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ABSTRACT 

The present invention is directed to small interfering RNA 
molecules (siRNA) targeted against nucleic acid sequence 
that encodes huntingtin or ataxin-1, and methods of using 
these siRNA molecules. 
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RNA INTERFERENCE SUPPRESION OF 
NEURODEGENERATIVE DISEASES AND 

METHODS OF USE THEREOF 

CLAIM OF PRIORITY 

0001. This is a continuation-in-part of International 
Application No. PCT/US2003/016887, filed on May 26, 
2003, which is a continuation-in-part of U.S. application Ser. 
No. 10/430,351 filed on May 5, 2003, which is a continu 
ation of U.S. application Ser. No. 10/322,086 filed on Dec. 
17, 2002, which is a continuation-in-part application of U.S. 
application Ser. No. 10/212,322, filed Aug. 5, 2002. All of 
these applications are incorporated by reference herein. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

0002 Work relating to this application was supported by 
grants from the National Institutes of Health (NS044494, 
NS38712, HD44093, DK54759, and NS22920). The gov 
ernment may have certain rights in the invention. 

BACKGROUND OF THE INVENTION 

0003) Double-stranded RNA (dsRNA) can induce 
Sequence-specific posttranscriptional gene Silencing in many 
organisms by a process known as RNA interference (RNAi). 
However, in mammalian cells, dsRNA that is 30 base pairs 
or longer can induce Sequence-nonspecific responses that 
trigger a shut-down of protein synthesis. RNA fragments are 
the Sequence-specific mediators of RNAi. Interference of 
gene expression by these small interfering RNA (siRNA) is 
now recognized as a naturally occurring Strategy for Silenc 
ing genes in C. elegans, Drosophila, plants, and in mouse 
embryonic Stem cells, oocytes and early embryos. 

SUMMARY OF THE INVENTION 

0004. The dominant polyglutamine expansion diseases, 
which include Spinocerebellar ataxia type 1 (SCA1) and 
Huntington's disease (HD), are progressive, untreatable 
neurodegenerative disorders. In inducible mouse models of 
SCA1 and HD, repression of mutant allele expression 
improves disease phenotypes. Thus, therapies designed to 
inhibit disease gene expression would be beneficial. In this 
study, the ability of RNA interference (RNAi) to inhibit 
polyglutamine-induced neurodegeneration caused by 
mutant ataxin-1 was evaluated in a mouse model of SCA1. 
Upon intracerebellar injection, recombinant AAV vectors 
expressing shRNAS profoundly improved motor coordina 
tion, restored cerebellar morphology, and resolved charac 
teristic ataxin-1 inclusions in Purkinje cells of SCA1 mice. 
The present invention provides methods of using RNAi in 
Vivo to treat dominant neurodegenerative diseases. “Treat 
ing” as used herein refers to ameliorating at least one 
Symptom of, curing and/or preventing the development of a 
disease or a condition. 

0005. In certain embodiment of the invention, siRNAs 
are employed to inhibit expression of a target gene. By 
"inhibit expression' is meant to reduce, diminish or SuppreSS 
expression of a target gene. Expression of a target gene may 
be inhibited via "gene Silencing. Gene Silencing refers to 
the Suppression of gene expression, e.g., transgene, heter 
ologous gene and/or endogenous gene expression, which 
may be mediated through processes that affect transcription 
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and/or through processes that affect post-transcriptional 
mechanisms. In Some embodiments, gene Silencing occurs 
when siRNA initiates the degradation of the mRNA tran 
Scribed from a gene of interest in a Sequence-specific man 
ner via RNA interference, thereby preventing translation of 
the gene's product (for a review, see Brantl, 2002). 
0006 The present invention provides an isolated RNA 
duplex that has a first strand of RNA and a second strand of 
RNA, wherein the first strand has at least 15 contiguous 
nucleotides encoded by shSCA1.F10 (SEQ ID NO:13) or 
shSCA1.F11 (SEQ ID NO:14), and wherein the second 
Strand is complementary to at least 12 contiguous nucle 
otides of the first strand. In one embodiment, the first strand 
of RNA is encoded by shSCA1.F10 or by shSCA1.F11. As 
used herein the term “encoded by is used in a broad Sense, 
Similar to the term "comprising in patent terminology. For 
example, the statement “the first strand of RNA is encoded 
by SEQ ID NO:13” means that the first strand of RNA 
Sequence corresponds to the RNASequence transcribed from 
the DNA sequence indicated in SEQID NO:13, but may also 
contain additional nucleotides at either the 3' end or at the 5' 
end of the RNA molecule. 

0007. The present invention also provides an RNA 
duplex (under physiological conditions) having a first Strand 
of RNA and a second strand of RNA, wherein the first strand 
has at least 15 contiguous nucleotides encoded by (a) 
shHDEx2.1 (5'-AAGAAAGAACTTTCAGCTACC-3', SEQ 
ID NO:7)), (b) shHDEx2.2 19 nt (5'-AGAACTTTCAGC 
TACCAAG-3' (SEQ ID NO:8)), (c) shHDEx2.2 21 nt (5'- 
AAAGAACTTTCAGCTACCAAG-3' (SEQ ID NO:9)), (d) 
shHDEX3.1 19 nt (5'-TGCCTCAACAAAGTTATCA-3' 
(SEQ ID NO:10)), or (e) shHDEx3.121 nt (5'-AATGCCT 
CAACAAAGTTATCA-3' (SEQ ID NO:11)), (f) siEX58#1 
(5'-GAGGAAGAGGAGGAGGCCGAC-3' (SEQ ID 
NO:12)), or (g) siEX58#2 (5'-AAGAGGAGGAGGC 
CGACGCCC-3' (SEQ ID NO:17)) and wherein the second 
Strand is complementary to at least 12 contiguous nucle 
otides of the first strand. 

0008. In certain embodiments, the RNA duplex described 
above is between 15 and 30 base pairs in length, such as 19 
or 21 base pairs in length. In certain embodiments, the first 
and/or Second Strand further comprises an overhang, Such as 
a 3' overhang region, a 5' Overhang region, or both 3' and 5' 
overhang regions. The two strands of RNA in the siRNA 
may be completely complementary, or one or the other of the 
Strands may have an “overhang region' (i.e., a portion of the 
RNA that does not bind with the second strand). Such an 
overhang region may be from 1 to 10 nucleotides in length. 
0009. In certain embodiments, in the RNA duplex 
described above may, the first Strand and the Second Strand 
are operably linked by means of an RNA loop strand to form 
a hairpin Structure to form a duplex Structure and a loop 
Structure. In certain embodiments, the loop Structure con 
tains from 4 to 10 nucleotides, Such as 4, 5 or 6 nucleotides. 
0010. The present invention further provides expression 
cassettes containing a nucleic acid encoding at least one 
strand of the RNA duplex described above. The expression 
cassette may further contain a promoter, Such as a regulat 
able promoter or a constitutive promoter. Examples of 
suitable promoters include a CMV, RSV, pol II or pol III 
promoter. The expression cassette may further contain a 
polyadenylation signal (Such as a Synthetic minimal poly 
adenylation signal) and/or a marker gene. 



US 2005/0042646 A1 

0.011 The present invention also provides vectors con 
taining the expression cassettes described above. Examples 
of appropriate vectors include adenoviral, lentiviral, adeno 
associated viral (AAV), poliovirus, HSV, or murine Mal 
oney-based viral vectors. In one embodiment, the vector is 
an adenoviral vector. In certain embodiments, a vector may 
contain two expression cassettes, a first expression cassette 
containing a nucleic acid encoding the first Strand of the 
RNA dupleX and a Second expression cassette containing a 
nucleic acid encoding the Second Strand of the RNA duplex. 
0012 The present invention provides cells (such as a 
mammalian cell) containing the expression cassette or vec 
tors described above. The present invention also provides a 
non-human mammal containing the expression cassette or 
vectors described above. 

0013 The present invention provides a method of Sup 
pressing the accumulation of huntingtin or ataxin-1 in a cell 
by introducing a ribonucleic acid (RNA) described above 
into the cell in an amount Sufficient to Suppress accumulation 
of huntingtin or ataxin-1 in the cell. In certain embodiments, 
the accumulation of huntingtin or ataxin-1 is Suppressed by 
at least 10%. The accumulation of huntingtin or ataxin-1 is 
suppressed by at least 10%, 20%, 30%, 40%, 50%, 60%, 
70% 80%, 90% 95%, or 99%. 

0.014. The present invention provides a method of pre 
venting cytotoxic effects of mutant huntingtin or ataxin-1 in 
a cell by introducing a ribonucleic acid (RNA) described 
above into the cell in an amount Sufficient to Suppress 
accumulation of huntingtin or ataxin-1, and wherein the 
RNA prevents cytotoxic effects of huntingtin or ataxin-1, in 
the ocular tissue cell. 

0.015 The present invention provides a method to inhibit 
expression of a huntingtin or ataxin-1 gene in a cell by 
introducing a ribonucleic acid (RNA) described above into 
the cell in an amount Sufficient to inhibit expression of the 
huntingtin or ataxin-1, and wherein the RNA inhibits expres 
Sion of the huntingtin or ataxin-1 gene. The huntingtin or 
ataxin-1 is inhibited by at least 10%, 20%, 30%, 40%, 50%, 
60%, 70% 80%, 90% 95%, or 99%. 

0016. The present invention provides a method to inhibit 
expression of a huntingtin or ataxin-1 gene in a mammal 
(e.g., a human) by (a) providing a mammal containing a 
neuronal cell, wherein the neuronal cell contains the hun 
tingtin or ataxin-1 gene and the neuronal cell is Susceptible 
to RNA interference, and the huntingtin or ataxin-1 gene is 
expressed in the neuronal cell; and (b) contacting the mam 
mal with a ribonucleic acid (RNA) or a vector described 
above, thereby inhibiting expression of the huntingtin or 
ataxin-1 gene. In certain embodiments, the accumulation of 
huntingtin or ataxin-1 is Suppressed by at least 10%. The 
huntingtin or ataxin-1 is inhibited by at least 10%, 20%, 
30%, 40%, 50%, 60%, 70% 80%, 90% 95%, or 99%. In 
certain embodiments, the cell located in Vivo in a mammal. 

0.017. The present invention provides a viral vector com 
prising a promoter and a micro RNA (miRNA) shuttle 
containing an embedded siRNA specific for a target 
Sequence. In certain embodiments, the promoter is an induc 
ible promoter. In certain embodiments, the vector is an 
adenoviral, lentiviral, adeno-associated viral (AAV), polio 
virus, HSV, or murine Maloney-based viral vector. In certain 
embodiments, the targeted Sequence is a Sequence associ 
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ated with a condition amenable to SiRNA therapy, Such as a 
neurodegenerative disease. An example of neurodegenera 
tive diseases is a trinucleotide-repeat disease, Such as a 
disease associated with polyglutamine repeats. These dis 
eases include Huntington's disease or a Spinocerebellar 
ataxia (SCA). Examples of SCA diseases are SCA1, SCA2, 
SCA3, SCA6, SCA7, or SCA17. The target sequence of the 
present invention, in certain embodiments, is a Sequence 
encoding ataxin-1 or huntingtin. 
0018. The present invention provides a method of pre 
venting cytotoxic effects of neurodegenerative disease in a 
mammal in need thereof, by introducing the vector encoding 
a miRNA described in the preceding paragraph into a cell in 
an amount Sufficient to SuppreSS accumulation of a protein 
asSociated with the neurodegenerative disease, and wherein 
the RNA prevents cytotoxic effects of neurodegenerative 
disease. 

0019. The present invention also provides a method to 
inhibit expression of a protein associated with the neurode 
generative disease in a mammal in need thereof, by intro 
ducing the vector encoding a miRNA described above into 
a cell in an amount Sufficient to inhibit expression of the 
protein associated with the neurodegenerative disease, 
wherein the RNA inhibits expression of the protein associ 
ated with the neurodegenerative disease. The huntingtin or 
ataxin-1 is inhibited by at least 10%, 20%, 30%, 40%, 50%, 
60%, 70% 80%, 90% 95%, or 99%. 
0020. The present invention provides a method to inhibit 
expression of huntingtin or ataxin-1 in a mammal in need 
thereof by (a) providing a mammal containing a neuronal 
cell, wherein the neuronal cell contains the huntingtin or 
ataxin-1 gene and the neuronal cell is Susceptible to RNA 
interference, and the huntingtin or ataxin-1 gene is expressed 
in the neuronal cell; and (b) contacting the mammal the 
vector encoding a miRNA described above, thereby inhib 
iting expression of the huntingtin or ataxin-1 gene. The 
huntingtin or ataxin-1 is inhibited by at least 10%, 20%, 
30%, 40%, 50%, 60%, 70% 80%, 90% 95%, or 99%. 

BRIEF DESCRIPTION OF THE FIGURES 

0021. This patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Office upon request and payment of the 
necessary fee. 
0022 FIG. 1. siRNA expressed from CMV promoter 
constructs and in vitro effects. (A) A cartoon of the expres 
sion plasmid used for expression of functional siRNA in 
cells. The CMV promoter was modified to allow close 
juxtaposition of the hairpin to the transcription initiation 
Site, and a minimal polyadenylation signal containing cas 
sette was constructed immediately 3' of the MCS (mCMV, 
modified CMV, mp.A, minipA). (B, C) Fluorescence pho 
tomicrographs of HEK293 cells 72 h after transfection of 
pEGFPN1 and pCMV.gal (control), or pEGFPN1 and pmC 
MVsiGFPmpA, respectively. (D) Northern blot evaluation 
of transcripts harvested from pmCMVsiGFPmpA (lanes 3, 
4) and pm CMVsi?galmpA (lane 2) transfected HEK293 
cells. Blots were probed with P-labeled sense oligonucle 
otides. Antisense probes yielded similar results (not shown). 
Lane 1, 'P-labeled RNA markers. AdsiGFP infected cells 
also possessed appropriately sized transcripts (not shown). 
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(E) Northern blot for evaluation of target mRNA reduction 
by siRNA (upper panel). The internal control GAPDH is 
shown in the lower panel. HEK293 cells were transfected 
with pEGFPN1 and pm CMVsiGFPmp.A, expressing siCFP, 
or plasmids expressing the control siRNA as indicated. 
pCMVeGFPx, which expresses siGFPx, contains a large 
poly(A) cassette from SV40 large T and an unmodified 
CMV promoter, in contrast to pm CMVsiGFPmp Ashown in 
(A). (F) Western blot with anti-GFP antibodies of cell lysates 
harvested 72 h after transfection with pEGFPN1 and pCM 
VsiGFPmp.A, or pEGFPN1 and pmCMVsi?3glucmpA. (G, 
H) Fluorescence photomicrographs of HEK293 cells 72 h 
after transfection of pEGFPN1 and pCMVsiGFPx, or pEG 
FPN1 and pm CMVsi?glucmpA, respectively. (I,J) siRNA 
reduces expression from endogenous alleles. Recombinant 
adenoviruses were generated from pm CMVsiglucmp A and 
pm CMVsiGFPmp A and purified. HeLa cells were infected 
with 25 infectious viruses/cell (MOI=25) or mock-infected 
(control) and cell lysates harvested 72 h later. (I) Northern 
blot for B-glucuronidase mRNA levels in Adsigluc and 
AdsiGFP transduced cells. GAPDH was used as an internal 
control for loading. (J) The concentration off-glucuronidase 
activity in lysates quantified by a fluorometric assay. 
(Stein 1999). 
0023 FIG. 2. Viral vectors expressing siRNA reduce 
expression from transgenic and endogenous alleles in Vivo. 
Recombinant adenovirus vectors were prepared from the 
siGFP and si?3gluc shuttle plasmids described in FIG.1. (A) 
Fluorescence microscopy reveals diminution of eGFP 
expression in Vivo. In addition to the siRNA sequences in the 
E1 region of adenovirus, RFP expression cassettes in E3 
facilitate localization of gene transfer. Representative pho 
tomicrographs of eGFP (left), RFP (middle), and merged 
images (right) of coronal Sections from mice injected with 
adenoviruses expressing SiGFP (top panels) or si?gluc (bot 
tom panels) demonstrate siRNA specificity in eGFP trans 
genic mice striata after direct brain injection. (B) Full 
coronal brain sections (1 mm) harvested from AdsiGFP or 
Adsigluc injected mice were split into hemisections and 
both ipsilateral (il) and contralateral (cl) portions evaluated 
by western blot using antibodies to GFP. Actin was used as 
an internal control for each Sample. (C) Tail vein injection of 
recombinant adenoviruses expressing Sigluc directed 
against mouse f3-glucuronidase (AdsiMu?gluc) reduces 
endogenous B-glucuronidase RNA as determined by North 
ern blot in contrast to control-treated (Adsifgal) mice. 
0024 FIG. 3. SiGFP gene transfer reduces Q19-egFP 
expression in cell lines. PC12 cells expressing the poly 
glutamine repeat Q19 fused to eGFP (eGFP-Q19) under 
tetracycline repression (A, bottom left) were washed and 
dox-free media added to allow eGFP-Q19 expression (A, 
top left). Adenoviruses were applied at the indicated multi 
plicity of infection (MOI) 3 days after dox removal. (A) 
eGFP fluorescence 3 days after adenovirus-mediated gene 
transfer of Adsi?gluc (top panels) or AdsiCFP (bottom 
panels). (B, C) Western blot analysis of cell lysates har 
vested 3 days after infection at the indicated MOIs demon 
strate a dose-dependent decrease in GFP-Q19 protein levels. 
NV, no virus. Top lanes, eGFP-Q19. Bottom lanes, actin 
loading controls. (D) Quantitation of eGFP fluorescence. 
Data represent mean total area fluorescence:Standard devia 
tion in 4 low power fields/well (3 wells/plate). 
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0025 FIG. 4. siRNA mediated reduction of expanded 
polyglutamine protein levels and intracellular aggregates. 
PC12 cells expressing tet-repressible eGFP-Q80 fusion pro 
teins were washed to remove doxycycline and adenovirus 
vectors expressing siRNA were applied 3 days later. (A-D) 
Representative punctate eGFP fluorescence of aggregates in 
mock-infected cells (A), or those infected with 100 MOI of 
Adsigluc (B), AdsiGFPX (C) or Adsifgal (D). (E) Three 
days after infection of dox-free eGFP-Q80 PC12 cells with 
AdsiGFP, aggregate Size and number are notably reduced. 
(F) Western blot analysis of eGFP-Q80 aggregates (arrow 
head) and monomer (arrow) following Adsiogluc or 
AdsiGFP infection at the indicated MOIs demonstrates dose 
dependent siGFP-mediated reduction of GFP-Q80 protein 
levels. (G) Quantification of the total area of fluorescent 
inclusions measured in 4 independent fields/well 3 days after 
virus was applied at the indicated MOIs. The data are 
meantStandard deviation. 

0026 FIG. 5. (A) Allele-specific silencing of mutant 
huntingtin by siRNA. PC6-3 cells were co-transfected with 
plasmids expressing siRNA specific for the polymorphism 
encoding the transcript for mutant huntingtin. (B) The 
original target for testing hairpins with putative Specificity 
for the 3 GAG-repeat disease linked polymorphism, 
shEx58.1 and shBX58.2. In this preliminary test, shBX58.1 is 
best. 

0027 FIG. 6. Silencing ataxin-1. (A) Cartoon of the 
ataxin-1 cIDNA and regions tested for silencing (lines). The 
CAG repeat region is indicated. The most effective hairpins 
identified, F10 and F11, are bolded. (B) Screening of 
shSCA1s for ataxin-1 silencing. HEK 293 cells were trans 
fected with shRNA- and ataxin-1-expressing plasmids (4:1 
ratio), and FLAG-tagged ataxin-1 (ataxin-1 FLAG) expres 
Sion was Screened by Western blot two days later. Actin was 
used as a loading control. ShLacZ was included as a 
negative hairpin control. Data shown are from U6-expressed 
shRNAS. (C) Dose dependent decline in hSCA-1 mRNA as 
assessed by Q-RTPCR. HEK 293 cells were transfected with 
shRNA- and ataxin-1-expressing plasmids at the ratioS indi 
cated, and RNA isolated 24 hrs later. RNA levels were 
measured by Q-PCR as described in the methods. (D) 
Comparison of mCMV- and U6-expressed shRNAS in neu 
ronal cells. PC6-3 cells were transfected with plasmids 
expressing the indicated shRNAS, and expression of ataxin 
assessed 2 days later by Western blot. ShCAG was targeted 
to the CAG repeat region and was used as a positive control 
for silencing (E) The loop from miR23 improves silencing 
from the hU6 promoter. HEK 293 cells were transfected 
with plasmids expressing the indicated hairpins and ataxin 
1FLAG, and Silencing evaluated 2 days later by Western 
blot. The loop improves silencing of shSCA1. F10 and 
shSCA1.F11. (F) shSCA1.F10 and shSCA1.F11 silence 
mutant (Q82) ataxin-1. HEK293 cells were transfected with 
plasmids expressing the indicated hairpins, and a plasmid 
expressing human ataxin-1 with an expanded poly(Q) tract 
(FLAG-tagged). Silencing of the human mutant ataxin-1 
was assessed by Western blot 2 days later. 
0028 FIG. 7. AAV vectors for shRNA expression in 
vivo. (A) Cartoon of AAV construct. The construct for 
ShSCA.F11 mi and shLacZ expression was similar except 
that shSCA1.F10mi was replaced with shSCA.F11 mi or 
shLacZ sequences, respectively. Note that the hrGFP expres 
Sion cassette is distinct from the shRNA expression cassette. 
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(B) AAVshSCA1 with hrGFP reporter leads to extensive 
transduction of cerebellar Purkinje cells (Purkinje cell layer 
denoted by arrowheads). Wildtype mice were injected with 
AAVshSCA1.F10mi (left panel) or injected with saline 
(right panel) and sacrificed 3 weeks later to evaluate eGFP 
expression. g., granule cell layer, m, molecular layer. Bar= 
100 um. (C) shSCA1 and shLacZ transcripts are expressed 
in vivo. Wildtype mice were injected with AAVshLacZ or 
AAVshSCA1F1Omi, and RNA isolated from cerebella 10 
days later. Northern blots were probed with 32P-labeled 
oligonucleotides Specific for the antisense Strand of the 
hairpin. L, RNA ladder; (sizes indicated at left). Lanes, 2 and 
3, RNA from AAVshSCA1. F10mi and AAVshLacZ trans 
duced brains, respectively. The arrowhead denotes the 
unprocessed transcript, the arrow the processed siRNA. (D) 
Rotarod performance of wildtype (triangles) and SCA1 
(Squares) mice treated with shRNA-expressing AAV Is or 
mock infected, as indicated in the legend. Mice were 
injected with virus or Saline at age 7 weeks and re-tested 
every two weeks (weeks 5, 11, 15, and 21 are shown). From 
weeks 11-21 significant differences in performance between 
AAVshSCA1 and AAVshLacz treated SCA1 mice were 
noted (P<0.001). There were no significant differences 
between wildtype mice treated with shLacZ (not shown), 
shSCA1.F10mi or Saline. For week 5, n=10 and 11 for 
shSCA1 and shLacZ treated SCA1 mice, respectively; n=6 
and 5 for shSCA1 and control treated age-matched wildtype 
littermates, respectively. For weeks 7-21, n=14 and 12 for 
shSCA1 and shLacZ treated SCA1 mice, respectively; n=12 
and 11 for shsCA1 and control treated age-matched wild 
type littermates, respectively; n=9 for Saline injected SCA1 
mice. WT mice given shLacZ were not significantly differ 
ent than WT mice treated with Saline, shSCA1, or left 
untreated (data not shown). 
0029 FIG. 8. SCA1 neuropathology is improved by 
shRNAS directed to ataxin-1. (A) SCA and wildtype mice 
were injected with AAVshSCA1.F10mi or AAVshLacZ at 
week 7, and Sacrificed 9 weeks later for cerebellar pathology. 
Calbindin immunofluorescence (IF) (middle panels) and 
hrGFP expression (top panels) were evaluated. Merged 
images (bottom panels) demonstrate that hrGFP+ molecular 
layers from AAVshSCA-injected SCA1 mice have calbindin 
Staining Similar to wildtype mice. Panels are representative 
of 100 or 40 sections evaluated for AAVshSCA1.F1 Omi 
treated SCA1 or wildtype mice, respectively, and 80 Sections 
from AAVshLacZ-treated mice. Bar in upper left panel=50 
aim and is representative of all images. (B) The molecular 
layer width in transduced (Solid bars), and untransduced 
(open bars) lobules from wildtype and SCA1 mice was 
measured. The data demonstrate Significant protection fol 
lowing shSCA1.F10mi therapy. **, P-0.001. Numbers 
below bars refer to numbers of Sections measured/group. 
Molecular layer widths from wildtype mice given AAVs 
expressing shLacZ or shsCA1.F10mi were indistinguish 
able and were pooled for comparison to SCA1 mice cer 
ebella (designated shRNA). (C) Photomicrographs shown in 
A, and FIG. 10, are from the region boxed. 
0030 FIG. 9. Effects of shSCA1.F10mi and 
shSCA1.F11mi on ataxin-1 expression in mice cerebella. 
SCA1 transgenic or wildtype mice were injected with the 
indicated shRNA-expressing AAVs, and cerebella harvested 
1 week later and processed for hrGFP fluorescence, and 
ataxin-1 IF. The top panels are from untreated SCA1 mice. 
The arrowheads in the middle and merged panels depict 
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pairs of Purkinje cells, one transduced (hrGFP+), and one 
untransduced (hrCFP-), highlighting the extent of reduction 
in transgenic ataxin-1 (Q82) expression from mice injected 
with AAVshSCA1.F10mi and AAVshSCA1.F11mi, but not 
AAVshLac7. Mouse ataxin-1 IF is weak, but notable, in 
wildtype mice (lower middle panel), and its expression is not 
reduced following shSCA1.F11mi-treatment. Bar=25 um 
and refers to all panels. 
0031 FIG. 10. RNAi reduces intranuclear inclusions in 
transduced cells. (A) Inclusions in transduced (hrGFP+) vs. 
untransduced cells. Brains from SCA1 and wildtype mice 
were harvested 9 weeks after gene transfer (16 weeks of age) 
and processed to evaluate hrCFP fluorescence and ataxin-1 
IF. Bar=25 um and is representative of all images. (B) 
Higher magnification of merged hrGFP and ataxin-1 positive 
cells. There are punctate ataxin-1 inclusions and robust 
nuclear staining in untransduced (Un) or AAVshLac7, trans 
duced SCA1 Purkinje cells (top and bottom, respectively), 
but not AAVshSCA1.F10mi transduced ones (middle panel; 
See also FIG. 11). Numbers in lower left refer to % intra 
nuclear inclusion-positive Purkinje cells in ~400 cells 
Scored. 

