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RNA INTERFERENCE MEDIATED INHIBITION 
OF ADENOSINE A1 RECEPTOR (ADORAl) GENE 
EXPRESSION USING SHORT INTERFERING RNA 

PRIORITY 

[0001] This application claims the bene?t of US. Patent 
Application 60/315,315 ?led on Aug. 28, 2001. 

BACKGROUND OF THE INVENTION 

[0002] The present invention concerns methods and 
reagents useful in modulating gene expression associated 
With asthma, in?ammation and allergic response in a variety 
of applications, including use in therapeutic, diagnostic, 
target validation, and genomic discovery applications. Spe 
ci?cally, the invention relates to short interfering nucleic 
acid molecules (siRNA) capable of mediating RNA inter 
ference (RNAi) against adenosine A1 receptor gene expres 
sion. 

[0003] The folloWing is a discussion of relevant art per 
taining to RNAi. The discussion is provided only for under 
standing of the invention that folloWs. The summary is not 
an admission that any of the Work described beloW is prior 
art to the claimed invention. 

[0004] RNA interference refers to the process of sequence 
speci?c post transcriptional gene silencing in animals medi 
ated by short interfering RNAs (siRNA) (Fire et al., 1998, 
Nature, 391, 806). The corresponding process in plants is 
commonly referred to as post transcriptional gene silencing 
or RNA silencing and is also referred to as quelling in fungi. 
The process of post transcriptional gene silencing is thought 
to be an evolutionarily conserved cellular defense mecha 
nism used to prevent the expression of foreign genes Which 
is commonly shared by diverse ?ora and phyla (Fire et al., 
1999, Trends Genet, 15, 358). Such protection from foreign 
gene expression may have evolved in response to the 
production of double stranded RNAs (dsRNA) derived from 
viral infection or the random integration of transposon 
elements into a host genome via a cellular response that 
speci?cally destroys homologous single stranded RNA or 
viral genomic RNA. The presence of dsRNA in cells triggers 
the RNAi response though a mechanism that has yet to be 
fully characteriZed. This mechanism appears to be different 
from the interferon response that results from dsRNA medi 
ated activation of protein kinase PKR and 2‘, 5‘-oligoadeny 
late synthetase resulting in non-speci?c cleavage of mRNA 
by ribonuclease L. 

[0005] The presence of long dsRNAs in cells stimulates 
the activity of a ribonuclease III enZyme referred to as Dicer. 
Dicer is involved in the processing of the dsRNA into short 
pieces of dsRNA knoWn as short interfering RNAs (siRNA) 
(Berstein et al., 2001, Nature, 409, 363). Short interfering 
RNAs derived from Dicer activity are typically about 21-23 
nucleotides in length and comprise about 19 base pair 
duplexes. Dicer has also been implicated in the excision of 
21 and 22 nucleotide small temporal RNAs (stRNA) from 
precursor RNA of conserved structure that are implicated in 
translational control (Hutvagner et al., 2001, Science, 293, 
834). The RNAi response also features an endonuclease 
complex containing a siRNA, commonly referred to as an 
RNA-induced silencing complex (RISC), Which mediates 
cleavage of single stranded RNA having sequence comple 
mentary to the antisense strand of the siRNA duplex. Cleav 
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age of the target RNA takes place in the middle of the region 
complementary to the antisense strand of the siRNA duplex 
(Elbashir et al., 2001, Genes Dev., 15, 188). 
[0006] RNAi has been studied in a variety of systems. Fire 
et al., 1998, Nature, 391, 806, Were the ?rst to observe RNAi 
in C. elegans. Wianny and GoetZ, 1999, Nature Cell Biol, 
2, 70, describe RNAi mediated by dsRNA in mouse 
embryos. Hammond et al., 2000, Nature, 404, 293, describe 
RNAi in Drosophila cells transfected With dsRNA. Elbashir 
et al., 2001, Nature, 411, 494, describe RNAi induced by 
introduction of duplexes of synthetic 21-nucleotide RNAs in 
cultured mammalian cells including human embryonic kid 
ney and HeLa cells. Recent Work in Drosophila embryonic 
lysates (Elbashir et al., 2001, EMBO J ., 20, 6877) has 
revealed certain requirements for siRNA length, structure, 
chemical composition, and sequence that are essential to 
mediate ef?cient RNAi activity. These studies have shoWn 
that 21 nucleotide siRNA duplexes are most active When 
containing tWo nucleotide 3‘-overhangs. Furthermore, com 
plete substitution of one or both siRNA strands With 
2‘-deoxy (2‘-H) or 2‘-O-methyl nucleotides abolishes RNAi 
activity, Whereas substitution of the 3‘-terminal siRNA over 
hang nucleotides With deoxy nucleotides (2‘-H) Was shoWn 
to be tolerated. Single mismatch sequences in the center of 
the siRNA duplex Were also shoWn to abolish RNAi activity. 
In addition, these studies also indicate that the position of the 
cleavage site in the target RNA is de?ned by the 5 ‘-end of the 
siRNA guide sequence rather than the 3‘-end (Elbashir et al., 
2001, EMBO J ., 20, 6877). Other studies have indicated that 
a 5‘-phosphate on the target-complementary strand of a 
siRNA duplex is required for siRNA activity and that ATP is 
utiliZed to maintain the 5‘-phosphate moiety on the siRNA 
(Nykanen et al., 2001, Cell, 107, 309). 

[0007] Studies have shoWn that replacing the 3‘-overhang 
ing segments of a 21-mer siRNA duplex having 2 nucleotide 
3‘ overhangs With deoxyribonucleotides does not have an 
adverse effect on RNAi activity. Replacing up to 4 nucle 
otides on each end of the siRNA With deoxyribonucleotides 
has been reported to be Well tolerated Whereas complete 
substitution With deoxyribonucleotides results in no RNAi 
activity (Elbashir et al., 2001, EMBO J., 20, 6877). In 
addition, Elbashir et al., supra, also report that substitution 
of siRNA With 2‘-O-methyl nucleotides completely abol 
ishes RNAi activity. Li et al., International PCT Publication 
No. WO 00/44914, and Beach et al., International PCT 
Publication No. WO 01/68836 both suggest that siRNA 
“may include modi?cations to either the phosphate-sugar 
back bone or the nucleoside to include at least one of a 

nitrogen or sulfur heteroatom”, hoWever neither application 
teaches to What extent these modi?cations are tolerated in 
siRNA molecules nor provide any examples of such modi 
?ed siRNA. KreutZer and Limmer, Canadian Patent Appli 
cation No. 2,359,180, also describe certain chemical modi 
?cations for use in dsRNA constructs in order to counteract 
activation of double stranded-RNA-dependent protein 
kinase PKR, speci?cally 2‘-amino or 2‘-O-methyl nucle 
otides, and nucleotides containing a 2‘-O or 4‘-C methylene 
bridge. HoWever, KreutZer and Limmer similarly fail to 
shoW to What extent these modi?cations are tolerated in 
siRNA molecules nor do they provide any examples of such 
modi?ed siRNA. 

