MANUFACTURE OF ACTIVE HIGHLY PHOSPHORYLATED HUMAN LYSOSOMAL SULFATASE
ENZYMES AND USES THEREOF 100011This application claims the priority benefit of U.S.
Provisional Patent Application No. 61/022,179, filed January 18, 2008, of U.S. Provisional Patent
Application NG} PA¥G9987 3, filed September 23, 2008, and of U.S. ProvistéiiaV 28t i&iplication No.
61/110.246, filed October 31, 2008, the specifications of which are herein incorporated by reference.
FIELD OF THEMNNENMORNUBS02ITAE prede itlintEntidhH ISR WeAGEHMIBAIM4ds of cellular and
molecular biology ahd Afédi¢iié Loakiichifabg 56 (R AMaMUEAchaire FdetiTelR i phosphorylated human
Iysosomjl aﬁlﬁl\ta enzymes and their use in the management of the lysosomal storage diseases
associated With lysGSoFRaY SRS G SIS MR GRY CEdy. ahthartcaras ot Brese AmPieton relates to
the manufacteré)of aztivaikighty phaspbonglated eaambintant Pumam pplication No.

Nacetylgal ine-6-sulfatase ( Sc}ia dd in the management of Mucopolysaccharidosis
IVa (MP@ \ﬁﬁ?&bﬁﬁ?o%&%%d?égﬂ%bg% %%Oefjr{?ygélg%or%lﬁio %@tg GiaBRLEHG8d iated with a
deficiency ot BAURSHBAGKGR ORI B d tdeci RAVAENEION [00038]): bysosdmatsionage diseases
(LSDs) reghlt from 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 ofgngegrad egdystaagayatagal,” which causes swelling and
malfunction of the lysosomes and ultimately cellular and tissue damage. A large number of lysosomal
enzymes[he&¥z be€heigentifiechand corralatad witheheir ielden disedsks QN RIMISSING enzyme has

been identified trg tm %an be redyced othes_lg Tré)(k)J_ em.of efficiently delivering a replacement
enzyme t% ‘%L‘)@%f?e%{'g {ie2lidg o B%a :I' n%.&fﬁ&ﬁ’]u ntegway Ef%tlt‘?%gfglﬁ}}go%}b%‘?%ﬁo rgl?é Hi%8hses is by
_intravenduscepyiie fefokzcementsthet dpyr(BRT) (keakkisgBxpert Opinlsosestiy.sRrags 11(5): 675-685,
2002). EfTdpkesadvaniage ps RscANE @ sy, £0zyme fam a sindle sie of administration to
ISt , It must pi

most tissues. Once the enzyme has been widely ribute e taken U 0 cehs. The basis

for uptak&'isi e s refoigribeimanufitue feltis ofgoshembendgirkrcoygusem alenryies constitute
a separaig slass ohalyconreteing defined byphesnhate.ah the S-pasition,of s WO
2009/091994PCT/US2009/031276 terminal mannose residues. Mannose-6-phosphate is bound with
high affinify &R SPEERERIOSY Aredbior Yaumdbrare SurradeBrmbsdbas ivrsameq setirsann et al.,
Biochen2ii&aces HapsaR4(klihl 8343813986 Marnell etal., 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 etal., J Biol. Chem. 264:7962-7969, 1989), directs uptake of enzyme from
blood to tissue and then mediates intracellular routing to the lysosome. 100051 Large-scale production
of lysosomal enzymes involvestekpleSHEH N thai rhBIFahCELNAd© W he goal is the predominant
secretion, of recombinant enzyme into the surrounding growth medium for harvest and processing
downstrd3P3h amitsry SRRSO IHE RgerSEAIS b HGRtIBI BFisosormareiimssiime would
be efficientlymbospirarylated lanst theascirsiated nimarihadomardrtheicell surface die., for secretion),
rather thffmS &r{i)%grilx o IQ%LXSOE{‘)m%'}AS described aleve(,i trgis artit_ii)nin of Ph%fphorylated
lysosomal enzyimes isthe exact Opposite of what oceurs in normal cefs. “MEAAHAU ring cell lines used
- for lysosdrereicenzyime roddstiondoge ses o iisdinizingstheteveh ghmanndse:Bophdsphate per mole
of enzyme. Rubis.charactaiagd oy v SRerlieDipguelviy, [0 vilp.aleipls atprpducing lysosomal
enzymes ‘containing high levels of mannose-6-phosphate moteties have resuited In mixed success
(Canfield'etaPeay SepHiehene s 937T85) thhe nigiebdesayene @dtibinikigh: levelmohas
mannosg:&:phranhate aswall amhighlryvels. ofunmedifiedderming.marmeses, Sampetition between

the mannose-6-phosphate and mannose receptors for lysosomal enzyme results in the necessity for

high dos&® GFERZYe46R eifebiefals WieAiierléddto greater immunogenicity to the detriment of

the subj ing treated. . : :
J?%Rﬁ g(sne way to treat lysosomal storage diseases is by intravenous enzyme replacement

therapy (ERT) (Kakkis, Experr Opin. Investig. Drugs 11(5): 675-685, 2002}, ERT takes

advantage of the vasculature to carry enzyme from a single site of adnuinistration to most
tissues. Once the enzyme has been widely distributed, it must be taken up inte celis. The
basis for uptake inte cells 1s found in a unigue feature of lysosomal enzvmes. Lysosomal

enzymes constitute a separaie class of glycoproteins defined by phosphate at the 6-position of
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[0006]Sulfatases constitute a unique subclass of lysosomal enzymes. Sulfatases cleave sulfate esters
from a variety of substrates, including, for example, steroids, carbohydrates, proteolgycans and
glycolipids. All known eukaryotic sulfatases contain a cysteine residue at their catalytic site. Sulfatasc
activity requiféd 988 ¥sIational modification of this cysteine residue to EELBEMYIGHe (FGly). The
cysteine to FGIly post-translational enzyme activation occurs within the endoplasmic reticulum on
unfolded $tifakzEassmasedisiélysafériransiatidosprior tottangetirid df theSnlfatasespe hatysosome
(Dierks et REak Al carhy Sei- A PAT 907 HARR, 19901, Ths frighying generating

enzyme that catalyzes this reaction is sulfatase modifying factor |gﬁ’ligﬁ ing the
importanc® 8Finté¢Uniddé pistlfahsiassiarddificatbnbimtHiOfant ithit- B Gtioas in BEMFL which

result in ifﬁﬁ@.iE@&;%%lYoﬁ_@%@@@!&ﬁbW@@PR‘j‘]@Jlﬁb‘l‘xfﬁ%é%%@ﬂ?e)éﬁl?s%t&g%@gﬁﬁw%%%ﬁb’gﬁ%gggr Deficiency
(MSD) in man (Diez-Ruiz et al., Annu. Rev. Genomics Hum. Genet 6:355-379, 2005). 10007]

Accordingly YREPHE TR efre etitenb Lt §g80BmAISHiTA s 4 3892y difecsrapieivh depends on

the level ehmamnfserbrphbdsphate, madien theipiesener af Astive @z insthakRreparation. [0008]
Thus, there exists a need in the art for an efficient and productive system for the large-scale

manufacti$e therayzetstickliyreffective; fagtiverig hly-phespharyvatediysosamakstifaiase enzymes for

manage tioflys xel iders ca ied0 r as sgci ted wigqnad ficienc f%uch
Iysosomgﬁ%I%%Ttaégse?ggl%%ng?ﬁ%%?Mgl\él%ﬁ?%ﬁ%g £f‘%etpéresent1 cﬁg?:?g‘szﬁrr% refgttg’g fgqﬁﬁ@mvery that

when a CHOW! Beliilpelderiratvard osigastod 07 nshatis defectielinystadoforthallagieification is
engineered:i@ eXRRESRIRARBIBARI gygm@s,sw@m@%régﬁfag}m%kﬂ§s§ﬁ@hé$%n@odif led 071
sosomal s

cells produce high yields of active highly phosphorylated recombinan ulfatase enzymes in

~part by prefB i e B SR T A s BEdral confprartriernior mibandan fonaiy afidine. In one
‘embodimenbstiacdisclastisnpinions ansENBSHABRIEMeAIALAPHRASHING A LQ:q presses

recombinant kt]uman.SU F1 and recombinant human N-acetylgalactosamine-6-sulfatase (GALNS),
resduléing ﬁxﬁ?gﬁpgﬁ%igi%ﬁz\ﬁé‘: ?ﬁ%m Eﬁﬁﬁa%ﬂf‘&%ﬁ E%Hg;%?ﬁjﬁae@lli%gsagb?ﬁ, 0h718,Id
and derivetizesdierdafi setain dheidesiredipropertyr bsd-6-pHaepakility-faedce high yields
of activatgni}}yqup‘@/ ﬁ’ﬂ%?@ﬁ;%%%}%% ({glc%n“pinanlt%scr)sgmtal stulf tase enzymes. This application of an
END3 complementation group moditied CHO-KE Balf ife C8:eXpreea i rets BRaRt hiBman SUMF1
and a recbRwimasitdyzosemal sitfagbete zyineinoulddse @ppegiatiy usettliorerssamndacture of
e LY A RS IR D B Aade e of eosoma

storage diseases by enzyme replacement therapy (ERT). nafirsta pg here is provided a
purified pleghlaifbhodfadsshinakshinarNeety fighitvsaminesodifatass{GALNSpenzyme, said

enzyme cosmipisinghaRmin G sidRRALRNNR BRI ideNtical i, Arming acids 27.19.222 of SEQ ID

NO:4, useful for treating a subject suffering from a lysosomal storage diseasé that Is caused by or
associater(ﬁs%]iﬁlﬁ fetriatsty i ARENG SRmarsifrsaffreixeNss. andyivid (eyhtssepisrity of at least
about 95%masitigietinad by GoomassietRuatstainisgvhangubjected to SDS-PAGE under
non-reducing conditions; (b) has at least about 50% conversion of the cysteine residue at position 53

to Cafornt§§cin&{F@Gyys amas i) tisaNutinke duliyieasyldiedsatriiieasparagneriesiduesat positions 178
“and 397'§{‘lﬂ§tr§9§télslﬁr§§?: ab It g?/%‘gg he oli Qmannoge chains attached to %h aragine residue
at position 178 are bis-p osrﬁ%nyq ylate S[%%)(%tﬁl%% second }é%rB ﬁgf,gtereorle %scﬁf ?ﬁ(%sﬁgﬁ?e GALNS
enzyme &M BEG s iedimis- tHdlysosomuak storag sutfisesse is tiueapslysacekidridasis type Va
(MPS Naor: Vieiauing:, sydiomec0R06un2 ihidanpestuliciedpRinder e GALNS enzyme
as defined above, wherein the lysosomal storage disease is Multiple Sulfatase De |Jency.

residue to Cy-formylglycine (FGly). The cysteine to FGly post-translational enzyme

activation occurs within the endoplasmic reticulum on unfolded sulfatases immediately after

translation, prior to targeting of the sulfatases to the lysosome (Dierks ef al., Proc. Natl.

Acad. Sci. USA 94:11963-11968, 1997). The formylgiycine-generating enzyme that catalyzes

this reaction is sulfatase modifying factor | (SUMF1). Highlighting the importance of this

umque post-transiational modification is the fact that mutations in SUMF1, which result in

impaired FGly formation in lysosomal sulfatase enzymes, cause Multiple Sulfatase
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[0009d] In a fourth aspect, there is provided the GALNS enzyme as defined above, wherein the

GALNS enzyme consists of a major band of about 55-60 kDa that is at least about 75% of the visible

proteins asedieteispinerbby Goamagsie Biie stainingmheresubjeaiediorRSRAG E3adarrseducing

conditionl\?ggg 09¢e] In a fifth aspect, there is provided the GALNS enzyme as defined above, wherein
e

the GAL zyme consists of a major band of about 55-60 kDa that is at least about 85% of the

V'S'b|e_ ProtRes _%Q@ItaﬁggqQ&%&g@ﬁﬁ@%&@&%ﬁ@%&t@ﬂﬁ%&@%@ﬁ@%z%’p%ﬁﬁoynder
reducing conditions. [00091] In a sixth aspect, there is provided the GAINS enzyme as defined above,
wherein tHEPEIRE R% 18R 2GHe 1 82AP IS8 EPPOTR Rl Ers h 'BF tEE)&teihdTE8 Fite¥ Bt dRithsh 53 to -
formylglygireaEGly). 10009¢g] In a seventh aspect, there is provided the GALNS enzyme as defined
above, wherein the GALNS enzyme has at least 90% conversion of the cysteine residue at position 53
to CaformPi¥tidéuraKre (00N sedan Bigthfaspeefigirreas] prodivEdctis QA NS Eniaygre as

defined abqyve nhateiothe GALNSSNRY IR GRBSIRIS O ha-Aibansefiabgut LaElkRa:tbat is at
least about 90% of the visible grotegqs as degzrmined E}%/ Coomassie Blue stainin%gvc{nen subjected to
h

SDS-PACGER NG FEAURTREEERHIfONE > THBBO THRES it AEpSat there iSpfoviGaIFhE Bat NS
enzyme astefingdodboldywhensinthigEAhbiS:enzyme is a fusion protein comprising a cellular
targeting signal located at the N- or C-terminus of the GALNS enzyme. 10009j] In a tenth aspect, there
is provided the GALNS enzyme as defined above, wherein the cellular targeting signal comprises a
bone targeting peptide. [0009k] In an eIeventeg ere is provided the GALNS enzyme as
defined above, wherein the bone targeting p r}ﬁ@@mmses six aspartic acid residues. [00091] In a

twelfth aspagh, there iR ravided e KegLhauiied, JECRAMRINANE RYPAR T cell tine derivative

Nacetylgalactosamine-6-sulfatase (GALNS) enzyme in'the manufacture of a medicament for treating a

subject suffesiEy by MdcpbisLdeiitaotis ?9%@%(!9@@&%?%%6’%%@% SPnEFBHERE, or Multiple
Sulfatase:Refigienay (MaDju Saidenaymengarprsinganranihe aclzeqsenegapleasi-9b identical
to amino acids 27 10,522 of. SEQ ID NO:4, wherein said GALNS .enzyme: (a) has a purity of at least
ot 055 AL cRle el B s e B AR Fn L S SRR
non-redudiffyesngitenst (pter w teakyseionial SOWwERTErsidheanahelfasyateimecteligudraetposition 53

to CeformylglyginentFahisanshichisNedinkechalycosyiated:al ihe Asparaging esiduesAtpasitions 178

and 397, wherein at least about 50% of the oliggrnannqse chains attached to the asparagine residue
2t posiio TP A big HHE S Ble Yoo TOT P o LA e HIEUEHT eI AURE features a

novel met{otldfProduting iadtyie hedfdslpiphosphehijarbdspbonrabih amtyimem relyssp ned| 1swatase
enzymes g hie h?gmﬂya@ataé%@%@%&%omﬂgﬁ%a\sﬁfiﬁx@tée%ae&xgé%%ﬁa@ﬁ?@é._im?eraﬁmw

complementation group CHO cell or derivative thereof in amounts that enable their therapeutic use. In
a broad elfpdaEntifhe Akthd esiplisbiehhe RepRh e s arOMRPaE R el et N3
complementatieg gratsmpaicatcdesfatizaiilereadl{bppreparng:p ficst fieammalian @Xpiession WO
2009/091%?}3%’6@.‘5%15/ %§02r9t918%n9%%%21§ SUMF1 and a recombinant lysosomal sulfatase enzyme would be
especially useful for the manufacture of active highly phosphorylated lysosomal sulfatase
enzymes to be used for management of lysosomal storage discases by enzyme replacement

therapy (ERT).

[0009alin 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 disease that is caused by or associated with a



vector capable of expressing the active highly phosphorylated recombinant human lysosomal sulfatase
enzyme or biologically active fragment, mutant, variant or derivative thereof in the CHO-derived END3
complemenfatimnygrossidcal 10X 8lerivatinesthbOENE e preparifag laseeond dtaminediaiexgrassion

vector capahl ressi inant. ulfat Y or 1 (SLTME1).or biologically
active fraggn%e?\?g%n%%n ,?gr%é{r%ts%gr e%vgél\gé E%@%f%{%%e%é&%gé%g%é%%ﬂé% ggnm“rpﬁ%u%lgﬁtation
group celFertigivativeiftetebest P aEnttactrity tHioT HObg s ERDB e shpsteifantatierCgroup cell or
deriv?tivefﬂa@wmmaﬂ(gmyﬁ,r%mm ﬁ@@ﬁﬁeﬁ@f@@@@&d[@ﬁ@é%ﬁﬁ&ﬁ%@@ﬂﬁe@%@ﬁgﬂ% pfga
transfectant.of a CHO-deri ND3 c ementation group cell.or deriyative thereof that expresses
the activeaﬁijg é??;p %%rﬁﬁlo%};%tae% ?g(()%mé%gaonfrtnﬁﬁn@é%e y%(’)nsoéf)zngﬁas}’ﬁffa g eeént?y}ﬂee %P%rﬁ%ﬁically active
fragment,residizardt, Restitnt 108 der ivativestherslofednd (0 optimizing a cell culture process method for
manufacturing the highly phosphorylated recombinant human lysosomal sulfatase enzyme or

- biological Wﬂé’gﬁ%} ft& ESPREkRdRES S RIRY BFbBR AL thEradte rheSEsSAMNaNT Misaktysosomal
sulfatase ga@ymel isiselectéidironisthegrpulycosistiogsotaey svifatass AYARSA) agdsulfatase B
(ARSB), idurac}gl%tee-Z-sulfatase (OS), sulfamidaseTheparin-N-sulfatase (SGSH),
N-acetylgf&%osam’ine-sulfatase (G6S) and Nacetylgalactosamine-O-sulfatase (GALNS). [0011] The

method inygikesihe siapaspliransiectingacaNG engading.alkqr paitefdhedysosemalsyfatase
enzyme and a cDNA encqding all or Es}rt f the human SUMF1 into a CHO-derived END3

complem f’efﬂgﬁlﬁF%rﬁEe TPEF dLMUATRE T ?@S?BGQSW%mbo.diments, the first and second
expressioffiRLe. WIS A45.2RaRIS. Ol ciRlesping Mixencodind e Active Nighivpaspliorylated

. TCL
recombin uman lysosoma atase enzyme and human , respectively, are transfected

“simultane8 sy it CHosHctve EN DB Esthilerh eatalidi g tbifpcellensdehivatives theteof In some

- embodimenisicthadlist angoaesand exuressignyaaloknaiadransiacissintadheChQsdarived END3

complemendtation %r%u cell or derivative thereof sequentially. In some embodiments, a cDNA
. reducipg cunditinons. . . .
encoding for & taif- engfh fuman lysosomal sulfatase enzyme is used, whereas in other embodiments

a cDIA epgoinanfarimhiolgaically.stiys lagmers Aankyadant ae ARMVAINE (Retegl esed In
some embodiments, a cDNA encoding for a full-length human SUMF1 is used, whereas in other
embodim&Erts ESCHIRIAS ARbHitgfct BabIBHie afyaeihve iPadiartahitigineataabant S efitive thereof
is used. IRisbaeremhodimenis mad kipeoexpsss o esias areLses-teaansfes-thesrmmas lysosomal
sulfatase £enzyme an ti@)gman SUMF1 cDNAs simultaneously or sequentially into the CHO-derived

END3 comp?er% ntation group cell or derivative thereof In some embodiments, a single expression

vector is yser{Oriransiel Ihe.Humar lysesamal sultaiasesenzyme AndAwmagywl) Wil sPNAS

simultanegusly into the CHOderived END3 complementation group cell or derivative thereof In a
preferred SMBSUiIMEAPGHECH GHE IS ERISFIEBMbIBM SRS GP6lHH fePSTisrivatiethereof is a
071 cell lifepai@ycised€lliline, or a 071 or G71S derivative. [0012] In a preferred embodiment, the
method comprises producing an active highly phosphorylated recombinant human lysosomal sulfatase
enzyme, ¢8998hj1st et AResRBAY Eeiieddse BAARRSBYy e dafecp-dulfatademb )
sulfamidagafepasinydsuifatasr e 8k ) MNrasatylgiapsaming.sHifatasa(GaRbR 33 to C,-

1 N-acetylg{alactﬁamin&_-gisl)ulfatase (GALNS), from an END3 complementation group CHO cell line or
derivative thereot 1na par¥' cularly preferred embodiment, the method comprises producing active -

hiohly phosRapiatacissempinantaua Nadealy dalecospmie;0 RUBIARS (CORNE) flem an END3

complementation group CHO cell line or'derivative thereof A D3 complementation group cell line
is any motditet I e FMmsthat Aetmes e bpeite® S0P e Nt s mxitaliSh ardimp cell line,
such as defgisitivecaigosomatacidifieativomise mriestgdiembed fenktieSHIP Aerved.END3
complem%] atlioncglrl(a%%r%ell or derivative thereof is a 071 cell line, a G71S cell line, or a 071 or G71S
derivative. [0013] In 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-Klderived END3 complementation group cell lines, designated 071, 071S, or derivatives thereof,
which are capable of producing high yields of acti¥e 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 endosomal
acidification. In one embodiment, the END3 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 whaerain the recombinant hiirman hienenmal crilfatace anzvme ic calected from the



[0017] In preferred embodiments, the lysosomal sulfatase enzyme is a highly phosphorylated
recombinant human lysosomal sulfatase enzyme produced by an endosomal acidification-deficient cell

”nﬁ’l e.g., [@(@H&%@f@i&gﬁ EM3 ﬁh?mm%fﬂﬁfﬁﬁédim ?]muprs@zugﬂ@e fﬁd&ﬁl@cﬁ&@ﬂfwl\?m%&aﬂ@n group
cell line is-any, madified CHQ cell line that retains the properties.of an END3 complementation group
Coll e, S S G e TN AR, T4 A B AP LEF FREB S, TS G brived
END3 cortsplemienfaliof grdfpeeatiar derivative thereof is a G71 cell line, a 071S cell line, or a G71 or
071S derivative. [0018] In more preferred embodiments, the recombinant human lysosomal sulfatase
enzyme hA3RHiEna & ﬁ%&s%%r}ﬂél@é%%%@éﬁéﬁdé%zﬁ%,3@r‘éf’é'f%ﬁ’dtﬁéﬁ"&b%ﬁre?zg}epreferably
greater thahiQdb ragdimoienpredaraliys greaterataaimapenidd. 75 bis-phosphorylated oligomannose
chains per protein chain). In even more preferred embodiments, the enzyme is a highly
phosphorlf8888] ricansibirienib Berpeintdra detyiyadad ibsdmibtls cvaifatasedGridNSE) v§0018kin more
preferred gmbadimentss hatecombinagth iysosamal,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 prefiuisly at leastidihosp8GYahatconversion ofcthe:activepsitei ey steicayesifusteuCarfori
tylglycine I n mo fer odiments, the enzyme, is an.active recombinant human
N-acetylgé%%%gslar%%%ﬁ%é?ﬁ%ﬁ@%ﬁﬁ%5 Zfrlgﬁ ﬁﬂo&gepglr%fgﬁuﬁgﬁwep?gfgrrrggdéc%%nd int[%énts, the
recombin&RtHEniairsh seffrainguifara ddreppstacrisidopin i revBl of YRS sProrgtadwiispoLaccharides
(i.e., greaterdhae abovi gk Biefarablparaatey thasrd, S.anddnere prefsishly areateithasa about 0.75

bis-phosphorylated oli nnose chains.per protejn chain igh percentage (i.e,, at least about
50%, prefér Pﬁeaglggg[t a (”)lﬁa%s/aﬁ,qr%%?lé 8rae<$efq'a I)}Oa{ﬁlegitgggo%%hégé:’/o: ‘é’ggﬁlﬂ%ﬁ’é 8(‘6&’ bly at least
- about 95%yvieotirsiorrefithelattiveisitewytikine desmiuactbtS Crommupkityidine (FEhg whemost

particularlywriesiad WQMaeﬁasn%aum% ARGV NGl Rhospboryiaied fegembyrant human

Nacetylgalactosamine-6-sulfatase (GALNS). [0021] In a fourth embodiment, the disclosure provides a
method td 5P RECSHBIR ARALIrAR IR Gedthay siHats & Supmt e hddukads s iasahsds of the
present dibelopareiin mmemmﬁommms%@ﬁmw mﬁmmmmlﬁstﬁ@i@mﬂMming a
to-colUORESRAAHICANG Shoaloa AR, 6,0 PIVECREANAIRSE, AN aion exchange

chromatography, e.g., SE Hi- comprising at least five purificati eps: (1) filtering the harvest,
i.e., cultuneoTmdium frannapENGS sRrpRiemeniationaQuRL R Reline ot dadyative thereof that

expresses.human sulfatase modifying factor 1 (SUMF1) and the recombinant human lysgsomal
cultatase MR C R GO e R DAROSER DTS IGARAECS BrACRNoR Or
contamin&tieggtoteivsit(aloading dhevptiadhsstetlifiheédPirvestantuaidy erdigaftiCalklmn, e.g.,
Blue-Sephamae aolumi.ashing.ihe calwnninekeluting theysosamatsiliatass enzymg from the

column; (4) loading the eluate from the dye-ligand column onto an anion exchange column, e.g., SE
Hi-Cap cAGHR SORIMIRG e Lenamh @na ditirehelldsusmar s Aesel ensy e graRetolumn; and
(5) ultrafilratoniy-aive diadibti Atingréheeluate dromrthalianioprexihange. Optionally, the filtered harvest in
step (1) is concentrated 10-20 fold by ultrafiltration 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 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 kDa, 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
exchange, washing the column and eluting the lys8somal sulfatase enzyme from the column; (4)
loading the eluate from the capture column onto an intermediate column, e.g., dye-ligand Capto
BlueZinc, Chelating Sepharose FE or Capto Adhere, washing the column and eluting the lysosomal
sulfatase enzyme from the column; and (5) loading the eluate on a polishing column, e.g., ToyoPearl
Butyl 650M, Phenyl Sepharose Hi-Sub or Phenyl Sepharose Low-Sub, washing the column and
eluting the lysosomal enzyme from the column. The eluted lysosomal enzyme from step (5) is
formulated in a formulation buffer. Optionally, the eluted lysosomal sulfatase enzyme from step (5) is
ultrafiltrated and then formulated in a formulation buffer. Optionally, the lysosomal sulfatase enzyme
from the column in step (4) is exposed to pH 3.5 for low pH viral inactivation prior to loading onto the
polishing column in step (5). In a particularly preferred embodiment, the lysosomal enzyme is a

recombinant human N-acetylgalactosamine-6- sulfatase (GALNS). [0023] In a fifth embodiment, the
dicelneiire nrovvidece a niirified activve hinhivvy nhoenhorviated recombinant hiiman



proteins) and minor bands at -39 kDa and -19 kDa (i.e., mature or processed human GALNS being
less than about 25%, preferably less than about 15%, more preferably less than about 10%, and even
more prefgsabiydesmihan about 5% of the visible proteins) when subjBERBSRIBHIPAGE under :
reducing conditions. In a particularly preferred embodiment, the purified, active highly phosphorylated

%ﬁﬁpﬁ&%%%@@%ﬁﬁﬁ@@%&%ﬁ}@s@@ﬂﬂe., precursor

recombinant human CORSISIS; SR
humaﬁ’%%iﬁfgﬁ%\}v%%%%g%e}:t%d to SDS-P:’AE under reducing conditions. | on%en&?odiment, the
}ﬂinge MPS Na or

purifiest fctiechihly pHoelstssgiatathve CoHaBRHE NN RaN BAL RSO YREYSIPSF Y

Morquiq syndraneriR SnRadimagnbcthecpyiedastive thighly; pEasppoiyiatedsesbmbinant
human GALNS is useful for treating MSD, [0024].1n a sixth embodiment [,he disclgﬁi{e provides a .
gﬁ”g} Wi

methot ahmrekain e aTsERECHISERRIFS, P B SERTUIE SHIRE S4E8ESP With & deficiency, of a
Iysos°m5§9|¢ﬁ%? BNt ShgHNeihadieompiises administering@inetap éuticofsoshsbinant human

lysosomal sulfatase enzyme produced by the methods .of the presept. disclo I8 wherein the
Iysosoﬁ%@s‘@ﬂ%@%%ﬁﬁi@p&m%ﬁ?\#ﬁﬁ% cgf)?ema i {flereopgr (;rjag%éosg the cell membrane,

orand IS transp
entersghe cellapdrsielbmnettitethailysosames withirithe cethqGo2 5tin bnérehabédiment, the method

comprises treating a subject suffering from a deficieney of a lyspsomal sylfatase gnzyme comprising
admin%fé’t‘?ﬂgj“"fﬂ’ﬁﬁg%ﬁ}étgﬁn ﬁ)eséeéie e agfglactﬁrélrnai’p%%uticgﬁ%/ effective amount of said lysosomal

sulfataseenzymeswhesdin saitiysdsonat suifeatdse e e eXpresrec BimBHARTHIRYaN lysosomal
sulfatase enzé”}‘\f %@Q&&!ﬂ ically, active £§&%%uﬁ&ﬁ§é‘&%§ﬁ@%%ﬂ@%ﬁ!§ﬁy%@@ eof produced by a

CHO-&BAYEY complementation group cell or a derivative thereof In some embodiments, the
methohcompiisesaad ministepnder wisTa feirndraed MRS B a Al SHEBIR BTG atase enzyme, or a

- biologically active fragment, nitant: KaKia A5 RiuRtNe Hhsreal ralane I9simenmbitation with a
pharmaceutlcaﬁy acceptable carrier, diluent or excipient. Preferred mbo\g:ln:&t}e}nts include optimizing

the doseryentoctheiaiesien st s BEp IR He 3G hPE AFALE YhdfTRs Gt

d most preferably

humar}%c&ﬂlﬁ@ﬁﬁﬁﬁﬁﬁﬂ\{?&%@iigﬁﬁﬁ@a&@%@@ﬁﬁ&ﬂﬁb’lé&éh@r&ﬁ&ﬁ@@ﬁhﬁmﬁ&t%ﬁgnﬁyme. [0026] Such |

therapeutic lysosomal sulfatase enzymes are particularly useful,.for e le, in the treatment of
patienesdeiHterg fféf_%%é’ds?‘g}é_?g%%“g% e éd&‘é‘_ﬂfégé%[ ‘f,uéff%%ﬁ%@%% c)&g@l;}gsosomal sulfatase
eNZy My Sk tignts: sufferisg (FOSHY) etacktdiziaticshetnodySttophis N-
Mucopolysaccharidosis tg%%%/l %P@X&gg Maroteaux-Lamy syndrome, Mucopolysaccharidosis type
Il (MP &Y SRIAEiREar S riArdHiae ¢ opolysaccharidosis type Ma (MPS Ufa) or Sanfilippo A syndrome,
M”‘:Op‘é'athfgh@'do%s ype LIPS HidarRanlippe Bsyndiome anddMusopplysaccharidosis

type \; %f“ce)r orquio A syndrome. In a particularly preferred embodiment, the lysosomal

storageysiseasksisMRS dvaror Mdre oAb spredimalhaoriie ) SusbmrsSiiBddensyme is
recom@ﬁ@%@ﬁ@?ﬁ% %%?éﬁféﬁ%ﬁ&%@?dﬁ%lﬁ%ﬁé@ﬁ@&é\{%ﬁyﬁi esher embodiments, the

disclostire also provides pharmaceutical compositions comprising the d%ficient lysosomal sulfatase

enzymetmdsinath Sy S5 GRS S GRPIRSE AR S 5T S BRSHALT ERRRRNN O 08 ! farrier, diluent or
excipient, JA0e 7l qmg@hgﬁzﬁrﬁmﬁe@mé@eemgth@ﬂ:ﬁmmaﬁem@mmgmmb@myufﬁenng from a

lysosomal storage disease that is associated with a d ficiencrY in on%eo&%_rg s%somal sulfatase
[

|
" enzyrmiss b Simy BHTRFRSESIRY (8 HERRS AR BHRETEIFS tR&rapeUtic

cani/ effective amount of
a lysosags suisiasenenzinesuhielrin alddysodamal siifataseseriryimesissathedoriinant human
N-acetylgalactosamine-6-sulfatas§§ LNS) or.biologically active fr n variant or
derivaFP e FHoRYERaT Y g%é}!‘i\’/eta BX %%o%ne%fg%entaﬁc%%%é%ﬁ%ﬁ% a derivative
thereobigusames mbndimertisydbitsmethoaligornpsises animihistating thB¥ApmsteipecEibinant human
GALNS enzyme or a bjolo ically tive fragment, ' [ ivati reof alone or in
combirfﬁ%ﬂﬁlg}hﬁlgrﬁﬁ rsr?agt?:ré;& ié‘gl%%aasgceenp%ﬁ%ggc%?%? l%ﬁﬂc:?%fi%?@%ﬁég%fﬁicuIarly preferred
embodieAL ciedisdbomaildigrenlt disbadem ENmiltipluasy TATE POFEEREF BFSD) 150028] In
particularly preferred embadi t -den N mpiementationsgreup cell or a
derivalfigther&ar s s fnceérrﬁseﬁ%gl) aEF é%%ﬁl?%@y g%gfgr 671 S derivative th%reof [0029] In still
anothewembedimiat cthbodiasatt AiEObs sreqsiagifae e Bralbacti e fAFMEepii@Bient therapy by
administering a {heranautically effectiveamaunkolsesemahsuliatassresrymedtorasabject in need of
the enzyme replacement therapy, wherein the cells of the patient gﬁ.\@ﬁl spyomes which contain
insufficiesst @riewsits BF TR OSIRIRYI AARSe AZHY 1%‘63&%?& ggg?g)arsnage to the cells,
wherehy sufficient amaunts fihes esoTrabsetfatas €Ty rompltestie dy sosapmed 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. [0030] In a particular embodimént, the disclosure provides compositions and
pharmaceutical compositions comprising an active recombinant human lysosomal sulfatase enzyme
having a biological activity which is reduced, deficient, or absent in the target lysosome and which is
administered to the subject. Preferred active human lysosomal sulfatase enzymes include, but are not

limited to, arylsulfatase A, arylsulfatse B, iduronate-2-sullatase, sulfamidaseTheparan-Nsullatase,. ...
Neeacaetvialhiicoecamine-GA-crilfatace and N-aretviaalactneamine-A-crilfatace In a nreferread emhodiment




[0033] In a particularly preferred embodiment, the disclosure provides a method of treating a subject
suffering from MPS Na or Morquio A syndrome, or MSD, by administering to the subject a

therapeuticailyeftetiive:amauatef anpsdiiechiactivenbighhbphasphesratedyeaombinam-human GAINS
that: (a) has a purity of at least about 90% detergﬂ. 55‘&‘1 b omassie Blue staini n subjected
to SDS-P %ﬁﬁé%roﬁc%??%%%acsfnanégﬁ%i%%%??ﬁn as at @Qﬁ%ﬁogﬁ@%%ﬂgsp{@g}gia%g gﬁﬁé cysteine
residue atpasddiNDs ro@detorpiafighy it (Rt gy demidiiey ibaedinkac: gipfosydatebodinhet dBparagine
residues aippositions ESand39dmwhersinakicast sbavtaive ahihg Rligemannoss chansattached to

the asparagine resid t ition 178 are bis-phosphorylated. The purified, active highly
phosphoryc/%lt laeréjésﬁiéﬁfﬁﬁﬁrﬁ WEKENS consists of a major band of about 55-60 kDa (i.e.,
precursor gyman, GALNSheing At least aboyt 75%, preferably at least about 85%, more preferably at
least abo&t 90&,%% g\}/en more prefergbly ateleagt a oﬁ?@%%eéf ?ﬁ%é\%éﬁgleagro%gmg%ﬁ@%inor bands
at -39 kD&hsehorgaesareranbingtl reBrplssesel Hlfaven RIS beirfplesdanam Ao B625%,

pgefer%blmﬂﬁﬁaiih;aﬁe @Qﬁﬁ$§% am&&ﬁ@@@[ﬁi@&byel@aﬁgjj @81&@9&&&@%’9@;@@\4%&5@(g@sgﬁ?rably less
than about 5% e visible proteins en jected to SDS-PAGE under reducing conditions. In a
more parltﬁ:ﬁfae@gé%?éarrr% ésan{ 6t Fm)Gn\g/t, tr?éspﬁﬂgrﬁ?g ?aé%(ﬁelseaﬁ?aﬁ‘ly'?a%%éaﬁﬁcgé’/ig(qgg}re%g%thant human
GALNS cohdidtswnslentaiiof aginglélbard! dinabotes8at el IR ¢le Iprapurisoltivmalfe@ALNS) when
subjected @nsimsRAGERRdRS 5&9&@;@%&9&@@%@Qﬁ@l@@%&%@éﬂé@&ﬂ%&ﬁ%ﬁeCt is
suffering from MPS IVa or orquio A syndrome, In some embodiments, the subject is suffering from
MSD. [oo%%*jcé%ﬁé@ﬁf&ﬁw%é%ﬂé%ﬁi%%&% BNyt S AP STRTHRLP BUARRSE En A thes of the
discl_osu rdinwhictedvetipeeferadly pnoﬂﬁ@édzdnymeeﬁm&iamgtb@cﬁsmmrgam pﬁ&ﬁ&fﬁfﬂiﬁﬂb&eﬂi
medicament iRhhe AiRaDeRl Akibe by sasensl slaipds diassres AsaliPRiL ARG SRlegN.

- contemplated. [0036] In a seventh embodiment, the present discloSure provides pharmaceutical
compositieHetarprRiigcairactie mgHY haeprbnasidbc SEE sy RRasopstsmmalisulfatase

enzyme agrélgseiihediherinaberemhiahiis ksef foGtreatingitisenasescansed aierimpart by, or are

associated with, the deficiency in such lysosomal sulfatase enzyme, and one or more pharmaceutically
accept_abl@ftb?driél_ﬁsa dﬁmdtgmbce&migient@. meaemmle@dlembwdimau,dﬁr@mmMMMahcom position
compriseganastive- o, Q@m@eﬁx@&qﬁ@&eﬁ@Q@ﬂtﬁ%@%@é&&%&ﬂ@mﬁwmﬁt@&'fatase

(GALNYS) or biologically active fragment, mutant, variant or derivative thereof produce - b-y the methods
of the disCHESTRINAPI SRETPRETE PAIALEE GEAN G aBcupPABie BarErElcdtfeRts sr 8aspghts. Such
pharmacmtfa@kemn_xpmsitiﬁm&anayahg stitahiferfed admuﬂist@ﬂﬁs pthdyisgvenal Iﬁﬂiwﬁessstlmasjntrathecal,
parenteralianicanisiranasals nhAlAanalor oAl admnisivalery Inca peefericd embodiment. the

pharmaceutical compositions are suitable for parenteraladministration. In the scope of this aspect

are emboliiférits Rt RiRdestabigissstisridastsids gty thesrhcéretretpadbiennidisatase

enzymes REdsagaenisunanis: daiants oedelivativestaeraale whish-maydreadniisistesad in vivo into

cells affeqied it 2 ysosomal enzyme deficiency, (00371 another embpdiment, the disclpstre

provides & method Tor detecting Activity of & lyacsamal SUITAIAEE BnAintE colih FaMRE 18) Eituring

_chondrocyeereeis frepnnebpatie hesatfdyingofrosigssenat sotfataseenzy nfeat disiesiopt €.6,, a patient

- suffering frim Marquie.sypsianesundes sandiionsdhatPrempteomalntenancsrof.chapgdrogyte
differentiation; ]gb) contacting th? chondrocytes with a lysosomal sulfatase enzyme that degrades
keratan stifSt8°#d-(Q)PRIERMIGIRGEI of keratan sulfate in the cells, wherein a reduced keratan
sulfate leygi jn;cell acted with the lysosomal sulfatase e ed ells. not contacted
with the I;/fsoso]m‘fg‘aﬁl su a%e%)én lﬁIzn)?r%tgémiosniﬁT ﬁ:%ﬁ?/ﬁe lgflilss%ngorrrﬁégllzg%ﬁ% asecgeﬁrlll%frﬁgaglé%@ﬁﬁ.&fﬁ some
embodim&fRetie [95osbnialldt fstaskamivhna isvaceslightsctesdimte Biseiffgaged¢@meNS). In

some embgdiments. the GRS Gari_oroub ez, comPESIRg el QIovKB fagtortd{IGF1),

transform%noqngﬁg\évth factar Ia%etat TGIiE-l ), transfer%n, insulin and ascor?ic acid. In some embodiments,
the keratah Sulfate s dSTEARET By ConfoCai MIRRSEGh” SPRIEBIRdiFgfo UrikEPRAAS AL antibody.
The metheydfateay hedtixmiethaot Wish/BiR lysd<braakspitatmserenayime including naturally occurring or
recombinant human enzyme, or fragments or variants thereof, including variants comprising an amino
acid sequence at least 80%, 85%, 90%, 95% or 100% identical to the precursor human enzyme,
without signal sequence, or the mature form thereof [00381 In yet another embodiment, the disclosure
provides a cell-based assay for measuring the activi of a recombinant human lysosomal enzyme to
degrade natural substrates. The method comprises (a) culturing an isolated human cell deficient in the
lysosomal enzyme under conditions in which 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 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) deteimining the activity of the lysosomal enzyme to degrade the natural substrates by comparing (i)

the amount of labeled small oligosaccharide from cells contacted with the lysosomal enzyme with (ii)
thea amoiint of laheled emall nlinocacrcharidece from celle not cantacted with the hvieoeomal enzvme



WO 2009/091994PCT/US20091031276 In a related embodiment, the small oligosaccharide is a
disaccharide. In some embodiments, the lysosomal enzyme is selected from the group consisting of
arylsulfataseBHARS B)migu ipnater-sulfatase(n), sultashidaseihoparini -bulfatasedkozsH),
N-acetngL%ﬁ% ggnes [fatase 82 d N-acetylgalactasamine-6-sulf O;GA NS). In.some
embodiments,&ﬁ]e T‘y ogésr'r?g?egr%%yl{%)gzl%geag-ﬁ?glf%{rﬁ?sgg?eo%%ﬂ%%ﬂ%tgberﬁe%%? dir esrlllt@tﬁ%%]?ysosomal

enzyme i$ARPa-gludusiase-faiiaye In §8Mb enbiaindermdetignyosbnrcenpmeis 13N-
glucoronigdage iakbeRinkssamaL Mbadinsntsythelysosomah sRA/M s L3 walasigsidage {GLB1).
100391 Suit _bledhu and‘cellst tl’ggt c&%%e usedlin the cell-gased @g{g%ay include any human cell that is
deficient iR The Ks SEOIRATER2y e (5 B teSHEH SR HE: E5HRCtHIRURL (Y nstimiStinfates for the
lysosomabanezsane. FoioeXamprembailminaturalyNeadwilyitnig cosathil00%6) fermga il idédiciehcy in activity,
€.0. 309%..50%, 0% S0 20%: O (265 OMOLMONE NAGMIETNDE haed el ressing a

[

mutant enzyme with diminished activity, or cells derived from patients suffering from a lysosomal
storage di¢EHSS, 6% HAR0JBRPEACEHAIBSIs, May e tsericlrnd reebatmahtyhsidi®®io knockout
or reduceclgaﬂpmmaahe’ngm@ami@tyeIBigwthrmlghemfmﬁuﬁmg@mtﬂ@etiamga)ﬂwoﬁﬂ@pdlidik@ gene or i_ts
promoter ap.olfet reglatorycieglons i be noefl, OBl UaRIen TEdER NopspmA Sngume activity.

e.g. treated with antisense or RNAI to reduce enzyme expression, may be used. [0 46]§U|‘fable
enzymes PHHEERSHRePpdigst) BN B gosatenspideenfesmrcatBo rsi e s sitaala: dreangiecific for” (i.e.
predomingriby-digeshthedaturabsubstaipeakina;isesapetenzymamaydgseisces hyithose of

ordinary slﬁiy ien St{g)g art. For example, for detection of activity of GALNS or GLB | (enzymes that
degradesske?a?an sulfate) the enzyme of step (d) may be Keratanase Il or any enzyme that acts

- primarily gRykerafan sHlfaLeHAGAAANRE g?gar&ftal%,J&Ra%%s%@%ﬁb%éﬁzLﬂuégsiﬁ?go@%a?g&%@ (enzymes

that degrade demiatan sulfate), the enzyme of step (d) may be Chondroitinase ABC or any enzyme
that acts SRAIEARPETHSHIRBRONARSEe WS Bhstrer &l erssobdrsdede snplersbarseatls, 065 or
GUSB (enzymesnthatdegratelkiapanan suliain), deanzymenndsiepad)maybertepatnase | or

Heparanage.ll, or both. As yet angther example, for detection of GAA (an enzyme that degrades
faih, - ¥
glycogen)siutiwae g%fyﬁe o g%{ieyp })(%i)%rﬁ;f?nﬁéla@a%}ﬁ%/ %s%roraéﬁlfrg%zrfrﬁ%n h’a}[]%ncgét\épﬁrrn%errﬁ\f/a%\ﬁgséchogen.

- [0041]ThigeEribdsadpscmiberiserpabiolbiogrem seipivigpmreretedtrspisonotmel smirner activity. In

some embgagimeptetber isorgmab enzyme-astivityisdpirsirbliewhenr dhe concenialionef lysosomal
enzyme is l_z;llghlow as, about 10 nM, or ab éﬁ 5 nM, or about 1. nM, or about 0,75 nM, or about 0.5 nM,

or about § 2B AR SFASEEPERTNT Gréabont 005 h R GERSE G 3P i 8RaIs8U: B 8FEHRE or about 1
pM, or aboub@iBphik, (0042 Btk e fedtmes andsauvhmtdges:ofrthendisclvsgmenviliibbednmeaapparent

from the follawing delaled deseription: 4 shewhe.uagersiond , however fhakihe detailed description

and the specific examples, while indicating preferred embodiments of the disclosure, are given by way

of illustrafSHBHY b K ARSI RhARGES Uit PREHRCAOMS Rt the o M K5t the
disclosurewifiize comperappasent tarheibacskillad iydhemnit ok sdetaledadesesiptiopuRIEF

culfaase o et T SUVED (S8 10 NIy 04 PR oo o At acd
' sequenceSBRRha duthatdseleis gy Ferste e S UNRE - (SEQ Y DINGpymic Leukodystrophy
or MLD (i.e., arylsulfatase A (ARSA)), Maroteaux-Lamy syndrome or MPS VI (i.e., arylsulfatase
B (ARSB)), Hunter syndrome or MPS II (ie, iduronate-2-sulfatase (IDS)), Sanfilippo A
syndrome or MPS Illa (i.e., sulfamidase/heparin-N-sulfatase (SGSH)), Sanfilippo D syndrome or
MPS 1IId (i.e., N-acetylglucosamine-sulfatase (G65)) and Morquio A syndrome or MPS IVa (i.e.,
N-acetylgalactosamine-6-sulfatase (GALNS)). In a particularly preferred embodiment, (the

lysosomal sulfatase enzyme is such that its deficiency causes Morquio A syndrome or MPS



[0045] Figure 3 describes the nucleotide sequence of human N-acetylgalactosamine-6-sulfatase

(GALNS) (SEQ ID NO:3). [0046] Figure 4 describes the amino acid sequence of human
N-acetylgalaciosaming-ysuifainsenieAd-NE)SE QGIRINOY). Thesigral paptders§ 26-amiéao acids at

the N-terminus,is absent jn processed GALNS. [0047] Figure 5 depicts the structure and
character%ﬁc%dg?%%%écgéessgéscg Oﬁnn%aﬂﬁg?gbsgt%%fé[&éssglﬁr% -%%Ifge?é%%nféﬁ_ﬁfé‘flfé 4§’]nll§i§ure 6
shows theévempredsiarrofushraaniNtpde Sugalectdddivitreyors WMaRasee(CARNS) drbnoS&TiS dells
co-transfegied.witisAumgy), sulfatase modifying factor 1 (SUMP].) and human GALNS expression
vectors. (A) G71S clone screen for active GALNS in 96-wells. (B) G71S clone GALNS productivity in

picogram$0pesicalhpbrcian00dakkgurent itustiatds afSohematicrafihel M AMR hiereagioo:controller
used for | -scale i f Q7 ressing. human N-acetylgalactosamine-6-sulfatase
LN T e e o
N-acetylgétietessmmacsssidfaisse | RN S E Rapms ety UfRIASEragedod of Mimmends) or at
;]70C (triaﬁﬁlﬁﬁiiﬂﬂaiﬁ M&QQ9AQQ&9?4€&M%%QQQ/%§&2%@{§%1] Eﬁ']g&f@r%ﬂsa&ﬁntél;@spmyication of
uman N-acet actosamine-6-sulfatase (GALNS) A) Blue Se ose 6 Fast Flo
chromatob KON GBI 15 PR TEr SE A MR SaN, PR T Gtk by
CoomassistBlgakedimiengsofhs DS<PAE Buffefticaridbye Weaterhdo sty teginlydvanh@usl(NS (IVA)

antibody (Highya: £99§2€30%99'£%,1Q)§@@‘6‘%}b@/£b§7% rﬂ%%ﬂﬁ@@%h%ﬁé& in amino acid sequence)
N-acetylgalactosamme-6-sulfatase (éGALNS?} by ultrafiltration/diafiltration (LTF/DF), Fractogel SE

Hi-Cap cH¥hatSErEbAY 2 AfehERh g s aphHidst RnPb R GGYAP AT Sha by SRLA 1 BH c6H5Mm
chromatogespleptiRunitytls detewmiyesobyCotimassieBlue Staining o kSh&Gde AG Bétopneft)oand by
Westemn Blating s 00.a0 i Gt antkedy.Heptjaht, anenticRLeRsln Jﬁ@agge%%xyl@é’ttom left)

and an anti-CHOP (Chinese Hamster Ovary cell proteins (bottom right). [0 Figure 11 shows a
dose dep&nigdstedudristgediis @& mount of dermatan sulfate substrate was observed in the

IDU-treat?éjD(fiﬁ/l(%iBQchelés. "ggog‘gfg Fisgl%;e ?.2 showg altd'ose deéfﬂndent ecreage [ the1 ay(rilount of
dermatan SuttAte SEHEHATE WaAS 0858l in HE AR sB- s ERIb o5 %?é&%.p osphorylate
recombinant human Iysosomal 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 ceil or derivative thereof is a G71
cell line, a G718 cell line, or a G71 or G718 derivative,

[6018] In more preferred embodiments, the recombinant human lysosomal sulfatase enzyme has
a high level of phosphorylated oligosaccharides (i.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 human 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 C,-formylglycine (FGly). In even more preferred



[0055] Figure 13 shows the uptake of human N-acetylgalactosamine-6-sulfatase (CALMS), either
unlabeled (circles) or conjugated with A488 (squares) or A555 (triangles), by cultured synoviocytes.
DETAIL EEnDEBCRIP HOMN/ORET 4 Br NVIEK TEON 0086 Privap isentilsebatisarsatesdéue discovery
of a meth ng_econciles the need for large-scale manufacture of recombinant lysosomal sulfatase
enzymes with the requirement of an active highly phosphorylated tysosomal sulfatase enzyme product
that s effigiapbjntiorgetingiysnsgrpas-and denesnsdheieprutiesliaefinctive 1vi0Qhdil siivatiserapeutic
effectiveness of a lysoso e e preparation depends on.the level of mannose-6- phate in
that preparation .é}ﬂﬁ%o%31%%@%’%%5&%*’?’3%@%”{?3}8%t°§§%58%‘?o?’é%“b§z'5‘béé‘"f?t{?eén%ﬁéltigeﬁ%‘f m}ad ification in
the endoptasrritlyegicatemitanddaripdGolyk PoiteeblystsemiathenshneasHisphayrhemiuelastiary
detem“ﬂ%ﬁé&lﬁéﬂﬁ&%%%?fﬁ& #ﬁé@ﬁ: eligasaseharidemadificalion eneymesJneodetrminant is
composed of a set of specifically spaced lysines and is found on mo%; Iﬁg sor'@al enzg; %§ despite
absence 6f TG GemeE WB%?BWt%tﬁ%&ﬁi%%oﬁvghW&r Efy I RANPAT: B gé Giransferase,
binds to thedpreteiivtefelmindrd siad attis: GioMA tol HHosphialedod EBypobitioriafatinrmh WO
200909198 UNRAANINO K Th macnose (ealuaniap plagsARsialdes RRMalRI, e binding
site; a second enzyme, phosphodiester a-GIcNAcase, then cleavés the GIcNAc-phosphate bond to
give a marRbseBpRspRat I8l @figdsaccharide (Canfield et al.,U.S. Patent No. 6,537,785). The

purpose of the mannose-6-phosphate modification is to divert lysqgsomal enzymes from the secretory
patway SNRE SG=HHl BRI b HE GATE RIRAGSE B re DL SRS bound by
the MPR igstisentrdanslGolgiandroupeditostheylyso somednsfabel we b d'@ﬂlsgnfacén E()@@_&]ﬁrﬂaddition to
the presepge of HiGmanngser G:RRAsPBAemaLke &Qﬁ%@gﬁﬁg‘ﬁk\%@%ﬁ]&m?ﬁféﬂﬂgzﬁ|y5050ma| |