0032 FIG. 11. Reductions in ataxin-1 inclusions in 
SCA1 mice requires transduction. Sections from SCA1 mice 
injected 9 weeks earlier with AAVshSCA1. F10mi were 
evaluated for hrGFP expression to identify transduced cells, 
and ataxin-1 inclusions using IF, as described in the Methods 
and to the legend of FIG. 4. The photomicrographs dem 
onstrate that ataxin-1 inclusions are noted in untransduced 
cells, but not transduced cells, from AAVshSCA1.F10mi 
treated mice Bar=25 um. 
0033 FIG. 12. PCR method for cloning hairpins. A79 nt 
primer is used with the Ampr template. Pfu and DMSO are 
used in the amplification reaction. Products are ligated 
directly into pCR-Blunt Topo (Invitrogen) and Kanr resis 
tant colonies picked and Sequenced. Positive clones can be 
used directly. 
0034 FIG. 13. Reduction of eGFP inclusions after trans 
duction with 25, 50 or 100 viruses/cell into cultures with 
pre-formed aggregates. Note dose-dependent response with 
shCFP vectors only. 
0035 FIG. 14. Regulated RNAi. Two Teto2 sequences 
were placed up- and down-stream of the TATA box of the H1 
promoter element (cartoon). Either control shRNA or shCFP 
was placed into the cassette for expression of hairpins. 
Plasmids expressing GFP and the hairpin constructs were 
transfected into a cell line expressing the TetR (tet-repres 
sor). GFP fluorescence (left panels) or western blot (right 
panels) was evaluated in the absence (TetR binding) or 
presence (TetR off) of doxycycline. 
0036 FIG. 15. Top, FIV construct. Bottom, AAV con 
struct. Both express the hrCFP reporter so that transduced 
cells can be readily evaluated for shRNA efficacy (as in 
FIGS. 3 and 4). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0037 Modulation of gene expression by endogenous, 
noncoding RNAS is increasingly appreciated as a mecha 
nism playing a role in eukaryotic development, maintenance 
of chromatin structure and genomic integrity (McManus, 
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2002). Recently, techniques have been developed to trigger 
RNA interference (RNAi) against Specific targets in mam 
malian cells by introducing exogenously produced or intra 
cellularly expressed siRNAS (Elbashir, 2001a, 2001b, 
2001c; Brummelkamp, 2002). These methods have proven 
to be quick, inexpensive and effective for knockdown 
experiments in vitro and in vivo (Elbashir, 2001a, 2001b, 
2001c; Brummelkamp, 2002; McCaffrey, 2002; Xia, 2002). 
The ability to accomplish Selective gene Silencing has led to 
the hypothesis that siRNAS might be employed to SuppreSS 
gene expression for therapeutic benefit (Xia, 2002, Jacque, 
2002; Gitlin, 2002). 
0.038 RNA interference is now established as an impor 
tant biological Strategy for gene Silencing, but its application 
to mammalian cells has been limited by nonspecific inhibi 
tory effects of long double-stranded RNA on translation. 
Moreover, delivery of interfering RNA has largely been 
limited to administration of RNA molecules. Hence, Such 
administration must be performed repeatedly to have any 
Sustained effect. The present inventors have developed a 
delivery mechanism that results in Specific Silencing of 
targeted genes through expression of Small interfering RNA 
(siRNA). The inventors have markedly diminished expres 
Sion of exogenous and endogenous genes in vitro and in vivo 
in brain and liver, and further apply this novel Strategy to a 
model System of a major class of neurodegenerative disor 
ders, the polyglutamine diseases, to show reduced poly 
glutamine aggregation in cells. This Strategy is generally 
useful in reducing eXpression of target genes in order to 
model biological processes or to provide therapy for domi 
nant human diseases. 

0.039 Disclosed herein is a strategy that results in Sub 
stantial silencing of targeted alleles via siRNA. Use of this 
Strategy results in markedly diminished in vitro and in vivo 
expression of targeted alleles. This Strategy is useful in 
reducing expression of targeted alleles in order to model 
biological processes or to provide therapy for human dis 
eases. For example, this Strategy can be applied to a major 
class of neurodegenerative disorders, the polyglutamine 
diseases, as is demonstrated by the reduction of poly 
glutamine aggregation in cells following application of the 
Strategy. AS used herein the term "Substantial Silencing 
means that the mRNA of the targeted allele is inhibited 
and/or degraded by the presence of the introduced siRNA, 
Such that expression of the targeted allele is reduced by 
about 10% to 100% as compared to the level of expression 
seen when the siRNA is not present. Generally, when an 
allele is substantially silenced, it will have at least 40%, 
50%, 60%, to 70%, e.g., 71%, 72%, 73%, 74%, 75%, 76%, 
77%, 78%, to 79%, generally at least 80%, e.g., 81%-84%, 
at least 85%, e.g., 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99% or even 100% 
reduction expression as compared to when the siRNA is not 
present. AS used herein the term "Substantially normal 
activity” means the level of expression of an allele when an 
siRNA has not been introduced to a cell. 

0040 Dominantly inherited diseases, including polyO 
neurodegenerative disorders, are ideal candidates for 
siRNA-based therapy. The polyO neurodegenerative disor 
ders include at least nine inherited disorders caused by CAG 
repeat expansions that encode poly Q in the disease protein. 
PolyO expansion confers a dominant toxic property on the 
mutant protein that is associated with aberrant accumulation 
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of the disease protein in neurons (Zoghbi, 2000). All poly Q 
diseases are progressive, ultimately fatal disorders that typi 
cally begin in adulthood. Huntington disease (HD) is the 
best known poly Q disease, but at least Seven hereditary 
ataxias and one motor neuron disease are also due to CAG 
repeat/polyO expansion. Although the clinical features and 
patterns of neuronal degeneration differ among the diseases, 
increasing evidence Suggests that poly Q diseases share 
important pathogenic features. In particular, expansion of 
the CAG repeat/poly Q domain conferS upon the encoded 
protein a dominant toxic property. Thus as a therapeutic 
Strategy, efforts to lower expression of the mutant gene 
product prior to cell death could be highly beneficial to 
patients. 

0041 Expansions of poly-glutamine tracts in proteins 
that are expressed in the central nervous System can cause 
neurodegenerative diseases. Some neurodegenerative dis 
eases are caused by a (CAG), repeat that encodes poly 
glutamine in a protein include Huntington disease (HD), 
spinocerebellar ataxia (SCA1, SCA2, SCA3, SCA6, SCA7), 
spinal and bulbar muscular atrophy (SBMA), and dentatoru 
bropallidoluysian atrophy (DRPLA). In these diseases, the 
poly-glutamine expansion in a protein conferS a novel toxic 
property upon the protein. Studies indicate that the toxic 
property is a tendency for the disease protein to misfold and 
form aggregates within neurons. 

0042 CAG triplet repeat expansion in exon 1 of Hah 
causes Huntington's disease. Clinical characteristics of HD 
include progressive loSS of striatal neurons and later, cortical 
thinning. Adult patients show choreiform movements, 
impaired coordination, progressive dementia and other psy 
chiatric disturbances. The symptoms of juvenile HD patients 
include bradykinesia, dystonia and Seizures. HD is a uni 
formly fatal disease, with death occurring one to two 
decades after disease onset. 

0043. The Hah locus is on chromosome 4, spans 180 kb 
over 67 exons and encodes the protein huntingtin (htt). In 
non-HD individuals, the CAG repeat region is less than 35 
CAG repeats. Expansions of 36 to ~50 repeats, or greater 
than ~50, cause late or early onset disease, respectively. The 
inverse correlation of repeat length with age of disease onset 
is a common characteristic of the CAG repeat disorders, and 
one that is recapitulated in mouse models. Evidence indi 
cates that HD also may be a dose-dependent process. For 
example, in transgenic mouse models of poly Q disease, 
phenotypic Severity usually correlates with expression levels 
of the disease protein, and homozygous transgenic mice 
develop disease more rapidly than heterozygous mice. In 
addition, the very rare human cases of homozygosity for 
polyO disease Suggest that disease Severity correlates with 
the level of disease protein expression, again Supporting the 
notion that reducing mutant protein expression would be 
clinically beneficial. 

0044) The function of htt is not known. It is clear from 
mouse models, however, that it is required during gastrula 
tion, neurogenesis and in postnatal brain. Htt knock-out 
mice die during development. Also, removal of htt Via Cre 
recombinase-mediated excision of a floxed Hodh allele 
causes progressive postnatal neurodegeneration. A CAG 
expansion introduced into the mouse allele (a knock-in) does 
not impair neurogenesis unless wildtype htt expression is 
reduced from normal levels, Suggesting that the expanded 
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allele does not impair wildtype htt fluction in neurogenesis. 
In adult mice mutant htt causes progressive depletion of 
normal htt. Htt is important in vesicle trafficking, NMDA 
receptor modulation, and regulation of BDNF transcription, 
and the expression of many genes is affected in the CNS of 
HD mice. 

004.5 The therapeutic promise of silencing the mutant 
gene (and its toxic property) is best demonstrated in a 
tetracycline-regulated mouse model of HD (Yamamoto 
2000). When mutant htt is inducibly expressed in these mice, 
pathological and behavioral features of the disease develop 
over time, including the characteristic formation of neuronal 
inclusions and abnormal motor behavior (Yamamoto 2000, 
Orr 2000). However, when expression of the transgene is 
repressed in affected mice, the pathological and behavioral 
features of disease fully resolve (Yamamoto 2000). This 
result indicates that if expression of mutant poly Q protein 
can be halted, protein clearance mechanisms within neurons 
can eliminate the aggregated mutant protein, and possibly 
normalize mutant htt-induced changes. It also Suggests that 
gene Silencing approaches may be beneficial even for indi 
viduals with fairly advanced disease. 
0046) One of skill in the art can select additional target 
Sites for generating siRNA specific for other alleles beyond 
those Specifically described in the experimental examples. 
Such allele-Specific SiRNAS made be designed using the 
guidelines provided by Ambion (Austin, Tex.). Briefly, the 
target cDNA sequence is Scanned for target Sequences that 
had AA di-nucleotides. Sense and anti-Sense oligonucle 
otides are generated to these targets (AA+3' adjacent 19 
nucleotides) that contained a G/C content of 35 to 55%. 
These Sequences are then compared to others in the human 
genome database to minimize homology to other known 
coding sequences (BLAST Search). 
0047. To accomplish intracellular expression of the thera 
peutic siRNA, an RNA molecule is constructed containing 
two complementary Strands or a hairpin sequence (Such as a 
21-bp hairpin) representing sequences directed against the 
gene of interest. The siRNA, or a nucleic acid encoding the 
SiRNA, is introduced to the target cell, Such as a diseased 
brain cell. The siRNA reduces target mRNA and protein 
expression. 

0.048. The construct encoding the therapeutic siRNA is 
configured such that the one or more strands of the siRNA 
are encoded by a nucleic acid that is immediately contiguous 
to a promoter. In one example, the promoter is a pol II 
promoter. If a pol II promoter is used in a particular 
construct, it is Selected from readily available pol II pro 
moters known in the art, depending on whether regulatable, 
inducible, tissue or cell-specific expression of the siRNA is 
desired. The construct is introduced into the target cell, 
allowing for diminished target-gene expression in the cell. 

0049) I. Small Interfering RNA (siRNA) A “small inter 
fering RNA” or “short interfering RNA” or “siRNA” or 
“short hairpin RNA” or “shRNA” is a RNA duplex of 
nucleotides that is targeted to a nucleic acid Sequence of 
interest, for example, ataxin-1 or huntingtin (htt). AS used 
herein, the term “siRNA is a generic term that encompasses 
the subset of shRNAs. A “RNA duplex” refers to the 
Structure formed by the complementary pairing between two 
regions of a RNA molecule. siRNA is “targeted” to a gene 
in that the nucleotide Sequence of the duplex portion of the 
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SiRNA is complementary to a nucleotide Sequence of the 
targeted gene. In certain embodiments, the siRNAS are 
targeted to the Sequence encoding ataxin-1 or huntingtin. In 
Some embodiments, the length of the duplex of siRNAS is 
less than 30 base pairs. In Some embodiments, the duplex 
can be 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 
15, 14, 13, 12, 11 or 10 base pairs in length. In some 
embodiments, the length of the duplex is 19 to 25 base pairs 
in length. In certain embodiment, the length of the dupleX is 
19 or 21 base pairs in length. The RNA duplex portion of the 
siRNA can be part of a hairpin structure. In addition to the 
duplex portion, the hairpin Structure may contain a loop 
portion positioned between the two Sequences that form the 
duplex. The loop can vary in length. In Some embodiments 
the loop is 5, 6, 7, 8, 9, 10, 11, 12 or 13 nucleotides in length. 
In certain embodiments, the loop is 9 nucleotides in length. 
The hairpin Structure can also contain 3' or 5' overhang 
portions. In Some embodiments, the overhang is a 3’ or a 5' 
overhang 0, 1, 2, 3, 4 or 5 nucleotides in length. 

0050. The siRNA can 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 polyade 
nylation signal is a Synthetic minimal polyadenylation Sig 
nal. 

0051) “Knock-down,”“knock-down technology” refers 
to a technique of gene Silencing in which the expression of 
a target gene is reduced as compared to the gene expression 
prior to the introduction of the siRNA, which can lead to the 
inhibition of production of the target gene product. The term 
“reduced” is used herein to indicate that the target gene 
expression is lowered by 1-100%. In other words, the 
amount of RNA available for translation into a polypeptide 
or protein is minimized. For example, the amount of protein 
may be reduced by 10, 20, 30, 40, 50, 60, 70, 80,90, 95, or 
99%. In some embodiments, the expression is reduced by 
about 90% (i.e., only about 10% of the amount of protein is 
observed a cell as compared to a cell where siRNA mol 
ecules have not been administered). Knock-down of gene 
expression can be directed by the use of dsRNAS or siRNAs. 

0.052 “RNA interference (RNAi)" is the process of 
Sequence-specific, post-transcriptional gene Silencing initi 
ated by siRNA. During RNAi, siRNA induces degradation 
of target mRNA with consequent Sequence-specific inhibi 
tion of gene expression. RNAi involving the use of siRNA 
has been Successfully applied to knockdown the expression 
of Specific genes in plants, D. melanogaster, C. elegans, 
trypanoSomes, planaria, hydra, and Several vertebrate Spe 
cies including the mouse. For a review of the mechanisms 
proposed to mediate RNAi, please refer to Bass et al., 2001 
Elbashir, 2001a, 2001b, 2001c, or Brantl, 2002. 

0053 According to a method of the present invention, the 
expression of huntingtin or atXain-1 can be modified via 
RNAi. For example, the accumulation of huntingtin or 
atXain-1 can be Suppressed in a cell. The term “Suppressing 
refers to the diminution, reduction or elimination in the 
number or amount of transcripts present in a particular cell. 
For example, the accumulation of mRNA encoding hunting 
tin or atxain-1 can be suppressed in a cell by RNA interfer 
ence (RNAi), e.g., the gene is Silenced by Sequence-specific 
double-stranded RNA (dsRNA), which is also called short 
interfering RNA (siRNA). These siRNAs can be two sepa 
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rate RNA molecules that have hybridized together, or they 
may be a single hairpin wherein two portions of a RNA 
molecule have hybridized together to form a duplex. 
0054. A mutant protein refers to the protein encoded by 
a gene having a mutation, e.g., a missense or nonsense 
mutation in one or both alleles of huntingtin or atXain-1. A 
mutant huntingtin or atXain-1 may be disease-causing, i.e., 
may lead to a disease associated with the presence of 
huntingtin or at Xain-1 in an animal having either one or two 
mutant allele(s). 
0055. The term “gene” is used broadly to refer to any 
Segment of nucleic acid associated with a biological func 
tion. Thus, genes include coding Sequences and/or the regu 
latory Sequences required for their expression. For example, 
"gene' refers to a nucleic acid fragment that expresses 
mRNA, functional RNA, or specific protein, including regu 
latory Sequences. “Genes' also include nonexpressed 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 informa 
tion, and may include Sequences designed to have desired 
parameters. An “allele' is one of several alternative forms of 
a gene occupying a given locus on a chromosome. 
0056. The term “nucleic acid” refers to deoxyribonucleic 
acid (DNA) or ribonucleic acid (RNA) 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 that have similar 
binding properties as the reference nucleic acid and are 
metabolized in a manner Similar to naturally occurring 
nucleotides. Unless otherwise indicated, a particular nucleic 
acid Sequence also encompasses conservatively modified 
variants thereof (e.g., degenerate codon Substitutions) and 
complementary Sequences, as well as the Sequence explicitly 
indicated. Specifically, degenerate codon Substitutions may 
be achieved by generating Sequences in which the third 
position of one or more Selected (or all) codons is Substituted 
with mixed-base and/or deoxyinosine residues. A "nucleic 
acid fragment' is a portion of a given nucleic acid molecule. 
0057. A “nucleotide sequence” is a polymer of DNA or 
RNA that can be single- or double-stranded, optionally 
containing Synthetic, non-natural or altered nucleotide bases 
capable of incorporation into DNA or RNA polymers. 

0.058. The terms “nucleic acid,”“nucleic acid molecule, 
"nucleic acid fragment,”“nucleic acid Sequence or Seg 
ment,” or “polynucleotide' are used interchangeably and 
may also be used interchangeably with gene, cDNA, DNA 
and RNA encoded by a gene. 
0059. The invention encompasses isolated or substan 
tially purified nucleic acid compositions. In the context of 
the present invention, an "isolated” or “purified' DNA 
molecule or RNA molecule is a DNA molecule or RNA 
molecule that exists apart from its native environment and is 
therefore not a product of nature. An isolated DNA molecule 
or RNA molecule may exist in a purified form or may exist 
in a non-native environment Such as, for example, a trans 
genic host cell. For example, an “isolated” or “purified” 
nucleic acid molecule or biologically active portion thereof, 
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is Substantially free of other cellular material, or culture 
medium when produced by recombinant techniques, or 
Substantially free of chemical precursors or other chemicals 
when chemically Synthesized. In one embodiment, an "iso 
lated nucleic acid is free of Sequences that naturally flank 
the nucleic acid (i.e., Sequences located at the 5' and 3' ends 
of the nucleic acid) in the genomic DNA of the organism 
from which the nucleic acid is derived. For example, in 
various embodiments, the isolated nucleic acid molecule can 
contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb, 
or 0.1 kb of nucleotide Sequences that naturally flank the 
nucleic acid molecule in genomic DNA of the cell from 
which the nucleic acid is derived. Fragments and variants of 
the disclosed nucleotide Sequences are also encompassed by 
the present invention. By “fragment” or “portion” is meant 
a full length or less than full length of the nucleotide 
sequence. “Naturally occurring,”“native,” or “wild-type” is 
used to describe an object that can be found in nature as 
distinct from being artificially produced. For example, a 
protein or nucleotide Sequence present in an organism 
(including a virus), which can be isolated from a Source in 
nature and that has not been intentionally modified by a 
perSon in the laboratory, is naturally occurring. 

0060 A “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 Substi 
tutions. Generally, nucleotide Sequence variants of the 
invention will have at least 40%, 50%, 60%, to 70%, e.g., 
71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, to 79%, 
generally at least 80%, e.g., 81%-84%, at least 85%, e.g., 
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, to 98%, sequence identity to the native (endog 
enous) nucleotide sequence. 
0061 A“vector” is defined to include, interalia, any viral 
vector, as well as any plasmid, coSmid, phage or binary 
vector in double or Single Stranded linear or circular form 
that may or may not be self transmissible or mobilizable, and 
that can transform prokaryotic or eukaryotic host either by 
integration into the cellular genome or exist extrachromo 
Somally (e.g., autonomous replicating plasmid with an ori 
gin of replication). 
0062) “Expression cassette” as used herein means a 
nucleic acid Sequence capable of directing expression of a 
particular nucleotide Sequence in an appropriate host cell, 
which may include a promoter operably linked to the 
nucleotide Sequence of interest that may be operably linked 
to termination Signals. The coding region usually codes for 
a fimctional RNA of interest, for example an siRNA. The 
expression cassette including the nucleotide Sequence of 
interest may be chimeric. The expression cassette may also 
be one that is naturally occurring but has been obtained in a 
recombinant form useful for heterologous expression. The 
expression of the nucleotide Sequence in the expression 
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cassette may be under the control of a constitutive promoter 
or of an regulatable promoter that initiates transcription only 
when the host cell is exposed to Some particular Stimulus. In 
the case of a multicellular organism, the promoter can also 
be specific to a particular tissue or organ or stage of 
development. 

0.063 Such expression cassettes can include a transcrip 
tional initiation region linked to a nucleotide Sequence of 
interest. Such an expression cassette is provided with a 
plurality of restriction sites for insertion of the gene of 
interest to be under the transcriptional regulation of the 
regulatory regions. The expression cassette may additionally 
contain Selectable marker genes. 
0064. The term “RNA transcript” or “transcript” refers to 
the product resulting from RNA polymerase catalyzed tran 
scription of a DNA sequence. When the RNA transcript is a 
perfect complementary copy of the DNA sequence, it is 
referred to as the primary transcript or it may be a RNA 
Sequence derived from posttranscriptional processing of the 
primary transcript and is referred to as the mature RNA. 
“Messenger RNA (mRNA) refers to the RNA that is 
without introns and that can be translated into protein by the 
cell. “cDNA” refers to a single- or a double-stranded DNA 
that is complementary to and derived from mRNA. 
0065 “Regulatory sequences” are nucleotide sequences 
located upstream (5' non-coding Sequences), within, or 
downstream (3' non-coding Sequences) of a coding 
Sequence, and which influence the transcription, RNA pro 
cessing or Stability, or translation of the associated coding 
Sequence. Regulatory Sequences include enhancers, promot 
ers, translation leader Sequences, introns, and polyadenyla 
tion Signal Sequences. They include natural and Synthetic 
Sequences as well as Sequences that may be a combination 
of Synthetic and natural Sequences. AS is noted above, the 
term "Suitable regulatory Sequences” is not limited to pro 
moters. However, Some Suitable regulatory Sequences useful 
in the present invention will include, but are not limited to 
constitutive promoters, tissue-specific promoters, develop 
ment-specific promoters, regulatable promoters and viral 
promoters. 

