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Mature human IFN-B: 

MSYNLLGFLQ RSSNFOCOKL LWOLNGRLEY CLKDRMNFDI PEEIKOLOOF 5 O 

QKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHOINHLKT 1 OO 

WLEEKLEKED FTRGKLMSSL HLKRYYGRL. HYLKAKEYSH CAWTTWRVE 150 

LRNFYFINRL TGYLRN 1.66 

(SEQ ID NO: 2) 

FIG. 3 

Mature human IFN-B(C17S): 

MSYNLLGFLQ RSSNFQSQKL LWOLNGRLEY CLKDRMNFDI PEEIKOLOOF 50 

QKEDAALTIY EMLQNIFAIF RQDSSSTGWN ETIVENLLAN VYHQINHLKT 1OO 

VLEEKLEKED FTRGKLMSSL HLKRYYGRL. HYLKAKEYSH CAWTIVRVEI 15 O 

LRNFYFINRL TGYLRN 166 

(SEQ ID NO:3) 

FIG. 4 
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Human Fcy4h-IFN-B(C17S), y4 isotype and modified y1 hinge: 

EPKSSDKTHT CPPCPAPEFL GGPSWFLFPP KPKDTLMSR TPEWTCVVVD 5 O 

VSQEDPEVOF NWYVDGVEVH NAKTKPREEO FNSTYRVVSV LTVLHODWLN 1 OO 

GKEYKCKVSN KGLPSSIEKT ISKAKGQPRE POVYTLPPSQ EEMTKNOVSL 15 O 

TCLVKGFYPS DIAVEWESNG QPENNYKTTP PVLDSDGSFF LYSKLTVDKS 2 OO 

RWQOGNIFSC SVMHEALHNH YTOKSLSLSP GMSYNLLGFL QRSSNFQSOK 250 

LLWOLNGRLE YCLKDRMNFD IPEEIKOLQQ FOKEDAALTI YEMLQNIFAI 3 OO 

FRQDSSSTGW NETIVENLLA NVYHOINHLK TVLEEKLEKE DFTRGKLMSS 350 

LHLKRYYGRI LHYLKAKEYS HCAWTIVRVE LRNFYFINR LTGYLRN 397 

(SEQ ID NO : 4) 

FIG. 5 
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Human Fc-(linker)-IFN-B, starting with the CH3 domain of the Fcy4 isotype: 

YKTPPVLDS 

LSLSPGAGGG 

EYCLKDRMNF 

WNETIVENL 

ILHYLKAKEY 

(SEQ ID NO: 

LPPSQEEMTK NOWSLTCLVK 

DGSFFLYSKL TVDKSRWQOG 

GSGGGGSGGG SGMSYNLLGF 

DIPEEIKOLO QFQKEDAALT 

ANVYHOINHL KTVLEEKLEK 

SHCAWTIWRV EIILRNFYFIN 

5) 

GFYPSDIAVE WESNGOPENN 

NIFSCSVMHE ALHNHYTOKS 

LORSSNFQCQ KLLWQLNGRL 

IYEMLONIFA IFRODSSSTG 

EDFTRGKLMS SHLKRYYGR 

RTGYERN 288 

F.G. 6 

SO 

100 

15 O 

200 

25 O 
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Human Fc-(linker)-IFN-B(C17S), starting with the CH3 domain of the Fcy4 
isotype: 

GOPREPOVYT LPPSQEEMTK 

YKTTPPWDS DGSFFYSKL 

LSLSPGAGGG GSGGGGSGGG 

EYCLKDRMNF DIPEEIKOLO 

WNETIVENLL ANVYHQINHL 

ILHYLKAKEY SHCAWTWRV 

(SEO ID NO : 6) 

SGMSYNLLGF 

OFOKEDAALT 

KTWLEEKLEK 

EIILRNFYFIN 

GFY PSDIAVE WESNGOPENN 

NIFSCSVMHE ALHNHYTQKS 

LORSSNFOSO KLLWOLNGRL 

IYEMLONIFA IFRODSSSTG 

EDFTRGKLMS SLHLKRYYGR 

RLTGYLRN 288 

FIG 7 

SO 

1OO 

150 

2 OO 
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Human Fc-(linker)-IFN-B(C17S, L57A, H131A, H140T), starting with the CH3 
domain of the Fcy4 isotype: 

GQPREPQVYT LPPSQEEMTK NQVSLTCLVK 

YKTTPPVLDS DGSFFLYSKL TVDKSRWQOG 

LSLSPGAGGG GSGGGGSGGG SGMSYNLLGF 

EYCLKDRMNF DIPEEIKOLO QFOKEDAAAT 

WNETIVENLL ANVYHQINHL KTVLEEKLEK 

IAYLKAKEY STCAWTWRV ELRNFYFIN 

(SEQ ID NO: 7) 

GFYPSDIAVE WESNGQPENN 

NIFSCSVMHE ALHNHYTOKS 

LORSSNFOSO KLLWOLNGRL 

IYEMLQNIFA IFRODSSSTG 

EDFTRGKLMS SLHLKRYYGR 

RTGYLRN 298 

FIG. 8 

50 

100 

15 O 

200 

250 
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Human Fc-(linker)-IFN-B(C17S, L57A, H131A, H140A), starting with the CH3 
domain of Foy4 isotype: 

GQPREPOVYT LPPSQEEMTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN SO 

YKTTPPVLDS DGSFFLYSKL TVDKSRWOOG NIFSCSVMHE ALHNHYTOKS 1.OO 

LSLSPGAGGG GSGGGGSGGG SGMSYNLLGF LORSSNFOSO KLLWOLNGRL 15 O 

EYCLKDRMNF DIPEEIKOLO OFOKEDAAAT IYEMLQNIFA IFRODSSSTG 2OO 

WNETIVENLL ANVYHQINHL KTVLEEKLEK EDFTRGKLMS SLHLKRYYGR 250 

LAYLKAKEY SACAWTIVRV ELRNFYFN RLTGYLRN 298 

(SEQ ID NO:8) 

FIG. 9 
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Human Fc-(linker)-IFN-B(C17S, F50A, H131A, H140A), starting with the CH3 
domain of the Fcy4 isotype: 

YKTTPPVLDS DGSFFLYSKI 

YKTTPPVLDS DGSEELYSKL 

LSSPGAGGG GSGGGGSGGG 

EYCLKDRMNF DIPEEIKOLQ 

WNETIVENLL ANVYHOINHL 

ILAYLKAKEY SACAWTIVRV 

(SEO ID NO: 9) 

SGMSYNLLGF 

QAQKEDAALT 

KTWEEKLEK 

ELRNFYFIN 

NIFSCSVMHE ALHNHYTOKS 

NWFSCSVMHE ALHNHYTOKS 

LORSSNFOSO KLLWOLNGRL 

IYEMLQNIFA IFRQDSSSTG 

EDFTRGKLMS SHLKRYYGR 

RTGYLRN 298 

FIG. 10 

50 

OO 

50 

200 

25 O 
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Human Fc-(linker)-IFN-B(C17S, F50A, H131A, H140T), starting with the CH3 
domain of the Fcy4 isotype: 

YKTTPPVLDS 

LSLSPGAGGG 

EYCLKDRMNF 

WNETWENLL 

ILAYLKAKEY 

(SEQ ID NO : 

LPPSQEEMTK NQVSLTCLVK 

DGSFFLYSKL TVDKSRWOOG 

GSGGGGSGGG SGMSYNLLGF 

DIPEEIKOLO OAOKEDAALT 

ANVYHQINHL KTVLEEKLEK 

STCAWTIVRV ELRNFYFIN 

10) 

GFYPSDIAVE WESNGOPENN 

NIFSCSVMHE ALHNHYTOKS 

LQRSSNFQSO KLLWOLNGRL 

IYEMLONIFA IFRODSSSTG 

EDFTRGKLMS SLHLKRYYGR 

RLTGYLRN 298 

FIG. 11 

50 

10 O 

150 

200 

250 
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Mature mouse IFN-B: 

INYKQLQLQE RTNIRKCQEL LEQLNGKINL TYRADFKIPM EMTEKMOKSY 5 O 

TAFAIQEMLQ NVFLVFRNNF SSTGWNETIV VRLLDELHQQ TVFLKTVLEE 1 OO 

KQEERLTWEM SSTALHLKSY YWRVORYLKL MKYNSYAWMV VRAEIFRNFL 150 

IIRRLTRNFO N 161 

(SEQ ID NO: 11) 

FIG. 12 

Mature mouse IFN-B(C17S): 

INYKOLOLOE RTNIRKSQEL LEQLNGKINL TYRADFKIPM EMTEKMOKSY 5 O 

TAFAIOEMLQ NVFLVFRNNF SSTGWNETIV VRLLDELHQQ TVFLKTVLEE 1 OO 

KQEERLTWEM SSTALHLKSY YWRVORYLKL MKYNSYAWMV VRAEIFRNFL 15 O 

IIRRLTRNFO N 161 

(SEQ ID NO:12) 

FIG. 13 
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Human Fcy4h-IFN-B(C17S) (y4 isotype with modified y1 hinge) nucleic acid 
sequence, starting from hinge: 

GAGCCCAAATCTTCTGACAAAACTCACACATGCCCACCGTGCCCAGGTAAGCCAGCCCAGGCCTCGCCCTCCAGCTCA 

AGGCGGGACAGGGCCCTAGAGTAGCCTGCATCCAGGGACAGGCCCCAGCCGGGTGCTGACGCATCCACCTCCATCTC 

TTCCTCAGCACCTGAGTTCCTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATGATCTC 

CCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGA 

TGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCT 

CACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCICCCGTCCTCCAT 

CGAGAAAACCATCTCCAAAGCCAAAGGTGGGACCCACGGGGTGCGAGGGCCACATGGACAGAGGTCAGCTCGGCCCAC 

CCTCTGCCCTGGGAGTGACCGCTGTGCCAACCTCTGTCCCTACAGGGCAGCCCCGAGAGCCACAGGTGTACACCCTGC 

CCCCACCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCG 

CCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCT 

TCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACATCTTCTCATGCTCCGTGATGCATG 

AGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCCCCGGGTATGAGCTACAACTTGCTTGGATTCCTAC 

AAAGAAGCAGCAATTTTCAGAGTCAGAAGCTCCTGGGCAATTGAATGGGAGGCTTGAATATTGCCTCAAGGACAGGA 

TGAACTTTGACATCCCTGAGGAGATTAAGCAGCTGCAGCAGTTCCAGAAGGAGGACGCCGCATTGACCATCATGAGA 

TGCTCCAGAACATCTTTGCTATTTTCAGACAAGATTCATCTAGCACTGGCTGGAATGAGACTATTGTTGAGAACCTCC 

TGGCTAATGTCTATCATCAGATAAACCATCTGAAGACAGTCCTGGAAGAAAAACTGGAGAAAGAAGATTTCACCAGGG 

GAAAACTCATGAGCAGTCTGCACCTGAAAAGATATATGGGAGGATTCGCATTACCTGAAGGCCAAGGAGTACAGTC 

ACTGTGCCTGGACCATAGICAGAGTGGAAATCCTAAGGAACTTTTACTTCATTAACAGACTTACAGGTTACCTCCGAA 

ACTGA 

(SEQ ID NO: 13) 

FIG - 14 
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AACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTCCTTTTTCA 

ATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAAT 

AGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAA 

AAATAGGCGTATCACGAGGCCCTTTCGTCTTCAAGAATTCCGATCCAGACAGATAAGATACATTGATGAGTTGGAC 

AAACCACAACTAGAATGCAGTGAAAAAAATGCTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTA. 

GAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTT 

TTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGACTAAAGCCAGCAAAAGTCCCATGGTCTTAA 

AAAATGCATAGCTTTCGGAGGGGAGCAGAGAACTTGAAAGCATCTTCCTGITAGICTTTCTTCTCGTAGACCTTAAA 

TCATACTTGATTCCTTTTTCCTCCTGGACCTCAGAGAGGACGCCTGGGTATTCTGGGAGAAGTTTATATTTCCCCAAA 

TCAATTTCTGGGAAAAACGGTCACTTTCAAATTCCTGCATGATCCTTGICACAAAGAGICTGAGGTGGCCTGGTTGA 

TTCATGGCTTCCTGGTAAACAGAACTGCCTCCGACTATCCAAACCATGTCTACTTACTIGCCAATTCCGGTTGTTCA 

ATAAGTCTTAAGGCATCATCCAAACTTTTGGCAAGAAAATGAGCTCCTCGTGGGGTTCTTGAGTTCTCTACTGAGA 

ACTATATTAATTCTGTCCTTTAAAGGTCGATTCTTCTCAGGAATGGAGAACCAGGTTTCCTACCCATAATCACCAGA 

TTCTGTTTACCTTCCACTGAAGAGGTTGTGGTCATTCTTTGGAAGTACTTGAACTCGTTCCTGAGCGGAGGCCAGGGT 

CGGTCTCCGTTCTTGCCAATCCCCAATTTTGGGACACGGCGACGATGCAGTTCAATGGTCGAACCATGAGGGCACCA 

AGCTAGCTTTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCTCACTACTTCTGGAATAGCTCAGAGGCCGAGGCGGC 

CTCGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCATGGGGCGGAGAATGGGCGGAACGGGCGGAGTTAGGGGCGG 

GATGGGCGGAGTTAGGGGCGGGACTATGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGA 

GCCTGGGGACTTTCCACACCTGGTTGCTGACTAATTGAGAIGCAIGCTTTCCATACTICTGCCTGCIGGGGAGCCTGG 

GGACTCCACACCCTAACGACACACATCCACA 

(SEQ ID NO: 14) 

F.G. 15-3 
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Human Fcg4h-linker-IFN-B(C17S) (y4 isotype with modified y1 hinge) nucleic 
acid sequence, starting from hinge: 

GAGCCCAAATCTTCTGACAAAACTCACACAGCCCACCGTGCCCAGGTAAGCCAGCCCAGGCCTCGCCCTCCAGCTCA 

AGGCGGGACAGGTGCCCTAGAGTAGCCTGCATCCAGGGACAGGCCCCAGCCGGGTGCTGACGCATCCACCTCCATCTC 

TTCCTCAGCACCTGAGTTCCTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATGATCTC 

CCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGA 

TGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCT 

CACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCCTCCAT 

CGAGAAAACCATCTCCAAAGCCAAAGGTGGGACCCACGGGGTGCGAGGGCCACATGGACAGAGGTCAGCTCGGCCCAC 

CCTCTGCCCTGGGAGTGACCGCTGTGCCAACCTCTGTCCCTACAGGGCAGCCCCGAGAGCCACAGGTGTACACCCTGC 

CCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCG 

CCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCT 

TCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACATCTTCTCATGCTCCGTGATGCATG 

AGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCCCCGGGTGCAGGGGGCGGGGGCAGCGGGGGCGGAG 

GATCCGGCGGGGGCTCGGGTATGAGCTACAACTTGCTTGGATTCCTACAAAGAAGCAGCAATTTTCAGAGTCAGAAGC 

TCCTGTGGCAATTGAATGGGAGGCTTGAATATTGCCTCAAGGACAGGATGAACTTTGACACCCTGAGGAGATTAAGC 

AGCTGCAGCAGTTCCAGAAGGAGGACGCCGCATTGACCATCTATGAGATGCTCCAGAACATCTTGCTATTTTCAGAC 

AAGATTCATCTAGCACTGGCTGGAATGAGACTATTGTTGAGAACCTCCTGGCTAATGTCTATCATCAGATAAACCATC 

TGAAGACAGTCCTGGAAGAAAAACTGGAGAAAGAAGATTTCACCAGGGGAAAACTCATGAGCAGTCTGCACCTGAAAA 

GATATTATGGGAGGATTCTGCATTACCTGAAGGCCAAGGAGTACAGTCACTGTGCCTGGACCATAGTCAGAGTGGAAA 

TCCTAAGGAACTTACTTCATTAACAGACTTACAGGITACCICCGAAACTGA 

(SEO ID NO: 15) 

FIG 16 
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Linearized Nucleic Acid Sequence of pdCs Vector Containing huFcy4h-linker 
IFN-B (C17S L57A H131A H140A) (y4 isotype with modified y1 hinge): 

GTCGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCC 

GCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGT 

ATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGG 

CAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATG 

CCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC 

GGTTTTGGCAGTACACAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCA 

ATGGGAGTTTGTTTCGCACCAAAACAACGGGACTCCAAAATGTCGTAACAACTCCGCCCCATTGACCCAAATGG 

GCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTACAGAACCCACTGCTTACTGGCTTA 

TCGAAAAAACGACCACTATAGGGAGACCCTCTAGACCACCAGGAGTIGCCTGTTAGGCTGTTGGTGCTGATGT 

TCTGGATTCCTGGTGAGGAGAGAGGGAAGTGAGGGAGGAGAATGGACAGGGAGCAGGAGCACTGAATCCCATTGCTCA 

TTCCATGTATCTGGCATGGGTGAGAAGATGGGTCTTATCCTCCAGCATGGGGCCTCTGGGGTGAATACTTGTTAGAGG 

GAGGTTCCAGATGGGAACATGTGCTATAATGAAGATTATGAAATGGAGCCTGGGATGGTCTAAGTAATGCCTTAGAAG 

TGACTAGACACTTGCAATTCACTTTTTTTGGTAAGAAGAGATTTTTAGGCTATAAAAAAATGTATGTAAAAATAAAC 

GATCACAGTTGAAATAAAAAAAAAATATAAGGATGTTCATGAATTTTGTGTATAACTATGTATTTCTCTCTCATTGT 

TCAGCTTCCTTAAGCGAGCCCAAATCTTCTGACAAAACTCACACATGCCCACCGTGCCCAGGTAAGCCAGCCCAGGCC 

TCGCCCTCCAGCTCAAGGCGGGACAGGTGCCCTAGAGTAGCCTGCATCCAGGGACAGGCCCCAGCCGGGTGCTGACGC 

ATCCACCTCCATCTCTTCCTCAGCACCTGAGTTCCTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGA 

CACTCTCATGATCTCCCGGACCCCTGAGGTCACGTGCGGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTT 

CAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCG 

TGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGG 

CCTCCCGTCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGTGGGACCCACGGGGGCGAGGGCCACATGGACAGAG 

GTCAGCTCGGCCCACCCTCTGCCCTGGGAGTGACCGCTGTGCCAACCTCTGTCCCTACAGGGCAGCCCCGAGAGCCAC 

AGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTC 

ACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGG 
ACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACATCTTCTCAT 

GCTCCGIGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCCCCGGGTGCAGGGGGCGGGG 

GCAGCGGGGGCGGAGGATCCGGCGGGGGCTCGGGTATGAGCTACAACTTGCTTGGATTCCTACAAAGAAGCAGCAATT 

TTCAGAGTCAGAAGCTCCTGTGGCAATTGAATGGGAGGCTTGAATATTGCCTCAAGGACAGGATGAACTTTGACATCC 

CTGAGGAGATAAGCAGCTGCAGCAGTTCCAGAAGGAGGACGCCGCAGCCACCATCTATGAGATGCTCCAGAACATCT 

TTGCIATTCAGACAAGATTCATCTAGCACTGGCTGGAATGAGACTATTGTTGAGAACCTCCTGGCTAATGTCTATC 

ATCAGATAAACCATCTGAAGACAGTCCTGGAAGAAAAACTGGAGAAAGAAGATTCACCAGGGGAAAACTCATGAGCA 

FIG. 17-1 
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AAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTGTGAAATTTGTGATGCTATTGCTTTATTGTAACCATTA 

GAAGCTGCAATAAACAAGTTAACAACAACAATTGCATICATITTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTT 

TTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCTAAAGCCAGCAAAAGTCCCATGGTCTTATA 
AAAAGCATAGCTTTCGGAGGGGAGCAGAGAACTTGAAAGCATCTTCCTGTTAGTCTTTCTTCTCGTAGACCTTAAAT 

TCATACTTGATTCCTTTTTCCTCCTGGACCTCAGAGAGGACGCCTGGGTATTCTGGGAGAAGTTTATATTTCCCCAAA 

TCAATTTCTGGGAAAAACGTGTCACTTTCAAATTCCTGCATGATCCTTGTCACAAAGAGTCTGAGGTGGCCTGGTTGA 

TTCATGGCTTCCTGGTAAACAGAACTGCCTCCGACTATCCAAACCATGTCTACTTTACTTGCCAATTCCGGTTGTTCA 

ATAAGICTTAAGGCATCATCCAAACTTTTGGCAAGAAAATGAGCTCCTCGTGGTGGTTCTTTGAGTTCTCTACTGAGA 

ACTATATTAATTCTGTCCTTAAAGGTCGATTCTTCTCAGGAATGGAGAACCAGGTTTTCCTACCCATAATCACCAGA 

TTCTGTTTACCTTCCACTGAAGAGGTTGTGGTCATTCTTTGGAAGTACTTGAACTCGTTCCTGAGCGGAGGCCAGGGT 
CGGTCTCCGTTCTGCCAATCCCCATATTTTGGGACACGGCGACGATGCAGTTCAATGGTCGAACCATGAGGGCACCA 

AGCTAGCTTTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCTCACTACTTCTGGAATAGCTCAGAGGCCGAGGCGGC 

CTCGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCATGGGGCGGAGAATGGGCGGAACTGGGCGGAGTTAGGGGCGG 

GATGGGCGGAGTTAGGGGCGGGACTATGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGA 
GCCTGGGGACTTTCCACACCTGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGG 

GGACTTTCCACACCCTAACTGACACACATTCCACA 

(SEQ ID NO:16) 

FIG. 17-3 
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CAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAA 

AACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCA 

ATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAAGTATTAGAAAAATAAACAAAT 

AGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAA 

AAAAGGCGTATCACGAGGCCCTTTCGTCTTCAAGAATTCCGATCCAGACATGATAAGATACAGAGAGTTTGGAC 

AAACCACAACTAGAATGCAGIGAAAAAAAIGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTCTAACCATTA 

GAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTT 

TTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCTAAAGCCAGCAAAAGTCCCATGGTCTTATA 

AAAAIGCATAGCTTTCGGAGGGGAGCAGAGAACTTGAAAGCATCTTCCTGTTAGTCTTTCTCCGTAGACCTTAAAT 

ICATACTTGATTCCTTTTTCCTCCTGGACCTCAGAGAGGACGCCGGGTATTCTGGGAGAAGTTTATATTTCCCCAAA 

TCAATTTCTGGGAAAAACGTGECACTTTCAAATTCCTGCATGATCCTTGTCACAAAGAGTCTGAGGGGCCTGGTTGA 

TTCATGGCTTCCTGGTAAACAGAACTGCCTCCGACTATCCAAACCATGTCTACTTTACTTGCCAATTCCGGTTGTTCA 

ATAAGCTAAGGCATCATCCAAACTTTTGGCAAGAAAATGAGCTCCTCGTGGTGGTTCTTTGAGTTCTCTACTGAGA 

ACTATATTAATTCTGTCCTTTAAAGGTCGATTCTTCTCAGGAATGGAGAACCAGGTTTCCTACCCATAATCACCAGA 

TTCTGTTTACCTTCCACTGAAGAGGTTGTGGTCATICTTTGGAAGTACTTGAACTCGTTCCTGAGCGGAGGCCAGGGT 

CGGTCTCCGTTCTTGCCAATCCCCATATTTTGGGACACGGCGACGATGCAGTCAATGGTCGAACCATGAGGGCACCA 

AGCTAGCTTTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCTCACTACTTCTGGAATAGCTCAGAGGCCGAGGCGGC 

CTCGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCATGGGGCGGAGAATGGGCGGAACTGGGCGGAGTTAGGGGCGG 

GATGGGCGGAGTTAGGGGCGGGACTATGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGA 

GCCTGGGGACTTTCCACACCTGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGG 

GGACTTTCCACACCCTAACTGACACACATTCCACA 

(SEQ D NO:18) 

FIG. 19-3 
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Human Fcy4h-linker-IFN-B(C17S F50H H131A H140A) (y4 with modified y1 
hinge) nucleic acid sequence, beginning at the hinge: 

GAGCCCAAATCTTCTGACAAAACTCACACATGCCCACCGGCCCAGGTAAGCCAGCCCAGGCCTCGCCCTCCAGCTCA 

AGGCGGGACAGGTGCCCTAGAGTAGCCTGCATCCAGGGACAGGCCCCAGCCGGGTGCTGACGCATCCACCTCCACTC 

TTCCTCAGCACCTGAGTTCCTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATGATCTC 

CCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCAGTTCAACTGGTACGTGGA 

TGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCT 

CACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGGCCTCCCGTCCCCA 

CGAGAAAACCATCTCCAAAGCCAAAGGTGGGACCCACGGGGTGCGAGGGCCACATGGACAGAGGTCAGCTCGGCCCAC 

CCTCTGCCCTGGGAGTGACCGCTGTGCCAACCTCTGTCCCTACAGGGCAGCCCCGAGAGCCACAGGTGTACACCCIGC 

CCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTCTACCCCAGCGACATCG 

CCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCT 

TCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACATCTCTCAIGCTCCGTGATGCATG 

AGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCCCCGGGTGCAGGGGGCGGGGGCAGCGGGGGCGGAG 

GATCCGGCGGGGGCTCGGGTATGAGCACAACTTGCTTGGATTCCTACAAAGAAGCAGCAATTTICAGAGTCAGAAGC 

TCCTGTGGCAATTGAATGGGAGGCTTGAATATTGCCTCAAGGACAGGATGAACTTGACATCCCTGAGGAGATTAAGC 

AGCTGCAGCAGCATCAGAAGGAGGACGCCGCATTGACCATCTATGAGATGCTCCAGAACATCTTGCTATTTCAGAC 

AAGATTCATCTAGCACTGGCTGGAATGAGACTATTGTTGAGAACCTCCTGGCTAATGTCTATCATCAGATAAACCATC 

TGAAGACAGTCCTGGAAGAAAAACTGGAGAAAGAAGATTTCACCAGGGGAAAACTCATGAGCAGTCIGCACCGAAAA 

GATATTATGGGAGGATTCTGGCCTACCTGAAGGCCAAGGAGTACAGTGCCTGTGCCTGGACCATAGTCAGAGTGGAAA 

TCCTAAGGAACTTTTACTTCATTAACAGACTTACAGGTTACCTCCGAAACTGA 

(SEQ ID NO:19) 

FIG. 20 
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FC-INTERFERON-BETA FUSION PROTEINS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to and the benefit of 
U.S. Provisional Patent Application Ser. No. 60/583,389, 
filed on Jun. 28, 2004, the entire disclosure of which is incor 
porated by reference herein. 

FIELD OF THE INVENTION 

0002 The invention relates to Fc-fusion proteins. More 
specifically, the invention relates to high-level expression and 
secretion of Fc-interferon-beta fusion proteins and variant 
forms thereof, and methods of making and using Such pro 
teins. 

