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FIG. 1A
ATGATGTGCTTARAGATCCTARGEATAAGCCTGGLGATTTTCECTGEOTGOECACTCTET 60
M M ¢ L K I LRI & L A I L &G W a1l c {20}
TCTGCCARCTCTGAGCTGGGCTECACACGUAAGRARTCCTTGETTGAGAGUGARCACCTG 120
8 A N 5§ E L G R T R K K 5 L V EREH L {40}
ARTCAGGTGUTET TGEAAGGAGRACGTITGTTGGCTGEEEGCCARGETTCCARGACCCAGA 180
¥ ¢ VL L E G ER CW®W L 6 A K V R R P R (60}
GCTTCTCCACAGCATCACCTCTTTGGAGT CTACCICAGCAGRGCTEEGAACTACCTARGG 240
A & P Q HH L P 5 V¥V ¥ P 8 E A G K Y L R {80}
CCOTACCCCATGEEGEAGCARGARATCCATCATACAGGACGCAGCARACCAGACRCTGLA 300
P Y P VvV 6 E @ BE I H E T 6 R S K P D T E {100
GGABATGUTGTGAGCCTTCTTCCCOCAGACCTGACTGARAATCCAGCAGCACTGAGGGOT 360
G X AV S5 L VP PDEP L TZNUP-AGLZERGEG {120}
GCAGTTGAAGRGCCGECTSCCCCATEEETAGGEGATAGTCCTATTGERLARTCTGRGCTG 420
A VvV E E P A A P W YV G DS P I G QS E L {140}
CTGEGRGATGATGACGCTTATCTCGGCARTCAAAGAT CCARGRAGTCTCTAGETGAGGCC 480
L ¢ D D DAVY LG N QRS KE S L & B 2 (160)
GEGATTCAGARAGECTCAGCCATCECTGCCACTALTACCACCECCAT T TCACRACTLTS 540
G I Q ¥ 6 8 A4 M B3 AT T T TAITFTT L {180}
ALCCAACCCAARCCAGAGACCCRAAGGREGEECTEEECCAAGTCCAGGCACCETCOCCAN 500
N E P X P E T QRRG ¥ A K S35 ROQRTZERO {200}
GTGTGGAAGAGGCGGGCGGAASATuGCCALGGAGACTCCGGTATCTCTTCACATTTCCAA 560
VvV W KX R 2R A E DG .6 D 53 G I S 8 HBF Q (220
CCTTGECCCARGCATTCCCTTAAACACRAGEETCARARAGAGTCCACCEGAGGAAAGCAAC 72¢
P W P KH 5 L KHRV KX S P P E EBE § R (240)
CAAAATGGTGGAGACCGCTCCTACCGAGAAGCAGAGACCTTTARCTCCCARGTAGGACTC 786
Q N 6 @ 8B 6 5 YRE&AZETT FUHNSBOQUV LG L {260)
CCCATCTTATACTICTCTORGAGGCGEGAGCEGCTGETECTGCGTCCAGRAGTECTEGLT 840
P I L ¥ P S8 & R R E R L L L R P E ¥ L A {280}
GAGATTCCCCGECAGGCETTCACARTECARSCITEGET TARACCUCAGGGAGCGACASARC 300
E I P R E A F TV E AWV KPEGOG ¢ K {300}
AACCCAGCCATCATCGCAGGTOTCTTTEATARL TECTCCCACACTET CAGTGACAARGED 980
N p A I I A GV F D NCS3EHETUYVY S DZKSGS {320
TGGGLCCTEGEEATCOGOTCAGCAAARGACRAGGGARAGCERGATECTCEOTTCTTCTTC 1020
W 2 L ¢ I R 8 @ K D ¥ & KR B A R F ¥ F {340
TCCCTCTCCACCGACCGUGTCAACARAGCCACCATCTTGAT TAGUCACASTCGCTACCAR 1080
$ L ¢ TDURM& KX AT I L I 8§ HSZRTOQ {360)
CCACGCACATGGACCCATETECCASCCACTTACCATCGACCCCACATCECLUTUTATETG 1140
PG T W THV A AT Y DS RHEMNYMAEAL YV {380)
CATCGCACTCAGGTGECTACCAGTC TAGACCAGTCTEETCCCCTERACAGCCOUTICATS 1200
D 6T Q¢ VvV A2 & 8 L D O S 3 P L K S P F oM {400)

GCATCTTGCCECTCTTTOCTCCTOEGEEEAGAAGITCTCAGGATCGGCACTATTTCCGT 1260
A 8§ ¢C R S L L L & &€ D S 3 E D & B Y F R

GGACACCTIGEECACACTGETTTICTRETCEACCECCUTRCCACRABGCCATTTTCAGCAL 1320
¢ H L 6T L VY F W S5 T AL P Q 5 HF o H (440)

AGTTCTCAGCATTCAACTECEGAGEAGCAAGUGACTGACTTGE TCCTGACAGCGAGCTTT 1380
SSQHSSGEEEATDLVLTBSF {

CAGCOTOTGAACACAGAGTGEGTTCCCTTTAGRGATOAGAAGTACCCACCACTTEAGETT 1440
2 PV N T E WV P ¥ R D EX Y P R L EV (480}

CTCCAGGOCTTTEAGCCAGRGUCTGAGATTCIGTCGUUTTITECAGCUCUTACTCTETGEE i5c0
L ¢ 6 F E P E ¥ E I L & P L ¢ P P L C G (500}

CARACAGTCTETGACAATGTGEAATTCATCTCCTAGTACARTCGCATACTGECCCOTTCGE 1560
Q T VvV ¢ p NV E L I S8 QY N G Y W P L R

GGAGAGAAGGTGATACGUTACCAGGTEGTGAACATC TGTGATGATGAGGRCT TABACCCC 1620

G B K vV I R Y gV vV N I C DD EGEG L NP (540}
ATTCTGACTCAGERGCAGRITCOTCTGCAGCACGAGGCACTGARTGAGELCTTCRELCGT 1680
I v 8 B E Q I R L @ H E B L N E A F 3 R {560)
TACRACATCACCTCGUAGCTGAGCETCCACCAGETCCATAAT TCCACCITEUGRACACCGE 1740
Yy N I § W QL &V H Q V HN S T L R H R {580)
GITGTGCTTGTGARCTGTGAGCCCAGCARGATTGCUARTCACCATTGTGACCCCGAGTCT 1800

v vV L VN CE P E K I G NDHCCDUPEC (600}
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igure 4
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Figure 5
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Figure 6
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ATGATGTGCT
TCTGCOAACT
ARTCAGGTGS
GCTTCTCCAC

 CCLTACCCCG
GGRRAATGOTG
GCAGTTGAAG
CTGEEAGATSE
GGGATTCAGA
AACGARCCCA
GTGTGEAAGA
COTTGECCCR
CARAATGGTG
CCCATCTTAT
GAGATTCCCC

. AACCCAGCCA
TGEEGECCCTGG
TCCCTOTGCR
CCAGGCACAT
GATGGCRACTC
GCATCTTGCC
GGACACCTEG
AGTTCTCRGE
GAGCCTETGA
CTCCAGGGCT
CABACRGTC
GGAGAGRAGG
ATTGTGAGTG
TACRAACATCA
GTTCTSCTTS
GAGCACTCAC
TGEAACCGCA
GRACGGAGACT
TCACCCRAGA
ACTCACTTCC
ACCTEECCTT
TATTATGEOA
CTCTACCATG
RCAGTGICAT
GAZCTGTGCC
GCTCCGTTCA
RACCRAGTGG
AGARAGCCTA
ACTATCCACT
TETGECICTT
CGROTETETS
SETCRGCCOT
AACATEACEG
GTCCARGCC
CTCTTTGACA

ACTTICTGTG
RBRGTCTACA
CACAGTCCD

TTTGCCAGTEG
GICACRCCTG
GRAGCTTCGC
TCRGAGAGAC
BAGETATGTE
TATGAGGGAG
ATCTACROTC
GACPAGAAGEA
TCATACCATC
ACTGAARATG
GATGAGETTT
TTTTTGACAR
CTGACCGRTG
BATCCACTGA
STGCTECTGA
TCCCGCATTS
CRGGERCAGR
CTTGATCATG
ATCRCTTIGTC

TABAGATCCT
CTGAGCTGGG
TCTTGGARGE
AGCATCACCT
GGGGERGCA
TEAGCCTTGET
AGCCEGCIGT
ATGACGCTTA
ARGGCTCAGT
AACCAGAGARC
GECEGGCGGER
AGCATTCCCT
GAGAGGGCTC
ACTTCTCTGG
GGGAGGLGTT
TZATCGCAGS
GGATCCGUTIC
CCGACCGCGT
GGACCCATGT
ASGTGGCTRAG
GCTCTTTIGCT
GCACRCTGET
ATTCARAGTGG
ACACBGAGTG
TTGAGCCACA
GTGACARTGT
TGATACCCTA
AGGAGCRGAT
GCTGGCAGCT
TGBACTCTIGA
TCACAGGCTR
GGGRTGEGCT
GCTGCGACCC
GGGCATACAT
TCAACRTCTA
CGGATARGGA
TGCCTGECCA
TCTTTARAGE
CCATGGRAAC
GGGARCCAGA
CCAACTACAT
CCCGARATGCA
cceeenrece
GGCTGCCTLC
GCACTGARGA
ACTCCTICAGE
GCGAGCCAAG
TCCCOTELCC
ACACCCTCAC
CARGAGHTCT
ACATCCCACT
COTTTGATGR
TETECTCTEE

AAGBATAAGC
CTIGEACACGT
AGRBCGTTIGT
CTTTGCAGTC
RGRABTCCAT
TCCCCCRAGRC
CCOATGGETR
TCTCGECAAT
CATGGCTGCC
CCAAAGGRGE
AGRATGGGCAG
TARACRCORGE
CTACCGAGAR
GRGGCGGARG
CACAGTGGAA
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CTGGCGATTT
ARGARATCCT
TEECTGEEEE
TACCCCAGCA
CATACAGGAC
CTGACTGREA
GGGGATAGTC
CARRAAGATCCA
ACTACTACCA
GGLTGEGCCA
GGRGACTCCG
CTCAARRAGA
GCAGAGACCT
CGECTECTEC
GCCTGGGTTA

TETGTTTGAT
RGGGARGGAC
GBAGRRAGCC
GGCAGCCACE
CRETCTAGAL
COTGEGEEGA
TTTCTERETCE
GEAGGAGCAR
GGTTCCOTTT
GUCTGAGATT
GGAATTGATC
CCRGETGOTE
TCGTCTGCAG
GAGCGTCCAC
GCCCRGCARG
TGATAGGGET
CTGTCACRTG
CORGETGECT
GABTGTGARG
CTTTECCAGC

GCTGTCACT
CROCGACACT
AGTCAGTGRA
GOGAGACCTC
GCCCACTAGT
GAGCTACACH
TOGCTATTTG
CATTCCACCT
TATTAGTGGA
TEGEACCTTT
TTATTGGACC
COTBORGECT
CACRGRAGGC
COTETERRTC
GOTREARBAC
| CECCATCRAR
GAGGATRCAG
CTGCAGGCCT

ETTTGCCCGT
GACAGATGTA
CTCCTCTRAR
TGEGERGAAGE
BOCTGGAGER
BTGGCATATE
CCRAAGGATA
AGTETCCTET
CREGATTTACC
ARRCTCAGGH
GGCTCARAGT
CTCATGGCCT
TCCETGGARG
TTRTCAATGT
RTTTCTCATC
GTCTTTCGEC
GCTETATCCR
CTGATGTGET
LBAGGGGATT

GETEETGACA
TCAGTACCER
CCACRTTCAT
GTGTGATGAT
AGCTTTCARC
TGAACCTTTT
CTTGGATCAA
TTCCTTGETA
CAACCRCOGT
TGACAGBAGT
GUETTTCAAT
AGTTCCCGGEA
CARCCACICT
GACCCATTAC
CCCACGEETC
TCCCAGTRAL
TCEGCOCTET
GRACTGTECC
TGCOCTTIRG

AACTGCTCCC
BAGGGAAAGT
RCCATCTTGA
TACGATGGARC
CAGTCTGGTC
GACRGCTCTG
ACCGLCCTGC
GCGACTGACTY
LGAGATGAGR
CIGTCGCCTT
TCCCAGTACH
AACATCTGTG
CARCGAGGCAC
CAGGTCCACA
ATTGGCARTG
GACTGCCGCT
GAGTGTAACA
GATGTGCGCR
GAGCTGARGE
TCAGTECEGES
CACCTGERTG
ATGATCCATC
AGBGLRTCOT
TETGLCEACA
GARCACCIGTE
GATGRTARCT
GACCTAETCT
ATGGTCATCG
GTTGTATATG
CGTCAGTATG
CCAGAGGAGG
TGEGAGCCCTG
TGETAGCTTGG
ROTTCOTTOT
BAGGAGTCAG
CTGCACETEE
Eypiervielerte
GTGAGGTACC
CATTCTCACA
GTTCTAGCTG
GGAGCTCCTT
GGAGACCTTG
TETGTAGGAG
GAGRGRRARA
TGGGCTACCC
ACTGGAGARC
CCCCTAACYG
GARCAGCCAG
KRGRCCAGGAG
GRGCATCAGC
CTTGEARCCT
CAGAARTGTCC

GUATCTCAG
TGCATCTCAG
GGEERAGCAGG
TCTATAGGCC

GCCAGCAGTG
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TGGUTGGETE
TGGTTEAGAG
CCRRGETTCG
GCTGGGAR
GCRGCRARACT
ATCCAGCAGG
CTATTGGGCR
AGGAGTCTCT
CCGCCATTTT
AGTCCAGGCA
GTATCTCTTC
GTCCACCGGA
TTARCTCCCA
TECOTCCAGA
ARCCGGAGGG
ACACTGTCAG
GGGATGLTCGE
TTAGCCRCAG
GGCACATGGC
CCCTGARCAG
AGEATGGECA
CACAAAGCCA
TGETCCTGAC
AGTACCCACG
TGLCAGCCLCC
BTGEATACTG
RIGATGRGEE
TCRATGAEGC
ATTCCACLCT
ACCRTTGTER
TECAGGECLG
ACATGCTGAR
AGARCCTGCTT
RGELCCTECA
ABGACCTICC
GCATTGTCCT
BAGTGOGEEALR
GCRATGRCCC
CCGCCCTTAL
BOTTCALCTCG
SCRCTGACAR
ATCAGCAGTG

FIG.

GGCACTCTICT
GGAACRCCTG
RARAGACCCAGA
CTACCTRACGG
RGRCRCTGARA
ACTGARGGGGT
ATCTGRGITG
AGGTGAGGUC
CRCARCCCTG
GOGTCGLCRR
ACATTTCCAA
GGAAAGCAAC
AGTAGGACTG
AGTGCTGGCT
AGGACAGAAC
TEACBAAGEC
CITCTICTIC
TCECTACTRA
CCTGETRTCTG
CCCCTTCATG
CTATTICCGT
TTTTCAGCAC
AGCGAGCTTT
ACTTGAGGETT
ACTCTETEEG
BLOCCTTOGG
COTAAALCCT
CTTCAGCCGC
GUGACATCGE
CCCCEAGTGET
CTGCTACTCC
CRACTTTGAC
TGACCCTGAC
GCTGRACAGT
AGGTGCTGCC
CAGCCCAGCR
TOTTCTGGEA
CTGCARGGRG
TOCCARGAET
CTTCCCAGGG
CTTCACTCCT
GACTGEAARGC

GACAGACCAR AFRAGTCCOCTC

ACARGGGCCTC
TGCACRCAGT
CTGTCGGECT
RGGTCCACCT
AGCTGCTCTT
TCATGERETT
TCCACCIEEE
ATGECARGET
CACTCCIGAL
AGGTTITCCG
GGARCTTCAC
ARGUTIGGAGE
ATTETGGAGA
TGAGUGERGA
AGCCRAAGCCT
CCAGCRTTGT
GGGOTTACTC
CTCATTCCCT
GCTIGETITCC
ARGGTAGCCT
AGGCCAGAGC
AGCCGRCAGT
ATGGACTGTC
TTTTCCACCA
CTGTGGCTCT
RGGACGARGGE
ACAGCTGICC
CAGGTCTICAT
GGCAGTRCAT

BGECAGCTTE
TTCCTCCCEG
TCCTGATGIG
GTACCACRIG
CCARCACCCS
CTCGIAGRTC
CCCCTTAGAC
GTCREEECTE
TTCTTAGCCC
CORTCCOCCR
GGACCTGEAG
AGARCTEAGR
TCGOARGETG
TEECTGOTCC
TGCTACATG
AGACTGTGEC
CTCTCATGRA
AATTTGLACR
CTOTETTECC
GAAGARAGAG
AATTTITATT
GROTCTCTAL
ATGCCAGCAT
TACCACCTS
BAGCACATCT
GCAGRATCAT
GTCATTGCTG
GRAGTGTGCT
CAGGCCCATS
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FIG. 7B
CAGARGGARA TTCTGCTCAL ATGTTCTTOT GGBUACTGGGE ACCAGAATGT GAGLTGULTT 4380
CCCGTEGACT GCGOTCETTCC CGACCUGTCT TTGETGRACT ATGCAAALTT CTCCTGUICA 4440

GAGGGRACCA AATTTCTGAL ACGCTIGCICA ATCTCTTGIC TCCCRCCAGC CAAGCTGCAR 4500
GGACTGAGCC CATGGUIGAC ATGTCITGAR GATGETUICT GGICTCTCCC TGAAGTCTAC 4560
TECAAGTTGGE AGTAETGATGC TCCCCUTATT ATTCTGARTG CCBACTTGUT CCTGCCTCAC 4620
TGCCTCCAGGE ACAACCACGA CGTGGGCACC ATCTGCARAT ATGARTGURA ACCAGGGTAC 4580
TATGTGGCAG AAAGTGCAGA GGGTAABGTC AGGARCAAGC TCCTGARGLT ACARTGCCTG 4740
GAAGGTGGAA TCTGGGAGCA AGGCAGCTGC ATICCTSTGG TGIGTGAGCC ACCCCCFPCCT 4800
GIGTTTGAAG GCATGTATGA ATGTACCBAT GGCTTCAGCC TGGACAGCCLER GTGTEIGLTC 4360
AACTGTAACC AGCAACGTGA ARAGCTITCCC ATCOTCIGCH CTRAAGAGGE CCOTUTGGACC 4320
CAGGAGTTTA ACTTETETGA CGAATCTGCALE GGAGAATGCC CACCACCCCC CTCRAGRGCTIC 4380
AATTCTETSC AGTACABATG TGAACAAGGA TATGGGATTG GTGCAGIGTG TTCCCCATIC 5040
TETETRATCC CCCCCAGTGA CLCCGIGATG CTACCTGAGA ATATCAUIGC TGACAUTOIG 5100
GAGCACTGEA TGGAACCTGT CRAAGICCAG AGCATTCGTGT GCAUTGGCCG GCGTCRATGE 160
CACCCAGACC CCOTCTTAGT CCACTGCATC CAGTUATGTG AGCCUTICCR BGUAGATGGET 5220
TGCTETGACA CTATCAMACAL CCGAGUCTAC TGCCACTATG ACGGGGEAGA CTGCTGCICT 5280
TCCACAOTCT COTCCAAGAA GSTCATTCCA TTTGCTECTE ACTGTGACCT GGATGAGTGC 5340
ACOTGCOGEE ACCCCAAGEC AGRAGRAARAT CAGTAARUTGT GGGAAURRGC CLLTCLCCTCC 5400
ACTECCTCAG AGGCACTAAC ARAGAGAGGT CGACCCAGGE CGARACAAAG GOUTGARTGAA 5460
CAAGANCAAT CATCAAMNTGGC AAGAAGGAGG AAGAGCATGA AGGATCTITAT RAGAAATCGCR £520
AGAGGATATT CATAGSTGTG AACTAGTTCA TCAACTAGCC CAAGTAGGAG AGAATCATAC 5380
GCABAACTTT CTTTAARGTG GCAGTTGATT AACATGGBAG GGGABATATG ATAGATATAT 5640
AAGGACCCTC CTCCCTCACT TATATTCTAT TARATCUTIAT CCTCRACTCT TGCCCIGCTS 5700
TCCGCTCCAC CCCOTGECAR CTACTCAGTC CCACCCRACT TGTARACCAA TACCARBAATA 5760
CTAGAGCAGA ACTTCGGCAGG GATACTGTTA ATACCCATTT TGARTGGATT GCCATCTITC 5320
AGAGCTTCTC TQCTCTTAAC TGECTICTTTT TCTTTTIETG TAGTTTCCCT TAAATAATGA 5380
AGTTAGTTAT TAATTCTTTA TAEAGCTATTTA AACATAATTE TATAAATATA TTATATATAT 5840
TATATTTTTT GOTGTTTACT AAGCTAARBAR TTATTCATTC TTCCACACAT GUIGUTETCA 6000
ACTTCACATT CAAGATGAAT GITGAGACTT TGAGGACAGA AACGUARACTT ATTTITUCCAT 6060
CTTTCTATGE ATCCGOATTE GCAGGTTEAR TCGGAAGTAC AGAAGGAGAG AGACTAATTA §120
GATGGAATTC TCGATGCTAG CATGTAAAGZC TARTCATCTT TTTITITATG ACCIGEGAGC 6180
TGGGCCCATT TTATGACCAR GGRCATGGEG AGTTGGAARTG GTCGTACTAR GAGGCATAGE 6240
ARGTTGAGTE TGAATACCAT TGETGATGGG TCCAGGAGAR CTAGAUTATG GTTCUTTGAAT 6300
ATOTETCCAC AMAGAATATA CTAACTTTIG TCAACTTCTC AGARACTCCCA ACTGGRGICG 6360
GTGAGACCTA GGATTTTCTG CACTTCCACR CATGCCTGTT CCARGTGTGG CTGTCAGCCA 6420
GTCAACBAGT TTCTACTATG GCCCATTCTC TGATCACCAC GATTACAGGA ACTCACACAC 6480
TOOTCATACT TGRCCTGTAG TCCTACTTCT TOTTAGARGT CTCCABGTCT GGCCAGTCAC §540
ATCACCRAGT GTTGATITTT CTCCAGGAAR AATTTTATGLE ZAATCATATA GOGGARAGET 8500
GCGAGGAGAT GRAAGAACAG GCAACAGCTC TCAGGGTTAR AT{CAGGCCC GGGUATGAGR 5560
ATGGAAGTGE TCAGGGRGAEC TCGETCCTIC TTUCAMGTICT CCAMAGAAGA CUARAGTGGE 6720
TCCOTTGAGC ARTGAAGAAT CTGRCATARR TTUICTTCAR CTATCATGTA CAARATCIGT 6780
GAGCCAGAGE TTTTGACTIG AGCRARGCCAT GGRAATGCAT CGAGCAAGGG TGACACTCIC 6840
TGGGGAGACE GAAGAATTIC AARCTATTITAA TGTCCATITT GTITGTTTTTA CCCTTTCTITA 6900
TCCAATAGAT GGAATGCACA TGAARTGACC ATATTAAGCC TCTCTCTATT TACATCCUCAG 6960
GOTCACTGGG ATGTGATCTA CTGCAGITAC ATTTTCTIGT AACGGTTTCT GEATTAGACC 7020
CTAGGCAAAG TGAGTAAGSA GCCAGTTTCT CTTTAACATT CTAGTTTTAC TCATTTTACG 7080
AAGGCTOTGA GTGAGGOTTC TCTCOTTTAR AGTTTCTTCT CCAATGGARA CCAAGARCAG 7140
ACARARTTTE GAGCTCAGOT GIGCTCTCTT CTCATCTTCT SCTCTITTIGC TTTGACCACA 7200
GTTTTTCOTAD TCTTCCCATC RACACTAGAC CAATCGOTLT GCARATACCA ATAGGARATA 7260
CTACCACAAT GATAGAAATA TTATCCACAC TATCACGTAG GGAAGAACAR TATCCTGARA 7220
GAGAATRAAR CACGAATAAG GTGATGTACC CACATTAATC TGTCGGTITC TCGAATGAGE 7380
GTTECARAGET TATTGGEARR AGGAAAGAGC AGAGTTCACC CATTCARAAA BRACCTITIC 7440
TCTACTAATC TOTAGTHTAR AGRARATGTA GTTCAGATAC CATTCATTCT CTTCGGCTCAT 7500
GOTTAGTACC CCCBAGRAZA CARACATATT TATTCTTGGG ATTCTGATAG GCTTCAATAT 7580
GUBAAGGACE ATGGABBAGT TTAGACACTC TATTTTCABRL ATTTTATAAA CTTGTTTTAT 7520
TGGOGAAAAT GTCCARATTE CTAGACACAT TCTAACTTCT GCCTTGGAGA ATCCTACTIT 7680
GTOTGAGATT GAGGCASAGSE AATTGTTATC CTGGGCATTA CTCAGCTCAG GAACATGGAG 7746
COTETGETTC ATGCCASTCT CIOTCTICRT GCACTUTCTC CACAAGAGCA ACACTAAGAA 7800
CATTTCTGTT TTAAATTTCA TTITAMANTA TITIATTATC TGCAATTCAC CACTGCTLTE 7860
GGARAGCAAA AGGARAGTTC CTCTTCTGTG TGARGAGCCT CTTAGGUTAT AAGGCTTCCC 7920
LGCCATAGTC AGCTATAGCT ATTCAGAGAC ACCAGETTCT TCCAGICTTT GTTCCTGEGA 7980
COTCATCTTT TGAGCAACTC AGCTCACTGA TAARGTGGAA GGACTAAGAC ACTGTGSTCA 8040
CAGATCCCAG CRACATCAAC TCACACTCAA TCCATGTGGT GGTCCACATT CTGCTACTCT 8160
TATCOACCCE TGTGETCATT CAGAGCCTTT CTCAGAGACT CTTCIGIGTG TTTGATTGTC 8160
COCAGETCEC CCAGECEOTAS CTGECTCTAZ CARACTAGCAT GACAGCUTCC AATCAGARLG 8220
CUAGGTAAGG GCACAGGGTG ACCAGBATCS GCAGATACTG ACAGAARTTA AAGTAAAGGE 8280
ATTGTGAAAG TARAGAGOTC TTCCIGATTC TCATCTTCTC TTTTTTCTAT TACARGGUAT 8340
TGAACTTGGEC ACTTCCTGTA TTCTTTCTGA TCACTATTCA CTCCATTAST TAACACCCAA 84C0
GGGEATGECT TGATTGGEAR TOTACTCAAZ CCAGCTGATC TACTGTATTC TAATGTARAA 8460
CAGOTRCAGC CAGTTATTTT GTAAGATTAT BAGTTGTTCA TTAARARATC AGCACACAAA 8520
ATATGEAR B527
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METHOD OF DIAGNOSING A CLINICAL
CONDITION BY DETECTION OF A
PAPP-A/PROMBP COMPLEX

FIELD OF THE INVENTION

[0001] The present invention relates to a novel polypeptide
with homology to pregnancy-associated plasma protein-A
(PAPP-A). The novel polypeptide according to the invention
is denoted PAPP-A2. The invention further relates to novel
polynucleotides comprising a nucleic acid sequence encod-
ing such a polypeptide, or a fragment thereof.

[0002] The invention further relates to methods for using
the novel polynucleotides, including fragments thereof as
defined herein below, and methods for using the novel
polypeptides capable of being produced from such poly-
nucleotides.

[0003] The invention also relates to expression and purifi-
cation of recombinant PAPP-A2, and to production of poly-
clonal and monoclonal antibodies against PAPP-A2, and to
the purification of native PAPP-A2 from human tissues or
body fluids.

[0004] In further aspects the invention relates to uses of
PAPP-A2 as a marker for pathological states, and as a thera-
peutic target for drugs that modify the proteolytic activity of
PAPP-A2 in pregnant as well as non-pregnant individuals.

BACKGROUND OF THE INVENTION
Pregnancy-Associated Plasma Protein-A (PAPP-A)

[0005] PAPP-A was first isolated in 1974 from pregnancy
serum along with other proteins believed to be of placental
origin (Lin et al., 1974, Am J Obstet Gynecol 118, 223-36).
The concentration in serum reaches about 50 mg/liter at the
end of pregnancy (Folkersen et al., 1981. Am J Obstet
Gynecol 139, 910-4: Oxvig et al., 1995, J Biol Chem 270,
13645-51). PAPP-A was originally characterized as a high
molecular weight homotetramer (Bischol, 1979, Arch
Gynecol 227, 315-26; Lin et al., 1974, Am J Obstet Gynecol
118, 223-36; Sinosich, 1990, Electrophoresis 11, 70-8), but it
has now been demonstrated that PAPP-A primarily exists in
pregnancy serum and plasma as a covalent, heterotetrameric
2:2 complex with the preform of eosinophil major basic pro-
tein (proMBP), PAPP-A/proMBP (Oxvig et al., 1993, J Bio/
Chem 268, 12243-6). Only about 1% of PAPP-A in pregnancy
serum and plasma is present as a homodimer, as recently
demonstrated (Overgaard et al., 2000, J Biol Chem). The
existence of the PAPP-A/proMBP complex was revealed, in
part, by the isolation of a PAPP-A and a proMBP peptide,
linked together by a disulfide bond, from a digest of purified
PAPP-A/proMBP (Oxvig et al., 1993, J Biol Chem 268,
12243-6).

