METHODS, COWPCSI TI ONS, AND KI TS FOR THE TREATMENT OF MATRI X M NERALI ZATI ON
DI SORDERS 5Background of the Invention The present invention rel ates
to the trwetnanB46i matrix mneralization di sorders suclrC&EA2011/050258
hypophosphatasia (HPP). HPP is a rare, heritable di sease caused by one or
nore | oss-of-function nutation in the gene ALPL, which encodes

ti ssue-nonspecific al kal i ne phosphatase (TNALP; a.k.a |iver/bone/ki dney
type ALP). 10Al kal i ne phosphat ase deficiency in osteoblasts and
chondrocytes inpairs skeletal mneralization, |leading to rickets or

ost eonal aci a. The seMETHQDS| COREPOSTHONS, AND KSTSIEQRJI“HEI’\SGL Peri nat al
HPP, the nost se PP in_an_al nost co ete absence of
bone m nerali zat |ﬁéfﬁf‘{qfe{ﬁ&fQF%éT&%%@hqﬁBAHZﬁFWNWSW ile HPP,

di agnosed before the age of six nonths, results in inpaired skeletal 15

m neralization that can lead to fractures and deformties. Chil dhood HPP
can cause’the premature | oss dtackmeppdsitheduvontiomnd rickets. Finally, adult

HPP can cause st rﬁx%%)réséxﬁ%déﬁ% eRfs & heGkamet o@ﬁfaﬂfﬂrﬁh@raﬁfb@oﬁerphOSphate
arthropathy. Gven the devastating inmredi ate and %terml npact of matrix

m ner al i zat i §pordirsBicHas BypopeespiptasiagHPE R BFY satrard. f}%\lt &ﬂl@ase;yauaedbml arly
infants and g &G AGR nlifatidn ﬂ?ﬁ?ig&{% Megﬁfgh ’J%.Ioﬁé’sqﬁ
urmar y of the

conpositions for treating matrix m neral Fzation’ disor
| nvent i on | nnanigeciiicediatine phosphntasoTNALP; s lwr/pwneémdngyyypbééﬂ’)f ound that an

al kal | ne, 2SPRRIANIASHARS. LUBLRY FLOLIA AT SHANA ROINARRNALS 2c d or

pol ygl ut am ¢ aci In'tre nouse
nodel . Accornﬂlmg:[hyatmhheacmgsemkets mtebma]lampr ﬂSkIe stemtgofrHBB dépeadsson isc| udi ng

an sALP-Fc or i,de and co cI udi nucleic acid

t hat encodesagg 8%‘_’ Plf = t%ﬁ%@(; é‘}&L‘?PSbBﬁ"%gg Tﬁeéu Srﬂ}@ﬂta%{aal so provi des

met hods and &inipeté atisentgiof oreutinerdzagion W@blad@&an&aﬁherstimhﬁh Clnggititks t o treat
ers uch as HPP and.its 3?}@? ci ated phenotypes.

matri x m ner z
Accor dingly, ﬁHﬁr‘@fg@ Qg@?{et £ PE 9 ﬁ%mqﬂ&nref'éﬁt%w@alra Fd of treating a
mat ri x maerahdeddikatidn ticht §é;’f 1881 toiffdctares bl @Férmifidde ORREHYRE HPPChb 6HusE
adm ni steri ntgl to the subject a therapeutically effective anmount of a
F

phar maceut i c&F PreBIFpBlops @fflesiduqus dreHipnd rigkety, Ipallypedwlti RIE sancrEsastRsS t he
structure Z- gAkRegY; mﬁ%ﬁ%k@%f&rhﬁltl§5ﬁd’ﬁtrbﬁh%sﬁa!:% Ry X, and (b) a

pharmaceutically acceptabl e exci pi ent,” where SALP i s t he extracel |l ul ar
domain of an al kdiverethp Hoesntineigumediaigand dengtermimpsaicpf Matix absent or is an

mineralization disorders such as HPP on affected patients, particularly infants and
20  children, there is a need to develop methods and compositions for treating matrix

mineralization disorders.

Summary of the Invention
In the present invention, it has surprisingly been found that an alkaline
25  phosphatase-Fc fusion protein lacking a polyaspartic acid or polyglutamic acid region
is effective in treating HPP in an HPP mouse model. Accordingly, the present
invention provides compositions including an sALP-Fc or Fc-sALP polypeptide and
compositions including a nucleic acid that encodes an sALP-Fc or Fc-sALP
polypeptide. The invention also provides methods and kits for using such
30  polypeptides and nucleic acids to treat matrix mineralization disorders such as HPP
and its associated phenotypes.
Accordingly, in one aspect, the invention features a method of treating a

matrix mineralization disorder in a subject, the method including administering to the



5 am no acid sequence of at |east one am no acid; and the pol ypepti de does
not include a polyaspartic acid or polyglutam c acid region | onger than

t hree conwecruit/nsensasparti c acid or glutam c acid resi duesT/dAarzoansoiser
aspect, the invention features a pharmaceutical conposition including: (a)
a pol ypeptide including the structure Z-sALP-Y-Fc-X or the structure 10
Z-Fc-Y-sALP-X; and (b) a pharnmaceutical ly acceptabl e exci pi ent where sALP
is the extracggl e osphat ase; X, Y, and Z
i s absent orgl?déécg!ﬁﬁ%ﬁ%gn 1@’ ‘g{rg@%u%lﬁoiég ‘lf)t?lp b aecglgltcal cﬁgpgs cr"Pom%Bﬁth and the
pol ypepti de @gepolyptptidnaichdegahqatuy@easALR- YaBe-H oo thepahiytglelt-Beviye aci d

reglon | onger onsecutive aspartic acid or i c acid

resi dues. 15?‘?1‘]2@2{] aré(i]n@(t? Figﬁmglg?felﬁfallytaﬁ%pf)ﬁ\?éﬁﬂ)l&ﬁt yhele ﬁgJeg ef‘ret hod of

treating a nettracluldrdemainiof aii almnﬁlpaasrpdaase; éacnosnb}(eﬁluzfsaleseﬂt&irm

including_admnistering to the SUPFICECt a‘s raﬂ)eu}lca |y effectjve anount
apd He

of a phar rracBRHPEE SEBRPEATP] 575t PRcamIAP AG: and sHeaqlypersidsdass nobieie aci d

encodi ng a_pebyRpephitdacit BEpslgMEmidRidEEibE I0AEE tHamStiYePeofrsEinive Sparkibe
structure Z-Fc-Y-sALP-X and (b) a pharmaceutically acceptabl e excipient,

20 where sALPeif gr glp@misacidyesifyesi ar domain of an al kal i ne phosphat ase; each

of X, Y, and Z 'SInaalﬂél%thasﬁéct ik ﬁ%nﬂgﬂ RAAG A GheRALERES Bhpalitidnast one am no
acid; and the isolated nucleic acid does not encode an am no acid seguence

i ncl udi ng a pelvdingp@ e pelyeaptide elugdiol fhel struetmed - #eli R YrksgK onthe simepsyre t han t hr ee
t t,
consecut ijye %%W%AEP%'aﬁd ﬂ:gr %&ﬁﬁ%uﬁcfﬁlﬁz‘a@c ?a%lede%@ﬁlepg% 3 gghf& gaspec

the i nvention features ceutica osit or the
treat ment of eza:raqelttﬂarﬂomam@rf anh alkdtrie@howhd@sedach ohXaY sandjZeis absentrm; is an

phar maceut Cgm oy ”B%gclﬁ}eh(?eﬂ f ap as%'g T e ég&%%ﬁd Se(lial(:)ﬁyﬁggldg (laser{o in3fol d encodi ng

a pol ypepti de iméf ruc e Stitctur e

Z- Fc- Y- SALP- Xpolamrbm(tlb)ma opbnﬁygiﬁtﬂmuiacﬁh‘cglyn bogaphalihee exsequtietispartiber e SALP
is the extracellular 30 d msu n of an al kal i ne phosphat ase; each of X, Y,
and Z i s abs8ff obplUipRicAcidrgsidues, i § sequence of at |east one amino acid-

andI t ge ijsol at Ied Tyt ﬁiomeagspgctctﬁeﬁwfmionmdsea laéthgcm)m:aa@g aldmstequenﬁe )
Including a po y spart cid or, polyg cid regl Qn | onger. than three
consecuti ve 5‘5“;‘5‘5?’ fepieo ?06&6 p @T“Lliie e “’a“g?og “g‘éqa’%ﬁfgémm tering to tﬁq ?‘I‘I{’Eﬁfy

enbodi nent oatﬁer@emwwéﬂf&ﬂve &ﬁkﬂlnp@ﬂa)/ﬂlﬂﬁﬁdcéﬁlcﬁpdbn@la&tl&ﬂﬁhlhﬁlng nej ade the
structure Z-sALP-Y-Fc-X I n any enbodi ment, the_p pe tide

optionally déf@hateﬁ@PCIFIﬁ@FldGécoél%@lWQ@&@WHQFI%‘P&@%FWBF?@S&P c-a&ci d region

l'onger than Lig. CORBRE YlHcYE sABPAL: b€ (19 & pHaractibdI B Holeprfe e@cﬁ)ﬁ:ﬁﬂ dues.
In any enbodi nment, the polypeptide optionally does not include a

bone-t ar g8t i myellmﬁéi’ys the extracel|ulpr dapaiare oel pliveline phesphatage; eash aEXdYsmduence of
the sALP opt qu@sl:ﬁ{ oﬁ' ﬁ%"éﬂl?éo fd s% ﬂbﬁbes(%fgat R:fast H% Qfﬂln@%!:ﬁ, in?%flﬁ zf?’ 508 of
of the sSALP

SEQID NGO 1 or exanp aC| sequence
optional | y i nodleidesd dmesmotmmedesancaimmmeqmnde melslﬁhigesaomsmﬁitacidfor SEQ I D

NGO 15. I Od-l he,am no_aci e
optionally i R%lyglaéusl%%arc co lé’lnscfngerti'anatnh‘?eﬁgorgg? Vga ues §g12115§] ?C%@EQ | D NO
16. For exampdsiluet he amino acid sequence of the sALP may optionally include

or consi 3% of am ﬂl anot%erdas{)eec Itl?é’i%&en 10n gea%?ezs a% arm. %utlcallggmp%s?uon
formulated for the treatment of a matrix mineralization disorder in a subject, the
pharmaceutical composition including: (a) an isolated nucleic acid encoding a
polypeptide including the structure Z-sALP-Y-Fc-X or the structure Z-Fc-Y-sALP-X;
and (b) a pharmaceutically acceptable excipient, where sALP is the extracellular

30 domain of an alkaline phosphatase; each of X, Y, and Z is absent or is an amino acid

sequence of at least one amino acid; and the isolated nucleic acid does not encode an
amino acid sequence including a polyaspartic acid or polyglutamic acid region longer

than three consecutive aspartic acid or glutamic acid residues.



In any enbodi nent, the am no acid sequence of the sALP optionally includes
an am no acid sequence having at |least 85% (e.g., at |east 95% or 99%
sequence woeniwtsyosto SEQ I D NO 5. For exanple, the am moTamz0iigsesence of
the sALP optionally includes SEQID NGO 5 or consists of SEQID NO 5. 20In
any enbodi nent, the Fe may optionally include a CH2 domain, a CH3 domain
and a hinge region. For exanple, the Fe optionally is a constant donai n of

196 3. 196 3 and IHEFERERIMED ek buE BNealo Badoonelihbnrbtic i n 1 s
1gG 1. In ot _htép stpafuré ZesAdP-¥ifbodi nents, the Fc includes an amino acid
Tdent ity o SEQ 1 0 RESuont 0 Spinen e oot di dos i b REEESR e he Fo
optional l'y i neidideslygi€iniDadiDregbndongepihen siScobbecHize dspariiciBor diitadidy

enbodi nent, Z i%ﬁogti onal ly absent. In any enbodinent, Y is optionally two
am no aci o r SiHGPe g, , "I euci ne- 30Iysine). In any enbodinent, X is

optional |y absent .Inany embddfinehtheepIPRRpIR Yptioralld RehobBYWBOL BoRe absent, and
Y may be absent or may be an am no acid sequence of at |east one am no

aci d. For exdfiSERns MoEYpol ypeptide may consist of the structure sALP-Y-Fc
or the structure hfany §iledimdn? tROFR E@é@%gﬂ@rﬁ%%fﬁg SRE%th?cﬁ%fl}dﬁauﬁ&nS' sting
, ma

)t &
of the structure sALP-Y-Fc or Fc-Y- SA y CONsis wo am no acid
resi dues, e. (o consistcefpminaacidysidyms 23 SR8 apSEQ I ANO: 6! §pregraingle, tragmiponsi st of
the strucigr Sehed &F %ﬁg%glp ] ; ] 2Tl : SALP is
the am no ac %&ﬂgggﬁegﬁ{gf% Q%h%% lh‘gl?detg Hme&g%g&ngggg}nggggg%gﬁlgghof Yis
| euci ne- | ysi nd2 cARBRAP NBelSani no aci d sequence of Fc is the anino acid

seruence of S0 | B9 o s ALt D5uEL BP0 REA o SRR el

pol ypepti de may consi-s € am no acl In any
enbodi nment, tdreomsittiea addncackbgsidnsd 8aD8 bhEEQOD Wb Her axpinplenée hiinb0

Ve A2 80 R R A S SR Sl 0
sequence tf tisesQfEEEIDINE: rRy optionally include SEQ ID NGO 4 or consi st
8]; Sﬁ? C LE y |Nao_i eg: lIrr1] ar%/ngmbeo ln?e(illlt, r’;rl?ene}rﬁincg Qc?d ge%llgn%gg tlh(éI (saAI?pE)}I)t?or;l%}I}lf %cllugespegyl ated
an amino acid sequence having at least 85% (e.g., at least 95% or 99%) sequence
identity to SEQ ID NO: 5. For example, the amino acid sequence of the SALP
optionally includes SEQ ID NO: 5 or consists of SEQ ID NO: 5.
20 In any embodiment, the Fc may optionally include a Cy; domain, a Cys
domain and a hinge region. For example, the Fc optionally is a constant domain of an
immunoglobulin selected from the group consisting of IgG-1, IgG-2, 1gG-3, 1gG-3
and IgG-4. In particular embodiments, the immunoglobulin is IgG-1. In other
particular embodiments, the Fc includes an amino acid sequence having at least 85%
25  (e.g., at least 95% or 99%) sequence identity to SEQ ID NO: 3. For example, the
amino acid sequence of the Fc optionally includes SEQ ID NO: 3 or consists of SEQ
ID NO: 3.
In any embodiment, Z is optionally absent.
In any embodiment, Y is optionally two amino acid residues (e.g., leucine-
30  lysine).
In any embodiment, X is optionally absent.
In any embodiment, Z and X may both be absent, and Y may be absent or may

be an amino acid sequence of at least one amino acid. For example, the polypeptide



I n any enbodi nent, the pharnmaceutical conposition optionally includes a
15di mer of the pol ypeptide. I n any enbodi nent, the pharnmaceutically
accept ablwoenoi/pimat optionally includes saline. |n anyremuadomasozsst he
pharmaceutical conposition is optionally Iyophilized. In any of the nethods
of the invention, the pharnaceutical conposition is 20optionally

adm ni st ered subcut aneously, intravenously, orally, nasally,

|t ranusoul athicodbl a0uekdte cASAaHISAL L g pLIRGeT I, 0 certaln

enbodi nent s, e pharmaceuti cal conposition 1's a Subcut aneousl y.
For exanpl e, etbediments ofipolyfeptidies commisting bithe seuctuwps Aoy Foorifacy -8AEP, Y

adm ni steri n%acghzlasrto ceut iicgl 5 maosi tio i.ncl udi ng t he Oltﬁ epti des of
the inventi on"®SPPHE CLTS, BLE R B 08 age Bt YA ut TG ey ‘g/ day to about
10 ng/ kg/ day polypeptide alagudnsit ofyh& ghudaiye AL Chtioadllygthd amjno acid ot her

exanpl es, .the nethods,ipnclude adm.nisterin rjraceut.i cal , conposi tion
to the subj eé'fquﬁlécte\ﬁgé‘?’lt}gfféﬁ%?famg é?}aﬁew%ﬁﬁﬁa@ﬁ‘ﬁ]@ﬁewm%d times a
week) . | n anyedqindelog Yetducids 1yafne! 4h@/or té@Rtinddtid deh@enb@b i Foks tHeRfi@ | zat i on
di sorder is 30 optional IﬁéQ:}‘é&)ghos hatasia (e.g., infantile_ HPP, chil dhood

HPP, peri nat &Fidispspencg ot I‘E’dﬁ%‘&“&ﬂ%‘?ﬂﬁ’pﬂ%%‘bﬁé‘i sggrgpeeofthe |y any of

the nethods @biyb&Ridk R BbAsRRof thbemRBALIBERUAGRSEQAMR@Si 4.i on is optional |y
adm ni stered’ in an anount that is thera@g;uhcall effective to treat a HPP

phenot ype sel ect elh #ygmbedimegts thapminsrasidseqysgodf t yreptdeaaptigedllyur e,
premat ur gl o$sRk Qfﬁg QU8 sdaB&ich hati QN €, D | .98 on, el evated
bl ood and/ or url?in%a. e\(le S %Féqi ﬁ%)crggaa\ﬁlﬁggg%rsg%ﬁ%%%’%ttema?%é%(%rzgg@vat ed bl ood
and/ or ur i ne s¢qugrdeddenfityth SEQHOIN Oadh of cativkavep!¢, FEerdmine hadd sequehch bbbd and/ or
urine levels Ll . PLP).. vei ght gai n,
rickets, boné)g%g%@é glg??})tﬁo%a%%?lg)%ﬁggg gl?g\lcélﬁh(g ?‘Eﬁ%@?‘?@?’%ﬁ’%posi tion,

apl asi a, hypopl asimeanyamthodiyept, thsipalypéptill eptibanilyails pegyimed errplycosylstedre

enbodi ments, the {nconplet.e bope mneral.ization.is inconple f enoral bone
i neral | zat] on, 1 HOONSIEPE RS e PRRBRE A SRR o8RO S o

met at ar sals bangersf tempalypgaideon, or inconplete rib bone mineralization. 10In
any enbodi nent, the subject may be human. y of ., the pharmaceuti cal
conposi tions of t r‘?g{?H&F’Gﬂt’ ﬁ’ﬁ)Pg?fﬁ’taF%‘HSﬁlchffé’taf’\[]?reﬁfﬁ‘Pﬁf‘E‘?Pt‘f’Bai{yt reating a
mat ri X m ner ghdizRé taPiRe. di sorder in a subject. In any of the nethods of the
invention featuring the admnistration of an isolated nucleic acid, the

i sol ated nucl ei c Hcany emdodipeni hiphgrmaeniiticgl spmpesifionds entionaliilyerbilized.

In any of the methods of the invention, the pharmaceutical composition is
20  optionally administered subcutaneously, intravenously, orally, nasally,
intramuscularly, sublingually, intrathecally, or intradermally. In certain
embodiments, the pharmaceutical composition is administered subcutaneously. For
example, the methods of the invention may optionally include administering a
pharmaceutical composition including the polypeptides of the invention to the subject
25 inadosage of about 0.5 mg/kg/day to about 10 mg/kg/day (e.g., about 2 mg/kg/day to
about 3 mg/kg/day). In other examples, the methods include administering the
pharmaceutical composition to the subject between one and seven times a week (e.g.,
three times a week).
In any of the methods of the invention, the matrix mineralization disorder is
30  optionally hypophosphatasia (e.g., infantile HPP, childhood HPP, perinatal HPP, adult
HPP, or odontohypophosphatasia).
In any of the methods of the invention, the pharmaceutical composition is

optionally administered in an amount that is therapeutically effective to treat a HPP



15in a lentiviral vector. In sone enbodi nents, the isolated nucleic acid is
optionally adm nistered to the subject at a dosage of fromabout 0.1 ng to
about 10 wp.2011/134084Any of the pharnaceutical conpositi orcefcA2ha/dsopsent i on
featuring an isolated nucleic acid may optionally include a reconbi nant
expression vector (e.g., a lentiviral vector) including the isolated

nucl ei ¢ acid. 20The invention also features an isol ated reconbi nant host
cell transforpggd ﬁi?isﬁ The i pvention

al so featur e£ élé pr OJE %I“yﬂé) °§“§yg‘g|"%}é§? %I%Ed C Zutr?ie’rﬁlr:a\?uer% Yon,

i ncl udi ng culof d¢cudnlgu$tncth incongdte balelmineralization, elev@edreldodimdim deine keosidi ti ons

suitable to e fect £X i,de an caovering the
pol ypepti de Tor OMEIEER ogﬁ?spgﬁ%ﬁj@d%]%vrﬁ%%%&% gfﬁbﬁlrép q?‘ﬁg 0&lost cell is
optional | y amphbsphedthanolam@kIPEARleleyated Bdad &l dr urife IV¥Ds 683ykidoal BHK cel |, or a

COos-7 cel .. | nts, .the host ce is cell (e,

CHO D&4 Cel |P§;°Spgate (ﬁﬁﬁaaﬁ AV i8Rt %1%601%%{’%6@?%? um P@Sﬁoplé%@a

i nvention feailydrs dyddl depodtion diphgia, Ky@bplasrla/a@ddisbeslabﬁ«hea@rﬁaltl cal

conposi tions of the invention and (b) 30 instructions for adm nistering the

phar maceut i céEFmE‘B‘l"FBOEI_ PM§smegdigeatshe incomppleie bang miperatization iineRIRet zat i on
di sorder. By ferddt@itone efB2Monl MRS lett ! Ifiﬁlafﬁ'&fetrrﬁgerm%ﬁ'&l incomplete  BY

"bone- targetl ng noiety" is meant an am no acid sequence of between 6 and 20
amino aci d r @siasea bene miaprglizatingar igomplsisfrit bone minegglizatiant y to the bone

matri x sygh that an in vivo binding affinity
to the b(L)ige mat ri ;(J‘ﬁ#%%?glhg{ngf% E‘@ ch{ gho%(/fl a%etter (e.g., 10-7M 10-8M
10-9 M or bett er ny 5Bje phatha¢eyticnd sompagitionnefitbninventips il loptieisllebe egi on of
an i munog| Oz&ﬂuﬁedefo?&?aﬁhg&}mjamx rglglélu alglg} :S%Ord‘l:lqgﬁ"s%ubﬁéctl gG 4, including the

CH2 and CH3 doial ns nmuno eav Fc may al so include
any portion of thhldmlyrm@élerrmwmofﬂm mvmglotntfmtﬁaigtwnﬁmsnra&gnoﬁm The Fc can

be of any manmal ,, i ncl udin t tra naII m)dified
(o 0., by ot JoBusapRisid e MR BB PR SRR i A e R Spiek e
fragnment 16r ysi alehtivisddbe&tdre i ﬂﬂleQ:me@tIMtsl @&sblatba\nluaglctable @diﬁtll’c\ﬁall@zCI d
sequence of SEQ I D NO 3. mat ri x |Itﬁ’élond is neant a

di sorder affé ‘P}‘ﬁ‘?éer?ﬁtﬁé]?%ﬂugégﬁtﬁﬂo%‘ge? iR a ?uteriﬁﬁngphenotype

associ ated w th tagydi %0 pEEmacdiBéadl béﬁnﬁﬂsﬂﬂh%fthé%&deﬁtﬁbﬂbz&&ﬁ%ﬁs@ﬁéhthel r
associ at ed phenotypes i nclude, for exanple, 15 rickets (defects in growh
plate cartil| aye¥ic 2eid mayoatienaily inchide e&gewe% CXPRSEHSEEIAT (Co\Rdpiiviral
0St e0por 0Si S yed 1&&%91%“%1@&%@%&&1& HPP) (e.g., infantile HPP, chil dhood
HPP, perinatal HPP, adult HPP, or odontohypophosphatasi a), HPP-rel ated
sei zure, 28r emat ur &h¢ ipxention atse Eatheeswes I&Oéaéftd{recqmmmph@tee ijeneformadearal i zat i on,
el evat ed bl OQ%nﬁ&gédq{nt}PMcﬁ'gvé&&el s of inorgani c pyrophosphate (PP;),

od an

el evated bl o urtne
The invention also features methods of producing any polypeptide of the

invention, including culturing such a host cell in a culture medium under conditions
suitable to effect expression of the polypeptide and recovering the polypeptide from
25  the culture medium. For example, the host cell is optionally an L cell, a C127 cell, a
3T3 cell, a CHO cell, a BHK cell, or a COS-7 cell. In some embodiments, the host
cell is a CHO cell (e.g., a CHO-DG44 cell).
The invention also features kits. For example, the invention features a kit
including: (a) any of the pharmaceutical compositions of the invention and (b)
30 instructions for administering the pharmaceutical composition to a subject to treat a
matrix mineralization disorder.

By “about” is meant +10% of the recited value.



20 | evel s of phosphoet hanol am ne (PEA), el evated bl ood and/or urine |levels
of pyridoxal 5'-phosphate (PLP), inadequate weight gain, bone pain, calcium
pyr ophosphat2e1idisisdr at e (CPPD) crystal deposition, and aplrasNzei1/osypepl asi a
or dysplasia of the dental cementum Matrix mneralization disorders can be
di agnosed, for exanple, by growth retardation with a decrease of |ong bone

| ength (such as fenur, tibia, humerus, 25 radius, ulna), a decrease of the
mean density of tgfa ear r i n bones
such as fenur, g? Borféqg:getg%ﬁn&} ? a%gﬁegﬁfan%%p&%ﬁ gEI|El£|eet\lc‘g’awbcz1€:ecére§§se in teeth
m neral i zat i @nd 2%1ﬁdlnpraeldrmsmues indgtgﬂdiavchgcal sdffwiest afﬁmtt)hto(thx: Iopne mapiasi a,

hypopl asi a ory, I nment. u . bei so linmted,
treatment of “ha tﬁﬁiﬁeﬁldoﬁ%?a‘}ge% |(1)ert1y |Ssa8r"ag}%blﬁggg Sﬁl“&Bge&vB&“eﬁg}“{i’he or nore
of the foll owhatipat east30T M oemser (0f., 10MN, botwet, L&h8L b beiter)i ncr ease of

mnerallztlonln Qpe,.and/ or teeth, a ection of _bow the legs, a
reduct i on%of boneP aPﬁ 18 e 2 fEagmerticnn a@fza@ﬁﬁﬁl(ﬁ‘r‘i}c% H%%g‘&”'[lil Sr-i n
joints. By lmarrgmcgugﬁaaig(}:@ﬂmg@m ilidingSthée A Und T 1,6 QHMAIAS $fitRn cont ai ni ng
a pol ypeptide or %E‘gblgg{l; aci d descri bed herein, fornulated with a

phar maceut i caPPy™ BAVE cBaiR; by BAY 2 s, maludeanyrpeetianal thedingsasdonyi t h t he

approval of goigiay @le'VaBRhdFc feBBHS. ATHIPE M@@Wm?%aﬂﬁﬁél 19<flu<ﬁn§ RERAPEIL | C
reginmen for the treatnment of disease in a mamal . Phar maceut i cal

conposi t i ons T&PepestiEpsificaalbumodiged @)garwlcé’coﬂ’é#tloé} dn agandlipiigng ati on in

uni t dosage fQEMIEFc@an bt HRbEE i | rup); for
topi cal adm nlilftBrat |Co?1n( e.g. Jgasmgg?lrae%%ﬁeEggﬁﬂo(?gm}l%ﬁﬂg%g?h%v?{ ttﬁ%nt) for

i nt ravenous mqncgiqeauqnmof(SEE(bID N@s3a sterile solution free of particulate
enboli and in a sglvent. sy av for
subcut aneous adm %b' ﬁ?{éﬁxiﬁ%ﬁéﬁmaﬁ& &@&?% g&r{irlu rg%}i%ﬁ“g%scrl bed herein.
By "phar nacemmeralizlayora@fchqobcmb hlatremrlapy phmlbtyps asyedated witk therdiserdet.hat i s
physi ol ogi caI .acce he treated s e retaining the
Pharapeuti o DIEEFERBLERIS G ddamt URE e RHrP ot 8ol 7 Reblred . one
exenpl ar ylSphai‘claaﬁ:@erbE&iﬂ gmw&qﬂaebablage)emomaﬁnia osseopbnesis hpgfecta) sal i ne.

O her physiol o |caII 15acc tab XCi pi and.their fqrnul ati ons are
known t o one S§%f9 ?S&? rﬂ“fﬁ‘@ ¥p[op ‘??B ?@dﬁ%gi g’flﬁffm@ﬁ%{%)r a‘,ﬂgﬁ?‘f’%" Reni ngt on:
The Science b, Férfatal HPP @‘dulE’hﬂ»prr&Co)dontG%%bﬂmphatasﬁgi HPR-Rlatddepipaeo, 2000,
Li ppincott WIllianms & W/ ki lypeptide” is meant any

nat ural or sPHOHEE @S%Pfﬂeﬁldk}?‘zsé‘?ﬁt}hétlca@?ﬁ? l%&’Pe massalizatgs, elpvatgd BARadds i n
l'ength, incl %ﬁ&/ﬂ%ﬁﬂ%@&%lshﬁﬂo%ﬁ%&x&é@ﬂ&é aif ) OB ardmslbddl 2dlot Bine20( €. g,

glycosylatlon or phosphoryl ati on) used herein, when a polypeptlde or

nucl ei ¢ 28i d I%Iwénh@ph@thaml@mmﬂ%@ lvated hlorgl andior pdeslevelonfautdestt e
denti 1y 10 RURKAMES) SRAUFARS il bt WRERlin BRlurfhybGRSihat per cent of

the ami no aci ds nuc e pol ypept elc acid are

i dentical t o dittydsis EPPDherystelf dspesitea, M@ﬁ@EhMElasm predyselegieoicths ar e

P vari ovs e el N, Al R Ohac oo BERRSR:, L BRER T T 0

Smth Water rrrgmvah lrega:rdam vathgodectehsw of Bmigtbhnelength (such asMedouBiibia, hlﬂ:tlb?us;1_95 7,

1981) an BLAT( ic.,Loca t schul et al. I ML

ol 5185 a6 egasRadt othd SR Rh TR Cie AlRRY RS e e

?gc'etsﬁ i bI g usmﬁgalinabdm @lbpna\sati &Hbrﬁullcﬁlﬂiguﬂﬁ[arﬁ&mfefawi elni ghéizrgg a Eggtl ) 30 Fit"
m an t er man, vances i.n ie e as

meor por at ed SEHFDE BHAERET LA S PSR CAREH CPHERT G S5 pr o ei n

Sequence and 15})6':[)!1!53121L6’r6 yspRa@dtntal Vekntulefl WRheih Beidp & lichHdd) )reatﬁbrﬁ@-f

BLAST- 2, BLAS BLAST- N, BLAST- X, WJ- BLAST-2, ALIG\, ALIGN-2, CLUSTAL, or
matrix mineralization disorders may be observed by one or more of the following: an

30 increase of long bone length, an increase of mineralization in bone and/or teeth, a
correction of bowing of the legs, a reduction of bone pain and a reduction of CPPD

crystal deposition in joints.



