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METHODS FOR GENERATINGMONOVALENTIgG

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application

No. 60/729,304, filed October 21, 2005, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] Monoclonal antibodies have become an increasingly important class of

therapeutic molecules for numerous indications, including cancer, inflammatory diseases and

viral infections. By specifically binding to their targets, such as cytokines in circulation or

receptors on the cell surface, antibodies can either block or activate certain biochemical steps.

In addition, upon binding to their targets, such as foreign organisms or cancer cells, antibodies

can also recruit other effector cells from the immune system to the targets, which can lead to the

destruction of the targets.

[0003] Most recombinant antibodies are used in the IgG format: a "Y"-shaped molecule

with two antigen binding fragment (Fab) arms connected to the Fc fragment by a flexible hinge

region. The bivalent nature of IgG offers several functional advantages over the monovalent

antibody such as Fab. First, by the avidity effect, IgG, which has two antigen binding moieties,

binds to its target more tightly than does a monovalent Fab molecule. This typically can be

translated into a much higher activity in vivo. Secondly, compared to the Fab fragment, the IgG

has a longer serum half-life in mammals, the result of having both a large molecular size, which

prevents clearance in the kidneys, and the ability of its Fc region to bind to the neonatal receptor

(FcRn) to avoid proteolysis in the endothelium, using a salvage pathway (Junghans, Immunol.

Res. 16(l):29-57 (1997)).

[0004] In addition, IgG can also mimic the function of a biological ligand by

crosslinking the receptors of the ligand on the cell surface. For example, anti-Fas antibodies,

similar to Fas ligand (FasL), can activate Fas-mediated apoptosis in many cell types. Another

example is anti-CD3 antibody, which is commonly used to activate T cell receptors in vivo (i.e.,

agonistic antibody). Currently, several agonistic antibodies to the TRAIL receptors are being

developed as promising anti-cancer agents as they can induce TRAIL-mediated apoptosis. The

biological functions of these agonistic antibodies depend on the bivalency of the IgG format.



[0005] The monovalent form of the same antibody, such as Fab fragment, typically fails

to work as an agonistic antibody.

[0006] For certain therapeutic targets, for example, TNF receptors and the other

members of the TNF receptor family, however, the activation of cell surface receptor by

antibodies crosslinking is not desirable. TNF receptor family members have been shown to play

important roles in many physiological and pathophysiological conditions in human, which make

them attractive targets for drug intervention, in particular, by antibody-based therapeutics.

However, it is difficult to develop an antibody to the members of the TNF receptor family that is

purely antagonistic. The difficulty is mainly due to the potential risk of having an antibody that

is both antagonistic and agonistic, in particular for a bivalent antibody such as a full IgG.

[0007] Although the monovalent forms of antibody, such as Fab, are free of agonistic

activity, it is impractical to be used in vivo due to its short half-life. To overcome this problem,

several strategies have been developed in the art, including fusing Fab to large molecules such as

serum albumin, and by pegylation of Fab (Leong, S.R., Cytokine, 16(3):106-19 (2001). These

approaches, however, are far from being optimal, due to decreased bioactivity and accumulation

of PEG molecules in the kidney.

[0008] Thus there remains a considerable need for improved methods to develop an

antagonistic antibody that has long half-life in vivo but is free of agonistic activity. The present

invention fulfills this need by providing a heterodimeric polypeptide which functions as a

monovalent antibody.

SUMMARY OF THE INVENTION

[0009] The present invention is based, in part, on the observation that monovalent

antibody is less likely to be agonistic than a multivalent antibody (e.g., bivalent) such as a full

immunoglobulin molecule, which has two antigen-binding domains. The present invention also

takes advantage of another observation that in mammalian cells, immunoglobulin heavy chain

cannot be secreted from the cells without being dimerized with the light chain.

[0010] Accordingly, in one embodiment, the present invention provides a heterodimeric

polypeptide comprising an immunoglobulin heavy chain which is linked to a fusion protein, in a

covalent or non-covalent interaction, the fusion protein comprising an immunoglobulin light

chain and a Fc molecule, wherein the heavy chain and the fusion protein are oriented identically

with respect to their N- and C-termini, and wherein the heterodimeric polypeptide is capable of



specifically binding to a target receptor. In another aspect, the interaction between the heavy

chain and the fusion protein involves a disulfide bond.

[0011] In another aspect, the immunoglobulin heavy chain in the heterodimeric

polypeptide further comprises a tagging moiety, including but not limited to hexa-histidine

(His6) tag, streptavidin-binding peptide, maltose-binding protein, glutathione S-transferase, mic-

tag, and FLAG-tag.

[0012] In another aspect, the Fc region of the immunoglobulin heavy chain and that of

the fusion protein may be mutated to favor or to enhance the interaction between the heavy chain

and the fusion protein, including a free-thiol compound such as cysteine and a dimerization

domain, in order to more efficiently form the heterodimer polypeptide. In particular,

homodimerization of the heavy chain or the fusion protein, respectively, is less favored than the

heterodimer formation between them.

[0013] In another aspect, the hinge region in the Fc portion of the fusion protein is so

modified that the heavy chain and the fusion protein forming the heterodimer are structurally

symmetrical to each other. In particular, the hinge region may be modified by amino acid

insertion, deletion, or substitution. By such modification, the hinge region may be extended, or

shortened by, at least one amino acid residue, by at least two amino acid residues, by at least

three amino acid residues, by at least four amino acid residues, by at least five amino acid

residues, by at least six amino acid residues, by at least seven amino acid residues, by at least

eight amino acid residues, by at least nine amino acid residues, or by at least ten amino acid

residues. Furthermore, by such modification, the hinge region may be extended, or shortened

by, at least 1-10, 1-11, 1-12, 1-13, 1-14, 1-15, 1-16, 1-17, 1-18, 1-19, or 1-20 amino acid

residues, all inclusive, or even longer than shorter, as long as it does not affect the interaction

between the heavy chain and the fusion protein and the biological activity of the heterodimeric

polypeptide. In another embodiment, at least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acid residues in

the hinge region may also be substituted with a similar amino acid residue, for example,

including but not limited to, substituting a glutamic acid with an aspartic acid, an arginine with a

lysine or glutamine, a glutamine with an asparagine. In yet another aspect, the hinge region may

be of natural occurrence or non-natural occurrence. The hinge region may comprise a complete

hinge region derived from an antibody of a different class or subclass from that of the CHl

domain.



[0014] In another embodiment of the present invention, the heterodimeric polypeptide

contains no unpaired cysteine, i.e., a cysteine that is not participating in a disulfide bond. It will

be appreciated to one skilled in the art to make a heterodimeric polypeptide that has no unpaired

cysteines, since the presence of an unpaired cysteine may affect the proper folding and hence the

biological activity of the protein.

[0015] In another aspect of the present invention, the immunoglobulin heavy chain and

the fusion protein in the heterodimeric polypeptide is derived from IgGl, IgG2, IgG3, or IgG4.

[0016] In yet another aspect of the present invention, the heterodimeric polypeptide is

capable of specifically binding to and antagonizing the activity of a target receptor or cell

surface molecule.

[0017] In one embodiment of the present invention, the target receptor includes a

receptor for which activity is mediated by the oligomerization of its subunits, whether the

subunits are of the same (i.e., homo-oligomerization) or different (i.e., hetero-oligomerization)

molecules and whether they are dimer, trimer, tetramer, or of higher multimers.

[0018] In another embodiment, the target receptor of the heterodimeric polypeptide

includes, but is not limited to, TNF/TNF receptor superfamily, cytokine receptors, receptor

tyrosine kinases, G-protein coupled receptors (GPCRs), Fc receptors (FcRs), ATI receptors,

tissue factors, and integrins. In yet another embodiment, the target receptor includes a member

of the TNF/TNF receptor superfamily, including but not limited to, TNFRl (p55), TNFR2 (p75),

NGFR, Troy, EDAR, XEDAR, CD40, DcR3, Fas, OX40, AITR, CD30, HveA, 4-1BB, DR3,

CD27, LTβR, RANK, TWEK receptor, TACI, BCMA, DR6, OPG, DR4, DR5, DcRl and

DcR2.

[0019] In another embodiment, the target receptor includes an interleukin receptor,

which includes but is not limited to IL-I, IL-2, IL-4, IL- 15, IL-7, TSLP, LIF, IL-1 3, IL-23 and

IL-31.

[0020] In yet another embodiment of the present invention, the immunoglobulin

sequence of the heterodimeric polypeptide is fully human, humanized or chimeric.

[0021] In another embodiment, the present invention provides a composition comprising

the heterodimeric polypeptide of the present invention and a pharmaceutically acceptable carrier.

[0022] In yet another embodiment, the heterodimeric polypeptide of the present

invention, or a pharmaceutical composition thereof, is used to treat a subject having a condition



mediated by a target receptor which is activated by the oligomerization of its subunits,

comprising administering to the subject an effective amount of the heterodimeric polypeptide of

the present invention, wherein the heterodimeric polypeptide is capable of specifically binding

to at least one subunit of the target receptor thereby antagonizing the oligomerization. In

another aspect, this oligomerization forms a dimer, a trimer, or a tetramer, or a complex of

higher multimers. In yet another aspect, the present invention provides a heterodimeric

polypeptide which targets against at least a member of TNF/TNF receptor superfamily, cytokine

receptors, receptor tyrosine kinases, G-protein coupled receptors (GPCRs), Fc receptors (FcRs),

ATI receptors, tissue factors, and integrins. In yet anther aspect, the target receptor includes,

but is not limited to, TNFRl, TNFR2, NGFR, Troy, EDAR, XEDAR, CD40, DcR3, Fas, OX40,

AITR, CD30, HveA, 4-1BB, DR3, CD27, LTβR, RANK, TWEK receptor, TACI, BCMA, DR6,

OPG, DR4, DR5, DcRl and DcR2. In another aspect of the present invention, the

oligomerization of the target receptor may or may not be ligand induced.