~routing of enzymes déepends on the acidification of trafficking endosomes emergingg rom the end of the
trans Gol Ptk LB Inie ) HEFSF G thE d AT e FRARBRIR SHEUMBHBRBYe ‘eha SEotid<Mith
diffusible basicimalecuies resylisindisgergementiiihg vesiculescontentsirinakiding flysosomal
enzymes,_ intq.the extracellular milie aulke et at, Eur.Cell Bio : 631591, 98 cidification
requires aés&é%%ﬁ?gl 9%(1:1&% %Piﬁﬁ%%?e&éln?{){ééi :}315 \?\?it ﬁﬁvﬁ%ﬁ%& 0%5%\%%%%%%%% osa%lnie? R ishi et at,
Nat. Rev. Maifted| Bittr 3(UYELDDQ 002 craurenbhemsnATmasnal eligestcintyantahel the

secretion 9&%9%%%@&3&/%@@@ hepenseiaflysoremalioningoManuiasiuringcell Ings that
carry defects in the vacuplar ATPase would be ex ecﬁedt é)rlevent norgprogu tive diversion of
hosphor ABHSE (SCSIBANE S AUSTRG S A XA LSO €8P ReE 50881 1084,
Chinese hassister thvaniufGHO) delinnttahts spedifickiysd efertivefione fidosbmal &bidifidatichewere
generated and Gharagierized Rarkatal SamatGell MehGenebilti) 1350 $0.A90GHO-KI cells

were chemically mutagenized and selected for survival at elevated temperatures in the presence of

toxins. ThEaahiBgithe reefbmePahbesms dha dmrostirstrte fIFERpristioh o PRI YAl (Marnell et
at, |. Celt Bighr9946); 1:0Q74iA01161i1984). dntee fformeie sinidy, exchelgail dinkaddyinsavithecidferent
mechanisms of action was, chosen to ayoid cti f tQXin; ific resistance, . The,pringiple is that
while the g%%easbifﬁy%?pszanléiﬁﬁgﬁ%n”rﬁﬁ?%tﬁc?r%ﬁth?ﬁgre%ﬁh|ﬁ%ﬁ%§%§8’ﬁc%%%n%%ﬁ%ﬁ B i is small,
the probaliitionfliweéhsintirtseied subienidipisleramtionddpecnetsr fvgentan et toxins is

- non-existept, Sglgciions were-camied AH AlLI¢ Rtesiamparineto dlovséestamassMurg-sensitive
mutations. This genetic screen re mg&? in two ué_%ﬁts, o(r}gﬂg& hich was designated G.7.1 (071), that -
were resiSERE X AY I R B RS TRE RSB 71 was not due to the uptake or

mechanism of action of the %tgxin g}ét [e Lli%g m.an i&aigi!is% of the clane to-acidify endosomes
at eIevatega@%fp%lrg{ﬁréesrﬁt \f;és i%a%[ﬁ%/ Wa?ésllgo evll%agnt_at Epl)ermissive teerﬁperatur_elsg(34c;€5, although to
a lesser exe IO PrOWD 2605109d09NReTahS 26691 aep 7echange SE Hi-Cap;  intermediate

chromatography, e.g., dye-ligand Capto BlueZine, 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:
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cells were also found to he auxotrophic for iron at elevated temperatures, despite normal uptake of
transfen-in from the medium (Timchak etal., J. Biol. Chem. 261(30): 14154-14159, 1986). Since iron

was releaggdiftamtiansiesminromny at |enpH, asxemophy for menespirhafmhiaosienrn uptake
indicated a failure in endosomal agcidification. Another study demanstrated t cidification defect
wae mani L e e e R | T e e 00)
9883-9886:ca98nanT hemdatly oRoG 7l spidrescansistentwitls. tifersondliasigreshd OaMutatibnssssulted in the
destabilizefigniofsthavacuotaAd BAsal espansinie f%&@%?é@ﬁmﬁli@{:@y&ﬂéﬂﬁra lizgtion was

most evident at elevated temperatures €(39.5C€1but was partially expressed even at [ower temperatures
(34C). A f?dd%%@?raﬁréﬂlﬁﬂe&%e HBEENBRIS fSBEBInSP BTy MEs FEfRepsit ahd -
aIpha-gluwd%paﬂmﬁ)iigh@@maxkiﬁahe Sthuitn Gell dWahGenBol () :éﬁféﬂcﬂsﬁ(kniﬁﬁ&ﬁ@howed that
both enzymesails AR ElY sRaietedh eI Baled SRR At s Ad AeRsyIRlan ofhe

%}Bgr
enzymes was unaffected. The secretion of phosphorylate aci%al aglucosidase was ’s@%’lficantly
enhanced 4t-HempEanie s tirnpehaitins Stoewt E@&ﬁ@fé@éﬁ%@@@%@%&%f@m&omm

sulfatase gagyaaivepaiationinel:erh,Aepastisiantthedevelabmanneses-phesphaielibalso

depends an, the presence.of active enzym in t eparation. All known sulfatases contain a cysteine
residue at ?%%%ntg't%fy i‘é@%?‘?huél t8[3I/s,te|né ?3%? ?Jag?%{lﬁ%g i%h%ﬁﬁé%ﬁ?ﬁqm%%’ﬁﬁ%faﬁ% Mi?tstj”l‘?lii)tylgchine
(FGly) to setvarthsednnpmead ThitmebteirresorRBiyzpost franstatiohaienZpmeaedivestormavhich is
catalyzeday,sulfatasemodifingfaciakd SHMERIAcsWsHMthinfas.andenlasmis ieticyliun on
unfolded su1 atases imme iatel%/ af%er trarhs&[%t]fn, rior to tar etinq of the sulfatases to the lysosome

. lilvg S

(Dierks et BB EM NI ALRdS &Y EA 196%™ FRL WnpIRaisr thiithique
post-translationalmbdificatiomisstighilighteshsy fthe factthatmintsitipis) is Sigddédliowhichsrésult in

impaired F( ion il a . i f Defi 'rncy (MSD)
in man (Jgﬁgﬁ&ﬂﬁﬁ%}’ tﬁ}nlgg? Hegs%G%%%?:)gtg?ﬁ%{}%&ﬁgr?g?L%gggﬁg%%%g%%%;)ﬁ%%%rﬁfu%ﬁ}s the ability

of G71 ceMEiFttamefimeak Bhsesred sReativelit sproodumal benimidhichy & leosapiass-
recombinantmsn@nasmisitase modifying enzyme (SUMF1) and a human lysosomal sulfatase enzyme
provides a mechanism for the large-scale production of active highly phosphorylated recombinant
human ly$8&6ihah suffflasatedizyens sheséifgl fortneanidemgemiitobtyisodighbl sbosalyedisarders

caused by.or,assaciatedwith 2 deficiencyeluchlysasoreal SNIRRsE fRZYMe SV nutant,
2(109/091994PCT/US2009/031276 I.DEFINITIONS [0062] Unless otherwise defined, all technical and

scientific tEHAY FEPREFETR HivRe tHE L e isding & asth ISR e iR to SISy B e F Bidinary kil
in the ‘art thsvakictiahis inveatidyy belangduddpel fellahvinigaedergrcBsappififi e vne of skithwithaa general

definition of t d.in thisi ion: Si . IONARY. OF
MlCROBl%I’l‘_%Qé%)AJKl %%&%%éc%@%%@ E%@g%ﬁgagég ql%%?%ﬁl E%AS&E SDRE S iSnARY oF
SCIENCEAND TEEHROLBGY Piafiket spbofgas)t ThE tifydsagtve OredE REFRESYBEA ED., R.
Rieger etatcéats:nSprngec NeNag (61 9%L); rindy Hale BaMardanoFHE dRRRERYS ObsdNSRie
DICTIONARY OF.BIOLOGY. (1991). h gublication, patent.application, patent, and other
.referenceﬁc%éa%%}fl R Ifise}ilnsélg%%(g?da]%é %%Qfe‘lf%’%gﬁléaeelrnnlgﬂg%%?é)@ Nk 1t§°%‘§(t h'([%ﬁ%a%allfa &' 36 hconsistent
- with the pPe¥esrdissionaidhfonsinciscridtedinizrdtvab housetbimthily gpeciidationdrd thdl-appended

claims, thegiopialolorms ‘A ihdfpanshdhaidngude Rl referanceoynigss die.contexkclearly
dictates oéhgrwl e. 100651 As used herein, the following terms have the meanings ascribed to them
unless sp %’l/i’ieoéS gfﬁ@%%?’t@%@”ﬁﬁ?éli%“@g}? ni® FBFPSPRSEEHY SPHA Gt RBPE POl GF5HIE forms of a

gene qccmb%p@mhtsanﬁgpm@@l@gm mgmmgmm&mmmmﬂwmm@@mmmmmmd may
result in AnaksBlcRAb QRIS NtRisLRPPUIANANE GERE RN AN RSNl ers0 change in

the encoded esgpe tide) or ma Dencode polypeptides having altered amino acid sequences. "Allelic
variants" BIEGTFEI A CINRUGET e B O RTHIRRIA tdrstipsioieracerme reoraniitabisavell as the
proteins daspdachigsthermhe visible



[0067] "Amplification” refers to any means by which a polynucleotide sequence is copied and thus
expanded into a larger humber of polynucleotide molecules, e.g., by reverse transcription, polymerase
chain reagtiewiranehtigaseChainsreactipRDIONEB] A fitsh seauanaadS AR RRlisensa.seaUanes” with
respect to, a.second sequence,if a pol eotide whos uence is the first sequence specifically
rybricized i e LB I L AR SN S0 S G S st 107
2009/091994 PGT/US2 080312 16{0870}Runitntib el visttondsiusedtiversibjtodescAbDS-

polynucleplidg:seuencesidbedalichand end ol a-singlesstranded . palypucleglids seayence s the
5'-end; th%g&g%d direction of a double-stranded polynucleotide sequence is referred to as the

5'-directio PRI e P8 P BT IR B AOERD FaRETS Fastiahy RN Rk denpef iRbfsferred to as
the transciiptidrkBireGianprthesoNustanGiasngr e satjecaeigue STE PAaE inRNA isdtefesred to as

the "codng, AN seakesssandhe RNAAEANG NRINgHIS RATIE RAAUPNCS.5 AN ARRG
transcribed from that DNA and Whi%h’arg ocat%él 5C 1toethlg b dnd of ¢ g%fgfﬁ?glaﬁé%ﬁﬁ?’gf%a?eferred to

as "upstréai-Seqiteriedy [ raneeBh e DN arErdhavisiehe shimeeariediecas the RNA and

which arepiiiethacdvenial e godnp RN dmnsahinlam eloredita.asidewnsireamsigguences.”
[0071]"Complementary" refers to the topological compatibility or matching together of interacting

surfaces d¢%dt dolyrindicotiddsndthube e hwarenoletides vamdabot esiiped sasscormpliehaéntary, and
furthermoye ,the,¢oRtast sy facs charrelelslias AisHR eg@%ﬁftg%%?@ﬁ%@%%@&%&me

polynucleotide is’”complementary to a second polynucleatide if the nucleotide sequénce of the first

polynucle B SsCRIBRRRES ARG SRR b R BSHie ReQB 78! JuRpAD dsstrien b R D EPRIEICOf the
second polyruciédiidie Hhsdihe pelyruetediideswhoskaequarosRmATAG:R: mscaryementary to a

| DO'ynuC'e@&%ﬁ@%@@?&%ﬁ@9&5&%&1&%& 6 %%ﬁﬁg}ﬁ%%%g%%%?&t%é%;

.. substantaly
complementary"” to a réference nucléotide sequence If the sequence conmplementary o the subject

nucleotidéhédyarivesiy ighip skasaRdly identical to the reference nucleotide sequence.

[0072]"(:0‘!(18?%?1;{% sub ti%;tion" refers é{c}} i;fhe substitution in a polypeptide of an amino acid with a
functionally Sithild Whie SEH H h BT MERIAGUPITUER B A SORSindiTine Sema feicispsy
conservatie:siybstitmtibssforenegnathemi)sianidmitd)eSerine {8) siheeonine:¢d )ih2)eASpartic acid
(D), Glutagmi, AcidR): SHAFPARANNS O FURMIRE.Qidh NG (R bYSingdYaldsefeucine (1),
Leucine (L), Methionine (M), Valme (V); and

stilfatase 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 a derivative thereof: In some embodiments, the method comprises
administering a therapeutic recombinant human lysosomal sulfatase 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 Leukodystrophy or
MILD, Mucopolysaccharidosis type VI (MPS VI) or Maroteaux-Lamy syndrome,
Mucopolysaccharidosis type II (MPS II) or Hunter syndrome,
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6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). [0073] The term "fragment” when used in
reference to polypeptides refers to polypeptides that are shorter than the full-length polypeptide by

virtue of tpeationAtRIRENEN-tEEMMBS ar§ Jernintsef shgMaiel Rrubgibrandiariydeletion of

an internal porti 2009/091994PCT/US2009/031276 region of the protein, F nts of a
polypepti%ﬁ%é%gbrzeﬁgé\rﬁe%t%@ﬁﬁgﬁ%ﬂ d&RAGWIT i “éﬁ?‘%ﬁ?gi%&ﬁﬁgs{%m?ﬁ ?an‘{’ %\/gf%a used in
~ referencedoMpotype ptidedrreferdite polypeptidesfmwhichoheart merysaming soidgeoflittrdqisotein have

been subsjifidiegty srdifiGieRtmInAAGH: dhE IR @&iﬂéw&%g@sq%mﬁiﬁa&mﬁm%ive

substitution, as defined above, or can be a non-conservative substitution. Mutant polypeptides can be
generated B HUATESERAG AU 4645078 The Wknt e rRmbRAmGHEn be clisriorsraralige to
polypeptigesiéfershtonpolypieptidesyehaimicaliynmodifie cbydstictte chnigues, {ofexampieand not for
imitation. g5 HiquIUnAToN.IARRING. (6 da it sadionuclides enyarious engymes). caualentpolymer
attachment such as pegylation (i.e-, derivatization ith pofi/et?'nyllene g ycoﬁ and insertion or
substituticA®yehemical synthesis of amino acids such as omithine, which do not normally occur in
human proteins. Derivative polypeptides can be generated by methods known in the art. f00761The
term "deri&é%\?i"lgvﬁ&%t &e ?ﬁ@%%hé%etdn@g? ST {FRLIRIAY it S B dF¥ARs of the
parent cellyliorentdrsexagn plesid s inamsotided eitlls thitkaveibeen qnassmggmbmhw leltaned from
parent ceuﬁz@&gsr%@éagﬁ';@gd@&fﬁﬁgs&ﬁ%&eE&yugse%@&amt%%%ﬁa%&egt%ﬁ%tgmmx baye;been

e

mutated and selected for retention of the desired property, and descendants of the parent cell line
which haV@sEEn Y@ rSER T8 htsHHAR R reiTy Bikpreish vididoRisaiamfe ¥ f@RBUSysadded nucleic
acids. 100ehibeiadtinginrsiarst itzdeterminingthd fpreseded bsenceogicamatiniotamanalyte in a
-sample, and. can include quantifying the.amount. of th alyte i le or per.cell in a sample.
078] 0 B R R R BT Rt
photocheffitar Biotsiamiieal thereatinodieraieal cobediaisiital thee sesh o pasnaing cadgyatibtialsels include

32P, 35S flusascenicdmaalentiam Ao RSNECALBMS, GNZYRISSHE-ly AsSeHAN: Usadin an ELISA),
biotin-streptavadin dioxigeetin h?gltens and é())roteins for which antisera or monoclaonal antibodies are
e

e e SR R 4 s s RSP IR RIEREAR 1R P ASSTFHS GdtsEtable

available, 8t fiicleicacid ol ct |
~ moiety oft&hgenerategienmeasurdiizdighyabrsiechdasrdratieactive rlsomaenicawr dlussessent signal,
that can bgged (QigkapHaiR; theamepRt of bound detectable moiety in a sample. The detectable

moiety can be incorporated in or attached to a primer or probe either covalently, or through ionic, van
der [0028] In particularly preferred embodiments, the CHO-derived END3 complementation group

cell or a derivative thereof is a G71 cell line, 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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WO 2009/091994PCT/US2009/031276 Waals or hydrogen bonds, e.g., incorporation of radioactive
nucleotides, or biotinylated nucleotides that are recognized by streptavadin. The detectable moiety
may be dipgicily or ingizectiy.feissiableningisestdeigetinn can isvaprithadinding.ehasacand directly
or indirect| detetctable moietx to the tdetectablg mc%i%t%{h FOE examgfe, ;?e‘ detectable moietg can be the
ligand of & BIRAInG parthar SUer A Bistin WAIRK 1L & Bikding Birhe P i SBTaa St nucleotide
sequencehinthidtrisattisitinding paradesddr debomplementatyisdouemgs, hoawhichatcarkispeagifically
hybridize .ih&Rigding prriosemayiRall beaiteciiy.deiesiahle <o example.Ananipady may be itself

labeled with a fluorescent molecule. The binding gTarIner also may be indirectly detectable, for
example, ¥ hd@rd a3 e ompieiieifisry fuldwsnak-seytisne é&ﬁaﬁ’é‘}ﬁsﬁ(g@@ﬁﬁ'ﬁfamhed
DNA molauﬁleatbatﬁédmtulghldeﬂmtadal@mﬁfmgﬁ Wid@ﬁ@ﬂgﬂiﬁﬁh&h@b@@ﬂt@mleﬂﬂdﬂ_ _
molecules, (3e, & EARUANIes ik, BRI SEANSIan:0.1165. 498R), Quaniialion of i, siona i
achieved by, e.g., scintillation counti gg ensitometry, or flow cytometry. 100731 "Diagnostic" means
identifying"eopidsaHaass chatife of a pathologic condition. Diagnostic methods differ in their
specificity selectivity. While a particular diagnostic method may not prqvide a definitive diagnosis
of = conaRUA e B RSPt BT Bro Hes 8 ROSH TSR GHETER 0L T O to0B01 The
term "effe@tﬁﬁ@imfiwthﬁ%alﬁs a_rd)dsagéosafﬁ_mémmq, probiliie &dediradstesgtiortta heéadh condition,
pathologyygnd.dizanse afa/ubiest ol ' . diaanastic mu%sq@lt%ﬁ@%&&%ﬁwls@aﬁ&@@pﬂse a
erape

subjective or o%ctlve improvement in the recipient of the dosage. uticallaj effective amount"

refers to A LY DUMCEFErf B PREEH B BrHAAE (S ibHUISaobEhETEISPERRt Bk A8k, [0081]
"Encodingiteefarsiie ihwiirhe @pfoproperyief Spreific.sesuancesafneuceatidesindqpel yaugleotide,
such as a?%%%?n(ﬁ‘ec il %P 1R 'ﬁﬁ‘a&%ﬁ%"&%sﬁﬁ%% %gaeeﬁﬁrsaﬂ

‘ ors pthg S qffg;per B%Q[mefs and
at’ ieast apouw 0, CONVEersio
macromolecules In biological processes having either a neoysequence of nucleotides (iie., rRNA,

tRNA ancPRIRRgR ek erirmsahsadaénce of aisiso theidband e Britogitatsropchaad fegoting
therefrommEhusscf-g8ne fasades:a Mateinf transeriptionasd taasiatiasol-miRNApradused by that
gene prod%ce the protein in a cell or other biological system. Both the coding strand, the nucleotide
caaimy), . .. . . . . ..
sequence of Which is identical to the mRNA sequence and is usually provided in sequence listings,

and non-Ggghag ﬂ@%@%@é&%&%@@@ﬁe 01 LransahPion 813 9ene.aT S RNAcAD Jg&é&feffed to as

encoding the protein or other product of that gene or cDNA. Unless otherwise specified, a "nucleotide

sequence BhREEH P EnMETiIAY L eiddegiinte Rt CaMRibIBs e Bt & Hsat Ritcdigenerate
WO 2009/891224R0F /Fe2000/QahaA6 verstonamhanachuatherandthatppeedeitbs sameamino acid
sequence lgotide ;s n at encode proteins and RNA may include introns. [0082]
Eauvale e B S e R oo gy Mo
100831"ER\38idfs cohiteb| leed i reavesfarsofotie rigélsctittecsigine nesdve dpblytareidstisiacthat
rﬁgulates (ﬂﬂ*@wp.rae.l,s%éq%%ragﬁgrhw@,np%@f mytraTnﬁJi@ti@Ba;%f@ﬁy%%igﬁeﬁwep%ﬁ%ﬁﬁgely linked
thereto. " ratively linked: refers to a functional re ationsnip /leen two parts in which the activity
of one park e g By 5 T80 ot AR BRGNS 5 B e B SFRP BB .
transcriptios. oftthestguebos)0 Expredsionyconital Segddnees arcipeifrdd] forexartipleshned without
”mitation’W&@-@ﬁgﬁ%@fé{g&%ﬁé&(«%os%ﬁi@k%PﬁFrSQH?EHEEﬂY.e)’ enhancers, transcription

a

terminators, a start codon (i.e., ATG), splicing signals for introns, and stop codons. [0084] "Expression
vector” refegs3p k egialccRMpsingralresosabinanttRolintIcierlige Gam prisikg.gdraessipg gontrol
sequences ratively linked leotide sequence to be ex ed. An expression vector
comprisessuﬁﬁﬁc%rﬁﬁg E%égg?mg% err%lgcﬁtgrfc@% m:%es?‘sis n;&gfﬁlgf 8f2£r§§tsgfo?@ﬁlrg§§?&wt8§rﬁlebe supplied
by the hostlett oithersprsiesthreSsivnesyseam oExpradsibaaivetohinohmgehalvibod eckorobinein the art,
such as cosmifls plasmids: (&:0hehaksdier ontainedinlinospmesanghyiusesdhatncainperate the
recombinant polynucleotide.iOO%ﬁ)l "Hi%h%%hosghor lated,” "high level of phosphorylation” and "high
level of pRESEABI AN BRYESHL AR ety ¢ B‘F@g‘ﬁ&ﬁ&ﬂ%‘i WEdbmal sulfatase enzymes in
which at least 50% of the lysosomal sulfatase enzyme binds to the cation-independent
mannose-6-phosphate receptor through phosphorylated oligosaccharides. Binding is further
characterized by sensitivity to competition with masmose-6-phosphate. A highly phosphorylated
lysosomal sulfatase enzyme may also refer to a lysosomal sulfatase enzyme with at least 0.25,
preferably at least 0.5, and more preferably at least 0.75 bis-phosphorylated oligopmammse chains per
protein chain.



100861 "Bis-phosphorylated oligomannose chains as used herein refers to mannosecontaining
oligosaccharide chains that are N-linked to asparagine residues in lysosomal sulfatase enzymes and
comprise hao Maanosend-pbasphatesiesidlies. dypicallestbe: hispbasphary later]-oligomarnese chains
have 7 m e residues..i.e... his-phosphat nnose 7 (BPM7), which are lin to leNAc
residues,%@rﬁ}lgﬁ’ifﬁircﬁjefrseq\l&iﬂrfwléﬁ6 the §§£§E%8 reRIc énfnﬂﬁéa?fgoast,c r%sé‘ilgﬁfa as%née\ﬁggfne.
100871 "Ahivein w4 dermterub A8 hig e wiitemaetivestiditine isletbeor ép dhratisparasfiy sssidnsadtsulfatase
enzymes ighwhigh a8 Igast;20¥espsigrakly atleast#Qvo.more ralemblyiatleast 90%mangheven more
preferably at least 950/ﬁ of th%(‘grotein's_ac ive sit %%ysteine residue has been post-translationally

modified t8EBRSHNG ETRETE &1y BB A VPRI Y Bh S5 G REG S PEE T SFESNS
preparationsngfdykesoimalk siilfatasdeshzy mésishavhichsat,| east 5%Yexqbﬂgfﬁr@bw atol&aEP/?Oﬁz{d, more
preferably.qLiaast: $0%% A £ YER MAKE Brefeiably AblRAN85%0 9&&2&9&%@5&? Aciagile gysteine

residue has been post-translationally modified to Cc,- omlylgin|ne FGly) and with at least 0.25,

preferably af IER&t &, BAY IO SBrETFABRIEE IS4 DS7BeBIs-[sEb SpRarmaie’d i gariasmvdeschains per
protein chaim 1Q893%haderpchiotogiealmactivenralers iadalypapiidertiapnreme)fragments,

mutants, variants or.derivatives thereof that retai I substantial amoynt (e.g,, at least about
50%, prefé%{%’lg?yttﬁaﬁ ‘(é%%{e r%tﬁ )OWo,egﬁ tbrlﬁ%t?g %r%%%é%gi‘? a 1IuelL(Jaifgt %%%ﬂ%ﬁ% of gésrieh(l:nal fiore biological
activities afatheufeliyleragthreoiybeghickat\Whenrisddasirefeighiicehorhysbsoinabsiifetncaimazyme, a
biologically; AgKMe HAgmente muiant yaﬂfge%@%@&v%@&% relainsallershasrasiangal amount

of sulfatase_ activijty fg.e., cleavagg of sultate esters from its target substrates). When used in reference

to sulfatasEoURANG Rt {S UM HHBEiIEa i ve fragment, mutant, variant or derivative
thereof retgj least a s b%tanti | amaunt of . formylglycine- rating activity (i.e. dification of a
Iysosomal e e S R R 06501 e
term "purit'somesupbodipersibe qubl s rantane SR pEdiides refers to the amount of the polypeptide
being analyzed in_ comparison to any contaminating substances that can be detected using a particular

method. FEPE (EEBSHENE BSootfiar SR E R SRITREE A YA IMA THER2H SRR RS
determined biissltsjecting dhers pidtaddyenzjime! prepatatisnid.elBstiophy feticcpeparationsby
SDS-PAG [ i - [ ltioRs we taining,with Coomassie Blue or
silver, or b%eg r{}r%%ﬁgg }Cag’%i ?Es%%ger{g%ﬁﬂygljg%%%ﬁg .S,{%lzé%?e\% lrgsxtségft) hga%g%e%&) Isg’)sl%)rv %ylsana?/s%ther _
chromato@%ﬂ@%@ﬁaration, e.g., size exclucion (SEC) and the like. Using these methods, the purified
recombinant lysosomal sulfatase enzymes of the invention have a purity of at least about 80%,
oretorabiy ML e B0 ROPB Hrelar By FUAS b Sbe BB TPERHABl t least
about 98%wn8B%e A S PREOYLIDY O04ROTIIT2008/081AT ButadY foThemteniialpre curgor or
"precursorfarpycrefersiiaie fwﬁﬁwﬁg%@mbmﬁ%yﬁgsgm@%wa%name,gmtb@, $gclgled from a

mammalian cell, i.e., lacking the signal sequence, but lacking certain modifications, é.g., internal

cleavage SFiPRSIbtEE, WiichPRBRRRIY DGR il iREebsBiaseherai Maturse "Matthe form,"

"processedhipmiptatesises:topmbicefersde, thtutarmdf sedppiinant ysesemal suifaiasengngyme that

normally e>iilsts ?ilrcl t %J}’%OSO(EQ%OE% theﬁr(gscgnmg)cig%nklghosqlmalh%ulig,[ta e.enz irrp?l?}?f thg 'w_vention,

the relativé abundance o?mgrecursormgr ﬁprec:ursor folfoaRd” ﬁﬁwafare?‘ "mature ?orm?maprocessed". or

"processedcforigrisrasepnestaniiinad] (3 ddbe ciinpielieisylfta ety e iagmenprapasetiontent or
electrophaigiiaseraainn e RSP AG Randersrducne sendiiansioliowsd by.staiingwith
Coomassie Blue or silver, ot bé/ chromatograpgic separation py HPL%ﬁie.(};ﬁ C4 reverse phase (RP)) or
by any otH&F GBI ETBTAPHIE S L HH Sy > K2 & S BBY TEREF SRk e Teig tridse
methods, tiepurtifiedrégoebislantiyseosbmalrsuliatatoernypmb scpidieimvemtibnntehsistabat least
about 75%, prefgraniy.ableastaboul 8 dhuniare Rl eietally.atdeash 3RaHhIRh, Aad.guen mere

preferably at least about 95% "precursor” or "precursor form." Alternatively, using these methods, the
purified reBBEHTHAAERSESEHRR SRR SrORMRERISRIRET TR SHOR EBRRISHHIEES el a Rttt 25%,
preferably depstbarabooue 104 IMexgpreferably less than about 10%, and even more preferably less
than about 5% "mature,” "mature form," "processed" or "processed form." In some embodiments, only
the "precursor” or "precursor form" is detected (i.e!3the sulfatase enzyme preparation consists
essentially of a single detectable band when subjected to SDS-PAGE under reducing conditions or a
single peak when analyzed by HPLC. 100921The terms "identical" or percent "identity," in the context
of two or more polynucleotide 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 or by visual inspection. 100931"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.



WO 2009/091994PCT/US2009/031270 concentration of greater than 10 nM or the fraction of
lysosomal sulfatase enzymes that binds a mannose-6-phosphate receptor column is less than about
25%. 10085dsomal stiNabusathysacsurr iigasey pliad:io, aarnbjeoct defarsitosttietad: tatithepbject can be
found In Nt FRLSAMPIEABRNREROE A PRMIGIANIG sequURReR hat Is present in an organism

(including viruses) that can be isolated from a solrce In nature a ' has not been intentionally

modified GygBan in dhadaboratanyds: natualiscs urind.00964 Rheimacemical campesitopsefers to

a composition suitable for pharmaceutical use in a subject animal includir%; hum%ns,an mammals. A

pharmacetssE TRPOLTGTESHIPYisEs £LHHERSaEHBYRATY & CHvE P BTHEb P TS i
Iysosomalﬁuﬁme@ﬁmmaﬁdeaisﬁcmmyp ﬂ@,sg(_mei@n mofgiphdronabButcal I_g»)_faah@apuadu_léc_ecar’riers,
diluents of SRSt BRRINAGRKHGAL LM BP IO ANGAMARRRERA GRITAGSITONCOMATSIRG the

active ing?glgilent(s), and the inert ingredient(s) that maké up the carrier, diluent or excipient, as well as
any prod ORIV ISt 2distipd s Ese B it HsRdGbIeesmpERstiapidFhggieyation of any
two or maeQt iheiingredientis: o tiomulissoeiation Aliond eermeieafdbadngradienissotdiem other
types of reagtions.or Interactions.of ane ot more o tha ingredients: A\ceerdingly. (e pharmaceutical
compositions o the presen?lnventlo encom%ass any composition made by acﬁnlxwm a fysosomal
sulfatase ermzymeisfitiecgresent yipeemioh aidieite ovmorepghaimadeutivedcabedprable dbgriers,
diluents of,excipiants. 90971 cRharmaceviisally anseptabiacorsiensiluqnianexcipient” gefrs to any of -
the standard pharmaceutical carriers, diluents, buffers, and excipients, such as, for example and not
for limitatigRCaFRFEp AT Bl E e & e HiLibRss, %P&E%S&I@é{}fﬂh&ﬁw&%f?%%fe} & Emulsions,
such as atrpifaatercopwateriddienhels di Gag).v arosfertir es o iwettth g sageits saitl/otradjunvants.
Suitable praimagelicaleainls Ains guexcrignts asd fmaligns g desaihed nemington's
Pharmaceutical Scierices, 19th Ed. (Mack Publishing Co., Easton, 1995). Preferred pharmaceutical

carriers, dieieiees BHarapibedy ddpemrlpd e BRSSP GHl sradririStrh B Er i@ AR e agent.
Typical madasipladminisirationinchidecianaxanplenandmnohionlimiations entesahis. thetdl) or
parenteral (e.g,, subcutaneous,.intramuscular, intravenous ar intrgperifoneal) injection; pical,
it o1 e e T L e R S A G S
can be fordrnatetiirite arépsosomaladiarase witkyweiforl struenec outhcaheecifclndtgoé.g., metal
salts (sodiurmotassium,é,%agnes'um, cq@lci m, etc.) and,geglts of ammonia or organic amines, WO
2009/091 S84 T EBIEIT I 76 ™ B8 e R T TED RS = etRete 2 58K I P s g LBeP e vity
nucleotide,tinitscRalynutiratide sioaiide aaturally @eutcingnulclsicracids Ts eieas demxyrieonucleic
acid ("DNA") and ribonucleic acid ("RNA") as.well leic acid .analags. Nucleic acid analogs
e O R e 0 A R B A

other nuclestitidssobseritiafPthbanAtereiipabcinming prosphvdicble comtdies Wisictrihctifdetases

attacheld ttygwg%&irﬂf%%@; q@y%ﬁggfn@h&ﬁr}]la@qmgr%@m?‘&uﬁws@ Bﬂ@l@?%@q@ﬂ@ﬂpg%ﬂﬂ@ﬂﬁ@e, for

example an without [imitation, pnaspno othioate 10S roditni atef ,» PNOS 9 otrlesqt_e ,

e mor A G B Ry D B PaCEE  HeR AL AR . 0.ty
_ribonucledtibesgépticelhoidterecabitid (PNs) dafedtthis likesSuchopohymilylspidss et bddyhthesized,
for emmpL%ﬁ*ﬁB@ﬁ&%%@é@@ &ﬁé&ﬁgrﬂ@@q%ﬂd Ihartermssieig.acids ipisalutaiagsio large

|

polynucleotides. The term "oligonucleotide tyé)lcally refers to short polynucleotides, generaIIP/ no
greater thaRTABBG B HECEBRELEGN BEEABEISTSETAPWRER B SORRBRt L S e
representeshbigd NA segiiensearide frdn Tells, EnttbisdalsmhinblutessandR Minaaeuanceiii.ee A, U, G,

C)in WhICngJun[Ce(RJ ?é:oee?ede'maH oligosaccharides from cells not contacted with the lysosomal enzyme,

wherein a reduction in (h)(i) as compared to (h)(ii) indicates the activity of the lysosomal enzyme
to degrade natural substrates. In one embodiment, the small oligosaccharide is a mono-, di, or

tri-saccharide.
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1001001 "Polypeptide" refers to a polymer composed of amino acid residues, related naturally
occurring structural variants, and synthetic non-naturally occurring analogs thereof linked via peptide
bonds, related naturally occurring structural variants, and synthetic non-naturally occurring analogs
thereof SyntMétiglptiiptdtides can be synthesized, for example, using arPalitbRsReU3pLIYpeptide
synthesizer. The term "protein” typically refers to large polypeptides. The term "peptide” typically refers
to short polypeptidésnBonventiahaknatatibiis cisad hereinigpedmy. PRlvesRtide.segHences: the
left-hand gnd of a polypepi de sequence is the amino-terminus; the right-hand end of a polypeptide
sequenceﬁilgqtﬁseo?:%r ag;%ﬁ%gﬁﬁ?r?ﬁs_c%gfr&ﬂ]-%ﬁ%{8}1%%‘}@?39?8%068{%?&9&@6%&1% thatS8 kapable of
specificalijthybridizing! fo s debighatétpolywicipatidetenplate @EEpOWding Agpeintehimnitiation for
synthesis LR y. ide. Such synthesi rs.when the pqlynuclegtide primer
is placed fjgrilfér conc%?b{tiq{;%ﬁsg?rklf \/av‘?\é?g%i%?ﬁseﬂggﬁg?ﬁ%@%‘geﬁé’%ﬁ&z g}lessoé}ﬁ%gl%?ong ﬁ}éggﬁ& g, a
compleméFESSPHOFHIEIS otifie-tédwsiitasa AdPAR . aferrfoepolydierization buckras RhAmpolymerase. A
primer is aisallsinglesateansled bu may BesouhisStiaRdad Bimers e typically deoxyribonucleie
u

acids, but a wide variety of synthetic and naturally occurring primers are useful for many applications.
A primer EWBF&W%@?}?%tI]féSféﬂ’?rﬁﬁlléof%}rﬁﬂ%%h%ié)’él‘é%i&jﬁ%b@ﬁ?@ﬁ%?iﬁli%@h@t@@ﬁ@éeas a site for the
initiation gG:8yBithesis, but need not WO 2009/091994PCT7US2009/031276 reflect the exact
sequence of the template. In such a case, specific hybridization of the primer to the template depends
on the strifig&tcy Shihbltijbridizatibriconaitionssdarimaesceln bedakelethwithe eng-hehramogenic,
radioacti r naiet s detectable moieties. [00102]"Probe,"” when used in
referencﬁélirlg%? (r%?(glg%ttti%?%}%gggﬁgg%%g%%%&%gtﬁdtﬁ%c%épﬁt%en 5f %‘begiﬁ‘&ea hybridizing to a
. designatéﬁ@é%sjﬁéﬁ%@@ﬁ &iohsdy poiynaictastie. Aprobespecifitalynitybyididelsi toaatarget
complemprnian) BEpRHA aeHERnELANRE NOLIETARI N6 £ XaGCBIRIGMANAN, PEALRRESO! the

template. In such a, case, specific hybridization of the probe to the target depends on Itjher stringency of
the hybridioXiiBhacERGBHS, B5rBtids E5H e aEsiag Wik gnemembhdimintatidactiviy.orfluorescent

moieties arit deedasidrtgathle Misties4A019HAnpaphylaglicideatment is a treatment

administenr%dotooﬁ Ssa%lgi']ecid\évho dernot xl'%,bs signs of a disease or‘exhiBits only early signs for the
purpose Of debreasing the riek o devarspin eé)ﬁ 8?66%’?“?*?@’ AR IERCB RN HEBN may be given
as a prophitactic treayment toireduge the iketifrooctpi:develaping @rRathobagy i@ Binimize the

severity of the patholegy, if e, ed. [00104]'Re binant poJynucleotide” refers to a polynucleotide
having sgquences that a;regrgc)tcr)l tuet%ﬁf/{’jgllﬁ\égletélé% hrgéf,%%rg??leﬁﬁ?erg or %\&5 ATaLEe i fibinant

- polynucléstitissitag Bedseludbdi srsgitatidlveé ctordand theyvectopressiobenuseiktostansform a suitable
host cell. A host cell that comprises the recombinant polynucleotide is referred to as a "recombinant

host cell PPAY ge B R&AZRIEEaEH AV E EEOMBMARE Ersse dallids phodueerbelydrattrecombinant

polypeptids At recompbinantpolynusleatidemmay sare) aBRrsaslingUNElion (& 8, REmpter, origin of

replicatior;l,zribosom -bin ing‘sli)te etg.)t%s well. [00105]"Hybridizing specificall to,"."sp%cific

hybridization. * of “se géﬁveéfyﬁy}éﬂﬁ)&“eo PRRAEY £5thi BiRdfig BiLpTIE%IRIG, BF HgtsAtming of a nucleic

acid molecutetpreéferentially GLB pacticutarsnhioldolice saquenceindsnstingant corditians when that
total ce]lular DNA or RNA. éOOlOG] The temi

. sequencg is present.in a qi)m,plex mixturqh(ei. : _

"stringent c%nd?{léons': %Eéfee_rs%aggr?glzt%% uﬁ%}%gﬁ%%ggbgﬁwﬁ%&qz@ Pé’fgpgﬁtially to its target
subsequeHEBP EntpT¢ derEser BN SBr Hot at 811193 GtheyseqhendesaliStiingeninhybridization” and
_smingenhmRjiraten wesh aandljans o i cA0IGKLE INCIEIC AT MBI ARIGN experiments such
as Southern and Northern hybridizations are sequence dependent; and are different under different
environrEiaTity on dermatansulfate. As another example, for detection of IDU, IDS, SGHS, Go6S

or GUSB (enzymes that degrade heparan sulfate), the enzyme of step (d) may be Heparanase
tor Heparanase I1, 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

primartly on glycogen.

[0041}  This celi-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

I3



WO 2009/091994PCT/US2009/031276 parameters. An extensive guide to the hybridization of nucleic
acids is found in Tijssen (1993) Laboratory Techniques in Biochemistry and Molecular

Bi(:]:OEY-FMQ[iG}Za%E%QﬂOV\{Bh)M}J&I%%&é@@ B@Qﬁ%@f@.ﬁl@ﬁ!% %@ﬁf@gﬁw &lfl a%ﬁ&ﬁ%%ﬁf bybridization
and the strate cleic aci assays", Elsevier, New York. Generally, highly stringent
hybridizat?gﬂufﬁlgc_iv_\fg@hoégR(Hﬂi%ﬁga?@Is%rl%’8&_&8%9"5&%gé ver than the thermal melting point
(T for Ui sheelicSRAHRCE LA ARt ORI RIRIAN AN AN Q@%@n 1P AR (Under

defined ionic strength and pH) at which™50% of the target sequence ridizes to a perfectfy matched

probe. Vef§iatah st tbintitidhsharddsiastdertodse eyvmeto thit the deiedepaierstiniiopretd H80107] An
example ep&iHRGRALPRY WiZRlION coRditens:fardiidization al.campleresasausisiasids which
have morg than 100 co Iementarx residues on.a filéetr int.a Sou% ern or n.o.rthein blot is.50% fonnalin
with 1 mg of Neparin at42Ce with the hybHd Tt h BEIRE L ed BiR SVetRight"ARSRRMI of highly
stringent washsesnditidrsoisOapsvhNa Glost §2Edor tiveut idmiimudessildidesamiple of stringent wash
conditions is a 0.2X SSC wash at 65C for 15 minutes (see, Sambrook a al. for a description of SSC
buffer). Often, a high stringency wash is preceded by a low stringency wash to remove background

probe signal. An example me ig@gé%@ngggﬁﬂﬁé%ﬁ%ﬂ%mg&more than 100 nucleotides, is

Ix SSC at 45C. for 15 minutes. oW stringency was plex of, e.g., more than 100
nucleotldqmgfﬁg@@ At 406{ofd Suminsigs- &, genersh a;&;gmhf&@%%m@@f LXAQr frigher) than
that observed for an_unrelated ]probe in the particular hybridization assay indicates detection of a
specific h%%gb)[i%({daﬂ)%f A "subject" of diagnosis or treatment is a human or non-human animal,
including al or a primate. [00109] The phrase "substantially homolo © or “substantially
identcalt Lo B B st e kb Brert i et
- sequenceSEMUDSREUERAES that have at least 40%, 60%, 80%, 90%, 95%, 96%, 97%, 98% or 99%
nucleotide or amino acid residue identit?/, when compared and aligned for maximum correspondence,
as measU{BGstigBsE SetreorsIBRMG L e rsmbArean Nigtritrachsmrporstarifésection.
PreferablyGhieNs) i StapiiaiNdeplity 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 sequdfitédl aFigurmhédasambss idestivar evdrsatiensst abvganddawi@ealactosamine-6-sulfatase
2009/091094PCH)/ 482009103 13 7 Gresidu et @ Wost praferrediembrdiment e saauenges are
substantialrlg igger}iti %&Jﬁlgr the entire length of either or both comparison biopolymers. [001101For

i . .
sequencepcomparl on, typically one sequence acts as a reference sequence, to which test sequences

are compgjegy WRERHSIIRRaGueNCe GamBarisen algerthn.test apd reference;sequenges are input
into a computer, subsequence coordinates are designated, If necessary, and sequence algorithm
program pSFaMRRstesarEaesiyHaRY (Fh&884uence comparison algorithm then calculates the percent
sequence identity for the test sequence(s) relative to the reference sequence, based on the
designatelc(}ggk%gtr%al urﬁa‘r?asmoe‘?ér%. 1061 I%’b;o)ﬁ “éﬁmé’liéﬁ?ﬁ%tﬁigﬁl‘a%’dﬂ@%%éﬁésﬂﬁd&%% Simsd can be
conductedrogdi/ b&_ mQSI@eardm@ﬁmdgyi@I@anhmefa@mimaﬂiWaﬁeﬁwaq T AGUMED plad atin@1482, 1981,
by the homelagy aligamentalgpsithm b Neeslisman.& \WHaseh, Mol &ql: 48347, 187 QA the search
- for similarity method of Pearson & Lipman, Proc. Natl. Acad. Sc!. USA 85:2444, 1938, by

computerf2eRF TP @RS HL L I RECE AR RHIAL RS AB: BESTFIT, FASTA, and TFASTA in the

Wisconsi ics Saftware Package, Genetics ter Group, 575 Scie Dr., Madjson, WO, or
by visual ngﬁcet%%?rfooﬁiﬁ%%%% Sec%gﬂrhap]lce Og?tgeu%gfr&e;{f é%ﬁ?ﬁt% Fsogﬁﬁé% ﬁsgjlcl_gg%ggfsecﬁl‘és a multiple
sequencerBlifshentirom 3 efduprofasiatebisegusrceylgsimopodressiviatpmiridd Migriments to
show relatigpshimardmpercent sequence identity. It also plots a tree or dendogram showing the
clustering relationships used to create the alignment. PILEUP uses a simplification of the progressive
alignmen{#d&thdtigé-F e gl8oRoolittletaBilifobEpoli2a: 3bin36N-188YicdIbamethad ysaiscsimilar to
the methog dexajsd b Hiagins & 3haib. GARIAR AL v 1989 lig prparam can alian up to 300
sequences, each of & maximum length of 5,000 nucleotides or amino acids. The multiple alignment
procedure begins with the pairwise alignment of thg two most similar sequences, producing a cluster
of two aligned sequences. This cluster is then aligned to the next most related sequence or cluster of
aligned sequences. Two clusters of sequences are aligned by a simple extension of the pairwise
alignment of two individual sequences. The final alignment is achieved by a series of progressive,
painvise alignments. The program is run by designating specific sequences and their amino acid or
nucleotide coordinates for regions of sequence comparison and by designating the program
parameters. For example, a reference sequence can be compared to other test sequences to
determine the percent sequence identity relationship using the following parameters: default gap
weight (3.00), default gap length weight (0.10), and weighted end gaps. Another



WO 2009/091994PCUUS20091031276 algorithm that is useful for generating multiple alignments of
sequences is Clustal W (Thompson et al., Nucleic Acids Research 22: 4673-4680, 1994). [00113]
Another example of algorithm that is suitable for determining percent sequence identity and sequence
similarity is ff‘fé)ﬁﬁ‘_]ﬂ@?g%ﬂgorithm, which is described in Altschul et al, J. NIGI/Bf3P02495:213-410, 1990.
Software for performing BLAST analyses is publicly available through the National Center for
Biotechnditjy} infdfigexioh sithis Higorithmainvohidsdfikst ientifyindahigh.storing seguence pairs (HSPs)
e ISR Al IR S e e b Al S Some

positive-valued threshold score T when aligned with a word of the same in & database

sequencelT(é Petbivatiesmdine Peighbottioanivwdrey Scevertareshbic Qaitsehafl 8D&LP AGWol. Biol.
215:403-41L8; 4090): Whese, ipiialheioh @;mgfi@@m@im? aﬁi%s%a{d&ﬁtsni“aﬂng searches to find

longer HSPs containing them. The word hits are then extended in béth directions along each
sequence]iosys fatigs-the st alive aligramenbscaneuaan bedngreasedCumulativerseres are

calculate i r nucleotide s nces, t eters M (reward score for a pair of matching
residues;(Hrgﬁjvﬁvi(;?_ygsS i%@f)ugﬁﬁ?ﬁgﬁ%%/13%%?8%%@?2%&%??@?@%ﬁé%q%m?_@i‘ﬁ%?aﬁg?”a?ﬁmo acid
sequencedchistofinghmateixiusecttepbalentale theetiMutalivamtateokuiensisty obthaword hits in
each direglignatehalted yhen: e cumulalve aliansent seare falls, o b the guanity X from s

maximum achieved value; the cumulative score goes to zero or below, due tothe ac8Umulation of one
or more rEYHREIEEHAG TESRIGE MlirivnatEED ortliatefdtofisitherassueén Geire dohiethdEine BLAST
algorithm:paremeteis et ARdX-Aetarping f&éﬁ@%Yﬁ%?ﬁ&??eed of the alignment. The BLASTN
program (for nucleotide sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of 10,
~M=5, N={¢pand aligmparistiows bathsianrdsehaeaninoacd seauensestha BLASTP program uses
" as defaults,a. wordlength (W), of 3, ectati of 10, and the BLOSUM®62 scoring matrix (see
Henikoff & gﬁlﬁ&ﬁsl%osggﬁ%ﬂ? i@%@&%‘?ﬁ?@ig gé:@%l@%f%%. [00114] In addition to calculating
percent g cep@g_' Lty the RLARLalgqrithm als rforms_a statistical analysis of the similarity
betweenst%’vgo rilr(;quences (see, e.g., Kaerlif%& %tsc%uﬁ@%rolg ﬁ%ﬁ?/%%d? F@Fﬁ%ﬁ %%%573-5787, 1993).
One meaSBREUF SiairlE FHibUIdee bl IR BrASTMYSrithells the smallest sum probability (P(N)),
which priéb%%. an indication of the probability by which a match between two nucleotide or amino acid
u

sequenc 10 OBBES by YRARdES BB AMIe s Nicri st R egiideratiasisilar to a reference
sequenceGiths Sditestsiubepiohakhiliy) o soepmpadisamh of4be (eplaigleiciaskltnibeseference

nucleic a idci Iesi tha(r)w Iaobo%tso more preferably less than about 0.01, and most preferably less than
about 0. 6’1.%‘8& gﬂ Y&t indication that two nucleic acid sequences or polypeptides are

substantially identical is that the polypeptide encoded by the first nucleic acid is immunologically cross
reactive with the polypeptide encoded by the second nucleic acid, as described below. Thus, a

polypeptide is typically supstaRERBHISNSERISIGRAORAPYPERder fonexample, where the two

peptides differ only by conservative substitutions. Another indication that two nucleic acid sequences

are substapsisllly tlenticabis tinanthe twamaletid esdykridize o apsh wherenderssiiingent conditions,
as descr'%lg(f:-garh%[%&.e[%%&pa]c"Sueb&tantial : IE)urtejt;;or "Iso ate1 " means an object species is the

/ predominant Species prasent (ie, o A Mol A Mo BTRERAY BT 4hyther individual
macromaoteeurmspedies detitehagrhpusitiony;aneld substantialfipurified fraptiands @agemposition
wherein Une. At sResinS samarises, At et shou 0% (0 aymoler basis) of ol macromolecular

. £
species present. Generally, a substantially pure co tion’ mearns that about 80% to 90% or more of

the macrogwiECula sRagie R 6D compositian isdiie-Rylied sRaciesalilpiRst. The oblect

species i{s purified to essential homogeneity (contaminant speciés cannot be detected In the

compositfBf' Y TERVRITHERAP RIREIB S¥sBHL & asripdsifsdssrsidis @ssdntially of a single

macromelecuastspesiespSotvent speaiasosmaltinoeaes dsHR0.Raltenslustahilizels (e.9., BSA), and
elemental ion sﬁoq?%si?re not consider%d acromolecular species for purposes of this definition. In
018 'O Gt

some embodiments, 3‘1%%3%10?%@(‘%5%%%’ BERIAES BHHTE FERHRH LA S BEtaRARG Plire or
isolated .amadrecehabddimahfs;ative lysosomatisulfatasmenzymeseitieinvaention are substantially

pure or i%@%m]%gggg@%}% ri’gqu[lgg_m%eﬁglﬂ ssgasrotimn g}n%terials used in their synthesis. In some

. . es despite absence of. e
embodiments, the pharmaceutical composition of thie invention ompns@s a Substan ially purified or
isolated FREIAPEGHRNSORIHHEP SV fAlpsaahigptienacinived Witk-6reNoknpbrepiearmseastically
aCCQDFaIBlﬁc@,QB-ﬂl@‘é%—&@ﬂ?ﬁ%&ﬂﬁi%ﬁlEéﬁd“}r%dJQQ&'&K?:-ﬁﬁﬁ&%ﬁ%"cﬂ%é@%@&‘ﬁ%'§f%tr‘}%%t£?em o
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 sulfatase enzymes of the invention may
be given as a therapeutic treatment or for diagnosis. WO 2009/091994PCT/L1S2009/031276



