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Systematic identification of new anti-prion drugs by high-throughput
screening based on scanning for intensely fluorescent targets (SIFT)

The present invention relates to a method of identifying a compound for inhibiting
aggregation of proteins involved in diseases linked to protein aggregation and/or
neurodegenerative diseases, comprising the steps of: (a) bringing into contact a
labeled monomeric protein and a differently labeled aggregate of said protein in the
(1) presence and (2) absence of a candidate inhibitor of aggregation, (b)
determining the amount of co-localized labels, representing the extent of binding of
the monomeric proteins to the aggregates of said protein; and (c) comparing the
result obtained in the presence and absence of said compound, wherein a decrease
of co-localized labels in the presence of said compound is indicative of the
compound’s ability to inhibit aggregation of said protein. Moreover, the present
invention relates to a pharmaceutical composition containing said inhibitor of
aggregation as well as to a kit.
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- Several documents are cited throughout the text of this specification. The disclosure

content of the documents cited herein (including any manufacturer’s specifications, |
instructions, etc.) is herewith incorporated by reference. ‘

A large number of neurological and neurodegenerative disease are known, many of .

- which are presently not curable. These diseases comprise medical conditions such

as Parkinson's disease, Chorea Huntington, Hallervorder-Spatz disease,
Alzheimer’s disease, senile dementia, Creutzfeldt-Jakob disease, artheriosclerotic

dementia, cerebral thrombangitis obliterans and many others.

Prion diseases include diseases such as Creutzfeldt-Jakob disease (CJD), scrapie
and bovine spongiform encephalopathy (BSE). Pathologically the prion diseases are
characterized by‘ a spongiform degeneration of the brain. They are caused by an
unconventional infectious agent which consists primarily of the missfolded,

aggregated, beta-sheet rich PrPSc isoform of the membrane glycoprotein PrPC.

Prion diseases have caused a major concern in regard to public health due to the
emergence of BSE. Scientific evidence suggests that BSE has been transmitted to
humans causing a new variant of Creutzfeldt-Jakob disease (vCJD) (Will et al 1996,
Bruce et al. 1997). It is unknown how many people are currently incubating the
disease and will be affected by vCJD in the future. The available evidence does not
exclude an impending epidemic affecting a large number of patients (Andrews et al.
2000). This heightens the need to deyelop effective therapeutics in addition to
implementing measures preventing furthér spread of the disease. In addition recent
evidence suggest that secondary transmission by blood transfusion may occur
(LLewelyn et al.,2004).

The central event in the pathogenesis of prion diseases is the conversion of the
cellular prion protein PrPC into the pathological PrPSc isoform. A hallmark of
pathogenesis is the formation of large protein aggregates formed by aggregating
PrPSc. The available evidence suggests that PrPSc acts both as a template for this
conversion and as a neurotoxic agent causing neuronal dysfunction and cell death

(Prusiner 1998, Giese and Kretzschmar 2001). Therefore, the most promising

2
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therapeutic approach for prion diseases is to interfere with PrPSc amplification.
Evidence derived from cell culture and in vivo studies suggests that once formation
of PrPSc is inhibited, clearance of PrPSc can take place (Mallucci 2003). Thus, this
therapeutic strategy could also be effective late in the incubation period and even
after manifestation of clinical signs of disease, which is essential to be of use in

addressing human prion disease.

There are a number of compounds which have been shown to be effective in
interfering  with PrPSc  amplification in vitro such as Congo Red,
porphyrins/phthalocyanines, Cp-60, beta-sheet breaker peptides and variants of PrP
(Caughey et al 1998, Chabry et al. 1998, Démaimay et al. 2000, Horiuchi et al.
2000, Perrier et al. 2000, Rudyk et al. 2000, Soto et al. 2000). However, none of
these compounds has so far successfully been used for disease treatment or as -

lead compounds for developing compounds with increased therapeutic potency and

- pharmacological properties. Moreover, few in vitro assays that can be used for high-

throughput screening of large compound libraries for potential anti-prion drugs have

been established: only two different approaches towards a systematic screening for
anti-prion compounds have been proposed. Both of these two screening assays, the
one being yeast-based (Bach et al. 2003) and the -other using infected ScN2a cell
cultures (Kocisko et al. 2004, Kocisko et al. 2003). allowed the screening of libraries
containing only 2500 and 2000 compounds, respectively. However, the assays

turned out to be quite time-consuming.

Hence, there is an urgent need for identifying novel compounds suitable for the
treatment of prion diseases. A similar need also exists with respect fo other

diseases linked to aggregating proteins.

Thus, the technical problem underlying the present invention was to provide means
and methods for treating prion diseases and other diseases characterized by

aggregating proteins.

The solution to this technical problem is achieved by providing the embodiments

. characterized in the claims.
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5 Accordingly, the present invention relates to a method of identifying a compound for
i.nhibiting aggregation of proteins involved in diseases linked to protein aggregation
and/or neurodegenerative diseases, comprising the steps of: (a) bringing into
contact a labeled monomeric protein and a differently labeled aggregate of said
protein in the (1) presence and (2) absence of a candidate inhibitor of aggregation

10  which is selected from the group represented by formula (1)

R2
R3
R10 R11
RO X, X :
NTY R4
‘ R5
R8 R6
R7
or by formula (Il)
R4 R5
R3 X N NH
. R12 N 2
R1 R2 N \r
R11 : NH,-
O R6
R7
R10 R8
R9

wherein in formula (1):

15  Xis selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0;
R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently selected from

hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic group, a
heteroaryl group, alkyl, " alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
20  heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, carbocycloalkyl,
.heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano, acylamino, hydroxyl, thiol,

sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,
' 4
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heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and alkylthiol, each of which

is optionally substituted;

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14) are
independently selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or
hydroxyalkyl, each of which is optionally substituted

wherein in formula (11):

R1 and R2 are independently selected from hydrogen, alkyl, cycloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted;

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are independently selected from

hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic group, a
heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, - carbocycloalkyl,
heterocycloalkyl, hydroxyalkyl, nitro, émino, cyéno, acylamino, hydroxyl, thiol,
sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,
heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and alkylthiol, each of which
is optionally substituted; .

(b) determining the amount of co-localized labels, representing the extent of binding
of the monomeric proteins to the aggregates of said protein; and (c) comparing the
result obtained in the presence and absence of said éompound, wherein a decrease
of co-localized labels in the presence of said compound is indicative of the

compound’s ability to inhibit aggregation of said protein.

As used herein, “aggregation” means the formation of multimeric, complexes of

‘typically one or more types of proteins, which may be accompanied by the

integration of additional biomolecules, like carbohydrates, nucleic acids and lipids,

into the complexes.

The term “monomeric protein” méans a molecular unit composed of one single,
(poly)peptide chain with a three-dimensionalA conformation specific for each
particular protein which is preferably soluble in aqueous solutions up to typically
nanomolar, micromolar or milimolar concentrations and may be modified by

covalent linkage of one or more carbohydrates, carbohydrate derivatives, lipids,

5
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phosphate, sulfate, fatty acids, and nucleotides to individual amino acids in the
chain. Preferably, said modification is a phosphorylation, glycosylation, proteolytic
processing, glycation, oxidation, and nitration. As used throughout the present

invention, the term “protein” also refers to (poly)peptides.

The term “aggregated protein” means non-covalently linked complexes of one or

‘more types of “monomeric protein(s) or polypeptide(s)”, as defined above, which are

characterized by an altered three-dimensional conformation of the complexed

- protein unjts with respect to the monomeric protein units and a typically low solubility

of the complexes in aqueous solutions.

The term “compound for inhibiting protéin aggregation” refers to a molecular or
macromolecular compound which is éapable of preventing the formation of protein
aggregates and/or which is capable of disintegrating or breaking down existing
protein aggregates. Said compound may be, for example, a “small molecular

compound” or a (poly)peptide or a derivative thereof.

The term "small molecule” or “small molecular compound” refers to a compound
having a relative molecular weight of not more than 1000 D and preferably of not’
more than 500 D. It can be of organic or inorganic nature. A large number of small
molecule libraries, which are commercially available, are known in the art, like the
DiverSet library from Chembridge. Thus, for example, said compound may be any of
the compounds contained in such a library or a modified compound derived from a
compound contained .in such a library. Preferably, such a compound binds the
monomeric and/or aggregated protein with sufficient specificity, wherein sufficient

speciﬁcity means preferably a dissociation constant (Kd) of less than 500nM, more

~preferable less than 200nM, still more preferable less than 50nM, even more

preferable less than 10nM and most preferable less than 1nM. -

(Poly)peptide-based or peptidé-based compounds may be selected by using, for
example, any of the phage libraries and the well established phage display
techniques. Preferably, the (poly)peptide-based compound inhibiting protein

aggregation may be an antibody.
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Said compounds Cén be derived from preexisting compounds (e.g. compounds from
a library) by derivatization. Preferably, such compounds are designed by computer
modeling, wherein computer modeling means using virtual-screening tools for the
search of compounds that bind to the monomeric or the aggregated form of the
protein or both. Generally, these methods rely on the three-dimensional structure of
proteins, preferably of proteins crystallized together with a substrate.” More

préferably, the substrate is replaced with a candidate modulator or inhibitor.

The term “proteins involved in diseases linked to protein aggregation and/or
neurodegenerative diseases” as used herein, refers to those diéeases which are
characterized by the presence of aggregated proteins. Such aggregated proteins “
may form déposits in specific tissue, more preferably in nerve tissue or tissue of the

brain. The extent of aggregation depends on the particular disease.

The term “labeled ... protein” refers to a protein to which a label is attached. Said
label may be attached directly or indirectly. Indirect labeling particularly refers to
labeled (poly)peptides, more particularly labeled antibodies. Attachment of the label
can be performed by a number of techniques known to the person skilled in the art
and described in standard textbooks (see for example Harlow and Lane "Antibodies,
A Laboratory Manual", CSH Press, Cold Spring Harbor, 1998).

The term “differently labeled protein” means that different labels are attached to the
aggregated and the monomeric isoform of the protein. A typical example is the
attachment of “FITC” to the aggregated protein and of “Texas red” to the monomeric
protein. Since these labelé are detectable at different wavelength of light, it is
possible to determine the amount and/or the location of the isoforms of the protein.
More particularly, the use of different labels allows to quantify the presence of co-

localized labels, i.e. of labels which are found in close proximity to each other.

“Determining the amount of co-localized labels” may be performed, e.g. by
separately measuring (i.e. wavelength-specific) the number of single photons of at
least two different wavelengths coming from the same small volume element of
typically less than 1 fethIiter of a sample within a very short fime period of typically

less than 100 us followed by the computerized comparison of the respective photon
' ‘ 7
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numbers, which may be represented graphically in a multidimensional histogram
with one axis for the number of photons of one particular wavelength. In the case of
two wavelengths the photon numbers of a particular time period may thus be

represented as single dots in a two dimensional fluorescence intensity histogram.

The term “comparing the result obtained in the presence and absence of said
coﬁpound” means assessing the effect of the compound on the formation and/or
ahount of protein aggregates. As used herein, a decrease of co-localized labels of
more than 10%, more preferably of More than 25%, even more preferably of more
than 50% and most preferably of more than 95%, in the presence of a candidate
inhibitor compound of aggregation, is indicative of the compounds ability to inhibit
protein aggregation. The term “absence of said compound” means that no inhibitor
or candidate inhibitor is or has been added to the aggregating protein. In particular
cases it may be useful tb add negative controls, i.e. compounds which have no
effect on protein aggregation. The term “absence of said compound” also refers to
these cases. Likewise, any of the compounds of the present application which inhibit
protein aggreg'ation may be used as positive controls in assays for identifying novel
inhibitor compounds. It is apparent that the term “presence” also refers to quantity.
For apparent reasons, the compounds referred to in the present invention have
different effective concentrations. Preferably effective concentrations are less than

100 uM, more preferably below 10 pM and even more preferably below 1 pM.

