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(57) ABSTRACT 

The oligonucleotide compositions of the present invention 
make use of combinations of oligonucleotides. In one 
aspect, the invention features an oligonucleotide composi 
tion including at least 2 different oligonucleotides targeted to 
a target gene. This invention also provides methods of 
inhibiting protein synthesis in a cell and methods of iden 
tifying oligonucleotide compositions that inhibit synthesis 
of a protein in a cell. 
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OLIGONUCLEOTIDE COMPOSITIONS WITH 
ENHANCED EFFICIENCY 

RELATED APPLICATIONS 

[0001] This application claims the priority of US. provi 
sional patent application No. 60/353,381, ?led on Feb. 1, 
2002. This application also claims the priority of US. 
provisional patent application No. 60/353,203, ?led on Feb. 
1, 2002, application No. 60/436,238, ?led Dec. 23, 2002, 
and application No. 60/438,608, ?led Jan. 7, 2003. The 
entire contents of the aforementioned applications are 
hereby expressly incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Antisense and double-stranded RNA oligonucle 
otides are promising therapeutic agents and useful research 
tools for elucidating gene function. HoWever, it is often 
dif?cult to achieve efficient inhibition of protein synthesis 
using such compositions. 

[0003] In order to maximiZe their therapeutic activity, it 
Would be of great bene?t to improve upon the prior art 
antisense and double-stranded RNA oligonucleotides by 
enhancing the ef?ciency With Which they inhibit protein 
synthesis. 

SUMMARY OF THE INVENTION 

[0004] The instant invention is based, at least in part, on 
the discovery of antisense and double-stranded oligonucle 
otide compositions that provide improved inhibition of gene 
expression. In particular, the oligonucleotide compositions 
of the present invention make use of combinations of 
antisense or double-stranded oligonucleotides. 

[0005] In one aspect, the invention pertains to an oligo 
nucleotide composition comprising at least 3 different oli 
gonucleotides targeted to at least three different nucleotide 
sequences Within a target gene, Wherein the oligonucle 
otides bind to their target nucleotide sequence With high 
af?nity and (ii) the oligonucleotides are GC enriched. 

[0006] In one embodiment, the oligonucleotides are anti 
sense oligonucleotides. 

[0007] In another embodiment, the oligonucleotides are 
double-stranded RNA oligonucleotides. 

[0008] In one embodiment, the oligonucleotide composi 
tions bind to their target nucleotide sequence With a Tm of 
at least about 60° C. 

[0009] In one embodiment, the oligonucleotides have a 
GC content of at least about 20%. 

[0010] In one embodiment, the composition comprises at 
least about 4 antisense oligonucleotides targeting at least 
four different nucleic acid sequences. In another embodi 
ment, the composition comprises at least about 5 oligonucle 
otides targeting at least ?ve different nucleic acid sequences. 
In still another embodiment, the composition comprises at 
least about 6 oligonucleotides targeting at least six different 
nucleic acid sequences. 

[0011] In one embodiment, the oligonucleotides are at 
least about 25 nucleomonomers in length. In another 
embodiment, the oligonucleotides are greater than about 25 
nucleomonomers in length. 
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[0012] In one embodiment, at least one of the antisense 
oligonucleotides is complementary in sequence to its target 
nucleotide sequence. In another embodiment, the antisense 
oligonucleotides activate RNase H. 

[0013] In one embodiment, at least one of the oligonucle 
otides comprise at least one modi?ed internucleoside link 
age. 

[0014] In another embodiment, at least one of the oligo 
nucleotides comprise at least one modi?ed sugar moiety. 

[0015] In one embodiment, the composition further com 
prises a pharmaceutically acceptable carrier. 

[0016] In one embodiment, the oligonucleotide composi 
tion achieves a level of inhibition of protein synthesis the 
same as or higher than the level of inhibition achieved by the 
most effective individual oligonucleotide of the composi 
tion. 

[0017] In one embodiment, the individual oligonucle 
otides are not separately tested for their ability to inhibit 
protein synthesis prior to their incorporation into the com 
position. In this respect, the present invention represents a 
substantial and unrecogniZed improvement over the state of 
the art. 

[0018] In one embodiment, the oligonucleotide composi 
tion results in greater than about 80% inhibition of protein 
synthesis. 

[0019] In another aspect, the invention pertains to a 
method of inhibiting protein synthesis in a cell comprising 
contacting the cell With at least 3 different oligonucleotides 
targeted to at least three different nucleotide sequences 
Within a target gene, Wherein the oligonucleotides bind to 
their target nucleotide sequence With high af?nity and (ii) the 
oligonucleotides are GC enriched, to thereby inhibit protein 
synthesis. 

[0020] In one embodiment, the oligonucleotides are anti 
sense oligonucleotides. In another embodiment, the oligo 
nucleotides are double-stranded RNA oligonucleotides. 

[0021] In one embodiment, the method is performed in a 
high-throughput format. 

[0022] In still another aspect, the invention pertains to a 
method of identifying function of a gene encoding a protein 
comprising: contacting the cell With at least 3 different 
oligonucleotides targeted to at least three different nucle 
otide sequences Within a target gene, Wherein the oligo 
nucleotides bind to their target nucleotide sequence With 
high affinity and (ii) the oligonucleotides are GC enriched, 
and assaying for a change in a detectable phenotype in the 
cell resulting from the inhibition of protein expression, to 
thereby determine the function of a gene. 

[0023] The relative amounts of these different oligonucle 
otides may optionally be different. That is, the three or more 
different oligonucleotides may be present in equimolar con 
centrations, or non-equimolar concentrations. 

[0024] In one embodiment, the oligonucleotides are anti 
sense oligonucleotides. In another embodiment, the oligo 
nucleotides are double-stranded RNA oligonucleotides. 

[0025] In one embodiment, the method is performed in a 
high-throughput format. 
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[0026] In another aspect, the invention pertains to a 
method of making the oligonucleotide composition, com 
prising: combining at least 3 different oligonucleotides tar 
geted to at least three different nucleotide sequences Within 
a target gene, Wherein the oligonucleotides bind to their 
target nucleotide sequence With high affinity and (ii) the 
oligonucleotides are GC enriched, and Wherein the indi 
vidual oligonucleotides are not separately tested for their 
ability to inhibit protein synthesis prior to their incorporation 
into the composition. 

[0027] In one embodiment, the oligonucleotides are anti 
sense oligonucleotides. In another embodiment, the oligo 
nucleotides are double-stranded RNA oligonucleotides. 

[0028] In another aspect, the invention pertains to an 
oligonucleotide composition comprising at least 3 different 
double-stranded RNA oligonucleotides targeted to at least 
three different nucleotide sequences Within a target gene. 

[0029] In still another aspect, the invention pertains to a 
method of inhibiting protein synthesis in a cell comprising 
contacting the cell (or cell lysate) With at least 3 different 
double-stranded RNA oligonucleotides targeted to at least 
three different nucleotide sequences Within a target gene. 

[0030] In yet another aspect, the invention pertains to a 
method of identifying function of a gene encoding a protein 
comprising: contacting the cell With at least 3 different 
double-stranded RNA oligonucleotides targeted to at least 
three different nucleotide sequences Within a target gene and 
assaying for a change in a detectable phenotype in the cell 
resulting from the inhibition of protein expression, to 
thereby determine the function of a gene. 

[0031] In another aspect, the invention pertains to a 
method of making an oligonucleotide composition compris 
ing combining at least 3 different double-stranded RNA 
oligonucleotides targeted to at least three different nucle 
otide sequences Within a target gene Wherein, the individual 
oligonucleotides are not separately tested for their ability to 
inhibit protein synthesis prior to their incorporation into the 
composition. 

DRAWINGS 

[0032] FIG. 1 shoWs a summary of the results of about 30 
antisense inhibition experiments against about thirty differ 
ent genes in cell culture. Oligonucleotide compositions 
comprising mixtures of oligonucleotides (With the Worst 
10% of target genes removed) are compared With the best 
individual oligonucleotides and data for all individual oli 
gonucleotides in the percent inhibition observed. 

[0033] FIG. 2 shoWs ultramer data for a mixture of siRNA 
complexes targeting p53. 

[0034] FIG. 3 shoWs ultramer data for a mixture of siRNA 
complexes targeting GTP20. 

[0035] FIG. 4 shoWs ultramer data for a mixture of siRNA 
complexes targeting Cbfa-l. 

[0036] FIG. 5 shoWs ultramer data for a mixture of siRNA 
complexes targeting PTP mu. 

[0037] FIG. 6 shoWs ultramer data for a mixture of siRNA 
complexes targeting PTP-PEST. 
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[0038] FIG. 7 shoWs ultramer data for a mixture of siRNA 
complexes targeting PTP eta. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] Although inhibition of protein synthesis could be 
achieved With certain antisense and double-stranded RNA 
oligonucleotides of the prior art, multiple transfections Were 
required to identify effective oligonucleotides. The instant 
invention advances the prior art, inter alia, by providing 
oligonucleotide compositions that enhance the efficiency 
With Which protein synthesis is inhibited and methods of 
making and using these improved oligonucleotide compo 
sitions. 

[0040] Methods of stabiliZing oligonucleotides, particu 
larly antisense oligonucleotides, by formation of a duplex 
With a complementary oligonucleotide, are disclosed in 
co-pending application No. US. , ?led on the same 
day as the present application, bearing attorney docket 
number “SRI-020,” and entitled “Double-Stranded Oligo 
nucleotides.” This application and all of its teachings is 
hereby expressly incorporated herein by reference in its 
entirety. 