0.066 “5' non-coding sequence” refers to a nucleotide 
Sequence located 5' (upstream) to the coding sequence. It is 
present in the fully processed mRNA upstream of the 
initiation codon and may affect processing of the primary 
transcript to mRNA, mRNA stability or translation effi 
ciency (Turner et al., 1995). 
0067 “3' non-coding sequence” refers to nucleotide 
Sequences located 3' (downstream) to a coding Sequence and 
may include polyadenylation signal Sequences and other 
Sequences encoding regulatory Signals capable of affecting 
mRNA processing or gene expression. The polyadenylation 
Signal is usually characterized by affecting the addition of 
polyadenylic acid tracts to the 3' end of the mRNA precursor. 
0068 “Promoter” refers to a nucleotide sequence, usually 
upstream (5') to its coding sequence, which directs and/or 
controls the expression of the coding Sequence by providing 
the recognition for RNA polymerase and other factors 
required for proper transcription. "Promoter” includes a 
minimal promoter that is a short DNA sequence comprised 
of a TATA-box and other Sequences that Serve to Specify the 
Site of transcription initiation, to which regulatory elements 
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are added for control of expression. “Promoter” also refers 
to a nucleotide Sequence that includes a minimal promoter 
plus regulatory elements that is capable of controlling the 
expression of a coding Sequence or functional RNA. This 
type of promoter Sequence consists of proximal and more 
distal upstream elements, the latter elements often referred 
to as enhancers. Accordingly, an "enhancer' is a DNA 
Sequence that can Stimulate promoter activity and may be an 
innate element of the promoter or a heterologous element 
inserted to enhance the level or tissue Specificity of a 
promoter. It is capable of operating in both orientations 
(normal or flipped), and is capable of functioning even when 
moved either upstream or downstream from the promoter. 
Both enhancers and other upstream promoter elements bind 
Sequence-specific DNA-binding proteins that mediate their 
effects. Promoters may be derived in their entirety from a 
native gene, or be composed of different elements derived 
from different promoters found in nature, or even be com 
prised of Synthetic DNA segments. A promoter may also 
contain DNA sequences that are involved in the binding of 
protein factors that control the effectiveness of transcription 
initiation in response to physiological or developmental 
conditions. Examples of promoters that may be used in the 
present invention include the mouse U6 RNA promoters, 
synthetic human H1RNA promoters, SV40, CMV, RSV, 
RNA polymerase II and RNA polymerase III promoters. 
0069. “Constitutive expression” refers to expression 
using a constitutive or regulated promoter. “Conditional” 
and “regulated expression” refer to expression controlled by 
a regulated promoter. 
0070 “Operably-linked” refers to the association of 
nucleic acid Sequences on Single nucleic acid fragment So 
that the function of one of the Sequences is affected by 
another. For example, a regulatory DNA sequence is Said to 
be “operably linked to” or “associated with a DNA 
Sequence that codes for an RNA or a polypeptide if the two 
Sequences are situated Such that the regulatory DNA 
Sequence affects expression of the coding DNA sequence 
(i.e., that the coding Sequence or functional RNA is under 
the transcriptional control of the promoter). Coding 
Sequences can be operably-linked to regulatory Sequences in 
Sense or antisense orientation. 

0071. “Expression” refers to the transcription and/or 
translation of an endogenous gene, heterologous gene or 
nucleic acid Segment, or a transgene in cells. For example, 
in the case of siRNA constructs, expression may refer to the 
transcription of the siRNA only. In addition, expression 
refers to the transcription and Stable accumulation of Sense 
(mRNA) or functional RNA. Expression may also refer to 
the production of protein. 
0072 The following terms are used to describe the 
Sequence relationships between two or more nucleic acids or 
polynucleotides: (a) “reference Sequence,” (b) “comparison 
window, (c) “Sequence identity, (d) "percentage of 
Sequence identity,” and (e) “Substantial identity.” 
0073 (a) As used herein, “reference sequence” is a 
defined Sequence used as a basis for Sequence comparison. 
A reference Sequence may be a Subset or the entirety of a 
Specified Sequence; for example, as a Segment of a full 
length cDNA or gene Sequence, or the complete cDNA or 
gene Sequence. 

0074 (b) As used herein, “comparison window” makes 
reference to a contiguous and Specified Segment of a poly 
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nucleotide Sequence, wherein the polynucleotide Sequence 
in the comparison window may comprise additions or dele 
tions (i.e., gaps) compared to the reference sequence (which 
does not comprise additions or deletions) for optimal align 
ment of the two Sequences. Generally, the comparison 
window is at least 20 contiguous nucleotides in length, and 
optionally can be 30, 40, 50, 100, or longer. Those of skill 
in the art understand that to avoid a high Similarity to a 
reference Sequence due to inclusion of gaps in the poly 
nucleotide Sequence a gap penalty is typically introduced 
and is Subtracted from the number of matches. 

0075 Methods of alignment of sequences for comparison 
are well-known in the art. Thus, the determination of percent 
identity between any two Sequences can be accomplished 
using a mathematical algorithm. 
0.076 Computer implementations of these mathematical 
algorithms can be utilized for comparison of Sequences to 
determine Sequence identity. Such implementations include, 
but are not limited to: CLUSTAL in the PC/Gene program 
(available from Intelligenetics, Mountain View, Calif); the 
ALIGN program (Version 2.0) and GAP, BESTFIT, BLAST, 
FASTA, and TFASTA in the Wisconsin Genetics Software 
Package, Version 8 (available from Genetics Computer 
Group (GCG), 575 Science Drive, Madison, Wis., USA). 
Alignments using these programs can be performed using 
the default parameters. 
0.077 Software for performing BLAST analyses is pub 
licly available through the National Center for Biotechnol 
ogy Information. 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. These initial neighborhood word hits act as seeds 
for initiating Searches to find longer HSPS containing them. 
The word hits are then 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 cumu 
lative 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 cumula 
tive 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. 
0078. In addition to calculating percent sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the Similarity between two Sequences. 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 
Sequences would occur by chance. For example, a test 
nucleic acid Sequence is considered similar to a reference 
Sequence if the Smallest Sum probability in a comparison of 
the test nucleic acid Sequence to the reference nucleic acid 
Sequence is less than about 0.1, more preferably less than 
about 0.01, and most preferably less than about 0.001. 
0079. To obtain gapped alignments for comparison pur 
poses, Gapped BLAST (in BLAST 2.0) can be utilized. 
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Alternatively, PSI-BLAST (in BLAST 2.0) can be used to 
perform an iterated Search that detects distant relationships 
between molecules. When utilizing BLAST, Gapped 
BLAST, PSI-BLAST, the default parameters of the respec 
tive programs (e.g. BLASTN for nucleotide Sequences) can 
be used. The BLASTN program (for nucleotide sequences) 
uses as defaults a wordlength (W) of 11, an expectation (E) 
of 10, a cutoff of 100, M=5, N=-4, and a comparison of both 
Strands. Alignment may also be performed manually by 
inspection. 
0080 For purposes of the present invention, comparison 
of nucleotide Sequences for determination of percent 
Sequence identity to the promoter Sequences disclosed 
herein is preferably made using the BlastN program (version 
1.4.7 or later) with its default parameters or any equivalent 
program. By “equivalent program' is intended any Sequence 
comparison program that, for any two Sequences in question, 
generates an alignment having identical nucleotide matches 
and an identical percent Sequence identity when compared to 
the corresponding alignment generated by the preferred 
program. 

0081 (c) As used herein, “sequence identity” or “iden 
tity” in the context of two nucleic acid Sequences makes 
reference to a specified percentage of nucleotides in the two 
Sequences that are the same when aligned for maximum 
correspondence over a specified comparison window, as 
measured by Sequence comparison algorithms or by Visual 
inspection. 
0082 (d) As used herein, “percentage of sequence iden 
tity” means the value determined by comparing two opti 
mally aligned Sequences over a comparison window, 
wherein the portion of the polynucleotide Sequence in the 
comparison window may comprise additions or deletions 
(i.e., gaps) as compared to the reference Sequence (which 
does not comprise additions or deletions) for optimal align 
ment of the two Sequences. The percentage is calculated by 
determining the number of positions at which the identical 
nucleic acid base or amino acid residue occurs in both 
Sequences to yield the number of matched positions, divid 
ing the number of matched positions by the total number of 
positions in the window of comparison, and multiplying the 
result by 100 to yield the percentage of Sequence identity. 
0083 (e) The term “substantial identity” of polynucle 
otide Sequences means that a polynucleotide comprises a 
sequence that has at least 70%, 71%, 72%, 73%, 74%, 75%, 
76%, 77%, 78%, or 79%, preferably at least 80%, 81%, 
82%, 83%, 84%, 85%, 86%, 87%, 88%, or 89%, more 
preferably at least 90%, 91%, 92%, 93%, or 94%, and most 
preferably at least 95%, 96%, 97%, 98%, or 99% sequence 
identity, compared to a reference Sequence using one of the 
alignment programs described using Standard parameters. 
0084 Another indication that nucleotide sequences are 
substantially identical is if two molecules hybridize to each 
other under Stringent conditions. Generally, Stringent con 
ditions are selected to be about 5 C. lower than the thermal 
melting point (Tm) for the Specific sequence at a defined 
ionic Strength and pH. However, Stringent conditions 
encompass temperatures in the range of about 1 C. to about 
20 C., depending upon the desired degree of Stringency as 
otherwise qualified herein. 
0085 For Sequence comparison, typically one sequence 
acts as a reference Sequence to which test Sequences are 
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compared. When using a sequence comparison algorithm, 
test and reference Sequences are input into a computer, 
Subsequence coordinates are designated if necessary, and 
Sequence algorithm program parameters are designated. The 
Sequence comparison algorithm then calculates the percent 
Sequence identity for the test Sequence(s) relative to the 
reference Sequence, based on the designated program 
parameterS. 

0.086 As noted above, another indication that two nucleic 
acid Sequences are Substantially identical is that the two 
molecules hybridize to each other under Stringent condi 
tions. The phrase “hybridizing specifically to” refers to the 
binding, duplexing, or hybridizing of a molecule only to a 
particular nucleotide Sequence under Stringent conditions 
when that sequence is present in a complex mixture (e.g., 
total cellular) DNA or RNA. “Bind(s) substantially” refers 
to complementary hybridization between a probe nucleic 
acid and a target nucleic acid and embraces minor mis 
matches that can be accommodated by reducing the Strin 
gency of the hybridization media to achieve the desired 
detection of the target nucleic acid Sequence. 
0.087 “Stringent hybridization conditions” and “stringent 
hybridization wash conditions” in the context of nucleic acid 
hybridization experiments such as Southern and Northern 
hybridizations are Sequence dependent, and are different 
under different environmental parameters. Longer 
Sequences hybridize specifically at higher temperatures. The 
Tm is the temperature (under defined ionic strength and pH) 
at which 50% of the target sequence hybridizes to a perfectly 
matched probe. Specificity is typically the function of post 
hybridization washes, the critical factors being the ionic 
Strength and temperature of the final wash Solution. For 
DNA-DNA hybrids, the Tm can be approximated from the 
equation of Meinkoth and Wahl (1984); Tm 81.5° C. +16.6 
(log M)+0.41 (% GC)-0.61 (% form)-500/L; where M is the 
molarity of monovalent cations, 7% GC is the percentage of 
guanosine and cytosine nucleotides in the DNA, 76 form is 
the percentage of formamide in the hybridization Solution, 
and L is the length of the hybrid in base pairs. Tm is reduced 
by about 1 C. for each 1% of mismatching; thus, Tm, 
hybridization, and/or wash conditions can be adjusted to 
hybridize to Sequences of the desired identity. For example, 
if sequences with >90% identity are sought, the Tm can be 
decreased 10 C. Generally, Stringent conditions are selected 
to be about 5 C. lower than the thermal melting point (Tm) 
for the Specific Sequence and its complement at a defined 
ionic Strength and pH. However, Severely Stringent condi 
tions can utilize a hybridization and/or wash at 1, 2, 3, or 4 
C. lower than the thermal melting point (Tm); moderately 
Stringent conditions can utilize a hybridization and/or wash 
at 6, 7, 8, 9, or 10 C. lower than the thermal melting point 
(Tm); low Stringency conditions can utilize a hybridization 
and/or wash at 11, 12, 13, 14, 15, or 20° C. lower than the 
thermal melting point (Tm). Using the equation, hybridiza 
tion and wash compositions, and desired T, those of ordinary 
skill will understand that variations in the Stringency of 
hybridization and/or wash Solutions are inherently 
described. If the desired degree of mismatching results in a 
T of less than 45° C. (aqueous solution) or 32 C. (forma 
mide Solution), it is preferred to increase the SSC concen 
tration So that a higher temperature can be used. An exten 
Sive guide to the hybridization of nucleic acids is found in 
Tijssen (1993). Generally, highly stringent hybridization and 
wash conditions are selected to be about 5 C. lower than the 
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thermal melting point (Tm) for the specific sequence at a 
defined ionic Strength and pH. 
0088 An example of highly stringent wash conditions is 
0.15 M NaCl at 72° C. for about 15 minutes. An example of 
stringent wash conditions is a 0.2xSSC wash at 65 C. for 15 
minutes (see, Sambrook and Russell 2001, for a description 
of SSC buffer). Often, a high stringency wash is preceded by 
a low Stringency wash to remove background probe Signal. 
For short nucleic acid sequences (e.g., about 10 to 50 
nucleotides), Stringent conditions typically involve Salt con 
centrations of less than about 1.5M, more preferably about 
0.01 to 1.0 M, Naion concentration (or other salts) at pH 7.0 
to 8.3, and the temperature is typically at least about 30° C. 
Stringent conditions may also be achieved with the addition 
of destabilizing agents Such as formamide. In general, a 
Signal to noise ratio of 2x (or higher) than that observed for 
an unrelated probe in the particular hybridization assay 
indicates detection of a specific hybridization. Very Stringent 
conditions are Selected to be equal to the Tm for a particular 
nucleic acid molecule. 

0089. The term “transformation” refers to the transfer of 
a nucleic acid fragment into the genome of a host cell, 
resulting in genetically stable inheritance. A "host cell' is a 
cell that has been transformed, or is capable of transforma 
tion, by an exogenous nucleic acid molecule. Host cells 
containing the transformed nucleic acid fragments are 
referred to as “transgenic cells. 
0090 “Transformed,”“transduced,”“transgenic" and 
“recombinant” refer to a host cell into which a heterologous 
nucleic acid molecule has been introduced. AS used herein 
the term “transfection” refers to the delivery of DNA into 
eukaryotic (e.g., mammalian) cells. The term “transforma 
tion” is used herein to refer to delivery of DNA into 
prokaryotic (e.g., E. coli) cells. The term “transduction” is 
used herein to refer to infecting cells with viral particles. The 
nucleic acid molecule can be stably integrated into the 
genome generally known in the art. Known methods of PCR 
include, but are not limited to, methods using paired primers, 
nested primers, Single specific primers, degenerate primers, 
gene-specific primers, vector-specific primers, partially mis 
matched primers, and the like. For example, “transformed, 
“transformant,” and “transgenic' cells have been through 
the transformation process and contain a foreign gene inte 
grated into their chromosome. The term “untransformed” 
refers to normal cells that have not been through the trans 
formation process. 

0091) “Genetically altered cells” denotes cells which 
have been modified by the introduction of recombinant or 
heterologous nucleic acids (e.g., one or more DNA con 
structs or their RNA counterparts) and further includes the 
progeny of Such cells which retain part or all of Such genetic 
modification. 

0092. As used herein, the term “derived” or “directed to” 
with respect to a nucleotide molecule means that the mol 
ecule has complementary Sequence identity to a particular 
molecule of interest. 

0093. “Gene silencing” refers to the suppression of gene 
expression, e.g., transgene, heterologous gene and/or endog 
enous gene expression. Gene Silencing may be mediated 
through processes that affect transcription and/or through 
processes that affect post-transcriptional mechanisms. In 
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Some embodiments, gene Silencing occurs 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). In Some embodiments, gene 
Silencing may be allele-Specific. 
0094) “Allele-specific' gene silencing refers to the spe 
cific Silencing of one allele of a gene. 
0.095 “Treating” as used herein refers to ameliorating at 
least one symptom of, curing and/or preventing the devel 
opment of a disease or a condition. 
0.096 “Neurological disease” and “neurological disor 
der” 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. A neurological disease or disorder that 
results in atrophy is commonly called a “neurodegenerative 
disease' or “neurodegenerative disorder.' Neurodegenera 
tive diseases and disorders include, but are not limited to, 
amyotrophic lateral Sclerosis (ALS), hereditary spastic 
hemiplegia, primary lateral Sclerosis, Spinal muscular atro 
phy, Kennedy's disease, Alzheimer's disease, Parkinson's 
disease, multiple Sclerosis, and repeat expansion neurode 
generative diseases, e.g., diseases associated with expan 
Sions of trinucleotide repeats Such as polyglutamine (polyO) 
repeat diseases, e.g., Huntington's disease (HD), Spinocer 
ebellar ataxia (SCA1, SCA2, SCA3, SCA6, SCA7, and 
SCA17), spinal and bulbar muscular atrophy (SBMA), den 
tatorubropallidoluysian atrophy (DRPLA). An example of a 
neurological disorder that does not appear to result in 
atrophy is DYTI dystonia. 
0097. The siRNAs of the present invention can be gen 
erated by any method known to the art, for example, by in 
Vitro transcription, recombinantly, or by Synthetic means. In 
one example, the SiRNAS can be generated in vitro by using 
a recombinant enzyme, Such as T7 RNA polymerase, and 
DNA oligonucleotide templates. 
0098) 
0099] The terms “isolated and/or purified” refer to in 
vitro isolation of a nucleic acid, e.g., a DNA or RNA 
molecule from its natural cellular environment, and from 
asSociation with other components of the cell, Such as 
nucleic acid or polypeptide, So that it can be sequenced, 
replicated, and/or expressed. For example, "isolated nucleic 
acid” may be a DNA molecule containing less than 31 
Sequential nucleotides that is transcribed into an SiRNA. 
Such an isolated siRNA may, for example, form a hairpin 
Structure with a duplex 21 base pairs in length that is 
complementary or hybridizes to a Sequence in a gene of 
interest, and remains Stably bound under Stringent condi 
tions (as defined by methods well known in the art, e.g., in 
Sambrook and Russell, 2001). Thus, the RNA or DNA is 
"isolated” in that it is free from at least one contaminating 
nucleic acid with which it is normally associated in the 
natural source of the RNA or DNA and is preferably 
substantially free of any other mammalian RNA or DNA. 
The phrase “free from at least one contaminating Source 
nucleic acid with which it is normally associated” includes 
the case where the nucleic acid is reintroduced into the 
Source or natural cell but is in a different chromosomal 
location or is otherwise flanked by nucleic acid Sequences 
not normally found in the Source cell, e.g., in a vector or 
plasmid. 

II. Nucleic Acid Molecules of the Invention 
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0100. In addition to a DNA sequence encoding a siRNA, 
the nucleic acid molecules of the invention include double 
stranded interfering RNA molecules, which are also useful 
to inhibit expression of a target gene. 

0101 AS used herein, the term “recombinant nucleic 
acid', e.g., “recombinant DNA sequence or Segment” refers 
to a nucleic acid, e.g., to DNA, that has been derived or 
isolated from any appropriate cellular Source, that may be 
Subsequently chemically altered in Vitro, So that its Sequence 
is not naturally occurring, or corresponds to naturally occur 
ring Sequences that are not positioned as they would be 
positioned in a genome which has not been transformed with 
exogenous DNA. An example of preselected DNA “derived” 
from a source, would be a DNA sequence that is identified 
as a useful fragment within a given organism, and which is 
then chemically Synthesized in essentially pure form. An 
example of such DNA “isolated” from a source would be a 
useful DNA sequence that is excised or removed from said 
Source by chemical means, e.g., by the use of restriction 
endonucleases, So that it can be further manipulated, e.g., 
amplified, for use in the invention, by the methodology of 
genetic engineering. 
0102) Thus, recovery or isolation of a given fragment of 
DNA from a restriction digest can employ Separation of the 
digest on polyacrylamide or agarose gel by electrophoresis, 
identification of the fragment of interest by comparison of its 
mobility versus that of marker DNA fragments of known 
molecular weight, removal of the gel Section containing the 
desired fragment, and Separation of the gel from DNA. 
Therefore, “recombinant DNA” includes completely syn 
thetic DNA sequences, Semi-Synthetic DNA sequences, 
DNA sequences isolated from biological sources, and DNA 
sequences derived from RNA, as well as mixtures thereof. 
0103) Nucleic acid molecules having base substitutions 

(i.e., variants) are prepared by a variety of methods known 
in the art. These methods include, but are not limited to, 
isolation from a natural Source (in the case of naturally 
occurring sequence variants) or preparation by oligonucle 
otide-mediated (or site-directed) mutagenesis, PCR 
mutagenesis, and cassette mutagenesis of an earlier prepared 
variant or a non-variant version of the nucleic acid molecule. 

0104 Oligonucleotide-mediated mutagenesis is a method 
for preparing Substitution variants. This technique is known 
in the art as described by Adelman et al. (1983). Briefly, 
nucleic acid encoding a siRNA can be altered by hybridizing 
an oligonucleotide encoding the desired mutation to a DNA 
template, where the template is the Single-Stranded form of 
a plasmid or bacteriophage containing the unaltered or 
native gene Sequence. After hybridization, a DNA poly 
merase is used to Synthesize an entire Second complemen 
tary Strand of the template that will thus incorporate the 
oligonucleotide primer, and will code for the Selected alter 
ation in the nucleic acid encoding siRNA. Generally, oligo 
nucleotides of at least 25 nucleotides in length are used. An 
optimal oligonucleotide will have 12 to 15 nucleotides that 
are completely complementary to the template on either side 
of the nucleotide(s) coding for the mutation. This ensures 
that the oligonucleotide will hybridize properly to the Single 
stranded DNA template molecule. The oligonucleotides are 
readily Synthesized using techniques known in the art. 
0105 The DNA template can be generated by those 
vectors that are either derived from bacteriophage M13 
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vectors (the commercially available M13mp 18 and 
M13mp19 vectors are suitable), or those vectors that contain 
a single-Stranded phage origin of replication. Thus, the DNA 
that is to be mutated may be inserted into one of these 
vectors to generate Single-stranded template. Production of 
the Single-Stranded template is described in Chapter 3 of 
Sambrook and Russell, 2001. Alternatively, single-stranded 
DNA template may be generated by denaturing double 
Stranded plasmid (or other) DNA using Standard techniques. 
0106 For alteration of the native DNA sequence (to 
generate amino acid sequence variants, for example), the 
oligonucleotide is hybridized to the Single-stranded template 
under suitable hybridization conditions. A DNA polymeriz 
ing enzyme, usually the Klenow fragment of DNA poly 
merase I, is then added to Synthesize the complementary 
Strand of the template using the oligonucleotide as a primer 
for Synthesis. A heteroduplex molecule is thus formed Such 
that one strand of DNA encodes the mutated form of the 
DNA, and the other Strand (the original template) encodes 
the native, unaltered sequence of the DNA. This heterodu 
plex molecule is then transformed into a Suitable host cell, 
usually a prokaryote such as E. coli JM101. After the cells 
are grown, they are plated onto agarose plates and Screened 
using the oligonucleotide primer radiolabeled with 32-phos 
phate to identify the bacterial colonies that contain the 
mutated DNA. The mutated region is then removed and 
placed in an appropriate vector, generally an expression 
vector of the type typically employed for transformation of 
an appropriate host. 

0107 The method described immediately above may be 
modified Such that a homoduplex molecule is created 
wherein both Strands of the plasmid contain the muta 
tions(s). The modifications are as follows: The Single 
Stranded oligonucleotide is annealed to the Single-Stranded 
template as described above. A mixture of three deoxyribo 
nucleotides, deoxyriboadenosine (dATP), deoxyribogua 
nosine (dGTP), and deoxyribothymidine (dTTP), is com 
bined with a modified thiodeoxyribocytosine called dCTP 
(*S) (which can be obtained from the Amersham 
Corporation). This mixture is added to the template-oligo 
nucleotide complex. Upon addition of DNA polymerase to 
this mixture, a strand of DNA identical to the template 
except for the mutated bases is generated. In addition, this 
new strand of DNA will contain dCTP-( S) instead of 
dCTP, which serves to protect it from restriction endonu 
clease digestion. 

