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COMPOSITIONS FOR TREATING AND/OR
PREVENTING PROTEIN-AGGREGATION
DISEASES

TECHNICAL FIELD

[0001] The present invention is encompassed within the
field of medicine and provides a composition for use in the
treatments and/or prevention of protein-aggregation dis-
eases.

BACKGROUND ART

[0002] The proper functioning of organs and cells within
an organism relies on the proper function of proteins. A
protein is a biological entity that has a primary amino acid
sequence; a secondary structure that forms protein domains
and includes, most importantly, alpha helices and beta
sheets; and a tertiary structure, 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 proteins work in a multi-subunit com-
plex, where the arrangement of multiple proteins into a
quaternary structure becomes crucial for their proper func-
tion.

[0003] The failure of proteins to fold into correct three-
dimensional structures can lead to diseases called proteopa-
thies (sometimes also referred to as protein-aggregation
diseases, protein misfolding diseases, proteinopathies or
protein conformational disorders). The failure may be due to
one or more mutations in the proteins’ gene or to environ-
mental factors such as oxidative stress, alkalosis, acidosis,
pH shift and osmotic shock. The misfolding of proteins can
sometimes lead to clumping or aggregation into amyloid
plaques or fibrils that can exacerbate a disease. Proteopathies
cover a wide spectrum of afflictions, including neurodegen-
erative diseases (e.g., Alzheimer’s, Parkinson’s, polygluta-
mine diseases such as Huntingtin in Huntington’s disease,
prion diseases); amyloidosis of other non-nervous system
proteins such as [1-antitrypsin, immunoglobulin light and
heavy chains, lactadherin, apolipoprotein, gelsolin,
lysozyme, fibrinogen, atrial natriuretic factor, keratin, lac-
toferrin and beta-2 microglobulin, among others); sickle cell
disease; cataracts; cystic fibrosis; retinitis pigmentosa; and
nephrogenic diabetes insipidus.

[0004] Amyloidosis refers to the pathological deposition
of proteins in the form of congophilic, green birefringent
fibrils, when congo red-stained, either dispersed or in the
form of localized amyloidomas. Such deposits are symp-
tomatic of several diseases, for example Alzheimer’s Dis-
ease, inflammation-associated amyloid, type II diabetes,
bovine spongiform encephalopathy (BSE), Creutzfeld-Ja-
kob disease (CJD), scrapie and primary amyloidosis.
[0005] Amyloidoses are generally categorized into three
groups: major systemic amyloidoses, major localized amy-
loidoses, and miscellaneous amyloidoses. Major systemic
amyloidoses include: chronic inflammatory conditions (e.g.,
tuberculosis, osteomyelitis, etc.); non-infectious conditions
such as juvenile rheumatoid arthritis, ankylosing spondylitis
and Crohn’s disease, etc.; familial Mediterranean Fever,
plasma cell dyscrasia (primary amyloidosis) and various
familial polyneuropathies and cardiomyopathies. Major
localized amyloidoses include: dialysis-related amyloidosis,
Alzheimer’s disease, Down syndrome, Hereditary cerebral
hemorrhage (Dutch), and non-traumatic cerebral hemor-
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rhage of the elderly. Miscellaneous amyloidoses include:
familial polyneuropathy (Iowa), familial amyloidosis (Finn-
ish), hereditary cerebral hemorrhage (Icelandic), CID, Med-
ullary carcinoma of the thyroid, atrial amyloid, and diabetes
mellitus (insulinomas). Other amyloidoses include those
referenced in Louis W. Heck, “The Amyloid Diseases” in
Cecil’s Textbook of Medicine 1504-6 (W.B. Saunders &
Co., Philadelphia, Pa.; 1996).

[0006] Transmissible spongiform encephalopathies which
cause CJD and Gerstmann-Strassler-Scheinker (GSS) dis-
ease are described by B. Chesebro et al., “Transmissible
Spongiform Encephalopathies: A Brief Introduction” in
FIELD’S VIROLOGY 2845-49 (3rd Edition; Raven Pub-
lishers, Philadelphia, Pa.; 1996) and in D. C. Gajdusek,
“Infectious amyloids: Subacute Spongiform Encephalopa-
thies as Transmissible Cerebral Amyloidoses,” 2851-2900
in FIELDS VIROLOGY (1996). Many of these diseases are
likely mediated by prions, an infectious protein. See S. B.
Prusineri, “Priors” in FIELDS VIROLOGY 2901-50 (1996)
and the references contained therein.

[0007] Trying to eliminate specific fibrils has been the
objective of significant research on amyloidosis but without
success. Current treatment of amyloidosis involves chemo-
therapy agents or steroids, such as melphalan and dexam-
ethasone. However, such a treatment is not appropriate for
all patients and is not effective in many cases due to a lack
of specificity (WO 2017/075540 Al). Similarly, the treat-
ment of other proteopathies which are not necessarily asso-
ciated with the formation of amyloids have also had limited
success. Thus, there is a great need for alternatives that may
safely and effectively treat or prevent proteopathies.

[0008] The inventors of the present invention were ini-
tially interested in unravelling new elements that govern the
genetic control of aging in order to improve our understand-
ing of this intricate biological process. To this aim, they
isolated thermotolerant mutants and identified an allele of
the sul-2 gene (a gene which encodes one of the three
members of the Caenorhabditis elegans sulfatase family)
which contained an inactivating point mutation. The inven-
tors found that worms carrying the inactivated version of the
sul-2 gene lived longer than the wild-type.

[0009] Sulfatases are a large protein family involved in
different biological processes and they affect a wide range of
substrates. The collocation of sul-2 in the sulfatase phylo-
genetic tree is uncertain. But, when compared to mammal
sulfatases, sul-2 clusters close to the type H, F, E, D
Arylsulfatases and the type C steroid sulfatase that probably
originate from a common ancestor gene. The inventors
hypothesized that sul-2 may exert its activity by modifying
sulfated-steroid hormones.

[0010] Steroid hormone sulfatases are conserved proteins
that participate in different processes, such as stimulating the
proliferation of hormone-dependent cancers (Mueller et al.,
2015. Endocr Rev. 36(5):526-63). Specific inhibitors for this
type of enzyme have been generated, one of those is STX64
(Nussbaumer & Billich, 2004. Med Res Rev. 24(4):529-76).
STX64 has been used to treat patients with hormone-
dependent cancers (Stanway et al., 2006. Clin Cancer Res.
12(5):1585-92). The inventors treated wild type worms with
STX64 and observed the same longevity effects as in the
sul-2 mutants. However, STX64 did not further increase the
longevity of sul-2 deletion mutants, indicating that the
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mechanism by which STX64 increases longevity is by
inhibiting the sulfatase activity of SUL-2 (WO 2014/154927
Al).

FIGURES

[0011] FIG. 1: Reduction of steroid hormone sulfatase
(STS) activity ameliorates the symptoms of proteotoxicity in
a C. elegans Parkinson’s disease model strain NL.5901 (Van
Ham et al., 2010. Cel/ 142: 601-612). Nematodes expressing
a-synuclein in muscle cells suffer from a reduced mobility
as they age (measured as number of times per minute that the
head of the worm crosses the longitudinal axis of the body
(pitches)), but the rate is slowed down when (A) the nema-
tode comprise the sul-2(gk187) allele and (B) the nematodes
are treated with STX64. n=20; *** represents p<0.001.

[0012] FIG. 2: Reduction of steroid hormone sulfatase
(STS) activity alters the way that a-synuclein aggregates in
a C. elegans Parkinson’s disease model strain NL.5901 (Van
Ham et al., 2010. Cell 142: 601-612). The graphs show the
(A) total number of aggregates, (B) number of aggregates =3
um in size, and (C) number of aggregates <1 um in size of
nematodes expressing a-synuclein fused to YFP and nema-
todes expressing the same a-synuclein construct which
additionally comprise an inactive sul-2 allele, i.e. sul-2
(gk187). n=20; *** represents p<0.001; * represents p<0.05.

