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METHODS AND COMPOSITIONS FOR TREATING 
NEUROLOGICAL DISEASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/709,985, ?led Aug. 18, 2005; and to US. 
Provisional Application No. 60/833,234, ?led Jul. 25, 2006. 
The contents of these provisional applications are hereby 
incorporated by reference in their entirety. 

GOVERNMENT SUPPORT 

[0002] The Work described herein Was carried out, at least 
in part, using funds from the US. government under grant 
number 38194 aWarded by the National Institutes of Health. 
The government may therefore have certain rights in the 
invention. 

FIELD 

[0003] This invention relates to methods and compositions 
for treating neurological disease, and more particularly to 
methods of delivering iRNA agents to neural cells for the 
treatment of neurological diseases. 

BACKGROUND 

[0004] RNA interference or “RNAi” is a term initially 
coined by Fire and co-Workers to describe the observation 
that double-stranded RNA (dsRNA) can block gene expres 
sion When it is introduced into Worms (Fire et al., Nature 
391:806-811, 1998). Short dsRNA directs gene-speci?c, 
post-transcriptional silencing in many organisms, including 
vertebrates, and has provided a neW tool for studying gene 
function. 

SUMMARY 

[0005] Aspects of the invention relate to compositions for 
treating a neurological disorder, and methods of using those 
compositions. In one aspect, the invention features a method 
of treating a subject having, or at risk for developing a 
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neurological disorder by administering an iRNA agent that 
inhibits expression of a gene expressed in neural cells. In 
one embodiment, the iRNA agent includes a conjugate to 
facilitate uptake of the iRNA agent into neural cells. In a 
preferred embodiment, the conjugate is a lipophilic moiety, 
e.g., cholesterol. In another embodiment, the iRNA agent 
inhibits expression of the gene expressed in a neural cell that 
is involved in a neurological disease or disorder. In yet 
another embodiment, the iRNA agent is used to treat a 
patient having or at risk for developing a neurological 
disorder. In one embodiment, the iRNA agent modi?ed for 
enhanced uptake into neural cells can inhibit, or decrease, 
expression of the huntingtin (htt) gene in a human having or 
at risk for developing Huntington’s Disease (HD). 

[0006] In a preferred embodiment, the subject is a mam 
mal, such as a human, e.g., a subject diagnosed as having, or 
at risk for developing, a neurological disorder. 

[0007] In one embodiment the sense strand of the iRNA 
agent can include at least one mismatch Within the antisense 
strand of the oligonucleotide agent. The mismatch can 
confer an advantage on the iRNA agent, such as by enhanc 
ing antisense strand selection by the RNAi Induced Silenc 
ing Complex (RISC). In one embodiment, the mismatch is 
at least 1, 2, 3, 4, or 5 nucleotides aWay from the 3'-terminal 
nucleotide of the sense strand. 

[0008] In one embodiment, the iRNA agent includes an 
antisense strand that is substantially complementary to a 
sequence encoded by a region of the human htt gene 
including or overlapping a sequence provided in GenBank 
Accession Number NMi002lll (Aug. 8, 2005). 

[0009] In certain embodiments, the iRNA agents can tar 
get an htt RNA and can include a sense and/or antisense 
sequence listed in Table l or Table 2. In preferred embodi 
ments, the iRNA agent includes at least one modi?cation in 
addition to the lipophilic moiety for enhanced uptake into 
neural cells. The at least one additional modi?cation can be, 
e.g., a phosphorothioate or 2'O-methyl (2'OMe) modi?ca 
tion. 

TABLE 1 

iRNA Agent ID Sequencea 

iRNA Agents targeting htt 

Strandb SEQ ID NO: 

El-4 

7246 

T2886C-6 

El-3 

5 ' —CCCUGGAAAAGCUGAUGAQGG-chol S 

3 ' —CUGGGACCUUUUCGACUACUU as 

5 ' —CCCUCAUCCACUGUGUGCQCU—chol S 

3 ' —GAGGGAGUAGGUGACACACGU as 

5 ' —UGUGCUGACUCUGAGGAAAAG-chol S 

3 ' —CUACACGACUGAGACUCCUUG as 

5 ' —CCCUGGAAAAGCUGAUGAAGG-chol S 

3 ' —CUGGGACCUUUUCGACUACUU as 

a"Chol" indicates cholesterol ligand; 
underlined nucleotides are mismatched with respect to the anti 
sense strand; 
bold nucleotides represent SNP locations 

b"S" indicates sense strand 

"as" indicates antisense strand 
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[0010] 

TABLE 2 

siRNAs targeting Huntington 

Oligonucleotide ligand conjugates 

5' 3' 
O OH 

O\ / 
/P\Ye 

/ / / O 0 

N+ NM \) Y I O or S O N/\/ 
H 

5'—(Cy—3) conjugate 

3' 5' 
O OH 

O%P/ 9 O/ \Y 
/ / / 0 Y I 0 or s 

N+ NW N > H 
OH 

3'—(Cy—3) conjugate 

3' 5' 
HO,’ O OH 

'2 O§ / 
P\ 9 

/ Y 
O 

N 

H 

MN 0 
O \H/ Y I O or S 

O 
3'-Cholesterol conjugate 

\ \ \ 
N N+ 

H 

/\/N f0 
O O 

/ 
O=P 9 

|\Y 
O 3' 
‘O 
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HQ 

Y I O or S 

5'-(Cy—3), 3'—Cholesterol Conjugate 
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TABLE 2-continued 
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htt 3137 

htt 3144 

11m 3074 5' Cy-3-sCCCUGGAAAAGCUGAUGACsGsG 3' 
1m 3 11 1 5' Cy-3-AAGUCGUGCUGCUUCAUGUGGXOMeUZ, 

OMeC 3' 
1m 3112 5' Cy-3-sCCC UGG AAA AGC UGA UGA CsGsGs 

Chol 3' 
3139 5' Cy-3sCCCUGGAAAAGCUGAUGACGsGsChol 3' 

5' UsGCACACAGUGGAUGAGGGASGS-Cy-3 3' 
3138 5' UsUCAUCAGCUUUUCCAGGGUsCs-Cy-3 3' 

htt 3143 

5' CsCCUGGAAAAGCUGAUGACGsGs-Chot 3' 
3142 5' CsCCUCAUCCACUGUGUGCCCsUs-Chol 3' 

5' Cy-3sCsCCUCAUCCACUGUGUGCCCsUs-Chol 3' 
3110 5' CCACAUGAAGCAGCACGACUU-Chol 3' 

7526.30 7526.92 84.2 
7273.06 7273.91 82.0 
7909.8 7961.3 89.0 
7382.06 7382.91 84.73 
7459.08 7458.07 78.43 
7981.37 7982.74 82.0 

8363.08 8363 & 93.78 
8179 

8163.1 8165.0 89.2 
7576.4 7577.0 81.2 
7309.1 7308.3 86.0 

‘s’ indicates phosphorothioate; ‘NZLOMe’, where N = A, C, G or U indicates 2'—O—methyl sugar modi?cation; ‘Chol’ stands for cho 
lesterol conjugate and ‘Cy-3’ stands for a Cy3 conjugate (Cy3 Quasar building blocks were purchased from Biosearch Technolo 
gies, Novato, California). 

[0011] In a preferred embodiment, the antisense strand of 
an iRNA agent conjugated to a lipophilic agent has the 
sequence of an antisense strand listed in Table 1 or Table 2, 
or differs from an antisense strand listed in Table 1 or Table 
2 by no more than 1, 2, 3, 4, or 5 nucleotides. In another 
preferred embodiment, the sense strand of an iRNA agent 
conjugated to a lipophilic agent has the sequence of an 
antisense strand listed in Table 1 or Table 2, or differs from 
an antisense strand listed in Table 1 or Table 2 by no more 
than 1, 2, 3, 4, or 5 nucleotides. In another preferred 
embodiment, the antisense strand of the iRNA agent has at 
least one modi?cation described in Table 1 or Table 2 (e.g., 
a cholesterol, 2'-OMe, phosphorothioate, or Cy-3 modi?ca 
tion). In another preferred embodiment, the antisense strand 
will have the modi?cations shown in Table 1 or Table 2. The 
antisense strand of an iRNA agent can have one or fewer 

modi?cations, e.g., the type shown in Table 1 or Table 2, or 
can have one or more additional modi?cations, e.g., the type 
shown in Table 1 or Table 2. In another preferred embodi 
ment, the sense strand of the iRNA agent has at least one 
modi?cation described in Table 1 or Table 2 (e.g., a cho 
lesterol, 2'-OMe, phosphorothioate, or Cy-3 modi?cation). 
In another preferred embodiment, the sense strand will have 
the modi?cations shown in Table 1 or Table 2. The sense 
strand of an iRNA agent can have one or fewer modi?ca 
tions, e.g., the type shown in Table 1 or Table 2, or can have 
one or more additional modi?cations, e.g., the type shown in 
Table 1 or Table 2. 

[0012] In another embodiment, the iRNA agent targets an 
htt nucleic acid. In one embodiment, the antisense strand of 
the iRNA agent includes an antisense sequence described 
herein, e.g., an antisense sequence listed in Table 1 or Table 
2. In another embodiment, the sense strand of the iRNA 
agent includes the nucleotide sequence of a sense strand 
described herein, e.g., a sense sequence listed in Table 1 or 
Table 2. In yet another embodiment, the antisense strand of 
the iRNA agent overlaps an antisense sequence described 
herein, e.g., an antisense sequence listed in Table 1 or Table 
2, e.g.,by at least 1, 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, or 24 nucleotides. Likewise, the sense strand 
of the iRNA agent overlaps a sense sequence described 
herein, e.g., a sense sequence listed in Table 1 or Table 2, 
e.g., by atleast1,5,10,11,12,13, 14,15,16,17, 18,19, 
20, 21, 22, 23, or 24 nucleotides. 