Megal i gn (DNASTAR). In addition, those skilled in the art can determ ne
appropriate paraneters for neasuring alignnment, including any algorithns
needed t owachiiemeosepti mal alignment over the | ength of the/eequasess bei ng
conpared. In general, for polypeptides, the | ength of conparison sequences
can be at least five amno acids, 5 preferably 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 125, 150, 175, 200, 250, 300, 400, 500, 600, 700, or nore

an o aCt ds. UP ! Byt DRrRAkLAE LANALRoRT i tEROLNRERE Analff fuc! €1 ¢ aci ds.

the length of co on sequences can gener eas 0, 20, 30,
40, 50, 60, mlypwde o0nucleiiOgeidi@Beribed bereiby Hrm@0Ed wah@,phaGGcentioflly 500, 600,

700, 800, 90 20 0 00, 16 1700 00, 1900,
2000, 2100, %%w%@8%6¥é&nut?éd?£%ﬁwém%‘“Ségfﬂg%gHFPFwaEgﬁﬁ?ﬁmB@mﬁﬁe nucl ei c
aci d nol ecul eegulatory aganngdmmmm"d thelpeuticaegiter fauligesanen®bf diedasys irani ng
sequence i.dentit en co a. DNA sequence to_an nce,

t hyni ne ndcl éTB’ln} \A?léané‘ %‘Efﬁ psigions Yﬁ“gg? ormpfaiqdefor F’éaé“pleFE%rqlr‘g " sALP "

"sol ubl e al ka&mn@suah@smrmattassag foamde.g £X tabRE Shpsuledtap e FBichD, 1;5s>@ﬁp)aﬁaral kal i ne
phosphat ase" are used |nterchangeably and nean a sol ubl e, nonmenbr ane- bound

al kal i ne phodqmicsl adminisiration e, 8257 Creane | 2skyotian, f olspenys fenintgvenaus or

bi ol ogi cal | y aagtnis@tivAleigaat asteﬁl@%&huoxﬁf%e%? hﬁ@hlu@%mbt)@an@im@eiv@m an
al kal i ne phosphat ase | acking a Cterm nal EP si gnal sequence, e.g., a

pol ypept i de iSY&qmysHiighledor intErvsnays jusR); fof submeangansasmipistertiongorappober hunman

TNALP ( SE@ | @)rh@laﬂ@)ﬁdes%%%e?e@n further include, for exanple, soluble,
non- menbr ane- bound forns of manmalian ort hol 0gs of human TNALP (e.g.

pol ypept i des i ncl Byi* aceutnally sqcepigble Excipivmidisansania chEicORt 5 18- 502 of SEQ
0N 5 PR LSS RR STR B lBgl? o 553 1D
NGO 11), sol lptdpex;tiemoﬁthﬂmmpoanéwhb whethfitas azhnignfste!mnlné)ne%emﬂhﬂ? GCALP, and
R M T o R NN RO
of SEQ I @5NOacckgiable @nepiattelbid theiaformalaiiastase @odnanadeagilet rethe aft atdi Ch retain
alsﬁgjl Iegf " pih g%ﬁ%ﬁh&? g’ﬁ?f%{%ﬁ/}i"wﬁ%( “Regnl gton tﬂ%&%@‘ﬂée‘ : Practlpé/ &J’ P%ar\;r%aecy PF
ed., ed. A.R. Gennaro, 2000, Lippincott Williams & Wilkins).
By “polypeptide” is meant any natural or synthetic chain of amino acids at
least two amino acids in length, including those having post-translational modification
20 (e.g, glycosylation or phosphorylation).
As used herein, when a polypeptide or nucleic acid sequence is referred to as
having “at least X% sequence identity™ to a reference sequence, it is meant that at
least X percent of the amino acids or nucleotides in the polypeptide or nucleic acid are
identical to those of the reference sequence when the sequences are optimally aligned.
25  An optimal alignment of sequences can be determined in various ways that are within
the skill in the art, for instance, the Smith Waterman alignment algorithm (Smith et
al., J Mol. Biol. 147:195-7, 1981) and BLAST (Basic Local Alignment Search Tool;
Altschul et al. J. Mol. Biol. 215: 403-10, 1990). These and other alignment
algorithms are accessible using publicly available computer software such as “Best
30  Fit” (Smith and Waterman, Advances in Applied Mathematics, 482-489, 1981) as
incorporated into GeneMatcher Plus™ (Schwarz and Dayhof, Atlas of Protein
Sequence and Structure, Dayhoff, M.O., Ed pp 353-358, 1979), BLAST, BLAST-2,
BLAST-P, BLAST-N, BLAST-X, WU-BLAST-2, ALIGN, ALIGN-2, CLUSTAL, or



30By "therapeutically effective amount” is neant an amount of a nucleic
acid or polypeptide of the invention that is sufficient to substantially
treat, prwoenii/i3amkay, suppress, or arrest any synptom eCTAAratvosKss

m neralization disorder. A therapeutically effective anount of a conpound
of the invention may depend on the severity of the matrix mneralization
di sorder and the condition, weight and general state of the subject and can

be determ ne h consi.deration of.

factors. A tﬂ‘é? ahgﬁﬁ?ca SefSIF‘ ahélﬁg%%g’rsf%& ]?ed IPEhae asARg ﬁliﬁnfﬁq‘appﬁoé’nf‘tﬁventl on
can be adm nlrsitaarews foonaasnmnmlhgnnrenamludgiganylelgmthm needaditot dchieee doses

5adm ni stered er.iod trea nt ad n| stering a
phar maceut i caqpl %&nﬁf?t Oﬁerftg7 165%‘5‘55%%%‘&“?‘&%3 ?j?%?‘m?ﬂ%%: gecqe@ defr poses. To
"prevent di sgmbeéptides,ehicletigth pf @piputiabtstquehdes adrm: leat fﬁ/e%hhhjo%fds\/\ho i's not
yet ill, t ceptible therw se at_risk of articul ar
di sease. %u H\,I\Igr'}gréji’lsdﬁs%o @ 11’0 éé%of g(i 98 ﬂér%elﬁq ¢7% ?Q%tzﬁ%ﬁ’po ‘{)081‘ ers to 10
adm ni st eri ngoby 6@t ToNbr ﬁl@re%rnﬂuﬁlcﬁ@tu bﬁl@%ﬂﬁre%ﬁgﬁ%ﬂtﬁ@pcﬁ{]&ﬂﬁ& diopease to

i nprove or stabjlize t he subject's condi tion. Thus, in the clains and

enbodi ment s, MFksisarids thelengh Oé%ﬂﬁmp%ansaqqeewsw gengially Be gt lesst HbR0,36y

t herapeutic ofo, i,80Mm0, @@@bcld@ufﬁofﬁﬁ17ﬁ"20@f25§)€§$)@f40@t566n666 7@)6“@0@3r aw ngs
15Fi gure 1 shows schematic repreSentations o pepti des of tHhe present

i nvention. (@00;THE0CIIRPI PR 1[39@ 92:12Y 159%d§®(ht17Q5h1§ﬁ(bd1%Q9t 200, 2198, ¢ruman ti ssue
non- Specjf | &le ﬁgéléﬁlgesgpg?ootﬂé‘&ﬁﬁgleg%tﬂ%f ﬁx@lhﬁh@m WAl fgs the N-term nal

signal pepti e an nsi ent rane-anc ore signal for GPlI addition.
(b) The pri r’ramylerstpesh&lbiaibr the pprposts of davirminieg segTdiee Hemity fwhen comppriog ei n.  (¢)
The secreted LP-F ich | acks t.he N- m_nal. nal pepti de.
Figure 2 shov@g ‘tA‘h u%eﬁ%aggy\gnsgﬁneenggh O HYF ﬁlﬁgqltl‘é%?q N%P

i ncl udi ng t henubledtitem nal signal peptide (the f| rst 17 amno acid resi dues,

underlined and italici zeg Qs, aline, differs f he. WI | d-type
residue in that pdof{FEn,sALo éﬁf&‘g{’%@ﬁ‘allm\i‘r‘?ﬁ"hﬁ@%s ei‘tﬁ’é?emaf Thortion
of the pojsyp&ﬂtahd&alﬁﬁ%%é&atm aﬁﬁs@dmte&‘dhhﬁé’éaﬁ?hﬁ&&@ﬁ%oﬂ@l@ﬁbrﬂo aci ds 1-502
of hTNALP (SEQ 1D th thﬁ exception of position 2 as noted above,

are italicizeBembraRe- hﬂen%)elkelmrpheqp %tﬁ%esor5épwéplflplae%ltxeeﬂvqﬁweneyr| s

under | i ned. %161%9%ca’11'§'a@@ve&%hﬁint|t1?e‘r'&if“§§i%§hd]ﬁ‘de| forkeimAEe aMeRAlidehe hsTNALP and
Fe portions is shown in bold. Figure 3 shows the am no acid sequence of

secret ed hsTNApshataselaking @WDNI@I GR) signghseaHencacid aredyprptiderpglyding si gnal

pepti de. Am I Id Q I D NO
BT hi ch’ cors Sansage P g S s AN A SRR IR, O S PAL i | e

Fe porti o offutthdr snchuleyforexampte. §oebide, npn-NEMbginebgund forms of mammalian
orthologs of human TNALP (e.g., polypeptides including or consisting of amino acids

16-502 or 18-502 of SEQ ID NO: 7, amino acids 18-502 of SEQ ID NO: 8, amino
acids 18-502 of SEQ ID NO: 9, amino acids 18-502 of SEQ ID NO: 10, or amino
acids 1-480 of SEQ ID NO: 11), soluble, non-membrane-bound forms of human

25 IALP, GCALP, and PLALP (e.g., polypeptides including or consisting of amino acids
20-503 of SEQ ID NO: 12, amino acids 20-503 of SEQ ID NO: 13, or amino acids
23-506 of SEQ ID NO: 14), and additional variants and analogs thereof which retain
alkaline phosphatase activity, e.g., the ability to hydrolyze PP;.

By “subject” is meant any mammal, e.g., a human.

30 By “therapeutically effective amount™ is meant an amount of a nucleic acid or
polypeptide of the invention that is sufficient to substantially treat, prevent, delay,
suppress, or arrest any symptom of a matrix mineralization disorder. A

therapeutically effective amount of a compound of the invention may depend on the



underlined. A two am no acid |eucine-lysine |inker between the hsTNALP and
Fc portions is shown in bold. Figures 4(a)-(d) show a CLUSTALI m W
(1.82) mmvoizplie3ssgquence al i gnnent of mammal i an TNALP orchalAgs/mEemds human
ALP isozynmes. Mammalian TNALP 5 orthol ogs include human TNALP

("spl PO5186( TNALP_HUMAN'; Accession No. P05186; SEQ ID NO 6), cow TNALP
("spl PO94871 TNALP BOVI NE"; Accession No. P09487; SEQ ID NO 7); cat TNALP

(~ 5p1 Posao) TRAT D Norser e ARAERERAh s g9 collid Befld wlend B Tl

(" spl P082891 Bt ¢ tRﬂsﬁbJect]ﬁmdmm@temmey PRIBRSY;- SkﬂE@aﬁBalN@lthIO) and a

parti al sequenc T NOVO CANFA- ; . Accessi
QNove, SEQ 1B ﬁﬂf}%’ﬂ)"g s [;V;\ "FP";L %’SW&@Y ?}ﬁ‘%?%%“‘&mh BlAsPmR E'?Swf
("spl1309923 Jtheﬁulnﬁbﬂnbwh@n\be aﬁmﬁstaied)to dNaammEISA 2 3ingfelsd &2 ilN@ultibl) dosé& hunan

GCALP ("s%I Pfg696éGC€LP HUNMA Ig " Accession No. P10696; SEQ ID NGO 13), and a
human PLACP PE{MSHTHRET 8 PIMdAi®MeuMANTh Accession No. 05187: SEQ I D NO

14). "*" denotes Byatreding” adadURmikiRelA praBhAETicAl @nipdenbh Al i n al |
sequences of th%yl%" gn ‘" denotes that conserved substitutions are

nt ,
observed, andrePhylagticandios thepapeuticamnossn Jar preyens diseaset frvingraphelagisser ved. A

CONSensus SequaReat 6% sdeeitwar if ﬁ&gatlhl But Ahb HYTERbtiKle (P BSERG e at REQ | D NG
15), where X denotes degenerate HE,OSI tions. Figures 5(a)-(c) show a

CLUSTALTm W (of. agmyticilar disgase et geagg”jog Herelan “thfranentiria¢atment Trgfirto

Po5186. “200 %gﬁﬂﬁét&%g”“%“%h@w%@“t@%Sﬁ%ﬁkﬂ&tﬁ N PREESE 00 N,
P09487; SEQ Is@bilige tIE)sﬁbJ@e seanditiAL g, i85 thie QROMBEE ENBLENFeR X aingNs dles si on No.

Poza2. SeQ IERE ) < EHER RYeh o B AR e et on he.
P08289; SEQ ID NGO 10), and a parti aI sequence of dog TNALP

("trl @NOVO TNALP_CANFA"; Accession No. @®NOVO SEQ 1D NO 11). "*" denotes
that the residues in that coIHrmﬁDasmp’ﬂﬁhdéﬂteimaiwmgs al | sequences of the

alignment,. ":" denot es, onserved s e. pbserved, and "
et es that  sem TEYRCEI8 SRBAN FRERIHToK & P BERR T ARG s e
sequence i s deventi@d (ﬁ)"ﬂﬂﬂ(i)hip&t@ﬂl@ﬁﬁ'&ﬁﬁslaﬁ(')ﬂpﬂbﬂws)ﬂﬁfé hubhQidste - 16), where
X denot es degene t| ons ws a nucl ic acid
Sequence. ( SEPEIE RS phasnite sgpe hENAL Fhichie RoRyupd 88 epi ot ed i n
Figure 2. u&lagatteu?anﬁaﬁ\ﬁientbt’@ermaﬁre(ﬁ@napf@ﬂgemddatdno(b)mhefl le in serum
foll owi ng si ngfe dose IV and SC adm ni stration of (a) sALP and (b) sALP-Fc.

5Fi gure 8 shdhEapayansetienprodes oshe by WAL EaRaluelon PRGN afe) 407 e of Akp2-/ -

mce recejyi nﬁmmiefc Mat!h GLRs 1R Net&%ﬁheﬁ%igﬂ&l pdpeRs of sALP-Fc, i.e., Tx-1,
Tx-3, and Tx- Fi gure 9 shows changes I n body wei ght vmth age as a

function of treat drigare Hghows th&\ﬂéﬂ%@“ﬂ%ﬁ%ﬁ%@ﬂ}ﬁTML@tﬁ%{SE dRN3yD1 to the
end of the StlHqudqu Tgﬁ% nltmal%glrﬁe ﬂt‘ét}?a%%a%lderema_ ]und;;ﬁne’%l Tx-6 or

untreated WI' m ce. ure i ae/fenora | engt as a function of
t reat ment dosaed italicized; position 2, a valine, dlffers from the wild-type residue in that position,

isoleucine). Amino acids of the hsTNALP portion of the polypeptide (SEQ ID NO:
25  2), which correspond to amino acids 1-502 of hTNALP (SEQ ID NO: 6), with the

exception of position 2 as noted above, are italicized. The Fc portion of this
polypeptide (SEQ ID NO: 3) is underlined. A two amino acid leucine-lysine linker
between the hsTNALP and Fe portions is shown in bold.
Figure 3 shows the amino acid sequence of secreted hsTNALP-Fc (SEQ ID
30  NO: 4), which lacks the N-terminal signal peptide. Amino acids of the hsTNALP
portion of the polypeptide (SEQ ID NO: 5), which correspond to amino acids 18-502
of hTNALP, are italicized. The Fc portion of this polypeptide (SEQ ID NO: 3) is



I ndi vi dual lengths of the left tibia and fenora at the end of the study for
two treatnment doses conpared to WI. Figure 11 shows radi ographs of

repr esentwoi2oar/13edst f oot (radi ographi c magni ficati on 3XpCTrdAr0nage2ss

(radi ographic magnification (2X), and right lower linb 15 specinens

(radi ographic magnification 2X) in Akp2-/- and normal m ce. Fi gure 12
shows the percentage of normal individuals as a function of sALPFc dose in

relation to mj -al 4 i ON .| A i n.feet. Detai crjption 20The

pr esent invenrﬂtnlﬁgrﬁ d’eai uroea{sﬁngg‘?{i@égag?bg{nf }113&6%8%" 55%@5&%8?&15@& I{f:)cused to

F' ¢, nucl ei c mdiocds ersbosi imgpokdich, and their uses to treat matrix

m neral i zati on di sorder ch as . ia. . Additional, details of

the invention ar e%fﬁuﬁe&i@a&zasb%‘?‘&ﬁ.&mqﬁ %B{} 2{1@%‘5@%{3 ECARFTIES Rl gEnent

Egpﬁghghﬁsef o(ﬁmlaea e.SﬁEg]sAgEgjtmOpés ﬁﬂ&mﬁAmgioz%gﬁ% EeM?isaﬁ?lgng %\BlergIOfs' S
[ v, | L var i Xt S . 0., hy ySi

of pyr ophgs pt?étg‘gl,(’gwylgd R ﬁ*‘%ﬁ? gﬁlﬂg @gmﬁ‘é‘ﬁnﬁpw al¥¢s§ssRB Nehosphat ase

(ALP) i sozyme®si186; SEQEDNO-S P& TNALRKaPoNB7ARRIPhaDRIREC,TARERIondescr i bed

further bel ov%p ﬁl acent al al kal i ne phosphat ase fl%LALP) e.g., Accession
Nos. P05187, MPPIIBE0SEQ MR NE) o B4LY (SeRAPRSIINALR FELRE phesspinmt ase

(GCALP) (e 9o, 300602 8800D N, ) FRARITN AN rbeginogtp Aispliine phosphat ase
(IALP) (e.g., Accession Nos. P09923 and N 1622). These |1 sozynmes possess
very simlar Adess@nNonBaPHandiQ B Nek Pl ras INAHLHspH08LBUTINAEBLRAT LI ¢ sites
cont ai ns {fsour I BERE. | ' ' cessary for
enzymat i cloactéé&?{sgk@hg?guzg?’n% \/\rf/?;Ng)l'S rll{gﬁ%dn%aanégéhﬁlg& tﬁggﬁm%ﬂlﬁon. These
enzynes cat al({tzZ/@INREOMYALE GANEASS Acrossoms¥e QINOVOpBIO3 pRNQG:d 1 adilemand al so

catalyee o U ASROERRTRLHLEL a0l 629 SRMRANGEIEREREE AL Bl o
physi ol ogi calR099ZEc SEQEDINOEIY, aftnatp hlm?eﬁtﬂi%(ﬁqillalmbﬁfﬁGCREALHUMM’gani c
Dy oRI0SPnal o o oY RIS PR EGA ARR,  oLee et
i sozynmes 155 SPpW0sisT|HEAJP ERIMARY - Adceldsion A 05 189nsEQ &b kad:i1ag 'phosphat ases
are described, e.g,, in W 2008/138131 and in U S. Publication No.
2006/ 0014687, deRfiFhatdheeresi ?%Hy&'?%f}wafdéﬂl%ymfg%%?@ﬁe the
alignment, ":" denotes that conserved substitutions are observed, and "." denotes that
semi-conserved substitutions are observed. A consensus sequence is derived from
this alignment (“Consensus™; SEQ ID NO: 15), where X denotes degenerate
20 positions.
Figures 5(a)-(c) show a CLUSTAL™ W (1.82) multiple sequence alignment
of mammalian TNALP orthologs, including human TNALP
(“sp/P05186/TNALP HUMAN”; Accession No. P05186; SEQ ID NO: 6), cow
TNALP (“sp|P09487TNALP_BOVINE”; Accession No. P09487; SEQ ID NO: 7);
25  cat TNALP (“sp|Q29486|TNALP_FELCA™; Accession No. Q29486; SEQ ID NO: 8),
mouse TNALP (“sp|P09242|TNALP_MOUSE”; Accession No. P09242; SEQ ID NO:
9), rat TNALP (“sp/P08289TNALP_RAT”; Accession No. P08289; SEQ ID NO: 10),
and a partial sequence of dog TNALP (“trlQINOVO|TNALP_CANFA”; Accession
No. QINOVO; SEQ ID NO: 11). "*" denotes that the residues in that column are
30 identical in all sequences of the alignment, ":" denotes that conserved substitutions are
observed, and "." denotes that semi-conserved substitutions are observed. A
consensus sequence is derived from this alignment (“Consensus™; SEQ ID NO: 16),

where X denotes degenerate positions.

10



Ti ssue non-speci fic phosphatases are a famly of proteins, encoded by a
single genes, that differ fromeach other by post-transl ational

nodi fi catworno117iSWis®Ps are present predom nantly in the | ipegrcA2bildsess, and
bone, but can occur throughout the body. Known TNALPs in mammal s incl ude,
e.g., human TNALP (Accession Nos. 15 NP-000469, AAI 10910, AAH90861,
AAH66116, AAH21289, and AAI 26166); rhesus TNALP (Accessi on No.

XP-001109717); ratg; I QI . TNALP (Accession
No. AAF64516): pi 5‘%%" &%glgglgi:"gﬁd%queg%&ggé%@ﬁo'ﬁgg%w@ﬂ%&hﬁssi on No.
NP_031457), dohNANRLHR pohpepsisidopicthibm FipliRe 289828, NP 776412, AAM 8209,

AAC33858), and cat.. T P ((Accessi on .20 NP 001036028), .in addition to
ot her exanpl es prtg\lﬁurNQ’aS}}?ersgkfenmeaggfﬁcé’n‘éqnﬁglﬂ%o ﬁb"s??ﬁzﬁ‘ fallgwing The

sol ubl e al kalsinpte quioEp iat $G edminBALRN offa)sAEPlany @ytADP-Fechcl ude, for exanpl e,
soluble (e.g., extracellul ar or non nenbr ound) fornms of any of the

X nhr ane-
25al kal i n€ phosphat&&e Sll?@@(g?)ipﬁgﬂmﬁ%@rséfwa?ﬂf’e(%kw B grdvplof e’ pRE phat ase

of the i nventk@ivigdéthbeVeli€lE ofsadRIng doses SOSAIDP-Ec fier meaf TRUMRHY TRNALP. A
schematic representation of the donmains of human TNALP (hTNALP) i's shown in

Figure 1. TNALP i 188/ 25H9is sBangeindosdy weishtvighags 8s @ metienoefdgisatanegt ycol i pi d
bound to its dgsd exvEARldall WS weh frork BRT 38 the TR 5f 18 H6H) didigdo-apgdor (GPI)
i s added post 30 tr_adnggl gtﬁ)urgllyé af tmer the re?mva_ g‘% a&yhyfgdrkgphglg‘%%c
C-terninal erfteatediwitbryebictey €x-1pbxA, Bs6 ar vndrepiod & Ymirenbr ane anchor and as a
signal fofy the adgidyiom @bws Bﬁa%knorz;ﬁg#lgﬁh Gla ANGDROE rsuc M hgd 1 n the cell
menbrane, and the renmaining portions o the proteirn are extracellular.
TNALP, i ncl udndigidhatignigs of te ldfttitemgndfempmdit the endpf the gudshfer fwa s¢atmeanti no aci d
of the hydrop i - 1 inal sequence (an alanine) with a stop codon. The
engi neered h%%i_lﬁgrsnga?%goﬁ "contains all am no acids of the native anchored
form of TNALP but Figaeksl shhes faiogmphbsfange@natiarieft fovt radidgRpmbi ch s sol ubl e

is herein referr to "hSTNALP" . e skil.led in the art wl]| appreciate
hat the's pdSteAR Sy SO0 Sase CriikrEhie U RBRONY: BEHgEt oar FBF b

o L A 2 m%Anggrmﬂ gon%gmid§25t 36, 38 40 45
50, or nore am no éﬁ%‘fedf%sggi”ﬂﬁ‘éé’e@ﬁmi‘%é’f@?‘@ﬂfﬁdw a@f“f‘lﬁ@%?ﬂﬁp“éﬂﬁde. For
exanpl e, the FRlosdmFERM 0 MR za@dn ihpeovehBIfiPef SEQ ID NO 6 is am no
aci ds 503-524. The am no acid sequence of this |isTNALP (w th one
10variation at position 2), as fused to Fc, is shown in Figure 2. The
sequence of a nucleic acid encoding this hsTNALP-Fc fusion pol ypeptide is
shown in Figure 6. I n addi tb&gilé(PDEsQﬂ Gk ermnal GPl anchor, TNALP
al so has an N-term nal signal peptide sequeRce. The N-term nal signal

lide is initial . DY i 2ed. but |
Eraved ol er tr arot BREH ERbmR SeffiePolh R R bty BATHIRRLARC 00} '
peptide i s alzemicldic aid ¢rnvedisgsuchtand thedrusesab trEdiabaRix miveradisities disordetse

i nvention incl %J}ge bot

secrete Ré.‘..e I.cEin the N-term bsignal) and
non- secr et ed P & BORgMGE o R e o tate B ik Bl PN e
skilled in the art will appreciate that the position of the N-term nal
signal pepti dgikwiind phoapbatase di fferent al kal i ne phosphat ases and may
include, for exanple, the first 5, 8, 10, 11, 12, 13, 14, 2015, 16, 17, 18,
19, 20, 21, 22, 23lkaige phosphasases egomigss pRioUP QhETEEMELHY S MAMEPHN t he
N-term nuss ofof%@iﬁ%mb YP&EIE BRosphé in<ARBly &f cdhiéktdNelg€ ha0Bkis 9F gnal pepti de
of the hTNALP of SEQID NO 6 is its first 17 am no_acids. us, a
secr et ed, s ol RYFIpBospgatas PPi). There are four known mammalian alkaline phosphatase (A’LP)
isozymes: tissue non-specific alkaline phosphatase (TNALP; described further
below), placental alkaline phosphatase (PLALP) (e.g., Accession Nos. P05187,
NP_112603, and NP_001623), germ cell alkaline phosphatase (GCALP) (e.g.,
30  Accession No. P10696), and intestinal alkaline phosphatase (IALP) (e.g., Accession
Nos. P09923 and NP_001622). These isozymes possess very similar three

dimensional structures. Each of their catalytic sites contains four metal binding
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of this hTNALP is am no acids 18-502 of SEQID NGO 6 (SEQ ID NGO 5). The
am no acid sequence of this secreted hsTNALP, as fused to Fc, is shown in
Fi gure 3.wd2oflis4mALPs of the invention include both seecet@ioand02ss
non-secreted fornms thereof. One of skill in the art can predict the
position of a signal sequence cleavage site, e.g., by an appropriate
conputer algorithmsuch as that described in Bendtsen et al.(J. MIl. Biol

P pe 17 v RO ) P SRty K bR ot ety R/ 1 on al so
i ncl ude, for iensampbes mpgiesipmpon. dﬁlemmmtabae tefhytrotysa of onseness sequence

derived from r u dOfTB.I of. h n nes and of
manmal i an TN,&)EE‘ﬁ sJA#KEICI a)éltdsa%§ %ﬂﬁér)rﬁ%tglyzneoau%aens Ogllfh,orylcf%{%? r%aﬁron 1&%‘}/@856?%( SEQ I D
NG 15), or af hrghsemnnsatnies of\phdsphaw ardep®ts. tihieas Abdn shwdvh daePALP & donai n of

hose wni ch SAVTRg el Orpreiane Gughm b ab s g

conbi nat i ons (PP;), ah@p@idbNALSPplshiaed @UB), an ﬂbwmgmﬁewhs@tawraﬁ)str&@m consensus
sequences ar iven, for In WO 2008/ 138131, herein incorporated by

[
ref er ence. Al Wbyie 1 9?%()61 rrﬁgsais'@@ﬂ“ befiarn hesgisazERe s Shextn FiERNAL P

retaining ori AR Rn A GlkdRnelpHoSphafide (ailc.BdeTsé}lb'é@Je FWSe (Gda et
al., | Bi oche4g”|ii ??6) 694- g ni:;é)/;;am r?o acids I t%\h5 @(?@@%%@25102 when

secreted) ( V\@“@Gdéﬁl%@i‘%t)o“ N2 fefy, which amdgrepy Srcpmomtd tyhen secr et ed)

(US 6, 905,068Qtehich is herein incorporated by reference) and am no acids 1
to 505 (18-505 when secreted) (US 2007/0081984, 10which is herein
i ncorporated by r&fseveanespsciia ghosphatpsstarcaiamyly at piotens, disbdedibydisomles t hat

certain am R&L%Ebtg trd?ﬁ’érqﬂ) ea%ﬁ"gﬁlglelp; ??t‘feﬁ'{%ﬁgor{aﬁ @@hﬁf@&o% tIﬁArﬂIﬂ%} end of the

sol ubl e hsT ypept | nzymati c activity. This
al so i ndi cat e;meseﬂt@tedomntaa‘llyunahe Iineer,dadnetgs, am‘sbmhﬁ,dmtoefnctchm tishghvanthe ane

anchor, when _ present (g SI n| f] cant I A af f ect of the
pol ypept i de. g“ Wﬂgﬁ {5 s Skt B ﬂ@ﬁﬁ%ﬁcﬁa@“ 8se where,
e.g., up 150 fNR@004e9, gﬁAIlO@ﬂ@ Anmosalhmééiwm}mzm wed Aamiaesyaci d resi dues

(e, one, I THALE AFsiontse S ou 08y Ram GVl Guertiote ot " he ot -

menbr ane ancha 037 B 1R1d68 TNIALPRAEcLHMIND.CA APRIT S i N B@lbessioh Nohe
i nvention include those containi n%eam no aci d resi dues 1-497, 1-498, 1-499,

