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ANTIBODIES AGAINST IN'l'ERli'ERON ALPHA/BETA RECEP:roR 

FIELD OF mE INVENTION 

The present invention relates to antibodies directed against the Iigand­

binding component of the interferon-al~ receptor which are capable of selectively 

modulating the activity of various Type I interferons. 

5 EP publication No. 588, 177 describes a soluble IFN-a. receptor, 

having a molecular weight of about 40,000. which was identified by cross-linking 

with 1251-IFN-a.2 and immunoprecipitation with anti-JFN-a monoclonal antibodies. 

When obtained from serum, this species had a molecular weight of SOK. It also 

describes the aforesaid 40,000 IFN-a. binding protein. (hereinafter "IFNAB-BP" or 

IO "IFNAB-BPII") obtained from urine in a homogenous state and having a sequence 

that differs from any other known protein. The IFNAB-BP binds to and blocks the 

activity of a variety of IFN-a. subtypes. as well as the one of IFN-'3. 

EP publication No 6 76, 413 describes cloning and sequencing of two 

cDNA molecules coding for precursors of IFNAB-BP. Both are probably derived 

15 from the same gene. e.g., by alternative splicing. Production of two recombinant 

proteins. designated IFNAB-BPI and IFNAB-BPII in mammalian and other host cells 

is also de~cribed. PoJycJonal and monoclonal antibodies directed against IFNAB-BP 

and useful for blocking the IFN receptor, for immunoassays and immunopurification 

ofIFNAB-BPI and IFNAB-BPII are also disclosed. 

20 In the present invention there are described two groups of neutralizing 

antibodies made against IFNAB-BPII which bind to the Type I interferon receptor on 

human cells. One group of the antibodies is capable of blocking the activity of both 

IFN-a. subtypes as well as the activity of IFN-f3. Another group of antibodies is 

.capable of selectively blocking the activity of various subtypes of interferon-a in 

25 human cells. without affecting the activity of intelferon-f3. Thus. one group of said 

antibodies may inhibit undesired effects ofIFN-cx. with very little effect on the activity 

ofIFN-ll 

30 

BACKGROUND OF THE INVENTION 

Type I interferons (IFNs) (IFN-cx. IFN-J3 and IFN-ro) constitute a 

family of structurally related cytokines, usually ·defined by their ability to confer 

resistance to viral infections. Many other biological activities of type I IFNs have 

been reported, including inhibition of cell proliferation, induction of class I :MIIC 

antigens and several other immuno- regulatory activities (1). IFN-a and IFN-f3 are 

35 useful for the treatment of several viral diseases. including hepatitis-C {2,3) and viral 
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warts (4,5), as well as certain malignancies such as hairy cell leukemia (6), chronic 

myelogenous leukemia (7) and Kaposi's sarcoma (8). 

IFN-a was detected in sera of various patients having autoimmune 

diseases such as systemic lupus erythematosus (9). as well as AIDS patients (10). 

5 IFN-a. was implicated in the progression of juvenile diabetes (11). Funher, IFN-a 

therapy has been shown in some cases to lead to undesired side effects. including. 

fever and neurological disorders (12). Hence there are pathological situations in 

which neutralization of JFN-a. aetivity may be beneficial to the patient. 

As in the case of other cytokines, IFN-a. exerts its biological activities 

IO by binding to a cell surface receptor, which is specific for all IFN-a. subtypes, as well 

as for IFN-J3 (13). A human IFN-a. receptor (IFNAR) was identified and cloned 

from Daudi cells (14). The cloned receptor has a single transmembrane domain, an 

extracellular and an intracellular domain. When expressed in murine cells, this 

·receptor confers responsiveness to human IFN-a.B but not significantly to other IFN-

15 a and IFN-13 species, indicating that additional components may be involved in the. 

response to IFN-P and to various IFN-a. subtypes. 

Several other studies indicate that there are additional components or 

receptor subunits involved in the binding of IFN-a. and IFN-~ ( 15-17). Nevertheless. 

it was reported that the already described receptor (14) is involved in binding of all 

20 IFN-a. and IFN-13 species (18). Indeed, a second receptor component, named IFN­

cx/~ receptor was recentJy identified and cloned (EP publication No. 676,413 and ref 

19). We demonstrated that IFN-a/'3 receptor whose extracellular domain has the 

same sequence as IFNAB-BPI is the primary ligand-binding component of the Type I 

interferon receptor. Furthermore, interferon-al~ receptor and IFNAR cooperate in 

25 ligand-binding and form a ternary complex with Type I interferons on cell surface 

(20). 

Monoclonal antibodies directed against IFNAR and capable of 

blocking the activity of Type I interferons in a non-selective manner were already 

described (21). Another monoclonal antibody, directed against an unidentified 

30 receptor component was described. This antibody blocked the activity of Type I 

interferons in a non-selective manner (22). 
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SUMMARY OF IBE INVENTION 
The present invention provides monoclonal antibodies directed against 

the IFN-cx/~ receptor which is the common receptor for IFN-a and IFN-B. These 
antibodies bind to several forms of the receptor which are either expressed on human · 

5 cells or as the soluble forms IFNAB-BPI and IFNAB-BPII. Two types of 
neutralizing monoclonal antibodies were developed. One type exhibits a high titer 
when used for blocking of the antiviral activity of both IFN-a and IFN-p. The 
second type surprisingly shows a high blocking titer only with respect to the antiviral 
activity ofIFN-a, while having a very low titer with respect to the activity of IFN-j3. 

