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2011/ 154520PCT/ %ﬁ%oljy%gé%gg 3n organelle founded in the cytoplasm of eukaryotic

cells, which serves as storage for many hydrolytic enzymes and as a center for

15 degrading and recycling cellular components. This organelle contains several
types of hydrolytic enzymes, including proteases, nucleases, glycosidases,
lipases, phospholipases, phosphatases and sulfatases. All enzymes are acid
hydrolases.

Lysosomal storage diseases (LSDs) are caused by genetic defects that

20  affect one or more lysosomal enzymes. These genetic diseases result generally
from a deficiency in a particular enzyme activity present in the lysosome. To a
lesser extent, these diseases may be due to deficiencies in proteins involved in
lysosomal biogenesis.

LSDs are individually rare, although as a group these disorders are

25 relatively common in the general population. The combined prevalence of LSDs
is approximately 1 per 5,000 live births. See Meikle P, et al., JAMA 1999;
281:249-254. However, some groups within the general population are
particularly afflicted by a high occurrence of LSDs. For instance, the prevalence
rates of the Gaucher and Tay-Sachs diseases in descendants from Jewish

30 Central and Eastern European (Ashkenazi) individuals is 1 per 600 and 1 per
3,900 births, respectively. The Finnish population is also afflicted by an

uncommonly high LSDs prevalence rate.
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syndrone, are LSDs caused by a deficiency in one of the enzynmes involved in
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It has been shown that the adm nistration of an AAV5 vector co-expressing
sul fam dase and the sul fatase activator SUM1 in lateral ventricles of
newbor n NPBI2b11A5wI20e is able to correct many neur ol ogi caCTawrdoihobets or al
alterations. See Fraldi A et al., Hum M. Cenet. 2007; 16:2693-2702. 30
However, this proposed course of action has several shortcom ngs. First,
the CW pronoter utilized has been reporded to silence. Second, the |ong
termeffects of the co-expression of sulfam dase and SUVF1 have not been WO
2011/ 154526FTrdees oot repylign gomestiar 95 prespsyatiqn of reusgnaldfppelion due fthe
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pref erably dsgbcibhR) Vé@atsamyY Oéremdﬁmﬂébf@?‘@iﬁb%fs' tﬂ@sv%'i:tdr'\d?%mcm ehaye, the
first aspect of the invention refers to nucl eotid
gene therapy applications, due to thelr high transductlon efficiency and their
lack of pathogenicity. AAV vectors efficiently transduce post-mitotic cells and
several pre-clinical and clinical studies demonstrated the potential of AAV
vector-mediated gene transfer to efficiently drive sustained expression of
therapeutic transgenes for a variety of diseases. See Daya S, Berns K, Clin.
25  Microbiol. Rev. 2008; 21:583-593.

It has been shown that the administration of an AAV5 vector co-
expressing sulfamidase and the sulfatase activator SUMF1 in lateral ventricles
of newborn MPSIIIA mice is able to correct many neurological and behavioral
alterations. See Fraldi A, et al., Hum. Mol. Genet. 2007; 16:2693-2702.

30 However, this proposed course of action has several shortcomings. First, the
CMV promoter utilized has been reported to silence. Second, the long term

effects of the co-expression of sulfamidase and SUMF1 have not been



WO 2011/ 154520PCT/ EP2011/ 059678 5 sequence that is a codon optim zed
sequence of human sul fam dase that allows the transcription of a nore

st abl e nRNA.20TNiSgs28equence i s transcri bed at hi gher rat esT/Exed 1iobsref or e,
produces higher yields of the sul fam dase enzynme. The sequence has a better
expression profile and is nore effective therapeutically 5 than other
attenpts to codon optim ze the sul fam ddse nucl eotide sequence. These

increased levels in the. enzglme exﬂpressi on are_followed by an increase in
t he serum $§PESIANEE lhist NOY £lgar dfl thewfergxprrssialdat SUBAF i avee necessary

gl yocosam I fe | at i ' i
denuonce | 2E ORI g Eirliteh Blne R I SohRrihaiA e (BB ent
10i denti ty viith SH@hidale) orily t Mbird cAAVG esctbyr hahe aplont elistriliitRn Withior tha

In a second aspect, the invention relates to a gene construction conprising

t he nucl eoth é\é/éﬂ?er?é@ BPre KePerigrly, ﬁaepé%'tveay o ﬁ@?ﬁm@@ﬁ?i'f&tﬁ.the%ra'” e
resentgin i I oy A t t are

P 5! N\&Ihd fHese! wttdl's é!(?]ée’ae@i)g%u@ﬁ}{ é(r%PEr%h§dMEtFo*ﬁBc%§fh§n%é]§ﬁ%l ti8bes

capabl e of passing across t ainbarrier (B ow nore 15
t r opi sm f orthus, frfcec@rectionaifrsostaticqithenesypeTisi achid ieoWisy fallewsng thasraplareach.

tivity tq.be i ifically.i brai duci pg_the .GAG
Ul at | il PG e i etarsiated Bk Bk 47 R TR RE i 0B, The
AAV ser ot Y prwhorh ANPSAlA ke, N ERBEFRGhYs Wéﬂ@l rlteb@ﬂba Nnf SldeP@dict, JpARCT eas

and nuscle tissue, thus potentiating the overall therapeutic benefits of
t he i nvent iNRSIIFoisregualy siiggnosedfaftar Jadivears of age.nhe ArRwhoen @nyipakm@dghd 9

 nj oot 10n, 15 B0V GaleRE for efEhG 4IE Bhee TS oRbpinBhl AT bblnGs,

target the skel ¢ glewiobitleddiffileulticBtiongiaghesiagMiPSIIA &) birthotHead@gslopient
central nervous system the |evels of sulfam dase expression achieved with
im vect or Aidherapeytiadpiervaittionsestagiog: inceany, afhthoed hasi ke papposed. It

adm ni stratj i Wy |

Ul arm daedPomaroreRRien 1REL 1B nkak o HERERY PR Ipftiitel SopBk ety
several typeafawiddsesinuadult niteldesudtelriai littld iasslioratidreof theeCNS phebetype,
appr oa al so abl e to, produce hjgh |levels of circul ajing sul fam dase
acti vi 55 W?'&’hé%%rt‘brt%irﬁ t'yeg/oP‘P%rchBSqLffé'oé‘oﬂ%ﬁf?rén%}c&9 SR KR Fe b

MPSITTA i n iy |senihichtysd @nidd famnby ddifetNRISDaSG0E; oty 4255981 ahed Wid h the

di sease. These results”provi de evidence of the efficacy of AAV-nedi ated
gene transfuse of viral vaoiosmsdth migivhnl trangiictipA efficacy an difg@asechese AAM osel y

bl i i ni | A 2011/ 154520PCJI/ EP2011/ 059678 6. i . Th
| moentor s xR En et Py, bible niatgn el Sfaalrede il sokle T

al terati onpotdntiiplaeliorate or corrblee tHEeRureRiYRdd pathdgy.of the present
i nvention may further conBrl se adequate pronoters, such the CAG or hAAT

pronot 8Ps, Tthe igeatmert cidPSHIA viecgenaitherepy regyressgioss efffcigntl veptergansl  For

i nstance, t r r.j h h r i S
t hus nore asgg?\%%esl%t ggﬁﬁguéé&f%@&g;ﬁ@éﬁ)ﬁ’ gt?]eréui%f gr\n%czrl@é%ﬂ?hgéq o@gceiarr{
peri ods of dffeative (PaatrhentadfidPShibhd, Thiche iss alsettiie aredefbf noaslyamirobbiee AT

pronoter nake it an ideal vehicle for delivering foll ow up or naintenance
doses of sii¢ dFgaiEest ofhthigdlisease dhatr weoulkk havespohanged security features.

MPSIIIA is a rare disease and is therefore an orphan disease. The
25 pharmaceutical agents developed specifically to treat this rare medical condition

will be orphan drugs.
SUMMARY OF THE INVENTION
30 The present invention provides a new nucleotide sequence for the

treatment of diseases, preferably for the treatment of mucopolysaccharidoses

(MPS). Therefore, the first aspect of the invention refers to a nucleotide
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accunul ati on and inproves the clinical outcome of individuals suffering
fromMPS. Only one adm nistration may be 15 sufficient because the
pronoter and the nucl eotide sequence of & he sul fam dase, | ocated between
the inverted termnal repeats (I TR) are incorporated in the genone of the
cel I's of t$8AHAReS (Al 2 cPHen spdirizedhsequRfIce ¢fdiunar suifamigi@saitbat alloven i s
enough to | ntion
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sequence ofratelse ah'drmbrefepmmrodbcéélhlghquéldemf mhes@mmdawainzymei orheor the
expression vector of the invention, a four
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use as a nedi canent medi canent may be 25i ncreasi ng the
sul fam dasél'mseumr‘eysedmlet\ﬁeds imduy en&ymee@weesloeplra&dmad yhen apyreasein gene

therapy or for thetrea th a

i nvention ff at 887U aS fH'&'aS‘For af:ﬂ\é'typroah%‘f"ingn 5#‘et hE® PHSSIE N&tors
of the firglyceda eﬁﬁp(@ApraMWﬁmbt.@rﬁl that causes thel Migefext Bapppect,
the |nvent|on relates to a neth for manufacturing the 30pharnmaceuti cal
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The present invention also provides new AAV vectors with serotype 9
that are capable of passing across the blood-brain barrier (BBB) and show more

15  tropism for different brain structures. This allows the sulfamidase activity to be
increased specifically in the brain, reducing the GAG accumulation and
therefore improving the neurological symptoms of MPS. The AAV serotype 9
shows also an unexpectedly high tropism for heart, pancreas and muscle
tissue, thus potentiating the overall therapeutic benefits of the invention.

20 For example, after administrating AAV serotypes 8 and 9 (AAV8 and
AAV9) vectors to adult MPSIIIA mice by intravenous (iv) injection, to target the
liver, or by intramuscular (im) injection, to target the skeletal muscle, or
intracisteranally (ic), to target the central nervous system, the levels of
sulfamidase expression achieved with im- vector delivery were not therapeutic.

25 The intracisternal administration was able, not only to increase the level of
circulating sulfamidase, but also, to revert the somatic phenotype of MPSIIIA in
several types of tissue, including brain tissue. The liver-directed approach was
also able to produce high levels of circulating sulfamidase activity, which
surprisingly corrected the somatic storage phenotype of MPSIIIA in full and

30 significantly the neuropathology associated with the disease. These results
provide evidence of the efficacy of AAV-mediated gene transfer of sulfamidase

in adult MPSIIIA mice, a disease model closely resembling a human clinical



5 construction, expression vector or pharmaceutical conpositions of the
invention in the manufacture of a nedi canent for increasing the sulfam dase
activity wo?2heskrdy, for enzyne replacenent therapy, fecTgee@ibsrapy or
for the treatnment of nucopol ysacchari doses or nucopol ysacchari dosis type
[11A. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1. Intramuscul ar delivery
of AAV1- CAG nu- SFMD-WPRE. (A) Sul fam dafe activity in skeletal nuscle of
control, MPS and treated mice. (B) Sulfam dase activity in serum of

control, MSStted T'F%a*ﬁé@”ﬁ‘ﬁ’%e\Ner@C)abletOGPWf@iQiﬂiYnG@Tr?@é poffigaggmatic and
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delivery of V8- CAG nmu- SFMD- WPRE. ((A), . Sul fami dase activity in skel et
muscl e of @S{AA P%ie ARG OLETS: t%lt\ggtgaen?é@ QVB?‘%O G MOARSe o e%?@frpﬁ'
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quantification in [i ver contr ol treat m ce. Val ues are neans
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P<0. 05 vs. untreat ed - npt detected. Figure 3 tr enous ivery
of AAvE: CASRASIDOBHEam G Bk 1650¢ianetorss 0B e, g P GHGeRaae: B rol

MPS and tr%@tét arrrUCéerncé@ oftkef A HR$E6maedri bk iti dh ﬁi%"ap%qu:leci@ﬁﬁbﬁ‘lrerrrﬁfs and
treated mce. (C) dycosam noglycan (GAG quantification in |iver of

control, MbSlawdptareagistenance doges gé subiamidasgnd he Sprtref ofstheexgregsien per

group P \Y/ o] S MPS.
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(A) Sul famuql@@peamt em;(tt;; in liver of control, MPS and treated m ce (B)

Sul f am dase actr vity in serumof control, MPS and treated nice.

G ycosam nogl ye Asq. dheAAVwesters of dhe pogsernt mrpnoagr@?geshatwﬁﬁwqiw. on
e ver sha. B 8,805, LhEptb TLERURLLRS s a0 FEgfch © ©
unt r eat ed Ma&omtﬁ) of niativithiatx tsefferifg drore MPSA@ihly oored iadministratien meay ddeogi cal
pat hol ?gy suffl\éllzzasnltl lb%c?u(s:g Etalié eE)romoter and the nucleotide sequence of the
sulfamidase, located between the inverted terminal repeats (ITR) are
incorporated in the genome of the cells of the individual. Therefore, a single
parenteral administration is enough to get a long-term effect.
In a third aspect, the invention relates to a pharmaceutical composition
20  comprising the nucleotide sequence of the first aspect of the invention, the gene
construction or the expression vector of the invention.
In a fourth aspect, the invention relates to the nucleotide sequence, the
gene construction, the expression vector or the pharmaceutical composition of
the invention for use as a medicament. The medicament may be used for
25 increasing the sulfamidase activity in the body, for enzyme replacement
therapy, for gene therapy or for the treatment of MPS.
In a fifth aspect, the invention relates to a method for the production of
the expression vectors of the first and second aspect of invention.
In a sixth aspect, the invention relates to a method for manufacturing the

30 pharmaceutical compositions of the third aspect of the invention.
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mice. Values are means + SEM of 4 to 8 mice per group. ¥ P<0.05 vs. control,
#P<0.05 vs. males, * P<0.05 vs. untreated MPS. ND: not detected.

