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SEQ ID NO: 1: GAGGGGCGGG GGCTGGAGGC AGCAGCGCCC CCGCACTCCC
CGCGTCTCGC ACACTTGCAC CGGTCGCTCG CGCGCAGCCC GGCGTCGCCC
CACGCCGCGC TCGCTCCTCC CTCCCTCCTC CCGCTCCGTG GCTCCCGTGC
TCCTGGCGAG GCTCAGGCGC GGAGCGCGCG GACGGGCGCA CCGACAGACG
GCCCCGGGGA CGCCTCGGCT CGCGCCTCCC GGGCGGGCTA TGTTGATTGC
CCCGCCGGGG CCGGCCCGCG GGATCAGCAC AGCCCGGCCC GCGGCCCCGG
CGGCCAATCG GGACTATGAA CCGGAAAGCG CGGCGCTGCC TGGGCCACCT
CTTTCTCAGC CTGGGCATGG TCTACCTCCG GATCGGTGGC TTCTCCTCAG
TGGTAGCTCT GGGCGCAAGC ATCATCTGTA ACAAGATCCC AGGCCTGGCT
CCCAGACAGC GGGCGATCTG CCAGAGCCGG CCCGACGCCA TCATCGTCAT
AGGAGAAGGC TCACAAATGG GCCTGGACGA GTGTCAGTTT CAGTTCCGCA
ATGGCCGCTG GAACTGCTCT GCACTGGGAG AGCGCACCGT CTTCGGGAAG
GAGCTCAAAG TGGGGAGCCG GGAGGCTGCG TTCACCTACG CCATCATTGC
CGCCGGCGTG GCCCACGCCA TCACAGCTGC CTGTACCCAG GGCAACCTGA
GCGACTGTGG CTGCGACAAA GAGAAGCAAG GCCAGTACCA CCGGGACGAG
GGCTGGAAGT GGGGTGGCTG CTCTGCCGAC ATCCGCTACG GCATCGGCTT
CGCCAAGGTC TTTGTGGATG CCCGGGAGAT CAAGCAGAAT GCCCGGACTC
TCATGAACTT GCACAACAAC GAGGCAGGCC GAAAGATCCT GGAGGAGAAC
ATGAAGCTGG AATGTAAGTG CCACGGCGTG TCAGGCTCGT GCACCACCAA
GACGTGCTGG ACCACACTGC CACAGTTTCG GGAGCTGGGC TACGTGCTCA
AGGACAAGTA CAACGAGGCC GTTCACGTGG AGCCTGTGCG TGCCAGCCGC
AACAAGCGGC CCACCTTCCT GAAGATCAAG AAGCCACTGT CGTACCGCAA
GCCCATGGAC ACGGACCTGG TGTACATCGA GAAGTCGCCC AACTACTGCG
AGGAGGACCC GGTGACCGGC AGTGTGGGCA CCCAGGGCCG CGCCTGCAAC
AAGACGGCTC CCCAGGCCAG CGGCTGTGAC CTCATGTGCT GTGGGCGTGG
CTACAACACC CACCAGTACG CCCGCGTGTG GCAGTGCAAC TGTAAGTTCC
ACTGGTGCTG CTATGTCAAG TGCAACACGT GCAGCGAGCG CACGGAGATG
TACACGTGCA AGTGAGCCCC GTGTGCACAC CACCCTCCCG CTGCAAGTCA
GATTGCTGGG AGGACTGGAC CGTTTCCAAG CTGCGGGCTC CCTGGCAGGA
TGCTGAGCTT GTCTTTTCTG CTGAGGAGGG TACTTTTCCT GGGTTTCCTG
CAGGCATCCG TGGGGGAAAA AAAATCTCTC AGAGCCCTCA ACTATTCTGT
TCCACACCCA ATGCTGCTCC ACCCTCCCCC AGACACAGCC CAGGTCCCTC
CGCGGCTGGA GCGAAGCCTT CTGCAGCAGG AACTCTGGAC CCCTGGGCCT
CATCACAGCA ATATTTAACA ATTTATTCTG ATAAAAATAA TATTAATTTA
TTTAATTAAA AAGAATTCTT CCACAAAAAA AAAAAAAAAA AA

SEQ ID NO: 2 MNRKARRCLG HLFLSLGMVY LRIGGFSSVV ALGASIICNK
TPGLAPRQRA ICQSRPDAII VIGEGSQMGL DECQFQFRNG RWNCSALGER
TVFGKELKVG SREAAFTYAI IAAGVAHAIT AACTQGNLSD CGCDKEKQGQ
YHRDEGWKWG GCSADIRYGI GFAKVFVDAR EIKQNARTLM NLHNNEAGRK
ILEENMKLEC KCHGVSGSCT TKTCWTTLPQ FRELGYVLKD KYNEAVHVEP
VRASRNKRPT FLKIKKPLSY RKPMDTDLVY IEKSPNYCEE DPVTGSVGTQ
GRACNKTAPQ ASGCDLMCCG RGYNTHQYAR VWQCNCKFHW CCYVKCNTCS
ERTEMYTCK
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FIGURE 1

SEQ ID NO: 1: GAGGGGCGGG GGCTGGAGGC AGCAGCGCCC CCGCACTCCC
CGCGTCTCGC ACACTTGCAC CGGTCGCTCG CGCGCAGCCC GGCGTCGCCC
CACGCCGCGC TCGCTCCTCC CTCCCTCCTC CCGCTCCGTG GCTCCCGTGC
TCCTGGCGAG GCTCAGGCGC GGAGCGCGCG GACGGGCGCA CCGACAGACG
GCCCCGGGGA CGCCTCGGCT CGCGCCTCCC GGGCGGGCTA TGTTGATTGC
CCCGCCGGGG CCGGCCCGCG GGATCAGCAC AGCCCGGCCC GCGGCCCCGG
CGGCCAATCG GGACTATGAA CCGGAAAGCG CGGCGCTGCC TGGGCCACCT
CTTTCTCAGC CTGGGCATGG TCTACCTCCG GATCGGTGGC TTCTCCTCAG
TGGTAGCTCT GGGCGCAAGC ATCATCTGTA ACAAGATCCC AGGCCTGGCT
CCCAGACAGC GGGCGATCTG CCAGAGCCGG CCCGACGCCA TCATCGTCAT
AGGAGAAGGC TCACAAATGG GCCTGGACGA GTGTCAGTTT CAGTTCCGCA
ATGGCCGCTG GAACTGCTCT GCACTGGGAG AGCGCACCGT CTTCGGGAAG
GAGCTCAAAG TGGGGAGCCG GGAGGCTGCG TTCACCTACG CCATCATTGC
CGCCGGCGTG GCCCACGCCA TCACAGCTGC CTGTACCCAG GGCAACCTGA
GCGACTGTGG CTGCGACAAA GAGAAGCAAG GCCAGTACCA CCGGGACGAG
GGCTGGAAGT GGGGTGGCTG CTCTGCCGAC ATCCGCTACG GCATCGGCTT
CGCCAAGGTC TTTGTGGATG CCCGGGAGAT CAAGCAGAAT GCCCGGACTC
TCATGAACTT GCACAACAAC GAGGCAGGCC GAAAGATCCT GGAGGAGAAC
ATGAAGCTGG AATGTAAGTG CCACGGCGTG TCAGGCTCGT GCACCACCAA
GACGTGCTGG ACCACACTGC CACAGTTTCG GGAGCTGGGC TACGTGCTCA
AGGACAAGTA CAACGAGGCC GTTCACGTGG AGCCTGTGCG TGCCAGCCGC
AACAAGCGGC CCACCTTCCT GAAGATCAAG AAGCCACTGT CGTACCGCAA
GCCCATGGAC ACGGACCTGG TGTACATCGA GAAGTCGCCC AACTACTGCG
AGGAGGACCC GGTGACCGGC AGTGTGGGCA CCCAGGGCCG CGCCTGCAAC
AAGACGGCTC CCCAGGCCAG CGGCTGTGAC CTCATGTGCT GTGGGCGTGG
CTACAACACC CACCAGTACG CCCGCGTGTG GCAGTGCAAC TGTAAGTTCC
ACTGGTGCTG CTATGTCAAG TGCAACACGT GCAGCGAGCG CACGGAGATG
TACACGTGCA AGTGAGCCCC GTGTGCACAC CACCCTCCCG CTGCAAGTCA
GATTGCTGGG AGGACTGGAC CGTTTCCAAG CTGCGGGCTC CCTGGCAGGA
TGCTGAGCTT GTCTTTTCTG CTGAGGAGGG TACTTTTCCT GGGTTTCCTG
CAGGCATCCG TGGGGGAAAA AAAATCTCTC AGAGCCCTCA ACTATTCTGT
TCCACACCCA ATGCTGCTCC ACCCTCCCCC AGACACAGCC CAGGTCCCTC
CGCGGCTGGA GCGAAGCCTT CTGCAGCAGG AACTCTGGAC CCCTGGGCCT
CATCACAGCA ATATTTAACA ATTTATTCTG ATAAAAATAA TATTAATTTA
TTTAATTAAA AAGAATTCTT CCACAAAAAA AAAAAAAAAA AA

SEQ ID NO: 2 MNRKARRCLG HLFLSLGMVY LRIGGFSSVV ALGASIICNK
IPGLAPRQRA ICQSRPDAII VIGEGSQMGL DECQFQFRNG RWNCSALGER
TVEGKELKVG SREAAFTYAITAAGVAHAIT AACTQGNLSD CGCDKEKQGQ
YHRDEGWKWG GCSADIRYGI GFAKVFVDAR EIKQNARTLM NLHNNEAGRK
ILEENMKLEC KCHGVSGSCT TKTCWTTLPQ FRELGYVLKD KYNEAVHVEP
VRASRNKRPT FLKIKKPLSY RKPMDTDLVY IEKSPNYCEE DPVTGSVGTQ
GRACNKTAPQ ASGCDLMCCG RGYNTHQYAR VWQCNCKFHW CCYVKCNTCS
ERTEMYTCK
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FIGURE 2

SEQ ID NO: 3 GCAGTCCCCG CGCCTCAAAC ACTTGCCGCG ATCGCTGGCG
CGCAGCGGCG CCCCTTGTTG CGCTTGTTCT CCCCTCCTCT GGCTCCGCGG
CTCCCGCGCT CTGGGACAGT CTCCAGTGCC TAGCGCGGAC CGACGCACCG
ACGGACCGCC CAGGGAGCCT CGGCCCGCGC CCCCTGCGCA GGCTATGTGG
ATTGCCCCGC CGGGCCCGGC TGGCGGGATC AGCACAGCCC GGCCCGTGGC
ACCCGCCACC AGCGGGGACT ATGACCCGGA AAGCGCGGCG CTGCCTGGGC
CACCTCTTTC TCAGCCTGGG CATAGTCTAC CTCCGGATCG GTGGCTTCTC
TTCGGTGGTA GCTCTGGGTG CGAGCATCAT CTGTAACAAG ATCCCAGGCC
TGGCTCCCAG ACAGCGGGCA ATCTGCCAGA GCCGGCCGGA CGCCATCATC
GTCATAGGAG AAGGCTCCCA AATGGGCCTG GACGAGTGTC AGTTTCAGTT
CCGAAATGGC CGTTGGAACT GCTCAGCGCT GGGAGAGCGT ACTGTCTTCG
GGAAGGAGCT CAAAGTGGGG AGTCGGGAGG CTGCCTTCAC CTATGCGATT
ATCGCTGCGG GCGTGGCCCA TGCCATCACT GCTGCCTGCA CCCAGGGCAA
CCTGAGCGAC TGTGGCTGCG ACAAGGAGAA GCAAGGCCAG TACCACCGGG
ACGAGGGCTG GAAGTGGGGT GGCTGCTCTG CCGACATCCG CTACGGCATC
GGCTTCGCCA AGGTCTTCGT GGATGCCCGG GAGATCAAGC AGAATGCCCG
GACGCTCATG AACTTACACA ATAACGAGGC GGGTCGGAAG ATCCTGGAGG
AGAACATGAA GCTGGAGTGT AAGTGCCATG GTGTGTCAGG CTCCTGTACC
ACTAAGACGT GCTGGACCAC ACTGCCACAG TTCCGAGAGC TAGGCTACGT
GCTCAAGGAC AAATACAACG AGGCCGTCCA CGTGGAGCCT GTGCGTGCCA
GTCGAAACAA GCGGCCCACC TTTCTGAAGA TCAAGAAGCC CCTGTCCTAC
CGCAAGCCCA TGGACACTGA CCTGGTGTAT ATCGAGAAGT CACCCAATTA
CTGTGAAGAG GACCCAGTGA CAGGCAGCGT GGGTACCCAG GGCCGAGCCT
GCAATAAGAC AGCCCCTCAG GCCAGTGGCT GTGACCTCAT GTGCTGTGGC
CGTGGCTACA ACACACACCA GTACGCCCGG GTGTGGCAGT GCAACTGCAA
ATTCCACTGG TGCTGCTACG TCAAGTGTAA CACGTGCAGC GAGCGCACGG
AGATGTATAC GTGCAAGTGA ATGCGGTCAC AGGTCAGATC ACAGGCAGGA
TACAGTTTCC CTGCAGGCCA CTGCCTGGAT GCTCACAGGG AAAGAACCAC
AGAAGCACTG TCCTTGTCTT TTCTGCTGAG GGGGGAGGGG TATTCTGGGT
TTCCTGCAGA CTCCCGTGGG AAGCATCTCT CAGAGGCCCG CCCATTCTTC
TCCACATGGA TGCTGCTCAG CCACCCTCCC CCAGACACCG CCCGAGCCTC
TCCAGGGCTG GAACAAAGTT TTCTACGGCA GGAGCTCTGG AGCCTCGGGC
CTCGTCATAG CAATATTTAA CAGTTTATTC TGATATGAGA TAATATTAAT
TTATTTAATT AAAGAGAATT CTTCCACTTC GTCGGGATCC GTCTTCTGCA
ATCAAAGTGG ACTGCTTGAG GTCCTGGTGG GATGACTTGC TAGGACTGGG
AGCTGAGAAC AGCTGTACAT AATTATTCTT TATGCAGATG TTTCTACTAG
TTGATTTCAC AAGTACCCTT CTGCAGCGCT AGGTGTTAAG TACAAAGAGA
AGACGGTCTT TATACACATA TAGATATATA TATGCATACA CATTTGTAAC
TTTGTTTTGT TTTGTTTTTG CTGTTTGCTG CTACCTATCC AGACTCTAAG
CTGGTCCAGA TCTGGAATTG TTTTTCTCCA GGACGTGCTC CTATCCTTTT
GCCCTTTACA GTTCAAACCT CTCCGTTAGA AAAGTTCCAT TGGGAATGGC
GTGTGTGTGA TGGGGACGAG GATCACAAAT TCCCAGCAGT TTCCATCCTG
AAACGTGAAC CACTGGATAA GAGGCTTTCT AAGAGACTAT TTTTCTATGG
ATATTTTATT TATATGGAGT CTGCCTGCGG TGCCCCATGG CCCATGCCTC
TTCTTAACAC TGGTACTCAC TCAGGGGCAG AAGGACAAGG CCAGGTGTGT
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FIGURE 2 (continued)

GGGCAGGTCC CCCGGGGACC CTCACACAGC TGGAGCCTGG AGTTCTATTT
GCCAAGGGGG CCATAGCAGT TACCAGATGC CTGGGTTGGG TATCTTCTGT
GTTAAACAAG AGGGAACCAT CCCCTGGCTT TAGCCTGCTA AGCTCAGGGC
TTGGAATGGG GTCACTGGAT GGTTATCTTG GGAGATGACC TCTGGATGAG
CCTCAGCGGT GGGTCAGTCA GTGTCTCACA CACTTTGAGA AGCATGGGAC
CTGGCATTCA TCATCAGGCA GAGGCCAGCT CAGGGATGCC GCTATCCCAT
CAGGACAGCC CAGGCACTGC CTCTAGGTGA GGTGTAGTCC TAAGAGAAGG
GGTCAAGGAG GGGGAAGGAG GAAGCCAAGG AGTGTTGGCC ATCCTCAGTG
AAAGCGATGG GAGCGTTCTC TCAGCAGCAG AGACACAGCT GTACCTGTAT
CTCTCCAATG GGAAACCCCT CCAGAAGGCT GGGGATATTT TTTATGTGTT
TCCACATGCA TTTCCACCTG TGTGCATGTA AGCACATGCG CACACTCCTG
TGCCAGCACT CTGCGGCACC TCCAGGGTGC TCACGGGTAC ATGTGCTTAC
ATGTATCTCT CTGTGCTTGG GAGATCAGAC CATGTGCATG GAGCTGTATG
CCTGAGCACT TGTGGTCTCA GGGGTTATTT CCAGGTATCT GCATTTGTGG
GTGGGGTGCA AGGTAGACAG CAGGGAACTG ATTTGATTGT GTTGAGCCAC
AGTGAGACTG CAACTCTGAA CTCTGTCTCC ACAGCTGCTG GTGAAACTCA
GATGCCTGTG AGACAACAGC CCTGAGCCTC ATGGCCCACA TGCTGGGAGC
CCCTCAGTGT CTAGGTCATG TCCAGTCCCC CACCTGGGTT ACATCACGAC
CAATAAACAT GGCTGTATGG CTGATTTCTT CCCTTG

SEQ ID NO:4 MTRKARRCLG HLFLSLGIVY LRIGGFSSVV ALGASIICNK
IPGLAPRQRA ICQSRPDAII VIGEGSQMGL DECQFQFRNG RWNCSALGER
TVFGKELKVG SREAAFTYAI TAAGVAHAIT AACTQGNLSD CGCDKEKQGQ
YHRDEGWKWG GCSADIRYGI GFAKVFVDAR EIKQNARTLM NLHNNEAGRK
ILEENMKLEC KCHGVSGSCT TKTCWTTLPQ FRELGYVLKD KYNEAVHVEP
VRASRNKRPT FLKIKKPLSY RKPMDTDLVY IEKSPNYCEE DPVTGSVGTQ
GRACNKTAPQ ASGCDLMCCG RGYNTHQYAR VWQCNCKFHW CCYVKCNTCS
ERTEMYTCK
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SEQ ID NO: 5: GAGTCTGCCC GCAGCCCCCT GGCCCCTGCC CGGCCCTGCG
TGCCCGCGCG TCCCTCCGGC CGCGCTGTCT ATGGCGCAGC CCCCCTCCCT
GGATCATGCA CAGAAACTTT CGCAAGTGGA TTTTCTACGT GTTTCTCTGC
TTTGGCGTCC TGTACGTGAA GCTCGGAGCA CTGTCATCCG TGGTGGCCCT
GGGAGCCAAC ATCATCTGCA ACAAGATTCC TGGCCTAGCC CCGCGGCAGC
GTGCCATCTG CCAGAGTCGG CCCGATGCCA TCATTGTGAT TGGGGAGGGG
GCGCAGATGG GCATCAACGA GTGCCAGTAC CAGTTCCGCT TCGGACGCTG
GAACTGCTCT GCCCTCGGCG AGAAGACCGT CTTCGGGCAA GAGCTCCGAG
TAGGGAGCCG TGAGGCTGCC TTCACGTACG CCATCACCGC GGCTGGCGTG
GCGCACGCCG TCACCGCTGC CTGCAGCCAA GGGAACCTGA GCAACTGCGG
CTGCGACCGC GAGAAGCAGG GCTACTACAA CCAAGCCGAG GGCTGGAAGT
GGGGCGGCTG CTCGGCCGAC GTGCGTTACG GCATCGACTT CTCCCGGCGC
TTCGTGGACG CTCGGGAGAT CAAGAAGAAC GCGCGGCGCC TCATGAACCT
GCATAACAAT GAGGCCGGCA GGAAGGTTCT AGAGGACCGG ATGCAGCTGG
AGTGCAAGTG CCACGGCGTG TCTGGCTCCT GCACCACCAA AACCTGCTGG
ACCACGCTGC CCAAGTTCCG AGAGGTGGGC CACCTGCTGA AGGAGAAGTA
CAACGCGGCC GTGCAGGTGG AGGTGGTGCG GGCCAGCCGT CTGCGGCAGC
CCACCTTCCT GCGCATCAAA CAGCTGCGCA GCTATCAGAA GCCCATGGAG
ACAGACCTGG TGTACATTGA GAAGTCGCCC AACTACTGCG AGGAGGACGC
GGCCACGGGC AGCGTGGGCA CGCAGGGCCG TCTCTGCAAC CGCACGTCGC
CCGGCGCGGA CGGCTGTGAC ACCATGTGCT GCGGCCGAGG CTACAACACC
CACCAGTACA CCAAGGTGTG GCAGTGCAAC TGCAAATTCC ACTGGTGCTG
CTTCGTCAAG TGCAACACCT GCAGCGAGCG CACCGAGGTC TTCACCTGCA
AGTGAGGCCA GGCCCGGAGG CGGCCGCGGG CACCCTGGAA CCCGGCGGCA
TTITTGCACAT CCACTCCTCA CCTTCCCTGC CTTGGTGCTG CCAGCAGCAG
ACATAGACGG GTGCAGAAGC GGGGAGCTCC AGGTGCAGGA GGGCACCGGC
CGGGGCCCAC GCCCTCTGCC CGCCTCCCTG GGGCTCCTTC CTGCCACCTC
CTCCCATCAC CTCCTGCGGC AGAACAGCAC CCGTGACCCA CCCAGAGAGC
AAGGCCAGGG GTCTTGGTGC TCCCCGACGG GGCCCGGCAA GTTCTCTTTC
TTCTCTCTGG GAAAATGAAC GTCCAGGACA CACCTGTATC CCAGAGAGCA
AAGTGATGAG GAGACTGAGC GTCCCCAGCC CCACCTGGCG GCATGGACAC
AGAAAAGCTA CGCCGGCTGG CCTCTCCAGA CCAGTTCCCA GGCTGGGTCT
GCCGCTGGGC CCTGGGGCGG TGGGGACAGA TGTTGACACA AATTATTTAT
GTTTTCTTAG TATCAGAAGA GGATTCTCGG CACTAACACA TAGCCAGTCC
TAACTCCGTA CTCTGTGTCA GCCCATCCCC TAGACACCCT CIGTTTCCTT
TCCCGGCCCC ACCTGGCCGG CCCTCTGCCC CTGCAGAGCT GAGGCAGCCT
GGGGTTGATG GGGACCACGC GGTGCCTGCA GGTCCTAGAA GTGAGCTGGG
CAGGGGCTCT TCAGACCACA CAGCCCTGAC CGGGCCTTGG AGGAGAGCCA
TGGACAGGCT CCTCCATGCC GTCTTTCCTT CTTTTGAAAA TCCTATCAAT
GGCTGGGCGC GGTGGCTCAC ACCTGTAATC CCAGCACTTT GGGAGACCGA
GGCAGGTGGA TCACCTGAGG TCAGGAGTTC GAGACCAGCC TGGCCAACGT
GGTGAAACCC TGTCTCTACT AAAAATACAA AAATTAGCTG GGCGTGGTGG
CGTGCACCTG TAATCCCAGC TACTCAGGAG GCTGAGACAG GACACTTGCT
TGAACCCGGG AGGTGGAGGT TGCAATGAGC CAAGATTGTG CCACTGTATT
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CCAACTTGGG TGACAGAGCA CGACTCTGTC TCAAAAAAAA AAAAAAAAAA
AAAAAAAAAA