[0023] In another embodiment, the present invention provides a vector comprising a first

nucleic acid encoding an immunoglobulin heavy chain and a second nucleic acid encoding a

fusion protein, the fusion protein comprising an immunoglobulin light chain, a hinge region, and

a Fc molecule, wherein the first nucleic acid and the second nucleic acid are inserted in the

vector at the same or different site(s). In another aspect, the first nucleic acid encodes an

immunoglobulin heavy chain which is fused to a tagging moiety.

[0024] In another embodiment, the present invention provides a host cell transformed

with the vector comprising the first and second nucleic acids as described in the immediately

above paragraph.

[0025] In yet another aspect, the present invention provides a transformed or transfected

host cell comprising at least two vectors, at least one of the vectors comprising a nucleic acid

sequence encoding at least an immunoglobulin heavy chain and at least another one of the

vectors comprising a nucleic acid sequence encoding at least a fusion protein comprising an

immunoglobulin light chain, a hinge region and an Fc molecule.

[0026] In another embodiment, the present invention provides a process for producing,

in a host cell, a heterodimeric polypeptide, the heterodimeric polypeptide comprising an

immunoglobulin heavy chain which is optionally fused to a tagging moiety, the heavy chain is

linked to a fusion protein comprising an immunoglobulin light chain, a hinge region, and an Fc

molecule, wherein the heavy chain and the fusion protein are oriented identically with respect to



their N- and C-termini, and wherein the heterodimeric polypeptide is capable of specifically

binding to a target receptor, the process comprising the steps of: (a) transforming or transfecting

a host cell with a first nucleic acid encoding the immunoglobulin heavy chain and a second

nucleic acid encoding the fusion protein, and (b) expressing the first nucleic acid and the second

nucleic acid so that the immunoglobulin heavy chain and the fusion protein are produced

separately in the transformed host cell. In another aspect, the heterodimeric polypeptide is

expressed in the host cell and secreted therefrom as a heterodimeric polypeptide which is

capable of binding to a target receptor. In another aspect, the first and second nucleic acids are

present in one single vector or in separate, independent, or different vectors. In yet another

aspect, the first nucleic acid may be transformed into a host cell to make the heavy chain, and

the fusion protein may be transformed into a separate host cell to make the fusion protein. The

host cell transformed with the second nucleic acid may be of the same or different cell or cell

line from the host cell transformed with the first nucleic acid. In yet another aspect, the host cell

is prokaryotic or eukaryotic. In yet another aspect, the host cell is a mammalian cell, which

includes but is not limited to Chinese Hamster Ovarian cells (CHO), VERO, BHK, HeLa, Cos,

MDCK, 293, 3T3, a myeloma cell line, and WI38 cells. In yet another embodiment, the heavy

chain and the fusion protein are produced in insoluble form and are solubilized and allowed to

refold in solution to form a heterodimeric polypeptide which is capable of specifically binding to

a target receptor.

[0027] In another embodiment, the present invention provides a fusion protein

comprising an immunoglobulin light chain fused to an Fc molecule. In another embodiment, the

present invention provides a nucleic acid encoding a fusion protein comprising an

immunoglobulin light chain fused to an Fc molecule.

[0028] In yet another embodiment, the present invention provides a half-molecule of an

immunoglobulin, i.e., a two-chain molecule, which comprises a single antigen-binding domain,

and in which the light chain is further extended with an Fc molecule that results in a fusion

protein. In another aspect, the antigen-binding region comprises at least a CDRl, CDR2, or

CDR3 of the heavy and/or the light chain part of the fusion protein.

[0029] In yet another embodiment, the present invention provides a polypeptide

comprising an immunoglobulin light chain which is fused to an Fc molecule. In another aspect,

the light chain is fused to an Fc molecule via a hinge region.



[0030] In one embodiment, the present invention provides a heterodimeric polypeptide

targeting against TNFRl, comprising a first polypeptide comprising the amino acid sequence set

forth in SEQ ID NO:9 and a second polypeptide comprising the amino acid sequence set forth in

SEQ ID NO: 10. In another aspect, the heterodimeric polypeptide comprises (a) an

immunoglobulin heavy chain comprising a CDR of at least 80%, at least 85%, at least 90%, or at

least 95% identical to an amino acid sequence selected from the group consisting of: SEQ ID

NOS : 1 1, 12, and 13, and (b) a fusion protein comprising an immunoglobulin light chain, a hinge

region and a Fc, wherein the light chain comprises a CDR of at least 80%, at least 85%, at least

90%, or at least 95% identical to an amino acid sequence selected from the group consisting of:

SEQ ID NOS: 18, 19 and 20, and wherein the heterodimeric polypeptide is capable of binding to

and antagonizing the activity of TNFRl.

[0031] In yet another embodiment, the present invention provides a nucleic acid

encoding a polypeptide comprising the amino acid sequence set forth in SEQ ID NO: 10.

[0032] In yet another embodiment, the present invention provides a nucleic acid

encoding polypeptide comprising the amino acid sequence set forth in SEQ ID NO: 10.

[0033] In yet another embodiment, the present invention provides a nucleic acid

encoding an immunoglobulin heavy chain comprising a CDR of at least 80%, at least 85%, at

least 90%, or at least 95% identical to an amino acid sequence selected from the group

consisting of: SEQ ID NOS: 11, 12 and 13, and/or a fusion protein comprising an

immunoglobulin light chain, a hinge region and a Fc, wherein the light chain comprises a CDR

of at least 80%, at least 85%, at least 90%, or at least 95% identical to an amino acid sequence

selected from the group consisting of: SEQ ID NOS: 18, 19 and 20.

[0034] In yet another embodiment, the present invention provides a method of treating a

subject having an autoimmune disease, comprising administering to the subject an effective

amount of a heterodimeric polypeptide, or a pharmaceutical composition thereof, which

comprises a first polypeptide comprising the amino acid sequence set forth in SEQ ID NO:9 and

a second polypeptide comprising the amino acid sequence set forth in SEQ ID NO: 10. In

another aspect, the present invention provides a method of treating a subject having an

autoimmune disease, including but not limited to rheumatoid arthritis, psoriasis, multiple

sclerosis, Crohn's disease, IBD, ulcer colitis, comprising administering to the subject an

effective amount of a heterodimeric polypeptide, or a pharmaceutical composition thereof,

which comprises (a) an immunoglobulin heavy chain comprising a CDR of at least 80%, at least



85%, at least 90%, or at least 95% identical to an amino acid sequence selected from the group

consisting of: SEQ ID NOS: 11, 12 and 13, and (b) a fusion protein comprising an

immunoglobulin light chain, a hinge region and a Fc, wherein the light chain comprises a CDR

of at least 80%, at least 85%, at least 90%, or at least 95% identical to an amino acid sequence

selected from the group consisting of: SEQ ID NOS: 18, 19 and 20, and wherein the

heterodimeric polypeptide is capable of binding to and antagonizing the activity of TNFRl.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 illustrates a design of a two-chain monovalent IgG. Illustrated on the left

are two mammalian expression constructs, one encoding the heavy chain (top) and the other

(bottom), a fusion protein comprising the light chain fused to an Fc molecule. The heavy chain

and the light chain are from an anti-mouse p55TNFR monovalent IgG designated as 14D2. The

three possible protein products are diagramed on the right. As indicated, the heavy chain

homodimer cannot be secreted. ∆Hinge is the same as Hinge except the first five amino acids

(EPKSC) are deleted.

[0036] FIG. 2 shows the result of production and purification of 14D2 monovalent IgG

in COS cells. Abbreviations: S, supernatant; FT, flow through; W, wash; EL, elute.

[0037] FIG. 3A shows molecular charaterization of monovalent IgG in 300 mM

imidazole fractions. SDS-PAGE analysis of the 300 mM imidazone fraction under reduced and

non-reduced conditions.

[0038] FIG. 3B shows molecular characterization of monovalent IgG by Western Blot of

the 300 mM imidazole fraction using an anti-light chain-HRP antibody (left) and an anti-

polyHis-HRP antibody (right). The molecular content of each band was highlighted by the

arrows.

[0039] FIG. 4 shows the result of an TNF mediated cytolytic assay using L929 cells.

14D2 anti-mouse p55TNFR antibody was reformatted as monovalent IgGl and hamster-human

IgGl chimera. Both antibodies were tested for their ability to block TNF mediated cell killings

in L929 cells. Anti-KLH antibody was used as a control.

[0040] FIG.5 shows the amino acid sequences of a monovalent antibody directed against

p55, 14D2, as described in the Examples: the heavy chain which is tagged with His6 (upper) and

the fusion protein comprising the light chain fused to an Fc monomer (lower).



[0041] FIG. 6 shows the variable sequences of the heavy chain (upper) and light chain

(lower) of a monoclonal antibody directed against p55, 14D2. The locations and the sequences

of the CDRs (Complementary Domain Region) and FRs (Framework Region) in each variable

domain are as indicated.

DETAILED DESCRIPTION OF THE INVENTION

[0042] Throughout this disclosure, various publications, patents and published patent

applications are referenced by an identifying citation. The disclosures of these publications,

patents and published patent applications are hereby incorporated by reference into the present

disclosure.

General Techniques

[0043] The practice of the present invention will employ, unless otherwise indicated,

conventional techniques of molecular biology, immunology, biochemistry, microbiology, cell

biology, genomics, recombinant DNA, which are within one skilled in the art.

Definitions of Terms

[0044] The terms used throughout this specification are defined as follows, unless

otherwise limited in specific instances.

[0045] As used in the specification and the claims, the singular form "a", "an" and "the"

include plural references unless the context clearly dictates otherwise. For example, the term "a

vector" includes a plurality of vectors, including mixtures thereof.

[0046] The terms "polypeptide", "peptide" and "protein" are used interchangeably herein

to refer to polymers of amino acids of any length. The polymer may be linear, cyclic, or

branched; it may comprise modified amino acids; and it may be interrupted by non-amino acids.

The terms also encompass amino acid polymers that have been modified, for example, via

glycosylation. As used herein, the term "amino acid" refers to either natural and/or unnatural or

synthetic amino acids, including glycine and both the D- and L-optical isomers, and amino acid

analogues and peptidomimetics.