[0008] Parrish et al., 2000, Molecular Cell, 6, 1977-1087, 
tested certain chemical modi?cations targeting the unc-22 



US 2003/0143732 A1 

gene in C. elegans using long (>25 nt) siRNA transcripts. 
The authors describe the introduction of thiophosphate resi 
dues into these siRNA transcripts by incorporating thiophos 
phate nucleotide analogs With T7 and T3 RNA polymerase 
and observed that “RNAs With tWo [phosphorothioate] 
modi?ed bases also had substantial decreases in effective 
ness as RNAi triggers (data not shoWn); [phosphorothioate] 
modi?cation of more than tWo residues greatly destabiliZed 
the RNAs in vitro and We Were not able to assay interference 
activities.” Id. at 1081. The authors also tested certain 
modi?cations at the 2‘-position of the nucleotide sugar in the 
long siRNA transcripts and observed that substituting 
deoxynucleotides for ribonucleotides “produced a substan 
tial decrease in interference activity”, especially in the case 
of Uridine to Thymidine and/or Cytidine to deoxy-Cytidine 
substitutions. Id. In addition, the authors tested certain base 
modi?cations, including substituting 4-thiouracil, 5-bro 
mouracil, 5-iodouracil, 3-(aminoallyl)uracil for uracil, and 
inosine for guanosine in sense and antisense strands of the 
siRNA, and found that Whereas 4-thiouracil and 5-bromou 
racil Were all Well tolerated, inosine “produced a substantial 
decrease in interference activity” When incorporated in 
either strand. Incorporation of 5-iodouracil and 3-(aminoal 
lyl)uracil in the antisense strand resulted in substantial 
decrease in RNAi activity as Well. 

[0009] Beach et al., International PCT Publication No. 
WO 01/68836, describes speci?c methods for attenuating 
gene expression using endogenously derived dsRNA. Tuschl 
et al., International PCT Publication No. WO 01/75164, 
describes a Drosophila in vitro RNAi system and the use of 
speci?c siRNA molecules for certain functional genomic 
and certain therapeutic applications; although Tuschl, 2001, 
Chem. Bi0chem., 2, 239-245, doubts that RNAi can be used 
to cure genetic diseases or viral infection due “to the danger 
of activating interferon response”. Li et al., International 
PCT Publication No. WO 00/44914, describes the use of 
speci?c dsRNAs for use in attenuating the expression of 
certain target genes. Zernicka-GoetZ et al., International 
PCT Publication No. WO 01/36646, describes certain meth 
ods for inhibiting the expression of particular genes in 
mammalian cells using certain dsRNA molecules. Fire et al., 
International PCT Publication No. WO 99/32619, describes 
particular methods for introducing certain dsRNA molecules 
into cells for use in inhibiting gene expression. Plaetinck et 
al., International PCT Publication No. WO 00/01846, 
describes certain methods for identifying speci?c genes 
responsible for conferring a particular phenotype in a cell 
using speci?c dsRNA molecules. Mello et al., International 
PCT Publication No. WO 01/29058, describes the identi? 
cation of speci?c genes involved in dsRNA mediated RNAi. 
Deschamps Depaillette et al., International PCT Publication 
No. WO 99/07409, describes speci?c compositions consist 
ing of particular dsRNA molecules combined With certain 
anti-viral agents. Waterhouse et al., International PCT Pub 
lication No. 99/53050, describes certain methods for 
decreasing the phenotypic expression of a nucleic acid in 
plant cells. Driscoll et al., International PCT Publication No. 
WO 01/49844, describes speci?c DNA constructs for use in 
facilitating gene silencing in targeted organisms. Parrish et 
al., 2000, Molecular Cell, 6, 1977-1087, describes speci?c 
chemically modi?ed siRNA constructs targeting the unc-22 
gene of C. elegans. Grossniklaus, International PCT Publi 
cation No. WO 01/38551, describes certain methods for 
regulating polycomb gene expression in plants. Churikov et 
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al., International PCT Publication No. WO 01/42443, 
describes certain methods for modifying genetic character 
istics of an organism. Cogoni et al., International PCT 
Publication No. WO 01/53475, describes certain methods 
for isolating a Neurospora silending gene and uses thereof. 
Reed et al., International PCT Publication No. WO 
01/68836, describes certain methods for gene silencing in 
plants. Honer et al, International PCT Publication No. WO 
01/70944, describes certain methods of drug screening using 
transgenic nematodes as Parkinson’s disease models. Deak 
et al., International PCT Publication No. WO 01/72774, 
describes certain Drosophila derived gene products. Arndt et 
al., International PCT Publication No. WO 01/92513 
describes certain methods for mediating gene suppression by 
using factors that enhance RNAi. Tuschl et al., International 
PCT Publication No. WO 02/44321, describe certain syn 
thetic siRNA constructs. Pachuk et al., International PCT 
Publication No. WO 00/63364, and Satishchandran et al., 
International PCT Publication No. WO 01/04313 describes 
certain methods and compositions for inhibiting the function 
of certain polynucleotide sequences. Echeverri et al., Inter 
national PCT Publication No. WO 02/38805, describes 
certain C. elegans genes identi?ed via RNAi. KreutZer et al., 
International PCT Publication No. WO 02/055692 and WO 
02/055693, describes certain methods for inhibiting gene 
expression using RNAi. 

[0010] Asthma is a chronic in?ammatory disorder of the 
lungs characteriZed by air?oW obstruction, bronchial hyper 
responsiveness, and airWay in?ammation. T-lymphocytes 
that produce TH2 cytokines and eosinophilic leukocytes 
in?ltrate the airWays. In the airWay and in bronchial alveolar 
lavage (BAL) ?uid of individuals With asthma, high con 
centrations of TH2 cytokines, interleukin-4 (IL-4), IL-5, and 
IL-13, are present along With increased levels of adenosine. 
In contrast to normal individuals, asthmatics respond to 
adenosine challenge With marked airWay obstruction. Upon 
allergen challenge, mast cells are activated by cross-linked 
IgE-allergen complexes. Large amounts of prostaglandin D2 
(PGD2), the major cyclooxygenase product of arachidonic 
acid are released. PGD2 is generated from PGH2 via the 
activity of prostaglandin D2 synthetase (PTGDS). PGD2 
receptors and adenosine A1 receptors are present in the 
lungs and airWay along With various other tissues in 
response to allergic stimuli (HoWarth, 1997,Allergy, 52, 12). 