JO Thus the unexpected second type of monoclonal antibodies may be used at a certain 
range of concentration for selectively blocking the activity of IFN-a while the activity 
of IFN-13 will not be affected. 

The present invention also provides humanized monoclonal antibodies 
directed against the IFN-cx/13 receptor expressed on human cells, IFNAB-BPI and 

15 IFNAB-BPII. Humanized monoclonal antibodies are mouse-human hybrid antibody 
molecules in which the variable domains are derived from the mouse antibody while 
the constant domains are of human origin. 

The present invention also provides DNA molecules encoding the 
monoclonal antibodies and the humanized monoclonal antibodies directed against the 

20 IFN-a.!p receptor, IFN .. AB-BPI and IFNAB-BP!I. 

The invention further provides replicable expression vehicles 
containing said DNA molecules. hosts transformed therewith and proteins produced 
by such transformed hosts. The term •nNA molecules" includes genomic DNA, 
cDNA, synthetic DNA and combinations thereof 

25 The invention also relates to DNA molecules which hybridize under 
stringent conditions to the above DNA molecules and encode proteins having the 
same biological activity as the monoclonal antibodies and humanized monoclonal 
antibodies directed against the IFN-cx/f3 receptor, IFNAB-BPI and ll'NAB-BPII. 

The present invention also provides methods for preparation of host 
30 cells capable of production of functional monoclonal antibodies and humanized 

monoclonal antibodies directed against the IFN-cx/f3 receptor, IFNAB-BPI and 
IFNAB-BPil. 

The monoclonal antibodies according to the present invention inhibit 
the biological activity of human interferon-a in human cells without affecting the 

JS biological activity of human interferon-f3. The biological activity was determined by 
quantitative evaluation of the inhibitory effect of the antibody when tested in a 
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cytopathic effect inhibition assay, using human WISH cells and vesicular stomatitis 

VJIUS. 

DETAILED DESCRIPTION OF THE INVENTION 

According to Israeli Patent Application No. 106591, an IFN-cx/~ 

binding protein having a molecular weight of 40,000 (IFNAB-BP) was isolated from 

normal urine by two chromatographic steps. Crude urinary proteins were loaded on 

a column consisting of IFN-a2 bound to agarose. The column was washed to 

remove non-relevant proteins and the bound proteins were then eluted at low pH. 

10 Eluted proteins were then resolved by size exclusion .HPLC to give several protein 

peaks, one of which was characterized by its ability to react specifically with 1251-

IFN-a.2 and to block the antiviral activity of IFN-a. and IFN-~. Th.is protein was 

further characterized by N- terminal microsequence analysis. The resulting sequence 

was compared with and found different from that of the known IFNAR receptor 

15 (14). It was also different from any other known protein and it was not coded by any 

known DNA sequence, as determined by comparing it to Swissprot and Genebank 

data libraries, using the FastA program (23)_. 

Homogenous preparations of urinary IFNAB-BP were used as an 

immunogen for preparation of antibodies. 

20 The term "antibody" is meant to include polyclonal antibodies. 

monoclonal antibodies (Mabs), chimeric antibodies. anti-idiotypic (anti-Id) antibodies 

to antibodies that can be labeled in soluble or bound form. as well as active fractions 

thereof provided by any known technique, such as, but not limited to enzymatic 

cleavage, peptide synthesis or recombinanttechniques. 

25 Polyclonal ·.antibodies are heterogeneous populations of antibody 

molecules derived from .the sera of animals immunized with an antigen. A 

monoclonal antibody contains a substantially homogeneous population of antibodies 

specific to antigens,. which population contains substantially similar epitope binding 

sites. Mabs may be obtained by methods known to those skilled in the art. See, for 

30 example Kohler and Milstein, Nature 256:495-497 (1975); US Patent No. 4,376,110; 

Ausubel et al, eds., Current Protocols in Molecular Biology. Greene Publishing 

Assoc. and Wiley Intersdence. N.Y., (1987- 1996); Harlow and Lane, 

ANTIBODIES: A LABORATORY MANUAL. Cold Spring Harbor Laboratory 

(I 988); and Colligan et al., eds., Current Protocols in Immunology, Greene 
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Publishing Assoc. and Wiley Interscience. N.Y .• (1992-1996), the contents of which 

references are incorporated entirely herein by reference. Such antibodie~ may be of 

any immunoglobulin class including IgG, IgM. IgE, lgA, GILD and any subclass 

thereof A hybridoma producing a Mab of the present invention may be cultivated in 

s vitro, in ,\·itu or in viva. Production of high titers of Mabs i11 vivo or in situ makes 

this the presently preferred method of production. 

Chimeric antibodies are molecules different portions of which are 

derived from different animal species, such as those having the variable region 

derived from a murine Mab and a human immunoglobulin constant region. Chimeric 

10 antibodies are primarily used to reduce immunogenicity in application and to increase 

yields in production, for example, where murine Mabs have higher yields ·from 

hybridomas but higher iminunogenicity in humans, such that human/murine chimeric 

Mabs are used. Chimeric antibodies and methods for their production are known in 

the art (Cabilly et al, Proc. Natl. Acad. Sci. USA 81 :3273-3277 (1984); Morrison et 

JS al.. Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984); Boulianne et al., Nature 

312:643-646 (1984); Cabilly et al., European Patent Application 125023 (published 

November 14. 1984); Neuberger et al., Nature 314:268-270 (1985); Taniguchi et al., 

European Patent Application 171496 (published February 19. 1985); Morrison et al., 

European Patent Application 173494 (pubHshed March 5, 1986); Neuberger et al., 
20 PCT Appiication WO 8601533, (published March 13. 1986); Kudo et al., European 

Patent Application 184187 (published June 11, 1986); Morrison et al., _European 

Patent Application 173494 (published March 5, 1986); Sabagan et al., J. Immunol. 

