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siRNA -MEDIATED GENE SILENCING OF SYNUCLEIN

[0001]  This application claims priority to U.S. Provisional Application Serial
No. 60/614,112, filed September 29, 2004.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002]  This invention was made with support under Grant No. NS31957

awarded by the National Institutes of Health. The government may have certain

rights in this invention.

FIELD OF THE INVENTION
[0003]  The present invention generally relates to methods and systems for
siRNA gene silencing and more specifically relates to methods and systems for
siRNA gene silencing of the a-synuclein gene and synuclein gene family

members.

BACKGROUND

[0004]  RNA interference (RNAI) refers to the process of sequence-specific
post transcriptional gene silencing mediated by small interfering RNAs (siRNA)
(Fire et al., 1998, Nature, 391, 806-11). Long double stranded RNA (dsRNA) in
cells stimulates the activity of a ribonuclease Il enzyme referred to as dicer.
Dicer is involved in the processing of the long dsRNA into short pieces of siRNA
(Bernstein et al., 2001, Nature, 409, 363-6). siRNAs derived from dicer activity
are typically about 21-23 nucleotides in length and include duplexes of about 19
base pairs.

[0005]  The RNAI response also features an endonuclease complex containing
a siRNA, commonly referred to as an RNA-induced silencing complex (RISC),
which mediates cleavage of single stranded RNA having sequence
complementary to the antisense strand of the siRNA duplex. Cleavage of the
target RNA takes place in the middle of the region complementary to the
antisense strand of the siRNA duplex (Elbashir et al., 2001, Nature, 411, 494-
498).
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[0006] siRNA mediated RNAi has been studied in a variety of systems.
Recent work in Drosophila embryonic lysates has revealed certain requirements
for siRNA length, structure, chemical composition, and sequence that are
essential to mediate efficient RNAi activity (Elbashir et al., 2001, EMBO J., 20,
6877-88). RNAI technology has been used in mammalian cell culture, where a
siRNA-mediated reduction in gene expression has been accomplished by
transfecting cells with synthetic RNA oligonucleotides (Caplen et al., 2001, Proc.
Natl. Acad. Sci., U.S.A., 98, 9742-7; Elbashir et al., 2001, Nature, 411, 494-8).
The ability to use siRNA-mediated gene silencing in mammalian cells combined
with the high degree of sequence specificity allows RNAi technology to be used
to selectively silence expression of mutant alleles or toxic gene products in
dominantly inherited diseases, including neurodegenerative diseases. Several
neurodegenerative diseases, such as Parkinson’s disease, Alzheimer’s disease,
Huntington’s disease, Spinocerebellar Ataxia Type 1, Type 2, and Type 3, and
dentatorubral pallidoluysian atrophy (DRLPA), have proteins identified that are
involved in the overall pathogenic progression of the disease.
[0007]  siRNA-mediated gene silencing of mutant forms of human ataxin-3,
Tau and Torsind, genes which cause neurodegenerative diseases such as
spinocerebellar ataxia type 3, frontotemporal dementia and DYTI dystonia
respectively, has been demonstrated in cultured cells (Miller et al. 2003, Proc.
Natl. Acad. Sci., U.S.A., 100, 7195-7200; Gouzales-Alegre et al., 2003, Ann,
Neurol. 53, 781-7).
[0008]  o-synuclein (a-syn) is involved in the pathogenesis of
neurodegenerative diseases including Parkinson’s disease (PD), dementia with
Lewy bodies (DLB), the Lewy body variant of Alzheimer’s disease (LBVAD),
multiple systems atrophy (MSA), and neurodegeneration with brain iron

" accumulation type-1 (NBIA-1), as well as sleep and other disorders. Common to
all of these diseases, termed synucleinopathies, are proteinaceous insoluble
inclusions in the neurons and the glia which are composed primarily of a~syn.
[0009]  a-synis part of a Jarge family of proteins including B- and y-synuclein

and synoretin. o-syn is expressed in the normal state associated with synapses
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and plays a role in neural plasticity, learning and memory. Mutations in the
human o-syn (h- 0-syn) gene that enhance the aggregation of a-syn have been
identified (alanine to threonine substitution at position 53 (A53T) and alanine to
proline at position 30 (A30) and are associated with rare forms of autosomal
dominant forms of PD. Altered h-a-syn function triggers neurodegenerative
processes associated with PD such as the selective loss of dopaminergic neurons
in the substantia nigra pars compacta leading to substantial depletion of dopamine
in the striatum resulting in severe motor impairment (Dawson et al., 2002, Nat.
Neurosci., Nov; 5 Suppl: 1058-61). Abnormal accumulation of wild-type or
mutant a-syn impairs proteasome function, interferes with vesicular dopamine
storage, renders endogenous dopamine toxic, and contributes to mitochondrial
dysfunction (Polymeropoulos, M., 2000, Ann. NY. Acad. Sci., 920, 28-32,
Lotharius et al., 2002, Nature Reviews Neurosci. 3, 932-42).

[0010] A need exists for a siRNA-mediated gene silencing methods and

systems for silencing o-syn and its family members.

BRIEF SUMMARY
[0011]  In one aspect of the present invention, a small interfering RNA (siRNA)

that down regulates expression of a synuclein gene is provided.

[0012] In another aspect of the present invention, a composition is provided
that includes a siRNA in an amount sufficient to down regulate expression of a
synuclein gene, wherein the siRNA comprises a nucleotide sequence substantially
complementary to 15-30 consecutive nucleotides of SEQ ID NO: 1.

[0013]  In yet another aspect of the present invention, a vector is provided that
includes a promoter and a nucleotide sequence operatively linked to the promoter
which comprises 15-30 consecutive nucleotides of SEQ ID NO: 1 wherein the
nucleotide sequence encodes a siRNA that down regulates a synuclein gene.
[0014]  Inanother aspect of the present invention, a method of reducing
expression of a synuclein gene in a cell is provided. The method includes

introducing into a cell a siRNA in an amount effective to down regulate
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expression of the synuclein gene. The siRNA includes a nucleotide sequence
substantially complementary to 15-30 consecutive nucleotides of SEQ ID NO: L.
[0015] In yet another aspect of the present invention, a method of reducing
cell death is provided. The method includes introducing into a cell a siRNA in an
amount effective to down regulate expression of the synuclein gene. The siRNA
includes a nucleotide sequence substantially complementary to 15-30 consecutive
nucleotides of SEQ ID NO: 1.

[0016]  In another aspect of the present invention, a method of treating a
neurodegenerative disease or a synucleinopathy in a subject is provided. The
method includes administering to the subject a therapeutically effective amount of
a siRNA comprising a nucleotide sequence substantially complementary to 15-30
consecutive nucleotides of SEQ ID NO: 1 wherein the expression of the synuclein
gene is down regulated.

[0017]  Advantages of the present invention will become more apparent to
those skilled in the art from the following description of the preferred
embodiments of the present invention that have been shown and described by way
of illustration. As will be realized, the invention is capable of other and different
embodiments, and its details are capable of modification in various respects.
Accordingly, the drawings and description are to be regarded as illustrative in

nature and not as restrictive.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

[0018]  The present invention utilizes sIRNA-mediated gene silencing for
silencing the synuclein family of genes.

[0019]  The practice of the present invention will employ, unless otherwise
indicated, conventional methods of virology, microbiology, molecular biology
and recombinant DNA techniques within the skill of the art. Such techniques are
explained fully in the literature. See, e.g., Sambrook, et al. Molecular Cloning: A
Laboratory Manual (Current Edition); DNA Cloning: A Practical Approach, vol.
[ & 11 (D. Glover, ed.); Oligonucleotide Synthesis (N. Gait, ed., Current Edition);
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Nucleic Acid Hybridization (B. Hames & S. Higgins, eds., Current Edition);
Transcription and Translation (B. Hames & S. Higgins, eds., Current Edition);
CRC Handbook of Parvoviruses, vol. I & II (P. Tijssen, ed.); Fundamental
Virology, 2nd Edition, vol. I & II (B. N. Fields and D. M. Knipe, eds.)

[0020] Definitions

[0021]  The term “nucleic acid” refers to deoxyribonucleotides or
ribonucleotides and polymers thereof in either single- or double-stranded form,
composed of monomers (nucleotides) containing a sugar, phosphate and a base
that is either a purine or pyrimidine. Unless specifically limited, the term
encompasses nucleic acids containing known analogs of natural nucleotides,
conservatively modified variants thereof, complementary sequences, and
degenerate codon substitutions that have similar binding properties as the
reference nucleic acid and are metabolized in a manner similar to naturally
occurring nucleotides.

[0022]  The terms “nucleic acid,” “nucleic acid molecule,” “nucleic acid
fragment,” “nucleic acid sequence or segment,” or “polynucleotide” are used
interchangeably.

[0023]  The term “gene” is used broadly to refer to any segment of nucleic
acid associated with a biological function. Thus, genes include coding sequences
and/or the regulatory sequences required for their expression. For example, the
term “gene” refers to a nucleic acid fragment that expresses mRNA, functional
RNA, or specific protein, including regulatory sequences. The term “genes” also
includes non-expressed DNA segments that, for example, form recognition
sequences for other proteins. “Genes” can be obtained from a variety of sources,
including cloning from a source of interest or synthesizing from known or
predicted sequence information, and may include sequences designed to have
desired parameters.

[0024]  The term “gene delivery” or “gene transfer” refers to methods or
systems for reliably inserting foreign nucleic acids into target cells, such as into

cells of the central and peripheral nervous systems. Such methods can result in
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transient or long term expression of genes. Gene transfer provides a method for
the treatment of acquired and inherited diseases.

[0025]  The term “vector” refers to any genetic element, such as a plasmid,
phage, transposon, cosmid, chromosome, virus, virion, etc., which is capable of
replication when associated with the proper control elements, such as a helper
virus, and which can transfer gene sequences between cells. Thus, the term
includes cloning and expression vehicles, as well as replication-defective viral
vectors. Numerous types of vectors exist and are well known in the art.

[0026] The term “recombinant” when used with reference, e.g., to a cell, or
nucleic acid, protein, or vector, indicates that the cell, nucleic acid, protein or
vector, has been modified by the introduction of a heterologous nucleic acid or
protein or the alteration of a native nucleic acid or protein, or that the cell is
derived from a cell so modified. Thus, for example, recombinant cells express
genes that are not found within the native (non-recombinant) form of the cell or
express native genes that are otherwise abnormally expressed, under expressed or
not expressed at all.

[0027] The term “heterologous” when used with reference to portions of a
nucleic acid indicates that the nucleic acid comprises two or mo/re subsequences
that are not found in the same relationship to each other in nature. For instance,
the nucleic acid is typically recombinantly produced, having two or more
sequences from unrelated genes arranged to make a new functional nucleic acid,
e.g., a promoter from one source and a coding region from another source.
Similarly, a heterologous protein indicates that the protein comprises two or more
subsequences that are not found in the same relationship to each other in nature
(e.g., a fusion protein).

[0028]  The term “operatively linked” means that a selected nucleic acid
sequence, e.g., encoding a siRNA construct is in proximity with a promoter to
allow the promoter to regulate expression of the selected nucleic acid sequence.
In general, the promoter is located upstream of the selected nucleic acid sequence

in terms of the direction of transcription and translation.
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[0029]  The term “variant” of a molecule is a sequence that is substantially
similar to the sequence of the native molecule. For nucleotide sequences, variants
include those sequences that, because of the degeneracy of the genetic code,
encode the identical amino acid sequence of the native protein. Naturally
occurring allelic variants such as these can be identified with the use of molecular
biology techniques, as, for example, with polymerase chain reaction (PCR) and
hybridization techniques. Variant nucleotide sequences also include synthetically
derived nucleotide sequences, such as those generated, for example, by using site-
directed mutagenesis, which encode the native protein, as well as those that
encode a polypeptide having amino acid substitutions. Generally, nucleotide
sequence variants of the invention will have at least about 40%, 50%, 60%, 70%,
80%, 90%, 95%, 96%, 97%,98%, to 99% sequence identity to the native
(endogenous) nucleotide sequence.

[0030] The term “conservatively modified variations” of a particular nucleic
acid sequence refers to those nucleic acid sequences that encode identical or
essentially identical amino acid sequences. Because of the degeneracy of the
genetic code, a large number of functionally identical nucleic acids encode any
given polypeptide. For instance, the codons CGT, CGC, CGA, CGG, AGA and
AGG all encode the amino acid arginine. Thus, at every position where an
arginine is specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the encoded protein. Such
nucleic acid variations are “silent variations,” which are one species of
“conservatively modified variations.” Every nucleic acid sequence described
herein that encodes a polypeptide also describes every possible silent variation,
except where otherwise noted. One of skill in the art will recognize that each
codon in a nucleic acid (except ATG, which is ordinarily the only codon for
methionine) can be modified to yield a functionally identical molecule by
standard techniques. Accordingly, each “silent variation” of a nucleic acid that
encodes a polypeptide is implicit in each described sequence.

[0031]  The term “transfection” is used to refer to the uptake of foreign nucleic

acids by a mammalian cell. A cell has been “transfected”” when an exogenous



WO 2006/039253 PCT/US2005/034516

-8-

nucleic acid has been introduced inside the cell membrane. Transfection can be
used to introduce one or more exogénous nucleic acid moieties, such as a plasmid
vector and other nucleic acid molecules, into suitable cells. The term refers to
both stable and transient uptake of the genetic material.

[0032] The term “transduction” refers to the delivery of a nucleic acid
molecule to a recipient cell either in vivo or in vitro, via a viral vector.

[0033]  The term “expression” with respect to a gene sequence refers to
transcription of the gene and, as appropriate, translation of the resulting mRNA
transcript to a protein. Thus, as will be clear from the context, expression of a
protein coding sequence results from transcription and translation of the coding
sequence.