[0006] The subunits of the PAPP-A/proMBP complex can
be irreversibly separated by reduction of disulfide bonds and
denaturation (Oxvig etal., 1993, J Biol Chem 268, 12243-6).
In reducing SDS-PAGE, the PAPP-A subunit has an apparent
molecular weight of 200 kDa (Oxvig et al., 1994, Biochim
Biophys Acta 1201, 415-23), and its 1547-residue sequence is
known from cloned cDNA (Kristensen et al., 1994, Biochem-
istry 33,1592-8). PAPP-A is synthesized as a pre-pro-protein
(preproPAPP-A); including a 80-residue pre-pro-piece
(Haaning et al., 1996, Fur J Biochem 237, 159-63). No pro-
teins with global homology to PAPP-A has been reported in
the literature, but PAPP-A contains sequence motifs, includ-
ing an elongated zinc binding motif (HEXXHXXGXXH) at
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position 482-492 (numbering according to Kristensen et al.,
1994, Biochemistry 33, 1592-8). This motif and a structurally
important methionine residue, also thought to reside in
PAPP-A at position 556, are strictly conserved within the
metzincins, a superfamily of zinc peptidases: astacins, ada-
malysins (or reprolysins), serralysins and matrixins (matrix
metalloproteinases or MMP’s) (Bode et al., 1993, FEBS Lett
331, 134-40; Stacker et al., 1995, Protein Sci 4, 823-40).
[0007] The proMBP subunit has a calculated peptide mass
of 23 kDa (Barker et al., 1988, J Exp Med 168, 1493-§;
McGrogan et al., 1988, J Exp Med 168, 2295-308). In SDS-
PAGE, however, proMBP migrates as a smear of 50-90 kDa
that is not visible in Coomassie-stained gels (Oxvig et al.,
1993, J Biol Chem 268, 12243-6), probably due to its strong
and unusual glycosylation (Oxvig et al., 1994, Biochem Mol
Biol Int 33,329-36; Oxvig et al. 1994, Biochim Biophys Acta
1201,415-23). PAPP-A and proMBP are both produced in the
placenta during pregnancy, but mainly in different cell types
as shown by in situ hybridization (Bonno et al., 1994, Lab
Invest 71, 560-6). Analyses by RT-PCR revealed that bath
PAPP-A and proMBP mRNA are present in several reproduc-
tive and nonreproductive tissues, although the levels are
lower than in the placenta (Overgaard et al., 1999, Biol
Reprod 61, 1083-9).

Clinical Use of PAPP-A

[0008] Clinically, depressed serum levels of PAPP-A are
increasingly being used as a predictor of Down’s syndrome
pregnancies (Brambatietal., 1993, BrJ Obstet Gynaecol 100,
324-6, Haddow et al. 1998. N Eng/ J Med 338, 955-61; Wald
etal., 1992, Bmi305,28; Waldetal., 1999, N Engl J Med 341,
461-7), and it has been shown that PAPP-A serum levels are
also depressed in other fetal abnormalities (Biagiotti et al.,
1998, Prenat Diagn 18, 907-13; Spencer et al., 2000, Prenat
Diagn 20, 411-6; Westergaard et al., 1983, Prenat Diagn 3,
225-32).

[0009] Further, the synthesis of PAPP-A in smooth muscle
cells of the coronary artery following angioplasty is increased
(Bayes-Genis et al., 2000, Arterioscler Thromb Vaso Biol, in
press), which is currently being evaluated for potential clini-
cal value. Data show that measurements of proMBP in preg-
nancy serum also have a diagnostic value (Christiansen et al.,
1999, Prenat Diagn 19, 905-10).

Proteolytic Activity of PAPP-A: Cleavage of IGFBP-4

[0010] Only recently, the putative metalloproteinase activ-
ity of PAPP-A has been experimentally confirmed (Lawrence
etal., 1999, Proc Natl Acad Sci USA 96, 3149-53). PAPP-A
was partially purified from human fibroblast-conditioned
medium (HFCM) and shown to be responsible for the pro-
teolytic activity of HFCM against insulin-like growth factor
binding protein (IGFBP)-4. IGFBP’s, of which six have been
described, are important modulators of IGF-I and -11 activity
(Fowlkes, 1997, Trends Endocrinol Metab 8, 299-300;
Rajaram et al., 1997, Endocr Rev 18, 801-31).

[0011] IGF-I and -II are essential polypeptides with potent
anabolic and mitogenic actions both in vivo and in vitro. IGF
bound to IGFBP-4 cannot interact with its receptor, but bio-
active IGF is released once the binding protein is cleaved.
Interestingly, cleavage of IGFBP-4 by PAPP-A strictly
requires the presence of IGF (Conover et al., 1993, J Clir
Invest 91,1129-37; Lawrence et al., 1999, Proc Natl Acad Sci
US4 96, 3149-53), PAPP-A secretion has also been demon-
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strated from osteoblasts and marrow stromal calls (Lawrence
et al., 1999, Proc Natl Acad Sci USA 96, 3149-53), from
granulosa cells (Conover et al,, 1999, J Clin Endocrinol
Metab 84, 4742-5), and from vascular smooth muscle cells
(Bayes-Genis et al., 2000, Arterioscler Thromb Vasc Biol. in
press), all of which have known IGF-dependent IGFBP-4
proteinase activity.

IGFBP-5

[0012] Like IGFBP-4, IGFBP-5 cleavage has been widely
reported to occur by unidentified proteinases is a number of
tissues and conditioned media (Hwa et al., 1999, Endocr Rev
20,761-87).

SUMMARY OF THE INVENTION
Pregnancy-Associated Plasma Protein-A2

[0013] The novel nucleic acid according to the invention
has been isolated from human placenta and characterised by
means of sequencing analysis. The novel nucleotide sequence
encodes a new polypeptide, PAPP-A2.

[0014] The amino acid sequence of PAPP-A2 is composed
of a 233-residue pre-pro-piece and a 1558-residue mature
portion. The mature portion of PAPP-A2 is homologous With
the mature portion of PAPP-A (approx. 45% identity), but the
prepro-pieces do not show any similarity between the two
proteins. Like PAPP-A, PAPP-A2 contains conserved amino
acid stretches that classify it as a putative metalloproteinase
of the metzincin superfamily.

[0015] PAPP-A2 has been expressed in a mammalian
expression system, and it has been demonstrated that PAPP-
A2 is an active enzyme. Further, it has been shown that
PAPP-A2 cleaves IGFBP-5, Insulin Like Growth Factor
Binding Protein 5. In comparison, the cleavage of IGFBP-4
by PAPP-A has previously been demonstrated.

[0016] A complementary DNA (¢cDNA) which encodes the
full length form of PAPP-A2 is identified, sequenced and
isolated. The ¢cDNA or portions of the cDNA is cloned into
expression vectors for expression in a recombinant host. The
¢DNA is useful to produce recombinant full-length PAPP-A2
or fragments of PAPP-A2. The cDNA and the recombinant
PAPP-A2 protein derived therefrom are useful in the produc-
tion of antibodies, diagnostic kits, laboratory reagents and
assays.

[0017] The ¢cDNA and the recombinant PAPP-A2 protein
may also be used to identify compounds that affect PAPP-AZ
function. PAPP-A2 antisense oligonucleotides or antisense
mimetics may be clinically useful for reducing the expression
of PAPP-A2 protein and thereby antagonizing the effects of
PAPP-A. Similarly, the PAPP-A2 coding sequence can be
used for gene therapy to introduce PAPP-A2 into target cells
thereby enhancing the effects of PAPP-A2.

[0018] The invention furthermore pertains to PAPP-A2 for
use as a therapeutic target for the reduction or elimination of
IGFBP-5 proteolytic activity in a cell.

[0019] It is furthermore an objective of the present inven-
tion to provide methods for use of PAPP-A2 for diagnostic
purposes.

[0020] Other features and advantages of the invention will
be apparent from the following drawings and description
hereof, from the following detailed description, and from the
claims.

DEFINITIONS

[0021] As used herein, PAPP-A2 refers to an isolated
PAPP-A2 polypeptide having the amino acid sequence listed
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in FIG. 1 (SEQ ID NO:2), or a variant thereof as defined
herein. The PAPP-A2 according to the invention, or a variant
thereof, may be produced by recombinant DNA technology,
or the PAPP-A2 may be naturally occurring.

[0022] A PAPP-A2 encoding nucleotide sequence refers to
an isolated nucleic acid having the sequence listed in FIG. 1
(SEQ ID NO:1), or a variant thereof as defined herein.
[0023] “Active” refers to those forms of PAPP-A2 which
retain the biological and/or immunological activities of any
naturally occurring PAPP-A2.

[0024] “Naturally occurring PAPP-A2” refers to PAPP-A2
produced by human cells that have not been genetically engi-
neered and specifically contenplates various PAPP-A2s aris-
ing from post-translational modifications of the polypeptide
including but not limited to acetylation, carboxylation, gly-
cosylation, phosphorylation, lipidation, acylation, or com-
plex formation, covalent or noncovalent, with other polypep-
tides.

[0025] An “isolated polypeptide™ is a protein, or a variant
or fragment thereof, which constitutes 90% or more of the
protein contents of a given preparation as evaluated by stan-
dard methods known in the art of protein chemistry.

[0026] “Derivative” refers to polypeptides derived from
naturally occurring PAPP-A2 by chemical modifications
such as ubiquitination, labeling (e.g., with radionuclides,
various enzymes, etc.), pegylation (derivatization with poly-
ethylene glycol), or by insertion (or substitution by chemical
synthesis) of amino acids (amino acids) such as ornithine,
which do not normally occur in human proteins.

[0027] “Recombinant variant” refers to any polypeptide
differing from naturally occurring PAPP-A2 by amino acid
insertions, deletions, and substitutions, created using recom-
binant DNA techniques. Guidance in determining which
amino acid residues may be replaced, added or deleted with-
out abolishing activities of interest, such as proteolytic activ-
ity or cell adhesion, may be found e.g. by comparing parts of
the sequence of PAPP-A2 with structurally similar proteins
(e.g. other metzincin family proteinases), with locally
homologous proteins of known disulfide structure, or by sec-
ondary structure predictions.

[0028] Preferably, amino acid “substitutions” are the result
of replacing one amino acid with another amino acid having
similar structural and/or chemical properties, such as, but not
limited to, the replacement of a leucine with an isoleucine or
valine, replacement of an aspartate with a glutamate, or
replacement with a threonine with a serine, i.e., conservative
amino acid replacements. Further examples and definitions
falling within the meaning of the term “substitutions™ as
applied herein are provided in the detailed description of the
invention herein below.

[0029] Amino acid “insertions™ or “deletions” are typically
in the range of from about 1 amino acid to about 50 amino
acids, such as from about 1 amino acid to about 20 amino
acids, for example from about 1 amino acid to about 20 amino
acids, such as from about 1 amino acid to about 10 amino
acids. The variation allowed may be experimentally deter-
mined by systematically making insertions, deletions, or sub-
stitutions of amino acids in a PAPP-A2 molecule using
recombinant DNA techniques and assaying the resulting
recombinant variants for activity.

[0030] Where desired, a “signal or leader sequence” can
direct the polypeptide (full length PAPP-A2, or portions of
the PAPP-A2 polypeptide) through the membrane of a cell.
Such a sequence may be naturally present on the polypeptides
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of the present invention or provided from heterologous pro-
tein sources by recombinant DNA techniques.

[0031] A polypeptide “fragment™, “portion”, or “segment”
is a stretch of amino acid residues of at least about 5 amino
acids, often at least about 7 amino acids, typically at least
about 9 to 13 amino acids, such as at least about 17 or more
amino acids in various embodiments. It may also be a longer
stretch of residues up to intact PAPP-A2 in length. To be
active, any PAPP-A2 polypeptide or PAPP-A2 polypeptide
fragment must have sufficient length to display biologic and/
or immunologic activity on their own, or when conjugated to
a carrier protein such as keyhole limpet hemocyanin.

[0032] An “oligonucleotide” or polynucleotide “frag-
ment”, “portion”, or “segment” is a stretch of the PAPP-A2
encoding sequence which is useful in the expression of PAPP-
A2 polypeptide fragments. It may also be a stretch of nucle-
otide residues capable of being used in a polymerase chain
reaction (PCR) or a hybridization procedure, typically for
amplifying or revealing related parts of mRNA or DNA mol-
ecules. In particular, one or both oligonucleotide probes will
comprise sequence that is identical or complementary to a
portion of PAPP-A2 where there is little or no identity or
complementarity with any known or prior art molecule. For
this purpose, such oligonucleotide probes will generally com-
prise between about 10 nucleotides and 50 nucleotides, and
preferably between about 15 nucleotides and about 30 nucle-
otides.

[0033] “Animal” as used herein may be defined to include
human, domestic or agricultural (cats, dogs, cows, sheep, etc)
or test species (mouse, rat, rabbit, etc).

[0034] “Recombinant” may also refer to a polynucleotide
which encodes PAPP-A2 and is prepared using recombinant
DNA techniques. The DNAs which encode PAPP-A2 may
also include allelic or recombinant variants and mutants
thereof.

[0035] “Nucleic acid probes™ are prepared based on the
cDNA sequences which encode PAPP-A2 provided by the
present invention. Nucleic acid probes comprise portions of
the sequence having fewer nucleotides than about 6 kb, usu-
ally fewer than about 1 kb. After appropriate testing to elimi-
nate false positives, these probes may be used to determine
whether mRNAs encoding PAPP-A2 are present in a cell or
tissue or to isolate similar nucleic acid sequences from chro-
mosomal DNA extracted from such cells or tissues as
described in (Walsh et al., 1992, PCR Methods Appl 1, 241-
50). Probes may be derived from naturally occurring or
recombinant single- or double-stranded nucleic acids or be
chemically synthesized. They may be labeled by nick trans-
lation, Klenow fill-in reaction, PCR or other methods well
known in the art. Probes of the present invention, their prepa-
ration and/or labeling are elaborated in (Sambrook et al.,
1989); or (Ausubel et al., 1989).

[0036] Alternatively, recombinant variants encoding these
PAPP-A2 or similar polypeptides may be synthesized or
selected by making use of the “redundancy” in the genetic
code. Various codon substitutions, such as the silent changes
which produce various restriction sites, may be introduced to
optimize cloning into a plasmid or viral vector or expression
in a particular prokaryotic or eukaryotic system. Mutations
may also be introduced to modify the properties of the
polypeptide, including but not limited to activity, interchain
affinities, or polypeptide degradation or turnover rate. One
example involves inserting a stop codon into the nucleotide
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sequence to limit the size of PAPP-A2 so as to provide a
molecule of smaller molecular weight.

[0037] “Expression vectors” are defined herein as DNA
sequences that are required for the transcription of cloned
copies of genes and the translation of their mRNAs in an
appropriate host. Such vectors can be used to express eukary-
otic genes in a variety of hosts such as bacteria, yeast, blue-
green algae, plant cells, insect cells and animal cells.

[0038] The term “antibody” as used herein includes both
polyclonal and monoclonal antibodies, as well as fragments
thereof, such as, Fv, Fab and F(ab)2 fragments that are
capable of binding antigen or hapten. It includes conventional
murine monoclonal antibodies as well as human antibodies,
and humanized forms of non-human antibodies, and it also
includes ‘antibodies’ isolated from phage antibody libraries.
[0039] “Ribozymes” are enzymatic RNA molecules
capable of catalyzing the specific cleavage of RNA. The
mechanism of ribozyme action involves sequence specific
hybridization of the ribozyme molecule to complementary
target RNA, followed by a endonucleolytic cleavage. Within
the scope of the invention are engineered hammerhead motif
ribozyme molecules that specifically and efficiently catalyze
endonucleolytic cleavage of PAPP-A2 RNA sequences. Spe-
cific ribozyme cleavage sites within any potential RNA target
are initially identified by scanning the target molecule for
ribozyme cleavage sites which include the following
sequences, GUA, GUU and GUC. Once identified, short
RNA sequences of between fifteen (15) and twenty (20) ribo-
nucleotides corresponding to the region of the target gene
containing the cleavage site may be evaluated for predicted
structural features such as secondary structure that may ren-
der the oligonucleotide sequence unsuitable. The suitability
of candidate targets may also be evaluated by testing their
accessibility to hybridization with complementary oligo-
nucleotides, using ribonuclease protection assays.

DETAILED DESCRIPTION OF THE INVENTION

Isolation of a Nucleotide Sequence Encoding PAPP-
A2

[0040] Thepresentinventionin one aspect relates to anovel
c¢DNA sequence encoding a protein with global homology to
pregnancy-associated plasma protein-A (PAPP-A). This pro-
tein has been denoted PAPP-A2. The complete nucleotide
sequence of PAPP-A2 has been obtained from mRNA iso-
lated from human placenta (Example 1). The complete nucle-
otide sequence (SEQ ID NO:1) and translated amino acid
sequence (SEQ ID NO:2)of PAPP-A2 are both shown in FIG.
1

[0041] Homology of PAPP-A2 with PAPP-A is evident
upon alignment of the two amino acid sequences as shown in
FIG. 3. PAPP-A2 and PAPP-A share approximately 45% of
their amino acid residues. Sequence motifs known to be
important for the function of PAPP-A (Kristensen et al., 1994,
Biochemistry 33, 1592-8; Lawrence et al., 1998, Proc Natl
Acad Sci USA 96, 3149-53; Overgaard et al. 2000, J Biol
Chem) are also found in PAPP-A2. Principally, PAPP-A2
contains an elongated zinc binding motif (HEXX-
HXXGXXH, amino acids shown by one letter code) at posi-
tion 733-743 (F1G. 2). This motifand a structurally important
methionine residue, are strictly conserved within the metz-
incins, a superfamily of zinc peptidases (Bode et al. 1993,
FEBS Lett 331, 134-40; Stocker et al., 1995. Protein Sci 4,
823-40).
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[0042] Like PAPP-A, PAPP-A?2 is synthesized as a prepro-
protein. PreproPAPP-A2 has 1791 amino acids (FIG. 1).
There is no homology between the prepro-portions of
PAPP-A and PAPP-A2. Further. the prepro-portions of the
two proteins differ significantly in length. The PAPP-A2 pre-
pro-peptide has 233 residues (FIG. 3); the PAPP-A prepro-
peptide has 80 residues (Haaning et al., 1996, Fur J Biochem
237, 159-63).

Uses of the Nucleotide Sequence Encoding PAPP-A2

[0043] The nucleotide sequence encoding PAPP-A2 (or its
complement) have numerous applications in techniques
known to those skilled in the art of molecular biology. These
techniques include use as hybridization probes, use in the
construction of oligomers for PCR, use in the recombinant
production of PAPP-A2 or fragments hereof, and use in gen-
eration of anti-sense DNA or RNA, their chemical analogs
(e.g. PNA or LNA) and the like. Uses of nucleotides encoding
PAPP-A2 disclosed herein are exemplary of known tech-
niques and are not intended to limit their use in any technique
known to aperson of ordinary skill in the art. Furthermore, the
nucleotide sequences disclosed herein may be used in
molecular biology techniques that have not yet been devel-
oped, provided the new techniques rely on properties of
nucleotide sequences that are currently known, e.g., the triplet
genetic code, specific base pair interactions, etc.

[0044] It will be appreciated by those skilled in the art that
as a result of the degeneracy of the genetic code, a multitude
of PAPP-A2-encoding nucleotide sequences, some bearing
minimal homology to the nucleotide sequence of any known
and naturally occurring gene may be produced. The invention
has specifically contemplated each and every possible varia-
tion of nucleotide sequence that could be made by selecting
combinations based on possible codon choices. These com-
binations are made in accordance with the standard triplet
genetic code as applied to the nucleotide sequence of natu-
rally occurring PAPP-A2, and all such variations are to be
considered as being specifically disclosed.

[0045] Although the nucleotide sequences which encode
PAPP-A2 and/or its variants are preferably capable ofhybrid-
izing to the nucleotide sequence of the naturally occurring
PAPP-A2 under stringent conditions, it may be advantageous
to produce nucleotide sequences encoding PAPP-A2 or its
derivatives possessing a substantially different codon usage.
Codons can be selected to increase the rate at which expres-
sion of the peptide occurs in a particular prokaryotic or
eukaryotic expression host in accordance with the frequency
with which particular codons are utilized by the host. Other
reasons for substantially altering the nucleotide sequence
encoding PAPP-A2 and/or its derivatives without altering the
encoded amino acid sequence include the production of RNA
transcripts having more desirable properties, such as a greater
half-life, than transcripts produced from the naturally occur-
ring sequence.

[0046] Nucleotide sequences encoding PAPP-A2 may be
joined to a variety of other nucleotide sequences by means of
well established recombinant DNA techniques (Sambrook et
al., 1989). Useful nucleotide sequences for joining to PAPP-
A2 include an assortment of cloning vectors, e.g., plasmids,
cosmids, lambda phage derivatives, phagemids, and the like,
that are well known in the art. Vectors of interest include
expression vectors, replication vectors, probe generation vec-
tors, sequencing vectors, and the like. In general, vectors of
interest may contain an origin of replication functional in at
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least one organism, convenient restriction endonuclease sen-
sitive sites, and selectable markers for the host cell.

[0047] Another aspect of the subject invention is to provide
for PAPP-A2-specific nucleic acid hybridization probes
capable of hybridizing with naturally occurring nucleotide
sequences encoding PAPP-A2. Such probes may also be used
for the detection of similar PAPP-A2 encoding sequences and
should preferably contain at least 50% of the nucleotides
from the conserved region or active site. The hybridization
probes of the subject invention may be derived from the
nucleotide sequences of the SEQ ID NO:1 or from genomic
sequences including promoters, enhancer elements and/or
possible introns of the respective naturally occurring PAPP-
A2. Hybridization probes may be labeled by a variety of
reporter groups, including radionuclides such as 32P or 358,
or enzymatic labels such as alkaline phosphatase coupled to
the probe via avidin/biotin coupling systems, and the like.
[0048] PCR as described (U.S. Pat. Nos. 4,683,195; and
4,965.188) provides additional uses for oligonucleotides
based upon the nucleotide sequence which encodes PAPP-
A2. Such probes used in PCR may be of recombinant origin,
may be chemically synthesized, or a mixture of both and
comprise a discrete nucleotide sequence for diagnostic use or
a degenerate pool of possible sequences for identification of
closely related genomic sequences.

[0049] Other means of producing specific hybridization
probes for PAPP-A2 DNAs include the cloning of nucleic
acid sequences encoding PAPP-A2 or PAPP-A?2 derivatives
into vectors for the production of mRNA probes. Such vectors
are known in the art and are commercially available and may
be used to synthesize RNA probes in vitro by means of the
addition of the appropriate RNA polymerase as T7 or SP6
RNA polymerase and the appropriate radioactively labeled
nucleotides.

[0050] It is possible to produce a DNA sequence, or por-
tions thereof, encoding PAPP-A2 and their derivatives
entirely by synthetic chemistry, after which the gene can be
inserted into any of the many available DNA vectors using
reagents, vectors and cells that are known in the art at the time
of the filing of this application. Moreover, synthetic chemis-
try may be used to introduce mutations into the PAPP-A2
sequences or any portion thereof.

[0051] The nucleotide sequence can be used in an assay to
detect disease associated with abnormal levels of expression
of PAPP-A2. The nucleotide sequence can be labeled by
methods known in the art and added to a fluid or tissue sample
from a patient under hybridizing conditions. After an incuba-
tion period, the sample is washed with a compatible fluid
which optionally contains a dye (or other label requiring a
developer) if the nucleotide has been labeled with an enzyme.
After the compatible fluid is rinsed off, the dye is quantitated
and compared with a standard. Alternatively, levels of PAPP-
A2 mRNA can be measured by micro array techniques using
immobilized probes. Expression in samples can also be
evaluated by (semi-quantitative) RT-PCR. Expression in
samples can alternatively be evaluated by techniques based
on hybridization. For example, in situ hybridization can be
used to detect PAPP-A2 mRNA. This technique has the
advantage that it locates the cells that synthesize the mRNA,
but also is less sensitive than RT-PCR.

[0052] Included in the scope of the invention are oligoribo-
nucleotide sequences, that include antisense RNA and DNA
molecules and ribozymes that function to inhibit translation
of PAPP-A2. Antisense techniques are known in the art and
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may be applied herein. Both antisense RNA and DNA mol-
ecules and ribozymes of the invention may be prepared by any
method known in the art for the synthesis of RNA molecules.
These include techniques for chemically synthesizing oli-
godeoxyribonucleotides well known in the art such as for
example solid phase phosphoramidite chemical synthesis.
Alternatively, RNA molecules may be generated by in vitro
and in vivo transcription of DNA sequences encoding the
antisense RNA molecule. Such DNA sequences may be
incorporated into a wide variety of vectors which incorporate
suitable RNA polymerase promoters such as the T7 or SP6
polymerase promoters. Alternatively, antisense cDNA con-
structs that synthesize antisense RNA constitutively or induc-
ibly, depending on the promoter used, can be introduced
stably into cell lines.

[0053] The invention also relates to unknown PAPP-A2
genes isolated from other species and alleles of the PAPP-A2
gene, in which PAPP-A2 orthologues or homologues exists.
A bacteriophage ¢cDNA library may be screened, under con-
ditions of reduced stringency, using a radioactively labeled
fragment of the human PAPP-A2 clone described herein.
Alternatively the human PAPP-A2 sequence can be used to
design degenerate or fully degenerate oligonucleotide probes
which can be used as PCR probes or to screen bacteriophage
¢DNA libraries. The PCR product may be subcloned and
sequenced to insure that the amplified sequences represent
the PAPP-A2 sequences. The PCR fragment may be used to
isolate a full length PAPP-A2 clone by radioactively labeling
the amplified fragment and screening a bacteriophage cDNA
library. Alternatively, the labeled fragment may be used to
screen a genomic library. For a review of cloning strategies
which may be used, see e.g., (Ausubel et al., 1989; Sambrook
etal., 1989).

Expression of Recombinant PAPP-A2

[0054] In order to express a biologically active proteinase,
the nucleotide sequence coding for the protein, or a functional
equivalent, can be inserted into an appropriate expression
vector, i.e., a vector which contains the necessary elements
for the transcription and translation of the inserted coding
sequence. For example, recombinant protein can be used for
immunization to obtain antibodies, as a laboratory reagent,
and in diagnostic kits.

[0055] More specifically, methods which are well known to
those skilled in the art can be used to construct expression
vectors containing the PAPP-A2 sequence and appropriate
transcriptional/translational control signals. These methods
include in vitro recombinant DNA techniques, synthetic tech-
niques and in-vivo recombination/genetic recombination.
See e.g., the techniques described in (Ausubel et al., 1989;
Sambrook et al., 1989).

[0056] Further, expression vectors containing fragments of
the PAPP-A2 encoding sequence may also be constructed. In
particular, this may be relevant for the use of portions of the
PAPP-A2 polypeptide as an antigen for immunization. In
addition, the coding sequence of PAPP-A2 or fragments
hereof may be cloned in frame with a coding nucleotide
sequence present in the vector to result in a fusion protein or
a ‘tagged” PAPP-A2 protein. For example, such a fusion
protein may be composed of PAPP-A2 and GST, and such tag
may be a c-myc tag (for detection) and/or a histidine tag (for
purification).

[0057] A variety of host-expression vector systems may be
utilized to express the PAPP-A2 coding sequence or frag-
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ments hereof. These include but are not limited to microor-
ganisms such as bacteria transformed with recombinant bac-
teriophage DNA, plasmid DNA or cosmid DNA expression
vectors containing the PAPP-A2 coding sequence; yeast
transformed with recombinant yeast expression vectors con-
taining the PAPP-A2 coding sequence: insect cell systems
infected with recombinant virus expression vectors (e.g.,
baculovirus) containing the PAPP-A2 coding sequence; plant
cell systems infected with recombinant virus expression vec-
tors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic
virus, TMV) or transformed with recombinant plasmid
expression vectors (e.g., Ti plasmid) containing the PAPP-A2
coding sequence; or animal cell systems infected with recom-
binant virus expression vectors (e.g., adenovirus, vaccinia
virus, human tumor cells) including cell lines engineered to
contain multiple copies of the PAPP-A2 DNA either stably
amplified (CHO/dhfr) or unstably amplified in double-
minute chromosomes (e.g., murine cell lines).

[0058] The expression elements of these systems vary in
their strength and specificities. Depending on the host/vector
system utilized, any of a number of suitable transcription and
translation elements, including constitutive and inducible
promoters, may be used in the expression vector. For
example, when cloning in bacterial systems, inducible pro-
moters such as pL of bacteriophage lambda, plac, ptrp, ptac
(ptrp-lac hybrid promoter) and the like may be used; when
cloning in insect cell systems, promoters such as the bacu-
lovirus polyhedron promoter may be used; when cloning in
plant cell systems, promoters derived from the genome of
plant cells (e.g., heat shock promoters; the promoter for the
small subunit of RUBISCO; the promoter for the chlorophyll
a/b binding protein) or from plant viruses (e.g., the 35S RNA
promoter of CaMV; the coat protein promoter of TMV) may
be used; when cloning in mammalian cell systems, promoters
derived from the genome of mammalian cells (e.g., metal-
lothionein promoter) or from mammalian viruses (e.g., the
CMYV promoter, the adenovirus late promoter; the vaccinia
virus 7.5K promoter) may be used; when generating cell lines
that contain multiple copies of the PAPP-A2 DNA SV40-,
BPV- and EBV-based vectors may be used with an appropri-
ate selectable marker.

[0059] The expression vector may be introduced into host
cells via any one of a number of techniques including but not
limited to transformation, transfection, infection, protoplast
fusion, and electroporation. The expression vector-contain-
ing cells are clonally propagated and individually analyzed to
determine whether they produce PAPP-A2 protein. Identifi-
cation of PAPP-A2 expressing host cell clones may be done
by several means, including but not limited to immunological
reactivity with anti-PAPP-A2 antibodies, and the presence of
host cell-associated PAPP-A2 activity.

