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(57) ABSTRACT 

The invention relates to immunostimulatory nucleic acid 
compositions and methods of using the compositions. The 
T-rich nucleic acids contain poly T sequences and/or have 
greater than 25% T nucleotide residues. The TG nucleic 
acids have TG dinucleotides. The C-rich nucleic acids have 
at least one poly-C region and/ore greater than 50% 0 
nucleotides. These immunostimulatory nucleic acids func 
tion in a similar manner to nucleic acids containing CpG 
motifs. The invention also encompasses preferred CpG 
nucleic acids. 
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STATISTICAL ANALYSIS _ 

MEAN STDDEV. STD.ERROR NUMBER MINIMUM MAXIMUM # MISSING 
01758 46.70 - - 1 46.70 46.70 3 

01812 20.70 .14 .10 2 20.60 20.80 2 
02006 23.60 .14 .10 2 23.50 23.70 2 
02117 22.10 0.00 0.00 2 22.10 22.10 2 
02137 29.75 1.48 1.05 2 28.70 30.80 2 
02178 20.00 .71 .50 2 19.50 20.50 2 
02182 27.15 .35 .25 2 26.30 27.40 2 
02183 26.35 2.90 2.05 2 24.30 29.40 2 
02177 21.55 1.77 1.25 2 20.30 22.80 2 
02143 22.55 1.48 1.05 2 21.50 23.60 2 
02116 20.55 1.48 1.05 2 19.50 21.60 2 
02181 26.90 .57 .40 2 26.50 27.30 2 
02180 26.75 1.77 1.25 2 25.50 23.00 2 
02179 29.10 1.98 1.40 2 27.70 30.50 2 
02133 28.80 .99 .70 2 28.10 23.50 2 
01965 31.05 .92 .65 2 30.40 31.70 2 
01968 22.95 1.20 .85 2 22.10 23.80 2 
02159 26.55 4.88 3.45 2 23.10 30.00 2 
02140 40.85 2.47 1.75 2 39.10 42.60 2 
02141 31.30 3.11 2.20 2 29.10 33.50 2 
02142 22.10 1.13 .80 2 21.30 22.90 2 
01840 24.45 .07 .05 2 24.40 24.50 2 
01979 57.65 .49 .35 2 57.30 55.00 2 
02186 20.85 .35 .25 2 20.80 21.10 2 
02187 21.15 .07 .05 2 21.10 21.20 2 
02188 20.70 .14 .10 2 20.60 20.80 2 
02189 19.45 .07 .05 2 19.40 19.50 2 
02190 21.85 2.47 1.75 2 20.10 23.60 2 
02191 21.40 3.25 2.30 2 19.10 23.70 2 
02192 19.50 .14 .10 2 19.40 19.60 2 
‘02193 20.65 .21 .15 2 20.50 20.80 2 
02194 23.50 1.70 1.20 2 22.30 24.70 2 
02195 23.00 .85 .60 2 22.40 23.60 2 
02196 21.05 1.77 1.25 2 19.80 22.30 2 

NO ADDITION 20.90 2.77 1.38 4 18.60 24.90 0 

Fig. 1B 
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STATISTICAL ANALYSIS 

MEAN STDDEV. STD.ERROR NUMBER MINIMUM MAXIMUM #MISSING 
01758 57.60 .71 .50 2 57.10 58.10 2 
01812 20.70 .57 .40 2 20.30 21.10 2 
02006 56.35 .35 .25 2 56.10 56.60 2 
02117 40.00 1.13 .80 2 39.20 40.80 2 
02137 47.60 3.39 2.40 2 45.20 50.00 2 
02178 21.00 .99 .70 2 20.30 21.70 2 
02182 37.75 .35 .25 2 37.50 38.00 2 
02183 35.30 1.84 1.30 2 34.00 36.60 2 
02177 25.00 .71 .50 2 24.50 25.50 2 
02143 34.70 .71 .50 2 34.20 35.20 2 
02116 24.35 .64 .45 2 23.90 24.80 2 
02181 44.25 3.18 2.25 2 42.00 46.50 2 
02180 45.90 5.94 4.20 2 41.70 50.10 2 
02179 50.70 6.93 4.90 2 45.80 55.60 2 
02133 53.75 4.31 3.05 2 50.70 56.80 2 
01965 56.20 3.82 2.70 2 53.50 58.90 2 
01968 49.35 1.91 1.35 2 ' 48.00 50.70 2 

02159 46.80 7.92 5.60 2 41.20 52.40 2 
02140 53.25 4.74 3.35 2 49.90 56.60 2 
02141 47.40 4.10 2.90 2 44.50 50.30 2 
02142 23.20 .42 .30 2 22.90 23.50 2 
01840 33.50 1.13 .80 2 32.70 34.30 2 
01979 59.50 1.70 1.20 2 58.30 60.70 2 
02186 36.90 .14 .10 2 36.80 37.00 2 
02187 27.15 .78 .55 2 26.60 27.70 2 
02188 22.25 .21 .15 2 22.10 22.40 2 
02189 21.45 1.20 .85 2 20.60 22.30 2 
02190 22.95 1.20 .85 2 22.10 23.80 2 
02191 28.35 .49 .35 2 28.00 28.70 2 
02192 20.40 1.70 1.20 2 19.20 21.60 2 
02193 19.70 .57 .40 2 19.30 20.10 2 
02194 34.00 1.70 1.20 2 32.80 35.20 2 
02195 27.30 1.27 .90 2 26.40 28.20 2 
02196 22.45 2.76 1.95 2 20.50 24.40 2 

NO ADDITION 20.90 2.77 1.38 4 18.60 24.90 0 

Fig. 1D 
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IMMUNOSTIMULATORY NUCLEIC ACIDS 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/669,187, ?led Sep. 25, 2000, Which 
claims priority under 35 U.S.C. §119 to US. Provisional 
Patent Application Nos. 60/156,113, ?led Sep. 25, 1999, 
60/156,135, ?led Sep. 27, 1999, and 60/227,436, ?led Aug. 
23, 2000, the entire contents of all of Which are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to immu 
nostimulatory nucleic acids, compositions thereof and meth 
ods of using the immunostimulatory nucleic acids. 