[0047] Percent identity, in the case of both polypeptides and nucleic acids, may be

determined by visual inspection. Percent identity may also be determined using the alignment

method of Needleman and Wunsch (J. MoI. Biol, 48:443 (1970)) as revised by Smith and



Waterman (Adv. Appl. Math, 2:482 (1981)). In particular, percent identity is determined by

using a computer program, for example, the GAP computer program version 10.x available from

the Genetics Computer Group (GCG; Madison, Wis., see also Devereux et al, Nucl. Acids Res.,

12:387 (1984)). The preferred default parameters for the GAP program include: (1) a unary

comparison matrix (containing a value of 1 for identities and 0 for non-identities) for

nucleotides, and the weighted comparison matrix of Gribskov and Burgess, Nucl. Acids Res.,

14:6745 (1986), as described by Schwartz and Dayhoff, eds., Atlas of Protein Sequence and

Structure, National Biomedical Research Foundation, 353-358 (1979) for amino acids; (2) a

penalty of 30 (amino acids) or 50 (nucleotides) for each gap and an additional 1 (amino acids) or

3 (nucleotides) penalty for each symbol in each gap; (3) no penalty for end gaps; and (4) no

maximum penalty for long gaps. Other programs used by one skilled in the art of sequence

comparison may also be used.

[0048] A "fusion protein" as used herein refers to a protein that contains at least two

polypeptides, the first polypeptide of which normally exists as a separate protein and is brought

together to form a fusion protein with at least a second polypeptide that is normally not part of

the primary structure of the first polypeptide, or that is not arranged in cis configuration with the

first polypeptide; or they may normally exist in the same protein but are placed in a new

arrangement in the fusion protein. A fusion protein may be created by making and translating a

nucleic acid, in vitro or in a host cell, in which the peptide regions are encoded in the desired

relationship, or by chemical synthesis, or by both methodologies.

[0049] "Oligomerization" of proteins, in particular, a target receptor complex, as used

herein refers to an association of separate polypeptides, or subunits or monomers, to form, e.g., a

dimer, a trimer, or a tetramer, which may or may not depend on ligand induction. Depending on

the nature of the membrane target receptor, the oligomerization of the subunits may be a homo-

oligomerization (association of at least two subunits of same type, e.g., as in TNFRl or p55,

which forms a trimer of p55) or hetero-oligomerization, (association of at least two subunits in

which at least one is different from the other(s), e.g., as in IL- 15 receptor complex, which forms

a trimer including IL- 15 receptor α subunit, IL-2 receptor β subunit, and IL-2 receptor γ

subunit).

[0050] The term "linked", "fused" or "fusion" are used interchangeably herein. These

terms refer to the joining together of two chemical elements or components by whatever means,

including recombinant and/or chemical conjugation means. Although the reading frame of the



polypeptides in the fusion protein is made continuous throughout the fused segments, the

segments may be physically or spatially separated by, for example, an in-frame linker sequence.

[0051] In the context of polypeptide, a "sequence" is an order of amino acids in a

polypeptide in an N- to C-terminus direction in which residues that neighbor each other in the

sequence are contiguous in the primary structure of the polypeptide.

[0052] The terms "nucleic acids" and "polynucleotides", are used interchangeably. They

refer to a polymeric form of nucleotides of any length, either deoxyribonucleotides or

ribonucleotides, or analogs thereof.

[0053] As used herein, "expression" refers to the process by which a nucleic acid is

transcribed into mRNA and/or to the process by which the transcribed mRNA (also referred to

as transcript) is subsequently being translated into peptides, polypeptides, or proteins. The

transcripts and the encoded polypeptides are collectively referred to as gene product. If the

polynucleotide is derived from genomic DNA, expression in a eukaryotic cell may include

splicing of the mRNA.

[0054] A "vector" is a nucleic acid molecule, in particular self-replicating, which

transfers an inserted nucleic acid molecule into and/or between host cells. The term includes

vectors that function primarily for insertion of DNA or RNA into a cell (e.g., chromosomal

integration), replication of vectors that function primarily for the replication of DNA or RNA,

and expression vectors that function for transcription and/or translation of the DNA or RNA.

Also included are vectors that provide more than one of the functions as described.

[0055] An "expression vector" is a polynucleotide which, when introduced into an

appropriate host cell, can be transcribed and translated into a polypeptide. An "expression

system" usually connotes a suitable host cell comprised of an expression vector that can function

to yield a desired expression product.

[0056] The term "effective amount" used herein refers to an amount of a polypeptide,

e.g., a heterodimeric polypeptide, that will produce the desired biological or physiological effect.

As would be known in the art, an effective amount of a therapeutic is required in the methods of

treating a disease, a disorder, or a condition, in addition to the prophylactic methods or methods

of preventing such diseases, disorders or conditions. Accordingly, with respect to treatment

methods, as well as methods of ameliorating a symptom associated with a disease, disorder or

condition, an "effective amount" is used synonymously with a "therapeutically effective



amount". In such methods, a "subject having a condition" or "subject in need" is any animal,

e.g., a human, who exhibits a symptom of, at risk of developing, or diagnosed as having a

disease, disorder or condition, in particular, a condition which is mediated by the

oligomerization of the target receptors as described in the present disclosure.

[0057] The term "Fc", "Fc molecule", "Fc region", or "Fc domain" encompasses native

Fc and Fc variant molecules and sequences. Broadly, the term "Fc" is used to define a C-

terminal region of an immunoglobulin heavy chain. As with Fc variants and native Fc's, the

term "Fc domain" includes molecules in monomelic (e.g. as in the heavy chain or in the light

chain part of the fusion protein prior to their interaction with each other to form the

heterodimeric polypeptide of the present invention) or multimeric form (e.g., as in the

heterodimeric polypeptide of the present invention, or in the full IgG molecule), whether

digested from whole antibody or produced by other means. The term "native Fc" refers to

molecule or sequence comprising the sequence of a non-antigen-binding fragment resulting from

digestion of whole antibody, whether in monomeric or multimeric form. The original

immunoglobulin source of the native Fc is, for example, of human origin and maybe any of the

immunoglobulins, including but not limited to IgGl and IgG2. Native Fc's are made up of

monomeric polypeptides that may be linked into dimeric or multimeric forms by covalent (e.g.,

disulfide bonds) or non-covalent interaction. The number of intermolecular disulfide bonds

between monomeric subunits of native Fc molecules ranges from 1 to 4, depending on class

(e.g., IgG, IgA, IgE) or subclass (e.g., IgGl, IgG2, IgG3, IgAl, IgGA2). One example of a

native Fc is a disulfide-bonded dimer resulting from papain digestion of an IgG (see Ellison et

al., Nucleic Acids Res., 10:4071-4079 (1982)). The term "native Fc" as used herein is generic to

the monomeric, dimeric, and multimeric forms. The term "Fc variant" refers to a molecule or

sequence that is modified from a native Fc but still comprises a binding site for the salvage

receptor, FcRn. WO 97/34631 and WO 96/32478 describe exemplary Fc variants, as well as

interaction with the salvage receptor, and are hereby incorporated by reference. Thus, the term

"Fc variant" comprises a molecule or sequence that is humanized from a non-human native Fc.

Furthermore, a native Fc comprises sites that may be removed because they provide structural

features or biological activity that are not required for the fusion molecules of the present

invention. The term "Fc variant" also comprises a native Fc which comprises a domain which

enhances the dimerization of two immunoglobulin chains, for example, the dimerization of the

heavy chain and the fusion protein to form the heterodimeric polypeptide of the present

invention. Such domains include but are not limited to a free-thio containing compound, e.g., a



cysteine residue, and a multimerization domain as described in U.S. Patent No. 5,807, 706 and

U.S. Publication No. 2003/0078385, both of which are herein incorporated by reference in their

entirety.

[0058] The term "hinge region" is generally defined as stretching from GIu216 to Pro230

of human IgGl (Burton, Molec. Immunol, 22:161-206 (1985)). Hinge regions of other IgG

isotypes may be aligned with the IgGl sequence by placing the first and last cysteine residues

forming inter-heavy chain S-S bonds in the same positions. The hinge region may be of natural

occurrence or non-natural occurrence, including but not limited to an altered hinge region as

described in U.S. Patent No. 5,677,425, which is incorporated herein in its entirety. The hinge

region may comprise of a complete hinge region derived from an antibody of a different class or

subclass from that of the CHl domain.

[0059] The term "tagging moiety" as used herein refers to a polypeptide or a peptide

which is fused to the heavy chain of the present invention to help facilitate the separation and/or

purification of the heterodimeric polypeptide, which comprises such heavy chain, from the other

components in a mixture, e.g., as produced recombinantly, that do not contain the tagging

moiety.

[0060] The term "antagonize" or "antagonizing" as used herein refers to blocking,

impeding, preventing, reducing, inhibiting, lessening or in some way interfering with the

biological activity of the associated protein of interest such as a target receptor. The term

"antagonist" or "antagonistic" refers to a compound that antagonizes a biological activity of the

protein of interest.

[0061] The terms "agonize," "agonist" and "agonistic" when used herein refer to or

describe a molecule which is capable of, directly or indirectly, substantially inducing, promoting

or enhancing cytokine biological activity or cytokine receptor activation.

[0062] The term "antibody" is used in the broadest sense and specifically covers

monoclonal antibodies (including full length monoclonal antibodies), polyclonal antibodies,

monospecific antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody

fragments as long as they still exhibit the desired biological activity. The term "monoclonal

antibody" refers to an antibody composition having a homogenous (essentially identical)

antibody population. The term is not limited regarding the species, e.g., human, murine, mouse,

or came or source of the antibody, nor is it limited by the manner in which it is made. For

example, the term includes monoclonal antibodies produced by a methodology other than



hybridoma which results in monoclonal antibodies no matter how subcategorized, e.g., hybrid,

altered, chimeric, or humanized. Further, the term includes variants that naturally arise during

the production of monoclonal antibodies. The term includes whole immunoglobulins. The term

"humanized antibody" as used herein refers to an engineered antibody that typically comprises

the variable region of a non-human (e.g., murine) antibody, i.e., a chimeric antibody, or at least

the complementarity determining regions (CDRs) thereof, and the remaining immunoglobulin

portions derived from a human antibody. Procedures for the production of chimeric antibody

and further engineered monoclonal antibodies include those described in Riechmann et al.,

Nature, 332:323 (1988); Liu et al., PNAS, 84:3439 (1987); Larrick et al., Bio/Technology, 7:934

(1989); and Winter and Harris, TIPS, 14:139 (May 1993). Such humanized antibodies may be

prepared by known techniques and offer the advantage of reduced immunogenicity when the

antibodies are administered to humans.

