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METHODS AND COMPOSITIONS FOR 
TREATING NEUROLOGICAL DISEASE 

RELATED APPLICATIONS 

0001. This application is continuation of co-pending U.S. 
Utility application Ser. No. 1 1/506,448, entitled “Methods 
and Compositions for Treating Neurological Disease.” filed 
Aug. 18, 2006, which claims the benefit of U.S. Provisional 
Patent Application Ser. No. 60/709,985, entitled “Methods 
and Compositions for Treating Neurological Disease.” filed 
Aug. 18, 2005 and U.S. provisional patent application Ser. 
No. 60/833,234, entitled “Methods and Compositions for 
Treating Neurological Disease.” filed Jul. 25, 2006. The 
entire contents of the above-referenced patent applications 
are hereby incorporated by this reference. 

GOVERNMENT SUPPORT 

0002. The work described herein was carried out, at least 
in part, using funds from the U.S. government under grant 
number 38.194 awarded by the National Institutes of Health. 
The government may therefore have certain rights in the 
invention. 

TECHNICAL 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-specific, 
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 neu 
rological disorder by administering an iRNA agent that inhib 
its expression of a gene expressed in neural cells. In one 
embodiment, the iRNA agent includes a conjugate to facili 
tate uptake of the iRNA agent into neural cells. In a preferred 
embodiment, the conjugate is a lipophilic moiety, e.g., cho 
lesterol. 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 modified for enhanced uptake 
into neural cells can inhibit, or decrease, expression of the 
huntingtin (htt) gene in a human having or at risk for devel 
oping Huntington's Disease (HD). 
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0006. 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 disorder. 
0007 
agent can include at least one mismatch within the antisense 

In one embodiment the sense strand of the iRNA 

Strand of the oligonucleotide agent. The mismatch can confer 
an advantage on the iRNA agent, such as by enhancing anti 
sense strand selection by the RNAi Induced Silencing Com 
plex (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. 

O008) 
antisense Strand that is Substantially complementary to a 

In one embodiment, the iRNA agent includes an 

sequence encoded by a region of the human httgene including 
or overlapping a sequence provided in GenBank Accession 
Number NM 002111 (Aug. 8, 2005). 
0009 
an htt RNA and can include a sense and/orantisense sequence 

In certain embodiments, the iRNA agents can target 

listed in Table 1 or Table 2. In preferred embodiments, the 
iRNA agent includes at least one modification in addition to 
the lipophilic moiety for enhanced uptake into neural cells. 
The at least one additional modification can be, e.g., a phos 
phorothioate or 2'O-methyl (2'OMe) modification. 

TABLE 1. 

iRNA Agents targeting htt 

SEQ 
IRNA ID 

Agent ID Sequence Strand NO: 

E1 - 4 5' - CCCUGGAAAAGCUGAUGACGG-chol S 1. 
3 - CUGGGACCUUUUCGACUACUU aS 2 

E1 - 4 -o 5' - CCCUGGAAAAGCUGAUGACG S 3 
3 - CUGGGACCUUUUCGACUACUU aS 4. 

7246 5'- CCCUCAUCCACUGUGUGCCCU-chols 5 
3- GAGGGAGUAGGUGACACACGU aS 6 

724 6-o 5'-CCCUCAUCCACUGUGUGCCCU S 7 
3- GAGGGAGUAGGUGACACACGU aS 8 

T2886C - 6 5'-UGUGCUGACUCUGAGGAAAAG-chol S 9 
3 - CUACACGACUGAGACUCCUUG. aS 1O 

T2886C- 5'-UGUGCUGACUCUGAGGAAAAG S 11 
6-o 3 - CUACACGACUGAGACUCCUUG. aS 12 

E1-3 5' - CCCUGGAAAAGCUGAUGAAGG-chol S 13 
3 - CUGGGACCUUUUCGACUACUU aS 14 

E1-3 -o 5 - CCCUGGAAAAGCUGAUGAAGG S 15 

3 - CUGGGACCUUUUCGACUACUU aS 16 

Chol" indicates cholesterol ligand; underlined nucleotides 
are mismatched with respect 
to the antisense Strand; bold nucleotides represent SNP 
locations 
b s' indicates sense strand; as indicates antisense strand 
Chol" indicates cholesterol ligand; underlined nucleotides 

are mismatched with respect 
to the antisense Strand; bold nucleotides represent SNP 
locations 
s" indicates sense strand; as indicates antisense strand 
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- Continued 

Project / SEQ ID ALN Mass Purity 

Target NO: Seq. H. Sequence 5'-3' Calc Found CGE (&) 

htt 3.108 5 - CCACAUGAAGCAGCACGACUU-3 6678. O6 6677.93 89.1 

3109 5' AAGUCGUGCUGCUUCAUGUGG2, U2, C f345.37 734 4.25 86.2 

htt 3 O75 5' CsCCUGGAAAAGCUGAUGACSGSGs - Chol 3 7542.37 7543. O6 98.7 

3112 5' Cy-3s CCCUGGAAAAGCUGAUGACs GSGs - Chol 3' 83 63 O8 8363 & 93.78 
8179 

htt 3137 5' CsCCUGGAAAAGCUGAUGACGSGs - Chol 3 75,263 O 752 6.92 84.2 
3.142 5 CSCCUCAUCCACUGUGUGCCCSUS-Chol 3 7273. O6 7273.91 82.. O 

htt 3144 5' Cy-3 scs CCUCAUCCACUGUGUGCCCs US-Chol 3' 7909 8 7.9613 89 ... O 
311 O 5 CCACAUGAAGCAGCACGACUU- Chol 3 7382. O6 7382.91. 84.73 

htt 3074 5' Cy-3-SCCCUGGAAAAGCUGAUGAC's Gs G 3' 7459. O8 7458. Of 78.43 
3111 5' Cy-3-AAGUCGUGCUGCUUCAUGUGG, U2, C 3' 7981.37 7982.74 82. O 

htt 3112 5' Cy-3-SCCC UGG AAA AGC UGA. UGA CsCsG- 83 63 O8 8363 & 93.78 
S Chol 3 

8179 

3139 5' Cy-3 scCCUGGAAAAGCUGAUGACGSGs Chol 3' 8163.1. 8165. O 89.2 

htt 3143 5' UsGCACACAGUGGAUGAGGGAsGs - Cy-3 3' 75764 f577. O 81.2 
313.8 5' UsuCAUCAGCUUUUCCAGGGUscs - Cy-3 3' 73 09.1 73O8.3 86. O 

“S” indicates phosphorothioate; 'N2, of . , where N = A, C, G or U indicates 2'-O-methyl Sugar 
modification; Chol' stands for cholesterol Conjugate and 'Cy-3 stands for a Cy3 Conjugate (Cy3 
Quasar building blocks were purchased from BioSearch Technologies, Novato, California). 

0010. 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 strandofaniRNA 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 modification 
described in Table 1 or Table 2 (e.g., a cholesterol. 2'-OMe, 
phosphorothioate, or Cy-3 modification). In another pre 
ferred embodiment, the antisense strand will have the modi 
fications shown in Table 1 or Table 2. The antisense strand of 
an iRNA agent can have one or fewer modifications, e.g., the 
type shown in Table 1 or Table 2, or can have one or more 
additional modifications, e.g., the type shown in Table 1 or 
Table 2. In another preferred embodiment, the sense strand of 
the iRNA agent has at least one modification described in 
Table 1 or Table 2 (e.g., a cholesterol. 2'-OMe, phospho 
rothioate, or Cy-3 modification). In another preferred 
embodiment, the sense strand will have the modifications 
shown in Table 1 or Table 2. The sense strand of an iRNA 
agent can have one or fewer modifications, e.g., the type 
shown in Table 1 or Table 2, or can have one or more addi 
tional modifications, e.g., the type shown in Table 1 or Table 
2 

0011. 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 at least 1, 
5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 
nucleotides. 

0012. In a particularly preferred embodiment, the iRNA 
agent targets a nucleic acid involved in a neurological disease. 
The iRNA agent has an antisense Strand complementary to a 
nucleotide sequence of the target nucleic acid, and a sense 
strand sufficiently complementary to hybridize to the anti 
sense strand. The iRNA agent also includes a liphophilic 
moiety that facilitates its uptake into a neural cell. In a pre 
ferred embodiment, the lipophilic moiety is a cholesterol. In 
another embodiment, the iRNA agent includes a modification 
that improves the stability or distribution of the iRNA agent in 
a biological sample. The iRNA agents can further be in iso 
lated form or can be part of a pharmaceutical composition 
used for the methods described herein, particularly as a phar 
maceutical composition formulated for delivery to a neural 
cell or formulated for parental administration. The pharma 
ceutical 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-modified nucleotide, e.g., a 2'-O-methylated nucleotide. In 
another embodiment, the iRNA agent includes a phospho 
rothioate. 

0013. 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 
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embodiment, the iRNA agent targets a polymorphism or 
mutation of the nucleic acid. In certain embodiments, 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 tran 
Script of the gene involved in the neurological disorder. In one 
embodiment, the iRNA agent targets a spliced isoform of 
mRNA. 

0014. In one embodiment, the human carries a form of the 
huntingtin gene that includes an expanded CAG trinucleotide 
repeat, i.e., more than 30 CAG trinucleotide repeats (e.g., 35, 
40, 50, 60, 70, 80, 90, 100 or more CAG trinucleotide 
repeats), which results in an abnormal form of the huntingtin 
polypeptide including an expansion of the polypeptide's nor 
mal polyglutamine tract. In another embodiment, the human 
is diagnosed with Huntington's Disease (HD). In one embodi 
ment, the human carries a polymorphism or mutation in the 
huntingtin gene. For example, the human can carry a poly 
morphism at position 171, e.g., an A171C polymorphism, in 
the huntingtin gene according to the sequence numbering in 
GenBank Accession No. NM 002111 (Aug. 8, 2005). In 
another embodiment, the iRNA agent targets a nucleic acid 
that encodes a polypeptide known to interact with the hun 
tingtin protein. For example, the iRNA agent can target a 
Huntingtin-associated protein-1 (HAP-1) nucleic acid. 
0015. In a preferred embodiment, the iRNA agent modi 
fied for enhanced uptake into neural cells does not target an 
alpha-synuclein (SNCA) RNA. 
0016. In another embodiment, the iRNA agent modified 
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 nucleotides in 
length. The iRNA agent may further include a nucleotide 
overhanghaving 1 to 4 unpaired nucleotides, and the unpaired 
nucleotides may have at least one phosphorothioate dinucle 
otide linkage. The nucleotide overhang can be, e.g., at the 3' 
end of the antisense strand of the iRNA agent. 
0017. 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 sufficient to allow uptake 
of the iRNA agent into the cell. In another embodiment, the 
iRNA agent includes a sense strand and an antisense Strand 
that forman RNA duplex. The iRNA agent also comprises a 
lipophilic moiety, e.g., a cholesterol, and the antisense Strand 
of the iRNA agent comprises a nucleotide sequence suffi 
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 lipophilic 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 1 or Table 2. 

0018. 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, expres 
sion of the gene is associated with Symptoms of the neuro 
logical 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 moi 
ety, e.g., a cholesterol. In another embodiment, the antisense 
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Strand of the iRNA agent includes a nucleotide sequence 
Sufficiently complementary to a target sequence of about 18 
to 25 nucleotides of an RNA expressed from the target gene. 
In a preferred embodiment, the lipophilic moiety is conju 
gated 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 modification, e.g., a 
2'OMe or 2"O-fluoro modification. In one embodiment, the 
sense and antisense strands include a sequence selected from 
the sense and antisense strands listed in Table 1 or Table 2. 
0019. 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 variation in 
a Parkin gene or a ubiquitin carboxy-terminal hydrolase L1 
(UCHL1) 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. 
0020. 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 pharmaceutically 
acceptable carrier. Preferably, the iRNA agent targets a 
nucleic acid involved in a neurological disease or disorder. 
0021. In a particularly preferred embodiment, the pharma 
ceutical 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 Suffi 
ciently complementary to hybridize to the antisense Strand. In 
one embodiment, the iRNA agent includes a lipophilic moi 
ety that facilitates its uptake into a neural cell. In one embodi 
ment, 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 embodiment, the ligand is attached to 
the 3' end of the sense strand. In certain embodiments, the 
lipophilic agent is, e.g., cholesterol, 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. 
0022. In another embodiment, the iRNA agent of the phar 
maceutical composition includes a modification 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 pharmaceuti 
cal 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'-modified 
nucleotide, e.g., a 2'-O-methylated nucleotide. In another 
embodiment the iRNA agent includes a phosphorothioate. 
0023. 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 modified for enhanced 
uptake into neural cells. In a preferred embodiment, the 
ligand is a cholesterol. 
0024. In another aspect, the invention features a method of 
making an iRNA agent that targets a nucleic acid expressed in 
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neural cells and that is modified 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 sufficiently 
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 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 1 or Table 2. In other embodi 
ments the method of making the iRNA agent includes use of 
the building blocks illustrated in Table 1 or Table 2. In yet 
other embodiments, the methods featured in the invention 
include methods of making the iRNA agents listed in Table 1 
or Table 2, which target htt RNA. In one embodiment, the 
method further includes administering the iRNA agent to a 
Subject, e.g., a mammalian Subject, Such as a human Subject, 
Such as a human having or at risk for developing a neurologi 
cal disease or disorder. In one embodiment, the human has or 
is at risk for developing HD. 
0025. In another aspect, the invention features a method of 
evaluating an iRNA agent, e.g., an iRNA agent conjugated 
with a lipophilic agent for enhanced uptake into neural cells. 
The method includes: providing a candidate iRNA agent 
modified for enhanced uptake into neural cells, e.g., conju 
gated with a cholesterol molecule and determining whether 
the iRNA agent is taken up into neural cells. In one embodi 
ment, the iRNA agent is conjugated with a detectable marker, 
e.g., a fluorescent marker, Such as Cy3 or Cy5, and uptake into 
the cell is assayed by fluorescence. 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. 
0026. In a preferred embodiment the method includes 
evaluating the iRNA agent in a first test system; and, if a 
predetermined level of gene expression is observed, evaluat 
ing the candidate in a second, preferably different, test sys 
tem. 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. 
0027. A test 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 express 
ing 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 
modification that enhances uptake of the candidate iRNA 
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agent into the neural cell. In a particularly preferred embodi 
ment, the modification is a cholesterol molecule, e.g., a cho 
lesterol 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 fluorescent protein Such as GFP, which con 
struct can be either chromosomal or episomal, and determin 
ing 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 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. httpolypeptide 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. 
0028. 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. 

0029. 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, immunohis 
tochemistry, or autofluorescence assays (e.g., to detect GFP 
or luciferase expression)). 
0030. A “neural cell' is a cell of the 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, oraglial cell. Exemplary neurons include dorsal 
root ganglia of the spinal cord, spinal motor neurons, retinal 
bipolar cells, cortical and striatal cells of the brain, hippoc 
ampal pyramidal cells, and purkinje cells of the cerebellum. 
Exemplary glial cells include oligodendrocytes and astro 
cytes of the central nervous system, and the Schwann cells of 
the peripheral nervous system. 
0031. By "enhanced uptake into neural cells” is meant that 
higher levels of a modified iRNA agent are incorporated into 
a neural cell than unmodified iRNA agent when the cells 
exposed to each type of iRNA agent are treated under similar 
conditions, in in vitro or in Vivo conditions. 
0032. 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 paren 
chymal injection, such as by Stereoscopic injection into the 
brain. 
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0033. 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 com 
paring gene expression with a control, e.g., in 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 expres 
sion. 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. 
0034. 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. 
0035. 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 mol 
ecules that target htt RNA. 
0036. A “substantially identical sequence includes a 
region of Sufficient homology to the target gene, and is of 
sufficient 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. 
0037. A “substantially complementary’ sequence 
includes a region of Sufficient complementarity to the target 
gene, and is of Sufficient length in terms of nucleotides, that 
the iRNA agent (e.g., the iRNA agent conjugated to a lipo 
philic 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 
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 correspon 
dence must be sufficient to enable the iRNA agent, or a 
cleavage product thereof, to direct sequence specific silenc 
ing, 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 
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antisense strand, one or more but preferably 6, 5, 4, 3, 2, or 
fewer mismatches (with respect to the target RNA). The mis 
matches, particularly in the antisense Strand, are most toler 
ated 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 
Sufficiently complementary with the antisense Strand to main 
tain the overall double strand character of the molecule. 
0038 An "RNA agent” as used herein, is an unmodified 
RNA, modified RNA, or nucleoside surrogates, which are 
described herein or are well known in the RNA synthetic art. 
While numerous modified RNAs and nucleoside surrogates 
are described, preferred examples include those which have 
greater resistance to nuclease degradation than do unmodified 
RNAs. Preferred examples include those that have a 2" sugar 
modification, a modification in a single strand overhang, pref 
erably a 3' single strand overhang, or, particularly if single 
Stranded, a 5' modification which includes one or more phos 
phate groups or one or more analogs of a phosphate group. 
0039. 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, includ 
ing post-transcriptional cleavage of a target mRNA some 
times referred to in the art as RNAi, or pre-transcriptional or 
pre-translational mechanisms. An iRNA agent is preferably a 
double stranded (ds) iRNA agent. 
0040. Further, one aspect of the invention pertains to a 
method of downregulating expression target gene in a neural 
cell distal to the site of administration, the method comprising 
contacting an iRNA agent with the neural cell for a time 
sufficient to allow uptake of the iRNA agent into the cell, 
wherein (i) the iRNA agent comprises a sense and an anti 
sense Strand that form an RNA duplex, and (ii) the sequence 
of the antisense Strand of the iRNA agent comprises a nucle 
otide sequence Sufficiently complementary to a target 
sequence of about 18 to 25 nucleotides of an RNA expressed 
from the target gene. 
0041. In another aspect, the invention pertains to a method 
of downregulating expression of a target gene in a neural cell, 
the method comprising contacting an iRNA agent with the 
neural cell for a time sufficient to allow uptake of the iRNA 
agent into the cell, wherein (i) the iRNA agent comprises a 
sense and an antisense Strand that form an RNA duplex, (ii) 
the iRNA agent comprises a lipophilic moiety, and (iii) the 
sequence of the antisense strand of the iRNA agent comprises 
a nucleotide sequence Sufficiently complementary to a target 
sequence of about 18 to 25 nucleotides of an RNA expressed 
from the target gene. 
0042. In one embodiment, the cells are contacted for a 
time sufficient to allow axonal transport of said iRNA. 
0043. In one embodiment, the iRNA agent comprises a 
lipophilic moiety. 
0044. In one embodiment, the lipophilic moiety is a cho 
lesterol. 
0045. In one embodiment, the lipophilic moiety is conju 
gated to the sense Strand. 
0046. In one embodiment, the lipophilic moiety is conju 
gated to the 3' end of the sense strand. 
0047. In one embodiment, the antisense sequence differs 
by no more than four nucleotides from an antisense sequence 
listed in Table 1. 
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0.048. In one embodiment, the antisense strand is selected 
from an antisense strand listed in Table 1. 
0049. In one embodiment, the iRNA agent further com 
prises a phosphorothioate or a 2'-OMe modification. 
0050. In one embodiment, the iRNA agent is provided in a 
Solution that lacks a transfection reagent. 
0051. In one embodiment, the iRNA agent is provided in a 
Solution comprising a transfection reagent. 
0052. In another aspect, the invention pertains to a method 
of treating a human comprising identifying a human having or 
at risk for developing a neurological disorder, the method 
comprising administering to the human an iRNA agent that 
targets a gene expressed in a neural cell distal to the site of 
administration, wherein the expression of the gene is associ 
ated with symptoms of the neurological disorder, and wherein 
(i) the iRNA agent comprises a sense and an antisense Strand 
that forman RNA duplex, and (ii) the antisense strand of the 
iRNA agent comprises a nucleotide sequence Sufficiently 
complementary to a target sequence of about 18 to 25 nucle 
otides of an RNA expressed from the target gene. 
0053. In another aspect, the invention pertains to a method 
of treating a human comprising identifying a human having or 
at risk for developing a neurological disorder, and adminis 
tering to the human an iRNA agent that targets a gene 
expressed in a neural cell, wherein the expression of the gene 
is associated with Symptoms of the neurological disorder, and 
wherein (i) the iRNA agent comprises a sense and an anti 
sense strand that form an RNA duplex, (ii) the iRNA agent 
comprises a lipophilic moiety, and (iii) the antisense strand of 
the iRNA agent comprises a nucleotide sequence Sufficiently 
complementary to a target sequence of about 18 to 25 nucle 
otides of an RNA expressed from the target gene. 
0054. In one embodiment, the iRNA agent comprises a 
lipophilic moiety. 
0055. In one embodiment, the lipophilic moiety is a cho 
lesterol, 
0056. In one embodiment, the lipophilic moiety is conju 
gated to the sense Strand. 
0057. In one embodiment, the lipophilic moiety is conju 
gated to the 3' end of the sense strand. 
0058. In one embodiment, the iRNA agent further com 
prises a phosphorothioate or a 2'-OMe modification. 
0059. In one embodiment, the antisense sequence differs 
by no more than four nucleotides from an antiisense sequence 
listed in Table 1. 

0060. In one embodiment, the antisense strand is selected 
from an antisense strand listed in Table 1. 
0061. In one embodiment, the antisense strand of the 
iRNA agent comprises a sequence complementary to a 
sequence comprising a polymorphism of a huntingtin (htt) 
RNA. 

0062. In one embodiment, the human carries a genetic 
variation in a Parkin gene or a ubiquitin carboxy-terminal 
hydrolase L1 (UCHL1) gene. 
0063. In one embodiment, the neurological disorder is 
Huntington's disease. 
0064. In one embodiment, the neurological disorder is 
Parkinson's disease. 
0065. In one embodiment, the neurological disorder is 
Alzheimer's Disease, multiple system atrophy, or Lewy body 
dementia, 
0066. In one embodiment, the iRNA agent comprises a 
nucleotide overhang having 1 to 4 unpaired nucleotides. 
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0067. In one embodiment, the iRNA agent is provided in a 
Solution that lacks a transfection reagent. 
0068. In one embodiment, the iRNA agent is provided in a 
Solution comprising a transfection reagent. 
0069. In one embodiment, the iRNA agent is administered 
as a Sustained dose formulation. 

0070. In one embodiment, the iRNA agent is administered 
in multiple doses over a prolonged time period. 
0071. In one embodiment, the iRNA agent is administered 
as a single dose. 
0072. In one embodiment, the administration of a second 
iRNA agent, wherein (i) the second iRNA agent comprises a 
sense and an antisense Strand that form an RNA duplex, and 
(ii) the antisense Strand of the iRNA agent comprises a nucle 
otide sequence Sufficiently complementary to a second target 
sequence of about 18 to 25 nucleotides of the RNA expressed 
from the target gene. 
0073. In another aspect, the invention pertains to a method 
of reducing the amount of huntingtin (htt) RNA in a neural 
cell of a Subject, comprising: contacting the neural cell with 
an iRNA agent, wherein said neural cell is distal to the site of 
action and the iRNA agent comprises a sense and an antisense 
Strand, wherein the sense and the antisense strands form an 
RNA duplex, wherein the antisense strand comprises a nucle 
otide sequence that differs by no more than four nucleotides 
from an antisense sequence listed in Table 1. 
0074. In one embodiment, the iRNA agent further com 
prises a lipophilic moiety. 
0075. In one embodiment, the cells are contacted for a 
time sufficient to allow uptake of the iRNA agent into the cells 
and axonal transport of said iRNA 
0076. In one embodiment, the iRNA agent further com 
prises a phosphorothioate or a 2'-OMe modification. 
0077. In one embodiment, the iRNA agent comprises an 
antisense strand comprising a sequence selected from the 
antisense strands listed in Table 1. 
0078. In one embodiment, the iRNA agent comprises a 
sense strand selected from the sense strands listed in Table 1. 

0079. In one embodiment, the iRNA agent comprises an 
antisense Strand comprising a sequence complementary to 
sequence comprising a polymorphism of an htt RNA. 
0080. In one embodiment, the polymorphism is an A to C 
at position 171 according to the sequence of GenBank Acces 
Sion No. NM 002111. 
I0081. In one embodiment, the iRNA agent comprises a 
nucleotide overhang having 1 to 4 unpaired nucleotides. 
I0082 In another aspect, the invention pertains to an iso 
lated iRNA agent comprising a sense and an antisense strand, 
wherein the sense and the antisense strands form an RNA 
duplex, wherein the antisense Strand comprises a nucleotide 
sequence that differs by no more than four nucleotides from 
an antisense sequence listed in Table 1, and wherein the iRNA 
agent comprises a lipophilic moiety. 
I0083. In one embodiment, the lipophilic moiety is a cho 
lesterol molecule. 

I0084. In one embodiment, the lipophilic moiety is 
attached to the sense Strand. 

I0085. In one embodiment, the lipophilic moiety is 
attached to the 3' end of the sense strand. 

I0086. In one embodiment, the iRNA agent further com 
prises a phosphorothioate modification, or a 2'-OMe modifi 
cation. 



US 2010/026781.0 A1 

0087. In one embodiment, the antisense strand comprises 
a sequence selected from the antisense sequences listed in 
Table 1. 
0088. In one embodiment, the sense strand of the iRNA 
agent comprises a sequence selected from the sense 
sequences listed in Table 1. 
0089. In one embodiment, the iRNA agent is at least 21 
nucleotides in length, and the duplex region of the iRNA 
agent is about 18-25 nucleotides in length. 
0090. In one embodiment, the iRNA agent comprises a 
nucleotide overhang having 1 to 4 unpaired nucleotides. 
0091. In another aspect, the invention pertains to a phar 
maceutical composition, comprising (i) an iRNA agent com 
prising a sense and an antisense Strand, wherein the sense and 
the antisense strands forman RNA duplex, wherein the anti 
sense Strand comprises a nucleotide sequence that differs by 
no more than four nucleotides from an antisense sequence 
listed in Table 1, and wherein the iRNA agent comprises a 
lipophilic moiety, and 
0092 (ii) a pharmaceutically acceptable carrier. 
0093. In one embodiment, the iRNA agent further com 
prises a phosphorothioate or a 2'-OMe modification. 
0094. In one embodiment, the antisense strand of the 
iRNA agent comprises a sequence selected from the antisense 
sequences listed in Table 1. 
0095. In one embodiment, the sense strand of the iRNA 
agent comprises a sequence from the selected from the sense 
sequences listed in Table 1. 
0096. In one embodiment, the iRNA agent comprises a 
nucleotide overhang having 1 to 4 unpaired nucleotides. 
0097. In another aspect, the invention pertains to a method 
of evaluating an iRNA agent for enhanced uptake into neural 
cells comprising: providing a candidate iRNA agent conju 
gated to a lipophilic agent, wherein the iRNA agent is in a 
Solution that does not contain a transfection reagent, contact 
ing the iRNA agent with a neural cell for a time sufficient for 
uptake into the neural cell and determining if the iRNA agent 
is taken up by the neural cell. 
0098. In one embodiment, the method includes a step of 
evaluating the iRNA agent in a cell culture system; and, if a 
predetermined level of uptake into the neural cell is observed, 
evaluating the candidate in an animal. 
0099. In one embodiment, the iRNA agent comprises an 
antisense Strand that is Substantially complementary to a tar 
get RNA in the neural cell, and the method further comprises 
determining whether the candidate iRNA agent decreases 
expression of a target RNA in the neural cell. 
0100. In one embodiment, the lipophilic agent is a choles 

terol. 
0101. In one embodiment, the target RNA is a huntingtin 
RNA. 