The method of the present invention is particularly useful for identifying novel
compounds capable of interfering with protein aggregation. It allows screening of
large libraries of compounds and permits identifying inhibiting compounds with high
fidelity. In one aspect of the present invention, the method is based on fluorescence
correlation spectroscopy. In recent yearé fluorescence correlétion spectroscopy
(FCS) has been recognized as a method that allows highly sensitive analysis“of
protein aggregation in neurodegenerative diseases such as prion diseases at the
molecular level (Bieschke and Schwille 1997, Bieschke et al. 2000, Giese et al.
2000, Post et al. 1998). Moreover, FCS lends itself to miniaturization and
automation and has become an established method for high-throughput screening

in the pharmaceutical industry (Kbltermann et al. 1998). Fluorescence correlation
' 8
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spectroscopy (FCS) in its current confocal form analyses the signal fluctuations
caused by the diffusion of single fluorescently labeled molecules through an open
volume element defined by the beam of an excitation laser focused through a high
aperture microscope objective and confocally imaged on a single phbton counting |
detector (Schwille et al. 1997). In its most preferred embodiment, the method of the
present invention is based on this technology. This method is suited. for high-
throughput screening based on the inhibition of, for example, PrPC binding to
aggregates of PrPSc.

Applying the teaching disclosed in the present invention, the inventors have

" demonstrated that an assay syétem based on the SIFT technique can be used for

the in vitro screening of large libraries of synthetic compounds for inhibitors of the
aggregation processes accompanying neurodegenerative diseases and in particular
prion diseases at the molecular level. Such inhibitors bear the potential of being
novel therapeutics for these diseases. This novel assay system surpasses by far all
assay systems in use for the search of novel anti-prion drugs with respect to the
degree of automation, the speed of measurement (75 seconds per sample), the

amount of chemical compounds (only 200 picomoles per primary assay) as well as

' infectious agent (only the equivalent 0.2 mg of brain from a CJD-case per assay)

needed. Only these relatively low requirements of resources and time allow the
screening of such high numbers of compounds. Furthermore, the mapping of all
screening data onto a centralized data base and their automated analysis allow
efficient evaluation and analysis of structure-activity relationships. Traditional cell
culture sdreenihg procedures, which were included for evaluation purposes of hits,
were used once before on a library of 2000 substances (Kocisko 2003) at an
enormous effort. In éontrast, as shown herein it is possible to optimise the primary
screening to a throughput'of 500-1000 compounds per day within an university
setting, employing one technician and a liquid handling robot as well as one

lns.ightTM Reader FCS-instrument.

This new assay system for the detection of inhibitors of protein ag‘gregation should -

~also be adaptable to the search of new therapeutics for other neurodegenerative

diseases that are linked to aggregation of.specific proteins such as Alzheimer’s
9 .
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disease and Parkinson’disease. Moreover, it should be possible to search for
potential therapeutics for all diseases, where multimer formation plays a crucial role

in pathogenesis irrespectivé of the chemical nature of their components.

In a preferred embodiment of the present invention, said labels are fluorescent
labels. Preferably, the label is selected from the group consisting of fluorochromes,
e.g. fluorescein isothiocyanate (FITC), rhodamine, Texas Red, Alexa 488, Alexa
647, phycoerythrin, allbphycocyanin, 6-carboxyfluorescein (6-FAM), 2',7'-dimethoxy-
4',5'-dichloro—64carboxyfluorescein (JOE), 6-carboxy-X-rhodamine(ROX), 6-carboxy-
2',4’,7';4,7-hexachlorofluorescein (HEX), 5-carboxyfluorescein (5-FAM) or N,N,N',N'-
tetramethyl-6-carboxyrhodamine (TAMRA), radioactive labels, e.g. %P, *S, *H; etc.
The label may also be a two stage system, where e.g. ’the‘ protein or (poly)peptide or
compound of the present invention is conjugated to biotin, haptens, etc. having a
high affinity binding partner, e.g. avidin, specific antibodies, etc., where the binding

partner is conjugated to a detectable label.

In another preferred embodiment of the present invention, said label is attached to

an anti'body or a fragment of an antibody specifically bound to said protein.

The term “specific binding” of antibodies may be described, for example, in terms of

»

their cross-reactivity. Preferably, “antibody specifically bound to ...” refers to
antibodies that do not bind (poly)peptides with less than 98%, less than 95%, less
than 90%, less than 85%, less than 80%, less than 75%, less than 70% and less
than 65% identity (as calculated using methods known in the art) to a (poly)peptide
encoded by the aggregating protein. Antibodies may, however, also be described or
specified in terms of their binding affinity. Preferred binding affinities include those
with a dissociation constant or Kd less than 5X10°M, 10°M, 5X107'M, 107M, 5X10°
M, 10M, 5X10°M, 10°M, 5X107"°M, 107'°M, 5X107""'M, 107""M, 5X107"2M, 1072M,
5X10°13M, 107", 5X10°4M, 107M, 5X10°"5M, and 1075M. |

The term “antibody” refers to polyclonal, monoclonal, chimeric, single chain, single
chain Fv, antibody, or Fab fragment. The skilled person knows that in many cases

antibodies can be replaced with other specifically .binding compounds such as
' 10 ‘
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peptides exposed on the suiface of ;Shages (phage display) or with isolated
(poly)peptides. The antibody or (poly)peptides may be unlabeled or labeled with any
of the labels described in the preéent invention. The term “(poly)peptide” refers
alternatively to peptide or‘to (poly)peptides. Peptides conventionally are covalently
linked amino acids of up to 30 residues, whereas polypeptides (also referred to as
“proteins”) comprise 31 and more amino acid residues. Preferably, antibodies are

obtainable from human, mouse, rat, goat or rabbit.

In a more preferred embodiment of the present invention, said antibody is capable
of discriminating betWeen the aggregated and monomeric protein. The term
“capable of discriminating” refers to an antibody which is specific to either the
monomeric or the aggrégated isoform of the protein. Preferably, said antibody has a
5 fold decreased Kd for one isoform of the protein, more preferably the Kd is 10 fold
decreased. As a consequence, said antibody is capable of binding to one isoform of

the protein whereas it essentially fails to bind to the other isoform.

In another preferred embodiment of the present invention, the amount of co-
localized labels is determined by using the method of “scanning for intensely
fluorescent targets (SIFT)” (Ref: Bieschke et al. 2000), FRET or high resolution
confocal imaging. Preferably, said high resolution confocal imaging is performed
with a confocal laser scanning microscope or with a microscope utilizing spinning

disc technology.

In another preferredl embodiment of the present invention, said monomeric and
aggregating proteins are selected from the group consisting of prioh protein,
Amyloid precursor protein (APP), alpha-synuclein, superoxide dismutase, tau,
proteins with a Poly-Q stretch, immunoglobulin, Amyloid-A, transthyretin, Beta2-
microgliobulin, cyétatin C, Apolipoproteine A1, Islet amyloid polypeptide, ANF,
gelsolin, insulin, lysozyme, and fibrinogen, and frégments or derivates of said
proteins. Preferably, said proteins with a Poly-Q stretch are proteins which have at
least 36 consecutive glutamine residues. More preferably, said proteins with Poly-Q

stretch are selected from the group consisting of huntingtin and ataxin. Preferably,

11
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said fragmenfs or derivatives are éelected from the group modified by
phosphorylation, glycosylation, proteolytic processing, ‘glycation, oxidation, and
nitration. The (poly)pe'ptides mentioned in the bresent inventioh may contain one or
more carbohydrates, carbohydrate derivatives, lipids, phosphate, sulfate, fatty acids,
and nucleotides attached to individual amino acids in the chain. Preferably, said
modification is a phosphorylation, glycosylation, proteolytic processing, glycation,
oxidation, and nitration. The protein may be a vertebrate or invertebrate protein.
Preferably, the protein is .a mammalian or avian protein. More preferably, the
mammalian protein is selected from primate, human, mouse, rat, bos (cattle), sus
(pig), and sheep. In particular cases it may be preferable to use mixed isoforms, i.e.
for example the aggregated form PrP¢ derived from human and the monomeric
form derived from mouse. The proteins may be isolated from an animal or from
tissue culture or may be prepared recombinantly. It is envisaged by the inventors,
that the proteins may be chemically modified or treated by enzymes such as

~ proteases or glycosidases in order to improve handihg in the assay system.

In a more preferred embodiment of the present invention, the monomeric protein is

prion protein and the aggregated protein is PrP*°. ( Prusiner 1998)

In another preferred embodiment of the preseht invention, said compound is

selected from the group consisting of:

OH

\/
N - OH -
o :

3,4-Dihydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide

12
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f N~ °F
O

O

|

3-ﬂuorofN'-(3-bromb-4-methoxybenzylidene)~bénzohydrazide

OH -
Cl
< N
N~ OH
! .
Cl

3,4-dihydroxy-N'-(2,4-dichlorobenzylidene)-benzohydrazide

:
X NA /( j
N .

2-Hydroxy-benzoic acid [1 -naphthalen-2-yl-meth-(E)-yl)'dene]-h ydrazide

N-(3,4-dimethoxy-phenylethyl)-3-nitro-benzylidene imine

13
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< N
N~ Cl
O

3-Chloro-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide

. OH :
-~ _N ‘
N

2, 4-Dih ydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide and

‘ x N NH
N/ \\r 2
@)
Br ~ ‘

1-(4-(4-bromo-2, 3,5, 6-tetramethylbenzyloxy)-3-methoxybenzylidene)-2-
diaminomethylene~-hydrazine.

The structure formulas shown above and throughout the specification of the present

invention do not show all hydrogen atoms. The skilled person knows that this

V representation does not mean that the actual compounds contain no hydrdgen

atoms.

In a more preferred embodiment of the invention, efficacy of said compound is

further improved by derivatization. Derivatization refers to the generation of
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chemically related compounds which have modifications in at least one position of

the molecule.

The present invention also relates to a method of selecting compounds with in vivo
efficacy in the treatment of diseases linked to protein aggregation and/or
neurodegenerative diseases, comprising (a) administering a candidate compound
as defined in the present invention to a cell culture or an animal having the
aggregatable isoform of the protein as defined in the present invention; (b)
quantifying the amount of observable aggregates; and (c) identifying and selecting a
compound which is capable of reducing aggregates or the formation of aggregates

of said protein.

This method of the present invention allows testing candidate compounds in vivo, i.e. in
cells within or outside of a living organism. Testing candidate compounds in vivo is used
in example 5 (vide infra). Teéting candidate compounds in vivo gives important
additional information including data regarding toxicity, stability in the presence of a
complex chemical environment, and ability fo reach the location where a desired

molecular effect is achieved.

Pfeferably, the compound is administered in various concentrations in order to
determine a concentration at which an effect on protein aggregation can be
observed and in order to calculate the EC50. EC50 refers to the (molar)
concentration of a compound, which produces 50% of the maximum possible

response for that compound.

The present invention also relates to the use of a compound for inhibiting protein
aggregation in vitro, in a non-human animal or ex vivo, wherein said compound is

selected from the gfoup represented by formula (I)
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R2
: R1 R3
R10 R11
R9 N
: N7 Y R4
R5
R8 R6
T
or by formula (1)
R4 R5
R3 x N NH
R12 TR 2
R1,R2 N
R11 NH,
0] R6
. R7
R10 R8 '
R9

wherein in formula (1):

X is selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0;

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently selected from
hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic group, a
heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, carbocyclbalkyl,
heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano, acylamino, hydroxyl, thiol,
sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,
heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and alkylthiol, each of which
is optionally substituted;

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14) are

independently selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or

hydroxyalkyl, each of which is optionally substituted

wherein in formula (l1):
' 16 ‘ f
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R1 and R2 are independently selected from' hydrogen, alkyl, cycloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted;

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are independently selected from
hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic group, a
heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalkyl, | heteroarylalkenyl,  heteroarylalkynyl, carbocycloalkyl,
heterocycloalkyl, hydroxyalkyl‘,‘ nitro, amino, cyano, acylamino, hydroxyl, thiol, .
sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, aryfalkoxy,
heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and alkylthiol, each of which

is optionally substituted.

In a preferred embodiment of the present invention, said compound is detectably

labeled. Any label described in the pfesent invention (vide supra) may be used.

In another preferred embodiment of the present invention, two or more of said

compounds are used simultaneously.

Moreover, the present invention relates to the use of a compound for the
preparation of a pharmaceutical composition for the treatment of a disease linked to
protein aggregation and/or neurodegenerative disease, wherein said compound is

selected from the group represented by formula (1)

R2
R3
R10 R11
R9 NP ¢
N7 Y R4
R5
RS R6
R7

or by formula (l1)
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R4 R5
- R3 ~ _N NH
R12 TR 2
1 R1 R2 N Y
R11 : NH,
0 R6 ~
R7
R10 R8
' R9

wherein in formula (1):

X is selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0;

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently selected from

_hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic group, a

heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, carbocycloalkyl,

’heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano, acylamino, hydroxyl, thiol,

sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,
heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and alkyithiol, each of which
is optionally substituted;

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14) are
independently selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or

hydroxya[kyl, each of which is optionally substituted
wherein in formula (I1):

R1 and R2 are independently . selected from hydrogen, alkyl, cycloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted:;

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are independently selected from
hydrogen, halo, haloalkyl, aryl, fused afyl, carbocyclic, a heterocyclic group, a
heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteréarylalkyl, heteroarylalkenyl, heteroarylalkynyl, carbocycloalkyl, '
heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano, acylamino, - hydroxyl, thiol,
sulfonyl, phosphdnyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,
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heteroarylalkoxy, haloalkoxy, carboxy, carbonylamidq and alkylthiol, each of which

" - is optionally substituted.

