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TGF-B-RIB or a fragment thereof:
(i) Transforming growth factor beta receptor type It (TGF-B-Rit) (SEQ ID NO: 79):

MGRGLLRGLW
CDNQKSCMSN

PLEIVLWTRI
CSITSICERP

ASTIPPHVQOK
QEVCVAVWRE

Sheet 1 of 75

SVNNDMIVTD
NDENITLETV

NNGAVKFPQL

US 12,295,968 B2

CRKECDVREST

CHDFPKLPYHD

FILEDAASPK

CIMKEKKKPG

ETFFMCSCSS

DECNDNIIFES

EEYNTSNPDL

SVIITFYCYR
LLPIELDTLY
HENILOFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN
LEHLDRLSGR

VNRQOKLSST
GKGREFAEVYK
EERKTELGKQ
PRMPIVHRDL
ESRMNLENVE
VLRDRGRPETL
SCSEEKIPED

WETGKTRKLM
AKLKONTSEQ
YWLITAFHAK
KSSNILVKND
SEFKQTDVYSM
PSEFWLNHQGI
GSLNTTK

EFSEHCAIIL
FETVAVKIFP?
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
CMVCETLTEC

LLVIFOVTGI
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVKDY
WDHDPEARLT

SLLPPLGVATI
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGOVG
EPPFGSKVRE
AQCVAERFSE

[italic — Extracellular domain of Transforming growth factor beta Receptor 1l (TGFB R}
[Underlined = TGFB RIl Extraceliular domain (ECD) region that binds TGF-§)]

{ii} Transforming growth factor beta receptor type B (TGF-3-RIIB) (SEQ {D NO: 80):

MGRGLLRGLW
MIVTDNNGAV
TLETVCHDPK

PLHIVLWTRI
KEPQLCKECD

ASTIPPHVOK
VRESTCDNQOK

SDVEMEAQKD
SCMSNCSITS

EIICPSCNRT
TCEKPQEVCY

AHPLRHINND
AVWREKNDENT

LPYHDFILED

AASPKCIMKE

KKKPGETFEM

CSCSSDECND

NITFSEEYNT

SNPDLLLVIF
CATILEDDRS
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVKDY
WDHDPEARLT

QVITGISLLPP
DISSTCANNI
KDIFSDINLK
GSSLARGIAH
DDLANSGOVG
EPPFGSKVRE
AQCVAERFESE

LGVAISVITI
NENTELLPIE
HENILQEFLTA
LHSDHETPCGR
TARYMAPEVL
HPCVESMEKDN
LEHLDRLSGR

FYCYRVNRQQ
LDTLVGKGREF
EERKTELGKQ
PKMPIVHRDL
ESRMNLENVE
VLRDRGRPEI
SCSEEKIPED

KLSSTWETGK
AEVYKAKLKQ
YWLITAFHAK
KSSNILVKND
SFKQTDVYSM
PSFWLNHQGT
GSLNTTK

TRKLMEFSEH
NTSEQFETVA
GNLQEYLTRH
LTCCLCDEGL
ALVLWEMTSR
OMVCETLTEC

Amino acid sequences of transforming growth factor beta receptor type Il (TGF-B-RIl} or

VKI FP

[italic — Extracellular domain of Transforming growth factor beta Receptor lIB (TGF( RIIB)]
[Underlined = TGFB RIIB Extracellular domain {(ECD) region that binds TGF-B)]

2.

RIIB comprising the Extracellular domain (ECD) region that binds TGF-

(i) TGF-B R-ll (AC terminus): TGFB Rl lacking the last 38 amino acids from the C-terminus
(SEQ ID NO: 81):

MGRGLLRGLW
CDNQKSCMSN

PLHIVLWTRI
CSITSICEKE

ASTIPPHVQR
QEVCVAVARK

SVNNDMIVTD
NDENITLETV

NNGAVKFPQL

CRKFCDVRFST

"HDPKLPYHD

FILEDAASPK

CIMEKEKKKPG

ETFEMCSCSS

DECNDNIIFS

EEYNTSNPDL

SVIITEFYCYR
LLPIELDTLV
HENILOFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN

NROQKLSST
GKGRFAEVYK
EERKTELGKO
PKMPIVHRDL
ESRMNLENVE
VLRDRGRPET

WETGKTRKLM
AKLRONTSEQ
YWLITAFHAK
KSSNILVEND
SFKQTDVYSM
PSFWLNHQGT

EFSEHCAITL
PETVAVKIFP
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
QMVCETLTEC

FIG. 1A

LLVIFOQVTGL
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTL3V
CNAVGEVEKDY
WDHDPEARL

SLLPPLGVAIL
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EFPFGSKVRE

Truncated mutants of Transforming growth factor beta Receptor Il {TGF-B-RII) or TGF-B-
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TGF-B R-UB {AC terminus); TGF RIIB lacking the last 38 aa from the C-terminus (SEQ ID NO: 82):

MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SDVEMEAQKD EIICPSCNRT AHPLRHINND
ICEKPQEVCY AVWREKNDENI

MIVTDNNGAYV
TLETVCHDPK

KFPQLCKFCD

VREFSTCDNQK

SCMSNCSITS

LPYHDFILED

AASPKCIMKE

KKKPGETEEFM

CSCSSDECND

NITIFSEEYNT

SNPOLLLVIF
CAIILEDDRS

YEEYASWKTE

VISWEDLRKL

SLRLDPTLSV
CNAVGEVKDY

WDHDPEARL

QVTGISLLPP
DISSTCANNI
KDIFSDINLK
GSSLARGIAH
DDLANSGOVG
EPPFGSKVRE

LGVAISVIIZI
NENTELLPIE
HENILQFLTA
LESDHTPCGR
TARYMAPEVL
HPCVESMKDN

FYCYRVNRQQ
LDTLVGKGRF
EERKTELGKQ
PKMPIVHRDL
ESRMNLENVE
VLRDRGRPETI

KLSSTWETGK
AEVYKAKLKQ
YWLITAFHAK
KSSNILVEKND
SFRQTDVYSM
PSFWLNHOGI

TRKLMEFSEH
NTSEQFETVA
GNLQEYLTRH
LTCCLCDEGL
ALVLWEMTSR
CMVCETLIEC

VKI FP

(i) TGF-BR-1f (Acyt): TGFBRI lacking the kinase domain & juxtamembrane region (SEQ ID NO: 83):
SVNNDMIVTD NNGAVKEPQL CKFCDVREST

MGRGLLRGLW
CDNQKSCMSN

PLHIVLWTRI
CSITSICEKRFP

ASTIPPHVQK
QEVCVAVWRK

NDENITLETV CHDPKLPYHD FILEDAASPK

CIMKEKKKPG

ETFFMCSCSS

DECNDNIIFS

EEYNTSNPDL LLVIFOVTGI SLLPPLGVAIL

SVIIIFYCYR

VNRQOKLSS

TGF-BR-IIB (Acyt): TGFBRIIB lacking the kinase domain & juxtamembrane region (SEQ iD NO: 84}

SDVEMEAQKD EIICPSCNRT AHPLRHINND
SCMSNCSITS ICEKPQEVCY AVWREKNDENT

MGRGLLRGLW
MIVTDNNGAV
TLETVCHDPK

PLHIVLWTRI
KFPQLCKFCD

ASTIPPHVQK
VRFESTCDNQK

LPYHDFILED

AASPRCIMKE

RKKPGETFEM

CSCSSDECND

NIIFSEEYNT

SNPDLLLVIE

OVTGISLLPP

LGVAISVIII

FYCYRVNRQQ

KLSS

(i} TGF-B R-lf containing the N-terminus region including the extraceliular domain (SEQ D NO: 85):
MGRGLLRGLW PLHIVLWIRI ASTIPPHVOK SVNNDMIVID NNGAVEKFPQL

CDNQRKSCMSN CSITSICERP QEVCVAVWREK NDENITLETYV CHDPKLEPYHD FILEDAASPER

CKFCDVREST

CIMKERKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDL LLVIFQ

TGF-B R-IB containing the N-terminus region including the extraceliutar domain (SEQ 1D NO: 86):

MGRGLLRGLW
MIVTDNNGAV

PLHIVLWTRI
EFPQLCKFCD

ASTIPPHVOK SDVEMEAQRD EIICPSCNRT AHPLRHINND
VRESTCDNQK SCMSNCSITS ICERKPQEVCV AVWRENDENI

TLETVCHDPK LPYHDPILED AASPRKCIMKE

BERKPGETEFFM CSCSSDECND NITFSEEYNT

SNPDLLLVIF

Q

{iv) TGF-f R-lf containing the extraceliular domain that binds TGF-f (SEQ 1D NO: 87):

TIPPHVQOK SVNNDMIVTD NNGAVKFPQL CKFCDVREST CDNQRKSCMSN CSITSICEKFP
CEVCVAVWRE NDENITLETV CHDPKLPYHD FILEDAASFPK CIMKEKKKPG ETFFMCSCSS

DECNDNIIFES

ERYNTSNPD

TGF-B R-IiB containing the extracellular domain that binds TGF-3 (SEQ ID NO: 88):

TIPPHVOK SDVEMEAQKD EIICPSCNRT AHPLRHINND MIVTDNNGAV KFPQLCKFCD
VRESTCDONQK SCMSNCSITS ICERKPQEVCV AVWRENDENI

TLETVCHDPK LPYHDFILED

AASPKCIMKE KEKKPGETEFM CSCSSDECND NIIFSEEYNT

SNPD

{v) TGF-B R-}i containing the region of the extraceliular domain that binds TGF-B (SEQ ID NO: 89):
POL CKECDVREST CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETYV CHDPKLPYHD

FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

FIG. 1B
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3. Kinase-deficient mutants, deletion mutants, or point mutants of Transforming growth factor

beta Receptor 1l (TGFB-RII) or TGFB-RIIB or a fragment thereof which binds TGF-

{t) Transforming growth factor beta Receptor Il containing point mutations:

Amino acid sequence of TGF-f R-lf (K277R) contains a point mutation in its ATP-binding site and

is inactive as a kinase (SEQ ID NO: 90):

MGRGLLRGLW
CDNQESCMSN

PLEIVLWTRE
CSITSICERP

ASTIPPHVOK
QEVCVAVWRK

SVNNDMIVTD
NDENITLETV

NNGAVEKFPQL

CEFCDVREST

CHDPKLPYHD

FILEDAASPK

CIMKEKKKPG

ETEFMCSCSS

DECNDNIIFS

EEYNTSNPDL

SVITIIFYCYR
LLPIELDTLY
HENILOFLTA
LHSDHTPCGR
TARYMAPEVL
LEHLDRLSGR

(il) Transforming growth factor beta Receptor Il containing deletions in the amino acid

VNRQQKLSST
GRGRFAEVYK
EERKTELGKQ
PRMPIVHRDL
ESRMNLENVE
SCSEEKIPED

WETGKTRKLM
ARLEQNTSEQ
YWLITAFHAK
KSSNILVEND
SEKQTDVYSM
GSLNTTK

EFSEHCAIIL
FETVAVRIEP
GNLOEYLTRH
LTCCLCDFGL
ALVLWEMTSR

LLVIFQVIGT
EDDRSDISST
YEEYASWKTHE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVRKDY

SLLPPLGVAIL
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DBLANSGQOVG
EPPFGESKVRE

sequence (deletion mutants): Transforming growth factor beta Receptor Il (Al)

TGF-B R-1l (Ai2) contains a deletion of amino acids 498 to 508 and is inactive as a kinase

(SEQ ID NO: 91}

MGRGLLRGLW
CDNQKSCMSN

PLEIVLWIRI
CSITSICERP

ASTIPPHVQK
QEVCVAVWRE

SVNNDMIVTD
NDENITLETV

NNGAVKFPQL

CKECDVREST

CHDPRLPYHD

FILEDAASPR

CIMREKKKPG

ETEEFMCSCSS

DECNDNITES

EFEYNTSNPDL

SVIIIEYCYR
LLPIELDTLV
HENILOFLTA
LASDHTPCGR
TARYMAPRPEVL
HPCVESMKDA
PEDGSLNTTK

VNRQOKLSST
GKGRFAEVYK
EERKTELGKQ
PRMPIVHRDL
ESRMNLENVE
SGIOMVCETL

WETCGKTRKLM
AKLKONTSEQ
YWLITAFHAK
KSSNILVEND
SERQTDVYSM
TECWDHDPEA

EFSEHCAIIL
FETVAVKIEP
GNLOEYLTRH
LTCCLCDEGL
ALVLWEMTSR
RLTAQCVAER

LLVIFQUVIGIT
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSY
CNAVGEVEDY
FSELEHLDRL

SLLPPLGVAI
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE
SGRSCSEEKT

4, Amino acid sequences of transforming growth factor beta receptor type il (TGF-3-Rlill) or
or a fragment thereof.

5. Hybrid or fusion proteins containing amino acid sequences of transforming growth factor
beta receptor type Il (TGF-B-RIl) and TGF-B-RIil.

8. Hybrid or fusion proteins containing amino acid sequences of transforming growth factor
beta receptor type 1B (TGF-B-RIIB} and TGF-B-RIIL.

Linker sequence used in fusion proteins (SEQ 1D NO: 104):
GGGGESGEGESGEGES

FIG. 1C
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Fusion proteins comprising Anti-HER2/neu antibody and Transforming growth
factor-beta receptor {l (TGF3-Rll) Extraceliular domain (ECD).

Anti-HERZ2/neu heavy chain + TGFB-Rll ECD fusion amino acid sequence
(SEQ ID NO: 1)
EVQLVESGGGLVQPGGSLRLSCAASGENIKDTY THWVRQAPGKGLEWVARIYPTNGYTRYADSVKG

RETISADTSENTAYLOMNSLRAEDTAVYYCSRWGGDGEY AMDYWGOGTLVTIVSSASTRKGPSVERLA

PSSKSTSGGTAALGCLVKDYFPERVIVSWNSGALTSGVETFPAVLOSSGLYSLSSVVIVPSSSLGT
OTYICNVNHKPSNTKVDKRKVEPKSCDETHTCPPCPAPELLGGPSVEFLEFPPRKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKA
LPAPIEKTISKAKGOPREPQVYTLPPSREEMTRNQVSLTCLVKGEYPSDIAVEWESNGGPENNYKT
TPPVLDSDCGSEFFLYSKLTVDKSRWQQGNVESCEVMHEEALHNEY TQKSLSLSPGK
GGGGSGGGGSGGEGES TIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFEST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-HER2/neu light chain amino acid sequence (SEQ 1D NO: 70):
DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVARYQQKPGKAPKLLIYSASFLYSCVPSRESGSR

SGTDFTLTISSLOPEDFATYYCOQHYTTPPTFGOGTRVEIKRTVAAPSVEIFPPSDEQLKSGTASY

VCLILNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: Anti-HER?2 antibody variable region

Plain: Anti-HERZ2 antibody constant region
ftalic: Linker
Bold: TGFBRII ectodomain

FIG. 2
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Fusion proteins comprising Anti-EGFR1 antibody and Transforming growth factor-
beta receptor Il (TGFB-RH) Extracellular domain (ECD).

Anti-EGFR1 heavy chain + TGF3-RlIl ECD fusion amino acid sequence

(SEQ ID NO: 2):
QVQLKQOSGPGLVOPSQOSLSITCTVSGEFSLTNYGVHWVROSPCGKGLEWLGVIWSGGNTDYNTPERTSR

LSINKDNSKSQVEFEMNSLOSNDTAIYYCARALTYYDYEFAYWGQGTLVIVSAASTKGRESVEPLAP

SSKSTSGCTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVESSSLGTQ
TYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVEFLEPPKPRKDTLMISRTPEVTICY
VVDVSHEDPEVEFNWYVDGVEVHENAKTKPREEQYNSTYRVVSVLTVLEQDWLNGKEYKCKVENKAL
PAPIEKTISKAKGQPREPOQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTT
PPVLDSDGSFFLY SKLTVDKSRWQQGNVESCSVMHEALHEHNHYTQKSLSLSPGK
GGGGSGGGGESEEEGS TIPPHVQK SVNNDMIVID NNGAVKEPQL CKFCDVRFST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-EGFR1 light chain amino acid sequence (SEQ ID NO: 71):
DILLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQORTNGS PRLLIKYASESISGIPSRESGSG

SGTDFTLSINSVESEDIADYYCQONNNWPTTFGAGTKLELKRTVAAPSVEFIFPPSDECLKSGTASV

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVITKSEFNRGEC

Underlined: Anti-EGFR antibody variable region

Plain: Anti-EGFR antibody constant region
Htalic: Linker
Bold: TGFBRIl ectodomain

FIG. 3
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Fusion proteins comprising Anti-CD20 antibody and Transforming growth factor-
beta receptor It (TGFB-RH) Extraceliular domain (ECD).

Anti-CD20 heavy chain+ TGFB-Ril ECD fusion amino acid sequence

(SEQ ID NO: 3):

QVQLQQPGAELVKPGASVKMSCKASGY TFTSYNMHWVKQTPGRGLEWIGATIYPGNGDTSYNQKFKG
KATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWYFNVWGAGTTVTIVSAASTKGPSVEPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSCGLY SLSSVVTVPSESLG
TQTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT

CVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLIVLEQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTRKNQVSLTCLVKGEYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNEY TQKSLSLSPGK
GGGGSGGGEGSGGEGS TIPPHVQK SVNNDMIVID NNGAVKFPQL CKFCDVRFST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-CD20 light chain amino acid sequence (SEQ ID NO: 72):
QIVLSQSPAILSASPGEKVIMTCRASSSVSY THWFQORKPGS SPRPWIYATSNLASGVEVRFSGSGS

GTSYSLTISRVEAEDAATYYCQOWTSNPPTFGGGTKLEIKRTVAAPSVEIFPPSDEQLKSGTASYV

CLLNNFYRPREAKVOWRVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSEFNRGEC

Underlined: Anti-CD20 antibody variable region

Plain: Anti-CD20 antibody constant region
ftalic: Linker
Bold: TGFBRIIl ectodomain

FIG. 4
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Fusion proteins comprising anti-VEGF antibody and Transforming growth factor-
beta receptor Il {TGFB-Rll) Extraceliular domain (ECD).

Anti-VEGF heavy chain+ TGFB-RIl ECD fusion amino acid sequence

(SEQ ID NO: 4):
EVQLVESGGGLVOPGGSLRLSCAASGY TR TNYGMNWVRQAPGKGLEWVGHWINTYTGEPTYAADFKR
RETFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGS SHWY FDVWGQGTLVTVSSASTRGPSVE

PLAPSSKSTSGGTAALGCLVKDY FPERPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPRPSSS
LGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPRKPKDTIMISRTPE
VICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVS
NKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGOPENN
YRKTTPPVLDSDGSFELY SKLTVDESRWOQOGNVESCSVMHEALENHY TOKSLSLSPGK
GGGGSGGEEGESGGGGES TIPPHVQK SVNNDMIVTID NNGAVKFPQL CKECDVRFST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-VEGF Light chain sequence (SEQ ID NO: 73):
DIQMTQSPSSLSASVGDRVTITCSASQDISNYLNWYQQKPGKAPKVLIYFTSSLHSGVPSRESGSG

SGTDFTLTISSLOPEDFATYYCOQYSTVPWIEFGOGTKVE IKRTVAAPSVEFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLESTLTLSKADYEKHRVYACEVTH
OGLSSPVTKSENRGEC

Underlined: Anti-VEGF antibody variable region

Plain: Anti-VEGF antibody constant region
italic: Linker
Bold: TGFBRIl ectodomain

FIG. 5
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Fusion proteins comprising anti-human CTLA-4 antibody and Transforming growth
factor-beta receptor ll (TGFB-RII) Extraceliular domain (ECD).

Anti-CTLA-4 heavy chain + TGFB-RII Extracellular domain fusion amino acid sequence
(SEQ ID NO: 5):

QVOLVESGGG VVQPGRSLRL SCAASGEFTES SYTMHWVRQA PGKGLEWVTE ISYDGNNKYY
ADSVKGRFTI SRDNSKNTLY LOMNSLRAED TAIYYCARTG WLGPFDYWGO GTLVTVSSAS

TKGPSVFPLA PSSKSTSGGT AALGCLVEDY FPEPVTIVSWN SGALTSGVHT FPAVLOSSGL
YSLSSVVIVP SSSLGTQTYI CNVNHKPSNT KVDKRVEPKS CDKTHTCPPC PAPELLGGPS
VELFPPKPKD TLMISRTPEV TCVVVDVSHE DPEVKENWYV DGVEVHNAKT KPREEQYNST
YRVVSVLTVL HODWLNGKEY KCKVSNKALP APIEKTISKA KGOPREPQVY TLPPSRDELT
KNQVSLTCLV KGFYPSDIAV EWESNGQPEN NYKTTPPVLD SDGSFFLYSK LTIVDKSRWQD
GNVFSCSVMH EALHNHYTQK SLSLSPGK GGGGSGGGGSGGGGES TIPPHVQK SVNNDMIVTD
NNGAVKFPQL CKFCDVRFST CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV
CHDPKLPYHD FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-CTLA-4 light chain (SEQ ID NO: 74):
EIVLTQSPGT LSLSPGERAT LSCRASQSVG SSYLAWYQQK PGOAPRLLIY GAFSRATGIP

DRESGSGSGT DETLTISRLE PEDFAVYYCO QOYGSSPWIFG QGTKVEIKRT VAAPSVFIFP
PSDEQLKSGT ASVVCLLNNFE YPREAKVQWK VDNALQSGNS QESVTEQDSK DSTYSLSSTL

TLSKADYEKH KVYACEVTHQ GLSSPVTRKSE NRGEC

Underlined: Anti-CTLA-4 antibody heavy chain variable region

Plain: Anti-CTLA-4 antibody heavy chain constant region
Htalic: Linker
Bold: TGFBRIl ectodomain

FIG. 6
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Fusion proteins comprising IL-2, Fc, and Transforming growth factor-beta receptor
il {(TGFB-RIl) Extracellular domain (ECD).

{iL-2 + Fc + TGFB-RI Extracellular domain (SEQ ID NO: 6):
APTSSSTKKTOLOLEELLLDLOMILNGINNYKNPKLTRMLTFKEYMPKKATELKHLOCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCOSIISTL
T GGGGSGGGGESGGEES
THTCPPCPAPELLGGPSVEFLFPPRKPKDTLMISRTPEVTCYVVDVSHE DPEVKFNWYVDGVEVHNAK

TKPREEQYNSTYRVVSVLTVLHEHODWLNGKEYKCKVSNKALPAPIEKT ISKAKGOPREPQVYTLPPS
REEMTRNQVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGIFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQRSLELSPGK GGGGSGGGEGSGGEGGES TIPPEVQOK SVNNDMIVID
NNGAVKFPQL CKFCDVRFST CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV
CHDPKLPYHD FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFSEEYNTSNPD

TGFB-RI Extracellular domain + Fc + {L-2 {SEQ ID NO: 7):

TIPPHVQK SVNNDMIVTD NNGAVKEFPQL CKFCDVRFST CDNQKSCMSN CSITSICEKP
QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK CIMKEKKKPG ETFFMCSCSS
DECNDNIIFS ERYNTSNPD GGGGSGGGGSGGGGES
THTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKT I SKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGEGGS
APTSSSTKKTQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATE LKHLQCLEEELKPL
EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSITISTL

T

Bold: TGFBRIl ectodomain

ftalic: Linker (Optional; other linker sequences)

Plain: Fc

Underlined: 1L-2 fragment

{Note: Can replace linker GGGESGGGESGGGGS SEQ 1D NO: 104 with
EPKSCDK SEQ 1D NO: 105)

(Note: Can replace underlined aa in Fc: E with D and M with L in Fc)

FIG. 7
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Fusion proteins comprising anti-CD25 antibody and Transforming growth factor-
beta receptor il (TGFB-RH) Extracellular domain (ECD).

Anti-CD25 (Daclizumab) heavy chain and TGFp-RI Extracellular domain
(SEQ ID NO: 8):

QVOLVQSGAE
NQKFKDEKATI
GPSVFPLAPS
LSSVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVEKG
VESCSVMHEA
NNGAVKFPQL
CHDPKLPYHD

VKKPGSSVRY
TADESTNTAY
SKSTSGGTAA
SLGTQTYICN
MISRTPEVTIC
DWLNGKEYKC
FYPSDIAVEW
LEHNHYTQKSL
CKFCDVRFST
FILEDAASPK

SCRASGYTET
MELSSLRSED
LGCLVKDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGOPENNY

SYRMHWVROA
TAVYYCARGG
EPVTVSHNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKAKG
KTTPPVLDSD

PGQGLEWIGY
GVEDYWGQGT
ALTSGVHETEP
KTHTCPPCPA
VEVHNAKTKP
QPREPOVYTL
GSFFLYSKLT

INPSTGYTEY
VIVSSASTK
VLOSSGLYS

PELLGGPSVE

REEQYNSTYR

PPSRDELTEKN

VDKESRWQQGN

SLSPCK GGGGSGGGGESGGGEGS TIPPHVQK SVNNDMIVID

CDNQKSCMSN CSITSICEKP
CIMKEKKKPG ETFFMCSCSS

Anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75):

DIGMTQSPST LSASVGDRVT
FSGSGSGTER TLTISSLOPD
DEQLKSGTAS VVCLLNNEYP

ITCSASSSIS YMEWYQQKPG
DFATYYCHOR STYPLTEFGQG
REAKVQWKVD NALQSGNSQE

QEVCVAVWRK NDENITLETV
DECNDNIIFS EEYNTSNPD

KAPRKLLIYTT SNLASGVPAR
TKVEVKRTVA APSVEIFPPS
SVTEQDSKDS TYSLSSTLTL

SKADYEKHKV YACEVTHQGL SSPVTKSFNR GEC
Plain: Anti-CD25 antibody

ltalic: Linker

Bold: TGFBRIl ectodomain

FIG. 8A
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Anti-CD25 (Basiliximab) heavy chain and TGF§-RIl Extracellular domain
(SEQ 1D NO: 9):

QLOQSGTVLA
KFEGKAKLTA
PSVFPLAPSS
SSVVIVPSSS
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGE
FSCSVMHEAL
NNGAVKFPQL
CHDPKLPYHD

RPGASVEMSC
VT SASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTFEVICV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS
CKFCDVRFST
FILEDAASPK

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHEKPSNTKVD
VVDVSHEDPE
VSNKALPAPT

SNGQPENNYK

WMHWIKQRPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VKENWYVDGV
EKTISKAKGO
TTPPVLDSDG

LSPGK GGGGSGGGGSGGGGS

CDNQKSCMSN
CIMKEKKKPG

CSITSICEKP
ETFFMCSCSS

Anti-CD25 (Basiliximab} light chain (SEQ ID NO: 76):
QIVSTQSPALI MSASPGEKVT MTCSASSSRS YMQWYQQKPG

FSGSGSGTSY SLTISSMEAE DAATYYCHQR SSYTFGGGTK

QLKSGTASVV CLLNNFYPRE AKVQWKVDNA LOSGNSQESV

ADYEKHKVYA CEVTHQGLSS PVTKSFNRGE

Plain: Anti-CD25 antibody

Italic: Linker
Bold: TGFBRII ectodomain

FIG. 8B

QGLEWIGATY
YEDEWGQOGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPOQVYTLP
SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLOSSGLYSL
ELLGGPSVEL
EEQYNSTYRV
PSRDELTKNQ

DKSRWQOGNV

TIPPHVQK SVNNDMIVTD

QEVCVAVWRK
DECNDNIIFS

TSPKRWIYDT
LEIKRTVAAP
TEQDSKDSTY

NDENITLETV
EEYNTSNPD

SKLASGVPAR
SVEIFPPSDE
SLSSTLTLSK
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Fusion proteins comprising anti-CD4 antibody and Transforming growth factor-beta
receptor Il {(TGFB-RII) Extracellular domain (ECD).

Anti-CD4 heavy chain and TGFB-Rll Extraceliutar domain (SEQ 1D NO: 10):

Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISGDYYWEWIRQSPCGKGLEWIGY IYGSCGGTNYNPSLN

NRVSISIDTSKNLFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTRKGPSVEPL

APSSKESTSGETAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLESVVIVPSSSLG
TOTYICNVNEKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVELFPPRKPKDTLMISRTPEVT
CVVVDVSHEDPEVEFNWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLEODWLNCGKEYKCKVENK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSRIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWOOGNVESCSVMHEALENHY TQKSLSLSPGK
GGGGSGGEGSGGGGES TIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRE
STCDNQKSCMSNCSITSICEKPQEVCVAVHRKNDENITLETVCHDPKLPYHDEFILEDAASPKCIMK
ERKKPGETFFMCSCSSDECNDNIIFSEEYNTSNPD

Anti-CD4 light chain (SEQ ID NO: 77):
Light chain:

SYELSQPRSVSVSPGQTAGETCGGDNVGRKSVOWYQOKPPOAPVLVIYADSERPSGIPARFSGSNS
GNTATLTISGVEAGDEADYYCQVWDSTADEWVEFGGGTRLTVLGRTVAAPSVEIFPPSDEQLKSCTA

SVVCLLNNFYPREARVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEV
THOGLSSPVTKSFNRGEC

Plain: Anti-CD4 antibody (variable region — underlined)
ltalic: Linker
Bold: TGFBRII ectodomain

FIG. 9
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Fusion proteins comprising PD-1 Ectodomain, Fc, and Transforming growth factor-
beta receptor i (TGFB-RIl) Extraceliular domain (ectodomain).

PD-1 ectodomain + Fc + TGFBRI ectodomain (SEQ ID NO: 11):
PGWFLDSPDRPWNPPTFSPALLVVIEGDNATFTCSFPSNTSESFVLNWYRMSPSNOTDKLAAFPEDR

SQPGODCREFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPE
TAHPSPSPRPAGQFQTLV GGGGSGGGGSGGGEGS
THTCPPCPAPELLGGPSVFLEFPPKPKDTLIMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAK

TKPREEQYNSTYRVVSVLIVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLRPPS
REEMTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGES
TIPPHVQOKSVNNDMIVTDNNGAVKFPQLCKFCDVREFSTCDNQKSCMSNCSITSICEKPQEVCVAVIW
RKNDENITLETVCHDPKLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYN
TSNPD

TGFBRH ectodomain + Fc + PD-1 ectodomain (SEQ ID NO: 12):

TIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRESTCDNQKSCMSNCSITSICEKPQEVCVAVW
RKNDENITLETVCHDPKLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYN
TSNPD GGGGSGGGGESGEGEES
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHEHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPS
REEMTENQVSLTCLVRKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQOG
NVESCSVMHEALHENEYTQKSLSLSPGK GGGGSGGGGSGGGGS
PGWEFLDSPDRPWNPPTEFSPALLVVTEGDNATEFTCSEFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR

SQPGODCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP

TAEPSPSPRPAGQFQTLV

Underlined: PD-1 ectodomain

Halic: Linkers
Plain: igG1 Fc¢
Bold: TGFpRII ectodomain

{Note: The first linker sequence GGGESGGGGSGGGGES 1s opticonal and may be
replaced with EPKSCDK SEQ ID NO: 105 or deleted)

FIG. 10
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Fusion proteins comprising Transforming growth factor-beta receptor Il (TGFA-Ril)
ectodomain, Fc, and Receptor activator of nuclear factor-«B (RANK) Ectodomain:

TGFBRIl ectodomain ~ Fc - RANK ectodomain (SEQ. ID. NO: 13);

TIPPHRVQKSVNNDMIVTDNNGAVKFPQLCKFPCDVRFSTCDNQKSCMSNCSITSICEKPQEVCVAVIW
REKNDENITLETVCHDPKLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYN
TSNPDGGGGSGGGESGCGEGSTHTCPPCPAPELLGGPSVELEPPRKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWOQGNVEFSCSVMHEALHNEYTQKSLSLSPGK  GGGGSGGGGSGEGES Q1
APPCTSEKHY EHLGRCCNKC  EPGKYMSSKC  TTTSDSVCLP  CGPDEYLDSW  NEEDKCLLHK

VCDTGKALVA  VVAGNSTTPR  RCACTAGYHW  SODCECCRRN  TECAPGLGAQ  HPLOLNKDTV

CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

RANK ectodomain — Fc - TGFBRIl ectodomain (SEQ. ID. NO: 14);

QI APPCTSEKHY EHLGRCCNKC EPGEYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK
VCDTGKALVA  VVAGNSTTPR  RCACTAGYHW  SCODCECCRRN  TECAPGLGAQ  HPLOLNKDTV
CKPCLAGYFS DAFSSTDKCR PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG
GGGGSGGGEGSGGGESTRTCPPCPAPELLGGPSVEFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEYV
KEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLEODWLNGKEYKCKVSNKALPAPIEKTISKA
KGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWRESNGQPENNYKTTPPVLDS DGSEF
LYSKLTVDKSRWQOGNVESCSVMHEALENHY TOKSLSLSPGRKGGGGSGGEGSGGGGSTIPPHVQKS
VNNDMIVTDNNGAVKFPQLCKFCDVREFSTCDNQKSCMSNCSITSICEKPQEVCVAVWRKNDENITL
ETVCHDPKLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYNTSNPD

Bold: TGFpRH ectodomain

Plain: igG1 Fc

Italics: Linker

Underlined: RANK ectodomain

{optional linker 1 may be deleted ot replaced with another linker such as IEGRDMD (SEQ. ID.
NO:106) or EPKSCDK (SEQ.ID. NO: 105))

FIG. 11
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) Full-length PD-1 or fragment thereof (SEQ ID NO: 92):

i MOIPQAPWEY VWAVILQLGWR PGWFLDSFPDR PWNPPTFSPA LLVVTEGDNA TFTCSESNTS

61 ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSYV VRARRNDSGT

121 YLCGAISLAP KAQIKESLRA ELRVITERRAE VPTAHPSPSF RPAGQFQTLV VGVVGGLLGS

181 LVLLVWVLAV ICSRAARGTI GARRTGQPLK EDPSAVPVES VDYGELDFQW REKTPEPPVP
241 CVPEQTEYAT IVFPSGMGTS SPARRGSADG PRSAQPLRPE DGHCSWRL

ftatic: PD-1 eclodomain
Underlined italic: ligand-binding domain

(i) PD-1 extracellular domain (ectodomain) or fragment thereof
(SEQ ID NO: 93):

PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TEFTCSEFSNTS ESFVLNWYRM SPSNQTDKLA

AFPEDRSQPG QDCRFRVTQL PNGRDFHEMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA

ELRVTERRAE VPTAHPSPSE RPAGQEFQTLV

(i)  PD-1 extracellular domain (ectodomain) ligand-binding region
(SEQ ID NO: 94}

DSPDR PWNPPTFSPA LLVVTEGDNA TETCSFSNTS ESFVLNWYRM SPSNQTDKLA

AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA

ELRVTERRAE VPTAHPSPSP RPAGQEQ

(iv). Mutant of PD-1 or a fragment thereof which binds Programmed Death-1 ligand
[PD-L1 (B7-H1) or PD-L2 (B7-DC)]

FIG. 12
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Fusion proteins comprising Anti-HER2/neu antibody and PD-1 Ectodomain.

Anti-HER2/neu heavy chain + PD-1 ectodomain fusion amino acid sequence

(SEQ ID NO: 15}

EVOLVESGGGLVOPGGSLRLSCAASGEFNIKDTY THWVRQAPGKGLEWVARIYPTNGY TRYADSVKG
RETISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVIVSSASTRKGPSVEPLA

PSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLGT
QTYICNVNHKPSNTKVDREVEPKSCDKTHTCPPCPAPELLGGPSVELEFPPRKPKDTLMISRTPEVTC
VVVDVSHEDPEVKEFNWYVDGVEVHNAKTRPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGOPENNYKT
TPPVLDSDGSEFFLYSKLTVDKSRWQOGNVESCSVMEEALHNHY TOKSLSLSPGK
GGGGSGGGGESGGGGS PGWFLDSPDR PWNPPTESPA LLVVTEGDNA TETCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-HERZ2/neu light chain amino acid sequence (SEQ 1D NO: 70):
DIQMPQSPESLESASVGDRVTITCRASQDYNTAVARYQOK PGRAPKLLIYSASFLYSGVPSRISGSR

SGIDEFTLTISSLOPEDFATYYCOQHYTTPPTFGQGTRVE IKRTVAAPSVEIFPPSDECLKSGTASY

VCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEVTH
OGLSSPVTKSENRGEC

Underlined: Anti-HER2/neu Variable region
Plain: Anti-HER2/neu Constant region

ftalic: Linker
Bold: PD-1 ectodomain

FIG. 13
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Fusion proteins comprising Anti-EGFR1 antibody and PD~1 Ectodomain.

Anti-EGFR heavy chain + PD-1 ectodomain fusion amino acid sequence
(SEQ ID NO: 16):
QVQLKQSGPGLVOPSQSLSITCTVSGFSLTNYGVHWVROSPGKGLEWLGVIWSGENTDYNTPFTSR

LSINKDNSKSQVFFKMNSLOSNDTAIYYCARALTYYDYEFAYWGOGCTLVTIVSAASTKGPSVEPLAP

SSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLGTO
TYICNVNHRKPSNTKVDKRVEPKSCDETHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTICY
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLEQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQOPREPQVYTLPPSRDELTRKNQVSLTCLVKGEFYPSDIAVEWESNGCPENNYKTT
PPVLDSDGSFFLY SKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGK
GGGGSGGGGSGGEGS PGWEFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QODCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-EGFR light chain amino acid sequence (SEQ ID NO: 71):
DILLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQORTNGS PRLLIKYASESISGIPSRFSGSG

SGTDFTLSINSVESEDIADYYCOONNNWPTTEFGAGTKLELKRTVAAPSVEIFPPSDEQLKSGTASY

VCLLNNEFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEVTE
OGLSSPVIKSENRGEC

Underlined: Anti-EGFR Variable region
Plain: Anti-EGFR Constant region
Htalic: Linker

Bold: PD-1 ectodomain

FIG. 14
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Fusion proteins comprising Anti-CD20 antibody and PD-1 Ectodomain.

Anti-CD20 heavy chain + PD-1 ectodomain fusion amino acid sequence

(SEQ ID NO: 17):
QVQLOOPGAELVKPGASVEMSCKASGYTEFTSYNMHEWVKOTPGRGLEWIGAIYPGNGDTSYNQKFEKG
RATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWYFNVWGAGTTVIVSAASTRKGPSVEPL

APSSKSTSGETAALGCLVKDYFPEPVTIVSHNSGALTSGVHTFPAVLOSSGLY SLSSVVIVRPSSSLG
TOTYICNVNHKPSNTKVDKKAEPKSCODKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTRPEVT
CVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYK
TTPPVLDEDGSFFLYSKLTVDKSRWQOGNVESCSVMHEALENHYTQRKSLSLSPGK
GGGGSGGGGSGGGGS PGWFLDSPDR PWNPPTESPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-CD20 light chain amino acid sequence (SEQ ID NO: 72}
QIVLSQSPAILSASPGEKVTIMTCRASSSVSY THWFQOKPGSSPKPWI YATSNLASGVEVRESGSGS

GTSYSLTISRVEAEDAATYYCQOWTSNPPTFGGGTKLEIKRTVAAPSVEIFPPSDEQLKSGTASVY

CLLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSENRGEC

Underlined: Anti-CD20 Variable region
Plain: Anti-CD20 Constant region
Italic: Linker

Bold: PD-1 ectodomain

FIG. 15
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Fusion proteins comprising Anti-VEGF antibody and PD-1 Ectodomain.

Anti-VEGF heavy chain + PD-1 ectodomain fusion amino acid sequence

(SEQ ID NO: 18):
EVQLVESGGGLVOPGGS LRLESCAASGYTETNYGMNWVRQAPGKGLEWVGWINTYTGEPTYAADFKR

RETEFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWYFDVWGOGTLVIVSSASTRGPSVE

PLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHETFRPAVLOSSGLYSLSSVVIVESSS
LGTOTYICNVNHEKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELEFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVS
NKALPAPTERTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVESCSVMHEALENHYTOKSLSLSPGK
GGGGSGGGGSGGEGS PGWEFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-VEGF Light chain sequence (SEQ 1D NO: 73):
DIQMTQSPSSLSASVGDRVTITCSASODISNY LNWYQOKPGKAPKVLIYFTSSLHSGVPSRESGSG
SGTDFTLTISSLOPEDFATYYCOQYSTVPWTFGOGTKVE IKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNEYPREAKVOWKVDNALQOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSENRGEC

Underlined: Anti-VEGF Variable region
Plain: Anti-VEGF Constant region
ftalic: Linker

Bold: PD-1 ectodomain

FIG. 16
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Fusion proteins comprising anti-human CTLA-4 antibody and PD-1 Ectodomain.
Anti-(human CTLA-4) (human y1-chain)-PD-1 ectodomain fusion protein, disulfide with
human x-chain, dimer

Anti-CTLA-4 heavy chain + PD-1 ectodomain fusion amino acid sequence

(SEQ ID NO: 19):

QVQLVESGGG VVQPGRSLRL SCAASGFTES SYTMHWVRQA PGKGLEWVTE ISYDGNNKYY

ADSVEGRETI SRDNSKNTLY LOMNSLRAED TAIYYCARTG WLGPFDYWGQO GTLVTVSSAS

TRKGPSVEFPLA PSSKSTSGGT AALGCLVEDY FPEPVIVSWN SGALTSGVHT FPAVLOSSGL
YSLSSVVTVE SSSLGTQTYI CNVNHKPSNT KVDKRVEPKS CDKTHTCPPC PAPELLGGPS
VFLEFPPKPKD TLMISRTPEV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT KPREEQYNST
YRVVSVLTVL HQDWLNGKEY KCKVSNKALP APIEKTISKA KGQPREPQVY TLPPSRDELT
KNQVSLTCLV KGEYPSDIAV EWESNGQPEN NYKTTPPVLD SDGSFFLYSK LTVDESRWQO
GNVEFSCSVMH EALHENHYTQKSLSLSPGK GGGGSGGGGSGGGGS PGWFLDSPDR
PWNPPTFSPA LLVVTEGDNA TETCSFSNTS ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG
QDCRFRVTIQL PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA ELRVTERRAE
VPTAHPSPSP RPAGQFQTLV

Anti-CTLA-4 light chain (SEQ ID NO: 74):
EIVLTQSPGT LSLSPGERAT LSCRASQSVG SSYLAWYQOK PGQAPRLLIY GAFSRATGIP

DRESGSGSGT DETLTISRLE PEDFAVYYCO QYGSSPWTEFG QGTRKVEIRKRT VAAPSVEIEFP

PSDEQLKSGT ASVVCLLNNF YPREAKVQOWK VDNALQSGNS QESVTEQDSK DSTYSLSSTL
TLSKADYEKH KVYACEVTHQ GLSSPVTKSF NRGEC

Underlined: Anti-CTLA-4 Variable region

Plain: Anti-CTLA-4 Constant region

ftalic: Linker

Bold: PD-1 ectodomain

FIG. 17
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Fusion proteins comprising anti-CD25 antibody and PD-1 Ectodomain.

Anti-CD25 (Daclizumab) heavy chain and PD-1 ectodomain (SEQ ID NO: 20):

QVOLVQOSGAE
NQKFKDKATI
GPSVFPLAPS
LSSVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VESCSVMHEA

VKKPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLGTQTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL

SCKASGYTET
MELSSLRSED
LGCLVKDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SYRMHWVRQA
TAVYYCARGG
EPVIVSWNSG
DKKVEPKSCD
EVKENWYVDG
IEKTISKAKG
KTTPPVLDSD

PGQGLEWIGY
GVEDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT

SLSPGK GGGGSGGGGSGGGGS

PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNT

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVFEF
REEQYNSTYR
PPSRDELTKN
VDKSRWQOGN

SESFVLNWYRMSPSNQTDKLAAFPEDRSQPGODCRFRVTQLPNGRDFHMSVVRAR

RNDSGTYLCGAISLAPKAQIKESLRAELRVIERRAEVPTAHPSPSPRPAGQFQTLV

Anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75):
DIOMTQSPST LSASVGDRVT ITCSASSSIS YMHWYQQKPG KAPKLLIYTT SNLASGVPAR

FSGSGSGTEF TLTISSLOPD DFATYYCHQR

DEQLKSGTAS VVCLLNNEYP REAKVQWKVD

SKADYEKHKV YACEVTHQGL SSPVTKSENR

Plain: Anti-CD25 antibody

ftalic: Linker
Bold: PD-1 ectodomain

STYPLTEFGQG TKVEVKRTVA APSVFIEFPPS

NALQSGNSQE SVTEQDSKDS TYSLSSTLTL

GEC

FIG. 18A
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Anti-CD25 (Basiliximab) heavy chain and PD-1 ectodomain (SEQ ID NO: 21):

QLOOSGTVLA
KFEGKAKLTA
PSVEFPLAPSS
SSVVTVPSSS
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGE
FSCSVMHEAL

RPGASVKMSC
VITSASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTKVD
VVDVSHEDPE
VSNKALPAPI
SNGQPENNYK

WMHWIKORPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VEFNWYVDGVY
EKTISKAKGQ
TTPPVLDSDG

LSPGK GGGGSGGGGSGGGGS
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNT

SESFVLNWYRMSPSNQTDKLAAFPEDRSQPGODCRFRVTQLPNGRDFHMSVVRAR
RNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLV

Anti-CD25 (Basiliximab) light chain (SEQ ID NO: 76):
QIVSTQSPAI MSASPGEKVT MTCSASSSRS YMOWYQQKPG TSPKRWIYDT SKLASGVPAR

QGLEWIGATY
YEDEWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHENAKTKPR
PREPQVYTLP
SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLQSSGLYSL
ELLGGPSVEL
EEQYNSTYRV
PSRDELTEKNQ
DKSRWQQGNV

FSGSGSGTSY SLTISSMEAE DAATYYCHQR SSYTEFGGGTK LEIKRTVAAP SVFIFPPSDE

QLKSGTASVV CLLNNEYPRE AKVQWKVDNA LOSGNSQESV TEQDSKDSTY SLSSTLTLSK

ADYEKHKVYA CEVTHQGLSS PVTKSENRGE

Plain: Anti-CD25 antibody

ftalic: Linker
Bold: PD-1 ectodomain

FIG. 18B
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Fusion proteins comprising IL-2, Fc, and PD-1 ectodomain.

IL-2 + Fc + PD-1 ectodomain (SEQ ID NO: 22):
APTSSSTKKTQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPL

EEVILNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCOSIISTL

T GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSHE DPEVKFNWY VDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLEQDWLNGKEYKCKVSNKALPAP IEKT I SKAKGQPREPQVY TLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWE SNGQPENNYKTT PPVLDSDGSFFLY SKLTVDESRWOQG
NVFSCSVMHEALHNHYTQORSLSLSPGK GGGGSGGGGSGGGES
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMS PSNQTDKLAAFPEDR
SQPGQDCRFRVTQLPNGRDFHMSVVRARRND SGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV

PD-1 ectodomain + Fc + IL-2 (SEQ ID NO: 23):
PCGWFLDSPDRPWNPPTFSPALLVVITEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGODCREFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISIAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV GGGGSGGGGSGGGES
THTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVENKALPAP IEKT I SKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVESCSVMHEALHNHYTQOKSLSLEPGK GGGGSGGGGSGGGEGS
APTSSSTKKTQOLQLERLLLDLOMIINGINNYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTEMCEYADETATIVEFLNRWITEFCQSIISTL

T

Underlined: IL-2 fragment

ftalic: Linker

Plain: Fc

Bold: human PD-1 ectodomain

{Note: Can replace optional linker 1 GGGGSGGEGSGGEGS SEQ ID NO: 104 with
EPKSCDER SEQ ID NO: 105)

{(Note: Can replace underlined aa in Fc: E with D and M with L)

FIG. 19
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Fusion proteins comprising anti-CD4 antibody and PD-1 Extracellular domain

Anti-CD4 heavy chain and PD-1 Extracellular domain (SEQ ID NO: 24):

Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISGDYYWEFWIRQSPGKGLEWIGYIYGSGGETNYNPSLN

NRVSISIDTSKNLEFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTEFPAVLOSSGLY SLSSVVIVPSSSLG
TQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVELEPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVEKFNWYVDGVEVANAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSENK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE SNGOPENNYK
TTPPVLDSDGSEFLYSKLTVDKSRWOQGNVESCSVMHEALHNHYTOKSLELSPGK
GGGGSGGEGEGESEEEES
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPRKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV

Anti-CD4 light chain (SEQ ID NO: 77):

Light chain:

SYELSQPRSVSVSPGOTAGETCGGDNVGRKSVOWYQORKPPOAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCOVWDSTADHWVEGGGTRLTIVLGRTVAAPSVEIFPPSDEQLKSGTA

SVVCLLNNEFYPREAKVOWKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEY
THOGLSSPVTKSFNRGEC

Plain: Anti-CD4 antibody (Variable region —~ underlined)
italic: Linker
Bold: PD-1 ectodomain

FIG. 20
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Fusion proteins comprising PD-1 Ectodomain, F¢, and Receptor activator of nuclear factor—
kB (RANK) Extracellular domain (ectodomain):

RANK ectodomain — Fc - PD-1 ectodomain (SEQ. ID. NO: 25):

QI APPCTSERHY EHLGRCCNEKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHEXK
VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDIV
CKPCLAGYFS DAFSSTDKCR PWINCTEFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG
GGEGESGEEGEESGEGGEES
THTCPPCPAPELLGGPSVFELEFPPKPRKDTLMISRTPEVICVVVDVSEEDPEVKEFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGOPREPQVYTLPPS
REEMTKNOVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELYSKLTVDKSRWQQG
NVFSCSVMHEALBNHYTOKSLSLSPCGK GGGGSGGGGSGGGES
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGODCRFRVIQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV

PD-1 ectodomain — Fc - RANK ectodomain (SEQ. ID. NO: 26):

PGWELDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGODCRFRVIQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPE
TAHPSPSPRPAGQFQTLVGGGGSGGEGSGGGGES
THTCPPCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKENWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPEVLDSDGSFPFLY SKLTVDKSRWQOG
NVESCSVMHEALHNHYTQKSLSLSPGK GGGGESGEGESGGEGGS QI APPCTSEKHY EHLGRCCNKC
EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR

RCACTAGYHW SODCECCRRN TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS DAFSSTDKCR

PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Bold: PD-1 ectodomain

ffalics: Linker {optional: may delete linker 1 or replace with IEGRDMD (SEQ. {D. NO: 106) or
EPKSCDK (SEQ. ID. NO: 105))

Plain: 1gG1 Fc

Underlined:  RANK ectodomain

FIG. 21
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Moieties that bind Receptor activator of nuclear factor-xB (RANK) ligand

@

61

121
i81
241
301
361
421
481
541
601

(i)

Full-length RANK (TNFRSF11A) or fragment thereof (SEQ. ID. NO: 95}:

MAPRARRRRP
TTTSDSVCLP
SCDCECCRRN
RVEHHGTEKS
ALTANLWHWI
YPDOGGEVCQGE
LEFLTEPGSKS
YLQKEVDSGH
BEEASRTEAR
NERGDIIVVY
PEKASRPVQE

LEALLLLCAL
CGPDEYLDSW
TECAPGLGAQ
DAVCSSSLPA
NEACGRLSGD
FOVGGGPYAQ
TPPFSEPLEV
CPHWAASPSP
DOPEDGADGR
VSQTSQRGAA

QGGAKA

LARLOVATQI
NEEDXKCLLHK
HPLOLNKDTV
RKPPNEPHVY
KESSGDSCVS
GEDARMLSLV
GENDSLSQCE
NWADVCTGCR
LPSSARAGAG
ADAAEPMGRPV

APPCTSEKHY
VCDTGKALVA
CKPCLAGYFS
LPGLIILLLE
THTANFGOOG
SKTEIEEDSE
TGETOSTVGSE
NPPGEDCEPL
SGSSPGGOSY
QERTLARRDS

EHLGRCCNKC
VVAGNSTTPR
DAFSSTDKCR
ASVALVAATT
ACEGVLLLTL
ROMPTEDEYM
SCNCTEPLCR
VGSPRRGPLP
ASGNVTGNSN
FAGNGPRIPD

Bold: RANK extracellular domain {(RANK ligand-binding domain)

RANK extraceliular domain {ectodomain) or fragment thereof (SEQ. ID.

EPGKYMSSKC
RCACTAGYHW
PWINCTFLGK
FGVCYRKKGK
EEKTFPEDMC
DRPBQPTDOL
TDWTPMSSEN
QCAYGMGLPP
STFISSGQVM
PCGGPEGLRE

NO: 96):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA

VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR

PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

(it} Peplide sequences in RANKL binding domains of RANK or peptides containing key RANKL-binding
residues of RANK (SEQ. ID. NO: 97):

1 MAPRARRRRP LFALLLLCAL LARLOVALQI APPCTSEKHY ERLGRCCNKC EPGKYMSSKC

61 TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDIGKALVA VVAGNSTTPR RCACTAGYHW

121 SQEDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK

181 RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG
Bold: RANK extracellular domain (RANK ligand-binding domain)
RANK peptide sequences (Underlined) and residues {ltalics) involved in binding RANKL.

(iv). Mutant of RANK or a fragment thereof which binds Receptor activator of nuclear factor-«xB (RANK}
ligand (RANKL)

(v) Full-length Osteoprotegerin (OPG, TNFRSF11B) or fragment thereof (SEQ. 1D. NO: 98):

1 MNKLLCCALV FLDISIEKWTT QETFPPKYLH YDEETSHQLL CDKCPPGTYL KQHCTAKWKT

61 VCAPCPDHYY TDSWHTSDEC LYCSPVCKEL QYVKQECNRT HNRVCECKEG RYLEIEFCLK

121 HRSCPPGFGV VQAGTPERNT VCKRCPDGFF SNETSSKAPC RKHTNCSVFG LLLTQOKGNAT

181 HDNICSGNSE STQKCGIDVT LCEEAFFRFA VPTKETPNWL SVLVDNLPGT KVNAESVERI

241 KROHSSQEQT PQLLKLWKHQ NKAQDIVKKI IQDIDLCENS VORHIGHANL TFEQLRSLME

301 SLPGKKVGAE DIEKTIKACK PSDQILKLLS LWRIKNGDOD TLKGLMHALK HSKTYHFPKT

361 VTQSLKKTIR FLHSFTMYKL YQKLFLEMIG NQVQSVKISC L
Bold: RANK ligand-binding domain
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Fusion proteins comprising Anti-HER2/neu antibody and Receptor activator of nuclear
factor-xB (RANK) Extraceliular domain (ECD).

Anti-HER2/neu heavy chain+ RANK ECD fusion amino acid sequence (SEQ. {D. NO: 27}

EVQLVESGGGLVQPGGSLRLSCAASGENIKDTY THWVROAPCKGLEWVARIYPINGYTRYADSVEKGREFTISA

DTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGEYAMDYWGOGTLVIVSSASTKGPSVEFPLAPSSKSTSGGTAA

LGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLOSSGLYSLSSVVTVPISSLGTOTY ICNVNHKPSNTKVDK
KVEPKSCDRKTHTCPPCPAFPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENHYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCRKVSNKALPAPIEKTISKAKGOFPREPQVYTLPPSREER
MIKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHE
EALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWTINCTFLGK
RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Anti-HERZ2/neu light chain amino acid sequence (SEQ. ID. NO: 70):

DICMTOSPSSLSASVGDRVTITCRASQDVNTAVAWYQOKPCGKAPKLLIYSASFLYSGVPSRFSGSRSGTDET

LTISSLOPEDFATYYCQORYTTPPTFGOGTKVEIRKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEY PREA

RVOWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC

Underlined: Anti-HERZ2 antibody variable region

Plain: Anti-HER2 antibody constant region
Italics: Linker
Bold: RANK ectodomain

FIG. 23
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Fusion proteins comprising Anti-EGFR1 antibody and Receptor activator of nuclear factor-
kB {(RANK) Extraceliular domain (ECD).

Anti-EGFR1 heavy chain + RANK ECD fusion amino acid sequence (SEQ. ID. NO: 28);

QVOLKQSGPGLVOPSQOSLIITCTVSGEFSLTNYGVEWVRQSPGKGLEWLCGVIWSGGNTDYNTPFTSRLSINKD
NSKSQVFFRMNSLOSNDTAIVYCARALTYYDYEFAYWGOGTLVIVSAASTKGPSVFPLAPSSKSTSGGTAAL

GCLVEDYFPEPVIVSWNSCALTSGVHTFPAVLOSSGLYSLESVVIVESSSLGTOTY ICNVNHKPSNTKVDKR
VEPKSCDKTHTCPPCPAPELLGGPSVELFPPRKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYYVDGVEVHN
AKTKPREEQYNSTYRVVSVLIVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEL
TRKNQVSLTCLVKEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQOGNVESCSVMHEE
ALHNHYTOKSLSLSPGE GGGGSGGGGSGGGEES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SODCECCRRN TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK
RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Anti-EGFR1 light chain amino acid sequence (SEQ. ID. NO: 71):

DILLTOSPVILSVSPCGERVSFSCRASOSIGTNIHWYQORTNGSPRLLIKYASESISGIPSRESGSGSCGTDET

LSINSVESEDIADYYCOONNNWPTTFGAGTKLELKRTVAAPSVEIFPPSDEQLEKSGTASVVCLLNNEYPREA

KVOQWRVDNALOSGNSQESVTEQDSKDSTY SLSSTLTLSKADYEKHKVYACEVTHQCGLSSEVTKSFNRGEC

Underlined: Anti-EGFR antibody variable region

Plain: Anti-EGFR antibody constant region
ltalics: Linker
Bold: RANK ectodomain

FIG. 24
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Fusion proteins comprising Anti-CD20 antibody and Receptor activator of nuclear factor—
xB (RANK) Extraceliular domain (ECD).

