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FIELD OF THE IQ “7‘ e éﬁ%ﬁ%g é delid i&Nis of cellular and
molecular biology and medicine, particularlyto thie ' U ctivé Fi f)hosphorylated human

ysosomahawifataseiensymes ANt is managamersal e ieenemal siniage, diseases

associated wi I¥sosomal sulfatase enzyme deficiency. In particular, the present Invention relates to

the manuf&ctird-oh BetivEKidHIyashdSpHEIH ale'd -Fe dbniiiivant Ruigsarpplication No,
Nacetylgglagtoseming:6 sipiaiase (CALMNSIANctits Y56 d0; the hanagempni.ofiMuggpolysaccharidosis

IN/a (MPS IVa or Marquio A syndrome%@and other lysosomal storage diseases associated with a
deficiency oFEAI N Sl A lebR RIS OB TIES IRPPENT FON T 03T DT brrarsiiah_ diseases
(LSDs) resfati=fram the deficiency of specific lysosomal enzymes within the cell that are essential for
the degradation of cellular waste in the lysosome. A deficiency of such lysosomal enzymes leads to
accumulation within the lysosome of Uidbgra €8 FstorsgeNmiaerial,” which causes swelling and
malfunction of the lysosomes and ultimately cellular and tissue damage. A large number of lysosomal
enzymes M7 bebif rfsfifidayaRdcadrieiatde Watkeehair veisldy diselises iohseleciigsing enzyme has

been ideptifiedy tieatmentcaphecteducenie thaselarabiem of gffigienth. gelivering:aseplacement
enzyme to the affected tissues of patients. [0004] One way to treat lysosomal storage diseases is by
intravendtie ENZInIB RTa CERYBHE ST AV (BR ) IRARKIS LERF P B ARSI oBebgs 11(5):
675-685,12002) ERTitekes adyantagaichithevasamatgre-tRieaty engymedkomn? siagle site of
administrati(e)r]dto most tisstl}l;es. Onf[ce{the enz melhg}ﬁ been v%id_e%rdistribut d, it must be taken up into
cells. ThE B a7 take Tntd BRES O T & R B TS BI ) SoEBRAr 8 ANRER Noysosomal
enzymes:canltiuteosaseparatel Class 6F §lysSprotbinsudefingd bynphesphatd at the 6-position of WO
2009/091994P 16 tgiminal mapnose residues. Mannose-6-phosphate is bound with
high affirli\i%')? %}ﬁgl g#e%ﬁ%:%%/) %%/115/ ?gc]%ﬁé?;kﬁfgﬁﬁ ghat }%“gus fa(feO Ig%grétozg‘ffs]? S%El%éar?ﬁ%ﬁarﬁ%nn et al.,
BiochemdiSwseesTianesi | 1)ith 331R6:1£996 MAMEN et al., J. Cell. Biol. 99(6): 1907-1916, 1984). The
mannose-6-phosphate receptor (MPR), which has two mannose-6-phosphate binding sites per
polypeptides chain (Tong et al., J Riot Chem. 264:7962-7969, 1989), directs uptake of enzyme from

blood to tissue and then mediaﬁ% (erg@ﬁ%ll&l\%r) r8%ti¥ IEJOIW%%%IS(%E{I‘& :

{0003]  Lysosomal storage diseases (LSDs) result from the deficiency of specificilysosomal

enzymes within the cell that are essential for the degradation of cellular waste in the
lysosome. A deficiency of such tysosomal enzymes leads to accumulation within the
lysosome of undegraded “storage material,” which causes swelling and malfunction of the
Iysosomeé and ultimately cellular and tissue damage. A lafge number of lysosomal enzymes
have been identified and correlated with their related diseases. Once a missing enzyme has
been identified, treatment can be reduced to the sole problem of efficiently delivering a

replacement enzyme to the affected tissues of patients.

[0004]  One way to treat lysosomal storage diseases is by intravenous enzyme replacement
therapy (ERT) (Kakkis, Expert Opin. Investig. Drugs 11(3): 675-685, 2002). ERT takes
advantage of the vasculature to cairy enzyme from a single site of administration to most
tissues. Once the enzyme has been widely distributed, it must be taken up Into cells. The
basis for uptake into cells is found in a unique feature of lysosomal enzymes. Lysosomal

enzymes constitute a separate class of glycoproteins defined by phosphate at the 6-position of



[0005] Large-scale production of lysosomal enzymes involves expression in mammalian cell lines. The
goal is the predominant secretion of recombinant enzyme into the surrounding gowth medium for
harvest and&@g&@%@&(jownstrgam. In an ideal system for the |afge'sca{»%?)’85d'ﬂ8§i,83r}§f lysosomal
enzymes, enzyme would be efficiently phosphorylated and then directed prlmarﬁy oward the cell
surface (i.e., for secretion), rather than primarily to the lysosome. As described above, this partitioning
of phospHEMN A IFRRSE IRy aanesthe Bherbaspo sremst wnbisbcfnity sofmetceBHisy
Manufactusingeeftinesused fiy dyssenahenzune MRAUElCRfAcHSSS OEMaKmiZing the level of
marmose-6-pho ite,per.male of enzyme, byt is characterized by low specific productivity. In vitro
attempts g?ﬂ%?%a?u%? Sg?&éggﬁg?%&&%ﬁné Eh?zal{’nﬁﬁ%@’l‘?ﬁe?%@ :oi:gr?}%fﬁﬂ%)@el-%g-&\ogb?\ate moieties
have resultethirserixec sincessd(GanfialRet ahith BaPatentiose,6PhABhMThadmyitreansyme
exhibits high levels of mannose-6-phosphate,.as w igh levels of unmodified terminal mannose.
Competiti e %§8%Ct e mani o‘*ée%%t%&éh%%”én @Er‘?bt)sgeg ge%%%br@%%ﬂ?&%wg} enzyme results
in the necessityefopiiglrebsessefenry thenfordifitotiveness;lanccouldderdltecgeeater immunogenicity
to the detriment of the subject being treated. [0006] Sulfatases constitute a unique subclass of
lysosomal WPy md< guffats seeedieod lirpeorslerazimas dvalienyeuirsshet itesatintiliding, for
example, sengigs, Tachohydrates:amieniaysansand gaalinidsAlknawnsukanalic sulfatases

contain a I¥(%st ine residye at their catalytic site. Sulfatase activity requires post-translational

modificatigi S HHE R ETh BT AR B IR e Gy o RdYtiEdNgsost-translational
enzyme activapiorhetoursf Withiothe endeplasmioreticslumoprantaldedinuliatasasimmediately after
translatiop, pripr to targeting of the sulfatases to the lyspsome (Dierks etal., Proc. Natl. Acad. Sci. USA
94:11963%%@@?@%%’%%%%’ fBWm%%%%ﬁ?g-%lgg%r@aﬁh% g}ﬁﬁ?ﬁﬁ BT T3PST 28R PriZFELCSs sulfatase
modifyind fastond. (St ed ighlighting et inpod ah pboapbbis/larid be@ost-ranstationaimodification
is the fac ' ' - Whi inj ired FGly farmation,in lysosomal sulfatase
enzymes%%%@u{égg%%{lﬂgg[i@u fg‘%éllsﬁéth%%?e%%éi }%\/IS Pr?ar%gﬁn %I; Slszué’f:%ﬁ? A%Sﬁ)ﬁ? &v. Genomies
Hum Gerf@£ 355087 FIosYSEO00 Thaxdedrtiady, ltvel tfarapaticteflaciverass ofdely§osomal
sulfatase £Rzymepr %@ﬁ&@%@@%%%%g @E‘?ﬂ@}é%cﬂfcﬂ@&'%%@fé’gﬁéﬂgﬁ% f%gu%ﬂx he presence of
art fo

active enzyme, in_that preparation. [0C Ei!ﬁygrhus, here exists a need in the r an efficient and
productive’ 8B/ TB7IRES ISP gRIBR S H B e RIrB BFWPRerapRateay fédirrdiavetiveshirghly

phosphonyiterklsesomal flifatage enzyrassiamanageentof lysesa Rragfsflisorders caused
[ omal sulfatase enzymes. SUMMARY [0009] The

by or aszﬁ).%i,ﬁﬂed }glt a deficiencg of such | S03 S M]

present diSeToSUFE PR S HE ?§883‘i§rf¥ﬁ%ﬁ‘ Widnss EYRS- Rrpdp st e @esinated G71)
that is defeetipetithendosamdaidificationim anginearad dmexprespac ol namsulfatase
modifying factor 1.(SUMFEL), the.madified G71 cells produce. high yields of active highly
phospho%/:%%dl?]é}é%nmCl”rgiglgﬁgrsgls‘f?lrég 5 a?an‘%‘efmeengo)fr%g%cfhvﬁ%ﬁyb r ‘%}&m?ﬁ?ﬂ&%‘@ﬁ%menm to the
lysosomalsonmoasteéntiofith damamuafacttime: baktimengnresiedembodiment, the disclosure provides an
END3 complementation group cell line that co-expresses recombinant human SUMF1 and

recombirfAHPRluman Riasse fpriBttos umae sl i as b {oaRN Syzeseitity liatkighoselds of active

highly phasphorated SnaWmee & yesmianm cellings A qds LB 11 Seand detiyaives thereof, which
retain the desired property of G71, i.e., the ability to produce high yields of activate highly

phosphoW%@@Vé@éﬁﬁBﬂ@ﬁ?%&%ﬁﬁi KomsREERRsnEd e sppleRAcH STRR ENDYS at

complemeaiatim grosip: nadified GHE1K ealliinepcerexpEessing resambinanbhuman@iMF1 and a
recombinant {}/sosg%nﬁl sulfatase Zﬁ@rge vi/ould be especially useful for the manufacture of active
highly phSEShEA\ el TSE80iHAr StirktAsd Bhoyisae (s bS i BrmKHAGA_ATYE lysosomal storage
diseasesabyerzymeneplitemantiierpyic R RO0Sa] Hoadfissh aspaet thereiisarovided a purified
preparation of recombinant human Nacetylgalactosamine-6-sulfatase (GALNS) enzyme, said enzyme
comprisir%na%lf]aé%lh%} gc%qggdg &Iaf\l %elélﬁé%%%??d%ﬁé%gﬁsf’éng e 5cfd8'27 16%9%9%f SEQ ID NO:4,
useful fortredthing B.SUBfett KifeHHG fici#7a ISesomal storagezclisease thatiscoausedby @ associated
with a dﬁﬂgi&g@{d’g §§lﬂf§ék%§d e '&&)@ig kﬁ@ enzyme: (a) has a urity of at least about 95%
as determined by Ccl)omassie Bluelﬁntaér?ng. Whe(%ﬁsu jeétgﬁgt%?'%%g?fgﬁﬁéﬁ%oﬁt gg%gaq%lesducing
conditior¥! @ Ras drnrsisoapoursivatenve riohc tiheaystorrindSiddE lanpoditiosn: Barto
Cafonnylgiyaing 6y and dekis Ndigked giveosylaiedakthe asparaginergsidyes at positions 178
and 397, wherein at least about 55% of the oligomannose chains attached to the asparagine residue
at position 178 are bis-phosphorylated. [0009b] In a second aspect, there is provided the GALNS
enzyme as defined above, wherein the lysosomal storage disease is Mucopolysaccharidosis type IVa

(MPS IVa) or Morquino A syndrome. 2



100090 In a third aspect, there is provided the GALNS enzyme as defined above, wherein the
lysosomal storage disease is Multiple Sulfatase Deficiency. [0009d] In a fourth aspect, there is
provided tPrdiGenciN SVEHYy menzis dBfrrelduab ey e/ whereinithe GALNGs elzymewensistsed @major band
of about 530 IdDa that is at least about 75% of the visible proteins as determined by Coomassie
Blue staining when subjected to SDS-PAGE under reducing conditions. [0009¢e] In a fifth aspect, there
is providegatry GALNSenz¥Ralas.gefincstabove-whereRdhoALNG 82 menegnsiataioha major

band of acl?emg%1 SB%OHDI% mat flsm at Ieas_%g outh§1 %ﬁg(f1 the Ylisible roteins as determined / XtCoo_massie
Blue stainlnpg when su%Jec?eg 10 SDEPAGE Un

er redﬂ%iﬁge Eonditions. Tﬁé‘f)eQﬁnFH%eéi%h aspect, there

is providetieprsa@E NS enzyme as defined above, wherein the GALNS enzyme has at least 70%
conversion of the cysteine residue at position 53 to Caformylglycine (FGly). [t00099] In a seventh
aspect, tHEPE%k Jm\?i&aﬂ%ﬁm&w@éﬂ2%@%@&&#@6}%{8’ RiarEi the'eshiN S elisgfne has at
least 90% einyersititakthehysteine dbsiditethtcp asitve hiaB] jopbiathionyliglycipe {rtalyuldaeoh] In an
eighth as ere. qtg t . ine ve, wherejn t enzyme
consists c%? é%%%\gj oEr(E?{)gnﬂgltjg1 %%éa egh'?) gs%%gﬁtﬁg%%aﬁé%g%b%%%t%%of%yo th%‘g%/cigﬁl%{%e%%cﬁ}giﬁs as
determinédibyeCaoassisy BRI® stamHstaER S bjected to SDS-PAGE under reducing conditions.
100091] In a ninth aspect, there is provided the GALNS enzyme as defined above, wherein the
GALNS enzyme is a fusion protein comprising a cellular targeting signal located at the N- or
C-terminus of the GALNS enzyme. [0009j] _In@ﬂqg&%@pect, there is provided the GALNS enzyme as
defined above, wherein the cellular targeting signal comprises a bone targeting peptide. [0009k] In an
elevec?th ﬁm@‘}tfﬂﬁ@fﬁ:&%@f&kl&dﬁdr&h@l&ég%%\@[egglggm&ﬁﬁlﬂaﬁﬁﬁa&m@eﬁgB&f@iﬁbﬂi@iﬂﬁ%@ rt]argetingf
peptide ¢ rises si partic acid residues. 1] In a twelfth aspect, there is provided the use of a
purified, r@égggr%lﬁtﬁgn? Iﬂﬁngjr?tNgceéf’ﬁgraect%lsaerl}lc}(r)f(’ao- Elgu é%%?t(@Aﬁ\l@gé%ezefrﬁe% A& Manufacture
of a medicaeebitfor neating desubjsotSyiffe fegofr oriBNMEDp dhgsacdiiad dosisdiperddad MES Na) or

Morquino,fy SYNGk omE Af MUIURISsiAaSe RENIGISRGY (SR 2aitSNZY Bk, CAMPHS] amino acid
sequence}%t least 95(%3idé&r4§3:£{tos%r%ﬁ%o acids 27 to 522 of SEQ ID NO:4, wherein sg}i%aé{%LNS

enzyme: B YPAKTS M orstriali B b0 8o SSTeRanifih et By BOsdERe Billd Btaitnvhen
subjected:tabSSeRAGH stiderra prvvids ainghdohditqianéh)aias abipastiabeuhHQUeaprigarsion of the

cysteine residue ition 5 -formy, | Gly);.andc) is N-lin lyegs at the
asparagiﬁ%%%%%%ﬁﬁ%b%té#& 78 %1%1 élg%%vgﬁ?lea&gin%%gsg&gﬁcg%&}}%%ﬁ%%ﬁgé%%%ﬁose chains
attached {& {He\&3paratineirdddoackissdsitivis hizdlxrhosrbphduphenstated Eronnlen Keia it
embodimentthe grasenidiseiasie fratsres@inavelimethreief prosiising aotivenighlybility
phosphorylated recombinant human lysos | sulfatase enzymes ar.biologically active fragments,
i o ot et s g e e A i e
thereof incamyowsts EhiatepladsleothedatheMN pecrivpliseciitizobwabensddairiert) 4é emétisd-eomprises

the steps of;@)isL irinmaGHRHe dvadiENRB. complementalion.aioum:eal o darivativa thereof; (b)
preparing a first mammalian expressign ) .

especially useful for the manufacture of active highly phosphorylated lysosomal sulfatase

enzymes to be used for management of lysosomal storage diseases by enzyme replacement

therapy (ERT).

[0009a]In a first aspect, there is provided a purified preparation of recombinant human N-
acetylgalactosamine-6-sulfatase (GALNS) enzyme, said enzyme comprising an amino acid
sequence at least 95% identical to amino acids 27 to 522 of SEQ ID NO:4, useful for treating a

subject suffering from a lysosomal storage discase that is caused by or associated with a



WO 2009/091994PCTIUS2009/031276 vector capable of expressing the active highly phosphorylated
recombinant human lysosomal sulfatase enzyme or biologically active fragment, mutant, variant or
derivativedtirientyimtkrICHONG ivedcENDSE Gahsiementation Groapwel of ddrivativeuthEefgof; (c)
preparing,a ggeoRdJy an PN SXRRSIOMME ClAHARRRIE Q1 §*RFRSSINgH G inaRL:Mman

sulfatase modifying factor 1 éSUWIFl) or biologically active fragment, mutant, variant or derivative
thereof in“HEEXS -G g FERIB S A pIeh fOMERBR RS CENBPUEITARGE BRsiidr &) uansfecting the
CHO-derigtechENR 3 egnipieraantatiomgrasd geltarterivative dharaofnibidhe firgbanehsecond
expressiof rs;.(e).selecting and.clopin a transfectant of a CHO-derived END3 .
complemgﬁ:ﬁ;’ag 8’ %lﬂ%ncgﬁﬁgﬁsggﬁ%tti\g/%/éhé%rg%? t%ﬂ Oé%(aﬁlﬁlé)ssge%%ﬁles g{é |v%%iéh yepﬁsggf)aﬁglreylated
recombin&ithiagiaesjisadothardustabasehenisiade or biologically active fragment, mutant, variant or
derivative thereof; and (f) optimizing a cell culture process method for manufacturing the highly
phosphoritalIf oifioRiaFPrRtintAT IS BEBIEH SUSHAE & RB5HIE Bt LiBRSGiIEAMFative Bdliment,
mutant, variestnor desieatibisthereiof Miherdgomibhinatak hutyan lyaogdinalISulfatagd @gzymenis selected
from the grayp gansisting of arylsulfatase A (ARSA), arylsulfatase B (ARSB), iduronate-2-sulfatase
(IDS), sulfamidase/heparin-N-sulfatase (SGSH), N-acetylglucosamine-sulfatase (G6S) and
Nacetylggtpoingsamingi-ssptatasrLCARNRed00d HAThesmsihad ivalasithe.stepst sansfecting a
cDNA en odln%gllspr%ar .of the I)(gl%sogugl I§ulfat%sé% enzﬁyme and a cDNA encoding all or part of the

or: CGSe 18 ullatas 1ENEY. P
human SUMET ifitd & -derive compefeme%?a on group cell or derivative thereof In some

embodim fir ression vector i 0 ressin encoding
e acthve B o B S e an SUMEL
respectivgﬁé\‘é FPEHETR SO SRt RAPRIBUEAMIrth TR 0w i END deeB et atidhegroup cell
or derivativetikereadiin someambodinEnisatkie Rist RhERCONh SXPRESIN YRSIPAGH edfansfected
into the Crlélé)édneri\ée?%. = ND3 complementation group cell or derivative thereof sequentially. In some

. LUCT C Ons. . .
embodiments, ac encoding for a full-length human lysosomal sulfatase enzyme is used, whereas

in other empiadineats f.CRNA shceding-fol@Lirlogically agtive Sracment midant ¥ariantor derivative

thereof is used. In some embodiments, a cDNA encoding for a full-length human SUIVIF1 is used,
whereas i OthEr SRBEIROSHTS %\fé‘lj]i‘\wre]?f’é’gd?ﬁé%?té%%ﬁdﬂ?@dﬂﬂtéﬁﬁ@ée%éméhﬁ5%lﬂ%ﬂ?ﬁ variant or
derivativevthiblepfisiusesd dinesoime embodineit & neuktipla e xpressibiackerto sDare ased.iadransfer the
human lysosomal sulfatase enzyme and human SUMF1 cDNAs simultaneously or sequentially into the
CHO-derived END3 complementation gam cell or derivative thereof. In some embodiments, a single

expressiopoean is Usedtpdransier the-humandyosoraksiitataseieniyms frdvianRUMFL

cDNAs sir(gxlfﬁ%eoﬁ%i o the 1C:Hto%%rived END3 c& plementation group cell or derivative thereof In
a preferred embodimant, e T derved ERTIS S MERAGFPSUR ISP Yerivifive thereof is a

071 cell lifremal@yti8edélllivie, or a 071 or 0715 derivative. [0012] In a preferred embodiment, the
method comprises producing an active highly phosphorylated recombinant human lysosomal sulfatase
enzyme, €098 Istifaisut BRERSAY anifddle Lvighipe Helfacs dirsiadeab g
sulfamidase/epasinysifatase {5 C8k s MNvaeehil gt aasamismeskifatasa: (36U 53 to C,-
N-acetylg]alactﬁacrq}igffgis?uIfatase (GALNS), from an END3 complementation group CHO cell line or
derivative theteot. In particularly preferred embodiment, the method comprises producing active -

highly phesppeiiaiadiaermplanthumanhiaealygalpcosamined R rlfaiass S aka) frem an END3

complementation group CHO cell line or derivative thereof. An END3 complementation group cell line
is any modiiEd CHIE BRFIHEthat FeR2iRG bR opeitied SR B c Btk MRmatiSh 8f 8t cell line,
such as defgdtiyecensiosofaebacidifipationminste Brfefrad: embadi me it theGHR-pledyatdND3
complem§mq%]cg£%&§sgll or derivative thereof is a 071 cell line, a 0715 cell line, or a 071 or 0715
derivative. [0013] M. a second embodiment, the present disclosure provides an endosomal
acidification-deficient mammalian cell line characterized by its ability to produce active highly
phosphorylated recombinant human lysosomal sulfatase enzymes in amounts that enable use of the
lysosomal sulfatase enzyme therapeutically. In preferred embodiments, the disclosure provides
CHO-K 1-derived END3 complementation group cell lines, designated 071, G7 15, or derivatives
thereof, which are capable of producing high yield$ of active highly phosphorylated recombinant
human lysosomal sulfatase enzymes, thereby enabling the large scale production of such therapeutic
lysosomal sulfatase enzymes. In more preferred embodiments, the cell line expresses and secretes a
recombinant human lysosomal sulfatase enzyme in amounts of at least about 0.5, preferably at least
about 0.75, more preferably at least about 1.0, and even more preferably at least about 1.25
picograms/cell/day. [0014] An END3 complementation group cell line is any modified CHO cell line that
retains the properties of an END3 complementation group cell line, such as defective endosomat
acidification. In one embodiment, the ENTD3 complementation group CHO cell line is derived from
071 or a derivative thereof and comprises (a) an expression vector for recombinant human sulfatase

modifying factor 1 (SUMF1) and (b) an expression vector for a recombinant human lysosomal
crilfatace an7zvme wheaereain the recomhbhinant hitrman tvveoeaomal crilfatace an7zvme ic calected from the



embodiment, the lysosomal sulfatase enzyme is such that its deficiency is associated with a human
disease, such as Multiple Sulfatase Deficiency or MSD (i.e., N-acetylgalactosamine-6- sulfatase
(GALNS)}0{@6il 61 B iifs esrmaiattsuif st asey @nd yheeCoHiNg sohyeo fah dafmadorbmawiatisin f#equence
origin or dexivation,{n.yet Qtﬂ%ﬁm&%@&%ﬁﬁﬁéﬂ%gﬁ%ﬁé&%ﬂ%§ by ol g MbpoimeDs, the
lysosomal sulfatase enzyme is identical in amino acid sequence to the corresponding portion-of a
human or'SHANHR AL F6bSbhiarLiffatase enzyme amino acid sequence. In other embodiments, the
polypepti lety is the native lysosomal sulfatas me from the human or mammal, In other
embodimigr?tg%s r?éyﬁ/z%%%ﬁfgfgm atase 1Fr?filna:lftlaa%&oI§pep %gl}%eb% aﬁﬁg‘frl}j;/ %8%%%%‘%"&%1 @hs at least
about 80%:18BY3a30Y6 2 I89%] 96YHrieT% POSYsrertde¥Eiddatical in amino acid sequence) over a length
of at least about 25, 50, 100, 150, or 200 amino acids, or the entire length of the polypeptide, to the
native lysHOSHA 18 rataErdhsasid find aerded therée o herraman Griredhiheaiais®ime. In
other embiadimenisgdtiecsithjekidanphiehdhadysasamatsiudiatase enzyme is to be administered is
human. [0017] In preferred embodiments, the lysosomal sulfatase enzyme is a highly phosphorylated
recombinHROAUNaE IPselsbnaspest|fersdenyrdedpiiotusediby avéudosomaliagidificatiodeficient cell

line, e.g., adiR:derivach ENRF AR manstiongroun Gl inguAoENRR samplementation group
cell line is any modifijed CHQ cell line thgt retains the properties of an END3 comﬁé?mentation group

cell line, SRR Ms BrIERL & E B SHA RO dd 2Pt Bher e R derived
ENDS3 comptemantatidhudfrpiepSotiitercdBeifictivey IO, isaad Ofikesd timepdsiBT B8 aslidinesior a 071 or
C71S derivaliye. [0 dmus i RrIaehe MbRUImENis, Baies e RIANLAUMANINEAg 8! sulfatase
enzyme has a high level of phosphorylated ollggg/saccharldes (l.e., greater than about 0.25, preferably
greater th‘ﬁ’ﬁy@?@,gﬁﬁ&%w@ﬁ% ARG R AR St P BisCorespioRikastiBirgosAnose
chains pawupratein:cSninP AGEVermese-reteied eibadimpenis athe:enbyme s, adtighlyon of
phosphorylated recombinant human_N-a lgalactosamine-6-sulfatase (GALNS). [0019J In more
preferredgelfr:n g[ izrlr?e{ﬁ%uﬁé ?8?:1881 r‘slrslé%tgﬁ%rﬁg H s%%%%ﬁﬁﬁg%a@e%%ignm@e%ﬁc% qiagt% ﬁtercentage
(i.e., at leBStaapRiRgiBO%: frefer ahianiddStaad 38T robeicinofdopretbonbl) ‘atithstolibont 9096, even
more preferahiwileast ahoubAai.at canvarsiemsf the active it Rysiine residue to
Ca-formylglycine (FGly). In even more preferred embodiments, the enzyme is an active recombinant
human‘ N{&&thlgabaﬁtﬁmhm&iﬁuﬂﬁamﬁ%msﬁe[%ﬁ&]:dm m&e@mﬁﬁdwﬁp&@rﬁf@rﬁedve
embodimenis, (b RAMRNARLBUmARMIESAMAlWliRIang ALy me RS B gvel Plahpsphorylated

oligosaccharides (i.e., greater than about 0.25, preferably greater t .5, r prelfeerably
greater thEFRBHS OHESiSPHESpHOlSatECS IhBRAiMBs ERRAiPrperisrseEnt arern)CaHa «lhigh
percentage {evaaitdcasiabauthodaspieienably alleastirahout 1090, mengpriashbrakleast about

90%, even more refegasblxeagtéea%tf_qh%ouﬁl %%g 9 %%@é;&&%}fge actiye sit{atc steine reﬁidue to
Ca-formyfafy(:|ne%u—18?y§. In Mot particularly referre empodimen s,Ct(hnépeerﬂnzeﬁlrf‘?‘ei IS 2R Active highly
phosphorfisisty #erotbearbhoisrindadesyiyanonsarminessisulfatase (GALNS). [0021] In a fourth
embodiment, the disclosure provides a method to purify recombinant human lysosomal sulfatase
enzymes produced by the methods of the present disclosure. In a preferred embodiment, lysosomal
sulfatase enzymes are purified using a two-column process (dye-ligand chromatography, e.g.,
Blue-Sepharose, and anion exchange chromatography, e.g., SE Hi-Cap) comprising at least five
purification steps: (1) filtering the harvest, i.e., culture medium from an END3 complementation group
CHO cell line or derivative thereof that expresses human sulfatase modifying factor 1 (SUMF1) and
the recombinant human lysosomal sulfatase enzyme; (2) pH adjusting the filtered harvest to pH 4.5 (to
induce precipitation of contaminating proteins); (3) loading the pH-adjusted filtered harvest onto a
dye-ligand column, e.g., Blue-Sepharose column, washing the column and eluting the lysosomal
sulfatase enzyme from the column; (4) loading the eluate from the dye-ligand column onto an anion
exchange column, e.g., SE Hi-Cap column, washing the column and eluting the lysosomal sulfatase
-enzyme from the column; and (5) ultrafiltrating and diafiltrating the eluate from the anion exchange.
Optionally, the filtered harvest in step (1) is concentrated 10-20 fold by ultrafiltration before adjusting
the pH. Optionally, the ultrafiltrated and diafiltrateablysosomal sulfatase enzyme in step (5) is
faunulated in a formulation buffer. In a particularly preferred embodiment, the lysosomal enzyme is a
recombinant human N-acetylgalactosamine-6-sulfatase (GALNS). [0022] In another preferred
embodiment, lysosomal sulfatase enzymes are purified using a three-column process (capture
chromatography, e.g., anion exchange SE Hi-Cap; intermediate chromatography, e.g., dye-ligand
Capto BlueZinc, Chelating Sepharose FF or Capto Adhere; and polishing chromatography, e.g.,
ToyoPearl Butyl 650M, Phenyl Sepharose Hi-Sub or Phenyl Sepharose Low-Sub) comprising at least
five purification steps: 8 (1) ultrafiltering the harvest, i.e., culture medium from an END3
complementation group CHO cell line or derivative thereof that expresses human sulfatase modifying
factor 1 (SUMF1) and the recombinant human lysosomal sulfatase enzyme, by, e.g., Sartoon
Cassettes, (10 IcDa, Hydrosart);



(2) pH adjusting the filtered harvest to pH 4.5 (to induce precipitation of contaminating proteins); (3)
loading the pH-adjusted filtered harvest onto a capture column, e.g., Fractogel EMD SE Hi-CAP (M)
anion exghap@evashing the column and eluting the lysosomal sulfalSE€HYHIEEm the column; (4)
loading the eluate from the capture column onto an intermediate column, e.g., dye-ligand Capto :

BlueZipg. Ghelaling Pephaiase £ £ Capiabdhessyastingdhacalummand alutigrie lysosomal
sulfatase enzyme from the column; and (53 loading the eluate on ag%%llshln CO'“&;’Q” €9 ToyoPearl

Butyl G8TNESP RaRy SepHalessalY. 81 DF TV SEFrs SR b N -STB A WAsRAG he o

ashing the ccﬁumn and

elutingthe lysosqreatsnzyme fsmhecauipreTbe attad yshsental g nzypsfonsstep (5) is

formulated in a formulation buffer. O%;ié)ra%%{the. e(lrutedllggoso_ al sulfsateigsg%gw?m step (5) is
ultrafilFEe@aRE HFEF SRR URTCH S/PE o B D phaRaty e N ssomal sul atase enzyme
from the.gelunvurinstes: (his Sxnbsedite priBdmioniomipMavizal indietivationthriee taridzling onto the

polishing column jn step (5). In a particularly preferred embodi . zyme is a
recoms%gﬁqmﬁmggg%9?5%%%%%3%@%39%6ﬁg%gz?g &‘Eﬁﬁg%ﬁbt@?%@ r?%%ﬁﬁl}t%l g%bodiment, the
disclosure pravide SHIphitifies) activetiog blyuyhedpiotyiatedy ecberedinaft hamhand a
N-acetylgalactosamine-6-sulfatase.(GALN 1olagi ' Hianivayianter derivative thereof
useful ‘%’ﬂ’ 8%5551%?15%}: rga‘t? Fo‘len}é 0 a%féé%ﬁ%glgs%%%%%egﬁ?ase that is caused by (e.g.,
MucoEisacchaticsistypestvier (P S Heay S Siefars alyrdrsrae) B addgciagdl with (e.g., Multiple
Sulfatage Deficie iciencyip e AlNS SpzmBe: Mdprefeirediembodiment, the |
purifie'a?l%s[)tkl‘\?g Lﬁ%ﬁé%%g@r%@%%g?g%ombinam human (Qﬁl\f& a)Ehas a ptjrit of at least about
90% afaimtentningdiby SirrRidiE BIE SERthGIhEh SUBRER:AS B@gﬁﬁgﬁcﬁ%der non-reducing

conditipas (PP sl drast AN LN sanyAIsionil tBecpySieinenesitUesasausitolABdo
Ccrformylglycine (FGly); and (c) is N-linked glycosylated a%tﬁr_fe asgﬁgié%:ge ﬁsidues at positions 178
and 3%?%@?@#?%?%?&56‘&?@@%%‘%%@%5% XS AttAEHEd 10 the asparagine residue
at position-i8.a1 6 bisphosnbanlaiet dhespuribedsdietied Highlyhplosphamndsted wcombinant human

GALNS consists of a major band abogt g%(—j&g)k%arghe LyecHr oreg n GALNS being at least
about FEBFERE AR AeaD B8 S “More pIoteTABI At leAst ai0UT 0%, and even more

preferg@mﬁd@@ﬁ@gﬂgt}@&%fﬁaﬁhemmNaaoeej'&g)xmmmﬂam;, @363prDY-and -19 kDa (i.e.,
mature or processed human %tAaL Rﬁj\rfg;}rl]ess than about 25%, preferably less than about 15%, more .
preferélﬁ?flyll@@‘fﬁ’éﬁng%'uf 0, and even more preferably less than about 5% of the visible proteins) !
when 356’1? . tedg%% Sﬁ%}?ﬂ%/}%b'&d&é teducing.aonditions ctmesparticiarbiRraierredismbodiment, the

purified, active |grlﬁl§p osphorylated recombinant human GALNS consists essentially of a single band

of abols6560! kDiatise. Seearant heiikh GRdrs)alre LBt RFB DB AEE thder reducing
conditieﬁsj_m% %m@@Wgﬁ%gwﬂfgguggm%MH%ﬁh@M@mlategbﬁ&combinant human GALNS
or

is usefu treating MPS [Va or Morquio A syndrome. In.one embodiment, the Purmgd, active highly

phosphofytaieanecomBRamchiiRTan SRR BLOi! TOP T RPISD [60P4T h 2 Sikth embodiment,
the disglosgite Bioyides rignsihessphieniingreisensemchused Blapinapsitiysdeficiency, or are
associated with a deficiency, of a lysosomal sulfi?tasel?nze%{lns ) %het{;% | &%r{;gc[ises administering a |
therap@iBTaEn HME bt HIRRE R EEs LT A48 URRTE B B EEd By the methods of the present
disclogtig) wberainihradysosenplkslitains eyt din de toarn MPRGssptdhaftiarhnsported
across the cell membrane, enters the.cell .and is deliyer ithin.the cell. [0025] In
one erfBOBMGERNEHE HEHREY %%%apnrslg%;seflrénﬁll r%?a% %}%g%tﬁg%# ering f?ggb%égg%&%y of a lysosomal
sulfatagegnzamoe eetmpiisingeadiinistartialtotheosjettdfiment thekdoh snrrpagettieally effective |
amoun gf said lksosomal sullaiase. enzums-hetein saibiysosamal sulfaiase aoayme is &
recom é%ﬁ? umu<'§1]?1af§/§6somaﬁl sulfatase erizyme or b’lologicallly active fragment, mutant, variant or
derivatipethereofipmitueddabycic i @i FeerENDSHaRhISTHEHARISH GOl eSS derivative
thereof In Sﬂﬁns%%%’ﬁgé’&i%s}Q%ﬂ]@ﬁb%&&ﬂg%%%ﬁﬂ@@%@ﬁ%ﬂmﬁ@wwm@&ecombinant human

u

Iysosolrlr?g?'s fatase enzyme, or a biologically active fragment, mutant, variant or derivative thereof,

alone oo mbsiHaTMRAETEHEAPRACE FHEAMIP & &b PAPIRRAT R P Ut FAEBFENBIBIARE. Preferred

embo%ﬁ?:%ﬂ{%}%%é’ﬂmg&@%Rﬁ&cﬁ%%ﬁa&%m&ﬂﬂﬁ&ﬁ@ﬂhﬁipwﬂmimbem% preferably
mammals and most preferably humans, to. most effective%/ﬁameligﬁfﬁg?eﬂﬁf'ciency of the lysosomal
Z

sulfatass@iozyarele b BISHE R IR BT SISO SHHIAl SOFRHBE - A2y es are’ particularly useful, for
examplg, inthe eatnen.ehpatienis swicHogdomdyBNsimahsibragedisegsey calised by a
deficiency of a lysosomal sulfatase enzyme, such as patients suffering from Metachromatic
Leukodystrophy or MLD, Mucopolysaccharidosis type VI (MPS VI) or Maroteaux-Lamy syndrome,
Mucopolysaccharidosis type Il (MPS 11) or Hunfer syndrome, Mucopolysaccharidosis type Ina (MPS
ilia) or Sanfilippo A syndrome, Mucopolysaccharidosis type llld (MPS llid) or Sanfilippo D syndrome,
and Mucopolysaccharidosis type IVa (MPS IVa) or Morquio A syndrome. In a particularly preferred
embodiment, the lysosomal storage disease is MPS [Va or Morquio A syndrome and the lysosomal

sulfatase enzyme is recombinant human Nacetylgalactosamine-6-sulfatase (GALNS). In yet other ... ...
oambodimente the dicelociire alen nrovvidee nhannacaeritical comnncitinne comnricinA the deficient




[0030] In a particular embodiment, the disclosure provides compositions and pharmaceutical

compositions comprising an active recombinant human lysosomal sulfatase enzyme having a

biological &etiviiyonthickois réduced, aidficienter absehit inthedargetdysasame andrwhieh tis

administefehip e suhiech RIRlSHEd AN FUBR SLURIARE AIRNMES WeldR, but are not
a e

limited to, arylsulfatase A, arylsulfatse B, iduronate-2-sulfatasc, sulfamidase/heparan-Nsulfatase,
N-acetylgRFENEAMIHE: s LR KRB st R dattsssndised. simpigermd sphediread Bmbodiment,
N-acetylgatactdsaminErgsubatpisedattinemglive cecombinantauraniysesomatsuliataserenzyme.
[0031] In a @@{%‘”?Q 8'?}*309%91%” értlggﬁgigclosure provides a method of treating a subject suffering
from MPS TVa ofR/Iorqwo A'syndrome, or MSD, by administering to the subject a therapeutically
effective agagsntof secombinanthuman,N-agetyigaiagtosamine:o-suliatage (GALNR). whgpein the
recombinant human GALNS has a high level of conversion of the active site cysteine residue to
Ca-formyRJISERAE{ BT g et JUran Jutseus! SPdssh R A S a&CabBuie PeYBsHibié Brdterably at
least about¥9@fiexceh MEAER)raleratly tdefab abADESH5M henvatsiepirans -hightiey ek,
phosphorlalign, . AHARIeLAANARaK 0. ScRLefalAR UealRr dNan 0o ?@%{@f gieferably greater
than about 0.75 bis-phosphorylated oligomannose chains per protein chain). [n"‘a'more
preferred EMiboemhBsnIAatR st Providedng miclebatviibanag dsapjaticslatisrimgléresg MPS IVa

or MorquienAsiergme, HEhS Raintaepisinianngdo.thesupjackantheranentisalyehtaative, amount of

recombingnt h N's%%% lgalactosamine-6:sulfatase ( NS) produced by END3 complementation
group cel s,a\?v??%q%eglf%cfﬁe rec%)rgﬁ %}%ﬁ%@n%IggA ?\Ifgsa}%a]éﬁzﬁ#igc ﬁ‘%’éiveé?%?t%%gr%%ncliﬁh%i%ctive site
cysteine régiduisledv@adchayiylydimERES Ig)nipementivastabaut8Dise preforalokifatd €380 abibut 70%, '
more pref@ﬁ@@ﬂeﬁt%ﬂ%&@@%%‘é@,&va@lnm%ogyﬁg%ﬂalya%ﬁegﬁhawﬁéf/g&ﬁrg\ée({éééyaxeand high

levels of phgsphorylation (i.e., greater than about 0.25, preferably greater than 0.5, and more
preferably SHESHEH A UBEGE0 Pt BIESHES SRORF e na&ﬁg}n%asvgdcﬁam& PRFRIFStEHTEPRIN). [0033]
In a particutahcgdlefelrechemblogiarent, @é diidlasureépi®vididma nrethod af rastingasubject suffering
from MPS rVa or Morquio A syndrome, or MSD, by administering to the subject a therapeutically
effective dffddintofaspronificanlasivertidheynstieap Aseitated mecolehimasndesrnah Gligithat: (a) has a
purity of aidpasiakonhI0% @8 delerminediy @pgmmet@wgcﬁ@iQéagemt%ﬁy%%ﬁs?ﬁéfads DS-PAGE
under non-reg%cinl% onditi?ns;?é%]haﬁ?t least about 90% conyersion of the cysteine residue at
position 5350 CerormyIGcine TR - ana tcy 1 RIS iReERGRRD LbAA R e the 850 A5rieebidues at
positions $BtadeB9Mmanhererratddasiapolit5006roithiselyorinatindseschains dttathieddind the

asparaging sesiduery RORIHORALI A e:biz-ehesRboaled:f tepurbed. Aciivg highlvRhgsphorylated

recombinant human GALNS consjsts of a major band of about 55-60 kDa (i.e., precursor human

GALNS bEHe aF feA8E R L PS5 15 iehabiia Oleissy a bt BRYs RS mb reraBRa R da88hout 90%,
and evenlmorerpiefeifataly ahleast aberb9S¥atithelvisible proteinsiiandminaudandmpindd kDa and
-19 kDa (i I OCER56 h n GALN ing.less than about,25%, preferably less than
about 15010, ?%%E%Pp%%rtragél)g Iesset 'alrjlﬂl;%%oété lpégl\/}gﬂagr(?deeg\l/)egﬁ%%}é’ p%lgfé}%%%/nf}egéptﬁgsﬁ Sa%rc\)%t 5% of the
visible préfETRST WHEFPShbje i dd o SIOPRG BUlkiHer reavemdconetionel i teasiorbopaftidularly
preferred gerbeslimentashevpurified, actyebighbrphosphandatactrecanshinaii-bweanGALNS consists
essentiall o{ %sinqlg band of apohl} 55-60 kDa (i.e., precursor human GALNS) when subjected to
Cg/%su% ul Y, C? LPlco ITAMS ﬁﬁ d

SDS-PA &r réduting condions. [0034] In some embodiments, the subject is suffering from

MPS TVargporakind Syadamen i seme.SThOIents i subiedds sy Ring WD [0035] |

Corresponding use of active highly phosphorylated lysosomal sulfatase enzfymes of the disclosure,

which ar@ RIS pPBdHORY by FHElETLEPth&'distISelirding preBanstidafetizementessmant for the
treatmentofithestysosbmaksiatagadise arceNieseibeiabayeds alag cmteoaplaieds [@936%In a
seventh odimnent, the present disclosure provides pharmaceutical compositjons comprising an
etive hig e B e e S R R R
hereinab&VEaRRicho fiyseriicdor ireddivg Disedhdoswaxmesial vicirpere by, or are associated with, the
deficiency in such lysosomal sulfatase enzyme, and one or more pharmaceutically acceptable carriers,
diluents or excipients. In a preferred embodiment, the pharmaceutical composition comprises an active
highly phosphorylated recombinant human Nacetylgalactosamine-6-sulfatase (GALNS) or biologically
active fragment, mutant, variant or derivative thereof produced by the methods of the disclosure and
one or more pharmaceutically acceptable carriers, diluents or excipients. Such pharmaceutical
compositions may be suitable for administration by several routes such as intrathecal, parenteral,
topical, intranasal, inhalational or oral administration. In a preferred embodiment, the pharmaceutical
compositions are suitable for parenteral administration. Within the scope of this aspect are
embodiments featuring nucleic acid sequences encoding the full-length lysosomal sulfatase enzymes
or fragments, mutants, variants or derivatives thereof, which may be administered in vivo into cells
affected with a lysosomal enzyme deficiency.



100371 In another embodiment, the disclosure provides a method for detecting activity of a lysosomal
sulfatase enzyme comprising (a) culturing chondrocyte cells from a patient suffering from lysosomal
sulfatase enayivieadeficiencyysesgma patfentcsaffamnng frbencMahguiecsyhdroméymaddysosndifions that

promote maiiRuanss:afclaonds Alfseniiation; (L eaniaeting e clieadogvisll 8 lysosomal

sulfatase enzyme that degrades keratan sulfate; and (C) defecting levels of keratan sulfate in the cells,
wherein & ed KEVREHESHREBMEG el iHeRls comtxsidshmmane N splonial sufaEse edfyme
comparediergglisnanconiaciedavithohe dygosomal sultatasarenzymerisrdicalive of lysasemal
sulfatase enzyme activity. In sqme diments, the lysosomal ata nzyme is
N-acetylggﬁg%{)%irﬁ%g%%eﬂfa%%e |\f§'5“ Eeggﬁgig%%%%eﬁg tﬁgilﬁ{ﬁriﬁ%ﬂ} %Sg?riteh(f outin
media cofpfsiHeRINSeiN GroveaetiirepthuaE Nawidketasinepgiontisidetercb&tANEF-)nransferrin,
insulin anglascadis-aricniosame embodimenispihskarmianswiiatesns detegied-brsonfosal
microscopy, or via bindén to ?}?tikera a%ﬂﬁ’fate antibody. The method ma% be carried out with any
lysosomal St Stade &R ?%Pé uéﬂ?&iné ally Scclitng oPFEsHibifAPLHGR N Bzyhe or
fragmentsenplanantsithereof, (il ditidivarastscahiprisithy armgninoisicid suendechtdedst 80%,
85%, 90%; 3% o1 Q% idenicatiy the,presursar-nurmamEnZ e WtheME sigpal fequgRge. or the

mature form thereof, [0038] In yet another embodiment, the disclosure provides a cell-based assay for
measurin§ TSR HSAIRAESHTIiREN FRIPREAREEShsE BT ine 8 tyittlensditrdnsisdithtes. The
method cerefrisé srtdpdiituringeaiNBolated lbimanice hdeficiers rithambysosapal engyme under
condition%dgb%gig . natural substrates for the lysosomal enzyme accumulate; (b) contacting the cell
with the lysosomal enzyme; (c) lysing the cell; (d) adding to the cell lysate an enzyme that (i) is specific

for the najysakpubstialrs.anchiib-gleavessmalloligerpschatidasfiom.ihe NRUALSUbstiates: (e)

labeling the small oligosaccharides with a detectable moiety; (f) optionally separating the labeled small
oligosaccﬁl?fﬁiagé;p@?‘&ggel&ﬁ?@%ﬁ%%‘é’f%%%ﬁ%ﬁ%ﬁé%ﬁP?é??ﬁléts‘i‘%‘ilﬁsﬁ B RYIsB activity of
th_e Iysosdma_hemm;mheﬂmatﬁgrmﬁgthe mmhsmwsemmmm@ggﬁ;cm ameumcehiabeled small
oligosaceharidpdiam el ontacted e hiagsamal siadd e il () he Amgual gl jaheted small

oligosaccharides from cells not contacted with the lysosomal enzyme, wherein a reduction in (h)(i) as
" compared ¥ (i iFRmeABb e srisy i Sretemd sudnar shzyRteCroiaet At el aEaPistrates. In one
embodimeatythieesitatbo igesaeghantiedsdosanfayde efciifsacehakdel t\éohance its stability

2009/091994PCTIUS2009/031270 0.2 ilaied embodiment e smal oligosagchaide s
“frie Iy i rom the gréup consisting of

disaccharidé. In somé embodiment sosomal enzyme s selecte i
arylsulfats8b®igxRS Bicidoromates 2- SulfamdstDs), silffimidasehepafinae|itdse (@GS H),
N-acetylglycasaminestiatase (@6 8)vand Nvagstviaplaciasparine il falnse(GALNR). dp some
embodiments, the lysosomal enzyme is a-L-iduronidase (IDU). In some embodiments, the lysosomal
enzyme IEAGHTES 1D Bl (KA FEO AL e ARBEa eECIRD b Hfal BRE e e T
glucoronidelseaG tBBie! niseme embaiimeni shdHesiysosbmithenzymens ik galactosdase{GLB1).
[0039] Suitahle. humanse '&!‘:@%ﬁ%ﬂﬁ be dseddsdhe collifasarassayngluds Ao umaneell that is

deficient in the lysosomal enzyme to be tested, such that can accumulate the natural substrates for the
Iysosomaﬁ’%ﬂfrﬁ%?“?}&F@?&ﬁ%@*ﬁ@k%%é@@%%?ﬁﬁﬁ’é‘fﬁh 71 Dbsrg e parkisteeEiontY in activity,
e.g. 30%,0b0%D10%,280%61FA0% AQBRSIE Y LIcteRn A t-rIeHes Ryaaivity oy e usedaCrllsexpressing a

mutant engy, ith diminished, activit lls derived from patients suftering from a lysqgsomal
storage dqée se%%'e}.% .qéw%ﬁrcéﬁb ysacc I_Jaﬁid%gi? g%éy be Lised. 'Selﬁgaraé’go@élﬁgn%}léﬁ@é o knockout
or reduceskisbenai MRZyHielactivitfarsidaseirenigin-trolduein 54 fltafeniirnad eoduing gene or its
promoter prether geguiaiesny eaiotnirysResetz 655 sl aalad 10 Aednee usosamatengyme activity,

e.g. treated with antisense or itor g zyme expression, may be used. 100401 Suitable
enzymes thar el a&%@&?@“&%ﬁ'@ﬁ%ﬁﬁt%??gz ;gé‘gﬂ de@'ﬁr%nﬁ%&?ﬁ dpéé?egnﬁn?ﬁ%ql%t’sg’@ciﬁc for"
(i.e. preddyninemifsdigest) divemats ratistiastraties ofthiechrsesbnaenaynelimay devBelected by those of
ordinary skill in the art. For example, for detection of activity of GALNS or GLB | (enzymes that
degrades keratan sulfate) the enzyme of step (d) may be Keratanase 11 or any enzyme that acts
primarily on keratan sulfate. As another example, %or detection of IDU, ARSB, IDS or CUSS (enzymes
that degrade dermatan sulfate), the enzyme of step (d) may be Chondroitinase ABC or any enzyme
that acts primarily on dennatan sulfate. As another example, for detection of IDU, IDS, SGHS, G6S or
GUSB (enzymes that degrade heparan sulfate), the enzyme of step (d) may be Heparanase | or
Heparanase I, or both. As yet another example, for detection of GAA (an enzyme that degrades
glycogen), the enzyme of step (d) may be a-amylase or any enzyme that acts primarily on glycogen.
[0041]This cell-based method is capable of great sensitivity in detecting lysosomal enzyme activity. In
some embodiments, the lysosomal enzyme activity is detectable when the concentration of lysosomal
enzyme is as low as about 10 nM, or about 5 nM, or about 1



nM, or about 0.75 nM, or about 0.5 nM, or about 0.25 nM, or about 0.1 nM, or about 0.05 nM, or about
0.01 nM, or about 0.005 nM, or about 1 pM, or about 0.5 pM. [0042] Other features and advantages of
the discloBvize (well hEeonanéappmsent fectrsilfetded| oingNIBaileth desatiptigaritahouldileeuaterstood,

nowever, (i depled desariplenand t seric aamplesatlie ndcalo prafered,

embodiments of the’ disclosure, are given by way of illustration on y, ecause various changes and
modificatiBrEaRittetRe Sphit el seln Sobire HeBrme WiISBcbme Mpsarderiaeiommaaskilled in the
art from tRigdetaijechdesgription. BRIEF DESCRIPTION OF THE DRAWINGS [0043] Figure 1
describes the nucleotide sequence of human sulfatase modifying factor 1 (SUMF1) (SEQ ID NO:1).
[0044] Fidifaq? désdrilyesnihesaraing acitsequense sf dfimamsulfataseainodifyirgfactailofSUMFL)

(SEQID M&%JQO&?}MH&%{J@&&{&Q&%%ra&g%lsaﬂgqrﬁsa%ﬂ%%@ QR s the lysosomal
N-acetylgalactosamine-6-sulfatase (GALNS) (SEQ ID NO:3). [0046] Figure 4 describes the amino acid

sequence’BEHEINH BV RRa EbIgTgUraLD SHm & §‘Eﬂf§f§§é"(@AE‘P¢T§§R‘S‘E®g®W@4’f ariEnaPial peptide
of 26 aminaacidsat Kheshinarmiiissis abseft W@@&&B&éq&%&\ls HO04é Eighueibadapigts the
structure g d ch% cter|§tlc§§ %f prqces ed hu nP &e% aclxo81 I’HIHF -6- sulfatas ﬁALhI}IS) [0048]

£ MOIC H
Figure 6 % e expr gssion o Tacetylgalactosamine-b-sulfatase. ( rom G71S cells

co- transfél’f’f@d%‘?ﬁ%ﬁﬂ&n%ﬂbﬁ?ﬁ@@%ﬁ@fﬂﬁﬁﬁﬂ%ﬁ@? Aol 1o is an@mtmﬁh remeINS wxpression
vectors. (&) 1841 avelarsesceser tonackve GALNBINYE;Weltse(Bldila floRseALNSRIQEUctivity in

plcograms er eII er 0049 ur tes a schematic of the WAVE bioreactor controller
used for Ia}%e s(ica prfcfI éon 0 16;)%55?@ § éj%pgﬁés |§88hﬂﬂﬁ%%aﬁ ceiRSaratisdatrih e Sulfatase
(GALNS) embvpiiints the reofv§0058)Rigund Btshowsythe stabilineidf pgrified bfitharhuman or

N-acetylgalagtoaaminesfis UifAlase {aobbirhENAYIe 8qY VRO SINREE Ak dddiamands) or at
-70C (triangles). 16

15 10 be administered is human.

[0017] In preferred embodiments, the Iysosomal sulfatase enzyme is a highly phosphorylated
recombinant human lysosomal sulfatase enzyme produced by an endosomal acidification-
deficient cell line, e.g, a CHO-derived END3 complementation group cell line. An END3
complementation group cell line is any modified CHO cell line that retains the properties of an
END3 complementation group cell line, such as defective endosomal acidification. In a preferred
embodiment, the CHO-derived END3 complementation group cell or derivative thereof is a G71
cell line, a G718 cell line, or a G71 or G718 derivative.

[0018] In more preferred embodiments, the recombinant human lysosomal sulfatase enzyme has
a high leve! of phosphorylated oligosaccharides (7.e., greater than about 0.25, preferably greater
than 0.5, and more preferably greater than about 0.75 bis-phosphorylated oligomannose chains
per protein chain). In even more preferred embodiments, the enzyme is a highly phosphorylated

recombinant buman N-acetylgalactosamine-6-sulfatase (GALNS).