[0060] Inbacterial systems, a number of expression vectors
may be advantageously selected depending upon the use
intended for the PAPP-A2 expressed. For example, when
large quantities of PAPP-A2 are to be produced, vectors
which direct the expression of high levels of fusion protein
products that are readily purified may be desirable. Such
vectors include but are not limited to the E. coli expression
vector pUR278 (Ruther and Muller-Hill, 1983, Embo J 2,
1791-4), in which the PAPP-A2 coding sequence may be
ligated into the vector in frame with the lac Z coding region so
thata hybrid AS-lac Z protein is produced. pGEX vectors may
also be used to express foreign polypeptides as fusion pro-
teins with glutathione S-transferase (GST). In general, such
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fusion proteins are soluble and can easily be purified from
lysed cells by adsorption to glutathione-agarose beads fol-
lowed by elution in the presence of free glutathione. The
pGEX vectors are designed to include thrombin or factor Xa
protease cleavage sites so that the cloned polypeptide of inter-
est can be released from the GST moiety. In yeast, a number
of vectors containing constitutive or inducible promoters may
be used. For a review, see (Ausubel et al., 1989; Bitter et al.,
1987, Methods Enzymol 153, 516-44; Rosenfeld, 1999, Meth-
ods Enzymol 306, 154-69).

[0061] Incaseswhere plant expression vectors are used, the
expression of the PAPP-A2 coding sequence may be driven
by any of a number of promoters. For example, viral promot-
ers such as the 355 RNA and 19S RNA promoters of GaMV
may be used (Gmunderand Kohli, 1989. Mol Gen Genet 220,
95-101); alternatively, plant promoters such as the small sub-
unit of RUBISCO (Broglie et al., 1984, Science 224, 838-43).
[0062] An alternative expression system which could be
used to express PAPP-A2 is an insect system. In one such
system, Baculovirus is used as a vector to express foreign
genes. The virus then grows in the insect cells. The PAPP-A2
coding sequence may be cloned into non-essential regions
(for example the polyhedron gene) of the virus and placed
under control of a Baculovirus promoter. These recombinant
viruses are then used to infect insect cells in which the
inserted gene is expressed. For example, see (Smith et al.,
1983, Mol Cell Biol 3, 2156-65).

[0063] A variety of mammalian expression vectors may be
used to express recombinant PAPP-A2 in mammalian cells.
Commercially-available mammalian expression vectors
which may be suitable for recombinant PAPP-A2 expression,
include but are not limited to, pMClneo (Stratagene), pXT1
(Stratagene), pSGS5 (Stratagene), EBO-pSV2-neo (ATCC
37593), pBPV-1 (8-2) (ATCC 37110), pcDNA3.1 and its
derivatives (Stratagene). Cell lines derived from mammalian
species which may be suitable and which are commercially
available, include but are not limited to, CV-1, COS-1, COS-
7, CHO-K1, 3T3, NIH3T3, HeLa, C1271, BS-C-1, MRC-5,
and 293. Further, in mammalian host cells, a number of viral
based expression systems may be utilized. In cases where an
adenovirus is used as an expression vector, the PAPP-A2
coding sequence may be ligated to an adenovirus transcrip-
tion/translation control complex, e.g., the late promoter and
tripartite leader sequence. This chimeric gene may then be
inserted in the adenovirus genome by in vitro or in vivo
recombination. Insertion in a non-essential region of the viral
genome (e.g., region E1 or E3) will result in a recombinant
virus that is viable and capable of expressing PAPP-A2 in
infected hosts. See for example (Logan and Shenk, 1984,
Proc Natl Acad USA 81, 3655-9). Alternatively, the vaccinia
7.5K promoter may be used. See for example (Mackett et al.,
1982, Proc Natl Acad Sci USA 79, 7415-9).

[0064] For long-term, high-yield production of recombi-
nant proteins, stable expression is preferred. For example,
cell lines which stably express PAPP-A2 may be engineered.
Rather than using expression vectors which contain viral
origins of replication, host cells can be transformed with
PAPP-A2 DNA controlled by appropriate expression control
elements (e.g., promoter, enhancer, sequences, transcription
terminators, polyadenylation sites, etc.), and a selectable
marker. Following the introduction of foreign DNA, engi-
neered cells may be allowed to grow for 1-2 days in an
enriched media, and then are switched to a selective media.
The selectable marker in the recombinant plasmid confers
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resistance to the selection and allows cells to stably integrate
the plasmid into their chromosomes and grow to form foci
which in turn can be cloned and expanded into cell lines.

[0065] Some applications of the recombinant PAPP-A2
may require the protein to be in purified or partially purified
form. Recombinantly expressed PAPP-A2 or fragments of
the PAPP-A2 polypeptide can be isolated by liquid chroma-
tography. Various methods of protein purification well known
in the art include those described in for example (Scopes,
1987). Alternatively, recombinant PAPP-A2 fusion proteins
or ‘tagged’ PAPP-A2 may be purified by affinity chromatog-
raphy. Further, antibodies raised against PAPP-A2 may be
used for purification by immunoaffinity chromatography.

[0066] Recombinant variant of PAPP-A2 may be produced
by site directed mutagenesis. In some applications of PAPP-
A2 such variants may be preferred due to for example
increased protein stability, or changes in activity.

Production and Uses of Antibodies Against PAPP-A2

[0067] The recombinant protein may be used to generate
antibodies. Monospecific antibodies to PAPP-A2 can be puri-
fied from mammalian antisera containing antibodies reactive
against PAPP-A2 or can be prepared as monoclonal antibod-
ies reactive with PAPP-A2 using standard techniques.

[0068] Monospecific antibody as used herein is defined asa
single antibody species or multiple antibody species with
homogenous binding characteristics for PAPP-A2. Homog-
enous binding as used herein refers to the ability of the anti-
body species to bind to a specific antigen or epitope, such as
those associated with the PAPP-A2, as described above.
PAPP-A2 specific antibodies are raised by immunizing ani-
mals such as mice, rats, guinea pigs, rabbits, goats, horses and
the like, with rabbits or mice being preferred, with an appro-
priate concentration of PAPP-A2 either with or without an
immune adjuvant. For example, antibodies specific against
PAPP-A2 can be used for the purification of native and
recombinant PAPP-A2, as a laboratory reagent, and in anti-
body based diagnostic kits.

[0069] Monoclonal antibodies (mAb) reactive with PAPP-
A2 can be prepared by conventional methods, such as by
immunizing inbred mice with PAPP-A2. The mice are immu-
nized with about 0.1 mg to about 10 mg, preferably about 1
mg, of PAPP-A2 in about 0.5 ml buffer or saline incorporated
in an equal volume of an acceptable adjuvant. Freund’s com-
plete adjuvant is preferred. The mice receive an initial immu-
nization on day 0 and are rested for about 3 to about 30 weeks.
Immunized mice are given one or more booster immuniza-
tions of about 0.1 to about 10 mg of PAPP-A2 in a buffer
solution such as phosphate buffered saline (PBS) by the intra-
venous (IV) route. Lymphocytes from antibody-positive mice
are obtained by removing spleens from immunized mice by
standard procedures known in the art. Hybridoma cells are
produced by mixing the splenic lymphocytes with an appro-
priate fusion partner under conditions which will allow the
formation of stable hybridomas. Fused hybridoma cells are
selected by growth in hypoxanthine, thymidine and aminop-
terin supplemented Dulbecco’s Modified Eagles Medium
(DMEM) by procedures known in the art. Supernatant fluids
are collected form growth positive wells on about days 14, 18,
and 21 and are screened for antibody production by an immu-
noassay such as solid phase immunoradioassay (SPIRA)
using PAPP-A2 as the antigen. The culture fluids are also
tested in the Ouchteriony precipitation assay to determine the
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isotype of the mAb. Hybridoma cells from antibody positive
wells are then cloned. For details, see (Peters and Baumgar-
ten, 1992).

[0070] In vitro production of anti-PAPP-A2 is carried out
by growing the hydridoma in DMEM containing about 2%
fetal calf serum to obtain sufficient quantities of the specific
mAb. The mAb are purified by techniques known in the art.

[0071] Antibody titers of ascites or hybridoma culture flu-
ids are determined by various serological or immunological
assays which include, but are not limited to, precipitation,
passive agglutination, enzyme-linked immunosorbent anti-
body (ELISA) technique (Growther, 1995).

[0072] The “monoclonal antibodies” may also be isolated
from phage antibody libraries using the techniques described
in (Clackson et al., 1991, Nature 352, 624-8; Marks et al.,
1991. J Mol Biol 222, 581-97), for example. Identified phage
antibodies can be produced by expression in bacteria.

[0073] Methods such as those described above may be used
to produce monospecific antibodies specific for PAPP-A2
polypeptide fragments or full-length nascent PAPP-A2
polypeptide.

[0074] PAPP-A2 antibody affinity columns can be made by
adding the antibodies to a gel support, such as Affigel-10
(Biorad), a gel support which is pre-activated with N-hydrox-
ysuccinimide esters such that the antibodies form covalent
linkages with the agarose gel bead support. The antibodies are
then coupled to the gel via amide bonds with the spacer arm.
The remaining activated esters are then quenched with 1M
ethanolamine HCI (pH 8). The column is washed with water
followed by 0.23 M glycine HCI (pH 2.6) to remove any
non-conjugated antibody or extraneous protein. The column
is then equilibrated in phosphate buffered saline (pH 7.3) and
the cell culture supernatants or cell extracts containing PAPP-
A2 or PAPP-A2 fragments are slowly passed through the
column. The column is then washed, and the protein is eluted.
The purified PAPP-A2 protein is then dialyzed against phos-
phate buffered saline.

[0075] Native PAPP-A2 from sources such as human
plasma or serum, tissue extracts, or media from nontrans-
fected cell lines (that endogenousiy secrete PAPP-A2) may
also be purified by use of an antibody affinity column.

[0076] Using polyclonal or monoclonal antibodies against
PAPP-A2 a number of assays may be constructed for mea-
surement of PAPP-A2 antigen in body fluids or tissue and cell
extracts. Kits based on antibodies may be used for diagnostic
purposes. The assays include, but are not limited to, precipi-
tation, passive agglutination, enzyme-linked immunosorbent
assay (ELISA) techniques, and radioimmunoassay (RIA)
techniques.

[0077] For example, in one such ELISA, a sandwich assay
can be constructed where antigen present in an sample is
caught by immobilized polyclonal anti(PAPP-A2). Detection
is then performed by the use of one or more monoclonal
PAPP-A2 antibodies and peroxidase conjugated anti(murine
1gG). In another assay, antigen present in an sample is caught
by immobilized polyclonal anti(PAPP-A2), and detected
using biotinylated polyclonal anti(PAPP-A2). For further
examples and details, see (Crowther, 1995). Assays can be
calibrated using purified PAPP-A2 to construct a standard
curve by serial dilution. The concentration of PAPP-A2 in
solution in a purified form can be accurately measured by
amino acid analysis (Sottrup-Jensen, 1983, Biochem Mol Biol
Int 30, 789-94).
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[0078] Polyclonal antibodies may be used to inhibit the
biological activity of PAPP-A2. Specifically, in analogy with
the inhibition of the IGFBP-4 proteolytic activity of PAPP-A
by polyclonal PAPP-A antibodies (Lawrence et al., 1999,
Proc Natl Acad Sci USA 96,3149-53), anti(PAPP-A2) may be
used to inhibit the proteolytic activity of PAPP-A2. Certain
monoclonal antibodies may also be inhibitory towards the
activity of PAPP-A2. Such monoclonal antibodies are likely
to recognize an epitope in close proximity to the active site of
PAPP-A2, but the inhibitory activity may also be based on
binding to epitopes other than those close to the active site.
Inhibitory monoclonal antibodies can be obtained by immu-
nization with PAPP-A2, PAPP-A2 fragments, with peptides
derived from PAPP-A2.

[0079] Inhibitory (monoclonal) antibodies may have thera-
peutic value in conditions of pathologies in which it may be
desirable to decrease the activity of PAPP-A2.

Activity of PAPP-A2

[0080] Like PAPP-A, PAPP-A2 contains conserved amino
acid stretches that classify it as a putative metalloproteinase
of the metzincin superfamily (Stockeretal., 1995, Protein Sci
4, 823-40). It has been experimentally verified that PAPP-A2
does exhibit proteolytic activity by demonstrating its cleav-
age of insulin-like growth factor binding protein (IGFBP)-5
(Example 6.7).

[0081] In general, proteolytic activity of PAPP-A2 against
potential protein substrates may be evaluated by the incuba-
tion of purified or partially purified PAPP-A2 with the poten-
tial substrate under a variety of experimental conditions (such
as for example temperature, buffer composition, ionic
strength, and pH). Enzymatic activity of PAPP-A2 against the
protein in question can be evaluated by SDS-PAGE (in which
degradation or release of well defined proteolytic fragment(s)
will be evident), or by high-pressure liquid chromatographic
detection of released peptide(s). By means of such proce-
dures, other substrate targets of PAPP-A2 may be identified.
Incubation with a variant of PAPP-A2 where, for example, a
residue in the active site has been substituted to obtain an
inactive enzyme, serves as a proper negative control.

[0082] Random peptide libraries consisting of all possible
combinations of amino acids attached to a solid phase support
may be used to identify peptides that can be cleaved by
PAPP-A2. Identification of such peptides may be accom-
plished by screening a peptide library with recombinant
soluble PAPP-A2. Methods for expression and purification of
the enzyme are described above and may be used to express
recombinant full length PAPP-A2 or fragments, analogs, or
derivatives thereof depending on the functional domains of
interest. For further details, see (Meldal, 1998, Methods Mol
Biol 87, 65-74; Meldal. 1998. Methods Mol Biol 87, 51-7).
Alternatively, peptide substrates may be derived from identi-
fied protein substrates of PAPP-A2.

[0083] Alternatively, phage display of peptide libraries
may be used to identify peptides that can be cleaved by
PAPP-A2 (Matthews and Wells, 1993, Science 260, 1113-7).
[0084] Peptides that function as PAPP-A2 substrates may
function in assays for the detection of PAPP-A2 proteolytic
activity in body fluids or tissue and cell extracts. Substrate
peptides may be derivatized to function in an assay based on
quenched-fluorescence (Meldal, 1998, Methods Mol Biol 87,
65-74). Kits based on such, or other, techniques may be used
for diagnostic purposes in pathologies where measurement of
PAPP-A2 activity is relevant.
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Identification of Agents that Modify the Activity of PAPP-A2
[0085] An assay for the detection of PAPP-A2 proteolytic
activity, as described above, provides a method for the iden-
tification of molecules that modify the activity of PAPP-A2.
Such molecules may be, far example, peptides, derivatized
peptides, hydroxamic acid derivatized peptides, small
organic molecules, or antibodies.

[0086] The screening of peptide libraries can be used to
discover pharmaceutical agents that act to modulate and/or
inhibit the biological activity of PAPP-A2. Methods for
expression and purification of the enzyme are described
above and may be used to express recombinant full length
PAPP-A2 or fragments, analogs, or derivatives thereof
depending on the functional domains of interest. Random
peptide libraries consisting of all possible combinations of
amino acids attached to a solid phase support may be used to
identify peptides that are able to modulate and/or inhibit
PAPP-A2 activity by binding to the active site or other sites of
PAPP-A2. For example, see (Meldal, 1998, Methods Mol Biol
87,75-82).

[0087] Similarly, combinatorial chemistry may be used to
identify low molecular weight organic molecules that affect
the activity of PAPP-A2.

Measurement of Complexes of PAPP-A or PAPP-A2

[0088] PAPP-A primarily exists in pregnancy serum as a
disulfide bound 2:2 complex with the proform of eosinophil
major basic protein (proMBP), PAPP-A/proMBP. In addition
to the PAPP-A/proMBP complex, proMBP exists in the cir-
culation as a disulfide bound 2:2 complex with angiotensin
(ANG), proMBP/ANG, and a fraction of this complex is
further complexed to a fragment of complement component
C3dg (PROMBP/ANG/C3dg) (Oxvig, 1995; Christiansen,
2000).

[0089] The level of complexes comprising PAPP-A and/or
PAPP-A2 and/or proMBP in body fluids of an individual may
be indicative of predisposition to a clinical condition or
indicative of the presence of a clinical condition. Accord-
ingly, the present invention in one embodiment is directed
towards a method of diagnosing a clinical condition or diag-
nosing predisposition to said clinical condition in an indi-
vidual comprising the steps of

[0090] a) providing a body sample from said individual,
and
[0091] b) measuring the level of a complex selected from

the group consisting of PAPP-A/proMBP, PAPP-A2/
proMBP,  PAPP-A/PAPP-A2,  PAPP-A/PAPP-A2/
proMBP, proMBP/ANG and proMBP/ANG/C3dg in
said body fluid sample; and
[0092] c)diagnosingthe clinical condition or diagnosing
predisposition to the clinical condition, wherein the
level of the complex above or below a predetermined
value is indicative of the clinical condition or predispo-
sition to the clinical condition.
[0093] Furthermore, the levels of complexes comprising
PAPP-A and/or PAPP-A2 and/or proMBP in body fluids of a
mammalian mother may be indicative of predisposition to a
clinical condition or indicative of the presence of a clinical
condition in a fetus of said mother. Hence, the present inven-
tion provides methods of diagnosing a clinical condition or
diagnosing predispositionto said clinical condition in a mam-
malian fetus comprising the steps of
[0094] a) providing a body fluid sample from the mother
of said fetus; and
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[0095] b)measuring the level of a complex selected from
the group consisting of PAPP-A/proMBP, PAPP-A2/
proMBP, PAPP-A/PAPP-A2, PAPP-A/PAPP-A2/
proMBP, proMBP/ANG and proMBP/ANG/C3dg in
said body fluid sample; and

[0096] c)diagnosing the clinical condition or diagnosing
predisposition to the clinical condition, wherein the
level of the complex above or below a predetermined
value is indicative of the clinical condition or predispo-
sition to the clinical condition.

[0097] In particular, according to the present method the
level of one or more of the following complexes may be
determined:

PAPP-A/proMBP
[0098] PAPP-A2 and proMBP (PAPP-A2/proMBP)

PAPP-A2 and PAPP-A (PAPP-A/PAPP-A2)

[0099] PAPP-A/PAPP-A2 with proMBP (PAPP-A/PAPP-
A/proMBP)

proMBP/ANG

proMBP/ANG/C3dg

[0100] The level of complexes comprising PAPP-A and/or
PAPP-A2 and/or proMBP in a body fluid sample may be
determined by any conventional method known to the person
skilled in the art. For example, the level can be measured by
a method comprising the use of immunospecific reagents
specifically interacting with one or more components of the
complex desirable to measure, such as immunospecific
reagents specifically interacting with PAPP-A; PAPP-A2,
proMBP, ANG or C3gd. Immuno-specific reagents may for
example bemonoclonal antibodies, polyclonal antibodies
and/or antigen binding fragments thereof, specific towards
the individual components of the complex.

[0101] Such methods include but are not limited to sand-
wich ELISA, wherein an immunospecific reagent specifically
recognising one component of the complex is employed as
catching antibody and another immunospecific reagent spe-
cifically recognising another component. If the complex is
employed as detection antibody. The detection antibody is
preferably either directly or indirectly detectable, for example
the detection antibody may be directly coupled to a detectable
label or the detection antibody may be capable of interacting
with another agent which is coupled to a detectable label.
[0102] A detectable label may for example be a fluorescent
label, a chromatophore, a radioactive label, a heavy metal or
an enzyme.

[0103] For example, the level of PAPP-A/proMBP com-
plexes in a body fluid sample may be determined by sandwich
ELISA using a PAPP-A specific monoclonal or polyclonal
antibody for catching and a proMBP specific monoclonal or
polyclonal antibody for detection or the level of proMBP/
ANG in a body fluid sample may be determined by sandwich
ELISA using a proMBP specific monoclonal or polyclonal
antibody for catching and a ANG specific monoclonal or
polyclonal antibody for detection.

[0104] Theclinical condition may be any clinical condition
which may be diagnosed by the level of complexes compris-
ing PAPP-A and/or PAPP-A2 and/or proMBP or wherein
predisposition may be diagnosed by the level of complexes
comprising PAPP-A and/or PAPP-A2 and/or proMBP. The
clinical condition may forexample be selected from the group
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comprising Down’s syndrome, preeclampsia and acute coro-
nary syndrome, including unstable angina and myocardial
infarction.

[0105] The body fluid sample may be any useful body fluid
sample, such as a blood sample including a serum sample, a
urine sample, a saliva sample or an amniotic fluid sample.
[0106] In particular, the level of PAPP-A/proMBP may be
determined when the clinical condition is selected from the
group consisting of Down’s syndrome, and acute coronary
syndrome including unstable angina and myocardial infarc-
tion.

[0107] In one embodiment of the present invention diag-
nosing Down’s syndrome or diagnosing predisposition to
Down'’s syndrome, comprises determining the level of PAPP-
A/proMBP, wherein the level of PAPP-A/proMBP below a
predetermined value is indicative of the Down’s syndrome or
predisposition to Down’s syndrome.

[0108] In another embodiment of the present invention
diagnosing acute coronary syndrome, including unstable
angina and myocardial infarction or diagnosing predisposi-
tion to acute coronary syndrome, including unstable angina
and myocardial infarction, comprises determining the level of
PAPP-A/proMBP, wherein the level of PAPP-A/proMBP
above a predetermined value is indicative of the acute coro-
nary syndrome, including unstable angina and myocardial
infarction or predisposition to acute coronary syndrome,
including unstable angina and myocardial infarction. In yet
another embodiment the level of proMBP/ANG may be
determined to diagnose predisposition to Down’s syndrome
or to diagnose Down’s syndrome. All the above mentioned
methods of diagnosis may also be performed in combination
with one or more other methods of diagnosis. In addition,
more than one different diagnosis according to the present
invention may be performed, for example it is possible to
measure the level of more than one complex or to measure the
level of one complex in different body samples.

Use of PAPP-A2 to Generate Natural Proteolytic Fragments

[0109] PAPP-A2 may be used to generate natural frag-
ments of proteins that are specifically cleaved by PAPP-A2.
As in the case of IGFBP-5 (see Examples 6.7 and 6.9), such
fragments may have biological effects different from intact
IGFBP-5. Fragments can be purified by standard chromatog-
raphy after cleavage with purified PAPP-A2 (see Example
6.9).

Design of Fragments of PAPP-A2 for Expression

[0110] Because all cysteine residues found in mature
PAPP-A are also found in mature PAPP-A2 (see FIG. 3), the
pattern of disulfide bonds can be assumed to be the same for
PAPP-A2 for those common cysteine residues. Therefore,
knowledge of the disulfide structure of the PAPP-A subunit
(see FIG. 8) can be used to rationally design fragments of
PAPP-A2 in which pairing of all cysteine residues is possible.
Putative domain boundaries of PAPP-A2 can be defined
based on the disulfide structure shown in FIG. 8. Those
domains can be expressed separately or in combination, in the
event that adomain contains a cysteine residue known to form
an inter-chain disulfide bridge to another PAPP-A subunit or
to proMBP (see FIG. 8), it may be required that this cysteine
is mutated to for example a serine or an alanine residue

[0111] Thus, possible boundary regions are between Cys-
403 and Cys-499, between Cys-828 and Cys-881, between
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Cys-1048 and Cys-1115, between Cys-1390 and Cys-1396,
between Cys-1459 and Cys-1464, between Cys-1521 and
Cys-1525, between Cys-1590 and Cys-1595, between Cys-
1646 and Cys-1653, and between Cys-1729 and Cys-1733
(numbering of preproPAPP-A2, as in FIGS. 1 and 3).

Pharmaceutical Compositions

[0112] Identification of PAPP-A2 as the IGFBP-5 protease
provides methods for affecting growth and differentiation in
vivo by using PAPP-A?2 as a therapeutic target. Inhibitors of
PAPP-A2 is believed to decrease the amount of bioavailable
IGF-I and IGF-1II. For example, inhibition of PAPP-A2 activ-
ity can be useful in disorders such as restenosis, atheroscle-
rosis, and fibrosis. Activators, or agents that increase the
activity of PAPP-A2, is believed to increase the amount of
bioavailable IGF-I and IGF-IL

[0113] Agents that alter PAPP-A2 activity or that alter
adherence of PAPP-A2 to cell surfaces can be incorporated
into pharmaceutical compositions. Such agents may be incor-
porated together with agents that alter PAPP-A activity or that
alter adherence of PAPP-A to cell surfaces. A combination of
PAPP-A2 specific agents and PAPP-A specific agents may be
more effective than traditional agents directed against PAPP-
A. There is also provided a method of treatment comprising
the step of administering to an individual in need thereof a
combination of PAPP-A2 specific agents and PAPP-A spe-
cific agents. In pharmaceutically effective amounts.

[0114] As an example, an antibody such as anti-PAPP-A2
polyclonal or monoclonal, can be formulated into a pharma-
ceutical composition by admixture with pharmaceutically
acceptable non-toxic excipients or earners. Such compounds
and compositions may be prepared for parenteral administra-
tion, particularly in the form of liquid solutions or suspen-
sions in aqueous physiological buffer solutions; for oral
administration, particularly in the form of tablets or capsules;
or for intranasal administration, particularly in the form of
powders, nasal drops, or aerosols. Compositions for other
routes of administration may be prepared as desired using
standard methods.

[0115] Formulations for parenteral administration may
contain as common excipients (i.e., pharmaceutically accept-
able carriers) sterile water or saline, polyalkylene glycols
such as polyethylene glycol, oils of vegetable origin, hydro-
genated naphthalenes, and the like. In particular, biocompat-
ible, biodegradable lactide polymer, lactide/glycolide
copolymer, or polyoxethylene-polyoxypropylene copoly-
mers are examples of excipients for controlling the release of
acompound of the inventionin vivo. Other suitable parenteral
delivery systems include ethylene-vinyl acetate copolymer
particles, osmotic pumps, implantable infusion systems, and
liposomes. Formulations for inhalation administration may
contain excipients such as lactose, if desired. Inhalation for-
mulations may be aqueous solutions containing, for example,
polyoxyethylene-9-lauryl ether, glycocholate and deoxycho-
late, or they may be oily solutions for administration in the
form of nasal drops, if desired, the compounds can be formu-
lated as gels to be applied intranasally. Formulations for
parenteral administration may also include glycocholate for
buccal administration

Medical Devices

[0116] The invention also features a medical device for
placement in a patient (e.g., an implant) that includes an agent
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that inhibits or activates PAPP-A2 protease activity. Suitable
agents are readily identified using the methods described
herein. The device can be impregnated with the agent or can
be coated with the agent. Non-limiting examples of inhibitors
include an antibody such as anti-PAPP-A2 polyclonal or
monoclonal, or a metalloprotease inhibitor such as 1,10-
phenanthroline.

[0117] IGFBP-5 protease activity of PAPP-A2 is potently
inhibited by 1,10-phenanthroline, but is not inhibited by tis-
sue inhibitors of matrix metalloproteases (TIMP’S). Other
inhibitors include small molecules such as derivatives of
hydroxamic acid. Anti-PAPP-A2 polyclonal IgG may also
inhibit IGF-dependent- or IGF-independent-IGFBP-5 spe-
cific PAPP-A2 protease activity in HFCM in a dose-depen-
dent manner.

[0118] In addition, polypeptides (i.e., any chain of amino
acids, regardless of length or post-translational modification),
including modified polypeptides, can function as inhibitors.
Any inhibitor of the IGFBP-5 protease activity of PAPP-A2
can be used for coating or impregnating a medical device
according to the invention. Modified polypeptides include
amino acid substitutions, deletions, or insertions in the amino
acid sequence as compared with a corresponding wild-type
sequence, as well as chemical modifications. Although pro-
tease-resistant IGFBP-5 is not an inhibitor per se of the
IGFBP-5 protease activity of PAPP-A2, similar results are
expected when it is used for coating or impregnating a medi-
cal device.

[0119] As anexample, coating or impregnating the medical
device with a PAPP-A2 inhibitor, optionally in combination
with a PAPP-A inhibitor, can help prevent the development of
restenosis following balloon angioplasty, or can prevent a
further increase in size of an atherosclerotic plaque. Coronary
angioplasty with stent placement is currently the leading
therapeutic approach for coronary atherosclerosis. An impor-
tant goal of angioplasty of coronary artery disease is to pre-
vent both acute and chronic complications. Modern proce-
dures are quite successful in eliminating immediate
problems. Unfortunately, restenosis still occurs in 20-30% of
stented patients. No known pharmacological intervention is
available to prevent the restenosis.

[0120] Without being bound by a particular mechanism, it
is thought that an increase in IGFBP-5 protease expression by
coronary smooth muscle cells precedes neointimal formation
in response to angioplasty in humans.

[0121] For example, enhanced PAPP-A2 activity can be
useful for wound healing, fractures, osteoporosis, or ovula-
tion. Osteoporosis or other conditions of bone loss may ben-
efit from increased bone formation and decreased bone
resorption. Agents that enhance PAPP-A2 activity can be, for
example, a modified IGF, i.e., an IGF analog.

[0122] Analogs include IGF polypeptides containing
amino acid insertions, deletions or substitutions, as well as
chemical modifications. Amino acid substitutions can include
conservative and non-conservative amino acid substitutions.
Conservative amino acid substitutions replace an amino acid
with an amino acid of the same class, whereas non-conserva-
tive amino acid substitutions replace an amino acid with an
amino acid of a different class. Non-conservative substitu-
tions result in a change in the hydrophobicity of the polypep-
tide or in the bulk of a residue side chain. In addition, non-
conservative substitutions can make a substantial change in
the charge of the polypeptide, such as reducing electroposi-
tive charges or introducing electronegative charges.
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Examples of non-conservative substitutions include a basic
amino acid for a non-polar amino acid, or a polar amino acid
for an acidic amino acid. Amino acid insertions, deletions and
substitutions can be made using random mutagenesis, site-
directed mutagenesis, or other recombinant techniques
known in the art.