Anti-CD20 heavy chain+ RANK ECD fusion amino acid sequence (SEQ. ID. NO: 29):

OVOLOOPGAELVKPGASVEMSCKASGYTFTSYNMHWVKOTPGRGLEWIGATIYPGNGDTSYNQKFKGKATLTA

DKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWYFNVWCGAGTTVIVSAASTKGPSVEPLAPSSKSTSGGTA

ALGCLVEDYFPEPVTIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTIVPSSSLGTOTY ICNVNHKPSNTREVD
KKAEPKSCDKTHTCPPCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIERKT ISKAKGQPREPQVYTLPPSRD
ELTENQVSLICLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVESC3VM
HEALHNHYTQKSLSLSPGK GGGGSGGGESGGGEES QI APPCTSEKHY EHLGRCCONKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK
RVEHRHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Anti-CD20 light chain amino acid sequence (SEQ. ID. NO: 72):

QIVLSOSPAILSASPGEKVTMTCRASSSVEY IHWEFQOKPGS SPRKPWIYATSNLASGVPVRESGSGEGTSYSL

TISRVEAEDAATYYCOQWISNPPTFGGCTKLEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREAK

VOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSENRGEC

Undedined: Anti-CD20 antibody variable region

Plain: Anti-CD20 antibody constant region
ltalics: Linker
Bold: RANK ectodomain

FIG. 25
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Fusion proteins comprising anti-VEGF antibody and Receptor activator of nuclear factor—
kB (RANK) Extracellular domain (ECD).

Anti-VEGF heavy chain+ RANK ECD fusion amino acid sequence (SEQ. ID. NO: 30):

EVOLVESGGGLYOPGGSLRLSCAASGYTFINYGMNWVROAPGKGLEWVGWINTYTGEPTYAADF
KRRETESLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWYFDVWGQGTLVTIVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKENWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
GEGEGSGEEGEGGEES QI APPCTISEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN

TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS
DAVCSSSLPA RKPPNEPHVY LPG

Anti-VEGF Light chain sequence (SEQ. ID. NO: 73):

DIOMTOQSPSSLSASVGDRVTITCSASQDISNYLNWYQOKPGKAPKVLIYFTSSLHSGVPSRESGSGSG

TIDETLTISSLOPEDFATYYCOQQYSTVPWTFGOGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL
NNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQG
LSSPVTKSFNRGEC

Underlined: Anti-VEGF antibody variable region

Plain: Anti-VEGF antibody constant region
ftalics: Linker
Bold: RANK ectodomain

FIG. 26
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Fusion proteins comprising anti-human CTLA-4 antibody and Receptor activator of nuclear
factor-xB (RANK) Extraceilular domain (ECD).

Anti-CTLA-4 heavy chain + RANK ECD fusion sequence (SEQ. ID. NO: 31):

QVQLVESGGE

VVQPGRSLRL

SCAASGETES

SYTMHWVROA

PGRGLEWVTE

ISYDGNNKYY

ADSVEKGRFTI

SRDNSKNTLY

LOMNSLRAED

TATYYCARTG

WLGPFDYWGD

GTLVTVSSAS

TKGPSVEPLA
YSLSSVVTVE
VELFPPKPRD
YRVVSVLTVL
KNQVSLTCLV
GNVESCEVMH
EPGKYMSSKC
RCACTAGYHW
PWINCTFLGK

PSSKSTSGGT
SSSLGTQTYI
TLMISRTPEV
HODWLNGKEY
KGFYPSDIAV
EALENBYTQOX
TTTSDSVCLP
SQDCECCRRN
RVEHHGTEKS

AALGCLVKDY
CNVNHEPSNT
TCVVVDVSHE
KCKVSRKALY
EWESNGQOPEN

FPEPVTVSWN
RKVDKRVEPKS
DPEVEKEFNWYV
APIERTISKA
NYKTTPPVLD

SGALTSGVHT
CBKTHTICPRC
DGVEVHNAKT
KGOPREPOVY
SDGSFFLYSK

FPAVLOSSGL
PAPELLGGPS
KPREEQYNST
TLPPSRDELT
LTVDKSRWOO

SLSLSPGK GGGGSGGGGSGEGGS QI APPCTSEKHY EHLGRCCNKC
CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR
TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS DAFSSTDKCR

DAVCSSSLPA RKPPNEPHVY LPG

Anti-CTLA-4 light chain (SEQ. ID. NO: 74):

EIVLTQSPGT

LSLSPGERAT

LSCRASQSVG SSYLAWYQQK PGQAPRLLIY GAFSRATGIP

DRESGSGEGT

DETLTISRLE

PEDFAVYYCY QYGSSPWTFG QGTEVEIRRT VAARPSVEIFPR

PSDEQLKSGT
TLSKADYEKH

ASVVCLLNNF
KVYACEVTHQ

YPREAKVOWK VDNALQSGNS QESVTEQDSK DSTYSLSSTL

GLSSPVTKSE NRGEC

Underlined: Anti-CTLA-4 antibody variable region

Plain: Anti-CTLA-4 antibody constant region

ltalics: Linker

Bold: RANK ectodomain

FIG. 27
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Fusion proteins comprising anti-CD25 antibody and Receptor activator of nuclear factor-
kB (RANK) Extracellular domain (ECD).

Anti-CD25 and RANK ectodomain - Heavy chain (SEQ. ID. NO: 32):

QVQLVQSGAE
NQKFKDKATI
GPSVFPLAPS
LSSVVIVPSS
LFPPRKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VESCSVMHEA
EPGKYMSSKC
RCACTAGYHW
PWTNCTFLGK

VKKPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLGTOTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL
TTTSDSVCLP
SODCECCRRN
RVEHHGTEKS

SCKASGYTET
MELSSLRSED
LGCLVKDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQOPENNY

SLSPGK GGGGSGGGGSGGGGS QI APPCTSEKHY EHLGRCCNKC

SYRMHWVRQA
TAVYYCARGG
EPVIVSWNSG
DKKVEPKSCD
EVKENWYVDG
IEKTISKAKG
KTTPPVLDSD

CGPDEYLDSW NEEDKCLLHK

TECAPGLGAQ
DAVCSSSLPA

HPLOQLNKDTV
RKPPNEPHVY

Anti-CD25 - Light chain (SEQ. ID. NO. 75):

DIGMTOSPST LSASVGDRVT ITCSASSSIS

FSGSGSGTER TLTISSLQPD DFATYYCHQR

DEQLKSGTAS VVCLLNNFYP REAKVQOWKVD

SKADYEKHKV YACEVTHQGL SSPVTKSEFNR

Plain: Anti-CD25 antibody

ltalics: Linker

Bold: RANK ectodomain

YMHWYQOKPG
STYPLTFGQG
NALQOSGNSQE
GEC

FIG. 28A

PGOGLEWIGY
GVEDYWGQGT
ALTSGVHTFEP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT

VCDTGKALVA VVAGNSTTPR
CKPCLAGYFS DAFSSTDKCR

LPG

KAPKLLIYTT
TRKVEVKRTVA
SVTEQDSKDS

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVE
REEQYNSTYR
PPSRDELTKN
VDKSRWOQGN

SNLASGVPAR
APSVEIFPPS
TYSLSSTLTL
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Fusion proteins comprising anti-CD25 antibody and Receptor activator of nuclear factor—
kB (RANK) Extracellular domain (ECD).

Anti-CD25 and RANK ectodomain - Heavy chain (SEQ. ID. NO: 33):

QLOOSGTVLA
KFEGKAKLTA
PSVFPLAPSS
SSVVIVPSSS
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGFE
FSCSVMHEAL
EPGKYMSSKC
RCACTAGYHW
PWTNCTFLGK

RPGASVKMSC
VTSASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCY
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS
TTTSDSVCLP
SQDCECCRRN
RVEHHGTEKS

KASGYSETRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTKVD
VVDVSHEDPE
VSNKALPAPI
SNGOPENNYK

WMHWIKQRPG
VYYCSRDYGY
PVITVSWNSGA
KRVEPKSCDK
VKFNWYVDGV
EKTISKAKGQ
TTPPVLDSDG

QGLEWIGAIY
YEDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP

PGNSDTSYNQ
LTVSSASTKG
VLOSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ

LSPGK GGGGSGGGGSGGGES
CGPDEYLDSW NEEDKCLLHK
TECAPGLGAQ HPLQLNKDTV
DAVCSSSLPA RKPPNEPHVY

SFFLYSKLTV DKSRWQOGNV

QI APPCTSEKHY EHLGRCCNKC

VCDTGKALVA VVAGNSTTPR
CKPCLAGYFS DAFSSTDKCR
LPG

Anti-CD25 — Light chain (SEQ. ID. NO: 76):

QIVSTQSPAT MSASPGEKVT MTCSASSSRS YMOQWYQQOKPG TSPKRWIYDT SKLASGVPAR

FSGSGSGTSY SLTISSMEAE DAATYYCHQR SSYTEFGGGTK LEIKRTVAAP SVEFIFPPSDE

QLEKSGTASVV CLLNNFYPRE AKVOWKVDNA LOSGNSQESV TEQDSKDSTY SLSSTLTLSK

ADYEKHKVYA CEVTHQGLSS PVTKSFNRGEC
Plain: Anti-CD25 antibody
ltalics: Linker
Bold: RANK ectodomain
FIG. 28B
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Fusion proteins comprising IL-2, Fc, and Receptor activator of nuclear factor-xB (RANK)
Extracellular domain (ECD).

iL2 - Fc - RANK ECD (SEQ. ID. NO: 34):

APTSSSTKKTOLOLEHLLLDLOMI LNGINNYKNPRKLTRMLTFKEYMPKKATELKHLOCLEEELXPLEEVLNL

AQSKNFHLRPRDLISNINVIVLELKGSETTEMCEYADETATIVEFLNRWITFCQSTISTLT GGGGSGEGGSG
GGGSTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKEFNWYVDGVEVHNAKTK

PREEQYNSTYRVVSVLTVLHQDWLNGKEYRKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPEREEMTKNQ
VSLTCLVEGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELY SKLTVDRKSRWQOGNVESCSVMHEALHN
HYTQKSLSLSPGK GGGGSGGGESGGGEES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCRRN TECAPGLGAQ HPLQLNKDITV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK
RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

RANK ECD ~ Fc ~ iL-2 (SEQ. ID. NO: 35):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK
VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV
CKPCLAGYFS DAFSSTDKCR PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG
GGEGSCGEGESGEEESTHTCPPCPAPELLGGPSVELEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENRYV
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLEODWINGKEYKCKVSNKALPAPIEKTISKAKGQFPREPQVYTL
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVE
SCSVMHEALHNHYTQKSLSLSPCKGEGGSGGGGSGEGGSAPTSSSTRKRKTQLOLEHLLLDLOMILNGINNYKN

PRLTRMLTEFKEYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTEMC

EYADETATIVEFLNRWITFCOSIISTLT

Bold: RANK ectodomain

ftalics: Linker {Optional; any linker sequence)
Plain: F¢

Undetrlined: IL2 fragment that binds CD25 (IL-2Ra)

{Can replace linker 1 with EPKSCDK (SEQ. ID. NO: 105) or IEGRDMD (SEQ. ID. NO: 106))
{Can replace underlined aa in Fc: E with D and M with L)

FIG. 29
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Fusion protein comprising anti-CD4 antibody and Receptor activator of nuclear factor-«B
{(RANK) Extracellular domain {(ECD}

Anti-CD4 heavy chain and RANK Exiracellular domain (SEQ D NO: 36):
Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISGRDYYWEFWIRQSPCKGLEWIGY IYGSGGGTNYNPSLN
NRVSISIDTSKNLESLKLRSVTAADTAVYYCASNILKYLHWLLYWGOGVLVTVSSASTKGPSVEPL

APSSKSTSGCTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVEFLEFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLEQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGEY PSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWOOGNVESCSVMHEALHNHYTQKSLSLSPGK
GGGGS5GGGEGSGGGGES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN
TECAPGLGAQ HPLQLNRKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS
DAVCSSSLPA RKPPNEPHVY LPG

Anti-CD4 light chain (SEQ ID NO: 77):

Light chain:

SYELSQPRSVSVSPGOTAGEFTCGGDNVGRKSVOWYQOKPPOAPVLVIYADSERPSGIFARFSGENS

GNTATLTISGVEAGDEADYYCOVWDSTADHWVEGGGTRLTVLGRTVAAPSVFIFPPSPEQLKSGTA

SVVCLLNNFYPREAKVOWKYVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THOGLSSPVTKSENRGEC

Underlined: Anti-CD4 antibody variable region

ftalic: Linker
Bold: PD-1 ectodomain
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0] Full-length human PD-1 ligand 1 (B7-H1; PDCD1L1; PDL1; CD274) protein or a
fragment thereof (SEQ {D NO: 99):

MRIFAVFIFM TYWHLLNAFT VTVPKDLYVV EYGSNMTIEC KFPVEKQLDL AALIVYWEME
DKNIIQFVHG EEDLKVQHSS YRQRARLLKD QLSLGNAALQ ITDVKLQDAG VYRCMISYGG
ADYKRITVKV NAPYNKINOR ILVVDPVTSE HELTCQAEGY PKAEVIWTSS DHQVLSGKTT

TINSKREEKL FNVISTLRIN TTINEIFYCT FRRLDPEENH TAELVIPELP LAHPPNERTH

LVILGAILLC LGVALTFIFR LRKGRMMDVE KCGIQODTNSK KQSDTHLEET

(i) PD-L1 extraceliular binding domain (ectodomain) or fragment thereof

(SEQ 1D NO: 100):

AFT VTVPKDLYVV EYGSNMTIEC KFPVEKQLDL AALIVYWEME DKNIIQFVHG
EEDLKVQHSS YRQRARLLKD QLSLGNAALQ ITDVKLODAG VYRCMISYGG ADYKRITVKV
NAPYNKINQOR ILVVDPVTSE HELTCQAEGY PKAEVIWTSS DHQOVLSGKTT TTNSKREEKL
FNVTSTLRIN TTTNEIFYCT FRRLDPEENH TAELVI

(ili)  Human PD-1 ligand 2 [PD-L2 (B7-DC)] or a fragment thereof.

(iv). Mutant of Programmed Death-1 ligand [PD-L1 (B7-H1) or PD-L2 (B7-DC)] or a
fragment thereof which binds Programmed Death-1 (PD-1).

Sequence used in fusion proteins (SEQ ID NO: 101):
RIFAVFIFM TYWHLLNAFT VTVPKDLYVV EYGSNMTIEC KFPVEKQLDL AALIVYWEME

DKNITQFVHG EEDLKVQHSS YRQRARLLKD QLSLGNAALQ ITDVKLQODAG VYRCMISYGG

ADYKRITVKV NAPYNKINQR ILVVDPVISE HELTCOAEGY PKAEVIWTSS DHQVLSGKTT

TTNSKREEKL FNVTSTLRIN TTTNEIFYCT FRRLDPEENH TAELVIPELP LAHPPNERTH
LVILGAILLC LGVALTFIFR LRKGRMMDVK KCGIQDTNSK KQSDTHLEET

Boid: PD-L1 extracellular domain (ectodomain)
Underlined Boid: Ligand Binding domain
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Fusion proteins comprising anti-tumor necrosis factor (TNFg) antibody and PD-1
ligand 1 or PD-1 ligand 2

Anti-TNFa heavy chain + PD-L1 (SEQ ID NO: 37):
EVQLVESGGELVOPGRSLRLSCAASGFTFDDYAMAWVROAPGKGLEWVSATTWNSGHIDYADSVEG
RETISRDNAKNSLY LOMNSLRAEDTAVYYCALVSYLSTASSLDYWGQGTLVTVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVRDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLY SLSSVVTVPISSSLG
TOTYICKNVNHKPSNTKVDKRAREPKSCDKTHTCPPCPAPELLGGP SVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLIVDRKSRWQOGNVESCSVMEEALHNHYTOKSLS LS PGK
GGGGEEGEGGSGEEES
RIFAVFIFMIYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIQF
VHGEEDLKVQHSSYROQRARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYRKRITVKVNAP
YNRKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHOVLSGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKRCGIQDTNSKKQSDTHLEET

Anti-TNFa light chain (SEQ ID NO: 78):
DIOMTQOSPSSLSASVGDRVTITCRASQGIRNY LAWYQQLPGKAPKLLIYAASTLOSGVPSRFSGSG

SGTDFTLTISSLOPEDVATYYCORYNRAPYTFGOGTKVEIKRTVAAPSVEIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHRVYACEVTH
QGLSSPVTKSEFNRGEC

Underlined: anti-TNFa antibody variable region

Plain: anti-TNFa antibody constant region

Hltalic: Linker

Bold: human PD-1 ligand 1 (PD-L1)

{Note: Fc region KKAE SEQ ID NO: 107 can be replaced with KRVE SEQ ID NO: 108
or KKVE SEQ ID NO: 109)
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Fusion proteins comprising TNFR2 Extracellular ligand binding domain, Fc, and
PD-1 ligand: {TNFR2 ECD + IgG Cy1 + PD-L1)

TNFR2 ECD + IgG Cy1 + PD-L1 (SEQ ID NO: 38):

LPAQVAFTPYAPEPGSTCRLREYYDOTAQMCCSKCSPGQHARKVECTKTSDTVCDSCEDSTYTQLWN
WVPECLSCGSRCSSDOVETQACTREGNRICTCRPGWYCALSKOEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFINTTSSTDICRPHQICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPOPV
STRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDK
THTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKENWYVDGVEVHENAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLRPRS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGS5GGGEGS
RIFAVEFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNIIQF
VHGEEDLKVQHSSYRQRARLLKDQLS LGNAALQITDVKLODAGVYRCMISYGGADYRRITVKVNAP
YNKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKKCGIQDTNSKKQSDTHLEET

Fusion proteins comprising PD-1 ligand, Fc, and TNFR2 Extraceliular ligand binding
domain: (PD-L1 + 1gG Cyt + TNFR2 ECD)

PD-L1 + 1gG Cy1 + TNFR2 ECD (SEQ 1D NO: 39):

MRIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKENIIQ
FVHGEEDLKVQHS SYRQRARLLKDQLSLGNAALOITDVKLODAGVYRCMISYGGADYKRITVKVNA
PYNKINQRILVVDPVISEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLR
INTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFR
LRKGRMMDVKRCGIQDTNSRKKQSDTHLEET GGGGSGGGGSGGGGS EPKSCDK
THETCPPCPAPELLGGPSVEFLFPPKPRKDTLMISRTRPEVICVVVDVSHEDPEVKENWYVDGVEVHNAK
TEKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPS
REEMTKNQVSLTCLVKGEYPSDIAVEWESNGQRPENNYKTTPEVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGS
LPAQVAFTPYAPEPGSTCRLREYYDOTAQMCCSKCSPGQHARKVEFCTRTSDTVCDSCEDSTYTOLWN
WVPECLSCGSRCSSDOVETQACTREQNRICTCRPGWYCALSKOQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHQICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPQPV
STRESQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD

Underlined: TNFR2 ligand-binding domain

Plain: human IgG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)
italic: Linker {Linker 1 is optional and may be replaced with another linker such as
EPKSCDK (SEQ. ID. NO: 105) or GGGGSGGGGSGGGES (SEQ. ID. NO: 104))
Bold: human PD-1 ligand 1 or extraceilular binding domain of PD-L1
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Fusion proteins comprising anti-CD20 antibody and PD-1 ligand 1 (PD-L1).

Anti-CD20 heavy chain + PD-L1 sequence (SEQ ID NO: 40);
QVOLOOPGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPGRGLEWIGATIYPGNGDTSYNQKEKG
KATLTADKSSSTAYMQLSSLTSEDSAVYYCARSTY YGGDWYFNVRGAGTTVTVSAASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTIVESSSLG
TOTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKARGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALHNHYTOKSLSLSPGK
GGGGSGGGLSGGEGES
RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIQF
VHGEEDLKVQHSSYRORARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYRRITVKVNAP
YNKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHOQVLSGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKRCGIQDTNSKKQSDTHLEET

Anti-CD20 light chain sequence (SEQ ID NO: 72):
QIVLSQSPAILSASPGEKVTMTCRASSSVSY IHWFQQKPGSSPKPWIYATSNLASGVPVRESGSGS

GTSYSLTISRVEAEDAATYYCOQOWISNPPTEFGGGTKLEIKRTVAAPSVEFIFPPSDEQLKSGTASVV

CLLNNFYPREARVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHO
GLSSPVTKSENRGEC

Underlined: anti-CD20 antibody variable region

Plain: anti-CD20 antibody constant region
italic: Linker
Bold: human PD-1 ligand 1 or extracellular binding domain of PD-L1
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Fusion proteins comprising anti-CD25 antibody and PD-1 ligand 1 {PD-L1).

Anti-CD25 (Daclizumab) heavy chain and PD-L1 (SEQ ID NO: 41):

QVQLVQSGAE
NOKFKDKATI
GPSVEPLAPS
LSSVVTIVPSS
LEFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VESCSVMHEA

VKKPGSSVKV
TADESTNTAY
SKSTEGGTAA
SLGTQTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL

SCKASGYTET
MELSSLRSED
LGCLVKDYEP
VNEKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SYRMHWVRQA
TAVYYCARGG
EPVIVSWNSG
DKKVEPKSCD
EVEFRWYVDG
IERKTISKAKG
KTTPPVLDSD

PGQGLEWIGY
GVEDYWGQGT
ALTSGVHTEP
KTHTCPPCPA
VEVHNAKTKP
QPREPOVYTL
GSFFLYSKLT

SLSPGK GGGGSGGEGESGEGES

RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECK
FPVEKQLDLAALIVYWEMEDKNIIQFVHGEEDLKVQOHSSYRORARLLKDQLSLGNA

INPSTGYTEY
LVIVSSASTK
AVLQSSGLYS
PELLGGPSVE
REEQYNSTYR
PPSRDELTKN
VDKSRWOQGN

ALQITDVKLODAGVYRCMISYGGADYKRITVKVNAPYNKINQRILVVDPVISEHEL

TCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLENVTSTLRINTTINEIFYC

TFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR

MMDVKRCGIQDTNSKKQSDTHLEET

Anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75):

DIOMTQSPST
FSGSGSGTEY
DEQLKSGTAS
SKADYEKHKVY

Plain: anti-CD25 antibody

LSASVGDRVT
TLTISSLOPD
VVCLLNNFYP
YACEVTHQGL

ITCSASSSIS YMHWYQQKPG KAPKLLIYTT SNLASGVPAR

DFATYYCHQR STYPLTFGQOG TKVEVERTVA APSVFIFPPS

REAKVQWEVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL

SSPVTKSEFNR GEC

ltalic: Linker (optional and may be replaced)

Bold: human PD-1 ligand 1 or extracellufar binding domain of PD-L1 (underlined)
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Anti-CD25 (Basiliximab) heavy chain and PD-1 ectodomain (SEQ ID NO: 42)
QLOQSGTVLA RPGASVKMSC KASGYSFTRY WMHWIKQRPG QGLEWIGAIY PGNSDTSYNQ
KFEGKAKLTA VTSASTAYME LSSLTHEDSA VYYCSRDYGY YFDFWGQGTT LTVSSASTKG
PSVEFPLAPSS KSTSGGTAAL GCLVKDYFPE PVIVSWNSGA LTSGVHTEPA VLOSSGLYSL
SSVVTVPSSS LGTQTYICNV NHKPSNTKVD KRVEPKSCDK THTCPPCPAP ELLGGPSVEL
FPPKPKDTLM ISRTPEVTCV VVDVSHEDPE VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV
VSVLTVLHEQD WLNGKEYKCK VSNKALPAPI ERTISKAKGQ PREPQVYTLP PSRDELTKNQ
VSLTCLVKGEF YPSDIAVEWE SNGQPENNYK TTPPVLDSDG SFFLYSKLTV DEKSRWQQGNV
FSCSVYMHEAL HNHYTQKSLS LSPGK GGGGSGGGGSGGEES
RIFAVEFIFMTYWHLINAFTVTVPKDLYVVEYGSNMTIECK
FPVEKQLDLAALIVYWEMEDKNIIQFVHGEEDLKVQHSSYRORARLLKDQLSLGNA

ATLQITDVKLODAGVYRCMISYGGADYKRITVKVNAPYNKINQRILVVDPVTSEHEL

TCOAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLENVISTLRINTTTNEIFYC

TFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKRCGIQDINSKKQSDTHLEET

Anti-CD25 (Basiliximab) light chain (SEQ ID NO: 76);

QIVSTQSPAT MSASPGEKVT MTCSASSSRS YMOWYQOKPG TSPKRWIYDT SKLASGVPAR
FSGSGSGTSY SLTISSMEAE DAATYYCHQR SSYTEFGGGTK LEIKRTVAAP SVFIFPPSDE
QLKSGTASVYV CLLNNFYPRE AKVOWKVDNA LOSGNSQESV TEQDSKDSTY SLSSTLTLSK
ADYEKHKVYA CEVTHQGLSS PVTKSEFNRGE

Plain: anti-CD25 antibody
ftalic: Linker

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-L1 (underlined)
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Fusion proteins comprising IL-2, Fc, and PD-1 ligand 1 (PD-L1)
Fusion protein: hPD-1 ligand 1 + Fc + IL-2 (SEQ 1D NO: 43):
MRIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNI IQFVHGEE

DLKVOHSSYRORARLLKDOLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKV
NAPYNKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRINTT
TNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFR

LRKGRMMDVKRKCGIQDTNSKKQSDTHLEET GGGGSGGGGSGGGE
THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHNARTKPREE
QYNSTYRVVSVLIVLHODWLNGKEYKCEVSNKALPAPIEXT ISKAKGOPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVEFSCSVMHEALHNHYTQ
KSLSLSPGK GGGGSGGGGSGGGES
APTSSSTKRTQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKEYMPRKATELKHLOCLEEELKPLEEVINL

AQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCOSIISTLT

Fusion protein: IL-2 + Fc + PD-1 ligand 1 (SEQ ID NO: 44):
APTSSSTRRTOLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKEFYMPKKATELKHLOQCLEEELKPLEEVLNL

AQSKNFHLRPRDLISNINVIVLELKGSETTEMCEYADETAT IVEFLNRWITFCQSLISTLT

GGGGSGGEEGESGGEGES
THTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVRKENWYVDGVEVHENAKTKPREE
QYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKT ISKAKGOPREPQVYTLPPSREEMTENQVSLT
CLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFERLYSKLTVDESRWQQGNVESCSVMHEALHNEYTQ
KSLSLSPGK GGGGSGGGGSGEEGES
RIFAVFIFMIYWHLLNAFTVTVEKDLYVVEYGSNMTTECKFPVEKQLDLAALIVYWEMEDKNI IQFVHGEED
IKVOHSSYRORARLLKDOLSLGNAALOITDVKLODAGVYRCMI SYGGADYKRITVKVNAPYNKINORILVVD
PVTSEHELTCQAEGY PKAEVIWTSSDHOVLSGKTTTTNSKREEKLEFNVTSTLRINTTTNEIFYCTFRRLDPE
ENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTPIFRLRKGRMMDVKKCGIQDTNSKRKQSDTHLER
T

Underlined: IL-2 fragment

ltalic: Linker (optional)

Plain: Fc

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-1L (underlined)
{Note: Can replace linker 1 6GGGSGGEGSGGEGES SEQ ID NQO: 104 with

EPKSCDK SEQ 1D NO: 105)

{Note: Can replace underlined aa in Fc: E with D and M with L)
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Fusion protein comprising anti-CD4 antibody and PD-1 ligand 1 (PD-L1)

Anti-CD4 heavy chain and PD-1 ligand 1 (SEQ ID NO: 45)

Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISGDYYWEFWIRQSPGEGLEWIGY IYGSGGGTNYNPSLN

NRVSISIDTSKNLESLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVIVSSASTRKGPSVEPL

APSSKSTSGGETAALGCLVKDYFPERPVTIVSWNSGALTSGVHATFPAVLOSSGLY SLSSVVIVPSSSLG
TOTYICNVNHKPSNTKVDKRVEPKSCDRKTHTCPPCPAPELLGGPSVFLEFPPKPRDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHENAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPOQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWE SNGOPENNYK
TTPPVLDSDGSFFLY SKLTVDKSRWQOGNVESCSVMHEALHNEY TOKSLSLSPGK
GGGGSGGEGEEGEEES
RIFAVFIFMTYWHLLNAFTVTIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIQF
VHGEEDLKVQHSSYRQRARLLKDOLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNAP
YNKINQRILVVDPVISEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKKCGIQDTINSKKQSDTHLEET

Anti-CD4 light chain (SEQ {D NO: 77)
Light chain:

SYELSQPRSVSVSPGQTAGETCGGDNVGREKSVOWYQOKPPQAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVEGGGTRLTVLGRTVAAPSVEIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTY SLESSTLTLSKADYEKHKVYACEV
THOGLSSPVTKSFNRGEC

Underlined: Anti-CD4 antibody variable region

Plain: Anti-CD4 antibody constant region
Italic: Linker
Bold: human PD-1 ligand 1 or extracellular binding domain of PD-1L (underlined)
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Fusion proteins comprising the extracellular domain of CTLA-4, Immunoglobulin Fc
{lgG Cy1), and a sequence from PD-1 ligand (PD-L1)

Oncostatin M signal peptide + CTLA-4 ECD + IgG Cy1 + PD-L1 (SEQ ID NO: 46):

MGVLLTQRTLLSLVLALLFPSMASMAMHVAQPAVVELASSRGIASEVCEYASPGRKATEVRVIVLRQA
DSQVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSD QEPKSCDRTHTCPPCPAPELLGGPSVEFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YRCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTENQVSLTCLVKGEYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVESCSVMHEALHENEY TOKSLSLSPGK
GGGGSGGEGEGSGGGEES
RIFAVFIFMTYWHLLNAFTVTVPRKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNI IQF
VHGEEDLKVOHSSYRORARLLKDQLSLGNAALQITDVKLODAGVYRCMI SYGGADYKRITVKVNAP
YNKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRI
NITTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKKCGIQDTNSKKQSDTHLEET

Fusion proteins comprising the extracellular domain of PD-1 ligand (PD-L1),
Immunogiobulin Fc (IgG Cy1), and a sequence from the extracellular domain of
CTLA-4.

PD-L1 +1gG Cy1 + CTLA-4 ECD (SEQ ID NO: 47):

MRIFAVFIFMIYWHLLNAFIVIVPKDLYVVEYGSNMT IECKFPVEKQLDLAALIVYWEMEDKNIIOQ
FVHGEEDLKVQHS SYRQRARLLKDQLSLGNAALOITDVKLODAGVYRCMISYGGADYKRITVKVNA
PYNKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHOVLSGKTTTTNSKREEKLENVISTLR
INTTTNEIFYCTFRRLD PEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFR
LREGRMMDVKKCGIQDTNSKKQSDTHLEET GGGGSGGGGSGGGGS
QEPKSCDKTHTCPPCPAPELLGGPSVELEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVRENWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLITVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPSRDELTRKNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFRPLYSKLTV
DKSRWQOGNVESCSVMHBEALENHYTQKSLSLSPGK GGGGSGGGEGSGGEGES
AMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVIVLROADSQVTEVCAATYMMGNELTFLDDST
CTGTSSGNQVNLTIOGLRAMDTGLY ICKVELMYPPPYYLGIGNGTQIYVIDPEPCPDSD

Underlined ltalic: Oncostatin M Signal Peptide (-25 to -1)

Underlined: CTLA-4 exiracellular domain (1-125)

Plain: human lgG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)
ltalic: Linker (optional)

Bold: human PD-1 ligand 1 {PD-1L) or extracellular binding domain of PD-1L
(underlined)

{Note: Optionat C to S conversion in IgG sequence (bold underlined))

(Note: The linker QEPKSCDK SEQ 1D NO: 110 can be replaced with EPKSCDK SEQ
ID NO: 105 or another linker sequence)
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Fusion proteins comprising a sequence of transforming growth factor-g (TGF-p),
Immunoglobulin Fc (IgG Cp1), and a sequence of PD-1 ligand (PD-L1)

TGFp-1 + Fc + PD-L1 (SEQ ID NO: 48):
ALDTNYCFSSTEKNCCVRQLYIDFREKDLGWEWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
OHNPGASAAPCCVPQALEPLPIVYYVGRKPRVEQLSNMIVRICKCS GGGGSGGGGSGEGEGES
THTCPPCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKENWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGOPRERPQVYTLPRES
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGK GGGGSGGEEESGGGEES
RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIQF
VHGEEDLKVQHSSYRORARLLXDQLSLGNAALQITDVKLODAGVYRCMISYGGADYRKRITVKVNAP
YNKINQRILVVDPVTSEHELTCQAERGYPKAEVIWTSSDHQVLSCGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKKCGIQDTNSKKQSDTHLEET

Fusion protein comprising a sequence of PD-1 ligand (PD-L1), Immunoglobulin Fc
(lgG Cy1), and a sequence of Transforming growth factor beta (TGF- )

PD-L1 + Fc + TGF-~1 (SEQ ID NO: 49):
MRIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIO
FVHGEEDLKVOHS SYRORARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNA
PYNKINQRILVVDPVISEHELTCOAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLENVTSTLR
INTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKG
RMMDVKKCGIQDTNSKKQSDTHLEET GGGGSGGGGSGGGES
THTCPPCPAPELLGGPSVFLEPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TRPREEQYNSTYRVVEVLTVLHQDWLNGKEYRKCKVSNKALPAPIERKTISKAKGOPREPQVYTLEPS
REEMTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQRSLSLSPGK GGGGSGEGGESGGGES
ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYTWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Underlined: TGF3-1

Italic: Linker (optional)

Plain: Fc

Bold: human PD-1 ligand 1 or extracellufar binding domain of PD-1L {underlined)
{Note: Can replace linker GGGGSGGGGESGGGGS SEQ 1D NO: 104 with

ErRSCcDK SEQ 1D NO: 105)

{Note: Can replace underlined aa in Fc: E with D and M with L)
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1 MPPSGLRLLP LLLPLLRLLV LTPGRPAAGL STCKTIDMEL VKRKRIEAIR GQILSKLRLS
61 SPPSQOGEVPP VPLPEAVLAL YNSTRDRVAG ESAEPEPEPE ADYYAKEVTR VLMVENTNKI
121 YEKVKKSPHS IYMLFNTSEL REAVPEPVLL SRAELRLLRL KLKAEQHVEL YQKYSNDSWR
181 YLSNRLLAPS DTPEWLSFDV TGVVRQWLSHE GGEVEGFRLS AHCSCDSKDN TLQVDINGES
241 SSRRGDLATI HGMNRPFLLL MATPLERAQH LHSSRORRAL DTNYCFSSTE KNCCVRQLYT
301 DFRKDLGWKW TIHEPKGYHAN FCLGPCPYIW SLDTQYSKVL ALYNQHNPGA SAAPCCVPQA
361 LEPLPIVYYV GRKPKVEQLS NMIVRSCKCS

Underlined: Mature (active) TGF-p1 sequence (Ala 279 — Ser 390; 112 aa).

(ii)

Mature (active) TGF-p1 sequence {Ala 279 — Ser 390; 112 aa)
(SEQ ID NO: 103):
AL DTNYCFSSTE KNCCVRQLYI DFRKDLGWKW IHEPKGYHAN FCLGPCPYIW

SLDTQYSKVL ALYNQHNPGA SAAPCCVPQA LEPLPIVYYV GRKPKVEQLS NMIVRSCKCS

FIG. 40
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Fusion proteins comprising an antibody that binds TNF-u, and a sequence of
transforming growth factor-g (TGF-g).

Anti-TNFa heavy chain + TGF-1 (SEQ ID NO: 50):
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHEWVROAPGKGLEWVSATITWNSGHIDYADSVEG
RETISRDNAKNSLYLQMNSLRAEDTAVYYCALVSYLSTASSLDYWGQGTLVIVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLY SLSSVVIVRPSSSLG
TOQTYICNVNHKPSNTKVDKRARPKSCDKTHTCPPCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKARKGQPREPQVYTLFPPSRDELTENQVSLTCLVKGEY PSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDRKSRWOOGNVESCSVMEEALHNHYTOKSLSLSPGK
GGGGSGGGGSGGGGS
ALDTNYCFSSTERKNCCVROLYIDFRRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Anti-TNFa light chain (SEQ {D NO: 78):
DIQOMTQSPSSLSASVEGDRVTITCRASQGIRNYLAWYQQLPGKAPKLLIYAASTLOSGVPSRESGSG

SGTDFTLTISSLOPEDVATYYCORYNRARPYTFGOQGTRVE IKRTVAAPSVEIFPPSDECQLKSGTASY

VCLLNNFYPREARKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTE
QGLSSPVTKSFNRGEC

Underlined: anti-TNFa antibody variable region

Plain: anti-TNFa antibody constant region

Italic: Linker

Bold: Mature (active) human TGF-1

{Note: KKAE SEQ ID NO: 107 can be replaced with KRVE SEQ ID NO: 108 or KKVE
SEQ ID NO: 109)
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Fusion proteins comprising TNFR2 Extracellular ligand binding domain, Fc, and a
sequence from transforming growth factor-p (TGF-§)

TNFR2 ECD + 1gG Cy1 + TGF-$1 (SEQ ID NO: 51):

LPAQVAFTPYAPEPGSTCRLREYYDOTAQMCCSKCSPGQHAKVECTKTSDTVCDSCEDSTYTQLWN
WVPECLSCGSRCSSDOQVETQACTREQNRICTCRPGWYCALSKQEGCRLCAPLRKCRPGEGVARPGT
ETSDVVCKPCAPGTESNTTSSTRICRPEQICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHELPQPV
STRSQETQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDR
THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVICVVVDVSHE DPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCRKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKERWCQG
NVESCSVMHEALHNHYTQRSLSLSPGK GGGGSGGEGSGGEGES
ALDTNYCFSSTEXKNCCVRQLYIDFRKDLGWKWIHE PRGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Fusion proteins comprising a sequence from transforming growth factor-§ (TGF-g),
Fc, and TNFR2 Extracellular ligand binding domain:

TGF-p1 + 1gG Cy1 + TNFR2 ECD (SEQ ID NO: 52):

ALDTNYCFSSTERNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRRKPRKVEQLSNMIVRSCKCS GGGGSGGGGSGGGGES
THTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVICVVVEVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHODWLNGKEYRKCKVSNKALPAPIEKT
ISKAKGOPREPOVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWE SNGQPENNYKTTPPVLDSD
CSFFLYSKLTVDKSRWOQGNVESCSVMHEALHENHYTQKSLSLSPGK GGGGSGGGEGSCGGEEGES
LPAQVAFTPYAPEPGSTCRLREYYDOQTAQMCCSKCSPGQHARVECTKTSDTVCDSCEDSTYTOLWN
WVPECLSCGSRCSSDQVETQACTREONRICTCRPGWYCALSKQEGCRLCAPLRKCRPGEFGVARPGT
ETSDVVCKPCAPGTESNTTSSTDICRPHQICNVVAIPGNASMDAVCTSTSPTRSMAPGAVELPQPV
STRSQHTQPTPEPSTAPSTSFLLEMGPSPPAEGSTGD

Underlined: TNFR2 ligand-binding domain
Plain: human igG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)

ftalic: Linker
Bold: Mature (active) human TGF-$1

{Note: Can replace linker 1 with GGGG3GGGESGGEGS SEQ 1D NO: 104 or
EPKSCDK SEQ ID NO: 105)
(Note: Can replace underlined aa in Fc: E with D and M with L)
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Fusion proteins comprising anti-CD20 antibody and a sequence from transforming
growth factor-f (TGF-p)

Anti-CD20 heavy chain + mature TGFB1 sequence (SEQ ID NO: 53):
QVOLOOPGAELVKPGASVKMSCKASGY TFTSYNMAWVKQTPGRGLEWIGAIY PGNGDTSYNQKFKG
KATLTADKSSSTAYMQLSSLTSEDSAVYYCARSTY YGGDWYFNVWGAGTTVTVSAASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLGSSGLY SLSSVVIVPSSSLG
TOTYICNVNHKPSNTKVDKKAEPKSCDRKTHTCPPCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVEEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLEHQDWLNGKEYKCKVSNE
ALPAPIEKTISKAKGQPREPOVYTLPPSRDELTRKNQVSLTCLVKGEYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLY SKLTVDKSRWOQGNVESCSVMHEALHNHYTOKSLSLSPGK
GGGGSGGGGESGGEEGES
ALDTNYCFSSTEXNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Anti-CD20 light chain sequence (SEQ ID NO: 72):
QIVLSQSPAILSASPGEKVIMICRASSSVSY ITHWFQQOKPGSSPKPWIYATSNLASGVPVRESGSGS

GTSYSLTISRVEAEDAATYYCOOWTSNPPTEGGGTKLEIKRTVAAPSVEIFPPSDEQLKSGTASVV

CLLNNFYPREAKVOWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHG
GLSSPVTKSENRGEC

Underlined: anti-CD20 antibody variable region

Plain: anti-CD20 antibody constant region
{talic: Linker
Bold: Mature (active) human TGF-1
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Anti-CD25 (Daclizumab) heavy chain and TGF-1 (SEQ 1D NO: 54):

QVOLVQSGAE
NOKFKDKATI
GPSVEFPLAPS
LSSVVTVPSS
LEFPPKPKDTL
VVSVLTIVLHG
QVSLTCLVKG
VESCSVMHEA

VKKPGSSVKVY
TADESTNTAY
SKSTSGGTAA
SLGTQTYICN
MISRTPEVTC
DWLNGKEYKC
EYPSDIAVEW
LEHNHYTOKSL

SCKASGYTFET
MELSSLRSED
LGCLVKDYEP
YNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGOPENNY

SYRMHWVRQA
TAVYYCARGG
EPVIVSWNSG
DKKVEPKSCD
EVEKFNWYVDG
IEKTISKAKG
KTTPPVLDSD

PGOQGLEWIGY
GVEFDYWGQGT
ALTSGVHTFEP
KTHTCPPCPA
VEVHENAKTKE
QPREPQVYTL
GSFEFLYSKLT

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTKN
VDESRWOQGN

SLSPGK GGGGSGGGGSGGEGES ALDTNYCFSSTEKNCCVRQLY

IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYNQHNPGASAAPCCVPQALEPLP
IVYYVGRKPKVEQLSNMIVRSCKCS

Anti-CD25 (Daclizumab) light chain (SEQ iD NO: 75):
LSASVGDRVT ITCSASSSIS YMHWYQQKPG KAPKLLIYTT

DIOMTQSPST
FSGSGSGTEFR
DEQLEKSGTAS
SKADYEKHKV

Plain: anti-CD25 antibody

SNLASGVPAR

TLTISSLOPD DFATYYCHQR STYPLTFGQG TKVEVKRTVA APSVEIFPPS

VVCLLNNEYP REAKVQWKVD NALQSGNSQE SVTEQDSKDS

YACEVTHQGL SSPVTKSEFNR GEC

ftalic: Linker
Bold: Mature (active) human TGF-$1

FIG. 44A
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Anti-CD25 (Basiliximab) heavy chain and TGF-1 (SEQ ID NO: 55):

QLOOSGTVLA
KFEGKAKLTA
PSVFPLAPSS
SSVVTVPSSS
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGE
FSCSVMHEAL

RPGASVEKMSC
VTSASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS

KASGYSETRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTKVD
VVDVSHEDPE
VSNKALPAPI
SNGQPENNYK

WMHWIKQORPG
VYYCSRDYGY
PVIVSWNSGA
KRVEPKSCDK
VKENWYVDGV
EKTISKAKGQ
TTPPVLDSDG

LSFGK GGGGSGGGGSGGGGES
ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHAN

QGLEWIGATIY
YEDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP
SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLQSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DKSRWQQGNV

FCLGPCPYIWSLDTQYSKVLALYNQHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQ
LSNMIVRSCKCS

Anti-CD25 (Basiliximab) light chain (SEQ ID NO: 76):
QIVSTQSPAI MSASPGEKVT MTCSASSSRS YMOWYQQKPG TSPKRWIYDT SKLASGVPAR

FSGSGSGTSY SLTISSMEAE DAATYYCHQR SSYTEGGGTK LEIKRTVAAP SVEIFPPSDE

QLKSGTASVV CLLNNEYPRE AKVQWKVDNA LQOSGNSQESV TEQDSKDSTY SLSSTLTLSK

ADYEKHKVYA CEVTHQGLSS PVTKSEFNRGE

Plain: anti-CD25 antibody

Italic: Linker
Bold: Mature (active) human TGF-p1
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Fusion proteins comprising IL-2, Fc, and a sequence from transforming growth
factor-p (TGF-).

TGF-p1 + Fc + IL-2 (SEQ D NO: 56);
ALDTNYCFEFSSTEXNCCVRQLYIDFRRDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS GGGGSGGGEGSGGGGES
THTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVLDGVEVHNAK
TEPREEQYNSTYRVVEVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREFPQVYTLEPPS
RgEgTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHENHYTQOKSLSLSPGK GGGGSGGGGSGGGGES
APTSSSTEKTQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKEFYMPKRKATE LKHLOCLEEELKPL

EEVLNLAQSENFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCOSIISTL

T

IL-2 + Fc + TGF-B1 (SEQ D NO: 57):
APTSSSTKKTQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATE LKHLQCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCOSIISTL

T GGGGSGGGGSGEGGES
THTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHAQODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFELY SKLTVDKSRWQOG
NVESCSVMHEALHENHYTQKSLSLSPGK GGGGSGGGGSGEGEES
ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Underlined: 1L-2 fragment

Italic: Linker {optional)

Plain: Fc

Bold: Mature (active) human TGF-$1

{Note: Can replace linker 1 GGG65666656666S SEQ ID NO: 104 with
EPrsCcDK SEQ ID NO: 105)

{Note: Can replace underlined aa in Fe: E with D and M with L)
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Fusion protein comprising anti-CD4 antibody and a sequence from transforming
growth factor-g (TGF-B).

Anti-CD4 heavy chain and TGF-$1 (SEQ {D NO: 58)

Heavy chain fusion protein:

OVQLOEAGPGLVKPSETLSLTCSVSGGSISGDYYWEFWIRQSPGKGLEWIGYIYGSGGGTNYNPSLN

NRVSISIDTSKNLESLKLRSVIAADTAVYYCASNILKYLHWLLYWGQGVLVIVSSASTKGPSVEPL

APSSKETSGETAALGCLVEDYFPEPVTIVSWNSGALTSGVHTFRPAVLOSSGLY SLSSVVIVRPSSSLG
TOTYICNVNHKPENTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKENWYVDGVEVHNAKTRPREEQYNSTYRVV SVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFELYSKLTVDKSRWOOGNVESCSVMHEALENEYTQKSLELSPGK
GGGGSGGGEGEGEEES
ALDTNYCESSTEXNCCVROLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Anti-CD4 light chain (SEQ ID NO: 77)

Light chain:

SYELSQPRSVSVSPGQTAGFTCGGDNVGRKSVOWYQOKPPOAPVLVIYADSERPSGIPAREFSGINS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVFGGGTRLTVLGRTVAAPSVFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTY SLESTLTLSKADYERKHKVYACEV
THOGLSSPVTKSEFNRGEC

Underlined: Anti-CD4 antibody variable region

Plain: Anti-CD4 antibody constant region
ftalic: Linker
Bold: Mature (active) human TGF-p1
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Fusion proteins comprising the extraceliular domain of CTLA-4, Immunoglobulin Fc
{lgG Cy1), and a sequence from a sequence from transforming growth factor-§
(TGF-p)

Oncostatin M signal peptide + CTLA-4 ECD + IgG Cy1 + TGF-1 (SEQ ID NO: 59):

MGVLLTQRTLLSLYVLALLFPSMASMAMHVAQPAVVLASSRGIASEFVCEYASPGKATEVRVIVLROA
DSQVTEVCAATYMMGNELTFLDDSICTGTSSCGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSDOEPKSCDN THTCPPCPAPELLGGPSVELEPPKPKDTLM
ISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHENARTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YRCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTENQVSLTCLVKGEFYPSDIAVEWESN
GOPENNYRKTTPPVLDSDGSFFLYSKLTVDRKSRWOQOGNVESCESVMHEALHNHY TQKSLSLSPGK
GGGGSGGGGSGGGES
ALDTNYCEFSSTERKNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Fusion proteins comprising a sequence from transforming growth factor-p (TGF-g),
Immunogiobulin Fc (IgG Cy1), and a sequence from the extracellular domain of
CTLA-4

TGF-1 + 1gG Cy1 + CTLA-4 ECD (SEQ ID NO: 60):

ALDTNYCESSTEKNCCVRQLYIDFRRDLGWKWIHE PKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS EPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTICVVVDYV SHEDPEVKENWYVDGVEVHENAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPARPIEKTISKAKGQPREPQVYTLRPPS
RDELTRNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGEGEES
AMHVAQPAVVLASSRGIASEFVCEYASPGKATEVRVTVLROADSQVTEVCAATYMMGNELTFLDDST
CTGTSSCNQVNLTIOGLRAMDTGLY ICKVELMYPPPYYLGIGNGTQIYVIDPEPCPDSD

Underlined lialic. Oncostatin M Signal Peptide (-25 to -1)

Underlined: CTLA-4 exiracellular domain (1-125)

Plain: human IgG1 heavy chain constant region {lgG Cy1 domain = H, CH2, CH3)
ltalic: Linker (optional)

Bold: Mature {active) human TGF-1

{Note: Optional C to S conversion in IgG sequence (bold underlined))

(Note: The linker QEPKSCDK SEQ ID NO: 110 can be replaced with EPKSCDK SEQ
{D NO: 105 or another linker sequence)
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Fusion proteins comprising an antibody that binds TNF-¢, and a RANKL-binding
sequence of receptor activator of nuclear factor-kB (RANK)

Anti-TNFa heavy chain + RANK ectodomain (SEQ D NO: 61):
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMAWVRQAPGKGLEWVSAITWNSGHIDYADSVEG

REFTISRDNAKNSLYLOMNSLRAEDTAVYYCALVSYLSTASSLDYWGQGTLVIVSSASTKGPSVEPL

APSSKSTSGGETAALGCLVEDYFPEPVIVSWNSGALTSGVHTEFPAVLOSSGLY SLSSVVTIVPSSSLG
TOTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNEK
ALPAPIEKTISKARGQPREPOQVYTLPPSRDELTRKNQVSLTCLVRKGEYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSREWOQGNVESCSVMHEALENHYTOQKSLSLSPGK
GGGGSGGEGGSGGEEES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN
TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS
DAVCSSSLPA RKPPNEPHVY LPG

Anti-TNFa light chain (SEQ 1D NO: 78):
DIOMTQOSPSSLSASVGDRVTITCRASQGIRNYLAWYQQLPGKAPKLLIYAASTLOSGVPSRESGSG

SGTDFTLTISSLOPEDVATYYCOQRYNRAPYTEGOGTKVE IKRTVAAPSVEIFPPSDEQLKSGTASY

VCLLNNEYPREAKVOWKVDNALOSGNSQESVTEQDSKDS TYSLSSTLTLSKADYEKHRKVYACEVTH
QGLSSPVTKSEFNRGEC

Underlined: anti-TNFea antibody variable reqion

Plain: anti-TNFe antibody constant region

Italic: Linker

Bold: RANK ectodomain

(Note: KKAE SEQ ID NO: 107 can be replaced with KRVE SEQ ID NO: 108 or KKVE
SEQ ID NO: 109)
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Fusion proteins comprising TNFR2 Extracellular ligand binding domain, Fc, and a
RANKL-binding sequence of receptor activator of nuclear factor-kB (RANK)
TNFR2 ECD + 1gG Cy1 + RANK ectodomain (SEQ ID NO: 62);

LPAQVAFTPYAPEPGSTCRLREYYDQTAQMCCSKCSPGQHARKVECTKTSDIVCDSCEDSTY TQLWN
WVPECLSCGSRCSSDOVETQACTREQNRICTCRPGWYCALSKQEGCRLCAPLREKCRPGEFGVARPGT
ETSDVVCKPCAPGTEFSNTTSSTDICRPHOICNVVAIPGNASMDAVCTSTSPTRSMAPGAVELPOPV
STRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDK
THTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLITVLAODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREFPQVYTLPPS
REEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOG
NVESCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGEES QI APPCTSEKHY
EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA
VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS
DAFSSTDKCR PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RXPPNEPHVY LPG

Fusion proteins comprising a RANKL-binding sequence of receptor activator of
nuclear factor-kB (RANK), Fc, and TNFR2 Extracellular ligand binding domain:
RANK ectodomain + IgG Cy1 + TNFR2 ECD (SEQ ID NO: 63):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW
NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ
HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA
RKPPNEPHVY LPG

GGGGSGEGGGESGGEGES THTCPPCPAPELLGGRPSVELEFPPRKPRDTLMISRTPEVTCVVVDVSHE
DPEVKENWYVDGVEVHENAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVYTLPPSREEMTRKNQVSLTCLVKGEYPSDIAVEWESNGOQPENNYRKTTPPVLDSD
GSFFLYSKLITVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGES
LPAQVAFTPYAPEPGSTCRLREYYDOTAQMCCSKCSPGQHARVECTKTSDTVCDSCEDSTYTQLWN
WVPECLSCGSRCSSDOVETQACTREQNRICTCRPGWYCALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTESNTTSSTDICRPHOICNVVAIPGNASMDAVCTSTSPTRSMAPGAVELPQPV
STRSQHTOPTPEPSTAPSTSFLLPMGPSPPAEGSTGD

Underlined: TNFR2 ligand-binding domain
Plain: human igG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)

ftalic: Linker
Bold: RANK ectodomain

{Note: Can replace linker 1 with 6GGGS66GGSG666Ss SEQ 1D NO: 104 or
EPrSCDK SEQ ID NO: 105)
{Note: Can replace underlined aa in Fc: E with D and M with L}
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Fusion proteins comprising the extracellular domain of CTLA-4, Immunoglobulin Fc
{lgG Cy1), and a RANKL-binding sequence of receptor activator of nuclear factor-kB
(RANK)

Oncostatin M signal peptide + CTLA-4 ECD + IgG Cy1 + RANK ectodomain (SEQ ID NO;
64):
MGVLLTORTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASEFVCEYASPGKATEVRVIVLROA
DSQOVTEVCAATYMMGNELTFLDDSICTGTSSGNOVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSDQEPKSCDK THTCPPCPAPELLGGPSVFLFPPKPEDTLM
ISRTPEVICVVVDVSHEDPEVKENWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YRKCKVSNKALPAPIERTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHY TQKSLSLSPGK
GGGGSGGEEGSGEEGES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN

TECAPGLGAQ HPLOLNKDIV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS
DAVCSSSLPA RKPPNEPHVY LPG

Fusion proteins comprising a RANKL-binding sequence of receptor activator of
nuclear factor-kB (RANK), Immunoglobulin Fc¢ (igG Cy1), and a sequence from the
extracellular domain of CTLA-4

RANK ectodomain + IgG Cy1 + CTLA-4 ECD (SEQ iD NO: 65):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW
NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ
HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA
RKPPNEPHVY LPG EPKSCDK

THETCPPCPAPELLGGPSVFLFPPKPRKDTLMI SRTPEVTCVVVDVSEEDPEVKENWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLIVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLERS
RDELTENQVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWOQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGESGGGEES
AMHVAQPAVVLASSRGIASFVCEYASPCGKATEVRVTIVLROADSOVIEVCAAT YMMGNELTFLDDST
CTGTSSCGNQVNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTQIYVIDPEPCPDSD

Undertined italic: Oncostatin M Signal Peptide (-25 to -1)

Underlined: CTLA-4 extracellular domain (1-125)

Plain: human IgG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)
italic: Linker (optional)

Bold: RANK ectodomain

{Note: Optional C to S conversion in IgG sequence (bold underlined))

{Note: The linker QEPKSCDK SEQ 1D NO: 110 can be replaced with EPKSCDK SEQ
iD NO: 105 or another linker sequence)
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Fusion proteins comprising a RANKL-binding sequence of receptor activator of
nuclear factor-kB (RANK), Fc, and a sequence from transforming growth factor-p
(TGF-B).