1-500, 1-501AAN6GaRsouse (Ageessiqn §o NP 13585). cowddsi e (Accesgipndfosseq 1D NO. 6

as well as vayp aemstrhﬁrﬁ@mM%Msidbe/@mm@sx?%dcﬁtm@sp {ARBssdniNe. @ val i ne,
and secreted sALPs of the invention include those containing anmino acid

resi dues 208- 447 001360258, in additigoro offgr eg@plegrovisisd herggL 502, 18- 503, 18- 504,
18- 505, 18-506, or 18-507 of SEQID NO 6. One skilled in the art wll

appreciate that many nutations in the am no acid 25sequence of an enzyne
w || not si griolubdaslkalnedibosphatasehe catal ytic function of the enzyne. In

some cases, certaiy, E%ﬁgkﬁé %1E£elirna gos@é@%epﬁs%fl’ I)fthpﬁlv%ﬁfoﬂllﬁ/ctldd% dtfoP”Ct' on of the

enzyne in the cont ex rix’ mnera t1on disorders.
Ther ef or e, t keeam[ﬁl:.mlubfe (e Qe extragelhilaronnémmémidrenabdundfoyms dfanyof tiet ype

;S)glq;gggte | Q&eﬂ lﬁaﬁlfﬁl{z!l 5%t eg%@e% St soﬁubl?e gka?f?lg\ﬁﬁdspga'fése % e i ncl ude any

invention can be, for example, a soluble form of human TNALP. A schematic
representation of the domains of human TNALP (WTNALP) is shown in Figure 1.
TNALP is a membrane-bound protein anchored through a glycolipid bound to its C-
terminal (Swiss-Prot, P05186). This glycolipid anchor (GPI) is added post

30 translationally after the removal of a hydrophobic C-terminal end, which serves both
as a temporary membrane anchor and as a signal for the addition of the GPI. This
GPI anchor is buried in the cell membrane, and the remaining portions of the protein

are extracellular. TNALP, including hTNALP, can be engineered to replace the first
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al kal i ne phosphatases. It is known, however, that specific nmutations in
TNALP are known to cause HPP. Such pathogenic nutations are preferably
absent i nwohe1is8i®s of the invention. Exanples of such mutratAzeongsexse | i sted
bel ow. In particular, the sALPs of the invention, using the nunbering
of the consensus sequence of SEQ ID NO 15, the amno acid at position 22
i's not a 5phenylal anine residue; the amno acid at position 33 (position 11
in the sequen i steine residue; the
amino acid at &Eié‘g':a‘%‘?gﬁ&%,g&%g@ié’ub le onhﬁg1 &?e}rr]lﬁ?e agalcﬁl}eﬁﬁ%) W HERIEOIS g nal
peptide) is nole engina¢rehETNAEP duformedepngaiisadl aadhohcids off €ieinkii@andoréd0si ti on

anino aci o atoher [ Bal eI RS GR o g TR Ky Aok

10pept i de) i sishetinaefertd s FRINMEEP”. One slledia tecirtwilepbvRteabat BRSI ti on 56
(position 4 |ntI hef%g#incebwtho signal, peptide) i.s not a serine or a
val i ne resi du% SR8 membgpang auchgy,wilbyaryigditfereny a ?h‘(%mh?@??s&sdl n the
sequence W t h@uy inSlu@s) dr eRQBHleARY labtSIONDS, 12 Il R0, 20 2B S0, 8410kNEy 08 a
val i ne residug; 6@3 m no acid reS|due at p05|t|on 68 (p05|t|on 46in the
sequence Wit hout PO 8t 4&)>% & Here aminpaacidesidues pe the . C-tepginginetno 15
aci d residue @t p&?ﬁépﬁﬂ@mo?gxeﬁiﬁ)&§ 'tﬁé@ﬂé&nﬂr%etalﬂ@ho?%ﬁfﬁ@@?ﬁ ?Ptcﬂ@ﬂb B gnal

peptide) is not a nethionine residue; the amno acid residue at "position 76
(posi tion 54 NQ: ¢ samieaasidsce3wet- hBhsramgneyarid seduesnce aEhisis TNOLP dwith encei ne, a
serine, ayProldodd nBsifld i 0 idue at
position 77 (p015|(%| (gﬁ 5l Hsi)’ ghgéggﬁﬁéﬁomahﬁ%gg%gl gr?;“glk uge‘%télogg) is not a

t hr eoni ne reslil@l?é—‘aCtdmelcqiwgﬂd)lSdl@TNALBsﬁccfu&zomolmsmdellmhoa@ i pigsietd.on 58 in
the 20sequence wit no due;  the am no
acid residue at pgglgegﬁlté(%{ tg?ﬁ%(C Pe?Bhagﬁ?’]SAé]%?Oﬁ’ mgl‘gg{sﬁg%caé]ﬁm&etnﬁml si gnal
peptide) is mgnahpnpaéqamqacgmeleﬂne@sndmmal tipenl pﬂeptude)lsanmdllymsedtml tat¢ position

105 (position 83. | t he sequenc out s eptid

Terhi bnine. + QPG epics SENSREE Pl 5 8an Bt R R b ERD B on 89 i n
the sequerge MbNtl@Mﬁlnaﬂls@ﬁﬂpepl&ﬁtls ﬁiﬁ}ntlfﬁmﬂt@& sedreteRlUfSini 6f TIALEUEhe §ATEPsam no
25aci d resi due, at 05|tloR@1%6 ( 03| on 94 in the sequence w thout signal
peptide) is n ithejin ‘ﬂ‘l“@’bfﬂc %tgl (t‘ fielagking the Mstegminglsigngh and "Position 117

(position 95 Jebreteh@i. eSQﬁUnﬂQ% m&hﬂﬁt siglaQTedmsREREIFdOhe bIGIADH 1R SBKilINE
residue; the amno acid resjdue at _position 119 (position 97 in the
sequence wi t happrecisieghaithenositive af the S-igtping] signglqiepiedervalivatydn diffeenhini no aci d

resi due at pOa‘ikeHi‘nQBhésBﬂatésE‘@a’ﬁidtrh&’lnc?@de' fbr%ﬂf‘mp‘i@%@ﬂ&% W foheut 230signal
peptide) is not a serine or a threonine resi due; the am no acid residue at

posi ti on AR5 (5d6il7i bh 13,39, Zh"EJr?é‘ 2630He 80,0 meELAMIZY amdiresidegstandey i s not
an argini ne rﬁ%rgﬁ'rﬁhgh{ﬁggggh%qldgcf& 3%?{)19%&: ﬁtterprﬁlﬂltsgfw g}%ﬁi&%?ﬁl ition 106

in the sequence W epti I's not a asp te residue; the
am no aci d r elsiNAeP aff S HP NiOo 6 isli8Sfirst 17 amino acids. Thus, a secreted, soluble form
of this h\TNALP is amino acids 18-502 of SEQ ID NO: 6 (SEQ ID NO: 5). The

amino acid sequence of this secreted hsTNALP, as fused to Fc, is shown in Figure 3.

25  The sALPs of the invention include both secreted and non-secreted forms thereof.
One of skill in the art can predict the position of a signal sequence cleavage site, e.g.,
by an appropriate computer algorithm such as that described in Bendtsen et al. (/.
Mol. Biol. 340(4):783-795, 2004) and available on the Web at
http://www.cbs.dtu.dk/services/SignalP/.

30 The sALPs of the invention also include, for example, polypeptide sequences
satisfying a consensus sequence derived from the ALP extracellular domain of human
ALP isozymes and of mammalian TNALP orthologs (human, mouse, rat, cow, cat,

and dog) (SEQ ID NO:15), or a consensus derived from just the ALP extracellular
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(position 111 in the sequence w thout signal peptide) is not a nethionine
residue; the amno acid residue at position 134 (position 112 in the
sequence wothouis4mi4gnal peptide) is not an argini ne resipdugA2bh®seesBno aci d
residue at positiaon 137 (position 115 in the sequence w thout signal
peptide) is not a threonine or a valine residue; the 5am no acid residue at
position 139 (position 117 in the sequence w thout signal peptide) is not a
hi stidi ne or =] ci esidue at.position 141
(posi tion 119&?}%%? e segt%‘grl?ce &nﬁgi@upqgﬁﬁlg? p@’ﬁtsg&gf { ¢ HY “tﬁ’%ﬂfgtl di ne
resi due; the ladvdﬂjhmlvchm’rﬁshscmanalhr @msantsmqulsﬁé’es(dpﬁ@ddtwaﬁmschﬂ1blnlatl6d§e
sequence vmth ese'l"ﬁﬁib E‘g tide ggﬁj .an al a%nﬁa or an isol euci ne

resi due; the Amho acid PHUL éﬁna‘b t'1GH 0 187" PPBEIHS YAUIEY % t he
sequence Wi t hgiun, ﬁ)lr@m’lpqu)erpWOjﬁ)OSHSSI’mth@elﬁﬁ{obﬁﬁraﬁld’dt@rb’i@feinaﬁ residue; the
am no aci %{rem dug; E 05|t ép%gl tion 150 in the sequence w t hout

si gnal peptide) uf ren@ gtaerambingpt hiINAG P setpigingogigimale at
position 175 e(nﬂﬂ(sb&dsolntofSﬁﬁ(llSﬁoBbﬁwﬁ&ﬂs&é@ﬂéfe@) WdaREML JSRiBIRM 1P8P4dadeh 1S not
an aspartate I‘ESI due; the am no acid residue at \l?vosml on 176 (position 154

in the sequende WWWB@F‘dﬂM’ (15 pe3P2ivdhey seesetedy (WE 2008338 13d).6minm ar gi ni ne
residue; the RN 864 (ﬁSE(?§04d}«l§ena;,gcr&9c§'(t]5%r90%%%9 (RS 1 Eh@x@m}r&%rpt] Jardde

sequence without signal peptide) s not a fhreonine resid e am no acid
resi due at pdvirefersace)gpd @p@@@@ld%hwﬁﬁb (1815Qi1‘éh%16§qcreﬁqd)e(% 20080081984 nal

peptide) s Nofictis iRl EShy ?e'rentcg)r %aﬁ%l%a)cgé%?mﬂghczﬁ sition 184

(p05| tion 162 1 n the seque ce Wt pepti reoni ne
resi due; the thaticertaimerhitio agid resgBiesicre battmpmdtframmthfe%teﬁmmhmd ofith64 in the

it h . d
Fealdue at poglthledl By RERbOIRL ided et B S Beli R G ot B gnar °
peptide) is nodllc&lestthqﬁp?}mﬂnaﬂmbG&ddm&ﬂuetsh)étl&rﬁmmmﬁel’aﬁﬁodwﬂleat position
194 t 17 t t t t

ol t aate. r odrdiEe: S SEnT RN Sarae b oS PR e PPee Shenet a8t i on 174 i

t he sequerice SAITIPO Ofifhe sveitadn abbpeideddse whet@0d.g.2up 18 Five €e. O o, Gloy thirdde
residue; the am no_acid resjdue at position 197 (position 175 in the
sequence Wit HEtR Osishaningdpid ‘?fé‘}“e‘f’ ye H’B{lcaéf’dtoﬁr"égﬁﬁeﬁ’é‘n?‘lé’gij’d’ﬁétho%e anino acid

residue at poghdd, @, hP% RARigl, bR tvd Bhrkd) thiFCorIRAPAMAS alMl tIRMEs SFanal
peptide) is not an al ani ne resi due; the ami no acid residue at position 206

(posi tion 184Flimempsansegehon ate TigseMo leT eXamRle nqsesseicted PALES pighe BVenfiossi ne
residue; the ;aliop&elc pntéﬁfng%}n%&cﬂfrea@festﬂm RO (P95 L@ 1586 L the

sequence W thout signa I's not a glutamate residué; the amno acid

resi due ad0 poxit1-608, 2@?’4(1;3@(15 t115@ﬁ o1 bO0T of &Eﬂell%y@Jéﬁwekhm Yesiants Ylegahl
peptide) is r\%er?tthﬁ lé.l?lidor]clgldra? s%’b% ik F@alﬂ'@ 'ﬂxl(a s@&étgd %‘?[),Sfls%lf?neq Ve?ﬁ(?ﬂ tion 216

(p05| tion 194 in e sequenc w t hou a aspartate
resi due; the 1a¢iuda0h@aeicdntaiemgdumwac1qaﬁsdues cb&-421718(4]965]8t-49c9n18j:9® ii8 t he

sequence W t t n )1 ol Sy NQL ny-al si due; the am no

acid resi duehéc':ib'ltf 8353(% ﬁon@ggg ﬂ%olsglst% B; %igﬂ% %/dﬁé)fgggﬁg’nl\ég ct’M t hout si gnal

peptl de) is not a(lnlershdjad mehefmwdmpprebiae thdYintady amitationeiitieniad agdsi t i on 225
(positio guence. wi t hou i s.not..a valine or

- al ani S r QSRR SioNETAReIg 4] HEF BT DG P oG G it o o2
enzyme. In some cases, certain mutation may even benefit the catalytic function of
the enzyme in the context of therapy for matrix mineralization disorders. Therefore,
the sALPs of the invention include not only the wild type sequence of the alkaline
phosphatases described above, but also include any polypeptide having at least 50%

30  (e.g., 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) sequence identity to these

alkaline phosphatases. It is known, however, that specific mutations in TNALP are
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(position 204 in the sequence w thout signal peptide) is not a valine
residue; the amno acid residue at position 228 (position 206 in the
sequence wothnui34mignal peptide) is not a tryptophan or paTglAzdamsmSs
residue; the amno acid residue at position 229 (position 207 in the
sequence w thout signal peptide) is not a glutamate residue; 10 the am no
acid residue at position 231 (position 209 in the sequence w t hout signal

peptide) is neLwatd HuEOMPP i ik ' ' ' t ition 240
(position 218 in tt h%?sequ@ﬁ?cdecﬁ%bt?ﬁ%?ﬂc Igﬁﬁ%t?ldg% Q%@g%%@%‘?'%ﬁ%qﬁgt&a?%%éci ne
resi due; the dfierioveation Fxagipthaef sich positivhoare 184d ¥gdosi ti on 229 in the

sequence w t hout sji i 1S, not serine residue; the anm no acid
resi due at positi gﬂnggggéﬂa?%gés %‘gl?%snd%zm‘(eﬁﬁfnﬁém% DR erf%ﬁftﬂﬂ:out si gnal
peptide) is mrobseasusatquamcerof SEQUD;NDO NS, theramiao acid dt posRio 02 isafot pOsi ti on 269
(position 247,.in.the sequence wW.thout signal peptide) .is not an arginine
resi due: the PRRPHIAE rﬁscla‘gsﬁ]&&g"%acwéaé Pf"%ﬂ)‘ﬁ‘ gﬁg?%kgltlpg}? SSBIENG t he
sequence W t hatHousdighabpepp@dtid stdh ciSeifdfesidud; lagiREaciPatlp8siGod1s8 Or a

hi stidi ne residue; the am no aci,clﬂr esi dlue at _position 580 (position 258 in
the sequence BEHPBUIO g seaueprepyiiguy signal prptide) s pvalinezevds; Big@minche ami no
aci d resi due #0{d aPP&Hitidnan (BP0 the QB3 Witholi MoraERPEMS & Yt b PRk Si gnal
peptide) is not_a %henyl al ani ne resi due; the amno acid residue at position
297 (posi ti odesds; thy ambe agidgtpesitiondidtprsifiong3 dmtie sgrmprdecdthopissignet a | ysi ne
residue; fghe RpEQPistot LvAiRe kdiBeahe BRRb blidResiiBS a{ RORiLA 56)Q)ogizi§n Dipt he

sequence w thout signal peptide) 1s not a threoni'ne residue; the amno acid

resi due at pdhd sHwmCRYThqubsighal iperiide)ig npte setine A% wbingresides; Wietdnoua ackd gnal
peptide) is : i . . api i X :nQ.acid residue at
position 301q p%dgiaE ?%Sﬁﬁ)?g’g (?(%ltgﬁ'ggérg%génqué&?\d ﬁgtﬁttsg%g lg%ﬂl&gésgﬁt ge) is not a

val i ne, a thrleasmena isslewmeios o ivalireirepiducethe dmano atideesidve nopaiiod 68esi due at
position 303 sition.281 in the sequence.w.thout signal. peptide) is not
an aspirate (23'%1 Mo 1 g Sequencs %lg‘f’at e8| ngg\éatls B %ivsli"%r{e %‘% 58%‘."%% on 282
in the seduercH redidue@upositiogrial(p30joapt ity s¢queme twitholtysiinalepepedd) thuet at he

am no acid residue at position 305 ée?.asi tion .28ﬁq dqn .t.he%s.eglgence wi t hout

si gnal pept i d&NIPURRIEIAC: thegmipgagidiepigiizat PpgHo ST ¥ 4L NGt

posi tion 312 yifo&f digralpepBe)iigindt BRySEAHI 8 BEhe\ oD orSi HtidineR&ivedy s not a
val i ne residue; the amino acid residue at position 313 (Eqsi tion 291 in the
sequence wi t H§URO acy] igpidye Peptitiene)’ (P§S‘%155d“§}§r$%fl€?rw’§‘qu ﬂ%‘?%@eﬂné‘é)@ due; the
am no aci d regheyendéniROR ik theIdind RABlelili@ bt fORid B0 (BSsifABLAGR W t hout
signal peptide) is not a lysine residue; the amno acid residue at position
332 (posidli orse@ipacs withonbsignal rptide inneterinegrydug theapinodeid reddusst an _
ar gini ne r esighfon §NEGoaboS i%Qhéjseg@E?xbéjHﬁh&& SRR plifdB) 35t dROSIgiRn 5311 in
t he sequence 'w thout s} gnal peptide) I's not a cysteine, a glycine or a

| euci ne resi desduet the amimorsgidaedidherabposttion 185 (yoeision Bdm B qignes Withawt 312 i n

t he sequence i .1 Sk I b S I ' resi ;116he am no
aci d residue Sg"%‘g’%ﬁ“%eﬁi‘a%ﬂ’ghﬁg p%{g%'?r %%‘?1&3 g%nﬁlotaﬁ}g(}é%%&eaﬁg%sﬂv%%tlﬁgut si gnal
pepti de) is rptsitam @sptretseduendeasithduiesigriahgeptidd) ionad eilaicine sésdlue; the apiosi t i on

345 (posijdon 323.in the.se nce. Wi t.hout siqgnal .10 peptide).is not an
aroi e B - depimidihal BNEE TR ER% i SAR e uBPe radPuBER B ol 252
(posi ti on 332 thieoiiiberesidtg) eiecening ididitkidsd 4 pasitigei7 (fesitidndsrinthea t hr eoni ne
residue; the am no acid residue a)t.‘h)osi tion 3 0.{‘1gosi.ti o‘er33§ in the
sequence wi t FEIHENES YAt Hest PEEse) s Notrserins B s 1S ERIIOASI BRI e ani no
aci d resi due mkitip®$i 4 (pedtiGdyy ib pRsseficatt Widtbut sigiahpeptide)uenara gidifeout si gnal
peptide) is not_a threonine or_an iso|leugine resi gue' 15t he am no acid
residue at posiiqycothc aMno@sHLPIqust BaSEIN 2{ fRoswian Jd Httbe HALFSEMEPYnal
peptide) j¢s rksgnalapeh@&qm@taee%ind!éeaﬂﬁézﬁi@%smle,a@e BB atid s apOsi tion 380
(position 358 in the sequence w thout signal peptide) is not a, nethionine
resi due; the PRAIAR I 2cipesiiensitie heseqpsasertidruEsgial prpsfeivit 3B 4reiiq he
sequence W t heiueSing BdinoRRRIirk &k at BosiRhn 128 Y¥sitiBR 1088 (HUKqudnbewhmdro acid
residue at position 384 (position 362 in the sequence .

signal peptide) is not a aspartate residue; the amino acid residue at position 133
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20w t hout signal peptide) is not a valine residue; the am no acid residue
at position 387 (position 365 in the sequence w thout signal peptide) is
not an arworoneisu@si due; the am no acid residue at posi PCOCA288/06m38i ti on
366 in the sequence w thout signal peptide) is not a |eucine residue; the
am no acid residue at position 395 (position 373 in the sequence w thout
signal peptide) is not a |eucine residue; the amno acid residue 25at
position 397 14 ' / M; 1 si gnal. pept.id is not a
cysteine or a&ﬁél?%%n:t fc}?2%?hr%gg‘i%ﬂ%%%lﬁg&g%gﬁgepﬁ%%)éé)lfotetsa [ uelo%?eorﬁglg'ilet’ n 398
(posi ti on 376anino adiéresidyeigtposition t Hoposisangiialin the péqueede withonttignah al ani ne
resi due; the .nQ.acid residue.at position 401. (positio 9 in the
sequence Wit h%mlé]e ghar BEpiicde (ﬁfest%ﬁglpmg afﬂf%%‘?ﬂgﬁgp?s&wgazzp%wen ani no acid
resi due at pollistin g séfiondepathotii ighaBRPtiie) if e a SREMUERCR aWalidkawdid@Psegnal
peptide) is not. a serine or a.valjhe residue; .the am ng_ acid residue at
posi tion 406 T’BB%???E?F.B?,%% ploﬂtl?%laigs(gﬁﬁﬁté%ﬂy\}\? the SeAreRsegrtheuiasel de) is not a
| euci ne resi duptidd) enorhizadiae bichnra@sarabit® radiduROfie hindd AbiZei@R%k hbbn390 in

t he sequence wi.thout signal peptide) Is not a glycine residue; the am no
acid residue 4t (Eﬂf‘glofliléﬁ‘ 16 SABESE Ml putsyaal Heﬂthe%kf noby histitiee iwfifkout si gnal
peptide) is na¢adinbaairdRiue @SpdRh 15DQANDA M R LerhdigitRfut ARSI LI on 417
(position 395 in the sequence wi thout signal peptide) is not an al anine
resi due; the RERTiYRD st an plagngierenatolqyeios quwlne;ztgwnolp@s@d resifuga@opition he
sequence yg t k L LS hi: oni i : am no
acid resi }éwueh%?t(%%g?)? ?g%%%g%?%ngg??t?% S%B%Eﬁ #Egmgéé%zﬂﬁggp%my%lﬁgut si gnal
peptide) is retidug; hepmine acilegdus;at poriticant7d dpaaidiod 1@ 81 theigequencpoithtiton 426

(position 404.] AW hout. . S, | ..pentd i : erine
resi due; t he%ééﬁg | o Bg‘é@?ﬁg ?n ﬁhgt{ét'{l]e rg%%‘?ef ?%%%‘8’9& {dprggghfei a?) Hgsitﬁ)ofla]iﬁh t he
sequence W t hipoditicn IpAah the egtuete )withoutrsignabpepade i e an espaditetesidhe tieem no aci d

resi due at posi.tion, 43 osi.t.ion 408.i.n the sequence w,thout signal

Dt 1 dy 1 s e St RSl Do @it 1A S e R e L S0 i on
432 (posi13 orpepidt)isnot h@r@dﬂ_ﬂ:@ﬁﬁ?E{g‘éﬂiﬁ&l@@ﬂu@ﬂl@ﬁﬁlﬁnmm&ﬁ&fgz podi@in 181 cysE1 iizne
or an aspartate.resjique; am no acl resi due , .posi tion, . osition

in the sgquer@%s‘%nt ]ﬁgd‘ff@isbq‘ﬂﬁ‘i‘ceﬁ*@@f’ll‘osé%naﬁ gﬂpﬂ%{s lgn%PgPP%lé“errésé‘éL@ﬁg‘? an no

aci d residue @lind@sd teside £43asiliO B2 b&YMihLB0iiMthe BeusRIUEMee: sidrahout  si gnal
peptide) is not a lysine residue; amno acid residue at position 442

(posi tion 420Pepiide) frenod s duepninsdesidiet the amingiagidaesidie gt pasiionil84 fesitian hj st i di ne

residue; am nEoagid sERehdUfitRht AR Sdplle) 4orbot b RRSIHiAQBsidR2Ithk AmiddeacrRIEqUENCE
wi t hout signal peptide) is not a praline residue; amno acid residue at

ue
posi ti on 456 reHdusiat pesiiopIB6i(position 164 inibaseaustice Mitheut siggrlarpislepisinged is not a
hi stidi ne or 0 b ne [ : } EAragi . gt g 8
(posi t1 on 438 er T BB i B B g o D e e
resi due; 20 awithvat sigiati peptidé)dsisotatiryptophan residuts the Gpdrsi acidonsidB it pesitidne
sequence w t hgut si ept | LS. [.9j i - esi : 1 no acid
resi due at po@:zlt(f’%sﬁ%ggkz nptgé IS%IE%)IIF? e}'étgg'l&tr? ﬁl}egt é%h%ﬁlgggg%ugﬁlghetrg@dg}hal
peptide) is nbtamingatidmesidue agposawpdPé glogitiore s1dduehe saqience withaht sigsl due at

posi tion 462 ition 440int]3e.se ence w.t hout signal tigde) is not a
P Fypt ophaty oreRIT AR e Sbp Bane BHAS 16eihing 81 roistaR neBEPY 1 55 a6s
(posi tion 443pbditictbt7en fRGeRIveR WitHoblidnabpeptidd) iP@ph itldednineSredidile; the Met hi oni ne
or a |leucine resi duée; ?im no .. » . . .

amino acid residue at position 198 (position 176 in the sequence without signal

peptide) is not an alanine residue; the amino acid residue at position 206 (position 184

in the sequence without signal peptide) is not a tyrosine residue; the amino acid

30  residue at position 208 (position 186 in the sequence without signal peptide) is not a
glutamate residue; the amino acid residue at position 207 (position 190 in the

sequence without signal peptide) is not a proline residue; the amino acid residue at

position 216 (position 194 in the sequence without signal peptide) is not a aspartate
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acid residue at position 472 (position 450 in the sequence w thout signal
peptide) is not a leucine residue; amno acid residue at position 473

(posi ti orwé2biim4dshe sequence w t hout signal peptide) i ®CmatA2a11t05038Nni ne
residue; amno acid residue at position 474 (position 452 in the sequence
wi t hout signal peptide) is not a threonine residue; amno 30acid residue at
position 479 (position 457 in the sequence w thout signal peptide) is not a
serine resid i 4 0si n the
equonce. w t PoBdhEnAEAaraEhOuTRiioRIF) bl RS HBRSMAR Wil G,

am no acid r eighdpeptak) pmsietp}mnylalamné paexsluct |tlm:ramﬁ6@athresiidee &QJQSIEGNJEZM t hout

signal pepti euci ne. resid position
495 (positi oﬁp(%]'} n28f) ﬁle TaEUEhe éth?/\ﬁPll%ﬁtpé@iadnhélmb%%feoalé‘f g8 u?‘r& a serine
resi due; am Iamlrﬂ:cacld re@medlumsatonaas (osivion 20Bin(tRoighidnonwitisht kigndlhe sequence
wi t hout si.gnal tide) i.s not hen al ani ne resi du and._am no acid
resi due at 8%3@?’8% }%‘b%‘ﬁni @W 4 '@ﬁ@n@@a&@ﬁ? ‘\mamﬁmons??énm
peptide) is ﬁﬂﬁithﬁlOé&fnghé’]ﬁeQ@enE:Q&itﬂddﬁ81gnal peptid®) § ol DV¥Bns REMUE; kAl | y, when a
STNALP is used.in the bone targeted sALPs of the present invention, using

t he numberi ngMHP EKdesithsghrosianB28 &psieine 00 ke seanerse wrhept signglosi tion 17 is

not a phenyl LAakyie nb@Stypttphart &% Aithiife Msidhe Ahe RABD bEQResile GPRRIHhON 11 in
the sequence W thout signal peptide) is not a cysteine residue; the 10am no

aci d at posi 22dtpogton Hysipthegaquegeq withoyesigrahpentide innetiaclutanity F?éldu?)ept ide) is
not a valihne yesiifiiRid ltetlguaafc{ppgé?t) i@ (g&snﬂﬂ%t} Frpt'ﬂeg’ qué&g%nthb&@ eg%gl in the

sequence Wit hout signal peptide) I's not I ne resi amno acid
at position #eptidpos netiaghreg@né residhe tlwquemm:d wsidhoatpositign240 (pegitignde) is not

a valine res%%’?x thé& @l@ﬂp&g @nﬁli}%&{%‘#ﬁs%& dlﬁé r%gidé g{epi]%ﬁrllc;[ acd! 34 in the

sequence W t Sl g a serfne or a1 ne residue; the
am no acid re&slddelet ;&)BmpméiltGpomt1@222(9pnﬂ1etseqmn%vmhmut hglatpqméebaemmt hout
signal peptide ot ale a.I i,ne residue; the

Sronal DeRt | Sins idR nlantp A Si R aLaRiH 2B GoRlioR 2 Bl e ot

signal pepti dethomtslgmatpeptldeaisln@ea vk tsRiue ttheartiftd B€id asldde atq;ﬁ)bﬁitlﬁ2&1 posi tion
68 (position 51 é\]éﬁ 1? uence t hout Slﬁ)lﬂ%fa}l)*? ti de%l met hi oni ne
resi due; the(%ﬂﬂuﬂﬁz ndhg QP‘H’@%W oyt sigpglip ‘E)%g‘ oS He’lt t he
sequence W t hfkdo a%idgBdducRe pisitd@)2 77 gxdalﬁfon a5Theieffonc@wiBdut Bignala proline or
a histidine resjdue; the amno acid residue at position 72 (position 55 in

the sequence PFRIMRLISAOA QytgIne Fdlpaqingy ajhistidine r%ﬁldlu?rrt%‘ﬁp‘ﬁ% agid §?SH’H% al t he ani no

aci d resi due paditi OBl bAoA 258 RARE squamé&lﬂhauttslgﬁaﬁﬁﬁﬁ&m%u blaard si gnal
peptide) is not a serine residue; the am no acid residue at position 76

(posi ti 0”059 resilue;the areigaarid eesigup Acnesitien gha(posiBerehdi inde seauchet Wisliouhs par agi ne
resi due; the

sequence Wit h% %?tgnaﬁ nggasp%}ggﬁfﬁ#gpﬁgmé % Axﬁ?%éﬁqﬁ%lsltrdgés)?ﬁ gmblp%e am no

aci d resi due(1a1s1t1po§7i inghe $Q8enCpoBhaut signdPeptitie) haotelysisheidud; thecutingi gnal

peptide) is ac1Elr dlugg osﬁ‘”lorrl géé Hﬁltlm{%lg Eﬂe@g%l%g Ctglilfo%l géheal ?éptlggﬁé tion 111