0102. In one embodiment, the iRNA agent comprises an 
antisense Strand that is Substantially complementary to a tar 
get RNA in the neural cell, and the method further comprises 
determining whether the candidate iRNA agent decreases 
expression of the target RNA in a neural cell of the animal. 
0103) In one embodiment, the target RNA is a huntingtin 
RNA. 

0104. In one embodiment, the animal is monitored for an 
effect of the iRNA agent. 
0105. In one embodiment, brain tissue from the animal is 
examined for an effect of the iRNA agent on target gene 
expression. 
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0106. In one embodiment, the determining step comprises 
performing a method selected from the group consisting of 
Northern blot, Western blot, RT-PCR, and RNAse protection 
assay. 
0.107 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 advantages 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 

0.108 FIGS. 1A-1D are images of in situ staining for 
pathological 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 1D are in situ stains of the 
striatum near the globus pallidus. Scale bar=25um. 
0109 FIG. 2. Intrastriatal injection of cholesterol-conju 
gated dsRNA AL-DP-1799 targeting huntingtin changes pat 
tern of cellular huntingtin-immunoreactivity in a mouse 
model of Huntington's disease. 
0110 FIG. 3. Intrastriatal injection of cholesterol-conju 
gated dsRNA AL-DP-1799 targeting huntingtin reduces size 
of huntingtin-immunoreactive inclusions in cortex and stria 
tum, and reduces neuropil aggregates in a mouse model of 
Huntington's disease. 
0111 FIG. 4. Intrastriatal injection of cholesterol-conju 
gated dsRNA AL-DP-1799 targeting huntingtin increases the 
number of huntingtin-immunoreactive cells in striatum in a 
mouse model of Huntington's disease. 
0112 FIG. 5. Intrastriatal injection of cholesterol-conju 
gated dsRNA AL-DP-1799 targeting huntingtin reduces 
abnormal clasping behavior in a mouse model of Hunting 
ton's disease. 

DETAILED DESCRIPTION 

0113 Double-stranded (dsRNA) directs the sequence 
specific 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. 
0114. It has been demonstrated that 21-23 nt fragments of 
dsRNA are sequence-specific 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 specific 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 specifically inactivating gene func 
tion in neural cells. The use of iRNA agents (or recombinantly 
produced or chemically synthesized oligonucleotides of the 
same or similar nature) enables the targeting of specific 
mRNAS for silencing in mammalian cells. In addition, longer 
dsRNA agent fragments can also be used, e.g., as described 
below. 
0115 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., 
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sufficiently short to avoid inducing a deleterious interferon 
response. Thus, the administration of a composition 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 dis 
crete 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. 
0116. 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 secondiRNA agent that 
includes a sequence complementary to a target RNA and that 
has a length that might otherwise trigger the interferon 
response. 
0117. 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, fish, 
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. 
0118. A neurological disease or disorder is any disease or 
disorder that affects the nervous system (the central or periph 
eral nervous system). Exemplary neurological diseases and 
disorders include Huntingtons's Disease (HD), Parkinson's 
Disease (PD), Amyotropic Lateral Sclerosis (ALS), Alzhe 
imer's Disease, Lewy body dementia, Multiple System Atro 
phy, spinal and bulbar muscularatrophy (Kennedy's disease), 
Tourette Syndrome, Autosomal dominant spinocerebellar 
ataxia (SCA) (e.g., Type 1 SCA1, Type 2 SCA2, Type 3 
(Machado-Joseph disease)SCA3/MJD, Type 6 SCA6, Type 7 
SCAT, Type 8 SCA8, Friedreich's Ataxia and Dentatorubral 
pallidoluysian atrophy DRPLA/Haw-River syndrome), 
Schizophrenia, age associated memory impairment, autism, 
attention-deficit disorder, bipolar disorder, and depression. 
0119 Because oligonucleotide agent-mediated modula 
tion persists for several days after administering the oligo 
nucleotide agent composition, in many instances it is possible 
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 cancer 
ous neural cells may be mediated by a single bolus adminis 
tration, 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 
0120 Any patient having a neurological disease or disor 
der is a candidate for treatment with a method or composition 
described herein. Presymptomatic Subjects can also be can 
didates for treatment with an iRNA agent targeted to neural 
cells. For example, a presymptomatic human determined 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 cho 
lesterol molecule, for delivery to neural cells. In one embodi 
ment, a presymptomatic candidate is identified by either or 
both of risk-factor profiling and functional neuroimaging 
(e.g., by fluorodopa and positron emission tomography). For 
example, the candidate subject can be identified by risk-factor 
profiling followed by functional neuroimaging. 
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0121 Individuals having a particular genotype are candi 
dates 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 sys 
tem, 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 treat 
ment with an iRNA agent featured in the invention, e.g., 
conjugated to a cholesterol molecule for enhanced uptake 
into neural cells. The iRNA agent preferably 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 numbering of GenBank Accession No. 
NM 002111. A human carrying this SNP is therefore a can 
didate for treatment with an iRNA agent featured in the inven 
tion, or is at least a candidate for further genetic studies (such 
as for testing for the CAG repeat expansion) which will fur 
ther determine if the human is a candidate for treatment with 
an iRNA agent targeting htt and modified for enhanced deliv 
ery to neurons. 
I0122. 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 specifically inhibit 
the proteasome, or which disrupt mitochondrial function, or 
which yield oxidative stress can increase the risk of an indi 
vidual for developing PD, and can contribute to the pathogen 
esis of PD. These factors can be considered when evaluating 
the risk profile of a candidate subject for treatment with an 
iRNA agent modified for enhanced uptake into a neural cell, 
e.g., conjugated to a cholesterol molecule. 
Design and Selection of iRNA Agents 
I0123 Candidate iRNA agents can be designed by per 
forming, for example, a gene walk analysis. Overlapping, 
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'). 
0.124. 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. Gener 
ally, 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 dis 
cussed in greater detail below (see, e.g., sections labeled 
“Palindromes.” “Asymmetry,” and “Z-X-Y,” and “Differen 
tial Modification of Terminal Duplex Stability” and “Other 
than-Watson-Crick Pairing.” 
Evaluation of Candidate iRNA Agents 
0.125. 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 (Invitrogen, Carlsbad, Calif.), Lipo 
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fectamine 2000TM, TranslT-TKOTM (Minis, Madison, Wis.), 
FuGENE 6 (Roche, Indianapolis, Ind.), polyethylenimine, 
X-tremeGENE Q2 (Roche, Indianapolis, Ind.), DOTAP, 
DOSPER, MetafecteneTM (Biontex, Munich, Germany), or 
another transfection reagent. 
0126 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. Exemplary neural 
cell cultures include cortical cell lines, striatal cell lines (e.g., 
ST14A), pheocromocytoma cell lines (e.g., PC12), neuro 
blastoma 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, retinoblastoma, or a neu 
roendocrine cell line. Exemplary cell lines can be provided by 
the American Type Culture Collection (ATCC) (Manassus, 
Va.). 
0127. 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. 
0128. 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. For 
example, if the iRNA agent is labeled with a fluorescent 
molecule, such as Cy3, Cy5, rhodamine or FITC label, uptake 
of the iRNA agent can be assayed by monitoring for the 
uptake of the fluorescent label. Detection can also be accom 
plished by in situ hybridization with an oligonucleotide 
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 hybrid 
ization 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 sufficient amount of 
iRNA agent is entering the cell to cause the observed decrease 
in RNA or protein expression. 
0129. 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 exog 
enous 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 con 
cluded that the iRNA agent down regulates target gene 
expression. The level of target RNA or protein in the cell can 
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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. 
0.130. The mRNA 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 efficacy 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 fluo 
rescence or in situ hybridization. Exemplary fluorescent 
reporter genes include but are not limited to green fluorescent 
protein and luciferase. Expression of the reporter gene can 
also be monitored by Northern blot, RT-PCR, RNAse-protec 
tion assay, or Western blot analysis as described above. 
I0131) Efficacy of an iRNA agent conjugated to a lipophilic 
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 efficacy of an anti-httiRNA agent is a striatal cell line, 
e.g. ST14A cell line. Other mammalian neural cell lines that 
can take up an iRNA agent conjugated with a lipophilic moi 
ety include, e.g., neuronally differentiated phaeochromocy 
tomas (e.g., PC12 cells), primary neuronal cultures (e.g., 
isolated from a mouse or rat and cultured immediately), and 
neuroblastoma cell lines. Neuroblastoma cell lines include 
BE(2)-M17, SH-SY5Y (both human) and N2a (mouse). 
(0132 Controls include: 

0.133 (1) testing the efficacy and specificity of an iRNA 
agent by assaying for a decrease in expression of the 
target gene by, for example, comparison to expression of 
an endogenous or exogenous off-target RNA or protein; 
and 

0.134 (2) testing specificity of the effect on target gene 
expression by administering a “nonfunctional iRNA 
agent. 

0.135 Nonfunctional control iRNA agents can: 
0.136 (a) target a gene not expressed in the cell; 
0.137 (b) be of nonsensical sequence (e.g., a scrambled 
version of the test iRNA); or 

0.138 (c) have a sequence complementary to the target 
gene, but be known by previous experiments to lack an 
ability to silence gene expression. 

0.139. A candidate iRNA agent conjugated to a lipophilic 
molecule can include other modifications for nuclease resis 
tance. Resistance to a degradent can be evaluated as follows. 
A candidate modified iRNA agent (and preferably a control 
molecule, usually one that does not include the modification 
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 radioactive 
or enzymatic label, or a fluorescent label, such as Cy3 or Cy5. 
Control and modified RNA's can be incubated with the deg 
radative agent, and optionally a control, e.g., an inactivated, 
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e.g., heat inactivated, degradative agent. A physical param 
eter, e.g., size, of the modified and control molecules are then 
determined. They can be determined by a physical method, 
e.g., by polyacrylamide gel electrophoresis or a sizing col 
umn, to assess whether the molecule has maintained its origi 
nal length, or assessed functionally. Alternatively, Northern 
blot analysis can be used to assay the length of an unlabeled 
modified molecule. 
0140. 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 resis 
tance to degradation) to determine if the modification 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 expressing 
a fluorescent protein, e.g., GFP, and a candidate RNA agent 
homologous to the transcript encoding the fluorescent pro 
tein. For example, a modified siRNA homologous to the GFP 
mRNA can be assayed for the ability to inhibit GFP expres 
sion by monitoring for a decrease in cell fluorescence, 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-modified RNA added. Effi 
cacy of the candidate agent on gene expression can be 
assessed by comparing cell fluorescence in the presence of 
the modified and unmodified iRNA agents. 
0141. The effect of the modified iRNA agent on target 
RNA levels can be verified 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-modified iRNA 
agent is added. 
0142 Assays can include time course experiments to 
monitor stability and duration of silencing by an iRNA agent 
and monitoring in dividing versus nondividing cells. Presum 
ably individing cells, the iRNA agent is diluted out overtime, 
thus decreasing the duration of the silencing effect. The impli 
cation is that dosage will have to be adjusted in vivo, and/oran 
iRNA agent will have to be administered more frequently to 
maintain the silencing effect. To monitor nondividing cells, 
cells can be arrested by serum withdrawal. Neurons are post 
mitotic cells, and thus neural cells are aptly Suited for assay 
ing 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. 
0143 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 different 
species can be transfected with a candidate iRNA agent con 
jugated to a lipophilic moiety, e.g., cholesterol. The efficacy 
of the iRNA agent can be determined for the cell from the 
different species. 
Stability Testing, Modification, and Retesting of iRNA 
Agents 
0144. 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 agentis 
introduced into the body of a subject. Methods can be 
employed to identify sites that are susceptible to modifica 
tion, particularly cleavage, e.g., cleavage by a component 

Oct. 21, 2010 

found in the body of a Subject. The component (e.g., an 
exonuclease or endonuclease) can be specific for a particular 
area of the body, such as a particular tissue, organ, or bodily 
fluid (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 exemplary 
method includes: 
0145 (1) determining the point or points at which a sub 
stance 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 com 
partments into which the therapeutic is directly introduced, 
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 
0146 (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 
modified to inhibit cleavage at Such sites. 
0147 These steps can be accomplished by using one or 
more of the following assays: 

0.148 (i) (a) contacting a candidate dsRNA, e.g., an 
iRNA agent, with a test agent (e.g., a biological agent), 
0149 (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. 

0.150 (ii) (a) supplying a candidate dsRNA, e.g., an 
iRNA agent, which is radiolabeled; 
0151 (b) contacting the candidate dsRNA with a test 
agent, 

0152 (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 different times 
and applied to the size-based assay. In preferred 
embodiments, the determination is made under con 
ditions 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 deter 
mined from the size of the fragment based on the 
ladder and mapping using a site-specific endonu 
clease such as RNAse T1. 

0.153 (iii) fragments produced by any method, e.g., one 
of those above, can be analyzed by mass spectrometry. 
Following contacting the iRNA with the test agent, the 
iRNA can be purified (e.g., partially purified), such as by 
phenol-chloroform extraction followed by precipitation. 
Liquid chromatography can then be used to separate the 
fragments and mass spectrometry can be used to deter 
mine the mass of each fragment. This allows determina 
tion of the mechanism of cleavage, e.g., if by direct 
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phosphate cleavage. Such as be 5' or 3' exonuclease 
cleavage, or mediated by the 2'OH via formation of a 
cyclic phosphate. 

0154 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 (usu 
ally minimized) number of sites that are cleaved by a sub 
stance(s), e.g., an enzyme, present in the relevant compart 
ments of a subject’s body. Two or more iRNA agent 
candidates can be evaluated to select a sequence that is opti 
mized. For example, two or more candidates can be evaluated 
and the one with optimum properties, e.g., fewer cleavage 
sites, selected. 
0155 The information relating to a site of cleavage can be 
used to select a backbone atom, a Sugar or a base, for modi 
fication, e.g., a modification to decrease cleavage. 
0156 Exemplary modifications include modifications that 
inhibit endonucleolytic degradation, including the modifica 
tions described herein. Particularly favored modifications 
include: 2" modification, e.g., provision of a 2'OMemoiety on 
a U in a sense or antisense Strand, but especially on a sense 
Strand; modification of the backbone, e.g., with the replace 
ment of an O with an S, in the phosphate backbone, e.g., the 
provision of a phosphorothioate modification, 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 modification of the at 
the 2' 6" 7", or 8 position. Preferred embodiments are those in 
which one or more of these modifications are present on the 
sense but not the antisense Strand, or embodiments where the 
antisense strand has fewer of Such modifications. 
0157 Exemplary modifications also include those that 
inhibit degradation by exonucleases. Examples of modifica 
tions that inhibit exonucleolytic degradation can be found 
herein. Particularly favored modifications include: 2" modifi 
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); modification of the 
backbone, e.g., with the replacement of a P with an S, e.g., the 
provision of a phosphorothioate modification, or the use of a 
methylated P in a 3' overhang, e.g., at the 3'terminus; combi 
nation of a 2 modification, e.g., provision of a 2" OMemoiety 
and modification of the backbone, e.g., with the replacement 
of a P with an S, e.g., the provision of a phosphorothioate 
modification, or the use of a methylated P. in a 3' overhang, 
e.g., at the 3' terminus; modification with a 3' alkyl: modifi 
cation with an abasic pyrrolidine in a 3' overhang, e.g., at the 
3' terminus; modification with naproxen, ibuprofen, or other 
moieties which inhibit degradation at the 3' terminus. 
0158. These methods can be used to select and or optimize 
a therapeutic iRNA agent conjugated with a lipophilic moi 
ety, e.g., cholesterol, for enhanced uptake into neural cells. 
0159. The method can be used to evaluate a candidate 
iRNA agent conjugated with a lipophilic moiety and that also 
includes a modification that, for example, inhibits degrada 
tion, targets the dsRNA molecule, or modulates hybridiza 
tion. Such modifications are described herein. A cleavage 
assay can be combined with an assay to determine the ability 
of a modified or non-modified candidate to silence the target. 
E.g., one might (optionally) test a candidate to evaluate its 
ability to silence a target (or off-target sequence), evaluate its 
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Susceptibility to cleavage, modify it (e.g., as described herein, 
e.g., to inhibit degradation) to produce a modified candidate, 
and test the modified candidate for one or both of the ability 
to silence and the ability to resist degradation. The procedure 
can be repeated. Modifications 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 confirm 
activity. 
0160 A test agent refers to a biological agent, e.g., bio 
logical sample, tissue extractor prep, serum, a known enzyme 
or other molecule known to modify, e.g., cleave, a 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 administered directly into 
neural tissue (e.g., into the brain or into the spinal cord) the 
test agent could be brain tissue extract or spinal fluid. An 
iRNA agent that is to be supplied directly to the eye can be 
incubated with an extract of the eye. 

In Vivo Testing 
0.161. An iRNA agent conjugated with a lipophilic moiety 
and identified 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 administered 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. 
0162 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 har 
Vested and tissue slices examined for distribution of the agent. 
0163 The iRNA agent can also be evaluated for its intra 
cellular distribution. The evaluation can include determining 
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 fluorescent marker Such as Cy3, 
Cy5, FITC, rhodamine, or fluorescein; a radioactive label, 
such as 'P. P. or H; gold particles; or antigen particles for 
immunohistochemistry). 
0164. 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 endogenous 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 
0.165. 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 



US 2010/026781.0 A1 

additionally, target gene expression can be monitored by per 
forming Western blot analysis on tissue extracts treated with 
an iRNA agent. 
0166 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 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 neu 
rons of the brain. In one embodiment, such a secondary assay 
requires dissection of the mouse brain for Western blot analy 
sis or in situ hybridization of brain tissue, including spiny 
UOS. 

(0167 iRNA Chemistry 
0168 Described herein are isolated iRNA agents, e.g., 
dsRNA molecules, that mediate RNAi. The iRNA agents are 
modified for enhanced uptake into neural cells by their attach 
ment to at least one lipophilic moiety, e.g., a cholesterol 
molecule. 

0169 Generally, the iRNA agents featured in the invention 
should include a region of Sufficient homology to a target 
gene, e.g., a target gene expressed in a neural cell, and be of 
sufficient 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 sufficient to enable the iRNA 
agent, or a cleavage product thereof, to direct sequence spe 
cific silencing, e.g., by RNAi cleavage of the target RNA, e.g., 
mRNA. Therefore, the iRNA agents featured in the instant 
invention include agents comprising a sense Strand and anti 
sense Strand each comprising a sequence of at least 16, 17 or 
18 nucleotides which is essentially identical, as defined 
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 substituted 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. Exemplary iRNA agents may therefore possess at least 
15 nucleotides 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 
sequenceparticularly in the antisense strand, are most toler 
ated 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 sufficiently complementary with the antisense Strand 
to maintain the over all double strand character of the mol 
ecule. 

0170 Single stranded regions of an iRNA agent will often 
be modified 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 modifica 
tions or nucleoside Surrogates. Modifications 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 
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into RISC are also favored. Modifications 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 fluorescein 
reagents that come as phosphoramidites and that have another 
DMT-protected hydroxyl group, allowing multiple couplings 
during RNA synthesis. As discussed elsewhere herein, an 
iRNA agent will often be modified 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. 
0171 Although, in mammalian cells, long ds iRNA agents 
can induce the interferon response which is frequently del 
eterious, short ds iRNA agents do not trigger the interferon 
response, at least not to an extent that is deleterious to the cell 
and host. The iRNA agents of the present invention include 
molecules which are sufficiently short that they do not trigger 
the interferon response in mammaliancells. Thus, the admin 
istration 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. 'skNA 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 Sufficiently 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 prefer 
ably less than 50, 40, or 30 nucleotide pairs. 
0172. In addition to homology to target RNA and the abil 
ity to down regulate a target gene, an iRNA agent will pref 
erably have one or more of the following properties: 

(0173 (1) it will be of the Formula 1,2,3, or 4 described 
below: 

0.174 (2) if single stranded it will have a 5' modification 
that includes one or more phosphate groups or one or 
more analogs of a phosphate group; 

0.175 (3) it will, despite modifications, even to a very 
large number of bases, specifically base pair and form a 
duplex structure with a homologous target RNA of suf 
ficient thermodynamic stability to allow modulation of 
the activity of the targeted RNA; 

0176 (4) it will, despite modifications, 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 ribonucle 
otide-based content. For example, all of the nucleotide 
Sugars can contain e.g., 2OMe, or 2 fluoro 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 electrone 
gative fluorine prefers an axial orientation when 
attached to the C2' position of ribose. This spatial pref 
erence of fluorine can, in turn, force the Sugars to adopt 
a C-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 fluo 
rine is a good hydrogen bond acceptor, it can participate 
in the same hydrogen bonding interactions with water 
molecules that are known to stabilize RNA structures. 
(Generally, it is preferred that a modified moiety at the 2' 
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Sugar position will be able to enter into hydrogen-bond 
ing which is more characteristic of the 2'-OH moiety of 
a ribonucleotide than the 2'-H moiety of a deoxyribo 
nucleotide. A preferred iRNA agent will: exhibit a C 
endo pucker in all, or at least 50, 75, 80, 85,90, or 95% 
of its sugars; exhibit a C-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 C-endo 
pucker structure. These limitations are particularly pref 
erably in the antisense Strand; 

(0177 Preferred 2'-modifications with C3'-endo sugar 
pucker include: 

(0178 2'-OH, 2'-O-Me, 2'-O-methoxyethyl, 2'-B-amino 
propyl,2'-F, 2'-O-CH CO. NHMe, 2'-O-CH CH 
O CH-CH-N(Me), LNA 

0179 (5) regardless of the nature of the modification, 
and even though the oligonucleotide agent can contain 
deoxynucleotides or modified 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 modified deox 
yribonucleotides which are deoxy at the 2' position, are 
excluded from the definition of oligonucleotide agent. 

0180. A “ds mRNA agent” (abbreviation for “double 
stranded (ds) iRNA agent') 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. 

0181. The antisense strand of a double stranded iRNA 
agent should be equal to or at least, 14, 15, 1617, 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 to 21 nucleotides in 
length. 
0182. The sense strand of a double stranded iRNA agent 
should be equal to or at least 14, 15, 1617, 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 17 
to 25, 19 to 23, and 19 to 21 nucleotides in length. 
0183 The double strand portion of a double stranded 
iRNA agent should be equal to or at least, 15, 1617, 18, 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. 
0184. 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 modification or the same 
class of modification but in other cases the sense and anti 
sense Strand will have different modifications, 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 modified in order to inactivate the 
sense Strand and prevent formation of an active iRNA agent/ 
protein or RISC. This can be accomplished by a modification 
which prevents 5'-phosphorylation of the sense Strand, e.g., 
by modification with a 5'-O-methyl ribonucleotide (see 
Nykanen et al., (2001) ATP requirements and small interfer 
ing RNA structure in the RNA interference pathway. Cell 
107, 309-321.) Other modifications which prevent phospho 
rylation 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 
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linkage, though this may be less desirable as phosphodi 
esterases can cleave Such a linkage and release a functional 
sRNA 5'-end. Antisense strand modifications include 5' phos 
phorylation as well as any of the other 5' modifications dis 
cussed herein. 
0185. It is preferred that the sense and antisense strands be 
chosen Such that the ds mRNA agent includes a single strand 
or unpaired region at one or both ends of the molecule. Thus, 
ads iRNA agent contains sense and antisense strands, pref 
erably 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 phospho 
rylated. 
0186 Preferred lengths for the duplexed region is between 
15 and 30, most preferably 18, 19, 20, 21, 22, and 23 nucle 
otides 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. 

0187. As used herein, the phrase “mediates RNAi refers 
to the ability of an agent to silence, in a sequence specific 
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 element While 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. 
0188 As used herein, the term "complementary' is used to 
indicate a sufficient degree of complementarity Such that 
stable and specific binding occurs between a compound of the 
invention and a target RNA molecule, e.g., an htt mRNA 
molecule. Specific binding requires a Sufficient degree of 
complementarity to avoid non-specific binding of the oligo 
meric compound to non-target sequences under conditions in 
which specific binding is desired, i.e., under physiological 
conditions in the case of in vivo assays or therapeutic treat 
ment, 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. 
0189 As used herein, an iRNA agent is “sufficiently 
complementary' to a target RNA, e.g., a target mRNA (e.g., a 
target htt mRNA) if the iRNA agent reduces the production of 
a protein encoded by the target mRNA. The iRNA agent may 
also be “exactly complementary’ (excluding the SRMS con 
taining 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 “sufficiently complementary’ target 
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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 specifically 
discriminates a single-nucleotide difference. 
0.190 iRNA agents conjugated with a lipophilic agent for 
enhanced uptake into neural cells include iRNA agents which 
have been further modified, e.g., to improve efficacy, and 
polymers of nucleoside surrogates. Unmodified 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 modified 
RNAs, see, e.g., Limbach et al., Nucleic Acids Res. 22: 2183 
2196, 1994. Such rare or unusual RNAs, often termed modi 
fied RNAs are typically the result of a post transcriptional 
modification and are within the term unmodified RNA, as 
used herein. Modified RNA, as used herein, refers to a mol 
ecule in which one or more of the components of the nucleic 
acid, namely Sugars, bases, and phosphate moieties, are dif 
ferent from that which occur in nature, preferably different 
from that which occurs in the human body. While they are 
referred to as modified RNAs, they will of course, because of 
the modification, 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. 
0191 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 preferred. 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 structure)) made of 
the single stranded structures described below are within the 
invention. Preferred lengths are described elsewhere herein. 
0.192 As nucleic acids are polymers of subunits or mono 
mers, many of the modifications described below occur at a 
position which is repeated within a nucleic acid, e.g., a modi 
fication of a base, or a phosphate moiety, or a non-linking 0 of 
a phosphate moiety. In some cases the modification 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 
modification may only occur at a 3' or 5' terminal position, 
may only occur in a terminal region, e.g. at a position on a 
terminal nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides 
of a strand. A modification may occur in a double strand 
region, a single strand region, or in both. A modification 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' end, the 5' end, or at an internal position, 
oratacombination of these positions. For example, the ligand 
can be at the 3' end and the 5' end; at the 3' end and at one or 
more internal positions; at the 5' end and at one or more 
internal positions; or at the 3' end, the 5' end, and at one or 
more internal positions. For example, a phosphorothioate 
modificationata non-linking 0 position may only occuratone 
or both termini, or may only occur in a terminal region, e.g., 
at a position on a terminal nucleotide or in the last 2, 3, 4, 5, 
or 10 nucleotides of a strand, or may occur in double strand 
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and single strand regions, particularly at termini. Similarly, a 
modification may occur on the sense Strand, antisense Strand, 
or both Strands. In some cases, the sense and antisense Strand 
will have the same modifications or the same class of modi 
fications, but in other cases the sense and antisense strand will 
have different modifications, e.g., in Some cases it may be 
desirable to modify only one Strand, e.g. the sense Strand. The 
5' end can be phosphorylated. In a particularly preferred 
embodiment, the sense strand is modified at the 3' end by the 
addition of a cholesterol. 
0193 In some embodiments it is particularly preferred, 
e.g., to enhance stability, to include particular bases in over 
hangs, or to include modified nucleotides or nucleotide Sur 
rogates, in single strand overhangs, e.g., in a 5' or 3' overhang, 
or in both. E.g., it can be desirable to include purine nucle 
otides in overhangs. In some embodiments all or some of the 
bases in a 3' or 5' overhang will be modified, e.g., with a 
modification described herein. Modifications can include, 
e.g., the use of modifications at the 2' OH group of the ribose 
Sugar, e.g., the use of deoxyribonucleotides, e.g., deoxythy 
midine, instead of ribonucleotides, and modifications in the 
phosphate group, e.g., phosphothioate modifications. Over 
hangs need not be homologous with the target sequence. 
0194 Modifications and nucleotide surrogates are dis 
cussed below. 

