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IMMUNOSTIMLZATORY OLIGONUCLEOTIDES FIELD OF THE
INVENTION The present invention relates generally to immunostimulatory
oligonucleotides 5 with reduced renal inflammatory effects, compositions
thereofeemasasethods of using the immunostimulatory oligonectectidess ;i
particular the immunostimulatory oligénucleotides are C-class semi-soft
oligonucleotides that are particularly effective in the treatment of allergy
and asthma, cancer and infectious disease. 10 BACKGROUND OF THE
INVENTION Bacterlal DNA has |mmune stlmulatory effects to actlvate B
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20 549; Krieg, 1999 Bmc:h}m Biophys. Acta 93321:1-10). The immune stimulatory effects

of bacterial DNA can be mimicked with synthetic oligodeoxynucleotides (ODN)

containing these CpG motifs. Such CpG ODN have highly stimulatory effects on human
and murine leukocytes, inducing B cell proliferation; cytokine and immunoglobulin
secretion; natural kiiler (NK) cell lytic activity and IFN-v secretion; and activation of

25 dendritic cells (DCs) and other antigen presenting cells to express costimulatory
molecules and secrete cytokines, especially the Thi-like cytokines that are important in
promoting the development of Thl-like T cell responses. These immune stimulatory
effects of native phosphodiester backbone CpG ODN are highly CpG specific in that the
effects are dramatically reduced if the CpG motif is methylated, changed to a GpC, or

30 otherwise eliminated or altered (Krieg et al, 1995 Nature 374:546-549; Hartmann et al,
1999 Proc, Natl, Acad. Sci USA 96:9305-10).

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



the formula piuine-purine-CpG-pyrimidine-pyrimidine (Krieg et al, 1995
Nature WO 2006/135434 PCT/US2005/037731 -2 374:546-549; Pisetsky,
1998 Popaiitinol. 156:421-423; Hacker et al., 1998 EMBO JFCT/US2605/037731
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 #7e same is 5 true of hurhan B cells
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invention include at least one non-stabilized linkage situated between a 5'
G 2 200 S © ancl LA Ao e el
inventiontidres heerfdifesrvered that immunostimulatory properties of specific C-class
CpG oligonucleotides with the selective inclusion of one or more non-gtabilized linkages
between certain nucleotides have significant activity and are particularly useful in the
treatment of allergy and asthima. The non-stabilized linkages are preferably natural
25 linkages, i.e., phosphodiesier linkages or phosphodiester-like linkages. A non-stabilized
linkage will typically, but not necessarily, be relatively susceptible to nuclease digestion.
The immunostimulatory oligonucleotides of the instant invention include at least one
non-stabilized linkage situated between a 5' C and an adjacent 3' G, wherein both the 5' C
and the 3' G are internal nucleotides.
30 The immunostimulatory oligonucieotides of the instant invention are useful for
inducing a Thl-like immmume response. Accordingly, the immunostimulatory

oligonucleotides of the instant invention are useful as adjuvants for vaccination, and they



inducing a Thl-like immune response. Accordiigly, the immunostimulatory
oligonucleotides of the instant invention are useful as adjuvants for
vavsinétidiasand they WO 2006/135434 PCT/US2005/0377FLTESan@/037731
useful for treating diseases including cancer, infectious disease, allergy,
and asthma. They are believed to be of particular use in any condition
calling for prolonged or repeated administration of immunostimulatory
oligonucleotide for any purpose, but aré -particularly useful in the
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In other e b iments the, |mmunost|mulatory oligonucleotide may
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The immunostimutatory oligonucleotide may comprise 5’

20 THC_G*T*C_GFT*C_G*TFTHC_G*GHCH*G*C_GFC*G*CH*CH*G 3°(SEQ ID NO: 2),
wherein * represents a stabilized internucleotide linkage.. Optionally, when specifically
stated, 5* may refer to the free 5° end of the oligonucleotide and 3° may refer to the free
3” end of the oligonucleotide.

In other embodiments the immunostimulatory oligonucleotide majf comprise 5°

25 T*C__G*T*C_G*T*T*CF_G*G*C*G*C*G*C*C*G 3(SEQ ID NO: 3), wherein *
represents a stabilized internucleotide linkage, Optionally, when specifically stated; 5°
may refer to the free 5° end of the oligonncleotide and 3’ may refer to the free 3° end of
the oligonucleotide.

In another aspect, the immunostimulatory oligonucleotide has the following

30 formula TC_GX1C_G XC_G X3TC_GGCGC_G N33°(SEQ ID NO: 28).
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In another aspect, the immunostimulatory oligonucleotide has the
following 30 formula TC_G X1C_G X2C_G X3TC_GGCGC_G N33'(SEQ
IDVNOCOSERSEAO 2006/135434 PCTIUS2005/037731 -4 N3 RCTES2005/037731
nucleotides in length with N referring to any nucleotide. In one
embodiment N3 is 5 nucleotides. X1, X2, and X3 are any nucleotide. In
some embodiments X1 and X3 are T. In one embodiment the
oligonucleotide may comprise 5'5 -4~

TC_GTC_GAC_GATC GGCGC GCGCCG3 (SEQ ID NO:.4), wherein
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immunostimulatory oligonucleotide having the following formuld:

I
TTREowhedisstes mﬁ%é%@@_t@-ﬁeém@ﬁmédm@kﬁa @n@z&\ﬁa@adhﬁﬁéﬁ the

oligonusteatitde includestdeleast 2 stabilized 15 internucleotide linkages
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In one embodiment the oligonucleotide may comprise 5°
TTC _GTC_GITTX; GTC_GTT 3° (SEQ ID NO: 25). In another embodiment the
oligonucleotide may comprise 5° T*T*C_GFT*C_G*T*T*T+X,_G*T*C_G*T*T 3’
(SEQ ID NO: 25). In some embodiments X, is T or C.

The oligonucleotide may comprise 5°
T*T*C_G¥T*C_G*T*TH*T+T_G*T+C_G¥T*T 37 (SEQ ID NO: 5), wherein * represents
a stabilized internucleotide linkage. Optionally, when specifically stated, 5 may refer to
the free 5° end of the oligonucleotide and 3’ may refer to the free 3° end of the
oligonucieotide.

The oligonucleotide may comprise 5°
T*T*T*C_GH*T*C_G¥THT*T*C_G*T*C_G*T*T 3°(SEQ ID NO: 6), wherein *
represents a stabilized internucleotide linkage. Optionally, when specifically stated, 5°
may refer to the free 5° end of the oligonucleotide and 3° may refer to the free 3’ end of

the oligonucleotide.



T*T*T*C_G*T*C_G*T*T*T*C_G*T*C_G*T*T 3'(SEQ ID NO: 6), wherein *
30 represents a stabilized internucleotide linkage. Optionally, when
spEteagNsstated, 5' may refer to the free 5' end of the olig BeEIEWTE 7731
and 3' may refer to the free 3' end of the oligonucleotide. WO
2006/135434 PCT/US2005/037731 -5 In some aspects of the invention
the oligonucleotide has one of the following formulas
TCGTCGTTCGGCGCGCCG (SEQ ID NO: 3),

TCGTCGTCGTTCGGCGCGCGCCG (SEQ ID. NO: ? ,
TCGTCCARBAFEEEE Se Breaitoe B BiEenipeieye fss one of the following
TTEERES TCHTGITCTH S (SEQHITNO 1) NG: 3),

TP E TR E RS '@mm gfher aspects of the

invention the oligonucleotide has one oliewing formulas
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10 T*T+C_Grpteraseds ¢ tniorptigrthe gigorerigtiedreong of the following
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(:orgripgrs(lcjrig?;F:F %I"[ifé’gjlf;e%c?*ﬁ ) v%ﬂ%%ggn * re%qre(%grn#sg §'S abilized
intdiffaciEdtidédidkEgeafd] TEifreSEpE pREIPROLISEISF 6F G.
prq%nh@g@ssg@chbe@mm@ wlgpé@@@g@@L%@m@@%é@é@gvgngly the
O | C t e e ' *C *T* - *T* - *T*T* Co*C*C*C*C -

15 G B b MGG Sy et O, O Qe o
T*CG G T ETCTET*T*C-G*G*C*G*C 3' (SEQ ID NO.: 22), or 5'
T*C-G_*T’i&%’éifégp-e 5 DGR 57 chabiiciaike Sonit @D NO.: 23),
wheLeln 2 rgfers 9 the free 5, end of the oligonucleotide and 3' refers to
thelfrbe3 ert O the- JiigHb ClETHERETSS Frltired panplegife linkage and _
oligemuciss titlespiadiprisi og pHSGh R IRE iiervb e eid: Hepresrnisdded.

20 StABlESAIPIRIIEISRUASINKARPIRTH T FERRESRNISRBESBRAAIEEIRR Bk crgrc.
G*C*G*C*C 3° (SEQ ID NO.: 21), 5° T*C-G*T*C-G*T*C-G¥T*T*C-G*G*C*G*C 3°
(SEQ ID NO.: 22), or 5" T*C-G*¥T*C-G*¥T*C-G*T*T*C-G*G*C*G*C-G*C*G*C 37
(SEQ ID NO.: 23}, wherein 5° refers to the free 5° end of the oligonucleotide and 3°
refers to the free 3° end of the oligonucleotide,

25 In other aspects an oligonucleotide comprising: T*C_G*T*T*C_G*Q, wherein *
represents a stabilized internucleotide linkage and _ represents phosphodiester or
phosphodiester-like internucleotide linkage is provided. Optionally the oligonucleotide
may be 5’ C-GFT*C-(FT*C-GFT*T*C-GYG*C*G* C-G*C¥G*C*C*G 37 (SEQ ID
NO.: 15), 8 G*T*C-G¥T*C-GFT*T*C-G*G* C*G*C-G*C*G*C*C*G 3" (SEQ ID

30 NO.: 16), 5° T*C-GHT*C-G¥T*T*C-G* G*C*G*C-G*C*G*C*C*G 3° (SEQ ID NO.:
17), 5 C-G*T*C-GHTH*T*C-G*G*C*G* C-G*C*G*C*C*G 3 (SEQ ID NO.: 18), 5°
G¥IT*C-G*DIT*C-G*G*C*G*C-G*CH*G*C*C*G 3° (SEQ ID NO.: 19), or 5° T*(C-



phosphodiester-like intemucleotide linkage is provided. Optionally the
oligonucleotide may be 5' ‘
C-BEPIBBIPIC-G*T*T*C-G*G*C*G*C-G*C*G*C*CI'G 3' (SEJ/ISHRP37731
15), 5' G*T*C-G*T*C-G*T*T*C-G*G*C*G*C-G*C*G*C*C*G 3' (SEQ ID 30
NO.: 16), 5' T*C-G*T*C-G*T*T*C-G*G"C*G*C-G*C*G*C*C*G 3' (SEQ ID
NO.: 17), 5' C-G*T*C-G*T*T*C-G*G*C*G*C-G*C*G*C*C*G 3' (SEQ ID
NO.: 18), 5' G*T*C-G*T*T*C-G*G*C*&*C-G*C*G*C*C*G 3' (SEQ ID NO.:
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pharmaceutical composition may include a chemotherapeutic agent. In yet
other enBOHifEMRCtB TSGR FREPth efRRe Shoa M iRgIPdgaNnt. 10
Thephatimaesiiticaboohpesiviber sy dpionadly toalyeetan may include an anti-
ph@g@gggﬁtically acceptable carrier formulated for subcutaneous
administration, oral administration or intranasal administration. In one

10 embodintéathEsREEHatresIstist R pticRdbeing bk corhpasivrcally

opiteBgiyicompisingd-plicnaceutically aceaptabiR CAHPLNNSOMEn or
embé)dirya?ggﬁgpues E%gliigonucleotide is formulated as an aerosol. In one
embodiment the (ﬁlgon'ucleotide further comprises an adjuvant or a
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tumor arftigen strbaitecshibodimvent!tvtidiftighs ismpdsded Sinamicleic
acjdyegtor. In one embodiment the antigen is a peptide antigen. In one
embodiment the antigen is covalently linked to the oligonucleotide or

invnunostfTATBR) T ER g prsta Rt SHHm Somar s B Aty wherein the

oligonucleotide is a vaccine adjuvant.

20 In one embodiment the antigen is selected from the group consisting of: a viral
antigen, a bacterial antigen, a fungal antigen, a parasitic antigen, and a tumor anfigen. In
one embodiment the antigen is encoded by a nucleic acid vector. In one embodiment the
antigen is a peptide antigen. In one embodiment the antigen is covalently linkea to the
oligonucleotide or immunostimulatory nucleic acid molecule. In another embodiment

25 the antigen is not covalently linked to the oligonucleotide or immunostimulatory nucleic
acid molecule.

In one embodiment the phosphodiester or phosphodiester-like linkage is
phosphodiester. In one embodiment the phosphodiester-like linkage is
boranophosphonate or diastereomerically pure Rp phosphorothioate.

10 In one embodiment the stabilized backbone comprises a plurality of
internucleotide linkages selected from the group consisting of: phosphorothioate,
phosphorodithicate, methylphosphonate, methylphosphorothioate, and any combination



25 the antigen is not covalently linked to the oligonucleotide or
immunostimulatory nucleic acid molecule. In one embodiment the
ph&€pH8eiestar or phosphodiester-like linkage is phosphod&StaIS 2950138731
embodiment the phosphodiester-like linkage is boranophosphonate or
diastereomerically pure Rp phosphorothioate. 30 In one embodiment the
stabilized backbone comprises a plurality of internucleotide linkages

- selected from the group consisting of.-phosphorothioate,
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In another aspect the invention is a composition of the CpG immunostimulatory
éligonucleotides described herein in conibination with an antigen or other therapeutic
compound, such as an anti-microbial agent. The anti-microbial agent may be, for
instance, an anti-viral agent, an anti-parasitic agent, an anti-bacterial agent or an anti-
fungal agent.

A composition of a sustained release device including the CpG
immunostimulatory oligonucieotides described herein is provided according to another
aspect of the inveniion.

The composition may optionally include a pharmaceutical 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 sustained release device is a biodegradable

polymer or a microparticle.
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fungal agent. A composition of a sustained release device including the
CpG 25 immunostimulatory oligonucleotides described herein is provided
actoYittyits‘ahother aspect of the invention. The compositfSrt frEa)s/037731
optionally include a pharmaceutical 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
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be performed in vivo, in vitro, or ex vivo, i.¢., by isolating an immune cell from the
subject, contacting the immune cell with an effective amount to activate the imumune cell
of the CpG immunostimulatory oligonucleotide and re~-administering the activated
immune cell to the subject. In some embodiments(the dendritic cell presents a cancer
antigen. The dendritic cell can be exposed to the cancer antigen ex vivo.

The immune response produced by CpG immunostimulatory oligenucleotides
may also result in induction of cytokine production, e.g., production of IL-6, IL-8, 1L-12,
IL-18, TNF, IFN-a, chemokines, and IFN-y.

In still another embodiment, the CpG immunostimulatory oligonuclectides are
useful for treating cancer. The CpG immunostimulatory oligomucleotides are also useful
according to other aspects 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 consisting of biliary tract cancer, breast cancer, cervical cancer,



of the CpG immunostimulatory oligonucleotide and re-administering the
activated immune cell to the subject. In some embodiments the dendritic
ceWPrav8ehist¥ cancer antigen. The dendritic cell can be exB6¥aEHyH#HE 731
cancer antigen ex vivo. 25 The immune response produced by CpG
immunostimulatory oligonucleotides may also result in induction of
cytokine production, e.g., production of IL-6, IL-8, IL-12, IL-18, TNF,
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SMART M195, ATRAGEN, Ovarex, Bexxar, LDP-03, for t6, MDX-210,

M @%&WUNE—Z, MELIMMUNE-1, CEACIDE, Pretarget, NovoMAb-G2, TNT,
Gliomab-H, GNI-250, EMD-72000, LymphoCide, CMA 676, Monopharm-C, 4B3, ior
egfr3, ior cf, BABS, anti-FLK-2, MDX-260, ANA Ab, SMART 1D10 Ab, SMART
ABL 364 Ab and ImmuRAIT-CEA.

25 Thus, according to some aspects of the invention, a subject having cancer or at
risk of having a cancer is administered a CpG immunostimulatory oligonucleotide and an
anti-cancer therapy. In some embodiments, the anti-cancer therapy is selected from the
group consisting of a chemotherapeutic agent, an immunotherapeutic agent and a cancer
vaccine. In some embodiments the cancer medicament is taxol or a combination of

30 carboplatin and paclitaxel.

In still another embodiment of the methods directed to preventing or treating

cancer, the subject may be further administered interferon-a.



20 MDX-22, OV103, 3622W94, anti-VEGF, Zenapax, MDX-220,
MDX-447, MELIMMUNE-2, MELIMMUNE-1, CEACIDE, Pretarget,
NSVOMIE3E&24 TNT, Gliomab-H, GNI-250, EMD-72000, Ly®fpHBEf§&37731
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In another aspect the invention is a method for treating or preventing a parastte
infection by administering to a subject having or at risk of having a parasite infection, an
effective amount for freating or preventing the parasite infection of any of the
compesitions of the invention. In one embodiment the parasite infection is due to an

25  intraceliular parasite. In another embodiment the parasite infection is due to a non-
helminthic parasite.

In some embodiments the subject is 2 human and in other embodiments the
subject is a non-human veriebrate selecied from the group consisting of a dog, cat, horse,
cow, pig, turkey, goat, fish, monkey, chicken, rat, mouse, and sheep.

30 In another aspect the invention relates to a method for inducing a THI immune
response by administering to a subject any of the compositions of the invention in an

effective amount to produce a THI immune response.



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
inwemtig/1tksdiene embodiment 20 the bacterial infection is deertosams37731
intracellular bacteria. 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 infe¢tion of any of the compositions of
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20 Each of the limitations of the invention can encompass 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.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a series of graphs depicting IFN-alpha induction by human PBMC treated
with CpG ODN.
Figure 2 is a series of graphs depicting the effects of the CpG
oligodeoxynucleotide SEQ ID NO. 7 against antigen-induced increase in nasal resistance
30  in guinea pigs adminisiered in a dose of (A} 1 mg/kg and (B) (0.03-0.3 mg/kg). Results
are mean + $.e.m. ((A) =n=5-8; (B) =n = 14-15). * P <0.05 compared with antigen-
cﬁalienged group treated with test vehicle (1 test).



also provided as an aspect of the invention. Use of an oligonucleotide of
the invention in the manufacture of a medicament of for stimulating an
immonesaspense and performing any of the methods of theroreRtios0izr31
also provided. 20 Each of the limitations of the invention can encompass
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 includ2d in each aspect of the

invention. 25 BRIEF DESCRIPTION OF THE DRAWINGS Figure | is a
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angmasal: ﬂ,glgblng (SB) in a mouse model of allergic rhinitis. Results are
mean s.e.m. (n =10)." P < 0.05 compared with vehicle-treated group
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test, Dunn’s post-test).
Figure 7 is a series of graphs depicting the protective effects of CpG ODNs on
cell numbers in antigen-induced ajrways inflammation in eosinophils (7A) and |
20 neutrophils (7B). Results are mean # s.e.m. (n= 10-14). * P < 0.05 compared with
antigen challenged, vehicle-treated group (Kruskal-Wallis multiple comparison test,
Dunn’s post test).
Figure 8 is a series of graphs depicting the protective effects of CpG ODNs on
CD3" (8A) and CD3"CD4" (8B) cell numbers in antigen-induced airways inflammation.
25 Results are mean + s.em. (o =8). * P <0.05 compared with antigen challenged, vehicle-
treated proup {Kruskal-Wallis multiple comparison test, Dunn’s post test).
Figure 9 is a series of graphs depicting cell rumbers in bronchoalveolar lavage
fluid 8 hours after dosing with 0.1 mg/kg ODN (9A); 13 hours after dosing with 0.1
mg/kg ODN (SB); 8 hours after dosing with | mg/kg ODN (9C); and 15 hours after
30  dosing with ! mg/kg ODN (913). Results are mean + s.eun (n = 10)
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15 (6B) and total mononuclear cells (6C). Cell numbers in bronchoalveolar
lavage fluid. Results are mean s.e.m. (n=10). * P < 0.05 compared with
grovp Bogksasikal-Wallis test, Dunn's post-test). Figure 7 is asetiem®fos 773t
graphs depicting the protective effects of CoG ODNs on cell numbers in
antigen-induced airways inflammation in eosinophils (7A) and 20
neutrophils (7B). Results are mean s.e.m. (n = 10-14). * P < 0.05
compared with antigen challenged, veticle-treated group (Kruskal-Wallis
multiple comparison test, Dunn's post test). Figure 8 is a series of graphs
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and 15 hours after dosing with 1 mg/kg ODN (14D).

Figure 15 is a series of graphs depicting concentrations of TNFalpha in
bronchoalveolar lavage fluid 8 hours after dosing with (.1 mg/kg ODN (15A); 15 hours
after dosing with 0.1 mg/kg ODN (15B); 8 hours after dosing with 1 mg/kg ODN (15C);
and 15 hours after dosing with 1 mg/kg ODN (15D).