[0019] In more preferred embodiments, the recombinant human lysosomal sulfatase enzyme has
a high percentage (i.e., at least about 50%, preferably at least about 70%, more preferably at least
about 90%, even more preferably at least about 95%) of conversion of the active site cysteine

residue to Cy-formylglyeine (FGly). In even more preferred



WO 20(19/091994PCT/1JS2009/031276 [0051] Figure 9 shows the purification of human
N-acetylgalactosamine-6-sulfatase (GALNS) by (A) Blue Sepharose 6 Fast Flow chromatography
followed BpIBYimattothsl SEYRRGAMCHISMARSOREIR PURsLiSRsErameirpasdhiadaiesBIlue
staining of GRPRBAGE (left) and by Western blotting using an anti-GALNS (IVA) antibody (right).
[0052] Figure 10 shows the the purification of human N-acetylgalactosamine-6-sulfatase (GALNS) by
ultrafiltrationzgdiafilt ratierpiict2 Ry, fredated ehBiditiefapichranmabtdgrapluyndrighelatidgSeplarose
chromatography and ToyePga t ; . PUrtY IS imined assie Blue
staining o%g%%g@%\%% %’%?b ]%e‘%i a%r?d}g é;%%@é%%ﬁgﬁ‘tﬁ%g%mn‘dﬁ%ﬁ%%3@%%@%‘3@(%% right), an
anti-Catherifmeblarmpriery eatiomm fef) A ﬁe%¢@%ﬁ%}%ﬁb%%%%§eP®%WEWEmeins
(b%ttom rigﬁgbn{%%% EEQME?@{%Q@@WS@HP&Q} d%p@ﬂ@@fﬁlﬂ@@r@@sgﬂ MeHIEBHOB0M, példwﬂamstgn suILate
substrate was observed in the IDU-treated GMQ13 S. [00541Figure 12 shows, a ependent
cecreaseTh TS S 1 b RS QA e RIS F HT RS A 2 EMo0815
cells. 10@B5anFigrive d3ishotiis tile cystalte shidupiark Natetgyater (BSaride-BostifatEstiGALNS),

either unlaheled @Hﬁ%@&éﬁ%c%“&é&?&%t%%%%@’? iR diNangiesh.RY it ed
synoviocytes. DETAILED DESCRIPTION OF THE IN ION [0056]The present invention relates to

the discoVeRYEREGIREMtRF ratfaksnied i need for large-scale manufacture of recombinant |
IysosomaL Ifatase enzymes with the yrequirement of an active.highly phesphorylated lysosomal -
sulfatase @%}I/ %‘Srgo uc ff‘ﬁlz’f\)llgsn% ?Ciéﬁ%‘i&%ﬁiﬁ@T)l/%gsao%;l%goégr% ﬁ%ﬁ%e%got el%af)lqeﬁ%fgg%y effective.

[0057] Thiviberapeuifsteffestvere ssodhesll/Bp semmagibpda /pi shransegaitibpckiepends amieed/el of

man nose@ﬁemmet?é&mﬁ RrERALation, Rhosbhatesis added taihedtaraehalvconmteinby a
post-translational modification jin the endoplasmic reticulum ané']iaearIi;)Gol%i‘(.j Folde I_)éjsé,o%(l)mal

enzymes EHEIRAPE ERRGUE Se i RS AT AREAROT PEOGGRT AU B 8 8RGHs4Ee Bliification
enzyme. tbeatesminesnt fiepnjfasadnofiepsetl Hifffpenificallispaced lysiites: ardiisiféndann most

lysosoma ' ' I ificati me,
o 1R e ot SOe (e o e to
the 6-pOSi¥F@ﬁiﬁ1htér sl (SUMF1) and the recombinant human lysosomal sulfatase enzyme; (2) pH

adjusting the filtered harvest to pH 4.5 (to indnce precipitation of contaminating proteins); (3)
loading the pH-adjusted filtered harvest onto a dye-ligand column, e.g., Blue-Sepharose column,
washing the column and eluting the lysosomal sulfatase enzyme from the column; (4) loading the
eluate from the dye-ligand column onto an anion exchange column, e.g., SE Hi-Cap column,
washing the column and eluting the lysosomal sulfatase enzyme from the columm; and (5)
ultrafiltrating and diafiltrating the eluate from the anion exchange. Optionally, the filiered
harvest in step (1) is concentrated 10-20 fold by ultrafiliration before adjusting the pH.
Optionally, the ultrafiltrated and diafiltrated lysosomal sulfatase enzyme in step (5) is formulated
in a formulation buffer. In a particularly preferred embodiment, the Iysosomal enzyme is a

recombinant human N-acetylgalactosamine-6-sulfatase (GALNS).

[0022] Io another preferred embodiment, lysosomal sulfatase enzymes are purified using a three-
column process (capture chromatography, e.g., anion exchange SE Hi-Cap; intermediate
chromatography, e.g., dye-ligand Capto BlueZinc, Chelating Sepharose FF or Capto Adhere; and
polishing chromatography, e.g., ToyoPearl Butyl 650M, Phenyl Sepharose Hi-Sub or Pheny!
Sepharose Low-Sub) comprising at least five purification steps:
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WO 2009/091994PCT/US2009/031276 mannose residues on oligosaccharides proximate to the
binding site; a second enzyme, phosphochester a-G1cNAcase, then cleaves the GIcNAc-phosphate
bond to giv¢ dirafirogebephosphate tenhiraheligosdeehandNCandietdeet2atent Mouh B3D,785). The
purpose @e}hﬁn@@&%&l@eﬂﬂ&%ﬁy@&w@é&%&&%&g@%@m ENFYERTHTOM fhie, secretory

pathway to the lysosomal pathway within the cell. Mannose-6-phosphate-bearing enzyme is bound by

the MPR rﬁcmebifaﬁghea?@é&m%ﬂteafﬁefﬁéq%eaed%ee @s%afe%rr(ﬂ%eeeq lprka. Todssi addition to
the presenzgq:afaktje::;m@nn@ﬁec&cphﬁsmaéq;maﬁkab entlysgsemabenz ymemligosaaechasiens); lysosomal

routing of acidification af trafficking endosomes emer r e end of the
trans Gol ?gf(ggln i’\le |ca?squ%§1%qt|%r§% gsaglrg?cae%a |%ﬁ%ogn%|ﬁﬁﬁ %%gggggﬁ%%@eg with

diffusible baSié¢Micieicnlexhastritsvistdisgbegemiant atthlatiesibe lasccomntd vsfanetuaingiySosomal

enaymes ol UATIM ALk BHaKE LR S LBIOk B 316321907 .
AC|d|f|cat|$n re%}é QSF 5 cific vacuqglar ATPase embedded within the membrane of the endosome

(Nishi etal” FSic S 0 AR 50500 T iR SP B TR B A ' RBR 88 to enhance
the secretiongf fyshsormahbndtzameseattine &m&h&e@dysmdmalmm@emﬂufmwdﬁghwl lines that
carry defecig i the vacupihARRSEHAUISLRR £XB t%Pﬁ%M%@%‘B&P&EH&HX@I%WéﬁBO” of

phosphorylated reGombinant enzyme to the intracellular lysosomal compartment. 100591In 1984,

Chinese HgrHéertByspPreHes eéﬂ%ﬁlia%%ﬂeelfrégwa&eet% ﬁqhemﬁb?rﬁéwaéuaﬁwﬂeh were
generated:anaheinracienzey 1éPfaf}ﬁﬂEtali 1BQL&T¢IﬂmGledioM®t1£E@n&Dpﬂ;$ﬁZDy,lﬁ% a.mdm&is)meﬂo -K1 cells

were chemlﬁa[a er@gt?rglen 1zoed Iecteg ra sur |va‘J t%I vategatecmgeraiiure %Lﬁxfesence of
toxins. These toxins equire en malacid |cat|on +for the Tt expressmno héir Tet ?y (Mamell et

al., J. CelPmrtienadig(éhe mgmefe@%@lw@mﬁhep%y lmsé@tﬁhw@fcmmwm% Withodifferent

mechamsmﬁ @ﬁ{a@ta@ﬂmasaﬁm%erte VIR SEIRS HRNLBh RN SRELHIG LBSiISBNGs « ThRiRIAGDle is that
while the f! ere g)t[l}lus mutations that result in resjstance to one particular toxin is small,
ﬁ' VA iirs‘r‘i‘tﬁ? o

the prob SBRPEH FIEHSTs LRSI E B R For e JRtAshy ARSFett toxins is
non- emsteuiifa@@léGm‘dﬁéS\Nere carried out at elevated temperature to allow for temperature-sensitive
mutations. This genetic screen resulted in two mutants, one of which was designated G.7.1 (671), that
were resistAth ifﬁ’%ha?réﬁ’ééé?éatnté‘%ﬁﬁeﬁﬂ%é%PW@TéﬁdﬁuﬂfW parie higbdoeheseherdpeske or
mechanisiahbetiontahtheNwedoinscltines.ited fram anAnaigit: eidheislanadaacidibnendosomes
at elevated temper ture s inabilit s also.evident at issive temp rature 34C), although to
a lesser extent. 8r7 g?o%@f&%@?ﬁf%%%%ﬁéﬁﬁ%ﬁg %] ere aIsoFSﬁSﬁ)ﬁ“ o(f) a%xotrophlc
for iron atdearatduiteppavgtiss (despitecaprinsicdprakesisf tremh $ien Mo kY theomlgrgmo( Fimchak et
al., J. B'°W&%)%%Q&1aﬁl§ﬂﬂ&?we Sinsestannastsleasesromdansieimenly at low

pH, auxotro for iron despite normal transferrin uptake indicated a failure in endosomal acidification.
Another sﬁjﬁg}%gem?ategltﬁaﬁﬁfgr’é?&me gf&‘f WHEIRG NS s RS SRR b mes rather

than lysosermebi(Stohereh LA INSIgh) Glrenmu26R (20) 1288308861 88Itciha«ddia Omtiddsiwere
consistengith 1, COREIHSIRR:thatd @ﬁ@%ﬁﬁﬁ@%ﬂ%ﬁ%ﬁ@%@ﬁ% omaws Kaguslay ATPase

responsible for endosomal acidification. Destabilization was most evident at elevated temperatures

(39.5C) bt aeqyaitianypeisresidrrdtefisioweiitnpdeduroeslabying Sy ombéirsicking of two
endogenalssdysosamaienzymesspathapsissihandaiphiscgiurnsichass inhéleeelisi(Radoaital., Somat.
Cell MoL gae/wetf 7(2) 137- 15% 1%91% \%'1 &j h%g%haegz gnre%?ﬁ/l%r%g) artlltltﬁatixfgly seé:reted at
elevated températures, an%lnn? ycosyla ion of the enzym as unaffected. The secretion of
phosphoryi@@@é‘%ﬂlﬁ%pﬁh‘gn%ﬁw%@Wb@@ﬁghﬁﬁéﬂhﬂw@ﬁﬁmﬁm@ﬁ@mwmﬁermures.

[0060] Theftm@gsgnﬁeéf&mm@sm QiR bf%osemeis%y |1‘1%Eﬁ§9 GREXVSRHEPARIANANL Ry depends
on the IeveIP se-6- ate but also epe the esence of active enzyme in that
preparatidh ifé&%&v\%agbﬁlgfgs b AR P KRR 8”&9 ﬁ(&l%%%ﬁﬁl@gffeprﬁ‘fg fdine residue
is post-traestadionalymadiftedstbl<" "-formylglycinc (FGIy) to activate the enzyinc. This cysteinc to FGly
post-translational enzyme activation, which is catalyzed by sulfatase modifying factor 1 (SUMF 1),
occurs within the endoplasmic reticulum on unfolded sulfatases immediately after translation, prior to
targeting of the sulfatascs to the lysosome (Dierks et al., Proc. Natl. Acad. Sci. USA 94:11963-11968,
1997). The importance of this unique post-translational modification is highlighted by the fact that
mutations in SUMF |, which result in impaired FGly formation in lysosomal sulfatase enzymes, cause
Multiple Sulfatase Deficiency (MSD) in man (Diez-Ruiz et al., Anna. Rev. Genotnics Hum, Genet.
6:355-379, 2005). 100611 Thus, the ability of 071 cells, mutant CHO cells that are defective in
endosomal acidification, to co-express recombinant human sulfatase modifying enzyme (SUMFI) and
a human lysosomal sulfatase enzyme provides a mechanism for the large-scale production of active
highly phosphorylated recombinant human lysosomal sulfatase enzymes useful for the management of
lysosomal storage disorders caused by or associated with a deficiency of such lysosomal sulfatase
enzymes.



WO 2009/091994PCT US2009/031276 I.DEFINITIONS 10062] Unless otherwise defined, all technical
and scientific terms used herein have the same meaning as commonly understood by one of ordinary
skill in thepartetoswinidhmtnis ipareintion Beldhgsdrhgfellewirg reierences @ravderanencf akiNsvith a

general definifion.qf Iapy.Phae terms ?&4%&1}1@&8&1@1@%%@@19@%%%5 DIGLIQNARY OF
MICROBIOLOGY AND MOLECULAR BIOLOGY (2d ed. 1994); HE CAMBRIDGE DICTI&NARY OF

SCIENCENTCRERSENTRIerBY iifatiar dyut1¥ss) trEithiongsiry Ureeheres, $i%H ED., R.
Rieger et BAGEdsjileSprdagar Vertag (1991 )x aaditialedpMamamnbbtEddARBERSQRLLINS-.
DICTIONARY OF BIOL 1991). [0063] Each lication, patent applicatign ent, and other
referenceﬁg }é% %Orsé}%)gqf%:%r%cg t%telif[%?/h?gfjérg‘%lé%‘rgl)l en |srg%/e]i%at leoepﬁélr?éiﬁ glf? %{i (s)rf]ﬁ1 (1))? fhconsistent

with the préséhkBisdliosumsesaned hiigh 6ted e entia asbisstad itotHB SPécHicatider andutiezappended

gl_aims, thaﬁm@ﬂ@.rl ﬁggﬂﬁ%l%géﬁﬁaérﬁﬂqéj%@;ﬁi&gﬁgﬁq@lﬂ%ﬁhfﬁfﬁg%%%}éwg%@cﬁ?@oﬁ%ﬂﬁ%ﬁg?m{h
ictate, ot e, s used herein, the following terms have the meanings ascribed to them
unless spé]giglg(? dfh‘é%%%ief%%@é‘f’%ﬁ&%&é%aﬁtMPéﬁé‘fg {0 SR B o B ARSrEWAGIHEFbHRE forms of a

gene occupyiig.theisamg: yaietichlioglas:datielioariatiomsaligd Natisraedtfulhroughtimgkasion, and may
result in phenotypic polymorphism within populations. Gene mutations can be silent (i.e., no change in
the encod@&lﬂblifppé méy%P%w@n%ﬁ&@ﬁéwﬁemd@%WwMﬁé@tmrﬁiéea%ﬁﬁogwé@ﬁcés. "Allelic
variants” alsesefelttiaBNAsdedveddrom mRNAdRNsEPE ofgenstia alleliearianis. apwell as the
proteins enceded by them, 100671 Amplficaion’ refers.to sy means by which & polynucleoide
sequence 1S copied and thus expanded INt6 & larger number of panyntIeBiu& oL EE™s g., by

reverse trefiedeeipstionthsolpthedaselehairsreatsdnsandligasetbhbispseactionfatfo0 68lvadistdequence is

an "antisepsg SEGURRGSOVHLR FOSRRELIRA.SBCONd SanveRte.fa-RRlYKICIeRtide WhgRR sgauence is the
first sequence specifica_ll@ bridizes with a polynucleotide whose sequence is the second sequence.

100691 "¢ESNROTERSF S #that is complementary or identical to an mRNA, in either single

stranded ﬂf()gglu tfﬂeoﬁg%&%g&é%ﬁm 'ghwr%tggg %ci)ngp]ﬁ%gﬁ re%tl-xéngasgﬁ 9{390/10 s%} exzigg from a deficiency
of a lysosomal sulfatase enzyme comprising administering to the subject in need thereof a
therapeutically effective amount of said lysosomal sulfatase enzyme, wherein said lysosomal
sulfatase enzyme is a recombinant human lysosomal sulfatase enzyme or biologically active
fragment, mutant, variant or derivative thereof produced by a CHO-derived END3
complementation group cell or & derivative thereof: In some embodiments, the method comprises
administering a therapeutic recombinant human lysosomal sulfétase enzyme, or a biologically
active fragment, mutant, variant or derivative thereof, alone or in combination with a
pharmaceutically acceptable carrier, diluent or excipient. Preferred embodiments include
optimizing the dosage to the needs of the subjects to be treated, preferably mammals and most
preferably humans, to most effectively ameliorate the deficiency of the lysosomal sulfatase

enzyme.

{0026] Such therapeutic lysosomal sulfatase enzymes are particularly useful, for example, in the
treatment of patients suffering from lysosomal storage diseases caused by a deficiency of a
lysosomal sulfatase enzyme, such as patients suffering from Metachromatic Leukodystropky or
MLD, Mucopolysaccharidosis type VI (MPS VI) or Maroteaux-Lamy syndrome,
Mucopolysaccharidosis type II (MPS II) or Hunter syndrome,
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100701 Conventional notation is used herein to describe polynucleotide sequences: the left-hand end
of a single-stranded polynucleotide sequence is the 5'-end; the left-hand direction of a double-stranded
polynucleditidepsbyareheedisrefgrediiidMEIHESD lodBediipnoThe didestianvbicobtdySiat dittiosisof

nucleotides 1 apaea Y. anRRHRlS Y RIRIR] A0, N RORCHRIAN IGEH0R. (TR RAA strand

having the same sequence as an mMRNA s referred to as the "coding strand”; sequences on the DNA

strand ha%ingomEie Anisedititfenide a8 arr RN Fard enbedinoih isdt Dron P RERclised® Iocated 5' to
the 51-ensked tiva RNAvrarsarighamaeiened (Osaomipsitameseayancericsaguenaesamihe DNA
strand having.the same.sequence as and which.are 3'to the 3' end of the coding RNA

transcript'an %%ﬁ%‘?r%s 085 ¢ g}\f%/%g ré?r%]“ I}é\g Uer?gegé [60711° S%n%félﬁsfe%%ryl‘s?e ers t(%%ﬂe
topologicareompatisiitpcontinatclomporigath epobifiiaen i geinkat dysotewel poljaiesieatides. Thus, the
two molegiigs fan.bs deserPed:as-Cample MENtAryy ARH JHRAIN ke, JRBICQRIALE SHHRRE or

characteristics are complementary to each other. A first polynucleotide is complementary to a second
polynucleBtidEtthe nucleotide sequence of the first polynucleotide is identical to the nucleotide

sequenc (sz eIRo%nﬁg%Ie g) dpljrggq'kng&gartn%r gf the secoqd Hol nucl otiqe.'I]; us t@e olaynucleotide
mose s e e A T AS. A

nucleotid&segmehtiareeslitsatarhatliy vomisefaitactsansféreneemnele bgersel sdfisessf the

sequence:samplesoaptandatiesubjpst nugledlidraeruenge issubstantiafwiclenticakiethe reference

nucleotide sequence. L0072l, Conseriative substition” efers Lo the subistitytion In a polypeptide of-
an aminoatid with & func lonally similar a A0 acid: The T8 ov?fmg SiX groupssga%hzyc%%tgin amino

acids thatenenborsthvatinesedettinliotesfonore wHotre (GAIATEN e 1A) cBSline(S) fifkrsonine (T); 2)

Aspartic %%@aﬁ%aﬁéﬂi%m&%@y@%%bﬁaaﬁ@&i% MNreluaMine ) HANGNRBLR) otygIne (K); 5)
IsoleucmeFﬁllz, Leucine (L), Methionine (M), Valine (V) and %Phen lalanine (F), Tyrosine (Y),

Tryptoph&f (W 07 Tve BEFR - frad i ENPAWHER Sk h fafefifibec PORBEL AR RIERE 1o
polypcptides:atiarechosterthamile GHIlESgthpalypeptidedysunliie afive featon @tmeither the

oo SRS e REI or DO RANIA Y el RR Ol AISIAbRRITON.AL, WO
2009/091994PCT/US2009/031276 region of the protein. Fragments of a ponpeBtl e can be generated
by methoBdRRoW R e G tin @ particularly preferred embodiment, the lysosomal storage disease is

Multiple Sulfatase Deficiency (MSD).

[6028] In particularly preferred embodiments, the CHO-derived END3 complementation group
cell or a derivative thereof is a G71 cell Hne, a G718 cell line or a G71 or G718 derivative

thereof.

[0029] In still another embodiment, the present disclosure provides for a method of enzyme
replacement therapy by administering a therapeutically effective amount of lysosomal sulfatase
enzyme to a subject in need of the enzyme. replacement therapy, wherein the cells of the patient
have lysosomes which contain insufficient amounts of the lysosmal sulfatase enzyme to prevent
or reduce damage to the cells, whereby sufficient amounts of the lysosomal sulfatase enzyme
enter the lysosomes to prevent or reduce damage to the cells. The cells may be within or without
the CNS or need not be set off from the blood by capillary walls whose endothelial cells are

closely sealed to diffusion of an active agent by tight junctions.
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[0074] The term "mutant” when used in reference to polypeptides refers to polypepudes in which one
or more amino acids of the protein have been substituted by a different amino acid. The amino acid
substitutid#fddin beaapeorséay athe Bulostittitodisdssdefipedidirovenprstambend pbazgarséraative
substitutiop,NiantPolReREdesCAM Re BeRAleH RLMLHSs KRowikn e, GRCR) The term

"derivative” when used in reference to polypeptides refers to polypeptides chemically modified by such
techniquedCKF X ATIE afibi ot srarnriaticisiant GhithitHaohe BTNy SEYe A PaifdnBclides or
various enayiinesyetovaie ntigetynfesfattat imentsuohlas pegy | atlGmie enzeesy attratio Buits
polyethyigne ghicop and.nsaian ok substiiiion By dhemicabsymibesis ofamine adds sucn as
omithine, which do not normally occur i human proteins. Derivative popreptldaes can be generated by
methods KHl6\#cin Brdcaty gbovepre-termidesivatde Nvieetylgsleeroperaiferériciagseell liles#efers to cell
Lines thapbaseraaseandamisnef thadqaeakealdne: onaranmple this tetindneludestellsithathave been
passageq or sub?Ion 9 from parent cells and retain the desired property, descendants of the parent
cell line that have bediy mitatéd and selected for retention of the desired property, and descendants of

the parenjugelh line Which have ResnAlRrefacantaln JHIGIERT SXRIGRHION VRIS QT diffgrent

exogenously added nucleic acids. [0077]"Detecting" refers to determining the presence, absence, or
amount of Ui RRE NES Ak MadEamimersieriushtdiRy the drvsitor (e naipiesiit a sample
or per celtisrpatinie. {f0A8lEDaieciable maieipinma Habel' refersiaLamposiiondatestable by
spectroscopjc.photachemijcal, biochemical, im emical,.or chemical means..Eor example, useful
bels oA B e e B R e Y T mony
used in afEEYSANehRststedpravasite arigEnn, (hapte s abbpr femertseraiiich kntisbeator
monoclorahantibrdiesaseavailakienehiieleis.acigmolesulssyvith aseguansecomplampentary to a

target. The [iﬁtecfiabl oiet %ften %éenerates a measurable sjgnal, such as a radioactive,

|
chromoudRic SF-AtSTE Se AP EaMAIPRA L an D GS %&%&Rrﬁ%@%ﬂ%éﬁ?ﬁ%ﬂ%&%& d8fectable
moiety in asampleribhe gletecttble shoiet) Tahibehivpbnporate dlizanatashebktos appripreteior probe
either cochll?gg)t.ly, or through ionic, van der WO 2009/091994PCT/US2009/031276 Waals or hydrogen
bonds, e.g., incorporation of radioactive nucleotides, or biotinylated nucleotides that are recognized by
streptavagling5f hg deteetablgamaieiysnanbe, dircetlyioniodireaiydeteatailer trditesctdatgedion can
involve the hinding of d directly or indirectly dete e moiety to the detectable moiety. For
example,st %laré%e%?gb e'mo?\g?yoéa%c%g e"gliS rf%g c%fe a%i%r% Bgr (gter}r{fussheéﬁ“ st,o&e[iﬁlflyﬁ%c% isa
binding p#rtreeitieaitye siassiin, aoraniucle otidenbigoe feeranhisteist e bincingipabtrd fdosa

complemeRiarySeaMRNGS 19 e itaanspaeiically-hybudice whbeibinding.pagRerMawitself be
directly d'etectagil%tﬁfor exampli, %n antibody rgay be itself labeled with a fluorescent molecule. The
binding partar 2l B h& HEEAY GEHELabIE® fSH Bk atpiET S HuER I ARy & ¥BRlementary
nucleotid€i$Bguénrceacimdetapart vl arbfandied DiAamoletitle thatkipritfduiiydetéetahlethrough

nybridizatigg, with;oihet IaBeledpuclelS AR MAeCUIES:. (388 81 FAIEATST £bah haeshnolooy

6:1165, 1988). Quantitation of the signal is achieved by, e.g., scintiflation counting, densitometry, or
flow cytoriétng D 2orP DRIGRost Braiehs SealtfyResproseriod Srbliusecsirat parIbgic
condition oD EgRestsmethedstiftetinthemapeeifigitytandisatgctivity. While a particular diagnostic
method may not provide a definitive diagnosis of a condition, it suffices if the method provides a '
positive in@#83tidn thparsinidaity diefrosisimbodiment, the disclosure provides a method of treating a

subject suffering from MPS IVa or Morquio A syndrome, or MSD, by administering to the
subject a therapeutically effective amount of a purified, active highly phosphorylated recombinant
human GALNS that: (a) has a purity of at least about 90% as determined by Coomassie Blue

staining when subjected to SDS-PAGE under non-reducing conditions; (b)
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[0080JThe tetEn "effective amount” means a dosage sufficient to produce a desired result on a health
condition, pathology, and disease of a subject or for a diagnostic purpose. The desired result may
comprise kesabjlseshebowtolectvavirsro vt rierpiictne Yesiient opthionddageCTrerdpgbuinsally
effective amoyntisefessitoNhakemeyniofan aoe effertbr-lo-prduce thedniended.heneficial effect
on health. 1[%%081]"E codiQ ) rg(;g/sgg) theénherent rogée,rty of s%%?ific equences of nucleotides in a

polynuclodTEE BALCES A'5Be) 2 SbRTA CHPARFHIRN AL S B ot PHat SR TR & FEFELR f other
polymers powitinmatfd meldcutdwiphbivlagicallpropested hatirghéithe padplinekitségqeendsmafnucleotides
(e., IRNABRAANGOMBNN 0L AR lned spaence ol aRINAGHS andihe Piplagicsl rogerties

resulting therefrom. Thus, a gene encodes a protein if transcription and translation of mMRNA produced

by that gePrae8réidersabmtd hicaifelfraP el Sretribblcyitars patEmbRcthar duwity Gramt, the
nucleotide-agoerRcrBiwdNGh isdantiaal 10 tielnRNASaquenseandistsaalLProyided inisequence
listings, an -coding strand, used as the template_for transcription, of a_ggne or.c can be
refen-ed to?é’tg%gﬁc(gé'ih%%éep%%?ﬁ eg?egt %IP%?% gf%ﬁﬁgggﬁse%arncﬁ’%i%ﬁ(’reps‘}‘se%ﬁ%ew?’wfése specified,
a "nucleotiere sbepidAte encodinigrabhaleindacidosedi¥neet sy descatifocldpticks 8egubndges that are

degenerate, W00 HI2ABGHLIS2009(033 275k wersiens.af sash alhesand thatencade the same

amino acid sequence. Nucleotide sequences that encode proteins and RNA may include introns.

[0082] "E GBS D IBEE FEERY o6 B b IR CBTATE $he BEeHeP g reratiayarn
[0083]"Expreksin noacisty ek satjeiénot! safdebindolivtteotideseiudneeireampohmnncie GlideNtiat

regulates @%%n%}%ﬁ@é%&ﬂ@ g%g@%g}r}gé%ﬁggﬂ%%%pf a nucleotide sequence operatively linked

thereto. "Operatively linked" refers to a functional relationship between two parts in which the activity

of one paip(e4]. theabilksirgauiatedapRer RliMRSUSINAPARIO BN dREIO R REIHE. J-
transcription of th%egg%uencez Eﬁ)ggression ontrgl sequences can include, for example and without
e

limitation, SqUS F‘SP&%&? J(%C.tgl.s,s!ﬁ &SI G stitutive), enhancers, transcription
term'“atf’ﬁ%c?s?t%%&é%gé?{h&g e DO ARIIGING Slgnals don @éﬁ(ﬁ%%s%%%ls P52 é%%%nn%eosoéz%e

"Expression vector" refers to a vector comprising a recombinant polynucleot prising expression
control sequélERsEhThIRIER REKBFYY ETMW@§EW&%@E@€%@§@@E.‘W?Péxpr@%éion vector
comprisesrdfficient is-agtingLlements far expsessionether elementadersxprassioncande supplied
by the host c%ell of %ndvitro expression system. Expression vectors include all those known in the art,
such as cggrrlrﬁﬁlg,ap?a'smids (e.g., naked or contained in liposomes) and viruses that incorporate the

recombinapg peynuclestide Q085 Hiably.ehnsphordateds: ighevel of phasphanlatign” and "high

level of phosphorylated oligosaccharides” refer to preparations of lysosomal sulfatase enzymes in
which at I638P5896 87 R 15 8Brh P parselr & REpmBRtES &Y sanrarlintidesi denyme as
mannose-&ehibsphaieiseeptartiarolgisehb sphoeytate dinligesacobaride s:rBingding bs,furthes
characterized by sensiivity to campetition with mannose-6-pRosphate. A highly phosphorylated
Iysosomaﬁ%ﬁ?é%(gée“gn{ﬁiy%g r%%%f 1§§ reu}e?‘%%lﬂamﬁggg%%af‘gl%%%s%n%?mgenézi@n%t cas X&ZS,
preferablyPhiaaeiu0 Bl mgasiirblp kefaitap | fidica ST erE iestphdsph ovplated shidodismsnesbechains per
protein ch@&%&&%@lﬁfﬁﬁmﬁﬁ%@m&ﬁ{s& QH%m@rmglﬁg 92@419@5@@@@@5&&@5@_{6&&@?@@&% |
mannosecontaining oligosaccharide chaijns that aye N-linked to asparagine residues in lysosoma
sulfatase 3?%% gﬁfﬁ%é‘beﬁ%ﬁsr‘il i é}%@@&ﬂ@g @i’ﬁ%&‘iﬁj&’@ﬁ?biéﬁ‘ﬂ?ﬁhémam or
bisphospthafﬁed @Egeomandlmd bhaimsmé;xz_nel’s’ mﬁém@isdmhdamspﬁgo;mmphmmaﬁnnose_ 7 _
(BPM7), which.ae linked to twaGichlAGiasiduss: whishe.tu argdnked q.le.asnaiaging residue in

the lysosonial sulfatase enzyme. . :
_ administration by several routes such as intrathecal, parenteral, topical, intranasal, inhalational or
oral adminisiration. In a preferred embodiment, the pharmaceutical compositions are suitable for
parenteral administration. Within the scope of this aspect are embodiments featuring nucleic acid

sequences encoding the full-length
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WO 20091091994PCT/US2009/031276 100871"Active," activated" and "high level of activation" refer
to preparations of lysosonial sulfatase enzymes in which at least 50%, preferably at least 70%, more
preferablyvaeieast DBH2wfaRwes PhEREBrate aBIH: leasnosw,dsHvE BrsberRed attive BRE Bysteine
residue haghaenRes-lianslaionalymaedited i0/6sstamyghsine (eehy. [0088]"Active highly
phosphorylated” refers to refers to preparations of lysosomal sulfatase enzymes in which at least 50%,
prefergblyletizhst 208themorbogiefet ahly ditcleast 9896 dandsabadmerepteierablyiat ¢ asyObin0f the
protein's active site cystei [ as.heen posts i ly: ified. I ine (FGly)
and with at é‘%?o&z , |c3t€re£fl()—:'%r:1 %%k/ﬁ gte@astc 0.5, a%ﬁﬁ%%%%f%rggél fﬁglidagﬂl)@%% Biifg%%ﬁ%s%l)yh%rylated
oligomanhssscerainsipatcorent e o089 THEGIT SHiemgidamy Moo artotrpeipeptide (i.e.,
enzyme) Harashis (KauisntseMakaNeamdervativesdhereoidrtsatainat Bast scsubstantia amount

(e.g., at least about 50%, preferably at least about 70%, and more preferably at least about 90%) of
one or IO LSS P R B SRR D R A SOt R S i i, sosomal
sulfatase lenalyme kerdsiol oglibatynabtiveslisayimeeit meedustdvbgiaint orlderivenilenivelesbréteinis at least a
substantig);amountaf siifaiaseeivinhd Smeleavace el silfsle.estersdrais it sihstrates).

When used in reférence to sulfatase modifyin% factor | (SUMF1), a biologically active fragment,
mutant, vEFAROARRISHTE tRErESI eI U1 s CRA6 SRR -antB Uttt ORERAGREIfe Benerating
activity (i.Bisanodification.ed adysasornal Suitatakelenzymeais-actilfetsite RStEN®).resituestme
C"-foimylglycing (EGly)). [0090] The term."purity" or." N in r t eptides
refers to %%%r‘ﬁéﬁﬁ%bﬂ%%%%[&éeﬁtiﬁgiﬁg i%é?ﬁgé%%#\%ggr%%%#guﬁr?ﬁég rgﬁ{)% c%%%grmgrg%iz}g’
substancézRirease baatete dasiushiy &pdruErempd seithindeasiibipatfidysdsorrBsulfatase

enzymes gf,Haaiinvention, kauity sitay be detesnipeddhyssubistingdhe sHiaiasadmizymaareparation
to electrophoretic aration by DS-PHA%E under redycin QE non-lieducinag C (tjitions followed by
staining WiFFEBORASEBIO or LivaF S Gy RS AP LA RHTE] HBFEN ST reverse
phase (RE)jlodiby deﬂhmmmgﬂmmwﬁanaMMmg@,sizé?%mMOn @E@pah@ahfe like.
Using thegg methads:.the purified serombinant dvsosemal.syllaiassenaymes.er s8e, ipvesgign have a

purity of at least about 80%, preferably at least about 90%, more preferably at [east about 95%, and

even moréprefat§hilear reuSPEBBIATTBYY BE JHROHAEBD GIBRre s FIFES Sp %I 9% 100911 The

term "preqqisgy’ R RGRUSLIRMIRIel (Rdne.(rm liecombinant sqsomal sulfaiase sopyme that
is secreted from a thammalian cel , 1.e., lacking the signal sequence, Ut iac Ing cenaifi mo |ﬁceﬁ|ons,
e.g., internékcksavigusiiteaproteisahtiemidmdalispdreinin hbsiaiosofie. Mtkotermnbdimsture, "
‘mature fqm&fiﬁﬁgg%'ﬁs%@& IRresessea-fRink: rafersiiedhgioun ohrasrmbinanidysasqmal sulfatase
enzyme that normally exists in the Iysosorﬂe. For the recombinant lysosomal sulfahasvgiggn ymes of the
invention, HHEPEI SIS EBtA0RARS BPORTREL ISP SFERITEST oM ARG Ps atlife St mEtlrd Form, "
"processei@ntipiogessed fOriysimathbectietérmided bytsubidingethe sulfataseteihzisnee@feparation to

lectrophare VR SRR IR INS R Gk iR duging condionsdonp ey staining, wih
Coomassie Blue or silver, or by chromatographic separation b HPLCgaS%.g., C4 reverse phase (RP)) or

by any otHeéRedhiateglapHiesaehardeon B ¢ dess s anish (s ertipualy reemtaalisiepPaicse
methods, theipurifiedtesambinanidysosemal sidfatasr e oBymesiohifs; invetjarcensisy ohat least
about 75%, preferably. at least about 85%, maqre,preferably,at least about 90%.,.and even more
PR ol e O e e e SR
purified relebeisinamtllysiassasdhsidfatose erlsynrataobthwithyiutivrosonsistral les siiafialbbet 25%,

preferably,lassthanm akeidt b omekserairrabiiessith an RBRULLO%inaRd eyeRJmareRieferably less

than about 5% "mature,” "mature form," "processed’ or "processed form." In-.some embodiments, only
the "preculd6FeBR5FRERPEdP foHH 2o qRREtd AR iR R S BRIy G R Sransh L8 HERkts
essentiallyoiigsifgledeiectadtadarid whenbobjectedito SRS-HikGE-trdd: iedusing-cdhditions or a
single pegk when analyzed by HPLC. 100921The terms "identical” or percent "identity,” in the context
of two or more po?ynucleotide or polypeptide sequences, refer to two or more sequences or
subsequences that are the same or have a specified percentage of nucleotides or amino acid residues
that are the same, when compared and aligned for maximum correspondence, as measured using one
of the following sequence comparison algorithms d#by visual inspection. [00931"Linker" refers to a
molecule that joins two other molecules, either covalently, or



through ionic, van der Waals or hydrogen bonds, e.g., a nucleic acid molecule that hybridizes to one
complementary sequence at the 5' end and to another complementary sequence at the 3' end, thus
joining two non-complementary sequences. 100941"Low level of phosphorylation” or "low
phosphorylaw&mpaﬂ‘ggﬂé’% a preparation of lysosomal sulfatase enzymes T WhitA'MEHptake into
fibroblast cells has a half maximal WO 21109/091994PCT/US2009/031276 concentration of greater
than 10 ni1 ordhactraptiotofysdsomall slifatasehendymesithatbinds. amannoses64ihesphate
oceptor RalmGSITFS 1At S00ul a0t AR NAUREHIEG: As.ePRedkian object refers to
olynu

the fact that the ob#ect can be found in nature. For example, a polypeptide or leotide sequence

that is preSBIRHear BidpirTe N Rk dntrdbganimdt an bads SRS direcsdghomdmmiature and
which hasinetheeudstentianalymedified hyiman in theslaRoratary ispasualyesaurding. 400961

"Pharmaceutical iorngosgitjon",refers to, a composition suitable for pharmaceutical use in a subject

animal, incfOaMEFhEFARS SeamarrrRideseA A macetsEn RetHpeRridhedyrprmakeazyme

pharmacaeiogidaityleffectve airount bf athesapeuticdysosematbsstiatase,anzyme and also comprises
oneorm Egcehar, acz&ifsaély %%:%gll%tabl carriers, iIu&lts or excipients. A pharmaceutical

TON10as¢ & embodimenis. § et s%sgmé oy Véﬁéﬁ&ﬁélgﬁasmﬁﬁ’lert

compositibn encompasses a composition 8ompr|smg
ingredient{s)-#iat make up the carrier, diluent or excipient, as well as any product which results,

directly or indirectly, from combination, complexation or aggregation of any two or more of the
ingredient&H froftdiddobiatshestohetsamra st tindipgrildiernd ovfromiothentyimesasf reactions or

interactiopgiahane eneereiRfibe Basalients Aceosdinglys the-pharpaceutical compositions of the
present inventi]on encom@)ass ny composition made by admixing a lysosomal sulfatase enzyme of the

present ifGERRGH AHd ShE oY ndra BRI FECatEc ARy Secmitabr Tar sy it e e dxbipients.

100971 "Bhéatmaceaticallshdeeptable-canres, diltent orexcipient’ refess osanmeaf thsnsiandard
pharmac%lt%gal cayri ,rshgailugnts ckl)ulgeﬁss, and excs:%ients, such as, far example and nat for limitation, a
te

phospha uflfleﬁg({glvégﬁne SRt OB SOl SR S rHe P 8 th A BRI GIHE VEkcH as an

3% aqueous
oil/water etlivdesiyoil Enmulsiventandizamgfotypely obwettingagedisandiog. adjuvants. Suitable
pharmacguticalaiers, SUHeNs OLexcIniepts; rmulations are described in Remington's
Pharmaceutic?al ciencels, 19"[_h Eﬁ (Mack F{}ubﬁlgﬁ%é%b %%?ttlli}%%%ﬁgfggﬁg)?cg% e LE)(i‘{la’armaceutical
carriers, BifGEHELIBXBIBHSHE depEntraysh ecieing edmviodendh ddnmistiatiarenf shasactive auent.

Typical mesias:ef administeatian- neluds, forexample apdnat.fen limitation, enigral (.g,,oral) or

parenteral \eg}Z subcutaneous, intframuscular, intravenous or intraperitoneal) injection; or topical,

 transderffAlV P tFan SR LA A HISH RO A DSg8d e sRaTRERIGERAY dcteptaisl salt” is a salt that

can be f ted.int lysosomal sulfata genzyme for.pharmaceutical use including, e.g., metal
salts (so%%%? %mu%l%e Ak SR A G%Z}éf?%hﬁﬁ’s%aﬁﬂsc A G G BPGAME Smines. WO

lum, potassium, magnesium, caf’c um,
2009/092994RCTHIS2008/6312776 predominantly digest) the natural substrates of the lysosomal

enzyme may be selected by those of ordinary skill in the art. For example, for detection of
activity of GALNS or GLBI (enzymes that degrades keratan sulfate) the enzyme of step (d)
may be Keratanase [I or any enzyme that acts primarily on keratan sulfate. As another
example, for detection of IDU, ARSB, IDS or GUSB (enzymes that degrade dermatan
sulfate), the enzyme of step (d) may be Chondroitinase ABC or any enzyme that acts
primarily on dermatan sulfate. As another example, for detection of IDU, IDS, SGHS, G6S
or GUSB (enzymes that degrade heparan sulfate), the enzyme of step (d) may be Heparanase
T or Heparanase II, or both. As yet another example, for detection of GAA (an enzyme that
degrades glycogen}, the enzyme of step (d) may be a-amylase or any enzyme that acts

primarily on glycogen.

[0041]  This cell-based method is capable of great sensitivity in detecting lysosomal
enzyme activity. In some embodiments, the lysosomal enzyme activity is detectable when

the concentration of lysosomal enzyme is as low as about 10 nM, or about 5 nM, or about 1
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[0099]"Polynucleotide” refers to a polymer composed of nucleotide units. Polynucleotides include
naturally occurring nucleic acids, such as deoxyribonucleic acid ("DNA") and ribonucleic acid ("RNA")
as well agibucleibacitl B gs aduciefcrddi daatalodgsiihcMde thoselwhith inclbee hohahaturally
occurring A3ges oPUReBLidRR b3S NEALE IR linkaaps iR ARs Lk clectides other than the naturally

occurring phosphodi ester bond or which include bases attached through linkages other than
phosphodigstey bondgedhds siueiRatideanatagailriube or exampigRrvithouldimitatian,

phosphorgthigates, phaosphorodithipates, phosphprotriesters, phosphoramigates, boranpphosphates,
methylphgg%ﬁg%é%esg%c%#al-rﬁﬁﬁ)ﬁp dSrl?Ss“ﬁﬁ%ﬁég‘é‘g, : %%’tﬁ% triiggn#&%%@(?g%?rﬁgﬁﬂoaéﬁgﬁeic acids
(PNAs), aftcifie fikanserch pibiyrdicitiotidedecrnd batsyitivasizé dhddisevamplasgsing arvagtoinated DNA
synthesizgf,agde iy niCic-acidoy Ricaly efRrmiiRas.ROMG eQtides, The wille cpligonucleotide”

typically refers to short polynucleotides, generally no greater than about 50 nucleotides. It will be
understodaHHEFTEREH ReFTRTEBRASSLY TRt ELsL pradantdy Byt BRplskifsemi®tie., A, T, G, C), this
also includes an RNA sequence (i.e., A, U, G, C) in which "U" replaces "T." 1001001 "Polypeptide"
refers to a polymer composed of amino acid residues, related naturally occurring structural variants,
and synthetic non-naturally ogguiEP®@RIRES TGO RledaReRES bonds, related naturally
occurring structural variants, and synthetic non-naturally occurring analogs thereof. Synthetic
polypeptidiestsarizasynthiesizivel fhe examplés usipgnas afitomateduifalype plidensypthesizer. The teim
"protein” %%ﬁy r sﬂ%@ polypeptides. The term "peptide"” typically refers to short polypeptides.
Conventional noya{ig(?rg)is usedglgerein to portray polypeptide sequences: the left-hand end of a

polypeptiggnsgnuesse is neARuNaterminysciasighiRandiend.ofaRelypeRlidesequeance is the
carboxyl- inys. é%%lﬁélg?ré?er" refers to a polynucleotide that is capable of specifically hybridizing
toa desig%%g}%@lﬁé % template and providing a point of initiation for synthesis of a
complemeiaty RAPLSSANAE. HEBNIESRACEUSMISH e ROVIUARRLAS Primef s placed under
conditions in which synthesis is induced, 1.e., in the presence of nuc egtlaes, a compﬁemen?ary
polynucle$tieNeMpllaNe-dh agent for polymerization such as DNA polymerase. A primer is
typically single-stranded, but may be double-stranded. Primers are typically deoxyribonucleic acids,
ot o L U B ARSI 1 RRARG 6 SEUHFRTS PrFHERS MG GOARGIO A ABENEAons A
primer is toAdpEhEtaroithe teifiplatentd pebicle itfidtdesignedde hyhritizetamervalasm site for the
initiation of synthesin Rt need not WO 2009/091994PCT/US2009/031276 reflect the exact sequence
of the template. In such a case, specific hybridization of the prime to the template depends on the
stringencysof theriyhridizati@picendiions-Reiveersmdanhedabeled Wigh, g-g.egBiomeganioyradioactive,
or fluoresc%@tlm leties and us?gtgf%gﬁé&cﬁ%gle moieties. 100102; "Probe," when used in reference to a
eotide

polynuc:IeE(tJCtld‘é:‘garea é?g onﬂée'gé“)llnuc t is capable of specifically hybridizing to a designated

sequence{eﬂmpqtilfdrpQdwﬂuﬁkeméd&%eemb%mﬁﬁ;ﬁmﬂxcaxpgé%%§a¥9n@e@.@%%9£g@%@ﬁ§}aw

polynucleotide, but need not reflect the exact complementary sequence of the template. In"'such a
case, speciie Wﬂ)ﬁdﬁ?ﬁi%tﬁf‘ﬁﬁ@tﬁﬁdﬁﬁ%‘%‘i Birse pddyian FreostingBNE. bFMdwpBRidization
conditions: ArdSesparsibe labeted wilhG2Lg.cloheamegenic atacicaslives or fkiarescem) uoiaties and
used as ele @Rﬁ@ ;%ges[.‘jl 0103] A "prophylagtic” treatment is a treatment administered to a
subject v%o goes not%xhl%:it1 s%ﬁ%%%o Ié?’sléggrgc(g}r? girh(%%%s only early signs for the purpose of

decreasingg risknkdevrloniog Pathology of he serpounds.abing dnyeationmayibedivap as a
prophylactic reatmentég redu%e the likelihood of developing a pathology or to minimize the severity of

the pathofbgy T AeILIEPEY. TOB TR REE FHBRRA HSHHEAECt IR Tt rlE s d oIS atide having
sequencesuthatsareraidt naturally joined together. An amplified or assembled recombinant
polynucleotide may be included in a suitable vector, and the vector can be used to transform a suitable

host cell. RU38kt Hgmnat chriprises svdidzoribiaiepolymisledthvetidcrddenmeniacssal fissombinant
host cell.{GhegenadsthenRrpigesatbiads rcombinanthwst calbtqpreduss, €.9., a "recombinant
polypeptide." A recombinant polynucleotide may serve a non-coding function (e.g., promoter, origin of
replication, ribosome-binding site, etc.) as well. [0D3L051"Hybridizing specifically to," "specific
hybridization," or "selectively hybridize



to" refers to the binding, duplexing, or hybridizing of a nucleic acid molecule preferentially to a

particular nucleotide sequence under stringent conditions when that sequence is present in a complex
mixture (e.qg., total cellular) DNA or RNA. 1001061 The tern] "stringent conditions" refers to conditions
under which' 2pt8B& W hybridize preferentially to its target subsequencd FHEFEIEESEr extent to, or
not at all to, other sequences. "Stringent hybridization" and "stringent hybridization wash conditions” in
the conteX®®FiuclBigweid shybridixanenisrperimidnts subhastPeuitivermand:Nenitfershybridizations are
sequence;depeusiant. AN atesdifarent @Fgﬁfﬁ%ﬁiﬁéﬁf&?é%}%&%m%ﬁ%u%%ﬁg}%f s, A gignsive guide

o

to the hybridization of nucleic acids is found in Tijssen (1993) Laboratory iques T Biochemistry
and Molelliar BiSIBGAHyERS  af BRIt NEeTeRe Do P robvssip B chapter & SOVeRi&R of principles
of hybridiZﬁﬁ@Ia.randym&:ﬁtzr@tBWt@afgﬁMﬁlgi@lﬁﬁiﬁiwm@@@%ﬁ@)@'aﬁlﬁﬁﬁj‘?éi_%ﬁﬁw York. Generally, highly
stringent hybridization and wash conditions are selected to be about 5C Tower than the thermal melting
point (Tinj0i2the $ppoifid $euente dtegpdefioatbiomicstienathand plkclhedin is thedemperature
(under defineghiRRig.stign AN t whi %. of the tar ence hybridizes to a perfectly
matchede(pf)d?:)be. er{lslsstrin%%ﬁ?%%ﬁgﬁ%%as%}gg@%@ééﬁ%ﬁg efgéﬁ%ﬂ?%%ﬂ%@éﬂﬁa]?ﬁcéﬁr probe.
1001071 Fslasiaenieharosticigemeingritizatio M condtitioisutet fybvidizationcefgsmplarentary nucleic
acids whighdyeneye tamdaDsReRlameniaesideqe on.a iehinGg Soulherpor ortnern blotis

50% fonnalin with 1 mg of heparin at 42C, with the hybridization being carmied ou overnight. An

example BiRkHIPREHGEA vdivedndrionghts o ey ivCbensin Z2eferdatibattas mfhiutasan example
of stringentnastvequuliionsHs:aQ2%/28CNashah ol darL2minutes (see, Sambrook et al. for a
description of SSC buffer). Often, a high stringency wash is preceded by a low stringency wash to
remove bi#dfdtoulteprelid signal 2 Ansexiapeplimeditnssiringeasywash domadurlax.ef, e.9., more

than 100 s!ﬂn'ﬂ?!?a%@%? Oig,sg\%?% dﬁ}edi%%f%f%gs%%%%é%% 1 xample low stringency wash for a duplex

of, e.g., more than 100 nucleotides, Is 4- 5 minutes. In general, a signal to noise

ratlo of 2xopiohaguharn tiahahsevedRhagALEIRIES: pIabe i e pallicular, fyprdization assay

indicates detection of a specific hybridization. 1001081 A "subject” o gnosIs or treatment is a

human of SHASTRSPRsired ThbitidiRG Br ratehiaMoI0alorivlize. [00109]The phrase "substantially

homologoys..or "substantjally identical” jn the context of two nucleic acids or polypeptides, generally
refers to W\%ﬁ m%Lf “§833<§l}1¥%‘é’§ @Fé‘ﬁb@‘&qﬁf@ﬁﬁé@é‘tﬁﬁﬁaﬁ}%ﬁ%@waﬁ%% 1580%, 90%, 95%,
96%, 97%6;9BY50reddes micteiideinr ainocoagidiesidid idestitygiuhan Gonysarad aptgligned for
maximury %fﬁgg%q\%@%% esé_measured using one of the following sequence comparison algorithms
or by visual inspection. Preferably, the substantial identity exists over a region of the sequences that is
at least about 50 residues in length, more preferably over a region of at least about 100 residues, and
most preferably the sequences are substantially identical over at least about 150 WO
2009/091994PCT/US2009/08427 & 1epigveRIPa M0 S TR phamppaient, the sequences are
substantially identical over the entire length of either or both comparison biopolymers. [00110] For

sequenciedrhpailibon;d¢ypicaliymine sdquenceadiscasayeferaner-germanes:do-wichdest sequences
are compared, W ing.a.sequence comparison algorithm, test and reference sequences are input
into a computer, ss}au @sglgudlgfr?gteurceg%%ﬁ ina esméigé[ egigha esat}?ﬁtﬁs&e@gé’g}fﬁ 518 Yquence algorithm
program’pairpmetet s fare Esigater pivw seqienth sompdrisofitaigeritymdbenicalaulates the percent
sequenceridentity, Mg&&ﬁ%&%%{%%%?M@é%‘\’k%%&%é%ﬁ?é e8;9equence, based on the

designated program parameters. [00111] Optimal alignment of sequences for comparison can be-

conductgeprp., W&h@el@ﬁéﬁt@é@k@@%@ﬁ%ﬁ@Ws@gﬁﬁﬁit&éy\’l\(@%ﬁﬁ%iﬁ% Apial, Math. 2:482, 1981,
by the h?erpﬁglg%lali nmﬁg)églg%%thm of Needleman & Wunsch, 1 Mol. Biol. 48:443, 1970, by the

search for Sty mat B LR RPT SRR P roroRAte Acaified o SArRY: 2444, 1988, by

ity met

computegizetpimiplementationasfdhese algofitams: (GAR BESTR . RASEAand ZEASTA in the

Wisconsi). Geneti oftware .Package,.Genetics Computer Group, 575 Science Dr., Madison, WI), or
by Visuﬁ}%ﬁ?&%@fﬁysosgmal enzymes display a unigue tgrtiary etermuinant that ?s recognized by )

an ohgosaccharide modification enzyme. The determinant is composed of a set of
spectiically spaced lysines and is found on most lysosomal enzymes despite absence of
primary sequence homology. The modification enzyme, UDP-GlcNAe phosphotransferase,

binds to the protein determinant and adds GlcNAc-1-phosphate to the 6-position of terminal
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[00112] One example of a useful algorithm is PILEUP. PILEUP creates a multiple sequence alignment
from a group of related sequences using progressive, pairwise alignments to show relationship and
percent sequence identity. It also plots a tree or dendogram showing the clustering relationships used
to create thé"&ia}?ﬁ%‘)ﬂﬁg ILEUP uses a simplification of the progressive Eﬁ%&ﬁﬁ% H&thbd of Feng &
Doolittle, J Mol. Evol. 35:351-360, 1987. The method used is similar to the method described by
Higgins SPBR e CRMSEoiBesashandgoThanpiotr dm tadiatighaup tec800 seguences, each of a
maximurpdenathelR.00QMueleoldes O amie zﬂ‘é'@%ﬂﬁ@-ﬁ%ﬁbﬂk&a&ﬁmﬁQ&Q@%?a%{f%e@eg'”S with

u

the pairwise alignment of the two most similar sequences, producing a cluster of two aligned

sequencE PR SteriRM g eme pEdts thenisld most FeRBataddiricBdr8ustdhof aligned

sequencesosstarmabaeaymacas e aligReshiyasinele sxiensionof fhenainvise alignment of
two individual sequences. The final alignment is achieved by a series of progressive, painvise

alignmerT&TRE prIGPER 1R RG50S 98 G GBI sBERINd Setille iR SrIP BRfoLA8TEN8r nucleotide
coordinates fek e gions of, saguerreCORPaNsQs] gntdy designating the MEqasam pameeters. For
example a efeerence sequence can be compared to other test sequences to determine the percent
sequence 1dentity relationship using the following parameters: default gap weight (3.00), default gap
length weight(0.10), apd weid I W 091994PCT/US2009/031276
algorithm?é%%atfis usez%ullfo()r gé’nE,%z%§§%n%%ﬁ)ﬁléeﬁlaﬂ%tr{%rﬁsgn%%oégﬁ%e%g%}is‘}%lLVJSS(%%?WQ(Thompson et at,
Nucleic ABfRaE8ayeH P 1des 3508802 190d) 2 [O0PESP Eritstrrade ra sl ecot Bkgtrtheh that is suitable
for detergaining;RersRBESEALERERIAS LY, and.sequance.sinilgutis the-BLAST glagsihy. which is
described in Altschul et at, J. Mot Biol, 215:403-410, 1990. Software for performing BLAST analyses is
publicly &/ARABRYAGUGTHE N SHEHR e ar s RIS EEANBIBEY Inksvanelc iRis egtthm involves

first identifygaacbiginseoting seauencmpalts itdGRs): bysidentiiying,sheriweds allengin vV in the query

sequence,.which either match or satisfy,s )sjtive:yal hreshpld score T when aligned with a
word of t é’ggrilger%qr%getﬁt icrz?'a &ét%%zgygé‘gunlé%r@gﬂ?%ér%ﬁ’eﬁg&gtoga%cﬁ%ﬁgﬁﬁ%’l’ﬁ?f’oad word score
threshoId;_(@i&qhatmhﬂ.ﬂﬂ%t@ibtda%wﬂﬁmeﬁi@ﬂiﬁ}_)m?hési@imhkﬁahmeigﬂﬁ@hh@oﬂwwd hits act as
seeds foplnigtngspasfhien 19 tad lanassiSEs Ganteipioa hem. Theuard s, aie hgn extended fn
both directions along each sequence for as far as the cumulative a |gr3nent score can be increased.
Cumulatiferstercy breoeeiillenernesiaghforaste stidessaguenoesn thévpardmbens Ml{reward score for
a pair of malGhingiesiduess IWaY sz QAN Maeenally scars ot Mispatehing residues, always < 0).