[0013] In a particularly preferred embodiment, the iRNA 
agent targets a nucleic acid involved in a neurological 
disease. The iRNA agent has an antisense strand comple 

mentary to a nucleotide sequence of the target nucleic acid, 
and a sense strand suf?ciently complementary to hybridize 
to the antisense strand. The iRNA agent also includes a 
liphophilic moiety that facilitates its uptake into a neural 
cell. In a preferred embodiment, the lipophilic moiety is a 
cholesterol. In another embodiment, the iRNA agent 
includes a modi?cation that improves the stability or distri 
bution of the iRNA agent in a biological sample. The iRNA 
agents can further be in isolated form or can be part of a 
pharmaceutical composition used for the methods described 
herein, particularly as a pharmaceutical composition formu 
lated for delivery to a neural cell or formulated for parental 
administration. The pharmaceutical compositions can con 
tain one or more iRNA agents, and in some embodiments, 
will contain two or more iRNA agents. In one embodiment, 
the iRNA agent includes a 2'-modi?ed nucleotide, e.g., a 
2'-O-methylated nucleotide. In another embodiment, the 
iRNA agent includes a phosphorothioate. 

[0014] In another embodiment, the iRNA agent targets a 
wildtype nucleic acid, e.g., a wildtype htt RNA, involved in 
the pathogenesis of a neurological disorder, and in yet 
another embodiment, the iRNA agent targets a polymor 
phism or mutation of the nucleic acid. In certain embodi 
ments, the iRNA agent can target a sequence in a codon of 
the open reading frame, the 3'UTR or the 5'UTR of the 
mRNA transcript of the gene involved in the neurological 
disorder. In one embodiment, the iRNA agent targets a 
spliced isoform of mRNA. 

[0015] In one embodiment, the human carries a form of 
the huntingtin gene that includes an expanded CAG trinucle 
otide repeat, i.e., more than 30 CAG trinucleotide repeats 
(e.g., 35, 40, 50, 60, 70, 80, 90, 100 or more CAG trinucle 
otide repeats), which results in an abnormal form of the 
huntingtin polypeptide including an expansion of the 
polypeptide’s normal polyglutamine tract. In another 
embodiment, the human is diagnosed with Huntington’s 
Disease (HD). In one embodiment, the human carries a 
polymorphism or mutation in the huntingtin gene. For 
example, the human can carry a polymorphism at position 
171, e.g., an A171C polymorphism, in the huntingtin gene 
according to the sequence numbering in GenBankAccession 
No. NMi002111 (Aug. 8, 2005). In another embodiment, 
the iRNA agent targets a nucleic acid that encodes a 
polypeptide known to interact with the huntingtin protein. 
For example, the iRNA agent can target a Huntingtin 
associated protein-1 (HAP-1) nucleic acid. 
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[0016] In a preferred embodiment, the iRNA agent modi 
?ed for enhanced uptake into neural cells does not target an 
alpha-synuclein (SNCA) RNA. 
[0017] In another embodiment, the iRNA agent modi?ed 
for enhanced uptake into neural cells, e.g., conjugated to a 
cholesterol, is at least 21 nucleotides long and includes a 
sense RNA strand and an antisense RNA strand, Wherein the 
antisense RNA strand is 25 or feWer nucleotides in length, 
and the duplex region of the iRNA agent is 18-25 nucle 
otides in length. The iRNA agent may further include a 
nucleotide overhang having 1 to 4 unpaired nucleotides, and 
the unpaired nucleotides may have at least one phospho 
rothioate dinucleotide linkage. The nucleotide overhang can 
be, e.g., at the 3' end of the antisense strand of the iRNA 
agent. 

[0018] In one aspect, the invention features a method of 
doWn regulating expression of a target gene in a neural cell. 
In one embodiment the method includes contacting an iRNA 
agent With the neural cell for a time su?icient to alloW 
uptake of the iRNA agent into the cell. In another embodi 
ment, the iRNA agent includes a sense strand and an 
antisense strand that form an RNA duplex. The iRNA agent 
also comprises a lipophilic moiety, e.g., a cholesterol, and 
the antisense strand of the iRNA agent comprises a nucle 
otide sequence suf?ciently complementary to a target 
sequence of about 18 to 25 nucleotides of an RNA expressed 
from the target gene. In a preferred embodiment, the lipo 
philic moiety is conjugated to at least one end of the sense 
strand, e.g., to the 3' end of the sense strand. In another 
embodiment, the sense strand and the antisense strand have 
a sequence selected from the sense and antisense strands 
listed in Table l or Table 2. 

[0019] In another aspect, the invention features a method 
of treating a human that includes identifying a human 
diagnosed as having or at risk for developing a neurological 
disorder, and administering to the human an iRNA agent that 
targets a gene expressed in a neural cell. In one embodiment, 
expression of the gene is associated With symptoms of the 
neurological disorder. In another embodiment, the iRNA 
agent includes a sense strand and an antisense strand that 
form an RNA duplex, and the iRNA agent includes a 
lipophilic moiety, e.g., a cholesterol. In another embodi 
ment, the antisense strand of the iRNA agent includes a 
nucleotide sequence suf?ciently complementary to a target 
sequence of about 18 to 25 nucleotides of an RNA expressed 
from the target gene. In a preferred embodiment, the lipo 
philic moiety is conjugated to at least one end of the sense 
strand, e.g., to the 3' end of the sense strand, and in another 
embodiment, the iRNA agent includes a phosphorothioate or 
a 2' modi?cation, e.g., a 2'OMe or 2'O-?uoro modi?cation. 
In one embodiment, the sense and antisense strands include 
a sequence selected from the sense and antisense strands 
listed in Table l or Table 2. 

[0020] In one embodiment, the antisense strand of the 
iRNA agent includes a sequence complementary to a poly 
morphism of an htt RNA. In another embodiment, the 
human has or is at risk for developing Huntington’s disease. 
In another embodiment, the human carries a genetic varia 
tion in a Parkin gene or a ubiquitin carboxy-terminal hydro 
lase Ll (UCHLI) gene, and the human has or is at risk for 
developing Parkinson’s disease. In another embodiment, the 
human has or is at risk for developing AlZheimer’s Disease, 
multiple system atrophy, or LeWy body dementia. 
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[0021] In another aspect, the invention features a pharma 
ceutical composition including an iRNA agent conjugated to 
a lipophilic moiety for enhanced uptake into neural cells, 
e.g., conjugated to a cholesterol molecule, and a pharma 
ceutically acceptable carrier. Preferably, the iRNA agent 
targets a nucleic acid involved in a neurological disease or 
disorder. 

[0022] In a particularly preferred embodiment, the phar 
maceutical composition includes an iRNA agent targeting an 
htt nucleic acid and a pharmaceutically acceptable carrier. 
The iRNA agent has an antisense strand complementary to 
a nucleotide sequence of an htt RNA, and a sense strand 
suf?ciently complementary to hybridiZe to the antisense 
strand. In one embodiment, the iRNA agent includes a 
lipophilic moiety that facilitates its uptake into a neural cell. 
In one embodiment, the lipophilic moiety is a ligand that 
includes a cationic group. In another embodiment, the 
lipophilic moiety is attached to one or both ends of one or 
both strands of the iRNA agent. In a preferred embodiment, 
the lipophilic moiety is attached to one end of the sense 
strand of the iRNA agent, and in another preferred embodi 
ment, the ligand is attached to the 3' end of the sense strand. 
In certain embodiments, the lipophilic agent is, e.g, choles 
terol, vitamin E, vitamin K, vitamin A, folic acid or a 
cationic dye, such as Cy3. In a preferred embodiment, the 
lipophilic moiety is a cholesterol. 

[0023] In another embodiment, the iRNA agent of the 
pharmaceutical composition includes a modi?cation that 
improves the stability or distribution of the iRNA agent in a 
biological sample. The iRNA agents can further be in 
isolated form or can be part of a pharmaceutical composition 
used for the methods described herein, particularly as a 
pharmaceutical composition formulated for delivery to a 
neural cell or formulated for parental administration. The 
pharmaceutical compositions can contain one or more iRNA 
agents, and in some embodiments, Will contain tWo or more 
iRNA agents. In one embodiment, the iRNA agent includes 
a 2'-modi?ed nucleotide, e.g., a 2'-O-methylated nucleotide. 
In another embodiment the iRNA agent includes a phospho 
rothioate. 

[0024] In a particularly preferred embodiment, htt RNA 
levels in a neural cell are reduced by contacting the neural 
cell of the subject With an iRNA agent modi?ed for 
enhanced uptake into neural cells. In a preferred embodi 
ment, the ligand is a cholesterol. 

[0025] In another aspect, the invention features a method 
of making an iRNA agent that targets a nucleic acid 
expressed in neural cells and that is modi?ed for enhanced 
uptake into neural cells. The method includes selecting a 
nucleotide sequence of between 18 and 25 nucleotides long 
from the nucleotide sequence of a target mRNA, e.g., an htt 
mRNA, and synthesiZing the iRNA agent. The sense strand 
of the iRNA agent includes the nucleotide sequence selected 
from the target RNA, and the antisense strand is suf?ciently 
complementary to hybridiZe to the sense strand. The method 
includes incorporating at least one lipophilic moiety into the 
iRNA agent, e.g., onto at least one end of the sense strand of 
the iRNA agent. In a preferred embodiment, the lipophilic 
moiety is incorporated onto the 3' end of the sense strand of 
the iRNA agent. In one embodiment, a cationic dye, e.g., 
Cy3, is incorporated into at least one strand of the iRNA 
agent, e.g., on the 3' or 5' end of the iRNA agent. In one 
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embodiment, more than one lipophilic moiety, e.g., more 
than one different kind of lipophilic moiety is incorporated 
into the iRNA agent. In certain embodiments, the iRNA 
agent includes the ligand conjugates illustrated in Table l or 
Table 2. In other embodiments the method of making the 
iRNA agent includes use of the building blocks illustrated in 
Table l or Table 2. In yet other embodiments, the methods 
featured in the invention include methods of making the 
iRNA agents listed in Table l or Table 2, Which target htt 
RNA. In one embodiment, the method further includes 
administering the iRNA agent to a subject, e.g., a mamma 
lian subject, such as a human subject, such as a human 
having or at risk for developing a neurological disease or 
disorder. In one embodiment, the human has or is at risk for 
developing HD. 