Figure 3. Intravenous delivery of AAV8-CAG-mu-SFMD-WPRE. (A)

25 Sulfamidase activity in liver of control, MPS and treated mice. (B) Sulfamidase
activity in serum of control, MPS and treated mice. (C) Glycosaminoglycan
(GAG) quantification in liver of control, MPS and treated mice. Values are
means + SEM of 4 to 8 mice per group. ¥ P<0.05 vs. control, #P<0.05 vs.
males, * P<0.05 vs. untreated MPS. ND: not detected

30 Figure 4. Intravenous delivery of AAV8-hAAT-mu-SFMD. (A) Sulfamidase
activity in liver of control, MPS and treated mice. (B) Sulfamidase activity in

serum of control, MPS and treated mice. (C) Glycosaminoglycan (GAG)
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(i1)-(j). Figure 14. Liver transduction after 1ntfaci sterna? (\Jllel I very of
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Figure 6. Intravenous AAV9-CAG-mu-SFMD. (A) Sulfamidase activity in

15 different parts of the brain (depicted in the diagram) of control, MPS and treated
mice. (B) Glycosaminoglycan (GAG) quantification in the same parts of the
brain. (C) Assessment of motor function by accelerating Rotarod test. Values
are means * SEM of 4 to 8 mice per group. ¥ P<0.05 vs. control, * P<0.05 vs.
untreated MPS.

20 Figure 7. Brain transduction after intracisternal delivery of adeno-associated
virus serotypes 1, 2, 5, 7, 8 and 9 GFP vectors. A dose of 5 x 10" vector
genomes of the appropriate vector was administered intracisternally to 2 month
old animals, which were sacrificed and analyzed 2 weeks later. Adeno-
associated virus serotype 9 demonstrated the highest efficiency of transduction

25 in all analyzed areas. Syringe indicates the route of vector delivery, the cisterna
magna. P: Pons, Cb: cerebellum, OB: olfactory bulb, Ht: hypothalamus, Cx:
cerebral cortex.

Figure 8. Intracisternal delivery of AAV9-CAG-mu-SFMD vectors.
Glycosaminoglycan (GAG) quantification in different parts of the brain (depicted
30 inthe diagram) of control, MPS and treated mice. Values are means + SEM of 3

mice per group. ¥ P<0.05 vs. control, * P<0.05 vs. untreated MPS.



l0after vector admnistration. DEPOCSIT OF M CROORGANI SMS The pl asm d
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reduced in iv-AAV8hAAT-treated mice, and most of the perineuronal glial cells

in these samples presented an aspect similar to that of WTs (bottom panels).
(1) neuron, (2) perineuronal glial cell.
Figure 11. Survival in intravenous AAV8-hAAT-SFMD treated males and
15 females. (A) Kaplan-Meier survival analysis in WT, MPSIIIA and intravenous
AAV8-hAAT-SFMD treated males. Treatment with AAV-mediated liver-directed
gene therapy considerably extended the lifespan of MPSIIIA animals (p<0.001).
(B) Kaplan-Meier survival analysis in WT, MPSIIIA and iv-AAV8-hAAT-SFMD
treated females. Treatment with AAV-mediated liver-directed gene therapy did
20 not extend the lifespan of MPSIIIA females (p= 0.467).
Figure 12. Survival in intracisternal and intravenous AAV9-CAG-mu-SFMD
treated males and females. Kaplan-Meier survival analysis in WT, MPSIIIA and
AAV9-treated males (A) and females (B). Both intracisternal and intravenous
treatment with AAV-mediated gene therapy extended the lifespan of MPSIIIA
25 animals.
Figure 13. Intrascisternal administration of AAV9 vectors to dogs leads to
transduction of widespread CNS areas and liver. Immunohistochemichal
detection of GFP in CNS and liver sections of a dog injected with AAVS-GFP
through the cisterna magna. The images correspond to: (a) spinal cord, (b)
30 olivary body of the medulla oblongata, (c) raphe nuclei of the pons, (d)

hypothalamic nuclei (e) rhinencephalon (f) occipital cortex, (h) frontal cortex, (i)



Herein, the % sequence identity is calculated dividing the nunber of

nucl eotides that are identical after aligning SEQID NO 1 and the

candi dat ew0Qo11g8¢i2eénce, by the total nunber of nucl eoti #€3/EPR01BAIH NO 1
and nmultiplying the result by 100. The term "codi fy" refers to the
genetic code that determ nes how a nucl eoti de sequence is translated into a
pol ypeptide or a protein. The order of tbe nucleotides in a sequence
determ nes the order of am no acids along a 15pol ypeptide or a prot ein.
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anount of a given substance will var factors such as the nature of

t he subst ameeasuree witua dlusrogeirie @ubs%altel ¢R) GAfe sieregedndhsduer ésmenthshe
ani mal e and the purpose of giving the 30 substance.
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The ef ndi vi dual case nay be determ ned enpirically
by a skilled artisan according to established nmethods in the art. WO
2011/ 154520PCT/ EP2011/ 059678 12 The term"individual" refers to an
arbitrary DERGSIT E}Fem?:BQC}R%MﬁMﬁ non- human manmal , nore preferably

nouse, rat, other rodents, rabbit, dog, cat, pig, cow, horse or primate,
further nore preferably human. The term "operably |inked" refers to the
functional rel afliherplasitiid pAAVECAGEed-harSIBMD Waspjrecpxmntted oael\zlayr‘icﬁé‘ &0t h,

to t f int bl
| oked 150 andeairgoss quthes BEM a7 ot Boy HEMZ anDariei RogapimiuRE von
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sequence of 1nte However, an enhancer does not have to be contlguous
to the seqllr'@deeald?epu’ctllemﬁermanyontrol its expression. 10The term "tropisnt

refers to the vay l Bati§ hArV CAE M EFME SR a0 HehaRliSh G M& 16™, 2011,

under access number DSM 24818 at the DSMZ — Deutsche Sammlung von

20  Mikroorganismen und Zellkulturen, Inhoffenstralle 7 B, D-38124 Braunschweig,
Federal Republic of Germany.

The plasmid pGG2-hAAT-mu-SFMD was deposited on May 16", 2011,

under access number DSM 24819 at the DSMZ — Deutsche Sammlung von

Mikroorganismen und Zellkulturen, Inhoffenstral3e 7 B, D-38124 Braunschweig,

25 Federal Republic of Germany.
DEFINITIONS

The term “nucleotide sequence” refers to a nucleic acid molecule, either
30 DNA or RNA, containing deoxyribonucleotides or ribonucleotides. The nucleic
acid may be double stranded, single stranded, or contain portions of both

double stranded or single stranded sequence.



preferentially target specific host species, or specific cell types within
t hose speci es. The term "gene therapy"” refers to the transfer of
geneti c reDenizls432e. g. DNA or RNA) of interest into a h@®SI/HPeOIOEHTS Or
prevent a genetic or acquired 15 disease or condition. The genetic
material of interest encodes a product (e.g. a protein polypeptide, peptide
or functional RNA) whose production in ¢¥ivo is desired. For exanple, the
genetic material_of interest can encode an enzyne, hornone rece{)tor
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human al ph antitrypsin pronoter (i ID NO. 4 e Hafenrichter H,
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refers 5‘0 te’%?atﬂ@ﬁ@& 'n‘f@l‘wé YariTRech 20the AHRBNSBEAfSQ* ahd BLIRT L5 KIdrithREES

into an organism The vira vector particles carry the viral genone. The
viral genorﬁeecéhmhlﬂéia athed., N1od. e‘kmdsﬂ&eq%ﬁc%ﬂ%ﬂ -3402 acdtAdidchelt Beeh t he

| TRs in the, exp on or t he production of the viral vector
particles. a‘f‘hg @82?% gégg’l Q{%gas vector particles are called AAV.
30The term " AAVH&6inoTthe I f §é udricel iHérﬁgﬁr@ c@ﬁﬁﬂ’é&bét@idld\ﬁ&%e REAISET of
particles. WD 2011/ 154520PCT EP2011/ 059678 13 DETAI LED SCRI PTI ON OF THE

| NVENTI ON  nucleotipgs ghat afeeidasticahbtien atgning t$leQskbyMNcd atd thee cendidateaspect

codi 11 20" SPRUBRG B s, LR Tucpef pREIEH G FEPE! 1 N Pl fullbbvingb nc ¢
i's at | easth&rdéultNgy ¢o@r ef erably, the sequence identity is at |east 90%

Mich nore preferabl the sequence identity is at |least 95% Even nore
preferably, the I§€qiRSAt eCOiBNt liafgrsi to ke IW'CQB‘@QG NBat dstesminesh W tahe

sequence | %%?[ggtt | rs%q%bnl:gq'%rtraﬁglié}%d ihid ﬁé@g??ﬁ&e@ﬁ %dpr%lf@ﬂd*rﬁg%dent B¢

sequence 0 St’ aspec on I's nucleoti sequéence

SEQ | D NO tHe ruclentiokben erdaquerreatdetel’rmeinbﬂvtbetorder rofl aahiee acida alowd eot | de
sequen Né) 1 or a.biologically active variant of this sequence. A
bi ol og R%'YQ@P 8 AV &RRIRIN{ ncl udes a ol ecul e having the same bi ol ogi cal

activi ty aS SEQTHR tNffh ° %roi‘é‘lﬂ AdfelLRSA nﬁéﬁé@ﬁ%ﬂ‘a‘ﬁ]m&ﬁeﬂst&a Bhighesidal

activity refers to the t hat the nucl eoti de sequence S
that is folded into a globular form. Proteins can suffer post -translational

modifications, like the conversion of a cysteine residue to 3-oxoalanine,
glycosylation or metal binding. Glycosilation of a protein is the addition of
20 different carbohydrates that are linked covalently to the amino acid chain.

The term “effective amount” refers to an amount of a substance sufficient
to achieve the intended purpose. For example, an effective amount of an
expression vector to increase sulfamidase activity is an amount sufficient to
reduce glycosaminoglycan accumulation. A “therapeutically effective amount” of

25 an expression vector to treat a disease or disorder is an amount of the
expression vector sufficient to reduce or remove the symptoms of the disease
or disorder. The effective amount of a given substance will vary with factors
such as the nature of the substance, the route of administration, the size and
species of the animal to receive the substance and the purpose of giving the

30 substance. The effective amount in each individual case may be determined

empirically by a skilled artisan according to established methods in the art.
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dependi ng SIPTREE SIGCEP ' RY¥PERIY tYpe® _e(ultfgvaf"’a?ssi fication of the
VITUSEes In groughe @@W”@A@J&Brﬁdléﬂ”r reféRskél Bt taPbhatibRefsrRicet vpetHy the
AAV, determned by its capsid proteins, defines the virus tropism and

al | ows29t s c¥iamggalayisisa egp¥cenhanass| ¢lememt 13k chinkenppPantiot pemeer t(he.
adeno- assod CLOre DAk L.l ' ri | Qwy. : - AR
preferred e%r%%@lgrr%ﬁtégfs%hﬁ‘eltegéégﬂahzs%z%? BF@%‘-‘%@@@‘QQV@QO\%Q{ 'r?'(ggr'rpri ses
t he CAG pronot eThepesabl sShAThkednicteSERR NO tHe Kumaef efpted -aetittypsid s an

expressi on vector conprising the CAG pronoter,
promoter (i.e. SEQ ID NO: 4). See Hafenrichter H, et al., Blood 1994; 84: 3394-

3404.

25 The term “viral vector particle” refers to the genetically modified virus used for
the delivery of genes into an organism. The viral vector particles carry the viral
genome. The viral genome comprises the nucleotide sequence that is located
between the ITRs in the expression vector used for the production of the viral
vector particles. The adeno-associated viral vector particles are called AAV.

