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ABSTRACT 

The invention relates to a nucleic acid-lipophilic conjugates 
and methods for modulating an immune response using the 
conjugates. The lipophilic moiety associated With an immu 
nostimulatory nucleic acid. 
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Figure 1: Lipophilic conjugates demonstrate enhanced IFN-a production. 
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Figure 2: Lipophilic conjugates induce lL-6 secretion from human PBMC. 
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Figure 3: Lipophilic conjugates induce IL-10 secretion from human PBMC with 

reduced potency and efficacy. 
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Figure 4: Lipophilic conjugates induce TLR9-dependent NFKB signalling. 
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Figure 5: Lipophilic conjugates demonstrate in vitro mouse splenocyte stimulation of IL 

12, IL-6 and TNF-a production. 
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Figure 6: Lipophilic conjugates demonstrate in vitro TLR9‘”+ dependent IL-12 

splenocyte stimulation. 
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Figure 7: Lipophilic conjugates demonstrate in viva time-dependent plasma IP-10 

stimulation. 
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Figure 8: Lipophilic conjugates demonstrate in vivo plasma cytokine and chemokine 

stimulation of IP-10, IL-12 and IL-6 production. 
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NUCLEIC ACID-LIPOPHILIC CONJUGATES 

RELATED APPLICATIONS 

[0001] This Application claims the bene?t under 35 U.S.C. 
§120 of US. application Ser. No. 10/952,254, entitled 
“NUCLEIC ACID-LIPOPHILIC CONJUGATES” ?led on 
Sep. 27, 2004 issued on Nov. 10, 2009 as US. Pat. No. 
7,615,539, Which is herein incorporated by reference in its 
entirety. Application Ser. No. 10/952,254 claims priority 
under 35 U.S.C. §1 19(e) to US. Provisional Application Ser. 
No. 60/505,977, entitled “OLIGONUCLEOTIDE ANA 
LOGS WITH HIGH IMMUNOSTIMULATORY 
POTENCY” ?led on Sep. 25, 2003, Which is herein incorpo 
rated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to nucleic 
acids-lipophilic conjugates, compositions thereof and meth 
ods of using the conjugates. 

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, JNCI 72:955-962; 
Messina, J. P., et al., 1991, .1. 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) and Krieg. A. M. 
CpG motifs in bacterial DNA and their immune effects 
(2002) Annu. Rev. Immunol. 20: 709-760. It is noW under 
stood that these immune stimulatory effects of bacterial DNA 
are a result of the presence of unmethylated CpG dinucle 
otides in particular base contexts (CpG motifs), Which are 
common in bacterial DNA, but methylated and underrepre 
sented 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 mim 
icked With synthetic oligodeoxynucleotides (ODN) contain 
ing these CpG motifs. Such CpG ODN have highly stimula 
tory effects on human and murine leukocytes, inducing B cell 
proliferation; cytokine and immunoglobulin secretion; natu 
ral killer (NK) cell lytic activity and IFN-y secretion; and 
activation of dendritic cells (DCs) and other antigen present 
ing cells to express costimulatory molecules and secrete 
cytokines, especially the Thl-like cytokines that are impor 
tant in promoting the development of Thl-like T cell 
responses. These immune stimulatory effects of native phos 
phodiester backbone CpG ODN are highly CpG speci?c in 
that the effects are dramatically reduced 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). 
[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 phosphodiester CpG 
motifs that do not folloW this “formula” (Yi et al., 1998 J. 
Immunol. 160:5898-5906) and the same is true of human B 
cells and dendritic cells (Hartmann et al, 1999 Proc. Natl. 
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Acad. Sci. USA 96:9305-10; Liang, 1996 J. Clin. Invest. 
98:1119-1129). Nevertheless, the term “CpG motif” is gen 
erally used to refer to a hexamer motif in Which the CpG 
dinucleotide is located at the center. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates in part to immuno 
stimulatory nucleic acids linked to a lipophilic group. It has 
been discovered that speci?c immunostimulatory nucleic 
acids linked to lipophilic groups have enhanced activity, 
Whereas the linkage of lipophilic groups to other immuno 
stimulatory nucleic acids has minimal effect on the immuno 
stimulatory capability of the molecule. 
[0006] The invention, in one aspect, relates to a composi 
tion of (N lPN2) L, Wherein N1 and N2 are independently 
nucleic acids of 0-100 nucleotides in length, P is a palindrome 
containing nucleic acid and comprising at least one YR 
dinucleotide, WhereinY is a cytosine or a modi?ed cytosine 
and R is a guanine or a modi?ed guanine, and Wherein L is a 
lipophilic group. In one embodiment NlPN2 is 3-14 nucle 
otides in length. In another embodiment L is linked to the 
nucleotide at the 3' end of NlPN2 Optionally the nucleotide is 
selected from the group consisting of a nucleotide at the 3' end 
of NlPN2 and an internal nucleotide. In one embodiment P is 
2-100 nucleotides in length. In another embodiment P is 4-14 
nucleotides in length. 
[0007] In other embodiments L is linked by a linker to a 
2'-position of a nucleotide in NIPNZ, to a heterocyclic base of 
a nucleotide in N 1 PN2, or a phosphodiester linkage in N lPN2. 

[0008] L is a lipophilic group Which is a cholesteryl, a 
modi?ed cholesteryl, a cholesterol derivative, a reduced cho 
lesterol, a substituted cholesterol, cholestan, C16 alkyl chain, 
bile acids, cholic acid, taurocholic acid, deoxycholate, oleyl 
litocholic acid, oleoyl cholenic acid, glycolipids, phospholip 
ids, sphingolipids, isoprenoids, such as steroids, vitamins, 
such as vitamin E, saturated fatty acids, unsaturated fatty 
acids, fatty acid esters, such as triglycerides, pyrenes, porphy 
rines, Texaphyrine, adamantane, acridines, biotin, coumarin, 
?uorescein, rhodamine, Texas-Red, digoxygenin, dimethox 
ytrityl, t-butyldimethylsilyl, t-butyldiphenylsilyl, cyanine 
dyes (eg Cy3 or Cy5), Hoechst 33258 dye, psoralen, or 
ibuprofen. The composition may include at least 2 L. 
[0009] In some embodiments the formula comprises 
NlPN2-L_ N3PN4, Wherein N3 and N4 are independently 
nucleic acids of 0-100 nucleotides in length. L may be linked 
to NlPN2 and N3PN4 through a linkage selected from the 
group consisting of—3'-L-3'-, - '-L- '-, - '-L- '- and -2'-L-3'-. 
In some embodiments NlPN2 and N3PN4 are identical. In 
other embodiments NlPN2 and N3PN4 are different. 
[0010] The composition in other aspects of the invention is 
the folloWing formula ([NlPN2]niQ(3)m).(L)p. X3 is a 
linker, m is an integer from 0 to 20 (preferably from 1-10), n 
is an integer from 0 to 20 (preferably from 1-10), and p is an 
integer from 1 to 10 (preferably 1). The oligonucleotide 
NlPN2 has a length of 4 to 40 nucleotides. n may be greater 
than 1 and the multiple [NIPNZ] are linked through 3'-ends. 
[0011] In some embodiments X3 is a non-nucleotidic linker 
selected from the group consisting of abasic residues 
(dSpacer), oligoethyleneglycol, such as triethyleneglycol 
(spacer 9) or hexaethylenegylcol (spacer 18), and alkane-diol, 
such as butanediol. 
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[0012] In other embodiments the linker is attached to the 
oligonucleotide through a linkage selected from the group 
consisting ofphosphodiester, phosphorothioate, methylphos 
phonate, and amide linkages. 
[0013] Optionally NlPN2 is a branched ODN and Wherein 
Nl includes at least one CG dinucleotide. 
[0014] L may be attached to the 3' end of the oligonucle 
otide [N1PN2]. The linkage betWeen L and N lPNzi may be 
metabolically stable or metabolically labile. 
[0015] P may have the formula X liYiRiXz, Wherein 
X 1 and X2 are independently from 0 to 4 nucleotides. In some 
embodiments X 1 is l to 2 nucleotides. In other embodiments 
X 1 is a pyrimidine. Optionally the pyrimidine is selected from 
the group consisting of a thymidine, deoxyuridine and a 
5-substituted deoxyuridine. In other embodiments X2 is a 
palindrome or an inverted repeat (partial palindrome). The 
palindrome or inverted repeat (partial palindrome) may con 
tain at least one unmethylated CpG motif. P may be selected 
from the group consisting of C_G_A_C, C_G_T_C, T_C_G_ 
A_C, C_G_A_C_G_T_C, C_G_G_C_G_G and G_A_C_G_ 
A. 
[0016] In some embodiments the oligonucleotide NlPN2 
has a length of 4 to 20 nucleotides or 6 to 14 nucleotides. 