[0034]  The term “down regulated,” as it refers to genes inhibited by the
subject RNAi method, refers to a diminishment in the level of expression of a
gene(s) in the presence of one or more siRNA construct(s) when compared to the
level in the absence of such siRNA construct(s). The term “down regulated” is
used herein to indicate that the target gene expression is lowered by 1-100%. For
example, the expression may be reduced by about 10, 20, 30, 40, 50, 60, 70, 80,
90, 95, or 99%.

[0035]  The term “gene silencing” refers to the suppression of gene expression,
e.g., transgene, heterologous gene and/or endogenous gene expression. Gene
silencing may be mediated through processes that affect transcription and/or
through processes that affect post-transcriptional mechanisms. Gene silencing
may occur when siRNA initiates the degradation of the mRNA of a gene of
interest in a sequence-specific manner via RNA interference (for a review, see
Brantl, 2002, Biochim. Biophys. Acta, 1575(1-3): 15-25). Gene silencing may be
allele-specific wherein specific silencing of one allele of a gene occurs.

[0036]  The term “RNA interference (RNAi)” refers to the process of
sequence-specific, posttranscriptional gene silencing initiated by siRNA. During
RNAI, siRNA induces degradation of target mRNA with consequent sequence-

specific inhibition of gene expression.
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[0037]  The term “small interfering” or “short interfering RNA” or “siRNA”
refers to a nucleic acid that forms a double stranded RNA, which double stranded
RNA has the ability to reduce or inhibit expression of a gene or target gene when
the siRNA is expressed in the same cell as the gene or target gene. “siRNA” thus
refers to the double stranded RNA formed by the complementary strands. The
complementary portions of the siRNA that hybridize to form the double stranded
molecule typically have substantial or complete identity. In one embodiment, an
SiIRNA refers to a nucleic acid that has substantial or complete identity to a target
gene and forms a double stranded siRNA. The sequence of the siRNA can
correspond to the full length target gene, or a subsequence thereof. siRNA is
“targeted” to a gene in that the nucleotide sequence of the duplex portion of the
siRNA is substantially complementary to a nucleotide sequence of the targeted
gene. The siRNA sequence duplex needs to be of sufficient length to bring the
siRNA and target RNA together through complementary base-pairing
interactions. The siRNA of the invention may be of varying lengths. The length
of the siRNA is preferably greater than or equal to ten nucleotides and of
sufficient length to stably interact with the target RNA; specifically 10-30
nucleotides; more specifically any integer between 10 and 30 nucleotides, such as
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, and
30. By “sufficient length” is meant a nucleotide of greater than or equal to 10
nucleotides that is of a length great enough to provide the intended function under
the expected condition. The term “stably interact” refers to interaction of the
small interfering RNA with target nucleic acid (e.g., by forming hydrogen bonds
with complementary nucleotides in the target under physiolo gical conditions).
[0038]  The siRNA may be encoded by a nucleic acid sequence, and the
nucleic acid sequence can also include a promoter. The nucleic acid sequence can
also include a polyadenylation signal. In some embodiments, the polyadenylation
signal is a synthetic minimal polyadenylation signal. The RNA duplex of the
siRNA may be constructed in vitro using synthetic oligonucleotides.

[0039]  The term “inverted repeat” refers to a nucleic acid sequence

comprising a sense and an antisense element positioned so that they are able to
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form a double stranded siRNA when the repeat is transcribed. The inverted
repeat may optionally include a linker or a heterologous sequence between the
two elements of the repeat. The elements of the inverted repeat have a length
sufficient to form a double stranded RNA. Typically, each element of the
inverted repeat is about 15 to about 100 nucleotides in length, preferably about
20-30 base nucleotides, preferably about 20-25 or 24-29 nucleotides in length,
e.g., 20,21, 22,23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length.

[0040]  The terms “substantially identical” or “substantial identity,” in the
context of two or more nucleic acids or polypeptide sequences, refer to two or
more sequences or subsequences that are the same or have a specified percentage
of amino acid residues or nucleotides that are the same (i.e., at least about 60%,
preferably 65%, 70%, 75%, preferably 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% identity over a specified region), when compared
and aligned for maximum correspondence over a comparison window, or
designated region as measured using one of the following sequence comparison
algorithms or by manual alignment and visual inspection. This definition, when
the context indicates, also refers analogously to the complement of a sequence,
such as an RNA nucleotide complementary to a DNA nucleotide. Preferably, the
substantial identity exists over a region that is at least about 6-7 amino acids or 25
nucleotides in length.

[0041]  Anexample of an algorithm that is suitable for determining percent
sequence identity and sequence similarity is the BLAST algorithm, which is
described in Altschul et al., 1977, Nuc. Acids Res. 25:3389-3402. BLAST is
used, with the parameters described herein, to determine percent sequence
identity for the nucleic acids and proteins of the invention. Software for
performing BLAST analysis is publicly available through the National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This algorithm
involves first identifying high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a word of the same length in

a database sequence. T is referred to as the neighborhood word score threshold
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(Altschul et al., supra). These initial neighborhood word hits act as seeds for
initiating searches to find longer HSPs containing them. The word hits are
extended in both directions along each sequence for as far as the cumulative
alignment score can be increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score for a pair of matching
residues; always>0) and N (penalty score for mismatching residues; always<0).
For amino acid sequences, a scoring matrix is used to calculate the cumulative
score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residue alignments; or the end of
either sequence is reached. The BLAST algorithm parameters W, T, and X
determine the sensitivity and speed of the alignment. The BLASTN program (for
nucleotide sequences) uses as defaults a wordlength (W) of 11, an expectation (E)
or 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences,
the BLASTP program uses as defaults a wordlength of 3, and expectation (E) of
10, and the BLOSUMSG2 scoring matrix (see Henikoff & Henikoff, Proc. Natl.
Acad. Sci. USA, 89:10915 (1989)) alignments (B) of 50, expectation (E) of 10,
M=5, N=-4, and a comparison of both strands.

- [0042]  The BLAST algorithm also performs a statistical analysis of the
similarity between two sequences (see, e.g., Karlin & Altschul, Proc. Nar’l. Acad.
Sci. USA, 90:5873-5787 (1993)). One measure of similarity provided by the
BLAST algorithm is the smallest sum probability (P(N)), which provides an
indication of the probability by which a match between two nucleotide or amino
acid sequences would occur by chance. For example, a nucleic acid is considered
similar to a reference sequence if the smallest sum probability in a comparison of
the test nucleic acid to the reference nucleic acid is less than about 0.2, more
preferably less than about 0.01, and most preferably less than about 0.001.

[0043]  The term “therapeutically effective amount” refers to an amount of

nucleic acid product that is nontoxic but sufficient to provide the desired effect
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and performance at a reasonable benefit/risk ratio attending any medical
treatment.

[0044]  The term “treating” refers to ameliorating at least one symptom ofa
disease or a condition.

[0045]  The terms “neurodegenerative disease” and “neurodegenerative
disorder” refer to both hereditary and sporadic conditions that are characterized
by nervous system dysfunction, and which may be associated with atrophy of the
affected central or peripheral nervous system structures, or loss of function
without atrophy. Neurodegenerative diseases and disorders include but are not
limited to amyotrophic lateral sclerosis (ALS), hereditary spastic hemiplegia,
primary lateral sclerosis, spinal muscular atrophy, Kennedy’s disease,
Alzheimer’s disease, Parkinson’s disease, synucleinopathies, multiple sclerosis,
and repeat expansion neurodegenerative diseases, e.g., diseases associated with
expansions of trinucleotide repeats such as polyglutamine (polyQ) repeat
diseases, e.g., Huntington’s disease (HD), spinocerebellar ataxia (SCA1, SCA2,
SCA3, SCA6, SCA7), spinal and bulbar muscular atrophy (SBMA), and
dentatorubropallidoluysian atrophy (DRPLA).

[0046]  The term “synucleinopathies” refers to conditions that are
characterized by proteinaceous insoluble inclusions in the neurons and the glia
which are composed primarily of a-synuclein. Synucleinopathies include several
neurodegenerative diseases such as Parkinson’s disease (PD), dementia with
Lewy bodies (DLB), the Lewy body variant of Alzheimer’s disease (LBVAD),
multiple systems atrophy (MSA), and neurodegeneration with brain iron
accumulation type-1 (NBIA-1). Synucleinopathies also may include disorders
such as sleep disorders, some rapid eye movement disorders, such as idiopathic
rapid eye movement sleep behavior disorder (RBD), and other disorders known
to one of skill in the art.

[0047] Isolated siRNA Molecules

[0048]  Various siRNA agents may be used to modulate the activity and/or
expression of a synuclein gene family member in a cell. The synuclein gene

family may include a-synuclein, B-synuclein, y-synuclein and synoretin, and
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mutants and variants thereof. By way of example, o-synuclein nucleotides and
polypeptides will be discussed. One of skill in the art will understand that the
present invention is not limited to o-synuclein and may include all synuclein
family members from any vertebrate, preferably mammalian, source.

[0049]  The full nucleotide sequence encoding human a-synuclein is provided
in SEQ ID NO: 1. The h-a-syn polypeptide is provided in SEQ ID NO: 2. Two
variants of the h-o-syn sequence are provided in SEQ ID NO: 3 and SEQ ID NO:
4. Tn SEQ ID NO: 3, a guanine residue is substituted with a cytosine residue at
position 134 in SEQ ID NO: 1, resulting in an alanine to proline substitution at
amino acid 30 (A30P) of SEQ ID NO: 2 and in SEQ ID NO: 4, a guanine residue
is substituted with an adenosine residue at nucleotide 203 of SEQ ID NO: 1,
resulting in an alanine to threonine substitution at amino acid 53 (A53T) of SEQ
ID NO: 2. The o-syn cDNA is provided in SEQ ID NO: 5. The siRNA of the
present invention may be used to down regulate any of the synuclein family of
genes.

[0050]  In accordance with the present invention, siRNA specific against
synuclein mRNA produced in a cell may be used to down-regulate the expression
of the synuclein gene. As will be described in more detail below, the siRNA may
be directed to down regulating expression of wild-type o-syn, the A30P mutant,
and/or the A53T mutant as well as the other synuclein family members. The
siRNAs may be designed to target a specific region of the synuclein gene, for
example, by selecting regions of the synuclein gene. Generally, a target sequencé
on the target mMRNA can be selected from a given cDNA sequence corresponding
to the target mRNA, preferably beginning 50 to 100 nucleotides downstream (i.e.,
in the 3’ direction) from the start codon. The target sequence can, however, be
located in the 5° or 3° untranslated regions, or in the region nearby the start
codon. Preferably, target sequences have approximately 50% G/C content.
Highly G-rich sequences are preferably avoided because they tend to form G-
quartet structures.

[0051]  siRNAs may be constructed i viiro using synthetic oligonucleotides

or appropriate transcription enzymes or in vivo using appropriate transcription -
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enzymes or expression vectors. The siRNAs include a sense RNA strand and a
complementary antisense RNA strand annealed together by standard Watson-
Crick base-pairing interactions to form the base pairs. The sense and antisense
strands of the present siRNA may be complementary single stranded RNA
molecules to form a double stranded (ds) siRNA or a DNA polynucleotide
encoding two complementary portions that may include a hairpin structure
linking the complementary base pairs to form the siRNA. Preferably, the duplex
regions of the siRNA formed by the ds RNA or by the DNA polypeptide include
about 15-30 base pairs, more preferably, about 19-25 base pairs. The siRNA
duplex region length may be any positive integer between 15 and 30 nucleotides.
[0052]  The siRNA of the invention derived from ds RNA may include
partially purified RNA, substantially pure RNA, synthetic RNA, or
recombinantly produced RNA, as well as altered RNA that differs from naturally-
occurring RNA by the addition, deletion, substitution and/or alteration of one or
more nucleotides. Such alterations can include addition of non-nucleotide
material, such as to the end(s) of the siRNA or to one or more internal nucleotides
of the siRNA, including modifications that make the siRNA resistant to nuclease
digestion.

[0053]  One or both strands of the siRNA of the invention may include a 3’
overhang. As used herein, a “3* overhang” refers to at least one unpaired
nucleotide extending from the 3’-end of an RNA strand. Thus in an embodiment,
the siRNA may includes at least one 3’ overhang of from 1 to about 6 nucleotides
(which includes ribonucleotides or deoxynucleotides) in length, preferably from 1
to about 5 nucleotides in length, more preferably from 1 to about 4 nucleotides in
length, and particularly preferably from about 2 to about 4 nucleotides in length.
[0054]  Both strands of the siRNA molecule may include a 3’ overhang, the
length of the overhangs can be the same or different for each strand. Preferably,
the 3’ overhang may be present on both sirands of the siRNA, and is 2
nucleotides in length. The 3’ overhangs may also be stabilized against
degradation. For example, the overhangs may be stabilized by including purine

nucleotides, such as adenosine or guanosine nucleotides, by substitution of
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pyrimidine nucleotides by modified analogues, e.g., substitution of uridine
nucleotides in the 3’ overhangs with 2’-deoxythymidine, is tolerated and does not
affect the efficiency of RNAi degradation. In particular, the absence of a 2’
hydroxyl in the 2’-deoxythymidine significantly enhances the nuclease resistance
of the 3’ overhang in tissue culture medium.

[0055]  As described above, the RNA duplex portion of the siRNA may be
part of a hairpin structure. The hairpin structure may further contain a loop
portion positioned between the two sequences that form the duplex. The loop can
vary in length. In some embodiments, the loop may be5,6,7,8,9,10,11,12 or
13 nucleotides in length. The hairpin structure may also contain 3’ or 5* overhang
portions. In some embodiments, the overhang isa 3’ ora 5” overhang 0, 1,2, 3,4
or 5 nucleotides in length.