BACKGROUND OF THE INVENTION 

0003 Interferons are single chain polypeptides secreted 
by most animal cells in response to a variety of stimuli, 
including viruses, mitogens and cytokines. Interferons par 
ticipate in the regulation of cell functions and mediate anti 
proliferative, antiviral and immunomodulatory effects. Thus, 
they are of great interest therapeutically. Native interferons 
are divided into three major types, based on the cell types 
from which they are primarily derived, namely, interferon-C. 
(from leukocytes), interferon-?3 (from fibroblasts), inter 
feron-Y (from immune cells). Interferon-?3 (IFN-B) exhibits 
Various biological and immunological activities and as a 
result has potential applications in immunotherapy, antitu 
mor, anticancer and antiviral therapies. Numerous investiga 
tions and clinical trials have been and are being conducted 
based on anticancer and antiviral properties of both wild-type 
and recombinant IFN-?3. Clinical trials using recombinant 
IFN-B in the treatment of multiple sclerosis also have been 
conducted. 
0004 Most cytokines, including native IFN-B, have rela 

tively short circulating half-lives. Consequently, in order for 
IFN-B to be effective as a therapeutic agent, it must be admin 
istered in large and frequent doses to a patient; however, this 
often leads to toxic side effects. Therefore, it is highly desir 
able to produce forms of IFN-?3 that have prolonged circulat 
ing half-lives compared to the native cytokine. Furthermore, 
for production purposes it is useful to produce forms of IFN-B 
that are easy to express and purify in large amounts. 
0005 Human IFN-B (hulFN-B) is a glycoprotein of 166 
amino acids and has a four helix-bundle structure. Recombi 
nant hulFN-B may be commonly produced for use as a thera 
peutic in either a prokaryotic or a mammalian expression 
system. However, when proteins that are normally secreted, 
Such as huFN-B, in a mammalian environment are produced 
in a prokaryote, the effect of prokaryotic expression on pro 
tein folding and on potential post-translational modifications 
needs to be addressed. For example, in mammalian cells, 
most proteins destined for the extracellular milieu are folded 
in the oxidizing environment of the endoplasmic reticulum 
(ER), which promotes the correct formation of disulfide 
bonds. In contrast, the reducing environment of the prokary 
otic cytosol interferes with the formation of cysteine bonds. 
In addition, proteins expressed in prokaryotic systems lack 
Some post-translational modifications, such as N-linked gly 
cosylation, which likely aid in the correct folding of the 
protein, increase the stability of the folded protein, and 
decrease the immunogenicity of the administered protein. 
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0006 For example, when intact wild-type IFN-?3 is 
expressed in a prokaryotic expression system, it does not fold 
properly and forms aggregates. This can be overcome by 
mutating the free cysteine at position 17 of the mature IFN-B 
protein to, for example, a serine. This cysteine at position 17 
is not involved in a disulfide bond. See, for example, U.S. Pat. 
No. 4.737.462. In contrast, when intact wild-type IFN-B is 
produced in a eukaryotic expression system, where the envi 
ronment is appropriate for correct folding of the IFN-B pro 
tein, improper folding and aggregation are not observed. 
Because IFN-? protein appears to fold properly and not to 
aggregate when expressed in a eukaryotic expression system, 
this suggests that glycosylation plays an important role in 
proper folding of the IFN-B protein. Recombinant IFN-B 
produced in a eukaryotic expression system undergoes gly 
cosylation, although it may not have the precise glycosylation 
pattern of the native IFN-B. See, for example, U.S. Pat. No. 
5,795,779. Whereas glycosylation of IFN-B does not seem to 
be essential for its biological activity, the specific activity of 
glycosylated IFN-? in bioassays is greater than that of the 
unglycosylated form. Indeed, IFN-B produced in a eukaryotic 
expression system, Such as a mammalian expression system, 
is Substantially non-aggregated, but does form aggregates 
when the glycan moiety is removed. Therefore, the glycosy 
lated form of IFN-B is desirable for therapeutic use as its 
biophysical properties are closer to those of the native protein 
than the unglycosylated form. 
0007. In addition, it has been found that linking a protein 
of interest “X” to an immunoglobulin Fc domain "Fo' to 
create an Fc-X fusion protein (“immunofusin) generally has 
the effect of increasing protein production significantly. This 
is believed to occur, in part, because the Fc moiety of the 
fusion protein, commonly referred to as the expression cas 
sette, is designed for efficient secretion of the fusion protein, 
and in part because proteins are being produced and secreted 
from mammalian cells that are normally active for secretion. 
A further advantage of creating Fc-X fusion proteins is that 
the resultant immunofusins exhibit an increased circulating 
half-life as compared to the free proteins of interest, which 
can be a significant therapeutic advantage. 
0008. There is, therefore, a need in the art for biologically 
active immunofusins including an Fc moiety fused to an 
IFN-B moiety optimized to have biophysical properties that 
are close to those of native IFN-B. 

SUMMARY OF THE INVENTION 

0009. The invention provides methods and compositions 
for expressing soluble, biologically active Fc-IFN-? fusion 
proteins and variants thereof (Fc-IFN-B”). The Fc-IFN-B” 
fusion proteins of the invention demonstrate improved bio 
logical properties over unaltered Fc-IFN-?3 proteins such as 
increased solubility, prolonged circulating half-life, 
enhanced biological activity, and reduced immunogenicity. 
(0010. To improve the circulating half-life of IFN-?3, the 
invention provides a fusion protein including an Fc-IFN-B 
fusion protein including an immunoglobulin Fc region and an 
IFN-B protein linked to the carboxy-terminus of the immu 
noglobulin Fc region. To improve folding and to reduce 
aggregation, the IFN-B protein includes an amino acid alter 
ation at at least one of positions 17, 50, 57, 130, 131, 136, and 
140, corresponding to native mature interferon-?3. The alter 
ation to the amino acid can be a deletion, Substitution or 
modification. In one embodiment, the amino acid alteration 
Substitutes either serine, alanine, Valine or methionine in 
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place of cysteine at position 17. In another embodiment, the 
amino acid alteration Substitutes histidine in place of pheny 
lalanine at position 50. In yet another embodiment, the amino 
acid alteration Substitutes alanine in place of leucine at posi 
tion 57, while in a further embodiment, the amino acid alter 
ation Substitutes alanine in place of leucine at position 130. A 
further embodiment allows an amino acid alteration substi 
tuting alanine in place of histidine at position 131, while an 
additional embodiment contemplates Substituting alanine in 
place of lysine at position 136. In yet another embodiment, 
the amino acid alteration Substitutes alanine or threonine in 
place of histidine at position 140. 
0011. The immunoglobulin Fc region can include an 
immunoglobulin hinge region and an immunoglobulin heavy 
chain constant region. In one embodiment, the Fc region is 
derived from IgG4, while in another it is derived from IgG1. 
and in yet another it is derived from IgG2. In another embodi 
ment, the Fc region is derived from IgG4 but includes a hinge 
region from IgG1. In yet another embodiment, the Fc region 
is derived from IgG2 but includes a hinge region derived from 
IgG1. When the Fc region includes a CH3 domain, the C-ter 
minal lysine of the immunoglobulin Fc region can be replaced 
by an alanine residue. In a further embodiment, a cysteine 
residue of the hinge region is mutated. 
0012. The invention provides different methods for join 
ing the Fc moiety and the IFN-B moiety to create fusion 
proteins according to the invention. For example, in one 
embodiment the immunoglobulin Fc region and the inter 
feron-B protein are fused together by a peptide bond. In 
another embodiment, the immunoglobulin Fc region and the 
interferon-B protein are connected by a peptide linker 
sequence to facilitate protein folding. The linker sequence 
preferably is composed of glycine and serine residues. For 
example, in one embodiment, the peptide linker sequence is 
Gly-SerGly-SerGly, SerGly (SEQID NO:1). 
0013. In one embodiment, the Fc-interferon-B fusion pro 
tein includes amino acid alterations at positions 17, 50, 131, 
and 140 to improve folding and reduce aggregation. In one 
specific embodiment, the amino acid alterations are serine 
substituted in place of cysteine at position 17, histidine sub 
stituted in place of phenylalanine at position 50, alanine Sub 
stituted in place of histidine at position 131, and threonine or 
alanine substituted in place of histidine at position 140. In 
certain embodiments, the Fc region includes IgG1, IgG2, or 
IgG4. The fusion protein can also include a polypeptide linker 
sequence connecting the interferon-B protein and the immu 
noglobulin Fc region. In one embodiment, a cysteine residue 
of the hinge region is mutated. 
0014. In another embodiment, the Fc-interferon-?3 fusion 
protein includes amino acid alterations at positions 17, 57. 
131, and 140, improving folding and reducing aggregation of 
the expressed fusion protein. In one specific embodiment, the 
amino acid alterations are serine Substituted in place of cys 
teine at position 17, alanine Substituted in place of leucine at 
position 57, alanine substituted in place of histidine at posi 
tion 131, and threonine or alanine substituted in place of 
histidine at position 140. In certain embodiments, the Fc 
region includes IgG1, IgG2, or IgG4. In another embodiment, 
the fusion protein can also include a polypeptide linker 
sequence connecting the interferon-B protein and the immu 
noglobulin Fc region. In a further embodiment, a cysteine 
residue of the hinge region is mutated. 
0015 The invention also provides methods for encoding 
and expressing fusion proteins of the invention. For example, 
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one aspect of the invention relates to nucleic acid molecules 
encoding any of the aforementioned Fc-interferon-B fusion 
proteins, while in another aspect, the invention relates to cells 
containing a nucleic acid encoding any of the aforementioned 
Fc-interferon-?3 fusion proteins. In a further aspect, the 
nucleic acid molecules of the invention can be incorporated in 
operative association into a replicable expression vector 
which can then be introduced, for example, by transfection, 
into a mammalian host cell competent to produce the immu 
noglobulin Fc-IFN-?” fusion protein. The vector includes a 
nucleic acid molecule encoding any one of the aforemen 
tioned Fc-interferon-B fusion proteins. The invention also 
encompasses a replicable expression vector for transfecting a 
mammalian cell. The vector includes a nucleic acid molecule 
encoding any one of the aforementioned Fc-interferon-B 
fusion proteins. 
0016. In another aspect, the invention relates to methods of 
stabilizing Fc-interferon-?3 fusion proteins. In one embodi 
ment, the method includes the step of making any of the 
aforementioned Fc-interferon-?3 fusion proteins. In a further 
embodiment, the stabilizing includes increasing the circulat 
ing half-life of the Fc-interferon-?3 fusion protein relative to 
an unaltered Fc-interferon-?3 fusion protein. In yet another 
embodiment, the stabilizing includes decreasing the aggrega 
tion of the Fc-interferon-B fusion protein relative to an unal 
tered Fc-interferon-?3 fusion protein, while in a further 
embodiment, the stabilizing includes increasing the biologi 
cal activity of the Fc-interferon-?3 fusion protein relative to an 
unaltered Fc-interferon-B fusion protein. 
0017. A further aspect of the invention relates to methods 
for treating a patient for a condition alleviated by the admin 
istration of interferon-B. In one embodiment, the treatment 
includes administering an effective amount of any of the 
aforementioned interferon-B fusion proteins to a mammal 
having the condition. In another embodiment, the method 
includes administering a nucleic acid encoding any of the 
aforementioned interferon-B fusion proteins to a mammal 
having the condition, while in yet another embodiment, the 
method includes administering a cell encoding any of the 
aforementioned interferon-B fusion proteins to a mammal 
having the condition. 
0018. The foregoing and other objects, features and 
advantages of the invention will be apparent from the descrip 
tion, drawings, and claims that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIGS. 1A-1C are schematic illustrations of non 
limiting examples of Fc-IFN-B” fusion proteins constructed 
in accordance with the invention. 
0020 FIG. 2 is a photograph of an SDS-PAGE gel show 
ing the migration patterns of HuFc-y4-IFN-?3 and HuFc-y4h 
IFN-B fusion proteins without the C17S mutation and HuFc 
Y4h-IFN-B(C17S) fusion proteins in both reducing and non 
reducing chemical environments. 
0021 FIG. 3 is the amino acid sequence for mature IFN-f 
(SEQID NO:2). 
0022 FIG. 4 is the amino acid sequence for mature human 
IFN-B(C17S) (SEQID NO:3). 
0023 FIG. 5 is the amino acid sequence for human Fc 
IFN-?3(C17S) of the y4 isotype with a modified y1 hinge 
(Fcy4h-IFN-B) (SEQID NO:4). 
0024 FIG. 6 is the amino acid sequence for human Fc 
(linker)-IFN-B, starting with the CH3 domain of the Fcy4 
isotype (SEQID NO:5). 
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0025 FIG. 7 is the amino acid sequence for human Fc 
(linker)-IFN-?3(C17S), starting with the CH3 domain of the 
Fcy4 isotype (SEQID NO:6). 
0026 FIG. 8 is the amino acid sequence for human Fc 
(linker)-IFN-B (C17S L57A H131A H140T) starting with 
the CH3 domain of the Fcy4 isotype (SEQID NO:7). 
0027 FIG. 9 is the amino acid sequence for human Fc 
(linker)-IFN-?3(C17S L57A H131A H140A) starting with 
the CH3 domain of the Fcy4 isotype (SEQID NO:8). 
0028 FIG. 10 is the amino acid sequence for human Fc 
(linker)-IFN-?3(C17SF50A H131A, H140A), starting with 
the CH3 domain of the Fcy4 isotype (SEQID NO:9). 
0029 FIG. 11 is the amino acid sequence for human Fc 
(linker)-IFN-B (C17S F50A. H131A H140T), starting with 
the CH3 domain of the Fcy4 isotype (SEQID NO:10). 
0030 FIG. 12 is the amino acid sequence for mature 
mouse IFN-B (SEQID NO:11). 
0031 FIG. 13 is the amino acid sequence for mature 
mouse IFN-f(C17S) (SEQID NO:12). 
0032 FIG. 14 is the nucleic acid sequence encoding the 
fusion protein embodimenthuFcy4h-IFN-B” (C17S)(Y4iso 
type with modified Y1 hinge wherein the first cysteine of the 
Y1 hinge is replaced by a serine), starting from the hinge 
region (SEQID NO:13). 
0033 FIGS. 15-1 through 15-3 show the linearized 
nucleic acid sequence of the pdCs vector containing huFcy4h 
(linker)-IFN-B” (C17S) (4 isotype with modified y1 hinge 
wherein the first cysteine of the Y1 hinge is replaced by a 
serine), wherein the Fc region and the IFN-?3 moiety are 
attached via a linker polypeptide (SEQID NO:14). 
0034 FIG. 16 is the nucleic acid sequence encoding the 
fusion protein embodiment HuFc-Y4h-(linker)-IFN-B” 
(C17S) (Y4 isotype with modified Y1 hinge wherein the first 
cysteine of the Y1 hinge is replaced by a serine), starting from 
the hinge region, wherein the Fc region and the IFN-?3 moiety 
are attached via a linker polypeptide (SEQID NO:15). 
0035 FIGS. 17-1 through 17-3 show the linearized 
nucleic acid sequence of the pdCs vector containing huFcy4h 
(linker)-IFN-B (C17S L57A H131A H140A) (Y4 isotype 
with modified Y1 hinge wherein the first cysteine of the Y1 
hinge is replaced by a serine), wherein the Fc region and the 
IFN-B moiety are attached via a linker polypeptide (SEQID 
NO:16). 
0036 FIG. 18 is the nucleic acid sequence of huFcy4h 
(linker)-IFN-B (C17S L57A H131 H140A) (Y4 isotype 
with modified Y1 hinge wherein the first cysteine of the Y1 
hinge is replaced by a serine), starting from the hinge, 
wherein the Fc region and the IFN-B moiety are attached via 
a linker polypeptide (SEQID NO:17). 
0037 FIG. 19-1 through 19-3 shows the linearized nucleic 
acid sequence of the pdCs vector containing huFcy4h 
(linker)-IFN-B (C17S F50H H131A H140A) (4 isotype 
with modified Y1 hinge wherein the first cysteine of the Y1 
hinge is replaced by a serine), wherein the Fc region and the 
IFN-B moiety are attached via a linker polypeptide (SEQID 
NO:18). 
0038 FIG. 20 is the nucleic acid sequence of huFcy4h 
(linker)-IFN-B (C17S F50H H131A H140A) (4 isotype 
with modified Y1 hinge wherein the first cysteine of the Y1 
hinge is replaced by a serine) starting from the hinge, wherein 
the Fc region and the IFN-B moiety are attached via a linker 
polypeptide (SEQID NO:19). 
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DETAILED DESCRIPTION OF THE INVENTION 

0039 IFN-?3 mediates antiproliferative, antiviral and 
immunomodulatory effects and, in addition to its usefulness 
in treating multiple Sclerosis, it is anticipated that many other 
conditions may be alleviated by IFN-? administration. For 
example, its usefulness as a treatment for a variety of malig 
nancies, such as acute myeloid leukemia, multiple myeloma, 
Hodgkin’s disease, basal cell carcinoma, cervical dysplasia 
and osteosarcoma is under evaluation. IFN-B is also being 
tested as a therapeutic agent against a variety of viral infec 
tions, including viral hepatitis, herpes Zoster and genitalis, 
papilloma viruses, viral encephalitis, and cytomegalovirus 
pneumonia. 
0040. However, when administered to a patient, recombi 
nant mature IFN-B has a short circulating half-life, making it 
suboptimal for use in therapy. Therefore there is a need in the 
art to produce variants of IFN-? with improved pharmacoki 
netic properties, including improved serum half-life. 
0041. One method known in the art for prolonging the 
half-life of Small proteins involves linking them to an immu 
noglobulin Fc region. Fusions in which an Fc region is placed 
at the N-terminus of a ligand (termed immunofusins or 
Fc-X fusions, where X is a ligand such as IFN-B have a 
number of useful properties (Lo et al., U.S. Pat. Nos. 5,726, 
044 and 5,541,087; Lo et al. (1998) Protein Engineering 11: 
495). For instance, if leptin is administered to a mouse as an 
Fc-leptin fusion molecule (See, for example, PCT patent 
application publication WO 00/40615), the circulating half 
life of leptin increases from about 18 minutes to more than 8 
hours. Similarly, the half-life of IL-2 in a mouse is increased 
from a few minutes to a few hours when it is administered as 
an Fc-IL2 fusion protein. 
0042 Another useful property of Fc-X fusion proteins is 
that the Fc portion generally has the effect of increasing 
protein production significantly. This is believed to occur, in 
part, because the Fc moiety of the fusion protein, commonly 
referred to as the expression cassette, is designed for efficient 
secretion of the fusion protein and, in part, because the fusion 
proteins can be produced in and secreted from host mamma 
lian cells that naturally express immunoglobulin Such that the 
fusion protein is readily secreted from the host cell. While it 
may be possible to produce these fusion proteins in a prokary 
otic expression system, a eukaryotic expression system is 
preferred and a mammalian expression system is most pre 
ferred. 
0043. Surprisingly, it was found that when an unaltered 
Fc-IFN-B immunofusin was produced in a eukaryotic expres 
sion system, it was poorly expressed, misfolded and Substan 
tially aggregated. In contrast, recombinant IFN-B proteins 
produced in a eukaryotic expression system are soluble and 
98% monomeric (Runkel et al. (1998), Pharmaceutical 
Research 15:641). Thus it appeared that the placement of the 
Fc moiety at the N-terminus of the IFN-B moiety affected the 
ability of the fusion protein to fold correctly as no aggregation 
is observed when IFN-?is produced as a fusion protein where 
the IFN-fi moiety precedes the Fc domain (See U.S. Pat. No. 
5,908.626). Therefore, there is a need in the art to create 
Fc-IFN-B fusion proteins that fold correctly and are substan 
tially non-aggregated. 
0044 Consequently, the invention provides (i) nucleic 
acid sequences which facilitate efficient production of immu 
noglobulin Fc-IFN-B” fusion proteins; (ii) nucleic acid con 
structs for rapid and efficient production and secretion of 
immunoglobulin Fc-IFN-?i” fusion proteins in a variety of 
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mammalian host cells; and (iii) methods for the production, 
secretion, and purification of recombinant variants of immu 
noglobulin Fc-IFN-?” fusion proteins. 
0045. In particular, the present invention provides nucleic 
acid molecules, for example, DNA or RNA molecules, which 
encode serially in the 5' to 3’ direction, a polypeptide includ 
ing an immunoglobulin Fc region and an IFN-B” protein. 
0046. The nucleic acid molecules of the invention can be 
incorporated in operative association into a replicable expres 
sion vector which may then be introduced, for example, by 
transfection, into a mammalian host cell competent to pro 
duce the immunoglobulin Fc-IFN-?” fusion protein. 
0047. The invention also provides methods of stabilizing 
immunoglobulin Fc-IFN-B fusion proteins. Although many 
proteins have been Successfully produced and purified as Fc 
fusions, including many four-helix bundle proteins such as 
IL-2 (huFc-IL2), it has been found that Fc-IFN-?3 fusion pro 
teins, where IFN-?3 belongs to the class of four-helix bundle 
proteins, form aggregates at least partly due to aberrant dis 
ulfide bonds present in the protein ("covalent aggregation'). 
In addition, it has been found that Fc-IFN-B proteins form 
aggregates through non-covalent interactions as well ("non 
covalent aggregation'). 
0048. The present invention alleviates aggregation by pro 
viding methods of stabilizing Fc-IFN-B fusion proteins 
including the step of making an Fc-IFN-B” fusion protein, 
where the fusion protein includes an IFN-B protein having at 
one or more amino acid alterations, linked to the carboxy 
terminus of an immunoglobulin Fc region. In embodiments of 
the invention, Stabilizing includes increasing the solubility of 
the Fc-IFN-B” fusion protein relative to an unaltered Fc 
IFN-B fusion protein, increasing the circulating half-life of 
the Fc-IFN-B” fusion protein relative to an unaltered Fc 
IFN-B fusion protein, and/or enhancing the biological activity 
of the Fc-IFN-B fusion protein relative to an unaltered 
Fc-IFN-?” fusion protein. Increased stabilization is 
achieved in part by the elimination of aberrant disulfide bond 
ing in the fusion protein and in part by reducing the amount of 
non-covalent aggregation of the fusion protein. 
0049. The invention also provides methods for treating 
conditions alleviated by IFN-B, bioactive fragments or active 
variants thereof by administering to a mammal an effective 
amount of IFN-B produced by a method of the invention 
and/or an Fc-IFN-?” fusion protein of the invention. The 
invention also provides methods for treating conditions alle 
viated by IFN-B or active variants thereof by administering a 
nucleic acid of the invention, for example, a “naked DNA” or 
a vector containing a DNA or RNA of the invention, to a 
mammal having the condition. 

IFN-B Moiety 
0050. The invention provides fusion proteins and nucleic 
acid molecules encoding those proteins including an altered 
IFN-B protein linked to the C-terminus of an immunoglobulin 
Fc region. The IFN-B moiety can include one ore more muta 
tions to the amino acid structure of the IFN-B moiety and 
Fc-IFN-?” construct to improve the protein folding proper 
ties of the fusion protein, to reduce aggregation, and to 
improve protein expression. For example, the IFN-B moiety 
of the soluble fusion protein Fc-IFN-B' can contain an alter 
ation at position 17, corresponding to a cysteine in the native 
mature IFN-B linked to the carboxy-terminus of an immuno 
globulin Fc region. The amino acid sequence for native 
mature human IFN-B is shown in FIG. 3. The amino acid 
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alteration at position 17 of the IFN-B protein can be generated 
by an amino acid substitution, amino acid deletion or amino 
acid modification through methods known in the art. Pre 
ferred alterations to the IFN-B moiety include substituting 
either a serine (C17S), valine (C17V), alanine (C17A) or 
methionine (C17M) in place of the cysteine at position 17. An 
exemplary amino acid sequence of a soluble human Fc-IFN-B 
fusion protein containing the C17S mutation (huFc-IFN-B” 
(C17S)) is shown in FIG.5 (SEQID NO:4), while the amino 
acid sequence for an IFN-B moiety including the C17S muta 
tion is shown in FIG. 4 (SEQ ID NO:3). The invention also 
includes huFc-IFN-B (C17V), huFc-IFN-Bsol (C17A) and 
huFc-IFN-?3(C17M) fusion protein constructs. 
0051. In addition to an alteration at position 17 of the 
mature IFN-B moiety, the invention provides Fc-IFN-B fusion 
proteins with other altered residues. For example, the IFN-B 
moiety can be altered at one or more of positions 17, 50, 57. 
130, 131, 136, and 140 corresponding to, respectively, a cys 
teine, a phenylalanine, alysine, a leucine, a histidine, alysine, 
and a histidine in the native mature IFN-B protein. The IFN-B 
moiety is linked to the carboxy-terminus of an immunoglo 
bulin Fc region. Alterations to the amino acid structure at one 
or more of positions 17, 50, 57, 130, 131, 136, and 140 can 
include an amino acid Substitution, amino acid deletion or 
amino acid modification and can be generated through meth 
ods known in the art. Alterations introduced at these residues 
are believed to alleviate the causes of non-covalent aggrega 
tion. In one embodiment, the phenylalanine at position 50 is 
replaced by histidine (F50H). In another embodiment, the 
leucine at position 57 is replaced by alanine (L57A). In a 
further embodiment, the histidine at position 131 is replaced 
by alanine (H131A), while in yet another embodiment, the 
histidine at 140 is replaced by either alanine (H140A) or 
threonine (H140T). In another embodiment, the leucine at 
position 130 is replaced by alanine (L130A), while in yet 
another embodiment, the lysine at residue 136 is replaced by 
alanine (K136A). While certain amino acid substitutions 
have been enumerated herein, the invention is not limited to 
these enumerated alterations. Any Suitable amino acid 
capable of conferring the appropriate properties on the fusion 
protein may be substituted in place of the original amino acid 
residue at position 17, 50,57,130, 131, 136, and/or 140 of the 
IFN-B moiety. 
0.052 The invention contemplates an IFN-B moiety of an 
Fc-IFN-?” fusion protein having any combination of one, 
two, three, four, five, six, or seven of the alterations to posi 
tions 17, 50, 57,130, 131, 136 and/or 140 as disclosed herein. 
For example, the Fc-IFN-B” in one embodiment contains 
amino acid alterations at one or more of F50, H131 and H140 
of the mature form of IFN-B, optionally combined with a C17 
alteration. In another embodiment, the IFN-?3 moiety of the 
Fc-IFN-?” fusion protein contains amino acid alterations at 
one or more of L57, H131 and H140 of the mature form of 
IFN-B, optionally combined with a C17 alteration. In another 
embodiment, IFN-B moiety of the Fc-IFN-?i” fusion protein 
includes the alterations C17S, F50H, H131A, and/or H140A. 
FIGS. 8-11 show exemplary amino acid sequences of 
embodiments of Fc-IFN-B fusion proteins incorporating 
various combinations of these mutations. In yet another 
embodiment, the IFN-B moiety of the Fc-IFN-?3 fusion 
protein includes the alterations C17S, F50H, H131A, and/or 
H140T. In yet another embodiment, the IFN-B moiety of the 
Fc-IFN-?” fusion protein includes the alterations C17S, 
L57A, H131A, and/or H140A, while in a further embodi 
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ment, the fusion protein includes the alterations C17S, L57A, 
H131A, and/or H140T. The Fc region is preferably a human 
Fc region. 
0053 Another embodiment of the invention includes 
nucleic acid sequences encoding Fc-IFN-B” variants with at 
least one codon substitution in the mature human IFN-B pro 
tein sequence. In one embodiment, a codon Substitution 
replaces the cysteine corresponding to position 17 in the 
mature human IFN-B sequence with a serine (C17S). Expres 
sion of this nucleotide sequence, contained on an appropriate 
plasmid, in a mammalian cell culture system resulted in the 
efficient production of the fusion protein huFc-hulFN-B” 
(C175). In alternative embodiments, a codon substitution 
replaces the cysteine at position 17 with either an alanine, a 
Valine, or a methionine. Similarly, expression from any of 
these nucleotide sequences, contained on an appropriate plas 
mid, in a mammalian cell culture system will result in the 
efficient production of fusion protein huFc-hulFN-Bsol 
(C17A), huFc-hulFN-Bsol (C17V), or huFc-hulFN-Bsol 
(C17M). In one embodiment, a nucleic acid sequence encod 
ing a representative Fc-IFN-B fusion proteinhuFcy4h-IFN 
Bsol (C175), starting from the hinge, is disclosed in FIG. 14 
(SEQ ID NO:13). The invention also includes nucleic acid 
sequences encoding Fc-IFN-?i” variants with codon substi 
tutions replacing amino acids at one or more of positions 17. 
50, 57, 130, 131, 136 and/or 140. Nucleic acids incorporating 
the altered codons of the invention can be created using meth 
ods known in the art. 