BACKGROUND OF THE INVENTION 

[0003] Bacterial DNA has immune stimulatory effects to 
activate B cells and natural killer cells, but vertebrate DNA 
does not (Tokunaga, T., et al., 1988. Jpn. J. Cancer Res. 
79:682-686; Tokunaga, T., et al., 1984, JNCl72z955-962; 
Messina, J. P., et al., 1991, J. Immunol. 147:1759-1764; and 
revieWed in Krieg, 1998, In: Applied Oligonucleotide Tech 
nology, C. A. Stein and A. M. Krieg, (Eds.), John Wiley and 
Sons, Inc., NeW York, N.Y., pp. 431-448). It is noW under 
stood that these immune stimulatory effects of bacterial 
DNA are a result of the presence of unmethylated CpG 
dinucleotides in particular base contexts (CpG motifs), 
Which are common in bacterial DNA, but methylated and 
underrepresented in vertebrate DNA (Krieg et al, 1995 
Nature 374:546-549; Krieg, 1999 Biochim. Biophys. Acta 
93321:1-10). The immune stimulatory effects of bacterial 
DNA can be mimicked With synthetic oligodeoxynucle 
otides (ODN) containing these CpG motifs. Such CpG ODN 
have highly stimulatory effects on human and murine leu 
kocytes, inducing B cell proliferation; cytokine and immu 
noglobulin secretion; natural killer (NK) cell lytic activity 
and IFN-y secretion; and activation of dendritic cells (DCs) 
and other antigen presenting cells to express costimulatory 
molecules and secrete cytokines, especially the Thl-like 
cytokines that are important in promoting the development 
of Th1-like T cell responses. These immune stimulatory 
effects of native phosphodiester backbone CpG ODN are 
highly CpG speci?c in that the effects are essentially abol 
ished if the CpG motif is methylated, changed to a GpC, or 
otherWise eliminated or altered (Krieg et al, 1995 Nature 
374:546-549; Hartmann et al, 1999 Proc. Natl. Acad. Sci 
USA 96:9305-10). Phosphodiester CpG ODN can be for 
mulated in lipids, alum, or other types of vehicles With depot 
properties or improved cell uptake in order to enhance the 
immune stimulatory effects (Yamamoto et al, 1994 Micro 
biol. Immunol. 38:831-836; GramZinski et al, 1998 Mol. 
Med. 4:109-118). 

[0004] In early studies, it Was thought that the immune 
stimulatory CpG motif folloWed the formula purine-purine 
CpG-pyrimidine-pyrimidine (Krieg et al, 1995 Nature 
374:546-549; Pisetsky, 1996 J. Immunol. 156:421-423; 
Hacker et al., 1998 EMBO J. 17:6230-6240; Lipford et al, 
1998 Trends in Microbiol. 6:496-500). HoWever, it is noW 
clear that mouse lymphocytes respond quite Well to phos 
phodiester CpG motifs that do not folloW this “formula” (Yi 
et al., 1998 J. Immunol. 160:5898-5906) and the same is true 
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of human B cells and dendritic cells (Hartmann et al, 1999 
Proc. Natl. Acad. Sci USA 96:9305-10; Liang, 1996 J. Clin. 
Invest. 98:1119-1129). 

[0005] Several past investigators have looked at Whether 
the nucleotide content of ODN may have effects indepen 
dently of the sequence of the ODN. Interestingly, antisense 
ODN have been found to be generally enriched in the 
content of GG, CCC, CC, CAC, and CG sequences, While 
having reduced frequency of TT or TCC nucleotide 
sequences compared to What Would be expected if base 
usage Were random (Smetsers et al., 1996 Antisense Nucleic 
Acid Drug Develop. 6: 63-67). This raised the possibility that 
the over-represented sequences may comprise preferred 
targeting elements for antisense oligonucleotides or visa 
versa. One reason to avoid the use of thymidine-rich ODN 
for antisense experiments is that degradation of the ODN by 
nucleases present in cells releases free thymidine Which 
competes With 3H-thymidine Which is frequently used in 
experiments to assess cell proliferation (Matson et al., 1992 
Antisense Research and Development 2:325-330). 

SUMMARY OF THE INVENTION 

[0006] The present invention relates in part to pyrimidine 
rich (Py-rich) and in some embodiments thymidine (T) rich 
immunostimulatory nucleic acids Which do not require the 
presence of a CpG motif. The present invention also relates 
in part to the discovery that nucleic acids Which contain a TG 
dinucleotide motif are also immunostimulatory. The inven 
tion is based in part on the unexpected ?nding that nucleic 
acid sequences Which do not contain CpG motifs are immu 
nostimulatory. It Was discovered upon analysis of the 
immune stimulation properties of many nucleic acid 
sequences that these sequences may be Py-rich e.g., T-rich 
or that they may contain TG motifs. It Was also discovered 
that these sequences preferentially activate non-rodent 
immune cells. The Py-rich and TG sequences are only 
minimally immunostimulatory With respect to rodent 
immune cells, compared to non-rodent immune cells. Thus, 
it is possible according to the methods of the invention to 
induce an immune response in a non-rodent subject by 
administering Py-rich or TG immunostimulatory nucleic 
acids. The Py-rich and TG immunostimulatory nucleic acids 
of the invention may optionally include CpG motifs. These 
?ndings have important implications for the clinical devel 
opment of immunostimulatory CpG containing and non 
CpG containing nucleic acids. 

[0007] In one aspect the invention is a pharmaceutical 
composition comprising an effective amount for stimulating 
an immune response of isolated Py-rich or TG immuno 
stimulatory nucleic acids, and a pharmaceutically acceptable 
carrier. In other aspects the invention is a composition of 
matter, comprising an isolated Py-rich or TG immunostimu 
latory nucleic acid. In other embodiments, the immuno 
stimulatory nucleic acid may be T-rich. In still other embodi 
ments, the immunostimulatory nucleic acid may be T-rich 
and also have at least one TG motif. 

[0008] Preferably the Py-rich nucleic acid is a T-rich 
nucleic acid. In some embodiments the T-rich immuno 
stimulatory nucleic acid is a poly T nucleic acid comprising 
5' TTTT 3'. In yet other embodiments the poly T nucleic acid 
comprises 5' X1 X2TTTTX3 X4 3' Wherein X1, X2, X3 and X4 
are nucleotides. In some embodiments XIX2 is TT and/or 
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X3X4 is TT. In other embodiments X lX2 is selected from the 
group consisting of TA, TG, TC, AT, AA, AG, AC, CT, CC, 
CA, CG, GT, GG, GA, and GC; and/or X3X4 is selected 
from the group consisting of TA, TG, TC, AT, AA, AG, AC, 
CT, CC, CA, CG, GT, GG, GA, and GC. 
[0009] The T-rich immunostimulatory nucleic acid may 
have only a single poly T motif or it may have a plurality of 
poly T nucleic acid motifs. In some embodiments the T-rich 
immunostimulatory nucleic acid comprises at least 2, at least 
3, at least 4, at least 5, at least 6, at least 7, or at least 8 T 
motifs. In other embodiments it comprises at least 2, at least 
3, at least 4, at least 5, at least 6, at least 7, or at least 8 CpG 
motifs. In preferred embodiments the plurality of CpG 
motifs and poly T motifs are interspersed. 

[0010] In yet other embodiments at least one of the 
plurality of poly T motifs comprises at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, or at least 9 contiguous 
T nucleotide residues. In other embodiments the plurality of 
poly T motifs is at least 3 motifs and Wherein at least 3 
motifs each comprises at least 3 contiguous T nucleotide 
residues or the plurality of poly T motifs is at least 4 motifs 
and Wherein the at least 4 motifs each comprises at least 3 
contiguous T nucleotide residues. 

[0011] In some cases the T-rich immunostimulatory 
nucleic acid may be free of poly T motifs but may rather 
comprise a nucleotide composition of greater than 25% T. In 
other embodiments the T-rich immunostimulatory nucleic 
acids have poly T motifs and also comprise a nucleotide 
composition of greater than 25% T. In preferred embodi 
ments the T-rich immunostimulatory nucleic acid comprises 
a nucleotide composition of greater than 35% T, greater than 
40% T, greater than 50% T, greater than 60% T, greater than 
80% T, or greater than 90% T nucleotide residues. In 
important embodiments, the nucleic acid is at least 50% T. 