SEQ ID NO: 6 MHRNFRKWIF YVFLCFGVLY VKLGALSSVV ALGANIICNK
IPGLAPRQRA ICQSRPDAII VIGEGAQMGI NECQYQFRFG RWNCSALGEK
TVFGQELRVG SREAAFTYAI TAAGVAHAVT AACSQGNLSN CGCDREKQGY
YNQAEGWKWG GCSADVRYGI DFSRRFVDAR EIKKNARRLM NLHNNEAGRK
VLEDRMQLEC KCHGVSGSCT TKTCWTTLPK FREVGHLLKE KYNAAVQVEV
VRASRLRQPT FLRIKQLRSY QKPMETDLVY IEKSPNYCEE DAATGSVGTQ
GRLCNRTSPG ADGCDTMCCG RGYNTHQYTK VWQCNCKFHW CCFVKCNTCS
ERTEVFTCK
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SEQ ID NO:7 CGCCCGCCTC CCGAGCCGAA GCGCCGGCTG AGCGTGGTCC
TACCGCAGCT CCCTGGCTCC TGCCCGGCCC CTGCCCACCC GCGCGTCCCC
TCCGGCCGCA GCTGTCTATG GCGCAGCCCC CCTCCCTGGA TCATGCACAG
AAACTTTCGA AAGTGGATCT TTTACGTGTT TCTCTGCTTT GGCGTCCTCT
ACGTGAAGCT CGGAGCATTG TCATCCGTGG TGGCCCTGGT AGCCAACATC
ATCTGCAACA AGATTCCTGG CCTGGCCCCA CGGCAGCGTG CCATCTGCCA
GAGCCGACCC GATGCCATCA TTGTGATCGG GGAGGGGGCG CAGATGGGCA
TCGACGAGTG CCAGCACCAG TTCCGATTCG GCCGCTGGAA CTGCTCCGCC
CTGGGCGAGA AGACCGTCTT CGGGCAAGAA CTCCGAGTAG GGAGTCGAGA
GGCTGCCTTC ACCTATGCCA TCACGGCGGC GGGCGTGGCG CATGCTGTCA
CCGCTGCCTG CAGCCAGGGC AATCTGAGCA ATTGTGGCTG TGACCGGGAG
AAGCAAGGCT ACTACAACCA GGCGGAAGGC TGGAAGTGGG GGGGCTGCTC
AGCGGACGTC CGCTACGGCA TCGACTTTTC TCGTCGCTTT GTGGATGCCC
GTGAGATCAA AAAGAACGCC AGGCGCCTCA TGAACCTTCA CAACAATGAG
GCGGGCAGAA AGGTTCTGGA GGACCGCATG AAGCTGGAAT GTAAGTGTCA
CGGTGTGTCA GGCTCCTGTA CCACCAAAAC TTGCTGGACC ACGCTACCTA
AGTTCCGCGA GGTGGGCCAC CTGCTCAAGG AGAAGTACAA CGCAGCGGTG
CAGGTGGAGG TGGTGCGAGC CAGCCGCCTG CGCCAGCCCA CCTTCCTGCG
CATCAAGCAG CTACGCAGCT ACCAGAAGCC TATGGAGACG GACCTGGTGT
ACATCGAGAA GTCGCCCAAC TACTGCGAGG AGGACGCGGC CACGGGCAGC
GTGGGCACGC AGGGCCGTCT GTGCAACCGC ACCTCGCCGG GGGCCGACGG
CTGTGACACC ATGTGCTGCG GCCGCGGCTA CAACACGCAC CAGTACACCA
AGGTGTGGCA GTGTAACTGC AAATTCCACT GGTGTTGCTT CGTCAAGTGC
AACACGTGCA GCGAGCGCAC CGAGGTCTTC ACCTGCAAGT GAGGCTCCCG
CGCAGGCGCG CTCGGCCCCT GCCGACCCTG CGGCCCTCGC CATTATTTTG
CACATCCTTC TTTGCTTCTG GAGCTGCCAG CTGCAGGCAC AGGAGGGTGG
GGATAGAGGT GGGGAGCTCG AGATACTCCA GGCTCCTTCC TACTCGCTCT
GTCCCCGCCC AGCATCCAAG GTCAACGCAA TGGTGGTCTG GTACCCAATG
GAGACAAATC CCTTTACTTC TCTTTGGGAA AGTGAACCAC AAAGGGACCA
TGAGACTCTG AGGGTCACCT CCCTGCCTGT GACTGGACAC AGAAAGGCCA
CACCCACCAG TCACACTCAA AACGGTTTCC TGGGCTGTTT CCTGCCGGCC
CTGGGCAGTG TGGATGGATG TTGACAAAAT TATTTATGTT TTCTTAGCAT
CAGATGAGGA CTCAGTACTA ACGACTGGGT AGCCAGACCT AACCCTATTIT
GAGGACACCC TTCCCTCACT CCTCCCGGCC CCTCCCTGCA GGGTCCTCTG
CTCCTTGCAG AACTCGAGGA TGTCAGAATT GGCACGGAAG CTGGCTGGTG
GGGGGACTCC TTATCAGCAC CTTGGGAGGG GCTTGGTGGC CCTACAAGGC
CTGAGATGGC CGCAGAGGAC AGCCAATCTT CCATTCCATT TGGAGACTGT
CATGCAAATC AAATGTCCCT TGTGTCAGGC TCCAGGCATG CCTCGTCCTC
TCCCTGGTCC TTCACCCTCC CAGCCTGCTG CCAACCTCCA CCTCCAGTTT
ACAAATTCTC TTCTCCTCTG GAGCCAACCT GACACCCAGG ACTGCCCCAC
AGGTTCAGGA GAGGTCAGGG ACAGTTGCCC CACATGACAG ATGGACAGAG
GGCAATCTGA AGATTTACTG GAGACCCCAC GGCTCTGTGA AATAAATATA
CTGACACAGC CCCATCCAGC CCAACTCTGG AAGTTGCCAG GGTGATGGGA
GGCTGCACCC CCTTTTCAGT ACCTTGGGTT TTGTCCTTCT TCTGTGATCC
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TGATGCCAGA GAACTGACAT CCAGAATTTA GGGATGTATT GGTCAGGCCC
CCTGCCTAGT GTCCACTGAT ACCTGCTTCA GGGTCCTTAT ATTATGAGGA
CATGGGACCC TCAAACAGGG GTCCGTGGGA AGCTTAATGT CCCATTTCCT
CAGGCCCTTC CAGATGGGGA CAGAAGAACT CAGGCCTGGG CATATCCCAC
CCTTTCCTCC ACAACACATG GCAGGGTAAG AAACTGCCAG GGCTGATAAT
ACAACTGCCC ACAGCCTACC CCACACTAAG GTGTTTCATA GCAGAAGTCC
ATGGAAATGT GGGGTTTGGT GGCCACCAAG CCAGGTGGCC TGGACATTGA
CCTGGGGAAG GTGACCCTTG TTTGCCCTTG CCTTGCATCC AGCTGTGTGT
CCCTATCATG TCAGGATGTT CCAAGCCTCT GGGCCACTGG AAATGTCCCA
CCCTGATCCT GGCCCCATCT CCTCACCCCA AGTCCTGGGA TACCCACGTC
CGTCGCCCAG TGTCCCCTGT GAGGAGCCTG GTTAACTTAT ATTGTTATAT
AGCGTCCCCT GTCTGTCATG TCTCTTAAGT TATTGTGACC TACACTGGGT
ACCGGAGGGG ATGGGGGATG GCTTCAGCTG CTGTCCCCCA AGCCAGGCTC
CTCCTTCTGC TTGAAACAGA CCCTCGGGGG CCCCTGATGC CACCGAGGCA
ATTCGCACTG TCCCTGGGCT GCCAGGCACC TGCGCCTGCA CTCGGTCAGC
CGCAGACCTT GCCTTGGGGG AGAGAGGTGG TTAGTGGACC CAGGCAGGGC
ACTGGCTGTC CCAATGCTGT GTGCTGGGGT GGAGGTGGCC GGGCACCACA
TGTCCTTGAA GTGCCCTACT TCTGATGGGC TGTGTTCCTG CCTCCTCTGG
AGGGGAGCAC TTAGCCCCAA TAAAAGCTGG AATCAGAAAA AAAAAAAAAA
AAAAAAAAAA AAAA

SEQ ID NO: 8 MHRNFRKWIF YVFLCFGVLY VKLGALSSVV ALVANIICNK
IPGLAPRQRA ICQSRPDAII VIGEGAQMGI DECQHQFRFG RWNCSALGEK
TVEGQELRVG SREAAFTYAI TAAGVAHAVT AACSQGNLSN CGCDREKQGY
YNQAEGWKWG GCSADVRYGI DFSRRFVDAR EIKKNARRLM NLHNNEAGRK
VLEDRMKLEC KCHGVSGSCT TKTCWTTLPK FREVGHLLKE KYNAAVQVEV
VRASRLRQPT FLRIKQLRSY QKPMETDLVY IEKSPNYCEE DAATGSVGTQ
GRLCNRTSPG ADGCDTMCCG RGYNTHQYTK VWQCNCKFHW CCFVKCNTCS
ERTEVFTCK
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WNT LIGANDS INVOLVED IN
BLOOD-BRAIN BARRIER DEVELOPMENT
AND USES THEREFOR

RELATED APPLICATION

[0001] This application claims the benefit of priority to
Provisional Application 60/926,523, filed Apr. 26, 2007,
which is hereby incorporated by reference in its entirety.

BACKGROUND

[0002] The development of the central nervous system
(CNS) vasculature is believed to occur in three steps: vascu-
logenesis, angiogenesis, and barriergenesis. In the mouse,
paraxial mesoderm-derived angioblasts give rise to the
perineural vascular plexus (PNVP) surrounding the develop-
ing CNS,; in a process that critically depends upon vascular
endothelial growth factor (VEGF) produced by the neuroepi-
thelium. At the spinal cord level, some endothelial cells in the
PNVP start sending sprouts into the CNS at E9.5 ultimately
leading to the formation of an intraneural vascular plexus
(INVP). The development of the mature BBB occurs over a
prolonged period of time, but phenotypic changes in CNS
endothelial cells occur very early, with expression of Glutl
preceding the appearance of the first sprouts, and lyn and
P-Glycoprotein shortly thereafter. Several signaling path-
ways that control early development of the mouse vascular
system, e.g., the VEGF/F1k1 and Angl/Tie2 signaling path-
ways, are also critical for the development of the CNS vas-
culature. As VEGF has been demonstrated to be expressed
already as early as E8.5 in the CNS and control PNVP for-
mation, it appears likely that while VEGF most certainly
remains critical for normal CNS vascularization, other sig-
naling pathways are required to determine the exact timing of
CNS vascular invasion and to endow the CNS vasculature
with its unique properties.

[0003] Diseases of the brain’s vasculature cause more
deaths than circulatory disorders of any other organ except
the heart. They are the third leading cause of death after heart
disease and cancer. Brain cells die extremely rapidly when
deprived of their blood supply and are hard to replace. Sur-
vivors are oftentimes severely incapacitated. Additionally,
brain and other CNS tumors require a blood supply to meet
their increased metabolic demands, and therefore induce the
development of tumor-associated vasculature. Such vascula-
ture is pathophysiological in its cellular architecture, leading
to cerebral edema. The identification of genes that influence
the development of the CNS vasculature and blood-brain
barrier may provide useful therapeutic targets for treating
vascular disorders of the CNS and disorders of the blood-
brain barrier. Further, there remains an unmet medical need
for new and effective therapeutic agents to treat vascular
disorders of the CNS and disorders of the blood-brain barrier.

SUMMARY

[0004] Thepresentinvention is based, at least in part, on our
discovery that Wnt ligands Wnt7a and Wnt7b produced by the
neuroepithelium act directly on the central nervous system
blood vessels and blood vessel precursors via the canonical
Wnat signaling pathway to both control CNS vascularization
and establish properties of the BBB.

[0005] In one aspect, the invention is directed to a method
for identifying an agent that modulates Wnt ligand activity or
canonical Wnt signaling pathway component activity, by con-
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tacting a Wnt ligand or canonical Wnt signaling pathway
component, or a portion thereof that is sufficient to promote
canonical Wnt signaling, with a test agent, and determining
the level of activity from the Wnt ligand or canonical Wnt
signaling pathway component or portion thereof in the pres-
ence of the test agent relative to the absence of the test agent,
wherein a change in activity indicates that the test agent is an
agent that modulates the activity of the Wnt ligand or canoni-
cal Wnt signaling pathway component. In some embodi-
ments, the test agent stimulates the level of activity of the Wnt
ligand or canonical Wnt signaling pathway component or
portion thereof relative to the absence of the test agent. Alter-
natively, the test agent inhibits the level of activity of the Wnt
ligand or portion thereof relative to the absence of the test
agent. The Wnt ligand is a human or mouse Wnt7a or Wnt7b.
In certain embodiments, the Wnt ligand or canonical Wnt
signaling pathway component is present in an animal model
and the Wnt ligand activity or canonical Wnt signaling path-
way component activity is assessed by measuring whether the
canonical Wnt pathway is modulated in the animal model.
Alternatively, the Wnt ligand or canonical Wnt signaling
pathway component is present in a cell and the Wnt ligand
activity or canonical Wnt signaling pathway component
activity is assessed by measuring whether the canonical Wnt
pathway is modulated in the cell. A test agent is preferably a
molecule identified in a library of molecules, such as a small
molecule identified from a small molecule library. The inven-
tion also provides a pharmaceutical composition containing
an agent identified by the methods described herein.

[0006] In another aspect the invention provides an animal
model for vascular disorders of the CNS and disorders of the
blood-brain barrier, that includes an animal having a mutation
in the gene encoding a Wnt ligand or canonical Wnt signaling
pathway component, which mutation prevents the canonical
Wnt signaling pathway from functioning normally and
causes a hemorrhaging phenotype. The mutation preferably
includes a Wnt7a/b double mutant, and the animal is prefer-
ably a mouse.

[0007] Ina further aspect, the invention provides a method
for treating a vascular disorder of the CNS or disorder of the
blood-brain barrier in a subject, by administering to the sub-
ject an effective amount of a modulator of Wnt ligand activity
or canonical Wnt signaling pathway component activity,
wherein the modulator of Wnt ligand activity or canonical
Wt signaling pathway component activity normalizes the
activity of the canonical Wnt signaling pathway, thereby
treating the vascular disorder of the CNS or disorder of the
blood-brain barrier in the subject. The Wnt ligand is prefer-
ably a mouse or human Wnt7a or Wnt7b.

[0008] The invention provides in another aspect a method
of modulating blood-brain barrier (BBB) permeability by
administering an agent to a subject, wherein said agent targets
Wnt7a or Wnt7b that is present in the brain. In certain
embodiments, the agent increases BBB permeability. Alter-
natively, the agent decreases BBB permeability. The modu-
lation of BBB permeability may be reversible, or irreversible.
The agent is an inorganic molecule, peptide, peptide mimetic,
antibody, liposome, small interfering RNA, antisense,
aptamer, or external guide sequence, or a combination
thereof. In one embodiment, the agent is a secreted Wnt 7a/7b
signaling inhibitor.

[0009] In another aspect, the invention provides a method
of treating a disease or disorder of the central nervous system
(CNS) in a mammalian subject, by administering to the sub-
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jecta first agent that targets Wnt7a or Wnt7b that is present in
the CNS and a second agent. For example, the subject may
have a CNS tumor. CNS tumors include a neuronal tumor, a
glial tumor, a meningeal tumor, a pituitary tumor, a pineal
gland tumor, or a lymphatic tumor. The first agent is an
inorganic molecule, peptide, peptide mimetic, antibody, lipo-
some, small interfering RNA, antisense, aptamer, or external
guide sequence, or a combination thereof. In one embodi-
ment, the agent is a secreted Wnt 7a/7b signaling inhibitor.
The second agent includes a radiotherapeutic or chemothera-
peutic agent.

[0010] In yet another aspect, the invention provides a
method of inducing angiogenesis in the central nervous sys-
tem of a mammalian subject in need thereof, by administering
a first agent that increases Wnt7a or Wnt7b activity in a CNS
tissue. This method optionally further includes administering
a second agent that stimulates angiogenesis, such as a growth
factor or cytokine. In certain embodiments, the mammalian
subject has suffered a stroke or a spinal cord injury. Alterna-
tively, the mammalian subject is an infant exposed to perina-
tal hypoxia or ischemia. The first agent is an inorganic mol-
ecule, peptide, peptide mimetic, antibody, liposome, small
interfering RNA, antisense, aptamer, or external guide
sequence, or a combination thereof. The second agent is
preferably an angiogenic growth factor, such as bone-derived
angiogenic proteins (BDAPs), vascular endothelial cell
growth factor (VEGF), basic fibroblast growth factor (bFGF),
angiogenin, endothelial growth factor (EGF), platelet derived
growth factor (PDGF), transforming growth factor-alpha
(TGF-c), transforming growth factor-beta (TGF-f3), or tumor
necrosis factor-alpha (TNF-a).

[0011] Further features and advantages of the instant dis-
closed inventions will now be discussed in conjunction with
the following Detailed Description, Drawings and Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 depicts the nucleotide and amino acid
sequences of the human Wnt7A protein, set forth as SEQ ID
NOs: 1 and 2, respectively.

[0013] FIG. 2 depicts the nucleotide and amino acid
sequences of the mouse Wnt7A protein, set forth as SEQ ID
NOs: 3 and 4, respectively.

[0014] FIG. 3 depicts the nucleotide and amino acid
sequences of the human Wnt7B protein, set forth as SEQ ID
NOs: 5 and 6, respectively.

[0015] FIG. 4 depicts the nucleotide and amino acid
sequences of the mouse Wnt7B protein, set forth as SEQ ID
NOs: 7 and 8, respectively.

[0016] FIG. 5. Wnt ligands produced by the neuroepithe-
lium are required for CNS vascularization. While Wnt7a+/+;
Wnt7bc3/+ (A, F, K), Sox2Cre+/—; Wnt7a-/—; Wnt7bc3/+
(B, G, L), Sox2Cre+/-; Wnt7a+/-; Wnt7bc3/d3 (C, H, M)
mutants appear phenotypically normal, Sox2Cre+/—;
Wnt7a—/—; Wnt7bc3/d3 (D, 1, N), and NestinCre+/-;
Wnt7a—/—; Wnt7bc3/d3 (E, J, O) mutants exhibit a severe
hemorrhaging restricted to the CNS as demonstrated by
whole mount photos (A-E) and H&E stains (forebrain, F-J,
and the forelimb level of the spinal cord, K-O). Furthermore,
FLK1 (P-Z) and PDGFRD (A'-J') immunohistochemistry for
endothelial cells and pericytes, respectively, demonstrate that
CNS vascularization is normal in Wnt7a+/+; Wnt7bc3/+ (P,
U, A", '), Sox2Cre+/—; Wnt7a—/—; Wnt7bc3/+ (Q, V, B', G"),
Sox2Cre+/-; Wnt7a+/—-; Wnt7bc3/d3 (R, X, C', H') mutants,
but severely perturbed in Sox2Cre+/—; Wnt7a—/—; Wnt7bc3/
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d3 (S, Y, D, I'), and to a lesser extent in NestinCre+/-;
Wnt7a-/-; Wnt7bc3/d3 mutants (T, Z, E', I') at both the
forebrain level (P-T, A'-E'") and the forelimb level of the spinal
cord (U-Z, F'-I").

[0017] FIG. 6. Canonical Wnt signaling in endothelial cells
is required for CNS vascularization. While Flk1Cre*'~; pCat®
wt (A, E) embryos appear phenotypically normal, Flk1Cre*';
BCat®” (B, F) exhibit a severe hemorrhaging restricted to the
CNS as demonstrated by whole mount photos (A, B) and
H&E stains at the fore limb level of the spinal cord (E, F).
Furthermore, FLK1 (I, J) and PDGFRb (M, N) immunohis-
tochemistry for endothelial cells and pericytes, respectively,
demonstrate that CNS vascularization is normal in
FIk1Cre*; BCat™ (A, E), but severely perturbed in
FIk1Cre*'=; pCat™ (J, N).