[0026] In another aspect, the invention features a method 
of evaluating an iRNA agent, e.g., an iRNA agent conju 
gated With a lipophilic agent for enhanced uptake into neural 
cells. The method includes: providing a candidate iRNA 
agent modi?ed for enhanced uptake into neural cells, e.g., 
conjugated With a cholesterol molecule and determining 
Whether the iRNA agent is taken up into neural cells. In one 
embodiment, the iRNA agent is conjugated With a detectable 
marker, e.g., a ?uorescent marker, such as Cy3 or Cy5, and 
uptake into the cell is assayed by ?uorescence. In another 
embodiment e.g., by the use of one or more of the test 
systems described herein, if said candidate agent modulates, 
e.g., inhibits, target gene expression. 

[0027] In a preferred embodiment the method includes 
evaluating the iRNA agent in a ?rst test system; and, if a 
predetermined level of gene expression is observed, evalu 
ating the candidate in a second, preferably different, test 
system. In a particularly preferred embodiment the second 
test system includes administering the candidate iRNA agent 
to a neural cell of an animal and evaluating the effect of the 
candidate agent on target gene expression in the animal. 

[0028] Atest system can include: contacting the candidate 
iRNA agent With a target nucleic acid, e.g., a nucleic acid 
expressed in neural cells, such as an htt RNA. The iRNA is 
preferably contacted With the target nucleic acid in vitro, and 
it is determined Whether there is an interaction, e. g., binding 
of the candidate agent to the target. The test system can 
include contacting the candidate agent With a neural cell and 
evaluating modulation of neural gene expression, e.g., htt 
gene expression. For example, this can include contacting 
the candidate iRNA agent With a neural cell capable of 
expressing htt RNA (from an endogenous gene or from an 
exogenous construct) and evaluating the level of htt or htt 
RNA. In a preferred embodiment, the candidate iRNA agent 
includes a modi?cation that enhances uptake of the candi 
date iRNA agent into the neural cell. In a particularly 
preferred embodiment, the modi?cation is a cholesterol 
molecule, e.g., a cholesterol attached to the sense strand of 
the iRNA agent, e.g., to the 3' end of the sense strand. In 
another embodiment the test system can include contacting 
the candidate agent With a cell Which expresses an RNA or 
protein from a portion of the neural gene linked to a 
heterologous sequence, e.g., a marker protein, e.g., a ?uo 
rescent protein such as GFP, Which construct can be either 
chromosomal or episomal, and determining the effect on 
RNA or protein levels. The test system can also include 
contacting the candidate iRNA agent, in vitro, With a tissue 
sample, e.g., a brain tissue sample, e.g., a slice or section, an 
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optical tissue sample, or other sample Which includes neural 
tissue, and evaluating the level of neural polypeptide or 
RNA, e.g., htt polypeptide or RNA. The test system can 
include administering the candidate iRNA agent, in vivo, to 
an animal, and evaluating the level of neural polypeptide or 
neural RNA, e.g., htt polypeptide or htt RNA. In any of 
these, the effect of the candidate agent on neural gene 
expression can include comparing gene expression With a 
predetermined standard, e.g., With control, e.g., an untreated 
cell, tissue or animal. Gene expression can be compared, 
e.g., before and after contacting With the candidate iRNA 
agent. The method alloWs determining Whether the iRNA 
agent is useful for inhibiting htt gene expression. 

[0029] A “neural gene” is a gene expressed in neural cells. 
A neural gene can be expressed exclusively in neural cells, 
or can be expressed in other cell types in addition to the 
neural cell. 

[0030] In one embodiment, neural gene expression can be 
evaluated by a method to examine neural RNA levels (e.g., 
Northern blot analysis, RT-PCR, or RNAse protection assay) 
or neural polypeptide levels (e.g., Western blot, immuno 
histochemistry, or auto?uorescence assays (e.g., to detect 
GFP or luciferase expression)). 

[0031] A “neural cell” is a cell ofthe nervous system, e.g., 
the peripheral or the central nervous system. A neural cell 
can be a nerve cell (i.e., a neuron), e.g., a sensory neuron or 
a motoneuron, or a glial cell. Exemplary neurons include 
dorsal root ganglia of the spinal cord, spinal motor neurons, 
retinal bipolar cells, cortical and striatal cells of the brain, 
hippocampal pyramidal cells, and purkinje cells of the 
cerebellum. Exemplary glial cells include oligodendrocytes 
and astrocytes of the central nervous system, and the 
SchWann cells of the peripheral nervous system. 

[0032] By “enhanced uptake into neural cells” is meant 
that higher levels of a modi?ed iRNA agent are incorporated 
into a neural cell than unmodi?ed iRNA agent When the cells 
exposed to each type of iRNA agent are treated under similar 
conditions, in in vitro or in vivo conditions. 

[0033] In one embodiment, e.g., as a second test, the agent 
is administered to an animal, e.g., a mammal, such as a 
mouse, rat, rabbit, human, or non-human primate, and the 
animal is monitored for an effect of the agent. For example, 
a tissue of the animal, e. g., a brain tissue, is examined for an 
effect of the agent on neural gene expression. The tissue can 
be examined for the presence of neural RNA and/ or protein 
levels, for example. In one embodiment, the animal is 
observed to monitor an improvement or stabiliZation of a 
cognitive symptom. The agent can be administered to the 
animal by any method, e.g., orally, or by intrathecal or 
parenchymal injection, such as by stereoscopic injection into 
the brain. 

[0034] In a particularly preferred embodiment, the inven 
tion features a method of evaluating an iRNA agent, e.g., an 
iRNA agent described herein, that targets a nucleic acid 
expressed in neural cells, e.g., an htt nucleic acid. The 
method includes providing an iRNA agent that targets a 
nucleic acid expressed in neural cells (e.g., an htt RNA); 
contacting the iRNA agent With a neural cell containing and 
capable of expressing the nucleic acid; and evaluating the 
effect of the iRNA agent on expression of the nucleic acid, 
e.g., by comparing gene expression With a control, e.g., in 
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the cell. Gene expression can be compared, e.g., before and 
after contacting the iRNA agent With the cell. The method 
allows determining Whether the iRNA agent is useful for 
inhibiting gene expression. For example, the iRNA agent 
can be determined to be useful for inhibiting neural gene 
expression if the iRNA agent reduces expression by a 
predetermined amount, e.g., by 10, 25, 50, 75, or 90%, e.g., 
as compared With a predetermined reference value, e.g., as 
compared With the amount of neural RNA or protein prior to 
contacting the iRNA agent With the cell. The neural gene can 
be endogenously or exogenously expressed. 

[0035] The methods and compositions featured in the 
invention, e.g., the methods and iRNA compositions to treat 
the neurological disorders described herein, can be used 
With any dosage and/or formulation described herein, as 
Well as With any route of administration described herein. 

[0036] Thus, in another aspect, the invention features a 
method of treating a subject by administering an agent 
Which inhibits the expression of a gene in a neural cell. In 
a preferred embodiment, the subject is a mammal, such as a 
human, e.g., a subject diagnosed as having, or at risk for 
developing a neurological disease or disorder. Agents that 
inhibit neural gene expression include iRNA agents and 
antisense molecules that target htt RNA. 

[0037] A “substantially identical” sequence includes a 
region of suf?cient homology to the target gene, and is of 
su?icient length in terms of nucleotides, that the iRNA agent 
(e.g., the iRNA agent conjugated to a lipophilic moiety for 
enhanced uptake into neural cells), or a fragment thereof, 
can mediate doWn regulation of the target gene. A sequence 
of the iRNA agent that is substantially identical to a target 
RNA is typically a sequence on the sense strand of a double 
stranded iRNA agent. 

[0038] A “substantially complementary” sequence 
includes a region of suf?cient complementarity to the target 
gene, and is of suf?cient length in terms of nucleotides, that 
the iRNA agent (e.g., the iRNA agent conjugated to a 
lipophilic moiety for enhanced uptake into neural cells), or 
a fragment thereof, can mediate doWn regulation of the 
target gene. A sequence of the iRNA agent that is substan 
tially complementary to a target RNA is typically a sequence 
on the antisense strand of a double stranded iRNA agent. 
Thus, the iRNA agent is or includes a region Which is at least 
partially, and in some embodiments fully, complementary to 
a target RNA transcript, e. g, an RNA transcript expressed in 
a neural cell. It is not necessary that there be perfect 
complementarity betWeen the iRNA agent and the target, but 
the correspondence must be suf?cient to enable the iRNA 
agent, or a cleavage product thereof, to direct sequence 
speci?c silencing, e.g., by RNAi cleavage of the target RNA, 
e.g., mRNA. Complementarity, or degree of homology With 
the target strand, is most critical in the antisense strand. 
While perfect complementarity, particularly in the antisense 
strand, is often desired some embodiments can include, 
particularly in the antisense strand, one or more but prefer 
ably 6, 5, 4, 3, 2, or feWer mismatches (With respect to the 
target RNA). The mismatches, particularly in the antisense 
strand, are most tolerated in the terminal regions and if 
present are preferably in a terminal region or regions, e.g., 
Within 6, 5, 4, or 3 nucleotides of the 5' and/or 3' terminus. 
The sense strand need only be suf?ciently complementary 
With the antisense strand to maintain the overall double 
strand character of the molecule. 
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[0039] An “RNA agent” as used herein, is an unmodi?ed 
RNA, modi?ed RNA, or nucleoside surrogates, Which are 
described herein or are Well knoWn in the RNA synthetic art. 
While numerous modi?ed RNAs and nucleoside surrogates 
are described, preferred examples include those Which have 
greater resistance to nuclease degradation than do unmodi 
?ed RNAs. Preferred examples include those that have a 2' 
sugar modi?cation, a modi?cation in a single strand over 
hang, preferably a 3' single strand overhang, or, particularly 
if single stranded, a 5' modi?cation Which includes one or 
more phosphate groups or one or more analogs of a phos 
phate group. 