FORMUL.A. 1 

II 
5 

BASE 
O 

I y OH (2 OH) 

x=-y 
Z 

BASE 
O 

3' O (2 OH) 

0.195 The scaffold presented above in Formula 1 repre 
sents a portion of a ribonucleic acid. The basic components 
are the ribose Sugar, the base, the terminal phosphates, and 
phosphate internucleotide linkers. Where the bases are natu 
rally occurring bases, e.g., adenine, uracil, guanine or 
cytosine, the Sugars are the unmodified 2 hydroxyl ribose 
sugar (as depicted) and W, X, Y, and Z are all O. Formula 1 
represents a naturally occurring unmodified oligoribonucle 
otide. 
0196. Unmodified oligoribonucleotides may be less than 
optimal in some applications, e.g., unmodified oligoribo 
nucleotides can be prone to degradation by e.g., cellular 
nucleases. Nucleases can hydrolyze nucleic acid phosphodi 
ester bonds. However, chemical modifications to one or more 
of the above RNA components can confer improved proper 
ties, and, e.g., can render oligoribonucleotides more stable to 
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nucleases. Unmodified oligoribonucleotides may also be less 
than optimal interms of offering tethering points for attaching 
ligands or other moieties to an iRNA agent. 
0.197 Modified nucleic acids and nucleotide surrogates 
can include one or more of 

0198 (i) alteration, e.g., replacement, of one or both of the 
non-linking (X and Y) phosphate oxygens and/or of one or 
more of the linking (Wand Z) phosphate oxygens (When the 
phosphate is in the terminal position, one of the positions W 
or Zwill not link the phosphate to an additional element in a 
naturally occurring ribonucleic acid. However, for simplicity 
ofterminology, except where otherwise noted, the W position 
at the 5' end of a nucleic acid and the terminal Z position at the 
3' end of a nucleic acid, are within the term “linking phos 
phate oxygens' as used herein.); 
0199 (ii) alteration, e.g., replacement, of a constituent of 
the ribose Sugar, e.g., of the 2' hydroxyl on the ribose Sugar, or 
wholesale replacement of the ribose sugar with a structure 
other than ribose, e.g., as described herein; 
0200 (iii) wholesale replacement of the phosphate moiety 
(bracket I) with "dephospho” linkers: 
0201 (iv) modification or replacement of a naturally 
occurring base; 
0202 (v) replacement or modification of the ribose-phos 
phate backbone (bracket II); 
0203 (vi) modification of the 3' end or 5' end of the RNA, 
e.g., removal, modification or replacement of a terminal phos 
phate group or conjugation of a moiety, e.g. a fluorescently 
labeled moiety, to either the 3' or 5' end of RNA. 
0204 The terms replacement, modification, alteration, 
and the like, as used in this context, do not imply any process 
limitation, e.g., modification does not mean that one must 
start with a reference or naturally occurring ribonucleic acid 
and modify it to produce a modified ribonucleic acid but 
rather modified simply indicates a difference from a naturally 
occurring molecule. 
0205. It is understood that the actual electronic structure of 
Some chemical entities cannot be adequately represented by 
only one canonical form (i.e. Lewis structure). While not 
wishing to be bound by theory, the actual structure can instead 
be some hybrid or weighted average of two or more canonical 
forms, known collectively as resonance forms or structures. 
Resonance structures are not discrete chemical entities and 
exist only on paper. They differ from one another only in the 
placement or “localization of the bonding and nonbonding 
electrons for a particular chemical entity. It can be possible 
for one resonance structure to contribute to a greater extent to 
the hybrid than the others. Thus, the written and graphical 
descriptions of the embodiments of the present invention are 
made in terms of what the art recognizes as the predominant 
resonance form for a particular species. For example, any 
phosphoroamidate (replacement of a nonlinking oxygen with 
nitrogen) would be represented by X=O and Y=N in the 
above figure. 
0206 Replacement of the Phosphate Group 
0207. The phosphate group can be replaced by non-phos 
phorus containing connectors (cf. Bracket I in Formula 1 
above). While not wishing to be bound by theory, it is believed 
that since the charged phosphodiester group is the reaction 
center in nucleolytic degradation, its replacement with neu 
tral structural mimics should impart enhanced nuclease sta 
bility. Again, while not wishing to be bound by theory, it can 
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be desirable, in Some embodiment, to introduce alterations in 
which the charged phosphate group is replaced by a neutral 
moiety. 
0208 Examples of moieties which can replace the phos 
phate group include siloxane, carbonate, carboxymethyl, car 
bamate, amide, thioether, ethylene oxide linker, Sulfonate, 
Sulfonamide, thioformacetal, formacetal, oxime, methylene 
imino, methylenemethylimino, methylenehydrazo, methyl 
enedimethylhydrazo and methyleneoxymethylimino. Pre 
ferred replacements include the methylenecarbonylamino 
and methylenemethylimino groups. 
0209 Candidate modifications can be evaluated as 
described below. 

0210 
0211 Oligonucleotide-mimicking scaffolds can also be 
constructed wherein the phosphate linker and ribose Sugar are 
replaced by nuclease resistant nucleoside or nucleotide Sur 
rogates (see Bracket II of Formula 1 above). While not wish 
ing to be bound by theory, it is believed that the absence of a 
repetitively charged backbone diminishes binding to proteins 
that recognize polyanions (e.g. nucleases). Again, while not 
wishing to be bound by theory, it can be desirable in some 
embodiment, to introduce alterations in which the bases are 
tethered by a neutral surrogate backbone. 
0212. Examples include the mophilino, cyclobutyl, pyrro 
lidine and peptide nucleic acid (PNA) nucleoside surrogates. 
A preferred surrogate is a PNA surrogate. 
0213 Candidate modifications can be evaluated as 
described below. 

0214 
0215. The 3' and 5' ends of an oligonucleotide can be 
modified. Such modifications can be at the 3' end, 5' end or 
both ends of the molecule. They can include modification or 
replacement of an entire terminal phosphate or of one or more 
of the atoms of the phosphate group. E.g., the 3' and 5' ends of 
an oligonucleotide can be conjugated to other functional 
molecular entities such as labeling moieties, e.g., fluoro 
phores (e.g., pyrene, TAMRA, fluorescein, Cy3 or Cy5 dyes) 
or protecting groups (based e.g., on Sulfur, silicon, boron or 
ester). The functional molecular entities can be attached to the 
Sugar through a phosphate group and/or a spacer. The termi 
nal atom of the spacer can connect to or replace the linking 
atom of the phosphate group or the C-3' or C-5' O, N, S or C 
group of the Sugar. Alternatively, the spacer can connect to or 
replace the terminal atom of a nucleotide Surrogate (e.g., 
PNAS). These spacers or linkers can include e.g., -(CH2) 

, —(CH),N-, -(CH2), O— —(CH2)S , 
O(CHCHO), CHCH-OH (e.g., n-3 or 6), abasic sugars, 
amide, carboxy, amine, oxyamine, oxyimine, thioether, dis 
ulfide, thiourea, Sulfonamide, or morpholino, or biotin and 
fluorescein reagents. When a spacer/phosphate-functional 
molecular entity-spacer/phosphate array is interposed 
between two strands of iRNA agents, this array can substitute 
for a hairpin RNA loop in a hairpin-type RNA agent. The 3' 
end can be an—OH group. While not wishing to be bound by 
theory, it is believed that conjugation of certain moieties can 
improve transport, hybridization, and specificity properties. 
Again, while not wishing to be bound by theory, it may be 
desirable to introduce terminal alterations that improve 
nuclease resistance. 

0216. Other examples of terminal modifications include 
dyes, intercalating agents (e.g. acridines), cross-linkers (e.g. 

Replacement of Ribophosphate Backbone 

Terminal Modifications 
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psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, 
Sapphyrin), polycyclic aromatic hydrocarbons (e.g., phena 
Zine, dihydrophenazine), artificial endonucleases (e.g. 
EDTA), lipophilic carriers (e.g., cholesterol, cholic acid, ada 
mantane acetic acid, 1-pyrene butyric acid, dihydrotestoster 
one, 1,3-Bis-O(hexadecyl)glycerol, geranyloxyhexyl group, 
hexadecylglycerol, borneol, menthol. 1,3-propanediol, hep 
tadecyl group, palmitic acid, myristic acid.O3-(oleoyl)litho 
cholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or 
phenoxazine) and peptide conjugates (e.g., antennapedia 
peptide, Tat peptide), alkylating agents, phosphate, amino, 
mercapto, PEG (e.g., PEG-40K), MPEG, MPEG, 
polyamino, alkyl, Substituted alkyl, radiolabeled markers, 
enzymes, haptens (e.g. biotin), transport/absorption facilita 
tors (e.g., aspirin, vitamin E, folic acid), synthetic ribonu 
cleases (e.g., imidazole, bisimidazole, histamine, imidazole 
clusters, acridine-imidazole conjugates, Eu3+ complexes of 
tetraazamacrocycles). 
0217 Terminal modifications can be added for a number 
of reasons, including as discussed elsewhere herein to modu 
late activity or to modulate resistance to degradation. Pre 
ferred modifications include the addition of a methylphos 
phonate at the 3'-most terminal linkage; a 3' C5-aminoalkyl 
dT, 3' cationic group; or another 3' conjugate to inhibit 3'-5' 
exonucleolytic degradation. 
0218 Terminal modifications useful for modulating activ 

ity include modification of the 5' end with phosphate orphos 
phate analogs. E.g., in preferred embodiments iRNA agents, 
especially antisense Strands, are 5' phosphorylated or include 
a phosphoryl analog at the 5' terminus. 5'-phosphate modifi 
cations include those which are compatible with RISC medi 
ated gene silencing. Suitable modifications include: 5'-mono 
phosphate ((HO)2(O)P O-5'); 5'-diphosphate ((HO)2(O) 
P-O-P(HO)(O) O-5'); 5'-triphosphate ((HO)2(O)P 
O-(HO)(O)P O P(HO)(O) O-5'); 5'-guanosine cap 
(7-methylated or non-methylated) (7m-G-O-5'-(HO)(O)P 
O-(HO)(O)P O P(HO)(O) O-5'); 5'-adenosine cap 
(Appp), and any modified or unmodified nucleotide cap struc 
ture (N O-5'-(HO)(O)P O (HO)(O)P O P(HO) 
(O) O-5'); 5'-monothiophosphate (phosphorothioate; (HO) 
2(S)P O-5'); 5'-monodithiophosphate (phosphorodithioate: 
(HO)(HS)(S)P O-5'), 5'-phosphorothiolate ((HO)2(O)P 
S-5'); any additional combination of oxygen/sulfur replaced 
monophosphate, diphosphate and triphosphates (e.g. 5'-al 
pha-thiotriphosphate, 5'-gamma-thiotriphosphate, etc.), 
5'-phosphoramidates ((HO)2(O)P NH-5', (HO)(NH2)(O) 
P O-5'), 5'-alkylphosphonates (R-alkyl-methyl, ethyl, iso 
propyl, propyl, etc., e.g. RP (OH)(O) O-5'-, (OH)(O)P-5'- 
CH2-), 5'-alkyletherphosphonates 
(R-alkylether methoxymethyl (MeOCH2—), ethoxym 
ethyl, etc., e.g. RP(OH)(O) O-5'-). 
0219 Terminal modifications can also be useful for moni 
toring distribution, and in Such cases the preferred groups to 
be added include fluorophores, e.g., fluorescein or an Alexa 
dye, e.g., Alexa 488. Terminal modifications can also be 
useful for enhancing uptake, useful modifications for this 
include cholesterol. Terminal modifications can also be use 
ful for cross-linking an RNA agent to another moiety; modi 
fications useful for this include mitomycin C. 
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Preferred iRNA Agents 
0220 Preferred RNA agents have the following structure 
(see Formula 2 below): 

FORMULA2 

0221) Referring to Formula 2 above, R', R, and Rare 
each, independently, H., (i.e. abasic nucleotides), adenine, 
guanine, cytosine and uracil, inosine, thymine, Xanthine, 
hypoxanthine, nubularine, tubercidine, isoguanisine, 2-ami 
noadenine, 6-methyl and other alkyl derivatives of adenine 
and guanine, 2-propyl and other alkyl derivatives of adenine 
and guanine, 5-halouracil and cytosine, 5-propynyluracil and 
cytosine, 6-azo uracil, cytosine and thymine, 5-uracil 
(pseudouracil), 4-thiouracil, 5-halouracil, 5-(2-aminopropyl) 
uracil, 5-amino allyl uracil, 8-halo, amino, thiol, thioalkyl, 
hydroxyl and other 8-Substituted adenines and guanines, 
5-trifluoromethyl and other 5-substituted uracils and 
cytosines, 7-methylguanine, 5-substituted pyrimidines, 
6-azapyrimidines and N-2, N-6 and O-6 substituted purines, 
including 2-aminopropyladenine, 5-propynyluracil and 
5-propynylcytosine, dihydrouracil, 3-deaza-5-azacytosine, 
2-aminopurine, 5-alkyluracil, 7-alkylguanine, 5-alkyl 
cytosine.7-deazaadenine, 7-deazaguanine, N6, N6-dimethy 
ladenine, 2,6-diaminopurine, 5-amino-allyl-uracil, N3-me 
thyluracil, Substituted 1,2,4-triazoles, 2-pyridinone, 5-ni 
troindole, 3-nitropyrrole, 5-methoxyuracil, uracil-5- 
oxyacetic acid, 5-methoxycarbonylmethyluracil, 5-methyl 
2-thiouracil, 5-methoxycarbonylmethyl-2-thiouracil, 
5-methylaminomethyl-2-thiouracil, 3-(3-amino-3-carbox 
ypropyl)uracil, 3-methylcytosine, 5-methylcytosine, 
N-acetyl cytosine, 2-thiocytosine, N6-methyladenine, 
N6-isopentyladenine, 2-methylthio-N-6-isopentenylad 
enine, N-methylguanines, or O-alkylated bases. 
0222 R. R. and R are each, independently, OR, 
O(CHCHO). CHCHOR: O(CH),R: O(CH), OR, H: 
halo; NH; NHR: N(R); NH(CHCH-NH) 
CHCH-NHR: NHC(O)R; cyano; mercapto, SR: alkyl 

thio-alkyl; alkyl, aralkyl, cycloalkyl, aryl, heteroaryl, alkenyl, 
alkynyl, each of which may be optionally substituted with 
halo, hydroxy, OXo, nitro, haloalkyl, alkyl, alkaryl, aryl, 
aralkyl, alkoxy, aryloxy, amino, alkylamino, dialkylamino, 
heterocyclyl, arylamino, diaryl amino, heteroaryl amino, 
diheteroarylamino, acylamino, alkylcarbamoyl, arylcarbam 
oyl, aminoalkyl, alkoxycarbonyl, carboxy, hydroxyalkyl, 
alkanesulfonyl, alkanesulfonamido, arenesulfonamido, 
aralkylsulfonamido, alkylcarbonyl, acyloxy, cyano, or ure 
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alkylating agents, phosphate, amino, mercapto, PEG (e.g., 
PEG-40K), MPEG, MPEGI, polyamino; alkyl, cycloalkyl, 
aryl, aralkyl, heteroaryl; radiolabeled markers, enzymes, hap 
tens (e.g. biotin), transport/absorption facilitators (e.g., aspi 
rin, vitamin E, folic acid), synthetic ribonucleases (e.g., imi 
dazole, bisimidazole, histamine, imidazole clusters, acridine 
imidazole conjugates, Eu3+ complexes of 
tetraazamacrocycles); or an RNA agent. m is 0-1,000,000, 
and n is 0-20. Q is a spacer selected from the group consisting 
of abasic Sugar, amide, carboxy, oxyamine, oxyimine, thio 
ether, disulfide, thiourea, sulfonamide, or morpholino, biotin 
or fluorescein reagents. 
0237 Preferred RNA agents in which the entire phosphate 
group has been replaced have the following structure (see 
Formula 3 below): 

FORMULA 3 
A10 

R10 
O 

R70 

A30 R40 

R20 
O 

R70 

Ao R50 

R30 
O 

R70 

Ao R60 

0238 Referring to Formula 3, A'-A' is L-G-L: A' and/ 
or A" may be absent, in which L is a linker, wherein one or 
both L. may be present or absent and is selected from the group 
consisting of CH3(CH2): N(CH2): O(CH2): S(CH2). G is 
a functional group selected from the group consisting of 
siloxane, carbonate, carboxymethyl, carbamate, amide, thio 
ether, ethylene oxide linker, sulfonate, sulfonamide, thiofor 
macetal, formacetal, oxime, methyleneimino, methylenem 
ethylimino, methylenehydrazo, methylenedimethylhydrazo 
and methyleneoxymethylimino. 
0239 R', R', and R' are each, independently, H., (i.e. 
abasic nucleotides), adenine, guanine, cytosine and uracil, 
inosine, thymine, Xanthine, hypoxanthine, nubularine, tuber 
cidine, isoguanisine, 2-aminoadenine, 6-methyl and other 
alkyl derivatives of adenine and guanine, 2-propyl and other 
alkyl derivatives of adenine and guanine, 5-halouracil and 
cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, 
cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 
5-halouracil, 5-(2-aminopropyl)uracil, 5-amino allyl uracil, 
8-halo, amino, thiol, thioalkyl, hydroxyl and other 8-substi 
tuted adenines and guanines, 5-trifluoromethyl and other 
5-substituted uracils and cytosines, 7-methylguanine, 5-Sub 
stituted pyrimidines, 6-azapyrimidines and N-2, N-6 and O-6 
Substituted purines, including 2-aminopropyladenine, 5-pro 
pynyluracil and 5-propynylcytosine, dihydrouracil, 3-deaza 
5-azacytosine, 2-aminopurine, 5-alkyluracil, 7-alkylguanine, 
5-alkyl cytosine, 7-deaZaadenine, 7-deazaguanine, N6. 
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N6-dimethyladenine, 2,6-diaminopurine, 5-amino-allyl 
uracil, N3-methyluracil substituted 1,2,4-triazoles, 2-pyridi 
none, 5-nitroindole, 3-nitropyrrole, 5-methoxyuracil, uracil 
5-oxyacetic acid, 5-methoxycarbonylmethyluracil, 
5-methyl-2-thiouracil, 5-methoxycarbonylmethyl-2-thiou 
racil, 5-methylaminomethyl-2-thiouracil, 3-(3-amino-3-car 
boxypropyl)uracil, 3-methylcytosine, 5-methylcytosine, 
N-acetyl cytosine, 2-thiocytosine, N6-methyladenine, 
N6-isopentyladenine, 2-methylthio-N6-isopentenyladenine, 
N-methylguanines, or O-alkylated bases. 
0240 R', R', and R'' are each, independently, OR, 
O(CHCHO). CHCHOR: O(CH),R: O(CH), OR, H: 
halo; NH; NHR: N(R); NH(CHCH-NH). CHCHR: 
NHC(O)R; cyano; mercapto, SR 7: alkyl-thio-alkyl; alkyl, 
aralkyl, cycloalkyl, aryl, heteroaryl, alkenyl, alkynyl, each of 
which may be optionally substituted with halo, hydroxy, oxo, 
nitro, haloalkyl, alkyl, alkaryl, aryl, aralkyl, alkoxy, aryloxy, 
amino, alkylamino, dialkylamino, heterocyclyl, arylamino, 
diaryl amino, heteroaryl amino, diheteroaryl amino, acy 
lamino, alkylcarbamoyl, arylcarbamoyl, aminoalkyl, alkoxy 
carbonyl, carboxy, hydroxyalkyl, alkanesulfonyl, alkane 
Sulfonamido, arenesulfonamido, aralkylsulfonamido, 
alkylcarbonyl, acyloxy, cyano, and ureido groups; or R', 
R', or R' together combine with R' to form an -O- 
CH covalently bound bridge between the sugar 2" and 4 
carbons. 
0241 x is 5-100 or chosen to comply with a length for an 
RNA agent described herein. 
0242) R' is H; or is together combined with R', R, or 
R" to form an O CH, I covalently bound bridge 
between the sugar 2" and 4' carbons. 
10243 R is alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, 
heteroaryl, amino acid, or sugar, and R is NH2, alkylamino, 
dialkylamino, heterocyclyl, arylamino, diaryl amino, het 
eroarylamino, diheteroarylamino, or amino acid. m is 0-1, 
000,000, n is 0-20, and g is 0-2. 
0244 Preferred nucleoside surrogates have the following 
structure (see Formula 4 below): 

SLR 100-(M-SLR200)-M-SLR300 

0245 S is a nucleoside surrogate selected from the group 
consisting of mophilino, cyclobutyl, pyrrolidine and peptide 
nucleic acid. L is a linker and is selected from the group 
consisting of CH3(CH2): N(CH2): O(CH2): S(CH2): 
—C(O)(CH), or may be absent. M is an amide bond; 
Sulfonamide; Sulfinate; phosphate group; modified phosphate 
group as described herein; or may be absent. 
0246 R', R', and R'' are each, independently, H(i.e., 
abasic nucleotides), adenine, guanine, cytosine and uracil, 
inosine, thymine, Xanthine, hypoxanthine, nubularine, tuber 
cidine, isoguanisine, 2-aminoadenine, 6-methyl and other 
alkyl derivatives of adenine and guanine, 2-propyl and other 
alkyl derivatives of adenine and guanine, 5-halouracil and 
cytosine, 5-propynyl uracil and cytosine, 6-aZo uracil, 
cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 
5-halouracil, 5-(2-aminopropyl)uracil, 5-amino allyl uracil, 
8-halo, amino, thiol, thioalkyl, hydroxyl and other 8-substi 
tuted adenines and guanines, 5-trifluoromethyl and other 
5-substituted uracils and cytosines, 7-methylguanine, 5-Sub 
stituted pyrimidines, 6-azapyrimidines and N-2, N-6 and O-6 
Substituted purines, including 2-aminopropyladenine, 5-pro 
pynyluracil and 5-propynylcytosine, dihydrouracil, 3-deaza 
5-azacytosine, 2-aminopurine, 5-alkyluracil, 7-alkylguanine, 
5-alkyl cytosine, 7-deazaadenine, 7-deazaguanine, N6. 