30 The term “AAV vector” refers to the adeno-associated viral vector particles.



25 the pronoter sequence being SEQ ID NO 3. Therefore, one enbodi nent of
the second aspect of the invention is an expression vector conprising CAG
pr onot er ,wohelpiseszot er sequence being SEQ I D NO 3 suit ablr&EpPR@n/osveest i ng

VPS. In a second preferred enbodi nent of the second aspect, the
expression 30 vector conprises the liver-specific hAAT pronoter operable
linked to SEQ ID NO 1. WD 2011/ 154520P&T/ EP2011/ 059678 15 A

preferred vector is an expression vector conprising the liver-specific hAAT
promot er, tHeTALGRDESGRIRHANOFTHE INNENTHQW: 4. Therefore, one

enbodi mrent of the second aspect of the invention is an expression vector
conprising the liver-specific hAAT pronoter, the pronoter sequence being
SEQ 51 D NO 4 suntalprefermd tendaddimgntyPhe sequenceArudt ther fiest pesyiecdfoft tre

present invention refers to viral vector particle | so call ed._expression
vect or, \Ahi'f&‘f?rkt,'ﬁf‘rhaésatt'ﬁésh%g%eéfﬂ'é%“%eekﬁ'ﬁél%@e@_ %éQt 'Peﬁg:ﬂs a£§BaE'FS P’ t he
I nventign, Q8 GrbRideERn CIB%U: UCtp@forablySXRé Se8LEAcY fditity W at éasiarand

aspect of the'invention. A preferred expression vector’ has serotype 1, 2,
5, 7, 8 or Morefpneferably; diesegdenia mlentitctsoat lpast PaVe Mach swretprptergbly,

A preferred expression,vector has ser 9 and co i ses iral genone
ol i et RaTRR et 08 AR R Ve 3Rerd BrRerably. el Shfue e
expressi on j¥éitPlis BerRaSE08Y Mot &éf&a@l@?tf@ﬁ@%&éﬂ:% idehtifyds atIeSIDvE.
conprising a hAAT pronoter operably |inked to SEQ ID NO "1. A

preferred éxp dvsroproteticsr entbodivent yive seauwencombriheersd aspest felitne

conpri shng . nr 0 | . SEQ | X referred
enbodi r?fgnt ,'rﬂf%@égxlgr@"s@%og[gevg(%"géﬂq%sé%ﬁ%@b(?i %_a@g%ra%mbh@rnze rﬁ, ﬁ'fe

pref er abl y inviBn Calatentoe nEEMBLId@ @kquiete SET BNQr Ebeaislogichpdom , t he
expression vector is AAV- hAAT-co- hu- SFMD, and nore preferably,

AAVS- hAAT- ¢8riant &ihis saysaagoh tiglagically aotiveryasiant irclugrs aprelegyleddvingt or
utilized whgd Ihge A GREPIREGE 128 BERY IDSNOAVP-dHY Bt 492U 57MBaquence
identity. Biological activity refers to the fact that the nucleotide sequence SEQ
15 ID NO: 1 can be transcribed into a messenger RNA that has increased stability
and therefore presents high translation rates, therefore allowing the expression
of high levels of active human sulfamidase.
In a preferred embodiment of the second aspect, the gene construction
comprises a nucleotide sequence having at least 85%, preferably 87%, 90%,
20  95%, 98%, 99% sequence identity to SEQ ID NO: 1. In a more preferred
embodiment, the gene construction comprises nucleotide sequence SEQ ID
NO: 1. A gene construction is nucleic acid molecule where different elements
have been engineered in a specific and desired manner. These elements may
be, among others, replicating sequences, control sequences, codifying
25 sequences, multicloning sequences or recombination sequences. In a preferred
embodiment, the gene construction is a vector. A vector is a nucleic acid
molecule used to transfer genetic material into a cell. Apart form the said
genetic material, a vector may also contain different functional elements that
include control elements for transcription, like promoters or operators,
30 transcription factor binding regions or enhancers, and control elements for the
initiation or termination of translation. Vectors include, but are not limited to:

plasmids, cosmids, viruses, phages, recombinant expression cassettes and



In a preferred enbodi ment of the third aspect, the pharmaceutical 25
conposition is admni stered by parenteral adm nistration. Parenteral

adm ni st rei0i2on/rsef2ers to the route of adm ni stration of paT(irarims®sas i cal
conposition as an injection or infusion. Exanples of parenteral

adm ni stration are intravenous, subcutaneous, intracisternal and

i ntranmuscul ar injections. Preferably, thé pharmaceutical conposition is
adm ni stered by intravenous or 30intracisternal adm nistration ] I n
anot her pr dEESPESORSTHIW ARR0-asIRCIHRE MOsEUa{ALY) aEe R ¥iral \eisteoprsticless a

2011, 154520RCRIREBIBEY A AT Lok, el nepLETOUCE GRRNGAREmol IR hus

particl e omstbdoetherddivennofvgetesrintef at begarisrant i on. In a preferred

enbodi nent of the fourth aspect, the nucleotide sequenc t he gene
construction, tHhe aeﬁb%fsgrggoﬁnﬁeemnt &h&‘%??%‘?”%éé%@t 9fg]‘hq H]V§%BP”¢ He s

phar macgut ig%@le db‘h@&tﬂéiiér?]%na %c@f’%h%tﬂ%%{ébb%r HEIr ARG aﬁfl %@sgg@?ﬁad In a

preferred odi nent, they are use I ncreasing the su ctivity
i n the body gene of intereshatsuaily poefrelledk by enpradiotentA promotends eonuaeotide

sequence, the gene cqnstruction, the.expression vector, t viral vector
partror e oReiHENSS SRR banSRuRBBLTES einer ot hErest, dTe Bt Red as
a nedi camepelfly GARYA® theRicHeehEiRterest. gene therapy, preferably gene

t herapy. The inventors propose a new gene therapy approach for the

. ~ap
treat nent of MP&INothrer preferpeditvestar Hatan §dﬁﬁ®@3é0¢|9t%£h/©@ﬁ§r-t mad Rrefesredknown

in the,art. { r I 0 e i |.fan dase.
mhe. endgne TEHAREREIfE b RpRRIS A% BERLE SLALES BPReRHRRT
consi sts i paf@RpeaolNgreathe OB penishat i Bntss M eragpar ta Cnbps (srefarrerl i S
deficient or absent. The enzyme is usually produced as a reconbi nant

prot ei n an@MRAHIMESst tHe SgretyPe he 9p AN agno-associatpd vectqlris Feyedaheerivacht |

t he nucl eot , e i i , the
Viral veot gL UREBURINE of o dUeR et bl Tk O T VT SEFRA PO EffeE:

i nvention dihe pA&f geabine issediltf of singbe-straated de ol riboroopeit ysad qlsaDNd)ses,

f | f | hari dosi ype |1 Sanfil d ,
or cf et 361 y AURY U6 GBS kUL 255 NomRA0RTHG (it chpBr Sasena i ree Thoe |1 1
Syndr ore t g Sy B ichd BreSRAELR|diNg RERBICPioh §55RAha ekl ddbchiia W

the present invention. 25In a preferted enbodi nent o _ fth aspec
met hod f or onhthepsechiypeé.ohhefsardiypexipribesclaasifiegtian of dhe t\iriseaviengrioopsi s

O o BRBh BRI, Pt G oyl SR WA idtofhingh by O
capsid proteins, defines the virus tropism and allows its entry into a specific cell
20 type. The production of the adeno-associated vector particles is described
below.
In a first preferred embodiment of the second aspect, the expression
vector comprises the CAG promoter operably linked to SEQ ID NO: 1.
A preferred vector is an expression vector comprising the CAG promoter,
25 the promoter sequence being SEQ ID NO: 3. Therefore, one embodiment of the
second aspect of the invention is an expression vector comprising CAG
promoter, the promoter sequence being SEQ ID NO: 3 suitable for treating
MPS.
In a second preferred embodiment of the second aspect, the expression
30 vector comprises the liver-specific hAAT promoter operable linked to SEQ ID
NO: 1.



between a first AAV term nal repeat and a second AAV term nal repeat, a 30
CAG or hAAT pronoter operably linked to the SEQID NO 1; a second vector
conpri si yoan11AAYs20ep gene and a AAV cap gene; and a t hiPCu/BPellos9678
conprising the adenovirus hel per function gene; WO

2011/ 154520PCT/ EP2011/ 059678 17 ii) co-transfecting conpetent cells with
the vectors of step i); iii) culturing the transfected cells of step ii);
and iv) purifying the expression vectors fromthe culture of step iii). In
a preferred enbddPHERIredYestoray 0 expregsiPrs ¥eeled cosnfising the hedispefics t he

first vect f . er,

enbodi ment TAEE ProBie TR teSREAcY eI SER MINGT R, IEIEbIEHne

ser ot épe 2.en11hsbcymbfnamﬁtthﬁrs@rcefdeespelcteobmb revdntionhis AAVex@apssienegeatdr t he
second vector are fromthe AAY r es 1, 2, 5 7, 8 or 9. Mire

pr ef er abl y,CO{THE'Swh@g]b/eﬁéﬁég'}{ei‘wggﬁﬁ%a tég(p[r BmolsresSaquERFe e INGASEQ
serotypg 9.pINO1930p4 grfop{rg%ﬁﬁg@@nbodl ment, the conpetent cells are
HEK293 cel | s. The vira ectors are adm nistered in sufficient

anount s to tranginethen éspestldf shanuiesentpneento:n sférfs o entirdl eeetlos pEfrtigene
transfer an exgﬁ%e)cfsi on to rovti de E bher agetﬁ]i C b(?netf't wi t hout utr;ﬂ]ue
adver se ef @g%q §¢ SHPETIPSIREL BAPTy WAL e albP e "Bry LT o661 S8V T Ect’s " Shi ch
can be det gkt p@chyf thdaagertlon, bethd GeAdtbRstiRMiohadr épréssion vectot Bf the
preferred enbodi nent of the sixth aspect, a nethod for manufacturing the

phar maceut is€aPnd gapestiafitb@inventione i nvention is clained. This method

viral Jotor paft PREREY Bl SRl VAR iR SERURIE TR 2 AR F RS A ThORS

20phar maceyréfeatcbwirt cegtbapbeickehasberotypecarrier to facilitate
adm nistration to yield the pharmaceutical conpositions of the invention.
The carrier is, # oreferedansrresgignerectar hashaerosyrRal % andneormsrises ¢hVirgl t h or

Wi Lhout a_peSRcalihKeeind RECRRALIREAU! boalapFATRES (bigig IFODS, | yophi | i zed

for re-suspension a e“tl ne m ni on or in solutron. 25In a
preferred enbodiAnprefernéd ielpressientdctas has tseratype 8hardd faod ¢oreariisesga airalibj ect

et 4By SRR SRR Pk ool eI R B pRSherces., 070s
CamT St o ron & PR @eSsRrClau hes>shaihes 480 daradse [l
genome comprising a hAAT promoter operably linked to SEQ ID NO: 1.
In a preferred embodiment, the expression vector is AAV-CAG-co-hu-SFMD
and more preferably, AAV9-CAG-co-hu-SFMD.

20 In yet another preferred embodiment, the expression vector is AAV-
hAAT-co-hu-SFMD, and more preferably, AAV8-hAAT-co-hu-SFMD or pAAV9-
hAAT-co-hu-SFMD. The most preferred vector utilized when the hAAT promoter
is used is AAV9-hAAT-co-hu-SFMD.

In a preferred embodiment of the third aspect, the pharmaceutical

25 composition is administered by parenteral administration. Parenteral
administration refers to the route of administration of a pharmaceutical
composition as an injection or infusion. Examples of parenteral administration
are intravenous, subcutaneous, intracisternal and intramuscular injections.
Preferably, the pharmaceutical composition is administered by intravenous or

30 intracisternal administration

In another preferred embodiment, the pharmaceutical composition

comprises a therapeutically effective amount of the nucleotide sequence, the



30 expression vectors or pharmaceutical conpositions according to the
present invention can be determ ned in accordance to dosage protocols known
in the arwo2brv@4ywef erred enbodi ment, the nucl eoti de sequare@Es/ 3Hene
constructions, WO 2011/ 154520PCT/ EP2011/ 059678 18 viral vector particles,
expression vectors or pharmaceutical conpositions according to the present
i nvention are adm ni stered once. 16n one additional enbodi nent, a
pharmaceutical conposition for gene therapy treatnent of MPS consists in

t he parent &€8€ a@ﬂﬁtm%lpnatth%nw@? aeter @ﬁﬁlci%élroﬁ‘e\/@éﬂﬂsswnﬁﬁp@i’n@‘ the

nucl eot i de;; tepce havi ng 90% sequence identity to SEQ ID NO 1. In

anot her additional enbodinment, a viral vector conprising the CAG pronoter
and a nucl eot i dén aguufemeel dabbdign&i%f skee| fmntteasphan} thieynuaedHide ddgudlocel i s

used for gene therapy for. the treatnent of a |ysosonpl storage disegse
10(LSD) by e 9&her aﬁ%@wt@n ith gePresision vector, the yHg H@?t%&ﬁ%?'%n%ﬂ the

enbodi ngnt ,ph%ﬂnééé/utvc%gtvci%r@gwgﬁttbnssr mé/nﬁ,e}agsma?éi@éagaé he nfedfie hemDyery and a

nucl eot | de "sequence 7% sequence i1dentity to SEQID NGO 1 1s used as
a nedi canemprefeoedreabodiR®rdnthaysarmdused firanetasimygr dneesidiahigasd Bictivinot her
addi ti onal enﬁogi ment, a pharnmaceutical conposition conprising a nucleotide
sequence héli‘/‘? 8 B8% sequence identity to SEQID NGO 1 and an ubi qui tous

promoter is admimifighédprRFerad esmbbiinent! HeatnR|<btiB8aSE&quence, the %é‘ﬂﬂé/i ng
described the invention in general terns, it will be nore easily 2
under st ood copsire¢tianendee t @xpressien | yarton ettenpriedl Weacter apartiglieesent 8 as an

1 ( il ety . o AL
proceD s g Ecdufeah HonHs R afip Jplbhto &rd i RiGs 4 (8l hent ey
herei n wer engpmst raptdindnt o jehe thigrapsgf prifébly Jbee MeéblyaTheriguertoad for

maki ng the vectors were: HEK293 cel l sc&lexpr essing El g%enes? hel per plasmd
provi di ng &RPRNA 7 eV GeRe thatary appegachdopthes reatmehaTdYRg! atharapeines

Lo =Shon 88 1 504 BPalE Ty I B R 50 ey Bkl B V2
t he constr WAV ekcions expedssindCs AGNMidbSd 5@ EHzZERROAIOEI6eR therapy (ERT)

15 is a medical treatment that consists in replacing an enzyme in patients where a
particular enzyme is deficient or absent. The enzyme is usually produced as a
recombinant protein and administrated to the patient.

In a further embodiment, the nucleotide sequence, the gene construction,
the expression vector, the viral vector particles or the pharmaceutical

20 composition of the invention are preferably used for the treatment of
mucopolysaccharidoses, more preferably of mucopolysaccharidosis type Il or
Sanfilippo syndrome, preferably through gene therapy. Within the
mucopolysaccharidosis type lll syndrome the subtype A is especially amenable
to respond to treatment with the present invention.