137:1066-1074 (1986); Robinson et al., International Patent Publication. WO 

9702671 (published 7 May 1987)~ Liu et al., Proc. Natl. Acad. Sci. USA 84:3439-

25 3443 (1987); Sun et al, Proc. Natl. Acad. Sci. USA 84:214-218 (1987); Better et 

at., Science 240:1041-1043 (1988); and Harlow and Lane, ANTIBODIES: A 

LABORATORY MANUAL. supra. These references are entirely incorporated 

herein by reference. 

An anti-idiotypic (anti-Id) antibody is. an antibody which recognizes 

JO unique determinants generally associated with the antigen-binding site of an antibody. 

An Id antibody can be prepared by immunizing an animal of the same species and 

genetic type (e.g., mouse strain) as the source of the Mab with the Mab to which an 

anti-Id is being prepared. The immunized animal wiU recognize and respond to the 

idiotypic determinants of the immunizing antibody by producing an antibody to these 

35 idiotypic determinants (the anti-Id antibody). See, for example, US patent No. 

4,699,880, which is herein entirely incorporated by reference. 
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The anti-Id antibody may also be used as an "immunogen" to induce 

an immune response in yet another animal. producing a so-called anti-anti-Id 

antibody. The anti-anti-Id may be epitopically identical to the original Mab which 

induced the anti-Id. Thus. by using antibodies to the idiotypic determinants of a 

5 Mab, it is possible to identify other clones expressing antibodies of identical 

specificity. 

Accordingly, Mabs generated against IFNAB-BPI, IFNAB-BPII. and 

related proteins of the present invention may be used to induce anti-Id antibodies in 

suitable animals, such as BALB/c mice. Spleen cells from such immunized mice are 

10 used to produce anti-Id hybridomas secreting anti-Id Mabs. Further, the anti-Id 

15 

.· . 

Mabs can be coupled to a carrier such as keyhole limpet hemocyanin (KLH) and used 

to immunize additional BALB/c mice. Sera from these mice wlU contain anti-anti-Id 

antibodies that have the binding properties of the original Mab specific for an 

IFNAB-BP.I or IFNAB-BPII .epitope. 

The anti-Id Mabs thus have their own idiotypic epitopes. or 

"idiotopes" structurally similar to the epitope being evaluated, such as IFNAB-BPI or 

IFNAB-BPII. 

The term "antibody" is also meant to include both intact molecules as 

well as active fractions thereof. such as. for example, Fab and F(ab'}i. which are 

20 capable of binding antigen. Fab and F(ab1)2 fragments Jack the Fe fragment of intact 

antibody. clear more rapidly from the circulation. and may have less non-specific 

tissue binding than an intact antibody (Wahl et al., J. Nucl. Med. 24:316-325 (1983)). 

It will be appreciated that Fab and F(ab')2 and other fragments of the 

antibodies useful in the present invention may be used for selective blocking of the 

25 biological activity of IFN-a according to the methods disclosed herein for intact 

antibody molecules. Such fragments are typically produced by proteolytic cleavage, 
using enzymes such as papain (to produce Fab fragments) or pepsin (to produce 

F(ah'h fragments). 

An antibody is said to be "capable of binding" a molecule if it is 

30 capable of specifically reacting with the molecule to thereby bind the molecule to the 

antibody. The term "epitope" is meant to refer to that portion of any molecule 

capable of being bound by an antibody which can also be recognized by that 

antibody. Epitopes or "antigenic determinants" usually consist of chemically active 

surface groupings of molecules such as amino acids or sugar side chains and have 
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specific three dimensional structural characteristics as well as specific charge 

characteristics. 

An "antigen" js a molecule or a portion of a molecule capable of being 

bound by· an antibody which is additionally capable of inducing an animal to produce 

s antibody capable of binding to an epitope of that antigen. An antigen may have one 

or more than one epitope. The specific reaction re(erred to above is meant to 

indicate that the antigen will react. in a highly selective manner. with its 

corresponding antibody and not with the multitude of other antibodies which may be 

evoked by other antigens. 

10 The antibodies, including fragments of antibodies. useful in the present 

invention may be used for blocking the biological activity of IFN-a. subtypes with 

little effect on the activity of interferon-Jl 

The present invention also provides DNA molecules encoding any of 

the antibodies of the present invention as defined above, replicable expression 

15 vehicles comprising any such DNA molecules, host cells transformed with any such 

expression vehicles including prokaryotic and eukaryotic and host cells. 

The invention also includes a process for the production of any of the 

antibodies of the present invention by culturing hybridomas in accordance with· the 

present invention and recovering the secreted monoclonal antibody. 

20 The invention also includes a process for the production· oi any of the 

antibodies of the present invention by culturing transformed cells in accwith present 

invention and recovering the secreted antibody encoded by the DNA molecule and 

the expression vehicle within such transformed host cell. 

The invention further relates to active muteins and active fractions of 

25 said antibodies and to fused proteins consisting of wild type antibodies, or their active 

muteins ot their active fractions, fused to another polypeptide or protein and 

exhibiting a similar ability to block the biological activities of Type I IFNs. 