[0011] The signi?cance of PGD2 as a mediator of allergic 
asthma has been established With the development of mice 
de?cient in the PGD2 receptor (DP). DP is a heterotrimeric 
GTP-binding protein-coupled, rhodopsin-type receptor spe 
ci?c for PGD2 (Hirata et al., 1994, PNAS USA, 91, 11192). 
These mice fail to develop airWay hyperreactivity and have 
greatly reduced eosinophil in?ltration and cytokine accu 
mulation in response to allergens. Upon allergen challenge 
mice de?cient in the prostaglandin D2 (PGD2) receptor 
(DP) did not develop airWay hyperactivity. Cytokine, lym 
phocyte and eosinophil accumulation in the lungs Were 
greatly reduced (Matsuoka et al., 2000, Science, 287, 2013). 
The DP -/- mice exhibited no behavioral, anatomic, or 
histological abnormalities. Primary immune response is not 
affected by DP disruption. 

[0012] Asthma affects more than 100 million people 
WorldWide and more than 17 million Americans (5% of the 
population). Since 1980 the incidence has more than 
doubled and deaths have tripled (5,000 deaths in 1995). 
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Annual asthma-related healthcare costs in the US alone Were 
estimated to exceed $14.5 billion in 2000. Current therapies 
such as inhalant anti-in?ammatories and bronchodilators 
can be used to treat symptoms, hoWever, these therapies do 
not prevent or cure asthma. 

SUMMARY OF THE INVENTION 

[0013] One embodiment of the invention provides a short 
interfering RNA (siRNA) molecule that doWn regulates 
expression of adenosine A1 receptor (ADORA1) by RNA 
interference. The siRNA molecule can be adapted for use to 
treat, for eXample allergic/in?ammatory diseases and con 
ditions, including but not limited to asthma, allergic rhinitis, 
atopic dermatitis, and any other indications that can respond 
to the level of ADORA1. The siRNA molecule can comprise 
a sense region and an antisense region. The antisense region 
can comprise sequence complementary to an RNA sequence 
encoding ADORA1 and the sense region can comprise 
sequence complementary to the antisense region. An siRNA 
molecule of the invention can be adapted for use to treat 
asthma. 

[0014] An siRNA molecule can comprise a sense region 
and an antisense region and Wherein said antisense region 
comprises sequence complementary to an RNA sequence 
encoding ADORA1 and the sense region comprises 
sequence complementary to the antisense region. 

[0015] The siRNA molecule can be assembled from tWo 
nucleic acid fragments Wherein one fragment comprises the 
sense region and the second fragment comprises the anti 
sense region of said siRNA molecule. The sense region and 
antisense region can be covalently connected via a linker 
molecule. The linker molecule can be a polynucleotide 
linker or a non-nucleotide linker. 

[0016] The antisense region of ADORA1 siRNA con 
structs can comprise a sequence complementary to sequence 
having any of SEQ ID NOs. 1-161. The antisense region can 
also comprise sequence having any of SEQ ID NOs. 162 
322, 336, 338, 340, 342, 344, or 346. The sequences shoWn 
in SEQ ID NO: 1-346 are not limiting. A siRNA molecule 
of the invention can comprise any contiguous ADORA1 
sequences (e.g., about 19 contiguous ADORA1 nucleotides. 
The sense region of ADORA1 siRNA constructs can com 

prise sequence having any of SEQ ID NOs. 1-161, 335, 337, 
339, 341, 343, or 345. The sense region can comprise a 
sequence of SEQ ID NO. 323 and the antisense region can 
comprise a sequence of SEQ ID NO. 324. The sense region 
can comprise a sequence of SEQ ID NO. 325 and the 
antisense region can comprise a sequence of SEQ ID NO. 
326. The sense region can comprise a sequence of SEQ ID 
NO. 327 and the antisense region can comprise a sequence 
of SEQ ID NO. 328. The sense region can comprise a 
sequence of SEQ ID NO. 329 and the antisense region can 
comprise a sequence of SEQ ID NO. 330. The sense region 
can comprise a sequence of SEQ ID NO. 331 and the 
antisense region can comprise a sequence of SEQ ID NO. 
332. The sense region can comprise a sequence of SEQ ID 
NO. 333 and the antisense region can comprise a sequence 
of SEQ ID NO. 334. 

[0017] The sense region of a siRNA molecule of the 
invention can comprise a 3‘-terminal overhang and the 
antisense region can comprise a 3‘-terminal overhang. The 
3‘-terminal overhangs each can comprise about 2 nucle 
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otides. The antisense region of the 3‘-terminal nucleotide 
overhang can be complementary to RNA encoding 
ADORA1. 

[0018] The sense region of a siRNA molecule can com 
prise one or more (e.g., about 1, 2, 3, 4, 5, or more) 
2‘-O-methyl modi?ed pyrimidine nucleotides. The sense 
region can comprise a terminal cap moiety at the 5‘-end, 
3‘-end, or both 5‘ and 3‘ ends of said sense region. 

[0019] The antisense region of a siRNA molecule can 
comprise one or more (e.g., about 1, 2, 3, 4, 5, or more) 
2‘-deoXy-2‘-?uoro modi?ed pyrimidine nucleotides. The 
antisense region can also comprise a phosphorothioate inter 
nucleotide linkage at the 3‘ end of said antisense region. The 
antisense region can comprise betWeen about one and about 
?ve phosphorothioate internucleotide linkages at the 5‘ end 
of said antisense region. 

[0020] The 3‘-terminal nucleotide overhangs of a siRNA 
molecule can comprise ribonucleotides or deoXyribonucle 
otides that are chemically modi?ed at a nucleic acid sugar, 
base, or backbone. The 3‘-terminal nucleotide overhangs can 
also comprise one or more (e.g., about 1, 2, 3, 4, 5, or more) 
universal base ribonucleotides. Additionally, the 3‘-terminal 
nucleotide overhangs can comprise one or more (e.g., about 
1, 2, 3, 4, 5, or more) acyclic nucleotides. 

[0021] The 3‘-terminal nucleotide overhangs can comprise 
nucleotides comprising internucleotide linkages having For 
mula I: 

[0022] Wherein each R1 and R2 is independently any 
nucleotide, non-nucleotide, or polynucleotide Which can be 
naturally occurring or chemically modi?ed, each X and Y is 
independently O, S, N, alkyl, or substituted alkyl, each Z and 
W is independently O, S, N, alkyl, substituted alkyl, O-alkyl, 
S-alkyl, alkaryl, or aralkyl, and Wherein W, X, Y and Z are 
not all O. 