Figure 16 is a series of graphs depicting concentrations of IFN gamma in serum 8
hours after dosing with 0.1 mg/kg ODN (16A); 15 hours after dosing with 0.1 mg/kg
ODN (16B); 8 hours after dosing with 1 mg/kg ODN (16C); and 15 hows after dosing
with 1 mg/kg ODN (16D),

Figure 17 is a series of graphs depicting concentrations of TL-6 in serum 8§ hours
after dosing with 0.1 mg/kg ODN (17A); 15 hours after dosing with 0.1 mg/kg ODN
(17B); 8 hours after dosing with 1 mg/kg ODN (17C); and 15 hours after dosing with 1

mg/kg ODN (17D).
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deplctlng fec s of ODN agalnst influenza-induced
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Iemmxwéﬂvepmmphﬂsﬂ%&)ﬂmmm&t@@@pnﬁmommme@vw
(gqqganas&y either carrier (saline), OVA alone, or concentrations of SEQ ID NO:7 of 10

ul/kg, 30 ul/kg, 100 ul/kg, or 300 pl/kg, it. The data demonstrate that SEQ ID NOG:7

20 caused a dose-dependent reduction in AUC-resistance. Figures 22A and 22B depict -
histamine release as a function of incréasezd airway resistance (22A) or decrease in lung
complance (22B). Figures 22C and 22D are bar graphs depicting the increase in ajrway
resistance (22C) or decrease in lung compliance (22D) in response to treatment with
saline, OVA or SEQ ID NO 7 at the indicated dosages.

25 Figure 23 is a Summary of Statistical Analysis used herein (Figure 22) for airway

resistance (23A) and ling compliance (23B).

Figure 24 is a set of graphs depicting the effect of SEQ ID NO:2 on Airway
resistance and lung compliance. For each animal, a dose-response curve was obtained,
and airway reactivity was quantified as the area under the curve. Guinea pigs were

30  given intranasally either carrier (saline), OVA alone, or concentrations of SEQ 1D NO:2
of 10 ul/kg, 30 pl/kg, 100 pVke, or 300 plkg, it. The data demonstrate that SEQ ID



body weight (20E). Figure 21 is a guinea pig AHR Protocol used herein.
15 Figure 22 is a set of graphs depicting the effect of SEQ ID NO:7 on
AiMgoudsisEnce and lung compliance. For each animal, aPCT/US2085/¢37731
dose-response curve was obtained, and airway reactivity was quantified
as the area under the curve. Guinea pigs were given intranasally either
carrier (saline), OVA alone, or concentrations of SEQ ID NO:7 of 10 I/kg,
30 I/kg, 100 pl/kg, or 300 pl/kg, i.t. Theldata demonstrate that SEQ ID
NO:7 20 caused a dose-dependent reduction in AUC-resistance. Figures
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s Summadief StatistisalAmalysis 4sedihsteim@gyee 22) for airway
resistance (23A) and lung compliance (23B). Figure 24 is a set of graphs
depictingFiteeiestohSRErDNG B! Ainalssis nssidtemoeEigdituidy for airway
complancenk Ry m%rggﬂ%jﬁgl%gggsponse curve was obtained, and
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airway reactivity was quantified as the area under the curve, Guinea pigs
overe 50 GBI ISR ARIF S AR LIRSS CAPR Ao G Soh Bk 260
conceryratibnsfafu 8E R{DNQZD. dfigtrs! /A, 301124, 1D0skgd arBH@dikEC
1ot hhe data demonstrate that SEQ ID WO 2006/135434
PCT/US2005/037731 -15 NO:2 caused a dose-dependent reduction in
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compdi 4 igur ichin
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in (SBEHSY b AreBfRbRt Brifthaaineho i ohasmdaidaerboyn drdigure
15 indigated sSzagesofigy® 25 i9,d Suammany: ebsiatisticabAnalysisiseer used

herein (Figure 24) for airway resjstance (25A) and lung.c liance (25B
o S R e ek ) B e
andap68c¢onbEpdhutosmigiuine §236 - dnde2 28 tFigeras 20 w261 of all
corgespond to Figures 24C to and 24D. Figure 27 is a set of graphs

depicting levels of IL- 10 hnl) secreted from
P gFiguxe 28 ];s a set of(grgaphs )depicting levels of TNF-alpha (28A), interferon-

20  gamma (28B), and IL-6 (28C) (uM) secreted from human PBMC féllowing exposure of
these cells to the oligonucleotides listed by SEQ ID NO. in the key of the graph. Each
data point is the calculated mean cytokine value of three donors. The PBMC were
incubated with the indicated ODN concentrations. Supernatants were harvested and
cytokines measured by ELISA, Given ave the calculated mean cytokine amounts of all

25  donors.

Figure 29 is a set of graphs depicting levels of TNF-alpha (pg/ml) secreted from
human PBMC following exposure of these cells to the oligonucleotides for 16 hours
listed by the SEQ ID NO along the bottom X-axis of the graph. The oligonucleotides
ghown in Figure 29 include SEQ IDNO: 9, 13, 10, 14,2, 1,11, 12, and 3. The

30 concentration of oligonucleotide used to produce a particular data point is depicted along

the X-axis (uM)}. The data shown represents the values of three donors. Below the SEQ



human PBMC (3 donors) following exposure of these cells to the
oligonucleotides listed by SEQ ID No. along the bottom X-axis of the
graph fdetaspsints from the 3 donors are depicted by a A, "rImER}dGrod831
hours. The test oligonucleotides shown in Figure 27 15 include SEQ ID
NOs: 10, 9, 13, 14, 1, and 2. The concentration of oligonucleotide used to
produce a particular data point is depicted along the X-axis (M).
Supernatants were harvested and IL- 1&-measured by ELISA. Given are
the mean cytokine amounts of all donors. Figure 28 is a set of graphs
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represents the values of three dgl% ; Below the SEQ W Q%l 9434 .
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oligaipsiaatisies for2houEs lisieehby, the1gFQ IDINQ along the-pattom
X-axis of thegr?%[]. The olilgonuc eotides shown in_ Figure 30 include
SEGTERG 13 48390 B 1T R0 SPFHE LD ARRm A S gricted alone
oligionEelesiigilusEe thtprbdwcecarpartictiar data qichntd s depicRd@iahgSEQ
theﬂ%]@éésistg &M)%Eﬁgnqmw{h&%%%%%ﬁﬁ‘ eC\ég‘l'U@—%lgsfsts El%esgﬁrp I‘mSC-
Below the SE NOs Is

20 class, B = B-class, non- CpG = an ODN without an unmethylated CpG. Supernatants
were harvested and IFN-gamma measured by ELISA. Given are the mean cytokine
amounts of ali donors .

Figure 32 is a set of graphs depicting levels of CD69 expression (MFI) on NK
cells as an indicator of NK cell activation (32A) and CD80 (32B) and CD86 (32C)

25 expression on B cells following exposure of these cells to the oligonucleotides for 24 or
48 hours listed by SEQ ID NO. in the key of the graph. Each data point is the mean
fluorescence intensity of three donors. The cells were incubated with the indicated ODN
concenirations for 24, or 48 hours. Celis were stained and analyzed by flow cytometry.

Figure 33 is a set of graphs depicting levels of levels of CDG9 expression on NK

30 cells as an indicator of NK cell activation following exposure of these cells to the

oligonucieotides for 24 hours listed by the SEQ ID NO along the bottom X-axis of the

graph. The oligomucleotides shown in Figure 33 include SEQ ID NOQ: 9, 13, 10, 14,2, 1,



a designation referring to the class of ODN. Css= C-class semi soft, C =
C-class, B = B- class, non- CpG = an ODN without an unmethylated CpG.
Figiee®d isaset of graphs depicting levels of IFN-gamma (feyid}e05/037731
secreted from human PBMC following exposure of these cells to the
oligonucleotides for 48 hours 15 listed by the SEQ ID NO along the

bottom X-axis of the graph. The oligonucleotides shown in Figure 31
include SEQ ID NO: 9, 13, 10, 14, 2, 11114, 12, and 3. The concentration
of oliﬂucleotide used to produce a particular data point is depicted along
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by thg@&E@otide used to produce a particular data point is depicted along the X-axis

(uM). The data shown represents the values of three donors. Below the SEQ ID NOs is
a designation referring o the class of ODN. Css= C-class semi soft, C = C-class, B = B-
class, non- CpG = an ODN without an unmethylated CpG. The cells were stained with

25  antibodies to CD86, CDBO, CD19, and CD14 and analyzed by flow cytometry. The data

presented is the mean fluorescence intensity.

Figure 36 is a set of graphs depicting levels of CD86 expression on plasmacytoid
dendritic cells (36A) and CDRO {36B) and CIXE6 (36C) expression on monocytes
following exposure of these cells to the oligonucleotides listed by SEQ ID NO. in the

30  key ofthe graph. Each data point is the a calculated mean fluorescence intensity of



ID NO along the bottom X-axis of the graph. The oligonucleotides shown
in Figure 34 toinclude SEQ ID NO: 9, 13, 10, 14, 2,1, 11, 12, and 3. The
coweantkatiossof oligonucleotide used to produce a particulapcietE20eing is31
depicted along the X-axis (M). The data shown represents the values of
three donors. Below the SEQ ID NOs is a designation referring to the
class of ODN. Css= C-class semi soft, C = C-class, B = B- class, non-
CpG = an ODN without an umnethylaté8l-CpG. The cells were stained with
15 antibodies to CD86, CD80, CD19, and CD14 and analyzed by flow
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CD8O, CD19, and CD14 and analyzed by flow cytometry. The data presented is the
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mean fluorescence intensity.
Figure 39 is a set of graphs depicting CD80 expression on plasmacytoid dendritic

cells following exposure of these cells to the oligonucieotides for 48 hours listed by the
25 SEQ ID NO along the bottom X-axis of the graph. The oligonucleotides shown in

Figure 37 include SEQ IDNO: 9, 13,10, 14,2, 1, 11, 12, and 3. The concentration of

oligonucleotide used to produce a particular data point is depicied along the X-axis

(uM). The data shown represents the values of three donors. Below the SEQ ID NOs is

a designation referring to the class of ODN. Css= C-class semi soft, C = C-class, B =B-
36 class, non- CpG = an ODN without an unmethylated CpG.  The cells were stained with



a designation referring to the class of ODN. Css= C-class semi soft, C =
C-class, B = B lo class, non- CpG = an ODN without an unmethylated
Cp&0 The1sedld were stained with -antibodies to CD86, CD8®LTERESsant31
CD14 and analyzed by flow cytometry. The data presented is the mean
fluorescence intensity. Figure 38 is a set of graphs depicting CD80
expression on monocytes following exposure of these cells to the
oligonucleotides for 48 hours listed by #e SEQ ID NO 15 along the

bottom X-axis of the graph. The oligonucleotides shown in Figure 38
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the SEQ ID NO along the bottom X-axis of the graph. The oligonucleotides shown in
Figure 42 mclude S;E,Q IDNO: 9, 13,10, 14,2, 1, 11, 12, and 3. The concentration of
oligonucleotide used to produce a particular data point is depicted along the X-axis
(sM). The data shown represents the values of three donors. Below the SEQ ID NOs is
25 a designation referring to the class of ODN. Css= C-class semi soft, C = C-class, B =R-
class, non- CpG = an ODN without an unmethylated CpG. The cells were stained with
antibodies to CD14, CD19, and IP-10 and analyzed by flow cytometry. The data
presented is the mean fluorescence intensity.
Figure 43 is a set of graphs depicting a comparison of the ab111t1es of SEQID
36 NO.: 2 and fragments thereof (SEQ 1D NO 15-17) o induce cytokine secretion from



Figure 41 is a set of graphs depicting levels of expression of intracellular
IP-10 in 10 monocytes following exposure of the cells to the
oligdnweteatiés for 24 hours listed by the SEQ ID NO alon§IRE 13643477731
X-axis of the graph. The oligonucleotides shown in Figure 41 include
SEQ ID NO: 9, 13, 10, 14, 2, 1, 11, 12, and 3. The concentration of
oligonucleotide used to produce a particular data point is depicted along
the X-axis (uM). The data shown repré8ents the values of three donors.
Below the SEQ ID NOs is 15 a designation referring to the class of ODN.
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20 frophosphodiester-like “internucleotide linkages”. The term “internucleotide linkage” as

used herein refers to the covalent backbone linkage joining two adjacent nucleotides in a
nucleic acid molecule. The covalent backbone linkage will typically be a modified or
unmodified phosphate linkage, but other modifications are possible. Thus a linear
oligonucleotide that is n nucleotides long has a total of n-1 internucieotide linkages.

25  These covalent backbone linkages can be modified or unmodified in the
immunostimulatory oligonucleotides according to the teachings of the invention.

In particular, phosphodiester or phosphodiester-like internucieotide linkages
involve “iniernal dinucleotid;s”. An internal dinucleotide in general shall mean any pair
of adjacent nucleotides comnected by an internucleotide linkage, in which neither

30  nucleotide in the pair of nucleotides is a terminal nucleotide, i.e., neither nucleotide in

the pair of nucleotides is a nucleotide defining the 5' or 3' end of the oligonucleotide.
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mouse splenocytes. The cytokines analyzed include IFNa (45A), IFNy
(45B), IP-10 10 (45C), IL-6 (45D), IL-10 (45E), and TNFa (45F).
DBEOHEDRHESCRIPTION A sub-set of C-class semi-soft  PCT/US2005/4037731
immunostimulatory oligonucleotides are provided according to the
invention. The immunostimulatory oligonucleotides of the invention 15
described herein, in some embodiments have improved properties
including similar or enhanced potency,Zeduced systemic exposure to the
kidney, liver and spleen, and may have reduced reactogenicity at
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i.e immeithenmnulclentithé Wiy e paiprefanitioctifid snsha imatteatidiatiefining
the, 5,1 3780d f.1he RUIPAUGEIRONER, WRAHIBHABA A possess greater
PCTIUS2005/037731 -21 Thus a linear oligonuclectide thatisn™
nuETEBIRASE TR R H b taR SR iRftEre ShaR corTaoa ine L8y abiied
dinucteatisiasuikacholifenttleladtdelinsaestnamittemil sdinueleotide is
an intermal piemuelpgtile inkaos T s a lnsanliseieleotds hakis. .
nucleotides long has a total of n-I mternuc}eotl e linkag sg;mgony-n-lop
inteFFAS frkiGE BstleRnRaydsh mrsiwaieireanpheimbediester-like
phasphodiesier piphesphediasterdike: liker anclertide Jinkagas. therefare,

refg{c%&fugye@;v%%gag%&gg.P@&S&%ﬁ%ﬁgte@ié&- Q%ﬁ%%l%?%dseeg@g% eSd
pO itioned between any palro nuclieotidaes In e cleilc a%lds Sequence.

In SBRERTHBBEIME AR s Hotiastermsiphotpblibsr-like
immunostimulatory oligonucleotides. Due to the greater potency of semi-soft
oligonucleotides, semi-soft oligonucleotides may be used at lower effective
concentations and have lower effective doses than conventional fully stabilized
immunostimulatory oligonucleotides in order to achieve a desired biological effect.

Whereas fully stabilized immunostimulatory oligonucleotides can exhibit dose-
response maxima, semi-soft oligonucleotides of the instant invention appear to have
monotonically increasing dose-response curves (as assayed by TLR9 stimulation)
extending into higher concentrations beyond the optimal concentration for corresponding
fully stabilized immunostimulatory oligonucieotides. Thus it is believed that semi-soft
oligonuncleotides of the instant invention may induce greéter immunostimulation than

fully stabilized immunostimulatory oligonucleotides.
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internucleotide linkages are not positioned between either pair of
nucleotides closest to 10 the 5' or 3' end. The invention is based at least

in som@Eseats on the surprising discovery that the specifiecCAeda®s/037731
semi-soft oligonucleotides described herein have important
immunostimulatory activity and are preferably useful in the treatment of
allergy and asthma. These molecules have at least the same or in many
cases possess greater 15 immunostinazlatory activity, in many instances,
than corresponding fully stabilized immunostimulatory oligonucleotides
having théstdiRlyclebiidedseaguensennlaern pietrehdidatiestbedlan
mm#g%%%\y Q%&Q%&%H&éh - hodi - t gﬁ?&[%}%% I - .t' li Jebgae.
in which phosphodiester o sphodiester-like , internuclegtide lin
ettt i it o
CGutinstfentidentBerhingdftwllgon duentdesigbneialiywosbosiricredissy at
IMOUNQSHMY RN ROEEREYFE AkVEQ £QITE SRaMding iyl sfahiieever 20
immunostimulatory oligonucleotides. Due to the greater potency of
sePresRIssIIgBRuCIeotides, semi-soft oligonucleotides may be used at
lower effactires toneentatiorns dndehakesibuethifisotlim dededidhanpeared to

o : i s ) N ) o .
or(gAeXrE to ac %@m@%%@%ﬁﬁgicm g%i%%hgeﬁ%e%s& %%%ﬁzﬁgé@ €6

! ly s
imiwaRvskrifalskr &b uerseheretoss Seknst 3635@}‘?@@{)) S maxima,
semhesitaliggausle elitampitoetinsiantinvarition appear to have

monoon R A AOE SR SHIV AR AR R BN e

stimulation ngtengl g'into]?'nullglgher concentrations beyond the optima
conbeevalierdmrE i dapBRargEateny iaamiiLetdhRrn ABS CRTRER o the
oliggnusieafigesid ket is oalievesithatsemisatigaligorinsledtides of
the instant jnvention may induce greater immunostimulatio than ful
S B R RS T L e o o e
PCHid82005/08mredtideximeriza st Shabizuedldprss Mystmantbpyore)

oliganugclentides dess dhah2RiRusisatidasdonmeanhavepdestufficient

immunostimulatory actiyity compared with longer (e.q., 24 nucleotides
o R B BT e ST A S e B
as & anutiebtitesddyghhaveatiderediscdberenicsdihokemyalantdtirushesiys 4

activity af pleast ed U@M&W@%@gﬁw@ﬁwaagfe&uﬂyo%hmaﬁ@ of the

oligonucleotides over 20 nucleotide g. ) , ,
cell. In certain preferred embodiments according to the instant invention, the

immunostimulatory oligonucleotides are between 4 and 100 nucleotides long. In typical
embodiments the immunostimulatory oligonucleotides are between 6 and 40 or 10 and
40 nucleotides long. In certain preferred embodiments according to the instant
invention, the immunostimulatory oligonucleotides are between 6 and 19 or 6 and 24
nucleotides long.

It is also believed that the foregoing properties of semi-soft oligonucleotides
generally increase with increasing “dose™ of phosphodiester or phosphodiester-like
internucleotide linkages involving internal CG dinucleotides. Thus it is believed, for
example, that generally for a given oligonucleotide sequence with five mternal CG
dinucleotides, an oligonucleotide with five internal phosphodiester or phosphodiester-
like CG internucieotide linkages is more immunostimulatory than an oligonucleotide

with four internal phosphodiester or phosphodiester-like CG internucleotide linkages,



In some instances where a 6-mer phosphorothioate oligonucleotide
appeared to lack immunostimulatory activity, substitution of even one
ph@sphiediestar internal CG internucleotide linkage for a  PCT/US2005/037731
phosphorothioate linkage was found to yield a 10 corresponding 6-mer
with immunostimulatory activity. Thus the size (i.e., the number of
nucleotide residues along the length of the oligonucleotide) of the
immunostimulatory oligonucleotide ma¥3aiso contribute to the stimulatory
activity of the gligonucleotide, For facilitating uptake into cells ,
i FCHD SRR S 5D Y BHBRT S HIEE 1B AR CL SO PRAARAGR TS Giseopismal
nuclestitielitSaesighephQligganiicl €nfi deani Ay &imigreatemibtiam Guirn is more
nusieRliRaBIER AR BloNa A capatie ohindudng.ahIee
response according to the invention If sufficient w_nmuR_os mulatory motifs
ard prebertetiEke S dptreretideiiakagasaubiciadmdrtet cells. It is

5 believeddyithtiastdnhiny shiorscdbai kemihsal pligenutieptioassas short
as hplsalden aat ARe e dbaw eslio R ek ae e Aelvared

he interior of the 20 cell. In certain préferre Iments according to

the'ifrseahrhpirbntisatetns Pherrhadisstrmiiiaer atigamiridiédagnts believed to
betweaend:anckd 00enpslantide sioag ol bipicabhephasimantsthe
immunostim ry oligonucleotides are betw 6 and 40 or 10 and 40
nué?egﬁlapg%oﬁoé%gﬂ%eér%i%ﬂp%é%%?e Embo icr}ng%?%pagcgrcﬁrr@r Pg“fﬁ) odiester-
10in stk dnirraindenidmininepu isstin tivatdispe llsucieofitie slgenidentislerca also
andfd:ebRmipd 24 25 nucleotides long. It is also believed that the

foregoing properties of semi-soft oligonucleotides generally increase with
increasir?aﬁﬁdo! SeSF tﬁ]ﬁogﬁ%alg eur%%P %%%? KR %F@F-Wsnmn are generally
intemigetediide linkd gegrinvovinglintermal C& dimiclestid@stofholipitiscleotides

believed, {0t 6x300RIL. Ml gensialy inra-glventligonucleatide spaqhence

with five internal CG 30 dinucleotides, an oligonucleotide with five internal
15ph8§%ﬁ%a’fé%t SFIHBSp RORAESTER ﬁ&%‘%@f?ﬁ@ﬁﬂf&é’aﬁ%ﬂ%@%ﬁﬁ%@?ﬁe
moreiiftyriknesticaptatony dhandary dligonuciesiidelatithofuonioleridds. This
ph%eﬁ%%%%&&%°&ﬂﬂ%&§ﬁhﬁ%%§§m UGlRAER KRR O
2006/135434 PCT/US2005/037731 - 23 which in turn is more
im AT ETSEOTY dHam R B At e bR SR ddriisshig effects from

phasphodiestesgrpiasphiediakitmiie €6t isligsnudiedtice Mkageamusbitiies
20 WBSAELmUDeR IR QHERNY CIRI S WIMR, or
internal phosphodiester or” phosphodiester-like internucleotide
|in@§@§g}0ﬂ}ﬁ§€q§-}ﬂqd}1ﬁ@uﬁWE inkages at preferred internal positions, 5" and 3' ends
that are resistant to degradation. Such degradation-resistant ends can involve any
suitable modification that results in an increased resistance against exonuclease digestion
over corresponding unmodified ends. For instance, the 5' and 3' ends can be stabilized
25 by the inclusion there of at ieast one phosphate modification of the backbone. Ina
preferred embodiment, the at least one phosphate modification of the backbone at each
end is independently a phosphorothioate, phosphorodithioate, methylphosphonate, or
methylphosphorothioate internucieotide linkage. In another embodiment, the
degradation-resistant end includes one or more nucleotide units connected by peptide or