FORMULA 4 
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N6-dimethyladenine, 2,6-diaminopurine, 5-amino-allyl 
uracil, N3-methyluracil substituted 1,2,4-triazoles, 2-pyridi 
nones, 5-nitroindole, 3-nitropyrrole, 5-methoxyuracil, uracil 
5-oxyacetic acid, 5-methoxycarbonylmethyluracil, 
5-methyl-2-thiouracil, 5-methoxycarbonylmethyl-2-thiou 
racil, 5-methylaminomethyl-2-thiouracil, 3-(3-amino-3-car 
boxypropyl)uracil, 3-methylcytosine, 5-methylcytosine, 
N-acetyl cytosine, 2-thiocytosine, N6-methyladenine, 
N6-isopentyladenine, 2-methylthio-N-6-isopentenylad 
enine, N-methylguanines, or O-alkylated bases. 
0247 x is 5-100, or chosen to comply with a length for an 
RNA agent described herein; and g is 0-2. 
0248 Enhanced Nuclease Resistance 
0249. An iRNA agent conjugated to a lipophilic moiety for 
enhanced uptake into neural cells can have enhanced resis 
tance to nucleases. 
0250 For increased nuclease resistance and/or binding 
affinity to the target, an iRNA agent, e.g., the sense and/or 
antisense Strands of the iRNA agent, can include, for 
example, 2'-modified ribose units and/or phosphorothioate 
linkages. E.g., the 2 hydroxyl group (OH) can be modified or 
replaced with a number of different "oxy” or “deoxy' sub 
stituents. 
0251 Examples of “oxy'-2' hydroxyl group modifications 
include alkoxy oraryloxy (OR, e.g., R=H, alkyl, cycloalkyl, 
aryl, aralkyl, heteroaryl or Sugar); polyethyleneglycols 
(PEG), O(CHCHO), CHCHOR: “locked nucleic acids 
(LNA) in which the 2' hydroxyl is connected, e.g., by a 
methylene bridge, to the 4' carbon of the same ribose sugar; 
O-AMINE and aminoalkoxy, O(CH2)AMINE, (e.g., 
AMINE=NH; alkylamino, dialkylamino, heterocyclyl 
amino, arylamino, diarylamino, heteroarylamino, or dihet 
eroarylamino, ethylene diamine, polyamino). It is notewor 
thy that oligonucleotides containing only the methoxyethyl 
group (MOE), (OCHCHOCH, a PEG derivative), exhibit 
nuclease stabilities comparable to those modified with the 
robust phosphorothioate modification. 
0252 “Deoxy' modifications include hydrogen (i.e. deox 
yribose Sugars, which are of particular relevance to the over 
hang portions of partially dsRNA); halo (e.g., fluoro), amino 
(e.g. NH; alkylamino, dialkylamino, heterocyclyl, ary 
lamino, diarylamino, heteroarylamino, diheteroarylamino, 
or amino acid); NH(CHCH-NH), CHCH-AMINE 
(AMINE=NH; alkylamino, dialkylamino, heterocyclyl 
amino, arylamino, diarylamino, heteroarylamino, or dihet 
eroaryl amino), —NHC(O)R (R-alkyl, cycloalkyl, aryl, 
aralkyl, heteroaryl or Sugar), cyano; mercapto; alkyl-thio 
alkyl; thioalkoxy; and alkyl, cycloalkyl, aryl, alkenyl and 
alkynyl, which may be optionally Substituted with e.g., an 
amino functionality. 
0253 Preferred substitutents are 2'-methoxyethyl, 
2'-OCH3,2'-O-allyl, 2-C-allyl, and 2'-fluoro. 
0254. In certain aspects, nuclease resistance of iRNA 
agents is enhanced by identifying nuclease-susceptible sites 
and modifying Such sites to inhibit cleavage. For example, the 
dinucleotides 5'-UA-3',5' UG 3',5'-CA-3',5' UU-3', or 5'-CC 
3' can serve as cleavage sites. Enhanced nuclease resistance 
can therefore be achieved by modifying the 5' nucleotide, 
resulting, for example, in at least one 5'-uridine-adenine-3' 
(5'-UA-3) dinucleotide wherein the uridine is a 2'-modified 
nucleotide; at least one 5'-uridine-guanine-3 (5'-UG-3') 
dinucleotide, wherein the 5'-uridine is a 2'-modified nucle 
otide; at least one 5'-cytidine-adenine-3 (5-CA-3) dinucle 
otide, wherein the 5'-cytidine is a 2'-modified nucleotide; at 
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least one 5'-uridine-uridine-3 (5'-UU-3") dinucleotide, 
wherein the 5'-uridine is a 2'-modified nucleotide; or at least 
one 5'-cytidine-cytidine-3 (5'-CC-3') dinucleotide, wherein 
the 5'-cytidine is a 2'-modified nucleotide. The iRNA agent 
can include at least 2, at least 3, at least 4 or at least 5 of Such 
dinucleotides. In certain embodiments, all the pyrimidines of 
an iRNA agent carry a 2'-modification, and the iRNA agent 
therefore has enhanced resistance to endonucleases. 
0255 To maximize nuclease resistance, the 2" modifica 
tions can be used in combination with one or more phosphate 
linker modifications (e.g., phosphorothioate). The so-called 
"chimeric' oligonucleotides are those that contain two or 
more different modifications. 
0256 The inclusion of furanose sugars in the oligonucle 
otide backbone can also decrease endonucleolytic cleavage. 
An iRNA agent can be further modified by including a 3 
cationic group, or by inverting the nucleoside at the 3'-termi 
nus with a 3'-3' linkage. In another alternative, the 3'-terminus 
can be blocked with an aminoalkyl group, e.g., a 3' C5-ami 
noalkyl dT. Other 3' conjugates can inhibit 3'-5' exonucle 
olytic cleavage. While not being bound by theory, a 3' conju 
gate. Such as naproxen or ibuprofen, may inhibit 
exonucleolytic cleavage by Sterically blocking the exonu 
clease from binding to the 3'-end of oligonucleotide. Even 
Small alkyl chains, aryl groups, or heterocyclic conjugates or 
modified Sugars (D-ribose, deoxyribose, glucose etc.) can 
block 3'-5'-exonucleases. 
0257 Similarly, 5' conjugates can inhibit 5'-3' exonucle 
olytic cleavage. While not being bound by theory, a 5' conju 
gate, such as naproxen or ibuprofen, may inhibit exonucle 
olytic cleavage by Sterically blocking the exonuclease from 
binding to the 5'-end of oligonucleotide. Even small alkyl 
chains, aryl groups, or heterocyclic conjugates or modified 
Sugars (D-ribose, deoxyribose, glucose etc.) can block 3'-5'- 
exonucleases. 

0258 An iRNA agent can have increased resistance to 
nucleases when a duplexed iRNA agent includes a single 
Stranded nucleotide overhang on at least one end. In preferred 
embodiments, the nucleotide overhang includes 1 to 4, pref 
erably 2 to 3, unpaired nucleotides. In a preferred embodi 
ment, the unpaired nucleotide of the single-stranded over 
hang that is directly adjacent to the terminal nucleotide pair 
contains a purine base, and the terminal nucleotide pair is a 
G-C pair, or at least two of the last four complementary 
nucleotide pairs are G-C pairs. In further embodiments, the 
nucleotide overhang may have 1 or 2 unpaired nucleotides, 
and in an exemplary embodiment the nucleotide overhang is 
5'-GC-3'. In preferred embodiments, the nucleotide overhang 
is on the 3'-end of the antisense strand. In one embodiment, 
the iRNA agent includes the motif 5'-CGC-3' on the 3'-end of 
the antisense strand, such that a 2-nt overhang 5'-GC-3' is 
formed. 

0259 Thus, an iRNA agent can include modifications so 
as to inhibit degradation, e.g., by nucleases, e.g., endonu 
cleases or exonucleases, found in the body of a subject. These 
monomers are referred to hereinas NRMs, or Nuclease Resis 
tance promoting Monomers, the corresponding modifications 
as NRM modifications. In many cases these modifications 
will modulate other properties of the iRNA agent as well, e.g., 
the ability to interact with a protein, e.g., a transport protein, 
e.g., serum albumin, or a member of the RISC, or the ability 
of the first and second sequences to form a duplex with one 
another or to form a duplex with another sequence, e.g., a 
target molecule. 
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0260 One or more different NRM modifications can be 
introduced into an iRNA agent or into a sequence of an iRNA 
agent. An NRM modification can be used more than once in 
a sequence or in an iRNA agent. 
0261 NRM modifications include some which can be 
placed only at the terminus and others which can go at any 
position. Generally, these modifications can inhibit hybrid 
ization So it is preferable to use them only interminal regions, 
and preferable not to use them at the cleavage site or in the 
cleavage region of a sequence which targets a subject 
sequence or gene, particularly on the antisense Strand. They 
can be used anywhere in a sense strand, provided that suffi 
cient hybridization between the two strands of the ds iRNA 
agent is maintained. In some embodiments it is desirable to 
put the NRM at the cleavage site or in the cleavage region of 
a sense Strand, as it can minimize off-target silencing. 
0262. In most cases, the NRM modifications will be dis 
tributed differently depending on whether they are included 
on a sense or antisense strand. If on an antisense Strand, 
modifications which interfere with or inhibit endonuclease 
cleavage should not be inserted in the region which is subject 
to RISC mediated cleavage, e.g., the cleavage site or the 
cleavage region. As used herein cleavage site refers to the 
nucleotide on either side of the cleavage site, on the target or 
on the iRNA agent strand which hybridizes to it. Cleavage 
region means a nucleotide within 1, 2, or 3 nucleotides of the 
cleavage site, in either direction. 
0263. Such modifications can be introduced into the ter 
minal regions, e.g., at the terminal position or with 2, 3, 4, or 
5 positions of the terminus. 
0264 
0265. The monomers and methods described hereincan be 
used to prepare an oligonucleotide agent, that incorporates a 
ribose mimic. 

0266 Thus, an aspect of the invention features an iRNA 
agent that includes a secondary hydroxyl group, which can 
increase efficacy and/or confer nuclease resistance to the 
agent. Nucleases, e.g., cellular nucleases, can hydrolyze 
nucleic acid phosphodiester bonds, resulting in partial or 
complete degradation of the nucleic acid. The secondary 
hydroxy group confers nuclease resistance to an iRNA agent 
by rendering the iRNA agent less prone to nuclease degrada 
tion relative to an iRNA which lacks the modification. While 
not wishing to be bound by theory, it is believed that the 
presence of a secondary hydroxyl group on the iRNA agent 
can act as a structural mimic of a 3' ribose hydroxyl group, 
thereby causing it to be less Susceptible to degradation. 
0267. The secondary hydroxyl group refers to an “OH' 
radical that is attached to a carbon atom substituted by two 
other carbons and a hydrogen. The secondary hydroxyl group 
that confers nuclease resistance as described above can be 
part of any acyclic carbon-containing group. The hydroxyl 
may also be part of any cyclic carbon-containing group, and 
preferably one or more of the following conditions is met (1) 
there is no ribose moiety between the hydroxyl group and the 
terminal phosphate group or (2) the hydroxyl group is not on 
a Sugar moiety which is coupled to a base. The hydroxyl 
group is located at least two bonds (e.g., at least three bonds 
away, at least four bonds away, at least five bonds away, at 
least six bonds away, at least seven bonds away, at least eight 
bonds away, at least nine bonds away, at least ten bonds away, 
etc.) from the terminal phosphate group phosphorus of the 
iRNA agent. In preferred embodiments, there are five inter 
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vening bonds between the terminal phosphate group phos 
phorus and the secondary hydroxyl group. 
0268 Preferred mRNA agent delivery modules with five 
intervening bonds between the terminal phosphate group 
phosphorus and the secondary hydroxyl group have the fol 
lowing structure (see formula Y below): 

A (Y) 

y 
Y- - X 

Z 

St. R3 R4 y M 
C C R17 ch N-NHT 

R YR 
OR R6 

0269. Referring to formula Y. A is an iRNA agent, includ 
ing any iRNA agent described herein. The iRNA agent may 
be connected directly or indirectly (e.g., through a spacer or 
linker) to “W' of the phosphate group. These spacers or 
linkers can include e.g., -(CH), , —(CH),N-,-(CH2) 
O— —(CH),S O(CH2CH2O), CHCH-OH (e.g., n=3 
or 6), abasic Sugars, amide, carboxy, amine, oxyamine, oxy 
imine, thioether, disulfide, thiourea, Sulfonamide, or mor 
pholino, or biotin and fluorescein reagents. 
0270. The iRNA agents can have a terminal phosphate 
group that is unmodified (e.g., W, X, Y, and Z are O) or 
modified. In a modified phosphate group, W and Z can be 
independently NH, O, or S; and X and Y can be independently 
S, Se, BH, C-C alkyl, C-C aryl, H, O, O, alkoxy or 
amino (including alkylamino, arylamino, etc.). Preferably, W. 
X and Z are O and Y is S. 

0271 R and R are each, independently, hydrogen; or 
C-Coo alkyl, optionally substituted with hydroxyl, amino, 
halo, phosphate or Sulfate and/or may be optionally inserted 
with N, O, S, alkenyl or alkynyl. 
0272 R is hydrogen; C-C alkyl, optionally substi 
tuted with hydroxyl, amino, halo, phosphate or Sulfate and/or 
may be optionally inserted with N, O, S, alkenyl or alkynyl: 
or, when n is 1, R may be taken together with R or R to form 
a ring of 5-12 atoms. 
0273 R is hydrogen; C-Coo alkyl, optionally substi 
tuted with hydroxyl, amino, halo, phosphate or Sulfate and/or 
may be optionally inserted with N, O, S, alkenyl or alkynyl: 
or, when n is 1, Ramay be taken together with R or Rs to form 
a ring of 5-12 atoms. 
0274 Rs is hydrogen, C-Coo alkyl optionally Substituted 
with hydroxyl, amino, halo, phosphate or Sulfate and/or may 
be optionally inserted with N, O, S, alkenyl or alkynyl: or, 
when n is 1, Rs may be taken together with R to form a ring 
of 5-12 atoms. 

0275 R is hydrogen, C-C alkyl, optionally substi 
tuted with hydroxyl, amino, halo, phosphate or Sulfate and/or 
may be optionally inserted with N, O, S, alkenyl or alkynyl, 
or, when n is 1, Re may be taken together with R to form a 
ring of 6-10 atoms; 
(0276) R, is hydrogen, C-Coo alkyl, or C(O)(CH2)Ac(O) 
NHR; T is hydrogen or a functional group; n and q are each 
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independently 1-100; Rs is C-Co alkyl or Co-Co aryl; and 
R is hydrogen, C1-C10 alkyl, C6-C10 aryl or a solid support 
agent. 
0277 Preferred embodiments may include one of more of 
the following subsets of iRNA agent delivery modules. 
0278. In one subset of RNAi agent delivery modules, A 
can be connected directly or indirectly through a terminal 3' or 
5' ribose sugar carbon of the RNA agent. 
0279. In another subset of RNAi agent delivery modules, 
X, W, and Z are 0 and Y is S. 
0280. In still yet another subset of RNAi agent delivery 
modules, n is 1, and R and R are taken together to form a 
ring containing six atoms and R and Rs are taken together to 
form a ring containing six atoms. Preferably, the ring system 
is a trans-decalin. For example, the RNAi agent delivery 
module of this Subset can include a compound of Formula 
(Y-1): 

NHT 

O O Na Dré 
O 

HO 

0281. The functional group can be, for example, a target 
ing group (e.g., a steroid or a carbohydrate), a reporter group 
(e.g., a fluorophore), or a label (an isotopically labeled moi 
ety). The targeting group can further include protein binding 
agents, endothelial cell targeting groups (e.g., RGD peptides 
and mimetics), cancer cell targeting groups (e.g., folate Vita 
min B12, Biotin), bone cell targeting groups (e.g., bisphos 
phonates, polyglutamates, polyaspartates), multivalent man 
nose (for e.g., macrophage testing), lactose, galactose, 
N-acetyl-galactosamine, monoclonal antibodies, glycopro 
teins, lectins, melanotropin, or thyrotropin. 
0282. As can be appreciated by the skilled artisan, meth 
ods of synthesizing the compounds of the formulae herein 
will be evident to those of ordinary skill in the art. The 
synthesized compounds can be separated from a reaction 
mixture and further purified by a method such as column 
chromatography, high pressure liquid chromatography, or 
recrystallization. Additionally, the various synthetic steps 
may be performed in an alternate sequence or order to give the 
desired compounds. Synthetic chemistry transformations and 
protecting group methodologies (protection and deprotec 
tion) useful in synthesizing the compounds described herein 
are known in the art and include, for example, those Such as 
described in R. Larock, Comprehensive Organic Transforma 
tions, VCH Publishers (1989); T. W. Greene and P. G. M. 
Wuts, Protective Groups in Organic Synthesis, 2d. Ed., John 
Wiley and Sons (1991); L. Fieser and M. Fieser, Fieser and 
Fieser's Reagents for Organic Synthesis, John Wiley and 
Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents 
for Organic Synthesis, John Wiley and Sons (1995), and 
Subsequent editions thereof. 
0283 Sugar Replacement Modification Subunit 
0284 An iRNA agent modified for enhanced uptake into a 
neural cell is coupled to a ligand, e.g., a lipophilic ligand. The 
ligand can be attached to the oligonucleotide agent through a 
monomer, e.g., a chemically modified monomer that is inte 
grated into the oligonucleotide agent. 
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0285. In a preferred embodiment, the coupling is by a 
tether or a linker (or both) as described herein, and the com 
plex has the formula represented by: 

Ligand-linkerlier-tetherlair-oligonucleotide 
agent 

0286 While, in most cases, embodiments are described 
with respect to an oligonucleotide agent including a number 
of nucleotides, the invention includes monomeric Subunits 
having the structure: 

Ligand-linker 

0287 Methods of making and incorporating the mono 
mers into the oligonucleotide agents and methods of using of 
those agents are included in the invention. 
0288. In preferred embodiments, the sugar, e.g., the ribose 
Sugar of one or more of the nucleotides, (e.g., ribonucleotide, 
deoxynucleotide, or modified nucleotide) subunits of an oli 
gonucleotide agent can be replaced with another moiety, e.g., 
a non-carbohydrate (preferably cyclic) carrier. A nucleotide 
subunit in which the sugar of the subunit has been so replaced 
is referred to herein as a Sugar replacement modification 
subunit (SRMS). This is often referred to herein as a “tether.” 
A cyclic carrier may be a carbocyclic ring system, i.e., all ring 
atoms are carbonatoms or a heterocyclic ring system, i.e., one 
or more ring atoms may be a heteroatom, e.g., nitrogen, 
oxygen, or Sulfur. The cyclic carrier may be a monocyclic ring 
system, or may contain two or more rings, e.g. fused rings. 
The cyclic carrier may be a fully saturated ring system, or it 
may contain one or more double bonds. 
0289. The carriers further include (i) at least two “back 
bone attachment points' and (ii) at least one “tethering attach 
ment point. A “backbone attachment point” as used herein 
refers to a functional group, e.g. a hydroxyl group, or gener 
ally, a bond available for, and that is suitable for incorporation 
of the carrier into the backbone, e.g., the phosphate, or modi 
fied phosphate, e.g., Sulfur containing, backbone, of a ribo 
nucleic acid. A “tethering attachment point as used herein 
refers to a constituent ring atom of the cyclic carrier, e.g., a 
carbon atom or a heteroatom (distinct from an atom which 
provides a backbone attachment point), that connects a 
selected moiety. The moiety can be, e.g., a ligand, e.g., a 
targeting or delivery moiety, or a moiety which alters a physi 
cal property. One of the most preferred moieties is a moiety 
which promotes entry into a cell, e.g., a lipophilic moiety, 
e.g., cholesterol. While not wishing to be bound by theory it 
is believed the attachment of a lipophilic agent increases the 
lipophilicity of an oligonucleotide agent. Optionally, the 
selected moiety is connected by an intervening tether to the 
cyclic carrier. Thus, it will often include a functional group, 
e.g., an amino group, or generally, provide a bond, that is 
Suitable for incorporation or tethering of another chemical 
entity, e.g., a ligand to the constituent ring. 
0290 Incorporation of one or more SRMSs described 
herein into an oligonucleotide agent, particularly when teth 
ered to an appropriate entity, can confer one or more new 
properties to the oligonucleotide agent and/or alter, enhance 
or modulate one or more existing properties in the oligonucle 
otide agent. E.g., it can alter one or more of lipophilicity or 
nuclease resistance. Incorporation of one or more SRMSs 
described herein into an oligonucleotide agent can, particu 
larly when the SRMS is tethered to an appropriate entity, 
modulate, e.g., increase, binding affinity of an oligonucle 
otide agent to a target RNA, e.g., a pre-mRNA, mRNA, or 
miRNA of the subject or a pathogen of the subject. Incorpo 

actionartetherlationarmonomer 
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ration of one or more SRMSs can alter distribution, target the 
oligonucleotide agent to a particular part of the body, modify 
the interaction with nucleic acid binding proteins (e.g., during 
RISC formation and strand separation), or increase sequence 
specificity, e.g., to inhibit off-site targeting. 
0291. Accordingly, in one aspect, the invention features, 
an oligonucleotide agent preferably comprising at least one 
subunit having the structure of formula (I): 

(I) 
RI X R6 

DC Y2. R3 Z 
R4 1 

0292 wherein: 
0293 X is N(CO)R7, NR7 or CH: 
0294 Y is NR, O, S, CRR, or absent: 
0295 Z is CR'R' or absent: 
0296. Each of R', R. R. R. R. and R' is, indepen 
dently, H, OR, OR, (CH), OR", or (CH), OR, provided 
that at least one of R', R. R. R. R., and R' is OR or OR 
and that at least one of R. R. R. R. R. and R' is (CH) 
OR, or (CH), OR (when the SRMS is terminal, one of R', 
R. R. R. R. and R' will include Randone will include 
R; when the SRMSS is internal, two of R', R. R. R. R. 
and R' will each include an R'); further provided that pref 
erably OR may only be present with (CH), OR and (CH) 
OR" may only be present with OR; 
0297 Each of R. R. R', and R'' is, independently, H, 
C-C alkyl optionally substituted with 1-3 R', or C(O) 
NHR'; or RandR'' together are C-C cycloalkyloptionally 
substituted with R'': 
0298) R' can be a ligand, e.g., R' can be R", or R' can be a 
ligand tethered indirectly to the carrier, e.g., through a teth 
ering moiety, e.g., C-C alkyl substituted with NRR'; or 
C-C alkyl substituted with NHC(O)R". 
0299 R is C-C alkyl; 
0300) R' is hydroxy, C-C alkoxy, or halo; 
0301) R' is NRR7; 
0302 R is: 

A 

C 

0303 R is: 

A 

-P-O-Strand: 
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0304 Each of A and C is, independently, O or S; 
0305 B is OH, O, or 

O O 

O O 

(0306 R is H or C-C alkyl: 
(0307 R’ is H or a ligand, e.g., a lipophilic ligand, e.g., 
cholesterol; and 
0308 n is 1-4. 
0309 Embodiments can include one or more of the fol 
lowing features: 
0310) R' can be CHOR" and Rican be OR”; or R' can be 
CHOR and R can be OR: or R' can be CHOR and R can 
be OR. 
0311) R' can be CHOR” and Rican be OR”; or R' can be 
CHOR and R can be OR: or R' can be CHOR and R can 
be OR”; or R' can be CHOR” and R can be OR"; or R' can 
be CHOR and R can be OR"; or R' can be CHORandR 
can be OR. 
0312) R' can be OR and R can be CHOR: or R' can be 
OR" and R can be CHOR”; or R' can be OR" and R can be 
CHOR. 
0313 R' can be OR and R can be CHOR: or R' can be 
OR and R can be CHOR”; or R' can be OR” and R can be 
CHOR; or R' can be OR and Rican be CHOR"; or R' can 
be OR and R can be CHOR"; or R' can be OR and R can 
be CHOR". 
0314) R' can be CHOR" and R can be OR”; or R can be 
CHOR and R can be OR. 
0315 R can be CHOR and R can be OR: or R can be 
CHOR and Rican be OR”; or R can be CHORandR can 
be OR"; or R can be CHOR and R can be OR". 
0316 Rican be OR and R can be CHOR"; or R can be 
OR and R can be CHOR"; or R can be OR and R can be 
CHOR; or Rican be OR and R can be CHOR. 
0317 R can be OR and R can be CHOR: or Rican be 
OR and R can be CHOR. 
0318 R can be CHOR and R' can be OR. 
0319 R can be CHOR and R' can be OR'; or R can be 
CHOR and R' can be OR". 
0320 In a preferred embodiment the ribose is replaced 
with a pyrroline scaffold or with a 4-hydroxyproline-derived 
scaffold, and X is N(CO)R’ or NR7, Y is CRR', and Z is 
absent. 
0321) R' and Rican be cis or R' and Rican be trans. 
0322 in can be 1. 
0323. A can be O or S. 
0324) R' can be (CH), OR and R can be OR”; or R' can 
be (CH), OR and Rican be OR. 
0325 R7 can be (CH)NHR' or (CH)NHR'. R can be 
chosen from a folic acid radical; a cholesterol radical; a car 
bohydrate radical; a vitamin A radical; a vitamin E radical; a 
vitamin K radical. Preferably, R is a cholesterol radical. 
10326) R' can be OR and Rican be (CH), OR; or R' can 
be OR and Rican be (CH), OR"; or 
0327) R' can be OR and R can be (CH), OR: or R' can 
be (CH), OR and R can be OR". 
0328) R' and R can be cis or R' and R can be trans. 
0329) R' can be OR and R can be(CH), OR: or R' can 
be (CH), OR and R can be OR”; or R' can be (CH), OR" 
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and R can be OR”; or R' can be OR and R can be (CH.) 
OR: or R' can be OR and R can be (CH), OR. 
0330) R' can be (CH), OR and R can be OR"; or R can 
be (CH), OR and R can be OR; or 
0331) R' can be (CH), OR" and R can be OR”; or R can 
be OR" and R can be (CH), OR: Rican be OR and R can 
be (CH), OR: or R can be OR and R can be (CH), OR". 
0332 R and R can be cis or Rand R can be trans. 
0333. In other preferred embodiments the ribose is 
replaced with a piperidine scaffold, and X is N(CO)R’ or 
NR7, Y is CRR', and Z is CR'R''. 
0334) R' can be (CH), OR and R' can be OR". 
0335 n can be 1 or 2. 
0336 R can be (CH), RandR' can be OR”; or R can 
be (CH)R and R' can be OR. 
0337. A can be O or S. 
0338 R7 can be (CH)NHR' or (CH.)NHR'. R can be 
selected from a folic acid radical; a cholesterol radical; a 
carbohydrate radical; a vitaminA radical; a vitamin Eradical; 
a vitamin Kradical. Preferably, R is a cholesterol radical. 
0339) R' can be (CH), R and R' can be OR"; or R can 
be (CH), OR and R can be OR; or 
0340 Rican be (CH), OR and R' can be OR. 
(0341) R' can be (CH), RandR can be OR"; or R' can 
be (CH), OR and R can be OR: or R' can be (CH), OR 
and R can be OR”. 
(0342. R can be (CH), OR and R can be OR". 
(0343 Rand R can be cis, or Rand R can be trans. 
(0344) R' can be (CH), OR and R can be OR”; or R can 
be (CH), OR and R can be OR"; or R can be (CH), OR 
and R can be OR”. 
(0345) R' can be (CH), OR and R can be OR". 
(0346) R' and R can be cis, or R' and R can be trans. 
0347 Rican be OR and R can be (CH), OR. 
(0348) R' can be OR" and R can be (CH), OR. 
0349. In other preferred embodiments the ribose is 
replaced with a piperazine scaffold, and X is N(CO)R’ or 
NR7, Y is NR, and Z is CR'R''. 
0350) R' can be (CH), OR and R can be OR". 
0351) R' and Rican be cis or R' and Rican be trans. 
0352 in can be 1. 
0353 R' can be (CH), OR and Rican be OR”; or R' can 
be (CH), OR and Rican be OR. 
0354) A can be O or S, preferably S. 
0355 R7 can be (CH)NHR' or (CH)NHR'. R can be 
chosen from the group of a folic acid radical; a cholesterol 
radical; a carbohydrate radical; a vitaminA radical; a vitamin 
E radical; a vitamin Kradical. Preferably, R is a cholesterol 
radical. 

0356 Rican be CH 
0357 R' can be OR and R can be (CH), OR. 
0358. In other preferred embodiments the ribose is 
replaced with a morpholino scaffold, and X is N(CO)R’ or 
NR7, Y is O, and Z is CR'R'? 
0359 R' can be (CH), OR and R can be OR". 
0360 R and Rican be cis, or R' and R can be trans. 
0361 n can be 1. 
0362) R' can be (CH), OR and R can be OR: of R' can 
be (CH), OR" and Rican be OR. 
0363 Acan be O or S. 
0364 R7 can be (CH)NHR' or (CH)NHR'. R can be 
chosen from the group of a folic acid radical; a cholesterol 
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radical; a carbohydrate radical; a vitamin A radical; a vitamin 
Eradical; a vitamin Kradical. Preferably, R is a cholesterol 
radical. 