[0012] The T-rich and TG immunostimulatory nucleic 
acids can have any length greater than 7 nucleotides, but in 
some embodiments can be betWeen 8 and 100 nucleotide 
residues in length. In preferred embodiments the T-rich 
immunostimulatory nucleic acid comprises at least 20 nucle 
otides, at least 24 nucleotides, at least 27, nucleotides, or at 
least 30 nucleotides. In preferred embodiments, the TG 
immunostimulatory nucleic acid is betWeen 15 and 25 
nucleotides in length. The T-rich and TG immunostimula 
tory nucleic acids may be single stranded or double stranded. 

[0013] In one preferred embodiment, the immunostimula 
tory nucleic acid has a T-rich region located in the middle of 
its length (i.e., an approximately equal number of nucle 
otides ?ank the T-rich region on the 5' and 3' ends). 

[0014] The T rich nucleic acid in some embodiments is 
selected from the group consisting of SEQ ID NO: 59-63, 
73-75, 142, 215, 226, 241, 267-269, 282, 301, 304, 330, 342, 
358, 370-372, 393, 433, 471, 479, 486, 491, 497, 503, 
556-558, 567, 694, 793-794, 797, 833, 852, 861, 867, 868, 
882, 886, 905, 907, 908, and 910-913. In other embodiments 
the T rich nucleic acids are sequence selected from the group 
consisting of SEQ ID NO: 64, 98, 112, 146, 185, 204, 208, 
214, 224, 233, 244, 246, 247, 258, 262, 263, 265, 270-273, 
300, 305, 316, 317, 343, 344, 350, 352, 354, 374, 376, 392, 
407, 411-413, 429-432, 434, 435, 443, 474, 475, 498-501, 
518, 687, 692, 693, 804, 862, 883, 884, 888, 890, and 891. 
[0015] In other embodiments the Py-rich immunostimu 
latory nucleic acid is a C-rich nucleic acid. An immuno 
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stimulatory C-rich nucleic acid is a nucleic acid including at 
least one and preferably at least 2 poly-C regions or Which 
includes 50% or greater C nucleotides. 

[0016] The Py-rich and TG immunostimulatory nucleic 
acids may include one or more CpG motifs. The motifs may 
be methylated or unmethylated. In other embodiments the 
Py-rich and TG immunostimulatory nucleic acids are free of 
one or more CpG dinucleotides. 

[0017] In other embodiments the Py-rich and TG immu 
nostimulatory nucleic acids also include poly-A, poly G, 
and/or poly C motifs. In yet other embodiments the Py-rich 
or TG immunostimulatory nucleic acid is free of tWo poly C 
sequences of at least 3 contiguous C nucleotide residues or 
is free of tWo poly A sequences of at least 3 contiguous A 
nucleotide residues. In other embodiments the Py-rich or TG 
immunostimulatory nucleic acid comprises a nucleotide 
composition of greater than 25% C or greater than 25% A. 
In yet other embodiments the Py-rich or TG immunostimu 
latory nucleic acid is free of poly-C sequences, poly-G 
sequences or poly-A sequences. 

[0018] A poly G nucleic acid in some embodiments is 
selected from the group consisting of SEQ ID NO: 5, 6, 73, 
215, 267-269, 276, 282, 288, 297-299, 355, 359, 386, 387, 
444, 476, 531, 557-559, 733, 768, 795, 796, 914-925, 
928-931, 933-936, and 938. In other embodiments the poly 
G nucleic acid includes a sequence selected from the group 
consisting of SEQ ID NO: 67, 80-82, 141, 147, 148, 173, 
178, 183, 185, 214, 224,264, 265, 315,329,434, 435,475, 
519, 521-524, 526, 527, 535, 554, 565, 609, 628, 660, 661, 
662, 725, 767, 825, 856, 857, 876, 892, 909, 926, 927, 932, 
and 937. 

[0019] According to another aspect of the invention, the 
immunostimulatory nucleic acids may be de?ned as those 
Which possess a TG motif, herein referred to as TG immu 
nostimulatory nucleic acids. The TG nucleic acid in one 
embodiment contains at least one TG dinucleotide having a 
sequence including at least the folloWing formula: 
5'NlXlTGX2N23'. In related embodiments, N1 is a nucleic 
acid sequence composed of a number of nucleotides ranging 
from (ll-N2) to (21-N2) and N2 is a nucleic acid sequence 
composed of a number of nucleotides ranging from (ll-N1) 
to (21-Nl). In a preferred embodiment, X2 is thymidine. 
[0020] In other embodiments, the TG nucleic acid has at 
least the folloWing formula: 5' X1 XZTGX3 X4 3'. In yet 
another embodiment, the TG nucleic acid comprises the 
folloWing sequence: 5'NlXlX2TGX3X4N23'. In a related 
embodiment, N1 is a nucleic acid sequence composed of a 
number of nucleotides ranging from (9-N2) to (19-N2) and 
N2 is a nucleic acid sequence composed of a number of 
nucleotides ranging from (9-Nl) to (19-Nl). In one preferred 
embodiment, X3 is thymidine. XIX2 are nucleotides Which 
may be selected from the group consisting of GT, GG, GA, 
AA, AT, AG, CT, CA, CG, TA and TT, and X3X4 are 
nucleotides Which may be selected from the group consist 
ing of TT, CT, AT, AG, CG, TC, AC, CC, TA, AA, and CA. 
In some preferred embodiments, X3 is a thymidine. In 
important embodiments, X3X4 are nucleotides selected from 
the group consisting of TT, TC, TA and TG. In other 
embodiments XIX2 are GA or GT and X3X4 are TT. In yet 
other embodiments X1 or X2 or both are purines and X3 or 
X4 or both are pyrimidines or XIX2 are GpA and X3 or X4 
or both are pyrimidines. In one embodiment X2 is a T and X3 
is a pyrimidine. 
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[0021] In one embodiment the 5' X1 XZTGX3 X4 3' 
sequence of the TG nucleic acid or the entire length or some 
fragment thereof of the TG nucleic acid is a non-palindromic 
sequence, and in other embodiments it is a palindromic 
sequence. 

[0022] In some preferred embodiments, the TG nucleic 
acid is also T-rich. 

[0023] The Py-rich and TG immunostimulatory nucleic 
acids in some embodiments have a nucleotide backbone 
Which includes at least one backbone modi?cation, such as 
a phosphorothioate modi?cation. The nucleotide backbone 
may be chimeric, or preferably the nucleotide backbone is 
entirely modi?ed. In one preferred embodiment, the immu 
nostimulatory nucleic acid has a poly T motif and a phos 
phorothioate backbone. 

[0024] In another aspect the invention is a composition of 
an immunostimulatory nucleic acid, in the form of a Py-rich 
or a TG nucleic acid, and an antigen, Wherein the nucleic 
acid is free of unmethylated CpG motifs. 

[0025] Another composition of the invention is a Py-rich 
or TG immunostimulatory nucleic acid and an anti-micro 
bial agent, Wherein the Py-rich or TG nucleic acid is free of 
unmethylated CpG motifs. Preferably the anti-microbial 
agent is selected from the group consisting of an anti-viral 
agent, an anti-parasitic agent, an anti-bacterial agent and an 
anti-fungal agent. 

[0026] A composition of a sustained release device includ 
ing a Py-rich and/or TG immunostimulatory nucleic acid, 
Wherein the Py-rich and/or TG nucleic acid is free of 
unmethylated CpG motifs, is provided according to another 
aspect of the invention. 