25 In a preferred embodiment of the fifth aspect, a method for the production of the
expression vectors of the invention is claimed. The process comprises the steps
of:

i) providing a first vector comprising the SEQ ID NO: 1 interposed
between a first AAV terminal repeat and a second AAV terminal repeat, a

30 CAG or hAAT promoter operably linked to the SEQ ID NO: 1; a second

vector comprising an AAV rep gene and a AAV cap gene; and a third

vector comprising the adenovirus helper function gene;



19 To generate sul fam dase-expressi ng AAV vectors, the cDNA of nurine

sul fam dase was cloned into an AAV backbone plasm d under the control of

t he ubi guwoaosl/tsyd2ni d CAG pronoter or the |iver-specifi ®CHAKRIOPO6IS0OR er .
Vectors (viral vector particles) were generated by hel per virus-free 5
transfection of HEK293 cells using three plasmds with nodifications. See
Mat sushita T, et al., Gene Ther. 1998; 5%7938-945 and Wight J, et al., Mol.
Ther. 2005; 12:171-178. Cells were cultured to 70% confl uence in roller
bottles (RB) (w)ﬁ@ﬁ@nsmlﬁgr@mnﬂenw IsiwitroienqatRisse &tesi)s Modi fi ed Eagl e

Medi um suppl emﬁq(ﬁlﬂu éhﬁf%ﬁ&?g‘[e@l %Eﬂfsﬁéb"g ?H§er um and then

co-transfected asmd carr € expression cassette
fl anked by the w)ralrifyindréhd desessivad/eatorgdjom He aulhabpsstgp dism d carryi ng

bl asm d car 1y nip BHECTELAMBRS RN Bl AIREILASd SFera ramlaCrapeaty Pba by
two congecyjd v tQFé%td%mai%"Iq'de?ro% QHbeﬂ?W :?%ls&?f)ﬁ %h% énéth@ﬂd&réﬂar%oot ocol

or an optim zed protocol as 15 previous See Ayuso E, et al.,
Gene Ther . eptddiment, 5@ 20/ r‘épcgenes vadr medlsabtylzcéd/%)gm peg feBS, thei AR ed,

Lintirfdugg rot&ﬁ? hlé%q&%tl voglﬂPoI %;‘?m ai.n ﬁa&tlgg\ and stor edfe?ht -80C

sul f ami daS%e@%v‘é’@ﬁ)rlérb|frdrﬁ(1hé$°\§\§’%reﬁ'd>t99e§ﬁt e I@I7 (SQ)erMdPe PPERYABIONLE;
Ri ken, Saitama, JP). DNA was recei ved inside the géasmd pFLC - Sgsh.

H gh-f i del ithg AROR GRS g§ee$ afnibe secandpredtor @ne feam fthai dAYeserotiipey Pngln egi on
W th pgine t € s .at 25 The
sequen?: (??] Hﬁ Rr @Eg@?&qg%@nesﬂé a%od Ogﬁré?qggﬁé(%gparr?n%égﬁé%%gﬁssSEQ ID NO 5

(Fw) CT TACT TATG&KG@%W@E&E&B@A@T@@H@I SHRibR Moubty R )ransfect the
TATCCTATCGACGCGT TCAGAGT TCATTGTGAAGCGGTC The backbone plasm d

pAAV- CAG WoRHS @RS tgdneyidesutiinient lsuelsof ganectsansienand s¥pressiasstar pevidene
AAV2 d th | | of
genomg, btpgff‘ap%@ﬁc CR%HBﬁterwnﬁ&ﬁ Y}'ﬁgﬁﬁy%i s%fff‘éﬁec?é" of NGith° é%égglé%ﬁfe‘awf/

rabbit 6-glo romoter is pronoter conpose

earl y/i nt eraceeptabie phhsinbgrcadlruﬂfebtse watficle loan ﬂédeﬁmﬁmme@r‘uymhose sKilleds in
pr onot is, able drive a potent expression ubiquitously. WO

2011/ 1%5526@@2@?195059678 20 The woodchuck hepatitis virus

post-transcri ptigngl diefhedf obmpBURIBI! drVARE) sixih aaisRadnavimetpogedyence

that is widely used as a cis-acting regulatory nodule I n various types of
pl asni d or manufactyeng the pharmsacatiieal pprapesitions phthesinvemtioraissilaited!. Tdig on of

f WPRE h 5 d f
O syone UENRRT Eokiies oo arge o S oy he s e eleDbet " agne

Zant a- Bous gohstMictinsahiral W&@ii6r gaditlesZ8t08iprd £5i6P 9ebtbPs of the invention and a
20  pharmaceutically acceptable vehicle or carrier to facilitate administration to yield
the pharmaceutical compositions of the invention.  The  carrier is, for
instance, water, or a buffered saline solution, with or without a preservative. The
pharmaceutical compositions may be lyophilized for re-suspension at the time

of administration or in solution.

25 In a preferred embodiment of the seventh aspect, a method for treating a
subject having mucopolysaccharidosis type IlIA with the nucleotide sequences,
gene constructions, viral vector particles, expression vectors or pharmaceutical
compositions of the invention is claimed. Schedules and dosages for the
administration of the nucleotide sequences, gene constructions, vectors,

30 expression vectors or pharmaceutical compositions according to the present
invention can be determined in accordance to dosage protocols known in the

art. In a preferred embodiment, the nucleotide sequences, gene constructions,



The PCR-anplified sul fam dase coding region was cloned into the M ul
restriction site of the AAV backbone plasm d pAAV- CAG WPRE, and the

resul ti ngwpl2asmmises2eas naned pAAV- CAG nu- SFVD- WPRE. See SEQHPRIINGS96IO7. b.
Construction of pAAV-CAG nu- SFMD The WPRE el enment in the

pAAV- CAG nu- SFMD- WPRE plasmd is 15 flanked by two EcoRI restriction sites.
To generate the pAAV- CAG nmu- SFMD pl asm @8 (accessi on nunber DSM 24818), the
pAAV- CAG nu- SFMD- WPRE pl asm d was digested with EcCoRI, to elimnate the
WPRE sequendal \@sonpartigles SXpERssithtYSEtersl iojapBarmagauticety gampesitians 2oc.

Constructi %&ﬁ&{\ﬂi ﬁgﬁ%g%ﬂh\’éﬁm are ?%miwiﬁe%%ﬁc G mu- SFMD pl asm d was

digested w 0 renove e nurine sulfam dase codi fying
regi on. Subsequémtdne, atiicion&@NAmbbdirhentc @dphaopadcenticat chmpasitionl forngatase
(co- hu- SFM)) was d[é\ested ﬁr@ %g cl oned at the sane Les riction sitfes to
generate t HECERAVIEARRY- RL-MERDCANSISH & (thecBaENssa WISEENPD 481 AN See

SEQ I D AIO idrPRNeEigicddhBriSh 1 hds st - 0
20111 1525280 EIT0 18 Bhoe g R ARICeA e e e, Yoo 00 %, ssqyenee
pl asm d enddefititgta BEQUAVRG:elp and AAV9 cap genes. e. Construction of
pG&X2- hAAT- nmu- SFMD 5 The murine.sul fam dase codi fying.regjon

o sed from ¢ hd PRRVSCEHITSRRIERERBIBFHS o o 1Bl VaF GesBITSING PRI GRC Thi s
regi on was pgrbebtet! £Hed dudldtidaesddudncs iHinobeséiérzacikbamig tBl e I
pG&2- hAAT to yield the pG&- hAAT- nu- SFMD plasm d (accessi on nunber DSM
24819) . SedNGEQIS usadfapgene.therapy for the treatment of a lysosomal storage disease

10  (LSD) by an intramuscular injection.
In another additional embodiment, an AAV vector with serotype 1
comprising the CAG promoter and a nucleotide sequence having 87%
sequence identity to SEQ ID NO: 1 is used as a medicament to treat MPS and
is administered intravenously.
15 In another additional embodiment, a pharmaceutical composition
comprising a nucleotide sequence having 98% sequence identity to SEQ ID
NO: 1 and an ubiquitous promoter is administered parenterally to treat a
disease.
Having described the invention in general terms, it will be more easily
20 understood by reference to the following examples which are presented as an

illustration and are not intended to limit the present invention.
GENERAL PROCEDURES

25 1. Recombinant AAV Vectors

The AAV vectors described herein were constructed by triple
transfection. The materials required for making the vectors were: HEK293 cells
(expressing E1 genes), helper plasmid providing adenovirus function, helper

30 plasmid providing AAV rep genes from serotype 2 and cap genes from the
desired serotype (i.e. AAV1, AAV2, AAV5, AAV7, AAVS8, AAV9Y) and, finally, the

backbone plasmid with ITRs and the construct of interest.



f. Construction of pGX- hAAT-co- hu- SFMD The codon opti m zed human

sul fam dase codi fying regi on was exci sed 15 fromthe pAAV- CAG co- hu- SFMD

pl asm d (Wocesgiseszonunmber DSM 24817) by di gestion w th RCEHEPET0BS67The
pG&2- hAAT- mu- SFMD pl asm d (accessi on nunber DSM 24819) was digested with
Mul to renove nu- SFMD gene and, afterwards, the codon optim zed hunman

sul f am dase codi fying region was cloned19n this site by blunt-end ligation.
The resulting plasm d was naned as 20 pG&X- hAAT- co- hu- SFMD. See SEQ I D NO
11. The pGde: HEORrels: HferNEnsa-axpregsitentAiieMeioth Hrs/2cPNRs oft meuHgAT

pronoter a - | ol v- | L QF |
Constructi %ﬁlf%&%p%g?%% iéggﬂ %ué%ﬁwgﬁﬁdm%&%h E%?rhtgfm.l o‘r:tyeect ors
wer e gener abeglitoys hgbpd CAGrprsrotereortthatiséespediic bAAREIBADterel | s usi ng

t hree plasm ds Mth nodi.fications. Sﬁe Mat sushi t a, 19%98, S igra and Wi ght,
2005, supra. CeMeSIUEr &/i@ YRAIQU RABUEIBS) NHIPI eRe@te %Ih“”ﬁ ehHUFLELq RB)
30 ( Cor Bl ngyarCRIRbATor MEKS dels UGN SHped SIBBTEI Wil QBN ddeen
co-transfected with: 1) a plasmd carfying the expression cassette flanked
by the vir MatsUsita pGFa/hA3dnae dhau-1SB8DP;938)940 ard peérghilaeitiad, Mat.rihiarg t he

AAV VWO 201 4520P /059678 22 rep? and the cotrrespondent enes
(caps or 9y 008nA25 1ol B dcclfemetk FyiTgel e A dmsTRnes o eF Holfks (R
Vectors wereoriihd f CothiRy, NV USN$e DVENEIDERECEsY s hiekifide Bagdl RrRUfuriS Ng
either a standard protocol or an OE'[I m zed protocol as previously
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t he 5V40- dedésrihepolapoadenyg) ad i gsipsi giasmidlfaryiyT theop@i\errepg anbythg d

pronoter conposed of the 4 tandemrepeats of the hepatocyte control region
(HCR) enhafOEESPPRFgRtheaRdIsEPHopIGt@P? Eeans end 3) a plasmid carrying the

adenovirus helper functions. Vectors were purified by two consecutives cesium
chloride gradients using either a standard protocol or an optimized protocol as
15 previously described. See Ayuso E, et al., Gene Ther. 2010; 17:503-510.
Vectors were dialyzed against PBS, filtered, titred by gPCR (quantitative

Polymerase Chain Reaction) and stored at -80°C until use.

a. Construction of pAAV-CAG-mu-SFMD-WPRE

20
Murine sulfamidase cDNA was utilized as starting material (Clone ID:
D330015N16; Riken, Saitama, JP). The cDNA was received inside the plasmid
pFLCI-Sgsh. High-fidelty PCR was performed to amplify the sulfamidase
codifying region with primers that included Mlul restriction sites at both ends.
25 The sequences of the respective sense and antisense primers were: SEQ ID
NO: 5 (Fw) CTTACTTATGACGCGTATGCACTGCCCGGGACTG and SEQ ID
NO: 6 (Rv) TATCCTATCGACGCGTTCAGAGTTCATTGTGAAGCGGTC.
The backbone plasmid pAAV-CAG-WPRE was generated previously and
contained both ITRs from the AAV2 genome, the CAG promoter, the WPRE
30 element and the polyA signal of rabbit B-globin. The CAG promoter is a hybrid
promoter composed of the CMV early/intermediate enhancer and the chicken [3-

actin promoter. This promoter is able to drive a potent expression ubiquitously.