In a more preferred embodiment of the invention, said disease linked to protein
aggregation is characterized by the presence of aggregated forms of at least one
protein or a fragment or derivative thereof, wherein this protein is selected from the
group consisting of prion protein, Amyloid precursor protein (APP), alpha-synuclein,
superoxide dismutase, tau, proteins with a Poly-Q 'strétch, immunoglobulin, Amyloid-
A, transthyretin, Beta2-microglobulin, cystatin C, Apolipoproteine A1, Islet amyloid
polypeptide, ANF, gelsolin, insulin, lysozyme, and fibrinogen. Preferably, said
proteins with a Poly-Q stretch are proteins which have at least 36 consecutive
glutamine residues. More preferably, said proteins with Poly-Q stretch are selected

from the group consisting of huntingtin and ataxin. it is known to the skilled person

that said proteins may exist in various isoforms including proteins modified by
phosphorylation, glycosylation, proteolytic processing and the like. The term “at

least one ..." refers to the fact known to the skilled person that diseases can be
linked to the presence of more than one protein in the aggregated form. For
example, in Alzheimer’s disease aggregates of fragments of APP and aggregates of

tau are usually detectable.

As used herein, the term “neurodegenerative diseases” comprises diseases such as
Alzheimer’s disease, prion disease, Parkinson’s disease, multiple system atrophy,
Diffuse Lewy body disease, frontotemporal dementia, amyotrophic lateral sclerosis,
Huntington disease’s, spinocerebellar ataxias and other Poly-Q diseases, hereditary
cerebral amyloid angiopathy, familial amyloid polyneuropathy. Moreover, as used
herein, the term “protein aggregation disease” refers to diseases manifested
predominantly outside the nervous system and includes diseases such as primary
systemic amyloidosis (AL amyloidosis), reactive systemic amyloidosis (AA
amyloidosis), type Il diabetes, injection-localized amyloidosis, beta-2 microglobulin’

amyloidosis, hereditary non-neuropathic amyloidosis, Finnish hereditary systemic

amyloidosis.

In a preferred embodiment of the invention, said disease is selected from the group

consisting of Alzheimer's disease, prion disease, Parkinson’s disease, multiple
19



10

15

20

WO 2005/116640 PCT/EP2005/005614

system atrophy, Diffuse Lewy body disease, frontotemporal dementia, amyotrophic
lateral sclerosis, Huntington disease’s, spinocerebellar ataxias and other Poly-Q
diseases, hereditary cerebral amyloid angiopathy, familial amyloid polyneuropathy,

.primary systemic amyloidosis (AL amyloidosis), reactive systemic amyloidosis (AA

amyloidosis), type Il diabetes, injection-localized amyloidosis, beta-2 microglobulin
amyloidosis, hereditary non-neuropathic amyloidosis, Finnish hereditary systemic

amyloidosis.

In a more preferred embodiment of the invention, said prion disease is selected from
Creutzfeldt-Jakob disease, variant Creutzfeldt-Jakob disease, genetic human prion

disease, Bovine Spongiform Encephalopathy (BSE) and Scrapie.

In a preferred embodiment of the invention said compound is selected from the

group consisting of:

OH .-
NN
N OH -
o)

3,4-Dihydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide

B < N
' Nig F
0]
T
3-fluoro-N'-(3-bromo-4-methoxybenzylidene)-benzohydrazide
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OH :
, Cl :
< N
N~ OH
0
Cl

3,4-dihydroxy-N'-(2,4-dichlorobenzylidene)-benzohydrazide

H
: \N/N
: O OH '

2-Hydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide

N-(3,4-dimethoxy-phenylethyl)-3-nitro-benzylidene imine

H

| ~ _N

N \”/@CI
0

3-Chloro-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide
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OH
AT
\N,N :
!ill"lli[/Af O OH
5

2,4-Dihydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide and

X N NH,
N <T/
O/©/\ NH,
O
Br ~

1-(4-(4~bromo-2,3,5,6—z‘etramethylbenzyloxy)-3-mez‘hoxybehzylidene)-2-
10  diaminomethylene-hydrazine.
The present invention also relates to a pharmaceutical composition comprising a

compound and optionally a pharmaceutically acceptable carrier or excipients,
wherein said compound is selected from the group represented by formula (1)

R2
R3
R10 R11
RO N X
N~ Y R4
R5
RS R6
R7

15 or by formula (II)
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R4 R5
R3 X N _NH
R12 - :
%R1 Ro NTRYT
R11 NH,
0 R6
R7
R10 R8 |
RO

wherein in formula (1):

X is selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0;

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently selected from
hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic group, a
heteroaryl - group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,

| heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, carbocycloalkyl,

heterocycloalkyl, hydroxyalkyl, nitro, amino, 'cyano, acylamino, hydroxyl, thiol,
sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,
heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and alkylthiol, each of which

is optionally substituted;

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH¥R14) are
independently selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or
hydroxyalkyl, each of which is optionally substituted

wherein in formula (I1):

R1 and R2 are independently selected from hydrogen, alkyl, cycloalkyl -
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted:;

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are indepéndently selected from
hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic group, a
heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,

_heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, carbocycloalkyl,

heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano, acylamino, hydroxyl, thiol,

sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,
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heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and alkylthiol, each of which
is optionally substituted.

The pharmaceutical composition will be formulated and dosed in a fashion
consistent with good medical practicé, taking into account the clinical condition of
the individual'patient, the site of delivery of the pharmaceutical composition, the
method of administration, the scheduling of administration, and other factors known
to practitioners. The "effective amount” of the pharmaceutical composition for

purposes herein is thus determined by such considerations.

The skilled person knows that the effective amount of pharmaceutical composition
administered to an individual will, inter alia, depend on the nature of the compound.
For example, if said compound is a A(poly)peptide or protein the total
pharmaceutically effective amount of pharmaceutical composition administered
parenterally per dose will be in the range of about 1 pg protein /kg/day to 10 mg
protein /kg/day of patient body weight, although, as noted above, this will be subject
to therapeutic discretion. More preferably, this dose is at least 0.01 mg protein
/kglday, and most preferably for humans between about 0.01 and 1 mg protein
/kglday for the peptide. If given continuously, the pharmaceutical composition is
typically administered at a dose rate of about 1 pg/kg/houf to about 50 pg/kg/hour,
either by 1-4 iAnjections per day or by continuous subcutaneous infusions, for
example, using a mini-pump. An intravenous bag solution may also be employed.
The length of freatment needed to observe changes and the interval following
treatment for responses to occur appears to vary depending on the desired effect. If
the compound is of less molecular weight, as is the case with most of the
compounds disclosed in the present invention, lower doses may be administered, at
different intervals. The particular amounts may be determined by conventlonal tests

which are Well known to the person skilled in the art.

Pharmaceutical compositions of the invention may be administered orally, rectally,
parenterally, intracistemally, ‘intravaginally, intraperitoneally', topically (as by
powders, ointments, drops or transdermal patch), bucally, or as an oral or nasal
spray. By "pharmaceutlcally acceptable carrier" is meant a non-toxic solid, SemlSO|Id
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or liquid filler, diluent, encapsulating material or formulation auxiliary of any type.
The term "parenteral" as used herein refers to modes of administration which
include intravenous, intramuscular, intraperitoneal, intrasternal, subcutaneous and

intraarticular injection and infusion.

The pharmaceutical composition is also suitably administered by sustained release
systems. Suitable examples of sustained-release compositions include semi-
permeable polymer matrices in the form of shaped articles, e.g., films, or
mirocapsules.  Sustained-release matrices include polylactides (U.S. Pat. No.
3,773,919, EP 58,481), copolymers of L-glutamic acid and gamma-ethyl-L-
glutamate (Sidman, U. et al., Biopolymers 22:547-556 (1983)), poly (2- hydroxyethyl
methacrylate) (R. Langer et al., J. Biomed. Mater. Res. 15:167-277 (1981), and R.
Langer, Chem. Tech. 12:98-105 (1982)), ethylene vinyl acefate (R. Langer et al,, Id.)

. or-poly-D- (-)—3-hydroxybutyric acid (EP 133,988). Sustained release pharmaceutical

composition also include liposomally entrapped compound. Liposomes containing
the pharmaceutical composition are prepared by methods known per se: DE
3,218,121; Ebstein etal., Proc. Natl. Acad. Sci. (USA) 82:3688-3692 (1985); Hwang
et al., Proc. Natl. Acad. Sci. (USA) 77:4030-4034 (1980); EP 52,322; EP 36,676; EP
88,046; EP 143,949; EP 142,641; Japanese Pat. Appl. 83-118008; U.S. Pat. Nos.

© 4,485,045 and 4,544,545; and EP 102,324. Ordinarily, the liposomes are of the

small (about 200-800 Angstroms) unilamellar type in which the lipid content is
greater than about 30 mol. percenf cholesterol, the selected proportion being

adjusted for the optimal therapy.

For parenteral a'dministration, the pharmaceutical composition is formulated
generally by mixing it at the desired degree of purity, in a unit dosage injec’rable form
(solution, suspension, or emulsion), with a pharmaceutically acéeptable carrier, i.e.,
one that is non—toxiq to recipients at the dosages and concentrations employed énd

is compatible with other ingredients of the formulation.

Generally, the formulations are prepared by contacting the components of the
pharmaceutical composition uniformly and intimately with. liquid carriers or finely
divided solid carriers or both. Then, if necessary, the product is shaped into the
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desired formulation. Preferably the carrier is a parenteral carrier, more preferably a
solution that is isotonic with the blood of the recipient. Examples of such carrier
vehicles' include water,. saline, Ringer's solution, and dextrose solution. Non
aqueous vehicles such as fixed oils and ethyl oleate are also useful herein, as well
as liposomes. The carrier suitably contains minor amounts of additives such as
substances that enhance isotonicity and chemical stability. Such materials are non-
toxic to recipients at the dosages and concentrations employed, and include buffers
such as phosphate, citrate, succinate, acetic acid, and other organic acids or their
salts; antioxidants such as ascorbic acid; low molecular weight (less than about ten
residues) (poly)peptides, e.g., polyarginine or tripeptides: proteins, such as serum
albumin, gelatin, or immunoglobulins: hydrophilic polymers ~such as
polyvinylpyrrolidone; amino acids, such as glycine, glutamic acid, aspartic acid, or
arginine; monosaccharides, disaccharides, and other carbohydrates including
cellulose or its derivatives, glucose, manose, or dextrins; chelating agents such as
EDTA; sugar alcohdls such as mannitol or sorbitol; counterions such as sodium;

and/or nonionic surfactants such as polysorbates, poloxamers, or PEG.

The components of the pharmaceutical composition to be used for therapeutic
administration must be sterile. Sterility is readily accomplished by filtration through
sterile filtration membranes (e.g., 0.2 micron membranes). Therapeutic components
of the pharmaceutical composition generally are placed into a container having a
sterile access port, for example, an intravenous solution bag or vial having a stopper
pierceable by a hypodermic injection needle.