For aming acid sequences, a scoring matrix is used to calculate the cumulative score. Extension of the

word hit<THEERRR HirhOTBRP YR R e P WHBAT RBZEth NAlo & ERGHIH B SE5 A IR BRI quantity X

from its imu jeved.value, the cumulative score goes to zerg, or below, due to the
accumulﬁ%r%frgﬂae%}ﬁm%ggl%sesd% w%%&’%?fﬁgﬁ(?ﬁGS-‘*@%\H@H%&?‘: Y &5 B Eter sequence s
reached eifdve BiA STdafgorithny parzmetess W Thandéadatdrmine e Sensitivity and speed of the
alignment, T \STN radm., (f Icleotide sequences) uses as defaults.a wordlength (W) of 11,
an expeg}zf-?ftzi%J?'r(?l(g O?%I, fléﬂr@gsl,%@%?rgir%??ccggnsp%ﬁ%ocn %r?'f):o{ﬁ é‘%}%ﬁﬁé’_‘ Eﬁag%?ﬁlgcé%?e C's(lgequences,
the BLASJFF!WOQr@ﬁT’&ﬁ%@?ﬁ@@éﬁ@&@éM@m%@@1(W>)io$.SThw:femé@ta{mréE.émbi@n&hd the
BLOSUMG4; seasingrmatinisee ranikotisnHenkalfnRiag-Natl, é&aﬁ-éﬁ%‘!-é@%@%}.%&% 1989).

[00114] In addition to calculating percent sequence identity, the BLAST algorithm also performs a
statistical ARaliidof s SH ibhacariiid dducdrees pdoddigron sphariRsciul, Proc. Natl.
Acad. SaitldSARURSEERH 186193 ANe BI8AsYHEeiof %Q@H&}é‘pméigﬁgc%{éﬁ@zﬁkﬁﬁfea'gmithm is
the smallest S%Qro,b iIi%ﬁN{?ﬁ, which provides an indication of the probability by which a match
between kB AtEEH e SF ERUUEHISICaS TG LIRS EhaRoRESH BHBIE a nucleic acid
is considereid simplarthdireferencesequence sétheismaltastsuiohp spbalilityimtva campprison of the
test nucleic. acid to . WO Zggglos?énsggglé’lc {U?%%Q%g%l 76 th{e rlefe{ecp%:e nucleic acid is less than
about 0 more pre?eraabllyrfesst an abou .811, and mos p?élfeara%?ﬁégss RS ARGt 00T, [00115] A
further idelidenipnr titaeterosineisratichsedbencestor polypepstitied arevsubstantiatheidntical is that the
polypepiide gneeded; by.ibe dirst neelgicagid s imaunolagically Grans ieagiive with the polypeptide

encoded by the second nucleic acid, as described below. Thus, a polypeptié%pfsr%fﬁféally substantially

identicaltord=sKeoidiio 5 podautse Sxavnpies pvareharistvel petiei e biffarcdnkiy wdnservative

substitutignscAnothehindisatppthatdwe mgleisracicisearanges-are.suWbsiantially idgqtical is that the
two molecules hybridize tg each other under stringent conditions, as described herein.

[00116F 8B AR e ot 15 BRI Hrd et BBidat Sob dloisine presrsrmngnt spéties present
(i.e., on a molar basis, more abundant than any other individual macromolecular species in the
composition), and a substantially purified fractiodds a composition wherein the object species
comprises at least about 50% (on a molar basis) of all macromolecular species present. Generally, a
substantially pure composition means that about SO% to 90% or more of the macromolecular species
present in the composition is the purified species of interest. The object species is purified to essential

homogeneity (contaminant species cannot be detected in the composition by conventional detection
maethode) if the compnocitinn concicte accantiallvy of a2 cinAale Mmacromaoleciilar eneciee {|nlvvant eneciac



[00117] A "therapeutic” treatment is a treatment administered to a subject who exhibits signs or
symptoms of pathology for the purpose of diminishing or eliminating those signs or symptoms. The
signs or symptoms may be biochemical, cellular, histological, functional, subjective or objective. The
lysosomal s %fgggéog}éﬁmes of the invention may be given as a therapelftit HE4HERE Br for
diagnosis. WO 2009/091994PCT/US2009/031276 [00118] "Therapeutic index" refers to the dose
range (arpRliritaaaier firndgy disews ahertiinimurpnthierlipeisddamnoutitrand bgldswemmahacceptably

toxic am%@kmlﬂa%;%&fﬁmnﬁer&f&ﬁaﬁp(tmﬁlfenmka&tiﬁ.,tt,e.aﬁmﬁ@k%t%rﬂ@@}#tiaf@%afm%@ or

diagnostic treatment. [00120] The term "unit dosage form," as used herein, refers to physically discrete
units suitabi@astikrarg dbeates st famarierahini ¥pfeel; aaveriiv dentanifsitpredetermined
quantity eblysasematsulfatase anayins afinapraseabioventioncalauates ism amqunt sufficient to
produce the desired.effect in assQciation Vg‘tfr{] one or more Cgharmace,utically acceptable carriers,

diluents SFBREHIIE h %ﬁggi'ﬁo’(?éiﬂ%g? R BB R U Foth o ST Repradish tibention
depend drsthemeartituar dysdsdnad s dlfatast 2oy nid Spaployed snd The effecktobevaghieved, and the

pharmacqdynamics.associated with each lysosomal sulfatase enzyme in.the host, IIl. PRODUCTION
oF Lvs Bl e S R ST SRR R st Beauures
novel meﬂiﬂ&@f?ﬁﬁpﬁi@ﬂéﬁﬁg facﬁvédﬁig’hﬂi/Eﬁhﬁﬁpﬁ@yla&&dt%bwmamwa@asgvm:mes in amounts that
enable atanentiaeaAl-ueh 39zyEs 19 nesdl e detiod fratiyes lipngiarmation of a suitable

cell line with the cDNA encoding for huma atase modifying factor 1 (SUMF 1) or a biologically
active fragriént, fspainoydramitcdedvdtive théreohard wocDNA encoding dtikengthadysosomal

sulttase, 2YUIR 86 IR LLAEINE TAgmant, puapl aie0kar ddatya dnereg! Tose of kil

in the art may prepare expression constructs other than those expres escri erein for optimal
productich @ &l iBityedsernanss MaesepipHeyipesiniehié ternstd daeberiiire stHerewith. Moreover,

skilled arfisapsymay-easily desigRagmentsbeDNA &eﬁaﬁm9@9&?1@#&@@%@@1‘5@@%& variants,

mutants or derjvatives of the_naturally occurring SUMF1 or lysosomal sulfatase enzymes that possess

the sameZBiCaiifitar BISISGTUACARHVIE 1377 HeAlramsr BESHIfiffPRAMBKGh enzymes. Host Cells
acicfich DAL ReHLL LS eRoea ) TSt AU ar UL SH e MaP etase
enzymesdgpamoontbahatctnbimnse ¢f phesehayniethisrappatidaby. tihprinvenrtioingiovides a CHO-KI
coll lne (et e e o L R SRS e
inventiorsés thprovitiess desidativiesost thiasdOtionally modified to Co-formylglycine (FGly) to

activate the enzyme. This cysteine to FGly post-translational enzyme activation, which is

cataiyzed by sulfatase modifying factor 1 (SUMF1), occurs within the endoplasmiic reficulum

on unfolded sulfatases immediately after translation, prior to targeting of the sulfatases to the

iysosome (Dierks er al, Proc. Narl, Acad. Sci. USA 94:11963-11968, 1997). The importance

of this unique post-translational modification 1s highlighted by the fact that mutations in

SUMFI, which result in impaired FGly formation in lysosomal sulfatase enzymes, cause

Multiple Sulfatase Deficiency (MSD) in man (Diez-Ruiz ef al., Anni. Rev. Genomics Hum.

Genet. 6:355-379, 2005).

[0061] Thus, the ability of G71 cells, mutant CHO cells that are defective in endosomal
acidification, to co-express recombinant human sulfatase modifying enzyme (SUMF1) and a
human lysosomal sulfatase enzyme provides a mechanism for the large-scale production of
active highly phosphorylated recombinant human lysosomal sulfatase enzymes useful for the
management of lysosomal storage disorders caused by or associated with a deficiency of such

lysosomal sulfatase enzymes.
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and G71S cell lii which have been subcloned further or which contain different expression plasmids.
[00123] Cells that contain and express DNA or RNA encoding a recombinant protein are refened to
herein as genetically modified cells. Mammalian cells that contain and express DNA or RNA encoding
the recombiﬂ%%qﬂ? difthire referred to as genetically modified mammalid EERENttBdtction of the
DNA or RNA into cells is by a known transfection method, such as, for example and not for limitation,
electropofation, PHESRIdEHSh, microprojectile bombardment, calcium phosphate precipitation,
modified calcium phosphate precipitation, cationic lipid treatment, photoporation, fusion
methodoldR, re %‘S‘ESPFH%‘BY&%%&J‘*@&E‘%’@P, (B BTpbRR EcprREIsitatBR URIEHAAR B St DNA or RNA
can be inirastuaeshby infectionownlithadvitab vestosn Mathadsaof groductiendas ealish imgluding mammalian

cells, which express DNA o | encoding a recombinant protein are described in co-pending patent
anplicate O B B R, TSP SOE BITSBE RS PRSI BroaR A AR (SATUER) Eystom for
Gene Therapysf e Richare:E i8eldenvBouglasSiAgifiece ahdNIEHABI MR Heartlein (filed Nov. 4, 1994);

U.S: Seraie-QRA3A 48D srss i Vive Bradurion and Delvend ofEryEuaeieta o Insulnotropin

for Gene Therapy", by Richard F Selden, Dou A. Treco an iled Nov. 4,
1994) anBG BOSHRN S DELBINGE0AMRHET HIEE ST | hYobise son BIIBNALREPRATMREr Secondary

Cells andhEheindsader Senedherapyoby,Dovalas ApdrecrvMichash . Heprtlgingand Richard F
Selden (filed Apr. 20 19942 The teachings of each of these applications are expressly incorporated

herein byfefafendé’ ERife R LT U T prefer OF dirheAtdothe host cell used to produce
recombirﬁﬂ%fo rrfal %Llllfait:ase enzyme is an endostom | a idificzztat_ion-defi%ir%t cell line
charactefized by it A0ty 6 produce steh [VeosoRial SUTAIRSEERZGHRAS (R &St That enable use
of the enzymmdheérd peutitatycd mpie fetredvemibo dirrants athiesnve itiangwevideshat@HO-RI-derived,
END3 cogp@&m&géﬁ)tm&group cell line, designated G71, and a G71 cell line that has been adapted for
growth in serum-free suspension culture, designated G71S, which co-express human sulfatase

modifyinggiagdpr (S HMENan0ha recRBRNaM %@&%@M@A@é@;ﬁ%&@@mg afe thus capable of

producing, high yields of active highly phosphorylated lysosomal sulfatase enzymes, as specified in
"DEFINITIBNE" fPafeBy eﬂhbﬁﬁgt & Ié?@@%ﬁ%@ﬁr@%f@ﬂ%%ﬁ?ﬁ%%@ﬁﬁ@‘ gabniatetifatase
enzymessthit:mast preferred embodiments, the G71 or G71S cell line, or derivative thereof, expresses
and secretes recombinant lysosomal sulfatase WO 2009/091994PCT/US2009/031276 enzymes in
amounts|6fé6fileast abalih@hn preféribiat least EbeubOridsmrgreprefedablthatlealstabout 1.0, and
even moEﬁe@[{?@%r&R%ts!ﬁaSt about 1.25 picograms/cell/day. Vectors and Nucleic Acid Constructs
[00125] A nucleic acid construct used to express the recombinant protein, either human sulfatase
modifyingofagpr I(GHIMRLLaRdysgemahsuiaiase, PRI AR Ca e L uRich is expressed

extrachromosomalpg (episomally) in the transfected mammalian cell or one which integrates, either

I . . . .
randomPBRY X R SEIRT RS SET JRtil el SR RoTIBIgtE e SrpigBREHAtcR tHE recipient cell's
genome.rAxgonsitushndichiscoxpiassoriextaghignasenally crrtisasol: agdditiomia:recombinant

protein-e codingise uenges, sequences smtj‘{%/i ient for expression of %16 %[otein in the cells and,
optionally. o FepIiSandR BF (16 SR T e IR EIutes s BRSRHkET E LA h
protein-encodiagOisfiandsa pelididenylatiohasitercTdnecRNA sndeding fhenreddirbinant protein is
positionag i conslfust iseh.amernet. el aexpiession. iungoring control of the promoter
Optionally, the constfuct may contain additiona comp%nents Such as one of more of the following: a

splice sitﬁso@a;enhﬁﬁfﬁfﬁ@%@ﬂ%@éeiﬁ(f@@!ﬁm%ﬁ{ca%%H}ﬁ@i%&*ﬁ%&%ﬂ&l&f i@ ApRropriate
a

promoter, an amplifiable marker gene under the control of an appropriate promoter, and a matrix
attachm@ht! tBYToT RVAIR) P StHEEEIBRTR R IR SRAMRCIRR R BRIEBYFascePELPIBSESION of the region
where it igaisaesh, [RO26HRtbpse pmbodimentsis.which theddNA construct integrates into the cell's
genome, it need include only the recombinant protein-encoding nucleic acid sequences. Optionally, it
can inclu@éssprombtersamekace enhahceissequenoe;ca pelyadepydation ssiendrssif@s,ca gplice site or
sites, nugle] i es which e selectable marker or markers, nucleic acid sequences
which en%’g egéﬁ%ﬁr%gﬁﬁggee a?ﬂfg,l%?ﬁgge#fs attachme nﬁeﬁﬁ?ﬁl ﬁ\’hb&lg}%? Vg f?]e‘? element known in the
art that enhanEe Bsprdysivrratthee nédisrcwbededtistinserted, and/or DNA homologous to genomic
DNA in the recipient cell, to target integration of the DNA to a selected site in the genome (to target
DNA or BN®kequtitdsycEssliea e tetidaetenera vemdaatizn CeisBBMtAiime #fs recombinant
protein-engadingRNAORRMNA arenguitysad under conditions appropriate for growth of the cells and
expression of the DNA or RNA. Those cells which express the recombinant protein can be identified,
using known methods and methods described herein, and the recombinant protein can be isolated and
purified, using known methods and methods alsétlescribed herein, either with or without



WO 2009/091994PCT/US2009/031276 amplification of recombinant protein production. ldentification
can be carried out, for example, through screening genetically modified mammalian cells that display a
phenotype indicative of the presence of DNA or RNA encoding the recombinant protein, such as PCR
screening, s%%é%@%%outhern blot analysis, or screening for the exp%§§48W£@fﬂg%gcombinant
protein. Selection of cells which contain incorporated recombinant protein-encoding DNA may be
accomplis#EPby fnehyaitgralselediable wiutkerdn thd DNk cprkrueicailith subseepsetredalturing of
transfected,or infegted calscontaining A srigriable marker gene Hndsr sanditions apprppriate for

survival of only those cells that express the selectable marker gene. Further amplification of the

introducet R srattiR Uhup s Atfiscietr BRF e TR G én atidaty hiserHen lamiaram«ils under
approprigecenditions (¢ :eleutiteing gareticrRiamadiiadmanmakianceliheontainipgsan amplifiable
marker gene in the presence of a concentration of a drug at which only cells containing multiple copies
of the anBRISE APIEh GHATELEPLLR AE) 100 1B B oA MO BAFEMATIAR cells expressing
the recombudant proidinsearcheddentifidiy aAsdesthbedshbrcinnbydptecton af thRMeXxpression product.
For example, m 1alial xpressing active highl osphorylated lysgsomal sulfatase enzymes
can be izl[ganl%ﬁfg %yrﬁg %Zﬁ%ﬁ%c ‘Eeanggsvr‘ﬁgéc#naﬁ?uﬁ%%%‘ggy}{ogﬁg%aneﬁgoﬁtégse%\rl 3“57%%%?%%1 foward the
active aguitpottions \rasarits @ﬂ%@@sﬁ'mhg@ﬂfam”eﬂ@n@hﬁe@mﬁm}ﬂ@ bertaireendbotiiments, active
highly phasphondatesivagsemaksiiaase anayme IR ¥aHanis maydhe.eiepated and will be
useful in a variety of appllcatlops in which active highly phosphorylated lysosomal sulfatase enzymes
may be uskYVISHSHP $EFIEGUence mutants or variants of the polypeptide can be substitutional,
insertional or deletion mutants or, variants, Deletion mutants or variants lack one or more residues of
the nativio[??c}tdlein tﬁ&%@ﬁ&f%’ésé i %%W@ﬁgﬁﬁ"ﬁﬂﬂ@%& R QAT & EsTRTOR type of
deletion nutiawrtiop vatians isf one jatking setleiofhsigtial seqguencescor sijralsetjtiehges directing a
protein to bind 40, articular, perkof.a gell Insertional muytanis.or variants bipjeallynyolve the addition
of material at a non-zfgr’mlnaf'lpoﬁflln the po?ypeptllélr “Fhis may include the insertion of an
immunoreadtivél@pit‘bﬁ@m@mw%aﬁﬁm@lewsidm@nﬁﬁerminaqudiﬂmhm@b@tts&llédﬁmion proteins, are
discussed| helow 01301 VAN Ma R Substantialinhomelagaus AL sHbstantial idgatical to the

unmodified lysosomal sulfatase enzyme as set out above. Preferred variants are those which are
variants GPhRuEEvedr iRl RSO A te dcRrRithansinridse sy e nsdRgelsatidethacrstains at
least someptHae diglogical Bgiviptteatifatasepdaiivity. af dbe sesemalsulfaiase grzyme. Other

preferred variants include variants of a human Nacetylgalactosamine-6-sulfatase polypeptide that
retain at tbadt BBHRE S AE SiFGis S LSRR Y S0 RTEM Y ale /G Rsersanirtiae sulfatase. Fool 31]
Substitutieqatmaeianis efwadanisdypicaliexehaagepre mirlng acidafdhe wildsypeipnlypeptide for
another E}Bone qrcm]gre §ites Withiqe%QFd rotein, and may be designed to modulate one or more

properties BHihe T|:oo yepreep T Ié?eslﬁ%% as, o 1>5331r}%€fdle and not for limitation, stability against proteolytic

cleavag ey[oW‘rt utthg, Loss OF LS IREHODS QL pYeRErtes: MRSt Qp S ding Breigrably are
conservative, that is, one amino acid is replaced with one of similar shape and charge. Conservative
substitutiefid ¥ wERKASWH Y rthBaa raRE saludaciorlexanspie graphaHiePBRIAKAIRR to serine;
arginine tQ;lysing Asparaging 0 ghtaminganhistidingnaspartate to glutamate; cysteine to serine;
glutamine to asparagine; glutamate to aspartate; glycine to proline; histidine to asparagine or

glutamine; isoleucine ;  or isoleucine; lysine to arginine; methionine
| ine; isoleucine 1d fdARARGPVERRS IBUAAESDaNRE | | h

to leucine or isoleucing) phemitadanine todyiasikeicigueine or methionine; serine to threonine; threonine
to serine; tryptophan tg tyrosine; tyrasine to tryptophan or phenylalanine; and valine to isoleucine or
leucine. [00132]One a%p%s a(%?%ﬁléfy égz’s@ t?ﬁ/%ﬁé@i contemplates generating glycosylation site
mutants or variants in4yRicghrtine 0% JoENilinkEd: glycosylation site of the lysosomal sulfatase enzyme
has been mutated. Sugh mutants o yari nts 'IIMi%q impo) t\}n{or‘ tion Bertaining to the biological
activity, physical strugﬁjréoangisu@frate ?hcs}%?g’; pgteﬁﬁgﬁ)come a%%ﬂlig}h;gﬁ?y phosphorylated
lysosomal sulfatase efryhsayidgmartdhlal aspestsY i iepvmmplaiad that other mutants or variants of

the active hig_fhly phosphorylated lysosomal sulfatase enzyme polypeptide may be generated that

retain thd WitdgicHI ity BEFRAVE T AEReA8 M 67 GERIEAE ey st Ete IRtifyPabRiRIdES such,
mutationsh@f thesrativersiteiq tatadyiicmregignRaieparistlady coniemoplatedts aigder to generate protein
mutants or variants ﬁ(\-/tith alteregit%ubstrtate birgtdigg aétivi .ﬁknisuch :fmbodime?ts, the sequence of the
active hig?ﬁg}%ﬁ%% oﬁ%i%%f Icf/sogé)r??a?lguqfa% o8 2%7 i§ 88%%0 Y T HAL Y HRE Sther related
enzymes and selected residues are specifically mutated. [001331 Numbering the amino acids of the
mature protein from the putative amino terminus as amino acid number |, exemplary mutations that
may be useful include, for example, substitution &f all or some of potentially glycosylated asparagines,
including



WO 2009/091994PCT/US2009/031276 positions 178 and 397 of recombinant human
N-acetylgalactosamine-6-sulfatase (GALNS) (see Figure 5). 1001341Substrate binding can be
modified by mutations at/near the active site of the lysosomal sulfatase enzyme. Taking into
consideratioll 248 Ritations are exemplary, those of skill in the art will rg€¥MWHﬁ26?her mutations
of the enzyme sequence can be made to provide additional structural and functional information about
this protefRsapiticitshsativigin1 6oRsNHoS kit hp Tviistagethn aeantstet barstisducvas thése described
above, ong; of skill in the art may employ well known standard technologies. Specifically contemplated
are N-terminal deletions, C-terminal deletions, internal deletions, as well as random and point
mutagengsig4] 00TR6 k- terming! and-Grietminalaelationsoare:falls aftdeletion mpeiaganesis that take
advantageh{gﬁ gﬁ(gmrl)le of the preger;ga of a ;s,uit%ble Eingle %est‘riction site, F%lear the end of the C- or
N-terminal FSgioR: The BRAIE CRAveY ATRE S G Bretitahtied ey defFaded ByPRicleases such as
BAL31, exodudleaseilb, DNasbkstiandnSinleleasesdrejoining thtutwa, ends frathses aosesies of DNAs
with delesens ofxanng saearaunl e (RsHiRinsla Rroleins expressed fiom sychmyiant can be
assayed for appropriate biological function, e.g.’e atic act|V|tyg, using eghnlques standard in the
art, and désBfiBEd in the specification. Similar techniques may be employed for internal deletion
mutants by using two suitably placed restriction sites, thereby allowing a precisely defined deletion to
be made,[é}ﬁ khe EHdET® BenEhiated B AB6YE! TOHERTLIARY@6RE fad e parpalddigestion
mutants. ¢hestichiinstances, laneaf skilhiqdhe Rrtavauld-empiay arfraguenhcwiter” that cuts the DNA in
numerous lla%ﬁ:s&l legqngipgoon the Iefgg%gof reaction time. Thus, bé/ var%ip the reaction conditions it
will be poSSibiE s GanEAta"s Kefied P ROISRESFY SRyRY LS EMAVHIER S tHEm He B8 eened for
activity. 100tB8¢nAstehdepesartionat. mistativizanay wisopbéypesfemaed by cuiting:dhePNA sequence
with & DNaeslu oh xamile. 400 eeiting, seich A ondleoies (13 00008, % 0 2 12, ete., amino
acids and religating the end. Orice such a mutation is made the mutants can be screened for various
activities PieSeptaEE) el -iyprévpiotene! 1B 1ide] Poihe srageddsisgtbodnbyobe employed to
identify with particularity which amino acid residues are important in particular activities associated
with lysosomal sulfatase enzyme biological activity. Thus, one of skill in the art will be able to generate
single bag®éianges terthedaiNAtstearehto (8sd hin-an-aliered SoHeR addraipisaanse autation. WO
2009/091a%§§ePSC'I;/éJ820934031276 LQP%40] The amlgg F%.Clds ofﬁfga ticular E&rqoﬁtem can be altered to

TSP eVET 4R PG GIE8 (i 2 B8%hs contemplate

create an 6quUIVAISHE, oF eVen an |mprov’éed,fgle%’6aﬁ’8p
substitutipmseieadgiverbalmind facil [of thecpibteid witho tieappiedabledassebimtemetivethinding capacity
with strugliiee e emdPhLXAIRIG aataplading redions o anfibedies o binding siies on
substrate molecules or receptors. Since It is the iNteractive Capacity and nature oF s protein that
defines tHatsrdtaiy' shlsiogieal fahdtisrralabtivity, wentalemhincatidnsiifétitutionscanibe made in a

protein segugnce.d-dts snderying DNAGadiRg seguence, and nevertheless obtain a protein with
like properties. Thus, various changes can be made in the DNA sequences of genes without

appreciapieross obtheitibiolegical Lty Qnastivily pas HiscussetDe)PWnount of an analyte in
a sample, and can include quantifying the amount of the analyte in a sample or per cell in a

sample.

[6678] "Detectable meiety” or a "label” refers to a composition detectabie by
spectroscopic, photochemical, biochemical, immunochemical, or chemical means. For
example, useful labels include 3p_ 3 fluorescent dyes, electron-dense reagents, enzymes
{e.g., as commonly used in an ELISA), biotin-streptavadin, dioxigenin, haptens and proteins
for which antisera or monoclonal antibodies are available, or nucleic acid molecules with a
sequence complementary to a target. The detectable moiety ofien generates a measurable
signal, such as a radioactive, chromogenic, or fluorescent signal, that can be used to
quantitaie the amount of bound detectable moiety in a sample. The detectable moicty can be

incorporated in or attached to a primer or probe either covalently, or through ionic, van der
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100141] In making such changes, the hydropathic index of amino acids may be considered. It is
accepted that the relative hydropathic character of the amino acid contributes to the secondary
structure of the resultant protein, which in turn defines the interaction of the protein with other
molecules, %Pe?s?g?{?ﬁfg%nzymes, substrates, receptors, DNA, antibodieg;cfﬁi?ég?%@éﬁ?é the like. Each
amino acid has been assigned a hydropathic index on the basis of their hydrophobicity and charge
characterétitls RYISQID0BRTS; 9SALBPIBIGIoPS7 (Riipasiygpualogideinephpoiatdderein by
reference), Gemaraiy.aming asids mayshesuhstituteddethes aming asids thathayg @ similar

hydropathic index or scare and still result in a protein with similar biological activity, i.e., still obtain a

biological TiReHondHy T8I 43 HiehARS R HE SO AS PO e U S6°RE Y EAR B made effectively
on the basisetiydeaphiiGindiS (Pakentdcbids 10dicincoupasaied bafeiddwcreferanseysiates that the
greatest local average.hydrgphilicity of a protein, as governed by the hydrophilicity of its adjacent
e A R B B A PR e e R, b
;ubstitutenj ﬁomakmti@rshawﬂngea\’djhmﬁas ﬁmdfqum&qbtymdlfer'an@mtlimeommas.bimbgmady equivalent gnd
immunolqgically equivalent prote 1&9@%}3&&%&%%%%%% AgieL SUDSIYHOnS éc%@%xrbe used in

this context of the m%annon nﬂlude but are not lim to exchanging argininé and lysine; glutamate
and aspat¥atepisefihanghedthrephhsatsglitabalpe b aSpaicgine marevialingdduclg andnigoleucine.

Other sughsubstisutionscthatdake:ipie accountihe nerafonreiention af-saprRAEAN,9f the biological

activity whilst altering the secondary structure of the protein will be well known to those of skill in the

art. WO {08599 §3UPET 955088158927 B 1A AN StRECHIp & 8 S dRidHP iR Bntemplated for
the preparadion ofypalipapiidesiacterdingitd thelnventiondstirdssef peptideminmetiss,Mimetics are
peptide-containi olec t imic elements_of protein. secandayy structure. See, for example,
Johnson ngtoa fc%%p@%eé'ﬂj?r? ’V\?ﬁéhgé?i@”?ﬁt%?ﬁaf%ﬁ%@?@&%&ﬁfﬁ%&mﬁﬁﬁﬁw &%to et al., Eds.,
ChapmanamdiidaticMewn¥ork ¢1968)cfhmeinderlying rationale behind the use of peptide mimetics is
that the peptide backbone of proteins exists chiefly to orient amino acid side chains in such a way as
to facilitat@itlecUitirsnestctiopansddertdgnadbe ratenapetyd eitigetholkpeptind raimetic is
expectedrio, permil maleey @riteractions.similar Adhadatial malecyiethasedarinckles may be

used, in conjunction with the principles described above, to engineer second generation molecules
having mERJF e ﬁ‘&ﬁﬁ%’l"ﬁ%6(91"[?%%99%%%&’%ﬁ&f@é%"én%ﬁﬁfgé%ﬁmﬁt‘ﬁ%h‘é?ed and even
improvedhehafastepistiase Medifieth Ghtcogyiatian-abdiysosomal Sulfatase Enzymes [00145]Variants of
an active highly phosphorylated lysosomal sulfatase enzyme can also be produced that have a
modified i§8%isyldtoncpatteffecelativedmtlienpare atipalypepiichk:fow exadapte; deletihgeane or more

carbohydrat leties,.and/aqr addi n re-glycosylation sites that.are not present in the native
polypep'go i%%]%?ﬁ%gf&‘@%% g}ugc})%r)]g?g t%/]gé%ﬁg}' gi&{g}ﬁfi%ﬁga%)} (ﬁr‘%ﬁre}%fs;ﬁrfllﬁrﬁgag refers to the
attachmelesoedieselirbeh yanane shaiaty tottreosioll eiiaini ooy espalr agihe megitue oT e tripeptide
sequenceésageafﬁgé&%ﬁﬁp%@é&@.@éﬁﬁ&gm%éﬁx@@a%aﬂn@s@e?é IS amLARINR arid except

proline, are the recognition sequences for enzymatic attachment of the carbohydrate moiety to the
asparagif©®<ige BRalcrTRe Pkl trditiehfithese tripept de sequences in a polypeptide creates a

potential glycasylation site, Thus, N-linked glycosylation sites may be added to a polypeptide by
Doring (U e SETEN e SHEs St i 1 COMBIHE B Ptr I ST s Bip e b duences.
0-linked ghigosyiatialk, refdista theattativient ah oMo the ssugarsinateyigalastokasing, galactose,
or xylose_to a hydroxyamino acid, most commonly serine or threonine, althaugh 5-hydroxyproline or 5-
enony B B e e e Y bt
one or mefrevséritidor(iredhiie tBSiduasiimBdide seqdehnel tthenorigitahpolypeptide the

biological properties resulting therefrom. Thus, a gene encodes 2 protein if transcription and

translation of mRNA produced by that gene produces the protein in a cell or other biological
system. Both the coding strand, the nucieotide sequence of which is identical to the mRNA
sequence and 1s usually provided in sequence listings, and non-coding strand, used as the
template for transcription, of a gene or cDNA can be referred to as encoding the protein or
other product of that gene or cDNA. Unless otherwise specified, a "nucleotide sequence

encoding an amino acid sequence” mcludes all nucleotide sequences that are degenerate
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Domain Switching [00147] Various portions of lysosomal sulfatase enzyme proteins possess a great
deal of sequence homology. Mutations may be identified in lysosomal sulfatase enzyme polypeptides
that may alter its function. These studies are potentially important for at least two reasons. First, they
provide a re 3 ABIFEBectation that still other homologs, allelic variantd SHEPTRUHAEH this gene
may exist in related species, such as rat, rabbit, monkey, gibbon, chimp, ape, baboon, cow, pig, horse,
sheep and<Ede e pbrridOAtBIET thidsadedmblosanvanamsieidd mutarts Nstbinidosjanstien with other
analyses ggrtain achiveafunckanaldomainsican he identified. Second, this will provide a starting
point for further mutational analysis of the molecule as described above. One way in which this
informatiqoosan beexlaitad inie " damain suitehingic o0 4Rk Rensain switahing lnvolves.the
generation of recombinant molecules using different but related polypeptides. For example, by
compariniftiélsedbiencesafraclysoscmplsulfatees enzyme ceigc Neqesbddalaptosamieg:Gesulfatase,
with that 1 | sulfatase enzyme from another.squrce and with mutants and allelic
variants (flfI %%?s%ﬂip%%%%%%gésgﬁe@%ﬁ n rigﬁpar% ictions Paattsl?@t#:a u%ccﬁ%gh%%ﬁ/eg}ige fificant regions of
these mofsEtHEE el ignkedisietoth&ppessvate hinktaled @onainfoftinesesholecbipdimvareffort to
determine g ailicAlial theasimgionsoenaype ingfionandeliedisindvapsemalairage

disorders. These molecules ma%/ have additional value in that these "chimeras” can be distinguished
from natUFAPRISREDIRE SUfIE b &Iy Brevidie AEka e sPe) e FEHRR RIBEPRIFIGAY00E49]Based

on the numeintisdyspsemahsilialaseienzymes nowsbeiraddentiisthierther.analysis efmutations and
their predictegteﬁe t o%\second%;}/ structure will add to this unders,tandiﬁgﬁ. It is.contemplated that the
mutants tHAt SWitch domaine betVeerPHE (TEBULHI <LHATA IR A/ il rEGIRR Y&ES! information
about thefstiveture/Audstignerelationships of these molecules and the polypeptides with which they
interact. Fusion Proteins [00150] In addition to the mutations described above, the present invention
further cdAfSfplatésprs genereiishrofees speciedize dddimd o s extionbinvarierivkndwmids a fusion
protein. Thismaleeule.gensralbrhasallerasthstantal narianof fhe aafiameleuis Jinked at the N-

or C-terminus, to all or a portion of a second polypeptide. For example, fusions typically employ leader
sequencEERTBTIFdtHeR SHEEREE T BEfoIRr s SHiB et dxpréag elsasHsTRsTF iheterologous

host. Anather usefeliusionRetadasine asdiiinniof,andnunolegisallv-aelive damaiRshich as an

antibody epitope, to facilitate, purification of the fusjon protein. Inclusjon of a cleavage site at or near
the fusioff THCTSH Wit S TREH 07t Do 08T BEABE FSSOUS TS PRI Grnebirancous

polypeptictecafiteivpdrifiGationn Bjhed vhefisk iksidnsdneiudetin kingrafifunctionakdrmains, such as active
sites from enzymes, glycosylation domains, cellular targeting signals or transmembrane regions.

100151149k arélieifipnbasohemvéscidlly bighilabié diponpirotéi@xpresstopsigstémis that may be
used in the RFes Qﬁﬂéﬁfgﬂéj&%cﬁéﬂ@éW&e&’ﬁ?ﬂ%&:ﬁﬁﬁ%@3?%95%7%%31“@&3%%@“% to, the glutathione
ose

S-transferase (GST) system (Pharmacia, Piscataway, NJ), the ma inding %Fés’ihnsystem (NEB,

Beverley ™ Ria) aHerri SR of de aeoric Aeve soome Hedsieiibesytemin@igdaniChatsworth, CA).

These syslemsarEhansie AleprIURIIGIRBOIBANLRAYRERIdeR RTINS RN 3:5(alLpumber of
additional amlno.a%(g, which are unlikely to affect the antigenic ability of the recombinant polypeptide.

For exanipié Bothh B R AE S S oaE tHE bR adRies -SRI Sh bt igRlvences, both of which
are knowrndspberpaoidyl motigenicurdsdhichyde notadverselyatfectifadingokihenalypaptide to its
native copfermation,, Anather N-terminal fusion that is contemplated to seful is the fusion of a
Vet Lys Db Ay s R GH oL A B A o S BB G R RTOH e oduce
beneficiatlisereasessnhstosaier exprassiopor activity. [00152] A particularly useful fusion construct may

be one in which an active highli/ﬁphosphorylated lysosomal sulfatasc enzyme polypeptide or fragment
thereof i$0RYd 1o BiaEh 6 exphABBOMARIATE GERATRHY 6Taay desonTafsa fataseneszyme fusion

constructoRfaisimenipesuaatuiia theirraduaiion eh-aatikodiss 1o:heaciive highlyphosphorylateci

lysosomal sulfatase enzymg to enable detection of the protein. In other embodiments, a fusion

construct L e AT SRS RS HE B A ST SR SR hE flsorhas ekt Esebin zyme-related
compositinmpliorgispecifigsigmasealhains have 7 mannose residues, 7.e., bis-phosphate mannose 7

(BPM7), which are linked to two GleNAc residues, which in turn are linked to the asparagine

residue in the lysosomal sulfatase enzyme.
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[00153] Other fusion constructs including a heterologous peptide with desired properties, e.g., a motif
to target the lysosomal sulfatase enzyme to a particular organ, tissue, or cell type. In a preferred

embodiment, a fusion construct including a bone targeting peptide, e.g., 6 aségartic acid residues
(6xAsp or Gﬁﬁqag%’éf’%"é‘*lysosomal sulfatase enzyme may target the enz'ifr:ﬁ" ﬁ?%&’ﬂ‘?&ﬁmr sites in

bone. [00154] Other fusion constructs including a heterologous polypeptide with desired properties,
e.g., an Ig088Aktanty&ion tacproledigaserineh e imcamagntibodyrop fregaentthefeof for targeting

also are qonfemplated. Qther fusion,systams IRsaduss Relypapfids hvbrids where it isdasirable to

excise the fusion#artner from the desired polypeptide. In one embgdiment, the fusion partner is linked
to the recBiiBMh SRt T Fiy Ry TBREESHGN At 1/ $6 Lomtahstiritae BRMFid soR/pBEtide by a peptide

sequencegRRRINE:aSRecHiseaeanRiion.seguense fofamprtease.(Fesamples of suitable sequences
are those recognized by the Tobacco Etch Virus protease (Life Technologies, Gaithersburg, MD) or

Factor Xqa@¢sy England BioishmdBevetiaydiArefesivatyes 10QLablAs statesahgve, a derivative

refers to palypepticles chemical dified, by such technjque , for example and not for limitation,
ubiquitinag[‘?(l)iyraﬁ,)aISaEb@Pizﬁ[gr;n e ?ywilﬁlﬁ{ ?tgfjl%sé 3(8:'“/%6},8{ eo‘Fr\a}gi?’oﬂsi%ﬁtz?/@%ﬁoﬁ%%%ﬁf%éﬁI%@Ftattachment
such as p&gylatiorydenvati gationhiitht poistethidenehglysabianddnsesiion Gresubstitdtiehdy chemical

synthesis of amino acids. such as gmithine. Derivatives. of the lysospmal sulfat nzyme are also
useful ajot er %Set[cjgtr%l%%éﬁé EYn‘BOm{% @%ﬁﬁﬁgé%ciﬁ% Er%%emo@s S‘frlﬁ%éﬁlijlne\%%@%ﬁi 1001561
Polyethylenéglycoii(PBEG). maydrecattashedtly thddys dsohias-phifatase enzywhepredused by the
methods gfamg:ﬂ'gysﬁi&g 1Q.provide a longer half-life in vivo. The PEG group may be of any convenient
molecular weight and may be linear or branched. The average molecular weight of the PEG will

preferablyyrmoge from:aboutidikieRajtans £k e aboptdQf lcRacmoxe pratarrily from about 5 kDa
to about 50 kDa, mast preferably from about 5 kDa, to about 10 kDa. The PEG groups will generally be

attached T8 Sy SO AT S AARE SRS B A F AN AL Lrtbh S BEY RGO Bt i ciVE ik lation
through aeacsive gretip:Hihythe A8 GHmoisly.(agl nasrajdefydey aniaa, dhiot, coresiesgroeudp) to a
reactive group on the protein. moiety Lan aldehyde, amj or ester group). Addition of PEG
moieties oof)o 31/0pé)6flcgegcc¥)l fﬁtcé;r%sttﬁ}%e(@ "Eéenc%}rlr é)gygé{) ﬁ%?f%qg% Hfﬁ%é%lgv%ﬁeﬁ'%%\tﬁnain the art. See,
e.g., Intetpsional Rublicstion Ne:, WidoBGita968cand thSn@atent: M. vri® 33780157 1Ligation of

(he ysosamabpHilzinss paameRbRARte IR BEG.usuallvIgies RIBER.IL BAgeHS Phase and can

be easily monitored by reverse phase analytical HPLC. The PEGylafed peptides can be easily purified

by prepafétive FmLE seet hehsbiesy ol bsnanadyficaipimoee tasnlfdraiacaifalysiseaied laser desorption
Mass Spestiemely: &@E%léall@@&ﬁ%#&k&@ﬂﬂ,ﬂm@,dj%ﬂ%%rtﬁlﬁé%ﬁ%%%ﬁﬂY%%Weﬁg'fatase
i

enzyme is labeled to facilitate its detection. A "label” or a "detectable moiety" is a composition
detectabfeBY St HECEPIC SRS EREHNE A B REATERI I RumadhBrtion oéndiirsamal other

physical sfranse Boraxamplesdahels seitrblaitareuseingie prasent invention include, but are not
limited to, radioactive labels (e.g., 32P), fluorophores (e.g., fluorescein), electron-dense WO

2009/0910MA CTIS268Q90BE 27 6r “pure” when used in reference to polypeptides refers to the
amount of the polypeptide being analyzed in comparison to any contaminating substances
that can be detected using a particular method. For the recombinant lysosomal sulfatase
enzymes of the mvention, “purity” may be determined by subjecting the sulfatase enzyme
preparation to electrophoretic separation by SDDS-PAGE under reducing or non-reducing
conditions followed by staining with Coomassie Blue or silver, or by chromatographic
separation by HPLC (e.g., C4 reverse phase (RP)) or by any other chromatographic
separation, e.g., size exclucion (SEC) and the like. Using these methods, the purified
recombinant Jysosomal sulfatase enzymes of the invention have a purity of at least about
80%, preferably at least about 90%, more preferably at least about 95%, and even more

preferably at least about 98% or 99%.



reagents, enzymes (e.g., as commonly used in an ELISA), biotin, diRoxigenin, or haptens as well as
proteins which can be made detectable, e.g., by incorporating a radiolabel into the hapten or peptide,
or used to detect antibodies specifically reactive with the hapten or peptide. 1001591 Examples of
labels suitaBt&BPHEE Rhe present invention include, but are not limited’ ﬁ{’ﬂ%lreé’éjéémﬂdyes (e.g.,
fluorescein isothiocyanate, Texas red, rhodamine, and the like), radiolabels (e.g.,3H, 1251, 35s, u or
32P), enz{és (eldic womserratistpperoXitisesalkatimerpliosphiatakerandrethersicormmonly used in an
ELISA), apd colgrimatiis:labsls.sughas cellaidatanld realaved glass orplastis beadsds,g., polystyrene,
polypropylene, latex, etc.). 1001601 The label may be coupled directly or indirectly to the desired
componetitiBfitte [FADmiE Sitrate HATRTS dotoFRIfG W HRTAGHS W KA iWté art. Preferably,
the Iabelﬁ@mﬁa&%@ﬂimm;@&@wﬁmﬂy Reaunrditauthe %@’gﬁm@kﬁiﬁfm@eavme using an i
isocyanate reagent for conjugation of an active agent according to the invention. In one aspect of the
invention AFE B EBhaI KAl S T RS 8P B SHBH At DSt SBEH BT A A5 abel to a
lysosomabstiifatase lenzypme. td dotim axdabbliysosemahsillfatésscamymecoijugate:witiout an active

agent attgched thereto. The lapel lysosomal sulfatase enzyme conjugate.may be used as an
remedite e e S B e S R SRR, e weed to
detect théﬂy@@mﬁéﬁ@ﬁﬂa@s@eéW@@mﬁﬂ@g@t@mﬁhﬁ@@édﬁbgm sulfdtisvametyof labels can be
used, withthe chaice Qfsm?hgﬁs%@%@ﬂl{?&lwy!%@ﬁ%ﬁ% £RASEQ! caniaatian i he desired

component of the lysosomal sulfatase enzymé, stability requirements, available instrumentation, and
disposal ProtsisHsVNb A atisa VB s Sidvarecn RE R Haset R ntrartivr NG énrally, a ligand

m0|ek?U|ed¢|@ue%§@BﬁM§ G@@'&%W&@Wﬁlﬁ’ei@_ﬁhﬁdﬁ%ﬁmﬂ &?ﬁi&@&@, @.%.Izms emﬁldigliang theg binds to
another molecule (e.g., streptavidin), which Is either inherently detectable or covalently bound to a
TG s oThbie

signal sy alkeq SRSV DA REFE T BB B R ehhdfRinescent
compounghzed 61 htheviysbsomat sufatakese nizyimesof thadnventiolRcasbalas be capjugated directly
to signal-geperating compou .g.,,0y conjugation with an enzyme, ar.flugrophore,,Enzymes
suitable for %;Jl:zg,aegf s%a%zé égl%():% e,/(‘?bgltp1 %%Cﬁor#ﬁ]rgw féﬁ%%&%?&%é%%%%cﬁ%ﬁ& Bﬁsggpﬁ%ltases,
esterase:‘s‘l?aﬁdngW&@gwéséénema@x@ntaseg,tp@qiwradﬁspmgiq&meﬁmm_h,tscamp@und_s, Le.,
fluorophalie SWIAOIE! 4156 A% lehels Inlde, ubargnaldimisd ig.duaresealn andain gerivatives,

rhodamine and its derivatives, dansyl, umbelliferone, etc. Further examples of suitable fluorophores

include, Bo¥aredipelirfitabl fdcedbnm, aPruT Elamimd cymese fitdredteilssptharabine éllow, lissamine
rhodamine, 2, WG R008/A84994B6d/MS2RRHAZIL L sulany| ghigride ardhraseginygiytienium (tris,

bipyridinium), Texas Red, nicotinamide adenine dinucleotide, flavin adenine dinucleotide, etc.
ChemilunfiFESESHt EbNPHIAIE QfAbRIBFTEE A8 14k IHUER BIRREMSTIATERME Huciferin and
2,3- dihyesaphithplazinsgignesiceghld wannehénd diwevs afhvauousHabalingaisignal producing
systems thaé]. n be usedlin the mﬁzthods1 of glg% iﬁ“ invention, see U.S. Patent No. 4,391,904,
[00162]l\fr_85 151?8? 8%%@&%5 Papéis aernea\]/"va(_eﬁ;i?_ ow ?ot ose _of s_,kill in the art. Thus, for e>_<an_1ple, where
the label gyipgioagilye. means (ol falprlien.nalide o stintilaliheouies f pliplographic fim, as in
autoradiography. Where the label is a fluorescent label, it may be detected by exciting the
fluorochrevhegigrtide eippbipaplidavaveterstiadelighrant dutactivgemeresaithsgaiaerescence. The
fluorescepge.may-kedetestad Xﬁ%k‘ﬂe@ﬁeﬂ@%&h@% of pIRERAIG dPIBHIAS UGB AR ChRrEcoupled

devices (CCDs) or photomultipliers and the like. Similarly, enzymatic labels may be detected by
providin *tﬁéaaﬁp%%m%mwé%wﬂéOéWﬁ&h@&éﬁ@@ﬁﬂalﬂ?e%@ﬁﬁ?ﬁ@eﬁiég&%ﬁaﬂﬂﬁroduct.
Colorimedrithefsherilmeinrsceobiabelsomay hriaeiecedsimphnfieabserving the color associated
with the label. Other labeling and detection systems suitable for use in the methods of the present
invention&i@Bihe réadiyrapparent tantiesdeahskjtiiin the atheSunchclabeledimodutatarsand ligands can

be used | diagnasi ' healt ndition. 63] In a preferred embodiment, the
method é@%%@é@?h?@%ﬁ%%gﬁ%’ %%%v%oﬁ% hffﬁﬁo&%&%ﬁyﬁ%l E/{gggoer%laaf saﬁgtgééees enzymes
from celltiirfés osithpéRensatarinsetidose maberaffioking. thaagheticotaplypeeferrsdaemisodinttent, the
method eopprisgs %}gﬁtﬁ@@fﬁ@%é@&g@? bighly, Rhosphorylated recombinant human
N-acetylgalactosarhine-é’- sulfatase (GALNS) from the CHO cell line G71, or a derivative thereof.

Productipgsoed fysosemaleulbatasemozymirs such@s plasgrampleane Red dok reiiatienn GALNS,
comprises the st of: (a) developing a G71 or G71 derjyvati cellﬁn  that co-expresses a

rocom bR AN S AT COTACRLE R & 1o R A L KlBkase (GALNS)
and recombinant human sulfatase modifying factor | (SUMF1); (b) culturing human lysosomal
sulfatase enzyme and SUMF1 co-expressing cell lines; and (c) scaling up of the human lysosomal
sulfatase enzyme and SUMF1 co-expressing celdines to bioreactor for production of lysosomal
sulfatase enzymes. In preferred embodiments, the human lysosomal sulfatase enzyme, e.g.,
N-acetylgalactosamine-6-sulfatase (GALNS), and human SUMF1 cDNAs are subcloned into
mammalian expression vectors basically as described herein below.



WO 2009/091994PCT/US2009/031276 1001641For cell line development. G71 or 6715, a G71 clone
adapted for growth in serum-free suspension culture, was co-transfected with a human GALNS

mammalian expression vector, a human SUMFI mammalian expression vector and a selectable
marker gené’Y B A UABIE transfonnants were selected. After a first round %?E’L'Li‘ﬁ?:%?fﬂ?@%‘f stable
transfectants, cell lines were selected using the fluorescent substrate and specifically designated. 671

or 6715 centiestiperel arwlps deprolballsp dbsficaproandtivrgsgepofpraderceicaiisn Spirmeds with
microcartiefsabia-susRensiancitwe saspealivenlhssbest prpducers of human GALNS were
identified and scaled-up to bioreactor for production of pre-clinical material. 100165]In another

embodimenssthe ineniitn-provdes acetbhasedassayfoemeasuringdhe activisy et acsaeembinant
human ly, osgmalaﬁnzy e to de%[ade nﬁtural. ubstreltes. The ({nethod corp rises (a) culturing an

isolated human ¢ail deficient in S’|§£85‘8’.ﬁ‘§|“2@n‘§" e TSP B RES SAWHRATFRstlir) Qlibstrates for
the lysosorgral enzywiedce umskaictho Foohtastingdheocell withcthie lysosomabéndyine;n@) lysing the

cell, (@) agidina.da the.gellivsrie AN ehayme dhabl) l%@%%@e[fﬂg%e Natyal substrates, and (i

2 ~QCCUTTIN G, . .
cleaves small oligosaccharides from the natural substrates; belngt?fesmall oligosaccharides

with a defgpsaple mRigh; (R eRtiepaAl separating the labgled small pligesacshatides: (@) detecting the

labeled small oIMosaccharides; and (h)gl\ﬂetermining the activity of the lysosomal enzyme to degrade
the naturdisslBsirated Y E8hiBaHaE e PIHR ARSIt SRS et BRIAMMFYESAGRARRIERBM cells

contactedowiphi $healyseseraabenzyr envitiéileampunieljaheladsmalkoligasacchardas from cells
not contact(?d]with the.égsosomal enzyme, wherei a‘re‘duc;gi3 nin h?%i) s compared to gh)(ii) indicates
the activity of the TySosomal enzyme to ¢ é"?gagcaﬁéfu“r%l?ﬁ%i?r&? i @ﬁe‘?@%‘fﬂoﬁ?%ms{he small

e ys%soma enzyme to g
oligosacchahitge: is aimanmpdisordn saccirarsks almapetated eonljodimeris teewwmall oligosaccharide is
a disaccharide. 1001664 110 some e i lysosomal enzyme.is selected from the group
consisting%f a%;llglsﬁTatasé@BﬁéA%%éf(?gﬁ%@?ggg—%ﬁs%lgﬁti@% C(:CI1 B}§S czé}lifllfﬁaﬂr%?égég lgrplj‘i’élfll%Y‘Kf-ﬁsuIfatase
(SGSH), N zagatyighseodaphirerdigifdrest 66 8)anet IN-doatytorlbicksaninet egatfatage (GALNS). In

some e%’%g@ﬁﬁﬁ&%ﬁﬁ&%‘ﬁ@%@%@l@@?ﬁﬂ@%iﬁ*e@iEﬁ@,“&PH&ﬂ%ﬁsﬁ@H?ichﬁ%o‘?%Q%@“@m@ts’ the

lysosomal enzyme is acid a-glucosidase (G,KA). In some embodiments, the lysosomal enzyme is
13-glucolSAREEEES(CUEE) AL SHEssthsaeiinR RS MtresRagsahare Az e & thg istdisidase (GLB1).
100167 15ettabie-Rymanicelisthat candspusedin sheeoll-bagsed.aseay inshsdaamahuman cell that is
deficient in the lysoso al@ge}n @e to be tested si%g that can acgumulate the WO

2009100 FSBHBRLER A5 G2 2785 A AT QB o T S har ALY G 8ample, cells
naturallyeexhibitiong abfari(t60963ior pariaddeficreacy dilaetivity secgridd%, 50%, 700/,), 80%, 90%, 95%
reduction or more in activity, may be used. Cells expressing a mutant enzyme with diminished activity,
or cells déA¥dd frothepatientsceliferivny fromcarlygodonsal storegpiditonses eagng of the

mucopolysagchasidasizmaubaHsedamelizrecomlinantly aligied Eﬁéﬂ‘é%?%&%x%wgﬁg%ﬁﬁ lysosomal

enzyme activity, e,.g._througgéntrodumr]g a mutation to the encoding gene or its promoter or other
regulatoRPTERoH IR e RisERh Ry itrsstaaliiy rediu Iy Sosentare sola adtitanT sy 2adated with
antisensenQrRMAIKQ Ked Uee BREVENQ EX RIS &SI MIPEMSAous types of wetting agents

and/or adjuvants. Suitable pharmaceutical carriers, diluents or excipients and formulations
are described m Remington's Pharmaceutical Sciences, 19th Ed. (Mack Publishing Co.,
Easton, 1995). Preferred pharmaceutical carriers, diluents or excipients depend upon the
intended mode of administration of the active agent. Typical modes of administration
mclude, for exampie and not for timitation, enteral (e.g, oral) or parenteral (e.g.,
subcutaneous, intramuscular, intravenous or infraperitoneal) injection; or topical, transdermal,

or transmitcosal administration.

