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(57) ABSTRACT

Proteopathies cover a wide spectnlm ofafilictions, including
ncurodcgcneratlvc lhscascs (c.g.. Alzhcimcr's, Parkulson's,
polvghlttunulc ducdscs sUch as HUU(alglul ul HUnnnglon s
disease, prion diseases); amyloidosis of other non-nervous
system pmteins such as )l-antitrypsin, imnlunoglobulin
light and heavy el(sins. iactadherin, apolipoprotem. Selsolin,
lysozyme. fibrinogen, atrial natnuretic factor. kemstin. Iac-
tofernn and beta-2 microglobulin, among others); sickle cell
dlseasc; calaracnn cystic librosis, rctlnlus plgmcntosa: and
nc7tbmgcntc dlabclcs ulsipldus Surpnslngly. the alhnuus-
tratlon of a sulfatase inhibitor is suitable to treat and/or
prevent the proteotoxicity commonly associated with pro-
teopatlnes I'he present invention. therefore. provides com-
positions comprising sulfatase inifibitors for the treatment of
proteopathies.
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FIGURES
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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COMPOSITIONS FOR TREATING AND/OR
PREVE!STING PROTEIN-AGGREGATION

DISEASES

'111('I

IN

I ('AI
11111 I )

[0001J 'the present invention is encompassed v ithin the
field of niedicine and pmvides a composition for use in the
treatments and/or prevention of pa)tain-segregation dis-
eases.

BACKGROIJNDART

[0002] The proper functioning of organs and cells wirhin
dil OigdiilSUI It:Iit:S Oil 111C piopCI 11111Ciloil Of pioIciilx A
protcui is a biologicdl mitiiy that lms a primary anuno acid
SCqiiCIICtx II SCCoild'Iu y SISUCIUIC Iild1 IOIIUS prolciil iltiitiaiilS
and includes, most importantly, alpha helices and beta
sheets; and a tertiary stnicture. a result of a complex folding
of the peptide chain in three dimensions that involve the
polypeptide chain backbone and amino acid side chain
interactions. Some proimns work ui a multi-subumt cum-
plcx. where thc arraugemcnt ol'ultiple proiems into a

quaternary structure becomes crucial for their proper fuuc-
tiol'I

[0003] The failure ol'protcuis io fold uito correct tiuu:-
dimensional stnictures can lead to diseases called protenpa-
thies (sometimes also referred to as protein-aggregation
diseases, pmtein misfolding diseases, proteinopathies or
protein conformational disorders). The Ibilure may be due to
one or niore mutations in the proteins* gene or to environ-
mental lactors such as oxidative stress, alkalosis, acidosis,
pH slufi and osmotic shock. Thc nusfokling of proteuis can
sometimes lead to clumpmg or aggregation into amyloid
plaques or hbrils that can exacerbate a disease Proteopathies
cover a v ide spectruni of afllictions, including neurodegen-
erative diseases (e.g . Alzheimer*s, Parkinson'. polygluta-
mine diseases such as Huntingtin in Huntiitgton's disease,
pnon discascs), amyloidosis of other non-nervous systmn
protcuis such as Jl-anuirypsin, Inununoglobulm ligh1 and
heavy chains, lactadherin, apolipoprotein, gelsolin,
lysozyme, fibrinogen, atrial natriuretic factor, keratin, lac-
toferrin and beta-2 niicroglobulin. amono others): sickle cell
disease: cataracts, cystic fibrosis; retinitis pi mentosa: and
nepluogenic diabetes insipidus.
[0004] Aniyloidosis refers to the pathological deposition
ol'roteins ui Ihc form of congopluhc, grcxn birclbingeni
libnls, when congo rcd-stained, either thsperscd or in the
form of locahzed aniyloidomas Such deposits are symp-
tomatic of several diseases, for example Alrheimer's Dis-
ease. infianimation-associated amyloid. type 11 diabetes,
bovine spongform encephalopathy (BSE), Creutzfeld-.la-
kob disease (CJD). scmpie and primary amyioidosis.
[0005] Amyloidoses nrc gcncrally cdtcgomzol into tlucc
groups: mator systmnic amyloidoscs, mdtor locabzed amy-
loidoscs, and misccllmicous amyloidoses. Malor systemic
amyloidoses include chmnic inflammatory conditions (e g.,
tuberculosis. Osteoniyelitis, etc k non-infectious conditions
such as juvenile rheumatoid arthritis, ankylosing spondylitis
and Crohn's disease„etcd familial Mediterranean Fever,
plasma cell dyscrasia (pnmary amyloidosis) and venous
fannlia1 polyncuropatlucs mid cardiomyopathies. Ma)or
localrztxl amyloidoscs uiclude: drdlysis-related amyloidosis,
Alzheimer's disease, Down syndmme, Ilereditary cerebral
hemorrhage (Dutch), and non-traumatic cerebral hemor-

rhage of the elderly. Miscellaneous amyloidoses include:
familial polyneuropathy (Iowa), familial aniyloidosis (I'inn-
ish). hereditary cerebral hemorrhage (Icelandic). C ID, Med-
ullary carcinoma of Ihe thyroid, atruil mnyloid. and diabetes
mclliius (insulinomas). Other amyloidoscs include those
rcfcrcnccd in Louis W. Hixl, "The Ami laid Diseases" in
('ecil's Textbook of Medicine 1504-6 (WI3 Saunders 8:
('o . Phihsdelphia, Pa 1996)

[0006] Transmissible spongifonn encephalopathies wlfich
cause CJD and Cierstmann-Strassler-Scheinker (CiSS) dis-
case arc dcscribcd by B. Chescbro ei nl., **Ti.aiisiaissible

Spangifarm Eaccphalaparhiesr A Rrief /arrodacrian** in
IIIE[.l)'S VIROI,O(IY 2845-49 (3rd Iidition; Raven Pub-
lishers, Philadelphia. Pa; 1996) and in I) ('iajdusek,
"Iafcciiaas aai) /aids Sabacare Spaagifttrm Iiaccphaltipa-
ihicr as Traasiiassibl» (.'erebral Amvlardases," 2851-2900
in FIELDS VIROLOGY (1996). Many of these diseases are
likely mcdiatcd by prions. dn infixuous protein. See S. B.
Pnwinen, "Pri aas" ui FIELDS VIROLOGY 2901/60 (1996)
and the references contained therein

[0007J I rying to eliminate specific fibrils has been the
objective of signiiicant research on amyloidosis but without
success. Current treatment of amyloidosis involves chemo-
therapy agents or steroids, such as melphalan and dexam-
cthasonc. Howcvcr, such d iredimeni m uot appropriate lor
all patimiis and is not cllbcute ui many cases duc io a lack
of specificity (IVO 2017,'07&540 A 1 ) Similarly, the treat-
ment of other proteopaihies which are not necessanly asso-
ciated with the fomiation of aniyloids have also had limited
success. Tints. there is a great need for alternatives that may
safely and effectively treat or prevent proteopathies.

[0008] The invcniors of the present Invenuon werc uii-
tidll)'IIICICSICd 111 Uilrdt Cllliig UCW CICIIICIIIS that govCnl IhC

genetic control ofaging in order to improve our understand-
ing of this intricate biological process To this aim, they
isolated thennotolerant nnitants and identified an allele of
the sul-2 gene (a gene which encodes one of the three
members of Ihe Caesarhabdirir elegaiis sulfatasc fanuly)
which contiuned an uiamn anng point mutauou Thc inven-
tors found Ihai worms carrying Ihc uincnvated version of thc
sul-2 gene lived longer than the wild-type.

[0009] Sulfatases are a large protein family mvolxed in
difl'erent bioiogical processes and they affect a wide range of
substrates. The collocation of sul-2 in the sulfatase phylo-
gcnciic Ircc is uncertain. But, whmi compnrcd Io mammal
sullhtascs, sul-2 clusters close to thc type H, F. E. D
Arylsulfatases and the t)pe ('teroid sulfatase that probably
originate fmm a conimon ancestor gene I'he imentors
hypothesized that sul-2 may exert its activity by modifyin
sulfated-steroid horn)ones.

[0010] Steroid hormone sulfatascs arc couscrvcd proteins
tlirt i piiriiCipaIC 111 dilICrt:ni proCt:SSCS, SUC11 dS SIIIIIUlaiiilg ihC

prolifeidiioil Of hor1lltiilC-iICpCIidCIII cdiicCIS (MUCIICI CI dl..
2015. Radrtcr Rev 36(5)1626-63). Specific inhibitors tiir this
type of enzyme have been aenensted, one of those is )'I'X64
(Nussbaumer 8: Billich, 2004. ttfed Rcs Rev 24(4):529-76).
STX64 has been used to treat patients with hormone-
dcpendeni cancers (Sianway et al., 2006. Clis Cancer Res.
12(S):1685-92). The invmiiors treated wild type worms wifli
STX64 and obscrvcd the same longevity clli:cts as In Ihe
sul-2 nnitants I Iosvever. S'I'X(14 did not further increase the
longevity of sul-2 deletion niutants. mdicatmg that the
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mechanism by wluch STX64 increases longevity is by
inhibiung thc sulfatasc activity of SUL-2 (WO 2014/154927
Al).