0108. After the template strand of the double-stranded 
heterodupleX is nicked with an appropriate restriction 
enzyme, the template Strand can be digested with EXOIII 
nuclease or another appropriate nuclease past the region that 
contains the site(s) to be mutagenized. The reaction is then 
Stopped to leave a molecule that is only partially Single 
stranded. A complete double-stranded DNA homoduplex is 
then formed using DNA polymerase in the presence of all 
four deoxyribonucleotide triphosphates, ATP, and DNA 
ligase. This homoduplex molecule can then be transformed 
into a Suitable host cell Such as E. coli JM101. 

0109 There are well-established criteria for designing 
siRNAs (see, e.g., Elbashire et al., 2001a, 2001b, 2001c). 
Details can be found in the websites of several commercial 
vendors Such as Ambion, Dharmacon and Oligoengine. 
However, Since the mechanism for siRNAS Suppressing 
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gene expression is not entirely understood and siRNAS 
Selected from different regions of the same gene do not work 
as equally effective, very often a number of siRNAS have to 
be generated at the same time in order to compare their 
effectiveness. 

0110) 
0111. To prepare expression cassettes, the recombinant 
DNA sequence or Segment may be circular or linear, double 
Stranded or Single-Stranded. Generally, the DNA sequence or 
Segment is in the form of chimeric DNA, Such as plasmid 
DNA or a vector that can also contain coding regions flanked 
by control Sequences that promote the expression of the 
recombinant DNA present in the resultant transformed cell. 

III. Expression Cassettes of the Invention 

0112 A“chimeric' vector or expression cassette, as used 
herein, means a vector or cassette including nucleic acid 
Sequences from at least two different species, or has a 
nucleic acid Sequence from the Same Species that is linked or 
asSociated in a manner that does not occur in the “native' or 
wild type of the Species. 
0113 Aside from recombinant DNA sequences that serve 
as transcription units for an RNA transcript, or portions 
thereof, a portion of the recombinant DNA may be untran 
Scribed, Serving a regulatory or a structural function. For 
example, the recombinant DNA may have a promoter that is 
active in mammalian cells. 

0114. Other elements functional in the host cells, such as 
introns, enhancers, polyadenylation sequences and the like, 
may also be a part of the recombinant DNA. Such elements 
may or may not be necessary for the function of the DNA, 
but may provide improved expression of the DNA by 
affecting transcription, stability of the siRNA, or the like. 
Such elements may be included in the DNA as desired to 
obtain the optimal performance of the siRNA in the cell. 
0115 Control sequences are DNA sequences necessary 
for the expression of an operably linked coding Sequence in 
a particular host organism. The control Sequences that are 
Suitable for prokaryotic cells, for example, include a pro 
moter, and optionally an operator Sequence, and a ribosome 
binding Site. Eukaryotic cells are known to utilize promot 
ers, polyadenylation Signals, and enhancers. 

0116 Operably linked nucleic acids are nucleic acids 
placed in a functional relationship with another nucleic acid 
Sequence. For example, a promoter or enhancer is operably 
linked to a coding Sequence if it affects the transcription of 
the Sequence, or a ribosome binding Site is operably linked 
to a coding Sequence if it is positioned So as to facilitate 
translation. Generally, operably linked DNA sequences are 
DNA sequences that are linked are contiguous. However, 
enhancers do not have to be contiguous. Linking is accom 
plished by ligation at convenient restriction sites. If Such 
Sites do not exist, the Synthetic oligonucleotide adaptors or 
linkers are used in accord with conventional practice. 

0117 The recombinant DNA to be introduced into the 
cells may contain either a Selectable marker gene or a 
reporter gene or both to facilitate identification and Selection 
of expressing cells from the population of cells Sought to be 
transfected or infected through viral vectors. In other 
embodiments, the Selectable marker may be carried on a 
Separate piece of DNA and used in a co-transfection proce 
dure. Both Selectable markers and reporter genes may be 
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flanked with appropriate regulatory Sequences to enable 
expression in the host cells. Useful Selectable markers are 
known in the art and include, for example, antibiotic 
resistance genes, Such as neo and the like. 
0118 Reporter genes are used for identifying potentially 
transfected cells and for evaluating the functionality of 
regulatory Sequences. Reporter genes that encode for easily 
assayable proteins are well known in the art. In general, a 
reporter gene is a gene that is not present in or expressed by 
the recipient organism or tissue and that encodes a protein 
whose expression is manifested by Some easily detectable 
property, e.g., enzymatic activity. For example, reporter 
genes include the chloramphenicol acetyl transferase gene 
(cat) from Tn9 of E. coli and the luciferase gene from firefly 
PhOtinus pyralis. Expression of the reporter gene is assayed 
at a Suitable time after the DNA has been introduced into the 
recipient cells. 
0119) The general methods for constructing recombinant 
DNA that can transfect target cells are well known to those 
skilled in the art, and the same compositions and methods of 
construction may be utilized to produce the DNA useful 
herein. For example, Sambrook and Russell, infra, provides 
Suitable methods of construction. 

0120) 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. 
0121 Physical methods to introduce a preselected DNA 
into a host cell include calcium phosphate precipitation, 
lipofection, particle bombardment, microinjection, elec 
troporation, and the like. Biological methods to introduce 
the DNA of interest into a host cell include the use of DNA 
and RNA viral vectors. For mammalian gene therapy, as 
described herein below, it is desirable to use an efficient 
means of inserting a copy gene into the host genome. Viral 
vectors, and especially retroviral vectors, have become the 
most widely used method for inserting genes into mamma 
lian, e.g., human cells. Other viral vectors can be derived 
from poxviruses, herpes simplex virus I, adenoviruses and 
adeno-associated viruses, and the like. See, for example, 
U.S. Pat. Nos. 5,350,674 and 5,585,362. 
0122). As discussed above, a “transfected”, “or “trans 
duced' host cell or cell line is one in which the genome has 
been altered or augmented by the presence of at least one 
heterologous or recombinant nucleic acid Sequence. The 
host cells of the present invention are typically produced by 
transfection with a DNA sequence in a plasmid expression 
vector, a viral expression vector, or as an isolated linear 
DNA sequence. The transfected DNA can become a chro 
mosomally integrated recombinant DNA sequence, which is 
composed of Sequence encoding the siRNA. 
0123 To confirm the presence of the recombinant DNA 
Sequence in the host cell, a variety of assays may be 
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performed. Such assays include, for example, "molecular 
biological' assays well known to those of Skill in the art, 
such as Southern and Northern blotting, RT-PCR and PCR; 
“biochemical' assays, Such as detecting the presence or 
absence of a particular peptide, e.g., by immunological 
means (ELISAS and Western blots) or by assays described 
herein to identify agents falling within the Scope of the 
invention. 

0.124. To detect and quantitate RNA produced from intro 
duced recombinant DNA segments, RT-PCR may be 
employed. In this application of PCR, it is first necessary to 
reverse transcribe RNA into DNA, using enzymes such as 
reverse transcriptase, and then through the use of conven 
tional PCR techniques amplify the DNA. In most instances 
PCR techniques, while useful, will not demonstrate integrity 
of the RNA product. Further information about the nature of 
the RNA product may be obtained by Northern blotting. This 
technique demonstrates the presence of an RNA species and 
gives information about the integrity of that RNA. The 
presence or absence of an RNA species can also be deter 
mined using dot or slot blot Northern hybridizations. These 
techniques are modifications of Northern blotting and only 
demonstrate the presence or absence of an RNA species. 
0125 While Southern blotting and PCR may be used to 
detect the recombinant DNA segment in question, they do 
not provide information as to whether the preselected DNA 
Segment is being expressed. Expression may be evaluated by 
Specifically identifying the peptide products of the intro 
duced recombinant DNA sequences or evaluating the phe 
notypic changes brought about by the expression of the 
introduced recombinant DNA segment in the host cell. 
0.126 The instant invention provides a cell expression 
System for expressing exogenous nucleic acid material in a 
mammalian recipient. The expression System, also referred 
to as a “genetically modified cell', comprises a cell and an 
expression vector for expressing the exogenous nucleic acid 
material. The genetically modified cells are Suitable for 
administration to a mammalian recipient, where they replace 
the endogenous cells of the recipient. Thus, the preferred 
genetically modified cells are non-immortalized and are 
non-tumorigenic. 

0127. According to one embodiment, the cells are trans 
fected or otherwise genetically modified ex vivo. The cells 
are isolated from a mammal (preferably a human), nucleic 
acid introduced (i.e., transduced or transfected in vitro) with 
a vector for expressing a heterologous (e.g., recombinant) 
gene encoding the therapeutic agent, and then administered 
to a mammalian recipient for delivery of the therapeutic 
agent in situ. The mammalian recipient may be a human and 
the cells to be modified are autologous cells, i.e., the cells are 
isolated from the mammalian recipient. 
0128. According to another embodiment, the cells are 
transfected or transduced or otherwise genetically modified 
in Vivo. The cells from the mammalian recipient are trans 
duced or transfected in Vivo with a vector containing eXog 
enous nucleic acid material for expressing a heterologous 
(e.g., recombinant) gene encoding a therapeutic agent and 
the therapeutic agent is delivered in Situ. 

0129. As used herein, “exogenous nucleic acid material” 
refers to a nucleic acid or an oligonucleotide, either natural 
or Synthetic, which is not naturally found in the cells, or if 
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it is naturally found in the cells, is modified from its original 
or native form. Thus, “exogenous nucleic acid material' 
includes, for example, a non-naturally occurring nucleic acid 
that can be transcribed into an anti-sense RNA, a siRNA, as 
well as a "heterologous gene' (i.e., a gene encoding a 
protein that is not expressed or is expressed at biologically 
insignificant levels in a naturally-occurring cell of the same 
type). To illustrate, a Synthetic or natural gene encoding 
human erythropoietin (EPO) would be considered “exog 
enous nucleic acid material' with respect to human perito 
neal mesothelial cells Since the latter cells do not naturally 
express EPO. Still another example of “exogenous nucleic 
acid material' is the introduction of only part of a gene to 
create a recombinant gene, Such as combining an regulatable 
promoter with an endogenous coding Sequence via homolo 
gous recombination. 
0130 IV. Methods for Introducing the Expression Cas 
settes of the Invention into Cells 

0131 The condition amenable to gene inhibition therapy 
may be a prophylactic process, i.e., a process for preventing 
disease or an undesired medical condition. Thus, the instant 
invention embraces a system for delivering siRNA that has 
a prophylactic function (i.e., a prophylactic agent) to the 
mammalian recipient. 

0132) The inhibitory nucleic acid material (e.g., an 
expression cassette encoding siRNA directed to a gene of 
interest) can be introduced into the cell ex vivo or in vivo by 
genetic transfer methods, Such as transfection or transduc 
tion, to provide a genetically modified cell. Various expres 
Sion vectors (i.e., vehicles for facilitating delivery of exog 
enous nucleic acid into a target cell) are known to one of 
ordinary skill in the art. 

0.133 AS used herein, “transfection of cells' refers to the 
acquisition by a cell of new nucleic acid material by incor 
poration of added DNA. Thus, transfection refers to the 
insertion of nucleic acid into a cell using physical or 
chemical methods. Several transfection techniques are 
known to those of ordinary skill in the art including calcium 
phosphate DNA co-precipitation, DEAE-dextran, electropo 
ration, cationic liposome-mediated transfection, tungsten 
particle-facilitated microparticle bombardment, and Stron 
tium phosphate DNA co-precipitation. 

0134. In contrast, “transduction of cells' refers to the 
process of transferring nucleic acid into a cell using a DNA 
or RNA virus. A RNA virus (i.e., a retrovirus) for transfer 
ring a nucleic acid into a cell is referred to herein as a 
transducing chimeric retrovirus. EXOgenous nucleic acid 
material contained within the retrovirus is incorporated into 
the genome of the transduced cell. A cell that has been 
transduced with a chimeric DNA virus (e.g., an adenovirus 
carrying a cDNA encoding a therapeutic agent), will not 
have the exogenous nucleic acid material incorporated into 
its genome but will be capable of expressing the exogenous 
nucleic acid material that is retained extrachromosomally 
within the cell. 

0135 The exogenous nucleic acid material can include 
the nucleic acid encoding the siRNA together with a pro 
moter to control transcription. The promoter characteristi 
cally has a specific nucleotide Sequence necessary to initiate 
transcription. The exogenous nucleic acid material may 
further include additional Sequences (i.e., enhancers) 
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required to obtain the desired gene transcription activity. For 
the purpose of this discussion an "enhancer is simply any 
non-translated DNA sequence that works with the coding 
Sequence (in cis) to change the basal transcription level 
dictated by the promoter. The exogenous nucleic acid mate 
rial may be introduced into the cell genome immediately 
downstream from the promoter So that the promoter and 
coding Sequence are operatively linked So as to permit 
transcription of the coding Sequence. An expression vector 
can include an exogenous promoter element to control 
transcription of the inserted exogenous gene. Such exog 
enous promoters include both constitutive and regulatable 
promoters. 

0.136 Naturally-occurring constitutive promoters control 
the expression of essential cell functions. As a result, a 
nucleic acid Sequence under the control of a constitutive 
promoter is expressed under all conditions of cell growth. 
Constitutive promoters include the promoters for the fol 
lowing genes which encode certain constitutive or "house 
keeping functions: hypoxanthine phosphoribosyl trans 
ferase (HPRT), dihydrofolate reductase (DHFR), adenosine 
deaminase, phosphoglycerol kinase (PGK), pyruvate kinase, 
phosphoglycerol mutase, the beta-actin promoter, and other 
constitutive promoters known to those of skill in the art. In 
addition, many viral promoters function constitutively in 
eukaryotic cells. These include: the early and late promoters 
of SV40; the long terminal repeats (LTRs) of Moloney 
Leukemia Virus and other retroviruses, and the thymidine 
kinase promoter of Herpes Simplex Virus, among many 
others. 

0.137 Nucleic acid sequences that are under the control of 
regulatable promoters are expressed only or to a greater or 
lesser degree in the presence of an inducing or repressing 
agent, (e.g., transcription under control of the metallothio 
nein promoter is greatly increased in presence of certain 
metal ions). Regulatable promoters include responsive ele 
ments (RES) that stimulate transcription when their inducing 
factors are bound. For example, there are RES for Serum 
factors, Steroid hormones, retinoic acid, cyclic AMP, and 
tetracycline and doxycycline. Promoters containing a par 
ticular RE can be chosen in order to obtain an regulatable 
response and in Some cases, the RE itself may be attached 
to a different promoter, thereby conferring regulatability to 
the encoded nucleic acid Sequence. Thus, by Selecting the 
appropriate promoter (constitutive versus regulatable; strong 
versus weak), it is possible to control both the existence and 
level of expression of a nucleic acid Sequence in the geneti 
cally modified cell. If the nucleic acid Sequence is under the 
control of an regulatable promoter, delivery of the therapeu 
tic agent in Situ is triggered by exposing the genetically 
modified cell in Situ to conditions for permitting transcrip 
tion of the nucleic acid Sequence, e.g., by intraperitoneal 
injection of Specific inducers of the regulatable promoters 
which control transcription of the agent. For example, in Situ 
expression of a nucleic acid Sequence under the control of 
the metallothionein promoter in genetically modified cells is 
enhanced by contacting the genetically modified cells with 
a Solution containing the appropriate (i.e., inducing) metal 
ions in situ. 

0.138 Accordingly, the amount of siRNA generated in 
Situ is regulated by controlling Such factors as the nature of 
the promoter used to direct transcription of the nucleic acid 
Sequence, (i.e., whether the promoter is constitutive or 
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regulatable, Strong or weak) and the number of copies of the 
exogenous nucleic acid Sequence encoding a siRNA 
Sequence that are in the cell. 
0.139. In one embodiment of the present invention, an 
expression cassette may contain a pol II promoter that is 
operably linked to a nucleic acid Sequence encoding a 
siRNA. Thus, the pol II promoter, i.e., a RNA polymerase II 
dependent promoter, initiates the transcription of the siRNA. 
In another embodiment, the pol II promoter is regulatable. 
0140. A pol II promoter may be used in its entirety, or a 
portion or fragment of the promoter Sequence may be used 
in which the portion maintains the promoter activity. AS 
discussed herein, pol II promoters are known to a skilled 
perSon in the art and include the promoter of any protein 
encoding gene, e.g., an endogenously regulated gene or a 
constitutively expressed gene. For example, the promoters 
of genes regulated by cellular physiological events, e.g., heat 
Shock, oxygen levels and/or carbon monoxide levels, e.g., in 
hypoxia, may be used in the expression cassettes of the 
invention. In addition, the promoter of any gene regulated by 
the presence of a pharmacological agent, e.g., tetracycline 
and derivatives thereof, as well as heavy metal ions and 
hormones may be employed in the expression cassettes of 
the invention. In an embodiment of the invention, the pol II 
promoter can be the CMV promoter or the RSV promoter. In 
another embodiment, the pol II promoter is the CMV 
promoter. 

0141 As discussed above, a pol II promoter of the 
invention may be one naturally associated with an endog 
enously regulated gene or Sequence, as may be obtained by 
isolating the 5' non-coding Sequences located upstream of 
the coding Segment and/or exon. The pol II promoter of the 
expression cassette can be, for example, the same pol II 
promoter driving expression of the targeted gene of interest. 
Alternatively, the nucleic acid Sequence encoding the siRNA 
may be placed under the control of a recombinant or 
heterologous pol II promoter, which refers to a promoter that 
is not normally associated with the targeted gene's natural 
environment. Such promoters include promoters isolated 
from any eukaryotic cell, and promoters not “naturally 
occurring, i.e., containing different elements of different 
transcriptional regulatory regions, and/or mutations that 
alter expression. In addition to producing nucleic acid 
Sequences of promoters Synthetically, Sequences may be 
produced using recombinant cloning and/or nucleic acid 
amplification technology, including PCRTM, in connection 
with the compositions disclosed herein (see U.S. Pat. No. 
4,683,202, U.S. Pat. No. 5,928,906, each incorporated 
herein by reference). 
0142. In one embodiment, a pol II promoter that effec 
tively directs the expression of the siRNA in the cell type, 
organelle, and organism chosen for expression will be 
employed. Those of ordinary skill in the art of molecular 
biology generally know the use of promoters for protein 
expression, for example, see Sambrook and Russell (2001), 
incorporated herein by reference. The promoters employed 
may be constitutive, tissue-specific, inducible, and/or useful 
under the appropriate conditions to direct high level expres 
Sion of the introduced DNA segment, Such as is advanta 
geous in the large-scale production of recombinant proteins 
and/or peptides. The identity of tissue-specific promoters, as 
well as assays to characterize their activity, is well known to 
those of ordinary skill in the art. 
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0143. In addition to at least one promoter and at least one 
heterologous nucleic acid Sequence encoding the siRNA, the 
expression vector may include a Selection gene, for example, 
a neomycin resistance gene, for facilitating Selection of cells 
that have been transfected or transduced with the expression 
VectOr. 

0144) Cells can also be transfected with two or more 
expression vectors, at least one vector containing the nucleic 
acid sequence(s) encoding the siRNA(s), the other vector 
containing a Selection gene. The Selection of a Suitable 
promoter, enhancer, Selection gene and/or signal Sequence is 
deemed to be within the scope of one of ordinary skill in the 
art without undue experimentation. 
0145 The following discussion is directed to various 

utilities of the instant invention. For example, the instant 
invention has utility as an expression System Suitable for 
Silencing the expression of gene(s) of interest. 
0146 The instant invention also provides methods for 
genetically modifying cells of a mammalian recipient in 
Vivo. According to one embodiment, the method comprises 
introducing an expression vector for expressing a siRNA 
Sequence in cells of the mammalian recipient in Situ by, for 
example, injecting the vector into the recipient. 
0147 V. Delivery Vehicles for the Expression Cassettes 
of the Invention 

0.148 Delivery of compounds into tissues and across the 
blood-brain barrier can be limited by the size and biochemi 
cal properties of the compounds. Currently, efficient delivery 
of compounds into cells in Vivo can be achieved only when 
the molecules are small (usually less than 600 Daltons). 
Gene transfer for the correction of inborn errors of metabo 
lism and neurodegenerative diseases of the central nervous 
system (CNS), and for the treatment of cancer has been 
accomplished with recombinant adenoviral vectors. 
014.9 The selection and optimization of a particular 
expression vector for expressing a Specific siRNA in a cell 
can be accomplished by obtaining the nucleic acid Sequence 
of the siRNA, possibly with one or more appropriate control 
regions (e.g., promoter, insertion Sequence); preparing a 
vector construct comprising the vector into which is inserted 
the nucleic acid Sequence encoding the siRNA, transfecting 
or transducing cultured cells in vitro with the vector con 
struct; and determining whether the siRNA is present in the 
cultured cells. 

0150. Vectors for cell gene therapy include viruses, such 
as replication-deficient viruses (described in detail below). 
Exemplary viral vectors are derived from Harvey Sarcoma 
virus, ROUS Sarcoma virus, (MPSV), Moloney murine 
leukemia virus and DNA viruses (e.g., adenovirus). 
0151 Replication-deficient retroviruses are capable of 
directing Synthesis of all virion proteins, but are incapable of 
making infectious particles. Accordingly, these genetically 
altered retroviral expression vectors have general utility for 
high-efficiency transduction of nucleic acid Sequences in 
cultured cells, and Specific utility for use in the method of the 
present invention. Such retroviruses further have utility for 
the efficient transduction of nucleic acid Sequences into cells 
in vivo. Retroviruses have been used extensively for trans 
ferring nucleic acid material into cells. Protocols for pro 
ducing replication-deficient retroviruses (including the Steps 
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of incorporation of exogenous nucleic acid material into a 
plasmid, transfection of a packaging cell line with plasmid, 
production of recombinant retroviruses by the packaging 
cell line, collection of Viral particles from tissue culture 
media, and infection of the target cells with the viral 
particles) are well known in the art. 
0152 An advantage of using retroviruses for gene 
therapy is that the viruses insert the nucleic acid Sequence 
encoding the siRNA into the host cell genome, thereby 
permitting the nucleic acid Sequence encoding the siRNA to 
be passed on to the progeny of the cell when it divides. 
Promoter Sequences in the LTR region have can enhance 
expression of an inserted coding Sequence in a variety of cell 
types. Some disadvantages of using a retrovirus expression 
vector are (1) insertional mutagenesis, i.e., the insertion of 
the nucleic acid Sequence encoding the siRNA into an 
undesirable position in the target cell genome which, for 
example, leads to unregulated cell growth and (2) the need 
for target cell proliferation in order for the nucleic acid 
Sequence encoding the siRNA carried by the vector to be 
integrated into the target genome. 

0153. Another viral candidate useful as an expression 
vector for transformation of cells is the adenovirus, a 
double-stranded DNA virus. The adenovirus is infective in a 
wide range of cell types, including, for example, muscle and 
endothelial cells. 

0154 Adenoviruses (Ad) are double-stranded linear 
DNA viruses with a 36 kb genome. Several features of 
adenovirus have made them useful as transgene delivery 
vehicles for therapeutic applications, Such as facilitating in 
Vivo gene delivery. Recombinant adenovirus Vectors have 
been shown to be capable of efficient in Situ gene transfer to 
parenchymal cells of various organs, including the lung, 
brain, pancreas, gallbladder, and liver. This has allowed the 
use of these vectors in methods for treating inherited genetic 
diseases, Such as cystic fibrosis, where vectors may be 
delivered to a target organ. In addition, the ability of the 
adenovirus vector to accomplish in Situ tumor transduction 
has allowed the development of a variety of anticancer gene 
therapy methods for non-disseminated disease. In these 
methods, vector containment favors tumor cell-specific 
transduction. 

O155 Like the retrovirus, the adenovirus genome is 
adaptable for use as an expression vector for gene therapy, 
i.e., by removing the genetic information that controls 
production of the virus itself. Because the adenovirus func 
tions in an extrachromosomal fashion, the recombinant 
adenovirus does not have the theoretical problem of inser 
tional mutagenesis. 