The components of the pharmaceutical composition ordinarily will be stored in unit
or multi-dose containers, for example, sealed ampoules or vials, as an aqueous
solution or as a lyophilized formulation for reconstitution. As an exémple of a
lyophilized formulation, 10-ml vials are filled with 5 ml of sterile-filtered 1% (wiv)
aqueous solution, and the resulting mixture is lyophilized. The infusion solution is
prepared by reconstituting the lyophilized compound(s) using bacteriostatic Water-
for-Injection.
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5 Moreover, the present invention also relates to a diagnostic composition comprising
a compound selected from the group represented by formula (1)

R2
R1 R3
R10 R11
R9 X X
NTY R4
< R5
R8 R6
R7
or by formula (11)
R4 R5
R3 X N NH
R - 2
' 12R1 R2 aN Y
R11 NH,
O R6
4 R7
R10 R8
R9

10 wherein in formula (I):

X is selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0:

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently selected from

hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic group, a
15 heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl,

~heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, carbocycloalkyl,

heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano, acylamino, hydroxyl, thiol,

sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,

heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and alkylthiol, each of which
20 s optionally substituted:; ' |
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R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14) are
independe,ntly selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or
hydroxyalkyl, each of which is optionally substituted

wherein in formula (Il):

R1 and R2 are independently selected from hydrogen, alkyl, cycloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted:

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are independently selected from
hydrogen, halo, haloalkyl, aryl, fused aryl,v carbocyclic, a heterocyclic group, a
heteroaryl group, alkyl, alkenyi, alkynyl, arylalkyl, arylalkenyl, | arylalkynyl,
heteroarylalkyl, heteroarylalkenyl, | heteroarylalkyhyl, carbocycloalkyl,
heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano, acyiamino, hydroxyl, thiol,
sulfonyl, phosphonyl, acyloxy, azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy,

‘ heteroarylalkoxy, haloalkoxy, carboxy, carbonylamido and .alkylthiol, each of which

is optionally substituted.

In a preferred embodiment of the invention, said compound is detectable or
detectably labelled. Any of the labels described in the present invention may be
used (vide supra). It is understood in accordance with the present invention that a
compbund is detectable or-detectably labelled if its presence can be monitored by
conventional techniques such as spectrometry, chromatography, ELISA assay,
detection of radioactive emission, preferably by scintillation counting or gamma

counting.

In another preferred embodiment of the present invention, said compound is

selected from the group consisting of:

OH

8
N~ OH
. O

3,4-Dihydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E )-ylidéne J-hydrazide
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5 S N
.
‘. N” F
O
C|> |
3-fluoro-N"-(3-bromo-4-methoxybenzylidene)-benzohydrazide
OH
Cl
< N
N OH
O
Cl .

3,4-dihydroxy-N'-(2, 4-dich/orobenzy/idene)-benzohydrazide

H; gj
X N
N
O OH

2-Hydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide

N-(3,4-dimethoxy-phenylethyl)-3-nitro-benzylidene imine
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H
X N
N \H/Q\CI
5 .

- 3-Chloro-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide

OH
H
X N
O . OH

2,4-Dih ydrbxy—benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide and

x N NH,
N \\(
O/©/\ NH,
0]
Br ™~

1-(4-(4-bromo-2, 3,5, 6-tetramethylbenzyloxy)-3-methoxybenzylidene)-2-
diaminomethylene-hydrazine.

Finally, the present invention relates to a kit comprising the compound as defined in
the present invention and, in addition, an antibody or antibody frégment specifically |
binding to said compound; and/or monomeric or aggregated protein as defined in
the present invention; and/or monomeric or aggregated protein as defined in the
present invention, optionally complexed with said compound and instructions for
use, in one or more container.
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The figures show:

Figure 1:

Figure 2:

Schematic representations of the assay components without and with
therapeutic compound, respectively. (A and B) Antibodies to human PrP

are depicted as red Ys. Mouse rPrP is symbolised by green cubes.

Human PrP-Sc aggregates are drawn as chains of pink cubes. In B

therapeutic compounds binding to rPrP are symbolised by blue
spheres.(C and D) Two-dimensional fluorescence intensity distribution

- histograms of in vitro fluorescence correlation assays without and with

17 uM DOSPA, respectively. Red fluorescence intensity of single 40 ps

‘events (bins) is given on the vertical axis as number of photons, the

green fluorescence intensity of the evenfs is indicated on the horizontal
axis. The diagram is divided into eighteen sectors of events with
comparable relation between red and green intensity. Events with low
intensities (e.g. less than 20 red or green photons per 40 ps) are
excluded in a nineteenth sector around the origin of the diagram. The
number of events with identical red and green intensities is colour-
coded ranging from yellow through blue and green up to white for
increasing numbers of events. The presence of the inhibitory compound
DOSPA shifts the appearance of high intensity évents away from the

“green” sectors at the bottom to the “red” sectors at the left.

Primary SIFT screening: (A) Fluorescence intensity distribution of one
primary screening experiment for 80 compounds and 8 control
reactions. The number of high-intensity bins found in each of the .
eighteen sectors is plotied for each compound and control reaction.
Controls containing no PrPSc - aggregates and compounds (only rPrP
and mAb mix) are blue grey. Controls 'containing 17 yM DOSPA are
red.(B) SIFT primary activity values for the DIVERSet1 library. Library
compounds (solid), negative controls (dotted) and positive DOSPA

controls (dashed). The activities of negative and positive controls are

narrowly distributed around O and 1 respectively and are clearly
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Figure 3:

Figure 4:

Figure 5:

‘separated. A selectable boundary value (here 0.5) splits the DIVERSet1

compounds into inactives and actives.

‘Inhibition of PrPSc formation in scrapie-infected N2a cells. (A, B) ScN2a

cells were cultivated for three days and then compounds were added at

a concenfration of 15 (A) or 10 mM (B). After cultivation for additional

two days cells were lysed in. detergent buffer, and PrP present in the
detergent-soluble (S) and -insoluble (P) was analyzed by Western

| blotting using the anti-PrP antiserum A7. The relative amount of the

cytosolic chaperone Hsp70 present in the detergent soluble fraction was
analyzed in parallel (B, y-HSP70). Incubation with DOSPA served as a
positive control for anti-prion activity.

Dose response analysis of new anti-prion drugs. (A) Selected
compounds were tested at different concentrations as described under
Fig. 4. The detergent-insoluble fraction was treated with proteinase K
prior to Western blot analysis. (B) Quantitative analysis of the
experiments shown under A. To quantify the feduction,of PrPSc by the
different compounds, the relative amount of PrPSc present in control
cells was set as 100%. Reduction was calculated from three

independent experiments.

Compounds with cell culture activity. The molecular structures of these
substances and their activities in the three steps of the combined
screening approach are shown. The first of the three columns shows the
activities in the primary SIFT screening, where they were all selected as
primary SIFT hits. All these substances were validated in SIFT dilution
series, and, where possible, EC50 valués were determined. The last

column combines the results of several steps in the cell culture system.
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Figure 6:

Figure 7:

Evidently, six of these compounds share a .N‘-benzylidene-

benzohydrazide core.

Cémpound names are: 293G02: 34-dihydroxy-N'-(naphthalen-2-
ylmethylene)-benzohydrazide, 313B02: 1 -(4-(4-bromo-2,3,5,6-
tetramethylbenzyloxy)-3-methoxybenzylidene)-2-diaminomethylene-
hydrazine, 309F02:  3-fluoro-N'-(3-bromo-4-methoxybenzylidene)-
benzohydrazide, 305E04: 3,4-dihydroxy-N'-(2,4-dichlorobenzylidene)-
benzohydrazide, 297F03:  2-hydroxy-N'-(naphthalen-2-yimethylene)-
benzohydrazide, ~ 306H03:  3-chloro-N'-(naphthalen-2-
ylmethylene)—benzqhydrazide, 301C09: 2,4-dihydroxy-N'-
(naphthalen-2-ylmethylene)-benzohydrazide

Structure-activity relationéhips for N'-benzylidene-benzohydrazide
derivatives. SIFT primary activities of eight substance classes are
shown. The substance classes are characterized in that they contain the
depicted structure motifs. The boxes in-between the activity distributions

mark median and quartiies.

Structure-activity relationships for halogen-substituted N'-benzylidéne-'
benzohydrazide derivatives. In A SIFT primary activities of three
substance classes are shown, that are characterized by the substitution
of halogens at the benzyl ring of the benzylidene moiety at the N’-
position of the NBB core. In B these classes are split up according to
the type of the halogen atom used for substitution. The boxes and large
vertical bars within the strongly occupied activity distributions mark the
median and the quartiles; that statistics has been omitted for classes

containing only a few members.
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5 Figure 8: A. Therapeutic scheme of drug application during the course of the
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Figure 9:

Figure 10:

disease measured as % of surviving animals at a given day after
intracerebral infection with RML-scrapie. B. Median of the survival times
of the four experimenta| groups of animals, which were either treated
with one of the three cdm'pounds or with the vehicle (75% DMSO) only

Upper panel: Example of a tissue slice of the spleen of a mock-treated
animal immunohistochemically stained for PrP-Sc deposits at lower
(left) and higher (right) magnification. PrP-Sc deposits are detectable by
the red colour of the PK—reéistant amyloid. Lower panel: Example of a
tissue slice of the spleen of a animal treated with substance 293G02
and immunohistochemically stained for PrP-Sc deposits. Here no PrP-

Sc deposits can be detected in the low magnification overview of the

‘organ.

Median of the fluorescence cross-correlation measured for three

. indepehdent samples of a mixture of two differently labeled a-synuclein '

Figure 11:

monomers receiving the same treatment. Three samples each were
treated with or without DMSO or DMSO plus compound 293G02,
respectively. Each sample was measured seven times during the period
3-5 hours after start of the treatment. Increasing cross-correlation

indicates formation of more and bigger aggregates.

Examples of two-dimensional fluorescence intensity distribution
histograms for samples treated either without (A) or with DMSO (B) or
with DMSO plus compound 293G02 (C). Red fluorescence intensity is
indicated on the vertical axis, green fluorescence intensity on the
horizontal axis. The intensity is given in photons counted per 40 ps time

interval (bin). The number of bins measured having a particular
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fluorescence intensity distribution is color coded with yellow for single

events through blue, green, and white for increasing number of bins with
the saime intensities. '
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The eXampIes illustrate the invention:

Example 1: The SIFT anti-prion assay

To test the inhibitory effect of drugs on the association between PrPC and PrPSc in
a high-throughput and high-content screening asséy, we applied the “Scanning for
Intensely Fluorescent Targets” (SIFT-) technique (Bieschke et al. 2000), which
utilises an inverted dual color confocal microscope setup with single photon

d.etectbrs for two colors of fluorescent light. Samples are prepared in 96- or 384-well

. microtiter plates with cover slide glass bottoms. The assay mixture consists of

recombinant mouse PrP (‘rPrP), the monoclonal antibody (mAb) L42, which does not
recognize mouse PrP but human PrP, and PrP-Sc aggregates prepared from
human CJD brain. The rPrP and mAb molecules are labeled with green and red
fluorophores, respectively. Binding of several rPrP and mAb molecules to the PrPSc
aggregates will result in the formation of ternary complexes exhibiting many red and
green attached fluorophores. (Fig. 1). Such aggregates can be identified and
analyzed by the SIFT mefhod, because they simultaneously cause high intensities
in both fluorescence channels. The distribution of the red and green fluorescence
intensities can be assessed by a two-dimensional fluorescence intensity histogram.
Whenever an inhibitor of the association between rPrP and PrPSc is included in the
assay, the green fluorescence intensity of the ternary aggregates should decrease
(Fig. 1). The color distribution of the aggregates in the 2D-histogram will then be
shifted towards the “red” sectors of that histogram, as shown in Fig. 1D for a sample
containing 17 UM DOSPA, a cationic lipid that has previously been found to inhibit
PrPSc formation in scrapie-infected mouse cells in cell culture.

Example 2: Primary SIFT-screening of 10 000 compounds

The application of this assay system to a library of 10 000 diverse, drug-like
compounds'(ChemBridge DIVERSet1) in 96-well microtiter plates is exemplified in
Fig. 2A showing the results of a primary screening of one microtiter plate contaihing
80 compounds from the library and 8 control samples. Three of these were negative
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controls without any additional compounds and three positive controls containing 17
uM DOSPA as well as two controls without CJD-rods and compounds (serving to
check the absence of aggregation in the antibody and rPrP mixture).

As can be seen in this figure, the three samples containing DOSPA showed reduced
SIFT signal in those sectors which monitor signals of aggregates predominantly
labelled with green rPrP. This indicates that ih these controls less rPrP had bound to
CJD prion rods. Because the prioh rods are marked by the' red antibody labels, their
fluorescence still generates SIFT signal in the “red” sectors. Most of the compounds
did not influence the distribution of the SIFT signal. But some of the DIVERSet
compounds lowered the number of aggrega{és detected in the “green” sectors. The
SIFT curves of these samples are shifted towards the DOSPA controls. Thus, the
corresponding compounds can be considered as primary hits for potential anti-prion
drugs. Occasionally some technical problems generated artefacts, which obscured
an entire measurement of a whole mircotiter plate. Apart form this, only about 7 % of
the undisturbed measurements had to be treated as outliers and were unsuitable for
the automated SIFT analysis, mostly because of intrinsic fluorescence of the tested
compounds. This rather low percentage of compounds untreatable by the SIFT
assay was unexpected and underscores the versatility and robustness of the assay.
The identification of problematic measurements and compounds is facilitated by the
high-content nature of the SIFT assay data. For each sample several fluorescence
parameters are recorded simultaneously, like for instance the mean fluorescence
intensities for each color channel. These are displayed together with the sums of the

. high-intensity events in each sector of the color distribution histogram. Therefore

samples with high intrinsic fluorescence can easily be sorted out.