[0023] The 3‘-terminal nucleotide overhangs can comprise 
nucleotides or non-nucleotides having Formula II: 

[0024] Wherein each R3, R4, R5, R6, R7, R8, R10, R11 
and R12 is independently H, OH, alkyl, substituted alkyl, 
alkaryl or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, 
S-alkyl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, 
alkyl-OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl 
OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, 
N3, NH2, aminoalkyl, aminoacid, aminoacyl, ONH2, 
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O-aminoalkyl, O-aminoacid, O-aminoacyl, heterocy 
cloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkly 
lamino, substituted silyl, or group having Formula I; R9 is 
O, S, CH2, S=O, CHF, or CF2, and B is a nucleosidic base 
or any other non-naturally occurring base that can be 
complementary or non-complementary to ADORA1 RNA or 
a non-nucleosidic base or any other non-naturally occurring 
universal base that can be complementary or non-comple 
mentary to ADORA1 RNA. 

[0025] Another embodiment of the invention provides an 
expression vector comprising a nucleic acid sequence 
encoding at least one siRNA molecule of the invention in a 
manner that alloWs expression of the nucleic acid molecule. 
The expression vector can be in a mammalian cell, such as 
a human cell. The siRNA molecule can comprise a sense 
region and an antisense region. The antisense region can 
comprise sequence complementary to an RNA sequence 
encoding ADORA1 and the sense region comprises 
sequence complementary to the antisense region. The 
siRNA molecule can comprise tWo distinct strands having 
complementarity sense and antisense regions or can com 
prise a single strand having complementary sense and anti 
sense regions. 

[0026] Therefore, this invention relates to compounds, 
compositions, and methods useful for modulating gene 
expression, for example, genes associated With asthma, 
in?ammation and allergic response by RNA interference 
(RNAi) using short interfering RNA (siRNA). In particular, 
the instant invention features siRNA molecules and methods 
to modulate the expression of ADORA1. The siRNA of the 
invention can be unmodi?ed or chemically modi?ed. The 
siRNA of the instant invention can be chemically synthe 
siZed, expressed from a vector or enZymatically synthesiZed. 
The instant invention also features various chemically modi 
?ed synthetic short interfering RNA (siRNA) molecules 
capable of modulating ADORA1 gene expression/ activity in 
cells by RNA inference (RNAi). The use of chemically 
modi?ed siRNA is expected to improve various properties of 
native siRNA molecules through increased resistance to 
nuclease degradation in vivo and/or improved cellular 
uptake. The siRNA molecules of the instant invention pro 
vide useful reagents and methods for a variety of therapeu 
tic, diagnostic, agricultural, target validation, genomic dis 
covery, genetic engineering and pharmacogenomic 
applications. 
[0027] In one embodiment, the invention features one or 
more siRNA molecules and methods that independently or 
in combination modulate the expression of gene(s) encoding 
proteins associated With asthma, in?ammation, and the 
allergic response. Speci?cally, the present invention features 
siRNA molecules that modulate the expression of ADORA1 
genes such as GenBank accession No. NMi000674. 

[0028] The description beloW of the various aspects and 
embodiments is provided With reference to the exemplary 
gene ADORA1. HoWever, the various aspects and embodi 
ments are also directed to other genes Which express other 
adenosine receptors (A2A, A2B, and/or Those addi 
tional genes can be analyZed for target sites using the 
methods described for ADORA1. Thus, the inhibition and 
the effects of such inhibition of the other genes can be 
performed as described herein. Thus, the inhibition and the 
effects of such inhibition of the other genes can be per 
formed as described herein. 
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[0029] In one embodiment, the invention features a siRNA 
molecule that doWn regulates expression of an ADORA1 
gene, for example, Wherein the ADORA1 gene comprises 
ADORA1 sequence. 

[0030] In one embodiment, the invention features a siRNA 
molecule having RNAi activity against ADORA1 RNA, 
Wherein the siRNA molecule comprises a sequence compli 
mentary to any RNA having ADORA1 encoding sequence, 
such as GenBank accession No. NMi000674. 

[0031] In another embodiment, the invention features a 
siRNA molecule comprising sequences selected from the 
group consisting of SEQ ID NOs: 1-322. In another embodi 
ment, the invention features an ADORA1 siRNA molecule 
having an antisense region complementary to any sequence 
having SEQ ID NOs: 1-161. In another embodiment, the 
invention features an ADORA1 siRNA molecule having an 
antisense region having any of SEQ ID NOs: 162-322, 336, 
338, 340, 342, 344, 346, 348, 350, 352 or 354. In another 
embodiment, the invention features an ADORA1 siRNA 
molecule having a sense region having any of SEQ ID NOs. 
1-161, 335, 337, 339, 341, 343, or 345, 347, 349, 351 or 353. 
The sense region can comprise a sequence of SEQ ID NO. 
323 and the antisense region can comprise a sequence of 
SEQ ID NO. 324. The sense region can comprise a sequence 
of SEQ ID NO. 325 and the antisense region can comprise 
a sequence of SEQ ID NO. 326. The sense region can 
comprise a sequence of SEQ ID NO. 327 and the antisense 
region can comprise a sequence of SEQ ID NO. 328. The 
sense region can comprise a sequence of SEQ ID NO. 329 
and the antisense region can comprise a sequence of SEQ ID 
NO. 330. The sense region can comprise a sequence of SEQ 
ID NO. 331 and the antisense region can comprise a 
sequence of SEQ ID NO. 332. The sense region can com 
prise a sequence of SEQ ID NO. 333 and the antisense 
region can comprise a sequence of SEQ ID NO. 334. In yet 
another embodiment, the invention features a siRNA mol 
ecule comprising a sequence, for example the antisense 
sequence of the siRNA construct, complementary to a 
sequence or portion of sequence comprising GenBank 
accession No. NMi000674. 

[0032] In one embodiment, a siRNA molecule of the 
invention has RNAi activity that modulates expression of 
RNA encoded by an ADORA1 gene. 

[0033] In one embodiment, nucleic acid molecules of the 
invention that act as mediators of the RNA interference gene 
silencing response are double stranded RNA molecules. In 
another embodiment, the siRNA molecules of the invention 
consist of duplexes containing about 19 base pairs betWeen 
oligonucleotides comprising about 19 to about 25 nucle 
otides (e.g., about 19, 20, 21, 22, 23, 24, or 25). In yet 
another embodiment, siRNA molecules of the invention 
comprise duplexes With overhanging ends of 1-3 (e.g., 1, 2, 
or 3) nucleotides, for example 21 nucleotide duplexes With 
19 base pairs and 2 nucleotide 3‘-overhangs. These nucle 
otide overhangs in the antisense strand are optionally 
complementary to the target sequence. 