TGF-B1 + Fc + RANK ectodomain (S8EQ ID NO: 66):
ALDINYCFSSTEKNCCVRQLYIDFRKDLGWKWIHE PKGYHANFCLGPCPYIWSLDTQYSKVLALYN

QHNPGASAAPCCVPQALEPLPIVYYVGRKPRVEQLSNMIVRSCKCS GCGGSGGGESGGEEES

THTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLIVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPS
REEMTRNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGEGGESGGGEGESGGEGES QI APPCTSEKHY
EHLGRCCNRC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA
VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS
DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

RANK ectodomain + Fc + TGF-31 (SEQ ID NO: 67):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW
NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ
HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA
RKPPNEPHVY LPG GGGGSGGGGESGGGES
THTCPPCPAPELLGGPSVEFLFPPKPRKDTIMISRTPEVICVVVDVSHEDPEVKEFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAP IEKTI SKAKGQPREPQVYTLPPS
REEMTRKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVEFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGES

ALDTNYCEFSSTERNCCVRQLY IDFRXKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPRKVEQLSNMIVRSCKCS

Underlined: Mature {active} human TGF-p1

ftalic: Linker {optional)

Plain: F¢

Bold: RANK ectodomain

{Note: Can replace linker 1 GGGGSGGGG5G666S SEQ 1D NO: 104 with
EPKSCDK SEQ ID NO: 105)

{Note: Can replace underlined aa in Fc: E with D and M with L)

FIG. 51

Bicara Ex. 1001
Bicara v. JHU - PGR2026-00025



U.S. Patent May 13, 2025 Sheet 59 of 75 US 12,295,968 B2

Fusion proteins comprising a RANKL-binding sequence of receptor activator of
nuclear factor-kB (RANK), Fc, and a sequence from PD~1 ligand 1

PD-1L1 + F¢ + RANK ectodomain (SEQ {D NO: 68):
RIFAVEIFMTYWHLLNAFTVTVPKDLYVVEYGSNMT IECKFPVEKQLDLAALIVYWEMEDKNI IQFVHGEED

IKVOHSSYRORARLLKDOLSLONAALOITDVKLODAGVYRCMI SYGGADYKRITVKVNAPYNKINQRILVVD
PVTSEHELTCOABGYPRKAEVIWTSSDHOVLSGKTTTINSKREEKLENVTSTLRINTTTNEIFYCTFRRLDPE
ENHRTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGRMMDVKKCGIQDTNSKKQSDTHLEE

T GGGGES5GGGGSGGGGES

THTCPPCPAPELLGGPSVFLFPPKPEKDTLMISRTPEVTICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNGKEYRKCKVSNRKALPAP TEKTISKAKGOPREPQVY TLPPSREEMTRNQVSLT
CLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELY SKLTVDKSRWOQGNVESCSVMHEALENHYTQ
KSLSLSPGK GGGGSGGEGGSGEGEGES QI APPCTSEKHY EHLGRCONKC EPGRKYMSSKC TTTSDSVCLEP

CGPDEYLDSW NEEDKCLLHK VCDTGRKALVA VVAGNSTTPR RCACTAGYHW SODCECCRRN

TECAPGLGAC HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS

DAVCSSSLPA RKPPNEPHVY LPG

RANK ectodomain + Fc + PD-1L1 (SEQ ID NO: 69):
QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK

VCDTGEKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDIV

CRKPCLAGYFS DAFSSTDKCR PWINCTELGK RVEHHGTEKS DAVCSSSLPA REKPPNEPHVY LPG

GGGGSGGGEGESGGGEES
THTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOGNVESCSVMHEALENRYTQ
KSLSLSPGK GGGGSGGGGSGGGGES

RIFAVEFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMT IECKFPVEKQLDLAALIVYWEMEDKNT IQFVHGEED
LKVOHSSYRORARLLKDOLSLGNAALQITDVKLODAGVYRCMISYGGADRDYKRITVKVNAPYNKINQRILVVD
PVTSEHELTCQAEGYPKAEVIWTSSDHOQVLSGKTTTTNSKREEKLFNVTSTLRINTTTNEIFYCTFRRLDPE
ENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGRMMDVKKCGIQDTNSKKQSDTHLER
T

Rold: PD1L1 (Mav use PD-11.1 extracellular domain — underlined)
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COMPOSITIONS AND METHODS FOR
TARGETED IMMUNOMODULATORY
ANTIBODIES AND FUSION PROTEINS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
application Ser. No. 17/694,541 filed Mar. 14, 2022, now
pending; which is a continuation application of U.S. appli-
cation Ser. No. 16/601,347 filed Oct. 14, 2019, now issued
as U.S. Pat. No. 11,274,156; which is a continuation appli-
cation of U.S. application Ser. No. 15/362,632 filed Nov. 28,
2016, now issued as U.S. Pat. No. 10,442,860; which is a
divisional application of U.S. application Ser. No. 15/231,
309 filed Aug. 8, 2016, now issued as U.S. Pat. No.
9,850,306; which is a continuation application of U.S.
application Ser. No. 14/645,282 filed Mar. 11, 2015, now
issued as U.S. Pat. No. 9,441,044; which is a continuation
application of U.S. application Ser. No. 13/582,717 filed
Oct. 17, 2012, now issued as U.S. Pat. No. 8,993,524; which
is a 35 USC § 371 National Stage application of Interna-
tional Application No. PCT/US2011/027317 filed Mar. 4,
2011, now expired; which claims the benefit under 35 USC
§ 119 (c) to U.S. Application Ser. No. 61/435,671 filed Jan.
24, 2011 and to U.S. Application Ser. No. 61/311,255 filed
Mar. 5, 2010. The disclosure of each of the prior applications
is considered part of and is incorporated by reference in the
disclosure of this application.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
Grant No. CA123277 awarded by the National Institutes of
Health. The government has certain rights in the invention.

INCORPORATION BY REFERENCE OF
SEQUENCE LISTING

The material in the accompanying sequence listing is
hereby incorporated by reference into this application. The
accompanying sequence listing text file, named JHU3260-
10.xml, was created on Sep. 23, 2024 and is 174,970 bytes
in size.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates generally to the field of
targeted immunomodulatory antibodies and fusion proteins
for cancer therapy and more specifically to composition and
methods for targeted immunostimulatory or immunosup-
pressive antibodies and fusion proteins to counteract or
induce immune tolerance of cancer cells.

BACKGROUND INFORMATION

The immune system provides the human body with a
means to recognize and defend itself against microorgan-
isms and substances recognized as foreign or potentially
harmful. While passive immunotherapy of cancer with
monoclonal antibodies and passive transfer of T cells to
attack tumor cells have demonstrated clinical efficacy, the
goal of active therapeutic vaccination to induce these
immune effectors and establish immunological memory
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against tumor cells has remained challenging. Several
tumor-specific and tumor-associated antigens have been
identified, yet these antigens are generally weakly immuno-
genic and tumors employ diverse mechanisms to create a
tolerogenic environment that allows them to evade immu-
nologic attack. Strategies to overcome such immune toler-
ance and activating robust levels of antibody and/or T cell
responses hold the key to effective cancer immunotherapy.

SUMMARY OF THE INVENTION

The present invention is based on the seminal discovery
that targeted immunomodulatory antibodies and fusion pro-
teins can counteract or reverse immune tolerance of cancer
cells. Cancer cells are able to escape elimination by chemo-
therapeutic agents or tumor-targeted antibodies via specific
immunosuppressive mechanisms in the tumor microenvi-
ronment and such ability of cancer cells is recognized as
immune tolerance. Such immunosuppressive mechanisms
include immunosuppressive cytokines (for example, Trans-
forming growth factor beta (TGF-3)) and regulatory T cells
and/or immunosuppressive myeloid dendritic cells (DCs).
By counteracting tumor-induced immune tolerance, the
present invention provides effective compositions and meth-
ods for cancer treatment, optional in combination with
another existing cancer treatment. The present invention
provides strategies to counteract tumor-induced immune
tolerance and enhance the antitumor efficacy of chemo-
therapy by activating and leveraging T cell-mediated adap-
tive antitumor immunity against resistant or disseminated
cancer cells.

In one embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety. The targeting moiety specifically
binds a target molecule, and the immunomodulatory moiety
specifically binds one of the following molecules: (i) Trans-
forming growth factor-beta (TGF-f); (ii) Programmed
death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2
(PD-L2); (iii) Receptor activator of nuclear factor-KB
(RANK) ligand (RANKL); (iv) Transforming growth factor-
beta receptor (TGF-BR); (v) Programmed death-1 (PD-1);
and (vi) Receptor activator of nuclear factor-kB (RANK).

In one aspect, the targeting moiety includes an antibody,
antibody fragment, scFv, or Fc-containing polypeptide that
specifically binds a component of a tumor cell, tumor
antigen, tumor vasculature, tumor microenvironment, or
tumor-infiltrating immune cell. In one aspect, the targeting
moiety specifically binds epidermal growth factor receptor
(EGFR1, Erb-Bl), HER2/neu (Erb-B2), CD20, Vascular
endothelial growth factor (VEGF), insulin-like growth fac-
tor receptor (IGF-1R), TRAIL-receptor, epithelial cell adhe-
sion molecule, carcino-embryonic antigen, Prostate-specific
membrane antigen, Mucin-1, CD30, CD33, or CD40.

In one aspect, the targeting moiety specifically binds a
component of a regulatory T cell, myeloid suppressor cell,
or dendritic cell. In another aspect, the targeting moiety
specifically binds one of the following molecules: (i) CD4;
(i1) CD25 (IL-2c receptor; IL-2aR); (iii) cytotoxic T-lym-
phocyte antigen-4 (CTLA-4; CD152); (iv) Interleukin-10
(IL-10); (v) Transforming growth factor-beta receptor (TGF-
BR); (vi) Transforming growth factor-beta (TGF-f); (vii)
Programmed Death-1 (PD-1); (viii) Programmed death-1
ligand (PD-L1 or PD-L2); (ix) Receptor activator of nuclear
factor-kB (RANK); or (x) Receptor activator of nuclear
factor-kB (RANK) ligand (RANKL).

In one aspect, the immunomodulatory moiety specifically
binds one of the following molecules: (i) Transforming
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growth factor-beta (TGF-f); (ii) Programmed death-1 ligand
(PD-L1 or PD-L2); or (iii) Receptor activator of nuclear
factor-kB (RANK) ligand (RANKL).

In one aspect, the immunomodulatory moiety includes a
molecule that binds TGF-f. In another aspect, the immuno-
modulatory moiety includes an extracellular ligand-binding
domain of Transforming growth factor-beta receptor TGF-
PRI, TGF-pRIIb, or TGF-BRII. In another aspect, the
immunomodulatory moiety includes an extracellular ligand-
binding domain of TGF-BRIIL In an additional aspect, the
immunomodulatory moiety inhibits the activity or function
of TGF-f.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-
4), CD25 (IL-2a receptor; IL-2aR), or CD4. In an additional
aspect, the immunomodulatory moiety includes an extracel-
lular ligand-binding domain of TGF-BRII. In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQIDNO: 1,2, 3,4, 5,6,7,8, 9 or 10.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Programmed Death-1 (PD-1), Programmed death-1 ligand 1
(PD-L1), or Programmed death-1 ligand 2 (PD-L2). In
another aspect, the targeting moiety includes an extracellular
ligand-binding domain or ectodomain of Programmed
Death-1 (PD-1). In an additional aspect, the immunomodu-
latory moiety includes an extracellular ligand-binding
domain of TGF-BRIL. In another aspect, the molecule
includes PD-1 ectodomain, immunoglobulin Fc region, and
TGFBRII ectodomain. In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID
NO: 11 or 12.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Receptor activator of nuclear factor-kB (RANK) or Recep-
tor activator of nuclear factor-kB ligand (RANKL). In
another aspect, the targeting moiety includes an extracellular
ligand-binding domain or ectodomain of Receptor activator
of nuclear factor-kB (RANK). In an additional aspect, the
immunomodulatory moiety includes an extracellular ligand-
binding domain of TGF-BRIIL. In another aspect, the mol-
ecule includes RANK ectodomain, immunoglobulin Fc
region, and TGFPRII ectodomain. In another aspect, the
molecule includes an amino acid sequence corresponding to
SEQ ID NO: 13 or 14.

In one aspect, the immunomodulatory moiety includes a
molecule that specifically binds to Programmed death-1
ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2).
In another aspect, the immunomodulatory moiety includes
an extracellular ligand-binding domain or ectodomain of
Programmed Death-1 (PD-1). In an additional aspect, the
immunomodulatory moiety inhibits the activity or function
of Programmed death-1 ligand 1 (PD-L1).

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-
4), CD25 (IL-2a receptor; IL-20R), or CD4. In an additional
aspect, the immunomodulatory moiety includes an extracel-
lular ligand-binding domain or ectodomain of Programmed
Death-1 (PD-1). In another aspect, the molecule includes an
amino acid sequence corresponding to SEQ ID NO: 15, 16,
17, 18, 19, 20, 21, 22, 23, or 24.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
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Receptor activator of nuclear factor-kB (RANK) or Recep-
tor activator of nuclear factor-kB ligand (RANKL). In
another aspect, the targeting moiety includes an extracellular
ligand-binding domain or ectodomain of Receptor activator
of nuclear factor-kB (RANK). In an additional aspect, the
immunomodulatory moiety includes an extracellular ligand-
binding domain of Programmed Death-1 (PD-1). In another
aspect, the molecule includes RANK ectodomain, immuno-
globulin Fe region, and PD-1 ectodomain. In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQ ID NO: 25 or 26.

In one aspect, the immunomodulatory moiety includes a
molecule that specifically binds to Receptor activator of
nuclear factor-kB ligand (RANKL). In another aspect, the
immunomodulatory moiety includes an extracellular ligand-
binding domain or ectodomain of Receptor activator of
nuclear factor-kB (RANK). In an additional aspect, the
immunomodulatory moiety inhibits the activity or function
of Receptor activator of nuclear factor-kB ligand (RANKL).

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-
4), CD25 (IL-2a receptor; IL-2aR), or CD4. In an additional
aspect, the immunomodulatory moiety includes an extracel-
lular ligand-binding domain or ectodomain of Receptor
activator of nuclear factor-kB (RANK). In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQ ID NO: 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36.

In one aspect, the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2). In an additional
aspect, the immunomodulatory moiety increases the func-
tion of PD-1.

In one aspect, the targeting moiety specifically binds to
Tumor Necrosis Factor-a (TNF-a), and the immunomodu-
latory moiety includes a sequence from Programmed
death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2
(PD-L2). In an additional aspect, the targeting moiety
includes an antibody that binds TNF-a, and the immuno-
modulatory moiety includes a sequence from PD-1 ligand 1
(PD-L1 or B7-H1). In another aspect, the molecule includes
an amino acid sequence corresponding to SEQ ID NO: 37.
In another aspect, the targeting moiety includes an extracel-
lular ligand-binding domain of tumor necrosis factor recep-
tor 2 (TNFR2), and the immunomodulatory moiety includes
a sequence from PD-1 ligand 1 (PD-L1 or B7-H1). In
another aspect, the molecule includes TNFR2 Extracellular
ligand binding domain, immunoglobulin Fc region, and a
sequence from PD-L1. In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID
NO: 38 or 39.

In one aspect, the targeting moiety includes an antibody or
antibody fragment that specifically binds to CD20, CD25, or
CD4, and the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2). In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQ ID NO: 40, 41, 42, 43, 44, or 45.

In one aspect, the targeting moiety includes the extracel-
lular domain of CTLA-4 and immunoglobulin Fc region
(IgG Cyl), and the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2). In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQ ID NO: 46 or 47.
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In one aspect, the targeting moiety includes transforming
growth factor-f (TGF-f) and immunoglobulin Fc region
(IgG Cyl), and the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2). In an additional
aspect, the molecule includes an amino acid sequence cor-
responding to SEQ ID NO: 48 or 49.

In one aspect, the immunomodulatory moiety includes a
sequence from transforming growth factor-f (TGF-f). In an
additional aspect, the immunomodulatory moiety activates
the signaling function of transforming growth factor-§
(TGF-B) receptor.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Tumor Necrosis Factor-o. (TNF-a), and the immunomodu-
latory moiety includes a sequence from transforming growth
factor-f (TGF-f). In an additional aspect, the targeting
moiety includes an antibody that binds TNF-c, and the
immunomodulatory moiety includes a sequence from TGF-
B. In another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 50. In one aspect,
the targeting moiety includes an extracellular ligand-binding
domain of tumor necrosis factor receptor 2 (TNFR2). In
another aspect, the molecule includes TNFR2 Extracellular
ligand binding domain, immunoglobulin Fc region, and a
sequence from transforming growth factor-f (TGF-f). In
another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 51 or 52.

In one aspect, the targeting moiety includes an antibody or
antibody fragment that specifically binds to CD20, CD25
(IL-20. receptor; IL-2aR), or CD4, and the immunomodu-
latory moiety includes a sequence from transforming growth
factor-p (TGF-f). In an additional aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID
NO: 53, 54, 55, 56, 57 or 58.

In one aspect, the targeting moiety includes an extracel-
lular domain of CTLA-4 and immunoglobulin Fc region
(IgG Cyl), and the immunomodulatory moiety includes a
sequence from transforming growth factor-f (TGF-f). In
another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 59 or 60.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Tumor Necrosis Factor-a (TNF-a), and the immunomodu-
latory moiety includes an extracellular RANKIL-binding
domain or ectodomain of Receptor activator of nuclear
factor-kB (RANK). In an additional aspect, the targeting
moiety includes an antibody that binds TNF-a, and the
immunomodulatory moiety includes a sequence from an
extracellular RANKL-binding domain or ectodomain of
RANK. In another aspect, the molecule includes an amino
acid sequence corresponding to SEQ ID NO: 61. In one
aspect, the targeting moiety includes an extracellular ligand-
binding domain of tumor necrosis factor receptor 2
(TNFR2). In another aspect, the molecule includes TNFR2
Extracellular ligand binding domain, immunoglobulin Fc
region, and a sequence from an extracellular RANK-binding
domain or ectodomain of RANK. In another aspect, the
molecule includes an amino acid sequence corresponding to
SEQ ID NO: 62 or 63.

In one aspect, the targeting moiety includes an extracel-
lular domain of CTLA-4 and immunoglobulin Fc region
(IgG Cyl), and the immunomodulatory moiety includes an
extracellular RANKL-binding domain or ectodomain of
Receptor activator of nuclear factor-kB (RANK). In another
aspect, the molecule includes an amino acid sequence cor-
responding to SEQ ID NO: 64 or 65.
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In one aspect, the targeting moiety includes a sequence
from transforming growth factor-p (TGF-f) and immuno-
globulin Fc region (IgG Cyl), and the immunomodulatory
moiety includes an extracellular RANKL-binding domain or
ectodomain of Receptor activator of nuclear factor-xB
(RANK). In another aspect, the molecule includes an amino
acid sequence corresponding to SEQ ID NO: 66 or 67.

In one aspect, the targeting moiety includes a sequence
from Programmed death-1 ligand 1 (PD-L.1) and immuno-
globulin Fc region (IgG Cyl), and the immunomodulatory
moiety includes an extracellular RANKL-binding domain or
ectodomain of Receptor activator of nuclear factor-xB
(RANK). In another aspect, the molecule includes an amino
acid sequence corresponding to SEQ ID NO: 68 or 69.

In various aspects, the molecule is fused or directly linked
to one or more antigen, antigenic determinant, or epitope.

In another embodiment, the present invention provides a
composition including the molecule of the invention and a
cell, wherein the cell is a tumor cell, immune cell, or
dendritic cell.

In another embodiment, the present invention provides a
method of counteracting or overcoming immune tolerance.
The method includes administering to a subject in need
thereof one or more molecule of the invention.

In another embodiment, the present invention provides a
method of preventing or treating a neoplastic disease. The
method includes administration to a subject in need thereof
one or more molecule of the invention. In various aspects,
the subject is administered one or more molecule of the
invention in combination with another anticancer therapy. In
one aspect, the anticancer therapy includes a chemothera-
peutic molecule, antibody, small molecule kinase inhibitor,
hormonal agent or cytotoxic agent. In another aspect, the
anticancer therapy includes ionizing radiation, ultraviolet
radiation, cryoablation, thermal ablation, or radiofrequency
ablation.

In another embodiment, the present invention provides a
method of preventing or treating a neoplastic disease. The
method includes administration to a subject in need thereof
an antibody that targets and depletes CD4+ regulatory T
cells (Tregs) in combination with another cytotoxic antican-
cer therapy. In one aspect, the antibody that targets and
depletes Tregs is an anti-CD4 antibody. In various aspects,
the cytotoxic anticancer therapy includes a chemotherapeu-
tic molecule, tumor-targeted antibody, small molecule
kinase inhibitor, hormonal agent or tumor-targeted cytotoxic
agent. In another aspect, the cytotoxic anticancer therapy
includes ionizing radiation, ultraviolet radiation, cryoabla-
tion, thermal ablation, or radiofrequency ablation.

In another embodiment, the subject is administered one or
more molecule of the invention in combination with any
vaccine. In another aspect, the vaccine includes a tumor
antigen, tumor-associated antigen, tumor epitope, tumor
antigen-containing fusion protein, tumor cell, or dendritic
cell. In another aspect, the vaccine includes a pathogen
antigen, pathogen-associated antigen, pathogen epitope, or
pathogen antigen-containing fusion protein.

In another embodiment, the present invention provides a
method for treating immune cells wherein the cells are
contacted ex vivo or in vitro with a molecule of the inven-
tion. In another embodiment, the present invention provides
a method of treatment of a neoplastic disease. The method
includes administering to a subject in need thereof a com-
position of immune cells contacted with a molecule of the
invention.

In another embodiment, the present invention provides a
method of inducing or promoting immune tolerance. The
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method includes administering to a subject in need thereof
one or more molecule of the invention.

In another embodiment, the present invention provides a
method of preventing or treating an autoimmune or inflam-
matory disease including administering to a subject in need
thereof one or more molecule of the invention. In one aspect,
the subject is administered one or more molecule of the
invention in combination with another anti-inflammatory or
immunosuppressive therapy. In another embodiment, the
present invention provides a method of treatment of immune
cells wherein the cells are contacted ex vivo or in vitro with
a molecule of the invention. In another embodiment, the
present invention provides a method of treating an autoim-
mune or inflammatory disease or preventing rejection of
grafted cells or tissue. The method includes administering to
a subject in need thereof a composition of immune cells
contacted with a molecule of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C show exemplary amino acid sequences of
transforming growth factor beta receptor type II (TGF-p-
RII) or TGF-B-RIIB or a fragment thereof, including (i)
Transforming growth factor beta receptor type II (TGF-3-
RII) (SEQ ID NO: 79); and (ii) Transforming growth factor
beta receptor type 1IB (TGF-3-RIIB) (SEQ ID NO: 80).

Also shown in FIGS. 1A-1C are exemplary truncated
mutants of Transforming growth factor beta Receptor II
(TGF-p-RII) or TGF-B-RIIB including the Extracellular
domain (ECD) region that binds TGF-p, including (i) TGF-p3
R-II (AC terminus): TGFp RII lacking the last 38 amino
acids from the C-terminus (SEQ ID NO: 81) and TGF-p
R-IIB (AC terminus): TGFf RIIB lacking the last 38 aa from
the C-terminus (SEQ ID NO: 82); (ii) TGF-BR-II (Acyt):
TGFPRII lacking the kinase domain & juxtamembrane
region (SEQ ID NO: 83) and TGF-fR-IIB (Acyt):
TGFPBRIIB lacking the kinase domain & juxtamembrane
region (SEQ ID NO: 84); (iii) TGF-p R-II containing the
N-terminus region including the extracellular domain (SEQ
ID NO: 85) and TGF-f R-IIB containing the N-terminus
region including the extracellular domain (SEQ ID NO: 86);
(iv) TGF-f R-II containing the extracellular domain that
binds TGF-f (SEQ ID NO: 87) and TGF-f R-IIB containing
the extracellular domain that binds TGF-f (SEQ ID NO:
88); and (v) TGF-f R-II containing the region of the
extracellular domain that binds TGF-f (SEQ ID NO: 89).

In addition, FIGS. 1A-1C also show exemplary kinase-
deficient mutants, deletion mutants, or point mutants of
Transforming growth factor beta Receptor II (TGFB-RII) or
TGFB-RIIB or a fragment thereof which binds TGF-f,
including (i) Transforming growth factor beta Receptor 11
containing point mutations-amino acid sequence of TGF-f
R-II (K277R) contains a point mutation in its ATP-binding
site and is inactive as a kinase (SEQ ID NO: 90); and (ii)
Transforming growth factor beta Receptor II containing
deletions in the amino acid sequence (deletion mutants)—
Transforming growth factor beta Receptor II (Ai)-TGF-p3
R-II (Ai2) contains a deletion of amino acids 498 to 508 and
is inactive as a kinase (SEQ ID NO: 91).

FIG. 2 shows exemplary fusion proteins including anti-
HER2/neu antibody and Transforming growth factor-beta
receptor 11 (TGF(-RII) Extracellular domain (ECD), includ-
ing anti-HER2/neu heavy chain+TGF3-RII ECD fusion
amino acid sequence (SEQ ID NO: 1) and anti-HER2/neu
light chain amino acid sequence (SEQ ID NO: 70).

FIG. 3 shows exemplary fusion proteins including anti-
EGFR1 antibody and Transforming growth factor-beta
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receptor II (TGFB-RII) Extracellular domain (ECD), includ-
ing anti-EGFR1 heavy chain+TGFp-RII ECD fusion amino
acid sequence (SEQ ID NO: 2) and anti-EGFR1 light chain
amino acid sequence (SEQ ID NO: 71).

FIG. 4 shows exemplary fusion proteins including anti-
CD20 antibody and Transforming growth factor-beta recep-
tor II (TGFB-RII) Extracellular domain (ECD), including
anti-CD20 heavy chain+TGFp-RII ECD fusion amino acid
sequence (SEQ ID NO: 3) and anti-CD20 light chain amino
acid sequence (SEQ ID NO: 72).

FIG. 5 shows exemplary fusion proteins including anti-
VEGEF antibody and Transforming growth factor-beta recep-
tor II (TGFB-RII) Extracellular domain (ECD), including
anti-VEGF heavy chain+TGFf-RII ECD fusion amino acid
sequence (SEQ ID NO: 4) and anti-VEGF Light chain
sequence (SEQ ID NO: 73).

FIG. 6 shows exemplary fusion proteins including anti-
human CTLA-4 antibody and Transforming growth factor-
beta receptor 1I (TGFpB-RII) Extracellular domain (ECD),
including Anti-CTLA-4 heavy chain+TGFf-RII Extracellu-
lar domain fusion amino acid sequence (SEQ ID NO: 5) and
Anti-CTLA-4 light chain (SEQ ID NO: 74).

FIG. 7 shows exemplary fusion proteins including IL-2,
Fc, and Transforming growth factor-beta receptor II (TGFf-
RII) Extracellular domain (ECD), including IL-2+Fc+
TGFB-RII Extracellular domain (SEQ ID NO: 6) and TGFf3-
RII Extracellular domain+Fc+IL-2 (SEQ ID NO: 7). The
linker GGGGGGGGSGGGGS (SEQ ID NO: 104) is
optional and can be replaced with EPKSCDK (SEQ ID NO:
105) or another linker sequence well known in the art.
Certain amino acid sequences can be replaced in Fc, includ-
ing underlined E with D and underlined M with L.

FIGS. 8A-8B show exemplary fusion proteins including
anti-CD25 antibody and Transforming growth factor-beta
receptor II (TGFB-RII) Extracellular domain (ECD), includ-
ing anti-CD25 (Daclizumab) heavy chain and TGFf-RII
Extracellular domain (SEQ ID NO: 8) and anti-CD25 (Da-
clizumab) light chain (SEQ ID NO: 75) (FIG. 8A); and
anti-CD25 (Basiliximab) heavy chain and TGF-RII Extra-
cellular domain (SEQ ID NO: 9) and anti-CD25 (Basilix-
imab) light chain (SEQ ID NO: 76).

FIG. 9 shows exemplary fusion proteins including anti-
CD#4 antibody and Transforming growth factor-beta receptor
II (TGFB-RII) Extracellular domain (ECD), including anti-
CD4 heavy chain and TGF-RII Extracellular domain (SEQ
ID NO: 10) and anti-CD4 light chain (SEQ ID NO: 77).

FIG. 10 shows exemplary fusion proteins including Pro-
grammed Death-1 (PD-1) Ectodomain, Fc, and Transform-
ing growth factor-beta receptor II (TGFp-RII) Extracellular
domain (ectodomain), including PD-1 ectodomain+Fc+
TGFBRII ectodomain (SEQ ID NO: 11) and TGFBRII
ectodomain+Fc+PD-1 ectodomain (SEQ ID NO: 12). The
linker sequence EPKSCDK (SEQ ID NO: 105) is optional
and can be deleted or replaced with another linker.

FIG. 11 shows exemplary fusion proteins including
Receptor activator of nuclear factor-kB (RANK) Ectodo-
main, Fec, and Transforming growth factor-beta receptor 11
(TGFB-RII) Extracellular domain (ectodomain), including
RANK ectodomain+Fc+TGFPRII ectodomain (SEQ ID
NO: 13) and TGFBRII ectodomain+Fc+RANK ectodomain
(SEQ ID NO: 14). The linker sequence EPKSCDK (SEQ ID
NO: 105) is optional and can be deleted or replaced with
another linker.

FIG. 12 shows exemplary immunomodulatory moiety that
binds Programmed Death-1 ligand 1 (PD-L1 or B7-H1) or
Programmed Death-1 ligand 2 (PD-L2 or B7-DC), including
full-length PD-1 or fragment thereof (SEQ ID NO: 92),
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PD-1 extracellular domain (ectodomain) or fragment thereof
(SEQ ID NO: 93), and PD-1 extracellular domain (ectodo-
main) ligand-binding region (SEQ ID NO: 94).

FIG. 13 shows exemplary fusion proteins including anti-
HER2/neu antibody and PD-1 Ectodomain, including anti-
HER2/neu heavy chain+PD-1 ectodomain fusion amino acid
sequence (SEQ ID NO: 15) and anti-HER2/neu light chain
amino acid sequence (SEQ ID NO: 70).

FIG. 14 shows exemplary fusion proteins including anti-
EGFRI1 antibody and PD-1 Ectodomain, including anti-
EGFR heavy chain+PD-1 ectodomain fusion amino acid
sequence (SEQ ID NO: 16) and anti-EGFR light chain
amino acid sequence (SEQ ID NO: 71).

FIG. 15 shows exemplary fusion proteins including anti-
CD20 antibody and PD-1 Ectodomain, including anti-CD20
heavy chain+PD-1 ectodomain fusion amino acid sequence
(SEQ ID NO: 17) and anti-CD20 light chain amino acid
sequence (SEQ ID NO: 72).

FIG. 16 shows exemplary fusion proteins including anti-
VEGF antibody and PD-1 Ectodomain, including anti-
VEGF heavy chain+PD-1 ectodomain fusion amino acid
sequence (SEQ ID NO: 18) and anti-VEGF Light chain
sequence (SEQ ID NO: 73).

FIG. 17 shows exemplary fusion proteins including anti-
human CTLA-4 antibody and PD-1 Ectodomain, including
anti-CTLA-4 heavy chain+PD-1 ectodomain fusion amino
acid sequence (SEQ ID NO: 19) and anti-CTLA-4 light
chain (SEQ ID NO: 74).

FIGS. 18A-18B show exemplary fusion proteins includ-
ing anti-CD25 antibody and PD-1 Ectodomain, including
anti-CD25 (Daclizumab) heavy chain and PD-1 ectodomain
(SEQ ID NO: 20) and anti-CD25 (Daclizumab) light chain
(SEQ ID NO: 75) (FIG. 18A), and anti-CD25 (Basiliximab)
heavy chain and PD-1 ectodomain (SEQ ID NO: 21) and
anti-CD25 (Basiliximab) light chain (SEQ ID NO: 76) (FIG.
18B).

FIG. 19 shows exemplary fusion proteins including IL-2,
Fc, and PD-1 ectodomain, including IL-2+Fc+PD-1 ectodo-
main (SEQ ID NO: 22) and PD-1 ectodomain+Fc+IL-2
(SEQ ID NO: 23). The linker GGGGSGGGGSGGGGS
SEQ ID NO: 104 is optional and can be replaced with
EPKSCDK SEQ ID NO: 105 or another linker sequence
well known in the art. Certain amino acid sequences can be
replaced in Fe, including underlined E with D and under-
lined M with L.

FIG. 20 shows exemplary fusion proteins including anti-
CD4 antibody and PD-1 ectodomain, including anti-CD4
heavy chain and PD-1 ectodomain (SEQ ID NO: 24) and
anti-CD4 light chain (SEQ ID NO: 77).

FIG. 21 shows exemplary fusion proteins including
Receptor activator of nuclear factor-kB (RANK) Ectodo-
main, Fc, and PD-1 ectodomain, including RANK ectodo-
main+Fc+PD-1 ectodomain (SEQ ID NO: 25) and PD-1
ectodomain+Fc+RANK ectodomain (SEQ ID NO: 26). The
linker sequence EPKSCDK (SEQ ID NO: 105) is optional
and can be deleted or replaced with another linker.

FIG. 22 shows exemplary immunomodulatory moiety that
binds Receptor activator of nuclear factor-kB (RANK)
ligand (RANKL) including full-length RANK or fragment
thereof (SEQ ID NO: 95), extracellular ligand-binding
domain or ectodomain of RANK (SEQ ID NO: 96),
RANKI-binding sequences or residues of RANK (SEQ ID
NO: 93), or RANKL-binding sequences of Osteoprotegerin
(OPG) (SEQ ID NO: 98).

FIG. 23 shows exemplary fusion proteins including anti-
HER2/neu antibody and RANK Ectodomain, including anti-
HER2/neu heavy chain+RANK ectodomain fusion amino
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acid sequence (SEQ ID NO: 27) and anti-HER2/neu light
chain amino acid sequence (SEQ ID NO: 70).

FIG. 24 shows exemplary fusion proteins including anti-
EGFRI1 antibody and RANK Ectodomain, including anti-
EGFR heavy chain+RANK ectodomain fusion amino acid
sequence (SEQ ID NO: 28) and anti-EGFR light chain
amino acid sequence (SEQ ID NO: 71).

FIG. 25 shows exemplary fusion proteins including anti-
CD20 antibody and RANK Ectodomain, including anti-
CD20 heavy chain+RANK ectodomain fusion amino acid
sequence (SEQ ID NO: 29) and anti-CD20 light chain amino
acid sequence (SEQ ID NO: 72).

FIG. 26 shows exemplary fusion proteins including anti-
VEGF antibody and RANK Ectodomain, including anti-
VEGF heavy chain+RANK ectodomain fusion amino acid
sequence (SEQ ID NO: 30) and anti-VEGF Light chain
sequence (SEQ ID NO: 73).

FIG. 27 shows exemplary fusion proteins including anti-
human CTLA-4 antibody and RANK Ectodomain, including
anti-CTLA-4 heavy chain+RANK ectodomain fusion amino
acid sequence (SEQ ID NO: 31) and anti-CTLA-4 light
chain (SEQ ID NO: 74).

FIGS. 28A-28B show exemplary fusion proteins includ-
ing anti-CD25 antibody and RANK Ectodomain, including
anti-CD25 (Daclizumab) heavy chain and RANK ectodo-
main (SEQ ID NO: 32) and anti-CD25 (Daclizumab) light
chain (SEQ ID NO: 75) (FIG. 28A), and anti-CD25 (Basi-
liximab) heavy chain and RANK ectodomain (SEQ ID NO:
33) and anti-CD25 (Basiliximab) light chain (SEQ ID NO:
76) (FIG. 28B).

FIG. 29 shows exemplary fusion proteins including IL-2,
Fc, and RANK ectodomain, including IL-2+Fc+RANK
ectodomain (SEQ ID NO: 34) and RANK ectodomain+Fc+
IL-2 (SEQ ID NO: 35). The linker GGGGSGGGGSGGGGS
SEQ ID NO: 104 is optional and can be replaced with
EPKSCDK SEQ ID NO: 105 or another linker sequence
well known in the art. Certain amino acid sequences can be
replaced in Fc, including underlined E with D and under-
lined M with L.

FIG. 30 shows exemplary fusion proteins including anti-
CD4 antibody and RANK ectodomain, including anti-CD4
heavy chain and RANK ectodomain (SEQ ID NO: 36) and
anti-CD4 light chain (SEQ ID NO: 77).

FIG. 31 shows exemplary immunomodulatory moiety that
binds Programmed Death-1 (PD-1) including a PD-1 ligand
1 (PD-L1 or B7-H1) or PD-1 ligand 2 (PD-L2 or B7-DC) or
a fragment thereof (for example, SEQ ID NO: 101), full-
length human PD-1 ligand 1 (B7-H1; PDCDI1L1; PD-L1; or
CD274) protein or a fragment thereof (SEQ ID NO: 99), and
PD-L1 extracellular binding domain (ectodomain) or frag-
ment thereof (SEQ ID NO: 100).

FIG. 32 shows exemplary fusion proteins including anti-
tumor necrosis factor (TNFa) antibody and PD-1 ligand,
including anti-TNFa heavy chain+PD-1L (SEQ ID NO: 37)
and anti-TNFa light chain (SEQ ID NO: 78). The sequence
KKAE (SEQ ID NO: 107) can be replaced with KRVE (SEQ
ID NO: 108) or KKVE (SEQ ID NO: 109).

FIG. 33 shows exemplary fusion proteins including
TNFR2 Extracellular ligand binding domain, Fc, and PD-1
ligand, including TNFR2 ECD+IgG Cy1+PD-L1 (SEQ ID
NO: 38) and PD-L1+IgG Cy1-TNFR2 ECD (SEQ ID NO:
39).

FIG. 34 shows exemplary fusion proteins including anti-
CD20 antibody and PD-1 ligand 1 (PD-L1), including
anti-CD20 heavy chain+PD-L1 sequence (SEQ ID NO: 40)
and anti-CD20 light chain sequence (SEQ ID NO: 72).
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FIGS. 35A-35B show exemplary fusion proteins includ-
ing anti-CD25 antibody and PD-1 ligand 1 (PD-L1), includ-
ing anti-CD25 (Daclizumab) heavy chain and PD-L1 (SEQ
ID NO: 41) and anti-CD25 (Daclizumab) light chain (SEQ
ID NO: 75) (FIG. 35A), and anti-CD25 (Basiliximab) heavy
chain and PD-1 ectodomain (SEQ ID NO: 42) and anti-
CD25 (Basiliximab) light chain (SEQ ID NO: 76) (FIG.
35B).

FIG. 36 shows exemplary fusion proteins including IL.-2,
Fc, and PD-1 ligand 1 (PD-L1), including fusion protein
hPD-1 ligand 1+Fc+IL-2 (SEQ ID NO: 43) and fusion
protein IL-2+Fc+PD-1 ligand 1 (SEQ ID NO: 44). The
linker GGGGSGGGGSGGGGS SEQ ID NO: 104 is
optional and can be replaced with EPKSCDK SEQ ID NO:
105 or another linker sequence well known in the art.
Certain amino acid sequences can be replaced in Fc, includ-
ing underlined E with D and underlined M with L.

FIG. 37 shows exemplary fusion proteins including anti-
CD#4 antibody and PD-1 ligand 1 (PD-L1), including anti-
CD4 heavy chain and PD-1 ligand 1 (PD-L1) (SEQ ID NO:
45) and anti-CD4 light chain (SEQ ID NO: 77).

FIG. 38 shows exemplary fusion proteins including the
extracellular domain of CTLA-4, Immunoglobulin Fc (IgG
Cy1), and a sequence from PD-1 ligand (PD-L1) including
Oncostatin M signal peptide+CTLA-4 ECD+IgG Cy1+PD-
L1 (SEQ ID NO: 46) and PD-1L1+IgG Cy1+CTLA-4 ECD
(SEQ ID NO: 47). The IgG sequence shown can have
optional C to S conversion in (bold underlined). The linker
QEPKSCDK SEQ ID NO: 110 is optional and can be
replaced with EPKSCDK SEQ ID NO: 105 or another linker
sequence.

FIG. 39 shows exemplary fusion proteins including a
sequence of transforming growth factor-f§ (TGF-f3), Immu-
noglobulin Fe (IgG Cyl), and a sequence of PD-1 ligand
(PD-L1) including TGFB-1+Fc+PD-L1 (SEQ ID NO: 48),
and PD-1L1+Fc+TGFB-1 (SEQ ID NO: 49). The linker
GGGGSGGGGSGGGGS SEQ ID NO: 104 is optional and
can be replaced with EPKSCDK SEQ ID NO: 105 or
another linker sequence well known in the art. Certain amino
acid sequences can be replaced in Fec, including underlined
E with D and underlined M with L.

FIG. 40 shows exemplary immunomodulatory moiety that
binds Transforming growth factor-beta receptor (TGF-fR)
including Transforming growth factor-beta (TGF-p1, TGF-
B2, or TGF-fB3 or a fragment thereof, TGF-$1 full sequence
(SEQ ID NO: 102), and mature (active) TGF-p1 sequence
(Ala 279-Ser 390; 112 amino acids) (SEQ ID NO: 103).

FIG. 41 shows exemplary fusion proteins including an
antibody that binds TNF-q, and a sequence of transforming
growth factor-f (TGF-f), including anti-TNFou heavy
chain+TGF-$1 (SEQ ID NO: 50) and anti-TNFa light chain
(SEQ ID NO: 78). The sequence KKAE (SEQ ID NO: 107)
can be replaced with KRVE (SEQ ID NO: 108) or KKVE
(SEQ ID NO: 109).

FIG. 42 shows exemplary fusion proteins including
TNFR2 Extracellular ligand binding domain (TNFR2 ECD),
immunoglobulin F¢ (IgG Cyl), and a sequence from trans-
forming growth factor-f (TGF-f) including TNFR2 ECD+
IgG Cyl+TGF-B1 (SEQ ID NO: 51), and TGF-f1+IgG
Cyl+TNFR2 ECD (SEQ ID NO: 52).

FIG. 43 shows exemplary fusion proteins including anti-
CD20 antibody and a sequence from transforming growth
factor-p (TGF-f), including anti-CD20 heavy chain+mature
TGFpB1 sequence (SEQ ID NO: 53) and anti-CD20 light
chain sequence (SEQ ID NO: 72).

FIGS. 44A-44B show exemplary fusion proteins includ-
ing anti-CD25 antibody and a sequence from transforming
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growth factor-f (TGF-f), including anti-CD25 (Dacli-
zumab) heavy chain and TGF-f1 (SEQ ID NO: 54) and
anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75) (FIG.
44A), and anti-CD25 (Basiliximab) heavy chain and TGF-
B1 (SEQ ID NO: 55) and anti-CD25 (Basiliximab) light
chain (SEQ ID NO: 76) (FIG. 44B).

FIG. 45 shows exemplary fusion proteins including IL-2,
Fc, and a sequence from transforming growth factor-f
(TGF-p), including TGF-B1+Fc+IL-2 (SEQ ID NO: 56) and
IL-2+4Fc+TGF-1 (SEQ ID NO: 57). The linker
GGGGSGGGGSGGGGS SEQ ID NO: 104 is optional and
can be replaced with EPKSCDK SEQ ID NO: 105 or
another linker sequence well known in the art. Certain amino
acid sequences can be replaced in Fc, including underlined
E with D and underlined M with L.

FIG. 46 shows exemplary fusion proteins including anti-
CD4 antibody and a sequence from transforming growth
factor-f (TGF-B), including anti-CD4 heavy chain and
TGF-B (SEQ ID NO: 58) and anti-CD4 light chain (SEQ ID
NO: 77).

FIG. 47 shows exemplary Fusion proteins including the
extracellular domain of CTLA-4, Immunoglobulin Fc (IgG
Cyl), and a sequence from transforming growth factor-f3
(TGF-B) including Oncostatin M signal peptide+CTLA-4
ECD+IgG Cy1+TGF-p1 (SEQ ID NO: 59), and TGF-f1+
IgG Cy1+CTLA-4 ECD (SEQ ID NO: 60). The IgG
sequence shown can have optional C to S conversion in
(bold underlined). The linker QEPKSCDK SEQ ID NO: 110
is optional and can be replaced with EPKSCDK SEQ ID
NO: 105 or another linker sequence.

FIG. 48 shows exemplary fusion proteins including an
antibody that binds TNF-a, and a sequence of RANK
ectodomain, including anti-TNFo heavy chain+RANK
ectodomain (SEQ ID NO: 61) and anti-TNFa light chain
(SEQ ID NO: 78). The sequence KKAE (SEQ ID NO: 107)
can be replaced with KRVE (SEQ ID NO: 108) or KKVE
(SEQ ID NO: 109).

FIG. 49 shows exemplary fusion proteins including
TNFR2 Extracellular ligand binding domain (INFR2 ECD),
immunoglobulin Fe (IgG Cyl), and a sequence from RANK
ectodomain including TNFR2 ECD+IgG Cyl+RANK
ectodomain (SEQ ID NO: 62), and RANK ectodomain+IgG
Cyl1+TNFR2 ECD (SEQ ID NO: 63).

FIG. 50 shows exemplary Fusion proteins including the
extracellular domain of CTLA-4, Immunoglobulin Fc (IgG
Cyl), and a sequence from RANK ectodomain including
Oncostatin M signal peptide+CTLA-4 ECD+IgG Cyl+
RANK ectodomain (SEQ ID NO: 64), and RANK ectodo-
main+lgG Cyl+CTLA-4 ECD (SEQ ID NO: 65). The IgG
sequence shown can have optional C to S conversion in
(bold underlined). The linker QEPKSCDK SEQ ID NO: 110
is optional and can be replaced with EPKSCDK SEQ ID
NO: 105 or another linker sequence.

FIG. 51 shows exemplary fusion proteins including a
sequence from transforming growth factor-p (TGF-p),
immunoglobulin Fe (IgG Cyl), and a sequence from RANK
ectodomain including TGF-p+IgG Cyl1+RANK ectodomain
(SEQ ID NO: 66), and RANK ectodomain+IgG Cyl1+TGF-p
(SEQ ID NO: 67).

FIG. 52 shows exemplary fusion proteins including a
sequence from PD-1 ligand (PD-L1), immunoglobulin Fc
(IgG Cyl), and a sequence from RANK ectodomain includ-
ing PD-L1+IgG Cy14+RANK ectodomain (SEQ ID NO: 68),
and RANK ectodomain+IgG Cy1+PD-L1 (SEQ ID NO: 69).

FIGS. 53A-53G show Regulatory T cells (Treg) accumu-
late in the tumor microenvironment and counteract the
ability of chemotherapy to activate CD8* T cell-mediated
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antitumor immunity. (FIG. 53A) Surface exposure of calre-
ticulin (CRT) in response to treatment of hum“n (SW780)
and murine (MB49) cancer cells with doxorubicin (10 pM)
for 4 h. The surface exposure of CRT was determined by
immunofluorescence cytometry of untreated control or
doxorubicin-treated cells stained with Dylight-labeled anti-
CRT antibody or an isotype control (IgG1) antibody. (FIG.
53B) Priming of tumor-reactive immune responses by
MB49 tumor cells treated with doxorubicin ex vivo or in
vivo. 5x10° MB49 cells that were pre-treated ex vivo with
doxorubicin (10 uM) for 4 h were injected into one flank of
syngeneic immunocompetent C57BL/6 mice. Alternatively,
C57BL/6 mice were injected with 5x10° live MB49 tumor
cells and then administered intratumoral doxorubicin (10 pg)
at 10 d following tumor inoculatio”. Tumor-reactive immune
responses were determined by measuring production of
IFN-y by draining lymph node (DLN) cells in response to in
vitro re-challenge with either MB49 cell lysates, an irrel-
evant peptide (Hemagglutinin-HA), or medium alone. (FIG.
53C) Vaccination with doxorubicin-treated tumor cells
induces CD8* T cell-mediated antitumor immunity that
prevents tumor formation following re-challenge with live
tumor cells. MB49 cells (5x10°) that were pre-treated in
vitro with doxorubicin (10 uM) for 4 h were injected
subcutaneously into one flank of syngeneic immunocompe-
tent C57BL/6 mice. Naive or vaccinated mice were chal-
lenged with untreated live MB49 tumor cells injected into
the opposite flank with or without pre-treatment with an
anti-CD8 antibody (Clone GK2.43) (5 ugx2 doses, iv) to
deplete CD8* T cells. (FIG. 53D) Delayed administration of
chemotherapy in mice with pre-established tumors
decreases its immunogenicity and antitumor efficacy.
C57BL/6 mice were injected with 5x10° live syngeneic
MB49 tumor cells and then administered intratumoral doxo-
rubicin (10 pg) at d3, d7, or d10 foll®*“ng tumor inoculation.
(FIG. 53E) Tumors foster the accumulation of CD4*CD25*
FoxP3™ cells (Tregs) in their microenvironment. Flow cyto-
metric analyses of the percentage of CD4*CD25*Fox”3*
clls (Tregs) among CD4" T lymphocytes isolated from the
spleen, draining lymph nodes (DLN), and tumors of immu-
nocompetent C57BL/6 mice at d0 and d14 after subcutane-
ous inoculation of 5x10° live MB49 tumor cells. (FIG. 53F)
Tregs infiltrating the tumor microenvironment suppress
priming of tumor-reactive immune responses by doxorubi-
cin-treated tumor cells. Naive C57BL/6 mice were vacci-
nated with 5x10° doxorubicin-killed MB49 cells with or
without intravenous adoptive transfer of 5x10° CD4*CD25*
cells isolated from tumors and DLN of tumor-bearing mice
via immunomagnetic separation. Tumor-reactive immune
responses were determined by measuring production of
IFN-y by draining lymph node (DLN) cells in response to in
vitro re-challenge with either MB49 cell lysates, an irrel-
evant peptide (Hemagglutinin-HA), or medium alone. (FIG.
53G) Tregs infiltrating the tumor microenvironment sup-
press the activation of adaptive antitumor immunity in
response to chemotherapy-induced tumor cell death. Naive
C57BL/6 mice were vaccinated with 5x10° doxorubicin-
killed MB49 cells (left flank) with or without pre-treatment
with either an anti-CD8 antibody (Clo™ GK2.43) (5 pgx2
doses, iv) to deplete CD8"* T cells or adoptive transfer of
5%10° CD4*CD25* cells isolated from tumors and DLN of
tumor-bearing mice. Protective antitumor immunity in vac-
cinated mice was determined by assessment of tumor growth
upon challenge with untreated live MB49 tumor cells
injected into the opposite flank.

FIGS. 54A-54F show inhibition of TGF- in the tumor
microenvironment reduces ‘adaptive’ FoxP3™* regulatory T
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cells and enhances the antitumor efficacy chemotherapy.
(FIG. 54A) Tumor growth results in a progressive increase
in the level of serum TGF-p. Levels of TGF-§ in serum of
mice at d0, d14, and d28 following inoculation of 5x10° live
MB49 tumor cells were evaluated utilizing ELISA. (FIG.
54B) Tumor cell-autonomous expression of TGF-f is the
dominant source of elevated TGF-f3 in tumor-bearing mice.
Tumor cells or draining lymph node cells isolated from
either tumor-bearing mice or their tumor-free counterparts
were cultured ex vivo in serum-free medium for 24 h and the
amount of TGF-B/10° cells in supernatants was measured by
ELISA. (FIG. 54C) TGFBRIIL:Fc sequesters TGF-f in super-
natants of MB49 tumor cells in a concentration-dependent
manner. MB49 tumor cells were cultured in the presence of
graded concentrations of TGFRII:Fc (0-400 ng/ml) for 24
h followed by measurement of TGF-$ (ug/ml/10° cells) in
supernatants via ELISA. (FIG. 54D) TGF-f induces ‘adap-
tive’ FoxP3™ regulatory T cells in the tumor microenviron-
ment. At 5 d following inoculation of MB49 tumor cells,
mice were either left untreated (control) or treated with
TGFBRIL:Fe (1 pg intratumoral; twice weekly) for 3 weeks
followed by flow cytometric analyses of intracellular FoxP3
expression in CD4*CD25* T cells infiltrating the tumors.
(FIGS. 54E, 54F). Sequestration of intratumoral TGF-} with
TGFBRIL:Fc reduces CD4"CD25*FoxP3™ Tregs in tumor
tissue and improves the antitumor efficacy of doxorubicin.
MB49 tumor-bearing mice were administered doxorubicin
(5 mg/kg i.p. weeklyx3) with or without twice weekly
treatment with TGFPRIL:Fe (1 pg intratumoral). The per-
centage of CD4*CD25*FoxP3* cells (Tregs) among tumor
cells was assessed by flow cytometry (FIG. 54E), and tumor
volume was monitored to determine the effect of counter-
acting tumor-induced TGF-f-mediated immune tolerance on
the in vivo antitumor efficacy of doxorubicin (FIG. 54F).
FIGS. 55A-55D show that anti-CD4 antibody-mediated
depletion of CD4" regulatory T cells facilitates chemo-
therapy-induced activation of tumor-reactive CD8* T cells
and enhances the antitumor efficacy of chemotherapy. (FIG.
55A) In vivo depletion of tumor-infiltrating CD4*CD25*
FoxP3* T cells by treatment of tumor-bearing mice with
anti-CD4 antibody. C57BL/6 mice injected with 5x10°
MB49 tumor cells s.c. were left untreated (control) or
administered an anti-CD4 antibody (Clone GK1.5) i.p. at 5
d and 9 d following tumor challenge. CD4"CD25*FoxP3* T
cells infiltrating tumors isolated from mice at d16 following
tumor challenge were detected by flow cytometry. (FIG.
55B) Target-specific depletion of either CD4* T cells, CD4*
CD25*FoxP3* T cells, or CD8" T cells by treatment of
tumor-bearing mice with anti-CD4 antibody or anti-CDS8
antibody. C57BL/6 mice injected s.c. with 5x10° MB49
tumor cells were left untreated or treated with doxorubicin
(5 mg/kg i.p. weeklyx3) beginning at d7 following tumor
inoculation, with or without administration of either anti-
CD#4 antibody (Clone GK1.5) or anti-CDS8 antibody (Clone
GK2.43) at d5 and d9 following tumor inoculation. Flow
cytometric analyses of peripheral blood mononuclear cells
isolated from mice at d16 following tumor challenge deter-
mined the percentage of CD4* T cells or CD8" T cells
among total mononuclear cells, and the percentage of CD4*
CD25*FoxP3™" T cells among total CD4* T cells. (FIG. 55C)
Depletion of CD4" regulatory T cells facilitates chemo-
therapy-induced activation of tumor-reactive CD8" T cells.
C57BL/6 mice injected s.c. with 5x10° MB49 tumor cells
were left untreated or treated with doxorubicin (5 mg/kg i.p.
weeklyx3) beginning at d7 following tumor inoculation,
with or without administration of anti-CD4 antibody (Clone
GK1.5) at d5 and d9 following tumor inoculation. Tumor-
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reactive immune responses were determined by flow cyto-
metric analyses of IFN-y expression in CD8* T cells from
the tumor and draining lymph node in response to in vitro
stimulation with MB49 cell lysates. (FIG. 55D) Depletion of
CD4* regulatory T cells augments the in vivo antitumor
efficacy of chemotherapy via activation of tumor-reactive
CD8* T cells. C57BL/6 mice injected s.c. with 5x10° MB49
tumor cells were left untreated or treated with doxorubicin
(5 mg/kg i.p. weeklyx3) beginning at d7 following tumor
inoculation, with or without administration of either anti-
CD#4 antibody (Clone GK1.5) or anti-CD8 antibody (Clone
GK2.43) at d5 and d9 following tumor inoculation. Tumor
volume was monitored to determine the effect of depleting
either CD4* T cells or CD8* T cells on the in vivo antitumor
efficacy of doxorubicin.

