surlactants.

The compositions of this invention may be in a variety of forms. These inclade,
for example, liquid, sems-solid and solid dosage forms, such as liquid solutions {e.g.,
njectuble und infusibie solutions), dispersions ar suspensions, tablets, pills, powders,
liposomes and suppositories, The peeferred form depends on the intendsd mode of
acdministration and therapeutic application. Typical preferred compositions are in the
form of injectable or infusible solutions, such as compositions similar ko those used for
passive immunization of humans with other antibodies. The preferred mode of
administration is parenteral {¢.g., intravenovs, subcutaneous, Intraperiteneal,
intramusculac). In & preferred embodiment, the antdbody is administered by intravenons
infusion or injection. In another preforred cmbodiment, the antibody is administered by
Intramuscular or subcutaneous injection.

"Therapeutic compositions typicatly must be sterilc and stable under the
conditions of manufacture and storage. The compasition can be formulated as a
solution, mricroamulsion, dispersion, liposome, or other ocdered structure suitable to high
drug concentration, Sterile injectalle solutions can be prepared by incorporating the
active compound (3.¢., antibedy or antibedy portion} in the reguired amount in an
appropriute silvent with one or 2 combination of ingredients ensmerated above, as
rzquired, Tollowed by filtered sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle that contains 4 basic dispersion
raedium and the required other ingredicnts from those enumerated ahove. In the case of
sterile, lyophilized powders for the preparation of sterile injectable solutions, the

preferred metlods of preparation are vacuam drying ud spray-drying thut vields a
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powder of the active ingredient plus any additionul degived ingredient from a previously
sterile-filtered solution therenf. The proper flukdity of a selution can he maintained, for
oxample, by the use of a coating 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 infectable compesitions can be brought about by including in the

composition an agent that deluys absorption, for example, ronostearsie salts and gelatin,

The anfibodies and antibedy-portions of the present invention can be
administered by a variety of methods koown in the art, slthough for many therapeutic
applications, the preferred ronte/mode of admindsiration is subcutaneous injection,
intravenous injoction or infusion. As will be appreciated by the skilled artisan, the route
andfor mode of administration will vary depending upon the desired results. la certain
embodiments, the active compound may be prepured with a carrier thai will protect the
compound against rapid release, such as a controlled release formulation, including
implants, transderma} patches, and microcncapsulated delivery sysiems, Blodegradable,
biccompatible pelymers can be used, such as cthylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoestars, and polylactic acid. Many methods for the
prepacation of such formulations are patented or generally known to those skilled fn the
it See, 6.g., Sustained and Controlled Release Drug Delivery Systemy, I.R. Robinson,
ed., Mrccl Dekker, Ine., New Yok, 1978,

In certain embediments, an antibody or antibedy portion of the invention may be
orally administercd, for example, with an inert diluent or an assimilable edible cartier.
The compound (and other ingredients, if desired) may also be enclosed in a hard or soft
shell gelatin capsule, compressed into tablets, ot incorpotated directly into the subjeet's
diet. For orel therapeutic administration, the compounds may be incorporated with
excipients and used in the fortn of ingestibic tablets, buccal tablets, troches, capsites,
elixivs, 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
compiund witly, or co-administer the compound with, 2 material to prevent jts
inactivation.

Supplementary uetive compounds can also be incorporated inte the
compositions. In certain embodiments, an antibody or antibody portien of the invention

is coformalated with and/or coadministered with one or more additional therapentic
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agents that are useful for treating diserders in which TL-1 activity is demimental. For
example, an znti-TL-1e/IL-1P dual specificity antibodies, or antibody portions, of the
invention may be coformulated andfer coadministered with une or mose wdditional
antibodies that bind other targets (e.g., antibodies that bind other cytokines or thal bind
cell surface molecules). Furthermore, one or more antibodics of the invention may be
used in combination with two ar more of the foregoing therapeutiz agents. Such
combination therapies may advantageously utilize lower dosages of the administered
therapeutic agents, (hus avoiding possible toxicilies or complications associted with the
various monotherapies.
TV._ses of Bual Specificity Antibodies

Given Lheir ability to bind two different but stracturally rclated antigens, the dual
specificity untibadies, or portions thereof, of the invention can be used to detect cither or
bath of these antigens (¢.£., in = biological sample, such as serum or plazma), using a
conventional immunoassay, such as ar enzyme linked immunosorbent assays (ELISA),
an radioimmunoassay (RIA) or tissue immunechistochernisiry. The invenfion provides a
methaod for detecting an antigen in a biotegical sample comprising contacting a
biological sample with 2 dual specificity antibody, or antibody portion, of (he invention
that specifically recognizes the sntigen and detecting either the antibody (or antibody
portion} bound te artigen or unbeund antibedy (or antibody portion), to thereby detect
the antigen in the biological sumple. The antibody is dircotly or inditectly labeled with a
detectabie substance 1o facilitate detsction of the bound or wnbound entibody. Suitable
detectable substances include variows enzymes, prosthetic groups, fluorescent matcrials,
luminescent materiats and radivactive materials. Examples of suitable enzyrmcs include
horsetadish perosidase, alkatine phosphatose, P-galactosidase, or acetylcholinesterase;
examples of suitable prosthetic group complexes include strepravidin/viotin and
avidin/biotin; exarnples of suitsble fluorescent muterials include wmbeltiferone,
fluoreseein, fluorescein isothiocyanate, thodamine, dichlorotriazinylamine fluorescein,
dansyl chloride or phycoerythrin; an example of a luminescent material sncludes
Inminol; and exzmples of suitable radioactive material include ‘%1, ', %8 or *H.

Alternative to [aheling the antibody, the antigen(s} can be assayed in biclogical
fiids by a competition radiolmmunoassay utilizing antigen standards tabeled with a

detectable substance and an unlabelgd dual specificity antibody specific for the
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antigen{s). In this assay, the biclogical sample, the labeled antigen standards and the
.dual specificity antibody are combined and the ameunt of labeled antigen standard
bound to the unlabeled antibody is determined. The amount of antigen in the biological
sample is inversely proporiional to the amount of Jabcled antigen standard bound to the
unlabeled antibody.

In a preferred embediment, the dual specificity antibody specifically recognizes
TL-1¢zand TL-1f) and the foregoing detection methods are used to detect TL- Lot andfor 1.
1B. Accordingly, the invention further provides a method of defecting IL-1ocor TL-18 in
2 biological sample or tissue comiprising contacting the biological sample ur tissue
suspected of contatning IL-1ocer IL-1B with a dual-specificity antibody, or antigen-
hinding partion thereof, of the invention end detecting IL-1o.or [L-1{} in the biological
sample or lissue. The biclogical sample can be, for example, an i vitro sample, such as
a sample of cells, tissus or bodily fluid (= g, blood, plasma, urine, saliva ete.).
Maoreover, the lissue detected can be tissue located in viva in a subject, ¢.2., Uissue
visualized by in viva imaging of ihe tissue (e.g., using a labeled antibody)

The dugl specificity antibodies of the invennon also can be used for diagnostic
parpases. In one embodiment, an antibody of the invention js used in a diagnostic assay
in vitre, such as in a lahoratory test to detect the antigends) of intercst o ina point of
care teat to detect the antigen(s) of interest. Examples of well-established in vitro assays
utiltzing antibodies include ELISAs, R1As, Weatern blots and the like. In another
embodiment, 20 antibady of the invention is used in a diagnostic assay in viveo, such as
an i wvo umaging test. For examplo, the antibody can be Iabeled with a detectable
substance capable of being detected & vivo, the labeled antibody can be administered
a subdect, and the labcled antibody can he detected in vtyo, thereby allowing for in vive
imaging.

