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goodgano

93164 7B E—F—

H
Ny
S «~Tacconi 9047 A-> T (RS54 AETER)

6201
7 7Y A6410 G-> A (Trp -> 1)
"~ 7 A UHA 6136 C->T (Arg->/=1k)

Gl N e

5870

7+

5574 w

qlN g

4453 |

p

I

N

4265"

Vi

GAGACACCGCCTTCTGCCCACCACTCACGGACACATTTCTGCCTAGAAAACAGCTT
CTTACTGCTCITACATGTGATGGCATATCTTACACTAAAAGAATATTATTGGGGGA
AAAACTACAAGTGCTGTACATATGCTGAGAAACTGCAGAGCATAATACTGCCACCC
AAAAATCTTTTTGAAAATCATTTCCAGACAACCTCTTACTTTCTGTGTAGTTTITAA
TTGTTAAAAAAAAAAAGTTITAAACAGAAGCACATGACATATGAAAGCCTGCAGGA
CTGGTCGITTTTTTGGCAATTCTTCCACGTGGGACTTGTCCACAAGAATGAAAGTA
GTGGTTTTTAAAGAGTTAAGTTACATATTTATTTTCTCACTTAAGTTATTTATGCAA
AAGTTTTTCITGTAGAGAATGACAATGTTAATATTGCTTTATGAATTAACAGTCTGT
TCTTCCAGAGTCCAGAGACATTGTTAATAAAGACAATGAATCATGAAAAAAAAAAA

AT B K USREEM U Bk T

I A CDNA
fisd

Y12009 / EXON 2

TCI TCHl

PNANR LN T
=
=
B

12345678 210111213141518 15:5%5;
16. KB

(29)

goodan
CTGGCTGGTACCATGCAGCTCCCACTGGCCCTGTGTCTCGTCTGCCTGCTGGTAC
ACACAGCCTTCCGTGTAGTGGAGGGCCAGGGGTGGCAGGCGTTCAAGAATGATGC
CACGGAAATCATCCCCGAGCTCGGAGAGTACCCCGAGCCTCCACCGGAGCTGGAG
AACAACAAGACCATGAACCGGGCGGAGAACGGAGGGCGGCCTCCCCACCACCCC
TTTGAGACCAAAGACGTGTCCGAGTACAGCTGCCGCGAGCTGCACTTCACCCGCT
ACGTGACCGATGGGCCGTGCCGCAGCGCCAAGCCGGTCACCGAGCTGGTGTGCT
CCGGCCAGTGCGGCCCGGCGCGCCTGCTGCCCAACGCCATCGGCCGCGGCAAGT
GGTGGCGACCTAGTGGGCCCGACTTCCGCTGCATCCCCGACCGCTACCGCGCGCA
GCGCGTGCAGCTGCTGTGTCCCGGTGGTGAGGCGCCGCGCGCGCGCAAGGTGCG
CCTGGTGGCCTCGTGCAAGTGCAAGCGCCTCACCCGCTTCCACAACCAGTCGGAG
CTCAAGGACTTCGGGACCGAGGCCGCTCGGCCGCAGAAGGGCCGGAAGCCGCGG
CCCCGCGCCCGGAGCGCCAAAGCCAACCAGGCCGAGCTGGAGAACGCCTACTAG
AGCCCGCCCGCGCCCCTCCCCACCGGCGGGCGCCCCGGCCCTGAACCCGCGCCC
CACATTTCIGTCCTCTGCGCGTGGTTTGATTGTTTATATTTCATTGTAAATGCCTGC
AACCCAGGGCAGGGGGCTGAGACCTTCCAGGCCCTGAGGAATCCCGGGCGLCGG
CAAGGCCCCCCTCAGCCCGCCAGCTGAGGGGTCCCACGGGGCAGGGGAGGGAAT
TGAGAGTCACAGACACTGAGCCACGCAGCCCCGCCTCTGGGGCCGCCTACCTTTG
CTGGTCCCACTTCAGAGGAGGCAGAAATGGAAGCATTTTCACCGCCCTGGGGTTT
TAAGGGAGCGGTGTGGGAGTGGGAAAGTCCAGGGACTGGTTAAGAAAGTTGGATA
AGATTCCCCCTTGCACCTCGCTGCCCATCAGAAAGCCTGAGGCGTGCCCAGAGCA
CAAGACTGGGGGCAACTGTAGATGTGGTTTCTAGTCCTGGCTCTGCCACTAACTTG
CTGTGTAACCTTGAACTACACAATTCTCCTTCGGGACCTCAATTTCCACTTTGTAA
AATGAGGGTGGAGGTGGGAATAGGATCTCGAGGAGACTATTGGCATATGATTCCA
AGGACTCCAGTGCCTTTTGAATGGGCAGAGGTGAGAGAGAGAGAGAGAAAGAGAG
AGAATGAATGCAGTTGCATTGATTCAGTGCCAAGGTCACTTCCAGAATTCAGAGTT
GTGATGCTCTCTTCTGACAGCCAAAGATGAAAAACAAACAGAAAAAAAAAAGTAAA
GAGTCTATTTATGGCTGACATATITACGGCTGACAAACTCCTGGAAGAAGCTATGC
TGCTTCCCAGCCTGGCTTCCCCGGATGTTTGGCTACCTCCACCCCTCCATCTCAAA
GAAATAACATCATCCATTGGGGTAGAAAAGGAGAGGGTCCGAGGGTGGTGGGAGG
GATAGAAATCACATCCGCCCCAACTTCCCAAAGAGCAGCATCCCTCCCCCGACCCA
TAGCCATGTTTTAAAGTCACCTTCCGAAGAGAAGTGAAAGGTTCAAGGACACTGGC
CTTGCAGGCCCGAGGGAGCAGCCATCACAAACTCACAGACCAGCACATCCCTTIT

3951 GGAGCTATGG AAGGCTTTTG AGCAGGGGAG TGATACAATG AGAACAGCAT
4001 TTTGGAAGCC AGCATGGAGG GGAGGCTGCT AABAGGATAC AAGGCTGAGG

4051 TTATTACCAT GCCCTGGGTG AAGAAATGCE GTCTGGGTTT GGAAAGGAAG

4101 GGATAAACAT GACTTTTCAA A ACAT AATTGCCACA AGGGCCACC:

4151 GBAGAGCAGTC ABRAGGTGTGT CCARGGTTGG AGCTCTAGTG ACCAAGAGAA

4201 GGGETGTCAAC TITGACAGAA ATGACGTCAT GTGTGGTTGA CAAMATGAGA

4251 CCACATCCTT TCGGTCATGA TTCATTGTCT TTATTAACAA TGTCTCTGGA

4301 CTCTGGAAGA ACAGACTGTT AATTCATAAA GCAATATTAA CATTGTCATT

4351 CTCTACAAGA AAAACTTTTG CATARATAAC TTAAGTGAGA ARATAAATAT

4401 GTAACTTAAC TCTTTAAARA CCACTACTTT CATTCTTGTG GACRAGTCCC

4451 ACGTGGAAGA ATTGCCAAAR ARACGACCAG TCCTGCAGGC TTTCATATGT

4501 CATGTGCTTC TGTTTAAARAC MPTTTT TAACBATTAA ARRCTACACA

4551 GARAGTAAGA GGTTGTCTGG AAATGATTTT CAAAAAGATT TTTGGGTGGC

4601 AGCTATTATG CTCTGCAGTT TCTCAGCATA TGTACAGCAC TTGTAGTTTT

4651 TCCCCCAATA ATATTCTTTT AGTGTAAGAT ATGCCATCAC ATGTAAGAGC

4701 AGTAAGAAGC TCTTTTCTAG GCAGAARATGT GTCCGTGAGT GGTGGGCAGA

4751 AGGCGGTGTC TCAAAAGGGA TGTGCTGGTC TGTGAGTTTG TGATGGCTGC

4801 TCCCTCGGGC CTGCAAGGCC AGTGTCCTTG AACCTTTCAC TTCICTTCGG

4851 AAGGTGACTT TAAAACATGG CTATGGGTCG GGGGAGGGAT GCTGCTCTTT

4901 GGGAAGTTGG GGCGGATGTG ATTTCTATCC CTCCCACCAC CCTCGGACCC

4951 TCTCCTTTIC TACCCCAATG GATGATGTTA TTTCTTTGAG ATGGAGGGGT

JP 2004-520005 A 2004.7.8



(30) JP 2004-520005 A 2004.7.8

5001 GGAGGTAGCC AAACATCCGG GGAAGCCAGG CTGGGARGCA GCATAGCTTC 6051 GGCGCCTCAC CACCGGGACA CAGCAGCTGC ACGCGCTGCG CGCGGTAGCG
5051 TTCCAGGAGT TTGTCAGCCG TAAATATGTC AGCCATARAT AGACTCTTTA 6101 GTCGGGGATG CAGCGGAAGT CGGGCCCACT AGGTCGCCAC CACTTGCCGC
5101 CTTTTITTTT TCTGTTTGTT TITCATCTTIT GGCTGTCAGA AGAGAGCATC 6151 GGCCGATGGC GTTGGECAGC AGGCGCGCCE GGCCGCACTG GCCGGAGCAC
5151 ACRACTCTGA ATTCTGGAAG TGACCTZGGC ACTGAATCBA TGCAACTGCA 6201 ACCAGCTCGG TGACCGGCTT GGCGCTGCGG CACGGCCCAT CGGTCACGTA
5201 TTCATTCTCT CTCTTICTCT CTCTCTCTCT CACCTCTGCC CATTCAAAAG 6251 GCGGGTGAAG TGCAGCTCGC GGCAGCTGTA CTCGGACACG TCTGTGGAGA
5251 GCACTGGAGT CCTTGGAATC ATATGCCAAT AGTCTCCTCG AGATCCTATT 6301 GAGGCGCGCG TGAGGETGGC CGCCCGCCTG GCCACCOCTG CCCTGGACCG
5301 CCCACCTCCA CCCTCATTTT ACAAAGTGGA AATTGAGGTC CCGAAGGAGA 6351 GCCCGTCTCT CTCCACCCCA GCCCTGCTTT TGCCAAGCCT GTCTCCAGAG
5351 ATT T TCAAGGTTAC ACAGCAAGIT AGTGGCAGAG CCAGGACTAG 6401 GCTTTTGCCC CTGAACATCT ATTGCAGGRA GGTCCCAGAT GCTCTAGAGC
5401 AAACCACATC TACAGTTGCC CCCAGTCTTG TGCTCTGGGC ACGCCTCAGE 6451 TGGTGGARAG CTCTCCTGCG CACCCTGTCC CCTCGGAGCC AAATGACTGC
5451 CTTTCTGATG GGCAGCGAGG TGCAAGGGGG AATCTTATCC AACTTTCTTA 6501 TGGGGTTCAA ACACCAGGGC TCCATCGCTC ACTGCAGGTG TCATCTTGGG
5501 ACCAGTCCCT GGACTTTCCC ACTCCCACAC CGCTCCCTTA AAACCCCAGE 6551 CAAGTTCCTT AACCTCTCTC TTCTTCCTGT CTGCARRATG GGCCGCCCCA
5551 GCGGTGAAAA TGCTTCCATT TCTGCCTCCT CTGAAGTGGE ACCAGCAAAG 6601 AGCATTGCGA GTTAATCCAT TACACACGCA ATGCAGRAAA TACCATTTGG
5601 GTAGECGGCC CCAGAGGCGGE GGCTGCGTGG CTCAGTGTCT GTGACTCTCA 6651 CACATATAGC TGAAAGCGTC GGCTGTTATG TATTATTATT ATCATTTCTC
5651 ATTCCCTCCC CTGCCCCGTE GGACCCCTCA GCTGGCGEGC TGAGGGGGGC §701 TTCTGGGETC TTCTTATGAT TTAAGCCACA CTTGTGCCGC AGGGTCCCTG
5701 CTTGCCGGCE CCCGEGATTC CTCAGGGCCT GGAAGGTCTC AGCCCCCTGC 6751 GCCTGGGCAG GGTRAGTACT CAGCACACCT TCTGCCTGGC TCTGGCTTCT
5751 COTGGGTTGC AGGCATTTAC AATGAAATAT AAACAATCAR ACCACGCGCA 6801 CCCABAATTCC TTTTCCAGCC ACTTGGGAGG GGTGGACAGG GGATGGAGAR
5801 GAGGACAGAA ATGTGGGECG CGGGTTCAGG GCCGGGGCGC CCGCCGETGE 6851 AGGAGTAGAG GTTAATTGAA GGTAATAAAT CAGGGCAGCT GCTGTGGAGG
5851 GGAGGGGCGC GGGCGGECTC TAGTAGGCGT TCTCCAGCTC GGCCTGGTTG 6501 CGAGGGACTG AAGGGGAGGT GATCAGGACA GGAATTCATT AGACTTGAAA
5901 GCTTTGGCGC TCCGGGUECE GEGCCGCGEC TTCCGGCCCT TCTECGECCE 6951 GGAATCAAAG GCAGTGTGIC CAACCCCCTC ATTATCAATG AGAATACTGA
5951 AGCGGCCTCG GTCCCGAAGT CCTTGAGCTC CGACTGGTTG TGEGAAGCGGG 7001 GGCCCAGCCA GAGAAARGAA CTTGCCCAAA AGGCTGGGCT GCATCTCCGG
6001 TGAGGCGCTT GCACTTGCAC GAGGCCACCA GGCGCACCTT GCGCGCGCGL 7051 ACTCCACTTC CCTGEGGTCC CAGCACCTTT TGGCTCCGGC AAGACTGGAG
7101 GCTCTGCGTT CGAGCATCCA TGGGAGGCTG GECTGGGGGA TGEAGCTGAG 8151 TCTCTGTGCA GGCCTGACCA GGAACCCAGG GTTCCTCTTC CTTCTCCCTC
7151 GGCTGCTTTT TACTGTCGTT ACTTTCCTAC CATAGGGGCC CTGAGCTCTG 8201 CCCTGGAATG AGGCAAGGTT GGGACTGEGE TGGCTGCTGA GGACAGATGT
7201  ACCCARAACC TACAGETTCA GCTGCCACARA ACATTGACCT GGCTCTCTGC 8251 CCCTACTCCT GCACAGAGGA TGCTGCTCTC CCCTCCAGGG CCTGGACTCR
7251 TGGGCACATT TCTTGTTCTG TGTTATCTGA ATGGGCGCCT CATGGTGATA 8301 GCTGCACCCA TGTCAGGGGC TAAAACTGTG CCGAAMACTC CCATTCCTIC
7301 CTCCCTGGGC AGGCAGAGAT TGGGCTCCGA GGCCTGGCCT GATCCCCTGC 8351 AAGTGCCAGC TCCCTGGGCA GGCCATGGGC AATGCACACT GCAGGGGTGC
735%1  BCACACCTTG ACCATGTCTC CTATGGTGGA CTTAGATGGG TGGGAGCTTT 8401 CTCTCTGGCC TTCCTCOCCA CTGCTTTGTG GAGATCTETC CCCCACACCC
7401 TTRAATAGCT GGTCGTCGTG TGAGTACCAG TCCACCCCCA ARGGTTTCAT 8451 CCCCACACAC CAGGGCTATC TTGCAGTTGG ATCAAACCAG GTTCACACCT
7451 GGGGATAGTT CCAATGTGAC AAGARAGAAT GARAAATAGT CTTAAGACCA 8501 CAGCTCTTICT CACTACCAAG TTACTGAGTG CCTGGAACCT GITTCTTCCC
7501 AACCAGAGAG CGGACAGAGA AGGCCACCCC CCACCCCCAC TCTGAAGAGC 8551 CTTCGAGCTG GGGGTTCACC TCCTGGGGAT TCCATGATGT GGGTCTETGT
7551 AAGCACAGCA GGGGAGATGT GGCCACTGCC ATCGTCTGGG GCTGCTTTCT 8601 GGTGGGGACA GCCACCACCA GCATAGRGTG TCCGGTGCCC CACAGGTGCT
7601 GGTCTGTGGE CTGGTTTGCA TCCTCACCTC TGCAGGGCTG GAATGTGTGT B651 GITCTGTGGA TGGGAGGCTC CCTTACCTTG TTCCCTTCCC AGTGGTACCA
7651 GTGGTCAGGG GGGCATTTGC CCAGGGAAGG GGGCATTTTG CGGCTTTTCG 8701 GCAGCTGGAC GTGGCTCCTA TATTCCCAGG AGGAGATTCT TTGAAACCTT
7701 AGAATAGCGC CCCTAGGCCA GGCACTTCCT CTGCAGATCA TGACTTTGTT 8751 TTCTTTTCTG AGCCCOTGAG CCTGTTCTGA TGCCCTGATG CCATACCCTC
7751 TTGAGCATGT GGCTTCCTCA GGGGCTGTGG CCTCTCGTGG GAGTCCAGCA 8801 ACCACCCCAG CGTCCTCCCT GCCCTGGGCT CTCACCAGCG TCTGTTGCCT
7801 T TTTGTGTTTIG GGTTCCTTAC AGCCCTTCAG GCAGTCGCTG 8851 CATGCCTCTG CACCTGAATT TGAAGGCTGC ACCAGCGAGC CATTCTTCCC
7851 GAGCCCAGCT GACCTTGCCT AG. AG CTGTGGGGGEG AGGCGCCCTT 8901 CCACCTCCAG GCAAGACTGT TCCTCGACCA GTGCTGGCAG AGGCCAGCAA
7901 GTCCTCCATT TTGAAGACGE AGGGTCCTGG CTGGCCTCCC ATGCAGTIGC 8951 TCTTCACTGG GICTACCCCA GTCTTCCAAG CCTCCCARAG AGAAGTTTCT
7951 CCTTTTTAGC ACCCCATAGT CCCAACAGGT TGTGAGGCGG GGAGGECTES 9001 ARAACCTCCC CAGGATCTTT TACTARGAAT TCTCTCCTCC ACCCCATACC
8001 GGTCCAGGAG CCTGGGCAGT GGACTTCTCT GCCACCTGGA TRATGGCCAG 9051 TTTGGTCTCA T A G CCCTCCGTTC TCCGCCCGET

8051 AGGACAGGGA AGCTCTTAGT CTGAAGTGTC ATTTCAGACG CCCCCATGGC 9101 TCATGGTCTT GTTGTTCTCC AGCTCCGGTG GAGGCTCGGG GTACTCTCCG

8101 CTCAGGATTC CTGCCAATTA TAGAGCCAGA TGCACACTGT CACCTGGGCT 9151 AGCTCGGGGA TGATTTCCGT GGCATCATTC TTGAACGCCT GCCACCCCTG
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9201 GCCCTCCACT ACACGGAAGG CTGTGTGTAC CAGCAGGCAG ACGAGACACA 10251 TACATTTTTC ARAAACAGTT TTGAGTCCTG TATGGAAAGC TTCATTGGTG
9251 GGGCCAGTGG GAGCTGCATG GTACCAGCCA GAGGAGGGCA CGCCACCTIC 10301 CACACCACAG GATGTGTTCC ATGAAGCCAT CCCAGGACCA ACTGGTCACA
9301 CAGTAGCACA GGCTCTGGTC TCCAGCCGAG ACACGGTCGC CTTTTTAAAG 10351 AAGAAGCTAA GAGAAAATGC TGCCTTGGCC CTGCATATAA TGAGCCACAC
9351 CCCCTCTCTG CTTCATGCCA GCOCAATGAGG ACAGGCTGGG GCAGGGCTGG 10401 AGGGCCGGGG CGGGGGGCGG GGGCGCAGGT AGAGGCGTGG GGGAGAAGGA
$401 TCCCATGTTT CCCTCAGCCC CGGRGGGAGG GARAGGEGTG TGCTCAGAGC 10451 TTCACACCTC AGGTGCAAGA AGAGAARGGA AGGCCAGAGG AATCTTTCAT
9451 AAACCCTCCC CARAGACTTC TCCTCTAGCT CAGCAAACTT CCAAATTGCT 10501 TGAAGACAGA TTGTTTGAGG ACAAGCAGCT CCTGTGAAGA GGCTGCCCAG
9501 GCTGGCACTC CCAGGTGACC CAGAGAGAGG GGGCGTGTGA GGCAAGGCCT 10551 ATCCTCTGGT ATTTTAACTG GGCAATGAAT CAGCATGCCC CACCTGCAGA
9551 RAGCCTGCTC TCCGGCACCT CCCACGTGCT GGCGGCTGTG GTTTTCAGAT 10601 GCCTCTGCAA GTCCTTTGCC ACCTECCTCA ACTTGCAAGT CGCTGTGTCC
9601 ATCARAATGA GCTCCGGCTT TTAATTGTCT GTCTCCCTGE GCCCTCGGGEC 10651 ATCTGCAGCC GACTGTCCTT TCCATCATCC ATCATCCGAC ACATGAATGC
9651 ATTCTCAAAA CAARCTGTGG ACCCGCTCAA CAAAGAAAAT GTGCAGTITCT 10701 AGCTGCTCTG ACAGTTTTAC AAGCCAGACA GARGCCCCCT CAGGRAGGGC
9701 GAGTGCTTCG CGGGGCTGAG CCCGGCCTAT TCCATTTICTC AGGCCAAGTT 10751 CCTCTCTGAT ACCTGCTTCC TAAGTCAGTT TCCTTCAGGG CAGATGAAAA
9751 CATTTGTCAC CCCACCAACA AATGGCCCAA GGTGTTTCTG TTTGACCCCC 10801 CAGCTGTGGC CATTGTTGGG GGTGATCTAT CTCTCCCAGC AGAGCCGETA
9801 ATAGACCCAG CCAGAGGCAA A TGCTT TTAA T CCCATTGGTC 10851 GTGTTGTGAG AAGCTGGCCC TCCGCACCAC CTCCCCTTGT CTATGACCCT
9851 CCAACTCCAC AAGTCTCAGC ATTCATTGTC CTAACCAAGA AAGCCTCTCT 10901 CCAGCCTCCT TTTCCCTTGC TCTGGAATGT GGACTGTTAA CCCTCTCATG
9901 TGGTATTCTC TGGAAGGCAA GAGAGAGAAC TAGAGGGTCA GAGCAAGGGT 10951 ACCAGACGAC TGCCTTCTTG CAATGGACTT GGGAGAGAGC AGTTCTGATG
9951 GCCCGCTTGG GAGAGAGGGC AGGATTCTGG TTACARATCG AGGATGCGCT 11001 CCTGEGTTCC TTCACCAGGT AGGATGGATG CTTATAGCCC CACCTGCTG