FIGS. 56 A-56F show anti-CD4 antibody-mediated deple-
tion of CD4" regulatory T cells augments and sustains the
antitumor effect of chemotherapy by enabling activation of
adaptive antitumor immunity. (FIG. 56A) Surface exposure
of calreticulin (CRT) in response to treatment of MB49
cancer cells with either cisplatin or the combination of
cisplatin and gemcitabine for 4 h. The surface exposure of
CRT was determined by immunofluorescence cytometry of
untreated control or chemotherapy-treated cells stained with
Dylight-labeled anti-CRT antibody or an isotype control
(IgG1) antibody. (FIGS. 56B, 56C) Depletion of CD4*
regulatory T cells enables cisplatin-induced activation of
tumor-reactive IFN-y*CD8* T cells and effector memory
(CD8*CD62L7) T cells. C57BL/6 mice injected s.c. with
5x10° MB49 tumor cells were left untreated or treated with
cisplatin (0.5 mg/kg i.p. weeklyx4) beginning at d7 follow-
ing tumor inoculation, with or without administration of
anti-CD4 antibody (Clone GK1.5) at d5 and d9 following
tumor inoculation. Tumor-reactive immune responses were
determined by flow cytometric analyses of IFN-y expression
in CD8* T cells from the tumor and draining lymph node
(DLN) in response to in vitro stimulation with MB49 cell
lysates (FIG. 56B). The percentage of effector memory Tp,,
cells was determined by flow cytometric analyses of CD8*
CD62L" cells (FIG. 56C). (FIGS. 56D, 56E and 56F)
Depletion of CD4* regulatory T cells augments the in vivo
antitumor efficacy of chemotherapy via activation of tumor-
reactive CD8* T cells. C57BL/6 mice injected s.c. with
5x10° MB49 tumor cells were left untreated or treated with
either cisplatin (0.5 mg/kg) or the combination of cisplatin
and gemcitabine (i.p. weeklyx4) beginning at d7 following
tumor inoculation, with or without administration of either
anti-CD4 antibody (Clone GK1.5) or anti-CD8 antibody
(Clone GK2.43) at d5 and d9 following tumor inoculation.
Tumor volume was monitored to determine the effect of
depleting either CD4™ T cells or CD8" T cells on the in vivo
antitumor efficacy of chemotherapy and the percentage of
mice exhibiting complete tumor-regression by d50 follow-
ing tumor inoculation. Establishment of adaptive antitumor
immunity following regression of primary tumors was deter-
mined by re-challenging mice with live MB49 tumor cells in
the opposite flank.

FIGS. 57A-57H show that Chemotherapy-induced
expression of NKG2D ligands on tumor cells cooperates
with depletion of CD4™ regulatory T cells to stimulate CD8*
T cell-mediated tumor regression. (FIG. 57A) Genotoxic
chemotherapeutic agents induce expression of mouse
NKG2D ligands (Rae-1) on cancer cells. Kinetics of the
upregulation of Rael transcripts in mouse CT26 colon
cancer cells was determined by quantitative real-time PCR
following treatment with irinotecan (25 pg/ml) or oxaliplatin
(10 pg/ml). Quantitative RT-PCR was carried out using
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Rae-1 specific primers [sense, 5'-CTAGTGCCACCTGG-
GAATTCA-3' (SEQ ID NO: 111); anti-sense, 5'-CATCAT'T-
AGCTGATCTCCAGCTCA-3' (SEQ ID NO: 112)] and
probe [5'-6-FAM-CATCAGTGACAGTTACTTCTT-
CACCTTCTACACAGAGA-Tamra-3' (SEQ ID NO: 113)].
(FIG. 57B) Genotoxic chemotherapeutic agents induce p53-
independent cell surface expression of human NKG2D
ligands (MHC-I-related A and B molecules-MICA/MICB)
on cancer cells. Isogenic p53-proficient (p53**) or p53-
deficient (p53~~) HCT116 cells were treated with irinotecan
(25 pg/ml) for 16 h or left untreated. Irinotecan-induced
upregulation of cell surface expression of MICA/B was
determined by flow cytometryic analysis of tumor cells
labeled with an anti-human MICA/B MADb (R&D Systems).
(FIG. 57C) and (FIG. 57D) Induction of NKG2D ligands
contributes to the antitumor effect of chemotherapy in vivo.
Immunocompetent Balb/C mice injected s.c. with 2x10°
syngeneic CT26 tumor cells were treated with irinotecan (50
mg/kg i.p weeklyx3) beginning at d5 following tumor
inoculation, with or without pre-treatment with an NKG2D
blocking antibody (CXS5, eBlOscience) (200 pgi.p.) at 16 h
before each dose of chemotherapy. Tumor volume was
monitored to determine the effect of NKG2D blockade on
the in vivo antitumor efficacy of irinotecan. (FIG. 57E) In
vivo depletion of CD4*CD25*FoxP3* T cells by treatment
of tumor-bearing mice with anti-CD4 antibody. Balb/C mice
injected with 2x10° CT26 tumor cells s.c. were left untreated
or treated with irinotecan (50 mg/kg i.p weeklyx3) begin-
ning at d7 following tumor inoculation, with or without
administration of anti-CD4 antibody (Clone GK1.5) at d5
and d9 following tumor inoculation. CD4*CD25*FoxP3* T
cells in spleen and draining lymph node isolated from mice
at d16 following tumor challenge were detected by flow
cytometry. (FIG. 57F) Depletion of CD4* regulatory T cells
facilitates irinotecan-induced activation of tumor-reactive
IFN-y*CD8" T cells. Balb/C mice injected with 2x10° CT26
tumor cells s.c. were left untreated or treated with irinotecan
(50 mg/kg i.p weeklyx3) beginning at d7 following tumor
inoculation, with or without administration of anti-CD4
antibody (Clone GK1.5) at d5 and d9 following tumor
inoculation. Tumor-reactive immune responses were deter-
mined by flow cytometric analyses of IFN-y expression in
CD8* T cells from the tumor and draining lymph node
(DLN) in response to in vitro stimulation with either CT26
cell lysates, an irrelevant peptide (Hemagglutinin-HA), or
medium alone. (FIG. 57G) and (FIG. 57H) Chemotherapy-
induced expression of NKG2D ligands on tumor cells coop-
erates with depletion of CD4* regulatory T cells to stimulate
CD8*" T cell-mediated tumor regression. Balb/C mice
injected with 2x10° CT26 tumor cells s.c. were left untreated
or treated with irinotecan (50 mg/kg i.p weeklyx3) begin-
ning at d7 following tumor inoculation, with or without
administration of anti-CD4 antibody (Clone GK1.5) and/or
anti-CD8 antibody (Clone GK2.43) at d5 and d9 following
tumor inoculation. Tumor volume was monitored to deter-
mine the effect of depleting CD4* T cells and/or CD8" T
cells on the in vivo antitumor efficacy of irinotecan.

DETAILED DESCRIPTION OF THE
INVENTION

Targeted immunostimulatory antibodies and/or fusion
proteins for prevention or treatment of cancer: Chemo-
therapy is a cornerstone of systemic treatment of patients
with most common types of advanced cancers. The vast
majority of human cancers harbor genetic alterations and
signaling mechanisms that impair the direct death signaling
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pathways entrained by chemotherapeutic agents. Although
chemotherapeutic agents employ diverse mechanisms to
directly kill tumor cells, the present invention provides that
these agents have immuno-adjuvant effects which activate
innate and adaptive antitumor immune responses that are
crucial for their antitumor efficacy in vivo. The present
invention also provides that antitumor CD8" T cells play an
instrumental role in the in vivo response of tumors to diverse
cytotoxic chemotherapeutic agents. Although chemothera-
peutic agents can induce “immunogenic” tumor cell death
and facilitate cross-presentation of antigens by dendritic
cells, tumors create a tolerogenic environment that allows
them to suppress the activation of innate and adaptive
immune responses and evade immunologic attack by
immune effector cells. The present invention provides that
strategies to counteract tumor-induced immune tolerance in
the tumor microenvironment can enhance the antitumor
efficacy of chemotherapy by activating and leveraging T
cell-mediated adaptive antitumor immunity against dissemi-
nated cancer cells.

The present invention is based on the seminal discovery
that targeted immunomodulatory antibodies and fusion pro-
teins can counteract or reverse immune tolerance of cancer
cells. Cancer cells are able to escape elimination by chemo-
therapeutic agents or tumor-targeted antibodies via specific
immunosuppressive mechanisms in the tumor microenvi-
ronment and such ability of cancer cells is recognized as
immune tolerance. By counteracting tumor-induced immune
tolerance, the present invention provides effective compo-
sitions and methods for cancer treatment, optional in com-
bination with another existing cancer treatment.

The present invention provides compositions and meth-
ods for targeted immunostimulatory antibodies and fusion
proteins that counteract immune tolerance in the tumor
microenvironment and promote T cell-mediated adaptive
antitumor immunity for maintenance of durable long-term
protection against recurrent or disseminated cancers. These
tumor-targeted immunostimulatory molecules are designed
to facilitate effective long term T cell-mediated immune
responses against tumor cells by at least one of the follow-
ing:

(1) promoting death of tumor cells via enhancement of

antibody-dependent cellular cytotoxicity (ADCC);

(i1) facilitating effective cross-presentation of tumor anti-
gen(s) from dying tumor cells by augmenting matura-
tion of dendritic cells (DCs); and

(iii) increasing activation and proliferation of antitumor
CD8+ T cells by negating immune suppression medi-
ated by regulatory T cells and myeloid suppressor cells.
These antitumor immune responses may be activated in
tandem with the sensitization of tumor cells to immune
effector-mediated cytotoxicity, thereby establishing a
positive feedback loop that augments tumor cytoreduc-
tion and reinforces adaptive antitumor immunity. The
tumor-targeted immunostimulatory monoclonal anti-
bodies (mAbs) of the present invention provides the
ability to generate and boost antitumor immunity to
multiple cross-presented tumor antigens obtained from
endogenous tumor cells during the course of therapy
(as an in situ tumor vaccine), while simultaneously
leveraging the antitumor immune response to eliminate
disseminated cancer cells. Accordingly, the targeted
immunostimulatory antibodies and fusion proteins of
the invention can integrate the hitherto distinct fields of
passive and active immunotherapy and provide a novel
platform for simultaneously leveraging the synergistic
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benefits of these strategies to entrain effective innate
and adaptive immune responses against targeted can-
cers.

While passive immunotherapy of cancer with tumor-
targeted monoclonal antibodies has demonstrated clinical
efficacy, the goal of active therapeutic vaccination to induce
T cell-mediated immunity and establish immunological
memory against tumor cells has remained challenging. Sev-
eral tumor-specific and tumor-associated antigens have been
identified, yet tumors employ diverse mechanisms to create
a tolerogenic environment that allows them to suppress the
activation of a T cell-mediated antitumor immune response.
The tumor-targeted immunostimulatory antibodies and/or
fusion proteins of the invention are designed to overcome
such immune tolerance in the tumor microenvironment and
activate robust levels of T cell responses for effective cancer
immunotherapy or chemo-immunotherapy. Accordingly, the
tumor-targeted immunostimulatory antibodies and/or fusion
proteins of the invention have broad clinical relevance for
advancing the treatment of many types of human cancers.

The tumor-targeted immunostimulatory mAbs and/or
fusion proteins of the invention provide their ability to
generate and boost antitumor immunity to multiple cross-
presented tumor antigens obtained from endogenous tumor
cells during the course of therapy (as an in situ tumor
vaccine), while simultaneously leveraging the antitumor
immune response to eliminate disseminated cancer cells.
Accordingly, the tumor-targeted immunostimulatory anti-
bodies and/or fusion proteins of the invention can integrate
the hitherto distinct fields of passive and active immuno-
therapy and provide a novel platform for simultaneously
leveraging the synergistic benefits of these strategies to
entrain effective innate and adaptive immune responses
against targeted cancers. This approach of the present inven-
tion is distinguished from and superior to conventional
tumor antigen-, allogeneic tumor cell- or DC-based vaccines
in at least one of the following aspects: (i) There is no a
priori requirement to define, clone and purify individual
tumor antigens, since the patient’s tumor itself is the in vivo
source of antigens; (ii) Multivalent antitumor immune
responses that are naturally tailored against antigens from
the patient’s own tumor are less likely to allow immune
escape than a pre-selected tumor antigen; (iii) The activation
of antitumor immune responses by the immuno-adjuvant
effects of tumor-targeted immunostimulatory antibodies or
fusion proteins occurs in tandem with the sensitization of
tumor cells to immune effector-mediated cytotoxicity,
thereby establishing a positive feedback loop that augments
tumor cytoreduction and reinforces adaptive antitumor
immunity; and (iv) The molecules of the invention have
broad clinical relevance for advancing the treatment of many
types of human cancers.

In addition, the targeted immunostimulatory antibodies
and/or fusion proteins of the invention are distinguished
from and superior to existing therapeutic molecules in at
least one of the following aspects: (i) to counteract immune
tolerance in the tumor microenvironment and promote T
cell-mediated adaptive antitumor immunity for maintenance
of long-term protection against recurrent or disseminated
cancers (for prevention or treatment of diverse cancers); (ii)
to produce immune cell compositions for adoptive cellular
therapy of diverse cancers; and (iii) to serve as immune
adjuvants or vaccines for prophylaxis of diverse cancers or
infectious diseases.

The targeted immunostimulatory antibodies and/or fusion
proteins of the invention provide the ability to disrupt
immunosuppressive networks in the tumor microenviron-
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ment. Tumors employ a wide array of regulatory mecha-
nisms to avoid or suppress the immune response. Cancer
cells actively promote immune tolerance in the tumor
microenvironment via the expression of cytokines and mol-
ecules that inhibit the differentiation and maturation of
antigen-presenting dendritic cells. The immunosuppressive
cytokines and ligands produced by tumor cells include the
following: (i) Transforming growth factor-beta (TGF-f); (ii)
Programmed death-1 ligand 1 (PD-L1; B7-H1); (iii) Vascu-
lar endothelial growth factor (VEGF); and (iv) Interleukin-
10 (IL-10). In addition to blocking dendritic cell (DC)
maturation, these molecules promote the development of
specialized subsets of immunosuppressive CD4* T cells
(regulatory T cells; Treg cells) and myeloid-derived sup-
pressor cells (MDSC). Tregs are a minority sub-population
of CD4" T cells that constitutively express CD25 [the
interleukin-2 (IL-2) receptor a.-chain] and the forkhead box
P3 (FOXP3) transcription factor. Tregs (CD4+CD25+
FoxP3+ cells) maintain immune tolerance by restraining the
activation, proliferation, and effector functions of a wide
range of immune cells, including CD4* and CD8* T cells,
natural killer (NK) and NKT cells, B cells and antigen
presenting cells (APCs) in vitro and in vivo. The accumu-
lation of Treg cells in the tumor microenvironment re-
inforces tumor immune tolerance and facilitates tumor pro-
gression and metastases. The increased expression of
immunosuppressive cytokines (TGF-f3; PD-L.1) and tumor-
infiltrating Tregs is correlated with a reduction of survival of
patients with diverse types of cancers. The present invention
provides that tumor-induced immune tolerance mediated via
Tregs is a crucial determinant of the resistance of cancers to
cytotoxic chemotherapeutic agents and tumor-targeted anti-
bodies. The targeted immunostimulatory antibodies and/or
fusion proteins of the invention inhibit key immunosuppres-
sive molecules expressed by the targeted tumor cell or
tumor-infiltrating Treg cells and myeloid suppressor cells
(DCs or MDSC). As such, they provide the targeted ability
to inhibit the development or function of Tregs within the
tumor microenvironment. In another aspect, they provide the
ability to counteract Treg-induced immune suppression in
the tumor microenvironment.

The targeted immunostimulatory antibodies and/or fusion
proteins of the invention provide the ability to inhibit the
development or function of Tregs and myeloid suppressor
cells (DCs or MDSC) within the tumor microenvironment.
Tregs (CD4+CD25+FoxP3+ cells) express an array of
immunosuppressive cytokines and molecules which act in
concert to induce immune tolerance and promote tumor
progression and metastases. These include: (i) Cytotoxic
T-lymphocyte associated protein 4 (CTLA-4; CD152), a
co-inhibitory receptor that binds to the ligands CD80 (B7-1)
or CD86 (B7-2) on the antigen presenting cell (APC) and
inhibits co-stimulation of T cells; (ii) Programmed death-1
ligand 1 (PD-L1; B7-H1), a ligand which engages the
co-inhibitory receptor Programmed death-1 (PD-1) and
inhibits T cell activation and proliferation. (iii) Transforming
growth factor-beta (TGF-), a cytokine which regulates
immune responses by restricting the maturation and antigen-
presenting function of dendritic cells, inhibiting the prolif-
eration and activation of naive T cells, suppressing the
expression of cytotoxic molecules (Granzyme A/B, FasL,
Apo2l/TRAIL, IFN-y) in immune effector cells, and pro-
moting the development and function of Tregs; (iv) Receptor
activator of nuclear factor-kB ligand (RANKL), a ligand
which engages Receptor activator of nuclear factor-kB
(RANK) and promotes osteoclast differentiation, Treg
development, and tumor metastases. In addition, Tregs
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express other surface molecules; (v) LAG-3, a CD4-related
molecule that binds MHC class II; (vi) glucocorticoid-
induced tumor necrosis factor receptor family-related gene
(GITR; TNFRSF18); and (vii) IL-10. The targeted immu-
nostimulatory antibodies and/or fusion proteins of the inven-
tion provide the ability to bind a targeted molecule expressed
by Tregs or myeloid suppressor cells while concurrently
sequestering and inhibiting one or more immunosuppressive
molecule that promotes their development, survival or func-
tion. In one aspect, the targeted immunostimulatory anti-
bodies and/or fusion proteins directly deplete the number of
Tregs.

In one embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety. The targeting moiety specifically
binds a target molecule on the tumor cell or tumor microen-
vironment (tumor stroma, tumor vasculature, or tumor infil-
trating immune cell), and the immunomodulatory moiety
specifically binds an immunosuppressive molecule
expressed by the targeted tumor cell or tumor-infiltrating
Treg cells and myeloid suppressor cells (DC or MDSC).

In one embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety. The targeting moiety specifically
binds a target molecule expressed by Treg cells, myeloid
suppressor cells (MDSC), or dendritic cells (DC), and the
immunomodulatory moiety specifically binds an immuno-
suppressive molecule that promotes their development, sur-
vival or function.

In one embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety. The targeting moiety specifically
binds a target molecule, and the immunomodulatory moiety
specifically binds one of the following molecules: (i) Trans-
forming growth factor-beta (TGF-f); (ii) Programmed
death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2
(PD-L2); (iii)) Receptor activator of nuclear factor-kB
(RANK) ligand (RANKL); (iv) Vascular endothelial growth
factor (VEGF); (v) Transforming growth factor-beta recep-
tor (TGF-BR); (vi) Programmed death-1 (PD-1); and (vii)
Receptor activator of nuclear factor-kB (RANK).

In one aspect, the targeting moiety includes an antibody,
antibody fragment, scFv, or Fc-containing polypeptide that
specifically binds a component of a tumor cell, tumor
antigen, tumor vasculature, tumor microenvironment, or
tumor-infiltrating immune cell. In one aspect, the targeting
moiety specifically binds epidermal growth factor receptor
(EGFR1, Erb-Bl), HER2/neu (Erb-B2), CD20, Vascular
endothelial growth factor (VEGF), insulin-like growth fac-
tor receptor (IGF-1R), TRAIL-receptor, epithelial cell adhe-
sion molecule, carcino-embryonic antigen, Prostate-specific
membrane antigen, Mucin-1, CD30, CD33, or CD40.

In one aspect, the targeting moiety specifically binds a
component of a regulatory T cell, myeloid suppressor cell,
or dendritic cell. In another aspect, the targeting moiety
specifically binds one of the following molecules: (i) CD4;
(i1) CD25 (IL-2c receptor; IL-2aR); (iii) cytotoxic T-lym-
phocyte antigen-4 (CTLA-4; CD152); (iv) Interleukin-10
(IL-10); (v) Transforming growth factor-beta receptor (TGF-
BR); (vi) Transforming growth factor-beta (TGF-f); (vii)
Programmed Death-1 (PD-1); (viii) Programmed death-1
ligand (PD-L1 or PD-L2); (ix) Receptor activator of nuclear
factor-kB (RANK); (x) Receptor activator of nuclear factor-
kB (RANK) ligand (RANKL); (xi) LAG-3; or (xii) gluco-
corticoid-induced tumor necrosis factor receptor family-
related gene (GITR: TNFRSF18).

Bicara Ex. 1001
Bicara v. JHU - PGR2026-00025



US 12,295,968 B2

21

In one aspect, the immunomodulatory moiety specifically
binds one of the following molecules: (i) Transforming
growth factor-beta (TGF-f); (ii) Programmed death-1 ligand
(PD-L1 or PD-L2); (iii) Receptor activator of nuclear factor-
kB (RANK) ligand (RANKL); or (iv) vascular endothelial
growth factor (VEGF).

In one aspect, the immunomodulatory moiety includes a
molecule that binds TGF-f. In another aspect, the immuno-
modulatory moiety includes an extracellular ligand-binding
domain of Transforming growth factor-beta receptor TGF-
BRII, TGF-BRIIb, or TGF-BRIIL. In another aspect, the
immunomodulatory moiety includes an extracellular ligand-
binding domain of TGF-BRIIL. In another aspect, the mol-
ecule includes a TGF-f-binding amino acid sequence cor-
responding to SEQ ID NOs: 79-91. In an additional aspect,
the immunomodulatory moiety inhibits the activity or func-
tion of TGF-f.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-
4), CD25 (IL-2a receptor; IL-20R), or CD4. In an additional
aspect, the immunomodulatory moiety includes an extracel-
lular ligand-binding domain of TGF-BRII. In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQIDNO: 1, 2,3,4,5,6,7,8, 9 or 10.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Programmed Death-1 (PD-1), Programmed death-1 ligand 1
(PD-L1), or Programmed death-1 ligand 2 (PD-L2). In
another aspect, the targeting moiety includes an extracellular
ligand-binding domain or ectodomain of Programmed
Death-1 (PD-1). In an additional aspect, the immunomodu-
latory moiety includes an extracellular ligand-binding
domain of TGF-BRII. In another aspect, the molecule
includes PD-1 ectodomain, immunoglobulin Fc region, and
TGFPRII ectodomain. In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID
NO: 11 or 12.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Receptor activator of nuclear factor-kB (RANK) or Recep-
tor activator of nuclear factor-«B ligand (RANKL). In
another aspect, the targeting moiety includes an extracellular
ligand-binding domain or ectodomain of Receptor activator
of nuclear factor-kB (RANK). In an additional aspect, the
immunomodulatory moiety includes an extracellular ligand-
binding domain of TGF-BRII. In another aspect, the mol-
ecule includes RANK ectodomain, immunoglobulin Fc
region, and TGFPRII ectodomain. In another aspect, the
molecule includes an amino acid sequence corresponding to
SEQ ID NO: 13 or 14.

In one aspect, the immunomodulatory moiety includes a
molecule that specifically binds to Programmed death-1
ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2).
In another aspect, the immunomodulatory moiety includes
an extracellular ligand-binding domain or ectodomain of
Programmed Death-1 (PD-1). In another aspect, the mol-
ecule includes a PD-L1-binding amino acid sequence cor-
responding to SEQ ID NO: 92, 93, or 94. In an additional
aspect, the immunomodulatory moiety inhibits the activity
or function of Programmed death-1 ligand 1 (PD-L1).

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-
4), CD25 (IL-2a receptor; IL-20R), or CD4. In an additional
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aspect, the immunomodulatory moiety includes an extracel-
lular ligand-binding domain or ectodomain of Programmed
Death-1 (PD-1). In another aspect, the molecule includes an
amino acid sequence corresponding to SEQ ID NO: 15, 16,
17, 18, 19, 20, 21, 22, 23, or 24.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Receptor activator of nuclear factor-k B (RANK) or Recep-
tor activator of nuclear factor-kB ligand (RANKL). In
another aspect, the targeting moiety includes an extracellular
ligand-binding domain or ectodomain of Receptor activator
of nuclear factor-kB (RANK). In an additional aspect, the
immunomodulatory moiety includes an extracellular ligand-
binding domain of Programmed Death-1 (PD-1). In another
aspect, the molecule includes RANK ectodomain, immuno-
globulin Fe region, and PD-1 ectodomain. In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQ ID NO: 25 or 26.

In one aspect, the immunomodulatory moiety includes a
molecule that specifically binds to Receptor activator of
nuclear factor-kB ligand (RANKL). In another aspect, the
immunomodulatory moiety includes an extracellular ligand-
binding domain or ectodomain of Receptor activator of
nuclear factor-kB (RANK). In another aspect, the molecule
includes a RANKL-binding amino acid sequence corre-
sponding to SEQ ID NO: 95, 96, 97, or 98. In an additional
aspect, the immunomodulatory moiety inhibits the activity
or function of Receptor activator of nuclear factor-kB ligand
(RANKL).

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-
4), CD25 (IL-2a receptor; IL-2aR), or CD4. In an additional
aspect, the immunomodulatory moiety includes an extracel-
lular ligand-binding domain or ectodomain of Receptor
activator of nuclear factor-kB (RANK). In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQ ID NO: 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36.

The present invention provides novel targeted immuno-
suppressive antibodies and fusion proteins that induce or
promote immune tolerance by at least one of the following:

(1) inhibiting the activation of dendritic cells, T cells,

and/or B cells; and

(i1) promoting the development and/or suppressor func-
tion of regulatory T cells and immunosuppressive
myeloid DCs. These targeted immunosuppressive
molecules of the invention are designed to suppress
unwanted or excessive immune or inflammatory
responses in order to treat autoimmune or inflam-
matory diseases or prevent the rejection of a trans-
planted cell, tissue, or organ.

Targeted immunosuppressive antibodies and/or fusion
proteins: The aberrant activation of self-reactive T cells
and/or breakdown of the mechanisms of immune tolerance
promotes the development of autoimmunity that results in
various diseases including type I diabetes mellitus, multiple
sclerosis, systemic lupus erythematosus, inflammatory
bowel disease, and rheumatoid arthritis. The targeted immu-
nosuppressive antibodies and/or fusion proteins of the
invention are designed to suppress unwanted or excessive
immune or inflammatory responses and restore or promote
immune tolerance. Accordingly, the compositions and meth-
ods of the invention have broad clinical relevance for the
treatment of diverse autoimmune or inflammatory diseases
and preventing the rejection of a transplanted cell, tissue, or
organ grafts.
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The targeted immunosuppressive antibodies and/or fusion
proteins of the invention provides their ability to inhibit the
activity of targeted pro-inflammatory cytokines or immune
cells while simultaneously promoting immune tolerance via
the targeted delivery of immunosuppressive molecules that
facilitate the development and/or function of regulatory T
cells. These molecules of the present invention are distin-
guished from and superior to existing therapeutic molecules
in at least one of the following aspects: (i) The molecules of
the invention enable targeted delivery of immunosuppres-
sive molecules to immune cells or pro-inflammatory mol-
ecules in the milieu of the affected cell, tissue or organ; (ii)
The molecules of the invention can couple the inhibition of
the targeted pro-inflammatory molecule or immune cell with
the simultaneous delivery of an immunosuppressive mol-
ecule that promotes immune tolerance, thereby improving
the suppression of immune effector cells; and (iii) The
molecules of the invention can provide a mechanism of
simultaneously engaging two independent or synergistic
mechanisms of immune tolerance or immune suppression.

Further, the targeted immunosuppressive antibodies and/
or fusion proteins of the invention are distinguished from
and superior to existing therapeutic molecules in at least one
of the following aspects: (i) To suppress unwanted or
excessive immune or inflammatory responses in order to
treat autoimmune or inflammatory diseases; and (ii) To
prevent the rejection of a transplanted cell, tissue, or organ
grafts.

In one aspect, the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2). In another aspect,
the molecule includes a PD-1-binding amino acid sequence
corresponding to SEQ ID NO: 99, 100, or 101. In an
additional aspect, the immunomodulatory moiety increases
the function of PD-1.

In one aspect, the targeting moiety specifically binds to
Tumor Necrosis Factor-a (TNF-a), and the immunomodu-
latory moiety includes a sequence from Programmed
death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2
(PD-L2). In an additional aspect, the targeting moiety
includes an antibody that binds TNF-a, and the immuno-
modulatory moiety includes a sequence from PD-1 ligand 1
(PD-L1 or B7-H1). In another aspect, the molecule includes
an amino acid sequence corresponding to SEQ ID NO: 37.
In another aspect, the targeting moiety includes an extracel-
lular ligand-binding domain of tumor necrosis factor recep-
tor 2 (TNFR2), and the immunomodulatory moiety includes
a sequence from PD-1 ligand 1 (PD-L1 or B7-H1). In
another aspect, the molecule includes TNFR2 Extracellular
ligand binding domain, immunoglobulin Fc region, and a
sequence from PD-L1. In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID
NO: 38 or 39.

In one aspect, the targeting moiety includes an antibody or
antibody fragment that specifically binds to CD20, CD25, or
CD4, and the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2). In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQ ID NO: 40, 41, 42, 43, 44, or 45.

In one aspect, the targeting moiety includes the extracel-
lular domain of CTLA-4 and immunoglobulin Fc region
(IgG Cyl), and the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2). In another aspect,
the molecule includes an amino acid sequence correspond-
ing to SEQ ID NO: 46 or 47.
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In one aspect, the targeting moiety includes transforming
growth factor-f (TGF-f) and immunoglobulin Fc region
(IgG Cyl), and the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2). In an additional
aspect, the molecule includes an amino acid sequence cor-
responding to SEQ ID NO: 48 or 49.

In one aspect, the immunomodulatory moiety includes a
sequence from transforming growth factor-f (TGF-f). In
another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 99, 100, or 101. In
an additional aspect, the immunomodulatory moiety acti-
vates the signaling function of transforming growth factor-f
(TGF-B) receptor.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Tumor Necrosis Factor-a (TNF-a), and the immunomodu-
latory moiety includes a sequence from transforming growth
factor-f (TGF-B). In an additional aspect, the targeting
moiety includes an antibody that binds TNF-o, and the
immunomodulatory moiety includes a sequence from TGF-
. In another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 50. In one aspect,
the targeting moiety includes an extracellular ligand-binding
domain of tumor necrosis factor receptor 2 (INFR2). In
another aspect, the molecule includes TNFR2 Extracellular
ligand binding domain, immunoglobulin Fc region, and a
sequence from transforming growth factor-f (TGF-f). In
another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 51 or 52.

In one aspect, the targeting moiety includes an antibody or
antibody fragment that specifically binds to CD20, CD25
(IL-20 receptor; IL-20R), or CD4, and the immunomodu-
latory moiety includes a sequence from transforming growth
factor-f (TGF-p). In an additional aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID
NO: 53, 54, 55, 56, 57 or 58.

In one aspect, the targeting moiety includes an extracel-
lular domain of CTLA-4 and immunoglobulin Fc region
(IgG Cyl), and the immunomodulatory moiety includes a
sequence from transforming growth factor-f (TGF-f). In
another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 59 or 60.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, or polypeptide that specifically binds to
Tumor Necrosis Factor-a (TNF-a), and the immunomodu-
latory moiety includes an extracellular RANKI-binding
domain or ectodomain of Receptor activator of nuclear
factor-kB (RANK) or Osteoprotegerin (OPG). In an addi-
tional aspect, the targeting moiety includes an antibody that
binds TNF-o., and the immunomodulatory moiety includes a
sequence from an extracellular RANKL-binding domain or
ectodomain of RANK. In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID
NO: 61. In one aspect, the targeting moiety includes an
extracellular ligand-binding domain of tumor necrosis factor
receptor 2 (TNFR2). In another aspect, the molecule
includes TNFR2 Extracellular ligand binding domain,
immunoglobulin Fc region, and a sequence from an extra-
cellular RANK-binding domain or ectodomain of RANK. In
another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 62 or 63.

In one aspect, the targeting moiety includes an extracel-
lular domain of CTLA-4 and immunoglobulin Fc region
(IgG Cyl), and the immunomodulatory moiety includes an
extracellular RANKL-binding domain or ectodomain of
Receptor activator of nuclear factor-kB (RANK) or Osteo-
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protegerin (OPQG). In another aspect, the molecule includes
an amino acid sequence corresponding to SEQ ID NO: 64 or
65.

In one aspect, the targeting moiety includes a sequence
from transforming growth factor-p (TGF-f) and immuno-
globulin Fc region (IgG Cyl), and the immunomodulatory
moiety includes an extracellular RANKL-binding domain or
ectodomain of Receptor activator of nuclear factor-xB
(RANK). In another aspect, the molecule includes an amino
acid sequence corresponding to SEQ ID NO: 66 or 67.

In one aspect, the targeting moiety includes a sequence
from Programmed death-1 ligand 1 (PD-L1) and immuno-
globulin Fc region (IgG Cyl), and the immunomodulatory
moiety includes an extracellular RANKL-binding domain or
ectodomain of Receptor activator of nuclear factor-xB
(RANK). In another aspect, the molecule includes an amino
acid sequence corresponding to SEQ ID NO: 68 or 69.

In various aspects, the molecule is fused or directly linked
to one or more antigen, antigenic determinant, or epitope.

In another embodiment, the present invention provides a
composition including the molecule of the invention and a
cell, wherein the cell is a tumor cell, immune cell, or
dendritic cell.

In another embodiment, the present invention provides a
method of counteracting or overcoming immune tolerance.
The method includes administering to a subject in need
thereof one or more molecule of the invention.

In another embodiment, the present invention provides a
method of preventing or treating a neoplastic disease. In one
aspect, the neoplastic disease is a non-T cell malignancy
which does not express CD4 on the tumor cell. In one
embodiment, the method includes administration to a sub-
ject in need thereof an antibody that targets and depletes
CD4+ regulatory T cells (Tregs) in combination with a
cytotoxic anticancer therapy. In one aspect, the antibody that
targets and depletes Tregs is an anti-CD4 antibody. In
various aspects, the cytotoxic anticancer therapy includes a
chemotherapeutic molecule, tumor-targeted antibody, small
molecule kinase inhibitor, hormonal agent, or tumor-tar-
geted cytotoxic agent, anti-angiogenic agent or any combi-
nation thereof. In another aspect, the cytotoxic anticancer
therapy includes ionizing radiation, ultraviolet radiation,
cryoablation, thermal ablation, or radiofrequency ablation.

In another embodiment, the method includes administra-
tion to a subject in need thereof an antibody or molecule that
targets and depletes CD4+ regulatory T cells (Tregs) in
combination with an immunostimulatory antibody, fusion
protein, peptide or ligand that targets CTLA-4, PD1, PD-1L,
RANKL, TGF-, GITR, 4-1BB, OX-40, or Toll-like recep-
tors (TLR 1-10). In one aspect, the TL.R-agonist comprises
an activator of TLR-8 or TLR-9. In one aspect, the TLR
agonist comprises an immunostimulatory nucleic acid
sequence containing CpG nucleotides. In one aspect, the
antibody that targets and depletes Tregs is an anti-CD4
antibody.

In another embodiment, the present invention provides a
method of preventing or treating a neoplastic disease. The
method includes administration to a subject in need thereof
one or more molecule of the invention. In various aspects,
the subject is administered one or more molecule of the
invention in combination with another anticancer therapy. In
one aspect, the anticancer therapy includes a chemothera-
peutic molecule, antibody, small molecule kinase inhibitor,
hormonal agent, cytotoxic agent, targeted therapeutic agent,
or anti-angiogenic agent. In another aspect, the anticancer
therapy includes ionizing radiation, ultraviolet radiation,
cryoablation, thermal ablation, or radiofrequency ablation.
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In another aspect, the subject is administered one or more
molecule of the invention in combination with an antibody
or molecule that inhibits the production or function of
regulatory T cells (Tregs) or depletes the number of Tregs.
In one aspect, the antibody that targets and depletes Tregs is
an anti-CD4 antibody. In another aspect, the molecule that
counteracts the function of Tregs is an antibody, fusion
protein, peptide or ligand that targets CTLA-4, PD1, PD-1L,
RANKL, TGF-B, GITR. In another aspect, the molecule that
counteracts the function of Tregs is an antibody or fusion
protein or ligand that targets 4-1BB or OX-40. In another
aspect, the molecule that counteracts the function of Tregs is
an agonist of Toll-like receptors (TLR 1-10). In one aspect,
the TLR-agonist comprises an activator of TLR-8 or TLR-9.
In one aspect, the TLR agonist is an immunostimulatory
nucleic acid sequence containing CpG nucleotides.

In one aspect the chemotherapeutic agent is a topoi-
somerase-interacting agent, anthracycline, doxorubicin,
mitoxantrone, camptothecin, camptothecin analogue, irino-
tecan, epipodophyilotoxin, ctoposide, alkylating agent,
cyclophosphamide, cisplatin, cisplatin analogue, oxaliplatin,
antimetabolite, fluoropyrimidine analogue, S-fluorouracil,
gemcitabine, azacytidine, antimicrotubule agent, taxane,
paclitaxel, or docetaxel.

In another embodiment, the subject is administered one or
more molecule of the invention in combination with any
vaccine. In another aspect, the vaccine includes a tumor
antigen, tumor-associated antigen, tumor epitope, tumor
antigen-containing fusion protein, tumor cell, or dendritic
cell. In another aspect, the vaccine includes a pathogen
antigen, pathogen-associated antigen, pathogen epitope, or
pathogen antigen-containing fusion protein. In one aspect,
the vaccine includes a surrogate CD4+ T cell helper epitope
from tetanus toxin. In one aspect, the CD4+ T helper
sequence contains a domain of tetanus toxin fragment C
(pDOM1). In one aspect, the pDOM sequence is fused to a
cell-permeabilizing cationic polypeptide (e.g., Arginine-9).
In another aspect, the Arg9-pDOM sequence is fused to a
specific antigen comprising the vaccine.

In another embodiment, the present invention provides a
method for treating immune cells wherein the cells are
contacted ex vivo or in vitro with a molecule of the inven-
tion. In another embodiment, the present invention provides
a method of treatment of a neoplastic disease. The method
includes administering to a subject in need thereof a com-
position of immune cells contacted with a molecule of the
invention.

In another embodiment, the present invention provides a
method of inducing or promoting immune tolerance. The
method includes administering to a subject in need thereof
one or more molecule of the invention.

In another embodiment, the present invention provides a
method of preventing or treating an autoimmune or inflam-
matory disease including administering to a subject in need
thereof one or more molecule of the invention. In one aspect,
the subject is administered one or more molecule of the
invention in combination with another anti-inflammatory or
immunosuppressive therapy. In another embodiment, the
present invention provides a method of treatment of immune
cells wherein the cells are contacted ex vivo or in vitro with
a molecule of the invention. In another embodiment, the
present invention provides a method of treating an autoim-
mune or inflammatory disease or preventing rejection of
grafted cells or tissue. The method includes administering to
a subject in need thereof a composition of immune cells
contacted with a molecule of the invention.
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All publications, patents, and patent applications men-
tioned in this specification are herein incorporated by ref-
erence to the same extent as if each individual publication,
patent, or patent application was specifically and individu-
ally indicated to be incorporated by reference.

As used in this specification and the appended claims, the
singular forms “a,” “an,” and “the” include plural references
unless the context clearly dictates otherwise. Thus, for
example, references to “the method” includes one or more
methods, and/or steps of the type described herein which
will become apparent to those persons skilled in the art upon
reading this disclosure and so forth.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the invention, the preferred
methods and materials are now described.

As used herein “immune cells” or “immune effector cells”
include T lymphocytes, B lymphocytes, natural killer (NK)
cells, NKT cells, monocytes, macrophages, dendritic cells
(DC), antigen presenting cells (APC).

As used herein, “neoplasm” or “tumor” including gram-
matical variations thereof, means new and abnormal growth
of tissue, which may be benign or cancerous. In a related
aspect, the neoplasm is indicative of a neoplastic disease or
disorder, including but not limited, to various cancers. For
example, such cancers can include prostate, pancreatic,
biliary, colon, rectal, liver, kidney, lung, testicular, breast,
ovarian, pancreatic, brain, and head and neck cancers,
melanoma, sarcoma, multiple myeloma, leukemia, lym-
phoma, and the like.

A used herein, “subject,” including grammatical varia-
tions thereof, means a human or vertebrate animal including
adog, cat, horse, cow, pig, sheep, goat, chicken, monkey, rat,
and mouse.

As used herein, “targeting moiety” refers to a molecule
that has the ability to localize and bind to a specific molecule
or cellular component. The targeting moiety can be an
antibody, antibody fragment, scFv, Fc-containing polypep-
tide, fusion antibody, polypeptide, peptide, aptamer, ligand,
nucleic acid, or any combination thereof. In one embodi-
ment, a targeting moiety can bind to a molecule present in
a cell or tissue. In one aspect, the targeting moiety can bind
a molecule in a diseased cell or tissue, such as a cancer cell
or tumor. In, another aspect, the targeting molecule can bind
a normal cell or tissue, such as an immune cell. In another
aspect, the targeting moiety can bind a cellular or extracel-
lular molecule that modulates the immune response. In
another aspect, the targeting moiety binds a growth factor
receptor, growth factor, cytokine receptor, cytokine, or cell
surface molecule.

In another embodiment, the targeting moiety is a tumor-
targeting moiety. The tumor-targeting moiety can bind a
component of a tumor cell or bind in the vicinity of a tumor
cell (e.g., tumor vasculature or tumor microenvironment). In
one embodiment, the tumor targeting moiety binds to a
component of a tumor cell, tumor microenvironment, tumor
vasculature, tumor-associated lymphocyte, tumor antigen,
tumor-associated antigen, tumor cell surface molecule,
tumor antigenic determinant, tumor antigen-containing
fusion protein, tumor-associated cell, tumor-associated
immune cell, or tumor vaccine.

For example, in various embodiments, a targeting moiety
is specific for or binds to a molecule or component, which
includes but is not limited to, epidermal growth factor
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receptor (EGFR, EGFR1, ErbB-1, HER1), ErbB-2 (HER2/
neu), ErbB-3/HER3, ErbB-4/HER4, EGFR ligand family;
insulin-like growth factor receptor (IGFR) family, IGF-
binding proteins (IGFBPs), IGFR ligand family (IGF-1R);
platelet derived growth factor receptor (PDGFR) family,
PDGFR ligand family; fibroblast growth factor receptor
(FGFR) family, FGFR ligand family, vascular endothelial
growth factor receptor (VEGFR) family, VEGF family;
HGF receptor family: TRK receptor family; ephrin (EPH)
receptor family; AXL receptor family; leukocyte tyrosine
kinase (LTK) receptor family; TIE receptor family,
angiopoietin 1, 2; receptor tyrosine kinase-like orphan
receptor (ROR) receptor family; discoidin domain receptor
(DDR) family; RET receptor family; KL.G receptor family;
RYK receptor family; MuSK receptor family; Transforming
growth factor alpha (TGF-a), TGF-a receptor; Transform-
ing growth factor-beta (TGF-f3), TGF-f3 receptor; Interleukin
13 receptor alpha2 chain (IL.13Ralpha?2), Interleukin-6 (IL-
6), 1L-6 receptor, Interleukin-4, IL-4 receptor, Cytokine
receptors, Class I (hematopoietin family) and Class II (in-
terferon/IL-10 family) receptors, tumor necrosis factor
(TNF) family, TNF-c., tumor necrosis factor (TNF) receptor
superfamily (TNTRSF), death receptor family, TRAIL-re-
ceptor; cancer-testis (CT) antigens, lineage-specific anti-
gens, differentiation antigens, alpha-actinin-4, ARTCI,
breakpoint cluster region-Abelson (Bcr-abl) fusion products,
B-RAF, caspase-5 (CASP-5), caspase-8 (CASP-8), beta-
catenin (CTNNBI1), cell division cycle 27 (CDC27), cyclin-
dependent kinase 4 (CDK4), CDKN2A, COA-1, dek-can
fusion protein, EFTUD-2, Elongation factor 2 (ELF2), Ets
variant gene 6/acute myeloid leukemia 1 gene ETS (ETC6-
AML1) fusion protein, fibronectin (FN), GPNMB, low
density lipid receptor/GDP-L fucose: beta-Dgalactose 2-al-
pha-Lfucosyltraosferase (LDLR/FUT) fusion protein, HLA-
A2, arginine to isoleucine exchange at residue 170 of the
alpha-helix of the alpha2-domain in the HLA-A2 gene
(HLA-A*201-R170I), MLA-A11, heat shock protein 70-2
mutated (HSP70-2M), KIAA0205, MART2, melanoma
ubiquitous mutated 1, 2, 3 (MUM-1, 2, 3), prostatic acid
phosphatase (PAP), neo-PAP, Myosin class 1, NFYC, OGT,
0S-9, pml-RARalpha fusion protein, PRDX5, PTPRK,
K-ras (KRAS2), N-ras (NRAS), HRAS, RBAF600, SIRT?2,
SNRPD1, SYT-SSX1 or -SSX2 fusion protein, Triosephos-
phate Isomerase, BAGE, BAGE-1, BAGE-2,3,4,5, GAGE-
1,2,3,4,5,6,7,.8, GnT-V (aberrant N-acetyl giucosaminyl
transferase V, MGATS5), HERV-K-MEL, KK-LC, KM-HN-
1, LAGE, LAGE-1, CTL-recognized antigen on melanoma
(CAMEL), MAGE-A1 (MAGE-1), MAGE-A2, MAGE-A3,
MAGE-A4, MAGE-AS, MAGE-A6, MAGE-A8, MAGE-
A9, MAGE-A10, MAGE-Al1l, MAGE-A12, MAGE-3,
MAGE-B1, MAGE-B2, MAGE-B5, MAGE-B6, MAGE-
Cl, MAGE-C2, mucin 1 (MUCI1), MART-1/Melan-A
(MLANA), gpl00, gpl00/Pmell7 (S1LV), tyrosinase
(TYR), TRP-1, HAGE, NA-88, NY-ESO-1, NY-ESO-1/
LAGE-2, SAGE, Sp17, SSX-1,2,3,4, TRP2-1NT2, carcino-
embryonic antigen (CEA), Kallikfein 4, mammaglobm-A,
OAl, prostate specific antigen (PSA), prostate specific
membrane antigen, TRP-1/gp75, TRP-2, adipophilin, inter-
feron inducible protein absent in nielanorna 2 (AIM-2),
BING-4, CPSF, cyclin D1, epithelial cell adhesion molecule
(Ep-CAM), EpbA3, fibroblast growth factor-5 (FGF-5),
glycoprotein 250 (gp250intestinal carboxyl esterase (iCE),
alpha-feto protein (AFP), M-CSF, mdm-2, MUCI, p53
(TP53), PBF, FRAME, PSMA, RAGE-1, RNF43, RU2AS,
SOX10, STEAPI1, survivin (BIRCS), human telomerase
reverse transcriptase (hTERT), telomerase, Wilms® tumor
gene (WT1), SYCP1, BRDT, SPANX, XAGE, ADAM?2,
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PAGE-5, LIP1, CTAGE-1, CSAGE, MMAI, CAGE,
BORIS, HOM-TES-85, AF15ql4, HCAG6I, LDHC,

MORC, SGY-1, SPO11, TPX1, NY-SAR-35, FTHLI7,
NXF2 TDRDI1, TEX 15, FATE, TPTE, immunoglobulin
idiotypes, Bence-Jones protein, estrogen receptors (ER),
androgen receptors (AR), CD40, CD30, CD20, CD19,
CD33, CD4, CD25, CD3, cancer antigen 72-4 (CA 72-4),
cancer antigen 15-3 (CA 15-3), cancer antigen 27-29 (CA
27-29), cancer antigen 125 (CA 125), cancer antigen 19-9
(CA 19-9), beta-human chorionic gonadotropin, 1-2 micro-
globulin, squamous cell carcinoma antigen, neuron-specific
enoJase, heat shock protein gp96, GM2, sargramostim,
CTLA-4, 707 alanine proline (707-AP), adenocarcinoma
antigen recognized by T cells 4 (ART-4), carcinoembryo-
genic antigen peptide-1 (CAP-1), calcium-activated chloride
channel-2 (CLCA2), cyclophilin B (Cyp-B), human signet
ring tumor-2 (HST-2), Human papilloma virus (HPV) pro-
teins (HPV-E6, HPV-E7, major or minor capsid antigens,
others), Epstein-Barr vims (EBV) proteins (EBV latent
membrane proteins—LMP1, LMP2; others), Hepatitis B or
C virus proteins, and HIV proteins. A composition of the
invention can further include the foregoing as a peptide/
polypeptide and/or encoding the same.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, scFv, or Fc-containing polypeptide that
specifically binds a component of a tumor cell, tumor
antigen, tumor vasculature, tumor microenvironment, or
tumor-infiltrating immune cell. In one aspect, the targeting
moiety specifically binds epidermal growth factor receptor
(EGFR1, Erb-Bl), HER2/neu (Erb-B2), CD20, Vascular
endothelial growth factor (VEGF), insulin-like growth fac-
tor receptor (IGF-1R), TRAIL-receptor, epithelial cell adhe-
sion molecule, carcino-embryonic antigen, Prostate-specific
membrane antigen, Mucin-1, CD30, CD33, CDA40, or a
combination thereof.

Examples of antibodies which can be incorporated into
compositions and methods disclosed herein include, but are
not limited, to antibodies such as trastuzumab (anti-HER2/
neu antibody); Pertuzumab (anti-HER2 mAb); cetuximab
(chimeric monoclonal antibody to epidermal growth factor
receptor EGFR); panitumumab (anti-EGFR antibody);
nimotuzumab (anti-EGFR antibody); Zalutumumab (anti-
EGFR mAb); Necitumumab (anti-EGFR mAb); MDX-210
(humanized anti-HER-2 bispecific antibody); MDX-210
(humanized anti-HER-2 bispecific antibody); MDX-447
(humanized anti-EGF receptor bispecific antibody); Ritux-
imab (chimeric murine/human anti-CD20 mAb); Obinu-
tuzumab (anti-CD20 mAb); Ofatumumab (anti-CD20
mAb); Tositumumab-1131 (anti-CD20 mAb); Ibritumomab
tiuxetan (anti-CD20 mAb); Bevacizumab (anti-VEGF
mAb); Ramucirumab (anti-VEGFR2 mAb); Ranibizumab
(anti-VEGF mAb); Aflibercept (extracellular domains of
VEGFR1 and VEGFR2 fused to IgG1 Fc); AMG386 (an-
giopoietin-1 and -2 binding peptide fused to IgGl Fc);
Dalotuzumab (anti-IGF-1R mAb); Gemtuzumab ozogami-
cin (anti-CD33 mAb); Alemtuzumab (anti-Campath-1/
CD52 mAb); Brentuximab vedotin (anti-CD30 mAb); Catu-
maxomab (bispecific mAb that targets epithelial cell
adhesion molecule and CD3); Naptumomab (anti-5T4
mAb); Girentuximab (anti-Carbonic anhydrase ix); or Far-
letuzumab (anti-folate receptor). Other examples include
antibodies such as Panorex™ (17-1A) (murine monoclonal
antibody); Panorex (@ (17-1A) (chimeric murine monoclo-
nal antibody); BEC2 (ami-idiotypic mAb, mimics the GD
epitope) (with BCG); Oncolym (Lym-1 monoclonal anti-
body); SMART M195 Ab, humanized 13' 1 LYM-1 (Onco-
lym), Ovarex (B43.13, anti-idiotypic mouse mAb);
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3622W94 mAb that binds to EGP40 (17-1A) pancarcinoma
antigen on adenocarcinomas; Zenapax (SMART Anti-Tac
(IL-2 receptor); SMART M195 Ab, humanized Ab, human-
ized); NovoMAb-G2 (pancarcinoma specific Ab); TNT (chi-
meric mAb to histone antigens); TNT (chimeric mAb to
histone antigens); Gliomab-H (Monoclonals—Humanized
Abs); GNI-250 Mab; EMD-72000 (chimeric-EGF antago-
nist); LymphoCide (humanized IL..L.2 antibody); and MDX-
260 bispecific, targets GD-2, ANA Ab, SMART IDIO Ab,
SMART ABL 364 Ab or InmuRAIT-CEA. Examples of
antibodies include those disclosed in U.S. Pat. Nos. 5,736,
167, 7,060,808, and 5,821,337.

In one embodiment, the targeting moiety specifically
binds a component of a regulatory T cell, myeloid suppres-
sor cell, or dendritic cell. In another aspect, the targeting
moiety specifically binds one of the following molecules:
CD4; CD25 (IL-2c. receptor; IL-2aR); cytotoxic T-lympho-
cyte antigen-4 (CTLA-4; CD152); Interleukin-10 (IL-10);
Transforming growth factor-beta receptor (TGF-fR); Trans-
forming growth factor-beta (TGF-f); Programmed Death-1
(PD-1); Programmed death-1 ligand (PD-L1 or PD-L2);
Receptor activator of nuclear factor-kB (RANK); Receptor
activator of nuclear factor-kB (RANK) ligand (RANKL);
LAG-3; glucocorticoid-induced tumor necrosis factor recep-
tor family-related gene (GITR; TNFRSF18); or Inter-
leukin-4 receptor (IL-4R). In one aspect, the targeting moi-
ety is an agonist that increases the function of the targeted
molecule. In another aspect, the targeting moiety is an
antagonist that inhibits the function of the targeted molecule.

In one aspect, the targeting moiety binds a specific
cytokine, cytokine receptor, co-stimulatory molecule, co-
inhibitory molecule, or immunomodulatory receptor that
modulates the immune system. In another aspect, the tar-
geting moiety specifically binds one of the following mol-
ecules: tumor necrosis factor (TNF) superfamily; tumor
necrosis factor-a. (TNF-a.); tumor necrosis factor receptor
(TNFR) superfamily; Interleukin-12 (IL-12); IL-12 recep-
tor; 4-1BB (CD137); 4-1BB ligand (4-1BBL; CD137L);
0X40 (CD134; TNR4); OX40 ligand (OX40L; CDA40;
CD40 ligand (CD40L); CTLA-4; Programmed death-1 (PD-
1); PD-1 ligand 1 (PD-L1; B7-H1); or PD-1 ligand 2
(PD-L2; B7-DC); B7 family; B7-1 (CD80); B7-2 (CD86);
B7-H3; B7-H4; GITR/AITR; GITRL/AITRL; BTLA;
CD70; CD27; LIGHT; HVEM; Toll-like receptor (TLR)
(TLR 1,2,3,4,5,6,7,8,9,10). In one aspect, the targeting moi-
ety is an agonist that increases the function of the targeted
molecule. In another aspect, the targeting moiety is an
antagonist that inhibits the function of the targeted molecule.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, scFv, Fc-containing polypeptide, or pep-
tide that specifically binds a component of a regulatory T
cell, myeloid suppressor cell, or dendritic cell. In another
aspect, the targeting moiety includes an antibody, antibody
fragment, scFv, or Fc-containing polypeptide that specifi-
cally binds a cytokine, cytokine receptor, co-stimulatory
molecule, or co-inhibitory molecule that modulates the
immune system. In another aspect, the targeting moiety
specifically binds one of the following molecules: CD4;
CD25 (IL-2a. receptor; IL-2aR); cytotoxic T-lymphocyte
antigen-4 (CTLA-4; CD152); Interleukin-10 (IL-10); Trans-
forming growth factor-beta receptor (TGF-R); Transform-
ing growth factor-beta (TGF-f); Programmed Death-1 (PD-
1); PD-1 ligand 1 (PD-L1; B7-H1); PD-1 ligand 2 (PD-L2;
B7-DC); Receptor activator of nuclear factor-kB (RANK);
Receptor activator of nuclear factor-kB (RANK) ligand
(RANKL); LAG-3; glucocorticoid-induced tumor necrosis
factor receptor family-related gone (GITR; TNFRSF18);
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Interleukin-4 receptor (IL-4R); tumor necrosis factor (TNF)
superfamily; tumor necrosis factor-o. (TNF-o); tumor necro-
sis factor receptor (INFR) superfamily; Interleukin-12 (IL-
12); IL-12 receptor, 4-1BB (CD137); 4-1BB ligand
(4-1BBL; CD137L); OX40 (CD134; TNR4); OX40 ligand
(OX40L; CD40; CD40 ligand (CD40L); CTLA-4; B7 fam-
ily; B7-1 (CD80); B7-2 (CD86); B7-H3; B7-H4; GITR/
AITR; GITRL/AITRL; BTLA; CD70; CD27; LIGHT; or
HVEM. In one aspect, the targeting moiety is an agonist that
increases the function of the targeted molecule. In another
aspect, the targeting moiety is an antagonist that inhibits the
function of the targeted molecule.

Examples of antibodies which can be incorporated into
compositions and methods disclosed herein include, but are
not limited, to antibodies such as Zanulimumab (anti-CD4
mAb), Keliximab (anti-CD4 mAb); Ipilimumab (MDX-101;
anti-CTLA-4 mAb); Tremilimumab (anti-CTLA-4 mAb);
(Daclizumab (anti-CD25/IL-2R mAb); Basiliximab (anti-
CD25/IL-2R mAb); MDX-1106 (anti-PD1 mAb); antibody
to GITR; GC1008 (anti-TGF-p antibody); metelimumab/
CAT-192 (anti-TGF-f antibody); lerdelimumab/CAT-152
(anti-TGF-f antibody); ID11 (anti-TGF-} antibody); Deno-
sumab (anti-RANKL mAb); BMS-663513 (humanized anti-
4-1BB mAb); SGN-40 (humanized anti-CD40 mAb);
CP870,893 (human anti-CD40 mAb); Infliximab (chimeric
anti-TNF mAb; Adalimumab (human anti-TNF mAb); Cer-
tolizumab (humanized Fab anti-TNF); Golimumab (anti-
TNF); Etanercept (Extracellular domain of TNFR fused to
IgG1 Fc); Belatacept (Extracellular domain of CTLA-4
fused to Fc); Abatacept (Extracellular domain of CTLA-4
fused to Fc); Belimumab (anti-B Lymphocyte stimulator);
Muromonab-CD3 (anti-CD3 mAb); Otelixizumab (anti-
CD3 mAb); Teplizumab (anti-CD3 mAb); Tocilizumab
(anti-IL6R mAb); REGNS88 (anti-IL6R mAb); Ustekinumab
(anti-IL-12/23 mAb); Briakinumab (anti-IL-12/23 mAb);
Natalizumab (anti-a4 integrin); Vedolizumab (anti-a4 B7
integrin mAb); T1h (anti-CD6 mAb); Epratuzumab (anti-
CD22 mADb); Efalizumab (anti-CD11a mAb); and Atacicept
(extracellular domain of transmembrane activator and cal-
cium-modulating ligand interactor fused with Fc).