[0098] A "pharmaceutically acceptable salt” is a salt that can be formulated info a
lysosomal sulfatase enzyme for pharmaceutical use including, e.g., metal salts (sodium,

potassium, magnesium, calcium, efc.) and salts of ammonia or organic amines.
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1001681Suitable enzymes that cleave (digest) small oligosaccharides from carbohydrates and that
are "specific for" (i.e. predominantly digest) the natural substrates of the lysosomal enzyme may be
selected by those of ordinary skill in the art. For example, for detection of actiyi% of GALNS or GLB |
(enzymes tf%?&g(bgfgﬂggs4keratan sulfate) the enzyme of step (d) may be Retaanaed s any enzyme

that actsgrimarily”on keratan sulfate. As another example, for detection of 1DU, ARSB, IDS or GUSB
(enzymesUit degrali@¢dratidar darfde s RAYBAZ SR OTesta péhI FRBSeH® Ghondroitinase ABC or any

enzyme thalactspiinaiy er dentatanculiaie. Asisnether example=Jensaigetion afilPU, IDS, SGHS,
G6S or GUSB, (enzymes that degrade heparan sulfate), the enzyme of stepi ) may be Heparanase |
or Heparhn&de 12787 BOCKE et enbher eXaiiles filcdtetioAT G h A ErCe Ry gt degrades
glycogeny; the emzymenafistepuds) moay heralamydastahamny eneyrsedhabacisqeaarily on glycogen.
100169] '}I' i% Cgeell;ftl)t s&% met{tlttzz){c)mlt.igeca;aaﬁ_ft:;Ig;1 E?f 1Lg;lreatise sitivity in de ectigg Iys?s mal enzyme activity.
In some &m 5dslments, fe' ysosbmsa én%ym% a%ﬁ&fﬁs%%%‘éc?é%%epw%gn t‘ilwgsc%nc?él tPhtion of
lysosomabienizyméiis bsskowtastadobtol@nibkeg alobt-SmaMplorsabodit danbhrek abbus,0.75 nM, or about
0.5 nM. oy, aRaHO:2eynld i ot O-Lphor ARaHLQ SR NAY BROSA 0 M. or about 0.005 nM, or
about 1 pM, or about 0.5 pM. Il PURIFICATION OF LYSOSOMAL SULFATASE ENZYMES 1001701
Bioreactomasateralidontiininbosormbiagathpinar o anN g sudy Buopmspierite. filtered and kept at 4C.
The bioreagigrmaiphial MasaithrrIaadeshofif.a a0 16 RN SIRLIY. lconsriirated 10- to
20-fold by ultra-filtration prior to loading onto a capture column. The bioreactor material or

concentr S KiBrEE TN it BRI AS HHSHER RABEG Y IS AR SR iER s ded B aBIlfe-Sepharose
column, washedl seauenrtiai}withn26:snM atatekelnhaspbaiec:i 30 i MNacdfetHAikand 20 mM
acetate/phosphate,. 50 NaCl, pH 6.0 WO 2009/091994PCT/US2009/031276 and eluted with 20
1 aceEBHSHHARe, 100 T LB ST THE B e CeARISE BBIRIETENRE was then loaded
onto Fraciogell BEBdHir€Cap, thashed sEgueritatiyesith 20 Irmbadetatelpthosphate; b:rakiddaCl, pH 5.0
and 20 5.5,a I [ cetate/phosphate,
50-350 rﬁ%‘%ﬁ%@f@%ﬂ%ﬁiﬁ% oy ﬁe! %?%?Spgegf'%iz"/"ﬂ%g’p@ Il?}é\{tgc%égﬁgo}%% S?t‘e%t]?r‘?lo mM NaOAc,
1 mM NaH2r®4, (0005% Twéeriohish B/5 r¢obt7d | Alternatively, the bioreactor material containing
recombinant human GALNS was concentrated 20-fo|d%bé ultra-filtration prior to loading onto a capture

column. 148 ¥nce bRt HioresEis i nRenAN A8 PRS0 foeres P4 %Sidneersdatstd then loaded onto
a Fractogel o yidcapicoktmanwashed seguentalynvithl0.mMipoaiaiaipbesplaatahs@enM NacCl, pH
4.5 and 10 mM acetate/phosphate, 50 mM gCI, H g.o, and eluted with 10 miM acetate/phosphate,
720 miv KL B G1Ar 8 B Gl k6 RO AT St A el SR B0 M NG
pH 7.0 anahlodiectantinZ nschelating:5e hartbsed ZokiAG)colurha swaished dyithr E0amMe,
acetate/pnasPhale: 2 NAGH Admimidazale. g 70,200 eled WIBAGIM.

acetate/p”ho 2f“ll]ate, 155 m Kpa(%i, 90'm |m|daone, %?4 9.8.%e%n-c ela INg gepﬁarose (Zn-IMAC)
column etolesvassadibstenno pEBS fopiow prafvisdbipkativatiospadiastechteronaim
acetate/phospiate. 2 a0 Andilenioadedhonia TavaRead Bun faMyeakimn, washed
with 10 mM acetate/phosphate, 2M NaClI, pH 5.0, and eluted with 10 mM acetate/phosphate, 0.7 M
NaCl, pHSIeEIPRE fisBpasriaautprssbirgidiend sadniramraed e tasariaidd in 20 mM acetate, 1
mM phosphate,1 160nm. NaCt, pH 5.5, and then formulated in 20 mM acetate, 1 mM phosphate, 150
mM NaC1, 0.01% Tween-20, pH 5.5. [00172] The purification of recombinant human GALNS is
describeftin @lidtail "infirac@ndfpurificatiomot kecoimtindnthrian GALING 5ol owbrgipracedures modified
from the above pratocol is described, in detail infra. [00173] Recombinant human GALNS enzyme was
expressar B R B R R e ¥ The
purified @DMW&WY\QMWG@@NI@ Shthe intentiorrean Wecoshyraredudothér dosantented
preparatigns oL GALNSaMasUS ey 1 BIRENaTmE10:965:970, 1994 descrined thg urification and

characterization of GALNS from human placenta. The purified enzyme was found to have a molecular
mass of 1ZOPERETEHNSISTY Sepblysepatés S asenhfd NY Rz Tatisk 68 Which was shown to

be a glygppreiaine Thusyithe Magiesl aln GALNIIRRZYIN G APREBFRHR CaHRERONG;IRLheRrocessed
form depicted in Figure 5. Bielicki etal., Biochem. ,|. 279;515-520, 1991 WO _
21109 /O@Eﬁbéﬁ%@@@@?&ﬁﬁgs’ but a wide variety of synthetic and naturally occurring

primers are useful for many applications. A primer i1s complementary to the template to

which 1t is designed to hybridize to serve as a site for the initiation of synthesis, but need not
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described the purification and characterization of GALNS from human liver. When analysed by
SDS-PAGE, the enzyme had a molecular mass of 70 kDa under non-reducing conditions and
molecular masses 57 kDa, 39 kDa and 19 kDa under reducing conditions. Bielicki et al., Biochem J.
311: 333-33‘;5/,01755’5%(035)5(’5ribed the purification and characterization of recB AP dH4n GALNS
from Chinese hamster ovary cells. The purified enzyme on SDS-PAGE was found to have a molecular
mass of 38060 K xatd etamercead ibingrenatitionsushd motesedarimbseedioftBs-67tkmige kDa and
38 kDa updek redieingicpaditionsnd s the Bielicki ghak SALNS SNZ¥mePARRRAL ipEorrespond to a

mixture of the pre_—gocessed (precursor) form of the enzyme and the processed foriii depicted in
Figure 5./APEEH AL e FREBIRBRMAH I PRIARSH @A I 8assym 8BS Adertdncdfieétiaimost entirely

of the presuragssform of the enzyme (see Figure 9), or predominantly (i.e., at least about 85%) of the
precursor form of the enzyme (see Figure 10). IV. LYSOSOMAL SULFATASE ENZYMES AND
LYSOSOMINIEZ TORAGE' BISEASH $: [Rbi7ddcThe lydosorhalsldlfatbseenzyuheiisiactidklength enzyme

or any fr <Yari rivati rof}tha'%restgliggnatI0 ISt gub taqlti | amount (e.qg., at
Gt R e R et

de. :
least about 50%, pre y at leds ore preferably at leas 2‘),esubstantlally

all, or all 6frrebeHerspratic byibidioticaldetiaty (agsaematsse antiviey)idé.thet epeynee. [00175] In
some embpdimepts,dhedysaspmalsuiaiase Hzyne.ds.ene thak,inotexpressed or produced, or if

substantially reduced in expression or production, would give rise to a disease, including but not

limited to1PEE&EIA S{ohsgEolribed itk Ermedrbibtinierrecnss ydbebbaidtionse enzyme is one

that, if naicepiesseprebRragucedbeeil substantiah reduaad INiRMRIBSSIONALREREUCtion, may not give
rise to a diseﬁe%\se, Qé;t whose, absence or. reduced expression or production is associated with the
disease, RATHiHGHULROETTE S H88Etihal storage diseases. Preferably, the lysosomal sulfates
enzyme Ingeafed 2 pRigined{tom.adiman, hOLGHRIRISIARNG, D D Healmen, oL lyspsomal
storage diseases, the tysosomal sulfatase enzyme is an enzyme that Is olind'In a céll that if not
expressetkEbproancehoriesebseanthiiyodt gedd itcexfredsionropssrotidetiorsivgchtarigivelrise to a

lysosomalstasaas dissaney AtiRnatyeiniit edreaimeRhoblysesamal araggidisegses. the

lysosomal sulfatase enzyme is an enzyme whose absence or substantially reduced expression or
productidFEIEAREJRiEEH WA ‘t‘llfél’él‘i%‘édgggfi%‘fﬂ%?}ﬂﬁﬁ HBaspRIRRETOP SUHERHATI SFEEUBERf expression or
productiane mayonakitselboiuseise to the disease. Preferably, the lysosomal sulfatase enzyme is
derived or obtained from a human. [00177] Preferably, the enzyme is a lysosomal sulfatase enzyme,
such as §@pHifatadeAFRSA)(Genbiokdtcedsion NeolNRAOOAES fisofoseaahtzenbank Accession

No. NP QO 7 _(isoform other variants), arylsulfatase B/N-acetylglucosamine 4- sulfatase
AR S, (e N e T EES o N
000193 (isafdvmnajuGéibankinbession Nol NP @61 tdn(lsoistdibastifamidaseielpstn-N-sulfatase
(SGSH) (GenRankALaesAIenNR:NRRQAIIM: NACEHalksaRamIaespYlialase(6S) (Genbank

Accession No. NP 002067) and Galactose 6- sulfatase/N-acetylgalactosamine-6-sulfatase (GALNS)

(GenbanK KEEREEHHH 1Y, )Rib 08b5 635 A BN SIS dmiAr SesPayiniRiciast sela prednesosomal
sulfatase.gnzymesdeficienidhesgitivhich-ammuseiil R herRpeuin 20eMs folwsding

function {e.g., promoter, origin of replication, ribosome-binding site, efc.) as well.

{00105] “Hybridizing specifically to,” "specific hybridization," or "selectively hybridize
to" refers to the binding, duplexing, or hybridizing of a nucleic acid molecule preferentially to
a particular nucleotide sequence under stringent conditions when that sequence is present in a

complex mixture {e.g., total cellular) DNA or RNA.

[00106] The term "stringent conditions” refers to conditions under which a probe will
hybridize preferentially to iis target subsequence, and to a lesser extent to, or not at alf to,
other sequences. "Stringent hybridization” and "stringent hybridization wash conditions" in
the context of nucleic acid hybridization experiments such as Southern and Nerthern

hybridizations are sequence dependent, and are different under different environmental
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Lvsosomal Storage Disease Mucopolysaccharidosis type Il Hunter syndrome Mucopolysaccharidosis

type 1A Sanfilippo syndrome Mucopolysaccharidosis type HID Sanfilippo syndrome

Mucopolysaccharidosig,%?pe [VA Morguio syndrome sulfatase Mucopolysacc aridosis type VI sulfatase
r

)
Metachromahe Fgﬂgfé%gdy ophy (MLD) Multiple sulfatase deficiency (MSDE)’CE%S&Q%%IT%]I Ulfatase
Deficiency Iduronate-2-s ulfatase S ulfamidase/heparin-N-sulfatase N-Acetylglucosamine 6-sulfatase

N-Acety| Rjatzetosarin8s61IN YA Btdfgal fitdshriratpnaisgitacaseda Mgkiplenslifseises [00178] In

preferred epbpdimeniss thecdvsgsamalsuliatasa o naymeis-aeeonmbinant Avmanhsesemal sulfatase
enzyme r[%)rodu,ced b#})an endosomal acidification-deficient cell line. In more preferred embodiments,

the recomBHENHIMER 15SBL0 Ml ifatasty SrEsin RIBEIRIES M e #igh ddief phosphorylated

oligosacchatiges asuspeciied posersfaisF I NIFHMN SV ebnodst prefeied piaodiments, the lysosomal
sulfatase enzyme is an active hi%pl_y hosph?géélated recombinant hum

N-acetyl ég%f&&gé}ﬁﬂﬁgga\_@ﬁnéﬁ LIQRARIR & ed to be about 5°C lower iggn the thermal

melting point (Tm) for the specific sequence at a defined ionic strength and pH. The Tm is
the temperature (under defined ionic strength and pH) at which 50% of the target sequence
hybridizes to a perfectly matched probe. Very stringent conditions are selected to be equal to

the Tm for a particular probe.

[00107] An example of stringent hybridization conditions for hybridization of
complementary nucleic acids which have more than 100 complementary residues on a filter
in a Southern or northern blot 1s 50% formalin with 1 mg of heparin at 42°C, with the
hybridization being carried out overnight. An example of highly stringent wash conditions is
0.15 M NaCl at 72°C for about 15 minutes. An example of stringent wash conditions is a
0.2X S8C wash at 65°C for 15 minutes (see, Sambrook et al. for a description of SSC buffer).
Often, a high stringency wash 1s preceded by a low stringency wash to remove background
probe signal. An example medium stringency wash for a dupiex of, e.g., more than 100
nucleotides, is Ix SSC at 45°C for 15 minutes. An example low stringency wash for a duplex
of, e.g., more than 100 nucleotides, is 4-6x SSC at 40°C for 15 minutes. In general, a signal
to noise ratio of 2x (or higher) than that observed for an unrelated probe in the particular

hybridization assay indicates detection of a specific hybridization.

[00108] A "subject” of diagnosis or treatment is a human or non-human animal, including

a mammal or a primate.

{00109} The phrase "substantially homologous" or "substantially identical” in the context
of two nucieic acids or polypeptides, generally refers to two or more sequences or
subsequences that have at ieast 40%, 60%, 80%, 90%, 95%, 96%, 97%, 98% or 99%
nucleotide or amino acid residue identity, when compared and aligned for maximum
correspondence, as measured using one of the following sequence comparison algorithms or
by visual inspection. Preferably, the substantial identity exists over a region of the sequences
that 1s at least about 50 residues in length, more preferably over a region of at least about 100

residues, and most preferably the sequences are substantially identical over at least about 150
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[00179] Thus, the lysosomal storage diseases that can be treated or prevented using the methods of
the present invention include, but are not limited to, Metachromic Leukodystrophy or MLD,
Maroteaux-lv%lg oS /{r)lgggg”le or MPS VI, Hunter syndrome or MPS I, Sanfili%}%A,sxndrome or MPS
Ina, Sanfilippo syn'dlrome or MPS llld, and Morquio A syndrome or MPSGVE! Fﬂ(g(p%%ﬂ%ularly
preferred embodiment, the lysosomal sulfatase enzyme is such that its deficiency causes Morquio A
syndromé<siiNm SN anes arderise sartidirent phefesraarepbodihstn by dovdmad ulfhtase enzyme
is such thakits defigienewisasseeiatedwitha bumanlysosomal storage disease, such as Multiple
Sulfatase Deficiency or MSD. 100180] Thus, per the above table, for each disease the lysosomal
sulfatasejeazydpe Wotlldqieierabiyracisoplisgiaspesifcaciveclysesemat sutalase;enzmume deficient in
the diseage. For instance, for methods inyalving MPS I1, the preferred enz r_nell.éils est and

duronate S SITSASa RSV A M B S PRe Sy test an
sulfamidas&ftveparsreei ataseF ortorethogs: ey ohvisig MRS dtiidtheprefedwitenzyne is

N-acetyl ine 6- i i PS.V. preferred enzyme is galactose
6-su|fata%lg/8l\él%a§§§tlilllg§glgc oé%r%?ﬁ%%ﬁféﬁgg%%ﬁ&E?‘?ﬁ%#%%%ﬁn%%%%%ﬁ P@?I S t Leimﬁ?gferred enzyme is
Nacetylgafaerssaniialeaduliabas s o HtsthsdsinwtvageMetaehiomat dhedokodystropis(MLD), the
preferred:-enzyme isaryisulatass Mndzop methadsavalving Muliple, Sufatase-Deficiency (MSD), the

enzyme can be arylsulfatase A, arylsulfatase B/N-acetylglucosamine 4-sulfatase,
iduronateq#ysulfatasesufamidasalhepaginiNc-sutfataseaNsacetylghicosaminesulfatasgor galactose

6-sulfatase/N-acetylgalactosamine:6-sulf, ,and t refeyr nzyme i lactose

o sulfatadbiN SO A LML B AL b U N C DR JEAC CARRIDDSIS FEPE W
(MORQUIOSN NP RQME;nNIRS 1¥A) d00:8 kinvugopalysacchiiid dis typ ety Al fiVbrguibeSyndrome,
MPS Na).js 2 jghetiiag auinsomat inaesaive flissane belongind fo,ihe.group qbmugppolysaccharide

storage diseases. Morquio Syndrome is caused by ficiency of a lysosomal enzyme required for
the degrddattoRvofanpriyensamilsoyliednss(FAGE) Alerattinssiifate BESTHRD EXdridkoitid-6- sulfate
(C6S). Specifically, ME S/1\a/is s triRear zad by tbe.ahsente fdhe SRENR G roup, 575

Nacetylgalactosamine-6-sulfatase (GALNS), and the excretion of KS in the urine. The lack of GALNS
results inSEREM AR B ab B AIRY A dRBEfE b mucopolysaccharides in hyaline cartilage, a

main co ent of skeletal tissues. All patients hav: temic skeletal dysplasia. Other symptoms

vary in srzgigﬂ?/}fromnﬁaeﬁemrﬁp?g Patigh ,“éﬁ?%%‘%“%ﬁé@d%ﬁ?faﬁﬁﬁggéf ’é%?fﬁf‘a{’c‘f‘%‘,%é‘ﬁ fial instability, heart

valvular dispasecanidmespiraiton issues; faniang ethers.eshofiB2beadsNS, bydroksasaiitate ester

bonds of gajaglons: erWiRIGI MR andhaceblgRlasigsaming £-sulfate fom, GOS, yman CALNS
% ith On y p(f"[

r
is expressed as a 55-60 KDa precursor protein w ientlaltiaesepfgraagnln%‘%'-’ff?ﬂ%(éc"}}{)gijﬁ‘;ﬂc%syIation
sites. MathfoseteriphodpratehiMeryisoparesititae bigosacchadd s messesingniflret@ALNB:molecule.
M6P is f??@%@%ﬁ% by Anesepional Bierlysosamalieall surface:ands: sapsequentyyisgrucial for efficient
uptake of GALNS. [00183] Like all sulfatases, GALNS needs to be processed by a
foimylglyBIRBSRA GERR et el ind seiradsth A digRiRdibtt (SUMF1) gene to
gain activityoBasaysecefihisaatiMatipmsiep séavehngdhna poshiransiationalmedifigation of an active

site cystein reSédue to Co.-fo.rclny lycine FG%), over-expression of recombinant sulfatases can lead

to both pPYGTEHER O SR En2ymEdd FEPRLRE SRy TS ¥ A PAEafed and
non-activated:suifatabe enzynesinaind withadewsprosticiionaiters e f degradatior-anedoesnon-secretion
of non-agfiyated.sulfatasesy, 19P154L A0 qbleet of this nvention is to provide an active highly
phosphory ated human I\}-aé’éty galactosamlne-g-suﬁ ALASE enzyme Lsefurfor the frestment of Morquio
Syndromewand wikesrodistsasesssaig. s Mokiphe SeifatisexDeficientin ¢V DYisthai e s oseddoy or

associateghWilla defiiency s enayme Niacstvigalagiosamioese sulialasee Suh a0 active highly

phosphorylated human N-acetylgalactosamine-6-sulfatase enzyme has the ability to localize to tissues
in which KSR 86 ShadtiaHitifate s hY Gdegatng mepievem sbrestieihetprake trag aufficiently high
percentage b dioferanaymeacivitys anddas selativalyigh preductiondevels, J891851It should

be understood that the methaods of the invention described herein are applicable to the production of

other lysBEBRAICEHIFAA SEAH G SYSEERCe SRTISTIFALEAEDA (RS BroBaTrasi SERACET By Iglucosamine
4-sulfatase ARSB) - iptirennies sl atase( RG)csuifarmitaseheprinY sutaiase (§GSH) and

N-acetylglucosamine-sulfatase (G65), useful for reatment of lysosomal storage diseases which
are caus%%) &eéﬁ%;rrg@ﬁiz%% B% ﬁ%%irr?%% |c\|‘éeril%{f/ t@gﬁe)toﬁl' FS%)&EEW\%%@@W POSITIONS
AND ADMINISTRATION
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[001861 The lysosomal sulfatase enzymes of the invention may be administered by a variety of routes.
For oral preparations, the lysosomal sulfatase enzymes can be used alone or in combination with
apprqpriate a%d;ﬂxﬁgﬁgggwake tak?lets, powders, granules or capSl.JIe_s, forp%@rgg'l}%é/v%i}%gonvenj[ional
additives, such as lactose, mannitol, corn starch or potato starch; with binders,’such’as crystalline
cellulose, cellulose derivatives, acacia, corn starch or gelatins; with disintegrators, such as corn starch,
potato stareRATEPEGHRIIR ESHBOIHERARBRA oS 6 RIS S SUERCES ild tahRgnesium stearate:
and if desiredmyith dluents.chudering agents, mpisteningagents, preservatives and flavoring agents.
[00187] The lysosomal sulfatase enzymes of the invention can be formulated into preparations for
injection B§tdisHolviluytbaspendirgOrlgnritlsifying therair afvadpemisior poraguRqusiselvent, such as

vegetabls, g glpekeiman 1S, syninelcAlnalc agi givcerides, esiers ot higngy aliphatic acids or
propylene glycol; and If desired, with conventional additives such as SoTUbINzers. 186t6nic agents,
suspendifg dgédtts Berhdlsigingdge ht8Ostanilivers fandepiesenabiess 00288 T e tysiosomal sulfatase

enzymes f the inyeatiansen he dilized naergsel fpnnidation 1o be administered via inhalation. The

lysosomal sulfatase enzymes of the invention can be foimulated into pressurized acceptable

propellants’8litds S5 URMBRsaRbsIReiRg e propar s {HFoFer P 4 ipiéine Sioo ¥ 8ds Hurthermore,
the lysosemahsiliatase,eazyngsekthenioyentioncanhe nade BiaSHRRESILRS DY, MixiRg with a
variety of bases such as emulsifying bases or water-soluble bases. The lysosomal sulfatase enzymes
of the inveft 'i%eff‘:” et admiRisiey &ﬁ%efiﬁﬁ VAE'S 'SUBPORiItT TS StiBShory EaFTHER e vehicles
such as cscbarkutténrbaskiowakesoanthpelydthyenchglycals, which meilt atsbogysempeyature, yet are
solidified Joom.temperature. %(%pglfg%%r}ii&d%%%ggsfprms tof,{thga Ié/sogongal SLé| atase Symes of the
invention for oral of rectal adminiStration etch as syrapa aisirs SSHa SispERSIIEthEY be provided
wherein eaehidbsaienunithfor exdniplas tbasgatnfidd iathledpbortfilntatierensupppsitoryfpcontains a
predeteimingd amaunhal lsasamehswliplass soane.canielning: agtve.AasnL: Similarly, unit dosage

folios for injection or intravenous administration may comprise the lysosomal sulfatase enzyme as a
solution iRS&t8rifer Wagksetids el ind srranstss pivhfrraeeltkeanyacoeptatiseshies. [00191] In

practical useidhie dsasomplsulfaigsganzwmesafihernventioacandecambingd as,thaiagtive

ingredient in intimate admixture with one or more pharmaceutically acceptable carriers, diluents or
excipientgcéacé%%‘ﬁi%efoac%ﬂ%ﬁf%ﬁﬁ?‘6?18%‘?&8&?{&]:3@8(5}%%6‘6%% tEePmighEEnTIe ehtfer, diluent or

excipientwoayitakeaaidévatietyeffdredsdependiagranatbe preterabledorarofspeparaton desired for
administration, e.g., oral or parenteral (including infravenous). In preparing the lyspsomal sulfatase
enzyme %%68%%@1&@3‘58?%%8@7 A;ET}%’E%%:EBES‘R%% fi Br rr?%fotgazﬁéof ]fr%‘fl%y of the usual
pharmacémi@aihmle@i@maﬁmmoymrsmgme-fmmﬁwmﬁénwdig@gdymI@; titgraloshols, flavoring
agents, pigseAives. salolngiaasB eRd e ied inegase.ohorel I pleparatigns. for example,

suspensions, elixirs and solutions; or carriers such as’starches, sugars, mlcrocryspaelllﬁe cellulose,
diluents, GrariEt g bmertfitsridems chinddsBHisnidhparirgragontaidtitie Skednetiie case of oral
solid prepasationst 0k exarRie.cpowAess | hard é&ﬁé&ﬁ%ﬁlﬁ%%?ﬂﬂﬁawﬂﬁ; Yy, the solid oral

preparations being preferred over the liquid preparations. 00192£With respect to transdermal routes

of adminfOFHBH R EtRITYSYEREEaRSHEFHIY HdMirAEatRontet Blub Hreasemsuasiasrefitgon's
PhaRmageuiicehgeienges 3] Zifekditianot@ennaro, atal thEds.(dask RPublishing. 56 2885). Dermal or

skin patcﬁ%%l%rﬁ 2 Efgf%g%d};po%gﬂ%rp%% Z%?Fr){%%{ gﬁu\é%rg o{ the lysosomal sulfatase enzymes of the

invention. es preferably provide a wr'gich as DMSO to increase the
Ciocoseh TS, PR 0e) U3 8 DA Lok Wt b 361 Loa cach ot wReH I Hitporaied by
referenc@dr{drgieptikafytical analysis of the similarity between two sequences (see, e.g., Karlin &

Altschul, Proc. Natl. Acad. Sci. USA 90:5873-3787, 1993). One measure of similarity

provided by the BLAST algorithm is the smallest sum probability (P(N}), which provides an

indication of the probability by which a match between two nucleotide or amino acid

sequences would occur by chance. For example, a nucleic acid is considered similar to a

reference sequence if the smallest sum probability in a comparison of the test nucleic acid to
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[00193]Pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or diluents, are
commercially available. Moreover, pharmaceutically acceptable auxiliary substances, such as pH
adjusting and buffering agents, tonicity adjusting agents, stabilizers, wetting agents and the like, are
also comme‘?&aﬁwgé‘{? Hole. [00194]In each of these aspects, the lysoso ! T‘fﬁ’i’é@é%ﬁzyme
compositions include, but are not limited to, compositions suitable for oral, rectal, topical, parenteral
(includingbsuBtiitaneBud cingahisdesi dbamaborittalanons)reeithbniasy (raszHicon BWdcanihhalation), or

nasal administiation,@lthaughthe,mesi@uitable route in any given case will depend in part on the
nature and severity of the conditions being treated and on the nature of the active ingredient.

Exemplargoniips of adminisisation anethecoial _ickiil sv@nravs ruisspifieisesomal sulfatasc
enzyme compositions,m e conveniently presented in unit dosage form and prepared by any of the
methods Si/‘\l/e‘gffzﬁﬁlg\/\r‘ﬁilc}leﬁagag%f SEDHS g’@%ﬁ’é gﬁog%%gﬁﬁée frﬁﬁ% KAt Kdministration, tablets
and capsutesinepreselly tiresmostadvaitade posyocatidosagei el forestnonbick: thsecsdlid

P B EHLIELS, N o DIl Sl R M B e S
aqueous or non-agueous techniques. The percenta e_of'an ac veiysosomafsullflatase enzyme in
these coRPERIMGAS fvayxolPVOV00IIB9 193 POFAUBRO09I0278 sovEe: bebvanigdrand may

convenieRilyhe Retwasn abew.¢ ARicenida 160 peregntofiihe weight.of the ugit. [00196]

Lysosomal sulfatase enzyme compositions of the invention may be ‘administered encapsulated in or

attached B \RTRIce AVETEHER 'BrodsRixs W cEiparatéantiiras’s drssibiedmsimicellular particles

which ar ly spherical.and which are fregyently lipidic.. Liposomes gre vesicles formed from a
piayer M e ST JE B haA T T AFHGE (BT 5C Br aoREBLIUS ang
multilamefierifipidasesicles, onlpostmes: Suchevésislzsiahanlpgsame sndiayifg made from a wide

! %Ji&ii%s%%?l%%%%ldﬁ)%si Y ,%%h(P Q (S)%Sl%%%{gﬁlgl%%lgﬁ%ﬂQl;le%%%gatidiC acid,

range of Jipi %&hgﬁ p
phospha’gllrgy ger‘ing, p%o phati anolamine, 'sphingomyelin, glycolipids, gangﬁ’o%ides, etc. using

standardctsenpitisesyEeicindBahbisst desoribeeninriecy 2t LSt Fratentiio(o, 3940l ®aSsiok vBsicles or
liposomes MayBrUIgARAAMIBIIRT kepsamalSWfalase.anavmes tacRIHALY afnd;to deliver

lysosomal sulfatase enzymes to the target organs. Controlled release of a lysosomal
about 80% to 90% or more of the macromolecular species present in the composition is the

purified species of imterest. The object species is purified to essential homogeneity
{contaminant species cannot be detected in the composition by conventional detection
methods) if the composition consists essentially of a single macromolecular species. Solvent
species, small molecules (<500 Daltons), stabilizers (e.g., BSA), and elemental ion species
are not considered macromolecular species for purposes of this definition. Tn some
embodiments, the lysosomal sulfatase enzymes of the invention are substantially pure or
isolated. In some embodiments, the lysosomal sulfatase enzymes of the invention are
substantially pure or 1solated with respect to the macromolecular starting materials used in
their synthesis. In some embodiments, the pharmaceutical composition of the invention
comprises a substantially purified or isolated therapeutic lysosomal suifatase enzyme

admixed with one or more phanmaceutically acceptable carriers, diluents or excipients.

[60117] A "therapeutic" treatment is a treatment administered to a subject who exhibits
signs or symptoms of pathology for the purpose of diminishing or eliminating those signs or
symptoms. The signs or symptoms may be biochemical, cellular, histological, functional,
subjective or objeciive. The lysosomal sulfatase enzymes of the invention may be given as a

therapeutic treatment or for diagnosis.
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sulfatase enzyme of interest may also be achieved using encapsulation (see, e.g., U.S. Patent No.
5,186,941). [00197]Any route of administration that dilutes the lysosomal sulfatase enzyme
composition into the blood stream, or preferably, at least outside of the blood-brain barrier, may be

used. Prefe?gglgl?%@)fﬁ%somal sulfatase enzyme composition is admini?@?é%%‘@?fﬁﬁ%jﬁlly, most

preferably intravenously or by cardiac catheter. Intrajugular and intracarotid injections are also useful.
LysosomHl8dfhtasd bezpaecodiposiiond miby dnscadntinictaraatiesdity omisgichally lsuch as
intraperitanealiymsuoemane aush AniniRuseYalc Bane aspeshdsepsomal sulfatase enzyme

compositions are administered with one or more pharmaceutically acceptable carrier, diluent or

excipient{00(981 Thasenahskil el epdiy apnreciatenthaldasedpuals canvaly auaddagtion of the
specific txrsosomal sulfatase enzyme, the severity of the symptoms and the susceptibility of the subject

to side effSate Breferred dosages for a given lysosomal sulfatase enzyme are readily determinable by

those of skill iy the Mariety 9 s,iysclgg& ut not limited to, dose response and
pharmaczﬁng%i]c asé{és%&n%ntslconsdégggﬁh pat‘ilentrsl%rr% tést ?aeﬁ?r%a%l}ésﬁd ?ﬁ/ &%%?%Qo‘ﬁ’i‘ég] Dosages to
be admirfisterdel #hay WIolasen & ohumdividdanisadsiboer theatbsirddcetfabtithe particular lysosomal

sulfataseppnryangiHseduandosr the chiasen raue eﬁ%%@ieksa;{@gr&)&emﬁ@a%géﬁém%@ma' sulfatase
enzyme range from about 0.2 pmol/k% to. WO 2009/091994PCT/US2009/031276
an amount sufficient to produce The desired effect in association with one or more

pharmaceutically acceptable carriers, diluents or excipients. The specifications for the novel
unit dosage forms of the present invention depend on the particular lysosomal sulfatase
enzyme employed and the effect to be achieved, and the pharmacodynamics associated with

each lysosomal sulfatase enzyme in the host.
II. PRODUCTION OF LYSOSOMAL SULFATASE ENZYMES

{66121]  In one aspect, the present invention features a novel method of producing active
highty phosphorylated lysosomal sulfatase enzymes in amounts that enable therapeutic use of
such enzymes. In general, the method features transformation of a suitable cell line with the
¢DNA encoding for human sulfatase modifying facter 1 (SUMF1) or a biologically active
fragment, mutant, variant or derivative thereof and a cDNA encoding full-length lysosomal
sulfatase enzyme or a biologically active fragment, mutant, variant or derivative thereof.
Those of skill in the art may prepare expression constructs other than those expressly
described herein for optimal production of such lysosomal sulfatase enzymes in suitable
transfected cell lines therewith. Moreover, skilled artisans may easily design fragments of
cDNA encoding biologically active fragments, variants, mutants or derivatives of the
naturaily occwrring SUMF1 or lysosomal sulfatase enzymes that possess the same or similar

biological activity to the naturally occurring full-length enzymes.
Hast Cells

[00122] Host cells used to produce recombinant lysosomal sulfatase enzymes are
endesomal acidification-deficient cell lines characterized by their ability to produce such
lysosomal sulfatase enzymes in amounts that enable use of the enzyme therapeutically. The
mvention provides a CHO-K1-derived, END3 complementation group cell line, designated
G71. The invention also provides a G71 cell line that has been adapted for growth in serum-

{ree suspension culture, designated G71S. The invention alsc provides derivatives of the G7}
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about 20 nmol/kg, preferred dosages range from 2 pmol/kg to 2 nmol/kg, and particularly prefen-ed
dosages range from 2 pmol/kg to 200 pmol/kg. Alternatively, dosages of the lysosomal sulfatase
enzyme may be in the range of 0.01 to 1000 mg/kg, preferred dosages may be in the range of 0.1 to
100 mg/kg, évﬁﬂzﬂ%{ﬂ%{?l%rly preferred dosages range from 0.1 to 10 mg/kbt FHE¥E WL aHes will be
influenced by, for example and not for limitation, the particular lysosomal sulfatase enzyme, the form of
the pharrateUtiealcdompoyitich, e fngtesvbdemmihitiation, anditivensite dffctivreuftseiparticular
Iysosomqjﬁg{{g;@se enzyme. [00200] The lysosomal sulfatase enzymes of the invention are useful for
therapeutic, prophylactic and diagnostic intervention in animals, and in particular in humans.
LysosomplEuliptase: enaymes mayshewypieorentialracauwniationiraanissiar lissugsrPreferred
medical incﬁicat'o‘n for.diagpostic ses | céu?e, for %%mplﬁ, any. condition associated with a target
organ of Ifterest e.at?iﬁjﬁsg%‘fﬁlcet}?ﬁﬁéﬁlé?gi SeShT (OGTBLR LS Bet FBINBARHRIPIRSS in the
treatmenbDdf/a ucikisty ofcdiffegeht diseabtreonditionsirtnreriathte mhediments nofgasticular interest is
the use o e e in.disease itio here a Jysosomal sulfatase enzyme having
desired 5%%#1%% %el%]h ¥§f%%i§gu§%l igenﬁflge%],gbod%?r% \;)%Iﬁ?cﬂ %Elgg/lifgg&égﬁé “érﬁ%a a%seecue(ﬁ}z/yme is not
adequateldietiveret 4o fhectarypiesitel reRoiimomipartiventroptoduceadciullcsatisfactory therapeutic
result. W}H?c%}%jW@QM%@%%@?&M’BE&M@MQ@&&H@H}%Qﬁiﬂfeﬁ@ﬁ&ﬁ&ﬂ%ﬁo%%‘ﬁ%{ ighly

uti

phosphorylated lysosomal sulfatase enzymes can be used to enhance the therape efficacy and

therapeuBEEHRIBK O tHa a6 LB dTedinabadd enpgmaon dbg op Tresdipirgiess PAEAT to encompass any

beneficiakeuiseme:ia BrsubiRtiRssesiatast with adminisiiation:af dlysosomal sylfatase enzyme
likelihood of acquiring a disease, prevention of a disease, slowing, stopping or

including.a r?ucg% 1J f | segp \ ,

reversing S B8 grELRISH 87 & HI5R A48 SF & a SRR P tHE IR GRHS: 4288 diafed with the
disease conditigirafftitiinghthe hgstswhaie ammeliaratiodiop beeefitisniseprinca hroadssabse to refer to
at least a reductian in the magnitude of a.parametey, €.9.,,sym ciated with the pathological
conditionugagln%e?r%elg%ep },%%I}_Jcﬁ'?%%c%’ﬁgrsn{m%ﬁ%ﬁ%?gga/i)n?%’gsagt% %@(g@ %21?1:\%%. %teslﬁch, treatment also
includes Bitgtips sH dreltrrepariistodrodlewnditiom:or it RiaBasymptbins Besgbiateditherewith, are

completely nhbitede-gr.RIRUS MR KM happanings o S19pPefl, £:9.4 derminalgdy, syl that the host

no longer suffers from the pathological condition, or at least no longer suffers from the symptoms that

characteﬁ%@ﬂ‘i@%&’t%%@?é’ﬁ%@Flé%ﬁﬁﬁ OpRIEsRo0bIBYo 2P TYUSEEOBIeR2 761 80208] A variety of
hosts or sukietcteare dieatableasrordingdotheisubiant methads. Seoeralysudh §gsigare "mammals”

or "mamma}%En,- where these termcf are used broadly to describe organisms which are within the class
mammalf&’ metddinG e Ordere s &R}B‘?@“Eé{a?,O&&H@%M%B@ﬁ%&ér%%&@? friitle 28fiinea pigs, and
rats), andpimaies(eGgnciimans; chihpagizees, aash morkeysy | i eaamrembagiments, the hosts will
be humaps., 1002041 Hayj nerally. described the inventign, the same may be more readily
understg%%%ﬁ}gﬁgeé%l\%%ﬁ]o%v%%y re e?gﬁﬁ%zgl Pog%ﬁ)efr %ﬁ%\(/)v?ﬁ FEETRBAY CWHIEHBPSTE exemplary
protocolsifarrteeprbkictiopy aridrgudfication atiagiive highly phosphorylated lysosomal sulfatase
enzymes and their use in the treatment of lysosomal storage diseases. The examples are offered for
illustrativ@BdrPosds viskssAgabehBciHte Hidptboihisidd spaphiet trophisartinvemion in any way.

Efforts have:hees-nade 1o ANSIQAGEHEBRY ML FESRRSEI0 RUMAS IS USeE {88 v ARAYNIS,
temperatures, etc.), but some experimental error and deviation should, of course, be allowed for.

EXAMPLER ERMEPE P RAARV AL AR VP RECE BN E EORDIEGRE UM AN SILFATASE
MODIF NG ACTIOR H: (SAKVIES) ANBHHIMANNAGETY bOALAG TRBAMINERGSBYBATASE

(GALstomplementation group cell line, designated G71, and a G71 cell line that has been adapted
for growth in serum-free suspension cuiture, designated G718, which co-express human
sulfatase modifying factor 1 (SUMF1}) and a recombinant lysosomal sulfatase enzyme, and
are thus capable of producing high yields of active highly phosphorylated lysosomal sulfatase
enzymes, as specified in “DEFINITIONS”, thereby enabling the large scale production of
therapeutic Iysosomal suifatase enzymes. In most preferred embodiments, the G71 or G718

cell line, or derivative thereof, expresses and secretes recombinant lysosomal sulfatase



[00205] The objective was to construct mammalian expression vectors appropriate for producing in
stably transfected cells adequate amounts of active lysosomal sulfatase enzymes with improved
phosphorylation levels [00206] The full-length human sulfatase modifying factor 1 (SUMF1) cDNA (see
United StateX PAEAE ASplication Nos. US 20005/0123949, publication dats JHNEY/S8Y8, and US
2004/0229250, publication date November 8, 2004, both of which are herein incorporated by reference
in their erftiFetyFswhisireriesdes laag7apaithihd, atidrblype prideaivas Glohetint thearsmmalian

expressiqg,veasencRiN A dpuitragen,:Garisbad, ICA) ahich contaips fhe.byman CMV

enhancer-promoter and a multiple cloning site. Efficient transcript termination was ensured by the
presenceaidhs bayinegeowb:harsmengdpolyadenylation sequence. The selection marker was a zeocin
resistance gene under the control of the EM-7 promoter and 5V40 early polyadenylation sequence.
The resuli@iht3siasmidwascdesigratedigoBDdiAd e §lodviR e Thehbiman SUME | gpbbyriucteatide (SEQ ID
NO: 1) an epti _ NQ: uences are shown in Figure 1 Figure 2, respectively.
[00207] T%E%J -|é¥r?15§%r?{yé1§ %r%% }a@(ﬁé@%ﬁa‘é{é}s{?ﬁ%}e&l P&%%géz ,&I?Rl%rﬁmc fﬂc% fsc()aﬁee Tomatsu et al.,
Biochem ¥Bicp iy sxRessc CoainbremSHRe7 e 88ndlnd 1), twhivh ercedesiaBaBamitioncid

polypeptideeiagtising:aRSAEIAQ ACIASIBNG| REPIR Bk Slaneinia i dammAliN gypression

vector pC1N (BioMarin), which contains the human CMV enhancer-promoter linked {0 the rabbit
[3-globin 18782 hHrH AP thR dRfHERIGRIhY SHeME flitiepR RS itheT SiREEeH was ensured by the

presence:efitherb@vinegnowimpasnone-peliasendaliopisaqyence. Jhe selegtiprmarker was a
neomycin hosEhoggnsfer%seq%ene that i%!ries a paint muéﬂggn to decrease enzyme efficiency. The
attenuatet AEr WAS FR S RRFIRAD SEH AT IR W EGER STk PPOMBILY. PREPUSAISMt plasmid
was desigfidtedopEidAt fihedimariGalNhS polynueteatide(S QD -NQuardnelypeptide (SEQ 1D
NO:4) seguences are shown.dn Figure 3 and Figure 4, respectively. .[00208] To increase the
expressiﬁr&%@% s ET[IglﬁJ Y= ar?dﬂ é%ﬁgogs}&#%é?ﬁ%%&n%? g F%lénl% é’é%gg}nﬁam %lements (see
Mermod ePRAUCL 8. @Mpmﬂ?ﬁm@gﬁg@@w@m&ﬁm@ thetSUN ¢ ananGALNS expression
plasmids 8%;,3%%&%&4%%&%%&&&@% Frds SR NGG) Hled MAR (Selex s) with

BamHI and Hincll, and then inserting the released MAR fragment into pcDNA4 SUMF1 digested with
Bg111 adelRIIEGC0OPIOF PR SUMET ea85REde WigeahhPeer aanqecoran e qmr) §V40 EGFP

(Selexis) awithfripd k- anenthal to ﬁ%ﬁpﬁﬁﬁbﬂ&%ﬁ{ﬁ&%@ﬁ%dmé%ﬂtﬁ%@ﬁ&ﬂ&ﬁ?ﬁ) 1WMFI gene, which
was released from pcDNA4 SUMF1 by digestion with Hindlll and Xbal. [00211] BMAR 4A was made
by digesthgBITAR SHME PR PR Rt SPef g ethos hls aiiiee e Heharsd theh inserting the
GALNS gehegashichraabnielédsed damypeN4Aiyaigestion with Pmel and Spel. [00212] PMAR 4A
was made by digesting P<1_68 Ncol filled (MAR) SV40 EGFP (Selexis) with Hindlll and Xbal to
remove tHYBEBFP gehescamdbtvbrméntentingutie i@ AMNS gesteicivhickrwasingiebsedfsom pCIN 4A by

digestionywi.ind]l a6 bebdR0RA31TaR fulliopath human GALNS, SRNAAS also cloned into the

mammalian expression vector pcDNA4 (Invitrogen, Carlsbad, CA). pCDNA4 SUMFI was digested with

HindIll aiftPSassiio FRibvs il SOMPIUEINAT B PCINANGIaS dipelarsgrwiaiienisdepPand WO
2009/ 09%%9&%@&(&&%3@@9@%3—,%1&0 acid sequences which encode a selectable marker or

markers, nucleic acid sequences which encode an amplifiable marker, a matrix attachment
region {(MAR}) or other element known in the art that enhances expression of the region where
it 1s inserted, and/or DNA homologous to genomic DNA in the recipient celi, to target

integration of the DNA to a selected site in the genome (to target DNA or DNA sequences).
Cell Culture Methods

[00127] Mammalian cells containing the recombinant protein-encoding DNA or RNA are
cultured under conditions appropriate for growth of the cells and expression of the DNA or
RNA. Those cells which express the recombinant protein can be identified, using known
methods and methods described herein, and the recombinant protein can be isolated and

purified, using known methods and methods also described herein, either with or without
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Xbal to isolate the GALNS cDNA. The GALNS cDNA Hindlll/Xbal fragment was ligated into the
pcDNA4 vector Hindlll/Xbal fragment. The resultant plasmid was designated pcDNA4-4A. 1002141
The integrity of the GALNS gene in t le pCIN 4A, BMAR and pCDNA4-4A expression vectors was
confirmed b %Q??&?f}aﬁgﬁapping using enzymes obtained from New EnngrT BB The PMAR 4A
expression vector was not mapped. [00215] The structure of the fully processed form of human
N-acetylgaitetbstivnid seenaee1aar RS s Hepidteatif Eidure®. it AuNSligubxisressed as a 522
amino acig palypeptidewith @28 amine AGdigRIRERIHS SEAUERGR.AIRIE AIPNLAGIHLCALNS

polypeptide is secreted as a pre-processed (precursor) form of the enzyme having a molecular weight
of about SEI68IROAT i REEREGALNSAne T éréhfe IS dhierat BRIt B GitndgtaedifsBr or fully
processectAkNSpobeptids (eomespongiag 4R, pesitien#e; ghithe: fulblengih GANS polypeptide)

has been convgrteotl to Ca-f 'm%/lgls}/eige (r%lgé%y sulfatase modifgi g factor 1 (SUMF1). In the
lysosomé SCRLRE P SN e dAE P SSitiol FERHI) SR FERINE D SIV5EBtide, resulting in
GALNS peptidaditymentg of aboutpdBHkD & amd! 19 kDascldese GAEINSipeptitesiarenjoined by a

disulfide Qi cysteine residues at positions, 282 and 393 of the fully processed
AL P T B IR 8 o 57 of
the fully pretassad@rl NS ppibetiderBis! phosphidniarst mizmnosed (BR¥Fabdmprising 2

mannose;fyospbale iesides, 138 0PEn J0uIEORNITR, DULIGKNNFRT. RXANBLE H G71S CELL
LINES CO-EXPRESSING HUMAN SULFATASE MODIFYING FACTOR 1 (SUMF1) AND HUMAN

N-ACETYEEADAecreisal medigesaprshgrceintNG)2potrrgic tReMIBE (o6 wal s evelop cell

lines capablethpyatising activeysasemalsuliaiasacnzymes with.imprexedpivesphendation levels.
[00217] G?l cells Ro.ckfoE K. Qr%pﬁ? ﬁver de@/ed dire.ctly from CEO-K1 (ATCC CCL-61). The G71
v MUt

d
cell line i€ SEMAPRILHIPE-Lehdith TR P fo aRiGhR A RB ATM tHEY hdosomes,

which has:bdrengebservedrtovgield differences in total protein secretion and phosphorylation on
mannose residues for several enzymes at elevated temperatures (Parke! al, Sontat, Cell Mol. Genet.

17(2): 13198} 199snavieaihe retidicd. IGuiBibnOS{B) 007109 16 £9684Hi100218LiGFD bells were
maintainegkak S4CInBiayWlitiakerUiyackQmedip. srRRlcmeRad with,2 % fatal calf serum, 2 mM

glutamine, gentamycin and amphotericin, 1002191To allow easier use of cell lines for protein
productidﬁ?%%ﬁé?%?’é?fisé’é%sacme highly phosphorylated lysosomal sulfatase enzymes can

be identified by a sandwich enzyme immunoassay. The antibodies can be directed toward the

active agent portion.
Variants of Lysesomal Sulfatase Enzymes

[00129]  In certain embodiments, active highly phosphorylated lysosomal sulfatase enzyme
mufants or variants may be prepared and will be useful in & variety of applications in which
active highly phosphoryiated lysosomal sulfatase enzymes may be used. Amino acid
sequence mutants or variants of the polypeptide can be substitutional, insertional or deletion
mutants or variants. Deletion mutants or variants lack one or more residues of the native
protein that are not essential for function or immunogenic activity. A common type of
deletion mutant or variant is one lacking secretory signal sequences or signal sequences
directing a protein to bind to a particular part of a cell. Insertional mutants or variants
typically involve the addition of material at a non-terminal point in the polypeptide. This
may include the insertion of an immunoreactive epitope or simply a single residue. Terminal

additions, also called fusion proteins, are discussed below.

[00130] Variants may be substantially homologous or substantially identical to the

unmodified lysosomal sulfatase enzyme as set out above. Preferred variants are those which



were pre-adapted to serum-free growth medium using a protocol for adapting anchorage-dependent,
serum-dependent mammalian cells to high density serum-free suspension culture (Sinacore of, Md.
Biotechnol. %%(1%3:3246%92927, 2000), resulting in the serum-free suspensionp%ul}grzegagqe?15@}39 cell line, 071
S. Alternatively, a(%erent 071 cells, after being stably transfected as destribea i ra, may be adapted
to serum-free growth medium as outlined in Sinacore et al. [00220] Paired combinations of the human
SUMF1 & urEh G AL IS e xpraSsibnpeetate et kannomea) seltierperNpars yMrads i isihCINA 4A,
BMAR SkdiMirlapleis BMAR tfie BI0RIMAR SN 1-plus: PMARAA were Hransfaciad following the
MARtech Il protocol as de ribed#) Selexis into G71S cells grown in culture medium supplemented
with Antiﬁ%f%ﬁ?ﬁt‘ﬁmﬁc@%?ﬁ% %%‘ﬁ}aﬁgﬁi&”ﬁq? Y8 HYSHEDSRATEN, 25 jig Amphotericin B,
Cellgro). Arankfdetantpociswelfe: gropmipepliia GHQ@emediurCambresdhs ypplementedyith 5%
ry-irradia% hfggal b%vl'@we %?rllé'é@a@foBsfS Ilnlg_l—(%)S ‘%9 8ttS!g/mL 0418 (AG Scientific) and 200 ug/mL Zeocin
(Invitrogen), anélrgl%neoﬁ%yﬁlmltmg d‘llﬁljtlon in'96-well plates in the same growth medium. Clone growth

was monjiared py GelkSerean dnnavalsimasing Al inesuere seaened sinamn nevme capture
activity ELISA for active GALNS (see Example 1V). Cellular productivity was calculated by dividing

enzyme CHREBRYREAURY BLISATS GRS BRRAHEDY EbindhewiRLew- el mBeERfREEESURET) per day,

over a pefigguefidaRys 00 2d] 20 Gihs rionrsueregsneraled.angdiscreenadder active GALNS:
86 clone .cotransfe%gﬁtwith pcDNA4 SUMF1 plus pCIN 4A, 65 clones co-transfected with BMAR

SUMF1 pIOY BITAR %A 4 AEE T REHEL CoCr SASRsC s WAt BrriRes eUhen PRIEPBRIXR 4A. Clones were
initially seleptedean Shasbasisreffighs levelsofagivers AbNG Ffaon: Hhie: 06, well dissueauliure plates
(Figure 64), GALINS acivipy w ?ar%ea%uareadcﬂglin? ThEss g@ﬁré:?l%tuﬁgltadwity ELISA and represented
in ng/mL (y-axis). The x-axis shows e three cotransfection conartions used for SUMET Bhd GALNS
expressidir HCMY iprbidotior whithorie MERMICK\ P rdmote tosithiMARz Bind SVhpromoter with MAR.
Each bar,(gpresents Q;ﬁ%ﬁr@%@?f@%ﬁ%@?fﬁﬁéﬂ&@%@ﬁ@ﬁ}@@ﬁl@ﬁ'eet‘c}'Q&ﬁaé[ i tfa@l%ﬁgc)?fpect've

population. Cell density was not accounted for in this 96- well clone screen and not all of the

co-transfRREGVTES HISRBE S TIHASAFITRIS AiRitac (DB TR ahighese REBIEABMMNS producing

0715 clonggewene ehesandor Pragkiqtivitn analysis: (Rige 8Bk Paily:Gelivlasiprogiativity.was
measured ig&g/cell/da and obtained by dividing the GALNS activity by the cell density for that day.