0054) The immunoglobulin Fc region and the IFN-B moi 
ety of an Fc-IFN-?” fusion protein can be linked to one 
another in a variety of ways. While the C-terminus of the Fc 
moiety may be directly linked to the N-terminus of the IFN-B 
moiety via a peptide bond, the invention additionally includes 
connecting the Fc moiety and the IFN-B moiety via a linker 
peptide. The linker peptide is located between the C-terminus 
of the Fc moiety and the N-terminus of the mature IFN-B 
moiety. The invention also includes a nucleic acid sequence 
encoding the linker peptide. The linker peptide is preferably 
composed of serine and glycine residues. In one embodiment, 
the linker has the amino acid sequence 
Gly-SerGly-SerGly, SerGly (SEQ ID NO:1), while in yet 
another embodiment a nucleic acid encoding an Fc-IFN-B” 
includes a nucleic acid sequence encoding the linker peptide 
Gly-SerGly-SerGly-SerGly (SEQ ID NO:1). Some exem 
plary Fc-linker-IFN-?3° amino acid sequences of the inven 
tion are shown in FIGS. 6-11, while some exemplary Fc 
linker-IFN-B” nucleic acid sequences of the invention are 
shown in FIGS. 14-16. For example, in one embodiment, the 
Fc-linker-IFN-B” protein is huFcy4-linker-IFN-B (C17S), 
wherein the Fc region is an IgG4 Fc region, and the linker is 
Gly-SerGly-SerGly-SerGly (SEQ ID NO:1). Expression of 
fusion proteins of the invention from Fc-IFN-B” and Fc 
linker-IFN-r nucleotide sequences, such as those previously 
discussed, when contained on an appropriate plasmid, in a 
mammalian cell culture system will result in the efficient 
production of Fc-IFN-B” and Fc-linker-IFN-B fusion pro 
teins. 

0055 As previously mentioned, Fc-IFN-?3 fusion pro 
teins of the invention demonstrate improved biological prop 
erties over unaltered Fc-IFN-B fusion proteins. For example, 
it was found that human Fcy4h-IFN-B (C17S) displayed 
folding properties that were different from, and improved 
over, the parent fusion protein Fcy4-IFN-B” and Fcy4h-IF 
NB'. In particular, as demonstrated in FIG. 2, it was found 
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that predominantly a single species of the human Fcy4h-IFN 
B (C17S) fusion protein 3, 4 was seen when expressed in 
mammalian tissue culture cells, as ascertained by non-reduc 
ing SDS-PAGE gel analysis. This species corresponded to the 
correctly folded Fcy4-IFN-B”fusion protein 3.4. In contrast, 
for the parent molecule Fcy4-IFN-?3° 1 and for Fcy4h-IFN 
f”2, many high molecular weight species were observed, as 
evidenced by an unresolved trail of high molecular weight 
proteins on a non-reducing SDS-PAGE gel 1, 2. On a reduc 
ing SDS-PAGE gel system, this trail resolved to a significant 
extent into a single band for both human Fcy4-IFN-B” and 
human Fcy4h-IFN-?36, suggesting that the aggregation was 
largely driven by the presence of covalent disulfide bonds. 
Therefore, the introduction of the single point mutation C17S 
into the human Fcy4h-IFN-?” fusion protein 7 restored 
proper folding of the protein 7. 
0056 Moreover, it was found by analytical size exclusion 
chromatography (SEC), that, whereas non-aggregated pro 
tein of the parent molecule could not be obtained, at least 10% 
of Fc-IFN-?i” (C17S) was non-aggregated after purification 
with Protein A. Therefore, the introduction of the single point 
mutation C17S into the Fc-IFN-?3 fusion protein facilitated 
the production of non-aggregated material. Furthermore, 
introduction of a linker peptide at the junction between the Fc 
region and the IFN-?3 moiety resulted in about a two-fold 
increase in yield of non-aggregated material over Fc-IFN-B” 
(C17S) without the linker. Expression from, for example, a 
nucleotide sequence encoding the fusion protein Fc-linker 
IFN-?i” (C17S F50H H131A H140A) wherein the linker is 
Gly-SerGly-SerGly SerGly (SEQ ID NO:1), as shown in 
FIGS. 19-1 through 19-3, contained on an appropriate plas 
mid, in a mammalian cell culture system resulted in the effi 
cient production of the fusion protein Fc-linker-IFN-B” 
(C17S F50H H131A H140A). It was found that this fusion 
protein product contained about 50% non-aggregated mate 
rial after purification by Protein A, as assessed by analytical 
SEC, which represents a considerable further improvement 
over the results obtained with Fc-IFN-?” protein containing 
a single point mutation in IFN-B, Fc-linker-IFN-B” (C17S). 
A similar further increase in expression characteristics was 
seen with the Fc-IFN-B" protein Fc-linker-IFN-B” (C17S 
L57A H131A H140T). 
0057. As previously mentioned, the invention provides 
nucleic acid sequences encoding and amino acid sequences 
defining fusion proteins including an immunoglobulin Fc 
region and at least one target protein, referred to herein as 
IFN-B or variants thereof. Three exemplary embodiments of 
protein constructs embodying the invention are illustrated in 
the drawing as FIGS. 1A-1C. Because dimeric constructs are 
preferred, all are illustrated as dimers cross-linked by a pair of 
disulfide bonds between cysteines in adjacent subunits. In the 
drawings, the disulfide bonds 11, 12 are depicted as linking 
together the two immunoglobulin heavy chain Fc regions 1, 1' 
via an immunoglobulinhinge region within eachheavy chain, 
and thus are characteristic of native forms of these molecules. 
While constructs including the hinge region of Fc are pre 
ferred and have shown promise as therapeutic agents, the 
invention contemplates that the crosslinking at other posi 
tions may be chosen as desired. Furthermore, under some 
circumstances, dimers or multimers useful in the practice of 
the invention may be produced by non-covalent association, 
for example, by hydrophobic interaction. Because 
homodimeric constructs are important embodiments of the 
invention, the drawings illustrate such constructs. It should be 
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appreciated, however, that heterodimeric structures also are 
useful in the practice of the invention. 
0.058 FIG. 1A illustrates a dimeric construct, also termed 
a “unit dimer', produced in accordance with the principles set 
forth herein (see, for example, Example 1). Each monomer of 
the homodimer includes an immunoglobulin Fc region 1 
including a hinge region, a CH2 domain and a CH3 domain. 
Attached directly, i.e., via a polypeptide bond, to the C ter 
minus of the Fc region is IFN-B' 2. It should be understood 
that the Fc region may be attached to IFN-?” protein via a 
polypeptide linker (not shown). 
0059 FIGS. 1B and 1C depict protein constructs of the 
invention which include as a target protein plural IFN-B pro 
teins arranged in tandem and connected by a linker. In FIG. 
1B, the target protein includes full length IFN-?32, a polypep 
tide linker made of glycine and serine residues 4, and an 
active variant of IFN-B 3. This construct may be depicted by 
the formula Fc-X-X wherein the Xs represent different target 
proteins. FIG.1C differs from the construct of FIG.1B in that 
the most C-terminal protein domain includes a second, full 
length copy of IFN-B 2. This construct may be depicted by the 
formula Fc-X-X, where the Xs represent identical target pro 
teins. Although FIGS. 1A-1C represent Fc-X constructs, 
where X is the target protein, it is contemplated that useful 
proteins of the invention may also be depicted by the formula 
X-Fc-X, wherein the Xs may represent the same or different 
target proteins. 
0060. As shown in FIGS. 1B and 1C, the fusion protein 
may include a second target protein (Fc-X-X). For example, 
in addition to a fusion protein having a first IFN-B target 
protein, the fusion protein may also include a second mature, 
full length IFN-B or an active IFN-?i” variant or a bioactive 
fragment thereof. In one aspect, the active variant is a variant 
in which one or more amino acid residues in the IFN-?3 moiety 
is substituted for another amino acid residue. Several IFN-B 
Substitution variants were discussed previously. For example, 
a cysteine at position 17, corresponding to the native mature 
IFN-B may be replaced with a serine, a valine, analanine or a 
methionine. In this type of construct, the first and second 
proteins can be the same protein, as in, for example, FIG.1C, 
or they may be different proteins, as in, for example, FIG. 1B. 
The first and second proteins may be linked together, either 
directly or by means of a polypeptide linker. Alternatively, 
both proteins may be linked either directly or via a polypep 
tide linker, to the immunoglobulin Fc region. In a further 
embodiment, the first protein can be connected to the N-ter 
minus of the immunoglobulin Fc region and the second pro 
tein can be connected to the C-terminus of the immunoglo 
bulin Fc region. 
0061. In one embodiment, two fusion proteins may be 
linked to form dimers. The two fusion proteins may associate, 
either covalently, for example, by a disulfide bond, a polypep 
tide bond or a crosslinking agent, or non-covalently, to pro 
duce a dimeric protein. In a preferred embodiment, the two 
fusion proteins are associated covalently by means of at least 
one and more preferably two interchain disulfide bonds via 
cysteine residues, preferably located within immunoglobulin 
hinge regions disposed within the immunoglobulin Fc 
regions of each chain. 
0062. Other embodiments of the invention include multi 
valent and multimeric forms of IFN-B fusion proteins and 
combinations thereof. 

0063. As used herein, the term “multivalent” refers to a 
recombinant molecule that incorporates two or more biologi 

Jan. 2, 2014 

cally active segments. The protein fragments forming the 
multivalent molecule optionally may be linked through a 
polypeptide linker which attaches the constituent parts and 
permits each to function independently. 
0064. As used herein, the term “bivalent” refers to a mul 
tivalent recombinant molecule having the configuration 
Fc-X, where X is an IFN-B protein. The two proteins may be 
linked through a peptide linker. Constructs of the type shown 
can increase the apparent binding affinity between the protein 
and its receptor. 
0065. As used herein, the term “multimeric' refers to the 
stable association of two or more polypeptide chains either 
covalently, for example, by means of a covalent interaction, 
for example, a disulfide bond, or non-covalently, for example, 
by hydrophobic interaction. The term multimer is intended to 
encompass both homomultimers, wherein the subunits are the 
same, as well as, heteromultimers, wherein the Subunits are 
different. 
0066. As used herein, the term “dimeric' refers to a spe 
cific multimeric molecule where two polypeptide chains are 
stably associated through covalent or non-covalent interac 
tions. Such constructions are shown schematically in FIG. 
1A. It should be understood that the immunoglobulin Fc 
region including at least a portion of the hinge region, a CH2 
domain and a CH3 domain, typically forms a dimer. Many 
protein ligands are known to bind to their receptors as a dimer. 
If a protein ligand X dimerizes naturally, the X moiety in an 
Fc-X molecule will dimerize to a much greater extent, since 
the dimerization process is concentration dependent. The 
physical proximity of the two X moieties connected by Fc 
would make the dimerization an intramolecular process, 
greatly shifting the equilibrium in favor of the dimer and 
enhancing its binding to the receptor. 
0067. As used herein, the term “polypeptide linker' is 
understood to mean a polypeptide sequence that can link 
together two proteins that in nature are not naturally linked 
together. The polypeptide linker preferably includes a plural 
ity of amino acids such as alanine, glycine and serine or 
combinations of Such amino acids. Preferably, the polypep 
tide linker includes a series of glycine and serine peptides 
about 10-15 residues in length. See, for example, U.S. Pat. 
Nos. 5.258,698 and 5,908,626. A preferred linker polypeptide 
of the invention is Gly-SerGly-SerGly SerGly (SEQ ID 
NO:1). However, it is contemplated, that the optimal linker 
length and amino acid composition may be determined by 
routine experimentation by methods well known in the art. 
0068. As used herein, the term “interferon-B or IFN-?3” is 
understood to mean not only full length mature interferon-B, 
for example, human IFN-B, but also homologs, variants and 
bioactive fragments or portions thereof. Known sequences of 
IFN-B may be found in GenBank. The term “interferon-B” or 
“IFN-B also includes naturally occurring IFN-Band IFN-B- 
like proteins, moieties and molecules as well as IFN-B that is 
recombinantly produced or artificially synthesized. 
0069. The term “bioactive fragment” or portion refers to 
any IFN-B protein fragment that has at least 5%, more pref 
erably at least 10%, and most preferably at least 20% and 
optimally at least 30%, 40%, 50%, 60%, 70%, 80%, 90% or 
100% of the biological activity of the template human IFN-f 
protein of SEQID NO:2, determined using the antiviral activ 
ity assay or cellular growth inhibition assays, as described in 
Examples 6 and 7. The term “variants’ includes species and 
allelic variants, as well as other naturally occurring or non 
naturally occurring variants, for example, generated by 
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genetic engineering protocols, that are at least 70% similar or 
60% identical, more preferably at least 75% similar or 65% 
identical, and most preferably at least 80% similar or 70% 
identical to the mature human IFN-B protein disclosed in 
SEQID NO:2. 
0070. In order to determine whether a candidate polypep 
tide has the requisite percentage similarity or identity to a 
reference polypeptide, the candidate amino acid sequence 
and the reference amino acid sequence are first aligned using 
the dynamic programming algorithm described in Smith and 
Waterman (1981).J. MOL. BIOL. 147: 195-197, in combina 
tion with the BLOSUM62 substitution matrix described in 
FIG. 2 of Henikoff and Henikoff (1992), “Amino acid substi 
tution matrices from protein blocks, PROC. NATL. ACAD. 
SCI. USA 89:10915-10919. For the present invention, an 
appropriate value for the gap insertion penalty is -12, and an 
appropriate value for the gap extension penalty is -4. Com 
puter programs performing alignments using the algorithm of 
Smith-Waterman and the BLOSUM62 matrix, such as the 
GCG program suite (Oxford Molecular Group, Oxford, 
England), are commercially available and widely used by 
those skilled in the art. 
0071. Once the alignment between the candidate and ref 
erence sequence is made, a percent similarity Score may be 
calculated. The individual amino acids of each sequence are 
compared sequentially according to their similarity to each 
other. If the value in the BLOSUM62 matrix corresponding to 
the two aligned amino acids is Zero or a negative number, the 
pair-wise similarity score is Zero; otherwise the pair-wise 
similarity score is 1.0. The raw similarity score is the sum of 
the pair-wise similarity scores of the aligned amino acids. The 
raw score then is normalized by dividing it by the number of 
amino acids in the smaller of the candidate or reference 
sequences. The normalized raw score is the percent similarity. 
Alternatively, to calculate a percent identity, the aligned 
amino acids of each sequence again are compared sequen 
tially. If the amino acids are non-identical, the pair-wise iden 
tity score is Zero; otherwise the pair-wise identity score is 1.0. 
The raw identity score is the sum of the identical aligned 
amino acids. The raw score is then normalized by dividing it 
by the number of amino acids in the smaller of the candidate 
or reference sequences. The normalized raw score is the per 
cent identity. Insertions and deletions are ignored for the 
purposes of calculating percent similarity and identity. 
Accordingly, gap penalties are not used in this calculation, 
although they are used in the initial alignment. 
0072 Variants may also include other IFN-B mutant pro 
teins having IFN-B-like activity. Species and allelic variants, 
include, but are not limited to human and mouse IFN-B 
sequences. The human and mouse mature IFN-B proteins are 
depicted in SEQ ID NOS.:2 and 11, and in FIGS. 3 and 12 
respectively. 
0073. Furthermore, the IFN-B sequence may include a 
portion or all of the consensus sequence set forth in SEQID 
NO:2, wherein the IFN-B has at least 5%, preferably at least 
10%, more preferably at least 20%, 30% or 40%, most pref 
erably at least 50%, and optimally 60%, 70%, 80%, 90% or 
100% of the biological activity of the mature human IFN-B of 
SEQID NO:2, as determined using the antiviral activity assay 
or cellular growth inhibition assay of Examples 6 and 7. 
0074 The three-dimensional structure of IFN-B has been 
solved by X-ray crystallography (Karpusas et al., 1997, PNAS 
94: 11813). Although in the crystallized state. IFN-?3 mol 
ecule is a dimer with a Zinc ion at the dimer interface, it is 
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thought that IFN-B need not be a dimer in order to be active. 
Structurally IFN-B contains an additional alpha-helical seg 
ment with respect to classical four helix bundle proteins, 
which is formed within the C-D loop, so that the canonical 
bundle structure is formed by helices A, B, C and E. Interest 
ingly, the structure also reveals a portion of the glycan moiety 
which is coupled to amino acid N80 at the start of helix C and 
is ordered along a portion of the protein, most likely shielding 
Some of the Surface-exposed hydrophobic amino acid resi 
dues from solvent. Glycosylation of IFN-B has been shown to 
be important for the solubility and stability of the molecule, 
and this could explain the propensity of the non-glycosylated 
IFN-B molecule to aggregate. The free cysteine at position 17 
in helix A appears proximal to the Surface but buried, and, 
without wishing to be bound by theory, it is possible that 
scrambled disulfide bonds may in turn prevent the correct 
glycosylation of the protein. 
0075 Dimerization of a ligand can increase the apparent 
binding affinity between the ligand and its receptor. For 
instance, if one interferon-beta moiety of an Fc-interferon 
beta fusion protein can bind to a receptor on a cell with a 
certain affinity, the second interferon-beta moiety of the same 
Fc-Interferon-beta fusion protein may bind to a second recep 
tor on the same cell with a much higher avidity (apparent 
affinity). This may occur because of the physical proximity of 
the second interferon-beta moiety to the receptor after the first 
interferon-beta moiety already is bound. In the case of an 
antibody binding to an antigen, the apparent affinity may be 
increased by at least ten thousand-fold, i.e., 104. Each protein 
subunit, i.e., “X” has its own independent function so that in 
a multivalent molecule, the functions of the protein subunits 
may be additive or synergistic. Thus, fusion of the normally 
dimeric Fc molecule to interferon-beta may increase the 
activity of interferon-beta. Accordingly, constructs of the 
type shown in FIG. 1A may increase the apparent binding 
affinity between interferon-beta and its receptor. 

Fc Moiety 

(0076. The IFN-?3 fusion proteins disclosed herein are 
expressed as fusion proteins with an Fc region of an immu 
noglobulin. As is known, each immunoglobulin heavy chain 
constant region includes four or five domains. The domains 
are named sequentially as follows: CH1-hinge-CH2-CH3( 
CH4). The DNA sequences of the heavy chain domains have 
cross-homology among the immunoglobulin classes, e.g., the 
CH2 domain of IgG is homologous to the CH2 domain of IgA 
and Igl), and to the CH3 domain of IgM and IgE. 
0077. As used herein, the term, “immunoglobulin Fc 
region' is understood to mean the carboxyl-terminal portion 
of an immunoglobulin chain constant region, preferably an 
immunoglobulin heavy chain constant region, or a portion 
thereof. For example, an immunoglobulin Fc region may 
include 1) a CH2 domain 2) a CH3 domain, 3) a CH4 domain 
4) a CH2 domain and a CH3 domain, 5) a CH2 domain and a 
CH4 domain, 6) a CH3 domain and a CH4 domain or 7) a 
combination of an immunoglobulin hinge region and/or a 
CH2 domain and/or CH3 domain and/or a CH4 domain. In 
one embodiment, the immunoglobulin Fc region includes at 
least an immunoglobulin hinge region, while in another 
embodiment the immunoglobulin Fc region includes at least 
one immunoglobulin constant heavy region, for example, a 
CH2 domain or a CH3 domain, and depending on the type of 
immunoglobulin used to generate the Fc region, optionally a 
CH4 domain. In another embodiment, the Fc region includes 
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a hinge region, a CH2 domain and a CH3 domain, and pref 
erably lacks the CH1 domain, while in another embodiment, 
the Fc region includes a hinge region and a CH2 domain. In 
yet another embodiment, the Fc region includes a hinge 
region and a CH3 domain. In a further embodiment, the Fc 
region contains a functional binding site for the Fc protection 
receptor, FcRp. The binding site for FcRp includes amino 
acids in both the CH2 and CH3 domains and the Fc-FcRp 
interaction contributes significantly to the extended serum 
half-life of Fc fusion proteins. 
0078. Although immunoglobulin Fc regions and compo 
nent constant heavy domains may be from any immunoglo 
bulin class, a preferred class of immunoglobulin for the Fc 
IFN-B fusion proteins of the invention is IgG (IgY) (y 
Subclasses 1, 2, 3, or 4). The nucleotide and amino acid 
sequences of human Fcy1 are set forth in SEQID NOs: 78 and 
79. Other classes of immunoglobulin, IgA (IgC), Igld (Igö0), 
IgE (Ige) and IgM (Igu), can also be used. The choice of 
appropriate immunoglobulin heavy chain constant regions is 
discussed in detail in U.S. Pat. Nos. 5,541,087, and 5,726, 
044. The choice of particular immunoglobulin heavy chain 
constant region sequences from certain immunoglobulin 
classes and Subclasses to achieve a particular result is consid 
ered to be within the level of skill in the art. The portion of the 
DNA construct encoding the immunoglobulin Fc region pref 
erably includes at least a portion of a hinge domain, and 
preferably at least a portion of a CH3 domain of Fcy or the 
homologous domains in any of IgA, Ig|D, IgE, or IgM. 
0079. It is contemplated that the Fc region used in the 
generation of the fusion proteins containing the IFN-B Vari 
ants can be adapted to the specific application of the mol 
ecule. In one embodiment, the Fc region is derived from an 
immunoglobulin Y1 isotype or variants thereof. The use of 
human Fcy1 as the Fc region sequence has several advan 
tages. For example, an Fc region derived from an immuno 
globulin Y1 isotype can be used when targeting the fusion 
protein to the liver is desired. Additionally, if the Fc fusion 
protein is to be used as a biopharmaceutical, the Fcyl domain 
may confer effector function activities to the fusion protein. 
The effector function activities include the biological activi 
ties such as placental transfer and increased serum half-life. 
The immunoglobulin Fc region also provides for detection by 
anti-Fc ELISA and purification through binding to Staphylo 
coccus aureus protein A ("Protein A'). In certain applica 
tions, however, it may be desirable to delete specific effector 
functions from the immunoglobulin Fc region, Such as Fc 
receptor binding and/or complement fixation. When an Fc 
region derived from immunoglobulin Y1 is used, a lysine at 
the carboxy terminus of the immunoglobulin Fc region is 
typically replaced with an alanine. This improves the circu 
lating half life of the Fc-IFN-B” fusion protein. 
0080. Other embodiments of Fc-IFN-B” fusion proteins 
use Fc regions derived from a different immunoglobulin Y 
isotype i.e. Y2, Y3, or Y4, or variants thereof. The Fc region can 
include a hinge region derived from a different immunoglo 
bulin isotype than the Fc region itself. For example, some 
embodiments of Fc-IFN-?” fusion proteins contain a hinge 
region derived from an immunoglobulin Y1 or a variant 
thereof. For instance, the immunoglobulin Fc region can be 
derived from an immunoglobulin Y2 isotype and include a 
hinge region derived from an immunoglobulin Y1 isotype or a 
variant thereof. In one embodiment, a cysteine residue of the 
Y1 hinge is modified. In a further embodiment, the first cys 
teine of the Y1 hinge is modified. In yet another embodiment, 
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a serine is substituted in place of the first cysteine of the Y1 
hinge. Because the immunoglobulin Y2 isotype is ineffective 
in mediating effector functions and displays vastly reduced 
binding to Fcy receptor (FcyR), it may be expected that this 
particular configuration of IFN-?fusion variant more closely 
mimics the biological activity of the free IFN-fi molecule and 
in addition has the most enhanced circulating half-life when 
administered to a mammal. Just as with Y1, it is preferable to 
mutate the carboxy-terminal lysine of the Fc region to alanine 
in order to improve the circulating halflife of the Fc-IFN-B” 
fusion protein. 
I0081. As previously stated, the Fc region of Fc-IFN-f 
fusion proteins of the invention can be derived from an immu 
noglobulin Y4isotype. In some embodiments of the invention, 
an immunoglobulin Y4 isotype is modified to contain a hinge 
region derived from an immunoglobulin Y1 isotype or a vari 
ant thereof. In one embodiment, a cysteine residue of the Y1 
hinge is modified. In a further embodiment, the first cysteine 
of the Y1 hinge is modified. In yet another embodiment, a 
serine is substituted in place of the first cysteine of the Y1 
hinge. Like immunoglobulin Y2 isotypes, immunoglobulin Y4 
isotypes also exhibit lower affinity towards FcyR and thus 
offer similar advantages in reducing immune effector func 
tions. When an Fc region derived from Y 1, 2, 3 or 4 is used, a 
lysine at the carboxy-terminus of the immunoglobulin Fc 
region is typically replaced with analanine. Immunoglobulin 
Y4 is a preferred Fc region for making Fc-IFN-B” fusion 
proteins wherein the IFN-B moiety includes alterations to one 
of more amino acid residues at position 17, 50, 57, 130, 131, 
136 and/or 140. An exemplary amino acid sequence of an 
Fc-IFN-?” fusion protein of the invention which includes an 
Fc region of immunoglobulin Y4 isotype modified to contain 
a hinge region derived from an immunoglobulin Y1 is shown 
in FIG.5 (SEQID NO:4). 
0082 Depending on the application, constant region 
genes from species other than human, for example, mouse or 
rat, may be used. The immunoglobulin Fc region used as a 
fusion partner in the DNA construct generally may be from 
any mammalian species. Where it is undesirable to elicit an 
immune response in the host cell or animal against the Fc 
region, the Fc region may be derived from the same species as 
the host cell or animal. For example, a human immunoglobu 
lin Fc region can be used when the host animal or cell is 
human; likewise, a murine immunoglobulin Fc region can be 
used where the host animal or cell will be a mouse. 

I0083) Nucleic acid sequences encoding, and amino acid 
sequences defining a human immunoglobulin Fc region use 
ful in the practice of the invention are set forth in SEQ ID 
NO:78 and SEQID NO:79 respectively. However, it is con 
templated that other immunoglobulin Fc region sequences 
useful in the practice of the invention may be found, for 
example, by those encoded by nucleotide sequences of the 
heavy chain constant region which includes the Fc region 
sequence as disclosed in the Genbank and/or EMBL data 
bases, for example, AF045536.1 (Macaca fuscicularis, nucle 
otide sequence SEQID NO:20; amino acid sequence SEQID 
NO:21), AF045537.1 (Macaca mulatta, nucleotide sequence 
SEQ ID NO:22; amino acid sequence SEQ ID NO:23), 
AB016710 (Felis catus, nucleotide sequence SEQID NO:24: 
amino acid sequence SEQID NO:25), K00752 (Oryctolagus 
cuniculus, nucleotide sequence SEQ ID NO:26; amino acid 
sequence SEQID NO:27), UO3780 (Sus scrofa, nucleotide 
sequence SEQ ID NO:28; amino acid sequence SEQ ID 
NO:29), Z48947 (Camelus dromedaries, nucleotide 
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sequence SEQID NO:30), (Bos taurus, nucleotide sequence 
SEQ ID NO:31; amino acid sequence SEQ ID NO:32), 
L07789 (Mustelavison, nucleotide sequence SEQID NO:33; 
amino acid sequence SEQ ID NO:34), X69797 (Ovis aries, 
nucleotide sequence SEQ ID NO:35; amino acid sequence 
SEQID NO:36), U17166 (Cricetulus migratorius, nucleotide 
sequence SEQ ID NO:37; amino acid sequence SEQ ID 
NO:38), X07189 (Rattus rattus, nucleotide sequence SEQID 
NO:39;amino acid sequence SEQID NO:40), AF157619.1 
(Trichosurus Vulpecula, nucleotide sequence SEQID NO:41: 
amino acid sequence SEQID NO:42), or AF035.195 (Mono 
delphis domestica, nucleotide sequence SEQ ID NO:43: 
amino acid sequence SEQID NO:44). 
0084. Furthermore, it is contemplated that substitution or 
deletion of amino acids within the immunoglobulin heavy 
chain constant regions may be useful in the practice of the 
invention. One example may include introducing amino acid 
substitutions in the upper CH2 region to create an Fc variant 
with reduced affinity for Fc receptors (Cole et al. (1997) J. 
Immunol. 159:3613). One of ordinary skill in the art can 
prepare such constructs using well known molecular biology 
techniques. 
0085. It is understood that the present invention exploits 
conventional recombinant DNA methodologies for generat 
ing the Fc fusion proteins useful in the practice of the inven 
tion. The Fc fusion constructs preferably are generated at the 
DNA level, and the resulting DNAs integrated into expression 
vectors, and expressed to produce the fusion proteins of the 
invention. 