[0056] The siRNA of the invention may be obtained using a number of
techniques known to those of skill in the art. For example, the siRNA may be
chemically synthesized using appropriately protected ribonucleoside
phosphoramidites and a conventional DNA/RNA synthesizer. The siRNA may be
synthesized as two separate, complementary RNA molecules, or as a single RNA
molecule with two complementary regions. Commercial suppliers of synthetic
RNA molecules or synthesis reagents include Dharmacon Research (Lafayette,
Colo., USA), Pierce Chemical (Rockford, I1l., USA), Glen Research (Sterling,
Va., USA), ChemGenes (Ashland, Mass., USA) and Cruachem (Glasgow, UK).
[0057]  siRNA Vectors

[0058]  The siRNA of the present invention may also be expressed from a
recombinant plasmid either as two separate, complementary RNA molecules, or
as a single RNA molecule with two complementary regions.

[0059] Selection of vectors suitable for expressing siRNA of the invention,
methods for inserting nucleic acid sequences for expressing the siRNA into the
plasmid, and methods of delivering the recombinant plasmid to the cells of
interest are within the skill in the art. Methods for constructing recombinant
DNA vectors and the production of DNA may be found in Sambrook et al., infra,

for example.
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[0060]  The siRNA of the present invention may be a polynucleotide sequence
cloned into a plasmid vector and expressed using any suitable promoter. Suitable
promoters for expressing siRNA of the invention from a plasmid include, but are
not limited to, the H1 and U6 RNA pol III promoter sequences and viral
promoters including the viral LTR, adenovirus, SV40, and CMV promoters.
Additional promoters known to one of skill in the art may also be used, including
tissue specific, inducible or regulatable promoters for expression of the siRNA in
a particular tissue or in a particular intracellular environment. The vector may
also include additional regulatory or structural elements, including, but not
limited to introns, enhancers, and polyadenylation sequences. These elements
may be included in the DNA as desired to obtain optimal performance of the
siRNA in the cell and may or may not be necessary for the function of the DNA.
Optionally, a selectable marker gene or a reporter gene may be included either
with the siRNA encoding polynucleotide or as a separate plasmid for delivery to
the target cells. Additional elements known to one of skill in the art may also be
included.

[0061]  The siRNA may also be expressed from a polynilcleotide sequence
cloned into a viral vector that may include the elements described above.
Suitable viral vectors for gene delivery to a cell include, but are not limited to,
replication-deficient viruses that are capable of directing synthesis of all virion
proteins, but are incapable of making infections particles. Exemplary viruses
include, but are not limited to lentiviruses, adenoviruses, adeno-associated
viruses, retroviruses, and alphaviruses.

[0062]  Adenovirus, AAV, and lentiviral vectors may be used for gene
delivery to the nervous system, including the central nervous system and the
peripheral nervous system, where cell division is limited, to infect terminally
differentiated cells without the need for cell division. (Davidson et al., Nat.
Genet. 3:219-223, 1993; Mastrangeli et al., Clin. Res. 41:223A(Abstract), 1993;
Ghadge et al., Gene Ther. 2:132-137, 1995; Xiao et al., Exp. Neurol. 144:113-
124, 1997; McCown et al., Brain Res. 713:99-107, 1996; Davidson and Bohn,
Exp. Neurol. 144(1):125-30, 1997; Choi-Lundberg, D.L. and Bohn, M.C, Stem
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Cell Biology and Gene Therapy, Quesenberry, P.J., Stein, G.S., Forget, B. and
Weissman, S. (Eds), J. Wiley & Sons, New York, pp. 503-553, 1998; Chamberlin
et al., Brain Res. 793:169-175, 1998; Blomer et al., J. Virol. 71:6641-6649, 1997;
Zufferey et al., Nat. Biotechnol. 15:871-875, 1997; Kordower et al., Exp. Neurol.
160:1-16, 1999). The recombinant lentivirus vectors remain capable of infecting
non-dividing cells when deleted of accessory proteins (Johnston et al., J. Virol.
73:4991-5000, 1999, Naldini, Throm. Haemat. 82:552-554, 1999).

[0063]  The recombinant DNA can be readily introduced into the host cells,
e.g., mammalian, bacterial, yeast or insect cells by transfection with an
expression vector composed of DNA encoding the siRNA by any procedure
useful for the introduction into a particular cell, e.g., physical or biological
methods, to yield a cell having the recombinant DNA stably integrated into its
genome or existing as a episomal element, so that the DNA molecules, or
sequences of the present invention are expressed by the host cell. Preferably, the
DNA is introduced into host cells via a vector. The host cell is preferably of
eukaryotic origin, e.g., plant, mammalian, insect, yeast or fungal sources, but host
cells of non-eukaryotic origin may also be employed.

[0064]  Physical methods to introduce a preselected DNA or RNA duplex into
a host cell include, but are not limited to, calcium phosphate precipitation,
lipofection, DEAE-dextran, particle bombardment, microinjection,
electroporation, immunoliposomes, lipids, cationic lipids, phospholipids, or
liposomes and the like. One skilled in the art will understand that any method
may be used to deliver the DNA or RNA duplex into the cell.

[0065] One mode of administration to the CNS uses a convection-enhanced
delivery (CED) system. This method includes: ) creating a pressure gradient
during interstitial infusion into white matter to generate increased flow through
the brain interstitium (convection-supplementing simple diffusion); b)
maintaining the pressure gradient over a lengthy period of time (24 hours to 48
hours) to allow radial penetration of the migrating compounds (such as:
neurotrophic factors, antibodies, growth factors, genetic vectors, enzymes, etc.)

into the gray matter; and c) increasing drug concentrations by orders of
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magnitude over systemic levels. Using a CED system, DNA , RNA duplexes or
viruses can be delivered to many cells over large areas of the brain. Any CED
device may be appropriate for delivery of DNA, RNA or viruses. In some
embodiments, the device is an osmotic pump or an infusion pump. Both osmotic
and infusion pumps are commercially available from a variety of suppliers, for
example Alzet Corporation, Hamilton Corporation, Alza, Inc., Palo Alto, Calif.).
[0066]  Biological methods to introduce the nucleotide of interest into a host
cell include the use of DNA and RNA viral vectors. For mammalian gene
therapy, it is desirable to use an efficient means of inserting a copy gene into the
host genome. Viral vectors have become the most widely used method for
inserting genes into mammalian, e.g., human cells.

[0067]  Delivery of the recombinant nucleotides to the host cell may be
confirmed by a variety of assays known to one of skill in the art. Assays include
Southern and Northern blotting, RT-PCR, PCR, ELISA, and Western blotting, by
way of example.

[0068]  Virus production

[0069] Infective virus particles will be produced from the viral vectors of the
present invention using standard methodology, known to one of skill in the art.
The methods generally involve introducing the viral vector containing the siRNA
encoding polynucleotide into a producer cell. By way of example, the producer
cell for a lentiviral vector generally includes gag/pol and env coding sequences.
AAV virus production also includes introducing a helper construct into the
producer cell, where the helper construct includes coding regions capable of
being expressed in the producer cell to complement helper functions missing
from the replication deficient viral vector. For AAV vectors helper functions
include, but are not limited to, ORFs, namely the rep and cap coding regions, or
functional homologues thereof; and helper functions from herpes virus or
adenovirus, such as E1A, E2, E3 and E4. The production of virus particles also
includes culturing the producer cell to produce virions. The siRNA expression
vector, and if necessary, helper construct(s) for AAV can be introduced into the

producer cell, either simultaneously or serially, using standard transfection
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techniques known to one of skill in the art (Zoltukhin et al., Gene T} herapy, 6:973-
985, 1999).

[0070]  The virions are then harvested from the supernatant of transfected
cells, isolated by freeze/thaw cycles and centrifugation. The virions may be
purified by binding to a heparin-agarose column, eluted, and concentrated. For in
vivo delivery, siRNA virions may be purified by fast performance liquid
chromatography (FPLC).

[0071]  Delivery of Virions to Target Cells

[0072]  The siRNA virions formed from the siRNA vectors may be delivered
to target cells of the central or peripheral nervous system, or both, or any target
cell from which the therapeutic protein can have an effect on a nervous system
disorder or any target cell affected by a synucleinopathy. Preferably, the siRNA
virions are added to the cells at the appropriate multiplicity of infection according
to standard transduction methods appropriate for the particular target cells. Titers
of siRNA virions to administer can vary, depending upon the target cell type and
the particular viral vector, and may be determined by those of skill in the art
without undue experimentation. siRNA virions are preferably administered to the
cell in a therapeutically-effective amount. siRNA virions may be administered in
a physiologically acceptable carrier. In general, a “physiologically acceptable
carrier” is one that is not toxic or unduly detrimental to cells. Exemplary
physiologically acceptable carriers include sterile, pyrogen-free, phosphate
buffered saline. Physiologically-acceptable carriers include pharmaceutically-
acceptable carriers.

[0073]  The siRNA virions may be delivered to a target cell by any method
known to one of skill in the art, including, but not limited to injection into the
delivery site tissue. By way of example, for delivery to a specific region of the
central nervous system, the siRNA virions may be administered by
microinjection, infusion, convection enhanced delivery (CED), electroporation or
other means suitable to directly deliver the composition directly into the delivery
site tissue through a surgical incision. The delivery is generally accomplished

slowly, such as at a rate of about 0.2-1pl per minute. Pursuant to the invention,
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administration of siRNA virions into selected regions of a subject’s brain may be
made by drilling a hole and piercing the dura to permit the needle of a
microsyringe or micropipette to be inserted. A stereotaxic apparatus may be used
to assist in delivering the virions to the specific target cells. Alternatively, siRNA
virions may be delivered by lumbar puncture, for example, to the cerebral spinal
fluid or delivered intraventricularly. The siRNA virions can be injected
intrathecally into a spinal cord region. In another example, virions may be
delivered to muscle in order to deliver siRNA to the terminals of motor neurons
or sensory neurons. As will be understood by one of skill in the art, virions may
be delivered to any cell by any means.

[0074] EXAMPLES

[0075]  The invention will now be illustrated by the following non-limiting
examples.

[0076] Example 1: Determination of a Target Region of Synuclein

[0077]  Different regions of the target mRNA appear to be differentially
accessible and/or sensitive to siRNA-mediated gene silencing. In order to
determine target regions for siRNA-mediated gene silencing, synthetic duplex
RNAs directed against different regions of h-o-syn coding sequence may be used
to determine the ideal target sequence for RNA interference. Various parameters
can be used to determine which sites are the most suitable target sites within the
target RNA sequence. These parameters include, but are not limited to secondary
or tertiary RNA structure, the nucleotide base composition of the target sequence,
the degree of homology between various regions of the target sequence, or the
relative position of the target sequence within the RNA transcript. Based on
these determinations, any number of target sites within the RNA transcript can be
chosen to screen siRNA molecules for efficacy, for example by using Western
blot screens.

[0078]  siRNAs may be directed against target regions in SEQ ID NO: 1,
preferably against target regions in SEQ ID NO: 5, and more preferably against

target regions in the following region:
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GCAGCCACTGGCTTTGTCAAAAAGGACCAGTTGGGCAAGAATGAAGA
AGGAGCCCCACAGGAA (SEQ ID NO: 6) and
AAGGACCAGTTGGGCAAGAAT (SEQ ID NO: 7. Exemplary regions in the
open reading frame of the o-syn gene, against which siRNAs my be directed,
identified by the selection criteria listed above include, but are not limited to the
following regions listed in Table 1. The regions identified for siRNA-targeted
down regulation of synuclein gene expression will be tested using synthetic RNA
duplexes transfected into cells and synuclein gene expression will be assayed
using Western blotting probed with a synuclein antibody. As described below in
Example 9, two siRNA duplexes, SEQ ID NO: 7, listed in Table 1 and SEQ ID
NO: 16, a non-responsive region, were made to exemplify how one can determine

suitable target sequences.

Table 1
siRNA target sequence SEQ ID Target Position in SEQ ID
NO: NO: 5
AAGGACCAGTTGGGCAAGAAT |7 288
AACAGTGGCTGAGAAGACCAA |38 158
AAAAAGGACCAGTTGGGCAAG |9 285
AAAAGGACCAGTTGGGCAAGA |10 286
AAAGGACCAGTTGGGCAAGAA |11 287
AAGATATGCCTGTGGATCCTG | 12 340
AAATGCCTTCTGAGGAAGGGT |13 376
AATGCCTTCTGAGGAAGGGTA | 14 377
AAGACTACGAACCTGAAGCCT |15 400

[0079]  Example 2: Generation of a Synuclein siRNA Expression Vector
[0080]  Synuclein siRNA expression vectors may be generated based on the
results of the RNA duplex transfection studies discussed above. Alternatively,
synuclein siRNA expression vectors may be generated based on the selection
criteria discussed above without first testing the target with a siRNA duplex.

Nucleotide sequences complementary to the RNA duplexes or identified
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synuclein targets may be cloned into a plasmid vector containing a promoter
operatively linked to the nucleotide sequence. The nucleotide may further
include a hairpin and a loop. The construct may be generated using molecular
biology techniques known to one of skill in the art. A synuclein siRNA
expression vector was made based on the siRNA duplex region identified as a
target for down regulation of synuclein to exemplify how one can construction
expression vectors targeting synuclein gene expression and is described below in
Example 10.

[0081] Example 3: Lentiviral Vector-based siRNA

[0082]  Lentiviral constructs including a RNA polymerase [1I promoter-driven
siRNA for down regulating o-synuclein were generated. By way of example, the
region of the o-syn gene identified in SEQ ID NO: 7 was included in the
lentiviral construct. The lentiviral construct was constructed by digesting the
pBCSK/H1 o-Syn si expression vector described in detail below in Example 10.
The pBCSK/H1 o-Syn si expression vector was digested with NotI and EcoRV.
The Notl -EcoRV fragment was ligated into a lentiviral backbone construct,
plentilox3.7 that has been digested with Xbal and X%o!, blunted by filling in with
Klenow and digested with NozI. This dual cassette vector LV-a-Syn-shRNA-
CMV-EGFP co-expresses enhanced green fluorescent protein (EGFP) as a
reporter gene, and ha-Syn-targeting shRNA under the control of CMV and
human H1 promotors, respectively. The plentilox3.7 vector is described in
Rubinson DA, et al., Nat. Genet. 33(3):401-6, 2003.