[0063] The phrase "specifically binding" as used herein refers to a binding reaction

between an antibody, including the heterodimeric polypeptide of the present invention, and a

protein, e.g., a target receptor, which is determinative of the presence of the protein in a

heterogeneous population of proteins and other chemical species. Thus, under designated

immunoassay conditions, the antibodies bound to a particular protein do not bind in a significant

amount to other proteins present in a sample. Specifically binding to a protein under such

conditions may require an antibody that is selected for its specificity for that particular protein.

A variety of immunoassay formats may be used to select antibodies that selectively bind with a

particular protein. For example, solid-phase ELISA immunoassays are routinely used to select

antibodies selectively immunoreactive with a protein. See Harlow and Lane "Antibodies, A

Laboratory Manual" Cold Spring Harbor Publications, New York (1988), for a description of

immunoassay formats and conditions that could be used to determine selective binding.

Heterodimeric Polypeptides

[0064] The heterodimeric polypeptide of the present invention provides a new approach

for antagonizing ligand-induced activity of a cytokine receptor or a chemokine receptor, for

example, TNF-induced activity of TNFRl or p55. In particular, the heterodimeric polypeptide

encompasses a monovalent IgG, which is comprises a two-chain structure, a heavy chain and a

light chain that is further fused to an Fc domain. Thus, compared to the bivalent, four-chain

structure of full IgG, this new form of IgG is a two-chain molecule, with only one antigen-

binding moiety. The heavy chain of this molecule is the same as in a standard IgG. The light



chain, however, is further extended by fusion with sequence from the Fc region of IgG heavy

chain. Solely by way of illustration of the present invention and by no means limiting the scope

of the present invention, a monovalent IgG directed against mouse TNFRl was constructed, as

described in the Examples section. Based on molecular modeling, the first five residues in the

upper hinge region of fusion protein, which is made up of the human IgG light chain and the Fc

domain of the human IgG heavy chain (LC/ Fc(huIgGl)), were deleted at the juncture between

the light chain and Fc to form a symmetrical structure between the two chains beyond the fusion

juncture. Figure 5 Overall the Fc region of this molecule is identical to IgG, and thus it is

expected to have similar effector function as the full IgG molecule, including a long serum half-

life in vivo.

[0065] The monovalent form of IgG can be made in all four human IgG isotypes, using

either K or λ light chain sequence. The juncture sequence in the light chain construct will be

different in human IgGl, IgG2, IgG3, or IgG4 format. As showed in Figure 1, when the DNA

construct encoding the heavy chain and that encoding the fusion protein are introduced into a

mammalian cell, only two forms of mature protein products can be secreted from the transfected

cells: the two-chain monovalent IgG (i.e., the heterodimeric polypeptide) and the fusion protein

homodimer. The heavy chain homodimer cannot be secreted because it lacks the light chain.

The resulting heterodimeric polypeptide can be separated from the fusion protein dimer by

affinity chromatography using a peptide tag, e.g. His tag, which is present on the heavy chain

construct, as shown in Figure 2 .

[0066] Other variations can be designed, especially in the linker/hinge region connecting

the Fab and Fc segments of the molecule. Length variations (both longer and shorter than the

linkers described here) in both the heavy chain linker sequence and light chain-Fc fusion chain

linker sequence would be predicted to result in molecules having altered properties, some which

may have a profound influence on the pharmacokinetic behavior of the therapeutic molecule in

vivo.

Uses

[0067] In general, the present invention also provides methods of using the

heterodimeric polypeptide for treating or preventing a disorder or a disease, which may be used

in in vitro, ex vivo and in vivo. The diseases contemplated to be treated with the present

invention include, but are not limited to, those which is at least mediated by activation of at least

one member of the TNF/TNF receptor super family is involved, for example, TNFRl (p55) or



TNFR2 (p75). These diseases include, but are not limited to, autoimmune disease. As used

herein, autoimmune disease describes a disease state or syndrome whereby a subject's body

produces a dysfunctional immune response against the subject's own body components, with

adverse effects. This may include production of B cells which produce antibodies with

specificity for all antigens, allergens or major histocompatibility (MHC) antigens, or it may

include production of T cells bearing receptors that recognize self-components and produce

cytokines that cause inflammation. Examples of autoimmune diseases include, but are not

limited to, ulcerative colitis, Crohn's disease, multiple sclerosis, rheumatoid arthritis, diabetes

mellitus, pernicious anemia, autoimmune gastritis, psoriasis, Bechet's disease, Wegener's

granulomatosis, Sarcoidois, autoimmune thyroiditis, autoimmune oophoritis, bullous

pemphigoid, phemphigus, polyendocrinopathies, Still's disease, Lambert-Eaton myasthenia

syndrome, myasthenia gravis, Goodpasture's syndrome, autoimmune orchitis, autoimmune

uveitis, systemic lupus erythematosus, Sjogren's Syndrome and ankylosing spondylitis.

[0068] Furthermore, the target receptors against which the heterodimeric polypeptide of

the present invention can be used include those which are activated by the oligomerization of

their subunits. Thus, the target receptors contemplated by the present invention include but not

limited to TNF/TNF receptor superfamily, e.g., including those described in Locksley et al.,

Cell, 104:487-501 (2001), receptor tyrosine kinases, e.g., including those described in

Schlessinger, Cell, 103:211-225 (2000), G-protein coupled receptors (GPCRs), e.g., including

those described in Pin et al., FEBS Journal, 272:2947-2955 (2005), Fc receptors (FcRs), e.g.,

including those described in Hogarth, Current Opinion in Immunology, 14:798-802 (2002), ATI

receptors, e.g., including those described in Dechend et al., Semin. Nephrology, 24:571-579

(2004), tissue factors, e.g., including those described in Houston, Expert Opin. Ther. Targets,

6:159-174 (2002), and integrins, e.g., including those described in Li et al., Science, 300:795-

798 (2003).

Pharmaceutical Compositions

[0069] Pharmaceutical compositions of the present invention may be made for

administration by injection, oral, pulmonary, nasal, transdermal or other forms of administration.

In general, the invention encompasses pharmaceutical compositions comprising effective

amounts of a compound of the invention together with pharmaceutically acceptable diluents,

preservatives, solubilizers, emulsifϊers, adjuvants and/or carriers. Such compositions include

diluents of various buffer content (e.g., Tris-HCl, acetate, phosphate), pH and ionic strength;



additives such as detergents and solubilizing agents (e.g., Tween 80, Polysorbate 80), anti¬

oxidants (e.g., ascorbic acid, sodium metabisulfite), preservatives (e.g., Thimersol, benzyl

alcohol) and bulking substances (e.g., lactose, mannitol); incorporation of the material into

particulate preparations of polymeric compounds such as polylactic acid, polyglycolic acid, etc.,

or into liposomes. Hyaluronic acid may also be used, and this may have the effect of promoting

sustained duration in the circulation. Such compositions may influence the physical state,

stability, rate of in vivo release, and rate of in vivo clearance of the present proteins and

derivatives. See, e.g., Remington's Pharmaceutical Sciences, 18th ed., Mack Publishing Co.,

Easton, Pa. 18042, 1435-1712 (1990), which are herein incorporated by reference. The

compositions may be prepared in liquid form, or may be in dried powder, such as lyophilized

form. Implantable sustained release formulations are also contemplated, as are transdermal

formulations.

[0070] Contemplated for use herein are oral solid dosage forms, which are described

generally in Chapter 89 of Remington's Pharmaceutical Sciences, 18th ed., Mack Publishing

Co., Easton Pa. 18042 (1990), which is herein incorporated by reference. Solid dosage forms

include tablets, capsules, pills, troches or lozenges, cachets or pellets. Also, liposomal or

proteinoid encapsulation may be used to formulate the present compositions as, for example,

proteinoid microspheres reported in U.S. Patent No. 4,925,673. Liposomal encapsulation may

be used and the liposomes may be derivatized with various polymers (e.g., U.S. Patent No.

5,013,556). A description of possible solid dosage forms for the therapeutic is given in Chapter

10 of Marshall, K., Modern Pharmaceutics, G. S. Banker and C. T. Rhodes, eds. (1979), herein

incorporated by reference. In general, the formulation will include the inventive compound, and

inert ingredients which allow for protection against the stomach environment, and release of the

biologically active material in the intestine.

[0071] Also specifically contemplated are oral dosage forms of the above inventive

compounds. If necessary, the compounds may be chemically modified so that oral delivery is

efficacious. Generally, the chemical modification contemplated is the attachment of at least one

moiety to the compound molecule itself, where the moiety permits (a) inhibition of proteolysis;

and (b) uptake into the blood stream from the stomach or intestine. Also desired is the increase

in overall stability of the compound and increase in circulation time in the body. Moieties useful

as covalently attached vehicles in this invention may also be used for this purpose. Examples of

such moieties include: PEG, copolymers of ethylene glycol and propylene glycol,



carboxymethyl cellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone and polyproline.

See, for example, Abuchowski and Davis, Soluble Polymer-Enzyme Adducts, Enzymes as

Drugs, Hocenberg and Roberts, eds., Wiley-Interscience, New York, N.Y., 367-383 (1981);

Newmark, et al., J . Appl. Biochem., 4:185-189 (1982). Other polymers that could be used are

poly-l,3-dioxolane and poly-l,3,6-tioxocane. Preferred for pharmaceutical usage, as indicated

above, are PEG moieties.

[0072] For oral delivery dosage forms, it is also possible to use a salt of a modified

aliphatic amino acid, such as sodium N-(8-[2-hydroxybenzoyl] amino) caprylate (SNAC), as a

carrier to enhance absorption of the therapeutic compounds of this invention. The clinical

efficacy of a heparin formulation using SNAC has been demonstrated in a Phase II trial

conducted by Emisphere Technologies. See U.S. Patent No. 5,792,451, "Oral drug delivery

composition and methods".