Example 3: SIFT primary hits

For a compound to be classified as a primary hit, we analyzed the sum of bins in the
“green” sectors 1-5 and defined a cut-off value of approximately 50 % of the effect of
DOSPA compared to the untreated controls as the minimum effect necessary. With

this definition we obtained 256 primary hits from the library after a single round of

. screening with our SIFT assay.
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For the automated quantification of the SIFT screening data, we have subsequently
developed a software module, which additionally assigns pri‘mary SIFT activity
valL;es to the tested compounds (see the Methods section for details). Fig. 2B
shows the distribution of these activity values over the whole DIVERSet1 library.

Example 4: Validation of primary hits by dilution series

The primary hits were checked for dose-dependent inhibition of PrPC - PrPSc
association using duplicate six point dilution series (0.1-100 mM) of each compound
in the SIFT assay. For 80 compounds these dose—response Curves} confirmed their
concentration dependent inhibitory activity. Compafed to the effect of 17 uM
DOSPA, half-maximal inhibition of binding of rPrP to prion rods was observed at
EC50 values in the range of 0.3 to 60 yM.

Example 5: Validation of hits in a cell culture model of prion diseases

After the identification of promising compounds in our high-throughput in vitro assay,
we evaluated their anti-prion activity in ‘a biological system. Besides infections of
laboratory animals, there are cell culture models of prion propagation. So far, only a
limited number of cell lines could be efficiently infected with scrapie prions, among
them N2a cells. The infected cell lines (e.g. ScN2a) are characterized by the

formation of detergent insoluble and PK-resistant PrPSc and the propagation of

_infectious prions (Borchelt et al. 1992, Butler et al. 1988, Caughey & Raymond

1991, Schatzlet al. 1997). These cell culture models proved useful to study the
biogenesis of PrPC and its conversion into PrPSc. Moreover, we and others have
successfully used this system to identify compounds which interfere with PrPSc
propagation (Gilch, S. et al. 2001, Kiachopoulos et al. 2004, Tatzelt et al. 19986,
Winklhofer et al. 2001). Thus, we used scrapie-infected N2a (ScN2a) cells, a model
system employed previously for the identification and characterization of anti-prion
drugs(Gilch, S. et al. 2001, Kiachopoulos et al. 2004, Tatzelt et al. 1996, Winklhofer
et al. 2001). .
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Three days after plating, the compounds were added to the cell culture medium (15
mM) and the ScN2a cells were cultivated for additional 2 days. After celll lysis in
detergent buffer, the samples were fractionated by centrifugation and PrP present in
the detergent-soluble (S) and detergént-insoluble fractions (P) was detected by
Western blotting. Mock-treated ScN2a cells are characterized by the presence of
detergent-soluble PrPC and the accumulation of detergent—insoldble PrPSc, which is
present in the pellet fraction (Fig. 3A, control). After incubation with DOSPA, PrPSc
is cleared from the infected cells (Fig. 3A, DOSPA). Note that PrPC present in the '
detergent-soluble fraction is unaffected by DOSPA. In the first screening,
exemplified by the Western blof analysis shown in Fig. 3A, we tested all 80
compounds validated by the SIFT dilution series. In the ScN2a cell culture model, 8
compounds interfered with the accumulation 6f PrPSc with-out showing any overt

signs of cytotoxicity

Six of the compounds active in the first round of cell culture analysis were available

for further evaluation. These compounds were re-tested at a concentration of 10
mM. Notably, the relative amount of detergent-soluble PrPC and of cytosolic Hsb?O
was not affected, indicating that the compounds do not affect protein synthesis in
general (Fig. 3B). Four compounds showed reproducible significant depletion of
PrPSc and were thus selected for a further dose response analysis (Fig. 4A). For
this analysis the detergent-insoluble pellet fraction was incubated with proteinase K
(PK) prior to the Western blot analysis to specifically monitor the disappearance of
detergent-insoluble and PK-resistant PrPSc. It turned out that the compounds
293G02 and 313B02 induced clearance of PrPSc from the cells with an EC50 of
about 2 and 6 mM, respectively (Fig. 4B).

Example 6: New anti-prion compounds

Fig. 5 shows the structures of compounds with activity against PrPSc propagation in
the cell culture analysis. Six of these compounds (293G02, 309F02, 305E04,
297F03, 306H03, and 301C09) share a common N’-bénzylidene-benzohydrazide
(NBB) core structure (cf. first row of Fig. 6), whereas only 471 of the 10000
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compounds in the DIVERSet1 library contain this motif, suggesting a relevant
structure-activity relationship.

Therefore, we investigated the influence of different substitutions around the NBB
core structure on the activﬁy found in the primary screening with the SIFT assay. To
this aim, we defined a series of motifs with specific substitutions of the NBB core.
Each of these structural motifs defines a class of substances from the DIVERSet1

library containing the respective motif. Fig. 6 shows the distributions of the SIFT

activities for eight such motifs occurring at different frequencies within the

compound library.

The NBB class (Fig.6, first row) contains many inactive compounds, but still its
activity distribution is shifted slightly towards anti-prion activity. Regarding
substitutions of the benzyl ring of the benzohydrazide core, we analyzed the
influence of hydroxy groups. The addition of a hydroxy group at the ortho position
(cf. Fig.6, second row) leads to a smaller substance class with a similar mean
activity. The classes of compounds with hydrdxy groups in meta or in para position
(rows three and four) show increased proportions of actives. In particA;u‘lar, all four
compounds with a combination of hydroxy groups in meta and para position (row
six) exhibit activity in the SIFT assay above the threshold defined for primary hits.
Moreover, two of these compounds were among those confirmed active in cell
culture. Regarding the N position of the NBB core, we found a striking effect of
naphthalenylmethylene substitutions. All compounds containing this moiety as the
naphthalen-2-yimethylene isomer displayed activity in the SIFT assay, whereas the
median activity of compounds containing the naphthalen-1-ylmethylene isomer was
close fo zero. A significant structure-activity relationship is underscored by the fact
that two compounds containing the nabhthalen-Z-ylmethylene group are. found
among the cell culture actives. Interestingly, the compoun‘d with the strongest cell
culture activity (293G02) is characterized by the combination of both motifs
associated with high activity in the SIFT assay. The evident correlation between
SIFT activity and cell culture activity of these structural motifs indicates the feasibility
of using data obtained during primary hlgh-thoughput screenlng in the SIFT assay
for evaluation of structure-activity relatlonshlps
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- Example 7: Materials and methods used

Compound library. The library screened corﬁains 10000 compounds and will be
calle'.d DIVERSet1, because it covers only a part of the larger DIVERSet library
(ChemBridge Corp., San Diego, CA); DIVERSet is a collection of rationally selected,
diverse, drug-like small molecules. The compounds were supplied in dimethyl
sulfoxide (DMSO) solution and on 96-well microtiter plates. A database containing
molecular structures and some physico-chemical data for each of the compounds is

available at www.chembridge.com.

Prodﬁction of recombinant moﬁse PrP 23-231. Recombinant PrP 23-231 was
produced and 4purified essentially as described by Liemann et al. (1998), except that
for bacterial expression BL21DE3 RIL E. coli cells (Novagen) were transformed with
plasmid pET17b-MmPrP23-231WT31 for mouse PrP23-231. Also, the bacteria were
grown to an optical density of 0.5 before protein production was induced by addition
of 1 mM IPTG and cells harvested two hours later. Then bacteria were lysed by
addition of 0.5% Triton X-100 to the lysis buffer and incubation for 30 min at 37 °C
instead of using a French press. Furthermore, the gel filtration step was replaced by
a nickel chelate affinity chromatography step. The final cation exchange
chromatography step after refolding was also omitted.

In particular, the PrP prepurified by ion exchange chromatography was subjected to
oxidation as described and oxidation was terminated by addition of 0.1 mM EDTA
and adjustment of pH to about 6. After addition of 0.1 mM NiCI2 up to 50 mg of PrP
were applied to 2 ml chelating sepharose (Pharmacia) precharged with NiCI2
according to the manufacturers recommendations and preequilibrated with buffer A
(8 M Urea, 10 mM MOPS pH 7.0). Binding of PrP to Ni-chelate-matrix was
performed for at least 3h at room temperature by continuously inverting the mixture.
The matrix was transferred to a Polyprep-column (BioRad) and drained from the
flow through. The column was washed twice with 5 ml buffer B (8 M Urea, 10 mM
MOPS pH 7.0, 500 mM NaCl) and then eluted sequentially with 6 times 5 ml puffer
D (7.2 M Urea, 10 mM MOPS pH 7.0, 150 mM NaCl, 50 mM imidazole). Fractions
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containing burified PrP were pooled, concentrated with a centriprep device and
finally diluted 1:50 for refolding into 10 mM MES pH 6.0.

Fluorescence labelling of antibodies and recombinant PrP. L42 monoclonal
antibody (Vorberg et al. 1999)(r-biopharm, Darmstadt, Gerr-nany) against human
PrP was labeled with Alexa™ 647 dye (Molecular Probes, Eugene) according to the
manufacturers recomendations. Recombinant mouse PrP 23-231 was labeled with
the Alexa™ 488 dye (Molecular Probes, Eugene) at a concentration of 17,5 pM in
buffer A (20 mM pottasium phosphate buffer at pH 6.0, 0.1 % Nonidet P40)
containing 150-300 pM of activated dye (Alexa488 carboxylic acid, succinimidyl
ester). The duration of the coupling reaction at room temperature in the dark did not
exceed two hours before labelled protein and unreacted dye were separated by
gelfilfration through Sephadex G-50 Spin‘columns or PD10 columns (Amersham
BioScience) using buffer A for elution.

SIFT assay for PrPC - PrPSc association. PrPSc was prepared from brain of CJD
patients according to Safar et al. (1998) and aliquots of the final pellet resuspended
in 1xPBS+0,1% sarcosyl solution were diluted fivefold into buffer A (20 mM
pottasium phosphate buffer at pH 6.0, 0.1 % Nonidet P40) and sonicated in aliquots
of up to 100 pl in a water bath sonicator for 60 s. After centrifugation at 1000 rpm for

1 min the supernatant was diluted 100-fold in buffer A for the assay.

For the assay, compounds (approx. 10 mM in DMSO) from the chemical library
were first diluted 10-fold into DMSO. This dilution was again diluted 10-fold into
buffer A.

A mixture of labeled mouse rPrP and labeled L42 monoclonal antibody was
prepared in buffer A so that the labeled molecules were approximately equally

abundant at a concentration of 2 to 6 nM.

In a 20 pl assay volume 8 pl of the rPrP / antibody mixture were mixed with 2 pl of
the final dilution of one compound from the chemical library, before 10 pl of the
diluted PrP-Sc preparation were added. The samples were loaded onto 96 well

plates with cover-glas bottom’ (EVotec-TechnoIogieS, Hamburg, Germény) and
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measured in an Insight 1l reader (Evotec-Technologies, Hamburg, Germany) set up
for FIDA measurements for five times 15 seconds at excitation energies of 200 pyw
for the 488 nm laser and 300 uW for the 633 nm laser. Fluorescent lighf from the
two fluorophores in the sample was recorded separately with single photon

detectors and incident photons were summed up in 40 ps bins.

The fluorescence correlation data was evaluated using a 2D-SIFT software module
(Evotec-Technologies, Hamburg, Germany) for the analysis of two-dimensional
fluorescence intensity histogramms by summing up of the numbers of high-intensity

bins in each of 18 equally sized sectors. Lower cut-off values for bin intensities for

“each measurement series of 80 compounds plus 8 controls were manually adjusted

from the distributions of control reactions with lower cut-offs normally varying

between 15 and 30 photons for red and between 20 and 40 photons for green

fluorescence.

Automated SIFT screening analysis and primary activity values. To enable an

. automated evaluation of the SIFT screening results on the DIVERSet1 library we

have developed a software module, that rejects faulty measurements and outliers
(e.g. due to compounds interfering with total fluorescence) and assigns activity
values to the remaining compounds. The outlier detection rejected around 7% of the

compound measurements on valid assay plates.