[00118] "Therapeutic index" refers to the dose range (amount and/ortiming) above the minimum
therapeutic amount and below an unacceptably toxic amount. [00119]"Treatment" refers to
prophylactic treatment or therapeutic treatment or diagnostic treatment. [00120] The term "unit dosage
form, as uselth&&ifd¥¥ers to physically discrete units suitable as unitarf€b¥ag¥s/$ét2Atiman and
animal subjects, each unit containing a predetermined quantity of lysosomal sulfatase enzyme of the
present invemioncaliuateclipamamoii subficient to prosiudanthe:desitedeiffeet insassociation with
one or more %gggi{nggle&]%fa &%%gpﬁ?%l%gar&eﬁs, 8” ] éutg %r e cipignts. The specifications for the
novel unit dosage forms of the precent invention dependd %Séj%aa?t QA NESEENANEEatase enzyme
employed-ghdstiaieitestitolvé gchieveddandatite pham addtyhamicscassiciates) witheeach lysosomal
sulfatase i PR TION,. OF LYSOSOMAL SULFATASE ENZYMES 100121]In
one asp&%%ﬁggf&éﬁﬁ%%ﬁE%ﬁ%l-:‘%%%gsméj %%\(/%??nné ﬁgg of é?gaﬂsé)ﬁnél }a{%]ff\}/ﬂen eﬁiéﬂ@ tp f3osphorylated
lysosomaksiffeitagetienzy mdicilysppouataiatenabiatieregbutibussob suchiraryheesnin general, the
method faaz%sgr@aﬁf@w%pmimw&q@ﬁs%&hgnﬁlwm%&%%/ht,@&%%ﬂafﬁgs{%mm,%f&av'fatase
modifying factor 1 (SUMFI) or a biologically active fragment, mutant, variant or derivative thereof and a
cDNA en%ﬁ'&iﬁ‘@ full-length lysosomal sulfatase enzyme or a biologically active fragment, mutant,
variant or (%%%Taﬂ e tc?fﬁgeof Those of skill in the art may6 pr}epare expression constructs other than
those expréasly desiHBBE R EnAS Bt RS PoaTRISH St SRR SHaB A s HifgEs8 enzymes in
suitable transfectédocatklingdcthéyewitmaMondoyer, skilledsaitisanis anajieasiifdasigrnfragments of
cDNA e ing hialogically active fragments, variants, mutants or derivatives of the naturally occurring
UM S M L R e LR SRS o e
- naturally @dbamidjfeivepepiceiritie shedo st Retin e 01 20] Hosb belissigsaditoyrodussecombinant
Iysosom%ﬂ@@éﬁ%%ﬁxmi@ﬁ@a@@&ﬁé&@)%La&mfg@y&mﬁ'&%?F]&]%QJ 1ipes claradarzed by their

ability to produce such lysosomal sulfatase enzymesin amounts that enable use of the enzyme
therapeutithfy (BrEksdtiol Brobitied Aie/HBRI-kTel, BRD3 tewifrahentavircgfoup cell line,
deSign?@ﬁl&@ﬂ-vﬁ&@ﬂ@ﬁﬂ{@@ﬁb&éﬁﬁﬁ@ddﬁ%ﬂx Weh?fﬂﬂf@ﬁetbﬁtﬁéaf%@%%ﬂq%@ﬁ%ﬁ@ﬁ@[,Q?QQWTir? .
serum-free syspension c , designated G71S. The jnvention also provides derivatives of the 07I
and 671 %"eﬁl%e%ﬁ‘iﬁtﬁ&#égéﬁé %%i?%s?@%n@&*?&ﬁﬁfﬂa? i TR itdPemhassdision plasmids.
1001231sEGetisdihaf entainabaczexpresstis o asRNAvencading aiiecomibinantproeisiare referred to
nerein as,gengtically morlied qglle, Mammalian cell that contain and express DNA or RNA encoding
the recombinant protein are referred to a8 geneﬁcal?y modificd mammanian cans PIRtradliction of the
DNA or RNt detleipisy daerbwnotrdmsfectionymmethtd, istrebets] doiyexampleamg:rotefor limitation,
electroporation, microinjection, microprojectile bombardment, calcium phosphate precipitation,
modified [€4f&Um Brig$on atisasdipratis RV eatiGai srl rasanis seasHig poratrshy fusion

methodolagigsnacepigi-medialad tansien ahhalybrens peeipitation. Alisrnatively,the DNA or RNA
can be introduced by infection with a viral vector. Methods of production for cells, including mammalian
e

cells, whitH8xpréss bNABr RNAencoding &TEcBb SRt T S Hgst AR CREs! peinding patent
‘applicatisms iaBat Sk aNd. (0B334, 1187 ireititfeekthadiver RrpteihBroduatiorang Oealivebyngy stem for

" Gene Therapy' ichard E Selden, Douglas A, Trecq and Michael W, Heartlejn (file v. 4, 1994);
U.S. Seréﬂ%ﬁﬁﬁ%ﬁ?ﬂ ,qgﬁtﬁfgaeﬁfﬁo\l}i(\j/ggﬁr}(r)a%}é gﬁ Q\fgﬁyi%‘% ({f E?f%k{?’é}é‘ob%é%'o&&gulinotropin
for Genel THar&ii#). by RichardeF s8elden;doidaglabti#o Trecs wittl Mithas! Welkdearten (filed Nov. 4,
1994) a 8/23%, entitled T e ti f DNA. Into Primary or Secondary
Cells an%@#ﬁ%iﬁ%%%éi@jhéﬁgﬁ&é)f%éﬁgs{lgcgﬁgg #geqc’g%%%%i'c%fgglpvp\lﬁm e%%%é%{ gr%dyieichard F
Selden (Hledapidg; a0BrgndiREeRERiRl e s chsbl thesa appskdativiearécalapliesiiysncorporated
herein byxeferepee.inthais @ﬂ%@tmn{g%%m&%tﬁﬁﬁ%@&%@&%ﬁ&im&%&%w@d to produce

recombinant lysosomal sulfatase enzymes is an endosomal acidification-deficient cell line
charactetl G By RS0y B b Btice Slie AT SSnTAISiifaia kAR demesmiBa e lifst enable use
of the enzymapeerapesdicatlye inupieier ctienbadinanis: tedmventieon pravigesqa LHO-Kl-derived,
END3 C%QE:'I?@S” ggiogagerg@,/clelléi?ﬁ, tqesi\gnated.on, argd a 071 cell Ii%e that has been adapted for
growth in SSTUM Tree SHASERSion Coltire. HeLioh St B REOHRRH &5 apteetifAfE s ulfatase
modifyinghabtord (SURMPDame dauetoinbinaritlysosomal sulbbdtaseeng i eyandare thus capable of
produci ' I i j rylat osomal.sulfatase enzymes,.as specified in
RN B SRS e
enzyme#idpiipogiep edfe wed @i odimisntss thaBTawed 23S sallthos gordelbsativex thiereGf,lexpresses
and secretes recombinant lysosomal sulfatase
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WO 2009/091994PCT/US2009/031276 enzymes 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. Vectors and Nucleic Acid Constructs 1001251 A nucleic acid construct used to
express the Y@ amuiat protein, either human sulfatase modifying factoPCTSENIBI) 382 1ysosomal
sulfatase enzyme or both, can be one which is expressed extrachromosomally (episomally) in the
transfectedimammnaliatboall orenexdiicphintegrates: eithardandgalyoratiapie-selected targeted site

through homelogous recompination, into the recipient cell's genome. A uct ywhich js expressed
extrachrotrlﬁ%ggrﬁg‘ﬁﬁnéo%%]rls%ré?,tt:l(rieah @ition ?O‘Fé%goa;inﬁri ﬁZ‘m\ip%rloo?ei@gﬁcggﬁﬁr@&ée‘g%%é&giquences
sufficient I@S@xrﬁ'essidnmmheem@ﬁ@irﬁhﬁmh@wﬂgﬁammgﬂmaﬂ% forcvepiptationiofitilespanstruct. It
pically inchesptamaist.iesomnaientaiglein-aneading Ritsanta pelyargnyialon site. The DNA

encoding the recombinant protein Is positioned in the construct in such a mariner that its expression is

under theleprtrsraedribapionictéioptiodafis! ties comtesicdpayeshtairabidiiopatatompenents such
as one onperaRkiefalowing: asplicssiteamentancersseausnse @selectiabie;matker gene under

the control of an approPriate promoter, an amplifiable marker gene under the control of an appropriate
promoter AR A AR RS EGIGheNIAY Sestdr B IGmEst )i Bt ehéartasifi@nhances
expressionofataespoieihwhierentisdnsgredi 10026 Datase.ambosinestsiwhigh the DNA
construct Ttegr tes into the %eél'so enorne, it need include only the recombinant protein-encoding

| eﬂl;%

nucleic abif'&&GUERREE Bist MOELNATGAY S8Rt Fi5h AHSRHARErEYyGence, a
polyadengdation siterarysitese ars@ligensiier orsitago puckeicasidsenuenaes, whichh angodeia selectable

marker or markers, nucleic agid sequences which enco n amplifiable marker, a matrix attachment
region (N?i%f@?%ﬁf raéffe}ﬂ?#tqk ecli%n&i?f‘fﬁé %rt “Eﬁﬁ‘flérﬁ%;’n%@f EesSIOR df ik fedisH Where it is
“inserted, dind/et BN Adiomelogousde genaitic BN Acincthée redipient caliptodargetintegration of the

DNAto a ted. site.ip the genome (to.t t or DNA seguences). Cell Culture Methods
01271 He A o SRR S B RS ol
under cosHitionéaappessrizé dontr owihnofde nelisandsexpresgionofahe DNA or RNA. Those cells
which express the recombinant protein can be identified, using known methods and methods
described¥eRin, Bidirenetsnibiraieprotahadir smsotatBEshenprmfemnstgkreinethods and

methods @lsendessrihed hewimaaitberyihoepmithaut JAQ2R094091894RCTHL1 520094031276

amplification of recombinant production, Identification can be carried out, for example, through

tei :
screening GEREHEAT tr‘?ﬂ?ﬁ?ﬁ%%r’ﬁwi‘l?{r]‘h@ﬁ’é’ﬁlé@i@tﬁsﬁi ORI AL PERBR P RGICARY S VR IAE presence of

DNA or RNA @icodisgdheiecompinantpRirinaskghds RGRGCeeRINg ysRkeging ky Southern blot
analysis, or.screening for the expression Ongllgi recombinant pL(%tein. Selection of cells which contain
incorpor&ted ?teecgﬁﬁ%ﬁgﬂ? 'p?&’t@iﬁyéf‘%%%m R BRALeRBHRTEREFBY MG dRFA Selectable
marker ircahéyDN Acanstruetwitifisob seguent SUNEF Ingoof iransteciddt endofdated-aetisitomtaining a
selectable magker under conditions.appropriate for.survival of only. those cells thaf express the
selectabl(gnr%g{lﬁgre {gg"gg‘%ﬁ%@*‘é’\%&éﬁ c%ft%?r? 6 %Lagl?ﬁt%%rggéafﬁﬁ%\nﬁéﬁéﬁeu%@éa%q Se?oe‘a?(ffcted by
culturing lyesrenzallyiersdifiet. dyanmalian cellSen &ér &prbitald ¢ohditibhs @gimpolturing genetically

- modified SPAMMAIAR SEISAANRBNANATANIAR'S MAKRLISNE.NDE RIESENGR,A @ concentration of

a drug at which only cells containing multiple copies of the amplifiable marker gene can survive)
1001281 REtica istiitda manehiis cong eigneadingsemet seHan aDBRBtefAUEEN be identified,
as describegtipersindpysptarion ol thsrexpression pradustRor axamrle, mammaliancells expressing
active highly phosphorylated lysosomal sulfatase enzymes can be identified by a sandwich enzyme
immunozﬁ%}f/ﬁ. ﬁ(’ﬁg‘:’ afﬁ\ébgg%é can be directed toward the active agent portion. Variants of Lysosomal
Sufatasqgepeymanonealin ceren enfofinanieLprive WAy rlgeRaniaied rsosomal sulfatase
enzyme mutants or variants m%y e prepar’era and will'be useful In"a variety of appﬁcgﬁons in which
active highigiptassphbrylatsdisssosomalisatfdtaserend{anes malibie siseg MoVl s8guence
mutants of yariants af iNe.RalYReAILECANREISUDRIIUTIAna), f&s&@'&qgéﬁeéa_@@t!ﬁ&&&%@ﬁts or variants.

Deletion mutants or variants lack one or more residues of the native protein that are not essential for
function BFiKSrAHOHRIEP ERNRIEIACombiomtAYR BT Hersasr mularmse evaner yscbiddntiking secretory

signal segueeaRA FIGRAIGAAURHSRS itsriinganrrateiniofind e Anarticidarpat of acs!l
Insertional mutants or variants typically involve the addition of material at a non-terminal point in the
polypeptleff®STRE MY TREIERFY & insertion of an immunoreactive cpitope or simply a single residue.

Terminal additions, also called fusion proteins, are discussed below.
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[00130]Variants may be substantially homologous or substantially identical to the unmodified
lysosomal sulfatase enzyme as set out above. Preferred variants are those which are variants of an
active highly phosphorylated lysosomal sulfatase enzyme polypeptide that retains at least some of the
biological act@iifg ¥ ifatase activity, of the lysosomal sulfatase enzyfeT OBV HdIétred variants
include variants of a human Nacetylgalactosamine-6-sulfatase polypeptide that retain at least some of
the sulfathse aciWifiBITH®NEMan N-acetylgalactosamine-6-sulfatase. 1001311 Substitutional
mutants or variants typically exchange one amino acid of the wild-type polypeptide for another at one
or more d#883kithidnkes prestetiscatidingdy e wasigreddonrot ktemnased frore propahties of the

polypeptigde, Suehias. fRrexamRle antnelforimiatonsialily rgpinstarteelticgleavage, without

the loss of other functions or properties. Substitutions of this kind preferably are conservative, that is,
one amind'$&ER tepnsced Ttk ‘g Strrtcehaps dnanarigal cotstpramme dibdtitmvns are well
known inthe st anddnsiuded farexamelaidne Shargesoh alaertmserreparginine to lysine;

asparagi i r histidine;. rtat I te; cysteine to serine; glutamine to
asparagiﬁzl,%gigﬁfaqgie’c}o %@&@iggﬁi&%%ﬁ#ﬁ@%ﬁe %gégp%mﬁ%mg%ine; isoleucine
to leucineXdE Valing H8UCIH & ToEMIFEeAN IS DIROEINEGLIYEINe (W dkginit el ARsthiDHM & taDieBIsE or
isoleucing; in osine,.leucine or ionine: serine onine. threonine to senile;
tryptopha%f)lptoo@r %%;Jr%? T)%%ﬁsi%é'fzggr%ﬁet %rh‘%ﬁ’gﬁeﬁ%ﬁhﬁéﬂ%?ﬁﬁeé%% gl?r{mz {6 ?s%?é%gne or leucine.
[00132]OHerhepedttt theldteB<rinventidH coidmbIXtes’ giharating (GBosylation site mutants or
variants in which the 0- or N-linked glycosylation site of the lysosomal sulfatase enzyme has been
mutated. [80%H mdtarite BlicaiRh AT YRIGHHPBr RTINS RINE T Herearvi s bheIE B ogical activity,
physical stesetdrerarisk sukstratebindingeetential ahitheraative highhephosahaniatgd lysosomal
sulfatase enzyme. In particular aspects, it is contemplated that other mutants or variants of the active
highly ph%’?ﬁ%grgﬁ%cf{éé)uﬁ?%somal sulfatase enzyme polypeptide may be generated that retain the
biological 'y Ryt Pae lagrepsed rcdsisrsgd sostiate Anding agfiviy Assueh, mutations of the
active site or catalytic region are particularly coanemp ated in order generatae'pfo ein mutants or
variants Wibugicketsibstiané pidding astlite nhslchioaisodinrsntbs traisatcente Gftiesactive highly
phosphogyateddysosomal sulfatase enzyme is compared to that of the other related enzymes and
selected residues are specifically mutated. [00133] Numbering the amino acids of the mature protein
from the piggive aRiREIREMINUEES ARING asidywinbeE mexemplagymetatiansthalmay be useful
include, for e le, substitution of all or some of potentially glycosylated asparagines, including WO
2009/09@5%?@5 8J0%9/031276 positions 178 and 397 of recombinant human

N-acetyl osanine-6-sulfatase. NS) {see Figure 5), 1001341 Substrate binding can be
oo B L AT S e e D B L PR SR X B & king into
consideratiomsueHim satides die lesem gilpjicthose ofiskilbémene =iy thitbreboguitethatdther mutations
of the e”%%&ﬁﬂ%&?{%ﬁé’ ggﬁ%?pmﬂ%%ap%mgﬂéﬁéﬂ@&%rﬁh@ﬂ%ﬁy@%l%@@hgafpfmaﬂon about

this protein and its activity. order to construct mutants or variants such as those described

above, off¢oPSKEetiE ik TSI bY WERKBWH S R8s P RORsGiBSY ishalsedlly contemplated

. are N-teniing steletionsadesternieat delationsaiintesnalderotiansias walbas fandem and point

mutagenesis. f[0013 éN-t.ermir]aI and C-terminal deletions are forms of deletion mutagenesis that take
advantadB¥SHBRAhpTACYT tHESEUMRLE: 81 ¥ YhitBie Rpigies e iitoby <8 ear the end of the C- or
N-termin ion. Jhe,DNA is,cleaved at the site.and.the cut ends.are degraded by nucleases such as
31, B ea ot T B ars & e A e R SO SR LB Rt

CIC Pl .
clease produces a’series of

DNAs withdidtetiormssfodanyingisizer arournt tesbswidtonisiter Proteinsexpresseskfrom such mutant
can be aﬁ%ﬁé@%8(1%?ﬁﬁﬁ%&@cﬂ@%&@”&”ﬁ@g%&kﬁﬂﬁ@&?&.aCtiVity’ using techniques standard

in the art, and described in the specification. Similar techniques may be employed for internal deletion

mutants {os&ing AWnssuitaliepiacad sestistion sites. theralhyspllowinga-pradsadefingd deletion to
be made, and the ends to be religated as ?bove. . L .
polynucieoiide whose sequence is the first sequence specifically hybridizes with a

polynucleotide whose sequence is the second sequence.

[6069] "cDNA" refers to a DNA that is complementary or identical to an mRNA, in either

single stranded or double stranded form.



[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 sizeWeHe/aiasp4hen be screened for activity. 1001381 A randon?4iEERtIAI3AZGEation may
also be performed by cutting the DNA sequence with a DNase I, for example, and inserting a stretch of

nucleotidgsitiiat encadent@ @i Sddoeteysamina:acidsApdyelgptingidherndqRnee stehag mutation is
made the mtétggéso$an b

screened for varjous activities presented by the wild-type protein, [00139]
Point mutdgenesis a 36@%%@%‘3%92&%%%{%Oﬁieenstwl Wit ﬁa@f&ﬂﬁ ; %%Tgﬁ/ ?ﬂﬁ]gugéf&) Peidues are
important:idpéditictolar@dtpities assotiated avith (h/sdsosiab s fatas el eazyme Bieldgicabactivity. Thus,

one of skill jn th il , ingle. base . .changes in the DNA strand to result in an
alered codom e e TS TR BT S B 0 TR0 R45, The amino
acids of alpaeticnla¥ &bty szandbaxing &k troemeusiregaivaeRY brievddarad imprdved,
second-gengration.melechilemsuch alleraians.santempiaie.subRtittian of & giveiR Mino acid of the

protein without appreciable loss of interactive bindﬁigg g:apacitg with Structures such as, for example,
antigen-biffdig PediBrR BRrARRHLANKS BHBirting ites ot Shpstréid PR eS BRIEEEpESEs. Since it is
the interagiivecapacitypadnatuse-at & pralgiadhatdefipesthaipreteinmbiclogical funetieeal activity,
certain amino acid substitutions can be made | rotein sequence, and its underlying DNA coding
sequencea,s’atllf)ﬁ%l{%%'nlgI ettfiel é"é“&ﬁféir%f’a%b‘?gleﬁfhgvﬁ}%h%%@%P&&i@f@&%ﬁﬁ?tﬁ% EEHAAGEs can be made
in the DNAiseguencesghgene$ without appreciable loss of their biological utility or activity, as
discussed below. [00141] In making such changes, the hydropathic index of amino acids may be
_considerd@0Tiis aceeprdniatatierrdtativethy ropathiel clearetidsh trenmtinogeigtdsntributes to the
-secondarny, stuuchue,0fAhg Fesvlianipieiniddiehin tindefineg dhedueractinn.aflagprotein with

other molecules, for example, enzymes, substrates, receptors, DNA, antibodies, antigens, and the like,
Each am ﬁ?éna&alﬂgéwqp Gathgraera Hydopathiutge £ ke BASTR T IneR FPGRGBHABICity and
charge characigrstiostisyieidnoelite iscdMalidRiohtahbit0) Ronli3Al k8B R JneorPoated herein by
referencez. en,eraIIFy, amino, cic%_s maé}{ be §Ub?§tme by, oiher amino acids that have a similar
hydropatPREIRYEIE STUSRE ShttsHifitt RSP HE S Pididid dervicaitnidesibiienbar aeavmreid. Bl obtain a
biologicabfunetidnatiyedithdifin Poatitichhtheculdsitltonieftlife dhinptrcids omanlbeitadeoeifectively on
the basis of hvdrophilici S, Patent 4,554,101, incorporated herein by refereng s that the
greatest Fggélé%%ryabéjﬁég%pﬁiﬁgf?f %’ naé rb% étl(l)’l? S K 5‘\%?%%%\9’?} %eﬁ%lr%%cﬁiﬁ%ﬁ%f%%ajacent
amino acfdsAcorrédatels witheadsiol Ggibalipropetyropiivecpratcine Aseftrchsanualvitideacid can be
,subst'tut%gqf@én@@%H&réamﬂge%a&m1@&4}%@@%9&@@4&1&@%@&@ LOtRIN-a;pilpgigally gquivalent and
immunologically equivalent protein. [00143]Exemplary amino acid substitutions that may be used in
this contekEdfaHeC ihsaptisrIfsAIleiecbide &P USEE%MIted to exchanging arginine and lysine; glutamate
%ge' serine and threonine;[gllutamine and asparagine; and valine, leucine and isoleucine.

and aspay, | i ,
Other suié b stitGtiBRY YRR SRR T SR it egélasl%tflf?féﬁiiﬁﬁ%f%%‘éeé’rf &l dFtA8 biological
activity wiildtveitie rrfgnthe:stigandiiey striictucaiofithe foroteingwil heowelkkaowmtarthasecof skill in the

fart. WO 20%9/8199.9_94PCT/U§200£?)/ 1%1 76 }.001441 nother type of variant that is contemplated for
ac1ds fthat are conservalive supsStItions Igr ohe danother:. . . . . .
the preparation of poﬁ/peptl es accordlllng[io e invention'is the use of peptide mimetics. Mimetics are

peptide-containing moledulasith@t mimioelemémtsooimerofein secondary structure. See, for example,
Johnson et al., "Peptidﬁ ;{ggg},g}@iaggi@%“) i@@&ﬂi&lﬁl}@LOGY AND PHARMACY, Pezzuto et al., Eds.,
' 3).

Chapman and Hall, New York (199 e underlying rationale behind the use of peptide mimetics is
that the peptide backbdntsaipesteins existareiefi %o orient amino acid side chains in such a way as
to facilitate molecular intaractionsr suchias these of antibody and antigen. A peptide mimetic is
expected to permit molecular interactions similar to the natural molecule, These principles may be

used, in conjunction with RESHIC IS tRige ibe diatiyorine (hlgihetrcltbAidgeneration molecules

having many of the natyrleprapeities Bf iysasomalsutigiasgienzymes, but with altered and even
improved characteristics. Modified Glycosylation of Lysosomal Sulfatase Enzymes
[0073] The term “fragment” when used in reference to polypeptides refers to polypeptides

that are shorter than the full-length polypeptide by virtue of truncation at either the N-

terminus or C-terminus of the protemn or both, and/or by deletion of an internal portion or

21



1001451Variants of an active highly phosphorylated lysosomal sulfatase enzyme can also be
produced that have a modified glycosylation pattern relative to the parent polypeptide, for example,
deleting one or more carbohydrate moieties, and/or adding one or more Rlycosylation sites that are
not present MeIEMA&Apolypeptide. 1001461 Glycosylation is typically eitirsidipkettsr O-linked.
N-linked refers to the attachment of the carbohydrate moiety to the side chain of an asparagine
residue. Thedripépiide sequanaesmasparaginppésetinaand aspaieginenctiveonine.where X is any
amino aciadr except proline, are the recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. The presence of either of these tripeptide »
sequencegdhg Potypeptide,createsanateniial 1%%991%@%'%%@ oI saRon sites
may be added to a polypeptide by altering the amino acid se e}?wce such that it contains one or more
of these tHHEHRRRS S HiRERRBENQ AfHKeS §lydBelation réfas tebticutatdhabiffeshonmiobthe sugars

N-aceylgalagtosRmine JRIRCIOSE: R 1Y 1286 L0 RANEFONKARINRAGISMRSLERINMOAY SEring O
threonine, although 5-hydroxyproline or 5- h drog{.lysine may also be used. 0-linked glycosylation sites

may be aéﬁ%&%%ﬁ’%‘f@mﬁb‘ﬁrsgﬁﬁgﬂf% FHPAIP LErmEBP eSS 588 dnta e sequence
of the originakpalypeptide Domain Switching 1001471 Various portions of lysosomal sulfatase enzyme
proteins possess a great deal of sequence homology. Mutations may be identified in lysosomal
sulfatase [8A7Z§ime Tpolpepiide st mayraltedits fuftction. (7 hese gttidissdires potentiadhitraportant for

at least Wy RSN, KISk DPLRIPNIAS 8 Jeasqnabissxaestation st ether homologs, alleli

variants and mutants of this gene may exist in related species, such as rat, rg%bit, monkey, gibbon,
chimp, ap®iBabesiPredhebg, (h6rse bHadiprast datoUponusshutiordf tassktamoiogs, variants and
mutants, angiheeniwciopwithother-analveas-6eHaAsING QL IRigna) demainscan.pe identified.

Second, this will provide a starting point for further mutational analysis of the molecule as described
above. ONEWAFIPRKITH TN I THOTRRSH E3PEE ERpRITBAISTH SR 2R iRt goroB s8] Domain
switchingoiftve lveinithengeoeiatiodafietenbinsiiangleaulas dsirasifferentiouk nelatad:palypepticles.
For example, by comparing the sequence of a lysosomal sulfatase enzyme, e.g.
N-acetylgalactosarnine-6-sulfatase, with that of a similar lysosomal sulfatase enzyme from another

source angywih myianisand gl varianta.of sse RANRERUNeR Qe Gan make redigtions as to the
I B ?1 related

functionally significant regions of these molecules. It Is possible, then, to switc omains of

these moktitescin aserohe terrateieinasHercriicanty itHeze nsdidasodefhayiwy fureestion and effects
in lysosomal starage.diserdarsohhasemmeleciessmaynayeaddiiopakyatue.in dhat these "chimeras”

can be distinguished from natural molecules, while g}ossibly prOVidm,%;@ e same or even enhanced

function. RSB FS ¥ BRERE bR FRIMTEFBRS b sdlRTir ST dRie en 2 the Serbrdgerns ideAtified, further

analysis eésxusationsfandtheir peediatedheticst @msecandarystusturedviltegdiothissnderstanding. It
is contemv%Iated th&tﬁthe mutants th?t Sfy\éitéjh dgmains between the lysosornal sulfatase enzymes will
stru

provide US&TIlisfoTatoh AS T HE sHH it PERTHc B relationships of these molecules and the

polypepris th hich ey Ierach.Eusian, Prpteins [00150lin adion (o fne mutajons, described
[ [ mp erati a [

above, the present invention further contemplates the genération 6f a specialize |n&/to€flf}nsertional

“variant kAGHAPAS arfusteniskedeinuaphis molbealeayanefaly adyillior amubstantial gdirtion of the native
moleculeglinked 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 proteinjivaheterniogoischasiipinatheruselu fision inshudasihededdition o an immunologically
active domaigbsuch as an al}ntib.o [ facilitate}{)urification of the fusion pir:otein. Inclusion of a

cleavage &ite' at oF ne’r thE HEHA ?&%@%%%W% -fRiTHERs emical, or chemical means.” For
example, nseful labels include 3 2P, 358, 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 often generates a measurable
signal, such as a radioactive, chromogenic, or fluorescent signal, that can be used to
quantitate the amount of bound detectable moiety in a sample. The detectable moiety can be

incorporated in or attached {0 a primer or probe either covalently, or through ionic, van der
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WO 2009/091994PCT/US2009/031276 removal of the extraneous polypeptide after purification. Other
useful fusions include linking of functional domains, such as active sites from enzymes, glycosyiation
domains, cellular targeting sizials or transmembrane regions. [00151] There are various commercially
available fu&l&fzﬁ%?gfﬁgéxpression systems that may be used in the presént iR&MGHZ Barticularly
useful systems include, but are not limited to, the glutathione S-transferase (GST) system (Phammcia,
Piscatawsiaaie ) bydragshdsadinding promsirmnisys e (NES B avieey dMA)T bietiFYiAGIsystem (I1BI, New
Haven, Gl the £xiis: Sysiem Q12883 &hatmwerhiGAle EhasR SYSRSAre £apable of producing

recombinant polypeptides bearing only a small number of additional amino acids, which are unlikely to

affect the'dhtrgaHid sty of It et drtnantHbIvpRsEde: PoreedhprecpoiisBLAG system and the

6xHis systeimcagid Rajy sherhseayentes it whieh armkaawp o he paerantigesic and which do
conformation. Another N-terminal fusion that

not adversely affect folding of the polypeptide {0 its nativ )
o canton BN BT ROt Wty tHRab 0 A S th B KIEh FRIGS the protein
or peptidesa Sudhcai fuisianeney ptoducatiberieditighntieates koproteisexpressiomnertactivity.

[00152JA particularly useful fusion construct. may be one in which an active highl sphorylated
sosama B A SR D bRl
immunogenitieofalyisozbimed sbif dtabd dadmatfusidr consttuce) his. Ny bedisefpdimthe

production.ghaniboriesdaiheatiaciably iprpbondaied xensamal slfaase.anzyme to enable

detection of the protein. In other embodiments, a fusion construct can be made which will enhance the

targeting BRI SRBFTHCS e S Eh 8) iathrd I Bompeiabs e & shEsmiddrdadicell.
[00153]Othel: fusion-eensisHGistneiuding adetesRicgeusheptidewikedesied DIopRKIes «&.9., a motif

_to target the I%(s somal sulfatase enzyme to a particular organ, tissue, or cell type. In a preferred

" embodim&Rt &HISER o dfrrct ThttudHgrE BN (fgpéeeﬂﬁﬁ%éﬁfé’é‘f‘@.‘b? 6e5prtd Wi esidues
(6xAsp occiljifigsechitanlysosoniahsuliataseyenzyme may target the enzyme to particular sites in
bone. 1001541 Other fusion constructs including a heterologous polypeptide with desired properties,
e.g., an 1{edMstanPreggiositd prsiongssrinmhtii-Hifesorcarnamiboty emirdgneistdtreligonfor targeting
also are @ﬂggﬁggekaﬁ?e%éam%ﬁéﬁmaya,g%@ﬁf%pgﬁt%@ege{mspt%mggﬁawﬁmgg@ogﬁé'rab'e to

excise the fusion partner from the desired polypeptide. In oné embodiment, the fusion partner is linked

to the redBFHIASMYRANRINISEIG HHEUERO ARaRaEISPEasOoRienIfatadE B2 hrepdiyiseptide by a peptide
sequenceeeuainipesAisPaciiialieaaaRitiRnR seauensssfor a protease. Examples of suitable sequences
are those recognized by the Tobacco Etch Virus protease (Life Technologies, Gaithersburg, MD) or
Factor X@o(fseW ErnglasnehBiglabsy Bevettey ndd) Dérivativesi[08k55bAsistatedkaibava;saiderivative
refers to polypeptides chemical odified by such.technigues.as, for example and ngt for limitation,
i o e S ot e S e o S B R B ma P ttachment
such as pegytdtiesvlderiyatizaticn avtthjpolivethyidneglycolpanvdrirsertidmegespisstinftiba by chemical
synthesis ol agingagits suafl asamiibing, Re aes A ispsedal sfalase angyme are also
useful as therapeutic agents and may be produced by the methods of the invention. [00156]
PolyethyRABU§R/E61 tmdhans e ditabrbertBetlysosomal sulfatase enzyme produced by the

~ methods of the inyention to provide a longer half-life in vivo. The PEG group may be of any convenient
- molecula®{Eight MNP bE TRk BF B}gﬁﬁﬁ%ﬁ%ﬁ@"&%‘%@ﬁ%f&@}%ﬁw fitafitisa BEG wil
preferablyoignge:from, abouh2kitaldpitons A kEral) toraboub k06 kRa:mer-proferalhedrosn about 5 kDa
to about gt% kDaE mgI%t acgﬁgga}b%&gmlgsp%%g} kpga 1to %Qout 119 kDa. 'IE e PECE‘ Igeor‘gu%)s will generally be
attached 10 thB"lySosomal Suffatase enzymes orie iRvertion v?z‘f%‘%ﬁa 1o OF reduc “ee%'iﬁylation
through afreadtivedgraip o the, PEG\moistR{ey. pan dtety dejuiaminef thiolp eriésterdgtaup) to a
reactive group;on (06 RIAICTLMAIRHHE GrodD %&%hx@@ﬁ@&%?a_g%@e@mgﬁég%so@%%&?gnef PEG

moieties to polypeptides of interest can be carried out using techniques we nin the art. See,
e.g., Intetisaiohan PUBIRRE G Mo s Oy IBIL 10 BTt 49sSh P pnNID 2 451170, 88T [BdaS 74 Ligation of

the |y59-°s%ié‘x'r;$%ﬁ@t‘i@§ﬁ‘e Sk aal=pelelY W@Mﬁ@%@eﬂé@éﬁmﬁﬁ?% Rl@&@ciﬂ_ éa%@%@l@@ase and can
be easily monitored by reverse phase analytical HPLC. The PEGylated peptides can be easily purified

by prepaf SR M BLE MM PARTS R AR lisANEsPITE nami g agit andiyers ahd faser desorption

mass speghmetty.transcription, of a gene or cDNA can be referred to as encoding the protein or
other product of that gene or cDNA. Uniess otherwise specified, a "nucleotide sequence

encoding an amino acid sequence” includes all nucleotide sequences that are degenerate
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Labels [00158] In some 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 %@ MW@ y8dsent invention include, but are not limited to, radicagidzesrely(e.q.,32P),
fluorophores (e.g., fluorescein), electron-dense WO 2009/091994PCT/US2009/031276 reagents,
enzymes {ergona® Camimandy Asetinandat BAkhiotimitiaaxineainges. hantens:as walkas-proteins
which Ca%%? mage de%ectablg,ﬁ&, bX |9C(?{5%(%)r_atln a radiolabel into the hapten or peptide, or used

y reactive Wit

to detect antibodies speciica é1&Bten or peptide. (001591Examples of labels

suitable f in.t invention incl t.are not.limited to, fluorescent dyes (e.g.,
fluoresce?r?(i}g%(fhioc%%?\pa{tae%ﬁl{léégéé %tg&r%r{l%%;d%%l%r%% %? ?fﬁlé)é}tlﬁaséfgfa%%% ?}e%na%?ﬁe f?%f,lgBSS, Mr.,
L, or 32P}pesmymesxisdsi Sipkspracish.aeroxidase:alkaling phosphalrssANH ANaR.Sommonly used

in an ELISA?, and colorimetric labels such as colloidal gold, colored glass or plastic beads (e.g.,
polystyreffé! FERFEhIe AEPTEIEQD AHYSTBOPBOTHIS Hpelatng) pEidB\FHeddgireemiet indirectly to the

desired component ofithedysesomapstifataseanayRgaccoiding dedmathadswall iciews, in the art.
Preferabl}/&themlwglalglﬁi( .ogﬁlembodim%nt is covalently bound to the lysosomal sulfatase enzyme using

SAfUGAHON SPaR e ABRAY AL S AReY W R eAARHABh S BhE aspect of

an isocyanaotg resagen or conjugaﬂ/on
the inventioagtihe difthectibeapisocyanateseggentsfohthedneetion qanshelisadrto eenjugate a label to

a lysoso S t; .2 label.lysosomal sulfatase enzyme conjugate,without an active
2o e e B

intermed i&BSIOREE) syHitesE of s tabrlied tonjughes.actordingond ithe ARf@ntiphcorgraydie used to
_detect thgdyﬁgm@hgg@%gcg@_zyme 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

componefisiithe gzpaasial sudfataseranzy mescitabiliprRevireraentsi axailablaisstiwmentation, and
disposal gr%/irsliqgsbNggs-sr%dioactiv labels are often ?ﬁ%ﬁleg by indiéect means. Generally, a ligand
molecule (8.6, BIGtinY is covaranty boaRd 16 RETTIEES ED AN ERYRRSHAE SN then binds to
another mupecatel. (\g.¢gireplavidim)onvbichriseeith&idizhesenilytidetaectahie areayadently; bound to a
signal syglem .plch.Asa yé(;e%tsa‘pll]e enzyme flugrescent compound, or a chemiluminescent
compound. 10%1611 %’e I osolmaf;suﬁfatsz}:i}gggeer(%;!j rr?é%% %ﬁé’%éﬁf‘(éfﬁ"c%‘ 'S§is6 3ycszger?f09ated

directly t&SRjplerrstatiig et pduhers, imeprbip donjug atidnayithserderysmedor #gonotedre. Enzymes
suitable fgy dsesaRdahelsdnahide Rut Are.natimited toabydrolasaa Rartisariv phpsphatases,

esterases and glycosidases, or oxidotases, particularly peroxidases. Fluorescent compounds, i.e.,
fluorophquesssuitablgierplisephsdabels neivdecRubam nohimited 10 diueigseeinand its derivatives,

rhodamin%an itslderiv tcirves, ?b%n gl,,u belliferone, etc. Further examples of suitable fluorophores
include, Buf': reo%?ﬁ?ﬁ\ﬂiﬂofg% iﬁ L RIS SR R RS PR ST N SS RAIRSy &ow, lissamine

rhodaminghiBh at least 50% of the iysosomal sulfatase enzyme binds to the cation-independent
mannose-6-phosphate receptor through phosphorylated oligosaccharides. Binding is further
characterized by sensitivity to competition with mannose-6-phosphate. A highly
phosphorylated lysosomal sulfatase enzyme may aiso refer to a lysosomal sulfatase enzyme
with at least 0.25, preferably at least 0.5, and more preferably at least 0.75 bis-phosphorylated

oligomarmose chains per protein chain.

[0086] “Bis-phosphorylated oligomannose chains™ as used herein refers to mannose-
containing oligosaccharide chains that are N-linked to asparagine residues in lysosomal
sulfatase enzymes and comprise two mannose-6-phosphate residues. Typically, the bis-
phosphorylated oligomannose chains have 7 mannose residues, #.e., bis-phosphate mannose 7
(BPMT), which are linked to two GicNAc residues, which in turn are linked to the asparagine

residue in the lysosomal suifatase enzyme.
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WO 2009/091994PCT/US2009/031276 sulfonyl chloride erytluoscein, ruthenium (tris, bipyridinium),
Texas Red, nicotinamide adenine dinucleotide, flavin adenine dinucleotide, etc. Chemiluminescent
compounds suitable for use as labels include, but are not limited to, luciferin and 2,3-
dihydrophth&&zmeditiies, e.g., luminol. For a review of various labeling 8E3igRaIOpKGHLBING Systems
that can be used in the methods of the present invention, seeU U.S. Patent No. 4,391,904.

1001621 vimans for detestingdabels asedvalbknewndoatinsa af skilbinthe-prtaddms,for example, where

the label is radioactive, means for detection include a scintillation counter or photographic film, as in
o aCioR S U T BRI 2 AUkt eI TEIEA) e dBHier oy SR e o the
fluorochramieawifi theappropriate wafeeibhgih icfdighitant:detecting therrestittingsfitinsescence. The
fluorescence.may be detected visually, by the use of el ctro]iw detectors such as charge coupled
devices (&6885 oarspﬁ%% r?\sél fB .%éi%‘zaé@%%ﬂﬁig? i 9“8??;31/ bt Fﬂ%}%ﬁs may be detected by

providing i APProRiRie SRS AR IBr R eHYE AatdelEiag s [siiling rgagtion product

. 1 VS mia .
Colorimetric or chemiluminéscent labels may be detected simply by o servﬁ,g the color associated

with the |aPEROtSEEYEISE IRV R deirsstidh syrimabivrblsrsfdP Usainaecfratipdsiofthe present
inventionowilt beiraeilyRRPAIERLD Thore Rbskillinbe Aftipuchabsied medulalgrs apg ligands can

be used in the diagnosis of a disease or health condition. 1001631 In a preferred embodiment, the
method cBifpRLELTHE stepadrprodtitsddodentamgsh prodihbnatnipssdentidl 3Wfatase enzymes
from cell fings-\with defeats. in sadasepadtraflickingadncarraticathrprafesiesesmbediment, the
method comprises the steE of producing active highly phosphorylated recombinant human
N-acetylfAREEARNES “WRtatase (GALNS) from the CHO cell line 071, or a derivative thereof
Producti sospmal sulfatase enzymes.such as, for ex le and not for.limitation, GALNS,
: comprisggIa ﬁgllystgggeéﬁ%)l’ (Ca%)e%éﬁgxég é%lr%%ré %Oem%!%\}[/%gé?e'ﬁ'ﬁen{éz%’a %—%@(ﬁ?tes%es a
recombin@btantrriamiipsosoinal sttt dseee hthaneanp| Nascetylgadattbsaminecb sudfatase (GALNS),
and recogyiasth NyMAn sifalase MesiIng, farlan -3 MERY, () cuitdog buma sosomal

e

sulfatase enzyme and SUMF1 co-expressing cell lines; and (c)’scaling up of the human lysosomal
sulfatase'&pfEyinacska  Stvitre oidhkp fuldmg balplirmsaidiovbsetsiefonpedeartivie of lysosomal

sulfataselenzymessuifpieieirethenmbadipeats: he humandysasomeal siifataseienayme, e.g.,

N-acetylgalactgsamine-6-sulfatase (GALNS), and human SUMFI cDNAs are subcloned into

mammaligfi EXIadebH VEStGrSBaE Ay RS HE S BEE HERGH BIGks.» treyage of sulfate

2009/09 1284, 1CiM 82 009/08 12 %6t 400 Ydnhoecall dite devetopment: O7daviaé Faia-G71 clone
adapted Eﬁﬁ%\il\jthaigi &%wgnﬁfr%e suspension cul%ure, was go-té(ansfecteg\?wgt{éa human GALNS
mammalian expréssionvector, & human SUMEL A AT eXBrEEL S ANTE oY A d8fsttable
marker gesestad dtablentarisiomakehtsivegenselsoted:tiAfte - first dofinid of stibbleming Of stable
transfectg]é}ﬁm(égly@gﬁevg%rfqi§eelel etggsy]srl]@g etgrgug%gt%sé %{1%1 a(%PsCEEaet(i%%]&specmcally designated. 071

or 0715 cell lines were analyzed for cell-specific pro ity of p cell) in spinners with
microcarfigigPr I ELERENSIARCUIFe, resRacHvEl: iThed r NS were
identifiediand zcaled-up to bipigac‘to‘r%?or production ‘S%fg%%rﬁig ?hga%gggzli& 1001 5%% another
" embodinfétuth el Hrarripepreviies hoeelbssiBE aEsay Tt 1neas aprigrEe Brgvitystasecombinant

human lysesemat eezyree igtegmaemiurRisosiaes Thameihed cumprsgsdakeulturing an
isolated human cell deficient in the lyspsomal enzyme under conditions in which natural substrates for
the Iysos%ﬁ%?%%%d%%"&‘é%ﬁfﬂ'ﬂrlaPé‘PfEi) BURRR GG TR EL PV RO SE SR AFER¢c) lysing the
cell; (d) adelingtothe deltlyskie-ansepayme thas (Fi® spacificiéordbe:-haturabsubstiates, and (ii)
cleaves small. oli ccharides from th tural substrates;. (e) labeling the small oligosaccharides
with a de%%%%lfgbqrégr%gﬁgﬁ?g(%yoﬁﬁ%ﬁ%I‘f/v lsﬁég)roé)t]lﬁsgmﬁﬂe & %Iélé\’ g%%‘il%é%%‘%&%?ﬂ%; (g) detecting the
labeled swraitcokgdsaldEharides; @Ads(e) YatisrmitRiy) thebactivitytlef ttiedysosonaienzyme to degrade
the natur, Sfra 0o ke amo f mall.oli ccharide from cells
contacteé% %v%ﬁlt%rt][(e %%blgs}gfgn%{gla g%g%}f%(g %N&l}h (ii) t%ﬁgﬁoﬁﬁ%ﬁg%eﬁ%e%%r%%ﬁ%I guél's%((:‘rj:harides from cells
not contABEE A tRE NyeBub RYAiaErs yeTohefdhs Bnvedietdoavinah)asfcompamdto (h)(ii) indicates
the activityegf therdyspsemalemryimeda, degrage natkrahsubstialgs oy ong £rbedipent, the small
oligosaccg%rid% is a mono-, di, or tri-saccharide. In a related embodiment, the small oligosaccharide is
a disaccRErigé:! tbﬁ’l]ééﬁtlﬂz’%ﬁ% @fbdtitents, the lysosomal enzyme is selected from the group
consisting of arylsulfatase B (ARSB), iduronate-2-sulfatase (IDS), sulfamidase/heparin-N-sulfatase
(SGSH), N-acetylglucosamine-sulfatase (G6S) and N-acetylgalactosamine-6-sulfatase (GALNS). In
some embodiments, the lysosomal enzyme is a-L-iduronidase (IDU). In some embodiments, the
lysosomal enzyme is acid a-glucosidase (GAA). 13 some embodiments, the lysosomal enzyme is
I3-glucoronidase (GUSB). In some embodiments, the lysosomal enzyme is f3-galactosidase (GLB1).
[00167]Suitable human cells that can be used in the cell-based assay include any human cell that is
deficient in the lysosonaal enzyme to be tested, such that can accumulate the



WO 2009/091994PClYUS2009/031276 natural substrates for the lysosomal enzyme. For example,
cells naturally exhibiting a full (100%) or partial deficiency in 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 c@s He @ om patients suffering from a lysosomal storage &iS8ESEIE 01246
mucopolysaccharidosis, may be used. Cells recombinantly altered to knockout or reduce lysosomal
enzyme gotivity, eTcthraughdniresiicingpa-MiHatiRmio there neading gaiTe Qb s peemoter or other
regulatory region, may be used. Cells treated to reduce lysosomal enzyme activity, €.9. treated with
antisensg%?%?ﬁf\li St@%é%ﬁc%“@ﬁ%%@ é&%ﬁ%%%ﬁ%)ﬁfo}ﬁai}%%ﬁé%&”[ﬁ ’6§]Eg‘?ﬁ Wé%rﬂ?’ﬁ%és that cleave
(digest) ssnalkcotigdsadshangestnmmaodibohiydrates. amdrthat ke dgpeclilie fovidine, predominantly
digest) the n bstrate the lysqesomal enzyme. may. be selected by those of ordinary skill in
the art. Fg?%%%lfrﬁé%{l c;%l gé%i%%%ﬁ‘%?aﬁﬁ%@“& &ﬁ%‘ﬁfs olrné tB fe(lé%’zyrﬁlgg ?ﬁsgté dgérades keratan
sulfate) therepsspeddofsteyqa)taihy fhenKeratarmbminolyespspenzyniietthatacts ptirmariyoil keratan
sulfate. As aRothelgyapie, fesdatacion ohiRYy ARSR) RB.ALGHAR(eReymes alsegrade
dermatan sulfate), the enzyme of step (d) may be Chondroitinase ABC or any enzyme that acts
primarily 815 BFHYStE a0 A PHABHRET A% PRI SRS Hedie dtidn BRI, (DSeGIrs, G6S or GUSB
(enzymesjihalegiegrade fiepaian sidfatelathe enzme-afstem(ddmaybaienasanased or Heparanase
I, or both. As yet another ex%mﬁgle, for de.tecgo of GAA (an Sé?zyme,that degrades glycogen), the
enzyme oY SRETET AP ER RIS BPATR By Ak ARCETIRMSHTS 69701, B SHL601 This
cell-basetymeihod isidapabhezof giiat sensitivity inydéteeaiingdypbiorasdrenzymaiRCiViy cIn some
embodimenis, e, sosoma ancyme astity s deleciable when the concentralign.cflysosoma
~enzyme is as low as about 10 mM, o about 5 n , OF apbout fpnm, or about 0-75 nWI, or about 0.5 riM,
- or about (325 havd, the About/einzivsomabeds.0leDmMicdraboni0:0l inisonadsolf:®:005 nM, or about
LM, 0r gt SR e RIRIEICATION QR LIOSOMALSHI FATASEENAYMES, 1001701
W.

Bioreactor material containing recombinant human ALNS was 0:2 um ster‘igle filtered and kept at 4C.
The biord3eferae IRasHARS EiftiEr 6ad 81D M s REFHNRCHIRnT thraely or eGREBATrREd 10- to

20-fold bygilisardiitraigr pAGEII0RINNgsattasc ARt CAkipEy FRe DIkEBRIL Ratesiahor
concentrated bioreactor material was pH adjusted to pFl 4.5 and then loaded onto a Blue-Sepharose
column, WHLHERS SEAUBR IR O TR R SCaldToh DSt 30 i NEaT 5B RN
acetate/phiisphate pbflaraivl INa€ ihahl db it \Ws 2009/09 199 AR CHELS RORH AR 2 ansh £luted with 20
mM acetate/phosphate, 100 mM.NaC1l, pH 7.0. The Blue-Sepharose colymn eluate was.then loaded
onto Frac%é%llr%E - ?p%v%’shgéo geesdgﬁgen il Wi ﬁsﬁ#gnrm'age?fasf)er?gheg‘sl%ﬁ% ee,rgf) ?nnM RECI, pH 5.0
and 20 mivremesatéphiosphvate; SOMRM faCtdis B¢ andagdsted ayitie 2O paMimcetateiphosphate,
20-350 niML i arad gl Pl eclDe.b RG0Sl e Hrfpauaip was daryiaiad in 10 mM NaOAc,
1 mM NaH21304, 0.005% Tween-80, pH 5.5. [0017711 Alternatively, the bioreactor material containing
recombirf@EHiTReT GRRNPRks dsHcaatiatdd 2 BLF3IE by ultra-filtration prior to loading onto a capture
column. The concentrated hioreactor material was pH adjusted to pH 4.5, filtered and then loaded onto
a FractodV SR HitEA UM NFASIE R SatRie I NIt 16 AV SEeEmEANJEpFRate, 50 mM NaCl, pH
. 4.5 and 10 mMcaeeiaieiphosphaie; &Q e agt pritddoandreligeith AQmMaestate/phosphate,
140 mM hlla‘%lfe%—i %.O.eTh A:réacto%gllég Ig}-c(ej%p col mnIeIlfJ%te was then adjust d_toﬂ500 mM NacCl,
pH 7.0 and 165064 Onts Zn-chelating Sepharost (ZA-IMACS E6iLTh AT WRsHad With I Mk
acetate/phosphates;it25omphNa@id 20 gndd immidezole;pEbtGpanttetated mitdsk@dmihg one
acetate/nlioRphale, AR IMNACl A IMigazsle i 1, The gehelating Sepharose (Zn+-IMAC)

column eluate was adjusted to pH 3.5 for low pH viral inactivation, adjusted to 10 mi?,4
acetate/phesphate;, ZMMNaGh Rk Dnhiandthen lnaded oneanbavoRear Byt 620 column, washed
with 10 mM acetate/phosphate, 2M NaC1, pH 5.0, and eluted with 10 mM acetate/phosphate, 0.7 M
NaCl, pHEB et oy I Baly PEEURr et tas Sirrantitiatetr S s iRiar AR E02/iM acetate, 1
mM phosphate;ctbflambhilaGgpbh& ar aird thendar mulateskind9yrMacetiateqd-nbkphesphate, 150
mM NaCé,, gﬁ%l%ouTvge}en-%g, pI(—)| 5.5. é?Ol?% The [&urification of recombinant human GALNS is
described i detait i]nifrléll:1 ndpdluﬁﬁccoal i1 OF TECOMBINART human GALNS following procedures modified
from the pF | ' ﬁr% il infr binant.human GALNS-enzyme was
expresse%}aigxg? Icstt%gﬁé%?] 32}2{‘:5? eollu% %?@Sar#plé% Yﬁ?’%ﬁ%‘%ﬁ %}qu éke%s{%céﬁ)%g%ﬁ g?(%%lp g V. The
purified ré€esaBitlat AR SHCRENS Bhiteliavamion an b e paie baoadié russumented
preparations of CALMS. Masue et al " J. Biochenz. 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 4fskDa and 15 kDa, the latter of which was shown to
be a glycoprotein. Thus, the Masue et al. GALNS enzyme appears to correspond to the processed
form depicted in Figure 5. Bielicki et al., Biochein. J. 279:515-520, 1991



WO 2009/091994PCT/11IS2009/031276 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 kna under reducing conditions.
Bielicki et al¥BizehesneM 311: 333-339, 1 995 described the purification &0d/CReMRSER2@tion of
recombinant human GALNS from Chinese hamster ovary cells. The purified enzyme on SDS-PAGE
was founebiahraneien moleeutarimass 016862 kRaundennomreducingcorditions andmalecular
masses of 55-57 klga, %g hDa and 38 idia undir reduci ﬁ%)t;gji}ions. Thus, the Bielicki et al. GALNS

4 manilose- E}())l ate H?%Gp [0 COLUImn l_? S§ Lilan abo
enzymes appear to correspond to a mixture of the pre-processéd (precursor) form of the enzyme and

the procegsed,formdapigted I, Figure S, i%si%r@%g}&@%?&mimag%ghgé@'“%%@@éme of the
invention consists almost entirely of the ecursor form of the enzyme (see Figur %‘3 or predominantly
(i.e., at [eB$PABONEBELY OF e HrSca Oy IePio PIHY BREG I fsce mignereth)is IN etV SO SOMAL

SULFATASE ENZYMESANRLYSOSQVHL STRRAGE DISEASES 00174l Tihsysosemal sulfatase

enzyme is a full-length enzyme or any fragment, mutant, variant or derivative thereof that retains at

least a sUBERRRNTRONRPATG cIdtiaat gbtc‘i’ﬁtl‘g‘lﬁ%f%ﬁ’éﬁe?éﬁlﬂ?%'féﬁg%}b%ut 75%, and more

preferabl ast.about 90%), substantially all, or all of the therapeutjc or biglogical activity (e.g.,
Cutatase ATy A S E STO LTI T OB GrACATRENE: DD oA HURAEE enoyme is
one that, itnot expressadror produded horifisupstamtiathe ke dtigedrinexpriessiompogitioduction, would
give rise @ a disease, including but net limited to rage. diseases..In some embodiments,
the Iysosorrﬁﬁ sulfat§1se enzyme isgc,)ne that, if no?%égrﬁeqs%e%%@b%%vdﬁégga oﬁi‘%u %t%]r%ﬁglfy reduced in
expressidfibt i CHURHERS MaP HoPHvEsEteUE didpasenit otmeserapkibisoes of eadiistsexpression or
-productioy is asseeiated M&k})mﬁigiﬁ&mgag&gdmﬁy&ﬁ%H%Bl:ﬁgrfanlg/ﬁ%m@é storage diseases.
-Preferably, the lysosomal sulfates enzyme s derived or obtained from a human. [00176] Preferably, in
the treatriEHtBFNSOSBMEC A Jethdeales Yo ud MaIcaiEtb e A7 iBisph-éhVitle that is
found in ascell thatiicnehexpressedioeaiodusat otts, SubhstantiBiired ueadir-expression or
productior(li \{\éo%'tll% I?Q/fe Ir}iscta Wtooelg %XSPSO taI storg{ge 1[c'llsiseai_,'?e. Ad(l.ternat%vely,‘ in the treatment of lysosomal
storage diSBSSEL NS WLOSSHAI S Sads BESma T S SN e WHEEE A0LE REE SF8tantially
reduced exgedssionoofiprodtictioppis assosinted withithe ihseasenalthough dtsiabsengiaarssubstantially
reduced i : 9 6 production, may not itself give rise to
the e e B o B B RS Puraan. [00177)
Preferablprineséiny maliisby Msosoraal lseikemsbseHaimrersiote as thpysedfatasecAlighRed) (Genbank
AccessioghNg: N OA0AAS SR, 2L GERRANKGARSESRIARNG, NE BQ1078897 (isofonn b) and other

variants), arylsulfatase B/N-acetylglucosamine 4- sulfatase (ARSB) (Genbank Accession No. P15848),

iduronatgtdsylfatase (&) teenbankyttessite: NobR A0QL83:(soforn &) .peabark Accession No.
NP 006114 %s%%ﬂn b)). sulf idase/h(gparin-N- _ Ifatas(g SGSH‘]) (Gepbank Accession No. NIP
¢)

000190) KRR RIES "ae}ﬁ}ﬁge{f]%?ﬁﬁﬁf%s HEBE (B S APk AERAER IS 2N O3B WMd Galactose
6- sulfatase/iN-doetytgal actosaphine i6:Suldtad e (GALNG) {Genbank AcdoessioNNorNP, AR0503). A

table of lysoreme sigrage,dispases andedyrasamal iipiaRs SNAYNSe Jefidighihgrein, which are

erapeutic agents, WS:

and/or adjuvants. Suitable pharmaceutical carriers, diluents or excipients and formulations
are described in Remington's Pharmaceutical Sciences, 19th Ed. (Mack Pablishing Co.,
Easton, 1995). Preferred pharmaceutical carriers, diluents or excipients depend upon the
intended mode of administration of the active agent. Typical modes of administration
include, for example and not for limitation, enteral {e.g., oral) or parenteral {e.g.,

subcutaneous, mtramuscular, intravenous or mtraperitoneal) injection; or topical, transdermal

3

or transmucosal administration.