[0018] FIG. 7. The blood-brain barrier marker GLUT1 is
expressed in the PNVP and INVP in control embryos at E12.5
(A, B). In Sox2Cre+/-; Wnt7a—/-; Wnt7bc3/d3 double
mutants, GLUT1 expression is severely downregulated, but
some vascular segments express low levels of GLUT1 (D). In
Flk1Cre+/-; fCatc/n, there is no expression in the endothe-
lium. However, strong expression is detected in the neuroepi-
thelium (E). In control embryos, GLUT1 expression is also
detectable in the some vascular segments in the developing
limb (C). However, the downregulation of GLUII in
Flk1Cre+/-; pCatc/n mutants is specific for the CNS vascu-
lature, the expression in the limbs is not perturbed (F). We
targeted a construct allowing us to conditionally overexpress
Wnt7a in a spatiotemporally controlled manner into the
ROSAZ26 locus (G). Ectopic activation of Wnt7a outside the
neural tube using the NestinCre allele resulted in a dramatic
upregulation of GLUT1 in the vasculature outside the CNS
(H, D).

[0019] FIG. 8. Neuroepithelial Wnt7a and Wnt7b expres-
sion is critical for CN'S vascularization. Wnt7a**; Wnt7b°>*
(A-D), Sox2Cre*'~; Wnt7a~'~; Wnt7b°¥* (E-H), Sox2Cre*'~;
Wnat7a*~; Wnt7b°¥%* (I-L) mutants appear phenotypically
normal at E12.5. In contrast, Sox2Cre*'~; Wnt7a~'~; Wnt7b>’
a3 (M-P), and NestinCre*~; Wnt7a~'~; Wnt7b>% (Q-T)
mutants exhibit a severe hemorrhaging that is restricted to the
CNS as demonstrated by whole mount photos (A, E, I, M, Q)
and a disruption of neural organization as demonstrated by
H&E stains (B, F, J, N, R). Furthermore, FLK1 (C, G, K, O,
S) and PDGFB (D, H, L, P, T) immunohistochemistry for
endothelial cells and pericytes, respectively, demonstrate that
CNS vascularization is normal in Wnt7a**; Wnt7b°>+ (C-D),
Sox2Cre*~; Wnt7a~"; Wnt7b"** (G-H), Sox2Cre*’";
Wnt7a*"~; Wnt7b°¥%* (K-L) mutants, but severely perturbed
in Sox2Cre*~; Wnt7a~'~; Wnt7b">'% (O-P), and to a lesser
extent in NestinCre*'~; Wnt7a~"~; Wnt7b°>*> mutants (S-T).
In Sox2Cre*'~; Wnt7a*~; Wnt7b°*“®_ the ventral neural tube
at spinal cord levels, with the exception of the area around the
floor plate, is devoid of endothelial cells and pericytes (brack-
ets in O, P). In the dorsal neural tube, endothelial cells and
pericytes often form clusters or exhibit very large lumens
(e.g., arrowheads in O). tel—telencephalon, di—diencepha-
lon, mes—mesencephalon, rh—rhombencephalon, sc—Spi-
nal cord, d—dorsal, v—ventral, NT—neural tube.

[0020] FIG.9.Canonical Wnt signaling in endothelial cells
is critical for CNS vascularization. BAT-gal mice report
active canonical Wnt signaling (14). BAT-gal and Flil-double
positive endothelial cells were observed in the PNVP and
INVP of the E10.5 mouse spinal cord (A, arrowheads in C, E,
G). In addition, LEFT is also co-expressed in endothelial cells



US 2010/0199362 Al

in the PNVP and INVP of the E10.5 mouse spinal cord (B,
arrowheads in D, F, H). Flk1Cre-mediated removal of fCat
results in the formation of a vascular system that can support
the development of a mouse embryo until about E12, but as in
Wnt7a/b double mutants a severe CNS-specific hemorrhag-
ing phenotype (I, M) and a disruption of neural organization
(J, N) is observed. FLK1 (K, O) and PDGFR} (L, P) immu-
nohistochemistry for endothelial cells and pericytes, respec-
tively, demonstrate that a PNVP has formed in Flk1Cre*';
BCat®” embryos (arrowheads in 0, P), but that loss of vascular
invasion is almost complete (O, P). Consistent with a direct
model, removal of fCat from the neuroepithelium using the
NestinCre allele results in no hemorrhaging at E12.5 (U-Y)
and the PNVP and INVP are indistinguishable from control
embryos (Q-T).

[0021] FIG. 10. Canonical Wnt signaling is necessary for
proper differentiation of the CNS vasculature. The BBB
marker GLUT-1 is present in the PNVP and INVP in control
embryos at E12-12.5 (A-D, I-L, arrowhead in D points to a
GLUT-1 positive vessel). In Sox2Cre*~; Wnt7a~'~; Wnt7b
43 double mutants, GLUT-1 is severely downregulated (E-H),
but some vascular segments express low levels of GLUT-1
(arrowhead in E). Weak GLUT-1 remains in the ventral neu-
roepithelium, where vascular invasion fails (bracket in E,
arrowhead in F). Boxes in A and E show the approximate
region of B-D and F-H in separate sections, respectively. In
FIk1Cre*~; pCat®” embryos, at E12 there is a dramatic
reduction of GLUT-1 in the PNVP as compared to in control
embryos (I-L, M-P, filled arrowhead in P). However, strong
GLUT-1 is detected in the neuroepithelium (M-P, open arrow-
head in P). Boxes in I and M show the approximate region of
J-L and N-P in separate sections, respectively.

[0022] FIG. 11. Ectopic Wnt7a expression is sufficient to
induce GLUT-1 in endothelial cells outside the CNS. Nestin-
Cre-mediated ectopic activation of a bicistronic message
encoding for Wnt7a and LacZ in scattered cells outside the
neural tube (A, E) resulted in a dramatic upregulation of
GLUT-1 in the vascular endothelium outside the CNS (F-H)
as compared to in control embryos (B-D).

[0023] FIG. 12. Wnt7a and Wnt7b have partially overlap-
ping expression in the developing mouse neural tube. At
E10.5, Wnt7a and Wnt7b expression is detected in a comple-
mentary pattern in the forebrain (A, B). However, at the
forelimb level of the spinal cord, expression of Wnt7a and
Wnt7b overlap (C, D). At this level, both genes are excluded
from the dorsal fourth of the neural tube (brackets in C, D),
which encompass the Wntl, Wnt3a, and Wnt4 expression
domains, and the floor plate (arrowheads in C, D), where
Wnt4 is also expressed. Tel—Telencephalon, Di—Dien-
cephalon, nt—neural tube.

[0024] FIG. 13. Neuroepithelial Wnt7a and Wnt7b expres-
sion is critical for CNS vascularization. Wnt7a**; Wnt7b°>*
(A-C), Sox2Cre™~; Wnt7a~~; Wnt7b>* (D-F), Sox2Cre*'";
Wnt7a*'~; Wnt7b>#* (G-I) mutants appear phenotypically
normal. In contrast, Sox2Cre*~; Wnt7a™'~; Wnt7b>'% J-L),
and NestinCre*~; Wnt7a~~; Wnt7b*** (M-O) mutants
exhibit a disruption of neural organization at E12.5 as dem-
onstrated by H&E stains (e.g., filled arrowheads in J, M).
Furthermore, FLK1 (B, E, H, K, N) and PDGFRf (C,F, I, L,
O) immunohistochemistry for endothelial cells and pericytes,
respectively, demonstrate that CNS vascularization is normal
in Wnt7a**; Wnt7b°>* (B-C), Sox2Cre™™; Wnt7a™";
Wnt7b** (E-F), Sox2Cre*~; Wnt7a™~; Wnt7b=>“* (H-I)
mutants, but severely perturbed in Sox2Cre™"; Wnat7a™";
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Wnt7b°¥#* (K-L), and to a lesser extent in NestinCre*';
Wnt7a~"; Wnt7b*® mutants (N-O). In Sox2Cre*’~;
Wnt7a~"; Wnt7b>% and NestinCre*'~; Wnt7a~~; Wnt7b>
43 embryos, a PNVP has formed as endothelial cells and
pericytes surround the neural tube (open arrowheads in K, L,
N, 0). In Sox2Cre*~; Wnt7a~~; Wnt7b>® embryos, no
FLK1- or PDGFR-positive cells are detected in the pallium
(brackets in K, ). Some invasion occurs in the MGE (and
occasionally LGE) but the morphology of the vessels is per-
turbed (filled arrowheads in K, L.). In NestinCre™~; Wnt7a™";
Wnt7b*“* embryos, invasion occurs in all areas of the telen-
cephalon, but the morphology of the vessels is perturbed
(filled arrowheads in N, O). P—Pallium, LGE—Iateral gan-
glionic eminence, MGE—medial ganglionic eminence,
v—uventral, d—dorsal.

[0025] FIG. 14. The Nestin-Cre allele exhibits Cre recom-
binase activity in the neuroepithlium, but not in the CNS
endothelium. Nestin-Cre*’~ driver males were crossed with
gtROSA mice to provide areadout for Cre recombinase activ-
ity. X-Gal straining reveals lacZ expression in the neuroepi-
thelium at both the level of the telencephalon and the forelimb
(A, B). Double immunohistochemistry using antibodies
directed against beta-gal (C, E, F, H) and the endothelial
marker CD31 (D, E, G, H) reveal Cre recombinase activity in
the neuroepithelium (open arrowheads in E, H), but not in the
vascular endothelium (filled arrowheads in E, H). Boxes in A
and B show the approximate region of C-E and F-H in adja-
cent sections, respectively.

[0026] FIG. 15. Temporal dynamics of NestinCre-medi-
ated recombination in the CNS. Nestin-Cre*'~ driver males
were crossed with gtROSA mice to provide a readout for Cre
recombinase activity. X-Gal straining reveals lacZ expression
in the neuroepithelium at E9.5 (left), E10.5 (middle), and
E11.5 (right). Partial recombination is evident in the neural
tube at E9.5 and E10.5.

[0027] FIG. 16. BAT-Gal reporter activity and LEF1
expression suggests a role for canonical Wnt signaling in
CNS vascular development. The BAT-Gal mouse strain
reports active canonical Wnt signaling in at least a subset of
FLI1-positive endothelial cells in the PNVP and INVP of the
E10.5 telencephalon (A, C, E, G). In addition, LEF1 is co-
expressed in FLI1-positive endothelial cells in the PNVP and
INVP of the E10.5 mouse telencephalon (B, D, F, H). MGE
medial ganglionic eminence.

[0028] FIG. 17. The Flk1-Cre allele exhibits Cre recombi-
nase activity in the CNS endothelium, but not in the neuroepi-
thelium. Flk1-Cre*'~ driver males were crossed with gtROSA
mice to provide a readout for Cre recombinase activity. X-Gal
straining reveals lacZ expression in cells surrounding the
neuroepithelium as well as in scattered cells within the neural
tube at both the level of the telencephalon and the forelimb
(A, B). Double immunohistochemistry using antibodies
directed against beta-gal (C, E, F, H) and the endothelial
marker CD31 (D, E, G, H) reveal Cre recombinase activity in
the endothelium (arrowheads in E, H), but not in the neuroepi-
thelium. Boxes in A and B show the approximate region of
C-E and F-H in adjacent sections, respectively.

[0029] FIG. 18. Temporally regulated distribution of
GLUT-1 in the neuroepithelium and CNS endothelium.
(A-C) At E9.5, GLUT-1 is detected at high levels in the
neuroepithlium at the forelimb level of the neural tube
(bracket in A), but only a few FLK 1-positive endothelial cells
in the PNVP are GLUT-1 positive (arrowhead in C). (D-F) At
E10.5, GLUT-1 is almost completely downregulated in the
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most ventral part of the neural tube at the forelimb level (open
arrowhead in D); however, GLUT-1 persists, albeit at lower
levels, in the dorsal neural tube (filled arrowhead in D).
GLUT-1 is now abundant in endothelial cells in both the
PNVP and the INVP (D-F). (G-I) At E11.5, GLUT-1 is
restricted to the endothelium.

[0030] FIG. 19. Schematic of ROSA26-CAGGS-Wnt7a
allele. The schematic illustrates the ROSA26-CAGGS-
Wnt7a allele before and after Cre mediated recombination.
(A) In the absence of Cre recombinase, expression from the
CAGGS enhancer/promoter is terminated by three SV40 pol-
yAs (tpA). (B) In the presence of Cre recombinase, the tpA is
recombined out and the CAGGS enhancer/promoter drive
expression of a bicistronic message encoding for Wnt7a and
a nuclear f-galactosidase enzyme. A cassette containing a
splice acceptor, the puromycin gene, and a polyA sequence
precedes the CAGGS and was used to trap the ROSA26 locus.

DETAILED DESCRIPTION
Definitions

[0031] As used herein, the following words and phrases
have the meanings set forth below.

[0032] The singular forms “a”, “an”, and “the” include
plural references unless the context clearly dictates other-
wise.

[0033] Theterm “agent” is used herein to denote a chemical
compound, a mixture of chemical compounds, a biological
macromolecule (such as a nucleic acid, an antibody, a protein
or portion thereof, e.g., a peptide), or an extract made from
biological materials such as bacteria, plants, fungi, or animal
(particularly mammalian) cells or tissues. The activity of such
agents may render it suitable as a “therapeutic agent” which is
a biologically, physiologically, or pharmacologically active
substance (or substances) that acts locally or systemically in
a subject.

[0034] The term “angiogenesis” refers to the formation of
new blood vessels from a pre-existing vascular network.
[0035] The terms “cancer” and “cancerous” refer to or
describe the physiological condition in mammals that is typi-
cally characterized by unregulated cell growth. Examples of
cancer include, but are not limited to, breast cancer, colon
cancer, lung cancer, prostate cancer, hepatocellular cancer,
gastric cancer, pancreatic cancer, cervical cancer, ovarian
cancer, liver cancer, bladder cancer, cancer of the urinary
tract, thyroid cancer, renal cancer, carcinoma, melanoma,
head and neck cancer, and brain cancer; including, but not
limited to, astrocytomas, ependymal tumors, glioblastoma
multiforme (GBM), and primitive neuroectodermal tumors.
[0036] The “canonical Wnt pathway” or “canonical Wnt
signaling” or “canonical Wnt signaling pathway” refers to a
series of events that occur when Wnt ligands bind to cell-
surface receptors of the Frizzled family, causing the receptors
to activate Dishevelled family proteins and ultimately result-
ing in the nuclear translocation of beta-catenin where it asso-
ciates with members of the TCF/LEF family and controls
transcription of downstream target genes.

[0037] “Chemotherapy,” as used herein, refers to the use of
chemicals, such as pharmaceuticals or drugs, in the treatment
of a disease condition, such as cancer.

[0038] The term “component of the canonical Wnt signal-
ing pathway” or “canonical Wnt signaling pathway compo-
nent” refers to any of the proteins (receptors, ligands, etc.)
that participate in canonical Wnt signaling as defined above.
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As used herein the term also includes components of other
pathways associated with the canonical Wnt signaling path-
way, such as components of the $-pathway. The terms “com-
prise” and “comprising” is used in the inclusive, open sense,
meaning that additional elements may be included.

[0039] The term “disorders of the blood-brain barrier” refer
to any disorder of the blood-brain barrier, including but not
limited to, meningitis, multiple sclerosis, neuromyelitis
optica, late-stage neurological trypanosomiasis, progressive
multifocal leukoencephalopathy, De Vivo disease (also
known as GLUT1 deficiency syndrome) and Alzheimer’s
disease.

[0040] The term “mammal” is known in the art, and exem-
plary mammals include humans, primates, bovines, porcines,
canines, felines, and rodents (e.g., mice and rats).

[0041] The terms “modulate” and “modulation” refer to up
regulation (i.e., increase, activation or stimulation), down
regulation (i.e., decrease, inhibition or suppression) of a
response, or the two in combination or apart. For example, an
agent or a test compound can be considered to modulate a
Wnt7a or Wnt7b activity if the presence of such agent or test
compound in the assay of the invention results in either a
decrease or increase in the assayed Wnt7a or Wnt7b activity.
[0042] As used herein, the term “nucleic acid” refers to
polynucleotides such as deoxyribonucleic acid (DNA), and,
where appropriate, ribonucleic acid (RNA). The term should
also be understood to include, as equivalents, analogs of
either RNA or DNA made from nucleotide analogs, and, as
applicable to the embodiment being described, single (sense
or antisense) and double-stranded polynucleotides. ESTs,
chromosomes, cDNAs, mRNAs, and rRNAs are representa-
tive examples of molecules that may be referred to as nucleic
acids.

[0043] The terms “parenteral administration” and “admin-
istered parenterally” refer to modes of administration other
than enteral and topical administration, usually by injection,
and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracar-
diac, intradermal, intraperitoneal, transtracheal, subcutane-
ous, subcuticular, intra-articular, subcapsular, subarachnoid,
intraspinal, and intrasternal injection and infusion.

[0044] A “patient,” “subject” or “host” to be treated by the
subject method may mean either a human or non-human
animal.

[0045] Theterm “percent identity” refers to sequence iden-
tity between two amino acid or nucleotide sequences. Identity
can each be determined by comparing a position in each
sequence which may be aligned for purposes of comparison.
When an equivalent position in the compared sequence is
occupied by the same base or amino acid, then the molecules
are identical at that position; when the equivalent site is occu-
pied by the same or a similar amino acid residue (e.g., similar
in steric and/or electronic nature), then the molecules can be
referred to as homologous (similar) at that position. Expres-
sion as a percentage of homology, similarity, or identity refers
to a function of the number of identical or similar amino acids
at positions shared by the compared sequences. Expression as
a percentage of homology, similarity, or identity refers to a
function of the number of identical or similar amino acids at
positions shared by the compared sequences. Various align-
ment algorithms and/or programs may be used, including
FASTA, BLAST, or ENTREZ. FASTA and BLAST are avail-
able as a part of the GCG sequence analysis package (Uni-
versity of Wisconsin, Madison, Wis.), and can be used with,
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e.g., default settings. ENTREZ is available through the
National Center for Biotechnology Information, National
Library of Medicine, National Institutes of Health, Bethesda,
Md. In one embodiment, the percent identity of two
sequences can be determined by the GCG program with a gap
weight of 1, e.g., each amino acid gap is weighted as if it were
a single amino acid or nucleotide mismatch between the two
sequences.

[0046] Other techniques for alignment are described in
Methods in Enzymology, vol. 266: Computer Methods for
Macromolecular Sequence Analysis (1996), ed. Doolittle,
Academic Press, Inc., a division of Harcourt Brace & Co., San
Diego, Calif., USA. Preferably, an alignment program that
permits gaps in the sequence is utilized to align the sequences.
The Smith-Waterman is one type of algorithm that permits
gaps in sequence alignments. See Meth. Mol. Biol. 70: 173-
187(1997). Also, the GAP program using the Needleman and
Waunsch alignment method can be utilized to align sequences.
An alternative search strategy uses MPSRCH software,
which runs on a MASPAR computer. MPSRCH uses a Smith-
Waterman algorithm to score sequences on a massively par-
allel computer. This approach improves ability to pick up
distantly related matches, and is especially tolerant of small
gaps and nucleotide sequence errors. Nucleic acid-encoded
amino acid sequences can be used to search both protein and
DNA databases.

[0047] The term “pharmaceutically acceptable carrier”
refers to a pharmaceutically-acceptable material, composi-
tion or vehicle, such as a liquid or solid filler, diluent, excipi-
ent, solvent or encapsulating material, involved in carrying or
transporting any subject composition or component thereof
from one organ, or portion of the body, to another organ, or
portion of the body. Each carrier must be “acceptable” in the
sense of being compatible with the subject composition and
its components and not injurious to the patient. Some
examples of materials which may serve as pharmaceutically
acceptable carriers include: (1) sugars, such as lactose, glu-
cose and sucrose; (2) starches, such as corn starch and potato
starch; (3) cellulose, and its derivatives, such as sodium car-
boxymethyl cellulose, ethyl cellulose and cellulose acetate;
(4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8)
excipients, such as cocoa butter and suppository waxes; (9)
oils, such as peanut oil, cottonseed oil, safflower oil, sesame
oil, olive oil, corn oil and soybean oil; (10) glycols, such as
propylene glycol; (11) polyols, such as glycerin, sorbitol,
mannitol and polyethylene glycol; (12) esters, such as ethyl
oleate and ethyl laurate; (13) agar; (14) buffering agents, such
as magnesium hydroxide and aluminum hydroxide; (15) alg-
inic acid; (16) pyrogen-free water; (17) isotonic saline; (18)
Ringer’s solution; (19) ethyl alcohol; (20) phosphate buffer
solutions; and (21) other non-toxic compatible substances
employed in pharmaceutical formulations.

[0048] In certain applications a carrier is a polymer, an
ultrasound-sensitive bio-polymer, a nano-particle cell, a
micro-particle, a micelle, an ultrasound-sensitive stabilized
pluronic micelle, a microbubble, a microsphere, or a micro-
particle made of insoluble or biodegradable natural or syn-
thetic polymers. For other applications, the carrier is a bio-
logical material such as a cell, a cell ghost, a lipoprotein, or a
liposome.

[0049] The term “prophylactic” or “therapeutic” treatment
refers to administration of a drug to ahost. If itis administered
prior to clinical manifestation of the unwanted condition
(e.g., disease or other unwanted state of the host animal) then
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the treatment is prophylactic, i.e., it protects the host against
developing the unwanted condition, whereas if administered
after manifestation of the unwanted condition, the treatment
is therapeutic (i.e., it is intended to diminish, ameliorate or
maintain the existing unwanted condition or side effects
therefrom).

[0050] The term “small molecule” refers to a composition
which has a molecular weight of less than about 2000 amu, or
less than about 1000 amu, and even less than about 500 amu.
Small molecules may be, for example, nucleic acids, pep-
tides, polypeptides, peptide nucleic acids, peptidomimetics,
carbohydrates, lipids or other organic (carbon containing) or
inorganic molecules. Many pharmaceutical companies have
extensive libraries of chemical and/or biological mixtures,
often fungal, bacterial, or algal extracts, which can be
screened with any of the assays described herein. The term
“small organic molecule” refers to a small molecule that is
often identified as being an organic or medicinal compound,
and does not include molecules that are exclusively nucleic
acids, peptides or polypeptides.