[0017] Optionally the oligonucleotide includes at least one 
linear or branched non-nucleoside linkage. 
[0018] An immune stimulatory molecule may be associ 
ated With the composition. An example of an immune stimu 
latory molecule is a TLR9 ligand. 
[0019] The oligonucleotide may include at least one stabi 
liZed internucleotide linkage. Preferably the stabiliZed inter 
nucleotide linkage is the linkage betWeen Y and R and is a 
phosphorothioate linkage in an Rp con?guration. Preferably 
the internucleotide linkages of the oligonucleotide are all 
phosphodiester linkages. 
[0020] At least one nucleotide in the oligonucleotide may 
be a substituted or modi?ed purine or pyrimidine. In one 
embodiment the substituted pyrimidine is a C5 substitution or 
the substituted purine is a C8 or C7 substitution. In another 
embodiment the substituted or modi?ed purine or pyrimidine 
is selected from the group consisting of 5-substituted 
cytosines (e.g. 5-methyl-cytosine, 5-?uoro-cytosine, 
5-chloro-cytosine, 5-bromo-cytosine, 5-iodo-cytosine, 5-hy 
droxy-cytosine, 5-hydroXymethyl-cytosine, 5-di?uorom 
ethyl-cytosine, and unsubstituted or substituted 5-alkynyl 
cytosine), 6-substituted cytosines, N4-substituted cytosines 
(e.g. N4-ethyl-cytosine), 5-aZa-cytosine, 2-mercapto-cy 
tosine, isocytosine, pseudo-isocytosine, cytosine analogs 
With condensed ring systems (eg N,N'-propylene cytosine or 
phenoxaZine), and uracil and its derivatives (e.g. 5-?uoro 
uracil, 5-bromo-uracil, 5-bromovinyl-uracil, 4-thio-uracil, 
5-hydroxy-uracil, 5-propynyl-uracil), thymine derivatives 
(e.g. 2-thiothymine, 4-thiothymine, 6-substituted thymines), 
7-deaZaguanine, 7-deaZa-7-substituted guanine (such as 
7-deaZa-7-(C2-C6)alkynylguanine), 7-deaZa-8-substituted 
guanine, 7-deaZa-8-aZa guanine, hypoxanthine, N2-substi 
tuted guanines (e.g. N2 -methyl-guanine), 5-amino -3 -methyl 
3H,6H-thiaZolo[4,5-d]pyrimidine-2,7-dione, 2,6-diami 
nopurine, 2-aminopurine, purine, indole, adenine, substituted 
adenines (eg to N6-methyl-adenine, 8-oXo-adenine) 8-sub 
stituted guanine (e.g. 8-hydroxyguanine and 8-bromogua 
nine), and 6-thioguanine. In another embodiment of the 
invention, the base is substituted by a universal base (e.g. 
4-methyl-indole, 5-nitro-indole, 3-nitropyrrole, P-base, and 
K-base), an aromatic ring system (eg benZimidaZole or 
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dichloro -benZimidaZole, l -methyl-lH-l ,2,41 -triaZole-3-car 
boxylic acid amide) an aromatic ring system (eg ?uoroben 
Zene or di?uorobenZene) and a hydrogen atom (dSpacer). 
[0021] Multiple oligonucleotides may be linked by mul 
tiple doubler or trebler moieties and form a dendrimer. 
[0022] The composition may include at least one amino 
acid residue linked by an amide linkage. 
[0023] Optionally the oligonucleotide includes at least one 
internucleotide linkage selected from the group consisting of 
a 3'5'-, a 2'5'-, a 3'3'- and a 5'5'-linkage. 
[0024] In one embodiment L is associated With a carrier. 
Optionally the carrier is selected from the group consisting of 
a liposome, ISCOM, a hydrophobic bead, a hydrophobic 
formulation, a polymer, a peptide, a protein, and a nucleic 
acid. The composition may also include a therapeutic agent. 
[0025] The invention in other aspects is a composition that 
further comprises a nucleic acidhaving at least one exposed 5' 
end comprising, at least one YR dinucleotide, WhereinY is a 
cytosine or a modi?ed cytosine and R is a guanine or a 
modi?ed guanine, at least one single stranded region, at least 
one double stranded region and Wherein the nucleic acid is 
linked to at least one lipophilic group. 
[0026] The nucleic acid may be a single chain nucleic acid 
or have a double stranded region involving base pairing of at 
least tWo nucleic acids on each side of the double stranded 
region. In one embodiment the nucleic acid forms a double 
stranded region involving base pairing of at least three nucleic 
acids on each side of the double stranded region. 
[0027] In some embodiments the nucleic acid is a branched 
nucleic acid. 
[0028] In other embodiments the nucleic acid is tWo single 
chain nucleic acids at least partially hybridized to one 
another. 
[0029] The nucleic acid may be linked to at least tWo lipo 
philic groups. Optionally the lipophilic group is linked to the 
nucleotide at the 3' end of the nucleic acid. 
[0030] In another aspect the invention is a lipophilic com 
position of (N1YRN2).L Wherein N1 and N2 are indepen 
dently nucleic acids of 0-100 nucleotides in length, WhereinY 
is a cytosine or a modi?ed cytosine and R is a guanine or a 
modi?ed guanine, and NlYRN2 is at least 10 nucleotides in 
length. L is a lipophilic group linked to a 2'-position of a 
nucleotide in NlYRN2, or to a heterocyclic base of a nucle 
otide in NlYRN2. In one embodiment NlYRN2 is 5'TCCG3', 
5' TTCG3' or 5' TCGTCG3'. 

[0031] In yet another aspect, the invention is a composition 
of (NlPN2).L Wherein N1 and N2 are independently nucleic 
acids of 0-100 nucleotides in length, P is a palindromic con 
taining nucleic acid and comprising at least one YR dinucle 
otide, WhereinY is a cytosine or a modi?ed cytosine and R is 
a guanine or a modi?ed guanine, and Wherein L is cholesterol. 
In certain embodiments L is linked to the nucleotide at the 3' 
end of NlPN2. In certain embodiments NlPN2 is selected 
from the group consisting of 5'TCGACGTCGT3' (SEQ ID 
NO: 111) and 5'TCGACGTCGA3' SEQ ID NO: 112). 
[0032] In another aspect, the invention relates to a method 
for treating allergy or asthma. The method is performed by 
administering to a subject having or at risk of having allergy 
or asthma an immunostimulatory CpG oligonucleotide 
described herein in an effective amount to treat allergy or 
asthma. In one embodiment the oligonucleotide is adminis 
tered to a mucosal surface, such as a respiratory tissue. In 
other embodiments the oligonucleotide is administered in an 
aerosol formulation. Optionally the oligonucleotide is admin 
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istered intranasally. In other embodiments the subject has or 
is at risk of developing allergic asthma. 
[0033] A method for inducing cytokine production is pro 
vided according to another aspect of the invention. The 
method is performed by administering to a subject an immu 
nostimulatory CpG oligonucleotide described herein in an 
effective amount to induce a cytokine selected from the group 
consisting of IP10, IL6, IL 8, IL12, IL18, TNF, IFN-0t[teXt 
missing or illegible when filed] chemokines, and IFN-y. 
[0034] In another aspect the invention is a composition of 
the Lipophilic conjugates described herein in combination 
With an antigen or other therapeutic compound, such as an 
anti-microbial agent or an anti-cancer agent. The anti-micro 
bial agent may be, for instance, an anti-viral agent, an anti 
parasitic agent, an anti-bacterial agent or an anti-fungal agent. 
[0035] The composition may optionally include a pharma 
ceutical 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 embodiment the sus 
tained release device is a biodegradable polymer or a micro 
particle. 
[0036] According to another aspect of the invention a 
method of stimulating an immune response is provided. The 
method involves administering a Lipophilic conjugate to a 
subject in an amount effective to induce an immune response 
in the subject. Preferably the Lipophilic conjugate is admin 
istered orally, locally, in a sustained release device, mucos 
ally, systemically, parenterally, or intramuscularly. When the 
Lipophilic conjugate is administered 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 an oral, nasal, 
rectal, vaginal, or ocular surface. 
[0037] In some embodiments the method includes expos 
ing the subject to an antigen Wherein the immune response is 
an antigen-speci?c immune response. 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. 
[0038] CpG immunostimulatory oligonucleotides are 
capable of provoking a broad spectrum of immune response. 
For instance these Lipophilic conjugates can be used to redi 
rect a Th2 to a Th1 immune response. Lipophilic conjugates 
may also be used to activate an immune cell, such as a lym 
phocyte (e.g., B and T cells), 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 Lipophilic conjugate and re-administering 
the activated immune cell to the subject. In some embodi 
ments the dendritic cell presents a cancer antigen. The den 
dritic cell can be exposed to the cancer antigen ex vivo. 

[0039] The immune response produced by Lipophilic con 
jugates may also result in induction of cytokine production, 
e.g., production of IP10, IL6, IL 8, IL12, IL18, TNF, IFN-ot, 
chemokines, and IFN-y. 
[0040] In still another embodiment, the Lipophilic conju 
gates are useful for treating to cancer in a subject having or at 
risk of developing a cancer. The cancer may be selected from 
the group consisting 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), 
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melanoma, neuroblastomas, oral cancer, ovarian cancer, pan 
creatic cancer, prostate cancer, rectal cancer, sarcomas, thy 
roid 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 can 
cer, skin cancer, and testicular cancer. 
[0041] Lipophilic conjugates may also be used for increas 
ing the responsiveness of a cancer cell to a cancer therapy 
(i.e., an anti-cancer therapy), optionally When the Lipophilic 
conjugate is administered in conjunction With an anti-cancer 
therapy. The anti-cancer therapy may be, for instance, a che 
motherapy, a vaccine (e.g., an in vitro primed dendritic cell 
vaccine or a cancer antigen vaccine) or an immunotherapeutic 
agent such as 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 antibody dependent cellular cyto 
toxicity (ADCC). In one embodiment, the antibody may be 
selected from the group consisting of Ributaxin, Herceptin, 
Quadramet, Panorex, IDEC-Y2B8, BEC2, C225, Oncolym, 
SMART M195, ATRAGEN, Ovarex, Bexxar, LDP-03, for 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. 
[0042] Thus, according to some aspects of the invention, a 
subject having cancer or at risk of having a cancer is admin 
istered a Lipophilic conjugate and an anti-cancer therapy. 
[0043] In some embodiments, the anti-cancer therapy is 
selected from the group consisting of a chemotherapeutic 
agent, an immunotherapeutic agent and a cancer vaccine. 
[0044] In still another embodiment of the methods directed 
to treating cancer, the subject may be further administered 
interferon-0t. 
[0045] In other aspects, the invention is a method for induc 
ing an innate immune response by administering to the sub 
ject a Lipophilic conjugate in an amount effective for activat 
ing an innate immune response. Thus the ODN are useful for 
treating pathogens such as Leishmania, Listeria, and 
Anthrax. 
[0046] According to another aspect of the invention a 
method for treating a viral or retroviral infection 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 the viral or retroviral infection of any of 
the compositions of the invention. In some embodiments the 
virus is caused by hepatitis virus e.g., hepatitis B or hepatitis 
C, HIV, herpes virus, or papillomavirus. 
[0047] A method for treating a bacterial infection is pro 
vided 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 
the bacterial infection of any of the compositions of the inven 
tion. In one embodiment the bacterial infection is due to an 
intracellular bacteria. 
[0048] In another aspect the invention is a method for treat 
ing a parasite infection by administering to a subject having or 
at risk of having a parasite infection, an effective amount for 
treating the parasite infection of any of the compositions of 