[0083] A lentiviral shuttle plasmid harboring wild type ha-Syn (LV-CMV-
ha-Syn) was cloned using a pcDNA3.1 plasmid containing wild type h-a-syn
obtained from Yong-Jian Liu (University of Pittsburgh, Pittsburgh, PA). h-o-syn
was cut out of the plasmid with KpnI and Xbal digests and ligated into psP72.
This intermediate plasmid was digested with BglII and the fragment ligated into
the lentiviral backbone, HR’CMVGFPWSIN (Didier Trono, Swiss Institute of
Technology, Lausanne, Switzerland) previously digested with BamHI and Xholto

remove GFP. Expression of h-a-syn was confirmed by transfecting the LV-



WO 2006/039253 PCT/US2005/034516
23-

CMV- h-0-Syn shuttle plasmid into 293T cells and staining for immunoreactivity
to h-a-syn. '

[0084] Example 4: AAV Vector-based siRNA

[0085] An AAV construct including a RNA polymerase III promoter-driven
siRNA for down regulating o-synuclein will be generated. By way of example,
the region of the a-synuclein gene identified in Example 1 may be included in the
AAV construct. The AAV construct may be generated by digesting the pBC/H1
a-Syn si expression vector from Example 2 with compatible restriction enzymes
and subcloned into an AAV vector that includes two inverted terminal repeats
(ITR) of AAV2. However, any AAV serotype may be used.

[0086] Example 5: Virus Production from Lentiviral-based siRNA

[0087]  Self-inactivating lentiviral vectors were packaged as previously
described with minor modifications (Zufferey, Curr. Top. Microbiol. Immunol.,
261: 107-121, 2002; Karolewski et al., Hum. Gene Ther. 14: 1287-1296, 2003.)
Briefly, 293T cells were transfected with a four-plasmid vector system i.e., the
lentiviral/H1siRNA construct described in Example 3, a packaging plasmid
pHRCMV8.92, pRSVrev and the VSV-G envelope plasmid, pMDG (Follenzi, A
and Naldini, L., Methods Mol. Med. 69, 259-274, 2002). Two days post-
transfection, the supernatant was collected and ultra centrifuged at 141,000 x g
for 1.5h. The pellet was resuspended in media (DMEM supplemented with 10%
FBS or PBS). The vector was purified by FPLC or by passing through a 0.45um
filter and frozen at —80°C. The viral titer was determined by infecting 293T cells
with serial dilutions, and also by real time PCR as previously described in Lizee
G, et al., Hum. Gene Ther. 10; 14(6):497-507, 2003. The RNAI activity of each
recombinant lentivirus batch was be tested in HeLa cells as described below.
[0088] Example 6: Virus Production from AAV Vector-based siRNA

[0089]  The components needed for the production of recombinant AAV-2
particles in the helper virus-free system include a shuttle plasmid containing the
gene of interest and AAV-2 ITRs, a packaging plasmid known to one of skill in
the art for clinical applications, and 293 cells. Recombinant AAV (tAAV)

vectors will be packaged and purified as described previously with minor
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modifications (Zoltukhin et al., Gene Therapy, 6:973-985, 1999). In brief, 293
cells will be plated at 2 x 108 cells per 100-mm tissue culture plate in 10 ml
DMEM containing 10% FBS and antibiotics 48 h prior to transfection. Shuitle
and packaging plasmids will be used at a ratio of 1:3 for CaCl, transfection. At
2-4 h before transfection, fresh, prewarmed medium will be added to the 293 cells
and then the DNA/CaCL,/HPES suspension will be added dropwise, swirling
gently to distribute the DNA suspension evenly. After 48 h, the medium will be
replaced with 10 ml of fresh DMEM growth medium and plates will be incubated
for another 24 h. After 72 h incubation, the cells will be harvested into 50-ml
falcon tubes and 15 ml lysis buffer (50 mM Tris-HCl (pH 8.5) and 150 mM
sodium chloride) will be added to 20 plates worth of cells.

[0090]  The cell suspension will be subjected to three rounds of freeze/thawing
by alternating tubes between a dry ice-ethanol bath and a 37°C water bath,
vortexing briefly after each thaw. Following centrifugation at 3 000 g for 5 min
at room temperature, the supernatant will be transferred to a fresh tube and
octylglucopyranoside (to 0.5%) and benzonase (36units/ml) will be added and the
solution incubated for 45min at 37°C. After centrifuging at 3 000 g for 5 min, the
supernatant will be collected.

[0091]  The viral particles will be purified by a two-step FPLC procedure
using a POROS-PI anion exchange column followed by a heparin column. The
supernatant will be loaded onto a POROS-PI (Applied Biosciences) FPLC
column in 20 mM MES, 20 mM HEPES, 20 mM NaOAg, 0.15 M KCl, pH 6.7
and eluted in 20 mM MES, 20 mM HEPES, 20 mM NaOAc, 0.35 M KCI, pH 6.7
at 10 mL/minute (Kaludov, N., Hum. Gene Ther., 13(10) 1235-43, 2002). The
eluate as detected at 280 nm will be concentrated with an Amicon Centriplus 100
000 MWCO filter and resuspended in 20 mM Tris, 150 mM NaCl, pH 8.0. The
vector will then be further purified by loading onto a Heparin Hi-Trap FPLC
column (Pharmacia) in 20 mM Tris, 150 mM NaCl, pH 8.0, and eluting witha 7
minute gradient from 150 mM NaCl to 1 M NaCl at 4 mL/minute (Clark et al.,
Hum. Gene Ther., 10: 1031-1039, 1999).  The eluate as detected at 280 nm will
be concentrated with an Amicon Centriplus 100 000 MWCO filter and
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resuspended in PBS, 5% sorbitol, 0.001% PF68 (BASF) for storage at -80°C.
Electron microscopy of uranyl acetate stained vector stocks will be used to assess
the ratio of packaged to empty particles. The biological titer will be assessed
according to the single stranded DNA copy number using quantitative real-time
PCR. The rAAV vector capsid particle number will be determined using an
ELISA kit (Progen Biotechnik GMBH, Heidelberg, Germany) based on the A20
capsid protein and checked for in vitro expression of the siRNA using 293 cells.
Samples will be tested for bacterial contamination using a limulus amebocyte
lysate kinetic-QCL kit (Bio Whittaker) according to the manufacturer’s protocol.
[0092]  For the in vivo studies, rAAV siRNA vectors of the preferred
embodiment will be purified as described above.

[0093] Example 7: siRNA Inhibition of Cell Death and Increased Sensitivity
to Cell Death Induced by MPTP and MG132

[0094]  Overexpression of wild-type or A53T or A30P mutated h-o-syn in
human dopaminergic cell lines is known to trigger cell death, and also increases
sensitivity to cell death induced by proteasome inhibitor MG132 (Petrucelli et al.,
2002, Neuron, 36 (6):1007-19). Furthermore, a-syn null mice exhibit striking
resistance to MPTP-induced degeneration of dopamine (DA) neurons, which
suggests that genetic and environmental factors that lead to Parkinson’s disease
may interact with a common molecular pathway (Dauer et al, 2002, Proc. Natl.
Acad. Sci, US.A., 99, 14524-14529). siRNA-mediated silencing of wild-type
and mutant h-a-syn will be investigated to determine whether the siRNA protects
against o-syn overexpression-associated cell death, and results in increased
resistance against the toxic effects of MPTP and MG132.

[0095] HeLa cells and the human dopaminergic cell line SH-SY5Y (obtained
from American Type Culture Collection, ATCC, Manassas, VA) were used to
investigate sIRNA mediated down regulation of a-synuclein (wild-type and
mutant), cell death and toxicity. HeLa cells were grown in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 10% FBS (Gibco, Carlsbad, CA)
and 1% antibiotics (10,000 IU/ml penicillin base and 10,000 ug/ml streptomycin
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base, Gibco) at 37°C with 5%CO,. SH-SY5Y cells were grown in DMEM: F12
(1:1) medium supplemented with 10% FBS at 37°C with 5%CO,.

[0096] Lentiviral constructs described above in Example 3 were used as well
as mutant constructs generated in the plentilox3.7 vector. SH-SYSY cells will be
infected with human o-synuclein expressing lentiviruses in the presence or
absence of lentiviral RNA-H1 promoter-driven a-syn siRNA expression system.
At 48-60 h post-infection, cell viability of the cells will be examined using MTT
assay (Petrucelli et al., Neuron, 36 (6):1007-19, 2002), and annexinV (Molecular
Probes, Eugene, OR) and Hoechst staining procedures (Oberhammer F, et al., J.
Cell Sci., 104 317-26, 1993) as are known to one of skill in the art.

[0097] Parallel cultures will be treated with MPP+ (10-50pM, for 48h) or
with MG132 (5-10uM) for 24 h, after which MTT assay, and annexinV and
Hoechst staining analysis will determine cell viability. Western blot and real time
PCR analyses of parallel cultures will determine the expression of h-a~syn under
different treatment conditions.

[0098]  Example 8: In Vivo Delivery of siRNA in Rats

[0099]  Targeted overexpression of wild-type or mutant h-o-syn in the rat
nigrostriatal system results in progressive neurodegenerative pathology in the
nigrostriatal DA neurons, and provides a rat model of Parkinson’s disease that
reproduces some of the cardinal pathological, neurochemical, and behavioral
features of the human disease (Kirik et al, 2002, J. Neurosci., 222(7): 2780-91).
This rat model of Parkinson’s disease is characterized by death of nigral DA
neurons, dystrophic neuritis, and a-synuclein-positive cytoplasmic axonal
inclusions and will be used to examine siRNA down regulation using a lentiviral
or AAV vector expressing a region of the a-syn gene.

[00100] Stereotaxic injections and immunocytochemistry were carried out as
previously described with minor modifications. (Connor et al., Gene Ther.,
6:1936-1951, 1999.) Adult Wistar rats (225-250g; Harlan, Indianapolis, IN)
maintained according to CMRC animal house and NIH guidelines and maintained

on 12 hr light/dark cycle with ad libitum access to food and water, were used for
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in vivo experiments. Briefly, under anesthesia, 3 pl of the ho-syn lentivirus LV-
CMV-h-a-syn (titer=6.x10" TU/ml) and 3 pl the lentivirus L'V o-syn-shRNA-
CMV-EGFP (titer=6.5x109 TU/ml) was stereotaxically injected into the left
substantia nigra (SN) using a 10 pl Hamilton syringe with a 30-guage needle at a
rate of 0.5 pl/min. The coordinates for the striatal injections were 1.2 mm rostral,
2.6 mm lateral and 5.0 mm ventral from the bregma. The right SN served as a
control which was co-injected with the ho-syn lentivirus and a control EGFP
lentivirus lacking the ha-syn sShRNA. At two weeks post injection, anesthetized
rats were perfused transcardially with 0.9% saline followed by 4%
paraformaldehde in PBS. The brains were removed, cute in half sagitally and
post-fixed in 4% paraformaldehyde for 24 hrs, and then cyroprotected in 30%
sucrose. Frozen coronal section (40 wm) were made through the striatum using a
sliding microtome (Leica, McHenry, IL). For immunofluorescence, sections
were incubated overnight at 4°C with the h-a-syn antibody LB509 (1:100
dilution) or the anti-neuronal nuclei antibody, NeuN (Chemicon Inc., Temecula,
CA 1:200 dilution). Following washing, the sections were treated with goat anti-
mouse IgG conjugated to cyanine 3 (Cy3™; 1:500 dilution, Jackson
ImmunoResearch, West Grove, PA). Immunofluorescence was examined by
confocal fluorescence microscopy.

[00101] Striatal sections analyzed by immunofluorescence and confocal
microscopy, revealed EGFP and hai-syn co-labeled cells in control striatae. Co-
labeled cells were absent in striatae injected with the h-oi-syn shRNA virus,
showing total in vivo silencing of ho-syn in striatal neurons.

[00102] In other experiments, overexpression-induced neurodegeneration of
nigrostriatal system is generally apparent in 6-8 weeks. Rats treated as described
above, will be sacrificed for immunohistochemical analysis 8 weeks after the first
injection. Immunohistochemical stainings will be performed on free-floating
brain sections using antibodies raised against tyrosine hydroxylase (Chemicon,
Temecula, CA) and wild-type or mutant h-a-syn. The number of TH+ neurons in

the SN and striatum, and a-syn-immunoreactive cell bodies along with
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neurodegenerative cell bodies in the SN pars compacta will be determined for
each treatment group. The expression of siRNA targeting o—syn or its mutants
will be confirmed by in situ hybridization of the brain sections using appropriate
digoxigenin-labelled riboprobes known to one of skill in the art.

[00103] At 24 weeks post-injection, the rats will be subjected to behavioral
testing, including “amphetamine rotation” and “paw placement” tests to assess
motor impairments. In animals with a unilateral lesion of the nigrostriatal
dopaminergic (DA) system, the injection of drugs that act to release dopamine,
such as amphetamine, will induce rotational behavior towards the denervated
striatum. Animals will turn away from the hemisphere where there is greater
amphetamine-stimulated dopamine release and greater dopamine receptor
stimulation.