[0027] The invention also includes nutritional supple 
ments of a Py-rich or TG immunostimulatory nucleic acid in 
a delivery device selected from the group consisting of a 
capsule, a pill, and a sublingual tablet, Wherein the Py-rich 
or TG nucleic acid is free of unmethylated CpG motifs. 

[0028] It should be understood that When it is useful to 
administer a Py-rich e.g., poly T, T-rich, C-rich, or TG 
oligonucleotide and a CpG oligonucleotide, it may also be 
desirable to co-administer a Py-rich or a TG oligonucleotide 
together With a physically separate CpG, Py-rich or TG 
oligonucleotide. Alternatively, the CpG, Py-rich or TG motif 
may be present on the same contiguous nucleic acid as the 
Py-rich or TG oligonucleotide. In yet a further embodiment, 
all or some combination of Py-rich, TG and CpG nucleic 
acids may be co-administered either on separate nucleic 
acids or in the same nucleic acid molecule. By co-administer 
it is intended that the nucleic acids be administered close 
enough in time to one another to achieve a combined bene?t 
of both oligonucleotides, preferably more than the bene?t 
achieved by administering each of the oligonucleotides 
alone at the same dose. 

[0029] CpG oligonucleotides have, in general, the formula 
5'XlX2CGX3X43', Wherein X1, X2, X3 and X4 are nucle 
otides and Wherein at least the C of CpG is unmethylated. 
Preferred CpG oligonucleotides are 8-100 nucleotides in 
length and have modi?ed back bones. Particular structures 
are detailed in the published PCT applications, U.S. appli 
cations and references cited herein, the disclosures of Which 
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are incorporated herein in their entirety. In one embodiment, 
the CpG oligonucleotide is free of poly T and TG motifs and 
is not T-rich. 

[0030] In other embodiments, the CpG oligonucleotide 
has a sequence selected from the group consisting of SEQ ID 
NO: 1, 3, 4, 14-16, 18-24, 28, 29, 33-46, 49, 50, 52-56, 58, 
64-67, 69, 71, 72, 76-87, 90, 91, 93, 94, 96, 98, 102-124, 
126-128, 131-133, 136-141, 146-150, 152-153, 155-171, 
173-178, 180-186, 188-198, 201, 203-214, 216-220, 223, 
224, 227-240, 242-256, 258, 260-265, 270-273, 275, 277 
281, 286-287, 292, 295-296, 300, 302, 305-307, 309-312, 
314-317, 320-327, 329, 335, 337-341, 343-352, 354, 357, 
361-365, 367-369, 373-376, 378-385, 388-392, 394, 395, 
399, 401-404, 406-426, 429-433, 434-437, 439, 441-443, 
445, 447, 448, 450, 453-456, 460-464, 466-469, 472-475, 
477, 478, 480, 483-485, 488, 489, 492, 493, 495-502, 
504-505, 507-509, 511, 513-529, 532-541, 543-555, 564 
566, 568-576, 578, 580, 599, 601-605, 607-611, 613-615, 
617, 619-622, 625-646, 648-650, 653-664, 666-697, 699 
706, 708, 709, 711-716, 718-732, 736, 737, 739-744, 746, 
747, 749-761, 763, 766-767, 769, 772-779, 781-783, 785 
786, 7900792, 798-799, 804-808, 810, 815, 817, 818, 820 
832, 835-846, 849-850, 855-859, 862, 865, 872, 874-877, 
879-881, 883-885, 888-904, and 909-913. 

[0031] In another embodiment, the Py-rich or TG oligo 
nucleotide is free of a CpG motifs. This embodiment of the 
invention also involves pharmaceutical compositions and 
kits Which contain both a CpG oligonucleotide (Which can 
be free of poly T and TG motifs and not be T-rich) and a 
Py-rich and/or TG oligonucleotide physically separate from 
the CpG oligonucleotide. The pharmaceutical preparations 
are in effective amounts and typically include pharmaceu 
tically acceptable carriers, all as set forth in detail herein 
With respect to Py-rich and TG oligonucleotides. The kits 
include at least one container containing an oligonucleotide 
Which is a Py-rich or TG oligonucleotide (or some combi 
nation thereof). The same container, or in other embodi 
ments, a second container, may contain an oligonucleotide 
With a CpG motif, Which may be free of Py-rich and/or TG 
motifs. The kit also contains instructions for administering 
the oligonucleotides to a subject. The kits also may include 
a container containing a solvent or a diluent. 

[0032] In summary, as if fully recited herein, a CpG 
oligonucleotide physically separate from the Py-rich or TG 
oligonucleotide can be used together With the Py-rich or TG 
oligonucleotides in the methods, compositions and products 
described above. 

[0033] The invention relates in other aspects to immuno 
stimulatory oligonucleotides Which have chimeric back 
bones and Which do not require the presence of a CpG motif. 
The invention is based in part on the discovery that nucleic 
acid sequences Which did not contain CpG motifs Were 
immunostimulatory, and that those Which have chimeric 
backbones have unexpectedly enhanced immune stimulating 
properties. Thus the invention in one aspect relates to a 
composition of an oligonucleotide having a formula: 5' 
YINIZNZY2 3', Wherein Y1 and Y2 are, independent of one 
another, nucleic acid molecules having betWeen 1 and 10 
nucleotides, Wherein Yl includes at least one modi?ed 
internucleotide linkage and Y2 includes at least one modi?ed 
internucleotide linkage and Wherein N1 and N2 are nucleic 
acid molecules, each independent of one another, having 
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between 0 and 5 nucleotides, but Wherein NlZN2 has at least 
6 nucleotides in total and Wherein the nucleotides of NlZN2 
have a phosphodiester backbone, and Wherein Z is an 
immunostimulatory nucleic acid motif but does not include 
a CG. In one embodiment Z is a nucleic acid sequence 
selected from the group consisting of TTTT, TG, and a 
sequence Wherein at least 50% of the bases of the sequence 
are Ts. 

[0034] In some embodiments Yl and/or Y2 have betWeen 
3 and 8 nucleotides. In other embodiments Yl and/or Y2 are 
comprised of at least three Gs, at least four Gs, least seven 
Gs, or all Gs. In other embodiments Yl and/or Y2 are 
selected from the group consisting of TCGTCG, 
TCGTCGT, and TCGTCGTT (SEQ ID NOzll45). In yet 
other embodiments Yl and/or Y2 include at least one, tWo, 
three, four, or ?ve poly-A, poly-T, or poly-C sequences. 

[0035] The center nucleotides (N lZN2) of the formula 
YINIZNZY2 have phosphodiester internucleotide linkages 
and Y1 and Y2 have at least one modi?ed internucleotide 
linkage. In some embodiments Yl and/or Y2 have at least 
tWo modi?ed internucleotide linkages. In other embodi 
ments Yl and/or Y2 have betWeen tWo and ?ve modi?ed 
internucleotide linkages. In yet other embodiments Yl has 
tWo modi?ed internucleotide linkages and Y2 has ?ve modi 
?ed internucleotide linkages or Yl has ?ve modi?ed inter 
nucleotide linkages and Y2 has tWo modi?ed internucleotide 
linkages. The modi?ed internucleotide linkage, in some 
embodiments is a phosphorothioate modi?ed linkage, a 
phosphorodithioate modi?ed linkage or a p-ethoxy modi?ed 
linkage. 