In one embodiment, the present invention provides a
molecule including a targeting moiety fused with an “immu-
nomodulatory moiety”. As used herein, “immunomodula-
tory moiety” refers to a ligand, peptide, polypeptide, or
Fc-containing polypeptide that binds a specific component
of a regulatory T cell, myeloid suppressor cell, or dendritic
cell and modulates the number or function of Tregs or
myeloid suppressor cells. In an additional aspect, the
“immunomodulatory moiety” specifically binds a cytokine,
cytokine receptor, co-stimulatory molecule, or co-inhibitory
molecule that modulates the immune system. In another
aspect, the immunomodulatory moiety specifically binds
one of the following molecules: Transforming growth fac-
tor-beta receptor (TGF-fR); Transforming growth factor-
beta (TGF-B); Programmed Death-1 (PD-1); PD-1 ligand 1
(PD-L1; B7-H1); PD-1 ligand 2 (PD-L2; B7-DC); Receptor
activator of nuclear factor-kB (RANK); or Receptor activa-
tor of nuclear factor-kB (RANK) ligand (RANKL); or
vascular endothelial growth factor (VEGF). In another
aspect, the immunomodulatory moiety specifically binds
one of the following molecules: glucocorticoid-induced
tumor necrosis factor receptor family-related gene (GITR;
AITR; TNFRSF18); GITRL/AITRL; 4-1BB (CD137);
4-1BB ligand (4-1BBL; CD137L); OX40 (CD134; TNR4);
0OX40 ligand (OX40L); B7-H3; B7-H4; BTLA; CDA40;
CDA40 ligand (CD40L); CD70; CD27; LIGHT; or HVEM. In
another aspect, the immunomodulatory moiety specifically
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binds one of the following molecules: tumor necrosis fac-
tor-a. (TNF-a); Interleukin-12 (IL-12); IL-12R; Interleukin-
10 (IL-10); IL-10R. In another aspect, the immunoodulatory
moiety comprises an extracellular domain of CTLA-4. In
one aspect, the immunomodulatory moiety is an agonist that
increases the function of the bound molecule. In another
aspect, the immunomodulatory moiety is an antagonist that
inhibits the function of the targeted molecule.

In another aspect, the immunomodulatory moiety com-
prises an extracellular domain or ligand-binding sequence of
one of the following receptors: Transforming growth factor-
beta receptor (TGF-pRIL, TGF-BRIIb, or TGF-BRII); Pro-
grammed Death-1 (PD-1); Receptor activator of nuclear
factor-kB (RANK); vascular endothelial growth factor
receptor (VEGFR1 or VEGFR2); or IL-10R. In another
aspect, the immunomodulatory moiety comprises an extra-
cellular domain or ligand-binding sequence of one of the
following receptors: tumor necrosis factor receptor 2
(TNFR2); 4-1BB (CD137); OX40 (CD134; TNR4); CDA40;
IL-12R; or glucocorticoid-induced tumor necrosis factor
receptor family-related gene (GITR; AITR; TNFRSF18). In
an additional aspect, the extracellular domain of the specific
receptor binds the cognate ligand and inhibits the interaction
of the ligand with its native receptor.

In another aspect, the immunomodulatory moiety com-
prises one or more of the following ligands or active ligand
fragments: Transforming growth factor-beta (TGF-f3); PD-1
ligand 1 (PD-L1); PD-1 ligand 2 (PD-L2); or IL-10. In
another aspect, the immunomodulatory moiety comprises
one or more of the following ligands or active ligand
fragments: 4-1BB ligand (4-1BBL; CD137L); OX40 ligand
(OX40L); IL-12; CD40L; or GITRL/AITRL.

In another aspect, the immunomodulatory moiety is fused
to the C-terminus of the targeting moiety. In another aspect,
the immunomodulatory moiety is fused to the N-terminus of
the targeting moiety. In one aspect, the fusion molecule is
represented by X-Fc-Y, wherein X is the targeting moiety, Fc
is an immunoglobulin Fe region, and Y is the immunomodu-
latory moiety. In another aspect, the fusion molecule is
represented by Y-Fc-X, wherein X is the targeting moiety,
and Y is the immunomodulatory moiety. In one aspect, the
targeting moiety may additionally be an immunomodulatory
moiety.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, scFv, or Fc-containing polypeptide that
specifically binds a component of a tumor cell, tumor
antigen, tumor vasculature, tumor microenvironment, or
tumor-infiltrating immune cell, and the immunomodulatory
moiety comprises an extracellular domain or ligand-binding
sequence of one of the following receptors: Transforming
growth factor-beta receptor (TGF-BRII, TGF-pRIIb, or
TGF-BRII); Programmed Death-1 (PD-1); Receptor acti-
vator of nuclear factor-kB (RANK); vascular endothelial
growth factor receptor (VEGFR1 or VEGFR2); or IL-10R.

In one aspect, the targeting moiety includes an antibody,
antibody fragment, scFv, or Fc-containing polypeptide that
specifically binds a component of a tumor cell, tumor
antigen, tumor vasculature, tumor microenvironment, or
tumor-infiltrating immune cell, and the immunomodulatory
moiety comprises one or more of the following ligands or
active ligand fragments: 4-1BB ligand (4-1BBL; CD137L);
0X40 ligand (OX40L); IL-12; CD40L; or GITRL/AITRL.

In another aspect, the targeting moiety includes an anti-
body, antibody fragment, scFv, Fc-containing polypeptide or
ligand that binds a specific component of a regulatory T cell,
myeloid suppressor cell, or dendritic cell, and the immuno-
modulatory moiety comprises an extracellular domain or
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ligand-binding sequence of one of the following receptors:
Transforming growth factor-beta receptor (TGF-BRII, TGF-
BRIIb, or TGF-PRIID); Programmed Death-1 (PD-1); Recep-
tor activator of nuclear factor-kB (RANK); or IL-10R. In
another aspect, the immunomodulatory moiety comprises
one or more of the following ligands or active ligand
fragments: 4-1BB ligand (4-1BBL; CD137L); OX40 ligand
(OX40L); 1L-12; CD40L; or GITRL/AITRL. In another
aspect, the specific targeted component of a regulatory T
cell, myeloid suppressor cell, or dendritic cell is one of the
following molecules: CD4; CD25 (IL-2a. receptor; IL-20R);
cytotoxic T-lymphocyte antigen-4 (CTLA-4; CD152); Inter-
leukin-10 (IL-10); Transforming growth factor-beta (TGF-
B); Programmed Death-1 (PD-1); Programmed death-1
ligand (PD-L1 or PD-L2); Receptor activator of nuclear
factor-kB (RANK) ligand (RANKL); LAG-3; glucocorti-
coid-induced tumor necrosis factor receptor family-related
gene (GITR; TNFRSF18); or Interleukin-4 receptor (IL-4R).

In another aspect, the targeting moiety includes an anti-
body, antibody fragment, scFv, Fc-containing polypeptide or
ligand that binds one of the following: CTLA-4; 4-1BB
(CD137); OX40 (CD134; TNR4); CD40; IL-12R; or glu-
cocorticoid-induced tumor necrosis factor receptor family-
related gene (GITR; AITR; TNFRSF18); and the immuno-
modulatory moiety comprises a different molecule selected
from the following: (i) an extracellular domain or ligand-
binding sequence of one of the following receptors: Trans-
forming growth factor-beta receptor (TGF-pRII, TGF-
BRIIb, or TGF-BRIII); Programmed Death-1 (PD-1);
Receptor activator of nuclear factor-kB (RANK); or IL-10R;
or (ii) Fe-containing polypeptide or ligand that binds one of
the following: CTLA-4; 4-1BB (CD137); OX40 (CD134;
TNR4); CD40; IL-12R; or GITR (AITR; TNFRSF18).

In another aspect, the targeting moiety and immunomodu-
latory moiety are two different molecules selected from any
of the following: an antibody, antibody fragment, scFv,
Fc-containing polypeptide or ligand that binds TGF-f,
CTLA-4, PD-1, 4-1BB (CD137), OX40 (CD134; TNR4),
CDA40; IL-12R, or GITR/AITR (TNFRSF18), or Toll-like
receptor (TLR); an extracellular domain or ligand-binding
sequence of Transforming growth factor-beta receptor
(TGF-pRII, TGF-pRIIb, or TGF-BRIII), Programmed
Death-1 (PD-1), Receptor activator of nuclear factor-xB
(RANK), or IL-10R. In one aspect, the fusion molecule is
represented by X-Fc-Y, wherein X is an immunomodulatory
targeting moiety and Y is a different immunomodulatory
moiety.

In another aspect, the targeting moiety includes an anti-
body, antibody fragment, scFv, Fc-containing polypeptide
that binds one of the following molecules: CD4; CD25
(IL-2a receptor; IL-2aR); or CD20; and the immunomodu-
latory moiety comprises one of the following ligands or
active ligand fragments: Transforming growth factor-beta
(TGF-B); PD-1 ligand 1 (PD-L1); PD-1 ligand 2 (PD-L.2); or
1L-10.

In another aspect, the targeting moiety includes an anti-
body, antibody fragment, scFv, Fc-containing polypeptide
that binds tumor necrosis factor-a. (TNF-), Interleukin-12
(IL-12), IL-6R, B-lymphocyte stimulator, CD11a, CD6, or
CD22; and the immunomodulatory moiety comprises one of
the following: (i) ligands or active ligand fragments of
Transforming growth factor-beta (TGF-f), PD-1 ligand 1
(PD-L1), or IL-10; or (ii) an extracellular domain or ligand-
binding fragment of RANK, 4-1BB (CDI137), OX40
(CD134; TNR4), CD40, IL-12R or GITR/AITR (TN-
FRSF18).
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In another aspect, the targeting moiety comprises the
extracellular domain of CTLA-4 fused to immunoglobulin
Fc, and the immunomodulatory moiety comprises one of the
following: (i) ligands or active ligand fragments of Trans-
forming growth factor-beta (TGF-p), PD-1 ligand 1 (PD-
L1), or IL-10; or (ii) ligand-binding fragment of TNFR2,
RANK, 4-1BB (CD137), OX40 (CD134; TNR4), CDA40,
IL-12R or GITR/AITR (TNFRSF18).

In another aspect, the targeting moiety and immunomodu-
latory moiety are two different molecules selected from any
of the following: an antibody, antibody fragment, scFv,
Fe-containing polypeptide that binds tumor necrosis fac-
tor-a. (TNF-a), Interleukin-12 (IL-12), IL-6R, B-lympho-
cyte stimulator, CD11a, CD6, or CD22; a ligand-binding
fragment of TNFR2, RANK, 4-1BB (CD137), OX40
(CD134; TNR4), CD40, IL-12R or GITR/AITR (TN-
FRSF18); ligands or active ligand fragments of Transform-
ing growth factor-beta (TGF-f3), PD-1 ligand 1 (PD-L1), or
IL-10; or CTLA-4-Fc. In one aspect, the fusion molecule is
represented by X-Fc-Y, wherein X is the immunomodula-
tory targeting moiety and Y is a different immunomodula-
tory moiety.

Antibodies: In one embodiment, the targeting moiety or
fusion protein is an immunoglobulin. As used herein, the
term “immunoglobulin” includes natural or artificial mono-
or polyvalent antibodies including, but not limited to, poly-
clonal, monoclonal, multispecific, human, humanized or
chimeric antibodies, single chain antibodies, Fab fragments.
F(ab") fragments, fragments produced by a Fab expression
library, anti-idiotypic (anti-Id) antibodies (including, e.g.,
anti-Id antibodies to antibodies of the invention), and
epitope-binding fragments of any of the above. The term
“antibody,” as used herein, refers to immunoglobulin mol-
ecules and immunologically active portions of immuno-
globulin molecules, i.e., molecules that contain an antigen
binding site that immunospecifically binds an antigen. The
immunoglobulin ion can be of any type (e.g., IgG, IgE, 1gM,
IgD, IgA, and IgY), class (e.g., IgG1, 1gG2, IgG3, 1gG4,
IgA1l, and IgA2) or subclass of immunoglobulin molecule.

An antibody as disclosed herein includes an antibody
fragment, such as, but not limited to, Fab, Fab' and F(ab') 2,
Fd, single-chain Fvs (scFv), single-chain antibodies, disul-
fide-linked Fvs (sdfv) and fragments including either a VL.
or VH domain. In one embodiment, the targeting moiety is
an antibody or scFv.

An antigen-binding antibody fragment, including single-
chain antibody, may include the variable region(s) alone or
in combination with the entirety or a portion of the follow-
ing: hinge region, CH1, CH2, and CH3 domains. An anti-
gen-binding fragment can also include any combination of
variable region(s) with a hinge region, CH1, CH2, and CH3
domains. Also includes is a Fc fragment, antigen-Fc fusion
proteins, and Fc-targeting moiety. The antibody may be from
any animal origin including birds and mammals. In one
aspect, the antibody is, or derived from, a human, murine
(e.g., mouse and rat), donkey, sheep, rabbit, goat, guinea pig,
camel, horse, or chicken. Further, such antibody may be a
humanized version of an antibody. The antibody may be
monospecific, bispecific, trispecific, or of greater multispeci-
ficity.

The antibody herein specifically include a “chimeric”
antibody in which a portion of the heavy and/or light chain
is identical with or homologous to corresponding sequences
in antibodies derived from a particular species or belonging
to a particular antibody class or subclass, while the remain-
der of the chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from another
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species or belonging to another antibody class or subclass,
as well as fragments of such antibodies, so long as they
exhibit the desired biological activity (U.S. Pat. No. 4,816,
567; and Morrison et al. (1984) Proc. Natl. Acad. Sci. USA.
81:6851-6855). A chimeric antibody of interest herein
includes “primatized” antibodies including variable domain
antigen-binding sequences derived from a non-human pri-
mate (e.g., Old World Monkey, Ape etc.) and human con-
stant region sequences.

Various methods have been employed to produce anti-
bodies. Hybridoma technology, which refers to a cloned cell
line that produces a single type of antibody, uses the cells of
various species, including mice (murine), hamsters, rats, and
humans. Another method to prepare an antibody uses
genetic engineering including recombinant DNA tech-
niques. For example, antibodies made from these techniques
include, among others, chimeric antibodies and humanized
antibodies. A chimeric antibody combines DNA encoding
regions from more than one type of species. For example, a
chimeric antibody may derive the variable region from a
mouse and the constant region from a human. A humanized
antibody comes predominantly from a human, even though
it contains nonhuman portions. Like a chimeric antibody, a
humanized antibody may contain a completely human con-
stant region. But unlike a chimeric antibody, the variable
region may be partially derived from a human. The nonhu-
man, synthetic portions of a humanized antibody often come
from CDRs in murine antibodies. In any event, these regions
are crucial to allow the antibody to recognize and bind to a
specific antigen.

In one embodiment, a hybridoma can produce a targeted
fusion protein comprising a targeting moiety and an immu-
nomodulatory moiety. In one embodiment, a targeting moi-
ety comprising an antibody, antibody fragment, or polypep-
tide is linked or fused to an immunomodulatory moiety
consisting of a polypeptide, with a linker or without a linker.
The linker can be an amino acid linker. In one embodiment,
a linker is (GGGGS) n (SEQ ID NO: 123) wherein n is 1,
2,3,4,5,6,7, or 8 For example, GGGGSGGGGSGGGGS
(SEQ ID NO: 104). In another embodiment, a linker is
EPKSCDK (SEQ ID NO: 105). In another embodiment, a
linker is IEGRDMD (SEQ. ID. NO: 106). In various aspects,
the length of the linker may be modified to optimize binding
of the target moiety or the function of the immunomodula-
tory moiety. In various aspects, the immunomodulatory
moiety is a polypeptide that is fused to the C-terminus of the
Fc region of the heavy chain of a targeting antibody or
Fe-containing fusion protein. In another aspect, the immu-
nomodulatory moiety is a polypeptide that is fused to the
C-terminus of the light chain of a targeting antibody. In
another aspect, the fusion protein comprises an X-Fc-Y
sequence, wherein X is a targeting polypeptide and Y is an
immunomodulatory polypeptide.

For example, a hybridoma can produce the polypeptides
corresponding to SEQ. ID. NO: 1-69.

An antibody fragment can include a portion of an intact,
antibody, e.g., including the antigen-binding or variable
region thereof. Examples of antibody fragments include Fab,
Fab', F(ab')2, and Fv fragments; Fc fragments or Fc-fusion
products; diabodies; linear antibodies; single-chain antibody
molecules; and multispecific antibodies formed from anti-
body fragment(s).

An intact antibody is one which includes an antigen-
binding variable region as well as a light chain constant
domain (CL) and heavy chain constant domains, CH1, CH2
and CH3. The constant domains may be native sequence
constant domains (e.g., human native sequence constant
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domains) or amino acid sequence variant thereof tor any
other modified Fc (e.g., glycosylation or other engineered
Fc).

The intact antibody may have one or more “effector
functions” which refer to those biological activities attrib-
utable to the Fc region (a native sequence Fc region or amino
acid sequence variant Fc region or any other modified Fc
region) of an antibody. Examples of antibody effector func-
tions include Clq binding; complement dependent cytotox-
icity; Fc receptor binding; antibody-dependent cell-medi-
ated cytotoxicity (ADCC); phagocytosis; down regulation of
cell surface receptors (e.g., B cell receptor (BCR); and
cross-presentation of antigens by antigen presenting cells or
dendritic cells. In one embodiment, the targeting antibody or
Fe-containing fusion protein facilitates focused or preferen-
tial delivery of a immunomodulatory moiety to a target cell.
In another aspect, a targeting antibody can induce death of
the targeted cell or sensitize it to immune cell-mediated
cytotoxicity. In another aspect, the Fc-fusion protein or
antibody can facilitate delivery of the immunomodulatory
moiety or immunogenic apoptotic material from antibody-
bound tumor targets, or both, to an antigen presenting cells
(APC) via interactions between their Fc and Fc receptors (on
APC).

Depending on the amino acid sequence of the constant
domain of their heavy chains, intact antibodies can be
assigned to different “classes.” There are five major classes
of intact antibodies: IgA, IgD, IgE, IgG, and IgM, and
several of these may be further divided into “subclasses”
(isotypes), e.g., IgG1, 1gG2, IgC3, 1gG4, IgA, and IgA2. The
heavy-chain constant domains (that correspond to the dif-
ferent classes of antibodies are called alpha (o), delta (9),
epsilon (€), gamma (y), and mu (i) respectively. The subunit
structures and three-dimensional configurations of different
classes of immunoglobulins are well known.

Peptides: In some aspects of the invention the targeting
moiety or immunomodulatory moiety is a peptide or poly-
peptide. A peptide includes any analog, fragment or chemi-
cal derivative of a peptide whose amino acid residue
sequence is shown herein. Therefore, a present peptide can
be subject to various changes, substitutions, insertions, and
deletions where such changes provide for certain advantages
in its use. In this regard, a peptide of this invention corre-
sponds to, rather than is identical to, the sequence of a
recited peptide where one or more changes are made and it
retains the ability to function as the unmodified peptide in
one or more of the assays.

The term “analog” includes any peptide having an amino
acid residue sequence substantially identical to a sequence
specifically shown herein in which one or more residues
have been conservatively substituted with a functionally
similar residue and which displays the activity as described
herein. Examples of conservative substitutions include the
substitution of one non-polar (hydrophobic) residue such as
isoleucine, valine, leucine or methionine for another, the
substitution of one polar (hydrophilic) residue for another
such as between arginine and lysine, between glutamine and
asparagine, between glycine and serine, the substitution of
one basic residue such as lysine, arginine or histidine for
another, or the substitution of one acidic residue, such as
aspartic acid or glutamic acid for another.

The term “fragment” refers to any subject polypeptide
having an amino acid residue sequence shorter than that of
a polypeptide whose amino acid residue sequence is dis-
closed herein.

As used herein “a tumor targeting peptide” includes
polymers containing fewer than 100 amino acids, where the
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polymer specifically binds to a cellular component of a
tumor cell, tumor vasculature, and/or a component of a
tumor microenvironment.

A peptide of the present invention can be synthesized by
any of the techniques that are known to those skilled in “the
polypeptide art, including recombinant DNA techniques.
Synthetic chemistry techniques, such as a solid-phase Mer-
rifield-type synthesis, are preferred for reasons of purity,
antigenic specificity, freedom from undesired side products,
ease of production and the like. An excellent summary of the
many techniques available can be found in Steward et al.,
“Solid Phase Peptide Synthesis”* W. H. Freeman Co., San
Francisco, 1969; Bodanszky, et al., “Peptide Synthesis”,
John Wiley & Sons, Second Edition, 1976; J. Meienhofer,
“Hormonal Proteins and Peptides”. Vol. 2. p. 46, Academic
Press (New York), 1983; Merrifield, Adv. Enzymol., 32:221-
96, 1969; Fields et al. Int. J. Peptide Protein Res., 35:161-
214, 1990; and U.S. Pat. No. 4,244,946 for solid phase
peptide synthesis, and Schroder et al., “The Peptides”, Vol.
1, Academic Press (New York), 1965 for classical solution
synthesis. Appropriate protective groups usable in such
synthesis are described in the above texts and in J. F. W.
McOmie, “Protective Groups in Organic Chemistry”, Ple-
num Press, New York, 1973.

Aptamers: In one aspect of the invention, the targeting
moiety is an aptamer. In various embodiments, an aptamer
is specific for a molecule on a tumor cell, tumor vasculature,
and/or a tumor microenvironment. The term “aptamer”
includes DNA, RNA or peptides that are selected based on
specific binding properties to a particular molecule. For
example, an aptamer(s) can be selected for binding a par-
ticular gene product in a tumor cell, tumor vasculature,
tumor microenvironment, and/or an immune cell, as dis-
closed herein, where selection is made by methods known in
the art and familiar to one of skill in the art. Subsequently,
said aptamer(s) can be administered to a subject to modulate
or regulate an immune response.

Some aptamers having affinity to a specific protein, DNA,
amino acid and nucleotides have been described (e.g., K. Y.
Wang, et al., Biochemistry 32:1899-1904 (1993); Pitner et
al.,, US. Pat. No. 5,691,145: Gold, et al., Ann. Rev.
Biochem. 64:763-797 (1995); Szostak et al., U.S. Pat. No.
5,631,146). High affinity and high specificity binding aptam-
ers have been derived from combinatorial libraries (supra,
Gold, et al.). Aptamers may have high affinities, with equi-
librium dissociation constants ranging from micromolar to
sub-nanomolar depending on the selection used, aptamers
may also exhibit high selectivity, for example, showing a
thousand fold, discrimination between 7-methyl G and G
(Haller and Sarnow, Proc. Natl. Acad. Sci. USA 94:8521-
8526 (1997)) or between D and L-tryptophan (supra, Gold
et al.). An aptamer can be selected based on the particular
molecule targeted (e.g., aptamer targeting EGFR or other
cancer markers). Standard procedures for in vitro selection
are known, such as SELEX experiments, described at Sci-
ence 249 (4968) 505-510 (1990), and Nature (London), 346
(6287) 818-822 (1990) which can be followed throughout,
or with modifications and improvements known in the art.

The term “therapeutically effective amount” means the
amount of the subject compound that will elicit the biologi-
cal or medical response of a tissue, system, animal or human
that is being sought by the researcher, veterinarian, medical
doctor or other clinician.

By “pharmaceutically acceptable” it is meant the carrier,
diluent or excipient must be compatible with the other
ingredients of the formulation and not deleterious to the
recipient thereof.

20

25

40

45

60

65

38

The terms “administration of” and or “administering”
should be understood to mean providing a composition in a
therapeutically effective amount to the individual in need of
treatment. Administration can be intratumoral or systemic
(intravenous) administration. Furthermore, in conjunction
with vaccination of recipient with pathogen antigen vaccine
(e.g., tetanus toxoid). In addition, in conjunction with agent
to deplete or inactivate regulatory T cells (e.g., cyclophos-
phamide) or myeloid suppressor cells (e.g., gemcitabine). In
a further example, ex vivo treatment of immune cells and
tumor cells for generation of tumor reactive or pathogen
antigen reactive immune cells—for adoptive cellular immu-
notherapy. Administration can be intradermal or subcutane-
ous.

Furthermore, administration can be in combination with
one or more additional therapeutic agents deplete or inacti-
vate regulatory T cells (cyclophosphamide) or myeloid
suppressor cells (e.g., gemcitabine). The pharmaceutical
compositions of the invention identified herein are useful for
parenteral, topical, oral, nasal (or otherwise inhaled), rectal,
or local administration, such as by aerosol or transdermally,
for prophylactic and/or therapeutic treatment of one or more
of the pathologies/indications described herein (e.g., cancer,
pathogenic infectious agents, associated conditions thereof).
The pharmaceutical compositions can be administered in a
variety of unit dosage forms depending upon the method of
administration. Suitable unit dosage forms, include, but are
not limited to powders, tablets, pills, capsules, lozenges,
suppositories, patches, nasal sprays, injectables, implantable
sustained-release formulations, lipid complexes, etc.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Any methods and materials similar or
equivalent to those described herein can be used in the
practice or testing of the invention, as it will be understood
that modifications and variations are encompassed within
the spirit and scope of the instant disclosure.

The following examples are provided to further illustrate
the embodiments of the present invention, but are not
intended to limit the scope of the invention. While they are
typical of those that might be used, other procedures,
methodologies, or techniques known to those skilled in the
art may alternatively be used.

Example 1

Counteracting Tumor Immune Tolerance via Antibody-me-
diated Depletion of CD4* Regulatory T Cells Facilitates the
Activation of Tumor-Reactive CD8* T Cells and Enhances
the In Vivo Antitumor Efficacy of Cytotoxic Anticancer
Agents.

Immunogenic death of tumor cells by chemotherapeutic
agents can induce CD8* T cell-mediated antitumor immu-
nity. In response to specific chemotherapeutic agents, tumor
cells exhibit the rapid translocation of intracellular calreti-
culin (CRT) to the cell surface where its aggregation pro-
vides a signal for the recognition and engulfment of dying
tumor cells by antigen presenting dendritic cells (DCS).
Treatment of mouse MB49 or human SW780 bladder cancer
cells with doxorubicin, an anthracycline chemotherapeutic
agent, induced rapid surface exposure of CRT that was
detected by immunofluorescence cytometry of cells stained
with Dylight 488-labeled anti-CRT antibody (FIG. 53A). To
determine whether ex vivo treatment with doxorubicin
induced an immunogenic death of tumor cells, either
untreated live MB49 cells or an equivalent number of MB49
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cells that were pre-treated in vitro with doxorubicin were
injected into one flank of syngeneic immunocompetent
C57BL/6 mice. Unlike mice injected with live tumor cells,
mice injected with doxorubicin-treated tumor cells exhibited
increased production of IFN-y by draining lymph node
(DLN) cells in response to in vitro re-challenge with MB49
cell lysates (FIG. 53B). Vaccination with doxorubicin-killed
MB49 cells generated a tumor-specific immune response
since no corresponding increase in IFN-y secretion by DLN
cells was observed following in vitro exposure to an irrel-
evant peptide (Hemagglutinin-HA). Injection of doxorubi-
cin-treated MB49 tumor cells protected mice against tumor
growth upon challenge with untreated live MB49 tumor
cells injected into the opposite flank. (FIG. 1C). The pro-
tection against tumor growth by vaccination with doxoru-
bicin-treated tumor cells was not observed in mice that were
depleted of CD8* T cells with an anti-CD8 antibody before
challenge with live tumor cells (FIG. 53C). These observa-
tions indicate that ex vivo treatment with chemotherapeutic
agents can induce an immunogenic death of tumor cells that
generates CD8* T cell-mediated adaptive antitumor immu-
nity.

Tumor-induced immune tolerance inhibits activation of
CD8* T cells in response to chemotherapy. To examine
whether in vivo treatment with chemotherapeutic agents can
activate CD8" T cell-mediated immune responses in mice
with pre-established tumors, C57BL/6 mice were injected
with live syngeneic MB49 tumor cells and then administered
intratumoral doxorubicin at various time points following
tumor inoculation. In contrast to vaccination of naive mice
with doxorubicin-killed MB49 cells, in vivo treatment of
mice with established MB49 tumors at d10 following tumor
inoculation failed to induce a corresponding increase in
IFN-y secretion by DLN cells in response to in vitro re-
challenge with MB49 cell lysates (FIG. 53B). Whereas
treatment with doxorubicin on d3 following tumor inocula-
tion was able to arrest tumor growth, delayed administration
of the same dose of doxorubicin on d10 failed to inhibit the
progressive growth of established MB49 tumors (FIG. 53D).
These results indicate that tumor-induced immune tolerance
in the microenvironment of established cancers counteracts
the activation of adaptive antitumor immunity in response to
chemotherapy-induced tumor cell death.

Regulatory T cells (Treg) accumulate in the tumor
microenvironment and counteract the ability of chemo-
therapy to activate CD8" T cell mediated antitumor immu-
nity. To investigate whether FoxP3* Tregs are involved in
enforcing immune tolerance in the tumor microenvironment,
we examined the percentage of CD4*CD25*FoxP3™* cells
(Tregs) among CD4* T lymphocytes in the spleen, draining
lymph nodes (DLN), and tumors of immunocompetent
C57BL/6 mice at dO0 and d14 after tumor inoculation.
Whereas tumor-bearing mice exhibited only a minor
increase in the percentage of Tregs among CD4* T cells in
the spleen and DLN at d14 following tumor inoculation, a
majority of tumor-infiltrating CD4* T cells at this time were
CD4*CD25*FoxP3* cells (FIG. 53E). To investigate
whether Tregs infiltrating the tumor microenvironment can
suppress the activation of adaptive antitumor immunity in
response to chemotherapy-induced tumor cell death, CD4*
CD25* cells isolated from tumors and DLN of tumor-
bearing mice were adoptively transferred into syngeneic
C57BL/6 naive mice before vaccination with doxorubicin-
killed MB49 cells. The adoptive transfer of tumor-infiltrat-
ing CD4*CD25" cells into naive mice inhibited the ability of
subsequent in vivo vaccination with doxorubicin-treated
MB49 tumor cells to increase production of IFN-y by
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draining lymph node (DLN) cells in response to in vitro
re-challenge with MB49 cell lysates (FIG. 53F). Consistent
with the ability of tumor-infiltrating CD4*CD25* cells to
suppress the tumor-specific immune response, the adoptive
transfer of these cells counteracted the protection conferred
by vaccination with doxorubicin-treated MB49 cells against
tumor growth upon challenge with untreated live MB49
tumor cells (FIG. 53G). These results indicate that the tumor
microenvironment fosters the accumulation of FoxP3* Tregs
which counteract the activation of CD8" T cell mediated
antitumor immunity in response to chemotherapy-induced
tumor cell death.

Inhibition of TGF-f in the tumor microenvironment
reduces tumor-infiltrating FoxP3* regulatory T cells and
enhances the antitumor efficacy chemotherapy. TGF-f3
induces FoxP3 expression in naive peripheral CD4*CD25~
FoxP3~ T cells and facilitates their conversion into ‘adap-
tive’ FoxP3™ Tregs that share the immunosuppressive ability
of natural FoxP3* Tregs generated in the thymus. Since
human cancers frequently become refractory to the growth-
inhibitory effect of TGF-f3 and acquire an ability to increase
expression and secretion of TGF-f3, we investigated whether
this switch enables tumor cells to increase the number of
adaptive Tregs in the tumor microenvironment. Examination
of serum levels of TGF-f in mice at dO, d14, and d28
following inoculation of live MB49 tumor cells demon-
strated that tumor growth resulted in a progressive increase
in the level of serum TGF-f (FIG. 54A). To assess the
precise source of TGF-f in tumor-bearing mice, the total
amount of TGF-f in supernatants of tumor cells or draining
lymph node cells isolated from tumor-bearing mice were
measured following ex vivo culture in serum-free medium
for 24 h. Measurement of the level of TGF-B/10° cells
showed that tumor cells were the dominant source of the
increased level of TGF-f} in tumor-bearing mice (FIG. 54B).
In addition to tumor cell-autonomous expression of TGF-f,
T cells from tumor-bearing mice also expressed higher
levels of TGF-f compared to their counterparts from tumor-
free mice (FIG. 54B). To determine whether the elevation of
TGF- is responsible for the upregulation of Tregs in the
tumor microenvironment, tumor-bearing mice were treated
with a soluble chimeric protein comprising the extracellular
domain of TGFBRII and the Fc portion of the murine IgG1
heavy chain (TGFBRII:Fc). This fusion protein interferes
with the binding of TGF-f to endogenous TGFBRII and
functions as a stable TGF-f antagonist. ELISA assays con-
firmed the ability of TGFPRIL:Fc to sequester TGF-f3 in
supernatants of MB49 tumor cells in a concentration-depen-
dent manner (FIG. 54C). At 5 d following inoculation of
MB49 tumor cells, mice were either left untreated or treated
with TGFBRIL:Fc (1 pg intratumoral; twice weekly) for 3
weeks followed by flow cytometric analyses of intracellular
FoxP3 expression in CD4*CD25* T cells infiltrating the
tumors. In vivo treatment of tumors with TGFBRIL: Fc
resulted in a significant decline in FoxP3 expression in
tumor-infiltrating CD4* T cells (FIG. 54D) and a dramatic
reduction of CD4*CD25"FoxP3* Tregs in tumor tissue
(FIG. 54E). To determine whether inhibition of TGF-f in the
tumor microenvironment can improve the antitumor efficacy
of chemotherapy, MB49 tumor-bearing mice were adminis-
tered doxorubicin (5 mg/kg i.p. weeklyx3) with or without
twice weekly treatment with TGFBRIL:Fe (1 pg intratu-
moral). In contrast to treatment with either doxorubicin or
TGFBRIL:Fc alone, combined treatment with both agents
was able to arrest the growth of MB49 tumors. These results
indicate that tumor cell autonomous expression of TGF-f in
the tumor microenvironment induces ‘adaptive’ FoxP3*
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Tregs and that counteracting tumor-induced TGF-$-medi-
ated immune tolerance enhances the antitumor efficacy of
chemotherapy.

Anti-CD4 antibody-mediated depletion of CD4* regula-
tory T cells facilitates chemotherapy-induced activation of
tumor-reactive CD8* T cells and enhances the antitumor
efficacy of chemotherapy. To determine whether depletion of
CD4* regulatory T cells can improve the antitumor efficacy
of chemotherapy by enhancing the activity of CD8* T cells
in the tumor microenvironment, immunocompetent mice
bearing syngeneic tumors were administered an anti-CD4
antibody (Clone GK1.5) to deplete CD4* T cells or an
anti-CD8 antibody (Clone GK2.43) to deplete CD8* T cells
and then treated with specific chemotherapeutic agents.
Flow cytometric analyses of peripheral blood mononuclear
cells from MB49 tumor-bearing mice at d7 following
administration of anti-CD4 antibody or anti-CD8 antibody
confirmed the target-specific depletion of either CD4™ T
cells or CD8* T cells, respectively (FIG. 55A). Mice treated
with anti-CD4 antibody showed loss of CD4*CD25*FoxP3*
T cells in the peripheral blood as well as among tumor-
infiltrating cells (FIGS. 55A, 55B). To determine whether
antibody-mediated depletion of CD4*CD25*FoxP3* cells
facilitates chemotherapy-induced activation of tumor-reac-
tive CD8" T cells in the tumor microenvironment, we
evaluated the expression of IFN-y in CD8* T cells extracted
from the tumor and draining lymph node of MB49 tumor-
bearing mice that were left untreated or treated with doxo-
rubicin (with or without anti-CD4 antibody). Flow cytomet-
ric analyses showed that CD8* T cells from untreated mice
did not express IFN-y in response to in vitro re-challenge
with MB49 cell lysates (FIG. 55C). Whereas IFN-y*CD8* T
cells became evident in mice treated with doxorubicin alone,
antibody-mediated depletion of CD4* T cells further
enhanced the percentage of tumor-reactive CD8* T cells that
expressed IFN-y in doxorubicin-treated animals (FIG. 55C).
To directly evaluate whether the activation of tumor-reactive
CD8™" T cells determines the in vivo antitumor efficacy of
chemotherapy, we examined the effect of antibody-mediated
depletion of CD8* T cells or CD4* T cells on the response
of MB49 tumor-bearing mice to systemic treatment with
doxorubicin (5 mg/kg). Treatment with doxorubicin alone
inhibited the growth of MB49 tumors but failed to arrest
tumor progression. Whereas depletion of CD8* T cells
completely impaired the in vivo antitumor efficacy of doxo-
rubicin, depletion of CD4™ T cells enhanced the response to
doxorubicin and resulted in tumor regression (FIG. 55D).

Anti-CD4 antibody-mediated depletion of CD4* regula-
tory T cells augments and sustains the antitumor effect of
chemotherapy by enabling activation of adaptive antitumor
immunity. Whereas tumor cells treated with anthracyclins,
such as doxorubicin, are particularly effective in eliciting an
antitumor immune response, other chemotherapeutic agents
are less effective in inducing immunogenic tumor cell death.
The surface exposure of calreticulin is a key determinant of
the immunogenicity of tumor cell death in response to
chemotherapeutic agents. Compared to the efficient translo-
cation of CRT to the cell surface in response to treatment
with doxorubicin (FIG. 1A), treatment of MB49 tumor cells
with equitoxic doses of either cisplatin or the combination of
cisplatin and gemcitabine was less effective in increasing
CRT exposure (FIG. 56A). Whereas tumor-reactive IFN-y*
CD8* T cells were evident in tumors of MB49 tumor-
bearing mice treated with doxorubicin (FIG. 55C), treatment
with cisplatin was unable to induce a corresponding eleva-
tion of IFN-y expression in CD8* T cells in response to in
vitro re-challenge with MB49 cell lysates (FIG. 56B). To
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examine whether counteraction of Treg-mediated immune
tolerance enables the activation of antitumor immunity by
cisplatin, immunocompetent tumor-bearing mice were
treated with cisplatin following depletion of Tregs with
anti-CD4 antibody. Antibody-mediated depletion of CD4* T
cells enhanced the percentage of tumor-reactive IFN-y*
CD8* T cells as well as CD8*CD62L~ T cells in cisplatin-
treated animals (FIGS. 56B, 56C). Treatment of MB49
tumor-bearing mice with cisplatin partially inhibited tumor
growth but failed to arrest tumor progression. Whereas
depletion of CD8* T cells completely negated the in vivo
antitumor effect of cisplatin, depletion of CD4* T cells
enhanced the response to cisplatin and arrested tumor
growth (FIG. 56D). Although treatment of tumor-bearing
mice with the combination of cisplatin and gemcitabine was
also able to arrest tumor growth, tumor growth rapidly
resumed following termination of therapy with none of the
animals (0/8) being tumor-free at d50 following tumor
inoculation (FIG. 56E). In contrast, mice depleted of CD4*
T cells exhibited a more sustained response to either single
agent or combination chemotherapy, with 7/16 mice exhib-
iting complete tumor regression. The complete regression of
tumors was attended with establishment of adaptive antitu-
mor immunity since none of the cured mice (7/7) developed
tumors when re-challenged with live MB49 tumor cells in
the opposite flank.

Chemotherapy-induced expression of NKG2D ligands on
tumor cells cooperates with depletion of CD** regulatory T
cells to stimulate CD®** T cell-mediated tumor regression.
NKG2D (NK group 2, member D) is a lectin-like type II
transmembrane stimulatory receptor used by NK cells,
¥8-TCR* T cells and af-TC** T cells for immune surveil-
lance of tumors. Expression of mouse and human ligands for
NKG2D is upregulated in transformed epithelial cell lines in
response to genotoxic stress or stalled DNA replication, via
activation of a DNA damage checkpoint pathway initiated
by ATM (ataxia telengiectasia, mutated) or ATR (ATM- and
Rad3-related) protein kinases. Treatment of CT26 mouse
colon cancer cells with genotoxic chemotherapeutic agents
resulted in upregulation of mouse NKG2D ligands of the
retinoic acid inducible gene family (Rael) (FIG. 57A).
RT-PCR showed that Rael mRNA was induced in CT26
cells by 2-4 h, reached a plateau after 16-24 h, and began to
decline after 48 h of treatment with either the irinotecan or
oxaliplatin (FIG. 57A). Flow cytometric analysis demon-
strated that cell surface expression of human NKG2D
ligands (MHC-I-related A and B molecules—MICA, MICB)
was also upregulated on human colorectal cancer cells
(HCT116) in response to treatment with irinotecan (FIG.
53B). Isogenic HCT116 cells that differ only in their p53
status demonstrated that p53 is not required for irinotecan-
induced upregulation of MICA/B (FIG. 53B). To examine
whether the induction of NKG2D ligands contributes to the
antitumor effect of chemotherapy in vivo, immunocompe-
tent Balb/C mice inoculated with syngeneic CT26 tumor
cells were treated with irinotecan (50 mg/kg i.p) with or
without pre-treatment with an NKG2D blocking antibody
(200 pg i.p.). Whereas treatment with irinotecan alone
inhibited the growth of CT26 tumors, the antitumor effect of
irinotecan was negated by pre-treatment with the NKG2D
blocking antibody (FIG. 1C). Since engagement of NKG2D
by its ligands provides a costimulatory signal for the acti-
vation of CD®*" T cells, we investigated whether DNA
damage-induced expression of NKG2D ligands on tumor
cells cooperates with depletion of CD** regulatory T cells to
stimulate CD®** T cell-mediated tumor regression. Balb/C
mice bearing CT26 tumors were administered an anti-CD4
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antibody (Clone GK1.5) to deplete CD** T cells and/or an
anti-CD8 antibody (Clone GK2.43) to deplete CD®** T cells
and then treated with irinotecan. Flow cytometric analyses
confirmed the loss of CD**CD2°*FoxP** T cells in the
spleen and draining lymph node of mice treated with anti-
CD4 antibody (FIG. 57D). Antibody-mediated depletion of
CD** T cells enhanced the percentage of tumor-reactive
IFN-"*CD?®* T cells in irinotecan-treated animals (FIG. 57E).
Whereas treatment of CT26 tumor-bearing mice with irino-
tecan only slowed tumor growth, depletion of CD** T cells
enhanced the response to irinotecan and arrested tumor
growth (FIG. 57F). The ability of CD** T cell depletion to
augment the antitumor efficacy of irinotecan was mediated
by CD®* T cells since antibody-mediated depletion of CD**
T cells completely negated the in vivo antitumor effect of
chemotherapy in CD** T cell-depleted mice (FIG. 57F).

These data provide the following insights: (i) activation of
tumor-reactive CD8" T cells in response to immunogenic
tumor cell death is a crucial determinant of the antitumor
efficacy of chemotherapy in vivo; (ii) tumor-induced Tregs
impair the antitumor efficacy of chemotherapy by inhibiting
the activation of CD8" T cells in the tumor microenviron-
ment; and (iii) Counteracting tumor-induced immune toler-
ance via antibody-mediated depletion of CD4* regulatory T
cells facilitates chemotherapy-induced activation of antitu-
mor immunity with memory, thereby enhancing the antitu-
mor efficacy of chemotherapy; (iv) Strategies to decrease the
number or function of CD4+ regulatory T cells in the tumor
microenvironment can increase the activation of CD8+ T
cells and improve the response of tumors to cytotoxic
anticancer agents (chemotherapy, tumor-targeted antibodies,
targeted therapeutics, kinase inhibitors) or chemoimmuno-
therapy (combination of chemotherapeutic agent with
immunotherapeutic agents).

Example 2

Exemplary Targeted Immunomodulatory Antibodies and
Fusion Proteins

A targeting moiety, including an antibody, can be coupled
to an immunomodulatory moiety including a polypeptide
derived from the extracellular domain of TGFBR2. Cross-
linkers or activating agents for such coupling or conjugation
are well known in the art. Alternatively, the fusion proteins
of the invention can be synthesized using recombination
DNA technology well known in the art where the coding
sequences of various portions of the fusion proteins can be
linked together at the nucleic acid level. Subsequently the
fusion proteins of the invention can be produced using a host
cell well known in the art. Examples of targeted immuno-
modulatory antibodies and fusion proteins are shown in
FIGS. 1-33 and briefly described below.

In one embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety, wherein the targeting moiety specifi-
cally binds to a target molecule, and the immunomodulatory
moiety specifically binds to Transforming growth factor-
beta (TGF-B). SEQ ID NO: 1 provides a fusion protein
including anti-HER2/neu antibody and Transforming
growth factor-beta receptor II (TGFB-RII) Extracellular
domain (ECD) (FIG. 2). SEQ ID NO: 2 provides a fusion
protein including anti-EGFR1 antibody and Transforming
growth factor-beta receptor 11 (TGFB-RII) Extracellular
domain (ECD) (FIG. 3). SEQ ID NO: 3 provides a fusion
protein including anti-CD20 antibody and Transforming
growth factor-beta receptor II (TGFB-RII) Extracellular
domain (ECD) (FIG. 4). SEQ ID NO: 4 provides a fusion
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protein including anti-VEGF antibody and Transforming
growth factor-beta receptor II (TGFp-RII) Extracellular
domain (ECD) (FIG. 5). SEQ ID NO: 5 provides a fusion
protein including anti-human CTLA-4 antibody and Trans-
forming growth factor-beta receptor 11 (TGFB-RII) Extra-
cellular domain (ECD) (FIG. 6). SEQ ID NO: 6 provides a
fusion protein including IL.-2, Fc, and Transforming growth
factor-beta receptor II (TGFp-RII) Extracellular domain
(ECD) (FIG. 7). SEQ ID NO: 7 provides a fusion protein
including Transforming growth factor-beta receptor II
(TGFf-RII) Extracellular domain (ECD), Fe, and IL-2 (FIG.
7). SEQ ID NO: 8 provides a fusion protein including
anti-CD25 antibody and Transforming growth factor-beta
receptor 11 (TGFB-RII) Extracellular domain (ECD) (FIG.
8A). SEQ ID NO: 9 provides a fusion protein including
anti-CD25 antibody and Transforming growth factor-beta
receptor 11 (TGF(-RII) Extracellular domain (ECD) (FIG.
8B). SEQ ID NO: 10 provides a fusion protein including
anti-CD4 antibody and Transforming growth factor-beta
receptor 11 (TGFB-RII) Extracellular domain (ECD) (FIG.
9). SEQ ID NO: 11 provides a fusion protein including PD-1
Ectodomain, Fc, and Transforming growth factor-beta
receptor II (TGFB-RII) Extracellular domain (ectodomain)
(PD-1 ectodomain+Fc+TGFPRII ectodomain; FIG. 10).
SEQ ID NO: 12 provides a fusion protein including Trans-
forming growth factor-beta receptor 11 (TGF@-RII) Extra-
cellular domain (ectodomain), Fc, and PD-1 Ectodomain
(TGFBRII ectodomain+Fc+PD-1 ectodomain; FIG. 10).
SEQ ID NO: 13 provides a fusion protein including RANK
Ectodomain, Fc, and Transforming growth factor-beta
receptor II (TGFp-RII) Extracellular domain (ectodomain)
(RANK ectodomain+Fc+TGFBRII ectodomain; FIG. 11).
SEQ ID NO: 14 provides a fusion protein including Trans-
forming growth factor-beta receptor II (TGF@-RII) Extra-
cellular domain (ectodomain), Fc, and RANK Ectodomain
(TGFBRII ectodomain+Fc+RANK ectodomain; FIG. 11).
In another embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety, wherein the targeting moiety specifi-
cally binds to a target molecule, and the immunomodulatory
moiety is a molecule that specifically binds to Programmed
Death-1 ligand 1 (PD-L1 or B7-H1) or Programmed Death-1
ligand 2 (PD-L2 or B7-DC). SEQ ID NO: 15 provides a
fusion protein including anti-HER2/neu antibody and PD-1
Ectodomain (FIG. 13). SEQ ID NO: 16 provides a fusion
protein including anti-EGFR1 antibody and PD-1 Ectodo-
main (FIG. 14). SEQ ID NO: 17 provides a fusion protein
including anti-CD20 antibody and PD-1 Ectodomain (FIG.
15). SEQ ID NO: 18 provides a fusion protein including
anti-VEGF antibody and PD-1 Ectodomain (FIG. 16). SEQ
ID NO: 19 provides a fusion protein including anti-human
CTLA-4 antibody and PD-1 Ectodomain (FIG. 17). SEQ ID
NO: 20 provides a fusion protein including anti-CD25
antibody and PD-1 Ectodomain (FIG. 18A). SEQ ID NO: 21
provides a fusion protein including anti-CD25 antibody and
PD-1 Ectodomain (FIG. 18B). SEQ ID NO: 22 provides a
fusion protein including IL-2, Fc, and PD-1 ectodomain
(IL-24Fc+PD-1 ectodomain; FIG. 19). SEQ ID NO: 23
provides a fusion protein including PD-1 ectodomain, Fc,
and IL-2 (PD-1 ectodomain+Fc+IL-2; FIG. 19). SEQ ID
NO: 24 provides a fusion protein including anti-CD4 anti-
body and PD-1 Ectodomain (FIG. 20). SEQ ID NO: 25
provides a fusion protein including RANK Ectodomain, Fc,
and PD-1 ectodomain (RANK ectodomain+Fc+PD-1
ectodomain; FIG. 21). SEQ ID NO: 26 provides a fusion
protein including PD-1 ectodomain, Fc, and RANK Ectodo-
main (PD-1 ectodomain+Fc+RANK ectodomain; FIG. 21).
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In another embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety, wherein the targeting moiety specifi-
cally binds to a target molecule, and the immunomodulatory
moiety is a molecule that specifically binds to Receptor
activator of NF-KB ligand (RANKL). SEQ ID NO: 27
provides a fusion protein including anti-HER2/neu antibody
and RANK Ectodomain (FIG. 23). SEQ ID NO: 28 provides
a fusion protein including anti-EGFR1 antibody and RANK
Ectodomain (FIG. 24). SEQ ID NO: 29 provides a fusion
protein including anti-CD20 antibody and RANK Ectodo-
main (FIG. 25). SEQ ID NO: 30 provides a fusion protein
including anti-VEGF antibody and RANK Ectodomain
(FIG. 26). SEQ ID NO: 31 provides a fusion protein
including anti-human CTLA-4 antibody and RANK Ectodo-
main (FIG. 27). SEQ ID NO: 32 provides a fusion protein
including anti-CD25 antibody and RANK Ectodomain (FIG.
28A). SEQ ID NO: 33 provides a fusion protein including
anti-CD25 antibody and RANK Ectodomain (FIG. 28B).
SEQ ID NO: 34 provides a fusion protein including IL.-2, Fc,
and RANK ectodomain (IL-2+Fc+RANK ectodomain; FIG.
29). SEQ ID NO: 35 provides a fusion protein including
RANK ectodomain, Fc, and IL-2 (RANK ectodomain+Fc+
1L-2; FIG. 29). SEQ ID NO: 36 provides a fusion protein
including anti-CD4 antibody and RANK Ectodomain (FIG.
30).

In another embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety, wherein the targeting moiety specifi-
cally binds to a target molecule, and the immunomodulatory
moiety includes a molecule that specifically binds to Pro-
grammed death-1 (PD-1). SEQ ID NO: 37 provides a fusion
protein including anti-tumor necrosis factor (INFa) anti-
body and PD-1 ligand 1 (FIG. 32). SEQ ID NO: 38 provides
a fusion protein including TNFR2 Extracellular ligand bind-
ing domain, Fc, and PD-1 ligand: (TNFR2 ECD+IgG Cyl+
PD-L1; FIG. 33). SEQ ID NO: 39 provides a fusion protein
including PD-1 ligand, Fc, and TNFR2 Extracellular ligand
binding domain: (PD-L1+IgG Cy1-TNFR2 ECD; FIG. 33).
SEQ ID NO: 40 provides a fusion protein including anti-
CD20 antibody and PD-1 ligand 1 (PD-L1) (FIG. 34). SEQ
ID NO: 41 provides a fusion protein including anti-CD25
antibody and PD-1 ligand 1 (PD-L1) (FIG. 35A). SEQ ID
NO: 42 provides a fusion protein including anti-CD25
antibody and PD-1 ligand 1 (PD-L1) (FIG. 35B). SEQ ID
NO: 43 provides a fusion protein including PD-1 ligand 1
(PD-L1), Fe, and IL-2 (PD-L1-Fc-IL2; FIG. 36). SEQ ID
NO: 44 provides a fusion protein including IL.-2, Fc, and
PD-1 ligand 1 (PD-L1) (IL-2-Fc-PD-L1; FIG. 36). SEQ ID
NO: 45 provides a fusion protein including anti-CD4 anti-
body and PD-1 ligand 1 (PD-L1) (FIG. 37). SEQ ID NO: 46
provides a fusion protein including the extracellular domain
of CTLA-4, Immunoglobulin Fc (IgG Cyl), and a sequence
from PD-1 ligand (PD-L1) (Oncostatin M signal peptide+
CTLA-4 ECD+IgG Cy1+PD-L1; FIG. 38). SEQ ID NO: 47
provides a fusion protein including the extracellular domain
of PD-1 ligand (PD-L1), immunoglobulin Fc (IgG Cy1), and
a sequence from the extracellular domain of CTLA-4:
(PD-L1+IgG Cy1+CTLA-4 ECD; FIG. 38). SEQ ID NO: 48
provides a fusion protein including Transforming growth
factor-f (TGF-f), immunoglobulin Fc (IgG Cyl), and a
sequence from PD-1 ligand 1 (PD-L1) (TGFf-14Fc+PD-
L1; FIG. 39). SEQ ID NO: 49 provides a fusion protein
including a sequence from PD-1 ligand 1 (PD-L1), immu-
noglobulin Fc (IgG Cyl), and Transforming growth factor
beta (TGF-JB) (PD-L1+Fc+TGFf-1; FIG. 39).
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In another embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety, wherein the targeting moiety specifi-
cally binds to a target molecule, and the immunomodulatory
moiety includes a molecule that specifically binds to Trans-
forming growth factor-beta receptor (TGF-fR). SEQ ID
NO: 50 provides a fusion protein including an antibody that
binds TNF-a, and a sequence from Transforming growth
factor-p (TGF-B) (FIG. 41). SEQ ID NO: 51 provides a
fusion protein including TNFR2 Extracellular ligand bind-
ing domain, Fc, and a sequence from Transforming growth
factor-f} (TGF-f) (TNFR2 ECD+IgG Cy1+TGF-f; FIG. 42).
SEQ ID NO: 52 provides a fusion protein including a
sequence from Transforming growth factor-f (TGF-p), Fe,
and TNFR2 Extracellular ligand binding domain: (TGF-f+
IgG Cy1+4TNFR2 ECD; FIG. 42). SEQ ID NO: 53 provides
a fusion protein including anti-CD20 antibody and a
sequence from Transforming growth factor-f (TGF-f) (FIG.
43). SEQ ID NO: 54 provides a fusion protein including
anti-CD25 antibody and a sequence from transforming
growth factor-f (TGF-f) (FIG. 44A). SEQ ID NO: 55
provides a fusion protein including anti-CD25 antibody and
a sequence from transforming growth factor-f (TGF-f)
(FIG. 44B). SEQ ID NO: 56 provides a fusion protein
including a sequence from Transforming growth factor-f
(TGF-p), Fc, and IL-2 (TGF-B+Fc+IL-2; FIG. 45). SEQ ID
NO: 57 provides a fusion protein including IL-2, Fc, and
Transforming growth factor-f (TGF-f) (IL-2+Fc+TGF-;
FIG. 45). SEQ ID NO: 58 provides a fusion protein includ-
ing anti-CD4 antibody and a sequence from transforming
growth factor-f (TGF-8) (FIG. 46). SEQ ID NO: 59 pro-
vides a fusion protein including the extracellular domain of
CTLA-4, immunoglobulin Fc (IgG Cyl), and a sequence
from a sequence from transforming growth factor-f (TGF-
B) (Oncostatin M signal peptide+CTLA-4 ECD+IgG Cyl+
TGF-B1; FIG. 47). SEQ ID NO: 60 provides a fusion protein
including a sequence from Transforming growth factor-f3
(TGF-B), immunoglobulin Fc¢ (IgG Cyl), and a sequence
from the extracellular domain of CTLA-4: (TGF-f1+IgG
Cyl1+CTLA-4 ECD) (FIG. 47).