As explained in the Results section, the assignment of activity values utilizes sums
of the events in the green sectors (1-5) of the SlFTlhistograms. We denote this sum
for a test substance by s, and the medians of the control measurements measured
for a given microtiter plate by cp (negative control) and dp (positive DOSPA control),
respectively. The activity value of a substance is then defined by a(s) = (cp - s)/(cp -
dp). It relates the distance cp - s of s from the negative control cp to the distance cp
- dp between the negative control and DOSPA. The resulting activity values are
located near 0 for ineffective compounds and near 1 for inhibitors of PrPC - PrPSc
association (see Fig. 2B). Due to the normalization .of the distances cp - S,

measurements originating from different plates become comparable, because
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intensity variations among different plates caused by fluctuations of composition

cancel.

Substructure searches and visualization. Substructure searches in the DIVERSet
data base were performed with the Molecular Substructure Miner (MoSS)20,
available at fuzzy.cs.uni-magdeburg.de. The 2D-structures of compounds were
visualized using the CACTVS system21, which is available at www2.ccc.uni-
erlangen.de/software/cactvs. For both structural searches and visualization the

commercial software package Catalyst 4.7 (Accelrys Inc., San Diego, CA) was

‘used.

Cell lines and drug treatment. ScN2a cells were cultivated as described

. (Winklhofer et al., 2001b). These cells were established by infecting N2a cells

(ATCC No. Ccl 131, Monassas, VA, USA) with an enriched preparation of prions
isolated from the brains of mice infected with RML prions. Drugs were dissolved in

- DMSO (1 mM) and added to the cell culture medium three days after plating.

Detergent solubility assay and proteolysis experiments. As described earlier
(Tatzelt et al., 1996), cells cultivated for 5 days were washed twice with cold
phosphate-buffered saline (PBS), scraped off the plate, pelleted by centrifugation
and lysed in cold buffer A (0.5% Triton X-100 and 0.5% sodium deoxycholate [DOC]
in PBS). The lysate was centrifuged at 15,000 * g for 20 min at 4°C; after boiling in
Laemmli sample buffer supernatants and pellets were examined by immunoblotting.
For the proteinase K (PK) digestion PK was added to the lysate (1 mg per 50 mg
protein) and the samples were incubated at 4°C for 60 min. The reaction was
terminated by the addition of Pefabloc SC (Rdche, Mannheim, Germany).

Western blot analysis. Detergent-fractionated cell lysates were size fractionated by
SDS-PAGE and proteins transferred to nitrocellulose (Protran BA 85, Schleicher &
SCHUII, Dassel, Germany) by electroblotting. PrP was detected as described
previodsly (Winklhofer and Tatzelt, 2000). Polyclonal anti-PrP antiserum A7 was
raised against recombinant fulllength PrP expressed and purified from bacteria
(Winklhofer et al., ‘2003). The antibody against Hsp70 was kindly provided by
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William J. Welch. Quantification was performed using AIDA 3.26 image analysis
software (Raytest, Straubenhardt, Germany).

Example 8:

Therapeutic application of novel potential antiprion-compounds identified by

in vitro SIFT-assay in 'scrapie infected mice after day 100 pdst infection

In order to prove the effectiveness of those novel potential antiprion-compounds
identified by the in vitro SIFT-screening assay and in particular of the N-Beniyliden-
benzohydrazide (NBB) compound class in combating transmissible spongiform
encephalopathies (TSE) or prion diseases an animal experiment was performed, in

+ which the three compounds having the highest anti-prion activity in the scrapie cell

culture assay were used to treat mice infected with the RML strain of scrapie at a
very late stage of the incubation period. We choose the intraperitoneal application of
the compounds at a 14 day time interval more than 100 days after infection,
because this is typically the time when first subclinical symptoms appear in animals
infected with this prion strain. This would correspond to the earliest time a TSE
affected. human being showing first symptoms of dis‘ease would realistically receive
a therapeutic treatment. By choosing such very stringent conditions for therapy we
wanted to assess the functionality of the tested substances as prion therapeutics in
a realistic setting. Typically TSE therapeutics have to date only been tested for post-
exposure prophylaxis in animal experiments, where they are applied around the
time of infectibn with prions. In real life there are only very rare occasions, where
such a therapeutic regime is feasible for TSE affected individuals. For most TSE
patients the time of infection or begin of the incubation time for the familial and
sporadic cases (which are the vast majority) is unknown and can not be realized.
Therefore the majority of TSE patients will only be able to receive treatment after the
occurrence of the first symptoms of TSE.
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Experimental procedures to Example 8:

Scrapie-infection and treatment of mice

7-8 wéeks—old, female C57BI6 mice were inoculated with RML scrapie by
intracerebral injection of 30 pl of 10 % sterile brain homogenate in phosphate
bufferéd saline (PBS) from mice terminally ill with the RML scrapie-strain. 102 days
post infection, at a time, when first subclinical signs of scrapie disease (like head-tilt
and fast rotation around the dorsal axis upon lifting the animal from the ground at its
tail) were evident for some of the animals, these mice were treated with one
selected novel potential antiprion-compound or with the vehicle, which was 75 %
sterile, aqueous Dimethylsulfokide (DMSQ). Three potential antiprion-compounds
had been selected according to their éntiprion activity in the ScN2a cell culture

“model for this treatment, which were designated 293G02, 309F02, and 313B02

according to their plate-position in the Diverset chemical compound library
(Chembridge Corp., San Diego, USA). The freatment with these compounds was
carried out for 14 consecutive days by intraperitoneal injection of 50 pl per day of
the respective compound dilution in the vehicle (75A % DMSO). Substances 293G02
and 309F02 were used at a concentration of 10 mM and 5 mM, respectively,
throughout the entire period, while‘su’bs‘tance 313B02 was given initially also at 5
mM, but after the appearance of toxic signs, after day 4 the dose was reduced to 2.5
mM.

The animals were monitored daily for signs of disease by trained animal caretakers
from day 80 post infection on. The animals were sacrificed, when they had reached
the terminal stage of the disease marked by the presence of at least 3 out of 4
clinical symptoms, which are ataxia, tremor, difficulty in righting up from a position
lying on its back, and tail stiffness. Typically the disease progress through the
terminal stage of disease will lead to the death of the animal within one or two days.
From the sacrificed animals 'oné hemisphere and one half of the spleen were freshly
frozen at -80 °C for western blot analysis, while the second hemisphere and the
second half of the spleen as well as all inner organs were fixed in 4 % formaldehyde

solution for (immune-)histology.
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Occasfonally some animals were found dead after they had only shown two clinical
symptoms during the previous monitoring, presumably because the disease
progress through the terminal stage was atypically fast in these cases. These
corpses were frozen as whole animals at -80°C and brain and spleen of these
animals were later extracted for western blot analysis only.

Immunohistochemistry

Tissues were fixed in 4% formaldehyde solution for 2-3 days, treated for 1 h in 100
% formic acid, and fixed again for 2 days in 4 % formaldehyde solution. Tissue
sections were paraffin embedded, cut into 4 pm slices, and transferred to slides.
Slices were freed form paraffin by washihg in a standard ethanol‘dilution row down
to 0% ethanol in destilled water. Slides were pretreated by 30 min heating to 63 °C
in 0.2 M boric acid at pH 9 and left to cool down for 15 min in the boric acid. After
repeated washing in destilled water slices were equilibrated in PBS for two times 5

min.

Immunohistochemical staining of the tissue slices for PrP-Sc deposits was
performed using a Benchmark staining automat (Ventana Inc., llikirch, France)
running the program “BMK Enh V-Red Paraffin” and employing the “Enhanced
Alkaline Phosphatase Red Detection Kit” (Ventana). The automatic staining
procedure involves a Protease K (PK) digestion for 32 min, an incubation with the
primary antibody for 32 min, and an incubation with the secondary antibody for 32
min. The PK digestion is carried out at PK concentratioh 91 pg/ml using,
recombinant Proteinase K of PCR Grade (ROCHE, Penzberg, Germany)As primary
antibody a polyclonal rabbit antibody against recombinant mouse PrP, designated
CDC1 (Schmalzbauer, unpublished), was used at a dilution of 1:500 in Antibody-
Diluent solution (Ventana). As secondary antibody a biotinylated, polyclonal pig-anti-
rabbit 1gG antibody, designated E 0353 (DAKOCytomation GmbH, Hamburg,
Germany), was used as a 1:150 dilution in Antibody-Diluent solution (Ventana).
Manual counterstaining of the slides was done by successive.imme"rsion in heme-
alaun solution for 1-2 min, tepide water for 10 min, the standard row of increasing
ethanol concentration, and xylol before sealing of the slices with a cover glas. |
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Results to Example 8

Incubation time prolongation

As shown in Fig. 8 treatment of mice, which had been intracerebrally infected with

- the RML scrapie strain, at a late stage of the incubation time (days 102-115) by daily

infraperitoneal application of 125-500 nmol of the three selected potential anti-prion
drugs resulted in a prolongation of the incubation time, until the terminal stage of the
scrapie infection was reached, for two of these drugs. The median of the survival
time detefrhined for substances 293G02 and 309F02 for groups of six animals each
was prolonged by 9.5 and 11.5 days, respectively, in comparison to a group of eight
animals that had received only the vehicle 75 % DMSO. For substance 313B02 no
such prolongation'of the median of the survival time in a group of seven treated
animals compared to the same DMSO-control group could be found-.‘ To our
knowledge this is ‘the first case, where the administration of an antiprion drug so late
in the incubation time, when first subclinical signs of disease have already .
manifested, has resulted in a measurable prolongation of the survival time of treated
animals. The observed survival time prolongation corresponds roughly to the
duration of the treatment. This may imply that the treatment with these drugs has
halted the disease progression as long as the drugs were administered. Though the
disease has not been eradicated by the treatment, this result may indicate that it
may be possible to attenuate the disease progress by a therapy using these
substances. In this case the treatment with these drugs would lead to a prolongation
of the lives of TSE-infected individuals and to a stabilization of their health status

protecting it from further deterioration by halting the dlisease progress.

PrP-Sc clearance in the spleen

Spleen tissue extracted after the death of drug—treated and vehicle-treated mice was
immunohistochemically stained for the: presence of PrP-Sc deposits. As shown in
the example in Fig. 9 in the spleen of all five animals examined from the control-
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group PrP-Sc deposits were detectable, while in the spleen tissue from five of the
énimalé, which had been treated with the substance 293G02, no signs of PrP-Sc
deposition could be detected. This result méy indicate an enhanced antiprion
efficiency of this particular compound in peripheral tissUes by the chosen
experimental set-up and therapeutic regime. Since the application of the drug was
intraperitoneally, it may have reached the spleen more easily than the brain of the
infected animal. Therefore the therapy was not able to prevent PrP-Sc deposition
and disease progression in the brain of the animal, presumably because the
compound did not cross the blood-brain-barrier efficiently, but it was at least able to
prevent or even revert the secondary infection of the spleen by prions spreading
from the brain as the site of inoculation to the peripheral organs. Thus only
pharmacokinetic investigations will clarify, whether there is a problem of
bioavailability of this substance in the brain, that obscures the peripherally
detectable effectiveness of this compound in preventing PrP-Sc accumulation and

thereby spreading and progression of prion diseases.

Example 9

Effects of halogen substitutions on the anti-prion activity of N’-benzylidene-

benzohydrazides

Figure 7A shows three structural classes characterized by the substitution of
halogens (Fluorine, Chlorine, Bromine or lodine) at the benzyl ring of the
benzylidene moiety at the N’-position of the NBB core. Interestingly, all three
classes, defined by halogen substitutions in ortho-, meta-, or para-position (first,
second, and third row, respectively) show similar SIFT activity distributions which
are shifted towards positive values, indicating that these substitutions tend to

increase the in vitro activity of the NBB motif.

While the structural classes of Figure 7A combine‘ different halogen atom types,
these atom types in the respective positions each define separate classes in Figure
7B. |
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Regarding the ortho-position, the class of substances with a Fluorine substitution
has a SIFT acti\)ity distribution whose median is only slightly larger than zero (Figure
7B, first row), while a Chlorine substitution (second row) or a Bromine substitutibn
(third row) both shift the activity distribution noticeably towards highér anti-prion
activity. Chlorine in ortho-position is found in numerous substances, about three
quarters of which display positive SIFT activities. In contrast, there are only seven

substances in which Bromine is substituted, five of them show positive SIFT activity.