[0098] A "pharmaceutically acceptable salt” 15 a salt that can be formulated into 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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Lvsosomal Storage Disease Mucopolysaccbaridosis type Il Hunter syndrome Mucopolysaccharidosis
type HIA Sanfilippo syndrome Mucopolysaccharidosis type HID Sanfilippo syndrome
Mucopolysaccharidosis type [VA Morquio syndrome sulfatase Mucopolysaccharidosis type VI
sulfatase M&YachigriEé4eukodystrophy (MLD) Multiple sulfatase deficieREJ MBI tigbsomal
Sulfatase Deficiency | duronate-2 - su | fatase Sulfamidasetheparin-N-sulfatase N-Acetylglucosamine

6-sulfatagé(Ne AceBdigalatiosaeningG-tNaAogatacipsamisinde  Aknyisulfaiase A Multiple sulfatases
[00178] Ir% greferfggqigmboﬂii@ents tne lysosomal s Ifatasg enzyme js a recombinant human

lysosomal sulfatase enzyme Sr%aéidrcaeg S A B d8S SR A S o PRI ST In more
preferred(@mBodirmehtsdihe kecembihAhtAlimsandy so somealk suithtask gnZyimdeis adtivedags has a high

level of pk | ides "DEEINITIONS". | t preferred
evelo pB%%QM%@E%@JI%%E%&%&%&&E&%&HSﬂq8'Bgseerﬁ_Qﬁ%ﬁ%@%ﬁgwﬁg?ﬁcgﬁﬁ;t human

embodiments, the lysosomal sulfatase enzyme is an active high .
N-acetylg#iseessariinetlBisiirdasectoReNSIn o 17oRiyDaheripe pbonsrabdtorry edideases that can

be treated, pr-RravRRIEh IS NG MR MGhoas Rktherese MnyaRIAR NGdE, but afg ot limited to,
Metachromic Leukodystrophy or MLD, I\ﬁaroteaux1Lamy syndrome or MPS VI, Hunter syndrome or
MPS nucleotide analogs include, for example and withouf lirnitation, phosphorothioates,

phosphorodithioates, phosphorotriesters, phosphoramidates, boranophosphates,
methylphosphonates, chiral-methyl phosphonates, 2-O-methyl ribonucieotides, peptide-
nucleic acids (PNAs), and the like. Such polynucleotides can be synthesized, for example,
using an automated DNA synthesizer. The term "nucleic acid” typically refers to large
polynucleotides. The term "oligonucleotide" typically refers to short polynucleotides,
generally no greater than about 50 nucleotides. It will be understood that when a nucleotide
sequence is represented by a DNA sequence (i.e., A, T, G, C), this also includes an RNA
sequence (Le., A, U, G, C) in which "U" replaces "T."

[00100]  "Polypeptide" refers to a polymer composed of amino acid residues, related
naturally occurring structural variants, and synthetic non-naturally occurring analogs thereof
linked via peptide bonds, related naturally occurring structural variants, and synthetic non-
naturally occurring analogs thereof. Synthetic polypeptides can be synthesized, for example,
using an automated polypeptide synthesizer. The term "protein” typically refers to large
polypeptides. The term "peptide” typically refers to short polypeptides. Conventional
notation is used herein to portray polypeptide sequences: the lefi-hand end of a polypeptide
sequence is the amino-terminus; the right-hand end of a polypeptide sequence is the

carboxyl-terminus.

[00101]  "Primer" refers to a polynucleotide that is capable of specifically hybridizing to a
designated polynucleotide template and providing a point of initiation for synthesis of a
complementary polynucleotide. Such synthesis occurs when the polynucleotide primer is
placed under conditions in which synthesis is induced, i.e., in the presence of nucleotides, a
complementary polynucleotide template, and an agent for polymerization such as DNA
polymerase. A primer is typically single-stranded, but may be double-stranded. Primers are
typically deoxyribonucleic acids, but a wide variety of synthetic and naturally occurring
primers are useful for many applications. A primer is complementary to the template to

which it 1s designed to hybridize to serve as a site for the initiation of synthesis, but need not
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WO 2009/091994PCT/US2009/031276 Sanfilippo A syndrome or MPS lila, Sanfilippo D syndrome or
MPS Ind, and Morquio A syndrome or MPS IVa. In a particularly preferred embodiment, the lysosomal
sulfatase enzyme is such that its deficiency causes Morquio A syndrome or MPS [Va. In another
particularly SYEr&iad%Hbodiment, the lysosomal sulfatase enzyme is suf tHatt&détciency is
associated with a human lysosomal storage disease, such as Multiple Sulfatase Deficiency or MSD.
[00180] Thaiscpéretherelrovecalsief the saghatisdasedhe tpsospmafishifatabetoz pitbavoirdrpreferably
comprise,a ﬁ@%&ﬁﬁ'ﬁlﬁgt@éﬁéﬁ@éﬁEﬂé"sﬁﬂ{ﬁtﬁﬁpo?@@’%%Qgﬂ%ﬁtdgnmﬁoqﬁeﬁﬁﬁre?soéall'i"ﬁreanCe’ for

methods involving MPS I, the preferred enzyme Is iduronatc-2-sulfatase. For methods involving MPS
1A, the PrEf&Fel dngyim BN RTd EsboRepEr INLsU et adan sk ep atisots drivolvieralp S ill-D, the
preferred:gmnzyae is N-acetylglucosamine 6-sulfatase. Fpr methods involving MPS IVA, the preferred
enzyme is galactose 6-sulfataseiNacetylgalactosamine-6-sulfatase. For methods involving MPSVI, the
preferredjetyne isPiNdectygalaciasamine Auliatasenolcmeth edsinuoiving Metaghtomatic
Leukodystrapy (MLD), the preferred enzyme is arylsulfatase A. For methods involving Multiple
Sufatase%% %Féaﬁéf?q%\ﬂgsﬁ%ﬁ%ag%g’ ?’nneé{czg}rf’gt?% %ﬁfﬁéﬁf%tteaﬁss@g%eg?ﬁlgﬁ%?g’% @/&Qggee ytfé ucosamine
4-sulfatagepidbronateiPabyfatast; sufantidas ehepanibsulftitase dNtdectylighaedsamincsulfatase or
galactose frsyfalasciN:aeenaalaciosamine:remilatasg,and he relered engume is alactose
6-sulfatase/N-acetylgalactosamine-6-sulfatase. V. MU OPOLYSACCHARIDOSIS TYPE IVA
(MORQUIM BrREROAES MIEDS (/AR fores drnandopbiisabenetids sis e WA tMisrquio Syndrome,
MPS Wa)isandpiieriteshautosomalisecassive digeasa pelpnaing to:the graup-afamycopolysaccharide
storage diseases. Morquio Syndrome is_caused by a deficiency of a lysosomal enzyme required for

the degraBXFERSGPRNE Glye SEHHAT G IREHE(GAGS), keratan sulfate (KS) and chondroitin-6- sulfate

~(C6S). Spegifically, MPS IVa is.characterized by the absence of the enzyme

Nacetylgi@:cj:g(‘)jjam‘fh eq%)-%lhdﬁg%ge%%%ﬁlj\rl‘ , %%Péattﬁg %E(aégre flolﬁ?% t%<t§ flnsﬁ]grgeﬁtri‘ﬁ}é? ﬁl%ees ¢k of GALNS
results incabduhsigatiohaoti staotniatly betgenbneauin s auf iucopplyseschitdides:impyadinekoaitilage, a
main coreengstalKRIel asesnbRRINmOME KRG hels el dxrRlasia.er symptoms
vary in severity from patient to patient, and may include hearing loss, cataracts, spinal instability, heart
valvular éﬁ@@ﬁéﬁ’é“éﬁd%%iFh@dFgei%@%’s?%\fiﬂ‘tﬁ%g%‘ﬁlgé‘rﬁ?tllfb@fwio@ﬂﬁmﬁWéW%éYﬂﬂfate ester
bonds ofgalaatese:S-stitaiadrem KS and Nacetylgalactosamine-6-sulfate from C6S. Human GALNS
is expressed as a 55-60 kDa precursor protein with only 2 potential asparagine-linked glycosylation

sites. Mayuoo6€}6- PhaspitateMoR iz pariiof thetligesasohasidasipresent artbeceALNS molecule.

MG6P is recognized by, a.receptor at the lysosamal.cell surface.and, consequently, .is crucial for efficient
uptake of & ‘ﬁ\ﬁ@%ﬁ%&ffgﬂﬁﬁo ea?‘i'esrmf% e q%&fﬁgs Sr?élé% L%dt(r)e %mprlgecl%ts %éﬁl"%?lﬁmde

fonnylglysimebactivhting enzymeb{FGEpencodad by tivesulfatasd modifyingfactark§SUMP') gene to
gain actiyity. Be i [vati nvalvi - {i odification of an active
site cyste%i%lMé %ggﬁg gtép@mfg??ﬁ%y%%/%%%E%%%\{%%%% p%i%?g#zggé%épﬁ%rg%? sulfatases can lead to
both prodifeesibrstifathed en2mes ithilonespecive actiatp(rabiaamiket edivarsddand
‘non-activated splfatase £R2NEs) R Withlow Rrodustion titeh G ndegradation.Andig, non-secretion
. of non-activated sulfatases). 1001841 An object of this invention is to provide an actlveghlghly

phosphofyisH feifhalf RRA eI e geRln e s Lhmams P ER Y s sl For ik treatment of Morquio
Syndro othgr, diseases, e.g.,. Multiple Sulfatase Deficiency,(M$D), that are caysed by or
associa?l%&g‘] a aeéjf%’0|ién1€§fiﬁsﬁwegigﬁazf{ %’N-Sé)ézgfgﬁg alggfé}s%t]rﬁ’llr}\fe%-s {‘%(i%\égy§ﬁ%ﬂgé%? active highly
phosphoﬂylarté‘cthtmi&nbmmgtyugﬁéamgsanhm&ﬁugmmehﬂyamédhgsléhelab;iﬁfm~&1ti@hgﬁg(_a to tiss.ues
in which ﬁgﬁngﬁﬁc@&&m@9&3{%&@%@9&93{%%%%%&3&{%%@&&9'eeguggégié%l%g‘%guff'c'ent'y high

percentage of FGly in for enzyme activity, and has relatively high production levels. ﬂ%%]lt should
be undefstBpdrthatthscrirethdds sfethdanvaNtorr #éSaribed herein are applicable to the production of
other lysosomal sulfatase enzymes, e.g., arylsulfatase A (ARSA), arylsulfatase BfN-acetylglucosamine

4-sulfatat YR sBY hErehatEREetirarsiiob Syas ta pdisansepsrn iishrdrads 8t sH) and

N-acetylgluensaningesiiiatase (GeSetsafudonthe iraatmapief vsaran)al starags diseases which
are Caus&%egrsggu%%ab%tse. rl’ZSe’tgn%%rgt %%g ifrlcglt?or}l(':yaghd?’rset%%gent hybridization wash conditions” in
the context of nucleic acid hybridization experiments such as Southern and Northern

hybridizations are sequence dependent, and are different under different environmental
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VI. PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION 1001861 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, powdé&rS04yatiddds or capsules, for example, with conventional additilesgoeuisti?as lactose,
mannitol, corn starch or potato starch; with binders, such as crystalline cellulose, cellulose derivatives,

acacia, cefirustaksh ougelatins;vithidisinie graloms: Sues bas cosR staehs pelatesstarghor sodium

carboxy ellulose; with lubricants, such as talc or magnesiym stearate; and if desired, with
ciuente, B SRRk ARG LR Dot LU b G AGERE HBOTRT1 The
lysosotnalstikataseddhzypmesuof theinventiovecaswbet fotnuiddte diintbrdenacatiods fer injection by
dissolvin ing.or en ifvi MmN an aqueo I nenagueous solvent, such as vegetable
or other gl?ﬁ%%(%@%?ﬁ%@%%ﬁﬁ%%%% g%:gﬂg%géﬁ?gg?vﬁﬁé%% ?S?@F’ efﬁ%ilw?gtl% a&as or propylene
glycol; andifidesited  avith sonventiorsl additisasdsudie asso filsilizers isetothic tagents, suspending
agents, sifvi il] ervat k YSOS ulfatase enzymes of
the inve%igﬁ%{j‘utl izse%”a)?i%ggeégg%sg%%nl%ﬁ%oiﬁ ?c[)i %%ﬁg%qrgﬁgl?s%t%}£§ {l/i%%%]@e%z#éﬁ% e lysosomal
sulfatasetbh#jpres of tHafeetiondamibstronaiblend o ihtat preissuiife ¢ beepteepromsliants such as
dichlorodifiuprprmethaneRioRangcRiipgen and,the like.-1Q0183LFurtberpos: the.lysesqpal sulfatase
enzymes of the invention can be made into suppositories by mixing with a variety of bases such as
emulsifyiff DE5EY BPHERIEAINE bases. The lysosomal sulfatase enzymes of the invention can be
administ ctally via a suppository. The suppository can inclugde vehicles such as cocoa butter,
carbowaifé%sggr@ p%}éﬁ %}Pé]n%dg%/%%]l%%v%'gﬁ’#%g%? by f{(é?ﬁpgéerr ?beé%f)z/%tf(g}r(gysolidified at room
_temperatcrep00E9GHUME Bosagesfoind béthenlyscbemidisulfatdseanzymesiofthe infeation for oral or
- rectal administration such as s S, elixirs, and suspe sign ay_ be ided wherein each dosage
unit, for é)%fn% Zg%renagbrol%rﬁ Sﬁéﬁéiggﬁn‘f‘?ﬁ?ﬁsﬁ&‘% Qﬂnp’p%%sﬁg&%/l?%gﬁg%dg glf)y}\lgldeetermined amount
of a lysosomalisiffatdsengnzyme egntainirgpactiveagarit imihstungedosagecmnisferinjection or
intravenqyisaginstiation may, cempese ihe lysosomal %6"5?%@&1 %QZ%"%)%%S aisolution in sterile
water, normal saline or another pharmaceutically accepFa le carrier. 1001911 In practical use, the
lysosomdl. ¥|fii&swash2yafe€ dfithe imvettidrecafuindoombinédas thecagtive irgi8dientim)intimate
admiture i eRePLAAIE ANAIACSHLIGAIY BeqeRlpRl ATIETS.dilents Al uapienis according to

conventional pharmaceutical compounding techniques. THe cdrrier, diluént or excipient may take a

wide varigigbefsisilils depsinginty sivdhenpriatesesis fomn fof pripératidredesirer fbrmdPinistration, e.g.,

oral or parenterakineluding intraveneis)s I Rrepannghe.Msosomalsulfalase eazIMR O
2009/091994PCT/US2009/031276
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 particujar

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 nucleic acids or polypeptides, generally refers to two or more sequences or
subsequences that have at least 40%, 60%, 80%, 00%, 935%, 96%, 97%, 98% or 99%
nucleotide or amine acid residue 1dentity, 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 is at least about 50 residues i 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

30



compositions for oral dosage form, any of the usual pharmaceutical media may be employed, such as,
for example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring agents and the like
in the case of oral liquid preparations, for example, suspensions, elixirs and solutions; or carriers such
as starches,¥sQ g8 wietocrystalline cellulose, diluents, granulating agert§ TTUSEAAE 2Binders,
disintegrating agents and the like in the case of oral solid preparations, for example, powders, hard

and soft cagauesiaacriahlsisiewihdnecspidnral Prepamions Renepiefsrigshavardhe fiquid

preparationls. 1}5)01 ZJEWbth _res&;eé:t to transdermal Ioutes of administration, methods for transdermal
administrStidh 6T 8RIgs ArE o ci8E e THPREIMYOR s PHAuiiaceutical Sciences, 17th Edition, (Gennaro

etal., Ed?{’%ﬁlﬁf{ P%ﬂ“?@ﬁﬂg??e%b %Q@m??@'g@- rg/k(iﬂ1 éoatches are.a h}grefe red means for t{ansdermal

’ Hy'one sequetice acts 45 a raference, seqUence, o .
delivery o ysosomal sulfatase ‘enzynie {e INvention. Patches pre%racbly 8rowc§:é an absorption

enhancerdueh a8 BMST 1 drcreapertde Aisorption ofthectysosomalisulfatasetenziasiesdOther
methods for.frapsdermaldrg deliven.arediSalesetyi P aboNas: s 902812,8:2615595, and

re
6,261,595, each of which is incorporated by reference in its entirety. [00193]Phaintacéutically
acceptablEEReIpTeAtS, SABFISS VEritiue PAFIRARE 2ESHTS & DACEITIRING, ARe sefrRetcially available.

Moreoveiphaimacallicali assepinhie:aixiliaey sHbsianss. siah A& Pl adivsting:andspuffering
agents, tonicity adjusting agents, stabilizers, wetting agents_ and the like, are also commercially
B B Fh S 5 RIS (BSOS RS P APHRE Compositions nclude, bu

available.

are not limj qit , cgm]poslitipns Suj algle for oral .rectal topical, p renteral t@acludi %lnjbcutaneous,
. i gl altenment o1 sequences fOI’ cO ariso .CEI}_I C CO dUC e.é’, o, .
intramuscular, and w?traveno s), pulmonary fnasal or buccal'in aatlorrf), or nasal ’administration,

although w%@wé@ﬂta@@rﬁhmeﬁsaﬂgﬁvgﬁvéﬁamtwmddeémwwﬂ:émtﬁé&htbwehand severity of the
~conditiongpeing, treated, and epdhgnatue Atihe ackvg.larediont. Exemplary repes, ofpdministration

- are the oral and Intravenous routes. The lysosomal sulfatase enzyme compositions may be

convenieft BrEEsHEHTHYURRIBRIEAGESEIAT ShbiPRETaldd Dy afty stthethétidds widiknown in the art
of pharmagys [0 18 Becausmofithrifease or agministiatian (@hlets andapsulss seprgsent the most

advanta al dpsage unit fon', in.which case solid pharmaceutical carriers are_obviously
employe%?ﬁ#gfﬁ@gg?aﬁg@ﬁ% BUSA R By St ﬁﬁl%ﬁ%gaﬁﬁ‘é%ﬁé‘ GPRBHEdEY s tehniques. The
percenta§eioiarDactivallysosdihabsuifaiase siggymienin these compositions may, of WO

2009/091994PCT/US2009/031276 course, be varied and may conveniently be between about 2
percent tt08bblt 6@ persentds tie weightlgbthbounit J0BUS6 P Llysd8ontal sulfardselenzyme

compositigns.Af ihe AveRtiatmaydeadministered. sncansHaad Jn. o Artachesk Lo Niral efyelopes or
vesicles, or incorporated into cells. Vesicles are micellular particles which are usually spherical and
which aréq?@aW€ﬁ{F§1ﬂﬁ$BfB.and percent sequence identity. It also plots a tree or dendogram showing

the clustering relationships used to create the alignment. PILEUP uses a simplification of the
progresstve alignment method of Feng & Doolittle, J. Mol Evol. 35:351-360, 1987. The
method used is similar to the method described by Higgins & Sharp, CABIOS 5:151-153,
1989. The program can align up to 300 sequences, each of a maximum length of 5,000
nucleotides or amno acids. The multiple alignment procedure begins with the pairwise
alignment of the two most similar sequences, producing a cluster of two aligned sequences.
This cluster s then aligned to the next most related sequence or cluster of aligned sequences.
Two clusters of sequences are aligned by a simple extension of the pairwise alignment of two
mdividual sequences. The finai alignment is achieved by a series of progressive, pairwise
alignments. The program is run by designating specific sequences and their amino acid or
nucleotide coordinates for regions of sequence comparison and by designating the program
parameters. For example, a reference sequence can be compared to other test sequences to
determine the percent sequence identity relationship using the following parameters: default

gap weight (3.00), default gap length weight (0.10), and weighted end gaps. Another
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Liposomes are vesicles formed from a bilayer membrane. Suitable vesicles include, but are not limited
to, unilamellar vesicles and multilamellar lipid vesicles or liposomes. Such vesicles and liposomes may
be made from a wide range of lipid or phospholipid compounds, such as phosphatidylcholine,
phosphatidi¢*Ati8MéShatidylserine, phosphatidylethanolamine, sphind8riShHi§ESkpids,
gangliosides, etc. using standard techniques, such as those described in, e.g., U.S. Patent No.
4,394,448} sudmvesidessaiulifosomesimaynbaipisad tarachtiniSieqlysesomalsifatase enzymes

mtraceIIuI(IaIrlI ?‘%%'Qo;tloefj%!'vﬁ&c! %g%i( Sal EHAE%%%SEQ?QH@&%BO égs 4ﬁgrget organs. Qontrolled release of a
lysosomal sulfatase enzyme of interest may alSo'be achievéd using encapsulation (see, e.g., U.S.

Patent Nqg®; 196 94100397 FANYTaute: o ACNISUALIRD thaidliss e lysosematsulfatase enzyme

composition into the blood stream, or preferably, at least outside of the blood-brain barrier, may be
used. PrefSTEBK M eeREEEe SR ki iadbedizdme BEPHPysitioh sl latrinidteded HEFMNEFAlly, most
preferablyintravenausly2os byxardias sathaigl atsiyauianand inrasaratigvniestionsiare also useful.
Lysosomal sulfatase enzyme compositions. may be administered locally or regionally, such as
intraperit&ﬁ@iﬁ@%ﬁf%é}i‘a}ﬁ%%&ifn& RS BRI iogH d UepBioR sd Bmaosiikase enzyme
compositionslarefadminisigted hith ©oeor moreaharindCErs oy deedpiable edrviaidsdiluent or
excipient, 100198] Those of skill will readily appreciate that dose levels can var a functjon of the
specific I)Eg%%%rﬁg{nsﬂﬁa ASe ot u)?%(fgi t%gcseﬁjgﬁﬁ}%%ﬁé) rs%?r%“qﬁ?t\’é?ﬁg}gﬁasfﬁé’eéﬂds%ga%sf%ﬁyoﬁ)# the subject
to side effeets IPrbfarrbgnddsates ford ditensiysobogthlisulibtabese nzymecard risadilyrdéterminable by

those of %i{h%mﬁl%fr@()@\)@mq@%gé mrapsnauding bupnot imjted fo 999&_%%%1%0?@&@ ind

phannacokinetic assessments conducted in patients, in test animals and in vitro. [001991 Dosages to

_be adminidteteditHpambaepehd o mithvidiasaetder shinedssrielsttednddengartibear lysosomal
- sulfatase nzyime: used, and warthesheserleuismat administRtanRasrgesaf @dyspsomal sulfatase
ehzyme rgsnf%reafsr ?}?Q cau?l?ulﬁt?\}g zﬁirg]?rlr/alé%ttgcore can be increased. Cumulative scores are calculated

using, for nucleotide sequences, the parameters M (reward score for a pair of matching

residues; always > 0) and N (penalty score for mismatching residues; always < 0). For amino

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

word hits in each direction are halted when: the cumulative alignment score falls off by the

quantity X from its maximum achieved value; the cumulative score goes to zero or below,

due to the accumulation of one or more negative-scoring residue alignments; or the end of

either sequence is reached. The BLAST algorithm parameters W, T, and X determine the

sensitivity and speed of the alignment. The BLASTN program (for nucieotide sequences)

uses as defaults a wordlength (W) of 11, an expectation (E) of 10, M=5, N=-4, and a

comparison of both strands. For amino acid sequences, the BLASTP program uses as defaults

a wordlength (W) of 3, an expectation (E) of 10, and the BLOSUMG62 scoring matrix (see
Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 89:10915, 1989).

[00114] Inaddition to calcuiating percent sequence identity, the BLAST algorithm also
performs a statistical analysis of the similarity between two sequences (see, e.g., Karlin &
Altschul, Proc. Natl. Acad. Sci. USA 90:5873-5787, 1993). One measure of similarity
provided by the BLAST algorithm is the smaliest sum probability (P(N)), which provides an
indication of the probability by which a match between two nucleatide 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

32



WO 2009/091994PCT/US2009/031276 about 20 nmol/kg, preferred dosages range from 2 pmol/kg to
2 nmol/kg, and particularly preferred 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 ®ai'tH&¥ange of 0.1 to 100 mg/kg, and particularly preferferdéSa¢es ziege from 0.1 to
10 mg/kg. These dosages will be influenced by, for example and not for limitation, the particular
lysosomafisutfatasecenzisieciiesfonm tbfiihe pharmaceuticaleamplesitians thewouta afadministration,
and the SHle cftion 1of the parti%ull{?}rd@somal sulfatase enzyme. [002001The lysosornal sulfatase
or'the

fa
g erably lesst . i ; . L
enzymes o?%gr?n?/ign or?sgrélags%ﬁ f erapeutic, prophylactic and diagnostic intervention in

animals, gl i@}pafﬁ%l@{é{}iﬁﬂaﬁ&ﬁ-th%%%oﬁﬂ@fe%%&aé&g%%%%d@%ﬁgmﬂ pieferential

accumulation in particular tissues. Preferred medical indic Jnostic uses include, for
example, A EBRAKisITHisso & dbatthnterhy paryse sryarestirtarsitstarec ldurigidivier, kidney, spleen).

1002011 Thasuhinstmetioss find use i the freasment ohavalishual difisrent.diseasg canditions. In
certain e bog](%g%% of igrtlcular interest is the use of the subject methods in disease conditions

where a [§5%: GHatd 8% PINBRETMY BR%AYY SMNAIRLE KeBACAHR SR Rientified, but in
which thephispsgimal bukfatageenmeatis nat pdemeatelydelivered dashedarget sitRumiga or
compartment.to praoduce a fully satisfactory therapeutic result. With such lyspsomal sulfatase
enzymes, t (éilsgﬂlgfglc%ar%)éﬁl%%s 0 %?S%ﬁcc?r%dtgg l@gn ighly %‘#Stsp{igpwéi%até%%E&ﬁhﬁ%JW&ase
enzymesrealsdwesbgeridizerihandedhiethedapstitigeticady mnd thetapabitit hackéx of the lysosomal
sulfatase enzyme. 1002021 Treatment is meant to encompass any beneficial outcome to a subject
associatd@%gﬁ] admitistFatidi oriEclysbssphpdumsasee ARiRTIemeierin g amsdoedehtikelihood of

.-acquiringspedisepag cRreNeionRb 2458858021 0wingaSORRIRG eV EIady, ihe progression of a

- disease or an amelioration of the symptoms associated with the disease condition afflicting the host,
where arEIEPASFCBIEbETSHEIE RS GM RO 28R S BT atEAtY BFTHES B2R890ERaN in the magnitude
of a parametposeign, vymptahe, dssaciptedvitthapathelegicat.contition being:traatgds such as
inflammation and gcellligrass%%cisat?dséggr%fx/\e/lijtgfaﬁs gléﬁlgéttrea ent also includes situations where the
pathological condition, of at least Symptoms assodiatad theretitn, SraPea Bt frAited, e.g.,
preventegbfrand Happehingr orostopped regoreiminatepsQuchr thattthetimsimeokingeissuéfers from the

pathologicat sondiian, oF atdeast alenger syifers fram dhe {0t characterize the
pathologlkggllicon ition% WO 20119/091994P T/U§2 09/03%@%%%%@%] \ %1}%%/ of hosts or subjects

are treatdBIBLEEEGTARF s transIsbectaretan i o cprsiytisudiy sostsaiferahdrenais” or "mammalian,”
where thegenienns arecesadfreadyniesdescrne oraanisms which.ars withingne;class mammalia,

including the orders carnivore f. : doi{s and cats), rodentia (e.g., mice, guinea pigs, and rats), and
primates Y P E RO ERHD ?5%9& ABS nefARIEEYS (& sndP/BniBd diierasntal de frssigswill be

humans.4@0204piiavdng navgesiecally eessebre sheiaventions hesame mayhe more readily
understood thﬁ%%%qstQEefPIIOW|n refﬁylagnce to the fo Ighve\inr]wﬁ? examples, which provide exemplary

Tho YSOSONTR] SU A A TR J ﬁpﬁf%}s‘ﬁﬁémf‘é’&‘ AEONHAI sulfatase

protocolse?ort e production; and puri
enzymes airictheln ssedrtiedrestrne Hicofilysosoinal Gtesagezgdiseastaic Thesexamiples are offered for

 ilustrative, pUrRRsS AN, A0d AL pahiniended RJimit the seone of e present invention in any way.
Efforts have been made to ensure accuracy with respect to numbers u 1alfe.g., amounts,
temperatliféiss s@osibuisime experimentaltbrrandcdeiiatiornaouidn of toursenbiemllowed for.

EXAM Ple@%;ﬁ?&ﬁ'\él E’d%)gtelnti_ally purified or isolated therapeutic fysosomal sulfatase enzyme

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

[00117] A "therapeutic” treatment is a treatment administered to a subject who exhibits
signs or symptoms of pathology for the purpose of dimimishing or eliminating those signs or
symptoms. The signs or symptoms may be biochemical, cellular, histological, functional,
subjective or objective. The lysosomal sulfatase enzymes of the invention may be given as a

therapeutic treatment or for diagnosis.
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MAMMALIAN EXPRESSION VECTORS FOR HUMAN SULFATASE MODIFYING FACTOR | (SUMP)
AND HUMAN N-ACETYLGALACTOSAMINE- 6-SULFATASE (GALNS) [00205] The objective was to
construct mammalian expression vectors appropriate for producing in stably transfected cells
adequate atSUHE G Weéfive lysosomal sulfatase enzymes with improved PFhBESHERNBHGH levels.
[00206] The full-length human sulfatase modifying factor 1 (SUMF1) cDNA (see United States Patent
ApplicatidAtNbE. UST20005/0128849 rplslicationideteadpn €a8,02005;dHodiden 2080228250,

publicatiop e NOWEFOS B 2001 oL OGN e etk RearRarated by reference in thrr
| _

entirety), which encodes a 374 amino acid polypeptide, was cloned into the mammalian expression

vector cOpkA dinvitragam anishaci GRpWehconiaRg thehuman CMY.GRhRBEaI:prameter and a

multiple cloning site. Efficient transcript termination was ensured by the presence of the bovine growth
hotnone P&R/&H8hylation sequence. The selection marker was a zeocin resistance gene under the

control of, -7-promoter and SV4Q. early polyadenylation sequence. The resultant plasmid was
designatég}ag(%}ﬂ\lAﬁ%ﬁﬁFfﬁﬁgsﬁﬁﬁg%L&lﬁ% po?;r/é:r/%ﬂcfsgeﬁ?jé% & gacﬁﬂw:ﬁftﬁﬁglbg)lypeptide
(SEQ ID fu@Rlesequetacedcarecs Hommine Figut erraai dubigute 2chespe ctivelyid002071 The full-length
human N: Hne-6- N DNA:(see Tomatsu et at, Biochem. Biophys.
e, Corl e BB g & 26
amino aci 3Pl iFepikientiBreise dhintsthed neahianasearprasgidnorectormpCIN (BioMarin), which
contains ghe-Human &MV eahanecariomelerdinkedde thefiabhit f3:0l0kin fYs2intian,and a multiple

cloning site, Efficient transcript termination was ensured by the presence of the bovine growth
hormone o R e aHBh L AR HRe aapad h aREr wad g e drgrampussstransferase gene

_ that carrieszar-pointpitationtodetteaserenzumpeaeffisiemepthecienuated maskarswasdfurther
k handicap%eﬁ%}gith the weak HSV-tk rom'{%e%The resultant plasmid was designated pCIN 4A. The

human G SB%?%adéféoaﬁ%%f D “ind polypeptide (SEQ ID NO:4) sequences are shown

in Figure,g and ﬁg‘y%fgé@pgpﬁysgogn%%fﬁ%gﬁ%gge%g% levels of SUMP] and

GALNS, scaffold/matrix attachment regi etal., U.S. Patent No.

7,129,06@)were clonesinis.tharS GMEhand GALNS. XY esion Rlagmids: JARROILBMAR SUMF1 was
made by%%i?ting P<1 68 X X Ncol filled MAR (Selexis) with BamHI and Hindi, and then inserting the

released RGN HiES Peoiemal suifaierargesiad Witnaums Ak mtbiethosasyipMar SUMFL
was madecigesting i 6RNtohdiledhdMAR) S 4GRS lexisywvithidcindlkk and Xbal to remove

the EGFP gene anéi then insertin %e SUME | gene, wh'c& released &%}m cDNA4 SUMF1 by
digestior Wik HATT S XA [OD S 1 B AR HREARATLAR by S5 VAT SN | with Pmel
and Spelfiteerambveuthet SEAR bgéneyand therdAsetting iNe GabiNtedehidendtidhsmasieleased from
PCIN 4A Jy-digestion.with Pmel.and,Spe \[g%za]@ggle PMAR 4A was a%g by digesting.P<1_68 Ncol
filled (MAR) SV40 E%.]\I{:%P (élelex?g{lWl HIFn I a:h (Auba 16 remove the %%nggﬁ%r?g%d then inserting
the GALNSgeneskihishhwas relsasert feorppC N raitestion tiththirdtHrard! X ba. 1.

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

naturally occurring SUMF1 or lysosomal sulfatase enzymes that possess the same or similar

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

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

free suspension culture, designated G71S. The invention also provides derivatives of the G71
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[00213] The full-length human GALNS cDNA was also cloned into the mammalian expression vector
pcDNAA4 (Invitrogen, Carlsbad, CA). pPCDNA4 SUMF1 was digested with Hindlll and Xbal to remove
the SUMFI cDNA, and pCIN 4A was digested with Hindlll and Xbal to isolate the GALNS cDNA. The
GALNS cDNEOHINaMnepai fragment was ligated into the pcDNA4 vector BiHdUS2salskgment. The
resultant plasmid was designated pcDNA4-4A. 100214] The integrity of the GALNS gene in the pCIN

4A, BMARarsl pCENAdc4 Aiexpressipavectaisivasiconflinied Ry testiclionsrapringeusing enzymes
obtained from !Hrgw England Biolabs. The PMAR 4A expression vector was not mapped. [00215] The
structure 'of the ully processed form of human N-acetylgalactosamine-6- sulfatase (GALNS) is

depicted jgfrigHre 2. 5ALN SIS EXRIES %?Bi@g%aﬂiﬂo- id. polypeptide with a 26 amino acid
signal peLtidelgﬁequeenqe. A 4096 .amihoéféiilg GALNSlpo‘ ypecgt(‘%ag% §§8%%§ a8 {;pﬁ?%eelﬁrggessed
(precursobi#aith GritisiBazEas tralingediisikediar Megmabrabelis B8t 60nkiaaid axtivesGALNS, the

cysteine teRiflug ARNPOSHIAMR30S the RIREMSArRL Y. RIgcrsed GALNSROl¥ReREde (corresponding
to position 79 of the fill-length GALNStpon e tide)BR{as been converted to Ca-forrnylglycine (FGly) by

sulfatase MBURARYG Fakor TsBNIRA PHREHEN SBEBME, A LN ity adnat afenpaaiion 325 of the

fully processesi GALNS, palypepiideesuitioglim@AbN 8l aepikdeflagmenis.gtabeut 40 kDa and 19
kDa. These GALNS egtid%s re 'oingald.b a disylfide byidgge _between{gg%q{s_teine (C) residues at
positionslﬁgéogﬁ%eéb% P TREHINY BrSRsaua P O NS BSKIBLptR: MHAsGra tH5 GARSMHES! N-linked
glycosylatienisitesyratcpositiohsid 8amer3hobthedfidly, firdcessetd GALNS petypeptide.

Bis-phos - e ( Isi mannos -6:.phos resigdues, has been
found on% i&%@ﬁ%ﬁ@gﬁ“ﬁ@éﬁé’%& ?{Eﬁﬁg&';_}%g&]ﬁ%ﬁ %ﬁ%&@%\.ﬁpﬁ&% G HUMAN
 SULFATASEAVReDIF YIRS FACTOR F{SUNMPLMDdd oipaduction for cells, including
N-ACETYLGALAGTORAMINES-ULDATAS R (GALNRIHP2L6 s ohisstiys was inggvelop cell

lines capable of producing active ysosomal sulfatase enzymes with improved phosphorylation levels.

. enzy 1th IMProy .

[00217] é?ioc%?@t%%?d‘%.l%ﬁ&r}%ﬁerse%lé\‘ﬁx&&%%&ﬁ%f?@%@kiékﬂ}f%ﬁ@@nccL-61). The G71
cell line ig:adestperaitm-seasityeeuianGeh CHO-Eh Wity raspact tosagidificaiomohthg.gadosomes,
which has heen obseyved to yield.differences jn fotal protein secretion and phosphorylation on
mannose"ilr]ggl?I ﬁgasm?&r& SEvarAT Ogtléléé%%édg l'grfgﬁ%l%[ﬂj 3(3&‘%&5@?811.5}@%% &Il Mol. Genet.
17(2): 137:a6@1i09 i Meiwetl etf diryhGpticBiob: 3X(B)n A6 x191 6;ch084):rb902:4,81i O&tdcells were
maintaingdal, 346 B AVAKEAGHQMEAHID, SHRRIPRSE W6l 31 Ll il serum. 2 mM
glutamine, gentamycin and amphoter cm.

08/231,439, entitled "Targeted Introduction of DNA Into Primary or Secondary Cells and

Their Use for Gene Therapy", by Douglas A. Treco, Michael W. Heartlein and Richard F

Selden (filed Apr. 20, 1994). The teachings of each of these applications are expressly

incorporated herein by reference in their entirety.

[00124] In preferred embodiments, the host cell used to produce recombinant lysosomal
sulfatase enzymes is an endosomal acidification-deficient cell line characterized by its ability
to produce such lysosomal sulfatase enzymes in amounts that enable use of the enzyme
therapeutically. In preferred embodiments, the invention provides a CHO-K1-derived, END3
complementation group cell line, designated G71, and a G71 cell line that has been adapted
for growth in serum-free suspension culture, designated G718, which co-express human
sulfatase modifying factor 1 (SUMF1) and & recombinant lysosomal sulfatase enzyme, and
are thus capable of producing high yields of active highly phosphorylated lysosomal sulfatase
enzymes, as specified in “DEFINITIONS”, thereby enabiing the large scale production of
therapeutic lysosomal sulfatase enzymes. In most preferred embodiments, the G71 or G718

ceil line, or derivative thereof, expresses and secretes recombinant lysosomal sulfatase
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[00219]To allow easier use of cell lines for protein production, the adherent 071 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 etal., Mol. Rio/cc/no!.
15(3):249-2570 2000)1#84ulting in the serum-free suspension culture adaptadlE@NIMHEI 37 1S.
Alternatively, adherent 071 cells, after being stably transfected as described infra, may be adapted to
serum-fraagrosdhrmedinns as0ullineddo: Sinasereratiala{00220Raired, eambinatiensoiithe human

S1.JMF1 GALNS i tors (Example 1), eith 4 SUMF1 plus pCIN4 4A,
BAIAR SUBEL SIS BMARCAS B ENAR SO AR BN AR A 1S Al Hbeted following the

MARtechyli,pratocol %%écggﬁ%gxq§%lg§is into G715 cells grown in culture medium supplemented
with AntibioticAntimycotic Solution (100 111 Penicillin, 10 mg Streptomycin, 25 pg Amphotcricin B,

Cellgro). frgnefectanhRaals Were.gLewn iRddrakhiQmediumLGampiexsurpiemnented, with 5%
y-irradiated fetal bovine serum (FBS, JRH), 200 ug/mL 0418 (AG Scientific) and 200 ug/mL Zeocin
(Invitrogeth LAt H‘SHQH’"B%/WW&HQ@WMB i SRR ISP R TSR & oMt EBIRRR. Clone growth
was monikariel RypetkSareaménonvatiskimagingaAll ¢lonas werersaraengdtsing aniemnzyme capture
activity ELLSGA oriact[ive_ GAL% see Ex%moplet IV{?. Ce IultagI roductivit V%N_as Iculated by dividing
enzyme AR AT ETISA TR SAPRIE Gty 6y Cer gt SR i e %@@Pﬁ" Araly Edtliter) per day,
over a periodndfidataysiniQ0R2tdiHeR 0515 ciones werergeneratiedainc:goreenied for active GALNS:
86 clone r ' 4. = N-4, lones, co-transfected with BMAR
SUMF1 S(i 563?58&;\%%;%%9%Yr?d}ac&?ig%llg%eé%%@#@%ﬁ%i%ﬁéﬁﬁ%ﬁ%&%L?rl\illclgflrpl)%usse PMAR4A. Clones were
initially sERIMRESFIECHASIDOPHIISICVIS B active: GALNS Heowdtiee Dl fisselicatiore plates
_(Figure 64y zALNSREYIY A MAAHESD HRING RN RLEHHRSARIIE ACHUN: FHN M an tepresented

- in ng/mL (y-axis). The x-axis shows the three cotransfection conditions used for SUMFI and GALNS
expressidit HERW Biomdter THEHSUMATRINE ¢ TSFombea T AR PARY 64 & thsmoter with MAR.
Each barggpease nisechY @206 HaDtO04R 6584 S200R4084 266:singtenelprgnlsam the respective
populatioB. g:ell gggfity was n?t accou?ted E%)ntin this 96- well clone screen and not, all of the
co-transfeded 6715 HGREE AR B pTa) S ARG LTI R BB LS P Th & R h A ERERIE 'BALNS producing
071S clong$owerg ehpBensitr, pnogihetivitysemalysis { Fégureb&B)aDaily ol lulde piaductivétyoivas

measured.i Qbfai LQividi e tivity by the gell denEl ity for that day.
This figurqeﬂ g @gé%%y%?{%gﬁh?d%%gg}ﬁ%uré/)tga%%?wsgggc‘%ﬁ%&?[@g{%\éé%é%ﬁéh/%sﬁ??ﬁg %Fones were
assayed POPIGAENSsGiER dfphmentssore( bttty Eithspeimmpyrdeiaayifitads) tHRbsitive controls

consisted. 9f zAL NS Lxprsssiag RHK apd LHACngs {BioMarin). Each vertical bar represents a
single clone. Active GALNS was produced by pCIN 4A clones, but only marginally above the

backgroupd icthe asgaye [RAR2B8hARAlY SIS 0h GRS Ly dhe96-welkscreanand deday productivity
assay demonstrated that Cio-tranlsl;;‘eg?tion of ‘%)épression vecto;{s with MAR elements increased the

productivitf 8571 B EOHELAE B PG T8 SO A RS LGRS B ITASIE AV SEIHEWitout MAR
elementsOften BMAR: 4Aide BRMAR IS M co- transfectedsetpres:de monsteatedifastipoal generation,
rapid clone growth, and ability to pr (;iucei reater thaW 2-fold more acti ALNS than the highest
i oA L e R N I X comes Imcking
“MAR eletgis, DTOORRAET HeqGmEN S biprassidg B 718 diehisswiier adaptey adasbmgntfree growth
medium using, e fEpiacehaullingdhinRipacraeL i MelnBigiechnalk 13394922, 2009, The entire

adaptation was done in the presence of both selection agents (zeocin at 200 ug/mL and neomycin at
200 .ig/miL}s W@@Eﬂ@é?ﬁ?wm@@l&é@ewa AniTthaska it gplivdarestiows: (1) into a
125 mL shakeswith the Cambiex daQHR: mediummng bYrRBS Hat# 8324 2 (Rhintg a 125 mL
shaker with the JRH 302M medium (production medium) and 5% PBS; and (3) into T-flasks as a
back-up (CttaGkifd: BamBS). Once suspension cultures were established, adherent cells were
discarded, and weaning from PBS was initiated. When the growth rate returned to > 0.5 (1/day) for 3
passage$tdhdiihe HapitityliwascHsOBgathe PBSreontenasitivaivasredice by 50%NFhacells were left
at any gixgRFERS.CRACERIAHANARS BRURITHT:-Of t RRIRANSRE- Dnee RdapiediR grwihin 2.5% PBS,

the cells were taken directly into serum-free media. Cells were banked in fresh media with 10% (v/v)
DMSO. ARbial thBgF /5 1846a BAFRSEIEAAHE BHPSUAREE ticldrasfehroces T GALNS

expressing GddS aianes fem-eRBMAR dABMAR SUMEL praesiection clongs 4and 5 took

approximately 15 passages for adaptatjon tp serum-free suspension culture, A GALNS
PP pum% ed, uEmg nown met%ogé) and methods also describeépi"lerein, etther with or without
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WO 2009/091994PCT/US2009/031276 expressing clone from the pcDNA4 SUM Fl plus pCIN 4A
transfection, C6, was also isolated and adapted to serum-free culture. 1002251 Paired combinations of
the human SUMF1 and human GALNS expression vectors (Example |), pcDNA4 SUMF1 plus
pCDNA4-4 AVt faiistected into G71S cells basically as described ab&¢d, €363 200 tig/mL Zeocin
(Invitrogen) was used for selection. Six GALNS expressing clones, C2, C5, C7, C10, C 11 and C30,
were isolateslidinctiadaptecotatserinrirea suspension dulitfe hasicalyhasdestobedabove. EXAMPLE
1 LARGE-SC] L QU!{I}TURE 1O(E %7]18 %I;LI(%.}I{N%S ,EXR]-:ESSWl% EIU1 AN N- .

