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FIGURE 1. Amino acid sequence of human ENG, isoform 1 (L-ENG) 
(GenBank NM 001 14753) 
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FIGURE 2, Nucleotide sequence encoding human ENG, isoform 1 (L-ENG) 
(GenBank NM 00I 1 4753) 
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FIGURE 3. Amino acid sequence of human ENG, isoform 2 (S-ENG) 
(GenBank NM 000: 18) 
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FIGURE 4. Nucleotide sequence encoding human ENG, isoform 2 (S-ENG) 

(GenBank NM 000118) 
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FIGURE 5. Amino acid sequence of murine ENG, isoform 1 (L-ENG) 
(GenBank NM 007932) 
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FIGURE 6. Nucleotide sequence encoding murine ENG, isoform 1 (L-ENG) 
(GenBank NM 007932) 
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FIGURE 7. Amino acid sequence of murine ENG, isoform 2 (S-ENG) 
(GenBank NM 001146350) 
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FIGURE 8. Nucleotide sequence encoding murine ENG, isoform 2 (S-ENG) 

(GenBank NM 001 146350) 
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CAGCCCGCAC 

GGIGAGCGEG 

CGGGGCCC 

EGGACCEEG 

CACAGGTG 

CACCGCC 

CCTGTCGGT 

GATTGGGGCC 

CIGCT CACAG CTCCACTCTG GTACACA 

CCCCAICCC 

AG3CCTGA 

ACAGCAAGCG 

(SEQ ID NO:8) 

CTCAGGGCCC 

FIGURE 8 

TCECACACAC 

GCCA CACCA 

GIGAGTACC 

CCCCGGGGCA 

CAAGCCTCCA 

CACCCAGTGG 
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EVHVF 

NSSLVTFCEP 

FCM LEASQDM 

SCAPGDELAV 

GEARMENAS 

KCADDA 

SNEAVVN 

PSVSEFE.E.OE, 

EPKTGTLSCT 

FPTGPSQLEE, 

PCVNTERPS 

GREEWRPR 

EREOGPPYVS 

WASFVEPA 

VIKKEVAH 

SSSSPORKKV 

DSCEE (GE 

WAERPKTGSO 

(SEQ ID NO: 9) 

EWHC 

TE.OASKONGT 

FPKTOILEWA 

PAWRG3E 

W.E.DANHN MO 

SWSHASSC 

KCTTC: FW 

HCEN ASSE 

GGTVE, QGR 

IDOEV ERVER 
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DE.OPWGPERG 

WPREVVS 

AERGPFSAA 

GWAGHKEA A. 

WTTGE Y S K 

GGRLQTSPAP 

DPSC AERO 

AAPXGNCVSEE 

RNSPS 

FIGURE 9 

EVTYTTSQVS 

VNSSVFLHEQ 

ELNEPOSIL, 

ERWPGHSAG 

IFPEKNIRGF 

IQTTPPKDTC 

OKEWRSAYS 

LOASNTIEPG 

SPSPEGRE 

GCSKG 

US 2015/0202260 A1 

FIGURE 9. Amino acid sequence for human ENG extracellular domain 

KGCVAQAPNA 

A GPEAY 

REGOAQGSES 

RTWTVKVE: 

KPTPOGL: 

SPELLMSLIC) 

S CGMOVSASM 

OOSFWOVRVS 

SF, FYTV 
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FIGURE 10. Amino acid sequence of murine ENG extracellular domain 

AVREWHVF 

LVIECG 

PFCPEAHK 

ESCSGCA 

AEARKENAS 

PKCGNOVMTI, 

WSNEVSE 

PLTSEVTWOL 

TTAGTSCN 

OFPGMESH E 

QPRVNITVEP 

DMGATLEWQP 

LHCPPYWS 

WTSFVE PIV 

AI, NKKHVOTE, 

SGSPPERKKW 

E SCHELOGPE 

LALRPST!SO 

(SEQED NO: 10) 

ERVG 

LTLQASKONG 

RAQTFVQSCR 

WFIDINHSMQ 

SNWSRASSC 

QCIDMDSLSF 

GDIAVE: QSR 

EVYKTVSMR 

COLORVEPTR 

EBREWFEW 

WAAKGAS 

EGVSGHKEA 

ELICEYSV K. 

GGVFOTTPAP 

ISSCOAF DTD 

QLGLYLSPHF 

AKGSCWT. E. 

NWWSPSGK 

FIGURE O 

GEVIETTSOV 

EAA) POSI 

YERPGSE 

IFPCSKWKGV 

WWE PPKDC 

CHWESSAYS 

ECASNTIELG 

SSPEED PRE 

G 

SEGCVAOAAN 

OAPEEP LHEA 

W3CIGOPKA 

AGPRVTVMM 

EXPOT POGLE 

SPVELMSEEO 

SCG W. KVAHV 

SEERVYMVP 
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FIGURE 11. Amino acid sequence of human IgG1 Fc domain 

3. GGPKSCDKTH TCPPCPAPEI, I.GGPSVFLFP PKPKDTLMIS RTPEV:CVVV VSHEEPEVK 

3. FNWYVDGVEV HNAKTKPREE QYNSTYRVVS VITVLHQDWI. NGKEYKcKVS NKALPAPIEK 

3.21 TESKAKGQPR EPOVYTEPPS REEMTKNOVS LTCLVKGFYP SDIAVEWESN GOPENNYKTT 

181 PPVLDSDGSF FLYSKLTVDK SRWCCGNVFS CSVMHEALHN HYTQKSLSLS PGK 

(SEQ ID NO: 1) 

FIGURE 

FIGURE 12. Amino acid sequence of N-terminally truncated human IgG1 Fc domain 

THTCPPCPAP E.LGGPSVFL FPPKEKDTLM ISRTPEVECV VVVSHEDPE V KFNWYVDGV 

33 EWHNAKTKPR E EQYNSTYRV VSVLTV.H.Q.) WLNGKEYKCK VSNKALPAPI EKTISKAKGQ 

12. PREPOVYTE, P PSR E EMTKNO WSLTCLVKGF YPSDIAVEWE SNGOPENNYK TTPPVLDSDG 

i8). SFFLYSKLTV DKSRWQQGNV FSCSVMHEAL, HNHY''QKSLS LSPGK 

(SEQ ID NO: 12) 

FIGURE 12 
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FIGURE 13. Amino acid sequence of hENG(26-586)-hEc 

... O 

15 

3 O 

35 

4. O. 

5 O. 

55 

65 

751. 

3 O 

WAWEKRGCC WEECGAVEW HCO EQPVGPERDE 

US 2015/0202260 A1 

VTYTTSQVSK 

GCVACAPNAI EWWFE PTGPSOLELT LOASKONGTW PREVELWSW 

NSSVFLHEQA GPHAYN SS LVTEQEPP GVNTEPSF PKI'QILEWAA 

ERGP SAA E ENEPQSITER iGQAQGSSSF CMLEASQEDMG REWRRR 

AWRGCHEG WAGHKEAHL RWPGHSAGP RTWTVKVELS CAPG II)AVE 

ILOGPPYVSW LIDANHNMOI WTTGEYS FK EPEKNIRGFK SPDTPOGILLG 

EARMNASW ASEWEPAS VSHASSCG GRLOTSPAPI OTTPPKDTCS 

PEEM LICT 3. KCAATEW EKKEVAHK CITGTEW PSCEAERG 

KWRSAYSS CGWOWSASME SNEAVWNS SSSPORKKVH CNMEDSLSO 

GEY SHE CASNTIEPGO OSEVOVRVSP SVSEFEOLED SCHED GPEG 

GTVE LIOGRA AKGNCVSS ESPEGDPRES EHFYTVP PKTCTSCTV 

AERPKTGSQED CEVHRTVFMR EN SPDISG CTSK 

PCPAPEEEGG 

YVDGVEVHNA 

PAP EKTIS 

AVIEWESNGCP 

WEANY 

PSWEEPKP 

KTKPREEQYN 

KAKGO PREPO 

ENNYK EV 

CKSSS PGK 

(SEQ ID NO: 16) 

KDBMSRP 

STYRVVSVL. 

WYTI (SREE 

SGSERY 

FIGURE 3 

EVECWVVVS 

VLHCDWELNGK 

MTKNOVSI, FC 

SKIL VIESRW 

:KSCOKHTCp 

HEDREWKENW. 

EYKCKVSNKA 

SVKGFY STT 

QQGNVFSCSV 
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FIGURE 14. Nucleotide sequence encoding hENG(26-586)-hEc 

E. O. 

2 C. 

AO 

O 

1 O O. 

O. 

4 O 

7 O. 

8 O. 

AGGAGCAA TGAAGAGAGG GCTCTGCTGT CTCC GCTCC 

US 2015/0202260 A1 

TGGGGAGC 

ACTCTCGTT 

TGGGCCCCGA 

ICGCCC 

GAGGGACGAG 

GAAACAGT CCAT.GIGAC CICAGCCTG 

GIGACAATA CCACAGCCA GGCTCGAAG 

GGCEGCGGG CCAGGCCCC CAAGCCAC CTGAAGCC ATGTCCTCT: 

CCGGAGC CCAACGGGCC CGCACAGC GGAGCGACT CCCAGGCA: 

CCAAGCAAAA TGG.CACCGG CCCCGAGAGG IGCTCIGG CCCAGGTA 

AACAGCAGTG iCECCCA ICCCAGGCC CGGGAAECC CACGCAC: 

GGCACAA ICCAGCC:{{ TCA, CCTTCCA AGAGCCCC GGGGCA ACA 

CCACAGAGC GCCA; CCTC CCCAAG ACCC AGATCC, GA GGGCACC: 

GAGAGGGCCC CCACAC CTC IGCTCCGAC CGAATGACC CCCA3AGCAE 

CCTCC. CCCA CEGCGCCAAG CCCAGGGGTC ACT CCCC IGCAEGCGG 

AAGCCAGCCA GGACATGGGC GCACGCECG AGGGCGGCC GCGTACCCA 

GCCTTGGTCC GGGGCTGCCA CGGAAGGC GGGCCGGCC ACAAGGAGGC 

GCACAECCTG AGGGCCGC GGGCCACTC GGCCGGGCCC CGGACGGGA 

(GTGAAGG GGAACTGAGC GCGCACCCG GGGACICGA IGCCGTCCC C 

A. ACCGCAGG GCCCCCCTA CGTGICCIGG CECA CGACG CCAACCACAA 

CAGCACAC IGGACCACTG GAGAAA CTC CT CAAATC ECCAGAGA 

AAAACAEECG IGGCECAAG CHCCCAGACA CACCCA AGG CCCCGGGG 

GAGGCCCGGA IGCT CAATCC CAGCATEGTG (CATCCT CO: TGGAGACC 

GCGGCCAGC A TGIC ICAC TTCAICCCTC CAGCC,CGC GGTAGGCSCC 

ACACCCACC CCCACCCATC CAGACCACTC CCCCAAGGA CACCACC 

CCGGAGCGC TCATGCCTT GACCAGACA AAGTGG C C G ACGACGCCA: 

GACCCGGTA CEAAAGAAAG GCTTG. GC GCATGAAG GCACCACA 

CGGGCCGAC CTCTCGGAC CCAGCGTG. AGGCAGAGGA CAGGSGGGAC 

AACTTGECT GCGCAGGC ACTCCACC GTGGCAGC AGGGCAGC 

AAGTAGAC AGCAAGAGG GGGGCAA ATCCGTCC AGCCA CAC 

CACAGCGSAA AAAGGGCAC GCCCAACA GGACAGCC CECTCCAG 

CGGGCCSCT ACCACAGCC AACRECCC CAGGCCFCCA. ACACCACGA 

GCCGGGGCAG (CAGAGCESIG GCAGGECAG AGGECCCCA ICCGTCCCG 

Air CCGC (CAGAGAC AGC (CCACC GACGGG GCCTGAGGGA 

GGCACCGSG AACCAECCA GGGCCGGGCG GCCAAGGGCA ACGGGAG 

CCTGCGTCC CCAAGCCCCG AGGGGACCC GCGCTCAGC TTCCTCCTCC 

ACTTC: A3AC AGTACCCATA CCCAAAACCG GCACCCTCAG CEGCACGGA 

CCAAGACCGG GTCCAAGAC CAGGAASTCC ATAGGACTG: 

CTTCAGCGC TGAACACA TCAGCCCGA TGCACAAGCA 

CCGGCCCAG 

CCCAAAACCC 

GGTGGACCC 

CACCGAAC 

AAGGACACCC 

AAACGG 

C{CGGGGGGA 

TCAGATCC 

ACAAAACECA 

CCGICAGIC 

CCGGACCCC 

FIGURE 14 (Page 1 of 2) 

CACAGCCCA 

TCC ICT FCCC 

GAGGCACAE 
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E90 3. 

2003 

2. O3. 

22 O 3 

23 O. 

24 OR 

GCGGGGGT 

TACGGGACG 

GCAGTACAAC 

AGGACGGC 

CTCCCAGCCC 

AGAACCACAG 

ACCAGGICAG 

GCCGTGGAGT 

GCCSCCCGTG 

CCGGGACAA 

ATGCATGAGG 

CCCGGGTAAA 

(SEQ ID NO: 

GGACGTGAGC 

GCGTGGAGGT 

AGCACGTACC 

GAATGGCAAG 

CCATCGAGAA. 

GGACACCC 

CCTGACCTCC 

GGGAGAGCAA 

CEGGACCCG 

GAGCAGGTGG 

CCGCACAA 

GA 

17) 
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CACGAAG ACC 

GCATAATGCC 

GGGGCAG 

GAGTACAAG: 

AACCACCC 

TGCCCCCATC 

CGGTCAAAG 

TGGGCAGCCG 

ACGGCTCC 

CAGCAGGGGA 

CCACTACACG 

CTGAGGRCAA 

AAGACAAAGC 

CGTCCT CACC 

GCAAGGCC 

AAAGCCAA AG 

CCGGGAGGAG 

GCECTATCC 

GAGAACAACT 

CTTCCT. CTAT 

ACGTC CTC 

CAGAAGAGCC 

FIGURE 14 continued (Page 2 of 2) 

US 2015/0202260 A1 

GCAACGG 

CGCGGGAGGA 

GTCC, GCACC 

CAACAAAGCC 

GGCAGCCCCG 

ATGACCAAGA 

CAGCGACAC 

ACAAGACCAC 

AGCAAGCTCA 

ATGCCCGTG 

TCTCCCGC 
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FIGURE 15. Amino acid sequence of hENG(26-586)-hFe with N-terminally truncated 
Fe domain 

MAMKRGICC WELCGAVEW S ETVHCD 
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|CPVGPERIDE 

US 2015/0202260 A1 

WTYITSOVSK 

GCVACAPNAE EWHWFEEE PTGPSQLELT LCASKONGTW PREVELVISW 

NSSVFLHELCA GPHAYN SSEVT FOEPP GVNTTEPSF PKTOILEWAA 

ERGP SAA E LNDPQSLER LGOAQGSSSF CM:EASQMG RERPRP 

AVRGCHEG WAGHKEAH RWEPGHSAGP RTVVKVELS CAPGDLCAV 

IROGPPY WSW 3:EANHNMQI WGEYSEK PEKNRGEK EPLTPQGIG 

EARMINASV ASFV E PEAS VSEHASSCG GROTSPAPI QTTPPKDTCS 

PEELE, MSEIOT KCADAMTEV KKEWAHLK CTCTFWD SCEAEORG D 

KFVERSAYSS CGMOVSASMI SNEAWWNS SSSPQRKKVH CENMDSLSFO 

GYSPHF: OASNTIEPGQ OSEVOVRVSP SVSEFELLOLD SCHEGEG 

GTVE IQGRA AKGNCVSS PSPEGPRS Fi; : Y VPT. p:KGTRSCTV 

AERPKTGSCD QEWHRTV FMR ENESPSG 

LGGPSWEE 

WHNAKKRE 

KTISKAKGCP 

NGOPENNYKT 

NHYTCKSIS: 

PPKPKM 

EQYNSTYRVV 

REPOVYTLPP 

TPPVSDGS 

SPGK 

(SEQ ID NO: 18) 

SRTPEVCVW 

SVETVLHQDW 

SREEMTKNCV 

FFEYSKW 

FIGURE 5 

WWSHEDREW 

INGKEYKCKV 

SETCLVKGEY 

HTCP PCPAP E. 

KENWYWOGWE 

SNKAPAP E. 

PSDAVE WES 

SCSVMHEATH 
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FIGURE 16. Amino acid sequence of mENG(27-581)-mFe 

1. 

fe - 
3 : 

O 

20 

25 

3 O 

35 

A. O. 

MDANKRGCC WCGAVEW ERVGCD E 

US 2015/0202260 A1 

E. WTFTTSQVS 

GCWAQAANAV REVEWF, DF PGMES HE, E.OASKONG 

NKNVFWKFCA PE, AYD SSEVEFOGOP WNITV PSI, TSRKQII, DWA 

AKGASA A. DiPQSIVE, QEGQPKAPF CPEAHEDM GATLEWQPRA 

CTPWSCRIE GVSGHKEAY} REEPGSEAG PRTWTVME SCSGCA 

LGPPYVSWE IDINHSMCIE, TIGEYSVKSE PGSKWKGWE PCTPQGLIA E. 

ARKENASV SEWELPWSN WSRASSCGC VECTTPAPVV TTPPKDTCSp 

WE, EMSLIQPK CGNOVMTLA NKKHVTLCC TGTEWS SCQAEDTDDH 

EVESSAYSSC GNKVA-VVS NEWSESG SPP RKKVQC if MESSECE, 

GLYESPHELQ ASNTIELGQQ AFVQVSVSPL TSEVTVQLDS CHEDE, GEGD 

MVEE IQSRTA KGSCWESP SPEGDPRFSF ERVYMVP TAGTSCNA 

LRPSTLSCEV YKTWSNRN VSPDLSGKG 

PPCAAP), (G 

WFWNNVEVH 

A PSPEX 

AWOWSNGR 

WWHEGHNH 

GSWFEEPK 

AQTO THREEDY 

SKPRGPWRAP 

EONYKNTAT 

TK SRSEG 

(SEQ ID NO: 19) 

KEWLMSS 

NSERVVSAE 

OVYVLPPPAE 

WDSDGSY FM 

K 

FIGURE 6 

EPRVP 

PMVTCVVVDV 

P:CHODWMSG 

EMTKKEFSI. 

YSKLRVOKST 

QNPCPPLKEC 

SEDDPDVOIS 

KEEKCKWNNR 

CMEGEPAE 

ERCSEACS 
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FIGURE 7. Nucleotide sequence encoding mENG(27-581)-mRc 

O: 

A. O. 

5 C: 

7 O. 

8 O 

9 : 

OO 

R. O. 

30: 

34 O. 

5 O. 

36 C. 

37 

8 : 

AGGATGCAA 
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GAAGAGAGG GCCIGCTGT GTGCGCIGC 

US 2015/0202260 A1 

GGGGAGC 

AGICTTCGIT 

EGGACCCCAC 

TCGCCC 

AAGGGGGAC 

CGGCGGAT CACAGCCG 

GIGACG"; "A CCACCAGCCA GGCCCGAG 

GGCGGAG CCAGGCGC CGTGAAGICC ACGTCTCTT 

CCTGGATTT CCCGGAAGC TGT CACACT GGAGCTGACT CTTCAGCCAT 

CCAAGCAAAA TGGCACGGAG ACCCAGGAGG 

AACAAAAA G TCTTCCTGAA (TECCAGGCC CCGGAAATCC CAT, GCACTT 

GGCCA CGAC ECCAGCCGG CACCCA AGGACAGCCA AGAGCAACA 

CACAGGC ACCA:CCCTT ACCECCAGGA AACAGACC CGACGGGCA 

GCCACCAAGG GCGCCACAC CCGATAGCA GCACEGGAEG ACCCCCAAAG 

CATCGTCCC CA (GGGGCC AAG ACCCAAA GGCACCAC '''G' GC IGC 

CAGAAGCTCA CAAgGACATG GGCGCCACAC TGAAGGCA ACCACGAGCC 

CAGACCCCAG ECCAAAGCTC RCGCTGGAA CCTCTCTCTC GCCACAAG (GA 

GGCCACAC CGAGGACC GCCAGGC TGAGGCCGGG CCCCGGACGG 

GACCGTAAT GATSGAACTG AGGCACAF CTGGGGACGC CAT ICT CAC 

C (CAGGE CCCA AG ATCGACACA ACCACAGCAE 

GCAGATCG ACCACAGGTG AAACECCC CAAGACEST CCAGGAAGCA 

AGGTCAAAGG CGGGAGCTC CCAGACACAC CCCAAGGCC GAAGCGGAG 

GCCC(GCAAGC CAAGCCAG CA''' GT CACC CCTTC, TAG ACCCCCCT 

GGCAGCAA GCCCCGA GGGCCECCAG CGCGGGGT GIGCCAGA 

CCACCCCGC ACCCGGTG ACCACACCC CCAAGGACAC AGCAGCCCC 

GIGCTACCA TGTCCCTGA CCAGCCAAAG GTGGCA ABC AGGCAGAC 

TCGCCACC AATAAAAAAC ACGT3CAGAC TCTCCAGTCC ACCACACAG 

GCC (AC; ; ; CEGGGA CTCC AGCGCCAGG CGAAGACAC GACGACCA 

CTTGTCCCA GAGCGCCTA CTCCAGCTGC GGCATGAAAG TGACAGCCCA 

GT (CACC AATGAGGGA CASCAGE CCCCAGC ECACCACCAC 

TCGGAAAAA GGACAGGC ATCGACAGG ACAGCCTCTC CTTCCAGCTG 

GGCCCTACC CAGCCCGCA CIICCTCCAG GCACCAACA CCATCGAACT 

AGGCCAGCAG GCCCGAC AGGGAGCGE GCCCAEG ACCCTGAGG 

CACAGCCA GCTAGAAGC IGC CATCGG ACTGGGGCC CGAAGGGGAC 

ATGGGGAAC CATCCAGAG CCGAACAGCC AAGGGCAGCT GTGTGACCTT 

GCTGICCCA AGCCCGAAG GTGACCCACG CCC. CCGCG 

CEACAGG GCCCACACCC ACCGCTGG CA CCCT CACTTG CAACTTAGCT 

CGCGCCCA CCACCC CCAG8 AAGIC TACAAGACAG CTCCAGCC 

CCTGAACAC GCAGCCCTC ACCCTCTCC TAAAGG 

AGCCCAGAG. 

CCCAGCG 

CCCCCAAAG 

GCCCAAACA 

CAGC:CCAGA 

ACAAGGATG 

CAGAACCCCT 

CCCGGG 

TACT CATCAT 

GTCCTCCACT 

GGACCACCG 

CCCCGAGC 

FIGURE 7 (Page 1 of 2) 

CAAAGAGGE 

'C' CAC'? 

CCCAGGCA 
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9 O. 

2 OO 

23 O. 

22 O. 

23 O. 

2A. O. 

CAEGGRGGT 

TGG GTGA 

AGAGGARTAC 

ACCAGGACTG 

GCCCTCCCA 

AAGAGCTCCA 

AGAAAGAGTT 

AIGCTGGG 

CACCGC AACA 

TCAGAGTACA 

GGGCCACG 

GT CTCTCGGT 

GGTGGATGTG 

ACAACGTGGA 

AACAGTACTC 

GATGAGTGGC 

CCCCCA CGA 

CAGGAAG 

CAGTCTGACC 

ACTGGACCAG 

GTCCTGGACT 

AAAGAGCACT 

AGGGCTGCA 

AAATGA 

(SEQ ID NO: 20) 

Jul. 23, 2015 Sheet 18 of 43 

AGCGAGGARG 

AGTACACACA 

CCGGGTGG 

AAGGAGTTCA 

GAAAACCATC 

TCTCCCTCC 

GCAGATCA 

CAATGGGCGT 

CGATGGTTC 

TGGGAA AGAG 

CAAICACC: 

ACCCAGACGT 

GCTCAGACAC 

CAGTGCCCTC 

AATGCAAGGR 

TCAAAACCCA 

ACCAGCAGAA 

CAGGCTTCT 

ACAGAGCAAA 

TTACTTCATG 

GAAGTCITT 

ACGACAAGA 

FIGURE 17 (Page 2 of 2) 

US 2015/0202260 A1 

CCAGATCAGC 

AAACCCATAG 

CCCACCAGC 

CAACAACAGA 

GAGGGCCAGT 

GAGATGACTA 

ACCGCCGAA 

ACTACAAGAA 

TACAGCAAGC 

CGCCIGCTCA 

CCACCCCG 
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FIGURE 18. High-affinity binding of hENG(26-586)-hFc to BMP-9 
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FIGURE 8 

FIGURE 19. High-affinity binding of hENG(26-586)-hFc to BMP-10 
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FIGURE 20. Effect of soluble hENG extracellular domain, hENG(26-586), on binding 
of BMP-9 to ALK 
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FIGURE 20 

FIGURE 21. Effect of soluble hENG extracellular domain, hENG(26-586), on binding 
of BMP-1) to ALK 
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FIGURE 22. Effect of mENG(27-581)-hRc on cord formation by human umbilical vein 
endothelial cells (HUVEC) in culture 

1.2 

1.0 

O 6 

O. 4. 

0.2 - 

0. 8 

mENG(27-581)-hfc 
Treatment 

FIGURE 22 

ECGS ECGS -- 
mENG(27-581)-hFC 

FIGURE 23. mENG(27-581)-hfic inhibits VEGF-stimulated angiogenesis in a CAM 
assay 

Vehicle VEGF 

FIGURE 23 

VEGF + 
mENG(27-581)-hFC 
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FIGURE 24. Effect of mENG(27-581)-nFc on growth-factor stimulated angiogenesis in 
a mouse angioreactor assay 
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FIGURE 25. Schematic comparison of selected truncated hENG constructs 

ZP Domains BMP91BMP10 
Orphan Domain N-term C-term FC Binding 

26 3. 29 

360 457 

438 457 586 
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FIGURE 25 
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FIGURE 26. Amino acid sequence of hENG(26-437)-hFc 

WAMKRGECC VECGAVEW SP ETVHCD EOPWGPERIE 

US 2015/0202260 A1 

VTYTISOVSK 

GCVAOAPNA EWHVFLEF PTGPSQLEET SOASKONGTW PREVIEWSW 

NSSWF HEQA IGPE HAYN SSLVTEQEPP GVNTERPSF PKTCIEEWAA 

ERGITSAAE T.N.D POSIFT.R. GQAOGSYSE CMT EASCDMG REEWRPR 

AWRGCHEG WAGHKEAHE RWE PGHSAGP RTWTVKVELS CAPG). DAVE 

IIDANHNMQI WTTGEYSEK EPEKNIRGEK EPIDTPCGEIG 

EARVENASW ASFVEEPEAS WSSHASSCG GRLQTSPAP QTTPPKDTCS 

PEI, IMS, TOT KCADOAMTIV KKEVAK Cri GFWD PSCEAEDRG D 

KFVERSAYSS CGMQVSASMI SNEAWVNIS 

PCPAPEG 

WYVIDGVEVHN 

APAPEK 

EAVEWESNGO 

WWEAHNHY 

GPSWFEPK 

AKTKPRE E E Q Y 

SKAKGOPREP 

PENNYKPP 

TQKSE,ST, SPG 

(SEQ HD NO: 21) 

PKDEVSR 

NSTYRVVSVT, 

QVYTLPPSRE 

WS SEGSHE'S 

K 

FIGURE 26 

PEVTCVVVV 

TVLHC DWELNG 

EMTKNQVSLT 

YSKEW3KSR 

PKSCOK THC 

SHE PEVKEN 

KEYKCKVSNK 

CLVKGFY PSD 

WCQGNWFSCS 
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FIGURE 27. Nucleotide sequence encoding hENG(26-437)-hFe 

Oil 

2O. 

A. O. 

7 

8 O 

...O. 

3 O. 

4. C. 

SO 

60 

7 O. 

8 O. 

O 

23 O. 

AGACAA (AAGAGAGG GCC GC GT TGCTGCTCC 

US 2015/0202260 A1 

TGGGAGC 

A GCCG 

EGGGCCCCGA 

CGCC 

GAGGGACGAG 

:GAAACAGT CCATTGAAC CTTCAGCCTG, 

GTGACATATA CCACTAGCCA (GGTCECGAAG 

GGCGCGIGG CCAGCCCC CAAGCCAC CGAAGICC A CTCCCTT 

CCGGAGTTC CCAACGGGCC C{CACAC CT GGAGCTGAC CCCAGCCAT 

CCAAGCAAAA GGCACCGG CCCCGAGAGG GCICGC CCT CAGGTA 

AACASCAGTG TCTCC TCCCAGCC CTGGGAATCC CACTGCACT 

GGCCACAAT CCAGCCGC ICACCCCA AGAGCCCCCG 

CEACAGAGC GCCACCC (CCAAG ACC AACT CA 

GGGGCAACA 

G (CGCAGCT 

GAGAGGGGCC CAT CACCC IGCTCCTGAG CTGAAGACC CCCAGAGCA 

C{CCCCCA CGGGCCAAG CCCAGGGGC ACTGICCITC GCAGCGG 

AAGCCACCCA 

AG 

(GCACAIGGGC CGCACCCCG AGGGCCGCC (GCGACCCA 

GCCTGGCC GGGGCGCCA CTTGGAAGGC GGGCCGGCC ACAAGGAGGC 

GCACAICCTG AGGCEC(ECC C{GGCCACEC GGCCGCGCCC (GGACG(EGA 

CGGGAAGGT GGAACT CAGC TCCGCACCCG (GCATCTCCA (CCGTCCC 

ATCCTGCAGG GCCCCCCA CGGTCCTGG CTCATCGACG CCAACCACAA 

CACAC TGA (CACC GAAAACC CT CAAATC STCC2CAA 

AAAACAETCG TGGCCAAG CTCCCAGACA CACCCAAGG CCTCCTGGGG 

CAGGSCCGGA (CCAAGC CACATGG (CACCCC GGAGCACC 

GCGGCCAGC ACCAC ICAGCCC CACECG GEAGGC 

AGACCCACC CGCACCGATC CAGACCACC CTCCCAAGGA CACGTAGC 

CCGGAGCGC TCAGCCIT GACCAGACA AAGTGGCCG ACGACGCCAT 

(CTAAAGAAAC ACCTTGTTCC CCATTTGAAC TCCACCACA 

CCCAGCGG AGGCAGAGGA CAGGGGGA 

AAGTTTCCT. 

CCGGGAC 

{ GCGCAGG TTACTCCACC GTGGCATCC 

AAGTAGAC AGCAAGAGG CGGTGGTCAA TACCGTCG 

AC 

AGGTGTCAGC 

ill AGCCACAC 

CACAGCG: 

CCACCGGCC 

CCCCCCAAAA 

CAGCC GGE 

'GGTACGGG 

GGAGCAGTAC 

ACCAGGACTG 

GCCCT CCCAG 

CCGAGAACCA 

AGAACCAGO 

ACGCCGGG 

CACGCC. TCC 

TCACCGTGGA 

GGAGCATG 

G(CCCGGGE 

GTGGA 

CAGCACCGA 

CCCAAGGACA 

(ECGCACGTG. 

ACGGCGTGGA 

AACAGCACGT 

GCGAAGGC 

(CCCCATCGA 

CAGGGTACA 

CAGCCTGACC 

AGGGGAGAG 

GTCCCGACT 

(CAAGAGCAGG 

AGGCCGCA 

AAAACA 

(SEQ HD NO: 22) 

CCCAAATCT 

ACECCEGGGG 

CCCTCATGAT 

AGCCACGAAG 

GGTGCAAA 

ACCGGTGGT 

AAGGAGTACA 

GAAAACCAC 

CCCCCCCCC 

TCCCTGGTCA 

CAATCGGCAG 

CCCACCCCC 

GGCAGCAGG 

CAACCACTAC 

GTGACAAAAC 

GG ACCGECAC 

CTCCCGGACC 

ACCCTGAGG 

GCCAAGACAA 

CAGCGTCCC 

AGGCAAGG 

ECCAAAGCCA 

ATCCCGGGAG 

AAGGCTCTA 

CCGGAGAA A. C 

CTTCTTCCTC 

GGAACGTCT 
s s A ACGCAGAAG 

FIGURE 27 

TCACACAGC 

CTCC, CT 

CCTGAGGTCA 

CAACCAAC 

AGCCGCGGGA 

ACCGCCGC 

CCCAACAAA 

AAGGGCAGCC 

GAGATGACCA 

TCCCAGCGAC 

ACTACA AGAC 

TATAGCAAGC 

CECAFGCTCC 

GCCTCTCCCT 
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FIGURE 28. Amino acid sequence of hENG(26-378)-hRc 

5. 

IO 

35 

2O. 

25. 

3 O 

35. 

40 

45. 

5 

6O. 

MEDAMKRGCC VT, CGAVE V ET VEC) TOPWGPERIDE 

US 2015/0202260 A1 

V"YTTSCVSK 

GCVAQAPNA EWVEEE PTGPSQEELT I, QASKONGTW PREWWSW 

NSSVFEHLOA GIPHLAYN SSLVTFQEPP GVNTEPSE PKTIEWAA 

ERGP SAAF NDPQSIR.R EGOAOGSSSF CMLEASODMG REWRPRTP 

AWRGCHLEG WAGHKEAH RWEPGHSAGP RTWTVKVES CAPGDE, BAVE 

IIQGPPY WSW E. BANHNMQI WTGEYSFK FEKNRGEK LPDTPQGil G 

EARN NASW ASEVER AS VSHASSCG GRLOESPAPE QIT'P PKETCS 

PELLMSLIOT KCADDAVTV EKK 

FPP KPKTL 

REEOYNSTYR 

QPREPOVYTL 

MSRTPEVTC 

VVSVLTVLHO 

PSREEMTKN 

KTPPV, DSD 

SESPGK 

GSEFYSKT 

(SEQ ID NO. 23) 

WVVVSHEDP 

DWELNGKEYKC 

QVS LTCEVKG 

FIGURE 28 

iTHTCPPCPA 
EVKENWY VOC 

KVSNKAPAP 

EY PSEAVEN 

PEGGPSWF 

VEVHNAKTKP 

EKTSKAKG 

ESNGOPENNY 

WFSCSVMHEA LHNHYTCKS, 
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FIGURE 29. Nucleotide sequence encoding hENG(26-378)-hEc 

AEGGATGCAA 

TCGCC 

GEGACAT.A.A. 

TGAAGAGAGG 

(GAAACAGT 

GCTCTCCTGT 

CCAGGAC 

GGCGCTGC 

CT CAGCCG 

TGGGGAGC 

GGGCCCCGA 

US 2015/0202260 A1 

AGTC. TCGTT 

GAGGGACGAG 

CCACAGCCA GGCCGAAG GGCGCGIGG CSCAGGCCCC CAARGCCAC 

CGAAGCC ACCCTC. CCTCCACC CCAACGGGCC CGCACAGCT GGAGCGACT 

CCCAG3CAE CCAAGCAAAA GGCACCGG CCCCGAGAG.G TGCTCGGT CCCAGTGA 

AACAGCAGG TCTTCCT.G.C.A. TCTCCAGGCC CGGGAATCC CACTGCACT GGCCACAAT 

ECCAGCCGG CACCSCCA AGAGCCCCCG GGGGICA ACA CCACAGAGC CCAR CCEEC 

CCCAAG ACCC AGACCTTGA GTCCCCAGC GAGAGGGGCC CCAT CACCC GCT(CGAG 

CGAATGACC CCCAGAGCA CCTCCICCGA CGGGCCAAG CCCAGGGGTC ACTGICCITC 

GCAEGCGG AGCCAGCCA GGACAGGGC CGCACGCCG GCGTACCCA 

GCCGGR.CC 

A. 

GGGGCS'GCCA CEGGAAGGC GGGCCGGCC ACAAGGAGGC GCACAFCCG 

AGGECCCC CGGGCCACC GGCCGGGCCC CGGACGGTGA CGGGAAGGT GGAACGAGC 

GCGCACCCG GGGAECTCGA GCCGTCCC ACCGCAGG GTCCCCCCTA CGGCCEGG 

CCATCGACG CCAACCACAA CAGCAGATC GGACCACG GAGAAACC CCAAGAC 

CCASGAA AAAAATCG GGCCAAG CCCCAGACA (ACC:CAAGG CCCCGGGG 

GAGGCCCGCA TCCCAATCC CACCACTC CCACCE TCC GGAGCACC GCTCCCCACC 

AGECT CAC TTCAICCCRC CAGCGCGG GGAGGCTGC AGACCCACC CGCACCGAC 

CAGACCACC CCCCAAGGA CAC GTAGC CCGGAGCTGC ICAGCC GACCAGACA 

AAGGGCSG ACGACGCCA GACCCGGA CAAAGAAAG AGC (TGC 

CACA 

CCCCCCC 

GGGGGGG 

GGGAGGGC 

COGICAGCC 

AAGGCTCCA 

CAGCCCCGAG 

CAGGECAGCC 

GAGAGCAATG 

GGCCCTTC: 

GCECT CA: 

TCCC FGTCCC 

CAGCCCACC 

CAAAACCCAA 

ACGGAGCCA. 

AAAIGCCAA 

TCCCACCC 

ACAAAGCCC 

AACCACAGG 

GACC:"GCC: 

GGCAGCCGGA. 

TCCTCTATAG 

GCTCCGTGAI 

CGGGEAAAG 

(SEQ ID NO; 24) 

GGCCCAGCA 

GGACACCCC 

CGAAGACCC 

GACAA AGCCG 

CCCCACCAC, 

CCCAGCCCCC 

GACACCCG 

GGCA AAGGC 

GAACAACTAC 

CAAGCECACC 

GCAGAGGC 

A. 

CCGAACTCC 

ATGAICTCCC 

GAGGCAAG 

CGGGAGGAGC 

GACGGCTCA 

ATCGAGAAAA 

CCCCCA, ECCC 

'''CAECCCA 

AAGACCACCC 

GGGACAAGA 

CGCACAACC 

FIGURE 29 

TGGGGGGACC 

GGACCCCTGA 

CAACGGTA 

AGTACA ACA3 

ATGGCAAGGA 

CCACCCAA 

GGGAGGAGAT 

(CGACAECGC 

G CAGTCTTC 

GGCACAGC 

CGTGGACGGC 

CACGEACCG 

GACAAGGC 

AGCCAAAGGG 

GACCAAGAAC 

CGGGAGGG 

GGACCCGAC 

GCAGGGGAAC 

GAAGAGCCTC 
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FIGURE 30. Amino acid sequence of hENG(26-359)-hRc 

5. 