0365 Rican be CH 
10366) R' can be OR" and R can be (CH), OR. 
0367. In other preferred embodiments the ribose is 
replaced with a decalin scaffold, and X is CH;Y is CRR': 
and Z is CR'R'': and RandR'' together are C cycloalkyl. 
0368 R can be C(O)NHR'. 
0369) R' can be hydrogen. 
0370 R and R' can be trans. 
0371 Rican be OR and R can be (CH), OR. 
0372 R and R can be cis, or Rand R can be trans. 
0373) in can be 1 or 2. 
0374 Rican be OR and R can be (CH), OR: or R can 
be OR and R can be (CH), OR". 
0375. A can be O or S. 
0376 R7 can be (CH)NHR' or (CH)NHR'. R can be 
chosen from the group of a folic acid radical; a cholesterol 
radical; a carbohydrate radical; a vitamin A radical; a vitamin 
Eradical; a vitamin Kradical. Preferably, R is a cholesterol 
radical. 

0377. In other preferred embodiments the ribose is 
replaced with a decalin/indane scaffold, e.g., X is CH;Y is 
CRR'; and Z is CR'R'; and R and R'' together are C 
cycloalkyl. 
0378 R can be CH 
0379 R' can be hydrogen. 
(0380 R and R' can be trans. 
0381) R' can be OR and R can be (CH), OR. 
(0382 R and R can be cis, or Rand R can be trans. 
0383 n can be 1 or 2. 
(0384) R' can be OR and R can be (CH), OR"; or R can 
be OR and R can be (CH)OR". 
0385. A can be 0 or S. 
(0386) R' can be N(CH,)R7. R7 can be (CH,)NHR' or 
(CH2)5NHR'. R' can be chosen from the group of a folic acid 
radical; a cholesterol radical; a carbohydrate radical; a vita 
min A radical; a vitamin E radical; a vitamin K radical. 
Preferably, R is a cholesterol radical. 
0387. In another aspect, this invention features an oligo 
nucleotide agent comprising at least one subunit having a 
structure of formula (II): 

e-C- 
(II) 

X 

0388 X is N(CO)R’ or NR7; 
(0389. Each of R and R is, independently, OR, OR, 
(CH), OR, or (CH), OR, provided that one of RandR is 
OR" or OR and the otheris (CH), OR or (CH), OR” (when 
the SRMS is terminal, one of R' or R will include Randone 
will include R”; when the SRMSS is internal, both RandR 
will each include an R'); further provided that preferably OR" 
may only be present with (CH), OR and (CH), OR may 
only be present with OR; 
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0390 R is C-C alkyl substituted with NRR". 
0391 R is C-C alkyl: 
0392) R' is hydroxy, C-C alkoxy, or halo; 
0393 R' is NRR7; 
0394 R is: 

A 

-P-B; 

C 

0395 R is 

A 

| 
--o-si 

C 

0396. Each of A and C is, independently, O or S; 
0397 B is OH, O, or 

O O 

O O 

0398 R is H or C-C alkyl: 
0399 R is Hora ligand; and 
0400 n is 1-4. 
04.01 The oligonucleotide agent of the conjugate is sub 
stantially single-stranded and comprises from about 12 to 
about 29 subunits, preferably about 15 to about 25 subunits. 
An oligonucleotide agent that is Substantially single-stranded 
includes at least 60%, 70%, 80%, or 90% or more nucleotides 
that are not duplexed. 
0402 Embodiments can include one or more of the fea 
tures described above. 
0403. In a further aspect, this invention features an oligo 
nucleotide agent having at least one subunit comprising for 
mula (I) or formula (II). 
0404 In one aspect, this invention features an oligonucle 
otide agent having at least two subunits comprising formula 
(I) and/or formula (II). 
0405. In another aspect, this invention provides a method 
of making an oligonucleotide agent described herein having 
at least one subunit comprising formula (I) and/or (II). In a 
further aspect, this invention provides a method of modulat 
ing expression of a target gene. The method includes admin 
istering an oligonucleotide agent described herein having at 
least one subunit comprising formula (I) and/or (II) to a 
Subject. 
0406. In one aspect, this invention features a pharmaceu 

tical composition having an oligonucleotide agent described 
herein having at least one subunit comprising formula (I) 
and/or (II) and a pharmaceutically acceptable carrier. 
0407. SRMSs or tethers described herein may be incorpo 
rated into any oligonucleotide agent described herein. An 
oligonucleotide agent may include one or more of the SRMSs 
described herein. An SRMS can be introduced at one or more 
points in an oligonucleotide agent. An SRMS can be placed at 
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or near (within 1, 2, or 3 positions) the 3' or 5' end of the 
oligonucleotide. In some embodiments, it is preferred to not 
have an SRMS at or near (within 1, 2, or 3 positions of) the 5' 
end of the oligonucleotide. An SRMS can be internal, and will 
preferably be positioned in regions not critical for binding to 
the target. 
0408. In an embodiment, an oligonucleotide agent may 
have an SRMS at (or within 1, 2, or 3 positions of) the 3' end. 
04.09. In another embodiment, an oligonucleotide agent 
may have an SRMS at an internal position. In other embodi 
ments, an oligonucleotide agent may have an SRMS at the 3' 
end and an SRMS at an internal position. 
0410. Other modifications to sugars, bases, or backbones 
described herein can be incorporated into the oligonucleotide 
agents. 
0411 The oligonucleotide agents can take an architecture 
or structure described herein. 
0412. The oligonucleotide agent can be selected to target 
any of a broad spectrum of genes, including any of the genes 
described herein. 
0413. In a preferred embodiment the oligonucleotide 
agent has an architecture (architecture refers to one or more of 
the overall length) described herein. In addition to the SRMS 
containing bases of the oligonucleotide agents described 
herein can include nuclease resistant monomers (NRMs). 
0414. In another aspect, the invention features an oligo 
nucleotide agent to which is conjugated a lipophilic moiety, 
e.g., cholesterol, e.g., by conjugation to an SRMS of an oli 
gonucleotide agent. In a preferred embodiment, the lipophilic 
moiety enhances entry of the oligonucleotide agent into a cell. 
In a preferred embodiment, the cell is part of an organism, 
tissue, or cell line, e.g., a primary cell line, immortalized cell 
line, or any type of cell line disclosed herein. Thus, the con 
jugated oligonucleotide agent can be used to inhibit expres 
Sion of a target gene in an organism, e.g., a mammal, e.g., a 
human, or to inhibit expression of a target gene in a cell line 
or in cells which are outside an organism. 
0415. The lipophilic moiety can be chosen, for example, 
from the group consisting of a lipid, cholesterol, oleyl, retinyl, 
cholesteryl residues, cholic acid, adamantane acetic acid, 
1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-O(hexa 
decyl)glycerol, geranyloxyhexyl group, hexadecylglycerol, 
borneol, menthol. 1,3-propanediol, heptadecyl group, palm 
itic acid, myristic acid,O3-(oleoyl)lithocholic acid, O3-(ole 
oyl)cholenic acid, dimethoxytrityl, or phenoxazine. A pre 
ferred lipophilic moiety is cholesterol. 
0416) The oligonucleotide agent can have at least one sub 
unit having formula (I) or formula (II) incorporated into it. 
The oligonucleotide agent can have one or more of any of the 
features described herein. For example, when the subunit is of 
formula (I), R' can be cholesterol:X can be N(CO)R’ or NR", 
Y can be CRR', and Z can be absent, and R' can be (CH) 
OR and Rican be OR":X can be N(CO)R’ or NR",Y can be 
CR'R'', and Z can be CR'R'', and R can be (CH), OR 
and R' can be OR: X can be N(CO)R’ or NR7, Y can be 
NR, and Z can be CR'R'' and R' can be (CH), ORandR 
can be OR: X can be CHY can be CRR'; and Z can be 
CR'R'', in which R can be C(O)NHR'; or X can be CHY 
can be CRR'; and Z can be CR'R'', in which R'' or R'? 
can be C(O)NHR' or R and R'' together can be Cs or C. 
cycloalkyl substituted with N(CH3)R’. 
0417 Tethered Ligands 
0418. A wide variety of entities can be tethered to an 
oligonucleotide agent, e.g., to the carrier of a ligand-conju 
gated monomer. Examples are described below in the context 
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of a ligand-conjugated monomer but that is only one preferred 
embodiment. Entities can be coupled at other points to an 
oligonucleotide agent. 
0419. A ligand tethered to an oligonucleotide agent (e.g., 
an oligonucleotide agent targeting an miRNA) can have a 
favorable effect on the agent. For example, the ligand can 
improve stability, hybridization thermodynamics with a tar 
get nucleic acid, targeting to a particular tissue or cell-type, or 
cell permeability, e.g., by an endocytosis-dependent or -inde 
pendent mechanism. Ligands and associated modifications 
can also increase sequence specificity and consequently 
decrease off-site targeting. 
0420. A tethered ligand can include one or more modified 
bases or Sugars that can function as intercalators. These are 
preferably located in an internal region, such as in a bulge of 
a miRNA/target duplex. The intercalator can be an aromatic, 
e.g., a polycyclic aromatic or heterocyclic aromatic com 
pound. A polycyclic intercalator can have stacking capabili 
ties, and can include systems with 2, 3, or 4 fused rings. The 
universal bases described herein can be included on a ligand. 
0421. In one embodiment, the ligand can include a cleav 
ing group that contributes to target gene inhibition by cleav 
age of the target nucleic acid. The cleaving group can be, for 
example, a bleomycin (e.g., bleomycin-A5, bleomycin-A2, 
or bleomycin-B2), pyrene, phenanthroline (e.g., O-phenan 
throline), a polyamine, a tripeptide (e.g., lys-tyr-lys tripep 
tide), or metal ion chelating group. The metal ion chelating 
group can include, e.g., an Lu(III) or EU(III) macrocyclic 
complex, a Zn(II) 2.9-dimethylphenanthroline derivative, a 
Cu(II) terpyridine, or acridine, which can promote the selec 
tive cleavage of target RNA at the site of the bulge by free 
metal ions, such as Lu(III). In some embodiments, a peptide 
ligand can be tethered to a miRNA to promote cleavage of the 
target RNA, e.g., at the bulge region. For example, 1,8-dim 
ethyl-1.3.6.8,10,13-hexaazacyclotetradecane (cyclam) can 
be conjugated to a peptide (e.g., by an amino acid derivative) 
to promote target RNA cleavage. 
0422. A tethered ligand can be an aminoglycoside ligand, 
which can cause an oligonucleotide agent to have improved 
hybridization properties or improved sequence specificity. 
Exemplary aminoglycosides include glycosylated polyl 
ysine, galactosylated polylysine, neomycin B, tobramycin, 
kanamycin A, and acridine conjugates of aminoglycosides, 
such as Neo-N-acridine, Neo-S-acridine, Neo-C-acridine, 
Tobra-N-acridine, and KanaA-N-acridine. Use of an acridine 
analog can increase sequence specificity. For example, neo 
mycin B has a high affinity for RNA as compared to DNA, but 
low sequence-specificity. An acridine analog, neo-5-acridine 
has an increased affinity for the HIV Rev-response element 
(RRE). In some embodiments the guanidine analog (the 
guanidinoglycoside) of an aminoglycoside ligand is tethered 
to an oligonucleotide agent. In a guanidinoglycoside, the 
amine group on the amino acid is exchanged for a guanidine 
group. Attachment of a guanidine analog can enhance cell 
permeability of an oligonucleotide agent, e.g., an oligonucle 
otide agent targeting an miRNA or pre-miRNA. 
0423. A tethered ligand can be a poly-arginine peptide, 
peptoid or peptidomimetic, which can enhance the cellular 
uptake of an oligonucleotide agent. 
0424 Preferred moieties are ligands, which are coupled, 
preferably covalently, either directly or indirectly via an inter 
vening tether, to the ligand-conjugated carrier. In preferred 
embodiments, the ligand is attached to the carrier via an 
intervening tether. As discussed above, the ligand or tethered 
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ligand may be present on the monomer when the monomer is 
incorporated into the growing strand. In some embodiments, 
the ligand may be incorporated into a “precursor a ligand 
conjugated monomer Subunit after a "precursor a ligand 
conjugated monomer has been incorporated into the growing 
Strand. For example, a monomer having, e.g., an amino-ter 
minated tether, e.g., TAP-(CH),NH may be incorporated 
into a growing oligonucleotide strand. In a Subsequent opera 
tion, i.e., after incorporation of the precursor monomer into 
the Strand, a ligand having an electrophilic group, e.g., a 
pentafluorophenyl ester or aldehyde group, can Subsequently 
be attached to the precursor monomer Subunit by coupling the 
electrophilic group of the ligand with the terminal nucleo 
philic group of the precursor monomer subunit tether. 
0425. In preferred embodiments, a ligand alters the distri 
bution, targeting or lifetime of an oligonucleotide agent into 
which it is incorporated. In preferred embodiments a ligand 
provides an enhanced affinity for a selected target, e.g., mol 
ecule, cell or cell type, compartment, e.g., a cellular or organ 
compartment, tissue, organ or region of the body, as, e.g., 
compared to a species absent Such a ligand. 
0426 Preferred ligands can improve transport, hybridiza 
tion, and specificity properties and may also improve 
nuclease resistance of the resultant natural or modified oli 
goribonucleotide, or a polymeric molecule comprising any 
combination of monomers described herein and/or natural or 
modified ribonucleotides. 
0427 Ligands in general can include therapeutic modifi 
ers, e.g., for enhancing uptake; diagnostic compounds or 
reporter groups e.g., for monitoring distribution; cross-link 
ing agents; nuclease-resistance conferring moieties; and 
natural or unusual nucleobases. General examples include 
lipophiles, lipids, Steroids (e.g., uvaol, hecigenin, diosgenin), 
terpenes (e.g., triterpenes, e.g., Sarsasapogenin, Friedelin, 
epifriedelanol derivatized lithocholic acid), Vitamins (e.g., 
folic acid, vitamin A, biotin, pyridoxal), carbohydrates, pro 
teins, protein binding agents, integrin targeting molecules, 
polycationics, peptides, polyamines, and peptide mimics. 
0428 Ligands can include a naturally occurring Sub 
stance, (e.g., human serum albumin (HSA), low-density lipo 
protein (LDL), or globulin); carbohydrate (e.g., a dextran, 
pullulan, chitin, chitosan, inulin, cyclodextrin or hyaluronic 
acid); amino acid, or a lipid. The ligand may also be a recom 
binant or synthetic molecule, such as a synthetic polymer, 
e.g., a synthetic polyamino acid. Examples of polyamino 
acids include polyamino acid is a polylysine (PLL), poly 
L-aspartic acid, poly L-glutamic acid, Styrene-maleic acid 
anhydride copolymer, poly(L-lactide-co-glycolied) copoly 
mer, divinyl ether-maleic anhydride copolymer, N-(2-hy 
droxypropyl)methacrylamide copolymer (HMPA), polyeth 
ylene glycol (PEG), polyvinyl alcohol (PVA), polyurethane, 
poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, 
or polyphosphazine. Example of polyamines include: poly 
ethylenimine, polylysine (PLL), Spermine, spermidine, 
polyamine, pseudopeptide-polyamine, peptidomimetic 
polyamine, dendrimer polyamine, arginine, amidine, prota 
mine, cationic lipid, cationic porphyrin, quaternary Salt of a 
polyamine, or an alpha helical peptide. 
0429 Ligands can also include targeting groups, e.g., a 
cell or tissue targeting agent, e.g., a lectin, glycoprotein, lipid 
or protein, e.g., an antibody, that binds to a specified cell type 
Such as a kidney cell. A targeting group can be a thyrotropin, 
melanotropin, lectin, glycoprotein, Surfactant protein A, 
Mucin carbohydrate, multivalent lactose, multivalent galac 
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tose, N-acetyl-galactosamine, N-acetyl-glucosamine, multi 
Valent mannose, multivalent fucose, glycosylated polyami 
noacids, multivalent galactose, transferrin, bisphosphonate, 
polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, 
bile acid, folate, vitamin B12, biotin, or an RGD peptide or 
RGD peptide mimetic. 
0430. Other examples of ligands include dyes, intercalat 
ing agents (e.g. acridines and Substituted acridines), cross 
linkers (e.g. psoralene, mitomycin C), porphyrins (TPPC4. 
texaphyrin, Sapphyrin), polycyclic aromatic hydrocarbons 
(e.g., phenazine, dihydrophenazine, phenanthroline, 
pyrenes), lys-tyr-lys tripeptide, aminoglycosides, guanidium 
aminoglycodies, artificial endonucleases (e.g. EDTA), lipo 
philic molecules, e.g., cholesterol (and thio analogs thereof), 
cholic acid, cholanic acid, lithocholic acid, adamantane ace 
tic acid, 1-pyrene butyric acid, dihydrotestosterone, glycerol 
(e.g., esters (e.g., mono, bis, or tris fatty acid esters, e.g., Co. 
C1, C12, C1s, C14, C1s, C6, C7, C8, C19, or C20 fatty acids) 
and ethers thereof, e.g., Co. C11, C12, C1s, C14, C1s, C6, C17, 
Cs, Co, or Co alkyl; e.g., 1,3-bis-O(hexadecyl)glycerol, 
1,3-bis-O(octaadecyl)glycerol), geranyloxyhexyl group, 
hexadecylglycerol, borneol, menthol. 1,3-propanediol, hep 
tadecyl group, palmitic acid, Stearic acid (e.g., gyceryl dis 
tearate), oleic acid, myristic acid,O3-(oleoyl)lithocholic acid, 
O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine) 
and peptide conjugates (e.g., antennapedia peptide, Tat pep 
tide), alkylating agents, phosphate, amino, mercapto, PEG 
(e.g., PEG-40K), MPEG, MPEGI, polyamino, alkyl, sub 
stituted alkyl, radiolabeled markers, enzymes, haptens (e.g. 
biotin), transport/absorption facilitators (e.g., aspirin, 
naproxen, vitamin E, folic acid), synthetic ribonucleases 
(e.g., imidazole, bisimidazole, histamine, imidazole clusters, 
acridine-imidazole conjugates, Eu3+ complexes of tet 
raazamacrocycles), dinitrophenyl, HRP, or AP. 
0431 Ligands can be proteins, e.g., glycoproteins, or pep 

tides, e.g., molecules having a specific affinity for a co-ligand, 
or antibodies e.g., an antibody, that binds to a specified cell 
type such as a cancer cell, endothelial cell, or bone cell. 
Ligands may also include hormones and hormone receptors. 
They can also include non-peptidic species, such as lipids, 
lectins, carbohydrates, vitamins, cofactors, multivalent lac 
tose, multivalent galactose, N-acetyl-galactosamine, 
N-acetyl-gulucosamine multivalent mannose, or multivalent 
fucose. The ligand can be, for example, a lipopolysaccharide, 
an activator of p38 MAP kinase, or an activator of NF-kB. 
0432. The ligand can be a substance, e.g., a drug, which can 
increase the uptake of the oligonucleotide agent into the cell, 
for example, by disrupting the cell's cytoskeleton, e.g., by 
disrupting the cell's microtubules, microfilaments, and/or 
intermediate filaments. The drug can be, for example, taxon, 
Vincristine, vinblastine, cytochalasin, nocodazole, japlakino 
lide, latrunculin A, phalloidin, Swinholide A, indanocine, or 
myoservin. 
0433. The ligand can increase the uptake of the oligo 
nucleotide agent into the cell by activating an inflammatory 
response, for example. Exemplary ligands that would have 
such an effect include tumor necrosis factor alpha (TNFal 
pha), interleukin-1 beta, or gamma interferon. 
0434 In one aspect, the ligand is a lipid or lipid-based 
molecule. Such a lipid or lipid-based molecule preferably 
binds a serum protein, e.g., human serum albumin (HSA). An 
HSA binding ligandallows for distribution of the conjugate to 
a target tissue, e.g., a non-kidney target tissue of the body. For 
example, the target tissue can be the liver, including paren 
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chymal cells of the liver. Other molecules that can bind HSA 
can also be used as ligands. For example, neproxin or aspirin 
can be used. A lipid or lipid-based ligand can (a) increase 
resistance to degradation of the conjugate, (b) increase tar 
geting or transport into a target cell or cell membrane, and/or 
(c) can be used to adjust binding to a serum protein, e.g., HSA. 
0435 A lipid based ligand can be used to modulate, e.g., 
control the binding of the conjugate to a target tissue. For 
example, a lipid or lipid-based ligand that binds to HSA more 
strongly will be less likely to be targeted to the kidney and 
therefore less likely to be cleared from the body. A lipid or 
lipid-based ligand that binds to HSA less strongly can be used 
to target the conjugate to the kidney. 
0436. In a preferred embodiment, the lipid based ligand 
binds HSA. A lipid-based ligand can bind HSA with a suffi 
cient affinity such that the conjugate will be preferably dis 
tributed to a non-kidney tissue. However, it is preferred that 
the affinity not be so strong that the HSA-ligand binding 
cannot be reversed. 
0437. In another preferred embodiment, the lipid based 
ligand binds HSA weakly or not at all. Such that the conjugate 
will be preferably distributed to the kidney. Other moieties 
that target to kidney cells can also be used in place of or in 
addition to the lipid based ligand. 
0438. In another aspect, the ligand is a moiety, e.g., a 
Vitamin, which is taken up by a target cell, e.g., a proliferating 
cell. These are particularly useful for treating disorders char 
acterized by unwanted cell proliferation, e.g., of the malig 
nant or non-malignant type, e.g., cancer cells. Exemplary 
vitamins include vitamin A, E, and K. Other exemplary vita 
mins include are B vitamin, e.g., folic acid, B12, riboflavin, 
biotin, pyridoxal or other vitamins or nutrients taken up by 
cancer cells. Also included are HSA and low density lipopro 
tein (LDL). 
0439. In another aspect, the ligand is a cell-permeation 
agent, preferably a helical cell-permeation agent. Preferably, 
the agent is amphipathic. An exemplary agent is a peptide 
Such as tat orantennopedia. If the agent is a peptide, it can be 
modified, including a peptidylmimetic, invertomers, non 
peptide or pseudo-peptide linkages, and use of D-amino 
acids. The helical agent is preferably an alpha-helical agent, 
which preferably has a lipophilic and a lipophobic phase. 
0440 Peptides that target markers enriched in proliferat 
ing cells can be used. E.g., RGD containing peptides and 
peptidomimetics can target cancer cells, in particular cells 
that exhibit an I0 integrin. Thus, one could use RGD pep 
tides, cyclic peptides containing RGD, RGD peptides that 
include D-amino acids, as well as synthetic RGD mimics. In 
addition to RGD, one can use other moieties that target the 
I-0 integrin ligand. Generally, Such ligands can be used to 
control proliferating cells and angiogeneis. Preferred conju 
gates of this type include an oligonucleotide agent that targets 
PECAM-1, VEGF, or other cancer gene, e.g., a cancer gene 
described herein. 
0441 The oligonucleotide agents of the invention are par 
ticularly useful when targeted to the liver. For example, a 
single stranded oligonucleotide agent featured in the inven 
tion can target an miRNA enriched in the liver, and the oli 
gonucleotide agent can include a ligand for enhanced delivery 
to the liver. An oligonucleotide agent can be targeted to the 
liver by incorporation of a monomer derivatized with a ligand 
which targets to the liver. For example, a liver-targeting agent 
can be a lipophilic moiety. Preferred lipophilic moieties 
include lipid, cholesterols, oleyl, retinyl, or cholesteryl resi 
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dues. Other lipophilic moieties that can function as liver 
targeting agents include cholic acid, adamantane acetic acid, 
1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-O(hexa 
decyl)glycerol, geranyloxyhexyl group, hexadecylglycerol, 
borneol, menthol. 1,3-propanediol, heptadecyl group, palm 
itic acid, myristic acid,O3-(oleoyl)lithocholic acid, O3-(ole 
oyl)cholenicacid, dimethoxytrityl, or phenoxazine. 
0442. An oligonucleotide agent can also be targeted to the 
liver by association with a low-density lipoprotein (LDL), 
such as lactosylated LDL. Polymeric carriers complexed with 
Sugar residues can also function to target oligonucleotide 
agents to the liver. 
0443 A targeting agent that incorporates a Sugar, e.g., 
galactose and/or analogues thereof, is particularly useful. 
These agents target, in particular, the parenchymal cells of the 
liver. For example, a targeting moiety can include more than 
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one or preferably two or three galactose moieties, spaced 
about 15 angstroms from each other. The targeting moiety can 
alternatively be lactose (e.g., three lactose moieties), which is 
glucose coupled to a galactose. The targeting moiety can also 
be N-Acetyl-Galactosamine, N-Ac-Glucosamine. A man 
nose or mannose-6-phosphate targeting moiety can be used 
for macrophage targeting. 
0444 The ligand can be a peptide or peptidomimetic. A 
peptidomimetic (also referred to herein as an oligopeptido 
mimetic) is a molecule capable of folding into a defined 
three-dimensional structure similar to a natural peptide. The 
attachment of peptide and peptidomimetics to oligonucle 
otide agents can affect pharmacokinetic distribution of the 
iRNA, such as by enhancing cellular recognition and absorp 
tion. The peptide or peptidomimetic moiety can be about 5-50 
amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 35, 40, 45, 
or 50 amino acids long (see Table 3, for example). 

TABLE 3 

Exemplary Cell Permeation Peptides 

Cell 
Permeation 
Peptide 

Penetratin 

Tat fragment 
(48–60) 

Signal 
Sequence 
based peptide 

PWEC 

Transportan 

Amphiphilic 
model peptide 

Argo 

Bacterial cell 
Wall 
permeating 

LL-37 

Cecropin P1 

C-defensin 

b - defensin 

Amino acid Sequence Reference 

ROIKIWFONRRMKWKK Derossi et al., J. 
Biol. 

(SEQ ID NO: 31) Chem. 269 : 10444, 
1994 

GRKKRRORRRPPOC Wives et al., J. Biol. 
(SEQ ID NO: 32) Chem. , 272; 16010, 

1997 

GALFLGWLGAAGSTMGAWSOPKKKRKW Chaloin et al., 
(SEQ ID NO: 33) Biochem. Biophys. 