[0040] An “iRNA agent” (abbreviation for “interfering 
RNA agent”) as used herein, is an RNA agent, Which can 
doWnregulate the expression of a target gene, preferably an 
endogenous or pathogen target RNA expressed in a neural 
cell. While not Wishing to be bound by theory, an iRNA 
agent may act by one or more of a number of mechanisms, 
including post-transcriptional cleavage of a target mRNA 
sometimes referred to in the art as RNAi, or pre-transcrip 
tional or pre-translational mechanisms. An iRNA agent is 
preferably a double stranded (ds) iRNA agent. 

[0041] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from this description, 
and from the claims. This application incorporates all cited 
references, patents, and patent applications by references in 
their entirety for all purposes. 

BRIEF DESCRIPTION OF DRAWINGS 

[0042] FIGS. 1A-1D. Images of in situ staining for patho 
logical hallmarks of Huntington’s disease found in mice 
treated With lentivirus-mut-htt. Staining Was by immunohis 
tochemistry against htt protein. FIG. 1A is an in situ stain of 
striatum tissue. FIGS. 1B, 1C and ID are in situ stains of the 
striatum near the globus pallidus. Scale bar=25 pm. 

[0043] FIGS. 2A-2F. Intrastriatal injection of cholesterol 
conjugated dsRNA AL-DP-l799 targeting huntingtin 
changes pattern of cellular huntingtin-immunoreactivity in a 
mouse model of Huntington’s disease. 

[0044] FIGS. 3A-3B. Intrastriatal injection of cholesterol 
conjugated dsRNA AL-DP-l799 targeting huntingtin 
reduces siZe of huntingtin-immunoreactive inclusions in 
cortex and striatum, and reduces neuropil aggregates in a 
mouse model of Huntington’s disease. 

[0045] FIGS. 4A-4B. Intrastriatal injection of cholesterol 
conjugated dsRNA AL-DP-l799 targeting huntingtin 
increases the number of huntingtin-immunoreactive cells in 
striatum in a mouse model of Huntington’s disease. 

[0046] FIG. 5. Intrastriatal injection of cholesterol-conju 
gated dsRNA AL-DP-l799 targeting huntingtin reduces 
abnormal clasping behavior in a mouse model of Hunting 
ton’s disease. 

DETAILED DESCRIPTION 

[0047] Double-stranded RNA (dsRNA) directs the 
sequence-speci?c silencing of mRNA through a process 
knoWn as RNA interference (RNAi). The process occurs in 
a Wide variety of organisms, including mammals and other 
vertebrates. 
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[0048] It has been demonstrated that 21-23 nt fragments of 
dsRNA are sequence-speci?c mediators of RNA silencing, 
e.g., by causing RNA degradation. While not Wishing to be 
bound by theory, it may be that a molecular signal, Which 
may be merely the speci?c length of the fragments, present 
in these 21-23 nt fragments, recruits cellular factors that 
mediate RNAi. Described herein are methods for preparing 
and administering these 21-23 nt fragments, and other iRNA 
agents, and their use for speci?cally inactivating gene func 
tion in neural cells. The use of iRNA agents (or recombi 
nantly produced or chemically synthesiZed oligonucleotides 
of the same or similar nature) enables the targeting of 
speci?c mRNAs for silencing in mammalian cells. In addi 
tion, longer dsRNA agent fragments can also be used, e.g., 
as described beloW. 

[0049] Although, in mammalian cells, long dsRNAs can 
induce the interferon response Which is frequently deleteri 
ous, short dsRNAs (sRNAs) do not trigger the interferon 
response, at least not to an extent that is deleterious to the 
cell and host. In particular, the length of the iRNA agent 
strands in an sRNA agent can be less than 31, 30, 28, 25, or 
23 nt, e.g., suf?ciently short to avoid inducing a deleterious 
interferon response. Thus, the administration of a composi 
tion of sRNA agent (e.g., formulated as described herein) to 
a mammalian cell can be used to silence expression of a 
target gene While circumventing the interferon response. 
Further, use of a discrete species of iRNA agent can be used 
to selectively target one allele of a target gene, e.g., in a 
subject heterozygous for the allele. 

[0050] Moreover, in one embodiment, a mammalian cell is 
treated With an iRNA agent that disrupts a component of the 
interferon response, e.g., dsRNA-activated protein kinase 
PKR. Such a cell can be treated With a second iRNA agent 
that includes a sequence complementary to a target RNA and 
that has a length that might otherWise trigger the interferon 
response. 

[0051] In a typical embodiment, the subject is a mammal 
such as a coW, horse, mouse, rat, dog, pig, goat, or a primate. 
The subject can be a dairy mammal (e.g., a coW, or goat) or 
other farmed animal (e.g., a chicken, turkey, sheep, pig, ?sh, 
shrimp). In a much preferred embodiment, the subject is a 
human, e.g., a normal individual or an individual that has, is 
diagnosed With, or is predicted to have a neurological 
disease or disorder. 

[0052] A neurological disease or disorder is any disease or 
disorder that affects the nervous system (the central or 
peripheral nervous system). Exemplary neurological dis 
eases and disorders include Huntingtons’s Disease (HD), 
Parkinson’s Disease (PD), Amyotropic Lateral Sclerosis 
(ALS), AlZheimer’s Disease, LeWy body dementia, Multiple 
System Atrophy, spinal and bulbar muscular atrophy 
(Kennedy’s disease), Tourette Syndrome, Autosomal domi 
nant spinocerebellar ataxia (SCA) (e.g., Type 1 SCA1, Type 
2 SCA2, Type 3 (Machado-Joseph disease) SCA3/MJD, 
Type 6 SCA6, Type 7 SCA7, Type 8 SCA8, Friedreich’s 
Ataxia and Dentatorubral pallidoluysian atrophy DRPLA/ 
HaW-River syndrome), schizophrenia, age associated 
memory impairment, autism, attention-de?cit disorder, 
bipolar disorder, and depression. 

[0053] Because oligonucleotide agent-mediated modula 
tion persists for several days after administering the oligo 
nucleotide agent composition, in many instances it is pos 

May 10, 2007 

sible to administer the composition With a frequency of less 
than once per day, or, for some instances, only once for the 
entire therapeutic regimen. For example, treatment of some 
cancerous neural cells may be mediated by a single bolus 
administration, Whereas a chronic viral infection may 
require regular administration, e.g., once per Week or once 
per month. For example, treatment of an astrocytoma may 
be treated With a single bolus administration of an iRNA 
agent conjugated to a lipophilic agent. 

Treatment of Neurological Diseases and Disorders 

[0054] Any patient having a neurological disease or dis 
order is a candidate for treatment With a method or compo 
sition described herein. Presymptomatic subjects can also be 
candidates for treatment With an iRNA agent targeted to 
neural cells. For example, a presymptomatic human deter 
mined to be at risk for HD is a candidate for treatment With 
an anti-htt iRNA agent conjugated to a lipophilic molecule, 
e.g., a cholesterol molecule, for delivery to neural cells. In 
one embodiment, a presymptomatic candidate is identi?ed 
by either or both of risk-factor pro?ling and functional 
neuroimaging (e.g., by ?uorodopa and positron emission 
tomography). For example, the candidate subject can be 
identi?ed by risk-factor pro?ling folloWed by functional 
neuroimaging. 

[0055] Individuals having a particular genotype are can 
didates for treatment. In some embodiments the patient Will 
carry a particular genetic mutation that places the patient at 
increased risk for developing a disorder of the nervous 
system, e.g., HD. For example, an individual carrying a 
CAG trinucleotide expansion in htt (e.g., more than 36 
repeats) is at increased risk for developing HD and is a 
candidate for treatment With an iRNA agent featured in the 
invention, e.g., conjugated to a cholesterol molecule for 
enhanced uptake into neural cells. The iRNA agent prefer 
ably targets the htt gene. In addition, a SNP in the htt gene 
has been found to be an indicator of the presence of the 
expanded CAG repeat that triggers HD. The SNP is an A to 
C polymorphism at position 171, according to the number 
ing of GenBank Accession No. NMi0021 11. A human 
carrying this SNP is therefore a candidate for treatment With 
an iRNA agent featured in the invention, or is at least a 
candidate for further genetic studies (such as for testing for 
the CAG repeat expansion) Which Will further determine if 
the human is a candidate for treatment With an iRNA agent 
targeting htt and modi?ed for enhanced delivery to neurons. 

[0056] In another example, the non-genetic risk factors for 
PD include age (e.g., over age 30, 35, 40, 45, or 50 years), 
gender (men are generally have a higher risk than Women), 
pesticide exposure, heavy metal exposure, and head trauma. 
In general, exogenous and endogenous factors that disrupt 
the ubiquitin proteasomal pathWay or more speci?cally 
inhibit the proteasome, or Which disrupt mitochondrial func 
tion, or Which yield oxidative stress can increase the risk of 
an individual for developing PD, and can contribute to the 
pathogenesis of PD. These factors can be considered When 
evaluating the risk pro?le of a candidate subject for treat 
ment With an iRNA agent modi?ed for enhanced uptake into 
a neural cell, e.g., conjugated to a cholesterol molecule. 

Design and Selection of iRNA Agents 

[0057] Candidate iRNA agents can be designed by per 
forming, for example, a gene Walk analysis. Overlapping, 
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adjacent, or closely spaced candidate agents corresponding 
to all or some of the transcribed region can be generated and 
tested. Each of the iRNA agents can be tested and evaluated 
for the ability to doWn regulate target gene expression (see 
beloW, “Evaluation of Candidate iRNA agents”). 