Oi. 
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25 

3 O. 

4 Oi. 

45 

5 5 

MANKRGCC WCGAVEW ICPVG PEREE 

US 2015/0202260 A1 

VTYTTSQVSK 

GCVAOAPNAI EWHVEEEE CASKONGTW PREVELLWSW 

NSSVFLHELOA GPHELAYN SS LVTEQEPP GVNTTEPS F PKTQIEEWAA 

ERGPTSAAE, IND POSI, IR IGOAQG SESF CMT. FASODMG REEWRPRP 

AWRGCFEEG WAGFIKEAid: RWEPGSAGP RWWKWES CAPGF. A.W. 

LIDANH NMQI WTTGEYSEK FEEKNIRGFK LPDTPOGLLG 

EARN NASW ASEWE PAS IWS HASSCG GRLOTSPAPI OTTPPKDTCS 

PEMS 

RTPEVTCVVV 

WLTVI, HODW: 

REEME:KNOWS 

EYSKETV.K. 

GGPKSCOKTH 

DVSHEOPEV.K. 

NGKEYKCKVS 

CVKGY 

(SEQ ID NO:25) 

TCPPCPAPE 

FNNYWGVEV 

NKAAPEX 

SAVE WESN 

CSVMHEAHN 

FIGURE 30 

IGGPSVFIFP 

HNAKTKEEE 

TISKAKGOPR 

GQ PENNY KII 

HYTQKSLSLS 

PKPKCTMS 

OYNSTYRVVS 

EPOVYT, PPS 

PPWES GS’ 

PGK 
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FIGURE 31. Nucleotide sequence encoding hENG(26-359)-hEc 

1 O1 

2O. 

3 O 

4. O. 

5 O. 

6 O. 

7 O. 

8 O. 

3 O Oli 

ii O. 

32O: 

13 O. 

14 O1 

5 O. 

6 O. 

O. 

ATGGAGCAA GAAGAGAGG GCTCTGCTGT GGCGCGC 

US 2015/0202260 A1 

TGGTGGAGC 

ACTCTTCCTT 

TGGGCCCCGA 

CCCCC 

GAGGGACGAG 

GAAACAG CCATICTGAC CTTCAGCCTG 

GTGACAEAA CCACTAGCCA GGCTCGAAG 

GGCGCGGG CCACCCCCC CAATCCCATC CTTGAACTCC ATGTCCTCTT 

CCTGGAGTTC CCAACGGGCC CGCACAGC GGAGCGACT CCCAGGCA 

CCAAGCAAAA GCCACCGG CCCCGAGAGG TCCTTCTCCT. CCCAGEGA 

AACAGCAGTG TCTTCCTCCA CCCAGGCC CTGGGAACC CACTGCACT 

GGCCACAA ICCAGCCRGG CACCCCA AGAGCCCCCC GGGGTCAACA 

CCACAGAGCT GCCATCCC CCCAAGACCC AGACCGA GGGGCAGC 

GAGAGGGGCC CCAT CACCiC "GCCCGAG CTGAATGACC CCCAGACCA: 

CCTCCTCCGA CGGGCCAAG CCCAGGGGC ACGTCCC GCATGCGG 

AAGCCAGCCA GGACA:GGGC CGCACGCTCG AGGGCGGCC CCCACCCA 

GCCTTGGTCC GGGGCGCCA CGGAAGGC GGGCCGGCC ACAAGGAGGC 

GCACAICCTG AGGGTCCGC CGGGCCACC GGCCGGGCCC CGGACGGEGA 

CGGGAAGG GGAACTGAGC TGCGCACCCG GGGATCCGA TGCCGTCCSC 

ACCGCAGG GTCCCCCCTA CGGCCTGG CTCACGACG CCAACCACAA 

CAIGCAGAIC GGACCACG GAGAAACC CTTCAAGATC TCCAGAGA 

AAAACATTCG TGGCTTCAAG CTCCCAGACA (CACCT CAAGG CCTCCTGGGG 

GAGGCCCGGA GCCAAIGC CAGCAGTG GCATCCTCG TGGAGCACC 

GCGGCCAGC ATGTCECAC '''CAGCCC CAGCTGCGGT GGTAGGCGC 

AGACCCACC CGCACCGAC CAGACCACC CCCCAAGGA. CACTGTAGC 

CCGGAGCGC TCAGCCT GATCix 

CAAAACT CAC 

CGTCAGTCTT 

CCCACCCCTG 

GAGGTCAAG 

AGACAAAGCC 

GCCCACCG 

CAACGTCCC 

AAGCCAAAGG 

CGGGAGGAGA 

CT CACCC 

AGAACAACTA 

TTCCTCTATA 

CCTCTCCA 

AGAAGAGCC 

ACACCCCAC 

CCTCTCCCC 

AGGCACAG 

CAACGG 

GCGGGAGCAC 

CCGCACCA 

AACAAAGCCC 

GCAGCCCCGA 

TGACCAAGAA, 

AGCGACACG 

CAAGACCACG 

GCAAGCECAC 

TCCCCCECA 

CTCCCTGTCC 

(SEQ ID NO: 26) 

CGGCCCAGC 

CCAAAACCCA 

CGTCCTCCTG 

ACGTCACGG 

CACEACA ACA 

(GGACGGCG 

TCCCAGCCCC 

GAACCACAGG 

CCAGGECAGC 

CCGGGAGG 

CCCCCGGC 

CGGGACAAG 

GCAGAGCC 

CCGGGTAAA 

FIGURE 3 

GGTGGACCCA 

ACCCAACC 

AGGACACCCT 

GACGTGAGCC 

CGTGGAGGG 

GCACCACCC 

AATGGCAAGG 

CATCGAGAAA 

TGTACACCCT 

CGACCGCC 

GGAGAGCAAT 

TGGACICCGA 

AGCAGGGGC 

CGCACAAC 

GA. 

AACTGGA 

CTGGGGGGAC 

CATGAICTCC 

ACGAAG ACCC 

CATAAGCCA 

CTCC ICACC 

AGACAAGEG 

ACCATCTCCA 

GCCCCCACC 

GGCAAAGG 

GGGCAGCCGG 

CGGCTCC, C 

AGCAGGGGAA 

CACACACGC 
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FIGURE 32. Amino acid sequence of hENG(26-359)-hfc with N-terminally truncated 
Fc domain 
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A C1. 

45. 

55. 
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WCGAVEV VHCC) LOPVGPERDE 

US 2015/0202260 A1 

VTYTTSOVSK 

GCWAQAPNAI EVEVE: PTGPSQEE LT | QASKONGTW REWWSW 

NSSVF: HEQA GPE HEAYN SSLVTEQEPP GVNTELPSE PKTOILEWAA 

ERGPTSAAE INDPOSIILR E GOAOGSSF CMLEASOBMG REEWRRP 

AVRGCHEG WAGKEAH RWE PGHSAGP - RTVTVKVERS CAPGDLDAV 

ILOGPPYVSW II DANHNMOI WTGEYSFK EPEKNIRGFK 3PDTPCGILG 

EARMINAS IV ASFVE DEAS WSEHASSCG GRE, OTSPAPI OTTPPKDTCS 

PE, MS; 

CVVVDVSHE 

ODWELNGKEYK 

NOVSRTCVK 

TVOKSRWQOG 

THTCPPCP 
PEVKFNWYVD 

CKWSNKAPA 

GFY PSDAVE 

NVESCSVME 

(SEQ HD NO: 27) 

AEGGPSW 

GWEVHNAKTK 

PEKTISKAK 

WESNGOPENN 

ALHNHYTOKS 

FIGURE 32 

FEpp KPK 

PREEQYNSTY 

GOPRE POVYT 

YKTTPPVES 

SSPGK 

EMSRPEVr 

RVVSVLT VEH 

PPSREEMTK 

CGSFFYSK 
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FIGURE 33. Nucleotide sequence encoding hENG(26-359)-hRe with N-terminally 
truncated Fc domain 
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4 O3. 

5 O. 

6O. 

7 O. 

9 O. 

O 

O. 

32O: 

3 O. 

R. A. O. 

50. 

3.6 OS. 

3.7 O. 

AGGAGCAA GAAGAGAGG (CFC' (CFG 
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(EGCGCGC 

US 2015/0202260 A1 

GEGEGGAGC 

AGTCTTCGTT 

(GGGCCCCGA 

TCGCC 

GAGGGACGAG 

AAACAGT CCATTGTGAC CTTCAGCCTG 

GGACAEATA CACAGCCA GGECCGAAG 

GGCEGCGGG CCAGGCCCC CAAGCCAC CTGAAGECC AGTCCCE; 

CCIGGAGIC CCAACGGGCC CGCACAGC GGAGCTGAC CCCAGGCA 

CCAAGCAAAA GGCACCTGG CCCCGAGAGG GCTCGGT CCCAGGA 

AACAGCAGTG TCTTCCTCCA CTCCAGCCC CGGGAAECC CACGCACT 

GGCCEACAA CCAGCCTGO, ":CACCCCA AGAGCCCCCG GGGGTCAACA 

CCACAGAGC GCCACCTTC CCCAAGACCC AGATCCGA GGGGCAGC 

GAGAGGGGCC CCAT CACCTC CGAATGACC CCCAGAGCA 

CCTCCTCCGA CTGG GCCAAG CCCAGGGGT3 ACTGTCCC TGCATGCTGG 

AAGCCAGCCA GGACAGGGC CGCACGCTCG AGTGGCGCC GCGACECCA 

GCCTGGTCC GGGGCGCCA GGGCCGGCC ACAAGGAGGC 

GCACACCG AGGGCCGC CGGGCCACC GGCCGGGCCC CGGACGGGA 

CGGTGAAGG GGAA CGAGC GCGCACCCC GGGAECCGA TCCCGTCCTC 

ACCGCAGG GTCCCCCCTA CCGTCCGG CTCACGACG CCAACCACAA 

CAGCAGAC GGACCACEG GAGAATACC CTCAAGAC TCCAGAGA 

AAAACAEECG GGCCAAG CCCCAGACA CACCCAAGG CCT CCTGGGG 

GAGGCCCGGA GCCAAGC CAGCATGG GCACCCG TGGAGCTACC 

GCGGCCAGC A CTCCAC CAGCCC CAGCEGCGG GGAGGCTGC 

AGACCCACC CCCACCGAEC CAGACCACIC CCCCAAGGA CACGEAGC -- 

CCGGAGCGC TCATGTCCIT 

ACCGGCCCA 

CCCCAAAACC 

EGCGGGGG 

GACGGGAC 

AGCAGTACAA 

CAGGACGGC 

CCCCCAGCC 

GAGAACCACA 

AACCAGGCA 

CGCCGTGGAG 

CGCCTCCCGT 

ACCGGGACA 

GAGCAGAG 

CCCCGGGAA 

GCACCGA, AC 

CAAGGACACC 

TGGACGGAG 

GGCGTGGAGG 

CAGCACGTAC 

GAATGGCAA 

CCCATCGAGA 

GGRGEACACC 

GCCSACCG 

TGGGAGAGCA 

GCGSACTCC 

AGAGCAGGTG 

GCCGCACA 

ATGA 

CC:GGGGGG 

CT CATCATC 

CCACGAAGAC 

GCAAATGC 

CGGGTCA, 

GGAGACAAG 

AAACCATCC 

CIGCCCCCA 

CCTGGTCAAA 

AGGGCAGCC 

GACGGCTCC 

GCAGCAGGGG 

ACCACACAC 

ACCGECA, EC 

CCCGGACCCC 

CCTGAGGCA. 

CAAGACAAAG 

{{CGCCT CAC 

CAAGGC 

CAAAGCCAAA 

CCCGGGAGGA 

GGCTTCTAC 

GGAGAACAAC 

CTTCCT CA 

AACGTCCT. 

CAGAAGAGC 

(SEQ ID NO: 28) 

FIGURE 33 

ACACAGCCC 

TTCCTCTCC 

TGAGGECACA 

AGCA ACG 

CCGCGGCAGG 

CCTCCTCCAC 

CCAACAAAGC 

GGGCAGCCCC 

GAEGACCAAG 

CCASCGACA: 

TACAAGACCA. 

TAGCAAGCEC 

CAGCT coGI 

CICTCCCTG, 
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FIGURE 34. Amino acid sequence of hENG(26-346)-hfe with N-terminally truncated 
hFe domain 

S. 

3.01 

S. 

A 

SO 

S5 

MBAMKRGCC WECGAWEW SPEEW-CD {{CPWGPERIE WFY'''SOWSK 

GCVACAPNA: EWWFEF PFGPSQEE 'i' ECASKONGTW PREWWSW 

NSSVFLHLOA GPHAYN SSLVFOEPP GVNTTEESF PKTOIEWAA 

ERGPSAAE LNDPOS:LER LGCAOGSLSE CMLEASODMG REWRREP 

AEWRGCHEG WAGKEAH RVGHSAGP RTVVK VEFS CAPGDAV 

II.QGPPYWSW IDANHN MQ WTTGEYS FK EPE KNIRGFK LPBTPCGLI.G 

EARM NASW ASFWEAS WSHASSCG GREQIS PAPE QTTPP 

HTCPPCPAPE 

KFNWY VEDGVE 

SNKAPAPE 

PSDAW E. NE S 

SCSWEW HEATH 

GGPSWFE 

VHRAKKPRE 

KTISKAKGOP 

NGQPENNYKT 

NHYTOKSE,ST, 

(SEQED NO: 29) 

PKPKD. 

ECYNSTYRVV 

REPOVYTLPP 

TPPWDSGS 

SPGK 

FIGURE 34. 

SRTPEVTCVV 

SVLTV LHODW 

SREEMTKNOV 

FFLYSKEW 

VVSHEPEV 

NGKEYKCKV 

SETCLVKGFY 

  



Patent Application Publication Jul. 23, 2015 Sheet 33 of 43 US 2015/0202260 A1 

FIGURE 35. Nucleotide sequence encoding hENG(26-346)-hEc with N-terminally 
truncated hEc domain 

ATGGAGCAA 

ECGCC 

GTGACATATA 

TGAAGAGAGG CCTCTCC GT 

CCAGGAC 

CTCCTCCTCC 

CTCAGCCEG 

CTCTCCACC 

TGGGCCCCGA 

AGTCTTCCTT 

GAGGGACGAG 

CCACAGCCA GGTCTCCAAG GGCEGCGGG CCAGCCCCC CAAGCCATC 

CTTGAACTCC A STCCFCF : CCTGGAC, C (CCAACGGGCC CGT CACAC GGAGCGAC 

CTCCAGGCA CCAAGCAAAA GCACCGG CCCCGAGAGG TGCTTC:GGT CCCAGEGA 

AACAGCAGTG ECTTCCTGCA CCCAGGCC CGGGAACC CAC GCACT GGCCTACAA 

ECCAGCCTGG ICACCCCA AGAGCCCCC G (GGGGTCA ACA CCACAGAGC GCCATCCTTC 

CCCAAGACCC ACAICCTTGA GSGGCACC GACAGGGGCC CCAT CACCC CCTCC:CAC 

CTGAATGACC CCCAGAGCA: CCCCCCCA CGGGCCAAG CCCAGGGGTC ACGTCCC 

GCAGCGG AAGCCAGCCA GGACAGGGC CGCACGCCG AGGGCGGCC GCGACCCA 

GCCTTGGCC GGGGCTGCCA CTTGAACC GTGGCCGGCC ACAAGGAGGC GCACATCCG 

AGGGCCGC CGGGCCACC GGCCGGGCCC CGGACGGGA CGGGAAGG GGAACTGAGC 

GCGCACCCG GGGACICGA GCCGTCCC ATCCGCAGG GTCCCCCCTA CGTGTCCTGG 

CTCACGACG CCAACCACAA CAGCAGAC EGGACCACTG GAGAAACEC CTTCAAGATC 

TTTCCAGAGA AAAACATCG TGGCCAAG CCCCAGACA CACCCAAGG CCCCGGGG 

GAGGCCCGGA ICCT CAAICC CACCACC CCACC T CC GGACCACC GCGGCCACC 

ATCC ICAC TTCATCCCTC CACCGCGG GGAGGCGC AGACCCACC CGCACCGATC 

CAGACCACC 

(T(CGGGGG 

CCCGGACCC 

AAGTTCAAC 

GAGCAGTACA 

CTGAAGGCA 

AAAACCAC 

CCCGGGAGG 

CCCAGCGACA 

ACGCCTCCCG 

AAGAGCAGGE 

AACCACTACA 

it 

GACCGICAG: 

CGAGCCAC 

GGTACGTGGA 

ACAGCAC GTA 

AGGAGTACAA 

CCAAAGCCAA 

AGATGACCAA 

RCGCCGGGA 

;GCT, GCACTC 

GGCAGCAGGG 

CGCAGAAGAG 

(SEQ ID NO:30) 

CTTCCTCT FC 

AGCGGGG 

CGGCGGGAG 

CCGTGGGTC 

GGCAAGGC 

AGGGCAGCCC 

GAACCAGGC 

GTGGGAGAGC 

CGACGCCTCC 

GAACGTCC 

CCTCTCCCTG 

CACACATGCC 

CCCCCAAAAC 

GGGACGEGA 

GGCATA AG 

AGCGTCCCA 

TCCAACAAAG 

CGAGA ACCAC 

AGCCTGACCT 

AAGGGCAGC 

TTCT FCC FC 

TCATGCTCCG 

ICCCCGGGTA 

FIGURE 35 

CACCGTCCCC 

CCAAGGACAC 

GCCACGAAGA 

CCAAGACAAA 

CCGTCCGCA 

CCCTCCCAGC 

AGGGTACAC 

GCCGGCAA 

CGGAGAACAA 

AAGCAAGC 

GAIGCAGA 

AATGA 

AGCACC GAA 

CCT CAT CAC 

CCCTGAGGC 

GCCGCGGGAG 

CCAGGACGG 

CCCCA CGAG 

CCGCCCCCA 

AGCCTTCTAT 

(CTACAAGACC 

CACCGGGAC 

GGCCGCAC 
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FIGURE 36. Size exclusion chromatograms of hENG-hEc proteins after initial 
purification 
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FIGURE 37. Characterization of high-affinity binding of BMP-9 to hENG-hEe variants 
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FIGURE 38. hENG(26-359)-hFe inhibits VEGF-stimulated angiogenesis in a CAM 
assay 
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FIGURE 38 
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FIGURE 39. Effect of hENG(26-346)-hEc on growth factor-stimulated angiogenesis in a 
mouse angioreactor assay 
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FIGURE 40. Effect of mENG(27-581)-me on growth of 4T mammary tumors in mice 
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FIGURE 41. Effect of mENG(27-581)-mRc on growth of Colon-26 tumors in mice 

180 - 

-O-Vehicle 

600 - mENG(27-581)-mfc 1 mg/kg 

40 - --&- mENG{27-58)-mfc 10 mg/kg 

-- mENG{27-581)-mfc 30 mg/kg 

1200 - 
Y 

8 
1000 - 

8. 

S 800 - 
s 
8. 

600 - 

400 - 

200 - 

O : 

O 20 3O 40 50 80 

Days Post implantation 

FIGURE 4 

liver as %Body Weight 
8.00% g 

5.00% irs or 

is 4.00% i. 
s 3.30% 
r 

2.00% & 

38 

8. 

visiticise Ediagiin 

FIGURE 42 

  

  



Patent Application Publication Jul. 23, 2015 Sheet 40 of 43 US 2015/0202260 A1 

FIGURE 43 
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ENDOGLIN PEPTIDES TO TREAT FIBROTC 
DISEASES 

RELATED APPLICATIONS 

0001. This application claims the benefit of the filing date 
under 35 U.S.C. S 119 of U.S. Provisional Application Ser. 
No. 61/896,002, filed Oct. 25, 2013, and entitled Endoglin 
Peptides To Treat Fibrotic Diseases, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND 

0002 Fibrosis is the formation of excess fibrous connec 
tive tissue in an organ or tissue. Fibrosis may occur in 
response to physical or chemical injury as part of a reparative 
or reactive process, also referred to as Scarring. Fibrosis may 
also arise from a pathological aberration in a cell or tissue 
without external injury. Fibrosis results in the deposition of 
connective tissue, which can Support tissue homeostasis and 
healing after trauma. Excessive fibrosis, however, can oblit 
erate the architecture and impede the function of the under 
lying organ or tissue, leading to fibrotic disorders. Such as, for 
example, liver fibrosis, pulmonary fibrosis, and cystic fibro 
sis. Fibrotic tissue can typically not carry out the specialized 
functions of the respective organ, and cannot be repaired. 
Treatment options for fibrotic disorders are, thus, limited to 
tissue replacement approaches, such as organ transplantation, 
and palliative care. 
0003. It is desirable that effective compositions and meth 
ods for inhibiting and treating fibrosis be developed. These 
include methods and compositions which can inhibit and/or 
reverse excessive fibrosis associated with fibrotic disorders. 

SUMMARY 

0004 Some aspects of this disclosure provide endoglin 
(ENG) polypeptides and the use of Such endoglin polypep 
tides to treat or prevent fibrotic disorders. Some embodiments 
of this disclosure provide methods of treating or preventing a 
fibrotic disorder in a patient in need thereof. In some embodi 
ments, the method comprises administering to the patient an 
effective amount of an endoglin polypeptide provided herein. 
In some embodiments, the endoglin polypeptide used com 
prises an amino acid sequence that is at least 95% identical to 
amino acids 42-333 of SEQID NO: 1. In some embodiments, 
the fibrotic disorder is liver fibrosis, vascular fibrosis, pulmo 
nary fibrosis, pancreatic fibrosis, renal fibrosis, musculoskel 
etal fibrosis, cardiac fibrosis, skin fibrosis, eye fibrosis, pro 
gressive systemic sclerosis (PSS), chronic graft-Versus-host 
disease, Peyronie's disease, post-cystoscopic urethral Steno 
sis, retroperitoneal fibrosis, mediastinal fibrosis, progressive 
massive fibrosis, proliferative fibrosis, nephrogenic systemic 
fibrosis, neoplastic fibrosis, Dupuytren’s disease, strictures, 
radiation induced fibrosis, cystic fibrosis, pleural fibrosis, 
sarcoidosis, Scleroderma, spinal cord injury/fibrosis, 
myelofibrosis, vascular restenosis, atherosclerosis, injection 
fibrosis (which can occur as a complication of intramuscular 
injections, especially in children), or complications of coal 
workers’ pneumoconiosis. In some embodiments, the fibrotic 
disorder is not myelofibrosis. In some embodiments, the liver 
fibrosis is liver cirrhosis, alcohol-induced liver fibrosis, bil 
iary duct injury, primary biliary cirrhosis, infection-induced 
liver fibrosis, congenital hepatic fibrosis or autoimmune 
hepatitis. In some embodiments, the infection-induced liver 
fibrosis is bacterial-induced or viral-induced. In some 
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embodiments, the pulmonary fibrosis is idiopathic, pharma 
cologically-induced, radiation-induced, chronic obstructive 
pulmonary disease (COPD), or chronic asthma. In some 
embodiments, the cardiac fibrosis is endomyocardial fibrosis 
or idiopathic myocardiopathy. In some embodiments, the 
skin fibrosis is Scleroderma, post-traumatic, operative cuta 
neous scarring, keloids, or cutaneous keloid formation. In 
Some embodiments, the eye fibrosis is glaucoma, Sclerosis of 
the eyes, conjunctival Scarring, corneal scarring, or ptery 
gium. In some embodiments, the retroperitoneal fibrosis is 
idiopathic, pharmacologically-induced or radiation-induced. 
In some embodiments, the cystic fibrosis is cystic fibrosis of 
the pancreas or cystic fibrosis of the lungs. In some embodi 
ments, the injection fibrosis occurs as a complication of an 
intramuscular injection. 
0005. In some embodiments, the endoglin polypeptide 
used to treat a fibrotic disorder as provided herein does not 
include a sequence consisting of amino acids 379-430 of SEQ 
ID NO: 1. In some embodiments, the endoglin polypeptide 
comprises an amino acid sequence at least 95% identical to a 
sequence beginning at an amino acid corresponding to any of 
positions 26-42 of SEQID NO: 1 and ending at an amino acid 
corresponding to any of positions 333-378 of SEQID NO: 1. 
In some embodiments, the endoglin polypeptide comprises 
an amino acid sequence at least 95% identical to amino acids 
26-346 of SEQID NO: 1, amino acids 26-359 of SEQID NO: 
1, or amino acids 26-378 of SEQID NO: 1. In some embodi 
ments, the endoglin polypeptide consists of a first portion 
consisting of an amino acid sequence at least 95% identical to 
amino acids 26-346 of SEQID NO: 1, amino acids 26-359 of 
SEQID NO: 1, or amino acids 26-378 of SEQID NO: 1, and 
a second portion that is heterologous to SEQ ID NO: 1. In 
Some embodiments, the second portion of the endoglin 
polypeptide comprises an Fc portion of an IgG. In some 
embodiments, the endoglin polypeptide does not include 
more than 50 consecutive amino acids from a sequence con 
sisting of amino acids 379-586 of SEQ ID NO: 1. In some 
embodiments the endoglin polypeptide is a dimer or higher 
order multimer comprising two or more endoglin polypep 
tides, and may optionally be a homodimer, heterodimer, 
homomultimer or heteromultimer. 

0006. In some embodiments, the endoglin polypeptide 
used to treat a fibrotic disorder as provided herein binds 
human BMP-9 with an equilibrium dissociation constant 
(KD) less than 1x10M or a dissociation rate constant (kd) 
less than 1x10 s. In some embodiments, the endoglin 
polypeptide binds human BMP-9 with an equilibrium disso 
ciation constant (KD) less than 1x10M or a dissociation 
rate constant (kd) less than 5x10's". In some embodiments, 
the endoglin polypeptide binds human BMP-10 with an equi 
librium dissociation constant (KD) less than 1x10 M or a 
dissociation rate constant (kd) less than 5x10s'. In some 
embodiments, the endoglin polypeptide binds human BMP 
10 with an equilibrium dissociation constant (KD) less than 
1x10M or a dissociation rate constant (kd) less than 2.5x 
10 s. Optionally the endoglin polypeptide characterized 
by any of the above BMP-9 or BMP-10 binding properties is 
a dimer or higher order multimer. In some embodiments, the 
endoglin polypeptide does not bind human TGF-31, human 
TGF-B3, human VEGF, or human basic fibroblast growth 
factor (FGF-2). In some embodiments, the endoglin polypep 
tide is a fusion protein including, in addition to a portion 
comprising an endoglin amino acid sequence, one or more 
polypeptide portions that enhance one or more of in vivo 
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stability, in vivo half-life, uptake/administration, tissue local 
ization or distribution, formation of protein complexes, such 
as dimers or multimers, and/or purification. In some embodi 
ments, the endoglin polypeptide includes a portion of a con 
stant domain of an immunoglobulin and/or a portion of a 
serum albumin. In some embodiments, the endoglin polypep 
tide comprises an immunoglobulin Fc domain. In some 
embodiments, the immunoglobulin Fc domain isjoined to the 
ENG polypeptide portion by a linker. In some embodiments, 
the linker consists of an amino acid sequence consisting of 
SEQID NO:31 (TGGG) or GGG. In some embodiments the 
Fc domains forma dimer. In some embodiments, the endoglin 
polypeptide includes one or more modified amino acid resi 
dues selected from: a glycosylated amino acid, a PEGylated 
amino acid, a farnesylated amino acid, an acetylated amino 
acid, a biotinylated amino acid, an amino acid conjugated to 
a lipid moiety, and an amino acid conjugated to an organic 
derivatizing agent. 
0007. In some embodiments, the endoglin polypeptide is 
administered intravenously, intramuscularly, intraarterially, 
Subcutaneously, or orally. 
0008. In part, the present disclosure provides endoglin 
polypeptides and the use of Such endoglin polypeptides as 
selective antagonists for BMP9 and/or BMP10. As described 
herein, polypeptides comprising part or all of the endoglin 
extracellular domain (ECD) bind to BMP9 and BMP10 while 
not exhibiting substantial binding to other members of the 
TGF-beta superfamily. This disclosure demonstrates that 
polypeptides comprising part or all of the endoglin ECD are 
effective antagonists of BMP9 and BMP10 signaling and act 
to inhibit angiogenesis and tumor growth in vivo. Thus, in 
certain aspects, the disclosure provides endoglin polypep 
tides as antagonists of BMP9 and/or BMP10 for use in inhib 
iting angiogenesis as well as other disorders associated with 
BMP9 or BMP10 described herein. 

0009. In certain aspects, the disclosure provides polypep 
tides comprising a truncated extracellular domain of endoglin 
for use in inhibiting angiogenesis and treating other BMP9 or 
BMP10-associated disorders. While not wishing to be bound 
to any particular mechanism of action, it is expected that Such 
polypeptides act by binding to BMP9 and/or BMP10 and 
inhibiting the ability of these ligands to form signaling com 
plexes with receptors such as ALK1, ALK2, ActRIIA, 
ActRIIB and BMPRII. In certain embodiments, an endoglin 
polypeptide comprises, consists of, or consists essentially of 
an amino acid sequence that is at least 70%, 80%, 90%. 95%, 
96%, 97%, 98%, 99% or 100% identical to the sequence of 
amino acids 42-333, 26-346, 26-359 or 26-378 of the human 
endoglin sequence of SEQID NO:1. An endoglin polypeptide 
may comprise, consist of, or consist essentially of an amino 
acid sequence that is at least 70%, 80%, 90%, 95%, 96%, 
97%, 98%, 99% or 100% identical to the sequence of amino 
acids beginning at any of positions 26-42 of SEQID NO:1 
and ending at any of positions 333-378 of the human endoglin 
sequence of SEQ ID NO:1. An endoglin polypeptide may 
comprise, consist of, or consist essentially of a polypeptide 
encoded by a nucleic acid that hybridizes under less stringent, 
stringent or highly stringent conditions to a complement of a 
nucleotide sequence selected from a group consisting of 
nucleotides 537-1412 of SEQ ID NO: 2, nucleotides 121 
1035 of SEQ ID NO:30, nucleotides 121-1074 of SEQ ID 
NO: 26, nucleotides 121-1131 of SEQ ID NO: 24, nucle 
otides 73-1035 of SEQID NO:30, nucleotides 73-1074 of 
SEQID NO:26, and nucleotides 73-1131 of SEQID NO: 24. 
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In each of the foregoing, an endoglin polypeptide may be 
selected Such that it does not include a full-length endoglin 
ECD (e.g., the endoglin polypeptide may be chosen so as to 
not include the sequence of amino acids 379-430 of SEQID 
NO:1, or a portion thereof or any additional portion of a 
unique sequence of SEQID NO:1). An endoglin polypeptide 
may be used as a monomeric protein or in a dimerized form. 
An endoglin polypeptide may also be fused to a second 
polypeptide portion to provide improved properties, such as 
an increased half-life or greater ease of production or purifi 
cation. A fusion may be direct or a linker may be inserted 
between the endoglin polypeptide and any other portion. A 
linker may be a structured or unstructured and may consist of 
1, 2, 3, 4, 5, 10, 15, 20, 30, 50 or more amino acids, optionally 
relatively free of secondary structure. A linker may be rich in 
glycine and proline residues and may, for example, contain a 
sequence of threonine?serine and glycines (e.g., TGGG (SEQ 
ID NO: 31)) or simply one or more glycine residues.(e.g., 
GGG (SEQ ID NO:32). Fusions to an Fc portion of an 
immunoglobulin or linkage to a polyoxyethylene moiety 
(e.g., polyethylene glycol) may be particularly useful to 
increase the serum half-life of the endoglin polypeptide in 
systemic administration (e.g., intravenous, intraarterial and 
intra-peritoneal administration). In certain embodiments, an 
endoglin-Fc fusion protein comprises a polypeptide compris 
ing, consisting of, or consisting essentially of an amino acid 
sequence that is at least 70%, 80%, 90%. 95%, 96%, 97%, 
98%, 99% or 100% identical to a sequence of amino acids 
starting at any of positions 26-42 of SEQIDNO:1 and ending 
at any of positions 333-378 of the human endoglin sequence 
of SEQID NO:1, and optionally may not include a full-length 
endoglin ECD (e.g., the endoglin polypeptide may be chosen 
so as to not include the sequence of amino acids 379-430 of 
SEQID NO:1, or a portion thereof, or so as not to include any 
5, 10, 20, 30, 40, 50, 52, 60, 70, 100, 150 or 200 or more other 
amino acids of any part of endoglin or any part of amino acids 
379 to 581 of SEQ ID NO:1), which polypeptide is fused, 
either with or without an intervening linker, to an Fc portion 
of an immunoglobulin. An endoglin polypeptide, including 
an endoglin-Fc fusion protein, may bind to BMP9 and/or 
BMP10 with a K of less than 10M, 10M, 10'M, 
10'M or less, or a dissociation constant (k) of less than 
10 s. 3x10 s. 5x10 s' or 1x10's". The endoglin 
polypeptide may be selected to have a K for BMP9 that is 
less than the K, for BMP10, optionally less by 5-fold, 
10-fold, 20-fold, 30-fold, 40-fold or more. The endoglin 
polypeptide may have little or no substantial affinity for any 
or all of TGF-B1, -32 or -33, and may have a K, for any or all 
of TGF-31, -82 or -B3 of greater than 10M, 10M, 107M 
or 10M. The endoglin polypeptide may be a dimerorhigher 
order multimer. 

0010. An Fc portion may be selected so as to be appropri 
ate to the organism. Optionally, the Fc portion is an Fc portion 
of a human IgG1. Optionally, the endoglin-Fc fusion protein 
comprises the amino acid sequence of any of SEQID NOs: 
33, 34,35, or 36. Optionally, the endoglin-Fc fusion protein is 
the protein produced by expression of a nucleic acid of any of 
SEQID Nos: 17, 20, 22, 24, 26, 28 or 30 in a mammalian cell 
line, particularly a Chinese Hamster Ovary (CHO) cell line. 
An endoglin polypeptide may beformulated as a pharmaceu 
tical preparation that is Substantially pyrogen free. The phar 
maceutical preparation may be prepared for systemic delivery 
(e.g., intravenous, intramuscular, intraarterial or Subcutane 
ous delivery) or local delivery (e.g., to the eye). 
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0011. The endoglin polypeptides disclosed herein may be 
used in conjunction or sequentially with one or more addi 
tional therapeutic agents, including, for example, anti-angio 
genesis agents, VEGF antagonists, anti-VEGF antibodies, 
anti-neoplastic compositions, cytotoxic agents, chemothera 
peutic agents, anti-hormonal agents, and growth inhibitory 
agents. Further examples of each of the foregoing categories 
of molecules are provided herein. 
0012. In certain aspects, the disclosure provides methods 
for inhibiting angiogenesis in a mammal by administering 
any of the endoglin polypeptides described generally or spe 
cifically herein. The endoglin polypeptide may be delivered 
locally (e.g., to the eye) or systemically (e.g., intravenously, 
intramuscularly, intraarterially or subcutaneously). In certain 
embodiments, the disclosure provides a method for inhibiting 
angiogenesis in the eye of a mammal by administering an 
endoglin polypeptide to the mammalata location distal to the 
eye, e.g. by Systemic administration. 
0013. In certain aspects the disclosure provides methods 
for treating a tumor in a mammal. Such a method may com 
prise administering to a mammal that has a tumor an effective 
amount of an endoglin polypeptide. A method may further 
comprise administering one or more additional agents, 
including, for example, anti-angiogenesis agents, VEGF 
antagonists, anti-VEGF antibodies, anti-neoplastic composi 
tions, cytotoxic agents, chemotherapeutic agents, anti-hor 
monal agents, and growth inhibitory agents. A tumor may 
also be one that utilizes multiple pro-angiogenic factors. Such 
as a tumor that is resistant to anti-VEGF therapy. 
0014. In certain aspects, the disclosure provides methods 
for treating patients having a BMP9 or BMP10 related disor 
der. Examples of such disorders are provided herein, and may 
include, generally, disorders of the vasculature, hypertension, 
and fibrotic disorders. 
0015. In certain aspects the disclosure provides oph 
thalmic formulations. Such formulations may comprise an 
endoglin polypeptide disclosed herein. In certain aspects, the 
disclosure provides methods for treating a fibrotic disease of 
the eye or an angiogenesis related disease of the eye. Such 
methods may comprise administering systemically or to said 
eye a pharmaceutical formulation comprising an effective 
amount of an endoglin polypeptide disclosed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 shows the native amino acid sequence of 
human ENG, isoform 1 (L-ENG). The leader (residues 1-25) 
and predicted transmembrane domain (residues 587-611) are 
each underlined. 
0017 FIG. 2 shows the native nucleotide sequence encod 
ing human ENG, isoform 1 (L-ENG). Sequences encoding 
the leader (nucleotides 414-488) and predicted transmem 
brane domain (nucleotides 2172-2246) are each underlined. 
0018 FIG. 3 shows the native amino acid sequence of 
human ENG, isoform 2 (S-ENG). The leader (residues 1-25) 
and predicted transmembrane domain (residues 587-611) are 
each underlined. Compared to isoform 1, isoform 2 has a 
shorter and distinct C-terminus, but the sequence of the extra 
cellular domain (see FIG.9) is identical. 
0019 FIG. 4 shows the native nucleotide sequence encod 
ing human ENG, isoform 2 (S-ENG). Sequences encoding 
the leader (nucleotides 414-488) and predicted transmem 
brane domain (nucleotides 2172-2246) are each underlined. 
0020 FIG. 5 shows the native amino acid sequence of 
murine ENG, isoform 1 (L-ENG). The leader (residues 1-26) 
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and predicted transmembrane domain (residues 582-606) are 
underlined and bracket the extracellular domain of themature 
peptide (see FIG. 10). Isoform 3 of murine ENG (GenBank 
accession NM 001146348) differs from the depicted 
sequence only in the leader, where the threonine at position 23 
(highlighted) is deleted and there is a glycine-to-serine Sub 
stitution at position 24 (also highlighted). 
0021 FIG. 6 shows the native nucleotide sequence encod 
ing murine ENG, isoform 1 (L-ENG). Sequences encoding 
the leader (nucleotides 364-441) and predicted transmem 
brane domain (nucleotides 2107-2181) are underlined. The 
nucleotide sequence encoding isoform 3 of murine ENG 
(GenBank accession NM 001146348) differs from the 
depicted sequence only in the leader, specifically at positions 
430-433 (highlighted). 
0022 FIG. 7 shows the native amino acid sequence of 
murine ENG, isoform 2 (S-ENG). The leader (residues 1-26) 
and predicted transmembrane domain (residues 582-606) are 
underlined. Compared to isoform 1, isoform 2 has a shorter 
and distinct C-terminus, but the sequence of the extracellular 
domain (see FIG. 10) is identical. 
0023 FIG. 8 shows the native nucleotide sequence encod 
ing murine ENG, isoform 2 (S-ENG). Sequences encoding 
the leader (nucleotides 364-441) and predicted transmem 
brane domain (nucleotides 2107-2181) are underlined. 
0024 FIG. 9 shows the amino acid sequence of the extra 
cellular domain of human ENG. The extracellular domains of 
the two human isoforms are identical in both amino-acid and 
nucleotide sequence. 
0025 FIG. 10 shows the amino acid sequence of the extra 
cellular domain of murine ENG, which is 69% identical to its 
human counterpart. The extracellular domains of the two 
murine isoforms are identical in both amino-acid and nucle 
otide sequence. 
0026 FIG. 11 shows an amino acid sequence of the human 
IgG1 Fc domain. Underlined residues are optional mutation 
sites as discussed in the text. 