10001 GGTCACTCAG GCTCCTGTGA TGGACAGCAC AGRGGARATC CCAGCTCATG

10051 CTCCTCAGGG ATCCTGTGCA CTGTGACAGG CACTTCIGAG CCAGGGCACT

gooad

MQLPLALCLVCLLVHTAFRVVEGQGWQAFKNDATEIPELGEYPEPPPELENNKTMNR
10151 TCTGTGTGTG TGAGAAGACA ACACCAAATT CCTTTCCTTA GCAARAGCCA AENGGRPPHHPFETKDVSEYSCRELHFTRYVTDGPCRSAKPVTELVCSGQCGPARLLPN
AIGRGKWWRPSGPDFRCIPDRYRAQRVQLLCPGGEAPRARKVRLVASCKCKRLTRFHN
QSELKDFGTEAARPQKGRKPRPRARSAKANQAELENAY

10101 CACTGTGGCT CGCAGGGTGA TGTGCTGAAG ACAGTCATTT CCCCAACCAG

10201 CAGCCAGCGT TTTTAGTGCT GACATTTTAT TTTCTTGTCT TCCAGCTGGT

K AT RRAY SRS 3
OSTV3UT-R TCTGTTTGTTTTTCATCTTTGGCTGTC 74°C
OSTV3UT-F ACCTTCCAGGCCCTGAGGAATCC 74°C
OSTVint-R1 CACTGGCCGGAGCACACCAGCTC 70°C
OSTVint-F1 ACCCTGCGGCACAAGTGTGGC 70°C
OSTVint-R3 CTGAGCTCTGACCCAAAACC 62°C
OSTVint-F3 CACCTTGCTGGACTCCCAC 62°C
OSTVint-R4 GGCACTTCCTCTGCAGATCATG 68°C
OSTVint-F4 CAGGGAGCTGGCACTTGAAGG 68°C
OSTVint-R5 CCTCCAGGGCCTGGACTCAGC 72°C
OSTVint-F5 GAAGAATGGCTCGCTGGTCGAGC 74°C
O8TVex1l-R GCTCTCACCAGCGTCIGTITGC 68°C
OSTVex1-F GGGAGGGTTTGCTCTGAGCAC 68°C
OSTVSUT-R GGACAGGCTGGGGCAGGGCT 70°C
OSTV5UT-F GAATCCTGCCCTCTCTCCCAAGC 70°C
OSTV3gen-F1 AAGAGTCTATTTATGGCTGAC 58°C
OSTV3gen-R1 [ TCCTGCAGGCTTTCATATGT 58°C
OS8TV3gen-F2 GTTTTAAACAGAAGCACATGAC 60°C
OSTV3gen-R2 | GAGTGATACAATGAGAACAGC 60°C
OSTV5UT-R GGACAGGCTGGGGCAGGGCT 70°C
OSTV5UT-F GAATCCTGCCCTCTCTCCCAAGC 70°C
OSTVprom-Rl | CTCTTGGTATTCTCIGGAAGG 62°C
OSTVprom-F1 | GCCTCTTCACAGGAGCTGC 62°C
OSTVprom-R2 | AGGATTCACACCTGAGGTGC 62°C
OSTVprom-F2 | ATAAGCATCCATCCTACCTGC 62°C J
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(54) Title: OSTEOLEVIN GENE POLYMORPHISMS

Primer nsme | Nucleotide sequence s
OSIVAUT-R | TCTGITTGTTITICATCTTTGGCTGIC | e
OSTVIUT-F ACCTTCCAGGCOCTGAGGAATCC 74°C
OSTViot-RI | CACTGGCCGGAGCACACCAGCTC e
OSTVint-FI ACCCTGOGGCACAAGTGTGGC TOC
OsTVintRs | SCOARAACS 62
OSTVintE3 | CACCTTGCTGGACTCCCAC 6xC
OSTVint-RY GGCACTTCCTCTGCAGATCATG 68°C.
OSTVint-F4 CAGGGAGCTGGCACTTGAAGG 68°C
OSTVint-RS | CCTOCAGGGCCTGGACTCAGS 7 |
OSTVintFs | GAAGAATGGCTCGCTGGTCGAGS e
OSTVerl-R | GCTCTCACCAGCGTCTGTTGE 65C
OSTVex1-F GGGAGGGTTTGCTCTGAGCAC 68°C
OSTVSUT-R GGACAGGCTGGGGCAGGGCT °C
OSTVSUTF | GAATCCTGCCCTCTCTECCAAGE Fias
OSTVagenF1 | ASGAGTCIATITATGGETGAC 5eC
OSTV3gen-R1 ] TCCTGCAGGCTTTCATATGT SE'C
OSTV3gen-F2 | GTTTTAAACAGAAGCACATGAC 6
OSTV3gen-R2 | GAGTGATACAATGAGAACAGC 60°C
OSTVSUT-R | GGACAGGCTGOGGCAGGGCT ToC
OSTVSUTE | GAATCCTGCCCTCTCTCOCAAGG 0T
OSTVpromRi | CTCITGGTATICICTGGAAGG 62C
OSTVprom-F1 | GCCTCTTCACAGGAGCTGC 62°C
OSTVprom-R2 | AGGATTCACACCTGAGGTGC 6rc
GSTVprom-P2_| ATABGCATOCATCCTACCTGC 62C

{57) Abstract: The present inventon relates generally to ge-
netic polymarphismsin the Van Buchem-sclerosteosis disease
region. In particular, the present invention reates to genetic
polymorphisms in the Van Buchem-sclerosieosis disease Te-
gion that are associated with disorders resulting in either net
excess bone formation or insufficient bane formation in ho-
mans. Furthermore, isolated nucleic acid molecules encod-
ing human osteolevin are provided. Osteolevin polypeptides
are also provided as are vectors, host cells and recombinant
methods for producing the same.
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Osteolevin gene polymorphisms

The present invention relates generally to genetic polymorphisms in the Van
Buchern-sclerosteosis disease region. In particular, the present invention relates to
genetic polymorphisms in the Van Buchem-sclerosteosis disease region that are
associated with disorders resulting in either net excess bone formation or

insufficient bone formation in humans.

Over 2000 human pathological syndromes are known to result from
DNA polymorphisms including insertions, deletions, duplications and nucleotide
substitutions. Finding genetic polymorphisms in individuals and following these
variations in families provides a means to confirm clinical diagnoses and to
diagnose both predispositions and disease states in carriers, as well as preclinical
and subclinical affected individuals. Counselling based upon accurate diagnoses
allows patients to make informed decisions about potential parenting, ongoing

pregnancy, and early intervention in affected individuals.

Polymorphisms associated with pathological syndromes are highly variable
and, consequently, can be difficult to identify. Because multiple alleles within genes
are common, one must distinguish disease-related alleles from neutral (non-
disease-related) polymorphisms. Most alleles are neutral. polymorphisms that
produce indistinguishable, normally active gene products or express normally
variable characteristics like eye color. In contrast, some polymorphic alleles are
associated with clinical diseases such as sickle cell anemia. Moreover, the structure
of disease-related polymorphisms are highly variable and may result from a single
point mutation such as occurs in sickle cell anemia, or from the expansion of
nucleotide repeats as occurs in fragile X syndrome and Huntington's chorea.
Additionally, some polymorphic alleles may be associated with a phenotype which
is manifested as a particular response to treatment with drug(s).

JP 2004-520005 A 2004.7.8
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Once a polymorphism or region of interest is identified, a wide variety of
technologies exist which may be employed to diagnose a disease or pre-disposition
to the disease. Traditionally, the diagnosis of such syndromes relied upon enzyme
activity testing, statistical analysis, or invasive diagnostic procedures. More recently,
advances in DNA and related technologies including restriction fragment length
polymorphism (RELP) analysis, the polymerase chain reaction (PCR), and
monoclonal or polyclonal antibody based assays provide rapid and highly accurate
methods to screen for the presence of polymorphisms associated with heritable
pathologies.

Genetic variants may be involved in a number of genetic disorders including
pathologies associated with bone formation disorders such as Van Buchem’s
disease. Van Buchem disease (Hyperostosis Corticalis Generalisata; OMIM 239100)
and sclerosteosis (OMIM 269500) are two autosomal recessive conditions
belonging to the group of endosteal hyperostoses and are both characterized by a
generalized hyperostosis most pronounced in the skull (both the calvarium and the
skull base) and the mandible. In addition the ribs, clavicle and the diaphyses of the
long bones are sclerotic. Clinical complications include facial nerve palsy,
sensorineural hearing loss and sometimes visual problems. Differential diagnosis
between Van Buchem disease and sclerosteosis is mainly based on the presence of
syndactyly and gigantism in sclerosteosis. Sclerosteosis also has in most cases a
more severe phenotype. Genetic localization of the Van Buchem’s disease gene in a
Dutch family and the sclerosteosis disease gene in a Brazilian and an American
family led to the assignment of both disease genes to the same region on
chromosome 17q12-q21. The co-localization of both conditions to the same
linkage interval supports the hypothesis that Van Buchem disease and sclerosteosis
are caused by mutations in the same gene.

The identification and characterization of specific polymorphisms associated
with heritable disorders resulting in either net excess bone formation or insufficient
bone formation, such as¥osteoporosis and/or sclerosing diseases, is necessary for the
design of informative diagnostic assays. By identifying specific regions in the
human genome which contain disease related polymorphisms, statistical analysis of
the prevalence and penetrance of the syndrome is possible. Further, as different
statistical formulas are utilized for the assessment of autosomal recessive,
autosomal dominant, and X- linked genetic diseases, the identification of the

JP 2004-520005 A 2004.7.8
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chromosomal location of the polymorphism is a crucial factor in the assessment of
pedigree-related risk analysis. Such information allows accurate risk assessments to
take into account 1) the number of different alleles at each gene locus, 2) the
relative frequency of each allele in the Population (the most informative have more
than one common allele), and 3) whether alleles are distributed randomly
throughout the Population. As technologies for assessing the presence or absence of
a specific polymorphism or polymorphic region are well developed, the primary
limitation ~ for diagnostic assays is the lack of information regarding
polymorphisms associated with different pathologies.

What is needed in the art is the identification of regions in the human
genome containing disease-associated polymorphisms. The identification of such
regions allows for the design of informative assays and diagnostic tests for
susceptibility factors associated with the occurrence of such syndromes.
Informative assays which can detect the disease associated polymorphism will allow
the accurate diagnosis of affected individuals and provide these individuals and
health care profeésionals with the knowledge necessary to make informed decisions.

The present invention is directed to the identification of polymorphisms in
the osteolevin gene (also referred to as SOST gene) which is located in the Van
Buchem-sclerosteosis disease region of human chromosome 17, a region that is
associated with abnormal bone formation. Polymorphisms in this region were
identified by sequencing a large number of samples of DNAs from a diverse
population of different ethnic origin. The present invention also relates to the use
of the polymorphic regions disclosed herein for the diagnosis and assessment of
osteoporosis or sclerosis. Since such pathologies can now be detected earlier (i.e.,
before overt symptoms appear) and more definitively, better treatment options will
be available for those individuals identified as having disease-associated
polymorphisms.

In one embodiment, the invention provides isolated nucleic acid
molecules that encode osteolevin region polymorphisms. Isolated nudleic acid can
include osteolevin region polymorphisms having the sequences identified above or

having sequences that are complementary to these nucleic acid sequences,

JP 2004-520005 A 2004.7.8
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preferentially hybridize to them and remain stably bound to them under at least
moderate, and optionally, under high stringency conditions.

In another embodiment, the invention provides a construct where the
polymorphic osteolevin region sequences have been inserted in a vector to make a
recombinant plasmid. A recombinant cell comprising such a plasmid inserted into

a host cell is also provided.

In another embodiment, the present invention provides a recombinant
osteolevin polypeptide and its variants due to the osteolevin region polymorphisms
as well as isolated nucleic acid molecules encoding the osteolevin polypeptide and

its variants.

In yet another embodiment, the invention provides antibodies capable
of specifically binding a polymorphic epitope on a polypeptide encoded by the
osteolevin gene and the region polymorphisms. Optionally, the antibody is a
monoclonal antibody. In yet another embodiment, the invention provides animals

having osteolevin region transgenes.

In other embodiments, the invention provides methods for screening for
osteolevin region polymorphisms. In one embodiment, the invention provides a
method for screening for a polymorphism associated with abnormal bone
formation in a subject. The subject’s DNA is analyzed for the presence or absence
of the osteolevin polymorphism. The polymorphism which is an insertion,
deletion, duplication, or base substitution is associated with abnormal bone
formation. In a specific embodiment of this method the polymorphism may be one
or several of the osteolevin polymorphisms disclosed herein. In a more specific
embodiment of the invention, the presence of a polymorphism in the osteolevin
nucleic acid sequence is determined by a differential nucleic acid analysis technique
such as restriction fragment length polymorphism analysis, direct mass-analysis of
PCR products using mass spectrometry, direct analysis of invasive cleavage
products, extension-based techniques such as ARMS™ (amplification refractory
mutation system), ALEX™™ (amplification refractory mutation system limear
extension) and COPS (competitive oligonucleotide priming system), OLA
(oligonucleotide ligation assay), Invader assay, direct sequence analysis or
polymerase chain reaction analysis.

JP 2004-520005 A 2004.7.8
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In another embodiment, the invention provides a method for identifying a
patient’s susceptibility to pathologies associated with abnormal bone formation by
determining the patient’s osteolevin polymorphism pattern, comparing it to the
wild type osteolevin pattern and then looking for differences indicative of a
susceptibility to pathologies associated with abnormal bone formation. In a related
embodiment, the invention provides a method of identifying a polymorphism
associated with abnormal bone formation by comparing a osteolevin gene sequence
isolated from a subject with abnormal bone formation to a known wild type
osteolevin gene sequence and identifying recurrent polymorphisms. In specific
embodiments of these methods, the presence of a polymorphism in osteolevin
nucleic acid sequences is determined by a differential nucleic acid analysis
technigue such as restriction fragment length polymorphism analysis, direct mass-
analysis of PCR products using mass spectrometry, direct analysis of invasive
cleavage products, direct sequence analysis, extension based techniques such as
ARMS™ (amplification refractory mutation system), ALEX™ (amplification
refractory mutation system linear extension) and COPS (competitive
oligonucleotide priming system), OLA (oligonucleotide ligation assay), Invader
Assay, DNA chip analysis or polymerase chain reaction analysis.

Other embodiments of the invention include kits and articles of manufacture
for use in the methods disclosed herein as well as assays for assessing the effects of
candidate agents on the activity of genes from the Van Buchem-sclerosteosis

disease region.

Figure 1A shows a schematic representation of the genomic organization of the

osteolevin gene.
Figure 1B shows the nucleotide sequence of osteolevin cDNA (SEQ ID NO. 1)

Figure 2 shows a PCR analysis of osteolevin mRNA expression in various human
tissues. The transcript appears widely expressed as demonstrated by observed
signals in human ¢DNA from heart, kidney (strongest expression), pancreas,
placenta, prostate, spleen and peripheral blood lymphocytes. Expression was also

demonstrated in human osteoblasts.

JP 2004-520005 A 2004.7.8
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Figure 3 shows the genomic osteolevin region (SEQ ID NO. 3). Sequence is
derived froox a HTS large insert clone (EMBL ACCESSION NO. AC003098).
Osteolevin sequence is located on the complementary strand. Therefore, reverse

complement DNA sequence of genomic osteolevin is shown below.

Figure 4 shows the amino acid sequence of the osteolevin polypeptide (SEQ ID
NO.2).

Figure 5 shows the primers used to amplify the osteolevin regions prior to the
screen for polymorphisms by DNA sequencing (SEQ ID No. 4 to 27).

The term “abnormal bone formation” when used herein is broadly defined as
net increased or decreased bone formation.

The term “polymorphisms” is broadly defined to include all variations that
are known to occur in nudeic and amino acid sequences including insertions,
deletions, substitutions and repetitive sequences including duplications.

The term “osteolevin region” is defined as the area of chromosome 17 which
contains the nucleic acid sequences shown in Figure 3 (SEQ ID NO. 3).

The term “wild-type sequence” when used herein refers to a sequence in the
osteolevin region which does not contain polymorphisms.

“Variant” means a variant as defined below having at least about 80% amino
acid sequence identity with the deduced osteolevin polypeptide shown in Figure 4
(SEQ ID NO. 2) including osteolevin nucleotide polymorphisms that occur with a
frequency of at least 1% in a certain population. Such variants include polypeptides
wherein one or more amino acid residues are added, deleted, or changed anywhere
within the sequence, including the N- or C-termini. Ordinarily, an osteolevin
variant will have at least about 80% or 85% amino acid sequence identity with the
corresponding asteolevin sequence of Figure 4 (SEQ ID NO. 2), more preferably at
least about 90% amino acid sequence identity. Most preferably an osteolevin
variant will have at least about 95% amino acid sequence identity with the
corresponding osteolevin sequence of Figure 4 (SEQ ID NO. 2).

JP 2004-520005 A 2004.7.8
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“Percent (%) amino acid sequence identity” with respect to the amino acid
sequences identified herein is defined as the percentage of amino acid residues in a
candidate sequence that are identical with the amino acid residues in the osteolevin
sequences, after aligning the sequences in the same reading frame and introducing
gaps, if necessary, to achieve the maximum percent sequence identity. Conservative
substitutions are not considered to be identical. Alignment for purposes of
determining percent amino acid sequence identity can be achieved in various ways
that are within the skill in the art, for instance, using publicly available computer
software such as BLAST software (see e.g. Altschul et al,, J. Mol. Biol., 5; 215(3):
403-410 (1990). Those skilled in the art can determine appropriate parameters for
measuring alignment, including any algorithms needed to achieve maximal
alignment over the full length of the sequences being compared. “Percent (%)
nucleic acid sequence identity” with respect to the osteolevin sequences identified
herein is defined as the percentage of nucleotides in a candidate sequence that are
identical with the nucleotides in the osteolevin sequences, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent
sequence identity. Alignment for purposes of determining percent nucleic acid
sequence identity can be achieved in various ways that are within the skill in the art,
for instance, using publicly available computer software such as BLAST software
(see e.g. Altschul et al,, J. Mol. Biol,, 5; 215(3): 403-410 (1990). Those skilled in the
art can determine appropriate parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over the full length of the
sequences being compared.

“Isolated”, when used to describe the various polypeptides disclosed herein,
means polypeptide that has been identified and separated and/or recovered from a
component of its natural environment. Contaminant components of its natural
environment are materials that would typically interfere with diagnostic or
therapeutic uses for the polypeptide, and may include enzymes, hormones, and
other proteinaceous or non-proteinaceous solutes. In preferred embodiments, the
polypeptide will be purified to a degree sufficient to obtain N-terminal or internal
amino acid sequence by use of a spinning cup sequenator, or to homogeneity as
assessed by SDS-PAGE under non-reducing or reducing conditions using
Coomassie blue or silver stain. Isolated polypeptide includes polypeptide in situ
within recombinant cells, since at least one component of the osteolevin natural
environment will not be present. Oxdinarily, however, isolated polypeptide will be
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prepared by at least one purification step (referred to herein as an “isolated and
purified polypeptide”).