FICiURES

[tltll I[ ill(i. I'eduction of steroid hormone sulfatase
(STS) activity ameliomtes the symptoms ofproteotoxicity in
a C. e/egials Parkinson's disease model strain NL5901 (Van
Ham ct al.. 2010. Cell 142 601-G12). Nenuitodes expressing
ix-synuclein in muscle cells sufli:r from a reduced mobility
as they age (measured as number of times per mimite that the
head of the worm crosses the longitudinal axis of the body
(pitches)). but the rate is slowed doivn when (A) the nema-
tode comprise the sul-2(gkl 87) allele and (B) the nematodes
are treated with STX64. n=20: "'* represents p&0.001.

[0012] FIG. 2. Reduction oi'teroid hormone sulfatase
(S'Itg) activity alters the way that o-synuclein aggregates in
a C c/egaul Parkinson's disease model strain NI,5')01 (Yan
I 1am et al . 2010 C'e// 142 601-612). 'I'he graphs show the
(A) total number of aggvregates. (B) number ofaggregates &3

pm in size. and (C) number of aggregates &I pm in size of
ncmatodcs cxprcssing o&synuclcul fused io YFP and ncma-
todes cxplesslng thc seine ix-svnuclclll collstluct which
additionally comprise an inactive sul-2 allele, i e sul-2
(gk1 87) n 20; """" represeilts p&0.001; " represents p&0 05.

[00131 FICi. 3: Reduction of steroid hormone sulfatase
(STS) activity alters thc way that o&symiclcul aggregates in
a C. c/egaas ParMnsou' disease model strain NLS901 (Van
Ham ct al.. 2010. Cell 142 601-612). Thc graplw show thc
(A) total number of aggregates. (13) number ofaggregates e3
um in size. and (('j muuber of aggregates &I um in size of
nematodes expressing (x-synuclein fused to YFP treated with
DMSO and nematodes expressin the came o&synuclein
construct which additionally have bccn treat&xi with STX64.
n=20, "'"''" mcuns that p&0.001: ¹ represents p t0.05.

[tlt)14] I'IG. 4: Reduction of steroid hormone sulfatase
(STS) activity ameliomtes the symptoms ofproteotoxicity in
a C. e/ezans Parkinson's disease model strain I JA44 (Coo-
per et al., 2006. 5&lettre 313: 324-328). (A) The survival of
GFP-labeled dopaminergic ncurons cxprcssulg humim ix-sy-
nuclcin is ulcrcascd when thc ncmatodc comprises the
inactive sul-2(gk187) allele. 'tile graph represents the nunl-
ber of living neurons in nematodes ivhich are in day 6 v hen
the nematode comprises the wild-type sul-2 allele or the
inactive sul-2( k 1 87) allele. (B) A representative image of a
nenlatode which comprises the u ild-type sul-2 allele and a
ncmatodc which compnscs thc umcuvc sul-2(gk187) allele
at day 9. Black urrows point towards living dopannncrgic
ileili'oos il 37; p&0 0001

[00151 FICi. 5: Reduction of steroid hormone sulfatase
(STS) activity ameliorates the symptoms ofproteotoxicity in

C. e/egaas Hunting(on's ihsease model strmn AM140
(Morley et al. 2002. Px(AS. 99: 10417-10422). Thc ncma-
todcs lmvc bema modilicd to express a 3S polyglutiunulc
repeat fused to YI'P and the number of fluorescent aggre-
gates was counted at day 5 of adulthood (A) Graph shows
a comparison between a nematode v:hich comprises the
wild-type allele of sul-2 and a nematode wlflch comprises
thc inactive mutant allclc of sul-2. (B) Graph shows a
comparison betw ceo a ucmatodc which composes the wild-
typc allele of sul-2 aud a nematode winch comprises the
wild-type allele of sul-2 which was additionally treated v ith
S'I'X64. n 20: "'"'"'epresents p&0 (j()I

[0016] FICI. 6: Reduction of steroid hormone sulihtase
(81'S) activity ameliorates the symptoms ofproteotoxicity in
a C. c/egaas Alzheimer's disease model strain CL2006
(Luik, 1995. PXAX 92. 9368-9372). Ncmatodes exprcssulg
]3-amyloid in muscle cells suffer from paralysis as they age,
but the rate is slowed down when (A) thc ncmatodes
cmnprise the sul-2(gk187) aflele and (13) the nematodes are
treated with STX64. n=50; p&0.001.

[(N)17] FI(i 7''I'X64 treatment alleviated [I-amyloid
deposition aud cognition delicicncy in Alzhcuuer disease
mouse models (A) 'I'he etfect of intrahippocampal and onll
administration of STX64 in the passive avoidance test in
wild type mice injected with [I-amyloid oligomers in the
hippocampus. The number of mice in each groups was &5.

(B) Represcntativc fi-amyloid-inmlunoreactivc images
assessed in the frontal cortex and the hippocampus of
APP-PS I mice older tluin 15 months oi'agc after 3-4 weeks
of vehicle or STX64 intake (0.005 m /ml in drmk water).
(C)-(E), Quan/itive(ion of percentage oi']3-atnylotd area (C),
deposition density (D) and average plaque size (li) in the
frontal cortex and thc luppocampus oi'15 months-old
APP-PS I mice after 3-4 xveeks of oral administration ivith
STX64 or vehicle. n=4 mice per groups. (F) Time-course of
[3-amyloid deposiuon ul APP-PS I mice and thc efli:ct of 3-4
weeks STX64 oral trcauncnt on ]3-mny I old area ui thc I'ron/el
cortex and the hippocampus. 'I'he number of microphoto-
graphs used was more than 3 per mouse ((1) I itTect of onll
administration xvith 81'X64 in more than 15 month-old
APP-PSI mice, and comparison v,ith APP-PSI and wild
type mice older than 15 nlonth in the passive avoidance test.
The number of mice m each group was &5. Iu histologmal
analysis, " represent staustically sigluiicant difli:renccs
bctwimn veluclc and STX64 administrated APP-PSI mice.
In behavioral test, "'epresent statistically significant differ-
ences betiveen the short-tenn and long-term nlenlory ses-
sions (STM and LTM, respectively) and the tminin session
in the same experimental group/ and. + represent statistically
sigruiicant diflbrenccs bctw can the STM and LTM sessions
bctw tun each cxpcrimcntel group and [I-amyloid group. Onc
symbol rcprcscnts p&0.05. two rctteats of thc symbol rep-
resents p&0.01. and three nvo repeats of the synlbol repre-
sents p&0 001.

[0018] FICI. 8: STX64 prevented the deterioration of
motor activity in a mouse nlodel of Huntin ton's Disease.
I-mouth old RG/I mice were treated daily with dritdong
water compnsulg STX64 or thc veluclc pcr sc. At thc age of
2 nlonths. the nlotor activity of the mice was tested. n&5

nuce per group Result represent mean Sl(M "', p&005

[0019] FICi. 9; A comparison between STX64 and EMATE
in an Alzheimer*s disease model. i.e CIMC101 strain of C.
c/agnus (McColl et al.. 2012. Ma/iyeuradegerler 7 S7). (A)
In thc sul-2(gk187) dclction background thc number of
paralyzed worms wns reduced. Ciraph shows thc total mun-
ber obtained from three biological rephcate, n 100 ivorms
('lu-square, 2-sided, p-value 0.0161. (13) 'I'reatment ivith
STX64 at I pg/ml reduced the number of paralyzed womls.
Ciraph shows the total number obtained from three biologi-
cal replicatcs. n&120 womls. Clu-square, 2-siikd,
p-value=0.0014. (C) Treatment with ElVLSTE at I Ixawml

reduced thc number of paralyzed worms. Graph shows the
total number obtained from three biological replicates,
n&117 worms (.'hi-square, 2-sided, p-value 0.0091.
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SUMIVLI&RY OF THE INVENTION

[0020] Surprisingly. the inventors found that STX64 is
able to treat or prevent the formation of oli omers and/or
amyloids ui a C. Clegaas Parkinson's model, C. Clegaas
Huntingron's model Bnd C. Clegaas Alzhcimer's disease
nlodel (see lillig 1-6) In Parikinson's discase, I lunting-
ton's disease and Alzheimer's disease the patlx&genesis is
driven by the production and/or deposition of protein aggre-
gates (Murphy & Levine, 2010. Jztlzheuaers Dis. 19(1):311,
Stefanis, 2012. C&ald 5pwag Barb Perspect Med. 2(2)
B009399; Daldui ct al., 2017. Sci Rap. 7(1).6070). 11ius, thc
lrenlmmli or prev entiou of aggrege le spccws m these models
renders it plausible that STX64 can be used to treat and/or
prevent these protein-aggregation diseases 'ibis was con-
fimled in a mouse model for Alzheirner's disease where it
was fi&und that STX64 decreased the ii&nnation of [I-amyloid
plaques and reverted coyfitive deficiencies provoked by
inlraluppocmnpal admuiistmtion ol [barnylord oligomcrs
dnd In d ndnsgcnu: lllousc nuxlcl ofAlzllchnci 1 ldsi Bsc (sec
IIICi. 7)
[0021] Further, C. Clegaas compnsing inactivation muta-
tions ul II sUlfdlasc gene werc slnlllallv less prolu: 10 fbnn
harmful aggregates rendering it plausible that thi ~ etfect is
not only associated with S'I'X/&4 but is applicable to any
sulfatase inhibitor. The fact that this preventive/therapeutic
efi'ect vvas obtained in models for tluee difl'erenr protein-
aggregation diseases wherem the toxic proteins were

express cd in muscle cells or neuron cells rmldcrs II plausible
the I a su I fa 1 a ac inhibitor could bc used ro Iree 1 and/or prevent
any protein-aggregation disease
[0022] Thus, ui a lirst aspect, thc present uivcnnon pro-
& ides a composition comprising a sulfaldsc mlubilor lor usc
in the treatn&crit and/or prevention of a protein-aggregation
disease, prefen&bly m a patient and/or animal.
[0023] Further, ui a second aspect, thc present invention
pmvides a kit for use in the manufacture of a medicament fi&r

the treatment and/or prevention of a protein-agaregation
disease comprising a (i) sulfatase inlfibitor: and (ii) phar-
maceutically acceptable carrier and/or diluent.