10 human a-anti-trypsin pronoter. Its expression is restricted to

hepat ocytes. See M ngozzi F, etal., J. din. Invest. 2003; 111:1347-1356.
The vect owe 20f1/tS20pr esent i nvention were constructed a®CoOMP2019/05%78

nol ecul ar bi ol ogy techniques well known in the art. See Brown T, "Gene

Cl oni ng" (Chapman & Hall, London, GB, 1995); Watson R, etal., "Reconbi nant
15 DNA", 2nd Ed. (Sci entific American BBOks, New York, Ny, US, 1992);
Al berts B, et al., "Ml ecul ar Biology of the Cel|" (Garl and Publ i shi ng

Inc., New Yexkwosgichugk hepridis: vifugnpestyranscrigjional pggulatorpcemest 061RE)
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Oxford, GB, 1987 Rezni I mzing Cene Ssi on

( But t er wor iérelR e ghrtasBoBisindhata/. I\@eneﬁher 2‘5)09986)605%1/9 s L, et al.,
"Basi c Met hods i cul a ol ier Science Publishi . New
York. N S, 1988 PoESHBlinc SuBdhiadss Giling reaph e slsyrest it B Mt on
(W1 ey- VCHré/@thﬁ’éh Cém*éHofViﬁbnh\wvnbdelﬁboRQOél)asnﬁd @QAMAGS\Q/PR@ and the
2011/ 154520PCT/ EP2011/ 059678 23 heal thy control nmce were inbred from

het er ozygomgsulbmm@éasmd@smmmed/\aweééﬁﬂmeaww WIPREnalapsBE O D d¥@oni ¢
DNA fr tafl | -cli pped sanples, which anplifies a sequence enconpassing the
mutatio and its subsequent di gestion with MspAll restriction enzyne, as
previ ously descri bed. See Bhattacharyya R, 5 et al., dycobiol ogy 2001,
11: 99-103. Mce wer e fed_ad I|b|tumvv|th a standard di et (Panlab,

Bar cel ona, ES) &afomsirdeliomatpMMELAG-MUGPEMirk cycle of 12 h (lights on
at 9:00 AM). 3. Vect or administration and sanple collection 10 For
i ntravenous delivery of AAV vectors, a total dose of 1012 vector genones of
t he appr opri at e Th&VWIeREorlemert iim) teet pAAl\hCA@-mmBFM[MMPRESIdastnismI S
via tai i nt cular .injectign, 2-nonth-

wer e aflljést F%%g)yvxiv‘f%lifénwi?ﬂf'ét'% Sigs aﬁ?rﬂ@”@i@@ thg/ w&wﬁé@vpﬁﬁ (10
15 ny/ kg), [ RssBAS Bubel B8 9ab18) IRROFRARCAGABRIADIVARE ALY
vector were Inj ect into muscl es of the hind |inbs (quadriceps,

gast r ocnemiplasnaiddwas leiigested am’meEcoRI ftooglinbioate theg¥YPRRBtsetienoat Asd o¥asage,

m ce were anesthetized, and then perfused with 10 m of PBS
to conpl et &5 EHRSHA urﬂng}ﬂcﬁelfgraé?ﬁj %E? #@e%tl re brain and nultiple
somatic tissues (including liver, 20 spleen, pancreas, kidney, |ung,
heart, skeletal nuscle and testi cl esé were collected and either frozen in

| i qui d28i t r ogen caf@nstraetion o PARMECAG-¢arerSIEMDi n formal i n for subsequent
hi st ol ogi cal anal yses.

The pAAV-CAG-mu-SFMD plasmid was digested with Mlul and EcoRI to
remove the murine sulfamidase codifying region. Subsequently, the cDNA of
the codon optimized human sulfamidase (co-hu-SFMD) was digested and

25 cloned at the same restriction sites to generate the pAAV-CAG-co-hu-SFMD
plasmid (accession number DSM 24817). See SEQ ID NO: 9.

d. Construction of pAAV9-CAG-hu-SFMD

30 The pAAV9-CAG-hu-SFMD plasmid was obtained by co-transfecting
293HEK cells with the pAAV-CAG-co-hu-SFMD plasmid, a plasmid encoding



4. RNA anal ysis 25 Total RNA was obtained from skel etal nuscle and
liver sanples by using TriPure |Isolation Reagent (Roche Di agnostics,

Bar cel onawoB8)1/amitoanal yzed by Northern bl ot. Bl ots wer @ChyEreédiozsds wi t h a
muri ne sul fam dase probe, |abeled with 32P-dCTP by random primng with
Ready-to- Go DNA Label | i ng Beads 30( Amer sham Bi osci ences, Piscataway, NJ,
US). 5. Sul fam dase activity and ¢l vcosann' noqI vcan quantification WO
2011/ 154520PCT/ EP2011/ 059678 24 er, skeletal nuscle and brain
sanpl es werlke §6ﬁﬂ‘é‘élfl@d1¢|ﬁe'i/\%‘ﬂ“§¥*0%ﬁad@P'ﬁéﬁ’ﬁ'dﬂﬁ@@ofélﬁg it (N\VRaremBRAPEY n
super nat an % &({r{b a 4-net hyl unbel |'i feronederived fl uorogenic substrate
(Moscerdam At es, QOegstgeest, NL) as 5 described previously. See
Karpova E, et al., J. Inherit. Metab. Dis. 1996; 19:278-285. Sulfam dase
activity levels er e nor rral | ' gtal ampunt of protein,
quantified using 2 0- Rad, Hercules, CA US).

For gl ygosam nogl ycan (GAG) quantl f| catl on, tissue sarrpl es were 10

wei ghted and then digested with protei nase K and extracts were clarified by
centrifugati on dieé murineasultamida®e dodifging liegidan s@seexcisedditosn dhel pAAVie wer e

det i ned f t d g k Bi I

Car 1 ok or G TR DANE i Piesaficllpy hGRTiag: Bt Ik 2hist HelSEvdsh then
standard. Gffpddemed thd mwul§f@uﬁ&hwxwrb%ﬁ@dm@gtésmdwewmmd@iemh@nd in
urine to 15 creatinine concentration, neasured with u@g{)em ic kit &)HOI‘I ba

ABX, | rvi n@GCGAhASS)- m%SFM&m%@ﬂdapcwwﬁémbmﬂ%M 1R0r SepiXEQ |

12- 24 tl'n |n,\id(9rwl in, enbedded in paraffin and sectioned foll owed by

heat - i nguce epitope retrieval (citrate buffer, pH 6). For

i mrunohi st ochem cal detection of LAMPLl, paraffin sections were incubated

overnight at 4C with rat anti-LAVP1 anti bodé |(/|1D48 Santa Cruz

Bi ot echnol ogy, &daeasteyction afRGGIShARA TI-gedw-3EMD 100 and subsequently 25

i ncubated with biotinylat ed rabbit anti-rat anti body (Dako, d ostrup, DK)
at 1:300. LAMP1 signal was anplified by incubating sections with

ABC- Per oxi dase §thai codan bptim(z'éldehumaﬁcsi;lﬂfarﬁﬂﬂiase chIfyihgﬁ‘eth wdS) exatiseld 100

and visuyalized by uysin ZIdlne maAI , MO,

us) as 18 clf R f%g%i FPjILHg’:N‘ﬁS@ STHEEE %aumqmcﬁ%'\ﬂo%%@%y

M CrO0SCOPe gigestion with MIul-EcoRI. The pGG2-hAAT-mu-SFMD plasmid (accession
number DSM 24819) was digested with Mlul to remove mu-SFMD gene and,

afterwards, the codon optimized human sulfamidase codifying region was

cloned in this site by blunt-end ligation. The resulting plasmid was named as
20 pGG2-hAAT-co-hu-SFMD. See SEQ ID NO: 11.

The pGG2-hAAT-co-hu-SFMD plasmid contained both AAV2-ITRs, the hAAT

promoter and the SV40-derived poly-adenylation signal.

g. Construction of pAAV3-hAAT-co-hu-SFMD and pAAV8-hAAT-co-hu-
25 SFMD.

Vectors were generated by helper virus-free transfection of HEK293 cells
using three plasmids with modifications. See Matsushita, 1998, supra and
Wright, 2005, supra. Cells were cultured to 70% confluence in roller bottles (RB)

30 (Corning, Corning, NY, US) in DMEM supplemented with 10% FBS and then
co-transfected with: 1) a plasmid carrying the expression cassette flanked by
the viral ITRs (pGG2-hAAT-co-hu-SFMD); 2) a helper plasmid carrying the AAV



30 (Eclipse E800; N kon, Tokyo, JP). For parval bum n and cal bi ndin

i munost ai ning, paraffin sections were incubated overnight at 4C with
rabbit arwO-20al/t5u32di n D28k (Swant, Marly, CH) dil uted aPCI/EPO@Q/05%678 t h
rabbit anti- WD 2011/ 154520PCT/ EP2011/ 059678 25 parval bum n (Swant, Marly,
CH) diluted at 1:100. Afterwards, sanples were incubated with the

bi otinylated goat anti-rabbit |1gG (Vectd2 Labs., Burlingame, CA US), and
then with st rept avi di n- Al exa 488 (1:100, Mol ecul ar Probes, |nvitrogen,
Car | sbad, 2p2 @8 thgreprirapradenetap gpapﬁéaan&pﬁ Sropreh33 .2 plaggud osriyie
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buffer. Tefbr@ﬂn@fé?gfsa@B h9lf)r|d)ry5}bﬁ1d’ﬂer\/\/%ﬁ1pfdé@d06f Qhé%téﬁ@éfﬁot'épe%@es &AEH%
transferred to 20 pol yvinylidene difluoride nmenbranes and probed overni ght

at 4C with h@piam;e &anirpbgien dg&iRsenhanosr dgin thswanelipopratein Eand thed

ﬁo? glejlrjagl sh per oxi ﬁirs@ Sg@ﬁT%%Atsevﬁuﬁé é@f%s%?%ri)gsn (itg(g té?{ ?%g%%?é% 55t rup,

DK) and ECIMiRGoszi\esi @r.nJ otk t|h%tdmwt1l1qn134aaq;@56 (Arrer sham Bi osci ences,
Pi scataway, NJ, _US). 25 8. Transm ssion electron m croscopi c anal ysis
M ce were sacrl mh@eae@tpr%rpfov@r @wrﬁfmwgmmw%rﬁecm%tmqt% aca%@ngg:t eve,

Bar ol ona, ifdibodBe BEbEYRANKIBONKEN! RiofeNR, #R/3n' $db TBlurd. 2.0

gl ut ar al deh e and snal ortion (appr oXi ma
1mB) of tf@omlagé((ahapmbe &ﬂ-lallhdaohdme,rGBndIQ%) MsouerEm abf dem&)mblnab’el | um
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et al., “Molecular Biology of the Cell” (Garland Publishing Inc., New York, NY,
US, 2008); Innis M, et al., Eds., “PCR Protocols. A Guide to Methods and
Applications” (Academic Press Inc., San Diego, CA, US, 1990); Erlich H, Ed.,
“‘PCR Technology. Principles and Applications for DNA Amplification” (Stockton

20 Press, New York, NY, US, 1989); Sambrook J, et al., “Molecular Cloning. A
Laboratory Manual” (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, US, 1989); Bishop T, et al, “Nucleic Acid and Protein Sequence. A
Practical Approach” (IRL Press, Oxford, GB, 1987); Reznikoff W, Ed.,
“‘Maximizing Gene Expression” (Butterworths Publishers, Stoneham, MA, US,

25 1987); Davis L, et al., “Basic Methods in Molecular Biology” (Elsevier Science
Publishing Co., New York, NY, US, 1986), Schleef M, Ed., “Plasmid for Therapy
and Vaccination” (Wiley-VCH Verlag GmbH, Weinheim, DE, 2001).

2. Animals
30
A congenic C57BI/6 sulfamidase-deficient mouse colony (MPSIIIA) was
used. See Crawley A, et al., Brain Res. 2006; 1104:1-17. Affected MPSIIIA and



26 in cold cacodyl ate buffer, the specinmens were postfixed in 1% osm um
tetroxi de, stained in aqueous uranyl acetate, and then dehydrated through a
graded etwenoll/ses2nes and enbedded in epoxy resin. U traChier2eeosicons (600-
800 A) fromthe resin blocks were stained using lead citrate and exam ned
in a Stransm ssion el ectron m croscope (H 7000; H tachi, Tokyo, JP). 9.
Statistical analysis Al'l resul 28 are expressed as nean SEM
Statistical conparisons were 10nade using either t-test or one-way ANOVA
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See Fi gurezl. A and JgB 0I nlglasddi tion, very low but significant vector-derived
sul f am das&IHYHPEALHA0 Me¥-Jobserved in the Iiver of these mce, indicating
that, at the nonent of injection, the vector |eaked fromthe skeletal
e liver. Even with the | ow

: 5 € achi eved, correction of GAG
accurml18t lon was seen in liver, and a significant reduction in sone other
somati c tissues (spleen, heart,

For intravenous delivery of AAV vectors, a total dose of 10'? vector

genomes of the appropriate AAV vector were injected into 2-month-old MPSIIIA
animals via tail vein. For intramuscular injection, 2-month-old MPSIIIA animals
were anesthetized with a mixture of ketamine (100 mg/kg) and xylacine (10
15 mg/kg), and a total dose of 10'? vector genomes of the appropriate AAV vector
were injected into 6 muscles of the hind limbs (quadriceps, gastrocnemius and
tibialis anterior from both legs). At 10 months of age, mice were anesthetized
and then transcardially perfused with 10 ml of PBS to completely clear blood
from tissues. The entire brain and multiple somatic tissues (including liver,
20 spleen, pancreas, kidney, lung, heart, skeletal muscle and testicles) were
collected and either frozen in liquid nitrogen and stored at -80°C or immersed in

formalin for subsequent histological analyses.

4. RNA analysis

25
Total RNA was obtained from skeletal muscle and liver samples by using
TriPure Isolation Reagent (Roche Diagnostics, Barcelona, ES) and analyzed by
Northern blot. Blots were hybridized with a murine sulfamidase probe, labeled
with **P-dCTP by random priming with Ready-to-Go DNA Labelling Beads

30 (Amersham Biosciences, Piscataway, NJ, US).