[0034] In one embodiment, the invention features chemi 
cally modi?ed siRNA constructs having speci?city for 
ADORA1 expressing nucleic acid molecules. Non-limiting 
examples of such chemical modi?cations include Without 
limitation phosphorothioate internucleotide linkages, 2‘-O 
methyl ribonucleotides, 2‘-deoxy-2‘-?uoro ribonucleotides, 



US 2003/0143732 A1 

“universal base” nucleotides, S-C-methyl nucleotides, and 
inverted deoxyabasic residue incorporation. These chemical 
modi?cations, When used in various siRNA constructs, are 
shoWn to preserve RNAi activity in cells While at the same 
time, dramatically increasing the serum stability of these 
compounds. Furthermore, contrary to the data published by 
Parrish et al., supra, applicant demonstrates that multiple 
(greater than one) phosphorothioate substitutions are Well 
tolerated and confer substantial increases in serum stability 
for modi?ed siRNA constructs. Chemical modi?cations of 
the siRNA constructs can also be used to improve the 
stability of the interaction With the target RNA sequence and 
to improve nuclease resistance. 

[0035] In a non-limiting example, the introduction of 
chemically modi?ed nucleotides into nucleic acid molecules 
Will provide a poWerful tool in overcoming potential limi 
tations of in vivo stability and bioavailability inherent to 
native RNA molecules that are delivered exogenously. For 
example, the use of chemically modi?ed nucleic acid mol 
ecules can enable a loWer dose of a particular nucleic acid 
molecule for a given therapeutic effect since chemically 
modi?ed nucleic acid molecules tend to have a longer 
half-life in serum. Furthermore, certain chemical modi?ca 
tions can improve the bioavailability of nucleic acid mol 
ecules by targeting particular cells or tissues and/or improv 
ing cellular uptake of the nucleic acid molecule. Therefore, 
even if the activity of a chemically modi?ed nucleic acid 
molecule is reduced as compared to a native nucleic acid 
molecule, for example When compared to an all RNA 
nucleic acid molecule, the overall activity of the modi?ed 
nucleic acid molecule can be greater than the native mol 
ecule due to improved stability and/or delivery of the 
molecule. Unlike native unmodi?ed siRNA, chemically 
modi?ed siRNA can also minimiZe the possibility of acti 
vating interferon activity in humans. 

[0036] In one embodiment, the invention features a chemi 
cally modi?ed short interfering RNA (siRNA) molecule 
capable of mediating RNA interference (RNAi) against 
ADORA1 inside a cell or reconstituted in vitro system, 
Wherein the chemical modi?cation comprises one or more 
nucleotides comprising a backbone modi?ed internucleotide 
linkage having Formula I: 

[0037] Wherein each R1 and R2 is independently any 
nucleotide, non-nucleotide, or polynucleotide Which can be 
naturally occurring or chemically modi?ed, each X and Y is 
independently O, S, N, alkyl, or substituted alkyl, each Z and 
W is independently O, S, N, alkyl, substituted alkyl, O-alkyl, 
S-alkyl, alkaryl, or aralkyl, and Wherein W, X, Y and Z are 
not all O. 

[0038] The chemically modi?ed internucleotide linkages 
having Formula I, for example Wherein any Z, W, X, and/or 
Y independently comprises a sulphur atom, can be present in 
one or both oligonucleotide strands of the siRNA duplex, for 
example in the sense strand, antisense strand, or both 
strands. The siRNA molecules of the invention can comprise 
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one or more chemically modi?ed internucleotide linkages 
having Formula I at the 3‘-end, 5‘-end, or both 3‘ and 5‘-ends 
of the sense strand, antisense strand, or both strands. For 
example, an exemplary siRNA molecule of the invention 
can comprise betWeen about 1 and about 5 or more (e.g., 
about 1, 2, 3, 4, 5, or more) chemically modi?ed internucle 
otide linkages having Formula I at the 5‘-end of the sense 
strand, antisense strand, or both strands. In another non 
limiting example, an exemplary siRNA molecule of the 
invention can comprise one or more (e.g., about 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, or more) pyrimidine nucleotides With 
chemically modi?ed internucleotide linkages having For 
mula I in the sense strand, antisense strand, or both strands. 
In yet another non-limiting example, an exemplary siRNA 
molecule of the invention can comprise one or more (e.g., 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) purine nucleotides 
With chemically modi?ed internucleotide linkages having 
Formula I in the sense strand, antisense strand, or both 
strands. In another embodiment, a siRNA molecule of the 
invention having internucleotide linkage(s) of Formula I 
also comprises a chemically modi?ed nucleotide or non 
nucleotide having any of Formulae II, III, V, or VI. 

[0039] In one embodiment, the invention features a chemi 
cally modi?ed short interfering RNA (siRNA) molecule 
capable of mediating RNA interference (RNAi) against 
ADORA1 inside a cell or reconstituted in vitro system, 
Wherein the chemical modi?cation comprises one or more 
nucleotides or non-nucleotides having Formula II: 

[0040] Wherein each R3, R4, R5, R6, R7, R8, R10, R 11 
and R12 is independently H, OH, alkyl, substituted alkyl, 
alkaryl or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, 
S-alkyl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, 
alkyl-OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl 
OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, 
N3, NH2, aminoalkyl, aminoacid, aminoacyl, ONH2, 
O-aminoalkyl, O-aminoacid, O-aminoacyl, heterocy 
cloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkly 
lamino, substituted silyl, or group having Formula I; R9 is 
O, S, CH2, S=O, CHF, or CF2, and B is a nucleosidic base 
such as adenine, guanine, uracil, cytosine, thymine, 2-ami 
noadenosine, S-methylcytosine, 2,6-diaminopurine, or any 
other non-naturally occurring base that can be complemen 
tary or non-complementary to ADORA1 RNA or a non 
nucleosidic base such as phenyl, naphthyl, 3-nitropyrrole, 
S-nitroindole, nebularine, pyridone, pyridinone, or any other 
non-naturally occurring universal base that can be comple 
mentary or non-complementary to ADORA1 RNA. 

[0041] The chemically modi?ed nucleotide or non-nucle 
otide of Formula II can be present in one or both oligo 
nucleotide strands of the siRNA duplex, for example in the 
sense strand, antisense strand, or both strands. The siRNA 
molecules of the invention can comprise one or more 
chemically modi?ed nucleotide or non-nucleotide of For 
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mula II at the 3‘-end, 5‘-end, or both 3‘ and 5‘-ends of the 
sense strand, antisense strand, or both strands. For example, 
an exemplary siRNA molecule of the invention can com 
prise betWeen about 1 and about 5 or more (e.g., about 1, 2, 
3, 4, 5, or more) chemically modi?ed nucleotide or non 
nucleotide of Formula II at the 5‘-end of the sense strand, 
antisense strand, or both strands. In anther non-limiting 
example, an exemplary siRNA molecule of the invention 
can comprise betWeen about 1 and about 5 or more (e.g., 
about 1, 2, 3, 4, 5, or more) chemically modi?ed nucleotide 
or non-nucleotide of Formula II at the 3‘-end of the sense 
strand, antisense strand, or both strands. 

