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alkyl derivatives of adenine and guanine, 2-propyl and other
alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thio-
thymine and 2-thiocytosine, 5-halouracil and cytosine, 5-pro-
pynyl uracil and cytosine, 6-azo uracil, cytosine and thymine,
S-uracil (pseudo-uracil), 4-thiouracil, 8-halo, 8-amino,
8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted
adenines and guanines, 5-halo particularly 5-bromo, 5-trif-
luoromethyl and other 5-substituted uracils and cytosines,
7-methylquanine and 7-methyladenine, 8-azaguanine and
8-azaadenine, 7-deazaguanine and 7-deazaadenine and
3-deazaguanine and 3-deazaadenine.

[0128] Further, nucleobases comprise those disclosed in
U.S. Pat. No. 3,687,808, those disclosed in “The Concise
Encyclopedia of Polymer Science And Engineering”, pages
858-859, Kroschwitz, ed. John Wiley & Sons, 1990, those
disclosed by Englisch et al., Angewandle Chemie, Interna-
tional Edition, 1991, 30, page 613, and those disclosed by
Sanghvi, Chapter 15, Antisense Research and Applications,”
pages 289-302, Crooke, and Lebleu, eds., CRC Press, 1993.
Certain of these nucleobases are particularly useful for
increasing the binding affinity of the oligomeric compounds
of the invention. These include S-substituted pyrimidines,
6-azapyrimidines and N-2, N-6 and 0-6 substituted purines,
comprising 2-aminopropyladenine, S5-propynyluracil and
S-propynylcytosine. S-methylcytosine substitutions have
been shown to increase nucleic acid duplex stability by 0.6-
1.2<0>C (Sanghvi, et al., eds, “Antisense Research and
Applications,” CRC Press, Boca Raton, 1993, pp. 276-278)
and are presently preferred base substitutions, even more
particularly when combined with 2'-O-methoxyethyl sugar
modifications. Modified nucleobases are described in U.S.
Pat. No. 3,687,808, as well as U.S. Pat. Nos. 4,845,205,
5,130,302; 5,134,066; 5,175,273; 5,367,066, 5,432,272,
5,457,187, 5,459,255; 5,484,908; 5,502,177, 5,525,711,
5,552,540, 5,587,469; 5,596,091, 5,614,617, 5,750,692, and
5,681,941, each of which is herein incorporated by reference.

[0129] In some embodiments, the single stranded oligo-
nucleotides are chemically linked to one or more moieties or
conjugates that enhance the activity, cellular distribution, or
cellular uptake of the oligonucleotide. For example, one or
more single stranded oligonucleotides, of the same or differ-
ent types, can be conjugated to each other; or single stranded
oligonucleotides can be conjugated to targeting moieties with
enhanced specificity for a cell type or tissue type. Such moi-
eties include, but are not limited to, lipid moieties such as a
cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci.
USA, 1989, 86, 6553-6556), cholic acid (Manoharan et al.,
Bioorg. Med. Chem. Let., 1994, 4, 1053-1060), a thioether,
e.g., hexyl-S-tritylthiol (Manoharan et al, Ann. N.Y. Acad.
Sci., 1992, 660, 306-309; Manoharan et al., Bioorg. Med.
Chem. Let., 1993, 3, 2765-2770), a thiocholesterol (Ober-
hauser et al., Nucl. Acids Res., 1992, 20, 533-538), an ali-
phatic chain, e.g., dodecandiol or undecyl residues (Kabanov
et al.,, FEBS Lett., 1990, 259, 327-330; Svinarchuk et al.,
Biochimie, 1993, 75, 49-54), a phospholipid, e.g., di-hexade-
cyl-rac-glycerol or triethylammonium 1,2-di-O-hexadecyl-
rac-glycero-3-H-phosphonate (Manoharan et al., Tetrahe-
dron Lett., 1995,36,3651-3654; Shea et al., Nucl. Acids Res.,
1990, 18, 3777-3783), a polyamine or a polyethylene glycol
chain (Mancharan et al., Nucleosides & Nucleotides, 1995,
14, 969-973), or adamantane acetic acid (Manoharan et al.,
Tetrahedron Lett., 1995, 36, 3651-3654), a palmityl moiety
(Mishra et al., Biochim. Biophys. Acta, 1995, 1264, 229-
237), or an octadecylamine or hexylamino-carbonyl-t oxyc-
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holesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther.,
1996, 277, 923-937). See also U.S. Pat. Nos. 4,828,979,
4,948,882, 5,218,105; 5,525,465, 5,541,313; 5,545,730,
5,552,538, 5,578,717, 5,580,731; 5,580,731; 5,591,584,
5,109,124, 5,118,802; 5,138,045; 5,414,077, 5,486,603;
5,512,439; 5,578,718; 5,608,046, 4,587,044; 4,605,735,
4,667,025, 4,762,779; 4,789,737, 4,824,941; 4,835,263,
4,876,335; 4,904,582; 4,958,013; 5,082,830; 5,112,963,
5,214,136; 5,082,830; 5,112,963; 5,214,136; 5,245,022,
5,254,469, 5,258,506; 5,262,536, 5,272,250; 5,292,873,
5,317,098, 5,371,241, 5,391,723; 5,416,203, 5,451,463;
5,510,475, 5,512,667, 5,514,785; 5,565,552; 5,567,810;
5,574,142, 5,585,481; 5,587,371; 5,595,726; 5,597,696;
5,599,923, 5,599,928 and 5,688,941, each of which is herein
incorporated by reference.