An “isolated” osteolevin nucleic acid molecule is a nucleic acid molecule that
is identified and separated from at Jeast one contaminant nucleic acid molecule
with which it is ordinarily associated in the natural source of the osteolevin nucleic
acid. An isolated osteolevin nucleic acid molecule is other than in the form or
setting in which it is found in nature. Isolated osteolevin nucleic acid molecules
therefore are distinguished from the osteolevin nucleic acid molecule as it exists in
natural cells. However, an isolated osteolevin nucleic acid molecule includes
osteolevin nucleic acid molecules contained in cells that ordinarily express
osteolevin where, for example, the nucleic acid molecule is in a chromosomal

location different from that of natural cells.

Nucleic acid is “operably linked” when it is placed into a functional
relationship with another nucleic acid sequence. Por example, DNA for a
presequence or secretory leader is operably linked to DNA for a polypeptide if it is
expressed as a preprotein that participates in the secretion of the polypeptide; a
promoter or enhancer is operably linked to a coding sequence if it affects the
transcription of the sequence; or a ribosome binding site is operably linked to a
coding sequence if it is positioned so as to facilitate translation. Generally,
“operably linked” means that the DNA sequences being linked are contiguous, and,
in the case of a secretory leader, contiguous and in reading phase. However,
enhancers do not have to be contiguous. Linking may be accomplished by ligation
at convenient restriction sites. If such sites do not exist, the synthetic
oligonucleotide adaptors or linkers may be used in accordance with conventional
practice.

“Polynucleotide” and “nucleic acid” refer to single or double-stranded
molecules which may be DNA, comprised of the nucleotide bases A, T, C and G, or
RNA, comprised of the bases A, U (substitutes for T), C, and G. The polynucleotide
may represent a coding strand or its complement. Polynucleotide molecules may be
identical in sequence to the sequence which is naturally occurring or may include
alternative codons which encode the same amino acid as that which is found in the
naturally occurring sequence (See, Lewin "Genes V" Oxford University Press
Chapter 7, pp. 171-174 (1994). Furthermore, polynucleotide molecules may

JP 2004-520005 A 2004.7.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

20

25

30

(42)

WO 01/98491 PCT/EP01/06795

-9-

include codons which represent conservative substitutions of amino acids as
described. The polynucleotide may represent genomic DNA or cDNA.

“Polypeptide” refers to a molecule comprised of amino acids which
correspond to those encoded by a polynucleotide sequence. The polypeptide may
include conservative substitutions where the naturally occurring amino acid is
replaced by one having similar properties, where such conservative substitutions do
not alter the function of the polypeptide (See, Lewin "Genes V"' Oxford University
Press Chapter 1, pp.: 9-13 (1994).

The term “antibody” is used in the broadest sense and specifically covers
single anti-osteolevin monoclonal antibodies (including agonist, antagonist, and
neutralizing antibodies) and anti-osteolevin antibody compositions with
polyepitopic specificity. The term “monoclonal antibody” as used herein refers to
an antibody obtained from a population of substantially homogeneous antibodies,
ie., the individual antibodies comprising the population are identical except for

possible naturally-occurring mutations that may be present in minor amounts.

The present invention relates to a method for screening for osteolevin
polymorphism in a subject, said method comprising determining the presence of a
polymorphism in the osteolevin nucleic acid sequence obtained from the subject.

Polymorphisms in the osteolevin gene were identified a) by sequencing
sclerosteosis patients and comparing the sequence to controls (see Example 2b) and
b) by PCR-amplification of 400-600 base pair overlapping fragments (covering the
whole genomic region of osteolevin as defined by nucleotide position 4000 —
11’000 in EMBL ACCESSION NO. AC003098, Release 62.0) in the DNA of 47
unrelated individuals of 5 different ethnic origin (obtained from Coriell Institute,
Hamden, New Jersey). Fragments have been sequenced in these 47 samples with a
forward and reverse primer, polymorphisms were detected by using the PolyPhred
software (licensed from University of Washington) and allele frequencies for the
variants were established.

Three different and independent mutations could exclusively be detected in

sclerosteosis patients and not in more than 150 control individuals:
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A) G to A at position 6136 defined by the position in EMBL ACCESSION NO.
AC003098, resulting in a change from Arg(CGA) to a stop codon (TGA). This
mutation was found in an homozygous status in two sclerosteosis patients from an
American family. Patients were previously described in Balemans et al. (Am. J.
Hum. Genet. 64:1661-1669; 1999). One individual from this farnily, previously
identified as disease carrier based on haplotype analysis, was proven to carry the

mutation beterozygously.

B) Cto T at position 6140 defined by the position in EMBL ACCESSION NO.
AC003098, resulting in a change from Trp (TGG) to a stop codon (TGA). This
mutation was found in an homozygous status in two sclerosteosis patients from a
Brazilian family. Patients were previously described in Balemans et al. (Am. J.
Hum. Genet. 64:1661-1669; 1999). Six individuals from this family, previously
identified as disease carriers based on haplotype analysis, were proven to carry the
mutation heterozygously.

C) T to A at position 9047 defined by the position in EMBL ACCESSION
NO.AC003098, resulting in a splice mutation at the begin of intron 1. This
mutation was homozygously found in one Italian sclerosteosis patient previously
described in Tacconi et al. (Clinical Genetics, 53:497-501; 1998).

Additionally, a number of genetic variants in the osteolevin region have been
identified in a standard population panel. 11 base pair substitutions and 1 insertion
were detected in 5’ flanking and promoter regions:

Polymorphism Position*

CtoT 10877

AtoG 10876

TtoC 10817

CtoA 10687

TCC insertion between 10668 and 10669
Cio G 10424

Cto G 10342

Ato G 10020
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TtoC 9783
CtoT 9723
CtoT 9646
Gto A 9616

*defined by the position in EMBL ACCESSION NO. AC003098

One amino-acid changing polymorphisin was found in exon 1:

Polymorphism Position* Effect

CtoT 9242 Changes Valin at position 10 to Isoleucine
*defined by the position in EMBL ACCESSION NO. AC003098

5 palymorphisms were found in intron 1:

Polymorphism Position*
Ato G 8375
CtoT 7894
GtoT 7489
TtoG 6358
5 *defined by the position in EMBL ACCESSION NO. AC003098

4 polymorphisms were detected in 3’ flanking region:

Polymorphism Position*
CtoT 5308
Gto A 5004
CtoT 4866
GtoC 4475

*defined by the position in EMBL ACCESSION NO. AC003098

The sequence for EMBL ACCESSION NO. AC003098 is derived from a large insert
and is the reverse complement to the 5° to 3’ osteolevin DNA sequence.

10 Consequently the genetic polymorphisms for the osteolevin cDNA are the reverse
complement of the variants described above.
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The Van Buchem-sclerosteosis disease interval was previously mapped to an
interval of 0.7 cM on human chromosome 17 {Balemans et al., Am. J. Hum. Genet.
64:1661-1669; 1999). Within this interval, a gene encoding osteolevin was
identified in silico by analysis of the genomic sequence using GenScan (Burge &
Karlin, J. Mol. Biol. 268: 78-94; 1997). With GenScan’s default parameter settings, a
gene structure with four exons is predicted, of which the two internal ones are
assigned lower quality scores than the other two. Homology studies using human
protein sequences remotely related to osteolevin revealed that the two internal
exons are wrongly predicted by GenScan. Subsequently, comparison to the mouse
syntenic region on chromosome 11 (EMBL: AC012296) by dot-plot analysis
(“dotter” program: Sonnhammer & Durbin, Gene 167: GC1-10; 1995) identified
the mouse bomologue and unambiguously established the two-exon gene
structure.

The genomic organization of the osteolevin gene is illustrated in Figure 1B.
The gene consist of 2 exons, 220 bp and 421 bp in size beginning at bp 9269 and
ending at bp 5870 of the sequence shown in Figure 3 . Both exons obey the GT-AG
splicing rule. The first in frame ATG occurs in exon 1 (bp 9269) while the TAG
stop codon occurs in exon 2 (bp5870) for the putative 213 amino acid protein.

The present invention provides compositions of matter and diagnostic and
prognostic methods related to the discovery that polymorphisms in the Van
Buchem-sclerosteosis disease region may be associated with abmormal bone
formation. According to the methods of the present invention, alteration of wild-
type osteolevin sequences is detected. “Alteration of wild-type sequences”
encompasses all forms of polymorphisms including deletions, insertions and point
mutations in the coding and noncoding regions. Polymorphisms may occur
anywhere in this region of chromosome 17 including coding and noncoding

regions.

A key component of this invention is the delineation of a specific
chromosomal region having polymorphisms associated with abnormal bone
formation as clearly illustrated by the fact that the above described two nonsense
mutations and one splice site mutation in the osteolevin gene all result in

sclerosteosis, a condition with highly increased bone density as the major hallmark.
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The present invention therefore provides methods of identifying novel
osteolevin polymorphisms which are correlated with a predisposition for abnormal
bone formation by determining one or more sequences in the osteolevin region
from individuals known to have abnormal bone formation and then compating
these sequences to that of known osteolevin region wild type sequences.

The presence of the identified osteolevin polymorphisms associated with
abnormal bone formation may be ascertained by testing a biological sample from
an individual. Biological samples are those samples of materials which have cells
containing nucleic acid sequences. Biological samples may be obtained from a
variety of sources including blood, tissue, and cell lines. Most simply, blood can be
drawn and DNA extracted from the cells of the blood. In addition, prenatal
diagnosis can be accomplished by testing fetal cells, placental cells or amniotic cells.
Alteration of wild-type osteolevin sequences, whether, for example, by substitution,
insertion or deletion, can be detected by any of a variety of means known in the art
including the illustrative protocols discussed herein. Further, once a polymorphism
is identified, its association with a pathology may be assessed by a variety of
statistical and pedigree analyses that are well known in the art. See e.g. Handbook
of Human Genetic Linkage (Joseph D. Terwilliger & Jurg Ott eds., Ist ed. 1994);
Fundamentals of Biostatistics (Bernard Rosner ed., 1st ed., 1982). For example,
evidence that polymorphisms in osteolevin region are associated with abnormal
bone formation can be obtained by finding sequences in DNA extracted from
affected kindred members that may encode abnormal osteolevin gene products or
result in abnormal levels of the gene products. Such abnormal bone formation
susceptibility alleles will co-segregate with the disease in large kindreds. They will
also be present at a much higher frequency in non-kindred individuals with
abnormal bone formation than in individuals in the general population. Moreover,
association studies with cases and controls from unrelated individnals may be
performed for similar purposes.

The present invention provides isolated nucleic acid molecules
comprising a polynucleotide encoding the osteolevin polypeptide having the amino
acid sequence shown in Figure 4 (SEQ ID NO. 2). The nudleotide sequence
determined by sequencing the osteolevin cDNA (Figure 1B; SEQ ID NO. 1)
contains an open reading frame encoding a polypeptide of 213 amino acid residues
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(in bold), including an initiation codon (ATG) at positions 13-15 (cursive type,
underlined), with a leader sequence of about 19 amino acid residues, and a
predicted molecular weight of about 24 kDa. The stop codon (TAG) appears in
cursive type, undedlined. The amino acid sequence of the mature osteolevin
polypeptide is shown in Figure 4, amino acid residues 1 to 213 (SEQ ID NO. 2).

Thus, in one embodiment the present invention provides isolated
nucleic acid molecules encoding osteolevin selected from the group consisting of a)
the nucleic acid molecule or a complement of the nudleic acid molecule set forth in
SEQ ID No. 1, b) a nucleic acid molecule or a complement of a nucleic acid
molecule encoding a polypeptide set forth in SEQ ID NO. 2, ¢) a nucleic acid
molecule capable of hybridizing to a nucleic acid molecule of above a) or b) and
remain stably bound to them under at least moderate, and optionally, under high
stringency conditions.

Further embodiments of the present invention include isolated nucleic
acid molecules that comprise a polynucleotide having 2 nucleotide sequence at least
60% identical, preferably at least 80%, 85%, 90% or 95% identical to the nucleic
acid molecule set forth in SEQ ID NO. 1.

In another embodiment, the invention provides a recombinant
osteolevin polypeptide having an amino acid sequence selected from. the group
consisting of a) the amino acid sequence encoded by anyone of the above nucleic
acid molecules, b) an amino acid sequence which is at least 80% identical,
preferably at Jeast 90% identical, still more preferably at least 95% identical with
the amino acid sequence set forth in SEQ ID NO. 2, ¢) the amino acid sequence set
forth in SEQ ID NO. 2.

The polypeptides of the present invention also include polypeptides
having an amino acid sequence with at least 90% similarity, preferably at least 95%
similarity to the amino acid sequence set forth in SEQ ID NO. 2, as well as
polypeptides having an amino acid sequence at Jeast 60% identical, preferably at
least 80%, 85%, 90% or 95%, more preferably at least 96%, 97%, 98% or 99%
identical to the amino acid sequence set forth in SEQ ID NO. 2.

Furthermore, the present invention provides isolated nucleotide sequences
from the osteolevin region having polymorphisms that may be associated with

abnormal bone formation. The invention further provides variations and
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modifications of these sequences and molecules that they encode using methods
that are well known in the art such as site-directed PCR mutagenesis. Site-directed
mutagenesis (Carter et al., Nucl. Acids Res., 13:4331 (1986); Zoller et al., Nucl.
Acids Res., 10:6487 (1987)), cassette mutagenesis (Wells et al., Gene, 34.-315
(1985)), restriction selection mutagenesis (Wells et al., Philos. Trans. R. Soc.
London SerA, 317:415 (1986)) or other known techniques can be performed on the
cloned DNA to produce the variant DNA. Covalent modifications of the sequences
disclosed herein are included within the scope of this invention. See, e.g., Current
Protocols In Molecular Biology, Volume 2, Units 10, 11 and 14, Frederick M.
Ausubel et al. eds., 1995; Molecular Cloning, A Laboratory Manual, § 12, Tom
Manjatis et al. eds., 2nd ed. 1989.

The description below relates primarily to production of the sequences of the
invention by culturing cells transformed or transfected with a vector containing
polymorphic sequences of the osteolevin region. It is contemplated that alternative
methods, which are well known in the art, may be employed to prepare these
molecules. For instance polymorphic sequences or portions thereof may be
produced by direct oligomer or peptide synthesis using solid-phase techniques (see,
e.g., Stewart et al, Solid-Phase Peptide Synthesis, W.H. Freeman Co., San
Francisco, CA (1969); Merrifield, J. Am. Chem. Soc., 85:2149-2154 (1963)). In
vitro protein synthesis may be performed using manual techniques or by
antomation. Automated synthesis may be accomplished, for instance, using an
Applied Biosystems Peptide Synthesizer (Poster City, CA) and following the
mannfacturer's instructions. Various portions of the osteolevin sequences may be
chemically synthesized separately and combined using chemical or enzymatic
methods.

DNA having polymorphic sequences of the present invention may be
obtained from genomic or cDNA libraries prepared from tissue from individuals
having these sequences or by oligonucleotide synthesis as outlined above. Libraries
can be screened with probes (such as oligonucleotides of at least about 20-80 bases)
designed to identify the sequence of interest or the protein encoded by it
Tustrative libraries include ATriplEx human kidney ¢DNA library (Clontech
Laboratories, Inc.) and ATriplEx human spleen ¢DNA library (Clontech
Laboratories, Inc.). Screening the cDNA or genomic library with the selected probe
may be conducted using standard procedures, such as described in Sambrook et al.,
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Molecular Cloning. A Laboratory Manual (New York: Cold Spring Harbor
Laboratory Press, 1989). An alternative means to isolate a gene encoded by the
osteolevin region is to use PCR methodology [Sambrook et al,, supra; Dieffenbach
et al, PCR Primer: A Laboratory Manual (Cold Spring Harbor Laboratory Press,
1995)].

The Examples below describe techniques for screening DNA libraries. The
oligonucleotide sequences selected as probes should be of sufficient length and
sufficiently unambiguous that false positives are minimized. The oligonucleotide is
preferably labeled such that it can be detected upon hybridization to DNA in the
library being screened. Methods of labeling are well known in the art, and include
the use of radiolabels like *p-labeled ATP, biotinylation or enzyme labeling.
Hybridization conditions, including moderate stringency and high stringency, are
provided in Sambrook et al., supra.

Sequences identified in such library screening methods can be compared and
aligned to other known sequences deposited and available in public databases such
as GenBank or other private sequence databases. Sequence identity (at either the
amino acid or nucleotide level) within defined regions of the molecule or across the
full-length sequence can be determined through sequence alignment using
computer software programs that employ various algorithms to measure

homology.

Nucleic acid having protein coding sequences may be obtained by
screening selected cDNA or genomic libraries using the deduced amino acid
sequence disclosed herein for the first time, and, if necessary, using conventional
primer extension procedures as described in Sambrook et al., supra , to detect
precursors and processing intermediates of mRNA that may not have been reverse-
transcribed into cDNA.

Large amounts of the polynucleotides of the present invention may be
produced by replication in a suitable host cell using any of a variety of techniques
that are well known in the art. Natural or synthetic polynucleotide fragments
coding for a desired fragment will be incorporated into recombinant
polymucleotide constructs, usually DNA constructs, capable of introduction into
and replication in a prokaryotic or eukaryotic cell. Usually the polynucleotide
constructs will be suitable for replication in a unicellular host, such as yeast or
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bacteria, but may also be intended for introduction to (with and without
integration within the genome) cultured mammalian or plant or other eukaryotic
cell lines. The purification of nucleic acids produced by the methods of the present
invention are described, e.g., in Sambrook et al., 1989 or Ausubel et al.,, 1992.

Polynucleotide constructs prepared for introduction into a prokaryotic
or eukaryotic host may comprise a replication system recognized by the host,
including the intended polynucleotide fragment encoding the desired polypeptide,
and will preferably also include transcription and translational initiation regulatory
sequences operably linked to the polypeptide encoding segment. Expression vectors
may include, for example, an origin of replication or autonomously replicating
sequence (ARS) and expression control sequences, a promoter, an enhancer and
necessary processing information sites, such as ribosome-binding sites, RNA splice
sites, polyadenylation sites, transcriptional terminator sequences, and mRNA
stabilizing sequences. Such vectors may be prepared by means of standard
recombinant techniques well known in the art and discussed, for example, in
Sambrook et al., 1989 or Ausubel et al., 1992. An appropriate promoter and other
necessary vector sequences will be selected so as to be functional in the host and
may include, when appropriate, those naturally associated with the osteolevin
region. Examples of workable combinations of cell lines and expression vectors are
described in Sambrook et al., 1989 or Ausubel et al., 1992. Many useful vectors are
known in the art and may be obtained from such vendors as Stratagene, New
England Biolabs, Promega Biotech, Invitrogen, Pharmingen and others. Promoters
such as the trp, lac and phage promoters, tRNA promoters and glycolytic enzyme
promoters may be used in prokaryotic hosts. Useful yeast promoters include
promoter Tegions for metallothionein, 3-phosphoglycerate kinase or other
glycolytic enzymes such as enolase or glyceraldehyde-3-phosphate dehydrogenase,
enzymes responsible for maltose and galactose utilization, and others. Vectors and
promoters suitable for use in yeast expression are further described in Hitzeman et
al., BP 73,675A. Appropriate non-native mamumalian promoters might include the
early and late promoters from SV40 or promoters derived from murine Molony
leukemia virus, mouse tumor virus, avian sarcoma viruses, adenovirus II, bovine
papilloma virus or polyoma. In addition, the construct may be joined to an
amplifiable gene (e.g., DHFR) so that multiple copies of the gene mayhbe made. For
appropriate enhancer and other expression control sequences, see also Enhancers
and Bukaryotic Gene Expression, Cold Spring Harbor Press, Cold Spring Harbor,
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N.Y. (1983). Sequences encoding strong secretion signal peptides may also be
operably linked to the sequence of the mature osteolevin protein, in which the
osteolevin signal peptide sequence has been eliminated. For example, the signal
sequence for gp67 may be included in a baculoviral vector to promote the secretion
of the polypeptide from insect cells. Such vectors are commercially available from
Pharmingen and other sources. While such expression vectors may replicate
autonomously, they may also replicate by being inserted into the genome of the
host cell, by methods well known in the art.