0.086 As used herein, the term “vector” is understood to 
mean any nucleic acid including a nucleotide sequence com 
petent to be incorporated into a host cell and to be recombined 
with and integrated into the host cell genome, or to replicate 
autonomously as an episome. Such vectors include linear 
nucleic acids, plasmids, phagemids, cosmids, RNA vectors, 
viral vectors and the like. Non-limiting examples of a viral 
vector include a retrovirus, an adenovirus and an adeno 
associated virus. As used herein, the term “gene expression” 
or “expression of a target protein, is understood to mean the 
transcription of a DNA sequence, translation of the mRNA 
transcript, and secretion of an Fc fusion protein product. 
0087. A useful expression vector is pdCs (Lo et al. (1988) 
Protein Engineering 11:495), in which the transcription of the 
Fc-X gene utilizes the enhancer/promoter of the human 
cytomegalovirus and the SV40 polyadenylation signal. The 
enhancer and promotersequence of the human cytomegalovi 
rus used was derived from nucleotides -601 to +7 of the 
sequence provided in Boshart et al. (1985) Cell 41:521. The 
vector also contains the mutant dihydrofolate reductase gene 
as a selection marker (Simonsen and Levinson (1983) Proc. 
Nat. Acad. Sci. USA 80:2495). 
0088 An appropriate host cell can be transformed or 
transfected with the DNA sequence of the invention, and 
utilized for the expression and/or secretion of the target pro 
tein. Currently preferred host cells for use in the invention 
include immortal hybridoma cells, NS/O myeloma cells, 293 
cells, Chinese hamster ovary cells, HeLa cells, and COS cells. 
0089. One expression system that has been used to pro 
duce high level expression of fusion proteins in mammalian 
cells is a DNA construct encoding, in the 5' to 3' direction, a 
secretion cassette, including a signal sequence and an immu 
noglobulin Fc region, and a target protein Such as IFN-B. 
Several target proteins have been expressed successfully in 
such a system and include, for example, IL2, CD26, Tat, Rev. 
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OSF-2, BIG-H3, IgE Receptor, PSMA, and gp120. These 
expression constructs are disclosed in U.S. Pat. Nos. 5,541, 
087 and 5,726,044 to Lo et al. 
0090 The fusion proteins of the invention may or may not 
be include a signal sequence when expressed. As used herein, 
the term “signal sequence' is understood to mean a segment 
which directs the secretion of the IFN-?3 fusion protein and 
thereafter is cleaved following translation in the host cell. The 
signal sequence of the invention is a polynucleotide which 
encodes an amino acid sequence which initiates transport of a 
protein across the membrane of the endoplasmic reticulum. 
Signal sequences which are useful in the invention include 
antibody light chain signal sequences, e.g., antibody 14.18 
(Gillies et al. (1989) J. Immunol. Meth. 125:191), antibody 
heavy chain signal sequences, e.g., the MOPC141 antibody 
heavy chain signal sequence (Sakano et al. (1980) Nature 
286:5774), and any other signal sequences which are known 
in the art (see, e.g., Watson (1984) Nucleic Acids Research 
12:5145). 
0091 Signal sequences have been well characterized in 
the art and are known typically to contain 16 to 30 amino acid 
residues, and may contain greater or fewer amino acid resi 
dues. A typical signal peptide consists of three regions: a 
basic N-terminal region, a central hydrophobic region, and a 
more polar C-terminal region. The central hydrophobic 
region contains 4 to 12 hydrophobic residues that anchor the 
signal peptide across the membrane lipid bilayer during trans 
port of the nascent polypeptide. Following initiation, the sig 
nal peptide is usually cleaved within the lumen of the endo 
plasmic reticulum by cellular enzymes known as signal 
peptidases. Potential cleavage sites of the signal peptide gen 
erally follow the “(-3, -1) rule.” Thus a typical signal peptide 
has Small, neutral amino acid residues in positions -1 and -3 
and lacks proline residues in this region. The signal peptidase 
will cleave such a signal peptide between the -1 and +1 amino 
acids. Thus, the signal sequence may be cleaved from the 
amino-terminus of the fusion protein during secretion. This 
results in the secretion of an Fc fusion protein consisting of 
the immunoglobulin Fc region and the target protein. A 
detailed discussion of signal peptide sequences is provided by 
von Heijne (1986) Nucleic Acids Res. 14:4683. 
0092. As would be apparent to one of skill in the art, the 
Suitability of a particular signal sequence for use in the secre 
tion cassette may require Some routine experimentation. Such 
experimentation will include determining the ability of the 
signal sequence to direct the secretion of an Fc fusion protein 
and also a determination of the optimal configuration, 
genomic or cDNA, of the sequence to be used in order to 
achieve efficient secretion of Fc fusion proteins. Additionally, 
one skilled in the art is capable of creating a synthetic signal 
peptide following the rules presented by von Heijne, refer 
enced above, and testing for the efficacy of Such a synthetic 
signal sequence by routine experimentation. A signal 
sequence can also be referred to as a “signal peptide.” “leader 
sequence,” or “leader peptides.” 
0093. The fusion of the signal sequence and the immuno 
globulin Fc region is sometimes referred to herein as secre 
tion cassette. An exemplary secretion cassette useful in the 
practice of the invention is a polynucleotide encoding, in a 5' 
to 3' direction, a signal sequence of an immunoglobulin light 
chain gene and an Fcy 1 region of the human immunoglobulin 
Y1 gene. The Fcyl region of the immunoglobulin Fcy1 gene 
preferably includes at least a portion of the immunoglobulin 
hinge domain and at least the CH3 domain, or more prefer 
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ably at least a portion of the hinge domain, the CH2 domain 
and the CH3 domain. As used herein, the “portion of the 
immunoglobulinhinge region is understood to meana portion 
of the immunoglobulin hinge that contains at least one, pref 
erably two cysteine residues capable of forming interchain 
disulfide bonds. The DNA encoding the secretion cassette can 
be in its genomic configuration or its cDNA configuration. 
Under certain circumstances, it may be advantageous to pro 
duce the Fc region from human immunoglobulin Fcy2 heavy 
chain sequences. Although Fc fusions based on human immu 
noglobulin Y1 and y2 sequences behave similarly in mice, the 
Fc fusions based on the Y2 sequences can display Superior 
pharmacokinetics in humans. 
0094. In another embodiment, the DNA sequence encodes 
a proteolytic cleavage site interposed between the Secretion 
cassette and the target protein. A cleavage site provides for the 
proteolytic cleavage of the encoded fusion protein thus sepa 
rating the Fc domain from the target protein. As used herein, 
“proteolytic cleavage site' is understood to mean amino acid 
sequences which are preferentially cleaved by a proteolytic 
enzyme or other proteolytic cleavage agents. Useful pro 
teolytic cleavage sites include amino acids sequences which 
are recognized by proteolytic enzymes such as trypsin, plas 
min or enterokinase K. Many cleavage site/cleavage agent 
pairs are known (see, for example, U.S. Pat. No. 5,726,044). 
0.095. Further, substitution or deletion of constructs of 
these constant regions, in which one or more amino acid 
residues of the constant region domains are Substituted or 
deleted also would be useful. One example would be to intro 
duce amino acid substitutions in the upper CH2 region to 
create an Fc variant with reduced affinity for Fc receptors 
(Cole et al. (1997) J. Immunol. 159: 3613). One of ordinary 
skill in the art can prepare such constructs using well known 
molecular biology techniques. 
0096. The fusion constructs disclosed herein produced 
high levels of Fc-IFN-B'. The initial clones produced about 
100 pg/mL of altered Fc-IFN-B', which could be purified to 
homogeneity by Protein A affinity chromatography. Expres 
sion levels often can be increased several fold by subcloning. 
As stated above, it was found that when IFN-B with the 
cysteine at position 17 replaced with a serine, an alanine, a 
Valine or a methionine is expressed as Fc fusion molecules, 
high levels of expression were obtained, presumably because 
the amino acid substitution at position 17 of the IFN-?i” 
protein prevents aberrant disulfide bond formation in the pro 
tein and the Fc region acts as a carrier, helping the polypeptide 
to fold correctly and to be secreted efficiently. Similarly, other 
Fc-IFN-?” fusion proteins of the invention including the 
mutation C17S, such as, for example Fc-(linker)-IFN-?i” 
(C17SF50HH131AH140A) and Fc-(linker)-IFN-B (C17S 
L57A H131AH140T) are equally well expressed. Moreover, 
the Fc region is also glycosylated and highly charged at 
physiological pH. Therefore, the Fc region can help to solu 
bilize hydrophobic proteins. 
0097. In addition to high levels of expression, Fc-IFN-f 
proteins exhibited greater bioactivity than the parental (un 
modified) Fc-IFN-B fusion protein, as measured in a cell 
based anti-viral assay (Example 6), and were comparable to 
the bioactivity of a commercial preparation of IFN-Bobtained 
from R&D Systems (Minneapolis, Minn.). 
0098. In addition to the high levels of expression, altered 
Fc-IFN-B fusion proteins exhibited longer serum half-lives 
compared to unaltered Fc-IFN-B fusion proteins. For 
example, the circulating half-life of Fc-IFN-?” including the 
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mutation C17S is found to be significantly greater than that of 
the parent Fc-IFN-B fusion protein (see Example 8). 
0099. The fusion proteins of the invention provide several 
important clinical benefits. As demonstrated in the tests of 
biological assays in Examples 6 and 7, the biological activity 
of altered Fc-IFN-B” is significantly higher than that of 
unaltered Fc-IFN-?3. 
0100 Another embodiment of the present invention pro 
vides constructs having various structural conformations, 
e.g., bivalent or multivalent constructs, dimeric or multimeric 
constructs, and combinations thereof. Such functional con 
formations of molecules of the invention allow the Synergistic 
effect of IFN-?3 and other anti-viral and anti-cancer proteins to 
be explored in animal models. 
0101. An important aspect of the invention is that the 
sequences and properties of various IFN-B proteins and 
encoding DNAs are quite similar. In the context of Fc-X 
fusions, the properties of IFN-B proteins and encoding DNAS 
are essentially identical, so that a common set of techniques 
can be used to generate any Fc-IFN-B DNA fusion, to express 
the fusion, to purify the fusion protein, and to administer the 
fusion protein for therapeutic purposes. 
0102 The present invention also provides methods for the 
production of IFN-B of non-human species as Fc fusion pro 
teins. Non-human IFN-B fusion proteins are useful for pre 
clinical studies of IFN-?3 because efficacy and toxicity studies 
of a protein drug must be performed in animal model systems 
before testing in human beings. A human protein may not 
work in a mouse model since the protein may elicit an 
immune response, and/or exhibit different pharmacokinetics 
skewing the test results. Therefore, the equivalent mouse 
protein is the best Surrogate for the human protein for testing 
in a mouse model. 

0103) The present invention provides methods of treating 
various cancers, viral diseases, other diseases, related condi 
tions and causes thereof by administering the DNA, RNA or 
proteins of the invention to a mammal having Such condition. 
Related conditions may include, but are not limited to mul 
tiple Sclerosis; a variety of malignancies, such as acute 
myeloid leukemia, multiple myeloma, Hodgkin’s disease, 
basal cell carcinoma, cervical dysplasia and osteosarcoma; a 
variety of viral infections, including viral hepatitis, herpes 
Zoster and genitalis, papillomaviruses, viral encephalitis, and 
cytomegalovirus pneumonia. 
0104. In view of the broad roles played by IFN-B in modu 
lating immune responses, the present invention also provides 
methods for treating conditions alleviated by the administra 
tion of IFN-B. These methods include administering to a 
mammal having the condition, which may or may not be 
directly related to viral infection or cancer, an effective 
amount of a composition of the invention. For example, a 
nucleic acid, such as DNA or RNA, encoding an Fc-IFN-?i” 
fusion protein can be administered to a subject, preferably a 
mammal, as a therapeutic agent. Additionally, a cell contain 
ing a nucleic acid encoding an Fc-IFN-B” fusion protein can 
be administered to a subject, preferably a mammal, as a 
therapeutic agent. Furthermore, an Fc-IFN-?” protein can be 
administered to a Subject, preferably a mammal, as a thera 
peutic agent. 
0105. The proteins of the invention not only are useful as 
therapeutic agents, but one skilled in the art recognizes that 
the proteins are useful in the production of antibodies for 
diagnostic use. Likewise, appropriate administration of the 
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DNA or RNA, e.g., in a vector or other delivery system for 
Such uses, is included in methods of use of the invention. 
0106 Compositions of the present invention may be 
administered by any route which is compatible with the par 
ticular molecules. It is contemplated that the compositions of 
the present invention may be provided to an animal by any 
Suitable means, directly (e.g., locally, as by injection, implan 
tation or topical administration to a tissue locus) or systemi 
cally (e.g., parenterally or orally). Where the composition is 
to be provided parenterally, such as by intravenous, Subcuta 
neous, ophthalmic, intraperitoneal, intramuscular, buccal, 
rectal, vaginal, intraorbital, intracerebral, intracranial, 
intraspinal, intraventricular, intrathecal, intracisternal, intra 
capsular, intranasal or by aerosol administration, the compo 
sition preferably includes part of an aqueous or physiologi 
cally compatible fluid Suspension or solution. Thus, the 
carrier or vehicle is physiologically acceptable so that in 
addition to delivery of the desired composition to the patient, 
it does not otherwise adversely affect the patient’s electrolyte 
and/or volume balance. The fluid medium for the agent thus 
can include normal physiologic Saline. 
0107 The DNA constructs (or gene constructs) of the 
invention also can be used as a part of a gene therapy protocol 
to deliver nucleic acids encoding IFN-B or a fusion protein 
construct thereof. The invention features expression vectors 
for in vivo transfection and expression of IFN-B or a fusion 
protein construct thereof in particular cell types so as to 
reconstitute or supplement the function of IFN-B. Expression 
constructs of IFN-B, or fusion protein constructs thereof, may 
be administered in any biologically effective carrier, e.g. any 
formulation or composition capable of effectively delivering 
the IFN-B gene or fusion protein construct thereof to cells in 
vivo. Approaches include insertion of the Subject gene in viral 
vectors including recombinant retroviruses, adenovirus, 
adeno-associated virus, and herpes simplex virus-1, or 
recombinant bacterial or eukaryotic plasmids. Preferred dos 
ages per administration of nucleic acids encoding the fusion 
proteins of the invention are within the range of 1 g/m2 to 
100 mg/m2, more preferably 20 ug/m2 to 10 mg/m2, and 
most preferably 400 g/m2 to 4 mg/m2. It is contemplated 
that the optimal dosage and mode of administration may be 
determined by routine experimentation well within the level 
of skill in the art. 

0108 Preferred dosages of the fusion protein per admin 
istration are within the range of 0.1 mg/m2-100 mg/m2, more 
preferably, 1 mg/m2-20 mg/m2, and most preferably 2 
mg/m2-6 mg/m2. It is contemplated that the optimal dosage, 
however, also depends upon the disease being treated and 
upon the existence of side effects. However, optimal dosages 
may be determined using routine experimentation. Adminis 
tration of the fusion protein may be by periodic bolus injec 
tions, or by continuous intravenous or intraperitoneal admin 
istration from an external reservoir (for example, from an 
intravenous bag) or internal (for example, from a bioerodable 
implant). Furthermore, it is contemplated that the fusion pro 
teins of the invention also may be administered to the 
intended recipient together with a plurality of different bio 
logically active molecules. It is contemplated, however, that 
the optimal combination of fusion protein and other mol 
ecules, modes of administration, dosages may be determined 
by routine experimentation well within the level of skill in the 
art. 

0109. The invention is illustrated further by the following 
non-limiting examples. 
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EXAMPLES 

Example 1 

Cloning of huFc-huInterferon-Beta (huFc-IFN-B) 
and huFc-IFN-B Mutants 

0110 Human interferon B (IFN-B) cDNA was ordered 
from American Type Culture Collection (ATCC Number 
31903). The sequence for the mature form was amplified by 
Polymerase Chain Reactions (PCR). The forward primer 
used in the amplification reactions was 5' CCCGGGT ATG 
AGC TAC AACTTG CTT (SEQ ID NO:45), where the 
sequence CCCGGGT encodes the carboxy terminus of the 
CH3 without the lysine codon, as well as the restriction endo 
nuclease site SmaI CCCGGG (Lo et al., Protein Engineering 
(1998) 11:495), and the sequence in bold encodes the N-ter 
minus of the mature IFN-B coding sequence. The reverse 
primer for this reaction was 5' CTC GAG TCA GTTTCG 
GAG GTA ACC TGT (SEQ ID NO:46), where TCA is the 
anticodon of the translation stop codon, and CTCGAG is the 
restriction site XhoI. The amplified 450 bp PCR product was 
cloned into the pCRII vector (Invitrogen), and its sequence 
verified. 
0111. The SmaI-XhoI restriction fragment with the com 
pletely correct mature IFN-B sequence was used for cloning 
into the expression vector pdCs-huFc. Such that the coding 
sequence of mature IFN-B was fused in frame to the 3'-end of 
the Fc coding sequence. The expression plasmid pdCs-huFc 
IFN-B was constructed by ligating the SmaI-XhoI restriction 
fragment containing the mature IFN-B cDNA with the SmaI 
XhoI restriction fragment of the pdCs-huFc vector according 
to Lo et al., (Protein Engineering (1998) 11:495). The huFc 
DNA corresponds to a sequence that when expressed pro 
duces the Fc fragment of the human immunoglobulin Y4 with 
a modified Y1 hinge sequence. The amino acid sequence is 
shown in SEQ ID NO:77. 
0112 To generate further fusion proteins including the 
IFN-B fused to Fc moieties of a different isotype or containing 
other alterations, the same cloning strategy was used, while 
Substituting the appropriate version of pdCs-huFc vector. 
Thus, the SmaI-XhoI restriction fragment of IFN-B was 
inserted into pdCS-huFc vector digested with SmaI and XhoI, 
which encoded either an immunoglobulin Y 4 isotype with a Y 
4-derived hinge region, or an immunoglobulin Y 1 isotype, or 
an immunoglobulin Y 2 isotype, or an immunoglobulin Y2 
isotype but with an altered immunoglobuliny 1-derived hinge 
region. Because the introduction of the SmaI cloning site into 
the vector encoding an immunoglobulin Y 4 isotype does not 
result in a silent mutation in the expressed protein of the Fc 
moiety, the protein sequence encoded by the nucleic acid 
sequence around the SmaI site is LSLSPG (SEQID NO:53). 
Had the mutation been silent, the sequence would have 
present been LSLSLG (See e.g. FIG. 7, residues 101-106 or 
SEQID NO:76). 
0113. The cysteine 17 to serine (C17S) mutation was 
introduced into the IFN-B nucleotide sequence by an over 
lapping PCR method (Daugherty et al., (1991) Nucleic Acids 
Res. 19:2471) using complementary mutagenic primers. The 
forward primer sequence was: 5' AGA AGC AGC AAT TTT 
CAGAGT CAGAAG CTCCTGTGG CA (SEQID NO:47), 
where the underlined nucleotide indicates the introduced 
point mutation (TGT to AGT). Accordingly, the reverse 
primer was: 5’ TG CCA CAG GAG CTT CTG ACT CTG 
AAAATT GCT GCTTCT (SEQID NO:48). The PCR frag 
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ment generated by the overlapping PCR method was ligated 
to the pCRII vector, the sequence verified, and the SmaI-XhoI 
fragment ligated to any of the pdCs-huFc expression vectors 
as described above. The amino acid sequence is shown as 
SEQID NO:3. The sequence of the mouse counterpart with 
the mutation is depicted in SEQID NO:12. 
0114. As discussed above, the cysteine at position 17 is 
mutated to a serine in the Fc-IFN-B” protein that has the Fc 
portion including immunoglobulin Y 4 with a modified Y 1 
hinge sequence. The amino acid sequence is shown as SEQ 
ID NO:4. 

0115 To introduce a flexible linker sequence between the 
huFc moiety and the IFN-B moiety, a synthetic oligonucle 
otide duplex of the sequence 5' GGGT GCA GGG GGC 
GGG GGC AGC GGG GGC GGA GGA TCC GGC GGG 
GGC TC 3' (SEQ ID NO:49) was produced. This blunt 
ended, double-stranded duplex was inserted at the unique 
SmaI site of the expression vector pdCs-huFc-IFN-B by liga 
tion. The orientation of the blunt-ended duplex in the result 
ant vector, pdCs-huFc-(GS linker)-IFN-?3 was confirmed by 
sequencing. As a result, the amino acid sequence 
GAGGGGSGGGGSGGGS (SEQ ID NO:50) was added 
between the proline (codon CCG) and the glycine (codon 
GGT) residues encoded by the CCCGGGT (SEQID NO:51) 
sequence containing the SmaI site. The amino acid sequence 
of a huFc-(GS linker) IFN-B starting with the CH3 domain of 
the Fcy4 isotype is shown in FIG. 6 (SEQ ID NO:5). When 
using this linker with immunoglobulin Y4 constructs of the 
invention, it is important to note that LSLSPG (SEQ ID 
NO:52) C-terminal amino acid sequence of immunoglobulin 
Y4 lacks the alanine residue present in the immunoglobulin 
y1, y2 or Y3 C-terminal sequence LSLSPGA (SEQ ID 
NO:53). As stated earlier, the alanine is the result of mutating 
the native lysine residue. When the linker is inserted in the Y1, 
y2 or Y3 construct, terminal glycine and alanine residues are 
identically substituted by a glycine and alanine of the linker. 
Thus, when the linker is inserted into immunoglobulin Y4 
Fc-IFN-B, the amino acid sequence gains an additional ala 
nine residue when the C-terminal glycine is replaced by gly 
cine and alanine. This is exemplified by comparing, for 
example, FIG. 5, residues 226-231 (SEQID NO:4) and FIG. 
6, beginning at residue 101 (SEQID NO:5). 
0116. Further Fc-IFN-?3 protein variants can be pro 
duced that contain mutations in the IFN-B moiety. For 
example, C17 may be altered to another amino acid, for 
instancealanine. In order to introduce the C17A mutation, the 
following mutagenic oligonucleotides are used: the forward 
primer is 5'AGAAGC AGC AATTTT CAGGCT CAGAAG 
CTC CTG TGG CA 3', (SEQ ID NO:54), and the reverse 
primer is 5'TG CCA CAG GAG CTTCTGAGCCTG AAA 
ATT GCT GCTTCT3', (SEQID NO:55), where the under 
lined nucleotides indicate the introduced mutations. 

0117. Further mutations in Fc-IFN-B were introduced in 
the IFN-B moiety by overlap PCR. Preferred IFN-B fusion 
proteins of the invention, Fcy4h-(linker)-IFN-f'(C17S 
L57A H131A H140A) and Fcy4h-(linker)-IFN-B (C17S 
F50H H131A H140A), are produced by starting with the 
template Fcy4h-linker-IFN-psol (C17S) prepared using 
methods previously described herein. 
0118. To introduce the H131A mutation to the Fcy4h 
(linker)-IFN-B” (C17S) template, a first nucleic acid frag 
ment is created by PCR using the forward primer sequence 
5'CTC CCT GTC CCC GGG TGC AGG GGG (SEQ ID 
NO:56), which incorporates the restriction endonuclease 
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Xmal site, and the reverse primer sequence 5' CTTGGCCTT 
CAG GTAGGCCAGAATCCTCCC ATAATATC (SEQID 
NO:57), where GGC represents the H131A mutation. A sec 
ond fragment of the fusion protein is created by PCR using the 
forward primer sequence 5'GAT ATTATGGGAGGATTC 
TGGCCTACCTGAAGGCCAAG (SEQID NO:58), where 
GGC represents the H131A mutation, and the reverse primer 
sequence 5' CTTATCATG TCTGGATCC CTC GAG (SEQ 
ID NO:59), which incorporates the BamHI restriction site. 
The products from these reactions are purified on an electro 
phoretic gel according to standard methods. The gel purified 
fragments are then together subjected to PCR using the for 
ward primer sequence 5'CTC CCT GTC CCC GGG TGC 
AGGGGG (SEQID NO:60), which incorporates the Xmal 
restriction site, and the reverse primer sequence 5' CTTATC 
ATG TCT GGA TCC CTC GAG (SEQ ID NO:61), which 
incorporates the BamHI restriction site. This results in a 
nucleic acid encoding Fcy4h-linker-IFN-Bsol (C17S 
H131A). 
0119) Next, the H140A mutation is introduced by subject 
ing the Fcyh-linker-IFN-B (C17S H131A) to PCR to create 
a first fragment using the forward primer sequence 5'CTC 
CCT GTC CCC GGG TGC AGG GGG (SEQ ID NO:62), 
which incorporates the restriction endonuclease Xmal site, 
and the reverse primer sequence 5' GGT CCA GGC ACA 
GGC ACT GTA CTC CTT GGC (SEQ ID NO:63), where 
GGC represents the H140A mutation. A second fragment of 
the fusion protein is created by PCR using the forward primer 
sequence 5' GGC AAG GAG TAC AGT GCC TGT GCC 
TGG ACC (SEQ ID NO:64), where GCC represents the 
H140A mutation. The reverse primer sequence is 5' CTTATC 
ATG TCT GGA TCC CTC GAG (SEQ ID NO:65), which 
incorporates the BamHI restriction site. The products from 
these reactions are purified on an electrophoretic gel accord 
ing to standard methods. The gel purified fragments are then 
together subjected to PCR using the forward primer sequence 
5'CTC CCT GTC CCC GGG TGC AGG GGG (SEQ ID 
NO:66), which incorporates the Xmal restriction site, and the 
reverse primer sequence 5' CTTATCATG TCTGGA TCC 
CTC GAG (SEQID NO:67), which incorporates the BamHI 
restriction site. This results in a nucleic acid encoding Fcy4h 
linker-IFN-B”(C17S H131A H140A). Alternatively, this 
process may be followed to instead insert the H140T mutation 
of the invention by modifying the appropriate primers to 
express the threonine codon ACC. 
I0120 Finally, to introduce either the F50H mutation or the 
L57A mutation to the template Fcy4h-linker-IFN-B”(C17S 
H131 AH140A) template prepared in the previous step, a first 
nucleic acid fragment is created by PCR using the forward 
primer 5'CTC CCT GTCCCCGGGTGCAGGGGG (SEQ 
ID NO:68), which incorporates the restriction endonuclease 
Xmal site, and either the reverse primer sequence 5' GAG 
CATCTCATAGATGGTGGCTGCGGCGTCCTC (SEQ 
ID NO:69), where GGC represents the codon for creating the 
L57A mutation or the reverse primer sequence 5' GTC CTC 
CTT CTG ATG CTG CTG CAG CTG (SEQ ID NO:70), 
where ATG represents the codon creating the F50H mutation. 
To create the second fragment of the fusion protein for the 
L57A mutation, the template is subjected to PCR using the 
forward primer sequence 5' GAG GACGCCGCAGCCACC 
ATC TAT GAG ATG CTC (SEQ ID NO:71), where GCC 
represents the L57A mutation. To create the second fragment 
of the fusion protein for introducing the F50H mutation, the 
template is subjected to PCR using the forward primer 
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sequence 5' CAG CTG CAG CAG CAT CAG AAG GAG 
GAC (SEQ ID NO:72), where CAT represents the F50H 
mutation. The reverse primer for production of the second 
fragment of either mutation is 5' CTTATCATG TCTGGA 
TCC CTC GAG (SEQ ID NO:73), which incorporates the 
BamHI restriction site. The products from these reactions are 
purified on an electrophoretic gel according to standard meth 
ods. The gel purified fragments are then used as the PCR to 
produce a nucleic acid encoding Fcy4h-linker-IFN-B”(C17S 
L57A H131A H140A) or Fcy4h-linker-IFN-B (C17S F50H 
H131A H140A). The forward and reverse primers for this 
reaction are 5'CTC CCT GTC CCC GGG TGC AGG GGG 
(SEQIDNO:74) and 5' CTTATCATG TCTGGATCCCTC 
GAG (SEQ ID NO:75), respectively, as used in previous 
steps. 