[0042] In one embodiment, the invention features a chemi 
cally modi?ed short interfering RNA (siRNA) molecule 
capable of mediating RNA interference (RNAi) against 
ADORA1 inside a cell or reconstituted in vitro system, 
Wherein the chemical modi?cation comprises one or more 
nucleotides or non-nucleotides having Formula III: 

[0043] Wherein each R3, R4, R5, R6, R7, R8, R10, R11 
and R12 is independently H, OH, alkyl, substituted alkyl, 
alkaryl or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, 
S-alkyl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, 
alkyl-OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl 
OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, 
N3, NH2, aminoalkyl, aminoacid, aminoacyl, ONH2, 
O-aminoalkyl, O-aminoacid, O-aminoacyl, heterocy 
cloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkly 
lamino, substituted silyl, or group having Formula I; R9 is 
O, S, CH2, S=O, CHF, or CF2, and B is a nucleosidic base 
such as adenine, guanine, uracil, cytosine, thymine, 2-ami 
noadenosine, S-methylcytosine, 2,6-diaminopurine, or any 
other non-naturally occurring base that can be employed to 
be complementary or non-complementary to ADORA1 
RNA or a non-nucleosidic base such as phenyl, naphthyl, 
3-nitropyrrole, S-nitroindole, nebularine, pyridone, pyridi 
none, or any other non-naturally occurring universal base 
that can be complementary or non-complementary to 
ADORA1 RNA. 

[0044] The chemically modi?ed nucleotide or non-nucle 
otide of Formula III can be present in one or both oligo 
nucleotide strands of the siRNA duplex, for example in the 
sense strand, antisense strand, or both strands. The siRNA 
molecules of the invention can comprise one or more 
chemically modi?ed nucleotide or non-nucleotide of For 
mula III at the 3‘-end, 5‘-end, or both 3‘ and 5‘-ends of the 
sense strand, antisense strand, or both strands. For example, 
an exemplary siRNA molecule of the invention can com 
prise betWeen about 1 and about 5 or more (e.g., about 1, 2, 
3, 4, 5, or more) chemically modi?ed nucleotide or non 
nucleotide of Formula III at the 5‘-end of the sense strand, 
antisense strand, or both strands. In anther non-limiting 
example, an exemplary siRNA molecule of the invention 
can comprise betWeen about 1 and about 5 or more (e.g., 
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about 1, 2, 3, 4, 5, or more) chemically modi?ed nucleotide 
or non-nucleotide of Formula III at the 3‘-end of the sense 
strand, antisense strand, or both strands. 

[0045] In another embodiment, a siRNA molecule of the 
invention comprises a nucleotide having Formula II or III, 
Wherein the nucleotide having Formula II or III is in an 
inverted con?guration. For example, the nucleotide having 
Formula II or III is connected to the siRNA construct in a 
3,3‘, 3‘-2‘, 2‘-3‘, or 5‘,5‘con?guration, such as at the 3‘-end, 
5‘-end, or both 3‘ and 5‘ ends of one or both siRNA strands. 

[0046] In one embodiment, the invention features a chemi 
cally modi?ed short interfering RNA (siRNA) molecule 
capable of mediating RNA interference (RNAi) against 
ADORA1 inside a cell or reconstituted in vitro system, 
Wherein the chemical modi?cation comprises a 5‘-terminal 
phosphate group having Formula IV: 

[0047] Wherein each X and Y is independently O, S, N, 
alkyl, substituted alkyl, or alkylhalo; each Z and W is 
independently O, S, N, alkyl, substituted alkyl, O-alkyl, 
S-alkyl, alkaryl, aralkyl, or alkylhalo; and Wherein W, X, Y 
and Z are not all O. 

[0048] In one embodiment, the invention features a siRNA 
molecule having a 5‘-terminal phosphate group having For 
mula IV on the target-complementary strand, for example a 
strand complementary to ADORA1 RNA, Wherein the 
siRNA molecule comprises an all RNA siRNA molecule. In 
another embodiment, the invention features a siRNA mol 
ecule having a 5‘-terminal phosphate group having Formula 
IV on the target-complementary strand Wherein the siRNA 
molecule also comprises 1-3 (e.g., 1, 2, or 3) nucleotide 
3‘-overhangs having betWeen about 1 and about 4 (e.g., 
about 1, 2, 3, or 4) deoxyribonucleotides on the 3‘-end of one 
or both strands. In another embodiment, a 5‘-terminal phos 
phate group having Formula IV is present on the target 
complementary strand of a siRNA molecule of the inven 
tion, for example a siRNA molecule having chemical 
modi?cations having Formula I, Formula II and/or Formula 
III. 

[0049] In one embodiment, the invention features a chemi 
cally modi?ed short interfering RNA (siRNA) molecule 
capable of mediating RNA interference (RNAi) against 
ADORA1 inside a cell or reconstituted in vitro system, 
Wherein the chemical modi?cation comprises one or more 
phosphorothioate internucleotide linkages. For example, in a 
non-limiting example, the invention features a chemically 
modi?ed short interfering RNA (siRNA) having about 1, 2, 
3, 4, 5, 6, 7, 8 or more phosphorothioate internucleotide 
linkages in one siRNA strand. In yet another embodiment, 
the invention features a chemically modi?ed short interfer 
ing RNA (siRNA) individually having about 1, 2, 3, 4, 5, 6, 
7, 8 or more phosphorothioate internucleotide linkages in 
both siRNA strands. The phosphorothioate internucleotide 
linkages can be present in one or both oligonucleotide 
strands of the siRNA duplex, for example in the sense strand, 
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antisense strand, or both strands. The siRNA molecules of 
the invention can comprise one or more phosphorothioate 
internucleotide linkages at the 3‘-end, 5‘-end, or both 3‘ and 
5‘-ends of the sense strand, antisense strand, or both strands. 
For example, an exemplary siRNA molecule of the inven 
tion can comprise betWeen about 1 and about 5 or more (e.g., 
about 1, 2, 3, 4, 5, or more) consecutive phosphorothioate 
internucleotide linkages at the 5‘-end of the sense strand, 
antisense strand, or both strands. In another non-limiting 
example, an exemplary siRNA molecule of the invention 
can comprise one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, or more) pyrimidine phosphorothioate internucleotide 
linkages in the sense strand, antisense strand, or both 
strands. In yet another non-limiting example, an exemplary 
siRNA molecule of the invention can comprise one or more 

(e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) purine 
phosphorothioate internucleotide linkages in the sense 
strand, antisense strand, or both strands. 