5. Sulfamidase activity and glycosaminoglycan quantification




WO 2011/ 154520PCT/ EP2011/ 059678 27 pancreas), but not in others (Kkidney,

l ung). See Figure 1C. No reduction of the GAG storage was achieved in the
brai n. Basopba/245281 nt ramuscul ar del i very of AAV8- CAG nC SRRy IPREG78 A
total dose of 1012 vector genones of the AAV8- CAG nu- SFMD- WPRE vect or was
injected into 6 nuscles of the hind |inbs (quadriceps, gastrocnem us and
tibialis anterior fromboth | egs) of 2-8nth-old male and female MPSIIIA
10m ce. Ei ght nonths after the adm nistration, the injected nuscles
di spl ayed sul fam dase activity levels simlar to those of a healthy control
animal. See Fig 2 f fam td Vi ved in
serum (10- 15% o?j'li\};e(gh r%l}afgr{;rhg%@é %engj Pfégf'l&r%%éé%%tgoé&?'zé%tﬁgﬁée‘f@g?ﬁ%” iver
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seen ingli ﬁg@? a rer tion it 0 eghik n er
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storage was_achieved in.the brain, Exanple 3. |ntravepous delivery_of

ARVB. A, meraiy. VprmEoBin Epadih ol 08 1 Brodbid PrEBRE ety (Elelrét,

AAVB- CAG muepbles WEREUGICct or was injected into 2-nonth-old MPSITTA nice via
Ei

tail vein. ght ronths after adnministration, the treated mal es
di spl ayed sul f ainofdaglycasaminaglygan t(keAG) veyarifichiiom| dissu@i samples tWeke of
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Figure 3B. Those high | evels of circulating sulfam dase were able to
correct GAGEHRIBIREH atydnd i nBlypean , wdiated glyeasaminoglycan kit (Biocolor,

Carrickfergus, County Antrim, GB) with chondroitin 4-sulfate as the standard.
GAG levels in tissues were normalized to wet tissue weight and in urine to

15 creatinine concentration, measured with a specific kit (Horiba ABX, Irvine, CA,
us).

6. Histological analyses

20 Tissues were fixed for 12-24 h in formalin, embedded in paraffin and
sectioned followed by heat-induced epitope retrieval (citrate buffer, pH 6). For
immunohistochemical detection of LAMP1, paraffin sections were incubated
overnight at 4°C with rat anti-LAMP1 antibody (1D4B; Santa Cruz
Biotechnology, Santa Cruz, CA, US) diluted at 1:100 and subsequently

25 incubated with biotinylated rabbit anti-rat antibody (Dako, Glostrup, DK) at
1:300. LAMP1 signal was amplified by incubating sections with ABC-Peroxidase
staining kit (Thermo Scientific, Waltham, MA, US) at 1:100 and visualized by
using 3,3-diaminobenzidine (Sigma-Aldrich, St. Louis, MO, US) as a
chromogen. Brightfield images were obtained with an optical microscope

30 (Eclipse EB800; Nikon, Tokyo, JP). For parvalbumin and calbindin
immunostaining, paraffin sections were incubated overnight at 4°C with rabbit
anti-calbindin D28k (Swant, Marly, CH) diluted at 1:2000 or with rabbit anti-



WO 2011/ 154520PCT/ EP2011/ 059678 28 pancreas and urinary bl adder, and
significantly reduce it in lungs, but not in kidney. See Figure 3C for
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Aldrich, St. Louis, MO, US).
15

7. Western blot analysis

Halves of cerebellum were homogenized in protein lysis buffer. Ten
micrograms of protein were run on a 10% (wt/vol) SDS-PAGE, transferred to
20  polyvinylidene difluoride membranes and probed overnight at 4°C with primary
antibodies against calbindin (Swant, Marly, CH) and a-tubulin (Abcam,
Cambridge, MA, US). Detection was performed using horseradish peroxidase-
labelled swine anti-rabbit antibody (Dako, Glostrup, DK) and ECL Plus Western
blotting detection reagent (Amersham Biosciences, Piscataway, NJ, US).
25

8. Transmission electron microscopic analysis

Mice were sacrificed by an overdose of isofluorane (lsofluo, Labs.

Esteve, Barcelona, ES) and perfused via inferior vena cava with 1 ml of 2.5%

30 glutaraldehyde and 2% paraformaldehyde. A small portion (approximately
1mm?®) of the lateral lobe of the liver and of the culmen of the cerebellum were

sectioned and incubated for 2 hours at 4°C in the same fixative. After washing



WO 2011/ 154520PCT/ EP2011/ 059678 29 By 17 nonths of age, all untreated
MPSI 1| A mal es had died while 100% of iv-AAV8- hAAT- nu- SFMD treated nal es
were stilwoabivissi2Medi an survival = 14.2 0.5 vs 18.8 @©CI/EPoiLI0SI6TOr

MPSI 11 A untreated and treated mal es respectively, p= 0.001) This

i nprovenent was not evident in the female group, 5 where both treated and
untreated subjects showed simlar survifal rates (Median survival = 13.1
0.5 vs. 13.9 1.2 nonths for MPSIIIA untreated and treated fenales,.
respecti velly, cqld gaguhyjateThulfer. et tSnesiraens| WekhtPagtied He 1 Gwesmiefel s of

fan d e . . :
GAG r educt (BTOUME SR R pBfleods T 2 %0 4R §od il uHBHERS D
survi val ofgradedaugnolséries -doidVEnbeddtd dn Mpaixly | rAsimal dgathin tsketiorte (@00t r at ed

t he therapeut.l otential kK of sustained supraphysiql ggical |evels of.
circulatin L@u&f ﬁﬂ'i"d@?ereéﬁ‘t PR WeRe sirired Ly 19-'8?8&8?9&8 @XqrrigReiina

Tr et et Wl APUEOATn io<SENB (BFOOTSHhIChE fdieopan of MPSITIA male

subj ects. See Figure Exanpl e '5: Intravenous [Tvery of
AAV9- CAG nmu- SFMD A total dose of 1012 vector genones of the

AAV9- CAG mé §'t:a'\{%tiveﬁt orI 20 was injected into 2-nonth-old MPSITIT A mce via

tail vein ted mal es and femal es showed high | evel s of
circulating sul fam dase (500% of control levels in nmales and 150% i n

femal es), which efficiently corrected all somatic tissues in both genders.
In addition, giWiresHls rejiexprgssedaatcinesn HSEM. Biatistealcearoparigonshaemay

serotypg 9, signitfica 5. sulkfam dase_achiyH . r 1.1 1 h ai ns
of bot Eﬁgerﬁndéedregm%c%hee? flt?:el%én IyO%%o\?'?gc%‘ng\}C%iG\gg%sﬁgég s}f@rﬂ%ﬁhcaer g"éésjsr of

t he brain. coasidergtif < ®H0mnd 6B. Neuroi nfl ammati on (astrogliosis and

m crogliosis), characteristic of MPSIIIA was conpletely nornmalized in

AAVO-treated mce. In addition, AAVO-treated m ce perforned better in the
Rot ar od temgﬁtreat ed animals. See Figure 30 6C. WO

2011/ 15452 11/059678 30 12. By 17 nonths of age, all untreated

MPSI I I A mal es had died while 100% of iv-AAV9- CAG nu- SFMVD treated mal es were

still ?Jél ve at 20 nonths of age (p< Q.001 and p= 0.037 for MPSIIIA treated
versus 'entreated mal es, respectivel yy¥@88€ Ei gure 12. The femal e group

showed a simi|ar buti,}essskiRF B8RS of AATP-YETRR-SERFD WPRE and p= 0. 057

for MPSII1A treated versus untreated fenales, respectively). This result is
consistent with the |ower |evels of sulfam dase activity neasured in serum

of female animals, aft et & e HoPTRASIR B WRM-CAG-mu-SFMD-WPRE

vector was injected into 6 muscles of the hind limbs (quadriceps, gastrocnemius

20 and tibialis anterior from both legs) of 2-month-old male and female MPSIIIA

mice.

Eight months after the administration, the injected muscles displayed

high levels of vector-derived sulfamidase expression and activity, but very low

levels of sulfamidase activity were observed in serum (6-7% of control mice),

25 suggesting low secretion efficiency from the skeletal muscle. See Figures 1A

and 1B. In addition, very low but significant vector-derived sulfamidase

expression was observed in the liver of these mice, indicating that, at the

moment of injection, the vector leaked from the skeletal muscle into the

circulation and transduced the liver. Even with the low levels of circulating

30 sulfamidase activity achieved, correction of GAG accumulation was seen in

liver, and a significant reduction in some other somatic tissues (spleen, heart,



10Exanpl e 6: Intracistemal delivery of AAV9- CAG nu- SFMD A total
dose of 5x101 vector genones of the AAV9- CAG nu- SFMD vector was injected
into the wosbawmsas2znagna of 2-nont h-ol d anaest heti zed 15WPSIEPRA1AMRI S i n a
total volune of 5 pl. Three nonths after the administration, a

conpl ete correction of the GAG accunul ati on was achi eved throughout the
entire brain of treated aninmals. See Fighlre 8. Vector-derived sul fan dase

expression was also found in the |liver of treated animal, suggesting that,
after an i MBNSESas).puaNotdelqthensy(kidnere lunsdt See Figvreath. Nprredigionaf are

t aken up bbA@g’téHﬁbt v %Igergrgpg@npm% q}aﬁm this result, GAG accunulation was

al so normalizé |ntraC|sternaI delivery of the
AAV9- CAG rmu- SFMD vector ("ic-AAV9- CAG nu- SFMD') extended the |ifespan of
MPSIII A animals. See Figure 12. By 1% nnn& 2 of age, all untreated MPSIII A
mal es had di ed while 100% of ic- P mu- SFVMD treated mal es were

still akive at 20 m?Herﬁ:u@Eul%g@eﬁ 7y Y90 A B DSPADIAPRIPS! 1A L1 eat ed

versus untreated nal es, respectlv I gure 2 The fenmal e group
showed a simlar but Iess |rrpreSS|ve i mprovenent (p= 0.063 and p= 0.057 for

MPSIII A treated versu untr ped fenual es S
consi st ent mhﬁtms'%aﬁso it Féclor TR Stiesi IS AAVECAG Y SEMEIVERE ©
serum of fegg ctedit66 ﬂnGsé}éé/%f mhdm Gcfdé@hﬁ@;ﬂé -gas¥@cnemius
2011/ 154520PCT/ EP201 /059678 31 Exanp 7. I ntravenous l'ivery of

AAV9- CAG c@nlduumahmaotﬁmﬁrfrqmtbqthzlegsmharm@mhfdm matee?nwﬁ@aéeamsh@age of
the hu I%am dase was optim zed in order to reduce the vector
admi ni s ere ose. The object of this approach was to stabilize the

sul f am dase rrRNEu?mdrridnmﬁwt@rithé adramsdtadtionn thé bR ctay e dtded dipidngrd
product i on S?Jffar%?cliasemagﬁl\ﬁ’gl ferv%@ tsprr?llasratréethvoes%t 815 adhealthy control animal. See
Figure 2A. Low levels of sulfamidase activity were observed in serum (10-15%

of control mice). See Figure 2B. Vector leakage to the liver was also observed,

15  since vector-derived sulfamidase expression and activity was seen in the liver,

even at higher levels than in mice treated with intramuscular AAV1. See

Example 1. Correction of GAG accumulation was seen in liver and spleen, and

a greater reduction was observed in other somatic tissues (heart, pancreas,

urinary bladder), but kidney and lungs remained largely uncorrected. See Figure

20  2C. No reduction of the GAG storage was achieved in the brain.

Example 3:
Intravenous delivery of AAV8-CAG-mu-SFMD-WPRE

25 A total dose of 10" vector genomes of the AAV8-CAG-mu-SFMD-WPRE
vector was injected into 2-month-old MPSIIIA mice via tail vein.

Eight months after administration, the treated males displayed
sulfamidase activity in the liver at levels similar to those of control mice, but 4-
fold lower in females. See Figure 3A. Consistently, circulating sulfamidase

30  activity was high in males (similar levels to those of control mice), and lower in
females (25% of control mice). See Figure 3B. Those high levels of circulating

sulfamidase were able to correct GAG accumulation in liver, heart, spleen,



1012 viral genomes (vg) of the AAV9- CAG hu-co- SFMD vector were 10

adm ni stered intravenously to 2-nonth-old MPSIIIA mce via tail vein. At

| east a wbabd/isw2nease in the sufam dase | evel in the PCYaP201a95BB8 ai ned
in conparison with the non-optim zed gene. See Figure 9. Exanple 8:

151 ntravenous delivery of AAV9- hAAT- co- hu- SFMD Fol | ow ng t he sane
procedure than the one described in exa@®le 7, two nonth-old MPSIIIA m ce
are treated with 1012 vg of AAV9 hAAT- co- hu- SFVMD vect or, by i ntravenous
adni ni st r afd@pRTea% 8NE HEIN@gY Iblgdqes, amdesignificaniydsadlaeeiidn |P§9%Ob%a§htf‘ed in

the same V‘@(dr{e&at éé’rFu R, er vae G‘RéEbhénﬁrR%goﬁ] Z\%H)%Gﬂ‘%tlo%' o'f”é

with respec opt| m Zed gene racr st enal | very

of di fferemtomgeMaqoelssevﬁed\M@Aﬁa[H:P- WPRE 25 To eval uate the tropi sm
in the brain of the different AAV serotypes when adm nistered into the
cerebrospinal fluid, 5x101 vector genones of AAV1, AAV2, AAV5, AAV7, AAVS8
and AAVHQ vectors carrying the G-P re[p%,p,gf gene (CAG GFP- WPRE construct)
were adninistered to MPSIIIA nice 30intracisternally. Si gni fi cant
transduction of cells wagaaehows ddivieny bhaAYSsARY-ralHSHdPDot ypes, with the

hi ghest and | owest efficacies achieved by AAV9 and AAVl1l, WO

2011/ 154520PCT/ EP2011/ 059678 32 respectively. In the cerebellum the

reporter signal AV\@taHdzfs@tcﬁdm%éttb en@m@@&)fltﬁém\m RAATOMBISE G gédtby as
nmossy fibers, and especi al and AAV9, but also with the other

ser ot ypes, V@aecle,mctedamtaxﬂvaonthnolpd\ﬂRSH]Aenh@eJV@rtgll V@W‘eat er differences in

b ai n 90 daent ik ke *OhnSPRGon hechBRRS: meRiChiEBRYeUts LA o or

bul b and hla@nmqam in rthe N eAB00% i nélechegf wnonaauahmnasl RESies ferbRnt in
t he AAV7 group, whereas no GFP- S|t|ve cell bodies were observed with
AAVL1, AAV2 SUBIRGES, othealixgy §@lifamv§é§ leet reachesy &g same devel ngfpdieh SRk, t he

AAVY ser ot ypgid f ANSHUC R RE T 4&T Btdifatii 'SAMEmidE e \Was consistently

higher in males than in females (500% in males vs. 160% in females). See

15 Figure 4B. These supraphysiological levels of circulating sulfamidase were able
to correct GAG accumulation in all somatic organs, including the kidney. See
Figure 4C for liver GAG quantification.