Res. Commun., 

243 : 6O1, 1998 
LLIILRRRIRKQAHAHSK Elmguist et al., Exp. 
(SEQ ID NO: 34) Cell Res., 269: 237, 

2OO1 

GWTLNSAGYLLKINLKALAALAKKIL Pooga et al., FASEB 
(SEO ID NO:35) J. 12: 67, 1998 

KTAIKLALKALKAAIKL.A. Oehlke et al., Mol. 
(SEQ ID NO: 36) Ther. 2:339, 2OOO 

RRRRRRRRR Mitchell et al., J. 
(SEO ID NO : 37) Pept. Res., 56; 318, 

2OOO 

(SEQ ID NO: 38) 

LLGDFFRKSKEKIGKEFKRIVORIKDFLRN 
WPRTES 

(SEO ID NO. 39) 

SWLSKTAKKLENSAKKRISEGIAIAIOGGP 

(SEQ ID NO: 4 O) 

ACYCRIPACIAGERRYGTCIYOGRLWAFC 
C 

(SEQ ID NO: 41) 

DHYNCVSSGGOCLYSACPIFTKIOGTCYR 
GKAKCC 

(SEQ I 
K 

D NO : 42) 
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TABLE 3 - continued 
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Exemplary Cell Permeation Peptides 

Cell 
Permeation 
Peptide Amino acid Sequence 

Bactenecin RKCRIWWIRVCR 
(SEQ ID NO : 43) 

PR-39 RRRPRPPYLPRPRPPPFFPPRLPPRIP 
PGFPP 
RFPPRFPGKR-NH2 

(SEQ ID NO: 44) 

Indolicidin ILPWKWPWWPWRR-NH2 
(SEQ ID NO: 45) 

0445. A peptide or peptidomimetic can be, for example, a 
cell permeation peptide, cationic peptide, amphipathic pep 
tide, or hydrophobic peptide (e.g., consisting primarily of Tyr, 
Trp or Phe). The peptide moiety can be a dendrimer peptide, 
constrained peptide or crosslinked peptide. The peptide moi 
ety can be an L-peptide or D-peptide. In another alternative, 
the peptide moiety can include a hydrophobic membrane 
translocation sequence (MTS). An exemplary hydrophobic 
MTS-containing peptide is RFGF having the amino acid 
sequence AAVALLPAVLLALLAP (SEQ ID NO:46). An 
RFGF analogue (e.g., amino acid sequence AALLPVLLAAP 
(SEQID NO:47) containing a hydrophobic MTS can also be 
a targeting moiety. The peptide moiety can be a “delivery 
peptide, which can carry large polar molecules including 
peptides, oligonucleotides, and protein across cell mem 
branes. For example, sequences from the HIV Tat protein 
(GRKKRRQRRRPPQ (SEQ ID NO:48) and the Drosophila 
Antennapedia protein (RQIKIWFQNRRMKWKK (SEQ ID 
NO:49) have been found to be capable of functioning as 
delivery peptides. A peptide or peptidomimetic can be 
encoded by a random sequence of DNA, such as a peptide 
identified from a phage-display library, or one-bead-one 
compound (OBOC) combinatorial library (Lam et al., Nature 
354:82-84, 1991). Preferably the peptide or peptidomimetic 
tethered to an iRNA agent via an incorporated monomer unit 
is a cell targeting peptide Such as an arginine-glycine-aspartic 
acid (RGD)-peptide, or RGD mimic. A peptide moiety can 
range in length from about 5 amino acids to about 40 amino 
acids. The peptide moieties can have a structural modifica 
tion, Such as to increase stability or direct conformational 
properties. Any of the structural modifications described 
below can be utilized. 
0446. A "cell permeation peptide' is capable of permeat 
ing a cell, e.g., a-mammaliancell. Such as a human cell. A cell 
permeation peptide can also include a nuclear localization 
signal (NLS). For example, a cell permeation peptide can be 
a bipartite amphipathic peptide, such as MPG, which is 
derived from the fusion peptide domain of HIV-1 gp41 and 
the NLS of SV40 large T antigen (Simeoni et al., Nucl. Acids 
Res. 31:2717-2724, 2003). 
0447. In one embodiment, a targeting peptide tethered to 
an SRMS can be an amphipathic a-helical peptide. Exem 
plary amphipathic a-helical peptides include, but are not lim 
ited to, cecropins, lycotoxins, paradaxins, buforin, CPF bom 
binin-like peptide (BLP), cathelicidins, ceratotoxins, S. clava 
peptides, hagfish intestinal antimicrobial peptides (HFIAPs), 

Reference 

magainines, brevinins-2, dermaseptins, melittins, pleuroci 
din, H2A peptides, Xenopus peptides, esculentinis-1, and 
caerins. A number of factors will preferably be considered to 
maintain the integrity of helix stability. For example, a maxi 
mum number of helix stabilization residues will be utilized 
(e.g., leu, ala, or lys), and a minimum number helix destabi 
lization residues will be utilized (e.g., proline, or cyclic 
monomeric units. The capping residue will be considered (for 
example Gly is an exemplary N-capping residue and/or C-ter 
minal amidation can be used to provide an extra H-bond to 
stabilize the helix. Formation of salt bridges between residues 
with opposite charges, separated by it,3, or it4 positions can 
provide stability. For example, cationic residues such as 
lysine, arginine, homo-arginine, ornithine or histidine can 
form salt bridges with the anionic residues glutamate or 
aspartate. 
0448 Peptide and peptidomimetic ligands include those 
having naturally occurring or modified peptides, e.g., D or L 
peptides; C, B, or Ypeptides; N-methyl peptides; azapeptides; 
peptides having one or more amide, i.e., peptide, linkages 
replaced with one or more urea, thiourea, carbamate, or Sul 
fonyl urea linkages; or cyclic peptides. 
0449 Methods for Making iRNA Agents 
0450 iRNA agents conjugate to a lipophilic moiety for 
enhanced uptake into neural cells can include modified or 
non-naturally occurring bases, e.g., bases described herein. In 
addition, iRNA agents can have a modified or non-naturally 
occurring base and another element described herein. 
0451. The synthesis and purification of oligonucleotide 
peptide conjugates can be performed by established methods. 
See, for example, Trufert et al., Tetrahedron, 52:3005, 1996: 
and Manoharan, “Oligonucleotide Conjugates in Antisense 
Technology, in Antisense Drug Technology, ed. S.T. Crooke, 
Marcel Dekker, Inc., 2001. 
0452. In one embodiment of the invention, a peptidomi 
metic can be modified to create a constrained peptide that 
adopts a distinct and specific preferred conformation, which 
can increase the potency and selectivity of the peptide. For 
example, the constrained peptide can be an azapeptide 
(Gante, Synthesis 405-413, 1989). An azapeptide is synthe 
sized by replacing the a-carbon of an amino acid with a 
nitrogen atom without changing the structure of the amino 
acid side chain. For example, the azapeptide can be synthe 
sized by using hydrazine in traditional peptide synthesis cou 
pling methods, such as by reacting hydrazine with a 'carbo 
nyl donor, e.g., phenylchloroformate. 
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0453. In one embodiment of the invention, a peptide or 
peptidomimetic (e.g., a peptide or peptidomimetic tethered to 
an SRMS) can bean N-methylpeptide. N-methylpeptides are 
composed of N-methylamino acids, which provide an addi 
tional methyl group in the peptide backbone, thereby poten 
tially providing additional means of resistance to proteolytic 
cleavage. N-methyl peptides can by synthesized by methods 
known in the art (see, for example, Lindgren et al., Trends 
Pharmacol. Sci. 21:99, 2000, Cell Penetrating Peptides: Pro 
cesses and Applications, Langel, ed., CRC Press, Boca 
Raton, Fla., 2002; Fische et al., Bioconjugate. Chem. 12: 825, 
2001; Wander et al., J. Am. Chem. Soc., 124:13382, 2002). 
For example, an Ant or Tat peptide can be an N-methyl pep 
tide. 

0454. In one embodiment of the invention, a peptide or 
peptidomimetic (e.g., a peptide or peptidomimetic tethered to 
an SRMS) can be a B-peptide. B-peptides form stable second 
ary structures such as helices, pleated sheets, turns and hair 
pins in Solutions. Their cyclic derivatives can fold into nano 
tubes in the solid state. B-peptides are resistant to degradation 
by proteolytic enzymes. B-peptides can be synthesized by 
methods known in the art. For example, an Ant or Tat peptide 
can be a B-peptide. 
0455. In one embodiment of the invention, a peptide or 
peptidomimetic (e.g., a peptide or peptidomimetic tethered to 
an SRMS) can be an oligourea conjugate (oran oligothiourea 
conjugate), in which the amide bond of a peptidomimetic is 
replaced with a urea moiety. Replacement of the amide bond 
provides increased resistance to degradation by proteolytic 
enzymes, e.g., proteolytic enzymes in the gastrointestinal 
tract. In one embodiment, an oligourea conjugate is tethered 
to an iRNA agent for use in oral delivery. The backbone in 
each repeating unit of an oligourea peptidomimetic can be 
extended by one carbon atom in comparison with the natural 
amino acid. The single carbon atom extension can increase 
peptide stability and lipophilicity, for example. An oligourea 
peptide can therefore be advantageous whenaniRNA agent is 
directed for passage through a bacterial cell wall, or when an 
iRNA agent must traverse the blood-brain barrier, such as for 
the treatment of a neurological disorder. In one embodiment, 
a hydrogen bonding unit is conjugated to the oligourea pep 
tide. Such as to create an increased affinity with a receptor. For 
example, an Ant or Tat peptide can be an oligourea conjugate 
(or an oligothiourea conjugate). 
0456. The dsRNA peptide conjugates of the invention can 
be affiliated with, e.g., tethered to, SRMSs occurring at vari 
ous positions on an iRNA agent. For example, a peptide can 
be terminally conjugated, on either the sense or the antisense 
Strand, or a peptide can be bisconjugated (one peptide teth 
ered to each end, one conjugated to the sense Strand, and one 
conjugated to the antisense Strand). In another option, the 
peptide can be internally conjugated. Such as in the loop of a 
short hairpin iRNA agent. In yet another option, the peptide 
can be affiliated with a complex, such as a peptide-carrier 
complex. 
0457. A number of exemplary routes of delivery are 
described that can be used to administer an oligonucleotide 
agent to a subject. In addition, the oligonucleotide agent can 
be formulated according to an exemplary method described 
herein. 
0458 An RGD peptide moiety can be used to target a 
tumor cell. Such as an endothelial tumor cellor a breast cancer 
tumor cell (Zitzmann et al., Cancer Res., 62:5139-43, 2002). 
An RGD peptide can facilitate targeting of an oligonucleotide 
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agent (e.g., an oligonucleotide agent targeting an miRNA or 
pre-miRNA) to tumors of a variety of other tissues, including 
the lung, kidney, spleen, or liver (Aoki et al., Cancer Gene 
Therapy 8:783-787, 2001). Preferably, the RGD peptide will 
facilitate targeting of an oligonucleotide agent to the kidney. 
The RGD peptide can be linear orcyclic, and can be modified, 
e.g., glycosylated or methylated to facilitate targeting to spe 
cific tissues. For example, a glycosylated RGD peptide can 
deliver an oligonucleotide agent to a tumor cell expressing 
O?3 (Haubner et al., Jour: Nucl. Med., 42:326-336, 2001). 
0459 Peptides that target markers enriched in proliferat 
ing cells can be used. E.g., RGD containing peptides and 
peptidomimetics can target cancer cells, in particular cells 
that exhibit an I0 integrin. Thus, one could use RGD pep 
tides, cyclic peptides containing RGD, RGD peptides that 
include D-amino acids, as well as synthetic RGD mimics. In 
addition to RGD, one can use other moieties that target the 
I-0 integrin ligand. Generally, Such ligands can be used to 
control proliferating cells and angiogeneis. Preferred conju 
gates of this type include an oligonucleotide agent that targets 
PECAM-1, VEGF, or other cancer gene, e.g., a cancer gene 
described herein. 
0460 A “cell permeation peptide' is capable of permeat 
ing a cell, e.g., a microbial cell. Such as a bacterial or fungal 
cell, or a mammalian cell. Such as a human cell. A microbial 
cell-permeating peptide can be, for example, an O.-helical 
linear peptide (e.g., LL-37 or Ceropin P1), a disulfide bond 
containing peptide (e.g., C.-defensin, B-defensin or bactene 
cin), or a peptide containing only one or two dominating 
amino acids (e.g., PR-39 or indolicidin). A cell permeation 
peptide can also include a nuclear localization signal (NLS). 
For example, a cell permeation peptide can be a bipartite 
amphipathic peptide, such as MPG, which is derived from the 
fusion peptide domain of HIV-1 gp41 and the NLS of SV40 
large T antigen (Simeoni et al., Nucl. Acids Res. 31:2717 
2724, 2003). 
0461. In one embodiment, a targeting peptide tethered to a 
ligand-conjugated monomer can be an amphipathic C-helical 
peptide. Exemplary amphipathic C-helical peptides include, 
but are not limited to, cecropins, lycotoxins, paradaxins, 
buforin, CPF bombinin-like peptide (BLP), cathelicidins, 
ceratotoxins, S. clava peptides, hagfish intestinal antimicro 
bial peptides (HFIAPs), magainines, brevinins-2, dermasep 
tins, melittins, pleurocidin, HA peptides, Xenopus peptides, 
esculentinis-1, and caerins. A number of factors will prefer 
ably be considered to maintain the integrity of helix stability. 
For example, a maximum number of helix stabilization resi 
dues will be utilized (e.g., leu, ala, or lys), and a minimum 
number of helix destabilization residues will be utilized (e.g., 
proline, or cyclic monomeric units). The capping residue will 
be considered (for example Gly is an exemplary N-capping 
residue) and/or C-terminal amidation can be used to provide 
an extra H-bond to stabilize the helix. Formation of salt 
bridges between residues with opposite charges, separated by 
it3, or it4 positions can provide stability. For example, cat 
ionic residues such as lysine, arginine, homo-arginine, orni 
thine or histidine can form salt bridges with the anionic resi 
dues glutamate or aspartate. 
0462 Peptide and peptidomimetic ligands include those 
having naturally occurring or modified peptides, e.g., D or L 
peptides; C, B, or Ypeptides; N-methyl peptides; azapeptides; 
peptides having one or more amide, i.e., peptide, linkages 
replaced with one or more urea, thiourea, carbamate, or Sul 
fonyl urea linkages; or cyclic peptides. 
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0463. In some embodiments, the peptide can have a cat 
ionic and/or a hydrophobic moiety. 
0464. In some embodiments, the ligand can be any of the 
nucleobases described herein. 
0465. In some embodiments, the ligand can be a substi 
tuted amine, e.g. dimethylamino. In some embodiments, the 

Ho 
H 

Lithocholic acid 
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Substituted amine can be quaternized, e.g., by protonation or 
alkylation, rendering it cationic. In some embodiments, the 
Substituted amine can be at the terminal position of a rela 
tively hydrophobic tether, e.g., alkylene. 
0466. In some embodiments, the ligand can be one of the 
following triterpenes: 

Friedelin Epifriedelanol 
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0467. In some embodiments, the ligand can be substituted 
or unsubstituted cholesterol, or a stereoisomer thereof or one 
of the following steroids: 

Diosgenin 

0468. In some embodiments, a tethered ligand can contain 
one or more atoms than the corresponding untethered or 
uncoupled ligand (e.g., one or more protons of a heteroatom 
based functional group or an entire heteroatom-based func 
tional group may be displaced from the uncoupled ligand 
during coupling of a ligand to a carrier or tether). For 
example, the proton of the 3-hydroxy group of cholesterol can 
be replaced by a tether (e.g., Chol-3-OH (uncoupled) and 
Chol-3-O-tether (coupled)) or the entire 3-hydroxy group of 
cholesterol can be replaced by a sulfur atom (e.g., Chol-3-OH 
(uncoupled) and Chol-3-S-tether (coupled, e.g., thiocholes 
terol)). 
0469 Methods for Making Oligonucleotide Agents 
0470 A listing of ribonucleosides containing the unusual 
bases described herein are described in "The RNA Modifica 
tion Database' maintained by Pamela F. Crain, Jef Rozenski 
and James A. McCloskey; Departments of Medicinal Chem 
istry and Biochemistry, University of Utah, Salt Lake City, 
Utah 84112, USA. 
0471. The 5'silyl protecting group can be used in conjunc 
tion with acid labile orthoesters at the 2' position of ribo 
nucleosides to synthesize oligonucleotides via phosphora 
midite chemistry. Final deprotection conditions are known 
not to significantly degrade RNA products. Functional groups 
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on the unusual and universal bases are blocked during oligo 
nucleotide synthesis with protecting groups that are compat 
ible with the operations being performed that are described 
herein. All Syntheses can be conducted in any automated or 
manual synthesizer on large, medium, or Small scale. The 
syntheses may also be carried out in multiple well plates or 
glass slides. 
0472. The 5'-O-silyl group can be removed via exposure to 
fluoride ions, which can include any source of fluoride ion, 
e.g., those salts containing fluoride ion paired with inorganic 
counterions e.g., cesium fluoride and potassium fluoride or 
those salts containing fluoride ion paired with an organic 
counterion, e.g., a tetraalkylammonium fluoride. A crown 
ether catalyst can be utilized in combination with the inor 
ganic fluoride in the deprotection reaction. Preferred fluoride 
ion source are tetrabutylammonium fluoride or aminehydrof 
luorides (e.g., combining aqueous HF with triethylamine in a 
dipolar aprotic solvent, e.g., dimethylformamide). 
0473. The choice of protecting groups for use on the phos 
phite triesters and phosphotriesters can alter the stability of 
the triesters towards fluoride. Methyl protection of the phos 
photriester or phosphitetriester can stabilize the linkage 
against fluoride ions and improve process yields. 
0474 Since ribonucleosides have a reactive 2 hydroxyl 
substituent, it can be desirable to protect the reactive 2" posi 
tion in RNA with a protecting group that is compatible with a 
5'-B-silyl protecting group, e.g. one stable to fluoride. Orthoe 
sters meet this criterion and can be readily removed in a final 
acid deprotection step that can result in minimal RNA degra 
dation. 
0475 Tetrazole catalysts can be used in the standard phos 
phoramidite coupling reaction. Preferred catalysts include 
e.g. tetrazole, S-ethyl-tetrazole, p-nitrophenyltetrazole. 
0476. The general process is as follows. Nucleosides are 
Suitably protected and functionalized for use in Solid-phase or 
solution-phase synthesis of RNA oligonucleotides. The 
2'-hydroxyl group in a ribonucleotide can be modified using 
a tris orthoester reagent. The 2'-hydroxyl can be modified to 
yield a 2'-O-orthoester nucleoside by reacting the ribonucleo 
side with the tris orthoester reagent in the presence of an 
acidic catalyst, e.g., pyridinium p-toluene Sulfonate. This 
reaction is known to those skilled in the art. The product can 
then be subjected to further protecting group reactions (e.g., 
5'-O-silylation) and functionalizations (e.g., 3'-O-phosphity 
lation) to produce a desired reagent (e.g., nucleoside phos 
phoramidite) for incorporation within an oligonucleotide or 
polymer by reactions known to those skilled in the art. 
0477 Preferred orthoesters include those comprising eth 
ylene glycol ligands which are protected with acyl or ester 
protecting groups. Specifically, the preferred acyl group is 
acetyl. The nucleoside reagents may then be used by those 
skilled in the art to synthesize RNA oligonucleotides on com 
mercially available synthesizer instruments, e.g., Gene 
Assembler Plus (Pharmacia), 380B (Applied Biosystems). 
Following synthesis (either solution-phase or solid-phase) of 
an oligonucleotide or polymer, the product can be subjected 
to one or more reactions using non-acidic reagents. One of 
these reactions may be strong basic conditions, for example, 
40% methylamine in water for 10 minutes at 55° C., which 
will remove the acyl protecting groups from the ethylene 
glycol ligands but leave the orthoester moiety attached. The 
resultant orthoester may be left attached when the polymer or 
oligonucleotide is used in Subsequent applications, or it may 
be removed in a final mildly-acidic reaction, for example, 10 
minutes at 55° C. in 50 mMacetic acid, pH 3.0, followed by 
addition of equal volume of 150 mM TRIS buffer for 10 
minutes at 55° C. 
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0478 Universal bases are described in “Survey and Sum 
mary: The Applications of Universal DNA base analogues’ 
Loakes, D., Nucleic Acid Research 2001, 29, 2437, which is 
incorporated by reference in its entirety. Specific examples 
are described in the following: Liu, D.; Moran, S.: Kool, E.T. 
Chem. Biol., 1997, 4,919-926; Morales, J. C.: Kool, E. T. 
Biochemistry, 2000, 39,2626-2632: Matray, T. J.: Kool, E.T. 
J. Am. Chem. Soc., 1998, 120, 6191-6192: Moran, S. Ren, R. 
X-Fi: Rumney IV. S.: Kool, E. T. J. Am. Chem. Soc., 1997, 
119, 2056-2057; Guckian, K. M.; Morales, J. C.: Kool, E.T. 
J. Org. Chem., 1998, 63,9652-9656: Berger, M.; Wu. Y.: 
Ogawa, A. K.; McMinn, D. L.; Schultz, P. G.; Romesberg, F. 
E. Nucleic Acids Res., 2000, 28, 2911-2914: Ogawa, A. K.: 
Wu, Y.; McMinn, D. L.; Liu, J.; Schultz, P. G.; Romesberg, F. 
E.J. Am. Chem. Soc., 2000, 122, 3274-3287: Ogawa, A. K.: 
Wu.Y.; Berger, M.; Schultz, P. G.; Romesberg, F. E. J. Am. 
Chem. Soc., 2000, 122,8803-8804; Tae, E. L.; Wu, Y.: Xia, 
G.; Schultz, P. G.; Romesberg, F. E.J. Am. Chem. Soc., 2001, 
123,7439-7440; Wu, Y.: Ogawa, A. K.; Berger, M.; McMinn, 
D. L.; Schultz, P. G.; Romesberg, F. E. J. Am. Chem. Soc., 
2000, 122,7621-7632; McMinn, D. L. Ogawa. A. K. Wu,Y.: 
Liu, J.; Schultz, P. G.; Romesberg, F. E. J. Am. Chem. Soc., 
1999, 121, 11585-11586: Brotschi, C.; Haberli, A.; Leumann, 
C.J. Angew. Chem. Int. Ed., 2001, 40,3012-3014; Weizman, 
H.; Tor, Y.J. Am. Chem. Soc., 2001, 123,3375-3376; Lan, T.; 
McLaughlin, L. W.J. Am. Chem. Soc., 2000, 122,6512-13. 
0479. As discussed above, the monomers and methods 
described herein can be used in the preparation of modified 
RNA molecules, or polymeric molecules comprising any 
combination of monomer compounds described herein and/ 
or natural or modified ribonucleotides in which one or more 
subunits contain an unusual or universal base. Modified RNA 
molecules include e.g. those molecules containing a chemi 
cally or stereochemically modified nucleoside (e.g., having 
one or more backbone modifications, e.g., phosphorothioate 
or P-alkyl, having one or more Sugar modifications, e.g., 
2'-OCH or 2'-F; and/or having one or more base modifica 
tions, e.g., 5-alkylamino or 5-allylamino) or a nucleoside 
Surrogate. 
0480 Coupling of 5'-hydroxyl groups with phosphora 
midites forms phosphite esterintermediates, which in turn are 
oxidized e.g., with iodine, to the phosphate diester. Alterna 
tively, the phosphites may be treated with, e.g., Sulfur, sele 
nium, amino, and boron reagents to form modified phosphate 
backbones. Linkages between the monomers described 
herein and a nucleoside or oligonucleotide chain can also be 
treated with iodine, Sulfur, selenium, amino, and boron 
reagents to form unmodified and modified phosphate back 
bones respectively. Similarly, the monomers described herein 
may be coupled with nucleosides or oligonucleotides con 
taining any of the modifications or nucleoside Surrogates 
described herein. 
0481. The synthesis and purification of oligonucleotide 
peptide conjugates can be performed by established methods. 
See, for example, Trufert et al., Tetrahedron, 52:3005, 1996: 
and Manoharan, “Oligonucleotide Conjugates in Antisense 
Technology, in Antisense Drug Technology, ed. S.T. Crooke, 
Marcel Dekker, Inc., 2001. 
0482 In one embodiment of the invention, a peptidomi 
metic can be modified to create a constrained peptide that 
adopts a distinct and specific preferred conformation, which 
can increase the potency and selectivity of the peptide. For 
example, the constrained peptide can be an azapeptide 
(Gante, Synthesis, 1989, 405-413). An azapeptide is synthe 
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sized by replacing the C-carbon of an amino acid with a 
nitrogen atom without changing the structure of the amino 
acid side chain. For example, the azapeptide can be synthe 
sized by using hydrazine in traditional peptide synthesis cou 
pling methods, such as by reacting hydrazine with a 'carbo 
nyl donor, e.g., phenylchloroformate. 
0483. In one embodiment of the invention, a peptide or 
peptidomimetic (e.g., a peptide or peptidomimetic tethered to 
an ligand-conjugated monomer) can be an N-methyl peptide. 
N-methyl peptides are composed of N-methyl amino acids, 
which provide an additional methyl group in the peptide 
backbone, thereby potentially providing additional means of 
resistance to proteolytic cleavage. N-methyl peptides can by 
synthesized by methods known in the art (see, for example, 
Lindgren et al., Trends Pharmacol. Sci. 21:99, 2000, Cell 
Penetrating Peptides. Processes and Applications, Langel, 
ed., CRC Press, Boca Raton, Fla., 2002; Fische et al., Bio 
conjugate. Chem. 12: 825, 2001; Wander et al., J. Am. Chem. 
Soc., 124:13382, 2002). For example, an Ant or Tat peptide 
can be an N-methyl peptide. 
0484. In one embodiment of the invention, a peptide or 
peptidomimetic (e.g., a peptide or peptidomimetic tethered to 
aligand-conjugated monomer) can be a B-peptide. B-peptides 
form stable secondary structures such as helices, pleated 
sheets, turns and hairpins in Solutions. Their cyclic deriva 
tives can fold into nanotubes in the Solid State. 3-peptides are 
resistant to degradation by proteolytic enzymes. B-peptides 
can be synthesized by methods known in the art. For example, 
an Ant or Tat peptide can be a B-peptide. 
0485. In one embodiment of the invention, a peptide or 
peptidomimetic (e.g., a peptide or peptidomimetic tethered to 
a ligand-conjugated monomer) can be a oligocarbamate. Oli 
gocarbamate peptides are internalized into a cell by a trans 
port pathway facilitated by carbamate transporters. For 
example, an Ant or Tat peptide can be an oligocarbamate. 
0486 In one embodiment of the invention, a peptide or 
peptidomimetic (e.g., a peptide or peptidomimetic tethered to 
aligand-conjugated monomer) can be an oligourea conjugate 
(or an oligothiourea conjugate), in which the amide bond of a 
peptidomimetic is replaced with a urea moiety. Replacement 
of the amide bond provides increased resistance to degrada 
tion by proteolytic enzymes, e.g., proteolytic enzymes in the 
gastrointestinal tract. In one embodiment, an oligourea con 
jugate is tethered to an oligonucleotide agent for use in oral 
delivery. The backbone in each repeating unit of an oligourea 
peptidomimetic can be extended by one carbonatom in com 
parison with the natural amino acid. The single carbon atom 
extension can increase peptide stability and lipophilicity, for 
example. An oligourea peptide can therefore be advantageous 
when an oligonucleotide agent is directed for passage through 
a bacterial cell wall, or when an oligonucleotide agent must 
traverse the blood-brain barrier, such as for the treatment of a 
neurological disorder. In one embodiment, a hydrogen bond 
ing unit is conjugated to the oligourea peptide. Such as to 
create an increased affinity with a receptor. For example, an 
Ant or Tat peptide can be an oligourea conjugate (or an 
oligothiourea conjugate). 
0487. The siRNA peptide conjugates of the invention can 
be affiliated with, e.g., tethered to, ligand-conjugated mono 
mers occurring at various positions on an oligonucleotide 
agent. For example, a peptide can be terminally conjugated, 
on either the sense or the antisense Strand, or a peptide can be 
bisconjugated (one peptide tethered to each end, one conju 
gated to the sense strand, and one conjugated to the antisense 
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Strand). In another option, the peptide can be internally con 
jugated, such as in the loop of a short hairpin oligonucleotide 
agent. In yet another option, the peptide can be affiliated with 
a complex, such as a peptide-carrier complex. 
0488 A peptide-carrier complex consists of at least a car 
rier molecule, which can encapsulate one or more oligonucle 
otide agents (such as for delivery to a biological system and/ 
or a cell), and a peptide moiety tethered to the outside of the 
carrier molecule. Such as for targeting the carrier complex to 
a particular tissue or cell type. A carrier complex can carry 
additional targeting molecules on the exterior of the complex, 
or fusogenic agents to aid in cell delivery. The one or more 
oligonucleotide agents encapsulated within the carrier can be 
conjugated to lipophilic molecules, which can aid in the 
delivery of the agents to the interior of the carrier. 
0489. A carrier molecule or structure can be, for example, 
a micelle, a liposome (e.g., a cationic liposome), a nanopar 
ticle, a microsphere, or a biodegradable polymer. A peptide 
moiety can be tethered to the carrier molecule by a variety of 
linkages, such as a disulfide linkage, an acid labile linkage, a 
peptide-based linkage, an oxyamino linkage or a hydrazine 
linkage. For example, a peptide-based linkage can be a GFLG 
peptide. Certain linkages will have particular advantages, and 
the advantages (or disadvantages) can be considered depend 
ing on the tissue target or intended use. For example, peptide 
based linkages are stable in the blood stream but are suscep 
tible to enzymatic cleavage in the lysosomes. 
0490 The protected monomer compounds can be sepa 
rated from a reaction mixture and furtherpurified by a method 
Such as column chromatography, high pressure liquid chro 
matography, or recrystallization. As can be appreciated by the 
skilled artisan, further methods of synthesizing the com 
pounds of the formulae herein will be evident to those of 
ordinary skill in the art. Additionally, the various synthetic 
steps may be performed in an alternate sequence or order to 
give the desired compounds. Other synthetic chemistry trans 
formations, protecting groups (e.g., for hydroxyl, amino, etc. 
present on the bases) and protecting group methodologies 
(protection and deprotection) useful in synthesizing the com 
pounds described herein are known in the art and include, for 
example, those Such as described in R. Larock, Comprehen 
sive Organic Transformations, VCHPublishers (1989); T. W. 
Greene and P. G. M. Wuts, Protective Groups in Organic 
Synthesis, 2d. Ed., John Wiley and Sons (1991); L. Fieser and 
M. Fieser, Fieser and Fieser's Reagents for Organic Synthe 
sis, John Wiley and Sons (1994); and L. Paquette, ed., Ency 
clopedia of Reagents for Organic Synthesis, John Wiley and 
Sons (1995), and subsequent editions thereof. 
0491. The protected monomer compounds of this inven 
tion may contain one or more asymmetric centers and thus 
occuras racemates and racemic mixtures, single enantiomers, 
individual diastereomers and diastereomeric mixtures. All 
Such isomeric forms of these compounds are expressly 
included in the present invention. The compounds described 
herein can also contain linkages (e.g., carbon-carbon bonds, 
carbon-nitrogen bonds, e.g., amides) or Substituents that can 
restrict bond rotation, e.g. restriction resulting from the pres 
ence of a ring or double bond. Accordingly, all cis/trans, E/Z 
isomers, and rotational isomers (rotamers) are expressly 
included herein. The compounds of this invention may also be 
represented in multiple tautomeric forms, in Such instances, 
the invention expressly includes all tautomeric forms of the 
compounds described herein (e.g., alkylation of a ring system 
may result in alkylation at multiple sites, the invention 
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expressly includes all Such reaction products). All Such iso 
meric forms of such compounds are expressly included in the 
present invention. All crystal forms of the compounds 
described herein are expressly included in the present inven 
tion. 