DNA encoding said antibodies, their active fractions. muteins or fused 

proteins, and the operably linked transcriptional and translational regulatory signals, 

30 are inserted into eukaryotic vectors which are capable of integrating the desired gene 

sequences into the host cell chromosome. In order to be able to select the cells 

which have stably integrated the introduced DNA into their chromosomes, one or 

more markers which allow for selection of host cells which contain the expression 

vector is used. The marker may provide for prototrophy to an auxotropic host, 

35 biocide resistance, e.g., antibiotics, or resistance to heavy metals, such as copper. or 

the like. The selectable marker gene can either be directly linked to the DNA gene 
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sequences to be expressed. or introduced into the same cell by cotransfection. 

Additional elements may also be needed for optimal synthesis of single chain binding 

protein mRNA. These elements may include splice signals, as well as transcription 

promoters, enhancers, and termination signals (24). 

For the purposes of expression of said antibodies, their active 

fractions or derivatives, the DNA molecule to be introduced into the cells of choice 

will preferably be incorporated into a plasmid or viral vector capable of autonomous 

replication in the recipient host. 

·Factors of importance in selecting a particular plasmid or viral vector 

10 include: the ease with which recipient cells that contain the vector may be recognized 

and selected from those recipient cells which do not contain the vector; the number 

of copies of the vector which are desired in a particular host; and whether it is 

deSirable to be able to 11shuttle11 the vector between host cells of different species. 

Preferred prokaryotic vectors include plasmids such as those capable of replication in 

1.5 E. coli, for example, pBR322. ColEI. pSClOJ, pACYC 184. etc. (25); Bacillus 

plasmids such as pC194. pC221, pT127, etc. (26); Streptomyces plasmids including 

plJlOl (27). Streptomyces bacteriophages such as JC3 l (28) and Pseudomonas 

plasmids (29,30). 

Preferred eu:karyotic plasmids include BPV. vaccinia. SV40, 2-micron 

20 circle~ etc .• or their deijvatives. Such plasmids are well known in the art (3 }-3 5). 

Once the vector or DNA sequence containing the construct(s) has 

been prepared for expression, the expression vector may be introduced into an 

appropriate host cell by any of a variety of suitable means. such as transformation. 

transfection. lipofection, conjugation. protoplast fusion, electroporation. calcium 

25 phosphate precipitation, direct microinjection. etc. 

Host cells to be used in this invention may be either prokaryotic or 

eukaryotic. Preferred prokaryotic hosts include bacteria such as E. coli. Bacillus, 

Streptomyces, Pseudomonas. Salmonell~ Serratia. etc. The most preferred 

prokaryotic host is E. coli. Bacterial hosts of particular interest include E. coli Kl2 

30 strain 294 (ATCC 31446). E. coli XI 776 (ATCC 31537). E. coli W31 IO (F-. 

lambda·. phototropic (ATCC 27325)). and other enterobacteria such as Salmonella 

typhimurium or Serratia marcescens and various Pseudomonas ·species. Under such 

conditions, the protein will not be glycosylated. The prokaryotic host must be 

compatible with the replicon and control sequences in the expression plasmid. 
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Preferred eukaryotic hosts are mammalian cells, e.g., human, monkey. 
mouse and Chinese hamster ovary (CHO) cells. because they provide post­
translational modifications to protein molecules including correct folding, correct 
disulfide bond formation, as well as glycosylation at correct sites. Also yeast cells 

5 and insect cells can carry out post- translational peptide modifications including high 
mannose glycosylation. A number of recombinant DNA strategies exist which utilize 
strong promoter sequences and high copy number of plasmids, which can be utilized 
for production of the desired proteins in yeast and in insect cells. Yeast cells 
recognize leader sequences on cloned mammalian gene products and secrete peptides 

10 bearing leader sequences. After the introduction of the vector, the host cells are 
!,'l'Own in a selective medium, which selects for the growth of vector-containing ceJls. 
Expression of the cloned gene sequence{s) results in the production of said 
antibodies, fusion proteins, or muteins or active fractions thereof. The expressed 
antibodies are then isolated and purified by any conventional procedure involving 

15 extraction, precipitation. chromato~raphy. electrophoresis. or the like, or by affinity 
chromatography. 

As used herein the term "muteins" refers to analogs of said antibodies, 
in which one or more of the amino acid residues of said antibodies or their active 
fractions are replaced by different amino acid residues. or are deleted, or one or more 

20 amino acid residues are added to the original sequence of said antibodies, without 
changing considerably the activity of the resulting products as compared with wild 
type antibodies or their active fractions. These muteins are prepared by known 
synthesis and/or by site-directed mutagenesis techniques. or any other known 
technique suitable therefor. 

25 Any such mutein preferably has a sequence of amino acids sufficiently 
duplicative of those of said antibodies such as to have substantia1Jy similar activity to 
said antibodies or their active fractions. One group of said antibodies is capable of 
blocking the antiviral activity ofhuman IFN-a.2 and human IFN-13. Another group of 
said antibodies is capable of blocking the antiviral activity of human IFN-a.2 while the 

30 activity of human IFN-f3 remains largely intact. Thus, it can be determined whether 
any given mutein has substantially the same activity as said antibody by means of 
routine experimentation comprising subjecting such a mutein, e.g., to a simple 
antiviral assay, as a mutein which blocks any species of type I interferon retains 
sufficient activity of said antibodies and therefore ~as at least one of the disclosed 

35 utilities of said antibodies and thus has substantially similar activity thereto. 
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In a preferred embodiment, any such mutein has at least 40% identity 

or homolo&ry with the sequence of one of the said antibodies. ·More preferably, it has 

at least 50%, at least 60%, at least 70%, at least 80% or, most preferably, at least 

90% identity or homology thereto. 