Dual specilicity antibodics of the invention (hat spectfically recognize TL- 1ot and
IL-1f cam be nsed in diaghostic assays to detect TL-Lorandtfor TL-1P for diagnostic
purposcs, for example in a variety of inflanmatory digeases and disordecs, 2s well as in
spontanecus resorption of fetuses. With regart wo specific types of discases aud
disorders, the dual specificity anti-IL-1o/IL-1[ antibodies of the invention can be used

for diagnostic purposes in any of the discases/disorders descrild herein with regard to
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the therapeutic uses of such antibadies (see below), such as disteders in wiveh IL-1
artivity is detrimental, discussed further below.

The dual specificity antibodies and antibody portiens of the invention preferably
are capable of neutralizing, both in vifro and in vivo, the activity of the antigens to which
they bind. Accordingly, such aatibodies and antibedy portions of the invention can be
used to inhibit the activity of the antigens, e.g., iﬁ & cell colture contalning the antigens
or in hurmar subjects or in other mammalian subjects hraving the antigens with which the
dual specificity antibody of the invention reacts. In one embodiment, the invention
provides a method for inbibiting antigen activity comprising contacting the antigen with.
& duel specificity antibady or antibody portion of the invention suclh that antigen activity
is fnhibited. In a preferred embodiment, the dual specificity amibody binds IL-1oiand
TL-1B and the methed is a method for inhibiting TL-1o: andfor 1L-1B activity by
contacting IL-Lox and/or [L-1 with the dual specificity antibody, or pertion thereof. The
1L-1ocandfor IL-1/ activity can be inhibited, for example, in vitre. Forexample, in 2
el culture containing, or suspecied of containing, IL- Lot and/or IL-13, an antibody or
aatibody portion of the invention can be added to the culture medium to inbibit IL-1o
and/or 1L-1P activity in the aulture. Altecnatively, IL-Lo andfor IL-1B activity can be
inlibited in vivn in a subject.

T anather embodiment, the invention provides a method for inhibiting antigen
activily in a subject suffering from a disurder in which that antigen activity is
detrimental. The invention provides methods for tnlubiting antigen activity in a subjeet
subfering from such a disorder, which method comprises administering to the subject &
dual specificity antibody or antibody portion of the inveation such thal antigen activity
in the subject is inhibited. Preferubly, the antigen is 2 human antigen and the subject is @
haman subject. An antibody of the invention can be administered to  human subject for
therapeutic puipoges. Moreover, an antibody of the invention can be administered to a
non-hirman mammal cxpressing an antigen with which the amibody binds for veterinary
purposes of as an animal model of human disease. Regarding the latter, such animal
madcls may be useful for evaluating the therapeutic efficacy of antibodies of the
invention {2.g., lesting of dosages and time courses of administration).

Preferably, the dual speciticity artlibody binds IL~1¢ and IL-1B and the method

[or inhibiting antigen activity in a subject is a methed for inhibiting IL-1 activity jo 2
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suhject, for example a subjest suffering from a disorder in which IL-1 activity is
deteimental. As used herein, the term "a disorder in which IL-1 activity is detrimental®
is intenided to include diseases and other disorders in which the presence of IL-1 (which
encompagses both IL-10cand TL-1B) in a subject suffering from the disorder has been
shown 1o be or is suspected of heing either responsible for the pathophysiology of the
disorder or & factor that contributes to a worsening of the disorder. Accordingly, a
disorder in which IL-1 activity is detritnental is 2 disorder in which inhibition of IL-1
activity (i.e., either or both of IL-Jaand IL- 13} is expected to alleviate the sympioms
andfor progression of the disorder. Such disorders may be evidenced, for example, by an
increase in the concentration of IT.-1 in a bivlogicsl fluid of a subject suffering from the
disorder (e.g., an ncrease in the concentration of [L-1 in serum, plasma, synovial fluid,
cte. of the subject), which can be detected, for example, using an anti-T.-1 antibody as
described above,

Interleukin 1 plays a critical role in the pathology associated with 2 variety of
diseases involving immune and inflammatory elemenis. These diseases include, but are
not limited to, theumatoid arthritis, ostearthritis, juvenile chronic arthritis, Lyme
arthritis, psoriatic arthritis, reactive arthyitis, spondyloarthropathy, systemic lupus
crythematosns, Crohn's discase, ulcerative colitis, inflammatory bowel disease, insulin
dependent diabetes mellitus, thyroiditis, asthma, allergic diseases, psoriasis, dermalitis
scleroderma, graft versus host disease, crgan Lansplant rejection, acute or chronic
immune disease associated with organ transplantstion, sarcoidosis, atherosclerosis,
disseminated intravascular cougniaton, Kawasaki's discase, Grave's discase, nephrotic
syndrome, chronic fatipue syndrome, Wegener's gramiomatesis, Henoch-Schoenlein
PUrpurea, microscopic vasculitis of the kidneys, chronic active hepaiitis, uveitis, septic
shocl, toxic shock syndrome, sepsis syndrome, cachexia, infectious diseases, parasilic
diseases, acyuired immunodeficiency syndrome, acute transverse myelilis, Huntington's
chorea, Parkinson's disease, Alzheimer's disease, stroke, primary biliary cinhosis,
hemolytic anemia, malignancies, heart failare, myocardial infaretion, Addison's discase,
sporadic, polygiandular deficiency type Land polyglandular deficiency type I, Schmidts
syndrome, adult {acute} respiratory distress syndrome, alopecia, alopecia areata,
seroncgative arthopathy, arthropathy, Reiter's disease, psoriatic arlthropathy, ulcerative