0156 Several approaches traditionally have been used to 
generate the recombinant adenoviruses. One approach 
involves direct ligation of restriction endonuclease frag 
ments containing a nucleic acid Sequence of interest to 
portions of the adenoviral genome. Alternatively, the nucleic 
acid Sequence of interest may be inserted into a defective 
adenovirus by homologous recombination results. The 
desired recombinants are identified by Screening individual 
plaques generated in a lawn of complementation cells. 

O157 Most adenovirus vectors are based on the adenovi 
rus type 5 (Ad5) backbone in which an expression cassette 
containing the nucleic acid Sequence of interest has been 
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introduced in place of the early region 1 (E1) or early region 
3 (E3). Viruses in which E1 has been deleted are defective 
for replication and are propagated in human complementa 
tion cells (e.g., 293 or 911 cells), which Supply the missing 
gene E1 and pX in trans. 

0158. In one embodiment of the present invention, one 
will desire to generate siRNA in a brain cell or brain tissue. 
A suitable vector for this application is an FIV vector 
(Brooks et al. (2002); Alisky et al. (2000a)) or an AAV 
vector. For example, one may use AAV5 (Davidson et al. 
(2000); Alisky et al. (2000a)). Also, one may apply polio 
virus (Bledsoe et al. (2000)) or HSV vectors (Alisky et al. 
(2000b)). 
0159. Application of siRNA is generally accomplished 
by transfection of synthetic siRNAS, in vitro synthesized 
RNAS, or plasmids expressing short hairpin RNAs (shR 
NAS). More recently, viruses have been employed for in 
Vitro Studies and to generate transgenic mouse knock-downs 
of targeted genes (Hannon 2002, Rubinson 2003, Kunath 
2003). Recombinant adenovirus, adeno-associated virus 
(AAV) and feline immunodeficiency virus (FIV) can be used 
to deliver genes in vitro and in vivo (Alisky 2000, Davidson 
2000, Brooks 2000). Each has its own advantages and 
disadvantages (Davidson 2003). Adenoviruses are double 
stranded DNA viruses with large genomes (36 kb) and have 
been engineered by my laboratory and others to accommo 
date expression cassettes in distinct regions. We used recom 
binant adenoviruses expressing siRNAS to demonstrate Suc 
cessful viral-mediated gene Suppression in brain (Xia 2002). 
0160 Adeno-associated viruses have encapsidated 
genomes, Similar to Ad, but are Smaller in size and pack 
aging capacity (~30 nm VS. ~100 nm, packaging limit of 
~4.5 kb). AAV contain single stranded DNA genomes of the 
+ or the -strand. Eight serotypes of AAV (1-8) have been 
studied extensively, three of which have been evaluated in 
the brain (Davidson 2000, Passini 2003, Skorupa 1999, 
Frisella 2001, Xiao 1997, During 1998). An important 
consideration for the present application is that AAV5 trans 
duces striatal and cortical neurons, and is not associated with 
any known pathologies. 
0.161 FIV is an enveloped virus with a strong safety 
profile in humans; individuals bitten or scratched by FIV 
infected cats do not Seroconvert and have not been reported 
to show any Signs of disease. Like AAV, FIV provides lasting 
transgene expression in mouse and nonhuman primate neu 
rons (Brooks 2002, Lotery 2002), and transduction can be 
directed to different cell types by pseudotyping, the process 
of eXchanging the viruses native envelope for an envelope 
from another virus (Kang 2002, Stein 2001). 
0162 Thus, as will be apparent to one of ordinary skill in 
the art, a variety of Suitable viral expression vectors are 
available for transferring exogenous nucleic acid material 
into cells. The Selection of an appropriate expression vector 
to express a therapeutic agent for a particular condition 
amenable to gene Silencing therapy and the optimization of 
the conditions for insertion of the Selected expression vector 
into the cell, are within the Scope of one of ordinary skill in 
the art without the need for undue experimentation. 

0163. In another embodiment, the expression vector is in 
the form of a plasmid, which is transferred into the target 
cells by one of a variety of methods: physical (e.g., micro 
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injection, electroporation, Scrape loading, microparticle 
bombardment) or by cellular uptake as a chemical complex 
(e.g., calcium or strontium co-precipitation, complexation 
with lipid, complexation with ligand). Several commercial 
products are available for cationic lipoSome complexation 
including LipofectinTM (Gibco-BRL, Gaithersburg, Md.) 
and Transfectam TM (ProMega, Madison, Wis.). However, 
the efficiency of transfection by these methods is highly 
dependent on the nature of the target cell and accordingly, 
the conditions for optimal transfection of nucleic acids into 
cells using the above-mentioned procedures must be opti 
mized. Such optimization is within the Scope of one of 
ordinary skill in the art without the need for undue experi 
mentation. 

0164 VI. Diseases and Conditions Amendable to the 
Methods of the Invention 

0.165. In the certain embodiments of the present inven 
tion, a mammalian recipient to an expression cassette of the 
invention has a condition that is amenable to gene Silencing 
therapy. AS used herein, “gene Silencing therapy refers to 
administration to the recipient exogenous nucleic acid mate 
rial encoding a therapeutic SiRNA and Subsequent expres 
Sion of the administered nucleic acid material in situ. Thus, 
the phrase “condition amenable to siRNA therapy” embraces 
conditions Such as genetic diseases (i.e., a disease condition 
that is attributable to one or more gene defects), acquired 
pathologies (i.e., a pathological condition that is not attrib 
utable to an inborn defect), cancers, neurodegenerative 
diseases, e.g., trinucleotide repeat disorders, and prophylac 
tic processes (i.e., prevention of a disease or of an undesired 
medical condition). A gene "associated with a condition' is 
a gene that is either the cause, or is part of the cause, of the 
condition to be treated. Examples of Such genes include 
genes associated with a neurodegenerative disease (e.g., a 
trinucleotide-repeat disease Such as a disease associated with 
polyglutamine repeats, Huntington's disease, and Several 
Spinocerebellar ataxias), and genes encoding ligands for 
chemokines involved in the migration of a cancer cells, or 
chemokine receptor. Also siRNA expressed from Viral vec 
tors may be used for in Vivo antiviral therapy using the 
vector Systems described. 
0166 Accordingly, as used herein, the term “therapeutic 
siRNA refers to any siRNA that has a beneficial effect on 
the recipient. Thus, “therapeutic siRNA' embraces both 
therapeutic and prophylactic siRNA. 

0167. Differences between alleles that are amenable to 
targeting by siRNA include disease-causing mutations as 
well as polymorphisms that are not themselves mutations, 
but may be linked to a mutation or associated with a 
predisposition to a disease State. An example of a targetable 
polymorphism that is not itself a mutation is the polymor 
phism in exon 58 associated with Huntington's disease. 
Single nucleotide polymorphisms comprise most of the 
genetic diversity between humans. The major risk factor for 
developing Alzheimer's disease is the presence of a particu 
lar polymorphism in the apolipoprotein E gene. 

01.68 VII. Dosages, Formulations and Routes of Admin 
istration of the Agents of the Invention 
0169. The agents of the invention are preferably admin 
istered So as to result in a reduction in at least one symptom 
asSociated with a disease. The amount administered will 
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vary depending on various factors including, but not limited 
to, the composition chosen, the particular disease, the 
weight, the physical condition, and the age of the mammal, 
and whether prevention or treatment is to be achieved. Such 
factors can be readily determined by the clinician employing 
animal models or other test Systems, which are well known 
to the art. 

0170 Administration of siRNA may be accomplished 
through the administration of the nucleic acid molecule 
encoding the siRNA. Pharmaceutical formulations, dosages 
and routes of administration for nucleic acids are generally 
disclosed, for example, in Felgner 1987. 
0171 The present invention envisions treating a disease, 
for example, a neurodegenerative disease, in a mammal by 
the administration of an agent, e.g., a nucleic acid compo 
Sition, an expression vector, or a viral particle of the inven 
tion. Administration of the therapeutic agents in accordance 
with the present invention may be continuous or intermit 
tent, depending, for example, upon the recipient's physi 
ological condition, whether the purpose of the administra 
tion is therapeutic or prophylactic, and other factors known 
to skilled practitioners. The administration of the agents of 
the invention may be essentially continuous over a prese 
lected period of time or may be in a Series of Spaced doses. 
Both local and Systemic administration is contemplated. 
0172] One or more suitable unit dosage forms having the 
therapeutic agent(s) of the invention, which, as discussed 
below, may optionally be formulated for Sustained release 
(for example using microencapsulation, see WO94/07529, 
and U.S. Pat. No. 4,962,091 the disclosures of which are 
incorporated by reference herein), can be administered by a 
variety of routes including parenteral, including by intrave 
nous and intramuscular routes, as well as by direct injection 
into the diseased tissue. For example, the therapeutic agent 
may be directly injected into the brain. Alternatively the 
therapeutic agent may be introduced intrathecally for brain 
and Spinal cord conditions. In another example, the thera 
peutic agent may be introduced intramuscularly for viruses 
that traffic back to affected neurons from muscle, Such as 
AAV, lentivirus and adenovirus. The formulations may, 
where appropriate, be conveniently presented in discrete 
unit dosage forms and may be prepared by any of the 
methods well known to pharmacy. Such methods may 
include the Step of bringing into association the therapeutic 
agent with liquid carriers, Solid matrices, Semi-Solid carriers, 
finely divided solid carriers or combinations thereof, and 
then, if necessary, introducing or Shaping the product into 
the desired delivery system. 
0173 When the therapeutic agents of the invention are 
prepared for administration, they are preferably combined 
with a pharmaceutically acceptable carrier, diluent or excipi 
ent to form a pharmaceutical formulation, or unit dosage 
form. The total active ingredients in Such formulations 
include from 0.1 to 99.9% by weight of the formulation. A 
“pharmaceutically acceptable' is a carrier, diluent, excipi 
ent, and/or Salt that is compatible with the other ingredients 
of the formulation, and not deleterious to the recipient 
thereof. The active ingredient for administration may be 
present as a powder or as granules, as a Solution, a Suspen 
Sion or an emulsion. 

0.174 Pharmaceutical formulations containing the thera 
peutic agents of the invention can be prepared by procedures 
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known in the art using well known and readily available 
ingredients. The therapeutic agents of the invention can also 
be formulated as Solutions appropriate for parenteral admin 
istration, for instance by intramuscular, Subcutaneous or 
intravenous routes. 

0.175. The pharmaceutical formulations of the therapeutic 
agents of the invention can also take the form of an aqueous 
or anhydrous Solution or dispersion, or alternatively the 
form of an emulsion or Suspension. 
0176 Thus, the therapeutic agent may be formulated for 
parenteral administration (e.g., by injection, for example, 
bolus injection or continuous infusion) and may be pre 
Sented in unit dose form in ampules, pre-filled Syringes, 
Small volume infusion containers or in multi-dose containers 
with an added preservative. The active ingredients may take 
Such forms as Suspensions, Solutions, or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents Such 
as Suspending, Stabilizing and/or dispersing agents. Alter 
natively, the active ingredients may be in powder form, 
obtained by aseptic isolation of sterile solid or by lyophiliza 
tion from Solution, for constitution with a Suitable vehicle, 
e.g., Sterile, pyrogen-free water, before use. 
0177. It will be appreciated that the unit content of active 
ingredient or ingredients contained in an individual aeroSol 
dose of each dosage form need not in itself constitute an 
effective amount for treating the particular indication or 
disease Since the necessary effective amount can be reached 
by administration of a plurality of dosage units. Moreover, 
the effective amount may be achieved using less than the 
dose in the dosage form, either individually, or in a Series of 
administrations. 

0.178 The pharmaceutical formulations of the present 
invention may include, as optional ingredients, pharmaceu 
tically acceptable carriers, diluents, Solubilizing or emulsi 
fying agents, and Salts of the type that are well-known in the 
art. Specific non-limiting examples of the carriers and/or 
diluents that are useful in the pharmaceutical formulations of 
the present invention include water and physiologically 
acceptable buffered Saline Solutions Such as phosphate buff 
ered saline solutions pH 7.0-8.0. Saline solutions and water. 
0179 The invention will now be illustrated by the fol 
lowing non-limiting Examples. 

EXAMPLE 1. 

siRNA-Mediated Silencing of Genes Using Viral 
Vectors 

0180. In this Example, it is shown that genes can be 
Silenced in an allele-Specific manner. It is also demonstrated 
that viral-mediated delivery of siRNA can specifically 
reduce expression of targeted genes in various cell types, 
both in vitro and in Vivo. This Strategy was then applied to 
reduce expression of a neurotoxic polyglutamine disease 
protein. The ability of viral vectors to transduce cells effi 
ciently in Vivo, coupled with the efficacy of Virally expressed 
siRNA shown here, extends the application of siRNA to 
Viral-based therapies and in Vivo targeting experiments that 
aim to define the function of Specific genes. 
0181 Experimental Protocols 
0182 Generation of the expression cassettes and viral 
vectors. The modified CMV (mCMV) promoter was made 
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by PCR amplification of CMV by primers 5'-AAGGTAC 
CAGATCTTAGTTATTAATAGTAATCAATTACGG-3' 

(SEQ ID NO:1) and 5'-GAATCGATGCATGCCTC 
GAGACGGTTCACTAAACCAGCTCTGC-3' (SEQ ID 
NO:2) with peGFPN1 plasmid (purchased from Clontech, 
Inc) as template. The mGMV product was cloned into the 
KpnI and ClaI sites of the adenoviral shuttle vector 
pAd5KnpA, and was named pmCMVknpA. To construct the 
minimal polyA cassette, the oligonucleotides, 5'-CTA 
GAACTAGTAATAAAGGATCCTT. 
TATTTTCATTGGATCCGTGTGTTGG TTTTTTGTGT 
GCGGCCGCG-3' (SEQ ID NO:3) and 
5'-TCGACGCGGCCGCACACAAAAAACCAA 
CACACGGATCC AATGAAAATAAAGGATCCTTTAT 
TACTAGTT3' (SEQ ID NO:4), were used. The oligonucle 
otides contain Spel and Sail sites at the 5' and 3' ends, 
respectively. The Synthesized poly Acassette was ligated into 
Spe, Sal/digested pmCMVKnpA. The resultant shuttle 
plasmid, pm CMVmpA was used for construction of head 
to-head 21 bp hairpins of eGFP (bp 418 to 438), human 
f-glucuronidase (bp 649 to 669), mouse f3-glucuronidase 
(bp 646 to 666) or E. coli B-galactosidase (bp 1152-1172). 
The eGFP hairpins were also cloned into the Ad shuttle 
plasmid containing the commercially available CMV pro 
moter and polyA cassette from SV40 large T antigen (pCM 
VsiGFPX). Shuttle plasmids were co-transfected into 
HEK293 cells along with the adenovirus backbones for 
generation of full-length Ad genomes. Viruses were har 
Vested 6-10 days after transfection and amplified and puri 
fied as described (Anderson 2000). 
0183) Northern blotting. Total RNA was isolated from 
HEK293 cells transfected by plasmids or infected by aden 
oviruses using TRIZOL(RReagent (InvitrogenTM Life Tech 
nologies, Carlsbad, Calif.) according to the manufacturers 
instruction. RNAS (30 ug) were separated by electrophoresis 
on 15% (wt/vol) polyacrylamide-urea gels to detect tran 
Scripts, or on 1% agarose-formaldehyde gel for target 
mRNAS analysis. RNAS were transferred by electroblotting 
onto hybond N+ membrane (Amersham Pharmacia Bio 
tech). Blots were probed with P-labeled sense (5-CA 
CAAGCTGGAGTACAACTAC-3' (SEQ ID NO:5)) or anti 
sense (5'-GTACTTGTACTCCAGCTTTGTG-3' (SEQ ID 
NO:6)) oligonucleotides at 37° C. for 3 h for evaluation of 
siRNA transcripts, or probed for target mRNAS at 42 C. 
overnight. Blots were washed using Standard methods and 
exposed to film overnight. In vitro Studies were performed 
in triplicate with a minimum of two repeats. 
0184. In vivo studies and tissue analyses. Mice were 
injected into the tail vein (n=10 per group) or into the brain 
(n=6 per group) as described previously (Stein 1999) with 
the virus doses indicated. Animals were Sacrificed at the 
noted times and tissues harvested and Sections or tissue 
lysates evaluated for B-glucuronidase expression, eGFP 
fluorescence, or P-galactosidase activity using established 
methods (Xia 2001). Total RNA was harvested from trans 
duced liver using the methods described above. 
0185 Cell Lines. PC12 tet off cell lines (Clontech Inc., 
Palo Alto, Calif.) were stably transfected with a tetracycline 
regulatable plasmid into which was cloned GFPQ19 or 
GFPQ80 (Chai 1999a). For GFP-Q80, clones were selected 
and clone 29 chosen for regulatable properties and inclusion 
formation. For GFP-O19 clone 15 was selected for unifor 
mity of GFP expression following gene expression induc 
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tion. In all Studies 1.5 lug/ml dox was used to repress 
transcription. All experiments were done in triplicate and 
were repeated 4 times. 
0186 Results and Discussion 
0187 To accomplish intracellular expression of siRNA, a 
21-bp hairpin representing Sequences directed against eGFP 
was constructed, and its ability to reduce target gene expres 
Sion in mammalian cells using two distinct constructs was 
tested. Initially, the siRNA hairpin targeted against eGFP 
was placed under the control of the CMV promoter and 
contained a full-length SV-40 polyadenylation (polyA) cas 
sette (pCMVsiGFPx). In the second construct, the hairpin 
was juxtaposed almost immediate to the CMV transcription 
start site (within 6 bp) and was followed by a synthetic, 
minimal polyA cassette (FIG. 1A, pmCMVsiGFPmpA) 
(Experimental Protocols), because we reasoned that func 
tional siRNA would require minimal to no overhangs 
(Caplan 2001; Nykanen 2001). Co-transfection of pmCM 
VsiGFPmpA with pEGFPN1 (Clontech Inc) into HEK293 
cells markedly reduced eGFP fluorescence (FIG. 1C). pmC 
MVsiGFPmp A transfection led to the production of an 
approximately 63 bp RNA specific for eGFP (FIG. 1D), 
consistent with the predicted size of the siGFP hairpin 
containing transcript. Reduction of target mRNA and eGFP 
protein expression was noted in pm CMVsiGFPmpA-trans 
fected cells only (FIG. 1E, F). In contrast, eGFP RNA, 
protein and fluorescence levels remained unchanged in cells 
transfected with pEGFPN1 and pCMVsiGFPx (FIG. 1E, 
G), pEGFPN1 and pCMVsiBglucmpA (FIG. 1E, F, H), or 
pEGFPN1 and pCMVsi?galmp A, the latter expressing 
siRNA against E. coli B-galactosidase (FIG. 1E). These data 
demonstrate the specificity of the expressed siRNAs. 
0188 Constructs identical to pm CMVsiGFPmpA except 
that a Spacer of 9, 12 and 21 nucleotides was present 
between the transcription Start Site and the 21 bp hairpin 
were also tested. In each case, there was no Silencing of 
eGFP expression (data not shown). Together the results 
indicate that the spacing of the hairpin immediate to the 
promoter can be important for functional target reduction, a 
fact supported by recent studies in MCF-7 cells (Brum 
melkamp 2002). 
0189 Recombinant adenoviruses were generated from 
the siGFP (pmCMVsiGFPmpA) and si?3gluc (pmCMVsio 
glucmpA) plasmids (Xia 2001; Anderson 2000) to test the 
hypothesis that virally expressed siRNA allows for dimin 
ished gene expression of endogenous targets in vitro and in 
Vivo. HeLa cells are of human origin and contain moderate 
levels of the Soluble lysosomal enzyme B-glucuronidase. 
Infection of HeLa cells with Viruses expressing Sigluc 
caused a specific reduction in human B-glucuronidase 
mRNA (FIG. 11) leading to a 60% decrease in B-glucu 
ronidase activity relative to siCFP or control cells (FIG.1J). 
Optimization of siRNA sequences using methods to refine 
target mRNA accessible sequences (Lee 2002) could 
improve further the diminution of B-glucuronidase transcript 
and protein levels. 

0190. The results in FIG. 1 are consistent with earlier 
work demonstrating the ability of synthetic 21-bp double 
Stranded RNAS to reduce expression of target genes in 
mammalian cells following transfection, with the important 
difference that in the present studies the siRNA was synthe 
sized intracellularly from readily available promoter con 
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Structs. The data Support the utility of regulatable, tissue or 
cell-specific promoters for expression of siRNA when Suit 
ably modified for close juxtaposition of the hairpin to the 
transcriptional Start Site and inclusion of the minimal polyA 
Sequence containing cassette (see, Methods above). 
0191) To evaluate the ability of virally expressed siRNA 
to diminish target-gene expression in adult mouse tissues in 
vivo, transgenic mice expressing eGFP (Okabe 1997) were 
injected into the striatal region of the brain with 1x107 
infectious units of recombinant adenovirus vectors express 
ing siGFP or control sigluc. Viruses also contained a dsRed 
expression cassette in a distant region of the virus for 
unequivocal localization of the injection Site. Brain Sections 
evaluated 5 days after injection by fluorescence (FIG. 2A) 
or western blot assay (FIG.2B) demonstrated reduced eGFP 
expression. Decreased eGFP expression was confined to the 
injected hemisphere (FIG. 2B). The in vivo reduction is 
promising, particularly Since transgenically expressed eGFP 
is a stable protein, making complete reduction in this short 
time frame unlikely. Moreover, evaluation of eGFP levels 
was done 5 days after injection, when inflammatory changes 
induced by the adenovirus vector likely enhance transgenic 
eGFP expression from the CMV enhancer (Ooboshi 1997). 
0.192 It was next tested whether virus mediated siRNA 
could decrease expression from endogenous alleles in Vivo. 
Its ability to decrease B-glucuronidase activity in the murine 
liver, where endogenous levels of this relatively stable 
protein are high, was evaluated. Mice were injected via the 
tail vein with a construct expressing murine-Specific Sigluc 
(AdsiMu?gluc), or the control viruses Adsif gluc (specific 
for human f-glucuronidase) or Adsifgal. Adenoviruses 
injected into the tail vein transduced hepatocytes as shown 
previously (Stein 1999). Liver tissue harvested 3 days later 
showed specific reduction of target B-glucuronidase RNA in 
AdsiMu?gluc treated mice only (FIG. 2C). Fluorometric 
enzyme assay of liver lysates confirmed these results, with 
a 12% decrease in activity from liver harvested from 
AdSiMu?gluc injected mice relative to Adsifgal and 
Adsif gluc treated ones (p<0.01, n=10). Interestingly, 
Sequence differences between the murine and human siRNA 
constructs are limited, with 14 of 21 bp being identical. 
These results confirm the specificity of virus mediated 
SiRNA, and indicate that allele-Specific applications are 
possible. Together, the data are the first to demonstrate the 
utility of SiRNA to diminish target gene expression in brain 
and liver tissue in Vivo, and establish that allele-Specific 
silencing in vivo is possible with siRNA. 
0.193) One powerful therapeutic application of siRNA is 
to reduce expression of toxic gene products in dominantly 
inherited diseases Such as the polyglutamine (poly Q) neu 
rodegenerative disorders (Margolis 2001). The molecular 
basis of polyO diseases is a novel toxic property conferred 
upon the mutant protein by polyO expansion. This toxic 
property is associated with disease protein aggregation. The 
ability of virally expressed siRNA to diminish expanded 
polyO protein expression in neural PC-12 clonal cell lines 
was evaluated. Lines were developed that express tetracy 
cline-repressible eGFP-polyglutamine fusion proteins with 
normal or expanded glutamine of 19 (eGFP-Q19) and 80 
(eGFP-Q80) repeats, respectively. Differentiated, eGFP 
Q19-expressing PC12 neural cells infected with recombi 
nant adenovirus expressing SiGFP demonstrated a specific 
and dose-dependent decrease in eGFP-Q19 fluorescence 
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(FIG. 3A, C) and protein levels (FIG. 3B). Application of 
Adsigluc as a control had no effect (FIG. 3A-C). Quanti 
tative image analysis of eGFP fluorescence demonstrated 
that siCFP reduced GFPQ19 expression by greater than 96% 
and 93% for 100 and 50 MOI respectively, relative to control 
siRNA (FIG. 3C). The multiplicity of infection (MOI) of 
100 required to achieve maximal inhibition of eGFP-Q19 
expression results largely from the inability of PC12 cells to 
be infected by adenovirus-based vectors. This barrier can be 
overcome using AAV- or lentivirus-based expression SyS 
tems (Davidson 2000; Brooks 2002). 
0194 To test the impact of siRNA on the size and number 
of aggregates formed in eGFP-Q80 expressing cells, differ 
entiated PC-12?eGFP-Q80 neural cells were infected with 
AdsiGFP or Adsigluc 3 days after doxycycline removal to 
induce GFP-Q80 expression. Cells were evaluated 3 days 
later. In mock-infected control cells (FIG. 4A), aggregates 
were very large 6 days after induction as reported by others 
(Chai 1999a; Moulder 1999). Large aggregates were also 
seen in cells infected with Adsigluc (FIG. 4B), AdsiGFPx, 
(FIG. 4C, siRNA expressed from the normal CMV pro 
moter and containing the SV40 large T antigen polyadeny 
lation cassette), or Adsipgal (FIG. 4D). In contrast, polyO 
aggregate formation was significantly reduced in AdsiCFP 
infected cells (FIG. 4E), with fewer and smaller inclusions 
and more diffuse eGFP fluorescence. AdsiCFP-mediated 
reduction in aggregated and monomeric GFP-Q80 was veri 
fied by Western blot analysis (FIG. 4F), and quantitation of 
cellular fluorescence (FIG. 4G). AdsiGFP caused a dramatic 
and specific, dose-dependent reduction in eGFP-Q80 
expression (FIG. 4F, G). 
0.195. It was found that transcripts expressed from the 
modified CMV promoter and containing the minimal polyA 
cassette were capable of reducing gene expression in both 
plasmid and viral vector systems (FIGS. 1-4). The place 
ment of the hairpin immediate to the transcription Start Site 
and use of the minimal polyadenylation cassette was of 
critical importance. In plants and Drosophila, RNA interfer 
ence is initiated by the ATP-dependent, processive cleavage 
of long dsRNA into 21-25 bp double-stranded siRNA, 
followed by incorporation of siRNA into a RNA-induced 
Silencing complex that recognizes and cleaves the target 
(Nykänen 2001; Zamore 2000; Bernstein 2001; Hamilton 
1999; Hammond 2000). Viral vectors expressing siRNA are 
useful in determining if Similar mechanisms are involved in 
target RNA cleavage in mammalian cells in Vivo. 
0196. In Summary, these data demonstrate that siRNA 
expressed from Viral vectors in vitro and in Vivo Specifically 
reduce expression of Stably expressed plasmids in cells, and 
endogenous transgenic targets in mice. Importantly, the 
application of Virally expressed siRNA to various target 
alleles in different cells and tissues in vitro and in vivo was 
demonstrated. Finally, the results show that it is possible to 
reduce polyglutamine protein levels in neurons, which is the 
cause of at least nine inherited neurodegenerative diseases, 
With a corresponding decrease in disease protein aggrega 
tion. The ability of viral vectors based on adeno-associated 
virus (Davidson 2000) and lentiviruses (Brooks 2002) to 
efficiently transduce cells in the CNS, coupled with the 
effectiveness of virally-expressed siRNA demonstrated here, 
extends the application of siRNA to viral-based therapies 
and to basic research, including inhibiting novel ESTs to 
define gene function. 
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EXAMPLE 2 