0027 FIG. 12 shows an N-terminally truncated amino 
acid sequence of the human IgG1 Fc domain. Underlined 
residues are optional mutation sites as discussed in the text. 
(0028 FIG. 13 shows the amino acid sequence of hENG 
(26-586)-hFc. The ENG domain is underlined, the TPA 
leader sequence is double underlined, and linker sequences 
are bold and highlighted. 
0029 FIG. 14 shows a nucleotide sequence encoding 
hENG(26-586)-hFc. Nucleotides encoding the ENG domain 
are underlined, those encoding the TPA leader sequence are 
double underlined, and those encoding linker sequences are 
bold and highlighted. 
0030 FIG. 15 shows the amino acid sequence of hENG 
(26-586)-hFc with an N-terminally truncated Fc domain. The 
ENG domain is underlined, the TPA leader sequence is 
double underlined, and linker sequences are bold and high 
lighted. 
0031 FIG. 16 shows the amino acid sequence of mENG 
(27-581)-mFc. The ENG domain is underlined, the TPA 
leader sequence is double underlined, and linker sequences 
are bold and highlighted. 
0032 FIG. 17 shows a nucleotide sequence encoding 
mENG(27-581)-mFc. Nucleotides encoding the ENG 
domain are underlined, those encoding the TPA leader 
sequence are double underlined, and those encoding linker 
sequences are bold and highlighted. 
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0033 FIG. 18 shows characterization of BMP-9 binding 
to hENG(26-586)-hFc, as determined in a surface plasmon 
resonance (SPR)-based assay. BMP-9 binding to captured 
hENG(26-586)-hFc was assessed at ligand concentrations of 
0 and 0.01-0.625 nM (in two-fold increments, excluding 
0.3125 nM), and non-linear regression was used to determine 
the K, as 29 pM. 
0034 FIG. 19 shows characterization of BMP-10 binding 
to hENG(26-586)-hFc, as determined in an SPR-based assay. 
BMP-10 binding to captured hENG(26-586)-hFc was 
assessed at ligand concentrations of 0 and 0.01-1.25 nM (in 
two-fold increments), and non-linear regression was used to 
determine the K, as 400 pM. 
0035 FIG. 20 shows the effect of soluble human ENG 
extracellular domain, hENG(26-586), on binding of BMP-9 
to ALK1. Concentrations of hENG(26-586) from 0-50 nM 
were premixed with a fixed concentration of BMP-9 (10 nM), 
and BMP-9 binding to captured ALK1 was determined by an 
SPR-based assay. The uppermost trace corresponds to no 
hENG(26-586), whereas the lowest trace corresponds to an 
ENG:BMP-9 ratio of 5:1. Binding of BMP-9 to ALK1 was 
inhibited by soluble hENG(26-586) in a concentration-de 
pendent manner with an ICs of 9.7 nM. 
0036 FIG. 21 shows the effect of soluble human ENG 
extracellular domain, hENG(26-586), on binding of BMP-10 
to ALK1. Concentrations of hENG(26-586) from 0-50 nM 
were premixed with a fixed concentration of BMP-10 (10 
nM), and BMP-10 binding to captured ALK1 was measured 
by an SPR-based assay. The uppermost trace corresponds to 
no hENG(26-586), and the lowest trace corresponds to an 
ENG:BMP-10 ratio of 5:1. Binding of BMP-10 to ALK1 was 
inhibited by soluble hENG(26-586) in a concentration-de 
pendent manner with an ICs of 6.3 nM. 
0037 FIG.22 shows the effect of mENG(27-581)-hFC on 
cord formation by human umbilical vein endothelial cells 
(HUVEC) in culture. Data are means of duplicate 
cultures-SD. The inducer endothelial cell growth substance 
(ECGS) doubled mean cord length compared to no treatment, 
and mENG(27-581)-hFc cut this increase by nearly 60%. In 
the absence of stimulation (no treatment), mENG(27-581)- 
hFc had little effect. 

0038 FIG. 23 shows the effect of mENG(27-581)-hFc on 
VEGF-stimulated angiogenesis in a chick chorioallantoic 
membrane (CAM) assay. Data are means-SEM; *, p<0.05. 
The number of additional blood vessels induced by VEGF 
treatment was decreased by 65% with concurrent mENG(27 
581)-hFc treatment. 
0039 FIG. 24 shows the effect of mENG(27-581)-mFc 
treatment for 11 days on angiogenesis stimulated by a com 
bination of the growth factors (GF) vascular endothelial 
growth factor (VEGF) and basic fibroblast growth factor 
(FGF-2) in a mouse angioreactor assay. Angiogenesis in units 
of relative fluorescence+SEM: *, p<0.05. mENG(27-581)- 
mFc completely blocked GF-Stimulated angiogenesis in this 
in vivo assay. 
0040 FIG. 25 shows the domain structure of hENG-Fc 
fusion constructs. Full-length ENG extracellular domain 
(residues 26-586 in top structure) consists of an orphan 
domain and N-terminal and C-terminal Zona pellucida (ZP) 
domains. Below it are shown structures of selected truncated 
variants and whether they exhibit high-affinity binding (+/-) 
to BMP-9 and BMP-10 in an SPR-based assay. 
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0041 FIG. 26 shows the amino acid sequence of hENG 
(26-437)-hFc. The ENG domain is underlined, the TPA 
leader sequence is double underlined, and linker sequences 
are bold and highlighted. 
0042 FIG. 27 shows a nucleotide sequence encoding 
hENG(26-437)-hFc. Nucleotides encoding the ENG domain 
are underlined, those encoding the TPA leader sequence are 
double underlined, and those encoding linker sequences are 
bold and highlighted. 
0043 FIG. 28 shows the amino acid sequence of hENG 
(26-378)-hFc with an N-terminally truncated Fc domain. The 
ENG domain is underlined, the TPA leader sequence is 
double underlined, and linker sequences are bold and high 
lighted. 
0044 FIG. 29 shows a nucleotide sequence encoding 
hENG(26-378)-hFc with an N-terminally truncated Fc 
domain. Nucleotides encoding the ENG domain are under 
lined and those encoding linker sequences are bold and high 
lighted. 
004.5 FIG. 30 shows the amino acid sequence of hENG 
(26-359)-hFc. The ENG domain is underlined, the TPA 
leader sequence is double underlined, and linker sequences 
are bold and highlighted. 
0046 FIG. 31 shows a nucleotide sequence encoding 
hENG(26-359)-hFc. Nucleotides encoding the ENG domain 
are underlined, those encoding the TPA leader sequence are 
double underlined, and those encoding linker sequences are 
bold and highlighted. 
0047 FIG. 32 shows the amino acid sequence of hENG 
(26-359)-hFc with an N-terminally truncated Fc domain. The 
ENG domain is underlined, the TPA leader sequence is 
double underlined, and linker sequences are bold and high 
lighted. 
0048 FIG. 33 shows a nucleotide sequence encoding 
hENG(26-359)-hFc with an N-terminally truncated Fc 
domain. Nucleotides encoding the ENG domain are under 
lined, those encoding the TPA leader sequence are double 
underlined, and those encoding linker sequences are bold and 
highlighted. 
0049 FIG. 34 shows the amino acid sequence of hENG 
(26-346)-hFc with an N-terminally truncated Fc domain. The 
ENG domain is underlined, the TPA leader sequence is 
double underlined, and linker sequences are bold and high 
lighted. 
0050 FIG. 35 shows a nucleotide sequence encoding 
hENG(26-346)-hFc with an N-terminally truncated Fc 
domain. Nucleotides encoding the ENG domain are under 
lined and those encoding linker sequences are bold and high 
lighted. 
0051 FIG. 36 shows size-exclusion chromatograms for 
hENG(26-586)-hFc (A), hENG(26-359)-hFc (B), and hENG 
(26-346)-hFc (C) after the respective CHO-cell-derived pro 
teins were purified by protein A affinity chromatography. 
Percent recovery of monomeric hENG(26-346)-hFc was 
equal to that of hENG(26-586)-hFc. In contrast, recovery of 
monomeric hENG(26-359)-hFc was reduced by the presence 
of additional high-molecular-weight aggregates, thus requir 
ing additional procedures to obtain purity equivalent to that of 
the other constructs. 
0052 FIG. 37 shows kinetic characterization of BMP-9 
binding to hENG(26-586)-hFc (A), hENG(26-359)-hFc (B), 
and hENG(26-346)-hFc (C), as determined in an SPR-based 
assay. BMP-9 binding to captured CHO-cell-derived proteins 
was assessed at ligand concentrations of 0.0195-0.625 nM in 
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two-fold increments. RU, response units. Note slower off 
rates for the truncated variants compared to hENG(26-586)- 
hFc. 
0053 FIG.38 shows the effect of hENG(26-359)-hFc on 
VEGF-stimulated angiogenesis in a CAM assay. Data are 
means-SEM: *, p<0.05. The number of additional blood 
vessels induced by VEGF treatment was decreased by 75% 
with concurrent hENG(26-359)-hFc treatment, even though 
hENG(26-359)-hFc does not bind VEGF. 
0054 FIG. 39 shows the effect of hENG(26-346)-hFc 
treatment for 11 days on angiogenesis stimulated by a com 
bination of the growth factors (GF) VEGF and FGF-2 in a 
mouse angioreactor assay. A. Angiogenesis in units of relative 
fluorescence+SEM: *, p<0.05. B. Photographs of individual 
angioreactors (four per mouse) arranged by treatment group, 
with blood vessel formation visible as darkened contents. 
Although unable to bind VEGF or FGF-2 itself, hENG(26 
346)-hFc completely blocked GF-stimulated angiogenesis in 
this in vivo assay. 
0055 FIG. 40 shows the effect of mENG(27-581)-mFc on 
growth of 4T1 mammary tumor Xenografts in mice. Data are 
means-SEM. By day 24 post implantation, tumor volume 
was 45% lower (p<0.05) in mice treated with mENG(27 
581)-mFc compared to vehicle. 
0056 FIG. 41 shows the effect of mENG(27-581)-mFc on 
growth of Colon-26 tumor xenografts in mice. mENG(27 
581)-mFc treatment inhibited tumor growth in a dose-depen 
dent manner, with tumor Volume in the high-dose group 
nearly 70% lower than vehicle by day 58 post implantation. 
0057 FIG. 42 shows liver as % body weight in a mouse 
CC14 model of liver fibrosis with or without endoglin (mENG 
(27-581)-mFc) treatment. 
0058 FIG. 43 shows H&E staining of liver tissue in mock 
injected (PBS) mice. 
0059 FIG. 44 shows H&E staining of liver tissue in 
mENG(27-581)-mFc injected mice. 
0060 FIG.45 shows Masson’s Trichrome staining of liver 
tissue in CC14-induced mice. 
0061 FIG. 46 shows Oil Red Ostaining of liver tissue in 
CC14-induced mice injected with PBS or with mENG(27 
581)-mFc. mENG(27-581)-mFc treated animals had the low 
est percentage of livers with extensive positive oil red O 
staining 
0062 FIG. 47 shows serum alkaline phosphate levels in 
CC14-induced and mock-induced (olive oil) mice treated with 
mENG(27-581)-mFc or with PBS. Serum AP was lower in 
the endoglin-treated cohorts. 
0063 FIG. 48 shows the effect of ENG-Fc treatment on 
hepatic lipid deposition in MCDD mice, a model of liver 
fibrosis caused by methionine and choline dietary deficiency. 
Compared to vehicle (AC), treatment with mENG(27-581)- 
mFc for 3 weeks markedly reduced hepatic lipid deposits 
(B.D) in MCDD mice. Lipid deposits were identified by 
intense staining with Oil Red O a lipid-soluble diazo dye. 
Magnification, 100x(A, B) and 200x(C, D). 

DETAILED DESCRIPTION 

1. Overview 

0064. In certain aspects, the present invention relates to 
ENG polypeptides. ENG (also known as CD105) is referred 
to as a coreceptor for the transforming growth factor-B (TGF 
B) Superfamily of ligands and is implicated in normal and 
pathological fibrosis and angiogenesis. ENG expression is 
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low in quiescent vascular endothelium but upregulated in 
endothelial cells of healing wounds, developing embryos, 
inflammatory tissues, and solid tumors (Dallas et al., 2008, 
Clin Cancer Res 14:1931-1937). Mice homozygous for null 
ENG alleles die early in gestation due to defective vascular 
development (Li et al., 1999, Science 284:1534-1537), 
whereas heterozygous null ENG mice display angiogenic 
abnormalities as adults (Jerkic et al., 2006, Cardiovasc Res 
69:845-854). In humans, ENG gene mutations have been 
identified as the cause of hereditary hemorrhagic telangiecta 
sia (Osler-Rendu-Weber syndrome) type-1 (HHT-1), an auto 
Somal dominant form of vascular dysplasia characterized by 
arteriovenous malformations resulting in direct flow (com 
munication) from artery to vein (arteriovenous shunt) without 
an intervening capillary bed (McAllister et al., 1994, Nat 
Genet 8:345-351; Fernandez-L et al., 2006, Clin Med Res 
4:66-78). Typical symptoms of patients with HHT include 
recurrent epistaxis, gastrointestinal hemorrhage, cutaneous 
and mucocutaneous telangiectases, and arteriovenous mal 
formations in the pulmonary, cerebral, or hepatic vasculature. 
0065. Although the specific role of ENG in fibrosis and 
angiogenesis remains to be determined, it is likely related to 
the prominent role of the TGF-3 signaling system in this 
process (Cheifetzetal, 1992, J Biol Chem 267: 19027-19030; 
Pardali et al., 2010, Trends Cell Biol 20:556-567). Signifi 
cantly, ENG expression is upregulated in proliferating vascu 
lar endothelial cells within tumor tissues (Burrows et al., 1995, 
Clin Cancer Res 1:1623-1634; Milleretal, 1999, IntJ Cancer 
81:568-572), and the number of ENG-expressing blood ves 
sels in a tumor is negatively correlated with survival for a 
wide range of human tumors (Fonsattietal, 2010, Cardiovasc 
Res 86:12-19). Thus, ENG is a promising target for antian 
giogenic therapy generally, and for cancer in particular (Dal 
las et al., 2008, Clin Cancer Res 14:1931-1937; Bernabeu et 
al, 2009, Biochim Biophys Acta 1792:954-973). 
0.066 Structurally, ENG is a homodimeric cell-surface 
glycoprotein. It belongs to the Zona pellucida (ZP) family of 
proteins and consists of a short C-terminal cytoplasmic 
domain, a single hydrophobic transmembrane domain, and a 
long extracellular domain (ECD) (Gougos et al., 1990, J Biol 
Chem 265.8361-8364). As determined by electron micros 
copy, monomeric ENG ECD consists of two ZP regions and 
an orphan domain located at the N-terminus (Llorca et al. 
2007, J Mol Biol365:694-705). In humans, alternative splic 
ing of the primary transcript results in two ENG isoforms, one 
consisting of 658 residues (long, L, SEQID NO: 1) and the 
other 625 residues (short, S, SEQ ID NO:3), which differ 
only in their cytoplasmic domain (Bellon et al., 1993, 
23:2340-2345; ten Dijkeet al., 2008, Angiogenesis 11:79-89). 
Murine ENG exists as three isoforms: L-ENG (SEQID NO: 
5), S-ENG (SEQID NO:7), and a third variant (isoform3) of 
unknown functional significance identical to L-ENG except 
for changes at two positions within the leader sequence 
(Perez-Gomez et al., 2005. Oncogene 24:4450-4461). The 
ECD of murine ENG displays 69% amino acid identity with 
that of human ENG and lacks the Arg-Gly-Asp (RGD) inte 
grin interaction motif found in the human protein. Recent 
evidence suggests that the L-ENG and S-ENG isoforms may 
play different functional roles in vivo (Blanco et al., 2008, Circ 
Res 103: 1383-1392: ten Dijke et al., 2008, Angiogenesis 
11:79-89). 
0067. As a coreceptor, ENG is thought to modulate 
responses of other receptors to TGF-B family ligands without 
direct mediation of ligand signaling by itself. Ligands in the 
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TGF-B family typically signal by binding to a homodimeric 
type II receptor, which triggers recruitment and transphos 
phorylation of a homodimeric type I receptor, thereby leading 
to phosphorylation of Smad proteins responsible for tran 
Scriptional activation of specific genes (Massague, 2000, Nat 
Rev Mol Cell Biol 1:169-178). Based on ectopic cellular 
expression assays, it has been reported that ENG cannot bind 
ligands on its own and that its binding to TGF-B1, TGF-33, 
activin A, bone morphogenetic protein-2 (BMP-2), and 
BMP-7 requires the presence of an appropriate type I and/or 
type II receptor (Barbara et al., 1999, J Biol Chem 274:584 
594). Nevertheless, there is evidence that ENG expressed by 
a fibroblast cell line can bind TGF-31 (St.-Jacques et al., 1994, 
Endocrinology 134:2645-2657), and recent results in COS 
cells indicate that transfected full-length ENG can bind 
BMP-9 in the absence of transfected type I or type II receptors 
(Scharpfenecker et al., 2007, JCell Sci 120:964-972). 
0068. In addition to the foregoing, ENG can occur in a 
soluble form in vivo under certain conditions after proteolytic 
cleavage of the full-length membrane-bound protein 
(Hawinkels et al., 2010, Cancer Res 70:4141-4150). Elevated 
levels of soluble ENG have been observed in the circulation 
of patients with cancer and preeclampsia (Liet al., 2000, IntJ 
Cancer 89:122-126; Calabro et al., 2003, J Cell Physiol 194: 
171-175; Venkatesha et al., 2006, Nat Med 12:642-649; 
Levine et al., 2006, N Engl J Med 355:992-1005). Although 
the role of endogenous soluble ENG is poorly understood, a 
protein corresponding to residues 26-437 of the ENG precur 
sor (amino acids 26-437 of SEQIDNO: 1) has been proposed 
to act as a Scavenger or trap for TGF-3 family ligands (Ven 
katesha etal, 2006, Nat Med 12:642-649; WO-2007/143023), 
of which only TGF-B1 and TGF-B3 have specifically been 
implicated. 
0069. The present disclosure provides polypeptides com 
prising a truncated portion of the extracellular domain of 
ENG bind selectively to BMP9 and/or BMP10 and can act as 
BMP9 and/or BMP10 antagonists, provide advantageous 
properties relative to the full-length extracellular domain, and 
may be used to inhibit fibrosis. In part, the disclosure provides 
the identity of physiological, high-affinity ligands for soluble 
ENG polypeptides. Surprisingly, soluble ENG polypeptides 
are shown hereinto have highly specific, high affinity binding 
for BMP-9 and BMP-10 while not exhibiting any meaningful 
binding to TGF-31, TGF-B2 or TGF-33, and moreover, 
soluble ENG polypeptides are shown hereinto inhibit BMP9 
and BMP10 interaction with type II receptors, thereby inhib 
iting cellular signal transduction. The disclosure further dem 
onstrates that ENG polypeptides inhibit fibrosis. The data 
also demonstrate that an ENG polypeptide can exert an anti 
angiogenic effect despite the finding that ENG polypeptide 
does not exhibit meaningful binding to TGF-31, TGF-33, 
VEGF, or FGF-2. 
0070 Thus, in certain aspects, the disclosure provides 
endoglin polypeptides as antagonists of BMP-9 or BMP-10 
for use in inhibiting any BMP-9 or BMP-10 disorder gener 
ally, and particularly for inhibiting fibrosis and/orangiogen 
esis, including both VEGF-dependent angiogenesis and 
VEGF-independent angiogenesis. However, it should be 
noted that antibodies directed to ENG itself are expected to 
have different effects from an ENG polypeptide. A pan-neu 
tralizing antibody against ENG (one that inhibits the binding 
of all strong and weak ligands) would be expected to inhibit 
the signaling of such ligands through ENG but would not be 
expected to inhibit the ability of Such ligands to signal 
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through other receptors (e.g., ALK-1, ALK-2, BMPRII, 
ActRIIA or ActRIIB in the case of BMP-9 or BMP-10). It 
should further be noted that, given the existence of native, 
circulating soluble ENG polypeptides that, based on the data 
presented here, presumably act as natural BMP-9/10 antago 
nists, it is not clear whether a neutralizing anti-ENG antibody 
would primarily inhibit the membrane bound form of ENG 
(thus acting as an ENG/BMP-9/10 antagonist) or the soluble 
form of ENG (thus acting as an ENG/BMP-9/10 agonist). On 
the other hand, based on this disclosure, an ENG polypeptide 
would be expected to inhibit all of the ligands that it binds to 
tightly (including, for constructs such as those shown in the 
Examples, BMP-9 or BMP-10) but would not affect ligands 
that it binds to weakly. So, while a pan-neutralizing antibody 
against ENG would block BMP-9 and BMP-10 signaling 
through ENG, it would not block BMP-9 or BMP-10 signal 
ing through another receptor. Also, while an ENG polypep 
tide may inhibit BMP-9 signaling through all receptors (in 
cluding receptors besides ENG) it would not be expected to 
inhibit a weakly binding ligand signaling through any recep 
tor, even ENG. 
(0071 Proteins described herein are the human forms, 
unless otherwise specified. Genbank references for the pro 
teins are as follows: human ENG isoform 1 (L-ENG), 
NM 001114753; human ENG isoform 2 (S-ENG), 
NM 000118; murine ENG isoform 1 (L-ENG), 
NM 007932; murine ENG isoform 2 (S-ENG), 
NM 001146350; murine ENG isoform 3, NM 001146348. 
Sequences of native ENG proteins from human and mouse 
are set forth in FIGS 1-8. 

0072 The terms used in this specification generally have 
their ordinary meanings in the art, within the context of this 
disclosure and in the specific context where each term is used. 
Certain terms are discussed in the specification, to provide 
additional guidance to the practitioner in describing the com 
positions and methods disclosed herein and how to make and 
use them. The scope or meaning of any use of a term will be 
apparent from the specific context in which the term is used. 