[0041] Antisense and Double-Stranded RNA Oligonucle 
otide Compositions 

[0042] Antisense or double-stranded RNA oligonucle 
otides for incorporation into compositions of the invention 
inhibit the synthesis of a target protein, Which is encoded by 
a target gene. The target gene can be endogenous or exog 
enous (e.g., introduced into a cell by a virus or using 
recombinant DNA technology) to a cell. As used herein, the 
term “target gene” includes polynucleotides comprising a 
region that encodes a polypeptide or polynucleotide region 
that regulates replication, transcription, translation, or other 
process important in expression of the target protein or a 
polynucleotide comprising a region that encodes the target 
polypeptide and a region that regulates expression of the 
target polypeptide. Accordingly, the term “target gene” as 
used herein may refer to, for example, an mRNA molecule 
produced by transcription a gene of interest. Furthermore, 
the term “correspond,” as in “an oligomer corresponds to a 
target gene sequence,” means that the tWo sequences are 
complementary or homologous or bear such other biologi 
cally rational relationship to each other (e.g., based on the 
sequence of nucleomonomers and their base-pairing prop 
erties). 
[0043] The “target gene” to Which an RNA molecule of the 
invention is directed may be associated With a pathological 
condition. For example, the gene may be a pathogen 
associated gene, e.g., a viral gene, a tumor-associated gene, 
or an autoimmune disease-associated gene. The target gene 
may also be a heterologous gene expressed in a recombinant 
cell or a genetically altered organism. By determining or 
modulating (e.g., inhibiting) the function of such a gene, 
valuable information and therapeutic bene?ts in medicine, 
veterinary medicine, and biology may be obtained. 

[0044] The term “antisense” refers to a nucleotide 
sequence that is inverted relative to its normal orientation for 
transcription and so expresses an RNA transcript that is 
complementary to a target gene mRNA molecule expressed 
Within the host cell (e.g., it can hybridiZe to the target gene 
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mRNA molecule through Watson-Crick base pairing). An 
antisense strand may be constructed in a number of different 
Ways, provided that it is capable of interfering With the 
expression of a target gene. For example, the antisense 
strand can be constructed by inverting the coding region (or 
a portion thereof) of the target gene relative to its normal 
orientation for transcription to alloW the transcription of its 
complement, (e.g., RNAs encoded by the antisense and 
sense gene may be complementary). Furthermore, the anti 
sense oligonucleotide strand need not have the same intron 
or exon pattern as the target gene, and noncoding segments 
of the target gene may be equally effective in achieving 
antisense suppression of target gene expression as coding 
segments. 

[0045] The term “oligonucleotide” includes tWo or more 
nucleomonomers covalently coupled to each other by link 
ages or substitute linkages. An oligonucleotide may com 
prise, for example, betWeen a feW (e.g.,7, 10, 12, 15) or a 
feW hundred ( e.g., 100, 200, 300, or 400) nucleomonomers. 
For example, an oligonucleotide of the invention preferably 
comprises betWeen about 10 and about 50 nucleomonomers, 
betWeen about 15 and about 40, or betWeen about 20 and 
about 30 nucleomonomers. In one embodiment, an oligo 
nucleotide comprises about 25 nucleomonomers. In another 
embodiment, an oligonucleotide comprises greater than 
about 25 nucleomonomers. 

[0046] Oligonucleotides may comprise, for example, oli 
gonucleotides, oligonucleosides, polydeoxyribonucleotides 
(containing 2‘-deoxy-D-ribose) or modi?ed forms thereof, 
e.g., DNA, polyribonucleotides (containing D-ribose or 
modi?ed forms or analogs thereof), RNA, or any other type 
of polynucleotide Which is an N-glycoside or C-glycoside of 
a purine or pyrimidine base, or modi?ed purine or pyrimi 
dine base. The term oligonucleotide includes compositions 
in Which adjacent nucleomonomers are linked via phospho 
rothioate, amide or other linkages (e.g., Neilsen, P. E., et al. 
1991. Science. 25411497). Generally, the term “linkage” 
refers to any physical connection, preferably covalent cou 
pling, betWeen tWo or more nucleic acid components, e.g., 
catalyZed by an enZyme such as a ligase. 

[0047] The term “oligonucleotide” includes any structure 
that serves as a scaffold or support for the bases of the 
oligonucleotide, Where the scaffold permits binding to the 
target nucleic acid molecule in a sequence-dependent man 
ner. 

[0048] An “overhang” is a relatively short single-stranded 
nucleotide sequence on the 5‘- or 3‘-hydroxyl end of a 
double-stranded oligonucleotide molecule (also referred to 
as an “extension,”“protruding end,” or “sticky end”). 

[0049] Oligonucleotides of the invention are isolated. The 
term “isolated” includes nucleic acid molecules Which are 
synthesiZed (e.g., chemically, enZymatically, or recombi 
nantly) or are naturally occurring but separated from other 
nucleic acid molecules Which are present in a natural source 
of the nucleic acid. Preferably, a naturally occurring “iso 
lated” nucleic acid molecule is free of sequences Which 
naturally ?ank the nucleic acid molecule (i.e., sequences 
located at the 5‘ and 3‘ ends of the nucleic acid molecule) in 
a nucleic acid molecule in an organism from Which the 
nucleic acid molecule is derived. 

[0050] The term “nucleomonomer” includes bases 
covalently linked to a second moiety. Nucleomonomers 
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include, for example, nucleosides and nucleotides. Nucle 
omonomers can be linked to form oligonucleotides that bind 
to target nucleic acid sequences in a sequence speci?c 
manner. The term “second moiety” as used herein includes 
substituted and unsubstituted cycloalkyl moieties, e.g., 
cyclohexyl or cyclopentyl moieties, and substituted and 
unsubstituted heterocyclic moieties, e.g., 6-member mor 
pholino moieties or, preferably, sugar moieties. 

[0051] Sugar moieties include natural, unmodi?ed sugars, 
e.g., monosaccharides (such as pentoses, e.g., ribose), modi 
?ed sugars and sugar analogs. Possible modi?cations of 
nucleomonomers include, for example, replacement of one 
or more of the hydroxyl groups With a halogen, a heteroa 
tom, an aliphatic group, or the functionaliZation of the group 
as an ether, an amine, a thiol, or the like. For example, 
modi?ed sugars include D-ribose, 2‘-O-alkyl (including 
2‘-O-methyl and 2‘-O-ethyl), i.e., 2‘-alkoxy, 2‘-amino, 2‘-S 
alkyl, 2‘-halo (including 2‘-?uoro), 2‘-methoxyethoxy, 2‘-al 
lyloxy (—OCH2CH=CH2), 2‘-propargyl, 2‘-propyl, ethynyl, 
ethenyl, propenyl, and cyano and the like. In one embodi 
ment, the sugar moiety can be a hexose and incorporated 
into an oligonucleotide as described (Augustyns, K., et al., 
Nucl. Acids. Res. 1992. 1814711). Exemplary nucleomono 
mers can be found, e.g., in US. Pat. No. 5,849,902. 

[0052] As used herein, the term “nucleotide” includes any 
monomeric unit of DNA or RNA containing a sugar moiety 
(pentose), a phosphate, and a nitrogenous heterocyclic base. 
The base is usually linked to the sugar moiety via the 
glycosidic carbon (at the 1‘ carbon of pentose) and that 
combination of base and sugar is called a “nucleoside.” The 
base characteriZes the nucleotide With the four customary 
bases of DNA being adenine (A), guanine (G), cytosine (C) 
and thymine Inosine (I) is an example of a synthetic 
base that can be used to substitute for any of the four, 
naturally-occurring bases (A, C, G or T). The four RNA 
bases are A, G, C, and uracil Accordingly, an oligo 
nucleotide may be a nucleotide sequence comprising a linear 
array of nucleotides connected by phosphodiester bonds 
betWeen the 3‘ and 5‘ carbons of adjacent pentoses. Other 
modi?ed nucleosides/nucleotides are described herein and 
may also be used in the oligonucleotides of the invention. 

[0053] One particularly useful group of modi?ed nucle 
omonomers are 2‘-O-methyl nucleotides, especially When 
the 2‘-O-methyl nucleotides are used as nucleomonomers in 
the ends of the oligomers. Such 2‘O-methyl nucleotides may 
be referred to as “methylated,” and the corresponding nucle 
otides may be made from unmethylated nucleotides fol 
loWed by alkylation or directly from methylated nucleotide 
reagents. Modi?ed nucleomonomers may be used in com 
bination With unmodi?ed nucleomonomers. For example, an 
oligonucleotide of the invention may contain both methy 
lated and unmethylated nucleomonomers. 

[0054] Some exemplary modi?ed nucleomonomers 
include sugar-or backbone-modi?ed ribonucleotides. Modi 
?ed ribonucleotides may contain a nonnaturally occurring 
base (instead of a naturally occurring base) such as uridines 
or cytidines modi?ed at the 5 -position, e.g., 5 -(2-amino)pro 
pyl uridine and 5-bromo uridine; adenosines and guanosines 
modi?ed at the 8-position, e.g., 8-bromo guanosine; deaZa 
nucleotides, e.g., 7-deaZa-adenosine; and N-alkylated nucle 
otides, e.g., N6-methyl adenosine. Also, sugar-modi?ed 
ribonucleotides may have the 2‘-OH group replaced by a H, 
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alxoxy (or OR), R or alkyl, halogen, SH, SR, amino (such 
as NH2, NHR, NR2,), or CN group, wherein R is loWer alkyl, 
alkenyl, or alkynyl. 

[0055] Modi?ed ribonucleotides may also have the phos 
phoester group connecting to adjacent ribonucleotides 
replaced by a modi?ed group, e.g., of phosphothioate group. 
More generally, the various nucleotide modi?cations may be 
combined. 