[00104] Amphetamine-induced rotational activity will be recorded for 60
min following an i.p. injection of 5Smg DL-amphetamine per kg body weight.
Rats will be placed in a plastic bowl (depth 18 cm; diameter 38 cm) and video
taped and rated. Base line amphetamine rotation tests will be performed 7 days
before the 6-OHDA lesions and the results will be used to assign the side of the
subsequent 6-OHDA lesion. Rats exhibiting net clockwise turns will be lesioned
in the left stiatum, while rats exhibiting net counter-clockwise turns will be
lesioned in the right striatum. Following the 6-OHDA lesion, amphetamine-
induced rotational behavior will be tested 14 and 35 days after lesioning.
[00105] The number of clockwise and counter-clockwise turns will be
counted and expressed as the number of net rotations per minute to the lesioned
(ipsilateral) hemisphere (net rotations per minute to ipsilateral hemisphere =
ipsilateral rotations — contralateral rotations/time). Repeated-factor, two-way
ANOVA will be performed to evaluate the rotational behavior. Rotational
behavior will be evaluated pre-lesioning with 6-OHDA, and post lesioning, and
with and without administration of the siRNA lentiviral or AAV vector. A

decrease in the ipsilateral rotational behavior when compared with control groups
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will indicate a therapeutic effect of the administration of the siRNA lentiviral or
AAV vector.

[00106] Spontaneous exploratory forelimb use will be scored using forelimb
asymmetry analysis. The number of ipsilateral, contralateral and both paw
placements performed against the chamber wall during vertical/lateral
explorations and the paw used to land following exploration will be quantified
during slow-motion playback of the videotaped session. The results will be
presented as percent of total ipsilateral forelimb use by first calculating the
percentage of ipsilateral wall (ipsilateral wall placement/ipsilateral wall +
contralateral wall + both wall placement x 100) and ipsilateral land (ipsilateral
land placement/ipsilateral land + contralateral land + both land placement x 100)
movements. The percentage of ipsilateral wall and ipsilateral land placements
will then be added together and divided by two. The calculation will assure that
the wall and land movements will be weighted evenly and will result in a measure
of ipsilateral forelimb use relative to total forelimb movement. Rats that exhibit
less than five forelimb placements during the 5 minutes will be removed from
analysis. One-way ANOVA will be used to analyze the preferential use of the
ipsilateral forelimb post 6-OHDA lesioning compared with control groups. A
decrease in the preferential use of the ipsilateral forelimb when compared with
control groups will indicate a therapeutic effect of the administration of the
siRNA.

[00107] Example 9: In Vivo Delivery of siRNA in a Mouse Model of
Parkinson’s Disease-Short-term studies

[00108] A transgenic model of Parkinson’s Disease involving a-synuclein
will be used to determine the effects of selectively interfering with human o-
synuclein expression in midbrain DA neurons, as well as to determine the effects
of RNA interference by shRNA vector administration.

[00109] In some experiments, an o-synuclein transgenic mouse generated
using the full-length 9.2kb rat TH promoter to target wild type or a double mutant
(A30P and A53T) h-o-syn expression to catecholamine neurons will be used.
(Richfield, et al., 2002, Exp. Neurol., 175(1): 35-38.) These mice display an
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increased density of dopamine transporter (DAT) and increased sensitivity to
MPTP. The double mutant mice show increased sensitivity to amphetamine and
age-related declines in motor coordination. Locomotor activity in response to
apomorphine is also increased in these mice. Levels of striatal DA, DOPAC and
HVA are significantly decreased only in the double mutant mice. (.,
Thiruchelvam, et al. 2004, Eur. J. Neurosci., 19(4): 845-54.)

[00110] Two lines of mice will be studied: h2a-syn-5 which is heterozygous
for wild type h-a~syn and line hm?0-syn-39 which is heterozygous for a doubly-
mutated h-a-syn (A30P and A53T). (Id.) Mouse lines will be maintained by
standard techniques using normal C57B16 females from Jackson Labs as
breeders. Transgenic mice will be screened by PCR of tail genomic DNA by
amplifying a 469 bp fragment of the coding sequence using forward and reverse
primers, hSYNUI, caggtaccgacagttgtggtgtaaaggaat (SEQ ID NO. 35 and
hSYNLI, gatagctataaggcttcaggttegtagtct (SEQ ID NO. 36), respectively. In these
mice, expression of h-o-syn is high in catecholamine neurons in the SN, VTA and
LC and respective terminal regions.

[00111] To investigate silencing of h-o-syn, heterozygous male mice (2
mos.) will receive a 2 pl injection of either h2a-syn-5 or hm?0-syn-39 in one side
of the brain and a 2 pl injection of control vector into the other SN. One month
after viral injection, expression of h-a-syn will be studied by
immunohistochemistry, western blotting for a-synuclein protein, and real-time
PCR for a-synuclein mRNA.

[00112] Immunohistochemistry will be performed on mice one month after
viral injection. Mice will be euthanized by cardiac perfusion with 4%
paraformaldehyde following a prewash with buffered saline and the brain tissue
will be prepared for histology. Forty micron frozen sections will be collected
using RNase free reagents. Some sections will be stained for
immunofluorescence (IF) to a-syn using a mouse monoclonal human specific
antibody (Affiniti Research, Plymouth Meeting, PA) and a goat-anti-mouse
secondary IgG conjugated to Cy3 (near red fluorescence; excitation, 557 nm;

emission, 615 nm). Sections will be co-stained for TH-IF using a polyclonal
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rabbit antibody (Chemicon) and a secondary IgG conjugated to Cy5 (far red
fluorescence; excitation, 650 nm; emission, 670 nm). Confocal microscopy using
a Zeiss 10 Meta Confocal Microscope (Laser Scanning Microscope) (LSM) will
be used to capture images of DA neurons that are infected with the AAV viruses
by co-localization of hGFP fluorescence. For the purposes of this analysis, it will
be assumed that GFP fluorescent neurons also express the shRNA against a-syn.
Levels of o~syn IF will be quantified in a minimum of 100 GFP positive and 100
negative DA neurons in the substantia nigra at matched anatomical levels of both
sides of the brain. Data will be analyzed by two-way ANOVA and the
significance of inter-group differences determined by applying the Students’ two-
tailed t-test. Sections of striatum will also be studied using analogous approaches
to determine whether levels of hu a-synuclein in DA fibers in terminal regions
have been affected.

[00113] For molecular analyses of the effects of the ShRNA vector against
expression of h-a-syn, mice will be lightly anesthetized with pentobarbital and
euthanized by decapitation one month after vector injections. Brains will be
rapidly removed and the striata and ventral nesencephalons dissected, frozen in
dry ice and stored at -80°C. Protein and RNA will be isolated from these regions
on both sides of the brains using Trizol reagent as previously reported.
(Kozlowski, et al., 2000, Society for Neuroscience Abstracts, 26: 1794.) Levels
of human and mouse a-syn protein will be analyzed by western blotting and 2-D
gel electrophoresis. Levels of human and mouse o-syn mRNAs will be
determined by RT-PCR using previously published methods (/d.) and primer and
probes specific to human or mouse a-syn. Primers and probes will be designed
using the Primer Express Program (Applied Biosciences, Inc., Salt Lake City,
uT).

[00114] Example 10: In Vivo Delivery of siRNA in a Mouse Model of
Parkinson’s Disease-Long-term studies

[00115] Chronic effects of silencing hu a-synuclein on DA neurons will be
examined using transgenic models of Parkinson’s Disease as described above in

Example 9. shRNA o-synAAV vectors (described above) will be used to
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chronically depress expression of hu a-synuclein in nigral DA neurons in h2a-
syn-5 and hm’a-syn-39 mice. Mice will be evaluated for effects on DA neurons
using histological, neurochemical and behavioral endpoints.

[00116] Experimental or control AAV vector will be injected bilaterally into
the nigra of 2 month old male mice (2 pl/side). Groups of mice will be
euthanized at 10 months and 20 months and evaluated for the effects on DA
neurons using the following endpoints:

[00117] Locomotor Activity: Mice will be assessed for horizontal, vertical
and ambulatory activity in chambers equipped with an infrared photobeam using
an Opto-Varimex Minor instrument (Columbus Instruments International,
Columbus, OH) (described in Thiruchelvam, et al. 2004, Eur. J. Neurosci., 19(4):
845-54.) Mice will be familiarized with the testing chambers by placing them in
these chambers for 45 minutes one week prior to the onset of testing. Testing
will commence when mice are 2 months of age prior to vector injections and will
continue every 2 months until mice are 10 or 20 months of age with the final
testing done several days prior to euthanasia. Photobeam breaks will be recorded
each minute for 45 minutes with activity counts totaled in 3 minute blocks across
the session. Overall effects of treatment, age and transgene status will be
analyzed with repeated-measures ANOVA followed by individual ANOVAs and
Bonferroni-Dunn tests to compare treatments. (/d.)

[00118] Locomotor activity after apomorphine challenge: h2a-syn-5 and
hm’?a-syn-39 mice treated with ShRNA a-syn or control vector will be injected
with saline or apomorphine (1.5 mg/kg, i.p.) on subsequent trials at 2 weeks prior
to euthanasia and tested for locomotor activity. Testing and data analysis will be
as described above.

[00119] Amphetamine c-fos induction in striatal neurons. Induction of c-fos
immunoreactivity in nuclei of striatal target neurons of DA fibers has been used
as a measure of degree of integrity and function of the DA terminals. (Connor et
al., 1999, Gene Therapy, 6: 1936-1951; Kozlowski et al., 2000, Exp. Neurol.,
166: 1-15; Robertson et al, 1989, Brain Research, 503: 346-349.) Mice will be

injected with D-amphetamine (Smg/kg, i.p.) 2 hours prior to euthanasia and
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sections of striatum stained for c-fos-IR. (Kozlowski et al., 2000, Exp. Neurol.,
166: 1-15.) The nuinber of c-fos-IR nuclei will be counted at 2 anatomical levels
of striatum using NeuroLucida software (Microbrightfield Laboratories,
Williston, VT). Data will be analyzed by ANOVA and Students’ t-test.

[00120] Neuroprotection of DA Neurons: At 10 or 20 months of age, mice
will be euthanized by cardiac perfusion with 4% paraformaldehyde and 40 pm
sections of nigra and striatum prepared as described above. Sections will be
stained for TH-IR using a mouse monoclonal antibody to TH (Chemicon
International, Temecula, CA) using diaminobenzidine using DAB method (brown
stain) and co-stained for IR to GFP using nickel enhanced diaminobenzidine
using DAB (black stain) and a polyclonal antibody against hrGFP. (/d.) The
numbers of TH-IR neurons with and without GFP staining indicating infection
with the AAV virus will be determined through the entire substantia nigra using
an optional fractionator and Stereolnvestigator™ software (Microbrightfield
Laboratories, Williston, VT). (/d.) Sections will also be evaluated using IF for
GFP, h-a-syn-IR and TH-IR as described above to verify decreased expression of
h-a-syn in DA neurons.

[00121] Density of DA fibers in striatum: Sections of striatum will be
stained for TH-IF or the dopamine transporter (DAT)-IF or the vesicular
monoamine transporter (VMAT)-IF using polyclonal antibodies and co-stained
for h-a-syn-IF using a monoclonal antibody specific to human as described
above. Using confocal microscopy to capture images at two anatomical level
through the striatum, the density of each marker on each side of the brain will be
assessed using Openlab 4.0.3 software (Improvision, Inc., Lexington, MA).
[00122] Detection of proteinase K resistant a-syn positive fibers in striatum:
To study wither increased high MW species of o-syn are more abundant in the
transgenic mouse lines, as well as to determine if interfering with expression of h-
a-syn will reduce the levels of any high MW species, sections of striatum will be
stained for TH-IR using DAB. Sections will then be digested with proteinase K
and stained for h-o-syn using nickel enhanced DAB. (Neumann, et al., 2002, J.
Clin. Invest., 110: 1429-39.)
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[00123] Example 11: siRNA Duplex Down Regulation of a-Syn Gene
Expression

[00124] As described above in Example 1, regions of the a-syn gene were
identified for siRNA duplex formation. Two regions were selected for targeting
with siRNAs. A first target sequence in the o-syn DNA in SEQ ID NO: 1 is:
[00125] AATGTTGGAGGAGCAGTGGTG (SEQ ID NO: 16)

[00126] Thus, a siRNA duplex, Synthetic siRNA Duplex A, of the present
invention, complementary to SEQ ID NO: 16, targeting this sequence, and which
has 3’ dTdT overhangs on each strand (overhangs shown in bold), is:

[00127] Sense: 5°-UGUUGGAGGAGCAGUGGUGATAT-3" (SEQ ID NO:
17) ’

[00128] Antisense: 3’-dTdTACAACCUCCUCGUCACCAC-5’ (SEQ ID
NO: 18)

[00129] A second target sequence in the a-syn DNA in SEQ ID NO: 1 is:
[00130} AAGGACCAGTTGGGCAAGAAT (SEQ ID NO: 7)

[00131] A siRNA duplex, Synthetic siRNA Duplex B, of the present
invention, complementary to SEQ ID NO: 7, targeting this sequence, and which
has 3> dTdT overhangs on each strand (overhangs shown in bold), is:

[00132] Sense: 5’-GGACCAGUUGGGCAAGAAUATAT-3’ (SEQ ID NO:
19)

[00133] Antisense: 3’-dTdTCCUGGUCAACCCGUUCUUA-5’ (SEQ ID
NO: 20)

[00134] Each synthetic siRNA oligo duplex, described as A and B above,
was heated to 90°C for 2 min followed by incubation at 37°C for 60 min and
frozen until use.