[0123] Themedical device can be, for example, bone plates
or bone screws that are used to stabilize bones, or a stent,
which typically is used within the body to restore or maintain
the patency of a body lumen. Blood vessels, for example, can
become obstructed due to an atherosclerotic plaque that
restricts the passage of blood. A stent typically has a tubular
structure defining an inner channel that accommodates flow
within the body lumen. The outer walls of the stent engage the
inner walls of the body lumen. Positioning of a stent within an
affected area can help prevent further occlusion of the body
lumen and permit continued flow. A stent typically is
deployed by percutaneous insertion of a catheter or guide
wire that carries the stent. The stent ordinarily has an expand-
able structure. Upon delivery to the desired site, the stent can
be expanded with a balloon mounted on the catheter. Alter-
natively, the stent may have a biased or elastic structure that is
held within a sheath or other restraint in a compressed state.
The stent expands voluntarily when the restraint is removed.
In either case, the walls of the stent expand to engage the inner
wall of the body lumen, and generally fix the stent in a desired
position.

STATEMENTS OF INVENTION

[0124] 1in a first aspect the present invention relates to a
purified polynucleotide selected from the group consisting of
[0125] 1) a polynucleotide comprising nucleotides 1 to
5376 of SEQ ID NO:1, corresponding to the coding
sequence of PAPP-A2, as deposited with DSMZ under
accession number DSM 13783; and

[0126] 1ii) a polynucleotide encoding a polypeptide hav-
ing the amino acid sequence as shown in SEQ ID NO:2;
and

[0127] iii) a polynucleotide encoding a fragment of a

polypeptide encoded by polynucleotides (i) or (ii),

wherein said fragment

[0128] a) has a proteolytic activity specific for Insulin
Like Growth Factor Binding Protein 5 (IGFBP-5), or
a derivative thereof, or any other substrate; and/or

[0129] b) is recognised by an antibody, or a binding
fragment thereof, which is capable of recognising a
polypeptide having the amino acid sequence as shown
in SEQ ID NO:2; and/or

[0130] c¢) competes with a polypeptide having the
amino acid sequence as shown in SEQ ID NO:2 for
binding to a cell surface receptor having an affinity for
said polypeptide; and

[0131] iv) a polynucleotide, the complementary strand

of which hybridizes, under stringent conditions, with a

polynucleotide as defined in any of (i), (ii) and (iii), said

polynucleotide encoding a polypeptide having the

amino acid sequence as shown in SEQ ID NO:2, or a

fragment thereof, wherein said fragment

[0132] a) has a proteolytic activity specific at least for
Insulin Like Growth Factor Binding Protein 5 (IG-
FBP-5); and/or
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[0133] b) is recognised by an antibody, or a binding
fragment thereof, which is capable of recognising a
polypeptide having the amino acid sequence as shown
in SEQ ID NO:2; and/or

[0134] c) competes with a polypeptide having the
amino acid sequence as shown in SEQ ID NO:2 for
binding to a cell surface receptor having an affinity for
said polypeptide; and

[0135] v) a polynucleotide comprising a nucleotide
sequence which is degenerate to the nucleotide sequence

of a polynucleotide as defined in any of (iii) and (iv).

[0136] and the complementary strand of such a poly-
nucleotide.
[0137] A polynucleotide as used herein shall denote any
naturally occurring polynucleotide having any naturally
occurring backbone structure, as wed as nucleotides known in
the art as LNA (locked nucleic acid) and PNA (peptide
nucleic acid). In preferred embodiments the purified poly-
nucleotide comprises the coding sequence of PAPP-A2,
nucleotides 1 to 5376, as shown in SEQ ID NO:1, or a nucle-
otide sequence encoding the amino acid sequence as shown in
SEQ ID NO:2.
[0138] In another preferred embodiment the polynucle-
otide comprises a nucleotide sequence encoding a fragment
of the polypeptide having the amino acid sequence as shown
in SEQ ID NO:2, wherein said fragment
[0139] a) has a proteolytic activity specific for Insulin
Like Growth Factor Binding Protein 5 (IGFBP-5), or a
derivative thereof, or any other substrate; and/or
[0140] b) is recognised by an antibody, or a binding

fragment thereof, which is capable of recognising a

polypeptide having the amino acid sequence as shown in

SEQ ID NO:2; and/or

[0141] c)competes with a polypeptide having the amino
acid sequence as shown in SEQ ID NO:2 for binding to

a cell surface receptor having an affinity for said

polypeptide

[0142] Thereis also provided a polynucleotide, the comple-
mentary strand of which hybridizes, under stringent condi-
tions, with a polynucleotide according to the invention.
[0143] Stringent conditions as used herein shall denote
stringency as normally applied in connection with Southern
blotting and hybridization as described e.g. by Southern E.
M., 1975, J. Mol. Biol. 98:503-517. For such purposes it is
routine practise to include steps of prehybridization and
hybridization. Such steps are normally performed using solu-
tions containing 6xSSPE, 5% Denhardt’s, 0.5% SDS, 50%
formamide, 100 pg/ml denaturated salmon testis DMA (incu-
bation for 18 hrs at 42° C.), followed by washings with
2xSSC and 0.5% SDS (at room temperature and at 37° C.),
and a washing with 0.1xSSC and 0.5% SDS (incubation at
68° C. for 30 min), as described by Sambrook et al., 1989, in
“Molecular Cloning/A Laboratory Manual”, Cold Spring
Harbor), which is incorporated herein by reference.

[0144] The DNA sequences are used in a variety of ways.
They may be used as probes for identifving homologs of
uHAse (e.g., homologs of huHAse). Mammalian homologs
have substantial sequence similarity to one another, i.e. at
least 75%, usually at least 90%, more usually at least 35%
sequence identity. Sequence similarity is calculated based on
a reference sequence, which may be a subset of a larger
sequence, such as a conserved motif, coding region, flanking
region, etc. A reference sequence will usually be at least about
18 nt long, more usually at least about 30 nt long, and may
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extend to the complete sequence that is being compared.
Algorithms for sequence analysis are known in the art, such as
BLAST, described in Altschul et al., 1990. ] Mol Biol 215:
403-10.

[0145] Nucleic acids having sequence similarity are
detected by hybridization under low stringency conditions,
for example, at 50.degree. C. and 10.times.SSC (0.9 M saline/
0.09 M sodium citrate) and remain bound when subjected to
washing at 55.degree. C., in 1.times.SSC. Sequence identity
may be determined by hybridization under high stringency
conditions, for example, at 50.degree. C. or higher and 0.1.
times.SSC (9 mM saline/0.9 mM sodium citrate). By using
probes, particularly labeled probes of DNA sequences, one
can isolate homologous or related genes. The source of
homologous genes may be any species, e.g. Primate species,
particularly human; rodents, such as rats and mice, canines,
felines, bovine, opines, equine, yeast, Drosophila, Caen-
horabditis, etc.

[0146] In a further embodiment there is provided a poly-
nucleotide comprising a nucleotide sequence which is degen-
erate to a polynucleotide capable of hybridising to SEQ ID
NO:1, or a fragment thereof.

[0147] Degeneracy as used herein is defined in terms of the
activity or functionality associated with the polypeptide
expressed from said degenerate polynucleotide, said poly-
nucleotide is either i) comprising a proteolytic activity spe-
cific at least for Insulin Like Growth Factor Binding Protein 5
(IGFBP-5); and/or ii) recognised by an antibody, or a binding
fragment thereof, which is capable of recognising a polypep-
tide having the amino acid sequence as shown in SEQ 1D
NO:2; and/or iii) competing with a polypeptide having the
amino acid sequence as shown in SEQ ID NO:2 for binding to
a cell surface receptor having an affinity for said polypeptide.
In a further embodiment there is provided a polynucleotide
comprising the complementary strand of a polynucleotide
according to the invention.

[0148] The polynucleotide according to the invention may
be operably linked to a further polynucleotide comprising
nucleic acid residues corresponding to the 3' untranslated
region of PAPP-A2, or a fragment thereof. As used herein the
3'untranslated region comprises nucleic acid residues 5377 to
8527 of SEQ ID NO:1.

[0149] There is also provided a recombinant DNA mol-
ecule in the form of an expression vector comprising an
expression signal operably linked to a polynucleotide accord-
ing to the invention.

[0150] In a further embodiment there is provided a host
organism transfected or trans-formed with the polynucleotide
according to the invention, or the vector according to the
invention. The host organism is preferably a mammalian
organism such as e.g. a mammalian cell line. However, a
microbial eukaryote such as yeast or fungi may also be used,
as may a microbial prokaryote such as Bacillus or E. coli. The
person skilled in the art will know how to select expression
signals, including leader sequences and/or signal peptides
suitable for expression in a given cell. The person skilled in
the art will also know how to determine the level of expression
in a given cell by using standard molecular biology tech-
niques.

[0151] Inafurther aspect theinvention relates to anisolated
polypeptide comprising or essentially consisting of the amino
acid sequence of SEQ ID NO:2, or a fragment thereof,
wherein said fragment
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[0152] a) has a proteolytic activity specific at least for
Insulin Like Growth Factor Binding Protein 5 (IGFBP-
5); and/or
[0153] b) is recognised by an antibody, or a binding
fragment thereof, which is capable of recognising a
polypeptide having the amino acid sequence as shown in
SEQ ID NO:2; and/or
[0154] c)competes with a polypeptide having the amino
acid sequence as shown in SEQ ID NO:2 for binding to
a cell surface receptor with an affinity for said polypep-
tide.
[0155] In one preferred embodiment of the invention there
is also provided variants of SEQ 1D NO:2, and variants of
fragments thereof. Variants are determined on the basis of
their degree of identity or their homology with a predeter-
mined amino acid sequence, said predetermined amino acid
sequence being SEQ ID NO:2, or, when the variant is a
fragment, a fragment of SEQ ID NO:2.
[0156] Accordingly, variants preferably have at least 75%
sequence identity, for example at least 80% sequence identity,
such as at least 85% sequence identity, for example at least
90% sequence identity, such as at least 91% sequence iden-
tity, for example at least 91% sequence identity, such as at
least 92% sequence identity, for example at least 93%
sequence identity, such as at least 94% sequence identity, for
example at least 95% sequence identity, such as at least 96%
sequence identity, for example at least 97% sequence identity,
such as at least 98% sequence identity, for example 99%
sequence identity with the predetermined sequence.
[0157] Variants are also determined based on a predeter-
mined number of conservative amino acid substitutions as
defined herein below. Conservative amino acid substitution as
used herein relates to the substitution of one amino acid
(within a predetermined group of amino acids) for another
amino acid (within the same group), wherein the amino acids
exhibit similar or substantially similar characteristics.
[0158] Within the meaning of the term “conservative amino
acid substitution” as applied herein, one amino acid may be
substituted for another within the groups of amino acids indi-
cated herein below:
[0159] 1) Amino acids having polar side chains (Asp,
Glu, Lys, Arg, His, Asn, Gln, Ser, Thr, Tyr, and Cys,)
[0160] i) Amino acids having non-polar side chains
(Gly, Ala, Val, Leu, lle, Phe, Trp, Pro, and Met)
[0161] 1iii) Amino acids having aliphatic side chains (Gly,
Ala Val, Leu, Ile)
[0162] iv) Amino acids having cyclic side chains (Phe,
Tyr, Trp, His, Pro)

[0163] v) Amino acids having aromatic side chains (Phe,
Tyr, Trp)

[0164] vi) Amino acids having acidic side chains (Asp,
Glu)

[0165] vii) Amino acids having basic-side chains (Lys,
Arg, His)

[0166] viii) Amino acids having amide side chains (Asn,
Gln)

[0167] ix) Amino acids having hydroxy side chains (Ser,
Thr)

[0168] x) Amino acids having sulphur-containing side

chains (Cys, Met),
[0169] xi) Neutral, weakly hydrophobic amino acids
(Pro, Ala, Gly, Ser, Thr)
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[0170] xii) Hydrophilic, acidic amino acids (Gln, Asn,
Glu, Asp), and
[0171]

[0172] Accordingly, a variant or a fragment thereofaccord-
ing to the invention may comprise, within the same variant of
the sequence or fragments thereof, or among different vari-
ants of the sequence or fragments thereof, at least one substi-
tution, such as a plurality of substitutions introduced inde-
pendently of one another.

[0173] It is clear from the above outline that the same
variant or fragment thereof may comprise more than one
conservative amino acid substitution from more than one
group of conservative amino acids as defined herein above.

[0174] Theaddition or deletion of an amino acid may be an
addition or deletion of from 2 to 10 amino acids, such as from
10 to 20 amino acids, for example from 20 to 30 amino acids,
such as from 40 to 50 amino acids. However, additions or
deletions of more than 50 amino acids, such as additions from
10 to 100 amino acids, addition of 100 to 150 amino acids,
addition of 150-250 amino acids, are also comprised within
the present invention.

[0175] The polypeptide fragments according to the present
invention, including any functional equivalents thereof, may
in one embodiment comprise less than 250 amino acid resi-
dues, such as less than 240 amino acid residues, for example
less than 225 amino acid residues, such as less than 200 amino
acid residues, for example less than 180 amino acid residues,
such as less than 160 amino acid residues, for example less
than 150 amino acid residues, such as less than 140 amino
acid residues, for example less than 130 amino acid residues,
such as less than 120 amino acid residues, for example less
than 110 amino acid residues, such as less than 100 amino
acid residues, for example less than 90 amino acid residues,
such as less than 85 amino acid residues, for example less than
80 amino acid residues, such as less than 75 amino acid
residues, for example less than 70 amino acid residues, such
as less than 65 amino acid residues, for example less than 60
amino acid residues, such as less than 55 amino acid residues,
for example less than 50 amino acid residues.

[0176] “Functional equivalency” as used in the present
invention is according to one preferred embodiment estab-
lished by means of reference to the corresponding function-
ality of a predetermined fragment of the sequence. More
specifically, functional equivalency is to be understood as the
ability of a polypeptide fragment to exert IGFBP-5 specific
protease activity and/or to be recognised by an antibody
capable of recognising PAPP-A2 and/or to compete with
PAPP-A2 for binding to a receptor having affinity for PAPP-
A2.

[0177] Functional equivalents or variants of PAPP-A2 will
be understood to exhibit amino acid sequences gradually
differing from the preferred predetermined PAPP-A2
sequence, as the number and scope of insertions, deletions
and substitutions including conservative substitutions
increases. This difference is measured as a reduction in
homology between the preferred predetermined sequence
and the fragment or functional equivalent.

[0178] All fragments or functional equivalents of SEQ 1D
NO:2 are included within the scope of this invention, regard-
less of the degree of homology that they show to a preferred
predetermined sequence of PAPP-A2 as reported herein. The
reason for this is that some regions of PAPP-A2 are most

xiii) Hydrophobic amino acids (Leu, Ile, Val)
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likely readily mutatable, or capable of being completely
deleted, without any significant effect on the binding activity
of the resulting fragment.

[0179] A functional variant obtained by substitution may
well exhibit some form or degree of native PAPP-A2 activity,
and yet be less homologous, if residues containing function-
ally similar amino acid side chains are substituted. Function-
ally similar in this respect refers to dominant characteristics
of the side chains such as hydrophobic, basic, neutral or
acidic, or the presence or absence of steric bulk. Accordingly,
in one embodiment of the invention, the degree of identity is
not a principal measure of a fragment being a variant or
functional equivalent of a preferred predetermined fragment
according to the present invention.

[0180] The homology between amino acid sequences may
be calculated using well known algorithms such as BLOSUM
30, BLOSUM 40, BLOSUM 45, BLOSUM 50, BLOSUM
55, BLOSUM 60, BLOSUM 62, BLOSUM 65, BLOSUM
70, BLOSUM 75, BLOSUM 80, BLOSUM 85, or BLOSUM
90.

[0181] Fragments sharing at least some homology with
fragments of SEQ ID NO:2 are to be considered as falling
within the scope of the present invention when they are at
least about 90 percent homologous, for example at least 92
percent homologous, such as at least 94 percent homologous,
for example at least 95 percent homologous, such as at least
96 percent homologous, for example at least 97 percent
homologous, such as at least 98 percent homologous, for
example at least 99 percent homologous with said fragments
of SEQ ID NO:2. According to one embodiment of the inven-
tion the homology percentages refer to identity percentages.
[0182] Additional factors that may be taken into consider-
ation when determining functional equivalence according to
the meaning used herein are 1) the ability of antisera to detect
aPAPP-A2 fragment according to the present invention, or i)
the ability of the functionally equivalent PAPP-A2 fragment
to compete with PAPP-A2 in a binding assay. One method of
determining a sequence of immunogenically active amino
acids within aknown amino acid sequence has been described
by Geysen in U.S. Pat. No. 5,595,915 and is incorporated
herein by reference.

[0183] A further suitably adaptable method for determining
structure and function relationships of peptide fragments is
described by U.S. Pat. No. 6,013,478, which is herein incor-
porated by reference. Also, methods of assaying the binding
of an amino acid sequence to a receptor moiety are known to
the skilled artisan.

[0184] Conservative substitutions may be introduced in any
position of a preferred predetermined fragment of SEQ 1D
NO:2, and it may also be desirable to introduce non-conset-
vative substitutions in any one or more positions.

[0185] A non-conservative substitution leading to the for-
mation of a functionally equivalent fragment of PAPP-A2
would for example 1) differ substantially in polarity, for
example a residue with a non-polar side chain (Ala, Leu, Pro,
Trp, Val, Ile, Leu, Phe or Met) substituted for a residue with a
polar side chain such as Gly, Ser, Thr, Cys, Tyr, Asn, or Gln or
a charged amino acid such as Asp, Glu, Arg, or Lys, or
substituting a charged or a polar residue for a non-polar one;
and/or i) differ substantially inits effect on polypeptide back-
bone orientation such as substitution of or for Pro or Gly by
another residue; and/or iii) differ substantially in electric
charge, for example substitution of a negatively charged resi-
due such as Glu or Asp for a positively charged residue such
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as Lys, His or Arg (and vice versa); and/or iv) differ substan-
tially in steric bulk, for example substitution of a bulky resi-
due such as His, Trp, Phe or Tyr far one having a minor side
chain, e.g. Ala, Gly or Ser (and vice versa).

[0186] Variants obtained by substitution of amino acids
may in one preferred embodiment be made based upon the
hydrophobicity and hydrophilicity values and the relative
similarity of the amino acid side-chain substituents, including
charge, size, and the like. Exemplary amino acid substitutions
which take various of the foregoing characteristics into con-
sideration are well known to those of skill in the art and
include: arginine and lysine; glutamate and aspartate; serine
and threonine; glutamine and asparagine; and valine, leucine
and isoleucine.

[0187] In addition to the variants described herein, steri-
cally similar variants may be formulated to mimic the key
portions of the variant structure and that such compounds
may also be used in the same manner as the variants of the
invention. This may be achieved by techniques of modelling
and chemical designing known to those of skill in the art. It
will be understood that all such sterically similar constructs
fall within the scope of the present invention.

[0188] In a further embodiment the present invention
relates to functional comprising substituted amino acids hav-
ing hydrophilic or hydropathic indices that are within +/-2.5,
for example within +/-2.3, such as within +/-2.1, for example
within +/-2.0, such as within +/-1.8, for example within
+/-1.6, such as within +/-1.5, for example within +/-1.4,
such as within +/-1.3 for example within +/-1.2, such as
within +/-1.1, for example within +/-1.0, such as within
+/-0.9, for example within +/-0.8, such as within +/-0.7, for
example within +/-0.6, such as within +/-0.5, for example
within +/-0.4, such as within +/-0.3, for example within
+/-0.25, such as within +/-0.2 of the value of the amino acid
it has substituted.

[0189] The importance of the hydrophilic and hydropathic
amino acid indices in conferring interactive biologic function
on a protein is well understood in the art (Kyte & Doolittle,
1982 and Hopp, U.S. Pat. No. 4,554,101, each incorporated
herein by reference).

[0190] The amino acid hydropathic index values as used
herein are: isoleucine (+4.5); valine (+4.2); leucine (+3.5);
phenylalanine (+2,8); cysteine/cystine (+2.5); methionine
(+1.9); alanine (+1.8): glycine (-0.4); threonine (-0.7);
serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.
6); histidine (-3.2); glutamate (-3.5); glutamine (-3,5);
aspartate (=3.5); asparagine (-3.5); lysine (-3.9); and argin-
ine (-4.5) (Kyte & Doolittle, 1982).

[0191] The amino acid hydrophilicity values are: arginine
(#3.0); lysine (+3.0); aspartate (+3.0.+-0.1); glutamate (+3.
0.+-0.1); serine (+0.3); asparagine (+0.2); glutamine (+0.2);
glycine (0); threonine (-0.4); proline (=0.5.+-1); alanine (0.
5); histidine (=0.5); cysteine (-1.0); methionine (-~1.3);
valine (-1.5); leucine (~1.8); isoleucine (-1.8); tyrosine (-2.
3); phenylalanine (-2.5); tryptophan (-3.4) (U.S. Pat. No.
4,554,101).

[0192] In addition to the peptidyl compounds described
herein, sterically similar compounds may be formulated to
mimic the key portions of the peptide structure and that such
compounds may also be used in the same manner as the
peptides of the invention. This may be achieved by techniques
of modelling and chemical designing known to those of skill
in the art. For example, esterification and other alkylations
may be employed to modify the amino terminus of, e.g., a
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di-arginine peptide backbone, to mimic a tetra peptide struc-
ture. It will be understood that all such sterically similar
constructs fall within the scope of the present invention.

[0193] Peptides with N-terminal alkylations and C-termi-
nal esterifications are also encompassed within the present
invention. Functional equivalents also comprise glycosylated
and covalent or aggregative conjugates formed with the same
or other PAPP-A2 fragments and/or PAPP-A2 molecules,
including dimers or unrelated chemical moieties. Such func-
tional equivalents are prepared by linkage of functionalities to
groups which are found in fragment including at any one or
both of the N- and C-termini, by means known in the art.

[0194] Functional equivalents may thus comprise frag-
ments conjugated to aliphatic or acyl esters or amides of the
carboxyl terminus, alkylamines or residues containing car-
boxyl side chains, e.g., conjugates to alkylamines at aspartic
acid residues; O-acyl derivatives of hydroxyl group-contain-
ing residues and N-acyl derivatives of the amino terminal
amino acid or amino-group containing residues, e.g. conju-
gates with fMet-Leu-Phe or immunogenic proteins. Deriva-
tives of the acyl groups are selected from the group of alkyl-
moieties (including C3 to C10 normal alkyl), thereby farming
alkanoyl species, and carbocyclic or heterocyclic com-
pounds, thereby forming aroyl species. The reactive groups
preferably are difunctional compounds known per se for use
in cross-linking proteins to insoluble matrices through reac-
tive side groups.

[0195] Covalent or aggregative functional equivalents and
derivatives thereof are useful as reagents in immunoassays or
for affinity purification procedures. For example, a fragment
of PAPP-A2 according to the present invention may be
insolubilized by covalent bonding to cyanogen bromide-ac-
tivated Sepharose by methods known per se or adsorbed to
polyolefin surfaces, either with or without glutaraldehyde
crosslinking, for use in an assay or purification of anti-PAPP-
A2 antibodies or cell surface receptors. Fragments may also
be labelled with a detectable group, e.g., radioiodinated by
the chloramine T procedure, covalently bound to rare earth
chelates or conjugated to another fluorescent moiety foruse in
e.g. diagnostic assays.

[0196] Mutagenesis of a preferred predetermined fragment
of PAPP-A2 can be conducted by making amino acid inser-
tions, usually on the order of about from 1 to 10 amino acid
residues, preferably from about 1 to 5 amino acid residues, or
deletions of from about from 1 to 10 residues; such as from
about 2 to 5 residues.

[0197] In one embodiment the fragment of PAPP-A2 is
synthesised by automated synthesis. Any ofthe commercially
available solid-phase techniques may be employed, such as
the Merrifield solid phase synthesis method, in which amino
acids are sequentially added to a growing amino acid chain.
(See Merrifield, J. Am. Chem. Soc. 85:2149-2146, 1963).

[0198] Equipment for automated synthesis of polypeptides
is commercially available from suppliers such as Applied
Biosystems, Inc. of Foster City, Calif., and may generally be
operated according to the manufacturer’s instructions. Solid
phase synthesis will enable the incorporation of desirable
amino acid substitutions into any fragment of PAPP-A2
according to the present invention. It will be understood that
substitutions, deletions, insertions or any subcombination
thereof may be combined to arrive at a final sequence of a
functional equivalent. Insertions shall be understood to
include amino-terminal and/or carboxyl-terminal fusions,
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e.g. with a hydrophobic or immunogenic protein or a carrier
such as any polypeptide or scaffold structure capable as serv-
ing as a carrier.

[0199] Oligomers including dimers including homodimers
and heterodimers of fragments of PAPP-A2 according to the
invention are also provided and fall under the scope of the
invention. PAPP-A2 functional equivalents and variants can
be produced as homodimers or heterodimers with other
amino acid sequences or with native PAPP-A2 sequences,
Heterodimers include dimers containing immunoreactive
PAPP-A2 fragments as well as PAPP-A2 fragments that need
not have or exert any biological activity.

[0200] PAPP-A2 fragments according to the invention may
be synthesised both in vitro and in vivo. Method for in vitro
synthesis are well known, and methods being suitable or
suitably adaptable to the synthesis in vivo of PAPP-A2 are
also described in the prior art. When synthesized in vivo, a
host cell is transformed with vectors containing DNA encod-
ing PAPP-A2 or a fragment thereof. A vector is defined as a
replicable nucleic acid construct. Vectors are used to mediate
expression of PAPP-A2. An expression vector is a replicable
DNA construct in which a nucleic acid sequence encoding the
predetermined PAPP-A2 fragment, or any functional equiva-
lent thereof that can be expressed in vivo, is operably linked
to suitable control sequences capable of effecting the expres-
sion of the fragment or equivalent in a suitable host. Such
control sequences are well known in the art.

[0201] Cultures of cells derived from multicellular organ-
isms represent preferred host cells. In principle, any higher
eukaryotic cell culture is workable, whether from vertebrate
or invertebrate culture. Examples of useful host cell lines are
VERO and HeLa cells, Chinese hamster ovary (GHO) cell
lines, and WI38, BHK, COS-7, 293 and MDCK cell lines.
Preferred host cells are eukaryotic cells known to synthesize
endogenous PAPP-A2. Cultures of such host cells may be
isolated and used as a source of the fragment or used in
therapeutic methods of treatment, including therapeutic
methods aimed at promoting or inhibiting a growth state, or
diagnostic methods carried out on the human or animal body.

[0202] In particular embodiments the present invention
relates to a polypeptide fragment according to the invention,
wherein the PAPP-A2 fragment comprises or essentially con-
sists of amino acid residues 234 to 1791 corresponding to the
mature part of PAPP-A2, including any processing variants
thereof.

[0203] Processing variants are variants resulting from alter-
native processing events, possibly processing events cataly-
sed by any protease including, but not limited to, a signal
peptidase and a furin. One putative cleavage site is located
after position 233 is described herein below in detail. Another
putative cleavage site is located after the motif RQRR (posi-
tion 196-199 in the amino acid sequence of PAPP-A2). Pro-
cessing variants shall be understood to comprise variants
arising from processing in vivo when PAPP-A2 is expressed
in human or animal tissue, sera or body fluids.

[0204] Mature PAPP-A2 amino acids sequences essentially
consisting of the mature sequence designated in SEQ ID
NO:2 (amino acid residues 234 to 1791) shall be understood
in one embodiment to comprise this part of the sequence
lacking between 1 to about 10 N-terminal amino acids or
C-terminal amino acids, preferably 1 to 10 N-terminal amino
acids, such as 2 to 8 N-terminal acids, for example 3 to 6
N-terminal amino acids.
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[0205] Also included in the definition of essentially con-
sisting of as used herein shall be the mature sequence desig-
nated in SEQ ID NO:2 (amino acid residues 234 to 1791)
having in addition thereto an additional 1 to about 10 N-ter-
minal amino acids or C-terminal amino acids, preferably 1 to
10 N-terminal amino acids, such as 2 to 8 N-terminal acids,
for example 3 to 6 N-terminal amino acids. This definition of
essentially consisting of shall also apply in other aspects and
is not restricted to being used in connection with a particular
part of PAPP-A2. The definition shall also apply to other
processes PAPP-A2 polypeptides including polypeptides
arising from alternative processing in tissue, sera or body
fluids other than the ones from where the processed PAPP-A2
has originally been isolated.

[0206] Additionally preferred fragments comprise or
essentially consists of amino acid residues 1 to 233 corre-
sponding to the prepro part of PAPP-A2, of amino acid resi-
dues 23 to 233 corresponding to the pro part of PAPP-A2, of
amino acid residues 1 to 22 corresponding to the signal pep-
tide or leader sequence of PAPP-A2, and to such sequences
operably linked to the mature part of PAPP-A2 corresponding
to amino acid residues 234 to 1791 of SEQ ID NO:2.

[0207] There is also provided recombinant PAPP-A2
polypeptide, or a fragment thereof, wherein preferably the
polypeptide is free of human proteins, or other proteins
natively associated with said polypeptide.