DETAILED DESCRIPTION OF THE
INVENTION

I )efinitions

[0024] 1 he terms "individual". "patient" or "subject" are
used interchangeably in the present application to designate
a human being and are not meant to be limiting in any v. ay.
The "individual"„"patient** or "subject" can be of any age,
sex and physical condition. The term "animal". Bs used in
thc present Bppllcanoll, rcfbrs 10 Bn)'IUlllccllrilrlr cukary-
ouc hclcrotroph wluch is not a human. In a prefcrrcd
embodiment, the animal is selected from a Bmup consisting
of cats, do s, pigs, ferrets, rabbits. gerbils, hamsters, guinea
pigs, horses, worms. mots. nuce, cows, sheep. oats, alpacas,
camels, donkey~„ llamas. yaks. girafibs, elephants, meerkats,
lemurs, lions. tigers. kangaroos, koalas, bats. monkeys,
clumpanzecs. gorillas, bears, dugongs, manatees, seals and
Ihnloccriwcs.
[0025] As used herein, **plrdmiacculically accepurble car-
rier" or '*pharmaccuucdlly acccplablc diluent" memis any
and all solvents. dispcrsiou mcdm. codlings. annbactcnal
and antifiurgal agent~. isotonic and absorption delaying
agents, conlpatible with pharmaceutical administration 1 he

tenn "phamlaceutically acceptable excipient'* refers to any
substance li&rmulatcd alongside thc active uigrcdwnt of a
medicdliorh includixi for Ihc purpose of long-tenn suibili-
zation, bulking up solid formulations that contain potent
active ingredients in small amounts, or to confer a them-
peutic enlmncement on the active ingredient in the final
dosage foun, such as facilitatin drug absorption. reducing
viscosity. or enlmncing solubility. Excipients can also be
rlselril ln thc llliinUf iclUI1ng pl ocr:ss, to ald ul lhc llrindhng
of thc active substance conccmixl such as by faciblatulg
powder flowability or non-stick properties, in addition to
aiding in vitro stability such as prevention of denaturation or
a regation over the expected shelf life The use of such
media Bnd agents for pharmaceutically active substances is
v ell knovvn in the art. Acceptable carriers, excipients, or
stabibzers arc nontoxw. Io rccipimlts at the dosages and
conccntraru&115 clnplov'cd rind. wlrhoUI lhultlng Illc scope ol
the present invention, include: additional buffering agents;
preservatives; co-solvents: antioxidants. including ascorbic
acid and methionine; chelating agents such as I iD'IA; metal
complexes (e.g.. Zn-protein complexes): biodegradable
polymers. such as polyesters: salt-forming counterions. such
ds sodnun, poi)'hvdrlc sUgal Blcohols, Bnuno riclds, crick Bs

dldnnlc, glvclnc, ghuanunc, Bsparaglin) hBlullnc, Brgullnc,
lysine, ornithine, leucine, 2-phenylalanine, glutmnic acid,
and flrleonine; or anic su ars or sugar alcohols, such as
lactitol, stachyose, mannose. sorbose. xylose. ribose, ribitol,
myoinisitose. myoinisitol, galactose. gab&ctitol. glycerol,
cychtols (e.g.. inositol), polyethylene glycol; sulhrr contain-
iug rcducuig agents, such as urea, glutathiouc, tluocnc acid,
sodium lluoglycolatc. fluoglycerol, [alpha]-monotluoglyc-
erol, and sodium thio sulfate; loiv nlolecular weight proteins,
such as lnunan serum albunlin. bovine semm albumin,
gelatin, or other immunoglobuhns: and hydrophilic poly-
mers. such as polyvinylpyrrolidone Other pharmaceutically
acceptable carrier~, excipients. or stabilizers, such as those
dcscribcd in Remiugtoat The Science aud Prircticc 0/Phirr-
mirc& 22"'drtion, Pharnuiceurmdl press (2012), ISBN-13.
9700057110626 may also be included

[0026] The terms 'treatment" and "therapy'*, as used in the
present application. refer to a set of hy ienic, pharmaco-
logical, surgical imd/or physical means used with thc inlcnl
to cure aniffor Bllcvidtc d disease and/or symptoms with thc
goal ol'cmedraling thc health problem. The Icmis '*treat-
ment" and "therapy" include preventive and cun&tive meth-
ods, since both are directed to the nraintenance and/or
reestablislunent of the health of an Individual or animal.
Regardless of the origin of the symptoms, disease and
disability, the Bdministranon of a suitable mcdicamcnt ro
allcviatc and/or cure B health problem should bc intcrprcied
as a fomi ol treatment or therapy w itluu Ihc context ol tlus
BpphCatloll.

[0027] The term "prevention**, as used in the present
application. refers to a set of hygienic„pharmacological,
srilglcBI iinibol phvslcdl Illcdns riscd to pl'cvclll lhc oilsc'I
and/or dcvclopmenl of a discase and/or symptoms. The tenn
"prevention" encompasses prophylactic nlethods, since
these are used to nlaintain the health of an animal or
individual
[0028] The tenn "sulfalase inhibitor" rcli:rs lo miy sub-
stance capable ol'educing ihe Imnviry of au enzyme of Ihe
esrerase class that catalyses Ihc hydrolysis of sulfate as lars.
1'he substance may be a molecule that binds to any of the
following elements: the ene that encodes the sulfatase
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enzyme. transcription factors of said gene. any of the
expression products ol'saul gene, liar example, without being
hmitcd thereto. the mes scngcr RNA or thc sullbtasc enzyme,
and decreases or inhibits the expression and the activity of
the molecule to which it binds, and/or its intracellular or
extracellular signalin . thereby leading to toml or partial
inhibition of the activity of the sulfatase enzyme. The
inhibitor may be selected from the list consisting of. w:ithout
being hmited thcrcto. antagonists agama( 1hc sulfa(sac
mtzyme (preferably chemical), silencin RNA or spcctlic
antibody 1 ainst the sulfatase enzyme (prefemsbly, the anti-
body is monoclonalk in the present invention. this antibody
may be defined as a neutralizing antibody a ainst rhe effect
of the sulfatase enzyme Examples of chemical inhibitors of
the activity of the sulfatase enzyme are. without being
hum(cd ther'cto, Bltcrntltlvc saba/rates such Bs those nl thc
scrws 2-fitydroxyphcnyl) utdol sulfme, synthetic or natural
steroids ivhich present inhibitory activity against S'I'S. such
as 6-andmstene-3/i. 17[)-diof-3 sulfate, competitive inlubi-
tors such as I.I -M'I'P or EMAII I, non-oestrogenic iinhibitors
such as DU-14 (CAS NO: 186303-55-9). ('OUMATE
(4-methylcoumarin-7-0-sulphamate) or STX(i4 (i.e.. com-
pound of Fomtula (II)), or others, such as KW-2581 or
STX213 v'hosl ICsp BgBnlst thc sullatasc cnzynte h'ls been
deterntined in ditferent studies (Purohit & fiuster, 2012, .I.

I:ndocrinol.. 212(2y99-110)

[t)t)29] 1he tenn "steroid hormone sulfatase" ("S1'S")
refers to any sul fatase enzyme involved in the metaboli ant of
steroids. In particular, the enzymes catalyze the conversion
of sulfated stemid precursors to the ibee steroid. An exem-
plary STS found in humans has bemt sequenced. charactcr-
izmi and thc data have bixn deposited ut thc IJB1Pro(KB
database under the accession number F08842 'the tern(
"steroid hormone sulfatase inhibitor*'efers to any substance
capable of reducing the activity of a steroid hormone sul-
fatase. The substance may be a molecule that binds to any of
the following elements: the gene that encodes rhe STS
cnzvnlc. Iranscllptlon fBctols ol said gcnc, inly of thc
cxprcsston products ol'saul gcnc, for example, v 11hout being
lintited thereto, the ntessenger RNA or the )1'S enzyme, and
decreases or inlubits the expression and the activity of the
molecule to ivhich it bind~. and/or its intracellular signaliag,
thereby leading to total or partial inlfibition of the activity of
the STS enzyme The inhibitor may be selected from the list
consistutg ol, without beutg lunited thereto: mttagomsts
agamst thc STS cnzymc (prcfcrably chemical), silcncutg
RNA or spcctlic anubody agaumt thc STS enzyme (prefer-
ably. the antibody is monoclonal): in the present invention,
this antibody ntay be defined as a neutralising antibody
against the effect of the STS enzyme. Examples of chemical
inhibitors of the activity of the STS enzyme are. without
being lani(ed thereto, altemauvc substratcs such as those tn
the series 2-(hydrox)phmtyl) utdol sulfate, synthetic or
natural steroids which present uthtbitory activity against
)'lg. such as S-androstene-3[), 17[1-dipl-3 sulfate, competi-
tive inhibitors such as Ei -M'I'P or IIMATIC non oestrogenic
inhibitors such as DU-14. COI JMATE (4-methylcoumarin-
7-0-sulphamate) or STX64 (i.e.. compound of Fortnula
(II)) ol'thi Is stick Bs KW 2581 or STX213 whiisl ICsp
agamst the sullhtasc enzyme has been dctennutcd in ddlbr-
cnt studies (Purohit & Foster. 2012, J. Endocrinol., 212(2)
91)-I I 0).