[0036] Portions of the formula YINIZNZY2 may option 
ally form a palindrome. Thus, in some embodiments the 
nucleotides of NlZN2 form a palindrome. In some embodi 
ments the palindrome is not a direct repeat. In yet other 
embodiments the nucleotides of NlZN2 do not form a 
palindrome. 

[0037] According to other embodiments NlZN2 has a 
sequence of nucleotides selected from the group consisting 
of GATTTTATCGTC (SEQ ID NO: 1098); 
TCGATTTTTCGA (SEQ ID NO: 1099); TCATTTTTATGA 
(SEQ ID NO: 1100); GTTTTTTACGAC (SEQ ID NO: 
1101); TCAATTTTTTGA (SEQ ID NO: 1102); ACGTTTT 
TACGT (SEQ ID NO: 1103); TCGTTTTTACGA (SEQ ID 
NO: 1104); TCGATTTTTACGTCGA (SEQ ID NO: 1105); 
AATTTTTTAACGTT (SEQ ID NO: 

[0038] 1106); TCGTTTTTTAACGA (SEQ ID NO: 1107); 
ACGTTTTTTAACGT (SEQ ID NO: 1108); GATTTT 
TATCGTC (SEQ ID NO: 1109); GACGATTTTTCGTC 
(SEQ ID NO: 1110); GATTTTAGCTCGTC (SEQ ID NO: 
1111); GATTTTTACGTC (SEQ ID NO: 1112); ATTT 
TATCGT (SEQ ID NO: 1113); AACGATTTTTCGTT (SEQ 
ID NO: 1114); TCACTTTTGTGA (SEQ ID NO: 1115); 
TCGTATTTTA (SEQ ID NO: 1116); ACTTTTGTACCGGT 
(SEQ ID NO: 1117); TCGATTTTTCGACGTCGA (SEQ ID 
NO: 1118); ACGATTTTTCGT (SEQ ID NO: 1119); GAT 
GATCGTC (SEQ ID NO: 1120); TCGATGTCGA (SEQ ID 
NO: 1121); TCATGTATGA (SEQ ID NO: 1122); GTGT 
TACGAC (SEQ ID NO: 1123); TCAATGTTGA (SEQ ID 
NO: 1124); ACGTGTACGT (SEQ ID NO: 1125); TCGT 
GTACGA (SEQ ID NO: 1126); TCGATGTACGTCGA 
(SEQ ID NO: 1127); AATGTTAACGTT (SEQ ID NO: 
1128); TCGTGTTAACGA (SEQ ID NO: 1129); ACGTGT 
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TAACGT (SEQ ID NO: 1130); GATGTATCGTC (SEQ ID 
NO: 1131); GACGATGTCGTC (SEQ ID NO: 1132); GAT 
GAGCTCGTC (SEQ ID NO: 1133); GATGTACGTC (SEQ 
ID NO: 1134); ATGATCGT (SEQ ID NO: 1135);AACGAT 
GTCGTT (SEQ ID NO: 1136); TCACTGGTGA (SEQ ID 
NO: 1137); TCGTATGA (SEQ ID NO: 1138); ACTGG 
TACCGGT (SEQ ID NO: 1139); TCGATGTCGACGTCGA 
(SEQ ID NO: 1140); and ACGATGTCGT (SEQ ID NO: 
1141). 
[0039] The composition may optionally include a phar 
maceutical carrier and/or be formulated in a delivery device. 
In some embodiments the delivery device is selected from 
the group consisting of cationic lipids, cell permeating 
proteins, and sustained release devices. In one preferred 
embodiment the sustained release device is a biodegradable 
polymer. In another embodiment the sustained release 
device is a microparticle. 

[0040] In another aspect the invention is a composition of 
an immunostimulatory oligonucleotide having the formula 
YlNlZNzYz, and an antigen. 

[0041] Another composition of the invention is an immu 
nostimulatory oligonucleotide having the formula 
YlNlZNzYz, and an anti-microbial therapeutic agent. Pref 
erably the anti-microbial therapeutic agent is selected from 
the group consisting of an anti-viral agent, an anti-parasitic 
agent, an anti-bacterial agent, or an anti-fungal agent. 

[0042] A composition of a sustained release device includ 
ing an immunostimulatory oligonucleotide having the for 
mula YINIZNZYZ, is provided according to another aspect 
of the invention. 

[0043] The invention also includes nutritional supple 
ments of an immunostimulatory oligonucleotide having the 
formula YINIZNZYZ, in a delivery device selected from the 
group consisting of a capsule, a sublingual tablet, and a pill. 

[0044] In another aspect the compositions described above 
also include an immunostimulatory nucleic acid having an 
unmethylated CG dinucleotide, a TG dinucleotide or a 
Py-rich sequence Wherein the immunostimulatory nucleic 
acid having an unmethylated CG dinucleotide, a TG dinucle 
otide or a Py-rich sequence has a different sequence than the 
oligonucleotide comprising 5' YINIZNZY2 3'. 

[0045] In some embodiments the immunostimulatory 
nucleic acid having an unmethylated CG dinucleotide, a TG 
dinucleotide or a Py-rich sequence has a completely phos 
phodiester backbone and in other embodiments the immu 
nostimulatory nucleic acid having an unmethylated CG 
dinucleotide, a TG dinucleotide or a Py-rich sequence has a 
modi?ed backbone, Which optionally may have internucle 
otide linkages selected from the group consisting of phos 
phorothioate, phosphorodithioate, and p-ethoxy. 

[0046] In one embodiment immunostimulatory nucleic 
acid having an unmethylated CG dinucleotide has a formula 
comprising: 5' XIX2CGX3X4 3' Wherein X1, X2, X3 and X4 
are nucleotides. In other embodiments the immunostimula 
tory nucleic acid sequence includes at least the folloWing 
formula: 5' TCNTXlX2CGX3X4 3' Wherein N is a nucleic 
acid sequence composed of from about 0-25 nucleotides, 
Wherein at least one nucleotide has a modi?ed internucle 
otide linkage, and Wherein the nucleic acid has less than or 
equal to 100 nucleotides. According to some embodiments 
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XIX2 are nucleotides selected from the group consisting of: 
GT, GG, GA andAA and X3X4 are nucleotides selected from 
the group consisting of: TT, CT or GT. In a preferred 
embodiment XIX2 are GA and X3X4 are TT. 