30  amide linkages at the 3' end. Yet other stabilized ends, including but not limited to those

described further below, are meant to be encompassed by the invention.
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5 immunostimulatory than an oligonucleotide with one internal
phosphodiester or phosphodiester-like CG internucleotide linkage.
ImsErigietlyi4diclusion of even one internal phosphodiester GET/US2065/637731
phosphodiester-like CG internucleotide linkage is believed to be
advantageous over no internal phosphodiester or phosphodiester-like CG
internucleotide linkage. In addition to the number of phosphodiester or
phosphodiester 10 like intemucleoti. defrik ages, the position along the

length of thﬁ olwlfﬁ)rau%oeotl e can al!g ] %ﬁfectéoﬂ(l)éen The mn o

mmunos‘%’smufa ory oli gohugl Jes 8T the predert VSRS arecde erally
professrbddaster mmi@ﬂ@gé&%ﬁw@mm&%s‘emmnﬁhé dpfiemafip stiimetatoripternal

0“@1@?‘&5&[&%@&%& ofheduesatdoyentien g alae wﬁmﬁ&@ﬁ@ﬂ
from r egradation in_ most 15 tlssueg with the excepti %& E)%Féa\rtlcu ar

tlssues W h DEBE ST ERRLEiTe AtldR S8eCERAR AT ER faesfer or
degiﬂa@hgimmmka hoktigeriatbny oligomcleotideslafhjsnpedukddiiithel

redueHORALRMIMARSHRTRIARRIGAR HOGRIBANQSE PRI Blen more

tissues, the accumulation of which cou d otherwise lead to undesirable

effER1S FFB7h OB HOR e RSV e s st et nt
oligonuclsghdghothsmligomucleatitd 3:RGoltte instantiienticnandistic of

generll,inglugle, 9, addition 4o hs.phosahadiester Ar.A0ASH %%%% 2, like

mternucleotlde linkages at preferred internal positions, 5" and 3' ends that
10 o S HRBRORAST BRI HY iR 8 P s BiTre anst RAvashE X iavolve
anyddiditeddexpaedficatomihabraguits tﬁeamuaﬁneﬁs@cremﬁ@m&@ml nst

exgﬂ&ﬁh%&%%%'gs%g%qs B3 &gffggl%% afege%rgod ied f{f% = Qce the tissue

instance, the 5" an S can sta 1z e Inclusion there o

at Resifsné Brekizmasiertideification of the backbone. In a preferred
embodimepnoﬂpﬁoaiemsnmst@h@@@mi@im@@ﬁiﬁam%m@&aﬁﬁmﬁg at

5 €a h end is |n hor thioate dithio

T A oné)iés or mrheaﬁ?P %Zéﬁ‘o RSrotoats i er%lﬂ{z: cof Osﬁﬂgwsm

In Afreshese ehibodinern pﬂﬁép&ié@ra@amhl@egmmx@m mmude@mgesxon and
MOfIg ARG Qetice-unigcan n@ﬁ&@%@%@ﬁ@t&%@@&&@g@w@u@%@ges atthe 3'

including hut not limited to those described

t tabilized
A S o e o ST B Lo ue Bt
2006/48548 4@ @/6d8R00:6hD BeolSotucRdt s describ BN Aloie fithepreferred

0"Q%H&R%'H%F%L%Eﬁom%éﬁﬁﬂ@/ﬁ%ﬁﬁhﬂ&ﬁ yd ﬁn}%@??&%&%ﬁﬁ%&ﬁ%w for
phosphodlester ike linkages within and tlonallmgpacent to internal’ CG

dinfGeReEbs bergrrrbasPimRatldtiges dfe et 8; U.S. Patent No.

immﬁﬁmmﬂl&tﬁa;em No. 6,160,109; 1.S. Patent No. 6,207,819; Sergueev et al., (1998)
J 4m Chem Soc 120:9417-27. In another preferred embodiment the phosphodiester-like
internucleotide linkage is diasteromerically pure Rp phosphorothicate. It is believed that
diasteromerically pure Rp phosphorothioate is more susceptible to nuclease digestion
and is better at activating RINAse H than mixed or diastereomerically pure Sp
phosphorothioate. It is to be noted that for purposes of the instant invention, the term
“phosphodiester-like internucleotide linkage” specifically excludes phosphorodithioate
and methylphosphonate internucleotide linkages.

The immunostimuiatory oligonucleotide molecules of the instant invention have
chimeric backbone. For purposes of the instant invention, a chimeric backbone refers to

a partially stabilized backbone, wherein at least one internucleotide linkage is
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motifs. It is not necessary, however, that an oligonucleotide contain
phosphodiester or 5 phosphodiester-like linkages within every
imWiaaestipaddatory motif. Additional phosphodiester or PCT/US2005/037731
phosphodiester-like linkages may also be maintained for even more rapid
renal digestion of these otherwise "stabilized oligonucleotides”. A
phosphodiester internucleotide linkage is the type of linkage characteristic
of nucleic acids found in nature. The pHosphodiester internucleotide
linkage includes a 10 phgsphorus atom flanked by two bridging oxygen

atdMS RN B a RIS B it it e st e Iioh RS ohe eﬁ%@@%ﬁa
theliothgr imnchaiied. ithosphoiie Stdradateinudichtide llnkagepsosphodiester or
pa%%ﬂ&%ﬁ&ﬁﬁ@ﬁh\éﬁ%@%%& nReiipildQeauae e s Ralkle al

the oligonucleotide. A phosphodiester-like intemucleotide linkage is a

AP 5 !
phOSPREIRSRES R RS Briadisrg et draPrsthiimmt amytisdror
diaﬁaﬁmﬂimaﬂ}ks@milﬁrtp@mﬁoﬁée&iﬁmﬁm restefsipanty to
ph i inch ihility; igastion.and_ahility to
o R e e e R YR D A L
ph&EprisFiABSREIIEIRoHE RS S e anRke piblEvachaerb saeagrgeinmpe, the
whitgthnthv@tiospbod estes andghesphonatkiestas ige phaigelitet:
activate R e H. In a preferred.20.embadiment the phosphodiester-like
e S S SR T G
bot&RbIErRSS pbEste N IeiE R dimgns archises cltrrkbos: aog:dngtiorbno.

g , %&ﬁ%&t%n%%ﬂﬁsﬁl%%l@b&ﬁﬁo%ﬁgépyi%ég 9@2?;}3?7)@1?@%&(& shbShodiester-
ergueev ef al. em.Soc :9417-27. In another, . .. -
pre!f%%ré%d ég}]lq(ﬁg%‘?ﬁ%en %tﬁésg%%%zﬁf@é%%%%m}e S glr%egclfg%rt[f c'éﬁ](i‘lan géilékla ©
diagdlorerrialiiepude Rislp hosh dratksicdad vet sdsstia édithato 2B gradation
dia%tggqmﬂgaéﬂyo@@fﬁo%%@%ém&tmw ; £§RW@NA &ﬂé&eﬁ{@ﬁ(ﬁ@gﬁde

nu ase qlgestio na Is, peter aclivatng Se than mixeq or
dia@%%%&%?%ﬁ%%’eg@% BRI ﬁ‘%ﬂé“tﬁ’i‘g A R R R T s R A (o
pumosEsofiticettnstantlionditionie ecteriphdphosphedibstehdiiesphorothioate.
intespuclegtidedinkage spreilicrieexciugespasnhomeiioaic.and,,

methylphosphonate internucleotide linkages. 30 The innnunostimulatory
oligEPRSRYS s BRECATEE GRS SA%ENt invention have chimeric
backbonMd&ﬁqfdlhmms?mhlednﬁtasﬁhméﬁd&mg agtimetitdaekbeng
refﬁﬁﬁ)ﬁ%’t&} %E%We?%%é%%ﬁ %ap%pﬁgﬁi ea&J 230 Afonate chemistries.

intemucleotde linkage Is 6/135434 PCT/U52005/037/31 -25
phoSPh el BrasPsaisks racte Fuake, S orirerairrhiméadt e idier

inteymesBEotige] alkyiphosphotriesters (in which the charged oxygen moiety is alkylated
as described in U.S. Patent No. 5,023,243 and European Patent No. 092,574) can be

prepared by automated solid phase synthesis using commercially available reagents,
Methods for making other DNA backbone modifications and substitutions have been
described. Uhlmann E ef al. (1990) Chem Rev 90:544; Goodchild J (1990) Bioconjugate
Chem 1:165. Methods for preparing chimeric oligonucleotides are alss known. For
instance patents issued to Uhlmeann et al have described such techniques.

Mixed backbone modified ODN may be synthesized using a commercially
available DNA synthesizer and standard phosphoramidite chemistry. (F. E. Eckstein,
"Oligonucleotides and Analognes - A Practical Approach" IRL Press. Oxford, UK, 1991,
and M. D. Matteucci and M. H. Caruthers, Tetrahedron Lett. 21, 719 (1980))  After




5

1

15

20

25

30

linkage is a stabilized intemucleotide linkage, wherein the at least one
phosphodiester or phosphodiester-like linkage and the at least one
stailiz@d 1ikHge are different. Since boranophosphonate |RHKEEEH1I&TE 31
been reported to be stabilized relative to 5 phosphodiester linkages, for
purposes of the chimeric nature of the backbone, boranophosphonate
linkages can be classified either as phosphodiester-like or as stabilized,
depending on the context. For exampteét®a chimeric backbone according to
the ins Vﬁﬂtlon could in one mbadiment include at least one
g Y R A
Ieaistmﬁ’é Bigeain dphoB ptroreate S 10. (Btabilized). litagbetn Soothiy, 1253 (1990))
edimant achimesio BrekBANe.ascPHING 40 RS RRL e %ngaﬂfg Qi

include boranoé)hos hanate_(p hog%nodlester or phosphodiester- like) and

phBEHRTETIBETe 1 &Biﬂ?&d?lfﬁ‘?i sbolrrage (il z%dvmt@n%aaéfdﬁeféﬂnmdamie
linkagé&s shadt-ahedwfanminteriiiieatiqénfinkag dsthatfisnmedatifielytie siskantiton
in yiyo:deqradation. (8:9..Yia @P&?a%s&erd%%%ggﬁ!fgi@oj mg%%%da%%oasmons

phosphodiester internucleotide 15 linka

intefiEcRBtRTRRA At FRliasfcshRitkdir Rrsieskion, e e pioRstimsedection of a
phespibasddithioatiesgyethyphospliatiatelcatk) nﬂetmyd@ﬂe&ntwpaﬂa@aia;smm is

Otlgg1 %@E %{&t&rﬁ%% ggg%tlbnkaigewclude Wlth &Jt lim tlo?le%\fage from

peptid ephospho, an thers as descrived above. Modi
baé}?o%sﬁéeeweﬁ ardSinabarrspinsiontas o ens Whmpze@t@fkwma (15 hrs
autpBEEdhechiniq ue&ean@b@mwmm%ﬁlmwmdﬁms (Millipore-Waters)

H-gs OS%}}QM S Ch tne§ ﬁfA r}g\l"i‘B %egggaphog%%m%aﬁ/wﬂer “dl Ay

e.g., as describec

al@ﬂbﬁeswmmsﬁermwmme shanged axygemimidiaivits alkyated 5as 60

de§c be U S. Patentrg % §243 nd Euro ean Patent No.
ﬁ%f&l%réﬁoa TRt Sin SRS e bR RS S s B AT can be

co yufméfr@léﬂyfﬁﬁaﬂ abldyelditichiten 26 Sdettroisgfo P mkingathe P AAmersham

ba@h&%ﬁ %@H%%@H&ﬁé‘ﬁ%@%ﬂ%’%Q&‘ﬁ%&&%d‘!ﬁ%%qga LDy
E etal. (1990) Chem Rev 90:544; Goodehild J (1990) Bioconjugate

Chenl?vi %ef o PP eRiFRE e CObtiBesS AR IgretY 10
knownfirfdite inStalacd patents |ssued to Uhlmann et al have descnbed

such tecmg%{ %Féggdgsa Qﬁgﬁfl%g Cﬁ Nxcrﬁég é‘_ﬁ it é] it 1ons

using a commerci 30 aval ab e DNA synthesizer an

phaéﬁ?&aahlﬁawe%ﬁ%% applops, E&l’s‘t‘éﬂ%kﬂ@!@éﬁﬂ@}éﬁﬁb@éséﬁdﬁhmh the

An&i@@b@ﬁhoé}al%&&fdlﬁﬂg%ﬂ W%@&e&% Blhreg@ extord:ddis, él&@.ﬂho@ﬁ&e%/bnd
nd M. H a edron Lett. 21 719 (1980)) After
vvél\ﬂ?cg‘%? ﬁ%ifeﬁd?/\%‘g%%‘% SEE RS o fied

Ohgonucleotldes which contain diol, such as tetlaethylenegiycol or hexaethyieneglycol,
at either or both termini have also been shown to be substantially resistant to nuclease
degradation.

The oligonucleotides of the present invention are nucleic acids that contain
specific sequences found to elicit an immune response. These specific sequences that
elicit an immune response are referred to as “immunostimulatory motifs”, and the
oligonucleotides that contain immunostimulatory motifs are referred to as
“immunostimulatory nucleic acid molecules” and, equivalently, “immunostimulatory

nucleic acids” or “Immunostimulatory oligonucleotides”. The immunostimulatory



-26 coupling, PS linkages are introduced by sulfurization using the
Beaucage reagent (R. P. lyer, W. Egan, J. B. Regan and S. L. Beaucage,
J. wm 2@hemzSoc. 112, 1253 (1990)) (0.075 M in acetonitritg)raysphsnyiisi
acetyl disulfide (PADS) followed by capping with acetic anhydride,
2,6-lutidine in tetrahydrofurane (1:1:8; v:v:v) and N-methylimidazole 5 (16
% in tetrahydrofurane). This capping step is performed after the
sulfurization reaction to minimize formatien of undesired phosphodiester
POZ I|nka?es at positions where a phosphorothioate linkage should be

locateamRtAEencE s iteTinrdbucinstnds & lpbepomustsritkaige, gl In

ata ﬁiﬁf&ﬁmﬁﬁiﬁﬁﬁﬂ@t EB@ﬂﬁﬁﬁtﬁﬂ@ﬂkﬂiﬁt@f}%@tﬁﬂ&%sﬁﬁﬂeﬁa%ﬂ%ﬁ&@}{uhwry
treg{(1 g} a sglu[tlon of iodine. in w ter/ Aftg‘%ﬁcleavage from
e soI

support ano?d f]ﬁ]éjinalep ec |o tROEGRR SRS fugtit
amiFBiTeT PSR 2 nsec ok @Emeaﬁenamvmcisﬁyn@@ LG oath kP alotf

5 FaXeanmrbﬁMi lipeenMatREsd LSRN AG g adignt(e,gs budfer A: 10

NaHZPO4 i acetq |tr|Ie/water = 1:4/v:v pH 6.8; buffer B: 10 mM
Naf—rfﬂlgBﬁ E Wala?m acetonitrile/water = 1:4/v:v; 5t0 60 % B in 30
minutes At W;tm%v@apmm@emumphbmmﬁmammﬁe

15 purdfiag b&iﬂ@d&méo@nﬁ LEqmaimeuEceEigh Resimangs, column
(Amers rmacia E}HHII}% homogeneous fractions are combined
and GeLATét %‘fﬁ‘%g‘f B 5y AR RS BN

10 ana@ze@?@@ﬂt@&ﬁ@ﬁm sped&mmmcubnmmhﬂsmma{@ whated
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massn g a@étg%&&fécgﬂiﬁa@&ﬁ{?ﬁlmﬁé@%&&ﬂ@ EEEHERANE s g

3/‘gglcatl s, 20 These include nonionic DNA ahalogs, su

ﬁ%’% ‘é?e?{‘?ﬁ‘\%ﬂ?dﬁ“ﬁ?@k%%?@e@%&tﬁllfaﬁ%}t%“ék‘g}@@ha@%iﬁﬁééd
by matka/hmwry*@fmmmhmmhﬁﬂh&ﬁs%mdu@élﬁidekmgb@tﬂ@@ﬁ!ae&ide.
wh@mfaﬁg%n@égs@d%%%&%@eﬁ%&i' fl%;er | (f'e? Vg

contam diol, such as tetraethyleneglyc aet y ene

Jor Bﬁfﬁ?tté?ﬁﬁﬁf‘ﬂ%{\?ea&%%ﬂﬁéEPF’EH@WHSE@‘B@@%Q%?%W %ﬁs@ﬁ‘ftésg
nu@Lea'ﬁ,éer% deggadpdiors, The afignnugleeticlesoafstesprasenhiovantiony
are,usigie-aeids hatsoniain shecliesaguencesound fasicl an

it A
Immune response e Speci C sequ nces ICIt a une

respHiTgECkRfe fEbighcrsgins #W%&émmmﬂymmg imdbotide sequence
ongmmlﬁ@ﬂgﬂmdmﬁmtammﬁew Bostimualonyalilnae Hﬁeﬂ!ﬁ@%ﬁ%@s

30 |m unosfi ulahoryn clelc aC|d molecules and, equivalent
|mmu ostimulatory nuc elc El S %munostlmulatory
oligonuclédtigiessentiy beim dvenbsyrthaldtory are different classes of CpG

oligonucleotides. One class is potent for activating B cells but is relatively weak in
inducing IFN-o and NK cell activation; this class has been termed the B class. The B
class CpG oligonucleotides typically are fully stabilized and include an unmethylated
CpG dinucleotide within certain preferred base contexts. See, e.g., U.S. Patent Nos.
6,194,388; 6,207,646; 6,214,806; 6,218,371; 6,239,116, and 6,339,068. Another class is
potent for inducing IFN-o0, and NK. cell activation but is relatively weak at stimulating B
cells; this class has been termed the A class, The A class CpG oligonucleotides typically
have stabilized poly-G sequences at 5' and 3' ends and a central palindromic
phosphodiester CpG dinucleotide~-containing sequence of at least 6 nucleotides. See, for

example, published patent application PCT/US00/26527 (WO 01/ 22990),



WO 2006/135434 PCTIUS20051037737. -27 oligonucleotides of the
invention thus include at least one immunostimulatory motif. In a
préfenssd Bmbodiment the immunostimulatory motif is an "irt€mes2005/637731
immunostimulatory motif'. The term "internal immunostimulatory motif'
refers to the position of the motif sequence within a longer nucleic acid
sequence, which is longer in length than the motif 5 sequence by at least
one nucleotide linked to both the 5' and&* ends of the immunostimulatory
motif seilrjence. The immunagstimulatory oligonucleotides include

[

immunostthAStR AR RS BR Rl rackesHes TR taiss Bl smadperells and
dinudleatidel eanbhechne iyl ates tarmed thethylale driATisuOpStimulatory
oligenucleotide cantaining at,least one 10 um I G dinucleatide
o O e Tl S P e R e elee
cytoRirieqyernsine diftcestgbnsbeme aeect ealmdronm ethifl alesd B dyadine
s follpweddyn:gpampsinenpednkegirriosphate, Iﬁmdal @%@t\mi@?nz ggd
activat e m; .S/ ostimulatory_gligonucleotide
s B R S e R e e o
nutibled BEspplicpate nebliphad BHE@ AR pafEht Sipplivttiormitenitodtiech are
publisatipRsa nsludingdd.3sRatent Nos. 6,194,388; 6,207,646; 6,214,806
6,218,37]; 6,239,116; Tnd§,339, 68. An immunosti éjg#o )
ofigomucleotiie URREINIFY S S ety AREPE HG R o PR e
10 oligmhodimetid wbiCh(c OmtHi iy el ve e trylhted oy oSy wehein® one motifis a
dinuslgetideseauents demametivated Sreutidine-folowad by &3t
guanosine and linked by a phosphate 20 bond) and which activates the

imfrfne R A A SFaRE bEE - Jescribed that there are different
classes afte p&Epdligbuekediideshinenmliass' i§; pASHIG aslivvating Becells

bULI&I;%I%%MﬁIyaIgg%@;&J@@%CI%IEI&%@%M 55! ARYaHOR: JRis §ass. ¢
has been termed the I I C Il

S ) s Bclass. The B class CpG oligonucleotides typically
15 ardSriysitabiz&guamacingl ﬁ%een&ﬁl?%ﬁlﬁéfhiﬂ S5 EprdnfkiEraeence
withlio Betdn prettriestidassuetniexNistQerne the, debip PAMROLNGR and N
0 194388,0, 20,008, 5,210,800, 0 218471 £ L3 LLGAN 0,330,005
Another class is_potent for inducing -a and NK cell activation but | .
 relsnsnpsvERbeatimiEin & BC damacltaiide rrskinzidopEd R rapeliiiendopg. Pis
classCThen pGlasshenondligapualesiides ikpicalbudiave-stahiized poly-G
sequences at 5' and 3' ends.and a central palindromic 3.% %Q [ ?&r ,
20 C dindb R A ee O AR R e e e T
5 X DCGHXELN 3, 5 PX,DCGHX; 3, 5' XjDCGHXGP 3, 5" X DCGHX,PX;5 3, 5
X DCGHPX, 3, 5 DCGHEGPX, 3, 5' TCGHXRPX; 3, or 5 DCGHPX; 3. Xjis any
sequence 0 to 10 nucleotides long. In other embodiments the immunostimulatory nucleic
acid is 5' DCGHP 3,
25 Optionally D and/or H are thymine (T).
Ir. other embodiments H is T and X, is CG, CGT, CATT, CGTTT, or CGTTTT.
His T and X5 is CG or CGTTTT according to other embodiments.