[0013] FIG. 3: Reduction of steroid hormone sulfatase
(STS) activity alters the way that a-synuclein aggregates in
a C. elegans Parkinson’s disease model strain NL.5901 (Van
Ham et al., 2010. Cell 142: 601-612). The graphs show the
(A) total number of aggregates, (B) number of aggregates =3
um in size, and (C) number of aggregates <1 um in size of
nematodes expressing a.-synuclein fused to YFP treated with
DMSO and nematodes expressing the same a-synuclein
construct which additionally have been treated with STX64.
n=20; *** means that p<0.001; * represents p<0.05.

[0014] FIG. 4: Reduction of steroid hormone sulfatase
(STS) activity ameliorates the symptoms of proteotoxicity in
a C. elegans Parkinson’s disease model strain UA44 (Coo-
per et al., 2006. Science 313: 324-328). (A) The survival of
GFP-labeled dopaminergic neurons expressing human o.-sy-
nuclein is increased when the nematode comprises the
inactive sul-2(gk187) allele. The graph represents the num-
ber of living neurons in nematodes which are in day 6 when
the nematode comprises the wild-type sul-2 allele or the
inactive sul-2(gk187) allele. (B) A representative image of a
nematode which comprises the wild-type sul-2 allele and a
nematode which comprises the inactive sul-2(gk187) allele
at day 9. Black arrows point towards living dopaminergic
neurons. n=37; p<0.0001.

[0015] FIG. 5: Reduction of steroid hormone sulfatase
(STS) activity ameliorates the symptoms of proteotoxicity in
a C. elegans Huntington’s disease model strain AM140
(Morley et al. 2002. PNAS. 99: 10417-10422). The nema-
todes have been modified to express a 35 polyglutamine
repeat fused to YFP and the number of fluorescent aggre-
gates was counted at day 5 of adulthood. (A) Graph shows
a comparison between a nematode which comprises the
wild-type allele of sul-2 and a nematode which comprises
the inactive mutant allele of sul-2. (B) Graph shows a
comparison between a nematode which comprises the wild-
type allele of sul-2 and a nematode which comprises the
wild-type allele of sul-2 which was additionally treated with
STX64. n=20; *** represents p<0.001.
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[0016] FIG. 6: Reduction of steroid hormone sulfatase
(STS) activity ameliorates the symptoms of proteotoxicity in
a C. elegans Alzheimer’s disease model strain CL2006
(Link, 1995. PNAS. 92: 9368-9372). Nematodes expressing
p-amyloid in muscle cells suffer from paralysis as they age,
but the rate is slowed down when (A) the nematodes
comprise the sul-2(gk187) allele and (B) the nematodes are
treated with STX64. n=50; p<0.001.

[0017] FIG. 7: STX64 treatment alleviated [-amyloid
deposition and cognition deficiency in Alzheimer disease
mouse models. (A) The effect of intrahippocampal and oral
administration of STX64 in the passive avoidance test in
wild type mice injected with p-amyloid oligomers in the
hippocampus. The number of mice in each groups was >5.
(B) Representative [-amyloid-immunoreactive images
assessed in the frontal cortex and the hippocampus of
APP-PS1 mice older than 15 months of age after 3-4 weeks
of vehicle or STX64 intake (0.005 mg/ml in drink water).
(C)-(E), Quantification of percentage of -amyloid area (C),
deposition density (D) and average plaque size (E) in the
frontal cortex and the hippocampus of >15 months-old
APP-PS1 mice after 3-4 weeks of oral administration with
STX64 or vehicle. n=4 mice per groups. (F) Time-course of
p-amyloid deposition in APP-PS1 mice and the effect of 3-4
weeks STX64 oral treatment on -amyloid area in the frontal
cortex and the hippocampus. The number of microphoto-
graphs used was more than 3 per mouse. (G) Effect of oral
administration with STX64 in more than 15 month-old
APP-PS1 mice, and comparison with APP-PS1 and wild
type mice older than 15 month in the passive avoidance test.
The number of mice in each group was >5. In histological
analysis, * represent statistically significant differences
between vehicle and STX64 administrated APP-PS1 mice.
In behavioral test, * represent statistically significant differ-
ences between the short-term and long-term memory ses-
sions (STM and LTM, respectively) and the training session
in the same experimental group; and, + represent statistically
significant differences between the STM and LTM sessions
between each experimental group and f-amyloid group. One
symbol represents p<0.05; two repeats of the symbol rep-
resents p<0.01, and three two repeats of the symbol repre-
sents p<<0.001.

[0018] FIG. 8: STX64 prevented the deterioration of
motor activity in a mouse model of Huntington’s Disease.
1-month old R6/1 mice were treated daily with drinking
water comprising STX64 or the vehicle per se. At the age of
2 months, the motor activity of the mice was tested. n>5
mice per group. Result represent mean+SEM. *, p<0.05.

[0019] FIG. 9: A comparison between STX64 and EMATE
in an Alzheimer’s disease model, i.e. GMC101 strain of C.
elegans (McColl et al., 2012. Mol Neurodegener. 7:57). (A)
In the sul-2(gkl87) deletion background the number of
paralyzed worms was reduced. Graph shows the total num-
ber obtained from three biological replicate, n=100 worms.
Chi-square, 2-sided, p-value=0.0161. (B) Treatment with
STX64 at 1 pg/ml reduced the number of paralyzed worms.
Graph shows the total number obtained from three biologi-
cal replicates, n>120 worms. Chi-square, 2-sided,
p-value=0.0014. (C) Treatment with EMATE at 1 pg/ml
reduced the number of paralyzed worms. Graph shows the
total number obtained from three biological replicates,
n>117 worms. Chi-square, 2-sided, p-value=0.0091.
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SUMMARY OF THE INVENTION

[0020] Surprisingly, the inventors found that STX64 is
able to treat or prevent the formation of oligomers and/or
amyloids in a C. elegans Parkinson’s model, C. elegans
Huntington’s model and C. elegans Alzheimer’s disease
model (see FIGS. 1-6). In Parikinson’s disease, Hunting-
ton’s disease and Alzheimer’s disease the pathogenesis is
driven by the production and/or deposition of protein aggre-
gates (Murphy & Levine, 2010. J Alzheimers Dis. 19(1):311;
Stefanis, 2012. Cold Spring Harb Perspect Med. 2(2):
a009399; Daldin et al., 2017. Sci Rep. 7(1):5070). Thus, the
treatment or prevention of aggregate species in these models
renders it plausible that STX64 can be used to treat and/or
prevent these protein-aggregation diseases. This was con-
firmed in a mouse model for Alzheimer’s disease where it
was found that STX64 decreased the formation of f-amyloid
plaques and reverted cognitive deficiencies provoked by
intrahippocampal administration of B-amyloid oligomers
and in a transgenic mouse model of Alzheimer’s idsease (see
FIG. 7).

[0021] Further, C. elegans comprising inactivation muta-
tions in a sulfatase gene were similarly less prone to form
harmful aggregates rendering it plausible that this effect is
not only associated with STX64 but is applicable to any
sulfatase inhibitor. The fact that this preventive/therapeutic
effect was obtained in models for three different protein-
aggregation diseases wherein the toxic proteins were
expressed in muscle cells or neuron cells renders it plausible
that a sulfatase inhibitor could be used to treat and/or prevent
any protein-aggregation disease.

[0022] Thus, in a first aspect, the present invention pro-
vides a composition comprising a sulfatase inhibitor for use
in the treatment and/or prevention of a protein-aggregation
disease, preferably in a patient and/or animal.

[0023] Further, in a second aspect, the present invention
provides a kit for use in the manufacture of a medicament for
the treatment and/or prevention of a protein-aggregation
disease comprising a (i) sulfatase inhibitor; and (ii) phar-
maceutically acceptable carrier and/or diluent.