[0051] Theterms “systemic administration,” “administered
systemically,” “peripheral administration” and “administered
peripherally” refer to the administration of a subject compo-
sition, therapeutic or other material other than directly into
the central nervous system, such that it enters the patient’s
system and, thus, is subject to metabolism and other like
processes.

[0052] The term “therapeutic agent” refers to any chemical
moiety that is a biologically, physiologically, or pharmaco-
logically active substance that acts locally or systemically in
a subject. The term thus means any substance intended foruse
in the diagnosis, cure, mitigation, treatment or prevention of
disease or in the enhancement of desirable physical or mental
development and/or conditions in an animal or human.
[0053] The term “therapeutic effect” refers to a local or
systemic effect in animals, particularly mammals, and more
particularly humans caused by a pharmacologically active
substance. The phrase “therapeutically-effective amount”
means that amount of such a substance that produces some
desired local or systemic effect at a reasonable benefit/risk
ratio applicable to any treatment. The therapeutically effec-
tive amount of such substance will vary depending upon the
subject and disease condition being treated, the weight and
age of the subject, the severity of the disease condition, the
manner of administration and the like, which can readily be
determined by one of ordinary skill in the art.

[0054] The term “treating” refers to curing as well as ame-
liorating at least one symptom of any condition or disease or
preventing a condition or disease from worsening.

[0055] “Tumor,” as used herein, refers to all neoplastic cell
growth and proliferation, whether malignant or benign, and
all pre-cancerous and cancerous cells and tissues.

[0056] The term “variant,” when used in the context of a
polynucleotide sequence, may encompass a polynucleotide
sequence related to that of a particular gene or the coding
sequence thereof. This definition may also include, for
example, “allelic,” “splice,” “species,” or “polymorphic”
variants. A splice variant may have significant identity to a
reference molecule, but will generally have a greater or lesser
number of polynucleotides due to alternate splicing of exons
during mRNA processing. The corresponding polypeptide
may possess additional functional domains or an absence of
domains. Species variants are polynucleotide sequences that
vary from one species to another. The resulting polypeptides

<



US 2010/0199362 Al

generally will have significant amino acid identity relative to
each other. A polymorphic variation is a variation in the
polynucleotide sequence of a particular gene between indi-
viduals of a given species. Polymorphic variants also may
encompass “single nucleotide polymorphisms™ (SNPs) in
which the polynucleotide sequence varies by one base. The
presence of SNPs may be indicative of, for example, a certain
population, a disease state, or a propensity for a disease state.
[0057] A “variant” of a polypeptide refers to a polypeptide
having the amino acid sequence of the polypeptide, but in
which one or more amino acid residues have been altered. The
variant may have “conservative” changes, wherein a substi-
tuted amino acid has similar structural or chemical properties
(e.g., replacement of leucine with isoleucine). A variant may
have “nonconservative” changes (e.g., replacement of gly-
cine with tryptophan). Analogous minor variations may also
include amino acid deletions or insertions, or both. Guidance
in determining which amino acid residues may be substituted,
inserted, or deleted without abolishing biological or immu-
nological activity may be found using computer programs
well known in the art, for example, LASERGENE software
(DNASTAR).

[0058] The term “vasculogenesis™ refers to the de novo
formation of blood vessels from mesoderm.

[0059] The term “vascular disorders of the CNS” refer to
any disorder associated with blood vessels that supply the
CNS, including but not limited to, cerebral infarction, brain
ischemia, brain hypoxia, intracranial embolism and throm-
bosis, intracranial arteriovenous malformations, etc. Blood
vessels, include arteries and arterioles, veins and venules, and
capillaries.

[0060] A “Wnt ligand” or “Wnt protein” is any member of
a family of highly conserved secreted signaling molecules
that regulate cell-to-cell interactions during embryogenesis.
A list of Wnt ligands for various species is available at www.
stanford.edu/rnusse/wntwindow.html. For example, the Wnt
ligands (and the GenBank accession number for their tran-
script) in the mouse are Wntl (int-1, NM__021279), Wnt2
(irp, NM__023653), Wnt2b/13 (NM__009520), Wnt3 (NM__
009521), Wnt3a (NM_009522), Wnt4 (NM_009523),
Wnt5a (NM__009524), Wnt5b (NM__009525), Wnt6 (NM_
009526), Wnt7a (NM_009527), Wnt7b (NM__009528),
Wnt8a (NM_009290), Wnt8b (NM_011720), Wnt9a
(Wnt14, NM 139298), Wnt9b (Wntl5, NM_011719),
Wntl0a (NM_009518), Wntl0b (NM__011718), Wntll
(NM__009519), and Wnt16 (NM__053116). The Wnt ligands
(and the GenBank accession number for their transcript) in
the human are Wntl (NM__005430), Wnt2 (NM__003391),
Wnt2b/13 (NM__024494 and NM__004185), Wnt3 (NM__
030753), Wnt3a (NM_033131), Wnt4 (NM_030761),
Wnt5a (NM__003392), Wnt5b (NM__032642), Wnt6 (NM_
006522), Wnt7a (NM_004625), Wnt7b (NM__058238),
Wnt8a (NM_058244), Wnt8b (NM_003393), Wnt9a
(Wntl14, NM_003395), Wnt9b (Wntl5, NM_003396),
Wntl0a (NM_025216), Wntl0b (NM__003394), Wntll
(NM__004626) and Wntl6 (NM__057168). Preferred Wnt
ligands include Wnt ligands expressed in the CNS, including
Wnt 1, Wnt 3, Wnt3a, Wnt4, and Wnt 5a, in addition to Wnt7a
and Wnt7b.

[0061] “Wnt7a” refers to wingless-related MMTV integra-
tion site 7A. The nucleotide and amino acid sequences of the
human protein are set forth as SEQ ID NOs: 1 and 2, respec-
tively, and correspond to GenBank accession numbers
NM__ 004625 and NP__004616, respectively. The nucleotide

Aug. 5,2010

and the amino acid sequences of the mouse protein are set
forth as SEQ ID NOs: 3 and 4, respectively and correspond to
GenBank accession numbers NM__ 009527 and NP__033553,
respectively.

[0062] “Wnt7b” refers to wingless-related MMTYV integra-
tion site 7B. The nucleotide and amino acid sequences of the
human protein are set forth as SEQ ID NOs: 5 and 6, respec-
tively, and correspond to GenBank accession numbers
NM_ 058238 and NP__ 478679, respectively. The nucleotide
and the amino acid sequences of the mouse protein are set
forth as SEQ ID NOs: 7 and 8, respectively and correspond to
GenBank accession numbers NM__009528 and NP__ 033554,
respectively.

General

[0063] The molecular mechanisms controlling the coordi-
nated development of an organ and its vasculature are poorly
defined. Also, the type of endothelium formed depends on the
nature of the organ. In the mouse, the central nervous system
(CNS) vasculature forms by angiogenesis from the surround-
ing perineural vascular plexus (PNVP) and becomes highly
specialized forming a tight barrier between the blood and the
CNS, the blood-brain barrier (BBB). Using the developing
CNS as a model system, we unexpectedly found that Wnt
ligands produced by the developing neuroepithelium, par-
ticularly Wnt 7a and Wnt7b, act directly on the endothelium
of the PNVP via the canonical pathway to both control CNS
vascularization and establish properties of the BBB.

[0064] This finding suggests that Wnt signaling may be
perturbed in diseases that affect the embryonic as well as
adult vasculature and raises the possibility of treating such
diseases by controlling the availability of Wnt ligand and thus
the ability of the vascular endothelium to respond to such
ligands. In addition, it would be possible to target the canoni-
cal pathway directly in the vascular endothelium by modu-
lating the activity of components of the canonical Wnt sig-
naling pathway, such as beta-catenin or members of the LEF/
TCF family. As we have shown that Wnt ligands act directly
on the endothelium to allow for angiogenesis to occur in the
developing CNS, it is thus for example conceivable that such
strategies could prevent angiogenesis associated with brain
tumors and thus restrict the blood flow and therefore prevent-
ing the tumor from growing.

Screening Assays to Identify Modulators of Wnt Ligands and
Canonical Wnt Signaling Pathway Components

[0065] Based on the findings described in the exemplifica-
tion, modulators of Wnt ligands and canonical Wnt signaling
pathway components may be identified that may be used as
therapeutics for vascular disorders of the CNS or disorders of
the BBB. Such modulators may change the level of activity of
the canonical Wnt signaling pathway in a responding endot-
helial cell, e.g., by modulating the activity of the Wnt ligands
(by stimulating or preventing the production of Wnt ligands
by neuroepithelial cells or by preventing or stimulating the
binding to receptors on the target cells), or by targeting com-
ponents of the canonical pathway inside the responding
endothelial cell.

[0066] In general, agents or compounds capable of modu-
lating Wnt ligands, in particular Wnt7a and Wnt7b, and the
response to these ligands in CNS endothelial cells, e.g., via
components in the canonical Wnt signaling pathway, can be
identified using the instant disclosed assays to screen large
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libraries of both natural product or synthetic (or semi-syn-
thetic) extracts or chemical libraries. Those skilled in the field
of drug discovery and development will understand that the
precise source of agents (e.g., test extracts or compounds) is
not critical to the screening procedures of the invention.
Accordingly, virtually any number of chemical extracts or
compounds can be screened using the methods described
herein. Examples of such agents, extracts, or compounds
include, but are not limited to, plant-, fungal-, prokaryotic- or
animal-based extracts, fermentation broths, and synthetic
compounds, as well as modification of existing compounds.
Numerous methods are also available for generating random
or directed synthesis (e.g., semi-synthesis or total synthesis)
of any number of chemical compounds, including, but not
limited to, saccharide-, lipid-, peptide-, and nucleic acid-
based compounds. Synthetic compound libraries are com-
mercially available from Brandon Associates (Merrimack,
N.H.) and Aldrich Chemical (Milwaukee, Wis.). Alterna-
tively, libraries of natural compounds in the form of bacterial,
fungal, plant, and animal extracts are commercially available
from a number of sources, including Biotics (Sussex, UK),
Xenova (Slough, UK), Harbor Branch Oceangraphics Insti-
tute (Ft. Pierce, Fla.), and PharmnaMar, U.S.A. (Cambridge,
Mass.). In addition, natural and synthetically produced librar-
ies are produced, if desired, according to methods known in
the art, for example, by standard extraction and fractionation
methods. Furthermore, if desired, any library or compound is
readily modified using standard chemical, physical, or bio-
chemical methods.

[0067] Inaddition, those skilled in the art of drug discovery
and development readily understand that methods for derep-
lication (e.g., taxonomic dereplication, biological dereplica-
tion, and chemical dereplication, or any combination thereof)
or the elimination of replicates or repeats of materials already
known for their anti-viral activity should be employed when-
ever possible.

[0068] When a crude extract is found to modulate Wnt
ligand activity, in particular Wnt7a and Wnt7b activity, or the
activity of a component of the canonical Wnt signaling path-
way, further fractionation of the positive lead extract is nec-
essary to isolate chemical constituents responsible for the
observed effect. Thus, the goal of the extraction, fraction-
ation, and purification process is the careful characterization
and identification of a chemical entity within the crude extract
that modulates Wnt ligand or canonical Wnt signaling path-
way component activity. Methods of fractionation and puri-
fication of such heterogeneous extracts are known in the art.
If desired, compounds shown to be useful agents for modu-
lating Wnt ligand or canonical Wnt signaling pathway com-
ponent activity are chemically modified according to meth-
ods known in the art.

[0069] Potential modulators of Wnt ligand activity, in par-
ticular Wnt7a and Wnt7b activity, or canonical Wnt signaling
pathway component activity, may include small molecules,
small organic molecules, peptides, peptide mimetics,
polypeptides, and antibodies that bind to a nucleic acid
sequence or polypeptide of the invention and thereby stimu-
late or inhibit its activity. A modulator of a Wnt ligand, in
particular a Wnt7a or Wnt7b ligand, or a canonical Wnt
signaling pathway component, is any agent that changes or
modulates the level or activity of the Wnt ligand or compo-
nent, e.g. enhances, stimulates, activates, or inhibits,
decreases, deactivates the level or activity of Wnt ligand or
component, as the case may be.
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[0070] Incertain embodiments, a method for identifying an
agent that modulates Wnt ligand activity or canonical Wnt
signaling pathway component activity, comprises first con-
tacting a Wnt ligand or component, or a portion thereof, with
atestagent, and then determining the level of activity from the
What ligand, component or portion thereof in the presence of
the test agent relative to the absence of the test agent. A
change in activity indicates that the test agent is an agent that
modulates the activity of Wnt ligand or component. Agents
that stimulate the activity of a Wnt ligand would result in a
higher level of activity of Wnt ligand or component in the
presence of the test agent relative to the absence of the test
agent. Likewise, agents that inhibit the activity of Wnt ligand
or component would result in a lower level of activity of Wnt
ligand or component in the presence of the test agent relative
to the absence of the test agent.

[0071] The level of Wnt ligand activity or canonical Wnt
signaling pathway component activity may be determined by
measuring any assay for Wnt ligand activity or canonical Wnt
signaling pathway component activity known to one of skill
in the art.

[0072] For example, compounds that are targeted against a
particular Wnt ligand or component may be assessed for the
ability to modulate the Wnt signal transduction pathway, e.g.,
by assessing stabilization of proteins in the .beta.-catenin
family as is described in Bahnot et al. for the armadillo (Arm)
protein. Another way in which Wnt activity can be assessed
by measuring activation of the T cell factor lymphoid
enhancer factor (TcF-Lef) (Behrens et al., Nature 382:638-
42, 1996). Active Wnt signaling results in other effects on
cells such as phosphorylation of Dishevelled, or phosphory-
lation of the LRP tail. Wnt signaling may also be detected by
reporter assays. For example, the TOP-flash assay is widely
used and variants of TOP-Flash (SuperTop) are available
from various sources (Upstate, the Moon lab).

[0073] Insome situations it may be desirable to first screen
candidate compounds for direct binding to the Wnt ligand or
component or fragments thereof, in vitro, e.g., in a gel mobil-
ity shift assay and/or an immunoprecipitation assay, and then
test Wnt ligand activity or canonical Wnt signaling pathway
component activity in a second assay.

[0074] Assays to identify modulators of Wnt ligands or
components may be cell based or in vitro assays. Cell based
assays may utilize eukaryotic or mammalian cell lines known
in the art, including but not limited to CHO cells, HeLa cells,
Jurkat cells, Hep G2 cells, Cos cells, 3T3 cells, and PC12
cells. Wnt ligands may be fused to a reporter gene such as a
gene expressing luciferase (Luc), green fluorescent protein
(GFP), red fluorescent protein (RFP), yellow fluorescent pro-
tein (YFP), or cyan fluorescent protein (CFP). Enhanced
forms of GFP and its derivatives may also be used as reporter
genes.

[0075] Modulators of Wnt activity may be discovered using
a cell that is known to respond to Wnt signaling (for example
a target gene is activated as in the TOP/FLASH assay devel-
oped by Hans Clevers), wherein Wnt signal is measured in the
presence and absence of a candidate modulator. The target or
the modulator might be generic as in TOP/FLASH, which is
an artificial target of canonical Wnt/bcatenin pathway, or
more tailored to the cell type of interest such as Glutl in an
endothelial cell line.

[0076] In vitro based assays, e.g., may utilize techniques
for immobilizing proteins and other molecules on matrices
are also available for use in the subject assay. For instance,
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either Wnt ligand or an appropriate interacting molecule may
be immobilized utilizing conjugation of biotin and streptavi-
din. For instance, biotinylated proteins can be prepared from
biotin-NHS(N-hydroxy-succinimide) using techniques well
known in the art (e.g., biotinylation kit, Pierce Chemicals,
Rockford, I11.), and immobilized in the wells of streptavidin-
coated 96 well plates (Pierce Chemical). Alternatively, anti-
bodies reactive with either Wnt ligand or an interacting mol-
ecule, but which do not interfere with the interaction between
the polypeptide and the interacting molecule, can be deriva-
tized to the wells of the plate, and may be trapped in the wells
by antibody conjugation. As above, preparations of an inter-
acting molecule and a test compound may be incubated in the
polypeptide-presenting wells of the plate, and the amount of
complex trapped in the well can be quantitated in the presence
or absence of a test agent. Exemplary methods for detecting
such complexes, in addition to those described for the GST-
immobilized complexes, include immunodetection of com-
plexes using antibodies reactive with the interacting molecule
or enzyme-linked assays, which rely on detecting an enzy-
matic activity associated with the interacting molecule.
[0077] For example, an enzyme can be chemically conju-
gated or provided as a fusion protein with the interacting
molecule. To illustrate, the interacting molecule can be
chemically cross-linked or genetically fused with horseradish
peroxidase, and the amount of polypeptide trapped in the
complex can be assessed with a chromogenic substrate of the
enzyme, for example, 3,3'-diamino-benzadine terahydro-
chloride or 4-chloro-1-napthol. Likewise, a fusion protein
comprising the polypeptide and glutathione-S-transferase
can be provided, and complex formation quantitated by
detecting the GST activity using 1-chloro-2,4-dinitrobenzene
(Habig et al. (1974) J. Biol. Chem. 249:7130).

[0078] Agents that function as activators of Wnt include
compounds that bind to, and activate receptors of the Frizzled
family on the cell surface, e.g. antibodies and fragments
thereof, wnt mimetics and derivatives, and the like. Wnt
inhibitors are agents that downregulate expression or activity
of wnt. Agents of interest may interact directly with wnt, e.g.
drugs, including small organic molecules, blocking antibod-
ies, etc., or may interact with wnt associated proteins, e.g.
Wnt co-receptors LRP5/6 and the transmembrane protein
Kremen. Wnt inhibitors of interest interfere with the interac-
tion between soluble, extracellular wnt proteins, and the
frizzled receptors that are present on the surface of normal
cells. Such agents include, e.g., soluble frizzled polypeptides
comprising the wnt binding domains; soluble frizzled related
polypeptides or proteins (sFRPs); wnt specific antibodies;
frizzled specific antibodies; and other molecules capable of
blocking extracellular wnt signaling. The Wnt7a and Wnt7b
pathways are also antagonized by Dkks (Dickkopf-related
proteins). See Kawano, Y. & R. Kypta (2003) J. Cell Science
116:2627. Exemplary Dkks are Dkk-1, Dkk-3, and Dkk-4.
[0079] An additional method of achieving Wnt modulation
is the neutralization of a Wnt inhibitor, e.g., the chelation of
DKk by a soluble ectodomain of Kremen1/2 or LRP5/6).

Methods For Treating Vascular Disorders of the CNS or Dis-
orders of the Blood-Brain Barrier

[0080] In certain embodiments, methods for treating vas-
cular disorders of the CNS or disorders of the blood-brain
barrier may include increasing or decreasing the protein or
activity level of Wnt ligands, in particular a Wnt7a or Wnt7b
ligand, or a biologically active analog thereof in a cell of the
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subject. In certain embodiments, small molecules or agents
that increase, e.g., enhance or stimulate, Wnt ligand expres-
sion can be used. In other embodiments, small molecules or
agents that decrease, e.g., reduce or deactivate, Wnt ligand
expression can be used. In other embodiments, recombinant
or isolated purified versions of a Wnt ligand may be used to
increase or decrease the level of Wnt ligands. For example,
methods of producing recombinant Wnt7A ligands are
known to those of skill in the art and are taught in U.S. Pat.
Nos. 6,515,108 and 6,297,030.

[0081] In other embodiments, methods for treating vascu-
lar disorders of the CNS or disorders of the blood-brain bar-
rier may comprise modulating the activity of components of
the canonical Wnt signaling pathway in responding endothe-
lial cells. In certain embodiments, small molecules or agents
that increase, e.g., enhance or stimulate, component expres-
sion can be used. In other embodiments, small molecules or
agents that decrease, e.g., reduce or deactivate, component
expression can be used. In other embodiments, recombinant
or isolated purified versions of a pathway component may be
used to increase or decrease the level of Wnt ligands. Com-
ponents that could be targeted in these methods, include but
are not limited to, members of the Frizzled family, i.e., the
receptors of the Wnt ligands (e.g., by preventing their expres-
sion in the target cells), beta-catenin (if beta-catenin is
removed from endothelial cells of the CNS, then CNS vascu-
larization does not occur and the blood brain barrier marker
GLUT]1 is missing, i.e. not expressed in the endothelium) and
LEF/TCF family members (the expression of a dominant
negative form of one of these family members could be used
to repress the canonical pathway and thus angiogenesis in the
CNS).

[0082] The efficacy of the agent can be assessed by gener-
ating dose response curves from data obtained using various
concentrations of the test agent. Moreover, a control assay can
also be performed to provide a baseline for comparison.
[0083] Methods for treating vascular disorders of the CNS
or disorders of the blood-brain barrier in a subject comprise
administering to the subject an effective amount of an activa-
tor of a Wnt ligand, wherein the activator of the Wnt ligand or
component increases the level or activity of a Wnt ligand or
component in cells of the subject, thereby treating the vascu-
lar disorder of the CNS or disorder of the blood-brain barrier
in the subject.

[0084] An intact blood-brain barrier decreases or elimi-
nates access of potential therapeutics to certain CNS diseases
or disorders. Provided here are methods of treating a disease
or disorder of the central nervous system in a mammalian
subject, such as a human subject with a CNS disease or
disorder, by administering to the subject two agents. The first
agent targets Wnt7a or Wnt7b that is present in the CNS,
thereby disrupting or otherwise affecting the blood-brain bar-
rier. The second agent possesses one or more therapeutic
properties useful in treating the CNS disease.

Methods for Modulating Blood-Brain Barrier Permeability.