Expression and cloning vectors will likely contain a selectable marker, a
gene encoding a protein necessary for survival or growth of a host cell transformed
with the vector. The presence of this gene ensures growth of only those host cells
which express the inserts. Typical selection genes encode proteins that a} confer
resistance to antibiotics or other toxic substances, e.g. ampicillin, neomycin,
methotrexate, etc., b) complement auxotrophic deficiencies, or ¢) supply critical
nutrients not available from complex media, e.g., the gene encoding D-alanine
racemase for Bacilli. The choice of the proper selectable marker will depend on the
host cell, and appropriate markers for different hosts are well known in the art.

The vectors containing the nucleic acids of interest can be transcribed
in vitro, and the resulting RNA introduced into the host cell by well-known
methods, e.g., by injection, or the vectors can be introduced directly into host cells
by methods well known ‘in the art, which vary depending on the type of cellular
host, including electroporation; transfection employing calcium chloride, rubidium
chloride calcium phosphate, DEAE-dextran, or other substances; microprojectile
bombardment; lipofection; infection (where the vector is an infectious agent, such
as a retroviral genome); and other methods. See generally, Sambrook et al., 1989
and Ausubel et al., 1992. The introduction of the polynucleotides into the host cell
by any method known in the art, including, inter alia, those described above, will
be referred to herein as "transformation.” The cells into which have been
introduced nucleic acids described above are meant to also include the progeny of
such cells.

Large quantities of the nucleic acids and pelypeptides of the present
invention may be prepared by expressing osteolevin nucleic acids or portions
thereof in vectors or other expression vehicles in compatible prokaryotic or

eukaryotic host cells. The most commonly used prokaryotic hosts are strains of
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Escherichia coli, although other prokaryotes, such as Bacillus subtilis or
Pseudomonas may also be used. Mammalian or other eukaryotic host cells, such as
those of yeast, filamentous fungi, plant, insect, or amphibian or avian species, may
also be useful for production of the proteins of the present invention. Propagation
of mammalian cells in culture is per se well known. Examples of commonly used
mammalian host cell lines are VERO and Hela cells, Chinese hamster ovary
(CHO) cells, and WI38, BHK, and COS cell lines, although it will be appreciated by
the skilled practitioner that other cell lines may be appropriate, e.g., to provide
higher expression, desirable glycosylation patterns, or other features.

Clones are selected by using markers depending on the mode of the
vector construction. The marker may be on the same or a different DNA molecule,
preferably the same DNA molecule. In prokaryotic hosts, the transformant may be
selected, e.g, by resistance to ampicillin, tetracycline or other antibiotics.
Production of a particular product based on temperature sensitivity may also serve

as an appropriate marker.

Prokaryotic or eukaryotic cells transformed with the polynucleotides of
the present invention will be useful not only for the production of the nucleic acids
and polypeptides of the present invention, but also, for example, in studying the
characteristics of osteolevin polypeptides. The probes and primers based on
sequences disclosed herein can be used to identify homologous sequences and
proteins in other species such as the murine osteolevin gene. Furthermore,
homologous sequences from other species can be identified in silico by querying
databases of such species’ genomic or cDNA sequence with human osteolevin
sequence. The species-specific clone can then be obtained using polymerase chain
reaction (PCR). These gene sequences and proteins are used in the
diagnostic/prognostic, therapeutic and drug screening methods described herein
for the species from which they have been isolated.

Nucleic acid sequences having polymorphisms associated with
abnormal bone formation can be detected by hybridization with a polynucleotide
probe which forms a stable hybrid with that of the target sequence, under stringent
to moderately stringent hybridization and wash conditions. The present invention
allows for the design of probes which preferentially hybridize to polymorphic
regions. The design of probes which preferentially target specific sequences and
hybridization conditions for their use is well known in the art. See e.g. Current
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Protocols In Molecular Biology, Volumes I-1I1, Frederick M. Ausubel et al. eds.,
1995. For example, if it is expected that the probes will be perfectly complementary
to the target sequence, stringent conditions will be used. Hybridization stringency
may be lessened if some mismatching is expected, for example, if variants are
expected with the result that the probe will not be completely complementary.
Conditions are chosen which rule out nonspecific/adventitious bindings in order to

minimize noise.

Probes for polymorphisms in the osteolevin region may be of any
suitable length, which are proximal to or span all or a portion of the
polymorphism, and which allow preferential hybridization to the region. If the
target sequence contains a sequence identical to that of the probe, the probes may
be short, e.g., in the range of about 8-30 base pairs, since the hybrid will be
relatively stable under even stringent conditions. If some degree of mismatch is
expected with the probe, i.., if it is suspected that the probe will hybridize to a
variant region, a longer probe may be employed which hybridizes to the target

sequence with the requisite specificity.

The probes can include an isolated polynucleotide attached to a labe] or
reporter molecule and may be used to isolate other polynucleotide sequences,
having sequence similarity or being proximal to the sequences of interest by
standard methods. For techniques for preparing and labeling probes see, e.g.,
Sambrook et al., 1989 or Ausubel et al., 1992. Other similar polynucleotides may be
selected by using homologous polynucleotides. Alternatively, polynucleotides
encoding these or similar polypeptides may be synthesized or selected by use of the
redundancy in the genetic code. In expressed sequences, various codon
substitutions may be introduced, e.g., by silent changes (thereby producing various
restriction sites) or to optimize expression for a particular system. Polymorphisms
may be introduced to modify the properties of the polypeptide, perhaps to change
the polypeptide degradation or turnover rate. Probes comprising synthetic
oligonucleotides or other polynucleotides of the present invention may be detived
from naturally occurring or recombinant single- or double-stranded
polynucleotides, or be chemically synthesized. Probes may also be Jabeled by nick
translation, Klenow fill-in reaction, or other methods known in the art.

The design of probes with the appropriate size and sequence for
preferential binding to target specific sequences as well as hybridization conditions
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for their use is well known in the art. See, e.g,, Current Protocols In Molecular
Biology, Volumes 1, units 2, 4, and 6, Frederick M. Ausubel et al. eds., 1995.
Portions of polynucleotide sequences having at least about eight nucleotides,
usually at least about 15 nucleotides, and fewer than about 6 kb, usually fewer than
about 1.0 kb, from a polymorphic sequence are preferred as probes. Also
contemplated are probes having a specific portion of a polymorphic sequence.
Moreover, probes which are proximal to a polymorphic region may also be used in
evaluating nucleic acid samples. In addition to their use in evaluating genomic
sequences, the probes may also be used to determine whether mRNA such as that

encoding osteolevin is present in a cell or tissue.

In order to detect the presence of a polymorphism associated with
abnormal bone formation, a biological sample such as blood is prepared and
analyzed for the presence or absence of polymorphic sequences. Results of these
tests and interpretive information are returned to the health care provider for
communication to the tested individual. Such diagnoses may be performed by
diagnostic laboratories, or, alternatively, diagnostic kits are manufactured and sold
to health care providers or to private individuals for self-diagnosis.

The identification of the association between polymorphisms in the
osteolevin region and abnormal bone formation permits the early presymptomatic
screening of individuals to identify those at risk for having pathologies associated
with abnormal bone formation. To identify such individuals, the osteolevin region
is screened for polymorphisms either directly or after cloning the sequences of
interest. There are a number of different methods of the invention which may be
employed both to evaluate individuals for potentially pathogenic polymorphisms
and to specifically characterize those polymorphisms which are associated with
abnormal bone formation. For example, the invention provides a method for
screening for a polymorphism associated with abnormal bone formation in an
individual. Moreover, the invention also provides a method of identifying a
polymorphism associated with abnormal bone formation by comparing a
osteolevin sequence isolated from an affected subject to a known wild type
osteolevin sequence and identifying recurrent polymorphisms that are associated

with abnormal bone formation.
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As discussed below, samples can be tested for the presence of nucleic
acid sequences which are different from normal sequences using any one of a wide
variety of differential nucleic acid analysis techniques that are well known in the
art. Differential nucleic acid analysis techniques include, but are not limited to:
fluorescent in situ hybridization (RISH), direct DNA sequencing, single stranded
conformational analysis (SSCP), Southern blotting including restriction fragment
length polymorphism analysis (RFLP), the polymerase chain reaction (PCR),
polymorphism specific oligonucleotide hybridizations and PCR-SSCP analysis. As
discussed below, for sequences coding for expressed molecules and polypeptides,
additional techniques may also be utilized. For a review of techniques for
evaluating and manipulating nucleic and amino acid sequences, see Current
Protocols In Molecular Biology, Volumes I-III, Frederick M. Ausubel et al. eds.,
1995.

Alteration of osteolevin mRNA expression can be detected by any
techniques known in the art. These include Northern blot analysis, quantitative
PCR amplification (TagMan), and RNase protection. Diminished mRNA
expression indicates an alteration of the wild-type gene locus. Alteration of wild-
type genes can also be detected by screening for alteration of wild-type osteolevin
protein. For example, monoclonal antibodies immunoreactive with specific
osteolevin epitopes can be used to screen a tissue. Lack of cognate antigen would
indicate a polymorphism. Antibodies specific for products of mutant alleles could
also be used to detect mutant gene product. Such immunological assays can be
done in any convenient formats known in the art. These include Western blots,
immunchistochemical assays and ELISA assays. Any means for detecting an altered
protein can be used to detect alteration of wild-type osteolevin. Functional assays,
such as protein binding determinations, can be used. In addition, assays can be
used which detect the biochemical function of genes in the osteolevin region,
Typically, finding an alteration in the biochemical function of a polypeptide
encoded by a gene in this region can indicate alteration of a wild-type gene in this

region.

Protein localization at the cellular level and subcellular levels can be
determined by epitope tagging, a method that utilizes antibodies against guest
peptides. Epitope tagging begins with a cloned gene and an antibody that
recognizes a known peptide (the epitope). Using recombinant DNA technology, a
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sequence of nucleotides encoding the epitope is inserted into the coding region of
the cloned gene, and the hybrid gene is introduced into a cell by a method such as
transformation. When the hybrid gene is expressed the result is 2 chimeric protein
containing the epitope as a guest peptide. If the epitope is exposed on the surface of
the protein, it is available for recognition by the epitope-specific antibody, allowing
the investigator to observe the protein within the cell using immunofluorescence or
other immunolocalization techniques. Therefore, operably linked sequences which
encode peptide tags may be included in the vector. The peptide tags are typically 8-
12 amino acids but may be longer. The tags can be recognized by specific
antibodies (e.g. the myc epitope) or may bind particular metals (e.g. His6 tag binds
nickel columns). The tags facilitate the purification of the osteolevin protein from

its source.

A number of methods can be used to direcily detect DNA sequence
variation. Direct DNA sequencing, either manual sequencing or automated
fluorescent sequencing can detect sequence variation. The allele(s) of genes in the
osteolevin region in an individual to be tested can be cloned using conventional
techniques. For example, a blood sample is obtained from the individual,
osteolevin genomic DNA is jsolated from the cells in this sample and ligated into an
appropriate vector for amplification. The sequences of the clones can then be
determined and compared to the normal osteolevin sequences. Techniques
involving DNA cloning and sequencing are well known in the art, see e.g. Current
Protocols In Molecular Biology, Volume 1, unit 7, Frederick M. Ausubul et al. eds.,
1995.

Another approach to detect variations in DNA sequences is the single-
stranded conformation polymorphism assay (SSCP) (Orita et al, 1989). This
method does not detect all sequence changes, especially if the DNA fragment size is
greater than 200 bp, but can be optimized to detect most DNA sequence variation.
The reduced detection sepsitivity is a disadvantage, but the increased throughput
possible with SSCP makes it an attractive, viable alternative to direct sequencing for
polymorphism detection on a research basis. The fragments which have shifted
mobility on SSCP gels are sequenced to determine the exact nature of the DNA
sequence variation. Other approaches based on the detection of mismatches
between the two complementary DNA. strands include clamped denaturing gel
electrophoresis (CDGE) (Sheffield et al., Am. J. Hum. Genet., 49: 699-706 (1991)),
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heteroduplex analysis (NA) Mite et al., Genomics 12: 301-306 (1992)) and chemical
mismatch cleavage (CMC) (Grompe et al., PN.A.S. 86: 5855-5892 (1989)). Other
methods which might detect these classes of polymorphisms such as a protein
truncation assay or the asymmetric assay, detect omly specific types of
polymorphisms and would not detect missense polymorphisms. A review of
currently available methods of detecting DNA sequence variation can be found in a
recent review by Grompe et al,, Nature Genetics 5: 111-117, (1993) and Landegren
et al, Genome Research8:769-776, (1998).

A rapid preliminary analysis to detect polymorphisms in DNA
sequences can be performed using RFLP, where DNA is cut with one or more
restriction enzymes, preferably with a large number of restriction enzymes and
analyzed with osteolevin specific probes in a series of Southern blots. Each blot
contains a series of normal individuals and a series of cases with abnormal bone
formation. Southern blots displaying hybridizing fragments (differing in length
from control DNA when probed with sequences near or including known
polymorphic loci) indicate a possible polymorphism. Techniques involving RFLP
are well known in the art, see, eg., Current Protocols In Molecular Biology,
Volume 1, unit 2, Frederick M. Ausubul et al. eds., 1995.

Restriction fragment length polymorphism analysis is a preferred
method of analysis due to its ability to identify uncharacterized polymorphisms.
Specifically, by simply using sequences from various regions in osteolevin as
probes, the skilled practitioner may evaluate nucleic acid samples for a wide variety
of polymorphisms including those which have yet to be identified. Probes in these
analyses may include sequences having the illustrative polymorphisms (e.g. such as
the T/C promoter polymorphism at position 10877 in the EMBL ACCESSION NO.
AC003098) disclosed herein or alternatively, may include proximal sequences
identified herein or isolated by chromosomal walking techniques that are well
known in the art. See e.g. Ueghara et al., Mamm Genome 1(2): 92-99 (1991).

A particularly preferred method of nucleic acid analysis using
polymerase-driven amplification is the polymerase chain reaction (PCR). The
polymerase chain reaction and otber polymerase-driven amplification assays can
achieve over a million-fold increase in copy number through the use of
polymerase-driven amplification cycles. Once amplified, the resulting nucleic acid

can be analyzed by restriction endonuclease digestion, sequenced or used as a
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substrate for DNA probes. When the sequences encompassing a specific
polymorphism are known, a variety of PCR primers targeting these sequences may
be generated. For example, sequences flanking the polymorphism may be used to
amplify those sequences. For a variation of sequence-specific PCR, primers can be
used which hybridize at their 3' ends to a particular osteolevin polymorphism. If
the particular polymorphism is not present, an amplification product is not
observed. Amplification Refractory Polymorphism System (ARMS) can also be
used, as disclosed in European Patent Application Publication No. 0332435 and in
Newton et al, 1989, Alternatively, polymerase chain reactions (PCRs) can be
performed with primer pairs for the 5' region or the exons of the osteolevin gene.
PCRs can also be performed with primer pairs based on any sequence of the
normal osteolevin region. For example, primer pairs for one of the introns can be
prepared and utilized. Finally, PCR can also be performed on the mRNA, following
conversion of the mRNA to cDNA by reverse transcription. The amplified products
are then analyzed by single stranded conformation polymorphisms (SSCP) using
conventional techniques to identify any differences and these are then sequenced

and compared to the normal gene sequence.

Primer pairs of the present invention are nseful for determination of
the nucleotide sequence of a particular osteolevin sequence using PCR. For
example, the pairs of single-stranded DNA. primers can be annealed to sequences
within or surrounding osteolevin sequences on chromosome 17 in order to prime
amplifying DNA synthesis of the gene itself. A complete set of these primers allows
synthesis of all of the nucleotides of the gene coding sequences, i.e., the exons. The
set of primers preferably allows synthesis of both intron and exon sequences. In
addition, allele-specific primers can also be used. Such primers anneal only to
particular osteolevin mutant alleles, and thus will only amplify a product in the

presence of the mutant allele as a template.

In order to facilitate subsequent cloning of amplified sequences,
primers may have restriction enzyme site sequences appended to their 5' ends. For
example, all nucleotides of the primers can be derived from sequences adjacent to
one or more osteolevin polymorphisms, except for the few nucleotides necessary to
form a restriction enzyme site. Such enzymes and sites are well known in the art.
The primers themselves can be synthesized using techniques which are well known
in the art. Generally, the primers can be made using oligonucleotide synthesizing
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machines which are commercially available. Given the level of skill in the art, the
design of particular primers is well within the skill of the art. See, e.g., Current
Protocols In Molecular Biology, Volume II, unit 15, Frederick M. Ausubel et al.
eds., 1995.

DNA sequences of the osteolevin region which have been amplified by
use of PCR may also be screened using allele-specific probes. These probes are
nucleic acid oligomers, each of which contains a region of the gene sequence
barboring a known polymorphism. For example, one oligomer may be about 20
nucleotides in length, corresponding to a portion of the osteolevin polymorphic
sequence. By use of a battery of such allele-specific probes, PCR amplification
products can be screened to identify the presence of a previously identified
polymorphism in the gene. Hybridization of allele-specific probes with amplified
osteolevin sequences can be performed, for example, on a nylon filter.
Hybridization to a particular probe under stringent hybridization conditions
indicates the presence of the same polymorphism in the tissue as in the allele-
specific probe. Individuals can be quickly screened for common osteolevin variants
by amplifying the individual's DNA using suitable primer pairs and analyzing the
amplified product, e.g., by dot-blot hybridization using allele-specific
oligonucleotide probes. Once a polymorphism has been characterized, an allele
specific detection approach such as allele specific oligonucleotide (ASO)
hybridization can be utilized to rapidly screen large numbers of samples.

Another preferentially applied method to detect polymorphisms include the
use of mass spectrometry. After the PCR amplification of a DNA sequence that
contains a polymorphism as eg. T/ C at position 9783 defined by EMBL
ACCESSION NO. AC003098, an internal primer extension reaction is carried out
with a primer ending one base upstream from the polymorphism of interest. Using
only dideoxynucleoside triphosphates (ddNTPs) in the primer extension reaction
the primer will be extended by only one base which represents the polymorphic site
(e.g. position 9783). The exact mass of the extended primer is determined directly
with MALDI-TOF (Matrix Assisted Laser Desorption Ionization — Time of Flight)
mass spectrometry and heterozygotes generate 2 peaks that can be unambiguously
distinguished.

Invasive cleavage products may also be detected by mass spectrometry or by
fluorescent based methods. Single nucleotide polymorphisms (SNPs) are detected
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based on the ability of special structure-specific endonucleases (cleavases) to
recognize specific DNA structures (created by a specific hybridisation). An invader
probe and a labeled signal probe are designed to hybridize to the target DNA so
that the Invader probe overlaps the signal probe by at least one base representing
the SNP site. This invasion of the signal-probe target duplex displaces a single-
stranded flap containing the label. The juncture between the flap and the partially
invaded duplex is recognized and cleaved by the enzyme only in case of
complerentary bases at the cleavage site, releasing the unhybridized region of the
signal probe. Detection of the cleaved fragment can be accomplished as described
above or by direct gel analysis or enzyme-linked antibody to a tag on the fragment.
After cleavage, a new signal probe hybridizes and the process repeats, so that the
cleaved signal probe accumulates. The signal is therefore amplified in this method
and this amplification increases the overall sensitivity of the technique.

Vice versa, several polymorphism-containing oligonucleotides may be
immobilized on a nylon filter (“SNP strip”) and hybridized with the products of a
multiplex PCR reaction obtained from the DNA of an individual for allele-specific
hybridisation (Cheng et al., Clin. Chem. Lab. Med. (1998) 36(8): 561-566, RMS,
Alameda).

The majority of the diagnostic assays described above incorporate
nucleic acid probes as a crucial element. When the probes are used to detect the
presence of the target sequences, the biological sample to be analyzed, such as
blood or serum, may be treated to extract the nucleic acids. As discussed above, the
sample nucleic acid may be prepared in various ways to facilitate detection of the
target sequence, e.g., denaturation, restriction digestion, electrophoresis or dot
blotting. The targeted region of the analyte nucleic acid usually must be at least
partially single-stranded to form hybrids with the targeting sequence of the probe.
If the sequence is naturally single-stranded, denaturation will not be required.
However, if the sequence is double-stranded, the sequence will probably need to be
denatured. Denaturation can be carried out by various techniques known in the
art.