0492 Representative ligand-conjugated monomers and 
typical syntheses for preparing ligand-conjugated monomers 
and related compounds described herein are provided below. 
As discussed elsewhere, protecting groups for ligand-conju 
gated monomer hydroxyl groups, e.g., OFG", include but are 
not limited to the dimethoxytrityl group (DMT). For example, 
it can be desirable in some embodiments to use silicon-based 
protecting groups as a protecting group for OFG'. Silicon 
based protecting groups can therefore be used in conjunction 
with or in place of the DMT group as necessary or desired. 
Thus, the ligand-conjugated monomers and syntheses delin 
eated below, which feature the DMT protecting group as a 
protecting group for OFG", is not to be construed as limiting 
in any way to the invention. 

Synthesis of Pyrroline Carrier 

0493 

Scheme 1. Synthesis of cis-(-(3S4R)-pyrrollidine diol 
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-continued 
O COOEt 
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He 
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Scheme 2. Synthesis of cis-(-(2S,3S)-pyrrollidine diol 
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Synthesis of Pthalimido Derivative 
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0496 30 and 31 can be converted to similar derivatives as 
shown in schemes 2-4 for 3' and 5' cpnjugation of siRNA -continued 
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Synthesis of Thalimido Derivative 
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shown in schemes 2-4 for 3' and 5' cpnjugation of siRNA 
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Piperidine Series Ligands: 

Similar to pyrroline series piperidine series can be 0500 
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0508 
0509 
agent, e.g., an oligonucleotide agent that targets an miRNA or 

Conjugation of Ligands to Oligonucleotide Agents 
The conjugation of a ligand to an oligonucleotide 

pre-miRNA can have a favorable effect on the modulating 
effect of the agent. For example, the agent can improve phar 
macokinetics, stability, and/or tissue specificity. 

0510. In some embodiments, an oligonucleotide agent (re 
ferred to as “NA’ informula OT-I through OT-IV below, e.g., 
RNA, DNA, chimeric RNA-DNA, DNA-RNA, RNA-DNA 
RNA, or DNA-RNA-DNA) can be chemically modified by 
conjugating a moiety that includes a ligand having one or 
more chemical linkages for attachment of the ligand (L) to the 
oligonucleotide or nucleic acid. The ligand of an oligonucle 
otide agent can be coupled by one or both of a tether and 
linker. In the diagram below, exemplary chemical linkages 
are represented as X, Y, and Z. These can be part of the tether 
or linker. 
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0511 Ligands can be attached at one or both of the 3' end, 
the 5' end, and internal positions. In certain embodiments, the 
oligonucleotide agent can be chemically modified by conju 
gating one or more moieties having formula OT-I. Table 4. 
shows a variety of conjugates. 
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TABLE 4 
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Ligand CTetheLinker 
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0512 Exemplary ligands are listed in Table 5 and are 
discussed elsewhere herein. The exemplary ligands (L) 
shown in Table 5 are preferred. 
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L 

y-Gaid-y-line-2-QA) 
5 B-Cholanic Acid 
Cholic acid 
Lithocholic acid 
Biotin 
Vitamin E 
Naproxen 
Ibuprofen 
Amines (mono, di, tri, tetraalkyl or aryl) 
Folate 
Sugar (N-Acetylgalactosamine, galactosamine, galactose, Mannose) 

Me, Et or aryl with E and/or Z configuration 

Me, Et or aryl 
-(CH2)CH=CH(CH2)CH=CH(CH2).NQQ2, where p, q and/or r = 0-40, Q, Q = H, 
Me or Et; Q = H, Q = H, Me, Et or aryl with E and/or Z configuration 
—O(CH2)(OCH2CH2), OR, where m, n = 0-40 and R = H, Me, NQQ2, —C(O)NR'R'" 

—NH(CH2)(OCH2CH2), OR, where m, n = 0-40 and R = H, Me, NQQ2, —C(O)NR'R'" 

—(CH2)(NHCH2CH2), R, where m, n = 0-40 and R = H, OH, Me, NQQ2, —C(O)NR'R'" 

Dialkylglycerol (Sn3, Sn1, Sn2 and racemic) with number of methylene varies from 0-40 
Dlacylglycerol (Sn3, Sn1, Sn2 and racemic) with number of methylene varies from 0-40 
Dialkylglycerol (Sn3, Sn1, Sn2 and racemic) with number of methylene varies from 0-40 
and the alkyl chian contains one or more double bonds with E and/or Z isomers 
Dlacylglycerol (Sn3, Snl, Sn2 and racemic) with number of methylene varies from 0-40 
and the alkyl chian contains one or more double bonds with E and/or Z isomers 
Lipids 

0513 Exemplary X, Y, and Z. moieties are shown in in 
Table 6. The X, Y, and Z. moieties can be selected indepen 
dently of one another. 

TABLE 6 

L 

y-Gaid-y-Linki–7-QA) 

NH CH-CH=CH NH CH-CH=CH NH CH-CH=CH 
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-continued 

\ 
x-Cethe)-Y-LinkerHZ-GNA) 

Linker = 

3'-end 5'-end interior 

O O O 

Dry y 
NA-Z oss 1. NA-Z-O YN 

7 HO O N 7 
O Z R. OH. R. NA1 

Z R 
NA1 

NH2 NH2 NH2 

N N? y N21 y 
NA-Z-OYN 1. NA-Z-O YN 

HO O N 

O Z R. OH. R. NA1 

Z R 
NA1 

O O 

HN y 
als NA-Z oss 

HO-O N 7 
O R Z. 

A. 
NA 

R Z 
/ 

NA 

NH2 NH2 

N2 N21 y 
1. NA-Z-O N 

HO-O N 7 
O R Z. 

A. 
NA 

R Z 
/ 

NA 

0515 Compounds described herein can be prepared by (iv), (v) and (vii) are performed according to literature pro 
methods described herein or by conventional methods from 
commercially available reagents and starting materials. 
0516 Compound I is prepared as reported by Fraser et al. 
(Tetrahedron Lett. 41:1523, 2000). Steps (ii), (iii) (a), (iii)(c), 

cedure (Fraser et al., Tetrahedron Lett. 41:1523, 2000). Step 
(iii) (b) and (v) (b) are performed as reported in the literature 
(Bioorg. Med. Chem. Lett. 13:1713, 2003). Step (iv) is per 
formed as reported in the literature (Corey and Ven 
kateswarlu, J. Am. Chem. Soc.94:6190, 1972). 
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0521. The synthesis of certain compounds is described in 
Scheme 6, below. Compound 130, shown in Scheme 6, is 
obtained as reported in Liu and Austin, J. Org. Chem. 
66:8643, 2001). Step (i) and (iii) (b) are performed as reported 
in the literature (Chem. Rev., 1954, 54, 1); step (ii) (a) is 
performed according to literature procedures (J. Org. Chem. 
1993, 58, 2334); step (ii) (b), (iii) (a) and (iv) (b) are per 
formed as reported in the literature (Bioorg. Med. Chem. 

NH 

N -N --- 
N O 

O 

O O 

X 
130 131 

i r 

MMTirN 

133 134 

N 

NH 

R -N -- 
N O 

O 

OH OTBDMS 

vi 

NH O NH 

HN -N II - -N N O N 'n N O 

O O O 

O 

"x" 

1. N 
O O O 

OH OH 
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Lett., 2003, 13, 1713); step (iii) (c) is performed as reported in 
Dubowchik and Radia (Tetrahedron Lett. 38:5257, 1997); 
step (iv) (a) is performed as reported in the literature (Organic 
Lett., 2001, 3, 1809); step (v) is performed as reported in 
Corey and Venkateswarlu (J. Am. Chem. Soc.94:6190, 1972) 
and step (vi) is performed as reported by Fraser et al. (Tetra 
hedron Lett. 41:1523, 2000). 

O 

OH OH 

132n = 5 

NH w 

1s, 

NH 

R ls N O 

O 

TBDMSO OH 

s 
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NH 

R -N 
N O 

O 

( 6 OTBDMs 
N-r11N 

140 R = NHMMTr 
141 R = MeNHC(O)NH 
142 R = PhthN(CH3)3C(O)NH 
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-continued 

NH 

is 1. N O 

O 

TBDMSO O 1 O-PQ 1. 
/-/ N 

NC -( 
143 R = NHMMTr 
144 R = MeNHC(O)NH 
145 R = PhthN(CH)3C(O)NH 
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(i) H2, Pd C (10%), MeOH 1 atm; (ii) (a) N-Phthalimido-6-aminocaproic acid, DCC, DMAP, HOBT and (b) HCOOH-HO; (iii) (a) HCOOH H2O, (b) H2, Pd C 
(10%), MeOH1 atm and (c) MMTr-Cl, TEACH2Cl2; (iv) (a) CDI (carbonyldiimidazole).THF, MeNH2 or p-Nitrophenylchloroformate, DMAP Py, MeNH2 and (b)HCOOH-HO 
(v) TBDMS-Cl, Imidazole Py; (vi) diisopropylamine tetrazolide, 2-cyanoethyl-N,N',N',N'-tetraisopropylphosphoramiditef H2Cl2 

0522 The synthesis of certain compounds is described in 
Scheme 7, below. Compound 146 is obtained as reported in 
Liu and Austin (J. Org. Chem..., 2001, 66, 8643). Step (i) (b) 
and (iii) (c) are performed as reported in the literature (Chem. 
Rev., 1954, 54, 1); step (ii) (a) is performed according to 
literature procedures (J. Org. Chem., 1993, 58,2334); step (ii) 
(b), (iii) (b) and (iv) (b) are performed as reported in the 
literature (Bioorg. Med. Chem. Lett., 2003, 13, 1713); step 

(iii) (d) is performed as reported in Dubowchik and Radia 
(Tetrahedron Lett., 1997,38,5257); step (iv) (a) is performed 
as reported in the literature (Organic Lett., 2001, 3, 1809); 
step (v) is performed as reported in Corey and Venkateswarlu 
(J. Am. Chem. Soc., 1972, 94, 6.190) and step (vi) is per 
formed as reported by Fraser et al. (Tetrahedron Lett., 2000, 
41, 1523) 

Scheme 7 
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-continued 
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191 R = NHMMTr 
192 R = MeNHC(O)NH 
193 R = PhthN(CH2)3C(O)NH 

R 

NHBl 

188 R = NHMMTr 
189 R = MeNHC(O)NH 
190 R = PhthN(CH)3C(O)NH 

s 
N 

( NH als N N 

TBDMSO O O-Pg 1. 

194 R = NHMMTr 
195 R = MeNHC(O)NH 
196 R = PhthN(CH2)3C(O)NH 

NHBl 

(i)(a) iBuCOCIPy and (b)H, Pd-C (10%), MeOH1 atm; (ii)(a) N-Phthalimido-6-aminocaproic acid, DCC, DMAP, HOBT and (b)HCOOH-HO; (iii)(a) iBuCOCl. Py, (b) 
HCOOH-HO, (c)H, Pd-C (10%), MeOH1 atm and (d) MMTr-Cl/Py; (iv) (a) CDI (carbonyldiimidazole),THF, MeNH2 orp-Nitrophenylchloroformate, DMAPPy, MeNH and 
(b) HCOOH H2O (v) TBDMS-Cl, Imidazole, Py; (vi) diisopropylamine tetrazolide, 2-cyanoethyl-N,N',N',N'-tetraisopropylphosphoramiditef H2Cl2 

Ligand-conjugated Monomer Subunits and Monomers for 
Oligonucleotide Synthesis 

Definitions 

0525. The term “halo” refers to any radical of fluorine, 
chlorine, bromine or iodine. 
0526. The term “alkyl refers to a hydrocarbon chain that 
may be a straight chain or branched chain, containing the 
indicated number of carbonatoms. For example, C-C alkyl 
indicates that the group may have from 1 to 12 (inclusive) 
carbon atoms in it. The term “haloalkyl refers to an alkyl in 
which one or more hydrogenatoms are replaced by halo, and 
includes alkyl moieties in which all hydrogens have been 
replaced by halo (e.g., perfluoroalkyl). Alkyl and haloalkyl 
groups may be optionally inserted with O, N, or S. The terms 
“aralkyl refers to an alkyl moiety in which an alkyl hydrogen 
atom is replaced by an aryl group. Aralkyl includes groups in 
which more than one hydrogenatom has been replaced by an 
aryl group. Examples of “aralkyl include benzyl, 9-fluore 
nyl, benzhydryl, and trityl groups. 
0527. The term “alkenyl refers to a straight or branched 
hydrocarbon chain containing 2-8 carbon atoms and charac 
terized in having one or more double bonds. Examples of a 
typical alkenyl include, but not limited to, allyl, propenyl, 
2-butenyl, 3-hexenyl and 3-octenyl groups. The term “alky 

nyl refers to a straight or branched hydrocarbon chain con 
taining 2-8 carbon atoms and characterized in having one or 
more triple bonds. Some examples of a typical alkynyl are 
ethynyl, 2-propynyl, and 3-methylbutynyl, and propargyl. 
The sp’ and spcarbons may optionally serve as the point of 
attachment of the alkenyl and alkynyl groups, respectively. 
0528. The terms “alkylamino” and “dialkylamino” refer to 
—NH(alkyl) and —NH(alkyl) radicals respectively. The 
term “aralkylamino” refers to a NH(aralkyl) radical. The 
term “alkoxy' refers to an —O-alkyl radical, and the terms 
“cycloalkoxy” and “aralkoxy' refer to an —O-cycloalkyland 
O-aralkyl radicals respectively. The term “siloxy' refers to a 
RSiO—radical. 
0529. The term “mercapto” refers to an SH radical. The 
term “thioalkoxy' refers to an —S-alkyl radical. 
0530. The term “alkylene' refers to a divalent alkyl (i.e., 
—R—), C.9. —CH2—, —CH2CH2—, and 
—CHCHCH . The term “alkylenedioxo” refers to a 
divalent species of the structure —O R—O—, in which R 
represents an alkylene. 
0531. The term “aryl refers to an aromatic monocyclic, 
bicyclic, or tricyclic hydrocarbon ring system, wherein any 
ring atom can be substituted. Examples of aryl moieties 
include, but are not limited to, phenyl, naphthyl, anthracenyl, 
and pyrenyl. 
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0532. The term "cycloalkyl as employed herein includes 
saturated cyclic, bicyclic, tricyclic, or polycyclic hydrocar 
bon groups having 3 to 12 carbons, wherein any ring atom can 
be substituted. The cycloalkyl groups herein described may 
also contain fused rings. Fused rings are rings that share a 
common carbon-carbonbondora common carbonatom (e.g., 
spiro-fused rings). Examples of cycloalkyl moieties include, 
but are not limited to, cyclohexyl, adamantyl, and norbornyl, 
and decalin. 
0533. The term “heterocyclyl refers to a nonaromatic 
3-10 membered monocyclic, 8-12 membered bicyclic, or 
11-14 membered tricyclic ring system having 1-3 heteroat 
oms if monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 het 
eroatoms if tricyclic, said heteroatoms selected from O, N, or 
S (e.g., carbonatoms and 1-3, 1-6, or 1-9 heteroatoms of N, O, 
or S if monocyclic, bicyclic, or tricyclic, respectively), 
wherein any ring atom can be substituted. The heterocyclyl 
groups herein described may also contain fused rings. Fused 
rings are rings that share a common carbon-carbon bond or a 
common carbon atom (e.g., spiro-fused rings). Examples of 
heterocyclyl include, but are not limited to tetrahydrofuranyl, 
tetrahydropyranyl, piperidinyl, morpholino, pyrrolinyl and 
pyrrolidinyl. 
0534. The term “cycloalkenyl' as employed herein 
includes partially unsaturated, nonaromatic, cyclic, bicyclic, 
tricyclic, or polycyclic hydrocarbon groups having 5 to 12 
carbons, preferably 5 to 8 carbons, wherein any ring atom can 
be substituted. The cycloalkenyl groups herein described may 
also contain fused rings. Fused rings are rings that share a 
common carbon-carbonbondora common carbonatom (e.g., 
spiro-fused rings). Examples of cycloalkenyl moieties 
include, but are not limited to cyclohexenyl, cyclohexadienyl, 
or norbornenyl. 
0535. The term “heterocycloalkenyl refers to a partially 
saturated, nonaromatic 5-10 membered monocyclic, 8-12 
membered bicyclic, or 11-14 membered tricyclic ring system 
having 1-3 heteroatoms if monocyclic, 1-6 heteroatoms if 
bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms 
selected from O, N, or S (e.g., carbon atoms and 1-3, 1-6, or 
1-9 heteroatoms of N, O, or S if monocyclic, bicyclic, or 
tricyclic, respectively), wherein any ring atom can be substi 
tuted. The heterocycloalkenyl groups herein described may 
also contain fused rings. Fused rings are rings that share a 
common carbon-carbonbondora common carbonatom (e.g., 
spiro-fused rings). Examples of heterocycloalkenyl include 
but are not limited to tetrahydropyridyl and dihydropyran. 
0536. The term “heteroaryl” refers to an aromatic 5-8 
membered monocyclic, 8-12 membered bicyclic, or 11-14 
membered tricyclic ring system having 1-3 heteroatoms if 
monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 heteroatoms if 
tricyclic, said heteroatoms selected from O, N, or S (e.g., 
carbonatoms and 1-3, 1-6, or 1-9 heteroatoms of N, O, or S if 
monocyclic, bicyclic, or tricyclic, respectively), wherein any 
ring atom can be substituted. The heteroaryl groups herein 
described may also contain fused rings that share a common 
carbon-carbon bond. 

0537. The term “oxo” refers to an oxygen atom, which 
forms a carbonyl when attached to carbon, an N-oxide when 
attached to nitrogen, and a sulfoxide or Sulfone when attached 
to sulfur. 
0538. The term “acyl” refers to an alkylcarbonyl, 
cycloalkylcarbonyl, arylcarbonyl, heterocyclylcarbonyl, or 
heteroarylcarbonyl substituent, any of which may be further 
substituted by substituents. 
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0539. The term “substituents” refers to a group “substi 
tuted on an alkyl, cycloalkyl, alkenyl, alkynyl, heterocyclyl, 
heterocycloalkenyl, cycloalkenyl, aryl, or heteroaryl group at 
any atom of that group. Suitable Substituents include, without 
limitation, alkyl, alkenyl, alkynyl, alkoxy, halo, hydroxy, 
cyano, nitro, amino, SOH, Sulfate, phosphate, perfluoro 
alkyl, perfluoroalkoxy, methylenedioxy, ethylenedioxy, car 
boxyl, oxo, thioxo, imino (alkyl, aryl, aralkyl), S(O), alkyl 
(where n is 0-2), S(O), aryl (where n is 0-2), S(O), heteroaryl 
(where n is 0-2), S(O), heterocyclyl (where n is 0-2), amine 
(mono-, di-, alkyl, cycloalkyl, aralkyl, heteroaralkyl, and 
combinations thereof), ester (alkyl, aralkyl, heteroaralkyl). 
amide (mono-, di-, alkyl, aralkyl, heteroaralkyl, and combi 
nations thereof), Sulfonamide (mono-, di-, alkyl, aralkyl, het 
eroaralkyl, and combinations thereof), unsubstituted aryl, 
unsubstituted heteroaryl, unsubstituted heterocyclyl, and 
unsubstituted cycloalkyl. In one aspect, the Substituents on a 
group are independently any one single, or any Subset of the 
aforementioned substituents. 
0540. The terms “adeninyl, cytosinyl, guaninyl, thyminyl, 
and uracilyl and the like refer to radicals of adenine, 
cytosine, guanine, thymine, and uracil. 
0541. A “protected moiety refers to a reactive functional 
group, e.g., a hydroxyl group or an amino group, or a class of 
molecules, e.g., Sugars, having one or more functional 
groups, in which the reactivity of the functional group is 
temporarily blocked by the presence of an attached protecting 
group. Protecting groups useful for the monomers and meth 
ods described herein can be found, e.g., in Greene, T. W., 
Protective Groups in Organic Synthesis (John Wiley and 
Sons: New York), 1981, which is hereby incorporated by 
reference. 
0542. As used herein, an “unusual nucleobase can 
include any one of the following: 
0543 2-methyladeninyl, 
0544 N6-methyladeninyl, 
0545 2-methylthio-N-6-methyladeninyl, 
0546 N6-isopentenyladeninyl, 
0547 2-methylthio-N-6-isopentenyladeninyl, 
0548 N6-(cis-hydroxyisopentenyl)adeninyl, 
0549 2-methylthio-N-6-(cis-hydroxyisopentenyl) adeni 
nyl, 

0550 N6-glycinylcarbamoyladeninyl, 
0551 N6-threonylcarbamoyladeninyl, 
0552 2-methylthio-N-6-threonyl carbamoyladeninyl, 
0553 N6-methyl-N-6-threonylcarbamoyladeninyl, 
0554 N6-hydroxynorvalylcarbamoyladeninyl, 
0555 2-methylthio-N-6-hydroxynorvalyl carbamoylad 
eninyl, 

0556 N6.N6-dimethyladeninyl, 
0557. 3-methylcytosinyl, 
0558 5-methylcytosinyl, 
0559 2-thiocytosinyl, 
0560 5-formylcytosinyl, 

NH 
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-continued 

0567 N2,7-dimethylguaninyl, 
0568 N2.N2,7-trimethylguaninyl, 
0569 1-methylguaninyl, 
0570 7-cyano-7-deazaguaninyl, 
0571 7-aminomethyl-7-deazaguaninyl, 
0572 pseudouracilyl, 
0573) dihydrouracilyl, 
0574 5-methyluracilyl, 
(0575 1-methylpseudouracilyl, 
0576) 2-thiouracilyl, 
0577 4-thiouracilyl, 
0578 2-thiothyminyl 
0579 5-methyl-2-thiouracilyl, 
0580 3-(3-amino-3-carboxypropyl)uracilyl, 
0581 5-hydroxyuracilyl, 
0582 5-methoxyuracilyl, 
0583 uracilyl 5-oxyacetic acid, 
0584 uracilyl 5-oxyacetic acid methyl ester, 
0585 5-(carboxyhydroxymethyl)uracilyl, 
0586 5-(carboxyhydroxymethyl)uracilyl methyl ester, 
0587 5-methoxycarbonylmethyluracilyl, 
0588 5-methoxycarbonylmethyl-2-thiouracilyl, 
0589 5-aminomethyl-2-thiouracilyl, 
0590 5-methylaminomethyluracilyl, 
0591 5-methylaminomethyl-2-thiouracilyl, 
0592 5-methylaminomethyl-2-selenouracilyl, 
0593 5-carbamoylmethyluracilyl, 
0594 5-carboxymethylaminomethyluracilyl, 
0595 5-carboxymethylaminomethyl-2-thiouracilyl, 
0596 3-methyluracilyl, 
0597 1-methyl-3-(3-amino-3-carboxypropyl) pseudou 
racilyl, 

0598 5-carboxymethyluracilyl, 
0599 5-methyldihydrouracilyl, or 
0600 3-methylpseudouracily1. 
0601. A universal base can form base pairs with each of 
the natural DNA/RNA bases, exhibiting relatively little dis 
crimination between them. In general, the universal bases are 
non-hydrogen bonding, hydrophobic, aromatic moieties 
which can stabilize e.g., duplex RNA or RNA-like molecules, 
via Stacking interactions. A universal base can also include 
hydrogen bonding Substituents. 
0602 General 
0603 An oligonucleotide agent, e.g., a conjugated oligo 
nucleotide agent, containing a preferred, but nonlimiting 
ligand-conjugated monomer Subunit is presented as formula 
(II) below. The carrier (also referred to in some embodiments 
as a “linker') can be a cyclic or acyclic moiety and includes 
two “backbone attachment points' (e.g., hydroxyl groups) 
and a ligand. The ligand can be directly attached (e.g., con 
jugated) to the carrier or indirectly attached (e.g., conjugated) 
to the carrier by an intervening tether (e.g., an acyclic chain of 

88 
Oct. 21, 2010 

one or more atoms; or a nucleobase, e.g., a naturally occurring 
nucleobase optionally having one or more chemical modifi 
cations, e.g., an unusual base; or a universal base). The carrier 
therefore also includes a “ligand or tethering attachment 
point” for the ligand and tether/tethered ligand, respectively. 
0604. The ligand-conjugated monomer subunit may be the 
5' or 3' terminal subunit of the RNA molecule, i.e., one of the 
two “W' groups may be a hydroxyl group, and the other “W 
group may be a chain of two or more unmodified or modified 
ribonucleotides. Alternatively, the ligand-conjugated mono 
mer subunit may occupy an internal position, and both “W 
groups may be one or more unmodified or modified ribo 
nucleotides. More than one ligand-conjugated monomer Sub 
unit may be present in a RNA molecule, e.g., an oligonucle 
otide agent. Preferred positions for inclusion of a tethered 
ligand-conjugated monomer subunit, e.g., one in which a 
lipophilic moiety, e.g., cholesterol, is tethered to the carrier 
are at the 3' terminus, the 5' terminus, or at an internal posi 
tion. 