Treated males showed low levels of sulfamidase activity, and reduced
GAG accumulation in brain. See Figures 5A and B. Purkinje cells of the

20  cerebellum of treated males displayed less electron-dense inclusions when
examined by electron microscopy. See Figure 5C. The intravenous treatment
with AAV8-hAAT-mu-SFMD vector (“iv-AAV8-hAAT-mu-SFMD”) achieved the
correction of the somatic pathology but only ameliorated the neurodegeneration
characteristic of MPSIIIA mice.

25 The cortex ultrastructure was analyzed by transmission electron
microscopy. No distinguishable differences were noted in the ultrastructure of
occipital cortical neurons of MPSIIIA treated and untreated subjects. A clear
enlargement of the lysosomal compartment was observed in the perineuronal
glial cells of the MPSIIIA untreated mice which was practically absent in treated

30 animals. See Figure 10. These results suggest that sustained high circulating

sulfamidase activity prevents neuronal degeneration in MPSIIIA subjects.



10 serotype led to a few scattered GFP+ cells. Cccasional GFP-positive
axons coul d be observed throughout the whole brain in all groups, which
possi bl y woapsactses2of rom neurons i nfected near the cistePoa/EragnasocsrAVo
vectors showed the highest transduction efficiency anong the different
serotypes. See Figure 7. 15 Exanple 10: Scal ability of the intracistenal
delivery of AAV9- CAG co- hu-SFMD for cliB®cal use 20As a first step toward

the potential clinical application of AAVO intracisternal delivery g\klet her
the pattern of D¥ahéMRrithenf 8seal sitreatad MESIHA malesthacheigd whilh 180Vl

with a noregr.el ) al NSt TQ:t BE 1 vg/ kg
of AAV9- CA féeél'g@‘ weﬁ?fgﬂdééq:&lpe\rﬂggtet%gﬂﬁ%é ?\?esr{a eérlt'r|1|aglll\m§egﬁgggﬁ‘a%hg’ez;\rl17 Ry Beagl e
dogs. A tot1al2 of 045 degd8v&er €0.onjreeitiad for MPSWAADNKTBARd ahd(degednesilesl and
4) a punp was used to infuse_the viral vector solution at a flux simlar to

the rate offearsstivelyneti R0 L This/ inwrayerneesyasinet eyidest e the i@naledyiounos. 2
A ! . _ . _
b S AR cbalf okRby ) et SRARAC snBA” SptroUMRL eres

was obser veliddiarm s@ivivas =ci1Dser 0B vhe130st epnaonBgar MRS Aaantrésteeshd | a
30 oblongata, the pons and the hypothal anus. See Figure 13b, ¢ and d. In

t he cerebeltfegigd fRmBaleseraspeatvaly.oe 0db HhEhisgerult & Congistent with thallgweew

i sol ated Pytkjnj . e S 8 i i C

gt on 1 ar YA SRS et RO EAS e BEGERImL nd ol PR awel o
t ransduct i aegode dhEAG: rddaictiogbsenecidnfemale Sisiendfs.gSweFigBiré 1dnd j . The
distribution of _.the virus throu e C_SF all owed the transducti on of areas

rough, th
di stantVto the Jgéen@reaierisindvel ehiv-_O¥R-NAA t-a-shiME Aeaieth Mirs WAdMaRs
frontal, pagyd Hpi X, : upard sk howed
5 oreat e Toine e PAsPAERIDHECr AL pARRES GRU R aHPR ek By 2863
reached al devalhef sircnkating sulfamidasa-BbiEingd thrmagh deeediredteidngemn traalsfer.

not oneur ons. and astrqgcytes,§ en ngl,i a., See, Fi gure The
ser quant | TEeREoniE MERAVEHAA BT GSEMY HRGHeS e freShrN s, MMESHEb ot oo
that the rahfleQubjdtis!BFRurd B¢, viral solution did not influence
significantly the efficacy or the 10distribution of the AAV9 vector. See

Table 15 Finally, simlar to the observations nade in mce after
intraci sternal delivery of AAV9, GFR | so detected in the liver of
Beagl e dogs, where an average of 3. ﬁ%ﬁp%e%at ocytes was transduced. See
Figure 14. These resul t migweaess eeligarytEmA/ICHGiRusSFwDof the AAV9 vect or
after intracisternal delivery. 15

A total dose of 10" vector genomes of the AAV9-CAG-mu-SFMD vector

20  was injected into 2-month-old MPSIIIA mice via tail vein.

Both treated males and females showed high levels of circulating
sulfamidase (500% of control levels in males and 150% in females), which
efficiently corrected all somatic tissues in both genders. In addition, given the
high efficiency of brain transduction of the AAV serotype 9, significant

25 sulfamidase activity was observed in the brains of both genders, which
efficiently corrected GAG storage in all areas of the brain. See Figures 6A and
6B. Neuroinflammation (astrogliosis and microgliosis), characteristic of MPSIIIA,
was completely normalized in AAV9-treated mice. In addition, AAV9-treated
mice performed better in the Rotarod test than untreated animals. See Figure

30 6C.

The intravenous treatment with the AAV9-CAG-mu-SFMD vector (“iv-

AAV9-CAG-mu-SFMD”) extended the lifespan of MPSIIIA animals. See Figure



Brain Area Dog 1 Dog 2 Dog 3 Dog 4 Frontal cortex +++ +++ ++ +++ Parietal
cortex ++++ +++ +++ +++ CQccipital cortex ++++
WO 2011/154520 PCT/EP2011/059678

30

12. By 17 months of age, all untreated MPSIIIA males had died while 100% of
iv-AAV9-CAG-mu-SFMD treated males were still alive at 20 months of age (p<
0.001 and p= 0.037 for MPSIIIA treated versus untreated males, respectively).
See Figure 12. The female group showed a similar but less impressive

5 improvement (p= 0.063 and p= 0.057 for MPSIIIA treated versus untreated
females, respectively). This result is consistent with the lower levels of
sulfamidase activity measured in serum of female animals after iv-AAV9-CAG-
mu-SFMD treatment.

10 Example 6:
Intracisternal delivery of AAV9-CAG-mu-SFMD

A total dose of 5x10'" vector genomes of the AAV9-CAG-mu-SFMD

vector was injected into the cisterna magna of 2-month-old anaesthetized
15 MPSIIIA animals in a total volume of 5 pl.

Three months after the administration, a complete correction of the GAG
accumulation was achieved throughout the entire brain of treated animals. See
Figure 8. Vector-derived sulfamidase expression was also found in the liver of
treated animal, suggesting that, after an intracisternal delivery, some vectors

20 reach circulation and are taken up by the liver. In agreement with this result,
GAG accumulation was also normalized in the liver.

The intracisternal delivery of the AAVS-CAG-mu-SFMD vector (“ic-AAV9-
CAG-mu-SFMD”) extended the lifespan of MPSIIIA animals. See Figure 12. By
17 months of age, all untreated MPSIIIA males had died while 100% of ic-

25 AAV9-CAG-mu-SFMD treated males were still alive at 20 months of age (p<
0.001 and p= 0.037 for MPSIIIA treated versus untreated males, respectively).
See Figure 12. The female group showed a similar but less impressive
improvement (p= 0.063 and p= 0.057 for MPSIIIA treated versus untreated
females, respectively). This result is consistent with the lower levels of

30 sulfamidase activity measured in serum of female animals after ic-AAVS-CAG-
mu-SFMD treatment.



++++ ++++ ++ Hi ppocanpus ++++ ++++ +++ +++ Hypot hal anus ++++ N. D. ++++ +
Cer ebel um + ++ ++
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Example 7:
Intravenous delivery of AAV9-CAG-co-hu-SFMD (codon optimized human

sulfamidase)

5 The codon usage of the human sulfamidase was optimized in order to
reduce the vector administered dose. The object of this approach was to
stabilize the sulfamidase mRNA and increase its translation, thus favoring a
higher production of sulfamidase from the same vector dose.

10'? viral genomes (vg) of the AAV9-CAG-hu-co-SFMD vector were
10  administered intravenously to 2-month-old MPSIIIA mice via tail vein. At least a
3-fold increase in the sufamidase level in the liver was obtained in comparison

with the non-optimized gene. See Figure 9.

Example 8:
15 Intravenous delivery of AAV9-hAAT-co-hu-SFMD

Following the same procedure than the one described in example 7, two
month-old MPSIIIA mice are treated with 10" vg of AAV9-hAAT-co-hu-SFMD
vector by intravenous administration into the tail vein. The sulfamidase level is

20 measured in the same way than for example 7. The results show a substantial

increase with respect to the non optimized gene.

Example 9:
Intracisternal delivery of different serotypes of AAV-CAG-GFP-WPRE
25
To evaluate the tropism in the brain of the different AAV serotypes when
administered into the cerebrospinal fluid, 5x10' vector genomes of AAV1,
AAV2, AAV5, AAV7, AAV8 and AAV9 vectors carrying the GFP reporter gene
(CAG-GFP-WPRE construct) were administered to MPSIIIA mice
30 intracisternally.
Significant transduction of cells was achieved in the pons by all

serotypes, with the highest and lowest efficacies achieved by AAV9 and AAV1,
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respectively. In the cerebellum, the reporter signal was located mostly in axons
identified morphologically as mossy fibers, and especially with AAV1 and AAVS,
but also with the other serotypes, except for AAVS8, in Purkinje neurons. Greater
differences in gene transfer efficiency were observed amongst serotypes in
distant brain regions. Many cells were transduced in the cerebral cortex,
olfactory bulb and hippocampus in the AAV9-injected group, and to a lesser
extent in the AAV7 group, whereas no GFP-positive cell bodies were observed
with AAV1, AAV2, AAV5 or AAV8 serotypes in these areas. In the
hypothalamus, the AAVS serotype transduced efficiently neurons, and the AAV1
serotype led to a few scattered GFP+ cells. Occasional GFP-positive axons
could be observed throughout the whole brain in all groups, which possibly
projected from neurons infected near the cisterna magna. AAV9 vectors

showed the highest transduction efficiency among the different serotypes. See

Figure 7.
Example 10:
Scalability of the intracisternal delivery of AAV9-CAG-co-hu-SFMD for clinical
use

As a first step toward the potential clinical application of AAV9
intracisternal delivery, whether the pattern of transduction observed in mice was
maintained in an animal with a more relevant brain size was evaluated. To this
end, 1.5x10"? vg/kg of AAV9-CAG-GFP-WPRE were delivered to the cisterna
magna of healthy Beagle dogs. A total of 4 dogs were injected; in two animals
(dogs nos. 1 and 4) a pump was used to infuse the viral vector solution at a flux
similar to the rate of CFS formation (1 ml/10 minutes), in the other two (dogs
nos. 2 and 3) the vector was infused in a few seconds. Figure 13 shows the
immunological detection of GFP in samples from dog 1. A strong labelling was
observed in regions close to the cisterna magna, such as the medulla
oblongata, the pons and the hypothalamus. See Figure 13b, ¢ and d. In the
cerebellum, despite being close to the point of injection, only few isolated

Purkinje cells were transduced, whereas in the hippocampus, a region far from

cord



Table 1. Sem -quantitative analysis of brain transduction after ic delivery
of AAV9- GFP vectors in healthy beagl e dogs. Several pictures of each brain
area wer evoaontesas2by t hree i ndependent observers and t h@CaEPL@EJO5I638
represented. 20The sem -quantitative criteria was the following: (+) |ess
than 10 G-P-positive cells/ 10X mcroscopic field; (++) 10-30 GFP-positive
cel s/ 10X microscopic field;, WO 2011/183520PCT/ EP2011/059678 34 (+++)
30-60 GFP-positive cells/ 10X mcroscopic field and (++++) nore than 60
GFP- posi t i Ve eisteraay oftsiant oespyetian ef he dentater@rug Ocevieaedee BIGHEI S 11:
orunct | onal (3L £ it ARAPEr RENIARRIMITR CukLABLAASRS (AARAHRE
Expressmn Easdettes 1 neludi A i mzed version of The human

sul f ami dasere&\lﬁlﬁaquwme(pmﬂhof SkjbBliovesech esi gmhaenhe&dxbm%d (hmlon

optirrizati?n V\%S per f rrre t0|ncfreasethe efficienc PF e|n
product i on TORW@yh@Ne FiRil | $F ey WherenBireas ﬁ'? %’@g
speci espandd teﬁk%ﬂfﬁé‘&id?ﬂ Sd¥ PighFE AL ni 4%y PhbIAE VecRiSkathes aﬁ)goof ile.