Target nucleic acids, probe and analyte can be incubated under
conditions which promote stable hybrid formation of the target sequence in the
probe with the putative targeted sequence in the analyte. The region of the probe
which is used to bind to the analyte can be made completely complementary to the
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targeted region of human chromosome 17. Therefore, high stringency conditions
are desirable in order to prevent false positives. However, conditions of high
stringency are used only if the probes are complementary to regions of the
chromosome which are unique in the genome. The stringency of hybridization is
determined by a number of factors during hybridization and during the washing
procedure, including temperature, jonic strength, base composition, probe length,
and concentration of formamide. These factors are outlined in, for example,
Maniatis et al, Molecular Cloning, A Laboratory Manual, Cold Springs Harbor
Laboratory, 1982 and_ Sambrook et al., 1989. Under certain circumstances, the
formation of higher order hybrids, such triplexes, quadraplexes, etc., may be

desired to provide the means of detecting target sequences.

Nucleic acid hybridization will be affected by such conditions as salt
concentration, temperature, or organic solvents, in addition to the base
composition, length of the complementary strands, and the number of nucleotide
base mismatches between the hybridizing nucleic acids, as will be readily
appreciated by those skilled in the art. Stringent temperature conditions will
generally include temperatures in excess of 30°C,, typically in excess of 37°C, and
preferably in excess of 45°C. Stringent salt conditions will ordinarily be less than
1000 mM, typically less than 500 mM, and preferably less than 200 mM. However,
the combination of parameters is much more important than the measure of any
single parameter. Probe sequences may also hybridize specifically to duplex DNA
under certain conditions to form triplex or other higher order DNA complexes.
The preparation of such probes and suitable hybridization conditions are well
known in the art.

Detection, if any, of the resulting hybrid is usually accomplished by the
use of labeled probes. Alternatively, the probe may be unlabeled, but may be
detectable by specific binding with a ligand which is labeled, either directly or
indirectly. Suitable labels, and methods for labeling probes and ligands are known
in the art, and include, for example, radioactive labels which may be incorporated
by known methods (e.g., nick translation, random priming or kinasing), biotin,
fluorescent groups, chemiluminescent groups (e.g., dioxetanes, particularly
triggered dioxetanes), enzymes, antibodies and the like. Variations of this basic
scheme are known in the art, and include those variations that facilitate separation
of the hybrids to be detected from exiraneous materials and/or that amplify the
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signal front the labeled moiety. A number of these variations are reviewed in, e.g.,
Matthews & Kricka, Anal. Biochem., 169: 1, 1988; Landegren et al., Science, 242:
229, 1988; Mittlin, 1989; U.S. Pat. No. 4,868,105; and in EPO Publication No.
225,807,

As noted above, a number of non-PCR based screening assays are
contemplated in this invention. One procedure hybridizes a nucleic acid probe {or
an analog such as a methyl phosphonate backbone replacing the normal
phosphodiester), to the DNA target present at a low concentration. This probe may
have an enzyme covalently linked to the probe, such that the covalent linkage does
not interfere with the specificity of the hybridization. This enzyme-probe-conjugate
target nucleic acid complex can then be isolated away from the free probe enzyme
conjugate and a substrate is added for enzyme detection. Enzymatic activity is
observed as a change in color development or luminescent output resulting in an
increase in sensitivity. For an example relating to the preparation of
oligodeoxynucleotide-alkaline phosphatase conjugates and their wuse as
hybridization probes, see Jablonsk et al., N.AR., 14: 6115-6128, 1986. Two-step
label amplification methodologies are known in the art. These assays work on the
principle that a small ligand (such as digoxigenin, biotin, or the like) is attached to
a nucleic acid probe capable of specifically binding an osteolevin region sequence.
Allele specific probes are also contemplated within the scope of this example and
exemplary allele specific probes include probes encompassing the predisposing
polymorphisms of this patent application.

In one example, the small ligand attached to the nucleic acid prabe is
specifically recognized by an antibody-enzyme conjugate. In one embodiment of
this example, digoxigenin is attached to the nucleic acid probe. Hybridization is
detected by an anti-digoxigenin antibody conjugated to alkaline phosphatase
conjugate. The alkaline phosphatase modifies a chemiluminescent substrate which
can then be detected. For methods for labeling nucleic acid probes according to this
embodiment see Martin et al., BioTechniques 9: 762-768, 1990. In a second
example, the small ligand is recognized by a second ligand-enzyme conjugate that is
capable of specifically complexing to the first ligand. A well known embodiment of
this example is the biotin-avidin type of interaction. For methods for labeling
nucleic acid probes and their use in biotin-avidin based assays see Nguyen et al,,
BioTechniques 13: 116-123, 1992. It is also contemplated within the scope of this
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invention that the nucleic acid probe assays of this invention will employ a
combination of nucleic acid probes capable of detecting osteolevin polymorphisms.
Thus, in one example to detect the presence of polymorphisms in a cell sample,
more than one probe complementary to the gene is employed and in particular the
number of different probes is alternatively two, three, or five different nucleic acid
probe sequences. In another example, to detect the presence of polymorphisms in
the osteolevin region sequence in a patient, more than one probe complementary
to the genes in the region is employed. The cocktail includes probes capable of
binding to the allele-specific polymorphisms identified in populations of patients
with alterations in this region. In this embodiment, any number of probes can be
used, and will preferably include probes corresponding to the major
polymorphisms in the Van Buchem-sclerosteosis disease region identified as being

associated with abnormal bone formation.

Any sequence differences found by one of the techniques discussed
above will identify an individual as having a molecular variant of the osteolevin
region that may associate with abnormal bone formation. These variants can take a
number of forms and can occur in both coding and non-coding regions. Certain
polymorphisms associated with an expressed gene could generate an abnormal
protein or could significantly alter protein expression. Additional disruptive
polymorphisms could include small in-frame deletions and non-conservative base
pair substitutions which could have a significant effect on the protein produced,
such as changes to or from a cysteine residue, from a basic to an acidic amino acid
or vice versa, from a hydrophobic to hydrophilic amino acid or vice versa, or other
polymorphisms which would affect secondary or tertiary protein structure. Silent
polymorphisms or those resulting in conservative amino acid substitutions would
not generally be expected to disrupt protein function.

The methods and osteolevin sequences disclosed herein also provide for a
variety of assays using DNA chip technology (see e.g. Wang et al., Science 15; 280:
1077-1082 (1998) and U.S. Patent Nos. 5,858,661 and 5,837,832 which are
incorporated herein by reference). In particular, the present invention provides
arrays of osteolevin specific oligonucleotide probes immobilized on a solid support
(or “chip”). In this context, DNA chips containing arrays of oligonucleotide probes
can be used to determine whether a target nucleic acid sample contains a

nucleotide sequence identical to, or different from, a specific reference sequence.
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An exemplary array comprises probes exactly complementary to the reference
sequence (such as the TCC insertion at position 10668 defined by EMBL
ACCESSION NO. AC003098 in the osteolevin sequence), as well as probes that
differ by one or more bases from the exactly complementary probes. In a typical
embodiment, an array will comprise a set of oligonucleotide probes such that, for
each base in a specific reference sequence, the set includes a probe that is exactly
complementary to a section of the reference osteolevin sequence and additional
probes which are related to this reference sequence except that one or more
nucleotides within this sequence been replaced by a predetermined set of
nucleotides (typically encompassing a portion of a polymorphic region). The
detection of sequences binding to such arrays can be carried out by a variety of
methods that are known in the art (see e.g. U.S. Patent No. 5,837,832).

The present invention further provides antibodies to polymorphic
regions of proteins encoded by genes in the osteolevin region. Exemplary
antibodies include polyclonal, monospecific polyclonal, monoclonal, humanized,
bispecific, and heteroconjugate antibodies well known in the art. In particular, the
presence of abnormal bone formation can also be detected on the basis of the
alteration of wild-type osteolevin polypeptide. While such alterations can be
determined by sequence analysis in accordance with conventional techniques, more
preferably, antibodies (polyclonal or monoclonal) are used to detect differences in,
or the absence of osteolevin peptides. Techniques for generating and purifying
antibodies are well known in the art and any such techniques may be chosen to
achieve the preparations claimed in this invention. In a preferred embodiment of
the invention, antibodies will immunoprecipitate polymorphic osteolevin proteins
from solution as well as react with these proteins on Western or immuncblots of
polyacrylamide gels. In another preferred embodiment, antibodies will detect
osteolevin  proteins in parafin  or frozen tissue sections, using
immunocytochemical techniques.

Preferred embodiments relating to methods for detecting osteolevin
polypeptides or their polymorphisms include enzyme linked immunosorbent
assays (ELISA), radioimmunoassays (RIA), immunoradiometric assays (IRMA)
and immunoenzymatic assays (IEMA), including sandwich assays using
monoclonal and/or polyclonal antibodies. Exemplary sandwich assays are described
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by David et al.,, in U.S. Pat. Nos. 4,376,110 and 4,486,530, hereby incorporated by

reference.

Nucleic acids which encode genes in the osteolevin region or their
modified forms can also be used to generate either transgenic animals or "knock
out" animals which are useful in the development and screening of therapeutically
useful reagents. A transgenic animal (e.g., 2 mouse or rat) is an animal having cells
that contain a transgene. The transgene was introduced into the animal or an
ancestor of the animal at a prenatal, e.g., an embryonic stage, A transgene is a piece
of DNA which is integrated into the genome of a cell from which a transgenic
animal develops. In one embodiment, cDNA encoding osteolevin can be used to
clone genomic DNA encoding osteolevin protein (including the osteolevin allele
containing the 3 base pair insertion at position 10668 defined by EMBL
ACCESSION NO. AC003098) in accordance with established techniques. The
genomic fragment can then be used to generate transgenic animals that contain
cells which express DNA encoding osteolevin (for example a murine osteolevin
protein having the 3 base pair insertion at position 10668 defined by EMBL
ACCESSION NO. AC003098 seen in the human protein). Methods for generating
transgenic animals, particularly animals such as mice or rats, have become
conventional in the art and are described, for example, in U.S. Patent Nos.
4,736,866 and 4,870,009. Typically, particular cells would be targeted for osteolevin
transgene incoxporation with tissue-specific emhancers. However, transgenic
animals may also by generated in which the osteolevin transgene is expressed
ubiquitously, for example under the control of the beta-actin promoter. Transgenic
animals that include a copy of a transgene encoding various osteolevin sequences
introduced into the germ line of the animal at an embryonic stage can be used to
examine the effect of increased expression of DNA encoding osteolevin sequences.
Such animals can be used as tester animals for reagents thought to confer
protection from, for example, pathological conditions associated with its
overexpression. In accordance with this facet of the invention, if transgenic animals
treated with the reagent exhibit a reduced incidence of the pathological condition
compared to untreated transgenic animals, then the reagent would be a candidate
for potential therapeutic intervention for the pathological condition.
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Alternatively, non-human homologues of osteolevin can be used to
construct an osteolevin “knock out” animal. The knockout animal has a defective
or altered gene in the osteolevin region as a result of homologous recombination
between the endogenous gene encoding osteolevin region sequences and altered
genomic DNA encoding osteolevin sequences introduced into an embryonic cell of
the animal. For example, cDNA encoding osteolevin can be used to clone genomic
DNA encoding osteolevin in accordance with established techniques. A portion of
the genomic DNA encoding asteolevin can be deleted or replaced with another
gene such as a gene encoding a selectable marker which can be used to monitor
integration. Typically, several kilobases of unaltered flanking DNA (both at the 5’
and 3' ends) are included in the vector (see e.g., Thomas and Capecchi, Cell, 51:503
(1987) for a description of homologous recombination vectors). The vector is
introduced into an embryonic stem cell line (e.g., by electroporation) and cells in
which the introduced DNA has homologously recombined with the endogenous
DNA are selected (see e.g., Li et al., Cell 69:915 (1992)). The selected cells are then
injected into a blastocyst of an animal (e.g., a mouse or rat) to form aggregation
chimeras (see e.g., Bradley, in Teratocarcinomas and Embryonic Stem Cells.- A
Practical Approach, E. J. Robertson, ed. (IRL, Oxford, 1987), pp. 113-152). A
chimeric embryo can then be implanted into a suitable pseudopregnant fernale
foster animal and the embryo brought to term to create a "knock-out" animal.
Progeny harboring the homologously recombined DNA in their germ cells can be
identified by standard techniques and used to breed animals in which all cells of the
animal contain the homologously recombined DNA. Knockout animals can be
characterized for instance for their development of pathological conditions due to
absence of the osteolevin polypeptide.

The methods and osteolevin sequences disclosed herein also provide for
a variety of drug screening assays using recombinant osteolevin sequences, typically
osteolevin sequences having one or more polymorphisms that are associated with a
pathological condition. Such proteins are particularly useful in the pharmacological
characterization of novel modulators (i.e. inhibitors or activators) of the activity of
proteins and protein complexes. Moreover, a variety of drug screening assays are
known in the art, the methods of which are readily adapted for evaluating the
osteolevin sequences disclosed herein (see e.g. Vinggaard et al., Toxicol. Appl.
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Pharmacol. 155(2): 150-160 (1999); Femandes et al., Curr. Opin. Chem. Biol,, 2(5):
597-603 (1998); Gonzales et al., Curr. Opin. Biotechnol. 9(6): 624-31 (1998) and
U.5. Patent Nos. 5,877,007 and 5,780,258, the contents of which are incorporated

herein by reference).

In an illustrative embodiment of such assays, recombinant
polymorphic osteolevin protein can be introduced into the media of cells which are
known to respond to wild type osteolevin protein. The response may be quantified
for example, by measuring alterations in the pH of the media with Cytosensor
microphysiometer system (manufactured by Molecular Dynamics), or by
measuring changes in intracellular calcium concentrations, cyclic AMP or GMP
levels, phosphorylation of proteins on a signaling pathway, or by a reporter gene
assay. Such responsive changes in a particular activity or other cellular
characteristic may be utilized in many useful ways, including the discovery,
development or characterization of substances suitable for the treatment of diseases
or other conditions in human beings or animals. Such osteolevin proteins and
associated cell assays may also be useful for studying diseasés or other biological
processes, for determining the effects of various drugs alone or in combination, as
well as for identifying or characterizing substances which may be useful in reducing
or preventing the occurrence of a disease or other condition.

A specific embodiment of the invention provides methods and
compositions for screening for agents which regulate osteolevin activity or
osteolevin-induced activity. Such agents can find use in modulating a wide variety
of physiological manifestations of osteolevin expression including the pathologies
which are associated with osteolevin polymorphisms.

A cell-based assay to test the pharmacological activity of various agents
can then be performed by exposing cells that respond to osteolevin to a candidate
agent under conditions where the presence of the agent may cause a change in the
response of the cell to osteolevin. In a closely related embodiment, a comparison
between the responses of cells to (1) mutant and (2) wild type osteolevin can be
characterized.

The cells to produce recombinant osteolevin for the assay described
herein may be generated from individuals having polymorphisms in the osteoevin
region or by a variety of protocols that are well known in the art including the
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transfection methods described above. Alternatively such cells can be generated by
vtilizing transgenic or gepetic knock-out animals made by homologous
recombination, e.g. recombination of a wild type osteolevin sequence with a
transgene comprising a polymorphic or modified osteolevin sequence. Similarly,
the cells for the assay itself may be cells that endogenously express the asteolevin
receptor or may have been transfected with the receptor. In addition, a wide variety
of reporter genes and assays that are known in the art can be adapted to the cell-
based screening assays disclosed herein. For example, a reporter gene can encode an
enzyme which produces colorimetric or fluorometric change in the host cell which
is detectable by in situ analysis and which is a quantitative or semi-quantitative
function of transcriptional activation. Exemplary enzymes include esterases,
phosphatases, proteases (tissue plasminogen activator or urokinase) and other
enzymes capable of being detected by activity which generates a chromophore or
fluorophore as will be known to those skilled in the art. A preferred example is
E.coli beta-galactosidase disclosed herein. This enzyme produces a color change
upon cleavage of the indigogenic substrate indolyl-B-D-galactoside by cells bearing
beta-galactosidase (see, e.g., Goring et al,, Science, 235:456-458 (1987) and Price et
al., Proc. Natl. Acad. Sci. U.S.A,, 84:156-160 (1987)). This enzyme is preferred
because the endogenous beta-galactosidase activity in mammalian cells ordinarily is
quite low, the analytic screening system using 8-galactosidase is not hampered by
host cell background.

Regulators of osteolevin activity or osteolevin-induced activity as
identified in the method described herein before are also object of the present
invention as are pharmaceutical compositions comprising such regulators and a
pharmaceutically acceptable carrier.

Medicaments containing an osteolevin polypeptide are also an object of
the present invention, as is a process for the manufacture of such medicaments,
which process comprises bringing osteolevin polypeptide and, if desired, one or
more other therapeutically valuable substances into a galenical administration
form. The pharmaceutical compositions may be administered orally, for example
in the form of tablets, coated tablets, dragées, hard or soft gelatine capsules,
solutions, emulsions or suspensions. Administration can also be carried out

rectally, for example using suppositories; locally or percutaneously, for example
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using ointments, creams, gels or solutions; or parenterally, for example using
injectable solutions.

For the preparation of tablets, coated tablets, dragées or hard gelatine
capsules the compounds of the present invention may be admixed with
pharmaceutically inert, inorganic or organic excipients. Examples of suitable
excipients for tablets, dragées or hard gelatine capsules include lactose, maize starch
or derivatives thereof, talc or stearic acid or salts thereof. Suitable excipients for use
with soft gelatine capsules include for example vegetable oils, waxes, fats, semi-solid
or liquid polyols etc.; according to the nature of the active ingredients it may
however be the case that no excipient is needed af all for soft gelatine capsules. For
the preparation of solutions and syrups, excipients which may be used include for
example water, polyols, saccharose, invert sugar and glucose. For injectable
solutions, excipients which may be used include for example water, alcohols,
polyols, glycerine, and vegetable oils. For suppositories, and local or percutaneous
application, excipients which may be used include for example natural or hardened
oils, waxes, fats and semi-solid or liquid polyols. The pharmaceutical compositions
may also contain preserving agents, solubilising agents, stabilising agents, wetting
agents, emulsifiers, sweeteners, colorants, odorants, salts for the variation of
osmaotic pressure, buffers, coating agents or antioxidants. They may also contain
other therapeutically valuable agents.

Therefore, in accordance with the invention, osteolevin polypeptides
may be used for the manufacture of a medicament for the treatment of diseases
associated with abnormal bone formation, such as sclerosteosis, Van Buchem's
disease, Paget disease and the like. The dosage can vary within wide limits and is, of
course, fitted to the individual requirements in each particular case.

In a further embodiment of the invention, there are provided articles of
manufacture and kits containing probes, oligonucleotides or antibodies which can
be used, for instance, for the diagnostic applications described above. The article of
manufactare comprises a container with a label. Suitable containers include, for
example, bottles, vials, and test tubes. The containers may be formed from a variety
of materials such as glass or plastic. The container holds a composition which
includes an agent that is effective for diagnostic applications, such as described
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above. The label on the container indicates that the composition is used for a

specific diagnostic application. The kit of the invention will typically comprise the

container described above and one or more other containers comprising materials

desirable from a commercial and user standpoint, including buffers, diluents, filters

and package inserts with instructions for use.

The present invention is further detailed in the following Examples,
which are offered by way of {llustration and are not intended to limit the invention
in any manner. Standard techniques well known in the art or the techniques
specifically described below are utilized. All patent and literature references cited in

the present specification are hereby incorporated by reference in their entirety.
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Examples

Commerdially available reagents referred to in the examples were used according to

manufactarer's instructions unless otherwise indicated.

Example 1
Cloning and sequencing of osteolevin cDNA

A ¢DNA library derived from human kidney tissue (Clontech) was
screened by hybridization. The probe used was obtained by PCR, using primers
derived from the predicted 3' UTR of the osteolevin gene. Positive clones were
grown and plasmid DNA was isolated using high pure Plasmid Isolation kit
(Roche). Sequencing on an automated sequencing apparatus (ABI377) using vector
primers and internal primers for the gene revealed the presence of four clomes.
Sequencing according to standard procedures revealed the full-length cDNA clone

shown in Figure 1B.