2. Therapeutic Methods and Uses of ENG Polypeptides 

Fibrosis and Fibrotic Disorders 

0073. Some aspects of this disclosure are based on the 
Surprising recognition that ENG polypeptides can be used to 
inhibit and/or treat fibrotic disorders. The disclosure provides 
methods of inhibiting fibrosis in a mammal by administering 
an effective amount of an ENG polypeptide, e.g., an ENG 
polypeptide comprising an amino acid sequence that is at 
least 95% identical to amino acids 42-333 of SEQID NO: 1, 
including an ENG-Fc fusion protein or nucleic acid antago 
nists (e.g., antisense or siRNA) of the foregoing. These ENG 
polypeptides, ENG-Fc fusion proteins, and nucleic acid 
antagonists are hereafter collectively referred to as “therapeu 
tic agents.” 
0074. In some embodiments, the instant disclosure pro 
vides ENG polypeptides and methods of using Such polypep 
tides that are useful in the treatment, inhibition, or prevention 
of fibrosis. As used herein, the term “fibrosis” refers to the 
aberrant formation or development of excess fibrous connec 
tive tissue by cells in an organ or tissue. Although processes 
related to fibrosis can occuras part of normal tissue formation 
or repair, dysregulation of these processes can lead to altered 
cellular composition and excess connective tissue deposition 
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that progressively impairs to tissue or organ function. The 
formation of fibrous tissue can result from a reparative or 
reactive process. 
0075 Fibrotic disorders or conditions that can be treated 
with ENG polypeptides and therapeutic methods using such 
polypeptides as provided herein include, but are not limited 
to, fibroproliferative disorders associated with vascular dis 
eases, such as cardiac disease, cerebral disease, and periph 
eral vascular disease, as well as tissues and organ systems 
including the heart, skin, kidney, lung, peritoneum, gut, and 
liver (as disclosed in, e.g., Wynn, 2004, Nat Rev 4:583-594, 
incorporated herein by reference). Exemplary disorders that 
can be treated include, but are not limited to, renal fibrosis, 
including nephropathies associated with injury/fibrosis, e.g., 
chronic nephropathies associated with diabetes (e.g., diabetic 
nephropathy), lupus, Scleroderma, glomerular nephritis, 
focal segmental glomerular Sclerosis, and IgA nephropathy; 
lung or pulmonary fibrosis, e.g., idiopathic pulmonary fibro 
sis, radiation induced fibrosis, chronic obstructive pulmonary 
disease (COPD), scleroderma, and chronic asthma; gut fibro 
sis, e.g., Scleroderma, and radiation-induced gut fibrosis; liver 
fibrosis, e.g., cirrhosis, alcohol-induced liver fibrosis, biliary 
duct injury, primary biliary cirrhosis, infection or viral 
induced liver fibrosis, congenital hepatic fibrosis and autoim 
mune hepatitis; and other fibrotic conditions, such as cystic 
fibrosis, endomyocardial fibrosis, mediastinal fibrosis, pleu 
ral fibrosis, sarcoidosis, Scleroderma, spinal cord injury/fi 
brosis, myelofibrosis, vascular restenosis, atherosclerosis, 
cystic fibrosis of the pancreas and lungs, injection fibrosis 
(which can occur as a complication of intramuscular injec 
tions, especially m children), endomyocardial fibrosis, idio 
pathic pulmonary fibrosis of the lung, mediastinal fibrosis, 
mylcofibrosis, retroperitoneal fibrosis, progressive massive 
fibrosis, a complication of coal workers’ pneumoconiosis, 
and nephrogenic systemic fibrosis. 
0076. As used herein, the terms “fibrotic disorder, 
"fibrotic condition, and “fibrotic disease are used inter 
changeably to refer to a disorder, condition or disease char 
acterized by fibrosis. Examples of fibrotic disorders include, 
but are not limited to vascular fibrosis, pulmonary fibrosis 
(e.g., idiopathic pulmonary fibrosis), pancreatic fibrosis, liver 
fibrosis (e.g., cirrhosis), renal fibrosis, musculoskeletal fibro 
sis, cardiac fibrosis (e.g., endomyocardial fibrosis, idiopathic 
myocardiopathy), skin fibrosis (e.g., Scleroderma, post-trau 
matic, operative cutaneous Scarring, keloids and cutaneous 
keloid formation), eye fibrosis (e.g., glaucoma, Sclerosis of 
the eyes, conjunctival and corneal Scarring, and pterygium), 
progressive systemic sclerosis (PSS), chronic graft-Versus 
host disease, Peyronie's disease, post-cystoscopic urethral 
Stenosis, idiopathic and pharmacologically induced retroperi 
toneal fibrosis, mediastinal fibrosis, progressive massive 
fibrosis, proliferative fibrosis, and neoplastic fibrosis. 
0077. As used herein, the term “cell” refers to any cell 
prone to undergoing a fibrotic response, including, but not 
limited to, individual cells, tissues, and cells within tissues 
and organs. The term cell, as used herein, includes the cell 
itself, as well as the extracellular matrix (ECM) surrounding 
a cell. For example, inhibition of the fibrotic response of a 
cell, includes, but is not limited to the inhibition of the fibrotic 
response of one or more cells within the lung (or lung tissue); 
one or more cells within the liver (or liver tissue); one or more 
cells within the kidney (or renal tissue); one or more cells 
within muscle tissue; one or more cells within the heart (or 
cardiac tissue); one or more cells within the pancreas; one or 
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more cells within the skin; one or more cells within the bone, 
one or more cells within the vasculature, one or more stem 
cells, or one or more cells within the eye. 
0078. The methods and compositions of the present inven 
tion can be used to treat and/or prevent fibrotic disorders. 
Exemplary types of fibrotic disorders include, but are not 
limited to, Vascular fibrosis, pulmonary fibrosis (e.g., idio 
pathic pulmonary fibrosis), pancreatic fibrosis, liver fibrosis 
(e.g., cirrhosis), renal fibrosis, musculoskeletal fibrosis, car 
diac fibrosis (e.g., endomyocardial fibrosis, idiopathic myo 
cardiopathy), skin fibrosis (e.g., Scleroderma, post-traumatic, 
operative cutaneous Scarring, keloids and cutaneous keloid 
formation), eye fibrosis (e.g., glaucoma, Sclerosis of the eyes, 
conjunctival and corneal Scarring, and pterygium), progres 
sive systemic sclerosis (PSS), chronic graft versus-host dis 
ease, Peyronie's disease, post-cystoscopic urethral Stenosis, 
idiopathic and pharmacologically induced retroperitoneal 
fibrosis, mediastinal fibrosis, progressive massive fibrosis, 
proliferative fibrosis, neoplastic fibrosis, Dupuytren’s dis 
ease, strictures, and radiation induced fibrosis. In a particular 
embodiment, the fibrotic disorder is not myelofibrosis. 
007.9 The methods and compositions of the present inven 
tion can be used to treat and/or prevent liver disorders that 
manifest as or result in liver fibrosis, including non-alcoholic 
fatty liver disease (NAFLD), nonalcoholic steatohepatitis 
(NASH) and acquired fibrotic disorders that may result from 
long-term excessive alcohol consumption, cholestasis, 
autoimmune liver diseases, iron or copper overload and 
chronic viral hepatitis. NAFLD results from the metabolic 
conditions of obesity and type 2 diabetes. Patients with 
NAFLD may exhibit a range of histopathologic findings 
including Steatosis alone (fatty liver), to necroinflammation, 
which is often termed NASH. NAFLD and NASH patients 
may progress to more advanced states of fibrosis including 
advanced fibrosis and cirrhosis. Patients with NASH develop 
progressive fibrosis in 25%-50% over a period of 4 to 6 years 
and 15% to 25% of individuals with NASH can progress to 
cirrhosis. NASH cirrhosis is an important cause of liver trans 
plantation in the United States and it is associated with an 
increased risk for hepatocellular carcinoma and mortality in 
patients awaiting liver transplant. Alcoholism and viral infec 
tion can also cause liver damage that progresses to liver 
fibrosis and cirrhosis. A variety of tools may be used to assess 
liver health and the progression of fibrotic disease. Liver 
biopsy permits the assessment of histological features of the 
liver tissue, including staining for and quantitation of col 
lagen levels in the tissue and well as lipid levels in the case of 
fatty liver diseases. The NAFLD Activity Score (NAS) pro 
vides a numerical score and is the Sum of the separate scores 
for steatosis (0-3), hepatocellular ballooning (0-2) and lobu 
lar inflammation (0-3), with the majority of patients with 
NASH having a NAS score of >5. See Kleiner et al. Design 
and validation of a histological scoring system for nonalco 
holic fatty liver disease. Hepatology 41(6), 1313-1321 
(2005). Serum markers include markers of liver function, 
ALT and AST, and markers of extracellular matrix formation, 
markers of the fibrolytic process, markers of extracellular 
matrix degradation and certain cytokines 
0080. The present invention contemplates the use of ENG 
polypeptides in combination with one or more other thera 
peutic modalities. Thus, in addition to the use of ENG 
polypeptides, one may also administer to the Subject one or 
more “standard therapies for treating fibrotic disorders. For 
example, the ENG polypeptides can be administered in com 
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bination with (i.e., together with) cytotoxins, immunosup 
pressive agents, radiotoxic agents, and/or therapeutic anti 
bodies. Particular co-therapeutics contemplated by the 
present invention include, but are not limited to, steroids (e.g., 
corticosteroids, such as Prednisone), immune-Suppressing 
and/or anti-inflammatory agents (e.g., gamma-interferon, 
cyclophosphamide, azathioprine, methotrexate, penicil 
lamine, cyclosporine, colchicines, antithymocyte globulin, 
mycophenolate mofetil, and hydroxychloroquine), cytotoxic 
drugs, calcium channel blockers (e.g., nifedipine), angio 
tensin converting enzyme inhibitors (ACE) inhibitors, para 
aminobenzoic acid (PABA), dimethyl sulfoxide, transform 
ing growth factor-beta (TGF-B) inhibitors, interleukin-5 (IL 
5) inhibitors, and pan caspase inhibitors. 
0081. Additional anti-fibrotic agents that may be used in 
combination with ENG polypeptides include, but are not 
limited to, lectins (as described in, for example, U.S. Pat. No. 
7,026,283, the entire contents of which is incorporated herein 
by reference), as well as the anti-fibrotic agents described by 
Wynn et al (2007, JClin Invest 117:524-529, the entire con 
tents of which is incorporated herein by reference). For 
example, additional anti-fibrotic agents and therapies 
include, but are not limited to, various anti-inflammatory/ 
immunosuppressive/cytotoxic drugs (including colchicine, 
azathioprine, cyclophosphamide, prednisone, thalidomide, 
pentoxifylline and theophylline), TGF-3 signaling modifiers 
(including relaxin, SMAD7, HGF, and BMP7, as well as 
TGF-B1, TGFBRI, TGFBRII, EGR-I, and CTGF inhibitors), 
cytokine and cytokine receptor antagonists (inhibitors of 
IL-1 B, IL-5, IL-6, IL-13, IL-21, IL-4R, IL-13RC1, GM-CSF, 
TNF-C., oncostatin M, W1SP-I, and PDGFs), cytokines and 
chemokines (IFN-y, IFN-C/B, IL-12, IL-10, HGF, CXCL10, 
and CXCL11), chemokine antagonists (inhibitors of CXCL1, 
CXCL2, CXCL12, CCL2, CCL3, CCL6, CCL17, and 
CCL18), chemokine receptor antagonists (inhibitors of 
CCR2, CCR3, CCR5, CCR7, CXCR2, and CXCR4), TLR 
antagonists (inhibitors of TLR3, TLR4, and TLR9), angio 
genesis antagonists (VEGF-specific antibodies and adenos 
ine deaminase replacement therapy), antihypertensive drugs 
(beta blockers and inhibitors of ANG 11, ACE, and aldoster 
one), vasoactive Substances (ET-1 receptor antagonists and 
bosetan), inhibitors of the enzymes that synthesize and pro 
cess collagen (inhibitors of prolyl hydroxylase), B cell 
antagonists (rituximab), integrin/adhesion molecule antago 
nists (molecules that block C.131 and CVB6 integrins, as well 
as inhibitors of integrin-linked kinase, and antibodies specific 
for ICAM-I and VCAM-I), proapoptotic drugs that target 
myofibroblasts, MMP inhibitors (inhibitors of MMP2, 
MMP9, and MMP12), and T1 MP inhibitors (antibodies spe 
cific for TIMP-1). 
0082. The ENG polypeptide and the co-therapeutic agent 
or co-therapy can be administered in the same formulation or 
separately. In the case of separate administration, the ENG 
polypeptide can be administered before, after, or concurrently 
with the co-therapeutic or co-therapy. One agent may precede 
or follow administration of the other agent by intervals rang 
ing from minutes to weeks. In embodiments where two or 
more different kinds of therapeutic agents are applied sepa 
rately to a Subject, one would generally ensure that a signifi 
cant period of time did not expire between the time of each 
delivery, such that these different kinds of agents would still 
be able to exert an advantageously combined effect on the 
target tissues or cells. 
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Angiogenesis 
I0083 Angiogenesis, the process of forming new blood 
vessels, is critical in many normal and abnormal physiologi 
cal states. Under normal physiological conditions, humans 
and animals undergo angiogenesis in specific and restricted 
situations. For example, angiogenesis is normally observed in 
wound healing, fetal and embryonic development and forma 
tion of the corpus luteum, endometrium and placenta. 
I0084 Undesirable or inappropriately regulated angiogen 
esis occurs in many disorders, in which abnormal endothelial 
growth may cause or participate in the pathological process. 
For example, angiogenesis participates in the growth of many 
tumors. Deregulated angiogenesis has been implicated in 
pathological processes such as rheumatoid arthritis, retino 
pathies, hemangiomas, and psoriasis. The diverse pathologi 
cal disease states in which unregulated angiogenesis is 
present have been categorized as angiogenesis-associated 
diseases. 
I0085. Both controlled and uncontrolled angiogenesis are 
thought to proceed in a similar manner. Capillary blood ves 
sels are composed primarily of endothelial cells and peri 
cytes, Surrounded by a basement membrane. Angiogenesis 
begins with the erosion of the basement membrane by 
enzymes released by endothelial cells and leukocytes. The 
endothelial cells, which line the lumen of blood vessels, then 
protrude through the basement membrane. Angiogenic fac 
tors induce the endothelial cells to migrate through the eroded 
basement membrane. The migrating cells form a “sprout' 
protruding from the parent blood vessel, where the endothe 
lial cells undergo mitosis and proliferate. Endothelial sprouts 
merge with each other to form capillary loops, creating the 
new blood vessel. 
I0086 Agents that inhibit angiogenesis have proven to be 
effective in treating a variety of disorders. AvastinTM (beva 
cizumab), a monoclonal antibody that binds to vascular 
endothelial growth factor (VEGF), is used in the treatment of 
a variety of cancers. MacugenTM, an aptamer that binds to 
VEGF has proven to be effective in the treatment of neovas 
cular (wet) age-related macular degeneration. Antagonists of 
the SDF/CXCR4 signaling pathway inhibit tumor neovascu 
larization and are effective against cancer in mouse models 
(Gulenget al. Cancer Res. Jul. 1, 2005; 65(13):5864-71). A 
variety of so-called multitargeted tyrosine kinase inhibitors, 
including Vandetanib, Sunitinib, axitinib, Sorafenib, Vata 
lanib, and paZopanib are used as anti-angiogenic agents in the 
treatment of various tumor types. Thalidomide and related 
compounds (including pomalidomide and lenalidomide) 
have shown beneficial effects in the treatment of cancer, and 
although the molecular mechanism of action is not clear, the 
inhibition of angiogenesis appears to be an important com 
ponent of the anti-tumor effect (see, e.g., Dredge et al. 
Microvasc Res. January 2005; 69(1-2):56-63). Although 
many anti-angiogenic agents have an effect on angiogenesis 
regardless of the tissue that is affected, other angiogenic 
agents may tend to have a tissue-selective effect. 
I0087. The disclosure provides methods and compositions 
for treating or preventing conditions of dysregulated angio 
genesis, including both neoplastic and non-neoplastic disor 
ders. Also provided are methods and compositions for treat 
ing or preventing certain cardiovascular disorders. In addition 
the disclosure provides methods for treating disorders asso 
ciated with BMP9 and/or BMP10 activity. 
I0088. The disclosure provides methods of inhibiting 
angiogenesis in a mammal by administering to a subject an 
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effective amount of an ENG polypeptide, including an ENG 
Fc fusion protein or nucleic acid antagonists (e.g., antisense 
or siRNA) of the foregoing, hereafter collectively referred to 
as “therapeutic agents'. The data presented indicate specifi 
cally that the anti-angiogenic therapeutic agents disclosed 
herein may be used to inhibit tumor-associated angiogenesis. 
It is expected that these therapeutic agents will also be useful 
in inhibiting angiogenesis in the eye. 
0089 Angiogenesis-associated diseases include, but are 
not limited to, angiogenesis-dependent cancer, including, for 
example, Solid tumors, blood born tumors such as leukemias, 
and tumor metastases; benign tumors, for example heman 
giomas, acoustic neuromas, neurofibromas, trachomas, and 
pyogenic granulomas; rheumatoid arthritis; psoriasis; rubeo 
sis; Osler-Webber Syndrome: myocardial angiogenesis: 
plaque neovascularization; telangiectasia; hemophiliac 
joints; and angiofibroma. 
0090. In particular, polypeptide therapeutic agents of the 
present disclosure are useful for treating or preventing a can 
cer (tumor), and particularly Such cancers as are known to rely 
on angiogenic processes to support growth. Unlike most anti 
angiogenic agents, ENG polypeptides affect angiogenesis 
induced by multiple factors. This is highly relevant in cancers, 
where a cancer will frequently acquire multiple factors that 
Support tumorangiogenesis. Thus, the therapeutic agents dis 
closed herein will be particularly effective in treating tumors 
that are resistant to treatment with a drug that targets a single 
angiogenic factor (e.g., bevacizumab, which targets VEGF), 
and may also be particularly effective in combination with 
other anti-angiogenic compounds that work by a different 
mechanism. 
0.091 Dysregulation of angiogenesis can lead to many 
disorders that can be treated by compositions and methods of 
the invention. These disorders include both neoplastic and 
non-neoplastic conditions. The terms "cancer and "cancer 
ous” refer to, or describe, the physiological condition in 
mammals that is typically characterized by unregulated cell 
growth/proliferation. Examples of cancer, or neoplastic dis 
orders, include but are not limited to, carcinoma, lymphoma, 
blastoma, sarcoma, and leukemia. More particular examples 
of such cancers include Squamous cell cancer, Small-cell lung 
cancer, non-Small cell lung cancer, adenocarcinoma of the 
lung, squamous carcinoma of the lung, cancer of the perito 
neum, hepatocellular cancer, gastrointestinal cancer, pancre 
atic cancer, glioblastoma, cervical cancer, ovarian cancer, 
liver cancer, bladder cancer, hepatoma, breast cancer, colon 
cancer, colorectal cancer, endometrial or uterine carcinoma, 
salivary gland carcinoma, kidney cancer, prostate cancer, Vul 
Val cancer, thyroid cancer, hepatic carcinoma, gastric cancer, 
melanoma, and various types of head and neck cancer, includ 
ing squamous cell head and neck cancer. Other examples of 
neoplastic disorders and related conditions include esoph 
ageal carcinomas, thecomas, arrhenoblastomas, endometrial 
hyperplasia, endometriosis, fibrosarcomas, choriocarcinoma, 
nasopharyngeal carcinoma, laryngeal carcinomas, hepato 
blastoma, Kaposi's sarcoma, skin carcinomas, hemangioma, 
cavernous hemangioma, hemangioblastoma, retinoblastoma, 
astrocytoma, glioblastoma, Schwannoma, oligodendro 
glioma, medulloblastoma, neuroblastomas, rhabdomyosar 
coma, osteogenic sarcoma, leiomyosarcomas, urinary tract 
carcinomas, Wilm's tumor, renal cell carcinoma, prostate 
carcinoma, abnormal vascular proliferation associated with 
phakomatoses, and Meigs' syndrome. A cancer that is par 
ticularly amenable to treatment with the therapeutic agents 
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described herein may be characterized by one or more of the 
following: the cancer has angiogenic activity, elevated ENG 
levels detectable in the tumor or the serum, increased BMP-9 
or BMP-10 expression levels or biological activity, is meta 
static or at risk of becoming metastatic, or any combination 
thereof. 
0092. Non-neoplastic disorders with dysregulated angio 
genesis that are amenable to treatment with ENG polypep 
tides useful in the invention include, but are not limited to, 
undesired or aberrant hypertrophy, arthritis, rheumatoid 
arthritis, psoriasis, psoriatic plaques, sarcoidosis, atheroscle 
rosis, atherosclerotic plaques, diabetic and other proliferative 
retinopathies including retinopathy of prematurity, retrolen 
tal fibroplasia, neovascular glaucoma, age-related macular 
degeneration, diabetic macular edema, corneal neovascular 
ization, corneal graft neovascularization, corneal graft rejec 
tion, retinal/choroidal neovascularization, neovasculariza 
tion of the angle (rubeosis), ocular neovascular disease, 
vascular restenosis, arteriovenous malformations (AVM), 
meningioma, hemangioma, angiofibroma, thyroid hyperpla 
sias (including Grave's disease), corneal and other tissue 
transplantation, chronic inflammation, lung inflammation, 
acute lung injury/ARDS, sepsis, primary pulmonary hyper 
tension, malignant pulmonary effusions, cerebral edema 
(e.g., associated with acute stroke/closed head injury/ 
trauma), Synovial inflammation, pannus formation in RA, 
myositis ossificans, hypertropic bone formation, osteoarthri 
tis, refractory ascites, polycystic ovarian disease, 
endometriosis, 3rd spacing of fluid diseases (pancreatitis, 
compartment syndrome, burns, bowel disease), uterine 
fibroids, premature labor, chronic inflammation such as IBD 
(Crohn's disease and ulcerative colitis), renal allograft rejec 
tion, inflammatory bowel disease, nephrotic syndrome, 
undesired or aberrant tissue mass growth (non-cancer), 
hemophilic joints, hypertrophic scars, inhibition of hair 
growth, Osler-Weber syndrome, pyogenic granuloma retro 
lental fibroplasias, Scleroderma, trachoma, Vascular adhe 
sions, synovitis, dermatitis, preeclampsia, ascites, pericardial 
effusion (such as that associated with pericarditis), and pleu 
ral effusion. Further examples of such disorders include an 
epithelial or cardiac disorder. 
0093. In certain embodiments of such methods, one or 
more polypeptide therapeutic agents can be administered, 
together (simultaneously) or at different times (sequentially). 
In addition, polypeptide therapeutic agents can be adminis 
tered with another type of compounds for treating cancer or 
for inhibiting angiogenesis. 
0094. In certain embodiments, the subject methods of the 
disclosure can be used alone. Alternatively, the subject meth 
ods may be used in combination with other conventional 
anti-cancer therapeutic approaches directed to treatment or 
prevention of proliferative disorders (e.g., tumor). For 
example, Such methods can be used in prophylactic cancer 
prevention, prevention of cancer recurrence and metastases 
after Surgery, and as an adjuvant of other conventional cancer 
therapy. The present disclosure recognizes that the effective 
ness of conventional cancer therapies (e.g., chemotherapy, 
radiation therapy, phototherapy, immunotherapy, and Sur 
gery) can be enhanced through the use of a Subject polypep 
tide therapeutic agent. 
0.095 A wide array of conventional compounds have been 
shown to have anti-neoplastic activities. These compounds 
have been used as pharmaceutical agents in chemotherapy to 
shrink solid tumors, prevent metastases and further growth, or 
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decrease the number of malignant cells in leukemic or bone 
marrow malignancies. Although chemotherapy has been 
effective in treating various types of malignancies, many 
anti-neoplastic compounds induce undesirable side effects. It 
has been shown that when two or more different treatments 
are combined, the treatments may work Synergistically and 
allow reduction of dosage of each of the treatments, thereby 
reducing the detrimental side effects exerted by each com 
poundathigher dosages. In other instances, malignancies that 
are refractory to a treatment may respond to a combination 
therapy of two or more different treatments. 
0096. When atherapeutic agent disclosed herein is admin 
istered in combination with another conventional anti-neo 
plastic agent, either concomitantly or sequentially, Such 
therapeutic agent may enhance the therapeutic effect of the 
anti-neoplastic agent or overcome cellular resistance to Such 
anti-neoplastic agent. This allows decrease of dosage of an 
anti-neoplastic agent, thereby reducing the undesirable side 
effects, or restores the effectiveness of an anti-neoplastic 
agent in resistant cells. 
0097. According to the present disclosure, the antiangio 
genic agents described herein may be used in combination 
with other compositions and procedures for the treatment of 
diseases. For example, a tumor may be treated conventionally 
with Surgery, radiation or chemotherapy combined with the 
ENG polypeptide, and then the ENG polypeptide may be 
Subsequently administered to the patient to extend the dor 
mancy of micrometastases and to stabilize any residual pri 
mary tumor. 
0098. Many anti-angiogenesis agents have been identified 
and are known in the arts, including those listed herein and, 
e.g., listed by Carmeliet and Jain, Nature 407:249-257 
(2000); Ferrara et al., Nature Reviews: Drug Discovery, 
3:391-400 (2004); and Sato Int. J. Clin. Oncol. 8:200-206 
(2003). See also, US Patent Application US20030055006. In 
one embodiment, an ENG polypeptide is used in combination 
with an anti-VEGF neutralizing antibody (or fragment) and/ 
or another VEGF antagonist or a VEGF receptor antagonist 
including, but not limited to, for example, soluble VEGF 
receptor (e.g., VEGFR-I, VEGFR-2, VEGFR-3, neuropillins 
(e.g., NRP1, NRP2)) fragments, aptamers capable of block 
ing VEGF or VEGFR, neutralizing anti-VEGFR antibodies, 
low molecule weight inhibitors of VEGFR tyrosine kinases 
(RTK), antisense strategies for VEGF, ribozymes against 
VEGF or VEGF receptors, antagonist variants of VEGF; and 
any combinations thereof. Alternatively, or additionally, two 
or more angiogenesis inhibitors may optionally be co-admin 
istered to the patient in addition to VEGFantagonistand other 
agent. In certain embodiment, one or more additional thera 
peutic agents, e.g., anti-cancer agents, can be administered in 
combination with an ENG polypeptide, the VEGFantagonist, 
and an anti-angiogenesis agent. 
0099. The terms “VEGF and “VEGF-A” are used inter 
changeably to refer to the 165-amino acid vascular endothe 
lial cell growth factor and related 121-, 145-, 183-, 189-, and 
206-amino acid vascular endothelial cell growth factors, as 
described by Leung etal. Science, 246:1306 (1989), Houcket 
al. Mol Endocrinol. 5:1806 (1991), and, Robinson & Stringer, 
JCellSci, 144(5):853-865 (2001), together with the naturally 
occurring allelic and processed forms thereof. 
0100. A “VEGF antagonist” refers to a molecule capable 
of neutralizing, blocking, inhibiting, abrogating, reducing or 
interfering with VEGF activities including its binding to one 
or more VEGF receptors. VEGF antagonists include anti 
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VEGF antibodies and antigen-binding fragments thereof, 
receptor molecules and derivatives which bind specifically to 
VEGF thereby sequestering its binding to one or more recep 
tors, anti-VEGF receptor antibodies and VEGF receptor 
antagonists such as small molecule inhibitors of the VEGFR 
tyrosine kinases, and fusions proteins, e.g., VEGF-Trap (Re 
generon), VEGF121-gelonin (Peregrine). VEGFantagonists 
also include antagonist variants of VEGF, antisense mol 
ecules directed to VEGF, RNA aptamers, and ribozymes 
against VEGF or VEGF receptors. 
0101. An “anti-VEGF antibody” is an antibody that binds 
to VEGF with sufficient affinity and specificity. The anti 
VEGF antibody can be used as atherapeutic agent in targeting 
and interfering with diseases or conditions wherein the VEGF 
activity is involved. See, e.g., U.S. Pat. Nos. 6,582,959, 6,703, 
020; WO98/45332: WO 96/30046; WO94/10202, WO2005/ 
044853; ; EP 0666868B1; US Patent Applications 
20030206899, 20030190317, 20030203409, 20050112126, 
20050186208, and 20050112126; Popkov et al., Journal of 
Immunological Methods 288:149-164 (2004); and 
WO2005012359. An anti-VEGF antibody will usually not 
bind to other VEGF homologues such as VEGF-B or VEGF 
C, nor other growth factors such as P1GF, PDGF or bFGF. 
The anti-VEGF antibody “Bevacizumab (BV)', also known 
as "rhuMAb VEGF or “Avastin R', is a recombinant human 
ized anti-VEGF monoclonal antibody generated according to 
Presta et al. Cancer Res. 57:4593-4599 (1997). It comprises 
mutated human IgG1 framework regions and antigen-binding 
complementarity-determining regions from the murine anti 
hVEGF monoclonal antibody A.4.6.1 that blocks binding of 
human VEGF to its receptors. Approximately 93% of the 
amino acid sequence of Bevacizumab, including most of the 
framework regions, is derived from human IgGl, and about 
7% of the sequence is derived from the murine antibody 
A4.6.1. Bevacizumab has a molecular mass of about 149,000 
daltons and is glycosylated. Bevacizumab and other human 
ized anti-VEGF antibodies, including the anti-VEGF anti 
body fragment “ranibizumab, also known as “Lucentis(R', 
are further described in U.S. Pat. No. 6,884,879 issued Feb. 
26, 2005. 
0102 The term “anti-neoplastic composition” refers to a 
composition useful in treating cancer comprising at least one 
active therapeutic agent, e.g., “anti-cancer agent’. Examples 
of therapeutic agents (anti-cancer agents, also termed “anti 
neoplastic agent herein) include, but are not limited to, e.g., 
chemotherapeutic agents, growth inhibitory agents, cytotoxic 
agents, agents used in radiation therapy, anti-angiogenesis 
agents, apoptotic agents, anti-tubulin agents, toxins, and 
other-agents to treat cancer, e.g., anti-VEGF neutralizing 
antibody, VEGF antagonist, anti-HER-2, anti-CD20, an epi 
dermal growth factor receptor (EGFR) antagonist (e.g., a 
tyrosine kinase inhibitor), HER1/EGFR inhibitor, erlotinib, a 
COX-2 inhibitor (e.g., celecoxib), interferons, cytokines, 
antagonists (e.g., neutralizing antibodies) that bind to one or 
more of the ErbB2, ErbB3, ErbB4, or VEGF receptor(s), 
inhibitors for receptor tyrosine kinases for platelet-derived 
growth factor (PDGF) and/or stem cell factor (SCF) (e.g., 
imatinib mesylate (Gleevec (R) Novartis)), TRAIL/Apo2L, 
and other bioactive and organic chemical agents, etc. 
0103) An “angiogenic factor or agent' is a growth factor 
which stimulates the development of blood vessels, e.g., pro 
motes angiogenesis, endothelial cell growth, stability of 
blood vessels, and/or vasculogenesis, etc. For example, 
angiogenic factors, include, but are not limited to, e.g., VEGF 
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and members of the VEGF family, P1GF, PDGF family, fibro 
blast growth factor family (FGFs). TIE ligands (Angiopoi 
etins), ephrins, ANGPTL3, ALK-1, etc. It would also include 
factors that accelerate wound healing, such as growth hor 
mone, insulin-like growth factor-I (IGF-I), VIGF, epidermal 
growth factor (EGF), CTGF and members of its family, and 
TGF-C. and TGF-f3. See, e.g., Klagsbrun and D'Amore, Annu. 
Rev. Physiol, 53:217-39 (1991); Streit and Detmar. Onco 
gene, 22:3172-3179 (2003); Ferrara & Alitalo, Nature Medi 
cine 5(12): 1359–1364 (1999); Tonini et al., Oncogene, 
22:6549-6556 (2003) (e.g., Table 1 listing angiogenic fac 
tors); and, Sato Int. J. Clin. Oncol., 8:200-206 (2003). 
0104. An 'anti-angiogenesis agent' or “angiogenesis 
inhibitor refers to a small molecular weight substance, a 
polynucleotide (including, e.g., an inhibitory RNA (RNAi or 
siRNA)), a polypeptide, an isolated protein, a recombinant 
protein, an antibody, or conjugates or fusion proteins thereof, 
that inhibits angiogenesis, vasculogenesis, or undesirable 
vascular permeability, either directly or indirectly. For 
example, an anti-angiogenesis agent is an antibody or other 
antagonist to an angiogenic agent as defined above, e.g., 
antibodies to VEGF, antibodies to VEGF receptors, small 
molecules that block VEGF receptor signaling (e.g., 
PTK787/ZK2284, SU6668, SUTENTR/SU 11248 (sunitinib 
malate), AMG706, or those described in, e.g., international 
patent application WO 2004/113304). Anti-angiogenesis 
agents also include native angiogenesis inhibitors, e.g., 
angiostatin, endostatin, etc. See, e.g., Klagsbrun and 
D'Amore, Annu Rev. Physiol, 53:217-39 (1991); Streit and 
Detmar. Oncogene, 22:3172-3179 (2003) (e.g., Table 3 list 
ing anti-angiogenic therapy in malignant melanoma); Ferrara 
& Alitalo, Nat Med 5(12): 1359–1364 (1999); Tonini et al. 
Oncogene, 22:6549-6556 (2003) (e.g., Table 2 listing antian 
giogenic factors); and, Sato Int. J. Clin. Oncol. 8:200-206 
(2003) (e.g., Table 1 lists Anti-angiogenesis agents used in 
clinical trials). 
0105. In certain aspects of the invention, other therapeutic 
agents useful for combination tumor therapy with an ENG 
polypeptide include other cancer therapies: e.g., Surgery, 
cytotoxic agents, radiological treatments involving irradia 
tion or administration of radioactive substances, chemothera 
peutic agents, anti-hormonal agents, growth inhibitory 
agents, anti-neoplastic compositions, and treatment with 
anti-cancer agents listed herein and known in the art, or com 
binations thereof. 

0106 The term “cytotoxic agent” as used herein refers to 
a substance that inhibits or prevents the function of cells 
and/or causes destruction of cells. The term is intended to 
include radioactive isotopes (e.g., At'', 1 '', 1 '', Y', 
Re', Re'. Sm', Bi, P and radioactive isotopes of 
Lu), chemotherapeutic agents e.g. methotrexate, adriamicin, 
Vinca alkaloids (Vincristine, vinblastine, etoposide), doxoru 
bicin, melphalan, mitomycin C, chlorambucil, daunorubicin 
or other intercalating agents, enzymes and fragments thereof 
Such as nucleolytic enzymes, antibiotics, and toxins such as 
Small molecule toxins or enzymatically active toxins of bac 
terial, fungal, plant or animal origin, including fragments 
and/or variants thereof, and the various antitumor or antican 
cer agents disclosed below. Other cytotoxic agents are 
described below. A tumoricidal agent causes destruction of 
tumor cells. 
0107. A “chemotherapeutic agent' is a chemical com 
pound useful in the treatment of cancer. Examples of chemo 
therapeutic agents include alkylating agents such as thiotepa 
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and CYTOXANR) cyclosphosphamide; alkylsulfonates such 
as buSulfan, improsulfan and piposulfan; aziridines Such as 
benzodopa, carboquone, meturedopa, and uredopa; ethylen 
imines and methylamelamines including altretamine, trieth 
ylenemelamine, trietylenephosphoramide, triethiylenethio 
phosphoramide and trimethylolomelamine; acetogenins 
(especially bullatacin and bullatacinone); delta-9-tetrahydro 
cannabinol (dronabinol, MARINOLR); beta-lapachone: 
lapachol; colchicines; betulinic acid; a camptothecin (includ 
ing the synthetic analogue topotecan (HYCAMTINR), CPT 
11 (irinotecan, CAMPTOSARR), acetylcamptothecin, sco 
polectin, and 9-aminocamptothecin), bryostatin: cally statin: 
CC-1065 (including its adozelesin, carzelesin and bizelesin 
synthetic analogues); podophyllotoxin: podophyllinic acid; 
teniposide; cryptophycins (particularly cryptophycin 1 and 
cryptophycin 8); dolastatin; duocarmycin (including the Syn 
thetic analogues, KW-2189 and CB1-TM1); eleutherobin; 
pancratistatin; a sarcodictyin; spongistatin: nitrogen mus 
tards such as chlorambucil, chlornaphazine, cholophospha 
mide, estramustine, ifosfamide, mechlorethamine, mechlore 
thamine oxide hydrochloride, melphalan, novembichin, 
phenesterine, prednimustine, trofosfamide, uracil mustard; 
nitroSureas such as carmustine, chlorozotocin, fotemustine, 
lomustine, nimustine, and ranimnustine; antibiotics such as 
the enediyne antibiotics (e.g., calicheamicin, especially cali 
cheamicin gammall and calicheamicin omegall (see, e.g., 
Agnew, Chem Intl. Ed. Engl. 33: 183-186 (1994)); dynemi 
cin, including dynemicin A; an esperamicin; as well as neo 
carzinostatin chromophore and related chromoprotein ene 
diyne antiobiotic chromophores), aclacinomysins, 
actinomycin, authramycin, azaserine, bleomycins, cactino 
mycin, carabicin, carminomycin, carzinophilin, chromomy 
cinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5- 
oxo-L-norleucine, ADRIAMYCINR) doxorubicin (including 
morpholino-doxorubicin, cyanomorpholino-doxorubicin, 
2-pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin, 
esorubicin, idarubicin, marcellomycin, mitomycins such as 
mitomycin C, mycophenolic acid, nogalamycin, olivomy 
cins, peplomycin, potfiromycin, puromycin, quelamycin, 
rodorubicin, Streptonigrin, Streptozocin, tubercidin, uben 
imex, Zinostatin, Zorubicin; anti-metabolites such as methotr 
exate and 5-fluorouracil (5-FU); folic acid analogues such as 
denopterin, methotrexate, pteropterin, trimetrexate; purine 
analogs such as fludarabine, 6-mercaptopurine, thiamiprine, 
thioguanine; pyrimidine analogs such as ancitabine, azaciti 
dine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, 
doxifluridine, enocitabine, floXuridine; androgens such as 
calusterone, dromostanolone propionate, epitiostanol, mepi 
tioStane, testolactone; anti-adrenals such as aminoglutethim 
ide, mitotane, triloStane; folic acid replenisher Such as frolinic 
acid; aceglatone; aldophosphamide glycoside; aminole 
Vulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; 
ediatraxate; defofamine; demecolcine; diaziquone; elforni 
thine; elliptinium acetate; an epothilone; etoglucid; gallium 
nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids 
Such as maytansine and ansamitocins; mitoguaZone; mitox 
antrone; mopidanmol; nitraerine; pentostatin: phenamet; 
pirarubicin; losoxantrone, 2-ethylhydrazide; procarbazine; 
PSKR) polysaccharide complex (JHS Natural Products, 
Eugene, Oreg.); raZOxane; rhizoxin; sizofiran; Spirogerma 
nium; tenuaZonic acid; triaziquone; 2.2.2"-trichlorotriethy 
lamine; trichothecenes (especially T-2 toxin, Verracurin A, 
roridin A and anguidine); urethan; vindesine (ELDISINE(R), 
FILDESINR); dacarbazine; mannomustine; mitobronitol; 
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mitolactol; pipobroman, gacytosine; arabinoside ("Ara-C); 
thiotepa; taxoids, e.g., TAXOL(R) paclitaxel (Bristol-Myers 
Squibb Oncology, Princeton, N.J.), ABRAXANETM Cremo 
phor-free, albumin-engineered nanoparticle formulation of 
paclitaxel (American Pharmaceutical Partners, Schaumberg, 
Ill.), and TAXOTERE(R) doxetaxel (Rhone-Poulenc Rorer, 
Antony, France); chloranbucil; gemcitabine (GEMZAR(R): 
6-thioguanine; mercaptopurine; methotrexate; platinum ana 
logs such as cisplatin and carboplatin: vinblastine (VEL 
BANR); platinum: etoposide (VP-16); ifosfamide; mitox 
antrone; Vincristine (ONCOVINR); oxaliplatin; leucovovin; 
vinorelbine (NAVELBINE(R); novantrone; edatrexate: 
daunomycin; aminopterin; ibandronate; topoisomerase 
inhibitor RFS 2000; difluorometlhylornithine (DMFO): ret 
inoids such as retinoic acid; capecitabine (XELODAR); 
pharmaceutically acceptable salts, acids or derivatives of any 
of the above; as well as combinations of two or more of the 
above such as CHOP, an abbreviation for a combined therapy 
of cyclophosphamide, doxorubicin, Vincristine, and pred 
nisolone, and FOLFOX, an abbreviation for a treatment regi 
men with oxaliplatin (ELOXATINTM) combined with 5-FU 
and leucovovin. 

0108. Also included in this definition are anti-hormonal 
agents that act to regulate, reduce, block, or inhibit the effects 
of hormones that can promote the growth of cancer, and are 
often in the form of systemic, or whole-body treatment. They 
may be hormones themselves. Examples include anti-estro 
gens and selective estrogen receptor modulators (SERMs), 
including, for example, tamoxifen (including NOLVADEXOR) 
tamoxifen), EVISTAR raloxifene, droloxifene, 4-hydroxyta 
moxifen, trioxifene, keoxifene, LY 1 17018, onapristone, and 
FARESTONR toremifene; anti-progesterones; estrogen 
receptor down-regulators (ERDs); agents that function to 
Suppress or shut down the ovaries, for example, leutinizing 
hormone-releasing hormone (LHRH) agonists such as 
LUPRONR) and ELIGARDR) leuprolide acetate, goserelin 
acetate, buserelin acetate and tripterelin; other anti-andro 
gens such as flutamide, nilutamide and bicalutamide; and 
aromatase inhibitors that inhibit the enzyme aromatase, 
which regulates estrogen production in the adrenal glands, 
Such as, for example, 4(5)-imidazoles, aminoglutethimide, 
MEGASE(R) megestrol acetate, AROMASINR exemestane, 
formestanie, fadrozole, RIVIS OR(R) vorozole, FEMARAR 
letrozole, and ARIMIDEXR anastrozole. In addition, such 
definition of chemotherapeutic agents includes bisphospho 
nates such as clodronate (for example, BONEFOSR or 
OSTAC(R), DIDROC AL(R) etidronate, NE-58095, ZOMET 
AR. Zoledronic acid/Zoledronate, FOSAMAX(R) alendronate, 
AREDIAR pamidronate, SKELIDR tiludronate, or 
ACTONELR risedronate; as well as troxacitabine (a 1,3- 
dioxolane nucleoside cytosine analog); antisense oligonucle 
otides, particularly those that inhibit expression of genes in 
signaling pathways implicated in aberrant cell proliferation, 
such as, for example, PKC-alpha, Raf, H-Ras, and epidermal 
growth factor receptor (EGF-R); vaccines such as THER 
ATOPE(R) vaccine and gene therapy vaccines, for example, 
ALLOVECTINR vaccine, LEUVECTINR vaccine, and 
VAXIDR vaccine: LURTOTECANR) topoisomerase 1 
inhibitor; ABARELIX(R) rmRH; lapatinib ditosylate (an 
ErbB-2 and EGFR dual tyrosine kinase small-molecule 
inhibitor also known as GW572016); and pharmaceutically 
acceptable salts, acids or derivatives of any of the above. 
0109. A “growth inhibitory agent” when used herein 
refers to a compound or composition which inhibits growth of 
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a cell either in vitro or in vivo. Thus, the growth inhibitory 
agent may be one which significantly reduces the percentage 
of cells in S phase. Examples of growth inhibitory agents 
include agents that block cell cycle progression (at a place 
other than S phase). Such as agents that induce G1 arrest and 
M-phase arrest. Classical M-phase blockers include the vin 
cas (Vincristine and vinblastine), taxanes, and topoisomerase 
II inhibitors such as doxorubicin, epirubicin, daunorubicin, 
etoposide, and bleomycin. Those agents that arrest G1 also 
spill over into S-phase arrest, for example, DNA alkylating 
agents such as tamoxifen, prednisone, dacarbazine, mechlo 
rethamine, cisplatin, methotrexate, 5-fluorouracil, and ara-C. 
Further information can be found in The Molecular Basis of 
Cancer, Mendelsohn and Israel, eds., Chapter 1, entitled “Cell 
cycle regulation, oncogenes, and antineoplastic drugs” by 
Murakami et al. (WB Saunders: Philadelphia, 1995), espe 
cially p. 13. The taxanes (paclitaxel and docetaxel) are anti 
cancer drugs both derived from the yew tree. Docetaxel 
(TAXOTERE(R), Rhone-Poulenc Rorer), derived from the 
European yew, is a semisynthetic analogue of paclitaxel 
(TAXOL(R), Bristol-Myers Squibb). Paclitaxel and docetaxel 
promote the assembly of microtubules from tubulin dimers 
and stabilize microtubules by preventing depolymerization, 
which results in the inhibition of mitosis in cells. 
0110 Angiogenesis-inhibiting agents can also be given 
prophylactically to individuals known to be at high risk for 
developing new or re-current cancers. Accordingly, an aspect 
of the disclosure encompasses methods for prophylactic pre 
vention of cancer in a subject, comprising administrating to 
the subject an effective amount of an ENG polypeptide and/or 
a derivative thereof, or anotherangiogenesis-inhibiting agent 
of the present disclosure. 
0111 Certain normal physiological processes are also 
associated with angiogenesis, for example, ovulation, men 
struation, and placentation. The angiogenesis inhibiting pro 
teins of the present disclosure are useful in the treatment of 
disease of excessive or abnormal stimulation of endothelial 
cells. These diseases include, but are not limited to, intestinal 
adhesions, atherosclerosis, Scleroderma, and hypertrophic 
Scars, i.e., keloids. They are also useful in the treatment of 
diseases that have angiogenesis as a pathologic consequence 
Such as cat Scratch disease (Rochele minalia quintosa) and 
ulcers (Helicobacter pylori). 
0112 General angiogenesis-inhibiting proteins can be 
used as birth control agents by reducing or preventing uterine 
vascularization required for embryo implantation. Thus, the 
present disclosure provides an effective birth control method 
when an amount of the inhibitory protein sufficient to prevent 
embryo implantation is administered to a female. In one 
aspect of the birth control method, an amount of the inhibiting 
protein Sufficient to block embryo implantation is adminis 
tered before or after intercourse and fertilization have 
occurred, thus providing an effective method of birth control, 
possibly a “morning after method. While not wanting to be 
bound by this statement, it is believed that inhibition of vas 
cularization of the uterine endometrium interferes with 
implantation of the blastocyst. Similar inhibition of vascular 
ization of the mucosa of the uterine tube interferes with 
implantation of the blastocyst, preventing occurrence of a 
tubal pregnancy. Administration methods may include, but 
are not limited to, pills, injections (intravenous, Subcutane 
ous, intramuscular), Suppositories, vaginal sponges, vaginal 
tampons, and intrauterine devices. It is also believed that 
administration of angiogenesis inhibiting agents of the 
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present disclosure will interfere with normal enhanced vas 
cularization of the placenta, and also with the development of 
vessels within a successfully implanted blastocyst and devel 
oping embryo and fetus. 
0113. In the eye, angiogenesis is associated with, for 
example, diabetic retinopathy, retinopathy of prematurity, 
macular degeneration, corneal graft rejection, neovascular 
glaucoma, and retrolental fibroplasias. The therapeutic agents 
disclosed herein may be administered intra-ocularly or by 
other local administration to the eye. Other diseases associ 
ated with angiogenesis in the eye include, but are not limited 
to, epidemic keratoconjunctivitis, vitamin A deficiency, con 
tact lens overwear, atopic keratitis, Superior limbic keratitis, 
pterygium keratitis sicca, Sjogrens, acne rosacea, phylectenu 
losis, syphilis, mycobacteria infections, lipid degeneration, 
chemical burns, bacterial ulcers, fungal ulcers, herpes sim 
plex infections, herpes Zoster infections, protozoan infec 
tions, Kaposi sarcoma, Mooren ulcer, Terrien’s marginal 
degeneration, mariginal keratolysis, rheumatoid arthritis, 
systemic lupus, polyarteritis, trauma, Wegeners sarcoidosis, 
Scleritis, Steven's Johnson disease, periphigoid radial kera 
totomy, corneal graft rejection, sickle cell anemia, sarcoid, 
pseudoxanthoma elasticum, Pagets disease, vein occlusion, 
artery occlusion, carotid obstructive disease, chronic uveitis/ 
vitritis, mycobacterial infections, Lyme disease, systemic 
lupus erythematosis, retinopathy of prematurity, Eales dis 
ease, Bechets disease, infections causing a retinitis or chor 
oiditis, presumed ocular histoplasmosis, Bests disease, myo 
pia, optic pits, Stargarts disease, pars planitis, chronic retinal 
detachment, hyperviscosity syndromes, toxoplasmosis, 
trauma and post-laser complications. Other diseases include, 
but are not limited to, diseases associated with rubeosis 
(neovascularization of the angle) and diseases caused by the 
abnormal proliferation of fibrovascular or fibrous tissue 
including all forms of proliferative vitreoretinopathy. 
0114 Conditions of the eye can be treated or prevented by, 

e.g., systemic, topical, intraocular injection of a therapeutic 
agent, or by insertion of a Sustained release device that 
releases a therapeutic agent. A therapeutic agent may be 
delivered in a pharmaceutically acceptable ophthalmic 
vehicle. Such that the compound is maintained in contact with 
the ocular surface for a sufficient time period to allow the 
compound to penetrate the corneal and internal regions of the 
eye, as for example the anterior chamber, posterior chamber, 
vitreous body, aqueous humor, vitreous humor, cornea, iris/ 
ciliary, lens, choroid/retina and Sclera. The pharmaceutically 
acceptable ophthalmic vehicle may, for example, be an oint 
ment, vegetable oil or an encapsulating material. 
Alternatively, the therapeutic agents of the disclosure may be 
injected directly into the vitreous and aqueous humour. In a 
further alternative, the compounds may be administered sys 
temically, such as by intravenous infusion or injection, for 
treatment of the eye. 
0115 One or more therapeutic agents can be adminis 

tered. The methods of the disclosure also include co-admin 
istration with other medicaments that are used to treat condi 
tions of the eye. When administering more than one agent or 
a combination of agents and medicaments, administration 
can occur simultaneously or sequentially in time. The thera 
peutic agents and/or medicaments may be administered by 
different routes of administration or by the same route of 
administration. In one embodiment, atherapeutic agent and a 
medicament are administered together in an ophthalmic phar 
maceutical formulation. 
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0116. In one embodiment, a therapeutic agent is used to 
treat a disease associated with angiogenesis in the eye by 
concurrent administration with other medicaments that act to 
block angiogenesis by pharmacological mechanisms. Medi 
caments that can be concurrently administered with a thera 
peutic agent of the disclosure include, but are not limited to, 
pegaptainib (MacugenTM), ranibizumab (LucentisTM), 
squalamine lactate (EvizonTM), heparinase, and glucocorti 
coids (e.g. Triamcinolone). In one embodiment, a method is 
provided to treat a disease associated with angiogenesis is 
treated by administering an ophthalmic pharmaceutical for 
mulation containing at least one therapeutic agent disclosed 
herein and at least one of the following medicaments: pegap 
tanib (MacugenTM), ranibizumab (LucentisTM), squalamine 
lactate (EvizonTM), heparinase, and glucocorticoids (e.g. Tri 
amcinolone). 