This figuf8 GEBIEE IHE TP RERTTT6RRBIY) HHE Ko SHNG SR EBEOBUIR FRISK tPHETEISINSs were
assayed der&A=NSesirgap©pEyme capilie activity oliSAdphpgiseliday {maxis)afositive controls
consisted qof G,tALN\? exgres in%.BHK and CHO clones (BioMarin). Each vertical bar represents a
single clofe, Active GALRS vsgsnberbduced by pCIN 4A clones, but only marginally above the

packgroyedhihe aseay,d0%a4l Aealveinhelanem e A% Wellateen A0 diday productivity

assay demonstrated that co-transfection of expression vectors with ents increased the
productivityi&hie P15¢lsHe 8 aehedhipake Pt chokehateiirbpespreddion vaestons witidateM AR
elements;THa BMAR Ak BMABSUMRELe0stransfestedi clangsHemenstialag:fast pool generation,

rapid clone growth, and ability to produce greater than 2-fold more active GALNS than the highest

producing BRARE IR e gicAtPa Iy aPTOSIOR) SHEFSHE S B R s RRding PR Y RTdShes lacking

MAR elemgnichi [00224]sphe EANG expressing: 2215 sleonesivergadapigdde serum-free growth
medium using the, pratocol outlined in Sinacore etal., Mol. Biotechnol. 15(3);:249-257, 2000. The entire
adaptatigﬁn\fv‘%nsp%égn%%ﬁttﬂéeﬁrrélgéaﬁléséoéfv%fﬁl tése%@?oarﬁjé‘@ee%%@é’ggﬁli’}élofr%fﬁ §SHRT8hd neomycin at
200 pg/mtlfaThe SANPExpressingl 1t glorescultureddim Thil&sks yuedasplitasfollows: (1) into a
125 mL ' traCHO ' % PBS. (lot #.81.2242); (2) into a 125 mL
shaker v?%t %ﬁie%,gﬂé%gg%%%%ﬁﬁr% é(%?%%&%ﬁ gflﬁggfgﬁg“g?ﬁ“ %%?1 §f glncda ?af%nst%#fﬂasks as a
back-up (URECHE 5% PRS Cidrbecsnspansioh vuitdre o \gererastatsiishod v tidrarevarcells were
discarded; angweaning-fiom B yasiitiated Mhadharowh g&}%ﬁ%gﬁ% 1RRQ:S (1/day) for 3

passages and the viability was > 95%, the PBS concentration was reduced by 50%. The cells were left
at any givéh BB SREdHtFdduivTeral FHARSHFOR s assagedrad i dadiptsptbegrewet in 2.5% PBS,

the cellsaveyméaken dieceily iRtouse rietieainedia. Gells were banked in fresh media with 10% (v/v)
DMSO. A trial thaw was tested to insure that the cells survived the freeze process. Two GALNS
expressiiy133]1S lones: fiptnctheiBivbaR4A th:BMAR: SldMnlitsansfepticnyvelangs 4 and 5 took

approximalely, 13, PASRASRS, AL, ANEPIALN 10 S UL FeS. SHEPSRS N SUliire. ABALNS

example, substitution of all or some of potentially glycosylated asparagines, including
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WO 2009/091994PCT/US2009/031276 expressing clone from the pcDNA4 SUMF1 plus pCIN 4A
transfection, C6, was also isolated and adapted to serum-free culture. 1002251 Paired combinations of

the human b:ujsv eﬂg uman GALNS expression vectors (Example 1), Q,%Q%A}N%}{%{g%% plus

h
pCDNA4-4A, were /trang?ected into G71S cells basically as described above, excep ug/mL Zeocin
(Invitrogen) was used for selection. Six GALNS expressing clones, C2, C5, C7, C10, C11 and C30,
were oS AHAPtet TS ErchTRES PR SiohF Eiliieosamans et e. EXAMPLE
Il LARGE2 GdulreGYLTURE OF G71S CELL LINES EXRESSING HUMAN N-
ACETYLGALACTOSAMINE-6-SULEATASE (GALNS) 100226] The objective was to measure
enzyme ROt ortficmmath @167 1 Scelobe siedprebsingikioman Mraeetilgalaetasamiitee6-sulfatase

(GALNS). Sermitan.sshanion auyre sePpied 018 eelneacasearessigynan SUIVIEL and

human GALNS were cultured’in Iarge-sc’ale and assessed for active GA me 6roduction.
1902271°$ké8 mdapeativnltecsesuie thee dhspansibpreitihe wasmslatinsycquivkHordis G71S host cell

line, it was degidedithakpraductiancorldbe dengdmaWANR Rigreactenspsmaieddnperfusion mode.

The WAVE bioreactor allows greater flexibility in inoculum volume because scale-up can be done
directly indiesbpg, ieskdeing toastisk:ohoantapinatiansancrexpadiingdheproductiomebmaterial. Figure

7 shows tﬁgc%mgﬁc of WA]VE bitﬁr actor setgtg. The diagram $how65,éﬂéperfusio mode, that a load
cell monitors the rBtAN SIS il BRY by HEEHATHIRG Brcherdit ot 6P AR Kfing the feed
and harvBsteratestdamamiaif therdesidetbvolumectnathizitOdn b ag wible phkisiats axebmiiotled to the
desired set-point.by a probe that is inserted into the bag. 1002281 The material from the GALNS
expressing G71S clones 4 and 5 was produced at the 1 L scale. The culture pH was not controlled in

these rungoTHig operational imitation.af the WAVE hagis: threuahputef.3Messshyolimes a day

(VV/day). In order to prevent any inactivation of material, the target cell specific perfusion rate (CSPR)

was 0.3 AiYeBIRRyOTELamRg iff A Aveisys PEgidubierivng BrestiftRBaHS fsraResad Kidhenzymes.
Therefore;- thencaihdensiteioiha hapmasraintainethatappraxipatebnhdOai2ekficelis/mL. The

growth rate for GALNS ressing G71S clopes 4 and 5 0.16 and .20, respectively. Bleeds to
it L SR S A e SO T, A e DAL N 060 A B 83000/031275
100229 1chherhadvest 4leid gloBd Adjuste delotapt Detwyeensb.baand 6 thdocanadntainienzymatic activity,

since G previ b e 6. This was acc lished by a timed
Pl aal L B A g ot the
reactor. Pheyadjissted rarvestdlischwascstoradesd 4Chsrioh trddesnshehim provesHingiofhe two GALNS

eXDressingﬁZJ%ahm?%énﬂgdoéﬂﬁﬁ%ﬁ{éﬁaﬁ@a&%m{hwm 38R04akee, specific
productivity of about 1.25 pg/celliday. [00230] The GALNS expressing G71S clones, C2, C.5, C6, C7,

C10, C1P1a54 essticirsGmibaishoativutrinareassbads ivd delstisada reruadtvend Menadenzyme

producti@fbe religated as above.

[00137]  Also contemplated are partial digestion mutants. In such instances, one of skill in
the art would employ a "frequent cutter” that cuts the DNA in numerous places depending on
the length of reaction time. Thus, by varying the reaction conditions it will be possible to

generate a series of mutants of varying size, which may then be screened for activity.

[00138] A random insertional mutation may also be performed by cutting the DNA
sequence with a DNase I, for example, and mnserting a stretch of nuclectides that encode, 3, 6,
9, 12, etc., amino acids and religating the end. Once such a mutation is made the mutants can

be screened for various activities presented by the wild-type protein.

[00139]  Point mutagenesis also may be emploved to identify with particularity which
amino acid residues are important in particular activities associated with lysosomal sulfatase
enzyme biological activity. Thus, one of skill in the art will be able to generate single base

changes in the DNA strand to resuit in an altered codon and a missense mutation.
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EXAMPLE IV MEASUREMENT OF THE CONCENTRATION AND ACTIVITY OF HUMAN N-
ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) [00231] Enzyme linked immunosorbant assays
(ELISAS) Were 9}?&@%8&%9 to measure GALNS enzyme concentration andPa%}%\]/it Jg}%rsn the G71S
clones co-expressing human SUMF1 and human N-acetylgalactosamine-g-suI?afase %8/&LNS).
Enzyme Capture Activity EL1SA [00232] The enzyme capture activity ELISA measures the activity of
GALNS eif%yifé in Sotiaphassidonbniig et aptine sipd alitrad MLNSSFachisiEMibbdy bound to an
ELISA platen kG233 Buffersn BulierAidearbenate Budfer)igissalve,3:0981ansefNagc@3 and 5.88
grams of NaHCO3.in 900 mé_ of de-ionized (DI) H20, then add DI H20 to a final volume of 1000 mL.
Check thAEKE T IE LEIWELHS HFURG & 61 HETPRITS DHE a0 T8 EBiple i ks8R 6 -well
microplate Withr1Q0rpiparivel foliletentQpthiigtanantrGALNG antibodyinieonadiseitds2mL). Buffer
B (ELISAS%g%%lglggﬁggsa&dré%ri%I Dil 1'1[;8ni .uf]'tfeer): Ix Ac;Lidic PBS_,\O_.(I)@% Tween-20 and 2% BSA,
adjusted 10 pH 6.5 With acetic acit Buffer B l(il\}ésﬁtgr&ﬁe“rff FHE MM SBRE SR 66598 Tween-20,
adjusted terpitBussilieh proetio abidioBisfefuGc(BubsirtitetBuffern2meSddilmtiAceiatead mM NacCl,
0.5 mg/ lted - % i i st 4.0 with glacial acetic acid. Buffer D
(P-Galarg?gs%c?ia;%gﬁ&. e%l%%%q%weql\%igzk?j r%wy @ﬁ%%gﬁé%ﬂﬁga%?éf%gg %%e/nrﬁde ?%YB@%?%%dium azide
and 0.0196REdHaD Jaflidtke REPPHITZS? Wit pFEKPI GHengeiccaB bifena ( St BUffer): 350 mM glycine
and 440 %%&%@Qﬂ%&@ﬁ%@@%@@d@l@%&% tH@%ﬁaMMQ’dlity\é@mtivﬁy, as discussed
2009/091994PCT/US2009/031276 [00234] Reagents. Anti-GALNS IgG antibody: polyclonal rabbit
antibodie$"8re Protein G purified from serum. In D-PBS, total protein = 3.17 ing./mL (BCA). Aliquots

(19 f.iL) Siored.at -20C for gne-time use gach. 41VIU-Gal-6-S Substrate (Solid; 440 MW): 100 mM
stock pré@ggg rin Of HaRTERy s%rdé] eﬁtﬁ’&&&%ﬁ?ﬁ%&% eaxsgg(%ri‘é?‘ﬁﬁ?ﬁﬁﬁg)bedﬂ?ﬂ@“%ri ug/mL in
Buffer D privedecpisd t-@@ﬂ%ﬁtb@hﬂi@ﬁdianﬁmm emtibody toiplatereno MaxiSorp ELISA
plate (Nalge/hiure dnieretanal ElsligsdagsaeaeRlis soaied Wl ANEGAIN S anibody at a final
protein concentration of 5 ggiinL in Buffer A. To prepare this SOPutIOI’], thaw one 8 u?_ aliquot, spin
briefly (1078} Hi'd RifsoReteHlfgets Comerietisadiguge. SPhatsfes: sbagqsimtt A2eptibediBuffer A. Mix

vigoroushnhydnyersions then pasy intma sesaoldolawed by plats\9ading;(10Q 1AL-Jgk well) using a

multi-channel pipettor. Cover the plate and incubate at 4C overnight. Remove unbound anti-GALNS

antibody “WAER tEpRIRPEHABA M wRE Bl St hFodaif BsoBibeld. BisékAisd plate with Buffer B
(320 fit peswet)otherncover thepirieanddrsubate R348 farhbiPrenare adiytiongseries of purified
GALNS st%ngartd nd t%st sampleséuallérg\gwns during the block%%%: the standard is diluted in Buffer
B to the RIgh end ot e &R AYE 1 th 8 NS < TH 28 RGN REAPAST ti5aFr SBHAM dRitéd (2-fold) in
rows B-Gronpa8awethpiatéiat bintokidsl berfarblankstileobnonGALNSenzyme)finst, prepare 500 tiL of
a conce%ﬁ%&% Jﬁ ng/mL in Buffer B. Then, dilute serial 2-fold in the Buffer B (250 uL into 250 uL)
until readBHG S ngimtddsmdbe wibwiirty bafbkeamnetrsidiovio StepaBuBr B sl discdrded. Bind
GALNS gnaymerstapsard andiestmamplesstojantiGal-hs.aatihedy Joadthe plate with 100 uL/well of

the serially diluted standard and test samples (run in duplicate). Cover the plate and incubate at 37C
for 1 hr. RESTGHEGREN & HASSISIERHER 8 P & BIMrsoEHE i Bl Bnp iiedhhiEs. Add

GALNS supstiatedfistreacionyiatepae ShougicinabpeRstraiaspiian fas loading 199yl per well
(prepared no m reég)an 17h$% before use). Dilute the 4MU-Gal-6-5 stock solution (100 mM) to 1 rniVI
U

in Buffer® 6444 P Be RS A HH OB &Y 39ecrdiaihahaiug 3-
Galactodidasg (sécend vaaction) iaddsOddicef 1 2que/meh{ rgatactosidase in Buffer D to each well.
Cover the plate and incubate at 37C for 15 min. Stop reaction: add 100 piL of Buffer E (stop buffer) to
each welftd iShizeretensey amoe Transietiotisrdplareyvthanstsri@hietienat<a ¢iftie) 200 pi, of the 250

uL. from gachuuelhel he ik iR lale eablack nitealer JaL heltom igraljerplale (Fluoroplate,

Costar #3915). Read fluorescence: read the plate’in a C§’em|n| late reader (Molecular Devices
Corporafiiify d&intF e SORTRRNPRY ProgF 4 (GB6raH e xeitatinc4legsins aiissisncags nm cutoff).

Other such substitutions that take into account the need for retention of some or all of the

biological activity whilst altering the secondary structure of the protein will be well known to

those of skill in the art.
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WO 2009/091994PCT/US2009/031276 GAL/VS ELISA 100236$ The GALNS ELISA measures the
concentration of the GALNS enzyme in cell culture conditioned medium or other process samples
using a sangwich.i oassay. [00237] Buffers. Buffer A (Carbonate Buyffer):.dissol .09 grams of
Na2CO3 an%. §U§r52§n% of NaHCO3 in 900 mL of de-ionized (DI) H20, #néeir{i asgtlﬁ@f}ﬁ%g to a final
volume of 1000 mL. Check that the pH is between 9.4 and 9.6, then filter-sterilize. To completely coat
one 96-wiif HttropfatetisiveeofiapartWeh unerEne Aeddpabs-p s oainsdyrrtbGhe tube (12
mL). BuffgsBr{Elk5 A Bleckine-Butie and Sepaibilutien BuiieniciasidissPRS, Q0a%idween-20 and
2% BSA, adjus edt[%lo H 6.5 V}lith aceéc acid. Buffer Bw (Wash Bﬁffer : 100 RI N%OAC and 0.05%
Tween-26, AEiHGE R b HENS 8 T BT A PP E TON Burteh) 2N\ B854 HE0 il total, add
100 mL ao#/1 2ReptRS @drandimetaiLVEIT BEEBYO[AB23 3 RBdtfé sy Giad: Mol €2 & .antibody: rabbit
polyclonal antibodies are I G Rurifi rum, In. D-PBS. total protein = 3.17 mg/mL (BCA).
Aliquots a(lll%tll aar%ms%%raé}éa git%Egé%‘?op%u%rr{fgg?r%%séee%%ﬁrﬁﬁ fégcr}]}]laqg%[gl K e{'y}eec%}%egogntibody
(RIVATI) ptiné dmaimenpagated retivodyidddilitern: PA00MS OIPBEEy BSAlardsstioeeria 120 ul
aliquots at ;206 faranesime Lise, TMBIELA SuRstrae AL (BioRad #1 72r1067) [00239) Riptocol. Bind
anti-GALNS antibody to the plate: a Nunc MaxiSorp ELISA plate (Nalge/Nunc International, Fisher #
12-565-1 3598 cohRPURETHMTS ALNECaIRH 6o 8yt BRISF Pro taisT epiisrtratianto s #giit! in Buffer A.
To prepaggothisisolution. thavanarks bk alictoh RiiiRIYAR SeGh-aRYQeaRtifHes 0 collect the
liquid. Transfer all 19 ttL into 12 mL of Buffer A. Mix vigorously by inversion, then pour into a reservaoir,
followed 6%166%{5‘763%’1‘@‘1(%’6‘"&{‘B%P\%ﬁ}ll?éi}ﬁ@%%{ﬂﬁ%ﬂgﬁﬁé} haEsPPEG RPN PIRB And incubate
at 37C (cangestiominadabarfah 2iterDand et asergphotblockaRetsioue unbound antiGALNS antibody:
wash the plate by flooding with Buffer Bw, three times. Block: block the plate with Buffer B (320 pt per
well), theediferitbd prarértiond afdubeterat! Srlidemsd FnzPrepare dilution series of purified GALNS
standard and test samples (unknowns) during block step: the standard is diluted in Buffer B to the high

end of théOfiAdak raNgeetnéasdly tAteRly o TANRBURAS, rrarrawsyi ANy aRmHEtFIfotdy HYows B-G on a

96-well platerddaapeithis hufter Alankdi elyae BAbNSaenzymeliEifsthpRpane ol 4pkief, agoncentration
at 40 ng/mL in Buffer B. Then, dilute serial 2-fold in.the Buffer B (250 tIL into 250 uL) until reaching
0.625 ng T RErEVE 1 SERiIAG BURSA AHDIRE BISIY e BUHSF BSL MRSy, wo

20091091924 R G:IHISRO0B1 0206 [BinehGALN Saenz poestadtard and test samples to anti-GALNS
antibody: load the plate with 100 uL/well of the serially diluted standard and test samples (run in

duplicate)0@d6er tKayoltdatiod incrbetatiSPCN G onRdininhsh-ihdplatdeby fiabeling with Buffer
B, three {ifs. FlBedetaetinn antbpiceoiynalec o ons Alguel(heQukl,of apuibody RIVAH, spin
briefly (10 sec) in a microcentrituge to collect the liquid. Dilute all 120p.L into 11.9 mL Buffer B and
vigorous|{fipfpadaRrINGBectr AR PBEriTite Fe SBA BiPHAT R of T Ring e iren Withaheamtifichannel

pipettor. Goyerthe plaigancincubateah 37 edaemun WWashiiwashihemlatey flooding with Buffer
Bw, three times. TMB substrate: prepare the final substrate solution bﬁp\%nixing 1.2 mL of Solution B

with 10.85PGY SBIGHEHA, BSlr HRSAESRSUIF Shiradth T 66158 PVEIRitH tRe RSl ine! pipettor.
Cover thedoladecania inpoilyptetdedfeadardivminaSibpsoldtion skipdtias] Riiikked 2N H2S04 stop

solution in]to res gvoir etmd ad 103&.1@;)& well WiEh tkg)e mlyltich%nnel ipettar. Tag gentl to mix. Read
Ad50: redll TR A PR AL R e K Al Bt ik N specitic
activity assayt miedsusesitive enzynfdticsattiviyidt SALNS:m Solitlod psing dBALNS:specific
substrate (00241 ] Byffers, MINiQ. Eﬁé%ﬂ%z@%%gyigmﬂt@%ﬁsﬁ{%, QAM&B&,B&@%@&Q%“OV 1L of DB,

dissolve 1.74 mL acetic acid, 0.75 g 'sodium acétate, .6 mg NaCl, 2 mL of 50% Tween-20 and 10

mL of 19 uSdicrFrEERIeciAte N ITOBRO 5 Aeriadjtistasanyi tal o ety S- O BIRHPOEN NAOH if the pH is
less tha”l%&@;@%i%tﬁ&)y]al% %E%@Sd@@limé@ phis grertetitban 4,09 -ﬂé@fwm&ﬂﬁgr&ra_ﬂons are.
19.5 mM acetic acid, 5.5 mM sodium acetate, 1 mM NaCl, 0.1% Tween-20 and 0.01% sodium azide.
Phosphaf@BUfER B For el SEIHSE SR 1A & A 2BORH-5654R S5 RALBH-7H20 in MilliQ
H20, andpadjpsitthe pH to 7.2. The final concentration is 300 mM NaPi. Stop Buffer (SB): for 1 L SB,
dissolve 26.2 g glycine and 46.6 g sodium carbonate in MilliQ H20, and adjust the pH to 10.6 with
NaOH. AbsayuBusier(iBY. dilute 4AMU-Gal-6S stock 1:50 in DB (2 mM final). P-Galactosidase Buffer

(13GB): 25 ug/mL p-Galactosidase in 300mM NaPi, pH 7.2.
{00147] Various portions of lysosomal sulfatase enzyme proteins possess a great deal of

sequence homology. Mutations may be 1dentified in lysosomal sulfatase enzyme
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[00242] Reagents. 4AMU-Gal-6S: 100mM in H20 (Toronto Research Chemicals Cat. # M334480).
p-Galactosidase: Sigma 0-4155. 4-methylumbelliferone (4MU standard): Sigma M-1381 (10 mM stock

in DMSO). %(%0243 Protocol. Perform serial dilutions of the GALNS enzyme. For p(urified and
formulated GARRY ’??i".’g‘?ng/ml), dilute samples 1:10,000 in low protein JGHEERBH AR 76

2009/091994PCT/US2009/031276 microcentrifuge tubes (USA Scientific Cat#1415-2600) containing

DB, prior telIrersdeattailntions i iHchnaop, BrepB iz towe prosinz Bindingreeivaikplatet In the first

row, pipefig, 10044 ofEALN rgm% funssHaly, diute (i) dawnihe,Blalk.(h-Gi0f.96-well plates).
1

No sample is added to well lank) The linear range of this assay is 1 --- 75 ng/mL. Use the same
procedurd¥eT pAAHAIRE UMY SEaAdHY CIFVE. TDRRE HTHM stk kabPENISTKEY100 in DB. Start

4AMU standsehcurvayaddingh0 vk, o S0 aM AMidinthe firstyellisthenserialysdilute. Add 50 p,L of
the substrate diluted in ABE% mM 4M%:é§alactose6s in DB) to a 96-well fluorescent plate.

Pre-incul I8 SaBs AR50 MFAPs¥E ARPBEH DI e 66712106 it ASSF BALNS and 4MU
standardsuethe:bdquiinsehs bbstratefinl ABedaeiihate el I37Cvide 3Qtanim{thisrfirst feaation removes the

sulfate from trtle sybstiate) enchlthq first reggggé) 28gnd start the second {]et%ctio? by adding 50 pL

ofp-GaIaé%%d%%% ?ﬂﬁﬁftsesslgigafargt(}oes{f ase g?osc %Vge/m 13%‘1%‘6%.“{5 Cosp Yate in |t1i?§} GALNS and

the increase i phtlalsd stopSdhea@ARNSIEattion. The resulting pH is now in the optimum pH range
off3-galactosidases. Incubate this second reaction for 15 min at 37C. lonize released 4MU by adding
100 pi, ofl ¥B4HeaPRRIBS LRSS By desh/iER SeRedcamiprae TBage, TRIfssR Bt ity calculations (at
37C in pHikddavfienekenicrpamatdM B eleased/min aalivitie BQlAME MY Missspagific activity =
pmol 4MU/min/mg. Protein concent[at'ign calculation: yse extinction c&:?effjcient of GALNS (1 mg/mL =

1.708 AbSBIBANCEES &E2B0HITY ERARBTE G PUIRIBREATIO NI DR BBk Lysosomal
N-ACET $LGAkASTOSAMIN G HSUbRAd AR/ {((RALNG) 1244  cThe: ahjeetiesaas to obtain a large

guantity of recombinant human Nacetylgalactgsamine-6-sulfatase (GALNS). Stably transfected G71
cells co-éjfg%%?r%shfﬁﬁgﬁw f%# .ﬁsﬁaioiﬁﬁgﬁngg?eﬁﬁ%%\gﬁ%%é‘?f E’%Fe%c%gf; Culture
conditionsiodgetlistilie sGaisi S dhayriteswiaghpolifisdifromith efdelismadiernif00245 it tid

Chromatqgraphy.ARpalatus: AnelshapyBhagnacia Bietedh, AR T ARXRIrer 00 Sysiem, utilizing

Unicorn control software. [002461 Protein Analytical Methods. Standard procedures were followed for
SDS-PAGEYEHEemASsR e Weaitghas 1 0ddomboig invbatdrrsplsitimyandcradford protein

ggsay& Thepunficationiwas et resrssediypaid 10t a6ty : andsihe RYEN.PETheGALNS product

function.

[00149] Based on the numerous lysosomai sulfatase enzymes now being identified, further
analysis of mutations and their predicted effect on secondary structure will add to this
understanding. It is coniemplated that the mutants that switch domains between the
lysosomal sulfatase enzymes will provide useful mformation about the structure/function

relationships of these molecules and the polypeptides with which they interact.
Fusion Proteins

[00150]  In addition to the mutations described above, the present invention further
conterplates the generation of a specialized kind of insertional vartant known as a fusion
protein. This molecule generally has all or a substantial portion of the native molecule,
linked at the N~ or C-terminus, to all or a portion of a second polypeptide. For example,
fusions typically employ leader sequences from other species to permit the recombinant
expression of a protem in a heterologous host. Another useful fusion includes the addition of
an immunologically active domain, such as an antibody epitope, to facilitate purification of

the fusion protein. Inclusion of a cleavage site at or near the fusion junction will facilitate
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was assessed visually by SDS-PAGE. The presence of processed impurities was detected by Western
blotting using an anti-GALNS antibody. Protein concentration was measured using a Bradford protein
assay. The concentration of the final purified GALNS protein was measured by A280 measurement
using an extifea8R &deftcient of 1.708. 1002471 Chromatography Resingpﬁ’igl&@g’ﬁﬁl&ﬂése 6 FF (GE
Healthcare, lot #306346) and Fractogel SE Hi-Cap (Merck KgaA, FC040894449). 1002481GALNS
Enzyme K&tRia} Determiiaitions pTheGideNnSspacificatictivity hrasishéed fisines insindg digmal|
fluorescent sybstiateidamethiumbelifery LS GALHANY-OrR Gy e GALNS.sRgeific activity

assay involves a two-step reaction, wherein addition of f3-galactosidase is necessary after incubation
of GALN &R EhE LA BRI CESIFFBIRS to release the fluorescent tag. Measurements are made

using a flyorescen late reader. [00249] A 10DG desalting column (Bio-RAD) was equilibrated with
equilibratﬁ‘g?l'ﬂl%ﬁfe %%%ﬁr%ba%ﬁsﬁaﬁﬂlff%'@%ﬁﬁﬁ P S T 8y ORGili EF RS (e EIERT F8%all buffers.
Three (3 tefpadifiethGALNS OvBrimdrantijuial loaded pgntmthedcdesaltingeotdmimieddted and
collected. jn Jquotsir arate fubes using EOB. The r%tgin ncentr ion was calculated
using thet %iﬁ%%h’o%@ggﬁ%%ﬁfﬁgékﬁﬁzﬁ %g mﬂ%?%g’gssco%an%’e%mi% arfl%?)sen m).

[00250]Dagdited GIRINSssarrpIES wrecdevidWhAdi e bl G pimtditutlBh, blsffet (D8, 50 mik NaOAc, 1
™M NaChph 0. 0B maimé B3 The BSAlack was dgsalipg belpteising by loading 50 mg/mL

BSA stock (no more than 5% CV) onto a G25 column previously equilibrated yvit?l milliQ H20. 100 uL
of the deSSREWERE RIEYEERNIRS REAE PHIE!EA T i IRE YO additientlreiamasifaingioBavell plate, and

the seriallyiditied SALNG samplas ware @M@@@b@lﬁméﬂe})@l%%f_itﬁawsv%r%x@ﬂ%&f;w&% P;l@t_esz)béoo
Inear range of this assay IS

)114 of DB was pipetted. into the.last well (H). The top end of the s

ng/mL, aﬁi‘%lgesp?ﬁ%gra hgE é‘hgls%ﬁeﬁb%{‘?ﬂl%é@%ﬁﬁqﬁﬁ%%&f&}b\?éé”ﬁ} N ERPIR BtBParing the
standardpourieantifediethyhinibéll iferates (AU SigmaiM-d88E pbomMistack inRMSO). 50 piL of
the 100 pit serial dilutigns of GA NSi and 4MU we re tra sferred to new 6-well fluorescent plate
(black boct%%r%nﬁ]g?gﬂ S%nt?lt_&%%@r%ﬁl Eﬁlﬂ gﬁ%oﬂé% gssetz%lééﬁl i g%tlﬁ%ol%d‘) \év\é%lsl%%ﬁe%sfgntﬁ%ecasam ples to
be assayddi-aiieldmenbated Gt 37 CiorROrasivateStHE i first repatidlewas duefichedyand a second

reaction yggjaltAis b addnaaM AR Galagiesidase (Figma G155, stock died to 12 ug/mL in
300 mM NaPi, pH 7.2), and incubated at 37C for 15 minutes.”Released 4MU was ionized by adding

100 ulL ofestrsz puffernteilyeing/Qarhomaiin WREIHUPLIIAP G THRAAGILZERH 10.6). The
plates Weée? re}%gy% %E%-Well fluggﬁfcent plate reader (excitation 355 nm, emission 460 nm). | Unit is

defined & FETSADRHTHIAAEh S YA S RADRF RS R TS ARAIsidksE (AAd specific
activity isq:givendretimel AMbiimingmgialbah BECsimmpH:diQihufter iR08BILE tingt:Rurifitation Process. A
2:212‘;2?89&89 RIQSESSHGHIRd N Ylrafitraon (M) S1ep.RIaNed by, B 2 Flmn Rurification
sulfatase enzyme to enable detection of the protein. In other embeodiments, a fusion construct
can be made which will enhance the targeting of the lysosomal sulfatase enzyme-related

compositions to a specific site or cell.

[00153]  Other fusion constructs including a heterologous peptide with desired properties,
e.g., amotif to target the lysosomal sulfatase enzyme to a particular organ, tissue, or cell type.
In a preferred embodiment, a fusion construct including a bone targeting peptide, e.g., 6
aspartic acid residues (6xAsp or 6D) fused to a lysosomal sulfatase enzyme may target the

enzyme to particular sites in bone.

{00154} Other fusion constructs including a heterologous polypeptide with desired
properties, e.g., an ig constant region o prolong serum half-life or an antibody or fragment
thereof for targeting also are contemplated. Other fusion systems produce polypeptide
hybrids where it is desirable to excise the fusion pariner from the desired polypeptide. In one

embodiment, the fusion partner 1s linked to the recombinant active highly phosphorylated
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[00252]1. Harvest Filtration (HF): the bioreactor material was 0.2 tun sterile filtered. [00253)2.
Ultrafiltration (UF): the bioreactor material was concentrated 10-20X by ultrafiltration through a 30 kD
Sartecon membrane. [00254]3. pH 4.5 Adjust: the concentrated bioreactor material (UF (20X)) was
adjusted to PI¥ 2°8°{7H adjust buffer (1.75 M NaOAc, pH 4.0) at room ¥eMBEF4tI& A1%d sterile
filtered before loading on a Blue Sepharose column. [00255] 4. Blue Sepharose 6 Fast Flow (FF): the
pH 4.5 adijestera) fulR2oxy wasisaridtreptdabBlaeSephsrowncotoniniaing theGIRENS protein was

eluted asghowndn fahiect and, Flgwe 9 : Lahle-d, Blie.SeRbaose &.FashElow Chromatparaphy
Step CV* Buffer Equilibration 5 20 rnM acetate/phosphate, 50 mM NaCl, pH 4.5 _
the Tobacco Etch Virus protease (Life Technologies, Gaithersburg, MD) or Factor Xa (New

England Biolabs, Beveriey, MA).
Derivatives

[00155]  As stated above, a derivative refers to polypeptides chemically modified by such
techniques as, for example and not for limnitation, ubiquitination, labeling (e.g., with
radionuclides or various enzymes}), covalent polymer attachment such as pegylation
{denivatization with polyethylene glycol) and insertion or substitution by chemical synthesis
of amino acids such as ornithine. Derivatives of the lysosomal sulfatase enzyme are also

useful as therapeutic agents and may be produced by the methods of the invention.

{00156] Polyethylene glycol (PEG) may be attached to the lysosomal sulfatase enzyme
produced by the methods of the invention to provide a longer half-life in vivo, The PEG
group may be of any convenient molecular weight and may be linear or branched. The
average molecular weight of the PEG will preferably range from 4ab0ut 2 kiloDaltons (“kDa™)
to about 100 kDa, more preferably from about 5 kDa to about 50 kDa, most preferably from
about 5 kDa to about 10 kDa. The PEG groups will generally be attached to the lysosomal
sulfatase enzymes of the invention via acylation or reductive alkylation through a reactive
group on the PEG moiety (e.g., an aldehyde, amino, thiol, or ester group) to a reactive group
on the protein moiety (e.g., an aldehyde, amino, or ester group). Addition of PEG moieties to
polypeptides of interest can be carried out using techniques well known in the art. See, e.g.,

International Publication No. WO 96/11953 and U.S. Patent No. 4,179,337.

00157}  Ligation of the lysosomal sulfatase enzyme polypeptide with PEG usually takes
place in aqueous phase and can be easily monitored by reverse phase analytical HPLC. The
PEGylated peptides can be easily purified by preparative HPLC and characterized by

analytical HPLC, amino acid analysis and laser desorption mass spectrometry.,

Labels

[00158] Insome embodiments, the therapeutic lysosomal sulfatase enzyme is labeled to
facilitate its detection. A “label” or a “detectable moiety™ is a composition detectable by
spectroscopic, photochemical, biochemical, immunochemical, chemical, or other physical
means. For example, labels suitable for use in the present invention include, but are not

limited to, radioactive labels (e.g., *°P), fluorophores (e.g., fluorescein), electron-detise
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Load UF product, adjusted to pH4.5, filtered Wash 1 4 20 mM acetate/phosphate, 50 niM NacCl, pH
4.5 Wash 2 8 20 mM acetate/phosphate, 50 mM NaCl, pH 6.0 Elution 8 20 mM acetate/phosphate,

100 mM Na%%), n%'w?fa%%np PCT/US2009/031276

reagents, enzymes {e.g., as conumonly used in an ELISA), biotin, digoxigenin, or haptens as
well as proteins which can be made detectable, e.g., by incorporating a radiolabel into the

hapten or peptide, or used to detect antibodies specifically reactive with the hapten or peptide.

{00155] Examples of labels suitabie for use in the present invention include, but are not
Himited to, fluorescent dyes (e.g., fluorescein isothiocyanate, Texas red, rhodamine, and the
like), radiolabels (¢.g., 3H, 123 I, 358, MC, or 3'213), enzymes (e.g., horse radish peroxidase,
alkaline phosphatase and others commonly used in an ELISA), and colorimetric labels such

as colloidal gold, colored glass or plastic beads (e.g., polystyrene, polypropylene, latex, etc.).

{60160}  The label may be coupled directly or indirectly to the desired component of the
lysosomal sulfatase enzyme according to methods well known in the art. Preferably, the label
in one embodiment is covalently bound to the lysosomal sulfatase enzyme using an
isocyanate reagent for conjugation of an active agent according to the invention. In one
aspect of the mvention, the bifunctional isocyanate reagents of the invention can be used to
conjugate a label to a lysosomal sulfatase enzyme to form a label lysosomal sulfatase enzyme
conjugate without an active agent attached thereto. The label lysosomal sulfatase enzyme
conjugate may be used as an intermediate for the synthesis of a labeled conjugate according
to the invention or may be used to detect the lysosomal suifatase enzyme conjugate. As
indicated above, a wide variety of labels can be used, with the choice of label depending on
sensitivity required, ease of conjugation with the desired component of the lysosomal
sulfatase enzyme, stability requirements, available instrumentation, and disposal provisions.
Non-radioactive labels are often attached by indirect means. Generally, a ligand molecule
(e.g., biotin} is covalently bound to the lysosomal sulfatase enzyme. The ligand then binds to
another molecule {e.g., streptavidin, which is either intherently detectable or covalently
bound to a signal system, such as a detectable enzyme, a fluorescent compound, or a

chemiluminescent compound.

[00161]  The lysosomal sulfatase enzymes of the invention can also be conjugated directly
to signal-generating compounds, e.g., by conjugation with an enzyme or fluorophore.
Enzymes suitable for use as labels include, but are not limited to, hydrolases, particularly
phosphatases, esterases and glycosidases, or oxidotases, particularly peroxidases.
Fluorescent compounds, i.e., fluorophores, suitable for use as labels include, but are not
limited to, fluorescein and its derivatives, thodamine and its derivatives, dansyl,
umbelliferone, efc. Further examples of suitable fluorophores include, but are not limited to,

eosin, TRITC-amine, quinine, fluorescein W, acridine vellow, lissamtine rhodamine, B
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5 20 mM acetate/phosphate, 1 M NacCl, pH 7.0 Sanitization 4 0.1 N NaOH, 0.5 hour Regeneration 5
H20 Storage 3 20% ETOH *C [00256] 5. Fractogel SE Hi-Cap: the eluate from the Blue Sepharose
column was adjusted to pH 4.3 and loaded onto a Fractogel SE Hi-Cap column and the GALNS

protein was Slated 4 Shown in Table 2 and Figure 9B. PCT/US2009/031276

sutfory! chloride erythroscein, ruthenium (tris, bipyridinium), Texas Red, nicotinamide
adenine dinucleotide, flavin adenine dinucleotide, ere. Chemiluminescent compounds
suitable for use as labels include, but are not limited to, luciferin and 2,3-
dihydrophthalazinediones, e.g., luminol. For a review of various labeling or signal producing
systems that can be used in the methods of the present invention, see U.S. Patent No.

4,391,904.

[00162] Means for detecting labels are well known to those of skill in the art. Thus, for
example, where the label is radioactive, means for detection include a scintillation counter or
photographic film, as in autoradiography. Where the label is a fluorescent label, it may be
detected by exciting the fluorochrome with the appropriate wavelength of light and detecting
the resulting fluorescence. The fluorescence may be detected visually, by the use of
electronic detectors such as charge coupled devices (CCDs) or photomultipliers and the like.
Similarly, enzymatic labels may be detected by providing the appropriate substrates for the
enzyme and detecting the resuiting reaction product. Colorimetric or chemiluminescent
labels may be detected simply by observing the color associated with the label. Other
labeling and detection systems suitable for use in the methods of the present invention will be
readily apparent to those of skill in the art. Such labeled modulators and ligands can be used

i the diagnosis of a disease or health condition.

[00163] In a preferred embodiment, the method comprises the step of producing active
highly phosphorylated lysosomal sulfatase enzymes from cell lines with defects in endosomal
trafficking. In a particularly preferred embodiment, the method comprises the step of
producing active highly phosphorylated recombinant human N-acetylgalactosamine-6-
sulfatase (GALNS) from the CHO cell line G71, or a derivative thereof. Production of
lysosomal sulfatase enzymes such as, for example and not for imitation, GALNS, comprises
the steps of: (a) developing a G71 or G71 derivative cel! line that co-expresses a recombinant
human lysosomal sulfatase enzyme, e.g., N-acetylgalactosamine-6-sulfatase (GALNS), and
recombinant human sulfatase modifying factor 1 (SUMF1); (b) culturing human lysosomal
sulfatase enzyme and SUMF] co-expressing cell lines; and (¢) scaling up of the human
lysosomal sulfatase enzyme and SUMF1 co-expressing cell lines to bioreactor for production
of lysosomal sulfatase enzymes. In preferred embodiments, the human lysosomal sulfatase
enzyme, e.g., N-acetylgalactosamine-6-sulfatase (GALNS), and human SUMF1 ¢DNAs are

subcloned into mammalian expression vectors basically as described herein below,
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Table 2: Fractogel SE Hi-Cap Chromatography StepCV*Buffer 70 WO
2009/091994PCT/US2009/031276 Step CV* Buffer Equilibration 5 20 mM acetate/phosphate, 50 mM

NaC1, pH 43 Load 11604 PCT/US2009/031276

[00164]  For cell line development, G71 or G718, a G71 clone adapted for growth in
serum-free suspension culture, was co-transfected with a human GALNS mammalian
expression vector, a human SUMF1 mammalian expression vector and a selectable marker
gene, and stable transformants were selected. After a first round of subcloning of stable
transfectants, cell lines were selected using the fluorescent substrate and specifically
designated. G71 or G718 cell lines were analyzed for cell-specific productivity (pg of
product/cell) in spinners with microcarriers or in suspension culture, respectively. The best
producers of human GALNS were identified and scaled-up to bioreactor for production of

pre-clinical material.

[60165] In another embodiment, the invention provides a cell-based assay for measuring
the activity of a recombinant human lysosomal enzyme to degrade natural substrates. The
method comprises (a} culturing an isclated human cell deficient in the lysosomal enzyme
under conditions 1n which natural substrates for the Iysosomal enzyme accumulate; (b)
contacting the cell with the lysosomal enzyme; (c) lysing the cell; (d) adding to the cell lysate
an enzyme that (1) is specific for the natural substrates, and (ii) cleaves small oligosaccharides
from the natural substrates; (e) labeling the small oligosaccharides with a detectable moiety;
(f) optionally separating the labeled small oligosaccharides; (g) detecting the labeled small
oligosaccharides; and (h) determining the activity of the lysosomal enzyme to degrade the
natural substrates by comparing (i) the amount of }ahe}_ed small oligosaccharide from cells
contacted with the iysosomal enzyme with (ii) the amount of labeled small oligosaccharides
from cells not contacted with the lysosomal enzyme, wherein a reduction in (h){i) as
compared to (h)(i1) indicates the activity of the lysosomal enzyme to degrade natural
substrates. In one embodiment, the small oligosaccharide 1s a mono-, di, or tri-saccharide.

In a related embodiment, the small oligosaccharide is a disaccharide.

[00166] In some embodiments, the lysosomal enzyme is selected from the group consisting
of arylsulfatase B (ARSB), iduronate-2-suifatase (IDS), sulfamidase/heparin-N-sulfatase
(SGSH), N-acetylglucosamine-suifatase (G6S) and N-acetylgalactosarine-6-suifatase
(GALNS). In some embodiments, the lysosomal enzyme is a-L-iduronidase (IDU). In some
embodiments, the lysosomal enzyme is acid a-glucosidase (GAA). In some embodiments,
the lysosomal enzyme is f-glucoronidase (GUSB). In some embodiments, the lysosomal

enzyme 1s B-galactosidase (GLB1).

[00167]  Suitable human cells that can be used in the cell-based assay include any human

cell that 1s deficient in the lysosomal enzyme to be tested, such that can accumulate the
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Blue Sepharose Eluate adjusted to pH 4.3 and diluted 1:1 with MQ water Wash 1 5 20 mM
acetate/phosphate, 50 mM NaC1, pH 5.0 Wash 2 5 20 mM acetate/phosphate, 50 mM NaC1, pH 5.5

Elution 20 %wMggﬁg}g}flphosphate, 50-350 rnM NaC1 gradient, pH 5'511'3%% ners 5%%976

natural substrates for the lysosomal enzyme. For example, cells naturally exhibiting a full
(100%) or partial deficiency n activity, e.g. 30%, 50%, 70%, 80%, 90%, 95% reduction or
more in activity, may be used. Cells expressing a mutant enzyme with diminished activity, or
cells derived from patients suffering from a lysosomat storage disease, e.g. a
mucopolysaccharidosis, may be used. Cells recombinantly altered to knockout or reduce
lysosomal enzyme activity, e.g. through introducing a mutation to the encoding gene or its
promoter or other regulatory region, may be used. Celis treated to reduce lysosomal enzyme

activity, e.g. treated with antisense or RNAI fo reduce enzyme expression, may be used.

[00168] Suitable enzymes that cleave (digest) small oligosaccharides from carbohydrates
and that are “specific for” (i.e. predominantly digest) the natural substrates of the lysosomal
enzyme may be selected by those of ordinary skill in the art. For example, for detection of
activity of GALNS or GLBI (enzymes that degrades keratan sulfate) the enzyme of step (d)
may be Keratanase I or any enzyme that acts primarily on keratan sulfate. As another
example, for detection of IDU, ARSB, IDS or GUSB (enzymes that degrade dermatan
sulfate), the enzyme of step {d) may be Chondroitinase ABC or any enzyme that acts
primarily on dermatan sulfate. As another example, for detection of IDU, 1IDS, SGHS, G6S
or GUSB (enzymes that degrade heparan sulfate), the enzyme of step (d) may be Heparanase
{ or Heparanase [1, or both. As yet another example, for detection of GAA (an enzyme that
degrades glycogen}, the enzyme of step (d) may be a-amylase or any enzyme that acts

primarily on glycogen.

[00169]  This cell-based method 1s capable of great sensitivity in detecting lysosomal
enzyme activity, In some embodiments, the lysosomal enzyme activity is detectable when
the concentration of lysosomal enzyme is as low as about 10 nM, or about 5 nM, or about 1
nM, or about 0.75 nM, or about 0.5 nM, or about 0.25 nM, or about 0.1 nM, or about 0.05
nM, or about 0.01 nM, or about 0.005 nM, or about 1 pM, or about 0.5 pM,

111, PURIFICATION OF LYSOSOMAL SULFATASE ENZYMES

{00170]  Bioreactor material containing recombinant human GALNS was 0.2 pum sterile
filtered and kept at 4°C. The broreactor material was either loaded onto a capture column
directly, or concentrated 10- to 20-fold by ultra-filtration prior to loading onto a capture
colamn. The bioreactor material or concentrated bioreactor material was pH adjusted to pH
4.5 and then loaded onto a Blue-Sepharose column, washed sequentially with 20 mM

acetate/phosphate, 50 mM NaCl, pH 4.5 and 20 mM acetate/phosphate, 50 mM NaCl, pH 6.0
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20 mM acetate/phosphate, 500 mM NaC1, pH 5.5 Regeneration 2 5 20 mM acetate/phosphate, 50
mM NaC1, pH 4.3 Sanitization 5 0.5 N NaOH, 0.5 hour Regeneration 3 4 H20 Storage 3 20% EtOH

WO 2009/091994 PCT/USZ009/031276

and eluted with 20 mM acetate/phosphate, 100 mM NaCl, pH 7.0. The Blue-Sepharose
column eluate was then loaded onto Fractogel SE Hi-Cap, washed sequentially with 20 mM
acetate/phosphate, 50 mM NaCl, pH 5.0 and 20 mM acetate/phosphate, 50 mM NaCl, pH 5.5,
and cluted with 20 mM acetate/phosphate, 50-350 mM NaCl gradient, pH 5.5. The Fractogel
SE Hi-Cap eluate was formulated in 10 mM NaOAc, 1 mM NaH,PO,, 0.005% Tween-8C, pH
5.5.

[00171]  Alternatively, the bioreactor material containing recombinant human GALNS was
concentrated 20-fold by ultra-filtration prior to loading onto a capture column. The
concentrated bioreactor material was pH adjusted to pH 4.5, filtered and then loaded onto a
Fractogel SE Hi-Cap column, washed sequentially with 10 mM acetate/phosphate, 50 mM
NaCl, pH 4.5 and 10 mM acetate/phosphate, 50 mM NaCl, pH 5.0, and eluted with 10 mM
acetate/phosphate, 140 mM NaCl, pH 5.0. The Fractogel SE Hi-Cap column eluate was then
adjusted to 500 mM NaCl, pH 7.0 and loaded onto Zn-chelating Sepharose (Zn-IMAC)
column, washed with 10 mM acetate/phosphate, 125 mM NaCl, 10 mM imidazole, pH 7.0,
and eluted with 10 mM acetate/phosphate, 125 mM NaCl, 90 mM imidazole, pH 7.0. The
Zn-chelating Sepharose (Zn-IMAC) column eluate was adjusted to pH 3.5 for low pH viral
mnactivation, adjusted to 10 mM acetate/phosphate, 2M NaCl, pH 5.0, and then loaded onto a
ToyoPearl Butyl 650M column, washed with 10 mM acetate/phosphate, 2M NaCl, pH 5.0,
and eluted with 10 mM acetate/phosphate, 0.7 M NaCl, pH 5.0. The ToyoPearl Butyl 650M
eluate was ulira-filtrated and dia-filtrated in 20 mM acetate, | mM phosphate, 150 mM NaCl,
pH 3.5, and then formulated in 20 mM acetate, | mM phosphate, 150 mM NaCl, 0.01%
Tween-20, pH 5.5.

[00172]  The punfication of recombinant human GALNS is described in detail infra, and
purification of recombinant human GALNS following procedures modified from the above

protocol is described in detail infia.

[00173] Recombinant human GALNS enzyme was expressed in G718 cells as described in
Example IIT and purified as described in Example V. The purified recombinant human
GALNS of the mvention can be compared o other documented preparations of GALNS.
Masue et al., J. Biochem. 110:965-970, 1991 described the purification and characterization
of GALNS from human placenta. The purified enzyme was found to have a molecular mass
of 120 kDa, consisting of polypeptides of 40 kDa and 15 kDa, the latter of which was shown
to be a glycoprotein. Thus, the Masue er /. GALNS enzyme appears to correspond to the
processed form depicted in Figure 5. Bielicki er al., Biochem. J. 279:515-520, 1991
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*CV: column volumes. Flow rate = 150 cm hr- [002571 The GALNS protein in the eluate was collected
by fractionation, discarding the pre-elution shoulder and post-elution tail. 100258) 6. Final UF/HF: the

eluate from wg Frg&t@ggl SE Hi-CAP column was concentrated by ultrafiltration and sterile filtered as

described abov%{.mf 9‘] Formulation. The purified GALNS protein was ormutated M6 mMm NaOAc,

1 mM NaH2PO4, 0.005% Tween-80, pH 5.5. 1002601 Stability Studies. ,Stabilitg%gf the final formulated
purified GRENSEE PHEARBIEN HUBBRHICTTOEHCE RS rToria By t6rn Benanallietibts of the

GALNS saisplesaidhetrespegtive: iampairtiies Al certaintimne.paints:-adiaikats affiazar samples
were quick!{ thawed in a 37C aterbatl;]%before activity measurements. Figure 8 shows that the

purified GX N%?%ﬁa@&f&ﬁﬁssa? i FoBber X BRHBACOF I TR e PRE57S- dRIR kK formulation
buffer. [OB26AdrEirst Pusificasion Po cessiRestiiurdbleidrshawddhe prigdication yields for three

preparations of GALNS protein,praduced from G71S clone 4 in a suspension culture bioreactor. Purity
s st R T B SIS B 5 R Tb O SEb6 A b ek SRR gt
N-Acetyl§aladtosdmine 6184 fatzase (GAINSpPurficatiohofields from GT18dgone 4 from WAVE

Reactor yieldl, RS FSRBIR R Ges of 55-57 kDa, 39 kDa and 38 kDa under reducing

conditions. Thus, the Bielickt er al. GALNS enzymes appear to correspond to a mixture of
the pre-processed {precursor) form of the enzyme and the processed form depicted in Figure
5. In contrast, the recombinant human GALNS enzyme of the invention consists almost
entirely of the precursor form of the enzyme (see Figure 9), or predominantly (i.e., at least

about 85%) of the precursor form of the enzyme (see Figure 10).

IV, LYSOSOMAL SULFATASE ENZYMES AND LYSOSOMAL STORAGE
DISEASES |

[00174] The lysosomal sulfatase enzyme is a full-length enzyme or any fragment, mutant,
variant or derivative thereof that retains at Ieast a substantial amount {e.g., at least about 50%,
preferably at least about 75%, and more preferably at lcast about 90%), substantially ali, or

all of the therapeutic or biological activity (e.g., sulfatase activity) of the enzyme.

[00175] Insome embodiments, the lysosomal sulfatase enzyme is one that, if not expressed
or produced, or if substantially reduced in expression or production, would give rise to a
disease, inchuding but not limited to, lysosomal storage diseases. In some embodiments, the
lysosomal sulfatase enzyme s one that, if not expressed or produced, or if substantially
reduced in expression or production, may not give rise to a disease, but whose absence or
reduced expression or production is associated with the disease, including but not limited to,
lysosomal storage diseases. Preferably, the lysosomal sulfates enzyme is derived or obtained

from a human.

[00176]  Preferably, in the treatrnernt of lysosomal storage diseases, the lysosomal sulfatase
enzyme is an enzyme that is found in a cell that if not expressed or produced or is
substantially reduced n expression or production, would give rise to a lysosomal storage
disease. Altematively, in the treatment of lysosomal storage diseases, the lysosomal sulfatase
enzyme 1s an enzyme whose absence or substantially reduced expression or production is

associated with the disease, although its absence or substantially reduced expression or
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production, may not itself give rise to the disease. Preferably, the lysosomal sulfatase

enzyme is derived or obtained from a human.

[00177]  Preferabiy, the enzyme is a lysosomal sulfatase enzyme, such as arylsulfatase A
{ARSA} {Genbank Accession No. NP_000478 (isoform a),Genbank Accession No.
NP_001078897 (1soform b) and other variants), arylsulfatase B/N-acetylglucosamine 4-
sulfatase (ARSB) (Genbank Accession No. P15848), iduronate-2-sulfatase (IDS) (Genbank
Accession No. NP_000193 (isoform a), Genbank Accession No. NP_0061 1.4 (isoform b)),
sulfamidase/heparin-N-sulfatase (SGSH) (Genbank Accession No. NP_000190), N-
acetylglucosamine-sulfatase (G6S) (Genbank Accession No. NP_002067) and Galactose 6-
sulfatase/N-acetylgalactosamine-6-sulfatase (GALNS) (Genbank Accession No.
NP_000503). A table of lysosomai storage diseases and the lysosomal sulfatase enzymes

deficient therein, which are useful as therapeutic agents, follows:

Lysosomal Storage Disease Lysosomal Sulfatase Deficiency

Mucopolysaccharidosis type I Hunter syndrome Iduronate-2-sulfatase
Mucopolysaccharidosis type [HA Sanfilippo syndrome Sulfamidase/heparin-N-sulfatase
Mucopolysaccharidosis type [HD Sanfilippo syndrome N-Acetylgtucosamine 6-sulfatase

Mucopolysaccharidosis type IVA Morquio syndrome N-Acetylgalactosamine-6-
sulfatase

Mucopolysaccharidosis type VI N-Acetylgalactosamine 4-
sulfatase

Metachromatic leukodystrophy (MLD) Arylsulfatase A

Multiple sulfatase deficiency (MSD) Multiple sulfatases

[00178] Inpreferred embodiments, the lysosomal sulfatase enzyme is a recombinant
human lysosomal sulfatase enzyme produced by an endosomal acidification-deficient cell
line. In more preferred embodiments, the recombinant human lysosomal sulfatase enzyme is
active and has a high level of phosphorylated oligosaccharides as specified under
“DEFINITIONS”. In most preferred embodiments, the lysosomal sulfatase enzyme is an
active highly phosphorylated recombinant human N-acetylgalactosamine-6-sulfatase

(GALNS).