(position 94 In' uence hr eoni ne
resi due; thenem thﬁ:omme d:sndealthhmmad) aqmb&lsnduoaft pﬁﬁiﬂld.m(l(m)ssmom?%%then t he

sequence Z\y t ng%gnc%lwq{ﬂlout s?gnglt pe%{3 ae) 1ssnot ggyrgsmseeorr Iarrll glarrn?les Ires{“cliué tfle amino

acid residue at position 301 (position 279 in the sequence without signal peptide) is
not a valine, a threonine or an isoleucine residue; the amino acid residue at position
303 (position 281 in the sequence without signal peptide) is not an aspirate residue;
the amino acid residue at position 304 (position 282 in the sequence without signal

30 peptide) is not a lysine residue; the amino acid residue at position 305 (position 283 in
the sequence without signal peptide) is not a praline residue; the amino acid residue at
position 312 (position 290 in the sequence without signal peptide) is not a valine

residue; the amino acid residue at position 313 (position 291 in the sequence without
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am no acid residue at position 114 (position 97 in the sequence w t hout
signal peptide) is not a glycine residue; the amno acid residue at

posi ti on Wwb@o(ipissisti on 99 in the sequence w thout signalPCpap20O®)s03s8 not a
serine or a threonine residue; the amno acid residue at position 120
(position 103 in the sequence wi thout signal peptide) is not an arginine
residue; the amno acid residue at position 123 (position 106 in the

sequence wt J | ide) i .aspartate residue; the amno acid
ool due at pocl ARG RERLLHRL bRt i BENRLARYG aUE e b oS gha
peptide) is ndf (positenFPH i the sEuest dithouttstzaalgrptive) #aioda ysiak eisRluatthdp0Si ti on

129 (position 112 i.n_the sequenc i t hout, si.gpal peptid IS not an
ar gi ni ne resi‘gues a“tl(ﬂrewgﬁg %@ %{g?%%rzg‘g?sdtt?é’ 36@ "8 F?‘F‘S epgdoptsignal i on 115 in

t he sequence pubtide) istnos igmrainieegidudethe iBindAtidaedidic @OPIsHRNGB3 Fro¥idibh Ne

resi due; Wehﬂgi.n&eaci d residue. at, posi t)i,on 134 (posi ii on 117 in the
sequence wi t odt! U SN aptopEenakpenBie) & 1ot a CYsiginge 2 8lyClA 058 [s4Fiagi ne
residue; the ragiwgthe@intho &l rddiGucal pdRRASI3N i(SRitibRE 11 ROKE §égeéhcélﬂv%h&ﬂ the
sequence w t hout S|gnal peptide) is not a histidine residue; the am no acid

residue at po¥Pfi BRU4AS 1ohadqueing Fesifye: thepreine agdpsike & mbitiRRA0 si gnal
peptide) s ngbsidh ABANINGSeddEn@WilhBRH Fal RBAS N (HHGn adpBRuEPLIAR; 2 d resi due
at position 162 (position 145 in the sequence W thout signal peptide) is
not a serine agHngacihiehidee #tpssitiens345t(nesitinm 338 imbi dequense grithouitsignelsi t i on 167
(positionl5Q,.i. o | Mels t . -a et hi oni ne
resi due; %Oﬁeq)gﬁﬁcﬁgﬂgg?ﬁ%}%@:ﬁﬁﬁé;%u%g rte?%%?%6%?%0%%%%@61%%8?@?% he
sequence Wi t HodtpwitipndB2 pethe sedadnce svithout signalpsptide) minet a thedodine restdue; ami no
aci d residue iLthon. 171 Y 154 1pn -the sequenc i t.hout signal
peptide) is ntg‘% atgl{a? ;e}%lgg‘?shdée8?6031?1)1%3?’%(???9%@0?ﬁe%lﬂﬁéa;se(ﬂlhgcea%%r?\#[ A€l residue
at position IpptidepGiot aroaspdrtife tesidid) ehenatinresvibreyitlid pdsigsorgied | (p@é&phi de) i s
not a threoni S'r§5i due; th%§20am' no &i d resi.due. at gosi ian 177 (position
160 in the seHadhiE SHEHSINTSRTER BaRS Sajo R OUPgie e bR FEBHRE PN due: ¢ he
ani noI aci _rgh‘% ﬂyﬁoa&idm’ﬁiuﬁ hﬂfbsﬁﬁﬂﬂ’p@f&igtibrﬂmﬂiﬁ&dS_Bqﬂeh&, \sigwueﬂgxgl W t hout
signal peptide) .is, not t.hreoni ne residue; the anmng acid residye at

posi tion 181 Rﬁﬁ%@ﬁ%ﬁ%@%ﬂ? Prsih thesmiapieetd erghwtpoglrlah%ﬁo Bepie) i s not a
| euci ne resi dyere sbh\Rn&MitRuBGEch p@tieUendtla ASbAhORsiEBS HPSihd A 167 in

t he sequence 25w t hout signal peptide) is not a_tryptophane residue; the
ami no aci d restidigat aesitingsise (RAsitieB 61 ohe saauenca withews signel Peptifigeiiet & t hout

si gnal peptidglind RsiBRL (1R Hitt APLeGdER pIYfon JRAGPAMAB6AG] fle t&pEINE at
position 191 (position 174 in the sequence W thout signal peptide) is not a
| ysi ne or2ta gh§leuhsgnabpiptide®;is raie vakinaresidusi the paxnochgisl ragidysa pesiténm 3892

(position 175 _j . e t: Sl . i N .1 Aa. khreoni ne
Fosi due; t he GO IE SR AOH o OB Tl B relrredBq B b <P T
sequence wi t hamito gidyresidugpa posite) 398y poritionsit6 ai tha sevmencesiithaet; signhkle ami no aci d
residue at position 201 osition. 184 .in the sequenc 1 ... Si.gRal

bept 1 de) 1 5 Pl AR IRBRE Islolt e i ol s RACHFOF Bt W B BT o 202
(posi tion 18Gnithe seensewitencagnl pdpoidé) is hgnrdtucpe pésidhe) the sminotacid residudt amat e
resi due; e am no agid resi .at _position 207. (positjon 190 in.the
Sequence 31t HBvgRa rasERn A8 e Kidien Shndi s PRl B e ireno aci o
resi dge) at  pagiathistiing tehidupahd érhigagadiaﬂesiﬁmehmsﬁiemggm@esiv@%muh i gnal o1o
peptide) is not a aspartate resjdue; the apino, acid residue at, position
(posi tion 195°AYNEhwIautieRid BoREHS et asgla_awarestﬁi@&ttﬁﬂw{np@mﬁa@dge at

phenyl al ani ne,osgish do(potitiéh 39 iR thedbdulnéeSitiduesiglal PRsitid)iPRotdkBedd@si tion 201

in the sequence w thout signal peptide) is not a_threonine residue; the
residue; the amino acid residue at position 405 (position 383 in the sequence without

30 signal peptide) is not a serine or a valine residue; the amino acid residue at position
406 (position 384 in the sequence without signal peptide) is not a leucine residue; the
amino acid residue at position 412 (position 390 in the sequence without signal

peptide) is not a glycine residue; the amino acid residue at position 416 (position 394
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am no acid residue at position 220 (position 203 in the sequence w thout
signal peptide) is not a valine or an alanine residue; the amno acid

resi due awoposi/muasa 221 (position 204 in the sequence wprChaa20HIGoER
peptide) is not a valine residue; the 10am no acid residue at position 223
(position 206 in the sequence w thout signal peptide) is not a tryptophane
or a glutam ne residue; the amno acid residue at position 224 (position

207 in the sequence W thout sigpal .neptide) is not. a glutamate residue; the
amino acid relrélﬂl JeIUSpCe g EIops S&igg%tl%écB%’?(gi%Wc%@esf%e’tt %a@‘@a&@ﬁéeél t hout

si gnal pepti depositiondd? (osition B8 inahe Rididewithhig sighdl PeptRie) § nbemi Aintheat
position 235 éﬁ? sj%i on, 15 218 in the, seguenc,e, W t hout signal peptide) is
not a glyciné i g aminogeidesidys abpqsgiop 429 (rositign 39miths wATePAEWIB%i ti on 229
in the sequenrgaMebliyls vt Gh@ihid@RirbdRk; he aRfo 28idT8idR% pRRIHUYE3 the am no
acid residue at position 249(position 232 in the sequence w thout signal
peptide) iPs nBYSitENAAI irBe pesyenga avithpy sigaplingplided isqot e adrige eesisue;gbsaminen 264

(posi tion 247giqReddhe BEANRAAS, 'ogiheyao@ﬂnmeﬂlmeé& fout Lig?aggépz@g) far gi ni ne

residue; the 20am no acid residue at position 2/2 (posi I'n the

sequence wi t Heta sesingreaidugsdlint drefng agid regigue af positioedf(postitnedfdiimtheor a

hi stidine resgj - 1-he an hd [ - i.tion . . i.fion 258 in
the s equence%\%\ﬂé ?u‘%‘ﬁlg’f‘%ﬁp%‘g’g? elgdge%ﬁ iag Hﬁ%lﬁ ¢ Iéeg%?%lttﬂllen%mfa‘g %K(qj gegl;%h% ?lte am no
aci d resi due pasitipgo4i0 (positi @898 (pths istquence 27 Roirsignakepeptdp) &g a wictiotte si gnal

peptide) {.s not.a phenyl al.anine residue; .the amng acid residue at position
AP G e SO e R O S R P S e S
resi due; the sambipepidds) & noes tydtetnealr ap aphattito resid agiosicid @siderd poditidnhe

sequence Wt si.gn eptide) is.not a threonine residue; .the amno acid
resi due at p?)‘glhli‘?o ‘ﬁ‘g%gllz %‘6@%?%? ¢ ‘ngoqt ﬁlg?qige@@ﬁlféﬁ@eawlﬂ‘ﬁdﬁ?é‘?ignal
peptide) is n@lincdacidiedsidH p6yitici33l(paitea 41851 Helquédte walibigagli d resi due at
position 295 (position 278 in the sequence wthout signal peptide) is 30
not a val i ne PRHYChiTHA 5 TR, SOV TS oo 1d (BgF198 238 ¥ esi due
at positign 28fiehdRAFitHouRerdBibptife)lififot 3 BAMERE Resitub; Rt RiDRAIuPAPL i de) s
not an aspirate residue; .%he am no acid residue at position 298 (position
281 in the sd@qtiter® Mpesinn+28inihaseqyerneivddiput signabreptds) yssioha Prodige due; t he
am no aci d f§§<ﬂ£. arfitho A3 1dsidAadRR6PES bbQMlorPB4.ih the stdiRnqidARACE Wi L hout

si gnal pepti I's not a proli resi due; e am no ac resi due at

posi ti on 306 s{gnalgieplidenis2@Pa higtidihorgexysteme eesidue;roumno sidpesifugapesdider) i s not a
val i ne resi dyg; . ani cl ' : i.tion 307 (. Ltion 290 in the
sequonce. wi ¢ HonPRRGR IR BEtune Ll S BEde PR bl HBORULEC P 006! " he
am no aci2 r esiithueidesipeesit pdoomon5B [pdspsidt 8 onth@ Sfuence witbowegnance wi t hout
signal peptide).js.not a l.ysine.residue: .the .am no.acigd . residue.at position
328 (posi 11 omebi? ot rebfanicb e ind SRgRth PBuRf dhy PRuthcedln,
ar gi ni ne r esitiiegudnbewhhoun sighdt ipebtide)sis eoten sBfindd@%intasmtatd 26sidupanihe adid 310 i n
t he sequence w thout sj ept i . 1S not a cysteine, a glycine or a
ouct na r os dtkduegheosiief 482 6B tion 481 i fe Hkepbi R g5 prstel § o 311 n
the sequence tMbioBRdttor kR Sig@IR refl@Rs; bR atid rékiduedt pRitohAE5 (RSitidH 843 fnhe am no
acid residue at position 334 (posjtion 317 in the sequence without signal
pepti de) s rdrscarngsyHheustignd] eertidges netiemelionige gt BuTeTeEdes: 87 Mosi t i on
339 (positioncA2&idR af ARitREAYE Hositivh B APMithSlegiate WRVuk S8dal beptiae}isan
arginine or a glutamate residue; the am no acid resjidue at position 348
(posi tion 3310} flepdiee waidurs Amenogcidieiduest pesionddpinagitipn #51 iadhe gaedieoni ne
resi due; - 15t R aH AaRflad) SAY ol FelidleOintio foill RARKE ks 4341 Lhe
sequence wi t hout signa

(position 452 in the sequence without signal peptide) is not a threonine residue; amino

30 acid residue at position 479 (position 457 in the sequence without signal peptide) is
not a serine residue; amino acid residue at position 482 (position 460 in the sequence
without signal peptide) is not a lysine or a glycine residue; amino acid residue at

position 484 (position 462 in the sequence without signal peptide) is not a leucine
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peptide) is not an aspartate residue; the amno acid residue at position
355 (position 338 in the sequence w thout signal peptide) is not a

t hr eoni newonoam3ikmael euci ne resi due; the am no acid resi #ge/@20pasodsson 371
(position 354 in the sequence w thout signal peptide) is not a |eucine
residue; the amno acid residue at position 374 (position 357 20 in the
sequence W thout signal peptide) is not a nethionine residue; the am no
acid residue out si gnal
pepti do) i AR & Heht RISUIHOR BRI A73% BEUEREE MBI on 975
(position 363ighg p@ﬁ@ﬁ%@@@émmnwesﬁwtammal re:pétp?tat d&)tlo@%coposaloual i ne
residue; the, lon 3 sition 364 .in.the
sequence W t hz nrlRe geﬁh%cg %b&{g 5g%§381$ ]ebirrllo%lar §1§Igan1?%§ef@3% angﬁ’@nQSam no
acid residue aatilth‘lr: i mlt13829’( (rositibon 4715 i3 @i sequehd:mﬂmqtmglmepwuﬁh)out si gnal
pepti de) s not a l.eucin residue; the amno acid residue at position 389
(position 37foﬁ%af%%ln%%e&@3?1ce w t hout signal peptide) is not a | eucine

resi due; the am nalsaciode frﬁ&ﬁdal@f AherROSINAIIMNs 386t if BRHohé AFgeRd4ALRs bhe
sequence W t hout si nal ) t.ide) is. not steine aor. a histidine residue;

Cc
the anino aci H"’egg'i“ Tengn. 8%!‘“ 8Hm§§2“g(°|58‘§¥“PP’6ﬁT§I?‘éP|Sﬁq‘teﬁ%e t@@“%‘éhuence
Wi thout si gnatid RefdsitidR )i 7 issnod @ bhehplafih @0 irRIue 85é SHR0 atiB @t J¥itdA 28C1 d resi due
at position 395 (position 378 in the sequence w thout signal peptide) is
not a threoniRfsitiodi guibe sqagency witheutsignal nepiidey isaohe cystsineeidpeath® (posi ti on
382 in the s t r; al i ne
resi due; tg heﬁgl%ﬁ)%ﬁél\é\?%%sﬁﬁggﬂg{n ]Bglgfﬂfggaﬁeg% Mﬁ%glgsll%?ﬁrfr’]émd IS| Iﬁot%{he
sequence Wi t Waline residpsathe papoiagid)at P@ltmt”épqsm@eﬂﬁen the s¢qerese witheutani no aci d
residue at p 9 i.gnal
peptide) is g%#élgggfd%??r?gpf%g%ﬁ Srg“&%lt%htﬂearﬁﬁ%gacgﬁaﬁgg%@w%&%% %S]?tl on 410
(posi tion 39%ei antteh@ Bldqmtamgral peptide)us n@lagfahlhe xpaqluet, the amii® amireaddeeium ne
resi due; the a 10n |qt1r esgaate ) ﬁ ‘ gggm tion 394 in the
sequence Wltﬁ S(ﬁaﬁ pep t| e) NS nnovtV SéglaanPer? f éemfeoéaam no acid
resi due as p®sllltelr€m:1ué,'l.ﬁie emmlabnd@éslcﬁﬁm pomtiohézmuﬁn@e indht b@}uéncﬁl gnal
peptide) is noi% hi oniege reskd the1 am no ac .d rg@ L{% osition
417 (positi o™ Wﬁblcﬁalt%@l Gueh uW% -AB PSP PR 2 RUPT 1eg8ye:ie 4RO 4 seri ne
resi due; theaédrddRiuaei gbsitios 68 (Rsitibn PO &I thé quehdd withers lsighﬂq»eﬁtﬂﬁ) ismot e

sequence W thout signal peptide) 10not , a erl ne r the am no acid
residue at pdalEiTs “&Q@ef‘fﬁﬂ@laﬁ‘i‘icﬁ?ﬁ“iﬁ@i’%n’t"ﬁ &8 SRR CE T i ?‘Fﬁ?ﬂ%m& gnal

peptide) is m&loﬁalgamagabﬁ&) {s@t & BRihidnitR réfidudOthdGinfhola8RlirElidicat pR@fht | on 424
(position 407 in the sequence W thout si u&e ptide) is not a nethionine

nal
resi due; 2Phe 7afRaséionét &n the sqayense ébtlthﬁ‘%lgpg B1S(0bB FXSIEHNS: ABTINPR the
sequence W t Beithe 31 SR duﬂeq9§1hlge)he'aﬁllﬂb%ldqeﬁa&ta%gmldﬁrnqRos‘?trcb%%rStlﬂﬁﬁ resi due;

amno acid r ue at position 15428 (position 411 in the sequence W thout
si gnal pept i dejueics withoutgsignelibephide) isowit d thaconanvirpridugcind améwiagidgesiduepbsi ti on

429 (positi Oﬁos‘h]r& if’kp&ﬂ?o&lss%%%%@ Ion%fggélg{%f‘é 8@% ﬁ& s%ﬁne’} ligg, | ysi ne

resi due; 0 acl esi due at n t e séquence
wi t hout si gnaﬂe goeqd acdkbiesidee a’ttpbsﬁoxh?(s(modiwmj%emma;eneawwwmuamglwl resi due at
position on 428 in the uence is not a

S Ll
rol i ne 28r grite) ® afitdiihedhd B GEBY BRTR A PO A Rna PO RSk G5 T "Che
sequence Wt Imuiths bgjnadce pafhbitdignal peptide) isshoha siethibinive residua; ty ainéoraeidr esi due;
am no acid reSI ue at. po on_.45 position 435 in t uence w t hout
o gnal *pept | SR & SR TP bRROT Eyalicseatir Gt Serd SrAE BOoHos! ¢ on 454
(position 43Teucie Eé@ﬁlugam@aﬁﬂﬁ@aam e atglogifiah 1 PE@biiflen 94 & thdleq@car gi ni ne
resi due; amngQ acid resi (ge) at pa_éltl on 455 (posjtion 438 in 25t he sequence

wi t hout si gndthpsignadrepiide) gt & theeaning desisfuedhe aapa peidresiug gt Rstior ani no aci d

30 112 (position 95 in the sequence without signal peptide) is not a serine residue; the
amino acid residue at position 114 (position 97 in the sequence without signal
peptide) is not a glycine residue; the amino acid residue at position 116 (position 99 in

the sequence without signal peptide) is not a serine or a threonine residue; the amino
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residue at position 456 (position 439 in the sequence w thout signal
peptide) is not a tryptophane or an argi nine residue; amno acid residue at
posi ti on WB20(1pidsisti on 442 in the sequence w thout signacTmpdilchs)2s8s not a
met hi onine or a | eucine residue; amno acid residue at position 466
(position 449 in the sequence w thout signal peptide) is 30not a |eucine
resi due; amno acid resi due at positi on 467 (position 450 in the sequence
wi t hout si gna pei)({‘J 1S n% a thr B% resi due; am no_acid residue at
posi ti on 4682¢5sidrEg Oﬁ‘i’nl ﬂ’ﬁ%‘tl% SFRYeRERIVIthaugsighal pensidelde) is not a

t hreoni ne r esbCistirgiARt RIS IRE ArBi5b Q&&:re@ﬁiu@ﬁﬁﬂo&h@m12437(§om(9§166'19&e456 in the
sequence w t hout SI gnal pept| de%m not a serine residue; am no acid

resi due at pSXUEREITIeB! sigrakReplida ivmoy a pipartae residyeidhroamin £¢i6 rasidye ginal

peptide) is noliiéh 1263haMRioRn 18 irfhh | at
position 478B 6%S| ti gir)l 4%51 |n1 g%ggﬁﬁgmg%%% %{Reﬁgﬂieg% t%g%{t ﬁ is not a

| euci ne rési (%T’éiuedh? #oing esid rfrséklﬁ diposigion pEB(positen hlggn(dmsquen@rwﬂmm in the

sequence W t I o acid
Feai due. at podtt PeRIGER nobERkHHRL risbyBRhe SRS LR R IBELNEOEILP 10
peptide) is nmiSItlanph%mthegmmewrtb@Jtdngeal papldie}amnntn thododine esa ehimeat posi tion
491(p05|t|on 474 in the s ce W ide) is n
ar gi ni ne resi dﬂdue PHARPR&F gepem 'ipémel g%" 6?8%{] llpﬁgtﬂbe SCREPE K Oéf'ie defi ned
as bei ng any sighaltphgtidepismot aamstﬁﬁna‘muﬂdspataginbaés1<mesthé mmolaadtrcks&lusequences of
the alig nt 10or I esi t hat constit tes a conserved o m - conser ved
subst i tuglﬂgnp8§]t‘%v%c@°sft}?8§29H}f?ﬁﬁeqaﬂcﬁyl P S@Pﬂé’@‘é‘%«i&“ﬁ’f%{“&‘r‘ﬁﬁﬁi nments, Xs
are defined a@ld@el tn@aramy aill rdshiRe affoRidioA T ZGodiae B 1ah tHehaduep@siviitioan i n the
sequences of § iﬁ%nmsnt For instance, the am no acid resjdue at

ﬂsa iPEPt

posi tion 51 )?SA?OYWQIW@%%&%@H@BCIW Tergut theiaghag agbistiderdt i s an

al anine or a 88@166‘%2"(6&5‘[%@45 th@e %h%e @ﬁt’h@utrs%ﬁhlqiéﬁncﬁﬁ isRfRBA bdriB oddf 7

(p05|t| on 160 15in the sequence w thout si is an alanine or a
serine resi duélmetrwedlﬁnﬁhﬁéma@laaldrr@%dlmbp%ttl%dﬂ mogﬁom inplssseanense 195 in t he

sequence i t WBut%ig%ladeg@&Fl ol €A nfet?n Ghel rSRhRUAL B8l ac r¥eddde %?%Jsﬁ%hdue the

am no aci d residue at on 291 (position 274 1n t e sequehce W t hout
si gnal pept i dé) (fositign gﬁmahn sequeobaiwithousigied pentide)os aetiad amstatdm@iduahd t he

am no aci d 1 gl q—klﬁo &d 1%95114 At%@mt?(?n“n(ﬂtgé%lt dn%34 #Pthe séaaé&_% @@g%%&%@ Wi t hout

si gnal 20pept| IS a va euci ne resi

crystal | i zablpeptidepis ant A tFwpint pegnaeginBe residue; thihigmino s¢id mesplok wepitiod ¢%6 of t he

. Ci el

crystal |1 zabtePanonngrseh B bt SRR AN s Bl FreoBims SREIET M, o ecul e
has a st roct ufmgnotdoritredidue\se pbsithoRAVEM (paditioh @ 6@intthe detjudnoe itbas signad | i ght chai ns

(-23 kD each) and two h chaJ ns 50 70 each) j.ain I.nt er-chain
G sl 11 de. boRERE) fitdoBreabar [aus e PN RS guae D! CHPATal |y (o 0.

by papain cl ey a8y sdqiiénRe kBot 6124l PeptidaPistnbea thte@hine edmiug tBdaminbeciyl. . 1 and
C111 donmins of the heavy{gchal n) and Fc (containi nﬁ the Cl1.12 and C113
Y

dommi ns of t AEdyeaRPsitign B higemtion] ¥ng t%smflea%ﬁ withouhtjenal peptide)ds pot agy eavage

typically ocgdie rddidae;fthCarhiRb 8cill rddliRle HEDsE0N || 4 Bofifod 1T iFAR sBRn&C I egi ons.
For exanpl e, papain cl’eaves the hinge region i mrediately before the

di sul fi d@Sbonddopisigaplmgptidee isngba HeRioRhapseesidye; the amino amctﬁélfim atpesitielgnent s
of the invent k@pgokﬂasﬁ ermm%eﬁﬁ‘enéé RGP i p Me)'lErHyt Ogﬁﬁt%ﬁgékégld@' ecul e,

i ncl udi ng Ig I'gD, "or 1gE, an I'T ‘vari ous su asses (e.g.,
1gG 1, 1gG 2the|ag(ian<8g1c1d t}@dm atlpgﬁthnlﬂlgpe@t)on 1t7émﬁheﬁmmoanvthn’etrmhl (e.g.,

human) . The ngtfde}ag 5 l?mgé or ahgqyc!u[l]evrggaﬁeoﬁ‘le aH]?Aoua%?d’ re.l:la)lge a?}sgﬂpclnel 92! he Gp and
(position 175 in the sequence without signal peptide) is not a threonine residue; the
30  amino acid residue at position 193 (position 176 in the sequence without signal
peptide) is not an alanine residue; the amino acid residue at position 201 (position 184
in the sequence without signal peptide) is not a tyrosine residue; the amino acid

residue at position 203 (position 186 in the sequence without signal peptide) is not a
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5 Cm domai ns of the heavy chain, as well as any portion of the hinge
region. Furthernore, the Fc region can be glycosylated at various am no
acid resiwoesikiewn to those skilled in the art. |In somecemdivsmss, the
Fc fragnent is of human 1gG 1. In particular enbodi nents, the Fc fragment
of the fusion polypeptide has the am no acid sequence of SEQ ID NGO 3, or
has at | east 50% (e.g., 55% 60% 65% 70% 10 75% 80% 85% 86% 87%
88% 89% 90% 355 (n28% % ..or nore)
sequence |denl%hlltf%a{%Be%éé%tﬁ%a{?‘\l&gééam%@é% |p((§)r4)[al (ﬁSVBSeI% g;% %'gl&ur es The

pol ypept i des sequenérewitiroubsigriabpepside) lsmfaldlp]al]nﬂméstdlie thaiamind atioridaddi ti onal 15

am no acids nus o e bet ween t he sALP and
Fe regi ons of Otglﬂanﬁﬂ Bsel% @4 m%’ﬁ&e%ﬁmﬁt&%ﬁ’é&i&a@ ﬁ‘%)és Y AEAFRETRIS| ypept i de.
Thus, the i nuesndueolhc am(riouﬂﬁlsrc:mdwrat ﬁosamalvez (rettivheps indl@ése@ﬁentcé’l%tﬁ&ftm
Z-SsALP- Y- Ec- X.or, Z- ne or 4, 5, 6,
7, 8, 9, rto, e Wﬁf&i§ noi M}T‘f‘e resigl ue; € amgifo agig res ng agE’Slt‘S’BZI%r mor e)
addi ti onal ar(pmloaczodsn b sédﬂencNWlﬁiblﬁﬂsngﬁl pebtidd) & r%@@ﬂiréb&ﬁiétrés‘ij(ﬁ»e thei s one or
nore (e.g., 3, 4, 5, 6, 7 11, 12, 13, 14, 15, 17 20, 25, 30,
35, 40, 45, 5361111%%“%?1@?6 %aa&rlv%%%gwp%smqa&%& e squuense Withowtisigak ) bet ween
the sALP and %Eﬁtlde?gﬂr@f@vﬂfnebhﬁl Q&lnyquﬁﬁﬁedﬁle aﬁﬂQ) %1(1 1%51@&%t gSSnmhrﬁl( e. 2,
3, 4, 5, 6, 7, 11, 12, 13, 14, 35, 40, 45
50, or more) (BeRHIN29hn thamqwlcac\mgutatgn@ln@p@eﬂ esrrm ﬁM@Jlr@freS!d'@e tb@l ypepti de.
In a partjgcul AR i

Al ternatll\%l yaﬂ{lrgﬁy co%g?en% P%tﬁ(;rg{%ib&m% 2@81:%@!3 géﬁﬁ%delgp‘#%lgﬁetnt or absent. For
exanpl e, in soptdeisimotia memophangorarglutdnine eeslot Ithalysimntacid agsitiuy af osigbsent  or
is an am no ! i For t he

pol ypepti de %n??/g%ogﬁgygwﬁ‘ftﬁ{ ﬁgﬁeﬁcgﬁ'gﬁ?ﬁg%ﬁ?&q& g% ngtra%lﬁ err%ccl Yt e

Fc- Y-sALP. | rthesammo aci cdidoe at pesiibn P2 ppepdn 2095n dxerssqx&naen;gt}mht mgml structure
SALP-Y-Fc or Y= SAL Y 30may. consi st. o WO. ues, e.g.,
euor ne- ! yai AEi4EL B el B IR Fhind et MG bRateh %ot GBHESE? ) et o o
SALP- Y- Fcl5 OB ok lsequeﬁchevlﬂwixtrngnalcﬂeﬁu@emu@n@glyaﬁle feAldRre;ithe drhigo adid no aci d

sequence of SEQ | D NO e amn d sequence of, Y is | eucine-lysine,
and/ or the afffdre &P‘tf”é"é‘&déﬁﬂ?é‘“&)? 2 init t@ ARG Pt sigr) PERIEEN R f “ SEQ I D

NO 3. In songrifeasiciaramind R BHHRG! Wlﬁbnsﬁqﬁgﬂﬁﬁh of2 ih e e@leypept i de
consists of the am no acid sequence of  SE IL.n sone_enbodi nent s,

addi tional antHubEgrgsPeptde) hengt avalingaeddne; t:emtqqew&&%@ﬁf PREIAZEHr ding to

the cloning %P(‘Ss‘%o%%7 Ty sé@e&@@@ﬂlﬁﬁ s%?ﬂ@l cﬁ ePBAH T ROLYRERIHI&Sduedtht N SOME
enmbodi nents, the additional am no aci o not provide an additional GPI

anchor i ng20si gmno apifl rgsiducoat pasitiered 13 (POsiopasy peipe F%@eﬁcﬁ witheg|sighrle f or m
Fur t her mor e, {gﬁlg?g%%%ﬁx{geﬁe em an @Hfa%qus%&e' {0 111"6%&%&9&%? when

|ncorporated I'ypept i e invention, do not provide a
cl eavage si tepommn eHdppyitare2isan tlmfseqUhmehnﬁloutﬁagdal pePtide)lis kathiphdiod t hat a

g:ﬁl ggegr Zg?(":}em%ie { ullé‘lgné)?llglg% &\é%g}??bs}'tg}grﬁ?ﬁéno?ltlgg ??ltnetﬁ s%aue%fce %vﬂffodtq ost cell

signal peptide) is not a phenylalanine residue; the amino acid residue at position 291

25  (position 274 in the sequence without signal peptide) is not a lysine residue; the amino
acid residue at position 292 (position 275 in the sequence without signal peptide) is
not a threonine residue; the amino acid residue at position 294 (position 277 in the
sequence without signal peptide) is not a tyrosine or an alanine residue; the amino
acid residue at position 295 (position 278 in the sequence without signal peptide) is

30 not a valine, a threonine or an isoleucine residue; the amino acid residue at position
297 (position 280 in the sequence without signal peptide) is not an aspirate residue;

the amino acid residue at position 298 (position 281 in the sequence without signal

peptide) is not a lysine residue; the amino acid residue at position 299 (position 282 in
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Pharm Bull. 25:409-417, 2002). The pol ypeptides of the invention

al so include any pol ypeptide having one or nore post-translational

nodi fi catwonsiigiseds4as gl ycosyl ation (e.g., mannosyl ati orcamh20i1vs0258or ns  of
gl ycosyl ation di scussed herein), acetylation, am dation, blockage.