colitic arthmpathy, enteropathic synovitis, chiamydia, yersinia and satmonella associated
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arthropathy, spondyloarthopathy, atheromatous disease/arierioscicrosis, atopic allergy,
autimmune bulloas dissase, pemphigus vulgaris, pemphigos folizceus, pemphigoid,
linear TgA disease, avtoimmune haemolytic anaemia, Coombs positive haemolytic
andanuz, wgnired pernicious amaemia, fuvenile pernicious anacmia, myzlgic
encephalitis/Reyal Frec Discase, chronic mucocutaneous candidiasts, giant cell arteritis,
primary sclerosing hepatitis, cryptogenic autoimmunc hepatitis, Actuired
Immumodeficiency Disca:se Syndrome, Acquired Immunodeficiency Related Diseases,
Hepatitis C, commen vazsied immunodeficiency (commen varisbie
hypogemmaglobulinaemia), dilated cardiomyepatiy, female infertility, ovasian failure,
premature ovarian fuilure, fibrotic lung disease, cryptogenic fibrosing alvealitis, post-
inflarmatory interstitial lung discase, interstilial pneumonitis, connective tissue disease
associgted interstitial lung disease, mixed connective lissue disease associated lung
disease, systermic selerosis associated interstitial lung disease, theumutoid arthrits
associated interstitiat lung disease, systemic lupus erythernalosus associated lung
discase, denmatomyostis/polymyositis associated lung disease, $jdgren's discase
associated lung disease, anlylosing spondylitis associated lung disease, vesculitic diffuse
lung dissase, hasmosiderosis associated lung disease, dmg-indoced interstitial lung
disease, radiation {ibrosis, bronchiolitis obliterans, chremic cosinophilic pneumonia,
1ymphoeytic infilirative lung disease, postinfectious interstitial lung disease, gouty
arthritis, auteinimane hepatitis, type-1 antoimmune hepalitis (classical autotmmune or
Tupeid hepatitis), type-2 smtolmmune hepatitls (ami-LEM antibody heparitis),
gutoimmune mediated hypogtycaemia, type B insulin resistance with acanthasis
migmicans, hypoparathyroidism, acute immune disease avsociated wilth organ
wansplantation, chropic imune disease associsted with argen tumsplantation,
osteoarthrosis, primary sclorosing cholangitis, pseriasis type 1. psoriasis type 2,
idivpathic leucopasnia, autoi mmne neutropacnia, renal disease NOS,
glomerulonephritides, micrescopic vasulitis of the kidneys, lyme disease, discoid lupus
erythematosug, male infertility idiopathic or NOS, spetro antoimmunity, multiple
sclerosis (all subtypes), syrpathetic ophthalmia, pulmonary hypertension secondary to
connective tissue disease, Goodpasture's syndrome, pulmonary manifestation of
polyarteritie nodosa, acute rheamatic fever, rheumatoid spondylitis, Siill's discase,

systemic sclerosie, Sjorgren's syndrome, Takayasu's discasefarteritis, autoinpmune
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thrombocytopaenia, idiopathic thrombocytopaenia, autei miaune thyroid disease,
hiyperthyroidism, goitrous anteimmune hyputhyroidism (Hashimoto's discasc), atrophic
auloimmune hypothyroidism, primary myxoeedema, phacogenic uveitis, primary
vasculitis, vitiligo, diseases of the central nervous system (e.g., depression,
schizophrenia, Alebeimers, Parkonsons, etc.), acute and chronic pain, and lipid
imbalance. The human antibodics, and antibody portions of the invention can be used to
weat humans suffering from autoimmune diseases, in particular those associated with
inflammation, inclading, thenmatoid spondylitis, allergy, autoimmune diabetes,
autoimmune yveits.

Preferably, the TL- LvTL-1f3 dual speciticity antibodies of the invention or
antigen-bindimg pertions thereof, ave used to treat theumatoid arthritis, Crohn's disease,
multiple sclerosis, insulin dependent diabetes, mellitus and psoriasis.

An [L- LoML-B dual specificity antibody, or antibody portion, of the invention
alse can be administered with one or maore additional therapeutic agems useful in the
treatment of autoimmune and inflammatory diseases.

Antibodies of the invention, or antigen binding poriions thereof can he used
alone or in combination to treat such diseases. It should be understood that the
antibodies of the invention or antigen binding portion thereof can be used alone orin
combination with an additional agent, e.g., a therapcutic agent, said zdditional agent
being selected by the skilled artisan for its intonded purpose. For exampile, the
addiiienal agent can be a therapeutic agent art-recognized as being vseful to treat the
disease or condition being treated by the artibody of the present invention. The
additional apent alsi can be an agent which imparts a beneficial atribute (o the
therapeutic composition 2., an agent which effects the viscosity of the composition.

It should further be understeod that the combinations which are to be included
within this inveniion are those combinatiens useful for their intended purpose. The
agents set forth belaw arc [ustrative for purposes and not intended 1o be limited . The
cumbinations which are part of this invention can be the antibodies of the present
invention and at least one additional agent selected from the Jists below. The
combination can also include more than one additional agent, e.g., two ot three
additional agents if the combination is such that the formed composition can perform its

intended function,
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Preferred combinations are non-stercidal anti-inflammatory drug(s) also refevred
o as NSAIDS which include drugs like iouprofen and COX-2 inhibitors. Othey
prafemed combinations are corticosteroids including prednisolone; the well knows side-
effects of stercid use can be reduced or even eliminated by tapering the steroid dose
requircd when ireating patients in combization with the anti-TL-1 antibadies of this
invertion. Non-limiting examples of therapeutic agents for rheumatoid arthuitis with
which ar antfbedy, or antibody portion, of the invention can be combined include the
Tollowing: cywkine suppressive anti-inflemmatory dnug(s) (CSAIDs); antibodies to or
antagonists of other buman cmo]dneé or groweh factors, for example, TNF, LT, IL-2, IL-
6, IL.-7, 1L.-8, 11.-12, IL-15, IL-16, IL-18, EMAP-IT, GM-CSF, FGF, and PDGE
Antibodies of the invention, or antigen binding portions thereof, can be combined with
antibodies to cell surface molecules such as CD2, CD3, CD4, CDS, CD25, CD28,
CD30.‘CD4(), CLi45, CD6Q, CDS0 (BT.1), CD86 (B7.2), CDOY, or their Ligands
including CD154 (gp39 or CD40L).

Prefersed corabinations of therapestic agents may interfere 4t different points in
the sutoimmue and subsequent inflammatory cescade; preferred examples include TNF
antagonists like chimerie, humanized or homan TNF antibodies, D2E?, (PCT
Publication No. WO 97/29131), CAZ (Remicade™), CDP 571, COP 870, Thalidamide
and solobie p55 or 73 TNF reeeptors, derivatives, thereof, (pTSTNFR] gG (Entwel™)
or pISTNEFR1 G (Lenercept), and also TNFit converting enzyre (TACE) mhibitors;
similarly IL-1 inhibitors (fnterletkin-1-converting enzymg inhibitors, IL-1RA ete.) may
be cffective for the same renson. Otber preferred combinations include Intertenkin 11,
Yet another preforred combination are other key players of the autobmmung response
which may act parallei to, dependent on or in concert with 1L-1 function; especially
preferred age ¥-12 and/or 1L-18 antagonists including 1IL-12 and/or IL-18 antibodies or
soluble IL-12 andfor: IL- 18 receptors, or TL-12 andfor -1 8 binding proteins. It has been |
shown that TL-12 and B-18 have overlzpping but distinet fapctions and a combination of
antzgonists to both may be most effective. Yot another preferred combination are nott-
deplening anti-CD4 inhibitors. Yet vther preferred combinations inciude aniagonisis of
the co-stimulatory pathwiay CID80 (B7.1} or €86 (B7.2} including antibodies, seluble

receptors or antagonistic ligands.
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The antihodies of the invention, ar zatigen binding portions thereof, may also be
combined with agents, such as methotrexate, 6-MP, azathinprne sulphasalazine,
wmesatazive, olsalazine chloroguinine/ydroxychloroguing, pencillamine, aurothiomatate
(intramuscular and oral), azathioprine, cochicine, corticosteroids (eral, inhaled and ocal
injection), beta-2 adrenorecepior agonists (salbutarmol, terbuteline, salmeteral}, xanthines
(thecphylline, aminophylline), cromoglycate, nedovromzl, ketotifen, ipratroptum and
oxilropturn, cyclosporin, FK506, rapamyein, mycophenolate mofetil, leflunonide,
NSAIDs, for example, ibuptofien, corticosteroids such as preduisolone,
phosphodiesterase inhibitors, adensasine agomets, antithrombotic agents, complement
inlibitors, adrenergic agents, agenis which interfers with signaling by proinflammatory
cytokines such as TNFo or IL-1 {e.g. IRAK, NIK, [KK , p38 or MAP kinase inhibitors),
1L-1P converling enzyme inhibitors, TNFo. converting enzyme (TACE) inhibitors, T-cell
signalling inhibitors such as kinase inhibjtors, metalleproteinase inhibitors,
sulfasalazine, azathioptine, S-mercaplupurines, angiotensin converting enzyme
fuhibitors, solubie cytokine receplors and derivatives thereof (e g. soluble pS5 or p7s
TNF receptors and the derivatives p7STNFRIgG (Bnbrel™ and pSSTNFRIG
{Temercept)y, sIL-1RI, sE- 1R, sl -6R) and sptinflammatory cytokines (2.g. T4, Tl
10, IL-11, IL-13 and TGFP). Preferred combinations inchude methotrexate or
leflunomnide and in moderate or severc theumaroid arthritis cases, cyclosporine.