[0030J 'the temps "protein-aggregation disease", "prote-
opathy". "proteinopathy" or "protein misfolding diseases"

refers to any disease in which certain proteins become
stntctumslly abnormal and thereby disrupt the hinction of
cells, tissues and organs of the body. Often the proteins fail
to fold utto their nornuil configuration: in this mtsfofdcxf
state, the proteins can become toxic in some way or they can
lose tlmtr nomtal funcuon. Non-hmiung cxamplcs of pro-
tein-aggregation diseases include systemic AI amyloidosis,
Alzhcimcr's Discase. Diabctcs mellitus type 2, Parktmon's
disease, 'I'ransmissible spongifonn encephalopathy e g
Bovine spongilbrm encc3thalopathy, Fatal Fanuhal Insom-
nim fluntington's Disease, Medullary carcinoma of the
thymid, Cardiac arrhydhmIBS„Atheroscfemsis. Rheumatoid
arthriti~, Aortic medial amyloid, Prolactinomas, liamilial
amyloid polyneuropathy, Hereditary non-neuropathic sys-
temic amyloidosis. Dialysis related amylotdosis, Fuuush
amyloidosis. Lattice conical dystrophy. Cerebral amyloid
angtopathy, Cerebral mnyloid angiopathy (Icelandic type).
Sporadic Inclusion Body Myositi~. Amyotrophic lateral
sclerosis (ALS). Pnon-rclatcd or Spongtform cnccphalopa-
tlues, such as ('reutzfeld-Jacob. Dementia with l,ewy bod-
ies, Frontotemporal dementia with Parkinsonism, Spinocer-
ebellar ataxias, Spinocerebellar ataxia. Spinal and bulbar
muscular atrophy, Hereditary dentatonibral-pallidoluysian
atrophy, Fanuhal Briush dcmcntta. Famthal Dmush demen-
tia. Non-neuropathic localized diseases. such as in Type H

dvibctcs mclhtus. Medullary carcinoma of thc thyroid. Atrial
amyloidosis, I lereditary cerebml haemorrhage with amyloi-
dosis. Pituitary prolactinoma, Injection-locahzed tunyloulo-
sis, Aortic medial amyloidosis. Hereditary lattice corneal
dystrophy, Corneal amyloidosis associated with trichiasis,
('ataract, Calcifying epithelial odontogenic tumors, Puhno-
nary alveolar proteinosis. Inclusion-body myositis. Cutane-
ous hchcn amyloiikisis, and Non-neuropathtc systcnuc amy-
loidosis. such as AL amyloidosis„AA amyloidosis, Familial
Meditcrrancan fbvcr. Smulc systemic amyloidosis. Fanuhal
amyloidotic poiyneuropathy, Hemodialysis-related amyloi-
dosts, ApoAI amyloidosis. ApoAB mnylotdosts, ApoAIV
amyloidosis, Finnish hereditary amyloidosis, I.ysozyine
amyloidosts, Fibrutogcn mnyloidosis, Icclamhc hereditary
cerebmsl amyloid angiopathy, familial amyloidosis, and sys-
temic amyloidosis wluch occurs in multiple tissues. such as
light-chain ainyloidosis. and other various neunpdegenera-
tive disorders.

[0031J I he term "pmtein aggregate" refers to any accu-
mulation of abnormally folded proteins which cause and/or
are associated with the negative progression of a protein-
aggrcgation discase.

[0032] The tcmt '*amyloid" refers to B Ibnn ol'rotein
aggregates ivherein the aggregates form unbranched fibers
that hind Congo Red and then show green birefringence
when viewed between crossed polarizers (for example, see
Eisenber & Jucker. 2012. Cell. 148(6):1188-203 and Sipe
et al.. 2012, zfmyloid. 19(4):1(i7-70).

[0033] The tenn "oligomcr" rel'crs to any accumulation of
abnormally fofdcxf proteuts which cause andlor arc associ-
ated with 1hc negative progression of a pro(cia-aggregation
disease and does not satisfy the dehnition of an amyloid Iior

exantple, polyglutamine oligomers cause and/or are associ-
ated v ith the negative pro ression of I iuntington s disease
(see Iloffner & l)i]an. 2014 Bruin Sii 4(1) 91-122)



US 202 [/025 [953 A[ Aug. 19, 2021

[0034] Composition and Kit
[0035] In a first aspect, the present invention provides a
coniposition compnsin a sulfatase inhibitor for use in the
Ireatmmii and/or prcvmitiou ol a pro(cia-aggregation dis-
Cdae.

[0036] In a second aspect, the present invention provides
d kit for Usc iii tile 111B11UfBciUrc ol d nu:dicBinent lor tile
trcaimmit mid/or prevention of a proieui-a gregation disease
comprising a (1) su)i'atasc inlubitor, mid (ii) pharmaceuu-
cally acceptable carrier and/or diluent In a preferred
embodiment, the kit further comprises a pharmaceutically
acceptable excipient
[t)t)37] Preferred embodiments thr the kits and coniposi-
tions of the present invention are provided below.
[0038J Sulfatase Inhibitor
[0039] In a prcfi:rrcd embodiment, flie sulfatasc inlubitor
is a steroid hormone sullbtasc uthibitor. Prefi:rably. thc
stemid hormone sulfatase inhibitor is selected from the list
consisting of 2-(hydmxyphenyl) indol sulfate, DD-14. 5-an-
drostene-3[3. 17[3-diol-3 sulfate. El-MTP. E1VLATE. COU-
MATE, STX64„K)V-2581, STX213. morpholine, silencing
RNA and spccilic antibody against thc STS enzyme.
[00401 In a preferred embodiment, the sulfatase inl»bitor
or steroid hormone sulfatase inhibitor is a compound of
Formula (I):

Hl

0

wherein:
[0041] (a) R, -Rr arc uidependently ac)ected from

hydronen, halogen (fluorine, chlorine, bromine, iodine
or astatuie), hydroxy). sulfamate (OSOBNI Is), alkyl and
salts thereof;

[0042[ (b) at least one oi R,-R, is a sulfamate group,
and

nvo or more of Ri Rd are linked together to form an
ddditioildl cvcllc a(itic(Urc

[0043] In a prcfcrrcd embodiment, R, mid Rz lhrin Bil

additional cyclic structure compnsing 3-10 carbons. In a
preferred embodiment, Ri is OSOBNI I, In a preferred
embodiment, the alkyl is a (

1
( 1 alkyl

[0044J In a preferred embodunent, the sulfatase inhibitor
is the conipound of Formula (H):

Q
HS //

//~~o
0

[0045] Methods of synthesizin the above compounds of
Fornnila (I) and (II) have been disclosed ui WO 97/30041.
[0046J Protein-Aggregation Disease
[0047] Protcui aggregates such as am))oils and oligomers
have bccn associated with a number of discascs. In some
cases, thcsc pro(cut aggregates can become toxic and can
cause significant daniaue to cells and tissue 'I his toxicity is
thought to be one of the contributing factors causmg and/or
contnbuting to the pathology of protein-aggregation dis-
eases.
[IH)40J Further, the abnormal processmg and folding of a
proteui linked to a protein-aggregation disease can start
decades before the ounvard symptoms of the pmtein-aggre-
gation discase can bc obscrvcd (Juck ct al., 2010. Loarvr
¹Uro/ 9(1).119-28). Tluis, in a prcfi:rrcd cmbodnuenn
diu)'lolls Bill/oi oligoincis itic rcinovcxl Biul/or their fomla-
tion is prevented in the patient and/or animal as a result of
administering any one of the compositions of the present
invention. Further, in a preferred embodunent, the sulihtase
inhibitor treats and/or prevents proteotoxicity in a protein-
aggregauon discase. The tenn "protcotoxicity" rcfi:rs to any
impairment of ccfl function cmiscd by mwfolding of a
pro(Crit.