[0050] In one embodiment, the invention features a siRNA 
molecule, Wherein the sense strand comprises one or more, 
for example about 1, 2, 3, 4, 5, 6, 7, 8 , 9 , 10 or more 
phosphorothioate internucleotide linkages, and/or one or 
more (e.g., about 1, 2, 3, 4, 5, or more) 2‘-deoxy, 2‘-O 
methyl, 2‘-deoxy-2‘-?uoro, and/or one or more (e.g., about 1, 
2, 3, 4, 5 or more) universal base modi?ed nucleotides, and 
optionally a terminal cap molecule at the 3‘, 5‘, or both 3‘ and 
5‘-ends of the sense strand; and Wherein the antisense strand 
comprises any of betWeen 1 and 10 or more, speci?cally 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more phosphorothioate 
internucleotide linkages, and/or one or more (e.g., about 1, 
2, 3, 4, 5, or more) 2‘-deoxy, 2‘-O-methyl, 2‘-deoxy-2‘-?uoro, 
and/or one or more (e.g., about 1, 2, 3, 4, 5 or more) 
universal base modi?ed nucleotides, and optionally a termi 
nal cap molecule at the 3‘, 5‘, or both 3‘ and 5‘-ends of the 
antisense strand. In another embodiment, one or more, for 
example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more pyrimidine 
nucleotides of the sense and/or antisense siRNA stand are 
chemically modi?ed With 2‘-deoxy, 2‘-O-methyl and/or 
2‘-deoxy-2‘-?uoro nucleotides, With or Without one or more, 
for example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more 
phosphorothioate internucleotide linkages and/or a terminal 
cap molecule at the 3‘, 5‘, or both 3‘ and 5‘-ends, being 
present in the same or different strand. 

[0051] In another embodiment, the invention features a 
siRNA molecule, Wherein the sense strand comprises 
betWeen about 1 and about 5, speci?cally about 1, 2, 3, 4, or 
5 phosphorothioate internucleotide linkages, and/or one or 
more (e.g., about 1, 2, 3, 4, 5, or more) 2‘-deoxy, 2‘-O 
methyl, 2‘-deoxy-2‘-?uoro, and/or one or more (e.g., about 1, 
2, 3, 4, 5, or more) universal base modi?ed nucleotides, and 
optionally a terminal cap molecule at the 3‘, 5‘, or both 3‘ and 
5‘-ends of the sense strand; and Wherein the antisense strand 
comprises any of betWeen about 1 and about 5 or more, 
speci?cally about 1, 2, 3, 4, 5, or more phosphorothioate 
internucleotide linkages, and/or one or more (e.g., about 1, 
2, 3, 4, 5, or more) 2‘-deoxy, 2‘-O-methyl, 2‘-deoxy-2‘-?uoro, 
and/or one or more (e.g., about 1, 2, 3, 4, 5 or more) 
universal base modi?ed nucleotides, and optionally a termi 
nal cap molecule at the 3‘, 5‘, or both 3‘ and 5‘-ends of the 
antisense strand. In another embodiment, one or more, for 
example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more pyrimidine 
nucleotides of the sense and/or antisense siRNA stand are 
chemically modi?ed With 2‘-deoxy, 2‘-O-methyl and/or 
2‘-deoxy-2‘-?uoro nucleotides, With or Without betWeen 
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about 1 and about 5 or more, for example about 1, 2, 3, 4, 
5 or more phosphorothioate internucleotide linkages and/or 
a terminal cap molecule at the 3‘, 5‘, or both 3‘ and 5‘-ends, 
being present in the same or different strand. 

[0052] In one embodiment, the invention features a siRNA 
molecule, Wherein the antisense strand comprises one or 
more, for example about 1, 2, 3, 4, 5, 6, 7, 8 , 9 , 10 or more 
phosphorothioate internucleotide linkages, and/or betWeen 
one or more (e.g., about 1, 2, 3, 4, 5, or more) 2‘-deoxy, 
2‘-O-methyl, 2‘-deoxy-2‘-?uoro, and/or one or more (e.g., 
about 1, 2, 3, 4, 5, or more) universal base modi?ed 
nucleotides, and optionally a terminal cap molecule at the 3‘, 
5‘, or both 3‘ and 5‘-ends of the sense strand; and Wherein the 
antisense strand comprises any of betWeen about 1 and about 
10, speci?cally about 1, 2, 3, 4, 5, 6, 7, 8 , 9, 10 or more 
phosphorothioate internucleotide linkages, and/or one or 
more (e.g., about 1, 2, 3, 4, 5, or more) 2‘-deoxy, 2‘-O 
methyl, 2‘-deoxy-2‘-?uoro, and/or one or more (e.g., about 1, 
2, 3, 4, 5, or more) universal base modi?ed nucleotides, and 
optionally a terminal cap molecule at the 3‘, 5‘, or both 3‘ and 
5‘-ends of the antisense strand. In another embodiment, one 
or more, for example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more 
pyrimidine nucleotides of the sense and/or antisense siRNA 
stand are chemically modi?ed With 2‘-deoxy, 2‘-O-methyl 
and/or 2‘-deoxy-2‘-?uoro nucleotides, With or Without one or 
more, for example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more 
phosphorothioate internucleotide linkages and/or a terminal 
cap molecule at the 3‘, 5‘, or both 3‘ and 5‘-ends, being 
present in the same or different strand. 

[0053] In another embodiment, the invention features a 
siRNA molecule, Wherein the antisense strand comprises 
betWeen about 1 and about 5 or more, speci?cally about 1, 
2, 3, 4, 5 or more phosphorothioate internucleotide linkages, 
and/or one or more (e.g., about 1, 2, 3, 4, 5 or more) 
2‘-deoxy, 2‘-O-methyl, 2‘-deoxy-2‘-?uoro, and/or one or 
more (e.g., about 1, 2, 3, 4, 5 or more) universal base 
modi?ed nucleotides, and optionally a terminal cap mol 
ecule at the 3‘, 5‘, or both 3‘ and 5‘-ends of the sense strand; 
and Wherein the antisense strand comprises any of betWeen 
about 1 and about 5 or more, speci?cally about 1, 2, 3, 4, 5 
or more phosphorothioate internucleotide linkages, and/or 
one or more (e.g., about 1, 2, 3, 4, 5, or more) 2‘-deoxy, 
2‘-O-methyl, 2‘-deoxy-2‘-?uoro, and/or one or more (e.g., 
about 1, 2, 3, 4, 5, or more) universal base modi?ed 
nucleotides, and optionally a terminal cap molecule at the 3‘, 
5‘, or both 3‘ and 5‘-ends of the antisense strand. In another 
embodiment, one or more, for example about 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10 or more pyrimidine nucleotides of the sense 
and/or antisense siRNA stand are chemically modi?ed With 
2‘-deoxy, 2‘-O-methyl and/or 2‘-deoxy-2‘-?uoro nucleotides, 
With or Without betWeen about 1 and about 5, for example 
about 1, 2, 3, 4, 5 or more phosphorothioate internucleotide 
linkages and/or a terminal cap molecule at the 3‘, 5‘, or both 
3‘ and 5‘-ends, being present in the same or different strand. 