[00135] To demonstrate silencing of the a-syn gene, synthetic siRNA
duplexes A and B were used to transfect HeLa cells (American Type Culture
Collection). HeLa cells were cultured in DMEM (Gibco) supplemented with
10% fetal bovine serum. These cells were grown in 6-well plates and transfected
with wild-type h-o-syn expression plasmid in the presence or absence of

synthetic siRNA duplexes A and B (100 nM) using LipofectAMINEZOOO®
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(Invitrogen, Carlsbad, CA) according to the manufacture’s instructions. At 48 or
72 hours post-transfection, the cells were harvested for preparation of whole cell
lysates. Lysates were run on SDS-PAGE and electrophoretically transferred to
nitrocellulose membranes for Western blotting. Western blotting was performed,
using standard techniques known to one of skill in the art. Briefly, blocked
membranes were incubated overnight at 4°C with a h-a-syn-specific monoclonal
antibody LB509 (Zymed, South San Francisco, CA, 1:50 dilution) or a polyclonal
o-syn antibody from BD Biosciences (Mountain View, CA, 1:500 dilution).
Following 1hr incubation at room temperature with a horseradish peroxidase-
coupled secondary antibody (1:250 dilution), the blots were washed and
immunodetection was carried out using ECL detection reagents (Amersham
Biosciences, Buckinghamshire, UK). The blots were then stripped and re-probed
using either a B-actin antibody (Santa Cruz Biotechnology, Santa Cruz, CA,
1:1000 dilution) or a monoclonal antibody against a-tubulin (Sigma, St. Louis,
MO, 1:100000) and detected as described above to confirm equal loading in all
the lanes.

[00136] The results of Western blotting show that at both 48 and 72 hours,
siRNA duplex B down regulated expression of a-syn while siRNA A showed
little or no effect on a-syn expression as compared to control levels of a-syn
expression. Reprobing of the blot with actin confirmed equal loading of lysates
in all lanes.

[00137] Example 12: In Vivo Delivery of Synthetic siRNA Duplexes
[00138] The synthetic siRNA duplexes A and B described above in Example
11 will be used for in vivo delivery to mice to demonstrate the down regulation of
a-syn expression. The mice used for in vivo delivery studies will include wild
type mice and transgenic mice (describe above in Example 9) including h2a-syn-
5 mice which are heterozygous for wild type h-a-syn and hm®a-syn-39 mice
which are heterozygous for a doubly-mutated h-a-syn (A30P and A53T).

[00139] The synthetic siRNA duplexes A and B will be formed as described
above with a 19-bp oligoribonucleotide region and dinucleotide overhangs on the

3” end of each strand and including either 2°-O-(2-methoxyethyl)-modified
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nucleotide residues linked by means of a phosphorothioate group or
deoxynucleotide residues linked by means of a phosphodiester group. (See
Thakker et al, 2004, PNAS, 101(49):17270-17275.) The oligonucleotides
described above (SEQ ID NOS: 17 and 18 for duplex A and SEQ ID NOS: 19
and 20 for duplex B) will be annealed in an isotonic RNAi buffer (100mM
potassium acetate/30mM Hepes-KOH/2 mM magnesium acetate/26 mM NaCl,
pH 7.4) at 37°C. Osmotic minipumps will be filled with the isotonic RNAi buffer
alone or buffer with either siRNA duplex A or siRNA duplex B (0.01-0.4 mg per
day) for infusion at a rate of 12 or 6 pl/day for 1 week (Alzet model 1007D,
Durect, Cupertino, CA) or 2 weeks (Alzet model 1002), respectively.

[00140] A brain-infusion cannula (Plastics One, Roanoke, VA) will be
stereotaxically placed, as described by the manufacturer, for infusion from the s.c.
implanted minipump into the dorsal third ventricle (anteriorposterior, -0.5 mm;
mediolateral, 0 mm; dorsoventral, -3mm relative to bregma). Appropriate
anesthesia will be delivered to the mice.

[00141] Following administration of the synthetic siRNA duplexes A and B,
mice will be assessed as described above in Examples 9 and 10. In addition, mice
will be assessed for locomotor activity on days -1 and 0 prior to implanting the
cannula and on day 3, 6, 9, 12 and 14 post implantation.

[00142] Example 13: siRNA Expression Vector Construct Targeting a-Syn
[00143] A siRNA expression vector was constructed based on the down
regulation of ai-syn gene expression obtained in cells transfected with siRNA
duplex B. PCR-based cloning was used to clone H-1 RNA polymerase III
promoter from human genomic DNA. The HI promoter was amplified from
human genomic DNA using the following oligos:
5’-CCATGGAATTCGAACGCTGACGTCATCAACCCGCTC-3’ (SEQ ID NO: 31)
and

5'-CGGATCCAGATCTGTGGTCTCATACAGAACTTATAAGATTC

CC-3’ (SEQ ID NO: 32).
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The PCR-amplified product was digested with EcoR and BamHI, and ligated to
EcoR1 and BamH] digested pBc-SK+ vector (Strategene, La Jolla, CA) to create a
pBC/H-1 construct.
[00144] Forward and reverse hairpin oligonucleotides were generated for
targeting the region of the ci-syn gene identified by the siRNA duplex B in
Example 9 above having the following sequences (the hairpin loop is identified in
bold):
[00145] 5°-GATCCCCGGACCAGTTGGGCAAGAATTTCAAGAG
AATTCTTGCCCAACTGGTCCTTTTTGGAAA -3’ (SEQ ID NO: 21)
[00146] 5° — CTAGTTTCCAAAAAGGACCAGTTGGGCAAGAAT
TCTCTTGAAATTCTTGCCCAACTGGTCCGGG-3’ (SEQ ID NO: 22)
[00147] The oligonucleotides (1.6 uM each in 0.1M NaCl) were annealed by
heating at 80°C for 2 min followed by incubation at 35°C for 2 hours. The
annealed oligonucleotides were then inserted into the BglII and Xbal sites of the
pBCSK-H1 construct to form the pBCSK-H1o-synuclein shRNA expression
vector. Sequencing using techniques known to one of skill in the art was used to
confirm the sequence accuracy of the construct. (See Sanger et al., Proc. Natl.
Acad. Sci. U.S.A., 74, 5463-5467.)
[00148] Hel a cells were transfected with a human a-synuclein expression
vector (gift of Dr. Stefanis, Stefanis et al., J. Neurosci., 21(24):9549-60, 2001) in
the presence or absence of the siRNA expression vector, pBC/H1 o-Syn siRNA,
containing the annealed hairpin oligos of SEQ ID NOS: 21 and 22 driven by the
H-1 pol III promoter. The a-syn expression vector was co-transfected with the
pBC/H1 a-Syn siRNA expression vector in the ratio of 1:3 (Vec.Syn si3) or 1:1
(Vec. Syn sil). At 48 h post-transfection, the cells were harvested and Western
blot analysis was performed as described above.
[00149] Western blotting using a synuclein antibody shows down regulation
of a-syn expression by the pPBCSK/H1 o-Syn shsiRNA expression vector, in both

ratios 1:3 and 1:1, as compared to control expression with the a-syn expression
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vector alone. Equal loading of lysates was confirmed by reprobing the membrane
with an actin antibody (described above).

[00150] Example 14: Delivery of siRNA Virions to SH-SYS5Y Cells
[00151] Studies were performed in cultured SH-SYSY cells, a human
dopaminergic neuroblastoma cell line that expresses human a-synuclein.
Lentiviruses, proven to be highly effective method for transferring foreign genes
into non-dividing and terminally differentiated cells such as the neuronal cells,
were used to deliver an a-syn shsiRNA construct (described in Example 10) to
the SH-SY5Y cells at a multiplicity of infection (MOI) of 10. At 72 hours post-
infection, cells were harvested and whole cell lysates were prepared for Western
blotting. a-syn antibody (BD Transduction Laboratories, BD Biosciences, Oak
Park, IL) was used to probe the membrane following a standard blotting protocol.
The blot was then stripped and reprobed using a monoclonal anti-a-tubulin
antibody (Sigma, St. Louis, MO) to confirm equal loading of the lysates.

[00152] Western blotting results showed that endogenous a-syn expression
was down regulated by the lentiviral siRNA construct as compared to the control
lentiviral vector alone.

[00153] Example 15: Allele Specific siRNA Targeting of Mutant a-Syn
[00154] A variety of synthetic 21 nucleotide siRNAs were made to
determine a target for down regulation of the expression of the A53T mutant o~
syn allele. Regions surrounding the A53T site in the mutant o-syn were used to
generate synthetic siRNA duplexes, as described above in Example 1. The
mutant adenosine residue corresponding to the guanine to adenosine mutation at
nucleotide 203 of SEQ ID NO: 1 is included in the target region and the position
of the mutant residue in the target siRNA is indicated by the name of the siRNA .
For example, the nucleotide sequence of si 9, referring to the sense strand, is a 21
nucleotide sequence with the adenosine residue corresponding to the mutation at
position 9 of the sense strand, si 10 and si 11 correspond to the adenosine residue
at positions 10 and 11 respectively of the sense strand. si 9, 10 refers to the sense
strand wherein the adenosine residue corresponding to the 203 mutation is at

position 9 and an artificial mutation of cytosine to guanine at position 10 of the
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SiRNA. si 9,12 refers to the sense strand wherein the adenosine residue

corresponding to the 203 mutation is at position 9 and an artificial mutation of

adenine to thymidine is at position 12 of the siRNA. The RNA sense strand for

each of the synthetic nucleotides is listed below in Table 2 with the mutated

residues in bold.

Table 2 siRNA targeting A53T mutant human e-synuclein

Mutant | Synthetic RNA sense strand DNA

si9 AUGGUGUGACAACAGUGGCUG | ATGGTGTGACAACAGTGGCTG
(SEQ ID NO: 23) (SEQ ID NO: 24)

si 10 CAUGGUGUGACAACAGUGGCU | CATGGTGTGACAACAGTGGCT
(SEQ ID NO: 25) (SEQ ID NO: 26)

si9, AUGGUGUGACAUCAGUGGCUG | ATGGTGTGACATCAGTGGCTG

12 (SEQ ID NO: 27) (SEQ ID NO: 28)

sill GCAUGGUGUGACAACAGUGGC | GCATGGTGTGACAACAGTGGC
(SEQ ID NO: 29) (SEQ ID NO: 30)

si 9,10 | AUGGUGUGAGAACAGUGGCUG ATGGTGTGAGAACAGTGGCTG
(SEQ ID NO: 33) (SEQ ID NO: 34)

[00155] As described above, the synthetic siRNA duplexes may include

additional residues, such as, but not limited to, 3> overhangs. The regions

identified for down regulating the expression of A53T mutant h-o-syn may also

be used, for example, in synthetic oligonucleotides, including hairpin duplexes,

and in vector constructs as described for the wild-type o-syn described above.

[00156]

The synthetic RNA oligonucleotides listed in Table 2 were used to

generate synthetic siRNA duplexes for cell transfection assays similar to Example

9. HeLa cells were co-transfected with EGFP and wild type h-o-syn expression

plasmids or EGFP and human A53T mutant expression plasmids, as described

above in Example 12, in the presence or absence of synthetic siRNA duplex si 9,

si10, sill,si9, 10 orsi 9,12 (10 nM). At48h post-transfection, the cells were

harvested for Western blot analysis. The membrane was probed with a h-o-syn-

specific monoclonal antibody (Zymed Laboratories, South San Francisco, CA)
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and then stripped and reprobed with actin (described above) to confirm equal
loading in all the lanes. Results of Western blotting showed siRNA duplex si 9
allele specifically down-regulated A53T mutant a-syn expression and not wild
type human a-syn expression.

[00157] A similar strategy will be used to determine siRNA duplexes for
down regulating expression of A30P mutant a-syn. The targeted regions
identified using synthetic siRNA duplexes may also be used to generate plasmid
and viral constructs to down regulate expression of wild-type, A53T, and A30P
mutant o-syn.

[00158] Example 16: Dose Dependent Down Regulation of a-Syn Using
Synthetic Duplex B

[00159] Dose response and specificity of the siRNA-mediated down
regulation of a-syn was shown. An EGFP or a h-a-syn expression plasmid was
co-transfected into HeLa cells with varying concentrations of Synthetic siRNA
Duplex B (described above in Example 9) or a non-specific synthetic siRNA
directed against the firefly luciferase gene. Synthetic siRNA Duplex B
concentrations for the co-transfection were 0.10M, 1nM, 5nM, 10nM, 25nM,
50nM, and 100nM. At 72 hrs post-transfection, the cells were harvested for
Western blot analysis. Western blotting was performed as described above.
[00160] Results of the Western blotting showed dose-dependent silencing of
h-a-syn expression in lanes with all concentrations of Synthetic siRNA Duplex B
and no effect of the non-specific siRNA in the controls.

[00161] Example 17: Dose Dependent Down Regulation of a-Syn Using -
Syn shRNA Plasmid

[00162] Dose response and specificity of the siRNA-mediated down
regulation of a-syn by the shRNA plasmid described in Example 10 was shown.
An EGFP expression plasmid (0.5 ug) and a h-a-syn expression plasmid (2.0 pg)
were co-transfected into HeLa cells with varying concentrations of pBCSK-H1-
o-syn-shRNA expression plasmid (0.01 pg, 0.2 pg, 1.0 pg, 4.0 pg or 5 pg)
(described above in Example 10) or 5.0 pg pBCSK-HI plasmid control. At 48
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hrs post-transfection, the cells were harvested for Western blot analysis. Western
blotting was performed as described above.

[00163] Results of the Western blotting showed dose-dependent silencing of
h-o-syn expression with the a-syn shRNA expression plasmid and no effect on
expression of EGFP.

[00164] Example 18: Liposomal complex preparation for iz vivo siRNA
delivery

[00165] siRNA vectors and synthetic siRNA duplexes may be delivered to
cells using liposomes. Any method know to one skilled in the art may be used for
forming liposomes. Exemplary methods are given below.