[0073] The compounds of this invention can be included in the formulation as fine

multiparticulates in the form of granules or pellets of particle size about 1 mm. The formulation

of the material for capsule administration could also be as a powder, lightly compressed plugs or

even as tablets. The therapeutic could be prepared by compression.

[0074] Colorants and flavoring agents may all be included. For example, the protein (or

derivative) may be formulated (such as by liposome or microsphere encapsulation) and then

further contained within an edible product, such as a refrigerated beverage containing colorants

and flavoring agents.

[0075] One may dilute or increase the volume of the compound of the invention with an

inert material. These diluents could include carbohydrates, especially mannitol, α-lactose,

anhydrous lactose, cellulose, sucrose, modified dextrans and starch. Certain inorganic salts may

also be used as fillers including calcium.triphosphate, magnesium carbonate and sodium

chloride. Some commercially available diluents are Fast-Flo, Emdex, STA-Rx 1500,

Emcompress and Avicell.

[0076] Disintegrants may be included in the formulation of the therapeutic into a solid

dosage form. Materials used as disintegrants include but are not limited to starch including the

commercial disintegrant based on starch, Explotab. Sodium starch glycolate, Amberlite, sodium

carboxymethylcellulose, ultramylopectin, sodium alginate, gelatin, orange peel, acid

carboxymethyl cellulose, natural sponge and bentonite may all be used. Another form of the

disintegrants is the insoluble cationic exchange resin. Powdered gums may be used as



disintegrants and as binders and these can include powdered gums such as agar, Karaya or

tragacanth. Alginic acid and its sodium salt are also useful as disintegrants.

[0077] Binders may be used to hold the therapeutic agent together to form a hard tablet

and include materials from natural products such as acacia, tragacanth, starch and gelatin. Others

include methyl cellulose (MC), ethyl cellulose (EC) and carboxymethyl cellulose (CMC).

Polyvinyl pyrrolidone (PVP) and hydroxypropylmethyl cellulose (HPMC) could both be used in

alcoholic solutions to granulate the therapeutic.

[0078] An antifrictional agent may be included in the formulation of the therapeutic to

prevent sticking during the formulation process. Lubricants may be used as a layer between the

therapeutic and the die wall, and these can include but are not limited to; stearic acid including

its magnesium and calcium salts, polytetrafluoro ethylene (PTFE), liquid paraffin, vegetable oils

and waxes. Soluble lubricants may also be used such as sodium lauryl sulfate, magnesium

lauryl sulfate, polyethylene glycol of various molecular weights, Carbowax 4000 and 6000.

[0079] Glidants that might improve the flow properties of the drug during formulation

and to aid rearrangement during compression might be added. The glidants may include starch,

talc, pyrogenic silica and hydrated silicoaluminate.

[0080] To aid dissolution of the compound of this invention into the aqueous

environment a surfactant might be added as a wetting agent. Surfactants may include anionic

detergents such as sodium lauryl sulfate, dioctyl sodium sulfosuccinate and dioctyl sodium

sulfonate. Cationic detergents might be used and could include benzalkonium chloride or

benzethonium chloride. The list of potential nonionic detergents that could be included in the

formulation as surfactants are lauromacrogol 400, polyoxyl 40 stearate, polyoxyethylene

hydrogenated castor oil 10, 50 and 60, glycerol monostearate, polysorbate 40, 60, 65 and 80,

sucrose fatty acid ester, methyl cellulose and carboxymethyl cellulose. These surfactants could

be present in the formulation of the protein or derivative either alone or as a mixture in different

ratios.

[0081] Additives may also be included in the formulation to enhance uptake of the

compound. Additives potentially having this property are for instance the fatty acids oleic acid,

linoleic acid and linolenic acid.

[0082] Controlled release formulation may be desirable. The compound of this

invention could be incorporated into an inert matrix which permits release by either diffusion or



leaching mechanisms e.g., gums. Slowly degenerating matrices may also be incorporated into

the formulation, e.g., alginates, polysaccharides. Another form of a controlled release of the

compounds of this invention is by a method based on the Oros therapeutic system (Alza Corp.),

i.e., the drug is enclosed in a semipermeable membrane which allows water to enter and push

drug out through a single small opening due to osmotic effects. Some enteric coatings also have

a delayed release effect.

[0083] Other coatings may be used for the formulation. These include a variety of

sugars which could be applied in a coating pan. The therapeutic agent could also be given in a

film-coated tablet and the materials used in this instance are divided into 2 groups. The first are

the nonenteric materials and include methyl cellulose, ethyl cellulose, hydroxyethyl cellulose,

methylhydroxy-ethyl cellulose, hydroxypropyl cellulose, hydroxypropyl-methyl cellulose,

sodium carboxy-methyl cellulose, providone and the polyethylene glycols. The second group

consists of the enteric materials that are commonly esters of phthalic acid.

[0084] A mix of materials might be used to provide the optimum film coating. Film

coating may be carried out in a pan coater or in a fluidized bed or by compression coating.

[0085] Pulmonary delivery forms. Also contemplated herein is pulmonary delivery of

the present protein (or derivatives thereof). The protein (or derivative) is delivered to the lungs

of a mammal while inhaling and traverses across the lung epithelial lining to the blood stream.

(Other reports of this include Adjei et al., Pharma. Res., 7 : 565-569 (1990); Adjei et al., Int'l. J .

Pharmaceutics, 63:135-144 (1990), leuprolide acetate; Braquet et al., J. Cardiovasc. Pharmacol.,

13(5):s 143-146 (1990) endothelin-1; Hubbard et al., Annals Int. Med., 3:206-212 (1989)

alpha. 1-antitrypsin; Smith et al., J. Clin. Invest., 84:1 145-1146 (1989) alpha. 1-proteinase;

Oswein et al., "Aerosolization of Proteins", Proc. Symp. Resp. Drug Delivery II, Keystone, CO

(March 1990) recombinant human growth hormone; Debs et al., J. Immunol., 140:3482-3488

(1988) interferon-. gamma and tumor necrosis factor .alpha; and Platz et al., U.S. Patent No.

5,284,656 (granulocyte colony stimulating factor).

[0086] Contemplated for use in the practice of this invention are a wide range of

mechanical devices designed for pulmonary delivery of therapeutic products, including but not

limited to, nebulizers, metered dose inhalers, and powder inhalers, all of which are familiar to

those skilled in the ait. Some specific examples of commercially available devices suitable for

the practice of this invention are the Ultravent nebulizer, manufactured by Mallinckrodt, Inc., St.

Louis, Mo.; the Acorn II nebulizer, manufactured by Marquest Medical Products, Englewood,



Colo.; the Ventolin metered dose inhaler, manufactured by Glaxo Inc., Research Triangle Park,

N.C.; and the Spinhaler powder inhaler, manufactured by Fisons Corp., Bedford, Mass.

[0087] All such devices require the use of formulations suitable for the dispensing of the

inventive compound. Typically, each formulation is specific to the type of device employed and

may involve the use of an appropriate propellant material, in addition to diluents, adjuvants

and/or carriers useful in therapy.

[0088] The inventive compound should most advantageously be prepared in particulate

form with an average particle size of less than 10 .µm (or microns), most preferably 0.5 to 5 .

µm, for most effective delivery to the distal lung.

[0089] Pharmaceutically acceptable carriers include carbohydrates such as trehalose,

mannitol, xylitol, sucrose, lactose, and sorbitol. Other ingredients for use in formulations may

include DPPC, DOPE, DSPC and DOPC. Natural or synthetic surfactants may be used. PEG

may be used (even apart from its use in derivatizing the protein or analog). Dextrans, such as

cyclodextran, may be used. Bile salts and other related enhancers may be used. Cellulose and

cellulose derivatives may be used. Amino acids may be used, such as use in a buffer

formulation.

[0090] Also, the use of liposomes, microcapsules or microspheres, inclusion complexes,

or other types of carriers is contemplated.

[0091] Formulations suitable for use with a nebulizer, either j et or ultrasonic, will

typically comprise the inventive compound dissolved in water at a concentration of about 0.1 to

25 mg of biologically active protein per mL of solution. The formulation may also include a

buffer and a simple sugar (e.g., for protein stabilization and regulation of osmotic pressure). The

nebulizer formulation may also contain a surfactant, to reduce or prevent surface induced

aggregation of the protein caused by atomization of the solution in forming the aerosol.

[0092] Formulations for use with a metered-dose inhaler device will generally comprise

a finely divided powder containing the inventive compound suspended in a propellant with the

aid of a surfactant. The propellant may be any conventional material employed for this purpose,

such as a chlorofluorocarbon, a hydrochlorofluorocarbon, a hydrofluorocarbon, or a

hydrocarbon, including trichlorofluoromethane, dichlorodifluoromethane,

dichlorotetrafluoroethanol, and 1,1,1,2-tetrafluoroethane, or combinations thereof. Suitable



surfactants include sorbitan trioleate and soya lecithin. Oleic acid may also be useful as a

surfactant.

[0093] Formulations for dispensing from a powder inhaler device will comprise a finely

divided dry powder containing the inventive compound and may also include a bulking agent,

such as lactose, sorbitol, sucrose, mannitol, trehalose, or xylitol in amounts, which facilitate

dispersal of the powder from the device, e.g., 50 to 90% by weight of the formulation.

[0094] Nasal delivery forms. Nasal delivery of the inventive compound is also

contemplated. Nasal delivery allows the passage of the protein to the blood stream directly after

administering the therapeutic product to the nose, without the necessity for deposition of the

product in the lung. Formulations for nasal delivery include those with dextran or cyclodextran.

Delivery via transport across other mucous membranes is also contemplated.

[0095] Buccal delivery forms. Buccal delivery of the inventive compound is also

contemplated. Buccal delivery formulations are known in the art for use with peptides.