Mce were i zed for experinental purposes due to their simlarity t
human bei ndlse espinalheondr add cGFVe sigmphovay defedtbe inDusEranmogdnewwdes . an‘bb

ensure that hIS se uen e led o the producti.on of ve sul.fam

mal e MPSI I | ﬁrHF}ét&S 0 UG (R %t&ﬁ‘@g“g \g%% e[_ldg'd\,iet H3i‘x16® S\‘?H“%‘Faf&ﬁ

vector in woj ri%@nhé'f' S |¥eiz8Nen QﬁS@wl foidabgs heudeRBtdd th&f tﬁelwate of

ubi qui tous CAG pronoter. The activity of sulfam dase in the serum of these

m ce reachdfusionedisths wiralagolution ithd net infugnaeysignifiganiyp heysifiieacy anthevas

mai nt a ed f t e (2 nmonths). See Figure 15a. This
sustallr11 Sﬁ @nﬁbia&%%w%&%ﬁo?ysﬁﬁgpoe f‘he normal i zati on of the GAG
content in the IFirvllys giilaihes ethanobBévatishgrirhade tin wh@é éfmi m@ms@marved
wi th the AAV9-delivered nurine transgene. See Figure

publ i cati oR¢liv@tfMMInEFEl Wapalao agtecias '@btyellwebpbgﬁagl@ddw’ﬁ tVH?ﬁr? an
entirety by BRIRS 6'89% of hepatocytes was transduced. See Figure 14. These results

suggested systemic distribution of the AAV9 vector after intracisternal delivery.

15
Brain Area Dog 1 Dog 2 Dog 3 Dog 4
Frontal cortex +++ +++ ++ T+t
Parietal cortex ++++ +++ +++ +++
Occipital cortex ++++ ++++ ++++ ++
Hippocampus ++++ ++++ +++ +++
Hypothalamus ++++ N.D. o+ n
Cerebelum + ++ ++ ND.
Brainstem +++ +++ +++ ++
Medula oblongata | +++ ++++ +++ +++
Spinal cord +++ ++ ++ ND.

Table 1. Semi-quantitative analysis of brain transduction after ic delivery of
AAV9-GFP vectors in healthy beagle dogs. Several pictures of each brain area
were counted by three independent observers and the average is represented.
20 The semi-quantitative criteria was the following: (+) less than 10 GFP-positive

cells/10X microscopic field; (++) 10-30 GFP-positive cells/10X microscopic field;



25Wi l e the foregoing invention has been described in sone detail for
purposes of clarity and understanding, it wll be appreciated by one

skil | ed iwotha/#u320f rom a readi ng of this disclosure thaCTiERRIIOOSICHanges
in formand detail can be nmade without departing fromthe true scope of the
i nvention and appended clains. WO 2011/ 154520PCT/ EP2011/ 059678 35 CLAI M5
1. An isol ated nucl eotide sequence havi 84 at | east 85% sequence i dentity to
SEQID NO 1 that codifies for the protein SEQ |ID NO 2. 2. The isol at ed
nucl eot i de ($&4LEAEE GEEORRRItNE 9@"%1&@@0%@@9@ @@ﬁdﬁs*éqaémre thandit | D

O g CFRERSIRURISBAAALIEbARTEROTRE Thfeldifufue! ot do sequence

according to 1 gene construction according to
claim 3, wherein sald gene construction is a vector 155. The gene
construction according to claim 4, 2%'re|n sai d vector is an expression
vector. 6. The expression vector ac&SPdIAG o claim5, wherein said vector

s an ageno- 35qloRbPErYas OF codon SPmELR MRk SuksidiseIEC HASPHO)O Cl al m
, 2, 5,77, or 9. 8.

6, wherein the serotype I e expression v ctor
according to claim7, wherein the serotype is 9. 9. An expression vector

ﬁlco?orlfji ng to cl %x?)]rgss?gn asset{e% inclu ngpgocrcr)[c)itoﬁrop rr?lrzgg v)érsnl)rr]”%) (iihe %USE 'D
sulfamidase cDNA sequence (co-hu-SFMD) were designed and obtained.
Codon optimization was performed to increase the efficiency of SFMD protein

10  production in human beings by utilizing the most abundant tRNAs to the species
and by also taking into account its particular translation profile. Mice were
utilized for experimental purposes due to their similarity to human beings and
the predictive capacity of the mouse animal model.

To ensure that this sequence led to the production of active sulfamidase,

15 male MPSIIIA mice were intravenously injected with 1x10'? vg of an AAV9
vector in which co-hu-SFMD was expressed under the control of the ubiquitous
CAG promoter. The activity of sulfamidase in the serum of these mice reached
levels similar to that of healthy wild-type animals and was maintained for the
duration of the study (2 months). See Figure 15a. This sustained sulfamidase

20 activity led to the normalization of the GAG content in the livers of these
animals, similar to what had been observed with the AAV9-delivered murine
transgene. See Figure 15b.

All publications mentioned hereinabove are hereby incorporated in their
entirety by reference.

25 While the foregoing invention has been described in some detail for
purposes of clarity and understanding, it will be appreciated by one skilled in the
art from a reading of this disclosure that various changes in form and detail can
be made without departing from the true scope of the invention and appended

claims.



WO 2011/ 154520PCT/ EP2011/ 059678 36 11. The plasm d vector

pAAV- CAG co- hu- SFMD according to claim 10 with accessi on nunber DSM 24817.
12. An expwessilor4szect or according to claimb5 conpri si ngPaQTHERAN 1sBAOL er
5operably linked to SEQ I D NO 1. 13.The plasm d vector

PAAV- hAAT- co- hu- SFMD according to claim 12 wherein the adeno-associ at ed
vector is serotype 8 or 9. 1014. The pl a8 d vect or pAAV9- hAAT- co- hu- SFVD
according to claim 13 wherein the adeno-associ ated vector is serotype 9.
15. A phar n€deMMal conposition conmprising: the nucl eotide sequence
according to any of clains 1 or 2; the gene construction according to any
150f clains 3 to 5; or the expression vector according to any of clains 6
to 14. 16|. Th§1 phiar isptated i madlect?ximee?mér?ne lRadiog cit fepst 56h aequéibcd atentity |
parentera amnl refer y for intrav traci sterna
adm ni strati on. %tErfs ﬂ-}E\QDpﬂ altiieﬁcf%“h@o?ﬁ?&‘i“é%?%ﬁgf ing to any of
claims 35 or 16 conprising a therapeutically effective amount of: the

nucl eot1 de sequence according to any of clains 1 or 2; the gene

constructi on 2cddedisopted rarmfeatidec saguen@ wocarding to haaiex dr, eslsérem sait or
according to 25an of cl 4. 18. The pharmaceutical conposition
according to cl zfe §8C %@%@s‘ﬁ]’gg 1|t herapeutical |y effective anount of the
adeno- associ ated vector of serotype 9 according to claim9 for

intraci sternal adm nistration. o _ _
3. A gene construction comprising the nucleotide sequence according to

10 any of claims 1 or 2.

4. The gene construction according to claim 3, wherein said gene

construction is a vector.

15 5. The gene construction according to claim 4, wherein said vector is an

expression vector.

6. The expression vector according to claim 5, wherein said vector is an

adeno-associated vector.

20
7. The expression vector according to claim 6, wherein the serotype is 1, 2,
5 7,80r0.
8. The expression vector according to claim 7, wherein the serotype is 9.
25

9. An expression vector according to claim 6 comprising a CAG promoter
operably linked to SEQ ID NO: 1.

10.The expression vector AAV9-CAG-co-hu-SFMD according to claim 9

30 wherein the adeno-associated vector is serotype 9.



30 WD 2011/ 154520PCT/ EP2011/ 059678 37 according to any of clains 6 to 14,
or the pharnmaceutical conposition according to any of clainms 15 to 18 for
use as a wodoutiawseszo. 20. The nucl eoti de sequence accor diPag/EPR01A09608 cl ai ns
1 or 2; the gene 5 construction according to any of clains 3 to 5; or the
expression vector according to any of clainms 6 to 14; or the pharnmaceuti cal
conposition according to any of clains 36 to 18 for increasing the

sul fam dase activity in the body. 1021. The nucl eoti de sequence accordi ng

to any of clalhs'he Baspd veetofdNA\CERAECORY-Si M2 @sicarding o ciain @ withai ns 3

to 5; or the ex%rc‘ééééiBHn\ﬁﬁﬁ}eQrD cg‘r8q5ng to any of clainms 6 to 14; or the
phar maceuti cal conposition according to any of clains 15 to 18 for use as

medi cament for enzynme repl acenent or gene therapy, preferably for gene

t herapy. 15 2 The nucl eoti de sequence according to._any o aims 1 or 2;
t he gene cons%@-t'f&"t PY¥RIeseIonr Gy ?%:Oéa‘{ﬂg&f) %?'5? RE 03“?%3'35 %%Ag‘hep@mt%rssi on

vector gccor di ng)lpgpa@m{ngéd o QF@PSN@ 114; or the pharnmaceuti cal
C

conposition according to any o alnms 15 to 18 for the treatnent of
20mucopol ysacchari doses, preferably of nucopol ysaccharidosis type II1A or

Sanfili . 23..A nethod i j t.
v ot o BERR wi PECHE oAby AR a0l SERS R GaB oL FLI2 o
conprising the SEQrbiR theadbnbrHRbRRICH vEebIREserBtybelSbr AV term nal repeat

and a second AAV term nal repeat, a CAG or hAAT pronoter operably linked to
the SEQID NO 1; a second vector conprising an AAV rep gene and a AAV cap

Lot akd ect i Ty s BESE TP HAMYS RATCERRY P Bplgirid 16" i 211

wherein the adeno-associated vector is serotype 9.

15.A pharmaceutical composition comprising: the nucleotide sequence

according to any of claims 1 or 2; the gene construction according to any

15 of claims 3 to 5; or the expression vector according to any of claims 6 to
14.

16.The pharmaceutical composition according to claim 15 for parenteral
administration, preferably for intravenous or intracisternal administration.

20
17.The pharmaceutical composition according to any of claims 15 or 16
comprising a therapeutically effective amount of: the nucleotide
sequence according to any of claims 1 or 2; the gene construction
according to any of claims 3 to 5; or the expression vector according to

25 any of claims 6 to 14.

18.The pharmaceutical composition according to claim 15 comprising a
therapeutically effective amount of the adeno-associated vector of
serotype 9 according to claim 9 for intracisternal administration.

30
19. The nucleotide sequence according to any of claims 1 or 2; the gene

construction according to any of claims 3 to 5; or the expression vector



iii) culturing the transfected cells of step ii); and iv) purifying the
expression vectors fromthe culture of step iii). WO

2011/ 154520RaTi/1ER2011/ 059678 38 24. An isol ated cel |l tramsfT@Epe@d/osdsrh: the
nucl eoti de sequence according to any of clains 1 or 2; the gene
construction according to any of clains 3 to 5; or the expression vector
according to any of clainms 6 to 14. 5 287A net hod of manufacturing the

pharmaceutical conpositions of any of clains 15 to 18 which conprises
conbi ni ng t he n@Erawting éo sayuehelaing Gfalilfg of dhamhasmasewliGa congrosition he
gene constructi - | liai 5, g teXxpressi on
vector accordi n%%?ﬁ%%oglg%bg?lﬁsw%q?égfgf ; ug%ggéa rgﬁggcr?ncelﬁt ically
acceptabl e vehicle or carrier. 26.A nethod for treating

mucopol ysacchari_dosi s t |11 A conprising adnm nisfering to g subject

havi ng nucppo?@@g@cﬂ%\?'?é@i‘? SCHYRRCG p,cgogﬂ[gg _r‘i%é]”é(o?i 8 _'@gqhéﬁ%e tE‘écQﬁrlﬂ ng to

any of glaims 1c%hst¥ﬂcﬂd?1ea8@d}8in§5tocé’r§?bf Bfhihers ?&?%F‘ttﬁl&e&@re%@bbnox‘?e&bna' ms 3

to 5; or the expression vector according to any of clains 6 to 14; or the

phar maceut i cal ccopaing iteranycafcldimg G to ddy ocofthe |phiammatutical ®mposition
according to any of claims 15 to 18 for increasing the sulfamidase activity

in the body.

10 21.The nucleotide sequence according to any of claims 1 or 2; the gene
construction according to any of claims 3 to 5; or the expression vector
according to any of claims 6 to 14; or the pharmaceutical composition
according to any of claims 15 to 18 for use as medicament for enzyme
replacement or gene therapy, preferably for gene therapy.

15

22.The nucleotide sequence according to any of claims 1 or 2; the gene
construction according to any of claims 3 to 5; or the expression vector
according to any of claims 6 to 14; or the pharmaceutical composition
according to any of claims 15 to 18 for the treatment of
20 mucopolysaccharidoses, preferably of mucopolysaccharidosis type IlIA

or Sanfilippo syndrome.

23.A method of producing the expression vectors according to claim 6
comprising the steps of:

25 i) providing a first vector comprising the SEQ ID NO: 1 interposed
between a first AAV terminal repeat and a second AAV terminal
repeat, a CAG or hAAT promoter operably linked to the SEQ ID NO:
1; a second vector comprising an AAV rep gene and a AAV cap gene;
and a third vector comprising the adenovirus helper function;

30 i) co-transfecting competent cells with the vectors of step i);

iii) culturing the transfected cells of step ii); and

iv) purifying the expression vectors from the culture of step iii).



WO 2011/154520 PCT/EP2011/059678

38

24.An isolated cell transfected with: the nucleotide sequence according to
any of claims 1 or 2; the gene construction according to any of claims 3

to 5; or the expression vector according to any of claims 6 to 14.

25.A method of manufacturing the pharmaceutical compositions of any of
claims 15 to 18 which comprises combining the nucleotide sequence
according to any of claims 1 or 2; the gene construction according to any
of claims 3 to 5; or the expression vector according to any of claims 6 to

10 14; and a pharmaceutically acceptable vehicle or carrier.

26.A method for treating mucopolysaccharidosis type IIIA comprising
administering to a subject having mucopolysaccharidosis type IlIA the
nucleotide sequence according to any of claims 1 or 2; the gene

15 construction according to any of claims 3 to 5; or the expression vector
according to any of claims 6 to 14; or the pharmaceutical composition

according to any of claims 15 to 18.