Similarly Chlorine (fourth row) and Bromine (fifth row) substitutions in-meta-position
shift the SIFT activity distribution towards higher anti-prion activity as does lodine
substitution (sixth row), where the only two compounds containing this structural

motif have clearly positive activities.

Also in the para-position Chlorine (eighth row) and Bromine (ninth row) substitutions
are in most cases associated with positive SIFT-activities, while the distribution of
the activities measured for the Fluorine substituted compounds centres around zero,

indicating no activity in the average.

In conclusion thié data indicates in general a positive effect of Chlorine, Bromine
and lodine substitution of the benzylidene moiety on the anti-prion activity of NBB
compounds, irrespective of the position of the substituent. In contrast Fluorine
substitutions on average do not seem to have a positive effect on SIFf—activity,

again irfespective of the position on the benzylidene ring.
Example 10:

Suppression of a-synuclein aggregation in vitro by N-benzyliden-
benzohydrazide compound 293G02

Synucleinopathies are (neurodegenerative) diseases characterized by the
intracellular accumulation of aggregates and fibrils composéd mainly of the protein

a-synuclein (for review see: Goedert, 2001). The most prominent neurodegenerative
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synucleinopathies are Parkinson’s Disease (PD), Dementia with Lewy bodies (DLB),

and multiple system atrophy (MSA).

The aggregatibn of a-synuclein in vitro has been demonstrated o occur in the
presence of substances, such as alcohols, that vminiic dielectric conditions as they
exist naturally in" the close \/icinity of biological membranes (Munishkina et al.,
2003). In particular low concentrations (8-12 %) of simple alcohols, such as ethanol,
lead to a refolding of a-s’yndclein into a predominantly B-sheeted fold and a
subsequent fibril formation by a-synuclein in vitro, thus representing a model system
for the investigation of cehtral aspects of a-synuclein misfolding and aggregation

during the disease process.

In order to test selected N-Benzyliden-benzohydrazide (NBB) compounds for their
potential to suppress a-synuclein aggregation we have used an in vitro system,
where the organic solvent dimethylsulfoxid (DMSO) at low concentrations (0-3 %)
was used instead of simple alcohols to induce a-synuclein aggregation in vitro. The
mult_imer formation was monitored using a single particle fluorescence correlation
set up by cross-correlation anélysis and SIFT-analysis applied to mixtures of a-
synuclein monomers labeled with green Alexa488- or red Alexa647-ﬂ'uorophores,
respectively. Such a-synuclein mixtures were aggregated in different DMSO
concentrations in parallel to samples where an NBB compound was added to the-

reaction in one particular DMSO concentration.

Experimental procedures to Example 10:

'Fluorescence labeling of a-synuclein

Recombinant a-synuclein was labeled With amino reactive fluorescent dyes, either
with Alexa Fluor-488-O-succinimidyl ester or with Alexa Fluor-647-O-succinimidyl
ester (Molecular Probes, USA), respectively, in reactions containing 100 mM
NaHCO; at pH 9.5, 60 pM a-synuclein ‘monomers and 120 puM of the respective‘

fluorescent dye. The labeling reactions were carried out over night at 4 °C. After
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completion of the reaction unbound dye molecules were separated by size-

“exclusion chromatography of the reaction mixtures through two successive PD10

columns (Amersham Bioscience, Germany) preequilibated and eluted with 50 mM
sodiumphosphate buffer of pH 7.0 according to the manufacturers instructions. The
labeling efficiency and - removal of unbound dye was determined by FCS

measurements with suitable dilutions of fractions containing the labeled a-synuclein

- monomers. For the labeling ratio determination such measurements were compared

to measurements of the same fractions predigested with proteinase K (0.1 mg/ ml)
for 1 h at 37°C. The labeling ratios. were 2.3 Alexa-488 dye molecules and 2.4
Alexa-647 dye molecules per a-synuclein monomer, respectively.

. Single particle fluorescence correlation measurements

In a 20 pl volume in the wells of a special micro-titer plate equipped with a glass
cover slide bottom - for fluorescence correlation measurements (Evbtec—
Technologies, Germany) a-synuclein aggregation was performed in a buffer
containing 50 mM sodium phosphate at pH 7.0 and a mixture of o-synuclein

monomers labeled with either Alexa488- or Alexa647-fluorophores, respectively, at

* a final concentration of approximately 5-10 nM of each a-synuclein species. For

triplicate measurements three wells each further contained either, no DMSO, 1 %
DMSO, or 1 % DMSO plus 10 pM compound 293G02, respectively. The
measurements were started after addition of these alternative components and
performed on an Insight fluorescence correlation instrument (Evotec-Technologies,
Germany) using a 40x microscope objective of 1.2 NA (Olympus, Japan) with FIDA
optical settings, a pinhole diameter of 70 uym, and 200 pW excitation with the 488
nm laser as well as 300 pW excitation with the 633 nm laser. Measurement time per
well was 10 s, during which the laser focus was moved through the well by a beam
scanner device using a scan path length of 100 ym at a scanning frequency of 50
Hz and a positioning table movement of 2000 um. This is equivalent to a scanning
speed of abproximatelyﬂo mm/s. After each measurement the laser focus was
automatically and continuously moved to a neighbouring well in meanders covering

the whole platé; Raw measurement data from meanders 19 to 25, which correspond
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to a period 3 to 5 hours after the start of the experiment and which represents the
final plateau reached in a-synuclein aggregation kinetics in this experimental set-up,
were used for mathematical fitting of the two-colour cross-correlation amplitudé
using the FCSPPEvalution software version 2.0 (Evotec-OAl, Germany). Two-
dimensional intensity distribution histograms, as in Fig. 11, were generated and
analysed using the 2-D SIFT software (Evotec OAI, Germany).

Results to Example 10:

Suppression of a-synuclein aggregation by compound 293G02

The aggregation of a-synuclein caused by 1 % DMSO is reflected by an increase in
the fluorescence cross-correlation, as seen in Fig. 10, in fluoreécence correlation
measurements 3-5 h after the addition of DMSO to the a-synuclein monomer
solution. This increase is due to the formation of mUItimeric a-synuclein complexes
that contain both red and green labeled a-synucleih units in higher numbers, as can
be seen in Fig. 11. In contrast to the pure a-synuclein solution in A, where only very
rarely more than 25 photons are deté.cted during 40 ps from the molecules in the
focus of the instrument laser in both colours simultaneously, the solution containing
1 % DMSO in B is characterized by the presence of a large number of complexes
that emit up 50 photons in the red channel and up to 100 photons in the green

channel during 40 ps bins. Although rarer, single bins can be found, where up to

| 150 photons in the red channel and up to 200 photons in the green channel have

“been counted.

The simultaneous addition of the NBB-compound 293G02 at a final concentration of
10 pM to the 1% DMSO solution is capable of inhibiting the formation of multimeric
a-synuclein complexes to a large extent as can be seen in Fig. 10 from the low
fluorescence ‘.c;ross—correlation, which is almost comparab.le to that of the
measurement without DMSO and from Fig. 11 C, where the number of bins with
more than 25 photons/bin in both colors is very small, again comparable to the
situation without DMSO.

53



10

15

20

25

30

35

WO 2005/116640 PCT/EP2005/005614

Thus compound 293G02 is able to inhibit efficiently the multimer formation of a-
synuclein at a low micro molar concentration in this in vifro model for the
pathological protein aggregation found in synucleinopathies. This is a clear
indication that combound 293G02 can not only function as an anti-prion compound,
but that it has also the potential to become a therapeutic compound for
synucleinopathies, like Parkinson’s Disease, DLB, and MSA, which interferes with
the pathologic mechanism at the molecular Ievel Therefore compound 293G02 may
represent the first candidate substance from the NBB class of chemicals with a
proven capacity to inhibit a-synuclein aggregation in vitro, that will allow the
development of a causative therapy against Parkinson’s disease and other

‘synuclelnopathles

Furthermore, the inhibitory activity of this compound on both, prion protein- and a-
synucléin- aggregation in vitro, may reflect its general anti-aggregatory activity
against a broader range of protein aggregation diseases, where protein misfolding
into predominantly B-sheet conformations forms the basis for subsequent protein
aggregation into amyloid fibrils. ‘ThereAfore, this compound and probably further
members of the NBB-class of substances may have the potential of being useful as
therapeutics for the causative treatment of a whole panel of (neurodegenerative)
protein aggregation diseases, ranging from  transmissible spongiform.
encephalopathies, through Parkinson’s disease, to Chorea Huntington or even to

Alzheimer’s disease and further to diabetes.

‘References to Example 10:

Goedert, M., 2001, AIpha-synUclein and neurodegenerative diseases. Nat Rev
Neurosci. 2(7):492-501

Munishkina LA, Phelan C, Uversky VN, Fink AL., 2003, Conformational behavior
and aggregation of alpha-synuclein in organic solvents: modeling the effects of
membranes. Biochemistry 42(9):2720-30.
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5 CLAIMS
1. A method of identifying a compound for inhibiting aggregation of proteins

Jinvolved in diseases linked to protein aggregation and/or neurodegenerative

diseases, cbmprising the steps of:

(@)  bringing into contact a labeled monomeric protein and a differently
10 ' labeled aggregate of said protein in the (1) presence and (2) absence
of a candidate inhibitor of aggregation which is selected from the

group represented by

formula (1)
R2
R3
R10 R11
R9 X X
N“ Y R4
R5
R8’ R6
15 R7
or by formula (II)
R4 R5
R3 X N NH
12 g 2
- Rk R2 N Y
R11 NH,
O R6
R7
R10 R8
R9
wherein in formula (I):
‘20 - Xis selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0;
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(b)

(c)

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently
selected from hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a
heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl,
arylalkenyl, arylalkynyl, - heteroarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro,
amino, cyano, acylamino, hydroxyl, thiol, sulfonyl, phosphonyi, acyloky,
azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy, heteroarylalkoxy,
haloalkoxy,A carboxy, carbonylamido and alkylthiol, each of which is

optionally substituted;

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14)

are independently selected from hydrogen, - alkyl, cycloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted

wherein in formula (I1):

R1 and R2 are independently selected from hydrogen, alkyl, cycloalkyl

. heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted;

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are independently
selected from hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a
heterocyclic group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl,
arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro,
amino, cyano, acylamino, hydroxyl, thiol, sulfonyl, phosphonyl, acyloxy,
azido, alkoxy, aryloxy, heteroaryloxy, arylalkoxy, heteroarylalkoxy,
haloalkoxy, carboxy, carbonylamido and alkylthiol, each of which is
optionally substituted; ,

determining the amount of co-localized labels, representing the extent of-
binding of the monomeric proteins to the aggregates of said protei.n; and
compéring the result obtained in the presence and absence of said

compound,

"~ wherein a decrease of co-localized labels in the presence of said compound is

indicative of the compound’s ability to inhibit aggregation of said protein.
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The method of claim 1, wherein said labels are ﬂuorescent labels.

The method of claim 1 or 2, wherein said label is attached to an antibody or a
fragment of an antibody specifically bound to said protein.

The method of claim 3, wherein said antibody is capable of discriminating

between the aggregated and mon‘_dmeric protein.

The method of any one of claims 1 to 4, wherein the amount of co-localized
labels is determined by using the method of “scanning for intensely
fluorescent targets (SIFT)” or FRET or high resolution confocal imaging.

The method of any one of claims 1 to 5, wherein said monomeric and
aggregating proteins are selected from the group consisting of prion protein,
Amyloid precursor protein (APP), alpha-synuclein, superoxide dismutase,
tau, immunoglobulin, Amyloid-A, transthyretin, BetaZ-microglobulin', cystatin
C, Apolipoproteine A1, Islet amyloid polypeptide, ANF, gelsolin, insulin,
lysozyme, fibrinogen, huntingtin and ataxin and other proteins with a Poly-Q
stretch, and fragments or derivates of said protei\ns.

The method of claim 6, wherein said monomeric protein is prion protein and

said aggregated protein is PrP*°,

- The method of any one of claims 1 to 7, wherein said compound is selected

from the group consisting of: 3,4-Dihydroxy-benzoic acid [1-naphthalen-2-yl-

“meth-(E)-ylidene]-hydrazide, 3—ﬂuoro~N'-(3-bromo-4—methoxybenzylidene)-
- benzohydrazide, 3,4-dihydroxy-N'-(2,4-dichlorobenzylidene)-benzohydrazide,

2-Hydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide, N-
(3,4-dimethoxy-phenylethyl)-3-nitro-benzylidene imine, 3-Chloro-benzoic acid
[1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide, 2,4-Dihydroxy—benzoic acid
[1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide and 1-(4-(4-bromo-2,3,5,6-
tétramethylbenzyloxy)j3-methoxybenzylidene)-2-diaminomethylene- : '

hydrazine. .
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5 0 The method of claim 8, wherein efficacy of said compound is further

improved by derivatization.