[0085] It has been demonstrated herein that Wnt7a and
Wnt7b are critical determinants of the blood-brain barrier.
Wnt7a and Wnt7b, and agents that target Wnt7a and/or
Wnt7b that is/are present in the brain, are useful as modula-
tors of the blood-brain barrier. An agent is administered such
that it increases BBB permeability. Alternatively, an agent
decreases BBB permeability. The increase or decrease of
BBB permeability may be reversible, or irreversible. The
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agent is an inorganic molecule, peptide, peptide mimetic,
antibody, liposome, small interfering RNA, antisense,
aptamer, or external guide sequence.

[0086] In one embodiment, the agent is a secreted Wnt
7a/7b signaling inhibitor, such as a member of the Frizzled
family (e.g., Fz1, Fz6). Roman-Roman et al., J Biol. Chem.
(2004), 279:5725-5733; Golan et al., J Biol. Chem. (2004),
279:14879-14888.

[0087] Increased CNS vascular permeability are generally
beneficial for treating CNS disorders, such as vasospasm of
CNS blood vessels, Alzheimer’s disease, Parkinson’s disease,
epilepsy, multiple sclerosis, schizophrenia, depression,
stress, obesity, pain, anxiety, and any other CNS disorder that
is directly or indirectly affected by BBB permeability
changes. For example, increased CNS blood flow may
improve the metabolic state of brain and other CNS tissue.
Additionally, increased BBB permeability results in
increased access to the CNS by drugs and other molecules
generally excluded by the BBB. For example, radiotherapeu-
tic or chemotherapeutic agents more effectively transverse
the disrupted blood-brain barrier, resulting in increased effi-
cacy of the radiotherapeutic or chemotherapeutic agent in the
presence of a Wnt 7a/b modulator, as compared to in the
absence of the Wnt 7a/b modulator.

Methods for Treating CNS Tumors.

[0088] Additionally, brain and other CNS tumors require a
blood supply to meet their increased metabolic demands, and
therefore induce the development of tumor-associated vascu-
lature. Pathologic angiogenesis, the process by which a
malignant tumor develops and/or recruits new vessels, is the
primary means by which cancer cells obtain a nutrient and
oxygen source, and spread beyond the initial tumor situs.
Proangiogenic factors are produced by tumor cells, stromal
cells, or lymphocytes, which stimulate endothelial cell pro-
liferation. Wnt7a/b modulation is useful to control tumor-
associated angiogenesis and blood vessel remodeling, such as
in a subject having a CNS tumor.

[0089] Inone embodiment, agents that block Wnt7a and/or
Wnt7b activity are introduced either proximal to the tumor, or
systemically, to inhibit tumor vascularization and therefore,
reduce or prevent the rate of tumor growth, and shrink tumor
mass by “starving” the tumor. Wnt7a/b inhibitory agents may
be provided with a second agent, such as a second anti-
angiogenic compound (e.g., a VEGF blocker such as bevaci-
zumab, angiostatin, endostatin, TNP-470, PI-88, etc.) that is
known in the art. Alternatively, the second agent is a radio-
therapeutic or chemotherapeutic agent.

[0090] It has been recognized that tumor-associated blood
vessels typically lack intact cell-cell and cell-matrix interac-
tions found in physiological angiogenesis and normal blood
vessels. In a second embodiment of the invention, Wnt7a/b
activators are provided to a tumor-associated blood vessel to
induce endothelial cell differentiation, thereby reversing the
pathophysiological state of the tumor blood vessels.

[0091] CNS tumorsinclude a neuronal tumor, a glial tumor,
a menigneal tumor, a pituitary tumor, a pineal gland tumor,
and a lymphatic tumor. CNS tumors also include CNS
metastases of systemic cancers (e.g., breast cancer, small cell
lung cancer, lymphoma, and germ cell tumors).

[0092] Tumor tissue and/or cells may also be screened for
Wnt independent growth. In such a method, tumor cells of
interest are contacted with an agent that functions as a Wnt
inhibitor, and the proliferation of the cells, e.g. by uptake of
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tritiated thymidine, etc., is monitored. In certain embodi-
ments of the invention, a candidate subject is screened for the
presence of a cancer that is associated with a mutation in the
Wat signaling pathway, so that patients having such a muta-
tion are treated with the methods of the invention. Candidate
cancers include, without limitation, those listed herein.
[0093] In addition to Wnt7a and Wnt7b, other CNS-ex-
pressed Wnts are targets for alteration in gene expression
and/or activity. By way of non-limiting example, the compo-
sitions and methods of the invention include targeting Wnt 1,
Wnt 3, Wnt3a, Wnt4, WntSa, and Wnt5b. In certain embodi-
ments, the invention provides a first agent that modulates
Wnt7a/7b, and a second agent the modulates a Wnt expressed
in the CNS other than Wnt7a or Wnt7b (e.g., Wnt 1, Wnt 3,
Wnt3a, Wnt4, WntSa, or Wnt5Sb).

[0094] The blood vessels formed by tumor-induced angio-
genesis are typically pathophysiological in their cellular
architecture, having abnormal cell-cell and cell-matrix inter-
actions. Such abnormalities increase leakage of fluid into
surrounding tissue, leading to cerebral edema, thereby
increasing mortality and morbidity in brain tumor patients. A
non-limiting use of the present invention is the providing of
Wnt7a/b modulators that reduce cerebral edema in mamma-
lian subjects suffering from a CNS tumor.

Methods for Inducing Angiogenesis.

[0095] CNS tissue may become ischemic or hypoxic result-
ing from acute or chronic injury, or disease. For example, in a
human who has suffered a stroke or a spinal cord injury,
resulting in tissue injury from ischemia and/or hypoxia. Spi-
nal cord injuries (SCI) include contusions (bruising of the
spinal cord) and compression injuries (caused by pressure on
the spinal cord). In another example, an infant exposed to
perinatal hypoxia or ischemia suffers tissue damage.

[0096] The invention provides a method of inducing angio-
genesis in the central nervous system of a mammalian subject
in need thereof, by administering a first agent that increases
Wnt7a or Wnt7b activity in a CNS tissue, therefore increasing
angiogenesis in that tissue.

[0097] This method optionally further includes administer-
ing a second agent that stimulates angiogenesis, such as a
growth factor (i.e., “an angiogenic growth factor”) or cytok-
ine Preferred angiogenic growth factors include bone-derived
angiogenic proteins (BDAPs), vascular endothelial cell
growth factor (VEGF), basic fibroblast growth factor (bFGF),
angiogenin, endothelial growth factor (EGF), platelet derived
growth factor (PDGF), transforming growth factor-alpha
(TGF-q), transforming growth factor-beta (TGF-p), and
tumor necrosis factor-alpha (TNF-a). (Freedman, S. B., and
Isner, J. M., Therapeutic angiogenesis for ischemic cardio-
vascular disease, J. Mol. Cell. Cardiol 33(3): 379-393
(2001)).

Alteration of Wnt Gene Expression.

[0098] The level of protein can also be increased in a cell,
e.g., by introducing into the cell a nucleic acid encoding the
protein operably linked to a transcriptional regulatory
sequence directing the expression of the protein in the cell.
[0099] Methods for expressing Wnt ligand or component
nucleic acids in cells and appropriate transcriptional regula-
tory elements for doing so are well known in the art.

[0100] Alternatively, a protein can be introduced into a cell,
usually in the presence of a vector facilitating the entry of the
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protein into the cells, e.g., liposomes. Proteins can also be
linked to transcytosis peptides for that purpose. Yet in other
methods, an agent that stimulates expression of the endog-
enous gene is contacted with a cell. Such agents can be
identified as further described herein.

[0101] Any means for the introduction of polynucleotides
into mammals, human or non-human, or cells thereof may be
adapted to the practice of this invention for the delivery of the
various constructs of the invention into the intended recipient.
In one embodiment of the invention, the DNA constructs are
delivered to cells by transfection, i.e., by delivery of “naked”
DNA or in a complex with a colloidal dispersion system. A
colloidal system includes macromolecule complexes, nano-
capsules, microspheres, beads, and lipid-based systems
including oil-in-water emulsions, micelles, mixed micelles,
and liposomes. The preferred colloidal system of this inven-
tion is a lipid-complexed or liposome-formulated DNA. In
the former approach, prior to formulation of DNA, e.g., with
lipid, a plasmid containing a transgene bearing the desired
DNA constructs may first be experimentally optimized for
expression (e.g., inclusion of an intron in the 5' untranslated
region and elimination of unnecessary sequences). Formula-
tion of DNA, e.g. with various lipid or liposome materials,
may then be effected using known methods and materials and
delivered to the recipient mammal.

[0102] DNA constructs may also be delivered using viral
vectors. The transgene may be incorporated into any of a
variety of viral vectors useful in gene therapy, such as recom-
binant retroviruses, adenovirus, adeno-associated virus
(AAV), and herpes simplex virus-1, or recombinant bacterial
or eukaryotic plasmids. While various viral vectors may be
used in the practice of this invention, AAV- and adenovirus-
based approaches are of particular interest. Such vectors are
generally understood to be the recombinant gene delivery
system of choice for the transfer of exogenous genes in vivo,
particularly into humans.

[0103] The expression of a protein, e.g., a Wnt ligand or a
biologically active variant thereof in cells of a subject to
whom, e.g., a nucleic acid encoding the protein was admin-
istered, can be determined, e.g., by obtaining a sample of the
cells of the patient and determining the level of the protein in
the sample, relative to a control sample.

Diagnostics to Monitor Vascular Disorders of the CNS or
Disorders of the Blood-Brain Barrier

[0104] Methods for monitoring the severity of vascular dis-
orders of the CNS or disorders of the blood-brain barrier may
comprise measuring the expression of Wnt ligands, canonical
Wnt signaling pathway components, or the level of canonical
Wat signaling that occurs in the endothelium. For example,
measuring the activity of the canonical Wnt signaling path-
way active in the vasculature of brain tumors may be useful in
staging the cancer. As described herein, Wnt ligands, includ-
ing at least Wnt7a and Wnt7b, act directly on the endothelium
of'the PNVP and INVP via the canonical pathway controlling
CNS vascularization and the establishment of some BBB
properties. Thus, expression levels of Wnt ligands or the
ectopic activation/or downregulation of canonical Wnt sig-
naling pathway activity in the responding cell population may
correlate to the stages and severity of vascular disorders of the
CNS or disorders of the blood-brain barrier. Activity can be
monitored using the various approaches described herein.

[0105] Alternatively, the expression of polypeptides
encoded by Wnt ligand genes may be monitored, e.g., using
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antibody-based methods such as immunoassays. Any suitable
immunoassay can be used, including, without limitation,
competitive and non-competitive assay systems using tech-
niques such as western blots, radioimmunoassays, ELISA
(enzyme-linked immunosorbent assay), “sandwich” immu-
noassays, immunoprecipitation assays, precipitin reactions,
gel diffusion precipitin reactions, immunodiffusion assays,
agglutination assays, complement-fixation assays, immuno-
radiometric assays, fluorescent immunoassays and protein A
immunoassays.

Compositions of Modulators of Wnt Ligands and Recombi-
nant or Purified Wnt Ligands

[0106] Compounds identified through the screening assays
described above as well as Wnt ligand and canonical Wnt
signaling component nucleic acids and proteins can be
administered to a subject according to methods known in the
art. For example, nucleic acids encoding a Wnt ligand or
canonical Wnt signaling component or an antisense molecule
can be administered to a subject as described above, e.g.,
using a viral vector.

[0107] Pharmaceutical agents for use in accordance with
the present methods may be formulated in conventional man-
ner using one or more physiologically acceptable carriers or
excipients. Thus, proteins and nucleic acids described herein
as well as compounds or agents that increase the protein or
expression level of nucleic acids described herein, and their
physiologically acceptable salts and solvates may be formu-
lated for administration by, for example, injection, inhalation
or insufflation (either through the mouth or the nose) or oral,
buccal, parenteral or rectal administration. In one embodi-
ment, the agent is administered locally, e.g., at the site where
the target cells are present, such as by the use of a patch.
[0108] Agents can be formulated for a variety of loads of
administration, including systemic and topical or localized
administration. Techniques and formulations generally may
be found in Remmington’s Pharmaceutical Sciences, Meade
Publishing Co., Easton, Pa. For systemic administration,
injection is preferred, including intramuscular, intravenous,
intraperitoneal, and subcutaneous. For injection, the agents
can be formulated in liquid solutions, preferably in physi-
ologically compatible buffers such as Hank’s solution or
Ringer’s solution. In addition, the agents may be formulated
in solid form and redissolved or suspended immediately prior
to use. Lyophilized forms are also included.

[0109] For oral administration, the pharmaceutical compo-
sitions may take the form of, for example, tablets, lozenges, or
capsules prepared by conventional means with pharmaceuti-
cally acceptable excipients such as binding agents (e.g.,
pregelatinised maize starch, polyvinylpyrrolidone or hydrox-
ypropyl methylcellulose); fillers (e.g., lactose, microcrystal-
line cellulose or calcium hydrogen phosphate); lubricants
(e.g., magnesium stearate, talc or silica); disintegrants (e.g.,
potato starch or sodium starch glycolate); or wetting agents
(e.g., sodium lauryl sulphate). The tablets may be coated by
methods well known in the art. Liquid preparations for oral
administration may take the form of, for example, solutions,
syrups or suspensions, or they may be presented as a dry
product for constitution with water or other suitable vehicle
before use. Such liquid preparations may be prepared by
conventional means with pharmaceutically acceptable addi-
tives such as suspending agents (e.g., sorbitol syrup, cellulose
derivatives or hydrogenated edible fats); emulsifying agents
(e.g., lecithin or acacia); non-aqueous vehicles (e.g., ationd
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oil, oily esters, ethyl alcohol or fractionated vegetable oils);
and preservatives (e.g., methyl or propyl-p-hydroxyben-
zoates or sorbic acid). The preparations may also contain
buffer salts, flavoring, coloring and sweetening agents as
appropriate. Preparations for oral administration may be suit-
ably formulated to give controlled release of the active com-
pound.

[0110] Agentsthat may oxidize and lose biological activity,
especially in a liquid or semi-solid form, may be prepared in
a nitrogen atmosphere or sealed in a type of capsule and/or
foil package that excludes oxygen (e.g. Capsugel™).

[0111] For administration by inhalation, the agents may be
conveniently delivered in the form of an aerosol spray pre-
sentation from pressurized packs or a nebuliser, with the use
of a suitable propellant, e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized
aerosol the dosage unit may be determined by providing a
valve to deliver a metered amount. Capsules and cartridges of
e.g., gelatin, for use in an inhaler or insufflator may be for-
mulated containing a powder mix of the agent and a suitable
powder base such as lactose or starch.

[0112] The agents may be formulated for parenteral admin-
istration by injection, e.g., by bolus injection or continuous
infusion. Formulations for injection may be presented in unit
dosage form, e.g., in ampoules or in multi-dose containers,
with an added preservative. The agents may take such forms
as suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contain formulatory agents such as sus-
pending, stabilizing and/or dispersing agents. Alternatively,
the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g., sterile pyrogen-free water, before
use.

[0113] The agents may also be formulated in rectal com-
positions such as suppositories or retention enemas, e.g.,
containing conventional suppository bases such as cocoa but-
ter or other glycerides.

[0114] Inadditionto the formulations described previously,
the agents may also be formulated as a depot preparation.
Such long acting formulations may be administered by
implantation (for example subcutaneously or intramuscu-
larly) or by intramuscular injection. Thus, for example, the
agents may be formulated with suitable polymeric or hydro-
phobic materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble deriva-
tives, for example, as a sparingly soluble salt. Controlled
release formula also include patches, e.g., transdermal
patches. Patches may be used with a sonic applicator that
deploys ultrasound in a unique combination of waveforms to
introduce drug molecules through the skin that normally
could not be effectively delivered transdermally.

[0115] Pharmaceutical compositions (including cosmetic
preparations) may comprise from about 0.00001 to 100%
such as from 0.001 to 10% or from 0.1% to 5% by weight of
one or more agents described herein.

[0116] In one embodiment, an agent described herein, is
incorporated into a topical formulation containing a topical
carrier that is generally suited to topical drug administration
and comprising any such material known in the art. The
topical carrier may be selected so as to provide the composi-
tion in the desired form, e.g., as an ointment, lotion, cream,
microemulsion, gel, oil, solution, or the like, and may be
comprised of a material of either naturally occurring or syn-
thetic origin. It is preferable that the selected carrier not
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adversely affect the active agent or other components of the
topical formulation. Examples of suitable topical carriers for
use herein include water, alcohols and other nontoxic organic
solvents, glycerin, mineral oil, silicone, petroleum jelly, lano-
lin, fatty acids, vegetable oils, parabens, waxes, and the like.
[0117] Animal-based models, such as those described in
the Exemplification, may also be used to identify compounds
capable of ameliorating vascular disorders of the CNS or
disorders of the blood-brain barrier. Such animal models may
be used as test substrates for the identification of drugs, phar-
maceuticals, therapies, and interventions that may be effec-
tive in treating a disease or other phenotypic characteristic of
the animal. For example, animal models may be exposed to a
compound or agent suspected of exhibiting an ability to ame-
liorate vascular disorders of the CNS or disorders of the
blood-brain barrier, at a sufficient concentration and for a
time sufficient to elicit such an amelioration of vascular dis-
orders of the CNS or disorders of the blood-brain barrier in
the exposed animals. The response of the animals to the
exposure may be monitored by assessing the reversal of dis-
orders associated with the disease. Exposure may involve
treating mother animals during gestation of the model ani-
mals described herein, thereby exposing embryos or fetuses
to the compound or agent that may prevent or ameliorate the
infection or phenotype. Neonatal, juvenile, and adult animals
can also be exposed.

[0118] Inoneembodiment,the presentinvention provides a
method of identifying agents activating Wnt ligand expres-
sion or function. The method includes measuring a physi-
ological response of the animal, for example, to the agent, and
comparing the physiological response of such animal to a
control animal, wherein the physiological response of the
wild-type animal compared with an animal comprising a
disruption or knock-out of the Wnt ligand gene indicates the
specificity of the agent. A “physiological response” is any
biological or physical parameter of an animal that can be
measured. Molecular assays (e.g., gene transcription, protein
production and degradation rates), physical parameters (e.g.,
exercise physiology tests, measurement of various param-
eters of respiration, measurement of heart rate or blood pres-
sure, measurement of bleeding time), behavioral testing, and
cellular assays (e.g., immunohistochemical assays of cell sur-
face markers, or the ability of cells to aggregate or proliferate)
can be used to assess a physiological response.

Drug Delivery

[0119] Further provided are compositions and methods for
delivering therapeutics across the BBB. We have discovered
that the canonical Wnt signaling pathway controls the devel-
opment and likely the integrity of the BBB. Thus, the com-
positions of modulators of Wnt ligands and recombinant or
purified Wnt ligands described above may be used to weaken
the BBB, e.g., by loosening the tight junctions between the
endothelial cells of the brain’s capillaries by affecting the
vascularization of the BBB.

[0120] Accordingly, in certain embodiments, the composi-
tions of modulators of Wnt ligands and recombinant or puri-
fied Wnt ligands described above may be administered to a
subject in need thereof in order to make the BBB more per-
meable or able to be traversed by at least one therapeutic
agent. In certain embodiments, one or more of the composi-
tions may be administered to a subject prior to administering
the at least one therapeutic agent. In other embodiments, one
or more of the compositions may be administered to a subject
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simultaneously with at least one therapeutic agent. In still
other embodiments, one or more of the compositions may be
coupled to the therapeutic agent by any means known to one
of skill in the art. The dose of the compositions may be
determined by one of skill in the art as that which causes a
temporary weakening of the BBB so as to allow the therapeu-
tic to pass through.

Additional Embodiments

[0121] Thepresent invention has been described in terms of
several embodiments solely for the purpose of illustration.
Persons skilled in the art will recognize from this description
that the invention is not limited to the embodiments
described, but may be practiced with modifications and alter-
ations limited only by the spirit and scope of the appended
claims. Although this disclosure has been described in terms
of certain embodiments and generally associated methods,
alterations and permutations of these embodiments and meth-
ods will be apparent to those skilled in the art. Accordingly,
the above description of example embodiments does not
define or constrain this disclosure. Other changes, substitu-
tions, and alterations are also possible without departing from
the spirit and scope of this disclosure.

[0122] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of cell
biology, cell culture, molecular biology, transgenic biology,
microbiology, recombinant DNA, and immunology, which
are within the skill of the art. Such techniques are explained
fully in the literature. See, for example, Molecular Cloning A
Laboratory Manual, 2" Ed., ed. by Sambrook, Fritsch and
Maniatis (Cold Spring Harbor Laboratory Press: 1989); DNA
Cloning, Volumes I and II (D. N. Glover ed., 1985); Oligo-
nucleotide Synthesis (M. J. Gait ed., 1984); Mullis et al. U.S.
Pat. No: 4,683,195; Nucleic Acid Hybridization (B. D.
Hames & S. J. Higgins eds. 1984); Transcription And Trans-
lation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of
Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987);
Immobilized Cells And Enzymes (IRL Press, 1986); B. Per-
bal, A Practical Guide To Molecular Cloning (1984); the
treatise, Methods In Enzymology (Academic Press, Inc.,
N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H.
Miller and M. P. Calos eds., 1987, Cold Spring Harbor Labo-
ratory); Methods In Enzymology, Vols. 154 and 155 (Wuetal.
eds.), Immunochemical Methods In Cell And Molecular
Biology (Mayer and Walker, eds., Academic Press, London,
1987); Handbook Of Experimental Immunology, Volumes
I-IV (D. M. Weir and C. C. Blackwell, eds., 1986); Manipu-
lating the Mouse Embryo, (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1986).

EXEMPLIFICATION

[0123] The present invention is further illustrated by the
following examples, which should not be construed as limit-
ing in any way.