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

[0024] The 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 way.
The “individual”, “patient” or “subject” can be of any age,
sex and physical condition. The term “animal”, as used in
the present application, refers to any multicellular eukary-
otic heterotroph which is not a human. In a preferred
embodiment, the animal is selected from a group consisting
of cats, dogs, pigs, ferrets, rabbits, gerbils, hamsters, guinea
pigs, horses, worms, rats, mice, cows, sheep, goats, alpacas,
camels, donkeys, llamas, yaks, giraffes, elephants, meerkats,
lemurs, lions, tigers, kangaroos, koalas, bats, monkeys,
chimpanzees, gorillas, bears, dugongs, manatees, seals and
rhinoceroses.

[0025] As used herein, “pharmaceutically acceptable car-
rier” or “pharmaceutically acceptable diluent” means any
and all solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying
agents, compatible with pharmaceutical administration. The
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term “pharmaceutically acceptable excipient” refers to any
substance formulated alongside the active ingredient of a
medication, included for the purpose of long-term stabili-
zation, bulking up solid formulations that contain potent
active ingredients in small amounts, or to confer a thera-
peutic enhancement on the active ingredient in the final
dosage form, such as facilitating drug absorption, reducing
viscosity, or enhancing solubility. Excipients can also be
useful in the manufacturing process, to aid in the handling
of the active substance concerned such as by facilitating
powder flowability or non-stick properties, in addition to
aiding in vitro stability such as prevention of denaturation or
aggregation over the expected shelf life. The use of such
media and agents for pharmaceutically active substances is
well known in the art. Acceptable carriers, excipients, or
stabilizers are nontoxic to recipients at the dosages and
concentrations employed and, without limiting the scope of
the present invention, include: additional buffering agents;
preservatives; co-solvents; antioxidants, including ascorbic
acid and methionine; chelating agents such as EDTA; metal
complexes (e.g., Zn-protein complexes); biodegradable
polymers, such as polyesters; salt-forming counterions, such
as sodium, polyhydric sugar alcohols; amino acids, such as
alanine, glycine, glutamine, asparagine, histidine, arginine,
lysine, ornithine, leucine, 2-phenylalanine, glutamic acid,
and threonine; organic sugars or sugar alcohols, such as
lactitol, stachyose, mannose, sorbose, xylose, ribose, ribitol,
myoinisitose, myoinisitol, galactose, galactitol, glycerol,
cyclitols (e.g., inositol), polyethylene glycol; sulfur contain-
ing reducing agents, such as urea, glutathione, thioctic acid,
sodium thioglycolate, thioglycerol, [alpha]-monothioglyc-
erol, and sodium thio sulfate; low molecular weight proteins,
such as human serum albumin, bovine serum albumin,
gelatin, or other immunoglobulins; and hydrophilic poly-
mers, such as polyvinylpyrrolidone. Other pharmaceutically
acceptable carriers, excipients, or stabilizers, such as those
described in Remington: The Science and Practice of Phar-
macy 22" edition, Pharmaceutical press (2012), ISBN-13:
9780857110626 may also be included.

[0026] The terms “treatment” and “therapy”, as used in the
present application, refer to a set of hygienic, pharmaco-
logical, surgical and/or physical means used with the intent
to cure and/or alleviate a disease and/or symptoms with the
goal of remediating the health problem. The terms “treat-
ment” and “therapy” include preventive and curative meth-
ods, since both are directed to the maintenance and/or
reestablishment of the health of an individual or animal.
Regardless of the origin of the symptoms, disease and
disability, the administration of a suitable medicament to
alleviate and/or cure a health problem should be interpreted
as a form of treatment or therapy within the context of this
application.

[0027] The term “prevention”, as used in the present
application, refers to a set of hygienic, pharmacological,
surgical and/or physical means used to prevent the onset
and/or development of a disease and/or symptoms. The term
“prevention” encompasses prophylactic methods, since
these are used to maintain the health of an animal or
individual.

[0028] The term “sulfatase inhibitor” refers to any sub-
stance capable of reducing the activity of an enzyme of the
esterase class that catalyzes the hydrolysis of sulfate esters.
The substance may be a molecule that binds to any of the
following elements: the gene that encodes the sulfatase
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enzyme, transcription factors of said gene, any of the
expression products of said gene, for example, without being
limited thereto, the messenger RNA or the sulfatase enzyme,
and decreases or inhibits the expression and the activity of
the molecule to which it binds, and/or its intracellular or
extracellular signaling, thereby leading to total or partial
inhibition of the activity of the sulfatase enzyme. The
inhibitor may be selected from the list consisting of, without
being limited thereto: antagonists against the sulfatase
enzyme (preferably chemical), silencing RNA or specific
antibody against the sulfatase enzyme (preferably, the anti-
body is monoclonal); in the present invention, this antibody
may be defined as a neutralizing antibody against the effect
of the sulfatase enzyme. Examples of chemical inhibitors of
the activity of the sulfatase enzyme are, without being
limited thereto, alternative substrates such as those in the
series 2-(hydroxyphenyl) indol sulfate, synthetic or natural
steroids which present inhibitory activity against STS, such
as S-androstene-3f, 17p-diol-3 sulfate, competitive inhibi-
tors such as E1-MTP or EMATE, non-oestrogenic inhibitors
such as DU-14 (CAS NO: 186303-55-9), COUMATE
(4-methylcoumarin-7-O-sulphamate) or STX64 (i.e., com-
pound of Formula (II)), or others, such as KW-2581 or
STX213, whose IC, against the sulfatase enzyme has been
determined in different studies (Purohit & Foster, 2012, J.
Endocrinol., 212(2):99-110).

[0029] The term “steroid hormone sulfatase” (“STS”)
refers to any sulfatase enzyme involved in the metabolism of
steroids. In particular, the enzymes catalyze the conversion
of sulfated steroid precursors to the free steroid. An exem-
plary STS found in humans has been sequenced, character-
ized and the data have been deposited in the UniProtKB
database under the accession number PO8842. The term
“steroid hormone sulfatase inhibitor” refers 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 the STS
enzyme, transcription factors of said gene, any of the
expression products of said gene, for example, without being
limited thereto, the messenger RNA or the STS enzyme, and
decreases or inhibits the expression and the activity of the
molecule to which it binds, and/or its intracellular signaling,
thereby leading to total or partial inhibition of the activity of
the STS enzyme. The inhibitor may be selected from the list
consisting of, without being limited thereto: antagonists
against the STS enzyme (preferably chemical), silencing
RNA or specific antibody against the STS enzyme (prefer-
ably, the antibody is monoclonal); in the present invention,
this antibody may 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 limited thereto, alternative substrates such as those in
the series 2-(hydroxyphenyl) indol sulfate, synthetic or
natural steroids which present inhibitory activity against
STS, such as S-androstene-3f3, 178-diol-3 sulfate, competi-
tive inhibitors such as E1-MTP or EMATE, non-oestrogenic
inhibitors such as DU-14, COUMATE (4-methylcoumarin-
7-O-sulphamate) or STX64 (i.e., compound of Formula
(ID), or others, such as KW-2581 or STX213, whose IC,,
against the sulfatase enzyme has been determined in differ-
ent studies (Purohit & Foster, 2012, J. Endocrinol., 212(2):