[0049] By directly tdrgetuig thc lhnuauon ol'roicin
aggregates, thc compositions and kits of thc prcscnt inven-
tion are able to treat and/or prevent a protein-aggregation
disease m patients and,'or animals who are at the early stages
of a protein-aggregation disease but still do not show any
outv ard symptoms. Further, the compositions and kits of the
present invention also treat the advanced stages of a protein-
aggregation discase as dcutonstmtcxi ui Example 2 and
FIGS. 7F and 7G.
[0050] In a preferred embodiment. the patient and/or ani-
mal have undergone thc pathophysiological changes fiat
cmisc protein aggrcgauon but luive not yct reached thc sui c
of the disease ivhere outward syniptoms are observable. In
other words, the patient andior animal is at an early stage of
the disease. The tenn "outward symptom" refers to any
symptom v,luch can be observed by a physician usin any
non-invasive procedure.
[0051] In a preferred embodinient. the sulfatase inhibitor
slows dov:n the pro ression of a protein-aggregation disease
by inhibitin the formation of protein aggregates and/or the
sullhtasc iniubitor delays the onset of a protein-aggregation
disease by uilubiting the lhnnauon of proteus aggregates.
[0052] In a prcfcrrcd cmbodunmit, thc pro(cia-aggregation
discase is selected 1)om a hst conswuug of systenuc AL
amyloidosis, Alzheimcr*s Disease, Diabetes melhtus type 2,
Parkinson's disease, I'ransmissible spongifiirm encepha-
lopathy e g. Bovine spongiform encephalopathy, I'atal
Familial Insomnia, Huntington's Disease. Medullary carci-
noma of the thyroid, ('ardiac arrhytlunias. Atherosclerosis,
Rheumatoid arthnus, Aonic mixlial amyloid, Prolacunomas.
Fmnilial amyloxl polyneuropathy, Hereditary non-neuro-
patluc systenuc imiyloidosis. Dialysw rclatcd tunylonlosis,
liinnish amyloidosis. I,attice corneal dystmphy. ('erebnsl
amyloid angiopathy. Cerebral amyloid angiopathy (lceLsn-
dic type), Sporadic Inclusion Body Myositis, Amyotrophic
Lateral sclerosis (ALS). Prion-related or Spongifomi
ence)thalopatlucs, such as Creutzfcld-Jucob, Dementia with
Lewy bodws. Frontotcmporal dmncntni with Parkuisoiusm,
Spinoccrcbellar ataxias, Spuiocercbcllar ataxia, Sputa) and
bulbar niuscular atrophy, I lereditary dentatonibral-pallidol-
uysian atrophy, liamilial I lritish dementia. Iiamilial Danish
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dementia. Non-neuropathic localized disease~. such as in
'I'ype ii diabetes mellitus, Medullary carcinoma of the thy-
roid, Atrial amyloidosis, Hereditary cerebral haemorrhage
with amyloidosts. Ptluuary prolaclutoma, Inlcclton-local-
ized amyloldosis. Aortic medial amyloidosis. Hereditary
lattice corneal dystrophy, Corneal amyloidosts associated
with trichiasis, ('ataract, ('alcif) ing epithelial odnntngenic
tumors. Pulmonary nlveolar prolcinosts, Inclusion-body
myositis. ('utaneous lichen amyloidosis. and Non-neuro-
palhic systemic amyloidosis. such as AL amyioidosts, AA
amyloidosis, Iiamilial Mediternsnean fever, Senile systentic
amyloidosis. Fanulial amyloidotic polyneuropathy. Hemo-
dialysis-related amyloidosis. ApoAI amyloidosiw ApoAII
anlyloidosis, ApoAIV amylnidosis, Finnish heredimry alny-
lotdosis, Lysozymc amyloidosis. Ftbrutogen amyloidosis,
Icelandic hereditary cerebmsl amyloid an. iopathy, falnlhal
dmylotdosis. Snd systmntc amylotdosts v,iuch occurs tn
nntltiple tissuex such as light-chain amyloidosis. and other
1 arious neurodcgcucrnnvc disorders. Preferably, the proleut-
aggregation disease is selected fnlm a list consisting of
Alzheimer's disease. Parlunson's disease and Huntington*s
disease. In a preferred embodmtent, the protein-agaregation
disease is not Alzheimer's disease and/or a type of cancer.

[W53J In a preferred embodiment. the protein-agaregation
disease is selected from a list consisting of Aizheimer*s
discase, Parlouson's discase and Huntutglon's disease In a

preferred embodiment. amyloids and/or oligomers are
renloved and/or their formation is prevented in Alzheimer* s
disease„Parkinson's disease or Huntington's disease
pancnls.

[W54J In a preferred embodiment. the protein-agaregation
disease is a central nervous system localized protein-aggre-

ation disease In a preferred embodiment, the protein-
aggregation disease is also a neurodegenerative disease. The
term "neurodegenerative disease*'eibrs to any disorder
characlcnzed by thc progressive loss of struclurc or func!ton
of ncurons, including death oi'curons. For example,
Alzheimer's disease is an example or a protein-aggregation
disease and an example of a neurodegenerative disease.

Combined Embodnueuls of Sulfatasc Inlnbttors and
Protein-Aggregation I)iseases

[W55J In a preferred embodunent, the sulfatase inhibitor
is selected from the list consisting of 2-(hydroxyphenyl)
indoi sulfate„5-androstene-3[3. DII-14. 17[3-diol-3 sulfate,
El-MTP. ElvLRTE, COUMATE. STX64, KW-2581,
STX213. morphohnc, sdencutg RNA and spectiic annbody
against the HIS enzyme; or the sulfatase inhibitor is a
compound of Iiormula (I)

0

Ri

v hcrcun
[0056J (a) Ri Ri are independently selected from

hydrogen. halogen (tluorine. chlorine. bnlmme, iodine
or astatine), hydroxyl, sulfamate (OSOSNHS), alkyl and
salts thereof;

[0057] (b) at least one of R, -Ri ts n sulfamate group.
'ifld

two or more of R,-R, are linked together tn foml an
additional cychc structure. mtd
the protein-aggregation disease is selected fmm a list con-
sisting of Alvheimer's disease, Iluntington*s disease and
Parkinson's disease.
[0058] In a prcibrred embodtmcnn thc sulfatasc uthtbtlor
is STX64 (i e., the compound of Iiormula (11)) and the
pmtem-aggregation disease is selected front a list consisting
of Alzheimer's disease. I buttin ton's disease and Parkin-
son's disease. In a preferred embodiment, the sulfatase
inhibitor is STX(/4 and the protein-aggregation disease is
Alzhctmer's discase. In d prei'crred mnboduncnt, thc sul-
falasc uthtbitor is STX64 and lhc proteus-dggrcganon dis-
ease is I huitington*s disease In a preferred entbodiment, the
sulfatase inhibitor is S'I'X64 and the protein-aggregation
disease is Parkinson's disease
[0059] Pharmaccuncal Compositions
[IN)60J In a preferred embodiment. the conlposition is a
plwrmaceutical composition further contprising a phanna-
ceutlcally acceptable carrier and/or diluent Preferably, the
phannaceuticai composition may further comprise a pltar-
maccuncally acceptable exctpienn
[Ig)61J A pharmaceutical conlposition as descnbed herein
may also contain other substances. These substances
include. but are not linlited to. cryopmtectants, lyopro-
tectants, surfactants, bulking agents, anti-oxidants, and sta-
btlizutg agents. In some cmbodimcnts, the phanuaccuttcal
composition nuiy bc lyopluhzcd.
[0062] The tenn "cryoprolectant" as used hcrcin, includes
agents wluch provide sldbihly lo lhc compositions agautsl
frimzutg-utduccd stresses. Cryoprotcctants may also oili:r
pmtection during primary and secondary drying and long-
term product storage. Non-limiting examples of ctyopm-
tectants include sugars, such as sucrose„glucose, trehalose,
mannltoL mannose, and lactose: polymers, such as dextran,
hydroxyethyl starch and polyethylene glycol; surfactants,
such as polysorbalcs (e.g.. PS-20 or PS-80), and mnuto
dclds. such as gly'ch1c, atghunc, h:acute, dnd scllnc. A
cryoprotectant exhibiting low toxicity in biological systems
is genenslly used
[0063] In onc cmboihmenl, a lyoprotcclaut is addcsI lo a
plwrmaceutical conlposition descnbed herein I'he term
"lyoprotectant" as used herein. includes agents that pmvide
stability to the compositions during the freeze-drying or
dehydration process (primary and secondary freeze-drying
cycles. This helps lo minunizc product degradation dunng
thc lyophihzatton cycle, and improve thc long-term pmduct
stabtlily. Non-lumnng cxiunples oi lyoproteclauls include
sugars, such as sucmse or trehalose; an amino acid such as
monosodiiun glutamate. non-crystalline glycine or histidine;
a methylamine, such as betaine: a lyotropic salt, such as
magnesilun sulfate; a polyol. such as trihydric or higher
sugar alcohols, c.g., glyccrut, crytlmtol, glyccml, arabitul,
xylilol. sorbuol, mtd miutmlok propylmtc glycol, polyclhyl-
cnc glvcol, pluronlcs. dnd conlbulsltons thereof. Thc
amount of lyoprotectant added to a plwrnlaceutical compo-
sition is generally mt amount that does not lead to an



US 202 [/025 [953 A[ Aug. 19, 2021

unacceptable amount of degradation when the phamlaceu-
ncal composition is lyophllized.
[t)t)64] In some enibodinlents. a bulking agent i ~ included
in the pharnlaceutical composition 1'he tenn "bulking
agent" as used herein, includes agents that provide the
stnlcture of the freeze-dried product without interacting
directly with Ihc phannaccuticdl product. In addition 10

providulg a phannaceuticdlly elegant cake, bulkulg agents
may also impart useful qualities ul regard lo modiiyin the
collapse temperature. providing freeze-thaw pmtection. and
enhancing the stability over long-tenn storage. Non-limitiag
examples of bulkin a ents include mannitoL glycine, lac-
tose, and sucrose. Bullong agents may be crystalline (such. as
glycule. maluutol, or sodnun chlonde) or amorphous (such
ds iles/Ital. hydloxycdlyI starch) Bull Bli: gcncldlly'si:0 ul
formulations in an amount from 0.5% to 10%.