US 2010/0183639 Al 

the invention. In one embodiment the parasite infection is due 
to an intracellular parasite. In another embodiment the para 
site infection is due to a non-helminthic parasite. 
[0049] In some embodiments the subject is a human and in 
other embodiments the subject is a non-human vertebrate 
such as a dog, cat, horse, coW, pig, turkey, goat, ?sh, monkey, 
chicken, rat, mouse, or sheep. 
[0050] In another aspect the invention relates to a method 
for inducing a THl immune response by administering to a 
subject any of the compositions of the invention in an effec 
tive amount to produce a THl immune response. 
[0051] Each of the limitations of the invention can encom 
pass various embodiments of the invention. It is, therefore, 
anticipated that each of the limitations of the invention 
involving any one element or combinations of elements can 
be included in each aspect of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] The present invention may be more easily and com 
pletely understood When taken in conjunction With the 
accompanying ?gures. 
[0053] FIG. 1 is a graph depicting the effect of linkage of a 
lipophilic group to an immunostimulatory nucleic acid 
through induction of IFN-ot. 
[0054] FIG. 2 is a bar graph depicting effect of linkage of a 
lipophilic group to an immunostimulatory nucleic acid 
through induction of IL-6. 
[0055] FIG. 3 is a bar graph depicting effect of linkage of a 
lipophilic group to an immunostimulatory nucleic acid 
through induction of IL- 1 0. 
[0056] FIG. 4 is a bar graph demonstrating that a lipophilic 
group conjugated to an immunostimulatory nucleic acid 
enhances induction of TLR9-dependent NF[text missing 
or illegible when filed]B signaling. 
[0057] FIG. 5 is a bar graph depicting the in vitro mouse 
splenocyte stimulation effect of linkage of a lipophilic group 
to an immunostimulatory nucleic acid through induction of 
IL-6, IL-l2, and TNF-ot. 
[0058] FIG. 6 is a bar graph depicting the in vitro TLR9”+ 
and TLR9_/_ mouse splenocyte stimulation effect of linkage 
of a lipophilic group to an immunostimulatory nucleic acid 
through induction of IL- 1 2. 
[0059] FIG. 7 is a graph depicting the in vivo time-depen 
dent effect of linkage of a lipophilic group to an immuno 
stimulatory nucleic acid through induction of IP-lO. 
[0060] FIG. 8 is a bar graph depicting the in vivo stimula 
tion effect of linkage of a lipophilic group to an immuno 
stimulatory nucleic acid through induction of IP-lO, IL-l2 
and IL-6. 

DETAILED DESCRIPTION 

[0061] The invention in one aspect involves the ?nding that 
speci?c sub-classes of immunostimulatory oligonucleotides 
linked to a lipophilic group are highly effective in mediating 
immune stimulatory effects. These conjugates are useful 
therapeutically and prophylactically for stimulating the 
immune system to treat cancer, infectious diseases, allergy, 
asthma and other disorders. 
[0062] A-Class immunostimulatory CpG oligonucleotides, 
such as oligonucleotide SEQ ID NO: 40, are characterized by 
their very e?icient induction of IFN-ot secretion, but to loW B 
cell stimulation. SEQ ID NO: 40 is composed of a palindro 
mic phosphodiester CpG sequence (SEQ ID NO: 110) 
clamped by phosphorothioate (G)n stretches. ODN 
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sequences are presented in Table 1 below. A-Class immuno 
stimulatory CpG oligonucleotides, in Which the 3'- and 
5'-ends are phosphorothioate-modi?ed and the center portion 
is phosphodiester, have runs of at least four G residues at both 
ends of the oligonucleotide. As a result of intermolecular 
tetrad formation Which results in high molecular Weight 
aggregates, the development of G-rich oligonucleotides has 
been dif?cult. Issues related to the biophysical properties of 
this class of compounds include tendency to aggregation, 
poor solubility, dif?culty in quality control and solid phase 
extraction (SPE) used in PK studies. 
[0063] It is knoWn that (G)n stretches in oligonucleotides, 
Where n24, lead to intermolecular tetrad formation resulting 
in non homogeneous high molecular Weight aggregates. The 
uptake of oligonucleotides With (G)n stretches is about 20 to 
40-times higher than of non-aggregated oligonucleotides and 
the intracellular localiZation appears also to be different. It is 
not understoodhoW these observations correlate With biologi 
cal activity. 
[0064] In an attempt to discover neW immunostimulatory 
oligonucleotides having similar potency to A-class oligo 
nucleotides such as SEQ ID NO: 40 but more favorable bio 
physical properties than G-rich oligonucleotides, a series of 
oligonucleotides Without (G)n stretches but having lipophilic 
residues covalently attached have been developed according 
to the invention. Surprisingly, high Interferon-alpha (IFN-ot) 
induction Was detected, When an oligonucleotide having a 
palindromic center region, preferably With phosphodiester 
linkages, and at least one lipophilic group attached, even 
Without the G” sequences believed to be critical for A-class 
activity. For highest IFN-ot induction, it is preferable that the 
number of phosphorothioate residues is kept to a minimum. 
An unexpectedly high induction of IFN-ot secretion Was 
observed With compositions composed of an L (lipophilic 
group) attached to the 3'-end of an oligonucleotide With a 
5'-TCG and having only feW or no pho sphorothioate linkages. 
[0065] It is also of interest that B-Class CpG oligonucle 
otides, When modi?ed at the 3'-end With Cholesterol (SEQ ID 
NO: 38), are less immunostimulatory than the corresponding 
3'-unmodi?ed (SEQ ID NO: 36) both in IFN-ot induction and 
in a TLR9 assay. Similarly, the activity of a 5'-Cholesterol 
modi?ed ODN (SEQ ID NO: 37) is much loWer than that of 
the 5'-unmodi?ed SEQ ID NO: 36. B-class ODN consist of 
non-palindromic sequences and are usually fully phospho 
rothioate modi?ed. The decreased activity of B-class CpG 
ODN resulting from cholesterol modi?cation is in contrast to 
the palindromic phosphodiester CpG ODN described herein. 
Cholesterol modi?cation of the latter at the 3'-end results in 
increased immunostimulatory activity (SEQ ID NO: 4) While 
5'-cholesterol modi?cation of the same sequence completely 
abolishes activity (SEQ ID NO: 6). 
[0066] In some instances non-palindromic YR containing 
oligonucleotides having phosphodiester backbones also have 
increased immune stimulatory activity When a lipophilic 
group is conjugated at the 3' end of the oligonucleotide. 
Chimeric oligonucleotides having at least one YR motif that 
is phosphodiester but having at least one phosphorothioate or 
other modi?ed linkage at the 5' and 3' end of the oligonucle 
otide also have increased immune stimulatory activity if a 
lipophilic group is conjugated at the 3' end of the molecule. 
The YR motifs in such chimeric oligonucleotides may be 
palindromic or nonpalindromic. 
[0067] Thus, the invention involves, in one aspect, the dis 
covery that a subset of immunostimulatory oligonucleotides 
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linked to lipophilic groups have improved immune stimula 
tory properties. In some aspects the invention is a conjugate 
having the following formula (N lPN2).L. L is a lipophilic 
group. 
[0068] The lipophilic group L is preferably a cholesterol, a 
cholesteryl or modi?ed cholesteryl residue. The cholesterol 
moiety may be reduced (eg as in cholestan) or may be 
substituted (eg by halogen).A combination of different lipo 
philic groups in one molecule is also possible. Other lipo 
philic groups include but are not limited to bile acids, cholic 
acid or taurocholic acid, deoxycholate, oleyl litocholic acid, 
oleoyl cholenic acid, glycolipids, phospholipids, sphingolip 
ids, isoprenoids, such as steroids, vitamins, such as vitamin E, 
fatty acids either saturated or unsaturated, fatty acid esters, 
such as triglycerides, pyrenes, porphyrines, Texaphyrine, 
adamantane, acridines, biotin, coumarin, ?uorescein, 
rhodamine, Texas-Red, digoxygenin, dimethoxytrityl, t-bu 
tyldimethylsilyl, t-butyldiphenylsilyl, cyanine dyes (e. g. Cy3 
or Cy5), Hoechst 33258 dye, psoralen, or ibuprofen. In some 
embodiments L is not a cholesterol. 