99-110).
[0030] The terms “protein-aggregation disease”, “prote-

opathy”, “proteinopathy” or “protein misfolding diseases”
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Aug. 19, 2021

refers to any disease in which certain proteins become
structurally abnormal and thereby disrupt the function of
cells, tissues and organs of the body. Often the proteins fail
to fold into their normal configuration; in this misfolded
state, the proteins can become toxic in some way or they can
lose their normal function. Non-limiting examples of pro-
tein-aggregation diseases include systemic AL amyloidosis,
Alzheimer’s Disease, Diabetes mellitus type 2, Parkinson’s
disease, Transmissible spongiform encephalopathy e.g.
Bovine spongiform encephalopathy, Fatal Familial Insom-
nia, Huntington’s Disease, Medullary carcinoma of the
thyroid, Cardiac arrhythmias, Atherosclerosis, Rheumatoid
arthritis, Aortic medial amyloid, Prolactinomas, Familial
amyloid polyneuropathy, Hereditary non-neuropathic sys-
temic amyloidosis, Dialysis related amyloidosis, Finnish
amyloidosis, Lattice corneal dystrophy, Cerebral amyloid
angiopathy, Cerebral amyloid angiopathy (Icelandic type),
Sporadic Inclusion Body Myositis, Amyotrophic lateral
sclerosis (ALS), Prion-related or Spongiform encephalopa-
thies, such as Creutzfeld-Jacob, Dementia with Lewy bod-
ies, Frontotemporal dementia with Parkinsonism, Spinocer-
ebellar ataxias, Spinocerebellar ataxia, Spinal and bulbar
muscular atrophy, Hereditary dentatorubral-pallidoluysian
atrophy, Familial British dementia, Familial Danish demen-
tia, Non-neuropathic localized diseases, such as in Type II
diabetes mellitus, Medullary carcinoma of the thyroid, Atrial
amyloidosis, Hereditary cerebral haemorrhage with amyloi-
dosis, Pituitary prolactinoma, Injection-localized amyloido-
sis, Aortic medial amyloidosis, Hereditary lattice corneal
dystrophy, Corneal amyloidosis associated with trichiasis,
Cataract, Calcifying epithelial odontogenic tumors, Pulmo-
nary alveolar proteinosis, Inclusion-body myositis, Cutane-
ous lichen amyloidosis, and Non-neuropathic systemic amy-
loidosis, such as AL amyloidosis, AA amyloidosis, Familial
Mediterranean fever, Senile systemic amyloidosis, Familial
amyloidotic polyneuropathy, Hemodialysis-related amyloi-
dosis, ApoAl amyloidosis, ApoAll amyloidosis, ApoAIV
amyloidosis, Finnish hereditary amyloidosis, Lysozyme
amyloidosis, Fibrinogen amyloidosis, Icelandic hereditary
cerebral amyloid angiopathy, familial amyloidosis, and sys-
temic amyloidosis which occurs in multiple tissues, such as
light-chain amyloidosis, and other various neurodegenera-
tive disorders.

[0031] The term “protein aggregate” refers to any accu-
mulation of abnormally folded proteins which cause and/or
are associated with the negative progression of a protein-
aggregation disease.

[0032] The term “amyloid” refers to a form of protein
aggregates wherein the aggregates form unbranched fibers
that bind Congo Red and then show green birefringence
when viewed between crossed polarizers (for example, see
Eisenberg & Jucker, 2012. Cell. 148(6):1188-203 and Sipe
et al., 2012. Amyloid. 19(4):167-70).

[0033] The term “oligomer” refers to any accumulation of
abnormally folded proteins which cause and/or are associ-
ated with the negative progression of a protein-aggregation
disease and does not satisfy the definition of an amyloid. For
example, polyglutamine oligomers cause and/or are associ-
ated with the negative progression of Huntington’s disease
(see Hoftner & Dijan, 2014. Brain Sci. 4(1): 91-122).
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[0034] Composition and Kit

[0035] In a first aspect, the present invention provides a
composition comprising a sulfatase inhibitor for use in the
treatment and/or prevention of a protein-aggregation dis-
ease.

[0036] In a second aspect, the present invention provides
a kit for use in the manufacture of a medicament for the
treatment and/or prevention of a protein-aggregation disease
comprising a (i) sulfatase inhibitor; and (ii) pharmaceuti-
cally acceptable carrier and/or diluent. In a preferred
embodiment, the kit further comprises a pharmaceutically
acceptable excipient.

[0037] Preferred embodiments for the kits and composi-
tions of the present invention are provided below.

[0038] Sulfatase Inhibitor

[0039] In a preferred embodiment, the sulfatase inhibitor
is a steroid hormone sulfatase inhibitor. Preferably, the
steroid hormone sulfatase inhibitor is selected from the list
consisting of 2-(hydroxyphenyl) indol sulfate, DU-14, 5-an-
drostene-3p, 17f-diol-3 sulfate, E1-MTP, EMATE, COU-
MATE, STX64, KW-2581, STX213, morpholine, silencing
RNA and specific antibody against the STS enzyme.
[0040] In a preferred embodiment, the sulfatase inhibitor
or steroid hormone sulfatase inhibitor is a compound of
Formula (I):

@

R* R?
R3 R
AN
R 0 0
R3
wherein:
[0041] (a) R,-R; are independently selected from

hydrogen, halogen (fluorine, chlorine, bromine, iodine
or astatine), hydroxyl, sulfamate (OSO,NH,), alkyl and
salts thereof;
[0042] (b) at least one of R,-R, is a sulfamate group;
and
two or more of R;-Rs are linked together to form an
additional cyclic structure.
[0043] In a preferred embodiment, R, and R, form an
additional cyclic structure comprising 3-10 carbons. In a
preferred embodiment, R, is OSO,NH,. In a preferred
embodiment, the alkyl is a C,-C, alkyl.
[0044] In a preferred embodiment, the sulfatase inhibitor
is the compound of Formula (I):

an

o AN
HZN\S//
O// o 0 0
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[0045] Methods of synthesizing the above compounds of
Formula (I) and (II) have been disclosed in WO 97/30041.
[0046] Protein-Aggregation Discase

[0047] Protein aggregates such as amyloids and oligomers
have been associated with a number of diseases. In some
cases, these protein aggregates can become toxic and can
cause significant damage to cells and tissue. This toxicity is
thought to be one of the contributing factors causing and/or
contributing to the pathology of protein-aggregation dis-
eases.

[0048] Further, the abnormal processing and folding of a
protein linked to a protein-aggregation disease can start
decades before the outward symptoms of the protein-aggre-
gation disease can be observed (Jack et al., 2010. Lancet
Neurol. 9(1):119-28). Thus, in a preferred embodiment,
amyloids and/or oligomers are removed and/or their forma-
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 embodiment, the sulfatase
inhibitor treats and/or prevents proteotoxicity in a protein-
aggregation disease. The term “proteotoxicity” refers to any
impairment of cell function caused by misfolding of a
protein.

[0049] By directly targeting the formation of protein
aggregates, the compositions and kits of the present inven-
tion are able to treat and/or prevent a protein-aggregation
disease in patients and/or animals who are at the early stages
of a protein-aggregation disease but still do not show any
outward symptoms. Further, the compositions and kits of the
present invention also treat the advanced stages of a protein-
aggregation disease as demonstrated in Example 2 and
FIGS. 7F and 7G.

[0050] In a preferred embodiment, the patient and/or ani-
mal have undergone the pathophysiological changes that
cause protein aggregation but have not yet reached the stage
of the disease where outward symptoms are observable. In
other words, the patient and/or animal is at an early stage of
the disease. The term “outward symptom” refers to any
symptom which can be observed by a physician using any
non-invasive procedure.