Non-limiting examples of therapeutic agenis for inflammatory bowel disease
with which an antibody, or antibody portion, of the invention can be combined include
the following: budenoside; epidermal growth factor; carticosteroids; cyclosporia,
sulfusalazine; aminusaticylates; G-mercaptopuring; azathiopring: metronidazole;
lipoxyeenasc inhibitors; mesalamine; nlsalazine; balsalazide; anttoxidaats; thromboxane
inhjbitors; IL-1 receptor antagonists; anti-IL-1f moneclonal antibedies; ant-IL-6
monoclonal antibadies; growth factors; clastase inhibitors; pyridinyl-imidazole
coropounds, antibodies 10 ar antagonists of other buman cytokines or growth factors, for
example, TNF, LT, TL-2, IL-6, 1L-7, 1L-8, IL-12, 1115, IL-16, IL-18, EMAP-IL, GM-
CSF, FGE. and PDGE. Antibodics of the invention can be combined with antibodies to
cell surtace molecules such as CD2, CD3, CD4, CDE, CD25, CD2B, CD30, CD44,
CD45, CD8Y, CD90 or their ligands. The antibodies of the invention, or antigen binding

portions thereof, may also be combined with agents, such as methatrex ate, cyclosperin,
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FE506, rpanmyein, mycophenolat mofetl, lefluncmide, N3 AT, for example,
ibuprofen, corticosteroids such a8 predaisolone, phosphodiesierase inhibitors, adencsiae
agonists, antithrombotic agents, complement inhibitors, adrencrgic agents, agents which
interfers with signulling by proinflammatory cytokines such as TNFo or IL-1 (e.5.
(RAK, MIE, KK, P38 or MAP kinase inhihitors), IL- [0 converting enzyme inhibitare,
TNFux converting enzyme inhibitors, T-cell signalling whibitors such as kinase
inhibitors, metalloproteinase inhibitors, sulfasalazine, axathioprine, 6-mercaplopurmes,
anpiotensin converting enzyre inhibitors, solublz cylokine recaplors and derivarives
thereof (.. soluble pS3 ar p75 TNF receptors, $IL-1R1, sIL-1RT, sTL-6R) and
antinflammatory cytokines (e.g. JL-4, IL-10, IL-11, IL-13 and TGFB).

Preferred examples of therapoutic 2gents for Crohn's disease in which an
antibody or an andigen binding portion can be combined include the following: TNE
antagonigts, for example, anti-TNFE antibodies, D2E7 (PCT Publication No. WO
9231}, CAZ (ReluicadeNJ, CDP 371, TNFR-Ig construets, (p?STNFRIZG
{Enbrei™ and p55TNFRIgG (Lenercept)) inhibitors and PDE4 inhibitors. Antibodies,
or aptigen binding portions thereof, of the invention or antigen binding postions thercof,
¢an be combined with corticosteroids, for example, budenoside and dexametiasone.
Antibodies of the inveniion or antigen binding portions thereof, may also be combined
with agents such as sulfasalavine, S-arainosalicylic acid and olsalazine, and agents which
interfere with synthesis or action of proinflammatory eytokines such as 1L-1, for
example, 1.-1f converting enzyme inhibitors and YL-1ra. Aniibodies of the tnvention or
entigen binding portion thercof may alsa be used with T cell signaling inhibitors, for
example, Lyrosine kinpse inhibitors §-mercaptopurines. Antibedies of the invention er
antigen binding pottions thercof, can be combined with TL-(1.

Nem-limiting examples of therapeutic agents for multiple sclerosis with which an
antibody, or antibody poction, of the juveation can be combined include the following:
corticosteroids; prednisolone; methylprednisolone; azathioprine; cyclophospharide;
cyclogporine; mothotrexate; 4-uminopyridine; tizenidine; interferon-fla (Avonex;
Biogen); interferoa-Bib (Betaseron; Chiron/Berlex); Copolymer 1 (Cop-1; Copixonc;
Teva Pharmaceutical Industries, Inc.); hyperbaric oxygen; intravenous immunoglobulin;
clabribine; antibodies to or antagonists of other human cytokines or growth factors, for

example, TNF, LT, 1L-2, IL-6, 1L-7, TL-B, TL-12, 33, TL-16, 1.-18, EMAP-1L, GM-
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CSF, F(JF, and PDGF. Antibodics of the invention, or antigen binding portions thereef,
can be combined with antibodies to cell surface molecules such as CDZ, CD3, CD4,
CD8, Ch23, CD28, CD30, CD40, CD45, CD69, CD50, CDE6, CD90 or their ligands.
The antibodies of the invention, or antizen binding portions therecf, may also be
combined with agents. such as methotrexate, cyclosporine, FK506, rapamycin,
mycophenclate mofetil, leflunomide, NSAIDs, for example, ibuprofen, COX-2
inhibitots, conicostereids such as prednisolone, phosphodiesterase inhibitors, adensosive
agonists, antithromnbotic agents, complement inhibitors, adrenergic agents, agents which
ioterfere with signalling by proinflamroatery eytokines such as TNFecoxn IL-1 (e.g.
IRAK, NIK, TKK,, p38 or MAP kinase infibitors), -1 converting enzyme inhibitors,
TACE inbibitors, T-cell signalling mhibitors such as kinase inhibitors, metalloproteinase
inhibitors, sulfasalazine, azethioprine, 6-mercaptopurines, ungiotensin converting,
enzyme inhibitorz, soluble cytokine receptors and derivatives thereof (e.g. soluble p55 or
P15 TNF rceptors, sIL-1R], sIL-1RII, sIL-6R) ard antiinflammaiory cytokines {¢.2. IL-
4,1L-10, IL-13 and TGFE).

Preferred examples of therapewtic agents for multiple sclerosis in which the
antibedy or antigen binding portion thereof can be combined to includs intesferon-f, far
cxample, [FNPla znd [ENP1b; copaxone, corlicasteroids, IL-1 inhibitors, TNE
inhihitors, and antibodics t¢ CD40 ligand and CD20.