15f or nyl ati on, gamma- car boxygl utam c aci d hydroxyl ation, nethylation,

ubi qui tination, phosphoryl ation, pyrrolidone carboxylic acid nodification,

and sul fationye ée ltl&l@é %ﬁh(i}lt ﬁigpeﬁ dk OIIS’{BT.@}E['[% notff@ﬁol@t%l Xﬂ&‘lﬁt {hg %ﬁnn%fatc}dn&i%}\é?m ion

are associ ated 1
mononers can Redtian Zs(?ﬁt(lpyslﬂlqrrﬂt?@dnﬂ@S€mlﬁwgmtlbmlghalspdpflddes twoadslideocat ed in

he h
po! ypept: des FLey e hIHE obf i ARER oy AP EIGRLS B0 Rl P an b

pr oduced by aslgylalrmpﬂrdnaol iskroasering ot dnkuané resifiyq itheadnliio achd ﬂelshd{leat(poﬁﬁd)rd encodi ng
the desir

ion. .25 n is generated ysin | ecul ar cl g net hods,
and is ge era” ?§P°51“882@g b"ﬁ?eﬂueé‘ %3’&{“3’? Slggfﬂé’ﬁptg%{rgnm ag]é(ﬂf“('jre “‘?n <us. The
vector is useshificacid @sigdedt oditich IP6GH&RitnB0H th hesuénch ¥stho@lghalappr opri at e
for the expressg)?g of the fusion protein. Representatjve nethods are

di scl osed, f QFPUAEAISOLAN FrEnipe esifupigthe aming peid (@kﬂ“ﬁ aiqositing 32 HapyHen

Laboratory, BI8% the Mi¥nce HithotitRAS! @mezgﬂésgeys%eay IVeRE bed Rudipst cell's,
al though 30 nanmalian cells are preferabl e because théy are able to conf er

appropri ate pedduet ‘ihéﬁ@lnﬁtaic'éﬁﬁﬁld%ﬂl’qsit@aﬁ%ﬁ@sm%?’1 kipdhpieauenchivitesie Hanst er
Ovary (CHO GfhhiSHepddsisieen isifdredRud tllféch?ﬁm(g id %195@&?:'0&30& fig fusion

proteins of the present invention, as descri In no etail in the
exanpl es bel dpesitOnt3dy irhibe seaperick SVItbQ'éfSLﬂﬂalfmpU@k prmetai aspartatdwesiflegsthsn pr ot ei ns

of the ' nvent dcﬁcljeﬂg%' at 85r1t1 @%nloh 3?? H t?le segl[t 7ce %&1{9 ’mgﬁg 3 cells, BHK

cells, |cu cel eres expressing the
f usi on pr ot elpmstlctai isteanargismADr 2 glwantateamlduecthadmn@-éﬁdm@eanﬂoﬁd@’ dhfr-.

This latter | i.n ilable t h.th | ture

Col | ecti on (}Gf %:&)Oémon %%Is?‘%%?qfq’é%%)mpof‘ﬁggnal pptidst i 88t aa,@* Eﬁﬁgr Oﬁ{}%ntl on can
be producied ulncketinangid esidde it positions B34 @bditort 33761 fhe céquendervatmusigmaf t he

pol ypeptide in t host cel | ~condi.tio i.ncl ude . a i ate selection
D 2 o o piSBELi ROk PSCB s REHES Mo et b Pos GRS BOHALE and! or
HEPES, ions [338 e @bkejubite withb@sphaltRptidedistioti Mthréod e bihn SORGIRSSitwe;

magnesi um iron, carhon sources |ike sinple sugars, am ng acids,

potentially I hepamo agid, pasidye ptgresition, P { lppHionatd 1@%\%%@%@&8@ signak i nsul i n:
regul ar comgy, ?ﬁcﬁ 153{10@'\’ ﬁhélﬁ@ﬂeﬁdﬁ@a HeanlihdRiPeBBa: at @10@%%05@%7 F12 and

| MDM suppl emented wi t h mM L- gl ut am ne and 5% bovi ne serum
regul ar nmen meaﬁquynwrhoabﬂl@ahmpﬁéq) iphay e @poHienipgresige: helanieo aqdc| oneTM

SFMACHO,  Si 9M&idue at position 377 (position 360 in the sequence without signal peptide) is not a
valine residue; the amino acid residue at position 378 (position 361 in the sequence
without signal peptide) is not a valine residue; the amino acid residue at position 381
(position 364 in the sequence without signal peptide) is not an arginine residue; the

25  amino acid residue at position 382 (position 365 in the sequence without signal
peptide) is not a leucine residue; the amino acid residue at position 389 (position 372
in the sequence without signal peptide) is not a leucine residue; the amino acid residue
at position 391 (position 374 in the sequence without signal peptide) is not a cysteine
or a histidine residue; the amino acid residue at position 392 (position 375 in the

30  sequence without signal peptide) is not an alanine residue; the amino acid residue at
position 395 (position 378 in the sequence without signal peptide) is not a threonine
residue; the amino acid residue at position 399 (position 382 in the sequence without

signal peptide) is not a serine or a valine residue; the amino acid residue at position
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15 CHO DHFR', Canbrex POWERTM CHO CD suppl enmented with 2-4 nM Lgl ut am ne.
These nedia are desirably prepared w thout thym di ne, hypoxanthi ne and
L- gl yci newbeonmi3misai n sel ecti ve pressure, allow ng stablpeTpraabaioseyssoduct

expressi on. Addi tional details of the production of the pol ypeptides
and nucleic acids of the invention are given in the Exanples. 20
Ther apeutic applications The nucl eic acids and pol ypepti des of the

| nvent i on cannyefin 95 YRLkEe Al NSLARGULLR ATRLL GAUMONSY e - 10 the

fields of congenital bone ase ract one an ent al
i mpl ant's, veranaby apdd fesiduiagt positich %ﬁwmonm‘?maﬂlb saubme withhet signal ei ¢ aci ds
25and pol ype ar.e useful, for the ne f matrix
mi neral i zat i g; ch @&2 i tggﬁ]mh% @é%?]?ebanan%%crugleSIdu%ﬁth?mggn Mosmm 393
Hypophosphat asitte séq-\ﬂéﬁi)e BitHdiaPsigiml bﬂpsl'dc)rls oalallyucte asstdut] thelaamoatidirgiiue0 age at
di agnosi s An m nost pevere to leﬁst sev r?

d |l ud
perinatal , naflg%t%fq% ﬁ?ééﬂsﬁlﬂﬂgg‘gmt ?jiﬁq’t‘enCSW& %‘HSWP%;WE}E% BIpHE B8 f or s

The nost sevetgdieptheumpRraciiatadue(ak pésitain)4 1 HRRsitios 30PRI theShudse dithat oSt
conpl ete absence, of %:Sne m neral i zation in utero and can cause stillbirth.

Sorme neonat e<SI&IRERTPEL ihet éfneﬁﬂr‘-‘“‘ﬁfﬁs@lﬁ e geipogeidgesj@et poptian 41But  suff er

i ncreased r egpbsit@inai0y ucﬁherpé@eﬂ&%ﬁtu@t alméaﬁw)?s%t&sé}fﬁé r&sRB! the smidh Sease of
the chest. In jnfantile HPP, diagnosed before 6 nonths- of-age post nat al
devel oprent  Ssishesidhsratesitinnd20 (R%@Obﬂ%tn thf segersee ibet ﬁlgﬂallpﬂﬁwéhlaat e wei ght
gai n, andiaPRRRAE &6 rfdub thkghio a&m&ﬂﬁné Lﬁaolsi'f’ﬁ’n H@s%psaas hiRt i C

r adi oI ogi cal features show ng | npaired el et al neral 1 zation, sonetines
Wi t h progr essequsnekeithoubsignibpéntide)ds hotan alaning essifiueighe aming beifd ratiares and
chest defor ABR I SI on. One
synpt om of ck#o%(]dﬂrgg%li (%E’%RI S tﬁ%nl%sse@a?&% g@éggl&ggl!é%) %Jlgogsal%t %rﬁgr esul ting
from apl asi a,retiysotht asime aoid relgdmlaapmsalomfﬂﬁ(qmsmbn émnhmsequdmaé withomect s t he
tooth root with the ki O l. |igament. 0 chi.].dhood HPP
2010 1 oket S EhhREHRT A BLE e o 86 Hiae SRRSRlm B AR RS wPPHES cuch s
bowed | egls and8@sdsaiogedi Wthsiequedcaeaﬁom@@nﬂtplebt&&) B3i106a proBnd fesidde; f | ar ed

met aphysi s. Adul t sual |y .presents. during mddle a but is frequently
T eaptnd by ddas e 5 oy upLER Giode pinf aleme NEHIEE! | oved by
good heal th dupiideyisa@deh BSine RGRIuaehiyOsOresidbl dt pbiifich 436N p@stitnta 1biRFhe
recurrent metatarsal stress fractures are common, and cal cium 15

pyr ophosphat eegHeRSEdVitout gnsbRRtAe)S Bt histide residugapang acidifesidps & s and
pyr ophos phat epoelrﬁm a@o@wﬁm ﬂsnﬁkﬂexeq&mml%ﬁp& phpsphal)ashd alpsoldi agnosed
when the only clinical abnormality I's dental dz sease, ‘and radi ol ogi cal
studi es add é@%@eb@h@o iBfid pesiduis af pogidian 45 (Pepitiers4 Bfin theeraseaccowithnst eonml aci a.
The nore sev I o0 sonal
20 recessi vees'lt;%%at:ée?m rf“?ft ggg{eicrlll%s ,'(;!Fégnggc% r%z%&?edrl{%égé Eslh%{/aklﬁgg%tgjgﬁg?ﬁnal | evel s
of serum AP aRi(pdsitipn 46D m thheeqriricd siithéusisigpal piptigepis nt @lysinaehsidue:HPP and
odont ohypopho%ggg é §& regldue et p%HEl(?r? %EB({JOS%?OIH A3 thggéqtugﬁc@ thoht@%%[af tance has
al so been docune

peptide) is not an arginine residue; amino acid residue at position 455 (position 438 in

25  the sequence without signal peptide) is not a serine or an aspartate residue; amino acid
residue at position 456 (position 439 in the sequence without signal peptide) is not a
tryptophane or an arginine residue; amino acid residue at position 459 (position 442 in
the sequence without signal peptide) is not a methionine or a leucine residue; amino
acid residue at position 466 (position 449 in the sequence without signal peptide) is

30 not a leucine residue; amino acid residue at position 467 (position 450 in the sequence
without signal peptide) is not a threonine residue; amino acid residue at position 468
(position 451 in the sequence without signal peptide) is not a threonine residue; amino

acid residue at position 473 (position 456 in the sequence without signal peptide) is
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In the healthy skeleton, TNALP is an ectoenzynme present on the surface of

t he pl asnma nenbrane of osteoblasts and chondrocytes, and on the nenbranes
of their w62hedi3mm@iri x vesicles (Ms), where the enzyneprcs/qaantiiosedsar |y
enriched. Deposition of hydroxyapatite during bone mneralization normally
initiates within the lunmen of these Mvs. El ectron m croscopy has shown t hat
TNALP-deficient MVs from severely affected HPP pati ents and Akp2"/" mce (a
TNALP nul | noys I 00t ai n...h a ystal s, but
that extravesi cuI g@gﬁs‘%‘@aﬁ"‘g?é‘%g&‘% B 6‘38%3 (%’X?lﬁ 5Eu‘;’é{']che'lsF'i‘ﬂ"s‘?n‘d’ef ect is

attributed towithet eighal aepeide)ik aot aelgzmnmlaaglym rodidiPamind api@ r@Rfue knhi bi t or  of
calcification P acti

a de ity.. . At
physi ol ogi cal posg]ﬁ@é‘kﬁ‘p&?ﬂg%é k’@nlﬁ%se@uei’c?ﬁw Oulbﬁignq\gﬁgy‘@ﬁ)e‘s a9 lpycjne; o
stinul ate m nesidbd; amirioanid rdsidue dnpssitRASIBo ARRBIOE 4T RInARe deutcddithsud! t ur ed
chick fenmurs and in . isolated.rat IWs. However, at concentrations above 1

mM PP, i mhi bi$%! Reptide) sl RseTiedrsdys: aaing pcif sisidie pigsiign doempsigion
hydr oxyapat i t £73G# Ylﬁts@d[@ncet\blﬂﬁ)up{r%iéﬁﬁéphﬂ& 1%&%%@&%1%%%51&&03}%@&9@
proliferative sel f-nucleation P, has a dual physiological role: it

functions as g B PoBHONAN dpesitiond# snithascauente sothewvianalentide) B but as an
i nhi bi tor of mtaﬁﬁlﬁiﬂlﬂkél@& qﬁoﬁlb&?%ltu?%&ﬁ%&ﬁ’st b?aCI (;l;y&ls%re%ﬁngiea]%n shown

to hydrolyze the mneralization I bitor Traré “mnera
precipitati onb@en&ﬁngroémehmlmea@éhtfomi@bﬁhe@oalgpmgl thheeqaeevdf tix aligninente

I ndi cat edy§ hatgrarps‘?%%rthmlgl?/stl{u%s% ?ﬂsemhf se'nﬁ-céll\ﬁ\ég'eh ?ubsﬁ)tu{l t]g ' ghel he si ze of

t he extracellul ar to allow proper s etal mnera t|on 10The
severity of htymphmmmam cthetepeifitsendrodinteatsn Kb atreeleﬁtﬁedtabbelﬁgxlﬁiﬁfrthﬁ ation.

M f h
M seense Akt b b S RRRH £hBab bl 5L

am no-t er m naimiaé amd &@ﬂucaﬂpbslunm b1 (pdkitign 34 in@he skearu@ca{vithdlﬁe@uﬂtpumme) o af f ect
its catalytic, aCtIVItX I n addjtion, rmnisse nonsensebﬂfa{lgane shi f and

splice site niPAFRBASCIAVANSISuEdAmIEe %%@W%ld%atw@aamf ok Orrut ant

proteins 0§ iintthceghdntd Rithdut sikhdl pkitiae) id ef fakife bhiderih@REidte tieWRling Mal
activity on the cell surface, The pultitude of nutations t hat cause HPP,

and the fact IHHESIEWH SOTIIOHIREPSHiPGJSP inthe seagence wibputSieaghmertided 1Sia8 HPP,

expl ain the vggk@iHefor @XRIRSSdidtlel meamolaefaqgg?&&tae &ﬁrb%tz@mfoﬁn@flbmnobser ved
in this disease. Progress on t he human form of HE’ has benefited greatly

fromthe exi s&heﬁﬁgee@e%ﬁhomﬁegnqiwweMaglwa@@ acidlop an aypartigpeidmesidile; avddel  of
HPP. = Akp2" 1" %%BQ@BQ&? alﬁli ftf&h'ﬁ?gﬂﬁ?‘i’gﬁ @%BKﬁebJe el ivnﬁuggg?ﬁr e born

with a normally mneralz et on evel op radi ograp y apparent
ri ckets a20 abpaptidd idayadine br ageqlewimd reidiebet ween days 12-16 suffering severe
skel etal hypom neralizati on and epi sodes of apnea and epileptic seizures
attributable to disturbances in PLP (vitam n B6) netabolism 25Both PP; and
PLP ar e conf i Firmgohentérystallizshlb ségiat @e) ragmébatk P, and sone TNALP active site

st ons Nave, beeh gt B LSRR LSRR 0,
the epil epti csuskebyEy, & Sraghee cHemllizablAegidnlof alﬁﬁnﬁlﬁundghibhlﬁh abmormalities in PP,
Eg? ?rﬁloglt ?81ex1?rln?&ng01%gﬁmsr§glleceut]§hasFa)lgterﬂ](% (S teat {srlvetllmncs)wn lnt e art. ﬂmchx%fes HPP. 30

two light chains (~23 kD each) and two heavy chains (~50-70 kD each) joined by

inter-chain disulfide bonds. Immunoglobulins are readily cleaved proteolytically

(e.g., by papain cleavage) into Fab (containing the light chain and the Vi and Ciyy

domains of the heavy chain) and Fc (containing the Cy; and Cy3 domains of the heavy

30  chain, along with adjoining sequences). Cleavage typically occurs in a flexible hinge

region joining the Fab and Fc regions. For example, papain cleaves the hinge region

immediately before the disulfide bonds joining the two heavy chains.
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Formul ation will depend on the route of adm nistration, as well as on other
t herapeutic goals. The nucleic acids and pol ypepti des of the invention can
be adm niwoenadi3lmg4any route known in the art, e.g., sulpcutaenuwsoyse.g., by
subcut aneous injection), intravenously, orally, nasally, intranuscularly,
sublingually, intrathecally, or intradermally. By way of exanple,
pharmaceutical compositions of the invention can be in the formof a

l'iquid, solution, Iﬁé‘lﬁpled"ﬁ“égg&msmf ﬂe’ln\% %Pllnaudé t%plfﬂ‘“ra%rgc?nltgﬁ% Spowder, gel

oi ntnment, cream nebul ae, m st or ph tosome. In
some enbodi memneglobulia nalecalet molmdmgﬂﬁi d@M’pIy& fdlys IgH, atcheir matkinsi on can be

adm ni stered ea d i {i i s advant ageous
because it i ssair’lcg g%sﬁggf&%ngr{glé?e?ﬁ sg andléipf ?n’el észée@( néa‘HHH?‘Wﬁﬁlokl netic
profiles. Sui(t.abhenam] TiheEe ﬁamdntsmﬂmhetmvehﬁ@smclak& fdredamhple ttheCardnd and are
typically5 10s 7 m, 2.5 nm, 2.3
m, 2.2 nb, 26 ﬁaﬂnﬂa‘nﬁnﬁhﬂﬁea‘“&e’bﬁg‘k £y Y_“eﬁd_g %‘YrPEmOT O*igﬁl_‘mgi TR 1.3 L, 1.0
n., 0.7 niL, ubtherinord)thd Fmregl&h canfbt glydodYmutddlar vAHII amiino acidlresidiis k&f\)\)n The
smal | vol urres r.equi rﬁg.f&re %Utan@ﬁ) 3 adm ni stration require

sufficiently lﬁﬁe%‘&} EnF AEL GhsoBe ceRedimssoies Ee Hﬁgr{‘%‘ttﬁé’fﬁﬁlﬁ‘hlg&br ed.
Thus, not al ln paHiIRQS dnibeBEncRRYthE 8c Subhaipbethé ﬁrsm‘ﬁ%%telﬁm%%s%hééﬂglm ni stion,
e.g., pol ypeptl des which agl%bmgate at high concentrations. It has been

found that t HEdSEMsB AfiSERS t%@rh%ﬁék@ﬂéﬁ%daﬁ B&Y%f e fS%t 8804 n a
suf fi ci enfol y Mg @o%ossemfsf/oakmnxs% 899, 56 Sdhiof @9%6950%4%%% agwouS

adm ni stratlon pi cal'l'y, "the conpositions of the invention cah be

formul at ed at97%, Qg/ﬁc%f’r% roaiogs) sepengsddentity. tg SEQID¥OM. and 500 ng/ L (e. g
between 10 ng/nL and 300 ng/nL, 20 ng/nL and 20 120 ng/nL, 40 ny/nL and 200
ng/ m., 30 ng/nmL and 150 ng/ni, 40 ng/ L and 100 nmg/ni, 50 ng/nL and 80

ng/ m., or 60 Adglitidnadhpdypéptidg fentyres or subcut aneous adm ni st rati on. For

oral adm nistrati t.abl capsul es ca are nti onal
means with phar rraggﬁ%"’l%%ﬁpf@“é’gf;hé IRERY WUR P‘”‘B%yéﬁ%‘ Eﬂr ‘88“? %g agent s,
fillers, 135l mhﬁmmmsS)atdheNnmgmamﬁ the perypmtdtengetag@nhesAﬂﬁlﬂldtrabl ets can be
coat ed by met haods own in the agrt. Liquid, prepar

o ot at cram ot R marid canibab i the Ceriry B SP B SOhBIRIE TP s o
suspensi on, Ghivehtieyin6ladesPr @faﬂ%wbaglp@ﬁda; odtine t@:rnozlmmpfwcmsz Féytion with
saline or other suitable |i vehi cl e before n’ggm tions of t he

i nvention forsA&Fal sk %lsé)élFa’E‘i“BW (&psd LAn: éo?‘rtga?nloph]a Beltilealy

accept abl e 300exs; 0] BNUG 48 WpNodfore IR RehiOR s Bt th@mleﬁhm agh@gent s,
non- aqueous ve icles, preservatives, buffer salts, flavori ngl col oring, and

sweet eni Y ag® hpeptids, W ssmne oF Mateee. gP?ebér%tt@ i 9 1% lbrlél adifi 18 51,28t i on al so
can be sui ta%éﬁ 95 gl 4 8 Jr?no% ‘éﬂdl i %rglrnb%QdE le e%%‘ﬁké?a fft@é‘enacﬁé ve

i ngredi ents teric coatlngs be used on ets of the
present i nventilBrand b¢ regiins of the mlmmédle ovhXazenewir trhore (a2t B.oh§l & 7a&i di ¢

gastric f1uidy b & 35QUVes 17 Johss B 40 61 o) 6 Ble PEUIAN ket N

envi ronnent . ’hout™ bei ng Sso 1T Mt ed, b ’l'Ul'0se ace ate
Eudr agi t TM aradidbptdthe&ytemipslof thetphlybergide.ulnosriplutan atampde, (Yl—l@ltf@l%!)lpeoadn be

25  leucine-lysine. Alternatively, any combination of X, Y, and Z may be present or
absent. For example, in some embodiments, Z and X are both absent, and Y is absent
or is an amino acid sequence of at least one amino acid. For example, the polypeptide
may consist of the structure SALP-Y-Fc or the structure Fc-Y-sALP. In some
embodiments of polypeptides consisting of the structure SALP-Y-Fc or Fc-Y-sALP, Y

30 may consist of two amino acid residues, e.g., leucine-lysine. For example, the
polypeptide may consist of the structure sSALP-Y-Fc. Optionally, the amino acid
sequence of SALP is the amino acid sequence of SEQ ID NO: 5, the amino acid

sequence of Y is leucine-lysine, and/or the amino acid sequence of Fc is the amino
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5 used in enteric coatings of pharnmaceutical conpositions of the present
i nvention. Cellul ose acetate phthal ate concentrations generally used are
0. 5-9. 0%wb 20he13emre wei ght. The addition of plasticizePsTiogoowse2sshe
wat er resistance of this coating material, and formnul ati ons using such
pl asticizers are nore effective than when cellul ose acetate phthalate is
used al one. Cellul ose acetate pht haI ate is conpatible 10vm' th many

pl asti ci zers, . no ceride; but pht hal ybut yl
gl ycol ate: di bu (?gf{qu?qmg £ @Eﬂhﬁ% %‘?ﬁg gt“é entsy acﬂﬁﬁ%‘&fl%ﬁ et hyl

pht hal yl et hyl thgIpykypépmtiecorgisgsméthemnalrwe&nydeqmcgbm ID NO: acetin; triacetin
citrate; and tri prop| oni n sed in conbination with other

coating agents su Jf Sqge 8‘?"&*“8’3? & IB Pa‘?“ﬁ‘o aridgcandsintndpesd-intgtheas e
prepar at i ons. pdlbpbpdCRoRaMaUs the tlohig sirit¥@NIstPd Jisdhcd the 3} O%Ip@ﬁtﬁgs' n

conbi nation wth phar maceuti cal | y acceptable, sterile, aqueous or
non- aqueous sB PBREMbodiments {hs aidiional astug asidsile nobayide aadgitional{jueous

sol vents are AR NStk ¥ malﬂf%knytﬁ% M&&Bﬁd&h%%gfublem?tﬁgﬁlgmﬁ)'ré in f18N

oil, and injectable organic esters ueous carriers 1ncl
wat er - al cohol Sages| QRtodRentsesny| syehoiditional aoinseavidsowken incoepanatechigiostat | ne and

20buf fer ed Mgl RASERS ol Sl 53 08 LielDORAG I GBIALL fifna of Ut ! on.

Ri nger's dextrose sol ution, dextrose T'Us® $6di mch
Ri nger' s sol ubdsbeelle die hk@hhngd 1hamdﬁslgpedﬁeqtﬁanmmldd bscleziwtllbawle:nous vehi cl es

may inclu | [ lenish el ect y | eni.shers, such
as those ibjgsednléi % g% gy"th !hgpc%iel{ alr8 re%'C?gaFﬁegcflﬁﬁ?é 2&3( %%(%éZbodi ment s,
t he phar naceuPhkaad Bdbﬂﬁd@Q-ﬂﬂ’QﬂQObf t he present |nvent| on can be delivered
in a controlled rel.ease syste ln sone ment s ric materials

i ncl udi ng pol yl act]ilhf P&@P&*,y“sdﬁ%%ﬁ‘t“ﬁ%{g@{l &ggmcg‘rd%%%y pq’l %@?‘r’ﬁﬁi"ﬁ%‘frhi c bl ock
copol yner s anﬁlof&xﬂﬁtthlsuorﬁblhydﬂﬂdimxysubhl hy/glicosAstich (8. @d nﬂﬁhdésiiahélrﬂ:{rﬁpy rans

can be used (see al so S Bal |, Contr ol 30 BI oaval lability,
Drug product ﬁfggrlf Sé’ﬁ(& yﬁ%sr P%Pﬁaﬁegsedf’g@m ?fSWl?t‘WI agoghilckaganade and

Hol I'i nger 15 Dr ghgmatidny BAimS¥&beaRIutAN8 bR G 1A ARG, ogy series, 2003,
2nd edition, CRRggdPregs I n g)tr%t her enbogc?rgn%%s 2 p9<1 may be used

(Saudek et al ubiquitiagion,ghosphgiylatign, PMB’BthQQEaTbO’S’?ﬂ)*CId modificationyand conposi ti ons
of the inventjgggpuld be fornulated in the formof a Iyophilized powder
using appropriate excipient solutions (e.g., sucrose) as diluents.

Furt hernore, cell slll@el“icgn embfsime@m ﬁ@tp;@))’pémdebef the imventiod aferagsocitediinidi vi dual

having a matr (o) ei c acid of
the inventi ona%&3 cfnggtel n ucé&p&b{"ﬂ% Le{ﬁﬁq%{()%cfp?n %};41 rﬁygdg.,

subcut anedis ﬂnroug}ntwmdﬂetdﬁdtsbqnd;s lcitedim)the hgeaegiats oféhetic ftatgelentscl eic acid can
be adm nistered directly to the afflicted individual, for exanple, by
injection. The nucleic acid can also be delivered through a vehicle such as
a | i posone, \Ahhmlncmamthﬂwliﬁfdcgnaddtp@lybepﬁ(&sget ed to a specific cell type,
and engineered to m nister ed thro ifferent r The

conposi tions of th eﬂ‘r“ggléﬁfl ?‘R?ié??tlyp(?ﬂldégﬂ}ﬂ% E‘BCIH@“G% ?THSLES&TBY?@'U on with
at |east one m&ﬁneamm&ﬂm%ddﬂgn@gicam athcléleﬁélﬂ@ﬁcoalnlg(@lﬁkﬂieﬁ'lrd’lﬁﬁﬁblhZat| on

def ect or _another detri nental npt om of HPP. For exanpl e, max, al so be

Used | n c3bi AR Eeraieas NEaadecolgn lopi aleitiag: iy isigrgrel R PfBor 1 oct &
cement um def egiectokulieiien SIRGT@BYvirus. The vector is used to transform the nucleic acid

into a host cell appropriate for the expression of the fusion protein. Representative
methods are disclosed, for example, in Maniatis, et al. (Cold Springs Harbor
Laboratory, 1989). Many cell types can be used as appropriate host cells, although
30 mammalian cells are preferable because they are able to confer appropriate post-
translational modifications. For example, Chinese Hamster Ovary (CHO) cells have
been used as a host for expressing the fusion proteins of the present invention, as

described in more detail in the examples below. Other host cells useful for expressing
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The fusion proteins of the present invention could al so be advantageously
del i vered through gene therapy, where an exogenous nucleic acid encoding

t he prot ewooigi3amki vered to tissues of interest and expPCEIS011/030258VO0.
Gene therapy methods are discussed, e.g., in Verne et al. (Nature

389: 239- 242, 1997) and 20 Yamanoto et al. (Ml ecular Therapy 17: S67- S68,
2009), which are hereby incorporated by reference. Both viral and non-viral
vect or syste ! T Y. for | e sm ds,
artificial Cﬁg%%%g%p&éf%gﬁ&é ‘nﬁeéﬁé?’ﬁ“?g‘ﬁ?’%%%ﬁ?lf’aﬁf’d%?@%é’ﬁ“’ IERER

chr onosones) ,celld, BUK ealls i &8 - ¥ exils o Partipul anGHI@ delisi of Interast dori egpmassirfg the

replication, i onal.| a_ pronoter .for pr | f.the nucleic
acid 25encodifﬁg ;ﬁrg{ei}lgp ?lheégﬁs"y%g“af‘ﬂ%"é” ﬂ'&‘%o%lﬁﬁg%g IVS%?C%]&EI A%"Sr of the
pronot er . Thdate c¢lblirs israyailalda tiadugh oiveA @érican MepsEhiacd ablietismrAKarC genes, for
exanple, an anpicilli kanamyci n resistance gene in the case of a
bacterial “pl é%‘nﬁibﬁréél#t'go%ésti stance gene for a fungal vector. Vectors may be

used in in vitro, Thopoleyptidsedf tHeQhivehiiéh ¢ah 08 BRidu@a valler@Acorddidns Or the viral
pol ypeptide, or may he used to transfect or transforma 30 host cell, for

y L . or T
exanpl e, a neHig QiR sKprewion of thegolyperiide inyibe Bosh gelb tJush conditions vi r al

pol ypepti de gpgRidedplpridibselacash 6f a mgﬁﬁp%ﬁﬁé@ﬁ/ﬁh B3YpRko9sRE 284 8pigd to be
used in vivo, for exanple, in a nmethod of vaccination or gene therapy.
I

Exanpl es of difarhoppte ayd/prahlERIES dans ke efleridsephosphareogaleiam, sofenti viral ,
adenovir alo 3EAAASKAREALAGH fbon BECAARUIMAL sudRChiiflb Adafier pes st mpl ex
viral, alpha-viral, pox viral, such as narypox and’ vacci ni a-viral based
syst ems. Genepotentallyflpidst ausheotidpsedtangisgd ghodk fagioruidesnsating tkgpdan in the art.
Retrovirus v : . - e : st ably,in e the

nucl ei ¢ aci dgc%%@{ ef%aé{y?aﬁelga)r@&r@nﬁ% lﬁ@qhﬁé@%@ﬂ%ﬁ%ﬁt&%g%%Ialn(?:g\?lbg}n- defective
adenovi r us veoppesentad widnl-4 asyl Lrgummimeapd $Yrkztal bovdnd eamefrequéaral | ow

transi ent expression, Ve rs.capabl.e.of dr.iyjin X i in.nsect cells
(e g “bacul SOTPEE R b i R reepras MO GSRET SPAALH st Tny "D
grrplt ﬁyed 1i5|n @%D}gm',gmt v 1%WERF¥ CEI@SCDfs?;iﬁlkﬁne\n'terdaA(it}fm?mmi de(s) gnc_osled
y the nucl ei ¢ aci 0 i nvention, for exanmple, for use in subuni
vacci nes or i%im?rﬂ‘l'i‘ﬁrs]—%’ﬁ&‘ﬁ a argydesiraply prapared pd 8'}!}9}‘)%91‘?8&?’ p?’f?@ﬁ’ﬂlfé‘nflhose
described i n VyEiRé RGRLARIN sbioctive bfidsiD6) Al1awi g WabIe bt3éiRpEb A& PreSiionhi ch i s

hereby i ncorporated by reference), which use an adenovirus vector to target
a nucl ei ¢ aci d of Additiepd detatlnofitbbrredncyiornel therolyRspbidss apd BeRlds Ayl 1s. 151n

an addi ti onaly, exadRbR arediveR Rt e @khAPpedef i ci ent sim an adenovirus vector may
be used as a |ive vector. These viruses contain an El deletion and can be

grown on 2%l | lines that are transformed with an El gene. Exanples of these
replication- I.Cl ~Siimn denovi rus vectors are described in U S.