[060179]  Thus, the iysosomal storage diseases that can be treated or prevented using the
methods of the present invention include, but are not limited to, Metachromic

Leukodystrophy or MLD, Maroteaux-Lamy syndrome or MPS VI, Hunter syndrome or MPS
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90879089 1.7 1002621 Figure 9 shows an SDS-PAGE of the GALNS protein separated by (A) Blue
Sepharose 6 Fast Flow chromatography followed by (B) Fractogel SE Hi-CAP chromatography. The
gels were stained with Coomassie Blue (left) or anti-GALNS antibody (ri hé)F{For the Western blots,
the anti-GALKE BB Kitibody was diluted to 1:5000, and the secondary akti5aUy #4&7an
anti-alkaline phosphatase rabbit antibody. The GALNS protein has an apparent molecular weight of
-55-60 kD& 6anS e PASEdeomsistHiwitle.Sqpéidtend Sizvndnheesackétsd Preaprovlessed forecursor)
form of th enzyme,1askingthe 26 amib. AR rasidue.siapakpsRtide a0d alse Jagking the cleavage
after position 325. [00263] N-Terminus Characterization. The N-terminus of the purified GALNS protein
was detefHEd By B A it Hefuisernfindicsddoeie WaadpopreNiimhide caresiands to the
predicted-enmins-okihel sewetedfarmof AN Jacking the 26-aming, aciditesigue signal peptide
(compare, the human GALNS pol}/peptide sequences in Figure 4 and Figure 5). [00264] Second
Purificatidh 1oAY, R A BN BIHOCREh Hrbes smcfugieh 4n Mtkimisa Bt F/DF) step
followed by ¥ SFcolumn purification process. [00265]1. Ultrafiltration (UF/DF): the bioreactor material
was concentrated 20X by uttrafiltration/diafiltration through a 30 kD Sartocon membrane at pH 5.5.
[00266]2.[¢H 336 Adjust:ptvehsoroenticited hicrshotocmatbei A sQyFRFs(20X e wesy adjustad to pH 4.5
with pH ajgj% - !,\ég{}ﬁ : : sterjle.filt efore loading on
a Fractoael Ekﬂ%w%gé ii%%a%columr%?%g%ﬁgﬁyggamct%%%?g%g%%?& t%% %ﬁe%s% adjusted
UF/DF (2D%)ivisesa@e et ainryattogdEMD SEnnicss comma wdsimewiseqesftiag with 10 mM
acetate/phesphaiaisSavmMaNagisnt 4 hap Q- mMhasstatelphosihate, $2:mM NaGd.pH 5.0, and
the GAU}S protein was Tﬁ!uteﬂ/ggi h.10 niM acetate/phosphate, 140 mM NaC1, pi-15.0. [00268] 5.
Zn-chelating BEpR&HG8E FRENE Bitfate RO THEB BRTE ENDSE HiReprBumitiAadjusted to
500 mM RaGhepiddé. Grasiditgad®d ovtg v pealbelating ephargsedsk (ZniiMASNcolumn, washed with
10 mM acetate/phosphate, 125 mM NaCl, 10.mM imi azgjl . .Q, and the GALNS prqtein was
eluted WSO AN Ul LBt 5 TN ACD ORI iR G o B
acetylgalactosamine 4-sulfatase. For methods involving Metachromatic Leukodystropy

(MLD), the preferred enzyme is arylsulfatase A. For methods involving Multiple Sufatase
Deficiency (MSD), the enzyme can be arylsulfatase A, arylsulfatase B/N-acetylglucosamine
4-sulfatase, iduronate-2-sulfatase, sulfamidase/heparin-N-sulfatase, N-acetylglucosamine-
sulfatase or galactose 6-sulfatase/N-acetylgalactosamine-6-sulfatase, and the preferred

enzyme 1s galactose 6-sulfatase/N-acetylgalactosamine-6-sulfatase.

V.  MUCOPOLYSACCHARIDOSIS TYPE IVA (MORQUIO SYNDROME, MPS
IVA)

[00181] Mucopolysaccharidosis type IVA (Morquio Syndrome, MPS 1Va) is an inherited,
autosomal recessive disease belonging to the group of mucopolysaccharide storage diseases.
Morquio Syndrome is caused by a deficiency of a lysosomal enzyme reguired for the
degradation of two glycosaminoglycans (GAGs), keratan sulfate (KS) and chondroitin-6-
sulfate (C6S). Specifically, MPS 1Va is characterized by the absence of the enzyme N-
acetylgalactosamine-6-suifatase (GALNS), and the excretion of KS in the uvrine. The lack of
GALNS results in accumulation of abnormally large amounts of mucopolysaccharides in
hyaline cartilage, a main component of skeletal tissues. All patients have a systemic skeletal
dysplasia. Other symptoms vary in severity from patient to patient, and may include hearing

loss, cataracts, spinal mstability, heart valvular disease and respiratory issues, among others.
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WO 2009/091994PCT/US2009/031276 [00269] 6. pH 3.5 Adjust: the eluate from the Zn-chelating
Sepharose FF column containing the GALNS protein was adjusted to pH 3.5 for low pH viral
inactivation and then adjusted to 10 mM acetate/phosphate, 2 M NaC1, pH 5.0. 100270] 7. ToyoPearl
Butyl 650M: Y2 3R 4djusted eluate from the Zn-chelating SepharoseREEESRIMA3 7S loaded onto
a ToyoPearl Butyl 650M column, washed with 10 inM acetate/phosphate, 2 M NaC1, pH 5.0._, and the
GALNS piBtfEivasiéibied iwitre 1:0emdv] Bite tatey phodphibge | 01FsMNaGh pRoh K oA 7] 8. Final

UFIHF: the: a0 ihe TRUPRRar AL 00M lte was ulra Ttered and diafitered in 20 m
acetate, 1 mkt phosphate, 150 mM NaCl,#I)H 5.5.[00272] Formulation. The purified GALNS protein

was fotimPAFSHTRIHN KEADRRAHORE T MIREIRR P Ok t50 ot NEST513:0 1Y Twee-20, pH 5.5.
[00273] SpapdaRunticasionRrecessdResultsnfable dshaws the cogavery, i GALNgProtein produced

from 071S clone C2 in a suspension culture bioreactor using the second purification process. Purity of

the formulSIBEPERL NS Espiieali e IR c shiP Rt ire brpperesss formacia®ther) was about
98% as def@cmineptiye G RPARPLC. The percentage of the precursor form of the GALNS enzyme
was about 85% as determined by SDS-capillary gel electrophoresis Table 4. Human
N-Acetylg@Rtidtdsarbitie Bl Suftatase (BADNSERiscovenyfoe&A1lS Clona ddRincass'aliag Recovery

(%) pH Agﬂi%ne (FGE) encoded by the sulfatase modifying factor! (SUMF1) gene to gain activify.
Because of this activation step, involving the post-translational modification of an active site
cysteme residue to Cy-formylglycine (FGly), over-expression of recombinant sulfatases can
lead to both production of sulfatase enzymes with low specific activity (i.e., a mix of
activated and non-activated sulfatase enzymes) and with low production titer (i.e.,

degradation and/or non-secretion: of non-activated sulfatases).

[00184]  An object of this invention is to provide an active highly phosphoryiated buman
N-acetylgalactosamine-6-sulfatase enzyme useful for the treatment of Morquio Syndrome
and other diseases, e.g., Multiple Sulfatase Deficiency (MSD), that are caused by or
associated with a deficiency in the enzyme N-acetylgalactosamine-6-sulfatase. Such an
active highly phosphorylated human N-acetylgalactosamine-6-sulfatase enzyme has the
ability to localize to tissues in which KS and C6S accumulates, has adequate MOP levels for
efficient uptake, has sufficiently high percentage of FGly in for enzyme activity, and has

relatively high production levels.

[00185] It should be understood that the methods of the invention described herein are
applicable to the production of other lysosomal sulfatase enzymes, e.g., arylsulfatase A
(ARSA), arylsulfatase B/N-acetylglucosamine 4-sulfatase (ARSB), iduronate-2-sulfatase
(IDS), sulfamidase/heparin-N-sulfatase (SGSH) and N-acetyiglucosamine-sulfatase (G6S),
useful for the treatment of lysosomal storage diseases which are caused or characterized by

their deficiency thereof.
VL PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[00186]  The lysosomal sulfatase enzymes of the invention may be administered by a
variety of routes. For oral preparations, the lysosomal sulfatase enzymes can be used alone
or in combination with appropriate additives to make tablets, powders, granules or capsules,

for'example, with conventional additives, such as lactose, mannitol, corn starch or potato
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starch; with binders, such as crystalline celluiose, celiulose derivatives, acacia, corn starch or
gelatins; with disintegrators, such as corn starch, potato starch or sodium
carboxymethylcellulose; with lubricants, such as talc or magnesium stearate; and if desired,

with diluents, buffering agents, moistening agents, preservatives and flavoring agents.

[00187]  The lysosomal sulfatase enzymes of the invention can be formulated into
preparations for injection by disseiving, suspending or emulsifying them in an aqueous or
nonagueous solvent, such as vegetable or other similar oils, synthetic aliphatic acid
glycerides, esters of hi gher aliphatic acids or propylene giycol; and if desired, with
conventional additives such as solubilizers, isotonic agents, suspending agents, emulsifying

agents, stabilizers and preservatives.

[60188]  The lysosomal sulfatase enzymes of the invention can be utilized in acrosol
formulation to be administered via inhalation. The lysosomal sulfatase enzymes of the
invention can be formulated into pressurized acceptable propeliants such as

dichlorodifluoromethane, propane, nitrogen and the like.

[00189]  Furthermore, the lysosomal sulfatase enzymes of the invention can be made into
suppositories by mixing with a variety of bases such as emuisifying bases or water-soluble

bases. The lysosomal sulfatase enzymes of the invention can be administered rectaily via a
suppository. The suppository can include vehicles such as cocoa butter, carbowaxes and

polyethylene glycols, which melt at body temperature, yet are solidified at room temperature.

[60190]  Unit dosage forms of the lysosomal sulfatase enzymes of the invention for oral or
rectal administration such as syrups, elixirs, and suspensions may be provided wherein each
dosage unit, for example, teaspoonful, tablespoonful, tablet or suppository, contains a
predetermined amount of a lysosomal sulfatase enzyme containing active agent. Simitarly,
unit dosage forms for injection or intravenous administration may comprise the lysosomal
sulfatase enzyme as a solution in sterile water, normal saline or another pharmaceutically

acceptable carrier.

[00191] Inpractical use, the lysosomal sulfatase enzymes of the invention can be
combined as the active ingredient in intimate admixture with one or more pharmaceutically
acceptable carriers, diluents or excipients according to conventional pharmaceutical
compounding techniques. The carrier, dituent or excipient may take a wide variety of forms
depending on the preferable form of preparation desired for administration, e.g., oral or

parenteral {including intravenous). In preparing the lysosomal sulfatase enzyme
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[00274] Figure 10 shows an SDS-PAGE of the GALNS enzyme separated by
unitrafiltration/diafiltration (UF/DF), Fractogel SE Hi-CAP chromatography, Zn-chelatng Sepharose FF
chromatography and ToyoPearl Butyl 650M chromatography. The gels were stained with Coomassie
Blue (top Ieﬁ{oa?r?ﬂ’?@%lﬂ%s antibody (top right), anti-Cathepsin L (bottom ¥&f EREEAILEHO proteins
(CHOP, bottom right). For the Western blots, the antiGALNS rabbit polyclonal antibody was diluted to
1:5000, afritthesserendarehititgdyowasian eitisrabbit piRrconjugaté nibé amti:Gathepsined goat

polyclonal ot wes e lo MO 2UGRIRIANPEINSRU00/0B12TE, L1000, g e secondary

antibody was an anti-goat HRP cohjugate; and the anti-C nal anfi o&{’/g‘\{Nas diluted to
1:1000, af#fiHcrsd dbnHbiyrahfisetsones dinmdtrrapbitPIR Ploonjugate, sSTHemetarsoriGALNS

enzyme has asarparentpalecular weldht.ef -85:60 kRaanSRSRAGE:a0d e mature or processed
forms of GALNS enzyme have apparent molecular weights 6f-39 kDa and -19 kDa on SDS-PAGE.

1002751 BAMMAAPS BB PHIALSBRIsFoEsE s ana sy iyl wellkaisbrifes 05ingl a purification
train that haidi begaraodifj et frama stendasd traia (seedrabiesbl-Binteastas hamest naterial was 0.2

um sterile filtered and kept.at 4C befqre loading onto the BlueSepharose capture column. The filtered
f J A aveetly ope

bioreacto? MateHal Was sitheribaded dirsc ISREFAIEE Yp to 15X by ultrafiltration. Modification

of the Pufigelin UsEs DetesaaRGAHIE & domstieam Pulicalion stehe, B, sepharose
chromatography followed by Phenyl Sepharose chromatograp y,%lnl nOfSer| sufficiently pure
GALNS. BHHE SRR chfresraim divdraphy &smingacefenvforthieafoi downdtréakdipiorification

columns [esuliad i & 2eRlumriPpilicaion @roqess, witb-the pusity, ohfinal matesiaksignificanty
improved, and the overall GALNS recogﬁrj increased significantly from to -22% to -80%. The purity of
i

the GALNRSBE AR e feorgietifiguesertibn sree pradirkse rovmmiseethsure oyien datehesined by

C4-RP chrefaatdgraphidenasiiaiptity: estimatecak 2:95%sand e ifirhiGALNS epgyme remained

stable in fgr&gu}%ﬂm%ﬁf%r Elor mgsre((t) an 79 g(%}/sr.‘?t bothd4C and at -70C. Table 5: First Human
N-Acetylghlactosamine-o-Suffatase (GAL NS BUriAESaBH % dRlbHRarisdsgiesethBuified Process
U.S. Pat. Nos. 5,962,012, 6,261,595, and 6,261,595, each of which is Incorporated by

reference in its entirety.

[00193]  Pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or
diluents, are commercially available. Moreover, pharmaceutically acceptable auxiliary
substances, such as pH adjusting and buffering agents, tonicity adjusting agents, stabilizers,

wetting agents and the like, are also commercially available.

[06194] In each of these aspects, the lysosomal sulfatase enzyme compositions include, but
are not limited to, compositions suitable for oral, rectal, topical, parenteral (inciuding
subcutaneous, intramuscular, and intravenous), pulmonary (nasal or buccal inhalation), or
nasal administration, although the most suitable route in any given case will depend in part on
the nature and severity of the conditions being treated and on the nature of the active
ingredient. Exemplary routes of administration are the oral and intravenous routes. The
lysosomal sulfatase enzyme compositions may be conveniently presented in unit dosage form

and prepared by any of the methods well known in the art of pharmacy.

[00195]  Because of their ease of administration, tablets and capsules represent the most
advantageous oral dosage unit form in which case solid pharmaceutical carriers are obviously
employed. If desired, tablets may be coated by standard aqueous or non-aqueous techniques.

The percentage of an active lysosomal sulfatase enzyme in these compositions may, of
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course, be varied and may conveniently be between about 2 percent o about 60 percent of the

weight of the unit.

{00196] Lysosomal sulfatase enzyme compositions of the invention may be administered
encapsulated in or attached to viral envelopes or vesicles, or incorporated into celis. Vesicles
are micellular particles which are usually spherical and which are frequently Tipidic.
Liposomes are vesicles formed from a bilayer membrane. Suitable vesicles include, but are
not limited to, unilamellar vesicles and multilamellar lipid vesicies or liposomes. Such
vesicles and liposomes may be made from a wide range of lipid or phospholipid compounds,
such as phosphatidylcholine, phosphatidic acid, phosphatidylserine,
phosphatidylethanolamine, sphingomyelin, glycolipids, gangliosides, etc. using standard
techniques, such as those described in, e. g.. U.S. Patent No. 4,394,448, Such vesicles or
hposomes may be used to administer lysosomal sulfatage enzymes intracellularly and to
deliver lysosomal sulfatase enzymes to the target organs. Controlled release of a lysosomal
sulfatase enzyme of interest may also be achieved using encapsulation (see, e.g., U.S. Patent

No. 5,186,941).

f00197]  Any route of administration that dilutes the lysosomal sulfatase enzyme
composition into the blood stream, or preferably, at least outside of the blood-brain barrier,
may be used. Preferably, the lysosomal sulfatase enzyme composition is administered
peripherally, most preferably intravenously or by cardiac catheter. Intrajugular and
intracarotid injections are also useful. Lysosomal sulfatase enzyme compositions may be
administered locally or regionally, such as intraperitoneally, subcutaneously or
intramuscularly. In one aspect, lysosomal sulfatase enzyme compositions are administered

with one or more pharmaceutically acceptable carrier, diluent or excipient.

[00198]  Those of skill will readiiy appreciate that dose levels can vary as a function of the
specific lysosomal sulfatase enzyme, the severity of the symptoms and the susceptibility of
the subject to side effects. Preferred dosages for a given lysosomal sulfatase enzyme are
readily determinable by those of skil] in the art by a variety of means including, but not
limited to, dose response and pharmacokinetic assessments conducted in patients, in test

animals and in vitro.

1001991  Dosages to be administered may also depend on individual needs, on the desired
cffect, the particular Iysosomal sulfatase enzyme used, and on the chosen route of

administration. Dosages of a lysosomal sulfatase enzyme range from about 0.2 pmol/kg to
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5 SP Sepharose SE Hi-Cap Final UF/DF 6 Phenyl Sepharose Hi-Sub 7 Final UF/DF us step i_s_
optional. 1002761 Summary of Second Purification Process. The GALNS enzyme was also purified
using a second purification train (see Table 6). The overall GALNS recovery was about 70% and the
purity of the‘&f‘\%’%ﬁ%me (including both precursor and mature or prote5&ggPio/631276

about 20 nmol/kg, preferred dosages range from 2 pmol/kg to 2 nmol/kg, and pariicularly

preferred dosages range from 2 pmol/kg to 200 pmol/kg. Alternatively, dosages of the

tysosomal sulfatase enzyme may be in the range of 0.01 to 1000 mg/kg, preferred dosages

may be in the range of 0.1 to 100 mg/kg, and particularly preferred dosages range from 0.1 to

10 mg/kg. These dosages will be influenced by, for example and not for limitation, the

particular lysosomal sulfatase enzyme, the form of the pharmaceutical composition, the route

of administration, and the site of action of the particular lysosomal sulfatase enzyme.

[002006]  The lysosomal sulfatase enzymes of the invention are useful for therapeutic,
prophylactic and diagnostic intervention in animals, and in particular in humans. Lysosomal
sulfatase enzymes may show preferential accumulation in particular tissues. Preferred
medical indications for diagnostic uses include, for example, any condition associated with a

target organ of interest (e.g., lung, liver, kidney, spleen).

[00201]  The subject methods find use in the treatment of a variety of different disease
conditions. In certain embodiments, of particular interest is the use of the subject methods in
disease conditions where a lysosomal sulfatase enzyme having desired activity has been
previously identified, but in which the lysosomal sulfatase enzyme is not adequately
delivered to the target site, area or compartment to produce a fully satisfactory therapeutic
result. With such lysosomal sulfatase enzymes, the subject methods of producing active
highly phosphorylated lysosomal sulfatase enzymes can be used to enhance the therapeﬁtic

efficacy and therapeutic index of the lysosomal sulfatase enzyme.

[00202] Treaument is meant to encompass any beneficial outcome to a subject associated
with administration of a lysosomal sulfatase enzyme including a reduced likelihood of
acquiring a disease, prevention of a disease, slowing, stopping or reversing, the progression
of a disease or an amelioration of the sympioms associated with the disease condition
afflicting the host, where amelioration or benefit is used in a broad sense to refer to at least a
reduction in the magnitude of a parameter, e.g., symptom, associated with the pathological
condition being treated, such as inflammation and pain associated therewith. As such,
treatment also includes situations where the pathological condition, or at least symptoms
associated therewith, are compietely inhibited, e.g., prevented from happening, or stopped,
e.g., terminated, such that the host no longer suffers from the pathological condition, or at

least no longer suffers from the symptoms that characterize the pathological condition.
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forms, see Figure 10), as determined by C4-RP chromatography, was roughly estimated to be about
97%. WO 2009/091994PCT/US2009/031276 Table 6: Second Human
N-Acetylgalactosamine-6-Sulfatase (GALNS) Purification Train Process HF (1X) UF/DF (20X) 3pH

. T
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[00203] A variety of hosts or subjects are treatable according to the subject methods.
Generally such hosts are “mammals” or “mammalian,” where these terms are used broadly to
describe organisms which are within the class mammalia, including the orders carnivore {e.g.,
dogs and cats), rodentia (e.g., mice, guinea pigs, and rats), and primates (e. g., humans,

chimpanzees, and monkeys). In many embodiments, the hosts will be humans.

[00204]  Having now generally described the invention, the same may be more readily
understood through the following reference to the following examples, which provide
exemplary protocols for the production, and purification of active highly phosphorylated
lysosomal sulfatase enzymes and their use in the treatment of lysosomal storage discases.
The examples are offered for illustrative purposes only, and are not intended to limit the
scope of the present invention in any way. Efforts have been made to ensure accuracy with
respect to numbers used (e.g., amounts, temperatures, efc.), but some expérimental error and

deviation should, of course, be allowed for.

EXAMPLES
EXAMPLE 1

MAMMALIAN EXPRESSION VECTORS FOR HUMAN SULFATASE
MODBIFYING FACTOR 1 (SUMF1) AND HUMAN N-ACETYLGALACTOSAMINE-
6-SULFATASE (GALNS)

[00205]  The objective was to construct mammalian expression vectors appropriate for
producing in stably transfected cells adequate amounts of active lysosomal sulfatase ENZYIMes

with improved phosphorylation levels.

{00206]  The full-length human sulfatase modifying factor 1 (SUMF1) ¢cDNA {see United
States Patent Application Nos. US 200605/0123949, publication date June 9, 2005, and US
2004/0229250, publication date November 8, 2004, both of which are herein incorporated by
reference in their entirety), which encodes a 374 amino acid polypeptide, was cloned into the
mammalian expression vector cDNA4 (Invitrogen, Carlsbad, CA), which contains the human
CMYV enhancer-promoter and a muitiple cloning site. Efficient transcript termination was
ensured by the presence of the bovine growth hormone polyadenylation sequence. The
selection marker was a zeocin resistance gene under the control of the EM-7 promoter and

SV40 early polyadenylation sequence. The resultant plasmid was designated pcDNA4
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SUMFI. The human SUMF1 polynucieotide (SEQ ID NO:1) and polypeptide (SEQ ID

NO:2) sequences are shown in Figure 1 and Figure 2, respectively.

[00207]  The fuli-length human N-acetylgalactosamine-6-sulfatase (GALNS) cDNA (see
Tomatsu et al., Biochem. Biophys. Res. Commun. 181{2):677-683, 1991), which encodes a
522 amino acid polypeptide including a 26 amino acid signal peptide, was cloned into the
mammalian expression vector pCIN (BioMarin), which contains the human CMV enhancer-
promoter linked to the rabbit 3-globin IVS2 intron and a multiple cloning site. Efficient
transcript termination was ensured by the presence of the bovine growth hormone
polyadenylation sequence. The selection marker was a neomycin phosphotransferase gene
that carries a point mutation to decrease enzyme efficiency. The attenuated marker was
further handicapped with the weak HSV-tk promoter. The resultant plasmid was designated
pCIN 4A. The human GALNS polynucleotide (SEQ ID NO:3) and polypeptide (SEQ ID

NO:4) sequences are shown in Figure 3 and Figure 4, respectively.

[60208] To increase the expression levels of SUMF1 and GALNS, scaffold/matrix
attachment region (MAR) elements (see Mermod ef al., U.S. Patent No. 7,129,062) were
cloned into the SUMF1 and GALNS expression plasmids.

[00209] BMAR SUMF! was made by digesting P<i_68 X_X Ncol filled MAR (Selexis)
with BamHI and Hincll, and then inserting the released MAR fragment into pcDNA4
SUMF1 digested with Bglll and Nrui.

[06210) PMAR SUMF1 was made digesting P<! 68 Ncol filled (MAR) SV40 EGFP
(Selexis) with HindIIT and Xbal to remove the EGFP gene, and then mserting the SUMF !
gene, which was released from pcDNA4 SUMF1 by digestion with HindIH and Xbal.

[06211] BMAR 4A was made by digesting BMAR SUMF1 with Pmel and Spel to remove
the SUMF1 gene, and then inserting the GALNS gene, which was released from pCIN 4A by

digestion with Pmel and Spel.

[00212] PMAR 4A was made by digesting P<1 68 Neol filled (MAR) SV40 EGFP
(Selexis) with HindHI and Xbal to remove the EGFP gene, and then inserting the GALNS
gene, which was released from pCIN 4A by digestion with HindIIl and Xbal.

[60213} The full-length human GALNS ¢DNA was also cloned into the mammalian
expression vector pcDNA4 (Invitrogen, Carisbad, CA). pCDNA4 SUMF1 was digested with
Hindill and Xbal to remove the SUMF1 ¢cDNA, and pCIN 4A was digested with Hind{lI and
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Xbal io tsolate the GALNS ¢cDNA. The GALNS ¢DNA. HindIIl/Xbal fragment was ligated
into the pcDNA4 vector HindIIl/Xbal fragment. The resultant plasmid was designated
pcDDNA4-4A.

[00214] The integrity of the GALNS gene in the pCIN 4A, BMAR and pCDNA4-4A
expression vectors was confirmed by restriction mapping using enzymes obtained from New

England Biolabs. The PMAR 4A expression vector was not mapped.

[60215]  The structure of the fully processed form of human N-acetylgalactosamine-6-
sulfatase {GALNS) is depicted in Figure 5. GALNS is expressed as a 522 amino acid
polypeptide with a 26 amino acid signal peptide sequence. A 496 amino acid GALNS
polypeptide is secreted as a pre-processed (precursor) form of the enzyme having a molecular
weight of about 55-60 kDa. In active GALNS, the cysteine residue at position 53 of the
precursor or fully processed GALNS polypeptide (corresponding to position 79 of the fuli-
length GALNS polypeptide) has been converted to Cy-formylglycine (FGly) by sulfatase
modifying factor 1 (SUMF1). In the lysosome, GALNS is cleaved afier position 325 of the
fully processed GALNS polypeptide, resulting in GALNS peptide fragments of about 40 kDa
and 19 kDa. These GALNS peptides are joined by a disulfide bridge between the cysteine
(C) residues at positions 282 and 393 of the fully processed GALNS polypeptide. There are
two canonical N-linked glycosylation sites, at positions 178 and 397 of the fully processed
GALNS potypeptide. Bis-phosphorytated mannose 7 (BPM7), comprising 2 mannose-6-
phosphate residues, has been found on N178, but not on N397.

EXAMPLE I

G718 CELL LINES CO-EXPRESSING HUMAN SULFATASE MODIFYING
FACTOR 1 (SUMF1) AND HUMAN N-ACETYLGALACTOSAMINE-6-SULFATASE
(GALNS)

{60216] The objective was to develop cell lines capable of producing active lysosomal

sulfatase enzymes with improved phosphorylation levels.

{06217]  G71 celis (Rockford K. Draper) were derived directly from CHO-K1 (ATCC
CCL-61). The G71 cell line is a temperature-sensitive mutant of CHO-K 1 with respect to
acidification of the endosomes, which has been observed to vield differences in total protein

secretion and phosphorylation on mannose residues for several enzymes at elevated
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temperatures (Park ef al., Somat. Cell Mol. Gener. 17(2): 137-150, 1991; Marnell et al., J.
Cell. Biol 99(6): 1907-1916, 1984).

[00218]  G71 cells were maintained at 34°C in BioWhittaker UliraCHO medium

supplemented with 2.5% fetal calf serum, 2 mM glutamine, gentamycin and amphotericin.

[00219]  To allow easier use of cell lines for protein production, the adherent G71 cells
were pre-adapted to serum-free growth medium using a protocol for adapting anchorage-
dependent, serum-dependent mammalian cells to high density serum-free suspension culture
(Sinacore et al., Mol. Biotechnol. 15(3):249-257, 2000), resuiting in the serum-free
suspension culture adapted cell line, G718S. Alternatively, adherent G71 cells, after being
stably transfected as described infra, may be adapted to serum-free growth medium as

outlined in Sinacore ef al.

[00226] Paired combinations of the human SUMF1 and human GALNS expression vectors
(Exampile I), either pcDNA4 SUMF1 pius pCIN4 4A, BMAR SUMF! pius BMAR 4A, or
PMAR SUMF1 plus PMAR 4A, were transfected following the MARtech IT protocol ag
described by Selexis into G718 cells grown in culture medium supplemented with Antibiotic-
Antimycotic Solution (100 TU Penicillin, 10 mg Streptomycin, 25 1g Amphotericin B,
Cellgro). Transfectant pools were grown in UltraCHO medium (Cambrex) supplemented
with 5% y-irradiated fetal bovine serum (FBS, JRH), 200 ng/mL G418 (AG Scientific) and
200 pg/mL Zeocin (Invitrogen), and cloned by limiting dilution in 96-well plates in the same
growth medium. Clone growth was monitored by Cell Screen {(Innovatis) imaging. All
clones were screened using an enzyme capture activity ELISA for active GALNS (see
Example IV). Cellular productivity was calculated by dividing enzyme capture activity
ELISA for GALNS activity by cell growth (Vi-Cell, Beckman Coulter) per day, over a period
of 4 days.

[00221] 202 G718 clones were generated and screened for active GALNS: 86 clones co-
transfected with pcDNA4 SUMF! plus pCIN 4A, 65 clones co-transfected with BMAR
SUMF1 plus BMAR 4A, and 51 clones co-transfected with PMAR SUMF1 plus PMAR 4A,
Clones were initially selected on the basis of high levels of active GALNS from the 96-wel]
tissue culture plates (Figure 64). GALNS activity was measured using an enzyme capture
activity ELISA and represented in ng/mL (y-axis). The x-axis shows the three co-
transfection conditions used for SUMFI and GALNS expression; hCMV promoter without
MAR, hCMYV promoter with MAR, and SV40 promoter with MAR. Each bar represents a
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single cione from the respective population. Cell density was not accounted for in this 96-

well clone screen and not all of the co-transfected G718 clones are displaved in this figure.

[00222] The highest active GALNS producing G718 clones were chosen for productivity
anatysis (Figure 6B). Daily cellular productivity was measured in pg/cell/day and obtained
by dividing the GALNS activity by the cell density for that day. This figure displays the
fourth day (96 hours) after seeding at 5x10° cells/flask. The clones were assayed for GALNS
using an enzyme capture activity ELISA in pg/cell/day (y-axis). Positive controls consisted
of GALNS expressing BHK and CHO clones (BioMarin). Each vertical bar represents a
single clone. Active GALNS was produced by pCIN 4A clones, but only marginally above

the background of the assay.

[00223]  Analysis of clones by the 96-well screen and 4-day productivity assay
demonstrated that co-transfection of expression vectors with MAR elements increased the
productivity of G715 clones as compared to co-transfection of expression vectors without
MAR elements. The BMAR 4A + BMAR SUMF1 co-transfected clones demonstrated fast
pool generation, rapid clone growth, and ability to produce greater than 2-fold more active
GALNS than the highest producing PMAR 4A clones, and up to a 10-fold increase over CHO
4A and BHK 4A clones lacking MAR elements.

[00224]) The GALNS expressing G718 clones were adapted to serum-free growth medium
using the protocol outlined in Sinacore ez al., Mol. Biotechnol. 15(3):249-257, 2600. The
entire adaptation was done in the presence of both selection agents (zeocin at 200 png/mL and
neomycin at 200 pg/mL). The GALNS expressing G71 clones cultured in T-flasks were split
as follows: (1) into & 125 mL shaker with the Cambrex UltraCHO medium and 5% FBS (lot #
8L2242); (2) into a 125 mL shaker with the JRH 302M medium (production medium) and
5% FBS; and (3) into T-flasks as a back-up (UltraCHO, 5% FBS). Once suspension cultures
were established, adherent cells were discarded, and weaning from FBS was initiated. When
the growth rate returned to > 0.5 (1/day) for 3 passages and the viability was > 95%, the FBS
conceniration was reduced by 50%. The cells were left at any given FBS concentration for a
minimum of 3 passages. Once adapted to growth in 2.5% FBS, the cells were taken directly
into serum-free media. Cells were banked in fresh media with 10% (v/v) DMSO. A trial
thaw was tested to insure that the cells survived the freeze process. Two GALNS expressing
(G718 clones from the BMAR 4A + BMAR SUMF1 transfection, clones 4 and 5 took

approximately 15 passages for adaptation to serum-free suspension culture. A GALNS



[00277] These assays indicate that the protocols described above for preparing recombinant
lysosomal sulfatase enzymes provide an efficient method for production of large quantities of highly
purified enzyme, in particular the secreted pre-processed (precursor) form of human
N-acetylgalé(g%%%{ IR ¥ sulfatase (GALNS). EXAMPLE VI CHARACTERFZAFRON'BEBURIFIED
HUMAN N-ACETYLGALACTOSA NE-6- SULFATASE (GALNS) [00278] The G7I cell lines produce
proteins (B<§rei86sonmal Ene yrres Wit GrédiEl lelvels(@hhightraeentise fhosphorgatiomtidn is noted

in an averagadasidimalian.aetiding;@nd a correspondingly lower level of unphosphorylated
high-mannose oligosaccharides. A lysosomal sulfatase enzyme (e.g., recombinant human

N-acetylgaierzssanpine-6 sultatase {GAUN S)neawpHsnGadhighdaveh oiissphospheiated
high-mannose oligosac [ define in, is compared to molecules obtained in Canfield
etal., U.S! §t%ﬁ!96?§§9§§é,9 v%?ﬁrc@%éé’ lﬁl%?g:ﬁrf%{ﬁ%fg'g‘%dﬁ%Fe‘%%ﬁ&%&“‘é%‘?ﬁ%ﬁgégCﬁHﬁ i only high
mannose:sligsséssharidess{0G2 20) Te/dateteine (Ruels obinphaspharylairehighgpannose on a
lysosomaj.sylfatase enzyme, one il jint r.can use exoglycosidase sequencing of released
oligosacc a%rff eseﬁgﬁi‘s’é%{ggﬂ?ﬁ%’g ,#p%%@n&iﬁé”&?&@t%&&%’ﬁﬁ%?&%%d
high-manwose-Gligesaputaride: thiaihssi Qi aa desaldot-nblease FACE profiling gel, unphosphorylated
high mannose co-migrates with particular complex oligosaccharides (e.g., oligomannose 6 and fully
sialylated biantennary complex). Unphosphorylated high mannose is then differentiated from the other

oligosaccharides by enzymatic sequencing. WO 2009/091994PCT/1JS2009/031276 1002801 To
determine if the purified lysosomal squatas@%ﬁN%’eF(é.%., recombinant human

N-acetylgalagt ing-G-sulf in.Q7 lIs.exhibits increased
O P R ..
determined, as well as the enzyme's ability to bind to the receptor ). 100281] Recombinant

human GipbaesenzymeneapressaddmeLis eelmangtuitied avasanalyzed by Juorescence assisted
carbohydrate electrophoresis (FACE) and by chromatograph;g}on MPR-Sepharose resin. The FACE

system uSEE Pota RIEMIYES lg?éﬁ%w&%s%f%@b%?%? %pﬁFyVElﬁhﬁ‘f’Géﬁéﬁﬁ’iﬁ@iﬁhe sequence of
ghgoiacdmaxh 1@81:1@@3@13 $resm gém@@pr@mm&ﬂgrﬁmﬁﬁtwanr?ﬁerh’i!&)h@gf(xﬁl&?(%éﬂ@éﬁ%@@gsgsg -
is-phosphate (07P) band on FACE (Hague et al. ophoresis 15): 2612-20, 1 and the
percent a?é‘t%ﬁ?/gr)le é%%edf’%%f%tﬁ%‘ﬁﬂﬁﬁ“%ﬁg"rﬁﬁcfﬂgggﬁgg,eg%ﬁﬁé?ﬁ? 199P87(43): 15154-61, 1998) give

reliable mgasyies vlatio, e f ein. 0028721 S ecifi tivity. The specific
activity o% recorinbiggﬁgggﬁﬁg%ﬁﬁg%eﬁgélggﬁa %ﬁse%épéﬁﬁléﬁél‘és( %%\\{f% \(fvuégs::k?éfe}%lﬁ%/ined using a
small fludtésedntistbistingd i aasaiensthbelvergaceon-Gpld MMurGak6BNMERTG alsing this assay, the
specific aglivits OftherRYriedGALNS Was/EaadHmelminimg épe&@? ﬁémﬁty in inoculum

volume because scale-up can be done directly in the bag, reducing the risk of contamination
and expediting the production of materia]. Figure 7 shows the schematic of WAVE
bioreactor setup. The diagram shows, in perfusion mode, that a load cell monitors the media
volume in the bag by determining the weight of the bag and adjusting the feed and harvest
rates to maintain the desired volume. In the 10 L bag, the pH is also controlled to the desired

set-point by a probe that is inserted into the bag.

[00228]  The material from the GALNS expressing G718 clones 4 and 5 was produced at
the 1 L scale. The culture pH was not controlled in these runs. The operational limitation of
the WAVE bag 1s a throughput of 3 vessel volumes a day (VV/day). In order to prevent any
inactivation of material, the target cell specific perfusion rate (CSPR) was 0.3 nlicell/day,
resulting in an average residence time of eight hours for the GALNS enzymes. Therefore, the
cell density in the bag was maintained at approximately 10-12 x10° cells/mL. The growth
rate for GALNS expressing (G718 clones 4 and 5 was 0.16 and 0.20, respectively. Bleeds to

maintain target cell density were done directly from the bag.
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1002831 Human Serum Stability. The ex vivo serum stability of the GALNS was determined. Human
serum (Sigma H-4522) was filter sterilized through a 0.2 um PES filter, and 4 mL of the filter sterilized
human serum was Pre-incubated in a T-25 cell culture flask for 1 hour at 37C in an atmosphere of 10%
CO2 (pH at s P61t 1€ .4 + 0.1). 0.4 mL of desalted, purified GALNS (FRgit* B8 GALNS was
desalted into PBS using Bio-RAD 10DG columns) was added to the pre-incubated human serum, or a
PBS contiZZdhtaidiiy erssidghi BZAveoaditssahipieaiivesevmiththaond Atidegimated time points (e.g.,

0, 1, 3.5, shyand 26 hawsyiandadded 10500k gy@ﬂ%%ﬁ%@ﬁbé@a&w NafC,RH 5.6 + 150
niM NaC1 -1- 0 }?Fgégr/]{gyl_ BSA + 0,001% Tween-80). Samples were stored at 4C until ready for

measuring GAP AEAiRRS FB%ISH P ThE BYAIOWDERE) i divmFilas eisurétrdising the
enzyme dajiture activityoE ldSAn By exicapalating the gxpeaentialdenay wur v fi% residual GALNS
enzyme gt(@lv%&pe% ex }-’é‘égﬁ%ﬂ“”} hatl&'lifg} jgﬂ\iig urified GALNS was estimated to be 217 hours.
[00285] Uptake into Synoviocytes (Chrondrocy sé;fpﬁ:f'éiﬁ%ﬁt FEORTNHY D&t P Hito
synoviocyted¢ehfohoigtytat) was sdetsmmhiped.ii Ve D004 994RCTAY 520091031276 [00286]
Chondroc te%éATCC Number CRL-1832) are cultured in growth media (Ham's F12 -4- 10% PBS) at
37Cin 59@/@ in T2l dishedr s hdllSiel ofaaptakE of tHrde/saiplEs rendirds.4xt2 well plates.
The purifiediGA)-N3samples ad aGALNSteferensevers dilted:19:hE tha dn.asEBS/BSA (acidic
PBS + 200 ttg/mL BSA). From the 1 tiM stocks, uptake dilution curves for GALNS samples and
reference were prepared: 50.5 uL (I uM rhASB) into 5 mL uptake assay diluent (UAD, DMEM + 2 mM
L-glutamine + 0.5 mg/mL BSA), resulting in 10 nM GALNS samples and reference, which were further
serially diluted to 5, 2.5, 1.25, 0.62, 0.31 and*0AMRIME BY serial two-fold dilutions in UAD. The growth
medium from the 12-well dishes of confluent chondr&gtes was aspirated, 1 mL of either UAD (blank)

or serial dift o FERENS %@%@ EERfFERERAMAON AP 6 THY T O BATIMANAYed for 4 hours
at 37C in a 10% CO2 intubAbHTAEAHERS MRt LEp FareH, Gitdech dish for completeness,

and eac asdj i BS. The P, as aspirated and the chondrocytes were

detacheﬁggyf:a;%iﬁ%ﬁ%?@%%%%5%?%9&5%%’&%%&%;%1%% B ehiatach 25 08 c1 o

2505302 WEVnATRandentiehaemdiro iy theiplatghet g thohdrsoytes wesenaliguated into '

prechiIIegmﬁqedgpmggpﬁﬁwt&lg%gé@gcggpd%ﬁg;gj;u@%@(@ﬁiw. chondrocytes were cooled and then
u e

pelleted at low speed in a microfuge (4000 rpm for 3 minutes). trypsin was aspirated completely,

the cell pedgtwvasapinsediwitisl mlzPBS, repeating the microfuge and aspiration steps once. 200 tiL of
cell lysis buffer (CLB, 50 mM sodium acetate, pH 5.6 - 0.1% Triton X-100) was added to each tube.

Cell pelld@idaie rébuspendeddpyupuiseworixifg thrastimes: Afierresuspensian:ihe-cell lysis
mixtures yyey @ggefg} \(,g.rm m t -80C, or analy g ectly. {002 7% The cell lysa re thawed at
room terrs1per ture’an Otrzfn‘é?érrgﬁ)%rlecey v%/ﬁg‘}r]ﬁr%%vqél .g‘isﬁeeglce(il tf/tgg gg%é%é @%ﬁ%&?@(ﬁg resuspend
any visibasolid material, and then spun in the microfuge at 14 Krpm for 10 minutes at 4C to pellet the
insoluble material. The supernatants were transferred to a fresh set of tubes and the pellet was

discardelFirn GRURS denlity Ascapanse geHEmh disst tad 40 sermaiiie Aevsi@sint dilution

curve (serishswoaldclilutiopsstarirgatohd-pMpndiendinemald. b6 Al is LgHally.pgrfogmed which
bracketsl(t(jﬂg) expe Eed Kﬂ%t?f(e irly evenly 02 both sides. The molarity of the starting samples is
y”&sin‘é e SR |S§yPr?6‘|"eeé’B|3r WBRGHE: TR BB THEN Gfifidd CORPFS A3 Kd for

calculate
uptake inte Synoviboytes basethor Singlessitelighndcinding, ref:4:2:nivh 1Q0288body into
Mannose-6- ( or Rlate.Binding Assay. The ability of GALNS to bind to the
mannos%—%—%ﬁg p %ﬁg)(h]/ﬁgﬁ%eﬁci%%f@gj\%géoaé %%ﬁ?r?eg flﬁl%a%ﬁg é?% u%%ﬁuf%f), Ix Acidic
2009/09k 8840057 1US2009/0312 28 BSA, adjusted to pH 6.5 with acetic acid. Buffer BY (Wash

Buffer): 100 mM NaOAc and 0.05% Tween-20, adjusted to pH 6.5 with acetic acid. Buffer
C (Substrate Buffer): 25 mM Sodium Acetate, 1 mM NaCl, 0.5 mg/mL desalted BSA and
0.01% sodium azide, adjusted to pH 4.0 with glacial acetic acid. Buffer D (B-Galactosidase
Buffer): 300 mM sodium phosphate dibasic, 0.1 mg/ml BSA, 0.01% sodium azide and 0.01%
Tween-20, adjusted to pH 7.2 with phosphoric acid. Buffer E (Stop Buffer): 350 mM glycine
and 440 mM carbonate buffer, adjusted to pH 10.7 with 6 M NaQOH.
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binding assay. FluoroNunc high binding plates were coated with 4 u.a/mL M6P receptor. The coated
plates were washed twice with 250 tit/well of wash buffer (WB, TBS + 0.05% Tween 20) and
nonspecific binding was blocked with 200 p1/well of blocking and dilution buffer (BDB, Pierce
SuperBIock%fgf?é}{r], 1%%1%A46485). Plates were incubated for 1 hour at ro%ﬁ'l%gﬂgpgfl&?g (RT). During
this block step, purified GALNS samples (0.5 - 2 mg/mL stored at 4C for 2 weeks) were diluted to 10
niVI in BI82ANd tHesreefial dinktéd-disttisn bate OB se NN a0 Abodi snaeNesn §H 4.0 + 0.5
Mg/mL BRAXR50HE s @88 task DAeM) 108 pobid 25,10.62,9.3 g 0. A6iMs Blocked plates were
washed with %\/B %ISD%bove, and diluted GALNS samgrlles were dispensed into the wells in duplicate at
100 NS ENE iCubaPE S HBET St Y Ak tricbiRiBrtetenls: ik Motin) QiBd¥ate was
preparedsyidiitdiag0 & mLwafthentiQbralk6SgalncioserdMiksicsintatoradsin HR2Qt200) into 5 mL
DB, and Eg%v%mgd%dﬁn 1337(3 water bath. After incubation, plates were washed twice with WB as
above, ahd Too U HithedPABLE 4t was added and the GALNS specific activity was determined

[00290] Usi e h rified d a Kd for bindin the M6P ptor, based on
single-si?é%?ﬁgf:]g %?l?éf %&%6@5@@3@%@%@%&% eat“"e%'i‘%;%‘ ﬁ}f%%lgelapégér:‘%%sﬁ#nn Binding. The
ability of GalekSusciridrigtineambishoséB8-phosphate (MBR)vdteptowddidetimidied in a column
binding aesaY-MERIEGRRILCOIMI WRSPIRRAted PEL the manuiaghiters inalr E%QQQELILMGP

receptor was from Peter Lobel's laboratory, the column resin'was NHS activated resin (BioRAD
Affi-Gel FEURhFRHEDEGTIN Sz i BivreRe e HRamBrerdeephs kotind wadfeallillBrateaiwith 10
column volumest @\ ohequilibrationbiiisr iR Qs iaaidic PRS: PibG: -cantainiog Ry
13-glycer%n)thgs%nate § 05% Tyveﬁ@ 20,5 mM}qucose-I -phosphate and 0.02% NaN3) at a flow rate of
0.25mL/RHC 6°RY BF PUAHEARSAY RIS (BE 26BNPTS WARITIRET bnic i WioP e cBRiBF&iitimn at a flow
rate of 0.AmlZmirmdgiibo Bech GA LN weswashadNsffithd eolumawith AR:EWyafdo@ratwaiflow rate of
0.25mL/m) GALNS luted,off the column,using.a 0-100% eluti uffer (EL, acidic PBS,
pH 6.0 crc}?r%ﬁ%gn%ﬁ 1T§§'g y?g%glﬁﬁ)gls(p a Z‘f‘%_‘ﬁé&h’ﬂ\%@g‘% §&631 ?‘nﬁﬁrn’ﬁygﬁgc%‘géqéfjpﬁrosphate and
0.02% N Biagr anieine ¢hatoV § 16l dwd dibyPzepareof diboderEseridthel polifen (A RS-equilibdated with 3
CV of EQndRQ292) ising-ip GALNS ELIRAbe R %@ts%atﬁfglgdd%w%nﬁ@g%f%o the M6P
receptor was detemiined to be 56%. WO 2009/091994PCT/US2009/031276 100293] Total
Oligosactigasads nakrsaspreapliis esecticseadisadry 1o duteasmind titnevelofold)
mannosenGderosaherykaion anfhid N Snihe Nolinked carhe by deatesprafile,of the tatalpligosaccharides
on the GALNS was determined by capillary electrophoresis I%E:%]gs described in Ma et al., Anal.
Chem. 7A{Z2 518544197 RSSO S GaBH BNCHER ¢ e ssa/gHTRINDiteed
oligosacthafid 8s(2The Cleavedmligpsatrhatidas wesaisolaiedoanddekiviatizgtwithauprescent dye,
and applied to a G10_spin column fo.remo ss dye. The purjfied, fluorescently labeled
oligosaclgﬁjgﬁ(fte? \/\%eur@%egplasra]tsé: é?él(':tronﬁf\:c%e é“zﬁ)?na%glﬁé%iaﬁgaéﬂé %éfﬁéﬁﬁw ﬁﬁﬁérlﬁ‘]}fé'd using the
MDQ-CEsédftwazet (82 K drat Verpizio w00XB4] U sicit) thiscassayiytiduaed cuntinnf big4phosphorylated
mannose.fRE Wil MANRRARSLLANIARA MANAASERUMINO) R S %Cﬁ;%&%&%ﬂ%

oligosaccharides for purified GALNS were 0.58 mol/mgle enzyme, ol/mol enzyme and not

detectabhibéeps svrsyheTpate BrdM bR CSRINGS iR indleontaming BRNGFAWIS adtitvited to be 29%.

[00295] Bisd fAlgRsACERBHAS fharactRTizatian TRe.IReAtIgNATIhe Kis-PhosPhRY/pigsMannose 7
(BPM7) oligosaccharides on the GALNS was determined. The asparaglne\!’\ég\sn residue at position
178 was'RIM kel cBeyidriared s M ih S ad [ 5Gate- A s it { -l glyosylated

to BPMTsiBitiyas faund wheapiedaminariheliggmanaeseiyiasugarsd@02864:kydrpxyapatite
Affinity. An in vitro bone model was developed to determine whether the GALNS had the ability to

target to HOHAOAMASHIGHAN LR EIVA Yl Hy 8f Ay ki atiE-galaceaifsssin fulsion Waadbrepared and
equilibraged indom@s e5la0imliR oM PR Y74 The putified GpNSioalteradsting 30 pedmL BSA, was
desalte%i?ﬁPE @% 7.4. The qﬁalted GALNS, at %‘in{;{l concentration of approximately 2 mg/mL, was
serially diltVEH I BBYAT 3§ BER [5i5e5ed TVE- o el (BT AR EHIRRtst HHELaTiily diluted GALNS
were transferaed ton96206@ L filkéniplate) (Millipere #MSENN 22101, Ifydrophilic AVRE Llew-pstein binding,
22 um p ize). 50 pl.. of the hydroxyapatite su iop was.added to the wells of the filter plate
containir%%ﬁséﬁgé}ig“ﬁ éﬂfﬁr cf %A%%rg%{%%hgﬁ tgfe%? %’51 rggﬁ?%ltu STE WS %eﬁ\glﬁsﬁé%ﬁ%% he plate
was subjdetatitomeieucadefiiihdeiopt 0 G297t hemouinm) filserssip & Blants Rieteranahyaed by either

HPLC orGALN Q12N me actlyi.asdeacived abqver The purified GALNS had a Kd for
hydroxyapatite of 3-4.0 p.M. WO 2009/091994PCT/US2009/031276
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1002981 The G71S cell line expressing human sulfatase modifying factor 1 (SUMF | ) produces
lysosomal sulfatase enzymes with higher amounts of activation (i.e., conversion of the active site
cysteine residue to Ca-fonnylglycine (FGly)). [00299] To determine if the purified recombinant
lysosomal S&I%Fgg%ogﬁfj?me (e.g., human N-acetylgalactosamine-6-suIfa%éréﬂ(sé%ﬁfwg{’co-expressed
with SUMFL1 in G7 IS cells exhibits increased activation, the amount of conversion of active site
cysteine feditlYé o/ £&ly on the purified lysosomal sulfatase enzyme was determined. [00300] GALNS
Activation. The percent activation, i.e., percent conversion of the active site cystein_e (Cys) cysteine
residue gg@%ﬁ@lgK%n%ﬁ%%%?ﬁ@@ﬁfﬁfé%ﬁ%”ﬁﬁgﬁﬂmBV (EME EreRyetA& i C/1000 for
Cys, FGlywnd«Ghniisoa3mi840 andth&nespeetivelys indigatingdhanaboutQ0%0f the purified
GALNS is in an active (i.e., FGly) form. 1003011 Siannuny. Table 7 shows a summary of the
characteri28#8Hi of fetembiiaiit GANS@irdséd in DTS cldNg doelixTable(s shibfvsia summary of

(he charaglarizatRn ke CMBINAN CALNG XIS RRUING] Ja§cz%r1%8%oca R Al or

e
Characterization of Human N-Acetylgalactosamine-6-Sulfatase (GALNS) Produced from G71S Clone
4 Assay CtEgBly taRENS! Speiie ey Ixcmit/artioe Al -Bediac TesamigelySpecific Activity:
Activity/ Ptﬁﬁ@'@ix@l%%plam with 100 pL per well, dilute 19 uL of anti-GALNS antibody into one

tube (12 mL). Buffer B (ELISA Blocking Buffer and Serial Dilution Buffer): 1x acidic PBS,
0.05% Tween-20 and 2% BSA, adjusted to pH 6.5 with acetic acid. Buffer BY (Wash
Buffer): 100 mM NaOAc and 0.05% Tween-20, adjusted to pH 6.5 with acetic acid. Buffer F
(Stop Buffer): 2N H»SO4: in 600 mL total, add 100 mL of 12N H,S0. and 500 mL MilliQ

water.

[00238] Reagents. Anti-GALNS JIgG antibody: rabbit polyclonal antibodies are Protein G
purified from serum. In D-PBS, total protein = 3,17 mg/mL (BCA). Aliguots (19 uL) are
stored at -20°C for one-time use ecach. HRP-conjugated detecting antibody (RIVAH): the
{inal conjugated antibody is diluted 1:100 into D-PBS/1% BSA and stored in 120 pL aliquots
at -20°C for one-time use. TMB EJA Substrate Kit (BioRad #172-1067).