10. A method of selecting compounds with in vivo efficacy .in the treatment of
diseases linked to protein aggregation and/or neurodegenerative diseases,

comprising

10 -~ (a) administering a candidate compound as defined in claim 1 to a cell
culture or an animal having the aggregatable isoform of the protein as

defined in claim 6;
(b) quantifying the amount of observable aggregates; and

(c) 'identifying and selecting a compound which is capable of reducing

15 : aggregates or the formation of aggregates of said protein.

11.  Use of a compound for inhibiting protein aggregation in vitro, in a non-human
animal or ex vivo, wherein said compound is selected from the group

represented by formula (1)

R2
3 R1 R3
R10 R11
R9 X X
NTTY R4
R5
R8 R6
R7
20 or by formula (ll)
R4 R5
R3 X N NH
R12 - 2
R1 R2 NTN
R11 NH,
0 ‘R6
. R7
R10 R8
R9
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12.

wherein in formula (1):
X is selected from CH-R12, and N-R13;
Y is selected from CH-R14, and C=0;

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently selected
from hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic
group, a heteroaryl group, alkyl; alkenyl, alkynyl, arylalkyl, arylalkenyl,
arylalkynyl, | heteroarylalkyl, - heteroarylalkenyl, heteroarylalkynyl,
carbocycloélkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano,
acylamino, hydroxyl, thiol, sulfonyl, phosphonyl, acyloxy, azido, alkoxy,
aryloxy, heteroaryloxy, arylalkoxy, heterdarylalkoxy, haloalkoxy, carboxy,
carbonylamido and alkylthiol, each of which is optionally substituted;

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14) are
independently selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or
hydroxyalkyl, each of which is optionally substituted

wherein in formula (l1):

R1 and R2 areindependently selected from hydrogen, alkyl, cycloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted;

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are independently selected
from hydrogen, halo, haloalkyl, aryl, fused aryl;' carbocyclic, a heterocyclic
group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl,
arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl,
carbocycloalkyl, heterocycloalkyl,- hydroxyaikyl, nitro, amino, cyano,
acylamino, hydroxyl, thiol, sulfonyl, phosphonyl, acyloxy, azido, alkoxy,
aryloxy, heteroaryloxy, arylalkoxy, héteroarylalkoxy, haloalkoxy, carboxy,
carbonylamido and alkylthiol, each of which is optionally substituted.

The use of claim 10 or 11, wherein said compound is detectably labeled.
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5 13. The use of any one of claims 10 to 12, wherein two or more of said

compounds are used simultaneously.

14.  Use of a compound for the preparation of a pharmaceutical composition for
the treatment of a disease linked to protein aggregation and/or

neurodegenerative disease, wherein said compound is selected from the

10 - group represented by formula (.I)
R2
R1__ R3
R10 R11
R9 X X
CNTY R4
R5
R8 R6
R7
or by formula (il)
R4 R5
R3 ‘ X N NH
R12 - 2
R1 R2 N Y
R11 NH,
o R6
R7
R10 R8
R9
wherein in formula (1):
15 X is selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0;

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently selected
from hydrogen, halo; haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic
group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylatkenyl,
20 arylalkynyl, heteroarylalkyt, heteroarylalkenyl, heteroarylalkynyl,
carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano,
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15.

16.

acylamino, hydroxyl thiol, sulfonyl, phosphonyl, acyloxy, azido, alkoxy,
aryloxy, heteroaryloxy, arylalkoxy, heteroarylalkoxy, haloalkoxy, carboxy,
carbonylamido and alkylthiol, each of which is optlonally substltuted

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14) are
independently selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or
hydroxyalkyl, each of which is optionally substituted

~wherein in formula (ll):

R1 and R2 are independently selected from hydrogen, alkyl, cycloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted;

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are independently selected
from hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic
group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl,
arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl,
carbocycloalkyl, heterocycloalkyl,. hydroxyalkyl, nitro, amino, cyano,
acylamino, hydroxyl, thiol, sulfonyl, phosphonyl,. acyloxy, azido, alkoxy,
aryloxy, heteroaryloxy, arylalkoxy, heteroarylalkoxy, haloalkoxy, carboxy,
carbonylamido and alkylthiol, each of which is optionélly substituted.

The use of claim 14, wherein said disease linked to protein aggregation is
characterized by the presence of aggregated forms of at least one protein or
a fragment or derivative thereof, wherein this protein is selected from the
group consisting of prion protein, Amyloid precursor proteln (APP), alpha-
synuclein, superoxide dismutase, tau, immunoglobulin, Amyloid-A,
transthyretin, Beta2-microglobulin, cystatin C, Apolipoproteine A1, Islet
amyloid polypeptide, ANF, gelsolin, insulin, lysozyme, fibrinogen, huntingtin

and ataxin and other proteins with a Poly-Q stretch.

The use of claim 14 or 15, wherein said disease is selected from the group
consisting of Alzheimer's disease, prion disease, Parkinson’s disease,
multiple system atrophy, Diffuse Lewy body disease, frontotemporal

dementia, amyotrophic  lateral ~ sclerosis, ‘Huntington disease’s,
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17.

18.

19.

spinocerebellar ataxias and other Poly-Q diseases, hereditary cerebral
amyloid angiopathy, familial “amyloid polyneuropathy, primary systemic
amyloidosis (AL amyloiddsis), reactive systerhic amyloidosis  (AA
amyloidosis), type ,il diabetes, injection-localized amyloidosis, beta-2
microglobulin amyloidosis, hereditary non-neuropathic amyloidosis, Finnish
hereditary systemic amyloidosis.

The use of claim 16, wherein said prion disease is selected from Creutzfeldt-
Jakob disease, variant Creutzfeldt-Jakob disease, genetic human prion
disease, Bovine Spohgiform Encephalopathy (BSE) and Scrapie.

The use of any one of claims 11 to 17, wherein said compound is selected
from the group consisting of 3,4-Dihydroxy-benzoic acid [1-naphthalen-2-yl-
meth-(E)-ylidenel-hydrazide,  3-fluoro-N'-(3-bromo-4-methoxybenzylidene)-
benzohydrazide, 3,4-dihydroxy-N'-(2,4-dichlorobenzylidene)-benzohydrazide,
2-Hydroxy—benzoic acid [1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide, N-
(3,4-dimethoxy-phenylethyl)-3-nitro-benzylidene imine, 3-Chloro-benzoic acid
[1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide, 2,4-Dihydroxy-benzoic acid
[1-naphthalen-2-yl-meth-(E)-ylidene]-hydrazide and 1-(4-(4-bromo-2,3,5,6-
tetramethylbenzyloxy)-3-methoxybenzylidene)-2-diaminomethylene-

hydrazine.

A pharmaceutical composition comprising a compound and optionally a
pharmaceutically acceptable carrier or excipient, wherein said compound is

selected from the group represented by formula (1)

R2
R3
R10 R11
RO NP«
NTTYT R4
R5
RS R6
' R7
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or by formula )]

R4 - R5
R3 ~ N NH
R12 TR 2
R1 R2 N \l/
R11 NH,
0 R6
' : R7
R10 R8
R9

wherein in formula (1):

X is selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0;

R1, R2, R3, R4, R5, R6, R7, R8, R9 and R10 are independently selected
from hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic
group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl, |
arylalkynyl, heteroarylalkyl, heteroarylalkenyl, ~ heteroarylalkynyl,
carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano,
acylamino, hydroxyl, thiol, sulfonyl, phosphonyl, acyloxy, azido, alkoxy,
aryloxy, heteroaryloxy, arylalkoxy, heteroarylalkoxy, haloalkoxy, Carboxy,
carbonylamido and alkylthiol, each of which is optionally substituted;

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14) are
independently selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or
hydroxyalkyl, each of which is optionally substituted

wherein in formula (I1):

R1 and R2 are independently selected from hydrogen, alkyl, cyéloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted;

R3, R4, R5, R6, R7, R8, R9, R10, R11 and R12 are independently selected
from hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic
group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl,
arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl,
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- b carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano,
‘acylamino, hydroxyl, - thiol, sulfonyl, phosphonyl, acyloxy, azido, alkoxy,
aryloxy, heteroaryloxy, arylalkoxy, heteroarylaikoxy, haloalkoxy, carbéxy,
carbonylamido and alkylthiol, each of which is optionally substituted.

20. A diagnostic composition comprising a compound selected from the group

10 ~ represented by formula (I)
R2
R1 R3
R10 R11
R9 X X
N7 Y R4
R5
R8 R6
R7
. or by formula (11)
R4 RS
R3 X N NH
R12 - 2
R1 R2 NTRT
R11 NH,
O Re6
R7
R10 R8
R9
wherein in formula (l):
15 Xis selected from CH-R12, and N-R13;

Y is selected from CH-R14, and C=0;

R1, R2, R3, R4, R5, R6, R7, R8, R9 énd R10 are independently selected
from hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic
group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, arylalkenyl,
20 arylalkynyl, heteroarylalkyl, | heteroarylalkenyl, heteroarylalkynyl,

carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano,
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21.

22.

acylamino, hydroxyl, thiol, sulfonyl, phosphonyl, acyloxy, azido, alkoxy,

aryloxy, heteroaryloxy, arylalkoxy, heteroarylalkoxy, haloalkoxy, carboxy,

- carbonylamido and alkylthiol, each of which is optionally substituted;

R11, R12 (if X is CH-R12), R13 (if X is N-R12) and R14 (if Y is CH-R14) are
independently selected from hydrogen, alkyl, cycloalkyl heterocycloalkyl, or
hydroxyalkyl, each of which is optionally substituted

wherein in formula (ll):

R1 and R2 are independénﬂy selected from hydrogen, alkyl, cycloalkyl
heterocycloalkyl, or hydroxyalkyl, each of which is optionally substituted;

R3, Rﬁ, R5, R8, R7, R8, R9, R10, R11 and R12 are independently selected
from hydrogen, halo, haloalkyl, aryl, fused aryl, carbocyclic, a heteroéyélic
group, a heteroaryl group, alkyl, alkenyl, alkynyl, arylalkyl, afylalkenyl,
arylalkynyl, heteroarylalkyl, heferoarylalkenyl, heteroarylalkynyl,
carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, nitro, amino, cyano,

acylamino, hydroxyl, thiol, sulfonyl, phosphonyl, acyloxy, azido, alkoxy,

“aryloxy, heteroaryloxy, arylalkoxy, heteroarylalkoxy, haloalkoxy, carboxy,
“carbonylamido and alkylthiol, each of which is optionally substituted.

The diagnostic composition of claim 20, wherein said compound is detectable

or detectably labelled.

The composition of any one of claims 19 to 21, wherein said compound is
selected from the group consisting of 3,4-Dihydroxy-benzoic acid [1-
naphthalen-2-yl-meth-(E)-ylidene]-hydrazide, - 3-fluoro-N'~(3-bromo-4-
methoxybenzylidene)-benzohydrazide, 3,4-dihydroxy-N'-(2,4-
dichlorobenzylidene)-benzohydrazide, 2-Hydroxy-benzoic acid [1-naphthalen-
2-yl-meth-(E)-ylidene]-hydrazide, N-(3,4-dimethoxy-phenylethyl)-3-nitro-
benzylidene imine, 3-Chloro-benzoic acid [1-naphthalen-2-yl-nieth-(E)-
ylidene]-hydrazide, 2,4-Dihydroxy-benzoic acid [1-naphthalen-2-yl-meth-(E)-
ylidene]-hydrazide  and 1-(4—(4-brohﬁo—2,3,5,6-tetramethylbenzyloxy)-3-

' ‘méthoxybenzylidene)-2—diaminomethylene-hydrazine.

68



10

WO 2005/116640 PCT/EP2005/005614

23.

A Kit comprising the compound as defined in any one of claims 19 to 22 and,
in addition, an antibody or antibody fragment specifically binding to said

compound; and/or monomeric or aggregated protein as defined in claim 6 or

~7; and/or monomeric or aggregated protein as defined in claim 6 or 7

optionally complexed with said compound; and instructions for use, in one or

more container.
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