Example 2 

Transfection and Expression of Fc-IFN-B Fusion 
Proteins 

0121 For rapid analysis of protein expression, the plasmid 
pdCs-huFc-IFN-?3.pdCs-huFc-IFN-B (C17S) or other huFc 
fusion protein variants containing hulFN-B were introduced 
into human embryonic kidney HEK 293 cells (ATCC# CRL 
1573) by transient transfection using lipofectamine (Invitro 
gen). 
0122) To obtain stably transfected clones which express 
huFc-IFN-B”(C17S), for example, the appropriate plasmid 
DNA was introduced into the mouse myeloma NS/0 cells by 
electroporation. NS/O cells were grown in Dulbecco's modi 
fied Eagle's medium supplemented with 10% heat-inacti 
vated fetal bovine serum, 2 mM glutamine and penicillin/ 
streptomycin. About 5x10° cells were washed once with PBS 
and resuspended in 0.5 ml PBS. 10 ug of linearized plasmid 
DNA were then incubated with the cells in a Gene Pulser 
Cuvette (0.4 cm electrode gap, BioRad) on ice for 10 min. 
Electroporation was performed using a Gene Pulser (BioRad, 
Hercules, Calif.) with settings at 0.25 V and 500 uF. Cells 
were allowed to recover for 10 min on ice, after which they 
were resuspended in growth medium and plated onto two 96 
well plates. Stably transfected clones were selected by their 
growth in the presence of 100 nM methotrexate (MTX), 
which was added to the growth medium two days post-trans 
fection. The cells were fed every 3 days for two to three more 
times, and MTX-resistant clones appeared in 2 to 3 weeks. 
Supernatants from clones were assayed by anti-Fc ELISA to 
identify high producers. High producing clones were isolated 
and propagated in growth medium containing 100 nM MTX. 
The growth medium typically used was H-SFM or CD 
medium (Life Technologies). 
0123. Alternatively, clones stably expressing huFc-IFN 
B° fusion proteins were obtained in human embryonic kid 
ney HEK 293 cells by methotrexate selection, by a method 
similar to the one described above. HEK 293 clones were 
maintained in DMEM supplemented with 10% FBS. 

Example 3 

Characterization of huFc-IFN-B Fusion Proteins 
from Cell Supernatants 

0.124. The huFc-IFN-?3 fusion proteins were subsequently 
captured from the medium for further analysis. For routine 
characterization by gel electrophoresis, the huFc-IFN-B 
fusion proteins secreted into the medium was captured on 
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Protein A Sepharose beads (Repligen, Cambridge, Mass.) 
and then eluted by boiling the sample in protein sample 
buffer, with or without a reducing agent such as B-mercapto 
ethanol. The samples were analyzed by SDS-PAGE and the 
protein bands were visualized by Coomassie staining. 
0.125. When huFc-IFN-B protein containing an immuno 
globulin Y 4 isotype was analyzed by SDS-PAGE, it was 
found that the protein was not expressed in mammalian tissue 
culture cells as a uniform species. As shown in FIG. 2, under 
non-reducing conditions, in addition to a major band at 100 
kDa which represented the huFc-IFN-B, multiple other bands 
were clearly visible, as well as an unresolved trail of higher 
molecular weight proteins. These results indicated that when 
expressed as an Fc fusion protein, the wildtype IFN-?3 formed 
aggregates. This finding was in contrast to what is generally 
found with unmodified IFN-B; when the wildtype sequence is 
cloned into an expression vector, and expressed and secreted 
in mammalian cell culture it is found to be 98% monomeric 
by size exclusion chromatography (Runkel et al., (1998), 
Pharmaceutical Research 15:641). This result was further 
unexpected in light of the fact that IFN-B can be produced as 
a fusion protein of the form IFN-B-Fc. See, for example, U.S. 
Pat. No. 5,908,626. 
0.126 A portion of these aggregates was stable to reducing 
agents, as additional bands to the expected 50 kDa band for 
huFc-IFN-B persisted in a reducing SDS-PAGE system. 
However, the amount of material exhibiting abnormal migra 
tion was vastly diminished. This result Suggested that to a 
significant extent the aggregation was due to scrambled dis 
ulfide bond formation. 

I0127. An Fc-IFN-B variant which contained a substitution 
of the hinge region with one derived from immunoglobulin Y 
1 was analyzed. It was found that this substitution had no 
impact on the behavior of the fusion protein, although it did 
not contain four disulfide bonds like the immunoglobulin Y 4 
hinge region. Similarly, using an Fc isotype derived from an 
immunoglobuliny 1 in the fusion construct also had no effect. 
Thus, while the aggregation appeared to be due to the pres 
ence of the Fc moiety, the aggregation could not be alleviated 
by alterations in the Fc moiety. 
I0128. It has been reported that when IFN-B is fused to the 
N-terminal region of Fc, the introduction of a linker sequence 
is useful. See, for example, U.S. Pat. No. 5,908,626. Similar 
to the Fc-IFN-B fusion proteins with either the altered hinge 
regions or altered Fc regions, an Fc-IFN-?3 fusion protein 
containing a Gly-Ser linker region, which separates the Fc 
region from the IFN-B moiety also yields the same result as 
above. 

I0129. In contrast, SDS-PAGE analysis of huFc-IFN-B 
(C17S) revealed that this protein was substantially non-ag 
gregated. Under non-reducing conditions, the band of 100 
kDa corresponding to huFc-IFN-?3(C17S) represented prac 
tically the only visible band on the gel. Moreover, under 
reducing conditions, the more prominent band representing 
aggregated fusion protein, most probably due to interaction of 
exposed hydrophobic patches, was also absent. Therefore, the 
introduction of a cysteine substitution at position 17 of the 
mature sequence of IFN-B promoted the correct folding of the 
fusion protein. This result was Surprising on two counts: for 
one, the presence of a free cysteine in the “X” portion of an 
Fc-X protein had not presented a problem in other fusion 
proteins. Such as Fc-IL2; and the presence of the free cysteine 
in IFN-B had not presented a problem either when the free 
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protein or when an IFN-B-Fc protein were expressed in a 
mammalian expression system. 

Example 4 

ELISA Procedures 

0130. The concentration of human Fc-containing protein 
products in the supernatants of MTX-resistant clones and 
other test samples were determined by anti-huFc ELISA. 
Standard procedures as described in detail below were essen 
tially followed. 
0131 A. Coating Plates 
(0132 ELISA plates were coated with AffiniPure Goat 
anti-Human IgG (H+L) (Jackson Immuno Research Labora 
tories, West Grove, Pa.) at 5 g/mL in PBS, and 100 uL/well 
in 96-well plates (Nunc-Immuno plate Maxisorp). Coated 
plates were covered and incubated at 4°C. overnight. Plates 
then were washed 4 times with 0.05% Tween (Tween 20) in 
PBS, and blocked with 1% BSA/1% goat serum in PBS, 200 
uL/well. After incubation with the blocking buffer at 37° C. 
for 2 hrs, the plates were washed 4 times with 0.05% Tween 
in PBS and tapped dry on paper towels. 
0.133 B. Incubation with Test Samples and Secondary 
Antibody 
0134 Test samples were diluted as appropriate in sample 
buffer (1% BSA/1% goat serum/0.05% Tween in PBS). A 
standard curve was prepared using a chimeric antibody (with 
a human Fc), the concentration of which was known. To 
prepare a standard curve, serial dilutions were made in the 
sample buffer to give a standard curve ranging from 125 
ng/mL to 3.9 mg/mL. The diluted Samples and standards were 
added to the plate, 100 u/well and the plate incubated at 37° 
C. for 2 hr. After incubation, the plate was washed 8 times 
with 0.05% Tween in PBS. To each well was then added 100 
LL of the secondary antibody, the horseradish peroxidase 
conjugated anti-human IgG (Jackson Immuno Research), 
diluted around 1:120,000 in the sample buffer. The exact 
dilution of the secondary antibody has to be determined for 
each lot of the HRP-conjugated anti-human IgG. After incu 
bation at 37° C. for 2 hr., the plate was washed 8 times with 
0.05% Tween in PBS. 
0135 C. Development 
0136. The substrate solution was added to the plate at 100 
uL/well. The substrate solution was prepared by dissolving 
30 mg of OPD (o-phenylenediamine dihydrochloride (OPD), 
(1 tablet) into 15 mL of 0.025 MCitric acid/0.05 MNa2HPO4 
buffer, pH 5, which contained 0.03% of freshly added hydro 
gen peroxide. The color was allowed to develop for 30 min. at 
room temperature in the dark. The developing time is subject 
to change, depending on lot to lot variability of the coated 
plates, the secondary antibody, etc. The reaction was stopped 
by adding 4N sulfuric acid, 100 uL/well. The plate was read 
by a plate reader, which was set at both 490 and 650 nm and 
programmed to subtract the background OD at 650 nm from 
the OD at 490 nm. 

Example 5 

Purification and Analysis of huFc-IFN-B Proteins 
0.137 A standard purification of Fc-containing fusion pro 
teins was performed based on the affinity of the Fc protein 
moiety for Protein A. Briefly, cell supernatants (from cells 
transfected with wildtype or mutant proteins) containing the 
fusion protein were loaded onto a pre-equilibrated (50 mM 
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Sodium Phosphate, 150 mM NaCl at neutral pH) Protein A 
Sepharose Fast Flow column and the column was washed 
extensively in buffer (50 mM Sodium Phosphate, 150 mM 
NaCl at neutral pH). Bound protein was eluted at a low pH 
(pH 2.5) in same buffer as above and fractions were immedi 
ately neutralized, optionally by eluting directly into a solution 
of 1M Tris base, pH 11. 
(0.138. The Protein A Sepharose purified huFc-IFN-B 
and huFc-IFN-B fusion proteins were analyzed by analyti 
cal size exclusion chromatography (SEC), and the '% non 
aggregated material was quantified by calculating the area 
under the curve of chromatogram peaks. The integrity and 
purity of the fusion proteins was verified by SDS-PAGE elec 
trophoresis. 

TABLE 1 

Analytical SEC analysis of Fe-IFN-B fusion proteins 

Protein % non-aggregated 

Fc-Y4h-IFN-B O 
Fc-Y4h-IFN-B(C17S) 11 
Fc-Y4h-linker-IFN-B(C17S) 21-30 
Fc-Y4h-linker-IFN-B(C17S F50H H131A H140A) 52 
Fc-Y4h-linker-IFN-B(C17S L57A H131A H140T) 49 

0.139. In a second purification step, neutralized Protein A 
Sepharose eluates containing Fc-IFN-B” fusion proteins 
were applied to a preparative SEC column and peak fractions 
were collected, yielding Fc-IFN-B” protein preparations 
consisting of at least 90% non-aggregated material. While the 
yield of purified product for Fc-y4h-linker-IFN-B(C17S) was 
about 10%, for Fc-y4h-linker-IFN-B (C17S L57A H131A 
H140T) it was about 75%. This result indicated that the com 
bination of mutations C17S with, for example L57A. H131A, 
and H140T in the IFN-f3 moiety significantly promoted the 
solubility characteristics of the Fc-IFN-B fusion proteins. 

Example 6 

Measurement of Antiviral Activity 

0140 Viral replication in cell culture often results in cyto 
toxicity, an effect known as cytopathic effect (CPE). Interfer 
ons can inhibit viral proliferation and protect cells from CPE. 
The antiviral activity of IFN-B can be quantitated by cyto 
pathic effect reduction (CPER), as described in “Lymphok 
ines and Interferons: A Practical Approach”, edited by M. J. 
Clemens, A. G. Morris, and A. J. H. Gearin, I.R.L. Press, 
Oxford, 1987. The antiviral activities of purified huFc-IFN-f 
and huFc-IFN-?i” were compared relative to a commercial 
hulFN-B standard (R&D Systems) or Betaferon (Serono) 
using the human epithelial lung carcinoma line A549 (ATCC 
# CCL-185) and the encephalomyocarditis virus (EMCV: 
ATCC #VR 129B) according to the CPER protocol described 
in the above reference. The effective dose (ED50) was set as 
the amount of protein that led to 50% CPER (i.e. 50% of the 
cells being protected from lysis), determined relative to unin 
fected control cells. The ED50 values were the average of at 
least three separate experiments. It was found that the effec 
tive doses that gave 50% CPER were 50 pg/ml for huFc 
IFN-370 pg/ml for huFc-IFN-B”(C17S), 14 pg/ml for huFc 
IFN-B (C17S, F50H, H131A, H140A) and 17 pg/ml for 
huFc-IFN-B (C17S, L57A, H131A, H140T). These values, 
which had been normalized to the amount of IFN-B in the 
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fusion protein, correlated well with the ED50 of 90 pg/ml or 
40 pg/ml found with the commercial standard or Betaferon, 
respectively. Therefore, the IFN-B fusion proteins retained 
substantial anti-viral activity in a CPER assay, and the huFc 
IFN-?3" fusion proteins had an ED50 about equivalent to that 
of the free hulFN-B. 

Example 7 

Cellular Growth Inhibition Assay 
0141. The activity of the purified Fc-IFN-B fusion proteins 
was further determined in a cellular growth inhibition assay. 
The proliferation of Daudi cells (ATCC # CCL-123), a B 
lymphoblast line derived from a patient with Burkitt's lym 
phoma, is normally inhibited by IFN-?3. Accordingly, the 
antiproliferative effects of fusion proteins huFc-IFN-?3 and 
huFc-IFN-B”(C17S) on Daudi cells were compared relative 
to a commercial human standard (Calbiochem). To set up the 
assay for each of these proteins, a dilution series covering 
about a thousand fold concentration range was prepared in 
RPMI medium supplemented with 10% fetal bovine serum, 
and 100 ul samples were aliquoted in wells of a 96 well plate. 
Daudi cells in growth phase were washed and resuspended at 
2x10 cells/ml in the RPMI medium supplemented with 10% 
fetal bovine serum, and 100 ul of the cells were aliquoted to 
each well containing the IFN-B dilutions. Further control 
wells contained either untreated cells or medium alone. After 
incubation for an additional 72 hours proliferation was mea 
sured by mitochondrial dehydrogenase activity, using the 
chromogenic enzyme substrate MTS (Promega il G5421) in 
the presence of the electron donor PMS (Sigma if P 5812). 
The ED50 values, determined from activity curves, were 
found to be around 3 ng/ml to 3.5 ng/ml for each of the fusion 
proteins as well as for the commercial IFN-B protein. It was 
therefore concluded that the IFN-B fusion proteins were as 
effective as the free IFN-B in inhibiting Daudi cell growth. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 79 

<21 Os SEQ ID NO 1 
&211s LENGTH: 15 
212s. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Peptide Linker 

<4 OOs SEQUENCE: 1 
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Example 8 

Pharmacokinetics of huFc-IFN-?3 Proteins 
0142. The pharmacokinetics of huFc-IFN-B and huFc 
IFN-?” fusion proteins are determined in a group of4 Balb/c 
mice, for each protein. Twenty-five milligrams of the fusion 
protein is injected into the tail vein of each mouse. Blood is 
obtained by retro-orbital bleeding immediately after injection 
(i.e., at t=0 min), and at 30 min, 1 hr. 2 hrs, 4 hrs, 8 hrs, and 24 
hrs post-injection. Blood samples are collected in tubes con 
taining heparin to prevent clotting. Cells are removed by 
centrifugation in an Eppendorf high-speed microcentrifuge 
for 4 min at 12,500 g. The concentration of either Fc-hulFN-B 
or huFc-IFN-B” in the plasma is measured by anti-huFc 
ELISA and Western blot analysis using anti-huFc antibody. 
Alternatively, an IFN-B ELISA may be used. The integrity of 
the circulating fusion protein is ascertained by an immunob 
lot of the serum probed with an anti-huFc antibody or with an 
anti-IFN-B antibody. It is found that the circulating half-life 
of huFc-IFN-?i” is greater than that of huFc-IFN-?, and at 
least 5-fold that of the free IFN-B. 
0.143 Furthermore, it is contemplated that the specific 
effects of Fc-IFN-B” are more pronounced in treatment of 
conditions and diseases such as multiple Sclerosis, where 
administration of IFN-?3 is known to alleviate the condition. 

EQUIVALENTS 
0144. The invention may be embodied in other specific 
forms without departing from the spirit or essential charac 
teristics thereof. The foregoing embodiments are therefore to 
be considered in all respects illustrative rather than limiting 
on the invention described herein. The scope of the invention 
is thus indicated by the appended claims rather than by the 
foregoing description. All changes which come within the 
meaning and range of equivalency of the claims are therefore 
intended to be embraced therein. 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly 
1. 5 1O 

<21 Os SEQ ID NO 2 
&211s LENGTH: 166 
212s. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 2 

15 

Met Ser Tyr Asn Lieu. Leu Gly Phe Leu Glin Arg Ser Ser Asn Phe Glin 
1. 5 1O 15 

Cys Glin Llys Lieu. Lieu. Trp Gln Lieu. Asn Gly Arg Lieu. Glu Tyr Cys Lieu. 
2O 25 3 O 
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- Continued 

Lys Asp Arg Met Asn. Phe Asp Ile Pro Glu Glu Ile Llys Glin Lieu. Glin 
35 4 O 45 

Glin Phe Glin Lys Glu Asp Ala Ala Lieu. Thir Ile Tyr Glu Met Lieu. Glin 
SO 55 6 O 

Asn Ile Phe Ala Ile Phe Arg Glin Asp Ser Ser Ser Thr Gly Trp Asn 
65 70 7s 8O 

Glu Thir Ile Val Glu Asn Lieu. Lieu Ala Asn Val Tyr His Glin Ile Asn 
85 90 95 

His Lieu Lys Thr Val Lieu. Glu Glu Lys Lieu. Glu Lys Glu Asp Phe Thr 
1OO 105 11 O 

Arg Gly Lys Lieu Met Ser Ser Lieu. His Lieu Lys Arg Tyr Tyr Gly Arg 
115 12 O 125 

Ile Lieu. His Tyr Lieu Lys Ala Lys Glu Tyr Ser His Cys Ala Trp Thr 
13 O 135 14 O 

Ile Val Arg Val Glu Ile Lieu. Arg Asin Phe Tyr Phe Ile Asn Arg Lieu. 
145 150 155 160 

Thr Gly Tyr Lieu. Arg Asn 
1.65 

<210s, SEQ ID NO 3 
&211s LENGTH: 166 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Mature human IFN-beta with amino acid 
substitution C17S 

<4 OOs, SEQUENCE: 3 

Met Ser Tyr Asn Lieu. Leu Gly Phe Leu Glin Arg Ser Ser Asn Phe Glin 
1. 5 1O 15 

Ser Glin Llys Lieu Lleu Trp Gln Lieu. Asn Gly Arg Lieu. Glu Tyr Cys Lieu. 
2O 25 3O 

Lys Asp Arg Met Asn. Phe Asp Ile Pro Glu Glu Ile Llys Glin Lieu. Glin 
35 4 O 45 

Glin Phe Glin Lys Glu Asp Ala Ala Lieu. Thir Ile Tyr Glu Met Lieu. Glin 
SO 55 6 O 

Asn Ile Phe Ala Ile Phe Arg Glin Asp Ser Ser Ser Thr Gly Trp Asn 
65 70 7s 8O 

Glu Thir Ile Val Glu Asn Lieu. Lieu Ala Asn Val Tyr His Glin Ile Asn 
85 90 95 

His Lieu Lys Thr Val Lieu. Glu Glu Lys Lieu. Glu Lys Glu Asp Phe Thr 
1OO 105 11 O 

Arg Gly Lys Lieu Met Ser Ser Lieu. His Lieu Lys Arg Tyr Tyr Gly Arg 
115 12 O 125 

Ile Lieu. His Tyr Lieu Lys Ala Lys Glu Tyr Ser His Cys Ala Trp Thr 
13 O 135 14 O 

Ile Val Arg Val Glu Ile Lieu. Arg Asin Phe Tyr Phe Ile Asn Arg Lieu. 
145 150 155 160 

Thr Gly Tyr Lieu. Arg Asn 
1.65 

<210s, SEQ ID NO 4 
&211s LENGTH: 397 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



US 2014/0005361 A1 Jan. 2, 2014 
17 

- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: An amino acid sequence for human Fo-IFN-beta 
(C17S) with FC region of IgG4 isotype and a modified IgG1 hinge 

<4 OOs, SEQUENCE: 4 

Glu Pro Llys Ser Ser Asp Llys Thr His Thr Cys Pro Pro Cys Pro Ala 
1. 5 1O 15 

Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro 
2O 25 3O 

Lys Asp Thr Lieu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val 
35 4 O 45 

Val Asp Val Ser Glin Glu Asp Pro Glu Val Glin Phe Asn Trp Tyr Val 
SO 55 6 O 

Asp Gly Val Glu Val His Asn Ala Lys Thr Llys Pro Arg Glu Glu Glin 
65 70 7s 8O 

Phe Asin Ser Thr Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. His Glin 
85 90 95 

Asp Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Llys Val Ser Asn Lys Gly 
1OO 105 11 O 

Lieu Pro Ser Ser Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro 
115 12 O 125 

Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu Glu Met Thr 
13 O 135 14 O 

Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe Tyr Pro Ser 
145 150 155 160 

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn. Asn Tyr 
1.65 17O 17s 

Lys. Thir Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Leu Tyr 
18O 185 19 O 

Ser Lys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly Asn. Ile Phe 
195 2OO 2O5 

Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr Thr Gln Lys 
21 O 215 22O 

Ser Leu Ser Leu Ser Pro Gly Met Ser Tyr Asn Lieu. Leu Gly Phe Leu 
225 23 O 235 24 O 

Glin Arg Ser Ser Asn. Phe Glin Ser Glin Llys Lieu Lleu Trp Glin Lieu. Asn 
245 250 255 

Gly Arg Lieu. Glu Tyr Cys Lieu Lys Asp Arg Met Asn. Phe Asp Ile Pro 
26 O 265 27 O 

Glu Glu Ile Lys Glin Lieu. Glin Glin Phe Glin Lys Glu Asp Ala Ala Lieu. 
27s 28O 285 

Thir Ile Tyr Glu Met Leu Gln Asn Ile Phe Ala Ile Phe Arg Glin Asp 
29 O 295 3 OO 

Ser Ser Ser Thr Gly Trp Asn Glu Thir Ile Val Glu Asn Lieu. Leu Ala 
3. OS 310 315 32O 

Asn Val Tyr His Glin Ile Asn His Lieu Lys Thr Val Lieu. Glu Glu Lys 
3.25 330 335 

Lieu. Glu Lys Glu Asp Phe Thr Arg Gly Lys Lieu Met Ser Ser Lieu. His 
34 O 345 35. O 

Lieu Lys Arg Tyr Tyr Gly Arg Ile Lieu. His Tyr Lieu Lys Ala Lys Glu 
355 360 365 

Tyr Ser His Cys Ala Trp Thir Ile Val Arg Val Glu Ile Lieu. Arg Asn 
37 O 375 38O 
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- Continued 

Phe Tyr Phe Ile Asn Arg Lieu. Thr Gly Tyr Lieu. Arg Asn 
385 390 395 

<210s, SEQ ID NO 5 
&211s LENGTH: 288 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: An amino acid sequence for human 
Fo- (linker) - IFN-beta starting with the CH3 domain of the Fc IgG4 
isotype. 