[0065] Other pharmaceutically acceptable carriers. excipi-
ents, or stabilizers„such as those described in Remington*s
Pharmaceutical Sciences 16th edition, Osol. A. Ed. (1900) or
Reniinglani the Science and Prarricc 0/ Phawnaci 22sd

ixiiuon. Phannaccutlcal press (2012), ISBN-13
9700057110626 nlay also be included in a pharmaceutical
composition described herein, pmvided that they do not
adversely affect the desired chamcteristics of the phamla-
ceuticai conlpositlon.
[0066] For sohd pharmaceuucal composluons, conven-
tional nontoxic solid carriers may be used which include. for
example. pharmaceutical grades of mannitol. lactose, starch,
magnesium stearate, sodium saccharin, talcum, cellulose,

lucose, sucrose. magnesium carbonate, and the like. For
solution for injection. the phamlaceutical composition may
Iurther compnsc cryoprotcctants, lyoprolccuulls. surlac-
tants. bulkulg a cnts. anu-oxldtmts, stablhzulg a ants and
phannaccutically acccptablc carriers. For aerosol adminis-
tration. the pharmaceutical compositions are generally sup-
plied in finely divided fiirm along with a surfactant and
propeiknnt, The surfactant must. of course. be nontoxic. and
is generally soluble in the propellant. Representative of such
dgenis arc thc caters or partial caters of laity seals conlauung
from 6 to 22 carbon atoms, such as cdproic, ocuinolc, lauric,
palmitic, steanc. hnolcic. hnolcnic, olesteuc and Oleic imids
with an aliphatic polyhydric alcohol or its cyclic aldtydnde.
Mixed eaters. such as mixed or natural glycerides nlay be
employed. Acamer can also be included. Bs desired, as with,
e.g., lecithin for intmnasal delivery. For suppositories. tm-
ditional binders and camera nmy ulcludc, for exiunple,
polyalkalem: glycols or tnglyccrules.

[0067] In a preferred embodiment, the composition the
present invention ls prepared Ibr oral, sublingual, buccal,
ulilandsdl. hltraVCUOUS, uitranlilsCUIBI, hltrapi:Iltouind Bull/Or
ulhdldtlou-UICilldtixl BdnuulStldtlou.

[0068] Administmtion

[0069J 'the composition of the present invention nlav be
adnlinistered using any mute known to the skilled person In
a preferred embodiment, the composition of the present
invmltion Is Ixhnu»stcrcdl transdcmldlly, sublul ually, intra-
I cnously. Intranasally, uitraccrcbrovcnlncularly. ullraartcn-
ally, intracerebrally. intranluscularly, intraperitoneally,
orallv or via inhalation

[0070] In a preferred cmboduuent. Ihe composlnon Of the
present ulvenuon ls adnunistcrcd trmlsdennally. sublul-

ually, intravenously, intrapentoneally. orally or via inhala-
tion plhere the composition is administered via inhalation,

the composition may be aerosoiized and administered via,
fol cxBulplc, Bu ducsthcsld nldsl .

[0071] In a prcfi:rrixi embodimcnn thc composiuon of the
prcscnt Invention is ddnunistcred transdcnually. sublin-
gually, intravmlously. subcutaneously, orally or via inlmld-
tion. Preferably, the composition is administered orally or
sublin ually

[IN)72J In a preferred embodiment, the composition com-
prises a therapeutically efiective amount of sulfatase inhibi-
tor. The tenn "therapeutically effective amount'* refers to an
amount of suifatase inhibitor in a composition winch has a
thcrBpi:Uric cficct Bull which Is Iiblc lo triult dud/or pit:vc'ul II

protein-aggregation discase. In a prcfferred cmbodunent, a
dose of 0.01 to 100 mg,'kg of the sulfatase iithibitor is
administered to the patient Preferably. a dose of 0 01 to 10

mg/kg is administered to the patient. More preferably, a dose
of 0.05 to I mg/kg is administered to the patient

[0073] In a preferred embodiment. the composition is used
in a combination therapy with any other treatment or therapy
conunonly used to treat and/or prevent a pmtein-aggregation
discase. In a prcfi:rrcd mnbodimcnt, the composition is Uscdl

in a combination therapy with done)tczd. nvastignune, gal-
antamine, menlmltine, levodopm carbidopa and/or tetm-
bCII'1711!C.

[IN)74] 1he compositions of the present invention may be
administered once or more than once. A skilled person will
be able to ascertain the most effective dosage regimen for the
patient. For example. the nlost effective dosage regimen may
be one where the patient is admirustered the composition
twice dBllv, once B ildv, Once cvcly thrcc ilays, Once B wcck.
once a month. once every tllrec months, once every six
months or once every year

[0075] Thc Ibllowing items are encompassed) by thc pres-
ent invention.

[I J A composition conlprising a sulfatase inhibitor for use in
the treatment aniiior prevention of a protein-aggregation
disease, preferably wherein

(i) amyloids and/or oli omers are renloved and/or their
formation is prevented in the patient and/or animal; and/or;

(ii) the sulfatase inhibitor treats and/or prevents proteotox-
icity in a protein-aggregation disease.

[2] The composition for use according to item [I], wherein
thc sulfatasc Inlubitor slows down thc progression of a
protein-aggregation discase by inlubiung the Ibnuauon of
pmtein aggregates andior the sulfatase inhibitor delays the
onset of a protein-aggreaation disease by inhibiting the
fOrmatiOn Of pratein a vregatea.

[3] The composition for use according to any one of items
[1]-[2], wherein thc protein-aggrcgauon discase w a central
nervous system locahzcd pro/cia-dggrcgduon disease.

[4J I'he composition for use according to any one of items
[IJ-[3J, wherein amyloids and/or oligomers are removed
and/or their fornlation is prevented in Alzheimer's disease,
Parkinson's disease or Huntington's disease patients; or
wherein the protein-abnegation disease is Alzheimer's dis-
case, Parkinson's discase or Huntington's disease.

[5] Thc composition Ibr usc according to any onc ol'tems
[IJ-[4], lvherein the snlfatase inhibitor is a conlpound of
Iiornlula (I):
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R& R&

[14] The kit for use according to item [13]. v herein the
sulfatase inhibitor is a compound of Formula (I):

&3& R&

0 R&

R&

0

wherein

[0076] (a) R,-R, are independently selected fmm
hydronen, halogen, hydroxyl, sulfa&nate„alkyl and salts
thereof:

[UU77] (b) at least one of R,-Rc is a sulfamate group,
anil

[UU78] (c) &wo or more of R,-Rc are linked together to
film& an additional cyclic stnicture.

[6] Thc compos&t&on fiir usc accordm to &lcm [5], whcrc&n

R, and R, form an additional cyclic structure comprising
3-10 carbons

[7] The con&posit&on for use according to any one of items
[5]-[6]. where&n Rc is OSO&NH&.

[8] The con&posit&on for use according to any one of items
[5]-[7]. where&n thc sulfatase inlubitor &s lhe compound of
lionnula (I I):

whcrcin.
[0079] (a) R&-Rs are indcpcndcntly salem&cd I'rom

hydrogen, halo en, hydroxyl„sulfamate, all yl and salts
thereof:

[0080] (b) at least one of I3&-Its is a sulfamate group;
m&d two or more of R&-Rs are hnked together to form
m& addit&onal cyclic a&rue&ure.

[IS] The lol Ibr usc accordu&g to &tcm [14]. whercu& lhe
sulfatase inhibitor is the compound of Fom&ula (II):

Cgl

0
H&8 //

// ~0
0

iu)

0
H&8 //

//s~o
0

[UJ I'he compos&tion for use according, to any one of items
[1]-[8], wherein the compos&t&on is a pharmaceutical com-
position composing the snlfatase inhibitor according to any
one of iten&s [l]-[8] and a phannaceutically acceptable
ca&rior &&nil/or chh&c:nn

[101 The composit&on for use according to any one of items
[1]-[9], wherein thc compos&t&on &s achnuustered orally.

[11] The composition for use according to any one of items
[1]-[10]. whcrc&n a dose of 0.01 lo 100 mg/kg &s achninis-
tered to the patient. preferably 0.01 to 10 mg/kg, more
preferably, 0.05 to I mg/kg.

[12] The compos&tion for use according to any one of items
[1]-[11], whcrc&n lhc compos&t&on &s uscx! u& a combu&al&on

therapy v ith donepezil, rivastigmine, galantamine. n&en&an-

une. le& odopa. carbidopa and/or tetrabcnazme.

[13] A kit for use in the manufacture of a medicament for the
treatment and/or prevention of a protein-aggregation disease
comprisin a (i) sulfatase inhibitor; and (ii) phannaceut&-
cally acceptable carrier and/or diluent

EXAMPLES
[0081] C. e/e aas containing a sul-2(gkl87) knock-oul
allele (Worm)3ase ID W)39h&00145594) were generated by
the 6'. e/egaas (Iene Knockout ('onsortiun& ( I'he C e/egaas
Deletion Mutant Consortium„2012. C)3& GEiVESI,

GE&VOMES. GE&VE17CS. 2(11):1415-1425) and deposited at
thc Cacnorhabul&ls Geneuc Center (https.//cbs.unu&.edu,'cgc/
home). Thc sul-2(gk187) allele cons&sts of a dclet&on of 131
anuno seals thai u&eludes ihe canilyt&c core of thc sulfa&sac.
'I'he deletion generates a frame shift and only the first four
amino acids of the original sequence are conserved 'I here-
fore, we consider sul-2(gl 187) a null mutant allele of sul-2.
The mutant lesion is available at v,ormbase (http: //www.
worn&base.org,'species/c clcgm&s/venation/WB-
Var00145594402-45-3).