[0058] An iRNA agent can be rationally designed based on 
sequence information and desired characteristics. For 
example, an iRNA agent can be designed according to the 
relative melting temperature of the candidate duplex. Gen 
erally, the duplex Will have a loWer melting temperature at 
the 5' end of the antisense strand than at the 3' end of the 
antisense strand. This and other elements of rational design 
are discussed in greater detail beloW (see, e.g., sections 
labeled “”Palindromes,”“Asymmetry,” and “Z-X-Y,” and 
“Differential Modi?cation of Terminal Duplex Stability” 
and “Other-than-Watson-Crick Pairing.” 

Evaluation of Candidate iRNA Agents 

[0059] A candidate iRNA agent, e.g., a candidate iRNA 
agent conjugated to a lipophilic moiety, can be evaluated for 
its ability to be taken up into neural cells. For example, a 
candidate iRNA agent conjugated to a lipophilic moiety is 
provided in a solution that does not contain an additional 
lipophilic moiety or transfection reagent to facilitate uptake 
into the cell. “Transfection reagents” include ions or other 
substances Which substantially alter cell permeability to an 
oligonucleotide agent. Exemplary transfecting agents 
include LipofectamineTM (lnvitrogen, Carlsbad, Calif.), 
Lipofectamine ZOOOTM, TransIT-TKOTM (Mirus, Madison, 
Wis.), FuGENE 6 (Roche, Indianapolis, Ind.), polyethylen 
imine, X-tremeGENE Q2 (Roche, Indianapolis, Ind.), 
DOTAP, DOSPER, MetafecteneTM (Biontex, Munich, Ger 
many), or another transfection reagent. 

[0060] The candidate iRNA agent conjugated to a lipo 
philic moiety can be evaluated in a cell culture system, such 
as in a neural cell culture. If a predetermined level of uptake 
into neural cells is observed, the candidate iRNA agent can 
be evaluating in an animal, e.g., in a mouse, rat, rabbit, dog, 
cat, or monkey. The cell cultures can be mammalian cell 
cultures, such as mouse, rat or human cell cultures. Exem 
plary neural cell cultures include cortical cell lines, striatal 
cell lines (e.g., STl4A), pheocromocytoma cell lines (e.g., 
PC12), neuroblastoma cell lines (e.g., N2a), and the like. 
The cell cultures can be, for example, non-tumor- or tumor 
derived neuronal cell lines, and can be derived from, for 
example, a glioma, glioblastoma, meduloblastoma, retino 
blastoma, or a neuroendocrine cell line. Exemplary cell lines 
can be provided by the American Type Culture Collection 
(ATCC) (Manassus, Va.). 
[0061] A candidate iRNA agent that includes a lipophilic 
moiety, e.g., a cholesterol, can include an antisense strand 
that is substantially complementary to a target RNA in the 
neural cell, e.g., an htt RNA, and the method of evaluating 
the iRNA agent can include determining Whether the agent 
decreases expression of the target RNA in the cell. 

[0062] A candidate iRNA agent that can be taken up into 
neural cells can be further tested for uptake into a neural cell 
in vivo. For example, folloWing administration of the iRNA 
agent, such as by direct injection into the animal, e.g., into 
the brain of the animal, the tissue at the site of injection can 
be examined for uptake of the iRNA agent. Detection of the 
iRNA agent can be accomplished by a variety of methods. 
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For example, if the iRNA agent is labeled With a ?uorescent 
molecule, such as Cy3, Cy5, rhodamine or FITC label, 
uptake of the iRNA agent can be assayed by monitoring for 
the uptake of the ?uorescent label. Detection can also be 
accomplished by in situ hybridization With an oligonucle 
otide probe, e.g., to detect the presence of the iRNA. Assays 
to detect target gene product (target RNA or protein) can 
also be used to monitor uptake of the candidate iRNA agent 
into neural cells. Detection can be, for example, by in situ 
hybridiZation With an oligonucleotide probe to detect the 
target RNA or by immunohistochemistry techniques to 
detect the target polypeptide. Alternatively, target RNA or 
protein can be isolated from the tissue containing the neural 
cells, and the RNA detected by, e. g., Northern blot, RT-PCR, 
or RNAse protection assay, or the target protein detected by 
Western blot analysis. If a decreased level of RNA or protein 
is detected, it can be determined that a su?icient amount of 
iRNA agent is entering the cell to cause the observed 
decrease in RNA or protein expression. 

[0063] For example, a candidate iRNA agent conjugated 
With a lipophilic moiety can be provided, and contacted With 
a neural cell, e.g., a neural cell that expresses a target gene, 
such as the htt gene. The level of target gene expression prior 
to and folloWing contact With the candidate iRNA agent can 
be compared. The target gene can be an endogenous or 
exogenous gene Within the cell. If it is determined that the 
amount of RNA or protein expressed from the target gene is 
loWer folloWing contact With the iRNA agent, then it can be 
concluded that the iRNA agent doWn regulates target gene 
expression. The level of target RNA or protein in the cell can 
be determined by any method desired. For example, the 
level of target RNA can be determined by Northern blot 
analysis, reverse transcription coupled With polymerase 
chain reaction (RT-PCR), or RNAse protection assay. The 
level of protein an be determined by, for example, Western 
blot analysis. 

[0064] The iRNA agent conjugated With a lipophilic moi 
ety, e.g., a cholesterol, can be tested in an in vitro or/and in 
an in vivo system. For example, the target gene or a fragment 
thereof can be fused to a reporter gene on a plasmid. The 
plasmid can be transfected into a cell, e.g., a neural cell, With 
a candidate iRNA agent. The e?icacy of the iRNA agent can 
be evaluated by monitoring expression of the reporter gene. 
The reporter gene can be monitored in vivo, such as by 
?uorescence or in situ hybridiZation. Exemplary ?uorescent 
reporter genes include but are not limited to green ?uores 
cent protein and luciferase. Expression of the reporter gene 
can also be monitored by Northern blot, RT-PCR, RNAse 
protection assay, or Western blot analysis as described 
above. 

[0065] E?icacy of an iRNA agent conjugated to a lipo 
philic moiety, e.g., cholesterol, can be tested in a mammalian 
cell line, e.g., a mammalian neural cell line, such as a human 
neuroblastoma cell line. For example, a cell line useful for 
testing e?icacy of an anti-htt iRNA agent is a striatal cell 
line, e. g. STl 4A cell line. Other mammalian neural cell lines 
that can take up an iRNA agent conjugated With a lipophilic 
moiety include, e.g., neuronally di?‘erentiated phaeochro 
mocytomas (e.g., PC12 cells), primary neuronal cultures 
(e.g., isolated from a mouse or rat and cultured immedi 
ately), and neuroblastoma cell lines. Neuroblastoma cell 
lines include BE(2)-Ml7, SH-SYSY (both human) and N2a 
(mouse). 
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[0066] Controls include: 

[0067] (1) testing the e?icacy and speci?city of an 
iRNA agent by assaying for a decrease in expression of 
the target gene by, for example, comparison to expres 
sion of an endogenous or exogenous o?f-target RNA or 
protein; and 

[0068] (2) testing speci?city of the effect on target gene 
expression by administering a “nonfunctional” iRNA 
agent. 

[0069] Nonfunctional control iRNA agents can: 

[0070] (a) target a gene not expressed in the cell; 

[0071] (b) be of nonsensical sequence (e. g., a scrambled 
version of the test iRNA); or 

[0072] (c) have a sequence complementary to the target 
gene, but be knoWn by previous experiments to lack an 
ability to silence gene expression. 

[0073] A candidate iRNA agent conjugated to a lipophilic 
molecule can include other modi?cations for nuclease resis 
tance. Resistance to a degradent can be evaluated as folloWs. 
A candidate modi?ed iRNA agent (and preferably a control 
molecule, usually one that does not include the modi?cation 
believed to be required for nuclease resistance) can be 
exposed to degradative conditions, e. g., exposed to a milieu, 
Which includes a degradative agent, e.g., a nuclease. E.g., 
one can use a biological sample, e.g., one that is similar to 

a milieu, Which might be encountered, in therapeutic use, 
e.g., blood or a cellular fraction, e.g., a cell-free homogenate 
or disrupted cells. The candidate and control could then be 
evaluated for resistance to degradation by any of a number 
of approaches. For example, the candidate and control could 
be labeled, preferably prior to exposure, With, e.g., a radio 
active or enZymatic label, or a ?uorescent label, such as Cy3 
or Cy5. Control and modi?ed RNA’s can be incubated With 
the degradative agent, and optionally a control, e.g., an 
inactivated, e.g., heat inactivated, degradative agent. A 
physical parameter, e.g., siZe, of the modi?ed and control 
molecules are then determined. They can be determined by 
a physical method, e.g., by polyacrylamide gel electrophore 
sis or a siZing column, to assess Whether the molecule has 
maintained its original length, or assessed functionally. 
Alternatively, Northern blot analysis can be used to assay the 
length of an unlabeled modi?ed molecule. 

[0074] A functional assay can also be used to evaluate the 
candidate agent. A functional assay can be applied initially 
or after an earlier non-functional assay, (e.g., assay for 
resistance to degradation) to determine if the modi?cation 
alters the ability of the molecule to silence gene expression. 
For example, a cell, e.g., a mammalian cell, such as a mouse 
or human cell, can be co-transfected With a plasmid express 
ing a ?uorescent protein, e.g., GFP, and a candidate RNA 
agent homologous to the transcript encoding the ?uorescent 
protein. For example, a modi?ed siRNA homologous to the 
GFP mRNA can be assayed for the ability to inhibit GFP 
expression by monitoring for a decrease in cell ?uorescence, 
as compared to a control cell, in Which the transfection did 
not include the candidate siRNA, e. g., controls With no agent 
added and/or controls With a non-modi?ed RNA added. 
E?icacy of the candidate agent on gene expression can be 
assessed by comparing cell ?uorescence in the presence of 
the modi?ed and unmodi?ed iRNA agents. 
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[0075] The effect of the modi?ed iRNA agent on target 
RNA levels can be veri?ed by Northern blot to assay for a 
decrease in the level of target mRNA, or by Western blot to 
assay for a decrease in the level of target protein, as 
compared to a negative control. Controls can include cells in 
Which no agent is added and/or cells in Which a non 
modi?ed iRNA agent is added. 