[00239]  Protoco!l. Bind anti-GALNS antibody to the plate: a Nunc MaxiSorp ELISA plate
(Nalge/Nunc International, Fisher # 12-565-135) is coated with anti-GALNS antibody at a
final protein concentration of 5 pg/ml in Buffer A. To prepare this solution, thaw one 19 nl.
aliquot, spin briefly (10 sec) in a microcentrifuge to collect the liquid. Transfer all 19 uL into
12 mL of Buffer A. Mix vigorously by inversion, then pour into a reservoir, followed by
plate loading (100 uL. per well) using a multi-channel pipettor. Cover the plate and incubate
at 37°C (convection incubator) for 2 hr. Do not use a hot block. Remove unbound anti-
GALNS antibody: wash the plate by flooding with Buffer BY, three times. Block: block the
plate with Buffer B (320 pl. per well), then cover the plate and incubate at 37°C for 1 hr.
Prepare difution series of purified GALNS standard and test samples (unknowns) during
block step: the standard is diluted in Buffer B to the high end of the linear range of the assay
{40 ng/mL 1in Row A), then serially diluted (2-fold) in rows B-G on a 96-well plate. Lane H
is butfer blank (i.e., no GALNS enzyme). First, prepare 500 uL of a concentration at 40
ng/mL i Buffer B. Then, dilute serial 2-fold in the Buffer B (250 uL into 250 uL) untii
reaching 0.625 ng/mL. Remove blocking buffer: after the block step, Buffer B is discarded.
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Purity by C4-RP J> 95% (6 lots tested) Size by SEC :115 kDa (homodimer) Serum Stability at 37C
1217 Hours Uptake: Chondrocytes 4.9 nM Uptake: Fibroblasts 5.0 aM Uptake Osteoblas s 7.8 nM

Productivit
ywo 2009/091994 PCT/IS209/031276

Bind GALNS enzyme standard and test samples to anti-GALNS antibody: load the plate with
100 pL/well of the serially diluted standard and test samples (run in duplicate). Cover the
plate and incubate at 37°C for 1 hr. Wash: wash the plate by flooding with Buffer BY, three
times. Bind detecting antibody conjugate: thaw one aliquot (120 ul) of antibody RIVAH,
spin briefly (10 sec) in a microcentrifuge to collect the liquid. Dilute all 120 uL into 11.9 mL
Buffer B and vigorously invert the tube to mix. Pour into reservoir and add 100 uL per well
with the multichanne] pipettor. Cover the plate and incubate at 37°C for 30 min. Wash: wash
the plate by flooding with Buffer BY, three times. TMB substrate: prepare the final substrate
solution by mixing 1.2 mL of Solution B with 10.8 mL of Solution A. Pour into reservoir
and add 100 uL per well with the multichannel pipettor. Cover the plate and incubate at 37°C
for 15 min. Stop solution: Pipette 12 mL of 2N H,S0O, stop solution into reservoir and add
100 pL per well with the multichannel pipettor. Tap gently to mix. Read A450: read plate in

the plate reader.

GALNS Specific Activity Assay

[602406] The GALNS specific activity assay measures the enzymatic activity of GALNS in

solution using a GALNS-specific substrate.

[00241]  Buffers. MilliQ H,0 is used for all buffers. Dilution Buffer (DB): for I L of DB,
dissolve 1.74 mL acetic acid, 0.75 g sodium acetate, 233.6 mg NaCl, 2 mL of 50% Tween-20
and 10 mL of 1% sodium azide into MilliQ H,O, and adjust the pH t6 4.0 +/- 0.5 with 0.1 M
NaOH 1f the pH 15 less than 3.95 and with 0.1 M acetic acid if the pH is greater than 4.05.
The final concentrations are: 19.5 mM acetic acid, 5.5 mM sodium acetate, ] mM NaCl,
0.1% Tween-20 and 0.01% sodium azide. Phosphate Buffer (PB): for 1L PB, dissolve 13.9 g
Nat,;PO4-H,0 and 55g NaHPO,-7TH,0 in MilliQ H,O, and adjust the pH to 7.2. The final
concentration is 300 mM NaPi. Stop Buffer (SB): for 1 L SB, dissolve 26.2 g glycing and
46.6 g sodium carbonate in MilliQ) H»O, and adjust the pH to 10.6 with NaOH. Assay Buffer
(AB): ditute 4MU-Gal-68 stock 1:50 in DB (2 mM final). §-Galactosidase Buffer (BGB): 25

pg/mL B-Galactosidase in 300mM NaPi, pH 7.2

[00242]  Reagents. AMU-Gal-6S: 100mM in H,0 (Toronto Research Chemicals Cat. #
M334480). p-Galactosidase: Sigma G-4155. 4-methylumbeliiferone (4MU standard): Sigma
M-1381 (10 mM stock in DMSO).

100243]  Protocol. Perform serial dilutions of the GALNS enzyme. For purified and
formulated GALNS {(~1.5mg/ml)}, dilute sampies 1:10,000 in low protein adhesion
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microcentrifuge tubes (USA Scientific Cat#1415-2600) containing DB, prior to 1:1 serial
dilutions. Place 100 pL of DB in a low protein-binding 96-well plate. In the first row,
pipette 100 uL of GALNS sample. Now serially dilute (1:1) down the plate (A-G on 96-well
plates). No sample is added to well H (blank) The linear range of this assay is 1 — 75 ng/mL.
Use the same procedure for preparing the 4MU standard curve. Dilute 10 mM 4MU stock in
DMSO 1:160 1in DB. Start 4MU standard curve by adding 50 pL of 50 pM 4MU in the first
well, then serially dilute. Add 50 pl. of the substrate diluted in AB (2 mM 4MU-Galactose-
65 in DB) to a 96-well finorescent plate. Pre-incubate substrate for 10 min at 37°C. Add 50
1L of the 100 pL serial dilutions of GALNS and 4MU standards to the 50 pL of substrate in
AB. Incubate at 37°C for 30 min (this first reaction removes the sulfate from the substrate),
quench the first reaction and start the second reaction by adding 50 ul of p-Galactosidase
(dilute B-galactosidase stock to 25 ng/mL in BGB. Phosphate inhibits GALNS and the
increase in pH also stops the GALNS reaction. The resulting pH is now in the optimum pH
range of B-galactosidases. Incubate this second reaction for 15 min at 37°C. lonize released
4MU by adding 100 pL. of SB. Read Ex355 Em460 on 96-well fluorescent plate reader.
Enzyme acti#ity calculations (at 37°C in pH 4.0 buffer): 1 unit = pmol 4MU released/min;
activity = pmol 4MU/min/mL; specific activity = umol 4MU/min/mg. Protein conceniration
calculation: use extinction coefficient of GALNS (1 mg/mL = 1.708 Absorbance Units at
280nm).

EXAMPLE V

PURIFICATION OF HUMAN N-ACETYLGALACTOSAMINE-6-SULFATASE
(GALNS)

[00244]  The objective was to obtain a large quantity of recombinant human N-
acetylgalactosamine-6-sulfatase (GALNS). Stably transfected G71 cells co-expressing
human SUMF1 and human GALNS were grown under bioreactor culture conditions, and

active GALNS enzyme was purified from the cell medium.

[00245]  Liguid Chromatography Apparatus. Amersham Pharmacia Biotech AKTA

explorer 900 system, utilizing Unicomn control software.

{00246]  Protein Analytical Methods. Standard procedures were followed for SDS-PAGE,
Coomassie Blue staining (B101-02-COOM), Western blotting and Bradford protein assays.
The purification runs were assessed by yield of activity, and the purity of the GALNS product

68



1% Hydroxyapatite Affinity 4 uM Activation: 94 FOly 90% Table 8: Characterization of Human
N-Acetylgalactosamine-6-Sulfatase (GALNS) Produced from G71S Clone C2 _WO N
2009/091994PCT/US2009/031276 IAssay Category GALNS 6.4 U/mg ¢ Specific Activity:

Activity/Prot&§ po09/091994 PCT/US2009/031276
was assessed visually by SDS-PAGE. The presence of processed impurities was detected by
Western blotting using an anti-GALNS antibody. Protein concentration was measured using
a Bradford protein assay. The concentration of the final purified GALNS protein was

measured by Ay measurement using an extinction coefficient of 1.708.

[00247] Chrémarogz-‘aphy Resins. Blue Sepharose 6 FF (GE Healthcare, ot #306346) and
Fractogel SE Hi-Cap (Merck KgaA, FC040894449).

[00248]  GALNS Enzvme Activity Determinations. The GALNS specific activity was
determined using a small fluorescent substrate 4-methylumbeliferyl-6-S-GAL {4-MUI-6-S-
GAL). The GALNS specific activity assay involves a two-step reaction, wherein addition of
f-galactosidase is necessary after incubation of GALNS with the substrate for a certain time

to release the fluorescent tag. Measurements are made using a fluorescence plate reader.

[00249] A 10DG desalting column (Bio-RAD) was equilibrated with equilibration buffer
(EQB, 50 mM NaOAc, 10 mM NaCl, pH 5.8). MilliQ H,O was used for all buffers. Three
(3) mL of purified GALNS (0.5 - 2 mg/mL) was loaded onto the desalting column, eluted
and coliected in 4 mL aliquots in separate test tubes using EQB. The protein concentration
was calculated using the extinction coefficient of GALNS (1 mg/mL = 1.708 Absorbance
Units at 280 nim).

{00250]  Desalied GALNS samples were serially diluted (1:1) in dilution buffer (DB, 50
mM NaOAc, I mM NaCl, pH 4.0 + 0.5 mg/mL BSA). The BSA stock was desalted before
using by loading 50 mg/mL BSA stock (no more than 5% CV) onto 2 G25 column previously
equiltbrated with milliQ H;O. 100 pL of the desalted GALNS sample was pipetted in the
first row of a low protein binding 96-well plate, and the serially diluted GALNS samples
were pipetted down the plate (rows A-G on 96-well plates). 100 ul. of DB was pipetted into
the last well (H). The top end of the linear range of this assay is 200 ng/mL, and the linear
range 1s 3 — 200 ng/mL. The same procedure was performed for preparing the standard curve
with 4-methylumbelliferone (4MU) (Sigma M-1381, 10 mM stock in DMSO). 50 ul. of the
166 uL serial dilutions of GALNS and 4MU were transferred to a new 96-well fluorescent
plate (black bottom plate). 50 pL of 2 mM 4MU-Galactose-6S (in miliiQ H.O) was added to
the samples 1o be assayed, and incubated at 37°C for 30 minutes. This first reaction was
quenched, and a second reaction was initiated by adding 50 pL of B-Galactosidase (Sigma G-
4133, stock diluted to 12 pg/mL in 300 mM NaPi, pH 7.2), and incubated at 37°C for 15
minutes. Released 4MU was ionized by adding 100 pL of stop buffer {Glycine/Carbonate,
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pH 10.6}. The plates were read on 96-well fluorescent plate reader (excitation 355 nm,
emission 460 nm). 1 Unit is defined as 1 umol 4MU released/min, enzyme activity is given
in pmol 4MU/min/mL, and specific activity is given in umol 4MU/min/mg, all at 37°C in pH
4.0 buffer.

[00251]  First Purification Process. A first purification process inciuded an ultrafiltration

(UF) step followed by a 2-column purification process.
[00252] 1. Harvest Filtration (HF): the bioreactor material was 0.2 um sterile filtered.

[00253]) 2. Ultrafiliration (UF): the bioreactor material was concentrated 10-20X by

ultrafiltration through a 30 kD Sartocon membrane.

[00254] 3. pH 4.5 Adjust: the concentrated bioreactor material (UF (20X)) was adjusted to
pH 4.5 with pH adjust buffer (1.75 M NaOAc, pH 4.0) at room temperature and sterile

filtered before loading on a Biue Sepharose cotumn.,

[00255] 4. Blue Sepharose 6 Fast Flow (FF): the pH 4.5 adjusted UF (20X) was loaded

onto a Biue Sepharose column and the GALNS protein was eluted as shown in Table 1 and

Figure 9A.
Tabie 1: Blue Sepharose 6 Fast Fiow Chromatography
Siep Cv+* Buffer
Equilibration 5 20 mM acetate/phosphate, 50 mM NaCl, pH 4.5
L.oad UF product, adjusted to pH4.5, filtered
Wash 1 4 20 mM acetate/phosphate, 50 mM NaCl, pH 4.5
Wash 2 8 20 mM acetate/phosphate, 50 mM NaCl, pH 6.0
Elution 8 20 mM acetate/phosphate, 100 mM NaCl, pH 7.0
Strip 5 20 mM acetate/phosphate, 1 M NaCl, pH 7.0
Sanitization 4 0.1 N NaOH, 0.5 hour
Regeneration 5 H,0
Storage 3 20% ETOH

*CV: column volumes. Flow raie =92 cm hr’

[00256] 5. Fractogel SE Hi-Cap: the eluate from the Blue Sepharose column was adjusted
to pH 4.3 and loaded onto a Fractoget SE Hi-Cap column and the GALNS protein was eluted
as shown in Table 2 and Figure 9B.

Table 2: Fractogel SE Hi-Cap Chromatography

Step l CV* ! Buffer
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34.5% M6P Content: mol M6P/mol GALNS 0.69 1003021 These results demonstrate that the purified
recombinant human GALNS has a high level of activation, and high levels of mannose 6-phosphate
phosphorylation. Thus, G71S cells co-expressing SOME] and a lysosomal sulfatase enzyme (i.e.,
GALNS) effii@nii)’fiddiice active highly phosphorylated lysosomal sulfafsEER%44é12fhe increased
level of high marmose residues on such lysosomal sulfatase enzymes leads to increased uptake by
the MPR on cells. 8AMPLE \WIWJPTAKE AND ACTIVITY OFiREEGOMBINANT HUMAN N-

ACETYLGALACTARANINE & SULTATASE ARSIV MGG GRGNPRAEYTES IV ITRO
[00303] The

’“U'pTEﬂ”(E'Uf’fE‘COﬂ‘I[bIIIdIILI Man_N=acet QL,LUDG.IIIIII u Stratas S0somes
of Morquio chondrocﬁes anc the abflity Of &REN%%@@@% 5& ul%aﬁ‘éd(?{g‘)&?ﬂ {n r8’ \7\%

evaluated 1 nnor\/n Chno viioc fre ohnnfa \leh Muconaol idosis. Tvne |\/a “M‘ES Iva’

\JU"" UIIUIIUlUuyL\’J II\JIII PMLI\’ llllllllllllllll

Morquio S ndmr}hﬁsﬂéve reduced GALNS aﬁlmw 5%@HTWH9§ES§%§%%ﬁMHt%H of KS./An in
vitro model|of MP¥%a#v8 was established using uﬁdmmm@mama&rmm iHa€lcra$thiopsies pof a MPS
IVa patient| Primagyiehondrocytes, howevev sesdifferepinie: ag”gjjg:@%mqlragh%mi@gytgw@a;rqcteristics

in culture. 1T CHITEEGNCTIOGS Were EsTabISer Ip IHGE, FIoneoetF Uiferepmation im vito.
[00305] ChJIIEIUbﬁlCD isofated-from-an-MPSHVapatient-destghated-MQSH; vv\.,l" etlivred-in alginate

beads in th 88 IGE-1, TGE-p, rartaih ﬁﬁ?@ﬁﬁg‘?ﬁ?}lﬁm%ﬁn ?érﬂ%ﬂr%cvte Growth
Medium, Lonza#0iC2p5). TheSculture medium was cRahdjduatwice pé}oweek for the duration of the
experiments, Ramnériadibiwegeks. These culture conditions induged expression of the chondracyte

phenotype and dgfgrgntiation. These 20% EtOH
#*CV: column voiumes. Flow rate = 150 cm hr”

Ul

[00257]  The GALNS protein in the eluate was collected by fractionation, discarding the

pre-elution shoulder and post-elution tail.

[60258] 6. Fial UF/HEF: the eluate from the Fractogel SE Hi-CAP column was

concentrated by ultrafiltration and sterile filtered as described above.

(002591 Formulation. The purified GALNS protein was formulated in 10 mM NaOAc, 1
mM NaH, PO, 0.005% Tween-80, pH 5.5.

[60260]  Stability Studies. Stability of the final formulaied purified GALNS was monitored
at 4°C and -70°C as a function of time by storing small aliquots of the GALNS samples at the
respective temperatures. Al certain time points, aliquots of frozen samples were quickly
thawed in a 37°C waterbath before activity measurements. Figure 8 shows that the purified

GALNS was stabie at 4°C and -70°C over a period of up to at least 79 days in the formulation
buffer.

t00261]  First Purification Process Results. Table 3 shows the purification vields for three
preparations of GALNS protein produced from G71S clone 4 in a suspension culture
bioreactor. Purity was estimated visually by SDS-PAGE to be about 95% in all cases.

Table 3: Human N-Acetylgalactosamine-6-Sulfatase (GALNS) Purification Yields from
G715 Clone 4 from WAVE Reactor

3 Yield |
Steps | Prepl Prep 2 Prep 3 Average Std Dey
UF N/A 100 100 100 0
Blue Sepharose 6 FF 93 103 101 99 5.3
SE Hi-Cap 90 87 90 89 1.7
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WO 2009/091994PCT/US2009/031276 MQCH cells expressed chondrocyte markers, including sex
determining region Y-box 9 (Sox 9), collagen 11, collagen X, cartilage oligomeric matrix protein and
aggregan mRNA, as measured by quantitative RT-PCR analysis using RNA isolated from cultures of
MQCH cells¥ g Efithed MQCFI cells also elaborated extracellular mBETHE2368)Confocal
microscopy was performed to confirm that the MQCH cells accumulated KS. The MQCH cells in an
8-week culture were trypsinized, cytospun onto glass slides, fixed in acetone, and frozen until use.
After thawi?)%éhe cells were rehythated and stained using, as primary and secondary antibodies, an

anti-KS mBkdEbnal ##iiB S IEhamiEshy ARt IRieRAUBE (ypéwn Fabwtabied yoatuanti-rabbit
antibody, ygspesiivelyasT iRMEnGHcalladispiaved pyneinteintaceliylaystalping, consistent with

lysosomal KS accumulation. [00307] To determine whether purified recombinant human GALNS could
be taken UP BYMEEE celiRagiyssssitBe and detaaesk Sluedlifosr MOHEALGET aufrwas
incubated ity 18on M« ecansbirtaoishinani GALNS tice penmweekieradwesks: GbNadptake and KS
clearanc%wggegmfa§ur?g %;ﬁ confocal tmi@golsco%. 'Ié}'ne é)rim% y antibodies used were: (a) an
anti-GALNS Tabbit pofyclonal antibady aid AR aRHCERBEsMAT AsEEEatd MEmOHRNE Protein-1
(LAMP-1pragnotie nalsantiisotyobrc(iyramcaniti-¢CS ihainddienal antbpay:ans anseomti-LAMP-1 polyclonal
antibody. &éﬂ%%%%@@éh@%@&e&é’%‘f&g%g-'@%‘%_’%ﬁﬁ%%%%?t LSopaRI ANIRedes 1o detect

anti-GALNS or anti-KS antibodies, or Alexa- (red) conjugated a odtes 16 detect

anti-LAMBhiiBe dfeslukieimp] petivre padatisngciire theoustetzimspatanircditaining DAPI, which
stains nu Aei.éOO308gL Significant co-localization of the GALNS enzyme and KS with the lysosome
marker, LIAMP, whd SBEERET HERITIE A eatdt Mitserres i R xp Ssthd SRt EH to
recombinand fitenainéaALNS/the armeuntehintaegiviae kawasdeoieasad. (IPRIANGALNS uptake

was also measured.using a GALNS enzyme captu and a GALNS specific activity ELISA, both
describe(ﬁgllcn ﬁé{f‘%eglléﬂf ggﬁg%se? 85%%%ﬁﬁ]@ﬁ%ﬂgﬁg’tﬁé@%ﬁIEE)%W%O&?&@%%%%LNS, were
used as aipoditivetidoritrohpAs Sholvmim Table&sPaiydbldunteated N IGH nellskarigereetectable

GALNS eyyzyme or activity, whereas MCQH cells treated for 9 weeks with 10 nM GALNS had
significant GALNS enzyme and activity. Table 9: GALNS Enzyme Capture EL1SA Using MQCH Cells

MQCH ClteoddiKCsecond Furification Process. A second purification process included an
ultrafiltration/diafiltration (UF/DF) step followed by a 3-column purification process.

[00265] 1. Ultrafiltration (UF/DF): the bioreactor material was concentrated 20X by
ultrafiltration/diafiltration through a 30 kD Sartocon membrane at pH 5.5.

[00266] 2. pH 4.5 Adjust: the concentrated bioreactor material (UF/DF (20X)) was
adjusted to pH 4.5 with pH adjust buffer (1.75 M NaOAc, pH 4.0) at room temperature and
sterile filtered before loading on a Fractogel EMD SE Hi-Cap column.

[00267] 3. Fractogel EMD SE Hi-Cap: the pH 4.5 adjusted UF/DF (20X) was loaded onto
a Fractogel EMD SE Hi-Cap column, washed sequentially with 10 mM acetate/phosphate, 30
mM NaCl, pH 4.5 and 10 mM acetate/phosphate, 50 mM NaCl, pH 5.0, and the GALNS
protein was eluted with 10 mM acetate/phosphate, 140 mM NaCl, pH 5.0.

[00268] 5. Zn-chelating Sepharose FI: the cluate from the Fractogel EMD SE Hi-Cap
column was adjusted to 500 mM NaCl, pH 7.0 and loaded onto a Zn-chelating Sepharose FF
(Zn-IMAC) column, washed with 10 mM acetate/phosphate, 125 mM NaCl, 10 mM
iumnidazole, pH 7.0, and the GALNS protein was eluted with 10 mM acetate/phosphate, 125
mM NaCl, 90 mM imidazole, pH 7.0.
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[00269] 6. pH 3.5 Adjust: the eluate from the Zn-chelating Sepharose FF column
contaimng the GALNS protein was adjusted to pH 3.5 for low pH viral inactivation and then
adjusted to 10 mM acetate/phosphate, 2 M NaCl, pH 5.0.

[00270] 7. ToyoPearl Butyl 650M: the low pH adjusted eluate from the Zn-chelating
Sepharose FF columﬁ, was loaded onto a ToyoPear] Butyl 650M column, washed with 10
mM acetate/phosphate, 2 M NaCl, pH 5.0., and the GALNS protein was eluted with 10 mM
acetate/phosphate, 0.7 M NaCl, pH 5.0.

[66271] 8. Final UF/HF: the eluate from the ToyoPear] Butyl 650M eluate was ultra-
filtered and dia-filtered in 20 mM acetate, 1 mM phosphate, 150 mM NaCl, pH 5.5,

[00272]  Formulation. The purified GALNS protein was formulated in 10 mM
NaOAc/HOAc, I mM NaH,PO,, 150 mM NaCl, 0.01% Tween-20, pH 5.5.

[00273]  Second Purification Process Resulis. Table 4 shows the recovery for GALNS
protem produced from G718 clone C2 in a suspension culture bioreactor using the second
purification process. Purity of the formulated GALNS enzyme (i.c., precursor and mature or
processed forms together) was about 98% as determined by C3 RP-HPLC. The percentage of
the precursor form of the GALNS enzyme was about 85% as determined by SDS-capiilary

gel electrophoresis.

Table 4: Human N-Acetylgalactosamine-6-Sulfatase (GALNS) Recovery for G718

Clone C2
Process Step Recovery (%)
pH Adjust 96
Fractogel SE Hi-Cap Column 98
Zn-IMAC Column &9
Low pH Viral Inactivation 89
ToyoPear] Butyl 650M Column 99 -
Formulation 99
Overal] 70

[00274]  Figure 10 shows an SDS-PAGE of the GALNS enzyme separated by
unltrafiltration/diafiltration (UF/DF), Fractogel SE Hi-CAP chromatography, Zn-chelatng
Sepharose FF chromatography and ToyoPear] Butyl 650M chromatography. The gels were
stamed with Coomassie Blue (top left), anti-GALNS antibody (top right), anti-Cathepsin L
(bottom left) and anti-CHO proteins (CHOP, bottom right). For the Western blots, the anti-
GALNS rabbit polycional antibody was diluted to 1:5000, and the secondary antibody was an
anti-rabbit AP conjugate; the anti-Cathepsin L goat polyclonal antibody was diluted to
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I MQCH Cells NHKC 4 1 1 10 nM GALNS for 9 wks' 3.99 0.88 'Not detected; bng GALNS aritigeMug
total protein Table 10: GALNS Specific Activity Assay Using MQCH Cells MQCH CellsNITKC

WO 2009/091994 PCT/USZ009/031276

1:1000, and the secondary antibody was an anti-goat HRP conjugate; and the anti-CHQOP
rabbit polyclonal antibody was diluted to 1:1000, and the secondary antibody was an anti-
rabbit HRP conjugate. The precursor GALNS enzyme has an apparent molecular weight of
~55-60 kDa on SDS-PAGE, and the mature or processed forms of GALNS enzyme have
apparent molecular weights of ~39 kDa and ~19 kDa on SDS-PAGE.

{00275]  Summary of First Purification Process. The GALNS enzyme was purified using a
purification train that had been modified from 2 standard train (see Table 5). Bioreactor
harvest material was 0.2 um sterile filtered and kept at 4°C before loading onto the Biue-
Sepharose capture column. The filtered bioreactor material was either loaded directly or
concentrated up to 15X by ultrafiltration. Modification of the purification train was
necessary because the downstream purification steps, SP Sepharose chromatography

- followed by Phenyl Sepharose chromatography, did not yield sufficiently pure GALNS.
Using SE Hi-Cap chromatography as a replacement for the two downstream purification
columns resulted in a 2-column purification process, with the purity of final material
significantly improved, and the overall GALNS recovery increased significantly from fo
~22% to ~80%. The purity of the GALNS enzyme (consistin g essentially of the precursor
form, see Figure 9), as determined by C4-RP chromatography, was roughly estimated at >
95%, and the purified GALNS enzyme remained stable in formulation buffer for more than
79 days at both 4°C and at -70°C.

Table §: First Human N-Acetyigalactesamine-6-Sulfatase (GALNS) Purification Train

Step Nermal Process Modified Process

I HF (1X} HE (1X)

2% UF (5X) UF (15X)

3 pH 4.5 Adjust pH 4.5 Adjust

4 Blue-Sepharose 6 FF Blue-Sepharose 6 FF
5 SP Sepharose SE Hi-Cap

6 Phenyl Sepharose Hi-Sub Final UF/DF

7 Final UF/DF

*This step is optional.

[00276]  Swummary of Second Purification Process. The GALNS enzyme was also purified
using a second purification train (see Table 6). The overall GALNS recovery was about 70%
and the purity of the GALNS enzyme (including both precursor and mature or processed
forms, see Figure 10), as determined by C4-RP chromatography, was roughly estimated to be
about 97%.
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[003101 These results demonstrate that purified recombinant human GALNS is taken up by Morquio
chondrocytes into lysosomes and can degrade lysosomal KS in vitro. These Morquio chondrocytes are
useful as an in vitro efficacy model to test lysosomal sulfatase enzymes, such as GALNS, which
degrade KS™EERBLIEYII ACTIVITY OF RECOMBINANT HUMAN LY $EEBRIAYERPYMES TO
DEGRADE NATURAL SUBSTRATES IN A CELL-BASED ASSAY IN VITRO [00311] Cell-based in
vitro assayd weitete dhvesiopb H tonae st thgsdativisyroine 6dfimbirtant (GndaNSySosdficationzymes, e.g.,
lysosomal sulfatase enzymes, to degrade naturakstbstrates. [00312] The enzymatic activity of

recombinant human Iysosommws%mmmzymes, is typically measured by
a cell-free in vitro assay using i orogenic-SUREESte (see Example 4 for GALNS). However,

the enzyme activity measureg+ ependenton-the sizBof td artificial substrate, i.e., number of
monosaccharide units. In addiion AZym tivit /@Frﬁé%ﬁned_iman environment that is not
reflective of the situation in vive—Fhub-the céli-free RH\foﬁn‘ﬁg%be&not take into account either the
lysosomal enzyme's ability t r be taken up into target cells and
localize to lysosomes. [00313 : ed to measure the activity of two
recombinant human lysosomal idifonidadE DU arld arylsulfatase B (ARSB), to
degrade their natural substrates: G YA .‘ﬁ..é?MDS)-containing substrates. DS
contains variably sulfated idurenie (1-3)--N MWL,'T.;féB;Eiosami. e 13 (1-4) disaccharide units.
WO 2009/091994PCT/US2009/031276 [00314] ARSB-deficient GM00519 human fibroblast cells or
IDU-defigj M _ A fi Il cultured to confluency in.12-well plates, and the
cultures (\%/vt%irié7 %naicr)l%g?%% %%g%%%ﬁqugel%%ﬁ%ﬁ éﬁg\%\%ﬁ?%‘%fﬁoﬁ or g)créﬂr%/?&%?i%n of intracellular DS.
100315] PeRibolflblie SMOC50teeGMDTES preelil werdlitien axposkibtosaunatingfdoses of
reCOmbimﬁahm@amﬁ@%éﬁ@&@&%@%%%éﬂ%%@?&ﬂ@é& sr2 ML LASRRLIVEL, [of4-5 days.

S

Untreated and lysosomal sulfatase enzyme-treated cells were harvested, lysed and centrifuged.
10031617 LgEa S AN MBI fiGre Enss £afss\Pas measured by determining the residual DS
content of the cells by: (1) lysing the cells; (2) specifically digesting DS-containing substrates into
disaccharides using chondroitin ABC lyase (EC 4.2.2.4) in the cell lysate; (3) labeling DS
disaccharides with a fluorescent dye (e.qg., %ﬁgWL%c idone, AMAC); (4) separating the DS
disaccharides (e.g., by capillary zone electrophoresis, CZE); and (5) detecting the labeled DS
disacchagigesi e oF brisarinsuosdrineresconen o) Suchrmsthesisiase dessibpgfog.example, in
Zinellu et at, Electrophoresis 2:2439-244f, 200 Asan@;lamaj et at, J. Chromatogr. B 730:129-133,
1999 (reviewed in Volpi et at, Electrophoresis 29:3095-3106, 2008).

[00278] The G71 cell lines produce proteins (e.g., lysosomal enzymes) with greater levels

o w

I
Z (Do 2o
i

of high-mannose phosphorylation than is noted in an average mammalian cell line, and 2
cotrespondingiy lower level of unphosphorylated high-mannose oligosaccharides. A
lysosomal sulfatase enzyme (e.g., recombinant human N-acetylgalactosamine-6-sulfatase
{GALNS)), comprising a high level of bis-phosphorylated high-mannose oligosaccharides, as
defined herein, is compared to molecules obtained in Canfield er ¢/., U.S. Patent 6,537,785,
which do not comprise complex oligosaccharides, and exhibit only high mannose

oligosaccharides.

[60279]  To determine levels of unphosphorylated high-mannose on a lysosomal sulfatase
enzyme, one of skill in the art can use exoglycosidase sequencing of released
chgosaccharides ("FACE sequencing”}, to pinpoint the percentages of unphosphorylated
high-mannose oligosaccharide chains. On a normal lot-release FACE profiling gel,
unphosphorylated high mannose co-migrates with particular complex oligosaccharides (e.g.,
oligomannose 6 and fully sialylated biantennary complex). Unphosphorylated high mannose

1s then differentiated from the other oligosaccharides by enzymatic sequencing.
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[00317] Table 11 shows the percent degradation of DS using GM00519 cells treated with ARSB, as
determined by measuring the amount of disaccharide containing Nacetylgalactosamine-4-sultate (45
disaccharide), which is the predominant DS disaccharide. Similar results were obtained using
GM01391 c&18 Ha%EYHith IDU. Table 11: Depletion of DS by ARSB in FEEVBASS W Yitro Assay

Age of Cells (Weeks) GM00519 Cells ((VD Degradation)a 386 4 92 5 92 6 89
[60280]  To determine if the purified lysosomal sulfatase enzyme (e.g., recombinant human

N-acetylgalactosamine-6-sulfatase (GALNS)) expressed in G718 cells exhibits increased
phosphorylation, the level of mannose-6-phosphate (M6P) on the lysosomal sulfatase enzyme

was determined, as well as the enzyme’s ability to bind to the M6P receptor (MPR).

[00281} Recombinant human GALNS enzyme, expressed in G718 cells and purified, was
analvzed by fluorescence assisted carbohydrate electrophorests (FACE) and by
chromatography on MPR-Sepharose resin. The FACE system uses polyacrylantide gel
electrophoresis to separate, guantify, and determine the sequence of oligosaccharides released
from glycoproteins, The relative intensity of the oligomannose 7 bis-phosphate (O7P) band
on FACE (Hague ef al., Electrophoresis 19(15): 2612-20, 1998) and the percent activity
retained on the MPR column (Cacia et al., Biochemistry 37(43): 15154-61, 1998) give

reliable measures of phosphoryiation level per mole of protein.

[00282]  Specific Activity. The specific activity of recombinant human N-
acetylgalactosamine-6-sulfatase (GALNS) was determined using a small fluorescent substrate
4-methylumbelliferyl-6-S-GAL (4MU-Gal-6S) at 37°C. Using this assay, the specific
activity of the purified GALNS was 165 pmol/min/mg (0.165 U/mg).

[00283]  Human Serum Stability. The ex vivo serum stability of the GALNS was
determined. Human serum (Sigma H-4522) was filter sterilized through a 0.2 um PES filter,
and 4 mL of the filter stenilized human serum was pre-incubated in a T-25 cell culture flask
for 1 hour at 37°C in an aimosphere of 10% CO; (pH at this point is 7.4 + 0.1). 0.4 mL of
desaited, purified GALNS (2 mg/mL purified GALNS was desalted into PBS using Bio-RAD
10DG columns) was added to the pre-incubated human serum, or a PBS control containing
0.5 mg/L BSA. 100 pL samples were withdrawn at designated time points (e.g., 0, 1, 3.5, 7.5
and 26 hours) and added to 900 mL of quench buffer (QB, 50 mM NaOAc, pH 5.6 + 150 mM
NaCl + 0.5 mg/mL BSA + 0.001% Tween-80). Samples were stored at 4°C unti] ready for

measuring GALNS enzyme activity.

[00284] The GALNS enzyme activity was measured using the enzyme capture activity
ELISA. By extrapoiating the exponential decay curve of % residual GALNS enzyme

activity, the ex vivo serum half-life of the purified GALNS was estimated to be 217 hours.

[00285]  Uptake into Synoviocytes (Chrondrocytes). The ability of GALNS to be taken up

into synoviocytes (chrondrocytes) was determined.
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'Percent degradation was calculated by measuring the area under the curve of the 45 disaccharide
detected in the CZE-EIF scan in lysates from ARSBtreated as compared to untreated cells 1003181
The above assay indicated that target cells take up recombinant human ARSB and IDU, which are
then localize¥43H¥8%8Btes, where they degrade their natural substrate, REFAESIMHHIIDEE WO
2009/091994PCT/US2009/031276 [003191 A dose finding experiment was performed to determine
the conceltrzgitin aCwdiictotkl betomesuratedRlingsivthis celikbasad @assay nebMOE3g cells were

cultured in.12-wel| s. At4 weeks past-confluency, the cells were exposed to. various
concentrgtllcjjzﬁsv@ ﬁp%%t%d}ir}%.g/\r{}ﬁ{gggzﬁf\%?%‘r‘ gggryﬁgsho §4 ﬁsfﬁs?zf ‘ ti%&%f BP&hared and
processeskampeseribed dbovewHD Plaweas détepmified Gatli becopies raie dithiting belved-nM. 1003201
In aseco% g%tf'g%np erin}pég 1391 at 3 we k t-confluency, were exposed to
various conéen't'rat%ons oﬁéDpn, rom 6}%%4 t aﬂ%cnﬁr\%é?or %5?2?%(—%%?3‘/)5@ égmvvieﬂreeszrtgégPé%)sand
processedréscd@sctibedabovior IGARN S xpepentd acknown arrepntpafan jotenmak staxmdard

monosacghasde; GleNAC-65, was spiked i I tq contral for recavery during
processing ‘Qésg EH]O%W% Ifﬁ“ﬁ%%’lr(g ﬁ?}gé(glgg 5@&@%@2@%&@%&%8@5 %nuf‘bstrate was
observedBatnertoliitreatdd OMIIRDN Tedlop [R0BL 1 Eferensimilhichl ssedifuding expaiindént;dGM00519

cells at 3 yygeks post GoRAUCAEY YNQI EXPOSECLIR VALY £ANEREAHANE ST MRS, figm 0.001 to 0.06

nM, for 5 days. Cell lysates were prepared and processed as described above. In this experiment, a

known arfSGHI BN Hte dfarsthRghss Thend et K o Ien KesaspiRis. shikbdfrfigthie cell lysates to

control fourenquenkfuFing pronessing: A3 shovwa i kiow e i2.a dose-dependsnt deergase in the
amount of DS SLgf)JStr ée was observed, in the ARSB-treated OM00519 cells. 1003221 A cell-based in

vitro assay WAS HaTE ARt 10 Hdhdlre 18 ARty oi s RESmbiRaHP AR &R SBhal sulfatase
enzyme, GALNS, tdithegradeiite fatusalptebstiatent e sdnikateliuamkenatar: sulfaten{K $3gontaining

reated Wik TR R Y G R A e 8 G I were
prepared(@id ‘digeseia/ WitV dEPdtanAéal EIC23:-2 30 Glhich2 b6 akSoawn daiteA RS oligosaccharides

into KS dirasiialien e K disRcahirs el labsled wih AMAG: sepgiatet B ddh and

detected by LIF, as described above for DS disaccharides. G1leN S, aKS mo accharide, was

spiked infBAF CR RS s TR iyarsiapd abanér eoraoMae feebveryddhiangsbrieessiay. The amounts
of two Ch@s’&ﬁ@ﬂ&ﬂﬁi&@f&%%%ﬁ@b@ﬂﬁﬁ%%ﬁ%@%}\'ﬁ%@%@%&@%ﬁ@é@@&%&%ﬁ@%@ured' and the
recovere

data obtained was corrected bi)—ft the amount of G1cNAc6 covered. Table 12 shows the percent

degradatféh BERCSVEIAGNROEH ars traddP ittt NErye st AiRH8) fHeasifngé amount of

the two chhraftetiistid 46 isectBatdesv IahlenlReplaionsof KB by GM N30 avkelkBased In Vitro
Assay a'bPercent de ation was calculate measuring the area under the curve of the
Ga|GS-GI8ﬁ%%b tbghgf é@?cg% IAC6E S&‘esf)ee(':’tﬂgzé? éytﬂté?séfﬁl%fﬁng’é ﬁe?n“fgl'gétézgfeﬂ%m GALNS-treated as
comparetttospetseated M C B calistmedvadiusting forcthezarea-8oderaheelyred oirtheyspike control
GIcNACc6S 1003241 The above assay indicated that target cells take up recombinant human GALNS,
which is {HEMSi0caliziicR! sesses e G MoNSapratioe sl ransfarsabsieate hintracellular KS.

thawed. The cell lysates were vortexed to resuspend any visible solid material, and then
spun in the microfuge at 14 Krpm for 10 minutes at 4°C to pellet the insoluble material. The
supernatants were transferred to a fresh set of tubes and the pellet was discarded. Then
GALNS activity assay was performed on the supernatants. A seven-point dilution curve
(serial two-fold dilutions starting at 10 nM and ending at .16 nM} is usually performed
which brackets the expected Ky fairly evenly on both sides. The molarity of the starting

samples is calculated by using the protein-only molecular weight.

[00288] The purified GALNS had a Kd for uptake into synoviocytes, based on single-site
ligand binding, of 4.9 nM.

[00289]  Mannose-6-Phosphate (M6P} Receptor Plate Binding Assay. The ability of
GALNS to bind to the mannose-6-phosphate (M6P) receptor was determined in a plate
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10032510verall, these results demonstrated that the activity of recombinant human lysosomal
enzymes, ARSB, IDU and GALNS, to degrade their natural substrates can be measured and
guantified in cell-based in vitro assays. It should be appreciated that this cell-based in vitro assay can
be readily mB#EP Y Hi¥asure and quantify the activity of other lysosom&CESUlfse &Iy mes, as well
as a wide variety of recombinant lysosomal enzymes. EXAMPLE IX DELIVERY OF RECOMBINANT
HUMAN NeAIGHE sk G ALACT QS AMEN Bisfaki i pldtA TS (@AdNSh TQ SRE GABIGERYES 1003261
The abilit;f, of recomhinant human Nracetylgalactosamine-6-sulfatas %rG xpressed in 071 cells

T
and purifieéf {0 %% ch ?\?érgglr?owggpﬁéeéﬁg It?gs‘%?e}%é@e% é e'gly? o‘?’%%s%%% e%:hs{%dsgﬁcqe c/)‘}/ of GALNS
upon its admsiiSiatioh intopeidec wadieyataatdocf@d32i71 e highlly speloificrdistribdiiomoef keratan
sulfate Giyerinaray sURIACiUHeAhRnah e atiucangsacebaldosia s KA (MESVA) of

n ca

Morquio Syndrome. Keratan sulfate is primarily found in cartilage oints bone growth ﬁgﬁés, the heart
valve, laryipibisepesiirsépium Panacormelckntiit puesk Gidsdes shapextibit-kéragimbulfate

accumulafigdnMRSqEY A patignts: L husidorNassyloalBaosamios Srslirtase4GALNS nwhich is
deficient in MPS WA or Morquio Syndrome, it is imaortant to show deliveg_/ of the GALNS enzyme to

the growthpiEE-SHISR FHORES Aie! HEM DN St - e hridAB 4> 8 ligbR 34t Whese specific
tissues, whieh @re, papriy2vaseularizedniacget sndeliery @f g flsorescent @ALNE was.investigated in
mice. f00328] Two,imm istochemical staining methods were tested jn mice: (I) human GALNS
conjugaté: Ov‘(r/ﬁ]ha \Q{ed)%g?%égﬂ g&%saﬁﬁég%}ﬂeégté;&) %ﬁ%ﬁ%ﬁl@ﬁ&_ﬂ@%‘fﬁé &) ‘ifé%ﬁbhgé%%%h GALNS to
Alexa 488was-pesfeirhddwsingMblecuiathRiobes: AdexseF) don¥B8: Chtmaleimidestabeling kit (A-

10254). The malei onjugation.chemijstr ulted in a 1.1.labeling to protein ratio. . 1003291 To
confirm tﬁa t%e flug?gis%é%ﬁrt@fa%%gﬁn%%fe inﬂ%g?g(r/g%v%ifﬁ%&% ee%é}%’ gﬁ?ﬁﬁ%&é}ﬁgf{ﬁ%ﬁ?ﬁ%cﬁ%c emistry
experimeitavastddifs asiteyowmmredispnioViocyies (ATMCE #eORILLEE), Alstandasd apitake assay was
used to camiaigiheacaniNaale GALNFMIN GAUARIEd GRENE (GAL AR AIBE,OF GALNS A555).
Cells were incubated with GALNS enz;}lme 1for 4 hours with gs%sec?ueﬁt c as%%\flsl ecé%-iduronidase
(IDU) for FHhelirsyaF e FEsies showed that the Alexa 488 conjugation did not interfere with cellular
uptake. Fi(%%ge t3 Z%ows the estimated Kd for GALNS, GALNS-A488, and GALNS-A555. The uptake
was meablred by aftieiEsTEA: pHa s Gsbe ratAar iR e o e A BecatiieTthe labeling
inactivatédsiteoennyrhesiTdaidtof dhe amebnjugated and conjugated GALNS enzymes were
determined to be about equal. [00330] To determine the stability of the fluorescent tag once the
GALNS dfo3hk wakrincoepordtedinto thie Sel¢immmuiodtainifg:dinginthajigitedfahdlcdhjugated
GALNS wag Reriofpad- L& Rrimantantkedy ised for ihe staining was a protein, Gopyrified
anti-GALNS rabbit antibody at ﬁogﬁéentraﬂon of 19pg/mL. A%I Prﬁé%gvsl_ﬁvfe%ﬁ?é %ﬁl%qﬁ% Leica IRE2
widefield%&H¥ILG PESESKE FRIEFSSEBR i M METE SIS BufewarsrDéconvolition. ofifR image stacks
was requiseshior measure eadocalizafiondn e smireagamdue fo. Newpresencaof Qutokpjane light. The
deconvolution was done usm%ﬁAutoQuant/AutoDeblur visualization software using a theoretical point

spread faHCHoN (BITd HYSThhS CRIERE Fi2pResir tos iRt BResrRiaTamyibbdoverlap with signal
that was amiphfisedovith thecti Ak S-A4R8 matesialq fine-ehsepigdinpreassdn peRsitivi/ovas due to the

primary and the seco y antibody both being polyclonal. [00332] To determine if the GALNS
Hé%?Celgr#%?{ﬁ%%@%ggg%@ﬁ%rﬂéé%%?a‘ﬁﬁ%z& thedurlres sl maoméstegifith Molecular

contafn
enzyme was tar

Probes Lyspteacker)on ampiherenzymsriahlocaizes ipiheMsosems wes perfarmeadidasgtracker
with the GALNS-488 enzyme; however, the staining wasn't uniform. A

appeared to sh me overl e GALNS
2 hr chasé tgv?%heoggg%o FHESTFRARR FRORRERENE: Aoty fiariclod amife (o Asa Pins) vas)&bsomal
enzyme,didishoinsometcddCalitationt wiflo @ AkdNS 0.2 5mL/min. Bound GALNS was eluted
off the column using a 0-100% etution buffer (EL, acidic PBS, pH 6.0 containing 5 mM B-
glycerophosphate, 0.05% Tween 20, 5 mM mannosec-6-phosphate and 0.02% NaN;) gradient

(10 CV}, foliowed by 2 CV of 100% EL. The column was re-equilibrated with 3 CV of EQ.

[00292]  Using the GALNS ELISA, the percent of purified GALNS that bound to the M6P

receptor was deiermined to be 56%.
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WO 2009/091994PCT/US2009/031276 [00333] The above experiments showed that GALNS-A488
enzyme is taken up by cells and localizes to the lysosome, and can be used to determine
biodistribution in vivo. [00334]Two in vivo studies were conducted. A first pilot study was a single dose
(10 mg/kg) BERATREERSH in the tail vein of normal Balb/c mice, followed By AUs2¢8#d18fedy with
multiple (5) injections every other day of 10 mg/kg in the tail vein of normal Balb/c mice. Table 13 and
Table 14208&%Hribe the EXpesumeintaliptahs: forittie firgtidnd dReong studias TBspEctively. Table 13:

ExperimentalResn R B RIS 1018k 2 NERMET RN Al T T Boiat 8BS Control 4.2
profile of the total oligosaccharides on the GALNS was determined by capiliary
electrophoresis (CE) as described in Ma ef al., Anal. Chem. 71(22):5185-5192, 1999. The
method used PNGase F to cleave asparagine N-linked oligosaccharides. The cleaved
ohigosaccharides were isolated and derivatized with fluorescent dye, and applied to a G10
spin column to remove excess dye. The purified, fluorescently labeled oligosaccharides were
separated electrophoretically and peaks subsequentluy quantified using the MDQ-CE
software (32 Karat Ver. 7.0).

[60294]  Using this assay, the amounts of bis-phosphorylated mannose 7 (BPM7), mono-
phosphorylated mannose 6 (MPMG6) and sialic acid containing oligosaccharides for purified
GALNS were 0.58 mol/mole enzyme, 0.08 mol/mol enzyme and not detectable, respectively.

The percent of GALNS proteins containing BPM7 was estimated to be 29%.

00295}  Bis7 Oligosaccharide Characterization. The location of the bis-phosphorylated
mannose 7 (BPM7) oligosaccharides on the GALNS was determined. The asparagine (Asn)
residue at position 178 was N-linked glycosylated to BPM7. The Asn residue at position 397
was not N-linked glyosylated to BPM?7, but was found to be predominantly oligomannose-

type sugars.

[00296]  Hydroxyapatite Affinity. An in vitro bone model was developed to determine
whether the GALNS had the ability to target to bone. A 4 mg/mL HTP-DNA grade
hydroxyapatite (Bio-RAD) suspension was prepared and equilibrated in DBS + 50 pg/mL
BSA, pH 7.4. The purified GALNS, after adding 50 ng/mL BSA, was desalted in DBS, pH
7.4. The desalted GALNS, at a final concentration of approximately 2 mg/mL., was serially
diluted in DBS + 50 pg/mL BSA, pH 7.4 in a 96-well plate. 50 uL of the sertaliy diluted
GALNS were transferred to 96-well filter plate (Millipore #MSGVN2210, hydrophilic
PVDF, low protein binding, 22 um pore size}). 50 uL of the hydroxyapatite suspension was
added to the wells of the filter plate containing the serially diluted GALNS and incubated for

I hour at 37°C with mild shaking. The plate was subjected to vacuum filtration.

[060297]  The vacuum filter supernatanis were analyzed by either HPLC or GALNS enzyme
activity as described above. The purified GALNS had a Kd for hydroxyapatite of 3-4.0 uM.
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[00298]  The G718 cell line expressing human sulfatase modifying factor 1 (SUMF1)

produces lysosomal sulfatase enzymes with higher amounts of activation (i.e., conversion of

the active site cysteine residue to Cy-formylglycine (FGiy)).

[66299]  To determine if the purified recombinant lysosomal sulfatase enzyme (e.g., human
N-acetylgalactosamine-6-sulfatase (GALNS)) co-expressed with SUMF1 in G718 cells
exhibits increased activation, the amount of conversion of active site cysteine residue to FGly

on the purified lysosomal sulfatase enzyme was determined.

(003001  GALNS Activation. The percent activation, i.e., percent conversion of the active
site cysteine (Cys) cysteine residue Co-formylglycine (FGly), of the GALNS was determined
by LC/MS (TFA). The TIC/1000 for Cys, FGly and Gly were 39, 1840 and 183,
respectively, indicating that about 90% of the purified GALNS is in an active (i.e., FGly)
form. |

100301]  Swmmary. Table 7 shows a summary of the characterization of recombinant

GALNS expressed in G718 clone 4 cells. Table § shows a summary of the characterization

of recombinant GALNS expressed in G718 clone C2 cells.

Table 7: Characterization of Human N-Acetylgalactosamine-6-Sulfatase (GALNS)
Produced from G718 Clone 4

Assay Category GAILNS
Specific Activity: Activity/Antigen by ELISA 0.165 U/mg
Specific Activity: Activity/Protein 7.7 Ulmg
Purity by C4-RP | >95% (6 lots tested)
Size by SEC 115 kDa {(homodimer)
Serum Stabilify at 37°C 217 Hours
Uptake: Chondrocytes 4.9 nM
Uptake: Fibroblasts 5.0 nM
Uptake: Osteoblasts 7.8 1M
Productivity 1.3 pg/eell/day
Titer 4.2 mg/L
MG6P Receptor Plate Binding 2.4 nM
M6P Receptor Column Binding: % Bound 56%
M6P Content by CE: % of Total Carbohydrate 29%
M6P Content: mol MO6P/mol GALNS 0.58
Sialic Acid Content be CE 1%
Hydroxyapatite Affinity 4 uM
Activation: % FGly ] 0%

Fable 8: Characterization of Human N-Acetylgalactosamine-6-Sulfatase (GALNS)
Produced from G718 Clone C2
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Table 14: Experimental Design of Second Study Group Total 2 hr Time Point 4 hr Time Point 8 hr
Time Point PBS Control 2 1 01 PBS/Cys Control

W 2009/091994 PCTIUS2009/031276

Assay Category GALNS

Specific Activity: Activity/Protein 6.4 Uimg

Purity by C4-RP 97%

Size by SEC 115 kDa (homodimer)

Uptake: Fibroblasts 3.4 aM

Titer 6.4 mg/L (4 lots tested)

MG6P Receptor Plate Binding 5.7 oM

M6P Content by CE: % of Total Carbohydrate 34.5%

M6P Content: mol M6P/mol GAINS 0.69

100302}  These results demonstrate that the purified recombinant human GALNS has a high
level of activation, and high levels of mannose 6-phosphate phospherylation. Thus, G718
cells co-expressing SUMF1 and a lysosomal sulfatase enzyme (i.e., GALNS) efficiently
produce active highly phosphorylated lysosomal sulfatase enzyme. The increased level of
high mannose residues on such lysosomal sulfatase enzymes leads to increased uptake by the

MPR on cells.

EXAMPLE VII

UPTAKE AND ACTIVITY OF RECOMBINANT HUMAN N-
ACETYLGALACTOSAMINE-0-SULFATASE (GALNS) IN MORQUIO
CHONDROCYTES IN VITRO

f00303] The uptake of recombnant human N-acetylgalactosamine-6-sulfatase (GALNS)
by lysosomes of Morguio chondrocytes and the ability of GALNS to degrade keratan sulfate

(KS) in vitro was evaluated.

100304]  Chondrocytes from patients with Mucopolysaccharidosis Type IVa (MPS 1Va,
Morguio Syndrome) have reduced GALNS activity and exhibit lysosomal accumulation of
KS. An in vitro model of MPS IVa was established using chondrocytes isolated from iliac
crest biopsies of a MPS IVa patient. Primary chondrocytes, however, de-differentiate and
lose thewr chondrocyte characteristics in culture. Thus, culture conditions were established to

imduce chondrocyte differentiation in vifro.

{00305} Chondrocytes isolated from an MPS [Va patient, designated MQCH, were
cultured 1n aiginate beads in the presence of IGF-1, TGF-, transferrin, insulin and ascorbic
acid (Chondrocyte Growth Medium, Lonza #CC-3225). The culture medium was changed
twice per week for the duration of the experiments, from 6 to 15 weeks. These culture

conditions induced expression of the chondrocyte phenotype and differentiation. These
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MQCH celis expressed chondrocyte markers, including sex determining region Y-box 9 (Sox
9), collagen II, collagen X, cartilage oligomeric matrix protein and aggregan mRNA, as
measured by quantitative RT-PCR analysis using RNA isolated from cultures of MQCH

cells. These cultured MQCH cells also elaborated extracellular matrix.

[00366] Confocal microscopy was performed to confirm that the MQCH cells accumulated
KS. The MQCH cells in an 8-week culture were trypsinized, cytospun onto glass slides,
fixed in acetone, and frozen until use. After thawing, the cells were rehydrated and stained
using, as primary and secondary antibodies, an anti-K.S monocional antibody {Chemicon) and
an Alexa-488 (green) conjugated goat anti-rabbit antibody, respectively. The MQ-CH cells

displayed punctate intraceltular staining, consistent with Iysosomal KS accumuiation.

[60307]  To determine whether purified recombinant human GALNS could be taken up by
MQCH cells into lysosomes and degrade KS, a 6-week MQCH cell culiure was incubated
with 10 nM recombinant human GALNS twice per week for 9 weeks. GALNS uptake and
KS clearance were measured by confocal microscopy. The primary antibodies used were: (a)
an anti-GALNS rabbit polyclonal antibody and an anti-Lysosomal Associated Membrane
Protein-1 (LAMP-1) monoclonal antibody, or (b) an anti-KS monocional antibody and an
anti-LAMP-1 polyclonal antibody. The secondary antibodies used were: Alexa-488 {green)
conjugated antibodies to detect anti-GALNS or anti-KS antibodies, or Alexa-555 or -594
(red) conjugated antibodies to detect anti-LAMP-1 antibodies. MQCH cell preparations were

mounted in mountant containing DAPI, which stains nuclei.

[003068]  Significant co-localization of the GALNS enzyme and KS with the lysosome
marker, LAMP-1, was observed in GALNS-treated MQCH cells. Upon exposure of MQCH

to recombinant human GALNS, the amount of intracellular KS was decreased.

[00309]  GALNS uptake was also measured using a GALNS enzyme capture ELISA and a
GALNS specific activity ELISA, both described in Example IV above. Normal human
chondrocytes (NHKC), which express GALNS, were used as z positive control. As shown in
Tables 9 and 10, untreated MQCH cells had no detectable GALNS enzyme or activity,
whereas MCQH cells treated for 9 weeks with 10 nM GALNS had significant GALNS

enzyme and activity.