Other Diseases or Disorders 

0117. In some embodiments, ENG polypeptides can be 
used to treat a patient who suffers from a cardiovascular 
disorder or condition associated with BMP-9 or BMP-10 but 
not necessarily accompanied by angiogenesis. Exemplary 
disorders of this kind include, but are not limited to, heart 
disease (including myocardial disease, myocardial infarct, 
angina pectoris, and heart Valve disease); renal disease (in 
cluding chronic glomerular inflammation, diabetic renal fail 
ure, and lupus-related renal inflammation); disorders of blood 
pressure (including systemic and pulmonary types); disor 
ders associated with atherosclerosis or other types of arterio 
Sclerosis (including stroke, cerebral hemorrhage, Subarach 
noid hemorrhage, angina pectoris, and renal arteriosclerosis); 
thrombotic disorders (including cerebral thrombosis, pulmo 
nary thrombosis, thrombotic intestinal necrosis); complica 
tions of diabetes (including diabetes-related retinal disease, 
cataracts, diabetes-related renal disease, diabetes-related 
neuropathology, diabetes-related gangrene, and diabetes-re 
lated chronic infection); vascular inflammatory disorders 
(systemic lupus erythematosus, joint rheumatism, joint arte 
rial inflammation, large-cell arterial inflammation, Kawasaki 
disease, Takayasu arteritis, Churg-Strauss syndrome, and 
Henoch-Schoenlein pupura); and cardiac disorders such as 
congenital heart disease, cardiomyopathy (e.g., dilated, 
hypertrophic, restrictive cardiomyopathy), and congestive 
heart failure. The ENG polypeptide can be administered to 
the Subject alone, or in combination with one or more agents 
or therapeutic modalities, e.g., therapeutic agents, which are 
useful for treating BMP-9/10 associated cardiovascular dis 
orders and/or conditions. In one embodiment, the second 
agent or therapeutic modality is chosen from one or more of 
angioplasty, beta blockers, anti-hypertensives, cardiotonics, 
anti-thrombotics, vasodilators, hormone antagonists, endot 
helin antagonists, calcium channel blockers, phosphodi 
esterase inhibitors, angiotensin type 2 antagonists and/or 
cytokine blockers/inhibitors. 
0118. In still other embodiments, ENG polypeptides may 
be useful in the treatment of inflammatory disorders or con 
ditions likely to be BMP9-related but not already noted 
above. Exemplary disorders include liver disease (including 
acute hepatitis, chronic hepatitis, and cirrhosis); thoracic or 
abdominal edema; chronic pancreatic disease; allergies (in 
cluding nasal allergy, asthma, bronchitis, and atopic derma 
titis); Alzheimer's disease; Raynaud's syndrome; and diffuse 
Sclerosis. 
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3. Formulations and Effective Doses 

0119) The therapeutic agents described herein may be for 
mulated into pharmaceutical compositions. Pharmaceutical 
compositions for use in accordance with the present disclo 
sure may be formulated in conventional manner using one or 
more physiologically acceptable carriers or excipients. Such 
formulations will generally be substantially pyrogen free, in 
compliance with most regulatory requirements. 
0120. In certain embodiments, the therapeutic method of 
the disclosure includes administering the composition sys 
temically, or locally as an implant or device. When adminis 
tered, the therapeutic composition for use in this disclosure is 
in a pyrogen-free, physiologically acceptable form. Thera 
peutically useful agents other than the ENG signaling antago 
nists which may also optionally be included in the composi 
tion as described above, may be administered simultaneously 
or sequentially with the subject compounds (e.g., ENG 
polypeptides) in the methods disclosed herein. 
0121 Typically, protein therapeutic agents disclosed 
herein will be administered parentally, and particularly intra 
venously or subcutaneously. Pharmaceutical compositions 
suitable for parenteral administration may comprise one or 
more ENG polypeptides in combination with one or more 
pharmaceutically acceptable sterile isotonic aqueous or non 
aqueous solutions, dispersions, suspensions or emulsions, or 
sterile powders which may be reconstituted into sterile inject 
able solutions or dispersions just prior to use, which may 
contain antioxidants, buffers, bacteriostats, solutes which 
render the formulation isotonic with the blood of the intended 
recipient or suspending or thickening agents. Examples of 
suitable aqueous and nonaqueous carriers which may be 
employed in the pharmaceutical compositions of the disclo 
sure include water, ethanol, polyols (such as glycerol, propy 
lene glycol, polyethylene glycol, and the like), and suitable 
mixtures thereof, vegetable oils, such as olive oil, and inject 
able organic esters, such as ethyl oleate. Proper fluidity can be 
maintained, for example, by the use of coating materials, such 
as lecithin, by the maintenance of the required particle size in 
the case of dispersions, and by the use of surfactants. 
0122. In one embodiment, the ENG polypeptides dis 
closed herein are administered in an ophthalmic pharmaceu 
tical formulation. In some embodiments, the ophthalmic 
pharmaceutical formulation is a sterile aqueous solution, 
preferable of suitable concentration for injection, or a salve or 
ointment. Such salves or ointments typically comprise one or 
more ENG polypeptides disclosed herein dissolved or sus 
pended in a sterile pharmaceutically acceptable salve or oint 
ment base, such as a mineral oil-white petrolatum base. In 
salve or ointment compositions, anhydrous lanolin may also 
be included in the formulation. Thimerosal or chlorobutanol 
are also preferably added to such ointment compositions as 
antimicrobial agents. In one embodiment, the sterile aqueous 
solution is as described in U.S. Pat. No. 6,071,958. 
(0123. The disclosure provides formulations that may be 
varied to include acids and bases to adjust the pH; and buff 
ering agents to keep the pH within a narrow range. Additional 
medicaments may be added to the formulation. These 
include, but are not limited to, pegaptanib, heparinase, ranibi 
Zumab, or glucocorticoids. The ophthalmic pharmaceutical 
formulation according to the disclosure is prepared by aseptic 
manipulation, or sterilization is performed at a suitable stage 
of preparation. 
0.124. The compositions and formulations may, if desired, 
be presented in a pack or dispenser device which may contain 
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one or more unit dosage forms containing the active ingredi 
ent. The pack may for example comprise metal or plastic foil. 
such as a blister pack. The pack or dispenser device may be 
accompanied by instructions for administration. 

4. Soluble ENG Polypeptides 
(0.125 Except under certain conditions, naturally occurring 
ENG proteins are transmembrane proteins, with a portion of 
the protein positioned outside the cell (the extracellular por 
tion)anda portion of the protein positioned inside the cell (the 
intracellular portion). Aspects of the present disclosure 
encompass polypeptides comprising a portion of the extra 
cellular domain (ECD) of ENG. 
0126. In certain embodiments, the disclosure provides 
ENG polypeptides. ENG polypeptides may include a 
polypeptide consisting of, or comprising, an amino acid 
sequence at least 90% identical, and optionally at least 95%, 
96%, 97%, 98%, 99%, or 100% identical to a truncated ECD 
domain of a naturally occurring ENG polypeptide, whose 
C-terminus occurs at any of amino acids 333-378 of SEQID 
NO: 1 and which polypeptide does not include a sequence 
consisting of amino acids 379-430 of SEQID NO:1. Option 
ally, an ENG polypeptide does not include more than 5 con 
secutive amino acids, or more than 10, 20, 30, 40, 50, 52, 60. 
70, 80,90, 100, 150 or 200 or more consecutive amino acids 
from a sequence consisting of amino acids 379-586 of SEQ 
ID NO: 1 or from a sequence consisting of amino acids 
379-581 of SEQID NO:1. The unprocessed ENG polypep 
tide may either include or exclude any signal sequence, as 
well as any sequence N-terminal to the signal sequence. As 
elaborated herein, the N-terminus of the mature (processed) 
ENG polypeptide may occur at any of amino acids 26-42 of 
SEQ ID NO: 1. Examples of mature ENG polypeptides 
include amino acids 25-377 of SEQID NO: 23, amino acids 
25-358 of SEQID NO:25, and amino acids 25-345 of SEQID 
NO: 29. Likewise, an ENG polypeptide may comprise a 
polypeptide that is encoded by nucleotides 73-1131 of SEQ 
ID NO: 24, nucleotides 73-1074 of SEQID NO:26, or nucle 
otides 73-1035 of SEQID NO:30, or silent variants thereofor 
nucleic acids that hybridize to the complement thereof under 
stringent hybridization conditions (generally, such conditions 
are known in the art but may, for example, involve hybridiza 
tion in 50% w/v formamide, 5xSSC, 2% w/v blocking agent, 
0.1% N-lauroylsarcosine, and 0.3% SDS at 65° C. overnight 
and washing in, for example, 5xSSC at about 65° C.). The 
term “ENG polypeptide' accordingly encompasses isolated 
extracellular portions of ENG polypeptides, variants thereof 
(including variants that comprise, for example, no more than 
2, 3, 4, 5, 10, 15, 20, 25, 30, or 35 amino acid substitutions in 
the sequence corresponding to amino acids 26-378 of SEQID 
NO: 1), fragments thereof, and fusion proteins comprising 
any of the preceding, but in each case preferably any of the 
foregoing ENG polypeptides will retain substantial affinity 
for BMP-9 and/or BMP-10. Generally, an ENG polypeptide 
will be designed to be soluble in aqueous solutions at biologi 
cally relevant temperatures, pH levels, and osmolarity. 
I0127. Data presented here show that Fc fusion proteins 
comprising shorter C-terminally truncated variants of ENG 
polypeptides display no appreciable binding to TGF-31 and 
TGF-B3 but instead display higher affinity binding to BMP-9, 
with a markedly slower dissociation rate, compared to either 
ENG(26-437)-Fc oran Fc fusion protein comprising the full 
length ENGECD. Specifically, C-terminally truncated vari 
ants ending at amino acids 378,359, and 346 of SEQID NO: 
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1 were all found to bind BMP-9 with substantially higher 
affinity (and to bind BMP-10 with undiminished affinity) 
compared to ENG(26-437) or ENG(26-586). However, bind 
ing to BMP-9 and BMP-10 was completely disrupted by 
more extensive C-terminal truncations to amino acids 332, 
329, or 257. Thus, ENG polypeptides that terminate between 
amino acid 333 and amino acid 378 are all expected to be 
active, but constructs ending at, or between, amino acids 346 
and 359 may be most active. Forms ending at, or between, 
amino acids 360 and 378 are predicted to trend toward the 
intermediate ligand binding affinity shown by ENG(26-378). 
Improvements in other key parameters are expected with 
certain constructs ending at, or between, amino acids 333 and 
378 based on improvements in protein expression and elimi 
nation half-life observed with ENG(26-346)-Fc compared to 
fusion proteins comprising full-length ENG ECD (see 
Examples). Any of these truncated variant forms may be 
desirable to use, depending on the clinical or experimental 
Setting. 
0128. At the N-terminus, it is expected that an ENG 
polypeptide beginning at amino acid 26 (the initial 
glutamate), or before, of SEQ ID NO: 1 will retain ligand 
binding activity. As disclosed herein, an N-terminal trunca 
tion to amino acid 61 of SEQ ID NO: 1 abolishes ligand 
binding, as do more extensive N-terminal truncations. How 
ever, as also disclosed herein, consensus modeling of ENG 
primary sequences indicates that ordered secondary structure 
within the region defined by amino acids 26-60 of SEQ ID 
NO: 1 is limited to a four-residue beta strand predicted with 
high confidence at positions 42-45 of SEQ ID NO: 1 and a 
two-residue beta strand predicted with very low confidence at 
positions 28-29 of SEQ ID NO: 1. Thus, an active ENG 
polypeptide will begin at (or before) amino acid 26, prefer 
entially, or at any of amino acids 27-42 of SEQID NO: 1. 
0129. Taken together, an active portion of an ENG 
polypeptide may comprise amino acid sequences 26-333. 
26-334, 26-335, 26-336, 26-337, 26-338, 26-339, 26-340, 
26-341, 26-342, 26-343, 26-344, 26-345, or 26-346 of SEQ 
IDNO: 1, as well as variants of these sequences starting at any 
of amino acids 27-42 of SEQ ID NO: 1. Exemplary ENG 
polypeptides comprise amino acid sequences 26-346. 
26-359, and 26-378 of SEQID NO: 1. Variants within these 
ranges are also contemplated, particularly those having at 
least 80%, 85%, 90%, 95%, or 99% identity to the corre 
sponding portion of SEQID NO: 1. An ENG polypeptide may 
not include the sequence consisting of amino acids 379-430 
of SEQID NO:1. 
0130. As described above, the disclosure provides ENG 
polypeptides sharing a specified degree of sequence identity 
or similarity to a naturally occurring ENG polypeptide. To 
determine the percent identity of two amino acid sequences, 
the sequences are aligned for optimal comparison purposes 
(e.g., gaps can be introduced in one or both of a first and a 
second amino acid or nucleic acid sequence for optimal align 
ment and non-homologous sequences can be disregarded for 
comparison purposes). The amino acid residues at corre 
sponding amino acid positions are then compared. When a 
position in the first sequence is occupied by the same amino 
acid residue as the corresponding position in the second 
sequence, then the molecules are identical at that position (as 
used herein amino acid “identity” is equivalent to amino acid 
“homology’). The percent identity between the two 
sequences is a function of the number of identical positions 
shared by the sequences, taking into account the number of 
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gaps, and the length of each gap, which need to be introduced 
for optimal alignment of the two sequences. 
I0131 The comparison of sequences and determination of 
percent identity and similarity between two sequences can be 
accomplished using a mathematical algorithm. (Computa 
tional Molecular Biology, Lesk, A. M., ed., Oxford Univer 
sity Press, New York, 1988: Biocomputing: Informatics and 
Genome Projects, Smith, D. W., ed., Academic Press, New 
York, 1993: Computer Analysis of Sequence Data, Part 1, 
Griffin, A. M., and Griffin, H. G., eds., Humana Press, New 
Jersey, 1994; Sequence Analysis in Molecular Biology, von 
Heinje, G., Academic Press, 1987; and Sequence Analysis 
Primer, Gribskov, M. and Devereux, J., eds., M. Stockton 
Press, New York, 1991). 
0.132. In one embodiment, the percent identity between 
two amino acid sequences is determined using the Needle 
man and Wunsch (J Mol. Biol. (48):444-453 (1970)) algo 
rithm which has been incorporated into the GAP program in 
the GCG Software package (available at http://www.gcg. 
com). In a specific embodiment, the following parameters are 
used in the GAP program: either a Blosum 62 matrix or a 
PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 
and a length weight of 1, 2, 3, 4, 5, or 6. In yet another 
embodiment, the percent identity between two nucleotide 
sequences is determined using the GAP program in the GCG 
Software package (Devereux, J., et al., Nucleic Acids Res. 
12(1):387 (1984)) (available at http://www.gcg.com). Exem 
plary parameters include using a NWSgapdna. CMP matrix 
and a gap weight of 40, 50, 60, 70, or 80 and a length weight 
of 1, 2, 3, 4, 5, or 6. Unless otherwise specified, percent 
identity between two amino acid sequences is to be deter 
mined using the GAP program using a Blosum 62 matrix, a 
GAP weight of 10 and a length weight of 3, and if such 
algorithm cannot compute the desired percent identity, a Suit 
able alternative disclosed herein should be selected. 
I0133. In another embodiment, the percent identity 
between two amino acid sequences is determined using the 
algorithm of E. Myers and W. Miller (CABIOS, 4:11-17 
(1989)) which has been incorporated into the ALIGN pro 
gram (version 2.0), using a PAM120 weight residue table, a 
gap length penalty of 12 and a gap penalty of 4. 
I0134. Another embodiment for determining the best over 
all alignment between two amino acid sequences can be 
determined using the FASTDB computer program based on 
the algorithm of Brutlaget al. (Comp. App. Biosci., 6:237-245 
(1990)). In a sequence alignment the query and Subject 
sequences are both amino acid sequences. The result of said 
global sequence alignment is presented in terms of percent 
identity. In one embodiment, amino acid sequence identity is 
performed using the FASTDB computer program based on 
the algorithm of Brutlaget al. (Comp. App. Biosci., 6:237-245 
(1990)). In a specific embodiment, parameters employed to 
calculate percent identity and similarity of an amino acid 
alignment comprise: Matrix=PAM 150, k-tuple=2, Mismatch 
Penalty=1, Joining Penalty=20, Randomization Group 
Length=0, Cutoff Score=1, Gap Penalty=5 and Gap Size 
Penalty=0.05. 
I0135) In certain embodiments, an ENG polypeptide binds 
to BMP-9 and BMP-10, and the ENG polypeptide does not 
show substantial binding to TGF-B1 or TGF-B3. Binding may 
be assessed using purified proteins in Solution or in a Surface 
plasmon resonance system, such as a BiacoreTM system. ENG 
polypeptides may be selected to exhibit an anti-angiogenic 
activity. Bioassays for angiogenesis inhibitory activity 
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0.137 In certain embodiments, the present disclosure con 
templates specific mutations of the ENG polypeptides so as to 
alter the glycosylation of the polypeptide. Such mutations 
may be selected so as to introduce or eliminate one or more 
glycosylation sites, such as O-linked or N-linked glycosyla 
tion sites. Asparagine-linked glycosylation recognition sites 
generally comprise a tripeptide sequence, asparagine-X- 
threonine (or asparagines-X-Serine) (where “X” is any amino 
acid) which is specifically recognized by appropriate cellular 
glycosylation enzymes. The alteration may also be made by 
the addition of, or substitution by, one or more serine or 
threonine residues to the sequence of the wild-type ENG 
polypeptide (for O-linked glycosylation sites). A variety of 
amino acid substitutions or deletions at one or both of the first 
or third amino acid positions of a glycosylation recognition 
site (and/oramino acid deletion at the second position) results 
in non-glycosylation at the modified tripeptide sequence. 
Another means of increasing the number of carbohydrate 
moieties on an ENG polypeptide is by chemical or enzymatic 
coupling of glycosides to the ENG polypeptide. Depending 
on the coupling mode used, the Sugar(s) may be attached to (a) 
arginine and histidine; (b) free carboxyl groups; (c) free Sulf 
hydryl groups such as those of cysteine; (d) free hydroxyl 
groups such as those of serine, threonine, or hydroxyproline; 
(e) aromatic residues such as those of phenylalanine, 
tyrosine, or tryptophan; or (f) the amide group of glutamine. 
These methods are described in WO 87/05330 published Sep. 
11, 1987, and in Aplin and Wriston (1981) CRC Crit. Rev. 
Biochem., pp. 259-306, incorporated by reference herein. 
Removal of one or more carbohydrate moieties present on an 
ENG polypeptide may be accomplished chemically and/or 
enzymatically. Chemical deglycosylation may involve, for 
example, exposure of the ENG polypeptide to the compound 
trifluoromethanesulfonic acid, or an equivalent compound. 
This treatment results in the cleavage of most or all Sugars 
except the linking Sugar (N-acetylglucosamine or N-acetyl 
galactosamine), while leaving the amino acid sequence 
intact. Chemical deglycosylation is further described by 
Hakimuddin et al. (1987) Arch. Biochem. Biophys. 259:52 
and by Edge et al. (1981) Anal. Biochem. 118:131. Enzy 
matic cleavage of carbohydrate moieties on ENG polypep 
tides can be achieved by the use of a variety of endo- and 
exo-glycosidases as described by Thotakura et al. (1987) 
Meth. Enzymol. 138:350. The sequence of an ENG polypep 
tide may be adjusted, as appropriate, depending on the type of 
expression system used, as mammalian, yeast, insect and 
plant cells may all introduce differing glycosylation patterns 
that can be affected by the amino acid sequence of the peptide. 
In general, ENG polypeptides for use in humans will be 
expressed in a mammalian cell line that provides proper gly 
cosylation, such as HEK293 or CHO cell lines, although 
other mammalian expression cell lines, yeast cell lines with 
engineered glycosylation enzymes, and insect cells are 
expected to be useful as well. 
0.138. This disclosure further contemplates a method of 
generating mutants, particularly sets of combinatorial 
mutants of an ENG polypeptide, as well as truncation 
mutants; pools of combinatorial mutants are especially useful 
for identifying functional variant sequences. The purpose of 
screening such combinatorial libraries may be to generate, for 
example, ENG polypeptide variants which can act as either 
agonists or antagonist, or alternatively, which possess novel 
activities all together. A variety of Screening assays are pro 
vided below, and Such assays may be used to evaluate Vari 
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ants. For example, an ENG polypeptide variant may be 
screened for ability to bind to an ENG ligand, to prevent 
binding of an ENG ligand to an ENG polypeptide or to inter 
fere with signaling caused by an ENG ligand. The activity of 
an ENG polypeptide or its variants may also be tested in a 
cell-based or in vivo assay, particularly any of the assays 
disclosed in the Examples. 
0.139 Combinatorially-derived variants can be generated 
which have a selective or generally increased potency relative 
to an ENG polypeptide comprising an extracellular domain of 
a naturally occurring ENG polypeptide. Likewise, mutagen 
esis can give rise to variants which have serum half-lives 
dramatically different than the corresponding wild-type ENG 
polypeptide. For example, the altered protein can be rendered 
either more stable or less stable to proteolytic degradation or 
other processes which result in destruction of, or otherwise 
elimination or inactivation of a native ENG polypeptide. 
Such variants, and the genes which encode them, can be 
utilized to alter ENG polypeptide levels by modulating the 
half-life of the ENG polypeptides. For instance, a short half 
life can give rise to more transient biological effects and can 
allow tighter control of recombinant ENG polypeptide levels 
within the patient. In an Fc fusion protein, mutations may be 
made in the linker (if any) and/or the Fc portion to alter the 
half-life of the protein. 
0140. A combinatorial library may be produced by way of 
a degenerate library of genes encoding a library of polypep 
tides which each include at least a portion of potential ENG 
polypeptide sequences. For instance, a mixture of Synthetic 
oligonucleotides can be enzymatically ligated into gene 
sequences such that the degenerate set of potential ENG 
polypeptide nucleotide sequences are expressible as indi 
vidual polypeptides, or alternatively, as a set of larger fusion 
proteins (e.g., for phage display). 
0.141. There are many ways by which the library of poten 

tial ENG polypeptide variants can be generated from a degen 
erate oligonucleotide sequence. Chemical synthesis of a 
degenerate gene sequence can be carried out in an automatic 
DNA synthesizer, and the synthetic genes then be ligated into 
an appropriate vector for expression. The synthesis of degen 
erate oligonucleotides is well known in the art (see for 
example, Narang, SA (1983) Tetrahedron 39:3: Itakura et al., 
(1981) Recombinant DNA, Proc. 3rd Cleveland Sympos. 
Macromolecules, ed. AG Walton, Amsterdam: Elsevier 
pp273-289; Itakura et al., (1984) Annu Rev. Biochem. 
53:323: Itakura et al., (1984) Science 198: 1056; Ike et al., 
(1983) Nucleic Acid Res. 11:477). Such techniques have been 
employed in the directed evolution of other proteins (see, for 
example, Scottet al., (1990) Science 249:386-390; Roberts et 
al., (1992) PNAS USA 89:2429-2433; Devlin et al., (1990) 
Science 249: 404–406; Cwirla et al., (1990) PNAS USA 87: 
6378-6382: as well as U.S. Pat. Nos: 5,223,409, 5,198,346, 
and 5,096,815). 
0142. Alternatively, other forms of mutagenesis can be 
utilized to generate a combinatorial library. For example, 
ENG polypeptide variants can be generated and isolated from 
a library by Screening using, for example, alanine Scanning 
mutagenesis and the like (Ruf et al., (1994) Biochemistry 
33:1565-1572; Wang et al., (1994) J. Biol. Chem. 269:3095 
3099: Balintet al., (1993) Gene 137:109-118; Grodberget al., 
(1993) Eur. J. Biochem. 218:597-601; Nagashima et al., 
(1993).J. Biol. Chem. 268:2888-2892; Lowman et al., (1991) 
Biochemistry 30:10832-10838; and Cunningham et al., 
(1989) Science 244:1081-1085), by linker scanning 
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mutagenesis (Gustin et al., (1993) Virology 193:653-660; 
Brown et al., (1992) Mol. Cell Biol. 12:2644-2652; McK 
night et al., (1982) Science 232:316); by saturation mutagen 
esis (Meyers et al., (1986) Science 232:613); by PCR 
mutagenesis (Leung et al., (1989) Method Cell Mol Biol 
1:11-19); or by random mutagenesis, including chemical 
mutagenesis, etc. (Miller et al., (1992) A Short Course in 
Bacterial Genetics, CSHL Press, Cold Spring Harbor, NY: 
and Greener et al., (1994) Strategies in Mol Biol 7:32-34). 
Linker scanning mutagenesis, particularly in a combinatorial 
setting, is an attractive method for identifying truncated (bio 
active) forms of ENG polypeptides. 
0143 A wide range of techniques are known in the art for 
screening gene products of combinatorial libraries made by 
point mutations and truncations, and, for that matter, for 
screening cDNA libraries for gene products having a certain 
property. Such techniques will be generally adaptable for 
rapid screening of the gene libraries generated by the combi 
natorial mutagenesis of ENG polypeptides. The most widely 
used techniques for screening large gene libraries typically 
comprises cloning the gene library into replicable expression 
vectors, transforming appropriate cells with the resulting 
library of vectors, and expressing the combinatorial genes 
under conditions in which detection of a desired activity 
facilitates relatively easy isolation of the vector encoding the 
gene whose product was detected. Preferred assays include 
ENG ligand binding assays and ligand-mediated cell signal 
ing assays. 
0144. In certain embodiments, the ENG polypeptides of 
the disclosure may further comprise post-translational modi 
fications in addition to any that are naturally present in the 
ENG polypeptides. Such modifications include, but are not 
limited to, acetylation, carboxylation, glycosylation, phos 
phorylation, lipidation, pegylation (polyehthylene glycol) 
and acylation. As a result, the modified ENG polypeptides 
may contain non-amino acid elements, such as polyethylene 
glycols, lipids, poly- or mono-saccharide, and phosphates. 
Effects of such non-amino acid elements on the functionality 
of an ENG polypeptide may be tested as described hereinfor 
other ENG polypeptide variants. When an ENG polypeptide 
is produced in cells by cleaving a nascent form of the ENG 
polypeptide, post-translational processing may also be 
important for correct folding and/or function of the protein. 
Different cells (such as CHO, HeLa, MDCK, 293, WI38, 
NIH-3T3 or HEK293) have specific cellular machinery and 
characteristic mechanisms for Such post-translational activi 
ties and may be chosen to ensure the correct modification and 
processing of the ENG polypeptides. 
0145. In certain aspects, functional variants or modified 
forms of the ENG polypeptides include fusion proteins hav 
ing at least a portion of the ENG polypeptides and one or more 
fusion domains. Well known examples of such fusion 
domains include, but are not limited to, polyhistidine, Glu 
Glu, glutathione S transferase (GST), thioredoxin, protein A, 
protein G, an immunoglobulin heavy chain constant region 
(Fc), maltose binding protein (MBP), or human serum albu 
min. A fusion domain may be selected so as to confer a 
desired property. For example, some fusion domains are par 
ticularly useful for isolation of the fusion proteins by affinity 
chromatography. For the purpose of affinity purification, rel 
evant matrices for affinity chromatography, such as glu 
tathione-, amylase-, and nickel- or cobalt-conjugated resins 
are used. Many of such matrices are available in “kit' form, 
such as the Pharmacia GST purification system and the 
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QIAexpressTM system (Qiagen) useful with (HIS) fusion 
partners. As another example, a fusion domain may be 
selected so as to facilitate detection of the ENG polypeptides. 
Examples of such detection domains include the various fluo 
rescent proteins (e.g., GFP) as well as “epitope tags, which 
are usually short peptide sequences for which a specific anti 
body is available. Well known epitope tags for which specific 
monoclonal antibodies are readily available include FLAG, 
influenza virus hemagglutinin (HA), and c-myc tags. In some 
cases, the fusion domains have a protease cleavage site. Such 
as for Factor Xa or Thrombin, which allows the relevant 
protease to partially digest the fusion proteins and thereby 
liberate the recombinant proteins therefrom. The liberated 
proteins can then be isolated from the fusion domain by 
Subsequent chromatographic separation. In certain preferred 
embodiments, an ENG polypeptide is fused with a domain 
that stabilizes the ENG polypeptide in vivo (a "stabilizer” 
domain). By 'stabilizing is meant anything that increases 
serum half-life, regardless of whether this is because of 
decreased destruction, decreased clearance by the kidney, or 
other pharmacokinetic effect. Fusions with the Fc portion of 
an immunoglobulin are known to confer desirable pharma 
cokinetic properties on a wide range of proteins. Likewise, 
fusions to human serum albumin can confer desirable prop 
erties. Other types of fusion domains that may be selected 
include multimerizing (e.g., dimerizing, tetramerizing) 
domains and functional domains. 

0146. As specific examples, the present disclosure pro 
vides fusion proteins comprising variants of ENG polypep 
tides fused to one of two Fc domain sequences (e.g., SEQID 
NOs: 11, 12). Optionally, the Fc domain has one or more 
mutations at residues such as Asp-265, Lys-322, and ASn-434 
(numbered in accordance with the corresponding full-length 
IgG). In certain cases, the mutant Fc domain having one or 
more of these mutations (e.g., Asp-265 mutation) has reduced 
ability of binding to the Fcy receptor relative to a wildtype Fc 
domain. In other cases, the mutant Fc domain having one or 
more of these mutations (e.g., Asn-434 mutation) has 
increased ability of binding to the MHC class I-related Fc 
receptor (FcRN) relative to a wildtype Fc domain. 
0.147. It is understood that different elements of the fusion 
proteins may be arranged in any manner that is consistent 
with the desired functionality. For example, an ENG polypep 
tide may be placed C-terminal to a heterologous domain, or, 
alternatively, a heterologous domain may be placed C-termi 
nal to an ENG polypeptide. The ENG polypeptide domain 
and the heterologous domain need not be adjacent in a fusion 
protein, and additional domains or amino acid sequences may 
be included C- or N-terminal to either domain or between the 
domains. 

0.148. As used herein, the term “immunoglobulin Fc 
domain or simply "Fo' 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 comprise 1) a CH1 domain, a CH2 domain, and a 
CH3 domain, 2) a CH1 domain and a CH2 domain, 3) a CH1 
domain and a CH3 domain, 4) a CH2 domain and a CH3 
domain, or 5) a combination of two or more domains and an 
immunoglobulinhinge region. In a preferred embodiment the 
immunoglobulin Fc region comprises at least an immunoglo 
bulin hinge region a CH2 domain and a CH3 domain, and 
preferably lacks the CH1 domain. 
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0149. In one embodiment, the class of immunoglobulin 
from which the heavy chain constant region is derived is IgG 
(Igy) (Y subclasses 1, 2, 3, or 4). Other classes of immunoglo 
bulin, IgA (IgC), Ig|D (Igö), IgE (Ige) and IgM (Igu), may be 
used. The choice of appropriate immunoglobulin heavy chain 
constant region 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 immu 
noglobulin classes and Subclasses to achieve a particular 
result is considered to be within the level of skill in theart. The 
portion of the DNA construct encoding the immunoglobulin 
Fc region preferably comprises at least a portion of a hinge 
domain, and preferably at least a portion of a CH domain of 
Fc gamma or the homologous domains in any of IgA, Ig|D. 
IgE, or IgM. 
0150. 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 
methods and compositions disclosed herein. One example 
would be to introduce 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). 
0151. In certain embodiments, the present disclosure 
makes available isolated and/or purified forms of the ENG 
polypeptides, which are isolated from, or otherwise Substan 
tially free of (e.g., at least 80%, 90%, 95%, 96%, 97%, 98%, 
or 99% free of), other proteins and/or other ENG polypeptide 
species. ENG polypeptides will generally be produced by 
expression from recombinant nucleic acids. 
0152. In certain embodiments, the disclosure includes 
nucleic acids encoding soluble ENG polypeptides compris 
ing the coding sequence for an extracellular portion of an 
ENG protein. In further embodiments, this disclosure also 
pertains to a host cell comprising Such nucleic acids. The host 
cell may be any prokaryotic or eukaryotic cell. For example, 
a polypeptide of the present disclosure may be expressed in 
bacterial cells such as E. coli, insect cells (e.g., using a bacu 
lovirus expression system), yeast, or mammalian cells. Other 
suitable host cells are known to those skilled in the art. 
Accordingly, Some embodiments of the present disclosure 
further pertain to methods of producing the ENG polypep 
tides. It has been established that ENG-Fc fusion proteins set 
forth in SEQID NOs: 25 and 29 and expressed in CHO cells 
have potent anti-angiogenic activity. 

5. Nucleic Acids Encoding ENG Polypeptides 

0153. In certain aspects, the disclosure provides isolated 
and/or recombinant nucleic acids encoding any of the ENG 
polypeptides, including fragments, functional variants and 
fusion proteins disclosed herein. For example, SEQID NOs: 
2 and 4 encode long and short isoforms, respectively, of the 
native human ENG precursor polypeptide, whereas SEQID 
NO: 30 encodes one variant of ENG extracellular domain 
fused to an IgG1 Fc domain. The subject nucleic acids may be 
single-stranded or double stranded. Such nucleic acids may 
be DNA or RNA molecules. These nucleic acids may be used, 
for example, in methods for making ENG polypeptides or as 
direct therapeutic agents (e.g., in an antisense, RNAi or gene 
therapy approach). 
0154) In certain aspects, the subject nucleic acids encod 
ing ENG polypeptides are further understood to include 
nucleic acids that are variants of SEQID NOs: 24, 26, 28, or 
30. Variant nucleotide sequences include sequences that dif 
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fer by one or more nucleotide substitutions, additions or 
deletions, such as allelic variants. 
0.155. In certain embodiments, the disclosure provides iso 
lated or recombinant nucleic acid sequences that are at least 
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% iden 
tical to SEQID NOs: 24, 26, 28, or 30. One of ordinary skill 
in the art will appreciate that nucleic acid sequences comple 
mentary to SEQ ID NOs: 24, 26, 28, or 30, and variants of 
SEQID NOS: 24, 26, 28, or 30 are also within the scope of this 
disclosure. In further embodiments, the nucleic acid 
sequences of the disclosure can be isolated, recombinant, 
and/or fused with a heterologous nucleotide sequence, or in a 
DNA library. 
0156. In other embodiments, nucleic acids of the disclo 
Sure also include nucleotide sequences that hybridize under 
highly stringent conditions to the nucleotide sequences des 
ignated in SEQ ID NOS: 24, 26, 28, or 30, complement 
sequences of SEQ ID NOs: 24, 26, 28, or 30, or fragments 
thereof. As discussed above, one of ordinary skill in the art 
will understand readily that appropriate stringency conditions 
which promote DNA hybridization can be varied. For 
example, one could perform the hybridization at 6.0xsodium 
chloride/sodium citrate (SSC) at about 45°C., followed by a 
wash of 2.0xSSC at 50° C. For example, the salt concentra 
tion in the wash step can be selected from a low stringency of 
about 2.0xSSC at 50° C. to a high stringency of about 0.2x 
SSC at 50° C. In addition, the temperature in the wash step 
can be increased from low stringency conditions at room 
temperature, about 22°C., to high stringency conditions at 
about 65° C. Both temperature and salt may be varied, or 
temperature or salt concentration may be held constant while 
the other variable is changed. In one embodiment, the disclo 
sure provides nucleic acids which hybridize under low strin 
gency conditions of 6xSSC at room temperature followed by 
a wash at 2xSSC at room temperature. 
0157. Isolated nucleic acids which differ from the nucleic 
acids as set forth in SEQ ID NOs: 24, 26, 28, or 30 due to 
degeneracy in the genetic code are also within the scope of the 
disclosure. For example, a number of amino acids are desig 
nated by more than one triplet. Codons that specify the same 
amino acid, or synonyms (for example, CAU and CAC are 
synonyms for histidine) may result in “silent mutations 
which do not affect the amino acid sequence of the protein. 
However, it is expected that DNA sequence polymorphisms 
that do lead to changes in the amino acid sequences of the 
Subject proteins will exist among mammalian cells. One 
skilled in the art will appreciate that these variations in one or 
more nucleotides (up to about 3-5% of the nucleotides) of the 
nucleic acids encoding a particular protein may exist among 
individuals of a given species due to natural allelic variation. 
Any and all Such nucleotide variations and resulting amino 
acid polymorphisms are within the scope of this disclosure. 
0158. In certain embodiments, the recombinant nucleic 
acids of the disclosure may be operably linked to one or more 
regulatory nucleotide sequences in an expression construct. 
Regulatory nucleotide sequences will generally be appropri 
ate to the host cell used for expression. Numerous types of 
appropriate expression vectors and Suitable regulatory 
sequences are known in the art for a variety of host cells. 
Typically, said one or more regulatory nucleotide sequences 
may include, but are not limited to, promoter sequences, 
leader or signal sequences, ribosomal binding sites, transcrip 
tional start and termination sequences, translational start and 
termination sequences, and enhancer or activator sequences. 
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Constitutive or inducible promoters as known in the art are 
contemplated by the disclosure. The promoters may be either 
naturally occurring promoters, or hybrid promoters that com 
bine elements of more than one promoter. An expression 
construct may be present in a cell on an episome, such as a 
plasmid, or the expression construct may be inserted in a 
chromosome. In a preferred embodiment, the expression vec 
tor contains a selectable marker gene to allow the selection of 
transformed host cells. Selectable marker genes are well 
known in the art and will vary with the host cell used. 
0159. In certain aspects disclosed herein, the subject 
nucleic acid is provided in an expression vector comprising a 
nucleotide sequence encoding an ENG polypeptide and oper 
ably linked to at least one regulatory sequence. Regulatory 
sequences are art-recognized and are selected to direct 
expression of the ENG polypeptide. Accordingly, the term 
regulatory sequence includes promoters, enhancers, and 
other expression control elements. Exemplary regulatory 
sequences are described in Goeddel; Gene Expression Tech 
nology. Methods in Enzymology, Academic Press, San Diego, 
Calif. (1990). For instance, any of a wide variety of expres 
sion control sequences that control the expression of a DNA 
sequence when operatively linked to it may be used in these 
vectors to express DNA sequences encoding an ENG 
polypeptide. Such useful expression control sequences, 
include, for example, the early and late promoters of SV40. 
tet promoter, adenovirus or cytomegalovirus immediate early 
promoter, RSV promoters, the lac system, the trp system, the 
TAC or TRC system, T7 promoter whose expression is 
directed by T7 RNA polymerase, the major operator and 
promoter regions of phage lambda, the control regions for fa 
coat protein, the promoter for 3-phosphoglycerate kinase or 
other glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a-mating factors, the 
polyhedron promoter of the baculovirus system and other 
sequences known to control the expression of genes of 
prokaryotic or eukaryotic cells or their viruses, and various 
combinations thereof. It should be understood that the design 
of the expression vector may depend on Such factors as the 
choice of the host cell to be transformed and/or the type of 
protein desired to be expressed. Moreover, the vector's copy 
number, the ability to control that copy number and the 
expression of any other protein encoded by the vector, such as 
antibiotic markers, should also be considered. 
0160 A recombinant nucleic acid included in the disclo 
Sure can be produced by ligating the cloned gene, or a portion 
thereof, into a vector suitable for expression in either prokary 
otic cells, eukaryotic cells (yeast, avian, insect or mamma 
lian), or both. Expression vehicles for production of a recom 
binant ENG polypeptide include plasmids and other vectors. 
For instance, Suitable vectors include plasmids of the types: 
pBR322-derived plasmids, pFMBL-derived plasmids, pFX 
derived plasmids, pFBTac-derived plasmids and puC-derived 
plasmids for expression in prokaryotic cells, such as E. coli. 
0161 Some mammalian expression vectors contain both 
prokaryotic sequences to facilitate the propagation of the 
vector in bacteria, and one or more eukaryotic transcription 
units that are expressed in eukaryotic cells. The pcDNAI/ 
amp, pcDNAI/neo, pRc/CMV, pSV2gpt, pSV2neo, pSV2 
dhfr, pTk2, pRSVneo, pMSG, pSVT7... pko-neo and pHyg 
derived vectors are examples of mammalian expression vec 
tors suitable for transfection of eukaryotic cells. Some of 
these vectors are modified with sequences from bacterial 
plasmids, such as pBR322, to facilitate replication and drug 
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resistance selection in both prokaryotic and eukaryotic cells. 
Alternatively, derivatives of viruses such as the bovine pap 
illoma virus (BPV-1), or Epstein-Barr virus (pHEBo, pREP 
derived and p205) can be used for transient expression of 
proteins in eukaryotic cells. Examples of other viral (includ 
ing retroviral) expression systems can be found below in the 
description of gene therapy delivery systems. The various 
methods employed in the preparation of the plasmids and in 
transformation of host organisms are well known in the art. 
For other suitable expression systems for both prokaryotic 
and eukaryotic cells, as well as general recombinant proce 
dures, see Molecular Cloning A Laboratory Manual, 3rd Ed., 
ed. by Sambrook, Fritsch and Maniatis (Cold Spring Harbor 
Laboratory Press, 2001). In some instances, it may be desir 
able to express the recombinant polypeptides by the use of a 
baculovirus expression system. Examples of Such baculovi 
rus expression systems include pVL-derived vectors (such as 
pVL1392, pVL1393 and pVL941), p AcOW-derived vectors 
(such as pacUW1), and pBlueBac-derived vectors (such as 
the B-gal containing pBlueBac III). 
0162. In a preferred embodiment, a vector will be 
designed for production of the subject ENG polypeptides in 
CHO cells, such as a Pemv-Script vector (Stratagene, La 
Jolla, Calif.), pcDNA4 vectors (Invitrogen, Carlsbad, Calif.) 
and pCI-neo vectors (Promega, Madison, Wisc.). As will be 
apparent, the Subject gene constructs can be used to cause 
expression of the subject ENG polypeptides in cells propa 
gated in culture, e.g., to produce proteins, including fusion 
proteins or variant proteins, for purification. 
0163 This disclosure also pertains to a host cell trans 
fected with a recombinant gene including a coding sequence 
(e.g., SEQID NOs: 24, 26, 28, or 30) for one or more of the 
subject ENG polypeptides. The host cell may be any prokary 
otic or eukaryotic cell. For example, an ENG polypeptide 
disclosed herein may be expressed in bacterial cells such as E. 
coli, insect cells (e.g., using a baculovirus expression sys 
tem), yeast, or mammalian cells. Other Suitable host cells are 
known to those skilled in the art. 