In another embodiment, the present invention provides a
molecule including a targeting moiety fused with an immu-
nomodulatory moiety, wherein the targeting moiety specifi-
cally binds to a target molecule, and the immunomodulatory
moiety is a molecule that specifically binds to Receptor
activator of NF-kB ligand (RANKL). SEQ ID NO: 61
provides a fusion protein including an antibody that binds
TNF-a, and a sequence from RANK Ectodomain (FIG. 48).
SEQ ID NO: 62 provides a fusion protein including TNFR2
Extracellular ligand binding domain, Fc, and a sequence
from RANK Ectodomain (TNFR2 ECD+IgG Cyl1+RANK
Ectodomain; FIG. 49). SEQ ID NO: 63 provides a fusion
protein including a sequence from RANK Ectodomain, Fc,
and TNFR2 Extracellular ligand binding domain: (RANK
Ectodomain+IgG Cy1+TNFR2 ECD; FIG. 49). SEQ ID NO:
64 provides a fusion protein including the extracellular
domain of CTLA-4, immunoglobulin Fc (IgG Cyl), and a
sequence from a sequence from RANK Ectodomain (On-
costatin M signal peptide+CTLA-4 ECD+IgG Cyl1+RANK
Ectodomain; FIG. 50). SEQ ID NO: 65 provides a fusion
protein including a sequence from RANK Ectodomain,
immunoglobulin Fc (IgG Cyl), and a sequence from the
extracellular domain of CTLA-4: (RANK Ectodomain+IgG
Cy1+CTLA-4 ECD) (FIG. 50). SEQ ID NO: 66 provides a
fusion protein including a sequence from transforming
growth factor-f (TGF-f), immunoglobulin Fc region (IgG
Cy1), and an extracellular ligand-binding domain or ectodo-

Bicara Ex. 1001
Bicara v. JHU - PGR2026-00025



US 12,295,968 B2

47
main of Receptor activator of nuclear factor-kB (RANK)
(TGF-p+I1gG Cy1+RANK Ectodomain; FIG. 51). SEQ ID
NO: 67 provides a fusion protein including a sequence from
RANK Ectodomain, immunoglobulin Fc (IgG Cyl), and a
sequence from transforming growth factor-f (TGF-f):
(RANK Ectodomain+IgG Cy1+TGF-p) (FIG. 51). SEQ ID
NO: 68 provides a fusion protein including a sequence from
Programmed death-1 ligand 1 (PD-L1), immunoglobulin Fc
region (IgG Cyl), and an extracellular ligand-binding
domain or ectodomain of Receptor activator of nuclear
factor-kB (RANK) (PD-L1+IgG Cy14+RANK Ectodomain;

48
FIG. 52). SEQ ID NO: 69 provides a fusion protein includ-
ing a sequence from RANK Ectodomain, immunoglobulin
Fc (IgG Cyl), and a sequence from Programmed death-1
ligand 1 (PD-L1): (RANK Ectodomain+IgG Cy1+PD-L1)
(FIG. 52).

Although the invention has been described with reference
to the above example, it will be understood that modifica-
tions and variations are encompassed within the spirit and
scope of the invention. Accordingly, the invention is limited
only by the following claims.

SEQUENCE LISTING

Sequence total quantity: 124
SEQ ID NO: 1 moltype = AA length = 602
FEATURE Location/Qualifiers
source 1..602
mol_type = protein

organism = synthetic construct

SEQUENCE: 1

EVQLVESGGG LVQPGGSLRL SCAASGFNIK DTYIHWVRQA PGKGLEWVAR IYPTNGYTRY 60
ADSVKGRFTI SADTSKNTAY LOMNSLRAED TAVYYCSRWG GDGFYAMDYW GQGTLVTVSS 120
ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKKVEP KSCDKTHTCP PCPAPELLGG 240
PSVFLFPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN 300
STYRVVSVLT VLHODWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSREE 360
MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 420
QQGNVFSCSV MHEALHNHYT QKSLSLSPGK GGGGSGGGGS GGGGSTIPPH VQKSVNNDMI 480
VTDNNGAVKF PQLCKFCDVR FSTCDNQKSC MSNCSITSIC EKPQEVCVAV WRKNDENITL 540
ETVCHDPKLP YHDFILEDAA SPKCIMKEKK KPGETFFMCS CSSDECNDNI IFSEEYNTSN 600

PD

SEQ ID NO: 2 moltype = AA length = 601
FEATURE Location/Qualifiers
source 1..601

mol_type = protein

organism = synthetic construct

SEQUENCE: 2

602

QVQLKQSGPG LVQPSQSLSI TCTVSGFSLT NYGVHWVRQS PGKGLEWLGV IWSGGNTDYN 60
TPFTSRLSIN KDNSKSQVFF KMNSLQSNDT AIYYCARALT YYDYEFAYWG QGTLVTVSAA 120
STKGPSVFPL APSSKSTSGG TAALGCLVKD YFPEPVTVSW NSGALTSGVH TFPAVLQSSG 180
LYSLSSVVTV PSSSLGTQTY ICNVNHKPSN TKVDKRVEPK SCDKTHTCPP CPAPELLGGP 240
SVFLFPPKPK DTLMISRTPE VTCVVVDVSH EDPEVKFNWY VDGVEVHNAK TKPREEQYNS 300
TYRVVSVLTV LHQDWLNGKE YKCKVSNKAL PAPIEKTISK AKGQPREPQV YTLPPSRDEL 360
TKNQVSLTCL VKGFYPSDIA VEWESNGQPE NNYKTTPPVL DSDGSFFLYS KLTVDKSRWQ 420
QGNVFSCSVM HEALHNHYTQ KSLSLSPGKG GGGSGGGGSG GGGSTIPPHV QKSVNNDMIV 480
TDNNGAVKFP QLCKFCDVRF STCDNQKSCM SNCSITSICE KPQEVCVAVW RKNDENITLE 540
TVCHDPKLPY HDFILEDAAS PKCIMKEKKK PGETFFMCSC SSDECNDNII FSEEYNTSNP 600

D

SEQ ID NO: 3 moltype = AA length = 603
FEATURE Location/Qualifiers
source 1..603

mol_type = protein

organism = synthetic construct

SEQUENCE: 3

601

QVQLQOPGAE LVKPGASVKM SCKASGYTFT SYNMHWVKQT PGRGLEWIGA IYPGNGDTSY 60
NQKFKGKATL TADKSSSTAY MQLSSLTSED SAVYYCARST YYGGDWYFNV WGAGTTVTVS 120
AASTKGPSVF PLAPSSKSTS GGTAALGCLV KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 180
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP SNTKVDKKAE PKSCDKTHTC PPCPAPELLG 240
GPSVFLFPPK PKDTLMISRT PEVTCVVVDV SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 300
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK ALPAPIEKTI SKAKGQPREP QVYTLPPSRD 360
ELTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 420
WQQGNVFSCS VMHEALHNHY TQKSLSLSPG KGGGGSGGGG SGGGGSTIPP HVQKSVNNDM 480
IVTDNNGAVK FPQLCKFCDV RFSTCDNQKS CMSNCSITSI CEKPQEVCVA VWRKNDENIT 540
LETVCHDPKL PYHDFILEDA ASPKCIMKEK KKPGETFFMC SCSSDECNDN IIFSEEYNTS 600

NPD

SEQ ID NO: 4 moltype = AA length = 605

603

FEATURE Location/Qualifiers
source 1..605
mol_type = protein
organism = synthetic
SEQUENCE: 4

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA
AADFKRRFTF SLDTSKSTAY LQMNSLRAED TAVYYCAKYP
VSSASTKGPS VFPLAPSSKS TSGGTAALGC LVKDYFPEPV

construct

PGKGLEWVGW INTYTGEPTY
HYYGSSHWYF DVWGQGTLVT
TVSWNSGALT SGVHTFPAVL

60
120
180

Bicara Ex. 1001

Bicara v. JHU - PGR2026-00025



US 12,295,968 B2

49

-continued

50

QSSGLYSLSS VVTVPSSSLG
LGGPSVFLFP PKPKDTLMIS
QYNSTYRVVS VLTVLHQDWL
REEMTKNQVS LTCLVKGFYP
SRWQQGNVFS CSVMHEALHN
DMIVTDNNGA VKFPQLCKFC
ITLETVCHDP KLPYHDFILE
TSNPD

SEQ ID NO: 5
FEATURE
source

SEQUENCE: 5

QVQLVESGGG VVQPGRSLRL
ADSVKGRFTI SRDNSKNTLY
TKGPSVFPLA PSSKSTSGGT
YSLSSVVTVP SSSLGTQTYI
VFLFPPKPKD TLMISRTPEV
YRVVSVLTVL HQDWLNGKEY
KNQVSLTCLV KGFYPSDIAV
GNVFSCSVMH EALHNHYTQK
DNNGAVKFPQ LCKFCDVRFS
VCHDPKLPYH DFILEDAASP

SEQ ID NO: 6
FEATURE
source

SEQUENCE: 6

APTSSSTKKT QLQLEHLLLD
EELKPLEEVL NLAQSKNFHL
WITFCQSIIS TLTGGGGSGG
RTPEVTCVVV DVSHEDPEVK
NGKEYKCKVS NKALPAPIEK
SDIAVEWESN GQPENNYKTT
HYTQKSLSLS PGKGGGGSGG
DVRFSTCDNQ KSCMSNCSIT
DAASPKCIMK EKKKPGETFF

SEQ ID NO: 7
FEATURE
source

SEQUENCE: 7

TIPPHVQKSV NNDMIVTDNN
VCVAVWRKND ENITLETVCH
CNDNIIFSEE YNTSNPDGGG
LMISRTPEVT CVVVDVSHED
QDWLNGKEYK CKVSNKALPA
GFYPSDIAVE WESNGQPENN
ALHNHYTQKS LSLSPGKGGG
NNYKNPKLTR MLTFKFYMPK
INVIVLELKG SETTFMCEYA

SEQ ID NO: 8
FEATURE
source

SEQUENCE: 8

QVQLVQSGAE VKKPGSSVKV
NQKFKDKATI TADESTNTAY
GPSVFPLAPS SKSTSGGTAA
LSSVVTVPSS SLGTQTYICN
LFPPKPKDTL MISRTPEVTC
VVSVLTVLHQ DWLNGKEYKC
QVSLTCLVKG FYPSDIAVEW
VFSCSVMHEA LHNHYTQKSL
NGAVKFPQLC KFCDVRFSTC
HDPKLPYHDF ILEDAASPKC

SEQ ID NO: 9
FEATURE
source

TQTYICNVNH KPSNTKVDKK
RTPEVTCVVV DVSHEDPEVK
NGKEYKCKVS NKALPAPIEK
SDIAVEWESN GQPENNYKTT
HYTQKSLSLS PGKGGGGSGG
DVRFSTCDNQ KSCMSNCSIT
DAASPKCIMK EKKKPGETFF

moltype = AA length
Location/Qualifiers
1..600

mol_type = protein
organism = synthetic

SCAASGFTFS SYTMHWVRQA
LOMNSLRAED TAIYYCARTG
AALGCLVKDY FPEPVTVSWN
CNVNHKPSNT KVDKRVEPKS
TCVVVDVSHE DPEVKFNWYV
KCKVSNKALP APIEKTISKA
EWESNGQPEN NYKTTPPVLD
SLSLSPGKGG GGSGGGGSGG
TCDNQKSCMS NCSITSICEK
KCIMKEKKKP GETFFMCSCS

moltype = AA length
Location/Qualifiers
1..525

mol_type = protein
organism = synthetic

LOMILNGINN YKNPKLTRML
RPRDLISNIN VIVLELKGSE
GGSGGGGSTH TCPPCPAPEL
FNWYVDGVEV HNAKTKPREE
TISKAKGQPR EPQVYTLPPS
PPVLDSDGSF FLYSKLTVDK
GGSGGGGSTI PPHVQKSVNN
SICEKPQEVC VAVWRKNDEN
MCSCSSDECN DNIIFSEEYN

moltype = AA length
Location/Qualifiers
1..525

mol_type = protein
organism = synthetic

GAVKFPQLCK FCDVRFSTCD
DPKLPYHDFI LEDAASPKCI
GSGGGGSGGG GSTHTCPPCP
PEVKFNWYVD GVEVHNAKTK
PIEKTISKAK GQPREPQVYT
YKTTPPVLDS DGSFFLYSKL
GSGGGGSGGG GSAPTSSSTK
KATELKHLQC LEEELKPLEE
DETATIVEFL NRWITFCQSI

moltype = AA length
Location/Qualifiers
1..598

mol_type = protein
organism = synthetic

SCKASGYTFT SYRMHWVRQA
MELSSLRSED TAVYYCARGG
LGCLVKDYFP EPVTVSWNSG
VNHKPSNTKV DKKVEPKSCD
VVVDVSHEDP EVKFNWYVDG
KVSNKALPAP IEKTISKAKG
ESNGQPENNY KTTPPVLDSD
SLSPGKGGGG SGGGGSGGGG
DNQKSCMSNC SITSICEKPQ
IMKEKKKPGE TFFMCSCSSD

moltype = AA length
Location/Qualifiers
1..597

mol_type = protein

VEPKSCDKTH
FNWYVDGVEV
TISKAKGQPR
PPVLDSDGSF
GGSGGGGSTI
SICEKPQEVC
MCSCSSDECN

= 600

construct

PGKGLEWVTF
WLGPFDYWGQ
SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGQPREPQVY
SDGSFFLYSK
GGSTIPPHVQ
PQEVCVAVWR
SDECNDNIIF

= 525

construct

TFKFYMPKKA
TTFMCEYADE
LGGPSVFLFP
QYNSTYRVVS
REEMTKNQVS
SRWQQGNVFES
DMIVTDNNGA
ITLETVCHDP
TSNPD

= 525

construct

NQKSCMSNCS
MKEKKKPGET
APELLGGPSYV
PREEQYNSTY
LPPSREEMTK
TVDKSRWQQG
KTQLQLEHLL
VLNLAQSKNF
ISTLT

= 598

construct

PGQGLEWIGY
GVFDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT
STIPPHVQKS
EVCVAVWRKN
ECNDNIIFSE

= 597

TCPPCPAPEL
HNAKTKPREE
EPQVYTLPPS
FLYSKLTVDK
PPHVQKSVNN
VAVWRKNDEN
DNIIFSEEYN

ISYDGNNKYY
GTLVTVSSAS
FPAVLQSSGL
PAPELLGGPS
KPREEQYNST
TLPPSRDELT
LTVDKSRWQQ
KSVNNDMIVT
KNDENITLET
SEEYNTSNPD

TELKHLQCLE
TATIVEFLNR
PKPKDTLMIS
VLTVLHQDWL
LTCLVKGFYP
CSVMHEALHN
VKFPQLCKFC
KLPYHDFILE

ITSICEKPQE
FFMCSCSSDE
FLFPPKPKDT
RVVSVLTVLH
NQVSLTCLVK
NVFSCSVMHE
LDLOMILNGI
HLRPRDLISN

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTKN
VDKSRWQQGN
VNNDMIVTDN
DENITLETVC
EYNTSNPD

240
300
360
420
480
540
600
605

60

120
180
240
300
360
420
480
540
600

60

120
180
240
300
360
420
480
525

60

120
180
240
300
360
420
480
525

60

120
180
240
300
360
420
480
540
598
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organism = synthetic construct
SEQUENCE: 9
QLOQSGTVLA RPGASVKMSC KASGYSFTRY WMHWIKQRPG QGLEWIGAIY PGNSDTSYNQ 60
KFEGKAKLTA VTSASTAYME LSSLTHEDSA VYYCSRDYGY YFDFWGQGTT LTVSSASTKG 120
PSVFPLAPSS KSTSGGTAAL GCLVKDYFPE PVTVSWNSGA LTSGVHTFPA VLQSSGLYSL 180
SSVVTVPSSS LGTQTYICNV NHKPSNTKVD KRVEPKSCDK THTCPPCPAP ELLGGPSVFL 240
FPPKPKDTLM ISRTPEVTCV VVDVSHEDPE VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV 300
VSVLTVLHQD WLNGKEYKCK VSNKALPAPI EKTISKAKGQ PREPQVYTLP PSRDELTKNQ 360
VSLTCLVKGF YPSDIAVEWE SNGQPENNYK TTPPVLDSDG SFFLYSKLTV DKSRWQQGNV 420
FSCSVMHEAL HNHYTQKSLS LSPGKGGGGS GGGGSGGGGS TIPPHVQKSV NNDMIVTDNN 480
GAVKFPQLCK FCDVRFSTCD NQKSCMSNCS ITSICEKPQE VCVAVWRKND ENITLETVCH 540
DPKLPYHDFI LEDAASPKCI MKEKKKPGET FFMCSCSSDE CNDNIIFSEE YNTSNPD 597
SEQ ID NO: 10 moltype = AA length = 603
FEATURE Location/Qualifiers
source 1..603

mol_type = protein

organism = synthetic construct
SEQUENCE: 10
QVQLQEAGPG LVKPSETLSL TCSVSGGSIS GDYYWFWIRQ SPGKGLEWIG YIYGSGGGTN 60
YNPSLNNRVS ISIDTSKNLF SLKLRSVTAA DTAVYYCASN ILKYLHWLLY WGQGVLVTVS 120
SASTKGPSVF PLAPSSKSTS GGTAALGCLV KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 180
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP SNTKVDKRVE PKSCDKTHTC PPCPAPELLG 240
GPSVFLFPPK PKDTLMISRT PEVTCVVVDV SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 300
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK ALPAPIEKTI SKAKGQPREP QVYTLPPSRD 360
ELTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 420
WQQOGNVFSCS VMHEALHNHY TQKSLSLSPG KGGGGSGGGG SGGGGSTIPP HVQKSVNNDM 480
IVTDNNGAVK FPQLCKFCDV RFSTCDNQKS CMSNCSITSI CEKPQEVCVA VWRKNDENIT 540
LETVCHDPKL PYHDFILEDA ASPKCIMKEK KKPGETFFMC SCSSDECNDN IIFSEEYNTS 600
NPD 603
SEQ ID NO: 11 moltype = AA length = 542
FEATURE Location/Qualifiers
source 1..542

mol_type = protein

organism = synthetic construct
SEQUENCE: 11
PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS ESFVLNWYRM SPSNQTDKLA 60
AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA 120
ELRVTERRAE VPTAHPSPSP RPAGQFQTLV GGGGSGGGGS GGGGSTHTCP PCPAPELLGG 180
PSVFLFPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN 240
STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSREE 300
MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 360
QQOGNVFSCSV MHEALHNHYT QKSLSLSPGK GGGGSGGGGS GGGGSTIPPH VQKSVNNDMI 420
VTDNNGAVKF PQLCKFCDVR FSTCDNQKSC MSNCSITSIC EKPQEVCVAV WRKNDENITL 480
ETVCHDPKLP YHDFILEDAA SPKCIMKEKK KPGETFFMCS CSSDECNDNI IFSEEYNTSN 540
PD 542
SEQ ID NO: 12 moltype = AA length = 542
FEATURE Location/Qualifiers
source 1..542

mol_type = protein

organism = synthetic construct
SEQUENCE: 12
TIPPHVQKSV NNDMIVTDNN GAVKFPQLCK FCDVRFSTCD NQKSCMSNCS ITSICEKPQE 60
VCVAVWRKND ENITLETVCH DPKLPYHDFI LEDAASPKCI MKEKKKPGET FFMCSCSSDE 120
CNDNIIFSEE YNTSNPDGGG GSGGGGSGGG GSTHTCPPCP APELLGGPSV FLFPPKPKDT 180
LMISRTPEVT CVVVDVSHED PEVKFNWYVD GVEVHNAKTK PREEQYNSTY RVVSVLTVLH 240
QDWLNGKEYK CKVSNKALPA PIEKTISKAK GQPREPQVYT LPPSREEMTK NQVSLTCLVK 300
GFYPSDIAVE WESNGQPENN YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE 360
ALHNHYTQKS LSLSPGKGGG GSGGGGSGGG GSPGWFLDSP DRPWNPPTFS PALLVVTEGD 420
NATFTCSFSN TSESFVLNWY RMSPSNQTDK LAAFPEDRSQ PGQDCRFRVT QLPNGRDFHM 480
SVVRARRNDS GTYLCGAISL APKAQIKESL RAELRVTERR AEVPTAHPSP SPRPAGQFQT 540
LV 542
SEQ ID NO: 13 moltype = AA length = 577
FEATURE Location/Qualifiers
source 1..577

mol_type = protein

organism = synthetic construct
SEQUENCE: 13
TIPPHVQKSV NNDMIVTDNN GAVKFPQLCK FCDVRFSTCD NQKSCMSNCS ITSICEKPQE 60
VCVAVWRKND ENITLETVCH DPKLPYHDFI LEDAASPKCI MKEKKKPGET FFMCSCSSDE 120
CNDNIIFSEE YNTSNPDGGG GSGGGGSGGG GSTHTCPPCP APELLGGPSV FLFPPKPKDT 180
LMISRTPEVT CVVVDVSHED PEVKFNWYVD GVEVHNAKTK PREEQYNSTY RVVSVLTVLH 240
QODWLNGKEYK CKVSNKALPA PIEKTISKAK GQPREPQVYT LPPSREEMTK NQVSLTCLVK 300
GFYPSDIAVE WESNGQPENN YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE 360
ALHNHYTQKS LSLSPGKGGG GSGGGGSGGG GSQIAPPCTS EKHYEHLGRC CNKCEPGKYM 420
SSKCTTTSDS VCLPCGPDEY LDSWNEEDKC LLHKVCDTGK ALVAVVAGNS TTPRRCACTA 480
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GYHWSQDCEC CRRNTECAPG
FLGKRVEHHG TEKSDAVCSS

SEQ ID NO: 14
FEATURE
source

SEQUENCE: 14

QIAPPCTSEK HYEHLGRCCN
HKVCDTGKAL VAVVAGNSTT
TVCKPCLAGY FSDAFSSTDK
VYLPGGGGGS GGGGSGGGGS
VVDVSHEDPE VKFNWYVDGV
VSNKALPAPI EKTISKAKGQ
SNGQPENNYK TTPPVLDSDG
LSPGKGGGGS GGGGSGGGGS
NQKSCMSNCS ITSICEKPQE
MKEKKKPGET FFMCSCSSDE

SEQ ID NO: 15
FEATURE
source

SEQUENCE: 15
EVQLVESGGG LVQPGGSLRL
ADSVKGRFTI SADTSKNTAY
ASTKGPSVFP LAPSSKSTSG
GLYSLSSVVT VPSSSLGTQT
PSVFLFPPKP KDTLMISRTP
STYRVVSVLT VLHQDWLNGK
MTKNQVSLTC LVKGFYPSDI
QQOGNVFSCSV MHEALHNHYT
TFSPALLVVT EGDNATFTCS
RVTQLPNGRD FHMSVVRARR
PSPSPRPAGQ FQTLV

SEQ ID NO: 16
FEATURE
source

SEQUENCE: 16
QVQLKQSGPG LVQPSQSLSI
TPFTSRLSIN KDNSKSQVFF
STKGPSVFPL APSSKSTSGG
LYSLSSVVTV PSSSLGTQTY
SVFLFPPKPK DTLMISRTPE
TYRVVSVLTV LHQDWLNGKE
TKNQVSLTCL VKGFYPSDIA
QGNVFSCSVM HEALHNHYTQ
FSPALLVVTE GDNATFTCSF
VTQLPNGRDF HMSVVRARRN
SPSPRPAGQF QTLV

SEQ ID NO: 17
FEATURE
source

SEQUENCE: 17
QVQOLQOPGAE LVKPGASVKM
NQKFKGKATL TADKSSSTAY
AASTKGPSVF PLAPSSKSTS
SGLYSLSSVV TVPSSSLGTQ
GPSVFLFPPK PKDTLMISRT
NSTYRVVSVL TVLHQDWLNG
ELTKNQVSLT CLVKGFYPSD
WOQGNVFSCS VMHEALHNHY
PTFSPALLVV TEGDNATFTC
FRVTQLPNGR DFHMSVVRAR
HPSPSPRPAG QFQTLV

SEQ ID NO: 18
FEATURE
source

LGAQHPLQLN KDTVCKPCLA
SLPARKPPNE PHVYLPG

moltype = AA length
Location/Qualifiers
1..577

mol_type = protein
organism = synthetic

KCEPGKYMSS KCTTTSDSVC
PRRCACTAGY HWSQDCECCR
CRPWTNCTFL GKRVEHHGTE
THTCPPCPAP ELLGGPSVFL
EVHNAKTKPR EEQYNSTYRV
PREPQVYTLP PSREEMTKNQ
SFFLYSKLTV DKSRWQQGNV
TIPPHVQKSV NNDMIVTDNN
VCVAVWRKND ENITLETVCH
CNDNIIFSEE YNTSNPD

moltype = AA length
Location/Qualifiers
1..615

mol_type = protein
organism = synthetic

SCAASGFNIK DTYIHWVRQA
LOMNSLRAED TAVYYCSRWG
GTAALGCLVK DYFPEPVTVS
YICNVNHKPS NTKVDKKVEP
EVTCVVVDVS HEDPEVKFNW
EYKCKVSNKA LPAPIEKTIS
AVEWESNGQP ENNYKTTPPV
QKSLSLSPGK GGGGSGGGGS
FSNTSESFVL NWYRMSPSNQ
NDSGTYLCGA ISLAPKAQIK

moltype = AA length
Location/Qualifiers
1..614

mol_type = protein
organism = synthetic

TCTVSGFSLT NYGVHWVRQS
KMNSLQSNDT AIYYCARALT
TAALGCLVKD YFPEPVTVSW
ICNVNHKPSN TKVDKRVEPK
VTCVVVDVSH EDPEVKENWY
YKCKVSNKAL PAPIEKTISK
VEWESNGQPE NNYKTTPPVL
KSLSLSPGKG GGGSGGGGSG
SNTSESFVLN WYRMSPSNQT
DSGTYLCGAI SLAPKAQIKE

moltype = AA length
Location/Qualifiers
1..616

mol_type = protein
organism = synthetic

SCKASGYTFT SYNMHWVKQT
MQLSSLTSED SAVYYCARST
GGTAALGCLV KDYFPEPVTV
TYICNVNHKP SNTKVDKKAE
PEVTCVVVDV SHEDPEVKFN
KEYKCKVSNK ALPAPIEKTI
IAVEWESNGQ PENNYKTTPP
TQKSLSLSPG KGGGGSGGGG
SFSNTSESFV LNWYRMSPSN
RNDSGTYLCG AISLAPKAQI

moltype = AA length
Location/Qualifiers
1..618

mol_type = protein
organism = synthetic

GYFSDAFSST DKCRPWTNCT

= 577

construct

LPCGPDEYLD SWNEEDKCLL
RNTECAPGLG AQHPLQLNKD
KSDAVCSSSL PARKPPNEPH
FPPKPKDTLM ISRTPEVTCV
VSVLTVLHQD WLNGKEYKCK
VSLTCLVKGF YPSDIAVEWE
FSCSVMHEAL HNHYTQKSLS
GAVKFPQLCK FCDVRFSTCD
DPKLPYHDFI LEDAASPKCI

= 615

construct

PGKGLEWVAR IYPTNGYTRY
GDGFYAMDYW GQGTLVTVSS
WNSGALTSGV HTFPAVLQSS
KSCDKTHTCP PCPAPELLGG
YVDGVEVHNA KTKPREEQYN
KAKGQPREPQ VYTLPPSREE
LDSDGSFFLY SKLTVDKSRW
GGGGSPGWFL DSPDRPWNPP
TDKLAAFPED RSQPGQDCRF
ESLRAELRVT ERRAEVPTAH

= 614

construct

PGKGLEWLGV IWSGGNTDYN
YYDYEFAYWG QGTLVTVSAA
NSGALTSGVH TFPAVLQSSG
SCDKTHTCPP CPAPELLGGP
VDGVEVHNAK TKPREEQYNS
AKGQPREPQV YTLPPSRDEL
DSDGSFFLYS KLTVDKSRWQ
GGGSPGWFLD SPDRPWNPPT
DKLAAFPEDR SQPGQDCRFR
SLRAELRVTE RRAEVPTAHP

= 616

construct

PGRGLEWIGA IYPGNGDTSY
YYGGDWYFNV WGAGTTVTVS
SWNSGALTSG VHTFPAVLQS
PKSCDKTHTC PPCPAPELLG
WYVDGVEVHN AKTKPREEQY
SKAKGQPREP QVYTLPPSRD
VLDSDGSFFL YSKLTVDKSR
SGGGGSPGWF LDSPDRPWNP
QTDKLAAFPE DRSQPGQDCR
KESLRAELRV TERRAEVPTA

= 618

construct

540
577

60

120
180
240
300
360
420
480
540
577

60

120
180
240
300
360
420
480
540
600
615

60

120
180
240
300
360
420
480
540
600
614

60

120
180
240
300
360
420
480
540
600
616
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SEQUENCE: 18
EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA PGKGLEWVGW INTYTGEPTY 60
AADFKRRFTF SLDTSKSTAY LQMNSLRAED TAVYYCAKYP HYYGSSHWYF DVWGQGTLVT 120
VSSASTKGPS VFPLAPSSKS TSGGTAALGC LVKDYFPEPV TVSWNSGALT SGVHTFPAVL 180
QSSGLYSLSS VVTVPSSSLG TQTYICNVNH KPSNTKVDKK VEPKSCDKTH TCPPCPAPEL 240
LGGPSVFLFP PKPKDTLMIS RTPEVTCVVV DVSHEDPEVK FNWYVDGVEV HNAKTKPREE 300
QYNSTYRVVS VLTVLHQDWL NGKEYKCKVS NKALPAPIEK TISKAKGQPR EPQVYTLPPS 360
REEMTKNQVS LTCLVKGFYP SDIAVEWESN GQPENNYKTT PPVLDSDGSF FLYSKLTVDK 420
SRWQQGNVFS CSVMHEALHN HYTQKSLSLS PGKGGGGSGG GGSGGGGSPG WFLDSPDRPW 480
NPPTFSPALL VVTEGDNATF TCSFSNTSES FVLNWYRMSP SNQTDKLAAF PEDRSQPGQD 540
CRFRVTQLPN GRDFHMSVVR ARRNDSGTYL CGAISLAPKA QIKESLRAEL RVTERRAEVP 600
TAHPSPSPRP AGQFQTLV 618
SEQ ID NO: 19 moltype = AA length = 613
FEATURE Location/Qualifiers
source 1..613

mol_type = protein

organism = synthetic construct
SEQUENCE: 19
QVQLVESGGG VVQPGRSLRL SCAASGFTFS SYTMHWVRQA PGKGLEWVTFEF ISYDGNNKYY 60
ADSVKGRFTI SRDNSKNTLY LQMNSLRAED TAIYYCARTG WLGPFDYWGQ GTLVTVSSAS 120
TKGPSVFPLA PSSKSTSGGT AALGCLVKDY FPEPVTVSWN SGALTSGVHT FPAVLQSSGL 180
YSLSSVVTVP SSSLGTQTYI CNVNHKPSNT KVDKRVEPKS CDKTHTCPPC PAPELLGGPS 240
VFLFPPKPKD TLMISRTPEV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT KPREEQYNST 300
YRVVSVLTVL HQDWLNGKEY KCKVSNKALP APIEKTISKA KGQPREPQVY TLPPSRDELT 360
KNQVSLTCLV KGFYPSDIAV EWESNGQPEN NYKTTPPVLD SDGSFFLYSK LTVDKSRWQQ 420
GNVFSCSVMH EALHNHYTQK SLSLSPGKGG GGSGGGGSGG GGSPGWFLDS PDRPWNPPTE 480
SPALLVVTEG DNATFTCSFS NTSESFVLNW YRMSPSNQTD KLAAFPEDRS QPGQDCRFRV 540
TQLPNGRDFH MSVVRARRND SGTYLCGAIS LAPKAQIKES LRAELRVTER RAEVPTAHPS 600
PSPRPAGQFQ TLV 613
SEQ ID NO: 20 moltype = AA length = 611
FEATURE Location/Qualifiers
source 1..611

mol_type = protein

organism = synthetic construct
SEQUENCE: 20
QVQLVQSGAE VKKPGSSVKV SCKASGYTFT SYRMHWVRQA PGQGLEWIGY INPSTGYTEY 60
NQKFKDKATI TADESTNTAY MELSSLRSED TAVYYCARGG GVFDYWGQGT LVTVSSASTK 120
GPSVFPLAPS SKSTSGGTAA LGCLVKDYFP EPVTVSWNSG ALTSGVHTFP AVLQSSGLYS 180
LSSVVTVPSS SLGTQTYICN VNHKPSNTKV DKKVEPKSCD KTHTCPPCPA PELLGGPSVF 240
LFPPKPKDTL MISRTPEVTC VVVDVSHEDP EVKFNWYVDG VEVHNAKTKP REEQYNSTYR 300
VVSVLTVLHQ DWLNGKEYKC KVSNKALPAP IEKTISKAKG QPREPQVYTL PPSRDELTKN 360
QVSLTCLVKG FYPSDIAVEW ESNGQPENNY KTTPPVLDSD GSFFLYSKLT VDKSRWQQGN 420
VEFSCSVMHEA LHNHYTQKSL SLSPGKGGGG SGGGGSGGGG SPGWFLDSPD RPWNPPTFSP 480
ALLVVTEGDN ATFTCSFSNT SESFVLNWYR MSPSNQTDKL AAFPEDRSQP GQODCRFRVTQ 540
LPNGRDFHMS VVRARRNDSG TYLCGAISLA PKAQIKESLR AELRVTERRA EVPTAHPSPS 600
PRPAGQFQTL V 611
SEQ ID NO: 21 moltype = AA length = 610
FEATURE Location/Qualifiers
source 1..610

mol_type = protein

organism = synthetic construct
SEQUENCE: 21
QLOQSGTVLA RPGASVKMSC KASGYSFTRY WMHWIKQRPG QGLEWIGAIY PGNSDTSYNQ 60
KFEGKAKLTA VTSASTAYME LSSLTHEDSA VYYCSRDYGY YFDFWGQGTT LTVSSASTKG 120
PSVFPLAPSS KSTSGGTAAL GCLVKDYFPE PVTVSWNSGA LTSGVHTFPA VLQSSGLYSL 180
SSVVTVPSSS LGTQTYICNV NHKPSNTKVD KRVEPKSCDK THTCPPCPAP ELLGGPSVFL 240
FPPKPKDTLM ISRTPEVTCV VVDVSHEDPE VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV 300
VSVLTVLHQD WLNGKEYKCK VSNKALPAPI EKTISKAKGQ PREPQVYTLP PSRDELTKNQ 360
VSLTCLVKGF YPSDIAVEWE SNGQPENNYK TTPPVLDSDG SFFLYSKLTV DKSRWQQGNV 420
FSCSVMHEAL HNHYTQKSLS LSPGKGGGGS GGGGSGGGGS PGWFLDSPDR PWNPPTFSPA 480
LLVVTEGDNA TFTCSFSNTS ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL 540
PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP 600
RPAGQFQTLV 610
SEQ ID NO: 22 moltype = AA length = 538
FEATURE Location/Qualifiers
source 1..538

mol_type = protein

organism = synthetic construct
SEQUENCE: 22
APTSSSTKKT QLQLEHLLLD LQMILNGINN YKNPKLTRML TFKFYMPKKA TELKHLQCLE 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE TTFMCEYADE TATIVEFLNR 120
WITFCQSIIS TLTGGGGSGG GGSGGGGSTH TCPPCPAPEL LGGPSVFLFP PKPKDTLMIS 180
RTPEVTCVVV DVSHEDPEVK FNWYVDGVEV HNAKTKPREE QYNSTYRVVS VLTVLHQDWL 240
NGKEYKCKVS NKALPAPIEK TISKAKGQPR EPQVYTLPPS REEMTKNQVS LTCLVKGFYP 300
SDIAVEWESN GQPENNYKTT PPVLDSDGSF FLYSKLTVDK SRWQQGNVFS CSVMHEALHN 360
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HYTQKSLSLS PGKGGGGSGG
TCSFSNTSES FVLNWYRMSP
ARRNDSGTYL CGAISLAPKA

SEQ ID NO: 23
FEATURE
source

SEQUENCE: 23

PGWFLDSPDR PWNPPTFSPA
AFPEDRSQPG QDCRFRVTQL
ELRVTERRAE VPTAHPSPSP
PSVFLFPPKP KDTLMISRTP
STYRVVSVLT VLHQDWLNGK
MTKNQVSLTC LVKGFYPSDI
QQOGNVFSCSV MHEALHNHYT
HLLLDLOMIL NGINNYKNPK
KNFHLRPRDL ISNINVIVLE

SEQ ID NO: 24
FEATURE
source

SEQUENCE: 24
QVQLQEAGPG LVKPSETLSL
YNPSLNNRVS ISIDTSKNLF
SASTKGPSVF PLAPSSKSTS
SGLYSLSSVV TVPSSSLGTQ
GPSVFLFPPK PKDTLMISRT
NSTYRVVSVL TVLHQDWLNG
ELTKNQVSLT CLVKGFYPSD
WQQOGNVFSCS VMHEALHNHY
PTFSPALLVV TEGDNATFTC
FRVTQLPNGR DFHMSVVRAR
HPSPSPRPAG QFQTLV

SEQ ID NO: 25
FEATURE
source

SEQUENCE: 25

QIAPPCTSEK HYEHLGRCCN
HKVCDTGKAL VAVVAGNSTT
TVCKPCLAGY FSDAFSSTDK
VYLPGGGGGS GGGGSGGGGS
VVDVSHEDPE VKFNWYVDGV
VSNKALPAPI EKTISKAKGQ
SNGQPENNYK TTPPVLDSDG
LSPGKGGGGS GGGGSGGGGS
ESFVLNWYRM SPSNQTDKLA
YLCGAISLAP KAQIKESLRA

SEQ ID NO: 26
FEATURE
source

SEQUENCE: 26

PGWFLDSPDR PWNPPTFSPA
AFPEDRSQPG QDCRFRVTQL
ELRVTERRAE VPTAHPSPSP
PSVFLFPPKP KDTLMISRTP
STYRVVSVLT VLHQDWLNGK
MTKNQVSLTC LVKGFYPSDI
QQGNVFSCSV MHEALHNHYT
GRCCNKCEPG KYMSSKCTTT
GNSTTPRRCA CTAGYHWSQD
SSTDKCRPWT NCTFLGKRVE

SEQ ID NO: 27
FEATURE
source

SEQUENCE: 27
EVQLVESGGG LVQPGGSLRL

GGSGGGGSPG WFLDSPDRPW
SNQTDKLAAF PEDRSQPGQD
QIKESLRAEL RVTERRAEVP

moltype = AA length
Location/Qualifiers
1..538

mol_type = protein
organism = synthetic

LLVVTEGDNA TFTCSFSNTS
PNGRDFHMSV VRARRNDSGT
RPAGQFQTLV GGGGSGGGGS
EVTCVVVDVS HEDPEVKFNW
EYKCKVSNKA LPAPIEKTIS
AVEWESNGQP ENNYKTTPPV
QKSLSLSPGK GGGGSGGGGS
LTRMLTFKFY MPKKATELKH
LKGSETTFMC EYADETATIV

moltype = AA length
Location/Qualifiers
1..616

mol_type = protein
organism = synthetic

TCSVSGGSIS GDYYWFWIRQ
SLKLRSVTAA DTAVYYCASN
GGTAALGCLV KDYFPEPVTV
TYICNVNHKP SNTKVDKRVE
PEVTCVVVDV SHEDPEVKFN
KEYKCKVSNK ALPAPIEKTI
IAVEWESNGQ PENNYKTTPP
TQKSLSLSPG KGGGGSGGGG
SFSNTSESFV LNWYRMSPSN
RNDSGTYLCG AISLAPKAQI

moltype = AA length
Location/Qualifiers
1..590

mol_type = protein
organism = synthetic

KCEPGKYMSS KCTTTSDSVC
PRRCACTAGY HWSQDCECCR
CRPWTNCTFL GKRVEHHGTE
THTCPPCPAP ELLGGPSVFL
EVHNAKTKPR EEQYNSTYRV
PREPQVYTLP PSREEMTKNQ
SFFLYSKLTV DKSRWQQGNV
PGWFLDSPDR PWNPPTFSPA
AFPEDRSQPG QDCRFRVTQL
ELRVTERRAE VPTAHPSPSP

moltype = AA length
Location/Qualifiers
1..590

mol_type = protein
organism = synthetic

LLVVTEGDNA TFTCSFSNTS
PNGRDFHMSV VRARRNDSGT
RPAGQFQTLV GGGGSGGGGS
EVTCVVVDVS HEDPEVKFNW
EYKCKVSNKA LPAPIEKTIS
AVEWESNGQP ENNYKTTPPV
QKSLSLSPGK GGGGSGGGGS
SDSVCLPCGP DEYLDSWNEE
CECCRRNTEC APGLGAQHPL
HHGTEKSDAV CSSSLPARKP

moltype = AA length
Location/Qualifiers
1..650

mol_type = protein
organism = synthetic

SCAASGFNIK DTYIHWVRQA

NPPTFSPALL VVTEGDNATF
CRFRVTQLPN GRDFHMSVVR
TAHPSPSPRP AGQFQTLV

= 538

construct

ESFVLNWYRM SPSNQTDKLA
YLCGAISLAP KAQIKESLRA
GGGGSTHTCP PCPAPELLGG
YVDGVEVHNA KTKPREEQYN
KAKGQPREPQ VYTLPPSREE
LDSDGSFFLY SKLTVDKSRW
GGGGSAPTSS STKKTQLQLE
LQCLEEELKP LEEVLNLAQS
EFLNRWITFC QSIISTLT

= 616

construct

SPGKGLEWIG YIYGSGGGTN
ILKYLHWLLY WGQGVLVTVS
SWNSGALTSG VHTFPAVLQS
PKSCDKTHTC PPCPAPELLG
WYVDGVEVHN AKTKPREEQY
SKAKGQPREP QVYTLPPSRD
VLDSDGSFFL YSKLTVDKSR
SGGGGSPGWF LDSPDRPWNP
QTDKLAAFPE DRSQPGQDCR
KESLRAELRV TERRAEVPTA

= 590

construct

LPCGPDEYLD SWNEEDKCLL
RNTECAPGLG AQHPLQLNKD
KSDAVCSSSL PARKPPNEPH
FPPKPKDTLM ISRTPEVTCV
VSVLTVLHQD WLNGKEYKCK
VSLTCLVKGF YPSDIAVEWE
FSCSVMHEAL HNHYTQKSLS
LLVVTEGDNA TFTCSFSNTS
PNGRDFHMSV VRARRNDSGT
RPAGQFQTLV

= 590

construct

ESFVLNWYRM SPSNQTDKLA
YLCGAISLAP KAQIKESLRA
GGGGSTHTCP PCPAPELLGG
YVDGVEVHNA KTKPREEQYN
KAKGQPREPQ VYTLPPSREE
LDSDGSFFLY SKLTVDKSRW
GGGGSQIAPP CTSEKHYEHL
DKCLLHKVCD TGKALVAVVA
QLNKDTVCKP CLAGYFSDAF
PNEPHVYLPG

= 650

construct

PGKGLEWVAR IYPTNGYTRY

420
480
538

60

120
180
240
300
360
420
480
538

60

120
180
240
300
360
420
480
540
600
616

60

120
180
240
300
360
420
480
540
590

60

120
180
240
300
360
420
480
540
590

60
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ADSVKGRFTI SADTSKNTAY
ASTKGPSVFP LAPSSKSTSG
GLYSLSSVVT VPSSSLGTQT
PSVFLFPPKP KDTLMISRTP
STYRVVSVLT VLHQDWLNGK
MTKNQVSLTC LVKGFYPSDI
QQGNVFSCSV MHEALHNHYT
GRCCNKCEPG KYMSSKCTTT
GNSTTPRRCA CTAGYHWSQD
SSTDKCRPWT NCTFLGKRVE

SEQ ID NO: 28
FEATURE
source

SEQUENCE: 28

QVQLKQSGPG LVQPSQSLSI
TPFTSRLSIN KDNSKSQVFF
STKGPSVFPL APSSKSTSGG
LYSLSSVVTV PSSSLGTQTY
SVFLFPPKPK DTLMISRTPE
TYRVVSVLTV LHQDWLNGKE
TKNQVSLTCL VKGFYPSDIA
QGNVFSCSVM HEALHNHYTQ
RCCNKCEPGK YMSSKCTTTS
NSTTPRRCAC TAGYHWSQDC
STDKCRPWTN CTFLGKRVEH

SEQ ID NO: 29
FEATURE
source

SEQUENCE: 29
QVQLQQPGAE LVKPGASVKM
NQKFKGKATL TADKSSSTAY
AASTKGPSVF PLAPSSKSTS
SGLYSLSSVV TVPSSSLGTQ
GPSVFLFPPK PKDTLMISRT
NSTYRVVSVL TVLHQDWLNG
ELTKNQVSLT CLVKGFYPSD
WQQGNVFSCS VMHEALHNHY
LGRCCNKCEP GKYMSSKCTT
AGNSTTPRRC ACTAGYHWSQ
FSSTDKCRPW TNCTFLGKRV

SEQ ID NO: 30
FEATURE
source

SEQUENCE: 30

EVQLVESGGG LVQPGGSLRL
AADFKRRFTF SLDTSKSTAY
VSSASTKGPS VFPLAPSSKS
QSSGLYSLSS VVTVPSSSLG
LGGPSVFLFP PKPKDTLMIS
QYNSTYRVVS VLTVLHQDWL
REEMTKNQVS LTCLVKGFYP
SRWQQGNVFS CSVMHEALHN
EHLGRCCNKC EPGKYMSSKC
VVAGNSTTPR RCACTAGYHW
DAFSSTDKCR PWTNCTFLGK

SEQ ID NO: 31
FEATURE
source

SEQUENCE: 31

QVQLVESGGG VVQPGRSLRL
ADSVKGRFTI SRDNSKNTLY
TKGPSVFPLA PSSKSTSGGT
YSLSSVVTVP SSSLGTQTYI
VFLFPPKPKD TLMISRTPEV
YRVVSVLTVL HQDWLNGKEY
KNQVSLTCLV KGFYPSDIAV
GNVFSCSVMH EALHNHYTQK

LOMNSLRAED TAVYYCSRWG
GTAALGCLVK DYFPEPVTVS
YICNVNHKPS NTKVDKKVEP
EVTCVVVDVS HEDPEVKFNW
EYKCKVSNKA LPAPIEKTIS
AVEWESNGQP ENNYKTTPPV
QKSLSLSPGK GGGGSGGGGS
SDSVCLPCGP DEYLDSWNEE
CECCRRNTEC APGLGAQHPL
HHGTEKSDAV CSSSLPARKP

moltype = AA length
Location/Qualifiers
1..649

mol_type = protein
organism = synthetic

TCTVSGFSLT NYGVHWVRQS
KMNSLQSNDT AIYYCARALT
TAALGCLVKD YFPEPVTVSW
ICNVNHKPSN TKVDKRVEPK
VTCVVVDVSH EDPEVKEFNWY
YKCKVSNKAL PAPIEKTISK
VEWESNGQPE NNYKTTPPVL
KSLSLSPGKG GGGSGGGGSG
DSVCLPCGPD EYLDSWNEED
ECCRRNTECA PGLGAQHPLQ
HGTEKSDAVC SSSLPARKPP

moltype = AA length
Location/Qualifiers
1..651

mol_type = protein
organism = synthetic

SCKASGYTFT SYNMHWVKQT
MQLSSLTSED SAVYYCARST
GGTAALGCLV KDYFPEPVTV
TYICNVNHKP SNTKVDKKAE
PEVTCVVVDV SHEDPEVKFN
KEYKCKVSNK ALPAPIEKTI
IAVEWESNGQ PENNYKTTPP
TQKSLSLSPG KGGGGSGGGG
TSDSVCLPCG PDEYLDSWNE
DCECCRRNTE CAPGLGAQHP
EHHGTEKSDA VCSSSLPARK

moltype = AA length
Location/Qualifiers
1..653

mol_type = protein
organism = synthetic

SCAASGYTFT NYGMNWVRQA
LOMNSLRAED TAVYYCAKYP
TSGGTAALGC LVKDYFPEPV
TQTYICNVNH KPSNTKVDKK
RTPEVTCVVV DVSHEDPEVK
NGKEYKCKVS NKALPAPIEK
SDIAVEWESN GQPENNYKTT
HYTQKSLSLS PGKGGGGSGG
TTTSDSVCLP CGPDEYLDSW
SQDCECCRRN TECAPGLGAQ
RVEHHGTEKS DAVCSSSLPA

moltype = AA length
Location/Qualifiers
1..648

mol_type = protein
organism = synthetic

SCAASGFTFS SYTMHWVRQA
LOMNSLRAED TAIYYCARTG
AALGCLVKDY FPEPVTVSWN
CNVNHKPSNT KVDKRVEPKS
TCVVVDVSHE DPEVKFNWYV
KCKVSNKALP APIEKTISKA
EWESNGQPEN NYKTTPPVLD
SLSLSPGKGG GGSGGGGSGG

GDGFYAMDYW
WNSGALTSGV
KSCDKTHTCP
YVDGVEVHNA
KAKGQPREPQ
LDSDGSFFLY
GGGGSQIAPP
DKCLLHKVCD
QLNKDTVCKP
PNEPHVYLPG

= 649

construct

PGKGLEWLGV
YYDYEFAYWG
NSGALTSGVH
SCDKTHTCPP
VDGVEVHNAK
AKGQPREPQV
DSDGSFFLYS
GGGSQIAPPC
KCLLHKVCDT
LNKDTVCKPC
NEPHVYLPG

= 651

construct

PGRGLEWIGA
YYGGDWYFNV
SWNSGALTSG
PKSCDKTHTC
WYVDGVEVHN
SKAKGQPREP
VLDSDGSFFL
SGGGGSQIAP
EDKCLLHKVC
LQLNKDTVCK
PPNEPHVYLP

= 653

construct

PGKGLEWVGW
HYYGSSHWYF
TVSWNSGALT
VEPKSCDKTH
FNWYVDGVEV
TISKAKGQPR
PPVLDSDGSF
GGSGGGGSQI
NEEDKCLLHK
HPLQLNKDTV
RKPPNEPHVY

= 648

construct

PGKGLEWVTF
WLGPFDYWGQ
SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGQPREPQVY
SDGSFFLYSK
GGSQIAPPCT

GQGTLVTVSS
HTFPAVLQSS
PCPAPELLGG
KTKPREEQYN
VYTLPPSREE
SKLTVDKSRW
CTSEKHYEHL
TGKALVAVVA
CLAGYFSDAF

IWSGGNTDYN
QGTLVTVSAA
TFPAVLQSSG
CPAPELLGGP
TKPREEQYNS
YTLPPSRDEL
KLTVDKSRWQ
TSEKHYEHLG
GKALVAVVAG
LAGYFSDAFS

IYPGNGDTSY
WGAGTTVTVS
VHTFPAVLQS
PPCPAPELLG
AKTKPREEQY
QVYTLPPSRD
YSKLTVDKSR
PCTSEKHYEH
DTGKALVAVV
PCLAGYFSDA
G

INTYTGEPTY
DVWGQGTLVT
SGVHTFPAVL
TCPPCPAPEL
HNAKTKPREE
EPQVYTLPPS
FLYSKLTVDK
APPCTSEKHY
VCDTGKALVA
CKPCLAGYFS
LPG

ISYDGNNKYY
GTLVTVSSAS
FPAVLQSSGL
PAPELLGGPS
KPREEQYNST
TLPPSRDELT
LTVDKSRWQQ
SEKHYEHLGR

120
180
240
300
360
420
480
540
600
650

60

120
180
240
300
360
420
480
540
600
649

60

120
180
240
300
360
420
480
540
600
651

60

120
180
240
300
360
420
480
540
600
653

60

120
180
240
300
360
420
480
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CCNKCEPGKY MSSKCTTTSD
STTPRRCACT AGYHWSQDCE
TDKCRPWTNC TFLGKRVEHH

SEQ ID NO: 32
FEATURE
source

SEQUENCE: 32

QVQLVQSGAE VKKPGSSVKV
NQKFKDKATI TADESTNTAY
GPSVFPLAPS SKSTSGGTAA
LSSVVTVPSS SLGTQTYICN
LFPPKPKDTL MISRTPEVTC
VVSVLTVLHQ DWLNGKEYKC
QVSLTCLVKG FYPSDIAVEW
VFSCSVMHEA LHNHYTQKSL
NKCEPGKYMS SKCTTTSDSV
TPRRCACTAG YHWSQDCECC
KCRPWTNCTF LGKRVEHHGT

SEQ ID NO: 33
FEATURE
source

SEQUENCE: 33

QLQQSGTVLA RPGASVKMSC
KFEGKAKLTA VTSASTAYME
PSVFPLAPSS KSTSGGTAAL
SSVVTVPSSS LGTQTYICNV
FPPKPKDTLM ISRTPEVTCV
VSVLTVLHQD WLNGKEYKCK
VSLTCLVKGF YPSDIAVEWE
FSCSVMHEAL HNHYTQKSLS
KCEPGKYMSS KCTTTSDSVC
PRRCACTAGY HWSQDCECCR
CRPWTNCTFL GKRVEHHGTE

SEQ ID NO: 34
FEATURE
source

SEQUENCE: 34

APTSSSTKKT QLQLEHLLLD
EELKPLEEVL NLAQSKNFHL
WITFCQSIIS TLTGGGGSGG
RTPEVTCVVV DVSHEDPEVK
NGKEYKCKVS NKALPAPIEK
SDIAVEWESN GQPENNYKTT
HYTQKSLSLS PGKGGGGSGG
TTTSDSVCLP CGPDEYLDSW
SQDCECCRRN TECAPGLGAQ
RVEHHGTEKS DAVCSSSLPA

SEQ ID NO: 35
FEATURE
source

SEQUENCE: 35

QIAPPCTSEK HYEHLGRCCN
HKVCDTGKAL VAVVAGNSTT
TVCKPCLAGY FSDAFSSTDK
VYLPGGGGGS GGGGSGGGGS
VVDVSHEDPE VKFNWYVDGV
VSNKALPAPI EKTISKAKGQ
SNGQPENNYK TTPPVLDSDG
LSPGKGGGGS GGGGSGGGGS
TFKFYMPKKA TELKHLQCLE
TTFMCEYADE TATIVEFLNR

SEQ ID NO: 36
FEATURE
source

SVCLPCGPDE YLDSWNEEDK
CCRRNTECAP GLGAQHPLOQL
GTEKSDAVCS SSLPARKPPN

moltype = AA length
Location/Qualifiers
1..646

mol_type = protein
organism = synthetic

SCKASGYTFT SYRMHWVRQA
MELSSLRSED TAVYYCARGG
LGCLVKDYFP EPVTVSWNSG
VNHKPSNTKV DKKVEPKSCD
VVVDVSHEDP EVKFNWYVDG
KVSNKALPAP IEKTISKAKG
ESNGQPENNY KTTPPVLDSD
SLSPGKGGGG SGGGGSGGGG
CLPCGPDEYL DSWNEEDKCL
RRNTECAPGL GAQHPLQLNK
EKSDAVCSSS LPARKPPNEP

moltype = AA length
Location/Qualifiers
1..645

mol_type = protein
organism = synthetic

KASGYSFTRY WMHWIKQRPG
LSSLTHEDSA VYYCSRDYGY
GCLVKDYFPE PVTVSWNSGA
NHKPSNTKVD KRVEPKSCDK
VVDVSHEDPE VKFNWYVDGV
VSNKALPAPI EKTISKAKGQ
SNGQPENNYK TTPPVLDSDG
LSPGKGGGGS GGGGSGGGGS
LPCGPDEYLD SWNEEDKCLL
RNTECAPGLG AQHPLQLNKD
KSDAVCSSSL PARKPPNEPH

moltype = AA length
Location/Qualifiers
1..573

mol_type = protein
organism = synthetic

LOMILNGINN YKNPKLTRML
RPRDLISNIN VIVLELKGSE
GGSGGGGSTH TCPPCPAPEL
FNWYVDGVEV HNAKTKPREE
TISKAKGQPR EPQVYTLPPS
PPVLDSDGSF FLYSKLTVDK
GGSGGGGSQI APPCTSEKHY
NEEDKCLLHK VCDTGKALVA
HPLQLNKDTV CKPCLAGYFS
RKPPNEPHVY LPG

moltype = AA length
Location/Qualifiers
1..573

mol_type = protein
organism = synthetic

KCEPGKYMSS KCTTTSDSVC
PRRCACTAGY HWSQDCECCR
CRPWTNCTFL GKRVEHHGTE
THTCPPCPAP ELLGGPSVFL
EVHNAKTKPR EEQYNSTYRV
PREPQVYTLP PSREEMTKNQ
SFFLYSKLTV DKSRWQQGNV
APTSSSTKKT QLQLEHLLLD
EELKPLEEVL NLAQSKNFHL
WITFCQSIIS TLT

moltype = AA length
Location/Qualifiers
1..651

mol_type = protein
organism = synthetic

CLLHKVCDTG KALVAVVAGN
NKDTVCKPCL AGYFSDAFSS
EPHVYLPG

= 646

construct

PGQGLEWIGY INPSTGYTEY
GVFDYWGQGT LVTVSSASTK
ALTSGVHTFP AVLQSSGLYS
KTHTCPPCPA PELLGGPSVF
VEVHNAKTKP REEQYNSTYR
QPREPQVYTL PPSRDELTKN
GSFFLYSKLT VDKSRWQQGN
SQIAPPCTSE KHYEHLGRCC
LHKVCDTGKA LVAVVAGNST
DTVCKPCLAG YFSDAFSSTD
HVYLPG