Example 1

Generation and Characterization of Wnt7a; Wnt7b
(Wnt7a/b) Double Mutants

[0124] To examine a potential role for Wnt signaling in
CNS vascularization, we generated Wnt7a; Wnt7b (Wnt7a/b)
double mutants by using a conditional allele allowing us to
circumvent the placental defects previously reported (Parr,
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2001 #6). Mice double heterozygous for Wnt7a and Wnt7b
null alleles were bred to Sox2-Cre (S2C) mice to generate
driver males allowing us to selectively remove Wnt7b on a
Wnt7a mutant background in the epiblast (Parr, 1998 #9; Parr,
2001 #6; Hayashi, 2002 #7). While Wnt7a and Wnt7b single
mutants appear phenotypically normal at E12.5, S2C;
Wnt7a/b double mutants exhibit a hemorrhaging phenotype
that is restricted to the CNS (FIG. 5, data not shown). In
addition, removing one Wnt7a allele on a Wnt7b mutant
background and in most instances one Wnt7b allele on a
Wnt7b mutant background reveals no phenotype at E12.5
(FIG. 5). In the few Wnt7a-/—; Wnt7bd3/+ mutants that
exhibit hemorrhaging at E12.5, the phenotype is dramatically
milder than the S2C; Wnt7a/b double mutant phenotype (data
not shown).

[0125] A detailed molecular analysis using antibodies
directed against the general endothelial markers Flk1,
PECAM, Endoglin, Tie2, VE-Cadherin, and the pericyte
marker PDGFR-b, reveal that the presence of these cells types
in the PNVP and the neuroepithelium at both the level of the
telencephalon and the forelimb. At the forebrain level, no
endothelial cells or pericytes are detected in the pallium or
lateral ganglionic eminence. A few cells are detected in the
medial ganglionic eminence, but these tend to form a cluster
of cells rather than a patent vascular plexus. At the spinal cord
level, endothelial cells and pericytes are present in the PNVP,
but the ventral neural tube with exception of the area around
the floor plate, is devoid of endothelial cells and pericytes. It
is interesting to note that Wnt4 is expressed in the dorsal
neural tube as well as in the floor plate, suggesting that other
Wat ligands may partially compensate for the loss of Wnt7a/
b. The endothelial cells that invade the neuroepithelium occa-
sionally form clusters of endothelial cells and pericytes. In
addition, vessels with very large lumen have been observed.
The vessels midway along the dorsal-ventral axis tend to
appear more abnormal than vessels in the dorsal neural tube.

[0126] As it possible that endothelial cells express low lev-
els of Wnt7a/b, we wanted to confirm that the Wnt7a/b double
mutant phenotype is a result of Wnt signaling from the neu-
roepithelium. A Nestin-Cre (NC) allele that drives expression
of Cre recombinase in the neuroepithelium but not in blood
vessels has been reported (Graus-Porta, 2001 #12; Tronche,
1999 #8). Thus, we bred mice double heterozygous for Wnt7a
and Wnt7b null alleles to NC mice to generate driver males
allowing us to selectively remove Wnt7b on a Wnt7a mutant
background in the neuroepithelium. As only little recombi-
nation has occurred by E9.5 in this model (Backman, 2005
#13), some Wnt7b expression would be expected thus poten-
tially resulting in a less severe phenotype than in the S2C;
Wnt7a/b model. Indeed, at E12.5, we observe CNS specific
hemorrhaging in the NC; Wnt7a/b double mutants (FIG. 5). A
molecular analysis at E12.5 of the telencephalon and the
forelimb level of the spinal cord reveal the presence of endot-
helial cells in the PNVP and neuroepithlium expressing Flk1,
CD31,CD34, Tie2 and PDGFRb as well as pericytes express-
ing PDGFRb. The number of endothelial cells and pericytes
appears reduced and the morphology of the vessels making up
the INVP is clearly abnormal.

[0127] Thus far, we have established that Wnt ligands pro-
duced by the neuroepithelium are required for CNS vascular-
ization, but the Wnt ligands could act indirectly via the neu-
roepithlium or directly on the endothelium and activate either
the canonical or non-canonical pathways. Interestingly, bat-
gal mice report active canonical Wnt signaling in endothelial
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cells of the PNVP and INVP (Maretto, 2003 #14), and, in
addition, LEFT is expressed in endothelial cells of the PNVP
and INVP, suggesting that the Wnt ligands may act directly on
the endothelium via the canonical pathway. To test this pos-
sibility, we removed beta-catenin, which is essential for
canonical Wnt signaling specifically in endothelial cells
using a Flk1-Cre (FC) driver line (Motoike, 2003 #10).
[0128] Interestingly, the removal of beta catenin specifi-
cally in the endothelial lineage results in a phenotype very
similar to that of Wnt7a; Wnt7b double mutant embryos.
While control embryos appear phenotypically normal at E12.
5, endothelial specific beta catenin mutants exhibit a severe
hemorrhaging phenotype apparently restricted to the CNS
(FIG. 6). A detailed molecular analysis using antibodies that
detect endothelial cells and pericytes show that while the
perineural vascular plexus forms, the CNS is completely
avascular (FIG. 6). This result together with the Wnt7a;
Wnt7b double mutant results, suggest strongly that Wnt7a
and Wnt7b produced by the neuroepithelium act directly on
the endothelium of the PNVP to control CNS vascularization
likely via the canonical Wnt signaling pathway.

[0129] We also removed beta-catenin from the neuroepi-
thelium using the NC allele. Consistent with the direct model,
we observed no hemorrhaging at E12.5 and the PNVP and
INVP are indistinguishable from control embryos (FIG. 6).
[0130] In order to address whether, in addition to the CNS
angiogenesis defects we observed, the differentiation of the
endothelial cells of the PNVP appear normal, we analyzed the
expression of several general endothelial markers (such as
Endoglin, Tie2) and all these appeared normal. In addition,
we have analyzed the expression of the glucose transporter
protein Glutl which normally is expressed in the developing
neuroepithlium prior to vascular invasion. After vascular
invasion begins, the neuroepithlial expression of Glutl is
downregulated and Glutl expression is upregulated in the
PNVP and INVP endothelium. Expression of Glutl can also
be detected in the developing limbs, however, Glutl expres-
sion is highly enriched in the CNS vasculature vs other endot-
helia and is considered as a good marker of the blood-brain
barrier. Interestingly, in Wnt7a; Wnt7b double mutants, Glut1
expression is severely downreguated in the CNS vasculature
(FIG. 7). Some low level expression is detected in some of the
few vessels that develop in the dorsal part of the neural tube
which is consistent with low level Wnt signaling still occur-
ring in the dorsal neural tube. However, in Flk1Cre+/—;
beate/n mutants, Glutl expression is completely gone in the
PNVP and expression is now detected in the neuroepithelium
(FIG. 7). In addition, we targeted a construct allowing us to
ectopically expresse Wnt7a outside of the neural tube using
an appropriate Cre drvier line into the ROSA26 locus (FIG.
7). Ectopic expression of Wnt7a outside of the neural tube
using the NestinCre allele demonstrate that expression of
Wnt7a s sufficient to induce ectopic expression of Glutl in at
least some other endothelial cells (FIG. 7). Thus, it appears
reasonable to conclude that Wnt7a and Wnt7b act via the
canonical pathway to induce Glutl expression in the blood-
brain barrier.

[0131] In summary, our data argues strongly that Wnt
ligands, including at least Wnt7a and Wnt7b, act directly on
the endothelium of the PNVP and INVP via the canonical
pathway controlling CNS vascularization and the establish-
ment of the BBB marker Glutl. Interestingly, beta-catenin
has previously been removed specifically in endothelial cells,
but the authors did not report hemorrhaging restricted to the
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CNBS. Rather than as a mediator of canonical Wnt signaling,
Cattelino et al. suggested that beta-catenin functions in the
endothelium to stabilize adherens junctions (Cattelino, 2003
#11). Our data argues strongly against the findings of Cat-
telino et al.

[0132] Several signaling pathways controlling vasculogen-
esis and angiogenesis have been defined, however, less is
known about the molecular mechanisms controlling the coor-
dinated development of an organ and its vasculature. We
suggest that CNS development and vascularization is coordi-
nated by neuroepithelial-derived Wnt ligands controlling
directly aspects of PNVP and INVP differentiation via the
canonical pathway. We have shown that Wnt activity controls
the expression of the BBB marker Glut1, thus at least partially
controlling the type of endothelium formed in the CNS.
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Example 2

Vasculogenesis and Angiogenesis of the Central Ner-
vous System is Directly Controlled by Wnt7a and
Wnt7b Produced by Neuroepithelium

[0147] Expression of both Wnt7a and Wnt7b can be
detected in the neural tube at E9.5 coincident with CNS
vascular development. At E10.5, Wnt7a and Wnt7b are
expressed in broad overlapping domains along the dorsal-
ventral axis in the spinal cord; however, at the forebrain level
they are expressed ina complementary pattern (FIG. 12). Null
mutants for both Wnt7a and Wnt7b have been generated,
neither one of which exhibit an early neural tube phenotype.
As described, herein, a conditional null allele of Wnt7b has
been generated that, in combination with a Sox2Cre trans-
genic allele, confines Wnt7b removal to the embryo enabling
an earlier placental phenotype to be overcome. These mice
were crossed with a Wnt7a null allele to generate Sox2Cre;
Wnt7a/b double mutants. When examined at E12.5, embryos
lacking embryonic Wnt7a and Wnt7b signaling exhibit a
hemorrhaging phenotype that is restricted to the CNS (FIGS.
8A, E, I, M, data not shown), the first functional evidence that
Wnt signaling may be involved in CNS vascular develop-
ment. In most instances, when a single active Wnt7a or Wnt7b
allele remained, no phenotype was observed. However, a
small number of Wnt7a™~; Wnt7b®"* mutants exhibit a mild
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hemorrhaging phenotype at E12.5 (data not shown). Histo-
logical analysis reveals a disruption of neural organization at
both the spinal cord level and forebrain; however, as these
defects are not evident at E10.5, they are most likely second-
ary to the hemorrhaging phenotype (FIG. 8B, F, J, N, F1G. 13,
and data not shown). No obvious differences were observed
in neural patterning (regionally restricted Nkx2.2, Pax6 and
Pax7) or VEGF localization between control embryos and
Wnt7a/b double mutants at E10.5 (data not shown).

[0148] In order to visualize vascular cells, we performed a
detailed molecular analysis using antibodies directed against
the general endothelial markers FLK1, CD31, Endoglin,
TIE2, VE-Cadherin, and the pericyte marker PDGFRf focus-
ing on the presumptive spinal cord forelimb level (FIG. 8C-D,
G-H, K-L, O-P, and data not shown) and forebrain (FIG. 13)
atE11.5and E12.5. Consistent with normal VEGF signaling,
a PNVP forms in Wnt7a/b double mutants, endothelial cells
and pericytes are evident surrounding the neural tube (FIG.
80, P). However, with the exception of the area around the
floor plate, endothelial cells and pericytes are absent within
the ventral neural tube at spinal cord levels (FIG. 80, P).
Vascular segments are evident in the dorsal part of the neural
tube but often these form abnormally large clusters of endot-
helial cells and pericytes or exhibit very large lumens (e.g.,
arrowhead in FIG. 80). Interestingly, vessels at the dorsal-
ventral intersect appear more abnormal than vessels in the
most dorsal part of the neural tube. The dorsal neural tube
expresses Wntl, 3, 3a at the dorsal midline, and Wnt4 more
broadly (7). Thus, the most severe phenotypes are observed in
regions where Wnt7a and Wnt7b are the predominant Wnt
inputs. The milder phenotypes elsewhere in the CNS argue
for a more general role for other Wnt factors in CNS vascu-
larization.

[0149] To confirm that the Wnt7a/b double mutant pheno-
type results from the loss of Wnt7a/b signaling within the
developing neuroepithelium specifically, we used a Nestin-
Cre allele that drives expression of Cre recombinase predomi-
nantly in the neuroepithelium, excluding endothelial cells
(FIG. 14; (11, 12)). Only partial recombination occurs by
E9.5 and E10.5 in this model (FIG. 15; (13)), thus we predict
a less severe phenotype than that of Sox2Cre; Wnt7a/b
embryos. Nevertheless, we observe a CNS-specific hemor-
rhaging in the NestinCre; Wnt7a/b double mutants at E12.5
(FIG. 8Q, R). A similar molecular analysis to that reported
earlier revealed the presence of endothelial cells in the PNVP
and neuroepithelium (FIG. 19, T, FIG. 13, and data not
shown). However, the number of endothelial cells and peri-
cytes were reduced and the morphology of the vessels making
up the INVP was abnormal.

[0150] Next, we examined the underlying signaling path-
way mediating Wnt7a/7b action and their cellular target. The
BAT-Gal transgenic mouse contains a [3Cat-activated trans-
gene which drives expression of an E. coli lacZ allele encod-
ing nuclear [3-galactosidase under the control of fCat/T-cell
factor responsive elements (14). Consequently, BAT-Gal
activity reports active canonical Wnt signaling (14). We
observed [3-galactosidase in a subset of FLI1-positive endot-
helial cells (15) in the PNVP and INVP at E10.5 (FIG. 9A, C,
E, G,FIG.16; (14)). Further, LEFT, a critical component and
direct feed-forward target of canonical Wnt signaling, is
expressed in endothelial cells of the PNVP and INVP (FIG.
9B, D, F, H, FIG. 16). Together, these data suggest that Wnt7a
and Wnt7b may act directly on the endothelium via the
canonical Wnt pathway. To test this possibility, we removed
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beta-catenin (Cat), an essential component of the canonical
Wnt signaling transcriptional complex, in the endothelium
combining a Flk1-Cre driver line (FIG. 17; (16)) and a con-
ditional BCat allele (17).

[0151] Remarkably, removal of fCat in the endothelium
results in a phenotype strikingly similar to that of the Wnt7a/b
double mutant phenotype (FIG. 91, J, M, N). As in Wnt7a/b
double mutants, pericytes and endothelial cells were present
in the PNVP at E12 (FIG. 9K, L, O, P, and data not shown).
However, a more extensive loss of FLK1- and PDGFRf-
positive cells is evident in the neuroepithelium (FIG. 9K, L,
O, P). When fCat activity was removed from the neuroepi-
thelium using the NestinCre allele, we observed no hemor-
rhaging at E12.5 and the PNVP and INVP are indistinguish-
able from control embryos (FIG. 9Q-Y). Taken together,
these results argue that Wnt ligands act directly on endothelial
cells via the canonical pathway to regulate CNS vasculariza-
tion. Importantly, in the Flk1 model, the vasculature outside
the CNS forms. Thus canonical Wnt signaling plays an organ-
specific role in vascularization. The more severe neural tube
vascularization phenotype following Flkl-mediated BCat
removal in all neural tube vascular progenitors is consistent
with a more general role that extends to other Wnts in the
regulation of CNS vascularization.

[0152] As mentioned earlier, the mature CNS endothelium
exhibits a unique property referred to as the BBB for which
GLUT-1 is an important indicator. Prior to CNS vascular
invasion, GLUT-1 is present in the neuroepithelial cells, but
as vascular invasion begins, GLUT-1 is downregulated in the
neuroepithelium and upregulated in the vascular endothelium
of the neural tube; high levels of GLUT-1 are maintained in
CNS vasculature in the adult (FIG. 18 and data not shown).

[0153] At E12.5, Wnt7a/b double mutants show reduced
levels of GLUT-1 in the PNVP and INVP (FIG. 10A, E).
Interestingly, weak GLUT-1 remains in the ventral neuroepi-
thelium, where vascular invasion fails (FIG. 10A-H). In
Flk1Cre; fCat mutant embryos, GLUT-1 is dramatically
downregulated in the PNVP and GLUT-1 is maintained
throughout the neuroepithelium (FIGS. 101-P). In addition to
the developing CNS vasculature, the developing limb endot-
helium also shows elevated GLUT-1 levels but these are not
downreuglated in the Flk1Cre; fCat mutants. Taken together,
these findings support a direct role for canonical Wnt signal-
ing in organ-specific endothelial cell differentiation.

[0154] As shown in FIG. 10, canonical Wnt signaling
involving Wnt7a and Wnt7b is necessary for proper differen-
tiation of the CNS vasculature. Given that the vascular phe-
notype of the Wnt7a/b double mutant is less severe than the
Flk1/Cre; fCat mutant embryos, it is apparent that other Wnt
molecules (such as Wnt4) are associated with vasculogenesis
and blood vessel differentiation. As such, the invention pro-
vides for the co-modulation of Wnt7a/b and one or more other
Wat ligands.

[0155] In order to test whether members of the Wnt7 sub-
family of Wnt signals are sufficient to induce GLUT-1 in
endothelial cells, we targeted the Rosa26 locus with a con-
struct enabling Cre-mediated control of the expression of a
bicistronic message encoding Wnt7a and lacZ (FIG. 19). The
NestinCre allele, in addition to driving expression of Cre in
the developing neuroepithelium, shows low-level sporadic
recombination in scattered cells outside of the CNS at the
forelimb level (FIG. 11A, E). Remarkably, we observed a
strong upregulation of GLUT-1 in endothelial cells outside of
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the developing CNS at E10.5 and E11.5 in conjunction with
ectopic Wnt7a expression driven by the NestinCre transgene
(FIG. 11B-D, F-H).

[0156] Previous in vivo studies have suggested a role for
Wnt7b in the development of the hyaloid and the lung vascu-
lature via indirect mechanisms (18, 19), and have linked Wnt2
to the placental vasculature (20) and the putative Wnt receptor
Fzd5 to yolk sac (21) vasculature. Additionally, in vitro stud-
ies suggest a role for Wnt signaling in proliferation, survival,
and formation of capillary-like networks, suggesting angio-
genic activity (22-26). Interestingly, fCat has previously
been removed in the endothelium resulting in defective vas-
cular patterning and increased vascular fragility, a phenotype
attributed to the destabilization of adherens junctions rather
than canonical Wnt signaling (27). The differences in pheno-
types to those reported here may potentially be attributable to
the use of different Cre driver lines, Tie2-Cre versus Flk1-
Cre.

[0157] Our data provide in vivo evidence that Wnt7a and
Wnt7b are critical regulators of organ-specific angiogenesis,
acting directly on the CNS endothelium via the canonical
pathway to promote both formation and differentiation of the
CNS vasculature. Further, the data suggest this action may
extend to other Wats, particularly those present in dorsal
regions of the neural tube. These findings may have important
clinical ramifications. For example, local reductions in Wnt
signaling levels could potentially lead to malformation of
blood vessels as observed in the Wnt7a/b double mutants. In
addition, the expression of Wnt7a/7b extends into the adult
brain. If, BBB properties remain under Wnt control, altering
Wnt7a/7b activity may be a fruitful strategy for delivery of
pharmacological agents to the CNS. Further, there is a corre-
lation between neo-angiogenesis and fCat accumulation in
the endothelium of brain tumors, for example gliomas and
human glioblastoma multiforme (28, 29). This raises the
interesting possibility that canonical Wnt signaling could
support disease, as it does development.

Materials and Methods
Animals and Genotyping

[0158] Animal care and research protocols were in accor-
dance with institutional guidelines, and approved by the insti-
tutional committee on animal use. For staging of embryos the
morning of vaginal plug was designated as embryonic day 0.5
(E0.5). Wnt7a (1), Wnt7b (2), Sox2Cre (3), Flk1Cre (4),
NestinCre (5), and Beta-catenin (6) mice and embryos were
genotyped by PCR using the following primers: Wnt7a-for-
ward CTCTTC GGT GGTAGCTCT G, Wnt7a-reverse ACA
CCC CAC ATT TAA ATT CAG G, Wnt7a-reverse-mutant
TCA CGT CCT GCA CGA CGC, Wnt7b-null-forward GAG
GAA GTC AGG CAG GTG TC, Wnat7b-null-reverse TAT
CCCACC GAT ACG CAA AC, Sox2Cre-forward CTC TAG
AGC CTCTGC TAA CC, Sox2Cre-reverse CCT GGC GAT
CCC TGA ACA TGT CC, FIk1Cre-forward TTG CTC TCA
GAT GCG ACT TG, Flk1Cre-reverse TGC GAA CCT CAT
CACTCG TTG C, NestinCre-forward CGC TGG GTC ACT
GTC GCC, NestinCre-reverse CCA TGA GTG AAC GAA
CCT GG, Beta-catenin-forward-1 AAG GTA GAG TGA
TGA AAG TTG TT, Beta-catenin-forward-2 TAC ACT ATT
GAA TCA CAG GGA, and Beta-catenin-reverse CAC CAT
GTC CTC TGT CTA TTC. B6.Cg-Tg(BAT-lacZ)3Picc/J
mice (BATGAL) (7) were obtained from Jackson laboratories
and genotyped as described in Jackson’s genotyping protocol
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available  online  (http://www.jax.org). B6;  129-
Gtrosa26tm1Sho (gtROSA) mice (8) were obtained from
Jackson laboratories and genotyped as described in Jackson’s
Gtrosa genotyping protocol available online (http://www.jax.
org). The generation of the conditional Wnt7b allele will be
described elsewhere. Briefly, the conditional Wnt7b allele
(Wnt7b°®) has loxP sites flanking the essential exon 3 and
phenocopies the null allele reported by Parr et al (2). The
Wnt7b* allele was genotyped using the following primers:
Wnt7b?-forward TGA CAG AGG ATG GGG AGA AG and
Wnt7b=-reverse GGT CTT TCC AAG GGT GGT CT.

[0159] The R26-Wnt7alRESLacZ allele was generated by
first assembling a construct containing the splice acceptor
from pBigT (9), followed by the puromycin resistance gene,
the bovine growth hormone polyA sequence, the CAGGS
enhancer/promoter/intron/SA cassette from pCAGGS (10), a
floxed tpA (three SV40 polyA sequences from pBigT), a
cassette containing IRESLacZ preceded by a nuclear local-
ization signal, and finally the pCAGGS poly A sequence. Sub-
sequently, Wnt7a was PCR amplified and subcloned in-be-
tween the floxed tpA and IRES2LacZ cassettes. Finally, the
entire construct was released with Pad and Ascl and sub-
cloned into the Pad and Ascl sites of pRosa26PAS (11). The
construct was linearized and electroporated into F1 ES cells
(12). Colonies were screened by PCR using the following
primers: Rosa26-5armFlanking CCT AAA GAA GAG GCT
GTG CTT TGG and Rosa26-SA CAT CAA GGAAACCCT
GGA CTA CTG. Positive colonies were expanded and con-
firmed by southern using both 5' and 3' probes. Two targeted
clones were injected into host (C57BL/6J, Jackson Labora-
tories) blastocysts by the Genome Manipulation Facility,
MCB, Harvard University. Mice and embryos were geno-
typed using the following primers: R26-Wnt7a-forward TAT
ACG AAG TTA TTT TGT CGA CGC, and R26-Wnt7a-
reverse ATT TGG GAG CCT TCT CCT AT.