[0056] The term “alkyl” includes saturated aliphatic 
groups, including straight-chain alkyl groups (e.g., methyl, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, 
decyl, etc.), branched-chain alkyl groups (isopropyl, tert 
butyl, isobutyl, etc.), cycloalkyl (alicyclic) groups (cyclo 
propyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), 
alkyl substituted cycloalkyl groups, and cycloalkyl substi 
tuted alkyl groups. In certain embodiments, a straight chain 
or branched chain alkyl has 6 or feWer carbon atoms in its 
backbone (e.g., CJL-C6 for straight chain, C3-C6 for branched 
chain), and more preferably 4 or feWer. Likewise, preferred 
cycloalkyls have from 3-8 carbon atoms in their ring struc 
ture, and more preferably have 5 or 6 carbons in the ring 
structure. The term C1-C6 includes alkyl groups containing 
1 to 6 carbon atoms. 

[0057] Moreover, unless otherWise speci?ed, the term 
alkyl includes both “unsubstituted alkyls” and “substituted 
alkyls,” the latter of Which refers to alkyl moieties having 
substituents replacing a hydrogen on one or more carbons of 
the hydrocarbon backbone. Such substituents can include, 
for example, alkenyl, alkynyl, halogen, hydroxyl, alkylcar 
bonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycar 
bonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxy 
carbonyl, aminocarbonyl, alkylaminocarbonyl, 
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phos 
phate, phosphonato, phosphinato, cyano, amino (including 
alkyl amino, dialkylamino, arylamino, diarylamino, and 
alkylarylamino), acylamino (including alkylcarbonylamino, 
arylcarbonylamino, carbamoyl and ureido), amidino, imino, 
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, 
alkylsul?nyl, sulfonato, sulfamoyl, sulfonamido, nitro, trif 
luoromethyl, cyano, aZido, heterocyclyl, alkylaryl, or an 
aromatic or heteroaromatic moiety. Cycloalkyls can be fur 
ther substituted, e.g., With the substituents described above. 
An “alkylaryl” or an “arylalkyl” moiety is an alkyl substi 
tuted With an aryl (e.g., phenylmethyl (benZyl)). The term 
“alkyl” also includes the side chains of natural and unnatural 
amino acids. The term “n-alkyl” means a straight chain (i.e., 
unbranched) unsubstituted alkyl group. 

[0058] The term “alkenyl” includes unsaturated aliphatic 
groups analogous in length and possible substitution to the 
alkyls described above, but that contain at least one double 
bond. For example, the term “alkenyl” includes straight 
chain alkenyl groups (e.g., ethylenyl, propenyl, butenyl, 
pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, 
etc.), branched-chain alkenyl groups, cycloalkenyl (alicy 
clic) groups (cyclopropenyl, cyclopentenyl, cyclohexenyl, 
cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted 
cycloalkenyl groups, and cycloalkyl or cycloalkenyl substi 
tuted alkenyl groups. In certain embodiments, a straight 
chain or branched chain alkenyl group has 6 or feWer carbon 
atoms in its backbone (e.g., C2-C6 for straight chain, C3-C6 
for branched chain). LikeWise, cycloalkenyl groups may 
have from 3-8 carbon atoms in their ring structure, and more 
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preferably have 5 or 6 carbons in the ring structure. The term 
C2-C6 includes alkenyl groups containing 2 to 6 carbon 
atoms. 

[0059] Moreover, unless otherWise speci?ed, the term 
alkenyl includes both “unsubstituted alkenyls” and “substi 
tuted alkenyls,” the latter of Which refers to alkenyl moieties 
having substituents replacing a hydrogen on one or more 
carbons of the hydrocarbon backbone. Such substituents can 
include, for example, alkyl groups, alkynyl groups, halo 
gens, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxy 
carbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbo 
nyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbo 
nyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, 
amino (including alkyl amino, dialkylamino, arylamino, 
diarylamino, and alkylarylamino), acylamino (including 
alkylcarbonylamino, arylcarbonylamino, carbamoyl and 
ureido), amidino, imino, sulfhydryl, alkylthio, arylthio, thio 
carboxylate, sulfates, alkylsul?nyl, sulfonato, sulfamoyl, 
sulfonamido, nitro, tri?uoromethyl, cyano, aZido, heterocy 
clyl, alkylaryl, or an aromatic or heteroaromatic moiety. 

[0060] The term “alkynyl” includes unsaturated aliphatic 
groups analogous in length and possible substitution to the 
alkyls described above, but Which contain at least one triple 
bond. For example, the term “alkynyl” includes straight 
chain alkynyl groups (e.g., ethynyl, propynyl, butynyl, pen 
tynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, etc.), 
branched-chain alkynyl groups, and cycloalkyl or cycloalk 
enyl substituted alkynyl groups. In certain embodiments, a 
straight chain or branched chain alkynyl group has 6 or 
feWer carbon atoms in its backbone (e.g., C2-C6 for straight 
chain, C3-C6 for branched chain). The term C2-C6 includes 
alkynyl groups containing 2 to 6 carbon atoms. 

[0061] Moreover, unless otherWise speci?ed, the term 
alkynyl includes both “unsubstituted alkynyls” and “substi 
tuted alkynyls,” the latter of Which refers to alkynyl moieties 
having substituents replacing a hydrogen on one or more 
carbons of the hydrocarbon backbone. Such substituents can 
include, for example, alkyl groups, alkynyl groups, halo 
gens, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxy 
carbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbo 
nyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbo 
nyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, 
amino (including alkyl amino, dialkylamino, arylamino, 
diarylamino, and alkylarylamino), acylamino (including 
alkylcarbonylamino, arylcarbonylamino, carbamoyl and 
ureido), amidino, imino, sulfhydryl, alkylthio, arylthio, thio 
carboxylate, sulfates, alkylsul?nyl, sulfonato, sulfamoyl, 
sulfonamido, nitro, tri?uoromethyl, cyano, aZido, heterocy 
clyl, alkylaryl, or an aromatic or heteroaromatic moiety. 

[0062] Unless the number of carbons is otherWise speci 
?ed, “loWer alkyl” as used herein means an alkyl group, as 
de?ned above, but having from one to ?ve carbon atoms in 
its backbone structure. “Lower alkenyl” and “loWer alkynyl” 
have chain lengths of, for example, 2-5 carbon atoms. 

[0063] The term “alkoxy” includes substituted and unsub 
stituted alkyl, alkenyl, and alkynyl groups covalently linked 
to an oxygen atom. Examples of alkoxy groups include 
methoxy, ethoxy, isopropyloxy, propoxy, butoxy, and pen 
toxy groups. Examples of substituted alkoxy groups include 
halogenated alkoxy groups. The alkoxy groups can be 
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substituted With groups such as alkenyl, alkynyl, halogen, 
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo 
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, 
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylami 
nocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, 
alkoxyl, phosphate, phosphonato, phosphinato, cyano, 
amino (including alkyl amino, dialkylamino, arylamino, 
diarylamino, and alkylarylamino), acylamino (including 
alkylcarbonylamino, arylcarbonylamino, carbamoyl and 
ureido), amidino, imino, sulfhydryl, alkylthio, arylthio, thio 
carboxylate, sulfates, alkylsul?nyl, sulfonato, sulfamoyl, 
sulfonamido, nitro, tri?uoromethyl, cyano, aZido, heterocy 
clyl, alkylaryl, or an aromatic or heteroaromatic moieties. 
Examples of halogen substituted alkoxy groups include, but 
are not limited to, ?uoromethoxy, di?uoromethoxy, tri?uo 
romethoxy, chloromethoxy, dichloromethoxy, trichlo 
romethoxy, etc. 

[0064] The term “heteroatom” includes atoms of any 
element other than carbon or hydrogen. Preferred heteroat 
oms are nitrogen, oxygen, sulfur and phosphorus. 

[0065] The term “hydroxy” or “hydroxyl” includes groups 
With an —OH or —O‘ (With an appropriate counterion). 

[0066] The term “halogen” includes ?uorine, bromine, 
chlorine, iodine, etc. The term “perhalogenated” generally 
refers to a moiety Wherein all hydrogens are replaced by 
halogen atoms. 

[0068] The term “amine” or “amino” includes compounds 
or moieties in Which a nitrogen atom is covalently bonded to 
at least one carbon or heteroatom. The term “alkyl amino” 
includes groups and compounds Wherein the nitrogen is 
bound to at least one additional alkyl group. The term 
“dialkyl amino” includes groups Wherein the nitrogen atom 
is bound to at least tWo additional alkyl groups. 

[0069] The term “ether” includes compounds or moieties 
Which contain an oxygen bonded to tWo different carbon 
atoms or heteroatoms. For example, the term includes 
“alkoxyalkyl” Which refers to an alkyl, alkenyl, or alkynyl 
group covalently bonded to an oxygen atom Which is 
covalently bonded to another alkyl group. 

[0070] The term “ester” includes compounds and moieties 
Which contain a carbon or a heteroatom bound to an oxygen 

atom Which is bonded to the carbon of a carbonyl group. The 
term “ester” includes alkoxycarboxy groups such as meth 
oxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycar 
bonyl, pentoxycarbonyl, etc. 

[0071] The term “base” includes the knoWn purine and 
pyrimidine heterocyclic bases, deaZapurines, and analogs 
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(including heterocycl substituted analogs, e.g., aminoethy 
oxy phenoxaZine), derivatives (e.g., 1-alkenyl-, 1-alkynyl-, 
heteroaromatic-, and 1-alkynyl derivatives) and tautomers 
thereof. Examples of purines include adenine, guanine, 
inosine, diaminopurine, and xanthine and analogs (e.g., 
8-oxo-N6_methyladenine or 7-diaZaxanthine) and deriva 
tives thereof. Pyrimidines include, for example, thymine, 
uracil, and cytosine, and their analogs (e.g., S-methylcy 
tosine, S-methyluracil, 5-(1-propynyl)uracil, 5-(1-propynyl 
)cytosine and 4,4-ethanocytosine). Other examples of suit 
able bases include non-purinyl and non-pyrimidinyl bases 
such as 2-aminopyridine and triaZines. 