= 645

construct

QGLEWIGAIY PGNSDTSYNQ
YFDFWGQGTT LTVSSASTKG
LTSGVHTFPA VLQSSGLYSL
THTCPPCPAP ELLGGPSVFL
EVHNAKTKPR EEQYNSTYRV
PREPQVYTLP PSRDELTKNQ
SFFLYSKLTV DKSRWQQGNV
QIAPPCTSEK HYEHLGRCCN
HKVCDTGKAL VAVVAGNSTT
TVCKPCLAGY FSDAFSSTDK
VYLPG

= 573

construct

TFKFYMPKKA TELKHLQCLE
TTFMCEYADE TATIVEFLNR
LGGPSVFLFP PKPKDTLMIS
QYNSTYRVVS VLTVLHQDWL
REEMTKNQVS LTCLVKGFYP
SRWQQGNVFS CSVMHEALHN
EHLGRCCNKC EPGKYMSSKC
VVAGNSTTPR RCACTAGYHW
DAFSSTDKCR PWTNCTFLGK

= 573

construct

LPCGPDEYLD SWNEEDKCLL
RNTECAPGLG AQHPLQLNKD
KSDAVCSSSL PARKPPNEPH
FPPKPKDTLM ISRTPEVTCV
VSVLTVLHQD WLNGKEYKCK
VSLTCLVKGF YPSDIAVEWE
FSCSVMHEAL HNHYTQKSLS
LOMILNGINN YKNPKLTRML
RPRDLISNIN VIVLELKGSE

= 651

construct

540
600
648

60

120
180
240
300
360
420
480
540
600
646

60

120
180
240
300
360
420
480
540
600
645

60

120
180
240
300
360
420
480
540
573

60

120
180
240
300
360
420
480
540
573
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SEQUENCE: 36
QVQLQEAGPG LVKPSETLSL TCSVSGGSIS GDYYWFWIRQ SPGKGLEWIG YIYGSGGGTN 60
YNPSLNNRVS ISIDTSKNLF SLKLRSVTAA DTAVYYCASN ILKYLHWLLY WGQGVLVTVS 120
SASTKGPSVF PLAPSSKSTS GGTAALGCLV KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 180
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP SNTKVDKRVE PKSCDKTHTC PPCPAPELLG 240
GPSVFLFPPK PKDTLMISRT PEVTCVVVDV SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 300
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK ALPAPIEKTI SKAKGQPREP QVYTLPPSRD 360
ELTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 420
WQQOGNVFSCS VMHEALHNHY TQKSLSLSPG KGGGGSGGGG SGGGGSQIAP PCTSEKHYEH 480
LGRCCNKCEP GKYMSSKCTT TSDSVCLPCG PDEYLDSWNE EDKCLLHKVC DTGKALVAVV 540
AGNSTTPRRC ACTAGYHWSQ DCECCRRNTE CAPGLGAQHP LQLNKDTVCK PCLAGYFSDA 600
FSSTDKCRPW TNCTFLGKRV EHHGTEKSDA VCSSSLPARK PPNEPHVYLP G 651
SEQ ID NO: 37 moltype = AA length = 755
FEATURE Location/Qualifiers
source 1..755

mol_type = protein

organism = synthetic construct
SEQUENCE: 37
EVQLVESGGG LVQPGRSLRL SCAASGFTFD DYAMHWVRQA PGKGLEWVSA ITWNSGHIDY 60
ADSVEGRFTI SRDNAKNSLY LQMNSLRAED TAVYYCALVS YLSTASSLDY WGQGTLVTVS 120
SASTKGPSVF PLAPSSKSTS GGTAALGCLV KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 180
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP SNTKVDKKAE PKSCDKTHTC PPCPAPELLG 240
GPSVFLFPPK PKDTLMISRT PEVTCVVVDV SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 300
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK ALPAPIEKTI SKAKGQPREP QVYTLPPSRD 360
ELTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 420
WQQOGNVFSCS VMHEALHNHY TQKSLSLSPG KGGGGSGGGG SGGGGSRIFA VFIFMTYWHL 480
LNAFTVTVPK DLYVVEYGSN MTIECKFPVE KQLDLAALIV YWEMEDKNII QFVHGEEDLK 540
VOHSSYRQRA RLLKDQLSLG NAALQITDVK LQDAGVYRCM ISYGGADYKR ITVKVNAPYN 600
KINQRILVVD PVTSEHELTC QAEGYPKAEV IWTSSDHQVL SGKTTTTNSK REEKLFNVTS 660
TLRINTTTNE IFYCTFRRLD PEENHTAELV IPELPLAHPP NERTHLVILG AILLCLGVAL 720
TFIFRLRKGR MMDVKKCGIQ DTNSKKQSDT HLEET 755
SEQ ID NO: 38 moltype = AA length = 771
FEATURE Location/Qualifiers
source 1..771

mol_type = protein

organism = synthetic construct
SEQUENCE: 38
LPAQVAFTPY APEPGSTCRL REYYDQTAQM CCSKCSPGQH AKVFCTKTSD TVCDSCEDST 60
YTQLWNWVPE CLSCGSRCSS DQVETQACTR EQNRICTCRP GWYCALSKQE GCRLCAPLRK 120
CRPGFGVARP GTETSDVVCK PCAPGTFSNT TSSTDICRPH QICNVVAIPG NASMDAVCTS 180
TSPTRSMAPG AVHLPQPVST RSQHTQPTPE PSTAPSTSFL LPMGPSPPAE GSTGDEPKSC 240
DKTHTCPPCP APELLGGPSV FLFPPKPKDT LMISRTPEVT CVVVDVSHED PEVKFNWYVD 300
GVEVHNAKTK PREEQYNSTY RVVSVLTVLH QDWLNGKEYK CKVSNKALPA PIEKTISKAK 360
GQPREPQVYT LPPSREEMTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS 420
DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE ALHNHYTQKS LSLSPGKGGG GSGGGGSGGG 480
GSRIFAVFIF MTYWHLLNAF TVTVPKDLYV VEYGSNMTIE CKFPVEKQLD LAALIVYWEM 540
EDKNIIQFVH GEEDLKVQHS SYRQRARLLK DQLSLGNAAL QITDVKLQDA GVYRCMISYG 600
GADYKRITVK VNAPYNKINQ RILVVDPVTS EHELTCQAEG YPKAEVIWTS SDHQVLSGKT 660
TTTNSKREEK LFNVTSTLRI NTTTNEIFYC TFRRLDPEEN HTAELVIPEL PLAHPPNERT 720
HLVILGAILL CLGVALTFIF RLRKGRMMDV KKCGIQDTNS KKQSDTHLEE T 771
SEQ ID NO: 39 moltype = AA length = 787
FEATURE Location/Qualifiers
source 1..787

mol_type = protein

organism = synthetic construct
SEQUENCE: 39
MRIFAVFIFM TYWHLLNAFT VTVPKDLYVV EYGSNMTIEC KFPVEKQLDL AALIVYWEME 60
DKNIIQFVHG EEDLKVQHSS YRQRARLLKD QLSLGNAALQ ITDVKLQDAG VYRCMISYGG 120
ADYKRITVKV NAPYNKINQR ILVVDPVTSE HELTCQAEGY PKAEVIWTSS DHQVLSGKTT 180
TTNSKREEKL FNVTSTLRIN TTTNEIFYCT FRRLDPEENH TAELVIPELP LAHPPNERTH 240
LVILGAILLC LGVALTFIFR LRKGRMMDVK KCGIQDTNSK KQSDTHLEET GGGGSGGGGS 300
GGGGSEPKSC DKTHTCPPCP APELLGGPSV FLFPPKPKDT LMISRTPEVT CVVVDVSHED 360
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY RVVSVLTVLH QDWLNGKEYK CKVSNKALPA 420
PIEKTISKAK GQPREPQVYT LPPSREEMTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN 480
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE ALHNHYTQKS LSLSPGKGGG 540
GSGGGGSGGG GSLPAQVAFT PYAPEPGSTC RLREYYDQTA QMCCSKCSPG QHAKVFCTKT 600
SDTVCDSCED STYTQLWNWV PECLSCGSRC SSDQVETQAC TREQNRICTC RPGWYCALSK 660
QEGCRLCAPL RKCRPGFGVA RPGTETSDVV CKPCAPGTFS NTTSSTDICR PHQICNVVAI 720
PGNASMDAVC TSTSPTRSMA PGAVHLPQPV STRSQHTQPT PEPSTAPSTS FLLPMGPSPP 780
AEGSTGD 787
SEQ ID NO: 40 moltype = AA length = 755
FEATURE Location/Qualifiers
source 1..755

mol_type = protein

organism = synthetic construct
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SEQUENCE: 40
QVOLQQPGAE LVKPGASVKM
NQKFKGKATL TADKSSSTAY
AASTKGPSVF PLAPSSKSTS
SGLYSLSSVV TVPSSSLGTQ
GPSVFLFPPK PKDTLMISRT
NSTYRVVSVL TVLHQDWLNG
ELTKNQVSLT CLVKGFYPSD
WQQGNVFSCS VMHEALHNHY
LNAFTVTVPK DLYVVEYGSN
VQHSSYRQRA RLLKDQLSLG
KINQRILVVD PVTSEHELTC
TLRINTTTNE IFYCTFRRLD
TFIFRLRKGR MMDVKKCGIQ

SEQ ID NO: 41
FEATURE
source

SEQUENCE: 41
QVQLVQSGAE VKKPGSSVKV
NQKFKDKATI TADESTNTAY
GPSVFPLAPS SKSTSGGTAA
LSSVVTVPSS SLGTQTYICN
LFPPKPKDTL MISRTPEVTC
VVSVLTVLHQ DWLNGKEYKC
QVSLTCLVKG FYPSDIAVEW
VFSCSVMHEA LHNHYTQKSL
VTVPKDLYVV EYGSNMTIEC
YRQRARLLKD QLSLGNAALQ
ILVVDPVTSE HELTCQAEGY
TTTNEIFYCT FRRLDPEENH
LRKGRMMDVK KCGIQDTNSK

SEQ ID NO: 42
FEATURE
source

SEQUENCE: 42
QLQQOSGTVLA RPGASVKMSC
KFEGKAKLTA VTSASTAYME
PSVFPLAPSS KSTSGGTAAL
SSVVTVPSSS LGTQTYICNV
FPPKPKDTLM ISRTPEVTCV
VSVLTVLHQD WLNGKEYKCK
VSLTCLVKGF YPSDIAVEWE
FSCSVMHEAL HNHYTQKSLS
TVPKDLYVVE YGSNMTIECK
RORARLLKDQ LSLGNAALQI
LVVDPVTSEH ELTCQAEGYP
TTNEIFYCTF RRLDPEENHT
RKGRMMDVKK CGIQDTNSKK

SEQ ID NO: 43
FEATURE
source

SEQUENCE: 43
MRIFAVFIFM TYWHLLNAFT
DKNIIQFVHG EEDLKVQHSS
ADYKRITVKV NAPYNKINQR
TTNSKREEKL FNVTSTLRIN
LVILGAILLC LGVALTFIFR
GGGGSTHTCP PCPAPELLGG
YVDGVEVHNA KTKPREEQYN
KAKGQPREPQ VYTLPPSREE
LDSDGSFFLY SKLTVDKSRW
GGGGSAPTSS STKKTQLQLE
LQCLEEELKP LEEVLNLAQS
EFLNRWITFC QSIISTLT

SEQ ID NO: 44
FEATURE
source

SCKASGYTFT SYNMHWVKQT
MQLSSLTSED SAVYYCARST
GGTAALGCLV KDYFPEPVTV
TYICNVNHKP SNTKVDKKAE
PEVTCVVVDV SHEDPEVKEFN
KEYKCKVSNK ALPAPIEKTI
IAVEWESNGQ PENNYKTTPP
TQKSLSLSPG KGGGGSGGGG
MTIECKFPVE KQLDLAALIV
NAALQITDVK LQDAGVYRCM
QAEGYPKAEV IWTSSDHQVL
PEENHTAELV IPELPLAHPP
DTNSKKQSDT HLEET

moltype = AA length
Location/Qualifiers
1..750

mol_type = protein
organism = synthetic

SCKASGYTFT SYRMHWVRQA
MELSSLRSED TAVYYCARGG
LGCLVKDYFP EPVTVSWNSG
VNHKPSNTKV DKKVEPKSCD
VVVDVSHEDP EVKFNWYVDG
KVSNKALPAP IEKTISKAKG
ESNGQPENNY KTTPPVLDSD
SLSPGKGGGG SGGGGSGGGG
KFPVEKQLDL AALIVYWEME
ITDVKLQDAG VYRCMISYGG
PKAEVIWTSS DHQVLSGKTT
TAELVIPELP LAHPPNERTH
KQSDTHLEET

moltype = AA length
Location/Qualifiers
1..749

mol_type = protein
organism = synthetic

KASGYSFTRY WMHWIKQRPG
LSSLTHEDSA VYYCSRDYGY
GCLVKDYFPE PVTVSWNSGA
NHKPSNTKVD KRVEPKSCDK
VVDVSHEDPE VKFNWYVDGV
VSNKALPAPI EKTISKAKGQ
SNGQPENNYK TTPPVLDSDG
LSPGKGGGGS GGGGSGGGGS
FPVEKQLDLA ALIVYWEMED
TDVKLQDAGV YRCMISYGGA
KAEVIWTSSD HQVLSGKTTT
AELVIPELPL AHPPNERTHL
QSDTHLEET

moltype = AA length
Location/Qualifiers
1..678

mol_type = protein
organism = synthetic

VTVPKDLYVV EYGSNMTIEC
YRQRARLLKD QLSLGNAALQ
ILVVDPVTSE HELTCQAEGY
TTTNEIFYCT FRRLDPEENH
LRKGRMMDVK KCGIQDTNSK
PSVFLFPPKP KDTLMISRTP
STYRVVSVLT VLHQDWLNGK
MTKNQVSLTC LVKGFYPSDI
QQGNVFSCSV MHEALHNHYT
HLLLDLOMIL NGINNYKNPK
KNFHLRPRDL ISNINVIVLE

moltype = AA length
Location/Qualifiers
1..677

mol_type = protein
organism = synthetic

PGRGLEWIGA
YYGGDWYFNV
SWNSGALTSG
PKSCDKTHTC
WYVDGVEVHN
SKAKGQPREP
VLDSDGSFFL
SGGGGSRIFA
YWEMEDKNII
ISYGGADYKR
SGKTTTTNSK
NERTHLVILG

= 750

construct

PGQGLEWIGY
GVFDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT
SRIFAVFIFM
DKNIIQFVHG
ADYKRITVKV
TTNSKREEKL
LVILGAILLC

= 749

construct

QGLEWIGAIY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP
SFFLYSKLTV
RIFAVFIFMT
KNIIQFVHGE
DYKRITVKVN
TNSKREEKLF
VILGAILLCL

= 678

construct

KFPVEKQLDL
ITDVKLQDAG
PKAEVIWTSS
TAELVIPELP
KQSDTHLEET
EVTCVVVDVS
EYKCKVSNKA
AVEWESNGQP
QKSLSLSPGK
LTRMLTFKFY
LKGSETTFMC

= 677

construct

IYPGNGDTSY
WGAGTTVTVS
VHTFPAVLQS
PPCPAPELLG
AKTKPREEQY
QVYTLPPSRD
YSKLTVDKSR
VFIFMTYWHL
QFVHGEEDLK
ITVKVNAPYN
REEKLFNVTS
AILLCLGVAL

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTKN
VDKSRWQQGN
TYWHLLNAFT
EEDLKVQHSS
NAPYNKINQR
FNVTSTLRIN
LGVALTFIFR

PGNSDTSYNQ
LTVSSASTKG
VLQSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DKSRWQQGNV
YWHLLNAFTV
EDLKVQHSSY
APYNKINQRI
NVTSTLRINT
GVALTFIFRL

AALIVYWEME
VYRCMISYGG
DHQVLSGKTT
LAHPPNERTH
GGGGSGGGGS
HEDPEVKFNW
LPAPIEKTIS
ENNYKTTPPV
GGGGSGGGGS
MPKKATELKH
EYADETATIV

60

120
180
240
300
360
420
480
540
600
660
720
755

60

120
180
240
300
360
420
480
540
600
660
720
750

60

120
180
240
300
360
420
480
540
600
660
720
749

60

120
180
240
300
360
420
480
540
600
660
678
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SEQUENCE: 44

APTSSSTKKT QLQLEHLLLD LOMILNGINN YKNPKLTRML
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE
WITFCQSIIS TLTGGGGSGG GGSGGGGSTH TCPPCPAPEL
RTPEVTCVVV DVSHEDPEVK FNWYVDGVEV HNAKTKPREE
NGKEYKCKVS NKALPAPIEK TISKAKGQPR EPQVYTLPPS
SDIAVEWESN GQPENNYKTT PPVLDSDGSF FLYSKLTVDK
HYTQKSLSLS PGKGGGGSGG GGSGGGGSRI FAVFIFMTYW
SNMTIECKFP VEKQLDLAAL IVYWEMEDKN IIQFVHGEED
LGNAALQITD VKLQDAGVYR CMISYGGADY KRITVKVNAP
TCQAEGYPKA EVIWTSSDHQ VLSGKTTTTN SKREEKLFNV
LDPEENHTAE LVIPELPLAH PPNERTHLVI LGAILLCLGV
IQDTNSKKQS DTHLEET

SEQ ID NO: 45 moltype = AA length
FEATURE Location/Qualifiers
source 1..755
mol_type = protein
organism = synthetic

SEQUENCE: 45

QVOLQEAGPG LVKPSETLSL TCSVSGGSIS GDYYWFWIRQ
YNPSLNNRVS ISIDTSKNLF SLKLRSVTAA DTAVYYCASN
SASTKGPSVF PLAPSSKSTS GGTAALGCLV KDYFPEPVTV
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP SNTKVDKRVE
GPSVFLFPPK PKDTLMISRT PEVTCVVVDV SHEDPEVKFN
NSTYRVVSVL TVLHQODWLNG KEYKCKVSNK ALPAPIEKTI
ELTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP
WOQGNVFSCS VMHEALHNHY TQKSLSLSPG KGGGGSGGGG
LNAFTVTVPK DLYVVEYGSN MTIECKFPVE KQLDLAALIV
VOHSSYRQRA RLLKDQLSLG NAALQITDVK LODAGVYRCM
KINQRILVVD PVTSEHELTC QAEGYPKAEV IWTSSDHQVL
TLRINTTTNE IFYCTFRRLD PEENHTAELV IPELPLAHPP
TFIFRLRKGR MMDVKKCGIQ DTNSKKQSDT HLEET

SEQ ID NO: 46 moltype = AA length
FEATURE Location/Qualifiers
source 1..687

mol_type = protein

organism = synthetic
SEQUENCE: 46
MGVLLTQRTL LSLVLALLFP SMASMAMHVA QPAVVLASSR
TVLRQADSQV TEVCAATYMM GNELTFLDDS ICTGTSSGNQ
ELMYPPPYYL GIGNGTQIYV IDPEPCPDSD QEPKSCDKTH
PKPKDTLMIS RTPEVTCVVV DVSHEDPEVK FNWYVDGVEV
VLTVLHQODWL NGKEYKCKVS NKALPAPIEK TISKAKGQPR
LTCLVKGFYP SDIAVEWESN GQPENNYKTT PPVLDSDGSF
CSVMHEALHN HYTQKSLSLS PGKGGGGSGG GGSGGGGSRI
PKDLYVVEYG SNMTIECKFP VEKQLDLAAL IVYWEMEDKN
RARLLKDQLS LGNAALQITD VKLQDAGVYR CMISYGGADY
VDPVTSEHEL TCQAEGYPKA EVIWTSSDHQ VLSGKTTTTN
NEIFYCTFRR LDPEENHTAE LVIPELPLAH PPNERTHLVI
GRMMDVKKCG IQDTNSKKQS DTHLEET

SEQ ID NO: 47 moltype = AA length
FEATURE Location/Qualifiers
source 1..678
mol_type = protein
organism = synthetic

SEQUENCE: 47

MRIFAVFIFM TYWHLLNAFT VTVPKDLYVV EYGSNMTIEC
DKNIIQFVHG EEDLKVQHSS YRQRARLLKD QLSLGNAALQ
ADYKRITVKV NAPYNKINQR ILVVDPVTSE HELTCQAEGY
TTNSKREEKL FNVTSTLRIN TTTNEIFYCT FRRLDPEENH
LVILGAILLC LGVALTFIFR LRKGRMMDVK KCGIQDTNSK
GGGGSQEPKS CDKTHTCPPC PAPELLGGPS VFLFPPKPKD
DPEVKFNWYV DGVEVHNAKT KPREEQYNST YRVVSVLTVL
APIEKTISKA KGQPREPQVY TLPPSRDELT KNQVSLTCLV
NYKTTPPVLD SDGSFFLYSK LTVDKSRWQQ GNVFSCSVMH
GGSGGGGSGG GGSAMHVAQP AVVLASSRGI ASFVCEYASP
VCAATYMMGN ELTFLDDSIC TGTSSGNQVN LTIQGLRAMD
GNGTQIYVID PEPCPDSD

SEQ ID NO: 48 moltype = AA length

FEATURE Location/Qualifiers
source 1..656
mol_type = protein
organism = synthetic

SEQUENCE: 48
ALDTNYCFSS TEKNCCVRQL YIDFRKDLGW KWIHEPKGYH

TFKFYMPKKA TELKHLQCLE
TTFMCEYADE TATIVEFLNR
LGGPSVFLFP PKPKDTLMIS
QYNSTYRVVS VLTVLHQDWL
REEMTKNQVS LTCLVKGFYP
SRWQQGNVFS CSVMHEALHN
HLLNAFTVTV PKDLYVVEYG
LKVQHSSYRQ RARLLKDQLS
YNKINQRILV VDPVTSEHEL
TSTLRINTTT NEIFYCTFRR
ALTFIFRLRK GRMMDVKKCG

= 755

construct

SPGKGLEWIG YIYGSGGGTN
ILKYLHWLLY WGQGVLVTVS
SWNSGALTSG VHTFPAVLQS
PKSCDKTHTC PPCPAPELLG
WYVDGVEVHN AKTKPREEQY
SKAKGQPREP QVYTLPPSRD
VLDSDGSFFL YSKLTVDKSR
SGGGGSRIFA VFIFMTYWHL
YWEMEDKNII QFVHGEEDLK
ISYGGADYKR ITVKVNAPYN
SGKTTTTNSK REEKLFNVTS
NERTHLVILG AILLCLGVAL

= 687

construct

GIASFVCEYA SPGKATEVRV
VNLTIQGLRA MDTGLYICKV
TCPPCPAPEL LGGPSVFLFP
HNAKTKPREE QYNSTYRVVS
EPQVYTLPPS RDELTKNQVS
FLYSKLTVDK SRWQQGNVFS
FAVFIFMTYW HLLNAFTVTV
IIQFVHGEED LKVQHSSYRQ
KRITVKVNAP YNKINQRILV
SKREEKLFNV TSTLRINTTT
LGAILLCLGV ALTFIFRLRK

= 678

construct

KFPVEKQLDL AALIVYWEME
ITDVKLQDAG VYRCMISYGG
PKAEVIWTSS DHQVLSGKTT
TAELVIPELP LAHPPNERTH
KQSDTHLEET GGGGSGGGGS
TLMISRTPEV TCVVVDVSHE
HODWLNGKEY KCKVSNKALP
KGFYPSDIAV EWESNGQPEN
EALHNHYTQK SLSLSPGKGG
GKATEVRVTV LRQADSQVTE
TGLYICKVEL MYPPPYYLGI

= 656

construct

ANFCLGPCPY IWSLDTQYSK

60

120
180
240
300
360
420
480
540
600
660
677

60

120
180
240
300
360
420
480
540
600
660
720
755

60

120
180
240
300
360
420
480
540
600
660
687

60

120
180
240
300
360
420
480
540
600
660
678

60
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VLALYNQHNP GASAAPCCVP QALEPLPIVY YVGRKPKVEQ LSNMIVRSCK CSGGGGSGGG 120
GSGGGGSTHT CPPCPAPELL GGPSVFLFPP KPKDTLMISR TPEVTCVVVD VSHEDPEVKF 180
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKEYKCKVSN KALPAPIEKT 240
ISKAKGQPRE PQVYTLPPSR EEMTKNQVSL TCLVKGFYPS DIAVEWESNG QPENNYKTTP 300
PVLDSDGSFF LYSKLTVDKS RWQQGNVFSC SVMHEALHNH YTQKSLSLSP GKGGGGSGGG 360
GSGGGGSRIF AVFIFMTYWH LLNAFTVTVP KDLYVVEYGS NMTIECKFPV EKQLDLAALI 420
VYWEMEDKNI IQFVHGEEDL KVQHSSYRQR ARLLKDQLSL GNAALQITDV KLQDAGVYRC 480
MISYGGADYK RITVKVNAPY NKINQRILVV DPVTSEHELT CQAEGYPKAE VIWTSSDHQV 540
LSGKTTTTNS KREEKLFNVT STLRINTTTN EIFYCTFRRL DPEENHTAEL VIPELPLAHP 600
PNERTHLVIL GAILLCLGVA LTFIFRLRKG RMMDVKKCGI QDTNSKKQSD THLEET 656
SEQ ID NO: 49 moltype = AA length = 657
FEATURE Location/Qualifiers
source 1..657

mol_type = protein

organism = synthetic construct
SEQUENCE: 49
MRIFAVFIFM TYWHLLNAFT VTVPKDLYVV EYGSNMTIEC KFPVEKQLDL AALIVYWEME 60
DKNIIQFVHG EEDLKVQHSS YRQRARLLKD QLSLGNAALQ ITDVKLQDAG VYRCMISYGG 120
ADYKRITVKV NAPYNKINQR ILVVDPVTSE HELTCQAEGY PKAEVIWTSS DHQVLSGKTT 180
TTNSKREEKL FNVTSTLRIN TTTNEIFYCT FRRLDPEENH TAELVIPELP LAHPPNERTH 240
LVILGAILLC LGVALTFIFR LRKGRMMDVK KCGIQDTNSK KQSDTHLEET GGGGSGGGGS 300
GGGGSTHTCP PCPAPELLGG PSVFLFPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW 360
YVDGVEVHNA KTKPREEQYN STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS 420
KAKGQPREPQ VYTLPPSREE MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV 480
LDSDGSFFLY SKLTVDKSRW QQGNVFSCSV MHEALHNHYT QKSLSLSPGK GGGGSGGGGS 540
GGGGSALDTN YCFSSTEKNC CVRQLYIDFR KDLGWKWIHE PKGYHANFCL GPCPYIWSLD 600
TQYSKVLALY NQHNPGASAA PCCVPQALEP LPIVYYVGRK PKVEQLSNMI VRSCKCS 657
SEQ ID NO: 50 moltype = AA length = 578
FEATURE Location/Qualifiers
source 1..578

mol_type = protein

organism = synthetic construct
SEQUENCE: 50
EVQLVESGGG LVQPGRSLRL SCAASGFTFD DYAMHWVRQA PGKGLEWVSA ITWNSGHIDY 60
ADSVEGRFTI SRDNAKNSLY LQOMNSLRAED TAVYYCALVS YLSTASSLDY WGQGTLVTVS 120
SASTKGPSVF PLAPSSKSTS GGTAALGCLV KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 180
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP SNTKVDKKAE PKSCDKTHTC PPCPAPELLG 240
GPSVFLFPPK PKDTLMISRT PEVTCVVVDV SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 300
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK ALPAPIEKTI SKAKGQPREP QVYTLPPSRD 360
ELTKNQVSLT CLVKGFYPSD IAVEWESNGQ PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 420
WOQGNVFEFSCS VMHEALHNHY TQKSLSLSPG KGGGGSGGGG SGGGGSALDT NYCFSSTEKN 480
CCVRQLYIDF RKDLGWKWIH EPKGYHANFC LGPCPYIWSL DTQYSKVLAL YNQHNPGASA 540
APCCVPQALE PLPIVYYVGR KPKVEQLSNM IVRSCKCS 578
SEQ ID NO: 51 moltype = AA length = 594
FEATURE Location/Qualifiers
source 1..594

mol_type = protein

organism = synthetic construct
SEQUENCE: 51
LPAQVAFTPY APEPGSTCRL REYYDQTAQM CCSKCSPGQH AKVFCTKTSD TVCDSCEDST 60
YTQLWNWVPE CLSCGSRCSS DQVETQACTR EQNRICTCRP GWYCALSKQE GCRLCAPLRK 120
CRPGFGVARP GTETSDVVCK PCAPGTFSNT TSSTDICRPH QICNVVAIPG NASMDAVCTS 180
TSPTRSMAPG AVHLPQPVST RSQHTQPTPE PSTAPSTSFL LPMGPSPPAE GSTGDEPKSC 240
DKTHTCPPCP APELLGGPSV FLFPPKPKDT LMISRTPEVT CVVVDVSHED PEVKFNWYVD 300
GVEVHNAKTK PREEQYNSTY RVVSVLTVLH QDWLNGKEYK CKVSNKALPA PIEKTISKAK 360
GQPREPQVYT LPPSREEMTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS 420
DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE ALHNHYTQKS LSLSPGKGGG GSGGGGSGGG 480
GSALDTNYCF SSTEKNCCVR QLYIDFRKDL GWKWIHEPKG YHANFCLGPC PYIWSLDTQY 540
SKVLALYNQH NPGASAAPCC VPQALEPLPI VYYVGRKPKV EQLSNMIVRS CKCS 594
SEQ ID NO: 52 moltype = AA length = 602
FEATURE Location/Qualifiers
source 1..602

mol_type = protein

organism = synthetic construct
SEQUENCE: 52
ALDTNYCFSS TEKNCCVRQL YIDFRKDLGW KWIHEPKGYH ANFCLGPCPY IWSLDTQYSK 60
VLALYNQHNP GASAAPCCVP QALEPLPIVY YVGRKPKVEQ LSNMIVRSCK CSGGGGSGGG 120
GSGGGGSTHT CPPCPAPELL GGPSVFLFPP KPKDTLMISR TPEVTCVVVD VSHEDPEVKF 180
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKEYKCKVSN KALPAPIEKT 240
ISKAKGQPRE PQVYTLPPSR EEMTKNQVSL TCLVKGFYPS DIAVEWESNG QPENNYKTTP 300
PVLDSDGSFF LYSKLTVDKS RWQQGNVFSC SVMHEALHNH YTQKSLSLSP GKGGGGSGGG 360
GSGGGGSLPA QVAFTPYAPE PGSTCRLREY YDQTAQMCCS KCSPGQHAKV FCTKTSDTVC 420
DSCEDSTYTQ LWNWVPECLS CGSRCSSDQV ETQACTREQN RICTCRPGWY CALSKQEGCR 480
LCAPLRKCRP GFGVARPGTE TSDVVCKPCA PGTFSNTTSS TDICRPHQIC NVVAIPGNAS 540
MDAVCTSTSP TRSMAPGAVH LPQPVSTRSQ HTQPTPEPST APSTSFLLPM GPSPPAEGST 600

Bicara Ex. 1001

Bicara v. JHU - PGR2026-00025



US 12,295,968 B2

71

-continued

72

GD

SEQ ID NO: 53
FEATURE
source

SEQUENCE: 53

QVQLQQPGAE LVKPGASVKM
NQKFKGKATL TADKSSSTAY
AASTKGPSVF PLAPSSKSTS
SGLYSLSSVV TVPSSSLGTQ
GPSVFLFPPK PKDTLMISRT
NSTYRVVSVL TVLHQDWLNG
ELTKNQVSLT CLVKGFYPSD
WQQGNVFSCS VMHEALHNHY
CCVRQLYIDF RKDLGWKWIH
APCCVPQALE PLPIVYYVGR

SEQ ID NO: 54
FEATURE
source

SEQUENCE: 54

QVQLVQSGAE VKKPGSSVKV
NQKFKDKATI TADESTNTAY
GPSVFPLAPS SKSTSGGTAA
LSSVVTVPSS SLGTQTYICN
LFPPKPKDTL MISRTPEVTC
VVSVLTVLHQ DWLNGKEYKC
QVSLTCLVKG FYPSDIAVEW
VFSCSVMHEA LHNHYTQKSL
LYIDFRKDLG WKWIHEPKGY
PQALEPLPIV YYVGRKPKVE

SEQ ID NO: 55
FEATURE
source

SEQUENCE: 55

QLOQSGTVLA RPGASVKMSC
KFEGKAKLTA VTSASTAYME
PSVFPLAPSS KSTSGGTAAL
SSVVTVPSSS LGTQTYICNV
FPPKPKDTLM ISRTPEVTCV
VSVLTVLHQD WLNGKEYKCK
VSLTCLVKGF YPSDIAVEWE
FSCSVMHEAL HNHYTQKSLS
YIDFRKDLGW KWIHEPKGYH
QALEPLPIVY YVGRKPKVEQ

SEQ ID NO: 56
FEATURE
source

SEQUENCE: 56

ALDTNYCFSS TEKNCCVRQL
VLALYNQHNP GASAAPCCVP
GSGGGGSTHT CPPCPAPELL
NWYVDGVEVH NAKTKPREEQ
ISKAKGQPRE PQVYTLPPSR
PVLDSDGSFF LYSKLTVDKS
GSGGGGSAPT SSSTKKTQLQ
KHLQCLEEEL KPLEEVLNLA
IVEFLNRWIT FCQSIISTLT

SEQ ID NO: 57
FEATURE
source

SEQUENCE: 57

APTSSSTKKT QLQLEHLLLD
EELKPLEEVL NLAQSKNFHL
WITFCQSIIS TLTGGGGSGG
RTPEVTCVVV DVSHEDPEVK

moltype = AA length
Location/Qualifiers
1..578

mol_type = protein
organism = synthetic

SCKASGYTFT SYNMHWVKQT
MQLSSLTSED SAVYYCARST
GGTAALGCLV KDYFPEPVTV
TYICNVNHKP SNTKVDKKAE
PEVTCVVVDV SHEDPEVKFN
KEYKCKVSNK ALPAPIEKTI
IAVEWESNGQ PENNYKTTPP
TQKSLSLSPG KGGGGSGGGG
EPKGYHANFC LGPCPYIWSL
KPKVEQLSNM IVRSCKCS

moltype = AA length
Location/Qualifiers
1..573

mol_type = protein
organism = synthetic

SCKASGYTFT SYRMHWVRQA
MELSSLRSED TAVYYCARGG
LGCLVKDYFP EPVTVSWNSG
VNHKPSNTKV DKKVEPKSCD
VVVDVSHEDP EVKFNWYVDG
KVSNKALPAP IEKTISKAKG
ESNGQPENNY KTTPPVLDSD
SLSPGKGGGG SGGGGSGGGG
HANFCLGPCP YIWSLDTQYS
QLSNMIVRSC KCS

moltype = AA length
Location/Qualifiers
1..572

mol_type = protein
organism = synthetic

KASGYSFTRY WMHWIKQRPG
LSSLTHEDSA VYYCSRDYGY
GCLVKDYFPE PVTVSWNSGA
NHKPSNTKVD KRVEPKSCDK
VVDVSHEDPE VKFNWYVDGV
VSNKALPAPI EKTISKAKGQ
SNGQPENNYK TTPPVLDSDG
LSPGKGGGGS GGGGSGGGGS
ANFCLGPCPY IWSLDTQYSK
LSNMIVRSCK CS

moltype = AA length
Location/Qualifiers
1..500

mol_type = protein
organism = synthetic

YIDFRKDLGW KWIHEPKGYH
QALEPLPIVY YVGRKPKVEQ
GGPSVFLFPP KPKDTLMISR
YNSTYRVVSV LTVLHQDWLN
EEMTKNQVSL TCLVKGFYPS
RWQQGNVFSC SVMHEALHNH
LEHLLLDLOM ILNGINNYKN
QSKNFHLRPR DLISNINVIV

moltype = AA length
Location/Qualifiers
1..500

mol_type = protein
organism = synthetic

LOMILNGINN YKNPKLTRML
RPRDLISNIN VIVLELKGSE
GGSGGGGSTH TCPPCPAPEL
FNWYVDGVEV HNAKTKPREE

= 578

construct

PGRGLEWIGA
YYGGDWYFNV
SWNSGALTSG
PKSCDKTHTC
WYVDGVEVHN
SKAKGQPREP
VLDSDGSFFL
SGGGGSALDT
DTQYSKVLAL

= 573

construct

PGQGLEWIGY
GVFDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT
SALDTNYCFS
KVLALYNQHN

= 572

construct

QGLEWIGAIY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP
SFFLYSKLTV
ALDTNYCFSS
VLALYNQHNP

= 500

construct

ANFCLGPCPY
LSNMIVRSCK
TPEVTCVVVD
GKEYKCKVSN
DIAVEWESNG
YTQKSLSLSP
PKLTRMLTFK
LELKGSETTF

= 500

construct

TFKFYMPKKA
TTFMCEYADE
LGGPSVFLFP
QYNSTYRVVS

IYPGNGDTSY
WGAGTTVTVS
VHTFPAVLQS
PPCPAPELLG
AKTKPREEQY
QVYTLPPSRD
YSKLTVDKSR
NYCFSSTEKN
YNQHNPGASA

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTKN
VDKSRWQQGN
STEKNCCVRQ
PGASAAPCCV

PGNSDTSYNQ
LTVSSASTKG
VLQSSCLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DKSRWQQGNV
TEKNCCVRQL
GASAAPCCVP

IWSLDTQYSK
CSGGGGSGGG
VSHEDPEVKF
KALPAPIEKT
QPENNYKTTP
GKGGGGSGGG
FYMPKKATEL
MCEYADETAT

TELKHLQCLE
TATIVEFLNR
PKPKDTLMIS
VLTVLHQDWL

602

60

120
180
240
300
360
420
480
540
578

60

120
180
240
300
360
420
480
540
573

60

120
180
240
300
360
420
480
540
572

60

120
180
240
300
360
420
480
500

60

120
180
240
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NGKEYKCKVS NKALPAPIEK
SDIAVEWESN GQPENNYKTT
HYTQKSLSLS PGKGGGGSGG
IHEPKGYHAN FCLGPCPYIW
GRKPKVEQLS NMIVRSCKCS

SEQ ID NO: 58
FEATURE
source

SEQUENCE: 58

QVQLQEAGPG LVKPSETLSL
YNPSLNNRVS ISIDTSKNLF
SASTKGPSVF PLAPSSKSTS
SGLYSLSSVV TVPSSSLGTQ
GPSVFLFPPK PKDTLMISRT
NSTYRVVSVL TVLHQDWLNG
ELTKNQVSLT CLVKGFYPSD
WOQGNVFSCS VMHEALHNHY
CCVRQLYIDF RKDLGWKWIH
APCCVPQALE PLPIVYYVGR

SEQ ID NO: 59
FEATURE
source

SEQUENCE: 59

MGVLLTQRTL LSLVLALLFP
TVLRQADSQV TEVCAATYMM
ELMYPPPYYL GIGNGTQIYV
PKPKDTLMIS RTPEVTCVVV
VLTVLHQDWL NGKEYKCKVS
LTCLVKGFYP SDIAVEWESN
CSVMHEALHN HYTQKSLSLS
DFRKDLGWKW IHEPKGYHAN
LEPLPIVYYV GRKPKVEQLS

SEQ ID NO: 60
FEATURE
source

SEQUENCE: 60
ALDTNYCFSS TEKNCCVRQL
VLALYNQHNP GASAAPCCVP
HTCPPCPAPE LLGGPSVFLF
VHNAKTKPRE EQYNSTYRVV
REPQVYTLPP SRDELTKNQV
FFLYSKLTVD KSRWQQGNVF
MHVAQPAVVL ASSRGIASFV
LDDSICTGTS SGNQVNLTIQ
PDSD

SEQ ID NO: 61
FEATURE
source

SEQUENCE: 61

EVQLVESGGG LVQPGRSLRL
ADSVEGRFTI SRDNAKNSLY
SASTKGPSVF PLAPSSKSTS
SGLYSLSSVV TVPSSSLGTQ
GPSVFLFPPK PKDTLMISRT
NSTYRVVSVL TVLHQDWLNG
ELTKNQVSLT CLVKGFYPSD
WQQOGNVFSCS VMHEALHNHY
LGRCCNKCEP GKYMSSKCTT
AGNSTTPRRC ACTAGYHWSQ
FSSTDKCRPW TNCTFLGKRV

SEQ ID NO: 62

FEATURE
source

SEQUENCE: 62

TISKAKGQPR EPQVYTLPPS
PPVLDSDGSF FLYSKLTVDK
GGSGGGGSAL DTNYCFSSTE
SLDTQYSKVL ALYNQHNPGA

moltype = AA length
Location/Qualifiers
1..578

mol_type = protein
organism = synthetic

TCSVSGGSIS GDYYWFWIRQ
SLKLRSVTAA DTAVYYCASN
GGTAALGCLV KDYFPEPVTV
TYICNVNHKP SNTKVDKRVE
PEVTCVVVDV SHEDPEVKFN
KEYKCKVSNK ALPAPIEKTI
IAVEWESNGQ PENNYKTTPP
TQKSLSLSPG KGGGGSGGGG
EPKGYHANFC LGPCPYIWSL
KPKVEQLSNM IVRSCKCS

moltype = AA length
Location/Qualifiers
1..510

mol_type = protein
organism = synthetic

SMASMAMHVA QPAVVLASSR
GNELTFLDDS ICTGTSSGNQ
IDPEPCPDSD QEPKSCDKTH
DVSHEDPEVK FNWYVDGVEV
NKALPAPIEK TISKAKGQPR
GQPENNYKTT PPVLDSDGSF
PGKGGGGSGG GGSGGGGSAL
FCLGPCPYIW SLDTQYSKVL
NMIVRSCKCS

moltype = AA length
Location/Qualifiers
1..484

mol_type = protein
organism = synthetic

YIDFRKDLGW KWIHEPKGYH
QALEPLPIVY YVGRKPKVEQ
PPKPKDTLMI SRTPEVTCVV
SVLTVLHQDW LNGKEYKCKV
SLTCLVKGFY PSDIAVEWES
SCSVMHEALH NHYTQKSLSL
CEYASPGKAT EVRVTVLRQA
GLRAMDTGLY ICKVELMYPP

moltype = AA length
Location/Qualifiers
1..651

mol_type = protein
organism = synthetic

SCAASGFTFD DYAMHWVRQA
LOMNSLRAED TAVYYCALVS
GGTAALGCLV KDYFPEPVTV
TYICNVNHKP SNTKVDKKAE
PEVTCVVVDV SHEDPEVKFN
KEYKCKVSNK ALPAPIEKTI
IAVEWESNGQ PENNYKTTPP
TQKSLSLSPG KGGGGSGGGG
TSDSVCLPCG PDEYLDSWNE
DCECCRRNTE CAPGLGAQHP
EHHGTEKSDA VCSSSLPARK

moltype = AA length
Location/Qualifiers
1..667

mol_type = protein
organism = synthetic

REEMTKNQVS
SRWQQGNVES
KNCCVRQLYI
SAAPCCVPQA

= 578

construct

SPGKGLEWIG
ILKYLHWLLY
SWNSGALTSG
PKSCDKTHTC
WYVDGVEVHN
SKAKGQPREP
VLDSDGSFFL
SGGGGSALDT
DTQYSKVLAL

= 510

construct

GIASFVCEYA
VNLTIQGLRA
TCPPCPAPEL
HNAKTKPREE
EPQVYTLPPS
FLYSKLTVDK
DTNYCFSSTE
ALYNQHNPGA

= 484

construct

ANFCLGPCPY
LSNMIVRSCK
VDVSHEDPEV
SNKALPAPIE
NGQPENNYKT
SPGKGGGGSG
DSQVTEVCAA
PYYLGIGNGT

= 651

construct

PGKGLEWVSA
YLSTASSLDY
SWNSGALTSG
PKSCDKTHTC
WYVDGVEVHN
SKAKGQPREP
VLDSDGSFFL
SGGGGSQIAP
EDKCLLHKVC
LQLNKDTVCK
PPNEPHVYLP

= 667

construct

LTCLVKGFYP
CSVMHEALHN
DFRKDLGWKW
LEPLPIVYYV

YIYGSGGGTN
WGQGVLVTVS
VHTFPAVLQS
PPCPAPELLG
AKTKPREEQY
QVYTLPPSRD
YSKLTVDKSR
NYCFSSTEKN
YNQHNPGASA

SPGKATEVRV
MDTGLYICKV
LGGPSVFLFP
QYNSTYRVVS
RDELTKNQVS
SRWQQGNVFS
KNCCVRQLYI
SAAPCCVPQA

IWSLDTQYSK
CSEPKSCDKT
KFNWYVDGVE
KTISKAKGQP
TPPVLDSDGS
GGGSGGGGSA
TYMMGNELTF
QIYVIDPEPC

ITWNSGHIDY
WGQGTLVTVS
VHTFPAVLQS
PPCPAPELLG
AKTKPREEQY
QVYTLPPSRD
YSKLTVDKSR
PCTSEKHYEH
DTGKALVAVV
PCLAGYFSDA
G

300
360
420
480
500

60

120
180
240
300
360
420
480
540
578

60

120
180
240
300
360
420
480
510

60

120
180
240
300
360
420
480
484

60

120
180
240
300
360
420
480
540
600
651
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LPAQVAFTPY APEPGSTCRL REYYDQTAQM CCSKCSPGQH AKVFCTKTSD TVCDSCEDST 60
YTQLWNWVPE CLSCGSRCSS DQVETQACTR EQNRICTCRP GWYCALSKQE GCRLCAPLRK 120
CRPGFGVARP GTETSDVVCK PCAPGTFSNT TSSTDICRPH QICNVVAIPG NASMDAVCTS 180
TSPTRSMAPG AVHLPQPVST RSQHTQPTPE PSTAPSTSFL LPMGPSPPAE GSTGDEPKSC 240
DKTHTCPPCP APELLGGPSV FLFPPKPKDT LMISRTPEVT CVVVDVSHED PEVKFNWYVD 300
GVEVHNAKTK PREEQYNSTY RVVSVLTVLH QDWLNGKEYK CKVSNKALPA PIEKTISKAK 360
GQPREPQVYT LPPSREEMTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS 420
DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE ALHNHYTQKS LSLSPGKGGG GSGGGGSGGG 480
GSQIAPPCTS EKHYEHLGRC CNKCEPGKYM SSKCTTTSDS VCLPCGPDEY LDSWNEEDKC 540
LLHKVCDTGK ALVAVVAGNS TTPRRCACTA GYHWSQDCEC CRRNTECAPG LGAQHPLQLN 600
KDTVCKPCLA GYFSDAFSST DKCRPWTNCT FLGKRVEHHG TEKSDAVCSS SLPARKPPNE 660
PHVYLPG 667
SEQ ID NO: 63 moltype = AA length = 675
FEATURE Location/Qualifiers
source 1..675

mol_type = protein

organism = synthetic construct
SEQUENCE: 63
QIAPPCTSEK HYEHLGRCCN KCEPGKYMSS KCTTTSDSVC LPCGPDEYLD SWNEEDKCLL 60
HKVCDTGKAL VAVVAGNSTT PRRCACTAGY HWSQDCECCR RNTECAPGLG AQHPLQLNKD 120
TVCKPCLAGY FSDAFSSTDK CRPWTNCTFL GKRVEHHGTE KSDAVCSSSL PARKPPNEPH 180
VYLPGGGGGS GGGGSGGGGS THTCPPCPAP ELLGGPSVFL FPPKPKDTLM ISRTPEVTCV 240
VVDVSHEDPE VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV VSVLTVLHQD WLNGKEYKCK 300
VSNKALPAPI EKTISKAKGQ PREPQVYTLP PSREEMTKNQ VSLTCLVKGF YPSDIAVEWE 360
SNGQPENNYK TTPPVLDSDG SFFLYSKLTV DKSRWQQGNV FSCSVMHEAL HNHYTQKSLS 420
LSPGKGGGGS GGGGSGGGGS LPAQVAFTPY APEPGSTCRL REYYDQTAQM CCSKCSPGQH 480
AKVFCTKTSD TVCDSCEDST YTQLWNWVPE CLSCGSRCSS DQVETQACTR EQNRICTCRP 540
GWYCALSKQE GCRLCAPLRK CRPGFGVARP GTETSDVVCK PCAPGTFSNT TSSTDICRPH 600
QICNVVAIPG NASMDAVCTS TSPTRSMAPG AVHLPQPVST RSQHTQPTPE PSTAPSTSFL 660
LPMGPSPPAE GSTGD 675
SEQ ID NO: 64 moltype = AA length = 583
FEATURE Location/Qualifiers
source 1..583

mol_type = protein

organism = synthetic construct
SEQUENCE: 64
MGVLLTQRTL LSLVLALLFP SMASMAMHVA QPAVVLASSR GIASFVCEYA SPGKATEVRV 60
TVLRQADSQV TEVCAATYMM GNELTFLDDS ICTGTSSGNQ VNLTIQGLRA MDTGLYICKV 120
ELMYPPPYYL GIGNGTQIYV IDPEPCPDSD QEPKSCDKTH TCPPCPAPEL LGGPSVFLFP 180
PKPKDTLMIS RTPEVTCVVV DVSHEDPEVK FNWYVDGVEV HNAKTKPREE QYNSTYRVVS 240
VLTVLHQODWL NGKEYKCKVS NKALPAPIEK TISKAKGQPR EPQVYTLPPS RDELTKNQVS 300
LTCLVKGFYP SDIAVEWESN GQPENNYKTT PPVLDSDGSF FLYSKLTVDK SRWQQGNVFS 360
CSVMHEALHN HYTQKSLSLS PGKGGGGSGG GGSGGGGSQI APPCTSEKHY EHLGRCCNKC 420
EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR 480
RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR 540
PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG 583
SEQ ID NO: 65 moltype = AA length = 557
FEATURE Location/Qualifiers
source 1..557

mol_type = protein

organism = synthetic construct
SEQUENCE: 65
QIAPPCTSEK HYEHLGRCCN KCEPGKYMSS KCTTTSDSVC LPCGPDEYLD SWNEEDKCLL 60
HKVCDTGKAL VAVVAGNSTT PRRCACTAGY HWSQDCECCR RNTECAPGLG AQHPLQLNKD 120
TVCKPCLAGY FSDAFSSTDK CRPWTNCTFL GKRVEHHGTE KSDAVCSSSL PARKPPNEPH 180
VYLPGEPKSC DKTHTCPPCP APELLGGPSV FLFPPKPKDT LMISRTPEVT CVVVDVSHED 240
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY RVVSVLTVLH QDWLNGKEYK CKVSNKALPA 300
PIEKTISKAK GQPREPQVYT LPPSRDELTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN 360
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE ALHNHYTQKS LSLSPGKGGG 420
GSGGGGSGGG GSAMHVAQPA VVLASSRGIA SFVCEYASPG KATEVRVTVL RQADSQVTEV 480
CAATYMMGNE LTFLDDSICT GTSSGNQVNL TIQGLRAMDT GLYICKVELM YPPPYYLGIG 540
NGTQIYVIDP EPCPDSD 557
SEQ ID NO: 66 moltype = AA length = 552
FEATURE Location/Qualifiers
source 1..552

mol_type = protein

organism = synthetic construct
SEQUENCE: 66
ALDTNYCFSS TEKNCCVRQL YIDFRKDLGW KWIHEPKGYH ANFCLGPCPY IWSLDTQYSK 60
VLALYNQHNP GASAAPCCVP QALEPLPIVY YVGRKPKVEQ LSNMIVRSCK CSGGGGSGGG 120
GSGGGGSTHT CPPCPAPELL GGPSVFLFPP KPKDTLMISR TPEVTCVVVD VSHEDPEVKF 180
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKEYKCKVSN KALPAPIEKT 240
ISKAKGQPRE PQVYTLPPSR EEMTKNQVSL TCLVKGFYPS DIAVEWESNG QPENNYKTTP 300
PVLDSDGSFF LYSKLTVDKS RWQQGNVFSC SVMHEALHNH YTQKSLSLSP GKGGGGSGGG 360
GSGGGGSQIA PPCTSEKHYE HLGRCCNKCE PGKYMSSKCT TTSDSVCLPC GPDEYLDSWN 420
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EEDKCLLHKV CDTGKALVAV VAGNSTTPRR CACTAGYHWS
PLQLNKDTVC KPCLAGYFSD AFSSTDKCRP WTNCTFLGKR
KPPNEPHVYL PG

SEQ ID NO: 67 moltype = AA length
FEATURE Location/Qualifiers
source 1..552
mol_type = protein
organism = synthetic

SEQUENCE: 67

QIAPPCTSEK HYEHLGRCCN KCEPGKYMSS KCTTTSDSVC
HKVCDTGKAL VAVVAGNSTT PRRCACTAGY HWSQDCECCR
TVCKPCLAGY FSDAFSSTDK CRPWTNCTFL GKRVEHHGTE
VYLPGGGGGS GGGGSGGGGS THTCPPCPAP ELLGGPSVFL
VVDVSHEDPE VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV
VSNKALPAPI EKTISKAKGQ PREPQVYTLP PSREEMTKNQ
SNGQPENNYK TTPPVLDSDG SFFLYSKLTV DKSRWQQGNV
LSPGKGGGGS GGGGSGGGGS ALDTNYCFSS TEKNCCVROQL
ANFCLGPCPY IWSLDTQYSK VLALYNQHNP GASAAPCCVP
LSNMIVRSCK CS

SEQ ID NO: 68 moltype = AA length
FEATURE Location/Qualifiers
source 1..729

mol_type = protein

organism = synthetic
SEQUENCE: 68
RIFAVFIFMT YWHLLNAFTV TVPKDLYVVE YGSNMTIECK
KNIIQFVHGE EDLKVQHSSY RQRARLLKDQ LSLGNAALQI
DYKRITVKVN APYNKINQRI LVVDPVTSEH ELTCQAEGYP
TNSKREEKLF NVTSTLRINT TTNEIFYCTF RRLDPEENHT
VILGAILLCL GVALTFIFRL RKGRMMDVKK CGIQDTNSKK
GGGSTHTCPP CPAPELLGGP SVFLFPPKPK DTLMISRTPE
VDGVEVHNAK TKPREEQYNS TYRVVSVLTV LHQDWLNGKE
AKGQPREPQV YTLPPSREEM TKNQVSLTCL VKGFYPSDIA
DSDGSFFLYS KLTVDKSRWQ QGNVFSCSVM HEALHNHYTQ
GGGSQIAPPC TSEKHYEHLG RCCNKCEPGK YMSSKCTTTS
KCLLHKVCDT GKALVAVVAG NSTTPRRCAC TAGYHWSQDC
LNKDTVCKPC LAGYFSDAFS STDKCRPWTN CTFLGKRVEH
NEPHVYLPG

SEQ ID NO: 69 moltype = AA length
FEATURE Location/Qualifiers
source 1..729
mol_type = protein
organism = synthetic

SEQUENCE: 69

QIAPPCTSEK HYEHLGRCCN KCEPGKYMSS KCTTTSDSVC
HKVCDTGKAL VAVVAGNSTT PRRCACTAGY HWSQDCECCR
TVCKPCLAGY FSDAFSSTDK CRPWTNCTFL GKRVEHHGTE
VYLPGGGGGS GGGGSGGGGS THTCPPCPAP ELLGGPSVFL
VVDVSHEDPE VKFNWYVDGV EVHNAKTKPR EEQYNSTYRV
VSNKALPAPI EKTISKAKGQ PREPQVYTLP PSREEMTKNQ
SNGQPENNYK TTPPVLDSDG SFFLYSKLTV DKSRWQQGNV
LSPGKGGGGS GGGGSGGGGS RIFAVFIFMT YWHLLNAFTV
FPVEKQLDLA ALIVYWEMED KNIIQFVHGE EDLKVQHSSY
TDVKLQDAGV YRCMISYGGA DYKRITVKVN APYNKINQRI
KAEVIWTSSD HQVLSGKTTT TNSKREEKLF NVTSTLRINT
AELVIPELPL AHPPNERTHL VILGAILLCL GVALTFIFRL
QSDTHLEET