Muteins of said antibodies or their active fractions which can be used 

in accordance with the present invention, or nucleic acid coding therefor, include a 

finite set of substantially corresponding sequences as substitution peptides or 

polynuc1eotides which can be routinely obtained by one of ordinary skill in the art. 

without undue experimentation. based on the teachings and guidance presented 

10 herein. For a detailed description of protein chemistry and structure, see Schulz, · 

G.E. et al.,Principles of Protein Structure, Springer-Verlag, New York, 1978; and 

Creighton, T.E.,Proteins: Structure and Molecular Properties. W.H. Freeman & Co .• 

San Francisco, 1983, which are hereby incorporated by reference. For a presentation 

of nucleotide sequence substitutions, such as codon preferences, see Ausubel et al. 

15 supra, at§§ A.1. l-A.1.24, and Sambrook et al, supra, at Appendices C and D. 

Preferred changes for muteins in accordance with the present 

invention are what are known as "conservative" substitutions. Conservative amino 

acid substitutions of said antibodies, polypeptides or proteins or their active fractions 

may include synonymous amino acids within a group which have sufficiently similar · 

20 physicochemical properties that substitution between members of the group will 

preserve the biological function of the molecule. Grantham, Science, Vol. 185. pp. 

862-864 (1 ). is ~!ear thatinsertions and deletions of amino acids may also be made in 

the above-defined sequences without altering their function. particularly if the 

insertions or deletion's only involve a few amino. acids, e.g., under thirty, and 

25 preferably under ten, and do not remove or displace amino acids which are critical to 

a functional conformation, e.g., cysteine residues, Anfinsen, 11Principles That Govern 

The Folding of Protein Chains", Science, Vol. 181, pp. 223-230 (1973). Proteins and 

muteins produced by such deletions and/or insertions come within the purview of the 

present invention. 

30 Preferably, the synonymous amino acid groups are those defined in 

Table I. More preferably, the synonymous amino acid groups are those defined in 

Table· II; and most preferably the synonymous amino acid groups are those defined in 

Tablem. 
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TABLE I 

Preferred Groups of Synonymous Amino Acids 

Amino Acid Svnonymous Group 

5 Ser Ser. Thr. Gly, Asn 

Arg Arg. Gln, Lys. Glu, His 

Leu Ile. Phe, Tyr, Met, Val, Leu 

Pro Gly, AJa, Thr, Pro 

Thr Pro, Ser, Ala. Gly, His, Gin, Thr 

10 Ala GJy, Thr, Pro. Ala 

Val Met, Tyr, Phe, IJe, Leu, Val 

Gly Ala. Thr •. Pro, Ser. GJy 

Ile Met, Tyr, Phe, Val. Leu. Ile 

Phe Trp~ Met, Tyr, Ile, Val, Leu, Phe 

15 Tyr Trp, Met, Phe, Ile, Val, Leu, Tyr 

Cys Ser, Thr. Cys 

His Glu, Lys. Gin, Thr. Arg, His 

GJn Glu, Lys, Asn, His. Thr. Arg, Gin 

Asn Gin._ Asp, Ser, Asn 

20 Lys Glu. Gln, His, Arg, Lys 

Asp Glu, Asn, Asp 

Glu Asp, Lys, Asn, Gin. His. Arg, Glu 

Met Phe, De, Val, Leu, Met 

Trp Trp 

25 
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TABLEil 
More Preferred Groups of Synonymous Amino Acids 

Amino Acid S}'.nonvmous Groun 

j 

Ser Ser 

Arg His. Lys. Arg 

Leu Leu, Ile. Phe, Met 

Pro Ala. Pro 

10 Thr Thr 

Ala . Pro, Ala 

Val Val, Met. Ile 

Gly Gly 

Ile Ile; Met. Phe, Val. Leu 

15 Phe Met. Tyr, Ile, Leu, Phe 

Tyr · Phe. Tyr 

Cys Cys, Ser 

His His. Gin. Arg 

Gin Glu, Gin, His 

20 Asn Asp, Asn 
Lys Lys. Arg 

Asp Asp,Asn 

Glu Glu, Gln 

Met Met, Phe, Ile, VaJ, Leu 

25 Trp Trp 
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TABLE ID 

Most Preferred Groups of Synonymous Amino Acids 

Amino Acid Synonymous Group 

Ser Ser 

Arg Arg 

Leu Leu, lie, Met 

Pro Pro 

Thr Thr 

Ala Ala 

Val Val 

Gly Gly 

Ile Ile, Met, Leu 

Phe Phe 

Tyr Tyr 

Cys Cys, Ser 

His His 

Gln Gln 
Asn Asn 

Lys Lys 

Asp Asp 

GJu Glu 

Met Met, Ile, Leu 

Trp Met 

Examples of production of amino acid substitutions in proteins which 

can be used for obtaining muteins of said antibodies or their active fractions for use in 

30 the present invention include any known method steps, such as presented in US 

patents RE 33,653, 4,959,314, 4,588,585 and 4,737.462, to Mark et al; 5,116,943 to 

Koths et al., 4,965, 195 to Namen et al; 4,879,111 to Chong et al; and 5,017,691 to 

Lee et al; and lysine substituted proteins presented in US patent No. 4,904,584 

(Shaw et al). 

35 In another preferred embodiment of the present invention, any mutein 

of said antibodies or their active fractions has an amino acid sequence essentially 
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corresponding to that of said antibodies. The term "essentially corresponding to" is 

intended to comprehend proteins with minor changes to the sequence of the natural 

protein which do not affect the basic characteristics of the natural proteins, 

particularly insofar as their ability to block eompletely or selectively the activity of 

5 IFN-a. and IFN-f3 is concerned. The type of changes which are generally considered 

to fall within the "essentially corresponding to" language are those which would 

result from conventional mutagenes.is techniques of the DNA encoding these 

antibodies. resulting in a few minor modifications, and screening for the desired 

activity in the manner discussed above. 