Histological Analysis

[0160] Embryos were fixed by immersion in 4% paraform-
aldehyde at 4° C. for 30 minutes to 4 hours (for immunohis-
tochemistry) or 24 hours (for in situ hybridization). The
embryos were rinsed thoroughly in PBS, incubated in 30%
sucrose for at least 24 hours, embedded in OCT and frozen in
a dry ice/ethanol bath. A cryostat was used to collect sections
for subsequent histological analysis. Immunohistochemistry
was performed on slide-mounted sections. Endogenous per-
oxidase activity was inactivated in sections that were to be
processed with DAB using 0.3% H,O, for 10-15 min. The
sections were incubated with the primary antibody, 2% nor-
mal serum and 0.25% triton-X in PBS over night, and then
incubated with an appropriate biotinylated secondary anti-
body, 2% normal serum and 0.25% triton-X in PBS. Finally
the sections were processed using the ABC method (Vector
Labs) with DAB as the final chromogen Immunofluorescent
staining was performed essentially as previously described
(13, 14). Confocal microscopy was performed on a Zeiss
LSM510 confocal microscope.

[0161] Primary antibodies were used at the following con-
centrations: rat anti-CD31 (1:1000, BD Pharmingen), rabbit
anti-FLK1 (1:1000, BD Pharmingen), goat anti-LEF1 (1:100,
Santa Cruz), chicken anti-beta-gal (1:500, Abcam), rabbit
anti-beta-gal (1:500, Cappel), rat anti-PDGFRf (1:100, eBio-
sciences), rabbit anti-Glutl (1:1000, Lab Vision), rabbit anti-
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Flil (1:500, Lab Vision). Secondary antibodies were acquired
from DAKO, Molecular probes, and Jackson ImmunoRe-
search.

[0162] Whole-mount and section digoxigenin in situ
hybridization was performed as described (15). X-gal his-
tochemistry was carried out on slide-mounted sections. First,
they were washed in 0.02% NP-40 and 2 mM MgCl, in PBS.
They were then incubated in the staining solution (5 mM
K,;Fe(CN),, 5 mM K Fe(CN),, 2 mM MgCl,, 0.01% Deoxy-
cholate, 0.02% NP-40, and 1 mg/ml X-gal) at 37° C. until the
stain was clearly visible. The sections were then counter-
stained with Nuclear Fast Red Solution (Sigma-Aldrich).
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INCORPORATION BY REFERENCE
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erature references, issued patents, published patent applica-
tions and GenBank Accession numbers as cited throughout
this application) are hereby expressly incorporated by refer-
ence in their entireties.

EQUIVALENTS

[0202] Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many
equivalents of the specific embodiments of the invention
described herein. Such equivalents are intended to be encom-
passed by the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 28

<210> SEQ ID NO 1

<211> LENGTH: 1732

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1
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-continued
gaggggcggg ggctggagge agcagcgcecce ccgcactccee cgegtcetege acacttgeac 60
cggtegeteg cgecgcageee ggcegtegece cacgecgege tegetectee cteectecte 120

cegeteegtg getecegtge tectggegag gectcaggege ggagegegeg gacgggegca 180

ccgacagacg gccccegggga cgectegget cgegectcee gggegggceta tgttgattge 240
ccegecgggg cecggeccgeg ggatcagcac ageccggcecce geggeccegg cggccaateg 300
ggactatgaa ccggaaagcg cggcgctgece tgggecacct ctttctcage ctgggcatgg 360
tctacctceg gatcggtgge ttctectcag tggtagetct gggcgcaage atcatctgta 420
acaagatccc aggcctggcet cccagacagce gggcgatctg ccagagccgg cccgacgcca 480
tcatcgtcat aggagaaggc tcacaaatgg gcctggacga gtgtcagttt cagttccgca 540
atggccgctg gaactgctcect gcactgggag agcgcaccgt cttcgggaag gagctcaaag 600
tggggagccg ggaggctgcg ttcacctacg ccatcattgce cgeccggegtg gceccacgcca 660
tcacagctge ctgtacccag ggcaacctga gcgactgtgg ctgcgacaaa gagaagcaag 720
gccagtacca ccgggacgag ggctggaagt ggggtggetg ctetgecgac atccgctacy 780
gecatcggett cgccaaggtce tttgtggatg cccgggagat caagcagaat gcccggactce 840
tcatgaactt gcacaacaac gaggcaggcce gaaagatcct ggaggagaac atgaagcetgg 900
aatgtaagtg ccacggcegtyg tcaggctcegt gcaccaccaa gacgtgctgg accacactgce 960

cacagtttcg ggagctggge tacgtgctca aggacaagta caacgaggcc gttcacgtgg 1020
agcctgtgceg tgccagccge aacaagcggce ccaccttcct gaagatcaag aagccactgt 1080
cgtaccgcaa gcccatggac acggacctgg tgtacatcga gaagtcgccc aactactgeg 1140
aggaggaccc ggtgaccggce agtgtgggca cccagggccg cgectgcaac aagacggctce 1200
cccaggccag cggctgtgac ctcatgtgcet gtgggecgtgg ctacaacacc caccagtacg 1260
ccegegtgtg gcagtgcaac tgtaagttce actggtgctg ctatgtcaag tgcaacacgt 1320
gcagcgageg cacggagatg tacacgtgca agtgagcccc gtgtgcacac caccctcccg 1380
ctgcaagtca gattgctggg aggactggac cgtttccaag ctgcgggcte cctggcagga 1440
tgctgagett gtettttetg ctgaggaggg tacttttect gggtttectg caggcatceceyg 1500
tgggggaaaa aaaatctctc agagccctca actattetgt tccacaccca atgctgctcece 1560
accctececcce agacacagcec caggtccctce cgeggetgga gcgaagectt ctgcagcagg 1620
aactctggac ccctgggect catcacagca atatttaaca atttattctg ataaaaataa 1680
tattaattta tttaattaaa aagaattctt ccacaaaaaa aaaaaaaaaa aa 1732
<210> SEQ ID NO 2

<211> LENGTH: 349

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Asn Arg Lys Ala Arg Arg Cys Leu Gly His Leu Phe Leu Ser Leu
1 5 10 15

Gly Met Val Tyr Leu Arg Ile Gly Gly Phe Ser Ser Val Val Ala Leu
20 25 30

Gly Ala Ser Ile Ile Cys Asn Lys Ile Pro Gly Leu Ala Pro Arg Gln
35 40 45

Arg Ala Ile Cys Gln Ser Arg Pro Asp Ala Ile Ile Val Ile Gly Glu
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50 55 60

Gly Ser Gln Met Gly Leu Asp Glu Cys Gln Phe Gln Phe Arg Asn Gly
65 70 75 80

Arg Trp Asn Cys Ser Ala Leu Gly Glu Arg Thr Val Phe Gly Lys Glu
85 90 95

Leu Lys Val Gly Ser Arg Glu Ala Ala Phe Thr Tyr Ala Ile Ile Ala
100 105 110

Ala Gly Val Ala His Ala Ile Thr Ala Ala Cys Thr Gln Gly Asn Leu
115 120 125

Ser Asp Cys Gly Cys Asp Lys Glu Lys Gln Gly Gln Tyr His Arg Asp
130 135 140

Glu Gly Trp Lys Trp Gly Gly Cys Ser Ala Asp Ile Arg Tyr Gly Ile
145 150 155 160

Gly Phe Ala Lys Val Phe Val Asp Ala Arg Glu Ile Lys Gln Asn Ala
165 170 175

Arg Thr Leu Met Asn Leu His Asn Asn Glu Ala Gly Arg Lys Ile Leu
180 185 190

Glu Glu Asn Met Lys Leu Glu Cys Lys Cys His Gly Val Ser Gly Ser
195 200 205

Cys Thr Thr Lys Thr Cys Trp Thr Thr Leu Pro Gln Phe Arg Glu Leu
210 215 220

Gly Tyr Val Leu Lys Asp Lys Tyr Asn Glu Ala Val His Val Glu Pro
225 230 235 240

Val Arg Ala Ser Arg Asn Lys Arg Pro Thr Phe Leu Lys Ile Lys Lys
245 250 255

Pro Leu Ser Tyr Arg Lys Pro Met Asp Thr Asp Leu Val Tyr Ile Glu
260 265 270

Lys Ser Pro Asn Tyr Cys Glu Glu Asp Pro Val Thr Gly Ser Val Gly
275 280 285

Thr Gln Gly Arg Ala Cys Asn Lys Thr Ala Pro Gln Ala Ser Gly Cys
290 295 300

Asp Leu Met Cys Cys Gly Arg Gly Tyr Asn Thr His Gln Tyr Ala Arg
305 310 315 320

Val Trp Gln Cys Asn Cys Lys Phe His Trp Cys Cys Tyr Val Lys Cys
325 330 335

Asn Thr Cys Ser Glu Arg Thr Glu Met Tyr Thr Cys Lys
340 345

<210> SEQ ID NO 3
<211> LENGTH: 3176
<212> TYPE: DNA

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 3

gecagtcceeg cgcectcaaac acttgcegeg atcgetggeg cgcageggeg cceecttgttg 60
cgettgttet ccectectet ggeteccgegg cteccgeget ctgggacagt ctccagtgec 120
tagcgcggac cgacgcaccg acggaccgcece cagggagcect cggceecgege cccectgegea 180
ggctatgtgg attgccccge cgggecegge tggegggatce agcacagecc ggeccgtgge 240
acccgeccacce agcggggact atgacccgga aagcgceggceg ctgcctggge cacctettte 300

tcagcetggg catagtctac ctecggateg gtggettcete tteggtggta getetgggty 360
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cgagcatcat ctgtaacaag atcccaggcc tggctcccag acagcgggca atctgccaga 420
gececggcegga cgcecatcatce gtcataggag aaggctccca aatgggectg gacgagtgtce 480
agtttcagtt ccgaaatggc cgttggaact gctcageget gggagagegt actgtctteg 540
ggaaggagct caaagtgggg agtcgggagg ctgcecttcac ctatgecgatt atcgetgegyg 600
gecgtggecca tgccatcact gectgectgeca cceccagggcaa cctgagegac tgtggetgeg 660

acaaggagaa gcaaggccag taccaccggg acgagggctyg gaagtggggt ggetgetetg 720

ccgacatceg ctacggeate ggcttegeca aggtettegt ggatgecegg gagatcaage 780
agaatgcceg gacgctcatg aacttacaca ataacgagge gggtcggaag atcctggagg 840
agaacatgaa gctggagtgt aagtgccatg gtgtgtcagg ctectgtace actaagacgt 900
gctggaccac actgecacag ttecgagage taggctacgt gctcaaggac aaatacaacg 960

aggccgtcca cgtggagecct gtgcgtgcca gtcgaaacaa gecggcccacce tttcectgaaga 1020
tcaagaagcc cctgtcctac cgcaagccca tggacactga cctggtgtat atcgagaagt 1080
cacccaatta ctgtgaagag gacccagtga caggcagcgt gggtacccag ggccgagcect 1140
gcaataagac agcccctcag gccagtgget gtgacctcat gtgectgtgge cgtggctaca 1200
acacacacca gtacgcccgg gtgtggcagt gcaactgcaa attccactgg tgctgctacyg 1260
tcaagtgtaa cacgtgcagc gagcgcacgg agatgtatac gtgcaagtga atgcggtcac 1320
aggtcagatc acaggcagga tacagtttcc ctgcaggcca ctgcctggat gctcacaggg 1380
aaagaaccac agaagcactg tccttgtectt ttctgctgag gggggagggg tattctgggt 1440
ttecectgcaga cteccgtggg aagcatctet cagaggccecg cccattctte tceccacatgga 1500
tgctgctcag ccacccteccee ccagacaccg cccgagecte tccagggetg gaacaaagtt 1560
ttctacggca ggagctctgg agecctcecggge ctegtcatag caatatttaa cagtttattce 1620
tgatatgaga taatattaat ttatttaatt aaagagaatt cttccacttc gtcgggatcc 1680
gtcttctgca atcaaagtgg actgcttgag gtcctggtgg gatgacttge taggactggg 1740
agctgagaac agctgtacat aattattctt tatgcagatg tttctactag ttgatttcac 1800
aagtaccctt ctgcagcget aggtgttaag tacaaagaga agacggtctt tatacacata 1860
tagatatata tatgcataca catttgtaac tttgttttgt tttgtttttg ctgtttgetg 1920
ctacctatcc agactctaag ctggtccaga tctggaattg tttttctceca ggacgtgetce 1980
ctatcctttt gccctttaca gttcaaacct ctccgttaga aaagttccat tgggaatggce 2040
gtgtgtgtga tggggacgag gatcacaaat tcccagcagt ttccatcctg aaacgtgaac 2100
cactggataa gaggctttct aagagactat ttttctatgg atattttatt tatatggagt 2160
ctgcctgegg tgccccatgg cccatgecte ttettaacac tggtactcac tcaggggcag 2220
aaggacaagg ccaggtgtgt gggcaggtcc cccggggacc ctcacacagc tggagectgg 2280
agttctattt gccaaggggg ccatagcagt taccagatgc ctgggttggg tatcttetgt 2340
gttaaacaag agggaaccat cccctggectt tagcctgcta agctcaggge ttggaatggg 2400
gtcactggat ggttatcttg ggagatgacc tctggatgag cctcageggt gggtcagtca 2460
gtgtctcaca cactttgaga agcatgggac ctggcattca tcatcaggca gaggccagcet 2520

cagggatgcce gctatcccat caggacagcc caggcactge ctctaggtga ggtgtagtec 2580

taagagaagg ggtcaaggag ggggaaggag gaagccaagg agtgttggec atcctcagtg 2640
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aaagcgatgg gagcgttctc tcagcagcag agacacagct gtacctgtat ctctccaatg 2700
ggaaacccct ccagaaggct ggggatattt tttatgtgtt tccacatgca tttccacctg 2760
tgtgcatgta agcacatgcg cacactcctg tgccagcact ctgcggcacce tccagggtge 2820
tcacgggtac atgtgcttac atgtatctct ctgtgcttgg gagatcagac catgtgcatg 2880
gagctgtatg cctgagcact tgtggtctca ggggttattt ccaggtatct gcatttgtgg 2940
gtggggtgca aggtagacag cagggaactg atttgattgt gttgagccac agtgagactg 3000
caactctgaa ctctgtctece acagctgctg gtgaaactca gatgcctgtg agacaacagce 3060
cctgagecte atggcccaca tgctgggage ccctcagtgt ctaggtcatg tccagtcccce 3120
cacctgggtt acatcacgac caataaacat ggctgtatgg ctgatttcectt cccttg 3176
<210> SEQ ID NO 4

<211> LENGTH: 349

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 4

Met Thr Arg Lys Ala Arg Arg Cys Leu Gly His Leu Phe Leu Ser Leu
1 5 10 15

Gly Ile Val Tyr Leu Arg Ile Gly Gly Phe Ser Ser Val Val Ala Leu
20 25 30

Gly Ala Ser Ile Ile Cys Asn Lys Ile Pro Gly Leu Ala Pro Arg Gln
35 40 45

Arg Ala Ile Cys Gln Ser Arg Pro Asp Ala Ile Ile Val Ile Gly Glu
Gly Ser Gln Met Gly Leu Asp Glu Cys Gln Phe Gln Phe Arg Asn Gly
65 70 75 80

Arg Trp Asn Cys Ser Ala Leu Gly Glu Arg Thr Val Phe Gly Lys Glu
85 90 95

Leu Lys Val Gly Ser Arg Glu Ala Ala Phe Thr Tyr Ala Ile Ile Ala
100 105 110

Ala Gly Val Ala His Ala Ile Thr Ala Ala Cys Thr Gln Gly Asn Leu
115 120 125

Ser Asp Cys Gly Cys Asp Lys Glu Lys Gln Gly Gln Tyr His Arg Asp
130 135 140

Glu Gly Trp Lys Trp Gly Gly Cys Ser Ala Asp Ile Arg Tyr Gly Ile
145 150 155 160

Gly Phe Ala Lys Val Phe Val Asp Ala Arg Glu Ile Lys Gln Asn Ala
165 170 175

Arg Thr Leu Met Asn Leu His Asn Asn Glu Ala Gly Arg Lys Ile Leu
180 185 190

Glu Glu Asn Met Lys Leu Glu Cys Lys Cys His Gly Val Ser Gly Ser
195 200 205

Cys Thr Thr Lys Thr Cys Trp Thr Thr Leu Pro Gln Phe Arg Glu Leu
210 215 220

Gly Tyr Val Leu Lys Asp Lys Tyr Asn Glu Ala Val His Val Glu Pro
225 230 235 240

Val Arg Ala Ser Arg Asn Lys Arg Pro Thr Phe Leu Lys Ile Lys Lys
245 250 255

Pro Leu Ser Tyr Arg Lys Pro Met Asp Thr Asp Leu Val Tyr Ile Glu
260 265 270



US 2010/0199362 Al Aug. 5, 2010
21

-continued

Lys Ser Pro Asn Tyr Cys Glu Glu Asp Pro Val Thr Gly Ser Val Gly
275 280 285

Thr Gln Gly Arg Ala Cys Asn Lys Thr Ala Pro Gln Ala Ser Gly Cys
290 295 300

Asp Leu Met Cys Cys Gly Arg Gly Tyr Asn Thr His Gln Tyr Ala Arg
305 310 315 320

Val Trp Gln Cys Asn Cys Lys Phe His Trp Cys Cys Tyr Val Lys Cys
325 330 335

Asn Thr Cys Ser Glu Arg Thr Glu Met Tyr Thr Cys Lys
340 345

<210> SEQ ID NO 5

<211> LENGTH: 2250

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

gagtctgece gcagecccect ggeccctgece cggeectgeg tgcccegegeg teectcecegge 60
cgegetgtet atggegcage ccccctccct ggatcatgca cagaaacttt cgcaagtgga 120
ttttctacgt gtttetetge tttggegtee tgtacgtgaa gctcecggagca ctgtcatceceg 180
tggtggccct gggagccaac atcatctgca acaagattcc tggcctagec ccgeggcage 240

gtgccatetg ccagagtegg cccgatgeca tcattgtgat tggggagggyg gcegcagatgg 300

gcatcaacga gtgccagtac cagttccget tcggacgcetg gaactgetct geccteggeg 360
agaagaccgt cttcgggcaa gagctccgag tagggagccg tgaggctgec ttcacgtacg 420
ccatcaccgc ggctggegtg gegcacgceg tcaccgetge ctgcagccaa gggaacctga 480
gcaactgcgg ctgcgaccgc gagaagcagg gctactacaa ccaagccgag ggctggaagt 540
ggggcggetg ctcggecgac gtgcgttacg gcatcgactt ctcceccggege ttegtggacyg 600
ctcgggagat caagaagaac gcgcggcegec tcatgaacct gcataacaat gaggccggca 660
ggaaggttct agaggaccgg atgcagetgg agtgcaagtg ccacggegtg tctggctect 720
gcaccaccaa aacctgetgg accacgcetge ccaagttecg agaggtggge cacctgcetga 780

aggagaagta caacgcggcc gtgcaggtgg aggtggtgcg ggccagceegt ctgeggcagce 840
ccaccttcct gcgcatcaaa cagctgcgca gctatcagaa geccatggag acagacctgg 900
tgtacattga gaagtcgccc aactactgcg aggaggacgc ggccacgggce agcgtgggca 960
cgcagggccg tctcectgcaac cgcacgtcge ccggegegga cggctgtgac accatgtget 1020
gcggccgagg ctacaacacc caccagtaca ccaaggtgtg gcagtgcaac tgcaaattcc 1080
actggtgctg cttcgtcaag tgcaacacct gcagcgagcg caccgaggtce ttcacctgceca 1140
agtgaggcca ggcccggagg cggccgceggg caccctggaa cccggeggea ttttgcacat 1200
ccactccectca ccttecctge cttggtgetg ccagcagcag acatagacgg gtgcagaagce 1260
ggggagctcee aggtgcagga gggcaccgge cggggcccac gecectctgec cgectcecctg 1320
gggctcectte ctgccaccte cteccatcac ctectgegge agaacagcac ccgtgaccca 1380
cccagagagc aaggccaggg gtcttggtge tcceccgacgg ggeccggcaa gttcetettte 1440
ttctectetgg gaaaatgaac gtccaggaca cacctgtatce ccagagagca aagtgatgag 1500

gagactgagce gtccccagec ccacctggeg geatggacac agaaaagcta cgecggcetgg 1560
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cctctecaga ccagttccca ggctgggtcect geccecgetggge cctggggcegg tggggacaga 1620
tgttgacaca aattatttat gttttcttag tatcagaaga ggattctcgg cactaacaca 1680
tagccagtcce taactccgta ctectgtgtca gcccatccce tagacaccct ctgtttectt 1740
tceceggecee acctggecgg cectetgece ctgcagaget gaggcagect ggggttgatg 1800
gggaccacgce ggtgcectgca ggtcctagaa gtgagetggg caggggctcet tcagaccaca 1860
cagcecctgac cgggecttgg aggagagcca tggacagget cctccatgec gtctttectt 1920
cttttgaaaa tcctatcaat ggctgggcge ggtggctcac acctgtaatc ccagcacttt 1980
gggagaccga ggcaggtgga tcacctgagg tcaggagttc gagaccagcc tggccaacgt 2040
ggtgaaaccc tgtctctact aaaaatacaa aaattagctg ggcgtggtgg cgtgcacctg 2100
taatcccage tactcaggag gctgagacag gacacttgect tgaacccggg aggtggaggt 2160
tgcaatgagc caagattgtg ccactgtatt ccaacttggg tgacagagca cgactctgtce 2220
tcaaaaaaaa aaaaaaaaaa aaaaaaaaaa 2250
<210> SEQ ID NO 6