siRNA Specific for Huntingtin's Disease 
0197) The present inventors have developed huntingtin 
SiRNA focused on two targets. One is non-allele Specific 
(siHDexon2), the other is targeted to the exon 58 codon 
deletion, the only known common intragenic polymorphism 
in linkage dysequilibirum with the disease mutation 
(Ambrose et al., 1994). Specifically, 92% of wild type 
huntingtin alleles have four GAGs in exon 58, while 38% of 
HD patients have 3 GAGs in exon 58. To assess a siRNA 
targeted to the intragenic polymorphism, PC6-3 cells were 
transfected with a full-length huntingtin containing the exon 
58 deletion. Specifically, PC6-3 rat pheochromocytoma cells 
were co-transfected with CMV-human Htt (37Os) and U6 
siRNA hairpin plasmids. Cell extracts were harvested 24 
hours later and western blots were performed using 15 lug 
total protein extract. Primary antibody was an anti-hunting 
tin monoclonal antibody (MAB2166, Chemicon) that reacts 
with human, monkey, rat and mouse Htt proteins. 
0198 As seen in FIG. 5, the siRNA lead to silencing of 
the disease allele. As a positive control, a non-allele Specific 
SiRNA targeted to eXOn 2 of the huntingtin gene was used. 
siRNA directed against GFP was used as a negative control. 
It was noted that six58#2 functional. The sequence for 
siEX58#2 is the following: 5'-AAGAGGAGGAGGC 
CGACGCCC-3' (SEQ ID NO:17). siEX58#1 was only 
minimally functional. 

EXAMPLE 3 

siRNA Specific for SCA1 
0199 Spinocerebellar ataxia type 1 (SCA1) is a domi 
nantly inherited, progressive neurodegenerative disease 
caused by an expanded polyglutamine tract in ataxin-1. 
SCA1 is one of at least nine neurodegenerative diseases 
caused by polyglutamine expansion, which includes Hun 
tington's disease (HD) and several other ataxias (Orr 1993, 
Zoghbi 1995). SCA1 is characterized by progressive ataxia, 
cerebellar atrophy, and loss of cerebellar Purkinje cells and 
brainstem neurons. A feature common to all polyglutamine 
diseases, and many other neurodegenerative diseases, is the 
formation of intracellular aggregates containing the disease 
protein, molecular chaperones, and components of the ubiq 
uitin-proteasome pathway (Orr 1993, Zoghbi 1995). In 
SCA1, as in many other poly Q diseases, the inclusions are 
intranuclear (Skinner 1997). 
0200 Disease allele expansion ranges from 44 to 82 
glutamines in SCA1, with repeat length inversely correlated 
to age of disease onset (Zoghbi 1995). Work in Drosophila 
models and transgenic mice demonstrate that the expansion 
confers a toxic gain of function on ataxin-1 (Fernandez 
Funez 2000, Burright 1995, Klement 1998). Recent work 
has also shown that phosphorylation of serine 776 of 
ataxin-1 by AKT, but not nuclear aggregation, is required for 
SCA1 pathogenesis (Emamian 2003, Chen 2003). Together, 
work in these model organisms has identified manipulation 
of molecular chaperones, or inhibition of AKT phosphory 
lation of ataxin-1, as potential therapeutic routes (Fernan 
dez-Funez 2000, Emamian 2003, Cummings 1998). As yet, 
however, there is no effective therapy for SCA1 or the other 
dominant neurodegenerative diseases caused by poly 
glutamine expansion. 
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0201 Inhibition of mutant allele expression provides a 
direct approach to SCA1 therapy. In past years, antisense- or 
ribozyme-based techniques held promise in culture Systems, 
but proved difficult to translate to animal models. More 
recently, gene Silencing through RNA interference (RNAi) 
has emerged as a powerful method to reduce target gene 
expression in cell culture and, importantly, in brain (Caplen 
2002, Miller 2003, Xia 2002, Davidson 2004). In the present 
experiments, the inventors tested whether the introduction of 
viral vectors expressing short hairpin RNAs (shRNAs) 
directed against the transgenic human mutant ataxin-1 gene 
would reduce pathology and ataxia in a mouse SCA1 model. 

0202 Vector construction and in vitro screening. Differ 
ent target sites (F1 to F11) were made based on the 2.4 kb 
human ataxin-1 ORF (gene accession number: X79204). 
Sites were as follows: F1, bp 144-64; F2 bp 576-96; F3, bp 
679-99; F4, 1334–54; F5, bp 490-510; F6, bp 2250-70; F7, 
bp 18-38; F8, bp 863-82; F9, bp 1876-96; F10, bp574–94; 
F11, bp 670-90. E. coli B-galactosidase (bp 1152–1172) was 
used as control shRNA. Hairpins with loops 5'-ACTAGT-3' 
(SEQ ID NO:15), or 5'-CTTCCTGTCA-3' (SEQ ID NO:16) 
from mir23, were cloned into Vectors containing the human 
U6 promoter, or the modified CMV promoter, by a two-step 
method as previously described (Xia 2002). 
0203 Flag-tagged ataxin-1 with normal (30O) or 
expanded (82O) polyglutamine regions were cloned into the 
AAV Shuttle plasmid for testing hairpin Silencing. Plasmids 
expressing hairpins and plasmids expressing ataxin-1 Were 
co-transfected into HEK 293 cells or PC6-3 cells (4:1 ratio, 
hairpin to target), and cells lysed 48 to 72 h later. Western 
blots with anti-Flag were done to assess ataxin-1 levels. 
Actin was used a loading control. 

0204 Quantitative RT-PCR. HEK293 cells were trans 
fected (Lipofectamine-2000, Invitrogen) with shLacZ, 
shScal.F10 (571-592, Sca1-shSCA1.F10, 5'-GGACA 
CAAGGCTGAGCAGCAG-3' (SEQ ID NO:13)), or 
shScal.F11 (595-615, HSca1-shSCA1.F11, 5'-CAGCAG 
CACCTCAGCAGGGCTGCAGGATTAGT 

CAACCACCTCAGCAGGG CT-3' (SEQ ID NO:14)) and a 
human Scal expression plasmid in 2:1, 4:1, or 8:1 molar 
ratios of shRNA:Scal. RNA was harvested 24 hours post 
transfection using Trizol reagent (Invitrogen). Following 
DNase treatment (DNA-free, Ambion), random-primed, 
first-strand cDNA was generated from 1 mg total RNA 
(Taqman Reverse Transcription Reagents, Applied BioSys 
tems) according to the manufacturer's protocol. cDNA was 
diluted four-fold and then used as template for real-time 
PCR. Taqman Assays were performed on an ABI Prism 7000 
Sequence Detection System using Taqman 2x Universal 
PCR Master Mix (Applied Biosystems) and Applied Bio 
Systems ASSayS-on-Demand Taqman primerS/probe Sets Spe 
cific for human Scal and mammalian rRNA. Relative gene 
expression was determined using the relative Standard curve 
method (Applied Biosystems User Bulletin #2). Human Scal 
expression levels were normalized to rRNA levels and all 
Samples were calibrated to the shLacZ 8:1 Sample. 
0205 AAV vectors. pAAVshLacZ and pAAVshSCA1 
contain human U6 driven hairpins and CMV-hrGFP-SV40 
polyA expression cassettes cloned between two AAV2 ITR 
Sequences. Flanking the AAV provirus are left and right arm 
Sequences from the Baculovirus Autographa californica, 
which are used to generate recombinant Bacmid DNA 
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through homologous recombination in E. coli. Recombinant 
Baculovirus were generated as described in the Bac-to-Bac 
Baculovirus Expression System (InVitrogen), and AAV 
virus was purified as described in Urabe et al (Urabe 2002). 
AAV titers were determined by DNA slot blot using an 
hrGFP-specific radiolabeled probe. 
0206 AAV injections. Injections into cerebella were as 
described by Alisky et al. (Alisky 2000), except that injec 
tions were administered 1 mm lateral to the midline, with a 
total of 3 ul injected into three Separate Sites. Transduction 
was targeted to midline lobules IV/V, with transduction 
Spreading anterior-posterior to lobules III and VI, respec 
tively. Virus titers were ~1x1012 vector genomes/ml as 
assessed by Q-PCR. 
0207 Northern Analysis. Total RNA was isolated using 
TRIZOL(R) Reagent (InVitrogenTM Life Technologies, Carls 
bad, Calif.) according to the manufacturer's instructions. 
RNAS (30 mg) were separated by electrophoresis on 15% 
(wt/vol) polyacrylamide-urea gels to detect transcripts. 
RNAS were transferred by electroblotting onto Hybond N-- 
membranes (Amersham Pharmacia Biotech). Blots were 
probed with 32P-labeled sense oligonucleotides at 36 C. for 
3 h for evaluation of transcripts. Blots were washed in 
2xSSC twice for 15 min at 36 C. and exposed to film 
overnight (Miyagishi 2002). 
0208 Immunohistochemistry and quantitation. Mice 
were perfused and fixed overnight with 4% paraformalde 
hyde in 0.2M phosphate buffer (pH 7.4). Tissues were 
cryoprotected by immersion in 25%. Sucrose and frozen in 
O.C.T. compound (Sakura Finetek U.S.A. Inc, Torrance, 
Calif.). Sagittal cryostat sections (10 um) were cut and 
mounted onto gelatin-coated slides. For calbindin Staining, 
no unmasking procedure was used. Ataxin-1 Staining was 
done as described (Skinner 1997). Sections were analyzed 
using a Leica DM RBE and images acquired with a SPOT 
RT camera and associated Software (Diagnostics Instru 
ments, Sterling Heights, Mich.). Measurement of molecular 
layer thickneSS and quantitation of Purkinje cells were done 
using BioOuant system software (R & M Biometrics, Nash 
ville, Tenn.) (Williams 1988). 
0209 Rotarod analysis. The Rotarod (Ugo Basile Bio 
logical Research Apparatus, model 7650) was used for these 
studies. Five-week-old mice were habituated on the rotarod 
for 4 min, and then tested for 4 consecutive days, 4 trials per 
day (~30 minutes rest between trial). Mice were retested two 
weeks after intracerebellar injection, and every two weeks 
until Sacrifice at 16 wkS. Additional groups of animals were 
tested out to 20 weeks. For each trial, the rod was acceler 
ated from 4 to 40 rpm over 5 min, then maintained at 40 rpm 
until trial completion. Latency to fall (or if they hung on or 
rotated for two consecutive rotations without running) was 
recorded for each mouse. Any mouse remaining on the 
apparatus for 500 sec. was removed and scored as 500 sec. 
0210 Results 
0211 Optimization of ataxin-1-targeting shRNAS 
0212 To accomplish RNAi for ataxin-1, the inventors 
developed short hairpins (shRNA) directed to the human 2.4 
kb ataxin-1 cDNA for primary screening in vitro. Short 
hairpin RNA (shRNA)-expressing plasmids were co-trans 
fected into HEK 293 cells with ataxin-1 (FLAG-tagged) 
expression plasmids. Candidate hairpin Sequences expressed 
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from pol III (human U6; hU6) and pol II (modified CMV; 
mCMV) (Xia 2002) promoters were tested. The initial 
Screen of hairpins directed against ataxin-1 Sequences dis 
persed along the ataxin-2 cDNA (FIG. 6A) was unsuccess 
ful regardless of promoter (0 of 4 tested). An expanded 
evaluation identified two constructs (shSCA1.F10 and 
shSCA1.F11; 2 of 7 tested) that reduced RNA levels up to 
80% and ataxin-1 protein levels by 50-60% (FIG. 6B, 6C). 
Q-PCR analysis showed that shSCA1.F10- and 
shSCA1.F11-mediated silencing of the ataxin-1 transcript 
was dose dependent (FIG. 6C). To determine if shSCA1s 
were functional in neural cells the inventors used PC6-3 
cells, a PC-12 cell derivative that displays more uniform 
neuronal phenotypes (Pittman 1993). PC6-3 cells were 
transfected with AAV shuttle vectors expressing 
shSCA1.F10, shSCA1.F11, or control shRNAS, and silenc 
ing of ataxin-1 expression was assessed by Western blot. 
Interestingly, mCMV-expressed shSCA1.F11 appeared 
more efficient than the same construct expressed from the 
hU6 promoter (FIG. 6D). 
0213. A recent study by Kawasaki and colleagues 
(Kawasaki 2003) suggested that one caveat of Pol III-based 
promoters for expressing shRNAS is inefficient export of 
transcripts to the cytoplasm. Replacement of the loop Struc 
ture of their shRNAS with those derived from endogenously 
expressed miRNAS improved nuclear export and gene 
silencing (Kawasaki 2003). To test if similar modifications 
improved Pol III-directed expression of shRNAS for 
ataxin-1 silencing, the loops of hairpins from shSCA1. F10 
and shSCA1.F11, (originally 5'-ACTAGT3' (SEQ ID 
NO:15)), were replaced with the loop from miR23 (5'- 
CTTCCTGTCA-3' (SEQ ID NO:16); designated F10mi). 
While there was no effect of the miRNA loop on CMV 
shRNA-based silencing (not shown), miR23 loops improved 
the silencing activity of Pol III-expressed shSCA1. F10 and 
shSCA1.F11 against normal human ataxin-1 (FIG. 6E) and 
importantly, human ataxin-1 with an 82O expansion (FIG. 
6F). 
0214) Effects of shSCA1 on Motor Coordination in SCA1 
Transgenic Mice 

0215. The inventors next generated recombinant adeno 
associated virus Serotype 1 (AAV1) expressing 
shSCA1.F10mi and shSCA1.F11 mi to evaluate hairpin effi 
cacy in the transgenic mouse model of SCA1 (denoted 
AAVshSCA1.F10mi or AAVshSCA1.F11 mi). The virus was 
also engineered to express the hrGFP reporter for detection 
of transduced cells (FIG. 7A). In SCA1 mice, transgenic 
human disease allele (ataxin-1-Q82) expression is confined 
to the cerebellar Purkinje cells by PCP-2, a Purkinje cell 
specific promoter (Burright 1995, Clark 1997). Thus the 
inventors initially tested AAV1's ability to transduce 
Purkinje cells, Since its transduction profile in cerebella was 
unknown. As shown in FIG. 7B, AAVshSCA1 readily 
transduces Purkinje cells. Northern blot of RNA harvested 
from cerebella 10 days after viral injection also showed that 
shRNAS are expressed in vivo (FIG. 7C). The fast expres 
Sionkinetics from AAV1 is similar to AAVserotype 5, which 
also shows tropism for Purkinje cells (Alisky 2000). 
0216 Heterozygous SCA1 transgenic mice display many 
of the characteristics of human SCA1, including progressive 
ataxia, Purkinje cell degeneration, and thinning of cerebellar 
molecular layers. The rotarod test for motor performance is 
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a valid indicator of the progressive ataxia; proper foot 
placement in response to a changing environment (i.e., the 
rotating rod) challenges the cerebellum. To determine the 
effects of AAVshSCA1, or AAVs expressing control hairpins 
(AAVshLacz), on the ataxic phenotype, mice were analyzed 
for baseline rotarod performance, followed by injection at 7 
weeks of age with shRNA-expressing viruses into midline 
cerebellar lobules. Rotorod analyses were repeated every 
two weeks until sacrifice. Mock-transduced animals (Saline 
injection) were also assessed. The data in FIG. 7D demon 
Strate that transduction with Viruses expressing 
shSCA1.F10mi, but not shLacZ, significantly improves 
SCA1 mice motor performance. Also of note is the obser 
vation that expression of shsCA1.F10mi did not negatively 
affect the rotarod performance of wildtype mice, indicating 
that intracellular expression of shRNAS is not overtly toxic 
to Purkinje cells. 

0217 Improved Neuropathology in shSCA1-Expressing 
Purkinje Cells 

0218. The inventors next tested if the improved rotarod 
performance was attributable to improvements in neuropa 
thology. The progressive pathological changes in SCA1 
transgenic mice have been well characterized, and include 
intranuclear inclusions of ataxin-1, Purkinje cell dendritic 
pruning, Purkinje cell loSS and concomitant thinning of the 
cerebellar molecular layer (Burright 1995). 

0219) Cerebellar lobules from SCA1 and wildtype mice 
injected with AAVshLacZ or AAVshSCA1 were evaluated 
for hrGFP expression and calbindin staining to assess if 
ShSCA1 reduced the progressive thinning of the molecular 
layer in SCA1 transgenic mice. FIG. 8A shows represen 
tative Sections from Virus-injected mice cerebella. The jux 
taposition of untransduced regions (hrGFP-) to transduced 
ones (hrGFP+) allowed for direct comparisons of the effects 
of shsCA1. Calbindin staining remained robust in hrGFP+ 
molecular layers from SCA1 transgenic mice treated with 
AAVshSCA1, but was notably diminished in untransduced 
areas. HrGFP+ molecular layers from SCA1 transgenic mice 
injected with AAVshLacZ showed reduced calbindin stain 
ing, indistinguishable from untransduced layers. In wildtype 
mice injected with AAVshSCA1 (FIG. 8A), AAVshLacZ or 
Saline (not shown), calbindin Staining was uniform in all 
regions examined. The data show that shSCA1-mediated 
improvements are confined to transduced neurons. 

0220 Molecular layer widths were quantified in wildtype 
mice and SCA1 transgenic mice treated with AAV. FIG. 8B 
confirms the morphological observation that expression of 
shRNAS did not affect the molecular layers of wildtype 
mice. The data also show that molecular layer widths in 
hrGFP+ regions from shSCA1-treated SCA1 mice (162 
Almt16) are indistinguishable from wildtype controls 
(untransduced, 158 um+20, AAVshSCA1 treated, 156 
Alm-20), in contrast to the markedly thinned molecular layer 
in SCA1 mice given AAVshLacZ (109 um+12), or mock 
injected (109 umi-11). 

0221) The inventors next determined the effects of 
AAVshSCA1 on human ataxin-1 expression and the forma 
tion of ataxin-1 nuclear inclusions. In cerebella from SCA1 
mice harvested 1 week after injection of AAVshSCA1. F10 
or AAVshSCA1.F11, ataxin-1 immuno-reactivity was mark 
edly reduced in transduced (hrCFP+) relative to non-trans 



US 2005/0042646 A1 

duced (GFP-) cells (FIG. 9). There was no effect of 
transduction on ataxin-1 levels in mock or AAVshLacZ 
treated SCA1 mice. 

0222 Prior work in the Orr and Zoghbi laboratories 
(Clark 1997) established that mutant ataxin-1 forms single 
intranuclear inclusions in ~50% of Purkinje cells at 16 
weeks of age. In tissues from SCA1 mice harvested 9 weeks 
after injection of Saline or AAVshLacZ, ataxin-1 immunof 
luorescence (IF) was robust and present throughout Purkinje 
cell nuclei. The inventors found punctate intranuclear inclu 
sions in 49% of cells (FIG. 10A left panels; FIG. 10B top 
panel), independent of their transduction status. In contrast, 
transduced (hrGFP+) cells from AAVshSCA1 treated mice 
displayed greatly diminished ataxin-1 nuclear Staining, with 
complete resolution of inclusions in transduced cells (FIGS. 
10A, 10B and FIG. 11). 
0223) Discussion 
0224. The present results demonstrate in vivo efficacy of 
RNAi and support the utility of RNAi gene therapy for 
SCA1 and other polyglutamine neurodegenerative diseases. 
In the SCA1 mouse model, cerebellar delivery of AAV1 
vectors expressing ataxin-1-targeting shRNAS reduced 
ataxin-1 expression in Purkinje cells, improved motor per 
formance and normalized the cerebellar pathology in trans 
duced regions. In these Studies, the inventors directed deliv 
ery to midline cerebellar lobules because of their importance 
in axial and gait coordination in mammals. In tissues har 
vested 9 weeks after injection, the inventors found near 
100% transduction of targeted lobules, with a transduction 
efficiency of 5-10% of all cerebellar Purkinje cells. This 
Supports that directed correction could have a major impact 
on human disease characteristics. 

0225 SCA1 mice show progressive neurodegenerative 
disease Similar to SCA1 patients. In recent work using an 
inducible mouse model of SCA1, reversal of disease phe 
notypes was more difficult as the disease progressed, Sug 
gesting that earlier treatments will be more beneficial (Zu 
2004). In the inducible SCA1 model, inhibition of mutant 
ataxin-1 expression at Week 12 led to rotarod performance 
improvements. 

0226. The intranuclear, ataxin-1 inclusions are character 
istic of SCA1 patient brain tissue and SCA1 mice cerebellar 
Purkinje cells (Burright 1995). The inventors found com 
plete resolution of inclusions in transduced cells, which 
correlated with improved neuropathology. In the inducible 
SCA1 model, inclusions resolved several days after inhibi 
tion of mutant allele expression. AAV1 expressed shRNAS 
reduced mutant ataxin-1 expression as early as one week 
after introduction of vector, indicating that shSCA1-medi 
ated inhibition of ataxin-1 (Q82) expression could improve 
disease-associated neuropathological changes almost imme 
diately after gene transfer. 