[0076] Assays can include time course experiments to 
monitor stability and duration of silencing by an iRNA agent 
and monitoring in dividing versus nondividing cells. Pre 
sumably in dividing cells, the iRNA agent is diluted out over 
time, thus decreasing the duration of the silencing effect. The 
implication is that dosage Will have to be adjusted in vivo, 
and/or an iRNA agent Will have to be administered more 
frequently to maintain the silencing effect. To monitor 
nondividing cells, cells can be arrested by serum With 
draWal. Neurons are post-mitotic cells, and thus neural cells 
are aptly suited for assaying the stability of iRNA agents, 
such as an anti-htt iRNA agent, for use in therapeutic 
compositions for the treatment of disorders of the nervous 
system, e.g., neurological disorders, such as HD. 

[0077] A candidate iRNA agent can also be evaluated for 
cross-species reactivity. For example, cell lines derived from 
different species (e.g., mouse vs. human) or in biological 
samples (e.g., serum or tissue extracts) isolated from differ 
ent species can be transfected With a candidate iRNA agent 
conjugated to a lipophilic moiety, e.g., cholesterol. The 
e?icacy of the iRNA agent can be determined for the cell 
from the different species. 

Stability Testing, Modi?cation, and Retesting of iRNA 
Agents 

[0078] A candidate iRNA agent conjugated With a lipo 
philic agent for enhanced uptake into neural cells can be 
evaluated With respect to its susceptibility to cleavage by an 
endonuclease or exonuclease, such as When the iRNA agent 
is introduced into the body of a subject. Methods can be 
employed to identify sites that are susceptible to modi?ca 
tion, particularly cleavage, e.g., cleavage by a component 
found in the body of a subject. The component (e.g., an 
exonuclease or endonuclease) can be speci?c for a particular 
area of the body, such as a particular tissue, organ, or bodily 
?uid (e.g., blood, plasma, or serum). Sites in an iRNA agent 
that are susceptible to cleavage, either by endonucleolytic or 
exonucleolytic cleavage, in certain areas of the body, may be 
resistant to cleavage in other areas of the body. An exem 
plary method includes: 

[0079] (l) determining the point or points at Which a 
substance present in the body of a subject, and preferably a 
component present in a compartment of the body into Which 
a therapeutic dsRNA is to be introduced (this includes 
compartments into Which the therapeutic is directly intro 
duced, e.g., the circulation, as Well as in compartments to 
Which the therapeutic is eventually targeted; in some cases, 
e.g, the eye or the brain the tWo are the same), cleaves a 
dsRNA, e.g., an iRNA agent, and 

[0080] (2) identifying one or more points of cleavage, e. g., 
endonucleolytic, exonucleolytic, or both, in the dsRNA. 
Optionally, the method further includes providing an RNA 
modi?ed to inhibit cleavage at such sites. 
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[0081] These steps can be accomplished by using one or 
more of the following assays: 

[0082] (i) (a) contacting a candidate dsRNA, e.g., an 
iRNA agent, With a test agent (e. g., a biological agent), 

[0083] (b) using a siZe-based assay, e.g., gel electro 
phoresis to determine if the iRNA agent is cleaved. 
In a preferred embodiment a time course is taken and 
a number of samples incubated for different times are 
applied to the siZe-based assay. In preferred embodi 
ments, the candidate dsRNA is not labeled. The 
method can be a “stains all” method. 

[0084] (ii) (a) supplying a candidate dsRNA, e.g., an 
iRNA agent, Which is radiolabeled; 

[0085] (b) contacting the candidate dsRNA With a test 
agent, 

[0086] (c) using a siZe-based assay, e.g., gel electro 
phoresis to determine if the iRNA agent is cleaved. 
In a preferred embodiment a time course is taken 
Where a number of samples are incubated for differ 
ent times and applied to the siZe-based assay. In 
preferred embodiments, the determination is made 
under conditions that alloW determination of the 
number of nucleotides present in a fragment. E.g., an 
incubated sample is run on a gel having markers that 
alloW assignment of the length of cleavage products. 
The gel can include a standard that is a “ladder” 
digestion. Either the sense or antisense strand can be 
labeled. Preferably only one strand is labeled in a 
particular experiment. The label can be incorporated 
at the 5' end, 3' end, or at an internal position. Length 
of a fragment (and thus the point of cleavage) can be 
determined from the siZe of the fragment based on 
the ladder and mapping using a site-speci?c endo 
nuclease such as RNAse Tl. 

[0087] (iii) fragments produced by any method, e.g., 
one of those above, can be analyZed by mass spectrom 
etry. Following contacting the iRNA With the test agent, 
the iRNA can be puri?ed (e. g., partially puri?ed), such 
as by phenol-chloroform extraction folloWed by pre 
cipitation. Liquid chromatography can then be used to 
separate the fragments and mass spectrometry can be 
used to determine the mass of each fragment. This 
alloWs determination of the mechanism of cleavage, 
e.g., if by direct phosphate cleavage, such as be 5' or 3' 
exonuclease cleavage, or mediated by the 2'OH via 
formation of a cyclic phosphate. 

[0088] More than one iRNA agent, e.g., anti-htt iRNA 
agent, can be evaluated. The evaluation can be used to select 
a sequence for use in a therapeutic iRNA agent. For 
example, it alloWs the selection of a sequence having an 
optimal (usually minimized) number of sites that are cleaved 
by a substance(s), e.g., an enZyme, present in the relevant 
compartments of a subj ect’s body. TWo or more iRNA agent 
candidates can be evaluated to select a sequence that is 
optimiZed. For example, tWo or more candidates can be 
evaluated and the one With optimum properties, e.g., feWer 
cleavage sites, selected. 

[0089] The information relating to a site of cleavage can 
be used to select a backbone atom, a sugar or a base, for 
modi?cation, e.g., a modi?cation to decrease cleavage. 
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[0090] Exemplary modi?cations include modi?cations 
that inhibit endonucleolytic degradation, including the 
modi?cations described herein. Particularly favored modi 
?cations include: 2' modi?cation, e.g., provision of a 2' OMe 
moiety on a U in a sense or antisense strand, but especially 
on a sense strand; modi?cation of the backbone, e.g., With 
the replacement of an O With an S, in the phosphate 
backbone, e.g., the provision of a phosphorothioate modi 
?cation, on the U or the A or both, especially on an antisense 
strand; replacement of the U With a C5 amino linker; 
replacement of an A With a G (sequence changes are 
preferred to be located on the sense strand and not the 
antisense strand); and modi?cation of the at the 2', 6', 7', or 
8' position. Preferred embodiments are those in Which one or 
more of these modi?cations are present on the sense but not 
the antisense strand, or embodiments Where the antisense 
strand has feWer of such modi?cations. 

[0091] Exemplary modi?cations also include those that 
inhibit degradation by exonucleases. Examples of modi? 
cations that inhibit exonucleolytic degradation can be found 
herein. Particularly favored modi?cations include: 2' modi 
?cation, e.g., provision of a 2' OMe moiety in a 3' overhang, 
e.g., at the 3' terminus (3' terminus means at the 3' atom of 
the molecule or at the most 3' moiety, e.g., the most 3' P or 
2' position, as indicated by the context); modi?cation of the 
backbone, e.g., With the replacement of a P With an S, e.g., 
the provision of a phosphorothioate modi?cation, or the use 
of a methylated P in a 3' overhang, e.g., at the 3' terminus; 
combination of a 2' modi?cation, e.g., provision of a 2' 0 Me 
moiety and modi?cation of the backbone, e.g., With the 
replacement of a P With an S, e.g., the provision of a 
phosphorothioate modi?cation, or the use of a methylated P, 
in a 3' overhang, e.g., at the 3' terminus; modi?cation With 
a 3' alkyl; modi?cation With an abasic pyrolidine in a 3' 
overhang, e.g., at the 3' terminus; modi?cation With 
naproxen, ibuprofen, or other moieties Which inhibit degra 
dation at the 3' terminus. 

[0092] These methods can be used to select and or opti 
miZe a therapeutic iRNA agent conjugated With a lipophilic 
moiety, e.g., cholesterol, for enhanced uptake into neural 
cells. 

[0093] The method can be used to evaluate a candidate 
iRNA agent conjugated With a lipophilic moiety and that 
also includes a modi?cation that, for example, inhibits 
degradation, targets the dsRNA molecule, or modulates 
hybridization. Such modi?cations are described herein. A 
cleavage assay can be combined With an assay to determine 
the ability of a modi?ed or non-modi?ed candidate to 
silence the target. E.g., one might (optionally) test a candi 
date to evaluate its ability to silence a target (or off-target 
sequence), evaluate its susceptibility to cleavage, modify it 
(e.g., as described herein, e.g., to inhibit degradation) to 
produce a modi?ed candidate, and test the modi?ed candi 
date for one or both of the ability to silence and the ability 
to resist degradation. The procedure can be repeated. Modi 
?cations can be introduced one at a time or in groups. A 
cell-based method can be used to monitor the ability of the 
iRNA agent to silence. This can be folloWed by a different 
method, e.g, a Whole animal method, to con?rm activity. 

[0094] A test agent refers to a biological agent, e.g., 
biological sample, tissue extract or prep, serum, a knoWn 
enZyme or other molecule knoWn to modify, e.g., cleave, a 
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dsRNA, e.g., an endonuclease. The test agent can be in a 
compartment of the body in Which the RNAi agent Will be 
exposed. For example, for an iRNA agent that is adminis 
tered directly in to neural tissue (e.g., into the brain or into 
the spinal cord) the test agent could be brain tissue extract 
or spinal ?uid. An iRNA agent that is to be supplied directly 
to the eye can be incubated With an extract of the eye. 