<4 OOs, SEQUENCE: 5 

Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu 
1. 5 1O 15 

Glu Met Thr Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe 
2O 25 3O 

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu 
35 4 O 45 

Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe 
SO 55 6 O 

Phe Lieu. Tyr Ser Llys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly 
65 70 7s 8O 

Asn Ile Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr 
85 90 95 

Thr Gln Lys Ser Lieu. Ser Leu Ser Pro Gly Ala Gly Gly Gly Gly Ser 
1OO 105 11 O 

Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Tyr Asn Lieu. Leu 
115 12 O 125 

Gly Phe Lieu. Glin Arg Ser Ser Asn. Phe Glin Cys Glin Llys Lieu. Lieu. Trp 
13 O 135 14 O 

Glin Lieu. Asn Gly Arg Lieu. Glu Tyr Cys Lieu Lys Asp Arg Met Asn. Phe 
145 150 155 160 

Asp Ile Pro Glu Glu Ile Lys Glin Lieu. Glin Glin Phe Gln Lys Glu Asp 
1.65 17O 17s 

Ala Ala Lieu. Thir Ile Tyr Glu Met Leu Glin Asn Ile Phe Ala Ile Phe 
18O 185 19 O 

Arg Glin Asp Ser Ser Ser Thr Gly Trp Asn Glu Thir Ile Val Glu Asn 
195 2OO 2O5 

Lieu. Lieu Ala Asn Val Tyr His Glin Ile Asn His Lieu Lys Thr Val Lieu. 
21 O 215 22O 

Glu Glu Lys Lieu. Glu Lys Glu Asp Phe Thir Arg Gly Llys Lieu Met Ser 
225 23 O 235 24 O 

Ser Lieu. His Lieu Lys Arg Tyr Tyr Gly Arg Ile Lieu. His Tyr Lieu Lys 
245 250 255 

Ala Lys Glu Tyr Ser His Cys Ala Trp Thir Ile Val Arg Val Glu Ile 
26 O 265 27 O 

Lieu. Arg Asn. Phe Tyr Phe Ile Asin Arg Lieu. Thr Gly Tyr Lieu. Arg Asn 
27s 28O 285 

<210s, SEQ ID NO 6 
&211s LENGTH: 288 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: An amino acid sequence for human 
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- Continued 

Fo- (linker) - IFN-beta (C17S) starting with the CH3 domain of the Fc 
IgG4 isotype 

<4 OOs, SEQUENCE: 6 

Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu 
1. 5 1O 15 

Glu Met Thr Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe 
2O 25 3O 

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu 
35 4 O 45 

Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe 
SO 55 6 O 

Phe Lieu. Tyr Ser Llys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly 
65 70 7s 8O 

Asn Ile Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr 
85 90 95 

Thr Gln Lys Ser Lieu. Ser Leu Ser Pro Gly Ala Gly Gly Gly Gly Ser 
1OO 105 11 O 

Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Tyr Asn Lieu. Leu 
115 12 O 125 

Gly Phe Lieu. Glin Arg Ser Ser Asn. Phe Glin Ser Glin Llys Lieu. Lieu. Trp 
13 O 135 14 O 

Glin Lieu. Asn Gly Arg Lieu. Glu Tyr Cys Lieu Lys Asp Arg Met Asn. Phe 
145 150 155 160 

Asp Ile Pro Glu Glu Ile Lys Glin Lieu. Glin Glin Phe Gln Lys Glu Asp 
1.65 17O 17s 

Ala Ala Lieu. Thir Ile Tyr Glu Met Leu Glin Asn Ile Phe Ala Ile Phe 
18O 185 19 O 

Arg Glin Asp Ser Ser Ser Thr Gly Trp Asn Glu Thir Ile Val Glu Asn 
195 2OO 2O5 

Lieu. Lieu Ala Asn Val Tyr His Glin Ile Asn His Lieu Lys Thr Val Lieu. 
21 O 215 22O 

Glu Glu Lys Lieu. Glu Lys Glu Asp Phe Thir Arg Gly Llys Lieu Met Ser 
225 23 O 235 24 O 

Ser Lieu. His Lieu Lys Arg Tyr Tyr Gly Arg Ile Lieu. His Tyr Lieu Lys 
245 250 255 

Ala Lys Glu Tyr Ser His Cys Ala Trp Thir Ile Val Arg Val Glu Ile 
26 O 265 27 O 

Lieu. Arg Asn. Phe Tyr Phe Ile Asin Arg Lieu. Thr Gly Tyr Lieu. Arg Asn 
27s 28O 285 

<210s, SEQ ID NO 7 
&211s LENGTH: 288 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: An amino acid sequence for human 
Fo- (linker) - IFN-beta (C17S L57A. H131A. H14 OT) starting with the CH3 
domain of the Fc IgG4 isotype 

<4 OO > SEQUENCE: 7 

Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu 
1. 5 1O 15 

Glu Met Thr Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe 
2O 25 3O 
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Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu 
35 4 O 45 

Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe 
SO 55 6 O 

Phe Lieu. Tyr Ser Llys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly 
65 70 7s 8O 

Asn Ile Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr 
85 90 95 

Thr Gln Lys Ser Lieu. Ser Leu Ser Pro Gly Ala Gly Gly Gly Gly Ser 
1OO 105 11 O 

Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Tyr Asn Lieu. Leu 
115 12 O 125 

Gly Phe Lieu. Glin Arg Ser Ser Asn. Phe Glin Ser Glin Llys Lieu. Lieu. Trp 
13 O 135 14 O 

Glin Lieu. Asn Gly Arg Lieu. Glu Tyr Cys Lieu Lys Asp Arg Met Asn. Phe 
145 150 155 160 

Asp Ile Pro Glu Glu Ile Lys Glin Lieu. Glin Glin Phe Gln Lys Glu Asp 
1.65 17O 17s 

Ala Ala Ala Thr Ile Tyr Glu Met Leu Glin Asn Ile Phe Ala Ile Phe 
18O 185 19 O 

Arg Glin Asp Ser Ser Ser Thr Gly Trp Asn Glu Thir Ile Val Glu Asn 
195 2OO 2O5 

Lieu. Lieu. Ala ASn Val Tyr His Glin Ile Asn His Lieu Lys Thr Val Lieu. 
21 O 215 22O 

Glu Glu Lys Lieu. Glu Lys Glu Asp Phe Thir Arg Gly Llys Lieu Met Ser 
225 23 O 235 24 O 

Ser Lieu. His Lieu Lys Arg Tyr Tyr Gly Arg Ile Lieu Ala Tyr Lieu Lys 
245 250 255 

Ala Lys Glu Tyr Ser Thr Cys Ala Trp Thir Ile Val Arg Val Glu Ile 
26 O 265 27 O 

Lieu. Arg Asn. Phe Tyr Phe Ile Asin Arg Lieu. Thr Gly Tyr Lieu. Arg Asn 
27s 28O 285 

<210s, SEQ ID NO 8 
&211s LENGTH: 288 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: An amino acid sequence for human 
Fo- (linker) - IFN-beta (C17S L57A. H131A. H14 OA) starting with the CH3 
domain of the Fc IgG4 isotype 

<4 OOs, SEQUENCE: 8 

Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu 
1. 5 1O 15 

Glu Met Thr Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe 
2O 25 3O 

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu 
35 4 O 45 

Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe 
SO 55 6 O 

Phe Lieu. Tyr Ser Llys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly 
65 70 7s 8O 

Asn Ile Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr 
85 90 95 
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Thr Gln Lys Ser Lieu. Ser Leu Ser Pro Gly Ala Gly Gly Gly Gly Ser 
1OO 105 11 O 

Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Tyr Asn Lieu. Leu 
115 12 O 125 

Gly Phe Lieu. Glin Arg Ser Ser Asn. Phe Glin Ser Glin Llys Lieu. Lieu. Trp 
13 O 135 14 O 

Glin Lieu. Asn Gly Arg Lieu. Glu Tyr Cys Lieu Lys Asp Arg Met Asn. Phe 
145 150 155 160 

Asp Ile Pro Glu Glu Ile Lys Glin Lieu. Glin Glin Phe Gln Lys Glu Asp 
1.65 17O 17s 

Ala Ala Ala Thr Ile Tyr Glu Met Leu Glin Asn Ile Phe Ala Ile Phe 
18O 185 19 O 

Arg Glin Asp Ser Ser Ser Thr Gly Trp Asn Glu Thir Ile Val Glu Asn 
195 2OO 2O5 

Lieu. Lieu Ala Asn Val Tyr His Glin Ile Asn His Lieu Lys Thr Val Lieu. 
21 O 215 22O 

Glu Glu Lys Lieu. Glu Lys Glu Asp Phe Thir Arg Gly Llys Lieu Met Ser 
225 23 O 235 24 O 

Ser Lieu. His Lieu Lys Arg Tyr Tyr Gly Arg Ile Lieu Ala Tyr Lieu Lys 
245 250 255 

Ala Lys Glu Tyr Ser Ala Cys Ala Trp Thir Ile Val Arg Val Glu Ile 
26 O 265 27 O 

Lieu. Arg Asn. Phe Tyr Phe Ile Asin Arg Lieu. Thr Gly Tyr Lieu. Arg Asn 
27s 28O 285 

<210s, SEQ ID NO 9 
&211s LENGTH: 288 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: An amino acid sequence for human 
Fo- (linker) - IFN-beta (C17S F50A. H131A, H140A) starting with the 
CH3 domain of the Fc IgG4 isotype 

<4 OOs, SEQUENCE: 9 

Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Leu 
1. 5 1O 15 

Tyr Ser Lys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly Asn. Ile 
2O 25 3O 

Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr Thr Glin 
35 4 O 45 

Lys Ser Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe 
SO 55 6 O 

Phe Lieu. Tyr Ser Llys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly 
65 70 7s 8O 

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr 
85 90 95 

Thr Gln Lys Ser Lieu. Ser Leu Ser Pro Gly Ala Gly Gly Gly Gly Ser 
1OO 105 11 O 

Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Tyr Asn Lieu. Leu 
115 12 O 125 

Gly Phe Lieu. Glin Arg Ser Ser Asn. Phe Glin Ser Glin Llys Lieu. Lieu. Trp 
13 O 135 14 O 

Glin Lieu. Asn Gly Arg Lieu. Glu Tyr Cys Lieu Lys Asp Arg Met Asn. Phe 
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145 150 155 160 

Asp Ile Pro Glu Glu Ile Lys Glin Lieu. Glin Glin Ala Gln Lys Glu Asp 
1.65 17O 17s 

Ala Ala Lieu. Thir Ile Tyr Glu Met Leu Glin Asn Ile Phe Ala Ile Phe 
18O 185 19 O 

Arg Glin Asp Ser Ser Ser Thr Gly Trp Asn Glu Thir Ile Val Glu Asn 
195 2OO 2O5 

Lieu. Lieu Ala Asn Val Tyr His Glin Ile Asn His Lieu Lys Thr Val Lieu. 
21 O 215 22O 

Glu Glu Lys Lieu. Glu Lys Glu Asp Phe Thir Arg Gly Llys Lieu Met Ser 
225 23 O 235 24 O 

Ser Lieu. His Lieu Lys Arg Tyr Tyr Gly Arg Ile Lieu Ala Tyr Lieu Lys 
245 250 255 

Ala Lys Glu Tyr Ser Ala Cys Ala Trp Thir Ile Val Arg Val Glu Ile 
26 O 265 27 O 

Lieu. Arg Asn. Phe Tyr Phe Ile Asin Arg Lieu. Thr Gly Tyr Lieu. Arg Asn 
27s 28O 285 

<210s, SEQ ID NO 10 
&211s LENGTH: 288 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: An amino acid sequence for human 
Fo- (linker) - IFN-beta (C17S F5OA. H131A. H14 OT) starting with the CH3 
domain of the Fc IgG4 isotype 

<4 OOs, SEQUENCE: 10 

Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu 
1. 5 1O 15 

Glu Met Thr Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe 
2O 25 3O 

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu 
35 4 O 45 

Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe 
SO 55 6 O 

Phe Lieu. Tyr Ser Llys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly 
65 70 7s 8O 

Asn Ile Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr 
85 90 95 

Thr Gln Lys Ser Lieu. Ser Leu Ser Pro Gly Ala Gly Gly Gly Gly Ser 
1OO 105 11 O 

Gly Gly Gly Gly Ser Gly Gly Gly Ser Gly Met Ser Tyr Asn Lieu. Leu 
115 12 O 125 

Gly Phe Lieu. Glin Arg Ser Ser Asn. Phe Glin Ser Glin Llys Lieu. Lieu. Trp 
13 O 135 14 O 

Glin Lieu. Asn Gly Arg Lieu. Glu Tyr Cys Lieu Lys Asp Arg Met Asn. Phe 
145 150 155 160 

Asp Ile Pro Glu Glu Ile Lys Glin Lieu. Glin Glin Ala Gln Lys Glu Asp 
1.65 17O 17s 

Ala Ala Lieu. Thir Ile Tyr Glu Met Leu Glin Asn Ile Phe Ala Ile Phe 
18O 185 19 O 

Arg Glin Asp Ser Ser Ser Thr Gly Trp Asn Glu Thir Ile Val Glu Asn 
195 2OO 2O5 
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Lieu. Lieu Ala Asn Val Tyr His Glin Ile Asn His Lieu Lys Thr Val Lieu. 
21 O 215 22O 

Glu Glu Lys Lieu. Glu Lys Glu Asp Phe Thir Arg Gly Llys Lieu Met Ser 
225 23 O 235 24 O 

Ser Lieu. His Lieu Lys Arg Tyr Tyr Gly Arg Ile Lieu Ala Tyr Lieu Lys 
245 250 255 

Ala Lys Glu Tyr Ser Thr Cys Ala Trp Thir Ile Val Arg Val Glu Ile 
26 O 265 27 O 

Lieu. Arg Asn. Phe Tyr Phe Ile Asin Arg Lieu. Thr Gly Tyr Lieu. Arg Asn 
27s 28O 285 

<210s, SEQ ID NO 11 
&211s LENGTH: 161 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 11 

Ile Asn Tyr Lys Glin Lieu Gln Lieu. Glin Glu Arg Thr Asn. Ile Arg Llys 
1. 5 1O 15 

Cys Glin Glu Lieu. Lieu. Glu Gln Lieu. Asn Gly Lys Ile Asn Lieu. Thir Tyr 
2O 25 3O 

Arg Ala Asp Phe Lys Ile Pro Met Glu Met Thr Glu Lys Met Glin Lys 
35 4 O 45 

Ser Tyr Thr Ala Phe Ala Ile Glin Glu Met Leu Gln Asn Val Phe Leu 
SO 55 6 O 

Val Phe Arg Asn Asn Phe Ser Ser Thr Gly Trp Asn Glu Thir Ile Val 
65 70 7s 8O 

Val Arg Lieu. Lieu. Asp Glu Lieu. His Glin Glin Thr Val Phe Lieu Lys Thr 
85 90 95 

Val Lieu. Glu Glu Lys Glin Glu Glu Arg Lieu. Thir Trp Glu Met Ser Ser 
1OO 105 11 O 

Thir Ala Lieu. His Lieu Lys Ser Tyr Tyr Trp Arg Val Glin Arg Tyr Lieu. 
115 12 O 125 

Llys Lieu Met Lys Tyr Asn. Ser Tyr Ala Trp Met Val Val Arg Ala Glu 
13 O 135 14 O 

Ile Phe Arg Asn. Phe Lieu. Ile Ile Arg Arg Lieu. Thir Arg Asn. Phe Glin 
145 150 155 160 

Asn 

<210s, SEQ ID NO 12 
&211s LENGTH: 161 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: An amino acid sequence for mature mouse 
IFN-beta (C17S) 

<4 OOs, SEQUENCE: 12 

Ile Asn Tyr Lys Glin Lieu Gln Lieu. Glin Glu Arg Thr Asn. Ile Arg Llys 
1. 5 1O 15 

Ser Glin Glu Lieu. Lieu. Glu Gln Lieu. Asn Gly Lys Ile Asn Lieu. Thir Tyr 
2O 25 3O 

Arg Ala Asp Phe Lys Ile Pro Met Glu Met Thr Glu Lys Met Glin Lys 
35 4 O 45 

Ser Tyr Thr Ala Phe Ala Ile Glin Glu Met Leu Gln Asn Val Phe Leu 
SO 55 6 O 
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Tyr Val Cys Asn. Wall Asn His Llys Pro Ser Asn. Thir Llys Val Asp Llys 
85 90 95 

Arg Val Glu Ile Llys Thr Cys Gly Gly Gly Ser Lys Pro Pro Thr Cys 
1OO 105 11 O 

Pro Pro Cys Pro Ala Pro Glu Lieu. Leu Gly Gly Pro Ser Val Phe Leu 
115 12 O 125 

Phe Pro Pro Llys Pro Lys Asp Thr Lieu Met Ile Ser Arg Thr Pro Glu 
13 O 135 14 O 

Val Thr Cys Val Val Val Asp Val Ser Glin Glu Asp Pro Asp Wall Lys 
145 150 155 160 

Phe Asn Trp Tyr Val Asn Gly Ala Glu Val His His Ala Glin Thr Lys 
1.65 17O 17s 

Pro Arg Glu Thr Glin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Lieu. 
18O 185 19 O 

Thr Val Thr His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr Thr Cys Lys 
195 2OO 2O5 

Val Ser Asn Lys Ala Lieu Pro Ala Pro Ile Glin Llys Thir Ile Ser Lys 
21 O 215 22O 

Asp Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser 
225 23 O 235 24 O 

Arg Glu Glu Lieu. Thir Lys Asn Glin Val Ser Lieu. Thir Cys Lieu Val Lys 
245 250 255 

Gly Phe Tyr Pro Ser Asp Ile Val Val Glu Trp Glu Ser Ser Gly Glin 
26 O 265 27 O 

Pro Glu Asn Thr Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly 
27s 28O 285 

Ser Tyr Phe Lieu. Tyr Ser Llys Lieu. Thr Val Asp Llys Ser Arg Trp Arg 
29 O 295 3 OO 

Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Lieu. His Asn 
3. OS 310 315 32O 

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys 
3.25 330 

<210s, SEQ ID NO 22 
&211s LENGTH: 999 
&212s. TYPE: DNA 
<213s ORGANISM: Macaca mulatta 

<4 OOs, SEQUENCE: 22 

gcct coacca agggcc catc ggit ct tcc cc Ctggcgc.cct C ct coaggag cacct Cogag 6 O 

agcacagcgg C cctgggctg cctggtcaag gaCtact tcc ctgaaccc.gt gaccgtgtcg 12 O 

tggaacticag gct Coctgac cagcggcgtg cacacct tcc cq9ctgtc.ct acagt cct ca 18O 

gggctic tact C cct cagoag C9tggtgacc gtgcc ct coa gcagcttggg cacccagacc 24 O 

tacgtctgca acgtaalacca caa.gcc.ca.gc alacaccalagg tacaagag agttgagata 3OO 

aaaacatgtg gtggtggcag caaacct CCC acgtgcc cac citgcaccag CCCtgaactic 360 

ctggggggac cqt cagt citt cotct tcc cc ccaaaac cca aggacaccct catgat citcc 42O 

cggacc cctg aggtoacatg cgtggtggta gacgtgagcc aggaaga ccc catgtcaag 48O 

ttcaactggit acgtaaacgg cqcggaggtg cat catgc.cc agacgaagcc acgggagacg 54 O 

Cagtacaiaca gcacatat cq ttggit cagc gtc.ct caccg tcacgcacca ggactggctg 6OO 

aacggcaagg agtacacgtg caaggtotCc aacaaag.ccc ticcc.ggc.ccc catcCagaaa 660 
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accatctoca aagacaaagg gcago Cccga gag cct cagg ttacac cct gcc.ccc.gtc.c 72 O 

cgggaggagc tigaccalagaa C caggtoagc ctgacct gcc tigtcaaagg Cttct accc.c 78O 

agcgacat cq t cqtggagtg ggaga.gcagc gggcago.cgg agaac acct a Caagaccacc 84 O 

cc.gc.ccgtgc tiggacticcga C9gct Cotac ttic ct ctaca gcaa.gct cac cqtggacaag 9 OO 

agcaggtggc agcaggggaa cqt ctitct catct ccdtga tigcatgaggc tictgcacaac 96.O 

cact acaccc agaagagcct citcc.ctgtct c cqgg taaa 999 

<210s, SEQ ID NO 23 
&211s LENGTH: 333 
212. TYPE: PRT 

<213s ORGANISM: Macaca mulatta 

<4 OOs, SEQUENCE: 23 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Arg 
1. 5 1O 15 

Ser Thir Ser Glu Ser Thr Ala Ala Lieu. Gly Cys Lieu Val Lys Asp Tyr 
2O 25 3O 

Phe Pro Glu Pro Val Thr Val Ser Trp Asin Ser Gly Ser Lieu. Thir Ser 
35 4 O 45 

Gly Val His Thr Phe Pro Ala Val Lieu. Glin Ser Ser Gly Lieu. Tyr Ser 
SO 55 6 O 

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Lieu. Gly Thr Glin Thr 
65 70 7s 8O 

Tyr Val Cys Asn. Wall Asn His Llys Pro Ser Asn. Thir Llys Val Asp Llys 
85 90 95 

Arg Val Glu Ile Llys Thr Cys Gly Gly Gly Ser Lys Pro Pro Thr Cys 
1OO 105 11 O 

Pro Pro Cys Thr Ser Pro Glu Lieu. Leu Gly Gly Pro Ser Val Phe Leu 
115 12 O 125 

Phe Pro Pro Llys Pro Lys Asp Thr Lieu Met Ile Ser Arg Thr Pro Glu 
13 O 135 14 O 

Val Thr Cys Val Val Val Asp Val Ser Glin Glu Asp Pro Asp Wall Lys 
145 150 155 160 

Phe Asn Trp Tyr Val Asn Gly Ala Glu Val His His Ala Glin Thr Lys 
1.65 17O 17s 

Pro Arg Glu Thr Glin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Lieu. 
18O 185 19 O 

Thr Val Thr His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr Thr Cys Lys 
195 2OO 2O5 

Val Ser Asn Lys Ala Lieu Pro Ala Pro Ile Glin Llys Thir Ile Ser Lys 
21 O 215 22O 

Asp Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser 
225 23 O 235 24 O 

Arg Glu Glu Lieu. Thir Lys Asn Glin Val Ser Lieu. Thir Cys Lieu Val Lys 
245 250 255 

Gly Phe Tyr Pro Ser Asp Ile Val Val Glu Trp Glu Ser Ser Gly Glin 
26 O 265 27 O 

Pro Glu Asn Thr Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp Gly 
27s 28O 285 

Ser Tyr Phe Leu Tyr Ser Lys Lieu. Thr Val Asp Llys Ser Arg Trp Glin 
29 O 295 3 OO 
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85 90 95 

Thr Val Arg Llys Thr Asp His Pro Pro Gly Pro Llys Pro Cys Asp Cys 
1OO 105 11 O 

Pro Llys Cys Pro Pro Pro Glu Met Leu Gly Gly Pro Ser Ile Phe Ile 
115 12 O 125 

Phe Pro Pro Llys Pro Lys Asp Thr Lieu Ser Ile Ser Arg Thr Pro Glu 
13 O 135 14 O 

Val Thr Cys Lieu Val Val Asp Lieu. Gly Pro Asp Asp Ser Asp Val Glin 
145 150 155 160 

Ile Thir Trp Phe Val Asp Asn Thr Glin Val Tyr Thr Ala Lys Thr Ser 
1.65 17O 17s 

Pro Arg Glu Glu Glin Phe Asn Ser Thr Tyr Arg Val Val Ser Val Lieu. 
18O 185 19 O 

Pro Ile Lieu. His Glin Asp Trp Lieu Lys Gly Lys Glu Phe Lys Cys Llys 
195 2OO 2O5 

Val Asn Ser Lys Ser Lieu Pro Ser Pro Ile Glu Arg Thr Ile Ser Lys 
21 O 215 22O 

Ala Lys Gly Glin Pro His Glu Pro Glin Val Tyr Val Lieu Pro Pro Ala 
225 23 O 235 24 O 

Glin Glu Glu Lieu. Ser Arg Asn Llys Val Ser Val Thr Cys Lieu. Ile Llys 
245 250 255 

Ser Phe His Pro Pro Asp Ile Ala Val Glu Trp Glu Ile Thr Gly Glin 
26 O 265 27 O 

Pro Glu Pro Glu Asn Asn Tyr Arg Thr Thr Pro Pro Gln Lieu. Asp Ser 
27s 28O 285 

Asp Gly Thr Tyr Phe Val Tyr Ser Lys Lieu Ser Val Asp Arg Ser His 
29 O 295 3 OO 

Trp Glin Arg Gly Asn Thr Tyr Thr Cys Ser Val Ser His Glu Ala Leu 
3. OS 310 315 32O 

His Ser His His Thr Glin Lys Ser Lieu. Thr Glin Ser Pro Gly Lys 
3.25 330 335 

<210s, SEQ ID NO 26 
&211s LENGTH: 1235 
&212s. TYPE: DNA 

<213> ORGANISM: Oryctolagus cuniculus 

<4 OOs, SEQUENCE: 26 

atgagctggg toccacaggc ticCagggaag gagctggagt ggat.cggata Cattagttat 6 O 

ggtgg tagtg catact acgc gagctgggcg aaaag.ccgat ccaccat cac Cagaalacacc 12 O 

aacgagaaca C9gtgact ct gaaaatgacc agtctgacag cc.gcggacac ggccaccitat 18O 

ttctgtgcga gacattgggg Catctggggc C caggcaccc tigt caccgt. Ct c ct caggg 24 O 

caac ctaagg ctic cat cagt ctitcc cactg gcc cc ctdct gcggggacac acc cagotcc 3OO 

acggtgaccc tiggctgcct ggtcaaaggc tacct cocgg agc.ca.gtgac C9tgacctgg 360 

aact cqggca CCCtcaccaa tiggg tacgc acct tcc.cgt CC9tc.cggca gtc.ct Caggc 42O 

Ctct acticgc tigagcagcgt ggtgagcgtg acct caa.gca gcc agc.ccgt. Cacctgcaac 48O 

gtggcc cacc cagccaccala Caccaaagtg gacaagaccg ttgcacc Ct c gaCatgcagc 54 O 

aag.cccacgt gcc caccc cc tdaacticcitg ggggg acct citgtc.tt cat citt coccc.ca 6OO 

aalacccaagg acaccct cat gat ct cacgc accc.ccgagg to a catgcgt ggtggtggac 660 
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gtgagcCagg atgaccc.cga ggtgcagttc acatggtaca taaacaacga gcaggtgcgc 72 O 

accgc.ccggc cqc.cgctacg ggagcagcag ttcaa.ca.gca catc.cgcgt ggt cagc acc 78O 

Ctc.cccatca cqcaccagga citggctgagggggaaggagt t caagtgcaa agt ccacaac 84 O 

aaggcact co cqgc.ccc.cat Cagaaaacc atct c caaag C cagagggca gcc cctggag 9 OO 

cc.galaggt ct acaccatggg C cct ccc.cgg gaggagctga gcagc aggt c get cagcctg 96.O 

acctgcatga t caacggctt CtaccCttico gaCatct cqg tdgagtggga gaagaacggg 1 O2O 

aaggcagagg acaact acaa gaccacgc.cg gcc.gtgctgg acagcgacgg Ctcct acttic 108 O 

Ctct acaa.ca agctict cagt gcc cacgagt gagtggcagc ggggcgacgt. Ctt Cacctgc 114 O 

tcc.gtgatgc acgaggcc tit gcacalaccac tacacgcaga agt cc at ct c cc.gct ct cog 12 OO 

ggtaaatgag cqctgtgc.cg gcgagctgcc cct ct 1235 

<210s, SEQ ID NO 27 
&211s LENGTH: 4 O2 
212. TYPE: PRT 

<213> ORGANISM: Oryctolagus cuniculus 

<4 OOs, SEQUENCE: 27 

Met Ser Trp Val Arg Glin Ala Pro Gly Lys Glu Lieu. Glu Trp Ile Gly 
1. 5 1O 15 

Tyr Ile Ser Tyr Gly Gly Ser Ala Tyr Tyr Ala Ser Trp Ala Lys Ser 
2O 25 3O 

Arg Ser Thir Ile Thr Arg Asn Thr Asn Glu Asn Thr Val Thr Lieu Lys 
35 4 O 45 

Met Thr Ser Lieu. Thir Ala Ala Asp Thr Ala Thr Tyr Phe Cys Ala Arg 
SO 55 6 O 

His Trp Gly Ile Trp Gly Pro Gly Thr Lieu Val Thr Val Ser Ser Gly 
65 70 7s 8O 

Gln Pro Lys Ala Pro Ser Val Phe Pro Leu Ala Pro Cys Cys Gly Asp 
85 90 95 

Thr Pro Ser Ser Thr Val Thr Lieu. Gly Cys Lieu Val Lys Gly Tyr Lieu. 
1OO 105 11 O 

Pro Glu Pro Val Thr Val Thir Trp Asn Ser Gly Thr Lieu. Thir Asn Gly 
115 12 O 125 

Val Arg Thr Phe Pro Ser Val Arg Glin Ser Ser Gly Lieu. Tyr Ser Leu 
13 O 135 14 O 

Ser Ser Val Val Ser Val Thr Ser Ser Ser Gln Pro Val Thr Cys Asn 
145 150 155 160 

Val Ala His Pro Ala Thr Asn Thr Llys Val Asp Llys Thr Val Ala Pro 
1.65 17O 17s 

Ser Thr Cys Ser Lys Pro Thr Cys Pro Pro Pro Glu Lieu. Leu Gly Gly 
18O 185 19 O 

Pro Ser Val Phe Ile Phe Pro Pro Llys Pro Lys Asp Thr Lieu Met Ile 
195 2OO 2O5 

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Glin Asp 
21 O 215 22O 

Asp Pro Glu Val Glin Phe Thir Trp Tyr Ile Asn Asn Glu Glin Val Arg 
225 23 O 235 24 O 

Thr Ala Arg Pro Pro Leu Arg Glu Gln Glin Phe Asn Ser Thr Ile Arg 
245 250 255 

Val Val Ser Thr Lieu Pro Ile Thr His Glin Asp Trp Lieu. Arg Gly Lys 
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<4 OOs, SEQUENCE: 29 

Ala Pro Llys Thr Ala Pro Lieu Val Tyr Pro Lieu Ala Pro Cys Gly Arg 
1. 5 1O 15 

Asp Thir Ser Gly Pro Asn. Wall Ala Lieu. Gly Cys Lieu Ala Ser Ser Tyr 
2O 25 3O 

Phe Pro Glu Pro Val Thr Val Thir Trp Asin Ser Gly Ala Lieu. Thir Ser 
35 4 O 45 

Gly Val His Thr Phe Pro Ser Val Lieu. Glin Pro Ser Gly Lieu. Tyr Ser 
SO 55 6 O 

Lieu. Ser Ser Met Val Thr Val Pro Ala Ser Ser Leu Ser Ser Lys Ser 
65 70 7s 8O 

Tyr Thr Cys Asn Val Asn His Pro Ala Thr Thr Thr Lys Val Asp Llys 
85 90 95 

Arg Val Gly. Thir Lys Thr Lys Pro Pro Cys Pro Ile Cys Pro Ala Cys 
1OO 105 11 O 

Glu Ser Pro Gly Pro Ser Val Phe Ile Phe Pro Pro Llys Pro Lys Asp 
115 12 O 125 

Thr Lieu Met Ile Ser Arg Thr Pro Glin Val Thr Cys Val Val Val Asp 
13 O 135 14 O 

Val Ser Glin Glu Asn Pro Glu Val Glin Phe Ser Trp Tyr Val Asp Gly 
145 150 155 160 