ACETYLGALA TB&A NE-B-SULEATASE | 1, §3@D[6612l éﬁ’f e oba}ec]tsleea}/vgag}i%n%gjé‘%sure enzyme
productiomdrosh the! G Icstones EXpre ssiRY AummaniNgabetylgatactosapnine 16 sulfatalBE{GALNS).
Serum freg-susnensian Gy adaRted & ohin 681 IesamRERteoping utoan SNF L and human
GALNS were cultured in large-scale and assessed for active GALNS enzyme production. [00227]
Since adapteRibi bt Serif-fredstispensidls eltirewisraatvsipgdicicfortercmpshost cell line, it

was decidgehthat produstiop.couldh e deae in.a MiE higreasiorqnperated dmesfusionmode. The
WAVE bioreactor allows greater flexibility in inoculum volume because scale-up can be done directly

in the bag? fBJURARF tHE TSRS CohEARIALGP Aices e EPtHEH RS BTl A Bigure 7
shows thersthenatitof WAVEibioreagier edtupodihendiagran shoywsrdss periusientnode, that a load
cell monitors, the medja volume in the. ba determini weight of the bag an agjusting the feed
i harvERT RIS R TR oA e R TRARC D S MGG 90 78 M Biolled o the
desired setipuing byratprdyethdtiisiimserediintodireubde: af0228]tT hendiatesi&t. froouhe GALNS

expressing i anasriandmanaspftiesd e bnaaien e allvig, i pas et ggnirolled in

.these runs. The operational limitation of VE Dag Is roughput of 3 vessel volumes a day

- (VV/day) ol Sfaepisapravein aiy mactivhtol ok Riaetaln e ralgetculpspedithe pewlisidnaate (CSPR)
was 0.3 nligeglliday.crestitingn an average residence time of eight hours for the GALNS enzymes.
Therefore, the cell density in the bag was maintained at approximately 10-12 x106 cells/mL. The

growth rafenfias CALNS toqiressitg €3 iiclonas aneckpranme 46 anthth2AntespettivalbBleeds to
maintain {gr eé C(FII d nsi(t]}géﬁ?]re done girtectlg fraom the bag.. WO %$09/ 91994PCT/US2009/031276
ke B SRR BEY

1002291 TRERER/ESE fGi BH Was adi(St66 8s pH atvea’ §'6.5%c MEIRtGin enzymatic

aptivity, mwlhadmﬁeﬂmmymthpmnbdngmm;@@aqmﬂ}&nmh;i&gmﬁﬁeomplished by a
timed bolyeaafliian & >y alume, i 4. aedluln chate huliskmixed n st agyest coming

off the reactor. The adjusted harvest was stored at 4C prior 16 downstream processing. The two

GALNS exprestiag DiSielones 4 and 5 averaged titers of about 4.2 mg/L with an associated specific
productivilt)/ of about 1.25 pg/cell/day. [002301 The GALNS expressing 0715 clones, C2, C5, C6, C7,
C10, C11M4ra et st arlifiredmdreaverarge-scale and assessed for active GALNS enzyme

prOdUCtIO{&BIZ% In certain embodiments, active highly phosphorylated lysosomal sulfatase enzyme
mutants or variants may be prepared and will be useful in a variety of applications in which
active highly phosphoryiated lysosomal sulfatase enzymes may be used. Amino acid
sequence muiants 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 imrmunogenic 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] Vanants may be substantially homologous or substantially identical to the

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



EXAMPLE IV MEASUREMENT OF THE CONCENTRATION AND ACTIVITY OF HUMAN N-
ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) [00231] Enzyme linked immunosorbant assays
(ELISASs) were developed to measure GALNS enzyme concentration and activity from the 0715 clones
co-expressifg’RIMAREYMF1L and human N-acetylgalactosamine-6-sulfa$8 AT NEY Enzyme
Capture Activity EWA [002321 The enzyme capture activity ELISA measures the activity of GALNS
enzyme iArsohd piraseifelowingtie gaphire Pytah! anticGAL NG Specificyantibodydptdachio an ELISA
plate. 062331 BulfersoRufter (CAtbanate Blfer): dssalye 309,0rams ol NageQ and 5.88 grams
of NaHCO3 in 900 mL of de-ionized (DI) 1120, theriadd DI H20 to a final volume of 1000 mL. Check
that the piHatpeisemo. L8 oreeten Aterisiariige o asamsiefedyeoat-one 96-well microplate with
100 tIL paksmabadlitiahehils of @nAntBALNS ANt N0 oRetbe AR Mk, Bulfer B (ELISA
Blocking Buffer and Serial Dilution Buffer): Ix Acidic PBS, 0.05% Tween-20 and 2% BSA, adjusted to
pH 6.5 with BeSHERART- AT B GRS BEHERAY00 mM NaOAc and 0.05% Tween-20, adjusted to

pH 6.5 wi tic acid. Buffer C (Substrate Buffer):.25. mM Sodium Acetate, 1 NaCl, 0.5 mg/mL
desalted @Eigglnd %%itd%slg %m@%ﬁg e(,)raV jﬁ% éth 3?81%1-}3&: %ﬁﬂ%l%@?aﬁ%@@t%ﬁ@?%%ﬁﬁé D
(P-GalactosidaszrBetifir fo80@ iV B odium phosphate idibagic pholeimgind BSA Qi1 dedadium azide
and 0.019 - ' H_ 2.2 With.ph ic.acid. Buffer E (St uffer): 350 mM
glycine ar%&%lg(%}ﬁgg);?t%ﬁ%z %%?’O%ﬁg? 886?&@1%0{1%&&#%? #ﬁﬁ’g{%ﬁ“%g ror
2009/09 11994 H T 6 E2009Ee 3P Ie toD P8 4lcRe sy et opnhOasNSol & Brtiboayopolyclonal rabbit
antibodiegragerRIOtein & Rufiedfineser umdnil RBRS o iRt RIotein T 3. L1 agimi-RGA). Aliquots (19
nL) are stored at -20C for one-time use each. 4MU-Gal-6-S Substrate (Solid; 440 MW): 100 mM stock
prepared i PRHE QR israleasree 1adEiEtto SiOREE @ iyR T EBY)s AUt RO YignL in Buffer
D prior tahise: {00RB35]dRr ei0eoknBirdinthearAbNS: antibady: e plateraiune Maxisorp ELISA plate
(NaIgeleaJn(éljgtt?rntaOthllgl FisheF#t%-SfSS-lS?z i% cqated with anti-GALNS antibody. at a final protein
concentration 6t & ng?’.}md[hllﬁ B A o BPap A e S SoN e ey SR &85 # HItRISE Spin briefly (10
sec) in a mperagentigfugeittedolisptitheliglyidnd ransfinglhididitinto &3:miciof Bufferadiddix vigorously
by invers;j | int Val | . by plate loading, (100 f.t1 .. per well) using a
mit-chag] Boeks e D e A R o aLns
antibody {/E3fItA eI FraleUsY oy AMtnB iffer BinahiresitimesmBlockitsiowkithdoplatewitts Buffer B
(320 111y, perwel)nen coMSHhe RIRERC REMRA AL 3G IR L EFRAIS2, diltion series of
purified GALNS standard and test samples (unknowns) during the block step: the standard is diluted in
Buffer B t3'hé 'RiljREHIEPMIEURAr range of the assay (128 ng/mL in Row A), then serially diluted
(2-fold) |3F{&\AQ B-G on a 96{-W{el late. ITane H.is buffer blank (i.e., no0 GALNS enzyme). First, prepare
500 ML of & Bhcentrafiti At 28 RETrRL. M S AHeR B HER AR e S REARSaSHAME Bliffer B (250 ML
into 250 Mitruiatiirreain gn2wigdinthe Remove ibleckihg dbuffaioattes thehblpckssiem, Blffard is

discarded, Bl ggg@ £ ayggeﬁggdg@rég egnd test samples 10 antiGALNS antibody: load the plate with
100 nliweﬁi%ﬂhe se%%ﬁy ér]hzuted Standard an ligéépggr%\f)%gsy(%ﬁ lllﬁ‘pdjubiﬁlgé %I.j@g\{/)gr the plate and

incubateRI3T@EdP i biIRem &G AN STiHiibltBras Washthe platebyrfouding with Buffer Bw, three
“times. AdghGALNF,SHRsHRLE (st fﬁ%@#&aﬁsﬁm&%eamhm@éaﬁm olytign for loading 100

ML per well (prePared no more than 1 hour before use). Dilute the 4MU-Gal-6-S stock solution (100

mM) to 1P BiGHEE R T par W0 Chvariite Bl ahesrheudateddysrarar 30 min. Add

f3- Galacigsidaserseaopel ypastieny A 38k« oMb iginhidgalaciasidase, ipBufler D to each
well. Cover the\glat(é and ingubate at 37C for 15 min. Stop reaction: add 100 ML of Buffer E (stop

TR f6HTsd TARSHISP DS 15 brer th MSBroRMRES AN N & a time) 200 ML

buffer) to'eat
of the 25@:Mistirongienate: wetiofithyy ElBAnplateito aditack paiseatesdlat-hotiamspicratiesplate

(Fluorop{gt%, Gostar #3915), R ad fluorescence: read the plate in a Gemini plate reader (Molecular
Devices Clorgoruéftzfg?l]#’%g%ﬁ%)?hnﬁ SOF Tmax SH&G%Fo%rgcriﬁnzg%té’rﬁ%ﬁ Poys Lﬁ?ﬁﬁ%ﬂ?%écﬁ%eemission, 435
nm cutoffjghly Oheag9/081eD L PGTMIERON0/83ERT61e is compared to that of the other related

enzymes and selected residues are specifically mutated.

[00133] Numbering the amino acids of the mature protein from the putative amino
terminus as amino acid number 1, exemplary muiations that may be useful include, for

example, substitution of all or some of potentially glycosylated asparagines, including
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GALNS ELISA [00236] The GALNS ELISA measures the concentration of the GALNS enzyme in cell
culture conditioned medium or other process samples using a sandwich immunoassay. [00237]
Buffers. Buffer A (Carbonate Buffer): dissolve 3.09 grams of Na2CO3 and 5.88 grams of NaHCO3 in
900 mL of d&SoWi#E (13 1120, then add DI L120 to a final volume of 1000TM¥E2E@HEER that the pH is
between 9.4 and 9.6, then filter-sterilize. To completely coat one 96-well microplate with 100 tit per
well, dilutedi8quk Ofsmtit GRLN Scamiibodyitintenana {ubey(32 solopaBiites-Bu(RLdSA®I0cking Buffer and
Serial Di#:lqtieogiBuffegg: Ix acidic PBS, 0.05% Tween-20 and 2% BSA, adjusted to pH 6.5 with acetic
acid. Buffer V\fgma h Buffer): 100 mM NaOAc and 0.05% Tween-20, adjusted to pH 6.5 with acetic
acid. BUffgnF34BtoR Bl vANHRSO8: BARRMEAlakasid 100-Mls et 12N H2SPdand 500 mL MilliQ
water. [00238] Reagents. Antl-GKLNS_IgG antibody: rabbit polyclonal antibodies are Protein G purified
from serdHiCIA T PSR SNBYStEin2RETTRGEIBEIRN AUBHAAID D SrEBRIAEY BIO20C for
one-timedss@igaghHHRR-aonivgated deteatingrnliRed s (VA Ibe-finalconiygatagiantibody is
diluted 1:100,into D-PBS/1% BSA and stored in 120 L ali%éjots at -20C for one-time use. TMB ETA
Substrat@ RIf FBHIMT I T3UEHEY) 0PN B IHBEB I AP SRtTENITRIE A B4 TRe plate: a Nunc
MaxiSor plate (Nalge/Nunc International, Fisher # 12-565-135).is coated with anti-GALNS
artibody ISP L el B Ia fe e ArS S A Sk AT S B e Solti, thaw one 19
ML aliquekispirttsriaflyniy@wset)vinvaltkivracerniagc tohvoliestshStiguittallamsfernalakel piinto 12 mL of
Buffer A Mix-yigarourlyday ipversian: eibRULINa A FERsIAIr.fallgned By:plats loading (100 ML per
well) using a multi-channel pipettor. Cover the plate and incubate at 37C (convection incubator) for 2
hr. Do ndPH$ER 5t block. Remove unbound antiGALNS antibody: wash the plate by flooding with
-Buffer Bwy, three times. Block: block the plate with Buffer B (3204 per well), then cover the plate and
incubate OB fo 1“?{%?16% e%aﬁ?&ﬁb?f‘L%ﬁ%%%os? BUHREGCAPRS SRR 188t '85mples
(unknownsyduaing tbtackistep, dhenstandard i dituted insBigfereButotibe dighsanchottlefinear range of
the assay.(40 ng/mL. in Row A) th rially diluted (2-fold) in rows B-G on a.96-well plate. Lane H is
pufor DI S AL B e A R e SR ol i Boter
B. Then, difitessesiailafdichind theBoffde 89 PB0MRsini0aR8 G Mivcisatit rébaihing DI626vng/mL. Remove
blocking fyffer gl the-hladkssien Bufien Sl iserosh: WA 200810819848 61/4520001031276

Bind GALNS enzyme standard and test samples to anti-GALNS antibody: load the plate with 100
uL/well STeHaSsHamF wilfcenstaritataahertelt samsPrerPIarTigtibriosicdhertptste and
incubate @ 3G foxck Nty Wash ruashibe Llate-byfeedind.with-Buffen B thigs tines,Bind detecting
antibody conjugate: thaw one aliquot (120 pt) of antibody RIVAEL spin briefly (10 sec) in a
microcentHitige 'f5 ¥BABe Wﬁ)&lﬁ@f)&}ﬁf&f%l’ SHpLIREGrre P BRI T RE ANE $HYBPBUSly invert the
tube to npicRDres iRt I srRevOilicasisatidvi0Q fibrpasselatitbdielraulichennalipipeitafe GRper the plate
and incupa,tt)% %HiBZCdfor SDO min. Wash: wash the plate by flooding with Buffer Bw, three times. TMB

substrate?prepa et &ihal Substrate solution by mixing 1.2 mL of Solution B with 10.8 mL of Solution.

A. Pour im@merzervgigoax&@ 00 ik perwed with the, multichannel piRgttor. Gover tha,plate and

incubate at 37C for 15 mm. Stop solution: Pipette 12 mL of 2N 1-12504 stop solution into reservoir and
add 100 PBE peHvel Wralee mittaeprieepipetterTRS BaMiyteunis oReRldssu G crsiiRate in the
plate reagencGEALNS-SRRGIIGACtviD: Assan 00240t Fhess ALNS sResificastiviaassay measures the
enzymatic activity of GALNS in solution using a GALNS-specific substrate. 1002411 Buffers. MilliQ
H20 is uSSBETBIEAFBTHerE MRS A B ARERYBIES: YOV (B B8 QReTRAE % 79 afi dbétic acid, 0.75 g
sodium , 233.6 mg NaC1, 2 mL of 50% Tween:20 and 10 mL of |% sodium azide into MilliQ
1120, and B s B G A T GoF RNAIE BR85S AR 5o W with 0.1 M aeti
acid if thecpktrisegretitethase4,08: Therfikahconcertiratiostscarie o1 9ifs lmohtiacttic @acicis B M sodium
acetate, § mM 1%: - d % sadiu i fer (PB). for IL PB,
Cissohe 130 & N TSSO 190 o S0 NP s v L e 7 2 e
final conBeAtFatise 9300 MK ERIAPICS s BUTEP  SB)VbH 1P SR teiissolve 26,2 g glycine and 46.6 g
sodium carbonate in MilliQ H20, and adjust the pH to 10.6 with NaOH. Assay Buffer (AB): dilute
AMU-Gal B8 8b kPP BH T BE RS I RIAMATY. 1 BRI MO SudeR BY HED @SBIC WY RICh-Galactosidase
in 300mihiNaPicip ks dici0f242bReagenisrddv - Gal68:s HothniMdn a0 (IaemosReaearch
Chemicals Cat M3§4489)a.cg<-(3ala’\ﬁ/:lf§sidase' S]i{%ma t%5413%{5%Ifﬂ-}r{y%ﬁylumbeIIiferon (4Mli standard):

. € ogied Vit one of skYll i [
Sigma MY38t (ﬂf’ StOCK T D 5). ' to generate singlebase
changes in the DNA strand to result in an aliered codon and a missense mutation.
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1002431 Protocol. Perform serial dilutions of the GALNS enzyme. For purified and formulated GALNS
(-1.5mg/m1), dilute samples 1:10,000 in low protein adhesion WO 2009/091994PCT/US2009/031276
m crocen ifuge tubes (USA Scientific Cat#1415-2600) containing DB, prior to 1:1 serial dilutions.
Place 100 MEG¥ %4 ow protein-binding 96-well plate. In the first rondglpeteot0oi ple 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) Thenlinepr rangendhthisiassay jadicdimginin Hsatheisame progedure; forpeeparing the 4MU
standard curve. Dilutgv% gnl\g 4Cg\~/IUIStOCk in DNSP '1(%0 !% DB. Start 4MU standard curve by adding
50 pL of 50t 4R Tt & Firdt WS AR SBRENY Gilots UG BLBE SrifeRiistras e alin AB (2
mM 4MU«Galactose®3din DB tapeet:welhflucngseentplates Haritraubeatdisdbsf@iefor 10 min at 37C.
Add 50 p ia} dilyti of GALNS and 4MU standards to the 50 ML of substrate in
AB. Incubiit a1 B M e e A e R e A1 e the
first reactf8hsHAY StalttHes sEdenPiEactiorrby b BN cofPaGalastbsitase {dilrteaR-galactosidase

stock to 2p.ualm-iniRGR-EhesRbRiS NiRits GALNS AYdthe increase Rt alkasignsthe GALNS

reaction. The resulting pH is now in the optimum pH range of P-galactosidases. Incubate this second

reaction 17 TEInIR APHTED RSANSETRIBREEY UK BY SHN AT 280 SteB1SE: REhFEXEBEEM460 on
96-well fluprescanbplate teaterphpayme avivtycrlcualans @hIEGrimPR 4Obuffer): 1 unit = tunol

4MU releéds%%]/]@in; {'_slctivigy :,tpmgl 4MU/n§in/ L; ?ﬁplec;l{lé: aﬁctivit{:, rnol 4M-11/mitt/mg. Protein
concentration caiculation: uees axtiheleh Coenti St BF CAIRECH %Wrﬂ_r G VY8 A BESHS e Units at
280nm). BEAMMPLE V PUFt1FICATION OF HUMAN N-ACETYLGALACTOSAMENE-6-SULFATASE

(GALNS) 100244] The objective was to obtain a large quantity of recombinant human
- NacetylgdfiflétddamimergangfaisecaaNB) oty hiansdeselhBD eelfs towekpressidgdiuman
- SUMFI and s GAkNR Were, giownpReer BIHRactor Glite, congitions:and astiye GALNS

enzyme was purified from the cell medium. [00245] Liquid Chromatography Apparatus. Amersham

PhamiacfEBistEersRietre St shsreresyspsisi, tiidig Umdsiireohvonsstanarefobpas1 Protein

Analyticapiethods StandaidctogaotiegsietefolawedioroRe -RAGECoaMassipBike staining
(B101-02-COOM), Western bjotting and Bradford protein assays. The g%urjfication runs were assessed
by yield P ey S HE RS bHHECGAE RS BRBATy B2\ Ay HsBalicer il SR B 565 PAGE. The

presencenbfipiobesseddhigyities iageetected R\ asier3aieitng dsinganmati-GALNS antibody.
Protein ¢ tratic D easured using a.Bradfard pratein assay. The concentration of the final
uniied CALIS Dot e T e e AE Tl AN AL e hcrent of 1 708
[00247] GhiromtizitddrapigResinsaBlisd8epharosenfi & EYG & Healthdarer le#3068486) msdFractogel

SE Hi-Cap g(%%'{‘élﬁ Wiﬁﬁﬁ?ﬁgﬁéﬁgcﬁvity, i.e., still obtain a biological functionally

FAOTIER B8 ion, the substitution of like amino acids can be made effectively on the
basis of hydrophilicity. U.S. Patent 4,554,101, incorporated herein by reference, states that
the greatest local average hydrophilicity of a protein, as governed by the hydrophilicity of its
adjacent amino acids, correlates with a biological property of the protein. As such, an amino
acid can be substituted for another having a similar hydrophilicity vatue and still obtain a

biologically equivalent and immunologically equivalent protein.

f00143] Exemplary amino acid substitutions that may be used in this context of the
invention include but are not limited to exchanging arginine and lysine; glutamate and
aspartate; serine and threonine; glutamine and asparagine; and valine, leucine and isoleucine.
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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[00248]GAL/VS Enzyme Activity Determinations. The GALNS specific activity was determined using a
small fluorescent substrate 4-methylumbellifery1-6-S-GAL (4-MU-6-SGAL). The GALNS specific
activity assay involves a two-step reaction, wherein addition of 13-galactosidase is necessary after
incubation oV@AEINE #th the substrate for a certain time to release the fR{GFES5EE8INGEG Weasurements
are made using a fluorescence plate reader. [00249] A 10DG desalting column (Bio-RAD) was
equilibrateEh vt equikipsationdwfferitnQBaGo dmikNaRAG, OtHR-Bhattiqphb 5p8)yitideH20 was used
for all buffers. Threetg3e).mL f uri{éed GALNS &%5 -2 nlgclsmli\)ﬁ\{ynae%léoaded onto the desalting column,
4 .

acconding t nvenhien 1s the.use ol pe 111 ) epeptide-containine .
eluted anCFCOI?eC‘Tea n4m a(flquo S In separate esfrpl?bes using ér 'th profeln concentration was

calculatedhugingdhe@xtinctiorcooatficieptodéiGALNS { rugirhirer 1208 bsorbanbsunitszat 280 nm).

002501 Dl GANNS SAMRISS IR ASUAMBINGA B dIYton by 0B, 50,mM NaDAc

mM NaCl, pH 4.0 + 0.5 ma/mL BSA). The BSA stock was desalted before using by loading 50 mg/mL
BSA stockdholairasnandsdel CV¥penter 025 toldrmupdsvivasiyasaualibbateedighusdifiQ H20. 100 tit of

the.desaEﬁgtf@l@‘Hﬂ&tf?@{ﬁﬂﬁaWﬁé &B@B@Qa@kﬁ&%é irsthromi of &|owdnietsinoRinding:98vveliplate, and the
serially diluted GALNS samples were pipetted down the plate (rows A-G on 96-well plates). 100 uL of

DB was pipetieanite fHeNast Wetf (2T HE o P eltrbr the-TREAPTafitie Bt thrsisay R 208 g/mL, and
the linear#ange. indepR n@blic ke samnme Rrecesiuisdvas parHermed-fosiprepatngthe.standard

curve with 4-me]thy mbellifer,oiue glMgg Sigma M-138l, 10 ”Eg' stock in PMdSO ‘b5 tiL of the 100 uL
serial dilutf'ﬁ?}'uesc%\3 GALRS ARdAm S SRR RIS gl%ﬁnﬁﬂﬁ?%sggcn p afe %’fack bottom

Were fFaristerred ts & hel
plate). 50t brgfi2enddcdMilEBGalaciosesGESulies nilliQ: BEO) wasadded todpesamplesctoinel assayed,

d incub 7C I i This fi i - , and d i
oy 515 B g8 RS AR ISR, nd o scomndeecten s

ing 50 piL alactosidase (Sigma stock diluted to 12 ug/mL in 300 mM

NaPi, pHﬁZﬁg)?@gq;i?g R85 A Solndn S . Beleased 4MU was ionized by adding 100 iL of
stop buffer (Glycine/Carbonate,” WO 2009/091994PCT/US2009/031276 pH 10.6). The plates were

read on 9@ovedjfluargseentphteceadepfexsiadinn3hb-amseipissien AGRdwn)yh it Wwdefined as 1

umol 4MU released/min, enzyme actiyity is given in pmol 4MU/min/mL, and specific acti.vity is given in

ool AT G A AL 37 T ot oL BT BUAO AR PO R ot Birfhcation

process ingtugdd delaitrafitteationoft) T-btdydoliowed:bys aaBdéml addmpurificatiomrprocess. [00252]1.

Harvest Filtration. (HF); jQr 0 jal, w .. rile filtered. [0025312. Ultrafiltration
Juation S Y berploreaeioh malpriy %ﬁt%p%%ﬁégdg

(UF): the biorcactor material was concentrated 10-20X'b -titration through a 30 kD Sanocon

membraﬁ%ﬂﬂ%ﬁ‘_@y&%’fg%ﬁ‘%‘iﬁ%iéﬁﬁaﬂ&ﬁ{@@@ﬁ}%&&?r@@ﬁ&@éd.“Nﬁﬂ@c’e&qgfé?sQK}}ﬁé_\’aS adjusted to
pH 4.5 with pH adjust buffer (1.75 M NaOAc, pH 4.0) at room temperature and sterile filtered before

loading off 4B SthE RS RHtiAtRRES e Bilie s ALTBIENETREIRE FISWHFE) the pH 4.5
adjusted bR swasleadeshento e BlugSephiargse.columnianshibe GRY:-NS prateismuas eluted as
shown in Taple 1 and lﬂgure 9@. .. _
acid except prolirie, are the recognition sequences for enzymatic attachment of the
carbohydrate motety to the asparagine side chain. The presence of either of these tripeptide
sequences in a polypeptide creates a potential glycosylation site. Thus, N-linked
glycosylation sites may be added to a polypeptide by aliering the amino acid sequence such
that it contains one or more of these tripeptide sequences. O-linked glycosylation refers to
the attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a
hydroxyamino acid, most commonly serine or threonine, although 5-hydroxyproline or 5-
hydroxylysine may also be used. O-linked glycosylation sites may be added by inserting or

substituting one or more serine or threonine residues into the sequence of the original

polypeptide.
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
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Table 1: Blue Sepharose 6 Fast Flow Chromatography Step CV* Buffer Equilibration 5 20 inM
acetate/phosphate, 50 mM NaCl, pH 4.5 Load UF product, adjusted to pH4.5. filtered Wash 1 4 20
mM acetate/phosphate, 50 rnM NacCl, pH 4.5 Wash 2

WO 2009/091994 PCTUS2609/031276
polypeptides that may alter its function. These studies are potentially important for at least
two reasons. First, they provide a reasonable expectation that still other homologs, allelic
variants and mutants of this gene may exist in related species, such as rat, rabbit, monkey,
gibbon, chimp, ape, baboon, cow, pig, horse, sheep and cat. Upon isolation of these
homologs, vartants and mutants, and in conjunction with other analyses, certain active or
functional domains can be identified. Second, this will provide a starting point for further
mutational analysis of the molecuie as described above. One way in which this information

can be exploited is in "domain switching.”

[00148] Domain switching involves the generation of recombinant molecules using
different but related polypeptides. For example, by comparing the sequence of a lysosomal
sulfatase enzyme, e.g. N-acetylgalactosamine-6-sulfatase, with that of a similar lysosomatl
sulfatase enzyme from another source and with mutants and allelic variants of these
polypeptides, one can make predictions as to the functionally significant regions of these
molecules. It is possible, then, to switch related domains of these molecules in an effort to
determine the criticality of these regions to enzyme function and effects in lysosomal storage
disorders. These molecules may have additional value in that these "chimeras” can be
distinguished from natural molecules, while possibly providing the same or even enhanced

function.

f00149] Based on the numerous lysosomal sulfatase enzymes now being identified, further
analysts of mutations and their predicted effect on secondary structure will add to this
understanding. It is contemplated that the mutants that switch domains between the
lysosomal sulfatase enzymes will provide useful information 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
contemplates the generation of & specialized kind of insertional variant 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 penmit the recombinant
expression of a protein in & heterologous host. Another useful fusion includes the addition of
an mmmunologically active domain, such as an antibody epitope, to faciiitate purification of

the fuston protein. Inclusion of a cleavage site at or near the fusion junction will facilitate
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8 20 mM acetate/phosphate, 50 mM NaC1, pH 6.0 Elution 8 20 InM acetate/phosphate, 100 mM
NaC1, pH 7.0 Strip 5 20 mM acetate/phosphate, 1 M NaC1, pH 7.0 Sanitization 4 0.1 N NaOH, 0.5
hour Regeneration 5 H20
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removal of the exiraneous polypeptide after purification. Other useful fusions inciude linking
of functional domains, such as active sites from enzymes, glycosylation domains, cellular

targefing stgnals or transmembrane regions.

[00151]  There are various commercially available fusion protein expression systems that
may be used in the present invention. Particularly useful systems include, but are not limited
to, the glutathione S-transferase (GST) system (Pharmacia, Piscataway, NI), the maltose
binding protein system (NEB, Beverley, MA), the FLAG system (IBI, New Haven, CT), the
OxHis system (Qiagen, Chatsworth, CA). These systems are capable of producing
recombinant polypeptides bearing only a small number of additional amino acids, which are
uniikely to affect the antigenic ability of the recombinant polypeptide. For exampie, both the
FLAG system and the GxHis system add only short sequences, both of which are known to be
poorly antigenic and which do not adversely affect folding of the polypeptide to its native
conformation. Another N-ierminal fusion that is contemplated to be useful is the fusion of a
Met-Lys dipeptide at the N-terminal region of the protein or peptides. Such a fusion may

produce beneficial increases in protein expression or activity,

[00152] A particularly useful fusion construct may be one in which an active highiy
phosphorylated lysosomal sulfatase enzyme polypeptide or fragment thereof is fused to a
hapten to enhance immunogenicity of a Iysosomal sulfatase enzyme fusion construct. This
may be useful in the production of antibodies to the active highly phosphorylated Tysosomal
sulfatase enzyme to enable detection of the protein. In other embodiments, 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., a motif to target the ysosomal sulfatase enzyme to a particular organ, tissue, or cell type.
In a preferred embodiment, a fusion construct including a bone targeting peptide, ¢.g., 6
aspartic acid residues (6xAsp or 6D) fused to a lysosomal sulfatase enzyme may target the

enzyme {0 particular sites in bone.

[00154]  Other fusion constructs including a heterologous polypeptide with desired
properties, e.g., an Ig constant region to prolong serum hal{-life or an antibody or fragment
thereof for targeting also are contemplated. Other fusion systems produce polypeptide
hybnids where it is desirable to excise the fusion partner from the desired polypeptide. In one

embodiment, the fusion partner is linked to the recombinant active highly phosphorylated
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Storage 3 20% ETOH *CV: column volumes. Flow rate = 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 Fractogel SE
Hi-Cap column and the GALNS protein was eluted as shown in Table 2 and Figure 9B. Table 2:
Fractogel SE'#IREYFPEffomatography Stepcv*Buffer 70 WO 2009/091984BEFIIEBEY/031276 Step

CV* Buffer Equilibration
lysosomal sulfatase enzyme polypeptide by a peptide sequence containing a specific

recognition sequence for a protease. Examples of suitable sequences are those recognized by
the Tobacco Etch Virus protease (Life Technologies, Gaithersburg, MD) or Factor Xa {New
England Biolabs, Beverley, MA).

Derivatives

[06155]  As stated above, a derivative refers to polypeptides chemically modified by such
techniques as, for example and not for limitation, ubiquitination, labeling (e.g., with
radionuclides or various enzymes), covalent polymer attachment such as pegylation
(dertvatization 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 about 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 kDDa. 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, amine, 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 analvtical 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 molety™ 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.. 2p), fluorophores {e.g., fluorescein), electron-dense
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5 20 mM acetate/phosphate, 50 mM NaC1, pH 4.3 Load 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 NaCl1, pH 5.5 Elution 20
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reagents, enzymes (e.g., as commenly used in an ELISA), biotin, digoxigenin, or haptens as
well as protemns 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.

[00159] Examples of labels suitable for use in the present invention include, but are not
limited to, fluorescent dyes (e.g., fluorescein isothiocyanate, Texas red, rhodamine, and the
like), radiolabels (e.g., H, 1 IS, MC, or 32]P), enzymes (e.g., horse radish peroxidase,
alkaline phosphatase and others commonly used in an ELISA), and colorimetric labels such

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

100160]  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 invention, 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 sulfatase 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} 1s covalently bound to the fysosomal sulfatase enzyme. The ligand then binds to
another molecule (e.g., streptavidin), which is either inherently 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 labeis include, but are not
limited to, fluorescein and its derivatives, rhodamine and its derivatives, dansyl,
umbelliferone, efc. Further examples of suitable fluorophores include, but are not limited to,

cosin, TRITC-amine, quinine, fluorescein W, acridine yellow, lissamine rhodamine, B
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20 mM acetate/phosphate, 50-350 mM NaC1 gradient, pH 5.5 Regeneration 1 5 20 mM
acetate/phosphate, 500mM NaC1, pH 5.5 Regeneration 2 5 20 mM acetate/phosphate, 50 mM NaCl1,

i i [ Storage
pH 4.3 Sanlwgg&gfgg%gN NaOH, 0.5 hour Regeneration 3 4 F120 ora B US2009/031276

sulfonyl chloride erythroscein, ruthenium (iris, bipyridinium), Texas Red, nicotinamide
adenine dinucleotide, flavin adenine dinucleotide, efc. Chemiluminescent compounds
suttable for use as labels include, but are not iimited 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.
Stmilarly, enzymatic iabels may be detected by providing the appropriate substrates for the
enzyme and detecting the resulting reaction product. Colorimetric or chemilummescent
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

in the diagnosis of a disease or health condition.

[00163] Inapreferred 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-acetyigalactosamine-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 limitation, GALNS, comprises
the steps of: (a) developing a G71 or G71 derivative cell line that co-expresses a recombinant
human lysosomal sulfatase enzyme, e.g., N-acetylgalactosamine-6-sulfatase (GALNS), and
recombinant human sulfatase modifying factor I (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 cell lines to bioreactor for production
of lysosomal sulfatase enzymes. In preferred embodiments, the human Iysosomal sulfatase
enzyme, e.g., N-acelylgalactosamine-6-sulfatase (GALNS), and human SUMF1 ¢DNAs are

subcloned into mammalian expression vectors basically as described herein below.
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3 20% EtOH *CV: column volumes. Flow rate = 150 cm hr- 1002571The GALNS protein in the eluate
was collected by fractionation, discarding the pre-elution shoulder and post-elution tail. 1002581 6.
Final UF/HF: the eluate from the Fractogel SE Hi-CAP column was concentrated by ultrafiltration and
sterile filteretf @38k B d above. 1002591 Formulation. The purified GACRNSBR8MEIH HWas formulated
in 10 mM NaOAc, 1 mM NaH2PO4, 0.005% Tween-80, pH 5.5. 1002601 Stability Studies. Stability of
the final f@iaidtedrpuciiétne AbNSpvastmohitoréd) 8% .4C5and ltRGdapaddnctonwof time by storing

small aliayots, of 10, Gohh samPles Al AN irsRertue RIpIpNes  Ncgan fime points: aliquats of
frozen samples were U|cf<y thawed ina 3 water ath efore ac IVI%/ measurements. Figure 8 shows
that the pRIifies GRS way srible M Cumem7Ds oveessiperiodiof and tosaleidalst 7@days in the

foilmlation buffers 100RGKk First Ruriication.BracessRestlis Fabler 3, shaws the: pupification yields for

three preparations of GALNS protein produced from G71S clone 4 in a suspension culture bioreactor.
Purity wala@stiriatét ridiy pyrserssaanng he Apsaticosvsibsintess8$rrabrldy Human

N-Acetylgrlagtasaminer6r3utfatase (GALNS) Rurliicationyielgs-from.cHLeqlong 4drom WAVE
Reactor L . . . . . ;
product/cell) m spimners 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.

[06165] 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 isolated human cell deficient in the Iysosomal enzyme
under conditions in which natural substrates for the lysosomal enzyme accumulate; (b)
contacting the cell with the lysosomal enzyme; (c) tysing the cell; (d) adding to the cell iysate
an enzyme that (1) is specific for the natural substrates, and (i) cleaves small oligosaccharides
from the natural substrates; {e} tabeling the small oligosaccharides with a detectable moiety;
() 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 labeled small oligosaccharide from celis
contacted with the lysosomal 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)(ii) indicates the activity of the lysosomal enzyme to degrade natural
substrates. In one embodiment, the small oligosaccharide is a mono-, di, or tri-saccharide.

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

f00166] Insome embodiments, the lysosomal enzyme is selected from the group consisting
of arylsulfatase B (ARSB), iduronate-2-sulfatase (IDS), sulfamidase/heparin-N-sulfatase
(SGSH), N-acetylglucosamine-sulfatase (G6S) and N-acetylgalactosamine-6-sulfatase
(GALNS). In some embodiments, the lysosomal enzyme is a-L-iduronidase (IDU). In some
embodiments, the lysosomal enzyme is acid a-ghucosidase (GAA). In some embodiments,
the lysosomal enzyme is B-glacoronidase (GUSB). In some embodiments, the iysosomal

enzyme is f-galactosidase (GLB1).

[00167] Suwtable human celis that can be used in the celi-based assay include any human

cell that 1s deficient in the fysosomal enzyme to be tested, such that can accumulate the
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natural substraies for the lysosomal enzyme. For example, cells naturally exhibiting a full
(100%) or partial deficiency in 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 fysosomal storage disease, e.g. a
mucopolysaccharidosis, may be used. Cells recombmantly altered to knockout or reduce
lysosomal enzyme activity, e.g. through introducing a mutation to the encoding gene or its
promoter or other reguiatory region, may be used. Cells treated to reduce lysosomal enzyme

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

[00168] Suitabie enzymes that cleave (digest) small oligosaccharides from carbohydrates
and that are “specific for” {i.e, predominantly digest) the natural substrates of the Iysosomal
enzyme may be selected by those of ordinary skill in the art. For example, for detection of
activity of GALNS or GLBI1 (enzymes that degrades keratan sulfate) the enzyme of step (d)
may be Keratanase Il 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
[ 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.

[00169]  This cell-based method 1s capabie of great sensitivity in detecting lysosomal
enzyme activity. In some embodiments, the lysosomal enzyme activity is detectable when
the concentration of lysosomal enzyme 1s 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.

. PURIFICATION OF LYSOSOMAL SULFATASE ENZYMES

[60170] Bioreactor material containing recombinant human GALNS was 0.2 pum sterile
filtered and kept at 4°C. The bioreactor material was either loaded onto a capture column
directly, or concentrated 10- to 20-foid by ultra-filtration prior to loading onto a capture
column. 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 mxM NaCl, pH 4.5 and 20 mM acetate/phosphate, 50 mM NaCl, pH 6.0
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Blue Sepharose 6 FF 93 103 101 995.3 SE Hi-Cay 9087 90891.7 [00262] 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 antiX¥SARNEEHBody (right). For the Western blots, the anti-GALRSIFEBBi4-BEdy was
diluted to 1:5000, and the secondary antibody was an anti-alkaline phosphatase rabbit antibody. The
GALNS prateimthdsah qupariamem&arehutahmigm ofMESa60, kBl dn SRBRAGEpeensistent with

expected.git AL SRALSIRE Risrofreped (sl olibe enrymeacking fe,ge amino acid

residue signal peptide, an |n t vage after posmon erminus

charactewém@/mhwﬁmetéﬂwm@@eﬁh%@.@rm} NS proteiphwapbdetsmné g ILEINS, The
N-terminal gequencevas ARQRRML which serespondsiathe Q{Q&l&}?wst%m’fﬂy%r%é%isecreted

form of GALNS lacking the 26 amino acid residue signal peptidé (compare tk(lJe human
polypeptice gé&?@ﬁé%@?ﬁvﬁglﬁ?@%%%lﬁb@ﬁéﬁé)“}f&f%d] DA "’IBQHfl%QﬁérfOﬁﬂﬁ‘é%’s?)Gﬁﬁecond
purificatiansprocess included an ultrafiltration/diafiltration (UF/DF) step followed by a 3-column

purification process.
[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
inactivation, adjusted to 10 mM acetate/phosphate, 2M NaCl, pH 5.0, and then loaded onto a
ToyoPeart 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 ultra-filtrated and dia-filtrated in 20 mM acetate, 1 mM phosphate, 150 mM NaCl,
pH 5.5, and then formulated in 20 mM acetate, I mM phosphate, 150 mM NaCl, 0.01%
Tween-20, pH 5.5.

[00172]  The purification of recombinant human GALNS is described i 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 I and purified as described in Example V. The purified recombinant human
GALNS of the invention can be compared to other documented preparations of GALNS.
Masue er 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 al/. GALNS enzyme appears to correspond to the
processed form depicted in Figure 5. Bielicki et al., Biochem. J. 279:515-520, 1991
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10026511. Ultrafiltration (UF/DE): the bioreactor material was concentrated 20X by
ultrafiltrationldiafiltration through a 30 IcD 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 ¥6)248¥8%1tPtemperature and sterile filtered before loading oPEIFEMHYEIEWD SE Hi-Cap
column. [00267] 3. Fractogel EMD SE Hi-Cap: the pH 4.5 adjusted UF/DF (20X) was loaded onto a
Fractogeli¢&siibe8 BrHmGHp calnmi, svashed seguentiahy Wih:i6, mivhacétate/phasphates&0 mM NacCl,
pH 4.5 and ate/phosphate, 50.mM NaCl and.the GALNS protein. was eluted with
10 mM a%}(;é%%%%‘:ﬁ%? 45" ﬁ%ﬂé!\?a%(ifec %.&af8§£2§i%?fﬂ§cﬁg?gﬁﬁe§| Cept (éor%gslg(f—ﬂlé: the eluate
from the Frdotolyeh EMDSE HI-Cap EdkiparnuvakddpastedttoB00mgMoNEGinp HB70dnd lwaded onto a

Zn-chelafing Sepharpse; FF(Zn1MAG)cabima, washedwith 10.mM agesate/phpsphate, 125 mM

|
]

NaC1, ]J0 mM imidazole, pH 7.0, and the GALNS protein was eluted with 10 mM acetate/phosphate,

125 mM RefSbosh M paTHE20 R SpEp 7. by Dowsiooraon PET/(T82000/08 EP7E100269] 6. pH 3.5

Adjust: thgrelupate; frams thardnchelatingoRepharase GFseofdmp containing e GALNS protein was

adjusted to pH 3.5 for low pH viral inactivation and then adjusted to 10 mM acetate/phosphate, 2 M

NaCl, pHEE B4 PO ey sPRATF BN P 550N the 10W DR di SRU BRI E S Ene Zn-chelating
SepharosenBftieoduminswas ladad antb @AloysRaarhBu b 20M eelysponimasheckwithok0 mM

acetate/phosphate, 2 M. NaC1l 0., the GALNS protein was eluted with 10 mM

et o R S G ok R 0B T A DR P e At O T eart Buty

650M cILﬁitélwastmﬁrgﬂlﬁItecremian@dianﬁhte @dwswmmwmmyﬂmrpm@mmmao inlVINaCl, pH

> D0ZiahEaardRIan. e ARt G ArNmeraleinyas i muRiein M MNaReRHOAS, 1 M
mM Na n-2 » P

~NaH2PO4, 15 C1, 0.01% Twee 5.5. 100273J Second Purification Process Results.
' Table 4 shetissttie) ldBoeHIEFS NS Pisteir prsdseeliawin @7 1S clone C2 in a suspension culture
bioreactor usingrthe second purification process. Purity of the formulated GALNS enzyme (i.e.,

precursopénd %ﬁ%&—"ﬁﬁ;‘c&%@ W%ﬁ@%ﬁ&u’@@@@%‘ﬁ&éﬁﬂﬁéﬁy C3 RP-HPLC.

The per@Isagesafthe precursor form of the GALNS enzyme was about 85% as deteimined by
SDS-capillary
[00174]  The lysosomal sulfatase enzyme is a full-length enzyme or any fragment, mutant,

variant or derivative thereof that retains at least a substantial amount {e.g., at least about 50%,
preferably at least about 75%, and more preferably at least about 90%), substantially all, or

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

[00175]  In some embodiments, the Iysosomal sulfatase enzyme is one that, 1f not expressed
or produced, or if substantially reduced in expression or production, would give rise to a
disease, including but not limited to, lysosomal storage diseases. In some embodiments, the
lysosomal sulfatase enzyme is one that, if not expressed or produced, or if substantially
reduced 1 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 treatment of lysosomal storage discases, the lysosomal sulfatase
enzyme 1s an enzyme that 1s found in a cel} that if not expressed or produced or is
substantially reduced in expression or production, would give rise to a lysosomal storage
disease. Alternatively, in the treatment of lysosomal storage diseases, the lysosomal sulfatase
enzyme Is an enzyme whose absence or substantially reduced expression or production is

associated with the disease, although its absence or substantially reduced expression or

50



gel electrophoresis. Table 4: Human N-Acerylgalactosamine-6-Sulfatase (GALNS) Recovery for G71S
Clone C2 Process Step Recovery (%) pH Adjust 96 F actogel SE Hi-Cap Column 98 Zn-IMAC Column
89 Low pH Viral Inactivation 89 ToyoPearl Butyl 650M Column

WO 2009/091994 PCT/IS2005/031276
production, may not itself give rise to the disease. Preferably, the lysosomal sulfatase

enzyme 1s derived or obtaimned from & human,

{00177} Preferably, the enzyme is a lysosomal sulfatase enzyme, such as arvlsulfatase A
{ARSA) (Genbank Accession No. NP_000478 (isoform a),Genbank Accession No.
NP_001078897 (isoform b} and other vanants), arvlsulfatase B/N-acetylglucosamine 4-
sulfatase (ARSB) (Genbank Accession No. P15848), iduronate-2-sulfatase {IDS) (Genbank
Accession No. NP_000193 (1soform a), Genbank Accession No. NP_0061 14 (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 lysosomal storage diseases and the lysosomal sulfatase enzymes

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

L.vsosomal Storage Disease Lvsosomal Sulfatase Deficiency

Mucopolysaccharidosis type H Hunter syndrome Iduronate-2-sulfatase
Mucopolysaccharidosis type [IIA Sanfilippo syndrome Sulfamidase/heparin-N-sulfatase
Mucopelysaccharidosis type [HD Sanfilippo syndrome N-Acetylglucosamine 6-sulfatase

Mucopolysaccharidosis type [VA Morquio syndrome N-Acetylgalactosamine-6-
sulfatase

Mucopolysaccharidosis type VI N-Acetylgalactosamine 4-
sulfatase

Metachromatic leukodystrophy (MLD} Arylsulfatase A

Multiple sulfatase deficiency (MSD) Multiple su.lfatases

[60178] 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 highty phosphorylated recombinant human N-acetyigalactosamine-6-sulfatase

(GALNS).

[00179]  Thus, the lysosomal storage diseases that can be treated or prevented using the
methods of the present invention inchide, but are not limited to, Metachromic

Leukodystrophy or MLD, Maroteaux-Lamy syndrome or MPS Vi, Hunter syndrome or MPS
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99 Formulation 99 Overall 70 [002741 Figure 10 shows an SDS-PAGE of the GALNS enzyme
separated by unitrafiltration/diafiltration (UF/DF), Fractogel SE Hi-CAP chromatography, Zn-chelatng
Sepharose FE chromatography and ToyoPearl Butyl 650M chromatography. The gels were stained
with Cooma¥$ie2®ii& 1¥8p left), anti-GALNS antibody (top right), anti-CatReég&it4bitarm left) and
anti-CHO proteins (CHOP, bottom right). For the Western blots, the antiGALNS rabbit polyclonal
antibody WaSadifiitige ta ybd06candvine Secondarppntibodwas annpi-rabpihARIcepjgate; the
anti-Cathepsin, . doakpayclonal antody, was, diuied te, W 2008109199480 T11152000/031276
1:1000, a d the secondary ahtlf)od)y was ar?gn?l-goatﬂﬁﬁ conjuga e,yan tHe Bhti-CROP rabbit
polyclonadmtibod ywhshdilutelt fo1dnt 000 sandtheise condahy aatib 0y Was . amantithabbit HRP

conjugate, The i &Q&&%M&%Mmﬁeh%mmﬂfg%gm qéé;]@ %%ikgma?gtésc?éf@cq?lﬁlgf on

SDS-PAGE, and thé mature or processed forms of GALNS enzyme have apparent molecular weights
of-39 kDdSEHEPSIGHDE B BIRIPABEMDORTEE SmtarychiasiMdubnlfiteioasprrisdsnche GALNS
enzyme wasgpusified using a purification train that had been modified from a standard train (see Table
5). Bioreactor harvest material was 0.2 um sterile filtered and kept at 4C before loading onto the
BlueSephatese|catuie, poturanbdetdiileras bioretciaremaleyiakivas eithiardoageshdirestly or
concentrateg u to 15X bg/e uItrafiIgation.el\{lodificatilon f the urifica(ﬁ{i%n frain was necessary because

' off

the downBlream ]B[ucr?fpégtllonass 'ésﬁé,csalstge Yarose cﬁ?ﬁ&ﬁ?ﬁ%d}%@ 81\%tdrbty %‘ﬁgfﬁ;FSepharose

chromatograptysrdid mmmddsumnemgfmmdmm&euw@a@ais@apmmm@@my asa
replacement Qe wo.Aaneiteem Ul GelioRcolRS festlied . & Ol Bifigation process,

with the purity of final material significantly’ improve he overall GALNS recovery increased
significankigr fissthads-probvis s 8683 TR thenrylsredeTrrms Yraspnteleonssistimpesdtinially of the

- precursorfern.e&s higura ) MissAstarmmo s Ry LdsB Brebronalagiapiv wasJdaughly estimated at >
95%, and theYi@urified CALMS enzyme_remained stable in formulation buffer for more than 79 days at

both 4C &qadBaste s SRRl A PRIERAE WilARE U MiNe the STHEIRS S G RNS NP urification

Train acetyigalactosamine 4-sulfatase. For methods involving Metachromatic Leukodystropy
(MLD), the preferred enzyme is aryisulfatase 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 is galactose 6-sulfatase/N-acetylgalactosamine-6-sulfatase,

V. MUCOPOLYSACCHARIDOSIS TYPE IVA (MORQUIO SYNDROME, MPS

IVA)

[686181] Mucopolysaccharidosis type IVA (Morquio Syndrome, MPS IVa) 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
deg:radation of two glycosaminoglyvcans (GAGs), keratan sulfate (KS) and chondroitin-6-
sulfate (C6S). Specifically, MPS IVa is characterized by the absence of the enzyme N-
acetylgalactosamine-6-sulfatase (GALNS), and the excretion of KS in the urine. 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 inciude hearing

loss, cataracts, spinal mstability, heart vaivular disease and respiratory issues, among others.
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Step Normal ProcessModified Process | HF (1X) HF (1X) 2* UF (5X) UF (15X) 3 pH 4.5 Adjust pH 4.5
Adjust 4 Blue-Sepharose 6 FF B ue-Sepharose 6 FF

WO 2009/091994 PCT/US2009/031276

[00182] GALNS hydrolyses sulfate ester bonds of galactose-6-sulfate from KS and N-
acetylgalactosamine-6-sulfate from C6S. Human GALNS is expressed as 2 55-60 kDa
precursor protein with only 2 potential asparagine-linked glycosylation sites. Mannose-6-
phosphate (M6P) is part of the oligosaccharides present on the GALNS molecule. M6P is
recognized by a receptor at the lysosomal cell surface and, consequently, is crucial for

efficient uptake of GALNS.

[00183]  Like all sulfatases, GALNS needs to be processed by a formylglycine-activating
enzyme (FGE) encoded by the sulfatase modifying factorl (SUMF1) gene to gain activity.
Because of this activation step, involving the post-translational modification of an active site
cysteine residue to Cy-formylglycine (FGly), over-expression of recombinant sulfatases can
lead to both production of sulfatase enzymes with low specific activity (.e., a mix of
activated and non-activated sulfatase enzymes) and with low production titer (ie,

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

[00184]  An object of this invention is to provide an active highty phosphorylated human
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 M6P levels for
efficient uptake, has sufficiently high percentage of FGly in for enzyme activity, and has

relativelv high production levels.
ymgnp

[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-acetylglucosamine-sulfatase (G6S),
useful for the treatment of lysosomal storage diseases which are caused or characterized by

their deficiency thereof.
V1. 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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5 SP Sepharose SE Hi-Cap Final UF/DF 6 Phenyl Sepharose Hi-Sub Final UF/DF *This step is
optional 100276] Stamm?, of Second Purification Process. The CALMS enzyme was also purified
using a second purification train (see Table 6). The overall CALMS recovery was about 70% and the
purity of the@f%’géﬁ%me (including both precursor and mature or protes4ed sftiksee Figure 10),

as determined by C4-RP chromatography, was roughly estimated to be about 97%.
starch; with binders, such as crystalline cellulose, cellulose derivatives, acacia, comn starch or

gelatins; with disintegrators, such as corn starch, potato starch or sedium
carboxymethylcelluiose; 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 mjection by dissolving, suspending or emulsifying them ir an aqueous or
nonaqueous solvent, such as vegetable or other similar oils, synthetic aliphatic acid
glycenides, esters of higher aliphatic acids or propylene giveol; and if desired, with
conventional additives such as solubilizers, isotonic agents, suspending agents, emulsifying

agents, stabilizers and preservatives.

[00188] The lysosomal sulfatase enzymes of the invention can be utilized in aerosol
formulation to be administered via inhalation. The iysosomal sulfatase enzymes of the
invention can be formulated into pressurized acceptable propellants 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 emulsifying bases or water-soluble
bases. The lysosomal sulfatase enzymes of the invention can be administered rectaily via a
supposttory. The suppository can include vehicles such as cocoa butter, carbowaxes and

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

[00190]  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. Similarly,
unit dosage forms for injection or intravenous administration may comprise the lysosomal
sulfatase enzyme as a solution in sterile water, normal saline or another pharmaceuticaily

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, diluent 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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WO 2009/091994PCT/US2009/031276 Table 6: Second Human N-Acetylgal_actosamin_e-6-SuIfatase
(GALNS) Purification Train StepProcess 1HF (1X) 2UF/DF (20X) 3pH 4.5 Adjust 4SE Hi-Cap 5Zn
helating Sepharosc 6 pH 3.5 Adjust 7ToyoPearl Butyl 650M Final UF/DF 1002771 These assays
indicate thath?eZB%%@gl‘é described above for preparing recombinant Iys&yﬁlﬁéf’gﬁ?ﬁdﬁée enzymes
provide an efficient method for production of large quantities of highly p_urifled enzyme, in particular the
secreted preprotesséd (prédosser) fokio ofmitranNwobtylgatactoshmiderGraulfatass {GALNS).

such as, for example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring
agents and the like in the case of oral liquid preparations, for example, suspensions, elixirs
and solutions; or carriers such as starches, sugars, microcrystalline cellulose, diluents,
granulating agents, lubricants, binders, disintegrating agents and the lke in the case of oral
solid preparations, for example, powders, hard and soft capsules and tabtets, with the sofid

oral preparations being preferred over the liquid preparations.

[00192]  With respect to transdermal routes of administration, methods for transdermal
administration of drugs are disclosed in Remington’s Pharmaceutical Sciences, 17th Edition,
(Gennaro et a/., Eds. Mack Publishing Co., 1985). Dermal or skin patches are a preferred
means for transdermal delivery of the lysosomal sulfatase enzymes of the invention. Patches
preferably provide an absorption enhancer such as DMSO to increase the absorption of the
lysosomal sulfatase enzymes. Other methods for transdermal drug delivery are disclosed in
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 adiusting agents, stabilizers,

wetting agents and the like, are also commercially available.

[00194]  In each of these aspects, the lysosomal sulfatase enzyme compositions include, but
are not limited to, compositions suitable for oral, rectal, topical, parenteral (including
subcutaneous, intramuscular, and infravenous), pulmonary (nasal or buccal mhalation), 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 infravenous routes. The
lysosomal sulfatase enzyme compositions may be convenien‘fly 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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EXAMPLE VI CHARACTERIZATION OF PURIFIED HUMAN N-ACETYLGALACTOSAMINE-6-
SULFATASE (GALNS) [00278] The G71 cell lines produce proteins (e.g., lysosomal enzymes) with
greater levels of high-mannose phosphorylation than is noted in an average mammalian cell line, and
a correspondiyR4divérrevel of unphosphorylated high-mannose oligosat€naritesssxtysosomal
sulfatase enzyme (e.g., recombinant human N-acetylgalactosamine-6-sulfatase (CALMS)), comprising
a high levebufshisphosphoryatec: highnreannpseokgesassharidas .asdelingd HeLain, is aqmpared to
molecule%cg?cgﬁirb?qhiguci?field et at, U.S. Patent 6,537,785, which do not comprise complex

oligosaccharides, and exhibit only high mannose oligosaccharides. [00279] To determine levels of

unphosphgiylatgd high;nannese.eRAlvssomal sulfatase enzyme, one of skill in the art can use
exoglycosidase sec?l]ge?r?cing of refeased%ﬁgosacgﬁéﬁfggsé fli%g?%%aoﬁlelﬁéyrsl%@ﬁ IBINGEI the
percentad@SYFBRFRDSHGHAshEd Righehranabesoligesiteharide chpeins: Onanbimatiotselease

FACE profikngigeluunphespharytatedhigh Wﬁﬁ% QA ith particuar. complex
oligosacctﬂlarides %e.a%.,poligimannose 6 an%l ully sial?la%i%%ﬁ?ﬁ%ﬁ%@%gﬁ*@ fCUnphosphoryIated
e

high mannoas (8 fReRCdifarEH ST BRI AL K BRgSsHs hatibbicbpeeizy naid s dgtencing. WO
2009/091884RGTAUS 2008012 76<100280Tosteming if theiputfied ysgsemal sylfatase enzyme
(e.g., rec %@%Qtﬁrnoasnnl}légc%t‘yl%alqg?tg?ramine-.6-su|fatase (GALNS)) expressed in 071S cells
exhibits increased phosphorylation, the Tevel BrMARhEEE S HBKHAB GRS R Rssomal
sulfatase &kyinehwasdtdaimtiod, rde whhtakcthe & payepaisiabitiside bind to the M6P receptor (MPR).