[0047] In another embodiment the immunostimulatory 
nucleic acid sequence having an unmethylated CG dinucle 
otide includes at least one of the folloWing sequences: 
ATCGACTCTCGAGCGTTCTC (SEQ ID No. 15); 
TCCATGTCGGTCCTGCTGAT (SEQ ID No. 32); TCCAT 
GTCGGTZCTGATGCT (SEQ ID No. 31); ATC 
GACTCTCGAGCGTTZTC (SEQ ID No. 18); TCCAT 
GTCGGTCCTGATGCT (SEQ ID No. 28); GGGGGG 
(SEQ ID No. 12); TCCATGACGGTCCTGATGCT (SEQ 
ID No. 35); TCCATGGCGGTCCTGATGCT (SEQ ID No. 
34); TCCATGACGTTCCTGATGCT (SEQ ID No. 7); 
TCCATGTCGTTCCTGATGCT (SEQ ID No. 38); 
GGGGTCAGTCTTGACGGGG (SEQ ID No. 41); TCCAT 
GTCGCTCCTGATGCT (SEQ ID No. 37); TCCATGTC 
GATCCTGATGCT (SEQ ID No. 36); TCCATGCCGGTC 
CTGATGCT (SEQ ID No. 33); 
TCCATAACGTTCCTGATGCT (SEQ ID No. 3); TCCAT 
GACGTTCCTGATGCT (SEQ ID No. 7); TCCAT 
GACGTCCCTGATGCT (SEQ ID No 39); TCCATCACGT 
GCCTGATGCT (SEQ ID No. 48); 
TCCATGACGTTCCTGACGTT (SEQ ID No. 10); 
ATGACGTTCCTGACGTT (SEQ ID No. 70); TCTC 
CCAGCGCGCGCCAT (SEQ ID No. 72); TCCATGTCGT 
TCCTGTCGTT (SEQ ID No. 73); TCCATAGCGTTC 
CTAGCGTT (SEQ ID No. 74); 
TCCTGACGTTCCTGACGTT (SEQ ID No. 76); TCCT 
GTCGTTCCTGTCGTT (SEQ ID No. 77); TCCTGTCGT 
TCCTTGTCGTT (SEQ ID No. 52); TCCTTGTCGTTCCT 
GTCGTT (SEQ ID No 121); 
TCCTGTCGTTTTTTGTCGTT (SEQ ID No. 208); 
TCGTCGCTGTTGTCGTTTCTT (SEQ ID No. 120); 
TCCATGCGTTGCGTTGCGTT (SEQ ID No. 81); 
TCCACGACGTTTTCGACGTT (SEQ ID No. 82); 
TCGTCGTTGTCGTTGTCGTT (SEQ ID No. 47); 
TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID No. 46); 
TCGTCGTTGTCGTTTTGTCGTT (SEQ ID No. 49); 
GCGTGCGTTGTCGTTGTCGTT (SEQ ID No. 56); 
TGTCGTTTGTCGTTTGTCGTT (SEQ ID No. 48); 
TGTCGTTGTCGTTGTCGTTGTCGTT (SEQ ID No. 84); 
TGTCGTTGTCGTTGTCGTT (SEQ ID No. 50); 
TCGTCGTCGTCGTT (SEQ ID No. 51); and TGTCGT 
TGTCGTT (SEQ ID No. 85). In another embodiment the 
immunostimulatory nucleic acid having a Py-rich or TG 
sequence is a nucleic acid as described above. 

[0048] In another aspect the invention relates to pharma 
ceutical compositions and kits Which contain both an oli 
gonucleotide having the formula YINIZNZY2 and a CpG 
oligonucleotide (Which optionally may be free of poly T and 
TG motifs and not be Py-rich), a Py-rich and/or TG oligo 
nucleotide physically separate from the oligonucleotide hav 
ing the formula YINIZNZYZ. The pharmaceutical prepara 
tions are in effective amounts and typically include 
pharmaceutically acceptable carriers, all as set forth in detail 
herein. The kits include at least one container containing an 
oligonucleotide having the formula YINIZNZYZ. The same 
container, or in other embodiments, a second container, may 
contain an oligonucleotide With a CpG motif, Which option 
ally may be free of Py-rich and/or TG motifs and/or a 
Py-rich or TG oligonucleotide (or some combination 
thereof). The kit also contains instructions for administering 
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the oligonucleotides to a subject. The kits also may include 
a container containing a solvent or a diluent. 

[0049] In summary, as if fully recited herein, an oligo 
nucleotide having the formula YINIZNZY2 Which is physi 
cally separate from the CpG, Py-rich or TG oligonucleotide 
can be used together With the CpG, Py-rich, TG oligonucle 
otides, in the methods, compositions and products described 
herein. 

[0050] In another aspect the invention relates to a phar 
maceutical composition including at least tWo oligonucle 
otides of the invention, Wherein the at least tWo oligonucle 
otides have different sequences from one another and a 
pharmaceutically acceptable carrier. 

[0051] A vaccine formulation is provided according to 
another aspect of the invention. The vaccine includes any of 
the compositions of the invention in combination With an 
antigen. 

[0052] According to another aspect of the invention a 
method of stimulating an immune response is provided. The 
method involves administering a Py-rich or a TG immuno 
stimulatory nucleic acid to a non-rodent subject in an 
amount effective to induce an immune response in the 
non-rodent subject. Preferably the Py-rich or TG immuno 
stimulatory nucleic acid is administered orally, locally, in a 
sustained release device, mucosally to a mucosal surface, 
systemically, parenterally, or intramuscularly. When the 
Py-rich or TG immunostimulatory nucleic acid is adminis 
tered to the mucosal surface it may be delivered in an 
amount effective for inducing a mucosal immune response 
or a systemic immune response. In preferred embodiments 
the mucosal surface is selected from the group consisting of 
an oral, nasal, rectal, vaginal, and ocular surface. 

[0053] In some embodiments the method includes expos 
ing the subject to an antigen Wherein the immune response 
is an antigen-speci?c immune response. The antigen may be 
encoded by a nucleic acid vector Which can be delivered to 
the subject. In some embodiments the antigen is selected 
from the group consisting of a tumor antigen, a viral antigen, 
a bacterial antigen, a parasitic antigen and a peptide antigen. 

[0054] Py-rich and TG immunostimulatory nucleic acids 
are capable of provoking a broad spectrum of immune 
response. For instance these immunostimulatory nucleic 
acids can be used to redirect a Th2 to a Th1 immune 
response. Py-rich and TG nucleic acids may also be used to 
activate an immune cell, such as a leukocyte, a dendritic cell, 
and an NK cell. The activation can be performed in vivo, in 
vitro, or ex vivo, i.e., by isolating an immune cell from the 
subject, contacting the immune cell With an effective amount 
to activate the immune cell of the Py-rich or TG immuno 
stimulatory nucleic acid and re-administering the activated 
immune cell to the subject. In some embodiments the 
dendritic cell expresses a cancer antigen. The dendritic cell 
can be exposed to the cancer antigen ex vivo. 

[0055] The immune response produced by Py-rich or TG 
nucleic acids may also result in induction of cytokine 
production, e.g., production of IL-6, IL-12, IL-18 TNF, 
IFN-ot and IFN-y. 

[0056] In still another embodiment, the Py-rich and TG 
nucleic acids are useful for treating cancer. The Py-rich and 
TG nucleic acids are also useful according to other aspects 
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of the invention in preventing cancer (e.g., reducing a risk of 
developing cancer) in a subject at risk of developing a 
cancer. The cancer may be selected from the group consist 
ing of biliary tract cancer, breast cancer, cervical cancer, 
choriocarcinoma, colon cancer, endometrial cancer, gastric 
cancer, intraepithelial neoplasms, lymphomas, liver cancer, 
lung cancer (e.g. small cell and non-small cell), melanoma, 
neuroblastomas, oral cancer, ovarian cancer, pancreas can 
cer, prostate cancer, rectal cancer, sarcomas, thyroid cancer, 
and renal cancer, as Well as other carcinomas and sarcomas. 
In some important embodiments, the cancer is selected from 
the group consisting of bone cancer, brain and CNS cancer, 
connective tissue cancer, esophageal cancer, eye cancer, 
Hodgkin’s lymphoma, larynx cancer, oral cavity cancer, skin 
cancer, and testicular cancer. 