10 Muteins in accordance with the present invention include proteins 

encoded by a nucleic acid. such as DNA or RNA. which hybridizes to DNA or RNA 

which encodes said antibodies in accordance with the present invention. under 

stringent conditions. The invention a~so includes such nucleic acid which is also 

useful as a probe in identification and purification of the desired nucleic add. 

15 Furthermore, such nucleic acid would be a prime candidate to determine whether it 

encodes a polypeptide which retains the functional activity of said antibodies of the 

present invention. The term 11stringent conditions" refers to hybridization and 

subsequent washing conditions which those of ordinary skill in the art conventionally 

refer to as "stringent". See Ausubel et al., Current Protocols in Molecular Biology. 

20 supra, Interscience. NY. §§6.3 and 6.4 (1987. 1992). and Sambrook et al., supra. 

Without limitation, examples of stringent conditions include washing conditions 12-

200C below the calculated Tm of the hybrid under study in, e.g .• 2*SSC and 0.5% 

SDS for 5 minutes, 2*SSC and 0.1% SDS for 15 minutes; O.l*SSC and 0.5% SDS 

at 37°C for 30-60 minutes and then a 0.1 *SSC and 0.5% SOS at 68°C for 30-60 

25 minutes. Those of ordinary skill in this art understand that stringency conditions also 

depend on the length of the DNA sequences. oligonucleotide probes (such a5 l 0-40 

bases) or mixed oligonucleotide probes. If mixed probes are used, it is preferable to 

use tetramethyl ammonium chloride (TMAC) instead of SSC. See Ausubel. IYllli· 

The term "fused protein" refers to a polypeptide comprising said 

30 antibodies or their active fractions or a mutein thereof. fused with another protein 

which, e.g .• has an extended residence time in body fluids. Said antibodies or their 

active fractions may thus be fused to another protein. polypeptide or the like. 

The term 11salts" herein refers to both salts of carboxyl groups and to 

acid addition salts of amino groups of said antibodies, their active fractions, muteins. 
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or fused proteins thereof. Salts of a carboxyl group may be formed by means known 

in the art and include inorganic salts, for example, sodium, calcium, ammonium, ferric 

or zinc salts, and the like, and salts with organic bases as those formed, for example, 

with amines, such as triethanolamine, arginine or lysine, piperidine, procaine and the 

5 like. Acid addition salts include, for example, salts with mineral acids such as. for 

example,. hydrochloric acid or su]furic acid, and salts with organic acids such as, for 

example, acetic acid or oxalic acid. Of course, any such salts must have substantially 

similar activity to said antibodies or their active fractions. 

"Functional derivatives" as used herein cover derivatives of said 

10 antibodies or their active fractions and their rnuteins and fused proteins. which may 

be prepared from the functional groups which occur as side chains on the residues or 

the N- or C-terminal groups, by means known in the art. and are included in the 

invention as long as they remain pharmaceutically acceptable, i.e., they do not 

destroy the activity of the protein which is substantially similar to the activity of said 

15 antibodies, and do not confer toxic properties on compositions containing it. These 

derivatives may, for example, include polyethylene glycol side-chains which may 

mask antigenic sites and extend the residence of said antibodies or their active 

fractions in body fluids. Other derivatives include aliphatic esters of the carboxyl 

groups, amides of the carboxyl groups by reaction with ammonia or with primary or 

20 secondary amines, N-acyl derivatives of free amino groups of the amino add residues 

formed with acyl moieties (e.g., alkanoyl or carbocyclic amyl groups). or 0-acyl 

derivatives of free hydroxyl groups (for example that of seryJ or threonyl residues) 

formed with acyl moieties. 

As "active fractions" of said antibodies, muteins and fused proteins, 

25 the present invention covers any fragment or precursors of the polypeptide chain of 

said antibodies, or fused proteins containing any such fragment of said antibodies, 

alone or together with associated molecules or residues linked thereto, e.g., sugar or 

phosphate residues, or aggregates of any of the above antibodies, provided said 

fraction has substantially similar activity to said antibodies. 

30 The present invention further relates to pharmaceutical compositions 

comprising a pharmaceutically acceptable carand said antibodof the invention or their 

active muteins, fused proteins and their salts, functional derivatives or active fractions 

thereof. 

The pharmaceutical compositions of the invention are prepared for 

35 administration by mixing said antibodies or their derivatives, with physiologically 

acceptable carriers. and/or stabilizers and/or excipients. and prepared in dosage form, 
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examples: 

EXAMPLE 1: Immunization of mice with IFNAB-BP and fusion with 
myeloma cells 

25 Female Balb/C mice (3 months old) were first injected with 2 µg 
purified IFNAB-BP in an emulsion of complete Freund's adjuvant, and three weeks 
later, subcutaneously in incomplete Freund's adjuvant. Five additional injections 
were given at I 0 day intervals. subcutaneously in PBS. Sera of these mice had 
binding titer 1:100,000 as determined by IsRIA (see below). The antisera blocked 

JO the antiviral activity of both IFN-a. and IFN-B as determined by the following 
procedure: Pre-formed monolayers of human WISH cells in 96 well plates were 
incubated for 2 hr at 37°C with twofold dilutions of antiserum (or monoclonal 
antibody). IFN-a2 or IFN-(3 (10 U/ml final; calibrated against NIH standards) was 
then added to all wells and the plates were further incubated for 4 hr. The cells were 
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then challenged with vesicular stomatitis virus (VSV) and incubated overnight until a 

complete cytopathic effect was noticed in control wells lacking IFN. The neutralizing 

titer of the antibodies in wells showing 50% CPE was taken as 9 units/ml. Hence. I 

blocking unit/ml is the antibody concentration needed for blocking the activity of I 

5 U/ml of IFN under these assay conditions. The serum of the immunized mice had a 

neutralizing titer of 120,000 U/ml for both IFN-a.2 and IFN-(3. 