(II): 

ligand?tethering attachment point 

VVV-LIGAND 

0605. The modified RNA molecule of formula (II) can be 
obtained using oligonucleotide synthetic methods known in 
the art. In a preferred embodiment, the modified RNA mol 
ecule of formula (II) can be prepared by incorporating one or 
more of the corresponding monomer compounds (see, e.g., A. 
B, and C below) into a growing strand, utilizing, e.g., phos 
phoramidite or H-phosphonate coupling strategies. 
0606. The monomers, e.g., a ligand-conjugated mono 
mers, generally include two differently functionalized 
hydroxyl groups (OFG' and OFG), which are linked to the 
carrier molecule (see Abelow), and a ligand/tethering attach 
ment point. As used herein, the term “functionalized hydroxyl 
group” means that the hydroxyl proton has been replaced by 
another substituent. As shown in representative structures B 
and C below, one hydroxyl group (OFG) on the carrier is 
functionalized with a protecting group (PG). The other 
hydroxyl group (OFG) can be functionalized with either (1) 
a liquid or Solid phase synthesis Support reagent (Solid circle) 
directly or indirectly through a linker, L, as in B, or (2) a 
phosphorus-containing moiety, e.g., a phosphoramidite as in 
C. The tethering attachment point may be connected to a 
hydrogen atom, a Suitable protecting group, a tether, or a 
tethered ligand at the time that the monomer is incorporated 
into the growing strand (see variable “R” in A below). Thus, 
the tethered ligand can be, but need not be attached to the 
monomer at the time that the monomer is incorporated into 
the growing Strand. In certain embodiments, the tether, the 
ligand or the tethered ligand may be linked to a “precursor 
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ligand-conjugated monomer Subunit after a “precursor 
ligand-conjugated monomer Subunit has been incorporated 
into the strand. The wavy line used below (and elsewhere 
herein) refers to a connection, and can represent a direct bond 
between the moiety and the attachment point or a tethering 
molecule which is interposed between the moiety and the 
attachment point. Directly tethered means the moiety is 
bound directly to the attachment point. Indirectly tethered 
means that there is a tether molecule interposed between the 
attachment point and the moiety. 

A: 

FG 

O 

R = H, protecting group; 
R = (M-) 
R = (M-) + (LIGAND) 

O 

FG2 
B: 

PG 

R 

O 

C: 

L 

O 

0607. The (OFG) protecting group may be selected as 
desired, e.g., from T. W. Greene and P. G. M. Wuts, Protective 
Groups in Organic Synthesis, 2d. Ed., John Wiley and Sons 
(1991). The protecting group is preferably stable under amid 
ite synthesis conditions, storage conditions, and oligonucle 
otide synthesis conditions. Hydroxyl groups, —OH, are 
nucleophilic groups (i.e., Lewis bases), which react through 
the oxygen with electrophiles (i.e., Lewis acids). Hydroxyl 
groups in which the hydrogen has been replaced with a pro 
tecting group, e.g., a triarylmethyl group or a trialkylsilyl 
group, are essentially unreactive as nucleophiles in displace 
ment reactions. Thus, the protected hydroxyl group is useful 
in preventing e.g., homocoupling of compounds exemplified 
by structure C during oligonucleotide synthesis. In some 
embodiments, a preferred protecting group is the dimethox 
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ytrityl group. In other embodiments, a preferred protecting 
group is a silicon-based protecting group having the formula 
below: 

x--o 

0608 X, X", and X" can be selected from substituted 
or unsubstituted alkyl, cycloalkyl, aryl, araklyl, heteroaryl, 
alkoxy, cycloalkoxy, aralkoxy, aryloxy, heteroaryloxy, or 
siloxy (i.e., RSiO , the three “R” groups can be any com 
bination of the above listed groups). X. X", and X" may all 
be the same or different; also contemplated is a combination 
in which two of X, X", and X" are identical and the third is 
different. In certain embodiments X, X", and X" include at 
least one alkoxy or siloxy groups. A preferred combination 
includes X, X-trimethylsiloxy and X"=1.3-(tri-2-pro 
poxy or cyclododecyloxy. 
0609. Other preferred combinations of X, X", and X" 
include those that result in OFG' groups that meet the depro 
tection and stability criteria delineated below. The group is 
preferably stable under amidite synthesis conditions, storage 
conditions, and oligonucleotide synthesis conditions. Rapid 
removal, i.e., less than one minute, of the silyl group from 
e.g., a Support-bound oligonucleotide is desirable because it 
can reduce synthesis times and thereby reduce exposure time 
of the growing oligonucleotide chain to the reagents. Oligo 
nucleotide synthesis can be improved if the silyl protecting 
group is visible during deprotection, e.g., from the addition of 
a chromophore silyl Substituent. 
0610 Selection of silyl protecting groups can be compli 
cated by the competing demands of the essential characteris 
tics of stability and facile removal, and the need to balance 
these competitive goals. Most Substituents that increase sta 
bility can also increase the reaction time required for removal 
of the silyl group, potentially increasing the level of difficulty 
in removal of the group. 
0611. The addition of alkoxy and siloxy substituents to 
OFG' silicon-containing protecting groups increases the Sus 
ceptibility of the protecting groups to fluoride cleavage of the 
silylether bonds. Increasing the steric bulk of the substituents 
preserves stability while not decreasing fluoride lability to an 
equal extent. An appropriate balance of Substituents on the 
silyl group makes a silyl ether a viable nucleoside protecting 
group. 
0612 Candidate OFG silicon-containing protecting 
groups may be tested by exposing a tetrahydrofuran Solution 
of a preferred carrier bearing the candidate OFG group to 
five molar equivalents of tetrahydrofuran at room tempera 
ture. The reaction time may be determined by monitoring the 
disappearance of the starting material by thin layer chroma 
tography. 
10613) When the OFG in B includes a linker, e.g., a rela 
tively long organic linker, connected to a soluble or insoluble 
Support reagent, Solution or Solid phase synthesis techniques 
can be employed to build up a chain of natural and/or modi 
fied ribonucleotides once OFG' is deprotected and free to 
react as a nucleophile with another nucleoside or monomer 
containing an electrophilic group (e.g., an amidite group). 
Alternatively, a natural or modified ribonucleotide or oligori 
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bonucleotide chain can be coupled to monomer C via an 
amidite group or H-phosphonate group at OFG. Subsequent 
to this operation, OFG' can be deblocked, and the restored 
nucleophilic hydroxyl group can react with another nucleo 
side or monomer containing an electrophilic group. R' can be 
substituted or unsubstituted alkyl or alkenyl. In preferred 
embodiments, R is methyl, allyl or 2-cyanoethyl. R" may a 
C-C alkyl group, preferably it is a branched group contain 
ing three or more carbons, e.g., isopropyl. 
0614 OFG' in B can be hydroxyl functionalized with a 
linker, which in turn contains a liquid or Solid phase synthesis 
Support reagent at the other linker terminus. The Support 
reagent can be any support medium that can Support the 
monomers described herein. The monomer can be attached to 
an insoluble Support via a linker, L, which allows the mono 
mer (and the growing chain) to be solubilized in the solvent in 
which the support is placed. The solubilized, yet immobi 
lized, monomer can react with reagents in the Surrounding 
Solvent; unreacted reagents and soluble by-products can be 
readily washed away from the solid support to which the 
monomer or monomer-derived products is attached. Alterna 
tively, the monomer can be attached to a soluble Support 
moiety, e.g., polyethylene glycol (PEG) and liquid phase 
synthesis techniques can be used to build up the chain. Linker 
and support medium selection is within skill of the art. Gen 
erally the linker may be C(O)(CH.),C(O) , or C(O) 
(CH2)S , in which q can be 0, 1, 2, 3, or 4: preferably, it is 
oxalyl. Succinyl or thioglycolyl. Standard control pore glass 
solid phase synthesis Supports can not be used in conjunction 
with fluoride labile 5' silyl protecting groups because the 
glass is degraded by fluoride with a significant reduction in 
the amount of full-length product. Fluoride-stable polysty 
rene based supports or PEG are preferred. 
0615. The ligand/tethering attachment point can be any 
divalent, trivalent, tetravalent, pentavalent or hexavalent 
atom. In some embodiments, ligand/tethering attachment 
point can be a carbon, oxygen, nitrogen or Sulfur atom. For 
example, a ligand/tethering attachment point precursor func 
tional group can have a nucleophilic heteroatom, e.g., -SH, 
—NH secondary amino, ONH, or NH-NH. As another 
example, the ligand/tethering attachment point precursor 
functional group can be an olefin, e.g., -CH=CH2 or a 
Diels-Alder diene or dienophile and the precursor functional 
group can be attached to a ligand, a tether, or tethered ligand 
using, e.g., transition metal catalyzed carbon-carbon (for 
example olefin metathesis) processes or cycloadditions (e.g., 
Diels-Alder). As a further example, the ligand/tethering 
attachment point precursor functional group can be an elec 
trophilic moiety, e.g., an aldehyde. When the carrier is a 
cyclic carrier, the ligand/tethering attachment point can be an 
endocyclic atom (i.e., a constituent atom in the cyclic moiety, 
e.g., a nitrogenatom) or an exocyclic atom (i.e., an atom or 
group of atoms attached to a constituent atom in the cyclic 
moiety). 
0616. The carrier can be any organic molecule containing 
attachment points for OFG, OFG, and the ligand. In certain 
embodiments, carrier is a cyclic molecule and may contain 
heteroatoms (e.g., O. N or S). E.g., carrier molecules may 
include aryl (e.g., benzene, biphenyl, etc.), cycloalkyl (e.g., 
cyclohexane, cis or trans decalin, etc.), or heterocyclyl (pip 
erazine, pyrrolidine, etc.). In other embodiments, the carrier 
can be an acyclic moiety, e.g., based on serinol. Any of the 
above cyclic systems may include Substituents in addition to 
OFG, OFG, and the ligand. 
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0617 
0618. In some embodiments, the carrier molecule is an 
oxygen containing heterocycle. Preferably the carrier is a 
ribose sugar as shown in structure LCM-I. In this embodi 
ment, the ligand-conjugated monomer is a nucleoside. 

Sugar-Based Monomers 

LCM-I 

0619 “B” represents a nucleobase, e.g., a naturally occur 
ring nucleobase optionally having one or more chemical 
modifications, e.g., and unusual base; or a universal base. 
0620. As used herein, an “unusual nucleobase can 
include any one of the following: 
0621 
0622 N6-methyladeninyl, 
0623 2-methylthio-N-6-methyladeninyl, 
0624 N6-isopentenyladeninyl, 
0625 2-methylthio-N-6-isopentenyladeninyl, 
0626 
0627 2-methylthio-N-6-(cis-hydroxyisopentenyl)adeni 
nyl, 

(0628 
0629 N6-threonylcarbamoyladeninyl, 
0630 2-methylthio-N-6-threonyl carbamoyladeninyl, 
0631 
0632 N6-hydroxynorvalylcarbamoyladeninyl, 
0633 2-methylthio-N-6-hydroxynorvalyl carbamoylad 
eninyl, 

2-methyladeninyl, 

N6-(cis-hydroxyisopentenyl)adeninyl, 

N6-glycinylcarbamoyladeninyl, 

N6-methyl-N-6-threonylcarbamoyladeninyl, 

0634) N6.N6-dimethyladeninyl, 
0635. 3-methylcytosinyl, 
0636 5-methylcytosinyl, 
0637 2-thiocytosinyl, 
0638 5-formylcytosinyl, 

NH 

0639 N4-methylcytosinyl, 
0640 5-hydroxymethylcytosinyl, 
0641 1-methylguaninyl, 
0642 N2-methylguaninyl, 
0643 7-methylguaninyl, 
0644 N2.N2-dimethylguaninyl, 
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-continued 

0645 
0646 
(0647 
0648 
0649) 
0650 
0651) 
0652 
0653 
0654 
0655 
0656 
0657 
0658 
0659 
0660 
0661 
0662 
0663 
0664 
0665 
0666 
0667 
0668 
0669 
0670) 
0671 5-carbamoylmethyluracilyl, 5-carboxymethylami 
nomethyluracilyl, 

0672 
0673 
0674) 

racilyl, 
0675 
0676 
0677 
0678. A universal base can form base pairs with each of 
the natural DNA/RNA bases, exhibiting relatively little dis 
crimination between them. In general, the universal bases are 
non-hydrogen bonding, hydrophobic, aromatic moieties 
which can stabilize e.g., duplex RNA or RNA-like molecules, 
via Stacking interactions. A universal base can also include 
hydrogen bonding Substituents. 

N2,7-dimethylguaninyl, 
N2.N2,7-trimethylguaninyl, 
1-methylguaninyl, 
7-cyano-7-deazaguaninyl, 
7-aminomethyl-7-deazaguaninyl, 
pseudouracilyl, 
dihydrouracilyl, 
5-methyluracilyl, 
1-methylpseudouracilyl, 
2-thiouracilyl, 
4-thiouracilyl, 
2-thiothyminyl 
5-methyl-2-thiouracilyl, 
3-(3-amino-3-carboxypropyl)uracilyl, 
5-hydroxyuracilyl, 
5-methoxyuracilyl, 
uracilyl 5-oxyacetic acid, 
uracilyl 5-oxyacetic acid methyl ester, 
5-(carboxyhydroxymethyl)uracilyl, 
5-(carboxyhydroxymethyl)uracilyl methyl ester, 
5-methoxycarbonylmethyluracilyl, 
5-methoxycarbonylmethyl-2-thiouracilyl, 
5-aminomethyl-2-thiouracilyl, 
5-methylaminomethyluracilyl, 
5-methylaminomethyl-2-thiouracilyl, 
5-methylaminomethyl-2-selenouracilyl, 

5-carboxymethylaminomethyl-2-thiouracilyl, 
3-methyluracilyl, 
1-methyl-3-(3-amino-3-carboxypropyl) pseudou 

5-carboxymethyluracilyl, 
5-methyldihydrouracilyl, or 
3-methylpseudouracily1. 
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0679. As used herein, a “universal base' can include 
anthracenes, pyrenes or any one of the following: 

F CH3 NH2 

HC N NN C Cy 
r 

NH2 NO 

- n Oy (S 
21 N N 

CH, O voys 
ON O 21 

CH, O O 

X CX 21 HC 2 

CH 

CH 
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-continued 
HC CH3, 
3 3 N N 

3. 
O 

21 CH 
CH 

CH 

o NS 

\ ( \ / 
0680 In some embodiments, B can form part of a tether 
that connects a ligand to the carrier. For example, the tether 
can be B CH=CH-C(O)NH-(CH) NHC(O)- 
LIGAND. In a preferred embodiment, the double bond is 
trans, and the ligand is a Substituted or unsubstituted choles 
terolyl radical (e.g., attached through the D-ring side chain or 
the C-3 hydroxyl); an aralkyl moiety having at least one 
sterogenic center and at least one substituent on the aryl 
portion of the aralkyl group; or a nucleobase. In certain 
embodiments, B, in the tether described above, is uracilyl or 
a universal base, e.g., an aryl moiety, e.g., phenyl, optionally 
having additional Substituents, e.g., one or more fluoro 
groups. B can be substituted at any atom with the remainder 
of the tether. 
0681 X can include “oxy” or “deoxy” substituents in 
place of the 2'-OH or be a ligand or a tethered ligand. 
0682 Examples of “oxy'-substituents include alkoxy or 
aryloxy (OR, e.g., R=H, alkyl, cycloalkyl, aryl, aralkyl, het 
eroaryl, Sugar, or protecting group); polyethyleneglycols 
(PEG), O(CHCHO), CHCHOR: “locked nucleic acids 
(LNA) in which the 2' hydroxyl is connected, e.g., by a 
methylene bridge, to the 4' carbon of the same ribose Sugar, 
O PROTECTED AMINE (AMINE=NH; alkylamino, 
dialkylamino, heterocyclyl, arylamino, diaryl amino, het 
eroaryl amino, or diheteroaryl amino, ethylene diamine, 
polyamino) and aminoalkoxy, O(CH), PROTECTED 
AMINE, (e.g., AMINE=NH; alkylamino, dialkylamino, het 
erocyclyl, arylamino, diaryl amino, heteroaryl amino, or 
diheteroaryl amino, ethylene diamine, polyamino), and 
orthoester. Amine protecting groups can include formyl. 
amido, benzyl, allyl, etc. 
0683 Preferred orthoesters have the general formula J. 
The groups R and R may be the same or different. A 
preferred orthoester is the ACE’ group, shown below as 
structure K. 
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1. 

J 

er's 
K 

C, 
HC O ls O CH 3 r N-1\o O1N1 3 

O O 

0684) “Deoxy” substituents include hydrogen (i.e. deox 
yribose Sugars); halo (e.g., fluoro); protected amino (e.g. 
NH, alkylamino, dialkylamino, heterocyclyl, arylamino, 
diarylamino, heteroarylamino, diheteroarylamino, oramino 
acid in which all amino are protected); fully protected 
polyamino (e.g., NH(CHCH-NH), CHCH-AMINE, 
wherein AMINE=NH; alkylamino, dialkylamino, heterocy 
clyl, arylamino, diaryl amino, heteroaryl amino, or dihet 
eroaryl amino and all amino groups are protected), —NHC 
(O)R(R-alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar), 
cyano; alkyl-thio-alkyl; thioalkoxy; and alkyl, cycloalkyl, 
aryl, alkenyl and alkynyl, which may be optionally Substi 
tuted with e.g., a protected amino functionality. Preferred 
substitutents are 2'-methoxyethyl. 2'-OCH3,2'-O-allyl. 2'-C- 
allyl, and 2'-fluoro. 
0685 X is as described for OFG above. 
0686 PG can be a triarylmethyl group (e.g., a dimethox 
ytrityl group) or Si(X)(X)(X") in which (X), (X), and 
(X") are as described elsewhere. 
0687 
0688 Cyclic Sugar replacement-based monomers, e.g., 
Sugar replacement-based ligand-conjugated monomers, are 
also referred to hereinas Sugar replacement monomer Subunit 
(SRMS) monomer compounds. Preferred carriers have the 
general formula (LCM-2) provided below. (In that structure 
preferred backbone attachment points can be chosen from R' 
or R. R (two positions are chosen to give two backbone 
attachment points, e.g., R' and R', or R and R). Preferred 
tethering attachment points include R'; R or R' when X is 
CH. The carriers are described below as an entity, which can 
be incorporated into a strand. Thus, it is understood that the 
structures also encompass the situations wherein one (in the 
case of a terminal position) or two (in the case of an internal 
position) of the attachment points, e.g., R' or R. R. or R'; or 
R or R' (when Y is CRR'), is connected to the phosphate, 
or modified phosphate, e.g., Sulfur containing, backbone. 
E.g., one of the above-named R groups can be —CH2—, 
wherein one bond is connected to the carrier and one to a 
backbone atom, e.g., a linking oxygen or a central phosphorus 
atOm. 

Sugar Replacement-Based Monomers 
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(LCM-2) 
RI R6 

X 

R2 Y 
R3 Z Y 

R4 Y 

0689 in which, 
0690 X is N(CO)R7, NR7 or CH: 
0691 Y is NR, O, S, CRR': 
0692 Z is CR'R' or absent: 
0693. Each of R', R. R. R. R. and R' is, indepen 
dently, H, OR", or (CH), OR, provided that at least two of 
R", R. R. R. R. and R'' are OR and/or (CH), OR; 
0694 Each of R. R. R', and R' is, independently, a 
ligand, H, C-C alkyl optionally substituted with 1-3 R', or 
C(O)NHR'; or R and R'' together are C-C cycloalkyl 
optionally substituted with R'': 
(0695) R' can be a ligand, e.g., R' can be R", or R' can be a 
ligand tethered indirectly to the carrier, e.g., through a teth 
ering moiety, e.g., C-C alkyl substituted with NRR'; or 
C-C alkyl substituted with NHC(O)R". 
0696 R is Hor C-C alkyl: 
0697) R' is hydroxy, C-C alkoxy, or halo: 
0698) R' is NRR7; 
0699 R' is C-C alkyl optionally substituted with cyano, 
or C-C alkenyl; 
(0700) R' is C-C alkyl: 
(0701) R' is a liquid or solid phase support reagent; 
(0702 L is C(O)(CH2)Ac(O) , or C(O)(CH2)S : 
0703 R' is a protecting group, e.g., CArs; (e.g., a 
dimethoxytrityl group) or Si(X)(X)(X") in which (X), 
(X), and (X") are as described elsewhere. 
(0704) R' is P(O)(O)H, P(OR)N(R'), or L-R'7; 
0705 R is H or C-C alkyl; 
(0706) R' is Hora ligand; 
0707. Each Ar is, independently, Co-Co aryl optionally 
substituted with C-C alkoxy; 
0708 
0709 Exemplary carriers include those in which, e.g., X is 
N(CO)R7 or NR7,Y is CRR, and or X is N(CO)R7 or NR7, 
Y is NR, and Z is CR'R'': or X is N(CO)R7 or NR7, Y is O, 
and Z is CR'R'': or X is CH;Y is CRR'; Z is CR'R'', 
and RandR'' together form C cycloalkyl (H, Z–2), or the 
indane ring system, e.g., X is CH; Y is CRR'; Z is 
CR'R'', and R and R'' together form C cycloalkyl (H, 
Z=1). 
0710. In certain embodiments, the carrier may be based on 
the pyrroline ring system or the 4-hydroxyproline ring sys 
tem, e.g., X is N(CO)R’ or NR7,Y is CRR', and Z is absent 
(D). OFG' is preferably attached to a primary carbon, e.g., an 
exocyclic alkylene 

n is 1-4; and q is 0-4. 
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D 
OFG2 

?tate 2 

LIGAND 

0711 group, e.g., a methylene group, connected to one of 
the carbons in the five-membered ring ( CHOFG' in D). 
OFG is preferably attached directly to one of the carbons in 
the five-membered ring ( OFG in D). For the pyrroline 
based carriers, —CHOFG' may be attached to C-2 and 
OFG may be attached to C-3; or -CHOFG may be 
attached to C-3 and OFG may be attached to C-4. In certain 
embodiments, CHOFG' and OFG may be geminally sub 
stituted to one of the above-referenced carbons. For the 3-hy 
droxyproline-based carriers, —CHOFG may be attached to 
C-2 and OFG may be attached to C-4. The pyrroline- and 
4-hydroxyproline-based monomers may therefore contain 
linkages (e.g., carbon-carbon bonds) wherein bond rotation is 
restricted about that particular linkage, e.g. restriction result 
ing from the presence of a ring. Thus, CHOFG' and OFG 
may be cis or trans with respect to one another in any of the 
pairings delineated above Accordingly, all cis/trans isomers 
are expressly included. The monomers may also contain one 
or more asymmetric centers and thus occur as racemates and 
racemic mixtures, single enantiomers, individual diastere 
omers and diastereomeric mixtures. All Such isomeric forms 
of the monomers are expressly included (e.g., the centers 
bearing CH-OFG' and OFG can both have the R configura 
tion; or both have the S configuration; or one center can have 
the R configuration and the other center can have the S con 
figuration and vice versa). The tethering attachment point is 
preferably nitrogen. Preferred examples of carrier D include 
the following: 

O tether-ligand tether-ligand 

N HC1 
H H 

- N - N 
GFO GFO 

OFG OFG 

O tether-ligand -tether-ligand 
HC 

N 

GFO s n GFO 
i. OFG NC?, OFG 


































