[0069] The highest immunostimulatory activity Was 
brought about by cholesterol modi?cation as compared to 
other end-modi?cations, such as hexedecyl, vitamine E or 
triethylenglycole. It is expected, hoWever, that these agents 
Will produce more activity When more than one agent is 
attached to an oligonucleotide. Thus, in some embodiments 
the compositions of the invention have multiple L groups. 
[0070] L is preferably at or near the 3' end of the oligonucle 
otide, unless it is in a branched oligonucleotide Where there is 
at least one unobstructed 5' CpG motif. Cholesterol substitu 
tion at the only available 5'-end of the oligonucleotides tested 
Was detrimental to the immunostimulatory effect (SEQ ID 
NO: 5 and SEQ ID NO: 6). 
[0071] L may be connected to the oligonucleotide by a 
linker moiety. Optionally the linker moiety is a non-nucleo 
tidic linker moiety. Non-nucleotidic linkers are e.g. abasic 
residues (dSpacer), oligoethyleneglycol, such as triethyl 
eneglycol (spacer 9) or hexaethylenegylcol (spacer 18), or 
alkane-diol, such as butanediol. The spacer units are prefer 
ably linked by phosphodiester or phosphorothioate bonds. 
The linker units may appear just once in the molecule or may 
be incorporated several times, e. g. via phosphodiester, phos 
phorothioate, methylphosphonate, or amide linkages. 
[0072] The lipophilic group L may be attached at various 
positions of the oligonucleotide. As described above, the 
lipophilic group L is linked to the 3'-end of the oligonucle 
otide, Where it also serves the purpose to enhance the stability 
of the oligomer against 3'-exonucleoases. Alternatively, it 
may be linked to an internal nucleotide or a nucleotide on a 

branch. The lipophilic group L may be attached to a 2'-posi 
tion of the nucleotide. The lipophilic group L may also be 
linked to the heterocyclic base of the nucleotide. 
[0073] The oligonucleotides may have one or more than 
one accessible 5' ends. This may be achieved, for instance by 
attaching tWo oligonucleotides through a 3'-3' or other link 
age or to connect tWo 3' ends through an L group to generate 
an oligonucleotide having one or tWo accessible 5' ends. Such 
a structure might have a formula such as 5'TCGNl-L 
NlGCT5'. The 3'3'-linkage may be, for instance, a phosphodi 
ester, pho sphorothioate or any other modi?ed intemucleoside 
bridge. Methods for accomplishing such linkages are knoWn 
in the art. For instance, such linkages have been described in 
Seliger, H.; et al., Oligonucleotide analogs With terminal 
3'-3'- and 5'-5'-intemucleotidic linkages as antisense inhibi 
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tors of viral gene expression, Nucleosides & Nucleotides 
(1991), 10(1-3), 469-77 and Jiang, et al., Pseudo-cyclic oli 
gonucleotides: in vitro and in vivo properties, Bioorganic & 
Medicinal Chemistry (1999), 7(12), 2727-2735. 
[0074] Additionally, 3'3'-linked ODNs Where the linkage 
betWeen the 3'-terminal nucleosides is not a phosphodiester, 
phosphorothioate or other modi?ed bridge, can be prepared 
using an additional spacer, such as tri- or tetra-ethylenglycol 
phosphate moiety (Durand, M. et al, Triple-helix formation 
by an oligonucleotide containing one (dA) l 2 and tWo (dT)l2 
sequences bridged by tWo hexaethylene glycol chains, Bio 
chemistry (1992), 31(38), 9197-204, U.S. Pat. No. 5,658,738, 
and Us. Pat. No. 5,668,265). Alternatively, the non-nucleo 
tidic linker may be derived from ethanediol, propanediol, or 
from an abasic deoxyribose (dSpacer) unit (Fontanel, Marie 
Laurence et al., Sterical recognition by T4 polynucleotide 
kinase of non-nucleosidic moieties 5'-attached to oligonucle 
otides; Nucleic Acids Research (1 994), 22(1 1), 2022-7) using 
standard phosphoramidite chemistry. The non-nucleotidic 
linkers can be incorporated once or multiple times, or com 
bined With each other alloWing for any desirable distance 
betWeen the 3'-ends of the tWo ODNs to be linked. 

[0075] Further preferred are oligonucleotides of the for 
mula in Which the lipophilic modi?cation is part of the inter 
nucleotide linkage Which connects tWo adjacent nucleosides. 
If the lipophilic residue is Within the sequence, thus linking 
different sequence parts together, then the sequence parts are 
preferentially not connected via their 5'-ends. In this case, tWo 
or more 3'3'-linked sequences are preferred. Also preferred 
are 2'2'-, 3'2'- or 2'3'-linked sequences, respectively. Option 
ally the linkage could be a 5'3' linkage. If tWo or more 
sequences are linked, these can be identical or different. 

[0076] Preferred linkages are phosphodiester, phospho 
rothioate, amide, ether, thioether, urea, thiourea, sulfona 
mide, Schiff Base and disul?de linkages. Another possibility 
is the use of the Solulink BioConjugation System. 
[0077] The lipophilic group may be linked to the oligo 
nucleotide Without additional spacers (m:0) or can be linked 
via one or more linker units (m>l). The linkage betWeen the 
oligonucleotide and the lipophilic residue may be a metaboli 
cally stable or metabolically labile one. 
[0078] Thus, in some embodiments the conjugate may have 
the folloWing formula: 

[0079] N1 and N2 are independently nucleic acids of 0-100 
nucleotides in length, P is a palindromic containing nucleic 
acid and comprising at least one YR dinucleotide, WhereinY 
is a cytosine or a modi?ed cytosine and R is a guanine or a 
modi?ed guanine. 
[0080] N may optionally have interspersed linear or 
branched non-nucleoside linkages or other immune stimula 
tory conjugates such as ligands for TLR molecules. It has 
been discovered that oligonucleotides having a 5'TCG or 5' 
UCG have particularly strong immunostimulatory capability. 
[0081] The oligonucleotide of the formula (separate from 
the linkers connecting nucleotides to L) may also contain 
non-nucleotidic linkers, in particular abasic linkers (dSpac 
ers), trietyhlene glycol units or hexaethylene glycol units. 
Further preferred linkers are alkylamino linkers, such as C3, 
C6, C12 aminolinkers, and also alkylthiol linkers, such as C3 
or C6 thiol linkers. Oligonucleotides With a 3'3'-linkeage may 
also contain a Doubler or Trebler unit. Branching of the 
oligonucleotides by multiple doubler or trebler moieties leads 
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to dendrimers Which are a further embodiment of this inven 
tion. The oligonucleotide of formula I may also contain linker 
units resulting from peptide modifying reagents or oligo 
nucleotide modifying reagents. Furthermore, it may contain 
one or more natural or unnatural amino acid residues Which 

are connected by peptide (amide) linkages. The nucleotides in 
the formula may be linked through 3'5'- and/or 2'5'-linkages. 
It may further contain independently from each other one or 
more 3'3'-linkages and/or 5'5'-linkages. 
[0082] P is a palindrome or inverted repeat, i.e. a partial 
palindrome. Preferably, the palindrome or inverted repeat 
(partial palindrome) contains at least one unmethylated CpG 
motif. In some embodiments it includes at least 2 or 3 CpG 
motifs. In SEQ ID NO: 4, the sequence (TCGACGTCGT, 
SEQ ID NO: 111) is only partially palindromic 
(CGACGTCG), i.e. inverted repeat, Whereas in SEQ ID NO: 
13, the sequence forms a complete palindrome. Preferably, at 
least one of the CpG motifs in the palindrome or inverted 
repeat (partial palindrome) is TCGA, ACGT, or CGGCCG. 
Some preferred palindromes include: 

C G A C G T C G 

SEQ ID NO: 112 

SEQ ID NO: 113 

SEQ ID NO: 114 

SEQ ID NO: 115 

[0083] The immunostimulatory oligonucleotides generally 
have a length in the range of betWeen 4 and 100 nucleotides. 
In some embodiments the length is in the range of 4-40, 
13-100, 13-40, 13-30, 15-50, or 15-30 nucleotides or any 
integer range therebetWeen. 
[0084] The terms “nucleic acid” and “oligonucleotide” are 
used interchangeably to mean multiple nucleotides (i.e., mol 
ecules comprising a sugar (e. g., ribose or deoxyribose) linked 
to a phosphate group and to an exchangeable organic base, 
Which is either a substituted pyrimidine (e.g., cytosine (C), 
thymine (T) or uracil (U)) or a substituted purine (e.g., 
adenine (A) or guanine (G)). As used herein, the terms 
“nucleic acid” and “oligonucleotide” refer to oligoribonucle 
otides as Well as oligodeoxyribonucleotides. 
[0085] The terms “nucleic acid” and “oligonucleotide” 
shall also include polynucleosides (i.e., a polynucleotide 
minus the phosphate) and any other organic base containing 
polymer. Nucleic acid molecules can be obtained from exist 
ing nucleic acid sources (e.g., genomic or cDNA), but are 
preferably synthetic (e.g., produced by nucleic acid synthe 
sis). The term oligonucleotide generally refers to a shorter 
molecule, ie 100 nucleotides or less in length. 
[0086] The terms “nucleic acid” and “oligonucleotide” also 
encompass nucleic acids or oligonucleotides With substitu 
tions or modi?cations, such as in the bases and/or sugars. For 
example, they include nucleic acids having backbone sugars 
that are covalently attached to loW molecular Weight organic 
groups other than a hydroxyl group at the 2' position and other 
than a phosphate group or hydroxy group at the 5' position. 
Thus modi?ed nucleic acids may include a 2'-O-alkylated 
ribose group. In addition, modi?ed nucleic acids may include 
sugars such as arabinose or 2'-?uoroarabinose instead of 
ribose. Thus the nucleic acids may be heterogeneous in back 
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bone composition thereby containing any possible combina 
tion of polymer units linked together such as peptide-nucleic 
acids (Which have an amino acid backbone With nucleic acid 
bases). Other examples are described in more detail beloW. 
[0087] The immunostimulatory oligonucleotides of the 
instant invention can encompass various chemical modi?ca 
tions and substitutions, in comparison to natural RNA and 
DNA, involving a phosphodiester internucleoside bridge, a 
[3-D-ribose unit and/or a natural nucleoside base (adenine, 
guanine, cytosine, thymine, uracil). Examples of chemical 
modi?cations are knoWn to the skilled person and are 
described, for example, in Uhlmann E et al. (1990) Chem Rev 
90:543; “Protocols for Oligonucleotides and Analogs” Syn 
thesis and Properties & Synthesis and Analytical Techniques, 
S.AgraWal, Ed, Humana Press, TotoWa, USA 1993; Crooke S 
T et al. (1996)Annu RevPharmacol Toxicol 36: 107-129; and 
HunZiker J et al. (1995) Mod Synlh Methods 7:331-417. An 
oligonucleotide according to the invention may have one or 
more modi?cations, Wherein each modi?cation is located at a 
particular phosphodiester internucleoside bridge and/or at a 
particular [3-D-ribose unit and/ or at a particular natural 
nucleoside base position in comparison to an oligonucleotide 
of the same sequence Which is composed of natural DNA or 
RNA. 
[0088] For example, the oligonucleotides may comprise 
one or more modi?cations and Wherein each modi?cation is 
independently selected from: 
[0089] a) the replacement of a phosphodiester intemucleo 

side bridge located at the 3' and/or the 5' end of a nucleoside 
by a modi?ed internucleoside bridge, 