[0051] In a preferred embodiment, the sulfatase inhibitor
slows down the progression of a protein-aggregation disease
by inhibiting the formation of protein aggregates and/or the
sulfatase inhibitor delays the onset of a protein-aggregation
disease by inhibiting the formation of protein aggregates.
[0052] Inapreferred embodiment, the protein-aggregation
disease is selected from a list consisting of systemic AL
amyloidosis, Alzheimer’s Disease, Diabetes mellitus type 2,
Parkinson’s disease, Transmissible spongiform encepha-
lopathy e.g. Bovine spongiform encephalopathy, Fatal
Familial Insomnia, Huntington’s Disease, Medullary carci-
noma of the thyroid, Cardiac arrhythmias, Atherosclerosis,
Rheumatoid arthritis, Aortic medial amyloid, Prolactinomas,
Familial amyloid polyneuropathy, Hereditary non-neuro-
pathic systemic amyloidosis, Dialysis related amyloidosis,
Finnish amyloidosis, Lattice corneal dystrophy, Cerebral
amyloid angiopathy, Cerebral amyloid angiopathy (Icelan-
dic type), Sporadic Inclusion Body Myositis, Amyotrophic
lateral sclerosis (ALS), Prion-related or Spongiform
encephalopathies, such as Creutzfeld-Jacob, Dementia with
Lewy bodies, Frontotemporal dementia with Parkinsonism,
Spinocerebellar ataxias, Spinocerebellar ataxia, Spinal and
bulbar muscular atrophy, Hereditary dentatorubral-pallidol-
uysian atrophy, Familial British dementia, Familial Danish
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dementia, Non-neuropathic localized diseases, such as in
Type 1I diabetes mellitus, Medullary carcinoma of the thy-
roid, Atrial amyloidosis, Hereditary cerebral haemorrhage
with amyloidosis, Pituitary prolactinoma, Injection-local-
ized amyloidosis, Aortic medial amyloidosis, Hereditary
lattice corneal dystrophy, Corneal amyloidosis associated
with trichiasis, Cataract, Calcifying epithelial odontogenic
tumors, Pulmonary alveolar proteinosis, Inclusion-body
myositis, Cutaneous lichen amyloidosis, and Non-neuro-
pathic systemic amyloidosis, such as AL amyloidosis, AA
amyloidosis, Familial Mediterranean fever, Senile systemic
amyloidosis, Familial amyloidotic polyneuropathy, Hemo-
dialysis-related amyloidosis, ApoAl amyloidosis, ApoAll
amyloidosis, ApoAIV amyloidosis, Finnish hereditary amy-
loidosis, Lysozyme amyloidosis, Fibrinogen amyloidosis,
Icelandic hereditary cerebral amyloid angiopathy, familial
amyloidosis, and systemic amyloidosis which occurs in
multiple tissues, such as light-chain amyloidosis, and other
various neurodegenerative disorders. Preferably, the protein-
aggregation disease is selected from a list consisting of
Alzheimer’s disease, Parkinson’s disease and Huntington’s
disease. In a preferred embodiment, the protein-aggregation
disease is not Alzheimer’s disease and/or a type of cancer.

[0053] Ina preferred embodiment, the protein-aggregation
disease is selected from a list consisting of Alzheimer’s
disease, Parkinson’s disease and Huntington’s disease. In a
preferred embodiment, amyloids and/or oligomers are
removed and/or their formation is prevented in Alzheimer’s
disease, Parkinson’s disease or Huntington’s disease
patients.

[0054] Ina preferred embodiment, the protein-aggregation
disease is a central nervous system localized protein-aggre-
gation disease. In a preferred embodiment, the protein-
aggregation disease is also a neurodegenerative disease. The
term “neurodegenerative disease” refers to any disorder
characterized by the progressive loss of structure or function
of neurons, including death of neurons. For example,
Alzheimer’s disease is an example or a protein-aggregation
disease and an example of a neurodegenerative disease.

Combined Embodiments of Sulfatase Inhibitors and
Protein-Aggregation Diseases

[0055] In a preferred embodiment, the sulfatase inhibitor
is selected from the list consisting of 2-(hydroxyphenyl)
indol sulfate, S-androstene-3p, DU-14, 17p-diol-3 sulfate,
E1-MTP, EMATE, COUMATE, STX64, KW-2581,
STX213, morpholine, silencing RNA and specific antibody
against the STS enzyme; or the sulfatase inhibitor is a
compound of Formula (I):

@

R* R?
RS Rl ,
x
R® 0 0
R3
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wherein:

[0056] (a) R,-R; are independently selected from
hydrogen, halogen (fluorine, chlorine, bromine, iodine
or astatine), hydroxyl, sulfamate (OSO,NH,), alkyl and
salts thereof;

[0057] (b) at least one of R,-R is a sulfamate group;
and

two or more of R,-R; are linked together to form an
additional cyclic structure; and

the protein-aggregation disease is selected from a list con-
sisting of Alzheimer’s disease, Huntington’s disease and
Parkinson’s disease.

[0058] In a preferred embodiment, the sulfatase inhibitor
is STX64 (i.e., the compound of Formula (II)) and the
protein-aggregation disease is selected from a list consisting
of Alzheimer’s disease, Huntington’s disease and Parkin-
son’s disease. In a preferred embodiment, the sulfatase
inhibitor is STX64 and the protein-aggregation disease is
Alzheimer’s disease. In a preferred embodiment, the sul-
fatase inhibitor is STX64 and the protein-aggregation dis-
ease is Huntington’s disease. In a preferred embodiment, the
sulfatase inhibitor is STX64 and the protein-aggregation
disease is Parkinson’s disease.

[0059] Pharmaceutical Compositions

[0060] In a preferred embodiment, the composition is a
pharmaceutical composition further comprising a pharma-
ceutically acceptable carrier and/or diluent. Preferably, the
pharmaceutical composition may further comprise a phar-
maceutically acceptable excipient.

[0061] A pharmaceutical composition as described herein
may also contain other substances. These substances
include, but are not limited to, cryoprotectants, lyopro-
tectants, surfactants, bulking agents, anti-oxidants, and sta-
bilizing agents. In some embodiments, the pharmaceutical
composition may be lyophilized.

[0062] The term “cryoprotectant” as used herein, includes
agents which provide stability to the compositions against
freezing-induced stresses. Cryoprotectants may also offer
protection during primary and secondary drying and long-
term product storage. Non-limiting examples of cryopro-
tectants include sugars, such as sucrose, glucose, trehalose,
mannitol, mannose, and lactose; polymers, such as dextran,
hydroxyethyl starch and polyethylene glycol; surfactants,
such as polysorbates (e.g., PS-20 or PS-80); and amino
acids, such as glycine, arginine, leucine, and serine. A
cryoprotectant exhibiting low toxicity in biological systems
is generally used.

[0063] In one embodiment, a lyoprotectant is added to a
pharmaceutical composition described herein. The term
“lyoprotectant” as used herein, includes agents that provide
stability to the compositions during the freeze-drying or
dehydration process (primary and secondary freeze-drying
cycles. This helps to minimize product degradation during
the lyophilization cycle, and improve the long-term product
stability. Non-limiting examples of lyoprotectants include
sugars, such as sucrose or trehalose; an amino acid, such as
monosodium glutamate, non-crystalline glycine or histidine;
a methylamine, such as betaine; a lyotropic salt, such as
magnesium sulfate; a polyol, such as trihydric or higher
sugar alcohols, e.g., glycerin, erythritol, glycerol, arabitol,
xylitol, sorbitol, and mannitol; propylene glycol; polyethyl-
ene glycol; pluronics; and combinations thereof. The
amount of lyoprotectant added to a pharmaceutical compo-
sition is generally an amount that does not lead to an
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unacceptable amount of degradation when the pharmaceu-
tical composition is lyophilized.

[0064] In some embodiments, a bulking agent is included
in the pharmaceutical composition. The term “bulking
agent” as used herein, includes agents that provide the
structure of the freeze-dried product without interacting
directly with the pharmaceutical product. In addition to
providing a pharmaceutically elegant cake, bulking agents
may also impart useful qualities in regard to modifying the
collapse temperature, providing freeze-thaw protection, and
enhancing the stability over long-term storage. Non-limiting
examples of bulking agents include mannitol, glycine, lac-
tose, and sucrose. Bulking agents may be crystalline (such as
glycine, mannitol, or sodium chloride) or amorphous (such
as dextran, hydroxyethyl starch) and are generally used in
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. (1980) or
Remington: The Science and Practice of Pharmacy 22"
edition, Pharmaceutical press (2012), ISBN-13:
9780857110626 may also be included in a pharmaceutical
composition described herein, provided that they do not
adversely affect the desired characteristics of the pharma-
ceutical composition.