[0072] The term “nucleoside” includes bases Which are 
covalently attached to a sugar moiety, preferably ribose or 
deoxyribose. Examples of preferred nucleosides include 
ribonucleosides and deoxyribonucleosides. Nucleosides also 
include bases linked to amino acids or amino acid analogs 
Which may comprise free carboxyl groups, free amino 
groups, or protecting groups. Suitable protecting groups are 
Well knoWn in the art (see P. G. M. Wuts and T. W. Greene, 
“Protective Groups in Organic Synthesis”, 2nd Ed., Wiley 
Interscience, NeW York, 1999). 

[0073] The term “nucleotide” includes nucleosides Which 
further comprise a phosphate group or a phosphate analog. 

[0074] In a preferred, embodiment, the nucleomonomers 
of an oligonucleotide of the invention are RNA nucleotides. 
In another preferred embodiment, the nucleomonomers of 
an oligonucleotide of the invention are modi?ed RNA 
nucleotides. 

[0075] As used herein, the term “linkage” includes a 
naturally occurring, unmodi?ed phosphodiester moiety 
(—O—(PO2—)—O—) that covalently couples adjacent 
nucleomonomers. As used herein, the term “substitute link 
age” includes any analog or derivative of the native phos 
phodiester group that covalently couples adjacent nucle 
omonomers. Substitute linkages include phosphodiester 
analogs, e.g., such as phosphorothioate, phosphorodithioate, 
and P-ethyoxyphosphodiester, P-ethoxyphosphodiester, 
P-alkyloxyphosphotriester, methylphosphonate, and non 
phosphorus containing linkages, e.g., such as acetals and 
amides. Such substitute linkages are knoWn in the art (e.g., 
Bjergarde et al. 1991. Nucleic Acids Res. 19:5843; Caruth 
ers et al. 1991. Nucleosides Nucleotides. 10:47). 

[0076] Oligonucleotides of the invention comprise 3‘ and 
5‘ termini (except for circular oligonucleotides). The 3‘ and 
5‘ termini of an oligonucleotide can be substantially pro 
tected from nucleases e.g., by modifying the 3‘ or 5‘ linkages 
(e.g., US. Pat. No. 5,849,902 and WO 98/13526). For 
example, oligonucleotides can be made resistant by the 
inclusion of a “blocking group.” The term “blocking group” 
as used herein refers to substituents (e.g., other than OH 
groups) that can be attached to oligonucleotides or nucle 
omonomers, either as protecting groups or coupling groups 
for synthesis (e. g., hydrogen phosphonate, phosphoramidite, 
or PO32‘). “Blocking groups” also include “end blocking 
groups” or “exonuclease blocking groups” Which protect the 
5‘ and 3‘ termini of the oligonucleotide, including modi?ed 
nucleotides and non-nucleotide exonuclease resistant struc 
tures. 

[0077] Exemplary end-blocking groups include cap struc 
tures (e. g., a 7-methylguanosine cap), inverted nucleomono 
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mers, e.g., With 3‘-3‘ or 5‘-5‘ end inversions (see e.g., 
Ortiagao et al. 1992. Antisense Res. Dev. 21129), meth 
ylphosphonate, phosphoramidite, non-nucleotide groups 
(e.g., non-nucleotide linkers, amino linkers, conjugates) and 
the like. The 3‘ terminal nucleomonomer can comprise a 
modi?ed sugar moiety. The 3‘ terminal nucleomonomer can 
comprise a 3‘-O that can optionally be substituted by a 
blocking group that prevents 3‘-exonuclease degradation of 
the oligonucleotide. For example, the 3‘-hydroxyl can be 
esteri?ed to a nucleotide through a 3‘—>3‘ internucleotide 
linkage. For example, the alkyloxy radical can be methoxy, 
ethoxy, or isopropoxy, and preferably, ethoxy. Optionally, 
the 3‘Q3‘ linked nucleotide at the 3‘ terminus can be linked 
by a substitute linkage. To reduce nuclease degradation, the 
5‘ most 3‘Q5‘ linkage can be a modi?ed linkage, e.g., a 
phosphorothioate or a P-alkyloxyphosphotriester linkage. 
Preferably, the tWo 5‘ most 3‘—>5‘ linkages are modi?ed 
linkages. Optionally, the 5‘ terminal hydroxy moiety can be 
esteri?ed With a phosphorus containing moiety, e.g., phos 
phate, phosphorothioate, or P-ethoxyphosphate. 

[0078] In one embodiment, an oligonucleotide may com 
prise a 5‘ phosphate group or a group larger than a phosphate 
group. 

[0079] In one embodiment, the oligonucleotides included 
in the composition are high af?nity oligonucleotides. The 
term “high affinity” as used herein includes oligonucleotides 
that have a Tm (melting temperature) of or greater than 
about 60° C., greater than about 65° C., greater than about 
70° C., greater than about 75° C., greater than about 80 ° C. 
or greater than about 85° C. The Tm is the midpoint of the 
temperature range over Which the oligonucleotide separates 
from the target nucleotide sequence. At this temperature, 
50% helical (hybridiZed) versus coil (unhybridiZed) forms 
are present. Tm is measured by using the UV spectrum to 
determine the formation and breakdoWn (melting) of hybrid 
iZation. Base stacking occurs during hybridiZation, Which 
leads to a reduction in UV absorption. Tm depends both on 
GC content of the tWo nucleic acid molecules and on the 
degree of sequence complementarity. Tm can be determined 
using techniques that are knoWn in the art (see for example, 
Monia et al. 1993. J. Biol. Chem. 2681145; Chiang et al. 
1991.]. Biol. Chem. 266118162; Gagnor et al. 1987. Nucleic 
Acids Res. 15110419; Monia et al. 1996. Proc. Natl. Acad. 
Sci. 93115481; Publisis and Tinoco. 1989. Methods in Enzy 
mology 1801304; Thuong et al. 1987. Proc. Natl. Acad. Sci. 
USA 8415129). 

[0080] One skilled in the art Will recogniZe that the length 
of an RNAi oligonucleotide corresponds to a region of 
complementarity to the target in the antisense stranded, and 
the RNAi may be longer, if, for example the RNAi is of a 
hairpin design. 

[0081] In one embodiment, an oligonucleotide can include 
an agent Which increases the af?nity of the oligonucleotide 
for its target sequence. The term “af?nity enhancing agent” 
includes agents that increase the af?nity of an oligonucle 
otide for its target. Such agents include, e.g., intercalating 
agents and high af?nity nucleomonomers. Intercalating 
agents interact strongly and nonspeci?cally With nucleic 
acids. Intercalating agents serve to stabiliZe RNA-DNA 
duplexes and thus increase the af?nity of the oligonucle 
otides for their targets. Intercalating agents are most com 
monly linked to the 3‘ or 5‘ end of oligonucleotides. 
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Examples of intercalating agents include: acridine, chloram 
bucil, benZopyridoquinoxaline, benZopyridoindole, ben 
Zophenanthridine, and phenaZinium. The agents may also 
impart other characteristics to the oligonucleotide, for 
example, increasing resistance to endonucleases and exonu 
cleases. 

[0082] In one embodiment, a high af?nity nucleomonomer 
is incorporated into an oligonucleotide. The language “high 
af?nity nucleomonomer” as used herein includes modi?ed 
bases or base analogs that bind to a complementary base in 
a target nucleic acid molecule With higher affinity than an 
unmodi?ed base, for example, by having more energetically 
favorable interactions With the complementary base, e. g., by 
forming more hydrogen bonds With the complementary 
base. For example, high af?nity nucleomonomer analogs 
such as aminoethyoxy phenoxaZine (also referred to as a G 
clamp), Which forms four hydrogen bonds With guanine are 
included in the term “high af?nity nucleomonomer.” A high 
af?nity nucleomonomer is illustrated beloW (see, e.g., Flana 
gan, et al., 1999. Proc. Natl. Acad. Sci. 9613513). 

Antisense ON 

(i.e., guanine and aminoethyoxy phenoxazine) 

[0083] Other exemplary high af?nity nucleomonomers are 
knoWn in the art and include 7-alkenyl, 7-alkynyl, 7-het 
eroaromatic-, or 7-alkynyl-heteroaromatic-substituted bases 
or the like Which can be substituted for adenosine or 
guanosine in oligonucleotides (see e.g., US. Pat. No. 5,594, 
121). Also, 7-substituted deaZapurines have been found to 
impart enhanced binding properties to oligonucleotides, i.e., 
by alloWing them to bind With higher affinity to comple 
mentary target nucleic acid molecules as compared to 
unmodi?ed oligonucleotides. High affinity nucleomonomers 
can be incorporated into the oligonucleotides of the instant 
invention using standard techniques. 

[0084] In another embodiment, an agent that increases the 
af?nity of an oligonucleotide for its target comprises an 
intercalating agent. As used herein the language “intercalat 
ing agent” includes agents Which can bind to a DNA double 
helix. When covalently attached to an oligonucleotide of the 
invention, an intercalating agent enhances the binding of the 
oligonucleotide to its complementary genomic DNA target 
sequence. The intercalating agent may also increase resis 
tance to endonucleases and exonucleases. Exemplary inter 
calating agents are taught by Helene and Thuong (1989. 
Genome 311413), and include e.g., acridine derivatives 
(Lacoste et al. 1997. Nucleic Acids Research. 2511991; 
Kukreti et al. 1997. Nucleic Acids Research. 2514264); 
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quinoline derivatives (Wilson et al. 1993. Biochemistry 
32110614); benZo[f]quino[3,4-b]quioxaline derivatives 
(Marchand et al. 1996. Biochemistry. 3515022; Escude et al. 
1998. Proc. Natl. Acad. Sci. 9513591). Intercalating agents 
can be incorporated into an oligonucleotide using any con 
venient linkage. For example, acridine or psoralen can be 
linked to the oligonucleotide through any available —OH or 
—SH group, e.g., at the terminal 5‘ position of the oligo 
nucleotide, the 2‘ positions of sugar moieties, or an OH, 
NH2, COOH or SH incorporated into the 5-position of 
pyrimidines using standard methods. 