According to other emnbodiments C is vnmethylated,

N includes at least four CG dinucleotides and no more than two CCG
3¢ irinueleotides in some embodiments.
Optionally P includes at least one Inosine.

The nucleic acid may also include a poly-T sequence at the 5" end or the 3' end.



example, published patent application PCT/USOO0/26527 (WO 01/22990).
WO 2006/135434 PCTIUS2005/037731 -28- Yet another class of CpG
oligdrsesadiides activates B cells and NIC cells and induceBUFNS 20084137731
class has been termed the C-class. The C-class CpG oligonucleotides, as
first characterized, typically are firlly stabilized, include a B class- type
sequence and a GC-rich palindrome or near-palindrome. This class has
been 5 described in co-pending U.S. pétent application 10/224,523, filed
August 19, 2002 and published as US2003/0148976 and US10/978,283
filed on GEBHEFSY, BBEARGHDN ratbey peTampliRatidh B Bdhed aé
WERH05/ 082818 theqentireiaoBteniswidediely ale staeospotaiedhere i AYeast
relansat alasalanLseRideee cfésé% (RIE R A VRE cfohR

ODN. In certain to embodiments the C ODN Invol a cornbination .
of fifstirasitté ra oAb ines & Coestifct ramnmomeraihatdastansidgl motit,
s matifpancha o thet et s stisTlateEMotifis B LR metifeethe

seguense TCGH¢G The &G DN nay have the formula: 5
XlDCGH)?Z 3. Xf aﬁ%lcx% a?e I e?)%%ggently any sequence 0 to 10

nucleotide<iGiyrerdine nliciewg saknfisrniakyds @ weheiedife. G is
guanine Niliisaayidgiratioe otenihan &s e, MUGSIG a6ikhIRaWeNce: Ads Rast

in es a nucleic acid se » selected from.the consisting of P
B R P RS RS R e v

10 B-gely Retitpalizingraduence which begins with a CGG trinucleotide and is
at least H)quwigeqligesipidnk infitity HEhARINAIQME CANRINAY long. In
se uencebaageag%s Oiglu%e%tthes on%BEZ}O Inesoge ergg%%ments the
imimuncetmutatory nacieie acid SRS &Ry &= BESHR2N 3
5' PIDCGHNPIE, IBEECGHR2PNSc B X DEGHXRRX3:8tdss. Optionally the
Xl B@@&Pﬂé %1%%@%15%@@&3'7)&@ &3 R ol B RRAD %cﬁﬁg AP @ﬁﬂf’&ﬁ %r 5

. 3'.68<3 IS (1%/ seguence 0 to 10 nucleotides Ion[gt&flgn other embaodiments
3 thé iTRRTGStimdiaory MIEIEIESetid 6B BE® Aipes s dpiHaRFides at
anigder ddedresingnune (T). In other embodiments H is T and X2 is CG,

CGT, CGI Jnofaldblnl $5&E Tiln déziﬁdloﬁ{%%% B%sgr%é%oéé%ﬂﬁg o

according to other embodiments. According to other e iments C Is
untHEthS aRdd NeRTae s RPrdReTolie €6 drfnelavies nd brcrotETeint

twixdsBGpercent G and C. In some embodiments the GC-rich palindrome is af least 12
20 nucleotides long. The GC-rich palindrome may be made up exclusively of C and G. In
some embodiments the GC-rich palindrome can include at least one nucleotide that is
neither C nor G,
In some embodiments the GC-rich palindrome includes at least one CGG trimer,
at least one CCG trimey, or at least one CGCG tetramer. In some émbociimems the GC-
25 rich palindrome includes at least four CG dinucleotides. In certain preferred
embodiments the GC-rich palindrome has a central CG dinucleotide.
In certain embodiments the GC-rich palindrome is CGGCGCGCGCCG (SEQ ID
NO: 58), CGGCGGCCGCCG (SEQ ID NO: 59), CGACGATCGTCG (SEQ ID NO: 60)
or CGACGTACGTCG (SEQ ID NO: 61).
30 In certain embodiments the GC-rich palindrome is CGCGCGCGCGCG (SEQ ID
N:62), GCGCGCGCGCGC (SEQ ID NO: 63); CCCCCCGGGGAG (SEQ ID NO: 64),



3o trinucleotides in some embodiments. Optionally P includes at least one
Inosine. The nucleic acid may also include a poly-T sequence at the 5'
end@r B@nd. WO 2006/135434 PCT/US2005/037731 -BPOT/US2005/037731
Alternatively the C CpG ODN may have the formula: 5 NIPyGN2P 3'. G
is guanine. N1 is any sequence | to 6 nucleotides long. In some
embodiments N1 is at least 50% pyrimidines and preferably at least 50%
T. In other embodiments N1 includes-&0 teast one CG motif, at least one
TCG motif, at least one Cl motif, at least one TCI motif, 5 at least one IG
m&HFEr e ealstbhe SHE dtH: KA. ISGEEGEPTE SHGBMER 00) or
engipdimEItedd igeouEieotigy other than G. Py is a pyrimidine. In some
embodiments Py is an unmet dC.N2is anys nce0to30 . .
Cloot T D R e s B oo
is of TeAst BOG, TCH BRE: EMsgaimERTS N2TE6Es AbEREIddes aly2ad poly

s G oppatydrmotifs. P is a GC-rich palindrome containing sequence at least
10 nucleqtides long..In .some embodim is campletely. palindromic.
I other SROEHE A AT ACHEE M O 1 I o Provided
comsetitigddintesvemist nliblebtideisoo ghomaieihecidriry therdpiguia: 5
nugleqlites may be L Qiherembadiments B Nekides atleast3s duline
515 C and at least 3, 4, or 5 G nucleotides. According to other
enfBOAIEREEP includes at least one Inosine. In one embodiment the

10 GC-rich phlineirpsegubas: & basadenters bhat Bastatwointhines S:avehC. In
angiher emigdimenttha Shrpch palindrome has a base content of at

least 81§e:rcent G.and C. In some embodiments the GC-rich palindrome

is at least 1P dEIBG I AR SeAHE e L IRaT A MHEISHE g b fPRtfe
upsexeldisieaty ©iG a0dich jaisiome.embddinmbtsithen €irieh Igalicldrome
can '@g&%ﬁem least one nucleotide that is neither C nor G. In some
embodiments the GC-rich palindrome includes at least one COG trimer,
15 at least oNE CECAFREF, Frhadiwsstdnée EEEE iaf DN o fite

embodimgRrtssthe gomdbesieltPalinehomadnratudesatiaepstdaty CG
dinycleotides. .In certain preferred embodiments the -rich pali e
b R S e L

palindtemeiisobotedus@tagbrdaguplex structures in vitro, rendering

them stable against nuclease digestion, Itis also believed that these same nucleic acid

20  molecules can form intermolecular duplex and possibly even higher order structures
within the environment of the intraendosomal compartment, where they are believed to
exert their biological activity.

Modified C-class oligonucleotides have 3 general formulas. Formula [

25 Zy [CLY RN (K Y2Ro)k Zo]p (S1)g N (Ng)...(N2)Np) Sp (Nig)(Nag). .- (Naw) Z3
(Formula T)

wherein each of Zy, Z, and Z; is independently any sequence 0 1o 12 nucleotides long
which optionally includes a non-mucleotidic linker or abasic dSpacer; each of X; and X;
30 is independently a thymidine, deoxyuridine, deoxyadenosine or a 5-substituted
deoxyuridine; each of Y and Y; is independently a cytosine (C) or a modified cytosine;
each of R; and R; is independently a guanine (G) or a modified guanine; each of N and



NO: 58), CGGCGGCCGCCG (SEQ ID NO: 59), CGACGATCGTCG (SEQ
ID NO: 60) or CGACGTACGTCG (SEQ ID NO: 61). 30 In certain

ent@dimesisthe GC-rich palindrome is CGCGCGCGCGCEBIBERII37731
NO:62), GCGCGCGCGCGC (SEQ ID NO: 63); CCCCCCGGGGGGE (SEQ
ID NO: 64), WO 2006/135434 PCT/US2005/037731 -30- '
GGGGGGCCCCCC (SEQ ID NO: 65), CCCCCGGGGG (SEQ ID NO: 66)
or GGGGGCCCCC (SEQ ID NO: 67).1h some embodiments NleGNZ is

lected f h FITITICG TEG,
S e e R e S Pl s
in umnwimmmkﬁwl ehasiiBerar3 4 Goamparastideidie Seheniigibros fdddr

acqardingr4p &m@ﬁm%mm%m&mem@ﬁq@% agitkhasdhay

formu a 5 N1PyG/IN ;3 G;]I ref 1S to_single nu |dew ich is either a
G dran s:)L gu’c%nlnezf andzl is’ Iono?sm tf’fﬁl%lggsaﬁylsé“ & E ¢’ 67

Snuqielgtqhi@mmgudﬁyelé W QQMMMeNQnscaﬁwogeqmcé@r@k@Qan abasic
nUQiﬁQJ%S@@&@Q)Rn@%}E@é‘ @@&m&%‘&é}tﬁém@@aﬁ%ﬁ’é@%ﬁ ghileaskd O, N

nucleotides long. In some embod| ents P is rich ome._In
other SmEEHHENES P8 RS aﬁﬁamﬂ@ﬁftgl %sz%eké% base-
empaci mﬁm@msNE@&’f@ﬁirs'ﬁmtbSEQ | DY, 623e-paiclamth Of e k is an integer
oligonyeleptides mf%%ggr to.herein as,madifid. G£Iass (Okganucietidesser

are characterlstlcaw)r/ monomeric in solution. Itis believed that these

10y ciere Géd ndte e EarbrrhtrQHEN L trdMNerlidres stfetdrdd 1 o,
rensietlsagidth domes i lide! ag ainstchudliza sendi§e stion:ittis: alserbeketdid ks, an

the(?@a?@ﬁﬁ é?‘ﬂ&!;%'&cé}ﬁ éﬁk%?&ﬁk%?&ﬁ@ fp H&A@%ﬂ[@]&%‘ SRR HHPIE o

POSSI even |gher or tructures within the environment Oft he
intré®nd ) SofpaitieentNvndis ey drawtisbidss Beitheir
biologicallactivinbvipaifiedLrclass Bligarvgleatites Mave. Jgenetaden from C,

for ulas. Fo mula | 1Y1 2Y21tQn Z2]p (Shg N’
(Nrr§ 0(11\11%? g’ﬁs( f&%g‘ o RI a%éa(lﬁsor Zﬁk a |) wherein each of Z1,
72, and Z& @%@é{@éﬁﬁ W@eé‘benc@:@ g Tomeleotitlesiishgyen from T,
A, or modifications thereof, and T base-pairs with A.
In these and other embodiments each of C, G, A, and T can refer to
deoxynucleotides with corresponding bases cytosine, granine, adenine, and thymine,
20 Tn one embodiment each of Ny, No, ... Ny, and Nyg, Nag, ... Nog is chosen from C,
T, A, G, or modifications thereof, and C base-pairs with G, T base-pairs with G, A base-
pairs with T, and A base-pairs with G.
In one embodiment each of Ny, Na, ... Np, and Nig, Nog, ... Nyg is chosen from
unmodified or modified nucleotides which form Watson-Crick basepairs.
25 In one embodiment each of Ny, N, ... Np, and Nys, Nag, ... Nyg 1s chosen from
unmodified or modified nucleofides which form non-Watson-Crick basepairs.
In one embodiment the immunostimulatory nucleic acid molecule includes a
partially stabilized backbone with at least one phosphodiester bond.
In one embodiment the immunostimulatory nucleic acid mo}ecﬁie includes &
3¢ backbone with at least one stabilized internucleotide linkage.
In one embodiment internuclectide linkages of the oligonucleotide are ail

phosphorothioate linkages.



which optionally includes a non-nucleotidic linker or abasic dSpacer; each
of X1 and X2 3o is independently a thymidine, deoxyuridine,
deBRAdEHBEhe or a 5-substituted deoxyuridine; each. of Y P@HESSe95(837731
independently a cytosine (C) or a modified cytosine; each of R1 and R2 is
independently a guanine (G) or a modified guanine; each of N and WO
2006/135434 PCTIUS2005/037731 -31- N' is independently any sequence
0 to 12 nucleotides long which optionalﬁ; includes a non-nucleotidic linker
or abasic. dSpacer: Sl is a.nan-nuclegtidic. linker,.an abasic. linker

(G pacers) T e Sl Al
optierially siriNFee 5k ors wElhg phoghodigster fopdyoipirgifidesaiosielel Y1k or
linkages; S2 is any non 5 palindromic sequence | to 10 nucleotides long or
a non-nugleotidic, linker abasic linker (dSpacers), triethylene glycol
units or h%)?élgﬁwﬁfl ggllemaﬁl)?c%l 1l‘nirilli?s; each of NI, N2, N,,, and NI#, N2#, ... N,
5is any nubleotidgamdmeuiffedsfacleotide wherein Ni base pairs with NI#,

N2 base-pajrs Wit ety v pR&ENa kasedpairs with No#; k is an integer

from 0 to 5; n is gn integer from 2 tg 16; p is an integer from 1 to 6; and q
is an inteH’e‘?ml?ﬂ?S#fzﬁ%BS{‘(fr Wherein when (N")...(N2)(N'l) S2

(NI4,)(NZH ¢S entaa B Auslestiies 1ofgRER & 4nthki® hucleotides

long, S2 GOrPHSESANAR-RUCIeORdIC Tinkefs @ng pRABIE KT i(d SRS and
triethylene glycol units or h_exa%?slzleneﬁlﬁol units, and/or (N11) ...

10N ZRASHSIERIATIN 225 1epidss) Fela & EOetEtY less than 2/3. In

one embmmmm@t E_H,iMon:nﬁﬂ'e,oeidid WINZ#, N# is. chosen
from C, 15 G. Qrmpedifications erecf.whgrein. G hase-palrswith G. In

one embodiment each of N1, N2, .... NO, and NI#, N2#, ... N"# is chosen
from T, AR ereABEmEeBHE bRt T Badep aisaRhtnn e Rnd

othgsicymbdimepis each of C, G, A, and T can refer to deoxynucleotides

with correspondi ases. cytosine ua&‘line adgp'n and 1 [ ]:an ln
one emb%%?r%ee%r?qe%zﬁ):lﬁ%n?ﬁ%ﬂ%?? n, Ahd NI%, *ﬁgé#l 3\%@?5 c%osgn
frof§aet ome daulder gpit eliithsh foh SaeTEBy; i eapiae- fatbicui apdpt least
basgpairenitit G, A base- pairs with T, and A base-pairs with G. In one
embodimgnt each of. N1, N2, ....N. .and NI#, N2# ... N"p is chosen from
unmodifie% %r?er%%r%?f{g%eﬁb%]eisoﬁgggﬁﬁhc ] 5ranﬁlr 3{ UL(51IE1%lCrick basepairs.
25 In onelepabgoimémesa dhe ofisrnupleutide iNgludesaNeest NRE 3 RiTy K3

20chosen from- unmeditisd Lrimegddied nucleotides which form

non-Watson-Crick basepairs.. ) ) ) .
one aspect the Invention provides an immunostimulatory nucleic acid molecule

Aof Formula 11

Zy (N NaD. NN So N1)Nag). . Moot W) (S1)q Zs [ELY RO N (o Y2Ro)e
25 Zplp (Formuia IT)

wherein each of Zy, Z», and 73 is independently any sequence 0 to 12 nucleotides long
which optionally includes a non-nucleotidic linker or abasic dSpacer; each of X; and X,
is independently a thymidine, deoxyuridine, deoxyadenosine or a 5-substituted

30 deoxyuridine; each of Y and Y is independently a cytosine (C) or a modified cyiosine; ‘
each of Ry and R; is independently a guanine (G3) or a modified guanine; N is any

sequence 0 to 12 nucleotides long which optionally includes a non-nucleotidic linker or



In one embodiment the immunostimulatory nucleic acid molecule includes
a partially stabilized backbone with at least one phosphodiester bond. In
one@miodizsent the immunostimulatory nucleic acid moleceterinstod®esast
30 backbone with at least one stabilized internucleotide linkage. In one
embodiment internucleotide linkages of the oligonucleotide are all
phosphorothioate linkages. WO 2006/135434 PCTIUS2005/037731 -32
In one embodiment the immunostimwa&gory nucleic acid molecule includes
a partially stabilized backbone, with a phosphodiester bond joining at
leabrstméSotor Ra it tveRERER @&ﬁb@d?%?éﬁth}‘&efé@’a%efﬁ)dﬁé hylene
ergRedimeniRlciadtyionyembedmanh YitismalaptRiisoG2 1R ik, 33,
embodiment X1 or X2 is.T..In one gmbodiment X1.is T. IS I$:C,
L s R aee NS SHERO M AIB b iR TS,
k igutleptided Jddeamck Noramierlertidia liskien o Heker finestile sl is
s TTgTJ;&rgg{déngﬂHagekﬂmﬁ gmp@lﬁﬂ?e@%ﬂﬁg mg.—. MuglemtidisdinkeN:in ..
one embodiment S2 contains at least gne.abasic cer resi 1 0
et TR O O S T S s g i 0,056
nubleoside Hitkage. 1N bems-eripodihiSat thedMniesosirniigtohy: it ric
aC&thngJ%%H{% itgqygﬁsaéﬁp{%e%fﬁ'ﬁl‘?m%@i@@Hﬁﬁéé@?@&:ﬁn&dr@mgqmim
or at least one doubler unit and at le one r uni on .
e GEF TR & o 0 TBF NG G eblr D e S s ovdnl g 2
10 Oligatlecidatidedrtludes 40 madtdidesdBE, & SompBes apgmpmrclegiidictinker, an
INteLAYE ﬁé&dﬁé&%@ﬁ? 6 RBRREE theJayentien pravidessBits, and/or

immunostimulatory nucleic acid molecule of Formu %Zfl Zl

(NP XNBY(NE) 10 Qlarc Do) TRA- Y ERBTISBYZSTRTAR) N

(X2Y2R2)Ko2o Z2)pdifrerotil N} N,.1) is TYR, where Y is a cytosine or a modified
cytosine and R is a guanine or a modified guanine.
13 In one embodiment each of Ny, N, ... Nu1, Ny, and Nig, Nog, ... Npsg, Npg s
chosen from C, G, or modifications thereof, wherein C base-pairs with G.
Tn one embodiment each of Ny, Nz, ... Np.1, Ny, and Nyg, Nag, .. Nogg, Nig 18
chosen from T, A, or modifications thereof, and T base-pairs with A.
In these and other embodiments each of C, G, A, and T can refer to
20 deoxynucleotides with corresponding bases cytosine, guanine, adenine, and thymine.
Tn one embodiment each of Ny, No, ... Ni1, Ny, and Nig, Nog, ... Nygg, Nop 18
chosen from C, T, A, G, or modifications thereof, and C base-pairs with G, T base-pairs
with G, A base-pairs with T, and A base-pairs with G. '
T one embodiment each 6f Nj, Na, ... Np.i, Np, and Nig, Nag, ... Nyaz, Nop is
25 chosen from unmodified or modified nucleotides which form Watson-Crick basepairs.
In one embodiment sach of Ny, N, ... Np1, Np, and Ny, Nog, ... Noggs Npg 18
chosex from unmodified or modified nucleotides which form non-Watson-Crick
basepairs.
In one embodiment the fmmunostimulatory nucleic acid molecule includes a
30 partially stabilized backbone with at least one phosphodiester bond.
In one embodiment the immunestimulatory nucleic acid molecule includes a

backbone with at least one stabilized internucleotide linkage.



wherein each of Z1, Z2, and Z3 is independently any sequence 0 to 12
nucleotides long which optionally includes a non-nucleotidic linker or
abasic@8pacar; each of Xl and X2 is independently a thylnimtimass2e0s637731
deoxyuridine, deoxyadenosine or a 5-substituted 30 deoxyuridine; each of
Y1 and Y2 is independently a cytosine (C) or a modified cytosine; each of
R1 and R2 is independently a guanine (G) or a modified guanine; N is any
sequence 0 to 12 nucleotides long whigh -optionally includes a
non-nucleotidic linker or WO 20061135434 PCT/US20051037731 -33
abasic dSpareerBimativisraerestdicokakerotheabiaoioiinktde are all
(dSpag@esMitiiathylgag.sglycol units or hexaethylene glycol units, which
optionall\fgprowd s for 2'S’-, 5'S'-, 3'3 '3'- internycleotide

linkages; 52" any Hon bgﬁ ﬁ%ﬁﬁ’l‘ﬂ?@@ﬁé@%é‘lﬁ’ FIP G RS SBHEE 6r a
noperiiathe gtibiidztihkerkanaiikic thukphddiSpaders)jdneth yld et Sgl pe¢ M, R, o