[00166] Liposomes will be prepared by lipid-film hydration using HEPES-
buffered saline (pH 6.5) as the hydration buffer. The liposomes will be hydrated
in 6 successive cycles of freezing (-80°C) and thawing (60°C). Unilamellar
liposomes will be formed by extrusion using a 10-ml capacity thermostatted
extruder (Northern Lipids, Vancouver, BC, Canada). Extrusion will be
performed through polycarbonate membranes by using the appropriate pore size
and the number of extrusions required to reach the desired liposome size
(approximately 65nm), which will be determined by light scattering (Beckman
Coulter, Fullerton, CA). Cholesterol will be obtained from Calbiochem (San
Diego, CA). 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) and 1,2-
distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-
2000] (PEG-DSPE will be purchased from Avanti Polar Lipieds (Alabaster, AL).
Liposomes will be composed of a 3:2 (mol:mol) phospholipid/cholesterol
mixture. Liposome concentrations for infusion studies will be 2mM phospholipid.
[00167] Liposomes may also be prepared using 1,2 Dioleoyl-3-
trimethylammonium-propane (DOTAP) (Roche Diagnostics). (Sioud et al., 2003,
Bioch. Biophys. Res. Comm., 312: 1220-1225.) siRNAs for inclusion in the
complexes will be annealed in transfection buffer (20mM HEPES, 150mM NaCl,
pH 7.4) at 3 ug/ml.

[00168] For i.v. injection of mice, liposomal complexes will be prepared as

follows. 20-100 pg of siRNAs in transfection buffer will be transferred into a
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sterile eppendorf tube. In a separate sterile polystyrene tube, 50 pg of DOTAP
will be mixed with 120 pl transfection buffer and then the siRNA mixture will be
transferred to the polystyrene tube containing the DOTAP and then incubated at
room temperature for 30 min (the mixture may be cloudy, but no precipitates or
aggregates should be visible). About 200 pl of the mixture will be injected via
the tail vein, using a 1-ml syringe and 27-guage needle. Charge ratio of DOTAP
and siRNA will vary from 1:2 to 2:1. After the desired amount of time, the mice
will be sacrificed and analyzed as discussed above.

[00169] For i.p. injection of mice, 50-100 pg of siRNAs in 60 ul of
transfection buffer will be pipetted into a sterile eppendorf tube. In a separate
sterile polystyrene tube, 100-200 pg of DOTAP will be mixed with 300-600 nl
transfection buffer and then both solutions mixed gently by pipetting several
times. After incubation at room temperature for 30 min., the mixture will be
adjusted to 1 ml with transfection buffer, prior to i.p. injection using a 2 ml
syringe and 27-guage needle. Charge ratio of DOTAP to siRNAs will vary form
1:1 to 4:1. After the desired amount of time, the mice will be sacrificed and
analyzed as discussed above.

[00170] Example 19: In Vivo Delivery using CED

[00171] CED may be used to deliver a-syn DNA, vectors, viruses, and
synthetic siRNA duplexes to the brain. By way of example, CED may be
performed on rats as described below.

[00172] Rats will be anesthetized with Isoflurane (Baxter, Deerfield, IL) by
inhalation (3L mixed with oxygen) and will be placed in a small-animal
stereotaxic frame (David Kopf Instruments; Tujunga, CA). A sagital skin
incision will be made and burr holes will be placed in the skull by a twist drill,
0.5 mm anterior to the bregma and 3 mm to the right and left of the midline.
CED will be used to infuse solutions containing the o-syn DNA, vectors, viruses,
or synthetic siRNA duplexes and controls into each hemisphere. To minimize
trauma and reflux flow, customized needle cannula will be created by inserting
silica capillary tubing (100 pm in diameter, Polymicro Technologies; Phoenix,
AZ) into a 24-guage needle fused with a Teflon® tube (0.02”) and connected to a
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programmable microinfusion pump (Bioanalytical Systems, West Lafayette, IN).
The loading chamber (Teflon® tubing, 1/16” OD x 0.03” ID) and attached
infusion chamber (1/16” OD x 0.02” ID) will be filled with a total volume of 60
ul of each mixture per loading line. Two cannulae (one per hemisphere) will be
placed in the rat striatum, 5 mm below the dura. The infusion rate will be 0.2
pw/min for 10 min and 0.5 pl/min for 6 min.

[00173] Samples will be analyzed according to the short and long term
experiments described above.

[00174] Although the invention herein has been described in connection
with an embodiment thereof, it will be appreciated by those skilled in the art that
additions, modifications, substitutions, and deletions not specifically described
may be made without departing from the spirit and scope of the invention as
defined in the appended claims. It is therefore intended that the foregoing
detailed description be regarded as illustrative rather than limiting, and that it be
understood that it is the following claims, including all equivalents, that are

intended to define the spirit and scope of this invention.
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CLAIMS

1. A small interfering RNA (siRNA) that down regulates expression of a

synuclein gene.

2. The siRNA of claim 1 wherein said siRNA comprises a nucleotide
sequence substantially complementary to 15-30 consecutive nucleotides of
SEQ. ID. NO.: 1.

3. The siRNA of claim 1 wherein said nucleotide sequence is substantially

complementary to 15-30 consecutive nucleotides of SEQ ID. NO.: 6.

4. The siRNA of claim 1 wherein said nucleotide sequence is substantially

complementary to 15 to 21 consecutive nucleotides SEQ. ID. NO.:7.

5. The siRNA of claim 1 wherein said nucleotide sequence is complementary
to SEQ ID NO: 7.

6. The siRNA of claim 1 wherein said synuclein gene is wild-type o-
synuclein.

7. The siRNA of claim 1 wherein said synuclein gene is a mutant a-synuclein
gene.

8. The siRNA of claim 7 wherein said mutant gene comprises guanine to

cytosine at position 134 of SEQ. ID. NO. 1.

9. The siRNA of claim 7 wherein said mutant gene comprises guanine to
adenosine at position 203 of SEQ. ID. NO. 1.

10.  The siRNA of claim 7 wherein said siRNA down regulates expression of

said mutant a-synuclein gene and not a wild-type a-synuclein gene.

11.  The siRNA of claim 1 wherein said siRNA comprises a vector encoding
said siRNA.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

-45-
The siRNA of claim 11 wherein said vector is a viral vector.

The siRNA of claim 12 wherein said vector is selected from the group
consisting of adenoviral, lentiviral, poliovirus, adeno-associated viral,

HSV, and murine Maloney-based viral vector.

The siRNA of claim 11 wherein said vector comprises a constitutive
promoter or a regulatable promoter operatively linked to a nucleotide

sequence encoding said siRNA.

The siRNA of claim 11wherein said vector comprises a Pol IIl H-1

promoter operatively linked to said siRNA.

The siRNA of claim 1 wherein said siRNA forms a hairpin structure

comprising a duplex structure and a loop structure.

The siRNA of claim 11 wherein said vector comprises a nucleotide

sequence substantjally identical to SEQ ID NO: 21.

The siRNA of claim 1 wherein said siRNA comprises a double-stranded
RNA comprising a first strand that is complementary to a mRNA encoded
by SEQ ID NO: 1, or a fragment thereof; and a second strand that is

complementary to said first strand.

The siRNA of claim 18 wherein said duplex is less than 30 nucleotides in

length.

The siRNA of claim 17 wherein said duplex comprises SEQ ID NO: 19 and
SEQ ID NO: 20.

The siRNA of claim 1 wherein said synuclein gene is associated with a

condition amenable to treatment with the siRNA.

The siRNA of claim 21 wherein said condition is a neurodegenerative

disease.
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23.

24.
25.

26.

27.

28.

-46-
The siRNA of claim 21 wherein said condition is a synucleinopathy.

The siRNA of claim 22 wherein said neurodegenerative disease is

Parkinson’s disease.

The siRNA of claim 1 wherein said nucleotide sequence is complementary

to any one of the SEQ ID NOS: 8-15.

The siRNA of claim 1 comprising a nucleotide sequence substantially
identical to SEQ ID NO: 19, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID
NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, or SEQ ID NO: 33.

A composition comprising a siRNA in an amount sufficient to down
regulate expression of a synuclein gene, wherein said siRNA comprises a
nucleotide sequence substantially complementary to 15-30 consecutive
nucleotides of SEQ. ID. NO.: 1.

A vector comprising:

a promoter;
a nucleotide sequence operatively linked to said promoter, said
nucleotide sequence comprising:
15-30 consecutive nucleotides of SEQ. ID. NO.: 1.

wherein said nucleotide sequence encodes an siRNA that down

regulates a synuclein gene.

29.

A method of reducing expression of a synuclein gene in a cell, said method

comprising introducing into a cell a siRNA in an amount effective to down

regulate expression of said synuclein gene,
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wherein said siRNA comprises a nucleotide sequence substantially

complementary to 15-30 consecutive nucleotides of SEQ. ID. NO.: 1.

30.

31.

32.

33.

34.

35.

36.

The method of claim 29 wherein said nucleotide sequence is substantially

complementary to 15 to 30 consecutive nucleotides of SEQ. ID. NO.:6.

The method of claim 29 wherein said nucleotide sequence is

complementary to 15 to 21 consecutive nucleotides of SEQ ID NO: 7.

The method of claim 29 wherein said siRNA is introduced into said cell in

a vector encoding said siRNA.

The method of claim 29 wherein in said siRNA forms a hairpin structure

and a loop.

The method of claim 32 wherein said vector comprises a nucleotide

sequence substantially identical to SEQ ID NO: 21.

The method of claim 29 comprising introducing said siRNA into a cell of

the central nervous system or the peripheral nervous system.

A method of reducing cell death, said method comprising introducing into
a cell a sSiRNA in an amount effective to down regulate expression of said
synuclein gene,

wherein said siRNA comprises a nucleotide sequence substantially

complementary to 15-30 consecutive nucleotides of SEQ. ID. NO.: 1.

37.

A method of treating a neurodegenerative disease or a synucleinopathy in a
subject comprising administering to said subject a therapeutically effective
amount of a siRNA comprising a nucleotide sequence substantially
complementary to 15-30 consecutive nucleotides of SEQ. ID. NO.: 1,

wherein the expression of said synuclein gene is down regulated.
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<110>

Bohn, Martha C
sapru, Mohan K

<120>
<130>
<160> 36
<170>
<210>
<211>
<212>
<213>

<400> 1
ggagtggcca
60

DNA

gaaaggactt
120
tgtggcagaa
180
ggagggagtg
240
tgttggagga
300
agggagcatt
360
aggagcccca
420
tgaaatgcct

480

gctcccagtt
540

atgtgcccag
600
cagtgattga
660
agtgaataca
720

gttaaaacaa
780

tttgttgctg
840

gtgtctttta
900

1
1543

Homo sapiens

ttcgacgaca

tcaaaggcca

gcagcaggaa

gtgcatggtg

gcagtggtga

gcagcagcca

caggaaggaa

tctgaggaag

tcttgagatc

tcatgacatt

agtatctgta

tggtagcagg

attaaaaaca

ttgttcagaa

atgatactgt

1/12

SEQUENCE LISTING

PatentIn version 3.3

gtgtggtgta

aggagggagt

agacaaaaga

tggcaacagt

cgggtgtgac

ctggctttgt

ttctggaaga

ggtatcaaga

tgctgacaga

tctcaaagtt

cctgccccca

gtctttgtgt

cctaagtgac

gttgttagtg

ctaagaataa

children's Memorial Hospital

aaggaattca

tgtggctgct

gggtgttctc

ggctgagaag

agcagtagcec

caaaaaggac

tatgcctgtg

ctacgaacct

tgttccatcc

tttacagtgt

ctcagcattt

gctgtggatt

taccacttat

atttgctatc

tgacgtattg

STRNA-MEDIATED GENE SILENCING OF SYNUCLEIN
11761-29

ttagccatgg

gctgagaaaa

tatgtaggct

accaaagagc

cagaagacag

cagttgggca

gatcctgaca

gaagcctaag

tgtacaagtg

atctcgaagt

cggtgcttec

ttgtggcttc

ttctaaatcc

atatattata

tgaaatttgt

PCT/US2005/034516

atgtattcat

ccaaacaggg

cCaaaaccaa

aagtgacaaa

tggagggagc

agaatgaaga

atgaggctta

aaatatcttt

ctcagttcca

cttccatcag

ctttcactga

aatctacgat

tcactatttt

agatttttag

taatatatat
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aatacttaaa
960

accattttgc
1020

aaacgttatc
1080

tcatgcttat
1140
aatagccatt
1200

acactcggaa
1260

taagtggctg
1320
gtggtctatt
1380
gtttgatgtg
1440

tattgttatt
1500

gtgaatgctg
1543

<210> 2
<211> 140
<212> PRT
<213> Homo
<400> 2

Met Asp val
1
Ala Ala Ala

Glu
35

Thr Lys

His
50

val Gly

Asn val

Gly
65

Thr val Glu

Lys Asp GIn

aatatgtgag
gatgtgtttt
tcattgcaaa
aagcaacatg
tgaagaagga
ttccctgaag
tgattaatta
tctcectteca
tatgtgttta
tttgtctcga

tacctttctg

sapiens

Phe Met
5

Glu
20

Gly val

val

Gly Ala val
70

Gly Ala Gly

85

Leu Gly

Lys

Lys Thr

Leu

Ala Thr val

Lys

2/12

catgaaacta
attcacttgt
aatattttat
aattaagaac
ggaattttag
caacactgcc
ttgaaagtgg
atcctgtcaa
taattgttat
aataattttt

acaataaata

Gly Leu
GIn

Lys

Tyr val
40

55

val

Ser Ile

Asn Glu

ser
Gly val
25

Gly

Ala Glu

Thr Gly val

Glu

tgcacctata
gtttgtatat
ttttatccca
tgacacaaag
aagaggtaga
agaagtgtgt
ggtgttgaag
tgtttgcttt
acatttttaa
tagttaaaat

atattcgacc

Lys Ala
10

Ala
ser Lys
Thr

Lys

Thr
75

Ala Ala Ala

90

Gly Ala

aatactaaat
aaatggtgag
tctcacttta
gacaaaaata
gaaaatggaa
tttggtatgc
accccaacta
atgtattttg
ttgagccttt
ctattttgtc

atg

Lys Glu

Glu

30

Thr

Ala val
Thr Gly

Pro Gln

Gly val

Ala Ala

Glu

Gln

Ala Gln

Phe

Glu

PCT/US2005/034516

atgaaatttt
aattaaaata
ataataaaaa
taaagttatt
cattaaccct
actggttcct
ctattgtaga
gggaactgtt
tattaacata

tgatattggt

val
15

Gly Lys
Gly val
Thr

val

val
95

Lys

Gly Ile
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100

3/12

105

Leu Glu Asp Met Pro val Asp Pro Asp Asn Glu
120

115

ser Glu Glu Gly Tyr Gln Asp Tyr Glu Pro Glu
130 135

<210>
<211>
<212>
<213>

<400> 3
ggagtggcca
60

3
1543
DNA

gaaaggactt
120

tgtggcagaa
180
ggagggagtg
240
tgttggagga
300
agggagcatt
360
aggagcccca
420
tgaaatgcct
480
gctcccagtt
540
atgtgcccag
600
cagtgattga
660
agtgaataca