[0085] In one embodiment, When included in an RNase H 
activating antisense oligonucleotide, an agent that increases 
the af?nity of an oligonucleotide for its target is not posi 
tioned adjacent to an RNase activating region of the oligo 
nucleotide, e.g., is positioned adjacent to a non-RNase 
activating region. Preferably, the agent that increases the 
af?nity of an oligonucleotide for its target is placed at a 
distance as far as possible from the RNase activating domain 
of the chimeric antisense oligonucleotide such that the 
speci?city of the chimeric antisense oligonucleotide is not 
altered When compared With the speci?city of a chimeric 
antisense oligonucleotide Which lacks the intercalating com 
pound. In one embodiment, this can be accomplished by 
positioning the agent adjacent to a non-RNase activating 
region. The speci?city of the oligonucleotide can be tested 
by demonstrating that transcription of a non-target sequence. 
Preferably a non-target sequence Which is structurally simi 
lar to the target (e.g., has some sequence homology or 
identity With the target sequence but Which is not identical 
in sequence to the target) is not inhibited to a greater degree 
by an oligonucleotide comprising an af?nity enhancing 
agent directed against the target than by an oligonucleotide 
that does not comprise an af?nity enhancing agent that is 
directed against the target. 

[0086] In one embodiment, the oligonucleotides of the 
invention are GC enriched. As used herein the term “GC 
enriched” includes oligonucleotides that have a relatively 
high percent GC content. For example, in one embodiment 
an oligonucleotide of the invention has at least about 20%, 
at least about 30%, at least about 40% GC content. In 
another embodiment, an oligonucleotide of the invention has 
at least about 50%, at least about 60%, or at least about 70% 
GC content. 

[0087] In one embodiment, the oligonucleotides of the 
invention are at least about 25 nucleomonomers in length. In 
one embodiment, the antisense oligonucleotides of the 
invention are greater than about 25 nucleomonomers in 
length. In one embodiment, an antisense oligonucleotide of 
the invention is at least about 30, at least about 40, at least 
about 50, or at least about 60, at least about 70, at least about 
80, or at least about 90 nucleomonomers in length. 

[0088] Double-Stranded RNA Oligonucleotides 
[0089] Double-stranded RNA (double-stranded RNA or 
RNAi (double-stranded RNA interference)) is a double 
stranded RNA oligonucleotide that can be used to inhibit 
protein synthesis in a cell (see, e.g., WO 01/3 6646A1; 
Elbashir et al. 2001. Genes & Deveolpment 151188; Elbashir 
et al. 2001. Nature 4111494; Elbashir et al. 2001 EMBO. 
2016877). Double-stranded RNA may be formed by a single, 
self-complementary strand or tWo separate complementary 
strands. Duplex formation can occur either inside or outside 
the cell containing the target gene. 
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[0090] As used herein, the term “double-stranded” 
includes one or more nucleic acid molecules comprising a 
region of the molecule in Which at least a portion of the 
nucleomonomers are complementary and hydrogen bond to 
form a duplex. 

[0091] As used herein, the term “duplex” includes the 
region of the double-stranded nucleic acid molecule(s) that 
is (are) hydrogen bonded to a complementary sequence. 

[0092] Accordingly, one aspect of the invention is a 
method of inhibiting the activity of a target gene by intro 
ducing an RNAi agent into a cell, such that the dsRNA 
component of the RNAi agent is targeted to the gene. In one 
embodiment, an RNAoligonucleotide molecule may contain 
at least one nucleomonomer that is a modi?ed nucleotide 
analogue. The nucleotide analogues may be located at 
positions Where the target-speci?c activity, e.g., the RNAi 
mediating activity is not substantially effected, e.g., in a 
region at the 5‘-end or the 3‘-end of the double-stranded 
molecule, Where the overhangs may be stabiliZed by incor 
porating modi?ed nucleotide analogues. 

[0093] In another aspect, double-stranded RNA molecules 
knoWn in the art can be used in the methods of the present 
invention. Double-stranded RNA molecules knoWn in the art 
may also be modi?ed according to the teachings herein in 
conjunction With such methods, e.g., by using modi?ed 
nucleomonomers. For example, see US. Pat. No. 6,506,559; 
US. Pat. No. 2002/0,173,478 A1; US. Pat. No. 2002/0,086, 
356 Al; Shuey, et al., “RNAi: gene-silencing in therapeutic 
intervention.” Drug Discov. Today Oct. 15, 
2002;7(20)11040-6; Aoki, et al., “Clin. Exp. Pharmacol. 
Physiol. Jan. 30, 2003 (1-2)196-102; Cioca, et al., “RNA 
interference is a functional pathWay With therapeutic poten 
tial in human myeloid leukemia cell lines. Cancer Gene 
Ther. Feb. 10, 2003(2)1125-33. 

[0094] Further examples of double-stranded RNA mol 
ecules include those disclosed in the folloWing references: 
Kawasaki, et al., “Short hairpin type of dsRNAs that are 
controlled by tRNA(Val) promoter signi?cantly induce 
RNAi-mediated gene silencing in the cytoplasm of human 
cells.” Nucleic Acids Res. Jan. 15, 2003;31(2)1700-7; Cot 
trell, et al., “Silence of the strands: RNA interference in 
eukaryotic pathogens.” Trends Microbiol. Jan. 11, 
2003;(1)137-43; Links, “Mammalian RNAi for the masses.” 
Trends Genet. Jan. 19, 2003;(1)19-12; Hamada, et al., 
“Effects on RNA interference in gene expression (RNAi) in 
cultured mammalian cells of mismatches and the introduc 
tion of chemical modi?cations at the 3‘-ends of siRNAs.” 
Antisense Nucleic Acid Drug Dev. Oct. 12, 2002;(5)1301-9; 
Links, “RNAi and related mechanisms and their potential 
use for therapy.” Curr. Opin. Chem. Biol. Dec. 6, 
2002;(6)1829-34; Kawasaki, et al., “Short hairpin type of 
dsRNAs that are controlled by tRNA(Val) promoter signi? 
cantly induce RNAi-mediated gene silencing in the cyto 
plasm of human cells.” Nucleic Acids Res. Jan. 15, 
2003;31(2)1700-7.). 
[0095] Double-stranded RNA molecule comprises a 
nucleotide sequence Which is substantially identical to at 
least part of the target gene. In one embodiment, a double 
stranded RNA molecule comprises a nucleotide sequence 
Which is at least about 100% identical to a portion of the 
target gene. In another embodiment, a double-stranded RNA 
molecule comprises a nucleotide sequence Which is at least 
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about 95% identical to a portion of the target gene. In 
another embodiment, a double-stranded RNA molecule 
comprises a nucleotide sequence Which is at least about 90% 
identical to a portion of the target gene. In another embodi 
ment, a double-stranded RNA molecule comprises a nucle 
otide sequence Which is at least about 80% identical to a 
portion of the target gene. In another embodiment, a double 
stranded RNA molecule comprises a nucleotide sequence 
Which is at least about 60% identical to a portion of the target 
gene. In another embodiment, a double-stranded RNA mol 
ecule comprises a nucleotide sequence Which is at least 
about 100% identical to a portion of the target gene. 

[0096] To determine the percent identity of tWo nucleic 
acid sequences, the sequences are aligned for optimal com 
parison purposes (e.g., gaps can be introduced in one or both 
of a ?rst and a second amino acid or nucleic acid sequence 
for optimal alignment and non-identical sequences can be 
disregarded for comparison purposes). In a preferred 
embodiment, the length of the target gene sequence aligned 
for comparison purposes is at least about 25 nucleotide 
residues, at least about 50, at least about 100, at least about 
150, at least about 200, or at least about 300 or more 
nucleotide residues are aligned. The nucleotides at corre 
sponding nucleotide positions are then compared. When a 
position in the ?rst sequence is occupied by the same 
nucleotide as the corresponding position in the second 
sequence, then the molecules are identical at that position. 
The percent identity betWeen the tWo sequences is a function 
of the number of identical positions shared by the sequences, 
taking into account the number of gaps, and the length of 
each gap, Which need to be introduced for optimal alignment 
of the tWo sequences. 

[0097] The comparison of sequences and determination of 
percent identity betWeen tWo sequences can be accom 
plished using a mathematical algorithm. In a preferred 
embodiment, the percent identity betWeen tWo nucleotide 
sequences is determined using e.g., the GAP program in the 
GCG softWare package, using a NWSgapdna. CMP matrix 
and a gap Weight of 40, 50, 60, 70, or 80 and a length Weight 
of 1, 2, 3, 4, 5, or 6. In another embodiment, the percent 
identity betWeen tWo nucleotide sequences is determined 
using the algorithm of E. Meyers and W. Miller (Comput. 
Appl. Biosci. 4:11-17 (1988)) Which has been incorporated 
into the ALIGN program (version 2.0), using a PAM120 
Weight residue table, a gap length penalty of 12 and a gap 
penalty of 4. 