5 uni@;gr hexaethylene glycol units; each of Ni, N2,.... N"_I, Nn, and NI#,
N2#, . ?In A#, Nn# is a nucleotide or modified nucleotlde wherein NI
base- pa| 8 S %d”ﬁ?‘t déé(f)alrs with N2#, ... N"-1 base-pairs with
Nn.14, afdon dpeisetipairsRyithON,#; K is an mteger from 0 to 5; nis an
integer frong,2 19, 1&iRds a1 '@@gﬁzﬁ QML to 6; and g is an integer from O
to 10, and wherein when %}I (N2 N1) S2 (N14)(N2#)... (N,4) is 10 to 42
to nucleolf?cﬂé@? digisi Hdcleotides long, S2 comprises a

10 non-nucléotieh edibddin can Xabeab) clinker tdSpaaars)Giraetylene glycol units

or hexaefhyiens, ANGALIRAS AAAIOL, 0N, 1o ARINY B2, ¥ ADNER ¢ wug

(N1#) has a GC content that Is 1ess than 2/3.1n one em

(NKD SRR BP0 \‘Rﬂ?@@‘dﬁﬁsa&dﬁcﬁdﬁﬁ@gr% #dIEd cytosine and R is

a guaninmmaammﬂﬁe&maﬁlmnlﬁlme@mcﬁmmment each of N1, N2,
. Nn-1, Nn an J#n .. NN-1# N hosg$ from C, G, or

o oonl\l 5 at lea one abasi acer Tesidne.
modlflcatlons tﬁere erein ase pairs Wlt% & one embodiment

15 each of h@l?NZ}l?‘?.Qdﬂﬁillt,ﬂ\ﬁﬂimémiﬁﬂtmwﬂuﬁwﬁiiﬁﬂsm#memﬂom
T, Asciompedifiegtions thereof, and T base-pairs with A. In these and other
embodlmlgnts ea%h of ,tg A ,and T, c%g refert 20 d o eotldg
with correspahatg BRgH RS BT RO SHERMIEY BYf Pﬁ? %mfé“ f 2

onksashsiso diviielat weicht dfald pi@ebid nuds. Nrat &ad N:i#;wmazg unitNnd Tt jebit#
is &{gqg@mﬂ‘r@m C, T, A, G, or modifications thereof, and C base-pairs with
G, T base- alrs %/ G, A base-pairs with T, and A base-pairs with G. In

one embBdTRTETHIEORRCEF N 15 NEPUOlen pr RFeblFa b, N2#, ... N, #, N..g

is In one embodlmenf the oligonucleotide includes at least one 275’ 5’5'«, 3'3,

20

22", or 2"3"- internucleoside linkage.
In one aspect the invention provides an immunostimulatory nucleic acid molecule
of Formula Iil

§

25
(U Zs (S3) (Formula ITD)

wherein U is Z; [(XY R N GG YRk Zalp (S1)g N' (N, ... (NN $2

(N MN2w)(Naw)...(Now); each of Z,, Z,, and 7, is independently any sequence 0 1o 12
30  nucleotides long which optionally includes a non-nucleotidic linker or abasic dSpacer;

each of X and X; is independently a thymidine, deoxyuridine, deoxyadenosine or a 5-

substituted deoxyuridine; each of Yy and Y5 is independently a cytosine or a modified
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15

20

25

30

25 chosen from unmodified or modified nucleotides which form
Watson-Crick basepairs. In one embodiment each of N1, N2..... Nn-i, N.
anwolrsgeN2H34.. N._1#, Nn# is chosen from unmodified or nrodifiemes/ 037731
nucleotides which form non-Watson-Crick basepairs. In one embodiment
the immunostimulatory nucleic acid molecule includes a 3o partially
stabilized backbone with at least one phosphodiester bond. In one
embodiment the immunostimulatory nudleic acid molecule includes a

backbone with at least one stabilized internucleotide linkage. WO
2008Ptass3sERy s Fods fodepradenibue puspiaccibBaiisd guanine; cach of N
intafpucie it didkages:obihealigonuciasiideare rRihophiogpheaiathigateludes
linkages. In on odiment the inununagstimulato, cleic acid molecul
A S e
joiffinBsttedse bR Wit YRR IR S b atbariim stk PrEacalin
ong:-@REbotiment REis 1B nongoemogimentidntids niadsRi,is @y Hene

embpdiment X1 or X2 js T. 10.In one embodiment X1 is.T,. X2is T, Y1is
e R R e S R R
k ismkep(ESpacrauidaivang ehzdaskiscorircivionn abledtitds, Sansaz st or
TTE&@%QSB_JW%?@QQ?’Qmbpsit lim@émt %aﬁiaenﬁié&agelfdwﬁgﬂgém&%%gt?
i e s
nuefeosidbdiakhyentriond eribbdifitenahe thnilirosimalatory Rdclbibage of
acid malecuiencludes at, least ore dagkigrynit, atleashonedeehierunt,

or at least one doubler unit and at least one trebler unit, 20 In. one

enfBOHHFEAEES BRIBRNURPEPY T QB Nin k2 BRSAREEBS kit bR
oligemucitioligie .inehidéshatdeast ond Xg!k LD inBi8! fr@iP0-joof; 2035 an integer

i”t%m:}f%'%ofégﬁ ig%%&gger from 2 to 16; p is an integer from 1 to 6; and q is an integer
from 0 to 10.

In cérta:in embodiments Z; [(X1Y1Ry) N (XaY2Ro)x Zo], (81)4 18 a non-
palindromic sequence,

In certain embodiments Z1 [ (XiY:R) N (X2 YRk Z2], (81)q1s TCGTCGTTTT
(SEQ ID N(O:29), TCGTCGTTDD (SEQ ID NO:SO), TCGA, TCGAC, TCGACGTC, or
TCGACGTCG, wherein D is dSpacer.

In certain embodiments Z; [(X1Y1R:) N (XoYaRok Zalp (S1)q is a palindromic
sequence.

In certain embodiments 7 [(X:Y1R) N (XoY2Ra)k Za]p (S1)q 18 TCGACGTCGA
(SEQ ID NO:31) or TCGTCGACGA (SEQ ID NO:32).

In certain embodiments Z; [ Y1R) N (XY 2Rk Zolp {S1)q is TCGCGACGTT ‘
(SEQ ID NO:33) or TCGCGTCGTT (SEQ 1D NO:34).

In one embodiment (Np,)...(N2)(N1) Sp (N1g)Naw). .. (N} Z3 includes a sequence
AGCGAAGCT, CAATATTTATTG (SEQ ID NO:33), CCGTTTTGTGG (SEQ 1D
NO:36), CGGCGCCGETGCCE (SEQ ID NO:37), CGGCGCCGTTGCCG (SEQ ID
NO:38), CGGCGDDCGCCG (SEQ ID NO:39), CGGCGDDDTGCCG (SEQ ID
NO:40), CGGCGGDDCCGCCG (SEQ ID NO:41), CGGCGTCGCCGCCG (SEQ ID
NO:42), CGTCGACGGGACGGG (SEQ ID NO:43), CGTCGACGTGACGGG (SEQ ID



In one aspect the invention provides an immunostimulatory nucleic and
molecule of Formula Il 25 (U)m Z3 (S3) (Formula Ill) wherein U is ZI
[ORAY ARl dsBEIX2Y ZR2)k Z2]p (SI)g N' (N)....(NS)(N2)(N1) SZT/US2005/837731
(NI#)(N2#)(N3#) .. (Nn#); each of Z1, Z2, and Z3 is independently any
sequence 0 to 12 30 nucleotides long which optionally includes a
non-nucleotidic linker or abasic dSpacer; each of X1 and X2 is
independently a thymidine, deoxyuridir#,-deoxyadenosine or a 5-

%%P;ué t%é%&%éé‘l ine; each of Y1 and Y2 is independently a cytosine
odi 1 B TD SEUHBIIRTTIL CR4 RUHENFE Bhach
of RO:46d RABANISpER S il IpUa0ing) or astadified Drandse) EaBM)@IfSM or
ang M i psieRerdesiy aneeaense e 12 aslsptides long which

optionally includes a non-nucleotidic linker or abasic dSpacer; Siis a

non-nucldothfiehrgimst Abasic ket SdSpadb)  Meliprdresgyesiuts
5 or iexERTyIFE gigcabgnitsNwhich optionally 5 provides for 2'S'-, 5'S'-,
33, 221, raghninieinnelecsids INkagesi 3 any non, gindromic

sequence 1 to 10 nucleotides long or a non-nucleotidic iAkeT. an abasic
||n%@W@Sﬁ%@@%ﬁ@%ﬁ@@%@ﬁ@a&%@%ﬂﬁﬁeﬁ%I;Tclélﬂeﬁmlgesgs
is ashiecict sedingisaat 'S’ ¢bibine F3is addrnmg K)Zlg’mﬁlleéﬂé«lplﬁ%lgﬁd Y
I|n on-nucleotidic Imker sald Jon-nue ti lclnker in
abasé flr(ﬁi 3 (S8 Bhcars) triethylana Sl Ei’vteo unéfléc‘gl fgrlﬁ %(l%‘[gfhmfélﬁ

10 glyEaPEIsRS THcheag g 2'S'-, 5'5'-, 3'3'-, 2 2'-, or 2'3- linkage of in

sequen CE‘H@M&&@@@&&&M%&J&(& ienﬂﬁa@"gl Mﬂiﬁd&@éﬁ repOIFCIB AW of forming

nuc eotu%{aotr)[s %lfle L{ureolfge wherein N1 base-pairs with Ni#, N2
baSe pairs With PaSe Ba ATt RIS KGN ?)é%'émﬁ’éﬁ@ Ghipas the
N'"#; deds AbhintbgerdiefribOneSakinis cae imtsger phdinm@det 19; avtisdat end of the

integesfrom &t%l@veﬂy%@ﬂa&@%fm& OB AN AR AN I BB ol that are
from O to ?%LOH In cert |n embodiments Zi [(X1Y1R1) N (X2Y2R2)k Z2],

15 (shots b’é(ﬁﬁ PRGBS fed Tt b hechiBd g roisyle includes 3
(X DVIREY MR RNk o Bby mﬂ(ﬁ@iﬁ(ﬁ@aﬁéﬁ'fep(&t%@uﬂﬂnf& 0:29),

TCGTCG] JERGbaintn: NOROd e G LA Gor kS 26 §8m-loap

TCGACGTCG, wherein D is dSpacer. In certain embo |m nts
[OCTHIEE) N Bes Vo) e %ftg 159778 phmHiFSidRs that forms a GCorich stem or

hairpin that is 2 to 10 consecutive base pairs long, and includes at least one unmatched or
20 mismatched base. Inindividual embodiments the GC-rich stem is 2, 3, 4, 5, 6, 7, 8, 9, or
10 consecutive base pairs long. In some embodiments the GC-rich stem includes at least
2, 3, or 4 G-C base pairs.
In one embodiment an “inverted repeat capable of forming a hairpin or stem-loop
structure” as used herein refers to a sequence of nucleotides that forms an AT-rich stem
25 orhairpin that is 2 to 10 consecutive base pairs long, and includes at least one unmatched
or mismatched base. In individual embodiments the AT-rich stem is 2, 3, 4, 5,6, 7, 8, 9,
or 10 consecutive base pairs long. In some embodiments the AT-rich stem includes at
least 2, 3, or 4 A-T base pairs.
In some instances the at least one unmatched or mismatched base bridges the
30  ends of the stem or hairpin. This may allow the formation of the secondary structure by
providing a fiexible point in the molecule for the stems to base pair and form a hairpin.

Alternatively the unmatched or mismatched base(s) may be within the stem. Preferably



sequence. In certain embodiments Z1 [(X1Y1R1) N (X2Y2R2)k Z2]p (S1)q
is TCGACGTCGA (SEQ ID NO31) or TCGTCGACGA (SEQ ID NO:32).
25%® éemdasddmbodiments Z1 [(X1Y1R1) N (X2Y2R2)k Z2]@(3e2uw5/037731
TCGCGACGTT (SEQ ID N0:33) or TCGCGTCGTT (SEQ ID NO:34). In
one embodiment (N")...(N2)(N1) S2 (NI#)(N2#)... (N"#) Z3 includes a
sequence AGCGAAGCT, CAATATTTATTG (SEQ ID NO:35),
CCGTTTTGTGG (SEQ ID NO:36), CEGGCGCCGTGCCG (SEQ ID
NQ;:37), CGGCGCCGTTGCCG (SEQ ID 30 NO:38), CGGCGDDCGCCG
(SESIB RSy besEeEbpiTtechershatm intleng) 3 basepairs long. The
CeaeEEDRGOBAME! (Bi)) iiyBxkb)y £OGHET GEEEGHLCE{SIID
NQ:; EQ | 0:43)..
co R SRR b B e es sty
-36TRRYS A5 ASNEBRAGTF e RSt iCe yNOHRE GIOGRGCGAGGT

5 (SEQMai 46} FARTIADBHAThA BEQ | BoM@i4x) FTAA EATESATHRA)
(S : r TAATATTTALTA | 49 [ IS ..
e I A RS PO g e
indiiffaedEeqaen 88286 GCGCGCTGCCG (SEQ ID NO:50). In one
embodinetiheh’ fuchpb theyidsieisasit, ReginswithiaRne including at least
imgplgnlgstir}{lo %g g}ygq@tggté&i(engrom (TCG)"N and RDCGYIY2N. T is
thymlﬁe, &S unmethf?late cy?%sline, G is guanine, R is a purine, D is not

10 C, each Bf spmgrgsereiridie perdertinisdopyrrfifbimeslecideansintgepntain

beiwgeR.l @nd fuifetisivepanddy Is@mindhSaaeenes: 0dr DASeS IeNS: iz

T ‘e nucleic acjd terminates in an inverted repeat capable of
forr}\?nji%ﬁtgapg }%}EE%GS? g?ﬁl-fgoaﬁl %“ﬁf}%ﬂﬁg?éfﬁ kﬁ?@ PRIR Y {hrmesiable DBfers to a
st atobieeg el GhendedhussthE@end of the near palindrome may
be positippeg atithe Aetual3:a0draldResmelesdisi Qb allrnativelythe 3

enéj may include | or more additional nucleotides that are 15 not part of
1 thETROBTEAF TS EHtBt RS SETRIEHRS j oRET e B fetmisfecaibrs to the
indledl@sR of fewdpnucleatidesdhatdostotie maqia enafothie pigstacicotide.

repeat stm&wgmn%@&%smm%@@@3@@'@3@%&5@&%%t §2Pabke At come

forming a hairpin or stem-loop structure” as used herein refers to a

se BrrittieRitEsat frin s b friepdsteirohaiapprmpae idhe fornd
1(Bconséduitednatiepaies lodgeanibiaciters ialsleashorarnmaiehesh8fied

20 oligonucleotides having two such 5 or 3’ ends. This may be achieved, for instance by
attaching two oligonucleotides through a 3'-3' linkage to generate an oligonucleotide
having one or two accessible 5" ends. Such a structure might have a formula such as 5'-
RDCGY,YaN-NY, Y, GCDR-5" (wherein D represents not C; SEQ ID NO:51) or 5'-
(TCG)N-N(GCT),-5' (SEQ ID NO:52). The 3'3'~ or 5'5linkage may be a ‘

25 phosphodiester, phosphorothioate, or any other modified internucleoside bridge.
Methods for accomplishing such linkages are known in the art. For instance, such
Iinkages have been described in Seliger H et al. (1991) Oligonucieotide analogs with
terminal 3'-3'- and 5'-5"-internucleotidic linkages as antisense inhibitors of viral gene
expression, Nucleosides & Nucleotides 10:469-77 and Jiang Z et al. (1999) Psendo-

30 cyclic oligonucleotides: in vitro and in vivo properties, Bioorg Med Chem 7:2727-35.

In some embodiments the oligonucleotide has one of the following structures:
TCGTCGTTTTA (SEQ ID NO:53), CGGCGCCGTGCCG (SEQ ID NO:54),



20 mismatched base. In individual embodiments the GC-rich stem is 2, 3,
4,5,6,7,8,9, or 10 consecutive base pairs long. In some embodiments
thavG ®aGapsstem includes at least 2, 3, or 4 G-C base paird ' giieos/037731
embodiment an "inverted repeat capable of forming a hairpin or stem-loop
structure” as used herein refers to a sequence of nucleotides that forms
an AT-rich stem 25 or hairpin that is 2 to 10 consecutive base pairs long,
and includes at least one unmatched-c¥¥mismatched base. In individual

e e R e
2, B) b5 TTHESE Pans TSNS tarices the @ [Badtvhe.unmatched or
mismatched;ase ridags IR dhends-Hdre GIRMAT-NGURIN SLhiSMay c-

allow the formation of the secondary structure by providing a flexible point

in BASTBIE SHEUSI T fam S 15 B UL B HAR ARt ARPEIES SR <A DRy
5 thefinmatcheddtiting smatohetnbdse(g pffvay. bEbtHIpEhdi stemicPidée rably

W%&QP&Q%%&%@%{&%%99_@&%7}?#%]{ s G TS MRS Ba58 Seat

within the stem, then the stem is at least 3 basepairs long. The =
unfABtenEEceiishistestetl Fagettlih A R ERY S itaesters THedtijarders anc
embadimestsitheiunmptehadtr infismatchdidiiageadsca Thddnrhatgledhe
nucleotid e f - re ging
i e s T S

10 forFHERHO BERBIRIORTatioN Pl SNPEcayTToag I EHardigs prihogens
danglipg@nshstagking on the stability of GGCC and CCGG double helixes.
Biochemishy. 22:6198-206. The nucleic acid also includes rtighl
ctabilived BARBERE ke et i e ey
linlkageregimpbormeoiigsairesidhebdouiherstsgeespast oriperioreeties and
May RIS confalRaMBRatHr alloonistandardhRaseRaiiSdBatmation has been

diaminopyriding, paired with xanthosjne). Lutz MJ. et al. (1998) .
S e Rt o e

pokyitgerasestidBio kg el <€ ewntHeahi8kti4 0LERn T fidenvistesi bidfheecin

subsei.ofdieLlassmhtRG Lleanusiealideswhichid sidemensiiaed

excellent immune stimulating properties. (Ig%the, formulas 5’ refers to the

fre S4BT GF AR RO SRS S Y ST S RETFSE2S7E AR BY RS
oligapucieotites, thdgholigladisstentiges nfay hanecokealidmoiosduac gassible Bty.

200" 3 €Nd§xINSAME 1 G immunostimulatory oligonucleotides fall within one of the
following 7 géneral formulas:

53 TTC_GXpC GN Xy _GX3C_GTT 3° (SEQ ID NO.: 24) wherein Ny is 1-3
nucleotides in length with N referring to any nucleotide, X is a pyrimidine, X5 and X3
are any nucleotide,

25 5 TTC_GTC_GTTTX;_GTC_GTT 3’ (SEQ ID NO.: 25), wherein X; is a
pyrimidine.