Pat ent No. 6%&%@?3%%%/ 046124 (each of which is hereby incorporated
by reference). Thdbenuwddit anids 420 pelypeptidesdnhgpinyeatienicandiavs wide varietmof ei ¢ aci d
of the inventjon uch.,that the.e Lral . ' .pe
expr essed. therapeﬁﬁ%gr%%léapgk%iﬁ' "0 ﬁ%:ﬁg@g B%:‘l'é)él g%nétﬁpgroéggﬁégtsg’%a%géﬁgﬁlg may be
sel ect ed t o bencamphiabinelasis, hertehme igsdn, el dthdrorinphitichlag ¥pmaslsicanids s

or ot er S *Eh PRREPORe] MAToRY A 26 PR oL il o e R as

cadm um and diddedels3addeksdribef) hersil &ich aMHIPRI  pronoters, such as the SV40 | arge
T antigen pronoter, human cytonegal ovirus (CW) imedi ate early (1E)
pronoter, rous sarconma virus LTR pronoter, adenovirus pronoter, or a HPV
pronoter, particularly the HPV upstreamregulatory region (URR) may al so be
used. All thddwpophespdpwsia (HE®) we|| as additional promoters, are

30wel | - degcri bed iHPPti§Ris®fitally classified according to age at diagnosis and includes (in
order from most severe to least severe) perinatal, infantile, childhood, aduit, and
odontohypophosphatasia forms. The most severe form, perinatal (lethal) HPP, is
manifest as an almost complete absence of bone mineralization in utero and can cause

stillbirth. Some neonates with perinatal HPP may survive for several days, but suffer
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The nucleic acid(s) of the invention may al so be adm ni stered using
non-viral based systens. For exanple, these adm nistration systens include
m cr osphewe 2encapmuyl at i on, pol y(l acti de-co-glycolide), mamapanilisbzss and
| i posonme- based systens. Non-viral based systens al so i nclude techniques
facilitating the delivery of "naked" pol ynucl eotides (such as
el ectroporation, "gene gun" delivery and various other techni ques used for
t he introducti f i . {.nt ced. ppl ynucl.eoti de can be
stably or tr glkcg%%%trf{;)%r%l n%gﬁ)g%d&g‘?iaettﬂg !)ag{lé aglgll%?c%%&&; e%lsee 9 l}encﬁlgsg'ance
typi cal |y reduinfangiletHRR, diageosedbeforsd Sonehtized fiageiplostasthldieveoprhet seeaidt ai ns an
origin of replicati conpat.i bl ith the host. cell or . integrates into a
replicon of tFI)l ﬂrénafi(%tﬁ rEllE:ee P SOE %Org%ewgﬁ’ & eﬂ&%ﬁWSWﬁ%Fn aé’;?e‘}r??ﬁ?ﬁ (e.g., a
pl asmi d) or aickatc!latantile HPP Hae clivpavebiisid radiologitasfosrares IKdwhasiagaired Any

an, be adm ni stered

anount of _a pharmaceutical conpositi.gon of the invention )

to a subj&ct .SP‘:’T‘HQBHEJ'B%%IQZ@ OLyiSPIR tH’éeﬁé?Hg‘ RspereRslYg skeltd dpamerrliration igdinge node of
adm ni strat i esrigfsctibearddbed HefbR@itys WHildEdod HBIPhAE Al dhWs vatilsle afimedrt t he
conposition of the invention contained within a si ngl e dose will be an

amount that P¥Prssions Qe sxreptem of plildhood HPRisithy premptutedoss phdecistons Gehder
Wi t hout i ndugdsiging GO afpla%,rﬂypEﬂééi§%tt&$fsplEs?e[ oﬁé%%ﬂi@ﬁﬁﬂﬁgﬁqg}l&h@%@t ion, the

pol ypeptides of the invention can be admnistered to subjects In individual
doses rangi néeoth wat witlothe pepiadgniabligao@niryirieghet symeptom pf ehitdbood HRE isg t o 50

mg/ kg, 0.9 Ny ; E'EQH% O TBY. : / to 5

ng, / kg, or %%%sg}@ggﬁ gﬁg\g}% %‘%ﬁﬁ%ﬁ‘g ) glegg%%s car?lgggl% ﬁ’lwgé?lsegi%gd 20

hour |y, bi hosnlasged gastsknetsiagd ahkles aswiresslt af flmek metapinysis. tAidok $IPR vamedly, f our
times a week, f] j ek..Six ti.nes a ek, ..weekl.y. i kly,
ronenl v, o nBie ek Rad K bu S R e RS Pt AL 11 be
adapt ed by t kalyclssufedetnfollowalyyogodd heatthwiutifly adolegente adaloufigaiutinide.such as

the extent of t sease and differen aranmeters fro he subject. 25The
el o e e i s FEREe R hit el S b AT L hRon G H it e

f gr mul at il?_ Rs pohepkdspResldinglr&t deposition Bﬁl_tdgﬁs’ttaéthc_t’ks {dﬁ&ﬁgﬁiﬁ aﬁ@ﬁra;gioeplfager gene

t her apy. e amount of the pucleic, acjds.adninister pe on a
nunber ~ of faefﬂgrgga%ogwl@om[]% EPDRIPEEY 1 OloRBOSay t”_,ﬁe‘} wEPﬁléﬁcﬁ@‘."ﬂp he length
and nature ohbiodRalityisd Rhfal &Sdash, aﬁdmmgtcarst&&esgmd eVdnbdhe Bibpdi@ievear al ) used,
the activity of the pol ypeptide encoded, the 30 presence o? exci pients, the

route and nefRsiEnH ichefs AT ef9oralagid, and the general condition and fitness
of the subject. BfRIRbRAIYHOSAAGP AN £8 uQlaFHFMeS by hdsORaldr €
described, e.g., in Melman et al. (lIsr. Med. Assoc. J. 9:143-146, 2007;
descri bi B8 t mesessivertajis itheaienjsaé sichpaddntphewing selnomd lewglsof squmdian cDNA i n
115: 5565, 20081 RRAPEAETHIR eI, G S Rbe P UrkorherBbspah % 0"
of a hepat ocyb eutgsonwal horhiaart pattquh aSinhatitance has also been documented.
In the healthy skeleton, TNALP is an ectoenzyme present on the surface of the
plasma membrane of osteoblasts and chondrocytes, and on the membranes of their
25  shed matrix vesicles (MVs), where the enzyme is particularly enriched. Deposition of
hydroxyapatite during bone mineralization normally initiates within the lumen of
these MVs. Electron microscopy has shown that TNALP-deficient MV from
severely affected HPP patients and Akp2” mice (a TNALP null mouse model, see
below) contain hydroxyapatite crystals, but that extravesicular crystal propagation
30 appears retarded. This defect is attributed to the extracellular accumulation of PP;, a
potent inhibitor of calcification, due to a deficiency of TNALP activity.
At physiological concentrations (0.01-0.1 mM), PP; has the ability to stimulate

mineralization. This has been demonstrated in organ-cultured chick femurs and in
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to treat critical linb ischema, Waddill et al. (AJR Am J. RoentgenoL

169: 63-67, 1997; describing the CT-guided intratunoral injection of 0.01 ng
to 0.25 mygoabi1Zi3pisasni d DNA encodi ng an MHC anti gen to PCeatA20E/0&00588) ,
Kastrup et al. (J. Am Coll. CardiolL 45:982-988, 2005; describing the
intramyocardial injection of 0.5 ng of a VEGF plasmd to treat severe

angi na pectoris), Ronero et al. (Hum Gene. Ther. 15:1065-1076, 2004;

descri bi ng t heg ki c |.nj ' gl : ), 6.y of. a plasmd to
treat Ducherna)Het ae%uggg‘{e‘éérr’ %3@%@%@ S,%é)g% %’%mpﬁf“g}?ﬁggﬁﬁwwy 10

i ncor por at ed fhpsphett eriagraldormation by teatiog hydxoxyapathochystrttbys pgrdventiigc| ei ¢ aci ds
of the inventjon

an_he admnjstered to.the subject do in the range
from e.g., 07 lﬁiran%rysttfg giﬂgm%d JZYS%??EV? ?e(gt%?‘lﬁ_!eﬁ%o‘i“rgﬁ’f’ﬁq)%ﬁaﬁﬁ,d% .1 ng to 10
ng, 0.3 ng t ophYsiolggicadrolaliofiinctionsgy a priomidte bEmiheRlivAlion Ahlewlcoh&@htrnsime at

whi ch the nucl eic aci.d can be admnisiered will depen nits

15concent rat icbélﬁ?s aé?dghlglé%o ﬁlllf&éa%lz?t%at g .r,coﬁceﬂtlfatlofiglﬁgﬁﬂp bashgensrom 10 1 AL
to 1 nl, 50 uhowetd¥drolfze thelniakbralifatidh thhibitor BF) td facﬂitht@-ﬁﬁw#hl—pre&Fiték@Q 11, to
120 4). The nugl ei ¢ acids can be adm nistered in single or nmultiple doses

(e.g., hour | y¥ndgroehr Rerentsidias usipg teidlp2” mipecava indsaled thahthegrimiette per week,
four tinmes a WRRIKTNALYE, LIRS FesRElhe si2b ¥f the BRFAAINME S, pddeRidi¥w bi weekly,
mont hly, binonthly, or yearly). 20These are guidelines, since the actual
dose shoul d Buoreapketetal pynesalizaliared and titrated by an attending physician or
nutritionjest basegyUpaR:Gldr B3k ' t heet. The
optinal daily dose wll ltge gmr(ﬁ%ﬁéﬁc&pﬁsﬁggg F}%ﬁﬂm?%ﬁghgﬁart and wi | |
be i nf | uencednisgtiona Missenseguutitions at drearigyof pdsitidne is TNAEELinclading thdi cat ed
above, and ot c¢linically.r vani tors. In iL.tion ubj ects may be
Faki ng medi cabpume SpEMe sl RrRnbARKRLE, ety ASRLN a0 BiInEF

nmedi cat i ons may, Hd caloiuhi-bindidg site; havg atlibeert fonml tbhadfectdts pathlypeadtivile ar nucl ei ¢

acid of the i ntion is given to the.subject, .pbut it is adyisable in such
s 10 begi LIRS sE e PlsrGih AR s upaont g P RERR < are
experi enqesd].c ;kﬁaﬁmw les t3@Bdrenenaim ;ﬁ@teiiﬂﬁ @Mhtiilﬁﬁ}hhla{ tfnﬂﬁcd@rigcdnb fd2 6 ‘thd’l@eaaUCCﬁSSf ul
treatnent o p2-1- mce. using a_novyel,_ sol uble reconmhi nant protein that

i ncl udes hunﬁﬂszqngw@ﬁwﬁgﬁeg\ﬁcﬂ% Syrace Ihfemblﬁwésﬁgwag%mtsa%l s HEboq ac it
car boxy-t er maadshetfict ha€ EoSioahd hél€rozyfgbAGTE Atorhfmbn oéREERR iWHPP WKBRIN 9G 1.
These exanples are intended to illustrate the invention, not limt it.

Exanpl e 1: .Ext’pfr‘é%‘épléﬁxﬁﬁﬁlvﬁVéﬂ%EF?%ﬂe‘Sﬁ’e@WeP@e%A‘ESPIVFG mpthigalisgass- gener at ed
by PCR anplificat ipaiyrdst innehFhan fdhRr HPPHai e edgtthlly e xpRaee i Nto the
pSV(Hygronycin) expression vector (Selexis Inc.). KI"S cells grown in
Power GHEZD CIoisciNALE oilbaijoe €l b o Ariznal mpddh oBRA Lkrgl UmiaerphReoqEonsent )
were transfeg <\ =1l rq - P- I ] 1 he

manuf act ur er Séﬁg?%ﬁt’%?ﬁ%k%ﬂr‘* 3’?@1 &éﬁ?g%g(g%{gﬁ@ tnggﬁ%lgéﬁg%%e??ﬁa%%di a was
repl aced wi t hurdadielp calgnanhically 2@@regurickktslayahoong ddys oBagel andi dig begeeen. 10

& :B: : : E g W‘fisdagfrsD -MD sru?grira}g gevg%%i(&et\a’ﬁlsypcgnqggr%ﬁzea%og 45 éf)is%geshoqléﬁgea ax%‘| ce

epileptic seizures attributable to disturbances in PLP (vitamin Bs) metabolism.

25 Both PP; and PLP are confirmed natural substrates of TNALP, and some
TNALP active site mutations have been shown to have different effects on the ability
of the enzyme to metabolize PP; and PLP. Abnormalities in PLP metabolism explain
the epileptic seizures observed in Akp2”" mice, while abnormalities in PP; metabolism
explain the skeletal phenotype in this mouse model of HPP.

30
Formulation

Formulation will depend on the route of administration, as well as on other

therapeutic goals. The nucleic acids and polypeptides of the invention can be
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attained 90% culture was screened for high expression clones using

Cl onepi x FL technol ogy platform (Genetix Inc.) using a FI TC coupl ed

ant i - SALRvaenviibcass Best clones were anplified and sel eetedA2mif8e2se! |

pl ates using SALP enzymatic assay on culture supernatant. Sel ected cl ones
were anplified and grown in 25L WAVE 15bi oreactor. At the end of the
culture, the concentration of sALP-Fc in the spent rredi umwas 135 ng/L as
assessed by J d bel ow 10%
WAVE not i on \%ah@m?feég‘gﬁ%@gb‘gf F]gév‘\;bnclhtt%{e ar%/\QE elydt ﬁtgjfgolug bap B AFAR S nas

har vest ed by 1rflJﬁcmon)anntnanertomlnu:gddlybnﬂshllMﬂtﬂanmScaxlaﬂymmmgdally iigestieyaland 0. 221L

sterile filter. ts nin After .10-fo ncent.rati.qn .and .di al ysi s of
20 the medi a%lr i %%émfl lfl)ycgé )g%fseixﬁ[ap]tea‘w&g’ﬁ?fcf%fcaff:‘iOBWOT“f‘?’{S Ozgia}edﬂvepﬂ?rbugh Kvi ck
Lab SCU unit céJGie inlelad ﬁ)hﬁafehqtﬂdﬂ sleaon;Ldﬁspéﬁs)qn pilddapsudg sabll@geRdp,on a Mab

Sel ect Sure COW@ tlh at rewﬁlﬁsﬁ,\,ﬁg UI|,Ib ated with EQ buffer (50 mM
NaPO4, 100 moPREE18e “?‘e%t)“ COTRY St HIRIZ L EARET 2PIok 08 PBYIQS9MSres of EQ
buffer, 5.5 vol unfssoffe Wbshitebtdlof g 1&@&1Wh¥kbﬁp@1ﬁom§o§ﬂ1&4d\@% chii 8.0),

and 3.5 vol unes of ,Wash3 buffer (50 25 mM Tris-Cl, pH 8.0). sALPFc was then
el uted in 10 o afministeresy supsyignegys! BbLﬁuP@FaI(esvf %ﬁlmlqrﬁtraéwms adyagtageows) . El ut ed

protein was fecdubtar isRélhativelytbnORvaBHtE Yhd W@@Jsﬁ?&e ﬁl%lnﬁﬁ%kfﬁéﬁé"ﬁ'oﬁfé? fol I ow ng
procedure: Protein was first mxed with an equal volune of 2X equilibration

buf fer (eq) (adabiaw ql@pwrelglosmwpms’ﬁﬂmlwefam@ddpq4ymc9)y5mh@rthen | oaded
on the C%U”@m\émrg@%“@ﬁlmﬁ%@‘%%y LML 2 Brat 64 4 eeﬂe{g%gggf o1 X 30

equi | i bration buf After wdshing in 5 vol unes o q '3 vol unes
of wash2 buf flé&m{.208 mil4 HEpds,1.50nBS . AmmhohD unh, §U01 hlatGes mpH).7 nB), 0.1pnit ei n was

eluted in 5 R ni um sul f at e,
pH 7.4). Pur:()ﬁlsggg (ﬁ\LrE’FIQ%'ln%el?lLﬂqgﬁ{nﬁﬁ%@Hce {\l&"% cfor Sugcugé n%{’%/ns)ed agai nst
phosphat e bufaﬂmmls(traﬁorrqummfﬁcj@ﬂy mghl‘daﬁb:bntrqlidn?)f th)e compowitiad@o be Da cut of f

Vi vaspin unit Sar 2). The overal d.of the purification
b boedur e adiBuRered S P ED s koG Ry iante Sr Subualtds *S) or o' ruby

st ai ned 4512%11513&115’19;@% [(dolyprptideg @hich agdiegale a’ihtﬁh&bﬁ@n@aﬁbhﬂsm leik Habi C.
Purified SALP_FC&& arations re stored a%é nd .remai @alefor
several nont KD ﬁ%cemﬁwt% e gl cam o s 2 el

generat ed frQphceMkdtiohs t6HeRGitdhRPR} SubditaRdhd ﬁﬁllﬁi&ﬁfti@h' OWSicalSARP- 10 Fc was
first dialyzed against Digestion buffer (20 mM sodi um phosphate, pH 7.0)

usi ng Vi vaspicAmpesitiogs o&he {nyentipy C@‘SQ@@E}‘““&@IP@S@@EF"%“%IPCWCHLG8alnd added to
Eppendor f t UBGSHAtn®IMH MbmSle, &, %lé’@veeﬁ T'()Bgfni R 3-005&%L!‘20919§/595a% d( Si gna
P4406) was resuspended IR Wash mM sodi um phosphate, 1 nM EDTA,
pH 6.9) a0 252¢mefmL.i49 mg/mLrand Z%mmrrg[e § me/mkrend bY0 mEmbFAQ mg/mixandof

papai n- agar o y@a] i phﬁ”?ﬁﬁ fuged for 5 mn
at 1000 g ana80 ed%\%ﬁ%@%gﬁ m%%%mgm on bu eptﬁglefter anot her
spin down, thebctueactsxsmmlsnemmpended in Digestion buffer and adjusted to
the sanme total vo [ e ALPF a ed by

addi ng 10 mv OTT £3 fahyaminishios s R B B RIS RGP o

papai n- agar oman\ﬁ\sltﬁ ﬁ&maa&nmillgh&bmamddmbwms eahb hs Eipgien agnfs, fidas,ai ni ng 20
SALPFc |ch at C and cubat ed for hour t 37C with
I d ar e ST Sttt PhadRb bl SRYBORlsRy bk DR (G

Heal t hcar e 1Ekno®d3h®dr). @qdidfpkapwatlbﬁsqughal\wﬁmﬁahhe@b@dake@é forasf,fomsed with

3 vol unes of Di estlon buf fer and thi.s vol une was th the
f 1 ow- t hr ough SXaRie.Selupens: HFURRQ SPHSRSIYL BLIhSY eAf herpm@%faﬁ %v Pieeti cati on on

H trap prot eifgk oBndviRionVi@GhIineWRthePsuitabib THuill GEhile 8bRGRE Cdhpddiids 9)
connected to an AKTAfplc system Briefly, colum was e U|I|brated with 10
vol umes of bef fhéﬁnVAnwwowwmlmﬁtf%'ﬁegbﬁawon@mhﬁwqqa callypqeqptable  and
protein wgs |e9|@139i'é'ﬁ’ts @ﬁch]as Eﬂs Hdhela@Entél eélultsﬁ?llng C&Qén%”ﬂon-m@o&lv@%kbr ough

cont ai ning sALP was col ed 1'none fraction: | um was then washed (1
m./mn) wth pm;wrfvetrvesx bufft:r qalt@@evqmgm;nsam@éws@@rungwwnﬁs@s pRpsQtiale. This 30
wash was col I IUTP(S} thﬁ‘xﬁ&k E4HBR sWRshIY RGHuINRS REHv@lonfroffed ™/ M N
wi th at Ieast ubrr?l vo unmes to % a BS‘(,‘\%&))IMJ\%/I Tlrllwg Cléjv 9" Oﬁ)s, and
eluted in bufrqilgqse Q;f the active ingredients.
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(50 MM Tris-Cl, pH 11.0) until 280 nm absorbance returned to baseli ne.

Fl owt hrough and buffer A wash fractions were pooled and di al yzed agai nst
st or age bwbfer1/13¢@% nM sodi um phosphate, 150 mM NaCl, pHECT/CA20u500358
Vivaspin units (Sartorius VS2022). Protein concentration was determ ned
using 280 nmoptical density assay, and efficiency of digestion and yield
wer e determ ned usi ng SDS- PAGE anal ysis, SEC-HPLC, and sALP enzymat e

activity assay. 5E§%&ﬁ3@$a@m s : e %{J{Wﬁgﬁeﬁ!gﬁ b1 ?s%q”ltl¥e rgqegt mve }" rgsAj_éLZ;.]gC

I n vivo pharmacokinetic ( | es were per
SALP- Fc, whi d¥iolaeged ca@mtrthbtﬂeers@unglmmlémgasmsﬂyld(ummlsm 1stﬂhnmﬂ<ﬁ}neousl y (SO

2 singl o 1V or s SRl Bl 8 Mool VERRRLOGR S D oMo SRRl ot

a single IV or SC dose as descri
design of an phthalatwBud?lafgité"t"tadq'hyﬂrowptdayandhﬁédllaidée phthalate CEPIACPYLan2. G oup

Descri pt ' %n %gcie n enten(l: ccga%gsgc}f pﬁ ace ?:{)191})0%1&)?1'5 gp‘tlhg prléks)ént l\r@!ar?tl%n.
Cellulose acetate phthalate concentrations generally used are 0.5-9.0% of the core
weight. The addition of plasticizers improves the water resistance of this coating
material, and formulations using such plasticizers are more effective than when
cellulose acetate phthalate is used alone. Cellulose acetate phthalate is compatible

10 with many plasticizers, including acetylated monoglyceride; butyl phthalybutyl
glycolate; dibutyl tartrate; diethyl phthalate; dimethyl phthalate; ethyl phthalylethyl
glycolate; glycerin; propylene glycol; triacetin; triacetin citrate; and tripropionin. It is
also used in combination with other coating agents such as ethyl cellulose, in drug
controlled-release preparations.

15 The compounds of the invention may be administered in combination with
pharmaceutically acceptable, sterile, aqueous or non-aqueous solvents, suspensions or
emulsions. Examples of nonaqueous solvents are propylene glycol, polyethylene
glycol, vegetable oil, fish oil, and injectable organic esters. Aqueous carriers include
water, water-alcohol solutions, emulsions or suspensions, including saline and

20  buffered medical parenteral vehicles including sodium chloride solution, Ringer's
dextrose solution, dextrose plus sodium chloride solution, Ringer's solution containing
lactose, or fixed oils. Intravenous vehicles may include fluid and nutrient
replenishers, electrolyte replenishers, such as those based upon Ringer's dextrose, and
the like.

25 In some embodiments, the pharmaceutical compositions of the present
invention can be delivered in a controlled release system. In some embodiments,
polymeric materials including polylactic acid, polyorthoesters, cross- linked
amphipathic block copolymers and hydrogels, polyhydroxy butyric acid and
polydihydropyrans can be used (see also Smolen and Ball, Controlled Drug

30  Bioavailability, Drug product design and performance, 1984, John Wiley & Sons;
Ranade and Hollinger, Drug Delivery Systems, pharmacology and toxicology series,
2003, 2™ edition, CRRC Press). In another embodiments, a pump may be used
(Saudek et al., 1989, N. Engl. J. Med. 321 : 574).
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1 sALP IV 10000 0.5, 4 and 26 hr post dose 101, 102, 103 1, 8 and 32 hr
post dose 104, 105, 106 2, 12 and 49 hr post dose 107, 108, 109
WO 2011/134084 PCT/CA2011/050258

The compositions of the invention could be formulated in the form of a
lyophilized powder using appropriate excipient solutions (e.g., sucrose) as diluents.
Furthermore, cells (e.g., osteoblasts) can be isolated from an individual having
a matrix mineralization disorder, transformed with a nucleic acid of the invention, and
5 reintroduced to the afflicted individual (e.g., subcutaneous or intravenous injection).
Alternatively, the nucleic acid can be administered directly to the afflicted individual,
for example, by injection. The nucleic acid can also be delivered through a vehicle
such as a liposome, which can be designed to be targeted to a specific cell type, and
engineered to be administered through different routes.
10 The compositions of the present invention may also be used in combination
with at least one other active ingredient to correct a bone mineralization defect or
another detrimental symptom of HPP. For example, it may also be used in

combination with at least one other active ingredient to correct a cementum defect.

15  Gene therapy
The fusion proteins of the present invention could also be advantageously

delivered through gene therapy, where an exogenous nucleic acid encoding the
proteins is delivered to tissues of interest and expressed in vivo. Gene therapy
methods are discussed, e.g., in Verme et al. (Nature 389:239-242, 1997) and

20 Yamamoto et al. (Molecular Therapy 17:S67-S68, 2009), which are hereby
incorporated by reference. Both viral and non-viral vector systems can be used. The
vectors may be, for example, plasmids, artificial chromosomes (e.g., bacterial,
mammalian, or yeast artificial chromosomes), virus or phage vectors provided with an
origin of replication, and optionally, a promoter for the expression of the nucleic acid

25  encoding the viral polypeptide and optionally, a regulator of the promoter. The
vectors may contain one or more selectable marker genes, for example, an ampicillin
or kanamycin resistance gene in the case of a bacterial plasmid or a restistance gene
for a fungal vector. Vectors may be used in in vitro, for example, for the production
of DNA, RNA, or the viral polypeptide, or may be used to transfect or transform a

30  host cell, for example, a mammalian host cell, e.g., for the production of the viral
polypeptide encoded by the vector. The vectors may also be adapted to be used in

vivo, for example, in a method of vaccination or gene therapy.
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21 and 45 hr post dose 110, 111, 112 2 sALP SC 10000 4, 6 and 26 hr
dose 201, 202, 203 1, 8 and 32 hr post dose 204, 205, 206 2,
49 hr posSWOQOEIZ134084 PCT/CA2011/050258

10

15

20

25

30

Examples of suitable viral vectors include, retroviral, lentiviral, adenoviral,
adeno-associated viral, herpes viral, including herpes simplex viral, alpha-viral, pox
viral, such as Canarypox and vaccinia-viral based systems. Gene transfer techniques
using these viruses are known in the art. Retrovirus vectors, for example, may be
used to stably integrate the nucleic acids of the invention into the host genome.
Replication-defective adenovirus vectors by contrast remain episomal and therefore
allow transient expression. Vectors capable of driving expression in insect cells (e.g.,
baculovirus vectors), in human cells, yeast, or in bacteria may be employed in order to
produce quantities of the viral polypeptide(s) encoded by the nucleic acids of the
invention, for example, for use in subunit vaccines or in immunoassays. Useful gene
therapy methods include those described in WO 06/060641, US 7,179,903 and WO
01/36620 (each of which is hereby incorporated by reference), which use an
adenovirus vector to target a nucleic acid of interest to hepatocytes as protein
producing cells.

In an additional example, a replication-deficient simian adenovirus vector may
be used as a live vector. These viruses contain an E1 deletion and can be grown on
cell lines that are transformed with an E1 gene. Examples of these replication-
deficient simian adenovirus vectors are described in U.S. Patent No. 6,083,716 and
WO 03/046124 (each of which is hereby incorporated by reference). These vectors
can be manipulated to insert a nucleic acid of the invention, such that the encoded
viral polypeptide(s) may be expressed.