[0208] In a further aspect there is provided a composition
comprising 1) a polynucleotide according to the invention,
and/or ii) a vector according to the invention, and/or iii) a host
organism according to the invention, and/or iv) a polypeptide
according to the invention, in combination with a physiologi-
cally acceptable carrier.

[0209] Inyetanotheraspect thereis provided a pharmaceu-
tical composition comprising i) apolynucleotide according to
the invention, and/or ii) a vector according to the invention,
and/or iii) a host organism according to the invention, and/or
1v) a polypeptide according to the invention, in combination
with a pharmaceutically acceptable carrier.

[0210] The invention further pertains to a method for pro-
ducing an antibody with specificity for a PAPP-A2 polypep-
tide according to the invention, or a fragment thereof, said
method comprising the steps of

[0211]

[0212] i) immunizing the host organism with the
polypeptide according to claim 10, and

[0213]

[0214] There is also provided monoclonal antibodies and
polyclonal antibodies having specific binding affinity for a
PAPP-A2 polypeptide according to the invention, or a frag-
ment thereof. The antibody is preferably a monoclonal.
[0215] In a further aspect there is provided a method for
producing a PAPP-A2 polypeptide according to the inven-
tion, said method comprising the steps of

[0216] 1) providing asuitable host organism, preferably a
mammalian cell,

[0217] ii) transfecting or transforming the host organism
provided in step 1) with a polynucleotide according to the
invention, or a vector according to the invention,

[0218] iii) culturing the host organism obtained in step ii)
under conditions suitable for expression of the polypep-
tide encoded by the polynucleotide or the vector; and
optionally

1) providing a host organism,

iii) obtaining said antibody.
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[0219] iv)isolating from the host organism the polypep-
tide resulting from recombinant expression by the host
organism.

[0220] In a still further aspect of the invention there is
provided a method for inhibiting and/or reducing the expres-
sion of PAPP-A2 in a cell by means of anti-sense technology,
said method comprising the steps of

[0221] 1) providing an anti-sense polynucleotide accord-
ing to the invention,

[0222] 1) transferring or transforming a cell capable of
expressing PAPP-A2 with said anti-sense polynucle-
otide provided in step 1),

[0223] iii) culturing the cell obtained in step ii) under
conditions suitable for hybridization of the polynucle-
otide provided in step 1) to a complementary polynucle-
otide in said cell involved in the expression of PAPP-A2,
and

[0224] 1iv) inhibiting and/or reducing the expression of
PAPP-A2 in said cell.

[0225] The antisense polynucleotide and the complemen-
tary polynucleotide may be co-expressed from distinct poly-
nucleotide molecules or they may be expressed from the same
molecule. As an alternative to hybridization, the method may
include the use of reverse transcriptase PCR technology (rt
PCT technology).

[0226] In yet another aspect of the invention there is pro-
vided a method for detecting PAPP-A2, or measuring the
level of PAPP-A2, in a biological sample obtained from an
individual, said method comprising the steps of

[0227] 1) obtaining a biological sample from said indi-
vidual,

[0228]
ing
[0229] a) a PAPP-A2 polypeptide, or a fragment

thereof, and/or
[0230] b)apolynucleotide in the form of mRNA origi-
nating from PAPP-A2 expression, and/or
[0231] c¢) PAPP-A2 specific protease activity, prefer-
ably IGFBP-5 protease activity, or proteolytic activity
directed against a derivative of IGFBP-5.
[0232] The method may comprise the further step of com-
paring the PAPP-A2 or the level of PAPP-A2 detected in step
ii) with a predetermined value selected from the group con-
sisting of

[0233] a) a predetermined amount and/or concentration
of PAPP-A2; and/or

[0234] 1) a predetermined amount and/or concentration
of PAPP-A2 mRNA; and/or

[0235] c) a predetermined PAPP-A2 specific protease
activity.

[0236] Thepredetermined value in one embodiment will be
indicative of a normal physiological condition of said indi-
vidual.

[0237] The biological sample is preferably selected from
the group consisting of blood, urine, pleural fluid, oral wash-
ings, tissue biopsies, and follicular fluid.

[0238] When the level of PAPP-A2 is measured as an
amount of PAPP-A2 protein, the PAPP-A2 protein is prefer-
ably measured by immunochemical analysis wherein PAPP-
A2 protein is detected by at least one monoclonal antibody.
PAPP-A2 protein may also be detected in a complex com-
prising at least one additional component, preferably a
polypeptide such as, but not limited to, pro-MBP (pro-Major-

11) detecting PAPP-A2 in said sample by detect-
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Basic Protein). PAPP-A2 may also be detected as a PAPP-A2
monomer or as a PAPP-A2 dimer.
[0239] Further aspects of the invention relates to a method
of diagnosing a clinical condition in an individual, said
method comprising the steps of
[0240] 1) performing a method for detecting PAPP-A2 or
measuring the level of PAPP-A2, and
[0241] 1ii) diagnosing the clinical condition.
[0242] The clinical condition is preferably a fetal abnor-
mality such as, but not limited to, a fetal abnormality selected
from the group consisting of Trisomy 21, Trisomy 18, Tri-
somy 13, and Open Spina Bifida.
[0243] Additional fetal abnormalities capable of being
diagnosed according to the invention is ectopic pregnancy,
open spina bifida, neural tube defects, ventral wall defects,
Edwards Syndrome, Pateaus Syndrome, Turner Syndrome,
Monosomy X or Kleinfelter’s Syndrome.
[0244] In another aspect the clinical condition is an altered
growth state selected from the group consisting of a growth
promoting state and a growth inhibiting state, including, but
not limited to restenosis, atherosclerosis, wound healing,
fibrosis, myocardial infarction, osteoporoses, rheumatoroid
arthritis, multiple myeloma, or cancer.
[0245] In a yet further aspect of the invention there is pro-
vided a method for detecting expression of a polynucleotide
according to theinventionina biological sample, said method
comprising the steps of
[0246] 1) providing a biological sample putatively con-
taining a polynucleotide according to the invention, and
[0247] 1) contacting the biological sample with a poly-
nucleotide comprising a strand that is i) complementary
to the polynucleotide according to the invention and ii)
capable of hybridizing thereto, and
[0248] 1iii) allowing hybridization to occur, and
[0249] iv) detecting the hybridization complex obtained
in step iii),
wherein the presence of the hybridization complex is indica-
tive of the expression in the biological sample of the poly-
nucleotide according to the invention, or a fragment thereof.
[0250] 1In a still further aspect of the invention there is
provided a method for identifying an agent inhibiting the
protease activity of PAPP-A2, said method comprising the
steps of
[0251] 1) incubating a) the polypeptide according to the
invention, or a fragment thereof, and b) a predetermined
substrate for said polypeptide or fragment, and c) a
putative inhibitory agent, and
[0252] 1ii) determining if proteolysis of said substrate is
inhibited.
[0253] The substrate preferably comprises a polypeptide
that may be an internally quenched fluorescent peptide. One
preferred substrate comprises or essentially consists of
IGFBP-5, or a fragment thereof.
[0254] The invention also pertains to an inhibitory agent
obtainable according to such a method for identifying an
agent inhibiting the protease activity of PAPP-A2.
[0255] There is also provided the use of such provided
inhibitory agents in the manufacture of a medicament for
treating a clinical condition in an individual in need of such
treatment.
[0256] In a still further aspect the invention pertains to a
method for identifying an agent capable of enhancing the
protease activity of PAPP-A2, said method comprising the
steps of
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[0257] i) incubating a) the polypeptide according to the
invention, or a fragment thereof, and b) a predetermined
substrate for said polypeptide, and ¢) a putative enhancer
agent, and

[0258] ii) determining if proteolysis of said substrate is
enhanced.

[0259] The substrate preferably comprises a polypeptide
including an internally quenched fluorescent peptide,
IGFBP-5, or a fragment thereof, is particularly preferred as a
substrate.

[0260] There is also provided an enhancing agent obtain-
able according to the method for identifying an agent capable
of enhancing the protease activity of PAPP-A2, and the inven-
tion also pertains to the use of such enhancing agents in the
manufacture of a medicament for treating a clinical condition
in an individual in need of such treatment.

[0261] In yet another aspect there is provided a method of
treatment by therapy of an individual, said method compris-
ing the step of administrating to said individual i) a pharma-
ceutical composition according to the invention, and/orii) the
inhibitory agent according to the invention, and/or the
enhancing agent according to the invention.

[0262] Inastill further aspect there is provided a method for
purification of PAPP-A2 or complexes of PAPP-A2 with
other proteins, said method comprising the steps of

[0263] 1) provising a polyclonal or monoclonal antibody
with specific binding affinity for a polypeptide accord-
ing to the invention, or a fragment thereof, and

[0264] i) purifying PAPP-A2, or a fragment thereof, by
means of affinity chromatography.

[0265] If is understood that while the invention has been
described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and
not limit the scope of the invention, which is defined by the
scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0266] FIG. 1 shows the cDNA sequence (in 5'—3' orien-
tation) corresponding to the mRNA that encodes prepro-
PAPP-A2. Only the coding part of the sequence and the
terminal stop codon (*) is shown and is numbered 1-5376.
The translated polypeptide sequence of preproPAPP-A2 is
also shown. The signal peptide cleavage site was predicted
using SignalP V2.0 to be after the alanine residue encoded by
nt. 64-66 ((Nielsen et al., 1997. Protein Eng 10, 1-6). WWW
prediction server is located at http://genome.cbs.dtu.dk/). The
signal peptide of preproPAPP-A2 (nt. 1-66, 22 residues) is
shown in bold. The nucleotide sequence of this figure repre-
sents nt. 1 to 5376 of SEQ ID NO:1. The protein sequence of
this figure is illustrated as SEQ ID NO:2.

[0267] FIG. 2 is a schematic drawing of the relationship
between PAPP-A (Kristensen et al., 1994, Biochemistry 33,
1592-8), and sequence stretches contained within two
genomic clones with homology to the N-terminal end (hom-
N, coding portion of accession number AL031734) and the
C-terminal end (hom-C, coding portion of accession number
AT1031290) of PAPP-A, when translated into amino acid
sequence. This figure also illustrates the method by which a
c¢DNA sequence with homology to the midregion of PAPP-A
was obtained. Hom-N, hom-C, and the midregion together
encodes the complete sequence of a novel protein, PAPP-A2,
which is a homolog of PAPP-A. The midregion was obtained
by PCR using specifically primed (primer RT-N-mid),
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reversed transcribed human placental nRNA as the template,
and primers PR-mid5 and PR-mid3 for the PCR (Table 1). To
obtain a cDNA construct encoding the full-length PAPP-A2,
¢DNA clones corresponding to the genomic clones hom-N
and hom-C were also obtained using cDNA synthesized with
specifically primed placental mRNA as the template (primers
not shown, see Table 1). This required identification of a
signal peptide stretch (in hom-N) and a stop codon (at the 3'
end of hom-C), as detailed in the main text. All primers used
are shown in Table 1. Note: The relative positions of the
sequences depicted here are in accordance with the experi-
ments performed, but the figure is not accurately drawn to
scale.

[0268] FIG. 3 shows the amino acid sequence of prepro-
PAPP-A2 (SEQ ID NO:2) aligned with preproPAPP-A. The
deduced amino acid sequence of preproPAPP-A2 (PA2) was
aligned with the sequence of preproPAPP-A (PA) ((Haaning
etal., 1996, Eur J Biochem 237, 159-63), AAC50543) using
CLUSTAL W (Thompson et al., 1994, Nucleic Acids Res 22,
4573-80). Because the prepro-portion of PAPP-A did not
show significant identity with the corresponding region of
PAPP-A2, the alignment was manually adjusted to emphasize
difference in length of pro-peptides. Arrows indicate the
N-termini of the mature proteins as found earlier for PAPP-A
(Kristensen et al., 1994. Biochemistry 33, 1592-8) (Glu-81),
and here for PAPP-A2 (Ser-234). Putative signal peptides,
strongly predicted using SignalP V2.0 (Nielsen et al. 1997.
Protein Eng 10, 1-6) are shown with lower case letters. The
pro-portion of PAPP-A2 contains one other candidate initia-
tion codon corresponding to Met-168, but no signal peptide
was predicted following this residue using SignalP. The
sequence motifs of PAPP-A (Kristensen et al., 1994, Bio-
chemistry 33, 1592-8) are also found in PAPP-A2: The cata-
lytic zinc binding motif and residues of the putative Met-turn
are underlined and bolded in both sequences. Lin-notch
motifs (LNR1-3) and short consensus repeats (SCR-1-5) are
boxed. Cysteine residues are shaded. All cysteines of mature
PAPP-A are also found in PAPP-A2. In addition, the secreted
form of PAPP-A2 has four cysteine residues (Cys-343, Cys-
533,Cys-618, and Cys-1268) with no counterpart in PAPP-A.
[0269] FIG. 4 shows PAPP-A2 by Western blotting and
Coomassie staining. Medium from transfected 293T cells
was Western blotted using monoclonal anti-c-myc. Lane 1,
cells transfected with empty vector: lane 2, cells transfected
with ¢cDNA encoding wild-type PAPP-A2 C-terminally
tagged with the c-myc peptide (pPA2-mH), non-reduced;
lane 3, cells transfected with or cDNA encoding PAPP-A2
with an inactivating E734Q mutation (pPA2-KO-mH), non-
reduced; lane 4, as lane 2, but reduced. Recombinant PAPP-
A2 was purified by nickel affinity chromatography from
serum free medium of cells transfected with pPA2-KO-mH,
to eliminate possible autocatalysis (lane 5, reduced).

[0270] FIG. 5 shows the activity of PAPP-A2 against
IGFBP-1-6. Medium from 293T cells transfected with empty
vector (=), or cDNA encoding PAPP-A2 (pPA2) (+) was
incubated with each of the six IGFBPs (BP1-BP6), and the
activity was assessed by ligand blotting using radiolabeled
IGF-II. Complete cleavage of IGFBP-5 is evident from the
absence of a signal in the BP5+ lane. Partial degradation of
IGFBP-3 is also evident.

[0271] FIG. 6 shows proteolytic activity of PAPP-A2
against IGFBP-5. Medium from 293T cells transfected with
empty vector (lane 1), cDNA encoding PAPP-A2 with an
inactivating E734Q mutation (pPA2-KO) (lane 2), or cDNA
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encoding wild-type PAPP-A2 (pPA2) (lanes 3-6) was incu-
bated with C-terminally c-myc tagged rIGFBP-5. Proteolytic
activity was assessed by Western blotting using anti-c-myc.
‘1" denotes intact fIGFBP-5; ‘¢’ denotes the detectable C-ter-
minal c-myc tagged cleavage product. In the absence of
inhibitors, wild-type PAPP-A2 degraded all rIGFBP-5 (lane
3). The PAPP-A2 activity was abolished by 10 mM phenant-
roline (lane 4) and 5 mM EDTA (lane 5), but not affected by
100 uM 3,4-DCI (lane 6), Coomassie-stained SDS-PAGE of
purified rIGFBP-5 is shown before (lane 7) and after (lane 8)
digestion with purified PAPP-A2, A Western blot of the same
digest, using anti-c-myc, is also shown (lane 9). Sequence
analysis revealed that PAPP-A2 cleaves IGFBP-5 at one site,
between Ser-142 and Lys-143.

[0272] FIG. 7 shows the cDNA sequence of the PAPP-A2
mRNA coding region directly followed by the sequence of the
3'UTR, The sequence of the 3'UTR was obtained as detailed
in Example 6.3 The first 5376 nucleotides of this sequence
(nt. 1-5376) represents the coding sequence as illustrated in
FIG. 1 and SEQ ID NO:1 (at. 1-5376). Nucleotides 5377-
8527 of this sequence corresponds to the 3'UTR of the PAPP-
A2 mRNA as illustrated in SEQ ID NO:3 (nt 5377-8527).
[0273] FIG. 8 shows the disulfide structure of the PAPP-A
subunit in the PAPP-A/proMBP complex (upper bar). Cys-
teine containing peptides originating from the PAPP-A/
proMBP complex were isolated by degrading PAPP-A/
proMBP complex with proteinases and cyanogen bromide
followed by standard HPLC. Peptides were identified by
amino acid analysis, N-terminal sequence analysis, and by
mass spectrometry (Overgaard, M. T., Oxvig, C., unpub-
lished). Disulfide bonds are shown by thin lines. Two cysteine
residues form inter-chain disulfide bridges to proMBP, and
one forms an inter-chain bridge to PAPP-A causing it to be a
dimer (as indicated). Asterisks mark a cysteine residue to
which no partner has been found. The cysteine residues
present in mature PAPP-A is also present in mature PAPP-A2
(see FIG. 3). It is reasonable to assume that the disulfide
pairing of PAPP-A2 is the same. Thus, this information is
valuable in determination of boundary regions for expression
of isolated domains (fragments) of PAPP-A2. The gene struc-
ture of PAPP-A is also show (lower bar). Exon/intron bound-
aries are based on comparison of PAPP-A ¢DNA (AN
X68280) with genomic sequences (ANs AB020878,
AL353141, and AL137024). The central bar shows putative
domains of PAPP-A based on information of the upper and
lower bars.

EXAMPLES

6.1. Identification of a Nucleotide Sequence Encod-
ing PAPP-A2

[0274] Accession numbers (ANs) given in this text refer to
sequences deposited in Gen-Bank or other biological
sequence databases. ANs are used interchangeable with the
protein or nucleotide sequences deposited under the given
AN.

[0275] Searching public nucleotide databases for DNA
sequences with homology to PAPP-A ((Kristensen et al.,
1994, Biochemistry33,1592-8), AN CAA48341) whentrans-
lated into polypeptide sequence revealed two genomic clones
with the ANs AL031734 and AL031290. Both originate from
the human chromosome 1 (1q24). The search was performed
against the “nr” collection of databases using the program
tblastn at http://www.ncbi.nlm.nih.gov/BLAST/ with default
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settings, in this example, PAPP-A is numbered with the N-ter-
minal Glu as residue 1, as in (Kristensen et al., 1994, Bio-
chemistry 33,1592-8). In the deposited sequence record (AN
X68280) this Glu is residue 5.

[0276] The sequence reported in AL031734 contains
168835 base pairs. Two noncontiguous sequence stretches
(nt. 103432-103566, and 140846-141919) of the total
sequence together aligned with residues 16-59, and 59-413 of
the PAPP-A polypeptide sequence when translated. The
sequence reported in AL.0O31290 contains 121780 base pairs.
Four noncontiguous sequence stretches (nt 10209-10358,
11752-11901, 20531-20463, and 60536-60652) of the total
sequence together aligned with residues 1313-1362, 1376-
1425, 1457-1479, and 1470-1506 of the PAPP-A polypeptide
sequence when translated. The sequence stretches between
the coding regions of both of the genomic sequences repre-
sent noncoding genomic PNA (introns) or coding regions that
do not align.

[0277] Based on these findings, we hypothesized the exist-
ence of a novel protein, PAPP-A2, with homology to PAPP-
A. It was then established the complete coding sequence of
the regions of PAPP-A2 that were partially covered by the two
genomic sequences reported in AL031734 and AL031290.
We denote those contiguous sequences hom-N and hom-C,
respectively (FIG. 2). But first, we established the existence
of a coding ¢cDNA sequence that also showed homology to
PAPP-A, and that connected the sequence of hom-N and
hom-C (FIG. 2). All essential primers used are described in
Table 1. The entire cDNA sequence encoding the 1791-resi-
due preproPAPP-A2 is shown in FIG. 1. Standard cloning
techniques were used, and all DNA constructs were analyzed
by sequencing. The methodology used is described below.
The name PAPP-A2 is used for the protein encoded by this
DNA sequence.

[0278] Cloning of a contiguous coding ¢cDNA stretch cor-
responding to the midregion between hom-N and hom-C: To
obtain the midregion (FIG. 2), cDNA was synthesized using
human placental mRNA as a template and a primer, RT-N-
mid, derived from AL031290 (Table 1, FIG. 2). This cDNA
was used as a template in a PCR to obtain a cDNA corre-
sponding to the midregion of the hypothesized PAPP-A2.
PCR primers were PR-mid5 and PR-mid3 (Table 1, FIG. 2).
The coding sequence of the midregion obtained corresponds
to residues 665-1572 of FIG. 3 (SEQ ID NO:1), a total 0of 908
amino acids,

TABLE 1

Locations of primers used for reverse
transcription or PCR. The primers
are listed in the order of their use.

NAME SOURCES® Nt. NUMBERS® SEQUENCE®

RT-N-mid: AL031290 10262-10281, GCTCACACACCACAGG

(4770-4789) AATG*

PR-mid5: AL031734141874-141894, GGCTGATGTGCGCAAG
(1947-1967) ACCTG

PR-mid3: AL031290 10208-10229, GCATTGTATCTTCAGG
(4716-4737) AGCTTG*

PR-N5: AL031734102606-102628, GAAGTTGACTTCTGGT
(-) TCTGTAG
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TABLE 1-continued
Locations of primers used for reverse
transcription or PCR. The primers
are listed in the order of their use.
NAME SOURCES® Nt . NUMBERS® SEQUENCE”
PR-N3: — - CCCTGGGAAGCGAGTG
(2380-2400) AAGCCH
RT-C: AL031290 62982-63006, GCATTTCTTATAAGAT
(—) CCTTCATGC*
PR-C5: — - GACAGCTGTCCGTCAT
(4180-4201) TGCTGC
PR-C3: AL031290 62876-62897, CTTACTGCCTCTGAGG
(—) CAGTGG*

“pccession numbers of the relevant genowic clones are given.
Primers PR-N3 and PR-C5 were located in tke sequence connecting
hom-N and hom-C, and are therefore not rerresented in the
databases.

Tucleotide numbers refer to tha rumbering of the saquences as
reported in the file with the relevant accession number. In
parentheses are given the corresponding numbers of SEQ ID NO:
1 (FIG. 1), except for primers PR-N5, RT-C ard PR-C3, not wizhin
tais sequence.

‘Sequences are actual primer sequences (orientation 5'-to-3').

Sequerces marked with an asterisk are complemsntary to the
database sequences or the seguence given in FIG. 1.

[0279] Cloning of a contiguous coding ¢cDNA stretch cor-
responding to the N-terminal end of PAPP-A2 (hom-N):
Manual inspection of the genomic sequence AL031734
revealed that the open reading frame of the sequence stretch
corresponding to PAPP-A residues 16-59 continued further in
the 5' direction: Nt 102646-103566 encodes a polypeptide
sequence of 307 residues that starts with a methionine resi-
due. Based on this finding, the cDNA used to obtain the
midregion (placental mRNA primed with RT-N-mid, as
detailed above) was used as a template in a PCR to obtain the
contiguous cDNA of hom-N. PCR primers were: PR-N5 and
PR-N3 (Table 1, FIG. 2).

[0280] Cloning of a contiguous coding ¢cDNA stretch cor-
responding to the C-terminal end of PAPP-A2 (hom-C):
Searching available databases (using the program blastn at
http://www.ncbi.nlm.nih.gov/BLAST/ with default settings)
for human EST sequences matching the genomic sequence of
AL031290 revealed an EST sequence overlapping with some
of the coding regions of AL.031290 already defined by the
Stretch nt. 60536-60652 (cf. above). Nt. 62790-62995 of
AL031290 also matched the sequence of the human EST
sequence AA368081 originating from placenta. When trans-
lated into polypeptide sequence, this EST sequence showed
homology to the C-terminal end of PAPP-A. Further, a stop
codon was present within the coding sequence corresponding
to amino acid 1537 of PAPP-A. That is, PAPP-A2 does not
extend C-terminally beyond PAPP-A when the two
sequences are aligned. Based on this, cDNA was synthesized
using human placental mRNA as a template and a primer
originating from AL031290 (Table 1). This cDNA was used
as a template in a PCR to obtain the contiguous ¢cDNA of
hom-C using PCR primers PR-C5 and PR-C3 (Table 1. FIG.
2).

[0281] All PCRs were carried out with Pfu polymerase
(Stratagene). The three overlapping PAPP-A2 ¢cDNA frag-
ments (hom-N, the novel midregion, and hom-C) were all
cloned into the vector pCR-BluntII-TOPO (invitrogen). Sev-
eral clones were sequenced in both orientations. The con-
structs are referred to as p2N, p2Mid, and p2C, respectively.
The entire nucleotide sequence encoding PAPP-A2 is shown
in FIG. 1 (and SEQ ID NO:1).
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6.2. Analyses of the Nucleotide and Amino Acid
Sequence of PAPP-A2

[0282] Of the 1547 residues of mature PAPP-A, 708 resi-
dues (45.8%) are identical in preproPAPP-A2. There is no
significant degree of identity between the prepro portion of
PAPP-A and the remaining (N-terminal) portion of PAPP-A2
(FIG. 3). In this example, PAPP-A is numbered according to
((Haaning et al., 1996, Eur J Biochem 237, 159-63),
AAC50543).

[0283] The sequence motifs recognized in PAPP-A (Kris-
tensen et al., 1994, Biochemistry 33, 1592-8) are also present
PAPP-A2: An elongated zinc binding consensus sequence,
three lin-notch repeats (LNR1-3), and five short consensus
repeats (SCR1-5) (FI1G. 3). Further, all 82 cysteine residues of
PAPP-A are conserved between the two proteins, and an
additional 4 cysteines are present in the PAPP-A2 polypep-
tide sequence.

6.3. Identification of Human EST Sequences
Originating from the PAPP-A2 mRNA

[0284] A cluster of EST sequences matching the genomic
sequence of AL031290 were identified around nt 64000-
66000 of AL031290, starting approximately 1.2 kb from the
end of the PAPP-A2 encoding sequence. The existence of
mRNA connecting the coding region of PAPP-A2 and this
cluster was verified in a PCR using primers from AT.031290
(5'-GGAAAGAGCAGAGTTCACCCAT-3", nt.  64900-
64879 of AL031290) and the PAPP-A2 encoding sequence
(5'-CCGTCTTAGTCCACTGCATCC-3',nt, 20499-20519 of
AL031290, nt 5171-5191 of AF311940), and oligo-dT
primed placental cDNA as a template (Overgaard et al., 1999.
Biol Reprod 61, 1083-g). As expected, the size of the resulting
product was 2.2 kb, further demonstrating the existence of a
PAPP-A2 mRNA witha 3'UTR of about 3 kb. The distribution
among tissues is shown in Table 2.

TABLE 2

Expression of PAPP-A2 mRNA in human tissues
evaluated by available EST sequences”.

Tissue of origin Number of ESTs found
Human placenta 38
Pregnant uterus 21
Fetal liver/spleen 11
Kidney 5
Retina/Fetal retina 3
Corneal stroma 2
Fetal heart 2
Gessler Wilms tumor 2
Other tissues® 14

“Using the blast algorithm (Altachul et al., 1997, Nucleic Acids Res 23, 3389-402), a total
0f 98 humanEST sequences were identified that matched the 3'UTR of the PAPP-A2 mRNA
sequence. The distribution among tissues is based on the annotations of individual database
entries (not listed).

STsequences originated from pools of tissue, or from tissue represented by only one EST
sequence.

6.4. Expression in Mammalian Cells of Recombinant
PAPP-A2 and Variants of PAPP-A2

[0285] The following plasmid constructs were made:
[0286] a) pPA2: The ¢cDNA sequence of pre-pro-PAPP-
A2 encoding amino acids 1-1791 in expression vector
pcDNA3.1+.
[0287] b) pPA2-KO: As pPA2, but Glu-734 of the active
site of PAPP-A2 substituted with a Gln residue (E734Q).
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[0288] c) pPA2-mH: The expression vector pcDNA3.1/
Myc-His(-)A containing the ¢cDNA sequence of pre-
pro-PAPP-A2 encoding amino acids 1-1791, not fol-
lowed by a stop codon, but rather a c-myc and a His tag.

[0289] d) pPA2-KO-mH: As pPA2-mH, but with the
E734Q substitution of pPA2-KO.

[0290] The three overlapping PAPP-A2 ¢cDNA fragments
(hom-N, the midregion, and hom-C) were used for the con-
struction of a single contiguous ¢cDNA sequence encoding
PAPP-A2. The overlapping fragments were all contained in
the vector pCR-BluntII-TOPO (Invitrogen) and referred to as
p2N, p2Mid, and p2C, as detailed above (example 6.1).
Clones of p2N and p2C were selected that had the proper
orientation of the cDNA insert.

[0291] Construction of pPA2: The Notl-BamHI fragment
was excised from p2C and cloned into pBluescriptlISK+
(Stratagene) to obtain p2CBlue, The Notl-Spel fragment was
excised from p2N, and the Spel-Bcll fragment was excised
from p2Mid. Those two fragments were ligated into the Notl/
Bell sites of p2CBlue in one reaction to obtain
p2NMidCBlue, containing the entire PAPP-A2 ¢cDNA. The
Notl-Apal fragment of pBluescriptlISK+ was excised and
ligated into the Notl/Apal sites of the mammalian expression
vector pcDNA3.1+ (Invitrogen) to obtain a modified version
of this vector, pcDNA-NA. The full length ¢cDNA was then
excised from p2NMidCBlue with Notl and Xhol and cloned
into pcDNA-NA to obtain pPA2. All restriction sites used are
in the multi cloning sites of the vectors, except for Spel and
Bell, both located in each of the two overlapping regions of
the coding PAPP-A2 sequence stretches of p2N, p2Mid, and
p2C (nt. 2365 and nt. 4203, respectively, of FIG. 3).