1002811 i X e, fxnres edog{gl 1711 6g:ells and purified, was analyzed by
fluorescerﬁlifé% gg%?gtie@él %%t%%%@cﬁﬁgﬁ%gﬁé%ﬂ%@%s EB‘PA E) aqcf) 5?/1 ChFsmTBEBRSEh

- MPR-Sepfdlibgesesis R dprceseykedinuses PdlyBeryiahiide, 3l sscthphoresittaseparate,

- quantify, apeseetermineihrsaduanss atoligosasshaligdes |§i3§§ oproteins. The relative
intensity gfge?gli omar)inose 7 bis-phlosph&zgte (07P) bar?fgq {)%h AC%%I%%%%%%fpgt?ﬁé%trophoresis
14150 1085

19(15): 2 , AR e e il retghnesen GenwmiRdosiann (Celimetat] Biochemistry

37(43): 1515464¢11998) glirecrelinhle, mieasuies et Rhesphondationtexekper.ols of pigtgin. [00282]
Specific /N:Oti\gtygél' Q%?pecific activity of recombinant human Nacetylgalactosamine-6-sulfatase
(GALNS) was’detérmined using a small fluorescent substrate 4-methylumbellifery1-6-S-GAL

(4MU-Gajga’peat 37, i i ific activity of the purified GALNS was 165
umoI/mir?ﬂl?ngq) 9(?.,16??&/%&%)@([)%%@?%&%%%Beﬁ%r&ﬁ%stgﬁ |H|P>;/?F’Sf%“éaé§<“\%%%s§eeﬂ%ﬁ4‘&abi|ity of the GALNS

was detefRTRES ioR BN Rehined(Sighia H-asiyvnsfilteststeiized theohighdsbe: pUHRES filter, and 4

mL of thexfiliercsiesilized hupaniseym-wasiRigrngubalein g, T-aicell culiuee flask for 1 hour at 37C
in an atmosfpﬁ?ere of 10% CQO2 (pH._at this point is 7.4 (E)%% 8& %L%}“g éss?;i %ggl,mﬁﬁlﬁﬁed GALNS (2

mg/mL pUAIRIFERE RESWAS HREEIIGE PRY i BriaR AttheD Groeiuawis)avds added to the

pre-incubsttedahutii du mimmmrﬁ&ﬁa%fﬁpnﬂﬁbg@ﬁ@im;g@sé%%ngg% %@Qées were
withdrawapd%t. d}ggii{%%gg ]t\irrggrgoint;siég.g;, 0,1, 3.5, 7.5 and 26 hours) and added to 900 mL of quench
buffer (QB, 50 mM NaOAC, Br-8 8¢ M50 iMNEEP B 5 Hig S AT DB Tween-80). Samples
were storelgatsaiantil racly fopredsuring G ALNS senzyme: ackivits 00284k e GALNS enzyme

- activity wasmeasured yaig, thihe &r e capture activity ELISA. By extrapolating the exponential
decay curve of % residual GATI%S@Q/%%E %%\E?t){}?t 1‘3’55 Vit %re%?‘}?‘r‘?gff-life of the purified GALNS

was esimatedo e bhaurs. #0031 HRLRkRJBIA SYnoKiasyies (Ghrendiocytes), The abilty of
GALNS to be.taken up into synov ocytes (chrondrocytes) was eteiwined.

speciiic lysosomal sulfatase enzyme, the sevenity of the symptoms and the susceptibi fity of

the subject to side effects. Preferred dosages for a given lysosomal sulfatase enzyme are

readily determinable by those of skill 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 vifro.

[06199]  Dosages to be administered may also depend on individual needs, on the desired
effect, the particular lysosomal 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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WO 2009/091994PCT/US2009/031276 [00286] Chondrocytes (ATCC Number CRL-1832) are
cultured in growth media (Ham's F12 10% PBS) at 37C in 5% CO2 in 12-well dishes. The analysis of
uptake of three samples requires 4 x 12 well plates. The purified GALNS samples and a GALNS
reference wét8 &EY 181 uM in acPBS/13SA (acidic PBS + 200 ttg/mL BSAYSESAFAE 1 u.M stocks,
uptake dilution curves for GALNS samples and reference were prepared: 50.5 AL (1 uM rhASB) into 5
inL uptaké@tssay ditveie((abyrBiMBNees 2amid treglitaminide 10 5 mgll, B&A)andsulting in 10 nM
GALNS spraplesandJIerRncarwhichee, hriheraedally dinierio g, .42 (62 0-31 and 0.16
il ed 'th Wé)lf dish

nM by serial two-fold dilutions in UAD. The growth lum from the 12- es'of confluent
chondroci&¥ 0y seihFate 4naymt oreither apngsiank)dried faP diatiensrof-@ Al NSagamples or

referencesere adelediedeovells: angh incubateshfar hauss Al 346 10,8.10% L A2 insyhator. The

uptake m 8i‘um was aspirated, tilting each dish for completeness, and each well was rinsed once with
1mL PBS?. TR R S REek dospersd i tHeBRehBro S Bsaete Hdtaehid Wpistngit5 mL
trypsinJ ERiFc ((a26% sbrypisinl Bk ehA, (Mediateahi23Rb3rke butt 25053028 el welkAfter

detachme afSI{or{n .%QI% ; Agt%%mﬁecg}é%no oca/tes were aliquoted into prechilled-on-ice Eppendorf tubes (30
tubes totaﬂ?. he trypeinizad choRdroey S verE § SaTE S SN d ISR REEHSE [6°4pRed in a microfuge
(4000 rpmgidMingies)s LRSI YPRIRNAS, ASRIL mpletely, the cell pellet was rinsed with 1 mL
PBS, repeating }the mic%f(ijge ar'ld.asBirati_ﬁgtﬁg%gggY%jgﬁrgﬁ% 1%%%%3%55%%&??&# ?é’LB, 50 mM
sodium aBERR135HesE Lo gnos i e B I0D) ezl eth thie aetiitube iCsinpaitets werenrgsuspended
by pulse-varexisgiheedimsssmiiantesuspansion.ine selliysismixueswes siored overnight at
-80C, or ana#%/z d directly. 1002871 The cel| lysates were thawed at room temperature and transferred
- to ice whé&ff %\f/@g?ﬁﬁﬁﬂééﬂﬁ%ﬁ%mfﬁml&%@d% FRATSfe B A imI @ S6Rtristhtd B, and then
spun in thergatcrafugel atidddGenn forgl Quninutes ntdle:tn. pellet the insoluble material. The
supernatants were transferred to a fresh set of tubes and the pellet was discarded. Then GALNS
activity ad8830las pérforhied onttdssipbmatarths. tAsevensbaintdiiytionlctoa:(gegaldwo-fold
dilutions staiting.ft 30 AM.and.eading,at QA0,AM) lly. perfoinied which brackets the expected
Kup,ake fairly evenly on both sides. The’m%%rity o%‘ﬁtl%g%%g{ﬁ%esgsrﬁgge%e@ %Igl%cl%a eg qbéf} }tﬁ']sing the
protein-oAlcAiBEHRIOWeTHE adeBs) THS PiRifkecE GADN Bakag deridforctipitkbantessynoviocytes,
based 0Wmﬁs@tﬂéﬁmmmifﬂ%ﬁ&ﬁﬁeWMoM%QﬁaM@Q%%@i?H&%&EWP) Receptor Plate
Binding Assay. The ability of GALNS to bind to the mannose-6-phosphate (M6P) receptor was

determin&f T E PR g Soasenssupse s sororhse 276 bisalisi eesayharamerNunc high

binding plates. weie sadieckwitmdl vgimbsMEP treepiesublieGaatediplates IR Washed twice with 250
een 20) and nonspecific binding was blocked with 200

uL/well of wash buffer ( TBS + 0.05%. Tw

:AL/well &%@&?ﬁé@ﬁ%ﬂ%ﬂi%%ﬁ 5‘??‘]&% ,Sfb‘f@?&@?ucﬁgrﬁéléﬁdbtﬁff’@haf&eﬁg‘ﬁﬁiéﬁgg‘ﬁpIates were
incubatedf¥grat vhangr the¢napomi tenipr et dre | (RoEpnR Uk G this blopkstep, purified GALNS samples (0.5 -
2 mg/mL stored at 4C for 2 weeks) were diluted to 10 nM in BDB, and then serially diluted in dilution
buffer (DE938%hM NedmentisAMaREC e gsrnEaes a1, sarginnl B8 @Eosibe@38sutidown to 5, 2.5,
1.25, 0.62:8. 3dnand Qe Blockedniates wese washedwith Waas ahpve, apd.diluted GALNS

-samples were dispensed into the wells in duplicate at 100 uliwell and incubated 1 hour at RT. During
this incu B‘Eiﬁ‘é‘ﬁ‘@%ébc}lieﬁslﬁﬂfﬁf&ﬁ?f?@f@&éé’tﬁéf@%@%‘f“é%r%ﬂ%%éiRk‘tfﬁ@e(}illlgn@%mﬁér FOPIMM
6S-galacidaai4blis staeka(siteeakion LE26: s2A6iRiQR Tk BBy ANt prewaImed dnig37C water bath.
After inc% @8{‘ ﬁlf s were wash}ed_twice with WB. as above, and 100 ;IL diluted substrate was
added arid e & Sspedific AEHRINPAS H%?%?miﬁeﬁ%&@ﬁ Weirgihte deEfoHd Piirtied GALNS
had a KdféedsindingitortherMeR rdegptamdasedonysinga:sigdaiadingof RdpaMological
(00291M se-a-P e.(M6P). Receptor Column Binding, The ability of GALNS to bind to the
mannose%ﬁ-la[)%%ﬁ;gﬁ%%q%ﬁ%%) S‘r%%leﬁgg v%lgég 3%?&%%%\886‘%&%5%% URRATBTRAINY 4S5 M6P receptor
column W&étﬁ%ai‘édfﬁfé\df_ih‘ésrﬁalﬁaféoﬁhﬁéﬁ'ﬁlmsﬂhdﬂxghgl MBRirecepter lwes fromtRieter Lobel's
laboratonythe calmaJesi qg@@g%@q%%ggdjr%sﬁ%g 5%95&9 @H}ﬁ\% 19), %(dj: %;Oe column size was

0.7 mL. The Iv16P receptor column was equilibrated with 10 column volume of equilibration
buffer (E6R JGNYBES sph 86 mbaming snervsplsiy draphe sphiale co059% dileeni20, 5 mM
glucose-lsphasphateandi@ORdmNaNShatolamr ale-af 025 Mk/Min. B 4ig oL Bhilisd GALNS (per 200
J_to was loaded onto the M6P receptor column at a flow rate of 0.1mL/min. Unbound GALNS was
washed off the column with 10 CV of EQ at a flow rate of 0.25mL/min. Bound GALNS was eluted off
the column using a 0-100% elution buffer (EL, acidic PBS, pH 6.0 containing 5 mM glycerophosphate,
0.05% Twecn 20, 5 mM mannose-6-phosphate and 0.02% NaN3) gradient (10 CV), followed by 2 CV
of 100% EL. The column was re-equilibrated with3 CV of EQ. [00292] Using the GALNS ELISA, the
percent of purified GALNS that bound to the M6P receptor was determined to be 56%.



WO 2009/091994PCT/US2009/031276 [00293] Total Oligosaccharides Analysis by Capillary
Electrophoresis (CE). To determine the level of mannose-6-phosphorylation on GALNS, the N-linked
carbohydrate profile of the total oligosaccharides on the GALNS was determined by capillary
electrophoreg%é 9L escribed in Ma et al., Anal. Chem. 71(22):5185-3CIALYGBI3TEE method used
PNGase F to cleave asparagine N-linked oligosaccharides. The cleaved oligosaccharides were
isolated al¥lHBivatizee withe fluovescenbiye, and-apilieddoaiad spincokimndosemove excess dye.
The purifi [eSeR I igasacchatri vere.separated electrophoretically and peaks
subseque%%ﬁ%%(?uantifi‘g%aggr}% ?ﬁg%&[?%%% %E) tV\I/%ErLea(@Z arat Ver. L?r&s 059 %%%%ttﬁ’is assay,
the amouRtEHPBIFEHEIphoy e ihmose daBPMTnshenophdsphirytated meanivose(6 §MPM6) and
sialic acidisoniaining plisesaccharidar (s HEfis CALNS Were: .58 molmole enzyme, 0.08 mol/mol

enzyme and not detectable, respectively. The percent of GALNS proteins containing BPM7 was
estimated ISHE59%. 160 555KE1Sr Blig08scaRafiRvRathefimtstdhb T henseation of the

bis-phosalag %@edﬁ%ﬂn%s%zrél%P 7) ol'gobsalc%]gharides. on the GALNS was detemiined. The
asparagirie éAs ) residué &t position T 7E3TASR R YRR SR B BRI 7 OThE M8l residue at
position 397 wesodctidupikdd Hijosiiated:torBPM T dinl wainfornehiodoewpred praiiantly

oligoman ' y ite. Affinity. An in vitro.hbone model was developed to
determineggvsir? gﬁrﬁ%ﬁiﬁg%%a%%%%ﬁ it%%%%g?g%fl {t}g %8? Ee“?%} i ﬁ%&?ﬁﬂﬁ?ﬁ?ﬁqﬁﬁﬁ%rade
hydroxyapafitensisualesy suspassing Wals preparetlemtreguilibiatedin DBS.ge 5o:ttgiml BSA, pH 7.4.

The purifiesbGAkNRs aftes adding SO UM BSAcwas desalted i RBS. R T S The lesalted GALNS,
at a final concentration of approximately 2 mg/mL, was serially diluted in DBS + 50 ug/mL BSA, pH 7.4

-in a 96-wiIPPTARE SR TEEHE HREREPRIR AT GAIIS Misrd erarard ens o8-welriterplate (Millipore
#MSGVN22381 hydrophiticRY Ry lawdunotetabireinge2 24 RAre$i2e)» 50, of the, hygioxyapatite

suspensi(?nv\i/v Snas‘f'%%fdtofg‘gu""‘é”ﬁ 0 1the Eijl r plate containing the serially diluted GALNS and
incubated for 1 hour at 37C With niiid Shik ﬁ.r‘The plate was subjected to vacuum filtration. [00297]

The vacuum filter supernatants were analyzed by either HPLC or GALNS enzyme activity as described
above. The purified GALNS had a Kd for hydroxyapatite of 3-4.0 ttIVI. WO
2009/091994PCT/US2009/031276 [00298] FRes@riiicell 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 residugta®ggiannylglycine (FGly)). [00299]To determine if the
purified recombinant lysosomal sulfatase enzyme (e.g., human N-acetylgalactosamine-6-sulfatase
(GALNS)) co-exprasddiAiin S BMPRES S AN EISEXRIOFORHEAdaNRTILationARE amount of
conversioffl EHERENEHE dsTEMRel 6K BIE 1 G IBH VTP N AT UsOmbUSTIf a8 se BNy Me was
determined. 1003001GALNS ActivatiénS Th& HEreBRt(actidon, i.e., percent conversion of the active
site cysti}lg)zs‘ yS) stﬁgne.residue Ccc-fmmylglycine (FGly), of the GALNS was determined by
LCIMS (TEA)-The TTCAGHE fof T8 PR ShE TR HIEEea8Tr820 HirdPissprragpetifisly, indicating
that about9D%4mf ithesplyifiedsGALNSIS ifcanaactive (he. o) Jorm: AR 1A Summans Table 7
shows aéﬂmmg%%tq% q]araﬂ:tﬁri%%jv% Sof recombinant GALNS expressed in 071S clone 4 cells.

: Table 8 shows sumr%arfo?rr‘ﬁg characterization of recombinant GALNS expressed in G71S clone C2

cells. Talig:6ef-haracterization AfRumanMAesiigalariosaminefiiyfanRa GAMNRLg

States Patent Application Nos. US 20005/0123949, 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
mamimalian expression vector cDNA4 (Invitrogen, Carlsbad, CA), which contains the human
CMYV enhancer-promoter 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 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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Produced from G71S Clone 4 Assay Category GALNS Specific Activity: Activity/Antigen by ELISA
0.165 Ufmg 7.7 U/mu .b Specific Activity: Activity/Protein Purity by C4-RPF> 95% (6 lots tested) Size
by SEC115 kDa (hornodimer) Serum Stability at 37C217 Hours Uptake: Chondrocg};tes4.9 nM Uptake:

Fibroblasts gfg? ?/09]994 PCT/US2009/031276

SUMF1. The human SUMF1 polynucleotide (SEQ ID NO:1) and polypeptide (SEQ ID

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

f00207] The full-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 p-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 poiynucieotide (SEQ ID NO:3) and polypeptide (SEQ ID

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

108208] 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!1 was made by digesting P<<1_68 X_X Ncol filled MAR (Selexis)
with BamHI and Hincll, and then inserting the refeased MAR fragment into pcDNA4
SUMFT1 digested with Bglll and Nrul.

[00210] PMAR SUMF1 was made digesting P<1_68 Ncol filled (MAR) SV40 EGFP
(Selexis) with HindHI and Xbal to remove the BEGFP gene, and then inserting the SUMF1
gene, which was released from pcDNA4 SUMF1 by digestion with Hindlil and Xbal.

[60211] 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 Ncol filled (MAR) SV40 EGFP
(Selexis) with HindIH 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.

[00213] The full-length human GALNS cDNA was also cloned into the mammalian
expression vector pcDNA4 (Invitrogen, Carlsbad, CA). pCDNA4 SUMF1 was digested with
HindIIl and Xbal to remove the SUMF1 cDNA, and pCIN 4A was digested with HindIII and
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U_ptake: Osteoblasts 7.8 nM Productivity 1.3 pg/cell/day Titer 4.2 mg/L M6P Receptor Plate Binding
2.4 nM 6P Receptor Column Binding: % Bound56% M6P Content by CE: % of Total Carbohydrate29%
M6P Content: mol M6P/rnol GALNSO0.58 Sialic Acid Content be CEF1% Hydroxyapatite Affinity 4 uM

WO 2009/091994 POTAUS2009/631276
Xbal to 1solate the GALNS ¢cDNA. The GALNS ¢cDNA HindIIl/Xbal fragment was ligated
into the pcDNA4 vector HindIll/Xbal fragment. The resultant plasmid was designated
pcDNA4-4A.

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.

[00215]  The structure of the fully processed form of human N-acetylgalactosamine-6-
suifatase (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 full-
length GALNS polypeptide) has been converted to Cy-formylglycine (FGly) by sulfatase
modifying factor } (SUMF1). In the lysosome, GALNS is cleaved after 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 polypeptide. Bis-phosphorylated mannose 7 (BPM7), comprising 2 mannose-6-
phosphate residues, has been found on N178, but not on N397.

EXAMPLE II

G71S CELL LINES CO-EXPRESSING HUMAN SULFATASE MODIFYING
FACTOR 1 (SUMF1) AND HUMAN N-ACETYLGALACTOSAMINE-6-SULFATASE
(GALNS)

[00216] The objective was to develop cell lines capable of producing active Iysosomal

sulfatase enzymes with improved phosphorylation levels.

100217]  G71 cells (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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Activation: % FGly 90% Table 8: Characterization of Human N-Acetylgalactosamine-6-Sulfatase
(GALNS) Produced from G71S Clone C2 WO 2009/091994PCT/US2009/031276 Assay Category

GALNS 6.4 U/mg Specific Activity: Activity/Protein Purity by C4-RP 97% Size by SEC
WO 2009/091994 PCT/US2009/031276

temperatures (Park ez al.,, Somat. Cell Mol. Genet. 17(2): 137-150, 1991; Mamnell et af.. J.
Cell. Biol. 99(6): 1907-1916, 1984).

[00218]  G71 celis were maintained at 34°C in BioWhittaker UltraCHO medium

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

[00218]  To allow easier use of cell lines for protein production, the adherent G71 ceils
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), resulting in the serum-free
suspension culture adapted cell line, G71S. Alternatively, adherent G71 cells, affer being
stably transfected as described infra, may be adapted to serum-free growth medium as

outhned in Sinacore et al.

[00220]  Paired combinations of the human SUMF1 and human GALNS expression vectors
(Example I), either pcDNA4 SUMF1 plus pCIN4 4A, BMAR SUMFI plus BMAR 4A, or
PMAR SUMF1 plus PMAR 4A, were transfected following the MARtech I protocol as
described by Selexis into G718 cells grown in culture medium supplemented with Antibiotic-
Antimycotic Solution {100 IU Penicillin, 10 mg Streptomycin, 25 Hg Amphotericin B,
Cellgro). Transfectant pools were grown in UltraCHO medium (Cambrex) supplemented
with 5% vy-irradiated fetal bovine serum (FBS, IRH), 200 pg/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 menitored by Cell Screen (Innovatis) mmaging. Al
clones were screened using an enzyme capture activity ELISA for active GALNS (see
Example I'V). 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.

f00221] 202 G718 clones were generated and screened for active GALNS: 86 clones co-
transfected with pcDNA4 SUMF1 plus pCIN 44, 65 clones co-transfected with BMAR
SUMF1 plus BMAR 4A, and 51 clones co-transfected with PMAR SUMF] plus PMAR 4A,
Clones were initially selected on the basis of high levels of active GALNS from the 96-wel]
tissue culture plates (Figare 6A). GALNS activity was measured using ain enzyme capture
activity ELISA and represented in ng/ml. (y-axis). The x-axis shows the three co-
transfection conditions used for SUMF1 and GALNS expression: hCMV promoter without
MAR, hCMV promoter with MAR, and SV40 promoter with MAR. Each bar represents a
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115 kDa (homodimer)E Uptake: Fibroblasts 3.4 nM1 i Titer 6.4 mg/L (4 lots tested) 5.7 M6P Receptor
Plate Binding M6P Content by CE: % of Total Carbohydrate 34.5% M6P Content: mol M6P/mol
GALNS (169 [00309}% These results demonstrate that the purified recombinant human GALNS has a
high level of 42tR/&IBH %hd high levels ormannose 6-phosphate phosphdi§EESH AR G71S cells
co-expressing SUMF | and a lysosomal sulfatase enzyme (i.e., GALNS) efficiently produce active
highly phésysirorifatdecipgbs orpisdostitatapdasivzy riel Thesincreased devehuthiighim@indse residues on

such lysogemabsuifaiase.farsmesleadsiainrieasedypiakey e MER aM&RlR: foure.

[00222]  The highest active GALNS producing G718 clones were chosen for productivity
analysis (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 assaved for GALNS
using an enzyme capture activity ELISA in pg/cel¥/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 G71S clones as compared to co-transfection of expression vectors without
MAR elements. The BMAR 4A + BMAR SUMF1 co-transfected ciones 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.

100224]  The GALNS expressing G718 clones were adapted to serum-free growth medium
using the protocol outhined in Sinacore e al., Mol Biotechnol. 15(3):249-257, 2000. The
entire adaptation was done in the presence of both selection agents (zeocin at 200 pg/mL and
neomycin at 200 pg/mL). The GALNS expressing G71 clones cultured in T-flasks were split
as follows: (1) into a 125 mL shaker with the Cambrex UliraCHO medium and 5% FBS (lot #
812242}, (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
concentration was reduced by 50%. The cells were left at any given FBS concentration for a
munimum of 3 passages. Once adapted to growth in 2.3% FBS, the celis 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 celis 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 suspensjon culture. A GALNS



EXAMPLE VII UPTAKE AND ACTIVITY OF RECOMBINANT HUMAN N-
ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) IN MORQUIO CHONDROCYTES IN VITRO
1003031 The uptake of recombinant human N-acetylgalactosamine-6-sulfatase (GALNS) by
lysosomes of MBFYUia EHondrocytes and the ability of GALNS to degradePkerAEH0HREE (KS) in vitro
was evaluated. [00304] Chondrocytes from patients with Mucopolysaccharidosis Type IVa (MPS IVa,
Morquio SYRUESHIEY RAVE Pedlieas B NS Adtivinhamd BxXHibitlysdsomal G6cumulatiospaiddS. An in
vitro modeh ot MRSiMawas-gstaklighed using chondrocytes isolated from iliac crest biopsies of a MPS
IVa patient. Primary chondrocytes, however, de-differentiate and lose their chondrocyte characteristics

in culture|Giias] cultiredcanditionswerelestablishedrorinduea.chandiocyie diferentiation.in vitro.
[003051 Chondrocytes isplate an MP. patient, designated MQCH, were cultured in alginate
pends n e B S TR A F L R ot ASEIE G AN RSB Growth
Medium, bodzaseCaBaRs pxte pofturgrmediomnwas charged wicedrer wegkdar the duration of the
experimept m 6 to 15 weeks. Iture canditions induced expression of the chondrocyte
phenotypgg%d difterent &i%ﬁf’%é%%s\ﬁé %@o@?g%@‘@%ﬁ‘w@}é@iﬁé fdesésd) 'ells expressed
chondrocytamdrkesssinciiding! sex deterhinindssegied dbdex 9 (Sox 9), collagen I, collagen X,
cartilage oligomeric matrix protein and agaregan mRNA, as measured by quantitative RT-PCR
analysis using RNA isolated from cultures of MQCH cells. These cultured MQCH cells also elaborated

extracellular matrix. [00306] Confocal microsco[@/ was Eﬁrformed to confirm that the MQCH cells
accumulated KS. The MQCH cells in an 8-Week\likdrd ere trypsinized, cytospun onto glass slides,

fixed in acet d fr ' f e.cgl repydrated and stained using, as
| L O O L PR cHHUAT A Alexa-a88
| . ?A . IO ALRSY

(green) conjugated goat anti-rabbit antibody, respectively. The -CH ceélls'displayed punctate

primary and seco

intracellufaostainingheansistentithy Immahiﬁ%@g%&l@ﬁ%&%é@ﬁ 15a.fgigrmine whether
purified recombing t hurr@r] GALNS could be taken up bé M%CH cells into lysosomes and degrade
KS, a G-Wégﬁ\%@{?ﬁ%@?l TGRE SR ES ReOH Bt RS (rcomRERt G FHIRGALINS twice per

week for QiineekgaBALNS Liptakeans K elearancewese Measureshhuconiosat pistoscopy. The

primary aqﬁibod&eg ]%%ed were; 516122 an agtji—GA Nsﬁﬁ%%tﬂ rp]gfcinklgclonal %gtibody and an anti-Lysosomal

Associated Membrang Protein-1 (LAMP-1) Mohocls g8y, P By A anti-KS monoclonal antibody

and an apjipAMP-4; pelyslanal.ant ) ece y.antibodies used.were: . Alexa-488 (green)
conjugateﬂél anti odiels to dgtec?%?ﬂglgg%g%@o%%%%ﬁﬂ%ggﬁalt} %ed‘fvélss,rgk:%\fg%%é%%?{ 4 (red)
conjugatéd EhtiBtdiet iscdatees derided Mptnreditiiodiest M BCianeat prépey&ionswere mounted in

mountanbsaatainingBaR: Whih staing Ruelehd93081 Bianificant roslasalizatian gf the GALNS
enzyme and KS with the lysosome marker, LAMP-1, was observed in GALNS-treated MQCH cells.

Upon exSYUPE BRRIETCE o R Corrtsinant HiTRsSH B Albes tFreusnaURe SElntfaanuminKSwas

decreaseaid 2P0 EAING wiptake Wasala0 Measireddising-aaALNS snaymecapture ELISA and a
GALNS %pecifi a%g%/uit @_I A, both’lglescribed g&Exam e IV above, Normal human chondrocytes
ALNS Wete Usel 854 SuitRE eohifal. X8 SAbRSTHerableesdind 10,

(NHKO), Which g&pre S , Were'use
" untreated NQE is Iheally hadatodetogtdislevE AN Stenzyme dndictivity iwhese as M@Qd: cells treated

for 9 WG%K%M%%{M 1@%@%@9&8&9@'%% %Ha\lzl%,%lez XE% %ﬁ% ggxtwjt\fgﬁéd 10 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 I L scale. The culture pH was not controlled in these runs. The operational limitation of
the WAVE bag is 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 nl/cell/day,
resulting In an average residence time of eight hours for the GALNS enzymes. Therefore, the
celf 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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Table 9: GALNS Enzyme Capture EL SA Using MQCH Cells MQCH CellsNIIKC No
treatmentN.D.'0.17" WO 2009/091994PCT/US2009/031276 MQCH CellsNHKC 10 hivi .GALI\_IS. for 9
wks3.990.88 'Not detected; bng GALNS antigen/ng total protein Table 10: GALNS Specific Activity
Assay UsingTAAEHE& MQCH Cells NHKC No treatment N.D." PCT/US2009/031276

{060229]  The harvest fluid pH was adjusted to a pH between 5.5 and 6.5 to maintain
enzymatic activity, since GALNS had previously been shown to be stabie at pH 6. This was
accomplished by a timed bolus addition of 5% by volume pH 4.0 sodium citrate buffer mixed
in line with harvest coming off the reactor. The adjusted harvest fluid was stored at 4°C prior
to downstream processing. The two GALNS expressing G71S clones 4 and 3 averaged titers

of about 4.2 mg/L with an associated specific productivity of about 1.25 pg/cell/day.

[00230] The GALNS expressing G718 clones, C2, C5, C6, C7, C10, C11 and 30, were

similarly cultured in large-scale and assessed for active GALNS enzyme production.

EXAMPLE IV

MEASUREMENT OF THE CONCENTRATION AND ACTIVITY OF HUMAN N-
ACETYLGALACTOSAMINE-6-SULFATASE (GALNS)

[60231]  Enzyme linked immunosorbant assays (ELISAs) were developed to measure
GALNS enzyme concentration and activity from the G71S clones co-expressing human

SUMF1 and human N-acetylgalactosamine-6-sulfatase (GALNS).
Enzyme Capture Activity ELISA

[00232]  The enzyme capture activity ELISA measures the activity of GALNS enzyme in
solid phase, following the capture by an anti-GALNS specific antibody bound to an ELISA
plate.

[00233]  Buffers. Buffer A (Carbonate Buffer): dissoive 3.09 grams of Na,CO- and 5.88
grams of NaHCOj; in 900 mL of de-ionized (D1) H,0, thenr add DI H,0 to 2 final volume of
1000 mL. Check that the pH 1s between 9.4 and 9.6, then filter-sterilize. To completely coat
one 96-well microplate with 100 uL per well, dilute 19 pL of an 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
C (Substrate Buffer): 25 mM Sodium Acetate, 1 mM NaCl, 6.5 mg/mL desalted BSA and
0.01% sodium azide, adjusted to pH 4.0 with glacial acetic acid. Buffer D (j3-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 NaOH.
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10 nM GALNS for 9 wks 3.68 5.15 Not detected; GALNS activity/ng antigen 100310] These results
demonstrate that purified recombinant human GALNS is taken up by Morquio chondrocytes into .
lysosomes and can de?rade lysosomal KS in vitro. These Morquio chondrocytes are useful as an in

vitro efficacﬁ%&&%a/%l &t lysosomal sulfatase enzymes, such as GALNS! W@éﬂ@?ﬁgé KS.
EXAMPLE VIII ACTIVITY OF RECOMBINANT HUMAN LYSOSOMAL ENZYMES TO DEGRADE
NATURAP B3 sTREr S IN AL NBASE Brasg sy ey TR oo 031 i GelabaBetein Gitro assays

were devglaped e measwre the agtyityaf pesembinant Ihgmﬁndyé%.omﬁhs%xwgma% lysosomal
|

sulfatase enzymes, o degrade natural substrates. 1003121 The enzymatic activity of recombinant
human ly¥8 Eﬂ%)n%e%r}eétfé‘?? VSoetthat ¥ifass-eniiieds O g)sicat) M&QSU@W& cell-free in
vitro assa}bUlsmlz&ﬂeaﬁ&i;fma}vﬂtéeE@g%mﬁeﬁl&bﬂ‘?@tq}(ﬁﬁﬁl&&%&@ﬁ@iéﬁfa%#i\é@:- &iRyeyan the enzyme
activity megs red is éé}le ndent on the size of the artificial substrate, i.e., number of monosaccharide
units. In &éd?#of‘ﬁ i f&ﬁ?ﬁﬁé’rat&ﬂﬁ?y is measured in an environment that is not reflective of the

situation jpviye. Thus, the cell-free invitrg. assay does not take into gccqunt either. the lysosomal
enzyme'sma(l}\gf?i@ to}}cﬁgg\?é% hgﬁthnr(gﬂéﬁbrl}s‘%?ﬁéﬁ%? %%%%%Bﬂi?ﬁ%'ﬁ&%@%@%%@ %ff é} Bléﬁg and localize to
lysosoméblaidsusd ingelitsask dithwittd 2$6dy WasidevetdpehtenméasLNSthe iactiyity of two

recombingn; bnan Am&gm&@Q@yr@g&@knfﬁz{nféﬂw%dﬁ%ssa%'%g}f%%%a&%',st ﬁ%t%ﬁg% ARSB), to

degrade their natural substrates, i.e., intracellular dermatan sulfate (DS)-containing su _trates..DS
contains YHsbIyRFERI it 6Fht B diaracsy i Nesce sag arathedimmihe ausley eishteharite units. WO
2009/091994P T HJ820R9/031 &b rously by inversion, then pour into a reservoir, followed by

plate loading (100 pL per well) using a multi-channel pipettor. Cover the plate and incubate
at 4°C overnight. Remove unbound anti-GALNS antibody: wash the plate by flooding with
Buffer BY three times. Block: biock the plate with Buffer B (320 uL per well), then cover
the plate and incubate at 37°C for 1 hr. Prepare a dilution series of purified GALNS standard
and test samples (unknowns) during the block step: the standard is diluted in Buffer B to the
high end of the linear range of the assay (128 ng/mL in Row A), then serially diluted (2-fold)
in rows B-G on a 96-well plate. Lane H is buffer blank (i.e., no GALNS enzyme). First,
prepare 300 pL of a concentration at 128 ng/mL in Buffer B. Then, dilute serial 2-fold in the
Buffer B (250 uL into 250 uL) until reaching 2 ng/mL. Remove blocking buffer: after the
block step, Buffer B is discarded. 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 | hr. Remove GALNS
inhibitors: wash the plate by flooding with Buffer B, three times. Add GALNS substrate
(first reaction): prepare enough final substrate solution for loading 100 uL per well (prepared
no more than 1 hour before use). Dilute the 4MU-Gai-6-S stock solution {100 mM) to 1 mM
in Buffer C. Load 100 pL per well. Cover the plate and incubate at 37°C for 3¢ min. Add §-
Galactosidase (second reaction): add 50 pL of 12 pg/ml B-galactosidase in Buffer D to each
well. Cover the plate and incubate at 37°C for 15 min. Stop reaction: add 100 uL of Buffer
£ (stop buffer) to each well to jonize released 4MU. Transfer to fluoroplate: transfer (8
wells at a time) 200 pl. of the 250 pL from each well of the ELISA plate to a black untreated
flat-bottom microtiter plate (Fluoroplate, Costar #3915). Read fluorescence: read the plate in
a Germnini plate reader (Molecular Devices Corporation) using the SOFTmax PRO program

(366 nm excitation, 446 nm emission, 435 nm cutoff).
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1003141 ARSB-deficient GM00519 human fibroblast cells or IDU-deficient GM01391 human fibroblast
cells were cultured to confluency in 12-well plates, and the cultures were maintained post-confluency
for 3-6 weeks to allow for accumulation of intracellular DS. 1003151 Post-confluent OM0OO5 19 or

GM01391 c&fE Werd ek exposed to saturating doses of recombinant hlfrﬂgﬁ]%??g%s{ﬂf nM) or
recombinant human IDU (25 nM), respectively, for 4-5 days. Untreated and lysosomal sulfatase

enzyme-tfeddePcefidSdere harvested, lysed and centrifuged. [00316] Lysosomal enzyme activity in the
cell lysates was measured by determining the residual DS content of the cells by: (1) lysing the cells; -
(2) specifltdiyYigeSthF DS ohtding CibL A S s HIaHERRA RS AENY eromei P ABC lyase (EC
4.2.2.4) inthereebdysairsd 3)daheling Berdisacehatitaswith a flusrescantdyenRgay2-amino-acridone,
AMAC); (4) separating the DS disaccharides (e.g., by capillary zone electrophoresis, CZE); and (5)
detecting ({8 3dbeletiiBs diBatichavidést@igs Byfiaserdincuiced fldarescerdsai16). sSuchimethods are

d ibed, f in-Zinellu. et ¢ll;, E resis 2.2439-2 ,2007,.and Lamari et al., |
Chromatgt S o T A e RN 20 e e SN L asERSE sc0s)
1003171 TaBm1 SHesk i theridng Bieigiesddtidanst DS sl enmobre. célis tropked WithARSB, as

determinggdbysmeasyring:the amouns gt disacehange.containing Nasaiylgalagiosaming isulfate (4S
disaccharide), which is the predominant DS disaccharide. Similar results were obtained using

GM0139790&1Id ke FRitR B - Ham & prk b fatish B D el ARG ik E el Basisbe i RRAtro Assay
Age of CeélissivVeeks)-aMARE1LS Sels {fnDenragdrtion)it 86chS2id. 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,80, and 500 mL MilliQ

water,

[00238]  Reagents. Anti-GALNS 1gG antibody: rabbit polyclonal antibodies are Protein G
purified from serum. In D-PBS, total protein = 3.17 mg/mL (BCA). Aliquots (19 uL) are
stored at -20°C for one-time use each. HRP-conjugated detecting antibody (RIVAH): the
final conjugated antibody is diluted 1:100 into D-PBS/1% BSA and stored in 120 uL aliquots
at -20°C for one-time use. TMB EIA Substrate Kit (BioRad #172-1067).

[00239]  Profocol. 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 pL
aliquot, spin briefly (10 sec) in a microcentrifuge to collect the Hquid. Transfer all 19 uL into
12 mL of Buffer A. Mix vigorously by inversion, then pour into a reservoir, followed by
piate Joading (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 B, 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 dilution series of purified GALNS standard and test samples (unknowns} during
block step: the standard is difuted in Buffer B to the high end of the linear range of the assay
(40 ng/ml. in Row A), then serially diluted (2-fold) in rows B-G on a 96-well plate. Lane H
1s buffer blank (i.e., no GALNS enzyme). First, prepare 500 uL of a concentration at 40
ng/mL in Buffer B. Then, dilute serial 2-fold in the Buffer B (250 pL into 250 uL) until
reaching 0.625 ng/mL. Remove blocking buffer: after the block step, Buffer B is discarded.

66



5 92 689 'Percent degradation was calculated by measuring the area under the curve of the 4S
disaccharide detected in the CZE-LIF 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 th® R8240 lysosornes, where they degrade their natural 8GB&tFatE%Htfdéellular DS.
WO 2009/091994PCT/US2009/031276 [00319] A dose finding experiment was performed to
determin&the ¢ohdntratior stavdichaDilcbieeomis ratelirititdihanibebll-badeiadsayyGM01391

cells werg qulturediin AfWell Blates. At 4NeskS.Rekcaniene, he fels wereexpoged to various

|
concentrations of 1DU, from 0.89nM to 25 nM, for 6 or 26 hours. Cell lysates were prepared and

processeBld§ #EsBTBRAUc VT I0 Was Hatbimmiadhsat s badimndinans inftalowicam. [00320]
In a secopghdosefinging @xparimen SRR heellsat3INeeks PAsePRlHeNsyMYee exposed to

various concentrations of IDU, from 0.01 to 0.2 nM, for 2 days. Cell lysates were prepared and
processetPHsbi&8¢ bR acabive MisipredxPeriveiniecidheWatain deititlorlr JtenatstinBlard

monosacehatids, HIGhARASy Was:shikedino e celyartesdacantial fak rWNEé%QW%ng

processing. As shown In Figure 11, a dose dependent decrease in the amount of substrate was

observedTHE DWirbatad R8T Endhsotae 1pfnnceh#idt dose findihgiexpEeshentstM00519

cells at 3mesks postaniiueRnERYEe BXPosedipMarious %qaﬁﬁmag}e%@ﬁ@%ﬁsm%% 001 t0 0.06
nM, for 5 (élglg/s Cell lysates were prepared and ,bprocess_ed as described above. In this experiment, a

known amiStRTHP AR Hat Sharfiard HHER SR EENA BT QUAERS WBRE HREFTRES We cell lysates

to controkfer secoven diring Proce ssinguilisishavpiRigum i, dase deperdeat desrease in the
amount otf DS substrate w s.ob_s%r.ved inth AR%%%r;?éid GMQ0519 cells. 1003221A cell-based in
vitro assay WA devaiSpEd 18 e ARF& the Beth/i IRGTRANCAIRHAFF IS4 difatase
enzyme, BALN$etovelgraldehit smaturahselspatsr. i Bap iRitacelular kreatan sulfated(Kig-¢ontaining
substrate&. 50?23% GALNS-deficient MQCH cells were cultured as described in Example 7 above
and treated With Fecombinant human GALNS at 1 or 10 nM. After treatment, MQCH cell lysates were

preparedéﬂgﬂ%ﬁt‘qﬁ vai%ﬁg@t@ggse Il (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 joyldly, agslesaribed alevs RS disacchaddes (EleNALER. K wnesageharide, was

spiked into_the cell lysates as internal standard to control for recovery during processing. The amounts

of two chi¥HHERHESSAEARBTRIES SEhsittIeNACES and Gal-GicNAC6S were measured, and the
sele PRI oot T L SIMESS ERE T R et
the two chaseletetiStiaK Saisaechiafdéss 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 to 4.0 +/- 0.5 with 0.1 M

NaQH if the pH is 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, I mM NaCl,

.1% Tween-20 and 0.01% sodium azide. Phosphate Buffer (PB): for 1L PB, dissolve 13.9 g

NaH;P0O4-H,0 and 55g NaHPO4-7H,0 in MiliQ 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 glycine and

46.6 g sodium carbonate in MilliQ H,O, and adjust the pH to 10.6 with NaOH. Assay Buffer

(AB): dilute 4MU-Gal-68S stock 1:50 in DB (2 mM final). [-Galactosidase Buffer (3GB): 25

ng/mlL B-Galactosidase in 300mM NaPi, pH 7.2.

[00242] Reagents. 4MU-Gal-68: 100mM in H;O (Toronto Rescarch Chemicals Cat, #
M334480). B-Galactosidase: Sigma G-4155. 4-methylumbelliferone (4MU standard): Sigma
M-1381 (10 mM stock in DMSO).

{00243}  Protocel. Perform serial dilutions of the GALNS enzyme. For purified and
formulated GALNS (~1.5mg/ml), dilute samples 1:10,000 in low protein adhesion
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Table 12: Depletion of KS by GALNS in a Cell-Based In Pritro Assay Gal6S-GRNAe6SIGal-GleNAe6S
1 nM GALNS78.5h 10 nM GALNSS88.681.5 a'hPercent degradation was calculated by measuring the
area under the curve of the Gal6S-GIcNAc6S and Gal-G1cNAc6S detected in the CZE-LIF scan in
lysates fromXSENE#4¥4ted as compared to untreated MQC1-1 cells, antAdjE3iMgItthe area under
the curve of the spike control GICNAc6S 1003241 The above assay indicated that target cells take up
recombinamtiaermaGALNS (WhicRdsthidn (Oudlizeti2600sosomesgihdrerGANS degraded its natural
substrate,,intracell verall, these results demonstrated that the activity of
recombingfr?ltﬁﬁ]%ﬁrgi a%%%@?g &g[gl%g f%%e%o&gg%%%wgﬁlg %%Aﬁfﬁ]ngp lit%ec'j eI 8 r%% ég ‘Eﬁ:el I Hatural substrates
can be meastiredd@ant gqlaifés dangeh-basedinaliydihgsdy st litistvould bergpreciated-thdt this

cell-based;in_ vitr readi ified tomeasure and ntify the. activity of other
A A et DR

lysosomal sulfatase enzymes, as well as a
EXAMPLESXDERYERYOFREQTME M AN U MAN 2 ACET VRIGALKNGTIO SWM 3¢ ELSH

SNLEATASEA(SAMNS 08 JBEGHE LivaHER[AA3268.Le, ahillty of o DinARLEman

N-acetylgalactosamine-6-sulfatase (GALNS), expressed in 071 cells and purified, to e delivered to
specific tigstiethaffectaidy 9yivor asd6 Slatdd Witte doficivady gbGRINS UpdY ibEEthihistation into mice
was evalygiathlPN32 5kThe hiablvseaciindisriblion.of kriaian sufaje alves the very characteristic
phenotype of Mucopolysaccharidosis Type IVa (MPS IVA) or Morquio Syndrome. Keratan sulfate is

primarily PBupttis EiiibgerfoHisison e ortviiN prad dMhksHadrdaloshéay mk afduhsisabseptum) and
cornea, aﬂﬂ.itﬂ%{l%@z%%i?@{e%mﬁﬁht@lﬁé‘ﬁfﬁ%@&%ﬁ%ﬁ%&‘%H'%l%é%mée'ylﬁ&ﬁ%‘jms- Thus, for

N-acetylgalactosamine-6-sulfatase (GALNS), which is deficient in MPS NA or Morquio Syndrome, it is
- importanSiSaHoiEdBRVSHF BRBdoRING srspthictstivr reddinpRita:biabbgesnwsiders heart valve,

cornea, laeyie ek NORRidLE: 198Kk e s sRCHINCHISSUES WMINEMATR ROV NSAYIAzed targets,
delivery of a fluorescent GALNS was investigated in mice.
mcrease in pH also stops the GALNS reaction. The resuiting pH is now in the optimum pH
range o_f B-galactosidases. Incubate this second reaction for 15 min at 37°C. lonize released
4MU by adding 100 uL of SB. Read Ex3535 Em460 on 96-well fluorescent plate reader.
Enzyme activity calculations (at 37°C in pH 4.0 buffer): [ unit = umol 4MU released/min;
activity = umol 4MU/min/mL; specific activity = umol 4MU/min/mg. Protein concentration

calculation: use extinction coefficient of GALNS (I mg/mL = 1,708 Absorbance Units at
280nm).

EXAMPLE V

PURIFICATION OF HUMAN N-ACETYLGALACTOSAMINE-6-SULFATASE
(GALNS)

[60244] 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.

100245]  Liquid Chromatography Apparatus. Amersham Pharmacia Biotech AKTA

explorer 900 system, utilizing Unicorn control software.

[00246]  Profein 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



WO 2009/091994PCT/U S2009/031276 [00328]Two immunohistochemical staining methods were
tested in mice: (1) human GALNS conjugated with Alexa 488 and (2) unconjugated human GALNS.
The conjugation of human GALNS to Alexa 488 was performed using Molecular Probes Alexa Fluor
488 C5 maldtfid94pidg kit (A-10254). The maleimide conjugation cheR§iStEp2eMsiiteeren a 1:1
labeling to protein ratio. 1-00329] To confirm that the fluorescent tag did not interfere with uptake of
GALNS, arrimsssnotytoehiernistiyeXpdiimehtayassdone singestdiLiraghsiioviasytas(ATKSC #

CRL1832)y Aslandard upiake Assaynags 10 e the unconjugated GALNS with conjugated
GALNS (GALNS-A488"or Gﬁ\ﬁNS-A%)&(i%%e eqir]l%:%{ igtg%n\?\ﬁﬂgélﬁ%ﬂgggﬁezdﬁ}ﬁ%%fg?lﬁ%ours with a
subsequenPEeE Wit L Bsitirotid asacama)iored the e Tvel fied Wfts sSNOweddhat the Alexa 488

conjugatiarshighanot jnierferewitbesiiulan vatakasfigure 3mhows the gstimated Kd for GALNS,
GALNS-A488, and GALNS-A555. The uptake was measured by antigen ELISA of the cell lysate rather

than enzyfe4mtivity/besnausedie ba&eﬂngamag&*pﬁhe@lsih@mmﬁe%%%g% gtt;gﬁ}ymg%t%ated grlld f
conjugated GALN zymes were determij e about equal. o determine the stability o
R e

the fluorescenttag once rporated into the cell, immunostaining on

unconjiwaggd gnd cg@yggtggz AI?M as, rformed., T i ntib used for the staining was
a protein@pﬂied anti-GALN%ﬁabgﬁyéntigogglg? éog%n%%elré:tfr%n%%% %:é%d r%/ (ftf&fflqﬁrﬁ"élées were taken
on a Leic@IREPGideiad epiilforsseant mlksisscdpeabirgmetafotoh SéitviaceMigcehvolution of the

image stagks yvas£aqNired RNeRSHIR £90cRliZRIARIN thesadmades.due o the Rrgssnge of

out-of-plane light. The deconvolution was done using AutoQuant/AutoDeblur visualization software
using a tEEEEENI S SSFEEHT AR Fo R EPIFEPRIBOTIthY S[p0B3he stheiirmburostaimindg showed fairly
- good ovegapwith signakthatwas amplifiedavas the AL NS:458.malerdal Jike Ahgerved increase in

sensitivity was due to the primary and the secondary antibody both being polyclonal. [00332] To
deteirningifze] GM NB eninsmenyasitargerid-ADe lysospmaritnwnesainipgefihasuitured

SYyNoVvioCcyteswi I r Prob tr or nzyme that localizes in_the lysosome was
performe%ég?ré\lﬁeg%?o%cée}rgajﬁ %ﬁv%ﬁ@w@#ggﬁiﬁﬁ Séﬁ? -%%%ui%ﬂzﬁé’f‘??owever, the
staining Washi ahifenied CARNHESE Wit geobmbimamdedmain Madatylialactoss amire-4-sulfatase
(rhASB), ! . i 0 7 izatiop with GALNS .. [00333] The above
experimeﬁ%ﬁ%&gﬁkiﬁgﬁ%@éﬁ%ﬁ?ﬁ%%%@ﬁe%n%ﬁ% cells gﬁg)%é]a 765 Jéattﬁ%n lysosome,
and can PéUSder it yeteiaitie pioaimmaasiiserivs. jod3$a Tweimbivol slliskssorbrecconducted. A
first pilot siugdy:weas asingle dose (10 mg/kg) bolus injection in the tail vein of normal Balb/c mice,
followed by a second study with multiple (5) injections every other day of 10 mg/kg in the tail vein of

normal Balsanicéckaible GAIBNE Tahied 42desarbe dherexperimeatallansder the fisst and second

studies, F%@PE%’E&Y ’l-ll;%\p[l?\&él %ﬁpfﬂ@%@%@r%ﬂ%%':‘f tel':f)?jgo ?t%é?{ywas desalted before
using by loading 50 mg/mL BSA stock (no more than 5% CV) onto a G235 column previously
equilibrated with milliQ HO. 100 ul of the desalted GALNS sample was pipetied 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 is 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
100G pL. serial dilutions of GALNS and 4MU were transferred to a new 96-well {luorescent
plate (black bottom plate). 50 pL of 2 mM 4MU-Galactose-6S (in miliiQ H-0) was added to
the samples to 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-
4155, 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 uL of stop buffer (Glycine/Carbonate,
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Group Total 2 hr Time Point 24 hr Time Point PBS Control 4 2 2 GALNS-A4881 4 2 9 Unlabeled
GALNS J 4F

WO 2009/691994 PCT/US2009/031276

pH 10.6). The plates were read on 96-well fluorescent plate reader (excitation 355 nm,
emission 460 nm). 1 Unit is defined as | punol 4MU released/min, enzyme activity is given
in pmol 4AMU/min/mL, and specific activity is given in pmol 4MU/min/mg, all at 37°C in pH
4.0 buffer.

[00251])  First Purification Process. A first purification process included an ultrafiltration

(UF) step followed by a 2-column purification process.
06252} 1. Harvest Filtration (HF): the bioreactor material was 0.2 um sterile filtered.

[00253} 2. Ultrafiltration (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 Blue Sepharose column.

[66255] 4. Blue Sepharose 6 Fast Flow (FF): the pH 4.5 adjusted UF (20X) was loaded

onto a Blue Sepharose column and the GALNS protein was eluted as shown in Table 1 and

Figure 9A.
Table 1: Blue Sepharose 6 Fast Flow Chromatography
Step Cv* Buffer
Equilibration 5 20 mM acetate/phosphate, 50 mM NaCl, pH 4.5
Load UF product, adjusted to pH4.3, 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
Eilution 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 3 H,O
Storage 3 20% ETOH

*CV: column volumes. Flow rate = 92 cm hr

[00256] 5. Fractogel SE Hi-Cap: the eluate from the Blue Sepharose column was adjusted
10 pH 4.3 and loaded onto a Fractogel 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 cvr | Buffer
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_ 2 Unlabeled ASB 110 Table 14: Experimental Design of Second Study Group Total 2 hr Time Point
4 hr Time Point8 hr Time Point PBS Control 2

WO 2009/091994 PCT/US2009/031276
Step Cv* Buffer
Equilibration 5 20 mM acetate/phosphate, 50 mM NaCl, pH 4.3
Load Blue Sepharose Eluate adjusted to pH 4.3 and diluted 1:1 with
MQ water
Wash | ) 20 mM acetate/phosphate, S0 mM NaCl, pH 5.0
Wash 2 5 20 mM acetate/phosphate, 50 mM NaCl, pH 5.5
Elution 20 20 mM acetate/phosphate, 50-350 mM NaCl gradient, pH 5.5

20 mM acetate/phosphate, 500 mM NaCl, pH 5.5
20 mM acetate/phosphate, 50 mM NaCl, pH 4.3
(0.5 N NaCH, 0.5 hour

Regeneration 3 H,O
Storage 3 20% EtOH
*CV.: column volumes. Flow rate = 150 cm hr’’

Regeneration |

Regeneration 2

Sanitization

e | RN | WA

{60257]  The GALNS protein in the eluate was collected by fractionation, discarding the

pre-elution shoulder and post-elution tail.