[0090] b) the replacement of phosphodiester bridge located 
at the 3' and/or the 5' end of a nucleoside by a dephospho 
bridge, 

[0091] c) the replacement of a sugar phosphate unit from 
the sugar phosphate backbone by another unit, 

[0092] d) the replacement of a [3-D-ribose unit by a modi 
?ed sugar unit, and 

[0093] e) the replacement of a natural nucleoside base by a 
modi?ed nucleoside base. 

[0094] More detailed examples for the chemical modi?ca 
tion of an oligonucleotide are as folloWs. 
[0095] The oligonucleotides may include modi?ed inter 
nucleotide linkages, such as those described in a or b above. 
These modi?ed linkages may be partially resistant to degra 
dation (e. g., are stabiliZed). A “stabiliZed oligonucleotide 
molecule” shall mean an oligonucleotide that is relatively 
resistant to in vivo degradation (eg via an exo- or endo 
nuclease) resulting form such modi?cations. Oligonucle 
otides having phosphorothioate linkages, in some embodi 
ments, may provide maximal activity and protect the 
oligonucleotide from degradation by intracellular exo- and 
endo-nucleases. 
[0096] A phosphodiester internucleoside bridge located at 
the 3' and/or the 5' end of a nucleoside can be replaced by a 
modi?ed internucleoside bridge, Wherein the modi?ed to 
internucleoside bridge is for example selected from phospho 
rothioate, phosphorodithioate, NRlRz-phosphoramidate, 
boranophosphate, ot-hydroxybenzyl phosphonate, phos 
phate-(Cl-C21)iO-alkyl ester, phosphate-[(C6-C12)aryl 
(C1-C2l)-[3-alkyl]ester, (C1-C8)alkylphosphonate and/or 
(C6-Cl2)arylphosphonate bridges, (C7-C12)-[text missing 
or illegible when filed]-hydroxymethyl-aryl (e.g., dis 
closed in WO 95/01363), Wherein (C6-Cl2)aryl, (C6-C2O)aryl 
and (C6-C14) aryl are optionally substituted by halogen, alkyl, 
alkoxy, nitro, cyano, and where R1 and R2 are, independently 
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of each other, hydrogen, (Cl-C18)-alkyl, (C6-C2O)-aryl, (C6 
Cl4)-aryl-(Cl-C8)-aryl, preferably hydrogen, (Cl-Cs-alkyl, 
preferably (C l-C4)-alkyl and/ or methoxyethyl, or R1 and 
form, together With the nitrogen atom carrying them, a 5-6 
membered heterocyclic ring Which can additionally contain a 
further heteroatom from the group O, S and N. 
[0097] The replacement of a phosphodiester bridge located 
at the 3' and/or the 5' end of a nucleoside by a dephospho 
bridge (dephospho bridges are described, for example, in 
Uhlmann E and Peyman A in “Methods in Molecular Biol 
ogy”, Vol. 20, “Protocols for Oligonucleotides and Analogs”, 
S.AgraWal, Ed., Humana Press, TotoWa 1993, Chapter 16, pp. 
355 ff), Wherein a dephospho bridge is for example selected 
from the dephospho bridges formacetal, 3'-thioformacetal, 
methylhydroxylamine, oxime, methylenedimethyl-hydraZo, 
dimethylenesulfone and/ or silyl groups. 
[0098] A sugar phosphate unit (i.e., a [3-D-ribose and phos 
phodiester intemucleoside bridge together forming a sugar 
phosphate unit) from the sugar phosphate backbone (i.e., a 
sugar phosphate backbone is composed of sugar phosphate 
units) can be replaced by another unit, Wherein the other unit 
is for example suitable to build up a “morpholino-derivative” 
oligomer (as described, for example, in Stirchak E P et al. 
(1989) Nucleic Acids Res 17:6129-41), that is, e.g., the 
replacement by a morpholino -derivative unit; or to build up a 
polyamide nucleic acid (“PNA”; as described for example, in 
Nielsen P E et al. (1994) Bioconjug Chem 5:3-7), that is, e.g., 
the replacement by a PNA backbone unit, e.g., by 2-amino 
ethylglycine. The oligonucleotide may have other carbohy 
drate backbone modi?cations and replacements, such as pep 
tide nucleic acids With phosphate groups (PHONA), locked 
nucleic acids (LNA), and oligonucleotides having backbone 
sections With alkyl linkers or amino linkers. The alkyl linker 
may be branched or unbranched, substituted or unsubstituted, 
and chirally pure or a racemic mixture. 
[0099] A [3-ribose unit or a [3-D-2'-deoxyribose unit can be 
replaced by a modi?ed sugar unit, Wherein the modi?ed sugar 
unit is for example selected from [3-D-ribose, [3-D-2'-deox 
yribose, L-2'-deoxyribose, 2'-F-2'-deoxyribose, 2'-F-arabi 
nose, 2'-Oi(Cl-C6)alkyl-ribose, preferably 2'-Oi(Cl-C6) 
alkyl-ribose is 2'-O-methylribose, 2'-Oi(C2-C6)alkenyl 
ribose, 2'-[Oi(Cl-C6)alkyl-Oi(Cl-C6)alkyl]-ribose, 
2'-NH2-2'-deoxyribose, [3-D-xylo-furanose, ot-arabinofura 
nose, 2,4-dideoxy-[3-D-erythro-hexo-pyranose, and carbocy 
clic (described, for example, in Froehler J (1992) Am Chem 
Soc 114:8320) and/or open-chain sugar analogs (described, 
for example, in Vandendriessche et al. (1993) Tetrahedron 
49:7223) and/or bicyclosugar analogs (described, for 
example, in Tarkov M et al. (1993) Helv Chim Acla 761481). 
[0100] In some embodiments the sugar is 2'-O-methylri 
bose, particularly for one or both nucleotides linked by a 
phosphodiester or phosphodiester-like internucleoside link 
age. 
[0101] Nucleic acids also include substituted purines and 
pyrimidines such as C-5 propyne pyrimidine and 7-deaZa-7 
substituted purine modi?ed bases. Wagner R W et al. (1996) 
Nat Biotechnol 14:840-4. Purines and pyrimidines include 
but are not limited to adenine, cytosine, guanine, and thym 
ine, and other naturally and non-naturally occurring nucleo 
bases, substituted and unsubstituted aromatic moieties. 
[0102] A modi?ed base is any base Which is chemically 
distinct from the naturally occurring bases typically found in 
DNA and RNA such as T, C, G, A, and U, but Which share 
basic chemical structures With these naturally occurring 
bases. The modi?ed nucleoside base may be, for example, 
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selected from hypoxanthine, uracil, dihydrouracil, pseudou 
racil, 2-thiouracil, 4-thiouracil, 5-aminouracil, 5-(Cl-C6) 
alkyluracil, 5-(C2-C6)-alkenyluracil, 5-(C2-C6)-alkynylu 
racil, 5-(hydroxymethyl)uracil, 5-chlorouracil, 
5-?uorouracil, 5-bromouracil, 5-hydroxycytosine, 5-(Cl 
C6)-alkylcytosine, 5-(C2-C6)-alkenylcytosine, 5-(C2-C6) 
alkynylcytosine, 5-chlorocytosine, 5-?uorocytosine, 5-bro 
mocytosine, N2-dimethylguanine, 2,4-diamino-purine, 
8-aZapurine, a substituted 7-deaZapurine, preferably 7-deaZa 
7-substituted and/or 7-deaZa-8-substituted purine, 5-hy 
droxymethylcytosine, N4-alkylcytosine, e.g., N4-ethylcy 
tosine, 5-hydroxydeoxycytidine, 
5-hydroxymethyldeoxycytidine, N4-alkyldeoxycytidine, 
e.g., N4-ethyldeoxycytidine, 6-thiodeoxyguanosine, and 
deoxyribonucleosides of nitropyrrole, C5-propynylpyrimi 
dine, and diaminopurine e.g., 2,6-diaminopurine, inosine, 
5-methylcytosine, 2-aminopurine, 2-amino-6-chloropurine, 
hypoxanthine or other modi?cations of a natural nucleoside 
bases. This list is meant to be exemplary and is not to be 
interpreted to be limiting. 
[0103] In particular formulas described herein a set of 
modi?ed bases is de?ned. For instance the letterY is used to 
refer to a nucleotide containing a cytosine or a modi?ed 
cytosine. A modi?ed cytosine as used herein is a naturally 
occurring or non-naturally occurring pyrimidine base analog 
of cytosine Which can replace this base Without impairing the 
immunostimulatory activity of the oligonucleotide. Modi?ed 
cytosines include but are not limited to 5-substituted 
cytosines (e.g. S-methyl-cytosine, 5-?uoro-cytosine, 
5-chloro-cytosine, 5-bromo-cytosine, 5-iodo-cytosine, 5-hy 
droxy-cytosine, 5-hydroxymethyl-cytosine, 5-di?uorom 
ethyl-cytosine, and unsubstituted or substituted 5-alkynyl 
cytosine), 6-substituted cytosines, N4-substituted cytosines 
(e.g. N4-ethyl-cytosine), 5-aZa-cytosine, 2-mercapto-cy 
tosine, isocytosine, pseudo-isocytosine, cytosine analogs 
With condensed ring systems (eg N,N'-propylene cytosine or 
phenoxaZine), and uracil and its derivatives (e.g. 5-?uoro 
uracil, 5-bromo-uracil, 5-bromovinyl-uracil, 4-thio-uracil, 
5-hydroxy-uracil, 5-propynyl-uracil). Some of the preferred 
cytosines include 5-methyl-cytosine, 5-?uoro-cytosine, 
5-hydroxy-cytosine, 5-hydroxymethyl-cytosine, and 
N4-ethyl-cytosine. In another embodiment of the invention, 
the cytosine base is substituted by a universal base (e.g. 3-ni 
tropyrrole, P-base), an aromatic ring system (eg ?uoroben 
Zene or di?uorobenZene) or a hydrogen atom (dSpacer). 