Example 2
Detection of polymorphisms

a) To detect polymorphisms the osteolevin gene was PCR-amplified
from 47 unrelated individuals of 5 different ethnic origins. Using fragment-specific
primer pairs (length: 18-27 bp), 200-700 bp fragments were amplified e.g. a 588
PCR product was generated with the primer pair OSTVprom-F2 (Pig. 5) and
OS8TVprom-R2 (Fig. 5). Fragments were designed overlapping and covered the
whole genomic region of osteolevin. After a column purification of the PCR
products, the DNA was sequenced on an ABI capillary sequencer using ABI Dye
terminator chemistry (fluorescence based sequencing). Polymorphisms in the DNA
sequences were detected using Polyphred software (Nickerson, D. et al. 1997: NAR
25(14): 2745-2751), which operates on the basis of Phred, Phrap and Consed
(programs all licensed from the University of Washington, USA). This program is
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able to automatically detect the presence of heterozygous single nucleotide
substitutions by fluorescence-based sequencing. In the example above the following
5 polymorphisms were detected in the 583 bp fragment:

CtoT 10877
Ato G 10876
TteC 10817
Cto A 10687
TCC insertion between 10668 and 10669

*defined by the position in EMBL ACCESSION NO. AC003098

b) The three disease-associated polymorphisms were detected by PCR-
araplification of the appropriate genomic DNA-fragment from Van Buchem’s and
sclerosteosis patients, followed by sequencing of the fragments and comparison to
DNA of healthy individuals. To make high throughput screening possible a PCR~
based assay was developed for two mutations. For the mutation in the Brazilian
patients, a modified primer was designed creating a Mbol restriction site in the
mutated allele. After Mbol restriction digest and electrophoresis the mutated allele
can be differentiated from the normal. The mutated allele in the American patients
contains a BstEIl restriction site that is absent in the wild type allele making
differentiation between mutated and normal allele possible.

Example 3
Expression of recombinant osteolevin

Three types of recombinant osteolevin were produced. The first has a
carboxy terminal tag, the second an amino terminal tag, and the third has no tag.
The epitope tags were incorporated for purification of the protein. Constructs were
made by standard methods (cite Maniatis or Protocols in Molecular Biology here).
Primers were designed to the appropriate region of the osteolevin sequence with
restriction sites at the 5" end of each sequence as detailed below. Human osteolevin
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sequence was amplified by PCR, the product digested with appropriate enzymes,
and ligated into a vector which had been similarly digested.

The construct for expression of the carboxy-terminal tagged protein
was made in the pBlueBacd.5/V5-His vector (Invitrogen) using the BamHI and
HindlII sites. The entire osteolevin coding sequence was amplified for insertion
into the vector, including the endogenous putative secretion signal. The vector
includes a V5 epitope. This permits the expression of the fusion protein to be
monitored by Western analysis with an anti-V5 epitope antibody (Invitrogen). In
addition the vector encodes a His6 tag which allows purification of the polypeptide

on a nickel column (available from many sources).

The construct for expression of an amino-terminal tagged protein was
made in the pAcSecG2T vector (Pharmingen) using the BamHI and EcoRI sites.
The putative mature osteolevin coding sequence (i.e. not including the signal
sequence) was amplified for insertion into the vector. The vector itself encodes a
secretion signal taken from the gp67 protein for high levels of secretion.
Additionally, the vector includes a glutathione S-transferase tag which allows for
both monitoring of expression with anti-GST antibody (Pharmingen) and
purification with glutathione agarose beads (Pharmingen). Finally, there is a
thrombin cleavage site between the GST tag and osteolevin so that the protein can
be separated from the tag following purification

The construct for expression of an untagged protein was made in the
pBlueBac4.5 vector (Invitrogen) using the BamHI and EcoRI sites. The entire
coding sequence for osteolevin, including the putative signal sequence, was
amplified for insertion into the vector.

Each construct was completely sequenced to verify that no nucleotide
changes had been inadvertently introduced during the amplification or cloning

Pprocess.

Transformation of suitable host cells, growing of the transformed cells
as well as specific expression of osteolevin have been performed following the
manufacturer’s instructions.

JP 2004-520005 A 2004.7.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

WO 01/98491

(74)

PCT/EP01/06795
-41-

Claims

A method for screening for osteolevin polymorphisms in a subject, said
method comprising determining the presence of a polymorphism in the
osteolevin nucleic acid sequence obtained from the subject.

A method according to claim 1, wherein the polymorphisms are

associated with abnormal bonpe formation.

A method for screening for the presence of a heritably linked form of
abnormal bone formation in a subject, comprising determining the
presence of a polymorphism associated with abnormal bone formation

in an osteolevin nucleic acid sequence obtained from the subject.

The method according to any of claims 1 or 3, wherein the
polymorpbism is characterized as an insertion, deletion, substitution or a
repetitive nucleotide sequence.

The method according to any of claims 1 to 4, wherein the
polymorphism effects the expression or fufiction of the osteolevin
protein.

The method according to any of claims 1 or 3, wherein the presence of a
polymorphism in the osteolevin nucleic acid sequence is determined by
an assay comprising a diﬁgrenﬁﬂ nucleic acid analysis technique such as
restriction fragment length polymorphism analysis, direct mass-analysis
of PCR products using mass spectrometry, direct analysis of invasive
cleavage products, direct sequence analysis, extension based techniques
such as ARMS™ (amplification refractory utation system), ALEX™
(amplification refractory mutation system linear extension) and COPS
(competitive oligonucleotide priming system), OLA (oligonucleotide
ligation assay), Invader Assay, DNA chip analysis or polymerase chain

reaction analysis.

The method according to claim 4, wherein a PCR product is amplified
with a forward primer selected from the group consisting of OSTV3UT-
F, OSTVint-F1, OSTVint-F3, OSTVint-F4, OSTVint-F5, OSTVex1-F,
OSTVSUT-F, O§TV3gen-F1, OSTV3gen-F2, OSTV5UT-F, OSTVprom-
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F1 and OSTVprom-F2, and a reverse primer selected from the group
consisting of OSTV3UT-R, OSTVint-R1, OSTVint-R3, OSTVint-R4,
OSTVint-R5, OSTVexl-R, OSTV5UT-R, OSTV3gen-R1, OSTV3gen-R2,
OSTV5UT-R, OSTVprom-R1 and OSTVprem-R2.

A method of identifying a patient’s susceptibility to a pathology
associated with abnormal bone formation comprising the step qu
determining a genetic polymorphism pattern for a osteolevin nucleic
acid sequence obtained from the patient and comparing the patient’s
genetic polymorphism. pattern and the wild type osteolevin sequence,
wherein differences between the patient’s genetic polymorphism pattern
and the wild type sequence indicate a susceptibility to the pathology.

A method of identifying a polymorphism associated with abnormal bone
formation in one or more subjects, comprising comparing a osteolevin
sequence isolated from the subjects to a knlown wild type osteolevin
sequence and identifying a recurrent polymorphism in the osteolevin
sequence isolated from the subjects being associated with abnormal bone

formation.

A nucleic acid molecule encoding osteolevin, said nucleic acid molecule
being selected from the group consisting of

a) the nucleic acid molecule or a complement of the nucleic acid
molecule set forth in SEQ ID NO. 1.

b) a nucleic acid molecule or a complement of a nucleic acid molecule
encoding a polypeptide set forth in SEQ ID NO. 2.

¢) a nucleic acid molecule capable of hybridizing to a nucleic acid
molecule of above a) or b).

A nucleic acid molecule encoding osteolevin region polymorphisms
comprising the nucleic acid as defined by nucleotide position 4'000 -
11'000 in EMBL ACCESSION NO. AC003098, Release 62.0, or parts
thereof, with one or more of the nucleotide exchanges or insertion
selected from the group consisting of:

'
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GtoA
CtoT
TtoA
CtoT
Ato G
TtoC
CtoA
TCC between
Cto G
CtoG
AtoG
TtoC
CtoT
CtoT
GtoA
CtoT
AtoG
CteT
GtoT
Tto G
CtoT
GtoA
CtoT
GtoC

-43-

at position 6136
at postion 6140
at postion 9047
at position 10877
at position 10876
at position 10817
at position 10687
position 10668 and 10669
at position 10424
at position 10342
at position 10020
at position 9783
at position 9723
at position 9646
at position 9616
at position 9242
at position 8375
at position 7894
at position 7489
at position 6358
at position 5308
at position 5004
af position 4866

at position 4475

(76)

PCT/EP01/06795

and combinations thereof as well as their reverse complements.

12. A vector, comprising a nucleic acid molecule according to claim 10 or 11.
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. An expression vector, comprising a nucleic acid molecule according to
claim 10 or 11 operatively linked to a transcriptional regulatory

sequence.
A host cell transfected with a vector of any of claims 12 or 13.

A recombinant osteolevin polypeptide encoded by a nucleic acid

molecule of claim 10 or 11.

A compound according to claim 15 for use in the treatment of diseases
associated with abnormal bone formation, such as sclerosteosis, Van
Buchem's disease, Paget disease and the like.

. The use of 2 compound according to claim 15 for the manufacture of 2
medicament for the treatment of diseases that are associated with
abnormal bone formation, such as sclerosteosis, Van Buchem's disease,
Paget disease and the like.

A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and a pharmaceutically effective amount of a polypeptide as
defined in claim 15.

A method of preparing a recombinant osteolevin polypeptide of claim 15,

comprising the steps of

a) culturing the cell of claim 14 in an appropriate culturing medinm to
produce an osteolevin polypeptide; and

b) isolating the osteolevin polypeptide.

A method for screening for regulators of osteolevin activity or osteolevin-
induced activity, said method comprising the step of:

a) determining the expression level of a reporter gene or downstream
signaling molecule such as intracellular calcium which is modulated
by osteolevin in a particular cell type,

b) contacting the cell with a candidate agent,
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¢) determining the expression level of the reporter gene or downstream
signaling molecule in response to the candidate agent; and

d) comparing the first expression level of the reporter or the
downstream signaling molecule with the expression level observed in
response to the candidate agent, wherein an alteration indicates that

the candidate agent modulates osteolevin activity.

An antibody which binds specifically to a polypeptide according to claim
15.

The antibody of claim 21, which is a monoclonal antibody.
The antibody of any of claims 21 to 22, labelled with a detectable label.

AKit for identifying polymorphism in the osteolevin region, comprising
at least one reagent for use in characterizing a nudleic acid sequence in
the osteolevin region, instructions setting forth a procedure according to
any of the methods of claims 1 to 9, and a container for contents of the

kit.

A kit according to claim 24, wherein the reagent for use in characterizing
a nucleic acid sequence in the osteolevin region comprises a
polynucleotide capable of specifically hybridizing to the osteolevin
region.

A regulator of osteolevin activity or osteolevin-induced activity as
identified in the method of claim 20.

A pharmaceutical composition comprising a regulator of claim 26 and a
pharmaceutically acceptable carrier.

The invention as described herein before.
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2 < Tacconi 9047 A-> T (splice site mutation)

—

7 U0X9

AL €

‘,_Brazilian 6410 G-> A (Trp ~> STOP)
"~ American 6136 C-> T (Arg ->STOP)

SUBSTITUTE SHEET (RULE 26)

Fle. 1A
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Fig. 1B

CTGGCTGGTACCATGCAGCTCCCACTGGCCCTGTGTCTCGTCTGCCTGCTGGTAC
ACACAGCCTTCCGTGTAGTGGAGGGCCAGGGGTGGCAGGCGTTCAAGAATGATGC
CACGGAAATCATCCCCGAGCTCGGAGAGTACCCCGAGCCTCCACCGGAGCTGGAG
AACAACAAGACCATGAACCGGGCGGAGAACGGAGGGCGGCCTCCCCACCACCCC
TTTGAGACCAAAGACGTGTCCGAGTACAGCTGCCGCGAGCTGCACTTCACCCGCT
ACGTGACCGATGGGCCGTGCCGCAGCGCCAAGCCGGTCACCGAGCTGGTGTGCT
CCGGCCAGTGCGGCCCGGCGCGCCTGCTGCCCAACGCCATCGGCCGCGGCAAGT
GGTGGCGACCTAGTGGGCCCGACTTCCGCTGCATCCCCGACCGCTACCGCGCGCA
GCGCGTGCAGCTGCTGTGTCCCGGTGGTGAGGCGCCGCGCGCGCGCAAGGTGCG
CCTGGTGGCCTCGTGCAAGTGCAAGCGCCTCACCCGCTTCCACAACCAGTCGGAG
CTCAAGGACTTCGGGACCGAGGCCGCTCGGCCGCAGAAGGGCCGGAAGCCGCGG
CCCCGCGCCCGGAGCGCCAAAGCCAACCAGGCCGAGCTGGAGAACGCCTACTAG
AGCCCGCCCGCGCCCCTCCCCACCGGCGGGCGCCCCGGCCCTGAACCCGCGCCC
CACATTTCTGTCCTCTGCGCGTGGTTTGATTGTTTATATTTCATTGTAAATGCCTGC
AACCCAGGGCAGGGGGCTGAGACCTTCCAGGCCCTGAGGAATCCCGGGCGCCGG
CAAGGCCCCCCTCAGCCCGCCAGCTGAGGGGTCCCACGGGGCAGGGGAGGGAAT
TGAGAGTCACAGACACTGAGCCACGCAGCCCCGCCTCTGGGGCCGCCTACCTTTG
CTGGTCCCACTTCAGAGGAGGCAGAAATGGAAGCATTTTCACCGCCCTGGGGTTT
TAAGGGAGCGGTGTGGGAGTGGGAAAGTCCAGGGACTGGTTAAGAAAGTTGGATA
AGATTCCCCCTTGCACCTCGCTGCCCATCAGAAAGCCTGAGGCGTGCCCAGAGCA
CAAGACTGGGGGCAACTGTAGATGTGGTTTCTAGTCCTGGCTCTGCCACTAACTTG
CTGTGTAACCTTGAACTACACAATTCTCCTTCGGGACCTCAATTTCCACTTTGTAA
AATGAGGGTGGAGGTGGGAATAGGATCTCGAGGAGACTATTGGCATATGATTCCA
AGGACTCCAGTGCCTTTTGAATGGGCAGAGGTGAGAGAGAGAGAGAGAAAGAGAG
AGAATGAATGCAGTTGCATTGATTCAGTGCCAAGGTCACTTCCAGAATTCAGAGTT
GTGATGCTCTCTTCTGACAGCCAAAGATGAAAAACAAACAGAAAAAAAAAAGTAAA
GAGTCTATTTATGGCTGACATATTTACGGCTGACAAACTCCTGGAAGAAGCTATGC
TGCTTCCCAGCCTGGCTTCCCCGGATGTTTGGCTACCTCCACCCCTCCATCTCAAA
GAAATAACATCATCCATTGGGGTAGAAAAGGAGAGGGTCCGAGGGTIGGTGGGAGG
GATAGAAATCACATCCGCCCCAACTTCCCAAAGAGCAGCATCCCTCCCCCGACCCA
TAGCCATGTTTTAAAGTCACCTTCCGAAGAGAAGTGAAAGGTTCAAGGACACTGGC
CTTGCAGGCCCGAGGGAGCAGCCATCACAAACTCACAGACCAGCACATCCCTTTT

JP 2004-520005 A 2004.7.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(81)

WO 01/98491 PCT/EP01/06795

3/13
Fig. 1B (continued)

GAGACACCGCCTTCTGCCCACCACTCACGGACACATTTCTGCCTAGAAAACAGCTT
CTITACTGCTCTTACATGTGATGGCATATCTTACACTAAAAGAATATTATTGGGGGA

AAAACTACAAGTGCTGTACATATGCTGAGAAACTGCAGAGCATAATACTGCCACCC
AASAATCTTTTTGAAAATCATTTCCAGACAACCTCTTACTTTCTGTGTAGTTTTTAA
TTGTTAAAAAAAAAAAGTTTTAAACAGAAGCACATGACATATGAAAGCCTGCAGGA
CTGGTCGTTTITTTGGCAATTCTTCCACGTGGGACTTGTCCACAAGAATGAAAGTA
GTGGTTTTTAAAGAGTTAAGTTACATATTTATTTTCTCACTTAAGTTATTTATGCAA
AAGTTTTTCTTGTAGAGAATGACAATGTTAATATTGCTTTATGAATTAACAGTCTGT
TCTTCCAGAGTCCAGAGACATTGTTAATAAAGACAATGAATCATGAAAAAAAAAAA
AAA
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Fig. 2

Osteolevin is expressed in kidney and
peripheral blood lymphocytes

Human tissue cDNA
1. brain
2. heart
3. kidney
4. liver
5. lung
6. pancreas
Mict MTCH 7. placenta
) s : 8. skeletal muscle
9. thymus
10. ovary
11. testis
12. leukocyte
13. prostate
14. small intestine
15. spleen
16. colon

Y12009 / EXON 2

12345678 910111213 141516

SUBSTITUTE SHEET (RULE 26)
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TTTGGAAGCC

TTATTACCAT

GGATARACAT

GRGAGCAGTC

GGGTGTCAAC

CCACATCCTT

CTCTGGAAGA

CTCTACAAGAR

GTAACTTAAC

ACGTGGARGA

CATGTGCTTC

GAAAGTAAGA

AGCTATTATG

TCCCCCAATA

AGTAAGAAGC

AGGCGGTGTC

TCCCTCGGGC

AAGGTGACTT

GGGAAGTTGG

TCTCCTTTTC

AAGGCTTTTG

BGCATGGAGG

GCCCTGGATG

GACTTTTCAA

AAAGGTGIGT

TTTGACAGAA

TCGGTCATGA

ACAGACTGTT

ARAACTTTTG

TCTTTAAARA

ATTGCCA2AA

TGTTTAARAAC

GGTTGTCTGG

CTCTGCAGTT

ATATTCTTTT

TGTTTTCTAG

TCAARAGGGA

CTGCAAGGCC

TARARCATGG

GGCGGATGTG

TACCCCAATG

5/13

AGCAGGGGAG
GGAGGCTGCT
ARGAAATGCG
AGGAAGACAT
CCARGGTTGG
ATGACGTCAT
TTCATTGTCT
AATTCATAAA
CATAAATAAC
CCACTACTTT
AAACGACCAG
TTTTTTTTTT
AAATGATTTT
TCTCAGCATA
AGTGTAAGAT
GCAGAAATGT
TGTGCTGGTC
AGTGTCCTTG
CTATGGGTCG
ATTTCTATCC

GATGATGTTA

TGATACAATG

ARARGGATAC

GTCTGGGTTT

ARTTGCCACA

AGCTCTAGTG

GTCTGETTGA

TTATTAARCAA

GCAATATTAA

TTAAGTGAGA

CATTCTTGTG

TCCTGCAGGC

TAACARTTAA

CAAAAAGATT

TGTACAGCAC

ATGCCATCAC

GTCCGTGAGT

TGTGAGTTTG

AACCTTTCAC

GGGGAGGGAT

CTCCCACCAC

TTTCTTTGAG

(83)
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AGAACAGCAT

AAGGUTGAGG

GGARAGGRAG

AGGGCCACCA.