Dosages

[0096] The dosage regimen involved in a method for treating the above-described

conditions will be determined by the attending physician, considering various factors which

modify the action of drugs, e.g., the age, condition, body weight, sex and diet of the patient, the

severity of any infection, time of administration and other clinical factors. Generally, the daily

regimen should be in the range of 0.1-1000 micrograms of the inventive compound per kilogram

of body weight, preferably 0.1-150 micrograms per kilogram.

[0097] Other aspects and advantages of the present invention will be further understood

upon consideration of the following illustrative examples.

EXAMPLES

Construction of anti-p55 monovalent antibody

[0098] A hamster anti-p55TNFR antibody, designated as 14D2, was generated using the

mouse p55TNFR as immunogen. The variable heavy chain (V H) and the variable light chain

(V L) were cloned from total RNA obtained from the 14D2 hybridoma cells using degenerate

primers to the 5'-end sequence, which was deduced from the N-terminal sequence of purified

14D2 as determined by Edman analysis, and 3' primers complementary to sequence encoding

the CHl domain of the hamster IgGl 's heavy chain. The 14D2 Virhu light chain K fusion was



made by amplifying the 14D2 V Lwith the following primers:

5'-CTGGTGCTAGCGATATAGTGATGTCGCAG (SEQ ID NO: 1) and

5'-CAGCCACCGTACGTTTGATTTCCAGCTTGG (SEQ ID NO:2).

[0099] The amplicon was subcloned into a vector containing the sequence of the hu K

light chain constant sequence. The 14D2VL-hu κLC-huIgGlFc fusion was spliced together by

overlap extension using the following primers:

5'-CGTTTAAACGTCGACGTTTAAACGCCGCCAG (SEQ ID NO:3);

5'-GGCATGTGTGAGTTTTGTCACACTCTCCCCTGTTG (SEQ ID NO:4);

5'-CAACAGGGGAGAGTGTGACAAAACTCACACATGCC (SEQ ID NO:5); and

5'-GTTTAAACAGATCCGCGGCCGCTCTAGCCCC (SEQ ID NO:6);

and templates: 14D2VL-hu K LC and hu IgGl .

[00100] The 14D2VH-huIgGl -His6 fusion was constructed by amplification of the 14D2

V H with the following primers, to add Ascl and Nhel restriction sites 5' and 3', respectively:

5'-GAG GGC GCG CCG AAG TGC AGC TGG TGG AG (SEQ ID NO:7); and

5'-GGT GCT AGC TAA AGA GAC GGT GAC CAG AG (SEQ ID NO:8)

to ligate the 14D2V H directly upstream to the huIgGl-His 6 constant sequence in a mammalian

expression vector.

Production of anti-p55 monovalent antibody

[00101] COS-PKB cells were transfected simultaneously with expression plasmids

containing the 14D2VH-huIgGl-His 6 fusion protein (SEQ ID NO: 9), and the 14D2VL-hu KLC-

huIgGlFc fusion protein (SEQ ID NO: 10), by DEAE-dextran method. Cells were then

incubated at 340C, 10% CO in low IgG medium (0.5%). Cell culture supernatants were

harvested on day 7 post-transfection.

Polypeptide purification

[00102] Cell culture supernatants were filtered through a 0.2µ filter. The filtered

supernatants were applied to a HiTRAP rProtein A FF column (Amersham). Protein was eluted

by 100 mM glycine pH 2.7/150 mM NaCl. The eluent was dialyzed v. PBS and further purified

by metal chelation using a HisTRAP HP kit (Amersham) as follows: apply dialyzed sample to

HisTrap column, precharged with Ni+, wash column with PBS, elute with a step gradient of



imidazole(20, 40, 60, 100, 300, 500 iiM). Collect peak fractions and dialyze against PBS.

Results are shown in Figure 2.

Western Blot

[00103] The eluted polypeptides from 50OnM imidozole fraction were analyzed on SDS-

PAGE gel under reduced and non-reduced conditions, then transferred to nylon membrane and

subjected to Western blot using HRP conjugated anti-polyhistidine antibody (Sigma A 7058) or

goat anti-human kappa light chain antibody (Sigma A7164). Results are shown in Figures 3A

and 3B.

L929 assays

[00104] The biological activity of the anti-p55 monovalent antibody described above was

tested in cytolytic assays using mouse L929 cell targets, murine or human TNF as cytotoxic

agents. Death was assessed by the crystal violet indicator (Mohler et al., J . Immunology,

151(3):1548-1561 (1993)). Briefly, 2xlO4 L929 cells were plated in 96-well trays (Costar) in a

total volume of 100 µl media and incubated overnight at 37 °C in 5% CO2 atmosphere. Spent

media was then removed, and media containing 1 ng/ml µTNF, in the presence or absence of

serial dilutions of the antibody, was added. Actinomycin D (5 mg/ml) was present in all wells.

The constant amount of 1 ng/ml TNF, which produced 100% cytolysis in this assay, was

determined from previous experiments. After 12 hours of incubation, cells were washed with

PBS and stained for 10 min with 100 ml of 0.5% crystal violet in methanol/water (1/4). Plates

were washed with distilled water, and the indicator was solubilized with 2% sodium

deoxycholate. All assays were performed in triplicate. Absorbance (A) at 570-630 nm was

determined in a microplate reader (Molecular Devices, Palo Alto, CA). Results are shown in

Figure 4.



CLAIMS

What is claimed is:

1. A heterodimeric polypeptide comprising an immunoglobulin heavy chain which

is linked to a fusion protein, in a covalent or non-covalent interaction, said fusion protein

comprising an immunoglobulin light chain and a Fc molecule, wherein said heavy chain and

said fusion protein are oriented identically with respect to their N- and C-termini, and wherein

said heterodimeric polypeptide is capable of specifically binding to a target receptor.

2. The heterodimeric polypeptide according to Claim 1, wherein said heavy chain

further comprises a tagging moiety.

3. The heterodimeric polypeptide according to Claim 2, wherein said tagging

moiety is selected from the group consisting of: hexa-histidine tag, streptavidin-binding peptide,

maltose-binding protein, glutathione S-transferase, mic-tag, and FLAG-tag.

4. The heterodimeric polypeptide according to Claim 3, wherein said tagging

moiety comprises a hexa-histidine tag.

5. The heterodimeric polypeptide according to Claim 1, wherein said interaction is

via a disulfide bond or via a dimerization domain.

6. The heterodimeric polypeptide according to Claim 5, wherein said dimerization

domain is located in the CH3 region of said heavy chain and in the CH3 region of said Fc of the

fusion protein.

7. The heterodimeric polypeptide according to Claim 1, wherein the Fc region of

said heavy chain and/or the Fc molecule of said fusion protein is mutated so that the formation

of the heterodimeric polypeptide is enhanced.

8. The heterodimeric polypeptide according to Claim 1, wherein the hinge region in

the Fc portion of said fusion protein is modified so that said heavy chain and said fusion protein

are structurally symmetrical to each other.

9. The heterodimeric polypeptide according to Claim 8, wherein said hinge region is

modified by amino acid insertion, deletion, or substitution.

10 . The heterodimeric polypeptide according to Claim 1, wherein the sequence of

said hinge region is either naturally occurring or non-naturally occurring.



11. The heterodimeric polypeptide according to Claim 1, wherein either or both the

hinge regions of the heavy chain and the fusion protein are modified.

12. The heterodimeric polypeptide according to Claim 1, wherein said heavy chain

and said fusion protein contains no cysteine residues that are unpaired.

13. The heterodimeric polypeptide according to Claim 1, wherein said

immunoglobulin is an IgG.

14. The heterodimeric polypeptide according to Claim 13, wherein said IgG is

selected from the group consisting of: IgGl, IgG2, IgG3 and IgG4.

15. The heterodimeric polypeptide according to Claim 1, which antagonizes the

activity of said target receptor.

16. The heterodimeric polypeptide according to Claim 15, wherein said target

receptor is a receptor which is activated by the oligomerization of its subunits.

17. The heterodimeric polypeptide according to Claim 15, wherein said

oligomerization forms at least a dimer, a trimer, or a tetramer.

18. The heterodimeric polypeptide according to Claim 15, wherein said

oligomerization forms at least an oligomer comprising at least four subunits.

19 . The heterodimeric polypeptide according to Claim 15, wherein said receptor is a

member selected from the group consisting of: TNF/TNF receptor superfamily, cytokine

receptors, receptor tyrosine kinases, G-protein coupled receptors (GPCRs), Fc receptors (FcRs),

ATI receptors, tissue factors, and integrins.

20. The heterodimeric polypeptide according to Claim 19, wherein said receptor is a

member of the TNF/TNF receptor superfamily.

21. The heterodimeric polypeptide according to Claim 20, wherein said member is

selected from the group consisting of: TNFRl, TNFR2, NGFR, Troy, EDAR, XEDAR, CD40,

DcR3, Fas, OX40, AITR, CD30, HveA, 4-1BB, DR3, CD27, LTβR, RANK, TWEK receptor,

TACI, BCMA, DR6, OPG, DR4, DR5, DcRl and DcR2.

22. The heterodimeric polypeptide according to Claim 19, wherein said receptor is a

receptor tyrosine kinase.



23. The heterodimeric polypeptide according to Claim 22, wherein said receptor

tyrosine kinase is selected from the group consisting of: growth hormone receptor,

erythropoietin receptor, VEGF receptor, FGF receptor, PFGF receptor and EGF receptor.

24. The heterodimeric polypeptide according to Claim 23, wherein said EGF receptor

is selected from the group consisting of: ErbBl, ErbB2, ErbB3 and ErbB4.

25. The heterodimeric polypeptide according to Claim 19, wherein said receptor is an

interleukin receptor.

26. The heterodimeric polypeptide according to Claim 25, wherein said interleukin

receptor is a receptor of an interleukin selected from the group consisting of: IL-I, IL-2, IL-4,

IL- 15, IL7, TSLP, LIF, IL-1 3, IL-23 and IL-31.

27. The heterodimeric polypeptide according to Claim 1, wherein the amino acid

sequences of said heavy chain and said fusion protein are fully human, humanized, or chimeric.

28. The heterodimeric polypeptide according to Claim 15, which does not agonize

the activity of said target receptor.