[0066] For solid pharmaceutical compositions, conven-
tional nontoxic solid carriers may be used which include, for
example, pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharin, talcum, cellulose,
glucose, sucrose, magnesium carbonate, and the like. For
solution for injection, the pharmaceutical composition may
further comprise cryoprotectants, lyoprotectants, surfac-
tants, bulking agents, anti-oxidants, stabilizing agents and
pharmaceutically acceptable carriers. For aerosol adminis-
tration, the pharmaceutical compositions are generally sup-
plied in finely divided form along with a surfactant and
propellant. The surfactant must, of course, be nontoxic, and
is generally soluble in the propellant. Representative of such
agents are the esters or partial esters of fatty acids containing
from 6 to 22 carbon atoms, such as caproic, octanoic, lauric,
palmitic, stearic, linoleic, linolenic, olesteric and oleic acids
with an aliphatic polyhydric alcohol or its cyclic anhydride.
Mixed esters, such as mixed or natural glycerides may be
employed. A carrier can also be included, as desired, as with,
e.g., lecithin for intranasal delivery. For suppositories, tra-
ditional binders and carriers may include, for example,
polyalkalene glycols or triglycerides.

[0067] In a preferred embodiment, the composition the
present invention is prepared for oral, sublingual, buccal,
intranasal, intravenous, intramuscular, intraperitoneal and/or
inhalation-mediated administration.

[0068]

[0069] The composition of the present invention may be
administered using any route known to the skilled person. In
a preferred embodiment, the composition of the present
invention is administered transdermally, sublingually, intra-
venously, intranasally, intracerebroventricularly, intraarteri-
ally, intracerebrally, intramuscularly, intraperitoneally,
orally or via inhalation.

[0070] In a preferred embodiment, the composition of the
present invention is administered transdermally, sublin-
gually, intravenously, intraperitoneally, orally or via inhala-
tion. Where the composition is administered via inhalation,
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the composition may be aerosolized and administered via,
for example, an anesthesia mask.

[0071] In a preferred embodiment, the composition of the
present invention is administered transdermally, sublin-
gually, intravenously, subcutaneously, orally or via inhala-
tion. Preferably, the composition is administered orally or
sublingually.

[0072] In a preferred embodiment, the composition com-
prises a therapeutically effective amount of sulfatase inhibi-
tor. The term “therapeutically effective amount” refers to an
amount of sulfatase inhibitor in a composition which has a
therapeutic effect and which is able to treat and/or prevent a
protein-aggregation disease. In a preferred embodiment, a
dose of 0.01 to 100 mgkg of the sulfatase inhibitor 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 1 mg/kg is administered to the patient.

[0073] Ina preferred embodiment, the composition is used
in a combination therapy with any other treatment or therapy
commonly used to treat and/or prevent a protein-aggregation
disease. In a preferred embodiment, the composition is used
in a combination therapy with donepezil, rivastigmine, gal-
antamine, memantine, levodopa, carbidopa and/or tetra-
benazine.

[0074] The 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 most effective dosage regimen may
be one where the patient is administered the composition
twice daily, once a day, once every three days, once a week,
once a month, once every three months, once every six
months or once every year.

[0075] The following items are encompassed by the pres-
ent invention.

[1] A composition comprising a sulfatase inhibitor for use in
the treatment and/or prevention of a protein-aggregation
disease, preferably wherein:

(1) amyloids and/or oligomers are removed 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 [1], wherein
the sulfatase inhibitor slows down the progression of a
protein-aggregation disease by inhibiting the formation of
protein aggregates and/or the sulfatase inhibitor delays the
onset of a protein-aggregation disease by inhibiting the
formation of protein aggregates.

[3] The composition for use according to any one of items
[1]-[2], wherein the protein-aggregation disease is a central
nervous system localized protein-aggregation disease.

[4] The composition for use according to any one of items
[1]-[3], wherein amyloids and/or oligomers are removed
and/or their formation is prevented in Alzheimer’s disease,
Parkinson’s disease or Huntington’s disease patients; or
wherein the protein-aggregation disease is Alzheimer’s dis-
ease, Parkinson’s disease or Huntington’s disease.

[5] The composition for use according to any one of items
[1]-[4], wherein the sulfatase inhibitor is a compound of
Formula (I):
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wherein:

[0076] (a) R,-Rs are independently selected from
hydrogen, halogen, hydroxyl, sulfamate, alkyl and salts
thereof;

[0077] (b) at least one of R,-R, is a sulfamate group;
and

[0078] (c) two or more of R|-R; are linked together to

form an additional cyclic structure.

[6] The composition for use according to item [5], wherein
R, and R, form an additional cyclic structure comprising
3-10 carbons.

[7] The composition for use according to any one of items
[5]-[6], wherein Ry is OSO,NH,.

[8] The composition for use according to any one of items
[5]1-[7], wherein the sulfatase inhibitor is the compound of
Formula (II):

an

HZN\S//O
O// ~o 0 0

[9] The composition for use according to any one of items
[1]-[8], wherein the composition is a pharmaceutical com-
position comprising the sulfatase inhibitor according to any
one of items [1]-[8] and a pharmaceutically acceptable
carrier and/or diluent.

[10] The composition for use according to any one of items
[1]-[9], wherein the composition is administered orally.

[11] The composition for use according to any one of items
[1]-[10], wherein a dose of 0.01 to 100 mg/kg is adminis-
tered to the patient, preferably 0.01 to 10 mgkg, more
preferably, 0.05 to 1 mg/kg.

[12] The composition for use according to any one of items
[1]-[11], wherein the composition is used in a combination
therapy with donepezil, rivastigmine, galantamine, meman-
tine, levodopa, carbidopa and/or tetrabenazine.

[13] A kit for use in the manufacture of a medicament for the
treatment and/or prevention of a protein-aggregation disease
comprising a (i) sulfatase inhibitor; and (ii) pharmaceuti-
cally acceptable carrier and/or diluent.
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[14] The kit for use according to item [13], wherein the
sulfatase inhibitor is a compound of Formula (I):

@
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wherein:

[0079] (a) R,-R; are independently selected from
hydrogen, halogen, hydroxyl, sultamate, alkyl and salts
thereof;

[0080] (b) at least one of R;-R is a sulfamate group;

and two or more of R-R; are linked together to form
an additional cyclic structure.
[15] The kit for use according to item [14], wherein the
sulfatase inhibitor is the compound of Formula (II):

an

HZN\S//O
O// o o) 0

EXAMPLES

[0081] C. elegans containing a sul-2(gk187) knock-out
allele (WormBase ID: WBVar00145594) were generated by
the C. elegans Gene Knockout Consortium (The C. elegans
Deletion Mutant Consortium, 2012. G3: GENES,
GENOMES, GENETICS. 2(11):1415-1425) and deposited at
the Caenorhabidits Genetic Center (https://cbs.umn.edu/cge/
home). The sul-2(gk187) allele consists of a deletion of 131
amino acids that includes the catalytic core of the sulfatase.
The deletion generates a frame shift and only the first four
amino acids of the original sequence are conserved. There-
fore, we consider sul-2(gk187) a null mutant allele of sul-2.
The mutant lesion is available at wormbase (http://www.
wormbase.org/species/c_elegans/variation/ WB-
Var00145594#02-45-3).