ACCAAGAGAA

CARRATGAGA

TGTCTCTGGA

CATTGTCATT

AAATAAATAT

GACAAGTCCC

TTTCATATGT

ABACTACACA

TTTGEGTGEGC

TTGTAGTTTT

ATGTAAGAGC

GGTGGGCAGA

TGATEGCTGC

TTCTCTTCGG

GCTGCTCTTT

CCTCEGACCT

ATGGAGGGGT
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5951

6001

GGAGGTAGCC

TTCCAGGAGT

CTTTTTTTTT

ACAACTCTGA

TTCATTCTCT

GCACTGGAGT

CCCACCTCCA

ATTGTGTAGT

AAACCACATC

CTTITCTGATG

ACCAGTCCCT

GCGGTGARRAA

GTAGGCGGCC

ATTCCCTCCC

CTTGCCGGCa

CCTGGETTGC

GAGGACAGRA

GGAGGGGCGC

GCTTTGECGC

ABCGGCCTCG

TGAGGCGCTT

AAACATCCGG

TTGTCAGCCG

TCTGTTTGTT

ATTCTGGRAG

CTCTTTCTCT

CCTTGGAATC

CCCTCATTTT

TCAAGGTTAC

TACAGTTGCC

GGCAGCGAGG

GGACTTTCCC

TGCTTCCATT

CCAGAGGCGG

CTGCCCCGTG

CCCGGGATTC

AGGCATTTAC

ATGTGGGGCE

GGGCGGGCTC

TCCEGGCECE

GTCCCGAAGT

GCACTTGCAC

6/13

GGAAGCCAGE
TAAATATGTC
TTTCATCTTT
TGACCTTGGC
CTCTCTCTCT
ATATGCCAAT
ACAAAGTGGA
ACAGCRAGTT
CCCAGTCTTG
TGCAAGGEGG
ACTCCCACAC
TCTGCCTCCT

GGCTGCGTGG

CTGGGAAGCA

AGCCATAAAT

GGCTGTCAGA

ACTGAATCAA

CACCTCTGCC

AGTCTCCTCG

AATTGAGGTIC

AGTGGCAGAG

TGCTCTGGEC

AATCTTATCC

CGCTCCCTTA

CTGARGTGGG

CTCAGTGTCT

(84)
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GCATAGCTTC
AGACTCTTTA
AGAGAGCATC
TGCAACTGCA
CATTCARAAG
AGATCCTATT
CCGARGGAGA
CCAGGACTAG
ACGCCTCAGG
AACTTTCTTA
ABACCCCAGG
ACCAGCABAG

GTGACTCTCA

GGACCCCTCA

CTCAGGGCCT

ARTGAAATAT

CGGETTCAGG

TAGTAGGCGT

GGECCGCGEC

CCTTGAGCTC

GAGGCCACCA

GCTGGCGEGC

GGAAGGTCTC

ABRACBATCAA

GCCBGGGCEC

TCTCCAGCTC

TTCCGGCCCT

CGACTGGTTG

GGCGCACCTT

TGAGGGC

AGCCCCCTEC

ACCACGCGCA

CCGCCERTGCG

GGCCTGGTTG

TCTGCGGCCG

TGGARGCGGG

GCGCECECEC
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GTCGGGGATG

GGCCGATGGC

ACCAGCTCGG

GCGGGTGAAG

GAGGCGCGCGE

GCCCGTCTCT

GCTTTTGCCC

TGGTGGARRG

TGGGGTTCAA

CAAGTTCCTT

AGCATTGCGA

CACATATAGC

TTCTGGEGGTC

GCCTGGGCAG

CCCRAATTCC

AGGAGTAGAG

CGAGGGACTG

GGAATCRAAG

GGCCCAGCCA

ACTCCACTTC

CACCGGGACA

CAGCGGAAGT

GTTGGGCAGC

TGACCGGCTT

TGCAGCTCGC

TGAGGGTGGC

CTCCACCCCA

CTGAACATCT

CTCTCCTGCG

ACACCAGGGC

AACCTCTCTC

GTTAATCCAT

TGARAGCGTC

TTCTTATGAT

GGTAAGTACT

TTTTCCAGCC

GTTAATTGAA

AAGGGGAGGT

GCAGTCTGTC

GAGAARAGAA

CCTGGGGTCC

7/13

CAGCAGCTGC
CGGGCCCACT
AGGCGCGCCG
GGCGCTGLGG
GGCAGCTGTA
CGCCCGCCTE
GCCCTGCTTT
ATTGCAGGAA
CACCCTGTCC
TCCATCGCTC
TTCTTCCTGT
TACACACGCA
GGCTGTTATG
TTAAGCCACA
CAGCACACCT
ACTTGGGAGG
GGTARTAAAT
GATCAGGACA
CAACCCCCTC
CTTGCCCAAA

CAGCACCTTT

ACGCGCTGCG

AGGTCGCCAC

GGCCGCACTG

CACGGCCCAT

CTCGGACRCG

GCCACCCCTG

TGCCARGCCT

GGTCCCAGAT

CCTCGGAGCC

ACTGCAGGTG

CTGCAAAATG

ATGCAGAAAR

TATTATTATT

CTTGTGCCGC

TCTGECCTGEC

GGTGGACAGG

CAGGGCAGCT

GGRATTCATT

ATTATCAATG

AGGCTGGGCT

TGGCTCCGGC

(85)
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CGCGGTAGCG
CACTTGCCGC
GCCGGAGCAC
CGGTCACGTA
TCTGTGGAGA
CCCTGGACCG
GTCTCCAGAG
GCTCTAGAGC
AAATGACTGC
TCATCTTGGG
GGCCGLCCca
TACCATTTGG
ATCATTTCTC
AGGGTCCCTG
TCTGGCTTCT
GGATGGAGRA
GCTGTGGAGG
AGACTTGBARA
AGRATACTGA
GCATCTCCGG

AAGAGTGGAG
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AGGTGGACAT
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TACAGGTTCA
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AGGCAGAGAT

ACCATGTCTC

GGTCGTCGTG

CCAATGTGAC

GGGACAGAGA

GGGGAGATGT

CTGGTTTGCA

GGGCATTTGC

CCCTAGGCCA

GGCTTCCTCA

TTTGIGTTTG

GACCTTGCCT

TTGAAGACGG

ACCCCATAGT

CCTGGGCAGT

AGCTCTTAGT

CTGCCAATTA

8/13

TGGGAGGCTG
ACTTTCCTAC
GCTGCCACAA
TGTTATCTGA
TGEGEGCTCCGA
CTATGGTGGA,
TGAGTACCAG
AAGAARGRAT
AGGCCACCCC
GGCCACTGCC
TCCTCACCTC
CCAGGGARGG
GGCACTTCCT
GGGGCTGTGG
GGTTCCTTAC
AGRAGGGGAG
AGGGTCCTGG
CCCARACAGGT
GGACTTCTCT
CTGAAGTGTC

TAGAGCCAGA

GGCTGCGGEA

CATAGGGGCC

ACATTGACCT

ATGGGCGCCT

GGCCTGGCCT

CTTAGATGGG

TCCACCCCCA

GAAARATAGT

CCACCCCCAC

ATCGTCTGGG

TGCAGGGCTE

GGGCATTTTG

CTGCAGATCA

CCTCTCGTGE

AGCCCTTCAG

CTGTGGGGGG

CTGGCCTCCC

TGTGAGGCGG

GCCACCTGGA

ATTTCAGACG

TGCACACTGT

(86)
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TGGAGCTGAG
CTGAGCTCTG
GGCTCTCTGC
CATGGTGATA
GATCCCCTGC
TGGGAGCTTT
ARGGTTTCAT
CTTAAGACCA
TCTGRAGAGC
GCTGCTTTCT
GRATGTGTGT
CGGCTTTTCG
TGACTTTGIT
GAGTCCAGCA
GCAGTCGCTG
AGGCGCCCTT
ATGCAGTTGC
GGAGGGCTGG
TAATGGCCAG
CCCCCATGGC

CACCTGGGCT
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TCTTCACTGG
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TTTGGTCTCA

TCATGGTCTT
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GGCCTGACCA

AGGCAAGGTT

GCACAGAGGA

TGTCAGGGGC

TCCCTGGGCA

TTCCTCCCCA

CRGGGCTATC

CACTACCAAG

GEGGTTCACC

GCCACCACCA

TGGGAGGCTC

GTGGCTCCTA

AGCCCCTGAG

CGTCCTCCCT

CACCTGRATT

GCAAGACTGT

GTCTACCCCA

CAGGATCTTT

AAGGGGTGET

GTTGTTCTCC

TGATTTCCGT

9/13

GGAACCCAGG
GGGACTGEGGG
TGCTGCTCTC
TAAAACTGTG
GGCCATGEEC
CTGCTTTGTG
TTGCAGTTGG
TTACTGAGTG
TCCTGGGEEAT
GCATAGAGTG
CCTTACCTIG
TATTCCCAGG
CCTGTTCTGA
GCCCTGGGCT
TGAAGGCTGC
TCCTCGACCA
GTCTTCCAAG
TACTAAGAAT
GGGGAGGCCG
AGCTCCGGTG

GGCATCATTC

GTTCCTCTTC

TGGCTGCTGA

CCCTCCAGGG

CCGAAARACTC

ARTGCACACT

GAGATCTGTC

ATCARACCAG

CCTGGAACCT

TCCATGATGT

TCCGGTGCCC

TTCCCTTCCC

AGGAGATTCT

TGCCCTGATG

CTCACCAGCG

ACCAGCGAGC

GTGCTGGCAG

CCTCCCAAAG

TCTCTCCTCC

CCCTCCGTTC

GAGBCTCGGG

TTGAACGCCT
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CTTCTCCCTC
GGACAGATGT
CCTGGACTCA
CCATTCCTTC
GCAGGGGTGC
CCCCACACCC
GTTCACACCT
GTTTCTTCCC
GGGTCTGTGT
CACAGGTGCT
AGTGGTACCA
TTGABACCTT
CCATACCCTC
TCTGTTGCCT
CATTCTTCCC
AGGCCAGCAA
AGAAGTTTCT
ACCCCATACC
TCCGCCCGET
GTACTCTCCG

GCCACCCCTG
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ATAGACCCAG
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CCAGAGGCRA

ARGTCTCAGC

TGGAAGGCAA
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GCTCCTGTGA
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CGCAGGGTGA

TGAGAAGACA

TTTTAGTGCT

10/13

CTGTGTGTAC
GTACCAGCCA
TCCAGCCGAG
GCCRATGAGG
CGGAGGGAGE
TCCTCTAGCT
CAGAGAGAGG
CCCACGTGCT
TTAATTGTCT
ACCCGCTCAA
CCCGGCCTAT
AATGGCCCAA
ARAGATGCTT
ATTCATTGTC
GAGAGAGAAC
AGGATTCTGG
TGGACAGCAL
CTGTGACAGG
TGTGCTGAAG
ACACCAAATT

GACATTTTAT

CAGCAGGCAG

GAGGAGGGCA

ACACGGTCGC

ACAGGCTGGG

GAAAGGGGTG

CAGCARACTT

GGGCGTGTGA

GGCGGCTGTG

GTCTCCCTGE

CAAAGAAAAT

TCCATTTCTC

GGTGTTTCTG

TTARAGAAAT

CTAACCAAGA

TAGAGGGTCA

TTACAAATCG

BAGBGGARATC

CARCTTCTGAG

ACAGTCATTT

CCTTTCCTTA

TTTCTTGTICT

(88)

PCT/EP01/06795

2ACGRGACACA
CGCCACCTTC
CTTTTTAARG
GCAGGGCTGG
TGCTCAGAGC
CCAAATTGCT
GGCAAGGCCC
GTTTTCAGAT
GCCCTCGGGT
GTGCAGTTCT
AGGCCAAGTT
TTTGACCCCC
CCCATTGGTC
AAGCCTCTCT
GAGCRAGGGT
AGGATGCGCT
CCAGCTCATG
CCAGGGCACT
CCCCAACCAG
GCAAAAGCCA

TCCAGCTGGT
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CCTGGGTTCC

AARARCAGTT
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AGGTGCAAGA
TTGTTTGAGG
'ATTTTAACTG
GTCCTTTGCC
GACTGTCCTT
ACAGTTTTAC
ACCTGCTTCC
CATTGTTGGG
ARGCTGGCCC
PTTCCCTTGC
TGCCTTCTTG

TTGAGCAGGT
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TTGAGTCCTG
ATGAAGCCAT
TGCCTTGGCC
GGGCGCAGGT
AGAGABAGGA
ACARGCAGCT
GGCAATGAAT
ACCTGCCTCA
TCCATCATCC
AAGCCAGACA
TAAGTCAGTT
GGTGATCTAT
TCCGCACCAC
TCTGGAATGT
CAATGGACTT

AGGATGGATG

TATGGAAAGC

CCCAGGACCA

CTGCATATAA

AGAGGCGTGG

AGGCCAGAGG

CCTGTGAAGA

CAGCATGCCC

ACTTGCARGT

ATCATCCGAC

GRAGCCCCCT

TCCTTCAGGG

CTCTCCCAGC

CTCCCCTTGT

GGACTGTTAA

GGGAGAGAGC

CTTATAGCCC
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TTCATTGGTG
ACTGGTCACA
TGAGCCACAC
GGGAGAAGGA
ARTCTTTCAT
GGCTGCCCAG
CACCTGCAGA.
CGCTGTGTCC
ACATGAATGC
CAGGRAGGGC
CAGATGAAAA.
AGRAGCCGGTA
CTATGACCCT
CCCTCTCATG
AGTTCTGATG

CACCTGCTG
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Fig. 4

MQLPLALCLVCLLVHETAFRVVEGQGWQAFKNDATEIPELGEYPEPPPELENNKTMNR
AENGGRPPHHPFETKDVSEYSCRELHFTRYVTDGPCRSAKPVTELVCSGQCGPARLLPN
AIGRGKWWRPSGPDFRCIPDRYRAQRVQLLCPGGEAPRARKVRLVASCKCKRLTREFHN
QSELKDFGTEAARPQKGRKPRPRARSAKANQAELENAY
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Fig.5

Primer name Nucleotide sequence Annealing temperature
OSTV3UT-R TCTGTTTGTTTTTCATCTTTGGCTGTC 74°C
OSTV3UT-F ACCTTCCAGGCCCTGAGGAATCC 74°C
OSTVint-R1 CACTGGCCGGAGCACACCAGCTC 70°C
OSTVint-F1 ACCCTGCGGCACAAGTGTGGC 70°C
OSTVint-R3 CTGAGCTCTGACCCAAAACC 62°C
OSTVint-F3 CACCTTGCTGGACTCCCAC 62°C
OSTVint-R4 GGCACTTCCTCTGCAGATCATG 68°C
OSTVint-F4 CAGGGAGCTGGCACTTGAAGG 68°C
OSTVint-R5 CCTCCAGGGCCTGGACTCAGC 72°C
OSTVint-F5 GAAGAATGGCTCGCTGGTCGAGC 74°C
OSTVexI-R GCTCTCACCAGCGTCTGTTGC 68°C
OSTVex1-F GGGAGGGTTTGCTCTGAGCAC 68°C
OSTV5UT-R GGACAGGCTGGGGCAGGGCT 70°C
OSTV5UT-F GAATCCTGCCCTCTCTCCCAAGC 70°C
OSTV3gen-F1 AAGAGTCTATTTATGGCTGAC 58°C
OS8TV3gen-R1 | TCCTGCAGGCTTTCATATGT 58°C
OSTV3gen-F2 | GTTTTAAACAGAAGCACATGAC 60°C
OSTV3gen-R2 | GAGTGATACAATGAGAACAGC 60°C
OSTV5UT-R GGACAGGCTGGGGCAGGGCT 70°C
OSTVSUT-F GAATCCTGCCCTCTCTCCCAAGC 70°C
OS8TVprom-R1 | CTCTTGGTATTCTCTGGAAGG 62°C
OSTVprom-F1 | GCCTCTTCACAGGAGCTGC 62°C
OSTVprom-R2 | AGGATTCACACCTGAGGTGC 62°C
OSTVprom-F2 | ATAAGCATCCATCCTACCTGC 62°C
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SEQUENCE LISTING

<110> F. Hoffmann-La Roche AG

<120> Genetic polymorphisms in the osteolevin gene in the Van
Buchem-scleroteosis disease region

<130> Case 20512 (V & P ref. PA-1469/12)

<140> .
<141>

<150> 00 11 2867.7
<151>2000-06~19

<160>27

<170> PatentIn Ver. 2.1

<210>1
<211> 2271
<212> DNA

<213> Home sapiens

<400> 1

cecatgcaget

c

goo
atcccocgage
aaccgygcgg
gagtacaget
gecaageegy
aacgecateg
gaccgctacc
cgcaaggtge

&
tcggagagta
agaacggagg
gcegegaget
tcaccgaget
gcegeggeaa
gegegeagey
gecctggtgge
a

tag
cceecgagect
geggocteec
gracttcace
ggtgtgetec
gtggtggega
cgtgeagety
ctegtgeaag

ctgtgtcteg
caggegttca
ccaceggage

totgectget
agaatgatge
tggagaacaa

(92)

PCT/EP01/06795

ggtacacaca
cacggaaatc
caagaccaty

accaccoe
cgetacgtga
ggecagtyey
cctagtggge
ctgtgtcceg
tgcaagegee

aa
cecgatgggee
geeeggegeg
ccgacttcey
gtagtgaggc
teacccgett

cecegegece

ggagegecaa

agceaaccag

g
geegagetgg

agaacgccta

ctotgegegt
getgagacct

ag
ggtttgattg
tccaggeect

gggege
tttatattte
gaggaatece

attgtaaatg
gggcgeeggc

cctgeaacce
aaggceceece

agacgtgt:
gtgcegeage
cctgetgeee
ctgcatceee
geegegegeg
ccacaaccag
gaagcegegyg
ctagageecy
catttetgte
agggeagogy
tcagacegee

age
geeeegecte
geattttcac

teccacgggy

tggggecgee
cgeoetggys

tacotitgen
ttttaaggga

a

ggtt

g ag

cg

o
e

aa
ggtcccactt
gcggtategg
gcaccteget
gtagatgtag

cagaggagygc
agtgggaaag
gcccatcaga
3 tea

g t

tgtgt £

aattctcett

tgtaaaatga
aggactccag
gaatgcagtt
tcttoctgaca
gctgacatat
toccoggaty
gtagaaaagg

gggtggaggt
tgcettttga
gcattgatte
gccaaagaty

gggaatagga

totegaggag

actattggea

agaaatggaa
toccagggact
sagcetgagy
tggctetgeo
atttecacktt
tatgattcea

agtgccaagg
2aaaacaaac

g
toacttocag
agasasaaaa

aattcagagt
aagtaaagag

tgtgatgete
tetatttaty

tta

caa tg

ta

tttggetace
agagggtreg

teccaccecte
agggtogtog

catctcaaag
gagggataga

tgctgett
aaataacate
aatcacatcc

agectggct
atccattggg
gccoecaactt

ac

g

gaagtgaaag
acagaccagc
tgcctagaaa
tattattggg
ctgccaccca

gttcaaggac
a t

actggcattg

tagecatgtt
caggecegayg
cettetgece

ggagrcageca
a cg

acagottott
ggaaaaacta

totttt

actgctetta
caagtgctgt
&

catgtgatgg
acatatgctyg
&

catatcttac
agaaactgca
t

14

ttttaattgt

a

gactggtegt

ttttttggea

attettecac

gtgggacttg

tgacatatga
tccacaagaa

tcacaaactc
gacacattte
actanaagaa
gagcataata
tctgtgtagt
asgcctgeag
tgaaagtagt

60
120
180

300
360
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ggtttttaaa gagttaagtt acatatttat tttctcactt aagttattta tgcaasagtt 2160
tttcttgtag agaatgacaa tgttaatatt getttatgaa ttaacagtct gttcttccag 2220
ag cat aaa aatcatgaaa azaaaazaza a 2271

<210>2

<211>213

<212> PRT

<213> Homo sapiens

<400>2

Met Gln Leu Pro Leu AlaLeu Cys Leu Val Cys Leu Leu Val His Thr
1 5 10 15

Ala Phe Arg Val Val Glu Gly Gln Gly Trp Gln Ala Phe Lys Asn Asp
20 25 30
Ala Thr Glu Ile Tle Pro Glu Leu Gly Glu Tyr Pro Glu Pro Pro Pro
40 45

Glu Leu Glu Asn Asn Lys Thr Met Asn Arg Ala Glu Asn Gly Gly Arg
50 55 60

Pro Pro His His Pro Phe Glu Thr Lys Asp Val Ser Glu Tyr Ser Cys
65 70 75 80

Arg Glu Leu His Phe Thr Arg Tyr Val Thr Asp Gly Pro Cys Arg Ser
85 90 95

Ala Lys Pro Val Thr Glu Leu Val Cys Ser Gly Gln Cys Gly Pro Ala
100 105 110

Arg Leu Leu Pro Asn Ala Tle Gly Arg Gly Lys Trp Trp Arg Pro Ser
115 120 125

Gly Pro Asp Phe Arg Cys Ile Pro Asp Arg Tyr Arg Ala Gln Arg Val
130 135 140

Gln Leu Leu Cys Pro Gly Gly Glu Ala Pro Arg Ala Arg Lys Val Arg
145 150 155 160

Leu Val Ala Ser Cys Lys Cys Lys Arg Leu Thr Arg Phe His Asn GIn
165 170 175

Ser Glu Leu Lys Asp Phe Gly Thr Glu Ala Ala Arg Pro Gin Lys Gly
: 180 185

190

Arg Lys Pro Azg Pro Arg Ala Arg Ser Ala Lys Ala Asn Gln Ala Glu
195 200 205

Leu Glu Asn Ala Tyr
210

<210>3

<211> 7099
<212>DNA

<213> Homo sapiens

JP 2004-520005 A 2004.7.8
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<400>3
ggagctatgg

aaggettttg

2 tg

3=

aa

ag a
aagaaatgey
aattgccaca
accaagagaa
cecacatectE
acagactgtt
cataaataac
cattcttgty
tttcatatgt
gaaagtaaga

tt

gtetgggttt
agggccacea
gogtgtcaac
teggteatga
aattcataaa
ttaagtgaga
gacaagtece
catgtgette
gattgtetgy

ggasaggaag
gagagcagte
tttgacagaa
ttecattgtet
gcaatattaa
agataatat
acgtggaaga
tgtttaaaac
asatgatttt

ta

azggctgagy
ggataaacat
aaaggtatgt
atgacgtcat
ttattaacaa
cattgteatt
gtaacttaac
attgccaaaa
tetkttbtte
caazaagatt
ttgtagtttt

ag

atg!