In Vivo Testing 

[0095] An iRNA agent conjugated With a lipophilic moi 
ety and identi?ed as having an enhanced capability of 
entering neural cells in culture can be tested for functionality 
in vivo in an animal model (e.g., in a mammal, such as in 
mouse or rat). For example, the iRNA agent can be admin 
istered to an animal, and the iRNA agent evaluated With 
respect to its biodistribution, e.g., is uptake into neural cells, 
its stability, and its ability to inhibit expression of a target 
gene in the neural cells. 

[0096] The iRNA agent can be administered to the animal 
model in the same manner that it Would be administered to 
a human. For example, the iRNA agent can be injected 
directly into a target region of the brain (e. g., into the cortex, 
the substantia nigra, the globus pallidus, the hippocampus, 
or the striatum), and after a period of time, the brain can be 
harvested and tissue slices examined for distribution of the 
agent. 

[0097] The iRNA agent can also be evaluated for its 
intracellular distribution. The evaluation can include deter 
mining Whether the iRNA agent Was taken up into the cell. 
The evaluation can also include determining the stability 
(e.g., the half-life) of the iRNA agent. Evaluation of an 
iRNA agent in vivo can be facilitated by use of an iRNA 
agent conjugated to a traceable marker (e.g., a ?uorescent 
marker such as Cy3, Cy5, FITC, rhodamine, or ?uorescein; 
a radioactive label, such as 32p, 33p, or 3H; gold particles; or 
antigen particles for immunohistochemistry). 

[0098] An iRNA agent useful for monitoring biodistribu 
tion can lack gene silencing activity in vivo. For example, 
the iRNA agent can target a gene not present in the animal 
(e.g., an iRNA agent injected into mouse can target 
luciferase), or an iRNA agent can have a non-sense 
sequence, Which does not target any gene, e.g., any endog 
enous gene). LocaliZation/biodistribution of the iRNA can 
be monitored by a traceable label attached to the iRNA 
agent, such as a traceable agent described above 

[0099] The iRNA agent conjugated to a lipophilic moiety 
can be evaluated With respect to its ability to doWn regulate 
target gene expression. Levels of target gene expression in 
vivo can be measured, for example, by in situ hybridiZation, 
or by the isolation of RNA from tissue prior to and folloWing 
exposure to the iRNA agent. Target RNA can be detected by 
any desired method, including but not limited to RT-PCR, 
Northern blot, or RNAase protection assay. Alternatively, or 
additionally, target gene expression can be monitored by 
performing Western blot analysis on tissue extracts treated 
With an iRNA agent. 

[0100] An iRNA agent conjugated to a lipophilic agent for 
enhanced uptake into neural cells can be tested in a mouse 
model for a neurological disease. For example, an iRNA 
agent conjugated to a lipophilic agent can be tested in a 
mouse model for HD, such as a mouse carrying a Wildtype 
copy of the human htt gene or in mouse carrying a mutant 
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human htt, e.g., an htt gene carrying an expanded CAG 
repeat. A treated mouse model can be observed for a 
decrease in symptoms associated With HD, e.g., a decrease 
in clasping. The treated mouse can be assessed for other 
phentypes, e.g., expression of DARPP protein in brain cells, 
such as in medium spiny neurons of the brain. In one 
embodiment, such a secondary assay requires dissection of 
the mouse brain for Western blot analysis or in situ hybrid 
iZation of brain tissue, including spiny neurons. 

[0101] iRNA Chemistry 

[0102] Described herein are isolated iRNA agents, e.g., 
dsRNA molecules, that mediate RNAi. The iRNA agents are 
modi?ed for enhanced uptake into neural cells by their 
attachment to at least one lipophilic moiety, e.g., a choles 
terol molecule. 

[0103] Generally, the iRNA agents featured in the inven 
tion should include a region of su?icient homology to a 
target gene, e. g., a target gene expressed in a neural cell, and 
be of su?icient length in terms of nucleotides, such that the 
iRNA agent, or a fragment thereof, can mediate doWn 
regulation of the target gene. It is not necessary that there be 
perfect complementarity betWeen the iRNA agent and the 
target, but the correspondence must be suf?cient to enable 
the iRNA agent, or a cleavage product thereof, to direct 
sequence speci?c silencing, e.g., by RNAi cleavage of the 
target RNA, e.g., mRNA. Therefore, the iRNA agents fea 
tured in the instant invention include agents comprising a 
sense strand and antisense strand each comprising a 
sequence of at least l6, 17 or 18 nucleotides Which is 
essentially identical, as de?ned beloW, to a sequence of a 
gene expressed in a neural cell, except that not more than 1, 
2 or 3 nucleotides per strand, respectively, have been sub 
stituted by other nucleotides (e.g., adenosine replaced by 
uracil), While essentially retaining the ability to inhibit 
expression of the target gene in a mammalian cell. Exem 
plary iRNA agents may therefore possess at least 15 nucle 
otides identical to the target gene sequence, but include 1, 2 
or 3 base mismatches With respect to either the target mRNA 
sequence or betWeen the sense and antisense strand are 
introduced. Mismatches to the target mRNA sequencepar 
ticularly in the antisense strand, are most tolerated in the 
terminal regions and if present are preferably in a terminal 
region or regions, e.g., Within 6, 5, 4, or 3 nucleotides of the 
5' and/or 3' terminus, most preferably Within 6, 5, 4, or 3 
nucleotides of the 5'-terminus of the sense strand or the 
3'-terminus of the antisense strand. The sense strand need 
only be su?iciently complementary With the antisense strand 
to maintain the over all double strand character of the 
molecule. 

[0104] Single stranded regions of an iRNA agent Will 
often be modi?ed or include nucleoside surrogates, e.g., the 
unpaired region or regions of a hairpin structure, e.g., a 
region Which links tWo complementary regions, can have 
modi?cations or nucleoside surrogates. Modi?cations to 
stabiliZe one or both of the 3'- or 5'-terminus of an iRNA 
agent, e.g., against exonucleases, or to favor the antisense 
sRNA agent to enter into RISC are also favored. Modi?ca 
tions can include C3 (or C6, C7, C12) amino linkers, thiol 
linkers, carboxyl linkers, non-nucleotidic spacers (C3, C6, 
C9, C12, abasic, triethylene glycol, hexaethylene glycol), 
special biotin or ?uorescein reagents that come as phos 
phoramidites and that have another DMT-protected 
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hydroxyl group, allowing multiple couplings during RNA 
synthesis. As discussed elsewhere herein, an iRNA agent 
Will often be modi?ed or include an SRMS in addition to the 
nucleotide surrogate. An SRMS replaces a ribose sugar on a 
ribonucleotide With another moiety, e.g., a non-carbohydrate 
(preferably cyclic) carrier. SRMS’ are described in greater 
detail beloW. 

[0105] Although, in mammalian cells, long ds iRNA 
agents can induce the interferon response Which is fre 
quently deleterious, short ds iRNA agents do not trigger the 
interferon response, at least not to an extent that is delete 
rious to the cell and host. The iRNA agents of the present 
invention include molecules Which are su?iciently short that 
they do not trigger the interferon response in mammalian 
cells. Thus, the administration of a composition of an iRNA 
agent (e. g., formulated as described herein) to a mammalian 
cell can be used to silence expression of a gene expressed in 
a neural cell, e.g., the htt gene, While circumventing the 
interferon response. Molecules that are short enough that 
they do not trigger an interferon response are termed sRNA 
agents or shorter iRNA agents herein. “sRNA agent or 
shorter iRNA agent” as used herein, refers to an iRNA agent, 
e.g., a double stranded RNA agent or single strand agent, 
that is su?iciently short that it does not induce a deleterious 
interferon response in a human cell, e.g., it has a duplexed 
region of less than 60 but preferably less than 50, 40, or 30 
nucleotide pairs. 

[0106] In addition to homology to target RNA and the 
ability to doWn regulate a target gene, an iRNA agent Will 
preferably have one or more of the folloWing properties: 

[0107] (1) it Will be of the Formula 1, 2, 3, or 4 
described beloW; 

[0108] (2) if single stranded it Will have a 5' modi?ca 
tion that includes one or more phosphate groups or one 

or more analogs of a phosphate group; 

[0109] (3) it Will, despite modi?cations, even to a very 
large number of bases, speci?cally base pair and form 
a duplex structure With a homologous target RNA of 
su?icient thermodynamic stability to alloW modulation 
of the activity of the targeted RNA; 

[0110] (4) it Will, despite modi?cations, even to a very 
large number, or all of the nucleosides, still have 
“RNA-like” properties, i.e., it Will possess the overall 
structural, chemical and physical properties of an RNA 
molecule, even though not exclusively, or even partly, 
of ribonucleotide-based content. For example, all of the 
nucleotide sugars can contain e.g., 2'OMe, or 2' ?uoro 
in place of 2' hydroxyl. This deoxyribonucleotide 
containing agent can still be expected to exhibit RNA 
like properties. While not Wishing to be bound by 
theory, the electronegative ?uorine prefers an axial 
orientation When attached to the C2‘ position of ribose. 
This spatial preference of ?uorine can, in turn, force the 
sugars to adopt a C3v-endo pucker. This is the same 
puckering mode as observed in RNA molecules and 
gives rise to the RNA-characteristic A-family-type 
helix. Further, since ?uorine is a good hydrogen bond 
acceptor, it can participate in the same hydrogen bond 
ing interactions With Water molecules that are knoWn to 
stabiliZe RNA structures. (Generally, it is preferred that 
a modi?ed moiety at the 2' sugar position Will be able 
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to enter into hydrogen-bonding Which is more charac 
teristic of the 2'-OH moiety of a ribonucleotide than the 
2'-H moiety of a deoxyribonucleotide. A preferred 
iRNA agent Will: exhibit a C3,-endo pucker in all, or at 
least 50, 75, 80, 85, 90, or 95% of its sugars; exhibit a 
C3,-endo pucker in a sufficient amount of its sugars that 
it can give rise to a the RNA-characteristic A-family 
type helix; Will have no more than 20, 10, 5, 4, 3, 2, or 
1 sugar Which is not a C3,-endo pucker structure. These 
limitations are particularly preferably in the antisense 
strand; 

[0111] Preferred 2'-modi?cations With C3'-endo sugar 
pucker include: 

[0113] (5) regardless of the nature of the modi?cation, 
and even though the oligonucleotide agent can contain 
deoxynucleotides or modi?ed deoxynucleotides, it is 
preferred that DNA molecules, or any molecule in 
Which more than 50, 60, or 70% of the nucleotides in 
the molecule are deoxyribonucleotides, or modi?ed 
deoxyribonucleotides Which are deoxy at the 2' posi 
tion, are excluded from the de?nition of oligonucle 
otide agent. 