Promoters and other expression regulatory signals may be selected to be
compatible with the host cell for which expression is designed. For example,
mammalian promoters include the metallothionein promoter, which can be induced in
response to heavy metals such as cadmium, and the B-actin promoter. Viral
promoters, such as the SV40 large T antigen promoter, human cytomegalovirus
(CMV) immediate early (1E) promoter, rous sarcoma virus LTR promoter, adenovirus
promoter, or a HPV promoter, particularly the HPV upstream regulatory region
(URR) may also be used. All these promoters, as well as additional promoters, are
well-described in the art.

The nucleic acid(s) of the invention may also be administered using non-viral
based systems. For example, these administration systems include microsphere

encapsulation, poly(lactide-co-glycolide), nanoparticle, and liposome-based systems.
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207, 208, 209 21 and 45 hr post dose 210, 211, 212 3 sALP-Fc IV 2000
0.5, 26 and 96 hr post dose 101, 102, 103 rl, 8and49hr post dose 104, 105,
106 WO 2011/134084 PCT/CA2011/050258

Non-viral based systems also include techniques facilitating the delivery of “naked”
polynucleotides (such as electroporation, “gene gun” delivery and various other
techniques used for the introduction of polynucleotides).
The introduced polynucleotide can be stably or transiently maintained in the
5 host cell. Stable maintenance typically requires that the introduced polynucleotide
either contains an origin of replication compatible with the host cell or integrates into
a replicon of the host cell such as an extrachromosomal replicon (e.g., a plasmid) or a

nuclear or mitochondrial chromosome.

10 Dosage
Any amount of a pharmaceutical composition of the invention can be
administered to a subject. The dosages will depend on many factors including the
mode of administration and the age of the subject. Typically, the amount the
composition of the invention contained within a single dose will be an amount that is

15  effective to treat a mineral mineralization disorder without inducing significant
toxicity. For subcutaneous administration, the polypeptides of the invention can be
administered to subjects in individual doses ranging from 0.01 mg/kg to 100 mg/kg
(e.g., from 0.1 mg/kg to 50 mg/kg, 0.5 mg/kg to 25 mg/kg, 1.0 mg/kg to 10 mg/kg,
1.5 mg/kg to 5 mg/kg, or 2.0 mg/kg to 3.0 mg/kg). The doses can be administered

20  hourly, bihourly, daily, bidaily, twice a week, three times a week, four times a week,
five times a week, six times a week, weekly, biweekly, monthly, bimonthly, or yearly.
The amount and frequency of dosage will be adapted by the clinician in accordance
with conventional factors such as the extent of the disease and different parameters
from the subject.

25 The nucleic acids of the invention can be administered according the
formulations described herein to a patient in dosages suitable for gene therapy. The
amount of the nucleic acids administered will depend on a number of factors known
to those skilled in the art, including: the length and nature of the nucleic acid, the
vector (e.g., viral or non-viral) used, the activity of the polypeptide encoded, the

30  presence of excipients, the route and method of administration, and the general
condition and fitness of the subject. Exemplary dosages and routes of administration
are described, e.g., in Melman et al. (Isr. Med. Assoc. J. 9:143-146, 2007, describing

the intrapenile injection of 0.5 mg to 7.5 mg of a human cDNA in a plasmid for
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3,12 and 32 hr post dose 107, 108, 109 21, 45 and 72 hr post dose 110,
111, 112 4 sALP-Fc SC 2000 6, 26 and 96 hr post dose 201, 202, 203
WO 2011/134084 PCT/CA2011/050258

treating erectile dysfunction), Powell et al. (Circulation 118:58-65, 2008; describing
the intramuscular injection of 0.4 mg to 4.0 mg of a hepatocyte growth factor plasmid
to treat critical limb ischemia, Waddill et al. (4JR Am. J. Roentgenol. 169:63-67,
1997; describing the CT-guided intratumoral injection of 0.01 mg to 0.25 mg of

5  plasmid DNA encoding an MHC antigen to treat melanoma), Kastrup et al. (J. 4m.
Coll. Cardiol. 45:982-988, 2005; describing the intramyocardial injection of 0.5 mg
of a VEGF plasmid to treat severe angina pectoris), Romero et al. (Hum. Gene. Ther.
15:1065-1076, 2004; describing the intramuscular injection of 0.2 mg to 0.6 mg of a
plasmid to treat Duchenne/Becker muscular dystrophy), each of which is hereby

10 incorporated by reference.

In certain embodiments, the nucleic acids of the invention can be administered
to the subject at a dose in the range from, e.g., 0.01 mg to 100 mg (e.g., from 0.05 mg
to 50 mg, 0.1 mg to 10 mg, 0.3 mg to 3 mg, or about 1 mg) of nucleic acid. The total
volume at which the nucleic acid can be administered will depend on its

15 concentration, and can range from, e.g., 1 pL to 10 mL (e.g. from 10 pL to 1 mL, 50
uL to 500 pL, 70 pL to 200 uL, 90 uL to 150 pL, or 100 pL to 120 ul). The nucleic
acids can be administered in single or multiple doses (e.g., hourly, bihourly, daily,
bidaily, twice a week, three time per week, four times a week, five times a week, six
times a week, weekly, biweekly, monthly, bimonthly, or yearly).

20 These are guidelines, since the actual dose should be carefully selected and
titrated by an attending physician or nutritionist based upon clinical factors unique to
each subject. The optimal daily dose will be determined by methods known in the art
and will be influenced by factors such as the age of the subject, as indicated above,
and other clinically relevant factors. In addition, subjects may be taking medications

25  for other diseases or conditions. The other medications may be continued during the
time that a polypeptide or nucleic acid of the invention is given to the subject, but it is
advisable in such cases to begin with low doses to determine if adverse side effects &

are experienced.

Examples

30 The examples provided below describe the successful treatment of Akp2™
mice using a novel, soluble recombinant protein that includes human tissue-

nonspecific alkaline phosphatase that is fused at its carboxy-terminus to a crystalline
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1, 8 and 49 hr post dose 204, 205, 206 3, 12 and 32 hr post dose 207,

208, 209

21,45 and 72 hr post dose 210, 211, 212 Adm ni stration of

test artiwbeodosesiior mul ati on Dose admi ni strations wer epperdazomadoiset ween
7: 00am and 10: 30am Each nouse was injected with test article

subcut aneously into the scapular region or immobilized in a rodent
restrainer and injected with the test article as an intravenous

10

15

20

25

30

fragment (Fc) region of human 1gG-1. These examples are intended to illustrate the

invention, not limit it.

Example 1: Expression and production of sALP-Fc

SALP-Fc ¢cDNA was generated by PCR amplification from pIRES-sALP-
FcD10 plasmid, and cloned into the pSV(Hygromycin) expression vector (Selexis
Inc.). CHO-KI1S cells grown in Power CHO2 CD media (Lonza) supplemented with
4 mM L-glutamine (Wisent) were transfected with Pvul-linearized pSV-sALP-Fc
plasmid using the manufacturer’s protocol. Forty-eight hours after transfection,
media was replaced with media containing 200 ug/mL hygromycin B (Invitrogen).
Viability was monitored and media was replaced every 96 hours. Once viability
attained 90%, culture was screened for high expression clones using Clonepix FL
technology platform (Genetix Inc.) using a FITC-coupled anti-sALP antibody. Best
clones were amplified and selected in 96-well plates using SALP enzymatic assay on
culture supernatant. Selected clones were amplified and grown in 251 WAVE
bioreactor. At the end of the culture, the concentration of sALP-Fc¢ in the spent
medium was 135 mg/L as assessed by TNSALP enzymatic activity. When viability
dropped below 10%, WAVE motion was stopped to allow cells to settle, and
supernatant was harvested by filtration through both Millistak+ Pod (Millipore) and
0.22 um 1L sterile filter units (Corning). Afier 10-fold concentration and dialysis of
the media in PBS to 2.5 L using tangential flow filtration through Kvick Lab SCU
unit (GE Healthcare, 30 kDa cutoff), media was loaded on a Mab Select Sure column
that was previously equilibrated with EQ buffer (50 mM NaPO,, 100 mM NaCl, pH
7.5). Column was then washed with 3.5 volumes of EQ buffer, 5.5 volumes of Wash2
buffer (50 mM Tris-Cl, 1.5 M NaCl, pH 8.0), and 3.5 volumes of Wash3 buffer (50
mM Tris-Cl, pH 8.0). sALPFc was then eluted in 10 volumes of Elution buffer (50
mM Tris-Cl, pH 11.0). Eluted protein was further purified on Butyl-sepharose
column using the following procedure: Protein was first mixed with an equal volume
of 2X equilibration buffer (eq) (40 mM Hepes, 2.5 M ammonium sulfate, pH 7.5), and
then loaded on the column which was previously equilibrated in 6 volumes of 1X
equilibration buffer. After washing in 5 volumes of eq buffer and 3 volumes of wash2
buffer (20 mM Hepes, 0.95 ammonium sulfate, pH 7.5), protein was eluted in 5
volumes of elution buffer (25 mM NaPO,, 0.5 M ammonium sulfate, pH 7.4). Purified
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5 bolus via the caudal vein. The dose volunme was set at 3.33-4.0 nL/kg. The
animal s recei ved only one dose before schedul ed bl ood col |l ection and

sacri fi cavolndinskual body wei ghts were assessed bef or e pethdol 1@dorsest
article injection and the volune of test article adm nistered was based on
this body weight determ nation. 10 Bl ood sanpling and conditioning

Bl ood sanples (0.1 to 0.12 nL) were collected via a jugular vein under

i sof l urane angg t.he | ast .ti poi nt,
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snap-froz i.d nitro unt i alysis. Tes
article co%ceﬁ‘f:) ﬁ?cliu%ﬁ fixﬁlu§18’?ﬁ?f*‘goglﬁ%}?ﬁisé’g@néfeprﬁﬁmfgﬁﬂﬁwgﬁdt PAEe in serum
sanpl es was asrlesBsided bl POsFERL memheOf treatnent using a colorinetric

enzymati c assay. Enzymatic activity was determ ned using a chronogenic
substrate where increase of absorbance is proportional to substrate

conver si on toEﬂ{”@gngtpapaﬁJ@me,p ?g‘gerwggAgpo j.tL. First, 20 uL of standard
or 20 uL of PK serum sanple was a bl ank was prepared in 25 duplicate

al so. The reacti ort/hEvasgenaratel wem sphP-F8Osing parhaingligdston 4sXollovd: mbP-Tr is
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absor bance wa ev seconds ov m nut es
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fitting the steepe ope,.ove s on th
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of ZALP OE)S Zﬁd;aﬁ}sﬁﬁemwconrcemameedermdgédrmr Sty BT ?cdbwashléd/wmm deter mf neﬂ
as descri be ove urve was, generate plotting Log of the
initial speed’4Hte Oébﬁsﬁ“ﬂﬂ&’gﬁa af“i’fBerLSB’g dopny %b"safiéWElﬁrrEF“&?f&%?di Pies. The
standard cur vpjge@on bage she a&]uaéd tB)fheeﬁﬁl@ t@ISAYunkell prpardl FADPFES AlaBaifr C
concentration i n UL of PK serum sanples was determ ned by the conversion

of their respwetthenactmaisd byaddingd0mM Dietobgye a fingl gerepeation of Q- haMipunt  of
SALP or sALP-{mp FLh&}{pang-EQJI&%%S theh 'nﬂHl'edl%lypadQécf tb@ @b}%rﬂﬁ%@ﬁ@fn@h go
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column was equilibrated with 10 volumes of buffer A (10 mM sodium phosphate, 150

mM NaCl, pH 7.4), and protein was loaded at | mL/min for a 5 mL column. The
flow-through containing sALP was collected in one fraction. Column was then
washed (1 mL/min) with buffer A until 280 nm absorbance returned to baseline. This

30  wash was collected in one fraction. Column was then washed at 1.5 mL/min with at
least 3 column volumes of buffer B (50 mM Tris-Cl, pH 8.0), and eluted in buffer C
(50 mM Tris-Cl, pH 11.0) until 280 nm absorbance returned to baseline. Flow-

through and buffer A wash fractions were pooled and dialyzed against storage buffer
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area under the curve fromtinme zero to infinity (AUC. ) calcul ated as

AUC ast +Cl astaz (where = slope of the term nal phase of the serum

concent r avoQ@n1 1viS4(asi4 me cur ve) ; maxi mum observed ®emmcOceEssrati on
(Cm), tinme of maxi mum serum 25concentration (T"); the term nal
elimnation half-life (Ty" calculated as 0.693./A"); system c clearance
after intravenous admnistration (CL) and subcut aneous adm ni stration

(CL_F) was c | \ (F9
betToen rout o2 HESEnd BroBRgk. Akt et PTRO R VB E Rt ok
(sc)/ Dose( sc)YSIOZMxot@ihw):ﬁdamsz&{ohWa]; deterirﬁﬁ)ad usigi28@ hmtaptiesd dewsitgasssed i n t he
cal cul ations a re.set t| v to st Nom nal doses
wer e used for“@ﬁ§°begf%ﬁgﬁsaww ‘é’ﬁrﬁ B ‘ﬁé‘ﬁqgﬁibﬁg“mﬁ‘ﬂ% nean ( SD)
concent r at i OrSRU-HPLCandAS Rreumriaic hawitg@ssay.ngl e dose |V and SC

adm ni stration of sALP and sALP-Fc are shown in Figures 7(a) and 7(b),
respectiveﬁ y. The cal cul ated PK paraneters are shown in Tables 2(a) and

2(b). Tabl e Z@xamphas: WHePkiddRMkEc DALY IIP BHd sahbRcand SALP-Fc in serum
(single dose IV adm nistration. PK Paraneters (NCA) Units sSALP sALP-Fc Dose

W kg 10000 In vivo pharmacokinetic (PK) studies were performed on purified SALP and

sALP-Fc, which were administered intravenously (IV) and subcutaneously (SC) to 5-
10 6 week old C57BL/6 male mice.

Experimental design

Animals received a single IV or SC dose as described in Table 1.

15
Table 1: Experimental design of an in vivo PK study of sALP and SALP-Fc in mice
Grou Grou Dose Level . . Animals No.
No.p Descripgon Ukg) PK Time points Males

0.5, 4 and 26 hr post dose | 101, 102, 103

1 SALP 10000 1, 8 and 32 hr post dose 104, 105, 106

v 2,12 and 49 hr post dose | 107, 108, 109

21 and 45 hr post dose 110,111, 112

4, 6 and 26 hr post dose 201, 202, 203

9 SALP 10000 1, 8 and 32 hr post dose 204, 205, 206

SC 2, 12 and 49 hr post dose | 207, 208, 209

21 and 45 hr post dose 210,211,212

0.5, 26 and 96 hr post 101, 102, 103

. dose
3 SALP-Fe 1 5000 1,8 and 49 br postdose | 104, 105, 106

v 3, 12 and 32 hr post dose | 107, 108, 109

21, 45 and 72 hr post dose | 110, 111,112

6, 26 and 96 hr post dose | 201, 202, 203

4 sALP-Fc 2000 1, 8 and 49 hr post dose 204, 205, 206

SC 3, 12 and 32 hr post dose | 207, 208, 209
21, 45 and 72 hr post dose | 210, 211, 212
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2000 C. /Dose UL/Ukg 4.32 8.54 AUCOO/Do se U L* hr/Ukg 16.0 70.6 CL
L/ hr/kg 0.0627 0.0142 Half |ife hr 17.6 46.9 Table 2b: Pharnacokinetic
par anet erwoab11sBuB4and sALP-Fc in serum (singl e dose SCraurdAardatosetsson) .

Administration of test article dose formulation
Dose administrations were performed between 7:00am and 10:30am. Each
mouse was injected with test article subcutaneously into the scapular region or
immobilized in a rodent restrainer and injected with the test article as an intravenous
5  bolus via the caudal vein. The dose volume was set at 3.33-4.0 mL/kg. The animals
received only one dose before scheduled blood collection and sacrifice. Individual
body weights were assessed before scheduled test article injection and the volume of

test article administered was based on this body weight determination.

10 Blood sampling and conditioning
Blood samples (0.1 to 0.12 mL) were collected via a jugular vein under
isoflurane anesthesia at different time points. At the last time point, blood samples
were collected by cardiac puncture under isoflurane anesthesia. Blood samples were
collected into Microvette 200Z/gel tube (Sarstedt, serum/gel clotting activator,
15 #20.1291), incubated at room temperature for 30 to 60 min and centrifuged at 10 000g
for 5 min at 2-8°C. Serum was transferred into a fresh 0.5mL tube (Sarstedt,

#72.699), snap-frozen in liquid nitrogen and stored at -80°C until analysis.

Test article concentration in serum

20 The presence of SALP and sALP-Fc in serum samples was assessed upon
completion of treatment using a colorimetric enzymatic assay. Enzymatic activity
was determined using a chromogenic substrate where increase of absorbance is
proportional to substrate conversion to products. Final volume was 200 pL. First, 20
uL of standard or 20 pL of PK serum sample was added. A blank was prepared in

25  duplicate also. The reaction was carried out in 180 pL of buffer (20 mM Bis Tris
Propane (HC1) pH 9.0, 50 mM NaCl, 0.5 mM MgCl; and 50 uM ZnCl,) containing
1mM of substrate (pNPP: para-nitrophenyl phosphate disodium hexahydrate). The
latter was added last to initiate the reaction. The absorbance was recorded at 405 nm
every 30 seconds over a twenty minutes period on a spectrophotometric plate reader

30  (Molecular Devices). Enzymatic activity expressed as an initial speed rate was
assessed by fitting the steepest slope over 20 adjacent readings on the

spectrophotometric plate reader.
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PK Paraneters (NCA) Units sSALP sALP-Fc Dose U kg 10000 2000 C./ Dose
U L/ U kg 0.0514 0.413 AUCco/ Dose U L*hr/U kg 0.483 26.2 CL _F L/hr/kg 2.07
0. 0382 WO 2011/134084 PCT/CA2011/050258

Standards of known concentrations of SALP or SALP-Fc were prepared and
the enzymatic activity was determined as described above. The standard curve was
generated by plotting Log of the initial speed rate as a function of the Log of the
standard quantities. The standard curve was used to qualify each assay run.

5 SALP or sALP-Fc concentration in U/L of PK serum samples was determined
by the conversion of their respective Vmax into units. One unit is defined as the
amount of SALP or sALP-Fc that hydrolyzes 1 umol of p-nitrophenylphosphate to p-
nitrophenol in 1 minute at 37°C. Due to the presence of endogenous forms of SALP
or sALP-Fc in serum, the measured concentrations were corrected for the baseline

10 value measured in spare animals.

Non compartmental pharmacokinetic analysis
A non-compartmental analysis (NCA) was used to calculate the
pharmacokinetic parameters of testing compound. All measured serum
15  concentrations of testing compound versus time profile were processed using
WinNonlin™ Enterprise Edition version 5.2.1. NCA Model 200 was selected for SC
input or Model 201 for [V-Bolus input using sparse sampling analysis module for

both model.

20 The following non-compartmental PK parameters were calculated:
¢ area under the curve from time zero to infinity (AUC,) calculated as
AUC35r+Crast/A, (where A, = slope of the terminal phase of the serum
concentration vs time curve);
e maximum observed serum concentration (Cpax), time of maximum serum
25 concentration (Tmax);
e the terminal elimination half-life (T, calculated as 0.693/),);
e systemic clearance after intravenous administration (CL) and subcutaneous
administration (CL_F) was calculated as Dose/AUC,;
Absolute bioavailability (F%) between routes was calculated using the following
30 formula:
[AUC (sc)/Dose(sc)]/[ AUC,, (iv)/Dose(iv)] x 100.
Nominal times were used in the calculations and times were set relative to start of

dosing. Nominal doses were used for the calculation of CL and CL_F.
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Half |ife hr 24.5 43.7 Bioavailability %3.02 37.1 Concl usions From
the data, it can be seen that fusion of the IgGlL Fc domain to sALP

i ncreaseswots118G4@sito0avai l ability by a factor of nore thaoTiOzendsiaser eases
its system c exposure follow ng SC adm nistration by a factor of nore than
50. 20 Exanple 4: Evaluation in Akp2"/" Mce of the Relationship between
Dose and Response after 43 Days of Bol us Subcutaneous Injections of sSALP-Fc
CGeneration ofpdkp2"/" knockout mice The Akp2-1- knockout mice, a nouse
nodel of infantile HPP, was created by 5 insertion of the Neo cassette into
exon 6 of the noudde TNSAESD)somselitrdtion profilaintsenmi foliowiag siagle dbserTatandn,

functional ly ¢ A resulti.ng.in de abl e TNSALP
nRNA or prot e$@nf§&ﬁlh%e§€/‘£tg0?lé)tf?rgll‘ﬁlé‘gc}zsne?gcsmi%%%l&gﬁie/sg?a) a%‘%‘;@ 6 129J Akp2-1".
Phenot ypi cal | tgspedtivel- Trhe walcdated BE @hsanmiierd st shofarih Thigesd 2. anliDkg. t hese

patients, p24- m ce have gl obal deficiency of TNSALP activity,
extracellular 10 accunul ati on of the ALP substrates PPI, PLP, and

phosphoet hanclabhe 2aePanfddokineficppanitaabed AP HARALBHC idBerdt Qithgledosdefect in
m neralization of skeletal matrix I@@dﬁi%ﬁbﬁ),radi ographically and

and al 5o devel op ep TRgernaen8AS oD iinca AP d GAIG-BEdn postnatal
days 10-12. Pyri doxjpgesuppl enent atijon @fkigef |y $hRr essegodt heir sei zures
Cmax /Dose U/L/U/kg 4.32 8.54
AUC,/Dose U/L*hr/U/kg 16.0 70.6
CL L/hr/kg 0.0627 0.0142
Half life hr 17.6 B 46.9
10
Table 2b: Pharmacokinetic parameters of SALP and sALP-Fc in serum (single dose
SC administration).
PK Parameters (NCA) Units sALP SALP-Fc¢
Dose U/kg 10000 2000
Cmax/Dose U/L/U/kg 0.0514 0.413
AUC/Dose U/L*hr/U/kg | 0.483 26.2
CL_F L/hr/kg 2.07 0.0382
Half life hr 245 43.7
Bioavailability % 3.02 37.1
15
Conclusions
From the data, it can be seen that fusion of the IgG1 Fc domain to sALP
increases its SC bioavailability by a factor of more than 10 and increases its systemic
exposure following SC administration by a factor of more than 50.
20
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15and extends their lifespan, but only until postnatal days 18-22.
Therefore, all animals (breeders, nursing nothers and their pups, and

weanl i ngswoiznittBum4st udy were given free access to nodi PredA2albmsedser y
rodent diet 5001 containing increased |levels (325 ppm of pyridoxine. The
Akp2"1" honpbzygotous mce were identified at birth (Day 0) by PCR of tissue
20 bi opsies using specific prinmers to exon VI of the nnuse TNSALP gene:

GTCCGTGG&ATT@E%ETA% utfon's 5@%(%@% %ﬁp)he %eﬂng % 0s¢ rﬁC?I'CG (SEQ 1D

NO 19). Experi si gn mce were 4 treatnent
groups: G oufesponsasefter dB &ays @d@whlsﬂubanmousrlmattExzbs mf stAbLPvIéhl cle SC daily

(n=18); Go 2:1" mce treated with sALP-Fc at 1 ng,/kg SC
daily (n=17) L@engralgﬁ(c’fl‘)k@z% %O%Lﬁ?c%) Akp2-1- mice treated with sALP-Fc at

3 ng/ kg SC dai | y Jné H#[iﬂ)knocl{auommeéla duse Gadel e patartile PR EwislcgatedbyW t h

SALP- Fc at 6 d- ellttermates

of Akp2"1” m g(’?gﬁc@é’ C%?ffgtéer@w)c?é‘o%lﬁf’%f?ﬁ&??d%‘%ﬁ%%? et(‘ééggv'é i nj ections

(n=35). hohi) 5@6iis 106N BARAL @ FCHT i BhSIE SR v RAUNE L) 2GeDreachglih nf0am  and
ni/ kg body weight. The actual volunme given was

dose vol une \%s sgla 3
cal cul ated arff®s® IS@E&& %%@éd’TBFPtqlﬁeT}éFdlaF%/mB‘BWew Y248l ed prior to
injection. Vejisw} QQJrAkﬁZM—H’l%ﬁot@@al?%@?ﬂﬁﬂicmoéew xguﬁl@%lféﬁﬁ@ﬁbﬁfmk@g' on. Al

treat ments began on post nat al repeated daily for up to 43 days

or until the thesppatipn Sn@&ﬁ?oﬁ@ye ha’IVélglﬁbhléieﬁ?)‘?@déﬂGN§§L1?@N@‘GFY99’§5?CW&@Iper f or nmed
on Day 44y 24, beMiisioniok e AlEsubliiifds ppngPtanaﬁsh§sgﬁo& SEmaH( ﬁE{s.Z ﬁat appear

conpl eted the experinmental protocol soone 0ose ani ma
termnal |y i |postngtally mmlf?aﬂ@mn@dé%ﬁammmlbwm df skedetalmattiroleading wny under

i sof l urane a . LQ ST h ogy check,
with a pi ecenr ‘?B%a@ l%g?'gg@tngtgfo 0 ?%%bgg@%lr%et or%ﬁ@raﬁla&? gt gée The bone
sanpl es wer e shinted|geawtb dnd flsdayelion eﬂx@izﬁmmﬁuralanbulﬁlfee,rmd dfe(hetmdenn for 3 days

2 8C, d
Remor anati obtede iyt (O12 Big8Siet R R i ey Sres S sdiautai o °©

anal ysi s 15 and extends their lifespan, but only until postnatal days 18-22. Therefore, all animals
(breeders, nursing mothers and their pups, and weanlings) in this study were given
free access to modified laboratory rodent diet 5001 containing increased levels (325
ppm) of pyridoxine.
The Akp2™ homozygotous mice were identified at birth (Day 0) by PCR of tissue

20  biopsies using specific primers to exon VI of the mouse TNSALP gene:

GTCCGTGGGCATTGTGACTACCAC (SEQ ID NO: 18) and
TGCTGCTCCACTCACGTCG (SEQ ID NO: 19).

Experimental Design
25 Akp2'/ " mice were divided into 4 treatment groups:
e Group 1 (Vehicle): 4kp2™ mice treated with vehicle SC daily (n=18);
e Group 2 (Tx-1): Akp2™ mice treated with SALP-Fc at 1 mg/kg SC daily
(n=17);
e Group 3 (Tx-3): Akp2”" mice treated with SALP-Fc at 3 mg/kg SC daily
30 (n=19);
o Group 4 (Tx-6): Akp2™ mice treated with SALP-Fc at 6 mg/kg SC daily
(n=17);
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20Radi ographi c i mages were obtained with a Faxitron MX-20 D4 (Faxitron X-
ray Corporation, Wweeling, IL), using energy of 26 kV and an exposure tine
of 10 secwodsii/Befsects in bone mneralization were claseciicdoiwse2sbl i nded
fashion by a veterinarian radiologist. Aninmals were "Abnormal " if at |east
one bone structure (including secondary ossification centers) was absent.
25 Statistical analyses Al nunerical values are presented as nean val ues

st andard devi atjo Bl | s.preferred. for all

par anet er s becauserari r%% t%@@pﬁ%sealﬁntﬁ eﬁéss?logé@? Tﬁllecef%rﬁgiéfr{ﬁfefegge[ was used to
conpar e survival evimabsind @hiinos pueiveinfeestns\@s3530 used to conpare the

di stribution of n?r.m%.l and agnormal ween treatpents. An

njections w dr?dio r(f%phg P
Anova model was uldEPES RERIIPRIYHe briweeR$I0mpd ) IRy nd ey groups at
each day, and)vatshétlaaﬁ!.érnﬂgbg bmyavdig}ngllth:a&ctaﬂ vioheneaich nszfals'&:ﬁllﬁul&tEﬂJQbﬂ g (PD)
Dose- Respqnse  Anal ysi .The_fol |l owi ng conceptual  pharrnacodynanic (PD
model s were @%‘8‘69‘5@59“ the daily E%défd’ffé@t H’Sf‘%}r"'gé’nﬂég’d{*ﬂeﬂé’ni Yelslsios 3. Table 3:
Phar macod narga¢.Prdedssnjb@erist tid ihk s€hpsiar fegi%ﬁ.ol&ﬂ%em%ls bé%zﬁwé%lbtﬁﬂﬁ Li near
* npl e

Model E=EO+S*C Sinple E. Mdel E= (E O/ (C+ED50) Si . Model with Eo
E=EO0+ (E. - EO)Day(lm@qugé)djnly for up to 43 days or until the time of necropsy.

Terminal procedures

10 Necropsy was performed on Day 44, 24 hours after the final injection for those
animals that completed the experimental protocol or sooner for those animals that
appear terminally ill. All animals were euthanized by bilateral thoracotomy under
isoflurane anesthesia. The necropsy consisted of a gross pathology check, with a
piece of ear collected to reconfirm the 4kp2”" genotype. The bone samples were

15  cleaned, fixed in 10% neutral buffered formalin for 3 days at 2 to 8°C, and then
transferred to 70% ethanol for storage at 2 to 8°C. Femur and tibia lengths were

measured using a caliper.

Radiographic analysis

20 Radiographic images were obtained with a Faxitron MX-20 DC4 (Faxitron X-
ray Corporation, Wheeling, IL), using energy of 26 kV and an exposure time of 10
seconds. Defects in bone mineralization were classified in a blinded fashion by a
veterinarian radiologist. Animals were “Abnormal” if at least one bone structure
(including secondary ossification centers) was absent.