atg

ag go

gteegtgagt
tgatggctge
aaggtgactt
ggcggatgty
gatgatgtta
ctgggaagca
agactcttta
acaactctga
ctetttetet
atatgccaat
aattgaggte
ccaggactag
ctttctgatg
ggacttteceo
tetgectect
cteagtgtet
tgagggggge

g
teccteggge
taaaacatgg
atttetatee
tttettrgag
gcatagette
cttttttttt
attctggaag
cketetetet
agtctecteg
ccgaaggaga
aaaccacate
ggcagegagy
actcccacac
ctgaagtggg
gtgactctea
cttgeoggeg
a <

aggcggtgte

agtgtecttg

ttattaccat
gacttttcaa
ccaaggttgy
gtgtggttya
tgtctctgga
ctotacaaga
tectttaaaaa
aaacgaccag
taacaattaa
tttgggtgge
tcccccaata
tgtttictag
tgtgetggte

a

ctatgggtcg
ctecccaccac
atggagggot
ttccaggagt
tcetgtttote
tgacctitgge
cacctetgeoe
agatcctatt
attgtgtagt
tacagttgee
tgcaagagyg
cgctecctta

ggggagggat

getgetettt

(94)

PCT/EP01/06795

tttggaagee
geectggaty
aggaagacat
agctctagtg
caaaatgaga
ctctggaaga
aaaactttty
ccactacttt
tectgeagge
aaactacaca
agctattatg
atattctttt
goagaaatgt
tgtgagtttg
thotettegy
gggaagttgg

togga
ggaggtagce
ttgteagecy
tttcatettt
actgaatcaa
cat

totacttit:
aaacatccgg
tasatatgte
ggctgtcaga
tgcaactgca

ta
ggaagcoagy
agccataaat
agagagcatce
tteatteotet
cet £

ceccaccteca
tecaaggttac
cccagtettg
aatcttatee
aaaccceagg

cectoatttt
acagcaagtt
tgctctagge
aactttetta
gcggtgaaaa

acaaagtgga
agtggcagag
acgectcagy
accagtecet
tgettecatt

acc
attecctece
ceegggatte

atgtggggcg
tagtaggegt

cgggtteagg
tetecagete

tat

ctgcoceogty
cteagggect
aaacaatcaa

ggaccectea
ggaaggtcte
accacgegea

tgg
gctggeggge
agcccectge
gaggacagaa

Cggggcgc
ggectggtty

gga

<

ge

ct
tggaageggg
ggcgocteac
cagcggaagt
aggegegeeg

tetgoggeey
tgaggcgott
caccgggaca
cgggeecact
ggccgeacty

tc

geacttgeac
cagcagetge
aggtegecac

g t
gaggecacea
acgegctgey
cacttgecge

ggcgeacott
cgeggtageg
ggccgatgge

gec c

g

ti

ag

tctgtggaga

gta

gaggegegey

tgagggtgge

cgeeegecty

gta
gecaccectg

cgactggttg
gegegegege
gteggggatg
gttgggeage
ggcgetgegg
cteggacacy
ccctggaceg

t
ctgaacatct
caccetgtes
actgcaggtyg
ggecgececa
cacatatagc
ttettatgat
cagcacacct
ggtggacagy

attgcaggaa
ccteggagee
toatcttggy
ageattgega
tgaaagegte
ttaagccaca
tectgectgge
ggatggagaa

g gettt
ggtcccagat
aaatgactge
caagttoctt
gttaatccat
ggctgtiaty
cttgtgcege
tctggottet
aggagtagag

gc
ggaatcaaag
gagaaaagaa
cagcaccttt

tg
gecagtgtgte
cttgeccaaa
tggetecgge

9

caacccocte
aggctggget
aagagtggag

tgccaagect
gctetagage
tggggttcaa

g
tggtggaaag
acaccagggc

trektock

ctotectgeg
tecategete
& &

aac
ca

at

tgg

tattattatt
agggtocecty
cocaaattec
gttaattgaa
gatcaggaca
attatcaaty

atcatttete
gectgggoag
ttttecagee
ggtaataaat
ggaattcatt
agaatactga

ttetggggte
ggtaagtact
acttgggagg
cagggeaget
agacttgaaa
ggeecageea

getetgegtt

ctgagetetg
tgggcacatt

acceaaaace
tottgttoty

g9 €
tacaggttca
tgttatctga

tactgtcgtt
getgecacaa
atgggegeet

cgagcatcca
actttcctac
acattgacct
catggtgata

t
tgggaggety
cataggggec
ggetctetge
cteectggge

S00

960

1020
1080
1140
1200
1260
1320
1380
la40
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
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aggcagagat
ctatggtaga
teeaccecca

tgggetecga
cttagatggg
aaggtttcat

ggeetggect
tgggagettt
ggggatagtt

gatcccetge
ttaaataget
ccaatgtgac

acacaccttg
ggtegtegty
aagaaagaat

(95)

PCT/EP01/06795

accatgtcte
tgagtaccag
gaaaaatagt

ct

cci

aagcacagca
ctggttitgea
ccagggaagg
ctgeagatea
gagtacagca
gagceccaget
ttgaagacgy

ggagagatgt
tectecaccte
gggcattttg
tgactttgtt
aggtggacat
gaccttgect
agggtectgg

ggccactgea
tgcagggetyg

a

atcgtctggg
gaatgtgtat
<

gctgettetot
gtggtcagay

ttgagcatgt
tttgtgtetg
agaaggggag
ckgoccteee

ggcttectea

ggggctgtey

ggtetgtgoy
gggeatttge
ggcacttect
cctetegtgg

ggt tac
ctotgogggy
atgecagttge

ag g
aggegeectt
cctttttage

geagtegety
gtectocatt
accecatagt

tgt

g

&

cceccatgge
tctctgtgca
aggcaaggtt
tgctgctcte
ccgaaaacte
gcaggggtge
cececacacac
cactaccaag
tectggggat
tocggtgeoe
agtggtacca
ttettttetg
cgtecteoct
tgaaggetyge

cteaggattc
ggcctgacca
gogactgagy
cectecaggg
ccatteotte
ctetctggee
cagggetate
ttactgagtg
tecatgatgh
cacaggtoct
gcagctggac
agcoectgag
geectggget
accagcgage

agt
agctettagt

o

ctgaagtgtc

tta
ggaaccoagg
tggetgetga

gtteotctte
ggacagatgt

cttoteecte
cectactect

aagtgccage
ttceteceea
ttgcagttag
cctggaacet
gggtctgtgt
gttctgtgga
gtggctecta
cctgttetga
ctoaccageg
cattettece

ge
teectgggea
ctgctttgty
atcaaaccag
gtttcttece
ggtggggaca
tgggaggete
a

o

&
ggccatggge
gagatetgte
gttcacacct
cttecgagety
gcecaccacea
ccttacctty

ct
atttcagacg
cacctggget
cectggaaty
gcacagagga
taazactgty
aatgcacact
ccocacacee
cagctcttet
ggggticacc
gcatagagtg
ttoccttoce
tt t

tgecctgaty
tetgttgect
ccacctecay

gty g

agaagtttet
tttggtctea
gttgttctee
ggcatcatte

aaaacctooc
2aggggtagt
agctcecggty
ttgaacgect

caggatcttt

gteta
tactaagaat

ccataccete
catgcctetg
geaagactgt
gtcttocaag
teteteotee

accacceeag
cacctgaatt
tectegaccea
ccteccaaag
aceccatace

gaggctcegygg
gecaccacky

ce
gtactcteoeg
geeetecact

tecgeoeggt
agctogggga
acacggaagg

tea
tgattteegt
ctgtgtgtac

g

gta

cgecacctte
cecctetetyg

cagtagcaca
cttecatgeca

“gg
ggctctggte
gecaatgagg

tecagecgag
acaggetggy

acacggtege
geagggetgy

ctttitaaag
teecatgtit

.

toctectaget
gggegtgtga

cagcaaactt

tg
ccaaatiget

gctggeacto

ccaggtgacce

cagagagagy

)

aa =]

tcaaaatga

gttttoagat
attckcaaaa

caaactgtog

acccgetcaa

ttaattgtet
caaagaazat

&

gtcteectygg

tg
gcectoggge
gagtgetteg

aatggeccaa
ttaaagaaat
aagcctetet
geecegettgg
getectgtga
ctgtgacagg
acagteattt
gcaaaagcca
tacattttte
gatgtgttec
tgccttggee

ccggeetat
gogtgtttetg
cecattggte
tggtattcte
gagagaggge
tggacagcac
cacttctgag
ceccaaccag
cagccagegt
aaaaacagtt
atgaagccat
ctgcatataa

tt

gtgcagttct
a

&
tttgacceoe
ccaactccac

atagacccag
aagtctcage

ccagaggcaa
attcattgte

aaagatgctt
ctaaccaaga

aggattctog
agaggaaatc

ttacaaatcg
ccageteaty

tca
aggatgeget
ctcctcaggy

ggtcactcag
atectgtgea

tctgtgtgty
ttttagtget
ttgagtcctg
cecaggacca

tga

.
gacattttat
tatggaaage
actggtcaca

a tt
tttettgtet
tteattggte
aagaagctaa

cctttectta
tecagetggt
cacaccacag
gagaaaatge

agggccagay

t g

tag
aatctttecat
atcctotggt
gtectttgee

&

agg!
t

cctgtgaagy:

aggccagagy

attttaactg
acctgectca

ggcaatgaat
acttgcaagt

cagcatgece

cacctgeaga

gcctetgeaa

tee

al

gactgtectt

tg

3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4630
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
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tctotgat acctgettec taagtcagtt tcecttcaggg 6840
cagatgaaaa cagctgtgge cattgttgag ggtgatctat cteteccage agagecggta 6900
gtgttotgag aagctggccoe tecgeaccac ctececttgt ctatgaccet ccageetect 6960
ttteccttge tctggaatgt ggactgttaa co tg 7020
caa agt cctgggttee ttgagcaggt aggatgoatg 7080
cttatagcee cacctgcty 7099

<210> 4
<211>27
<212> DNA
<213> Artificial Sequence
<220>
<225> Description of Artificial Sequence: synthetic, no
natural origin
<400> 4
tetgtttgtt ttteatcttt ggotgte 27

<210>5

<211>23

<212>DNA

<213> Artificial Sequence

<220>
«223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 5
accttecagy ccctgaggaa tcoe 23

<210>6

<211>123

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural erigin

<400> 6
cactggecgg agoacaccag cte 23

<210>7

<211>21

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Anificial Sequence: synthetic, no
natural origin

<400>7
accectgegge acaagtgtgy © 21
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<210>8

<211>20

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 8

ctgagctety acccaaaace

<210>9

<211>19

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

<400>9
caccttgetg gacteoeac

<210> 10

<211>22

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural arigin

<400> 10
ggcactteot ctgeagatea tg

<210>11

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 11
cagggagctg gcacttgaag o

<210> 12

<211>21

<212> DNA

<213> Artificial Sequence

(97) JP 2004-520005 A 2004.7.8
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<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 12
ccteocaggge ctggacteag o

<210>13

<211>23

<212>DNA

<213> Artificial Sequence

<220>
<225> Description of Artificial Sequence: synthetic, ne
"natural origin

<400> 13
gaagaatggce tcgetggteg age

<210> 14

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural oxigin

<400> 14
geteteacea geghbetgtta ©

<210> 15

<211>21

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, na
natural origin

<400> 15
gggagogttt getctgagea ¢

<210> 16

<211>20

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

(98)

PCT/EP01/06795

21

23

21

21
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<400> 16
ggacaggety gggcagggct

<210>17

<211>23

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 17
gaatcetgee ctetctocca age

<210> 18

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 18
aagagtctat ttatggetga ¢

<210> 19

<211>20

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Astificial Sequence: synthetic, no
natural origin

<400> 19
tectgeagge tttcatatgt

<210>20

<211>22

<212>DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: synthetic, no
natural arigin

<400> 20

gttttaaaca gaagcacatg ac

<210> 21
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<211>21
<212>DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 21
gagtgataca atgagaacag ¢

<210>22

<211>20

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 22
ggacaggcty gggcaggget

<210>23

<211>23

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
patural origin

<400>23
gaatcctgee ctetcteocca age

<210>24

<211>21

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, ne
natural origin

<400> 24
ctettggtat tetctggaag g

<210>25

<211>19

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
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natural origin

<400> 25
gectettcac aggagotge

<210> 26

<211>20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 26
aggatteaca cctgaggtge

<210>27

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic, no
natural origin

<400> 27
ataagcatec atcctacctg o
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

i. Claims: 1,3,4,7,24,25 (all partially) 2,5,
6 (all completely)

Invention 1:

Method and kit for screening for osteolevin polymorphisms or
the presence of a heritable Tinked form of abnormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer OSTV3UT-F
and the reverse primer 0STV3UT-R.

2. Claims: 1,3,4.7,24,25 (all partially)
Invention 2:

Method and kit for screening for osteolevin polymorphisms or
the presence of a heritable linked form of abnormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer
05TVint-F1 and the reverse primer 0STVint-Rl.

3. Claims: 1,3,4,7,24,25 (all partially)
Invention 3:

Method and kit for screening for osteolevin polymorphisms or
the presence of a heritable linked form of abnormal bone
formation in a subject, said method comprising deétermining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the _
“polymorphism is characterized as_an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer
0STVint-F3 and the reverse primer OSTVint-R3.

4. Claims: 1,3,4,7,24,25 (all partially)

ThAvention 47
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Method and kit for screening for osteolevin polymorphisms or
the presence of a heritahle linked form of abnormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substi-tution-or-a=repetitive-nucleotide-sequence-and-wherein-
a PCR product is amplified with the forward primer
0STYint-F4 and the reverse primer 0STVint-R4.

5. Claims: 1,3,4,7,24,25 (all partially)
Invention 5:

Method and kit for screening for osteolevin polymorphisms or
the presence of a heritable linked form of abnormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletijon,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer
0STYint-F5 and the reverse primer 0STVint-R5.

6. Claims: 1,3,4,7,24.25 (all partially)
Invention 6:

Method and kit for screening for osteolevin polymorphisms or
the presence of a heritable linked form of abnormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer 0STVexl-F
and the reverse primer 0STVexl-R.

7. Claims: 1,3,4,7,24,25 (all partially)

Invention 7:

“Method and kit for ening for osteolevin polymorphisms or
the presence of a heritable Tinked form of abmormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer 0STYSUT-F
—andthe r i

JP 2004-520005 A 2004.7.8
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8. Claims: 1,3,4,7,24,25 (all partially)

Invention 8:

Method and kit for screening for osteolevin polymorphisms or
the e=of-a=heritable=linked-form-of-abnormal-bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer
0STV3gen-F1 and the reverse primer 0STV3gen-R1.

9. Claims: 1,3,4,7,24,25 (all partially)
Invention 9:

Method and kit for screening for osteolevin polymorphisms or
the presence of a heritable linked form of abnormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucieic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer
0STV3gen-F2 and the reverse primer 0STV3gen-~R2.

10. Claims: 1,3,4,7,24,25 (all partially)
Invention 10:

Method and kit for screening for osteolevin polymorphisms or
the presence of a heritable linked form of abnormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer 0STV5UT-F
and the reverse primer OSTVSUT-R.

11. Claims: 1,3,4.7,24,25 (all partiaily)
Invention 11:
Method and kit for screening for osteolevin polymorphisms or
“the presence of a heritable Tinked form of ‘abhormal bone
formation in a subject, said method comprising determining

JP 2004-520005 A 2004.7.8
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the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer
0STVprom-F1 and the reverse primer 0STVprom-R1.

12. Claims: 1,3,4,7,24,25 (all partially)
Invention 12:

Method and kit for screening for osteolevin polymorphisms or
the presence of a heritable linked form of abnormal bone
formation in a subject, said method comprising determining
the presence of a polymorphism in the osteolevin nucleic
acid sequence obtained from the subject, wherein the
polymorphism is characterized as an insertion, deletion,
substitution or a repetitive nucleotide sequence and wherein
a PCR product is amplified with the forward primer
0STVprom-F2 and the reverse primer 0STVprom-R2.

13. Claim : 8 {completely)
Invention 13:

A method of identifying a patient's susceptibility to a
pathology associated with abnormal bone formation comprising
the step of determining a genetic polymorphism pattern for a
osteolevin nucleic acid sequence obtained from the patient
and comparing the patient's genetic polymorphism pattern and
the wild type osteolevin sequence, wherein differences
between the patient's genetic polymorphism pattern and the
wild type sequence indicate a susceptibiiity to the
pathology.

14. Claim : 9 (completely)
Invention 14:

A method of identifying a polymorphism associated with
abnormal bone formation in _one or more subjects, comprising

comparing a osteolevin sequence isolated from the subjects
to a known wild type osteolevin sequence and identifying a
recurrent polymorphism in the osteolevin sequence isolated
from the subjects being associated with abnormal bone
formation.

15. Claims: 10 (completety) 12-19,21-23 (all partially)

Invention 15:

JP 2004-520005 A 2004.7.8
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A nucleic acid molecule encoding osteolevin, said nucieic
acid molecule being selected from the group consisting of
a) the nucleic acid molecule or a complement of the nucleic
acid molecule set forth in SEQ ID NO. 1
b) a nucleic acid molecule or a complement of a nucleic acid
-molecule-encoding-a—polypeptide-set—forth—-in—SEQ-ID-NO—2-
c) a nucleic acid molecule capable of hybridizing to a
nucleic acid molecule of above a) or b), as well as a
vector, comprising such a nucleic acid molecule and a host
cell transfected with such a vector; a recombinant
osteolevin polypeptide encoded by such a nucleic acid
molecule and a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a pharmaceutically
effective amount of such a polypeptide; methed of preparing
a recombinant osteolevin polypeptide and an antibody which
binds specifically to such a recombinant osteolevin
polypeptide.

16. Claims: 11-19,21-23 (all partially)
Invention 16:

A nucleic acid molecule encoding osteolevin region
polymorphisms comprising the nucleic acid as defined by
nucleotide position 4'000 11'000 in EMBL ACCESSION NO.
ACD03098, Release 62.0, or parts thereof, with G to A at
position 6136, as well as a vector, comprising such a
nucleic acid molecule and a host cell transfected with such
a vector; a recombinant osteolevin polypeptide encoded by
such a nucleic acid motecule and a pharmaceutical
composition comprising a pharmaceutically acceptable carrier
and a pharmaceutically effective amount of such a
polypeptide; method of preparing a recombinant osteolevin
polypeptide and an antibody which binds specifically to such
a recombinant osteolevin polypeptide.

17. Claims: 11-19,21-23 (all partially)
Inventions 17-39:

A nucleic acid molecule encoding osteolevin region
_polymorphisms comprising the nucleic acid as defined by
nucleotide position 4'006 11'008 1in EMBL ACCESSION NO.
ACO03098, Release 62.0, or parts thereof, with C to T at
position 6140, as well as a vector, comprising such a
nucleic acid molecute and a host cell transfected with such
a vector: a recombinant osteolevin polypeptide encoded by
such a nucleic acid molecule and a pharmaceutical
composition comprising a pharmaceutically acceptable carrier
and a pharmaceutically effective amount of such a
“polypeptide; Téthod of preparing a recombinant osteolevin
polypeptide and an antibody which binds specifically to such
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a recombinant osteolevin polypeptide.

...idem for inventions 18-39 wherein each invention
comprises one of the specific polymorphisms as listed in
claim 11.

18. Claim : 20 (completely)
Invention 40:

A method for screening for regulators of osteolevin activity
or osteolevin induced activity, said method comprising the
step of : a) determining the expression level of a reporter
gene or downstream signaling molecuie such as intracellular
calcium which is modulated by osteolevin in a particular

cell type, b) contacting the cell with a candidate agent, c)

determining the expression level of the reporter gene or
downstream signaling molecule in response to the candidate
agent; and d) comparing the first expression level of the
reporter or the downstream signaling molecule with the
expression level observed in response to the candidate
agent, wherein an alteration indicates that the candidate
agent modulates osteolevin activity.
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Continuation of Box I.2

Claims Nes.: 26-28

Present—elaims—26-and-27—relate—to—a—product—defined-byreference—to=a
desirable characteristic or property, namely regulating osteolevin
activity or osteolevin induced activity. The claims cover all products
having this characteristic or property, whereas the application does not
provide support within the meaning of Article 6 PCT and/or disclosure
within the meaning of Article 5 PCT for such products. In the present
case, the claims so lack support. and the application so lacks
disclosure, that a meaningful search for these claims is impossible.
Independent of the above reasoning, the claims also lack clarity (Article
6 PCT). An attempt is made to define the product by reference to a result
to be achieved. Again, this Tack of clarity in the present case is such
as to render a meaningful search for these claims impossible.
Consequently, no search has been carried out for these claims.

Present claim 28 lacks clarity (Article 6 PCT).

The applicant's attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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