5 THT*C_GH*T*C_G*T* T X _G*T*C_G*T*T 3° (SEQ ID NO.: 25),
wherein X; is a pyrimidine.

5 TC _GX:C G XN X3C_GNLCG 37 (SEQ ID NO.: 26), wherein N, is 0-3

30 nucleotides in length, N; is 0-9 nucleotides in length with N referring to any nucleotide

and X, Xa, and X3 are any nucleotide.



embodiments a 3' end can be linked to another 3' end. Since the
importance of the 5' and 3' motifs has been discovered and described
hevebreoisisaEo possible to create modified 20 oligonucleotitd&sisratdfsr731
-two such 5' or 3' ends. This may be achieved, for instance by attaching
two oligonucleotides through a 3'-3' linkage to generate an oligonucleotide
having one or two accessible 5' ends. Such a structure might have a
formula such as 5'- RDCGY1Y2N-NY2%1-GCDR-5' (wherein D represents

not C; SEQ ID NO:S1) or CG N N(GCT)n 5 (S ID NO:52). The
33" or 55 -fifkEgé+h 3&%& F@M&é?&&ﬁ&ﬁ?&éb OrotHibateerer Mg O-
othemwriedifiediintegriucleoside bridge. Methods for accomplishing such

inkages arednowap et FAINanca. sHel) Jnkages b bgshio. o7,

described in Seliger H'et al. (i991)“0||gonucleot|de analogs with “termin
3-3hetpig B85 Okerrseidstiéidmetages as antisense inhibitors of viral
sgene exprassion Nuclzesidex & O uatentides m@%&@l‘[amb,llas)gv&@éiamg
(1999) otides: in vi in yiyo prop:
Blogz?;nﬁ%gg%% n%%%g&%ﬁﬁu%ﬁ%m § em éﬁ ?ngcr% aﬁéé% |gﬁonugjle8tl
ha¥ tisethe following structures: TCGTCGTTTTA (SEQ ID NO:53),

CGGCG@@@H’&B&ZQ&:{S}&%EE DQ@iSAhmWR) M&&%&%“r‘me 5* end of the

U 037731 38 C CGT 0:55),
TR AR St e T RRS
10 TCGTC@WW@GG@@@@M@@@@E@ [DeRIOseRy Arsesiahiesion in
on%ﬁﬁ@%ﬁﬁéqlm&m erfipdinmina a&@@@@@t@&ﬁﬁ@;%@&@h@ PRaSeLPE
un ulato oli onLécIF tides aVJn g Hxg(ackbone Iskhégh%
o T R TR T I B R SR makod s a
oI|@m@d@@tﬁdﬁé@@ermseﬁhlﬁzeiapéuugaﬂﬂlanaggmphymhtmawm least 2-3

St”ﬂ&ﬂ%ﬂ&%ﬁ’é‘r pENaG SYRIRR Heak LRAGRE IRIRELIOUS Q!ﬁr%%%&s%dments it

allergy, asthma, autoimmune disease, and other disorders and to help

15 rotdtF GEETER Spp O AIHE MBS RETOTO IR X O EfoRheRap ke

Thénstgendy etrbatancelk; Gelhger mhdetunberGlimmiine s espohsdissthand in
reslffrom GRS 40 slipmlationreflact e Rt S onm. r%gstural defense

system against invading pathogens and cancerous cells. The invention

involves, TheBe Sapste %@lg%g%iﬁ)%&%‘?ﬁét dhecippwing structures:

immunosTiaulatarCotigandctettites hava inmovediTHGaoectonEROATy NO:
erties and reduced renal inflammatory effect. In some instances,

renal inflammation has been 15 observed in subjects that have been

administerde-& corRptEtE Phdeprsrothisate*C*C*G (SEQ ID NO: 3)
TC_GTC_GAC_GATC GGCGC_GCGCCG (SEQ ID NO: 4)
T*C_G¥T*C_G*A*C_GH*A*T*C_G*G*C*G*C_G*C*G*C*C*G (SEQ ID NO:

4)

25 T*T*C_G*T*C_G*T*T*T*T_G*T*C_G*T*T (SEQ ID NO: 5)
T*T*T*C_G*T*C_G*T*T*T*C_G*T*C_G*T*T (SEQ ID NO: 6)
TCGTCGTTCGGCGCGCCG (SEQ ID NO: 3)
TCGTCGTCGTTCGGCGCGCGCCG (SEQ ID NO: 2)
TCGTCGACGATCGGCGCGCGCCG (SEQ ID NO: 4)

30 TTCGTCGTTTTGTCGTT (SEQ ID NO: 5)
TTTCGTCGTTTCGTCGTT (SEQ ID NO: 6)

TCGTCGTC
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oligonucleotide. It is believed that the chimeric oligonucleotides described
herein produce less renal inflammation than fully phosphorothioate
oligdhiesastitiés. Additionally these oligonucleotides are highly/epeetitas731
in stimulating an immune response. Thus, the phosphodiester region of
the molecule did not reduce it's affectivity. 20 The preferred CpG
immunostimulatory oligonucleotides fall within one of the following 7
general formulas: 5' TTC_GX2C_GNB40 GX3CGTT 3' (SEQ ID NO.: 24)
wherein Nhis 3%3 ucleotides in length with N referring to any nucleotide,
Xlisa p9 M ﬁg 2 and X3 are any nucleotide. 25 5'
TTC_GTGIGITIN3_GTC_GTT 3' (SEQ ID NO.: 25), wherein Xi is a
pyrimiding: SrEEFE_G*T*C_G*T*T*T*Xi_G*T*C_G" T*T 3' (SEQ ID NO.:
25), wherein Xl is a pyrimidine. 5' TC_GXIC_G X2Ni X3C_GN2CG 3'
(SEQ ID%?@@%QNherein NI is 0-3 3o nucleotides in length, N2 is 0-9
nucleotidesditargth with N referring to any nucleotide and Xi, X2, and X3
are any nyclagtide; WO 2006/135434 PCTIUS2005/037731 -39 5'
TC_GTC GTN1TC_GGCGCNIGCCG 3' (SEQ ID NO.: 27), wherein Ni is
0-3 nucl@&Tgééqﬁ%ngth. 5'

T C_GC"Be@&GTFNI*T*CG*G*C*G*CN1G*C*C*G 3' (SEQ ID NO.: 27),
wherein lé}éégé’g%cleotides inlength. 55" TC_G XIC._G X2C_G
X3TC_G G N33' (SEQ ID NO.: 28), wherein N3 is 1-5 nucleotides
in length WHEHIGEETErring to any nucleotide and X1, X2, and X3 are any
nucleotide:Gptionally, when specified in the formula, 5' refers to the free
5" end of ' cleotide and 3' refers to the free 3' end of the
oIigonucIQ%%&%?%?ghe symbol * used in the formulas refers to the
presencedf# siapbilized internucleotide linkage. The symbol - in these
structureggefersdocdhe presence of a phosphodiester internucleotide
linkage, The intemucleotide linkages not marked with an * may be
stabilized® 50 tized, as long as the oligonucleotide includes at least
2-3 phosptipditstér o6rphosphodiester like intemucleotide linkages. In

some embogimgntsitr« o
G*T*C_G*T*C_G*T
T*C_G*T*C_G¥T¥T
C_GHT*C_GFT*T*C
G¥T*C_G*T*T*C_G
T*C_GHT*T*C_G*G
C_GHTTHC_GHG*C
G¥T*T*C_G*G*C*G
THT*C_G¥G*C*G*C
T*C_G*G*C*G*C_G
C_G*G¥C*G*C_G*C
GHGHCHGHC_GHCHG
G*C*G*C_G*C*G*C
C*G*C_G*C*G*C*C
G*CWG*C*G*C%:C*G



5

10

i5

20

25

30

15 is preferred that the oligonucleotides include 3-6 phosphodiester or
phosphodiester like linkages. In some cases the linkages between the

Cevonmilitsisesgphosphodiester and in other cases they are pc1/us2005/037731
phosphorothioate or other stabilized linkages. In some embodiment the
oligonucleotide has one of the following structures:
T*C_G*T*C_G*T*C_G*T*T*C_G*G*C*G*C_G*C*G*C*C*G(SEQID NO:

20 2) T*C_G*T*C_G*T*T*C_G*G*C*G*C*G*C*C*G(SEQID NO: 3)
TC_GTC_GAC_GATC_GGCGC_GCGCCG (SEQ ID NO: 4)

T*C_G*TF® ienrQuaipnaqdCad *cHenme oG Calsr ronGSEQIBINGs or
41 g?ggﬁﬁ-ﬂ%l@e*s vﬁ%@ﬁi&%ﬁlﬁ?g@ﬁ%@&ﬁ&&%@ﬂ NG Rand/or sugars.
¥ @%&t}%}%é@%&&% é@%ﬁ%;g%@%ﬁeﬁ%g (§8§} I(I):l?leNs%a?s)ﬂlat are covalently

TCBAICE TCGTNOSECEEECERECLSEQIDNDN 2)rydroxy] group at the 2'

T ¥ ' ' posifi hus
QS@&E&%&Q‘%M&&G&%@%%% Tc(gxg@o‘)@ Neoh 30 F LCEHLEGH

TTGTCGTT (SEQ ID.NO: [ TTTCGTCGTT (SEQ ID NO: 6)
TCPREE TR ARS8 671 384 P B A O SO BB S 795° BB ATEERRG
GG TeG GG FCRITa S RCGTEE: 5GTE BTN FCGNTCEGnos:

g g%%%%%%o@m GEG OGRSl A BRERGC S RPGRCCC
composition thereby containing any possible combination of polymer units linked

. together such as peptide-nucleic acids (which have an amino acid backbone with nucleic
acid bases). .

Nucleic acids also include substituted purines and pyrimidines such ag C-5
propyne pyrimidine and 7-deaza-7-substituted purine modified bages. Wagner RW et al.
(1996) Nat Biotechnol 14:840-4. Purines and pyrimidines include but are not limited to
adenine, cytosine, gﬁaﬂine, thymine, 5-methylcytosine, S-hydroxycytosine,
S-fluorocytosine, 2-aminopuring, 2-amino-6-chloropurine, 2,6-diaminopurine,
hypoxanthine, and other naturally and non-naturally occurring nucleobases, substituted
and unsubstituted aromatic moieties. Other such modifications are well known to those
of skill in the ast.

The immunostimulatory oligonucleotides of the instant invention can encompass
vartous chemical modifications and substitutions, in comparison to natural RNA and
DNA, involving a phosphodiester internucleotide bridge, a p-D-ribose unit and/or a
natural nuclectide base (adenine, guanine, cytosine, thymine, uracil). Examples of
chemical modifications are known to the skilled person and are described, for example,
in Uhlmann E et al. (1990) Chem Rev 90:543; “Protocols for Oligonucieotides and
Analogs” Synthesis and Properties & Synthesis and Analytical Techmiques, S. Agrawal,
Ed, Humana Press, Tetéwa, USA 1993; Crooke ST et al. (19963 Annu Rev Pharmacol
Toxicol 36:107-129; and Hunziker J et al. (1993) Mod Synth Methods 7:331-417. An
oligonucleotide according to the invention may have one or more modifications, wherein
each modification is located at a particular phosphodiester internucleotide bridge and/or

at a particular B-D-ribose unit and/or at a particular natural nucleotide base position in



16

15

20

25

30

GCGCGCGC CGCGCGCLC 15 GCGCGLCG. T*C G*T*C G*T*C C
G*T*C G*T*C G G*T*C G*T*C G*T. T*C G*T*C G*T*T 20 C G*T*C
GO/ H4C G*T*T*C G T*C G*T*T*C G*G C G*T*T* Q@@ 1@Hs/037731
G*T*T*C G*G*C*G 25 T*T*C G*G*C*G*C T*C G*G*C*G*C G C
G*G*C*G*C G*C G*G*C*G*C G*C*G G*C*G*C G*C*G*C 30 C*G*C
G*C*G*C*C G*C G*C*G*C*C*G WO 2006/135434 PCT/US2005/037731
-41 The terms "nucleic acid" and "oligo#iicleotide” also encompass nucleic
acids or_oligonucleotides with substitutions or modifications, such as in
thS DRSS UG/ rpareleqtise of thn praetrsirened iidech igemptestiofsstural
habiNg baBkbone sugars that are covalently attached to low molecular .
weight o L rthan.a hydroxyl group at the.2'5 position an
othg r tha%%g%%é%%%%%?%ﬁé?oﬁ%%x?gég%Buac%t%é %nggg i, CPHREESe one
mJATHEE SiRsbHTfIesIsSHFas 1 settdeodifaionl g fetent misode ghotp! fioma:
adaition,ﬂmmqmﬁe&ﬁﬁg@ﬁw&mfegﬁmaﬁ%{ﬁ@mfmr @q%%%é ﬁ@b*ﬁ%ﬁ%
or 2'-fluo in inste  ribose. Thus the oligonugleotides may be
heterogeﬁfgﬁ%ﬁngﬁgcn%%ﬁle ecg O e Tg‘%%rﬁﬁlﬁ& any possible
cobinathsrafasenracr phrshielieser Oritaydthardachea dptides Alnléict 2
acids (whighebaveran aspiogaeisibackbone with nucleic acid bases).

c) the replacement of a sugar phosphate unit from the sugar phosphate backbone by

another unit,
d) the replacernent of a §-D-ribose unit by a modified sugar unit, and
e) the replacement of a natural nucleotide base by a modified nucleotide base.

More detailed examples for the chemical modification of an oligonucleotide are
ag follows.

A phosphodiester internucleotide bridge located at the 3' and/or the 5" end of a
nucleotide can be replaced by a modified internucleotide bridge, wherein the modified
internucleotide bridge is for example selected from phosphorothioate,
phosphorodithioate, NR1R2~phosphoramidate, boranophosphate, a-hydroxybenzyl
phosphonate, phosphate-(Cy-Cyy )-O-alkyl ester, phosphate-[{Cg-Cyy)aryl-(Cy-Cyy)-O-
alkylfester, (C1-Cgalkylphosphonate and/or {Cs-Ciz)arylphosphonate bridges, (Cy-Cia)-
o-hydroxymethyl-aryl (e.g., disclosed in WO 95/01363), wherein (Cg-Crp)aryl, (Ce-
Caglaryl and (Ce-Ci4)aryl are optionally substituted by halogen, alkyl, alkoxy, niiro,
cyano, and where R and R? are, independently of each other, hydrogen, (C;-Cyg)-alleyl,
(Ce-Cag)-aryl, (Cs-Ciy)-aryl-(C;~Cg)-alkyl, preferably hydrogen, (Cy~Cg)-alkyl, preferably
(C1-Cg)-alkyl and/or methoxyethyl, or R' and R? 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.

The replacement of a phosphodiester bridge located at the 3' and/or the 5' end of a
nucleotide by a dephospheo bridge (dephospho bridges are described, for example, in
Uhlmann E and Peyman A in “Methods in Molecular Biology”, Vol. 20, “Protocols for
Oligonucieotides and Analogs”, S. Agrawal, Ed., Humana Press, Totowa 1993, Chapter



Nucleic acids also include substituted purines and pyrimidines such as
C-5 propyne pyrimidine and 7-deaza-7-substituted patine modified bases.

WaghehEWéaf al. (1996) Nat Biotechnol 14:840-4. Purines @idasaneso37731
pyrimidines include but are not limited to 15 adenine, cytosine, guanine,

thymine, 5-methylcytosine, 5-hydroxycytosine, 5-fluorocytosine,
2-aminopurine, 2-amino-6-chloropurine, 2,6-diaminopurine, hypoxanthine,
and other naturally and non-naturally ogcurring nucleobases, substituted
and unsubstituted aromatic moieties. Other such modifications are well
knatvipitcs HdSe whkskil kid-hie et AQihe foruanestisalatatoyom the dephospho
oli leqti f | ' ' variqus.chemical
st e SR o
inVoIdire-diprdeprudres mikmiislestses bridge, a j3 -D-ribose unit
and/§|>r amatgtr}qbﬁnigiagiﬁgt bi?é,ea@gﬂiﬂiﬁ% @@iﬁ@h@&%ﬂﬂ&téﬂ%@ﬂé@ﬁd@
uracil). Exa of. chemical.modifications are known to the ski .

5o e A o B U Ao P At Py G
ChisheReh GBS aRhonsds ke faro®il gd mugdephicebatmichidnalobsteplaced by
SynibgsisandReRpeitics:&roannthesis.anghih sakuicab Tesh i eSorpholino-

Agrawal, Ed, Humana Press, Totowa, USA 1993, Crooke ST et al. (1996)

e SRR S0 DD, M IS St oo e

Mot:8yReh Mot 73814 e 2. An raigomicidatidmapbdidingptotie unit; or
10 INVERLAR PapHoxRiaPaRIM ke medificalions. Whersin 30,885 Nielsen PE et

modification is located at a‘ﬁjartlcular phosphodiester interucleotide bridge
anfidr At e 1D i bR Uit RS SRS AT HC B Tsdupagicbone it
nueleobiye-baseqioditieriia WO 2006/135434 PCT/US2005/037731 -42

comparisop 16,30 QligAnURISHYde. ALING SAME seaense o iScuiecq
composedeqf natural DNA or RNA.yFbr0 Seexamp?é, the fnvention relates to =
anBilg shersiedtivieodiict ey wohipiosexemelorelrvre fvouifibatibrs, and-2'-
1s Whessingaeh modificationds ndenaadsntyseleeted o 52 thecyalivl-
replgcemer%o{)l%g%s hodéeﬁctagr intemugleotide bridge located at the 3'
an5P RSB o 1o BRAETBY S FrocH B TS UEIeota BHAgR B
theitepialdmerit-ok phiosthiDiasteldidiesto cater,al-the3ranep- heys-
end of a_nycleotide by a dephaspho %ﬁ eg% the replacement of a sugar
phglsrp ate U ﬁ?%%?%ufﬁxéoé%ghr p% 6’%‘6 a e%g c oﬁ}éot%w%%h%tﬁ?garra%c&% 1
(described, for example, in Froehler J (1992) 4m Chem Soc 114:8320) and/or open-chain
20 sugar analogs (described, for example, in Vandendriessche et al. {1993) Tewrahedron
49:7223) and/or bicyclosugar analogs (described, for example, in Tarkov M et al. (1993)
Hely Chim Acta 76:481).

In some preferred embodiments the sugar is 2'-O-methylribose, particularly for

one or both mucleotides linked by a phosphodiester or phosphodiester-like
25  internucleotide linkage.

A modified base is any base which is chemically distinet from the naturally
occurting 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 modified
nucleotide base may be, for example, selected from hypoxanthine, uracil, dihydrouracil,

30 pseudowracil, 2-thiouraci, 4-thiouracil, S-aminouracil, 5-(C;-Cg)-alkyluracil, 5(Cp-Cg)-
alkenyhuracil, 5-(Cy-Cg)-alkynyiuracil, 5-(hydroxymethylyuracil, S-chlorouracil,



d) the replacement of a I-D-ribose unit by a modified sugar unit, and e) the
replacement of a natural nucleotide base by a modified nucleotide base.

Mose deigilagsexamples for the chemical modification of an persanesinz7731
oligonucleotide are as follows. 15 A phosphodiester internucleotiide

bridge located at the 3' and/or the 5' end of a nucleotide can be replaced
by a. modified intemucleotide bridge, wherein the modified intemucleotide
bridge is for example selected from phagphorothioate, phosphorodithioate,
NRIR2-phosphoramidate, boranophosphate, a-hydroxybenzyl

phés@mmﬂpﬁ@m@%@ B@Q&h@f@mgﬁq@ﬂrcs) -alkyleytosine, 5-(Cy-Ce)-
Dh%&%ﬂ%ﬂﬁ(&@ Glelary-LfeliGomdie 20 Al ﬁé”e ecyiosine,

(C 8)a|| osphgnate and/or (C6- CfLZ)ary osp dnae ges,
&”Fﬁ%ﬁ% Xy BBy 2 ﬁ@émwdpmw@mt;@@ sulvanshd

gc:szaauggle@&fmamkmw(ﬁﬁs@f@Wﬁym@E&i&%ﬁ&ﬁ%ﬁ%@ﬂ
a and w
3 Iﬁ)}%&ﬁ yl"l1 D¥e %ﬂioaﬂk %%s k&%rgsﬁgﬁ?tqsn&é C20)-aryl,

mdepen tIy 0 each ‘other, ydro en

(CEERIYSERIEdE %)5£@PW%BWWMQ%NG@1%®@&HM&M e.g.

fré@FﬁhW@SWGﬁiM ﬁl@}ﬂ(ﬁﬂﬂf@ﬁaﬁ@m@ww%ﬁ%@ﬁu@l@%@d@rrmmpyrrole

0 en atom. ca membere

hegiggrg%E |%p#r?§ \%é? gﬁ cadr?&éaélax%lg ur};? %?n%%ﬂ?@%ef@?ﬁ‘&fem from

the’t QPG@ES @“giéﬁ@ﬁﬂlmém@ﬁ%@m@hﬁﬂﬂ@msphddMMQ&bﬁated
10 at thedBiantiobihaauandeiagnsieatidey;a dephaspha pﬁ%ﬂiy and is not

(de(gtgg%ho b{i%g?hg Ca}re gﬁscrlbed for example, in 30 Uhlmann E and

sin

Peyman At olecular Biology", Vol. 20, "Protocols for
Oligonucleistidiesramisdided oeps h& e Agranat: EasdshithaanRe $s;s Fodanlato

19a%atgh@ﬁiﬁé%@&%@&@é&%ﬁ%&%&%@%@é7%% 4y3b%§1b1%8ve%5§or

ft),.where fgrho brldge is for example selected from t

debrhosp?]oy BISGRE I aear estgnt israa s’ Hrligany arasyianiine,
15 oxirtigomdthiieriedingetis/br hydrezasiimstndendasy mmmgu@@ by a

OrQUBSHHOGRAGA éﬂ@%@@&ﬁo%'&('aﬁy FAE 1905'&%3 and, Qtscp 'L%‘?feSti& ods

mtgmucleotld e together forming a sugar osp

suGarpHEEp B%‘f?@eﬁ e kﬁ%ﬁéﬂfsﬂm@épﬁ%&@%@@b&@é Jscages have
cohtpodedrifesy aclmmgmhmumsgmaM&e prated Wih RRINArUBayg 5.
e TaEa oier Hlh e ol SHOMRIS A R R B S IS e

derivative" oligomer (as descri xample, in %etlr chak EX &t 4l

20 (1 SBOPNRIERE (HSHs IRes 1761 29nd inacdilo Broue aiplacksmomtogides:
maouphioined derivatiepdiits Biocorganic & Medicinal Chemistry {1999Y, 7(123, 2727-
2735,
Additionally, 3'3"-linked oligonuclectides where the linkage between the 3'-
_ terminal nucleotides is not a phosphodiester, phosphorothioate or other modified bridge,
25  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)12 and two (dT)12 sequences bridged by two hexaethylene glycol chains,
Biochemistry (1992), 31(38), 9197-204, US Patent No. 5658738, and US Patent No.
5668265). Alternatively, the non-nucleotidic linker may be derived from ethanediol,
30 propanediol, or from an abasic deoxyribose {dSpacer) unit (Fonianel, Marie Laurence et
al., Sterical recognition by T4 polynucleotide kinase of non-nucleosidic moieties 5'-

attached to oligonucleotides; Nucleic Acids Research (1994), 22(11), 2022-7) using



1o to build up a po]lyamide nucleic acid ("PNA"; as described for example,
in Nielsen PE et al. (1994) Bioconjug Chem 5:3-7), that is, e.g., the
repracAtERTBY a PNA backbone unit, e.g., by 2-aminoethyR§IJGiie05037731
(3-ribose unit or a (3-D-2'-deoxyribose unit can be replaced by a modified
sugar unit, wherein the modified sugar unit is for example selected from
(3-D-ribose, a-D-2'- 15 deoxyribose, L-2'-deoxyribose, 2'-F-2'-deoxyribose,
2'-F-arabinose, 2'-O-(Cr-C6)alkyl ribosé3 preferably

2'-0O-( 1-C6)aIlF?y_I-ribose is 2'-O-methylribose, 2'-O-(C2-C6)allcenyl-
ribSBRC LY RROBREBYALIS HERE T C 3&%}%%38?54@#7?—%1%’5&9?@8 ged
R-Dw@/t@{rfum@g'e;ea-mabm@fmamﬁs@ph other allowing for any desirable distance

2,4:dide o= (3-Derytloe XxRyaNRSeand carbocyclic (described, for
example, in Froehler J (1992) Am Chem Soc 114:8320) and/or open-chain

20 sugar , ik § 8 Bl
L5550 b RemoaRe ot BRmie lrrRpslatrithgRsRHa reH e

5 (1993 HetrahdadroncHe 2R3} antiortvoyeitslgblianatiego{ ¢St R dHiom;

ex le, i rkov M k199 v Chi 78:; 2 .
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25 iptemuclegtids inkage-Awnadifiad haseis RPpYRasaWhiehis diates

chemically distinct from the naturally occurring bases typically found in
DNRHR-FRNACEHEE4E £ ¥ -8 A, and U, but which share basic chemical
10 structuresawitke thabeinatur alheaaeLirhinglibasadeoides mbiifiedemiseleotise

base MAY,e.10k '?n;?é’ﬁl dedlon fé{@e QARG the art. For

dihydrouracil, 30 pseudouracil, 2-thiouracil, 4-thiouracil, 5-aminouracil,

5- (SXE0)- By fianen el @eseisyagiken pieiiad  Bsaes s e 6) L al Ry i Rer:
5-(hyeroxymeihyllugagih Sohlamurasi: WH- 200343 IR CTALB26) 07,
51 73,1 .-44 5-flugrauracil, .5-bromouracil, 5-hydroxy i ]
= e L GGG B M RO, 0nc
155-(Baes patkyhsfl dfo sl B it oAb diEnsy it stodytdein @ 2619-2622,
5-?93;@590%&@?53@@&{%51&&%9?@@%% &fdb@f&@@f@kt@ﬁ@m&ﬁ@gfwm, a
substituted 7-de, urine, prefer 7-deaza-7-sybstituted and/or .
7-&3&%@%& 3 %%7?? nptgﬁ S %Ts 25%%3’3‘ O’é‘%%ﬂ’éi/ osihe, SErb0 8 syntheri
N4edigriuyitives, ey isNmedtiigoytokivial-pemyrdiigryiaorysytidgineclectide

5-hygrarametimidemyeuidingni4ralide Qupaxtifing a8d with in nature. As
N4-ethyldeoxycytidine, 6-thiodeoxyguanosine, nabdeoxyribo cleotig(lasfrom

2o ARG CYToBy SRR AE PR, i rom =
2, Gadiareinofomineiténiagites or from chromatin.
The oligonucleotides are partially resistant to degradation (e.g., are stabilized). A

“stabilized oligonucleotide molecuie” shall mean an oligonucleotide that is relatively
resistant to in vivo degradation (e.g. via an exo- or endo-nuclease). Nucleic acid

25 stabilization can be accomplished via backbone modifications. Oligonucleotides having
phosphorothioate linkages provide maximal activity and protect the oligonucleotide from
degradation by intracellular exo- and endo-nucleases. Other modified oligonucieotides
inciude phosphodiester modified oligonucleotides, combinations of phosphodiester and
phosphorothioate oligonucleotide, methylphosphonate, methylphosphorothioate,

30  phosphorodithioate, p-ethoxy, and combinations thereof.