The pharmaceutical compositions of the inveotion may include a “therapeutically
effective amount™ or & "prophylacticajly etfective amount” of an antibody o antibody
portion of the invention. A “lhcrapeutically clfective amount” refers to an amount
effective, at dosages and for periods of time necessary, to achieve the desired therapeutic
result. A therapeutically effective emount of the antibody or antibody portion meay vary
according to factors such as the disense stale, age, sex, snd weight of the individual, and
the ability of the untibody or antibady portion to elivit a desired response in the
individual. A therapeuticaliy effective amount is also one in which any toxic or
dettimental effects of the antibody or antibedy portion are ontweighed by the
therapeutically beneficial effects. A "prophylactically effective amount” refers to an
amount effcetive, ot dosages and for periods of time necessary, o achieve the desired

prophylactic result. Typically, since a prophylactic dose is used in subjects prior to or at
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an earlier stage of disesse, the prophylactically effective amount will be frss than the
therapeutically effective ameunt.

Dosage regimens may be adjusted to provide the aptimum desired response (e.g.,
a therapeutic or prophylactic response). For example, a single bolus may be
adiministered, several divided doses may be administered over time or the dose may be
propoctionally reduced or increascd as indicated by the exigencies of the therapeutic
situation. Itis especially advantageous o formulate parenteral compositions in dosage
anir form for ease of adminzstration and uniformity of dosage, Dosage unit fonm as used
herein refers to physically discrete units suited as unitary dosagss for the mammalian
subjects to be treated; each unit containing a predetermined guantity of active compound
calenluted to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit forins of the invention are
dictated by and directly dependent on {2} the unique characteristics of the active
compound and the particular therapeutic or prophylactic effect to bo achieved, and (b}
the limitations inhcrent in the art of compoundiog such an active compound for the
treatment of sensitivity in individuals.

Az exemplary, non-limiting range for a therapeutically or prophylactically
effective amouni of an antibody or antibody portion of the invention is 0.1-20 mg/kg,

more preferably 1-10 mg/kg. Tt is tv be noted that dosage values muy vary with the type

and severity of the condition to be alleviated. [t is to be further inderstond that for any

particular subject, specific dosage regimens should be adjusted over time aceording to
the individual need and the professional judgment of the persen adiaimsicring or
supervising the administration of the compositions, and that deszpe ranges set forth
hercin are exemplary only and are not jntended to limit the scope of practice of the
claimed composition.

The preseat invention is further illustrated by the following examples which
should not be construed as Lmiting in any way. The contents of all cited references,
including literature references, issucd patonts, and published patent applications, as wited

throughout this application are hereby sxpressly ineorporated by referencs.
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EXAMPLE 1: Design of & Disal Specificity Anigen Based ona
Contiguons Topological Area of Identity

n this example, the largast contiznous topolesical area of identity between two
different but strueturally related proteins, [~ and - LR, was determined as a basis for
designing a dual specificity antigen for raising dua} speeificity antibodies (o IL-1ot and
IL-1fi. The BLAST algorithm was used to compare the two proteins and allows one (o
measure the tendency of one residue to replace another in similar structurel or functional
regions. This analysis allowsed for the identification of the largest contiguous
topological arca of idestity between IL-1a and TL-1f} and 1o extend this area with any
mascnable siretehes of similarity to create a Hoear peptide (hat serves as & dual
specificity antigen. The peptide that best tits thesc criteria has an amino acid sequence
as tollows:

REAQNITDF (SEQ ID MNO: 1)

* okEa
The asterisk (*) indicates identical residues in hoth proteing and the other residues are
strongly similar according to the BLAST algerithm. For example, lysine will often
sabstitate for argining in homelogous proteins, but not for phenylalanine. This peptide
of SEQ TD NCk 1 is 2 hybrd (aken from two different sections of the structure which are

runming in opposite directions, so another rensonable representation of this epitope is:

dNSEdAGONITIDE

(wherein the “d” prefix indicates that the amito acid residue is a D amine acid residuc).
Both the L amino acid version of the peptide and the vorsion partially substituted with D
amino acid residues are synihcsized by standard chemical methods. The peptide is then
conjugated to a carrier protein (e.g., KLH or albumin} and the conjugated peptide (s used
to seleet antibodics by in vitre of in vive methods.

EXAMPLE 2: Design of a Dual Specificity Antigen Based oo a Cyclic

Peptide that Mimics a Loop of a Common Fold
In this example, & cyclic peptide that stousturally mimics a key loop of & common
fold between two different bul structurally related proteins, 1L-1rxand 0~18, was

constructed for nse as a dual specificity antigen for ratsing dual specificity antibodies to
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1L-I¢tand TL-1P. The chosen loop represents residues 168-184 of IL-1oand restdues

160-176 of TL-1f8. The consensus sequence is!

Cyclo-MAFLRANONNGKTSVAL (PG) {SEQ ID NO: 2}

*choegdogoo* Yorh?

“The asterisk (*) indicates idenlical residues between IL-1rand IL- L, ¢ indicates
consensus resicues, i.e, Tesidues sioilar to IL-Treard 1L-10 but not actually present at
this location in either protein, and b indicates there was ne clear consensus residue so IL-
1P} sequence idenlity was retained, The linear peptide is synthesized by standard
chemical synihesis methods. To cyelize this peptide, @ proline and a glycing residue are
added. The cyclic poptide may be synthesized using standard coupling conditions at
high dilntion in N,N-dimethylformamide (1mg/ml). Prototypical reactions are run at
HRTR Eemperatile using excess coupling reagent, such as benzotriazole—l—yl‘—oxy—trisf
pyrrofidine-phosphuniurn hexafluore phosphate (PyBOP; 2 eq) and sodiuwm bicarbonate
(10 eg). The peptide is then canjugated to a carvier protein {e.g., KLH or albuin) and
the conjugated pepiide is used to selcct amtibodies by in vitro or in vive methods.
EXAMPLE 3:  Design of 2 Dual Specificity Antigen Based on a Hybrid Peptide
In this exaraple, a hybrid peptide that includes alternating or overlapping
sequences of two different but structurally related protejps, [L-tocand TL-1f3, was
constructed for use as a dual specificify antigen for raising dual specificity antibodies (e
IL-1otand I-10. To create: the hybrid peptide, altemating and overlapping amine acid
sequences of IL-1a and T-1P were identificd and spliced togeﬂlmr to generate the

following peptide:

TEGGQDITOFQILENR (SEQ ID NO: 3)
bbbobbbbbb

aadaaftadan
The & and b indicate which protein is the source of the rasidues (a=[L-10; p=1L-10). The
ITDF (SEQ 1D NO: 43 motif copumon 1¢ both proteins was included in the hybrd

peptide. Morcover, this tybrid peptide focuses on sequences from the carboxy tenmini
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of both proteins, which is kmown ta be antigenic for neutralizing antibodies in both
proteins as well. The hybrid peptide is synihesized by standard chemical synthesis
methods. The peptide is then conjugated to a carrier protoin (e.g., KLH or albumin) and

the comjugated peptide is used to select antibodies by ik vitre or n viva methods.
EXAMPLE 4: G.eneraﬁon of Dual Specific antibodies te IL-Iocand IL-19
NEAQNITDF (SEQ D NO: 1)

Cyclo-MAFLEANQRNNGEISVALPG) (SEQ ID KO: 2)
TEGGQDIIDEQILENG (SEQ Il NQ: 3)

Pepiides of SEQ TD NO; 1, 2 and 3 were conjupated with KIUH and indi vidual
tabbits were immnized. Antiserim from rabbits inmunized with each. of the three
peptides showed good antibody response against Lhe peptide used as antigen. However,
only antissrum from rabbit immunized with Peptide of SEQ 1D NO: 3 was able to bind
hoth [L-1ouprotein and JL-1 [} protein. ‘