Val Glu Val His Thr Ala Glin Thr Arg Pro Lys Glu Glu Glin Phe Asn 
1.65 17O 17s 

Ser Thr Tyr Arg Val Val Ser Val Lieu Pro Ile Gln His Glin Asp Trp 
18O 185 19 O 

Lieu. Asn Gly Lys Glu Phe Lys Cys Llys Val Asn. Asn Lys Asp Lieu Pro 
195 2OO 2O5 

Ala Pro Ile Thr Arg Ile Ile Ser Lys Ala Lys Gly Glin Thr Arg Glu 
21 O 215 22O 

Pro Glin Val Tyr Thr Lieu Pro Pro His Ala Glu Glu Lieu Ser Arg Ser 
225 23 O 235 24 O 

Llys Val Ser Ile Thr Cys Lieu Val Ile Gly Phe Tyr Pro Pro Asp Ile 
245 250 255 

Asp Val Glu Trp Glin Arg Asn Gly Glin Pro Glu Pro Glu Gly Asn Tyr 
26 O 265 27 O 

Arg Thr Thr Pro Pro Glin Glin Asp Val Asp Gly Thr Tyr Phe Leu Tyr 
27s 28O 285 

Ser Llys Phe Ser Val Asp Lys Ala Ser Trp Glin Gly Gly Gly Ile Phe 
29 O 295 3 OO 

Gln Cys Ala Val Met His Glu Ala Lieu. His Asn His Tyr Thr Glin Lys 
3. OS 310 315 32O 

Ser Ile Ser Lys Thr Pro Gly Lys 
3.25 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 870 
&212s. TYPE: DNA 
<213> ORGANISM: Camelus dromedarius 

<4 OOs, SEQUENCE: 30 

ggat CC aggt caccgt.ct Co. tcaggaacga atgaagtatgcaa.gtgtc.cc aaatgtc.ca.g 6 O 

cc cctdagct c ccgggaggc ccctic cqtct tcgtc.tt coc ccc.gaaaccc aaggacgt.cc 12 O 
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tacggcacga ccc.cgc.ccca gctggacgcc gacagct cot act tcctgta Cagcaa.gctic 132O 

agggtggaca ggalacagctg gCaggaagga gacacctaca C9tgttgttggit gatgcacgag 1380 

gcc.ctgcaca at cact acac gcagaagt cc acctictaagt ctdcggg taa atgagcctica 144 O 

cgt.ccctgca cca.gcaa.gcc ct cacccago ccaccct coc cqggctic cag gtc.ca.gc.ca.g 15OO 

gacgcc ctag C cc ctic cct ttgcatt CC to Ctgggc.cg ccgtgaataa agc acccagg 1560 

cc.gc.cctggg accCtgcaaa a 1581 

<210s, SEQ ID NO 32 
&211s LENGTH: 470 
212. TYPE: PRT 

&213s ORGANISM: Bos taurus 

<4 OOs, SEQUENCE: 32 

Met Asin Pro Leu Trp Thr Lieu. Leu Phe Val Leu Ser Ala Pro Ile Gly 
1. 5 1O 15 

Val Lieu. Ser Glin Val Glin Lieu. Arg Glu Ser Gly Pro Ser Lieu Val Lys 
2O 25 3O 

Pro Ser Glin Thr Lieu. Ser Lieu. Thr Cys Thr Val Ser Gly Phe Ser Lieu. 
35 4 O 45 

Ser Ser Tyr Ala Lieu. Thir Trp Val Arg Glin Ala Pro Gly Lys Ala Lieu. 
SO 55 6 O 

Glu Trp Val Gly Gly Ile Thir Ser Gly Gly. Thir Thr Tyr Tyr Asn Pro 
65 70 7s 8O 

Ala Lieu Lys Ser Arg Lieu. Ser Ile Thir Lys Glu Asn. Ser Lys Ser Glin 
85 90 95 

Val Ser Leu Ser Val Ser Ser Val Thr Pro Glu Asp Thr Ala Thr Tyr 
1OO 105 11 O 

Tyr Cys Ala Arg Ser Thr Tyr Gly Glu Val Gly Asp Gly Ala Ile Ala 
115 12 O 125 

Asp Ala Trp Gly Glin Gly Lieu. Lieu Val Thr Val Ser Ser Ala Ser Thr 
13 O 135 14 O 

Thr Ala Pro Llys Val Tyr Pro Leu Ser Ser Cys Cys Gly Asp Llys Ser 
145 150 155 160 

Ser Ser Thr Val Thr Lieu. Gly Cys Lieu Val Ser Ser Tyr Met Pro Glu 
1.65 17O 17s 

Pro Val Thr Val Thir Trp Asn Ser Gly Ala Leu Lys Ser Gly Val His 
18O 185 19 O 

Thr Phe Pro Ala Val Lieu. Glin Ser Ser Gly Lieu. Tyr Ser Leu Ser Ser 
195 2OO 2O5 

Met Val Thr Val Pro Gly Ser Thr Ser Gly Glin Thr Phe Thr Cys Asn 
21 O 215 22O 

Val Ala His Pro Ala Ser Ser Thr Llys Val Asp Lys Ala Val Asp Pro 
225 23 O 235 24 O 

Thr Cys Llys Pro Ser Pro Cys Asp Cys Cys Pro Pro Pro Glu Lieu Pro 
245 250 255 

Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Llys Pro Lys Asp Thr Lieu. 
26 O 265 27 O 

Thir Ile Ser Gly Thr Pro Glu Val Thr Cys Val Val Val Asp Val Gly 
27s 28O 285 

His Asp Asp Pro Glu Val Llys Phe Ser Trp Phe Val Asp Asp Val Glu 
29 O 295 3 OO 
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atcagcc.cag titgitatgtc. Ctgc.ccc.cat ccc.gggacga gctgagcaag aac agggtca 114 O 

gtgttgacctg catggtcaaa gacttctacc Cacctgacat tatgtggag teca.gagca 12 OO 

acggccaa.ca gtttccagag gcc agtgtgc gaacaac ccc gcc cc agctg gatgcggacg 126 O 

gCacct actt cct ctacagc aagct ct cqg tdgacaaggc gcgctggcag gggggagaaa 132O 

cctt cacgtg togcggtgctg catgaag.ccc tacacaiacca ccacacgcag aagac catct 1380 

cc.cagt ct co gggtaaatga gcc.gcacgcc cqgc.ccc.ccc gcgagcc.ccc acccacaggc 144 O 

tcttggggtc. ccc.cgaggac gcc.ggagc cc ccaccCCtgt gtacgtacct ccc.gggcagg 15OO 

cgc.ccctg.cg taaataaag cacccagcac to cctggga CCC agcg 1547 

<210s, SEQ ID NO 34 
&211s LENGTH: 465 
212. TYPE: PRT 

<213> ORGANISM: Mustela Wilson 

<4 OOs, SEQUENCE: 34 

Arg Ala Lieu. Lieu Lys Gly Val Glin Cys Glu Val Glin Lieu Val Glu Ser 
1. 5 1O 15 

Gly Gly Asp Arg Val Llys Pro Gly Gly Ser Lieu. Arg Lieu. Ser Cys Ala 
2O 25 3O 

Ala Ser Gly Phe Thr Phe Ser Asn Tyr Gly Met Ser Trp Val Arg Glin 
35 4 O 45 

Ala Pro Arg Lys Gly Lieu. Gln Trp Val Ala Trp Met Ser Tyr Asp Gly 
SO 55 6 O 

Ser Tyr Thr Asn Tyr Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser 
65 70 7s 8O 

Arg Asp Asin Gly Glu Asn. Thir Lieu. Tyr Lieu. Glin Thir Ile Ser Lieu. Arg 
85 90 95 

Ala Glu Asp Thr Ala Lieu. Tyr Tyr Cys Thr Thr Ser Thr Phe Leu Val 
1OO 105 11 O 

Ser Asp Pro Pro Ala Ser Ser Tyr Gly Lieu. Asp Tyr Trp Gly Glin Gly 
115 12 O 125 

Thir Ser Wall. Thir Wal Ser Ser Ala Ser Thir Thir Ala Pro Ser Wall Phe 
13 O 135 14 O 

Pro Leu Ala Pro Ser Cys Gly Ala Thr Pro Gly Pro Thr Val Ala Leu 
145 150 155 160 

Ala Cys Lieu Val Ser Gly Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
1.65 17O 17s 

Asn Ser Gly Ser Lieu. Thir Ser Gly Val His Thr Phe Pro Ser Val Lieu. 
18O 185 19 O 

Gln Ser Ser Gly Lieu. Tyr Ser Leu Ser Ser Met Val Thr Val Pro Ser 
195 2OO 2O5 

Ser Arg Trp Pro Ser Asp Thr Phe Ile Cys Thr Val Ala His Pro Ala 
21 O 215 22O 

Ser Asn Thr Arg Val Asp Lys Arg Val Pro Pro Gly Lys Ile Pro Pro 
225 23 O 235 24 O 

Pro Cys Thr Cys Pro Pro Arg Ala Glu. Cys Asp Met Leu Gly Gly Pro 
245 250 255 

Ser Val Phe Met Phe Pro Pro Llys Pro Arg Asp Thr Lieu Ser Ile Ser 
26 O 265 27 O 

Arg Thr Pro Glu Val Thr Cys Met Val Val Asp Lieu. Glu Asp Pro Glu 
27s 28O 285 
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Caac agcacc titcc.gc.gtgg tdagcgc.cct gcc catc.cag caccalagact ggactggagg O2O 

aaaggagttcaagtgcaagg to cacaacga agc cct cccg gcc cc catcg taggac cat O8O 

CtcCaggacc aaagggcagg ccc.gggagcc gcaggtgtac gtc.ctggcc C CacccCagga 14 O 

agagct cagc aaaagcacgc ticagogt cac ctgcctggtc accggct tct acccagact a 2OO 

catcgc.cgtg gagtggcaga aaaatgggca gcc tagt cq gagga caagt acggcacgac 26 O 

Cacatcc.cag Ctggacgc.cg acggcticcita Ctt Cotgtac agcaggctica gggtggacaa 32O 

gaac agctgg caagaaggag acaccitacgc gtgttgttggtg atgcacgagg Ctctgcacala 38O 

c cactacaca cagaagttcga t ct ctaagcc ticcggg taaa tdagccagat gcc ccc.gcac 44 O 

Cagcaa.gc.cc tcacccagcc cqC cct cocc gggct coagg to cagcCagg acgc.cct agc SOO 

C cct Coctgt gtgcatgcct cctgggc.cgg C catgaataa agcaccaggc cqCCCt999a 560 

c cct gcaaaa aaaaaaaaaa aaaaaaaaaa aaaa 594 

<210s, SEQ ID NO 36 
&211s LENGTH: 473 
212. TYPE: PRT 

<213> ORGANISM: Ovis airies 

<4 OOs, SEQUENCE: 36 

Asn Pro Lieu. Trp Thir Lieu Lleu Phe Val Lieu. Ser Ala Pro Arg Gly Val 
1. 5 1O 15 

Lieu. Ser Glin Val Arg Lieu. Glin Glu Ser Gly Pro Ser Lieu. Ala Thr Lieu. 
2O 25 3O 

Lieu Gln Thr Lieu Ser Val Thr Cys Thr Ile Ser Gly Phe Ser Lieu. Asn 
35 4 O 45 

Asn Tyr Gly Val Asp Trp Val Arg Glin Ala Pro Gly Lys Ala Lieu. Glu 
SO 55 6 O 

Trp Lieu. Gly Gly Ser Gly Tyr Asp Glu Asp Ile Asp Tyr Asn Pro Val 
65 70 7s 8O 

Lieu Lys Ser Arg Lieu. Ser Ile Thir Lys Asp Thir Ser Llys Ser Glin Val 
85 90 95 

Ser Lieu. Thir Lieu Ser Thr Val Thir Thr Glu Asp Thr Ala Val Tyr Tyr 
1OO 105 11 O 

Cys Ala Arg Val Asp Tyr Asp Ser Ser His Ala Phe Ala Tyr Ala Ser 
115 12 O 125 

Tyr Asp Phe Trp Gly Pro Gly Lieu. Lieu. Ile Ser Val Lieu. Ser Ala Ser 
13 O 135 14 O 

Thir Thr Pro Pro Llys Val Tyr Pro Leu. Thir Ser Cys Cys Gly Asp Thr 
145 150 155 160 

Ser Ser Ser Ile Val Thr Lieu. Gly Cys Lieu Val Ser Ser Tyr Met Pro 
1.65 17O 17s 

Glu Pro Val Thr Val Thir Trp Asn Ser Gly Ala Lieu. Thir Ser Gly Val 
18O 185 19 O 

His Thr Phe Pro Ala Ile Leu Glin Ser Ser Gly Lieu. Tyr Ser Leu Ser 
195 2OO 2O5 

Ser Val Val Thr Val Pro Ala Ser Thr Ser Gly Ala Glin Thr Phe Ile 
21 O 215 22O 

Cys Asn. Wall Ala His Pro Ala Ser Ser Thr Llys Val Asp Lys Arg Val 
225 23 O 235 24 O 

Glu Pro Gly Cys Pro Asp Pro Cys Llys His Cys Arg Cys Pro Pro Pro 
245 250 255 
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Glu Lieu Pro Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Llys Pro Llys 
26 O 265 27 O 

Asp Thr Lieu. Thir Ile Ser Gly Thr Pro Glu Val Thr Cys Val Val Val 
27s 28O 285 

Asp Val Gly Glin Asp Asp Pro Glu Val Glin Phe Ser Trp Phe Val Asp 
29 O 295 3 OO 

Asn Val Glu Val Arg Thr Ala Arg Thr Llys Pro Arg Glu Glu Glin Phe 
3. OS 310 315 32O 

Asn Ser Thr Phe Arg Val Val Ser Ala Leu Pro Ile Gln His Glin Asp 
3.25 330 335 

Trp Thr Gly Gly Lys Glu Phe Lys Cys Llys Val His Asn. Glu Ala Lieu. 
34 O 345 35. O 

Pro Ala Pro Ile Val Arg Thir Ile Ser Arg Thr Lys Gly Glin Ala Arg 
355 360 365 

Glu Pro Glin Val Tyr Val Lieu Ala Pro Pro Glin Glu Glu Lieu. Ser Lys 
37 O 375 38O 

Ser Thr Lieu Ser Val Thr Cys Lieu Val Thr Gly Phe Tyr Pro Asp Tyr 
385 390 395 4 OO 

Ile Ala Val Glu Trp Glin Lys Asn Gly Glin Pro Glu Ser Glu Asp Llys 
4 OS 41O 415 

Tyr Gly. Thir Thr Thr Ser Gln Lieu. Asp Ala Asp Gly Ser Tyr Phe Leu 
42O 425 43 O 

Tyr Ser Arg Lieu. Arg Val Asp Lys Asn. Ser Trp Glin Glu Gly Asp Thr 
435 44 O 445 

Tyr Ala Cys Val Val Met His Glu Ala Lieu. His Asn His Tyr Thr Glin 
450 45.5 460 

Lys Ser Ile Ser Lys Pro Pro Gly Lys 
465 470 

<210s, SEQ ID NO 37 
&211s LENGTH: 1561. 
&212s. TYPE: DNA 

<213> ORGANISM: Cricetulus migratorius 

<4 OO > SEQUENCE: 37 

cc catt cagt gag cagcact gaaaacaaga caatcaa.cat ggtgttgggg Ctgcactggg 6 O 

ttitt Ctttgt totcttitta aaaggtgtcc actgtgaggit gcagctggitt gag totggtg 12 O 

gaggattagt gaa.gc.ctgca ggat cactga aactict cctg. tctggct tct ggatt.cgc.ct 18O 

t cagtgacta titt catgagc tiggttcc.gcc aggct coagg gaagggactg gaatgggttg 24 O 

ctgg cataga cactaaaagt tatgattatgcaacct atta citctggttcg gtgaaaggca 3OO 

gatt caccat citccagagat gatt.cccaaa goatggtcta cct gcaaatgaacaacctga 360 

gaactgagga cacago Cact tact actgta Caagagaaat cqgat actgg ggccalaggaa 42O 

c catggtc.gc cqt citcctica gccacaacaa cagc.cccatc tdt citat coc ttggc.ccctg 48O 

Cctgttgacag cacalaccagc accacggaca C9gtgaccct gggatgcct g g to aagggct 54 O 

attt Coctga gcc.ggtgacc gtaagctgga actctggagc cct gaccagc ggcgtgcaca 6OO 

cct tcc catc tdtcctgcat tctgggct ct act coct cag cagct cagtg actgtacctt 660 

Ccagcacctg gcc caa.gcag cc cat cacct gcaacgtagc ccacccggcc agcagcacca 72 O 

aggtggacaa gaaaatcgag cccagaactg atacggatac atgtc.ctaat ccaccggat C 78O 
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catgtc.ccac gtgtccaact c ct gacct ct tdggtgg acc atctgtc.ttic atct tcc ccc 84 O 

caaag.cccaa ggatgtgctic atgat citcCC taccCC caa gat cacatgt gtggtggtgg 9 OO 

acgtgagcga ggaggagcca gacgt.ccagt t caactggta titgaacaac gtagaagaca 96.O 

agacagctica gacagaga cc cqgcagoggc agtacaa.cag cacct accgc gtggit cagcg O2O 

t cct coccat Caagcaccag gactggatga gtggcaaggt gttcaaatgc alaggt caa.ca O8O 

acaatgcc ct C cctagoc cc attgagaaaa C catct c caa acccagaggg Caagt ccggg 14 O 

taccacagat atatacctitt cotcc.gc.cta tagaacagac agt caagaaa gatgtcagtg 2OO 

tgacct gcct ggt cacaggc titcct Cocto aggacat coa C9tggaatgg gaga.gcaatg 26 O 

ggcago caca gccagagcag alactacaaga acacic cagcc tetcttggac to catggct 32O 

Cttact tcct gtacagcaag ct caatgtgc cca agagcag gtgggaccag ggagatt Cot 38O 

t cacctgctic cqtgatacat gaggctctgc acaaccacca catgacgaag accatct coc 44 O 

ggtctctggg taattgagct cagcacccag aaa.gct Ctta ggit Cota agc taccctggca SOO 

c cct cotcca ccctt.ccctt gtataaataa agcacccago actg.ccctga aaaaaaaaaa 560 

a. 561 

<210s, SEQ ID NO 38 
&211s LENGTH: 472 
212. TYPE: PRT 

<213> ORGANISM: Cricetulus migratorius 

<4 OOs, SEQUENCE: 38 

Met Val Lieu. Gly Lieu. His Trp Val Phe Phe Val Ala Lieu. Lieu Lys Gly 
1. 5 1O 15 

Val His Cys Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Lys 
2O 25 3O 

Pro Ala Gly Ser Lieu Lys Lieu. Ser Cys Lieu Ala Ser Gly Phe Ala Phe 
35 4 O 45 

Ser Asp Tyr Phe Met Ser Trp Phe Arg Glin Ala Pro Gly Lys Gly Lieu. 
SO 55 6 O 

Glu Trp Val Ala Gly Ile Asp Thr Lys Ser Tyr Asp Tyr Ala Thr Tyr 
65 70 7s 8O 

Tyr Ser Gly Ser Wall Lys Gly Arg Phe Thir Ile Ser Arg Asp Asp Ser 
85 90 95 

Gln Ser Met Val Tyr Lieu Gln Met Asn Asn Lieu. Arg Thr Glu Asp Thr 
1OO 105 11 O 

Ala Thr Tyr Tyr Cys Thr Arg Glu Ile Gly Tyr Trp Gly Glin Gly Thr 
115 12 O 125 

Met Val Ala Val Ser Ser Ala Thr Thr Thr Ala Pro Ser Val Tyr Pro 
13 O 135 14 O 

Lieu Ala Pro Ala Cys Asp Ser Thr Thr Ser Thr Thr Asp Thr Val Thr 
145 150 155 160 

Lieu. Gly Cys Lieu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr Val Ser 
1.65 17O 17s 

Trp Asn Ser Gly Ala Lieu. Thir Ser Gly Val His Thr Phe Pro Ser Val 
18O 185 19 O 

Lieu. His Ser Gly Lieu. Tyr Ser Leu Ser Ser Ser Val Thr Val Pro Ser 
195 2OO 2O5 

Ser Thir Trp Pro Lys Gln Pro Ile Thr Cys Asn Val Ala His Pro Ala 
21 O 215 22O 
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Ser Ser Thr Llys Val Asp Llys Lys Ile Glu Pro Arg Thr Asp Thr Asp 
225 23 O 235 24 O 

Thr Cys Pro Asn Pro Pro Asp Pro Cys Pro Thr Cys Pro Thr Pro Asp 
245 250 255 

Lieu. Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Llys Pro Lys Asp 
26 O 265 27 O 

Val Lieu Met Ile Ser Lieu. Thr Pro Lys Ile Thr Cys Val Val Val Asp 
27s 28O 285 

Val Ser Glu Glu Glu Pro Asp Val Glin Phe Asn Trp Tyr Val Asn Asn 
29 O 295 3 OO 

Val Glu Asp Llys Thr Ala Glin Thr Glu Thir Arg Glin Arg Glin Tyr Asn 
3. OS 310 315 32O 

Ser Thr Tyr Arg Val Val Ser Val Lieu Pro Ile Llys His Glin Asp Trp 
3.25 330 335 

Met Ser Gly Llys Val Phe Lys Cys Llys Val Asn. Asn. Asn Ala Lieu Pro 
34 O 345 35. O 

Ser Pro Ile Glu Lys Thir Ile Ser Llys Pro Arg Gly Glin Val Arg Val 
355 360 365 

Pro Glin Ile Tyr Thr Phe Pro Pro Pro Ile Glu Gln Thr Val Lys Lys 
37 O 375 38O 

Asp Val Ser Val Thr Cys Lieu Val Thr Gly Phe Leu Pro Glin Asp Ile 
385 390 395 4 OO 

His Val Glu Trp Glu Ser Asn Gly Glin Pro Gln Pro Glu Glin Asn Tyr 
4 OS 41O 415 

Lys Asn Thr Glin Pro Val Lieu. Asp Ser Asp Gly Ser Tyr Phe Leu Tyr 
42O 425 43 O 

Ser Lys Lieu. Asn Val Pro Llys Ser Arg Trp Asp Glin Gly Asp Ser Phe 
435 44 O 445 

Thr Cys Ser Val Ile His Glu Ala Lieu. His Asn His His Met Thr Lys 
450 45.5 460 

Thir Ile Ser Arg Ser Lieu. Gly Asn 
465 470 

<210s, SEQ ID NO 39 
&211s LENGTH: 1092 
&212s. TYPE: DNA 
&213s ORGANISM: Rattus rattus 

<4 OOs, SEQUENCE: 39 

gccagaacaa cagc.cc catc titct atcCC ttggit Coctg gatgcagtgg cacatctgga 6 O 

t ccttggtaa cactaggatg ccttgttcaaa gcc tattitcc ctdagcc.ggit aaccotaaaa 12 O 

tggaactctg gagcc.ctgtc. cagcggtgtg cacacct tcc cagctgtc.ct gcagtctggg 18O 

citctacaccc ticagoagctic ggtgactgtt coct c cagoa cct ggtc.cag ccagaccgt.c 24 O 

acctgcagcg tag cccaccc agccaccalaa agcaacttga t caagagaat tagcc.caga 3OO 

agacccaa.gc ccagaccc cc cacagatat c tdtt catgtg atgacaactt ggg tagacca 360 

tctgtc.tt catct tcc cc cc aaag.cccaag gatatactica tdatcaccct gaccc.ccaag 42O 

gtcacctgtg tdgtggtgga tigtgagcgag gaggagc.cag acgtc.cagtt cagctggittt 48O 

gtggacaacg tacgagtatt cacagct cag acaca acccc atgaggagca gct caacggit 54 O 

acct tcc.gag tdtcagtac cct coat atc cagcacCagg actggatgag cqgcaaggag 6OO 
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ttcaaatgca aggtoaacaa caaag acctic ccaa.gc.ccca totgagaaaac catct caaaa 660 

cc.ca.gaggaa aagc.ccggac acct caagta tacac cattc ctic cacct cq tdaacaaatg 72 O 

tccaagaata aggttagcct cacctgcatg gtcaccagot totac ccc.gc atc catcagt 78O 

gtggagtggg aaaggaatgg ggagctggag caggactaca agaac accct accc.gtgctg 84 O 

gact cagatg agt cct actt cct ct acago aagct cagtg tdgacacgga cagttggatg 9 OO 

cgaggaga.ca tttatacctg. Ctctgtggtg cacgaggctic tt catalacca C cacacacag 96.O 

aagaacct gt ccc.gct ct co togg taaatga gcacagtgct taggccacac cccaggtott 1 O2O 

acaaga cact gacaccagcc cta accc.ctg atcctataaa taaag caccc agagatggga 108 O 

c cct gtgaga tt 1092 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 329 
212. TYPE: PRT 

&213s ORGANISM: Rattus rattus 

<4 OOs, SEQUENCE: 4 O 

Ala Arg Thir Thr Ala Pro Ser Val Tyr Pro Leu Val Pro Gly Cys Ser 
1. 5 1O 15 

Gly. Thir Ser Gly Ser Lieu Val Thr Lieu. Gly Cys Lieu Val Lys Gly Tyr 
2O 25 3O 

Phe Pro Glu Pro Val Thr Val Lys Trp Asin Ser Gly Ala Leu Ser Ser 
35 4 O 45 

Gly Val His Thr Phe Pro Ala Val Lieu. Glin Ser Gly Lieu. Tyr Thr Lieu. 
SO 55 6 O 

Ser Ser Ser Val Thr Val Pro Ser Ser Thr Trp Ser Ser Glin Thr Val 
65 70 7s 8O 

Thir Cys Ser Val Ala His Pro Ala Thir Lys Ser Asn Lieu. Ile Lys Arg 
85 90 95 

Ile Glu Pro Arg Arg Pro Llys Pro Arg Pro Pro Thr Asp Ile Cys Ser 
1OO 105 11 O 

Cys Asp Asp Asn Lieu. Gly Arg Pro Ser Val Phe Ile Phe Pro Pro Llys 
115 12 O 125 

Pro Lys Asp Ile Leu Met Ile Thr Lieu. Thr Pro Llys Val Thr Cys Val 
13 O 135 14 O 

Val Val Asp Val Ser Glu Glu Glu Pro Asp Val Glin Phe Ser Trp Phe 
145 150 55 160 

Val Asp Asn Val Arg Val Phe Thr Ala Glin Thr Gln Pro His Glu Glu 
1.65 17O 17s 

Gln Lieu. Asn Gly Thr Phe Arg Val Val Ser Thr Lieu. His Ile Glin His 
18O 185 19 O 

Glin Asp Trp Met Ser Gly Lys Glu Phe Lys Cys Llys Val Asn. Asn Lys 
195 2OO 2O5 

Asp Lieu Pro Ser Pro Ile Glu Lys Thir Ile Ser Llys Pro Arg Gly Lys 
21 O 215 22O 

Ala Arg Thr Pro Glin Val Tyr Thr Ile Pro Pro Pro Arg Glu Gln Met 
225 23 O 235 24 O 

Ser Lys Asn Llys Val Ser Lieu. Thr Cys Met Val Thr Ser Phe Tyr Pro 
245 250 255 

Ala Ser Ile Ser Val Glu Trp Glu Arg Asin Gly Glu Lieu. Glu Glin Asp 
26 O 265 27 O 
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Tyr Lys Asn. Thir Lieu Pro Val Lieu. Asp Ser Asp Glu Ser Tyr Phe Lieu. 
27s 28O 285 