0164. Accordingly, the present disclosure further pertains 
to methods of producing the subject ENG polypeptides. For 
example, a host cell transfected with an expression vector 
encoding an ENG polypeptide can be cultured under appro 
priate conditions to allow expression of the ENG polypeptide 
to occur. The ENG polypeptide may be secreted and isolated 
from a mixture of cells and medium containing the ENG 
polypeptide. Alternatively, the ENG polypeptide may be 
retained cytoplasmically or in a membrane fraction and the 
cells harvested, lysed and the protein isolated. A cell culture 
includes host cells, media and other byproducts. Suitable 
media for cell culture are well known in the art. The subject 
ENG polypeptides can be isolated from cell culture medium, 
host cells, or both, using techniques known in the art for 
purifying proteins, including ion-exchange chromatography, 
gel filtration chromatography, ultrafiltration, electrophoresis, 
immunoaffinity purification with antibodies specific for par 
ticular epitopes of the ENG polypeptides and affinity purifi 
cation with an agent that binds to a domain fused to the ENG 
polypeptide (e.g., a protein A column may be used to purify 
an ENG-Fc fusion). In a preferred embodiment, the ENG 
polypeptide is a fusion protein containing a domain which 
facilitates its purification. As an example, purification may be 
achieved by a series of column chromatography steps, includ 
ing, for example, three or more of the following, in any order: 
protein A chromatography, Q Sepharose chromatography, 
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phenylsepharose chromatography, size exclusion chromatog 
raphy, and cation exchange chromatography. The purification 
could be completed with viral filtration and buffer exchange. 
0.165. In another embodiment, a fusion gene coding for a 
purification leader sequence, Such as a poly-(His)/enteroki 
nase cleavage site sequence at the N-terminus of the desired 
portion of the recombinant ENG polypeptide, can allow puri 
fication of the expressed fusion protein by affinity chroma 
tography using a Ni" metal resin. The purification leader 
sequence can then be subsequently removed by treatment 
with enterokinase to provide the purified ENG polypeptide 
(e.g., see Hochuli et al., (1987).J. Chromatography 4.11:177; 
and Janknecht et al., PNAS USA 88:8972). 
0166 Techniques for making fusion genes are well 
known. Essentially, the joining of various DNA fragments 
coding for different polypeptide sequences is performed in 
accordance with conventional techniques, employing blunt 
ended or stagger-ended termini for ligation, restriction 
enzyme digestion to provide for appropriate termini, filling-in 
of cohesive ends as appropriate, alkaline phosphatase treat 
ment to avoid undesirable joining, and enzymatic ligation. In 
another embodiment, the fusion gene can be synthesized by 
conventional techniques including automated DNA synthe 
sizers. Alternatively, PCR amplification of gene fragments 
can be carried out using anchor primers which give rise to 
complementary overhangs between two consecutive gene 
fragments which can Subsequently be annealed to generate a 
chimeric gene sequence (see, for example, Current Protocols 
in Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 
1992). 
0167 Examples of categories of nucleic acid compounds 
that are antagonists of ENG, BMP-9, or BMP-10 include 
antisense nucleic acids, RNAi constructs and catalytic 
nucleic acid constructs. A nucleic acid compound may be 
single or double stranded. A double stranded compound may 
also include regions of overhang or non-complementarity, 
where one or the other of the strands is single stranded. A 
single stranded compound may include regions of self 
complementarity, meaning that the compound forms a so 
called “hairpin' or “stem-loop' structure, with a region of 
double helical structure. A nucleic acid compound may com 
prise a nucleotide sequence that is complementary to a region 
consisting of no more than 1000, no more than 500, no more 
than 250, no more than 100 or no more than 50,35, 30, 25, 22, 
20 or 18 nucleotides of the full-length ENG nucleic acid 
sequence or ligand nucleic acid sequence. The region of 
complementarity will preferably beat least 8 nucleotides, and 
optionally at least 10 or at least 15 nucleotides, and optionally 
between 15 and 25 nucleotides. A region of complementarity 
may fall within an intron, a coding sequence, or a noncoding 
sequence of the target transcript, such as the coding sequence 
portion. Generally, a nucleic acid compound will have a 
length of about 8 to about 500 nucleotides or base pairs in 
length, and optionally the length will be about 14 to about 50 
nucleotides. A nucleic acid may be a DNA (particularly for 
use as an antisense), RNA, or RNA:DNA hybrid. Any one 
strand may include a mixture of DNA and RNA, as well as 
modified forms that cannot readily be classified as either 
DNA or RNA. Likewise, a double stranded compound may be 
DNA:DNA, DNA:RNA or RNA:RNA, and any one strand 
may also include a mixture of DNA and RNA, as well as 
modified forms that cannot readily be classified as either 
DNA or RNA. A nucleic acid compound may include any of 
a variety of modifications, including one or modifications to 
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the backbone (the Sugar-phosphate portion in a natural 
nucleic acid, including internucleotide linkages) or the base 
portion (the purine or pyrimidine portion of a natural nucleic 
acid). An antisense nucleic acid compound will preferably 
have a length of about 15 to about 30 nucleotides and will 
often contain one or more modifications to improve charac 
teristics such as stability in the serum, in a cell or in a place 
where the compound is likely to be delivered, such as the 
stomach in the case of orally delivered compounds and the 
lung for inhaled compounds. In the case of an RNAi con 
struct, the Strand complementary to the target transcript will 
generally be RNA or modifications thereof. The other strand 
may be RNA, DNA, or any other variation. The duplex por 
tion of double stranded or single stranded “hairpin' RNAi 
construct will preferably have a length of 18 to 40 nucleotides 
in length and optionally about 21 to 23 nucleotides in length, 
So long as it serves as a Dicer Substrate. Catalytic or enzy 
matic nucleic acids may be ribozymes or DNA enzymes and 
may also contain modified forms. Nucleic acid compounds 
may inhibit expression of the target by about 50%, 75%, 90%, 
or more when contacted with cells under physiological con 
ditions and at a concentration where a nonsense or sense 
control has little or no effect. Preferred concentrations for 
testing the effect of nucleic acid compounds are 1, 5 and 10 
micromolar. Nucleic acid compounds may also be tested for 
effects on, for example, angiogenesis. 

6. Alterations in Fc-Fusion Proteins 

(0168 The application further provides ENG-Fc fusion 
proteins with engineered or variant Fc regions. Such antibod 
ies and Fc fusion proteins may be useful, for example, in 
modulating effector functions, such as, antigen-dependent 
cytotoxicity (ADCC) and complement-dependent cytotoxic 
ity (CDC). Additionally, the modifications may improve the 
stability of the antibodies and Fc fusion proteins. Amino acid 
sequence variants of the antibodies and Fc fusion proteins are 
prepared by introducing appropriate nucleotide changes into 
the DNA, or by peptide synthesis. Such variants include, for 
example, deletions from, and/or insertions into and/or Substi 
tutions of residues within the amino acid sequences of the 
antibodies and Fc fusion proteins disclosed herein. Any com 
bination of deletion, insertion, and Substitution is made to 
arrive at the final construct, provided that the final construct 
possesses the desired characteristics. The amino acid changes 
also may alter post-translational processes of the antibodies 
and Fc fusion proteins, such as changing the number or posi 
tion of glycosylation sites. 
0169. Antibodies and Fc fusion proteins with reduced 
effector function may be produced by introducing changes in 
the amino acid sequence, including, but are not limited to, the 
Ala-Ala mutation described by Bluestone et al. (see WO 
94/28027 and WO 98/47531; also see Xu et al. 2000 Cell 
Immunol 200; 16-26). Thus in certain embodiments, antibod 
ies and Fc fusion proteins of the disclosure with mutations 
within the constant region including the Ala-Ala mutation 
may be used to reduce or abolish effector function. According 
to these embodiments, antibodies and Fc fusion proteins may 
comprise a mutation to an alanine at position 234 or a muta 
tion to analanine at position 235, or a combination thereof. In 
one embodiment, the antibody or Fc fusion protein comprises 
an IgG4 framework, wherein the Ala-Ala mutation would 
describe a mutation(s) from phenylalanine to alanine at posi 
tion 234 and/or a mutation from leucine to alanine at position 
235. In another embodiment, the antibody or Fc fusion pro 
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tein comprises an IgG1 framework, wherein the Ala-Ala 
mutation would describe a mutation(s) from leucine to ala 
nine at position 234 and/or a mutation from leucine to alanine 
at position 235. The antibody or Fc fusion protein may alter 
natively or additionally carry other mutations, including the 
point mutation K322A in the CH2 domain (Hezareh et al. 
2001 JVirol. 75: 12161-8). 
0170 In particular embodiments, the antibody or Fc 
fusion protein may be modified to either enhance or inhibit 
complement dependent cytotoxicity (CDC). Modulated CDC 
activity may be achieved by introducing one or more amino 
acid substitutions, insertions, or deletions in an Fc region 
(see, e.g., U.S. Pat. No. 6,194.551). Alternatively or addition 
ally, cysteine residue(s) may be introduced in the Fc region, 
thereby allowing interchain disulfide bond formation in this 
region. The homodimeric antibody thus generated may have 
improved or reduced internalization capability and/or 
increased or decreased complement-mediated cell killing. 
See Caron et al., J. Exp Med. 176:1191-1195 (1992) and 
Shopes, B. J. Immunol. 148:2918-2922 (1992), WO99/ 
51642, Duncan & Winter Nature 322: 738-40 (1988): U.S. 
Pat. No. 5,648,260; U.S. Pat. No. 5,624,821; and WO94/ 
29351. 

EXAMPLES 

(0171 The invention now being generally described, it will 
be more readily understood by reference to the following 
examples, which are included merely for purposes of illus 
tration of certain embodiments and embodiments of the 
present invention, and are not intended to limit the invention. 

Example 1 

Expression of Fusion Protein Comprising 
Full-Length Extracellular Domain of Human ENG 

0172 Applicants constructed a soluble endoglin (ENG) 
fusion protein (hENG(26-586)-hFc) in which the full-length 
extracellular domain (ECD) of human ENG (FIG.9, SEQID 
NO: 9) was attached to a human IgGFc domain (FIG. 11, 
SEQ ID NO: 11) with a minimal linker between these 
domains. hENG(26-586)-hFc was expressed by transient 
transfection in HEK 293 cells. In brief, HEK 293 cells were 
set up in a 500-ml spinner at 6+10 cells/ml in a 250 ml 
Volume of Freestyle media (Invitrogen) and grown overnight. 
Next day, these cells were treated with DNA:PEI (1:1) com 
plex at 0.5ug/ml final DNA concentration. After 4 hrs, 250 ml 
media was added and cells were grown for 7 days. Condi 
tioned media was harvested by spinning down the cells and 
concentrated. For expression in CHO cells, ENG polypeptide 
constructs were transfected into a CHODUKXB11 cell line. 
Clones were selected in methotrexate (MTX), typically at an 
initial concentration of 5 nM or 10 nM, and optionally fol 
lowed by amplification in 50 nMMTX to increase expression. 
A high expressing clone could be identified by dilution clon 
ing and adapted to serum-free Suspension growth to generate 
conditioned media for purification. Optionally, a ubiquitous 
chromatin opening element (UCOE) may be included in the 
vector to facilitate expression. See, e.g., Cytotechnology. 
January 2002;38(1-3):43-6. 
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0173 Three different leader sequences may be used: 

(i) Honey bee mellitin (HBML) : 
(SEQ ID NO: 13) 

MKFLWNWALWFMWWYISYIYA 

(ii) Tissue plasminogen activator (TPA) : 
(SEQ ID NO: 14) 

MDAMKRGLCCWLLLCGAWFWSP 

(iii) Native human ENG: 
(SEQ ID NO: 15) 

MDRGTLPLAWALLLASCSLSPTSLA 

(0174. The selected form of hENG(26-586)-hFc uses the 
TPA leader, has the unprocessed amino acid sequence shown 
in FIG. 13 (SEQID NO: 16), and is encoded by the nucleotide 
sequence shown in FIG.14 (SEQID NO:17). Applicants also 
envision an alternative hENG(26-586)-hFc sequence with 
TPA leader (FIG. 15, SEQID NO: 18) comprising an N-ter 
minally truncated hFc domain (FIG. 12, SEQ ID NO: 12) 
attached to hENG(26-586) by a TGGG linker. Purification 
was achieved using a variety of techniques, including, for 
example, filtration of conditioned media, followed by protein 
A chromatography, elution with low-pH (3.0) glycine buffer, 
sample neutralization, and dialysis against PBS. Purity of 
samples was evaluated by analytical size-exclusion chroma 
tography, SDS-PAGE, silver staining, and Western blot. 
Analysis of mature protein confirmed the expected N-termi 
nal sequence. 

Example 2 

Expression of Fusion Protein Comprising 
Full-Length Extracellular Domain of Murine ENG 

0.175. Applicants constructed a soluble murine ENG 
fusion protein (mENG(27-581)-mFc) in which the full 
length extracellular domain of murine ENG (FIG. 10, SEQID 
NO: 10) was fused to a murine IgG Fc domain with a 
minimal linkers between these domains. mENG(27-581)- 
mFc was expressed by transient transfection in HEK 293 
cells. 

(0176) The selected form of mENG(27-581)-mFc uses the 
TPA leader, has the unprocessed amino acid sequence shown 
in FIG.16 (SEQID NO: 19), and is encoded by the nucleotide 
sequence shown in FIG. 17 (SEQ ID NO: 20). Purification 
was achieved by filtration of conditioned media from trans 
fected HEK 293 cells, followed by protein A chromatogra 
phy. Purity of samples was evaluated by analytical size-ex 
clusion chromatography, SDS-PAGE, silver staining, and 
Western blot analysis. 

Example 3 

Selective Binding of BMP-9/BMP-10 to Proteins 
Comprising Full-Length Extracellular ENG Domain 

0177 Considered a co-receptor, ENG is widely thought to 
function by facilitating the binding of TGF-31 and -3 to 
multiprotein complexes of type I and type II receptors. To 
investigate the possibility of direct ligand binding by isolated 
ENG. Applicants used surface plasmon resonance (SPR) 
methodology (BiacoreTM instrument) to screen for binding of 
captured proteins comprising the full-length extracellular 
domain of ENG to a variety of soluble human TGF-B family 
ligands. 
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Construct Binding 

mENG(27-581)- 
Ligand hENG(26-586)-hFc hENG(26-586)* hFc:*** 

BMP-2 
BMP-2.7 
BMP-7 
BMP-9 -------- -------- -------- 

BMP-10 -------- -------- -------- 

hTGF-B1 
hTGF-B2 
hTGF-B3 
hActivin A 

*hBMP-9, hBMP-10 = 2.5 nM; all other ligands tested at 100 nM 
**hBMP-9, hBMP-10 = 2.5 nM; all other ligands tested at 25 nM 
***hBMP-9), hBMP-10 =0.5 nM; hTGF-B1), hTGF-B2), hTGF-B3)= 10 nM; all other 
ligands tested at 25 nM 

0.178 As shown in this table, binding affinity to hENG(26 
586)-hFc was high (++++, K-1 nM) for hBMP-9 and 
hBMP-10 as evaluated at low ligand concentrations. Even at 
concentrations 40-fold higher, binding of TGF-31, TGF-32, 
TGF-B3, activin A, BMP-2, and BMP-7 to hENG(26-586)- 
hFc was undetectable (-). For this latter group of ligands, lack 
of direct binding to isolatedENG fusion protein is noteworthy 
because multiprotein complexes of type I and type II recep 
tors have been shown to bind most of them better in the 
presence of ENG than in its absence. As also shown in the 
table above, similar results were obtained when ligands were 
screened for their ability to bind immobilized hENG(26-586) 
(R&D Systems, catalog #1097-EN), a human variant with no 
Fc domain, or their ability to bind captured mENG(27-581)- 
hFc (R&D Systems, catalog #1320-EN), consisting of the 
extracellular domain of murine ENG (residues 27-581) 
attached to the Fc domain of human IgG via a six-residue 
linker sequence (IEGRMD). Characterization by SPR (FIGS. 
18, 19) determined that captured hENG(26-586)-hFc binds 
soluble BMP-9 with a K of 29 pMand soluble BMP-10 with 
a K of 400 pM. Thus, selective high-affinity binding of 
BMP-9 and BMP-10 is a previously unrecognized property of 
the ENG extracellular domain that is generalizable across 
species. 

Example 4 

Soluble Extracellular Domain of hENG Inhibits 
Binding of BMP-9/BMP-10 to ALK1 and Other 

Cognate Receptors 

(0179 BMP-9 and BMP-10 are high-affinity ligands at the 
type I receptor ALK1 (activin receptor-like kinase 1). An 
SPR-based assay was used to determine the effect of soluble 
hENG(26-586) (R&D Systems, catalog #1097-EN) on bind 
ing of BMP-9 and BMP-10 to ALK1. ALK1-hFc was cap 
tured and then exposed to solutions containing soluble hENG 
(26-586) premixed with BMP-9 in various ratios. As shown in 
FIG. 20, soluble hENG(26-586) inhibited binding of BMP-9 
to ALK1-Fc in a concentration-dependent manner with an 
ICs less than 10 nM. Similar results were obtained with 
BMP-10 (FIG. 21). Separate experiments have demonstrated 
that soluble hENG(26-586) does not bind ALK1 and there 
fore does not inhibit ligand binding to ALK1 by this mecha 
nism. Indeed, additional SPR-based experiments indicate that 
soluble hENG(26-586) binds neither type I receptors ALK2 
ALK7 nor type II receptors such as activin receptor IIA, 
activin receptor JIB, bone morphogenetic protein receptor II, 
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and TGF-3 receptor II. These results provide further evidence 
that ENG inhibits binding of BMP-9 and BMP-10 to ALK1 
primarily through a direct interaction with these ligands. 
0180 Taken together, these data demonstrate that soluble 
ENG-Fc chimeric proteins as well as non-chimeric soluble 
ENG can be used as antagonists of BMP-9 and BMP-10 
signaling through multiple signaling pathways, including 
ALK1. 

Example 5 

Effect of mENG(27-581)-hFc on Human Umbilical 
Vein Endothelial Cells (HUVEC) in Culture 

0181. Applicants investigated the angiogenic effect of 
mENG(27-581)-hFc in a HUVEC-based culture system. 
HUVECs were cultured on a polymerized Matrigel substrate, 
and the effect of testarticles on formation of endothelial-cell 
tubes (cords) was assessed by phase-contrast microscopy 
after 12h exposure. Cords possessing single-cell width and at 
least three branches were identified visually, and computer 
assisted image analysis was used to determine the total length 
of such cords. Mean values are based on duplicate culture 
wells per experimental condition, with each well character 
ized as the average of three fields of observation. Compared to 
basal conditions (no treatment), the strong inducing agent 
endothelial cell growth substance (ECGS, 0.2 g/ml) doubled 
mean cord length (FIG.22). mENG(27-581)-hFc (R&D Sys 
tems, catalog #1320-EN: 10 ug/ml) cut this increase by nearly 
60%, an effect specific for stimulated conditions because the 
same concentration of mENG(27-581)-hFc had little effect in 
the absence of ECGS (FIG. 22). These results demonstrate 
that ENG-Fc fusion protein can inhibit endothelial cell aggre 
gation under otherwise stimulated conditions in a cell-culture 
model of angiogenesis. 

Example 6 

ENG-Fc Inhibits VEGF-Inducible Angiogenesis in a 
Chick Chorioallantoic Membrane (CAM) Assay 

0182. A chick chorioallantoic membrane (CAM) assay 
system was used to investigate effects of ENG-Fc fusion 
protein on angiogenesis. In brief, nine-day-old fertilized 
chick embryos were maintained in an egg incubator at con 
trolled temperature (37° C.) and humidity (60%). The egg 
shell was softened with alcohol, punctured with a tiny hole to 
create a “blister” between the shell membrane and CAM, and 
removed to create a window overlying prominent blood ves 
sels. Small filter disks were treated with VEGF (50ng daily) 
in the presence or absence of mENG(27-581)-hFc protein 
(R&D Systems, catalog #1320-EN; 14 ug daily) dissolved in 
buffer (pH 7.4) containing 0.01 M HEPES, 0.5 M NaCl, 3 
mM EDTA, 0.005% v/v Surfactant P20, and 0.5 mg/ml 
bovine serum albumin. Filter disks containing test article 
were then inserted through the opening and apposed to the 
CAM. Eggs (n=8 per group) were treated with fresh test 
article daily for three days, and on the fourth day the number 
of blood vessels associated with the filter disk was determined 
by visual inspection with the assistance of an egg lamp. 
0183. As expected, VEGF treatment in the CAM assay 
system increased the number of blood vessels markedly over 
that of vehicle. The number of additional blood vessels 
induced by VEGF treatment was decreased by 65% with 
concurrent mENG(27-581)-hFc treatment (FIG. 23). SPR 
based studies indicate that VEGF does not bind mENG(27 
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581)-mFc, and thus effects of mENG(27-581)-hFc on angio 
genesis in the present CAM experiment were not due to a 
direct interaction between the fusion protein and VEGF. The 
foregoing results indicate that ENG-Fc can significantly 
inhibit the well-established angiogenic effect of VEGF in an 
in vivo model without contacting VEGF itself. 

Example 7 

Effect of mENG(27-581)-mFc on Angiogenesis in a 
Mouse Angioreactor Assay 

0184 Effects of ENG-Fc fusion protein on angiogenesis 
were further investigated in a mouse angioreactor assay, also 
known as a directed in vivo angiogenesis assay (DIVAATM: 
Guedez et al., 2003, Am J Pathol 162:1431-1439), which was 
performed according to instructions of the manufacturer (Tre 
vigenR). In brief, hollow cylinders made of implant-grade 
silicone and closed at one end were filled with 20 ul of 
basement membrane extract (BME) premixed with or with 
out a combination of basic fibroblast growth factor (FGF-2, 
1.8 g) and VEGF (600 ng). After the BME had gelled, 
angioreactors were implanted Subcutaneously in athymic 
nude mice (four per mouse). Mice were treated daily with 
mENG(27-581)-mFc (10 mg/kg, s.c.) or vehicle (Tris-buff 
ered saline) for 11 days, at which time mice were injected 
with fluorescein isothiocyanate (FITC)-labeled dextran (20 
mg/kg, i.v.) and euthanized 20 min later. Angioreactors were 
removed, and the amount of FITC-dextran contained in each 
was quantified with a fluorescence plate reader (InfiniteR 
M200. Tecan) at 485 nm excitation/520 nm emission as an 
index of blood vessel formation. As shown in FIG. 24, addi 
tion of FGF-2 and VEGF to the BME led to a significant 
increase in vascularization within the angioreactors at Study 
completion, whereas the concurrent administration of mENG 
(27-581)-mFc prevented this increase completely. These 
results obtained in a mammalian system complement those 
obtained with the CAM assay described above and demon 
strate the in vivo anti-angiogenic activity of ENG-Fc fusion 
proteins incorporating a full-length ENG extracellular 
domain. 

Example 8 

Expression of Variants with Truncated hENG 
Extracellular Domain 

0185. Applicants generated soluble ENG fusion proteins 
in which truncated variants of the human ENG ECD were 
fused to a human IgG Fc domain with a minimal linker. 
These variants are listed below, and the structures of selected 
variants are shown schematically in FIG. 25. 

Stable 
Transient Expression 

Human Construct Expression Purified (CHO Cells) 

Full Length hENG(26-586)-hFc HEK 293 Yes Yes 
Carboxy- hENG(26-581)-hFc HEK 293 Yes No 
Terminal hENG(26-437)-hFc HEK 293 Yes No 
Truncations hENG(26-378)-hFc HEK 293 Yes No 

hENG(26-359)-hFc HEK 293 Yes Yes 
hENG(26-346)-hFc HEK 293 Yes Yes 
hENG(26-332)-hFc HEK 293 Yes No 
hENG(26-329)-hFc HEK 293 Yes No 
hENG(26-257)-hFc HEK 293 Yes No 
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-continued 

Stable 
Transient Expression 

Human Construct Expression Purified (CHO Cells) 

Amino- hENG(360-586)-hFc HEK 293 Yes No 
Terminal hENG(438-586)-hFc HEK 293 Yes No 
Truncations hENG(458-586)-hFc COS No No 
Double hENG (61-346)-hFc HEK 293 Yes No 
Truncations hENG (129-346)-hFc HEK 293 Yes No 

hENG(133-346)-hFc HEK 293 Yes No 
hENG (166-346)-hFc HEK 293 Yes No 
hENG(258-346)-hFc HEK 293 Yes No 
hENG(360-581)-hFc HEK 293 Yes No 
hENG(360-457)-hFc COS No No 
hENG(360-437)-hFc COS No No 
hENG(458-581)-hFc COS No No 

0186 These variants were expressed by transient transfec 
tion in HEK 293 cells or COS cells, as indicated. 
0187. The selected form of hENG(26-437)-hFc uses the 
TPA leader, has the unprocessed amino acid sequence shown 
in FIG. 26 (SEQID NO: 21), and is encoded by the nucleotide 
sequence shown in FIG. 27 (SEQID NO: 22). The selected 
form of hENG(26-378)-hFc also uses the TPA leader, has the 
unprocessed amino acid sequence shown in FIG. 28 (SEQID 
NO. 23), and is encoded by the nucleotide sequence shown in 
FIG. 29 (SEQ ID NO. 24). The selected form of hENG(26 
359)-hFc also uses the TPA leader, has the unprocessed amino 
acid sequence shown in FIG. 30 (SEQ ID NO: 25), and is 
encoded by the nucleotide sequence shown in FIG. 31 (SEQ 
ID NO: 26). Applicants also envision an alternative hENG 
(26-359)-hFc sequence with TPA leader (FIG. 32, SEQ ID 
NO: 27) comprising an N-terminally truncated hFc domain 
(FIG. 12, SEQ ID NO: 12) attached to hENG(26-359) by a 
TGGG linker. The nucleotide sequence encoding this alter 
native hENG(26-359)-hFc protein is shown in FIG.33 (SEQ 
ID NO: 28). The selected form of hENG(26-346)-hFc uses 
the TPA leader, has the unprocessed amino acid sequence 
shown in FIG. 34 (SEQID NO: 29) comprising an N-termi 
nally truncated hFc domain, and is encoded by the nucleotide 
sequence shown in FIG. 35 (SEQID NO:30). 
0188 Selected hENG-hFc variants, each with an N-termi 
nally truncated Fc domain (SEQ ID NO: 12), were stably 
expressed in CHO cells (using methodology described above) 
and purified from conditioned media by filtration and protein 
A chromatography. Analysis of mature protein expressed in 
CHO cells confirmed the N-terminal sequences of hENG(26 
359)-hFc and hENG(26-346)-hFc to be as expected. On the 
basis of protein yield (uncorrected for differences in theoreti 
cal molecular weight), hENG(26-346)-hFc (90 mg/liter) was 
superior to both hENG(26-359)-hFc (9 mg/liter) and full 
length hENG(26-586)-hFc (31 mg/liter). As shown in FIG. 
36, analysis of these purified samples by size-exclusion chro 
matography revealed the quality of hENG(26-346)-hFc pro 
tein (96% monomeric) to be superior to that of hENG(26 
359)-hFc protein (84% monomeric) and equivalent to that of 
hENG(26-586)-hFc protein (96% monomeric). Thus, greater 
levels of high-molecular-weight aggregates require the use of 
additional purification steps for hENG(26-359)-hFc com 
pared to hENG(26-346)-hFc. 

Example 9 
High-Affinity Binding of BMP-9/BMP-10 to 

Truncated hENG-hEc Variants 

0189 Applicants used SPR methodology to screen the 
following hENG-hFc protein variants for high-affinity bind 
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ing to human BMP-9 and BMP-10. In these experiments, 
captured hENG-hFc proteins were exposed to soluble BMP-9 
or BMP-10 at 100 nM each. 

Binding to hBMP-9 
Human Construct and hEBMP-10 

Full Length ENG(26-586)-hFc -------- 
Carboxy-Terminal ENG(26-581)-hFc -------- 
Truncations ENG(26-437)-hFc -------- 

ENG(26-378)-hFc -------- 
ENG(26-359)-hFc -------- 
ENG(26-346)-hFc -------- 
ENG(26-332)-hFc 
ENG(26-329)-hFc 
ENG(26-257)-h 
ENG(360-586)-hFc 
ENG(438-586)-hFc 
ENG(458-586)-hFc 
ENG.(61-346)-hFc 
ENG (129-346)-hFc 
ENG (133-346)-hFc 
ENG (166-346)-hFc 
ENG(258-346)-hFc 
ENG(360-581)-hFc 
ENG(360-457)-hFc 
ENG(360-437)-hFc 
ENG(458-581)-hFc 

Amino-Terminal 
Truncations 

Double Truncations 

++++KD < 1 nM 

—Binding undetectable 

0190. As indicated in the table above, high-affinity bind 
ing to BMP-9 and BMP-10 was observed only for the full 
length construct and for C-terminally truncated variants as 
short as hENG(26-346)-hFc. High-affinity binding to BMP-9 
and BMP-10 was lost for all N-terminal truncations of greater 
than 61 amino acids that were tested. 

0191) A panel of ligands were screened for potential bind 
ing to the C-terminal truncated variants hENG(26-346)-hFc. 
hENG(26-359)-hFc, and hENG(26-437)-hFc. High-affinity 
binding of these three proteins was selective for BMP-9 and 
BMP-10. Neither hENG(26-346)-hFc, hENG(26-359)-hFc, 
nor hENG(26-437)-hFc displayed detectable binding to 
BMP-2, BMP-7, TGF-31, TGF-B2, TGF-83, or activin A, 
even at highligand concentrations. 

Construct Binding 

hENG(26-346)- hENG(26-359)- 
Ligand hFc: hFc:** 

hENG(26-437)- 
hFc:* * 

BMP-2 
BMP-2.7 
BMP-7 
BMP-9 -------- -------- -------- 

BMP-10 -------- -------- -------- 

hTGF-B1 
hTGF-B2 
hTGF-B3 
hActivin A 

*hBMP-9), hBMP-10) = 5 nM; hTGF-B3) = 50 nM; all other ligands tested at 100 nM 
**hBMP-9), hBMP-10) = 5 nM; hTGF-B3) = 50 nM; all other ligands tested at 100 nM 
++++KD < 1 nM 
—Binding undetectable 

0.192 Applicants used SPR methodology to compare the 
kinetics of BMP-9 binding by five constructs: hENG(26 
586)-hFc. hENG(26-437)-hFc. hENG(26-378)-hFc, hENG 
(26-359)-hFc, and hENG(26-346)-hFc. FIG.37 shows bind 
ing curves for several of the constructs, and the table below 
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lists calculated values for the equilibrium dissociation con 
stants and dissociation rate constants (k). The affinity of 
human BMP-9 for hENG(26-359)-hFc or hENG(26-346)- 
hFc (with KS in the low picomolar range) was nearly an 
order of magnitude stronger than for the full-length construct. 
It is highly desirable for ligand traps such as ENG-Fc to 
exhibit a relatively slow rate of ligand dissociation, so the 
ten-fold improvement (decrease) in the BMP-9 dissociation 
rate for hENG(26-346)-hFc compared to the full-length con 
struct is particularly noteworthy. 

Ligand Construct K(x10'’M) k(x10's) 

BMP-9 hENG(26-586)-hFck 33 25 
hENG(26-437)-hFc * 19 14 
hENG(26-378)-hFc * 6.7 3.4 
hENG(26-359)-hFck 4.2 3.5 
hENG(26-346)-hFck 4.3 2.4 

*CHO-cell-derived protein 
**HEK293-cell-derived protein 

0193 As shown below, each of the truncated variants also 
bound BMP-10 with higher affinity, and with better kinetics, 
compared to the full-length construct. Even so, the truncated 
variants differed in their degree of preference for BMP-9 over 
BMP-10 (based on K, ratio), with hENG(26-346)-hFc dis 
playing the largest differential and hENG(26-437)-hFC the 
smallest. This difference in degree of ligand preference 
among the truncated variants could potentially translate into 
meaningful differences in their activity in vivo. 

Ligand Construct K (x10M) k(x10's) 

BMP-10 hENG(26-586)-hFck 490 110 
hENG(26-437)-hFc * 130 28 
hENG(26-378)-hFc * 95 19 
hENG(26-359)-hFck 86 23 
hENG(26-346)-hFck 140 28 

*CHO-cell-derived protein 
**HEK293-cell-derived protein 

0194 The foregoing results indicate that fusion proteins 
comprising certain C-terminally truncated variants of the 
hENG ECD display high-affinity binding to BMP-9 and 
BMP-10 but not to a variety of other TGF-B family ligands, 
including TGF-B1 and TGF-33. In particular, the truncated 
variants hENG(26-359)-hFc, hENG(26-346)-hFc, and 
hENG(26-378)-hFc display higher binding affinity at equi 
librium and improved kinetic properties for BMP-9 com 
pared to both the full-length construct hENG(26-586)-hFc 
and the truncated variant hENG(26-437)-hFc. 

Example 10 

Prediction of Secondary Structure for ENG 
N-Terminal Region 

0.195. As disclosed above, N-terminal truncations as short 
as 36 amino acids (hENG (61-346)-hFc) were found to abol 
ish ligand binding to ENG polypeptides. To anticipate the 
effect of even shorter N-terminal truncations on ligand bind 
ing, the secondary structure for the human endoglin orphan 
domain was predicted computationally with a modified 
Psiprediversion3 (Jones, 1999, J Mol Biol 292: 195-202). The 
analysis indicates that ordered secondary structure within the 
ENG polypeptide region defined by amino acids 26-60 of 
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SEQ ID NO: 1 is limited to a four-residue beta strand pre 
dicted with high confidence at positions 42-45 of SEQID NO: 
1 and a two-residue beta strand predicted with very low con 
fidence at positions 28-29 of SEQ ID NO: 1. Accordingly, 
ENG polypeptide variants beginning at amino acids 27 or 28 
and optionally those beginning at any of amino acids 29-42 of 
SEQ ID NO: 1 are likely to retain important structural ele 
ments and ligand binding. 

Example 11 

Potency of ENG-Fc Variants in a Cell-Based Assay 

0196. A reporter-gene assay in A204 cells was used to 
determine the potency with which hENG-hFc fusion proteins 
inhibit signaling by BMP-9 and BMP-10. This assay is based 
on a human rhabdomyosarcoma cell line transfected with a 
pGL3 BRE-luciferase reporter plasmid (Korchynskyi et al. 
2002, J Biol Chem 277: 4883-4891), as well as a Renilla 
reporter plasmid (pRLCMV-luciferase) to control for trans 
fection efficiency. BRE motifs are present in BMP-responsive 
genes (containing a Idl promoter), so this vector is of general 
use for factors signaling through Smad1 and/or Smad3. In the 
absence of ENG-Fc fusion proteins, BMP-9 and BMP-10 
dose-dependently stimulate signaling in A204 cells. 

(0197). On the first day of the assay, A204 cells (ATCC(R) 
number: HTB-82TM; depositor: DJ Giard) were distributed in 
48-well plates at 10 cells per well. On the next day, a solution 
containing 12 ug pCL3 BRE-luciferase, 0.1 ug pRLCMV 
luciferase, 30 ul Fugene 6 (Roche Diagnostics), and 970 ul 
OptiMEM (Invitrogen) was preincubated for 30 min at room 
temperature before addition to 24 ml of assay buffer (Mc 
Coy's medium supplemented with 0.1% BSA). This mixture 
was applied to the plated cells (500 ul/well) for incubation 
overnight at 37°C. On the third day, medium was removed 
and replaced with test substances (250 ul/well) diluted in 
assay buffer. After an overnight incubation at 37°C., the cells 
were rinsed and lysed with passive lysis buffer (Promega 
E1941) and frozen at -70° C. Prior to assay, the plates were 
warmed to room temperature with gentle shaking Cell lysates 
were transferred in duplicate to a chemoluminescence plate 
(96-well) and analyzed in a luminometer with reagents from 
a Dual-Luciferase Reporter Assay system (Promega E1980) 
to determine normalized luciferase activity. 
0198 Results indicate that hENG-hFc proteins are potent 
inhibitors of cellular signaling mediated by BMP-9 and 
BMP-10. As shown in the table below, the full-length con 
struct hENG(26-586)-hFc inhibits signaling by BMP-9 and 
BMP-10 with ICs values in the sub-nanomolar and low 
nanomolar ranges, respectively. Moreover, truncated variants 
hENG(26-359)-hFc and hENG(26-346)-hFc were both more 
potent than hENG(26-586)-hFc. 