[00258] 6. Final UF/HF: the eluate from the Fractogel SE Hi-CAP column was

concentrated by ultrafiltration and sterile filtered as described above.

[00259]  Formulation. The purified GALNS protein was formulated in 10 mM NaOAc, 1
mM NaH,POy, 0.005% Tween-80, pH 5.5,

[06260]  Stability Studies. Stability of the final formulated 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. At 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 stable at 4°C and -70°C over a period of up to at least 79 days in the formulation
buffer.

[00261]  First Purification Process Results. Table 3 shows the purification yields for three

preparations of GALNS protein produced from G718 clone 4 in a suspension culture

bioreactor. Purity was estimated visually by SDS-PAGE to be about 95% in ali cases.

Table 3: Human N-Acetylgalactosamine-6-Sulfatase (GALNS) Purification Yields from
G718 Clone 4 from WAVE Reactor

Yield
Steps Prep 1 Prep 2 Prep 3 Average Std Dev
JF N/A 100 100 100 0
Blue Sepharose 6 FF 93 103 101 99 5.3
SE Hi-Cap 90 &7 90 89 1.7
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1 0 PBS/Cys Control 4 2 02 GALNS-A488 9 3 3F3 Unlabeled GALNS 6 3 03

WO 2009/091994 PCT/US2009/631276

[00262]  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
{right). For the Western blots, the anti-GALNS rabbit antibody was diluted to 1:5000, and
the secondary antibody was an anti-alkaline phosphatase rabbit antibody. The GALNS
protein has an apparent molecular weight of ~55-60 kDDa on SDS-PAGE, consistent with
expected size of the secreted pre-processed (precursor) form of the enzyme lacking the 26

amino acid residue signal peptide, and also lacking the cleavage after position 325.

[00263]  N-Terminus Characterization. The N-terminus of the purified GALNS protein

was determined by LC/MS. The N-terminal sequence was APQPPN, which corresponds to
the predicted N-terminus of the secreted form of GALNS lacking the 26 amino acid residue
signal peptide (compare the human GALNS polypeptide sequences in Figure 4 and Figure
5).

[00264]  Second Purification Process. A second purification process included an

ultrafiltration/diafiitration (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] Z. 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.

[06267] 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, 50
mM NaCl, pH 4.5 and 10 mM acetate/phosphate, 50 mM NaCl, pH 5.0, and the GALNS
protein was efuted with 10 mM acetate/phosphate, 140 mM NaCl, pH 5.0.

[00268] 5. Zn-chelating Sepharose FF: the eluate 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
{(Zr-IMAC) column, washed with 10 mM acetate/phosphate, 125 mM NaCl, 10 mM
imidazole, pH 7.0, and the GALNS protein was eluted with 10 mM acetate/phosphate, 125
mM NaCl, 90 mM immidazole, pH 7.0.
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Unlabeled ASB 3 20 [00335] In the first pilot study, the heart, the liver and the tibia/femur 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 HELHIRRHE: and liver were immersion fixed in 4% paraformedetisaeRE2y for 4 days,
paraffin embedded, then sectioned to 7 um thickness. The bone, including the muscle in the second
study, wagibeaersionrixed indiUstPRAdon8 taysidesalsifindpa@afinembedded, and sectioned to 7
um thicknceos]a Ilgqu,%% &;&%ASS (%f tT[Ege \%AL&IS-{MSS i '%C:[efd mice were acquired on a Zeiss laser
scanning confocar micrascope’ For the Ségﬁa{fi/ss?g i irstPilST Ry YR EBHIEeAIE RSB er sample
was acquicbtsfert thé (hedftazalve/ahoktiver.ahbl ised foHVolumetric analysis. Two confocal
stacks/samé)le were acquired for the growth plate and used for volumetric analysis. In the second

study, on&8dibcal sthekrssmRe frReat Paey ntrmejusivd titetafasraibguirechemndgised for
volumetris anahysis; twoiganfaqal stackiisamals for arouth piaisang gene ol restoppjaoe (2rc) were

acquired and used fO{ volumetric analysis. 100337] The conclusions from the confocal microscopy
imaging sl ?C(i@*ﬁ%%&%&?&éefﬁé detdrf fitfofesbath IEER YA Jived (2)ind sidhal was

specific (atsergshaiphackgroun=and the ocalization was lysosomal; (3) the presence of GALNS was
demonstrated in the sinusoidal cell in the liver; (5) in the heart, the GALNS enzyme was present in the
septum al@IAE atrfuntisl {mMGEE: itnpdrtantipihwasTeleatburisiblel at the davet ofthadeart valve, where

B R G B e o e Ly

enzyme was present in the mineralized part 0 ne (epiphysis), as well‘as the marrow. GALNS

was presgabirethe geowiiplateTharepaticulary, GALNS wasakundant i thg,chondrocytes of the

resting z of reserve cartilage), present at the beginning of the proliferative zone, and

_ or zone
" reappeaga%?a%ﬁ/rég%ﬂyiiﬁ]Mé\I&?éﬁQ‘atHH FORSNAtThe ¥hia Sriere gfbwihplate. Although difficult to
guantify 8 ulative gf}pct f multiple injections, t€ econd study seemed to display a broader
distributi(tgzrz. T_agle ?%as)?iow%%%ﬁ?ﬁ?h%@%#t%@%ﬁfo g‘f?ﬁ]?ﬁgg%ﬁ%m%@iﬁ@’ g‘fﬁ(ﬁé@%féble 15:
Biodistribtitisanafr@iaead SrinuMiiées Tissu€1 ocalizgtionion 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-capillary

gel electrophoresis.

Table 4: Human N-Acetylgalactosamine-6-Sulfatase (GALNS) Recovery for G718

- Clone C2
Process Step Recovery (%)
pH Adjust 96
Fractoge] SE Hi-Cap Column 98
Zn-IMAC Column 89
Low pH Viral Inaciivation 89
ToyoPearl Butyl 650M Column 99
Formulation 90
Overall 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 ToyoPearl Butyl 650M chromatography. The gels were
stammed with Coomassie Blue (top leff), 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 polyclonal 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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1:1000, and the secondary antibody was an anti-goat HRP conjugate; and the anti-CHOP

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 enzvme 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 a standard train (sec Table 3). Bioreactor

harvest material was 0.2 pm sterile filtered and kept at 4°C before ioading onto the Blue-

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 vield 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 to

~22% 1o ~80%. The purity of the GALNS enzyme (consisting 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 5: First Human N-Acetylgalactosamine-6-Sulfatase (GALNS) Parification Train

Step Normal Process Modified Process
1 HF (i1X) HF (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 Phenyi Sepharose Hi-Sub Final UF/DF
7 Final UF/DF N

*This step is optional.

[00276]  Swmmary 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%.

74



Heart valve Yes Atrium Yes Septum Yes Liver Hepatocyte No

WO 2009/091994 PCT/USZ009/031276

Table 6: Second Human N-Acefylgalactosamine-6-Sulfatase (GALNS) Purification
Train

Step Process
1 HF (1X)
UF/DF (20X)
pH 4.5 Adjust
SE Hi-Cap
Zn-chelating Sepharose
pH 3.5 Adjust
ToyoPearl Butyl 650M
Final UF/DF

Lo ba

QO ~1 T LA

100277} 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-acetylgalactosamine-6-sulfatase (GALNS).

EXAMPLE Vi

CHARACTERIZATION OF PURIFIED HUMAN N-ACETYLGALACTOSAMINE-6-
SULFATASE (GALNS)

[00278] The G71 cell lines produce proteins (e.g., lysosomal enzymes) with greater levels
of high-mannose phosphorylation than is noted in an average mammalian cell line, and a
correspondingly 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 al., U.S. Patent 6,537,785,
which do not comprise complex oligosaccharides, and exhibit only high mannose

oligosaccharides.

[00279] To determine levels of unphosphorylated high-mannose on a Iysosomal sulfatase
enzyme, one of skill in the art can use exoglycosidase sequencing of released
oligosaccharides ("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

is then differentiated from the other oligosaccharides by enzymatic sequencing.
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Sinusoidal Cell Yes 1003381 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 ¥t it Elgnal to noise ratio. This result was confirmed in tAEEEEWAYSMIAY. The
remaining slides were processed at a primary antibody dilution of 1:100 and a secondary antibody

dilution of(2K300. [BO33&nSigndkiiorrBalb/t Inicecasedfwitke GALNS (had asigiahabave.eantrol (i.e.,
PBSCys dosed mice) when stained with in G-purifie I-GALNS.antibody. To conflou that
the GALN S R B T R A el Ui

antibody PhAfIRTYIg e m drkérvidroisusonse S -Timsihway 64 Showdtedyertap bstweersdezante LAMPI and

anti-GALNS aniibadies. dndigatiog,that e CALNS enavme wasipgalizegin topfysosome.

10034010verall, the two in vivo studies indicate that GALNS biodistribution Is linked to vascularization,

i.e., the nm%ﬁﬁscﬂwéﬁﬂﬁrﬁ%H@&@@@AHNB%WS!@%@BE&JGﬁil@”-? MQF&}H\@]Q@EI@I@HM&I%SSIU&GS
demonstrate the presence of GALNS at the sites of keratan sulfate accumulation in Morquio
Syndrom@}%’(/ ﬁiﬁ%ﬁ?é@é‘”’%"f?é@ea?ésﬁbeé?ﬁ?%é‘é‘ﬂe%}?z EFERANEE R EBFEE RS OF RECOMBINANT

HUMAN BAGETNbGALACPRSAMIMNESreSEILFATASE (GALN S)-APIQTHERIE XEOSOMAL

SULFATA%&YEI}IK%%&/II%S IN MI[CE DEtli:tJCIEQI eleN LYSOSOMAL SU FHA\TAS%E]aIrE1 ZYME ACTIVITY

[00341] The eftects of the active ﬁlugﬁy f)h%lsp ory ated human ﬁggsgn%isgﬁ ase é%%?/sr?les of the

inventionireny glseeprribinant heimbt N-atatylyatbdtosbiainerdaylfatase (GA1aNSY) TR )hicd deficient in
lysosoma), SHK@Iasa £A2YMe. SEWINLAE SYRIWAEH: 2612-20, 1998) and the percent activity
retained on the MPR column (Cacia et al., Biochemisrry 37(43): 15154-61, 1998) give

reliable measures of phosphorylation level per mole of protein.

[00282]  Specific Activity. The specific activity of recombinant human N-
acetylgatactosamine-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 sterilized human serum was pre-incubated in a T-23 cell culture flask
for 1 hour at 37°C in an atmosphere of 10% CO; (pH at this point is 7.4 + 0.1). 0.4 mL of
desalted, 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 uL 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 until ready for

measuring GALNS enzyme activity.

[00284] The GALNS enzyme activity was measured using the enzyme capture activity
ELISA. By extrapolating 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

mto synoviocytes (chrondrocytes) was determined.
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1003421 The recombinant human GALNS protein is expressed in G71S cells and purified. Other
recombinant human lysosomal sulfatase enzymes can be expressed and purified basically according
to methods described herein or by procedures known in the art. 1003431 Several mouse models of
human lysodbfAr&liitdse enzyme deficiency have been described, incRfciig 2AEEATomatic
Leukodystrophy (MLD) (arylsulfatase A deficiency), (Hess et al., Proc. NatL Acad. SM. USA

93:14821H1AUXE6, 199®dee®mmdhaﬂHasi§&yme(:IfHQﬁMzI)uﬁ)ﬁxi\/gammﬁuxdkzammﬁyndrome
(arylsulfan_Blgce c%{y@ef\aslgeé OqProlcy I déé:gsd Cl. U {%193 ugjf% fL% 1996)
I( I -2

Mucopolysacchar|d05|s type | Hinter syndrome fdlurcma e- tase geflmency)
(Muenzersanales AutaiPaédidl @Hmbﬁ@l(ﬂ@p%@@ (ROOES Garddrered al(; UKD, ofotcGenet,

15:1225- 1@%3&99){0M%@BQW‘%%W&%I%J&’P%”&%?/ apQr; ?aﬂfél'%%% gt%%ér%% 1999),

(sulfamidase/heparanN-sulfatase deficiency) (Bhaumik et af., Glyco ology
WO 20094094994 POT/tuS2009/031276 Mupbpclys acchardosisstyppial(MPSMN4) edMorquio A

e o P A R AR AT IR oAk BBl Mo Ml G (29945

3358, 2003), and Multiple Sultatase Deficiency [fatase m Factor 1. C|ency)
(Settemb%éﬂareﬂnm@g Nat) RE4aABRIS ersris0an4 50615l WR0aTY oA Msihse seiode] difuted

Mucopolysaceharidosis type. hid.{WE Skl 3r SanfiiRa.R ayndrams (I‘I%GWI@%W'% -6-sulfatase

deficiency) has yet to be described. [00344] Mouse models of human lysosomal sulfatase enzyme
deficiency E4RB efrﬂgb@‘i&%l%]s@ﬁ%sfefé‘ﬁ HGTbFRARTRfE e ptae ammErtther 8y (EXr'as a means for

treating lysaso(iahsjerage disnders. d?o}@qam epMPS Neckanrek-wetniiged AkNR-|)ice; Tomatsu

et al., Hum. Mol. Genet. 12:3349-335 Aye no etectable GA _NS enz me activity and display
S A %378 f U REI AR sulA & EAR BN tfco- suifate, and

_ -|ncrease(51 urinary g ycosamlnog ycans
' accumuIaispnm@m@g|mmmtth®USeue$e&mdssrgaahsa@1gvpll\xexs kickeeyyrspledh, hearBBgain, bone

marrow I bnorm assoaated
with the iﬁ%ﬁ%&%%ﬁnmwﬁ%b@%ﬁ&éﬁ% \{%I[/%%ED 06§§ tiran?“eg eé%skg?gn inactive

human GRS 5@@%1%@%@%&%@1@%9@1%%0@65@%@%@%% 'ARE7NntnC76S)sl" mice;
Tomatsu gi@abnfsimi Mok SHRRL 1h4 33840 Q4G (92 IRt (BRs N33 %@hﬁ%@nlﬁ%k&lﬁ&mice’ which

have no detectable GALNS enzyme activity, urinary GAG excretion is increased Gs accumulate in

multiple t1EBERSAHEGRIAGNiscdralrspgaie dff&ﬁ%%‘”ﬁ’i‘?rfé’%@%ﬁﬁ@ﬁ?%lﬁ%tﬁ@ Fhigow, lysosomal
storage isgnayked rkﬂda@tﬂigalemssu@&, fand honasioragedsuident « S paligiagical alferations in

GALN51I7 tc79.imcms)s are _different from those observed in GALNY™ mice.

Floweves TR (AL ‘I’#&é EATRIS EHE Tes7B IO HHiRe doFHGE AR ey SREferal?
abnormaIniee;faeEdm&tédfr’htttﬂhB omavi diseasecdiraspyBABNYI tr BALNY-TBGR34{é46Splu mice
can be u§ ggs&%te Iﬂgseffegt of %dm gtbatltg1 Sof recombi an{;[trgr%reréa ALNS on increased
urinary GAGs and accu atlon o¥ Gﬁ&gln tFI SBuies. 88%125 Four Week JGALNS?
GAL1VSI#igicrosmby 6g) shiiomuwildreypeerniveradegivaiht at —80°C, or analyzed directly.

[00287]  The cell lysates were thawed at room temperature and transferred to ice when
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 supematants. A seven-point dilution curve
(serial two-fold dilutions starting at 10 nM and ending at 0.16 nM) is usuaily performed
which brackets the expected Koy, fairly evenly on both sides. The molarity of the starting

samples is calculated by using the protein-only molecular weight.

[06288]  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
(GGALNS to bind to the mannose-6-phosphate (MGP) receptor was determined in a plate
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weekly intravenous 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 ¥&RE8HHEN (Tomatsu et al., Hum. Mot. Genet. 12:3349-3358( POSZNPataHogical
examination of various tissues is perfolined as described (Tomatsu et al ., Hum. Mol. Genet.
12:3349-B368y2063). WQraN000JI08HRGT AUSR00HOSIRAEWA0346 I Isingrthe. GALNYI" or
GALNPub{79smc765)siu mice, the recombi uman NS qf the invention is expected to
demonstraté O%E%%ﬂ?gﬁ fo Tec J‘éaeﬁt’?’?fr)%ﬁ%?ﬁa‘?’? %%E %@%"‘F@ﬁﬁﬁ“&ﬂ’ ﬂ-ﬁﬁ%oﬁﬁ é%’fﬁso/?n multiple
tissues, elgicsistBratbrganschrainpcmmneas biorkgdigaiént andvethe hackowg 48 lisosmmal storage in
multiple tﬁﬁ{f@s(. ; 347 of,recombinant k%t_@ , LNS js
investigated in ﬁ?ﬂ@ %%%geq%g%r i&%}‘i%% %ﬁ%g‘sge%%%e%g%e(gm§be)@ﬂ /-E) rﬁﬁé{?%@ﬁembre et
al., ProCroRgtiemesisei RIS AD1owa 806045 k15 0 o7y RddahselS s tesi(fnfce isplay. frequent

mortality garba i life; injectiens ol thesamise,wilhiecembinantiman GAHNG isipitipigg, garlier than
that described above for GALNYI mice. $§0348 FoIIowinsg procedures known in the art, the effects of

other recBHBNEAE maM NabsmbredifitsderEndiids’ mag/maky Reralase il aryilihise B,

iduronated@-guitasase, sulfamitaseyhepaarsNasulfataged and-Nvagetylghcosamine G:sulfatase, are
investigat t at, PrOC, Nail Acad. Sci. USA

d in mouse | I MED. (ASA-A mice; Hess , Pr
93:14821%%?2&?%5@%%%%2@\% fﬂ%?iésr%%fg;dl‘s%%e&%ﬁ? o NP AURGC B AU Che8 851 4-8219,
1996), MRS ihfidsfitdiibepCaRion®et ag, tMumcdol oG eapt 21bM 226+1123652006 )y PS llla (Bhaumik
etal., Glycobiology 9(12):1389-1396,.1999) a SD (SUMEP/1 mice; Settembre etal .. Proc. Natl.
Acad, ST §f€%{fﬁc§i}§g ?i@?f}%g%%é @Rﬁg%%’%‘ EA%%W%@?[ AREATIERTS WITH
MUCOPO1Y SmECHARIDIS TarRE! A JOR MORQUHO SYNDROME), PR THER/LSEGOSOMAL

SULFATASE. wgwgpﬁg&&'!ﬁl&%%?ﬂ\&weﬁﬁ%g ?M@Q&Q%M@%MEE%@% ATASE

ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) AND OTIIER L
ENZYMES{H08%91 Fria patients manifesting a clinical phenotype of lysosomal sulfatase enzyme
deficiency, such as jn patients diagnosed with Mucopolysaccharidosis Type IVA (MPS IVa or Moronic,
Syndromé}}{,} ?g co ﬁ%ﬁiﬁéﬁ?&tgﬁﬁyﬁfg?e%%g%aﬁ tietpy WAt rBEMBiTarretzyme, i.e.,
human NsagetylgalagtosanpineHt: sulfatasel (CALMS). All patients suffering from a lysosomal sulfatase
enzyme deficiency manifest some clinical evidence of excessive or harmful visceral and soft tissue
accumuldBiPel stdfagermatdttakintheitdgBbBerapmas manif8steétt by Varying dedieas Nk functional

ARSI U B FRRT TP AL AR P RUBRIIRER g oeae. Al the
assay. A MOP receptor column was prepared per the manufacturer’s instructions, M6P
receptor was from Peter Lobel’s laboratory, the column resin was NHS activated resin (Bio-
RAD Affi-Gel 15), and the column size was 0.7 mL. The M6P receptor columm was
equilibrated with 10 column volumes (CV) of equilibration buffer (EQ, acidic PBS, pH 6.0
containing 5 mM B-glycerophosphate, 0.05% Tween 20, 5 mM glucose-1-phosphate and
0.02% NalN;) at a flow rate of G.25mL/min. 6 pg of purified GALNS (per 200 pl) was loaded
onto the M6P receptor column at a flow rate of 0. 1mL/min. Unbound GALNS was washed
off the column with 10 CV of EQ at a flow rate of 0.25mL/min. Bound GALNS was eluted
off the columm using a 0-100% elution buffer (EL, acidic PBS, pH 6.0 containing 5 mM B-
glycerophosphate, 0.05% Tween 20, 5 mM mannose-6-phosphate and 0.02% NaN,) gradient
(10 CV), followed 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

recepior was determined to be 56%.
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manifest some clinical evidence of bone deformity, short stature and abnormal gait, and/or
accumulation of glycosaminoglycan (GAG) in the blood or urine, with varying degrees of functional
impairment. [00350] Preferably, enzyme levels are monitored in a patient suffering from a lysosomal
sulfatase en®#fe%@RE&hcy to confirm the absence or reduced activity oPfFU§2E8GFIaTSulfatase
enzyme in their tissues. Patients with less than 10%, preferably less than 5%, more preferably less
than 2% dHR¥len fworepreferablyliess tvan o of thellysosimabehzyme @djvityoin an otherwise
normal sbleg, e HiIaRIe Fadidates for Leaimentindhe Aepiopras lvsosamel sulfatase enzyme.
Data may be collected to determine the pa ent's ?ysosomal sulfatase enzyme activ y héfore, during
and afteriffdtapy. tho 88 1] Bfffeedirisleretarihirfed by Messirienytheddercemifge reduction in urinary

excretion.f the,suhsirate: | & (alyeRsRMINRAY AN (GAG)of the yssprmalsulfatase epzyme over

time. The urinary GAG levels in patients suffering from a lysosomal sulfatase enzyme deficiency are

compared'fPABYH BXEratoh RV anthor Ve R-inkriretesrprnanes stfresig fedm the same

lysosomalisudiatessigazyme Heficianey andlarievelsinthesame Ratisnt Bsiara therapy with the
lysosomal sulfatase enzyme. A ?rea er than 25% reduction, preferably greater than 50% reduction, in

excretion BFUTIEYFAG 6 REE faifo ﬁgﬁ\%i’ Gt URECRTSBLS MAEF ST IPlERR By TS Y valid
means tosepeasutelarindivicials resonge tobtegrepyuy103522da fiagaycamelsorbe determined
according '?? &Qlee r@q :‘?«gﬁ}%{‘%% d symptoms of pathology associated with the lysosomal storage
disease. E icacy can be determined by tissue biopsy and examination of cells and/or lysosomes to

determingyhegxtentiny, whichGARS havsResniegtseddn hedysasomes sia-9r fissues. Efficacy

can be determined by functional assessments, which may be objective or subjective (e.g., reduced
~pain or difieERPIHIRACHGAN e AYBY MIsd & shetrgthrorataimamli spraekaddsdriiner distbut, exercise

endurancgachanges in 06y Imass chaight onsppeaanes: and dhe dikel 10988 3L HRharyaceutical
compositign comprisi (g i@g&nbinant human GALNS, expressed in G7IS cells and purified, and
B0 ROk

formulatet" 8 REBTdih ORISR A #3S PaRadddd adRimister the pharmaceutical

compositigns,ef the, inveption intravenously. 1003541T. asic. desj f.an initial clinical study to
investigaliegl?e Ieffecztsof%;l r%ﬁ%‘fgtréta]tlisoerlggl fggc%erﬁ ?r%gﬁt r?l?r#é)ﬁ%m tecc}) A ﬁ’gof\‘?%oﬁ%q%teerats involves an
open labslaeise ésBE o n safastidfidacysthd @il WiichevdriousidoseSTof epawpeatsaiministered

intravenqusly;, j afixed. it joln n r . ly: e injections.
100355 £t WS ot oy o e oy Mas o, 1 S AL

\ etermined by measuring, for example, decreased blood or
urinary GG NRTcHseRkErP e padndertéd Withitwesnd e REIMefeusbrEAemERessn tests of
cardiac, pyen@pary 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 years of ERT. [00356]

Urinary GiNGY6]eastirements:dreASeful fomestablishing ao approptiatesiesedsagisnameas well as for

determinj fficac JJeasuring, the percent reductign in.u "]E?Pﬁ excretion over time.
[00357] Aﬁ\%%grtﬁglé%‘%urangqlgggﬂﬁi f/oﬁgr%{?ﬁpeg)%l&, %gﬁd%%gfor exa |r5Ieg Hd not for limitation,

walk testsy(tiistprmeiiwalkecRinIB) snsp2rminutes)pstairalimb ¢gtalisged MiDES )t d0ghg/mL
pulmonapyrespiatory uncion, inchyARg SALAIRR SNl (ECGs £oReeaICiogaT) Rmpnary function
(FVC, FEVI, peak flow). ;

7.4. The desalted GALNS, at a final concentration of approximately 2 mg/m1., was serially

diluted in DBS + 50 pg/mL BSA, pH 7.4 in a 96-well plate. 50 1L of the serially diluted

GALNS were transferred to 96-well filter plate (Millipore #MSGVN2210, hydrophilic

PVDF, low protein binding, 22 pum 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.

(00297}  The vacuum filter supernatants wére analyzed by either HPLC or GALNS enzyme
activity as described above. The purified GALNS had a Kd for hydroxyapatite of 3-4.0 pM.
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[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: MetachPofiie/t%8iodystrophy (MLD), Mucopolysaccharidosis type RIS AF 66
Maroteaux-Lamy syndrome, Mucopolysaccharidosis type Il (MPS Il) or Hunter syndrome,
Mucopoly8aeeslaridgsisiyidedda (MRSpirayiog BanditippdeAisyindidiviag Mucepalysageharidosis type Ilid
(MPS Riq). jli ome, Mucopolysaccharidosis type IVa.(MPS IVa) or Morquio A
syndromc(?,] %iru?/lglﬂf p%'ieegcgu ?a%tg%g{e{“ﬁ%?%f ﬁlgf; ?ﬁl/lég%@ of }gggﬁ%y(}s/odggr\ﬁ% St zr%ggo(%‘égglgg,%ﬁe
recombin@ntisssomaysalfataseden sy Me fvouytctonmpriBE&l 3pecific lysosomal sulfatase enzyme.
1003601For methods involving MLD, the preferred lysosomal sulfatasc enzyme is arylsulfatase A. For

methods i#Hing MPStmine ibteearvaidisysseomiinauiixtasenth sptfasaks anylsulfdtse . Bumken methods
involving RS hcthe-REafRrred lysoaemaebsuliatase Loayme s idur Qnale-2isutiatasepfFor methods

involving MPS IlIA, the preferred lysosomal sulfatase enzyme is sulfmnidase/heparan-N-sulfatase. For
methods TEEONTHYTASY B e Prite ABAIY S DS ERH P EInTaRhgerdh sifmey feine residue to FGly

N-acetylglicespinineddsuiaiaseuRoisneathods invohdre RS [VA, the preferred lysosomal sulfatase
enzyme is N-acetylgalactosamine-6-sulfatase. For WO 2009/091994PCT/US2009/031276 methods

involving IM8Blthe(pt éféfréc lysasoniatl sultatase enzime is, Neacetygalactosanet-stlifaiase.
100361]N difications and. variations of the invention as set.forth in the above illustrative
examplesHagrqe%é?(%geegg S:)oc Sétgh}}etgesfﬁggeda%k%gg}%ﬁ Cemg;@@ﬁ’scgé}ﬁ% g@é?%‘?ﬁc@i?ﬁ&ﬁ ns as
appear irtieldppenidet) clbims KHoUWE be Plecdd:onathieCiventiodl, V9HARIS GLAIMED: 1. A purified

- preparatign.af reepmbinanthumandyareety gplaciasARINe-Orsulfalgse ( epgyme, said enzyme
comprising an ém% acid sleciquence at least 95% identical to amin?a&%%?é\@ZS’Z%%%?}SEQ ID NO:4,
useful forf‘th’ating a subject suffering from a lysosomal storage disease that is caused by or associated
with a deficiency in said GA rein said GALNS enzyme: (a) has a purity of at least about 95%
as deter bl%%ﬁ)y CHBRELs Li\g lf\é\éhﬁé‘?ﬂfﬁ@ WHBREY Bféh?egéi‘@%*%?ﬁm SREEPHGAtreducing
conditionSA(b)asatieastraboLs b danversiamif thecsystainaresidiriat pRsitien a3t

Caformylegfl 0% ﬁ"xczx;l!X )Gﬁ'ﬂ%s expressed in G718 clone C2 cells.

Table 7: Characterization of Human N-Acetylgalactosamine-6-Sulfatase (GALNS)
Produced from G718 Clone 4

Assay Category GALNS
Specific Activity: Activity/Antigen by ELISA 0.165 Umg
Specific Activity: Activity/Protein 7.7 Ulmg
Purity by C4-RP > 95% {6 lots tested)
Size by SEC 115 kDa (homodimer)
Serum Stability at 37°C 217 Hours
Uptake: Chondrocytes 4.9 nM
Uptake: Fibroblasts 5.0 nM
Uptake: Osteoblasts 7.8 nM
Productivity 1.3 pg/cell/day
Titer 4.2 mg/L,
M6P Receptor Plate Binding 2.4 oM
M6P Receptor Column Binding: % Bound P 26%
M6P Content by CE: % of Total Carbohydrate 29%
M6P Content: mot M6P/mol GALNS 0.58
Sialic Acid Content be CE 1%
Hydroxyapatite Affinity 4 M
Activation: % FGly 90%

Table 8: Characterization of Human N-Acetyigalactosamine-6-Sulfatase (GALNS)
Produced from G718 Clone C2
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(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-phosphorylated. 2. The GALNS enzyme of claim 1, wherein the lysosomal storage disease is
Mucopolysalchaldddid¥pe Tva (MPS flia) or Morquio A syndrome. 3. THe' R EZ K/ me of claim
1, wherein the lysosomal storage disease is Multiple Sulfatase Deficiency. 4. The GALNS enzyme of
claim 1, wherein.the GALNS enksame{corsists of a major band of abdubab3#80 IcDa that is at least
about 75% of the ¥isibilec grotieiis asidetedtniteed by Coomassie Blue Gtalining when subjected to
SDS-PAGE undeFredubing4Biiditions. 5. The GALNS enzyme of clairi7t; wherein the GALNS
enzyme consists_ 8§74 yadband of about 55-60 kDa that is at 1éastabbut®88¥of the visible proteins
as determined by QudindssieBige staining when subjected to SDS-PGBuNder reducing conditions.
6. The GALNS enigne of claim 1, wherein the GALNS enzymedag/ateast #8%igonversion of the
cysteine residue] A P Sieiem 98 Riste Bidushmg/glycine (FGly). 7. The GALRS8Mnzyme of claim 1, wherein
the GALNS enzydfbhi9nieisast o cdrvaesiorrafitdragysteine residife’8t position 53 to
Ca-formylglycine M@ HongTHeo MO RIS @ iz48a30f claim 1, wherein tHeSBALNS 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 GAINS
enzyme P Li&h 1, MRS S enanRig & By REfeditr prbem campRdHy-A Sdirsianiakgeting
signal locatetodt:thie Mosr dadierminksiobihe.eAtNS 2azyRe: Jidspg E&ALNSanze of claim 9,
wherein the cellular targeting signal comprises a bone targetin _epg%%};. The GAINS enzyme of
claim 10,C\sghse?cé"i?1]{{“?1%330ﬁéglgal\r%gzﬁé{;i"?ﬁngﬁg 6?&?38%%%%%&%@%@?}% e SUHTERIRRESDY The use of a
- purified, reodwbimant hughbrphsadetylgatd diosaminies@sulfatass (S AINS)nenzyadd drethe manufacture
of a medigap reati ject suffering from Mucopalysaccharidosis Iv PS Iva) or
Morquio %@S%ﬁ? r}é)lflr%geet, %?lrtl\ﬁ/qllgft%) (g %ﬁ I?gfgg%nﬁg%glfe%%ﬁ ?R/%%fsy s%algsé?ﬁlf/%eé Sggn}%%%iéﬁ?)g}( al\?r]}eamino acid
sequencé&Reastds5s identical to amino acids 27 to 522 of SEQ ID NO:4, wherein said GAINS
enzyme:

EXAMPLE VII

UPTAKE AND ACTIVITY OF RECOMBINANT HUMAN N-
ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) IN MORQUIO
CHONDROCYTES IN VITRO

[00303]  The uptake of recombirant human N-acetylgalactosamine-6-sulfatase (GALNS)
by lysosomes of Morquio chondrocytes and the ability of GALNS to degrade keratan sulfate

(KS} in vitro was evaluated.

[06304]  Chondrocytes from patients with Mucopolysaccharidosis Type IVa (MPS IVa,
Morquio 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 2 MPS I'Va patient. Primary chondrocytes, however, de-differentiate and
lose their chondrocyte characteristics in culture. Thus, culture conditions were established to

induce chondrocyte differentiation in vitro.

[00305] Chondrocytes isolated from an MPS IVa patient, designated MQCH, were
cultured in alginate beads in the presence of IGF-1, TGF-p, transferrin, insulin and ascorbic
acid {Chondrocyte Growth Medium, Lonza #CC-3225). The cuiture 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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(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 Cc,- formylglycine (FGly); and (c) is N-linked glycosylated at the asparagine
residues at PY3RYAEY1TE and 397, wherein at least about 50% of the oligefT&ifiteeBistdins attached to
the asparagine residue at position 178 are bis-phosphorylated. 13. The use of claim 12, wherein the
subject isgftdiinglfirerpiviRE tandrddacquickArsyindiionne. sk4.dEhense ot alainmi e whessin the
subject isguffgring from MSD. 15. The use of claim 12 wherein the GﬁlNyS enzyme consists of a
major bangg’((): eg %Stﬁggcgga%h%%éa{lns% F18ast about 75%% Bf(}ﬁén\ﬁgﬂo‘?éﬁ%?é'iﬁﬁy‘dé*fermined by
CoomassiecBiusdtaigirgivhiers SUbjciedtdySDSRARBIE AU ndbrt¢e ducing conditibms)CH6. The use of
claim 12, wherain.the GALNS eRaYTSCONSISE of.AMAIRL band.of apout 55-60 kDa that is at least

about 85% of the visible proteins as determined by Coomassie Blue staining when subjected to

SDS-PAGH)sesler eshi6ing GRAEONSw & heFRgntiea Ot GiRIM 1awierain-the GALNS Gzyme has at
least 70%, conversi C%gth cysteine residue at position 53 to Ca-fonnyiglycine (FGly). 18. The use of
claim 12%%16%’1?\3@@ NS BAL e Fad e 3 9 BYR HBHGEr SR slsmEifssidue at position
53 to Ceféirayiglycine(FGly frozsh The use of tlaimad2zaviereinihe-GANS fazymeGeRgists of a

major band of about 55-60 kDa that is at least about 90% of the visible proteins as determined by
Coomas,s“ligng‘llffeS tainimg W 3?16%%%@% gglbt(gdsg:f)§?F§RTG%/%H]33P%O&£ﬁ%@%%%’o(iﬁbﬁg}c‘?@. e use of
claim 13, anHerainEificasyrofaireugeathyent istdettrmimatidaly measutivg uriftaryiéxcretienof keratan

sulfate (KB} 0 SHBISel WIBIFIRMEHINE. S I8vel5, 0 10e Shjeeksyffering from MPS 1Va or

Morquio A syndrome are compared to urinary KS levels ,mal subjects and/or in untreated subject

suffering fooryNIPSrbva@FMesqHieuR SyRaemMe AN m&%@m&@@&&m@{%@mgt with the
GALNS Wﬁﬁ%me use of claim 20, wherein greater than 25% reduction in urinary KS is
[

achieved gﬁﬁﬁ%ﬁ?ﬁ%‘ﬁﬂﬁi éc&r_a}qg}%%zay saeek MQCH cell culture was incubate

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 polycional antibody and an anti-Lysosomal Associated Membrane
Protein-1 (LAMP-1) monocional antibody, or (b) an anti-KS monoclonal 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 nuciei,

[066308]  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 a 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

MQCH Cells NHKC i
' No treatment N.D.* 0.12" !
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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 pulM&hA}/P&EBitatory function. 24. The use of claim 23, whereirP e EBRAeasures the
distance walked in 6 or 12 minutes. 25. The use of claim 23, wherein the stair climb measures the
stairs climbed per minute. 26. The use of clm@ﬁ hgrein pulmonary/@g@tory fundtion is
measured by-cardiac-funetion-{echocardiegram)-or-by pu!monﬁw—mﬂe&l@m@w@or peak flow).
27. The use Dﬁgl%%%&é%"fﬁé GALNS enz%/ﬁ?e is a fusion protein cofMprising a cellular targeting
signal located ateddtcoe€-tegrGinldsfineGAINGtpzyme. 28. The use of claim 27, wherein the

cellular targeting signal comprises a bone ta_lrgeting peptide. 29. The use of claim 28, wherein the
bone targeting peptidéZdemidtises\ iR aspariticatidiviSichsesy GHQUERCE CI8TING <110> Vellard, et

al. <120> MANUFACTURE OF ACTIME HEGHEY-PHOSPHORYEATED-HUMAN-YSOSOMAL
SULFATASE ENZYMES AND USES THERESRCH Cells NHKC

No treatment N.D.” 2.76°

10 nM GALNS for 9 wks 3.68 5.15

*Not detected; "GALNS activity/ng antigen

[00310]  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 virro efficacy model to test lysosomal sulfatase

enzymes, such as GALNS, which degrade KS.

EXAMPLE VIHI

ACTIVITY OF RECOMBINANT HUMAN LYSOSOMAL ENZYMES TO DEGRADE
NATURAL SUBSTRATES IN A CELL-BASED ASSAY INVITRO

[06311]  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.

[60312]  The enzymatic activity of recombinant human lysosomal enzymes, e.g., lysosomal
sulfatase enzymes, is typically measured by a cell-frec in virro assay using an artificial
fluorogenic substrate (see Example 4 for GALNS). However, the enzyme activity measured
is 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 vive. Thus, the cell-free in vitro assay does not take into account either the
lysosomal enzyme’s ability to cleave natural subsirates, 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, 7.e., intracellular dermatan suifate (DS)-
containing substrates. DS contains variably sulfated iduronic acid B (1-3) — N-acetyl-

galactosamine f§ {1-4) disaccharide units.
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<130> 30610/43643A <150> 61/022,179 <151> 2008-01-18 <150> 61/099,373 <151> 2008-09-23
c150> 61/110,246 <151> 2008-20-31 <160> 5 <170> Patent n version 3.5 <210> 1 <211> 1125
<212> DNA <213> Homo sapiens <220>

WO 2009/091994 PCT/US2009/031276
[00314] ARSB-deficient GM00519 human fibroblast cells or IDU-deficient GM01391
human fibroblast cells were cultured to confluency in 12-weli plates, and the cultures were

maintained post-confluency for 3-6 weeks to allow for accumulation of intracellular DS.

100315}  Post-confluent GM0O0519 or GM01391 cells were then exposed to saturating doses
of recombinant human ARSB (10 nM) or recombinant human IDU (25 nM), respectively, for
4-5 days. Untreated and lysosomal sulfatase enzyme-treated cells were harvested, lysed and

centrifuged.

[00316] Lysdsomal. 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 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.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 ef ol., Electrophoresis 2:2439-2447, 2007, and
Lamari et al., J. Chromatogr. B 730:129-133, 1999 (reviewed in Volpi et a/., 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 (48 disaccharide), which is the predominant DS disaccharide.

Similar results were obtained using GM01391 cells treated with IDU.

Table 11: Depletion of DS by ARSB in a Cell-Based In Vitro Assay

Age of Cells GM00519 Cells
{(Weeks) (%o Degradation)®
3 86
4 92
5 92
) 89

“Pelrcent degradation was calculated by measuring the area under the curve of
the 4S5 disaccharide detected in the CZE-LIF scan in lysates from ARSB-
treated as compared to untreated cells

[60318] 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,

intracellular DS,
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<221> misc_feature <223> Human Sulfatase Modifying Pactor 1 (SUMF1) Polynucleotide Sequence
<400> 1 atggctgcgc ttgetgetge gag99cgegg catggeagtt cccggagage atgggeacag attgatgect aactcaactg
atgttgagtg ttacctgtga aggccggatc gcagggaagc aatagacttt tggcagggceg gttgatgect ccgcactagg tgctctcgcet
ggteccttsc cHgt e eycaactcgce atgatcctea tttacatgga gcetatttgac agcaX§iiES28845dgHtaa atccagttct
ggctgoccac toccctgegg agtttccggt toccteccaa getggtgtgt getgtgtgga gggttettge tcaccgatac geactcaaag
gataaagcﬁ@i@@btat@absag”&@@@,gﬁgeg'amaa:tfa‘stpﬂqgﬁgatacmatgtg&aﬁmgﬂigagmﬁafﬁ@ﬁdg
accaacagttggttatgac. ggacgttgcc gegagc a,ggctgcgqe agg atggtcccca gatggggaag
Stoagtant e e o lg e e LRSS Bttnats
ttatacaacal2&gadéthygcle caggagdoogocteagads ctasrgatesstooctgotyy catcigegagcigablitga actectttgt

ttgcagctog Sgasiaiac £IgLCa §CioieaR0g.ICeanRRNR.ACHESAR0M IRUI0IU8 A 4 a5

described above. IDU was determined not to become rate Hmiting below 1 nM.

[06320]  In a second dose finding experiment, GM01391 cells 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 contro} for
recovery during processing. As shown in Figure 11, a dose dependent decrease in the

amount of DS substrate was observed in the IDU-treated GMO01391 cells.

100321] Ina similar dose finding experiment, GM0O0519 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, GlcNAc-6S, was spiked into the cell lysates o
control for recovery during processing. As shown in Figure 12, a dose dependent decrease

the amount of DS substrate was observed i 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, j.e.,

miracellular keratan sulfate (KS)-containing substrates.

[00323]  GALNS-deficient MQCH cells were cultured as described in Example 7 above
and treated with recombinant human GALNS at 1 or 10 nM. After treatment, MQCH cell
Iysales were prepared and digested with Keratanase 11 (EC 3.2.1), which breaks down larger
KS oligosaccharides into KS disaccharides. The KS disaccharides were labeted with AMAC,
separated by CZE and detected by LIF, as described above for DS disaccharides. GleNAc-
65, 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-
GleNAe6S and Gal-GleNAc6S were measured, and the data obtained was corrected by the
amount of GlcNAc6S 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 KS disaccharides.



tctcgtectc cgggaccggt gectggecgece gggcecccgta agtatttaca gagagttact gaagtttgtg ctttgaaggc tccetggtgg
tattctgcac ctgcacttgg aggcctgcat tgccaacatt aactgcgcct cgcatgggaa 60 120 180 240 300 360 420 480
540 600 660 720 - 780 840 900 tggacttcag actggtggac tgttcatcat tctgttgaag aaacgcttaa
cccaaaaggtdBl ettty ggaaagaccg agtgaagaaa ggtggatcct acatgtgccataggintaaba2e tgttacaggt
atcgctgtgc tgctcggagc cagaacacac ctgatagctc tgcttcgaat1000

Table 12: Depletion of KS by GALNS in a Cell-Based In Vitro Assay

Gal6S-GleNAcGS Gal-GleNAc6S
1 nM GALNS 85.7" 78.5°
10 nM GALNS 88.6 81.5

“PPercent degradation was calculated by measuring the area under the curve of the
Gal6S-GleNAc6S and Gal-GleNAc6S 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 GicNAc6S

[00324]  The above assay indicated that target celis take up recombinant human GALNS,
which is then localized to lysosomes, where GALNS degraded its natural substrate,

mntracellular KS.

[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 in virro 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 [Va (MPS IVA) or Morguio Syndrome. Keratan
sulfate is primarily found in cartilage (joints bone growth plates, the heart valve, larynx and
nasal septum) and comea, 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 IV A or Morquio Syndrome, it is important to show delivery of the GALNS
enzyme to the growth plate of long bones, the heart valve, comnea, 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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ctgggattcc getgtgcagce cgaccgcectg cccaccatgg actgall25 <210> 2 <211> 374_r <_212> PRT <213>

. Homo sapiens <220> <221> MISC_FEATURE <223> Human Sulfatase Modifying Factor 1 (.SUMFl)
Polypeptide Sequence <400> 2 Net Ala Ala Pro Ala Len Gly Len Val Cys Gly Arg Cys Pro Gin 'Len‘
151015 Gly PEnNS/4%EEen Len Len Len Len Set Len Len Cys Gly Ala AlaR0258@u@y:Set Gin Gin

Ala Gly Thr Gly Ala Gly Ala Gly Set Len Ala Gly
[00328]  Two immunohistochemical staining methods were tested in mice: (1) human

GALNS conjugated with Alexa 488 and (2) unconjugated human GALNS. The conjugation
of human GALNS to Alexa 488 was performed using Molecular Probes Alexa Fluor 488 Cs
maleimide labeling kit (A-10254). The maleimide conjugation chemistry vesulted ina 1:1

labeling to protein ratio.

[00329]  To confirm that the fluorescent tag did not interfere with uptake of GALNS, an
immunocytochemistry experiment was done using cultured synoviocytes (ATCC # CRL-
1832). A standard uptake assay was used to compare the unconjugated GALNS with
conjugated GALNS (GALNS-A488 or GALNS-AS55). Celis were incubated with GALNS
enzyme for 4 hours with a subsequent chase with -L-iduronidase (IDU) for 2 hours. The
results showed that the Alexa 488 conjugation did not interfere with cellular uptake. Figure
13 shows the estimated Kd for GALNS, GALNS-A488, and GALNS-A555. The uptake was
measured by antigen ELISA of the cell Iysate rather than enzyme activity because the
labeling inactivated the enzyme. The Kd of the unconjugated and conjugated GALNS

enzymes were determined to be about equal.

[00330]  To determine the stability of the fluorescent tag once the GALNS CHZYME Was
incorporated into the cell, immunostaining on unconjugated and conjugated GALNS was
performed. The primary antibody used for the staining was a protein G-purified anti-GALNS
rabbit antibody at a concentration of 1 pg/mL. All images were taken on a Leica IRE2
widefield epi-fluorescent microscope using MetaMorph software. Deconvolution of the
mmage stacks was required fo measure co-iocalization in these images due to the presence of
out-of-plane light. The deconvolution was done using AuntoQuant/AutoDeblur visualization

software using a theoretical point spread function (blind algorithm).

[00331]  The immunostaining showed fairly good overlap with signal that was amplified
over the GALNS-A488 material. The observed increase in sensitivity was due to the primary

and the secondary antibody both being polycional.

[00332]  To determine if the GALNS enzyme was targeted to the lysosome,
immunostaining of the cultured synoviocytes with Molecular Probes Lysotracker or another
enzyme that localizes in the lysosome was performed. Lysotracker appeared to show some
overtap with the GALNS-488 enzyme; however, the staining wasn’t uniform. A 2 hr chase
with recombmant human N-acetylgalactose amine-4-sulfatase (thASB), a lysosomal enzyme,

did show some co-localization with GALNS.
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354045 Set Cys Gly Cys Gly Tilt Pro Gin Arg Pro Gly Ala His 'fly S_;et Ser 5_05560 Ala A_Ia Ala His Arg
Tyr Bar Arg Gin Ala Asn Ala Pro Gly Pro Val 65707580 Pro Gly Gin Arg_ Gin Len Alla His Ser Lys Met
Val Pro lle Pro Ala 859095 Gly Val Pile Thr Met Gly Thr Asp Asp Pro Gin lle Lys Gin Asp Gly _
100105110 GiG A¥Ptnla Arg ArgVal Thr lle Asp Ala pile Tyr Met Asp Alei52a0a&a7tyr Gin Val
Set Asn Tilt Glu Pile Gin Lys Phe Val Asn Bar Tilt Gly 130135140 Tyr Len Tilt Gin Ala Gin Lys Pile Gly

Asp Set PIe33a| Pilehs ity experiments showed that GALNS-A48S enzyme is taken up by ceils

and localizes to the fysosome, and can be used to determine biodistribution i VIV,

[00334]  Two in vivo studies were conducted. A first pilot study was a single dose (10
mg/kg) bolus injection in the tail vein of normal Baib/c mice, followed by a second study
with multiple (5) injections every other day of 10 mg/kg in the tail vein of normal Balb/c
mice. Table 13 and Table 142 describe the expermmental plans for the first and second

studies, respectively.

Table 13: Experimental Design of First Pilot Study

Group Total | 2 br Time Point | 24 hr Time Point
PBS Control 4 2 2
GALNS-A488 4 2 2
Unlabeled GALNS 4 2 2
Unlabeled ASB i 1 4

Fable 14: Experimental Design of Second Study

Group Total | 2 hr Time Point | 4 hr Time Point | 8 hr Time Point
PBS Control 2 1 0 1
PBS/Cys Control 2 O 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/femur 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 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 8 days, decalcified,

paralfin embedded, and sectioned to 7 um thickness.

[00336] Images of the GALNS-A488 injected mice were acquired on a Zeiss laser
scanming 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



145150155160 Met Len Ser Gin Gin Val Lys Till: Asn lle GIn Gin Ala Val Ala Ala 165170175 Ala Pro
Trp Trp Leu Pro Val Lys Gly Ala Asn Trp Arg His Pro Glu 180185190 Gly Pro Asp Ser Thr lle Leu His
Arg Pro Asp His Pro Val Len His 195200205 Val Set Trp Asn Asp Ala Val Ala Tyr Cys Thr Trp Ala Gly
Lys Arg 210ME286/4%¢PPro Thr Glu Ala Glu Trp Gin Tyr Ser Cys Arg Gl GIyiBi94is1 285230235240
Asn Arg Lsu Phe Pro Trp Gly Asn Lys Leu Gin Pro Lys Gly Gin His 245250255

and used for volumetric analysis; two confocal stacks/sample for growth plate and zone of

rest cartilage (zrc) were acquired and used for volumetric analysis.

[06337]  The conclusions from the confocal microscopy imaging studies were: (1) it was
possible to detect fluorescent GALNS in vivo, (2) the signal was specific {absence of
background) and the localization was lysosomal; (3) the presence of GALNS was
demonstrated in the sirusoidal cell in the liver; (5) in the heart, the GALNS enzyme was
present in: the septum and the atrium, but more importantly it was clearly visible at the level
of the heart vaive, where it was more deeply distributed afier multiple injections; (6) at the
femnur/ tibia junction, the GALNS enzyme was present in the mineralized part of the bone
(epiphysis), as well as the marrow. GALNS was present in the growth plate. More
particularly, GALNS was abundant in the chondrocytes of the resting zone (or zone of
reserve cartilage), present at the beginning of the proliferative zone, and reappeared
abundantly in the ossification zone at the end of the growth plate. Although difficult to

- quantify the cumulative effect of multiple injections, 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

Tissue Localization
Bone (Femur)

Mineralized region Yes
Bone Marrow Yes
Growth Plate ' Yes

Heart
Heart valve Yes
Atrium Yes
Septum Yes

Liver
Hepatocyte No
Sinusoidal Cel} Yes

[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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Tyr Ala Asn lle Trp Gin Gly Gin Phe Pro Val. Thr Asa Thr Gly Gin 260265270 Asp Gly Elbe Gin Gly
Thr Ala Pro Val Asp Ala Phe Pro Pro Asn Gly 275280285 Tyr Gly Len Tyr Asn lle Val Gly Asn Ala Trp
Gin Trp Thr Bar Asp 290295300 Trp Trp Thr Val His His Bar Val Gin Gin Thr Len Asn Pro Lys Gly

3053103153%6 Br8/Pi8'Ser Gly Lys Asp Arg Val Lys Lys Gly Gly Bar TyraI&ftiSia®3330335 His Arg
Ser Tyr Cys Tyr Arg Tyr Arg Cys Ala Ala Arg Bar Gin Pan 340345350 Tin Pro Asp Ser Set Ala Set Asn

Len Gly Rhel Arth€ysnAlaifdallisp 8ab3660368d at a primary antibody dilution of 1:100 and a
secondary antibody dilution of 1:1000.

{00339]  Signal for Balb/c mice dosed with GALNS had a signal above control (i.e., PBS-
Cys dosed mice) when stained with the protein G-purified anti-GALNS antibody. To
confirm that the GALNS enzyme was localized in the lysosome, the sections were stained
with an anti-LAMP1 antibody. LAMP1 is a marker for lysosomes. The images showed
overlap between the anti-LAMP1 and anti-GALNS antibodies, indicating that the GALNS

enzyme was iocalized in the lysosome.