[0098] The nucleic acid sequences of the present invention 
can further be used as a “query sequence” to perform 
alignments against sequences in public databases. Such 
searches can be performed using the NBLAST and 
XBLAST programs (version 2.0) of Altschul et al. (1990) J. 
Mol. Biol. 215:403-10. BLAST nucleotide searches can be 
performed With the NBLAST program, score=100, 
Wordlength=12. To obtain gapped alignments for compari 
son purposes, Gapped BLAST can be utiliZed as described 
in Altschul et al. (1997) Nucleic Acids Res. 25(17):3389 
3402. When utiliZing BLAST and Gapped BLAST pro 
grams, the default parameters of the respective programs 
(e.g., XBLAST and NBLAST) can be used. See, e.g., the 
NIH internet Website. 

[0099] In one embodiment, the oligonucleotides of the 
invention are identical to a target nucleic acid sequence over 
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at least about 80% of the length of the oligonucleotide. In 
another embodiment, oligonucleotides of the invention are 
identical to a target nucleic acid sequence over at least about 
90-95% of the length of the oligonucleotide. In another 
embodiment, oligonucleotides of the invention are identical 
to a target nucleic acid sequence over the entire length of the 
oligonucleotide. 

[0100] In yet another embodiment, a sequence of a 
double-stranded RNA molecule of the invention hybridiZes 
to at least a portion of the target gene under stringent 
hybridiZation conditions. As used herein, the term “hybrid 
iZes under stringent conditions” is intended to describe 
conditions for hybridiZation and Washing under Which 
nucleotide sequences at least 60% complementary to each 
other typically remain hybridiZed to each other. Preferably, 
the conditions are such that sequences at least about 70%, 
more preferably at least about 80%, even more preferably at 
least about 85% or 90% complementary to each other 
typically remain hybridiZed to each other. Such stringent 
conditions are knoWn to those skilled in the art and can be 
found in Current Protocols in Molecular Biology, John 
Wiley & Sons, NY. (1989), 631-636. A preferred, non 
limiting eXample of stringent hybridiZation conditions are 
hybridiZation in 6x sodium chloride/sodium citrate (SSC) at 
about 45° C., folloWed by one or more Washes in 0.2><SSC, 
0.1% SDS at 50° C., preferably at 55° C., more preferably 
at 60° C., and even more preferably at 65° C. Ranges 
intermediate to the above-recited values, e.g., at 60-65° C. or 
at 55-60° C. are also intended to be encompassed by the 
present invention. Alternatively, formamide can be included 
in the hybridiZation solution, using methods and conditions 
also knoWn in the art. 

[0101] Antisense Oligonucleotides 

[0102] As used herein, the term “antisense oligonucle 
otide” includes oligonucleotides Which comprise a nucle 
otide sequence Which is speci?cally interferes With the 
synthesis of the target polypeptide. In general, antisense 
oligonucleotides of the invention bind to the “sense” strand 
of the nucleotide sequence of the target gene (e.g., poly 
nucleotides such as DNA, mRNA (including pre-mRNA)) 
molecules. When antisense oligonucleotides of the invention 
bind to nucleic acid molecules, they can bind to any region 
of the nucleic acid molecule, including e.g., introns, eXons, 
5‘, or 3‘ untranslated regions. For eXample, antisense oligo 
nucleotides that Work as steric blockers preferentially bind 
Within a splice junction, 5‘ untranslated region, or the start 
region of a nucleic acid target molecule. Antisense oligo 
nucleotides that Work by activating RNase H preferably bind 
Within an intron, an eXon, the 5‘ untranslated region, or the 
3‘ untranslated region of a nucleic acid target molecule. 

[0103] Antisense oligonucleotides of the invention may or 
may not be complementary to their target sequence. Without 
being limited to any particular mechanism of action, an 
antisense oligonucleotide used in an oligonucleotide com 
position of the invention that can speci?cally hybridiZe With 
a nucleotide sequence Within the target gene (i.e., is comple 
mentary to a nucleotide sequence Within the target gene) 
may achieve its affects based on, e.g., (1) binding to target 
mRNA and stericly blocking the ribosome complex from 
translating the mRNA; (2) binding to target mRNA and 
triggering mRNA cleavage by RNase H; (3) binding to 
double-stranded DNA in the nucleus and forming a triple 
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helix; (4) hybridizing to open DNA loops created by RNA 
polymerase; (5) interfering With mRNA splicing; (6) inter 
fering With transport of mRNA from the nucleus to the 
cytoplasm; or (7) interfering With translation through inhi 
bition of the binding of initiation factors or assembly of 
ribosomal subunits (i.e., at the start codon). 

[0104] Without being limited to any particular mechanism 
of action, the antisense oligonucleotides used in an oligo 
nucleotide composition of the invention that can not spe 
ci?cally hybridize With a nucleotide sequence Within the 
target gene (are not complementary to a nucleotide sequence 
Within the target gene) may achieve their affects based on, 
e.g., (1) the secondary structure of the oligonucleotide; (2) 
hybridiZation to a different nucleotide sequence; (3) binding 
to proteins or other molecules that may affect the target 
gene; or (4) modulating oligonucleotide degradation prod 
ucts Which themselves can affect cellular functions. 

[0105] In one embodiment, at least tWo of the antisense 
oligonucleotides in an oligonucleotide composition of the 
invention inhibit protein synthesis via the same mechanism. 
In another embodiment, at least tWo of the antisense oligo 
nucleotides in an oligonucleotide composition inhibit pro 
tein synthesis via a different mechanism. In yet another 
embodiment, all of the antisense oligonucleotides present in 
an oligonucleotide composition inhibit protein synthesis via 
the same mechanism. The oligonucleotide compositions of 
the present invention may comprise antisense oligonucle 
otides Which rely simultaneously on several of these modes 
of action. 

[0106] The antisense oligonucleotides used in an oligo 
nucleotide composition of the invention may be of any type, 
e.g., including morpholino oligonucleotides, RNase H acti 
vating oligonucleotides, or riboZymes. 

[0107] In one embodiment, antisense oligonucleotides of 
the invention are substantially complementary to a target 
nucleic acid sequence. Percent complementarity is deter 
mined analogously to percent identity. For eXample, When a 
position in a test nucleotide sequence is occupied by a 
nucleotide that is complementary to the corresponding posi 
tion in the reference sequence, then the molecules are 
complementary at that position. In one embodiment, an 
antisense RNA molecule comprises a nucleotide sequence 
Which is at least about 100% complementary to a portion of 
the target gene. In another embodiment, an antisense RNA 
molecule comprises a nucleotide sequence Which is at least 
about 90% complementary to a portion of the target gene. In 
another embodiment, an antisense RNA molecule comprises 
a nucleotide sequence Which is at least about 80% comple 
mentary to a portion of the target gene. In another embodi 
ment, an antisense RNA molecule comprises a nucleotide 
sequence Which is at least about 60% complementary to a 
portion of the target gene. In another embodiment, an 
antisense RNA molecule comprises a nucleotide sequence 
Which is at least about 100% complementary to a portion of 
the target gene. Preferably, no loops greater than about 8 
nucleotides are formed by areas of non-complementarity 
betWeen the oligonucleotide and the target. 

[0108] In one embodiment, the antisense oligonucleotides 
of the invention are complementary to a target nucleic acid 
sequence over at least about 80% of the length of the 
oligonucleotide. In another embodiment, antisense oligo 
nucleotides of the invention are complementary to a target 
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nucleic acid sequence over at least about 90-95% of the 
length of the oligonucleotide. In another embodiment, anti 
sense oligonucleotides of the invention are complementary 
to a target nucleic acid sequence over the entire length of the 
oligonucleotide. 

[0109] Antisense oligonucleotides of the invention can be 
“chimeric oligonucleotides” Which comprise an RNA-like 
and a DNA-like region. The language “RNase H activating 
region” includes a region of an oligonucleotide, e.g., a 
chimeric oligonucleotide, that is capable of recruiting RNase 
H to cleave the target RNA strand to Which the oligonucle 
otide binds. Typically, the RNase activating region contains 
a minimal core (of at least about 3-5, typically betWeen 
about 3-12, more typically, betWeen about 5-12, and more 
preferably betWeen about 5-10 contiguous nucleomono 
mers) of DNA or DNA-like nucleomonomers. (See e.g., 
US. Pat. No. 5,849,902). More preferably, the RNase H 
activating region comprises about nine contiguous deoXyri 
bose containing nucleomonomers. Preferably, the contigu 
ous nucleomonomers are linked by a substitute linkage, e.g., 
a phosphorothioate linkage. 

[0110] The language “non-activating region” includes a 
region of an antisense oligonucleotide, e.g., a chimeric 
oligonucleotide, that does not recruit or activate RNase H. 
Preferably, a non-activating region does not comprise phos 
phorothioate DNA. The oligonucleotides of the invention 
comprise at least one non-activating region. In one embodi 
ment, the non-activating region can be stabiliZed against 
nucleases or can provide speci?city for the target by being 
complementary to the target and forming hydrogen bonds 
With the target nucleic acid molecule, Which is to be bound 
by the oligonucleotide. 

[0111] Antisense oligonucleotides of the present invention 
may include “morpholino oligonucleotides.” Morpholino 
oligonucleotides are non-ionic and function by an RNase 
H-independent mechanism. Each of the 4 genetic bases 
(Adenine, Cytosine, Guanine, and Thymine/Uracil ) of the 
morpholino oligonucleotides is linked to a 6-membered 
morpholine ring. Morpholino oligonucleotides are made by 
joining the 4 different subunit types by non-ionic phospho 
rodiamidate intersubunit linkages. An eXample of a 2 sub 
unit morphilio oligonucleotide is shoWn beloW. 