ICso (nM 

Construct BMP-9 BMP-10 

hENG(26-586)-hFc O.26 7.9 
hENG(26-359)-hFc O16 3.5 
hENG(26-346)-hFc O.19 4.6 
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Example 12 

Truncated Variant hENG(26-359)-hFc Inhibits 
VEGF-Inducible Angiogenesis in a CAM Assay 

0199. Applicants investigated effects of the truncated vari 
ant hENG(26-359)-hFc on angiogenesis in the same CAM 
assay system described in Example 6, in which VEGF is used 
to induce angiogenesis. The number of additional blood ves 
sels induced by VEGF treatment (50ng daily) was decreased 
by 75% with concurrent hENG(26-359)-hFc (SEQ ID NO: 
25; 20 ug daily) (FIG.38). SPR-based studies confirmed that 
VEGF does not bind hENG(26-359)-hFc, and thus effects of 
this variant on angiogenesis in the present CAM experiment 
were not due to a direct interaction between the fusion protein 
and VEGF. Note that, for hENG(26-359)-hFc, a dose of 10 ug 
corresponds to the dose of 14 ug used for the longer ENG-Fc 
constructs tested in Example 6, based on the theoretical 
molecular weight of each construct. Thus, the truncated Vari 
ant hENG(26-359)-hFc displayed equivalent, if not greater, 
effectiveness in inhibiting VEGF-inducible angiogenesis 
compared to ENG constructs with full-length ECD (FIG. 23) 
in this same assay system. 

Example 13 

Truncated Variant hENG(26-346)-hFc Inhibits 
Angiogenesis in a Mouse Angioreactor Assay 

(0200 Truncated variant hENG(26-346)-hFc was tested in 
the same mouse angioreactor assay described in Example 7. 
Angioreactors were implanted Subcutaneously in athymic 
nude mice (four per mouse), and mice were treated daily with 
hENG(26-346)-hFc (10 mg/kg, s.c.) or vehicle (Tris-buffered 
saline) for 11 days, at which time the mice were injected with 
fluorescein isothiocyanate (FITC)-labeled dextran (20 
mg/kg, i.v.) and euthanized 20 min later. The quantity of 
FITC-dextran contained in each angioreactor was then mea 
sured as an index of blood vessel formation. As shown in FIG. 
39, addition of the growth factors (GF) FGF-2 and VEGF to 
the angioreactors led to a significant increase in vasculariza 
tion, whereas concurrent administration of hENG(26-346)- 
hFc prevented this increase completely. SPR-based studies 
confirmed that hENG(26-346)-hFc binds neither FGF-2 nor 
VEGF, thereby excluding the possibility that effects of hENG 
(26-346)-hFc on inducible angiogenesis in the present experi 
ment were due to a direct interaction between the fusion 
protein and either FGF-2 or VEGF. The present results in this 
mammalian assay system complement those obtained for the 
truncated variant hENG(26-359)-hFc in a CAM assay (Ex 
ample 12). Together, they demonstrate anti-angiogenic activ 
ity in vivo of ENG-Fc fusion proteins incorporating preferred 
truncations of the ENG extracellular domain. 

Example 14 

Longer in Vivo Half-Life of Truncated Variant 
hENG(26-346)-hFc 

0201 Applicants conducted a modified pharmacokinetic 
study to determine the whole-body elimination half-life of 
hENG(26-346)-hFc and compared it to that of the full-length 
protein mENG(27-581)-mFc. hENG(26-346)-hFc protein 
was fluorescently labeled with Alexa Fluor R 750 dye using a 
SAIVITM (small animal in vivo imaging) Rapid Antibody 
Labeling kit according to instructions of the manufacturer 
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(InvitrogenTM). Labeled protein was separated from free label 
by size exclusion chromatography. Athymic nude mice (n=3, 
17-20 g) were injected with labeled hENG(26-346)-hFc (2 
mg/kg, s.c.), and whole-body imaging was performed with an 
IVIS imaging system (Xenogen R/Caliper Life Sciences) to 
determine fusion protein levels at 2, 4, 6, 8, 24, 32, 48, and 72 
h post injection. The mean elimination half-life ofhENG(26 
346)-hFc was 26.5 h, which is 20% longer than the 22 h 
half-life of mENG(27-581)-mFc determined in a similar 
study. 

Example 15 

Effect of ENG-Fc Proteins on Tumor Growth in 
Mouse Xenograft Models 

0202) ENG-Fc proteins were tested in two different mouse 
Xenograft models to determine whether these proteins can 
inhibit tumor growth. In the first experiment, athymic nude 
mice were injected subcutaneously at 6 weeks of age with 10 
4T1 mammary carcinoma cells (ATCC(R) number: CRL 
2539TM; depositor: BA Pulaski). Mice (n=10 per group) were 
dosed daily (s.c.) with mENG(27-581)-mFc (10 mg/kg) or 
vehicle (Tris-buffered saline). Tumors were measured manu 
ally with digital calipers, and tumor Volume was calculated 
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ume, with decreases of 55% and nearly 70% compared to 
vehicle at doses of 10 mg/kg and 30 mg/kg, respectively, by 
day 58 post implantation. Thus, mENG(27-581)-mFc mark 
edly slowed the growth of two different tumor types in mouse 
Xenograft models, consistent with the aforementioned anti 
angiogenic activity of fusion proteins incorporating the full 
length murine ENG extracellular domain (Examples 5-7). In 
a preliminary experiment, the truncated variant hENG(26 
346) also slowed tumor growth compared to vehicle in the 
Colon-26 Xenograft model, consistent with the antiangio 
genic activity of this variant in the mouse angioreactor assay 
(Example 13). 
0204 Taken together, the aforementioned results demon 
strate that fusion proteins comprising the full-length ENG 
ECD, and certain truncated variants thereof, display high 
affinity binding to BMP-9 and BMP-10 but not a variety of 
other TGFB-family ligands, including TGFB-1 and TGFB-3. 
These ENG polypeptides can inhibit angiogenesis and tumor 
growth in model systems and thus have the potential to treat 
patients with unwanted angiogenesis, including those with 
cancer. Compared to constructs comprising the full-length 
ENGECD, the truncated ENG polypeptides hENG(26-346)- 
hFc and/or hENG(26-359)-hFc displayed higher potency and 
improved performance on several other key parameters (see 
summary table below). 

ECD Polypeptide in Fusion Protein 
(CHO cell derived) 

Full length ECD - 
Human 26-586 or 

Parameter Murine 27-581 Human 26-359 Human 26-346 

Expression Quantity 31 mg/L. 9 mg/L. 90 mg/L 
Quality 96% monomeric 84% monomeric 96% monomeric 

Binding affinity BMP-9 33 pM 4.2 pM 4.3 pM 
(KD) BMP-10 490 pM 86 pM 140 pM 
Dissociation rate BMP-9 25 x 10's 3.5 x 10's 2.4 x 10's 
(k) BMP-10 110 x 10's 23 x 10's 28 x 10's 
Potency BMP-9 O-26 nM O.16 nM O.19 nM 

(cell-based IC.so) BMP-10 7.9 nM 3.5 nM 4.6 nM 
Elimination half-life 22h 26.5h 
Anti-angiogenesis HUVEC Yes 
activity CAM 65% inhibition 75% inhibition 

Angioreactor 100% inhibition — 100% inhibition 
Anti-tumor 4T1 tumor Yes 

activity Colon-26 Yes Yes 
tumor Dose-dependent 

—Not investigated 

according to the formula: Volume=0.5(length)(width). As (0205 Variant hENG(26-346)-hFc, in particular, pos 
shown in FIG. 40, treatment with mENG(27-581)-mFc 
reduced tumor volume by 45% compared to vehicle by day 24 
post implantation. 
0203 ENG-Fc fusion proteins were also tested in a Colon 
26 carcinoma xenograft model. BALB/c mice were injected 
subcutaneously at 7 weeks of age with 1.5x10 Colon-26 
carcinoma cells (ATCCR) number: CRL-2638TM; depositor: 
N Restifo). Mice (n=10 per group) were dosed daily (s.c.) 
with mENG(27-581)-mFc (at 1, 10, or 30 mg/kg) or vehicle 
(Tris-buffered saline). Tumor volume was determined as 
described above. As shown in FIG. 41, mENG(27-581)-mFc 
treatment caused a dose-dependent reduction in tumor Vol 

sessed a Superior combination of attributes, with higher 
potency, stronger binding affinity, slower dissociation rate, 
longer elimination half-life, and better protein production 
than full-length ENGECD constructs. As ligand traps, trun 
cated ENG polypeptides should preferably exhibit a slow rate 
of ligand dissociation, so the ten-fold reduction in the BMP-9 
dissociation rate for hENG(26-346)-hFc compared to the 
full-length construct is highly desirable. The variant hENG 
(26-378)-hFc displayed BMP-9 binding properties (affinity 
and dissociation rate) intermediate between hENG(26-346)- 
hFc and hENG(26-359)-hFc, on one hand, and hENG(26 
437)-hFc, on the other, with hENG(26-378) more closely 
resembling the shorter constructs. 
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Example 16 

Treatment of a Mouse Model of Liver Fibrosis with 
ENG-Fc Proteins 

0206. The effectiveness of ENG-Fc proteins in the treat 
ment of fibrosis was evaluated in the mouse CCL4 (carbon 
tetrachloride) model of liver fibrosis. Fifty mice were used in 
this study. Male and female A/J mice of approximately 14 
weeks of age at the start (day 0) of the experiment were 
acclimated in the laboratory for at least 48 hours. Animals 
were monitored daily during the course of the experiment and 
were sacrificed if any signs of morbidity, mortality and Test 
Article Toxicity were observed. 
0207 Animals received a dose of 1 ml/kg of 50% CC14 in 
olive oil via oral gavage twice a week to induce liver fibrosis. 
Animals were dosed for 13 weeks with mENG(27-581)-mFc 
as described in the table below. 

Group N Liver Fibrosis Treatment Dose Frequency Admin. 

1 20 CC4+ PBS Isovolume B.I.W. I.P. 
Olive Oil 

2 20 CC4+ mu-Endoglin 10 mg/kg T.I.W. I.P. 
Olive Oil 

3 5 Olive Oil PBS Isovolume B.I.W. I.P. 

Olive Oil mu-Endoglin 10 mg/kg T.I.W. I.P. 

0208 Animals were analyzed for changes in body weight 
(BW), liver weight, liver performance, and histology. On day 
0, day 28, day 56, and day 90, animals were NMR scanned. 
Animals were euthanized on Day 45 or 90 using CO2. For 
serum analysis, animals were fasted 12 hrs prior to sacrifice 
and serum sampling. Whole blood was collected for liver 
function analysis, and the liver from each animal was col 
lected and weighed. Half of the liver was put in a cartridge in 
10%. Formalin, and a lobe of the liver was flash frozen in 
liquid nitrogen. 

0209 Treatment with mENG(27-581)-mFc did not affect 
liver weight (measured as a percentage of body weight) over 
a period of 13 weeks (FIG. 42). After the 13-week dosing 
period, animals were sacrificed and liver sections were 
stained with H&E and Masson’s Trichrome staining (FIGS. 
43-45). Treatment animals exhibited markedly reduced fibro 
sis relative to untreated animals (FIG. 45). Additionally, 
staining with Oil Red O revealed that mENG(27-581)-mFc 
treatment resulted in decreased accumulation of fatty depos 
its in liver tissue, which are often a precursor of liver damage 
and fibrotic deposition (FIG. 46). Additionally, mENG(27 
581)-mFc treatment appeared to reduce ballooning degenera 
tion of hepatocytes, which is associated with apoptosis and is 
seen in connection with inflammation of the liver. Serum 
alkaline phosphatase levels were lower in the endoglin 
treated cohorts as compared to the untreated ones (FIG. 47). 
Collectively, these data indicate that mENG(27-581)-mFc 
treatment can decrease liver damage in this mouse model of 
liver fibrosis, and thus ENG-Fc proteins are likely to be useful 
in the treatment of fibrotic disorders of the liver, including 
cirrhosis and the eventual hepatocellular carcinomas. 
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Example 17 

Effect of ENG-Fc Protein in a Mouse Dietary Model 
of Liver Fibrosis 

0210. Effectiveness of ENG-Fc proteins was also evalu 
ated in a mouse model of nonalcoholic Steatohepatitis 
(NASH) caused by methionine and choline dietary deficiency 
(MCDD). Wild-type C57BL/6 mice were fed either a stan 
dard chow diet or a diet containing high Sucrose (40%) andfat 
(10%) but lacking methionine and choline, which are essen 
tial for hepatic B-oxidation and production of very low den 
sity lipoprotein (Takahashi et al., 2012, World J Gastroenterol 
18:2300-2308). As a result, MCDD mice exhibit fatty depos 
its considered to be a precursor of liver damage and fibrotic 
deposition (Corbin et al., 2012, Curr Opin Gastroenterol 
28: 159-165). At 12 weeks of age, mice were placed on their 
respective diets and began intraperitoneal treatment with 
either mENG(27-581)-mFc (10 mg/kg) or vehicle (n=10 per 
group) twice weekly for 3 weeks. At the conclusion of dosing, 
mice were killed and liversections were stained with Oil Red 
O a lipid-soluble diazo dye, to assess the extent of lipid 
deposition. 
0211. As expected, mice fed the chow diet exhibited only 
tiny lipid deposits in liver tissue (data not shown), whereas 
MCDD mice exhibited many large lipid deposits that collec 
tively occupied a considerable fraction of total tissue area 
(FIG. 48A, C). In MCDD mice, mENG(27-581)-mFc treat 
ment markedly reduced hepatic lipid deposits compared with 
vehicle (FIG. 48). Although endogenous TGFB is heavily 
implicated in progression of liverdisease (Dooley et al., 2012, 
Cell Tissue Res 347:245-256), an Fc fusion protein which 
comprises TGFB receptor type II and binds TGFB with high 
affinity had little effect on the accumulation of hepatic lipid 
deposits (data not shown). As disclosed in Example 3, mENG 
(27-581)-mfc and other ENG-Fc proteins bind neither 
TGFB1, TGFB2, nor TGFB3, so the bioactivity of mENG(27 
581)-mFc in MCDD mice is not due to inhibition of signaling 
by these ligands. Together, these results indicate that mENG 
(27-581)-mEc can markedly reduce deposition of lipids in a 
mouse model in which dietary deficiency leads eventually to 
fibrosis and nonalcoholic steatohepatitis, thereby providing 
additional evidence that ENG-Fc proteins are likely to be 
useful in the treatment of liver fibrosis. 

INCORPORATION BY REFERENCE 

0212 All publications and patents mentioned herein are 
hereby incorporated by reference in their entirety as if each 
individual publication or patent was specifically and indi 
vidually indicated to be incorporated by reference. In case of 
conflict, the present application, including any definitions 
herein, will control. 

EQUIVALENTS 

0213 While specific embodiments of the subject inven 
tions are explicitly disclosed herein, the above specification is 
illustrative and not restrictive. Many variations of the inven 
tions will become apparent to those skilled in the art upon 
review of this specification and the claims below. The full 
scope of the inventions should be determined by reference to 
the claims, along with their full scope of equivalents, and the 
specification, along with Such variations. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 36 

<210s, SEQ ID NO 1 
&211s LENGTH: 658 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 1 

Met Asp Arg Gly Thr Lieu Pro Lieu Ala Val Ala Lieu. Lieu. Lieu Ala Ser 
1. 5 1O 15 

Cys Ser Leu Ser Pro Thir Ser Leu Ala Glu Thr Val His Cys Asp Leu 
2O 25 3O 

Gln Pro Val Gly Pro Glu Arg Gly Glu Val Thr Tyr Thr Thr Ser Glin 
35 4 O 45 

Val Ser Lys Gly Cys Val Ala Glin Ala Pro Asn Ala Ile Lieu. Glu Val 
SO 55 6 O 

His Val Lieu Phe Lieu. Glu Phe Pro Thr Gly Pro Ser Gln Leu Glu Lieu. 
65 70 7s 8O 

Thir Lieu. Glin Ala Ser Lys Glin Asn Gly. Thir Trp Pro Arg Glu Val Lieu. 
85 90 95 

Lieu Val Lieu. Ser Wall Asn. Ser Ser Wall Phe Lieu. His Lieu. Glin Ala Lieu. 
1OO 105 11 O 

Gly Ile Pro Leu. His Leu Ala Tyr Asn Ser Ser Lieu Val Thr Phe Glin 
115 12 O 125 

Glu Pro Pro Gly Val Asn. Thir Thr Glu Lieu Pro Ser Phe Pro Llys Thr 
13 O 135 14 O 

Glin Ile Lieu. Glu Trp Ala Ala Glu Arg Gly Pro Ile Thir Ser Ala Ala 
145 150 155 160 

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

Gly Ser Lieu. Ser Phe Cys Met Lieu. Glu Ala Ser Glin Asp Met Gly Arg 
18O 185 19 O 

Thir Lieu. Glu Trp Arg Pro Arg Thr Pro Ala Lieu Val Arg Gly Cys His 
195 2OO 2O5 

Lieu. Glu Gly Val Ala Gly His Lys Glu Ala His Ile Lieu. Arg Val Lieu. 
21 O 215 22O 

Pro Gly His Ser Ala Gly Pro Arg Thr Val Thr Val Llys Val Glu Lieu. 
225 23 O 235 24 O 

Ser Cys Ala Pro Gly Asp Lieu. Asp Ala Val Lieu. Ile Lieu. Glin Gly Pro 
245 250 255 

Pro Tyr Val Ser Trp Lieu. Ile Asp Ala Asn His Asn Met Glin Ile Trp 
26 O 265 27 O 

Thir Thr Gly Glu Tyr Ser Phe Lys Ile Phe Pro Glu Lys Asn Ile Arg 
27s 28O 285 

Gly Phe Llys Lieu Pro Asp Thr Pro Glin Gly Lieu. Lieu. Gly Glu Ala Arg 
29 O 295 3 OO 

Met Lieu. Asn Ala Ser Ile Wall Ala Ser Phe Wall Glu Lieu Pro Lieu Ala 
3. OS 310 315 32O 

Ser Ile Val Ser Lieu. His Ala Ser Ser Cys Gly Gly Arg Lieu. Glin Thr 
3.25 330 335 

Ser Pro Ala Pro Ile Glin Thr Thr Pro Pro Lys Asp Thr Cys Ser Pro 
34 O 345 35. O 
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- Continued 

Glu Lieu. Lieu Met Ser Lieu. Ile Glin Thir Lys Cys Ala Asp Asp Ala Met 
355 360 365 

Thir Lieu Val Lieu Lys Lys Glu Lieu Val Ala His Lieu Lys Cys Thir Ile 
37 O 375 38O 

Thr Gly Lieu. Thir Phe Trp Asp Pro Ser Cys Glu Ala Glu Asp Arg Gly 
385 390 395 4 OO 

Asp Llys Phe Val Lieu. Arg Ser Ala Tyr Ser Ser Cys Gly Met Glin Val 
4 OS 41O 415 

Ser Ala Ser Met Ile Ser Asn. Glu Ala Wal Wall Asn. Ile Lieu. Ser Ser 
42O 425 43 O 

Ser Ser Pro Glin Arg Llys Llys Val His Cys Lieu. Asn Met Asp Ser Lieu. 
435 44 O 445 

Ser Phe Gln Leu Gly Lieu. Tyr Lieu Ser Pro His Phe Leu Glin Ala Ser 
450 45.5 460 

Asn Thr Ile Glu Pro Gly Glin Glin Ser Phe Val Glin Val Arg Val Ser 
465 470 47s 48O 

Pro Ser Val Ser Glu Phe Lieu. Lieu. Glin Lieu. Asp Ser Cys His Lieu. Asp 
485 490 495 

Lieu. Gly Pro Glu Gly Gly Thr Val Glu Lieu. Ile Glin Gly Arg Ala Ala 
SOO 505 51O 

Lys Gly Asn. Cys Val Ser Lieu. Lieu. Ser Pro Ser Pro Glu Gly Asp Pro 
515 52O 525 

Arg Phe Ser Phe Lieu Lleu. His Phe Tyr Thr Val Pro Ile Pro Llys Thr 
53 O 535 54 O 

Gly Thr Lieu Ser Cys Thr Val Ala Lieu. Arg Pro Llys Thr Gly Ser Glin 
5.45 550 555 560 

Asp Glin Glu Val His Arg Thr Val Phe Met Arg Lieu. Asn. Ile Ile Ser 
565 st O sts 

Pro Asp Lieu. Ser Gly Cys Thir Ser Lys Gly Lieu Val Lieu Pro Ala Val 
58O 585 59 O 

Lieu. Gly Ile Thir Phe Gly Ala Phe Lieu. Ile Gly Ala Lieu. Lieu. Thir Ala 
595 6OO 605 

Ala Leu Trp Tyr Ile Tyr Ser His Thr Arg Ser Pro Ser Lys Arg Glu 
610 615 62O 

Pro Wal Wall Ala Wall Ala Ala Pro Ala Ser Ser Glu Ser Ser Ser Thr 
625 630 635 64 O 

Asn His Ser Ile Gly Ser Thr Glin Ser Thr Pro Cys Ser Thr Ser Ser 
645 650 655 

Met Ala 

<210s, SEQ ID NO 2 
&211s LENGTH: 2O3 O 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 2 

Cctgcc actg gacacaggat aaggcc.ca.gc gcacaggc.cc ccacgtggac agcatggacc 6 O 

gcggcacgct C cct ctggct gttgc cctgc tigctggc.cag Ctgcagcct C agc.cccacala 12 O 

gtcttgcaga aac agt cc at ttgacct tc agcctgtggg ccc.cgagaggggggaggtga 18O 

catataccac tagc.cagg to tcgaagggct gcgtggctica ggcc.cccaat gcc at CCttg 24 O 

aagt cc atgt cct Ctt Cotg gagttcc.caa C9ggc.ccgt.c acagctggag Ctgactict cc 3OO 





US 2015/0202260 A1 Jul. 23, 2015 
32 

- Continued 

Val Ser Lys Gly Cys Val Ala Glin Ala Pro Asn Ala Ile Lieu. Glu Val 
SO 55 6 O 

His Val Lieu Phe Lieu. Glu Phe Pro Thr Gly Pro Ser Gln Leu Glu Lieu. 
65 70 7s 8O 

Thir Lieu. Glin Ala Ser Lys Glin Asn Gly. Thir Trp Pro Arg Glu Val Lieu. 
85 90 95 

Lieu Val Lieu. Ser Wall Asn. Ser Ser Wall Phe Lieu. His Lieu. Glin Ala Lieu. 
1OO 105 11 O 

Gly Ile Pro Leu. His Leu Ala Tyr Asn Ser Ser Lieu Val Thr Phe Glin 
115 12 O 125 

Glu Pro Pro Gly Val Asn. Thir Thr Glu Lieu Pro Ser Phe Pro Llys Thr 
13 O 135 14 O 

Glin Ile Lieu. Glu Trp Ala Ala Glu Arg Gly Pro Ile Thir Ser Ala Ala 
145 150 155 160 

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

Gly Ser Lieu. Ser Phe Cys Met Lieu. Glu Ala Ser Glin Asp Met Gly Arg 
18O 185 19 O 

Thir Lieu. Glu Trp Arg Pro Arg Thr Pro Ala Lieu Val Arg Gly Cys His 
195 2OO 2O5 

Lieu. Glu Gly Val Ala Gly His Lys Glu Ala His Ile Lieu. Arg Val Lieu. 
21 O 215 22O 

Pro Gly His Ser Ala Gly Pro Arg Thr Val Thr Val Llys Val Glu Lieu 
225 23 O 235 24 O 

Ser Cys Ala Pro Gly Asp Lieu. Asp Ala Val Lieu. Ile Lieu. Glin Gly Pro 
245 250 255 

Pro Tyr Val Ser Trp Lieu. Ile Asp Ala Asn His Asn Met Glin Ile Trp 
26 O 265 27 O 

Thir Thr Gly Glu Tyr Ser Phe Lys Ile Phe Pro Glu Lys Asn Ile Arg 
27s 28O 285 

Gly Phe Llys Lieu Pro Asp Thr Pro Glin Gly Lieu. Lieu. Gly Glu Ala Arg 
29 O 295 3 OO 

Met Lieu. Asn Ala Ser Ile Wall Ala Ser Phe Wall Glu Lieu Pro Lieu Ala 
3. OS 310 315 32O 

Ser Ile Val Ser Lieu. His Ala Ser Ser Cys Gly Gly Arg Lieu. Glin Thr 
3.25 330 335 

Ser Pro Ala Pro Ile Glin Thr Thr Pro Pro Lys Asp Thr Cys Ser Pro 
34 O 345 35. O 

Glu Lieu. Lieu Met Ser Lieu. Ile Glin Thir Lys Cys Ala Asp Asp Ala Met 
355 360 365 

Thir Lieu Val Lieu Lys Lys Glu Lieu Val Ala His Lieu Lys Cys Thir Ile 
37 O 375 38O 

Thr Gly Lieu. Thir Phe Trp Asp Pro Ser Cys Glu Ala Glu Asp Arg Gly 
385 390 395 4 OO 

Asp Llys Phe Val Lieu. Arg Ser Ala Tyr Ser Ser Cys Gly Met Glin Val 
4 OS 41O 415 

Ser Ala Ser Met Ile Ser Asn. Glu Ala Wal Wall Asn. Ile Lieu. Ser Ser 
42O 425 43 O 

Ser Ser Pro Glin Arg Llys Llys Val His Cys Lieu. Asn Met Asp Ser Lieu. 
435 44 O 445 

Ser Phe Gln Leu Gly Lieu. Tyr Lieu Ser Pro His Phe Leu Glin Ala Ser 
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- Continued 

Gly Ala Thr Lieu. Glu Trp Gln Pro Arg Ala Glin Thr Pro Val Glin Ser 
195 2OO 2O5 

Cys Arg Lieu. Glu Gly Val Ser Gly His Lys Glu Ala Tyr Ile Lieu. Arg 
21 O 215 22O 

Ile Leu Pro Gly Ser Glu Ala Gly Pro Arg Thr Val Thr Val Met Met 
225 23 O 235 24 O 

Glu Lieu. Ser Cys Thir Ser Gly Asp Ala Ile Lieu. Ile Lieu. His Gly Pro 
245 250 255 

Pro Tyr Val Ser Trp Phe Ile Asp Ile Asn His Ser Met Glin Ile Leu 
26 O 265 27 O 

Thir Thr Gly Glu Tyr Ser Val Lys Ile Phe Pro Gly Ser Llys Val Lys 
27s 28O 285 

Gly Val Glu Lieu Pro Asp Thr Pro Glin Gly Lieu. Ile Ala Glu Ala Arg 
29 O 295 3 OO 

Llys Lieu. Asn Ala Ser Ile Val Thir Ser Phe Val Glu Lieu Pro Lieu Val 
3. OS 310 315 32O 

Ser Asn Val Ser Lieu. Arg Ala Ser Ser Cys Gly Gly Val Phe Glin Thr 
3.25 330 335 

Thr Pro Ala Pro Val Val Thr Thr Pro Pro Lys Asp Thr Cys Ser Pro 
34 O 345 35. O 

Val Lieu. Leu Met Ser Lieu. Ile Glin Pro Llys Cys Gly Asn Glin Val Met 
355 360 365 

Thir Lieu Ala Lieu. Asn Llys Llys His Val Glin Thr Lieu. Glin Cys Thir Ile 
37 O 375 38O 

Thr Gly Lieu. Thr Phe Trp Asp Ser Ser Cys Glin Ala Glu Asp Thr Asp 
385 390 395 4 OO 

Asp His Lieu Val Lieu. Ser Ser Ala Tyr Ser Ser Cys Gly Met Llys Val 
4 OS 41O 415 

Thr Ala His Val Val Ser Asn Glu Val Ile Ile Ser Phe Pro Ser Gly 
42O 425 43 O 

Ser Pro Pro Lieu. Arg Llys Llys Val Glin Cys Ile Asp Met Asp Ser Lieu. 
435 44 O 445 

Ser Phe Gln Leu Gly Lieu. Tyr Lieu Ser Pro His Phe Leu Glin Ala Ser 
450 45.5 460 

Asn Thr Ile Glu Lieu. Gly Glin Glin Ala Phe Val Glin Val Ser Val Ser 
465 470 47s 48O 

Pro Leu. Thir Ser Glu Val Thr Val Glin Leu Asp Ser Cys His Lieu. Asp 
485 490 495 

Lieu. Gly Pro Glu Gly Asp Met Val Glu Lieu. Ile Glin Ser Arg Thr Ala 
SOO 505 51O 

Lys Gly Ser Cys Val Thr Lieu. Leu Ser Pro Ser Pro Glu Gly Asp Pro 
515 52O 525 

Arg Phe Ser Phe Leu Lieu. Arg Val Tyr Met Val Pro Thr Pro Thr Ala 
53 O 535 54 O 

Gly. Thir Lieu. Ser Cys Asn Lieu Ala Lieu. Arg Pro Ser Thr Lieu. Ser Glin 
5.45 550 555 560 

Glu Val Tyr Lys Thr Val Ser Met Arg Lieu. Asn Ile Val Ser Pro Asp 
565 st O sts 

Lieu. Ser Gly Lys Gly Lieu Val Lieu Pro Ser Val Lieu. Gly Ile Thr Phe 
58O 585 59 O 
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- Continued 

Caggaagt ct acaaga cagt ct c catgcgc ctgaa catcg tcagc cctga Cctgtctggit 1740 

aaaggccttg tcctic cct c titactgggt at Cacct ttg gtgcct tcct gattggggcc 18OO 

Ctgct cacag Ctgcactctg gta catct at t ct cacacac gtggc cc cag caa.gcgggag 1860 

cc.cgtggtgg cagtggctgc ccc.ggcct Co. tctgaga.gca gcagtaccala C cacagcatc 1920 

gggagc accc agagcaccCC Ctgct coacc agcagcatgg Cdtag 1965 

<210s, SEQ ID NO 7 
&211s LENGTH: 641 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OO > SEQUENCE: 7 

Met Asp Arg Gly Val Lieu Pro Leu Pro Ile Thr Lieu Lleu Phe Val Ile 
1. 5 1O 15 

Tyr Ser Phe Val Pro Thir Thr Gly Lieu Ala Glu Arg Val Gly Cys Asp 
2O 25 3O 

Lieu Gln Pro Val Asp Pro Thr Arg Gly Glu Val Thr Phe Thr Thr Ser 
35 4 O 45 

Glin Val Ser Glu Gly Cys Val Ala Glin Ala Ala Asn Ala Val Arg Glu 
SO 55 6 O 

Val His Val Lieu Phe Lieu. Asp Phe Pro Gly Met Leu Ser His Lieu. Glu 
65 70 7s 8O 

Lieu. Thir Lieu. Glin Ala Ser Lys Glin ASn Gly Thr Glu Thr Glin Glu Val 
85 90 95 

Phe Lieu Val Lieu Val Ser Asn Lys Asn Val Phe Val Llys Phe Glin Ala 
1OO 105 11 O 

Pro Glu Ile Pro Lieu. His Leu Ala Tyr Asp Ser Ser Lieu Val Ile Phe 
115 12 O 125 

Gln Gly Glin Pro Arg Val Asn Ile Thr Val Lieu Pro Ser Lieu. Thir Ser 
13 O 135 14 O 

Arg Lys Glin Ile Lieu. Asp Trp Ala Ala Thir Lys Gly Ala Ile Thir Ser 
145 150 155 160 

Ile Ala Ala Lieu. Asp Asp Pro Glin Ser Ile Val Lieu. Glin Lieu. Gly Glin 
1.65 17O 17s 

Asp Pro Lys Ala Pro Phe Lieu. Cys Lieu Pro Glu Ala His Lys Asp Met 
18O 185 19 O 

Gly Ala Thr Lieu. Glu Trp Gln Pro Arg Ala Glin Thr Pro Val Glin Ser 
195 2OO 2O5 

Cys Arg Lieu. Glu Gly Val Ser Gly His Lys Glu Ala Tyr Ile Lieu. Arg 
21 O 215 22O 

Ile Leu Pro Gly Ser Glu Ala Gly Pro Arg Thr Val Thr Val Met Met 
225 23 O 235 24 O 

Glu Lieu. Ser Cys Thir Ser Gly Asp Ala Ile Lieu. Ile Lieu. His Gly Pro 
245 250 255 

Pro Tyr Val Ser Trp Phe Ile Asp Ile Asn His Ser Met Glin Ile Leu 
26 O 265 27 O 

Thir Thr Gly Glu Tyr Ser Val Lys Ile Phe Pro Gly Ser Llys Val Lys 
27s 28O 285 

Gly Val Glu Lieu Pro Asp Thr Pro Glin Gly Lieu. Ile Ala Glu Ala Arg 
29 O 295 3 OO 

Llys Lieu. Asn Ala Ser Ile Val Thir Ser Phe Val Glu Lieu Pro Lieu Val 
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- Continued 

3. OS 310 315 32O 

Ser Asn Val Ser Lieu. Arg Ala Ser Ser Cys Gly Gly Val Phe Glin Thr 
3.25 330 335 

Thr Pro Ala Pro Val Val Thr Thr Pro Pro Lys Asp Thr Cys Ser Pro 
34 O 345 35. O 

Val Lieu. Leu Met Ser Lieu. Ile Glin Pro Llys Cys Gly Asn Glin Val Met 
355 360 365 

Thir Lieu Ala Lieu. Asn Llys Llys His Val Glin Thr Lieu. Glin Cys Thir Ile 
37 O 375 38O 

Thr Gly Lieu. Thr Phe Trp Asp Ser Ser Cys Glin Ala Glu Asp Thr Asp 
385 390 395 4 OO 

Asp His Lieu Val Lieu. Ser Ser Ala Tyr Ser Ser Cys Gly Met Llys Val 
4 OS 41O 415 

Thr Ala His Val Val Ser Asn Glu Val Ile Ile Ser Phe Pro Ser Gly 
42O 425 43 O 

Ser Pro Pro Lieu. Arg Llys Llys Val Glin Cys Ile Asp Met Asp Ser Lieu. 
435 44 O 445 

Ser Phe Gln Leu Gly Lieu. Tyr Lieu Ser Pro His Phe Leu Glin Ala Ser 
450 45.5 460 

Asn Thr Ile Glu Lieu. Gly Glin Glin Ala Phe Val Glin Val Ser Val Ser 
465 470 47s 48O 

Pro Leu. Thir Ser Glu Val Thr Val Glin Leu Asp Ser Cys His Lieu. Asp 
485 490 495 

Lieu. Gly Pro Glu Gly Asp Met Val Glu Lieu. Ile Glin Ser Arg Thr Ala 
SOO 505 51O 

Lys Gly Ser Cys Val Thr Lieu. Leu Ser Pro Ser Pro Glu Gly Asp Pro 
515 52O 525 

Arg Phe Ser Phe Leu Lieu. Arg Val Tyr Met Val Pro Thr Pro Thr Ala 
53 O 535 54 O 

Gly. Thir Lieu. Ser Cys Asn Lieu Ala Lieu. Arg Pro Ser Thr Lieu. Ser Glin 
5.45 550 555 560 

Glu Val Tyr Lys Thr Val Ser Met Arg Lieu. Asn Ile Val Ser Pro Asp 
565 st O sts 

Lieu. Ser Gly Lys Gly Lieu Val Lieu Pro Ser Val Lieu. Gly Ile Thr Phe 
58O 585 59 O 

Gly Ala Phe Lieu. Ile Gly Ala Lieu. Lieu. Thir Ala Ala Lieu. Trip Tyr Ile 
595 6OO 605 

Tyr Ser His Thr Arg Glu Tyr Pro Llys Pro Pro Pro His Ser His Ser 
610 615 62O 

Lys Arg Ser Gly Pro Val His Thr Thr Pro Gly His Thr Glin Trp Ser 
625 630 635 64 O 

Lell 

<210s, SEQ ID NO 8 
&211s LENGTH: 1929 
&212s. TYPE: DNA 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 8 

agcatggacc gtgg.cgtgct c cct ctdc cc attaccctgc tigtttgtcat citatagottt 6 O 

gtacccacaa Caggtotcgc agaaagagtic ggctgttgat C tacagcctgt ggaccc.caca 12 O 
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- Continued 

Pro Asn Ala Ile Lieu. Glu Wal His Wall Leu Phe Lieu. Glu Phe Pro Thr 
35 4 O 45 

Gly Pro Ser Glin Lieu. Glu Lieu. Thir Lieu. Glin Ala Ser Lys Glin Asn Gly 
SO 55 6 O 

Thir Trp Pro Arg Glu Val Lieu. Leu Val Leu Ser Val Asn Ser Ser Val 
65 70 7s 8O 

Phe Lieu. His Lieu. Glin Ala Lieu. Gly Ile Pro Lieu. His Lieu Ala Tyr Asn 
85 90 95 

Ser Ser Leu Val Thr Phe Glin Glu Pro Pro Gly Val Asn. Thir Thr Glu 
1OO 105 11 O 

Lieu Pro Ser Phe Pro Llys Thr Glin Ile Lieu. Glu Trp Ala Ala Glu Arg 
115 12 O 125 

Gly Pro Ile Thir Ser Ala Ala Glu Lieu. Asn Asp Pro Glin Ser Ile Lieu. 
13 O 135 14 O 

Lieu. Arg Lieu. Gly Glin Ala Glin Gly Ser Lieu. Ser Phe Cys Met Lieu. Glu 
145 150 155 160 

Ala Ser Glin Asp Met Gly Arg Thr Lieu. Glu Trp Arg Pro Arg Thr Pro 
1.65 17O 17s 

Ala Lieu Val Arg Gly Cys His Lieu. Glu Gly Val Ala Gly His Lys Glu 
18O 185 19 O 

Ala His Ile Lieu. Arg Val Lieu Pro Gly His Ser Ala Gly Pro Arg Thr 
195 2OO 2O5 

Val Thr Val Llys Val Glu Lieu Ser Cys Ala Pro Gly Asp Lieu. Asp Ala 
21 O 215 22O 