<211> LENGTH: 349

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Met His Arg Asn Phe Arg Lys Trp Ile Phe Tyr Val Phe Leu Cys Phe
1 5 10 15

Gly Val Leu Tyr Val Lys Leu Gly Ala Leu Ser Ser Val Val Ala Leu
20 25 30

Gly Ala Asn Ile Ile Cys Asn Lys Ile Pro Gly Leu Ala Pro Arg Gln
35 40 45

Arg Ala Ile Cys Gln Ser Arg Pro Asp Ala Ile Ile Val Ile Gly Glu
50 55 60

Gly Ala Gln Met Gly Ile Asn Glu Cys Gln Tyr Gln Phe Arg Phe Gly
65 70 75 80

Arg Trp Asn Cys Ser Ala Leu Gly Glu Lys Thr Val Phe Gly Gln Glu
85 90 95

Leu Arg Val Gly Ser Arg Glu Ala Ala Phe Thr Tyr Ala Ile Thr Ala
100 105 110

Ala Gly Val Ala His Ala Val Thr Ala Ala Cys Ser Gln Gly Asn Leu
115 120 125

Ser Asn Cys Gly Cys Asp Arg Glu Lys Gln Gly Tyr Tyr Asn Gln Ala
130 135 140

Glu Gly Trp Lys Trp Gly Gly Cys Ser Ala Asp Val Arg Tyr Gly Ile
145 150 155 160

Asp Phe Ser Arg Arg Phe Val Asp Ala Arg Glu Ile Lys Lys Asn Ala
165 170 175

Arg Arg Leu Met Asn Leu His Asn Asn Glu Ala Gly Arg Lys Val Leu
180 185 190

Glu Asp Arg Met Gln Leu Glu Cys Lys Cys His Gly Val Ser Gly Ser
195 200 205

Cys Thr Thr Lys Thr Cys Trp Thr Thr Leu Pro Lys Phe Arg Glu Val
210 215 220

Gly His Leu Leu Lys Glu Lys Tyr Asn Ala Ala Val Gln Val Glu Val
225 230 235 240
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Val Arg Ala Ser Arg Leu Arg Gln Pro Thr Phe Leu Arg Ile Lys Gln
245 250 255

Leu Arg Ser Tyr Gln Lys Pro Met Glu Thr Asp Leu Val Tyr Ile Glu
260 265 270

Lys Ser Pro Asn Tyr Cys Glu Glu Asp Ala Ala Thr Gly Ser Val Gly
275 280 285

Thr Gln Gly Arg Leu Cys Asn Arg Thr Ser Pro Gly Ala Asp Gly Cys
290 295 300

Asp Thr Met Cys Cys Gly Arg Gly Tyr Asn Thr His Gln Tyr Thr Lys
305 310 315 320

Val Trp Gln Cys Asn Cys Lys Phe His Trp Cys Cys Phe Val Lys Cys
325 330 335

Asn Thr Cys Ser Glu Arg Thr Glu Val Phe Thr Cys Lys
340 345

<210> SEQ ID NO 7
<211> LENGTH: 3154
<212> TYPE: DNA

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 7

cgccegecte ccgagecgaa gegecggetg agegtggtece taccgcaget ccctggetcece 60
tgcceggece ctgcccacce gegegtcecece tccggecgca getgtctatg gegecagccce 120
cctcectgga tcatgcacag aaactttcga aagtggatct tttacgtgtt tctetgettt 180
ggcgtcctet acgtgaagct cggagcattg tcatccgtgg tggccctggt agccaacatc 240
atctgcaaca agattcctgg cctggcccca cggcagegtg ccatctgeca gagccgaccce 300
gatgccatca ttgtgatcgg ggagggggcg cagatgggca tcgacgagtg ccagcaccag 360
ttccgattceg gccgetggaa ctgctccgece ctgggecgaga agaccgtcectt cgggcaagaa 420
ctccgagtag ggagtcgaga ggetgectte acctatgcca tcacggegge gggegtggeg 480
catgctgtca ccgctgectyg cagccaggge aatctgagca attgtggetg tgaccgggag 540
aagcaaggct actacaacca ggcggaaggce tggaagtggg ggggcetgcetce ageggacgtce 600
cgctacggca tcgactttte tegtegettt gtggatgcce gtgagatcaa aaagaacgcce 660
aggcgcectca tgaaccttca caacaatgag gcgggcagaa aggttctgga ggaccgcatg 720
aagctggaat gtaagtgtca cggtgtgtca ggctcctgta ccaccaaaac ttgctggacc 780
acgctaccta agttccgcga ggtgggccac ctgctcaagg agaagtacaa cgcagcggtg 840
caggtggagg tggtgcgagc cagccgcctg cgccagecca ccttcctgeg catcaagcag 900
ctacgcagct accagaagcc tatggagacg gacctggtgt acatcgagaa gtcgcccaac 960

tactgcgagg aggacgcggce cacgggcagce gtgggcacgce agggccgtet gtgcaaccgce 1020
acctecgecgg gggccgacgg ctgtgacacce atgtgctgeg gecgeggcta caacacgcac 1080
cagtacacca aggtgtggca gtgtaactgc aaattccact ggtgttgett cgtcaagtge 1140
aacacgtgca gcgagcgcac cgaggtctte acctgcaagt gaggctceccceg cgcaggcegceyg 1200
ctcggeccct geccgaccctyg cggecctege cattattttg cacatcctte tttgettetg 1260
gagctgccag ctgcaggcac aggagggtgg ggatagaggt ggggagctcg agatactcca 1320

ggctecttee tactecgectet gtcceccgece agcatccaag gtcaacgcaa tggtggtcetg 1380
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gtacccaatg gagacaaatc cctttacttc tctttgggaa agtgaaccac aaagggacca 1440
tgagactctg agggtcacct ccctgcctgt gactggacac agaaaggcca cacccaccag 1500
tcacactcaa aacggtttcc tgggctgttt cctgeccggece ctgggcagtg tggatggatg 1560
ttgacaaaat tatttatgtt ttcttagcat cagatgagga ctcagtacta acgactgggt 1620
agccagacct aaccctattt gaggacaccce ttecctcact cctceecggece cctecctgea 1680
gggtcctetg ctecttgcag aactcgagga tgtcagaatt ggcacggaag ctggctggtyg 1740
gggggactcc ttatcagcac cttgggaggg gcttggtgge cctacaaggce ctgagatggce 1800
cgcagaggac agccaatctt ccattccatt tggagactgt catgcaaatc aaatgtccect 1860
tgtgtcaggce tccaggcatg cctegtecte tcectggtece ttcaccctece cagectgetg 1920
ccaacctcca cctceccagttt acaaattcte ttctectetg gagccaacct gacacccagg 1980
actgccccac aggttcagga gaggtcaggg acagttgccc cacatgacag atggacagag 2040
ggcaatctga agatttactg gagaccccac ggctctgtga aataaatata ctgacacagce 2100
cccatccage ccaactctgg aagttgccag ggtgatggga ggctgcaccce ccttttcecagt 2160
accttgggtt ttgtccttet tcetgtgatce tgatgccaga gaactgacat ccagaattta 2220
gggatgtatt ggtcaggccce cctgectagt gtccactgat acctgcttca gggtecttat 2280
attatgagga catgggaccc tcaaacaggg gtccgtggga agcttaatgt cccatttcect 2340
caggccctte cagatgggga cagaagaact caggcctggg catatcccac cctttectec 2400
acaacacatg gcagggtaag aaactgccag ggctgataat acaactgccc acagcctacc 2460
ccacactaag gtgtttcata gcagaagtcc atggaaatgt ggggtttggt ggccaccaag 2520
ccaggtggece tggacattga cctggggaag gtgacccttg tttgcecttg ccttgcatcece 2580
agctgtgtgt ccctatcatg tcaggatgtt ccaagcctct gggccactgg aaatgtccca 2640
ccetgatect ggcecccatet cctcacccca agtcctggga tacccacgtce cgtcecgcccag 2700
tgtccecetgt gaggagcctg gttaacttat attgttatat agcgtcccct gtcectgtceatg 2760
tctecttaagt tattgtgacc tacactgggt accggagggg atgggggatg gcttcagetg 2820
ctgtccecca agccaggcte ctecttetge ttgaaacaga cceccteggggg ccectgatge 2880
caccgaggca attcgcactyg tccctggget gccaggcacce tgegectgea ctceggtcage 2940
cgcagacctt geccttggggg agagaggtgg ttagtggacc caggcagggce actggcetgtce 3000
ccaatgctgt gtgctggggt ggaggtggcce gggcaccaca tgtccttgaa gtgccctact 3060
tctgatggge tgtgttcectg cctectetgg aggggagcac ttagccccaa taaaagctgg 3120
aatcagaaaa aaaaaaaaaa aaaaaaaaaa aaaa 3154
<210> SEQ ID NO 8

<211> LENGTH: 349

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 8

Met His Arg Asn Phe Arg Lys Trp Ile Phe Tyr Val Phe Leu Cys Phe
1 5 10 15

Gly Val Leu Tyr Val Lys Leu Gly Ala Leu Ser Ser Val Val Ala Leu
20 25 30

Val Ala Asn Ile Ile Cys Asn Lys Ile Pro Gly Leu Ala Pro Arg Gln
35 40 45
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Arg Ala Ile Cys Gln Ser Arg Pro Asp Ala Ile Ile Val Ile Gly Glu

Gly Ala Gln Met Gly Ile Asp Glu Cys Gln His Gln Phe Arg Phe Gly

Arg Trp Asn Cys Ser Ala Leu Gly Glu Lys Thr Val Phe Gly Gln Glu
85 90 95

Leu Arg Val Gly Ser Arg Glu Ala Ala Phe Thr Tyr Ala Ile Thr Ala
100 105 110

Ala Gly Val Ala His Ala Val Thr Ala Ala Cys Ser Gln Gly Asn Leu
115 120 125

Ser Asn Cys Gly Cys Asp Arg Glu Lys Gln Gly Tyr Tyr Asn Gln Ala
130 135 140

Glu Gly Trp Lys Trp Gly Gly Cys Ser Ala Asp Val Arg Tyr Gly Ile
145 150 155 160

Asp Phe Ser Arg Arg Phe Val Asp Ala Arg Glu Ile Lys Lys Asn Ala
165 170 175

Arg Arg Leu Met Asn Leu His Asn Asn Glu Ala Gly Arg Lys Val Leu
180 185 190

Glu Asp Arg Met Lys Leu Glu Cys Lys Cys His Gly Val Ser Gly Ser
195 200 205

Cys Thr Thr Lys Thr Cys Trp Thr Thr Leu Pro Lys Phe Arg Glu Val
210 215 220

Gly His Leu Leu Lys Glu Lys Tyr Asn Ala Ala Val Gln Val Glu Val
225 230 235 240

Val Arg Ala Ser Arg Leu Arg Gln Pro Thr Phe Leu Arg Ile Lys Gln
245 250 255

Leu Arg Ser Tyr Gln Lys Pro Met Glu Thr Asp Leu Val Tyr Ile Glu
260 265 270

Lys Ser Pro Asn Tyr Cys Glu Glu Asp Ala Ala Thr Gly Ser Val Gly
275 280 285

Thr Gln Gly Arg Leu Cys Asn Arg Thr Ser Pro Gly Ala Asp Gly Cys
290 295 300

Asp Thr Met Cys Cys Gly Arg Gly Tyr Asn Thr His Gln Tyr Thr Lys
305 310 315 320

Val Trp Gln Cys Asn Cys Lys Phe His Trp Cys Cys Phe Val Lys Cys
325 330 335

Asn Thr Cys Ser Glu Arg Thr Glu Val Phe Thr Cys Lys
340 345

<210> SEQ ID NO 9

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 9
ctetteggty gtagetety 19
<210> SEQ ID NO 10

<211> LENGTH: 22
<212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 10

acaccccaca tttaaattca gg 22

<210> SEQ ID NO 11

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note=“Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 11

tcacgtcctg cacgacgce 18

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="“Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 12

gaggaagtca ggcaggtgtce 20

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 13

tatcccaceg atacgcaaac 20

<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 14

ctctagagcc tctgctaacce 20

<210> SEQ ID NO 15

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note=“Description of Artificial Sequence:
Synthetic primer”
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<400> SEQUENCE: 15
cctggcgatce cctgaacatg tcece 23

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 16

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: source

OTHER INFORMATION: /note=“Description of Artificial Sequence:
Synthetic primer”

SEQUENCE: 16

ttgctctcag atgcgacttg 20

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 17

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: source

OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

SEQUENCE: 17

tgcgaaccte atcactegtt ge 22

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 18

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: source

OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

SEQUENCE: 18

cgctgggtca ctgtcecgece 18

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 19

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: source

OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

SEQUENCE: 19

ccatgagtga acgaacctgg 20

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 20

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: source

OTHER INFORMATION: /note=“Description of Artificial Sequence:
Synthetic primer”

SEQUENCE: 20

aaggtagagt gatgaaagtt gtt 23

<210>

SEQ ID NO 21
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<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 21

tacactattg aatcacaggg a 21

<210> SEQ ID NO 22

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 22

caccatgtcc tctgtctatt ¢ 21

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note=“Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 23

tgacagagga tggggagaag 20

<210> SEQ ID NO 24

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 24

ggtctttcca agggtggtcet 20

<210> SEQ ID NO 25

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:
Synthetic primer”

<400> SEQUENCE: 25

cctaaagaag aggctgtget ttgg 24

<210> SEQ ID NO 26

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: source

<223> OTHER INFORMATION: /note=“Description of Artificial Sequence:
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Synthetic primer”
<400> SEQUENCE: 26

catcaaggaa accctggact actg

<210> SEQ ID NO 27

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: source

24

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:

Synthetic primer”
<400> SEQUENCE: 27

tatacgaagt tattttgtcg acgc

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: source

24

<223> OTHER INFORMATION: /note="Description of Artificial Sequence:

Synthetic primer”
<400> SEQUENCE: 28

atttgggagce cttctectat

20

1-36. (canceled)

37. A method for identifying an agent that modulates the
activity ofa Wnt ligand or a canonical Wnt signaling pathway
component, comprising:

(i) contacting the Wnt ligand or the canonical Wnt signal-
ing pathway component, or a portion thereof that is
sufficient to promote canonical Wnt signaling, with a
test agent; and

(i1) determining the level of activity from the Wnt ligand or
the canonical Wnt signaling pathway component or por-
tion thereof in the presence of the test agent relative to
the absence of'the test agent, wherein a change in activity
indicates that the test agent is an agent that modulates the
activity of the Wnt ligand or the canonical Wnt signaling
pathway component.

38. The method of claim 37, wherein the test agent stimu-
lates or inhibits the level of activity of the Wnt ligand or the
canonical Wnt signaling pathway component or portion
thereofrelative to the level of activity in the absence of the test
agent.

39. The method of claim 37, wherein the Wnt ligand is
human Wnt7a, human Wnt7b, mouse Wnt7a or mouse
Wnt7b.

40. The method of claim 37, wherein the test agent is a
small molecule.

41. An animal model for vascular disorders of the CNS and
disorders of the blood-brain barrier, consisting of an animal
having a mutation in one or more genes encoding a Wnt
ligand or a canonical Wnt signaling pathway component,
wherein the mutation prevents the canonical Wnt signaling
pathway from functioning normally and causes a hemorrhag-
ing phenotype.

42. The animal model of claim 41, wherein the mutation is
a Wnt7a/b double mutant.

43. A method for treating a disease or disorder of the CNS
or the blood-brain barrier in a subject, comprising adminis-
tering to the subject an effective amount of an agent that
modulates the activity of a Wnt ligand or the activity of a
canonical Wnt signaling pathway component.

44. The method of claim 43, wherein the agent modulates
the activity of human Wnt7a, human Wnt7b, mouse Wnt7a or
mouse Wnt7b.

45. The method of claim 44, wherein the method comprises
modulating blood-brain barrier (BBB) permeability in the
subject.

46. The method of claim 45, wherein said agent is a Wnt7a
ligand or a Wnt7b ligand.

47. The method of claim 45, wherein the agent increases or
decreases BBB permeability.

48. The method of claim 45, wherein the modulating is
reversible.

49. The method of claim 44, wherein the agent is selected
from the group consisting of an inorganic molecule, peptide,
peptide mimetic, antibody, liposome, small interfering RNA,
antisense, aptamer, external guide sequence, and combina-
tions thereof.

50. The method of claim 44, wherein the agent is a secreted
Wt 7a/7b signaling inhibitor.

51. The method of claim 44, further comprising adminis-
tering a second agent.

52. The method of claim 44, wherein the subject has a CNS
tumor.

53. The method of claim 52, further comprising adminis-
tering a radiotherapeutic or chemotherapeutic agent.
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54. The method of claim 52, wherein the CNS tumor is a 56. The method of claim 55, wherein the mammalian sub-
neuronal tumor, a glial tumor, a menigneal tumor, a pituitary ject has suffered a stroke, has been exposed to perinatal
tumor, a pineal gland tumor, or a lymphatic tumor. hypoxia, has been exposed to perinatal ischemia, or has suf-
55. The method of claim 44, wherein said method com- fered a spinal cord injury.

prises inducing angiogenesis in the central nervous system of
a mammalian subject. *ood ok %k
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SEQ ID NO: 1: GAGGGGCGGG GGCTGGAGGC AGCAGCGCCC CCGCACTCCC
CGCGTCTCGC ACACTTGCAC CGGTCGCTCG CGCGCAGCCC GGCGTCGCCC
CACGCCGCGC TCGCTCCTCC CTCCCTCCTC CCGCTCCGTG GCTCCCGTGC
TCCTGGCGAG GCTCAGGCGC GGAGCGCGCG GACGGGCGCA CCGACAGACG
GCCCCGGGGA CGCCTCGGCT CGCGCCTCCC GGGCGGGCTA TGTTGATTGC
CCCGCCGGGG CCGGCCCGCG GGATCAGCAC AGCCCGGCCC GCGGCCCCGG
CGGCCAATCG GGACTATGAA CCGGAAAGCG CGGCGCTGCC TGGGCCACCT
CTTTCTCAGC CTGGGCATGG TCTACCTCCG GATCGGTGGC TTCTCCTCAG
TGGTAGCTCT GGGCGCAAGC ATCATCTGTA ACAAGATCCC AGGCCTGGCT
CCCAGACAGC GGGCGATCTG CCAGAGCCGG CCCGACGCCA TCATCGTCAT
AGGAGAAGGC TCACAAATGG GCCTGGACGA GTGTCAGTTT CAGTTCCGCA
ATGGCCGCTG GAACTGCTCT GCACTGGGAG AGCGCACCGT CTTCGGGAAG
GAGCTCAAAG TGGGGAGCCG GGAGGCTGCG TTCACCTACG CCATCATTGC
CGCCGGCGTG GCCCACGCCA TCACAGCTGC CTGTACCCAG GGCAACCTGA
GCGACTGTGG CTGCGACAAA GAGAAGCAAG GCCAGTACCA CCGGGACGAG
GGCTGGAAGT GGGGTGGCTG CTCTGCCGAC ATCCGCTACG GCATCGGCTT
CGCCAAGGTC TTTGTGGATG CCCGGGAGAT CAAGCAGAAT GCCCGGACTC
TCATGAACTT GCACAACAAC GAGGCAGGCC GAAAGATCCT GGAGGAGAAC
ATGAAGCTGG AATGTAAGTG CCACGGCGTG TCAGGCTCGT GCACCACCAA
GACGTGCTGG ACCACACTGC CACAGTTTCG GGAGCTGGGC TACGTGCTCA
AGGACAAGTA CAACGAGGCC GTTCACGTGG AGCCTGTGCG TGCCAGCCGC
AACAAGCGGC CCACCTTCCT GAAGATCAAG AAGCCACTGT CGTACCGCAA

GCCCATGGAC ACGGACCTGG TGTACATCGA GAAGTCGCCC AACTACTGCG
AGGAGGACCC GGTGACCGGC AGTGTGGGCA CCCAGGGCCG CGCCTGCAAC
AAGACGGCTC CCCAGGCCAG CGGCTGTGAC CTCATGTGCT GTGGGCGTGG
CTACAACACC CACCAGTACG CCCGCGTGTG GCAGTGCAAC TGTAAGTTCC
ACTGGTGCTG CTATGTCAAG TGCAACACGT GCAGCGAGCG CACGGAGATG
TACACGTGCA AGTGAGCCCC GTGTGCACAC CACCCTCCCG CTGCAAGTCA

CATCACAGCA ATATTTAACA ATTTATTCTG ATAAAAATAA TATTAATTTA
TTTAATTAAA AAGAATTCTT CCACAAAAAA AAAAAAAAAA AA

SEQ ID NO: 2 MNRKARRCLG HLFLSLGMVY LRIGGFSSVV ALGASIICNK
IPGLAPRQRA ICQSRPDAII VIGEGSQMGL DECQFQFRNG RWNCSALGER
TVFGKELKVG SREAAFTYAI IAAGVAHAIT AACTQGNLSD CGCDKEKQGQ
YHRDEGWKWG GCSADIRYGI GFAKVFVDAR EIKQNARTLM NLHNNEAGRK
ILEENMKLEC KCHGVSGSCT TKTCWTTLPQ FRELGYVLKD KYNEAVHVEP
VRASRNKRPT FLKIKKPLSY RKPMDTDLVY IEKSPNYCEE DPVTGSVGTQ
GRACNKTAPQ ASGCDLMCCG RGYNTHQYAR VWQCNCKFHW CCYVKCNTCS
ERTEMYTCK
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