SEQ ID NO: 70 moltype = AA length
FEATURE Location/Qualifiers
source 1..214

mol_type = protein
organism = synthetic
SEQUENCE: 70
DIQMTQSPSS LSASVGDRVT ITCRASQDVN TAVAWYQQKP
RFSGSRSGTD FTLTISSLQP EDFATYYCQQ HYTTPPTFGQ
SDEQLKSGTA SVVCLLNNFY PREAKVQWKV DNALQSGNSQ
LSKADYEKHK VYACEVTHQG LSSPVTKSFN RGEC

SEQ ID NO: 71 moltype = AA length

FEATURE Location/Qualifiers
source 1..214
mol_type = protein
organism = synthetic

SEQUENCE: 71
DILLTQSPVI LSVSPGERVS FSCRASQSIG TNIHWYQQORT

QDCECCRRNT ECAPGLGAQH
VEHHGTEKSD AVCSSSLPAR

= 552

construct

LPCGPDEYLD SWNEEDKCLL
RNTECAPGLG AQHPLQLNKD
KSDAVCSSSL PARKPPNEPH
FPPKPKDTLM ISRTPEVTCV
VSVLTVLHQD WLNGKEYKCK
VSLTCLVKGF YPSDIAVEWE
FSCSVMHEAL HNHYTQKSLS
YIDFRKDLGW KWIHEPKGYH
QALEPLPIVY YVGRKPKVEQ

= 729

construct

FPVEKQLDLA ALIVYWEMED
TDVKLQDAGV YRCMISYGGA
KAEVIWTSSD HQVLSGKTTT
AELVIPELPL AHPPNERTHL
QSDTHLEETG GGGSGGGGSG
VTCVVVDVSH EDPEVKFNWY
YKCKVSNKAL PAPIEKTISK
VEWESNGQPE NNYKTTPPVL
KSLSLSPGKG GGGSGGGGSG
DSVCLPCGPD EYLDSWNEED
ECCRRNTECA PGLGAQHPLQ
HGTEKSDAVC SSSLPARKPP

= 729

construct

LPCGPDEYLD SWNEEDKCLL
RNTECAPGLG AQHPLQLNKD
KSDAVCSSSL PARKPPNEPH
FPPKPKDTLM ISRTPEVTCV
VSVLTVLHQD WLNGKEYKCK
VSLTCLVKGF YPSDIAVEWE
FSCSVMHEAL HNHYTQKSLS
TVPKDLYVVE YGSNMTIECK
RORARLLKDQ LSLGNAALQI
LVVDPVTSEH ELTCQAEGYP
TTNEIFYCTF RRLDPEENHT
RKGRMMDVKK CGIQDTNSKK

= 214

construct

GKAPKLLIYS ASFLYSGVPS
GTKVEIKRTV AAPSVFIFPP
ESVTEQDSKD STYSLSSTLT

= 214

construct

NGSPRLLIKY ASESISGIPS

480
540
552

60

120
180
240
300
360
420
480
540
552

60

120
180
240
300
360
420
480
540
600
660
720
729

60

120
180
240
300
360
420
480
540
600
660
720
729

60

120
180
214

60
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79

-continued

80

RFSGSGSGTD FTLSINSVES
SDEQLKSGTA SVVCLLNNFY
LSKADYEKHK VYACEVTHQG

SEQ ID NO: 72
FEATURE
source

SEQUENCE: 72

QIVLSQSPAI LSASPGEKVT
FSGSGSGTSY SLTISRVEAE
DEQLKSGTAS VVCLLNNFYP
SKADYEKHKV YACEVTHQGL

SEQ ID NO: 73
FEATURE
source

SEQUENCE: 73

DIQMTQSPSS LSASVGDRVT
RFSGSGSGTD FTLTISSLQP
SDEQLKSGTA SVVCLLNNFY
LSKADYEKHK VYACEVTHQG

SEQ ID NO: 74
FEATURE
source

SEQUENCE: 74

EIVLTQSPGT LSLSPGERAT
DRFSGSGSGT DFTLTISRLE
PSDEQLKSGT ASVVCLLNNF
TLSKADYEKH KVYACEVTHQ

SEQ ID NO: 75
FEATURE
source

SEQUENCE: 75

DIQMTQSPST LSASVGDRVT
FSGSGSGTEF TLTISSLQPD
DEQLKSGTAS VVCLLNNFYP
SKADYEKHKV YACEVTHQGL

SEQ ID NO: 76

FEATURE
source

SEQUENCE: 76

QIVSTQSPAI
FSGSGSGTSY
QLKSGTASVV
ADYEKHKVYA

SEQ ID NO:
FEATURE
source

SEQUENCE :

SYELSQPRSV
FSGSNSGNTA
PPSDEQLKSG
LTLSKADYEK

SEQ ID NO:

FEATURE
source

SEQUENCE :

MSASPGEKVT
SLTISSMEAE
CLLNNFYPRE
CEVTHQGLSS

77

77

SVSPGQTAGF
TLTISGVEAG
TASVVCLLNN
HKVYACEVTH

78

78

EDIADYYCQQ NNNWPTTFGA
PREAKVQWKV DNALQSGNSQ
LSSPVTKSFN RGEC

moltype = AA length
Location/Qualifiers
1..213

mol_type = protein
organism = synthetic

MTCRASSSVS YIHWFQQKPG
DAATYYCQQW TSNPPTFGGG
REAKVQWKVD NALQSGNSQE
SSPVTKSFNR GEC

moltype = AA length
Location/Qualifiers
1..214

mol_type = protein
organism = synthetic

ITCSASQDIS NYLNWYQQKP
EDFATYYCQQ YSTVPWTFGQ
PREAKVQWKV DNALQSGNSQ
LSSPVTKSFN RGEC

moltype = AA length
Location/Qualifiers
1..215

mol_type = protein
organism = synthetic

LSCRASQSVG SSYLAWYQQK
PEDFAVYYCQ QYGSSPWTFG
YPREAKVQWK VDNALQSGNS
GLSSPVTKSF NRGEC

moltype = AA length
Location/Qualifiers
1..213

mol_type = protein
organism = synthetic

ITCSASSSIS YMHWYQQKPG
DFATYYCHQR STYPLTFGQG
REAKVQWKVD NALQSGNSQE
SSPVTKSFNR GEC

moltype = AA length
Location/Qualifiers
1..210

mol_type = protein
organism = synthetic

MTCSASSSRS YMQWYQQKPG
DAATYYCHQOR SSYTFGGGTK
AKVQWKVDNA LQSGNSQESV
PVTKSFNRGE

moltype = AA length
Location/Qualifiers
1..216

mol_type = protein
organism = synthetic

TCGGDNVGRK SVQWYQOQKPP
DEADYYCQVW DSTADHWVFG
FYPREAKVQW KVDNALQSGN
QGLSSPVTKS FNRGEC

moltype = AA length
Location/Qualifiers
1..214

mol_type = protein
organism = synthetic

DIQMTQSPSS LSASVGDRVT ITCRASQGIR NYLAWYQQLP
RFSGSGSGTD FTLTISSLQP EDVATYYCQR YNRAPYTFGQ
SDEQLKSGTA SVVCLLNNFY PREAKVQWKV DNALQSGNSQ

GTKLELKRTV AAPSVFIFPP
ESVTEQDSKD STYSLSSTLT

= 213

construct
SSPKPWIYAT SNLASGVPVR

TKLEIKRTVA APSVFIFPPS
SVTEQDSKDS TYSLSSTLTL

= 214

construct
GKAPKVLIYF TSSLHSGVPS

GTKVEIKRTV AAPSVFIFPP
ESVTEQDSKD STYSLSSTLT

= 215

construct
PGQAPRLLIY GAFSRATGIP

QGTKVEIKRT VAAPSVFIFP
QESVTEQDSK DSTYSLSSTL

= 213

construct
KAPKLLIYTT SNLASGVPAR

TKVEVKRTVA APSVFIFPPS
SVTEQDSKDS TYSLSSTLTL

= 210

construct
TSPKRWIYDT SKLASGVPAR

LEIKRTVAAP SVFIFPPSDE
TEQDSKDSTY SLSSTLTLSK

= 216

construct
QAPVLVIYAD SERPSGIPAR

GGTRLTVLGR TVAAPSVFIF
SQESVTEQDS KDSTYSLSST

= 214

construct

GKAPKLLIYA ASTLQSGVPS
GTKVEIKRTV AAPSVFIFPP
ESVTEQDSKD STYSLSSTLT

120
180
214

60

120
180
213

60

120
180
214

60

120
180
215

60

120
180
213

60

120
180
210

60

120
180
216

60
120
180
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81 82
-continued

LSKADYEKHK VYACEVTHQG LSSPVTKSFN RGEC 214
SEQ ID NO: 79 moltype = AA length = 567
FEATURE Location/Qualifiers
source 1..567

mol_type = protein

organism = synthetic construct
SEQUENCE: 79
MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST 60
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK 120
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDL LLVIFQVTGI SLLPPLGVAI 180
SVIIIFYCYR VNRQQOKLSST WETGKTRKLM EFSEHCAIIL EDDRSDISST CANNINHNTE 240
LLPIELDTLV GKGRFAEVYK AKLKQNTSEQ FETVAVKIFP YEEYASWKTE KDIFSDINLK 300
HENILQFLTA EERKTELGKQ YWLITAFHAK GNLQEYLTRH VISWEDLRKL GSSLARGIAH 360
LHSDHTPCGR PKMPIVHRDL KSSNILVKND LTCCLCDFGL SLRLDPTLSV DDLANSGQVG 420
TARYMAPEVL ESRMNLENVE SFKQTDVYSM ALVLWEMTSR CNAVGEVKDY EPPFGSKVRE 480
HPCVESMKDN VLRDRGRPEI PSFWLNHQGI QMVCETLTEC WDHDPEARLT AQCVAERFSE 540
LEHLDRLSGR SCSEEKIPED GSLNTTK 567
SEQ ID NO: 80 moltype = AA length = 592
FEATURE Location/Qualifiers
source 1..592

mol_type = protein

organism = synthetic construct
SEQUENCE: 80
MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SDVEMEAQKD EIICPSCNRT AHPLRHINND 60
MIVTDNNGAV KFPQLCKFCD VRFSTCDNQK SCMSNCSITS ICEKPQEVCV AVWRKNDENI 120
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPGETFFM CSCSSDECND NIIFSEEYNT 180
SNPDLLLVIF QVTGISLLPP LGVAISVIII FYCYRVNRQQ KLSSTWETGK TRKLMEFSEH 240
CAIILEDDRS DISSTCANNI NHNTELLPIE LDTLVGKGRF AEVYKAKLKQ NTSEQFETVA 300
VKIFPYEEYA SWKTEKDIFS DINLKHENIL QFLTAEERKT ELGKQYWLIT AFHAKGNLQE 360
YLTRHVISWE DLRKLGSSLA RGIAHLHSDH TPCGRPKMPI VHRDLKSSNI LVKNDLTCCL 420
CDFGLSLRLD PTLSVDDLAN SGQVGTARYM APEVLESRMN LENVESFKQT DVYSMALVLW 480
EMTSRCNAVG EVKDYEPPFG SKVREHPCVE SMKDNVLRDR GRPEIPSFWL NHQGIQMVCE 540
TLTECWDHDP EARLTAQCVA ERFSELEHLD RLSGRSCSEE KIPEDGSLNT TK 592
SEQ ID NO: 81 moltype = AA length = 529
FEATURE Location/Qualifiers
source 1..529

mol_type = protein

organism = synthetic construct
SEQUENCE: 81
MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST 60
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK 120
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDL LLVIFQVTGI SLLPPLGVAI 180
SVIIIFYCYR VNRQQKLSST WETGKTRKLM EFSEHCAIIL EDDRSDISST CANNINHNTE 240
LLPIELDTLV GKGRFAEVYK AKLKQNTSEQ FETVAVKIFP YEEYASWKTE KDIFSDINLK 300
HENILQFLTA EERKTELGKQ YWLITAFHAK GNLQEYLTRH VISWEDLRKL GSSLARGIAH 360
LHSDHTPCGR PKMPIVHRDL KSSNILVKND LTCCLCDFGL SLRLDPTLSV DDLANSGQVG 420
TARYMAPEVL ESRMNLENVE SFKQTDVYSM ALVLWEMTSR CNAVGEVKDY EPPFGSKVRE 480
HPCVESMKDN VLRDRGRPEI PSFWLNHQGI QMVCETLTEC WDHDPEARL 529
SEQ ID NO: 82 moltype = AA length = 554
FEATURE Location/Qualifiers
source 1..554

mol_type = protein

organism = synthetic construct
SEQUENCE: 82
MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SDVEMEAQKD EIICPSCNRT AHPLRHINND 60
MIVTDNNGAV KFPQLCKFCD VRFSTCDNQK SCMSNCSITS ICEKPQEVCV AVWRKNDENI 120
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPGETFFM CSCSSDECND NIIFSEEYNT 180
SNPDLLLVIF QVTGISLLPP LGVAISVIII FYCYRVNRQQ KLSSTWETGK TRKLMEFSEH 240
CAIILEDDRS DISSTCANNI NHNTELLPIE LDTLVGKGRF AEVYKAKLKQ NTSEQFETVA 300
VKIFPYEEYA SWKTEKDIFS DINLKHENIL QFLTAEERKT ELGKQYWLIT AFHAKGNLQE 360
YLTRHVISWE DLRKLGSSLA RGIAHLHSDH TPCGRPKMPI VHRDLKSSNI LVKNDLTCCL 420
CDFGLSLRLD PTLSVDDLAN SGQVGTARYM APEVLESRMN LENVESFKQT DVYSMALVLW 480
EMTSRCNAVG EVKDYEPPFG SKVREHPCVE SMKDNVLRDR GRPEIPSFWL NHQGIQMVCE 540
TLTECWDHDP EARL 554
SEQ ID NO: 83 moltype = AA length = 199
FEATURE Location/Qualifiers
source 1..199

mol_type = protein

organism = synthetic construct
SEQUENCE: 83
MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST 60
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK 120
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDL LLVIFQVTGI SLLPPLGVAI 180
SVIIIFYCYR VNRQQKLSS 199
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83 84
-continued
SEQ ID NO: 84 moltype = AA length = 224
FEATURE Location/Qualifiers
source 1..224
mol_type = protein
organism = synthetic construct

SEQUENCE: 84

MGRGLLRGLW PLHIVLWTRI
MIVTDNNGAV KFPQLCKFCD
TLETVCHDPK LPYHDFILED
SNPDLLLVIF QVTGISLLPP

SEQ ID NO: 85
FEATURE
source

SEQUENCE: 85

MGRGLLRGLW PLHIVLWTRI
CDNQKSCMSN CSITSICEKP
CIMKEKKKPG ETFFMCSCSS

SEQ ID NO: 86
FEATURE
source

SEQUENCE: 86
MGRGLLRGLW PLHIVLWTRI
MIVTDNNGAV KFPQLCKFCD
TLETVCHDPK LPYHDFILED
SNPDLLLVIF Q

SEQ ID NO: 87
FEATURE
source

SEQUENCE: 87
TIPPHVQKSV NNDMIVTDNN
VCVAVWRKND ENITLETVCH
CNDNIIFSEE YNTSNPD

SEQ ID NO: 88
FEATURE
source

SEQUENCE: 88

TIPPHVQKSD VEMEAQKDEI
FSTCDNQKSC MSNCSITSIC
SPKCIMKEKK KPGETFFMCS

SEQ ID NO: 89
FEATURE
source

SEQUENCE: 89
PQLCKFCDVR FSTCDNQKSC
YHDFILEDAA SPKCIMKEKK

SEQ ID NO: 90
FEATURE
source

ASTIPPHVQK SDVEMEAQKD
VRFSTCDNQK SCMSNCSITS
AASPKCIMKE KKKPGETFFM
LGVAISVIII FYCYRVNRQQ

moltype = AA length
Location/Qualifiers
1..166

mol_type = protein
organism = synthetic

ASTIPPHVQK SVNNDMIVTD
QEVCVAVWRK NDENITLETV
DECNDNIIFS EEYNTSNPDL

moltype = AA length
Location/Qualifiers
1..191

mol_type = protein
organism = synthetic

ASTIPPHVQK SDVEMEAQKD
VRFSTCDNQK SCMSNCSITS
AASPKCIMKE KKKPGETFFM

moltype = AA length
Location/Qualifiers
1..137

mol_type = protein
organism = synthetic

GAVKFPQLCK FCDVRFSTCD
DPKLPYHDFI LEDAASPKCI

moltype = AA length
Location/Qualifiers
1..162

mol_type = protein
organism = synthetic

ICPSCNRTAH PLRHINNDMI
EKPQEVCVAV WRKNDENITL
CSSDECNDNI IFSEEYNTSN

moltype = AA length
Location/Qualifiers
1..112

mol_type = protein
organism = synthetic

MSNCSITSIC EKPQEVCVAV
KPGETFFMCS CSSDECNDNI

moltype = AA length
Location/Qualifiers
1..507

EIICPSCNRT AHPLRHINND
ICEKPQEVCV AVWRKNDENI
CSCSSDECND NIIFSEEYNT
KLSS

= 166

construct

NNGAVKFPQL CKFCDVRFST
CHDPKLPYHD FILEDAASPK
LLVIFQ

= 191

construct
EIICPSCNRT AHPLRHINND

ICEKPQEVCV AVWRKNDENI
CSCSSDECND NIIFSEEYNT

= 137

construct
NQKSCMSNCS ITSICEKPQE
MKEKKKPGET FFMCSCSSDE

= 162

construct

VTDNNGAVKF PQLCKFCDVR
ETVCHDPKLP YHDFILEDAA
PD

= 112

construct

WRKNDENITL ETVCHDPKLP
IFSEEYNTSN PD

= 507

SEQUENCE :

MGRGLLRGLW
CDNQKSCMSN
CIMKEKKKPG
SVIIIFYCYR
LLPIELDTLV
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
LEHLDRLSGR

SEQ ID NO:

90

PLHIVLWTRI
CSITSICEKP
ETFFMCSCSS
VNRQQKLSST
GKGRFAEVYK
EERKTELGKQ
PKMPIVHRDL
ESRMNLENVE
SCSEEKIPED

91

mol_type = protein

organism

ASTIPPHVQK
QEVCVAVWRK
DECNDNIIFS
WETGKTRKLM
AKLKQNTSEQ
YWLITAFHAK
KSSNILVKND
SFKQTDVYSM
GSLNTTK

moltype =

synthetic

SVNNDMIVTD
NDENITLETV
EEYNTSNPDL
EFSEHCAIIL
FETVAVRIFP
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR

AA length

construct

NNGAVKFPQL
CHDPKLPYHD
LLVIFQVTGI
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVKDY

= 550

CKFCDVRFST
FILEDAASPK
SLLPPLGVAI
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE

60

120
180
224

60
120
166

60

120
180
191

60
120
137

60
120
162

60
112

60

120
180
240
300
360
420
480
507
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-continued
FEATURE Location/Qualifiers
source 1..550
mol_type = protein
organism = synthetic construct

SEQUENCE: 91
MGRGLLRGLW PLHIVLWTRI
CDNQKSCMSN CSITSICEKP
CIMKEKKKPG ETFFMCSCSS
SVIIIFYCYR VNRQQKLSST
LLPIELDTLV GKGRFAEVYK
HENILQFLTA EERKTELGKQ
LHSDHTPCGR PKMPIVHRDL
TARYMAPEVL ESRMNLENVE
HPCVESMKDA SGIQMVCETL
PEDGSLNTTK

SEQ ID NO: 92
FEATURE
source

SEQUENCE: 92

MQIPQAPWPV VWAVLQLGWR
ESFVLNWYRM SPSNQTDKLA
YLCGAISLAP KAQIKESLRA
LVLLVWVLAV ICSRAARGTI
CVPEQTEYAT IVFPSGMGTS

SEQ ID NO: 93
FEATURE
source

SEQUENCE: 93

PGWFLDSPDR PWNPPTFSPA
AFPEDRSQPG QDCRFRVTQL
ELRVTERRAE VPTAHPSPSP

SEQ ID NO: 94
FEATURE
source

SEQUENCE: 94

DSPDRPWNPP TFSPALLVVT
RSQPGODCRF RVTQLPNGRD
ERRAEVPTAH PSPSPRPAGQ

SEQ ID NO: 95
FEATURE
source

SEQUENCE: 95
MAPRARRRRP LFALLLLCAL
TTTSDSVCLP CGPDEYLDSW
SQDCECCRRN TECAPGLGAQ
RVEHHGTEKS DAVCSSSLPA
ALTANLWHWI NEACGRLSGD
YPDQGGVCQG TCVGGGPYAQ
LFLTEPGSKS TPPFSEPLEV
YLOKEVDSGH CPHWAASPSP
EEEASRTEAR DQPEDGADGR
NFKGDIIVVY VSQTSQEGAA
PEKASRPVQE QGGAKA

SEQ ID NO: 96
FEATURE
source

SEQUENCE: 96
QIAPPCTSEK HYEHLGRCCN
HKVCDTGKAL VAVVAGNSTT
TVCKPCLAGY FSDAFSSTDK
VYLPG

SEQ ID NO: 97
FEATURE

ASTIPPHVQK SVNNDMIVTD
QEVCVAVWRK NDENITLETV
DECNDNIIFS EEYNTSNPDL
WETGKTRKLM EFSEHCAIIL
AKLKONTSEQ FETVAVKIFP
YWLITAFHAK GNLQEYLTRH
KSSNILVKND LTCCLCDFGL
SFKQTDVYSM ALVLWEMTSR
TECWDHDPEA RLTAQCVAER

moltype = AA length
Location/Qualifiers
1..288

mol_type = protein
organism = synthetic

PGWFLDSPDR PWNPPTFSPA
AFPEDRSQPG QDCRFRVTQL
ELRVTERRAE VPTAHPSPSP
GARRTGQPLK EDPSAVPVFS
SPARRGSADG PRSAQPLRPE

moltype = AA length
Location/Qualifiers
1..150

mol_type = protein
organism = synthetic

LLVVTEGDNA TFTCSFSNTS
PNGRDFHMSV VRARRNDSGT
RPAGQFQTLV

moltype = AA length
Location/Qualifiers
1..142

mol_type = protein
organism = synthetic

EGDNATFTCS FSNTSESFVL
FHMSVVRARR NDSGTYLCGA

FQ

moltype = AA length
Location/Qualifiers
1..616

mol_type = protein
organism = synthetic

LARLQVALQI APPCTSEKHY
NEEDKCLLHK VCDTGKALVA
HPLQLNKDTV CKPCLAGYFS
RKPPNEPHVY LPGLIILLLF
KESSGDSCVS THTANFGQQG
GEDARMLSLV SKTEIEEDSF
GENDSLSQCF TGTQSTVGSE
NWADVCTGCR NPPGEDCEPL
LPSSARAGAG SGSSPGGQSP
AAAEPMGRPV QEETLARRDS

moltype = AA length
Location/Qualifiers
1..185

mol_type = protein
organism = synthetic

KCEPGKYMSS KCTTTSDSVC
PRRCACTAGY HWSQDCECCR
CRPWTNCTFL GKRVEHHGTE

moltype = AA length
Location/Qualifiers

NNGAVKFPQL CKFCDVRFST
CHDPKLPYHD FILEDAASPK
LLVIFQVTGI SLLPPLGVAI
EDDRSDISST CANNINHNTE
YEEYASWKTE KDIFSDINLK
VISWEDLRKL GSSLARGIAH
SLRLDPTLSV DDLANSGQVG
CNAVGEVKDY EPPFGSKVRE
FSELEHLDRL SGRSCSEEKI

= 288

construct

LLVVTEGDNA TFTCSFSNTS
PNGRDFHMSV VRARRNDSGT
RPAGQFQTLV VGVVGGLLGS
VDYGELDFQW REKTPEPPVP
DGHCSWPL

= 150

construct

ESFVLNWYRM SPSNQTDKLA
YLCGAISLAP KAQIKESLRA

= 142

construct

NWYRMSPSNQ TDKLAAFPED
ISLAPKAQIK ESLRAELRVT

= 616

construct

EHLGRCCNKC EPGKYMSSKC
VVAGNSTTPR RCACTAGYHW
DAFSSTDKCR PWTNCTFLGK
ASVALVAAII FGVCYRKKGK
ACEGVLLLTL EEKTFPEDMC
RQMPTEDEYM DRPSQPTDQL
SCNCTEPLCR TDWTPMSSEN
VGSPKRGPLP QCAYGMGLPP
ASGNVTGNSN STFISSGQVM
FAGNGPRFPD PCGGPEGLRE

= 185

construct

LPCGPDEYLD SWNEEDKCLL
RNTECAPGLG AQHPLQLNKD
KSDAVCSSSL PARKPPNEPH

= 213

60

120
180
240
300
360
420
480
540
550

60

120
180
240
288

60
120
150

60
120
142

60

120
180
240
300
360
420
480
540
600
616

60

120
180
185
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-continued
source 1..213
mol_type = protein
organism = synthetic construct

SEQUENCE: 97

MAPRARRRRP LFALLLLCAL
TTTSDSVCLP CGPDEYLDSW
SQDCECCRRN TECAPGLGAQ
RVEHHGTEKS DAVCSSSLPA

SEQ ID NO: 98
FEATURE
source

SEQUENCE: 98

MNKLLCCALV FLDISIKWTT
VCAPCPDHYY TDSWHTSDEC
HRSCPPGFGV VQAGTPERNT
HDNICSGNSE STQKCGIDVT
KRQHSSQEQT FQLLKLWKHQ
SLPGKKVGAE DIEKTIKACK
VTQSLKKTIR FLHSFTMYKL

SEQ ID NO: 99
FEATURE
source

SEQUENCE: 99

MRIFAVFIFM TYWHLLNAFT
DKNIIQFVHG EEDLKVQHSS
ADYKRITVKV NAPYNKINQR
TTNSKREEKL FNVTSTLRIN
LVILGAILLC LGVALTFIFR

SEQ ID NO: 100
FEATURE
source

SEQUENCE: 100

AFTVTVPKDL YVVEYGSNMT
HSSYRQRARL LKDQLSLGNA
NQRILVVDPV TSEHELTCQA
RINTTTNEIF YCTFRRLDPE

SEQ ID NO: 101
FEATURE
source

SEQUENCE: 101

RIFAVFIFMT YWHLLNAFTV
KNIIQFVHGE EDLKVQHSSY
DYKRITVKVN APYNKINQRI
TNSKREEKLF NVTSTLRINT
VILGAILLCL GVALTFIFRL

SEQ ID NO: 102
FEATURE
source

SEQUENCE: 102

MPPSGLRLLP LLLPLLRLLV
SPPSQGEVPP VPLPEAVLAL
YEKVKKSPHS IYMLFNTSEL
YLSNRLLAPS DTPEWLSFDV
SSRRGDLATI HGMNRPFLLL
DFRKDLGWKW IHEPKGYHAN
LEPLPIVYYV GRKPKVEQLS

SEQ ID NO: 103
FEATURE
source

SEQUENCE: 103
ALDTNYCFSS TEKNCCVRQL

LARLQVALQI APPCTSEKHY
NEEDKCLLHK VCDTGKALVA
HPLQLNKDTV CKPCLAGYFS
RKPPNEPHVY LPG

moltype = AA length
Location/Qualifiers
1..401

mol_type = protein
organism = synthetic

QETFPPKYLH YDEETSHQLL
LYCSPVCKEL QYVKQECNRT
VCKRCPDGFF SNETSSKAPC
LCEEAFFRFA VPTKFTPNWL
NKAQDIVKKI IQDIDLCENS
PSDQILKLLS LWRIKNGDQD
YQKLFLEMIG NQVQSVKISC

moltype = AA length
Location/Qualifiers
1..290

mol_type = protein
organism = synthetic

VTVPKDLYVV EYGSNMTIEC
YRQRARLLKD QLSLGNAALQ
ILVVDPVTSE HELTCQAEGY
TTTNEIFYCT FRRLDPEENH
LRKGRMMDVK KCGIQDTNSK

moltype = AA length
Location/Qualifiers
1..209

mol_type = protein
organism = synthetic

IECKFPVEKQ LDLAALIVYW
ALQITDVKLQ DAGVYRCMIS
EGYPKAEVIW TSSDHQVLSG
ENHTAELVI

moltype = AA length
Location/Qualifiers
1..289

mol_type = protein
organism = synthetic

TVPKDLYVVE YGSNMTIECK
RQRARLLKDQ LSLGNAALQI
LVVDPVTSEH ELTCQAEGYP
TTNEIFYCTF RRLDPEENHT
RKGRMMDVKK CGIQDTNSKK

moltype = AA length
Location/Qualifiers
1..390

mol_type = protein
organism = synthetic

LTPGRPAAGL STCKTIDMEL
YNSTRDRVAG ESAEPEPEPE
REAVPEPVLL SRAELRLLRL
TGVVRQWLSH GGEVEGFRLS
MATPLERAQH LHSSRQRRAL
FCLGPCPYIW SLDTQYSKVL
NMIVRSCKCS

moltype = AA length
Location/Qualifiers
1..112

mol_type = protein
organism = synthetic

YIDFRKDLGW KWIHEPKGYH

EHLGRCCNKC EPGKYMSSKC
VVAGNSTTPR RCACTAGYHW
DAFSSTDKCR PWTNCTFLGK

= 401

construct

CDKCPPGTYL KQHCTAKWKT
HNRVCECKEG RYLEIEFCLK
RKHTNCSVFG LLLTQKGNAT
SVLVDNLPGT KVNAESVERI
VORHIGHANL TFEQLRSLME
TLKGLMHALK HSKTYHFPKT
L

= 290

construct

KFPVEKQLDL AALIVYWEME
ITDVKLQDAG VYRCMISYGG
PKAEVIWTSS DHQVLSGKTT
TAELVIPELP LAHPPNERTH
KQSDTHLEET

= 209

construct

EMEDKNIIQF VHGEEDLKVQ
YGGADYKRIT VKVNAPYNKI
KTTTTNSKRE EKLFNVTSTL

= 289

construct

FPVEKQLDLA ALIVYWEMED
TDVKLQDAGV YRCMISYGGA
KAEVIWTSSD HQVLSGKTTT
AELVIPELPL AHPPNERTHL
QSDTHLEET

= 390

construct

VKRKRIEAIR GQILSKLRLS
ADYYAKEVTR VLMVENTNKI
KLKAEQHVEL YQKYSNDSWR
AHCSCDSKDN TLQVDINGFS
DTNYCFSSTE KNCCVRQLYI
ALYNQHNPGA SAAPCCVPQA

= 112

construct

ANFCLGPCPY IWSLDTQYSK

60

120
180
213

60

120
180
240
300
360
401

60

120
180
240
290

60

120
180
209

60

120
180
240
289

60

120
180
240
300
360
390

60
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90

VLALYNQHNP GASAAPCCVP QALEPLPIVY YVGRKPKVEQ LSNMIVRSCK CS

SEQ ID NO: 104
FEATURE
REGION
source
SEQUENCE: 104

GGGGSGGGGS GGGGS

SEQ ID NO:
FEATURE
REGION

105

source

SEQUENCE :
EPKSCDK

105

SEQ ID NO: 106
FEATURE

REGION

source

SEQUENCE :
IEGRDMD

106

SEQ ID NO: 107
FEATURE

REGION

source

SEQUENCE :
KKAE

107

SEQ ID NO:
FEATURE
REGION

108

source

SEQUENCE :
KRVE

108

SEQ ID NO:
FEATURE
REGION

109

source

SEQUENCE :
KKVE

109

SEQ ID NO:
FEATURE
REGION

110

source

SEQUENCE :
QEPKSCDK

110

SEQ ID NO:
FEATURE
misc_feature

111

source

moltype = AA length = 15
Location/Qualifiers

1..15

note = Synthetic construct
1..15

mol_type = protein

organism = synthetic construct
moltype = AA length = 7
Location/Qualifiers

1..7

note = Synthetic construct
1..7

mol_type = protein

organism = synthetic construct
moltype = AA length = 7
Location/Qualifiers

1..7

note = Synthetic construct
1..7

mol_type = protein

organism = synthetic construct
moltype = AA length = 4
Location/Qualifiers

1..4

note = Synthetic construct
1..4

mol_type = protein

organism = synthetic construct
moltype = AA length = 4
Location/Qualifiers

1..4

note = Synthetic construct
1..4

mol_type = protein

organism = synthetic construct
moltype = AA 1length = 4
Location/Qualifiers

1..4

note = Synthetic construct
1..4

mol_type = protein

organism = synthetic construct
moltype = AA 1length = 8
Location/Qualifiers

1..8

note = Synthetic construct
1..8

mol_type = protein

organism = synthetic construct
moltype = DNA length = 21
Location/Qualifiers

1..21

note = Primer

1..21

mol_type = other DNA

organism = synthetic construct

112

15
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92

SEQUENCE: 111
ctagtgccac ctgggaatte a

SEQ ID NO: 112
FEATURE

moltype = DNA length = 24
Location/Qualifiers

misc_feature 1..24
note = Primer
source 1..24

mol type = other DNA

organism = synthetic construct
SEQUENCE: 112
catcattagc tgatctccag ctca

SEQ ID NO: 113
FEATURE

moltype = DNA Ilength = 38
Location/Qualifiers

misc_feature 1..38
note = Synthetic construct
source 1..38

mol type = other DNA

organism = synthetic construct
SEQUENCE: 113
catcagtgac agttacttct tcaccttcta cacagaga

SEQ ID NO: 114
FEATURE
source

moltype = DNA length = 1821
Location/Qualifiers

1..1821

mol_type = other DNA

organism = Homo sapiens

SEQUENCE: 114

gagctecgagg tgcagetggt ggaatccgge ggaggactgg tgcagectgg cggatccctg
agactgtcett gcgccgecte cggettcaac atcaaggaca cctacatcca ctgggtgcga
caggcccctg gcaagggact ggaatgggtg geccggatct accccaccaa cggctacacce
agatacgccg actccgtgaa gggecggtte accatcteeg ccgacaccte caagaacace
gcctacctge agatgaacte cctgcgggcece gaggacaccg ccgtgtacta ctgctccaga
tggggaggeg acggcttcta cgecatggac tactggggece agggcaccct ggtgacagtg
tcctetgect ccaccaaggg cccctetgtg ttecctetgg ceccocttecag caagtcecaca
tctggeggea ccgecegetet gggetgectg gtgaaagact acttcccecga geccgtgace
gtgtectgga actctggege cctgacctcee ggegtgcaca cctttccage cgtgctgcag
tcctecggee tgtactccct gtectcegtg gtgacegtge cctcecagete tetgggcacce
cagacctaca tctgcaacgt gaaccacaag ccctccaaca ccaaggtgga caagaaggtg
gaacccaagt cctgegacaa gacccacacce tgtcccectt gecectgetece tgaactgetg
ggcggaccct ccegtgttect gttcccccca aagcccaagg acaccctgat gatctccegg
acccccgaag tgacctgegt ggtggtggac gtgtcccacg aggaccctga agtgaagtte
aattggtatg tggacggcgt ggaagtgcac aacgccaaga ccaagcccag agaggaacag
tacaactcca cctaccgggt ggtgtctgtg ctgaccgtge tgcaccagga ctggctgaac
ggcaaagagt acaagtgcaa ggtgtccaac aaggccctge ctgcccccat cgaaaagacce
atctccaagg ccaagggcca gectcgegag cctcaggtgt acacactgec cectagecgg
gaagagatga ccaagaacca ggtgtccctg acctgtctgg tgaaaggctt ctacccctcece
gatatcgccg tggaatggga gtccaacggce cagcccgaga acaactacaa gaccacccce
cectgtgetgg actccgacgg ctcattectte ctgtactceca agctgaccgt ggacaagtcec
cggtggecage agggcaacgt gttctectge tcegtgatge acgaggcecct gcacaaccac
tacacccaga agtccctgte cctgageccct ggaaagggceg gaggcggcte tggtggtgga
ggctctggag geggaggete taccatccct ccacacgtge agaaatccgt gaacaacgac
atgatcgtga ccgacaacaa cggcgccgtg aagttcecccce agctgtgcaa gttetgegac
gtgeggttet ctacctgecga caaccagaaa tcctgcatgt ccaactgctce catcacctce
atctgcgaga agccccagga agtgtgegtg gecgtgtgge ggaagaacga cgagaacatc
accctggaaa ccgtgtgcca cgaccccaag ctgccctacce acgacttcat cctggaagat
gcegectece ccaagtgcat catgaaggaa aagaagaagce ccggcgagac attcttcatg
tgcagctget cctccgacga gtgcaacgac aacatcatct tctccgaaga gtacaacacc
tccaaccceg actgaggtac ¢

SEQ ID NO: 115
FEATURE
source

moltype = DNA 1length = 657
Location/Qualifiers

1..657

mol_type = other DNA

organism = Homo sapiens

SEQUENCE: 115

gagctegaca tccagatgac ccagtcccee tcecagectgt cegectetgt gggegacaga
gtgaccatca cctgteggge ctetcaggac gtgaacaccg ccgtggcectyg gtatcagcag
aagcctggca aggcccccaa getgectgate tactcegect ccettectgta cteeggggtyg
ccatceeggt tetecggete tagatcegge accgacttca cectgaccat ctccagectg
cagcccgagg acttcgccac ctactactgce cagcagcact acaccacccc ccctacctte
ggccagggca ccaaggtgga aatcaagegyg accgtggecg ctcccteegt gttecatctte
ccacccteeg acgagcagcet gaagtcectgge accgectecg tegtgtgect gcectgaacaac
ttctacccee gegaggccaa ggtgcagtgg aaggtggaca acgccctgca gtccggcaac
tceccaggaat ccgtgaccga gcaggactcece aaggacagcea cctactccct gtectcecace
ctgaccctgt ccaaggccga ctacgagaag cacaaggtgt acgcctgcga agtgacccac
cagggcectgt ccageccegt gaccaagtee ttcaaccggg gegagtgcetg aggtacce

21

24

38

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1821

60

120
180
240
300
360
420
480
540
600
657
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SEQ ID NO:
FEATURE
source

116

SEQUENCE: 116

gagctecagg
tccatcacct
cagteccccag
tacaacaccc
ttcttcaaga
ctgacctact
gecgecteta
ggcggeaceg
tcctggaact
tceggectgt
acctacatct
cccaagtect
ggcectteeg
cccgaagtga
tggtacgtgg
aactccacct
aaagagtaca
tccaaggceca
gagctgacca
atcgeegtgy
gtgctggact
tggcagcagg
acccagaagt
tetggtggey
atcgtgaccy
cggtteteta
tgcgagaage
ctggaaaccy
gccteeecca
agctgetect
aaccccgact

SEQ ID NO:
FEATURE
source

SEQUENCE :

gagctegata
gtgtccttet
cggaccaacy
CCCtCCngt
gaatcecgagg
ggcgctggca
ccacectecy
ttctacccce
tccecaggaat
ctgaccctgt
cagggectgt

SEQ ID NO:
FEATURE
source

SEQUENCE :

gagctccagg
aagatgtcct
cagaccceceyg
tcctacaace
gectacatge
tccacctact
gtgtctgeeg
acatctggeyg
acagtgtcct
cagtectety
acccagacct
gccgagecca
ctgggaggcee
cggacceecy
ttcaattggt
cagtacaact
aacggcaaag

tgcagetgaa
gtaccgtgte
gcaagggect
cctteaccte
tgaactccct
atgactacga
ccaagggccee
cecgetetggy
ctggegecct
actcectgte
gcaacgtgaa
gcgacaagac
tgttectgtt
cctgegtggt
acggegtgga
accgggtggt
agtgcaaggt
agggccagec
agaaccaggt
aatgggagtc
ccgacggete
gcaacgtgtt
cectgtetet
gaggctctac
acaacaacgg
cctgegacaa
cccaggaagt
tgtgecacga
agtgcatcat
ccgacgagty
gaggtacc

117

117

tcectgetgac
cctgeeggge
gctececteg
tcteeggete
atatcgeccga
ccaagetgga
acgagcagcet
gegaggecaa
ccgteaccga
ccaaggccga
ccageceegt

118

118

tgcagetgea
gcaaggcctce
gcagaggect
agaagttcaa
agctgtcecte
acggeggega
cctctaccaa
gcaccgeege
ggaactetgyg
gcctgtacte
acatctgcaa
agtcctgcga
cttetgtgtt
aagtgacctg
acgtggacgy
ccacctaceg
agtacaagtg

moltype =

DNA 1length = 1818

Location/Qualifiers

1..1818
mol_type
organism

gcagteegge
cggettetee
ggaatggctg
ccggetgtee
gcagtccaac
gttecgectac
ctecegtgttt
ctgectggte
gaccteegge
cteegtegty
ccacaagccee
ccacacctgt
cceeccaaag
ggtggacgtyg
agtgcacaac
gtcegtgetg
ctccaacaag
ccgegagect
gtcectgace
caacggccag
attcttectyg
ctectgetee
gagceceegge
catceccteca
cgeegtgaag
ccagaaatce
gtgegtegee
ccecaagetyg

gaaggaaaag
caacgacaac

moltype =

1..657
mol_type
organism

ccagtcccce
ctcecagtece
gctgetgatt
tggcteegge
ctactactgce
actgaagegg
gaagtccgge
ggtgcagtgg
gcaggactcc
ctacgagaag
gaccaagtcc

moltype =

other DNA
Homo sapiens

ccaggactgg
ctgaccaact
ggagtgattt
atcaacaagyg
gacaccgeca
tggggacagg
ccectggece
aaggactact
gtgcacacct
accgtgecct
tccaacacca
cceeectgee
cccaaggaca
tceccacgagy
gccaagacca
accgtgetge
gcectgecty
caggtgtaca
tgtctggtca
ccecgagaaca
tactccaage
gtgatgcacg
aagggeggag
cacgtgcaga
ttecececage
tgcatgtcca
gtctggegga
ccetaccacy
aagaagcccy
atcatcttcet

tgcagectte
acggegtgcea
dgagceggegy
acaactccaa
tctactactg
gcaccetggt
cctecagecaa
tcceegagec
ttccageegt
ccagetetet
aggtggacaa
ctgceectga
cecctgatgat
accctgaagt
agcccagaga
accaggactg
cceecatega
ctetgectec
agggcttcta
actacaagac
tgaccgtgga
aggcectgca
gcggatetgg
aatccgtgaa
tgtgcaagtt
actgetecat
agaacgacga
acttecatect
gcgagacttt
ccgaagagta

DNA 1length = 657
Location/Qualifiers

other DNA

Homo sapiens

gtgatcetgt
atcggecacca
aagtacgcct
accgacttca
cagcagaaca
accgtggecy
accgectecey
aaggtggaca
aaggacagca
cacaaggtgt
ttcaaccggy

DNA 1length

Location/Qualifiers

1..1824
mol_ type
organism

gcagectgge
cggetacace
ggaatggatc
gggaaaggcece
cctgacctee
ctggtactte
gggceectee
tctgggetge
cgeectgace
cctgtecage
cgtgaaccac
caagacccac
cctgttecce
cgtggtggtyg
cgtggaagtyg
ggtggtgtee
caaggtgtcce

other DNA

cegtgtetec
acatccactg
ccgagtetat
cecetgtecat
acaactggcc
ctceeteegt
tegtgtgect
acgcectgca
cctactecect
acgcctgega
gcgagtgetyg

= 1824

Homo sapiens

gccgagetgg
ttcaccaget
ggcgecatet
accctgacey
gaggacteeg
aacgtgtggy
gtgtttecece
ctggtcaagy
agcggegtge
gtcegtgaceyg
aagccctceca
acctgtecce
ccaaagccca
gacgtgtece
cacaacgcca
gtgctgacceyg
aacaaggccc

tcaageetgg
acaacatgca
accccggcaa
ccgacaagte
ccgtgtacta
gcgetggeac
tggceeccte
actacttcce
acacctttee
tgccctecag
acaccaaggt
cectgeectge
aggacaccct
acgaggacce
agaccaagcc
tgctgecacca
tgcctgecee

ccagtcccty
ctgggtccga
caacaccgac
gtcccaggtyg
cgecagagec
caccgtgtet
gtccacatet
cgtgacegtyg
gctgeagtece
gggcacccag
gegggtggaa
actgctggga
cteeeggace
gaagttcaat
ggaacagtac
gctgaacgge
aaagaccatc
cagccgggac
ccectecgat
cacccccect
caagtcccgyg
caaccactac
tggtggtgge
caacgacatg
ctgegacgty
cacctecate
gaacatcacc
ggaagatgece
ctteatgtge
caacacctce

tggcgagegy
gtatcagcag
cteeggeate
caactccgty
caccacctte
gttcatctte
gctgaacaac
gtcecggeaac
gtcctecace
agtgacccac
aggtacc

cgetteegtyg
ctgggtcaag
cggegacace
ctectecace
ctgegecegy
caccgtgacce
cagcaagtcce
cgagecegtyg
agcegtgetyg
ctetetggge
ggacaagaag
ccetgaactyg
gatgatctce
tgaagtgaag
cagagaggaa
ggactggctg
catcgaaaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1818

60

120
180
240
300
360
420
480
540
600
657

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
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95

-continued

96

accatctcca aggccaaggg
cgggacgage tgaccaagaa
tcegatateg cegtggaatg
cceectgtge tggactcecga
tceceggtgge agecagggcaa
cactacaccc agaagtccct
ggaggatcag gcggeggagyg
gacatgatcg tgaccgacaa
gacgtgeggt tctctacctyg
tccatctgeg agaagcccca
atcacccetgg aaaccgtgtyg
gatgcegect cccccaagtyg
atgtgetett getectccga
acctccaacce ccgactgagyg

SEQ ID NO: 119
FEATURE
source

SEQUENCE: 119

gagctccaga tegtgetgte
gtgacaatga cctgecggge
cceggeteca gecccaagec
gtgcggttet ctggetceegy
gccgaggacg ccgecaccta
ggaggcacca agctggaaat
ccectecgacyg agcagctgaa
tacceceegeg aggccaaggt
caggaatccg tcaccgagca
accctgtceca aggcecgacta
ggcctgteca geccegtgac

SEQ ID NO: 120
FEATURE
source

SEQUENCE: 120

gagctegagg tgcagetggt
agactgtcct gtgecgecte
caggcceectyg geaagggect
acctacgccg ccgacttcaa
gectacctge agatgaactce
tacccccact actacggete
gtcacegtgt ccteegecte
aagtccacat ctggceggcac
ccegtgaceg tgtectggaa
gtgctgeagt ccteeggect
ctgggcacce agacctacat
aagaaggtgg aacccaagtc
gaactgetgg gaggecctag
atctecccgga cccccgaagt
gtgaagttca attggtacgt
gaggaacagt acaactccac
tggctgaacyg gcaaagagta
gaaaagacca tctccaagge
cctageeggg aagagatgac
taccccteeg atatcgeegt
accaccccce ctgtgetgga
gacaagtccce ggtggcagcea
cacaaccact acacccagaa
ggtggtggag gatcaggcgg
aacaacgaca tgatcgtgac
ttectgcgacyg tgeggttete
atcacctcca tctgcgagaa
gagaacatca ccctggaaac
ctggaagatg ccgectecce
ttectteatgt geagetgete
tacaacacct ccaaccccga

SEQ ID NO: 121
FEATURE
source

SEQUENCE: 121
gagctcgata tccagatgac
gtgaccatca cctgttecge

ccagecccge gagectcagg tgtacactet
ccaggtgtcce ctgacctgte tggtcaaggg
ggagtccaac ggccageccg agaacaacta
cggcetcatte ttectgtact ccaagctgac
cgtgttetee tgetcegtga tgcacgagge
gtcectgage cccggaaagg geggaggcgy
ctctaccate cccccacacg tgcagaaatce
caacggcgece gtgaagttcee cccagetgtg
cgacaaccag aaatcctgca tgtccaactg
ggaagtgtgc gtcgeegtet ggcggaagaa
ccacgaccee aagetgccct accacgactt
catcatgaag gaaaagaaga agcccggcega
cgagtgcaac gacaacatca tcttctecga

tacc

moltype = DNA length =
Location/Qualifiers
1..654

mol type = other DNA
organism = Homo sapiens

ccagteccee gecatectgt ctgctagece
ctectectee gtgtectaca tcecactggtt
ctggatctac geccacctcca acctggecte
cteceggeace tectactecece tgaccatcte
ctactgccag cagtggacct ccaaccccece
caagcggacce gtggecgete ccteegtgtt
gtceggeace gecteegteg tgtgectget
gcagtggaag gtggacaacg ccctgcagte
ggactccaag gacagcacct acagcctgtce
cgagaagcac aaggtgtacg cctgcgaagt
caagtectte aaccggggeg agtgctgagg

moltype = DNA length =
Location/Qualifiers
1..1830

mol_type = other DNA
organism = Homo sapiens

ggaatcegge ggaggectgyg tecagectgy
cggctacace ttcaccaact acggcatgaa
ggaatgggtc ggatggatca acacctacac
geggeggtte accttetcece tggacaccte
cctgegggee gaggacaceg cegtgtacta
cteecactgg tacttcgacg tgtggggeca
taccaaggge ccctcegtgt tecctetgge
cgeegetetyg ggetgectgg tcaaggacta
ctetggegee ctgaccteeg gegtgcacac
gtactcectg tecteegteg tgaccegtgec
ctgcaacgtg aaccacaagce cctccaacac
ctgcgacaag acccacacct gtccccectg
cgtgttectyg ttecccccaa agceccaagga
gacctgegtyg gtggtggacyg tgtcccacga
ggacggegtyg gaagtgcaca acgccaagac
ctaccgggtyg gtgtcegtge tgaccgtget
caagtgcaag gtgtccaaca aggccctgece
caagggccag ccccgegage ctcaggtgta
caagaaccag gtgtccctga ccetgtetggt
ggaatgggag tccaacggcc agcccgagaa
ctecegacgge tcattcttece tgtactcecaa
gggcaacgtg ttctectget cegtgatgea
gtcectgtee ctgageccag gcaagggcegy
cggaggctet accatcccee cacacgtgeca
cgacaacaac ggcgcecgtga agttcccecca
tacctgcgac aaccagaaat cctgcatgte
gccecaggaa gtgtgegteg cegtetggey
cgtgtgecac gaccccaage tgccctacca
caagtgcatc atgaaggaaa agaagaagcc
ctecegacgag tgcaacgaca acatcatctt

ctgaggtacce

moltype = DNA Ilength =
Location/Qualifiers
1..657

mol_type = other DNA
organism = Homo sapiens

654

1830

657

gecctececage
cttetaccee
caagaccacc
cgtggacaag
cctgecacaac
atctggtggt
cgtgaacaac
caagttctge
ctecatcace
cgacgagaac
catcctggaa
gactttette
agagtacaac

tggegagaaa
ccagcagaag
cggegtgeca
ccgggtggaa
cacctttgge
catcttcceca
gaacaactte
cggcaactee
ctecacccety
gacccaccag
tacc

cggatcccty
ctgggtccga
cggegagece
caagtccacc
ctgegecaay
gggcacccetg
ccectecage
cttecccgag
ctttecagec
ctecagetet
caaggtggac
ccetgecect
caccctgatyg
ggaccctgaa
caagcccaga
gcaccaggac
tgcececccate
cactctgece
caagggctte
caactacaag
gctgacegtyg
cgaggccectyg
aggeggatcet
gaaatcegtg
gctgtgcaag
caactgctcce
gaagaacgac
cgacttcatce
cggegagact
ctececgaagag

ccagtcccee tccagectgt cegectetgt gggegacaga
cagccaggac atctccaact acctgaactg gtatcagcag

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1824

60

120
180
240
300
360
420
480
540
600
654

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1830

60
120
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97 98
-continued

aagcceggca aggeccctaa ggtgctgate tacttcacct ccteectgeca cteeggegtyg 180
ccectecagat tetecggete tggetcegge accgacttta ccectgaccat ctccagectyg 240
cagececegagg acttegecac ctactactge cagcagtact ccacegtgce ctggacctte 300
ggccagggca ccaaggtgga aatcaagegg accgtggecg ctcccteegt gttecatctte 360
ccacccteeg acgagcaget gaagtcegge accgectecg tegtgtgect getgaacaac 420
ttctacccee gegaggccaa ggtgcagtgg aaggtggaca acgcecctgca gtccggcaac 480
tcccaggaat cegtcaccga gecaggactece aaggacagca cctactcect gtectccace 540
ctgaccetgt ccaaggccga ctacgagaag cacaaggtgt acgectgcga agtgacccac 600
cagggectgt ccageccegt gaccaagtec ttcaaceggg gegagtgcetg aggtace 657
SEQ ID NO: 122 moltype = AA length = 40
FEATURE Location/Qualifiers
REGION 1..40

note = Synthetic construct
source 1..40

mol_type = protein

organism = synthetic construct
SEQUENCE: 122
GGGGSGGGGS GGGGSGGGGES GGGGSGGGGS GGGGSGGGGS 40
SEQ ID NO: 123 moltype = AA length = 5
FEATURE Location/Qualifiers
source 1..5

mol_type = protein

organism = synthetic construct
VARIANT 1..5

note = The entire sequence of amino acids 1-5 can be

repeated one to eight times.
SEQUENCE: 123
GGGGS 5
SEQ ID NO: 124 moltype = AA length = 211
FEATURE Location/Qualifiers
source 1..211

mol_type = protein

organism = synthetic construct
SEQUENCE: 124
QIVSTQSPAI MSASPGEKVT MTCSASSSRS YMOQWYQQKPG TSPKRWIYDT SKLASGVPAR 60
FSGSGSGTSY SLTISSMEAE DAATYYCHQR SSYTFGGGTK LEIKRTVAAP SVFIFPPSDE 120
QLKSGTASVV CLLNNFYPRE AKVQWKVDNA LQSGNSQESV TEQDSKDSTY SLSSTLTLSK 180
ADYEKHKVYA CEVTHQGLSS PVTKSFNRGE C 211

What is claimed is:

1. An isolated molecule comprising:

(a) a targeting moiety comprising an antibody or antibody
fragment thereof, comprising amino acids 1-119 of
SEQ ID NO: 2 and the amino acid sequence of SEQ ID
NO: 71, which specifically binds Epidermal Growth
Factor Receptor (EGFR); and

(b) an immunomodulatory moiety comprising an amino
acid sequence of the extracellular domain of Trans-
forming growth factor-beta receptor II (TGF-BRII)
comprising the amino acid sequence of SEQ ID NO:
87.

2. The molecule of claim 1, wherein the targeting moiety
comprises an antibody fragment selected from a Fab or scFv.

3. The molecule of claim 2, wherein the antibody frag-
ment comprises a light chain domain or a variable heavy
chain domain.

4. The molecule of claim 3, wherein the antibody frag-
ment comprises a light chain domain comprising the amino
acid sequence of SEQ ID NO: 71.

5. The molecule of claim 4, further comprising a poly-
peptide linker comprising the amino acid sequence of SEQ
ID NO: 104.

6. The molecule of claim 5, wherein the light chain
domain comprising the amino acid sequence of SEQ ID NO:
71 is fused to an N-terminus of the polypeptide linker
comprising the amino acid sequence of SEQ ID NO: 104.

7. The molecule of claim 6, wherein the immunomodu-
latory moiety comprising the amino acid sequence of SEQ

40

45

60

ID NO: 87 is fused to a C-terminus of the polypeptide linker
comprising the amino acid sequence of SEQ ID NO: 104.

8. The molecule of claim 3, wherein the variable heavy
chain domain comprises amino acids 1-119 of SEQ ID NO:
2.

9. An isolated molecule comprising:

(a) a targeting moiety comprising an antibody fragment
which specifically binds Epidermal Growth Factor
Receptor (EGFR) comprising a light chain domain
comprising the amino acid sequence of SEQ ID NO: 71
and a variable heavy chain domain comprising amino
acids 1-119 of SEQ ID NO: 2;

(b) an immunomodulatory moiety comprising an amino
acid sequence of the extracellular domain of Trans-
forming growth factor-beta receptor II (TGF-BRII)
comprising the amino acid sequence of SEQ ID NO:
87; and

(c) a polypeptide linker comprising the amino acid
sequence of SEQ ID NO: 104;

wherein the light chain domain comprising the amino acid
sequence of SEQ ID NO: 71 is fused to an N-terminus
of the polypeptide linker comprising the amino acid of
SEQ ID NO: 104, and

wherein the immunomodulatory moiety comprising the
amino acid sequence of SEQ ID NO: 87 is fused to a
C-terminus of the polypeptide linker comprising the
amino acid sequence of SEQ ID NO: 104.

£ * * *
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