720

gttaaaacaa
780

tttgttgctg
840

gtgtctttta
900

aatacttaaa
960

Homo sapiens

ttcgacgaca

tcaaaggcca

gcaccaggaa

gtgcatggtg

gcagtggtga

gcagcagcca

caggaaggaa

tctgaggaag

tcttgagatc

tcatgacatt

agtatctgta

tggtagcagg

attaaaaaca

ttgttcagaa

atgatactgt

aatatgtgag

gtgtggtgta

aggagggagt

agacaaaaga

tggcaacagt

cgggtgtgac

ctggctttgt

ttctggaaga

ggtatcaaga

tgctgacaga

tctcaaagtt

cctgccccca

gtctttgtgt

cctaagtgac

gttgttagtg

ctaagaataa

catgaaacta

aaggaattca

tgtggctgct

gggtgttctc

ggctgagaag

agcagtagcc

Caaaaaggac

tatgcctgtg

ctacgaacct

tgttccatcc

tttacagtgt

ctcagcattt

gctgtggatt

taccacttat

atttgctatc

tgacgtattg

tgcacctata

PCT/US2005/034516

110

Ala Tyr Glu
125

Ala
140

ttagccatgg
gctgagaaaa
tatgtaggct
accaaagagc
cagaagacag
cagttgggca
gatcctgaca
gaagcctaag
tgtacaagtg
atctcgaagt
cggtgcttec
ttgtggcttc
ttctaaatcc
atatattata
tgaaatttgt

aatactaaat

Met Pro

atgtattcat

ccaaacaggg

CcCaaaaccaa

aagtgacaaa

tggagggagc

agaatgaaga

atgaggctta

aaatatcttt

ctcagttcca

cttccatcag

ctttcactga

aatctacgat

tcactatttt

agatttttag

taatatatat

atgaaatttt
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accattttgc
1020

aaacgttatc
1080

tcatgcttat
1140

aatagccatt
1200

acactcggaa
1260

taagtggctg
1320

gtggtctatt
1380

gtttgatgtg
1440

tattgttatt
1500

gtgaatgctg
1543

<210>
<211>
<212>
<213>

<400> 4
ggagtggcca
60

DNA

gaaaggactt
120
tgtggcagaa
180
ggagggagtg
240
tgttggagga
300
agggagcatt
360
aggagcccca
420
tgaaatgcct
480
gctecccagtt
5

40

atgtgcccag
600

4
1543

gatgtgtttt

tcattgcaaa

aagcaacatg

tgaagaagga

ttccctgaag

tgattaatta

tctcccttca

tatgtgttta

tttgtctcga

tacctttctg

Homo sapiens

ttcgacgaca

tcaaaggcca

gcagcaggaa

gtgcatggtg

gcagtggtga

gcagcagcca

caggaaggaa

tctgaggaag

tcttgagatc

tcatgacatt

4/12

attcacttgt

aatattttat

aattaagaac

ggaattttag

caacactgcc

ttgaaagtgg

atcctgtcaa

taattgttat

aataattttt

acaataaata

gtgtggtgta

aggagggagt

agacaaaaga

tgacaacagt

cgggtgtgac

ctggctttgt

ttctggaaga

ggtatcaaga

tgctgacaga

tctcaaagtt

gtttgtatat

ttttatccca

tgacacaaag

aagaggtaga

agaagtgtgt

ggtgttgaag

tgtttgcttt

acatttttaa

tagttaaaat

atattcgacc

aaggaattca

tgtggctgcet

gggtgttctc

ggctgagaag

agcagtagcc

Caaaaaggac

tatgcctgtg

ctacgaacct

tgtteccatcc

tttacagtgt

aaatggtgag

tctcacttta

gacaaaaata

gaaaatggaa

tttggtatgc

accccaacta

atgtattttg

ttgagccttt

ctattttgtc

atg

ttagccatgg

gctgagaaaa

tatgtaggct

accaaagagc

cagaagacag

cagttgggca

gatcctgaca

gaagcctaag

tgtacaagtg

atctcgaagt

PCT/US2005/034516

aattaaaata

ataataaaaa

taaagttatt

cattaaccct

actggttecct

ctattgtaga

gggaactgtt

tattaacata

tgatattggt

atgtattcat

CCaaacaggyg

CCaaaaccaa

aagtgacaaa

tggagggagc

agaatgaaga

atgaggctta

aaatatcttt

ctcagttcca

cttccatcag
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cagtgattga
660
agtgaataca
720

gttaaaacaa
780

tttgttgctg
840

gtgtctttta
900

aatacttaaa
960

accattttgc
1020

aaacgttatc
1080

tcatgcttat
1140

aatagccatt
1200

acactcggaa
1260

taagtggctg
1320
gtggtctatt
1380
gtttgatgtg
1440
tattgttatt
1500
gtgaatgctg
1543

<210> 5

<211> 423
<212> DNA
<213>

<400> 5
atggatgtat
60
aaaaccaaac
120

ggctccaaaa
180

agtatctgta

tggtagcagg

attaaaaaca

ttgttcagaa

atgatactgt

aatatgtgag

gatgtgtttt

tcattgcaaa

aagcaacatg

tgaagaagga

ttccctgaag

tgattaatta

tctcecttca

tatgtgttta

tttgtctcga

tacctttctg

Homo sapiens

tcatgaaagg

agggtgtggc

ccaaggaggg

5/12

cctgecceca

gtctttgtgt

cctaagtgac

gttgttagtg

ctaagaataa

catgaaacta

attcacttgt

aatattttat

aattaagaac

ggaattttag

caacactgcc,

ttgaaagtgg

atcctgtcaa

taattgttat

aataattttt

acaataaata

actttcaaag

agaagcagca

agtggtgcat

ctcagcattt

gctgtggatt

taccacttat

atttgctatc

tgacgtattg

tgcacctata

gtttgtatat

ttttatccca

tgacacaaag

aagaggtaga

agaagtgtgt

ggtgttgaag

tgtttgcttt

acatttttaa

tagttaaaat

atattcgacc

gccaaggagg

ggaaagacaa

ggtgtggcaa

cggtgcrtce
ttgtggcttc
ttctaaatcc
atatattata
tgaaatttgt
aatactaaat
aaatggtgag
tctcacttta
gacaaaaata
gaaaatggaa
tttggtatge
accccaacta
atgtattttg
ttgagccttt
ctattttgtc

atg

gagttgtggc
aagagggtgt

cagtggctga

PCT/US2005/034516

CTTTCactga

aatctacgat

tcactatttt

agatttttag

taatatatat

atgaaatttt

aattaaaata

ataataaaaa

taaagttatt

cattaaccct

actggttcct

ctattgtaga

gggaactgtt

tattaacata

tgatattggt

tgctgctgag

tctctatgta

gaagaccaaa
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gigcaagtga caaatgttgg aggagcagtg gtgacgggtg tgacagcagt agcccagaag

ggggtggagg gagcagggag cattgcagca gccactggct ttgtcaaaaa ggaccagttg
%ggaagaatg aagaaggagc cccacaggaa ggaattctgg aagatatgcc tgtggatcct
gggaatgagg cttatgaaat gccttctgag gaagggtatc aagactacga acctgaagcc

taa
423

<210> 6

<211> 63

<212> DNA

<213> Homo sapiens

<400> 6
gcagccactg gctttgtcaa aaaggaccag ttgggcaaga atgaagaagg agccccacag
60

gaa
63

<210> 7

<211> 21

<212> DNA

<213> Homo sapiens

<400> 7
%iggaccagt tgggcaagaa t

<210> 8

<211> 21

<212> DNA

<213> Homo sapiens

<400> 8
gicagtggct gagaagacca a

<210> 9

<211> 21

<212> DNA

<213> Homo sapiens

<400> 9
%%aaaggacc agttgggcaa g

<210> 10

<211> 21

<212> DNA

<213> Homo sapiens

<400> 10
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giaaggacca gttgggcaag

<210>
<211>
<212>
<213>

<400>

11

21

DNA _
Homo sapiens

11

aiaggaccag ttgggcaaga
2

<210>
<211>
<212>
<213>

<400>

12

21

DNA

Homo sapiens

12

aagatatgcc tgtggatcct
21

<210>
<211>
<212>
<213>

<400>

13

21

DNA _
Homo sapiens

13

%iatgccttc tgaggaaggg

<210>
<211>
<212>
<213>

<400>

14

21

DNA _
Homo sapiens

14

aatgccttct gaggaagggt

21

<210>
<211>
<212>
<213>

<400>

15

21

DNA

Homo sapiens

15

g%gactacga acctgaagcc

<210>
<211>
<212>
<213>

<400>

16

21

DNA

Homo sapiens

16

g%tgttggag gagcagtggt

<210>
5211>

17
21

7/12

PCT/US2005/034516
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<212>
<213>

<220>
<223>

<220>
<221>
<222>

<220>
<221>
<222>
<223>

<400>

8/12

DNA
Artificial Sequence

Sense RNA targeting SEQ ID NO: 16

misc_feature
20)..C2L)

misc_feature
20)..Q2L)
T is deoxythymidine

17

g%uuggagga gcaguggugt t

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>

<220>
<221>
<222>
<223>

<400>

18

21

DNA

Artificial Sequence

Antisense synthetic RNA targeting SEQ ID NO:

misc_feature
20)..2L

misc_feature
(20)~ .21 _
T is deoxythymidine

18

caccacugcu ccuccaacat t
21

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

19
21
DNA
Artificial Sequence

Sense artificial RNA targeting SEQ ID NO: 7

misc_feature

20)..Q2D
T is deoxythymidine
19

g%accaguug ggcaagaaut t

<210>
<211>
<212>

20
21
DNA

17
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<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

9/12

Artificial sequence

Antisense artificial RNA targeting SEQ ID NO: 7

misc_feature

0)..Q2L)
T is deoxythymidine
20

auucuugccc aacuggucct t
21

<210>
<211>
<212>
<213>

<220>
<223>

<400>

21
64
DNA
Artificial Sequence

oligonucleotide sequence for targeting SEQ ID NO: 1
21

gatccccgga ccagttgggc aagaatttca agagaattct tgcccaactg gtcctttttg
60

gaaa
64

<210>
<211>
<212>
<213>

<220>
<223>

<400>

22

64

DNA

Artificial Sequence

oligonucleotide sequence for targeting SEQ ID NO: 1
22

ctagtttcca aaaaggacca gttgggcaag aattctcttg aaattcttgc ccaactggtc

60
c€ggg
64

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23

21

RNA

Artificial Sequence

Sense strand for targeting SEQ ID NO: 24
23

ggggugugac aacaguggcu ¢

<210>
<211>
<212>
<213>

24
21
DNA
Homo sapiens
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<400>

10/12

24

g}ggtgtgac aacagtggct g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

21

RNA

Artificial Sequence

Sense strand for targeting SEQ ID NO:

25

ciugguguga caacaguggc u
2

<210>
<211>
<212>
<213>

<400>

26

21

DNA .
Homo sapiens

26

citggtgtga caacagtggce t
2

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27
21
RNA
Artificial Sequence

Sense strand targeting SEQ ID NO:

27

agggugugac aucaguggcu g
2

<210>
<211>
<212>
<213>

<400>

28

21

DNA )
Homo sapiens

28

%iggtgtgac atcagtggct g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

29

21

RNA

Artificial Sequence

Sense strand targeting SEQ ID NO:

29

giauggugug acaacagugg c

<210>
<211>

30
21

28

30

25
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<212>
<213>

<400>

11/12

DNA )
Homo sapiens

30

gcatggtgtg acaacagtgg ¢
21

<210>
<211>
<212>
<213>

<220>
<223>

<400>

31
36
DNA
Artificial Sequence

sense oligonucleotide for H-1 RNA polymerase III promoter

31 :

cgatggaatt cgaacgctga cgtcatcaac ccgetc
3

<210>
<211>
<212>
<213>

<220>
<223>

<400>

32

43

DNA

Artificial Sequence

Antisense oligonucleotide for H-1 RNA polymerase III promoter
32

cggatccaga tctgtggtct catacagaac ttataagatt ccc
43

<210>
<211>
<212>
<213>

<220>
<223>

<400>

33

21

RNA
Artificial

si 9, 10
33

ggggugugag aacaguggcu ¢

<210>
<211>
<212>
<213>

<220>
<223>

<400>

34
21
DNA
Artificial Sequence

si 9, 10
34

%Eggtgtgag aacagtggct ¢

<210>
<211>
<212>
<213>

<220>

35

30

DNA

Artificial sequence



10

15

20

WO 2006/039253

<223>
<400>

12/12

forward oligo for h synuclein

35

cgggtaccga cagttgtggt gtaaaggaat
3

<210>
<211>
<212>
<213>

<220>
<223>

<400>

36

30

DNA

Artificial Sequence

reverse oligo for h synuclein

36

gatagctata aggcttcagg ttcgtagtct
30

PCT/US2005/034516



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