0.... O Base 

T / 
O =II’ — N\ 

O O Base 

Base : Adenine 

Cytosine 
Guanine N 
Thymine : 

[0112] Morpholino oligonucleotides have many advan 
tages including complete resistance to nucleases (Antisense 
& Nuc. Acid Drug Dev. 1996. 6:267); predictable targeting 
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(Biochemica Biophysica Acta. 1999. 1489:141); reliable 
activity in cells (Antisense & Nuc. Acid Drug Dev. 1997. 
7:63); excellent sequence speci?city (Antisense & Nuc. 
Acid Drug Dev. 1997. 7:151); minimal non-antisense activ 
ity (Biochemica Biophysica Acta. 1999. 1489:141); and 
simple osmotic or scrape delivery (Antisense & Nuc. Acid 
Drug Dev. 1997. 7:291). Morpholino oligonucleotides are 
also preferred because of their non-toxicity at high doses. A 
discussion of the preparation of morpholino oligonucle 
otides can be found in Antisense & Nuc. Acid Drug Dev. 
1997. 7:187. 

[0113] Avariety of nucleotides of different lengths may be 
used. In one embodiment, an oligonucleotide of the inven 
tion is greater than about 25 nucleomonomers in length. In 
one embodiment, an oligonucleotide of the invention is at 
least about 10, 12, 14, 16, 18, 20, 22, 24, 26, 27, 28, 29, 30, 
at least about 40, at least about 50, or at least about 60, at 
least about 70, at least about 80, or at least about 90 
nucleomonomers in length. In another embodiment, an 
oligonucleotide of the invention is less than about 25 nucle 
omonomers in length, particularly about 21 to 23. In yet 
another embodiment, an oligonucleotide of the invention is 
about 10, 12, 14, 16, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, or 30 nucleomonomers in length. In another embodi 
ment, an oligonucleotide of the invention is at most about 
26, 27, 28, 29, 30, at most about 40, at most about 50, or at 
most about 60, at most about 70, at most about 80, or at most 
about 90 nucleomonomers in length. 

[0114] Preferred nucleomonomers in some aspects are 
ribonucleotides, including 2‘-O-methyl ribonucleotides and 
other 2‘-modi?ed RNA molecules. 

[0115] Oligomers of the invention may also comprise a 
DNA gap or a phosphorothioate DNA gap. 

[0116] In some aspects, the present invention relates to 
compositions and methods comprising at least about 4, 5, 6, 
7, 8, 9, or 10 antisense oligonucleotides targeting at least 
four, ?ve, six, seven, eight, nine, or ten different nucleic acid 
sequences. 

[0117] Selection of Oligonucleotide Sequences 

[0118] Once the target protein is selected and the nucle 
otide sequence Which encodes it is determined, the sequence 
of an oligonucleotide for inclusion in the compositions of 
the invention is determined. The sequence of the target gene 
is analyZed and oligonucleotides are chosen by a process 
including both elimination and selection steps. In one 
embodiment, oligonucleotides Which have more than 3 of 
any nucleotide (A, U, C, or G) occurring consecutively 
Within the oligonucleotide are eliminated. In another 
embodiment, oligonucleotides having dinucleotide repeats 
(e.g., AUAU, ACAC, AGAG, UCUC, UGUG, or CGCG) 
are eliminated. In another embodiment, oligonucleotides are 
chosen that target nucleotide sequences of the target gene 
that are preferably at least about 25 nucleotides apart. In 
another embodiment, oligonucleotides are chosen that com 
prise betWeen 4 and 10 (inclusive) of each base, such that the 
base composition of the oligonucleotides is similar. In 
another embodiment, the percentage of bases in the oligo 
nucleotide Which are G or C is greater than 50%. In one 
embodiment, When oligonucleotides are designed to be 
complementary to a chosen target sequence, preferably, they 
are 100% complementary to the target sequence. In another 
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embodiment, an oligonucleotide preferably has greater than 
2 mismatches to other, non-target genes. This can be tested 
by one of ordinary skill in the art, e.g., using available 
alignment programs and public databases, e.g., the National 
Institutes of Health internet Website. 

[0119] Oligonucleotide Compositions of the Invention 

[0120] This invention relates to oligonucleotide composi 
tions including more than one individual oligonucleotide 
molecule. The individual oligonucleotide molecules of the 
composition target at least one target nucleotide sequence of 
a single target gene. For example, in one embodiment, at 
least tWo of the oligonucleotides present in the composition 
target the same nucleotide sequence in the same target gene 
e.g., the oligonucleotides comprise different chemistries but 
target (e.g., speci?cally hybridiZe to) the same sequence of 
bases in a target nucleic acid molecule. In another embodi 
ment, at least tWo of the oligonucleotides present in the 
composition target different nucleotide sequences in the 
same target gene (e.g., the oligonucleotide composition 
comprises one oligonucleotide targeting a nucleotide 
sequence in the promoter of a gene and another oligonucle 
otide targeting a nucleotide sequence in the portion of the 
coding sequence of the target nucleic acid molecule or the 
oligonucleotide composition comprises at least tWo different 
oligonucleotides that target tWo different nucleotide 
sequences in the coding region of the target nucleic acid 
molecule). 
[0121] The number of oligonucleotides used in an oligo 
nucleotide composition of the invention can vary from as 
feW as about 2 oligonucleotides to greater than about 20 
oligonucleotides. In one embodiment, at least about 3-4 
different oligonucleotides are used in the oligonucleotide 
composition. In another embodiment, at least about 5-6 
different oligonucleotides are used in the oligonucleotide 
composition. In a further embodiment, at least about 7-8 
different oligonucleotides are used in the oligonucleotide 
composition. In one embodiment, greater than about 8 
different oligonucleotides are used in an oligonucleotide 
composition of the invention. In a preferred embodiment, 
the number of different oligonucleotides in the oligonucle 
otide composition is chosen so as to use the minimum 
number of different oligonucleotides that effectively inhibit 
synthesis of the target protein. 

[0122] The different oligonucleotides used in an oligo 
nucleotide composition of the invention can each be present 
at the same concentration or can be present in different 
concentrations. For example, more desirable oligonucle 
otides (e.g., those that are more inexpensive or easier to 
synthesiZe) may be present at higher concentrations than less 
desirable oligonucleotides. 

[0123] Preferably, the oligonucleotides in a composition 
are either all double-stranded RNA oligonucleotides or all 
antisense oligonucleotides. 

[0124] It Will be understood that the individual oligonucle 
otides of the invention can be synthesiZed to comprise 
different chemistries. For example, in one embodiment, a 
composition of the invention can comprise at least one 
oligonucleotide that is optionally GC enriched. In another 
embodiment, a composition of the invention comprises at 
least one oligonucleotide that binds to its target With high 
af?nity. In another exemplary embodiment, a composition of 
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the invention comprises at least one that is at least about 25 
nucleomonomers in length. In one embodiment, an oligo 
nucleotide of the invention comprises an oligonucleotide 
that is GC enriched and binds to its target With high affinity. 
Thus, as shoWn by this example, one of skill in the art Will 
recognize that given the teachings of the speci?cation, 
multiple variations of the individual oligonucleotides 
present in improved oligonucleotide compositions of the 
invention can be made. 

[0125] Making Oligonucleotide Compositions 
[0126] In one embodiment, an individual oligonucleotide 
is not individually tested for its ability to inhibit protein 
synthesis prior to its inclusion into a composition of the 
invention. 

[0127] In another embodiment, an individual oligonucle 
otide for inclusion in an oligonucleotide composition inhib 
its protein synthesis by about 20% When tested individually. 
In another embodiment, an individual oligonucleotide for 
inclusion in an oligonucleotide composition inhibits gene 
expression by about 30% When tested individually. In 
another embodiment, an individual oligonucleotide for 
inclusion in an oligonucleotide composition inhibits gene 
expression by about 40% When tested individually. In 
another embodiment, an individual oligonucleotide for 
inclusion in an oligonucleotide composition inhibits gene 
expression by about 50% When tested individually. In 
another embodiment, an individual oligonucleotide for 
inclusion in an oligonucleotide composition inhibits gene 
expression by about 60% When tested individually. Prefer 
ably, an individual oligonucleotide for inclusion in an oli 
gonucleotide composition inhibits gene expression by less 
than about 40% When tested individually. 

[0128] In one embodiment, an oligonucleotide composi 
tion of the invention inhibits gene expression to an extent 
that is greater than the level of inhibition of gene expression 
achieved by any of the individual oligonucleotides of the 
oligonucleotide composition acting alone. In another 
embodiment, the oligonucleotide composition achieves a 
level of inhibition of protein synthesis the same as or higher 
than the level of inhibition achieved by the most effective 
individual oligonucleotide of the composition. In one 
embodiment, an oligonucleotide composition of the present 
invention is at least about 80% effective at inhibiting gene 
expression. In another embodiment, an oligonucleotide 
composition of the present invention is at least about 90% 
95% effective at inhibiting gene expression. In another 
embodiment, an oligonucleotide composition of the present 
invention is at least about 99% effective at inhibiting gene 
expression. 

[0129] The subject compositions greatly increase the ef? 
ciency of the inhibition of protein synthesis because the 
ability of an individual oligonucleotide to inhibit protein 
synthesis does not have to be tested prior to its inclusion in 
an oligonucleotide composition of the invention. Accord 
ingly, only one transfection need be done to effectively 
inhibit protein synthesis. Thus, in one embodiment, an 
oligonucleotide composition of the invention is contacted 
With a cell or population of cells prior to testing the ability 
of the individual oligonucleotides of the composition to 
inhibit target gene expression. In another embodiment, an 
oligonucleotide composition of the invention is contacted 
With a cell or population of cells subsequent to testing the 
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ability of the individual oligonucleotides of the composition 
to inhibit target gene expression. 