[0104] The letter R is used to refer to guanine or a modi?ed 
guanine base. A modi?ed guanine as used herein is a naturally 
occurring or non-naturally occurring purine base analog of 
guanine Which can replace this base Without impairing the 
immunostimulatory activity of the oligonucleotide. Modi?ed 
guanines include but are not limited to 7-deaZaguanine, 
7-deaZa-7-substituted guanine (such as 7-deaZa-7-(C2-C6) 
alkynylguanine), 7-deaZa-8-substituted guanine, hypoxan 
thine, N2-substituted guanines (e. g. N2-methyl-guanine), 
5-amino-3-methyl-3H,6H-thiaZolo[4,5-d]pyrimidine-2,7 
dione, 2,6-diaminopurine, 2-aminopurine, purine, indole, 
adenine, substituted adenines (e. g. N6-methyl-adenine, 
8-oxo-adenine) 8-substituted guanine (e.g. 8-hydroxygua 
nine and 8-bromoguanine), and 6-thioguanine 1n another 
embodiment of the invention, the guanine base is substituted 
by a universal base (e.g. 4-methyl-indole, 5-nitro-indole, and 
K-base), an aromatic ring system (eg benZimidaZole or 
dichloro -benZimidaZole, 1-methyl-1H-[1,2,4]triaZole-3-car 
boxylic acid amide) or a hydrogen atom (dSpacer). 
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[0105] Certain base modi?cations Were also allowed. SEQ 
ID NO: 29, in Which the terminal T residues at either end Were 
replaced by deoxyuridine (U), turned out to be a potent 
inducer of IFN-ot. In contrast, replacing G by deoxyinosine 
(I) in all CpG motifs (as in SEQ ID NO: 30) completely 
abolished IFN-ot induction. Surprisingly, modi?cation of G 
residues as 7-deaZa deoxyguanosine (SEQ ID NO: 31) 
resulted in high IFN-ot induction. Therefore, the need for 
tetrad formation via Hoogsteen base-pairing, a prerequisite 
for high activity of the previously described G-rich A-Class 
oligonucleotides, can be excluded for the neW cholesterol 
modi?ed A-Class immunostimulatory oligonucleotides. 
[01 06] For use in the instant invention, the oligonucleotides 
of the invention can be synthesiZed de novo using any of a 
number of procedures Well knoWn in the art. For example, the 
[3-cyanoethyl phosphoramidite method (Beaucage, S. L., and 
Caruthers, M. H., Tel. Let. 22: l 859, 1981); nucleoside 
H-phosphonate method (Garegg et al., Tel. Let. 27:4051 
4054, 1986; Froehler et al., Nucl. Acid. Res. 14:5399-5407, 
1986; Garegg et al., Tel. Let. 27:4055-4058, 1986, Gaffney et 
al., Tel. Let. 29:2619-2622, 1988). These chemistries can be 
performed by a variety of automated nucleic acid synthesiZers 
available in the market. These oligonucleotides are referred to 
as synthetic oligonucleotides. An isolated oligonucleotide 
generally refers to an oligonucleotide Which is separated from 
components Which it is normally associated With in nature. As 
an example, an isolated oligonucleotide may be one Which is 
separated from a cell, from a nucleus, from mitochondria or 
from chromatin. 

[0107] The intemucleotide linkages in the oligonucleotide, 
may be a non-stabiliZed or stabiliZed linkage (against 
nucleases), preferably a phosphodiester (non stabilized), a 
phosphorothioate (stabilized) or another charged backbone, 
most preferably a phosphodiester linkage. If the internucle 
otide linkage at YiR is a phosphorothioate, the chirality of 
this linkage may be random, or is preferably a pho sphorothio 
ate linkage of Rp con?guration. Increasing numbers of phos 
phorothioate linkages (SEQ ID NO: 3, SEQ ID NO: 15, SEQ 
ID NO: 25), in particular at the 5'-end, resulted in diminished 
or no IFN-ot induction. 

[0108] Modi?ed backbones such as phosphorothioates 
may be synthesiZed using automated techniques employing 
either pho sphoramidate or H-pho sphonate chemistries. Aryl 
and alkyl-phosphonates can be made, e.g., as described in 
US. Pat. No. 4,469,863; and alkylphosphotriesters (in Which 
the charged oxygen moiety is alkylated as described in US. 
Pat. No. 5,023,243 and European Patent No. 092,574) can be 
prepared by automated solid phase synthesis using commer 
cially available reagents. Methods for making other DNA 
backbone modi?cations and substitutions have been 
described (e.g., Uhlmann, E. and Peyman, A., Chem. Rev. 
901544, 1990; Goodchild, 1., Bioconjugale Chem. 1:165, 
l 990). 

TABLE 1 

ODN # Sequence 

SEQ ID NO: 1 T*CiGiAiCiGiTiCiGTiteg 

SEQIDNO:2 T*CGACGTCGTL 

SEQ ID NO: 3 
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TABLE 1 — cont inued 

ODN # Sequence 

SEQ ID NO : 5 ChOl — TQCQGAQC GiTiCiC-LT — ChOl 

SEQ ID NO: 6 CholiTiCiGAiCiGiTiCiGiTiteg 

S EQ I D NO : 7 TiCiGiTiCiGiAiCiGiTiGiChO 1 

S EQ I D NO : 8 TiCiGiAiCiGiTiCiGiTiTiChO 1 

S EQ I D NO : 9 GiTiCiGiAiCiGiTiCiGiTiChO 1 

SEQ ID NO: 10 GiTiCGAiCiGiTiCiGiTiTiChOl 

SEQ ID NO: 11 TiCiGiTiCiGiAiCiGiTiTiChOl 

S EQ I D NO : l 3 TfCfGfAfCfGfTfCfC-LAQCI'IO 1 

S EQ I D NO : l 4 GiAiCiGiAiCiC-LTiCiGiTiTiChO 1 

S EQ I D NO : l 6 T * CfGfAfCfGfTfCfC-LTQCI'IO 1 

SEQ ID NO: 18 TiCiGiAiCiGiTiCiC-LTiteg 

S EQ I D NO : l 9 TiCiGiAiCiGiTiCiGiAiCiGiTiCiGiTiChO 1 

SEQ ID NO: 2 O TfCfGfTfCfGfTfCfC-LTQCI'IOI 

SEQ ID NO : 2 l TfGfCfAfGfCfTfC-LCQT — ChO 1 

S EQ I D NO : 2 2 CiGiAiCiGiTiCiC-L . iChO 1 

S EQ I D NO : 2 3 TiAiAiCiGiTiTiTiChO 1 

SEQ ID NO : 2 8 T* C* G* TiCiGiGiCiGiC-LCQCQGQCQCQGITI 

Chol 

SEQ ID NO : 2 9 UiCiGiAiCiC-LTiCiC-LU — ChO 1 

SEQ ID NO: 30 TfCfIfAfCfIfTfCfIfT-Chol 

SEQ ID NO: 3 l TiCi7iAiCi7iTiCi7iT — ChO 1 

S EQ I D NO : 3 2 TfCfAfTfCfGfAfTfC-LAQCI'IO 1 

s EQ I D NO : 3 3 GiAiCiGiAiTiCiGiTiCiCho 1 

S EQ I D NO : 3 4 TfCfAfCfCfGfC-LTQGQAQCI'IO 1 

S EQ I D NO : 3 5 GiAiCiGiTQTQAQAQCQGQTQCQChO 1 
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TABLE 1-continued 
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TABLE 1-continued 