[0292] Construction of pPA2-KO: The construct pPA2-KO
is a variant of the pPA2 expression construct in which residue
Glu-734 of the active site of PAPP-A2 was substituted with a
Gln residue. Thus, the mutant is E734Q. The pPA2-KO con-
struct was made by site directed mutagenesis using the
method of overlap extension PCR (Ho et al., 1989, Gene 77,
51-9) with pPA2 as the template. In brief, outer primers were
5-CGCTGAGGGAAGGACAAGGG-3' (5" end primer, nt
976-995 of SEQ ID NO:1) and 5'-CTAGAAGGCACAGTC-
GAGGC-3' (3' end primer, nt. 1040-1021, sequence of vector
pcDNA3.1+). Overlapping internal primers were 5'-TGTC-
CCACTTGATGGATCATGGTGTCGGTGTGG-3' (ut
2210-2178 of SEQ ID NO:1, nt 2200 not C, but G resulting in
E734Q) and 5-CCATCAAGTGGGACATGTTCTGGGAC-
3" (ut. 2196-2221 of SEQ ID NO:1, nt. 2200 not G, but C
resulting in E734Q). The resulting mutated fragment was
digested with Xbal and Xhol and swapped into pPA2 to
generate pPA2-KO. All PCRs were carried out with Pfu DNA
polymerase (Stratagene), and all constructs were verified by
sequence analysis.

[0293] Construction of pPA2-mH: Two primers (5'-
GAGGGCCTGTGGACCCAGGAG-3', nt. 4906-4926 of
SEQ ID NO:1, and 5'-GACGTAAAGCTTCTGATTTTCT-
TCTGCCTTGG-3', nt 5373-5354 of SEQ IDNO: 1, preceded
by a HindIII site, AAGCTT, and nt. GACGTA to facilitate
cleavage of the PCR product) were used in a PCR with pPA2
as the template to generate a nucleotide fragment encoding
the C-terminal 156 residues of PAPP-A2 with the stop codon
replaced by a HindIII site for in-frame ligation to expression
vector. In brief, the PCR product was digested with EcoRI and
HindIII and cloned into the EcoRI/HindIIT sites of the vector
pcDNA3.1/Myc-His(-)A to generate pPA2C-mH. The Notl-
Xbal fragment (encoding the N-terminal portion of PAPP-
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A2), and the Xbal-EcoRI fragment (encoding the remaining
central portion of PAPP-A2) were excised from pPA2 and
ligated in one reaction into the NotI/EcoRI sites of pPA2C-
mH. The resulting construct, pPA2-mH, encoded PAPP-A2
followed by residues KLGP, the myc epitope (EQKLI-
SEEDL), residues NSAVD, and six H-residues (amino acids
are given as one letter code). A stop codon follows immedi-
ately after the six histidine residues.

[0294] Construction of pPA2-KO-mH: A variant of pPA2-
mH was constructed with residue Glu-734 substituted into a
Gln residue: The Natl-Kpnl fragment of pPA2-KO was
excised and swapped into the Not[-Kpnl sites of pPA2-mH, to
generate pPA2-KO-mH.

[0295] Expression in mammalian cells: All constructs
(pPA2, pPA2-KO, pPA2-mH, and pPA2-KO-mH) as well as
empty expression vectors (pcDNA3.1+ and pcDNA3.1/Myc-
His(-)A) were transiently transfected into mammalian cells
for expression of recombinant PAPP-A2 protein. Briefly,
human embryonic kidney 293T cells (293tsA1609neo) (Du-
Bridge et al., 1987, Mol Cell Biol 7,379-87) were maintained
in high gluicose DMEM medium supplemented with 10%
fetal bovine serum, 2 mM glutamine, nonessential amino
acids, and gentamicin (Life Technologies). Cells were plated
onto 6 cm tissue culture dishes, and were transfected 18 h later
by calcium phosphate coprecipitation (Pear et al., 1993, Proc
Natl Acad Sci USA 90, 8392-6) using 10 pg of plasmid DNA
prepared by QIAprep Spin Kit (Qiagen). After a further 48 h
the supernatants were harvested, and replaced by serum-free
medium (293 SFM 11, Life Technologies) for another 48 h.
The serum-free medium was harvested and cleared by cen-
trifugation.

[0296] Analysis by Western blotting of recombinant pro-
tein resulting from transfection with the constructs pPA2-mH
and pPA2-KO-mH, demonstrated that PAPP-A2 is secreted
as a protein of 220 kDa (See F1G. 2). Reduction of disulfide
bonds did not cause a visible change in band migration. Thus,
in contrast to PAPP-A, PAPP-A2 is secreted as a monomer.

6.5. Purification by Affinity Chromatography of
Tagged PAPP-A2

[0297] A metal chelate affinity column (2 ml, Pharmacia)
was charged with nickel ions and loaded with serum-free
medium (50 ml) from cells transiently transfected with pPA2-
KO-mH (see example 6.4). After washing in PBS containing
1M NaCl, bound protein was eluted with 10 mM EDTA in
PBS in fractions of 0.5 ml. PAPP-A2 containing fractions
were located by SDS-PAGE (FIG. 4, 1ane 5). This protein was
not seen from medium of cells transfected with empty vector
(mock transfectants) and treated in a parallel manner.

6.6. N-Terminal Sequence Analysis of PAPP-A2

[0298] C-terminally tagged PAPP-A2 purified from
medium of cells transfected with construct pPA2-KO-mH
(see examples 6.4 and 6.5) was reduced and runon a 10-20%
SDS gel, and further blotted onto PYDF membrane (ProBlott,
Applied Biosystems). Bands of 4 lanes were excised and
subjected to N-terminal sequence analysis on an Applied
Biosystems 477A sequencer equipped with an on-line HPL.C
(Sottrup-Jensen, 1995, Anal Biochem 225, 187-8). The N-ter-
minal sequence observed at a level of approximately 20 pmol
was: Ser-Pro-Pro-Glu-Glu-Ser-Asn (SPPEESN), resulting
from cleavage before Ser-234 of the PAPP-A2 polypeptide
after R(230)VKK.
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[0299] This confirms the prediction, that PAPP-A2, like
PAPP-A, is synthesized as a prepro protein. The absence of an
arginine residue in the PT position, indicates that the propro-
tein processing enzyme responsible for this cleavage is not
furin, but likely another proprotein convertase (Nakayama,
1997. Biochem J 327, 625-35). Cleavage of proPAPP-A2
might have been predicted after R(196)QRR, which arche-
typicaly makes furin cleavage (Nakayama, 1997, Biochem J
327, 625-35). We cannot exclude that cleavage occurred at
this site, and that the observed N-terminus results from fur-
ther processing.

6.7. Cleavage of Insulin-Like Growth Factor Binding
Protein (IGFBP)-5

[0300] Ligand blotting (Conover et al., 1993, J Clin Invest
91, 1129-37) with radiolabeled IGF-IT (Bachem) was used to
assay for activity against IGFBP-1 (from HepG2 conditioned
medium), rIGFBP-2 (GroPep), rIGFBP-3 (gift of D. Powell),
rIGFBP-4 (Austral), rIGFBP-5 (gift of D. Andress), and rIG-
FBP-6 (Austral). Of the six binding proteins, IGFBP-5
showed complete cleavage (FIG. 5). IGFBP-3 was partially
degraded (FIG. 5). This cleavage was independent of the
presence of IGF. Experiments were carried out with media
from cells transfected with pPA2 or empty vector.

[0301] For further analysis, recombinant IGFBP-5 was
produced in mammalian cells. In brief, human placental
oligo-dT primed cDNA (Overgaard et al., 1999, Biol Reprod
61, 1083-9) was used as a template to amplify cDNA encod-
ing human IGFBP-5 (Accession number M65062). Specific
primers containing an Xhol site (5'-TCCGCTCGAGATG-
GTGTTGCTCACCGCGGT-3") and a Hindll site (5'-
CGATAAGCTTCTCAACGTTGCTGCTGTCG-3")  were
used, and the resulting PCR product was digested and cloned
into the Xhol/HindIII sites of pcDNA3.1/Myc-His(-)A (In-
vitrogen). The construct encoded the full-length prolGFBP-
5, immediately followed by residues KLGP, the myc epitope
(EQKLISEEDL), residues NSAVD, and six H-residues
(amino acids are given as one letter code). The construct was
verified by sequence analysis. Plasmid DNA for transfection
was prepared by QIAprep Spin Kit (Qiagen). Cell culture and
expression of recombinant IGFBP-5 was performed as
described above in Example 6.4.

[0302] Cleavage analysis was performed by Western blot-
ting (FIG. 6). Briefly, recombinant IGFBF-5 as contained in 5
microlL cell culture medium was incubated With culture
supernatants (10 microlL) from cells transfected with pPA2,
pPA2-KO, or empty expression expression vectors (see
example 6.4). Phosphate buffered saline was added to a final
volume of 50 microL. After incubation at 37 degrees Celsius
for 12 hours, 15 microl of the reaction mixture was separated
by reducing 16% SDS-PAGE, blotted onto a PVDF mem-
brane, and the c-terminal cleavage product was detected with
monoclonal anti-c-myc (clone 9E19, ATTC) using peroxi-
dase-conjugated secondary antibodies (P260, DAKQ), and
enhanced chemiluminescence (ECL, Amersham).

6.8. Inhibition of the Activity of PAPP-A2

[0303] Various agents were analysed for their ability to
inhibit the proteolytic activity of PAPP-A2 against IGFBP-5.
The experimental conditions were essentially as described in
Example 6.7, except the agents to be tested were added (FIG.
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6). Agents found to have no effect on the proteolytic activity
of PAPP-A2 further included PMSF and aprotinin.

6.9. Identification of the Cleavage Site in IGFBP-5

[0304] For cleavage site determination, purified rIGFBP-5
(FIG. 6, lane 7) was digested with purified PAPP-A2 and
analyzed by SDS-PAGE (FIG. 6, lane 8). Edman degradation
of blotted material showed that both distinct, visible degra-
dation products (FIG. 6, lane 8) contained the N-terminal
sequence K(144)FVGGA (IGFBP-5 is numbered with the
N-terminal Leu of the mature protein as residue 1). The two
bands both represent intact C-terminal cleavage fragments,
because they also contain the C-terminal c-myc tag (FIG. 6,
lane 9); they are likely to be differently glycosylated, in
accordance with the heterogeneity of purified rIGFBP-5
(FIG. 6, lane 7). Both bands contained a second sequence at
lower level (45%), L(1)GXFVH, corresponding to the N-ter-
minal sequence of IGFBP-5. The absence of Ser. expected in
the third cycle, was taken as evidence for carbohydrate sub-
stitution of Ser-3. O-linked glycan on the N-terminal cleavage
fragment is likely to cause it to smear around the two distinct,
C-terminal fragments. Sequence analysis on the reaction
mixture (>100 pmol) without SDS-PAGE separation showed
only the same two IGFBP-5 sequences in equimolar amounts.
Thus, PAPP-A2 cleaves IGFBP-5 at one site, between Ser-
143 and Lys-144.

6.10. Tissues where PAPP-A2 May Cause
Proteolysis of IGFBP-5

[0305] Proteolyctic activity against IGFBP-5 has been
widely reported from several sources, e.g. pregnancy serum
(Claussen et al., 1994, Endocrinology 134, 1964-6), seminal
plasma (Lee et al., 1994, J Clin Endocrinol Metab 79, 1357-
72), culture media from smooth muscle cells (Imai et al.,
1997. J Clin Invest 100, 2596-605), granulosa cells (Resnick
et al., 1998, Endocrinology 139, 1249-57), osteosarcoma
cells (Conover and Kiefer, 1993, J Clin Endocrinol Metab 76,
1153-9), and also from osteoblasts (Thrailkill et al., 1995,
Endocrinology 136, 3527-33), and fibroblasts (Busby et al.,
2000, J Biol Chem). In general, the proteinase responsible for
cleavage of IGFBP-5 has remained unidentified.

[0306] Therecentidentification of PAPP-A as the IGFBP-4
proteinase in fibroblasts and osteoblasts (Lawrence et al.,
1999, Proc Natl Acad Sci USA 96, 3149-53), ovarian follicu-
lar fluid (Conover et al., 1999, J Clin Endocrinol Metab 84,
4742-5), pregnancy serum (Overgaard et al., 2000, J Biol
Chem), and vascular smooth muscle cells (Bayes-Genis, A.,
Schwartz, R. S. Ashai, K., Lewis, D. A, Overgaard, M, T,,
Christiansen, M., Oxvig, C., Holmes, D. R Jr., and Conover,
C. A. Arterioscler. Thromb. Vasc. Biol., in press) firmly estab-
lishes PAPP-A and IGFBP-4 as an important functional pair
in several systems. No other substrate as has been found for
PAPP-A, and no other proteinase has been shown to cleave
IGFBP-4 physiologically. It is therefore likely that the pair of
PAPP-A2 and IGFBP-5 plays an analogous role in a number
of the tissues mentioned above and/or elsewhere. Interest-
ingly, incubating IGFBP-5 with smooth muscle cells condi-
tioned medium resulted in cleavage between Ser-143 and
Lys-144 (Imai et al., 1997, J Clin Invest 100, 2596-605), the
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same cleavage site as found here with PAPP-A2. This imme-
diately suggests PAPP-A2 as an obvious candidate IGFBP-5
proteinase for this tissue.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26

<210> SEQ ID NO 1

<211> LENGTH: 8527

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
«220> FEATURE:
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<221> NAME/KEY: CDS
<222> LOCATION: (1)..(5373)

<223>

<220> FEATURE:

<221> NAME/KEY: sig_peptide
«222> LOCATION: (1) ..(66)
<220> FEATURE:

<221> NAME/KEY: misc_feature
«222> LOCATION: (1) ..(66)

<223>

<220> FEATURE:
<221> NAME/KEY: misc_feature
«222> LOCATION: (67)..(699)

<223>

<220> FEATURE:

<221> NAME/KEY: mat_peptide
<222> LOCATION: (700)..()
<220> FEATURE:

<221> NAME/KEY: 3'UTR

<222> LOCATION: (5377)..(8527)

<400> SEQUENCE: 1

atg
Met

999
Gly

aag
Lys

gaa
Glu

get
Ala

999
Gly

cat
His

ctt
Leu

gca
Ala

999
Gly

aga
Arg

atg
Met

aaa
Lys
-50

caa

atg tgc tta aag atc cta aga
Met Cys Leu Lys Ile Leu Arg
-230

tgg gca ctc tgt tet gee aac
Trp Ala Leu Cys Ser Ala Asn
-215

aaa tcc ttg gtt gag agg gaa
Lys Ser Leu Val Glu Arg Glu
-200

gga gaa cgt tgt tgg ctg ggg
Gly Glu Arg Cys Trp Leu Gly
-185

tet cca cag cat cac cte ttt
Ser Pro Gln His Hisg Leu Phe
-170

aac tac cta agyg cce tac cce
Asn Tyr Leu Arg Pro Tyr Pro
-155

aca gga cge  age aaa cca gac
Thr Gly Arg Ser Lys Pro Asp
-140

gtt ccc cca gac ctg act gaa
Val Pro Pro Asp Leu Thr Glu
-125

gtt gaa gag cecg gct gee cea
Val Glu Glu Pro Ala 2la Pro
-110

caa tct gag ctg ctg gga gat
Gln Ser Glu Leu Leu Gly Asp
-95

tece aag gag tet cta ggt gag
Ser Lys Glu Ser Leu Gly Glu
-80 -75

get gee act act ace ace gece

Ala Ala Thr Thr Thr Thr Ala

-65 -60

cca gag acc caa agg agg ggc

Pro Glu Thr Gln Arg Arg Gly
-45

gtg tgg aag agg cgg gcg gaa

ata
Ile
-225

tet
Ser
-210

cac
His
-195

gee
Ala
-180

gga
Gly
-1l65

gty
Val
-150

act
Thr
-135

aat
Asn
-120

tgg
Trp
-105

gat
Asp
-90

gee
Ala

att tte
Ile Phe

tgg gcc
Trp Ala

gat

gac
Asp

999
Gly

999

age
Ser

gag
Glu

ctg
Leu

aay
Lys

gte
Val

999
Gly

gaa
Glu

cca
Pro

gta
Val

get
Ala

att
Ile

aca
Thr

aag
Lys

OTHER INFORMATION: pro part of PAPP-A2

ctyg
Leu

ctyg
Leu

aat
Asn

gtt
Val

tac
Tyr

gag
Glu

gga
Gly

gca
Ala

999
Gly

OTHER INFORMATION: prepro part of PAPP-A2

OTHER INFORMATION: prepro-PAPP-A2 coding sequence

gcg att ttg
Ala Ile Leu

-220

ggc tgg aca
Gly Trp Thr

-205

cag gtg ctg
Gln Val Leu

-190

cga aga ccc
Arg Arg Pro

-175

cee age agyg
Pro Ser Arg

-160

caa gaa atc
Gln Glu Ile

-145

aat gct gtg
Asn Ala Val

-130

gga ctg agg
Gly Leu Arg

-115

gat agt cct
Asp Ser Pro

tat cte
Tyr Leu

cag aaa
Gln Lys

-70

ace ¢ty
Thr Leu

-55

-40

cag

tce agg
Ser Arg

gga gac

-100

gge aat

gct
Ala

cge
Arg

ttg
Leu

aga
Arg

get
Ala

cat
His

age
Ser

ggt
Gly

att
Ile

caa

Gly Asn Gln

-85

gge tca
Gly Ser

aac gaa

gce
Ala

cce

Asn Glu Pro

cag cgt
Gln Arg

tee ggt

cge
Arg
-35

atc

45

90

135

180

225

270

315

360

405

453

501

549

597

645
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Gln Val Trp Lys Arg Arg Ala Glu Asp Gly Gln Gly Asp Ser Gly Ile

-30 -25 -20
tet tca cat ttc caa cct tgg ccc aag cat tce ctt aaa cac agg gtc 693
Ser Ser His Phe Gln Pro Trp Pro Lys His Ser Leu Lys His Arg Val
-15 -10 -5
aaa aag agt cca ccg gag gaa agc aac caa aat ggt gga gag ggc tcc 741
Lys Lys Ser Pro Pro Glu Glu Ser Asn Gln Asn Gly Gly Glu Gly Ser
-101 5 10
tac cga gaa gca gag acc ttt aac tce caa gta gga ctg ccc atc tta 789
Tyr Arg Glu Ala Glu Thr Phe Asn Ser Gln Val Gly Leu Pro Ile Leu
15 20 25 30
tac ttc tect ggg agg cgg gag cgg ctg ctg ctg cgt cca gaa gtg ctg 837
Tyr Phe Ser Gly Arg Arg Glu Arg Leu Leu Leu Arg Pro Glu Val Leu
35 40 45
gct gag att cecc cgg gag gcg tte aca gtg gaa gce tgg gtt aaa ccg 885
Ala Glu Ile Pro Arg Glu Ala Phe Thr Val Glu Ala Trp Val Lys Pro
50 55 60
gag gga gga cag aac aac cca gcc atc atc geca ggt gtg ttt gat aac 933
Glu Gly Gly Gln Asn Asn Pro Ala Ile Ile Ala Gly Val Phe Asp Asn
65 70 75
tgc tce cac act gte agt gac aaa ggc tgg gce ctg ggg atc cge tca 981
Cys Ser His Thr Val Ser Asp Lys Gly Trp Ala Leu Gly Ile Arg Ser
80 85 90
ggg aag gac aag ggda aag cgg gat gct cgc tte tte tte tecc cte tge 1029
Gly Lys Asp Lys Gly Lys Arg Asp Ala Arg Phe Phe Phe Ser Leu Cys
95 100 105 110
ace gac cgce gtg aag aaa gec ace ate ttg att age cac agt cge tac 1077
Thr Asp Arg Val Lys Lys Ala Thr Ile Leu Ile Ser Hig Ser Arg Tyr
115 120 125
caa cca ggc aca tgg ace cat gtg gea gee act tac gat gga cgg cac 1125
Gln Pro Gly Thr Trp Thr His Val Ala Ala Thr Tyr Asp Gly Arg His
130 135 140
atg gee ctg tat gtg gat gge act cag gtg get age agt cta gac cag 1173
Met Ala Leu Tyr Val Asp Gly Thr Gln Val Ala Ser Ser Leu Asp Gln
145 150 155
tet ggt cee ctg aac age ccc tte atg gea tet tge cge tet ttg cte 1221
Ser Gly Pro Leu Asn Ser Pro Phe Met Ala Ser Cys Arg Ser Leu Leu
160 165 170
ctg ggg gga gac agce tct gag gat ggg cac tat tte cgt gga cac ctg 1269
Leu Gly Gly Asp Ser Ser Glu Asp Gly His Tyr Phe Arg Gly His Leu
175 180 185 190
gge aca ctg gtt tte tgg tcg acc gee ctg cca caa age cat ttt cag 1317
Gly Thr Leu Val Phe Trp Ser Thr Ala Leu Pro Gln Ser His Phe Gln
195 200 205
cac agt tect cag cat tca agt ggg gag gag gaa gcg act gac ttg gte 1365
Hig Ser Ser Gln Hig Ser Ser Gly Glu Glu Glu Ala Thr Asp Leu Val
210 215 220
ctg aca gcg age ttt gag cct gtg aac aca gag tgg gtt cce ttt aga 1413
Leu Thr Ala Ser Phe Glu Pro Val Asn Thr Glu Trp Val Pro Phe Arg
225 230 235
gat gag aag tac cca cga ctt gag gtt cte cag gge ttt gag cca gag 1461
Asp Glu Lys Tyr Pro Arg Leu Glu Val Leu Gln Gly Phe Glu Pro Glu
240 245 250
cct gag att ctg teg cct ttg cag cce cca cte tgt ggg caa aca gtce 1509
Pro Glu Ile Leu Ser Pro Leu Gln Pro Pro Leu Cys Gly Gln Thr Val
255 260 265 270

tgt gac aat gtg gaa ttg atc tcc cag tac aat gga tac tgg ccc ctt 1557
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Cys Asp Asn Val Glu Leu Ile Ser Gln Tyr Asn Gly Tyr Trp Pro Leu

275 280 285
cgg gga gag aag gtg ata cgc tac cag gtg gtg aac atc tgt gat gat 1605
Arg Gly Glu Lys Val Ile Arg Tyr Gln Val Val Asn Ile Cys Asp Asp
290 295 300
gag ggc cta aac ccc att gtg agt gag gag cag att cgt ctg cag cac 1653
Glu Gly Leu Asn Pro Ile Val Ser Glu Glu Gln Ile Arg Leu Gln His
305 310 315
gag gca ctg aat gag gcc ttc agc cgc tac aac atc agc tgg cag ctg 1701
Glu Ala Leu Asn Glu Ala Phe Ser Arg Tyr Asn Ile Ser Trp Gln Leu
320 325 330
agc gtc cac cag gtc cac aat tcc acc ctg cga cac cgg gtt gtg ctt 1749
Ser Val His Gln Val His Asn Ser Thr Leu Arg His Arg Val Val Leu
335 340 345 350
gtg aac tgt gag ccc agc aag att ggc aat gac cat tgt gac ccc gag 1797
Val Asn Cys Glu Pro Ser Lys Ile Gly Asn Asp His Cys Asp Pro Glu
355 360 365
tgt gag cac cca ctc aca ggc tat gat ggg ggt gac tgc cgc ctg cag 1845
Cys Glu His Pro Leu Thr Gly Tyr Asp Gly Gly Asp Cys Arg Leu Gln
370 375 380
ggc cgc tgce tac tec tgg aac cge agg gat ggg cte tgt cac gtg gag 1893
Gly Arg Cys Tyr Ser Trp Asn Arg Arg Asp Gly Leu Cys His Val Glu
385 390 395
tgt aac aac atg ctg aac gac ttt gac gac gga gac tgc tgc gac ccc 1941
Cys Asn Asn Met Leu Asn Asp Phe Asp Asp Gly Asp Cys Cys Asp Pro
400 405 410
cag gtg get gat gtg cge aag ace tge ttt gac cct gac teca cee aag 1989
Gln Val Ala Asp Val Arg Lys Thr Cys Phe Asp Pro Asp Ser Pro Lys
415 420 425 430
agg gca tac atg agt gtg aag gag ctg aag gag gce ctg cag ctg aac 2037
Arg Ala Tyr Met Ser Val Lys Glu Leu Lys Glu Ala Leu Gln Leu Ash
435 440 445
agt act cac tte cte aac ate tac ttt gee age tca gtg ¢gg gaa gac 2085
Ser Thr His Phe Leu Asn Ile Tyr Phe Ala Ser Ser Val Arg Glu Asp
450 455 460
ctt gca ggt get gee ace tgg cet tgg gac aag gac get gte act cac 2133
Leu Ala Gly Ala Ala Thr Trp Pro Trp Asp Lys Asp Ala Val Thr His
465 470 475
ctg ggt ggc att gte cte age cca gea tat tat ggg atg cct gge cac 2181
Leu Gly Gly Ile Val Leu Ser Pro Ala Tyr Tyr Gly Met Pro Gly His
480 485 490
acc gac acc atg atc cat gaa gtg gga cat gtt ctg gga cte tac cat 2229
Thr Asp Thr Met Ile His Glu Val Gly His Val Leu Gly Leu Tyr His
495 500 505 510
gtc ttt aaa gga gtc agt gaa aga gaa tcc tge aat gac ccc tge aag 2277
Val Phe Lys Gly Val Ser Glu Arg Glu Ser Cys Asn Asp Pro Cys Lys
515 520 525
gag aca gtg cca tec atg gaa acg gga gac cte tgt gee gac acc gece 2325
Glu Thr Val Pro Ser Met Glu Thr Gly Asp Leu Cys Ala Asp Thr Ala
530 535 540
cce act cce aag agt gag ctg tgc cgg gaa cca gag ccc act agt gac 2373
Pro Thr Pro Lys Ser Glu Leu Cys Arg Glu Pro Glu Pro Thr Ser Asp
545 550 555
acc tgt ggc tte act cgce tte cca ggg get ccg tte ace aac tac atg 2421
Thr Cys Gly Phe Thr Arg Phe Pro Gly Ala Pro Phe Thr Asn Tyr Met
560 565 570

agc tac acg gat gat aac tge act gac aac ttc act cct aac caa gtg 2469
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Ser Tyr Thr Asp Asp Asn Cys Thr Asp Asn Phe Thr Pro Asn Gln Val

575 580 585 590
gcc cga atg cat tge tat ttg gac cta gtc tat cag cag tgg act gaa 2517
Ala Arg Met His Cys Tyr Leu Asp Leu Val Tyr Gln Gln Trp Thr Glu
595 600 605
agc aga aag ccc acc ccc atc ccc att cca cct atg gtc atc gga cag 2565
Ser Arg Lys Pro Thr Pro Ile Pro Ile Pro Pro Met Val Ile Gly Gln
610 615 620
acc aac aag tcc ctc act atc cac tgg ctg cct cct att agt gga gtt 2613
Thr Asn Lys Ser Leu Thr Ile His Trp Leu Pro Pro Ile Ser Gly Val
625 630 635
gta tat gac agg gcc tca ggc agc ttg tgt ggc gct tgc act gaa gat 2661
Val Tyr Asp Arg Ala Ser Gly Ser Leu Cys Gly Ala Cys Thr Glu Asp
640 645 650
ggg acc ttt cgt cag tat gtg cac aca gct tece tece cgg cgg gtg tgt 2709
Gly Thr Phe Arg Gln Tyr Val His Thr Ala Ser Ser Arg Arg Val Cys
655 660 665 670
gac tcc tca ggt tat tgg acc cca gag gag gct gtg ggg cct cct gat 2757
Asp Ser Ser Gly Tyr Trp Thr Pro Glu Glu Ala Val Gly Pro Pro Asp
675 680 685
gtg gat cag ccc tgc gag cca agc tta cag gecc tgg age cct gag gtce 2805
Val Asp Gln Pro Cys Glu Pro Ser Leu Gln Ala Trp Ser Pro Glu Val
690 695 700
cac ctg tac cac atg aac atg acg gtc ccc tge ccc aca gaa ggc tgt 2853
His Leu Tyr His Met Asn Met Thr Val Pro Cys Pro Thr Glu Gly Cys
705 710 715
age ttg gag ctg cte tte caa cac ceg gte caa gee gace ace cte acce 2901
Ser Leu Glu Leu Leu Phe Gln His Pro Val Gln Ala Asp Thr Leu Thr
720 725 730
¢ty tgg gte act tee tte tte atg gag tee teg cag gte cte ttt gac 2949
Leu Trp Val Thr Ser Phe Phe Met Glu Ser Ser Gln Val Leu Phe Asp
735 740 745 750
aca gag atc ttg ctg gaa aac aag gag tca gtg cac ctg gge cece tta 2997
Thr Glu Ile Leu Leu Glu Asn Lys Glu Ser Val His Leu Gly Pro Leu
755 760 765
gac act tte tgt gac atc cca cte acc atc aaa ctg cac gtg gat ggg 3045
Asp Thr Phe Cys Asp Ile Pro Leu Thr Ile Lys Leu His Val Asp Gly
770 775 780
aag gtg tecg ggg gtg aaa gtc tac acc ttt gat gag agg ata gag att 3093
Lys Val Ser Gly Val Lys Val Tyr Thr Phe Asp Glu Arg Ile Glu Ile
785 790 795
gat gca gca cte ctg act tect cag cee cac agt cce ttg tge tet gge 3141
Asp Ala Ala Leu Leu Thr Ser Gln Pro His Ser Pro Leu Cys Ser Gly
800 805 810
tge agg cct gtg agg tac cag gtt cte cge gat ccc cca ttt gee agt 3189
Cys Arg Pro Val Arg Tyr Gln Val Leu Arg Asp Pro Pro Phe Ala Ser
815 820 825 830
ggt ttg ccc gtg gty gtg aca cat tet cac agyg aag tte acg gac gtg 3237
Gly Leu Pro Val Val Val Thr His Ser His Arg Lys Phe Thr Asp Val
835 840 845
gag gtc aca cct gga cag atg tat cag tac caa gtt cta get gaa get 3285
Glu Val Thr Pro Gly Gln Met Tyr Gln Tyr Gln Val Leu Ala Glu Ala
850 855 860
gga gga gaa ctg gga gaa gct tcg cct cct ctg aac cac att cat gga 3333
Gly Gly Glu Leu Gly Glu Ala Ser Pro Pro Leu Asn His Ile His Gly
865 870 875

gct cct tat tgt gga gat ggg aag gtg tca gag aga ctg gga gaa gag 3381
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Ala Pro Tyr Cys Gly Asp Gly Lys Val Ser Glu Arg Leu Gly Glu Glu
880 885 890

tgt gat gat gga gac ctt gtg agc gga gat ggc tgc tcc aag gtg tgt 3429
Cys Asp Asp Gly Asp Leu Val Ser Gly Asp Gly Cys Ser Lys Val Cys
895 900 905 910

gag ctg gag gaa ggt ttc aac tgt gta gga gag cca agc ctt tgc tac 3477
Glu Leu Glu Glu Gly Phe Asn Cys Val Gly Glu Pro Ser Leu Cys Tyr
915 920 925

atg tat gag gga gat ggc ata tgt gaa cct ttt gag aga aaa acc agc 3525
Met Tyr Glu Gly Asp Gly Ile Cys Glu Pro Phe Glu Arg Lys Thr Ser
930 935 940

att gta gac tgt ggc atc tac act ccc aaa gga tac ttg gat caa tgg 3573
Ile Val Asp Cys Gly Ile Tyr Thr Pro Lys Gly Tyr Leu Asp Gln Trp
945 950 955

gct acc cgg get tac tcc tct cat gaa gac aag aag aag tgt cct gtt 3621
Ala Thr Arg Ala Tyr Ser Ser His Glu Asp Lys Lys Lys Cys Pro Val
960 965 970

tce ttg gta act gga gaa cct cat tcc cta att tgc aca tca tac cat 3669
Ser Leu Val Thr Gly Glu Pro His Ser Leu Ile Cys Thr Ser Tyr His
975 980 985 990

cca gat tta ccc aac cac cgt ccc cta act gge tgg ttt ccc tgt gtt 3717
Pro Asp Leu Pro Asn His Arg Pro Leu Thr Gly Trp Phe Pro Cys Val