[0054] In one embodiment, the invention features a chemi 
cally modi?ed short interfering RNA (siRNA) molecule 
having betWeen about 1 and about 5, speci?cally about 1, 2, 
3, 4, 5 or more phosphorothioate internucleotide linkages in 
each strand of the siRNA molecule. 

[0055] In another embodiment, the invention features a 
siRNA molecule comprising 2‘-5‘ internucleotide linkages. 
The 2‘-5‘ internucleotide linkage(s) can be at the 5‘-end, 
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3‘-end, or both 5‘ and 3‘ ends of one or both siRNA sequence 
strands. In addition, the 2‘-5‘ internucleotide linkage(s) can 
be present at various other positions Within one or both 
siRNA sequence strands, for example, about 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, or more including every internucleotide linkage 
of a pyrimidine nucleotide in one or both strands of the 
siRNA molecule can comprise a 2‘-5‘ internucleotide link 
age, or about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more including 
every internucleotide linkage of a purine nucleotide in one 
or both strands of the siRNA molecule can comprise a 2‘-5‘ 
internucleotide linkage. 

[0056] In another embodiment, a chemically modi?ed 
siRNA molecule of the invention comprises a duplex having 
tWo strands, one or both of Which can be chemically 
modi?ed, Wherein each strand is betWeen about 18 and about 
27 (e.g., about 18, 19, 20, 21, 22, 23, 24, 25, 26, or 27) 
nucleotides in length, Wherein the duplex has betWeen about 
18 and about 23 (e.g., about 18, 19, 20, 21, 22, or 23) base 
pairs, and Wherein the chemical modi?cation comprises a 
structure having Formula I, Formula II, Formula III and/or 
Formula IV. For example, an exemplary chemically modi 
?ed siRNA molecule of the invention comprises a duplex 
having tWo strands, one or both of Which can be chemically 
modi?ed With a chemical modi?cation having Formula I, 
Formula II, Formula III, and/or Formula IV, Wherein each 
strand consists of 21 nucleotides, each having 2 nucleotide 
3‘-overhangs, and Wherein the duplex has 19 base pairs. 

[0057] In another embodiment, a siRNA molecule of the 
invention comprises a single stranded hairpin structure, 
Wherein the siRNA is betWeen about 36 and about 70 (e.g., 
about 36, 40, 45, 50, 55, 60, 65, or 70) nucleotides in length 
having betWeen about 18 and about 23 (e.g., about 18, 19, 
20, 21, 22, or 23) base pairs, and Wherein the siRNA can 
include a chemical modi?cation comprising a structure 
having Formula I, Formula II, Formula III and/or Formula 
IV. For example, an exemplary chemically modi?ed siRNA 
molecule of the invention comprises a linear oligonucleotide 
having betWeen about 42 and about 50 (e.g., about 42, 43, 
44, 45, 46, 47, 48, 49, or 50) nucleotides that is chemically 
modi?ed With a chemical modi?cation having Formula I, 
Formula II, Formula III, and/or Formula IV, Wherein the 
linear oligonucleotide forms a hairpin structure having 19 
base pairs and a 2 nucleotide 3‘-overhang. 

[0058] In another embodiment, a linear hairpin siRNA 
molecule of the invention contains a stem loop motif, 
Wherein the loop portion of the siRNA molecule is biode 
gradable. For example, a linear hairpin siRNA molecule of 
the invention is designed such that degradation of the loop 
portion of the siRNA molecule in vivo can generate a double 
stranded siRNA molecule With 3‘-overhangs, such as 
3‘-overhangs comprising about 2 nucleotides. 

[0059] In another embodiment, a siRNA molecule of the 
invention comprises a circular nucleic acid molecule, 
Wherein the siRNA is betWeen about 38 and about 70 (e.g., 
about 38, 40, 45, 50, 55, 60, 65, or 70) nucleotides in length 
having betWeen about 18 and about 23 (e.g., about 18, 19, 
20, 21, 22, or 23) base pairs, and Wherein the siRNA can 
include a chemical modi?cation, Which comprises a struc 
ture having Formula I, Formula II, Formula III and/or 
Formula IV. For example, an exemplary chemically modi 
?ed siRNA molecule of the invention comprises a circular 
oligonucleotide having betWeen about 42 and about 50 (e. g., 
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about 42, 43, 44, 45, 46, 47, 48, 49, or 50) nucleotides that 
is chemically modi?ed With a chemical modi?cation having 
Formula I, Formula II, Formula III, and/or Formula IV, 
Wherein the circular oligonucleotide forms a dumbbell 
shaped structure having 19 base pairs and 2 loops. 

[0060] In another embodiment, a circular siRNA molecule 
of the invention contains tWo loop motifs, Wherein one or 
both loop portions of the siRNA molecule is biodegradable. 
For example, a circular siRNA molecule of the invention is 
designed such that degradation of the loop portions of the 
siRNA molecule in vivo can generate a double stranded 
siRNA molecule With 3‘-overhangs, such as 3‘-overhangs 
comprising about 2 nucleotides. 

[0061] In one embodiment, a siRNA molecule of the 
invention comprises at least one abasic residue, for example 
a compound having Formula V: 

[0062] Wherein each R3, R4, R5, R6, R7, R8, R10, R11, 
R12, and R13 is independently H, OH, alkyl, substituted 
alkyl, alkaryl or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, 
O-alkyl, S-alkyl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, 
SO-alkyl, alkyl-OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, 
S-alkyl-OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, 
ONO2, NO2, N3, NH2, aminoalkyl, aminoacid, aminoacyl, 
ONH2, O-aminoalkyl, O-aminoacid, O-aminoacyl, hetero 
cycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalk 
lylamino, substituted silyl, or group having Formula I; R9 is 
O, S, CH2, S=O, CHF, or CF2. 

[0063] In one embodiment, a siRNA molecule of the 
invention comprises at least one inverted abasic residue, for 
example a compound having Formula VI: 

[0064] Wherein each R3, R4, R5, R6, R7, R8, R10, R11, 
R12, and R13 is independently H, OH, alkyl, substituted 
alkyl, alkaryl or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, 
O-alkyl, S-alkyl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, 
SO-alkyl, alkyl-OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, 
S-alkyl-OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, 
ONO2, NO2, N3, NH2, aminoalkyl, aminoacid, aminoacyl, 
ONH2, O-aminoalkyl, O-aminoacid, O-aminoacyl, hetero 
cycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalk 
lylamino, substituted silyl, or group having Formula I; R9 is 
O, S, CH2, S=O, CHF, or CF2, and either R2, R3, R8 or 
R13 serve as points of attachment to the siRNA molecule of 
the invention. 


























