[0057] Py-rich and TG nucleic acids may also be used for 
increasing the responsiveness of a cancer cell to a cancer 
therapy (e.g., an anti-cancer therapy), optionally When the 
Py-rich or TG immunostimulatory nucleic acid is adminis 
tered in conjunction With an anti-cancer therapy. The anti 
cancer therapy may be a chemotherapy, a vaccine (e.g., an 
in vitro primed dendritic cell vaccine or a cancer antigen 
vaccine) or an antibody based therapy. This latter therapy 
may also involve administering an antibody speci?c for a 
cell surface antigen of, for example, a cancer cell, Wherein 
the immune response results in antigen dependent cellular 
cytotoxicity (ADCC). In one embodiment, the antibody may 
be selected from the group consisting Ributaxin, Herceptin, 
Quadramet, Panorex, IDEC-Y2B8, BEC2, C225, Oncolym, 
SMART M195, ATRAGEN, Ovarex, Bexxar, LDP-03, ior 
t6, MDX-210, MDX-11, MDX-22, OV103, 3622W94, anti 
VEGF, Zenapax, MDX-220, MDX-447, MELIMMUNE-2, 
MELIMMUNE-l, CEACIDE, Pretarget, NovoMAb-G2, 
TNT, Gliomab-H, GNI-250, EMD-72000, LymphoCide, 
CMA 676, Monopharm-C, 4B5, ior egf.r3, ior c5, BABS, 
anti-FLK-2, MDX-260, ANA Ab, SMART 1D10 Ab, 
SMART ABL 364 Ab and ImmuRAIT-CEA. 

[0058] Thus, according to some aspects of the invention, 
a subject having cancer or at risk of having a cancer is 
administered an immunostimulatory nucleic acid and an 
anti-cancer therapy. In some embodiments, the anti-cancer 
therapy is selected from the group consisting of a chemo 
therapeutic agent, an immunotherapeutic agent and a cancer 
vaccine. The chemotherapeutic agent may be selected from 
the group consisting of methotrexate, vincristine, adriamy 
cin, cisplatin, non-sugar containing chloroethylnitrosoureas, 
5-?uorouracil, mitomycin C, bleomycin, doxorubicin, dac 
arbaZine, taxol, fragyline, Meglamine GLA, valrubicin, car 
mustaine and poliferposan, MMI270, BAY 12-9566, RAS 
farnesyl transferase inhibitor, farnesyl transferase inhibitor, 
MMP, MTA/LY231514, LY264618/Lometexol, Glamolec, 
CI-994, TNP-470, Hycamtin/Topotecan, PKC412, Valspo 
dar/PSC833, Novantrone/Mitroxantrone, Metaret/Suramin, 
Batimastat, E7070, BCH-4556, CS-682, 9-AC, AG3340, 
AG3433, Incel/VX-710, VX-853, ZD0101, ISI641, ODN 
698, TA 2516/Marmistat, BB2516/Marmistat, CDP 845, 
D2163, PD183805, DX8951f, Lemonal DP 2202, FK 317, 
Picibanil/OK-432, AD 32/Valrubicin, Metastron/strontium 
derivative, Temodal/TemoZolomide, Evacet/liposomal 
doxorubicin, YeWtaxan/Placlitaxel, Taxol/Paclitaxel, 
Xeload/Capecitabine, Furtulon/Doxi?uridine, Cyclopax/ 
oral paclitaxel, Oral Taxoid, SPU-077/Cisplatin, HMR 
1275/Flavopiridol, CP-358 (774)/EGFR, CP-609 
(754)/RAS oncogene inhibitor, BMS-182751/oral platinum, 
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UFT (Tegafur/Uracil), Ergamisol/Levamisole, Eniluracil/ 
776C85/5FU enhancer, Campto/Levamisole, Camptosar/ 
Irinotecan, Tumodex/Ralitrexed, Leustatin/Cladribine, 
Paxex/Paclitaxel, Doxil/liposomal doxorubicin, Caelyx/li 
posomal doxorubicin, Fludara/Fludarabine, Pharmarubicin/ 
Epirubicin, DepoCyt, ZD1839, LU 79553/Bis-Naphtalim 
ide, LU 103793/Dolastain, Caetyx/liposomal doxorubicin, 
GemZar/Gemcitabine, ZD 0473/Anormed, YM 116, Iodine 
seeds, CDK4 and CDK2 inhibitors, PARP inhibitors, 
D4809/Dexifosamide, Ifes/Mesnex/Ifosamide, Vumon/ 
Teniposide, Paraplatin/Carboplatin, Plantinol/cisplatin, 
Vepeside/Etoposide, ZD 9331, Taxotere/Docetaxel, prodrug 
of guanine arabinoside, Taxane Analog, nitrosoureas, alky 
lating agents such as melphelan and cyclophosphamide, 
Aminoglutethimide, Asparaginase, Busulfan, Carboplatin, 
Chlorombucil, Cytarabine HCI, Dactinomycin, Daunorubi 
cin HCl, Estramustine phosphate sodium, Etoposide (V P1 6 
213), Floxuridine, Fluorouracil (5-FU), Flutamide, Hydrox 
yurea (hydroxycarbamide), Ifosfamide, Interferon Alfa-2a, 
Alfa-2b, Leuprolide acetate (LHRH-releasing factor ana 
logue), Lomustine (CCNU), Mechlorethamine HCl (nitro 
gen mustard), Mercaptopurine, Mesna, Mitotane (o.p’ 
DDD), Mitoxantrone HCl, Octreotide, Plicamycin, 
ProcarbaZine HCl, StreptoZocin, Tamoxifen citrate, 
Thioguanine, Thiotepa, Vinblastine sulfate, Amsacrine 
(m-AMSA), AZacitidine, Erthropoietin, Hexameth 
ylmelamine (HMM), Interleukin 2, MitoguaZone (methyl 
GAG; methyl glyoxal bis-guanylhydraZone; MGBG), Pen 
tostatin (2'deoxycoformycin), Semustine (methyl-CCNU), 
Teniposide (VM-26) and V1ndesine sulfate, but it is not so 
limited. 

[0059] The immunotherapeutic agent may be selected 
from the group consisting of Ributaxin, Herceptin, Quad 
ramet, Panorex, IDEC-Y2B8, BEC2, C225, Oncolym, 
SMART M195, ATRAGEN, Ovarex, Bexxar, LDP-03, ior 
t6, MDX-210, MDX-11, MDX-22, OV103, 3622W94, anti 
VEGF, Zenapax, MDX-220, MDX-447, MELIMMUNE-2, 
MELIMMUNE-l, CEACIDE, Pretarget, NovoMAb-G2, 
TNT, Gliomab-H, GNI-250, EMD-72000, LymphoCide, 
CMA 676, Monopharm-C, 4B5, ior egf.r3, ior c5, BABS, 
anti-FLK-2, MDX-260, ANA Ab, SMART 1D10 Ab, 
SMART ABL 364 Ab and ImmuRAIT-CEA, but it is not so 
limited. 