[0130] To achieve inhibition of gene expression, an oli 
gonucleotide composition of the invention is contacted With 
a cell (or cell lysate). In one embodiment, the oligonucle 
otides of an oligonucleotide composition are contacted With 
a cell simultaneously. In an alternative embodiment, the 
oligonucleotides of an oligonucleotide composition can be 
brought into contact With a cell at different times. For 
example, at least one of the oligonucleotides can be con 
tacted With a cell at a different time from the other oligo 
nucleotides. In yet another example, each of the oligonucle 
otides of an oligonucleotide composition is contacted With a 
cell sequentially so that each of the oligonucleotides of an 
oligonucleotide composition comes into contact With the cell 
at a different time. As such, the compositions of the instant 
invention can be formulated for separate administration of 
the oligonucleotides. Preferably, a cell is contacted With 
oligonucleotides of the invention such that the level of 
inhibition of protein synthesis (e.g., as measured either 
directly (by measuring the decrease in the amount of the 
target protein produced) or, for example, by measuring the 
disappearance of a phenotype associated With the presence 
of the target protein, by measuring a reduction in the amount 
of mRNAproduced from the target gene, or by measuring in 
increase in the level of degradation of the mRNA) is greater 
than that observed When individual nucleotides of the inven 
tion are tested individually. 

[0131] The number of oligonucleotides used to contact a 
cell can vary from as feW as 2 oligonucleotides to greater 
than about 20 oligonucleotides. In one embodiment, at least 
about 2-3 different oligonucleotides are contacted With a 
cell. In another embodiment, at least about 4-5 different 
oligonucleotides are used to contact the cell. In a further 
embodiment, at least about 6-7 different oligonucleotides are 
contacted With a cell. 

[0132] The ability of an oligonucleotide composition of 
the invention to inhibit protein synthesis can be measured 
using techniques Which are knoWn in the art, for example, by 
detecting an inhibition in gene transcription or protein 
synthesis. For example, Nuclease S1 mapping can be per 
formed. In another example, Northern blot analysis can be 
used to measure the presence of RNA encoding a particular 
protein. For example, total RNA can be prepared over a 
cesium chloride cushion (see, e.g., Ausebel et al., eds. 1987. 
Current Protocols in Molecular Biology (Greene & Wiley, 
NeW York). Northern blots can then be made using the RNA 
and probed (see, e.g., Id.) In another example, the level of 
the speci?c mRNA produced by the target protein can be 
measured, e.g., using PCR. In yet another example, Western 
blots can be used to measure the amount of target protein 
present. In still another embodiment, a phenotype in?uenced 
by the amount of the protein can be detected. Techniques for 
performing Western blots are Well knoWn in the art, see, e. g., 
Chen et al. J. Biol. Chem. 271:28259. 

[0133] In another example, the promoter sequence of a 
target gene can be linked to a reporter gene and reporter gene 
transcription (e.g., as described in more detail beloW) can be 
monitored. Alternatively, oligonucleotide compositions that 
do not target a promoter can be identi?ed by fusing a portion 
of the target nucleic acid molecule With a reporter gene so 
that the reporter gene is transcribed. By monitoring a change 
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in the expression of the reporter gene in the presence of the 
oligonucleotide composition, it is possible to determine the 
effectiveness of the oligonucleotide composition in inhibit 
ing the expression of the reporter gene. For example, in one 
embodiment, an effective oligonucleotide composition Will 
reduce the expression of the reporter gene. By incrementally 
adjusting the concentrations and identities of the oligonucle 
otides in the oligonucleotide composition and monitoring 
the resulting change in reporter gene expression, it is pos 
sible to optimiZe the oligonucleotide composition. 

[0134] A “reporter gene” is a nucleic acid that expresses a 
detectable gene product, Which may be RNA or protein. 
Detection of mRNA expression may be accomplished by 
Northern blotting and detection of protein may be accom 
plished by staining With antibodies speci?c to the protein. 
Preferred reporter genes produce a readily detectable prod 
uct. A reporter gene may be operably linked With a regula 
tory DNA sequence such that detection of the reporter gene 
product provides a measure of the transcriptional activity of 
the regulatory sequence. In preferred embodiments, the gene 
product of the reporter gene is detected by an intrinsic 
activity associated With that product. For instance, the 
reporter gene may encode a gene product that, by enZymatic 
activity, gives rise to a detectable signal based on color, 
?uorescence, or luminescence. Examples of reporter genes 
include, but are not limited to, those coding for chloram 
phenicol acetyl transferase (CAT), luciferase, [3-galactosi 
dase and alkaline phosphatase. 

[0135] One skilled in the art Would readily recogniZe 
numerous reporter genes suitable for use in the present 
invention. These include, but are not limited to, chloram 
phenicol acetyltransferase (CAT), luciferase, human groWth 
hormone (hGH), and beta-galactosidase. Examples of such 
reporter genes can be found in F. A. Ausubel et al., Eds., 
Current Protocols in Molecular Biology, John Wiley & Sons, 
NeW York, (1989). Any gene that encodes a detectable 
product, e.g., any product having detectable enZymatic 
activity or against Which a speci?c antibody can be raised, 
can be used as a reporter gene in the present methods. 

[0136] One reporter gene system is the ?re?y luciferase 
reporter system. (Gould, S. J., and Subramani, S. 1988. Anal. 
Biochem., 71404-408 incorporated herein by reference). The 
luciferase assay is fast and sensitive. In this assay, a lysate 
of the test cell is prepared and combined With ATP and the 
substrate luciferin. The encoded enZyme luciferase catalyZes 
a rapid, ATP dependent oxidation of the substrate to generate 
a light-emitting product. The total light output is measured 
and is proportional to the amount of luciferase present over 
a Wide range of enZyme concentrations. 

[0137] CAT is another frequently used reporter gene sys 
tem; a major advantage of this system is that it has been an 
extensively validated and is Widely accepted as a measure of 
promoter activity. (Gorman C. M., Moffat, L. E, and 
HoWard, B. H. 1982. Mol. Cell. Biol., 211044-1051). In this 
system, test cells are transfected With CAT expression vec 
tors and incubated With the candidate substance Within 2-3 
days of the initial transfection. Thereafter, cell extracts are 
prepared. The extracts are incubated With acetyl CoA and 
radioactive chloramphenicol. FolloWing the incubation, 
acetylated chloramphenicol is separated from nonacetylated 
form by thin layer chromatography. In this assay, the degree 
of acetylation re?ects the CAT gene activity With the par 
ticular promoter. 

Mar. 18, 2004 

[0138] Another suitable reporter gene system is based on 
immunologic detection of hGH. This system is also quick 
and easy to use. (Selden, R., Burke-Howie, K. RoWe, M. E., 
Goodman, H. M., and Moore, D. D. (1986), Mol. Cell, Biol., 
613173-3179 incorporated herein by reference). The hGH 
system is advantageous in that the expressed hGH polypep 
tide is assayed in the media, rather than in a cell extract. 
Thus, this system does not require the destruction of the test 
cells. It Will be appreciated that the principle of this reporter 
gene system is not limited to hGH but rather adapted for use 
With any polypeptide for Which an antibody of acceptable 
speci?city is available or can be prepared. 

[0139] Uptake of Oligonucleotides by Cells 

[0140] Oligonucleotides and oligonucleotide composi 
tions are contacted With (i.e., brought into contact With, also 
referred to herein as administered or delivered to) and taken 
up by one or more cells. The term “cells” includes prokary 
otic and eukaryotic cells, preferably vertebrate cells, and, 
more preferably, mammalian cells. In a preferred embodi 
ment, the oligonucleotide compositions of the invention are 
contacted With human cells. 

[0141] Oligonucleotide compositions of the invention can 
be contacted With cells in vitro or in vivo. Oligonucleotides 
are taken up by cells at a sloW rate by endocytosis, but 
endocytosed oligonucleotides are generally sequestered and 
not available, e.g., for hybridiZation to a target nucleic acid 
molecule. In one embodiment, cellular uptake can be facili 
tated by electroporation or calcium phosphate precipitation. 
However, these procedures are only useful for in vitro or ex 
vivo embodiments, are not convenient and, in some cases, 
are associated With cell toxicity. 

[0142] In another embodiment, delivery of oligonucle 
otides into cells can be enhanced by suitable art recogniZed 
methods including calcium phosphate, DMSO, glycerol or 
dextran, electroporation, or by transfection, e.g., using cat 
ionic, anionic, or neutral lipid compositions or liposomes 
using methods knoWn in the art (see e.g., W0 90/ 14074; WO 
91/16024; WO 91/17424; US. Pat. No. 4,897,355; Bergan 
et al. 1993. Nucleic Acids Research. 2113567). Enhanced 
delivery of oligonucleotides can also be mediated by the use 
of viruses, polyamine or polycation conjugates using com 
pounds such as polylysine, protamine, or N1, N12-bis 
(ethyl) spermine (see e.g., BartZatt, R. et al. 1989. Biotech 
nol. Appl. Biochem. 111133; Wagner E. et al. 1992. Proc. 
Natl. Acad. Sci. 8814255). 

[0143] Conjugating Agents 

[0144] Conjugating agents bind to the oligonucleotide in a 
covalent manner. In one embodiment, oligonucleotides can 
be derivitiZed or chemically modi?ed by binding to a 
conjugating agent to facilitate cellular uptake. For example, 
covalent linkage of a cholesterol moiety to an oligonucle 
otide can improve cellular uptake by 5- to 10-fold Which in 
turn improves DNA binding by about 10-fold (Boutorin et 
al., 1989, FEBS Letters 2541129-132). Conjugation of octyl, 
dodecyl, and octadecyl residues enhances cellular uptake by 
3-, 4-, and 10-fold as compared to unmodi?ed oligonucle 
otides (Vlassov et al., 1994, Biochimica et Biophysica Acta 
1197195-108). Similarly, derivatiZation of oligonucleotides 
With poly-L-lysine can aid oligonucleotide uptake by cells 
(Schell, 1974, Biochem. Biophys. Acta 3401323, and Lemai 
tre et al., 1987, Proc. Natl. Acad. Sci. USA 841648). 


















