Five mice (BA119 - BA123) were immunized subcutameousty with peptide of
SEQ 1D NQ: 3 conjugated with KLIT plus Freund's incomplete adjuvant (FIA) once
every lhree weeks lor a total of three times, followed by two intravenous hoosts with
pepiide of SEQ ID NO: 3 conjugated with KLH. Each mouse was bled 19 days after
ezch immunization and antibody titer was determined by ELISA. Spleen cells from
mouse BA11D and BAI23 respectively were fused with nryloma cell line.
P3X36Ag8.653 as deseribed in section A, and the. Teslyulting fused cells were seeded one
cell per well in several 96-well plates using limiting dilution. The hybridema clenes that
grew were first assayed for 1pG and JgM production by standard ELISA. te identify
antibody-producing clones. A total of 945 clenes from mouse #BA123 fusion were
isolated. Supernatanis from 335 clones tested in an ELISA showed antigen binding
activity to I-1og I-1 B or both IL-3 o and IL-1B.

49
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# of clones Antigen Specificity (against full ength Tsoiype
IL-1gandfor IL-17)
24% -1 cLonly 1gG
9 IL-1 ctonly TgM
i5 -1 3 only 12G
2 IL-1 fh only IaM
57 [L-1 cand b 1eG
L3 [L-1 ccand B IgM
EQUIVALENTS
5 Those skilled in the art will iecognize, er be able to ascertain using no mors than

soutine experimentation, fnany equivalents o the specific embodiments of the {avention

described herein. Such equivalents are intended to be encompassed by the following

clatms.
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We claim:

1. A duat-speciticity antibody, or antigen-binding portion thereof, that
specifically binds interlevkin- 1o and interlenkin-16.

2 The dual-specificity antibody of claim i, or antigen-binding portion
thereot, which binds jnterfeukin-1c. with u k,grrate constant of 0.15"' or Jess, as
determined by surface plasmun resonance, or which tnhibits the activity of imterleukin-
Rt with an 3Cso of 1 & 10° M or less.

3. The dual-specificity antibody of claim 1, or antigen-binding portion
thereof, which binds interleukin-1p with a kyrrate constant of 015" or less, as
determined by surface plusman resonance, ar which inhibits the activity of interleukin-
1} with an XCgy of 1 x 10°M or less.

4. A method of obtaining a daal-speciticity antibody that specifically binda
intcrleukin- L and interleukin- 1B, the method comprising:

providing an antigen that comprises a conusron structural fearore of IL-10;
and TL~1f3;

cxposing an antibody repcrtoire to the antigen; and

seleeting from the repertoire an antibody that specifically binds TL-1iz and
IL-1P 1o thereby cbtain the dual specificity antibody.

5. The method of ¢laim 4, wherein the antigen is designed based on a
contiguous topological area of 1dentity between IL-1otand IL-1B.

G. The method of claim 5, wherein the antigen comprises the amino acid
seguence NEAQNITDF {SEQ ID NO: 1) er iNdEdAJQNITDF.

7. The method of ciaim 4, wherein the antigen is designed based on
structurally mimicking a leep of a common fold of TL-touand IL-1P.

8. The metbod of claim 7, whersin the antigen is a cyclic peptide
copprising the amino acid sequence Cyclo-MAFLRANQNNGEKISVALPG) (SEQ 1D
NO: 2).

9 ‘The method of claim 4, wherein the antigen is designed based on splicing

together overlapping portions of I-lo,and 11§ [ to creatc a hybrid molecule.
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10.  The method of claim 9, wherein the antigen comprises the aminn acid
sequence TRGGODITDEQILENQ (SEQ ID NO: ).

11.  The method of claim 4, wherein the antigen comprises the amino acid
sequence
APVRSLNCTLEDSQQKSLYMSGPYELKALHL.QGODMEQQVVFSMGAYKSSKD
DAKITYILGLKEKNLY LSCVLK DDKPTLOQUES VD PEKNYPEEKKMEKREFVENKIE]
KNKLEFES AQFPNWYISTSQAENMPVFLGGTRGGQLIIDFIMQFVSS
(SEQ D NO: 4).

12, The method of claim 4, whesrein the antibody reperoire is caposed to the
antigen n vive by immunizing an animal with the antigen.

13.  The method of claim 12, which farther comprises preparing a pancl of
hybridomas fror lymphocytes of the animal and selecting a hybridoma that secretes an
anttibody that specifically binds TL-1ctand U148

14, The method of ¢laim 12, wherein the animal is selected from the group
congisting of mice, rats, rabbits and goars.

15. The method of claim [2, wherein the animal is # knockout mouse
deficient for IL-10, [L-1f or both IL-1e and 1L-1f3.

16. The methed of claim 12, wherein the animal is 2 motse that is transgenic
for human immunoglebulin genes such that the mouse makes human antibadies upon
anltigenic stimulation.

17.  The method of claim 12, wherein the animai is @ mouse with severs
cornbined immunodeficiency (SCID) that has been reconstituted with human peripheral
blood mononuclenr cells or lymphoid cells or precursors thereof.

13. The method of claim 12, wherein the animal is 2 mouse that has been
treatod with lethal total body irradiation, followed by radiopretection with bone marrow
cells of 2 severe combined immunedeficiency (SCID) movse, foliowed by engrafment
with functional bumen lymphooytes or precursors thereof.

19, The method of claim 4, wherein the anttbody repertoire iz exposed to the
antigen i vitre by screening a secombinant antibody kibrary with the wntigen.

20.  The msthod of claim 19, wherein the recombinant antibody iibrary is
expressed on the sarface of bacteriophage.
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21 Themethod of claim 19, wheretn the recombinant antibody libtary is
expressed on the sarface of yeast cells.

22, Themethod of claim 19, wherein the recomabicant antjbody librery is
expressed 01} the surface of bacterial cells.

23, The methed of claim 19, wherein the recombinant antibody library is
expressed as RNA-protein fusions,

24.  The method of claim 19, wherein the recombinant antibody libraryis 2
scEFv library or a Fab library.

25.  The method of claim 4, wherein the antibody repertoire is exposcd to the
antigen by fr vivo immunization of an animal with the antigen, followed by in viers
screening of & recombinant anttbody library prepared from Lyrophoid cells of the animal
with the antigen,

26.  The methad of claim 4, whorein the antibody repettoire is exposed fo the
antigen by i vive immunization of an animal with the antipen, followed by in vitro
affinity maturstion of 2 vecombinant santibody hrary prepared from lymphoid celts of
the animal.

27.  The method of claim 4, wherein the antibody repertoire is exposed to the
antigen by i vive immunization of an animal with the antigen, followed by selection of
single cells secreting antibodies that bind the antigen and recovery of heavy- and lighl-
chain vanable region cIINAs from the single cells.

28, The method of claint 4, wherein the dual-specificity antibedy is a fully
human antibody.

29, The method of claim 4, whersin the dual-specificity antibody is a
chimeric antibody.

30, The method of claini 4, wherein the dual-specificity antihody is a CDR-
grafted antibody.