Example l. Efiimls of STX64 on Ncmatodc Models
of Ncurodcgcncralive D&seases

[0082] C. e/egans models of Parkinson*s disease: We
tcstcd if sul-2 motet&ous or STX64 (Sigma cat. No. 51950)
trcalmm&l al I pgiml concentration d&ssolvcd &n DMSO
improved the symptoms causcxl by thc overcxprcssion of
hun&an 0-synuciein in muscle cells (see the following ref-
erences for infonuation on the model used: van I 1am et al,
2008. PLaS Gener. 4(3):e1000027; Oldalevitz et al.. 2009.
PLaS Gener. 5(3):e1000399; van Ham et al., 2010. Ceil.
142(4):601-12). In pedicular. ncmatodcs werc syncluonizcxI
al 20'. and monitored cvcry two days. On each day of
monitoring, a nemalocic was placed u& a drop of M9 butler,
allowmg 30 seconds accommochstion and later counting
munber of pitches in one n&imite. assuming that a pitch
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occurs when the head of the nematode crosses the axial axis.
N=20 Iiir each day assayed and condition (tins protocol was
adapter) from Van Ham ct al., 2010. Cel!. 142: 601-612) As
one can see ui IiffiS )A and 113, sul-2 mutation or treatment
with S I'X64 significantly improved mobility
[0083] Further„we tested the effect of the sul-2 deletion
and the administration of STXG4 on the aggregation of
((-synuc)ein. To quantify the aggregates. animals were tmns-
Ii:rrml (o pads compusuig 2% agarosc mid immobilized
using 25 mM Icvamisole. Thc munber of c&synuclcui ag rc-
gates ivan deternliiled by counting fluorescent agureaates at
40x magnihcation, from first bulb pharyngeal to second
bulb. Loss of hniction or inhibition of SUL-2 decreased the
nun)her of smaller aggregates while increasiitg the iuunber
of bigger aggregates of tx-synuc)ein (see FICIS. 2 and 3),
suggesting a bauer lrandluig ol'proteus aggregates in animals
with reduced STS activity (Robcris g Brown. 2015. Sio-
inalecnles 5(2) 282-305; Moll et al, 2016 /4gl/8,/ 30(4)
1656-69)
[0084J In an alternative (: elegans model of Parkinson'
svhich expresses tx-synuc)ein in CIFP-labeled dopaminergic
neurons. it was found that the dopaminer ic neurons die due
to &i-synuclmn toxicity (Cooper ct al., 2006. Sr(ence 313
(5785):324-8). Consmtcnt with thc previous Iinrlings, sul-2
mutants showed increased neumn survival (see IiKI 4),
indicating a neumprotective action of reducing S'I'S activity.
[0085] C. elcgarrs model of Huntington*s disease: In a
Huntington's discase model cxprcssing 3S polygiutinninc
(polyQ) repeats I'used to a fluorescent protein. v, e Ihund that
both the sul-2 niutation and the administration of 8 I'X64 at
I ggiml concentration dissolved in DMSO reduced the total
nun)her of a gregates (see FIG, 5). To quantify the aggre-

ates, animals were transferred to pads comprisiitg 2%
agarose and umnobilized using 25 mM levamisole. The
number of polyQ aggregates was dciernunrxl by counting
fluorcsccll( aggregati:s at Iflx lllagilllicauon, from Iirst bulb
pharyngeal to second bulb.
[0086] C. clegarrs model of Alzheimer's disease: tVe also
tested an Alzheimer's disease model expressing, [3-amyloid
pro(cut in muscle cells wluch causes paralysis ui tlm nema-
tode as it ages. Nmuatodes werc syncluumzed at 20'.
Paralysis ives monitored from 1st day of adult)vied, by
observiim whether there is a lack of inovement after the
neniatode svas stimulated with a platinum pick. In addition,
to track paralyzed nematodes. we visualized which nema-
todes had a bacteria halo around their head because paralysis
pres en(a displacement of food. Consistent with our previous
data. thc sul-2 mutation and STX64 treatment delayed
paralysis (see I'l(i 6)

I ixiuuple 2 I iffects of )'I'X64 on Manuualian
Models of Neumdegenerative Diseases

[0087] Mice strauss and coudiuonu The male Sv,iss (CD I)
and APP-PS I (Blauchard ct al.. 2003. Erp iyeara!. 184(1)
247-63) mice used in this study were purclxised from an
authorized provider (University of Seville, Spain) and they
were habituated to standard animals housing conditions for
2-3 weeks (a 12 h li ht/dark cycle, temperature and luuuid-
ity). Behavioms) studies were performed with 8 week-old
Swiss nuce, and &IS month-old APP-PS I nuce ui C57Black
background. For histological studws. male APP-PSI mice
from 2 (o &15 mon(hs of agc werc used. All cxpcumcnts
were perfouned in accordance svith Iiuropean Union guide-
lines (2010,'63/l(U) and with Spanish regulations for the use

of laboratory animals in cluunic experiments (RD 53/2013
ou thc care oi'xperimental animals. BOE Aug. 2. 2013),
and thc approval of thc University Pablo de Olavidc anunal
care conimittees v, as obtained prior to performing this study
[0088] Mice local drug udiision Mice werc ancsthc(ized
with 4% chloral hydrate (10 PL/I g of body weight, i.p.) and
v hen fully anesthetized. they ivere situated in a stereotactic
frame In order to i(tjure the hippocanipus, 0 5 pl of 5 BM
solution of ]3-amyloid oligomers ivere injected bilaterally
into the dorsai hippocampus of the mice at the followin
stcreotactic coorduiatcs. AP=—2.2 mm. ML= I.S nun,
V=— 1.5 nuu ffom the Bregma. 11ic mice were then allow ex(

to rccovcr Ibr at less( 15 days. Those mice (ha( also rcccived
S'I'X64 were administered 0 5 gl of a I nig/ml solution of
S'I'X64 20 minutes before [3-amyloid oligoniers were admin-
istrated STX64 v:as infused in the same mstmsl hippocam-
pus coordinates. STX64 and ]3-smyloid oligomers were
delivered at a rate of 0.2 fll/niin tluough an injection syringe
(Hamilton), and left in place for 2.5 min followuig uil'usiun.

[0089] Mice Oral STX administration: STX(i4 was dis-
solved in drinkuig water at 0.005 mg/ml. Mice werc cxposcx(
to STX solu(ion during 3-4 weeks and tlm water intake was
regis(crcd cvcry day during (he (roa(mcn(. Thc cs(inta(cx(
daily dose of 8 I'X(i4 ives be(ween 1-2 mg/Kg of body
u elgilt
[0090J Step-through passive avoidance (PA) test Mice
have an innate preference for tksrk and enclosed envimn-
ments During the habituation phase. mice were handled and
allowed to move freely for I minute in a chamber (47x1 gx
26 cm. manufactured by Ugo Basile) that is divided sym-
metucally in(o one light and onc dark comparuncnt (each
memuring 28.S cmxlg cmx26 cm). During thc trainuig
pliase, niice were briefly confined to the light compartment
and then 30 seconds la(er. the door separating the dark-light
cmupartments was opened Once mice entered the dark
compartment. the door was closed automatically and the
mice received an electrical stinudation (0.5 mA, 5 s and 0.3
nuA, S s for Swiss and C57Bhmk mice, respectively) deliv-
crcd tluough (hc metal floor. In tlu: rctcntion tests pcrformcd
at the times indicated. mice thar recalled the electrical shock
experience svhen replaced in (he hght compartment avoided,
or at least took longer, to enter the dark conipartment 'I'hus,
the latency to enter into the dark compartment (escape
Latency) is a measure of information learning or memory
retmition dcpcndui on how lung after (hc trmnuig session
the test was cerned ou(. Escape la(eucy (s), (hc traimng,
short- and long-tenn memory (STM and LTM, respectively)
sessimis are represented
[(R)9)J Inununohistochemistry and histological analysis
For inununohistochemistry, an antibody against [3-amyloid
(I:3000. Sigma-Aldrich) was used. Antibody staining was
visualized with H,Os and diammobenzidine, and enhanced
with nickel. To mimmizc variability, at least 5 sections pcr
mice werc analyzed under a bright-Iield DMRB RFY HC
nucroscope (f,eica). In each section, the percentage area
occupied by [3-amyloid. the density and the average size of
]3-amyloid accumulations were quantified using Image-I
software (doivnloaded as a free software package from the
public domain; http://rsb.info.nih.gov/ij/download.html).
[0092] Results: As STX64 showed a signilicant therapeu-
tic eflcct in C. elegant ncurodcgencrauon models, we (cs(cx(