29. A composition comprising the heterodimeric polypeptide according to Claim 1

and a pharmaceutically acceptable carrier.

30. A heterodimeric polypeptide comprising a first polypeptide comprising the amino

acid sequence set forth in SEQ ID NO:9 and a second polypeptide comprising the amino acid

sequence set forth in SEQ ID NO: 10.

31. A heterodimeric polypeptide comprising

(a) an immunoglobulin heavy chain comprising a CDR of at least 90% identical to an amino

acid sequence selected from the group consisting of: SEQ ID NOS: 11, 12 and 13, and

(b) a fusion protein comprising an immunoglobulin light chain, a hinge region and a Fc, wherein

said light chain comprises a CDR of at least 90% identical to an amino acid sequence selected

from the group consisting of: SEQ ID NOS: 18, 19 and 20,

wherein said heterodimeric polypeptide is capable of binding to and inhibiting the activity of

TNFRl.

32. A polypeptide comprising an immunoglobulin light chain which is fused to an Fc

molecule.



33. A polypeptide according to Claim 32, wherein said light chain is fused to said Fc

molecule via a hinge region.

34. A heterodimeric polypeptide comprising the polypeptide according to Claim 32

which is linked to an immunoglobulin heavy chain in a covalent or non-covalent interaction.

35. A vector comprising a first nucleic acid encoding an immunoglobulin heavy

chain and a second nucleic acid encoding a fusion protein, said fusion protein comprising an

immunoglobulin light chain, a hinge region, and an Fc molecule, wherein said first nucleic acid

and said second nucleic acid are inserted in said vector at the same or different sites.

36. The vector according to Claim 35, wherein said first nucleic acid encodes an

immunoglobulin heavy chain which is fused to a tagging moiety.

37. A host cell transformed with the vector according to Claim 35 or 36.

38. A transformed or transfected host cell comprising at least two vectors, at least

one of said vectors comprising a nucleic acid sequence encoding at least an immunoglobulin

heavy chain and at least another one of said vectors comprising a nucleic acid sequence

encoding at least a fusion protein comprising an immunoglobulin light chain, a hinge region and

an Fc molecule.

39. A process for producing in a host cell a heterodimeric polypeptide, said

heterodimeric polypeptide comprising an immunoglobulin heavy chain which is optionally fused

to a tagging moiety, said heavy chain is linked to a fusion protein comprising an

immunoglobulin light chain, a hinge region, and an Fc molecule, wherein said heavy chain and

said fusion protein are oriented identically with respect to their N- and C-termini, and wherein

said heterodimeric polypeptide is capable of specifically binding to a target receptor, said

process comprising the steps of:

(a) transforming or transfecting said host cell with a first nucleic acid encoding said

immunoglobulin heavy chain and a second nucleic acid encoding said fusion protein, and

(b) expressing said first nucleic acid and said second nucleic acid so that said immunoglobulin

heavy chain and said fusion protein are produced separately in said transformed host cell.

40. A process according to Claim 39, wherein said heavy chain and said fusion

protein are expressed in said host cell and secreted therefrom as a heterodimeric polypeptide

which is capable of binding to a target receptor.



4 1. The process according to Claim 39, wherein said first and second nucleic acids

are present in a single vector.

42. The process according to Claim 39, wherein said first and second nucleic acids

are present in different vectors.

43. The process according to Claim 39, wherein said host cell is prokaryotic or

eukaryotic.

44. The process according to Claim 39, wherein said host cell is a mammalian cell.

45. The process according to Claim 44, wherein said mammalian cell is selected from

the group consisting of: CHO, VERO, BHK, HeLa, Cos, MDCK, 293, 3T3, a myeloma cell line,

and WI38 cells.

46. A process according to Claim 39, wherein said heavy chain and said fusion

protein are produced in insoluble form and are solubilized and allowed to refold in solution to

form a heterodimeric polypeptide which is capable of specifically binding to a target receptor.

47. A nucleic acid encoding a fusion protein comprising an immunoglobulin light

chain which is fused to an Fc molecule.

48. A method of treating a subject having a condition mediated by a target receptor

which is activated by the oligomerization of its subunits, comprising administering to said

subject an effective amount of the heterodimeric polypeptide according to Claim 1, wherein said

heterodimeric polypeptide is capable of specifically binding to at least one subunit of said target

receptor thereby antagonizing said oligomerization.

49. A method according to Claim 48, wherein said oligomerization forms a dimer, a

trimer, or a tetramer.

50. A method according to Claim 48, wherein said target receptor is selected from

the group consisting of: TNF/TNF receptor superfamily, cytokine receptors, receptor tyrosine

kinases, G-protein coupled receptors (GPCRs), Fc receptors (FcRs), ATI receptors, tissue

factors, and integrins.

51. A method according to Claim 48, wherein said target receptor is a member of the

TNF/TNF receptor superfamily.

52. A method according to Claim 51, wherein said target receptor is selected from

the group consisting of: TNFRl, TNFR2, NGFR, Troy, EDAR, XEDAR, CD40, DcR3, Fas,



OX40, AITR, CD30, HveA, 4-1 BB, DR3, CD27, LTβR, RANK, TWEK receptor, TACI,

BCMA, DR6, OPG, DR4, DR5, DcRl and DcR2.

53. A method according to Claim 48, wherein said target receptor is a receptor

tyrosine kinase.

54. A method according to Claim 53, wherein said receptor tyrosine kinase is

selected from the group consisting of: growth hormone receptor, erythropoietin receptor, VEGF

receptor, FGF receptor, PFGF receptor and EGF receptor.

55. A method according to Claim 54, wherein said EGF receptor is selected from the

group consisting of: ErbBl, ErbB2, ErbB3 and ErbB4.

56. A method according to Claim 48, wherein said target receptor is an interleukin

receptor.

57. A method according to Claim 48, wherein said target receptor, wherein said

interleukin receptor is a receptor of an interleukin selected from the group consisting of: IL-I,

IL-2, IL-4, IL-1 5, IL-7, TSLP, LIF, IL-1 3, IL-23 and IL-31.















SEQUENCE LISTING

<110> Amgen Inc.

<12 0> METHODS FOR GENERATING MONOVALENT IgG

<130> A-1057-WO-PCT

<140> Not Yet Assigned
<141> 2006-10-23

<150> 60/729,304
<151> 2005-10-21

<160> 26

<170> Patentln version 3.3

<210> 1
<211> 29
<212> DNA
<213> Hamster sp .

<400> 1
ctggtgctag cgatatagtg atgtcgcag 29

<210> 2
<211> 30
<212> DNA
<213> Hamster sp.

<400> 2
cagccaccgt acgtttgatt tccagcttgg 30

<210> 3
<211> 31
<212> DNA
<213> Hamster sp.

<400> 3
cgtttaaacg tcgacgttta aacgccgcca g 31

<210> 4
<211> 35
<212> DNA
<213> Hamster sp.

<400> 4
ggcatgtgtg agttttgtca cactctcccc tgttg 35

<210> 5
<211> 35
<212> DNA
<213> Hamster sp .

<400> 5
caacagggga gagtgtgaca aaactcacac atgcc 35

<210> 6



<211> 31
<212> DNA
<213> Hamster sp .

<400> 6
gtttaaacag atccgcggcc gctctagccc c 31

<210> 7
<211> 451
<212> PRT
<213> Hamster sp.

<400> 7

GIu VaI GIn Leu VaI GIu Ser GIy GIy GIy Leu VaI GIn Thr GIy Lys
1 5 10 15

Ser Leu GIu Leu Ser Cys GIu Ala Ser GIy Phe Thr Phe Ser Asn Tyr
20 25 30

Asp Met Asn Trp VaI Arg Gin Ala Pro GIy Lys GIy Leu GIu Trp VaI
35 40 45

Ala Tyr lie Ser Ser GIy Ser GIy His H e Tyr Tyr GIy Asp Ala VaI
50 55 60

Lys GIy Arg Phe Thr H e Ser Arg Asp Asn Ala Lys Asn Leu Leu Phe
65 70 75 80

Leu GIn Met Asn Asn Leu Lys Ser GIu Asp Thr Ala Met Tyr Tyr Cys
85 90 95

Ser GIy Ser Tyr Trp Phe Ala Tyr Trp GIy GIn GIy Thr Leu VaI Thr
100 105 H O

VaI Ser Leu Ala Ser Thr Lys GIy Pro Ser VaI Phe Pro Leu Ala Pro
115 120 125

Ser Ser Lys Ser Thr Ser GIy GIy Thr Ala Ala Leu GIy Cys Leu VaI
130 135 140

Lys Asp Tyr Phe Pro GIu Pro VaI Thr VaI Ser Trp Asn Ser GIy Ala
145 150 155 160

Leu Thr Ser GIy VaI His Thr Phe Pro Ala VaI Leu GIn Ser Ser GIy
165 170 175

Leu Tyr Ser Leu Ser Ser VaI VaI Thr VaI Pro Ser Ser Ser Leu GIy
180 185 190

Thr GIn Thr Tyr H e Cys Asn VaI Asn His Lys Pro Ser Asn Thr Lys



195 2 00 2 05

VaI Asp Lys Arg VaI GIu Pro Lys Ser Asp Asp Lys Thr His Thr Cys
210 215 220

Pro Pro Cys Pro Ala Pro GIu Leu Leu GIy GIy Pro Ser VaI Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro GIu
245 250 255

VaI Thr Cys VaI VaI VaI Asp VaI Ser His GIu Asp Pro GIu VaI Lys
260 265 270

Phe Asn Trp Tyr VaI Asp GIy VaI GIu VaI His Asn Ala Lys Thr Lys
275 280 285

Pro Arg GIu GIu GIn Tyr Asn Ser Thr Tyr Arg VaI VaI Ser VaI Leu
290 295 300

Thr VaI Leu His Gin Asp Trp Leu Asn GIy Lys GIu Tyr Lys Cys Lys
305 310 315 320

VaI Ser Asn Lys Ala Leu Pro Ala Pro H e GIu Lys Thr H e Ser Lys
325 330 335

Ala Lys GIy GIn Pro Arg GIu Pro GIn VaI Tyr Thr Leu Pro Pro Ser
340 345 350

Arg GIu GIu Met Thr Lys Asn GIn VaI Ser Leu Thr Cys Leu VaI Lys
355 360 365

GIy Phe Tyr Pro Ser Asp H e Ala VaI GIu Trp GIu Ser Asn GIy GIn
370 375 380

Pro GIu Asn Asn Tyr Lys Thr Thr Pro Pro VaI Leu Asp Ser Asp GIy
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr VaI Asp Lys Ser Arg Trp GIn
405 410 415

GIn GIy Asn VaI Phe Ser Cys Ser VaI Met His GIu Ala Leu His Asn
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro GIy Lys His His His
435 440 445

His His His



45 0

<210> 8
<211> 447
<212> PRT
<213> Hamster sp.