[0114] A “ds iRNA agent” (abbreviation for “double 
stranded (ds) iRNA agen ”) as used herein, is an iRNA agent 
Which includes more than one, and preferably tWo, strands 
in Which interchain hybridiZation can form a region of 
duplex structure. 

[0115] The antisense strand of a double stranded iRNA 
agent should be equal to or at least, l4, l5, l6 l7, 18, 19,25, 
29, 40, or 50 nucleotides in length. It should be equal to or 
less than 60, 50, 40, or 30 nucleotides in length. Preferred 
ranges are 15 to 30, 17 to 25, 19 to 23, and 19 to2l 

[0116] The sense strand of a double stranded iRNA agent 
should be equal to or at least l4, l5, l6 l7, l8, 19, 25, 29, 
40, or 50 nucleotides in length. It should be equal to or less 
than 60, 50, 40, or 30 nucleotides in length. Preferred ranges 
are 17 to 25, 19 to 23, and 19 to2l nucleotides in length. 

[0117] The double strand portion of a double stranded 
iRNA agent should be equal to or at least, l5, l6 l7, l8, 19, 
20, 21, 22, 23, 24, 25, 29, 40, or 50 nucleotide pairs in 
length. It should be equal to or less than 60, 50, 40, or 30 
nucleotide pairs in length. Preferred ranges are 15 to 30, 17 
to 25, 19 to 23, and 19 to 21 nucleotides pairs in length. 

[0118] It may be desirable to modify one or both of the 
antisense and sense strands of a double strand iRNA agent. 
In some cases they Will have the same modi?cation or the 
same class of modi?cation but in other cases the sense and 
antisense strand Will have different modi?cations, e.g., in 
some cases it is desirable to modify only the sense strand. It 
may be desirable to modify only the sense strand, e.g., to 
inactivate it, e.g., the sense strand can be modi?ed in order 
to inactivate the sense strand and prevent formation of an 
active iRNA agent/protein or RISC. This can be accom 
plished by a modi?cation Which prevents 5'-phosphorylation 
of the sense strand, e.g., by modi?cation With a 5'-O-methyl 
ribonucleotide (see Nykanen et al., (2001) ATP requirements 
and small interfering RNA structure in the RNA interference 
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pathway. Cell 107, 309-321.) Other modi?cations Which 
prevent phosphorylation can also be used, e.g., simply 
substituting the 5'-OH by H rather than O-Me. Alternatively, 
a large bulky group may be added to the 5'-phosphate 
turning it into a phosphodiester linkage, though this may be 
less desirable as phosphodiesterases can cleave such a 
linkage and release a functional sRNA 5'-end. Antisense 
strand modi?cations include 5' phosphorylation as Well as 
any of the other 5' modi?cations discussed herein. 

[0119] It is preferred that the sense and antisense strands 
be chosen such that the ds iRNA agent includes a single 
strand or unpaired region at one or both ends of the mol 
ecule. Thus, a ds iRNA agent contains sense and antisense 
strands, preferably paired to contain an overhang, e.g., one 
or tWo 5' or 3' overhangs but preferably a 3' overhang of 2-3 
nucleotides. Most embodiments Will have a 3' overhang. 
Preferred iRNA agents Will have single-stranded overhangs, 
preferably 3' overhangs, of 1 to 4, or preferably 2 or 3 
nucleotides in length at each end. The overhangs can be the 
result of one strand being longer than the other, or the result 
of tWo strands of the same length being staggered. 5' ends 
are preferably phosphorylated. 

[0120] Preferred lengths for the duplexed region is 
betWeen 15 and 30, most preferably 18, 19, 20, 21, 22, and 
23 nucleotides in length, e.g., in the iRNA agent range 
discussed above. iRNA agents can resemble in length and 
structure the natural Dicer processed products from long 
dsRNAs. Embodiments in Which the tWo strands of the 
sRNA agent are linked, e.g., covalently linked are also 
included. Hairpin, or other single strand structures Which 
provide the required double stranded region, and preferably 
a 3' overhang are also Within the invention. 

[0121] As used herein, the phrase “mediates RNAi” refers 
to the ability of an agent to silence, in a sequence speci?c 
manner, a target gene. “Silencing a target gene” means the 
process Whereby a neural cell containing and/or secreting a 
certain product of the target gene When not in contact With 
the agent, Will contain and/ or secret at least 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, or 90% less of such gene 
product When contacted With the agent, as compared to a 
similar neural cell Which has not been contacted With the 
agent. Such product of the target gene can, for example, be 
a messenger RNA (mRNA), a protein, or a regulatory 
elementWhile not Wishing to be bound by theory, it is 
believed that silencing by the agents described herein uses 
the RNAi machinery or process and a guide RNA, e.g., an 
iRNA agent of 15 to 30 nucleotide pairs. 

[0122] As used herein, the term “complementary” is used 
to indicate a suf?cient degree of complementarity such that 
stable and speci?c binding occurs betWeen a compound of 
the invention and a target RNA molecule, e. g., an htt mRNA 
molecule. Speci?c binding requires a suf?cient degree of 
complementarity to avoid non-speci?c binding of the oli 
gomeric compound to non-target sequences under condi 
tions in Which speci?c binding is desired, i.e., under physi 
ological conditions in the case of in vivo assays or 
therapeutic treatment, or in the case of in vitro assays, under 
conditions in Which the assays are performed. The non 
target sequences typically differ by at least 4 nucleotides. 

[0123] As used herein, an iRNA agent is “suf?ciently 
complementary” to a target RNA, e. g., a target mRNA (e. g., 
a target htt mRNA) if the iRNA agent reduces the production 
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of a protein encoded by the target mRNA. The iRNA agent 
may also be “exactly complementary” (excluding the SRMS 
containing subunit(s)) to a target RNA, e.g., the target RNA 
and the iRNA agent can anneal, preferably to form a hybrid 
made exclusively of Watson-Crick base pairs in the region of 
exact complementarity. A “suf?ciently complementary” tar 
get RNA can include a region (e.g., of at least 7 nucleotides) 
that is exactly complementary to a target RNA, e.g., an htt 
RNA. Moreover, in some embodiments, the iRNA agent 
speci?cally discriminates a single-nucleotide difference. 

[0124] iRNA agents conjugated With a lipophilic agent for 
enhanced uptake into neural cells include iRNA agents 
Which have been further modi?ed, e. g., to improve ef?cacy, 
and polymers of nucleoside surrogates. Unmodi?ed RNA 
refers to a molecule in Which the components of the nucleic 
acid, namely sugars, bases, and phosphate moieties, are the 
same or essentially the same as that Which occur in nature, 
preferably as occur naturally in the human body. The art has 
referred to rare or unusual, but naturally occurring, RNAs as 
modi?ed RNAs, see, e.g., Limbach et al., Nucleic Acids Res. 
22: 2183-2196, 1994. Such rare or unusual RNAs, often 
termed modi?ed RNAs are typically the result of a post 
transcriptional modi?cation and are Within the term unmodi 
?ed RNA, as used herein. Modi?ed RNA, as used herein, 
refers to a molecule in Which one or more of the components 

of the nucleic acid, namely sugars, bases, and phosphate 
moieties, are different from that Which occur in nature, 
preferably different from that Which occurs in the human 
body. While they are referred to as modi?ed RNAs, they Will 
of course, because of the modi?cation, include molecules 
that are not, strictly speaking, RNAs. Nucleoside surrogates 
are molecules in Which the ribophosphate backbone is 
replaced With a non-ribophosphate construct that alloWs the 
bases to the presented in the correct spatial relationship such 
that hybridization is substantially similar to What is seen 
With a ribophosphate backbone, e. g., non-charged mimics of 
the ribophosphate backbone. Examples of all of the above 
are discussed herein. 

[0125] Much of the discussion beloW refers to single 
strand molecules. HoWever, it is understood that a ds iRNA 
agent, e.g., a partially ds iRNA agent, is required or pre 
ferred. Thus, it is understood that double stranded structures 
(e.g. Where tWo separate molecules are contacted to form the 
double stranded region or Where the double stranded region 
is formed by intramolecular pairing (e.g., a hairpin struc 
ture)) made of the single stranded structures described beloW 
are Within the invention. Preferred lengths are described 
elseWhere herein. 

[0126] As nucleic acids are polymers of subunits or mono 
mers, many of the modi?cations described beloW occur at a 
position Which is repeated Within a nucleic acid, e.g., a 
modi?cation of a base, or a phosphate moiety, or a non 
linking O of a phosphate moiety. In some cases the modi 
?cation Will occur at all of the subject positions in the 
nucleic acid but in many, and in fact in most, cases it Will 
not. By Way of example, a modi?cation may only occur at 
a 3' or 5' terminal position, may only occur in a terminal 
region, eg at a position on a terminal nucleotide or in the 
last 2, 3, 4, 5, or 10 nucleotides of a strand. A modi?cation 
may occur in a double strand region, a single strand region, 
or in both. A modi?cation may occur only in the double 
strand region of an RNA or may only occur in a single strand 
region of an RNA. The ligand can be at attached at the 3' 








































































































































































































