Final boosts of purified lFNAB-BP were then given intraperitoneally 4 

and 3 days before the fusion. Fusion was performed using NSO/l myeloma cell line 

and lymphocytes prepared from both the spleen and lymph nodes of the immunized 

10 · mouse as fusion partners. The fused cells were distributed into 96 wen plates and the 

hybridomas were selected in DJvJEM supplemented with HAT and 15% horse serum. 

15 

EXAMPLE 2: Screening of hybridomas and characterization of monoclonal 

antibodies 

The screening of hybridoµias producing anti-IFNAB-BP monoclonal 

antibodies was performed as follows: Hybridoma supematants were tested for the 

presence of anti-IFNAB-BP antibodies by an invened solid phase radioimmunoassay 

(sRIA) as follows. PVC microtiter plates (Dynatech Laboratories. Alexandria, VA) 

were coated with affinity purified goat anti- mouse. serum F(ab )2 antibodies (Jackson 

.20 Labs. USA) {l O µg/ml. 100 µJ/weU). FolJowing overnight incubation at 4°C the 

plates were washed twice with PBS containing BSA (0.5%) and Tween 20 (0.05%) 

and blocked in washing solution for at least 2 hr at 37°C. Hybridoma culture 

supematants ( 100 µI/well) were added and the plates were incubated for 4 hr at 

37°C. The plates were then washed three times with the washing solution and 1251-

25 IFNAB-BP (100 µl, 105 cpm) was added for further incubation of 16 hr at 4°C. The 

plates were washed 3 times and individual weJJs were cut and counted in a gamma 

counter. Samples giving counts that were at least 5 times higher than the negative 

control value were considered positive (Table IV). All positive clones were selected 

and subcloned. Individual subclones were injected into Balb/C mice that had been 

30 primed with pristane for the production of ascites. Immunoglobulins were isolated 

from ascitic fluids by precipitation with ammonium sulfate (50% saturation). The 

isotypes of the antibodies were defined by using a commercially available ELISA kit 

(Amersham. UK). 

The various monoclonal antibodies. either as hybridoma supematants, 

35 concentrated hybridoma supematants, ascitic fluids or immunoglobulins from ascitic 

fluids were further tested for their ability to block the receptor and prevent the 
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antiviral activity of IFN-a.2 and IFN-(3 as described above for the serum of 
immunized mice. The results are given in Table IV. Thus it was found that 
monoclonal antibodies 16.3, 53.2 and 392.1 bJock the antivira1 activity of both IFN­
cx.2 and IFN-P at comparable titers, whereas the titer of monoclonal antibodies 35.9. 

s 51.44 and 234.14 against IFN-a2 was unexpected1y found to be significantly higher 
than their titer against IFN-f3. Thus monoclonal antibodies 35.9. 51.44 and 234.14 
may be used at a certain range of concentration for selectively blocking the activity of 
IFN-a. while the activity of IFN-f.3 will not be affected. 

10 
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Table IV 

Characterization of monoclonal antibodies to IFN-a/B receJ!tor {IFNAB-BP} 

Antibody IsRIA (cpm) Neutralizing Neutralizing lg 

titer titer class 

IFN-a2 (U/ml) IFN-~ (U/ml) 

16.3 Hybridoma 39.103 >5,120 ND IgGl 

supernatant 

16.3 Ascitic fluid 1 ND2 60,000 60,000 IgGl 

35.9 Hybridoma 33,100 1,280 150 IgGI 

supernatant 

3 5. 9 Ascitic fluid ND 60,000 15,000 IgGl 

51. 44 Hybridoma 6,345 1,000 <75 IgG2a 

supernatant 

51.44 lg (5 mg/ml) ND 15,000 <2500 IgG2a· 

53.2 Hybridoma 26,737 2,000 ND lgGl 

supernatant 

53.2 Ascitic fluid ND 120,000 70,000 lgGl 

117. 7 Hybridoma 38,945 2,000 ND IgGI 

supernatant 

117.7 lg (10 mglml) ND 28,800.000 2.000.000 IgGl 

234.14 Hybridoma 21,812 >5.120 <200 lgG2a 

supernatant 

5 
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Table IV (cont.) 
Characterization of monoclonal antibodies to IFN-a/B receptor CIFNAB-BPl 

Antibody IsRIA (cpm) Neutralizing Neutralizing lg 
titer titer class 
IFN-a.2 (U/ml) IFN-~ (U/ml) 

234 .14 lg (1 O mg/ml) ND 1.440,000 23,000 lgG2a 

392. l Hybridoma 34.390 2.400 ND lgGI 
supernatant 

3 92.1 Ascitic fluid ND 160,000 70,000 IgGl 

s 1 about 5 mg/ml lg. 

2 Not done. 

JO 

EXAMPLE 3: Use of monoclonal antibodies for the ELISA test of IFNAB-BPII 
Microtiter plates (Dynatech or Maxisorb. bNunc) were coated with 

anti-JFNAB-BP monoclonal antibody overnight at 4°C. This first coating can be 
done with either monoclonal antibody No. 46.10 (lg fraction, 120 µI/well. 10 µglml 

15 in PBS). Monoclonal antibody No. 46.10 was described in EP Publication No. 
676,413. 