the cifi:ct of (his drug on cogniuvc altcrauons provoked by
intrahippocampal [3-antyloid oligomers infusion. an acute
Alzhemier's disease (AD) mouse model (lr)(i 7A) I)oth,
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local and systemic STX(14 treatments reverted cognitive
deficiencies provoked by intraluppocampal aihnuustration
ol'ir-amyloid oligomcrs.
[0093] 1o evaluate the etTect of STX64 oral treatment on
amyloid pathology in a chronic AD mouse model. we
assessed the elfect of 3-4 weeks of STX64 oral administm-
uon on amyloid deposition in thc ncocortex (the cerebral
cortex mid the hippocampus) ol'15-month-old APP-PSI
iiiice (FIG. 7B). At Ihc agc ol iiioic illilll L! iiioii11is. which
is also associated with a late stage of amyloid deposition in
the neocortex of the AVE-VS) model, analysis of [3-amyloid
inununoreactive area. plaque density and size revealed a
significant reduction. except for plaque size in hippocampus,
in mice ueated with STX64 (FIG. 7C-E). Intcrestui, when
wc compared [r-amyloid dcqtosttton m old (&IS month-old)
APP-PSI nucc treatixl with STX64 with Ihc nomial dcqto-
sition rate ofamyloid untreated A VV-VS I mice, we observed
that rpl X64 reduced [3-muykiid deposition in AVE-VS I nuce
older than 15 months to that observed in APP-PS I mice of
10-12 months of age (FILI. 7F).
[0094] All thcsc results indicated that STX64 ireaunent in
AVV-VSI mice reduce [3-amyloid deposition. 'I'n assess
whether the histological impmvement correlated with ame-
lioration of cognitive behavioural deficit, we compared the
cognition capacity of APP-PSI mice older than 15 month-
old treated ivith velucle or STX64 durin. 3-4 weeks. While
iehicle-ucated APP-PSI nucc showed a delicit in passive
avoidance test (FIG. 7G), those mice trmtcd with STX64
completely reverted cognitive deficiencies, reaching similar
levels to (15 month-old wild type mice All these results
point out that the altemtions in fl-mnyloid metabolism
provoked by STX64 reduce the cognitive behaviour defi-
ciencies induced by [I-amy)oid accmnulation in acute and
clu omc AD mouse models. indicatuig Ilia( it is plausible Iha1
STX64 mid other sullhtasc inlubitors could be used Io treat
pmteopathies.

Ex;miple 3. Efii:cts ol'TX64 on a Mouse Model
of I iuntington's Disease

[0095] Mice strains and conditions: The R(i/I mice (Yi Li
ct al., 2005 ryenrn/IL 2(3) 447-464, Mtmgianni et al.,
1996. Cell. 87(3):493-506) used in dus study were pur-
chasrxl from an mithomzix! provider and they were habitu-
ated to standard aninials housing conditions for 2-3 weeks (a
12 h light,'dark cycle, tempemture and Inimidity). Motor
activity studies were performed with 2-month-old R6/I
mice. All experiments were perfomied in accordance with
European Umon guidcluies (2010/63/EU) and with Spanish
regulations fiir the usc of laboratory aiumals ui cluonic
cxpcnmmits (RD S3/2013 on thc ccrc ol experunmital
animals 13OE Aug. 2. 2013), and the approval of the
University Vablo de Olavide animal care committees was
obtained pnor to performing this study.

[0096] Mice Oral STX aihnuustrauon. STX64 was dis-
solved in drutkuig water at O.OOS mgiml. I-month-old mice
were exposed to )'I'X solution for I month and the water
intake ives registered every day during the treatment. The
estimated daily dose of S I'X64 was between 1-2 mg/Kg of
body weight.

[0097] Motor activity test: Locomotor activity was tcstcd
in d non-stressful open-iield (56x40x40 cm) lbr 15 mmutes.
'I'he distance tmveled by the mice ives estimated with Sniart
video-tracking software (Vanish).

[0098] Results: R6/I mice exhibit a decrease in their
activity at 2 months of dgc. This dixrease ui motor activity
can bc avoulcd by orally aihninistemng STX64 once they
reach I month of age (see lrl(i. 8) I'his I ixaniple pmvides
further evidence tliat the compositions of the present inven-
tion are suitabie for treating protein-annre ation diseases.

lixample 4: ('omparison of STX64 with I:MATI! in
a (: e(egrrns Model of Alzheimer's Disease

[0099] Introduction: In order to detemiine the efiect of
difi'erent inhibitors of steroid sulfatases (STS) in protein
a regation we assayed EMATE (CAS Number 148672-
09-7) ui thc strain GMC101, an improved model ol'AD in
C c/egnns (McCol! ct al., 2012 Mo/ r)rearer/egencn 7. S7).
EMAI'lk also named estrone sulfamate, is a potent irrevers-
ible inhibitor of estmne sulfatase (I:I-)'') and dehydroe-
piandrosterone sulfatase (DISA-STS)„but with strong estro-
genic activity.
[0100] Straui. GMC101. gcnotypc. dvls100 [pCL354
(unc-54 DA-AH I-42)+p(1.26(mt1-2 (ilrp)J
[0101] Paralysis assay: Worms were mwn at a non-
restrictive Iempcraturc of 16'. unul Ihcy reached Ihe
L4-young adult stage. Thc temperature was then shified Io
2S'. Tlic number of paralyzcxl and non-paralyzcxl mumals
were counted after an 18-hour incubation at the restrictive
temperature of 25" (2
[0102] Statistical nnalysis. The data werc analyzed usus a
2-tailed chi-square test ui contingency table. Statistical
analysis was pcrfonnmi using the GraphPad Pnsm software
(versioii 7.00)
[0103] Results: We assayed the tempemture-dependent
phcnotypc of paralysis in dillbrent backgrounds and condi-
tions. Absence of sul-2 mncliorates thc paralysis symptoms
in GMCIOI strain (scc FIG. 9A). Similar cfibcts were seen
for S I'X(i4 (see lrl(i. 9i3) and EMA'ill (see lrl(i. 9( )
Although. S'I'X64 appeared to have the greatest etTect

I A composition comprising a sulfatase inhibitor for use
in the treatment and/or prevention of a pmtein-a gregation
disease, wherein amyloids and/or oligomers are removed,
dlld/or llicll lomlatioll is prcvclitixl ltl (lie ptiIicilt allipol
dlllllldl;

wherein the sulfatase inlubitor is a compound of Formula
(I):

Itr Rr

R'

wherein;
(d) RVRr are independently selected from hydrogen,

halogen. hydmxyl, sulfamate. alkyl and salts thereof;
(e) at least one of R,-R, is a sulfamate group: and

tv o or more of R,-Rr are linked together to foun an
additional cyclic stnicture.

2 llic composition for usc accorihng to claim I, wherein
the sulfatase inhibitor treats anrkor prevents pmteotoxicity
in a protein-aggregation disease
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3. The composition for use according to claim I or 2,
whcrcui thc sulfatasc uilub&tor slows down thc progression
ol a pro(a&n-sggregat&on d&scale by uih&biling lhc fi&nnat&on

of protein aggregates and/or the sulfatase inhibitor delays
the onset of a protein-aggregation disease by inhibiting the
formation of prote&n aggregates.

4 I'he composition for use according to any one of claims
1-3. &vherein the protein-aggregation disease is a central
nervous system local&zed protein-ag)tregation disease.

5 The composition for use according, to any one of claims
1-4. &vherein the formation of amyloids aniUor oligomers &s

prevented in Alzhe&mer's d&sease. Parkinson*s disease or
Huntington*s disease patients, or wherein the protein-I gre-
g&itic&1 ihsease is Alzhenucl s ihscasc, Palkulson s ihscasc or
Huntington's discase.

6. The composition for use according to any one of claims
1-5. where&n R, and R, form an addu&onal cyclm structure
compris&ng 3-10 carbons.

7. The composition for use accordi&lg to any one of claims
1-6. wherein Ri w OSOSNH&.

8. Thc compos&tion for use accorduig to any one of clainw
1-7. whermn thc sulfatasc inhib&tor is thc compound of
l(onnula (II):

(0)

0
H&8~ //

// ~o
0

RI k&
0)

R'.

wherein:
(c) R&-Its are independently selected from hydrogen,

halogen, hydmxyl. sulfamate. alkyl and salts thereof;
(d) at least one ol',-Ri is a sull'amatc group, and

two or morc of R,-Ri are linked togcthcr to fomi an
additional cyclic structure: and

wherein amyloids and/or oligomers are removed and/or
their formation is prevented &n the patient and/or ani-
mal.

14. The medicament for use according to claim 13,
whcrcin thc suliatasc uilubitor is the compound of Fonuula
(II)

12. The composition for use accordin to any one of
clauns 1-11. &therein the composition is used in a combi-
nation thenspy &vith donepezil. rivast&gmine, galantamioe,
menlm&tine, levodopa, carbidopa and/or tetrabenazine.

13. A Ilicdicilnlcnt fol use hi thc I&cata&Oil( iin(Uor preven-
t&on of a protein-aggrcgauon d&sease, where&n thc medica-
ment &s manufactured using a kit compris&ng a (i) sulfatase
inhib&tor: and (ii) pharmaceuticaily acceptable carrier and/or
diluent,

wherein the sulfatase inhibitor is a con&pound of I ormula
(I):

9. The composition for use accordi&lg to any one of claims
1-8. wherein thc compos&t&on is a pharmaceutical compos&-
uon compnsing Ihc sullhnisc uih&bitor accordm to any onc
of clainls 1-8 and a pharmaceutically acceptable carrier
and(or diluent

10. 'l1&e con&position for use according to any one of
clai&ns I-9„wherein the composition is administered orally.

11. The composition for use according to any one of
clai&ns 1-10. &therein a dose of 0.01 to 100 nlg/kg &s

adnunistcred to the paucnt, prel'erably 0.01 to 10 mg/kg,
morc prei'crably, 0 05 to I mglkg.

0
HW //

// ~o
0

t t t
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