0227. In the inventors initial in vitro screen, it was 
difficult to identify effective shRNAS for ataxin-1 silencing. 
The two functional shRNAS discovered by the inventors 
flanked the CAG repeat region. The generalizability of this 
finding was tested in Studies targeting a mutant huntingtin 
and found that the CAG-repeat expansion in huntingtin did 
not confer accessibility to RNAi. Interestingly, shRNAS 
shSca1.F10 and shSCA.F11 adhere less well to the model 
criteria (Reynolds 2004) than those that did not reduce 
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ataxin-1 expression. This Suggests the potential requirement 
for Screening many hairpins (perhaps up to 20) prior to 
identifying one Suitably potent for gene Silencing. 
0228. Heterozygous SCA1 mice provide a tool for allele 
Specific Silencing of the disease gene; SCA1 mice retain two 
wildtype ataxin-1 genes in addition to the human disease 
transgene. In SCA1 patients, however, shsCA1 would target 
both the disease and the wildtype allele. For SCA1 this may 
not be problematic because ataxin-1 knock out mice do not 
display cerebellar or brainstem pathology and have only 
mild ataxia measured by rotarod performance. Moreover, 
shRNAS probably do not reduce mRNA and protein levels to 
Zero. The Significant but non-ablative reduction of ataxin-1 
would enable cellular machinery to catch up with existent 
inclusions. 

0229. In summary, the inventors have shown that RNAi 
therapy can dramatically improve cellular and behavioral 
characteristics in a mouse model of a human dominant 
neurodegenerative disease, SCA1. The present findings have 
relevance to other polyglutamine-repeat disorders including 
Huntington's disease, and neurodegenerative disorderS Such 
as Alzheimer's disease, where inhibiting expression of a 
disease-linked protein would directly protect, or even 
reverse, disease phenotypes. 

Example 4 

Huntington's Disease (HD) 
0230 Huntington's disease (HD) is one of several domi 
nant neurodegenerative diseases that result from a similar 
toxic gain of function mutation in the disease protein: 
expansion of a polyglutamine (poly Q)-encoding tract. It is 
well established that for HD and other polyglutamine dis 
eases, the length of the expansion correlates inversely with 
age of disease onset. Animal models for HD have provided 
important clues as to how mutant huntingtin (htt) induces 
pathogenesis. Currently, no neuroprotective treatment exists 
for HD. RNA interference has emerged as a leading candi 
date approach to reduce expression of disease genes by 
targeting the encoding mRNA for degradation. 
0231. As discussed in Example 3 above, short hairpin 
RNAs (shRNAs) were generated that significantly inhibited 
human htt expression in cell lines. Importantly, the shRNAS 
were designed to target Sequences present in HD transgenic 
mouse models. The present Studies test the efficacy of the 
shRNAS in HD mouse models by determining if inclusions 
and other pathological and behavioral characteristics that are 
representative of HD can be inhibited or reversed. In a 
transgenic model of inducible HD, pathology and behavior 
improved when mutant gene expression was turned off. 
These experiments show that RNAi can prevent or reverse 
disease. 

0232 Although the effect of partial reduction of wildtype 
htt in adult neurons is unknown, it is advantageous to target 
only mutant htt for degradation, if possible. One polymor 
phism in linkage disequilibrium with HD has been identified 
in the coding Sequence for htt, and others are currently being 
investigated. Disease allele-Specific RNAi are designed 
using approaches that led to allele Specific Silencing for 
other neurogenetic disease models. This would allow 
directed Silencing of the mutant, disease-causing expanded 
allele, leaving the normal allele intact. 
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0233 Constitutive expression of shRNA can prevent the 
neuropathological and behavioral phenotypes in a mouse 
model of Spinocerebellar Ataxia type I, a related polyO 
disease. However, the constitutive expression of shRNA 
may not be necessary, particularly for pathologies that take 
many years to develop but may be cleared in a few weeks or 
months. For this reason, and to reduce long-term effects that 
may arise if nonspecific Silencing or activation of interferon 
responses is noted, controlled expression may be very 
important. In order to regulate RNAi for disease application, 
doxycycline-responsive vectors have been developed for 
controlled Silencing in Vitro. 

0234 HD researchers benefit from a wealth of animal 
models including six transgenic and four knock-in mouse 
models (Bates 2003). Expression is from the endogenous 
human promoter, and the CAG expansion in the R6 lines 
ranges from 110 to approximately 150 CAGs. The R6/2 line 
is the most extensively studied line from this work. R6/2 
mice show aggressive degenerative disease, with age of 
Symptom onset at 8-12 weeks, and death occurring at 10 to 
13 weekS. Neuronal intranuclear inclusions, a hallmark of 
HD patient brain, appear in the striatum and cortex of the 
R6/2 mouse (Meade 2002). 
0235 Adding two additional exons to the transgene and 
restricting expression via the prion promoter led to an HD 
mouse model displaying important HD characteristics but 
with less aggressive disease progression (Shilling 1999, 
Shilling 2001). The Borchelt model, N171-82O, has greater 
than wildtype levels of RNA, but reduced amounts of mutant 
protein relative to endogenous htt. N171-82O mice show 
normal development for the first 1-2 months, followed by 
failure to gain weight, progressive incoordination, hypoki 
nesis and tremors. There are Statistically significant differ 
ences in the rotarod test, alterations in gait, and hindlimb 
clasping. Mice show neuritic pathology characteristic of 
human HD. Unlike the Bates model, there is limited neu 
ronal loSS. 

0236) Detloff and colleagues created a mouse knock-in 
model with an extension of the endogenous mouse CAG 
repeat to approximately 150 CAGs. This model, the CHL2 
line, shows more aggressive phenotypes than prior mouse 
knock-in models containing few repeats (Lin 2001). Mea 
Surable neurological deficits include clasping, gait abnor 
malities, nuclear inclusions and astrogliosis. 

0237) The present studies utilize the well-characterized 
Borchelt mouse model (N171-82O, line 81), and the Detloff 
knock-in model, the CHL2 line. The initial targets for htt 
Silencing were focused on Sequences present in the N171 
82O transgene (exons 1-3). The use of this model was 
advantageous in the preliminary shRNA development 
because the RNAi search could focus on only the amino 
terminal encoding Sequences rather than the full length 14 
kb mRNA. FIG. 12 depicts the one-step cloning approach 
used to screen hairpins (Harper 2004). No effective shRNAs 
were found in exon 1, but Several designed against eXon 2, 
denoted shHDEx2.1 (5'-AAGAAAGAACTTTCAGC 
TACC-3', SEQ ID NO:7), shHDEx2.2 19 nt (5'- 
AGAACTTTCAGCTACCAAG-3' (SEQ ID NO:8)), or 
ShIDEX2.2 21 nt 5'-AAAGAACTTTCAGCTACCAAG-3' 
(SEQ ID NO:9)) and exon 3 (shHDEx3.119 nt 5'-TGCCT 
CAACAAAGTTATCA-3' (SEQ ID NO:10) or shHDEx3.1 
21 nt 5'-AATGCCTCAACAAAGTTATCA-3' (SEQ ID 
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NO:11)) sequences were effective. In co-transfection experi 
ments with shRNA expressing plasmids and the N171-82O 
transcript target, shHDEX2.1 reduced N171-Q82 transcript 
levels by 80%, and protein expression by 60%. 
0238. In transient transfection assays shHDex2.1 did not 
Silence a construct spanning exons 1-3 of mouse htt con 
taining a 79 CAG repeat expansion, the mouse equivalent of 
N171-82O. Next shHDEX2 into NIH 3T3 cells were trans 
fected to confirm that endogenous mouse htt, which is 
expressed in NIH 3T3 cells, would not be reduced. Surpris 
ingly, shHDEX2.1 and shHDEX3.1 silenced full-length 
mouse htt. In contrast, shHDEX2.2 silenced only the human 
N171-82O transgene. 
0239 Yamamoto and colleagues and others have dem 
onstrated that preformed inclusions can resolve (Yamamoto 
2000). To test if RNAi could also reduce preformed aggre 
gates, the inventors used a neuronal cell line, which, upon 
induction of Q80-eGFP expression, showed robust inclusion 
formation (Xia 2002). Cells laden with aggregates were 
mock-transduced, or transduced with recombinant virus 
expressing control shRNA, or shRNAS directed against GFP. 
The inventors found dramatic reduction in aggregates as 
assessed by fluorescence. Quantification showed dose 
dependent effects (FIG. 13) that were corroborated by 
western blot (Xia 2002). 
0240 AS indicated in Example 1 above, viral vectors 
expressing siRNAS can mediate gene Silencing in the CNS 
(Xia 2002). Also, as indicated in Example 3 above, these 
Studies were extended to the mouse model of Spinocerebellar 
ataxia type 1 (SCA1). The data are important as they 
demonstrate that shRNA is efficacious in the CNS of a 
mouse model of human neurodegenerative disease. The data 
also Support that shRNA expression in brain is not detri 
mental to neuronal Survival. 

0241 shRNAS can target the Exon 58 polymorphism. As 
described in Example 2 above, a polymorphism in htt exon 
58 is in linkage disequilibrium with HD (Ambrose 1994). 
Thirty eight percent of the HD population possesses a 
3-GAG repeat in exon 58, in contrast to the 4-GAG repeat 
found in 92% of non-HD patients. The polymorphism likely 
has no affect on htt, but it provides a target for directing gene 
Silencing to the disease allele. AS indicated in Example 2 
above, in experiments to test if allele-Specific Silencing for 
HD was possible, plasmids were generated that expressed 
shRNAS that were specific for the exon 58 polymorphism. 
0242. The exon 583-GAG-targeting shRNAS were func 
tional. 

0243 Developing vectors for control of RNAi in vivo. As 
demonstrated above, shRNA expressed from viral vectors is 
effective at directing gene Silencing in brain. Also, Viral 
vectors expressing ShsCA1 inhibited neurodegeneration in 
the SCA1 mouse model. SHRNA expression was constitu 
tive in both instances. However, constitutive expression may 
not be necessary, and could exacerbate any noted nonspe 
cific effects. The present inventors have developed and 
tested Several doxycycline-regulated constructs. The con 
struct depicted in FIG. 14 showed strong suppression of 
target gene (GFP) expression after addition of doxycycline 
and RNAi induction. 

0244 RNAi can Protect, and/or Reverse, the Neuropa 
thology in Mouse Models of Human Huntington's Disease 
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0245. Two distinct but complimentary mouse models are 
used, the N171-82O transgenic and CHL2 knock-in mice. 
The former express a truncated NH2-terminal fragment of 
human htt comprising exons 1-3 with an 82O-repeat expan 
Sion. The knock-in expresses a mutant mouse allele with a 
repeat size of ~150. Neither shows significant striatal or 
cortical cell loss. Both therefore are Suitable models for the 
early Stages of HD. They also possess similarities in mid 
and end-stage neuropathological phenotypes including 
inclusions, gliosis, and motor and behavioral deficits that 
will permit comparison and validation. On the other hand, 
the differences inherent in the two models provide unique 
opportunities for addressing distinct questions regarding 
RNAi therapy. For example, N171-82O transgenic mice 
have relatively early disease onset. Thus efficacy can be 
assessed within a few months, in contrast to 9 months or 
more in the CHL2 line. Because the data showed that 
shHDEX2.2 targets the human transgene and not mouse HD, 
evaluate disease-allele Specific Silencing in N171-82O mice 
is evaluated. In contrast, the CHL2 knock-in is important for 
testing how reducing expression of both the mutant and 
wildtype alleles impacts on the HD phenotype. Finally, both 
models should be investigated because any therapy for HD 
should be validated in two relevant disease models. 

0246 siRNA Against Human htt Protects Against Inclu 
Sion Formation in N171-82O Mice 

0247 The data show that it is possible to silence the 
human N171-82O transgene in vitro, and work in reporter 
mice and SCA1 mouse models demonstrated efficacy of 
RNAi in vivo in brain. shHDEX2.2 constructs, expressed 
from two vector systems with well-established efficacy 
profiles in CNS, are now tested for their capacity to reduce 
mutant transgenic allele expression in Vivo. Further, the 
impact of ShIDEX2.2 on inclusion formation is assessed. 
Inclusions may not be pathogenic themselves, but they are 
an important hallmark of HD and their presence and abun 
dance correlates with Severity of disease in many Studies. 
0248 Recombinant feline immunodeficiency virus (FIV) 
and adeno-associated virus (AAV) expressing shHDS are 
injected into N171-82O. The levels of shHDs expressed 
from FIV and AAV are evaluated, as is the ability to reduce 
htt mRNA and protein levels in brain, and Subsequently 
affect inclusion formation. 

0249 Mice. N171-82O mice developed by Borchelt and 
colleagues are used for these experiments (Shilling 1999, 
Shilling 2001). The colony was set up from breeders pur 
chased from Jackson Laboratories (N171-82O, line 81) and 
are maintained as described (Shilling 1999, Shilling 2001). 
F1 pups are genotyped by PCR off tail DNA, obtained when 
tagging Weaned litters. 
0250 IC2 and EM48 have been used previously to evalu 
ate N171-82O transgene expression levels in brain by 
immuno-histochemistry (IHC) and western blot (Zhou 2003, 
Trottier 1995). EM48 is an antibody raised against a GST. 
NH2 terminal fragment of htt that detects both ubiquitinated 
and non-ubiquitinated htt-aggregates (Li 2000), and the IC2 
antibody recognizes long polyglutamine tracts (Trottier 
1995). By 4 weeks N171-82O mice show diffuse EM48 
positive Staining in Striata, hippocampus, cerebellar granule 
cells, and cortical layers IV and V (Shilling 1999, Shilling 
2001). The present experiments focus on the striatum and 
cortex because they are the major sites of pathology in 
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human HD. TUNEL positivity and GFAP immunoreactivity 
are also significant in Striatal Sections harvested from 3 
month old N171-82O mice (Yu 2003). At 4 months, punctate 
nuclear and cytoplasmic immunoreactivity is also seen (Yu 
2003). 
0251 Viruses. It is difficult to directly compare the two 
Viruses under Study at equivalent doses, FIV is enveloped 
and can be concentrated and purified, at best, to titers of 
5x10 infectious units/ml (iu/ml). FIV pseudotyped with the 
vesicular stomatitus glycoprotein (VSVg) are used because 
of its tropism for neurons in the striatum (Brooks 2002). In 
contrast, AAV is encapsidated and can be concentrated and 
purified to titers ranging from 1x10 to 1x10' iu/ml, with 
1x10 titers on average. AAV Serotype 5 is used because it 
is tropic for neurons in Striatum and cortex, our target brain 
regions. Also, it diffuses widely from the injection site 
(Alisky 2000, Davidson 2000). Ten-fold dilutions of FIV 
and AAV generally results in a greater than 10-fold drop in 
transduction efficiency, making comparisons at equal titers, 
and dose escalation Studies, unreasonable. Thus, both 
Viruses are tested at the highest titers routinely available to 
get a fair assessment of their capacities for efficacy in 
N171-82O mice. All viruses express the humanized Renilla 
reniformis green fluorescent protein (hrGFP) reporter trans 
gene in addition to the shRNA sequence (FIG. 15). This 
provides the unique opportunity to look at individual, trans 
duced cells, and to compare pathological improvements in 
transduced VS. untransduced cells. 

0252) Injections. Mice are placed into a David Kopf 
frame for injections. Mice are injected into the striatum (5 
microliters; 100 nl/min) and the cortex (3 microliters; 75 
nl/min) using a Hamilton Syringe and programmable Har 
vard pump. The Somatosensory cortex is targeted from a burr 
hole at -1.5 mm from Bregma, and 1.5 mm lateral. Depth is 
0.5 mm. The Striatum is targeted through a separate burr hole 
at +1.1 mm from Bregma, 1.5 mm lateral and 2 mm deep. 
Only the right side of the brain is injected, allowing the left 
hemisphere to be used as a control for transgene expression 
levels and presence or absence of inclusions. 
0253 Briefly, groups of 4 week-old mice heterozygous 
for the N171-82O transgene and their age-matched wildtype 
littermates are injected with FIV (FIV groups are VSVg 
FIV.shHDEx2.2, VSVg.FIVshlacZ, VSVg.hrGFP, saline) 
or AAV (AAV groups are AAV5.shHDEX2.2, AAV5shlacZ, 
AAV5hrGFP, Saline) (n=18/group; Staggered injections 
because of the size of the experiment). Names of shH 
DEX2.2 and ShlacZ expressing viruses have been shortened 
from ShlacZ.hrGFP, for example, to make it easier to read 
but all vectors express hrCFP as reporter. Nine mice/group 
are Sacrificed at 12 weeks of age to assess the extent of 
transduction (eGFP fluorescence; viral copy number/brain 
region), shRNA expression (northern for shRNAS, and inhi 
bition of expression of the transgenic allele (QPCR and 
western blot). The remaining groups are sacrificed at 5 
months of age. This experimental set up is repeated (to 
n=6/group) to confirm results and test inter-experiment 
variability. 

0254 All mice in all groups are weighed bi-weekly 
(every other week) after initial weekly measurements. 
N171-82O mice show normal weight gain up to approxi 
mately 6 weeks, after which there are significant differences 
with their wildtype littermates. 
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0255 PCR Analyses. Brains are harvested from mice 
Sacrificed at 12 weeks of age, and grossly evaluated for GFP 
expression to confirm transduction. The cortex and striatum 
from each hemisphere is dissected Separately, Snap frozen in 
liquid N2, pulverized with a mortar and pestle, and resus 
pended in Trizol (Gibco BRL). Separate aliquots are used for 
Q-RTPCR for N171-82O transgenes and DNA PCR for viral 
genomes. A coefficient of correlation is determined for 
transgene Silencing relative to viral genomes for both vector 
Systems, for the regions analyzed and compared to contralat 
eral striata and mice injected with control vectors or Saline. 
0256 The RNA harvested is used to evaluate activation 
of interferon-responsive genes. Bridges et al (Bridges 2003) 
and Sledz and colleagues (Sledz 2003) found activation of 
2'5' oligo(A) polymerase (OAS) in cell culture with siRNAs 
and shRNAS, the latter expressed from lentivirus vectors. 
Gene expression changes are assessed using QPCR for 
OAS, Stat1, interferon-inducible transmembrane proteins 1 
and 2 and protein kinase R (PKR). PKR activation is an 
initial trigger of the Signaling cascade of the interferon 
response. 

0257 Protein analyses. A second set of 3 brains/group are 
harvested for protein analysis. Regions of brains are micro 
dissected as described above, and after pulverization are 
resuspended in extraction buffer (50 mM Tris, pH 8.0, 150 
mM NaCl, 1% NP-40, 0.5% deoxycholate, 0.1% SDS, 1 
mM BetaME, 1x complete protease inhibitor cocktail) for 
analysis by western blot. HrCFP expression are evaluated 
and correlated to diminished levels of Soluble N171-82O 
using anti-GFP and antibodies to the NH2-terminal region of 
htt (EM48) or the polyglutamine tract (IC2). 
0258 Histology. Histology is done on the remaining 
animals. Mice are perfused with 2% paraformaldehyde in 
PBS, brains blocked to remove the cerebellum, post-fixed 
ON, and then cryoprotected in 30% sucrose. Full coronal 
Sections (40 um) of the entire cerebrum are obtained using 
a Microtome (American Products Co #860 equipped with a 
Super Histo Freeze freezing stage). Briefly, every Section is 
collected, and Sections 1-6 are placed into 6 Successive wells 
of a 24-well plate. Every 400 microns, two sections each of 
10 microns are collected for Niss1 and H&E staining. The 
proceSS is repeated. 

0259 EM-48 immuno-staining reveals diffuse nuclear 
accumulations in N 171-82O mice as early as 4 weeks of 
age. In 6 mo. old mice inclusions are extensive (Shilling 
2001). The increase in cytoplasmic and nuclear EM48 
immuno-reactivity, and in EM48 immuno-reactive inclu 
Sions over time allow quantitative comparisons between 
transduced and untransduced cells. Again, control values are 
obtained from mice injected with ShlacZ-expressing vectors, 
Saline injected mice, and wt mice. The contralateral region 
is used as another control, with care taken to keep in mind 
the possibility of retrograde and anterograde transport of 
Virus from the injection site. 
0260 Quantitation of nuclear inclusions is done using 
BioCuantTM software in conjunction with a Leitz, DM RBE 
upright microScope equipped with a motorized Stage 
(Applied Scientific Instruments). Briefly, floating Sections 
are stained with anti-NeuN (AMCA secondary) and EM48 
antibodies (rhodamine Secondary) followed by mounting 
onto Slides. The regions to be analyzed are outlined, and 
threshold levels for EM48 immunoreactivity set using sec 
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tions from control injected mice. A minimum of 50 hrGFP 
positive and hrGFP negative neurons cells are evaluated per 
Slide (5 Slides/mouse), and inclusion intensity measured 
(arbitrary units). This is done for both striata and cortices. To 
quantitate cytoplasmic inclusions, the striatum is outlined 
and total EM48 aggregate density measured. Threshold 
values are again done using control hemispheres and control 
injected mice. 
0261 Additional wells of sections are stained with anti 
GFAP, anti-neurofilament, and the lectin GSA to assay for 
Viral or viral +hairpin induced gliosis, neuritic changes, and 
microglial activation, respectively. GFAP-Stained brain Sec 
tions from N171-82O mice show gliosis by 4 months (Yu 
1998), although earlier time points have not been reported. 
0262 Stereology. In a separate experiment on N171-82O 
mice and wt mice, unbiased Stereology using BioOuant" 
Software is done to assess transduction efficiency. Stereol 
ogy allows for an unbiased assessment of efficiency of 
transduction (number of cells transduced/input). AAV5 
(AAV5hrGFP, AAV5shHD.hrGFP) and FIV (VSVg 
FIVhrGFP, VSVg.FIVshHD.hrGFP) transduction effi 
ciency is compared in the striatum and Somatosensory cortex 
in HD and wildtype mice, with n=5 each. Mice are harvested 
at 12 and 20 weeks. The cerebrum is sectioned in its entirety 
and stored at -20° C. until analysis. Briefly, six weeks after 
gene transfer with VSVg.FIVhrGFP (n=3) or AAV5hrCFP 
(n=3), every section of an HD mouse cerebrum is mounted 
and an initial assessment of the required numbers of Sections 
and grid and dissector Size done using the coefficient of error 
(as determined by Martheron's quadratic approximation 
formula) as a guide. 
0263. The 171-82O HD mouse model has important 
neuropathological and behavioral characteristics relevant to 
HD. Onset of disease occurs earlier than HD knock-in or 
YAC transgenic models, allowing an initial, important 
assessment of the protective effects of RNAi on the devel 
opment of neuropathology and dysfunctional behavior, 
without incurring extensive long term housing costs. Admit 
tedly, disease onset is slower and leSS aggressive than the 
R6/2 mice created by Bates and colleagues (Mangiarini 
1996), but the R6/2 line is difficult to maintain and disease 
is So Severe that it may be leSS applicable and leSS predica 
tive of efficacy in clinical trials. 
0264 N171-82O mice (n=6/group) and age-matched lit 
termates (n=6/group) are be weighed twice a month from 4 
wks on, and baseline rotarod tests performed at 5 and 7 
weeks of age. Numbers of mice per group are as described 
in Schilling et al (Shilling 1999) in which statistically 
significant differences between N171-82O and wildtype 
littermates were described. At 7 weeks of age (after testing 
is complete), AAV (AAVshHDEx2.2, AAVshlacZ, 
AAVhrGFP, saline) or FIV (FIVshEx2.2, FIVshlacZ, 
FIVhrGFP, saline) is injected bilaterally into the striatum 
and cortex. Rotarod tests are repeated at 3-Week intervals 
Starting at age 9 weeks, until Sacrifice at 6 months. The 
clasping behavior is assessed monthly Starting at 3 months. 
0265 Behavioral testing. N171-82O mice are given four 
behavioral tests, all of which are Standard assays for pro 
gressive disease in HD mouse models. The tests allow 
comparisons of behavioral changes resulting from RNAi to 
those incurred in HD mouse models given other experimen 
tal therapies. For example, HD mice given cyStamine or 
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creatine therapy showed delayed impairments in rotarod 
performance, and in Some cases delayed weight loss (Fer 
rante 2000, Dedeoglu 2002, Dedeogu 2003) In addition to 
the rotarod, which is used to assay for motor performance 
and general neurological dysfunction, the activity monitor 
allows assessment of the documented progressive hypoac 
tivity in N171-82O mice. The beam analysis is a second test 
of motor performance that has also been used in HD mice 
models (Carter 1999). Clasping, a phenotype of generalized 
neurological dysfunction, is Straightforward and takes little 
time. Clasping phenotypes were corrected in R. Hen’s 
transgenic mice possessing an inducible mutant htt. 
0266. Accelerated rotarod. N171-82O and age-matched 
littermates are habituated to the rotarod at week 4, and 4 
trials per day for 4 days done on week 5 and 7, and every 3 
weeks hence using previously described assays (Shilling 
1999, Clark 1997) in use in the lab. Briefly, 10 min trials are 
run on an Economex rotarod (Columbus Instruments) set to 
accelerate from 4 to 40 rpm over the course of the assay. 
Latency to fall is recorded and averageS/group determined 
and plotted. Based on prior work (Shilling 1999) 6 mice will 
give Sufficient power to assess significance. 
0267 Clasping behavior. Normal mice splay their limbs 
when Suspended, but mice with neurological deficits can 
exhibit the opposite, with fore and hind limbs crunched into 
the abdomen (clasping). All mice are Suspended and Scored 
for clasping monthly. The clasp must be maintained for at 
least 30 sec. to be scored positive. 
0268 Activity monitor. Most HD models demonstrate 
hypokinetic behavior, particularly later in the disease pro 
ceSS. This can be measured in Several ways. One of the 
Simplest methods is to monitor home cage activity with an 
infrared sensor (AB-system 4.0, Neurosci Co., LTD). Mea 
Surements are taken over 3 days with one day prior habitu 
ation to the testing cage (standard 12-hour light/dark cycle). 
Activity monitoring is done at 12, 17, and 20 and 23 weeks 
of age. 
0269 Beam walking. N171Q-82O and age matched lit 
termates are assayed for motor performance and coordina 
tion using a Series of Successively more difficult beams en 
route to an enclosed Safety platform. The assay is as 
described by Carter et al (Carter 1999). Briefly, 1 meter 
length beams of 28, 17 or 11 mm diameter are placed 50 cm 
above the bench Surface. A Support Stand and the enclosed 
goal box flank the ends. Mice are trained on the 11 mm beam 
at 6 weeks of age over 4 days, with 3 trials per day. If mice 
can traverse the beam in <20 Sec. trials are initiated. A trial 
is then run on each beam, largest to Smallest, with a 60 Sec 
cutoffbeam and one minute rest between beams. A Second 
trial is run and the mean Scores of the two trials evaluated. 