Alternatively. monoclonal antibody No. 117. 7 may be used for the 
first coating. The plates were washed with PBS containing BSA (0.5%), Tween 20 
(0.05%} and NaN3 (0.02%) (Blocking Solution) and blocked in the same solution 

20 overnight at 37°C. The tested samples were serially diluted twofold (starting with 
1:4} in the Blocking Solution containing 0.1% NP40 and 0.65 M NaCl and added to 
the wells (100 µ11) for 4 hr. at 37°C. The pJates were then washed 3 times with PBS 
containing 0.05% Tween 20 (PBS/Tween) followed by the addition of biotinylated 
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monoclonal antibody No. 234.14 (1:1000 in Blocking Solution but without NaN3. 
100 µI/well) for further incubation overnight at 4°C. The plates were washed 3 times 
with PBSffween, (100 µJ/well), and a conjugate of Streptavidin - horseradish 
peroxidase (Jackson Labs, 1:10,000 in PBS/Tween, 100 µI/well) was added for 2 hr. 

5 at room temperature. The plates were washed 3 times with PBS/Tween and the 
color was developed by adding to each well 100 ml of a freshly prepared solution of 
ABTS (2,2'-azino-bis (3-ethylbenzthiazoline-6- sulfonic acid. Sigma, IO mg; 6.4 ml 

H20~ 2.2 ml of 0.2M Na2HP04; 1.4 ml 0.2 M citric acid; 1 µl H202) as a substrate. 
Color develops by 30 min. and the reaction may be stopped by addition of 100 

10 µI/well of 0.2 M citric acid. The plates were read by an automatic ELISA reader at 
405 nm. correcting for non-specific reading at 630 run. The lower limit of detection 
of this assay was 30 pg/ml. 

The foregoing description of the specific embodiments reveal the 
general nature of the invention so that others can, by applying current knowledge, 

15 readily modify and/or adapt for various applications such specific embodiments 
without departing from the generic concept, and, therefore, such adaptations and 
modifications should and are intended to be comprehended within the meaning and 
range of equivalents of the disclosed embodiments. It is to be understood that the 
phraseology or terminology employed herein is for the purpose of description and not 

20 oflimitation. 

Hybridomas 46.10, 117.7 and 234.14 were deposited at the Pasteur 
Institut (CNCM) under deposit numbers 1-1697, I-1698, and I-1699, respectively on 
April 23. 1996. 
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What Is Claimed Is: 

1. An antibody wherein said antibody binds to the IFN-a/fl 

receptor or its IFNAB-BPI and IFNAB-BPII soluble forms and said antibody blocks 

5 the biological activity of IFN-a. 

2. The antibody in accordance with claim 1, wherein said 

antibody blocks the biological activity of IFN-a and IFN-fl 

IO 3. The antibody in accordance with claim I, wherein said 

antibodies selectively block the biological activity of IFN-a. 

4. The antibody in accordance with claim 1, wherein said 

antibody is a monoclonal antibody. 

15 

5. The antibody in accordance with claim I, wherein said 

antibody is a polyclonal antibody. 

6. The antibody In accorda.'lCe with claim 1, wherein said 

20 antibody is a chimeric antibody. 

7. The antibody in accordance with claim l. wherein said 

antibody is humanized. 

25 8. The antibody in accordance with claim 3, wherein said 

antibody is a monoclonal antibody. 

9. The antibody in accordance· with claim 3, wherein said 

antibody is a polyclonal antibody. 

30 

10. The antibody in accordance with claim 3, wherein said 

antibody is a chimeric antibody. 

111111111111111111111111111111 
* C . L M S * 
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11. The antibody in accordance with claim 3, wherein said 

antibody is humanized. 

12. A DNA molecule comprising a DNA segment encoding the 

5 antibody of claim 1. 

10 

13. The DNA molecule in accordance with claim 12, wherein said 

DNA is a recombinant DNA molecule. 

14. The DNA molecule in accordance with claim 12, wherein said 

DNA segment encoding the antibody is operably linked to transcriptional and · 

translational regulatory signals. 

15. An expression vector comprising a recombinant DNA 

15 molecule in accordance with claim 13. 

16. A host cell capable of expressing an antibody, wherein said 

host cell carries an expression vector in accordance with claim 15. 

20 17. A method of producing an antibody by culturing the host cell 

of claim 16 and expressing the antibody. 

18. A pharmaceutical composition for· modulating or blocking the 

biological activity of IFN-a.. comprising the antibody of claim 1 and a 

25 pharmaceutically acceptable carrier. 

30 

19. A method of modulating or blocking the biological activity of 

JFN-a. comprising the step of administering an effective amount of the 

pharmaceutical composition of claim 1 S to a subject in need thereof 

20. A hybridoma expressing an antibody according to claim I, 

designated NUR 2 117. 7 and deposited at the Pasteur Institut under accession no. I-

1698 on April 23. 1996. 

111111111111111111111111111111 
* C L M S * 
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21. A hybridoma expressing an antibody according to claim 1. 

designated NUR 2 234.14 and deposited at the Pasteur Institut under accession no. 

I-1699 on April 23, 1996. 

22. An ELISA test of IFNAB-BPI and/or IFNAB/BPll comprising 

commercial microtiter plates provided with a first coating of either monoclonal 

antibody 46.10 or 117.7, and a second coating of monoclonal antibody 234.14. 

111111111111111111111111111111 
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