Tyr Ser Lys Lieu. Ser Val Asp Thr Asp Ser Trp Met Arg Gly Asp Ile 
29 O 295 3 OO 

Tyr Thr Cys Ser Val Val His Glu Ala Lieu. His Asn His His Thr Glin 
3. OS 310 315 32O 

Lys Asn Lieu. Ser Arg Ser Pro Gly Lys 
3.25 

<210s, SEQ ID NO 41 
&211s LENGTH: 1064 
&212s. TYPE: DNA 

<213> ORGANISM: Trichosurus vulpecula 

<4 OOs, SEQUENCE: 41 

gccagoccca cagctic catc tdt ctittgcc ctdgcaccca attgtggaca gggaacctic c 6 O 

t cccaagtag ctatggcctg cctggtgtca aac tact tcc ctgagcctgt gacagtgaca 12 O 

tggaattic cq gggc.catcto cagtggaatc cagacct atc ctitctat cot coagt cct ca 18O 

ggactic taca Cct caa.gcag ticagttgaca gttcCt9.cag atgattggct cacaaagtica 24 O 

tacatctgca atgtggcc.ca caaac ccaca tocaccaaaa citgacaagaa aattgaaaag 3OO 

attt cogagt gtacatgctg caaatgccaa goatgtgatgtcgttggacc ttctg tatt c 360 

citct tcc.ccc caaatcctaa gogacaccctic acact ct caa gag toccitaa aat cacctgt 42O 

gtggtggttg atgtgagtga tigcct cagag gttcaaattt CCtgg tacaa aggcgaaaac 48O 

gcaatcgaca gtc.ctaalacc gacagagagg aaact aaa.ca acggcacct t t caggtggit C 54 O 

agcact ct ct ctgtagcc.ca C caagaatgg ctgaatggcg tdgcatacac Ctgtaaagtt 6OO 

gataacaaag aattaccata t cotgagaga aagac catct tt catactaa gogg talacaga 660 

aagaagcc td atgtgtatgt ctittgc.ccca catcc tdatgagttgaag.ca aaaagatact 72 O 

gttagt atta cct gcc tagt aaaaagtttic titc cctaaag aagttgttgt togaatggcaa. 78O 

tgcaacaa.ca atccagag to tdaagataac tatt coacca citgaa.gcaat gagggaaaac 84 O 

gacaccittct ttgtctatag caa.gct caat gtgaagaaaa caaaatggca agagaataac 9 OO 

cact acacct gcacggtgct gcatgaggcc ct tcc.galacc aaact tcc.ca gagga caatc 96.O 

tctgcatcat cocccggtaa atgagaga.gc aaa.gagaaat acacacacac acataaatac 1 O2O 

acacacacac acacacacac goacacaa at tdcc.ctic gtg cc.gc 1064 

<210s, SEQ ID NO 42 
&211s LENGTH: 327 
212. TYPE: PRT 

<213> ORGANISM: Trichosurus vulpecula 

<4 OOs, SEQUENCE: 42 

Ala Ser Pro Thr Ala Pro Ser Val Phe Ala Leu Ala Pro Asn Cys Gly 
1. 5 1O 15 

Gln Gly. Thir Ser Ser Glin Val Ala Met Ala Cys Lieu Val Ser Asn Tyr 
2O 25 3O 

Phe Pro Glu Pro Val Thr Val Thir Trp Asin Ser Gly Ala Ile Ser Ser 
35 4 O 45 

Gly Ile Glin Thr Tyr Pro Ser Ile Leu Glin Ser Ser Gly Lieu. Tyr Thr 
SO 55 6 O 

Ser Ser Ser Glin Lieu. Thr Val Pro Ala Asp Asp Trp Lieu. Thir Lys Ser 
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Tyr Ile Cys Asn Val Ala His Llys Pro Thr Ser Thr Lys Thr Asp Llys 
85 90 95 

Lys Ile Glu Lys Ile Ser Glu. Cys Thr Cys Cys Lys Cys Glin Ala Cys 
1OO 105 11 O 

Asp Val Val Gly Pro Ser Val Phe Leu Phe Pro Pro Asn Pro Lys Asp 
115 12 O 125 

Thr Lieu. Thir Lieu Ser Arg Val Pro Lys Ile Thr Cys Val Val Val Asp 
13 O 135 14 O 

Val Ser Asp Ala Ser Glu Val Glin Ile Ser Trp Tyr Lys Gly Glu Asn 
145 150 155 160 

Ala Ile Asp Ser Pro Llys Pro Thr Glu Arg Llys Lieu. Asn. Asn Gly Thr 
1.65 17O 17s 

Phe Glin Val Val Ser Thr Lieu Ser Val Ala His Glin Glu Trp Lieu. Asn 
18O 185 19 O 

Gly Val Ala Tyr Thr Cys Llys Val Asp Asn Lys Glu Lieu Pro Tyr Pro 
195 2OO 2O5 

Glu Arg Llys Thir Ile Phe His Thir Lys Gly Asn Arg Llys Llys Pro Asp 
21 O 215 22O 

Val Tyr Val Phe Ala Pro His Pro Asp Glu Lieu Lys Gln Lys Asp Thr 
225 23 O 235 24 O 

Val Ser Ile Thr Cys Lieu Val Lys Ser Phe Phe Pro Lys Glu Val Val 
245 250 255 

Val Glu Trp Glin Cys Asn. Asn. Asn Pro Glu Ser Glu Asp Asn Tyr Ser 
26 O 265 27 O 

Thir Thr Glu Ala Met Arg Glu Asn Asp Thr Phe Phe Val Tyr Ser Lys 
27s 28O 285 

Lieu. Asn. Wall Lys Llys Thr Llys Trp Glin Glu Asn. Asn His Tyr Thr Cys 
29 O 295 3 OO 

Thr Val Lieu. His Glu Ala Leu Pro Asn Glin Thr Ser Glin Arg Thir Ile 
3. OS 310 315 32O 

Ser Ala Ser Ser Pro Gly Lys 
3.25 

<210s, SEQ ID NO 43 
&211s LENGTH: 1699 
&212s. TYPE: DNA 

<213> ORGANISM: Monodelphis domestica 

<4 OOs, SEQUENCE: 43 

ggcc aggact gaaccagagt cct catcatg gactittaggc taaactggitt tttctittcta 6 O 

atalactttac alaggtgttga cagtgaggitt Cagctggtgg agactggggg agatgtgagg 12 O 

cagoctdggg gct ct citt cq act cacttgt acaagttctg gatttacctt atccaccitac 18O 

tacatgcatt ggatt.cgaca ggctic caggc aaggggotgg agtgggtcgc tigtaataaga 24 O 

aatcCtgcta atggtcttac to agaat at ggagaggctg tdaaaggc.cg attcaccatt 3OO 

tccagagatg atgc.cagtaa gatggitat at ttgcaaatga acaacttgaa alactgaggac 360 

acagcaa.cat attitttgttcaaaagatctt gagttittggg gcaaggggaC cacggtgact 42O 

gtat cotcag cca gacccac agctic catcc gtc.tttic ccc togg tatccag ttgtggacag 48O 

gaalacacagg cccagatggc tictgggctgc Ctggtgacaa got act tcc c tagg cagtg 54 O 

acagtgacat ggaatt cagg gaccaccacc agtggaatcc agaccitat co citctgtactic 6OO 
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cagocct cag gactictacac tittaaccagt cagttgacaa titcctgcaga ttcttggtc.c 660 

t ct cagt cat atacctgcaa totggct cac cca.gc.cacat ccaccaagat cqacaagaaa 72 O 

attgaa.gcaa C tact acaac atgtc.catgc tigcaaatgca acacagttga cqc.cggtgga 78O 

ccttctgttt ttgttct tccc ticcaaatcct caggatgtcc ticaaact ct c aagat cocct 84 O 

aaagttacct g tatggtggit tatgtaagt gatgcatcag gtgttcagat tacctggttc 9 OO 

aaaggtgaag aggaagttcag cagtic ctaaa ct cacccaga agaaattaala caatggcacc 96.O 

titt Caggtgg tdagcaatct C cctgtagt c caccaggaat ggctgaaagg cactt catac O2O 

acct gtaaag ttaataccag togalactacca gttgttgaga gaaagac cat atc.ccacact O8O 

aaaggtgaga gaaagaagcc tatatatat gtc.tttggcc cacat cotga tigagttgaaa 14 O 

caaaaagatg atgtcagtat tacct gcc ta gtgaccalatt tott.ccctga agatgttgtt 2OO 

atcgaatggc aaaagaacaa caatccagag totgaagata aat attacac caccc caa.ca 26 O 

acgagggaaa agagcaccita Ctttittctac agcaa.gctta ttgttgaagaa aagagattgg 32O 

gataac caaa act cotatac ctd.cgtag td ttgcatgagg cctitt coaaa ccaaattitcc 38O 

cagaggacaa tict Ctgcatc ccc.gggtaaa tagaaagcc aagagaatca cacacataca 44 O 

Cacacacaca Cacacacaca Cacacacaca Cacacacaca CCaCacacat CatCatcatC SOO 

at cattat catcatcatcat cocatc.ccct c ct coaggga tagccagtct ggaggagttc 560 

cctgtctact tcttacccaa ttctoctitca tagggtottc cct cott cat attitt coaag 62O 

gcttggcgat agaagcctica catgitaaata ctitt.ccatta t cotcaa.gca aaataataaa 68O 

acacccagca ccataaaaa 699 

<210s, SEQ ID NO 44 
&211s LENGTH: 461 
212. TYPE: PRT 

<213> ORGANISM: Monodelphis domestica 

<4 OOs, SEQUENCE: 44 

Met Asp Phe Arg Lieu. Asn Trp Phe Phe Phe Lieu. Ile Thr Lieu. Glin Gly 
1. 5 1O 15 

Val Asp Ser Glu Val Glin Lieu Val Glu Thr Gly Gly Asp Val Arg Glin 
2O 25 3O 

Pro Gly Gly Ser Lieu. Arg Lieu. Thr Cys Thr Ser Ser Gly Phe Thr Lieu. 
35 4 O 45 

Ser Thr Tyr Tyr Met His Trp Ile Arg Glin Ala Pro Gly Lys Gly Lieu. 
SO 55 6 O 

Glu Trp Val Ala Val Ile Arg Asn Pro Ala Asn Gly Lieu. Thir Ala Glu 
65 70 7s 8O 

Tyr Gly Glu Ala Wall Lys Gly Arg Phe Thir Ile Ser Arg Asp Asp Ala 
85 90 95 

Ser Lys Met Val Tyr Lieu Gln Met Asn. Asn Lieu Lys Thr Glu Asp Thr 
1OO 105 11 O 

Ala Thr Tyr Phe Cys Ser Lys Asp Leu Glu Phe Trp Gly Lys Gly Thr 
115 12 O 125 

Thr Val Thr Val Ser Ser Ala Arg Pro Thr Ala Pro Ser Val Phe Pro 
13 O 135 14 O 

Lieu Val Ser Ser Cys Gly Glin Glu Thr Glin Ala Glin Met Ala Lieu. Gly 
145 150 155 160 
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Cys Lieu Val Thr Ser Tyr Phe Pro Glu Pro Val Thr Val Thir Trp Asn 
1.65 17O 17s 

Ser Gly. Thir Thr Thr Ser Gly Ile Glin Thr Tyr Pro Ser Val Lieu. Glin 
18O 185 19 O 

Pro Ser Gly Lieu. Tyr Thr Lieu. Thir Ser Glin Lieu. Thir Ile Pro Ala Asp 
195 2OO 2O5 

Ser Trp Ser Ser Glin Ser Tyr Thr Cys Asn Val Ala His Pro Ala Thr 
21 O 215 22O 

Ser Thr Lys Ile Asp Llys Lys Ile Glu Ala Thr Thr Thr Thr Cys Pro 
225 23 O 235 24 O 

Cys Cys Lys Cys Asn Thr Val Asp Ala Gly Gly Pro Ser Val Phe Val 
245 250 255 

Phe Pro Pro Asn. Pro Glin Asp Val Lieu Lys Lieu. Ser Arg Ser Pro Llys 
26 O 265 27 O 

Val Thr Cys Met Val Val Asp Val Ser Asp Ala Ser Gly Val Glin Ile 
27s 28O 285 

Thir Trp Phe Lys Gly Glu Glu Glu Val Ser Ser Pro Llys Lieu. Thr Glin 
29 O 295 3 OO 

Llys Llys Lieu. Asn. Asn Gly Thr Phe Glin Val Val Ser Asn Lieu Pro Val 
3. OS 310 315 32O 

Val His Glin Glu Trp Lieu Lys Gly Thr Ser Tyr Thr Cys Llys Val Asn 
3.25 330 335 

Thr Ser Glu Lieu Pro Val Val Glu Arg Llys Thr Ile Ser His Thr Lys 
34 O 345 35. O 

Gly Glu Arg Llys Llys Pro Asp Ile Tyr Val Phe Gly Pro His Pro Asp 
355 360 365 

Glu Lieu Lys Glin Lys Asp Asp Val Ser Ile Thr Cys Lieu Val Thr Asn 
37 O 375 38O 

Phe Phe Pro Glu Asp Val Val Ile Glu Trp Gln Lys Asn Asn Asn Pro 
385 390 395 4 OO 

Glu Ser Glu Asp Llys Tyr Tyr Thr Thr Pro Thir Thr Arg Glu Lys Ser 
4 OS 41O 415 

Thir Tyr Phe Phe Tyr Ser Llys Lieu. Ile Val Lys Lys Arg Asp Trp Asp 
42O 425 43 O 

Asn Glin Asn Ser Tyr Thr Cys Val Val Lieu. His Glu Ala Phe Pro Asn 
435 44 O 445 

Glin Ile Ser Glin Arg Thr Ile Ser Ala Ser Pro Gly Lys 
450 45.5 460 

<210s, SEQ ID NO 45 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Forward primer 

<4 OOs, SEQUENCE: 45 

cc.cggg tatg agctacaact tctt 25 

<210s, SEQ ID NO 46 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Reverse primer 
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<4 OOs, SEQUENCE: 46 

Ctcgagt cag titt cqgaggit aacctgt 27 

<210s, SEQ ID NO 47 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A forward primer 

<4 OOs, SEQUENCE: 47 

agaa.gcagca attittcagag ticagaagctic ctgtggca 38 

<210s, SEQ ID NO 48 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A reverse primer 

<4 OOs, SEQUENCE: 48 

tgccacagga gcttctgact ctdaaaattig citgcttct 38 

<210s, SEQ ID NO 49 
&211s LENGTH: 48 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: An oligonucleotide sequence of a flexible 
linker 

<4 OOs, SEQUENCE: 49 

gggtgcaggggg.cggggg.ca gC9gggg.cgg aggat.ccggc gggggctic 48 

<210s, SEQ ID NO 50 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A linker amino acid sequence 

<4 OOs, SEQUENCE: 50 

Gly Ala Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Ser 
1. 5 1O 15 

<210s, SEQ ID NO 51 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A sequence containing a Sma I site 

<4 OOs, SEQUENCE: 51 

cc.cgggt 7 

<210s, SEQ ID NO 52 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A C-terminal amino acid sequence of IgG4 

<4 OOs, SEQUENCE: 52 

Lieu. Ser Leu Ser Pro Gly 
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<210s, SEQ ID NO 53 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

59 

- Continued 

<223> OTHER INFORMATION: A C-terminal amino acid sequence of IgG1, IgG2 
or IgG3 

<4 OOs, SEQUENCE: 53 

Lieu. Ser Lieu. Ser Pro Gly Ala 
1. 5 

<210s, SEQ ID NO 54 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A forward primer 

<4 OOs, SEQUENCE: 54 

agaa.gcagca attitt Caggc ticagaagctic ctgtggca 

<210s, SEQ ID NO 55 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A reverse primer 

<4 OO > SEQUENCE: 55 

tgccacagga gct tctgagc ctgaaaattig citgct tct 

<210s, SEQ ID NO 56 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A forward primer 

<4 OOs, SEQUENCE: 56 

CtcCctgtcc ccgggtgcag gggg 

<210s, SEQ ID NO 57 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A reverse primer 

<4 OO > SEQUENCE: 57 

cittggc ctitc agg taggcca gaatcctic cc ataatatic 

<210s, SEQ ID NO 58 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: A second forward 
mutation 

<4 OOs, SEQUENCE: 58 

gatatt atgg gaggattctg gcc tacctga aggccaag 

to introduce C17A mutation 

38 

to introduce C17A mutation 

38 

to introduce H131A mutation 

24 

to introduce H131A mutation 

38 

primer to introduce H131A 

38 
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<210s, SEQ ID NO 59 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A second reverse primer to introduce H131A 
mutation 

<4 OO > SEQUENCE: 59 

cittat catgt ctdgatcc ct cqag 24 

<210s, SEQ ID NO 60 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A forward primer containing Xmal site 

<4 OOs, SEQUENCE: 60 

CtcCctgtcc ccgggtgcag gggg 24 

<210s, SEQ ID NO 61 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A reverse primer containing BamH I 

<4 OOs, SEQUENCE: 61 

cittat catgt ctdgatcc ct cqag 24 

<210s, SEQ ID NO 62 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A forward primer to introduce H14 OA mutation 

<4 OOs, SEQUENCE: 62 

CtcCctgtcc ccgggtgcag gggg 24 

<210s, SEQ ID NO 63 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A reverse primer to introduce H14 OA mutation 

<4 OOs, SEQUENCE: 63 

ggtcCaggca Caggcactgt act cottggc 3 O 

<210s, SEQ ID NO 64 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A second forward primer to introduce H140A 
mutation 

<4 OOs, SEQUENCE: 64 

ggcaaggagt acagtgcctg. tcctggacc 3 O 

<210s, SEQ ID NO 65 
&211s LENGTH: 24 
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TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: A second reverse primer to introduce H140A 
mutation 

SEQUENCE: 65 

cittat catgt ctdgatcc ct cqag 24 

SEQ ID NO 66 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: A forward primer containing Xma I site 

SEQUENCE: 66 

CtcCctgtcc ccgggtgcag gggg 24 

SEO ID NO 67 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: A reverse primer containing BamH I site 

SEQUENCE: 67 

cittat catgt ctdgatcc ct cqag 24 

SEQ ID NO 68 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: A forward primer to introduce F5OH or L57A 
mutation 

SEQUENCE: 68 

CtcCctgtcc ccgggtgcag gggg 24 

SEO ID NO 69 
LENGTH: 33 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: A reverse primer to introduce L57A mutation 

SEQUENCE: 69 

gaggat.ctica tagatggtgg ctg.cggcgt.c Ctc 33 

SEO ID NO 7 O 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: A reverse primer to introduce F5OH mutation 

SEQUENCE: 7 O 

gtcc toctitc tdatgctgct gcagotg 27 

SEO ID NO 71 
LENGTH: 33 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
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<223> OTHER INFORMATION: A second forward primer for L57A mutation 

<4 OOs, SEQUENCE: 71 

gaggacgc.cg cagccaccat Ctatgagatg Ctic 33 

<210s, SEQ ID NO 72 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A second forward primer for F5OH mutation 

<4 OOs, SEQUENCE: 72 

Cagctgcagc agcatcagaa ggaggac 27 

<210s, SEQ ID NO 73 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A second reverse primer containing BamH I site 

<4 OO > SEQUENCE: 73 

cittat catgt ctdgatcc ct cqag 24 

<210s, SEQ ID NO 74 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A forward primer 

<4 OOs, SEQUENCE: 74 

CtcCctgtcc ccgggtgcag gggg 24 

<210s, SEQ ID NO 75 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: A reverse primer 

<4 OO > SEQUENCE: 75 

cittat catgt ctdgatcc ct cqag 24 

<210s, SEQ ID NO 76 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OO > SEQUENCE: 76 

Lieu. Ser Lieu. Ser Lieu. Gly 
1. 5 

<210s, SEQ ID NO 77 
&211s LENGTH: 397 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Fo-IFN-Beta protein comprising gamma 4 with a 
modified gamma 1 hinge sequence 

<4 OO > SEQUENCE: 77 

Glu Pro Llys Ser Ser Asp Llys Thr His Thr Cys Pro Pro Cys Pro Ala 
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1. 5 1O 15 

Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro 
2O 25 3O 

Lys Asp Thr Lieu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val 
35 4 O 45 

Val Asp Val Ser Glin Glu Asp Pro Glu Val Glin Phe Asn Trp Tyr Val 
SO 55 6 O 

Asp Gly Val Glu Val His Asn Ala Lys Thr Llys Pro Arg Glu Glu Glin 
65 70 7s 8O 

Phe Asin Ser Thr Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. His Glin 
85 90 95 

Asp Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys Llys Val Ser Asn Lys Gly 
1OO 105 11 O 

Lieu Pro Ser Ser Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro 
115 12 O 125 

Arg Glu Pro Glin Val Tyr Thr Lieu Pro Pro Ser Glin Glu Glu Met Thr 
13 O 135 14 O 

Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val Lys Gly Phe Tyr Pro Ser 
145 150 155 160 

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn. Asn Tyr 
1.65 17O 17s 

Lys. Thir Thr Pro Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Leu Tyr 
18O 185 19 O 

Ser Lys Lieu. Thr Val Asp Llys Ser Arg Trp Glin Glin Gly Asn. Ile Phe 
195 2OO 2O5 

Ser Cys Ser Val Met His Glu Ala Lieu. His Asn His Tyr Thr Gln Lys 
21 O 215 22O 

Ser Leu Ser Leu Ser Pro Gly Met Ser Tyr Asn Lieu. Leu Gly Phe Leu 
225 23 O 235 24 O 

Glin Arg Ser Ser Asn. Phe Glin Cys Glin Llys Lieu Lleu Trp Glin Lieu. Asn 
245 250 255 

Gly Arg Lieu. Glu Tyr Cys Lieu Lys Asp Arg Met Asn. Phe Asp Ile Pro 
26 O 265 27 O 

Glu Glu Ile Lys Glin Lieu. Glin Glin Phe Glin Lys Glu Asp Ala Ala Lieu. 
27s 28O 285 

Thir Ile Tyr Glu Met Leu Gln Asn Ile Phe Ala Ile Phe Arg Glin Asp 
29 O 295 3 OO 

Ser Ser Ser Thr Gly Trp Asn Glu Thir Ile Val Glu Asn Lieu. Leu Ala 
3. OS 310 315 32O 

Asn Val Tyr His Glin Ile Asn His Lieu Lys Thr Val Lieu. Glu Glu Lys 
3.25 330 335 

Lieu. Glu Lys Glu Asp Phe Thr Arg Gly Lys Lieu Met Ser Ser Lieu. His 
34 O 345 35. O 

Lieu Lys Arg Tyr Tyr Gly Arg Ile Lieu. His Tyr Lieu Lys Ala Lys Glu 
355 360 365 

Tyr Ser His Cys Ala Trp Thir Ile Val Arg Val Glu Ile Lieu. Arg Asn 
37 O 375 38O 

Phe Tyr Phe Ile Asn Arg Lieu. Thr Gly Tyr Lieu. Arg Asn 
385 390 395 

<210s, SEQ ID NO 78 
&211s LENGTH: 696 
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Glu Wall 
25 

Luell Pro Ser Phe Lieu. Phe Pro Luell Gly Gly 

Thir 
35 

Met Ile Thir Glu Wall. Thir 
45 

Asp Luell Ser Arg Pro 
4 O 

Wall Wall Glu Glu Wall Phe 
6 O 

Asp Ser His Pro Asn 
SO 

Asp 
55 

Lys 

Wall Glu Wal His Asn Ala Thir Pro 
70 

Asp 
65 

Gly Lys Arg 

Thir Wall Wall Wall 
90 

Asn. Ser Tyr Ser Lieu. Thir Wall 
85 

Arg 

Asn Glu Wall Ser Asp Trp Lieu. Gly Tyr Lys 
105 

Lys 

Ala 
115 

Ile Glu Thir 
12 O 

Leul Pro Pro Ile Ser Lys Ala Lys 
125 

Glu 
13 O 

Glin Wall Thir 
135 

Arg Pro Tyr Leu Pro Pro Ser Arg Glu 
14 O 

Glin Wall Lieu. Thir Lieu Wall Phe 
150 

Lys Asn Ser 
145 

Lys 
155 

Gly 

Ile Ala Wall Glu 
1.65 

Asp Trp. Glu Ser Asn Gly Glin Pro Glu 

Th Thr Wall Ser Ser Phe 
185 

Pro Pro Lell 
18O 

Asp Asp Gly 

Thir Wall Ser Glin Glin Luell 
195 

Ser Asp Arg Trp Gly 
2O5 

Wall Met Glu 
215 

Ala His 
22O 

Ser Cys Ser His Lieu. His Asn 
21 O 

Tyr 

Pro 
23 O 

Ser Luell Ser Luell Ser 
225 

Gly 

1. An Fc-interferon-B fusion protein comprising: 
an immunoglobulin Fc region; and 
a human interferon-B protein linked by a peptide bond or a 

peptide linker sequence to the carboxy-terminus of the 
immunoglobulin Fc region, 

wherein the interferon-B protein comprises SEQID NO: 2 
and has the following substitutions: C17S, F50H, 
H131A, and either H140A or H140T. 

2. (canceled) 
3. (canceled) 
4. The fusion protein of claim 1, wherein the immunoglo 

bulin Fc region comprises an immunoglobulin hinge region 
and an immunoglobulin heavy chain constant region. 

5. The fusion protein of claim 1, wherein the immunoglo 
bulin Fc region is derived from IgG4, IgG2 or IgG1. 

6. The fusion protein of claim 4, wherein the immunoglo 
bulin heavy chain constant region is derived from IgG4 and 
the immunoglobulin hinge region is derived from IgG1. 

7. The fusion protein of claim 6, wherein a cysteine residue 
of the hinge region has been mutated. 

8. The fusion protein of claim 5, wherein the immunoglo 
bulin Fc region is derived from IgG1, and an alanine residue 
is substituted in place of a C-terminal lysine of the immuno 
globulin Fc region. 

Pro 

Cys 

Trp 

Glu 

Luell 

Asn 
11 O 

Gly 

Glu 

Tyr 

Asn 

Phe 
19 O 

Asn 

Thir 

15 

Llys Pro 

Wall Wall 

Wall 

Glin 
8O 

Glu 

His Glin 
95 

Ala 

Gln Pro 

Met Thr 

Ser 
160 

Pro 

Asn 
17s 

Luell 

Wall Phe 

Glin 

9. The fusion protein of claim 4, wherein the immunoglo 
bulin heavy chain constant region is derived from IgG2, and 
the immunoglobulin hinge region is derived from IgG1. 

10. The fusion protein of claim 9, wherein a cysteine resi 
due of the hinge region has been mutated. 

11. The fusion protein of claim 5, wherein the immunoglo 
bulin Fc region is derived from IgG2, and an alanine residue 
is substituted in place of the C-terminal lysine of the immu 
noglobulin Fc region. 

12. The fusion protein of claim 1, wherein the peptide 
linker sequence is Gly-SerGly-SerGly SerGly (SEQID NO: 
1). 

13-14. (canceled) 
15. The fusion protein of claim 1, wherein the immunoglo 

bulin Fc region comprises IgG1, IgG2, or IgG4. 
16. The fusion protein of claim 1, wherein the immunoglo 

bulin Fc region comprises IgG4 and at least a portion of a 
hinge of IgG1. 

17-22. (canceled) 
23. The fusion protein of claim 1, wherein the interferon-?3 

comprises the substitutions C17S, F50H, H131A, and 
H140A 
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24. The fusion protein of claim 1, wherein the interferon-B 
comprises the substitutions C17S, F50H, H131A, and 
H14OT. 