Table 9: GALNS Enzyme Capture ELISA Using MQCH Cells

MOCH Cells NHEKC
No treatment N.D.# 0.12°
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Unlabeled ASS 32 0 1 [00335] In the first pilot study, the heart, the liver and the tibia/ emur joint were
harvested at 2 hour and 24 hour time points. In the second study, the heart, the kidney, the liver, and
the bone with quadricep and soleus were harvested at 2 hour, 4 hour and 8 hour time points. For both
studies, the AEHRIEAEY, and liver were immersion fixed in 4% parafonnBfdé¥§Ae*(BEXS for 4 days,
paraffin embedded, then sectioned to 7 um thickness. The bone, including the muscle in the second
study, was immersion fixed in 4% PFA for 8 days;decalgified, paraffin eryageded, and sectioned to 7

i {OORA2A -t anpece-af-thal - C-ALN =Y 1 3 1
um thickness:{003361t ||_||a§$ca of-the-GALNS-A488-hjected-mice-were-acquired-on-a-Zeiss laser

scanning confbeaPhriittdSEdFE. Fiskihe analysis if- e first pilot study, oné’éonfocal stack per sample
was acquired foltthedegartdidive GabiNiSemanchsethidmvaltimetric analysis. Two confocal
stacks/sample were acquired for the growth plate and used for volumetric analysis. In the second
study, one confocal stetkEsbthfieMoNAedesibr A clitified wad a9 68 Giedld and used for
volumetric analysis; two confocat stacks/sampie for growth-ptate-and-zone-of rest-cartitage (zrc) were
acquired and used for volumetric analysis. 118%%%(% 5 conclusions frofié confocal microscopy
imaging studiesoweranéh) it was possible to detestfitiorescent GALNS in yiyg? (2) the signal was

specific (abseT&eEﬁT@ﬁﬁlﬁ%r?urnﬂv?Qd the iocaiizat_i&n was tysosomat; (3) é'rllb‘ presence 0f GALNS was

demonstrate! in the liver; ('—?;‘ln the heart,ithe GALN E%zyme was present in the
septum and the APiAFCHEEmGrELTRDBFtaARYE WHelearly visible at the level of the heart valve, where
it was m ply-distribut fter multiple injections; (6) at the emur/Rl?J\"% junction, the GALNS
enzyme 3\/@3 presen it eé‘?h%r?ée% e tt|o'£)atr?fa(t)}£ Fﬁle%P %ojﬁaéo eE?B rﬁ/ts{%‘}?%% &AW, GALNS
was presendinihsogrovithqsids. iMofesperticalam/s @ A Siniascabuadeftinvive clibadrocytes of the
resting zee-AR[AIREREEGREME carkinge), pISsERLALING heginn] & proliierative.zone, and
reappeared abundantly in??he ossification %one. at thecen% o%%hqun%%?/ﬁﬁ;%%%g? %%%tagsﬁ difficult to
quantify FEORIUTEEYESSHELT: Hbith’empdetohs, the second study seemed to display a broader
distribution. Table 15 shows a summary of the confocal microscopy imaging studies. Table 15:
Biodistribution of GALNS in Mice

EXAMPLE VHI

ACTIVITY OF RECOMBINANT HUMAN LYSOSOMAL ENZYMES TO DEGRADE
NATURAL SUBSTRATES IN A CELL-BASED ASSAY INVITRO

[00311]  Cell-based in vitro assays were developed to measure the activity of recombinant

human lysosomal enzymes, e.g., lysosomal sulfatase enzymes, to degrade natural substrates.

[00312] The enzymatic activity of recombinant human lysosomal enzymes, e.g., lysosomal
sulfatase enzymes, is typically measured by a cell-free in vitro assay using an artificial
tluorogenic substrate (see Example 4 for GALNS). However, the enzyme activity measured
1s dependent on the size of the artificial substrate, i.e., number of monosaccharide units. In
addition, the enzyme activity 1s measured in an environment that is not reflective of the
situation in vivo. Thus, the celi-free in vitro assay does not take into account either the
lysosomal enzyme’s ability to cleave natural substrates, or its ability to be taken up into target

cells and localize to lysosomes.

[00313} A cell-based in vitro assay was developed to measure the activity of two
recombinant human lysosomal enzymes, alpha-L-iduronidase (IDU) and arylsulfatase B
(ARSB), to degrade their natural substrates, i.e., intracellular dermatan sulfate (DS)-
containing substrates. DS contains variably sulfated iduronic acid 3 (1-3) — N-acetyl-

galactosamine P (1-4) disaccharide units,
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Tissue Localization Bone (Femur) Mineralized region Yes Bone Marrow 1 Yes Growth Plate
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[00314] ARSB-deficient GM00519 human fibroblast cells or IDU-deficient GM0139]
human fibrobiast cells were cultured to confluency in 12-well plates, and the cultures were

maintained post-confiuency for 3-6 weeks to allow for accumulation of intracellular DS.

[00315]  Post-confluent GMO0519 or GMO01391 cells were then exposed to saturating doses
of recombinant human ARSB (10 nM) or recombinant human [DU (25 nM), respectively, for
4-5 days. Untreated and lysosomal sulfatase enzyme-treated cells were harvested, lysed and

centrifuged.

{00316} Lysésomai enzyme activity in the cell lysates was measured by determining the
residual DS content of the cells by: (1) lysing the cells; (2) specifically digesting D$-
containing substrates into disaccharides using chondroitin ABC lyase (EC 4.2.2.4) in the cell
lysate: (3) labeling DS disaccharides with a fluorescent dye (e.g., 2-amino-acridone, AMACY);
(4) separating the DS disaccharides (e.g., by capillary zone electrophoresis, CZE); and (3)
detecting the labeled DS disaccharides (e.g., by laser-induced fluorescence, LIF). Such
methods are described, for example, in Zinellu er al., Elecirophoresis 2:2439-2447, 2007, and
Laman et al., J. Chromatogr. B 730:129-133, 1999 (reviewed in Volpi et al., Electrophoresis
29:3095-3106, 2008).

[00317] Table 11 shows the percent degradation of DS using GM00519 cells treated with
ARSB, as determined by measuring the amount of disaccharide containing N-
acetylgalactosamine-4-sulfate (4S disaccharide), which is the predominant DS disaccharide.

Similar results were obtained using GM01391 cells treated with IDU.

‘T'able 11: Depletion of DS by ARSB in a Cell-Based In Vitro Assay

Age of Cells GMO0519 Cells
(Weeks) (% Degradation)”
3 86
4 92
5 92
6 | 89

"Percent degradation was calculated by measuring the area under the curve of
the 45 disaccharide detected in the CZE-LIF scan in lysates {from ARSB-
treated as compared to untreated cells

[00318] The above assay indicated that target cells take up recombinant human ARSB and
IDU, which are then localized to lysosomes, where they degrade their natural substrate,

ntracetlular DS.
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[00319] A dose finding experiment was perfonmed to determine the concentration at which
IDU becomes rate limiting in this cell-based assay. GM01391 celis were cultured in 12-well
plates. At 4 weeks post-confluency, the cells were exposed to various concentrations of IDU,
from 0.8 nM to 25 nM, for 6 or 26 hours. Cell lysates were prepared and processed as

described above. IDU was determined not to become rate Hmiting below 1 nM.

[00320]  In a second dose finding experiment, GM01391 celis at 3 weeks post-confluency
were exposed to various concentrations of IDU, from 0.01 to 0.2 nM, for 2 days. Cell lysates
were prepared and processed as described above. In this experiment, a known amount of an
internal standard monosaccharide, GleNAc-6S, was spiked into the cell lysates to control for
recovery during processing. As shown in Figure 11, a dose dependent decrease in the

amount of DS substrate was observed m the IDU-treated GM01391 cells.

f00321}  ina similar dose finding experiment, GM00519 cells at 3 weeks post-confluency
were exposed to various concentrations of ARSB, from 0.001 to 0.06 nM, for 5 days. Cell
lysates were prepared and processed as described above. In this experiment, a known amount
of an internal standard monosaccharide, GleNAc-68, was spiked into the cell lysates to
control for recovery during processing. As shown in Figure 12, a dose dependent decrease in

the amount of DS substrate was observed in the ARSB-treated GMO0519 cells.

[00322] A cell-based in vitro assay was developed to measure the activity of a recombinant
human lysosomal sulfatase enzyme, GALNS, to degrade its natural substrate, i.e.,

intracellular keratan sulfate (KS)-containing substrates.

[00323] GALNS-deficient MQCH celis were cultured as described in Example 7 above
and treated with recombinant human GALNS at 1 or 10 nM. Afier treatment, MQCH cell
lysates were prepared and digested with Keratanase II (EC 3.2.1), which breaks down larger
KS oligosaccharides into KS disaccharides. The KS disaccharides were labeled with AMAC,
separated by CZE and detected by LIF, as described above for DS disaccharides. GleNAc-
685, a KS monosaccharide, was spiked into the cell lysates as internal standard to control for
recovery during processing. The amounts of two characteristic KS disaccharides, Gal6S-
GleNAc6S and Gal-GleNAc6S were measured, and the data obtained was corrected by the
amount of (IeNAc6S recovered. Table 12 shows the percent degradation of KS using
MQCH cells treated with GALNS, as determined by measuring the amount of the two

characteristic XS disaccharides.
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Hepatocyte No Sinusoidal CellYes [00338] For secondary staining, the initial step wasoptimization of
the GALNS primary antibody. Various tissues were stained with dilutions of 1:100 to 1:400 Wlth the
protein G-purified anti-GALNS rabbit antibody. Results in the first pilot study indicated that a dilution of
1:100 was oPtthtaftéPHHigh signal to noise ratio. This result was confirmégirgaersgsond study. The
remaining slides were processed at a primary antibody dilution of 1:100 and a secondary antibody
dilution of 1:1000. TaB&3M: Siymadtion BakichpiCe. doserh witheEAaNG hadia siggakabove control (i.e.,

PBSCys dosed-mice)-when-stained-with-the protein 0-purified_anti-GALNS antihady. To confirm that
the GALNS enzyme was localized in the Iy@d@ﬁﬁ@,lcm&@é&tlons wereGsiatRN Wit an anti-LAMP |

antibody. LAMP,NS@A@%er for Iysosomes Thejmages showed overlap_}%elween thegnti-LAMP1
and anti-GALNS Aadie githat-the GALNS enzyme was localized.in the lysgsome.

NO Cll ILIUUUICO, lI IUIUUI.LII Iu tricc
10034010veraft HYEESHSvivo studies indicate RAEGALNS biodistributiohtis linked to
“"Percent degradation was calculated by measuring the area under the curve of the
Gal6S-GleNAcoS and Gal-GleNAcGS detected in the CZE-LIF scan in lysates from
GALNS-treated as compared to untreated MQCH cells, and adjusting for the area
under the curve of the spike control GlcNAcGS

[00324]  The above assay indicated that target ceils take up recombinant human GALNS,
which 1s then Jocalized to lysosomes, where GALNS degraded its natural substrate,

intraceilular XS,

[00325]  Overall, these results demonstrated that the activity of recombinant human
lysosomal enzymes, ARSB, IDU and GALNS, to degrade their natural substrates can be
measured and quantified in cell-based i vitro assays. It should be appreciated that this cell-
based in vitro assay can be readily modified to measure and quantify the activity of other

lysosomal sulfatase enzymes, as well as a wide variety of recombinant lysosomal enzymes.

EXAMPLE IX

DELIVERY OF RECOMBINANT HUMAN N-ACETYLGALACTOSAMINE-6-
SULFATASE (GALNS) TO SPECIFIC TISSUES

[00326]  The ability of recombinant human N-acetylgalactosamine-6-sulfatase (GALNS),
expressed in G71 cells and purified, to be delivered to specific tissues affected by, or

associated with, deficiency of GALNS upon its administration into mice was evaluated.

[00327]  The highly specific distribution of keratan sulfate gives the very characteristic
phenotype of Mucopolysaccharidosis Type IVa (MPS I'VA) or Morquio Syndrome. Keratan
sulfate 1s primarily found in cartilage (joints bone growth plates, the heart valve, larynx and
nasal septum} and cornea, and it is these tissues that exhibit keratan sulfate accumulation in
MPS IVA patients. Thus, for N-acetyigalactosamine-6-sulfatase {GALNS), which is
deficient in MPS IVA or Morquio Syndrome, it is important to show delivery of the GALNS
enzyme to the growth plate of long bones, the heart valve, comea, larynx and nose. To look
at these specific tissues, which are poorly vascularized targets, delivery of a fluorescent

GALNS was investigated in mice,
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vascularization, i.e., the more vascularized tissues contain more fluorescent signal. More importantly,
the studies demonstrate the presence of GALNS at the sites of keratan sulfate accumulation in
Morquio Syndrome, even if these sites are poorly vascularized. EXAMPLE X EFFECTS OF
RECOMBINAIEHURMAN N-ACETYLGALACTOSAMINE-6- SULFATASE(GAENSYNE OTHER
LYSOSOMAL SULFATASE ENZYMES IN MICE DEFICIENT IN LYSOSOMAL SULFATASE ENZYME

ACTIVITY(08B4 1] The effeatscbfdbenastive highlyhesphorylatadshmaniysqsemalsyifatase

enzymes pf the dnvention, e.g., recombjpnant an N-acetylgalactosamine-6-sulfatase (GALNS), in
mice defic?éf&nf'g}(?né If/%zglslﬁﬁtl%(&%ﬂ%a%gesxea gnzﬁrrhdggn&ﬁ?ﬂpﬁi%ag\g HERSH S A 034 2 R REsBinant
human GALINSpréiéihNs expressed inn@TisioaliscandpivifieduRiifessecarbiranshimman lysosomal
sulfatase | - he expressed an ified basically according to methods desgrjbed herein or
by proced%?e%gﬁgr?gv%r? Elllrilﬁtﬁé%a% [%%"3922] %}g\%%%r%%%s%o%%%@gnodrl'?tl%rhseﬂ ﬁ%%é%grﬁféﬁ atase enzyme
deficiencﬁ%é@%ﬁ%@@&é’%éﬁ%d, including: Metachromatic Leukodystrophy (MLD) (arylsulfatase A
deficienc:'%@g% SS &tal., P’i{é@gﬁ Natl. Acad. Sc!. USA 93:14821-14826, 1996), Mucopolysaccharidosis
type VI ( 1) o MEYBHSELRA ARy TROTRIFERh & Eid S aiss e Hatfhorettsy) (EVAIS\St ah, Proc. Natl.
Acad. ScindBiAcagi82bABR1%xpA% MuSORAly Sacehanidesis: HaeiH-(MP & -er Hupter syndrome
(iduronatq-g%-@uh%&%%gi%ﬁ?i%n%gf Muenzer et al., Acta Paediatr. Suppl. 91(439):98-99, 2002; Cardone
et al., Hum. Mot Genet 1895535536 St BB LA ERa Bt A S VBS Ma) or Sanfilippo
A syndrofteti@iafahtidd SefhépataiNisiffatase\daficienty). (Bhaumik etalib Giyeabialpgyns
9(12):1389:1396, 2009/091994PCT/US2009/031276 M )olysaccharidosis type IVa
(MPS IV%)% ﬁ%ﬁﬁ%ﬁ%@% roam%%flsl%%ﬁﬁy?g%ﬁ&%)%éxrﬁ(?fﬁle%g%ﬁ%%eag[@oﬁéé%f@nlﬁ%rﬁ difatsu et al.,
Hum. Mofe@énahove3B40thg 3585 2083) caindahuitienSuilfatafse: Deficiency( MSR). (Fulfatase modifying
factor 1 defigigneyh(Sefembr& 84al-Riags Natl; £ ‘?‘Qz%?'aufj%ﬁgéﬁ §?5'4 11,2007). A mouse

or énﬁlppo sSyn

model of Mucopolﬁ\%s{acc_haridoss type Ind (MPS Tli Pome ' Uptake'was
(NacetyIgRieSeamhie e e itk defibrrryivaas yaheothendogerised!iJ0pBddiuMatse models of
human lysesniahseiaiagerrnzyme-deficiencyGan e #semioassesiaapsikiiycof enzyme
replacement ther%p%%R%lzga%? means for treating lysoSomal storage disorders. For example, MPS
IVa knockGUE i ce (CRITHEE il rdidistrat al., Hum. Mol. Genet. 12:3349-3358, 2003) have no
detectable GaLNSenzyme activity and display increased urinary glycosaminoglycans (GAGs), i.e.,
keratin su fat@gnmgﬁg%ﬁfﬁ%? sb%é%t, 3&?%@%3%55%55‘?\‘%6?’@% G hiiplefisstiés and organs,
e.g., livernkiapepiespleterihhedtt Hyraimobenenmanraw aneeaidilage:ofihe FALATI NRigesdo not,
however ,digplayskeletal. abnormalities asseciated with the human disease. Another, MPS Na mouse
model Wgs developed that e%resseé%ﬁumgirf%%i\%}}eg%ﬁﬁg}g é/ﬁﬁ\l@%%ia?%uﬁfggé?ﬁ%h%ﬁgndogenous
mouse GAYNITGAINEmE7seertPEs)sid MicénTormbtsuretaivetinieMal. GenatiiEd23321- 3335,
2005). INGRENSENRIASIOG HRISILAIGEYNIEN IBEINQ ARIREIAbIe AL enayime acthvty

urinary GAG excretion is increased, GAGs ac?:umu[a_lte'l_n m tlf_ﬁg’ tissues, inciudi g Visceral organs,

brain, colRE& HeHE, et etcdia peaeinarrineiiyssenindhetoiayeds dnatketkipreseltipleftissues, and
bone stosagefigievident. The pathlediaah aterations g IM]?Z%&SB&XL]&?Q& iiEQéﬁ)e are different
from those.observed in GALNS mice. However, like the GALNS" mice, GALNSI*"7§smC76Saiu mice

do not dlssopffév)?']gkuésllélgaf Gt AN R L SRGRa i it et esraitedease. Thus, GALNS" or
GAL.Ar" S) mice can be used to | 2 tigate the effect of administration of recombinant
human g‘%ﬁéﬁg ks finar %%\Véfér};én ya‘gtocel;S l‘jf’éf noFERed ihne nesndiefo03451 Four

on increased urinary
week ol GALR A LEALM P8 o798 AL 7Dsunterwildutypeseriicecasei givenaweekly intraManeys injections

(n = at |%§tt§6%gogﬂrgrm%gg{mnq%q%pgnrgcombinant human GALNS (e.g.,0.1,0.3, 1, 3, 10
mg/kg) or a vehicle control through 16-20"Weéks of age, and then sacrificed for histological

examinaop3t]rine isiekeciedfIRMENICceLAd AN GAG SX I Hlion s dslermined as described
(Tomatsu et al., Hum. Mol. Genet. 12:3349-3358, 2003). atholo%ical examination of various tissues is

perform&d L GEEBR A (TSHAEIPE S O iR MEID ALHes ey Brohes 33s@ramton)r another

enzyme that localizes in the lysosome was performed. Lysotracker appeared to show some
overlap with the GALNS-488 enzyme; however, the staining wasn’t uniform. A 2 br chase

with recombinant human N-acetylgalactose amine-4-sulfatase {thASB), a lysosomal enzyme,

did show seme co-localization with GALNS.
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WO 2009/091994PCT/US2009/031276 (hC79S mC7659814 [00346] Using the GALNY/- or GALNP
mice, the recombinant human GALNS of the invention is expected to demonstrate the ability to reduce:
(1) urinary GAG excretion; (2) accumulation of GAGs in multiple tissues, e.g., visceral organs, brain,
cornea, bonéYigathemoand bone marrow; (3) lysosomal storage in multiple-tiasizesi@agh{4) bone
storage. [00347] The effect of recombinant human GALNS is investigated in a mouse mode_l of
Multiple Sifatase Dificionay EPAGRLIMEIS Mics:. SRMbIe £tk Riag Nafh Aeag Sci. USA
104:4506-4%]11é 0072. %e ause SUMF[/- mice displaé/ frequent_morf[allty ea_rly in'life, injections of
these mica With Tecombinant AtTA%n BATN SG& SRSt SRNE Hosk i tifaseritied above for GALNS-/-

mice. [00 llowi r s known in the art, the effects of other recormbinant human
lysosoma iﬁ%?asﬁ%ﬁ?ngé%%,%%@gsrﬂseﬂ?f(é?ggt%c?&,gaFg‘/lgs%ﬁ e éi}lﬂi’u?dlﬁétél%@ﬁ?éfa@& |
sulfamida&/kapr b -Nigtieasthednd Nincétylghidsdineié: silfatasehatesinvestigatgd in mouse

models ofMER{ASE' (< MIBE; I tl, . Scl, USA 93:14821-1 , .1996)_, MPS VI
(As1-3:1- mice;@\i}gers(zw&é?gsgl‘\% G,&%gz:l&agé? !lﬂjg‘?A‘?’g@z%l‘i%Bfﬁ‘ égﬁnﬁi%%ﬁdt mice;
Cardone 8tS:, TitiHe Manderle 18 fossinetse CRODBYCMFP Iz (Bhtarhik etel s<Giydobiology
9(12):13849u11296::3,209),apd MSD (SUMF17- mice; Settembre et al., Proc. Natl. Acad. Sci, USA

104:4506-4511, 2007). EXAMPLE XI TREATMENT OF HUMAN PATIENTS WITH

MUCOPOLY SACCHARIDIBEaBMRE: Wip (R MARRHE 3 EINDRGAMERAR OTHER LYSOSOMAL
SULFATASE ENZYME DEFICIENCIES WITH RECOMBINANT HUMAN 'N-

ACETYLGALACTQOSAMINE@USULFATASE! (CALNSInA NGO THER Yo POMAL
PBS Control 4 2 2
GALNS-A488 4 2 i
Uniabeled GAINS 4 2 2
Uniabeled ASB 1 1 0

Table 14: Experimental Design of Second Study

Group Total | 2 hr Time Point | 4 hr Time Point | 8 hr Time Point
PBS Contro} 2 1 0 I
PBS/Cys Control 4 2z 0 2
GALNS-A488 9 3 3 3
Unlabeled GALNS 6 3 0 3
Unlabeled ASB 3 2 0 1

[00335]  In the first pilot study, the heart, the liver and the tibia/fenur Jjoint were harvested
at 2 hour and 24 hour time points. In the second study, the heart, the kidney, the liver, and
the bone with quadricep and soleus were harvested at 2 hour, 4 hour and 8 hour time points.
For both studies, the heart, kidney, and liver were immersion fixed in 4% paraformaldehyde
(PFA) for 4 days, paraffin embedded, then sectioned to 7 pm thickness. The bone, including
the muscle in the second study, was immersion fixed in 4% PFA for & days, decalcified,

paraffin embedded, and sectioned to 7 wm thickness.

[00336] Images of the GALNS-A488 injected mice were acquired on a Zeiss laser
scanning confocal microscope. For the analysis in the first pilot study, one confocal stack per
sample was acquired for the heart valve and liver and used for volumetric analysis. Two
confocal stacks/sample were acquired for the growth plate and used for volumetric analysis.

In the second study, one confocal stack/sample for heart valve, kidney and liver was acquired



SULFATASE ENZYMES [00349] Human patients manifesting a clinical phenotype of lysosomal
sulfatase enzyme deficiency, such as in patients diagnosed with Mucopolysaccharidosis Type IVA
(MPS IVa or Morquio Syndrome), are contemplated for enzyme replacement therapy with the
recombinan&h 28198 human N-acetylgalactosamine-6-sulfatase (GAKNGE2APH38Mts suffering
from a lysosomal sulfatase enzyme deficiency manifest some clinical evidence of excessive or harmful
visceral aad seftl tissuelaneumatatiis ofistaragecmaterial dmribeinty sosemesaasampnifested by varying

degrees ‘?EJ{J&?H%%'%HR

storage disease. All the

stature angoanermal.gaitc RAMAr RGEURUIBHRR AT A0

jrment or worseni
?Aﬁjgre E\l?éluﬂev(\{ amfus

PS IVa patients man

el

stqtus asFOCiated wit
meiric ana

18. .
some cllnlcgf evidence

h a particular lysosomal
of bone deformity, short

INANEANLGAGLID. the blogd or urine, with

varying degrees of functional impairment. 1003501 Preferably, énzyme levels are monitored in a

patient sUT&FRL tPotAised

VEBEEITRIt SIS ek dervmirby as sensiifm(ahecapsehce or reduced

activity oftthe dysespmal sulfatape.epzyreeiiRdhailissyes Ratantswituless than 10%, preferably less

than 5%, more preferably less than 2% and even more preferably less than 1% of the lysosomal
enzyme é%] iv?fg/giﬁatg% ‘8&8&,{%“5‘5‘%%8‘? & g}@@t"ﬁfé@h’if’aﬁ%h‘?ﬁﬁdﬁ%@é#&@@%ﬁf%ith the

approprigtestysosoinaicpulfatasttenzyine., Batasnayrercallected o determissithe patiept)s lysosomal

sufatase gngye Akl fetars. dring and.after therapy. 0031 Blficacy.
measuring the percentage reauction in urlnarg)/ excretion of the su g‘frafe’, l.e

isd

etermined by
fnélﬁéigéﬁ?noglycan

(GAG) offeteulysbsotit sulf e S8’ Ay e ove mire cTine nrihany GAG elpls iof gatients suffering from

a lysosoma;stifatase spzymedeficiency; alacampared.io Aqun ¥

untreated patients suffering from the same lysosomal sulfatase

nzym

}'QQ Ig/yoerISS and/or levels in
eficiency and/or levels in the

same pafertyErre tHeriipy atAbHE R S5 Bin aheudracaies eh iymiestingrentdrtianc28% reduction,
preferablyegreatesrihan b ofesaduationc rdxcsetfan ovndegradad, GAGsdoliowing therapy with the

IysosomalbsuIJat se
Efficacy ERRPSREE HE

e

e:&%zyme is a valid means to measure an individual's response to therapy. [00352]

HEHFESra D b Ydae eEerdiypitand B risto st bithology

associatepiawiifytie lysosetival<Steragendisaasenjtfficacyieanhadetarminedbydissyrbiopsy and
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%%%éﬁ%ﬁ%ﬁcgggé%ﬁ%%ts, which may be

objectivestidsetbjective (e.g., reduced pain or difficulty in function, increased muscle strength or
stamina, increased cardiac output, exercise endurance, changes in body mass, height or appearance,

and the like). [00353] A pharrhaBkutisabeshspakitiing o8 sy iredtinsbinant human GALNS,
ourified. and f | .

expressed in G71S cells
preferred to administer tf

1e pharmaktsesical compo

ted according to procedures known in the art. It is
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basic design of an initial

CHOlfAfIRlHAN-JO INvestiga

€ the effect of administration of recombinant human

GALNS to MPS IVa patig

D ! 0 .I ¥
” rl[i ! mﬁ}/ﬂ’l%%l;a rx‘z ?e%l'&?

ot dose escatationsafety/efficacy study in which

various doses of enzyme

and not for limitation, we

o) Tallal JaVldal LR\ L
arc aurmmmrmnmsieTe|d IMMTUTIVG

ekly enzymeHAENMGHE™

2roushy-te-the-patients-at

03551 For'BPS 1Va p

a fixed interval, for example
tients, efficacy is

determined by measurin

observed within weeks @

fiER ¥ increased endurar

\ce in tests of cardiac, pu

g, for exampl&rdetréased blood or Uriegrary GAG, which is likely to be

Imonary and/or motor

function, which is likely t

6 be observed

B

ha-aha A MOANS

thsof ERTYand/Ur skete
ol ERT &5

al changes and/or body

growth, which is likely to

o Qo A
VT UuoSTTrveavvramTT o

T L-1T\T7
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[00338]

For secondary staining, the initial step was optimization of the GALNS primary

antibody. Various tissues were stained with dilutions of 1:100 to 1:400 with the protein G-

purified anti-GALNS rabbit antibody. Results in the first pilot study indicated that a dilution

of 1:100 was optimal for a high signal to noise ratio. This result was confirmed in the second
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[00356] Urinary GAG measurements are useful for establishing an appropriate dose regimen, as well
as for determining efficacy, by measuring the percentage reduction in urinary GAG excretion over
time. [00357] A variety of endurance tests may be employed, including for example and not for
limitation, w3l #8t&¢éfietance walked in 6 or 12 minutes), stair climb (stal€Hes2a9tiaEy sand
pulmonary/respiratory function, including cardiac function (ECG, echocardiogram), pulmonary function
(FVC, FEMidpeHkeflowir035B1 Faryoungerdatieptssundargoddg siaatsmert fanextended periods of
time, growth_(height) ma easure 0359] The lysosomal storage diseases associated with
deficiencﬁeicno%';/agégsgxr)#g?g&ﬁgtlg?soélgrﬁlzlygnqégactivity that can be treated or prevented using the methods

of the preggatépvention;ate dMpiachiamatic aukadystonly ML), M&&eopﬂééﬁsg?g;ﬁﬁﬁggﬂs type Vi

(MPS VI) or Maroteaux-Lamy syndrome, Mucopolysaccharidosis type II (MP unter syndrome,
MucopolySEcersAdusr K HAmRiPSUniy or Senfhpps RedyntrmeNdasspodysabeharidosis type Hid
(MPS Hidharisanfiiproi swylkema-Musopalisacahar dosisdreerhy 3MBs Wa) @5iMarquio A
syndrome, .qr Multiplﬁz %zﬁ‘rtas}g Deficiency (MSD). For each lysosomal storage disease, the
recombin\gﬁ%l%ﬁg%' AUl ARS8 Bh A WS B BT THEE AsSpRuRic Va6 SaA%sr ShffiEsse enzyme.

1003601 derinpattiadsinvolving MUD; thel preferredNgsesimatsuliatasmermme sarysullatase A. For
methods involvlinvg Mg{%i\/g dtpnet%?g fg(r)g%% Ieysosomal sulfatase enzyme is arylsulfatse B. For methods
involvingﬁi\%yg1 , fhe pre?erred ysgsoma]I Sulfatase enzyme is iduronate-2-sulfatase. For methods

involving iRgnllIA dhepreferied Jrsosomalsulfaiase anRrYme IssiamidasenisparanN;sulfatase. For

methods involving MPS HID, the preferred lysosomal sulfatase enzyme is
N-acetylgieRUEHIRIHEDG LSt A8 FsriEtHESIRER ARG P S g AlugTesprateieaal lydssomal sulfatase
enzyme ifdNoagalyoaleates anRcA: RIS B E QI WEZ00RDALARC TAIS2009ABA276 methods

involving MSD, the preferred lysosomal sulfatase enzyme is Nacetylgal.actosamine 6-sulfatase.
[003611 RF&H&%?E&‘S%%&#?&%W8@%?¥&%i%‘{?&H§ BESRSTRVAITRAYDS ESCRMITH - the above illustrative
examples are expected to occur to those skilled in the art. Consequently only such limitations as
appear in the appended claims should be placed on the invention. WHAT IS CLAIMED: 1. A purified
preparation of recombinant human N-acetylgglagigsamine-6-sulfatase (GALNS) enzyme, said enzyme
comprising an amino acid sequence at least 95% identical to amino acids 27 to 522 of SEQ ID NO:4,

useful for tre@ifRra sslpacRRCOMBINANE [ysosanal sterrgey disease dhab isaaueedby or associated
with a defidendyan S8l (GALNS) wigrenT saitk GASNS @eReyms U@ Ans sroonyofaideast about 95%
as determined\dy<CoDEEKSI E BIUBNSIZH S0 GRBALSSHEERT AS B BSPAGE AaderoR-reducing

conditions;
[60341]  The effects of the active highly phosphorylated human lysosomal sulfatase

enzymes of the invention, e.g., recombinant human N-acetylgalactosamine-6-suifatase

(GALNS), in mice deficient in lysosomal sulfatase enzyme activity are evaluated.

[00342]  The recombinant human GALNS protein is expressed in G718 cells and purified.
Other recombinant human fysosomal sulfatase enzymes can be expressed and purified

basically according to methods described herein or by procedures known in the art.

{00343]  Several mouse models of human lysosomal sulfatase enzyme deficiency have been
described, including: Metachromatic Leukodystrophy (MLD) (arylsulfatase A deficiency),
(Hess er al., Proc. Natl. Acad. Sci. US4 93:14821-14826, 1996), Mucopolysaccharidesis type
VI(MPS VI) or Maroteaux-Lamy syndrome (arylsulfatase B deficiency) (Evers ef al., Proc.
Natl. Acad. Sci. USA 93:8214-8219, 1996}, Mucopolysaccharidosis type II (MPS II) or
Hunter syndrome (iduronate-2-sulfatase deficiency) (Muenzer er al., Acta Paediarr. Suppl.
91(439):98-99, 2002; Cardone et al., Hum. Mol. Gener. 15:1225-1236, 2006),
Mucopolysaccharidosis type Illa (MPS Illa} or Sanfilippo A syndrome (sulfamidase/heparan-
N-sulfatase deficiency) (Bhaumik et al., Glycobiology 9(12):1389-1396, 1999),
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(b) has at least about 50% conversion of the cysteine residue at position 53 to Caformylglycine (FGly);
and (c) is N-linked glycosylated at the asparagine residues at positions 178 and 397, wherein at least
about 50% of the oligomannose chains attached to the asparagine residue at position 178 are
bis-phosphoXfatet/P1%¥he GALNS enzyme of claim 1, wherein the lysos8f#ilSt¢aG ticease is
Mucopolysaccharidosis type Na (MPS Na) or Morquio A syndrome. 3. The GALNS enzyme of claim 1,
wherein theuysospmahstatage: disdasg isAd ultiple SubataseDetidiency4. The GALNS enzylme of
claim 1, wherein the GALNS enzyme copsists of a major band pf about 55-60 kDa that is at least
about 75\%(% %t‘%%a\?%ﬁ:?llglﬁ% éﬁﬁgga% %e%egﬁﬁ"?ﬁlc g(t%’lagg%%{fgie ﬁe%&m‘?ﬁﬁ%r@n’ {ibjected to
SDS-PAGE 8ndéi3redutivy o hditidiantiss Ditiel @ay NSSENZgnisrefctaint fvivghecain the GALNS _
enzyme cafssts.of & el benc: ok ahou 25 0.0R. 03 i o least abeLLARA: of e isible proteins
as determined l(:g oomassie Blue staining when subjected to SDS-P under reaucmg conditions.

6. The GRING enYRpoersrhnrdoskessin ihe GRENBI azyediHaped? leask 709 Nonversion of the

cysteine residusabpasiion-5ateCaramyiglysine (FGIVY FxFhp GALNS enzyme of claim I, wherein
the GALNS enzyme has at least 90% conversion of the cysteine residue at position 53 to

Ca-form ine (EGly).. 8. The GALNS enzyme of ¢claim 1, wherejn_the GALNS enzyme consists of a
major bglt%%%ﬁgcgt}t? %ég%glﬁ%% tcf?a s %S@fséioa acf?ﬁ'tl %eo?%n\%éfbﬁglg?ﬁeﬁ%%s“a%%?mined by
Coomassa'%ﬁ@m@%fafiﬁih@ﬂwhémﬁumj@medqmmh%ﬁsﬁﬁjmbwq@m:ngfcpﬁMQSyQ;sﬁnelGA.LNS
enzyme of g byiDerei e GAENS SRV IS SioN elein comprising g eellly targeting

signal located at the N- or C-terminus of the GALNS enzyme. enzyme of claim 9,
wherein g eelaigeting Mdrarcortsfsts a bore et iy befiticery e KiieiGALNS enzyme of
claim 10dwheyeiftihedaantinrGeHRg-PaRYIEE GRRRTISES)SX-A3RAINS AGigEesifVEShdroitin-6-

sulfate, and accumulation of GAGs in multipie tissues and organs, e.g., liver, kidney, spleen,
heart, brain, bone marrow and cartilage. The GALNS " mice do not, however, display skeletal
abnormalities associated with the human disease. Another MPS IVa mouse model was
developed that expresses an inactive human GALNS and a mutated, inactive endogenous
mouse GALNS (GALNS™HCTISmCTSsk oo Tomatsu et al., Hum. Mol. Genet. 14:3321-
3335, 2005). In GALNS™"C795m765sk yice which have no detectable GALNS enzyme
activity, urinary GAG excretion is increased, GAGs accumulate in multiple tissues, mchiding
visceral organs, brain, cornea, bone, ligament and bone marrow, lysosomal storage is marked
in mulitiple tissues, and bone storage is evident. The pathological alterations in

GALNS™ 7o mCT885M nioe are different from those observed in GALNS™ mice. However,
like the GALNS™ mice, GALNS™*C795mCT65)sk 1mi0e do not digplay skeletal abnormalities
associated with the human disease. Thus, GALNS™ or GALNS™HCT8mCI8)sh 2o can be
used to investigate the effect of administration of recombinant human GALNS on increased

urinary GAGs and accumulation of GAGs in the tissues.

[00345]  Four week old GALNS", GALNS"HC798mC768ishe wild-type mice are given
weekly mtravenous injections (n = at least 6 or 8 per group) of various doses of recombinant
human GALNS {e.g., 0.1, 0.3, 1, 3, 10 mg/kg) or a vehicle control through 16-20 weeks of
age, and then sacrificed for histological examination. Urine is collected from mice and
urinary GAG excretion is determined as described (Tomatsu ef al., Hum. Mol Genet.
12:3349-3358, 2003). Pathological examination of various tissues is performed as described
(Tomatsu ef al., Hum. Mol Gener. 12:3349-3358, 2003).
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12. The use of a purified, recombinant human N-acetylgalactosamine-6-sulfatase (GALNS) enzyme in
the manufacture of a medicament for treating a subject suffering from Mucopolysaccharidosis Type Iva
(MPS Iva) or Morquio A syndrome, or Multiple Sulfatase Deficiency (MSD), said enzyme comprising
an amino acit’s¥ylBHEat least 95% identical to amino acids 27 to 522 BESEEFI1YNGA, wherein said
GALNS enzyme: (a) has a purity of at least about 95% as determined by Coomassie Blue staining
when subifetasl to BHS: PAGE UvdermGAIESICNG Eotititionse.(hhas aiieast mhast 50% conversion
of the cystai idue. ition.5 afarmylglycine (FGly): and .(c) is N-linked glycosylated at the
asparagi?gg %%ﬁi%%ﬁ%%@%%gng 61}L Se%a?ﬁ%%gﬁnv}éﬁse%%{l%ﬁé% é%ﬁya%gﬁ?%) Oj;lcgf%%éaig%c%(n%]grmose chains
attached tctliBaas paragineysiou el dfposition Wiislate Bissphosphotydhtegk3bihie asaof claim 12,

wherein g, sublglis %HESHH&HA?FHMEEMQSQ&M%Q}A@%%Q@@%S&@S; The (ué%&kclaim 12,

wherein the subject is suffering from MSD. 15. The use of claim 12, wherein the GALNS enzyme
consists BtPé?Eﬁajor band of about 55-60 kDa that is at least about 75% of the visible proteins as

determin ogmassje Blue staining when subjected to SDS-PAGE under reducing conditions.
16. The fgd'é?g?flaim iﬁ?%\?v“ﬁ ?gﬁ%‘fﬁ@l %‘&f@“&ﬂ%&g‘ﬁ%‘f%ﬁ% 1S BaRY 81865688 55-60 kDa that

is at leasivathopit ScmehtHiecfisibleyprdiing dsideicrminedby.GoanassieeBluestainiag/when subjected
to SDS-PAGE Jeducing conditiogs, 17. of claim 12, wherein the GALNS enzyme has at
.SA. E'SU/PR‘?M‘??%%‘% E’M} ﬁé abse gﬁl@f#lse n%lgq[%] 8111 freg,ibe[nt mor%._@gll )c/z;ar]s;yl_

least 70% conversion of he cysteine residue at position “fonnylglycine g! The use of
claim 12 Jighétsietithe GAINS oz e MewEt feashooes cohldisiomoidted cydiaitimnabidue at position

53 to Caformylaiveing (GGHy) 7 H9- The use of claim 12, wherein the GALNS enzyme consists of a
major band of about 55-60 kDa that is at least about 90% of the visible proteins as determined by

CoomasgmBige stedningingessubieciedya S0 RPAGE LiFees FduEng Copsitan Suman
lysosomal sulfatase enzymes, i.e., arylsulfatase A, arylsulfatse B, iduronate-2-sulfatase,
sulfamidase/heparan-N-sulfatase, and N-acetylglucosamine-6-sulfatase, are investigated in
mouse models of MLD (ASA"/" mice; Hess et al., Proc. Natl. Acad. Sci. US4 93:14821-14826,
1996), MPS V1 {4s/-s”" mice; Evers ef al., Proc. Natl. Acad. Sei. USA 93:8214-8219, 1996),
MPS 11 (ids”" mice; Cardone et al., Hum. Mol. Genet. 15:1225-1236, 2006), MPS ITla
(Bhaumik et af., Glycobiology 9(12):1389-1396, 1999) and MSD (SUMF/™ mice; Settembre
et al., Proc. Natl. Acad. Sci. USA 104:4506-4511, 2007).

EXAMPLE XI

TREATMENT OF HUMAN PATIENTS WITH MUCOPOLYSACCHARIDIS TYPE
IVA (OR MORQUIO SYNDROME) OR OTHER LYSOSOMAL SULFATASE
ENZYME DEFICIENCIES WITH RECOMBINANT HUMAN N-
ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) AND OTHER LYSOSOMAL
SULFATASE ENZYMES

{00349} Human patients manifesting a clinical phenotype of lysosomal sulfatase enzyme
deficiency, such as in patients diagnosed with Mucopolysaccharidosis Type IVA (MPS IVa
or Morquio Syndrome}), are contemplated for enzyme replacement therapy with the
recombinant enzyme, i.e., human N-acetylgalactosamine-G-sulfatase (GALNS). All patients
suffering from a lysosomal sulfatase enzyme deficiency manifest some clinica evidence of
excessive or harmful visceral and soft tissue accumulation of storage material in their
lysosomes as manifested by varying degrees of functional impairment or worsening health

status associated with a particular lysosomal storage disease. All the MPS I'Va patients
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20. The use of claim 13, wherein efficacy of the treatment is determined by measuring urinary _
excretion of keratstn sulfate (KS) in the subject, wherein the urinary KS levels in the subject suffermg
from MPS Na or Morquio A syndrome are compared to urinary KS levels in nomial subjects and/or in
untreated suBfét&té?ity from MPS Na or Morquio A syndrome and/or RCthEsasesetject before
treatment with the GALNS enzyme. 21. The use of claim 20, wherein greater than 25%_ reduction in _
urinary K Sisiachieveddotiowingideaatmens it thenGANS: eRZShd 2Bndiauuss: ofclajm 20, wherein

oY ) : . ! 23,
greater than 50% reduction in urinary KS %étiev d fallowing treatment with the GALNS enzyme.
The use o %gﬁqdfi?flv?/ﬁé?%?ﬁ% %ggélfy 8?1}@'% e tfbﬂsoa\évfgrgﬁlﬁﬂ%dv 5 f’ﬁﬁ%ﬁgﬁi&%é&.ments of the
subject byurreesatimpeimdgrance by walk tests, stair climb or pulmonary/respiratory function. 24. The

use of claim 23, wherein the walk test measures t_he dis_,tance _walked irj 6 or 12 minutes. 25. Th_e use
of claim 28%% e reiRraie Zthir enib piesuresHeiEis chmbéd periningtéon26lyFmmse of claim 23,

wherein pulmasacyaspiaian: (upeliomismeasied by:cacdiRc unsion deahqcardiggram or by
pulmonary function (FVC, FEV1 or peak flow). 27. The use of claim 12, wherein the GALNS enzyme

is a fusiont’ ?é?ne‘&@ﬁ?ﬁrigiﬂﬁ‘été%ql‘l‘ﬁfarplﬁléﬁ‘gﬁﬁ‘é‘uéiﬁéF%Ed@%’ﬁﬁf’éﬁN@dﬁ@ﬁ@mﬁ%§19f€the GALNS
enzyme. 28:khey lss Gfa@la%a%&dﬁéleﬁaifbﬁkl%f@ﬁlﬁliare@ﬁ%ﬁlﬂ%%gdﬂ@ ISBRHses 2 hgne t?rget_d
i i i i [ MpPrises SixX aspartc acli
E’):SFIJSSES zgc V-iI;g’] %}ua%eoﬂie%gel r%c?ﬁnvgrset{t%leréttgx% Et%?a%fea Eg_gg{gi%igse otrl tl%a%%ene \INi th the P
.appropriate lysosomal sulfatase enzyme. Data may be collected to determine the patient’s

lysosomal sulfatase enzyme activity before, during and after therapy.

100351]  Efficacy is determined by measuring the percentage reduction in urinary excretion
of the substrate, i.e., glycosaminoglycan (GAG) of the lysosomal sulfatase enzyme over time.
The urinary GAG levels in patients suffering from a lysosomal sulfatase enzyme deficiency
are compared to normal excretion levels and/or levels in untreated patients suffering from the
same lysosomal sulfatase enzyme deficiency and/or levels in the same patient before therapy
with the lysosomal sulfatase enzyme. A greater than 25% reduction, preferably greater than
50% reduction, in excretion of undegraded GAGs following therapy with the lysosomal

suifatase enzyme is a valid means to measure an individual’s response to therapy.

[00352]  Efficacy can also be determined according to the reduced signs and symptoms of
pathology associated with the lysosomal storage disease. Efficacy can be determined by
tissue biopsy and examination of cells and/or lysosomes to determine the extent by which
GAGs have been reduced in the lysosomes, cells or tissues. Efficacy can be determined by
functional assessments, which may be objective or subjective (e.g., reduced pain or difficulty
in function, increased muscle strength or stamina, increased cardiac ouiput, exercise

endurance, changes in body mass, height or appearance, and the like).

[00353] A pharmaceutical composition comprising recombinant human GALNS,
expressed in G71S cells and purified, and formulated according to procedures known in the
art. It is preferred to administer the pharmaceutical compositions of the invention

mtravenousiy.

{00354]  The basic design of an initial clinical study to investigate the effect of
administration of recombinant human GALNS to MPS IVa patients involves an open label,

dose escalation safety/efficacy study in which various doses of enzyme are administered
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intravenously to the patients at a fixed interval, for example and not for limitation, weekly

enzyme Injections.

[60355]  For MPS 1Va patients, efficacy is determined by measuring, for example,
decreased blood or urinary GAG, which is likely to be observed within weeks of ERT,
mcreased endurance in tests of cardiac, pulmonary and/or motor function, which is likely to
be observed within months of ERT, and/or skeletal changes and/or body growth, which is

likely to be observed within vears of ERT.

[00356]  Urinary GAG measurements are useful for establishing an appropriate dose
regimen, as well as for determining efficacy, by measuring the percentage reduction in

urinary GAG excretion over time.

[00357] A vanety of endurance tests may be employed, including for example and not for
limitation, walk tests (distance walked in 6 or 12 minutes), stair climb (stairs per minute), and
pulmenary/respiratory function, including cardiac function (ECG, echocardiogram),

pulmonary function (FVC, FEV,, peak flow).

[00358]  For younger patients undergoing treatment for extended periods of time, growth

{height) may be measured.

[00359]  The lysosomal storage diseases associated with deficiency in lysosomal sulfatase
enzyme activity that can be treated or prevented using the methods of the present invention
are: Metachromatic Leukodystrophy (MLD), Mucopolysaccharidosis type VI (MPS V1) or
Maroteaux-Lamy syndrome, Mucopolysaccharidosis type 1T (MPS 1) or Hunter syndrome,
Mucopolysacchanidosis type 1lla (MPS IHa} or Sanfilippo A syndrome,
Mucopolysaccharidosis type HId (MPS II1d) or Sanfilippo D syndrome,
Mucopolysaccharidosis type IVa (MPS IVa) or Morquio A syndrome, or Multiple Sulfatase
Deficiency (MSD). For each lysosomal storage disease, the recombinant lysosomal sulfatase

enzyme would comprise a specific lysosomal sulfatase enzyme.

[00360]  For methods involving MLD, the preferred lysosomal sulfatase enzyme is
arylsulfatase A. For methods involving MPS V1, the preferred lysosomal suifatase enzyme is
arylsulfatse B. For methods involving MPS ]I, the preferred lysosomal sulfatase enzyme is
iduronate-2-sulfatase. For methods involving MPS ITTA, the preferred lysosomal sulfatase
enzyme 1s sulfamidase/heparan-N-sulfatase. For methods involving MPS HID, the preferred
lysosomal sulfatase enzyme is N-acetylglucosamine-6-sulfatase. For methods involving MPS

IVA, the preferred lysosomal sulfatase enzyme is N-acetylgalactosamine-6-sulfatase. For
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methods mvolving MSD, the preferred lysosomal suifatase enzyme is N-acetyigalactosamine-

f-suifatase.

R Ak

[00361] Numerous modifications and variations of the invention as set forth in the above
illustrative examples are expected to occur to those skilled in the art. Consequently only such

limitations as appear in the appended claims should be placed on the invention.
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WHAT IS CLAIMED:

1. A purified preparation of recombinant human N-acetylgalactosamine-6-sulfatase (GALNS)
enzyme, said enzyme comprising an amino acid sequence at least 95% identical to amino
acids 27 to 522 of SEQ ID NG:4, useful for treating a subject suffering from a lysosomal
storage disease that is caused by or associated with a deficiency in said GALNS, wherein said
GALNS enzyme;

(a) has a purity of at least about 95% as determined by Coomassie Blue staining when

subjected to SDS-PAGE under non-reducing conditions;

(b) has at least about 50% conversion of the cysteine residue at position 53 to C,-

formylglycine (FGly); and

(c) is N-linked glycosylated at the asparagine residues at positions 178 and 367,
wherein at least about 50% of the oligomannose chains attached to the asparagine

residue at position 178 are bis-phosphorylated.

2. The GALNS enzyme of claim 1, wherein the lysosomal storage disease is

Mucopolysaccharidosis type IVa (MPS IVa) or Morquio A syndrome.

3. The GALNS enzyme of claim 1, wherein the lysosomal storage disease is Multiple

Sﬁlfatase Deficiency.

4. The GALNS enzyme of claim 1, wherein the GALNS enzyme consists of a major band of
about 55-60 kDa that is at least about 75% of the visible proteins as determined by Coomassie
Blue staining when subjected 1o SDS-PAGE under reducing conditions.

5. The GALNS enzyme of claim 1, wherein the GALNS enzyme consists of a major band of
about 55-60 kD= that is at least about 85% of the visible proteins as determined by Coomassie

Blue staining when subjected to SDS-PAGE under reducing conditions.

6. The GALNS enzyme of claim 1, wherein the GALNS enzyme has at least 70% conversion
of the cysteine residue at position 53 to Cy-formylglycine (FGly).

7. The GALNS enzyme of claim 1, wherein the GALNS enzyme has at least 0% conversion
of the cysteine residue at position 53 to Cp-formylglycine (FGly).
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8. The GALNS enzyme of claim 1, wherein the GALNS enzyme consists of a major band of
about 55-60 kDa that is at least about 90% of the visible proteins as determined by Coomassie

Blue staining when subjected to SDS-PAGE under reducing conditions.

9. The GALNS enzyme of claim 1, wherein the GALNS enzyme is a fusion protein
comprising a cellular targeting signal located at the N- or C-terminus of the GALNS enzyme.

10. The GALNS enzyme of claim 9, wherein the cellular targeting signal comprises a2 bone

targeting peptide.

11. The GALNS enzyme of claim 10, wherein the bone targeting peptide comprises six

agpartic acid residues.

12. The use of a purified, recombinant human N-acetylgalactosamine-6-sulfatase (GALNS)
enzyme in the manufacture of a medicament for treating a subject suffering from
Mucopolysaccharidosis Type Iva (MPS Iva) or Morquio A syndrome, or Multiple Sulfatase
Deficiency (MSD), said enzyme comprising an amino acid sequence at least 95% identical to
amino

acids 27 to 522 of SEQ ID NO:4, wherein said GALNS enzyme:

(&) has a purity of at least about 95% as determined by Coomassie Blue staining when

subjected to SDS-PAGE under non-reducing conditions;

{b) has at least about 50% conversion of the cysteine residue at position 53 to Cy-

formylglycine (FGly); and

(¢) is N-linked glycosylated at the asparagine residues at positions 178 and 397,
wherein at least about 50% of the oligomannose chains attached to the asparagine

residue at position 178 are bis-phosphorylated,

13. The use of claim 12, wherein the subject is suffering from MPS 1Va or Morquio A
syndrome, '

14. The use of claim 12, wherein the subject is suffering from MSD.
15. The use of claim 12, wherein the GALNS enzyme consists of a major band of about 55-60

kDa that is at least about 75% of the visible proteins as determined by Coomassie Blue

staining when subjected to SDS-PAGE under reducing conditions.
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16. The use of claim 12, wherein the GALNS enzyme consists of a major band of about 55-60
kDa that is at least about 85% of the visibie proteins as determined by Coomassie Blue

staining when subjected to SDS-PAGE under reducing conditions.

17. The use of claim 12, wherein the GALNS enzyme has at least 70% conversion of the
cysteine residue at position 53 ta Cy-formylglyeine (FGly).

18. The use of claim 12, wherein the GALNS enzyme has at least 90% conversion of the
cysteine residue at position 53 to Cy-formylglycine (FGly).

19. The use of claim 12, wherein the GALNS enzyme consists of a major band of about 55-60
kDa that is at least about 90% of the visible proteins as determined by Coomassie Blue

staining when subjected to SDS-PAGE under reducing conditions.

20. The use of claim 13, wherein efficacy of the treatment is determined by measuring urinary
excretion of keratan sulfate (KS) in the subject, wherein the urinary KS levels in the subject
suffering from MPS IVa or Morquio A syndrome are compared to urinary KS levels in
normal subjects and/or in untreated subject suffering from MPS IVa or Morquio A syndrome

and/or in the same subject before treatment with the GALNS enzyme.

21. The use of claim 20, wherein greater than 25% reduction in urinary KS is achieved

following treatment with the GALNS enzyme.

22. The use of claim 20, wherein greater than 50% reduction in urinary KS is achieved

following treatment with the GALNS enzyme.
23. The use of claim 13, wherein efficacy of the treatment is determined by functional
assessments of the subject by measuring endurance by walk tests, stair climb or

pulmonary/respiratory function.

24. The use of claim 23, wherein the walk test measures the distance walked in 6 or 12

mimites.

25. The use of claim 23, wherein the stair climb measures the stairs climbed per minute.
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26. The use of claim 23, wherein pulmonary/respiratory function is measured by cardiac

function (echocardiogram) or by pulmonary function (FVC, FEV, or peak flow).

27. The use of claim 12, wherein the GALNS enzyme is a fusion protein comprising a cellular

targeting signal located at the N- or C-terminus of the GALNS enzyme.

28, The use of claim 27, wherein the cellular targeting signal comprises a bone targeting

peptide,

29. The use of claim 28, wherein the hone targeting peptide comprises six aspartic acid

‘residues.
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