0270. RNAi cannot replace neurons; it only has the 
potential to protect non-diseased neurons, or inhibit further 
progression of disease at a point prior to cell death. N171 
82O mice do not show noticeable cellular loss, and is 
therefore an excellent model of early HD in humans. The 
general methodology is the Similar to that described above, 
except that the Viruses are injected at 4 months, when 
N171-82O mice have measurable behavioral dysfunction 
and inclusions. Animals are Sacrificed at end Stage disease or 
at 8 months, whichever comes first. Histology, RNA and 
protein in harvested brains are analyzed as described above. 
0271. It is important to confirm the biological effects of 
Virally expressed shHDS in a Second mouse model, as it is 
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with any therapy. The Detloff knock-in mouse (the CHL2 
line, also notated as HahCAGQ150) is used as a second 
model of early HD disease phenotypes. These mice have a 
CAG expansion of approximately 150 units, causing brain 
pathologies Similar to HD including gliosis and neural 
inclusions in the cortex and striatum. They also show 
progressive motor dysfunction and other behavioral mani 
festations including rotarod deficits, clasping, gait abnor 
malities and hypoactivity. 
0272 Heterozygous CHL2 mice express the mutant and 
wildtype allele at roughly equivalent levels, and shRNAS 
directed against mouse HD Silence both transcripts. ShmH 
DEX2. 1 causes reductions in gene expression, but not 
complete Silencing. Disease Severity in mouse models is 
dependent on mutant htt levels and CAG repeat length. 
0273) The inventors created shmHDEx2 (shRNA for 
murine HD) directed against a region in mouse exon 2 that 
reduces expression of the full-length mouse Hah transcript 
in vitro. Transduction of neurons with ShmHDEx2-express 
ing viruses, and its impacts on neuropathological progres 
Sion, behavioral dysfunction and the appearance of EM48 
immuno-reactive inclusions in CHL2 mice is tested. 
shmHD- or shlacZ-expressing vectors in CHL2 and wild 
type brain is tested. In this experiment, Virus is injected into 
the striatum of wt or CHL2 mice (10/group) using the 
coordinates described above, at 3 months of age. Two 
months later mice are Sacrificed and brains removed and 
processed for RNA (n=5/group) and protein (n=5). 
0274. A second study tests the vectors in the Detloff 
model. Briefly, 15 mice per group are injected into the 
striatum and cortex at 3 months of age with AAV (AAVsh 
mHD, AAVshlacZ, AAVhrCFP, saline) or FIV (VSVg 
FIVshmHD, VSVg.FIVshlacZ, VSVg.FIVhrGFP, saline) 
expressing the transgenes indicated. To assess the impact of 
RNAi, activity performed. The mice are sacrificed at 16-18 
months of age and five brains/group are processed for 
histology and Sections banked in 24-well tissue culture 
plates. The remaining brains are processed for RNA (n=6) 
and protein analysis (n=5). Northern blots or western blots 
are required to analyze wildtype and mutant htt expression 
because the only distinguishing characteristic is size. 
0275 Development of Effective Allele-Specific siRNAs 
0276 Mutant htt leads to a toxic gain of function, and 
inhibiting expression of the mutant allele has a profound 
impact on disease (Yamamoto 2000). Also, selectively tar 
geting the disease allele would be desirable if non-disease 
allele Silencing is deleterious. At the present time, there is 
one documented disease linked polymorphism in exon 58 
(Lin 2001). Most non-HD individuals have 4 GAGs in Hah 
exon 58 while 38% of HD patients have 3 GAGs. As 
described above, RNAi can be accomplished against the 
3-GAG repeat. 
0277 Prior work by the inventors showed the importance 
of using full-length targets for testing putative shRNAS. In 
Some cases, shRNAS would work against truncated, but not 
full-length targets, or Vice-versa. Thus, it is imperative that 
testable, full-length constructs are made to confirm allele 
Specific Silencing. The V5 and FLAG tags provide epitopes 
to evaluate silencing at the mRNA and protein levels. This 
is important as putative shRNAS may behave as miRNAS, 
leading to inhibition of expression but not message degra 
dation. 
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0278. Designing the siRNAS. Methods are known for 
designing siRNAs (Miller 2003, Gonzalez-Alegre 2003, Xia 
2002, Kao 2003). Information is also know about the 
importance of maintaining flexibility at the 5' end of the 
antisense Strand for loading of the appropriate antisense 
sequence into the RISC complex (Khvorova 2003 Schwarz 
2003). DNA sequences are generated by PCR. This method 
allows the rapid generation of many candidate shRNAS, and 
it is significantly cheaper than buying shRNAS. Also, the 
inserts can be cloned readily into our vector Shuttle plasmids 
for generation of virus. The reverse primer is a long oligo 
nucleotide encoding the antisense Sequence, the loop, the 
Sense Sequence, and a portion of the human U6 promoter. 
The forward primer is specific to the template in the PCR 
reaction. PCR products are cloned directly into pTOPO 
blunt from InVitrogen, plasmids transformed into DH.5a, and 
bacteria plated onto Kanr plates (the PCR template is Ampr). 
Kanr clones are picked and Sequenced. Sequencing is done 
with an extended hot start to allow effective read-through 
of the hairpin. Correct clones are transfected into cells along 
with plasmids expressing the target or control Sequence 
(HttEx58.GAG3V5 and HttEx58.GAG4FLAG, respec 
tively) and Silencing evaluated by western blot. Reductions 
in target mRNA levels are assayed by Q-RTPCR. The 
control for western loading is neomycin phosphotransferase 
or hrGFP, which are expressed in the target-containing 
plasmids and provide excellent internal controls for trans 
fection efficiency. The control for Q-RTPCR is HPRT. 
0279 Cell lines expressing targets with the identified 
polymorphism or control wildtype Sequences are created. 
Target gene expression are under control of an inducible 
promoter. PC6-3, Tet repressor (TetR+) cells, a PC-12 
derivative with a uniform neuronal phenotype (Xia 2002) 
are used. PC6-3 cells are transfected with plasmids express 
ing HIDEX58.GAG3V5 (contains neo marker) and 
HDEX58GAG4FLG (contains puro marker), and G418+/ 
puromycin- positive clones Selected and characterized for 
transcript levels and htt-V5 or htt-Flag protein levels. 
0280 FIV vectors expressing the allele specific shRNAS 
are generated and used to test Silencing in the inducible cell 
lines. FIV vectors infect most epithelial and neuronal cell 
lines with high efficiency and are therefore useful for this 
purpose. They also efficiently infect PC6-3 cells. AAV 
vectors are currently less effective in in Vitro Screening 
because of poor transduction efficiency in many cultured cell 
lines. 

0281 Cells are transduced with 1 to 50 infectious units/ 
cell in 24-well dishes, 3 days after induction of mutant gene 
expression. Cells are harvested 72 h after infection and the 
effects on HDEX58.GAG3V5 or HIDEX58GAG4FLG 
expression monitored. 

EXAMPLE 5 

Micro RNAi-Therapy for Polyglutamine Disease 

0282 Post-transcriptional gene Silencing occurs when 
double stranded RNA (dsRNA) is introduced or naturally 
expressed in cells. RNA interference (RNAi) has been 
described in plants (quelling), nematodes, and Drosophila. 
This proceSS Serves at least two roles, one as an innate 
defense mechanism, and another developmental (Water 
house 2001 Fire 1999, Lau 2001, Lagos-Quintana 2001, Lee 
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2001). RNAi may regulate developmental expression of 
genes via the processing of Small, temporally expressed 
RNAS, also called microRNAs (Knight 2001, Grishok 
2001). Harnessing a cell's ability to respond specifically to 
small dsRNAs for target mRNA degradation has been a 
major advance, allowing rapid evaluation of gene function 
(Gonczy 2000, Fire 1998, Kennerdell 1998, Hannon 2002, 
Shi 2003, Sui 2002). 
0283 Most eukaryotes encode a substantial number of 
Small noncoding RNAS termed micro RNAs (miRNAs) 
(Zeng 2003, Tijsterman 2004, Lee 2004, Pham 2004). mir 
30 is a 22-nucleotide human miRNA that can be naturally 
processed from a longer transcript bearing the proposed 
miR-30 stem-loop precursor. mir-30 can translationally 
inhibit an mRNA-bearing artificial target sites. The mir-30 
precursor Stem can be Substituted with a heterologous stem, 
which can be processed to yield novel miRNAS and can 
block the expression of endogenous mRNAS. 

0284 Huntington's disease (HD) and Spinocerebellar 
ataxia type I (SCA1) are two of a class of dominant, 
neurodegenerative diseases caused by a polyglutamine 
(poly Q) expansion. The mutation confers a toxic gain of 
function to the protein, with poly Q length predictive of age 
of onset and disease Severity. There is no curative or 
preventative therapy for HD or SCA1, Supporting the inves 
tigation of novel Strategies. AS described above, the inven 
tors showed that gene Silencing by RNA interference 
(RNAi) can be achieved in vitro and in vivo by expressing 
short hairpin RNAs (shRNAs) specific for mRNAS encoding 
ataxin-1 or huntingtin. Currently, Strong, constitutive pol III 
promoters (U6 and H1) are used to express shRNAS, which 
are Subsequently processed into functional Small interfering 
RNAs (siRNAs). However, strong, constitutive expression 
of shRNAS may be inappropriate for diseases that take 
Several decades to manifest. Moreover, high-level expres 
Sion may be unnecessary for Sustained benefit, and in Some 
Systems may induce a non-specific interferon response lead 
ing to global shut-down of gene expression. The inventors 
therefore generated polII-expressed microRNAs (miRNAs) 
as siRNA shuttleS as an alternative Strategy. Due to their 
endogenous nature, miRNA backbones may prevent the 
induction of the interferon response. 

0285) Using human mir-30 as a template, miRNA 
Shuttles were designed that upon processing by dicer 
released siRNAS specific for ataxin-1. Briefly, the constructs 
were made by cloning a promoter (Such as an inducible 
promoter) and an miRNA shuttle containing an embedded 
SiRNA specific for a target Sequence (Such as ataxin-1) into 
a viral vector. By cloning the construct into a viral vector, the 
construct can be effectively introduced in Vivo using the 
methods described in the Examples above. Constructs con 
taining po1II-expressed miRNA shuttles with embedded 
ataxin-1-specific siRNAs were co-transfected into cells with 
GFP-tagged ataxin-1, and gene Silencing was assessed by 
fluorescence microscopy and western analysis. Dramatic 
arid dose-dependent gene Silencing relative to non-specific 
miRNAs carrying control siRNAS was observed. This pol 
II-based expression System exploits the Structure of known 
miRNAS and Supports tissue-specific as well as inducible 
SiRNA expression, and thus, Serves as a unique and powerful 
alternative to dominant neurodegenerative disease therapy 
by RNAi. 
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0286 Briefly, the constructs were made by cloning a 
promoter (Such as an inducible promoter) and an miRNA 
Shuttle containing an embedded siRNA specific for a target 
Sequence (Such as ataxin-1) into a viral vector. By cloning 
the construct into a viral vector, the construct can be 
effectively introduced in vivo using the methods described 
in the Examples above. 
0287 All publications, patents and patent applications 
are incorporated herein by reference. While in the foregoing 
Specification this invention has been described in relation to 
certain preferred embodiments thereof, and many details 
have been set forth for purposes of illustration, it will be 
apparent to those skilled in the art that the invention is 
Susceptible to additional embodiments and that certain of the 
details described herein may be varied considerably without 
departing from the basic principles of the invention. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 17 

<210> SEQ ID NO 1 
<211& LENGTH: 40 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: CMV primers 

<400 SEQUENCE: 1 

aaggtaccag atcittagtta ttaatagitaa totaattacgg 

<210> SEQ ID NO 2 
&2 11s LENGTH 43 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: CMV primers 

<400 SEQUENCE: 2 

gaatcgatgc atgcct cqag acggttcact aaaccagotc toc 

<210> SEQ ID NO 3 
&2 11s LENGTH 69 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Poly-A oligonucleotide primers 

<400 SEQUENCE: 3 

citagaactag taataaagga toctittattt to attggatc cqtgtgttgg tttitttgttgt 

<210> SEQ ID NO 4 
&2 11s LENGTH 69 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Poly-A oligonucleotide primers 

<400 SEQUENCE: 4 

togacgcggc cqcacacaaa aaaccalacac acggatccaa taaaataaa goatcctitta 

ttactagtt 

<210 SEQ ID NO 5 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Total RNA probes 

<400 SEQUENCE: 5 

cacaagctgg agtacaacta c 

<210> SEQ ID NO 6 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Total RNA probes 

40 

43 

60 

69 

60 

69 

21 
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-continued 

&2 11s LENGTH 51 
&212> TYPE DNA 
<213> ORGANISM: Homo sapien 

<400 SEQUENCE: 14 

cagoag cacc toag cagggc tigcaggatta gtcaiaccacc toagcagggc t 

SEQ ID NO 15 
LENGTH 6 
TYPE DNA 

ORGANISM: Homo sapien 

<400 SEQUENCE: 15 

actagt 

SEQ ID NO 16 
LENGTH 10 
TYPE DNA 

ORGANISM: Homo sapien 

<400 SEQUENCE: 16 

cittcctgtca 

SEQ ID NO 17 
LENGTH 21 
TYPE DNA 

ORGANISM: Homo sapien 

<400 SEQUENCE: 17 

alagaggagga gg.ccgacgcc C 

1. An isolated RNA duplex comprising a first strand of 
RNA and a second strand of RNA, wherein the first strand 
comprises at least 15 contiguous nucleotides encoded by 
shSCA1.F10 (SEQ ID NO:13) or shSCA1.F11 (SEQ ID 
NO:14), and wherein the second strand is complementary to 
at least 12 contiguous nucleotides of the first Strand. 

2. The RNA duplex of claim 1, wherein the first strand of 
RNA is encoded by shSCA1.F10. 

3. The RNA duplex of claim 1, wherein the second strand 
of RNA is encoded by shSCA1F11. 

4. An RNA duplex comprising a first strand of RNA and 
a second strand of RNA, wherein the first strand comprises 
at least 15 contiguous nucleotides encoded by 

(a) shHDEx2.1 (SEQ ID NO:7), 
(b) shHDEx2.2 19 nt (SEQ ID NO:8), 
(c) shHDEx2.2 21 nt (SEQ ID NO:9), 
(d) shHDEx3.119 nt (SEQ ID NO:10), 
(e) shHDEx3.121 nt (SEQ ID NO:11), 
(f) siEX58#1 (SEQ ID NO:12), or 
(g) siEX58#2 (SEQ ID NO:17), 
and wherein the Second Strand is complementary to at 

least 12 contiguous nucleotides of the first Strand. 
5. The RNA duplex of claim 4, wherein the first strand of 

RNA is encoded by shHDEx2.1. 

51 

10 

21 

6. The RNA duplex of claim 4, wherein the first strand of 
RNA is encoded by shHDEx2.2 19 nt. 

7. The RNA duplex of claim 4, wherein the first strand of 
RNA is encoded by shHDEx2.2 21 nt. 

8. The RNA duplex of claim 4, wherein the first strand of 
RNA is encoded by shHDEX3.1 19 nt. 

9. The RNA duplex of claim 4, wherein the first strand of 
RNA is encoded by shHDEX3.1 21 nt. 

10. The RNA duplex of claim 4, wherein the first strand 
of RNA is encoded by siEX58#2. 

11. The RNA duplex of claim 4, wherein the first strand 
of RNA is encoded by siEX58#1. 

12. The RNA duplex of claim 1, wherein the duplex is 
between 15 and 30 base pairs in length. 

13. The RNA duplex of claim 1, wherein the duplex is 
between 19 and 25 base pairs in length. 

14. The RNA duplex of claim 1, wherein the first and/or 
Second Strand further comprises an overhang region. 

15. The RNA duplex of claim 1, wherein the first and/or 
Second Strand further comprises a 3' overhang region, a 5' 
overhang region, or both 3' and 5' overhang regions. 

16. The RNA duplex of claim 14, wherein the overhang 
region is from 1 to 10 nucleotides in length. 

17. The RNA duplex of claim 1, wherein the first strand 
and the Second Strand are operably linked by means of an 
RNA loop Strand to form a hairpin Structure comprising a 
duplex Structure and a loop Structure. 

18. The RNA duplex of claim 17, wherein the loop 
Structure contains from 4 to 10 nucleotides. 
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19. The RNA duplex of claim 17, wherein the loop 
Structure contains 4, 5 or 6 nucleotides. 

20. An expression cassette comprising a nucleic acid 
encoding at least one Strand of the RNA duplex of claim 1. 

21. The expression cassette of claim 20, further compris 
ing a promoter. 

22. The expression cassette of claim 21, wherein the 
promoter is a regulatable promoter. 

23. The expression cassette of claim 21, wherein the 
promoter is a constitutive promoter. 

24. The expression cassette of claim 21, wherein the 
promoter is a CMV, RSV, pol II or pol III promoter. 

25. The expression cassette of claim 20, wherein the 
expression cassette further comprises a polyadenylation 
Signal. 

26. The expression cassette of claim 25, wherein the 
polyadenylation signal is a Synthetic minimal polyadenyla 
tion Signal. 

27. The expression cassette of claim 20, further compris 
ing a marker gene. 

28. A vector comprising the expression cassette of claim 
2O. 

29. A vector comprising two expression cassettes, a first 
expression cassette comprising a nucleic acid encoding the 
first strand of the RNA duplex of claim 1 and a second 
expression cassette comprising a nucleic acid encoding the 
second strand of the RNA duplex of claim 1. 

30. A cell comprising the expression cassette of claim 20. 
31. The cell of claim 30, wherein the cell is a mammalian 

cell. 
32. A non-human mammal comprising the expression 

cassette of claim 20. 
33. A method of Suppressing the accumulation of hun 

tingtin or ataxin-1 in a cell comprising introducing a ribo 
nucleic acid (RNA) of claim 1 into the cell in an amount 
Sufficient to Suppress accumulation of huntingtin or ataxin-1 
in the cell. 

34. The method of claim 1 in which accumulation of 
huntingtin or ataxin-1 is Suppressed by at least 10%. 

35. A method of preventing cytotoxic effects of mutant 
huntingtin or ataxin-1 in a cell comprising introducing a 
ribonucleic acid (RNA) of claim 1 into the cell in an amount 
Sufficient to Suppress accumulation of huntingtin or ataxin-1, 
and wherein the RNA prevents cytotoxic effects of hunting 
tin or ataxin-1 in the cell. 

36. A method to inhibit expression of a huntingtin or 
ataxin-1 gene in a cell comprising introducing a ribonucleic 
acid (RNA) of claim 1 into the cell in an amount sufficient 
to inhibit expression of the huntingtin or ataxin-1, and 
wherein the RNA inhibits expression of the huntingtin or 
ataxin-1 gene. 

37. A method to inhibit expression of a huntingtin or 
ataxin-1 gene in a mammal comprising: 

(a) providing a mammal containing a neuronal cell, 
wherein the neuronal cell contains the huntingtin or 
ataxin-1 gene and the neuronal cell is Susceptible to 
RNA interference, and the huntingtin or ataxin-1 gene 
is expressed in the neuronal cell; and 
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(b) contacting the mammal with a ribonucleic acid (RNA) 
of claim 1 or a vector of claim 27, thereby inhibiting 
expression of the huntingtin or ataxin-1 gene. 

38. The method of claim 36 or 37, in which expression of 
huntingtin or ataxin-1 is inhibited by at least 10%. 

39. The method of claim 37, wherein the mammal is a 
human. 

40. The method of any of claims 35 or 36, wherein the cell 
is located in Vivo in a mammal. 

41. A viral vector comprising a promoter and an miRNA 
Shuttle containing an embedded siRNA that specificly tar 
gets a Sequence associated with a condition amenable to 
siRNA therapy. 

42. The vector of claim 41, wherein the promoter is an 
inducible promoter. 

43. The vector of claim 41, wherein the vector is an 
adenoviral, lentiviral, adeno-associated viral (AAV), polio 
virus, HSV, or murine Maloney-based viral vector. 

44. The vector of claim 41, wherein the vector is an 
adenoviral viral vector. 

45. The vector of claim 44, wherein the condition ame 
nable to siRNA therapy is a neurodegenerative disease. 

46. The vector of claim 45, wherein the neurodegenera 
tive disease is a trinucleotide-repeat disease. 

47. The vector of claim 46, wherein the trinucleotide 
repeat disease is a disease associated with polyglutamine 
repeats. 

48. The vector of claim 47, wherein the trinucleotide 
repeat disease is Huntington's disease or a Spinocerebellar 
ataxia (SCA). 

49. The vector of claim 48, wherein the SCA is SCA1, 
SCA2, SCA3, SCA6, SCA7,or SCA17. 

50. The vector of claim 40, wherein the target sequence is 
a Sequence encoding ataxin-1 or huntingtin. 

51. A method of preventing cytotoxic effects of neurode 
generative disease in a mammal in need thereof, comprising 
introducing the vector of claim 40 into a cell in an amount 
Sufficient to SuppreSS accumulation of a protein associated 
with the neurodegenerative disease, and wherein the RNA 
prevents cytotoxic effects of neurodegenerative disease. 

52. A method to inhibit expression of a protein associated 
with the neurodegenerative disease in a mammal in need 
thereof, comprising introducing the vector of claim 40 into 
a cell in an amount Sufficient to inhibit expression of the 
protein associated with the neurodegenerative disease, 
wherein the RNA inhibits expression of the protein associ 
ated with the neurodegenerative disease. 

53. A method to inhibit expression of huntingtin or 
ataxin-1 in a mammal in need thereof comprising: 

(a) providing a mammal containing a neuronal cell, 
wherein the neuronal cell contains the huntingtin or 
ataxin-1 gene and the neuronal cell is Susceptible to 
RNA interference, and the huntingtin or ataxin-1 gene 
is expressed in the neuronal cell; and 

(b) contacting the mammal the vector of claim 41, thereby 
inhibiting expression of the huntingtin or ataxin-1 gene. 
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