Example 1: Effects of STX64 on Nematode Models
of Neurodegenerative Diseases

[0082] C. elegans models of Parkinson’s disease: We
tested if sul-2 mutations or STX64 (Sigma cat. No. 51950)
treatment at 1 pg/ml concentration dissolved in DMSO
improved the symptoms caused by the overexpression of
human a-synuclein in muscle cells (see the following ref-
erences for information on the model used: van Ham et al.,
2008. PLoS Genet. 4(3):e1000027; Gidalevitz et al., 2009.
PLoS Genet. 5(3):¢1000399; van Ham et al., 2010. Cell.
142(4):601-12). In particular, nematodes were synchronized
at 20° C. and monitored every two days. On each day of
monitoring, a nematode was placed in a drop of M9 buffer,
allowing 30 seconds accommodation and later counting
number of pitches in one minute, assuming that a pitch
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occurs when the head of the nematode crosses the axial axis.
N=20 for each day assayed and condition (this protocol was
adapted from Van Ham et al., 2010. Cell. 142: 601-612). As
one can see in FIGS. 1A and 1B, sul-2 mutation or treatment
with STX64 significantly improved mobility.

[0083] Further, we tested the effect of the sul-2 deletion
and the administration of STX64 on the aggregation of
a-synuclein. To quantify the aggregates, animals were trans-
ferred to pads comprising 2% agarose and immobilized
using 25 mM levamisole. The number of a-synuclein aggre-
gates was determined by counting fluorescent aggregates at
40x magnification, from first bulb pharyngeal to second
bulb. Loss of function or inhibition of SUL-2 decreased the
number of smaller aggregates while increasing the number
of bigger aggregates of a-synuclein (see FIGS. 2 and 3),
suggesting a better handling of protein aggregates in animals
with reduced STS activity (Roberts & Brown, 2015. Bio-
molecules. 5(2):282-305; Moll et al., 2016. FASEB J. 30(4):
1656-69).

[0084] In an alternative C. elegans model of Parkinson’s
which expresses a-synuclein in GFP-labeled dopaminergic
neurons, it was found that the dopaminergic neurons die due
to a-synuclein toxicity (Cooper et al., 2006. Science. 313
(5785):324-8). Consistent with the previous findings, sul-2
mutants showed increased neuron survival (see FIG. 4),
indicating a neuroprotective action of reducing STS activity.
[0085] C. elegans model of Huntington’s disease: In a
Huntington’s disease model expressing 35 polyglutamine
(polyQ) repeats fused to a fluorescent protein, we found that
both the sul-2 mutation and the administration of STX64 at
1 ug/ml concentration dissolved in DMSO reduced the total
number of aggregates (see FIG. 5). To quantify the aggre-
gates, animals were transferred to pads comprising 2%
agarose and immobilized using 25 mM levamisole. The
number of polyQ aggregates was determined by counting
fluorescent aggregates at 10x magnification, from first bulb
pharyngeal to second bulb.

[0086] C. elegans model of Alzheimer’s disease: We also
tested an Alzheimer’s disease model expressing [-amyloid
protein in muscle cells which causes paralysis in the nema-
tode as it ages. Nematodes were synchronized at 20° C.
Paralysis was monitored from 1st day of adulthood, by
observing whether there is a lack of movement after the
nematode was 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
prevents displacement of food. Consistent with our previous
data, the sul-2 mutation and STX64 treatment delayed
paralysis (see FIG. 6).

Example 2: Effects of STX64 on Mammalian
Models of Neurodegenerative Disecases

[0087] Mice strains and conditions: The male Swiss (CD1)
and APP-PS1 (Blanchard et al., 2003. Exp Neural. 184(1):
247-63) mice used in this study were purchased from an
authorized provider (University of Seville, Spain) and they
were habituated to standard animals housing conditions for
2-3 weeks (a 12 h light/dark cycle, temperature and humid-
ity). Behavioral studies were performed with 8 week-old
Swiss mice, and >15 month-old APP-PS1 mice in C57Black
background. For histological studies, male APP-PS1 mice
from 2 to >15 months of age were used. All experiments
were performed in accordance with European Union guide-
lines (2010/63/EU) and with Spanish regulations for the use
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of laboratory animals in chronic experiments (RD 53/2013
on the care of experimental animals: BOE Aug. 2, 2013),
and the approval of the University Pablo de Olavide animal
care committees was obtained prior to performing this study.
[0088] Mice local drug infusion: Mice were anesthetized
with 4% chloral hydrate (10 pl/kg of body weight, i.p.) and
when fully anesthetized, they were situated in a stereotactic
frame. In order to injure the hippocampus, 0.5 ul of 5 uM
solution of P-amyloid oligomers were injected bilaterally
into the dorsal hippocampus of the mice at the following
stereotactic coordinates: AP=-2.2 mm, ML=x1.5 mm,
V=-1.5 mm from the Bregma. The mice were then allowed
to recover for at least 15 days. Those mice that also received
STX64 were administered 0.5 pl of a 1 mg/ml solution of
STX64 20 minutes before p-amyloid oligomers were admin-
istrated. STX64 was infused in the same rostral hippocam-
pus coordinates. STX64 and p-amyloid oligomers were
delivered at a rate of 0.2 ul/min through an injection syringe
(Hamilton), and left in place for 2.5 min following infusion.
[0089] Mice Oral STX administration: STX64 was dis-
solved in drinking water at 0.005 mg/ml. Mice were exposed
to STX solution during 3-4 weeks and the water intake was
registered every day during the treatment. The estimated
daily dose of STX64 was between 1-2 mg/Kg of body
weight.

[0090] Step-through passive avoidance (PA) test: Mice
have an innate preference for dark and enclosed environ-
ments. During the habituation phase, mice were handled and
allowed to move freely for 1 minute in a chamber (47x18x
26 cm, manufactured by Ugo Basile) that is divided sym-
metrically into one light and one dark compartment (each
measuring 28.5 cmx18 cmx26 cm). During the training
phase, mice were briefly confined to the light compartment
and then 30 seconds later, the door separating the dark-light
compartments was opened. Once mice entered the dark
compartment, the door was closed automatically and the
mice received an electrical stimulation (0.5 mA, 5 s and 0.3
mA, 5 s for Swiss and C57Black mice, respectively) deliv-
ered through the metal floor. In the retention tests performed
at the times indicated, mice that recalled the electrical shock
experience when replaced in the light compartment avoided,
or at least took longer, to enter the dark compartment. Thus,
the latency to enter into the dark compartment (escape
latency) is a measure of information learning or memory
retention depending on how long after the training session
the test was carried out. Escape latency (s), the training,
short- and long-term memory (STM and I'TM, respectively)
sessions are represented.

[0091] Immunohistochemistry and histological analysis:
For immunohistochemistry, an antibody against [-amyloid
(1:3000, Sigma-Aldrich) was used. Antibody staining was
visualized with H,O, and diaminobenzidine, and enhanced
with nickel. To minimize variability, at least 5 sections per
mice were analyzed under a bright-field DMRB RFY HC
microscope (Leica). In each section, the percentage area
occupied by f-amyloid, the density and the average size of
p-amyloid accumulations were quantified using Image-J
software (downloaded as a free software package from the
public domain: http://rsb.info.nih.gov/ij/download.html).
[0092] Results: As STX64 showed a significant therapeu-
tic effect in C. elegans neurodegeneration models, we tested
the effect of this drug on cognitive alterations provoked by
intrahippocampal f-amyloid oligomers infusion, an acute
Alzheimer’s disease (AD) mouse model (FIG. 7A). Both,
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local and systemic STX64 treatments reverted cognitive
deficiencies provoked by intrahippocampal administration
of f-amyloid oligomers.

[0093] To evaluate the effect of STX64 oral treatment on
amyloid pathology in a chronic AD mouse model, we
assessed the effect of 3-4 weeks of STX64 oral administra-
tion on amyloid deposition in the neocortex (the cerebral
cortex and the hippocampus) of >15-month-old APP-PS1
mice (FIG. 7B). At the age of more than 15 months, which
is also associated with a late stage of amyloid deposition in
the neocortex of the APP-PS1 model, analysis of f-amyloid
immunoreactive area, plaque density and size revealed a
significant reduction, except for plaque size in hippocampus,
in mice treated with STX64 (FIG. 7C-E). Interesting, when
we compared [-amyloid deposition in old (>15 month-old)
APP-PS1 mice treated with STX64 with the normal depo-
sition rate of amyloid untreated APP-PS1 mice, we observed
that STX64 reduced f-amyloid deposition in APP-PS1 mice
older than 15 months to that observed in APP-PS1 mice of
10-12 months of age (FIG. 7F).