[0060] The cancer vaccine may be selected from the group 
consisting of EGF, Anti-idiotypic cancer vaccines, Gp75 
antigen, GMK melanoma vaccine, MGV ganglioside con 
jugate vaccine, Her2/neu, Ovarex, M-Vax, O-Vax, L-Vax, 
STn-KHL theratope, BLP25 (MUC-l), liposomal idiotypic 
vaccine, Melacine, peptide antigen vaccines, toxin/antigen 
vaccines, MVA-based vaccine, PACIS, BCG vacine, TA 
HPV, TA-CIN, DISC-virus and ImmuCyst/TheraCys, but it 
is not so limited. 

[0061] In still another embodiment of the methods 
directed to preventing or treating cancer, the subject may be 
further administered interferon-0t. 

[0062] The invention in other aspects relates to methods 
for preventing disease in a subject. The method involves 
administering to the subject a Py-rich or a TG immuno 
stimulatory nucleic acid on a regular basis to promote 
immune system responsiveness to prevent disease in the 
subject. Examples of diseases or conditions sought to be 
prevented using the prophylactic methods of the invention 
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include microbial infections (e.g., sexually transmitted dis 
eases) and anaphylactic shock from food allergies. 

[0063] In other aspects, the invention is a method for 
inducing an innate immune response by administering to the 
subject a Py-rich or a TG immunostimulatory nucleic acid in 
an amount effective for activating an innate immune 
response. 

[0064] According to another aspect of the invention a 
method for treating or preventing a viral or retroviral infec 
tion is provided. The method involves administering to a 
subject having or at risk of having a viral or retroviral 
infection, an effective amount for treating or preventing the 
viral or retroviral infection of any of the compositions of the 
invention. In some embodiments the virus is caused by a 
hepatitis virus, HIV, hepatitis B, hepatitis C, herpes virus, or 
papillomavirus. 

[0065] A method for treating or preventing a bacterial 
infection is provided according to another aspect of the 
invention. The method involves administering to a subject 
having or at risk of having a bacterial infection, an effective 
amount for treating or preventing the bacterial infection of 
any of the compositions of the invention. In one embodiment 
the bacterial infection is due to an intracellular bacteria. 

[0066] In another aspect the invention is a method for 
treating or preventing a parasite infection by administering 
to a subject having or at risk of having a parasite infection, 
an effective amount for treating or preventing the parasite 
infection of any of the compositions of the invention. In one 
embodiment the parasite infection is due to an intracellular 
parasite. In another embodiment the parasite infection is due 
to a non-helminthic parasite. 

[0067] In some embodiments the subject is a human and in 
other embodiments the subject is a non-human vertebrate 
selected from the group consisting of a dog, cat, horse, coW, 
pig, goat, ?sh, monkey, chicken, and sheep. 

[0068] In yet another aspect, the invention is a method for 
treating or preventing asthma, by administering to a subject 
having or at risk of having asthma, an effective amount for 
treating or preventing the asthma of any of the compositions 
of the invention. In one embodiment the asthma is allergic 
asthma. 

[0069] In another aspect the invention relates to a method 
for treating or preventing allergy. The method involves 
administering to a subject having or at risk of having allergy, 
an effective amount for treating or preventing the allergy of 
any of the compositions of the invention. 

[0070] A method for treating or preventing an immune 
de?ciency is provided according to another aspect of the 
invention. The method involves administering to a subject 
having or at risk of an immune de?ciency, an effective 
amount for treating or preventing the immune de?ciency of 
any of the compositions of the invention. 

[0071] In another aspect the invention relates to a method 
for inducing a TH1 immune response by administering to a 
subject any of the compositions of the invention in an 
effective amount to produce a TH1 immune response. 

[0072] In one embodiment the methods of the invention 
involve administering an oligonucleotide of formula 5' 
YINIZNZY2 3' and an immunostimulatory nucleic acid hav 
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ing an unmethylated CG dinucleotide a TG dinucleotide or 
a T-rich sequence. In an embodiment the oligonucleotide 
comprising 5' YINIZNZY2 3' is administered separately 
from the immunostimulatory nucleic acid. In some embodi 
ments the oligonucleotide comprising 5' YINIZNZY2 3' and 
the immunostimulatory nucleic acid are administered on an 
alternating Weekly schedule and in other embodiments the 
oligonucleotide comprising 5' YINIZNZY2 3' and the immu 
nostimulatory nucleic acid are administered on an altemat 
ing biWeekly schedule. 

[0073] The invention provides in another aspect a com 
position, comprising an immunostimulatory nucleic acid and 
an anti-cancer therapy, formulated in a pharmaceutically 
acceptable carrier and in an effective amount to treat a 
cancer or to reduce the risk of developing a cancer. In 
important embodiments, the immunostimulatory nucleic 
acid is selected from the group consisting of a T-rich nucleic 
acid, a TG nucleic acid and a C-rich nucleic acid. 

[0074] The invention further provides a kit comprising a 
?rst container housing an immunostimulatory nucleic acid 
and at least one other container (e.g., a second container) 
housing a an anti-cancer therapy, and instructions for use. In 
one embodiment, the kit further comprises interferon-0t, 
Which may be separately housed in yet another container 
(e.g., a third container). In an important embodiment, the kit 
comprises a sustained-release vehicle containing an immu 
nostimulatory nucleic acid, and at least one container hous 
ing an anti-cancer therapy, and instructions for timing of 
administration of the anti-cancer therapy. The immuno 
stimulatory nucleic acid may be selected from the group 
consisting of a Py-rich nucleic acid, a TG nucleic acid and 
a CpG nucleic acid, Wherein the CpG nucleic acid has a 
nucleotide sequence comprising SEQ ID NO: 246. 

[0075] The invention further provides a method for pre 
venting or treating asthma or allergy, comprising adminis 
tering an immunostimulatory nucleic acid and an asthma/ 
allergy medicament in an effective amount to treat or prevent 
the asthma or allergy. In important embodiments, the immu 
nostimulatory nucleic acid is selected from the group con 
sisting of a T-rich nucleic acid, a TG nucleic acid and a 
C-rich nucleic acid. 

[0076] In one embodiment the immunostimulatory nucleic 
acid is a T-rich nucleic acid. In a related embodiment, the 
T-rich nucleic acid has a nucleotide sequence selected from 
the group consisting of SEQ ID NO: 59-63, 73-75, 142, 215, 
226, 241, 267-269, 282, 301, 304, 330, 342, 358, 370-372, 
393, 433, 471, 479, 486, 491, 497, 503, 556-558, 567, 694, 
793-794, 797, 833, 852, 861, 867, 868, 882, 886, 905, 907, 
908, and 910-913. In other embodiments the T-rich nucleic 
acids are sequence selected from the group consisting of 
SEQ ID NO: 64, 98, 112, 146, 185, 204, 208, 214, 224, 233, 
244, 246, 247, 258, 262, 263, 265, 270-273, 300, 305, 316, 
317, 343, 344, 350, 352, 354, 374, 376, 392, 407, 411-413, 
429-432, 434, 435, 443, 474, 475, 498-501, 518, 687, 692, 
693, 804, 862, 883, 884, 888, 890, and 891. 

[0077] In yet a further related embodiment, the T-rich 
nucleic acid is not a TG nucleic acid. In yet still another 
embodiment, the T-rich nucleic acid is not a CpG nucleic 
acid. 

[0078] In one embodiment, the immunostimulatory 
nucleic acid is a TG nucleic acid. In a further related 




















































































































































































































































































































































































































































































































