ODN # Sequence ODN # Sequence 

S EQ I D NO : '7 O TiCiGiAiAiTQAQTQAQTQAQTQTQAQC ho l 

SEQ ID NO: 38 T*C*G*T*C*G*T*T*T*T*G*T*C*G*T*T*T*T* 

G* T* C*G* T* TiChOl SEQ ID NO: '71 TiCiAiTiCiGiAiTiGiAiChOl 

SEQ ID NO: 39 T*C*G*T*C*G*T*T*T*T*C*G*G*C*G*C*G*C* SEQ ID NO: '72 TiCiGiAiCiC-LTiTiGiAiChOl 

G*C*C*G (C-Class ODN) 
S EQ I D NO : '7 3 FfCfGfAfCfGfFfCfC-LAQCI'IO l 

S EQ I D NO : 4 O G* G* GiGiAiCQGQAQCQGQTQCQGQTQGQG * G * G * 

G*G*G (A-Class ODN) SEQ ID NO: '74 TiHiGiAiHiGiTiHiGiAiChOl 

SEQ ID NO: 4 l TiCiGiAiChOl SEQ ID NO: '75 TiZiGiAiZiGiTiZiGiAiChOl 

SEQ ID NO: 4 2 TiCiGiCiGiAiChOl SEQ ID NO: '76 TiCiGiViCiGiTiCiGiViChOl 

S EQ I D NO : 4 3 TiCiGiCiGiCiGiAiChO l S EQ I D NO : '7 '7 TiCiViAiCiViTiCiViAiChO l 

S EQ I D NO : 4 4 TiCiGiCiCiGiGiCiGiAChO l S EQ I D NO : '7 8 TiCiRiAiCiRiTiCiRiAiChO l 

SEQ ID NO: 4 5 TiCiGiGiCiGiCiCiGiAiChOl SEQ ID NO: '79 TiCiOiAiCiOiTiCiOiAiChOl 

SEQ ID NO: 4 6 TiCiGiCiGiCiGiCiGiAiChOl SEQ ID NO: 80 TiCiSiAiCiSiTiCiSiAiChOl 

SEQ ID NO: 4 '7 TiCiGiTiCiGiAiCiGiAiChOl SEQ ID NO: 81 TiCiGiSiCiGiTiCiGiSiChOl 

S EQ I D NO : 4 8 TiCiGiTiAiCiGiAiChO l S EQ I D NO : 8 2 TfSfGfAfSfGfTfSfC-LAQCI'IO l 

SEQ ID NO: 4 9 TiCiGiAiAiTiTiCiGiAiChOl SEQ ID NO: 83 TiCiGiAiCiC-LSiCiGiAiChOl 

SEQ ID NO: 5 O T_C_G_T_T_A_A_C_G_A_Ch0l SEQ ID NO: 84 T_C_6 G_A_C_6 G_T_C_6 G_A_Ch0l 

S EQ I D NO : 5 l TECEGEAEAECEGETETECEGEACho l S EQ I D NO : 8 5 f fiCiGiAiCiGiTiCiGiAiChO l 

S EQ I D NO : 5 2 TiCQGQTQTQCQGQAQAQCQGQAQCho l S EQ I D NO : 8 6 4 TiCiGiAiCiGiTiCiGiAiChO l 

S EQ I D NO : 5 3 TiCiGiAiCiGiAiTiCiGiTiCiGiAiChO l S EQ I D NO : 8 '7 yUiCiGiAiCiGiTiCiGiAiCho l 

S EQ I D NO : 5 4 TiCiGiGiAiCiGiAiTiCiGiTiCiCiGiAiChO l S EQ I D NO : 8 8 5UiCiGiAiCiGiTiCiGiAiChO l 

S EQ I D NO : 5 5 TiCiGiAiCiGiAiGiCiTiCiGiTiCiGiAiChO l S EQ I D NO : 8 9 TfCfDfAfCfGfTfCfC-LAQCI'IO l 

S EQ I D NO : 5 6 TiCiGiGiCiGiGiCiCiGiCiCiGiAiChO l S EQ I D NO : 9 O TfCfGfAfDfGfTfCfC-LAQCI'IO l 

S EQ I D NO : 5 '7 TQCQGQAQCQGQTQCQGQA" Cho 1 S EQ I D NO : 9 l TiCiGiAiCiGiTiCiDiAiChO l 

SEQ 1]) N02 5 8 TiciGiAiciGiTiciGi'Aichol SEQ ID NO: 92 TiCiGiAiDiDiTiCiGiAiChol 

SEQ ID NO I 5 9 TiciGiAiciGiTici'Gi'Aichol SEQ ID NO : 93 5TfCfAfCfGfTfCfC-LAQCI'1O1 

SEQ ID NO: 6 O TiciGiAiciGiT*c*G*Aichol SEQ ID NO: 94 3TiCiGiAiCiGiTiCiGiAiChOl 

SEQ ID NO: 6 l GiciGiAiciGiTiciGiAichol SEQ ID NO: 95 TiaCiGiAiaCfGfTfaCfGfAfChol 

S EQ I D NO : 9 6 Tif CiGiAif CiGiTif CiGiAiChO l 
S EQ I D NO : 6 2 CfCfGfAfCfGfTfCfC-LAQCI'IO l 

SEQ ID NO: 97 fUiCiGiAiCiGifUiCiGiAiChOl 
S EQ I D NO : 6 3 IfCfGfAfCfGfTfCfC-LAQCI'IO l 

S EQ I D NO : 9 8 mUiCiGiAiCiGiTiCiGiAiCho l 
S EQ I D NO : 6 4 UiCiGiAiCiGiTiCiGiAiChO l 

S EQ I D NO : 9 9 mUimCimGimAim CimGimUim CimG mAiCho 1 

S EQ I D NO : 6 5 ZfCfGfAfCfGfTfCfC-LAQCI'IO l 

SEQ ID NO: 10 O rUiCiGiACiGiTCiGAiChol 

S EQ I D NO : 6 6 TiTiCiGiAiCiGiTiCiGiAiChO l 

SEQ ID NO: 10 l rUirCirGirAirCirGirUirCirGirAiChol 

S EQ I D NO : 6 '7 TiTETECEGEAECEGETECEGEAECho l 

SEQ ID NO: 1 O 2 mU&mC&mG&mA&mC&mG&mU&mC&mG&mAiCho1 

S EQ I D NO : 6 8 TiCQGQTQCQGQAQCQGQTQCQGQAQC ho l 

S EQ I D NO : l O 3 TiCiGiAiCiGiTiCiGiAiDiDiDiDiTiCiGi 

SEQIDNO: 69 TCGAATATATATTACGAChOl ACGTCGAChOl 
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TABLE 1 — cont inued 

ODN # Sequence 

The symbol * refers to the presence of a stabilized intemuclee 
otide linkage and 1: refers to the presence of a phosphodiester 
linkage. 
The following are definitions of symbols and letters in table 
1: 
& 2 ' 5 ' *linkage as phosphodiester 

* phosphorothioate 

*p 5 ' *Thiophosphate 

1 phosphodiester (poebonds) 

A, C, G, T 2 ' *DSOXYHUClSOtldS (dA, dC, dG, T) 
chol Cholesterol 

dSpacer (abasic residue) 
7eDeazaedG 

5eFluoroedU 

5eHydroxyedC 
Inosine (deoxy) 
Spacer C3 (propanediol phosphate) 
Spacer 18 (hexaethylenglycol phosphate) 

mA, mC, mG 2 ' *oder 3*O*Methyl Ribonucleotide (A, C, G) 

mA, mC, mG 3*O*Methyl*A (C, G) 
mT 3I eoeMethyleT 

mU 2 ' foil/[ethyl Uridine 

3 ' *Thiophosphate 

R 2*Aminopurine (deoxyribofuranoside) 

rA, rC, rG, rU 

S 5N1 = 5*Nitroindol 

teg Spacer 9 (triethylenglycol phosphate) 
U 2 ' *Deoxyuridine 

V 2 . 6*Diaminopurine (deoxyribofuranoside) 

vitE Vitamin E 

W Nebularine (deoxyribofuranoside) 

Z 5eMethyledeoxycytidine 

5T 5eMethoxyedeoxythymidine 

doub Doubler (Glenresearch) 
doub2 Doubler2 (Chemgenes) 

but 1,4*Butandiole 
6G éeThiodeoxyguanosine 

ff Difluorotoluyldeoxyribonucleotide 
4T 4*Thiothymidine 

yU Pseudodeoxyuridine 
5U 5aHydroxymethyldeoxyuridine 

5T 5*Methoxythymidine 
3T 2 ' 3 ' * Dideoxythymidine 

aC Araecytidine (5 ' 5 ' *linked) 

fC 2I eFluoroecytidine 

fU 2 ' eFluoroeuridine 

rU Riboeuridine 

bC 5 ' eBromoecytidine 

eC NelleEthylecytidine 

dP PABase 

cC AminoeModifiereCé*cytidine 

[0109] The invention also relates to compositions that are a 
set of oligonucleotides forming a duplex. As shoWn in the 
examples beloW, the oligonucleotides have minimal or no 
activity When used alone. However When they are prepared as 
a duplex the activity of the duplex is greatly enhanced. 
[0110] The duplex that forms betWeen the tWo oligonucle 
otides has partial complementarity. Partial complementarity 
refers to at least a portion of the duplex that includes nucle 
otides that base-pair With one another. Thus one region of the 
?rst oligonucleotide may include at least some nucleotides 
that form a base pair With complementary nucleotides in a 
region of the second oligonucleotide. The partial complemen 
tarity is that amount that is su?icient to stabilize the duplex in 
the presence or absence of an exogenous stabiliZer. In general 
the region of partial complementarity should include at least 
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2 nucleotides on each oligonucleotide that are capable of base 
pairing With the other oligonucleotide, depending on the 
length of the oligonucleotide pair. In some embodiments it is 
preferred that the region of partial complementarity is greater 
than 2 nucleotides. For instance it may include at least 3, 4, 5, 
6, 7, 8, 9, or 10 nucleotides on each oligonucleotide. Thus, the 
region of the nucleotides that has partial complementarity 
may include one or more nucleotide mis-matches. 