[06340]  Overall, the two in vivo studies indicate that GALNS biodistribution is linked to
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 RECOMBINANT HUMAN N-ACETYLGALACTOSAMINE-6-
SULFATASE (GALNS) AND OTHER LYSOSOMAL SULFATASE ENZYMES IN
MICE DEFICIENT IN LYSOSOMAL SULFATASE ENZYME ACTIVITY

[60341]  The effects of the active highly phosphorylated human lysosomal sulfatase
enzymes of the invention, e.g., recombinant human N-acetyigalactosamine-6-sulfatase

(GALNRS), 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 tysosomal 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) (arylsuifatase A deficiency),
(Hess et al., Proc. Natl. Acad. Sci. US4 93:14821-14826, 1996), Mucopolysaccharidosis type
VI (MPS V1) or Maroteaux-Lamy syndrome (arylsulfatase B deficiency) (Evers et al., Proc.
Natl. Acad. Sci. US4 93:8214-8219, 1996), Mucopolysaccharidosis type IT (MPS I1) or
Hunter syndrome (iduronate-2-sulfatase deficiency) (Muenzer et al., Acta Paediatr. Suppl.
91(439):98-99, 2002; Cardone er al., Hum. Mol. Genet. 15:1225-1236, 2006),
Mucopolysaccharidosis type Ila (MPS Illa) or Sanfilippoe A syndrome (sulfamidase/heparan-
N-sulfatase deficiency) (Bhaumik er al., Glycobiology 9(12):1389-1396, 1999),
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Arg Len Pro Thr Met Asp 370 <210> 3 <211> 1569 <212> DMA <213> Homo sapiens <220> <221>
misc_feature <223> Human N-Acetylgalactosamine-S_sul atase (GALNS) Polynucleotide Sequence

<400> 3 atggcggegg gggatggggg atgggatggg cggatggetg ccatcgaggg aacgeceatg gageagetcee
tggcatctgg gY&ELERR ¥ cagggact ggggaageca gecacggeacce gectccaaac HEJAGars/esfegtct
ggcagcaacg cctgecctcg ageatcatgg agggecattg cetatctict cacttctgga gggcagaacg atcttccacc

taccaggalyb:cosgsgeayartidtgaapagt factaetaly {1 gichrgga eclegagagsgigacctcgg cagaagggct
e L L e R S e G T M

gcattgggaa tottcacgto gccccttict catggtggec a tcac atggcctcaa attacc Caa tttcaggggt
tgggacggde’ Ecétédgcay dbdtigttcadiuaggdirdgigney (MSD) (sulfatase modifying factor 1
deficiency) (Settembre et al., Proc. Natl. Acad. Sci. USA 104:4506-4511, 2007}. A mouse

model of Mucopolysaccharidosis type IIId (MPS I11d) or Sanfilippo D syndrome (N-

acetylglucosamine-6-sulfatase deficiency) has yet to be described.

[00344]  Mouse models of human lysosomal sulfatase enzyme deficiency can be used to
assess the feasibility of enzyme replacement therapy (ERT) as a means for treating lysosomal
storage disorders. For example, MPS 1Va knock-out mice (GALNS™ mice; Tomatsu ef al.,
Hum. Mol. Genet. 12:3349-3358, 2003) have no detectable GALNS enzyme activity and
display increased urinary glycosaminoglyeans (GAGs), i.e., keratin sulfate and chondroitin-6-
sulfate, and accumulation of GAGs in multiple tissues and organs, . g, liver, kidney, spleen,
heart, brain, bone marrow and cartilage. The GALNS" mice do not, however, display skeietal
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 (G4LNGHCT95mCT68sb i ce: Tomatsu et al., Hum. Mol. Gener. 14:3321-
3335, 2005). In GALNS™ P75 mC7085M mice, which have no detectable GALNS enzyme
activity, urinary GAG excretion is increased, GAGs accumulate in multiple tissues, including
visceral organs, brain, cornea, bone, ligament and bone marrow, lysosomal storage is marked
in multiple tissues, and bone storage is evident. The pathological akterations in
GALNSmhTo5mCT65l e are different from those observed in GALNS™ mice. However,
like the GALNS™ mice, GALNS™HC7#5mC785ks0 1o do not display skeletal abnormalities
associated with the human disease. Thus, GALNS" or GALNS" M C79SmCT6S)sh 1 io 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™HC79SmCT65)5t o wild-type mice are given
weekly intravenous 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 ez al., Hum. Mol Genet.
12:3349-3358, 2003). Pathological examination of various tissues is performed as described
(Tomatsu et al., Hum. Mol. Gener. 12:3349.3358, 2003).
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gacgaggtgg cccgeagcece ggtgtatgga gettticcca cacaggacgg ctacacaccy tctgaagaag ccagttccac
tggaccttat tggcagatat gatctacctg cctctactgg caccagtcag gatactggag ggacaacgge gtgtgggaag
agggcacgtc caccagcctg cctcctecce cgacacgctg ctectgggag cacaactcac cccaggggag gatcacctcg
cotgtgcaac B3R Rigcagcetgt cccaacatce gagecctcea aacttctatt ctacdtatéesedygatiitty gcecggetacg
cccctgaage gacaacaagg tatgaagaat caggaagecc getgtcgacg cgagggeggt ctoctocaag gotgecetca
cagaccadfaefigcagges hecebi§y accatedtgt aldgédict anacticagassiciggaagaggttccoce
gtcgiecage 199800016 SAARRICCA, 510905 Iagiselas oaagapces clgoraacte goaalgact
tgggcggcat teagcaagat acggatttga ccaggeccaa ticctattaa tggacticat ccacgeacye atygagacge
acctgcacgtaressge tecangaaghoy ddetdayecmgbelgdeyts anggrogget ccgctogdyen agggratiga
accacacgRg ICRGRHLIE A FRGEINID 1022596 HG CRANAA 1 GAILHTCBCH.CAIRARLAG gaattiggac

tctgtgctcg ctacaccacc cccagactcg tgtcggcaag tgagtggttt catccctgtg tctgaagacg taagagacag acccgtctat
cgtccggofTéEtggacaac cgaacaaggt gatgagggag ccagetggge goccagogac gatggacagg geacaaggct

ccga cttggtc acc cctotgg <210> 4 <211> 522 <212> PRT
tttCtgOCCt&%gsggic-ctﬁgggc%gfgmgo%%%nagtgnuman 8&%&%1'95%\;3&%% ed i a mouse model of
<211> HOMO sapie A

Multiple Sulfatase Deficiency (MSD) (SUMFI™ mice; Settembre et al., Proc. Nail. Acad.

Sci. USA 104:4506-4511, 2007). Because SUMFI™ mice display frequent mortality early In

life, injections of these mice with recombinant human GALNS is initiated earlier than that

described above for GALNS™ mice.

[00348] Following procedures known in the art, the effects of other recombinant human
lysosomal sulfatase enzymes, i.e., arylsulfatase A, arvisulfatse B, iduronate-2-sulfatase,
sulfamidase/heparan-N-sulfatase, and N-acetyiglucosamine-6-sulfatase, are investigated in
mouseg models of MLD (ASA"/' mice; Hess ef al., Proc. Natl. Acad. Sci. US4 93:14821-14826,
1996), MPS VI {4s/-s" mice; Evers er al., Proc. Nail. Acad, Sci. USA 93:8214-8219, 1996),
MPS 11 (ids*” mice; Cardone er al., Hum. Mol. Genet. 15:1225-1236, 2006), MPS Hia
(Bhaumik er al., 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 lvsosomal sulfatase enzyme
deficiency, such as in patients diagnosed with Mucopolysaccharidosis Type IVA (MPS IVa
or Morguio Syndrome}, are contemplated for enzyme replacement therapy with the
recombinant enzyme, i.e., human N-acetylgalactosamine-6-sulfatase (GALNS). All patients
suffering from a lysosomal sulfatase enzyme deficiency manifest some clinical 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 IVa patients
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221> MISC_FEATURE e223> Human N-acetylgalactosamine-6-Sulf5ta5e (GALNS) Polypeptide
Sequence c400 4 Met Ala Ala Val Val Ala Ala Thr Arg Trp Trp Gin lieu lieu lieu Vaj 15.1015 lieu Ser
Ala Ala Gly Met Gly Ala Set Gly Ala Pro Gin Pro Pro Asn 202530 lle lieu lieu lieu Ilgu Met Asp Asp
Met.Gly Trp B/ ZREHREYEGly Val 354045 Tyr Gly Glu Pro Ser Mg Gin ThriRiyUsgepsiestzsp Arg Met Ala
Ala 505560 Glu Gly lieu lieu Phe Pro Asn Phe Tyr Ser Ala Asn Pro lieu Cys Ser 657075S0 Pro Ser

Arg Ala Algaheiasieunithrl GlyaMgiliencP od HenA g Ba0i )80 re and abnormal gait, and/or
accumulation of giycosaminogiyean (GAG) in the blood or urine, with varving degrees of

functional impairment.

{00356]  Preferably, enzyme levels are montitored in a patient suffering from a lysosomal
sulfatase enzyme deficiency to confirm the absence or reduced activity of the lysosomal
sulfatase enzyme in their tissues. Patients with less than 10%, preferably less than 5%, more
preferably less than 2% and even more preferably less than 1% of the lysosomal enzyme
activity in an otherwise normal subject are suitable candidates for treatment with the
appropriate lysosomal sulfatase enzyme. Data may be coliected 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 tysosomal sulfatase enzyme. A greater than 25% reduction, preferably greater than
50% reduction, in excretion of undegraded GAGs foliowing therapy with the lysosomal

sulfatase enzyme is a valid means to measure an individual’s response to therapy.

[06352]  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 difficuity
in function, increased muscie strength or stamina, increased cardiac output, exercise

endurance, changes in body mass, height or appearance, and the like).

[00353] A pharmaceutical composition comprising recombinant human GALNS,
expressed m G71S cells and purified, and formulated according to procedures known in the
art. Itis preferred to administer the pharmaceutical compositions of the invention

intravencusly.

[00354]  The basic design of an initial clinical study to investigate the effect of
administration of recombinant human GALNS te MPS [Va patients involves an open label,

dose escalation safety/efficacy study in which various doses of enzyme are administered
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The Tyr Thr Thr Asu Ala His Ala Mg Asn Ala Tyr Thr Pro Gin Gin 100105110’ lle Val Gly Gly lle Pro
Asp Ser Gin Gin lieu lieu Pro Gin lieu lieu 115120125 Lys Lys Ala Gly Tyr Val Ser Lys lle Val Gly Lys
Trp His lieu Gly 130135140 His Mg Pro Gin Phe His Pro lieu Lys His Gly Phe Asp Glu Trp Phe
145150155186 &KP8EPBH0 Asn Cys His Phe Gly Pro Tyr Asp Asn Lys Al&igRe0s10851%0175 Asn lle
Pro Val Tyr Arg Asp,Trp Gin Met Val Gly Mg Tyr Tyr Gin 180185190 Glu The Pro lle Asn lieu Lys Thr
Gay Gin AdasAsnouely bhh&Spatiied 36200:200terval, for example and not for limitation, weekiy

enzyme injections.

[00355]  For MPS IVa patients, efficacy is determined by measuring, for example,
decreased blood or urinary GAG, which is likely to be observed within weeks of ERT,
increased 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 growtlh, which is

likely to be observed within years 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 variety 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
pulmonary/respiratory function, including cardiac function (ECG, echocardjogram),

pulmonary function (FVC, FEV,, peak flow).

[00358]  For younger patients undergoing treatment for extended periods of time, growth

(height) may be measured.

[60359] 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 (ML), Mucopolysaccharidosis type VI (MPS VI) or
Maroteaux-Lamy syndrome, Mucopolysaccharidosis type II (MPS I1) or Hunter syndrome,
Mucopolysacchartdosis type Iila (MPS IIla) or Sanfilippo A syndrome,
Mucopolysaccharidosis type IIId (MPS 111d) or Sanfilippo D syndrome,
Mucopolysaccharidosis type IVa (MPS TVa) 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 suifatase enzyme is
arylsulfatase A. For methods involving MPS V1, the preferred lysosomal sulfatase enzyme is
arylsulfatse B. For methods involving MPS II, the preferred lysosomal sulfatase enzyme is
wduronate-2-sulfatase. For methods involving MPS TITA, the preferred Iysosomal sulfatase
enzyme is sulfamidase/heparan-N-sulfatase. For methods invelving MPS IIID, the preferred
lysosomat sulfatase enzyme is N-acetylglucosamine-6-sulfatase. For methods involving MPS

IV A, the preferred lysosomal sulfatase enzyme is N-acetylgalactosamine-6-sulfatase. For
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Tyr Len Gin Gin Ala lieu Asp Phe lle Lys Mg Gin Ala Arg His His 210215220 Pro The Phe Len Tyr Trp
Ala Val Asp Ala Thr His Ala Pro Val Tyr Ala Ser Lys Pro Phe Lea Gly Thr Set Gin Arg sly Arg Tyr sly
Asp 245250255 Ala Val Azg Glu lle Asp Asp Ser lle sly Lys lle Lea Glu Let Lea 260265270 Gin Asp
Lea His Val XRRSHAWK Thr Phe Val Phe The Thr Bar Asp 275280285, A§H/$152#%081a76 et lle Bar Ala
Pro Glu Gin Sly Sly Bar Anti Sly 290295300 Pro P e Let Cys Sly Lys Gin Thr Thr Phe Glu Gly Sly Met
Arg Glu 3083203158R6ng MSD, the preferred lysosomal sulfatase enzyme is N-acetylgalactosamine-

6-sulfatase.
B
[00361] Numerous modifications and variations of the invention as set forth in the above

illustrative examples are expected to oceur to those skilled in the art. Consequently only such

limitations as appear in the appended claims should be placed on the invention.



Pro Ala Leu Ala Trp Trp Pro Sly His Val Thr Ala Sly Gin Val Ser 325330335 His Gin Len Gly Bar lle
Met Asp Leu Phe Thr Thr Ser Lea Ala Lea 340345350 Ala Sly Let Thr Pro Pro Ser Asp Arg Ala lle Asp

Sly Lea An%gg}fé@%@ﬁgﬁ&et Pro Thr Leu Lea Gin Sly Arg Leu Met Asp Arg Pro lle The .Tyr
370375380 Tyr Arg Gly Asp Thr Lou Met Ala Ala Thr Leu sly Gin His Lys Ala 385390395400 His Phe
Trp Thr Trp Thr Ann Ser Trp Glu Ann Phe Arg Gin fly lle 405410415 Asp Phe Cys Pro Sly Gin Ann Val
Ser sly Val Thr Thr His Ann Let 420425430

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 NO: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:

(2} 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

(¢) 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.

2. The GALNS enzyme of claim 1, wherein the lysosomal storage disease is

Mucopolysaccharidosis type IVa (MPS IVa) or Morguio A syndrome.

3. The GALNS enzyme of ciaim 1, wherein the lysosomal storage disease is Multiple

Sulfatase 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 to 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 kDa that is at least about 85% of the visible proteins as determined by Coomassie

Blue staining when subjected 10 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 C,-formylglycine (FGly).

7. The GALNS enzyme of claim 1, wherein the GALNS enzyme has at least 90% conversion
of the cysteine residue at position 53 to C-formylglycine (FGly}.
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Gin Asp His Thr Lys Leu Pro Lea lle Pita His Leu Sly A g Asp Pro 435440445 sly Gin Arg Phe Pro Lea
Set Pita Ala Bar Ala Glu Tyr GIn Gin Ala 450455460 Lea Bar Arg lle Thr Ser Val Val Gin Gin His Gin
Glu Ala Leu Val 465470475480 Pro Ala Gin Pro Gin Len Asn Val Cys Asn Trp Ala Val Met Ass Trp

485490495 Q310 Q.G s s LOWGI e YR b1, T BIR.RIRFINA0FAR530 Set e Pro

Lys Lys Cys Leu Trp Ser His 515520 < _
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- o C-terminus of the GALNS enzyme.

10. The GALNS enzyme of claim 9, wherein the cellular targeting signal comprises a bone
targeting peptide. '

11. The GALNS enzyme of claim 10, wherein the bone targeting peptide comprises six

aspartic 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:

(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 533 to C,-

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 IVa 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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<211> 496 <212> PRT <213> Homo sapiens <400> 5 Ala Pro GIn Pro Pro Ass lle Lea Lau Leu Len
Met Asp Asp Met Gly 151015 Trp Gly Asp Leu Gly Val Tyr Gly Gin Pro Ser Arg Gin Tin Pro Ass
202530 Len Asp Arg Met Ala Ala Gin Gly Leu Len Phe Pro Ass Phe Tyr Set 354045 Ala ASS Pro Len

Cys Sex- Prg SrfyrgAlg Ala.l-en Leadik Gy es0o2804 e 88Q N AG ABRdly BOE F3kaTin Thr Asn.

Ala His Ala Arg Asn 65707580 Ala Tyr Thr Pro Girt Gin lle Val GI%/ Gly lle Pro Asp Set Gin Gin 859095
kDa that is at least about 85% of the visible proteins as defermined 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 to C,-formylglycine (FGly).

18. The use of claim 12, wherein the GALNS enzyme has at least 90% conversion of the

cysteine residue at position 53 to C-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 suifate (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 TVa 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

folowing 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

minutes.

25. The use of claim 23, wherein the stair climb measures the stairs climbed per minute.
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Len Len Pro Gin Len Len Lys Lys Ala fly Tyr Val Set Lys lle Val' 100105110 Gly Lys Trp His Len Gly
His Arg Pro Gin Phe His Pro Len Lys His 115120125 Gly Phe Asp Glu Trp Phe fly Set Pro Ass Cys His

Phe Gly Pro T 1301 40 Asp Ass Lys la Arg Pro Ass lle Pro Val Tyr Glu Met
145150155260 VA1) ﬁ]\ﬁ@“‘r%? T’S}FEEIH@ B TRORS S PR 5™ ‘éi‘ﬁg@ %‘8%%70275 Ala ASIA

Lou Thr GinfliecTiytr L{etboGiriiGduahla bJetbyAsmlFAh@ﬂe Eyed80 1UBY190 Y, Gin AkalArfiddis His Pro Phe
Phe Lets Tyr Trp Ala Val Asp Ala

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 bone targeting peptide comprises six aspartic acid

residues.
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195200205 Thr His Ala Arg Vol Tyr Ala Set Lys Pro Phe Lets Gly Thr Ser Gin 210215220 Arg Gly Arg
Tyr Gly Asp Ala Val Arg Glu lle Asp Asp Set lle Gly 225230235240 Lys lle Len Gin Lets Lets Gin Asp
Len His Val Ala Asp Asn Thr Phe 245250255 Vol Phe Ph Thr Set Asp Asn Gly Ala Ala Len lle Set Ala
Pro Glu 260265270 Gin Gly Gay Set Asn Gly Pro Phe Len Cys Gly Lys Gin Thr Thr Phe 275280285
Glu Gly Gly Met Arg Gin Pro Ala LetgAlgddp T1eR4e GIy His Vol 290295300 Thr Ala Gly Gin Val Set
His Gin Lou Gly Ser lle Met Asp Lets Phe

110>

<120>

<330>

<150>
<151>

150>
2151

<150>

Vellard, et al.

MANUFPACTURE OF ACTIVE HIGHLY PHOSPHORYLATED HUMAN LYSOSOMAL
SULFATASE ENZYMES AND USES THEREOF

310610/43643A

61/022,178
2008-01-18

1/089,373
2008-0%-23

61/110,246

151>
<160> 5
<l70>

<2310> 1

<21l> 1AiZB
232> DNA
<213>

«220>
«221l>
<223

2008-20-31

Homo sapiens

misc_feature
Human Sulfatase Modifying

Segquence

<400> 1
atggctgege

ttgotgotge
gegggegegd
catggecagtt
cooggagage
atgggeacag
attgatgect
aactgaactg
atgttgaghy
ttaccoctgtga
aggecggate
gcagggaage
aatagacttt
tggcagggcg

gttgatgeect

cogoacrtagg
tgctétcgct
ggtooettge
cgycagoege
ggcaactege
atgatcctea
tttacatgga
getatttgac
agcaagtgaa
aaggegotas
atccagttct
ggctgoocac
teeocotgagy
agtttooggh

teoccteotaa

patentIn version 3.5

getggtgtgt
getgtgtgga
gggttettygc

teacegatac

geactoaaag

gataaageay
tgectatgaa
agaggctgag
gaccaatatt
ctggagacac
ccatytgtec
ggaagctaag
caagaaacty
gaccaacact

tggttatgge

Pactor 1 (SUMF1l) Polynucleotide

gigacgttgoce
geggeaggga
gyctgeoggea
tegeggaagg
atggtccooa
gatggggaaé
gtragtaata
aagtttggcg
caacaggeag
ccagaaggge
tggaatgaty
tgggaataca
cagccoarag
ggtgaggaty

thtatacaaca

ctgagetggy
goecaggagge
cgoocooageg
ctaacgetoe
teoctgotgg
cacectgegag
ctgaatttga
actootttgt

tLtgoagetge

ctgactetae

cggttgecta
gotgtegagy
gecageatta
gottoccaagy

tagtggggaa

RECTIFIED SHEET (RULE ¢1) ISA/EP

tctcgtéctc
cgagaccagt
gectggogoo
gggoccegta
agtatttaca
gagagttact
gaagtttgty
ctttgaagge
tecctggtgg
tattergeac
ctgeacttgy
aggeoetgeat
tgocaacatt
aactgogect

cgéa;gggaa

-8l
220
180
240
300
360
420
480
540
600
660
720
780
840

$00



305310315320 Thr Thr Set Lets Ala Lea Ala Gly Lets Thr Pro Pro Set Asp Arg Ala 325'330335 lle Asp
Gly Len Asn beta Lets Pro Thr Lets Lou Gin Gly Arg Len Met 340345350 Asp Arg Pro lle Phe Tyr Tyr
Arg Gly Asp Thr Lets Met Ala Ala Thr 155360365 Lets Gly Gin His Lys Ala His Phe flp Thr Trp Thr Asn
Set Trp Glu 370375380 ASIA Phe Arg GIn Gly lle Asp Phe Cys Pro Gly Gin ASIA Val Se Gly 400 Val

flit Thr His Asn Lets Gin Asp His Thr L, t le Rhe. 405410415 His Len Ghgdrg Asp Pro
Gly Gin Arg“"’%e 35 Len %FI-L’% -l;g\ c&%é‘% 5«:?«!&\:&&%& & ddis

ccececcttetyg ggaaagacceg agtgaagaaa ggtggatcct acatgtgeca taggtottat 1020
tgttacaggt ategetgtge tgctcggagc cagaacacac ctgatagetce tgettogaat 1080
ctgggattee gekghbacage cgacegocty ccecaccatgy actga 1125
«210> 2

«21i> 374

«212> PRT

«213> Homo sapiens

«220>
¢221> MISC _FERTURE
<223> Human Sulfatase Modzfyang Factor 1 (SUMF1}) Polypapclde Sequence

400> 2
Met Ala Bla Pro Ala Leu Gly Desu Val Cys Gly Arg Cys Pro ?gu Leu
1 ] 10

Gly Leu Val Leu Leu Leu Leu Len Leu Ser Leu Leu Cys Gly Ala Ala
29 25 30

Gly Ser Gln Glu Ala Gly Thr Gly Ala Gly Ala €ly Ser Leu Ala Gly
35 a0 45

Ser Cys Gly Cys Gly Thr Pro @in Arg Pro Gly Ala His Gly Ser Ber
50 55 &80

ala Ala Ala His Arg Tyr Ser Arg CGlu Ala Asn Ala Pro Gly Pro vVal
&5 70 75 24Q

Pro Gly Glu Arg Gln Leu Ala His Ser Lys Met val Pro Ile Pro Ala

Giy Val Phe Thr Met Gly Thr Asp AsSp Pro Gln Ile Lys Gln Asp Gly
100 105 110

Giu Ala Pro Ala Arg Arg Val Thr Ile Asp Ala Phe Tyr Met Asp Ala
T 115 " 120 125

Tyr Glu Val Ser Asn Thr Glu Phe Glu Lys Phe Val Asn Ser Thr Gly
130 135 140 .

Tyr Leu Thr Glu Ala Giu Lys Phe Gly Asp Ser Phe Val Phe Glu Gly
145 150 155 180

Met Leu Ser Glu Gln Val Lys Thr Ben Ile Gln Gln Ala val Ala Ala
165 170 175

RECTIFIED SHEET (RULE 91) ISA/EP



420425430 Ala Glu Tyr Gin Glu Ala Leu Ser Arg lle Thr Set Val Val Gin Gin 435440445 His Gin Glu
Ala Leu Val Pro Ala Gin Pro Gin Leu Asn Val Cys Asn 450455460 Trp Ala Val Met Asn Trp Ala Pro
Pro Gly Cys (flu Lys Leu Gly Lys 465470475480 Cys Leu Thr Pro Pro Glu Ser lle Pro Lys Lys Cys Leu
Trp Set His 485490495 WO 2009/091994PCT/US2009/031276 1/13 FIGURE |

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

Gly Pro Asp Ser Thr Ils Leu His Arxg Pro Asp Hig Pro Val Leu His
198 . 200 205

val Ser Trp Asn Asp Ala val Ala Tyr Cys Thr Trp Ala Gly Lys Arg
210 215 220

t.eu Pro Thr Glu Ala Glu Trp Glu Tyr Ser Cys Arg Gly Gly Leu His
225 230 225 240

Asn Arg Leu Phe DPro Trp Gly Asn Lys Leu Gln Pro Lys Gly Gln His
245 ' 250 : 255

Tyr Ala Asn Ile Trp Giln Gly Glu Phe Pro val Thr Asm Thr Gly Glu
260 265 270

Asp Gly Phe Gln Gly Thr Ala Pro Val Asp Ala The Pro Pro Asn Gly
275 280 o 285

Tyr Gly Leu Tyr Asn Ile Val Gly Asn Ala Trp Glu Trp Thr Ser AsSp
2590 295 : 300

Typ Trp Thr Val His His Ser Val Glu Glu Thr Leu Asn Pro Lys Gly
305 310 3ls 320

Pro Pro Ser Gly Lys Asp Arg Val Lys Lys Gly Gly Ser Tyr Met Cys
325 33¢ . 335

His Arg Ser Tyr Cys Tyr Arg Tyr Arg Cys Ala Ala Arg Ser Gln As=n
340 345 350

Thr Dyo Asp Ser Ser Ala Ser Asn Leu Gly Phe Arg Cys Als Ala Asp
385 360 365

Arg Leu Pro Thr Met Asp

370
<210 3
<211l> 1569
<212> DNA

<213» Homo sapiens

<220
<221> misc_feature
<223> Human N-hceetylgalactosamine-&_Sulfatase (GALNS) Polynuclesotide

Sequence

RECTIFIED SHEET (RULE 91) ISAIEP



HUMAN SULFATASE MODIFYING FACTOR | (SUMF1) POLYNUCLEOTIDE SEQUENCE (SEQ ID
NO:1)
ATGGCTGCGCCOGCACTAGGGCTGGTGTGTGGACGTTGCCCTGAGCTGGGTOTCGTCCTCTTG
CTGCTGCTGCTC | ,
TCGCTGGIGIGTIGGAGCGGCAGGGAGCCAGGAGGCCGGGACCOGTGCGGGCGCGGGGTCCCT
TGCGGGIT4EdsEGSS ctgtegcgge gacgaggtgy tggcagetgt tgetggtget cagegecgog 60
GGCTGC%%&%%g&?&%&@@@@&l&@ﬁ&%@ﬁl@%E&I&@G&GMQGCTQAECGATACTCG
CGGGAGGCET ‘ |
GCTCCGRREEREs FRerEHs AS ARG ERAT TR CEBRETE MRAC &0 TCccdlATCCCTGET
GGAGTA-EEJAQQ%tg cagaaggget gottttcococca aacttetatt chgcocaacce tetgtacteg 240

G A e SIS AIALAGT AERATRE GRAGCACCIGLRACCAGABTTACTATTG
ATGGATGEGTATGANGTCAGT ANFACTGANTITBRG AATTTIorE T EAAB T AACTGEE TATTTGACA

GAGGCT%’%agctcc tgccagaget totgaagaag gocggetacy toagoaagat tgteggcaag 420

AAGTTTGG GACTCCTTTGTCTTTGAAGGCATGTTGAGTGAGCAAGIG%GACC%TATTCAACA
GGCAGTFECHctag gtcacaggoc ccagttocac cceoctgaage acggatitga Cgagegg :

GCTGCT G i EGOTBEACET GIESAKAGC CRECTAACTESEACRCACTHABAAGGEECCTGACTCTA

CTATTCTGCAC c00
tggt tggeagatat tatgaagaat Ltoctattaa totgaagacg _
AGGCCGéﬁ’%%?ﬁércéfﬁfﬁf?ccgﬂeTGTCCTGGAATGATGCGGTTGCCTACTG%%:TTGGGCAG

GGAAGCBYEeErFarsa accteacceeca gatctaccty caggaagocc tggacttcat taasgagacag ;
CCCACG ARG AL GAATAE AEBLST G ERCRCHAGGERTE BATHATAGACITFPCCCCTGGG
GCAACAAACTG '

tt t goggt atggagacge cgtcogggayg 786
CAGCCCARRG AR AL CATTRTCCCAACATI TGGCAGGGCGAGTTTCCGGTGACCAACACTGGTG
AGGATGGEEFEF@ara geattggyaa gatactggay ctcctccaag acctgeacygt cgrggacaac 840
CAAGGAALKeGGE GEQ T sAd Ghatahissc GRECLAAT GEFREAES CBRFRINCAACATAGTGGGGAA
CGCATGGGAA -

L tt g gatgaggdag gs0

TGGACTTE RS FOE T AT E T R AT TC TG T TGAAGAAACGC TTAACCCAAAAGGTCCCCC

TTCTGGGARRccteg catggbggoe agggecacgte actgeaggoce aggtgagoeoa ceagcotggge 1020
GACCGAGIGAAGAAAGGIGGATCLEIACA EGTEEGEA TAGGIGIT AFEGEFACAGGTATCGCTGTGC
TGCTCGGAGG 1110

CAGAACAEHRCE T AT RS T S T B R A P e R P T T GEAGCCGACCGCCTOCCCAC
CATGGAGEGASMD 2009HESHISHRETAIS 2069793957 6T F3IRE UREZEIMAN SEPFATASE
MODIFYING EFACTQR L(SLMEL POLYRER TRE-SEQYENGR(SEQIB-N:2) M7- ABALGLVCORC
PELGLVELLLELSLLCGAAGS EAGTGAGAGSLAGSCGC&LQ%FE‘{Pgﬁg{géc.%AAAqgg\gSREAN APO
PVPGERGEAHERIAVIS I BREUF G TDDPS IROBEEABARRYT I DAF MDAYEVSNTEFEKFVNS
TGY LTEAEKEGRS RY§ECHHSEQWETMN | DUARKAAPWARLPYK GARAARISPEG BBBST | LHR PDH
PVLHVSWNDAVAY. GTWAGKRL RTEARWEX S:CRGE g R fe P WGNKIQPKGQEAN IWQG E F
PVTNTGEDG FQGTAPVDAFP PNGYG LYN TVGNAWE WTSDWWTVHFISVEETLNP.KG P P S
GKDRVKKGBSIIC HESSFER YREAKRP S SRFP PP & RSN BERAKADEI®PTMD WO
2009/0919%5;{@45299%@%76%5?:@Uﬁﬁa&tcca ttoecaagaa ghgectotgg 1560

tcooactag 1569

2210> 4

<211> 522

«212> PBRT

<213> Homo sapians

«220>

-

RECTIFIED SHEET {RULE 91) ISAEP



HUMAN N-ACETYLGALACTOSAMINE-6_SULFATASE (GALNS) POLYNUCLEOTIDE SEQUENCE
(SEQ ID NO:3)
ATCOCGGOGGTTGTCGCGGCGACGAGGTGGTGOCAGCTGTTGCTGOTOCTCAGCGCCGCGGG
GATGGGOGCCTCG
GOCGCC%@CA@@Q@WACATCCTGOTCCTGOTCATGGACGACATGGGATGGGGTGACCTC
GGGGTGEARSOAtan F-acetylgalactosamine-5-sulfatase {GALNS} Polypeptide
GAGCCCTCCAGAGKBRCCCCGAATTTOGACCGGATGGCTGCAGAAGGGCTGCTTTTCCCAAACT
TCTATTCEBEC 4
AACCOquTQ'};Q glgquelpgAQ%%Qﬁ@ﬁ{Q@gTGA@MGAC&@@IACCCATCCGCAATGOCT
TCTACACCAC
| AACGCCCATGCCAGAAACGCCTACACACCGCAGGAGATTGTGGGCGGCATCCCAGACTOGGAG
CAGCTOQ:E@@.@G&M Ala Gly Met Gly Ala Ser Gly Ala Pro Gln Pro Pro Asn
GAGCTTCTGAAGAAGGCCGGCTACGTCABCAAGATTGTOGGCAAGTGGCATCTGCGTCACAGGC
CCCAGTTCCAC -
CCCCTGArAeMGGEGAWF@AMA@@H@@TMEF@GMGC@@@ﬁ\%éﬂ*’eﬁéﬁAéerTGGACCTTATGACAA
CAAGGCCAGG °*
T A ARSI A e AT R IGPRAGATATTATP A CANTTTCCTATTAG
OGGGAAGCCAACCTCACCCAGATCTACCTGCAGGAAGCCOTOGACTTCATTAAGAGACAGGCAC
GGCACC gc § Leu Leu Phe Pro Asn Phe Tyr Ser Ala hsn Pro Leu Cys Ser
TTTTTCCEETACTOGGCTGTCBACGCCACGCACBEACCCGTOTATGAETCCAAACCCTTOTTGGG
CACCAGTCAG
CGAGGG%&IAE%%A@@@@%@@@GGAGNTIT@APF@N@%G@A“FF@@GAAGATACTGGAGCTO
CTCCAAGACCTG 83

CACGTCG OGGACAACACCTTCGTCTTCTTCACGTCGGACAACGGCO%TG OCCTCATTTCCGCCC

hr Thr Asn Ala His Ala Arg Asn Ala Tyr Thr Pro Gln
COGAACAREEGTF Thr Inx b

GGCAGCAACGGCCCbTTTCTGTGTGGGAAGCAGACCACGTTTGAAGGAGGGATGAGGGAGCCT
GOCCTCGCAT 4 Leu Leu
TGGCCAG%%E‘?&CE@T&JR’C?@CPK%? SaE A AG A ABE TOGGCAGCATCATGGACCTCTTC
ACCACCAGOCTG

GCCCTTGGE G GEd GAC@@G)%&GA%@AGAG@segmmmor;@@JrsCAACCTOCTOCCCACC
OTCCTGCAGGBC 140
CGGCTGATGGACAGGCCTATCTTCTATTACCGTGGCGACACGCTGATGGOGGCCACCCTCGGGC
AGCACAAG&E@HE Pro Gln Phe His Pro Leu Lys #is Gly Phe Asp Glu Trp Phe
CACTTOTEGACCTGGACCAACTOCTOGGAGAACTTCAGACAGGGCATTGATTTCTGCCOTGGGE
AGAACGTTTCA fvs Bla hra Bro
GGGGTC@M@TE&@%@@&@A&&K@C&@A&@&?G%?%G CCOTBATETTCCACCTGGGACGGG
ACCCAGGGGAG

AGGTTCCCO égglgj@&%gﬁQ@CQQA@TM%Q%Q@QG@T@AQ@AGGATCACCTCGGTCG
TCCAGOACE %: 180 190
CAGGAGGCCITGGTCCCCGCGCAGCCOCAGCTCAACGTGTGCAACTGGGCGGTCATGAACTGGG
CACCTOCH GG pro Ile Asn Leu Lys Thr Gly Glu Ala Asn Leu Thr Gln Ile
TGTGAAAAOTTAGESGAAGTOTCTGACRECTCCAGAATCCATTOCCAAGAAGTGCCTOTGGTOCCA
CTAG WO 2009/091994PCT/US2009/031276 4/13 FIGURE 4 HUMAN

N-ACETY LGALAC TOSAM|NE-G-SUASEAPPA SEY GALRES) ﬁﬂcgw-PE”E?lB’E SEVUENCE (SEQ ID NO: 4)
MAAVVAATRWAHQLLLVLSAAGMGASGAPOP PN |
LLLLMDDMGWGDLGVYGEPSRETPNLDRMAAEGL L FPNP SA NP\;%?S{/%’SRAALLTORL P

IRNGFY TTRAHARRIEVER\VETIVES L IS B8R P PENTKKACYVS RIVEKWHLGHRPOFII
PLjCHGFDEWFGSPNCHFGPYDNKARPFJI
PVYRDWEMVGRYYEEFPINLKTGEANLTQIYLQEALDFIKRQARHHP
FFLYWAVDATHAPVYASKPFLGTSQRGRYGDAVREIDDSIGKILELLQDLHVADNTFVFFTSDNGAALI
SAPEQG GSNGPFLOGI(QTTFEGGMREPALAWWPGHVTAGQVSHOLGS INIDL
FTTSLALAGLTPPSDRAIDGLNLLBECTHEEHABRBYHE? 1) ISAEP
YRGDTLMAATLGOHKAHFWMTNSWENFRQG IDFCPGQNVSGVTTHNLEDHTKLPL | FFILGRDPGE
RFPLSFASAEYQEALSRITSVVQQHQEALVPAQIDQUNVCNIA/AVMNWAPPGCEKLGKOLTPPES
PKKCLW SH to a) atto 0) co



07"'so_seoln-ar0-00.00P-italfs:0to OCN n0OCO0O0-0Ocncry-0>11)(l)cctarnw .5<

225 230 2358 ’ 248

Ala Ser Lys Pro Phe Leu Gly Thr Ser Gln Arg Gly Arg Tyr Gly Asp
245 250 258

Ala Val Arg Glu Ile Asp Asp Ser Ile Gly Lys Ile Leu Glu Leu Leu
250 263 : 270

Gln Asp Leu His val Ala Asp Asn Thr Phe Val Phe FPhe Thr Ser Asp
275 280 285

Asn Gly Ala Ala Leu Ile S8er Ala Pro Giu Gln Gly Gly Ser Asn Gly
280 285 300

Pro Phé Leu Cys Gly Lys Gln Thyr Thr Phe Glu Gly Gly Met Arg Glu
305 3io 315 3z2¢

Pro Ala Leu Ala Trp Trp Pro Gly His Val Thr Ala Gly Gin Val Sex
325 : 320 . 335

His Gln Lew Gly Ser Ile Met Asp Leu Phe Thr Thr Ser Leu Ala Leu
340 348 350

Ala Gly Leu Thr Pro Pro Ser Asp Arg Ala ILle Asp Gly Leu Asn Lau
355 ST 360 363

Leu Pro Thr lLeu Leu €6ln Gly Arg Leu Met Asp Arg Pro Ile Phe Tyr '
: 3740 178 380

Tyx Arg Gly Asp Tht Lew Met Ala Ala Thr Leu Gly Gln His Lys Ala
385 380 395 400

His Phe Trp Thr Trp Thr Asn Ser Trp Glu Asu Fhe Arg Gim Gly Ile
405 410 415

Asp Phe Cys Pro Gly @ln Asn Val Ser Gly. Yal Thr Thr His hAsn Leu
420 425 430

Glu Asp His Thr Lys Leu Pro Leu Ile Phe His Len Gly Arg Asp Pro
435 . &40 445

Gly Blu Arg Phe Bro Leu Ser Phe hAla Ser Ala Glu Tyr Gin Glu Ala
450 455 : 460

Leu Ser Arg Ile Thr Ser Val Vval Gin Gln His Gln Glu Ala Leu Val
465 . 479 . 475 . 480

RECTIFIED SHEET (RULE 21) ISA/EP



ou)0CO0a)E2-Eio.17-1 .451'imEnaa)co0c-5,-csitpoEc0.-LE1/4T™ t$3H001)C.)00
0-0Cn*0, as a) rot .

Pro Ala Gin Pro Gln Leu Asn Val Cys Ash T%p Ala Val Met Asn Trp
485 480 495

ala Pro Pro Gly Cys Glu Lys Leu Gly Lys Cys Leu Thr Pro Pro Glu
500 505 510

Ser Ile Pro Lys Lys Cys Leu Trp Ser His

515 520
«21G> B
<21l> 4856
<212>  PRT

<213s Homo sapiens
<400> §

nia Pro Gln Pro Pro Asn Ile Leu Leu Leu Leu Met Asp Asp Met Gly
1 5 10 15

Trp Gly Asp Leu Gly Val Tyr Gly Glu Pro Ser Avy Glu Thr Pro Asn

. L.eu Asp Axg Met Ala Ala Glu Gly Leu Leu Phe Pro Asn Phe Tyr Ser
35 £0 o . 45

Ala Asn Proc Leu Cys Ser Pro Ser Arg Ala Ala Leu Leu Thr Gly Arg
50 55 60

Leu Pro Tle Arg Asn Gly Phe Tyr Thr Thr Asm Ala His Ala Arg Asn
&5 70 75 80

Ala Tyr Thr Pro Gln Glu Ile Val Gly Gly Iile Pro Asp Ser Glu Gln
g5 89 ' 95

Leu Leu PFro Giu Leu Leu Lys Lys Ala Gly Tyr Val Ser Lys Ile Val
1060 105 110

@ly Lys Trp His Leu Gly His Arg Pro Gln Fhe His Pro Leu Lys His
118 120 125

Gly Phe Asp Glu Trp Phe Gly Ser Pro Asn Cys His Phe Gly Pro Tyr
130 135 140

Bsp Asn Lyg Ala Arg Pro Asn Tie Pro val Tyr Arg Asp Trp Glu Met
145 150 155 160

val Gly Arg Tyr Tyr Glu Glu Phe Pro Ile Aen Leu lLys Thr Gly Glu
165 170 175

RECTIFIED SHEET (RULE 91) ISAEP



"5 c0 E a)c.)a_o o_co ciz cr- tic RECTIFIED SHEET (RULE 91) ISA/EP WO
2009/091994PCT/US2009/031276 6/13 FIGURE 6A-B 1600 - 1400 1200

Ala Asn Lewu Thr Gln Ile Tyr Leu Gln Glu Ala Leu Asp Phe ile Lys
180 185 120

Arg Gln Ala Arg His His Pro Phe bhe Leu Tyr Trp Ala Val Asp Ala
B 5°) - 200 205

Thr His Ala Arg Val Tyr Ala Ser Lys Pro Phe Lsu Gly Thr Ser Gln
210 © 218 220

Arg Gly bArg Tyr Gly Asp Ala val Arg Glu Ile Asp Asp Ser Tle Gly
225 ) 230 235 240

Lys Ile Leu Glu Leu Leu Gln Asp Leu His val Ala Asp Asn Thr Phe
245 250 255

val Phe Phe Thr Ser Asp Asn Gly Ala Ala Leu Ile Ser Ala Pru Glu
280 265 . 270

Gip Gly Gly Ser Asn Gly Pro Fhe Leu Cys Gly Lys Gln Thyr Thr Phe
275 . 2B0 285

@iv 6ly Gly Met Arg Glu Pro Ala Leu Ala Trp Trp Pro Gly His Val
290 295 . 300

Thr Ala Gly Gln Val Ser His Gln Leu Gly Ser Ile Met Asp Leu Phe
308 310 318 32¢

Thr Thr Ser Leu Ala Leu Ala Gly Leuw Thr Pro Pro Ser Asp Arg Ala
323 ' 330 . i35

fle Asp Gly Leu Asn Leu Leu Pro Thr Leu Leu @ln Gly Arg Leu Met
340 . 345 as50 :

Asp Arg Pro Ile Phe Tyr Tyr Arg Gly Agp Thr Leu Met Ala Ala Thr
385 360 ' 385

Leu Gly Gln His Lys Ala His Phe Trp Thx Trp Thr Asn Ser Trp Glu
370 373 380 .

Asn Phe Arg Gln Gly tle Asp Phe Cys Pro Gly Gla Asn Val Ser Gly
385 350 395 Ta0U

val Thr Thr His Asn Leu Glu Asp His Thr Lys Leu Pro Leu Ile Phe
405 410 415

His Leuw Gly Arg Asp Pro Gly Glu Arg Phe Pro Leu Ser Phe Ala Ser
420 428 - 430

RECTIFIED SHEET (RULE 91) ISA/EP



1 1000 IFC" t800 600 0) 400 200 - 0 G.7.1S 96-well Clone Screen

Ala Glu Tyr Gln Glu Ala Leu Ser Arg Ile Thr Ser Val Val Gln Gln
435 440 445

His Gln Glu Ala Leu Val Pro Ala Gln Pro Gln Leu Asn Val Cys Asn
450 . . 455 - 460 :

Trp Ala Val Met Asn Trp Ala Pro Pro Gly Cys Glu Lys Leu Gly Lys
&85 470 475 _ 480

Ccys Leu Thr Pro Pro Glu Ser Ile Pro Lys Lys Cys Leu Trp Ser His
485 430 485
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FIGURE 1

HUMAN SULFATASE MODIFYING FACTOR 1 (SUMF1) POLYNUCLEOTIDE
SEQUENCE (SEQ ID NO:1)

ATGGCTGCGCCCGCACTAGCGGCTGG TG TETGGACGTIGCCCTGAGCTREETCTCOTCCTC T TGO TGCTECTGOTC
TCGCTCCTETCTCGAGCGGCAGGEAGCCAGGAGGTCEEEACCEGTECGEEGECECEGAETCCCTTECRRGTTOTTEC
GECTECEECACGCCCCAGCEECCTGECOCCCATEGCAGTTCGGCAGCCGUTCACCEATACTCGOGCCAGROTAAL
GCTCCGEGCCCCGTACCCGGRAGAGCGGCAACTCOCGCACTCAAAGATEETCCCCATCCCTCGCTAGAGTAT T TACA
ATGGGCACAGATGATCCTCAGATAARCSCACCATGGGGAAGCACCTGCEAGGAGAGTTACTATTEATECC T T TTAC
ATGGATGCCTATGAAGT CAGTAATACTGALT TTGAGAACGT TTGTGAACTCAACTRRC TAT T TGACAGACGOTEAG
ARGTTTGGCGACTCCTTIGTCT T TGAAGCCATCTTGAGTGAGCAAGTGAAGACCAATATTCAACAGCGCAGTTCCR
GCTGCTCCOTGETEETTACCTETGARAGGCECTAACTGGAGACACCCAGAAGGRCOTCGACTOTACTATTCOTRCOAL
AGGCCGGATCATCCAGTTCTCCATGIGTCCTGGAATGATGCCGET TGCCTACTGCACT TECGCAGEGAAGCGROTG
CCCACGGAAGCTGAGTUGGAATACAGUTETCGAGGAGECCTCCATAATAGACTT TTCCOCTGOGECAACAALCTG
CAGCCCAAAGGCCAGCATTATGCCAACATTTGGCACGGECGAGT T TCCGETGACCARCACTECTGAGGATEROTTC
CARGGAACTCGCGCCTGTTGATGUCTTCCOTCCCAATGE T TATAGC T TATACARCA TAG TOOGGAACGCATEGGAL
TGCACTTCACGACTGGTGOACTGT TCATCATTC TG T TCAAGAAACGC TTAACCCARAAGG TCOUCOTTOTGRGARNL
GACCGAGTGAAGAAAGGTGGATCCTACATETGCCATAGCTCTTAT TG T TACAGE TATCEC TG TGOTROTOCGASE
CAGAARCACACCTGATAGCTCTGCTTCGARTCTGGGATTCCECTETGCACGCCCASCGCUTECOCACCATEGALTGA
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FIGURE 2

HUMAN SULFATASE MODIFYING FACTOR 1 (SUMF1) POLYPEPTIDE
SEQUENCE (SEQ ID NO:2)

MAAPALGLVCGRCPELGLVLLLLLLELLCGAAGSOEAGTGAGAGS LAGSCGUCTPORPGAHGESSAAAHRYSREAN
APGPVPGERQLAHSKMVP IPAGVFTMGTDDPQIKQDGEAPARRVT IDAFYMDAYEVSNTEFEXFVNSTEYLTEAE
KFGDSFVFEGMLEEQVKTN IQQAVARAPWWLPVKGANWRHPEGPDS TI LERFDHPVLHEVSWNDAVAY CTWAGKRL
PTEAEWEY SCRECLENRLFPUGNKLOPKGOHY AN IWQOGEF PVTINTGEDGFQGTAPVDAFPENGYGLYNIVGNAWE
WTEDWWIVHHESVEETLN PEGPPSOKDRVEKGGSYMCHRSYCYRYRCARRSQNT PLSSASNLAFRCARDR L PTMD
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FIGURE 3

HUMAN N-ACETYLGALACTOSAMINE-6_SULFATASE (GALNS)
POLYNUCLEOTIDE SEQUENCE (SEQ ID NO:3)

ATGGCGGECGETTETCECGEECGACGACCTGETGGCACCTETTGCTGATCUTCAGCEOCGLEEAGATOGCROCOTCS
GGCGCCCCGCAGCCCCCCARCATCOTGCTCCTGCTCATGGACGACATGGEATGCGCTCACC TCGEEETATATCRA
GAGCCCTCCAGAGAGACCCCGAATTTGGACCGGATEGUTGCAGAMGECCTGCT I TTCCCAAACTTCTATTCTECD
ARCCCTCTETACTCGCCATCEAGGECGECACTGCTCACAGGRACGECTACCCATCCGCAATEGCTTCTACALCACT
ARCGCCCATGCCAGARACGCCTACACACCGCAGGAGATTETGBGCEGCATCCCAGACTURGAGCAGCTCCTACOCG
GAGCTTCTGAAGARGGCCGECTACGTCAGCAAGAT TATCOCCAAGTEECATOTGEGTCACAGGCCCOAGTTCCAL
CCCCTGAAGCACGGATTTCGATGACGTGETTTGGATCCCCCAACTGCUAC T I TGGACCTTATGACAACAAGGCCACS
CCCAACATCCCTGTGTACAGGEACTGEGAGATGETTGGCAGATATTATGARGAATTTCCTATTAATCTGAAGACG
GGGGAAGCCAACCTCACCCAGATCTACCTOCAGGAAGCC CTGRACTTCATTAAGAGACAGRCACCRCACCALCCC
TETTTCCTCTACTGGECTATCGACGCCACGCACCGCACCCGTUTATGCCTCCARAACCOTTC T TRRGCACCAGTCAG
CGAGGGCGETATGEAGACGCCGTUCGEGAGATTGATGACAGCATTGGEAAGATAC TECACCTCCTCCAAGACCTE
CACGTCGUGGACARCACCTTCETCTTCTTCACGTCEGACAACGEUGCTGCCCTCAT T TCCGCCOCCGARCARGET
GGCAGCAACGGUCCCTTTCTGTETCGGAAGCAGACCACGTTTGARAGGAGGCGATCAGGEAGCOTECCOTOGCATAS
TGGCCAGGGCACGTCACTGCAGECCAGGTCAGCCACCAGCTEGGCAGCATCATERACCTCTTCACTACCAGCCTS
GCCCTTOCCECCCTGACGCOGCCCAGCGACAGGECCAT TGATGECOTCAACCTCOTCCCCACCUTOCTGCACRGC
COCCTGATGGACAGSCCTATCTTCTATTACCETEECGACACGCTEATGECGGUCACCOTCRGECAGCACAAGECT
CACTTCTCGACCTGEACCAACTCCTGEEAGAACTTCAGAL AGGGCATTGATTTC TGOS CTGCACAGAACETTTCL
GGGGTCACAACTCACAATCTGGAAGACCACACGAAGCTCCCCCTGATC T TCCACCTGRGACGAGACCCARGCEAS
AGGTTCCCCCTCAGCTTTGUCAGCGCCGAGTACCAGGAGGCCCTCAGCAGGATCATCTCEGTCGTCCAGCAGCAC
CAGGAGGCCTTGETCCCCGCGCAGUCCCAGCTUAACCTGTGCAACTGERCGGTCATGAACTGECCACOTCCRAGT
TGTGAAAAGTTAGGGAAGTETCTGACACCTCCAGAATCCATTCCCARGAAGTGCCTCTEGTCCCACTAG
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FIGURE 4

HUMAN N-ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) POLYPEPTIDE
SEQUENCE (SEQ ID NO:4)

MAAVVAATRWHQLLLVLEAACGMGASGAPQPPN I LLL LMD DMGWGDLGVYCEPSRET PN LDRMAARGLLFPNFYSA
NPLCESPSRAALLIGRLPIRNGFY TTNAHARNAY TPOEIVEGI PDSEQLLPELLEKACYVSKIVGKWHLGHRPOFY
PLKHGFDEWFGSPNCHEFGPYDNKARPNI PVYRDWEMVGRYYEEFP INLK TG EANLTOI YLOEALDF T KRQARHHP
FELYWAVDATHAPVYASKPFLGTSORGRYGDAVREIDDSIGKI LELLODLHVADN TFVFFTSDNGAALISAPEQG
GENGPFLCGKQTTFEGGMREPALAWWPCGHVTAGQVSHOLGS IMD LA T TS LALAGL TPRPSDRAIDGLNLLPTLLOG
RLMDRPIFYYRGDTLMAATLGOHKAHFWTW TN SWENFROGIDFCPGON VSOV T THNLEDHTKLPL I FHLORDPAE
RFPLSFASARYQEALSRITEVVOOHCEALVPADPOLNVUNWAVMNWAP PGCEELGKCL TP PES IPKKCLWSH
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FIGURE 9A-B
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FIGURE 10
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FIGURE 11
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