25
Statistical analyses

All numerical values are presented as mean values + standard deviation. Non-

parametric analysis was preferred for all parameters because of the small sample
sizes. The Log-Rank test was used to compare survival curves. Chi-square test was

30  used to compare the distribution of normal and abnormal radiographs between
treatments. An Anova model was used to compare the average body weights between

groups at each day, and the average bone lengths at the end of the study.
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Signoid Erna, Mbdel E=(E. * C1' )/ (C 7 +ED50 7) Signoid Ema, Model with Eo
E=EO0 + (Erna), -EO)*( C/ /( C7 ED50 7)) Weibull E=E * (1-exp(-(d
ED50) s) ) W0=20H/131d8@/ Cmax) s*exp(S*(1- C Crax)), when C< Cmax,cABor/0E0258when C
> Crnar, Makoid-Banakar E= effects, C= Dose, S= Slope, y= signoidicity
factor, Crmax = maxi mal dose, E. = maximal effects, EO= baseline effects at
C=0; ED50= dose that induced 50% of E. Akai ke Information (Al C and Schwarz
Bayesi an ( SB@ostidelSinbORFai)i5y € used 10 as a measure of goodness of fit to
sel ect the best nodel for each data set. Wen conparing several nodels for
a given data set, Thaéllewirg coasrpbwl pltagdacailyranti @Dy maldble stereAlsélt @ittt SBC was
sel ected duri 3 | SChi | pn process. The correl ation

coef ficient (({r}’g k?llzo(?gé\;?%%%ﬁddegcg?gé%ﬁ%ﬁﬁg of fit (VAF), absolute residual
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wei ght i ngSigg) Modeleach data set . THs EiniCDHRohmet ers were genel at ed

from sel [eimplé Brmdodelwithfo t he best weEghtt Faudb)te@iC+EDsPhar macodynanij ¢
(PD) analSgiheidWas Medel or med usi ng W nReHuiJiTO F(E e+BDide v5. 2. Tabl es| and
figures Migreoid&ngMedetiwit Eng M cr osof E=Ef (e, B¢ ¢€l )/( 2008EDay Si gnaPl ot
v9. 0. 1. |ANkibalhal yses were perfornmed UEi=nE,f t(l-exp(-CiEDHN)) Whenever
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Akaike Information (AIC) and Schwarz Bayesian (SBC) Criterions were used

10 as a measure of goodness of fit to select the best model for each data set. When
comparing several models for a given data set, the model associated with the smallest
AIC and SBC was selected during the model discrimination process. The correlation
coefficient (r*) and visual assessments of fit (VAF), absolute residual distribution,
coefficient of variation of PD parameters were also used for the model discrimination.

15 Once the appropriate model has been selected, the fit was re-run using
predefined weighting schemes (1/Y, 1/Yhat, 1/Y.Y and 1/Yhat. Yhat) in WinNonlin
5.2. The same criteria as those used to select the model were again utilized for
selecting the appropriate weighting scheme for each data set. The final PD
parameters were generated from selected model using the best weighting scheme.

20  Pharmacodynamic (PD) analysis was performed using WinNonlin™ Enterprise v5.2.
Tables and figures were generated using Microsoft Office (Excel) 2003, and
SigmaPlot v9.0.1.

All analyses were performed using full precision. Whenever possible,
individual data was reported to 3 significant figures. PD parameters and their 95%

25  confidence intervals were determined using WinNonlin 5.2.
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Resul ts The objective of the present study was to define the dose
response rel ationship between increasing anounts of sALP-Fc using bolus SC
i nj ecti onsoand/13hs4t her apeuti ¢ response after 43 days. BOGmN20i19050258 €
survival, body weight, bone length of the 5tibiae and fenora, and bone

m neralization defects of feet. Survival of mce representing each
treatnent group was significantly inproved when conpared to Vehicle
(p<0.0001) (FQike 8(a)). Differences were also statistically significant
when the survival curves of the treated groups were conpared (p<0.0001).
Medi an survival wdde dbectd® of mn@res&ltdmyﬁwawotdhﬁnmadmeecspahmhlataalnﬁhlﬂ' x-3 10
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dai Iy body vvel ght Suﬁwamhev@&smngwﬂmﬁemnm{glﬁluﬂv@mgﬁﬁcahﬁi ween the
newborn Akp2".1" (ge of each .treat.ment nd newborn WI mce. At the

end of the stlﬁ‘ange vBinpEpared i, Veligle (R OHb)dFWFﬁ §(a)- Beftermers weivalse eat ed

Akp24" mce %%sﬁdﬂﬁy Vilnift 68 whéh@B 9@SivhltubREYF tht kBitad grl)@ﬂlgi eiScdMpatdae m ce
are depicted in (wgure 10. These 20 data show t hat, t he enop of the

study, there @&k0 )sMa@IﬁrsswaqﬂlvgﬁséPg’»’mmdcfarﬂaywmﬂhee\/@n@@Tbelt wedhx-Akp2- 1"

m ce of h t of the

tibiae aﬁlg)cf eéfr(tg)dr%g Q%Sg%\gfsng “‘?@ﬂ(ﬁ%%ﬁ?ézn‘gﬁeg}é?ﬁﬁedaﬁg& %aﬁrt%ched bone

| engt h anal ygqompleﬂetppﬁbeﬁpmﬂu@ megiinoyrvysh soudd ndtihe caredlitedifvd thisgraap. mal "

feet, rib cagg,, e@?rdth%@ Jha} {E'Rau%{?& Wesen%e sAi%PFcCéaﬁg déé% anagare 11. The
or eac n I.e

radi ographic resu trea rou recelving vehicle
al one ver sus stvi@] oftkpg” urg¢ekg/ day sALP- Fc are sunmmar i zed in Table 4. Here,

the distributions nor and aphic,images are presented
with the percent agcgs ﬂ?er?d?' Eaéﬁﬁ?%’g‘g%%m%d%’fd‘?é/ gE%’F b?gé’&]a%gg faph| c i mage
di stri butison twaimeas a@a‘ra@\daﬂybddy&%glﬁ@\@f)@b@wd&&fo&ta&@ﬂ@%fﬁﬁh@d for the

basel i ne nu of anl | mneralizatigon found in.the vehicle
or oup. The. ndibEen 8F HNPRaERS hmis ol b RERBGhasttp HAOF LR hilice At

m neralizatiqre m&ﬁmrsaidglaveﬁgaaaltbemidea@mm} b@&eenherfasielpre val ue
was subtracted fromthe correspondi ng nunber of normal and abnor nal

ani mal s f oundMicfHangdas WJ‘Q’chups Table 4: Distribution between nornal
and abnornal radl @%h?@?hﬁfeﬂnﬁﬁﬁlﬁﬁ 1&eitishe e @fite 2O fHepRPin/Figuld ¢¢ THREE Vi NY

vehicle or / kg/ day sALP-Fc. Uncorrected for baseline val ue
G oup% N030mal data show that, at the end of the study, there was no statistically significant difference

between Akp2”" mice of each treatment group and WT mice in the average lengths of
the tibiae and femora. Deaths of the vehicle mice precluded age-matched bone length
analysis.
Representative radiographs of "normal” and "abnormal” feet, rib cage, and

25  lower limb specimens are depicted in Figure 11. The radiographic results for each
treatment group, i.e., Akp2”" receiving vehicle alone versus 1, 3, or 6 mg/kg/day
SALP-Fc, are summarized in Table 4. Here, the distributions of normal and abnormal
radiographic images are presented with the percentages given in parentheses.
Individual radiographic image distribution values of every treatment group were

30  corrected for the baseline number of animals with normal mineralization found in the
vehicle group. The number of animals in the vehicle group having normal

mineralization was considered as the baseline values. The baseline value was
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Corrected for baseline value G oup% Normal Vehicle (N=17) 8 (47) Vehicle

(N=9) 0 (0) Tx-1 (N=17) 12 (70) Tx-1 (N=9) 4 (44) Tx-3 (N=19) 17 (89) Tx-3
(N=11) 9 we2p1iTis4@4(N=17) 16 (94) Tx-6 (N=9) 8 (89) PCTA2000SE258 esponse
to sSALP-Fc treatnment was exam ned by evaluating the effect of various doses
on the radi ographic image distribution (R D) pham acodynam c endpoint. Wth
the use of mathematical and graphical criteria, a 10 signoid Enax nodel was

det er m ned t%upt?a&eﬁ?rom&cé%gc&ndkgoﬂ (%fqltgﬁ]téﬁgn&q{nrbgga?%nqr gicga el dataset.

A uni formerror nodel was use p
dosing groups.

Table 4: Dlstrlbutlon between normal and abnormal radiographic images of the feet

5 of 4kp2™" mice receiving vehicle or 1, 3, or 6 mg/kg/day sALP-Fc.
Uncorrected for baseline value Corrected for baseline value
Group % Normal Group % Normal

Vehicle (N=17) 84N Vehicle (N=9) 0(0)

Tx-1 (N=17) 12 (70) Tx-1 (N=9) 4 (44)

Tx-3 (N=19) 17 (89) Tx-3 (N=11) 9(82)

Tx-6 (N=17) 16 (94) Tx-6 (N=9) 8 (89)

The dose response to SALP-Fc treatment was examined by evaluating the
effect of various doses on the radiographic image distribution (RID)
pharmacodynamic endpoint. With the use of mathematical and graphical criteria, a

10 sigmoid Eyax model was determined to be the best model for fitting the corrected RID
feet dataset. A uniform error model was used throughout the model fit procedure.

There was a clear relationship between daily dose of sSALP-Fc and percent of
mice with normal bone of the foot. The 80% effective dose was estimated to be 3.0
mg/kg/day for feet (Figure 12).

15 These examples demonstrate that HPP mice treated with sSALP-Fc experience

therapeutic benefits that are significantly greater than those of SALP.
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What is claimed is:
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What is clained is: Cains 1. A nethod of treating a matrix mneralization
di sorder in a subject, said nethod conprising adm nistering to said subject
a t her apewoi2onli3yosef f ecti ve anobunt of a pharmaceutical eoFEe1L1V0EGMRSS

conpri si ng: (a) a polypeptide conprising the structure Z-sALP-Y-Fc-X
or the structure ZFc-Y-sALP-X;, and (b) a pharmaceutically acceptable
exci pi ent, wherein sALP is the extracel lul ar donmain of an al kal i ne
phosphat ase; each of X, Y, and Z isg¢ lﬂﬁgnt or is an am no acid sequence of
at | east one am no acid; and said pti de does not conprise a

pol yaspartic aci dlor péinetiodtodtreaing@imthtrbegireralizaivgeisotdenin ashbjea, @ansecut i ve
aspartic aci I 1c acid resjdues...2. T met hod of. claim1, erein
sai d pol ypep'?llJ e d%(())}6 ﬁ?q‘g%% mipstelpy l?csfiﬁrsgbjic-t32%-@99‘-“!*—“@%(?&?“%%mW'E’LI ﬁtm)g of
claim1l or 2,aphireraecuica@othppsitionpepiptisiag:does not conprise a pol yaspartic
acid or polyglutamc acid region.longer than t nsecutive aspartic acid
or glutanic acid fgé§ipgmg’.u‘lﬁgem@lsf?&tﬂ%ﬁmﬁ?‘r%'ﬁxgﬁgg‘f'xcqrélierﬁém‘itw@,z'vmer ein
sai d pol ypepthcdesalbeX;aed conprise a bone-targeting noiety. 5.The nethod of

any one of clains %-4 wher e,ir] the am no acid sequence of said sALP
conprises anino af)aPhumagisalbacepiblsexepiont D NO. 15. 6. The net hod of

claimb5, wherein {ReeNANP idtk dxERAUSHPBmA 0T ah Sk SePREPAFRSE Sachhr ani no
acid residues 23-512 of SEQID NGO 15. 7.The net hod of any one of clains

1- 4, wher ei n* e 22th{ icrbaret oF is aggmine cidSeaiane of Allpast enprniineecidimhdienidici d
residues 18- $8§fpajtid§€&sln9t Mpri%@a polyaspartic acid or polyglutamic acid region longer

than three consecutive aspartic acid or glutamic acid residues.

2. The method of claim 1, wherein said polypeptide comprises the
structure Z-sALP-Y-Fc-X.

3. The method of claim 1 or 2, wherein said polypeptide does not
comprise a polyaspartic acid or polyglutamic acid region longer than two consecutive

aspartic acid or glutamic acid residues.

4, The method of any one of claims 1-3, wherein said polypeptide does

not comprise a bone-targeting moiety.

5. The method of any one of claims 1-4, wherein the amino acid sequence

of said SALP comprises amino acid residues 23-508 of SEQ ID NO: 15.

6. The method of claim 5, wherein the amino acid sequence of said SALP
consists of amino acid residues 23-512 of SEQ ID NO: 15.

7. The method of any one of claims 1-4, wherein the amino acid sequence

of said SALP comprises amino acid residues 18-498 of SEQ ID NO: 16.

8. The method of claim 7, wherein the amino acid sequence of said SALP
consists of amino acid residues 18-502 of SEQ ID NO: 16.
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8. The nethod of claim7, wherein the amno acid sequence of said SALP
consists of amno acid residues 18-502 of SEQ ID NO 16. WO

2011/ 134080RGT/G4R@11/ 050258 9. The net hod of anycor20fi/BbEENs 1-4,
wherein the am no acid sequence of said sALP conprises an am no acid
sequence having at | east 85% sequence identity to SEQ ID NO 5. 10.
The nmethod of claim?9, V\/nerei n the am no acid sequence of said sALP

conpri ses an ami ng acwlhesrg ¥d [ %S yence |dent|ty to
SEQ ID NO 5. e rret Hgg Ez‘a%’{’ler\/\ﬁgue{f;l e nn? ﬁcé AU A aci d
sequence of sﬁﬁ@jdsﬂﬁ’cmps@eesnlamacadmeqoeraehalvmqummcﬂé%wqumeat | east 99%
sequence i de 12. The nmethod of claim11,
wherein the g{lénh tgglp“%sge%@ence of said SALP conprises SEQ ID NGO 5.

13. The method of claim 12, wherein the am no acid sequence of said sALP

consi sts of SEQ | t hod of one f .cl ai ms 1-13,
V\/nerlei n said F(? cg)grprl?ge mgh@lﬂffl%r?a?”ﬁerelgﬁwl% ﬁ?ﬁ’%él‘?meﬁ I $e-Fr egi on.

15. The met hedmefises bbritind4cid\sbfiefichasiag ot (Bt 95 @ecﬁ@tﬁb‘étld’éﬁht{dggﬁglmf an
i mmunogl obul &sel ected fromthe group consisting of 1gG g | gG 3,
1gG3 and Ig 16. The met hod of claim 15, wherein said

i mrunogl obulin is 1gG 1. 17. The nmethod of claim 16, wherein the
am no acid sequence of said Fc corrprl ses an am no acid sequence having at
| east 85% sequencé!lyi dehismsthedofsiam ip wegreinthe apyino acid sequence of said

2011/ 134084P%i%319§r14e9§£’%§§10 acid sequerd®-havi HE alTedsPOsh; Ol queh R lidPnfi- o WHEr €i n the

am no acid sequence of said Fe conprises ah am no acid sequen%efohaw ng at

| east 95% seeﬁ%&wl’%\’f)déntlty to SEQ ID NO 3. 19. The nethod of claim
18, wherein the am no acid sequence of said Fe conprises an am no acid
sequence having at |east 99% sequence identity to SEQ ID NO 3. 20.
The net hod of cl ail?n 19Theshathe of cldire 1awirgeimthednsmopcehequente ofzadd Fe

251. The net hod of claim 20, wherein the

conpr i ses SE .
am no acid se?étkjgﬁgep% S §%9<:¥Dﬁ‘é°'
13.  The method of claim 12, wherein the amino acid sequence of said

sALP consists of SEQ ID NO: 5.

14.  The method of any one of claims 1-13, wherein said Fc comprises a

Cyz domain, a Cy3; domain and a hinge region.

15. The method of claim 14, wherein said Fc is a constant domain of an
immunoglobulin selected from the group consisting of IgG-1, 1gG-2, IgG-3, 1gG-3
and [gG-4.

16.  The method of claim 15, wherein said immunoglobulin is IgG-1.

17.  The method of claim 16, wherein the amino acid sequence of said Fc

comprises an amino acid sequence having at least 85% sequence identity to SEQ ID
NO: 3.
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consists of SEQ ID NO 3. 22. The nethod of any one of clains 1-21,

wherein Z is absent. 23. The nmethod of any one of clains 1-22,
wher ei n Wooitms4@ai no aci d resi dues. 24. The netrhoaabiigisedssn 23,
wherein Y is |eucine-lysine. 25. The nmethod of any one of clains
1-24, wherein X is absent. 26. The nethod of any one of clains 1-25,

wherein the am no acid sequence of said pol ypeptide conprises an amno acid
sequence havi ng atgl ea i LWty to SEQ ID NO . 4. 27.
The met hod of cIa?%12G?KVﬁég%fﬁqﬁﬁngﬁ$%%a%gp§m§%hﬁﬁﬁ%ﬁu%?eg%?HIEOIypeptide
conpri ses an campriggs ae indino@gideequendechaving atltask 856 se@bitesdmtigne SEQdBNt ity to
SEQ I D NG 4.40MD 2011/ 134084PCT/ CA2011/ 050258 28. The net hod of
claim 27, wherein the am no acid sequence of said pol ypeptide conprises an
am no aci d sequence having at |east 99% sequence identity to SEQ ID NO 4.

29. The nethod of ,g¢l aim 28 i.n_the am no acid sequence of said
pol ypepti de conpr ilg‘es @E@’ng&w 1%’. Where‘%&ea?ﬁ@msﬁ%ﬁnﬁ? ofpidifity 29,
wherein the apinplseaeh dmmOGLidRERieRde hading afledsy PBRbdBnce QMSLS1S seg BEQ I D NO

4, 31.}&9e met hod of any one of clainms 1-30, wherein said pol ypeptide
is pegyl at ed. H3. 32. The nethod of any one of clains 1-31, wherein said
pol ypeptide is gl ycosyl at ed. 33. The nethod of any one of clains
1-32, wherein said pharmaceutical conposition conprises a diner of said

pol ypepti de. 20.34. Therjaethed of stpin fl 9. amfiereim thegming agidesqueng@of salddicei n sai d
phar maceut i cabhyi@¢SEBUBNG: £XxCi pi ent conprises saline. 35. The

nmet hod of any one of clains 1-34, wherein said pharnaceutical conposition

is lyophilized.
21. The method of claim 20, wherein the amino acid sequence of said Fe¢
consists of SEQ ID NO: 3.

22.  The method of any one of claims 1-21, wherein Z is absent.

23.  The method of any one of claims 1-22, wherein Y is two amino acid

residues.

24.  The method of claim 23, wherein Y is leucine-lysine.

25.  The method of any one of claims 1-24, wherein X is absent.

26.  The method of any one of claims 1-25, wherein the amino acid
sequence of said polypeptide comprises an amino acid sequence having at least 85%

sequence identity to SEQ ID NO: 4.

27.  The method of claim 26, wherein the amino acid sequence of said
polypeptide comprises an amino acid sequence having at least 95% sequence identity
to SEQ ID NO: 4.
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36. The nethod of any one of clains 1-35, wherein said pharnaceutical
conposition is adm ni stered subcutaneously, intravenously, orally, nasally,
i nt ramuscwbaniyi34mubl i ngual |y, intrathecally, or intradecmsdA2y11/050258 37.
The met hod of claim 36, wherein said pharmaceutical conposition is

adm ni st ered subcut aneously. WD 2011/ 134084PCT/ CA2011/ 050258 38.
The nmethod of claim 37, conprising adm ni stering said pharnmaceuti cal

conposition to sahd SURj iN a2, do of about O. [ kg/ .,to about 10
g/ kg/ day. b S e nddbeiifl 37 efin, Fa@&w%ﬁ"&ijngeo%%fisteri ng sai d
phar maceut i cablypeptidosirhprises dnansifé skidsHqp@t hivingat (892, @huabeidentdy Mo/ kg/ day
to about 3 Wﬂ?ﬁ ) 40. The nethod of any one of clainms 37-39,
conpri si ng adn Qrdfg sai d pharmaceutical conposition to said subject
bet ween one and seven tinmes a week. 41. The nethod of clai m 40,
conprising adm nisteri sai d pharmaceuti cal conposjtion to said subject
three tines a weei?‘ Th me _o‘%?ﬁgn AeHISEEIthe aminosgid sequepgenfisgid1- 41,
wherein said mf,gpiﬁae Banyeisad SEQID Ro: di sorder i s hypophosphat asi a. 43.
The et hod oF claim42, wherein said matrix mneralization disorder is
infantil e hypophosphatasia (HPP), childhood HPP, perinatal HPP, adult HPP,
or odont ohypophosgfat ajeanethod of clairft 49, wHafil TRk Qﬁlﬂm%fcidasg%peﬂ&eof%dc' aims 1-43,
wherein said pharnaceutical conposition 1s admnistered 1n an anount that

i s therapeut pelabdpfide¢dnsistsiof BEQIDIN@a# a hypophosphat asi a (HPP) phenot ype
selected fromthe group consisting of HPP-rel ated sei zure, premature | oss
of deci duous teeth, inconplete bone mneralization, elevated bl ood and/or
urine |l evels of iXor gdrheengtyardad hmsmizatf elaind-}0, vdiemiratagbpdbypeptiedand/ or uri ne
| evel s of phgés ?a?eed:]hanol am ne (PEA), elevated bl ood and/or urine |evels of
pyri doxal 5' -p#’osp'ate (PLP), inadequate weight gain, rickets, bone pain,
cal ci um pyrophosphat e di hydrate crystal deposition, aplasia, hypoplasia,
and dyspl asi a of e ntal, cenentum . 45. The nethod of .cl ai m 44,
wherein said i nco#;I e?ﬁ’eﬁ‘beﬁl@ rﬁrgEﬁ‘@f%ﬂeiof&llal“&“nl'?]s WhSEEgh RO PERERS S bone

m neral i zati gycodyrae@npl ete tibial bone m neralization, inconplete

net at ar sal bone mneralization, or inconplete rib bone mneralization. 46.
The net hod of any one of clainms 1-45, wherein said subject is human.

33.  The method of any one of claims 1-32, wherein said pharmaceutical

composition comprises a dimer of said polypeptide.

34.  The method of any one of claims 1-33, wherein said pharmaceutically

acceptable excipient comprises saline.

35.  The method of any one of claims 1-34, wherein said pharmaceutical

composition is lyophilized.
36. The method of any one of claims 1-35, wherein said pharmaceutical
composition is administered subcutaneously, intravenously, orally, nasally,

intramuscularly, sublingually, intrathecally, or intradermally.

37.  The method of claim 36, wherein said pharmaceutical composition is

administered subcutaneously.
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47. A pharmaceuti cal conposition conpri sing: (a) a polypeptide
conprising the structure Z-sALP-Y-Fc-X or the structure ZFc-Y-sALP-X; and
(b) a phawomeonuisiesal | y accept abl e exci pi ent, wher eiPOTEARPI1/05025Re
extracel | ul ar domai n of an al kali ne phosphatase; each of X Y, and Z is
absent or is an am no acid sequence of at |east one am no acid; and said
pol ypepti de does not conprise a polyaspartic acid or polyglutamc acid

region |onger thangthreg GONSEGHiINS 7%&&% F&ginggteg{nﬁgallig ;[Rﬁare{—]?%fe?fgl%ail d

resi dues. 48. The pharnmaceutical conposition Im

phar maceut i c&Pmpesigstp siidsutijest ingr dagdgeto dbduo . Stugdlag/daygo abauald i x

m neral i zati q,qg/g%/a: der in a subject. 49. A nethod of treating a matrix

m neralization sorder in a subject, said nethod conprising adm nistering
to said subject a therapeutically effective amount of a pharnmaceuti cal

conposition conprigi ng; .an.i sol ated nucl eic acid encoding a

pol ypepti de conpr Ihgl nngg%rgetg?dr{ﬁ%thp%,z:som_pp_s ?E’mﬁlsfﬁnng fd Bharpaseytica

Z- Fc- Y- sALP- Xpmaesition to said fibjecainpiisame of ldut 2 hgyk eatag epitabt ﬁm@i{d%jda'y.e nt,
wherein sALP is the extracellular domai n of an al kal i ne phosphat ase; each
of X, Y, and Z is absent or is an am no acid sequence of at |east one am no

acid; and said isab.at ethdwieh&d 6f 8¢ bhk SRREIMOP1-3EREMAP/sIANaAThBRiAE L Sequence
conprising a polyaspartic acid or polyglutam c acid region |onger than
three consecPfcarisa cpmpositigndo said gubjachbstweenong apdsseveryémes geekhe met hod of
claim49, wherein said isolated nucleic acid is admnistered to said
subject in a lentiviral vector. 51.The nethod of claim50, wherein said

i sol at ed nucl ei c 4bi d The methedwislain 46, compsising admipjstesing said phatmeceytcabf from

about 0. 1m0 o BpRllio M Whiect ¥RAMELL L34084PCT/ CA2011/ 050258 52. A

phar maceuti cal conposition fornulated for the treatnent of a matrix
m neralization disorder in a subject, said pharmaceutical conposition

conpri si ng: a) i nucleic aci ncodi ng._a pol ypeptide
conprising the st ?%’ct u?% @ﬁ{ﬁ@&g@%%ﬁa@%g 4?1‘%3%?%?%(9?? E?(% Y-sALP- X; and

mineralization disorder is hypophosphatasia.

43, The method of claim 42, wherein said matrix mineralization disorder is
infantile hypophosphatasia (HPP), childhood HPP, perinatal HPP, adult HPP, or
odontohypophosphatasia.

44,  The method of any one of claims 1-43, wherein said pharmaceutical
composition is administered in an amount that is therapeutically effective to treat a
hypophosphatasia (HPP) phenotype selected from the group consisting of HPP-related
seizure, premature loss of deciduous teeth, incomplete bone mineralization, elevated
blood and/or urine levels of inorganic pyrophosphate (PP;), elevated blood and/or
urine levels of phosphoethanolamine (PEA), elevated blood and/or urine levels of
pyridoxal 5'-phosphate (PLP), inadequate weight gain, rickets, bone pain, calcium
pyrophosphate dihydrate crystal deposition, aplasia, hypoplasia, and dysplasia of the

dental cementum.
45.  The method of claim 44, wherein said incomplete bone mineralization

is incomplete femoral bone mineralization, incomplete tibial bone mineralization,

incomplete metatarsal bone mineralization, or incomplete rib bone mineralization.
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(b) a pharmaceutically acceptabl e exci pi ent, wherein sALP is the
extracel lul ar domai n of an al kali ne phosphatase; each of X, Y, and Z is
absent orwo0am3assno aci d sequence of at | east one am moTAN2011/08Mm38Sai d

i sol ated nucleic acid does not encode an am no acid sequence conprising a
pol yaspartic acid or polyglutamc acid region |onger than three consecutive
aspartic acid or glutamc acid residues. 53. The pharnmaceutical conposition
of claim 52, conprising a reconbi nant expression vector conprising said

i sol ated nucleic acid. 54.The pharmaceutical conposition of claim53,

wherein said recodbi ThnimethadoRmsioddloMdaiind-45Swherbif BAill Vibjedh isMRhHLAr - 55 An
i sol ated reconbi nant host cell transformed or transfect ed with the vector
of claimb54. 56. A nmethod of producing the polypeptide of claimA47,

conprising cul turidng tAghh@sktestichllcodboditich ﬁs1h a cul ture nedi um under
condi tions sui tabI% to effect expression of Eo\fré -S&II de and recovering
sai d pol ypepti de {3) 3PP LYRFRYIdE GPPPRIENg tReI FtHeur & - S’T‘h tlasf stk tatierd-56,

wher ei n sai d fRogkALpld: ah¢ an L cell, a C127 cell, a 3T3 cell, a CHO cell, a
BHK cell, or a COS-7 cell. 58.The rret hod of claim57, wherein said host

cell is a CHO cel (b) apharmieeutistliiagceptabld excipieB8 wherei n sai d CHO cel I is a

CHO D&A4 cel | . h&an]JA{?f"ﬁgﬁépgéc%%dUng%o&éﬁ ]@ﬁcgllné ﬂﬂogpﬁt%?eécﬁ' 2 54 and

(a) the pharnmaceutical conposition any one o
(b) instructiXns ahdZ isabsent psisen amiposwiddepleacedetistst oad amioopad;ianil saidt 0 a

subject to t rp%%eﬁid%&ési ot ggnrfb?fsgg bgﬂ%ép%c 9&8 3 9ﬁ}rlglutmnic acid region longer

than three consecutive aspartic acid or glutamic acid residues.

48.  The pharmaceutical composition of claim 47, wherein said
pharmaceutical composition is formulated for treating a matrix mineralization

disorder in a subject.

49. A method of treating a matrix mineralization disorder in a subject, said
method comprising administering to said subject a therapeutically effective amount of
a pharmaceutical composition comprising:

(a) an isolated nucleic acid encoding a polypeptide comprising the structure Z-
SALP-Y-Fc-X or the structure Z-Fc-Y-sALP-X; and

(b) a pharmaceutically acceptable excipient,

wherein sALP is the extracellular domain of an alkaline phosphatase; each of
X, Y, and Z is absent or is an amino acid sequence of at least one amino acid; and said
isolated nucleic acid does not encode an amino acid sequence comprising a
polyaspartic acid or polyglutamic acid region longer than three consecutive aspartic

acid or glutamic acid residues.

50. The method of claim 49, wherein said isolated nucleic acid is

administered to said subject in a lentiviral vector.

51. The method of claim 50, wherein said isolated nucleic acid is

administered to said subject at a dosage of from about 0.1 mg to about 10 mg.
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52. A pharmaceutical composition formulated for the treatment of a matrix
mineralization disorder in a subject, said pharmaceutical composition comprising:

(a) an isolated nucleic acid encoding a polypeptide comprising the structure Z-
SALP-Y-Fc-X or the structure Z-Fc-Y-sALP-X; and

(b) a pharmaceutically acceptable excipient,

wherein SALP is the extracellular domain of an alkaline phosphatase; each of
X, Y, and Z is absent or is an amino acid sequence of at least one amino acid; and said
isolated nucleic acid does not encode an amino acid sequence comprising a
polyaspartic acid or polyglutamic acid region longer than three consecutive aspartic

acid or glutamic acid residues.

53.  The pharmaceutical composition of claim 52, comprising a

recombinant expression vector comprising said isolated nucleic acid.

54.  The pharmaceutical composition of claim 53, wherein said

recombinant expression vector is a lentiviral vector.

55. An isolated recombinant host cell transformed or transfected with the

vector of claim 54.

56. A method of producing the polypeptide of claim 47, comprising
culturing the host cell of claim 55 in a culture medium under conditions suitable to
effect expression of the polypeptide and recovering said polypeptide from said culture

medium.

57. The method of claim 56, wherein said host cell is an L cell, a C127
cell, a 3T3 cell, a CHO cell, a BHK cell, or a COS-7 cell.

58. The method of claim 57, wherein said host cell is a CHO cell.

59. The method of claim 58 wherein said CHO cell is a CHO-DG44 cell.
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60. A kit comprising;
(a) the pharmaceutical composition of any one of claims 47-48 or 52-54 and
(b) instructions for administering said pharmaceutical composition to a subject

to treat a matrix mineralization disorder.
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