31, A dual-specificity antibudy, or antigen-binding pettion thereof, that
gpecitically binds interleukin-1c: and interlenkin-1[f obtainable by the mcthod of
claim 4.

32, A method of obtaining a dual-specificity anlibody that specificslly binds

twao different but streturally related molecules, the method comprising:

53

JP 2004-502428 A 2004.1.29



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

97)

WO 002773 PCTIUSOLI075S

i

10

20

25

30

providing an antigen that comprises a commoal stinctural featare of the
two different but stracturally related molecules;

eaposing an antibody repertoire to the amligen; and

selecting from the ropertoire an antibody that specitically binds the two
different but structurally related molecuies to thereby obtain the dual specificity
anlibody.

33,  The method of claim 32, wherein the antigen is designed based on a
cantiguous topological area of identity between the two different but structurally related
molecules.

34, The method of claim 33, wherein the two different but stucrally related
meolecules dre proteins and the antigen is a peptide comprising an amino acid sequence
of the contiguous topological area of identity between the two protcins.

33, The method of claim 32, wherein the inligen is designed based on
structutally roimicking « loop of a conunou fold of the two different Lut stucwpally
related molecules.

36. The mathed of claim 35, wherein the two different but structurally related
molecules are peoteins and the antigen is 2 cyclic peptide that structuraily mimics a loop
of 2 comeon fold of the two proteins.

37 The metkod of craim 32, wherein the antigen is designed hased on
splicing together overlapping poriions of the two diffcrent but structurally related
molecules to create 2 hybrid molecnle.

38.  The method of claiv 37, wherein the two diffesent but structuraily related
molecules are proteins and the antigen is @ hybrd peptide made by splicing together
overlapping amino acid sequences of the two proteins.

3. The methed of claim 32, wherein the antigen is one of the two different
bt strocrurally reated molecules,

40.  The method of claim 32, wherein the antibody repertoire is exposed to the
antigen in vive by immunizing an animal with the antigen.

41, The methed of claim 40, which further comprises prepating a panc] of
hybridumas frem lymphoceyies of (ke amimal and selecting a hybridema that secretes an

antibody that specifically binds the two different but structurally related melecules.
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42 The method of elaun 40, wherein the unimal is selected from the group
consisting of mice, rats, rabbits and poats.

43, The method of elaim 40. wherein the animal is a knockout mouse
deficient for an endogenous version of the antigen.

44, The method of claim 40, wherein the animal i3 2 mouse that is transgenic
for human immunoeglobulin genes such that the mouse makes human antibodies upon,
antigenie stimulation.

45, The method of claim 40, wherein the animal 3s a mouse with scvers
vorbined immunodeficiency (SCTD) that hag been reconstituted with human peripheral
blaod raononuclear cells or [ymphoid cells or precursors thergof!

46.  The method of claim 40, wherein the animal is a mouse that has been
treated with lethat toial body irradiation, followed by radioprotection with hone marrow
cells of 2 severe combined immunede (jeiency (SCID) movse, toellowed by cngraftment
with functional hugan lvmphocytes.

47 The method of claim 32, wherein the antibody repertoire js sxposed to the
antigen in vitro by sireening a recombinant antibody Jibrary with the amigen.

43.  The method of claim 47, wherein the recombivast autibody library is
expressed on the swiace of becteriophage.

49, The methed of claim 47, wherein the recombinant antibody library is
expressed on the surface of yeast colls.

50, The methad of claim 47, wherein the recombinant antibody library is
expresged on the surface of bavterial cells.

51, ‘The methad of claim 47, wherein the recombinant antibody library is
expressed a5 RNA-protein fusions.

52, The nethod of claim 47, wherein the recombimant antibody library is a
scEv library or a Fah hibrary.

53, The method of claim 32, wherein the antibody repertoire is exposed to the
antigen by in vive immunization of an animal with the amigen, followed by in vitr
sergening of a yecombinant antibody library prepared rom lympheid cells of the animal
with the antigen.

54, The method of claim 32, wherein the antibody repertoire is exposed to the

antigen, by ir vive immunization of an animal with the antigen, followed by in vitro
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affinity maturation of a recombinzt antibody library prepared from lymphoid cclis of
the animasl.

35, The methed of claim 32, wherein the antibody reperiire is exposed {0 the
antigen by in vive immunization of an animal wilh the antigen, followed by selection of
single cells secveting antibodies that bind the antigen and recovery of heavy- and light-
chain vadable region cDNAs trom the single cells.

56, The method of claim 32, wherein the dual-specificity antibody is a fully
human antibedy.

57 Themethod of claim 32, wherein the dual-specificity antibody is a
chimeric antibody.

58.  The method of claim 32, wherein the dual-speeificity antibody is a CDR-
grafied antibody.

59, Adual-specificity antibody, or antigen-binding portion thereof,
obtainable by the method of clatm 32.

60. A method of detecting 110 or D-10 in a bivlogical samples or tissue
comprising contacting the biological sumple or tissue suspesied of confaining TL-lecor
1L-1f5 with the dual-specificily antibody, or antigen-binding portion thereof, of claim 1
and detecting [L-1¢.or IL-1f in the biclogical saple or tissue,

6l.  The wethod of claim 60, wherein TL-1ot or IL-1 is detected for
diagnostic purposes.

62. The method of claim 60, wherein the biclegical sample is an in virre
sample.

63. The method of claim &0, wherein the tissue {8 located in vive in a subject
and the method comprises in vive imaging of the tissuc.

64. A method of inhibiting [L-la or IL-1p sctivity comprising conlacting IL-
Teor IL-1§ with the dual-specificity antibody, or antigen-binding portion thersot, of
claim 1 such that the activity of 1L-Io or IL-1B is inhibited.

65.  The method of claim B4, wherein IL-1acor 1L-1§ activity is inhibited in
vitro.

66. A method of teeating an interleukin-1-related disorder comprising

sdministering to & subject suffering from an interleukin-1 -refated disorder the dual-
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specificity antibody, or autigen-binding portion thereof, of claim 1, such that the subject
is treated for the interleukin-1-related diserder.

67. The method of claim 66, wherein the IL-1-related disorder is an
inflarmmatory disorder.

6% The method of claim 66, wherein the IL-1-related disorder is an
autoirunune digordes.

69. The method of claim 66, wherein the TL-1-related disorder is sclected
from the group consisting of theamatoid artivitis, Crohn’s discase, multiple sclerosis,
msulin dependent diabetes, mellitus and psoriasis.

70. A method of making an awtibody or an antigen binding portion thereof

Jibrary comprising the steps of:

a

=

obtaining a recombinant heavy chain or an antigen binding portion
thereef Hbrary A from an antibody repertoire resulling from exposure to a
first antigen;

by obtaining a recombinant light chain or an antigen binding portion thereof

=

library B {rom an antibody reperteire resuliing from exposure to the first
aniigen;

[

pas

obtaining a recombinant heavy chain or an antigen hinding portion
thersof Nibravy C from an mtibody repertoirs resulting from exposure to &
second antigen;

d

=

ablaining a recombinant light chain or an ankigen binding pertion thereof
library D from an antibody repertoire resulting {rom expusure to the
second antigen; and

-]

-

combining the recombinant heavy chair or an antigen binding portion
theieof library A with the recombinant light chafn of an antigen binding
portion therzof Kbravy D to obtain an aptibody or 2n antizen binding
portion therzof library X andfor combining the recombiriant heavy chain
or an antigen hinding portion thereof library < wilh the recombinant light
chain or an antigen binding portion thereof library I3 to obtuin an
antibody or an aotigen binding portivn thereof library Y.