[0130] These moieties or conjugates can include conjugate
groups covalently bound to functional groups such as primary
or secondary hydroxyl groups. Conjugate groups of the
invention include intercalators, reporter molecules,
polyamines, polyamides, polyethylene glycols, polyethers,
groups that enhance the pharmacodynamic properties of oli-
gomers, and groups that enhance the pharmacokinetic prop-
erties of oligomers. Typical conjugate groups include choles-
terols, lipids, phospholipids, biotin, phenazine, folate,
phenanthridine, anthraquinone, acridine, fluoresceins,
rhodamines, coumarins, and dyes. Groups that enhance the
pharmacodynamic properties, in the context of this invention,
include groups that improve uptake, enhance resistance to
degradation, and/or strengthen sequence-specific hybridiza-
tion with the target nucleic acid. Groups that enhance the
pharmacokinetic properties, in the context of this invention,
include groups that improve uptake, distribution, metabolism
or excretion of the compounds of the present invention. Rep-
resentative conjugate groups are disclosed in International
Patent Application No. PCT/US92/09196, filed Oct. 23,
1992, and U.S. Pat. No. 6,287,860, which are incorporated
herein by reference. Conjugate moieties include, but are not
limited to, lipid moieties such as a cholesterol moiety, cholic
acid, a thioether, e.g., hexyl-5-tritylthiol, a thiocholesterol, an
aliphatic chain, e.g., dodecandiol or undecyl residues, a phos-
pholipid, e.g., di-hexadecyl-rac-glycerol or triethylammo-
nium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate, a
polyamine or a polyethylene glycol chain, or adamantane
acetic acid, a palmityl moiety, or an octadecylamine or hexy-
lamino-carbonyl-oxy cholesterol moiety. See, e.g., U.S. Pat.
Nos. 4,828,979, 4,948,882, 5,218,105, 5,525,465, 5,541,313,
5,545,730, 5,552,538; 5,578,717, 5,580,731; 5,580,731,
5,591,584; 5,109,124; 5,118,802; 5,138,045; 5,414,077,
5,486,603; 5,512,439; 5,578,718; 5,608,046; 4,587,044
4,605,735, 4,667,025; 4,762,779, 4,789,737, 4,824,941,
4,835,263; 4,876,335; 4,904,582; 4,958,013; 5,082,830;
5,112,963; 5,214,136; 5,082,830; 5,112,963; 5,214,136;
5,245,022, 5,254,469; 5,258,506, 5,262,536; 5,272,250,
5,292,873; 5,317,098; 5,371,241, 5,391,723; 5,416,203,
5,451,463; 5,510,475; 5,512,667, 5,514,785; 5,565,552,
5,567,810; 5,574,142; 5,585,481; 5,587,371; 5,595,726;
5,597,696, 5,599,923, 5,599,928 and 5,688,941.

[0131] In some embodiments, single stranded oligonucle-
otide modification include modification of the 5' or 3' end of
the oligonucleotide. In some embodiments, the 3' end of the
oligonucleotide comprises a hydroxyl group or a thiophos-
phate. It should be appreciated that additional molecules (e.g.
a biotin moiety or a fluorophor) can be conjugated to the 5' or
3' end of the single stranded oligonucleotide. In some