995 1000 1005

gcc agt gaa aat gaa act cag gat gac agg agt gaa cag cca gaa 3762
Ala Ser Glu Asn Glu Thr Gln Asp Asp Arg Ser Glu Gln Pro Glu

1010 1015 1020
ggt age ctg aag aaa gag gat gag gtt tgg cte aaa gtg tgt tte 3807
Gly Ser Leu Lys Lys Glu Asp Glu Val Trp Leu Lys Val Cys Phe

1025 1030 1035
aat aga cca gga gag goc aga gca att ttt att ttt ttg aca act 3852
Asn Arg Pro Gly Glu 2Ala Arg Ala Ile Phe Ile Phe Leu Thr Thr

1040 1045 1050
gat gge cta gtt cce gga gag cat cag cag ccg aca gtg act cte 3897
Asp Gly Leu Val Pro Gly Glu His Gln Gln Pro Thr Val Thr Leu

1055 1060 1065
tac ctg acc gat gtec cgt gga agc aac cac tct ctt gga acc tat 3942
Tyr Leu Thr Asp Val Arg Gly Ser Asn His Ser Leu Gly Thr Tyr

1070 1075 1080
gga ctg tca tge cag cat aat cca ctg att atce aat gtg acc cat 3987
Gly Leu Ser Cys Gln His Asn Pro Leu Ile Ile Asn Val Thr His

1085 1090 1095
cac cag aat gte ctt ttc cac cat ace ace tca gtg ctg ctg aat 4032
His Gln Asn Val Leu Phe His His Thr Thr Ser Val Leu Leu Asn

1100 1105 1110
tte tca teec cca cgg gtce gge ate tca get gtg get cta agg aca 4077
Phe Ser Ser Pro Arg Val Gly Ile Ser Ala Val Ala Leu Arg Thr

1115 1120 1125
tece tce cge att ggt ctt teg get cece  agt aac tge ate tca gag 4122
Ser Ser Arg Ile Gly Leu Ser Ala Pro Ser Asn Cys Ile Ser Glu

1130 1135 1140
gac gag ggg cag aat cat cag gga cag agc tgt atc cat cgg cce 4167
Agp Glu Gly Gln Asn His Gln Gly Gln Ser Cys Ile His Arg Pro

1145 1150 1155
tgt ggg aag cag gac agc tgt ccg tca ttg ctg ctt gat cat get 4212
Cys Gly Lys Gln 2Asp Ser Cys Pro Ser Leu Leu Leu Asp His Ala

1160 1165 1170

gat gtg gtg aac tgt acc tct ata ggc cca ggt cte atg aag tgt 4257
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Asp Val Val Asn Cys Thr Ser Ile Gly Pro Gly Leu Met Lys Cys

1175 1180 1185
gct atc act tgt caa agg gga ttt gcc ctt cag gece age agt ggg 4302
Ala Ile Thr Cys Gln Arg Gly Phe Ala Leu Gln Ala Ser Ser Gly

1190 1195 1200
cag tac atc agg ccc atg cag aag gaa att ctg ctc aca tgt tct 4347
Gln Tyr Ile Arg Pro Met Gln Lys Glu Ile Leu Leu Thr Cys Ser

1205 1210 1215
tet ggg cac tgg gac cag aat gtg agc tge ctt cce gtg gac tge 4392
Ser Gly His Trp Asp Gln 2Asn Val Ser Cys Leu Pro Val Asp Cys

1220 1225 1230
ggt gtt ccc gac ccg tct ttg gtg aac tat gca aac ttc tcc tge 4437
Gly Val Pro Asp Pro Ser Leu Val Asn Tyr Ala Asn Phe Ser Cys

1235 1240 1245
tca gag gga acc aaa ttt ctg aaa cgc tgc tca atc tct tgt gte 4482
Ser Glu Gly Thr Lys Phe Leu Lys Arg Cys Ser Ile Ser Cys Val

1250 1255 1260
cca cca gcc aag ctg caa gga ctg agc cca tgg ctg aca tgt ctt 4527
Pro Pro Ala Lys Leu Gln Gly Leu Ser Pro Trp Leu Thr Cys Leu

1265 1270 1275
gaa gat ggt ctc tgg tct ctc cct gaa gtc tac tge aag ttg gag 4572
Glu Asp Gly Leu Trp Ser Leu Pro Glu Val Tyr Cys Lys Leu Glu

1280 1285 1290
tgt gat gect ccc cct att att ctg aat gece aac ttg ctc ctg cct 4617
Cys Asp Ala Pro Pro Ile Ile Leu Asn Ala Asn Leu Leu Leu Pro

1295 1300 1305
cac tge cte cag gac aac cac gac gtg gge ace ate tge aaa tat 4662
His Cys Leu Gln Asp Asn His Asp Val Gly Thr Ile Cys Lys Tyr

1310 1315 1320
gaa tgc aaa cca ggg tac tat gtg gca gaa agt gca gag ggt aaa 4707
Glu Cys Lys Pro Gly Tyr Tyr Val Ala Glu Ser Ala Glu Gly Lys

1325 1330 1335
gte agg aac aag cte ctg aag ata caa tge ¢ty gaa ggt gga ate 4752
Val Arg Asn Lys Leu Leu Lys Ile Gln Cys Leu Glu Gly Gly 1Ile

1340 1345 1350
tgg gag caa ggc agc tgc att cect gtg gtg tgt gag cca cecc cct 4797
Trp Glu Gln Gly Ser Cys Ile Pro Val Val Cys Glu Pro Pro Pro

1355 1360 1365
cet gtg ttt gaa gge atg tat gaa tgt ace aat gge tte age ctg 4842
Pro Val Phe Glu Gly Met Tyr Glu Cys Thr Asn Gly Phe Ser Leu

1370 1375 1380
gac agc cag tgt gtg ctc aac tgt aac cag gaa c¢gt gaa aag ctt 4887
Agp Ser Gln Cys Val Leu 2Asn Cys Asn Gln Glu Arg Glu Lys Leu

1385 1390 1395
cce ate cte tge act aaa gag gge ctg tgg ace cag gag ttt aag 4932
Pro Ile Leu Cys Thr Lys Glu Gly Leu Trp Thr Gln Glu Phe Lys

1400 1405 1410
ttg tgt gag aat ctg caa gga gaa tgc cca cca cce cece tca gag 4977
Leu Cys Glu Asn Leu Gln Gly Glu Cys Pro Pro Pro Pro Ser Glu

1415 1420 1425
ctg aat tct gtg gag tac aaa tgt gaa caa gga tat ggg att ggt 5022
Leu Asn Ser Val Glu Tyr Lys Cys Glu Gln Gly Tyr Gly Ile Gly

1430 1435 1440
gca gtg tgt tecc cca ttg tgt gta atc cce cce agt gac ccc gty 5067
Ala Val Cys Ser Pro Leu Cys Val Ile Pro Pro Ser Asp Pro Val

1445 1450 1455

atg cta cct gag aat atc act gct gac act ctg gag cac tgg atg 5112
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Met Leu Pro Glu Asn Ile Thr Ala Asp Thr Leu Glu His Trp Met

1460 1465 1470
gaa cct gtc aaa gtc cag agc att gtg tgc act gge cgg cgt caa 5157
Glu Pro Val Lys Val Gln Ser Ile Val Cys Thr Gly Arg Arg Gln

1475 1480 1485
tgg cac cca gac ccc gtc tta gtc cac tge atc cag tca tgt gag 5202
Trp His Pro Asp Pro Val Leu Val His Cys Ile Gln Ser Cys Glu

1490 1495 1500
cce ttc caa gca gat ggt tgg tgt gac act atc aac aac cga gcc 5247
Pro Phe Gln Ala Asp Gly Trp Cys Asp Thr Ile Asn Asn Arg Ala

1505 1510 1515
tac tgc cac tat gac ggg gga gac tgc tgc tct tce aca ctc tcece 5292
Tyr Cys His Tyr Asp Gly Gly Asp Cys Cys Ser Ser Thr Leu Ser

1520 1525 1530
tcc aag aag gtc att cca ttt get gect gac tgt gac ctg gat gag 5337
Ser Lys Lys Val 1Ile Pro Phe Ala Ala Asp Cys Asp Leu Zsp Glu

1535 1540 1545
tgc acc tgc cgg gac ccc aag gca gaa gaa aat cag taactgtggg 5383
Cys Thr Cys Arg Asp Pro Lys Ala Glu Glu Asn Gln

1550 1555

aacaagccce tcccteccact gectecagagg cagtaagaaa gagaggecga cccaggagga 5443
aacaaagggt gaatgaagaa gaacaatcat gaaatggaag aaggaggaag agcatgaagg 5503
atcttataag aaatgcaaga ggatattgat aggtgtgaac tagttcatca agtagcccaa 5563
gtaggagaga atcataggca aaagtttcett taaagtggea gttgattaac atggaagggy 5623
aaatatgata gatatataag gaccctecete cctcacttat attctattaa atectatect 5683
caactettge cetgetetee getecaccee ctgecaacta cteagtecca cccaacttgt 5743
aaaccaatac caaaatacta gaggagaagt tggcagggat actgttaata cccattttga 5803
atggattgee atctttcaga gettgtetge tcectcaactgg ctetttttet ttttgtgtag 5863
ttteccttaa ataatgaagt tagttattaa ttetttataa gtatttaaac ataattatat 5923
aaatatatta tatatattat attttttget gtttactaag ctaaaaatta ttcattgtte 5983
cacacatget getgtgaagt tcacattcaa gatgaatgtt gagactttga ggacagaaag 6043
gcaacttatt ttcccatett tectatggatg cggattggeca ggttgaatgg gaagtacaga 6103
aggagagaga gtaattagat ggaattctgg atgctagcat gtaaagctaa tcatcttttt 6163
ttttatgacc tgggagctgg gcccatttta tgaccaagga gatggggagt tggaatggtg 6223
gtactaagag gcataggaag ttgagtgtga ataccattgg tgatgggtec aggagaacta 6283
gactatggtt cttgaatatc tgtccacaaa gaatatacta acttttgtca acttctcaga 6343
actcccaact ggagteggtg agacctagga ttttetgcac ttccacacat gectgtteca 6403
agtgtggetg tcagecagtce aacaagtttg tactatggec cattetetga tcaccaggat 6463
tacaggaact cacacactcc tcatacttgg cctgtagtece tacttettgt tagaagtcete 6523
caagtctgge cagtcacatg accaagtgtt gatttttcetg gaggaaaaat tttatggaaa 6583
tgatataggg gaaaggtggg aggagatgaa agaacaggca agagcetgtca gggttaaatce 6643
caggcceggg catgagaatg gaagtgatca gggagacteg gtecttgtte caagtcetceca 6703
aagaagacca aagtgggtcc cttgagcaat gaagaatctg agataaattc tcttcaagta 6763
tcatgtacaa aatctgtgag ccagagattt tgacttgagce aagccatgga aatgcatgga 6823

gcaagggtga cactctgtgg ggagacagaa gaatttcaac tatttaatgt ccattttgtt 6883
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gtttttaccc tttcttatcc aatagatgga atgcacatga aatgaccata ttaagcctct 6943
ctctatttac atcccaggct cactgggatg tgatctactg cagttacatt ttcttgtaac 7003
ggtttctgga ttagacccta gggaaagtga gtaaggagcc agtttctgtt taacattcta 7063
gttttactca ttttaggaag gctgtgagtg aggcttgtct cctttaaagt ttcttctceca 7123
atggaaacca agaacagaca aaatttagag ctcagctgtg gtctcttcte atcttcetget 7183
cttttgcttt gaccacagtt tttctactct tcccatcaac actagagcaa tggctgtgca 7243
aataggaata ggaaatacta ccacaatgat agaaatatta tccacactat cacgtaggga 7303
agaacaatat cctgaaagag aataaaacac gaataaggtg atgtacccac attaatctgt 7363
gggtttgtgg aatgagggtt gcaaagttat tgggaaaagg aaagagcaga gttcacccat 7423
tcaaaaaaaa ccttttgtct actaatctct agtgtaaaga aaatgtagtt cagataccat 7483
tcattgtcett gggtcatgect tagtgccccc aagaagacaa acatatttat tcttgggatt 7543
ctgataggct tcaatatgca aaggacaatg gaaaagttta gacactctat tttcaaaatt 7603
ttataaactt gttttattgg ggaaaatgtc caaattgcta gacacattct aagttctgece 7663
ttggagaatc ctactttgtc tgagattgag gcagaggaat tgttatcctg ggcattactce 7723
agctcaggaa catggagect gtggttcatg ccagtgtgtg tetteatgea gtetetecac 7783
aagagcaaca gtaagaacat ttctgtttta aatttcattt taaaatattt tattatctgce 7843
aattcaccac tgetetggga aagcaaaagg aaagttcectg ttgtgtgtga agagectett 7903
aggctataag getteccage catagtcage tatagetatt cagagacage aggttettee 7963
agtetttgtt cctgggacet gatgttttga gcaactcagyg tcactgataa agtggaagga 8023
ctaagacact gtggtcacag atcccagcaa catcaactcea cactcaatcee atgtggtggt 8083
ccacattetyg ctactettat ccacccatgt ggtcattgag agectttete agagactett 8143
ctgtgtgttt gattgtgeee aggtggececa gggetagetyg getcetaacaa ctageatgac 8203
agectcocaat cagaaaggca ggtaagggga cagggtgagg agaatgggea gatactgaca 8263
gaaattaaag taaagggatt gtgaaagtaa agagctctte ctgattcecteca tettetettt 8323
tttectattac aaggcattga acttggcact tcctgtatte tttgtgatca ctattgagtg 8383
cattagttaa cacccaaggg gatggcettga ttgggaatgt agtgaaagga gctgatctac 8443
tgtattgtaa tgtaaaacag ctacagccag ttattttgta agattataag ttgttcatta 8503
aaaaatcagc acacaaaata tgaa 8527
<210> SEQ ID NO 2

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: zinc binding motif

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Xaa is any amino acid

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa is any amino acid

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: Xaa is any amino acid
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Xaa is any amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa is any amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: Xaa is any amino acid

<400> SEQUENCE: 2

His Glu Xaa Xaa His Xaa Xaa Gly Xaa Xaa His
1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer RT-N-mid

<400> SEQUENCE: 3

gctcacacac cacaggaatg

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer PR-mid5

<400> SEQUENCE: 4

getcacacae cacaggaaty

<210> SEQ ID NO 5

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer PR-mid3

<400> SEQUENCE: 5

geattgtate ttcaggaget tg

<210> SEQ ID NO 6

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer PR-N5

<400> SEQUENCE: 6

gaagttgact tctggttetyg tag

<210> SEQ ID NO 7

«211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer PR-N3

«<400> SEQUENCE: 7

20

20

22

23
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ccctgggaag cgagtgaage ¢ 21

<210> SEQ ID NO 8

<211> LENGTH: 25

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer RT-C

<400> SEQUENCE: 8

gcatttctta taagatcctt catge 25

<210> SEQ ID NO 9

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer PR-C5

<400> SEQUENCE: 9

gacagctgte cgtcattget gc 22

<210> SEQ ID NO 10

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: primer PR-C3

<400> SEQUENCE: 10

cttactgecet ctgaggeagt gg 22

<210> SEQ ID NO 11

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer from AL031290, nt. 64900-64879

<400> SEQUENCE: 11

ggaaagagca gagttcacce at 22

<210> SEQ ID NO 12

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer from AL031290, nt. 20499-20519

<400> SEQUENCE: 12

ccgtettagt ccactgeate ¢ 21
<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer from vector pcDNA3.1+, nt. 1040-1021

<400> SEQUENCE: 13

ctagaaggca cagtcgaggce 20

«210> SEQ ID NO 14
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<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer from SEQ ID NO:1, nt. 2210-2178

<400> SEQUENCE: 14

tgtcccactt gatggatcat ggtgtcggtg tgg 33

<210> SEQ ID NO 15

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer from SEQ ID NO:1, nt. 2196-2221

<400> SEQUENCE: 15

ccatcaagtg ggacatgttc tgggac 26

<210> SEQ ID NO 16

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer from SEQ ID NO:1, nt. 5373-5354

<400> SEQUENCE: 16

gacgtaaage ttetgatttt cttetgeett gg 32

<210> SEQ ID NO 17

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic linker in pPA2-mH

<400> SEQUENCE: 17

Lys Leu Gly Pro
1

<210> SEQ ID NO 18

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic myc epitope in pPA2-mH

<400> SEQUENCE: 18

Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
1 5 10

<210> SEQ ID NO 19

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic linker in pPA2-mH

<400> SEQUENCE: 19
Asn Ser Ala Val Asp

1 5

«210> SEQ ID NO 20
«211> LENGTH: 30
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer containing Xhol site, for amplifying
IGFBP-5 cDNA

<400> SEQUENCE: 20

tcegetegag atggtgttge tcaccgeggt 30

<210> SEQ ID NO 21

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer containing HindIII site, for amplifying
IGFBP-5 cDNA

<400> SEQUENCE: 21

cgataagctt ctcaacgttg ctgctgtcg 29

<210> SEQ ID NO 22

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: N-terminal sequence of degradation product of
purified rIGFBP-5 digested with PAPP-A2

<400> SEQUENCE: 22

Lys Phe Val Gly Gly Ala
1 5

<210> SEQ ID NO 23

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: N-terminal sequence of degradation product of
purified rIGFBP-5 digested with PAPP-A2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Xaa is unknown

<400> SEQUENCE: 23
Leu Gly Xaa Phe Val His

1 5

<210> SEQ ID NO 24

<211> LENGTH: 1627

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

Met Arg Leu Trp Ser Trp Val Leu His Leu Gly Leu Leu Ser Ala 2Ala
1 5 10 15

Leu Gly Cys Gly Leu Ala Glu Arg Pro Arg Arg Ala Arg Arg Asp Pro
20 25 30

Arg Ala Gly Arg Pro Pro Arg Pro Ala Ala Gly Pro Ala Thr Cys Ala
35 40 45

Thr Arg Gly Pro Arg Pro Pro Arg Leu Ala Ala Ala Ala Ala Ala 2la
50 55 60

Gly Arg Ala Trp Glu Ala Val Arg Val Pro Arg Arg Arg Gln Gln Arg



US 2011/0091920 Al Apr. 21,2011
36

-continued

65 70 75 80

Glu Ala Arg Gly Ala Thr Glu Glu Pro Ser Pro Pro Ser Arg Ala Leu
85 90 85

Tyr Phe Ser Gly Arg Gly Glu Gln Leu Arg Val Leu Arg Ala 2Asp Leu
100 105 110

Glu Leu Pro Arg Asp Ala Phe Thr Leu Gln Val Trp Leu Arg Ala Clu
115 120 125

Gly Gly Gln Arg Ser Pro Ala Val Ile Thr Gly Leu Tyr Asp Lys Cys
130 135 140

Ser Tyr Ile Ser Arg Asp Arg Gly Trp Val Val Gly Ile His Thr Ile
145 150 155 160

Ser Asp Gln Asp Asn Lys Asp Pro Arg Tyr Phe Phe Ser Leu Lys Thr
165 170 175

Asp Arg Ala Arg Gln Val Thr Thr Ile Asn Ala His Arg Ser Tyr Leu
180 185 190

Pro Gly Gln Trp Val Tyr Leu Ala Ala Thr Tyr Asp Gly Gln Phe Met
195 200 205

Lys Leu Tyr Val Asn Gly Ala Gln Val Ala Thr Ser Gly Glu Gln Val
210 215 220

Gly Gly Ile Phe Ser Pro Leu Thr Gln Lys Cys Lys Val Leu Met Leu
225 230 235 240

Gly Gly Ser Ala Leu Asn His Asn Tyr Arg Gly Tyr Ile Glu His Phe
245 250 255

Ser Leu Trp Lys Val Ala Arg Thr Gln Arg Glu Ile Leu Ser Asp Met
260 265 270

Glu Thr His Gly Ala His Thr Ala Leu Pro Gln Leu Leu Leu Gln Glu
275 280 285

Asn Trp Asp Asn Val Lys His Ala Trp Ser Pro Met Lys Asp Gly Ser
290 295 300

Ser Pro Lys Val Glu Phe Ser Asn Ala His Gly Phe Leu Leu Asp Thr
305 310 315 320

Ser Leu Glu Pro Pro Leu Cys Gly Gln Thr Leu Cys Asp Asn Thr Glu
325 330 335

Val Ile Ala Ser Tyr Asn Gln Leu Ser Ser Phe Arg Gln Pro Lys Val
340 345 350

Val Arg Tyr Arg Val Val Asn Leu Tyr Glu Asp Asp His Lys Asn Pro
355 360 365

Thr Val Thr Arg Glu Gln Val Asp Phe Gln His His Gln Leu Ala Glu
370 375 380

Ala Phe Lys Gln Tyr Asn Ile Ser Trp Glu Leu Asp Val Leu Glu Val
385 390 395 400

Ser Asn Ser Ser Leu Arg Arg Arg Leu Ile Leu Ala Asn Cys 2Asp Ile
405 410 415

Ser Lys Ile Gly Asp Glu Asn Cys Asp Pro Glu Cys Asn His Thr Leu
420 425 430

Thr Gly His Asp Gly Gly Asp Cys Arg His Leu Arg His Pro Ala Phe
435 440 445

Val Lys Lys Gln His Asn Gly Val Cys Asp Met Asp Cys Asn Tyr Glu
450 455 460

Arg Phe Asn Phe Asp Gly Gly Glu Cys Cys Asp Pro Glu Ile Thr Asn
465 470 475 480
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Val Thr Gln Thr Cys Phe Asp Pro Asp Ser Pro His Arg Ala Tyr Leu
485 490 495

Asp Val Asn Glu Leu Lys Asn Ile Leu Lys Leu Asp Gly Ser Thr His
500 505 510

Leu Asn Ile Phe Phe Ala Lys Ser Ser Glu Glu Glu Leu Ala Gly Val
515 520 525

Ala Thr Trp Pro Trp Asp Lys Glu Ala Leu Met His Leu Gly Gly Ile
530 535 540

Val Leu Asn Pro Ser Phe Tyr Gly Met Pro Gly His Thr His Thr Met
545 550 555 560

Ile His Glu Ile Gly His Ser Leu Gly Leu Tyr His Val Phe Arg Cly
565 570 575

Ile Ser Glu Ile Gln Ser Cys Ser Asp Pro Cys Met Glu Thr Glu Pro
580 585 590

Ser Phe Glu Thr Gly Asp Leu Cys Asn Asp Thr Asn Pro Ala Pro Lys
595 600 605

His Lys Ser Cys Gly Asp Pro Gly Pro Gly Asn Asp Thr Cys Gly Phe
610 615 620

His Ser Phe Phe Asn Thr Pro Tyr Asn Asn Phe Met Ser Tyr Ala Asp
625 630 635 640

Asp Asp Cys Thr Asp Ser Phe Thr Pro Asn Gln Val Ala Arg Met His
645 650 655

Cys Tyr Leu Asp Leu Val Tyr Gln Gly Trp Gln Pro Ser Arg Lys Pro
660 665 670

Ala Pro Val Ala Leu Ala Pro Gln Val Leu Gly His Thr Thr Asp Ser
675 680 685

Val Thr Leu Glu Trp Phe Pro Pro Ile Asp Gly His Phe Phe Glu Arg
690 695 700

Glu Leu Gly Ser Ala Cys His Leu Cys Leu Glu Gly Arg Ile Leu Val
705 710 715 720

Gln Tyr Ala Ser Asn Ala Ser Ser Pro Met Pro Cys Ser Pro Ser CGly
725 730 735

His Trp Ser Pro Arg Glu Ala Glu Gly His Pro Asp Val Glu Gln Pro
740 745 750

Cys Lys Ser Ser Val Arg Thr Trp Ser Pro Asn Ser Ala Val 2Asn Pro
755 760 765

His Thr Val Pro Pro Ala Cys Pro Glu Pro Gln Gly Cys Tyr Leu Glu
770 775 780

Leu Glu Phe Leu Tyr Pro Leu Val Pro Glu Ser Leu Thr Ile Trp Val
785 790 795 800

Thr Phe Val Ser Thr Asp Trp Asp Ser Ser Gly Ala Val Asn Asp Ile
805 810 815

Lys Leu Leu Ala Val Ser Gly Lys Asn Ile Ser Leu Gly Pro Gln Asn
820 825 830

Val Phe Cys Asp Val Pro Leu Thr Ile Arg Leu Trp Asp Val Gly Glu
835 840 845

Glu Val Tyr Gly Ile Gln Ile Tyr Thr Leu Asp Glu His Leu Glu Ile
850 855 860

Asp Ala Ala Met Leu Thr Ser Thr Ala Asp Thr Pro Leu Cys Leu Gln
865 870 875 880
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Cys Lys Pro Leu Lys Tyr Lys Val Val Arg Asp Pro Pro Leu Gln Met
885 890 895

Asp Val Ala Ser Ile Leu His Leu Asn Arg Lys Phe Val Asp Met Asp
900 905 910

Leu Asn Leu Gly Ser Val Tyr Gln Tyr Trp Val Ile Thr Ile Ser Gly
915 920 925

Thr Glu Glu Ser Glu Pro Ser Pro Ala Val Thr Tyr Ile His Gly Arg
930 935 940

Gly Tyr Cys Gly Asp Gly Ile Ile Gln Lys Asp Gln Gly Glu Gln Cys
945 950 955 960

Asp Asp Met Asn Lys Ile Asn Gly Asp Gly Cys Ser Leu Phe Cys Arg
965 970 875

Gln Glu Val Ser Phe Asn Cys Ile Asp Glu Pro Ser Arg Cys Tyr Phe
980 985 990

His Asp Gly Asp Gly Val Cys Glu Glu Phe Glu Gln Lys Thr Ser Ile
995 1000 1005

Lys Asp Cys Gly Val Tyr Thr Pro Gln Gly Phe Leu Asp Gln Trp
1010 1015 1020

Ala Ser Asn Ala Ser Val Ser His Gln Asp Gln Gln Cys Pro Gly
1025 1030 1035

Trp Val 1Ile Ile Gly Gln Pre Ala Ala Ser Gln Val Cys Arg Thr
1040 1045 1050

Lys Val 1Ile Asp Leu Ser Glu Gly Ile Ser Gln His Ala Trp Tyr
1055 1060 1065

Pro Cys Thr Ile Ser Tyr Pre Tyr Ser Gln Leu Ala Gln Thr Thr
1070 1075 1080

Phe Trp Leu Arg Ala Tyr Phe Ser Gln Pro Met Val Ala Ala Ala
1085 1090 1095

Val Ile Val His Leu Val Thr Asp Gly Thr Tyr Tyr Gly Asp Gln
1100 1105 1110

Lys Gln Glu Thr Ile Ser Val Gln Leu Leu Asp Thr Lys Asp Gln
1115 1120 1125

Ser His Asp Leu Gly Leu His Val Leu Ser Cys Arg Asn Asn Pro
1130 1135 1140

Leu Ile 1Ile Pro Val Val His Asp Leu Ser Gln Pro Phe Tyr His
1145 1150 1155

Ser Gln Ala Val Arg Val Ser Phe Ser Ser Pro Leu Val Ala Ile
1160 1165 1170

Ser Gly Val Ala Leu Arg Ser Phe Asp Asn Phe Agp Pro Val Thr
1175 1180 1185

Leu Ser Ser Cys Gln Arg Gly Glu Thr Tyr Ser Pro Ala Glu Gln
1190 1195 1200

Ser Cys Val His Phe Ala Cys Glu Lys Thr Asp Cys Pro Glu Leu
1205 1210 1215

Ala Val Glu Asn Ala Ser Leu Asn Cys Ser Ser Ser Asp Arg Tyr
1220 1225 1230

His Gly Ala Gln Cys Thr Val Ser Cys Arg Thr Gly Tyr Val Leu
1235 1240 1245

Gln Ile Arg Arg Asp Asp Glu Leu Ile Lys Ser Gln Thr Gly Pro
1250 1255 1260

Ser Val Thr Val Thr Cys Thr Glu Gly Lys Trp Asn Lys Gln Val
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1265 1270 1275