[0094] All these results indicated that STX64 treatment in
APP-PS1 mice reduce p-amyloid deposition. To assess
whether the histological improvement correlated with ame-
lioration of cognitive behavioural deficit, we compared the
cognition capacity of APP-PS1 mice older than 15 month-
old treated with vehicle or STX64 during 3-4 weeks. While
vehicle-treated APP-PS1 mice showed a deficit in passive
avoidance test (FIG. 7G), those mice treated with STX64
completely reverted cognitive deficiencies, reaching similar
levels to <15 month-old wild type mice. All these results
point out that the alterations in p-amyloid metabolism
provoked by STX64 reduce the cognitive behaviour defi-
ciencies induced by p-amyloid accumulation in acute and
chronic AD mouse models, indicating that it is plausible that
STX64 and other sulfatase inhibitors could be used to treat
proteopathies.

Example 3: Effects of STX64 on a Mouse Model
of Huntington’s Disease

[0095] Mice strains and conditions: The R6/1 mice (Yi Li
et al., 2005. NeuroRX. 2(3): 447-464; Mangiarini et al.,
1996. Cell. 87(3):493-506) used in this study were pur-
chased from an authorized provider and they were habitu-
ated to standard animals housing conditions for 2-3 weeks (a
12 h light/dark cycle, temperature and humidity). Motor
activity studies were performed with 2-month-old R6/1
mice. All experiments were performed in accordance with
European Union guidelines (2010/63/EU) and with Spanish
regulations for the use of laboratory animals in chronic
experiments (RD 53/2013 on the care of experimental
animals: BOE Aug. 2, 2013), and the approval of the
University Pablo de Olavide animal care committees was
obtained prior to performing this study.

[0096] Mice Oral STX administration: STX64 was dis-
solved in drinking water at 0.005 mg/ml. 1-month-old mice
were exposed to STX solution for 1 month and the water
intake was registered every day during the treatment. The
estimated daily dose of STX64 was between 1-2 mg/Kg of
body weight.

[0097] Motor activity test: Locomotor activity was tested
in a non-stressful open-field (56x40x40 cm) for 15 minutes.
The distance traveled by the mice was estimated with Smart
video-tracking software (Panlab).
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[0098] Results: R6/1 mice exhibit a decrease in their
activity at 2 months of age. This decrease in motor activity
can be avoided by orally administering STX64 once they
reach 1 month of age (see FIG. 8). This Example provides
further evidence that the compositions of the present inven-
tion are suitable for treating protein-aggregation diseases.

Example 4: Comparison of STX64 with EMATE in
a C. elegans Model of Alzheimer’s Discase

[0099] Introduction: In order to determine the effect of
different inhibitors of steroid sulfatases (STS) in protein
aggregation we assayed EMATE (CAS Number: 148672-
09-7) in the strain GMC101, an improved model of AD in
C. elegans (McColl et al., 2012. Mol Neurodegener. 7:57).
EMATE, also named estrone sulfamate, is a potent irrevers-
ible inhibitor of estrone sulfatase (E1-STS) and dehydroe-
piandrosterone sulfatase (DHA-STS), but with strong estro-
genic activity.

[0100] Strain: GMC101, genotype: dvIs100 [pCL354
(unc-54:DA-AB1-42)+pCL26(mt1-2: GFP)].

[0101] Paralysis assay: Worms were grown at a non-
restrictive temperature of 16° C. until they reached the
L4-young adult stage. The temperature was then shifted to
25° C. The number of paralyzed and non-paralyzed animals
were counted after an 18-hour incubation at the restrictive
temperature of 25° C.

[0102] Statistical analysis: The data were analyzed using a
2-tailed chi-square test in contingency table. Statistical
analysis was performed using the GraphPad Prism software
(version 7.00).

[0103] Results: We assayed the temperature-dependent
phenotype of paralysis in different backgrounds and condi-
tions. Absence of sul-2 ameliorates the paralysis symptoms
in GMCI101 strain (see FIG. 9A). Similar effects were seen
for STX64 (see FIG. 9B) and EMATE (see FIG. 9C).
Although, STX64 appeared to have the greatest effect.

1. A composition comprising a sulfatase inhibitor for use
in the treatment and/or prevention of a protein-aggregation
disease, wherein amyloids and/or oligomers are removed,
and/or their formation is prevented in the patient and/or
animal;

wherein the sulfatase inhibitor is a compound of Formula

D:

@

R* R?
RS Rl ,
x
R® 0 0
R3

wherein:
(d) R;-R, are independently selected from hydrogen,
halogen, hydroxyl, sulfamate, alkyl and salts thereof;,
(e) at least one of R,-Ry is a sulfamate group; and
two or more of R -R, are linked together to form an
additional cyclic structure.
2. The composition for use according to claim 1, wherein
the sulfatase inhibitor treats and/or prevents proteotoXicity
in a protein-aggregation disease.
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3. The composition for use according to claim 1 or 2,
wherein the sulfatase inhibitor slows down the progression
of a protein-aggregation disease by inhibiting the formation
of protein aggregates and/or the sulfatase inhibitor delays
the onset of a protein-aggregation disease by inhibiting the
formation of protein aggregates.

4. The composition for use according to any one of claims
1-3, wherein the protein-aggregation disease is a central
nervous system localized protein-aggregation disease.

5. The composition for use according to any one of claims
1-4, wherein the formation of amyloids and/or oligomers is
prevented in Alzheimer’s disease, Parkinson’s disease or
Huntington’s disease patients; or wherein the protein-aggre-
gation disease is Alzheimer’s disease, Parkinson’s disease or
Huntington’s disease.

6. The composition for use according to any one of claims
1-5, wherein R, and R, form an additional cyclic structure
comprising 3-10 carbons.

7. The composition for use according to any one of claims
1-6, wherein Ry is OSO,NH,.

8. The composition for use according to any one of claims
1-7, wherein the sulfatase inhibitor is the compound of
Formula (II):

an

0
HZN\S//
O// o 0 0

9. The composition for use according to any one of claims
1-8, wherein the composition is a pharmaceutical composi-
tion comprising the sulfatase inhibitor according to any one
of claims 1-8 and a pharmaceutically acceptable carrier
and/or diluent.

10. The composition for use according to any one of
claims 1-9, wherein the composition is administered orally.

11. The composition for use according to any one of
claims 1-10, wherein a dose of 0.01 to 100 mg/kg is
administered to the patient, preferably 0.01 to 10 mg/kg,
more preferably, 0.05 to 1 mg/kg.
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12. The composition for use according to any one of
claims 1-11, wherein the composition is used in a combi-
nation therapy with donepezil, rivastigmine, galantamine,
memantine, levodopa, carbidopa and/or tetrabenazine.

13. A medicament for use in the treatment and/or preven-
tion of a protein-aggregation disease, wherein the medica-
ment is manufactured using a kit comprising a (i) sulfatase
inhibitor; and (ii) pharmaceutically acceptable carrier and/or
diluent;

wherein the sulfatase inhibitor is a compound of Formula

D:

@

R* R2
R3 R,
AN
R® 0 e}
R3

wherein:
(c) R,-Rg are independently selected from hydrogen,
halogen, hydroxyl, sulfamate, alkyl and salts thereof;,
(d) at least one of R;-R; is a sulfamate group; and
two or more of R -Ry are linked together to form an
additional cyclic structure; and
wherein amyloids and/or oligomers are removed and/or
their formation is prevented in the patient and/or ani-
mal.
14. The medicament for use according to claim 13,
wherein the sulfatase inhibitor is the compound of Formula

1D):

an

O// ~o 0 0
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