5-methylcytosine, 2-anrinopurine, 2-amino-6-chloropurine, hypoxanthine
or other 10 modifications of a natural nucleotide bases. This list is meant
to bmexempalary and is not to be interpreted to be limiting. Tierus2005037731
oligonucleotides may have one or more accessible 5' ends. It is possible

to create modified oligonucleotides having two such 5' ends. This may be
achieved, for instance by attaching two oligonucleotides through a 3'-3'
linkage to generate an 15 oligonucleotigie-having one or two accessible 5'
ends. The 3'3'-linkage maybe a phosphodiester, phosphorothioate or any

other modifididifisaibelss et BridkpspMetiiuiesiorzbesimiishiedusingh
linkages:Aiadnaitd R Mile EARINSIANGRrAHERI BKAgRS HAVRaD 88 nistries.
de cn}ge%lar]wg(slgl er H.étet al., Olél:go(guc eotide analogs with terminal 3'-3'-
andi‘rg-@-m emuc Sé%%?&d"ﬁﬁ’%&&& A8 BRI THARSIEBIS S VAt dBhe
exfréssion; MaelbrhbepRor@siuofzotibies {3 A0S 469 Tsatiglated
5 JiapGieh:-Aka Rseudeseyelic.oigenugleglides IR YINQ.andd %55’?74) can be
propertie ,bBIOOI‘ anic ,E{Iedlcmal Chemistry (1999), 7(12), 2727- 2735.
i e e e e Gt e e
terMatiaida dotesdidesotban Gihe4phesbhodiestidcaibosphondthiosiemonotHeen

mogifieglaridge N [ dig e S
el gﬁ?é%ﬁ?&%%ﬂ%ﬁ%ﬁ%%%@%&%&%ﬁ?@5?5‘7%%&%J-a ,

T tetr n
forFHAtBBY I 6Hgbnatiddtt containing one (dA) 12 and two (dT) 12
10 sequencéstoristgiglizby digphekaeiiyl aniddycalichiai DS ABOMOSMIES alkyl-

1 : Pate 8738, and US Patent No.
Sy e B e S R

etHERCRBP S presdirsuiond lesrhasrhasieticads ki de chapeterywhit

(Fondtnels Matit-lavianeadioidesSiBidEableseanitienRYs kracthyleneglyeol or

po ide;kinas non-nucleosidic moieties 5'- attached to .
B R R o s S gl
15 Wer2ea8 19 35Aasedezadnton05/037731. -45 standard phosphoramidite

chemistry; iEb8-a0BrituReatisiclinkens eRNREINGOIRRIALadL QRS OhG
multiple tiqies Qr €0 bined with each d(}ther.aljowing for any desjrable

Wi
R D o S N B AR iy
hagussarssépade e FRVC e ol resertieptidethap fpd! itorexentthelrsry
IMIRASBUIRIOR @ﬁ&%@ﬁ%%&ﬂ&%&%@ﬂ%ﬁ%&%@éﬁ&%@ PIOLP
20 (TLR9). Hemmi H et al. (2000) Nature 408}:7&%;15. TLR9 &gnahngﬂgctwﬂy
thu rﬁggaassﬁl?@a wmunotherapy, general e cement of immune Tunction,
enhancement of hematopoietic recovery following radiation or chemotherapy,
autoimmune disease and other immune modulatory applications. Tt has also been
demonstrated that the subsets of CpG immuncstimulatory oligonucleotides are useful in
vivo for the treatment of asthma and allergic rhinitis.
25 A subject having an allergy is a subject that has or is at risk 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, conjunctivitis, bronchial asthma, urticaria (hives)
and food allergies, and other atopic conditions.
30 Allergies are generally caused by IgE antibody generation against harmiess
allergens. The cytokines that are induced by systemic or mucosal administration of CpG

immunostimulatory oligonucleotides are predominantly of a class called Th1 {examples
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response to CpG oligonucleotide or other immunostimulatory
oligonucleotide by measuring NF-KB, NF--KB-related signals, and
sulibleoevEsnts and intermediates upstream or downstreamPOtNREBI31B1
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 b-cyanoethyl phosphoramidite method
(Beaucage, S.L., and Caruthers, M.H.47et. Let. 22:1859, 1981); and
nucleotide H-phaosphonate method (Garegg et at., Tet. Let. ‘
oAb AR 7L L LI Nt e emrss by, o
15rSpregy eTid otharmapt 27c4050mb3::086, Grtheababied ol gk

29; = T chemistries ca erformed by ayvariety of.
et e T i L N
oligstseici Butibu srstinseriar fodinsghndlie TiytrEe stienscantssihaadhe
?li@ﬁﬁtycdeﬂiw@p' @eﬂ@ih aﬂysf@{emd@ ?Lrigaﬂgae@@egt&d%iﬂmmﬁﬁe RARIRE in a
rom.c onents .which it rmally assaociated vith in nature. As 2
e A it
a cefl Atensy) soriudlenssrorR Thitovimeneravbick brarekrbraatpnThdergic
oliganusieptislesanedaialy isistanidnoeaadationesd.care stabilized).
A ."stabilizu(;rcll ?I' ontlltlcleoti eurgolecule"gg‘:ll mean an ,oligon’xcleotide that
is ETatvely TealotaRtTo I Ve dagtAHRHAITS gy SHiRE adgreen of in
enehorhinetsaselh il oibe 28 sinibitirdtion sdiebewiccdmplished aghma and
bagihene modifications. Oligonucleotides having phosphorothioate

linkages provide maxjmal activity and protect the oligonucleotide from
degrad a%ﬁsbg’?r@’;bgﬂﬂjl’ﬂoé%@ﬁ%y eﬂ%%ﬁ@é%?@ﬂﬁ%‘f@ﬁ@ﬁi fhegppeutic.
oligiiy cteibti destringl wd elpruisphodiestenchaed fitdre igdnliclgotitiasis. Th2
CO@Q‘B@UQ@%@&B&}Q@H%Jﬁit-%fa@@QeQQ%ME%@%%%PAM%%9559&3.

methylphosphonate, methylphosphorothioate, 30 phosphorodithioate,

p-ethokyy A SRBIALBHS R EBECl e BoGE retaiplammatory response,
P Gl SA0RE 03%E8 bwitthidoeifidphiickbripesisuah agphos phbrehieates
m synthesi sing .aut ted techniques employing.either
o e DR 208 or
all§ish 65p RENEtEsTanibe faliece  disihmeeserived divawls ob terssipiory
A PR A i
is alkylate s described in U.S. Patent No. 5,023, and European
Patent Ko %%@%%?ﬁh%&p%@ a& Bgf%“ﬁfﬁﬁaﬁ%é%&%%i%ﬂ% B¥Mthesis
usigpceirimelicmtipiavnilidric roagsonss.

Asthma may be exacerbated by viral infections. The combinatior of asthma and

viral infections significantly worsens the symptoms in a subject, The oligonucleotides
used herein provide significant benefits for the treatment of viral induced exacerbation of
astbma. Several examples of such therapy are presented below.

Allergic rhinitis is a disorder resulting in inflammation of the nasal mucosa
caused by allergens such as pollen or dust. The term includes rhinitis medicanﬁentesa,
rhinitis sicca, and atrophic rhinitis. There are two general types of allergic rhinitis,
scasonal and perennial. Seasonal allergic rhinitis is normally referred to as hay fever
and is usually caused by mould or pollen. Perennial allergic rhinitis is usually caunsed by
en inherent sensitivity to one or more types of allergen. This condition generally

continues throughout the year or for as long as the patient is exposed to the allergen.



Methods for making other DNA backbone modifications and substitutions
have been described (e.g., Uhlmann, E, and Peyman, A., Chem. Reuv.
oONEA04/88834Goodchild, 1., Bioconjugate Chem. 1:165, 1980}/ R0 tser31
stabilized oligonucleotides include: nonionic DNA analogs, such as alkyl-
and aryl-phosphates (in which the charged phosphonate oxygen is
replaced by an allcyl or aryl group), phosphodiester and
alkylphosphotriesters in which the chaf§ed oxygen moiety is alkylated.
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I

celdisdradse iﬁgﬁﬁ@%gﬁl?ﬁﬁﬁégﬁfﬂ?gcﬂﬁ‘ﬁ?‘ﬂ‘%@éréﬁ@ rhinfiFsesAtatory
5 oligedistieoticidsaateseffent vedbecapeantictrgantssfandiumanakaasination,

capreLmRUNPNEAR AHITR{mNRIaRYARReIAl aRRgement

of immune function, enhancement o hematop0|et|c recove'y?oszowmg

radlatlonwmﬁéﬁwryaﬁté%}ﬁﬁ?@%ﬁ e afaipEieedamuir alone
mabkHatonapRlisaiarnH has dlse eanndemansiaied thalihesubsets

of C ostimula 0I| onucleotides usef VIVO r the
treaot%g%e]Lnnrgtgc5)131 ast ma%antf:?i% ﬁ%rgglc rﬁ%nltls 56“52 eckjhaw%/ an aﬁergy is
10 5 Shbsjsemens Fesierdnien m@w@r%wﬁr@ém@a@ﬁs@énw@nﬁémmnmﬁraﬁasﬂ and

respanse: to@nselisrgeinAmalerisedersotaasasired Jwhersansitivity to a
substan %allera(;{u_An Aléerlgic condm?n%lnclude but are not limited to
IC Thin

CI‘O]IIO %l decon
eczema, a er IS Or Coryz ever COﬂjUI’]CtIVItIS bronchial

asthma, M@éwaemmfeg)tmﬁmme!@e@ thnchotlishetopieleogiditions.

30 a@éﬁ%ﬁi@%@ﬁ&@@ﬂ%@sﬂé&%&%@é{c@ Emiﬁ@@fiam%&%%mﬁgﬁmd can
har ‘égﬁ? Bglﬁ rgens. The cytokines that are induced by systemic or

FidErstio ﬁ%p@f’i‘ﬁ%ﬁﬁ’i‘ﬂ?fs‘iﬁﬁ‘uf&?éﬂ/%ﬂ%ﬁaél%ﬁﬁ@sgare
p r@dmm]hahtﬁp{ama ol af satatb dolih ki exd piples MyONnR Q6 LEIMG 34 not limited to

§I$H§gg%é@§?o7t§; folf&zvﬁgefggnujsgs IEaA’zQe I(%lalnﬁ' ﬁgquzjﬁ‘u ybg%gﬁigozdes

uce b Immoral and cellular Immune_responses. he other ma
typ(é SRR AELEH AR S Q’s”é&f&awdfmﬂ% tﬁéb’”ﬁﬁéﬁ%ﬁ@’ﬁséﬁ IL -4
anearibr gylakingsyr seterindila pehauia 6n Lo Bse SRSk JenBiaheiia

20 3PRER OU‘Q»EE?JL%EQJ%S'%ﬁ%?%?m%r&f?é%?d%e&?%a L5 MRS, DDA s

respo ses Based
gultinoasa); Betula (Bervia verrucosa); Quercus (Quercus alba); Olea (Olea europa);

Artemisia (Artemisia vulgaris); Plantago {e.g. Plantago lanceolata), Parietaria (e.g.
Parietaria officinalis or Parietaria judaicay, Blattella (e.¢. Blantella germanica); Apis
(e.g. Apis multiflorum); Cupressus (e.g. Cupressus sempervirens, Cupressus arizonica

25 and Cupressus macrocarpa);, Juniperus (e.g. Juniperus sabinoides, Juniperus virginiana,
Juniperus communis and Juniperus ashei), Thuya (e.g. Thuya orientalis),
Chamaecyparis (e.g. Chamaecyparis obrusa); Periplanéta (e.g. Periplaneta americana);
A;gv'opyron (e.g. Agropyron repensy; Secale (e.g. Secale cereale); Triticum (e.g. Triticum
aestivumy;, Dactylis (e.g. Dactylis glomerata), Festuca (e.g. Festuca elatior); Poa (e.g.

30 Poa pratensis or Pog compressa), Avena (e.g. Avena sativa), Holcus (e.g. Holcus
lanatus), Anthoxanthum (e.g. Anthoxanthum odoratum); Arrhenatherum (e.g.

Arrhenatherum elatius); Agrbsz‘is (e.g. Agrostis alba); Phleum (e.g. Phleum pratense),
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5 ability of the CpG immunosthnulatory oligonucleotides to shift the

immune response in a subject from a predominant Th2 (which is
assecbedswith production of IgE antibodies and allergy) topg-balanead 31
Th2/Thl response (which is protective against allergic reactions), an
effective dose for inducing an immune response of a CpG
immunostimulatory oligonucleotide as a stand alone therapy without
allergen or in to combination with allergen can be administered to a

subject to treat or prevent asthma and allergy. Thus, the CpG
imfhaiostitel dedrdligondolestid dehaierdigniffoamytherapewtls Satdiine.g.
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Th2 cyt esp ua#lL 4 and IL-5 are elevated in the airways of
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especially IFN-y and IL-12, can suppress the formation of Th2 clones and
prodacfiar Bt FHEvEG SRR AR R B E CHaBEd lsrtetepiratsry
sygtednwhmaeﬁermecbbbelmimaﬂqagn afrawfingoidihe Gnvals aﬁdiother
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sym tom5| bject. The onucleotides ed herein provide
sighitican %neﬁ## e ARt ReTSE BF i Tg‘ué%%ﬂgi SABRGE Bt is

reatment of Vir
asthipeiaigbvetalstyoaip e Shd fiuprchl theremry are esed (Bl D wivikiergic.

rhmmﬁo@ﬂ@oggeamqmgﬂ@ inflammation of the nasal M¥eosa .gaused
ens such as pollen or dust. The term includes rhinitis
me &a% ?ﬁ]&ép oSteBKlaigRy Alropritethitsid HHEHER® GRS yBheral

typegaataiiclicostikitisy vdedsonal andbpkreatialirSeasepatallergienthinitis
is parmalyreferted teras Day devar3thandds.isually eavaed by mowid or

pollen. Perennial allergic rhinitis is usually caused b an inherent
sensitivity T e BTN BRSSP L BRI SR ARSI éh eamyrspects of
cofitiiuesthncughautitedoy dar tenforasfongigsctherpatietiis@ipose thie:tion
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allergic rhinitis involve a type 1 ated) hypersensitiv at leads
to feikRAdtGAd ’Tiﬁi%t?r#ﬂémﬁé thetdh g paveastierlagan

exglegsiveeotides can also be given without the antigen or allergen for protection against

infection, allergy or cancer, and in this case repeated doses may allow longer term
protection. A subject at risk as used herein is a subject who has any risk of exposure to
an mfection 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 through lifestyle
or medical procedures is exposed to bodily finids which may contain infectious
organisms or directly to the organism or even any subject living in an area where an
mfectious organism or an allergen has been identified. Subjects at risk of developing
infection alse include general populations to which a medical agency recommends
vaceination with a particular infectious organism antigen. Ifthe antigen is an allergen

and the subject develops allergic responses to that particular antigen and the subject may



degranulation of mast cells and of blood-borne basophils in response to
certain allergens. This leads to increased IgE levels and the concomitant
relpasacef iaflammatory 5 mediators, such as histamine, an@®fiuszees037731
chemotactic factors, such as cytokines, prostaglandins and leukotrienes,
that result in a localized inflammatory reaction. The immunostimulatory
oligonucleotides may be administered as stand alone therapy without an
additional anti-allergy/asthma medicansent or therapy or in combination

with such a therapy or medicament. Typical anti allergy/asthma 1o
metiesipwats dvdukierapies drchaoilte weeoof irnanasabivase cbnstttors,
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cell stabiljzers, su cra ompounds, nd oral decongestants.
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dust, fungal spores and drugs (e.g. penicillin). Examples of natural, animal

and B PRARYGRMRHAIIEEBt are not limited to proteins specific to the
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Agro ron (e.g. Agropyron repens); Secale (e.g. Secale cereale) Triticum
(e. g fiticum aestivum); Dactylis (e.g. Dactylis glomerata); Festuca (e.qg.
Festuca blatidtipnRo :¢eigy. S0GhP CapratensisstimBemyaipressa)jdayina

(€-Grop¥ BB SRIMALH ACYS UG SDrARICUR AP A LA DOXAR B (8.9,

Anthoxanthun;godoratum ); Arrhenatherum (e.g. Arrhenatherum elatius);

5 5O B b T BTG e TEF e e imfecton,
20861854 34RO M) $2008/037731 -49

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
CpG immunostimulatory oligonucleotides can be used with or without an antigen to
mount an antigen specific 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 treatrents
to protect the body’s mucosal surfaces, which are the primary site of pathogenic éntry.