Ala Cys Glu Pro Val Asp Cys Ser Ile Pro Asp His His Gln Val
1280 1285 1290

Tyr Ala Ala Ser Phe Ser Cys Pro Glu Gly Thr Thr Phe Gly Ser
1295 1300 1305

Gln Cys Ser Phe Gln Cys Arg His Pro Ala Gln Leu Lys Gly Asn
1310 1315 1320

Asn Ser Leu Leu Thr Cys Met Glu Asp Gly Leu Trp Ser Phe Pro
1325 1330 1335

Glu Ala Leu Cys Glu Leu Met Cys Leu Ala Pro Pro Pro Val Pro
1340 1345 1350

Asn Ala Asp Leu Gln Thr Ala Arg Cys Arg Glu Asn Lys His Lys
1355 1360 1365

Val Gly Ser Phe Cys Lys Tyr Lys Cys Lys Pro Gly Tyr His Val
1370 1375 1380

Pro Gly Ser Ser Arg Lys Ser Lys Lys Arg Ala Phe Lys Thr Gln
1385 1390 1395

Cys Thr Gln Asp Gly Ser Trp Gln Glu Gly Ala Cys Val Pro Val
1400 1405 1410

Thr Cys Asp Pro Pro Pro Pro Lys Phe His Gly Leu Tyr Gln Cys
1415 1420 1425

Thr Asn Gly Phe Gln Phe Asn Ser Glu Cys Arg Ile Lys Cys Glu
1430 1435 1440

Agp Ser Asp Ala Ser Gln Gly Leu Gly Ser Asn Val Ile His Cys
1445 1450 1455

Arg Lys Asp Gly Thr Trp Bsn Gly Ser Phe His Val Cys Gln Glu
1460 1465 1470

Met Gln Gly Gln Cys Ser Val Pro Asn Glu Leu Asn Ser Asn Leu
1475 1480 1485

Lys Leu Gln Cys Pro Asp Gly Tyr Ala Ile Gly Ser Glu Cys Ala
1490 1495 1500

Thr Ser Cys Leu Asp His Asn Ser Glu Ser Ile Ile Leu Pro Met
1505 1510 1515

Asn Val Thr Val Arg Asp Ile Pro His Trp Leu Asn Pro Thr Arg
1520 1525 1530

Val Glu Arg Val Val Cys Thr Ala Gly Leu Lys Trp Tyr Pro His
1535 1540 1545

Pro Ala Leu Ile His Cys Val Lys Gly Cys Glu Pro Phe Met Gly
1550 1555 1560

Agsp Asn Tyr Cys Asp Ala Ile Asn Asn Arg Ala Phe Cys Asn Tyr
1565 1570 1575

Asp Gly Gly Asp Cys Cys Thr Ser Thr Val Lys Thr Lys Lys Val
1580 1585 1590

Thr Pro Phe Pro Met Ser Cys Asp Leu Gln Gly Asp Cys Ala Cys
1595 1600 1605

Arg Asp Pro Gln Ala Gln Glu His Ser Arg Lys Asp Leu Arg Gly
1510 1615 1620

Tyr Ser His Gly
18625

«210> SEQ ID NO 25
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<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: 2n elongated zinc binding motif

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(4)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(7)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(10)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 25
His Glu Xaa Xaa His Xaa Xaa Gly Xaa Xaa His

1 5 10

<210> SEQ ID NO 26

<211> LENGTH: 1791

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

Met Met Cys Leu Lys Ile Leu Arg Ile Ser Leu Ala Ile Leu Ala
-230 -225 -220

Gly Trp Ala Leu Cys Ser Ala Asn Ser Glu Leu Gly Trp Thr Arg
-215 -210 -205

Lys Lys Ser Leu Val Glu Arg Glu His Leu Asn Gln Val Leu Leu
-200 -195 -1%0

Glu Gly Glu Arg Cys Trp Leu Gly Ala Lys Val Arg Arg Pro Arg
-185 -180 -175

Ala Ser Pro Gln His His Leu Phe Gly Val Tyr Pro Ser Arg Ala
-170 -1l65 -160

Gly Asn Tyr Leu Arg Pro Tyr Pro Val Gly Glu Gln Glu Ile His
-155 -150 -145

His Thr Gly Arg Ser Lys Pro Asp Thr Glu Gly Asn Ala Val Ser
-140 -135 -130

Leu Val Pro Pro Asp Leu Thr Glu Asn Pro Ala Gly Leu Zrg Gly
-125 -120 -115

Ala Val Glu Glu Pro Zla Ala Pro Trp Val Gly Asp Ser Pro Ile
-110 -105 -100

Gly Gln Ser Glu Leu Leu Gly Asp Asp Asp Ala Tyr Leu Gly 2Asn Gln
-95 -90 -85

Arg Ser Lys Glu Ser Leu Gly Glu Ala Gly Ile Gln Lys Gly Ser 2Ala
-80 -75 -70

Met Ala Ala Thr Thr Thr Thr Ala Ile Phe Thr Thr Leu Asn Glu Pro
-65 -60 -55

Lys Pro Glu Thr Gln Arg Arg Gly Trp Ala Lys Ser Arg Gln Arg Arg
-50 -45 -40 -35

Gln Val Trp Lys Arg Arg Ala Glu Asp Gly Gln Gly Asp Ser Gly Ile
-30 -25 -20

Ser Ser Hig Phe Gln Pro Trp Pro Lys His Ser Leu Lys His Arg Val
-15 -10 -5
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Lys Lys Ser Pro Pro Glu Glu Ser Asn Gln Asn Gly Gly Glu Gly Ser
-101 5 10

Tyr Arg Glu Ala Glu Thr Phe Asn Ser Gln Val Gly Leu Pro Ile Leu
15 20 25 30

Tyr Phe Ser Gly Arg Arg Glu Arg Leu Leu Leu Arg Pro Glu Val Leu
Ala Glu Ile Pro Arg Glu Ala Phe Thr Val Glu Ala Trp Val Lys Pro
50 55 60

Glu Gly Gly Gln Asn Asn Pro Ala Ile Ile Ala Gly Val Phe Asp Asn
65 70 75

Cys Ser His Thr Val Ser Asp Lys Gly Trp Ala Leu Gly Ile Arg Ser
80 85 90

Gly Lys Asp Lys Gly Lys Arg Asp Ala Arg Phe Phe Phe Ser Leu Cys
95 100 105 110

Thr Asp Arg Val Lys Lys Ala Thr Ile Leu Ile Ser His Ser Arg Tyr
115 120 125

Gln Pro Gly Thr Trp Thr His Val Ala Ala Thr Tyr Asp Gly Arg His
130 135 140

Met Ala Leu Tyr Val Asp Gly Thr Gln Val Ala Ser Ser Leu Asp CGln
145 150 155

Ser Gly Pro Leu Asn Ser Pro Phe Met Ala Ser Cys Arg Ser Leu Leu
150 165 170

Leu Gly Gly Asp Ser Ser Glu Asp Gly His Tyr Phe Arg Gly His Leu
175 180 185 190

Gly Thr Leu Val Phe Trp Ser Thr Ala Leu Pro Gln Ser His Phe Gln
195 200 205

His Ser Ser Gln His Ser Ser Gly Glu Glu Glu Ala Thr Asp Leu Val
210 215 220

Leu Thr Ala Ser Phe Glu Pro Val Asn Thr Glu Trp Val Pro Phe Arg
225 230 235

Asp Glu Lys Tyr Pro Arg Leu Glu Val Leu Gln Gly Phe Glu Pro Glu
240 245 250

Pro Glu Ile Leu Ser Pro Leu Gln Pro Pro Leu Cys Gly Gln Thr Val
255 260 265 270

Cys Asp Asn Val Glu Leu Ile Ser Gln Tyr Asn Gly Tyr Trp Pro Leu
275 280 285

Arg Gly Glu Lys Val Ile Arg Tyr Gln Val Val Asn Ile Cys Asp Asp
290 295 300

Glu Gly Leu Asn Pro Ile Val Ser Glu Glu Gln Ile Arg Leu Gln His
305 310 315

Glu Ala Leu Asn Glu Ala Phe Ser Arg Tyr Asn Ile Ser Trp Gln Leu
320 325 330

Ser Val Hig Gln Val His Asn Ser Thr Leu Arg His Arg Val Val Leu
335 340 345 350

Val Asn Cys Glu Pro Ser Lys Ile Gly Asn Asp His Cys Asp Pro Glu
355 360 365

Cys Glu His Pro Leu Thr Gly Tyr Asp Gly Gly Asp Cys Arg Leu Gln
370 375 380

Gly Arg Cys Tyr Ser Trp Asn Arg Arg Asp Gly Leu Cys His Val Glu
385 390 395

Cys Asn Asn Met Leu Asn Asp Phe Asp Asp Gly Asp Cys Cys Asp Pro



US 2011/0091920 Al Apr. 21,2011
42

-continued

400 405 410

Gln Val Ala Asp Val Arg Lys Thr Cys Phe Asp Pro Asp Ser Pro Lys
415 420 425 430

Arg Ala Tyr Met Ser Val Lys Glu Leu Lys Glu Ala Leu Gln Leu Asn
435 440 445

Ser Thr His Phe Leu Asn Ile Tyr Phe Ala Ser Ser Val Arg Glu Asp
450 455 460

Leu Ala Gly Ala Ala Thr Trp Pro Trp Asp Lys Asp Ala Val Thr His
465 470 475

Leu Gly Gly Ile Val Leu Ser Pro Ala Tyr Tyr Gly Met Pro Gly His
480 485 490

Thr Asp Thr Met Ile His Glu Val Gly His Val Leu Gly Leu Tyr His
495 500 505 510

Val Phe Lys Gly Val Ser Glu Arg Glu Ser Cys Asn Asp Pro Cys Lys
515 520 525

Glu Thr Val Pro Ser Met Glu Thr Gly Asp Leu Cys Ala Asp Thr 2Ala
530 535 540

Pro Thr Pro Lys Ser Glu Leu Cys Arg Glu Pro Glu Pro Thr Ser Asp
545 550 555

Thr Cys Gly Phe Thr Arg Phe Pro Gly Ala Pro Phe Thr Asn Tyr Met
560 565 570

Ser Tyr Thr Asp Asp Asn Cys Thr Asp Asn Phe Thr Pro Asn Gln Val
575 580 585 590

Ala Arg Met His Cys Tyr Leu Asp Leu Val Tyr Gln Gln Trp Thr Glu
595 600 605

Ser Arg Lys Pro Thr Pro Ile Pro Ile Pro Pro Met Val Ile Gly Gln
610 615 620

Thr Asn Lys Ser Leu Thr Ile His Trp Leu Pro Pro Ile Ser Gly Val
625 630 635

Val Tyr Asp Arg Ala Ser Gly Ser Leu Cys Gly Ala Cys Thr Glu Asp
640 645 650

Gly Thr Phe Arg Gln Tyr Val His Thr Ala Ser Ser Arg Arg Val Cys
655 660 665 670

Agp Ser Ser Gly Tyr Trp Thr Pro Glu Glu Ala Val Gly Pro Pro Asp
675 680 685

Val Asp Gln Pro Cys Glu Pro Ser Leu Gln Ala Trp Ser Pro Glu Val
690 695 700

His Leu Tyr His Met Asn Met Thr Val Pro Cys Pro Thr Glu Gly Cys
705 710 715

Ser Leu Glu Leu Leu Phe Gln His Pro Val Gln Ala Asp Thr Leu Thr
720 725 730

Leu Trp Val Thr Ser Phe Phe Met Glu Ser Ser Gln Val Leu Phe Asp
735 740 745 750

Thr Glu Ile Leu Leu Glu Asn Lys Glu Ser Val His Leu Gly Pro Leu
755 760 765

Agp Thr Phe Cysg Asp Ile Pro Leu Thr Ile Lys Leu His Val Asp Gly
770 775 780

Lys Val Ser Gly Val Lys Val Tyr Thr Phe Asp Glu Arg Ile Glu Ile
785 790 795

Agp Ala Ala Leu Leu Thr Ser Gln Pro His Ser Pro Leu Cys Ser Gly
800 805 810



US 2011/0091920 Al Apr. 21,2011
43

-continued

Cys Arg Pro Val Arg Tyr Gln Val Leu Arg Asp Pro Pro Phe 2Ala Ser
815 820 825 830

Gly Leu Pro Val Val Val Thr His Ser His Arg Lys Phe Thr Asp Val
835 840 845

Glu Val Thr Pro Gly Gln Met Tyr Gln Tyr Gln Val Leu Ala Glu 2Ala
850 855 860

Gly Gly Glu Leu Gly Glu Ala Ser Pro Pro Leu Asn His Ile His Cly
865 870 875

Ala Pro Tyr Cys Gly Asp Gly Lys Val Ser Glu Arg Leu Gly Glu Glu
880 885 890

Cys Asp Asp Gly Asp Leu Val Ser Gly Asp Gly Cys Ser Lys Val Cys
895 900 905 910

Glu Leu Glu Glu Gly Phe Asn Cys Val Gly Glu Pro Ser Leu Cys Tyr
915 920 825

Met Tyr Glu Gly Asp Gly Ile Cys Glu Pro Phe Glu Arg Lys Thr Ser
930 935 940

Ile Val Asp Cys Gly Ile Tyr Thr Pro Lys Gly Tyr Leu Asp Gln Trp
945 950 955

Ala Thr Arg Ala Tyr Ser Ser His Glu Asp Lys Lys Lys Cys Pro Val
960 965 970

Ser Leu Val Thr Gly Glu Pro His Ser Leu Ile Cys Thr Ser Tyr His
975 980 985 990

Pro Asp Leu Pro Asn His Arg Pro Leu Thr Gly Trp Phe Pro Cys Val
995 1000 1005

Ala Ser Glu Asn Glu Thr Gln Asp Asp Arg Ser Glu Gln Pro Glu
1010 1015 1020

Gly Ser Leu Lys Lys Glu Asp Glu Val Trp Leu Lys Val Cys Phe
1025 1030 1035

Asn Arg Pro Gly Glu 2Ala Arg Ala Ile Phe Ile Phe Leu Thr Thr
1040 1045 1050

Asgp Gly Leu Val Pro Gly Glu His Gln Gln Pro Thr Val Thr Leu
1055 1060 1065

Tyr Leu Thr Asp Val Arg Gly Ser Asn His Ser Leu Gly Thr Tyr
1070 1075 1080

Gly Leu Ser Cys Gln His Asn Pro Leu Ile Ile Asn Val Thr His
1085 1090 1095

His Gln Asn Val Leu Phe His His Thr Thr Ser Val Leu Leu Asn
1100 1105 1110

Phe Ser Ser Pro Arg Val Gly Ile Ser Ala Val Ala Leu Arg Thr
1115 1120 1125

Ser Ser Arg Ile Gly Leu Ser Ala Pro Ser Asn Cys Ile Ser Glu
1130 1135 1140

Agp Glu Gly Gln Asn His Gln Gly Gln Ser Cys Ile His Arg Pro
1145 1150 1155

Cys Gly Lys Gln 2Asp Ser Cys Pro Ser Leu Leu Leu Asp His Ala
1160 1165 1170

Asp Val Val Asn Cys Thr Ser Ile Gly Pro Gly Leu Met Lys Cys
1175 1180 1185

Ala Ile Thr Cys Gln Arg Gly Phe Ala Leu Gln Ala Ser Ser Gly
1190 1195 1200
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-continued

Gln Tyr Ile Arg Pro Met Gln Lys Glu 1Ile Leu Leu Thr Cys Ser
1205 1210 1215

Ser Gly His Trp Asp Gln 2Asn Val Ser Cys Leu Pro Val Asp Cys
1220 1225 1230

Gly Val Pro Asp Pro Ser Leu Val Asn Tyr Ala Asn Phe Ser Cys
1235 1240 1245

Ser Glu Gly Thr Lys Phe Leu Lys Arg Cys Ser Ile Ser Cys Val
1250 1255 1260

Pro Pro Ala Lys Leu Gln Gly Leu Ser Pro Trp Leu Thr Cys Leu
1265 1270 1275

Glu Asp Gly Leu Trp Ser Leu Pro Glu Val Tyr Cys Lys Leu Glu
1280 1285 1290

Cys Asp Ala Pro Pro Ile Ile Leu Asn Ala Asn Leu Leu Leu Pro
1295 1300 1305

His Cys Leu Gln Asp Asn His Asp Val Gly Thr Ile Cys Lys Tyr
1310 1315 1320

Glu Cys Lys Pro Gly Tyr Tyr Val Ala Glu Ser Ala Glu Gly Lys
1325 1330 1335

Val Arg Asn Lys Leu Leu Lys Ile Gln Cys Leu Glu Gly Gly Ile
1340 1345 1350

Trp Glu Gln Gly Ser Cys Ile Pro Val Val Cys Glu Pro Pro Pro
1355 1360 1365

Pro Val Phe Glu Gly Met Tyr Glu Cys Thr Asn Gly Phe Ser Leu
1370 1375 1380

Asp Ser Gln Cys Val Leu 2Asn Cys Asn Gln Glu Arg Glu Lys Leu
1385 1390 1395

Pro Ile Leu Cys Thr Lys Glu Gly Leu Trp Thr Gln Glu Phe Lys
1400 1405 1410

Leu Cys Glu Asn Leu Gln Gly Glu Cys Pro Pro Pro Pro Ser Glu
1415 1420 1425

Leu Asn Ser Val Glu Tyr Lys Cys Glu Gln Gly Tyr Gly Ile Gly
1430 1435 1440

Ala Val Cys Ser Pro Leu Cys Val Ile Pro Pro Ser Asp Pro Val
1445 1450 1455

Met Leu Pro Glu Asn Ile Thr Ala Asp Thr Leu Glu His Trp Met
1460 1465 1470

Glu Pro Val Lys Val Gln Ser Ile Val Cys Thr Gly Arg Arg Gln
1475 1480 1485

Trp His Pro Asp Pro Val Leu Val His Cys Ile Gln Ser Cys Glu
1490 1495 1500

Pro Phe Gln Ala Asp Gly Trp Cys Asp Thr Ile Asn Asn Arg Ala
1505 1510 1515

Tyr Cys His Tyr Asp Gly Gly Asp Cys Cys Ser Ser Thr Leu Ser
1520 1525 1530

Ser Lys Lys Val 1Ile Pro Phe Ala Ala Asp Cys Asp Leu Asp Glu
1535 1540 1545

Cys Thr Cys Arg Asp Pro Lys Ala Glu Glu Asn Gln
1550 1555
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1. An antibody having specific binding affinity for a
polypeptide which

(a) consists of amino acid residues 234-1791 of SEQ ID

NO:2; or

(b) is at least 95% identical to the polypeptide of (a), but
differs from the polypeptide of (a) solely by
(b1) deletion of 1-10 amino acid residues from, or addi-
tion of 1-10 amino acid residues to, the amino termi-
nal, and/or
(b2) deletion of 1-10 amino acid residues from, or addi-
tion of 1-10 amino acid residues to, the carboxy ter-
minal and/or
(b3) one or more conservative substitutions, each con-
servative substitution being the replacement of an
amino acid with a different amino acid of the same
class, the amino acid classes being defined as follows:
1) Amino acids having polar side chains (Asp, Glu, Lys,
Arg, His, Asn, Gin, Ser, Thr, Tyr, and Cys)

ii) Amino acids having non-polar side chains (Gly, Ala, Val,
Leu, Ile, Phe, Trp. Pro, and Met)

1i1) Amino acids having aliphatic side chain (Gly, Ala, Val,
Leu, Ile)

1v) Amino acids having cyclic side chains (Phe, Tyr, Trp,
His, Pro)

v) Amino acids having aromatic side chains (Phe, Tyr, Trp)

vi) Amino acids having acidic side chains (Asp, Glu)

vii) Amino acids having basic side chains (Lys, Arg, His)

viii) Amino acids having amide side chains (Asn, Gin)

ix) Amino acids having hydroxy side chains (Ser, Thr)

x) Amino acids having sulphur-containing side chains

(Cys, Met)
xi) Neutral, weakly hydrophobic amino acids (Pro, Ala,
Gly, Ser, Thr)

xii) Hydrophilic, acidic amino acids (Gln, Asn, Glu, Asp),

and

xiii) Hydrophobic amino acids (Leu, Ile, Val)

wherein said polypeptide has a proteolytic activity against

Insulin Like Growth Factor Binding Protein 5 (IGFBP-
5).
2. The antibody according to claim 1, wherein said anti-
body has specific binding affinity for a polypeptide that dif-
fers from a polypeptide consisting of residues 234-1791 of
SEQ ID NO:2, if at all, solely by one or more conservative
substitutions.
3. The antibody according to claim 1, wherein said anti-
body has specific binding affinity for a polypeptide consisting
of amino acids 234 to 1791 of SEQ ID NO:2.
4. An antibody having specific binding affinity for a
polypeptide which is
(1) a polypeptide consisting of an amino acid sequence
which s (a) identical to amino acid residues 234-1791 of
SEQ ID NO:2, or (b) a fragment, at least 5 amino acids
in length, of mature PAPP-A2 (residues 234-1791 of
SEQ ID NO:2), where said fragment

1) has a proteolytic activity against Insulin Like Growth
Factor Binding Protein 5 (IGFBP-5); and/or

1) 1s recognized by an antibody, or a binding fragment
thereof, which recognizes mature PAPP-A2; and where
said fragment comprises at least one of the following
regions of SEQ ID NO:2:

Cys-403 to Cys-499

Cys-828 to Cys-881

Cys-1048 to Cys-1115

Cys-1390 to Cys-1396

Apr. 21,2011

Cys-1459 to Cys-1464

Cys-1521 to Cys-1525

Cys-1590 to Cys-1595

Cys-1646 to Cys-1653

Cys-1729 to Cys-1733

or

(2) a polypeptide which consists of a fusion of the polypep-

tide of (1) with an immunogenic carrier protein, or with
a tag which may be used to facilitate the detection or
purification of the fusion.

5. The antibody according to claim 4, wherein said anti-
body has specific binding affinity for a fragment of at least 17
amino acids in length of mature PAPP-A2 (residues 234-1791
of SEQ ID NO:2).

6. The antibody according to claim 4, wherein said anti-
body has specific binding affinity for a polypeptide compris-
ing at least 1169 consecutive amino acids of the polypeptide
(mature PAPP-A2) consisting of residues 234-1791 of the
polypeptide of SEQ ID NO:2.

7. The antibody according to claim 4, wherein said anti-
body has specific binding affinity for a polypeptide compris-
ing the elongated zinc binding consensus sequence (amino
acids 733 to 743 of SEQ ID NO:2), LNR 1 (amino acids 586
to 612 of SEQ ID NO:2), LNR 2 (amino acids 619 to 644 of
SEQ ID NO:2), LNR 3 (amino acids 1733 to 1758 of SEQ ID
NO:2), SCR1 (amino acids 1396 to 1459 of SEQ ID NO:2),
SCR2 (amino acids 1464 to 1521 of SEQ ID NO:2), SCR3
(amino acids 1525 to 1590 of SEQ ID NO:2), SCR4 (amino
acids 1595 to 1646 of SEQ ID NO:2), SCR5 (amino acids
1653 to 1729 of SEQ ID NO:2), and all cysteine residues of
mature PAPP-A2.

8. An antibody having specific binding affinity for a
polypeptide comprising

(1) amino acids 1-22 of SEQ ID NO:2, and

(1) an amino acid sequence selected from the group con-

sisting of

(a) an amino acid sequence consisting of residues 234-
1791 of SEQ ID NO:2, and

(b) an amino acid sequence which is at least 95% iden-
tical to (a) above,

where said polypeptide, or a cleavable fragment, at least

five amino acids in length, of said polypeptide, which
comprises amino acid sequence (II) of said polypeptide,
has a proteolytic activity against Insulin Like Growth
Factor Binding Protein 5 (IGFBP-5).

9. An antibody having specific binding affinity for a
polypeptide comprising

(I) amino acids 23 233 of SEQ ID NO:2, and

(II) an amino acid a sequence selected from the group

consisting of

(a) an amino acid sequence consisting of residues 234-
1791 of SEQ ID NO:2, and

(b) an amino acid sequence which is at least 95% iden-
tical to (a) above,

where said polypeptide, or a cleavable fragment, at least

five amino acids in length, of said polypeptide, which
comprises amino acid sequence (II) of said polypeptide,
has a proteolytic activity against Insulin Like Growth
Factor Binding Protein 5 (IGFBP-5).

10. An antibody having specific binding affinity for a
polypeptide comprising

(I) amino acids 1-233 of SEQ ID NO:2 and

(1) an amino acid sequence selected from the group con-

sisting of
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(a) an amino acid sequence consisting of residues 234-
1791 of SEQ ID NO:2, and
(b) an amino acid sequence which is at least 95% iden-
tical to (a) above
where said polypeptide, or a cleavable fragment, at least
five amino acids in length, of said polypeptide, which
comprises sequence (1) of said polypeptide, has a pro-
teolytic activity against Insulin Like Growth Factor
Binding Protein 5 (IGFBP-53).
11. An antibody having specific binding affinity for a
polypeptide which
(a) consists of residues 234-1791 of SEQ ID NO:2; or
(b) differs by not more than 16 insertions and/or deletions
and/or substitutions from the polypeptide of (a),

where said polypeptide has a proteolytic activity against
Insulin Like Growth Factor Binding Protein 5 (IGFBP-
5).

12. An antibody having specific binding affinity for a
polypeptide which

(a) consists of residues 234-1791 of SEQ ID NO:2; or

(b) is at least 99% identical to the polypeptide of (a), and

which consists of 1548-1568 amino acids.
13. An antibody having specific binding affinity for an
isolated polypeptide comprising or essentially consisting of
the amino acid sequence of SEQ ID NO:2, or a fragment
thereof, wherein said fragment
1) has a proteolytic activity specific at least for Insulin Like
Growth Factor Binding Protein 5 (IGFBP-5); and/or

i) 1s recognized by an antibody, or a binding fragment
thereof, which is capable of recognising a polypeptide
having the amino acid sequence as shown in SEQ 1D
NO:2; and/or

1i1) competes with a polypeptide having the amino acid
sequence as shown in SEQ ID NO:2 for binding to a cell
surface receptor with an affinity for said polypeptide.

14. The antibody according to claim 1, wherein said anti-
body is monoclonal.

15. The antibody according to claim 1, wherein said anti-
body is polyclonal.

16. A method for detecting PAPP-A2, or measuring the
level of PAPP-A2, in a biological sample obtained from an
individual, said method comprising the steps of

1) obtaining a biological sample from said individual,

i) detecting or measuring the level of PAPP-A2 in said

sample by detecting or measuring the level of

a) an isolated polypeptide comprising the amino acid
sequence of SEQ ID NO:2, or a fragment consisting
of five or more amino acids, thereof, wherein said
fragment

Apr. 21,2011

has a proteolytic activity specific at least for Insulin Like
Growth Factor Binding Protein 5 (IGFBP-5); and/or

is recognised by an antibody, or a binding fragment thereof,
which is capable of recognising a polypeptide having the
amino acid sequence as shown in SEQ ID NO:2; and/or
competes with a polypeptide having the amino acid
sequence as shown in SEQ ID NO:2 for binding to a cell
surface receptor with an affinity for said polypeptide.
b) a polynucleotide in the form of mRNA originating

from PAPP-A2 expression, and/or
¢) PAPP-A2 specific protease activity.
17. The method of claim 16, said method comprising the
further step of comparing the PAPP-A2 or the level of PAPP-
A2 detected in step ii) with a predetermined value selected
from the group consisting of
1) a predetermined amount and/or concentration of PAPP-
A2; and/or

ii) a predetermined amount and/or concentration of PAPP-
A2 mRNA; and/or

iil) a predetermined PAPP-A2 specific protease activity.

18. The method of claim 17, wherein said predetermined
value is indicative of a normal physiological condition of said
individual.

19. The method of claim 16, wherein said biological
sample is selected from the group consisting of blood, urine,
pleural fluid, oral washings, tissue biopsies, and follicular
fluid.

20. The method of claim 16, wherein said level of PAPP-
A2 is measured as PAPP-A2 specific protease activity.

21. The method of claim 16, wherein said level of PAPP-
A2 is measured as amount of PAPP-A2 protein.

22. The method of claim 16, wherein said level of PAPP-
A2 is measured as amount of PAPP-A2 messenger RNA.

23. The method of claim 21, wherein said amount of PAPP-
A2 protein is measured by immunochemical analysis.

24. The method of ¢claim 23, wherein said amount of PAPP-
A2 protein is detected by at least one monoclonal antibody.

25. The method ofclaim 16, wherein said PAPP-A2 protein
is detected in a complex comprising at least one additional
component.

26. The method of claim 16, wherein said PAPP-A2 is
detected as a PAPP-A2 monomer.

27. The method of claim 16, wherein said PAPP-A2 is
detected as a PAPP-A2 dimer.
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