[0111] Alternatively the entire region of the nucleotide par 
ticipating in the duplex may be perfectly complementary. A 
region that is perfectly complementary is one that includes 
only nucleotides that base-pair With a complementary nucle 
otide on the other oligonucleotide. 
[0112] The duplex can be stabiliZed by the interaction 
betWeen the base-pairing nucleotides. In some instances, the 
duplex may be stabiliZed or further stabiliZed With the use of 
an exogenous stabiliZer. An exogenous stabiliZer is any mol 
ecule, such as a linker that reduces the level of disassociation 
of the duplex, or in other Words increases the stability of the 
duplex. 
[0113] At least one of the oligonucleotides includes a YR 
motif and preferably a CG motif. One or both oligonucle 
otides may include a palindrome, but it is not necessary. In 
some embodiments neither oligonucleotide includes a palin 
drome. 
[0114] An example of a functionally active duplex of oli 
gonucleotides is SEQ ID NO: 108 and SEQ ID NO: 109. 

5 ‘ — TiCiGiTiCiGiTiCiGiAiChol SEQ ID NO: 108 

Cho 1 —AiGiCiAiGiCiAiGiCiT — 5 ‘ SEQ ID NO: 109 

[0115] It has been discovered according to the invention 
that the subsets of lipophilic conjugates have dramatic 
immune stimulatory effects on human cells, suggesting that 
these conjugates are effective therapeutic agents for human 
vaccination, cancer immunotherapy, asthma immunotherapy, 
general enhancement of immune function, enhancement of 
hematopoietic recovery folloWing radiation or chemotherapy, 
and other immune modulatory applications. 
[0116] As used herein, the terms treat, treated, or treating 
When used With respect to a disorder such as an infectious 
disease, cancer, allergy, or asthma refers to a prophylactic 
treatment Which increases the resistance of a subject to devel 
opment of the disease (e.g., to infection With a pathogen) or, 
in other Words, decreases the likelihood that the subject Will 
develop the disease (e.g., become infected With the pathogen) 
as Well as a treatment after the subject has developed the 
disease in order to ?ght the disease (e.g., reduce or eliminate 
the infection) or prevent the disease from becoming Worse. 
[0117] Thus the Lipophilic conjugates are useful in some 
aspects of the invention as a vaccine for the treatment of a 
subject having or at risk of developing allergy or asthma, an 
infection With an infectious organism or a cancer in Which a 
speci?c cancer antigen has been identi?ed. The Lipophilic 
conjugates can also be given alone Without the antigen or 
allergen for protection against infection, allergy or cancer or 
may be administered With other therapeutic agents. Repeated 
doses may alloW longer term protection. A subject at risk as 
used herein is a subject Who has any risk of exposure to to an 
infection causing pathogen or a cancer or an allergen or a risk 

of developing cancer. For instance, a subject at risk may be a 
subject Who is planning to travel to an area Where a particular 
type of infectious agent is found or it may be a subject Who 
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through lifestyle or medical procedures is exposed to bodily 
?uids Which may contain infectious organisms or directly to 
the organism or even any subject living in an area Where an 
infectious organism or an allergen has been identi?ed. Sub 
jects at risk of developing infection also include general 
populations to Which a medical agency recommends vacci 
nation With a particular infectious organism antigen. If the 
antigen is an allergen and the subject develops allergic 
responses to that particular antigen and the subject may be 
exposed to the antigen, i.e., during pollen season, then that 
subject is at risk of exposure to the antigen. A subject at risk 
of developing an allergy to asthma includes those subjects 
that have been identi?ed as having an allergy or asthma but 
that don’t have the active disease during the Lipophilic con 
jugate treatment as Well as subjects that are considered to be 
at risk of developing these diseases because of genetic or 
environmental factors. 
[0118] A subject at risk of developing a cancer is one Who 
has a high probability of developing cancer. These subjects 
include, for instance, subjects having a genetic abnormality, 
the presence of Which has been demonstrated to have a cor 
relative relation to a higher likelihood of developing a cancer 
and subjects exposed to cancer causing agents such as 
tobacco, asbestos, or other chemical toxins, or a subject Who 
has previously been treated for cancer and is in apparent 
remission. When a subject at risk of developing a cancer is 
treated With a Lipophilic conjugate and optionally an antigen 
speci?c for the type of cancer to Which the subject is at risk of 
developing, the subject may be able to kill the cancer cells as 
they develop. If a tumor begins to form in the subject, the 
subject Will develop an innate immune response or a speci?c 
immune response against the tumor antigen. 
[0119] In addition to the use of the Lipophilic conjugates 
for prophylactic treatment, the invention also encompasses 
the use of the Lipophilic conjugates for the treatment of a 
subject having an infection, an allergy, asthma, or a cancer. 
[0120] A subject having an infection is a subject that has 
been exposed to an infectious pathogen and has acute or 
chronic detectable levels of the pathogen in the body. The 
Lipophilic conjugates can be used With or Without an antigen 
or other therapeutic to mount an innate or an antigen speci?c 
systemic or mucosal immune response that is capable of 
reducing the level of or eradicating the infectious pathogen. 
An infectious disease, as used herein, is a disease arising from 
the presence of a foreign microorganism in the body. It is 
particularly important to develop effective vaccine strategies 
and treatments to protect the body’s mucosal surfaces, Which 
are the primary site of pathogenic entry. 
[0121] A subject having an allergy is a subject that is 
capable of developing an allergic reaction in response to an 
allergen. An allergy refers to acquired hypersensitivity to a 
substance (allergen). Allergic conditions include but are not 
limited to ecZema, allergic rhinitis or coryZa, hay fever, con 
junctivitis, bronchial asthma, allergic asthma, urticaria 
(hives) and food allergies, and other atopic conditions. 
[0122] Allergies are generally caused by IgE antibody gen 
eration against harmless allergens. The cytokines that are 
induced by systemic or mucosal administration of Lipophilic 
conjugates are predominantly of a class called Thl (examples 
are IL-l2, IP-lO, IFN-ot and IFN-y) and these induce both 
humoral and cellular immune responses. The other major 
type of immune response, Which is associated With the pro 
duction of IL-4 and IL-5 cytokines, is termed a Th2 immune 
response. In general, it appears that allergic diseases are 
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mediated by Th2 type immune responses. Based on the ability 
of the Lipophilic conjugates described herein to shift the 
immune response in a subject from a predominant Th2 (Which 
is associated With production of IgE antibodies and allergy) to 
a balanced Th2/Th1 response (Which is protective against 
allergic reactions), an effective dose for inducing an immune 
response of a Lipophilic conjugate can be administered to a 
subject to treat asthma and allergy. 
[0123] Thus, the Lipophilic conjugates have signi?cant 
therapeutic utility in the treatment of allergic conditions and 
asthma. Th2 cytokines, especially IL-4 and IL-5 are elevated 
in the airWays of asthmatic subjects. These cytokines promote 
important aspects of the asthmatic in?ammatory response, 
including IgE isotope sWitching, eosinophil chemotaxis and 
activation and mast cell groWth. Th1 cytokines, especially 
IFN-y and IL-l2, can suppress the formation of Th2 clones 
and production of Th2 cytokines. Asthma refers to a disorder 
of the respiratory system characterized by in?ammation, nar 
roWing of the airWays and increased reactivity of the airWays 
to inhaled agents. Asthma is frequently, although not exclu 
sively associated With atopic or allergic symptoms. Thus, 
asthma includes allergic asthma and non-allergic asthma. 
[0124] A subject having a cancer is a subject that has detect 
able cancerous cells. The cancer may be a malignant or non 
malignant cancer. Cancers or tumors include but are not lim 
ited to biliary tract cancer; brain cancer; breast cancer; 
cervical cancer; choriocarcinoma; colon cancer; endometrial 
cancer; esophageal cancer; gastric cancer; intraepithelial neo 
plasms; lymphomas; liver cancer; lung cancer (e. g. small cell 
and non-small cell); melanoma; neuroblastomas; oral cancer; 
ovarian cancer; pancreas cancer; prostate cancer; rectal can 
cer; sarcomas; skin cancer; testicular cancer; thyroid cancer; 
and renal cancer, as Well as other carcinomas and sarcomas. In 
one embodiment the cancer is hairy cell leukemia, chronic 
myelogenous leukemia, cutaneous T-cell leukemia, multiple 
myeloma, follicular lymphoma, malignant melanoma, squa 
mous cell carcinoma, renal cell carcinoma, prostate carci 
noma, bladder cell carcinoma, or colon carcinoma. 
[0125] A subject shall mean a human or vertebrate animal 
or mammal including but not limited to a dog, cat, horse, coW, 
pig, sheep, goat, turkey, chicken, primate, e.g., monkey, and 
?sh (aquaculture species), eg salmon. Thus, the compounds 
may be used to treat cancer and tumors, infections, and 
allergy/ asthma in human and non human subjects. Cancer is 
one of the leading causes of death in companion animals (i.e., 
cats and dogs). 
[0126] In the instances When the CpG oligonucleotide is 
administered With an antigen, the subject may be exposed to 
the antigen. As used herein, the term exposed to refers to 
either the active step of contacting the subject With an antigen 
or the passive exposure of the subject to the antigen in vivo. 
Methods for the active exposure of a subject to an antigen are 
Well-knoWn in the art. In general, an antigen is administered 
directly to the subject by any means such as intravenous, 
intramuscular, oral, transdermal, mucosal, intranasal, 
intratracheal, or subcutaneous administration. The antigen 
can be administered systemically or locally. Methods for 
administering the antigen and the Lipophilic conjugate are 
described in more detail beloW. A subject is passively exposed 
to an antigen if an antigen becomes available for exposure to 
the immune cells in the body. A subject may be passively 
exposed to an antigen, for instance, by entry of a foreign 
pathogen into the body or by the development of a tumor cell 
expressing a foreign antigen on its surface. 




















































