Val Lieu. Ile Lieu. Glin Gly Pro Pro Tyr Val Ser Trp Lieu. Ile Asp Ala 
225 23 O 235 24 O 

Asn His Asn Met Glin Ile Trp Thir Thr Gly Glu Tyr Ser Phe Lys Ile 
245 250 255 

Phe Pro Glu Lys Asn Ile Arg Gly Phe Llys Lieu Pro Asp Thr Pro Glin 
26 O 265 27 O 

Gly Lieu. Lieu. Gly Glu Ala Arg Met Lieu. Asn Ala Ser Ile Val Ala Ser 
27s 28O 285 

Phe Wall Glu Lieu. Pro Leu Ala Ser Ile Wal Ser Lieu. His Ala Ser Ser 
29 O 295 3 OO 

Cys Gly Gly Arg Lieu Gln Thr Ser Pro Ala Pro Ile Glin Thr Thr Pro 
3. OS 310 315 32O 

Pro Lys Asp Thr Cys Ser Pro Glu Lieu. Leu Met Ser Lieu. Ile Glin Thr 
3.25 330 335 

Lys Cys Ala Asp Asp Ala Met Thr Lieu Val Lieu Lys Lys Glu Lieu Val 
34 O 345 35. O 

Ala His Leu Lys Cys Thr Ile Thr Gly Lieu. Thir Phe Trp Asp Pro Ser 
355 360 365 

Cys Glu Ala Glu Asp Arg Gly Asp Llys Phe Val Lieu. Arg Ser Ala Tyr 
37 O 375 38O 

Ser Ser Cys Gly Met Glin Val Ser Ala Ser Met Ile Ser Asn Glu Ala 
385 390 395 4 OO 

Val Val Asn. Ile Lieu. Ser Ser Ser Ser Pro Glin Arg Llys Llys Val His 
4 OS 41O 415 

Cys Lieu. Asn Met Asp Ser Lieu. Ser Phe Glin Lieu. Gly Lieu. Tyr Lieu. Ser 
42O 425 43 O 

Pro His Phe Leu Glin Ala Ser Asn. Thir Ile Glu Pro Gly Glin Glin Ser 
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435 44 O 445 

Phe Val Glin Val Arg Val Ser Pro Ser Val Ser Glu Phe Lieu. Leu Gln 
450 45.5 460 

Lieu. Asp Ser Cys His Lieu. Asp Lieu. Gly Pro Glu Gly Gly. Thr Val Glu 
465 470 47s 48O 

Lieu. Ile Glin Gly Arg Ala Ala Lys Gly Asn. Cys Val Ser Lieu. Lieu. Ser 
485 490 495 

Pro Ser Pro Glu Gly Asp Pro Arg Phe Ser Phe Leu Lleu. His Phe Tyr 
SOO 505 51O 

Thr Val Pro Ile Pro Llys Thr Gly Thr Lieu Ser Cys Thr Val Ala Leu 
515 52O 525 

Arg Pro Llys Thr Gly Ser Glin Asp Glin Glu Val His Arg Thr Val Phe 
53 O 535 54 O 

Met Arg Lieu. Asn. Ile Ile Ser Pro Asp Lieu. Ser Gly Cys Thir Ser Lys 
5.45 550 555 560 

Gly 

<210s, SEQ ID NO 10 
&211s LENGTH: 555 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 10 

Glu Arg Val Gly Cys Asp Lieu Gln Pro Val Asp Pro Thr Arg Gly Glu 
1. 5 1O 15 

Val Thr Phe Thr Thr Ser Glin Val Ser Glu Gly Cys Val Ala Glin Ala 
2O 25 3O 

Ala Asn Ala Val Arg Glu Val His Val Lieu. Phe Lieu. Asp Phe Pro Gly 
35 4 O 45 

Met Lieu. Ser His Lieu. Glu Lieu. Thir Lieu. Glin Ala Ser Lys Glin Asn Gly 
SO 55 6 O 

Thr Glu Thir Arg Glu Val Phe Lieu Val Lieu Val Ser Asn Lys Asn. Wall 
65 70 7s 8O 

Phe Val Llys Phe Glin Ala Pro Glu Ile Pro Lieu. His Lieu Ala Tyr Asp 
85 90 95 

Ser Ser Leu Val Ile Phe Glin Gly Glin Pro Arg Val Asn Ile Thr Val 
1OO 105 11 O 

Lieu Pro Ser Lieu. Thir Ser Arg Lys Glin Ile Lieu. Asp Trp Ala Ala Thr 
115 12 O 125 

Lys Gly Ala Ile Thir Ser Ile Ala Ala Lieu. Asp Asp Pro Glin Ser Ile 
13 O 135 14 O 

Val Lieu. Glin Lieu. Gly Glin Asp Pro Lys Ala Pro Phe Lieu. Cys Lieu Pro 
145 150 155 160 

Glu Ala His Lys Asp Met Gly Ala Thr Lieu. Glu Trp Gln Pro Arg Ala 
1.65 17O 17s 

Gln Thr Pro Val Glin Ser Cys Arg Lieu. Glu Gly Val Ser Gly His Lys 
18O 185 19 O 

Glu Ala Tyr Ile Lieu. Arg Ile Lieu Pro Gly Ser Glu Ala Gly Pro Arg 
195 2OO 2O5 

Thr Val Thr Val Met Met Glu Lieu Ser Cys Thr Ser Gly Asp Ala Ile 
21 O 215 22O 

Lieu. Ile Lieu. His Gly Pro Pro Tyr Val Ser Trp Phe Ile Asp Ile Asn 
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225 23 O 235 24 O 

His Ser Met Glin Ile Lieu. Thir Thr Gly Glu Tyr Ser Val Lys Ile Phe 
245 250 255 

Pro Gly Ser Llys Val Lys Gly Val Glu Lieu Pro Asp Thr Pro Glin Gly 
26 O 265 27 O 

Lieu. Ile Ala Glu Ala Arg Llys Lieu. Asn Ala Ser Ile Val Thir Ser Phe 
27s 28O 285 

Val Glu Lieu Pro Lieu Val Ser Asn Val Ser Lieu. Arg Ala Ser Ser Cys 
29 O 295 3 OO 

Gly Gly Val Phe Glin Thr Thr Pro Ala Pro Val Val Thr Thr Pro Pro 
3. OS 310 315 32O 

Lys Asp Thr Cys Ser Pro Val Lieu. Leu Met Ser Lieu. Ile Glin Pro Llys 
3.25 330 335 

Cys Gly Asn Glin Val Met Thr Lieu Ala Lieu. Asn Llys Llys His Val Glin 
34 O 345 35. O 

Thr Lieu Gln Cys Thr Ile Thr Gly Lieu. Thr Phe Trp Asp Ser Ser Cys 
355 360 365 

Glin Ala Glu Asp Thr Asp Asp His Lieu Val Lieu. Ser Ser Ala Tyr Ser 
37 O 375 38O 

Ser Cys Gly Met Lys Val Thr Ala His Val Val Ser Asn Glu Val Ile 
385 390 395 4 OO 

Ile Ser Phe Pro Ser Gly Ser Pro Pro Leu Arg Llys Llys Val Glin Cys 
405 410 415 

Ile Asp Met Asp Ser Lieu. Ser Phe Glin Lieu. Gly Lieu. Tyr Lieu. Ser Pro 
42O 425 43 O 

His Phe Leu Glin Ala Ser Asn. Thir Ile Glu Lieu. Gly Glin Glin Ala Phe 
435 44 O 445 

Wall Glin Wal Ser Wal Ser Pro Lieu. Thir Ser Glu Wall. Thir Wall Glin Lieu. 
450 45.5 460 

Asp Ser Cys His Lieu. Asp Lieu. Gly Pro Glu Gly Asp Met Val Glu Lieu 
465 470 47s 48O 

Ile Glin Ser Arg Thr Ala Lys Gly Ser Cys Val Thr Lieu. Leu Ser Pro 
485 490 495 

Ser Pro Glu Gly Asp Pro Arg Phe Ser Phe Leu Lleu. Arg Val Tyr Met 
SOO 505 51O 

Val Pro Thr Pro Thr Ala Gly. Thir Lieu Ser Cys Asn Lieu Ala Lieu. Arg 
515 52O 525 

Pro Ser Thr Lieu Ser Glin Glu Val Tyr Lys Thr Val Ser Met Arg Lieu. 
53 O 535 54 O 

Asn Val Val Ser Pro Asp Lieu. Ser Gly Lys Gly 
5.45 550 555 

<210s, SEQ ID NO 11 
&211s LENGTH: 233 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 11 

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

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



US 2015/0202260 A1 Jul. 23, 2015 
43 

- Continued 

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

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

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

Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. His 
85 90 95 

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

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

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

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

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

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

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

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

Llys Ser Lieu. Ser Lieu. Ser Pro Gly Lys 
225 23 O 

<210s, SEQ ID NO 12 
&211s LENGTH: 225 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 12 

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Lieu. Leu Gly Gly Pro 
1. 5 1O 15 

Ser Val Phe Leu Phe Pro Pro Llys Pro Lys Asp Thr Lieu Met Ile Ser 
2O 25 3O 

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 
35 4 O 45 

Pro Glu Val Llys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 
SO 55 6 O 

Ala Lys Thir Lys Pro Arg Glu Glu Glin Tyr Asn. Ser Thr Tyr Arg Val 
65 70 7s 8O 

Val Ser Val Lieu. Thr Val Lieu. His Glin Asp Trp Lieu. Asn Gly Lys Glu 
85 90 95 

Tyr Lys Cys Llys Val Ser Asn Lys Ala Lieu Pro Ala Pro Ile Glu Lys 
1OO 105 11 O 

Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr 
115 12 O 125 

Lieu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Glin Val Ser Lieu. Thr 
13 O 135 14 O 

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

Asp Ser Asp Gly Ser Phe Phe Lieu. Tyr Ser Lys Lieu. Thr Val Asp Llys 
18O 185 19 O 

Ser Arg Trp Glin Glin Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
195 2OO 2O5 

Ala Lieu. His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly 
21 O 215 22O 

Lys 
225 

<210s, SEQ ID NO 13 
&211s LENGTH: 21 
212. TYPE: PRT 

<213> ORGANISM: Apis mellifera 

<4 OOs, SEQUENCE: 13 

Met Llys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr Ile 
1. 5 1O 15 

Ser Tyr Ile Tyr Ala 
2O 

<210s, SEQ ID NO 14 
&211s LENGTH: 22 
212. TYPE PRT 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Polypeptide 

<4 OOs, SEQUENCE: 14 

Met Asp Ala Met Lys Arg Gly Lieu. Cys Cys Val Lieu. Lieu. Lieu. Cys Gly 
1. 5 1O 15 

Ala Wall Phe Wal Ser Pro 
2O 

<210s, SEQ ID NO 15 
&211s LENGTH: 25 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 15 

Met Asp Arg Gly Thr Lieu Pro Lieu Ala Val Ala Lieu. Lieu. Lieu Ala Ser 
1. 5 1O 15 

Cys Ser Leu Ser Pro Thir Ser Leu Ala 
2O 25 

<210s, SEQ ID NO 16 
&211s LENGTH: 82O 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 16 

Met Asp Ala Met Lys Arg Gly Lieu. Cys Cys Val Lieu. Lieu. Lieu. Cys Gly 
1. 5 1O 15 

Ala Val Phe Val Ser Pro Gly Ala Glu Thr Val His Cys Asp Leu Gln 
2O 25 3O 

Pro Val Gly Pro Glu Arg Asp Glu Val Thr Tyr Thr Thr Ser Glin Val 
35 4 O 45 

Jul. 23, 2015 



US 2015/0202260 A1 Jul. 23, 2015 
45 

- Continued 

Ser Lys Gly Cys Val Ala Glin Ala Pro Asn Ala Ile Lieu. Glu Val His 
SO 55 6 O 

Val Lieu. Phe Leu Glu Phe Pro Thr Gly Pro Ser Gln Lieu. Glu Lieu. Thr 
65 70 7s 8O 

Lieu. Glin Ala Ser Lys Glin Asn Gly. Thir Trp Pro Arg Glu Val Lieu. Lieu. 
85 90 95 

Val Lieu. Ser Val Asn. Ser Ser Val Phe Lieu. His Lieu. Glin Ala Lieu. Gly 
1OO 105 11 O 

Ile Pro Leu. His Leu Ala Tyr Asn Ser Ser Leu Val Thr Phe Glin Glu 
115 12 O 125 

Pro Pro Gly Val Asn. Thir Thr Glu Lieu Pro Ser Phe Pro Llys Thr Glin 
13 O 135 14 O 

Ile Lieu. Glu Trp Ala Ala Glu Arg Gly Pro Ile Thir Ser Ala Ala Glu 
145 150 155 160 

Lieu. Asn Asp Pro Glin Ser Ile Lieu. Lieu. Arg Lieu. Gly Glin Ala Glin Gly 
1.65 17O 17s 

Ser Leu Ser Phe Cys Met Lieu. Glu Ala Ser Glin Asp Met Gly Arg Thr 
18O 185 19 O 

Lieu. Glu Trp Arg Pro Arg Thr Pro Ala Lieu Val Arg Gly Cys His Lieu. 
195 2OO 2O5 

Glu Gly Val Ala Gly His Lys Glu Ala His Ile Lieu. Arg Val Lieu Pro 
21 O 215 22O 

Gly His Ser Ala Gly Pro Arg Thr Val Thr Val Lys Val Glu Lieu Ser 
225 23 O 235 24 O 

Cys Ala Pro Gly Asp Lieu. Asp Ala Val Lieu. Ile Lieu. Glin Gly Pro Pro 
245 250 255 

Tyr Val Ser Trp Lieu. Ile Asp Ala Asn His Asn Met Glin Ile Trp Thr 
26 O 265 27 O 

Thr Gly Glu Tyr Ser Phe Lys Ile Phe Pro Glu Lys Asn Ile Arg Gly 
27s 28O 285 

Phe Llys Lieu Pro Asp Thr Pro Glin Gly Lieu. Lieu. Gly Glu Ala Arg Met 
29 O 295 3 OO 

Lieu. Asn Ala Ser Ile Wall Ala Ser Phe Wall Glu Lieu. Pro Lieu. Ala Ser 
3. OS 310 315 32O 

Ile Val Ser Lieu. His Ala Ser Ser Cys Gly Gly Arg Lieu Gln Thr Ser 
3.25 330 335 

Pro Ala Pro Ile Glin Thir Thr Pro Pro Lys Asp Thr Cys Ser Pro Glu 
34 O 345 35. O 

Lieu. Lieu Met Ser Lieu. Ile Glin Thir Lys Cys Ala Asp Asp Ala Met Thr 
355 360 365 

Lieu Val Lieu Lys Lys Glu Lieu Val Ala His Lieu Lys Cys Thir Ile Thr 
37 O 375 38O 

Gly Lieu. Thir Phe Trp Asp Pro Ser Cys Glu Ala Glu Asp Arg Gly Asp 
385 390 395 4 OO 

Llys Phe Val Lieu. Arg Ser Ala Tyr Ser Ser Cys Gly Met Glin Val Ser 
4 OS 41O 415 

Ala Ser Met Ile Ser ASn Glu Ala Wal Wall Asn. Ile Lieu. Ser Ser Ser 
42O 425 43 O 

Ser Pro Glin Arg Llys Llys Val His Cys Lieu. Asn Met Asp Ser Lieu. Ser 
435 44 O 445 



US 2015/0202260 A1 Jul. 23, 2015 
46 

- Continued 

Phe Gln Leu Gly Lieu. Tyr Lieu Ser Pro His Phe Leu Glin Ala Ser Asn 
450 45.5 460 

Thir Ile Glu Pro Gly Glin Glin Ser Phe Val Glin Val Arg Val Ser Pro 
465 470 47s 48O 

Ser Val Ser Glu Phe Lieu. Lieu. Glin Lieu. Asp Ser Cys His Lieu. Asp Lieu. 
485 490 495 

Gly Pro Glu Gly Gly Thr Val Glu Lieu. Ile Glin Gly Arg Ala Ala Lys 
SOO 505 51O 

Gly Asn. Cys Val Ser Lieu Lleu Ser Pro Ser Pro Glu Gly Asp Pro Arg 
515 52O 525 

Phe Ser Phe Leu Lieu. His Phe Tyr Thr Val Pro Ile Pro Llys Thr Gly 
53 O 535 54 O 

Thr Lieu Ser Cys Thr Val Ala Lieu. Arg Pro Llys Thr Gly Ser Glin Asp 
5.45 550 555 560 

Gln Glu Val His Arg Thr Val Phe Met Arg Lieu. Asn Ile Ile Ser Pro 
565 st O sts 

Asp Leu Ser Gly Cys Thr Ser Lys Gly Thr Gly Gly Gly Pro Llys Ser 
58O 585 59 O 

Cys Asp Llys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Lieu. Leu 
595 6OO 605 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Lys Asp Thr Lieu. 
610 615 62O 

Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser 
625 630 635 64 O 

His Glu Asp Pro Glu Val Llys Phe Asn Trp Tyr Val Asp Gly Val Glu 
645 650 655 

Val His Asn Ala Lys Thr Llys Pro Arg Glu Glu Glin Tyr Asn. Ser Thr 
660 665 67 O 

Tyr Arg Val Val Ser Val Lieu. Thr Val Lieu. His Glin Asp Trp Lieu. Asn 
675 68O 685 

Gly Lys Glu Tyr Lys Cys Llys Val Ser Asn Lys Ala Lieu Pro Ala Pro 
69 O. 695 7 OO 

Ile Glu Lys Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg Glu Pro Glin 
7 Os 71O 71s 72O 

Val Tyr Thr Lieu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Glin Val 
72 73 O 73 

Ser Lieu. Thr Cys Lieu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val 
740 74. 7 O 

Glu Trp Glu Ser Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr Thr Pro 
7ss 760 765 

Pro Val Lieu. Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Lieu. Thr 
770 775 78O 

Val Asp Llys Ser Arg Trp Glin Glin Gly Asn Val Phe Ser Cys Ser Val 
78s 79 O 79. 8OO 

Met His Glu Ala Lieu. His Asn His Tyr Thr Gln Lys Ser Leu Ser Lieu. 
805 810 815 

Ser Pro Gly Lys 
82O 

<210s, SEQ ID NO 17 
&211s LENGTH: 24 63 
&212s. TYPE: DNA 
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gtgtacaccc tic ccc catc ccgggaggag atgaccalaga accaggt cag cct gacctgc 222 O 

Ctggtcaaag gct tct at CC cagcgacatc gcc.gtggagt gggaga.gcaa tiggcagcc.g 228O 

gagaacaact acaagaccac gcc toccgtg ctggact cog acggctic citt citt cotcitat 234 O 

agcaa.gctica cc.gtggacaa gag caggtgg cagcagggga acgtc.ttct C atgct cogtg 24 OO 

atgcatgagg Ctctgcacaa C cact acacg Cagaagagcc tict Coctgtc. ccc.gggtaaa 246 O 

tga 2463 

<210s, SEQ ID NO 18 
&211s LENGTH: 814 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 18 

Met Asp Ala Met Lys Arg Gly Lieu. Cys Cys Val Lieu. Lieu. Lieu. Cys Gly 
1. 5 1O 15 

Ala Val Phe Val Ser Pro Gly Ala Glu Thr Val His Cys Asp Leu Gln 
2O 25 3O 

Pro Val Gly Pro Glu Arg Asp Glu Val Thr Tyr Thr Thr Ser Glin Val 
35 4 O 45 

Ser Lys Gly Cys Val Ala Glin Ala Pro Asn Ala Ile Lieu. Glu Val His 
SO 55 6 O 

Val Lieu. Phe Leu Glu Phe Pro Thr Gly Pro Ser Gln Lieu. Glu Lieu. Thr 
65 70 75 8O 

Lieu. Glin Ala Ser Lys Glin Asn Gly. Thir Trp Pro Arg Glu Val Lieu. Lieu. 
85 90 95 

Val Lieu. Ser Val Asn. Ser Ser Val Phe Lieu. His Lieu. Glin Ala Lieu. Gly 
1OO 105 11 O 

Ile Pro Leu. His Leu Ala Tyr Asn Ser Ser Leu Val Thr Phe Glin Glu 
115 12 O 125 

Pro Pro Gly Val Asn. Thir Thr Glu Lieu Pro Ser Phe Pro Llys Thr Glin 
13 O 135 14 O 

Ile Lieu. Glu Trp Ala Ala Glu Arg Gly Pro Ile Thir Ser Ala Ala Glu 
145 150 155 160 

Lieu. Asn Asp Pro Glin Ser Ile Lieu. Lieu. Arg Lieu. Gly Glin Ala Glin Gly 
1.65 17O 17s 

Ser Leu Ser Phe Cys Met Lieu. Glu Ala Ser Glin Asp Met Gly Arg Thr 
18O 185 19 O 

Lieu. Glu Trp Arg Pro Arg Thr Pro Ala Lieu Val Arg Gly Cys His Lieu. 
195 2OO 2O5 

Glu Gly Val Ala Gly His Lys Glu Ala His Ile Lieu. Arg Val Lieu Pro 
21 O 215 22O 

Gly His Ser Ala Gly Pro Arg Thr Val Thr Val Lys Val Glu Lieu Ser 
225 23 O 235 24 O 

Cys Ala Pro Gly Asp Lieu. Asp Ala Val Lieu. Ile Lieu. Glin Gly Pro Pro 
245 250 255 

Tyr Val Ser Trp Lieu. Ile Asp Ala Asn His Asn Met Glin Ile Trp Thr 
26 O 265 27 O 

Thr Gly Glu Tyr Ser Phe Lys Ile Phe Pro Glu Lys Asn Ile Arg Gly 
27s 28O 285 

Phe Llys Lieu Pro Asp Thr Pro Glin Gly Lieu. Lieu. Gly Glu Ala Arg Met 
29 O 295 3 OO 
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Lieu. Asn Ala Ser Ile Wall Ala Ser Phe Wall Glu Lieu. Pro Lieu. Ala Ser 
3. OS 310 315 32O 

Ile Val Ser Lieu. His Ala Ser Ser Cys Gly Gly Arg Lieu Gln Thr Ser 
3.25 330 335 

Pro Ala Pro Ile Glin Thir Thr Pro Pro Lys Asp Thr Cys Ser Pro Glu 
34 O 345 35. O 

Lieu. Lieu Met Ser Lieu. Ile Glin Thir Lys Cys Ala Asp Asp Ala Met Thr 
355 360 365 

Lieu Val Lieu Lys Lys Glu Lieu Val Ala His Lieu Lys Cys Thir Ile Thr 
37 O 375 38O 

Gly Lieu. Thir Phe Trp Asp Pro Ser Cys Glu Ala Glu Asp Arg Gly Asp 
385 390 395 4 OO 

Llys Phe Val Lieu. Arg Ser Ala Tyr Ser Ser Cys Gly Met Glin Val Ser 
4 OS 41O 415 

Ala Ser Met Ile Ser ASn Glu Ala Wal Wall Asn. Ile Lieu. Ser Ser Ser 
42O 425 43 O 

Ser Pro Glin Arg Llys Llys Val His Cys Lieu. Asn Met Asp Ser Lieu. Ser 
435 44 O 445 

Phe Gln Leu Gly Lieu. Tyr Lieu Ser Pro His Phe Leu Glin Ala Ser Asn 
450 45.5 460 

Thir Ile Glu Pro Gly Glin Glin Ser Phe Val Glin Val Arg Val Ser Pro 
465 470 47s 48O 

Ser Val Ser Glu Phe Lieu. Lieu. Glin Lieu. Asp Ser Cys His Lieu. Asp Lieu. 
485 490 495 

Gly Pro Glu Gly Gly Thr Val Glu Lieu. Ile Glin Gly Arg Ala Ala Lys 
SOO 505 51O 

Gly Asn. Cys Val Ser Lieu Lleu Ser Pro Ser Pro Glu Gly Asp Pro Arg 
515 52O 525 

Phe Ser Phe Leu Lieu. His Phe Tyr Thr Val Pro Ile Pro Llys Thr Gly 
53 O 535 54 O 

Thr Lieu Ser Cys Thr Val Ala Lieu. Arg Pro Llys Thr Gly Ser Glin Asp 
5.45 550 555 560 

Gln Glu Val His Arg Thr Val Phe Met Arg Lieu. Asn Ile Ile Ser Pro 
565 st O sts 

Asp Leu Ser Gly Cys Thr Ser Lys Gly Thr Gly Gly Gly Thr His Thr 
58O 585 59 O 

Cys Pro Pro Cys Pro Ala Pro Glu Lieu. Leu Gly Gly Pro Ser Val Phe 
595 6OO 605 

Lieu. Phe Pro Pro Llys Pro Lys Asp Thr Lieu Met Ile Ser Arg Thr Pro 
610 615 62O 

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val 
625 630 635 64 O 

Llys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr 
645 650 655 

Llys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val 
660 665 67 O 

Lieu. Thr Val Lieu. His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr Lys Cys 
675 68O 685 

Llys Val Ser Asn Lys Ala Lieu Pro Ala Pro Ile Glu Lys Thir Ile Ser 
69 O. 695 7 OO 
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Lys Ala Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu. Pro Pro 
7 Os 71O 71s 72O 

Ser Arg Glu Glu Met Thr Lys Asn Glin Val Ser Lieu. Thr Cys Lieu Val 
72 73 O 73 

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly 
740 74. 7 O 

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp Ser Asp 
7ss 760 765 

Gly Ser Phe Phe Lieu. Tyr Ser Lys Lieu. Thr Val Asp Llys Ser Arg Trp 
770 775 78O 

Gln Glin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Lieu. His 
78s 79 O 79. 8OO 

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys 
805 810 

<210s, SEQ ID NO 19 
&211s LENGTH: 821 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 19 

Met Asp Ala Met Lys Arg Gly Lieu. Cys Cys Val Lieu. Lieu. Lieu. Cys Gly 
1. 5 1O 15 

Ala Val Phe Val Ser Pro Gly Gly Glu Arg Val Gly Cys Asp Lieu. Glin 
2O 25 30 

Pro Val Asp Pro Thr Arg Gly Glu Val Thr Phe Thr Thr Ser Glin Val 
35 4 O 45 

Ser Glu Gly Cys Val Ala Glin Ala Ala Asn Ala Val Arg Glu Val His 
SO 55 6 O 

Val Lieu. Phe Lieu. Asp Phe Pro Gly Met Leu Ser His Lieu. Glu Lieu. Thr 
65 70 7s 8O 

Lieu. Glin Ala Ser Lys Glin Asn Gly Thr Glu Thr Glin Glu Val Phe Lieu. 
85 90 95 

Val Lieu Val Ser Asn Lys Asn Val Phe Val Llys Phe Glin Ala Pro Glu 
1OO 105 11 O 

Ile Pro Lieu. His Lieu Ala Tyr Asp Ser Ser Lieu Val Ile Phe Glin Gly 
115 12 O 125 

Gln Pro Arg Val Asn Ile Thr Val Lieu Pro Ser Lieu. Thir Ser Arg Lys 
13 O 135 14 O 

Glin Ile Lieu. Asp Trp Ala Ala Thir Lys Gly Ala Ile Thir Ser Ile Ala 
145 150 155 160 

Ala Lieu. Asp Asp Pro Glin Ser Ile Val Lieu. Glin Lieu. Gly Glin Asp Pro 
1.65 17O 17s 

Lys Ala Pro Phe Lieu. Cys Lieu Pro Glu Ala His Lys Asp Met Gly Ala 
18O 185 19 O 

Thr Lieu. Glu Trp Gln Pro Arg Ala Glin Thr Pro Val Glin Ser Cys Arg 
195 2OO 2O5 

Lieu. Glu Gly Val Ser Gly His Lys Glu Ala Tyr Ile Lieu. Arg Ile Lieu. 
21 O 215 22O 

Pro Gly Ser Glu Ala Gly Pro Arg Thr Val Thr Val Met Met Glu Lieu. 
225 23 O 235 24 O 

Ser Cys Thr Ser Gly Asp Ala Ile Lieu. Ile Lieu. His Gly Pro Pro Tyr 
245 250 255 
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Val Ser Trp Phe Ile Asp Ile Asn His Ser Met Glin Ile Lieu. Thir Thr 
26 O 265 27 O 

Gly Glu Tyr Ser Val Lys Ile Phe Pro Gly Ser Lys Val Lys Gly Val 
27s 28O 285 

Glu Lieu Pro Asp Thr Pro Glin Gly Lieu. Ile Ala Glu Ala Arg Llys Lieu. 
29 O 295 3 OO 

Asn Ala Ser Ile Wall. Thir Ser Phe Wall Glu Lieu. Pro Leu Val Ser Asn 
3. OS 310 315 32O 

Val Ser Lieu. Arg Ala Ser Ser Cys Gly Gly Val Phe Glin Thr Thr Pro 
3.25 330 335 

Ala Pro Val Val Thr Thr Pro Pro Lys Asp Thr Cys Ser Pro Val Lieu. 
34 O 345 35. O 

Lieu Met Ser Lieu. Ile Gln Pro Llys Cys Gly Asn Glin Val Met Thr Lieu. 
355 360 365 

Ala Lieu. Asn Llys Llys His Val Glin Thir Lieu. Glin Cys Thir Ile Thr Gly 
37 O 375 38O 

Lieu. Thir Phe Trp Asp Ser Ser Cys Glin Ala Glu Asp Thr Asp Asp His 
385 390 395 4 OO 

Lieu Val Lieu Ser Ser Ala Tyr Ser Ser Cys Gly Met Lys Val Thr Ala 
4 OS 41O 415 

His Val Val Ser Asn Glu Val Ile Ile Ser Phe Pro Ser Gly Ser Pro 
42O 425 43 O 

Pro Lieu. Arg Llys Llys Val Glin Cys Ile Asp Met Asp Ser Lieu. Ser Phe 
435 44 O 445 

Gln Leu Gly Lieu. Tyr Lieu Ser Pro His Phe Leu Glin Ala Ser Asn Thr 
450 45.5 460 

Ile Glu Lieu. Gly Glin Glin Ala Phe Val Glin Val Ser Val Ser Pro Leu 
465 470 47s 48O 

Thir Ser Glu Val Thr Val Glin Lieu. Asp Ser Cys His Lieu. Asp Lieu. Gly 
485 490 495 

Pro Glu Gly Asp Met Val Glu Lieu. Ile Glin Ser Arg Thr Ala Lys Gly 
SOO 505 51O 

Ser Cys Val Thr Lieu Lleu Ser Pro Ser Pro Glu Gly Asp Pro Arg Phe 
515 52O 525 

Ser Phe Leu Lieu. Arg Val Tyr Met Val Pro Thr Pro Thr Ala Gly Thr 
53 O 535 54 O 

Lieu. Ser Cys Asn Lieu Ala Lieu. Arg Pro Ser Thr Lieu. Ser Glin Glu Val 
5.45 550 555 560 

Tyr Lys Thr Val Ser Met Arg Lieu. Asn Ile Val Ser Pro Asp Leu Ser 
565 st O sts 

Gly Lys Gly Thr Gly Gly Gly Glu Pro Arg Val Pro Ile Thr Glin Asn 
58O 585 59 O 

Pro Cys Pro Pro Leu Lys Glu. Cys Pro Pro Cys Ala Ala Pro Asp Leu 
595 6OO 605 

Lieu. Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Ile Lys Asp Val 
610 615 62O 

Lieu Met Ile Ser Lieu. Ser Pro Met Val Thr Cys Val Val Val Asp Val 
625 630 635 64 O 

Ser Glu Asp Asp Pro Asp Val Glin Ile Ser Trp Phe Val Asn. Asn. Wall 
645 650 655 
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Pro 

Ile 
145 
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Lell 

Glu 

Gly 
225 
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Lell 
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Ala 

Ser 

Thir 
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Wall 

Pro 
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Luell 
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Luell 
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Ala 

Luell 
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115 

Gly 
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Asp 
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Ser 
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Phe 
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18O 

Arg 
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Ala 

Gly 

Trp 
26 O 

Tyr 
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Ile 
34 O 

Ser 

Phe 

Luell 

Ile 
42O 

Arg 

Pro 

Pro 

Thir 

Asn 
SOO 

Lell 

Asn 

Ala 

Glin 
1.65 

Pro 

Gly 

Gly 

Asp 
245 

Lell 

Ser 

Asp 

Ile 
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3.25 

Glin 

Lell 

Lys 

Trp 

Arg 
4 OS 

Ser 
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485 

Trp 
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150 

Ser 
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Arg 
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Lell 

Ile 
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Wall 
310 

Ala 

Thir 

Ile 

Glu 

Asp 
390 

Ser 
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Gly 
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470 

Wall 
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Glu 

Ile 

Lell 

Thir 

Lys 
215 

Arg 

Asp 

Asp 

Pro 
295 
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Thir 

Glin 

Lell 
375 
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Glu 
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Wall 
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12 O 

Glu 

Arg 

Luell 

Glu 

Pro 

Glu 

Thir 

Ala 

Ala 

Ile 

Glin 

Ser 

Ser 

Pro 

Thir 
360 

Wall 

Ser 

Ala 

Gly 
44 O 

Pro 

Wall 

Asp 

105 

Ser 

Luell 

Gly 

Luell 

Ala 
185 

Ala 

Ala 

Wall 

Wall 

Asn 
265 

Phe 

Gly 

Phe 
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345 

Ala 

Ser 

Wall 
425 
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Asp 

Asp 

Gly 
505 

Ser 

Pro 

Pro 

Arg 

Ser 

Luell 

His 

Thir 

Luell 
250 

His 

Pro 

Luell 

Wall 

Gly 
330 

His 

Glu 

Ser 

Wall 

Luell 

Thir 

Wall 
490 

Wall 

Luell 

Ser 

Ile 
155 
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Glin 

Wall 

Ile 

Wall 
235 

Ile 

ASn 

Glu 

Luell 

Glu 
315 

Gly 

Asp 

Ala 

Luell 

Ala 
395 
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Ser 

Luell 

Luell 

Ser 

Glu 
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Wall 

Phe 
14 O 

Thir 

Gly 

Asp 

Arg 

Lell 

Lell 

Met 

Gly 
3 OO 

Lell 

Arg 

Thir 

Asp 

Lys 
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Gly 

Ile 

Gly 
460 

Met 

His 
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Glin 
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Gly 
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Asp 

Met 
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Ile 
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Lys 

Ala 

Ala 
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Cys 
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Asp 
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Ile 

Gly 
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Thir 
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Ala 

Glu 
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160 
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24 O 

Pro 

Thir 
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Ser 
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Thir 
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4 OO 
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His 
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48O 
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tgcaccatca C9ggcctgac Cttctgggac cccagctgtg aggcagagga Caggggtgac 2OO 

aagtttgtct tcgcagtgc titact coagc tigtgg catgc aggtgtcagc aagtatgat C 26 O 

agcaatgagg C9gtggtcaa tat cotgtcg agct cat cac cacagcggac C9gtggtgga 32O 

cc caaatctt gtgacaaaac toacacatgc ccaccgtgcc cagcacctga act cotgggg 38O 

ggaccotcag tottcct citt ccc.cccaaaa cccaaggaca ccct catgat citc.ccggacc 44 O 

Cctgaggt ca catgcgtggt ggtggacgtg agccacgaag accctgaggit Caagttcaac SOO 

tggtacgtgg acggcgtgga ggtgcataat gcc aaga caa agcc.gcggga ggagcagtac 560 

alacagcacgt accgtgtggt cagcgt.cctic accgtCctgc accaggactg gctgaatggc 62O 

aaggagtaca agtgcaaggit citccaacaaa goc ct cocag cccc.cat cqa gaaaaccatc 68O 

tccaaa.gc.ca aagggcagcc cc.gagaacca Caggtgtaca CCCtgcc.ccc atc.ccgggag 74 O 

gagatgacca agaacCaggit cagcctgacc tic ctggtca aaggcttcta t cc cagogac 8OO 

atcgc.cgtgg agtgggagag caatgggcag ccggagalaca act acaaga C Cacgc.ct coc 86 O 

gtgctggact C cacggctic Cttct tcc to tatagcaa.gc ticaccgtgga caagagcagg 92 O 

tggcagcagg ggaacgt.ctt ct catgct Co gtgatgcatg aggctctgca Caac Cactac 98 O 

acgcagaaga gcct ct coct gtcc.ccgggit aaatga 2O16 

<210s, SEQ ID NO 23 
& 211 LENGTH: 606 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 23 

Met Asp Ala Met Lys Arg Gly Lieu. Cys Cys Val Lieu. Lieu. Lieu. Cys Gly 
1. 5 1O 15 

Ala Val Phe Val Ser Pro Gly Ala Glu Thr Val His Cys Asp Leu Gln 
2O 25 3O 

Pro Val Gly Pro Glu Arg Asp Glu Val Thr Tyr Thr Thr Ser Glin Val 
35 4 O 45 

Ser Lys Gly Cys Val Ala Glin Ala Pro Asn Ala Ile Lieu. Glu Val His 
SO 55 6 O 

Val Lieu. Phe Leu Glu Phe Pro Thr Gly Pro Ser Gln Lieu. Glu Lieu. Thr 
65 70 7s 8O 

Lieu. Glin Ala Ser Lys Glin Asn Gly. Thir Trp Pro Arg Glu Val Lieu. Lieu. 
85 90 95 

Val Lieu. Ser Val Asn. Ser Ser Val Phe Lieu. His Lieu. Glin Ala Lieu. Gly 
1OO 105 11 O 

Ile Pro Leu. His Leu Ala Tyr Asn Ser Ser Leu Val Thr Phe Glin Glu 
115 12 O 125 

Pro Pro Gly Val Asn. Thir Thr Glu Lieu Pro Ser Phe Pro Llys Thr Glin 
13 O 135 14 O 

Ile Lieu. Glu Trp Ala Ala Glu Arg Gly Pro Ile Thir Ser Ala Ala Glu 
145 150 155 160 

Lieu. Asn Asp Pro Glin Ser Ile Lieu. Lieu. Arg Lieu. Gly Glin Ala Glin Gly 
1.65 17O 17s 

Ser Leu Ser Phe Cys Met Lieu. Glu Ala Ser Glin Asp Met Gly Arg Thr 
18O 185 19 O 

Lieu. Glu Trp Arg Pro Arg Thr Pro Ala Lieu Val Arg Gly Cys His Lieu. 




