7. A method of making an antibady or an antigen binding portion thereof

library according to claim 70 further comprising the step of corgbining
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the antibody or an antigen binding portion thereof library X with the
antibocty or an antigen binding portion thereof library Y to obtain an
antibody or an antigen binding portion thereof Hbrary Z.

“The antibody or an antigen binding portion thereof library X made
according to the method of claim 70,

‘The antibody or 4p antipen binding portion thercof librery ¥ made
according to the method of claim 70.

‘The antibody or an antigen binding portion thereof library Z marle
according to the methad of ¢laim 7).

A method of making a dual spesific antibody or an antigen binding
portion thereof comprising the sleps of:

a) oblaining a recombinant heavy chain or an antigen binding portion
thereaf library A from an antibody repertoire resubting from exposure to a
first antigen;

b) obtaining a recombinant light chain or an antigen hinding portion
thereaf library B from an antibody repertoirs resulting from exposure to
the first antigen;

<} obtaining a recombinant heavy chain or an antigen binding porticn
thereof librury C from an antibody repertoire resulting from exposure to a
second antigen;

d) ebtuimpg a recombinant light chein or an @ntigen binding portion
thereof library 12 from an antibody repertoirs resulting from exposure to
the second antigen;

€) combining the recombinant heavy chain or an antigen binding portion
therenf library A with the recombinant light chain or an antigen binding
partion thereof libtary D to obtain an antibody or an antigen binding
partion thereof libtary X and/or combining the recombinant heavy chain
or an antigen binding ponion thereof library C with the recombinant Light
chain or an antigen binding portion thergof library B to obiain an
antibody or an antigen hinding portion thereof library Y; and

£} selecting from the antibody or an antigen binding pertion thereof

library X andfor antibody or an antigen binding portion thereof libraty Y

S&
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an antibody or an antigen binding poriion thereof that binds both the first
and the second antigen.

The dual specific antibody made by the method of claim 75,

A method of muking a dual specific antibody or an antigen binding
portion thereof comprising the steps of:

2y obtaining a recombinant heavy chain or an antigen binding portion
thereof Library A from an antibody repertoire resulting from exposure 1o &
first antigen;

b} cbtaining 4 recombinant light chain or an untigen binding pertien
thereof library B from an antibody repertoire resulting from exposore to
the first antigen;

¢} obtaining a recombinant heavy chain or an antigen binding portion
thereof Yibrary C from an antibody reperteire resulting from exposure 1o a
second antigen;

) obtuining a recombinant light chain or an antigen binding pertion
thereof library D from an antibedy repertoire resuiting from exposure to
the second antigen;

e) combining the recombinant heavy chain or an antigen binding portion
thereof Hibrary A with the recombinant light chawm o an antigen binding
portion thereof Hbrary D to obtain an antibody Libracy X and/or
combining the recombinant heavy chain or an antigen binding porlion
thereaf libraty C with the recombinant Eght chain or #n anitigen binding
pertion thercof Lbrary I3 to cbtzin an antibocdy or ao antigen binding
pottion ihereof library Y;

) combining the antibody or an antigen binding portion theseof library X
with the antibody [ibrary or an antgen binding portion thereof Y to obtain
an aniibedy or an aotigen binding portion thereof library Z; and

¢ selecting from the antibody or an antigen binding portion thereof
lbracy Z an antibedy or an antigen binding pertion thercof that hinds bath
the first and the second sntigen.

The dual specific antibody or an antigen binding portion thereof made by
the methad according to claim 77.
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The method according‘ 1o ¢laims 70, 75 or 77 whercin the first and second
antigen is each independently selected from the group consisting of
proteins, polypeptides und pepridies provided that the first and second
antigens are not the sanie.

The methed of claim 79, wherein the proleins, polypeptides and peplides
are secteted proteins of surface weeeplors,

The method of claim 30, wherein the secreted protein is selected [rom: the
graup consisting of an TFN, a TNF, an Interleukin, I0-10, PF4, 2 GRC,
9E3, EMAP-I, a CSF, un FGF, und a FDGF.

The method according (o clam 81, wherein the first antigen is IL-1o and
the second entigen is 1L-16.

The nucleotide sequence encoding each member of the antibody cr an
antige:n binding portion thereof librury or libraries according to claims
72,73 or 74.

The nueicotide sequence encading the dual spocific antibody or an
aptigen binding portion thercof according to claims 76 or 78.

A vector comprising the nuclkeatide sequence encoding & ember of the
antibody or 2n antigen binding portion thereof library or Hbraries of
claims 72,73 or 74.

A vector comprising the nmucleotide sequence encoding the dual specific
antibody or an antigen binding portion thereof according to claims 76 or
78.

A host cell transfected with the vector of claim 85.

A host cell transfected with the veetor of claim 86.

6l
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UENCE LISTING

3 NEAQNITDF (5EQ ID No: 1)
Cyclo-MaFLRANQNMGKISVAL(PG) (SEQ ID NO: 2)
TEGGODITDFOILENG  (SEQ ID NO: 3)

APVRSLNCTLRDSGOKSLVMSGPYELKALHLQGODMEQQVVFSMGAYKSSKD
DARTTVILGLEEENLYLSCVLEDDKPTLOLES VDPENYPR KK MEE R FVENKIBIN
NELEFESAGEPNW YISTSQAENMPVELGGTKGGQDITDETMQIVSS

(SEQ I3 NO: 4)
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a. Clams fos.c
because hey are dependent claims and arg not drafied in accordanse with Ihe $8600d &nwd Ihird sAntancas of FRule £.4(a)

Box | Observalions where unity of invention is tacking (Continuztion of item 2 of #irst sheat)

Thig Intermaticna Searching Auinority laund MU tiple INventions in thes internattonal apalication, as folluws:

1. AS all reired asditicnal £8arch (2es wers bmaly palg by thi spplicent, this international Search Report covers all
suarchable claime.,

2 As all searchabla claima conkd be Searched without et wstiyitg an adduerat e, 1his Authority ad notirvic payment
af any aoditional lee.

a D A5 only some ef the rcquired addifional search fees were imely pard oy Ine applicant, tiis [aenalional Search Raport
couers gnly those claims for which lees were pald, specifically claims Nos.:

4. |:| No required aoditional $eah iees were timaly paid by Ine applieant. Consequently, this Intenational Seach Repor 1s
raswricted to te Invention firsl mentianed in tne claims: it 1s coversd by ¢laims Nos.:

Remark an Pratest D The saditanal saarch lees were ccompanied by me applicant's prows)

D Mo protest accompaniod Inc payment of acditicnal swarch fees,

Form PC1/|Sadz10 (eontinuation of lnst sheel 1)) (aly 1868)
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Inleenazona Apphuation o, PCTAIS 01 £0755

FURTHER INFORMATION CONTINUED FROM  PCTASA! 310

Continuation of Eox 1.1

Although elaims B4{part) ,66—-69(complete) are directed te a method of
treatment of the human/animal body, and claim 60,61{part) E3(complete)
1s directed to a diagnostic melhod practized on the human/animal body,
the search has been carried out and based on the alleged effects of the
compound/composition,
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