<400> 8

Asp lie VaI Met Ser GIn Ser Pro Ser Ser Leu Ala VaI Ser Ala GIy
1 5 10 15

GIu Lys VaI Thr lie GIy Cys Lys Ser Ser GIn Ser Leu Leu Asn Asn
20 25 30

Lys Asp Gin Lys Asn Tyr Leu Asn Trp Tyr GIn GIn Lys Pro GIy Gin
35 40 45

Ser Pro Lys Leu Leu lie Phe Phe Ala Ser Thr Arg His H e GIy VaI
50 55 60

Pro Asp Arg Phe Met GIy Ser GIy Ser GIy Thr Asp Phe Thr Leu Thr
65 70 75 80

H e Asn Ser VaI GIn Asn GIu Asp Leu Ala Asp Tyr Tyr Cys Leu GIn
85 90 95

Thr Tyr Ser Phe Pro Tyr Thr Phe GIy Ala GIy Thr Lys Leu GIu H e
100 105 H O

Lys Arg Thr VaI Ala Ala Pro Ser VaI Phe H e Phe Pro Pro Ser Asp
115 120 125

GIu GIn Leu Lys Ser GIy Thr Ala Ser VaI VaI Cys Leu Leu Asn Asn
130 135 140

Phe Tyr Pro Arg GIu Ala Lys VaI GIn Trp Lys VaI Asp Asn Ala Leu
145 150 155 160

GIn Ser GIy Asn Ser Gin GIu Ser VaI Thr GIu GIn Asp Ser Lys Asp
165 170 175

Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr
180 185 190

GIu Lys His Lys VaI Tyr Ala Cys GIu VaI Thr His GIn GIy Leu Ser
195 200 205

Ser Pro VaI Thr Lys Ser Phe Asn Arg GIy GIu Cys Asp Lys Thr His
210 215 220



Thr Cys Pro Pro Cys Pro Ala Pro GIu Leu Leu GIy GIy Pro Ser VaI
225 230 235 240

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr
245 250 255

Pro GIu VaI Thr Cys VaI VaI VaI Asp VaI Ser His GIu Asp Pro GIu
260 265 270

VaI Lys Phe Asn Trp Tyr VaI Asp GIy VaI GIu VaI His Asn Ala Lys
275 280 285

Thr Lys Pro Arg GIu GIu GIn Tyr Asn Ser Thr Tyr Arg VaI VaI Ser
290 295 300

VaI Leu Thr VaI Leu His GIn Asp Trp Leu Asn GIy Lys GIu Tyr Lys
305 310 315 320

Cys Lys VaI Ser Asn Lys Ala Leu Pro Ala Pro lie GIu Lys Thr lie
325 330 335

Ser Lys Ala Lys GIy GIn Pro Arg GIu Pro GIn VaI Tyr Thr Leu Pro
340 345 350

Pro Ser Arg GIu GIu Met Thr Lys Asn GIn VaI Ser Leu Thr Cys Leu
355 360 365

VaI Lys GIy Phe Tyr Pro Ser Asp lie Ala VaI GIu Trp GIu Ser Asn
370 375 380

GIy Gin Pro GIu Asn Asn Tyr Lys Thr Thr Pro Pro VaI Leu Asp Ser
385 390 395 400

Asp GIy Ser Phe Phe Leu Tyr Ser Lys Leu Thr VaI Asp Lys Ser Arg
405 410 415

Trp Gin GIn GIy Asn VaI Phe Ser Cys Ser VaI Met His GIu Ala Leu
420 425 430

His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro GIy Lys
435 440 445

<210> 9
<211> 5
<212> PRT
<213> Hamster sp.

<400> 9



Asn Tyr Asp Met Asn
1 5

<210> 10
<211> 17
<212> PRT
<213> Hamster sp.

<400> 10

Tyr lie Ser Ser GIy Ser GIy His lie Tyr Tyr GIy Asp Ala VaI Lys
1 5 10 15

GIy

<210> 11
<211> 6
<212> PRT
<213> Hamster sp.

<400> 11

Ser Tyr Trp Phe Ala Tyr
1 5

<210> 12
<211> 30
<212> PRT
<213> Hamster sp.

<400> 12

GIu VaI GIn Leu VaI GIu Ser GIy GIy GIy Leu VaI GIn Thr GIy Lys
1 5 10 15

Ser Leu GIu Leu Ser Cys GIu Ala Ser GIy Phe Thr Phe Ser
20 25 30

<210> 13
<211> 14
<212> PRT
<213> Hamster sp .

<400> 13

Trp VaI Arg Gin Ala Pro GIy Lys GIy Leu GIu Trp VaI Ala
1 5 10

<210> 14
<211> 32
<212> PRT
<213> Hamster sp.

<400> 14



Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Leu Leu Phe Leu GIn
1 5 10 15

Met Asn Asn Leu Lys Ser GIu Asp Thr Ala Met Tyr Tyr Cys Ser GIy
20 25 30

<210> 15
<211> 9
<212> PRT
<213> Hamster sp.

<400> 15

Trp GIy GIn GIy Thr Leu VaI Thr VaI
1 5

<210> 16
<211> 17
<212> PRT
<213> Hamster sp.

<400> 16

Lys Ser Ser Gin Ser Leu Leu Asn Asn Lys Asp Gin Lys Asn Tyr Leu
1 5 10 15

Asn

<210> 17
<211> 7
<212> PRT
<213> Hamster sp.

<400> 17

Phe Ala Ser Thr Arg His lie
1 5

<210> 18
<211> 9
<212> PRT
<213> Hamster sp.

<400> 18

Leu Gin Thr Tyr Ser Phe Pro Tyr Thr
1 5

<210> 19
<211> 23
<212> PRT
<213> Hamster sp .

<400> 19

Asp lie VaI Met Ser GIn Ser Pro Ser Ser Leu Ala VaI Ser Ala GIy



10 15

GIu Lys VaI Thr lie GIy Cys
20

<210> 20
<211> 15
<212> PRT
<213> Hamster sp.

<400> 20

Trp Tyr GIn Gin Lys Pro GIy Gin Ser Pro Lys Leu Leu lie Phe
1 5 10 15

<210> 21
<211> 32
<212> PRT
<213> Hamster sp.

<400> 21

GIy VaI Pro Asp Arg Phe Met GIy Ser GIy Ser GIy Thr Asp Phe Thr
1 5 10 15

Leu Thr lie Asn Ser VaI GIn Asn GIu Asp Leu Ala Asp Tyr Tyr Cys
20 25 30

<210> 22
<211> 8
<212> PRT
<213> Hamster sp.

<400> 22

Phe GIy Ala GIy Thr Lys Leu GIu
1 5

<210> 23
<211> 29
<212> PRT
<213> Hamster sp.

<400> 23

GIy Ala GIy GIy GIy Cys GIy Cys GIy Cys Cys GIy Ala Ala GIy Thr
1 5 10 15

GIy Cys Ala GIy Cys Thr GIy GIy Thr GIy GIy Ala GIy
20 25

<210> 24
<211> 29
<212> PRT
<213> Hamster sp.



<400> 24

GIy GIy Thr GIy Cys Thr Ala GIy Cys Thr Ala Ala Ala GIy Ala GIy
1 5 10 15

Ala Cys GIy GIy Thr GIy Ala Cys Cys Ala GIy Ala GIy
20 25

<210> 25
<211> 113
<212> PRT
<213> Hamster sp.

<400> 25

GIu VaI Gin Leu VaI GIu Ser GIy GIy GIy Leu VaI GIn Thr GIy Lys
1 5 10 15

Ser Leu GIu Leu Ser Cys GIu Ala Ser GIy Phe Thr Phe Ser Asn Tyr
20 25 30

Asp Met Asn Trp VaI Arg GIn Ala Pro GIy Lys GIy Leu GIu Trp VaI
35 40 45

Ala Tyr lie Ser Ser GIy Ser GIy His H e Tyr Tyr GIy Asp Ala VaI
50 55 60

Lys GIy Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Leu Leu Phe
65 , 70 75 80

Leu GIn Met Asn Asn Leu Lys Ser GIu Asp Thr Ala Met Tyr Tyr Cys
85 90 95

Ser GIy Ser Tyr Trp Phe Ala Tyr Trp GIy Gin GIy Thr Leu VaI Thr
100 105 110

VaI

<210> 26
<211> 111
<212> PRT
<213> Hamster sp .

<400> 26

Asp H e VaI Met Ser Gin Ser Pro Ser Ser Leu Ala VaI Ser Ala GIy
1 5 10 15

GIu Lys VaI Thr H e GIy Cys Lys Ser Ser GIn Ser Leu Leu Asn Asn
20 25 30



Lys Asp GIn Lys Asn Tyr Leu Asn Trp Tyr Gin GIn Lys Pro GIy GIn
35 40 45

Ser Pro Lys Leu Leu H e Phe Phe Ala Ser Thr Arg His lie GIy VaI
50 55 60

Pro Asp Arg Phe Met GIy Ser GIy Ser GIy Thr Asp Phe Thr Leu Thr
65 70 75 80

H e Asn Ser VaI GIn Asn GIu Asp Leu Ala Asp Tyr Tyr Cys Leu GIn
85 90 95

Thr Tyr Ser Phe Pro Tyr Thr Phe GIy Ala GIy Thr Lys Leu GIu
100 105 110
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