A subject having a cancer is a subject that has detectable cancerous cells. The
cancer may be a malignant or non-malignant cancer. Cancers or tumors include but are

not limited to biliary tract cancer; brain cancer; breast cancer; cervical cancer;



Phalaris (e.g. Phalaris arundinacea); Paspalum (e.g. Paspalum notatum);
Sorghum (e.g. Sorghum halepensis); and Bromus (e.g. Bromus inermis).
The®igenssbaotides are also useful for redirecting an IMMURETFESPOAES 731
from a Th2 immune response to a Thl immune response. This results in
the production of a 5 relatively balanced Thl/Th2 environment. Redirection
of an immune response from a Th2 to a Thl immune response can be
assessed by measuring the levels of.cystokines produced in response to
the nucleic acid (e.g., by inducing monocytic cells and other cells to
prdduiveakineytokibessinciudingtieid ) dikey esauhGHVECSFyr; Rhgtic cancer;
redireclion;QArLpalance Al NS ML I6SPANSE e & Ehedidclihhd

response is particularly useful 10 for the treatment or prevention of
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environment. Th2 cytokines, especially IL-4 and IL-5 are elevated in the
aiifale st i et TN SRR BTN SSlfRimTgnecus T-cel
oligarsieis efidesiomthioinyahlicnladyseami minkgeas enbeihtheytgkiness cell
whihneips 0 ebRlancadle INVIMDS SalRi, RIBNETVNG AL, BdNGRC I
adVerse etfects associated with a predominately Th2 immune response.
THegip@#nmunostimulatory oligonucleotides are also useful in some

10 aspects afdhginvention.as awvascinedemiae eanaokohy Suhjediataisi a

of developing an infection with infectious organism or. a rj
WHIER B B oA Do A0 et Ao to.
allegpravttasthrericsHireeCpImnibnb Sriursitan Shgbrdeesiiadesiass
bﬁagafﬁﬁlw},m@a&ﬁhﬁs,aﬁmﬁ_ ' 2 rOF/allBrgER ﬁeg %ﬁ@i@@ﬂmﬂea@imféﬂfesﬁ@mme'
allergy or cancef, and in this case repeat 0ses ow longer term
prj?%gcgﬂ%ﬁ?lﬁegﬁéfeeagaltnﬁg? aéuﬁéléiﬂd%gr%e S caa%ﬁ%%:asc&/ who has gny risk

15 of exposdsated berdiniebtitmoaesing padhogenioarbaneesd syidirenesgenn
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subject who is planting to travel to an area where, a articulafr pe of
i e
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meadisddgircethinesisexpassd tthiosiyisdicrseataichertibglibortdbat the subject

 infetouls, | OrGANIAMS O Jirectly:{0;the QIOBRISML BLAYER ARY-eHRiect ivingh:

in an area where an_infectious organism or an allergen has been

20 jqeHirfids sobipfebis HrRlaeet B 0srseRin B0 ERBHLHHE (e JRRSFAr
POpkHEtieR sHtoVRRISH ponedieal tg dheysedanmimendsg vacgination with a
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the subject develops allergic responses to that particular antigen and the
su @g@tﬂpjfgymay 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

25 the subject to the antigen in vivo. Methods for the active exposure of a subject to an
antigen are weli-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 subcutansous administration. The antigen can be
administered systemically or locally. Methods for administe:jng the antigen and the

39 CpG immunostimulatory ofigonucleotide are described in more detail below. A subject
is passively exposed to an antigen if an antigen becomes available for exposure io the

immune cells in the body, A subject may be passively exposed to an antigen, for
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WO 2006/135434 PCTUUS2005/037731 -50- be exposed to the antigen,
I.e., during pollen season, then that subject is at risk of exposure to the
antigersnéi subject at risk of developing an allergy to asthmasaciusbess/es7731
those subjects that have been identified as having an allergy or asthma
but that don't have the active disease during the CpG innnunostimulatory
oligonucleotide treatment as 5 well as subjects that are considered to be
at risk of developing these diseases bexause of genetic or environmental
factors. A subject at risk of developing a cancer is one who has a high
probabiieytoteretele sing currercentisbdlaiécrs mdkodevideimsrante fumor

subjadigrhaving.agapetis: apnarmality.dhe presence of which has been
demonstrated to have a correlative relation (o to a higher likelihood of
o e St LRI L JHRHID PR C SIS FoAGEAEE

developing a'cancer an %u%jscla1
suchastobadasndsihestosimr Sterichaaticabidxérién @ marswoftiotuldmshas

Preyigysinern trepled.for GRAGEEBRGISIIR ARRUEHIETUSION WhE R ious
subject at risk of developing a cancer is treated with an antigen specific

for B BB TR MBS RIH R OB b B e R o RATIIB iy A8 C
CpBaimmstiostimn ateopaligoiiacheaticsthbadis whiy et mskyihercalzhe, foe kill
theycRRERE e Sas theu A8 IR & HIQLbegins i frmiasthe subiect,c

the subject will develop a specific immune r_e_s%onse against the tumor

antTgRHPIRIRIHRS Thee Uei et T BORETHIRGHASHMeHElfsspelore they travel
oligefiucigotidésWberqitep hydactisitrdatpent s thdnfevantiorpaiso Likewise the

en @%ﬁ&ﬁ%&ﬂﬁuﬁ&%ﬁ@&%‘?&%@ imnynestimylatany olignugleciides ..

for the treatment of a subjéct having an infection, an allergy, asthma, or a
caick PLABABECORRRE AR hiebis s Y Bcap R tRehasBEs ey tothe
to amifeatien snpatihogearieand Hasagusator chronic detectable levels of
the pathogen j[n éhesboda/hg,g% .ISCEpnCl;Oimmunongg tor ﬁg%%%glrg%ides

can be USGCFI\}VII%HOE}’ vlf/gl’&out an antlge?imtﬁoeﬁ%p?nountpé% %ntl en speuﬁc

syseepasorintieusanihatitare spoisdah i sslsaprlbietetisatbieiny the

levediopgrigcadigating Hag-iiecious pathaeanfrciieciensdisease @
used hereln, ls.3 dlsgace ariaing o the presence ofa foreldn
miCrB e G ANIEI A i B e BRI A S ARAY B s R factive
vacdineliptdategiedh ahigfarcdtniemnand wrprotbettrabodyiteinlc oxmhsmfauds as
whigh.are the Riimary siie ehRAliRAsHC AINNHRRA SHRISEIRANGA which is
cancer is a subject that has detectable cancerous cells. Th

recogized by 2 host immume system as being foretgn. Antigens include but are not

limited to cancer antigens, microbial antigens, and allergens.

A cancer antigen as used herein is a compound, such as a peptide or protein,
associated with a tumor or cancer cell surface and which is capable of provoking an
immune response when expressed on the surface of an antigen presenting cell in the
context of an MHC molecule. Cancer antigens can be prepared from cancer cells either
by preparing crude extracts of cancer cells, for example, as described in Cohen, et al.,
1994, Cancer Research, 54:1055, by partially purifying the antigens, by recombinant
technology, or by de novo synthesis of known antigens. Cancer antigens include but are
not limited to antigens that are recombinantly expressed, an imnunogenic portion of, or
a whole tumor or cancer. Such antigens can be iselated or prepared recombinantly or by

any other means known in the art,



cancer may be a malignant or non-malignant cancer. Cancers or tumors
include but are not limited to biliary tract cancer; brain cancer; breast
CaREgshusen4aal cancer;, WO 2006/135434 PCTIUS2005/03 %¢dbssidsinarms
choriocarcinoma; colon cancer; endometrial cancer; esophageal 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 gancer; prostate cancer; rectal
cancer; sarcomas; skin cancer; testicular cancer; thyroid 5 cancer; and
renal canserjcasinishh@sotheschhctnmmas antbsardeamasodrzarien and includes
emppiment, g caeeris-Raly, Gellisukemia, gh @Mamﬁg%ﬁq%a%sm intact
leukemia, cutaneous T-cell leukemia, multiple myeloma, follicular
ly NIRRT BRI RS T Fh R RRIR e Ao BRaEmeatr Cteineies Ruweafaat also
carginbiacpipstatz chicinemasieddencethi¢areinanal @fce@Qhnism antigens

s CUERAM LR A ARlGeL Al MR 3 IHMAN A YBISRIALE ABMAL . i simile
including but not limited to a og,.cat,%orse,.cow, pig, sheep, goat,
turkef PeMiekBir TR acgehEnidBguess aTErmIAs (e ons & Spees)l/or
€. QecSRIRNPI0. atisel the-inv@Riion cafals SR useEkio HFealcaaneatclaMdhe art
tumors é%g{ftllcgn%hg@%o%g%%g:\stfuggifpmn%g ahl;f!man .subjec'Fs. Cancer is
one of the, leading causes of death in companion animals (i.e., cats and
dogs). 15t hatemembrreinlynatdnn arasd heatet:ios treaphigoamisa wbish is
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or ast refers to a prophylactic treatment which increases the i
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withsanp siendeydichridres theppiohe sudberians cBthlitelirdy gurepdhyeeptide
sukjechiull develon 8 ARS8 | HnoReCRIIR: E&@ﬁl&?%&ﬁh&@& In the cass of

patho s well as a treatment 20 after the subject has developed the
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15 infectiom) tenpreve nbitreddiseasel frorpibeide mah fuivbese whill therinstatinese
whentheGRG: Qligoepeieotide s admpinisiare d withaa; %HE%@?B&&Q% also be

sul:%eét may be exposed to thé antigen. As used herein, the term exposed
to RAETE 5 ERBYRAEHEIR ShE 8F ot tReHt i tRE Shbjlben e sif pttrgannot
or theqiaddijverexpizsuie ofc?b theh subjdeitetthtientgen mmwldude, Mehadse are

for iﬁb@uﬁ%i%%h?ﬁ(ﬁ{%ﬁﬂgnﬁgﬁ subj ect to an antigen are well-known in the

art. In general, an antigen 1s administered directly to the subject by an
2means sudt aigntideaitsast Fﬁﬁgﬁﬂ%@a@ﬁy&%ﬁ@ﬁ%&%ﬁ THieggHrh an
intranasadbiliaisaghealaar sidetiangatS:acminisisaliadert heaantiggn.can
be occurring or synthetic compound which is capable of killing or inhibiting infectious
microorganisms. The type of anti-microbial agent useful according to the invention will
depend upon the type of microorganism with which the subject is infected or at risk of
25  becoming infected, Anti-microbial agents include but are not limited 1o anti-bacterial
agents, anti-viral agents, anti-fungal agents and anti-parasitic agents. Phrases such as
“anti-infective agent”, “anti-bacterial agent”, “anti-viral agent”, “anti-fungat agent”,
“anti-parasitic agent” and “parasiticide” have well-established meanings to those of
ordinary skill in the art and are defined in standard medical texts. Briefly, anti-bacterial
30 agents kill or inhibit bacteria, and include antibiotics as well as other synthetic or natural
compounds baving similar functions. Antibiotics are low molecular weight molecules

which are produced as secondary metabolites by cells, such as microorganisms. In



administered systemically or locally. Methods for administering the antigen
and the 30 CpG immunostimulatory oligonucleotide are described in more
detad hrlpissséy subject is passively exposed to an antigen ifpafiyasiegess7731
becomes available for exposure to the immune cells in the body. A
subject maybe passively exposed to an antigen, for WO 2006/135434
PCT/US2005/037731 -52 instance, by entry of a foreign pathogen into the
body or by the development of a tumors¢ell expressing a foreign antigen
on its surface. The methods in which a subject is passively exposed to an
antigesabanBeota italer ik pandemoorbieting Snadvmirisstationstieh are
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agent. Additionally the CpG immunostimulatory oligonucleotide may be
adRiriEi8ed to travelers before they travel 10 to foreign lands where they
are at riskEofimplposimgitpainfect kpastagénts:ftiled wise thesiGp@s useful for

immupgstimulatony Qliganusieetide mav.he administered 10.sidisss @

civilians at risk of exposure to biowarfare to induce a systemic or mucosal
imPRAFEHR R hERi e th TGS ik rarg G Lomte S RpBEER 1o it.
10An @&htigeanasins dibingkeibds@ino Bhula Cafablecot firomblking an- itinee
15 [eaRonse, Aniioeas nglude ubare Nt lmiied io cellsicall axliacts
proteins, polypeptides, peptides, polysaccharides, polysaccharide
corfGgRBEcFERgRIdRdS bR BRI B palfeaterafaEeitsd other
molekies::s Mathmelpeuirsipiging heolipids. catbohyds aipgaxittises

and viral extracts and muficellular %%?”L ms such as parasites ?nd e
allé)rger%ls. ép%g?mqantiaens%roa’&y Suaé any S/pe of molecule which
13js 20! fersejdizeey Dipdbnosimminiliierspstanvaibeinglicrigs. sarigargnidine
inllcgld@omﬁﬁ%ﬁ@}cﬂmwegmcaaﬁ@g@ﬁa{ﬂg@tﬁuﬁ&m&ﬁ{v%m&gﬁ%@,@ﬁdmm
allergens cancer antigen as use, ereinis aco ound, suc Sa
e TS5V Broteicy S8 BT (P R BRI IS ol
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molecule, Cancer antigens can he prepared from cancer cells either hy
2 oref&HeY %F%Hét 3%?%%3%8@?8@&“%?%&&@&?8 SIS afﬂﬂﬁmg o

Cohérhigt@ah wide range of bacteria, are referred to as broad spectrum antibiotics. Other
types of antibiotics are predominantly effective against the bacteria of the class gram-
positive or gram-negative, These types of antibiotics are referred to as narrow speétrum
antibiotics. Other antibiotics which are effective against a single organism or disease

25  and not against other types of bacteria, are referred to as imited spectrum antibiotics.
Antibacterial agents are sometimes classified based on their primary mode of action. In
general, antibacterial agents are cell wall synthesis inhibitors, cell membrane inhibitors,
protein synthesis inhibitors, nucleic acid synthesis or functional inhibitors, and
competitive inhibitors,

30 Antiviral agents are compounds which prevent infection of cells by viruses or
replication of the virus within the cell. There are many fewer antiviral drugs than

antibacterial drugs because the process of viral replication is so closely related o DNA



1994, Cancer Research, 54:1055, by partially purifying the antigens, by
recombinant technology, or by de novo synthesis of known antigens.

Capgenantigans include but are not limited to antigens that@ysaees/oz7731
recombinantly expressed, an immunogenic portion of, or 30 a whole tumor

or cancer. Such antigens can be isolated or prepared recombinantly or by
any other means known in the art. WO 2006/135434

PCT/US2005/037731 -53 A microbial g;mtigen as used herein is an

antigen of a microorganism and includes but is not limited to virus,
bagigitatiqarvdgite shelnd: fufigihs uch srtiferstinthl deetievintéd piien be toxic to
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useful according to the invéntion will depend upon the typ
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virus. o and P-interferon also induce the expression of Class I and Class [l MHC
molecuies on the surface of infected cells, resulting in increased antigen presentation for
host immune cell recognition. o and B-interferons are available as recombinant forms
25  and have been used for the treatment of chronic hepati:cis B and C infection. At the
dosages which are effective for anti-viral therapy, interferons have severe side effects
such as fever, malaise and weight loss.
Anti-viral agents useful in the invention include but are not limited to
immunoglobulins, amantadine, interferons, nucleotide analogues, and protease inhibitors.
30 Specific examples of anti-virals include but are not limited fo Acemannan; Acyclovir;
Acyclovir Sodium; Adefovir, Alovudine; Alvircept Sudotox; Amantadine
Hydrochloride; Aranotin; Arildone; Atevirdine Mesylate; Avzidine; Cidofovir;



agents, anti-viral agents, anti-fungal agents and anti-parasitic agents.
Phrases such as "anti-infective agent”, "anti-bacterial agent", "anti-viral
age weakfngal agent”, "anti-parasitic agent” and "parasiti¢igde,ohane s,
well-established meanings to those of ordinary skill in the art and are
defined in standard medical texts. Briefly, anti-bacterial 3o agents kill or
inhibit bacteria, and include antibiotics as well as other synthetic or natural
compounds having similar functions. Asgibiotics are low molecular weight
molecules which are produced as secondary metabolites by cells, such
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structures which are specific for the microorganism and which are not
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sulfonamides, pyrimethanmijne adoxing, quinacring HC|, quinin
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which are used alone or in combination with others. Antibacterial agents
illSRARIER: (HE GTovHeBr e aRoicET brtteri QI g e tReSE Hfmetion by
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20 thehsERRBHIS BEPie BRISY GHATBTS fvehcPaRTsERES TR  Epes of
antibigtiesarekeier ek ieuas ARl and SPREHIdMpentic agent may be administered

simultaneously or sequentially. When the other therapeutic agents are administered
simultaneously they can be administered in the same or separate formulations, but are
administered at the same time. The other therapeutic agents are administered
25  sequentially with one another and with CpG immunostimulatory oligonucleotide, when
the administration of the other therapeutic agents and the CpG immunostimulatory
oligonucleotide is temporally separated. The separation in time between the
administration of these compounds may be a matter of minutes or it may be longer.
Other therapeutic agents include but are not limited o adjuvants, cytokines, antibodies,
30  antigens, stc.
The compositions of the invention may also be administered with non-nucleic

acid adjuvants. A non-pucleic acid adjuvant is any melecule or compound except for the



antibiotics. Other antibiotics which are effective against a single organism
or disease 25 and not against other types of bacteria, are referred to as
limtecepesdssm antibiotics. Antibacterial agents are sometenesislassifisa
based on their primary mode of action. In general, antibacterial agents
are cell wall synthesis inhibitors, cell membrane inhibitors, protein
synthesis inhibitors, nucleic acid synthesis or functional inhibitors, and
competitive inhibitors. 30 Antiviral ager¥&-are compounds which prevent
infection of cells by viruses or replication of the virus within the cell. There
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Nucleotide anal?%gges‘ include, but are nat limited to, 15 accz\)],/‘glovw (used for
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dideoxyinosine dideoxy%ytldin_e, zidovudine (azidothymidine), imiquimod,
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IFN-a., tumor necrosis factor (TNF), TGF-f, FLT-3 ligand, and CD40 ligand.

The oligonucleotides are also useful for improving survival, differentiation,
activation and maturation of dendritic cells. The CpG immunostimulatory
oligonucleotides have the unique capability to promote cell survival, differentiation,

25  activation and maturation of dendritic cells,

CpG immunostimulatory oligonucleotides also increase natural killer cell Iytic
activity and antibody dependent cellular cytotoxicity (ADCC). ADCC can be performed
using a CpG immunostimulatory oligonucleotide in combination with an antibody
specific for a cellular target, such as a cancer cell. When the CpG immunostimulatory

30 oligonucieotide is administered to a subject in conjunction with the antibody the
subject’s immune system is induced 1o kill the tumor cell. The antibodies useful in the

ADCC procedure include antibodies which interact with a cell in the body. Many such



virus. a and (3-interferon also induce the expression of Class | and Class
I MHC molecules on the surface of infected cells, resulting in increased
antigemqraseiatation for host immune cell recognition. a ang{3rReEkR M1
are available as recombinant forms 25 and have been used for the
treatment of chronic hepatitis B and C infection. At the dosages which are
effective for anti-viral therapy, interferon have severe side effects such as
fever, malaise and weight loss. Anti-viggl-agents useful in the invention
include but are not limited to immunoglobulins, amantadine, interferons,
nusltiatitle araltigfescintpacteadevintrtitdescriBOl Spbeifit adampyescof
anti-virals.| are not limited to Acemannan; Acyclovir; Acyclovir
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Lamijvuding; Lobucavir; 5 Memotine Hydrochlgride: [ .
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10 Staviiglineiol HRreReserochianide. T urigiveloMalamyclanisr. Various types of
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Ph’é‘gﬁa‘ﬁ%{?@?ts\fl% RSB ASTReT ZidSvidine: and Zinviroxime, 10
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fungly, ApiHnegl agenls aissomelimesslassiiisd by, heivmeshanispyeb
action. Some anti- fungal agents function as cell wall inhibitors by
intH§ Slucose synthase. These include, but are not limited to,
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amplrotericin, BacBiBatideS a0 X80 Megiradimidin. Wk 2g2inbemmufimes and

andot&‘{glbl%g‘g.lrp W %QPY%@@%@}M%EHQ&!W&Q&?&H@E@Q%%'t'n

(e.g.C ifinase) or mmunosuppression (501 cream). CpG
iR TR QRGP LIRS bok e SSbILRRERCbifigmolee, C1-994,

TNP-470, Hycamtin/Topotecan, PXC412, Valspodar/PSC833,
Novantrone/Mitroxanirone, Metaret/Suramin, Baiimastat, 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, DX89511, Lemonal

25 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/Doxifluridine, Cyclopax/oral pactitaxel,
Oral Taxoid, SPU-077/Cisplatin, HMR 1275/Flavopiridol, CP-358 (774)/EGFR, CP-609
{(754)/RAS oncogene inhibitor, BMS-182751/oral platinum, UFT(Tegafur/Uracil),

30  FErgamisol/Levamisole, Eniluracil/776C85/5FU enhancer, Campto/Levamisole,
Camptosar/Irinotecan, Tumodex/Ralitrexed, Leustatin/Cladribine, Paxex/Paclitaxel,

Doxil/liposomal doxorubicin, Caelyx/liposomal doxorubicin, Fludara/Fiudarabine,



20 therapeutic agents such as adjuvants to enhance immune responses.
The CpG immunostimulatory oligonucleotide and other therapeutic agent
maydpmdssinistered simultaneously or sequentially. Whenshewmthesnz 731
therapeutic agents are administered simultaneously they can be
administered in the same or separate formulations, but are administered
at the same time. The other therapeutic agents are administered 25
sequentially with one another and with5€pG innunostimulatory
oligonucleotide, when the administration of the other therapeutic agents
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functiona{llP1 CtIVItIeS leIdléhal cells and Ilssues These proteins- aJtso

 mediate ?@P&%ﬁo BR8N ST AR R S SR B O CEBE  T8 R

plasc;éemeﬂ@axﬂlaggjujapnsmtmg of Ributaxin, Herceptin, Quadramet, Panorex, IDEC-

YEBS, BEC2, C225, Oncolym, SMART M195, ATRAGEN, Ovarex, Bexxar, LDP-03,
jor t6, MDX-210, MDX-11, MDX-22, OV103, 3622W94, anti-VEGF, Zenapax, MDX-
220, MDX-447, MELIMMUNE-2, MELIMMUNE-1, CEACIDE, Pretarget, NovoMAb-

25 G2, TNT, Gliomab-H, GNI-250, EMD-72000, LymphoCide, CMA 676, Monopharm-C,
4B3, ior sgf.13, for ¢5, BABS, anti-FLK-2, MDX-260, ANA Ab, SMART 1D10 Ab,
SMART ABL 364 Ab and ImmuRATT-CEA.

Additionally, the methods of the invention are intended to embrace the use of

more than one cancer medicament along with the CpG immunostimuiatory

30 oligonucleotides. As an example, where appropriate, the CpG immunostimulatory
oligonucleotides may be administered with both a chemotherapeutic agent and an

immunotherapeutic agent. Alternatively, the cancer medicament may embrace an



environment. Examples of cytokines include, but are not limited to IL-1,

IL-2, IL-4, IL- 5, IL-6, IL-7, IL-10, IL-12, IL-15, IL-18,

grafy lasytesmacrophage colony stimulating 20 factor (GM-Gefuszo0s/037731
granulocyte colony stimulating factor (G-CSF), interferon-y (y-IFN), IFN-a,
tumor necrosis factor (TNF), TGF-(3, FLT-3 ligand, and CD40 ligand. The
oligonucleotides are also useful for improving survival, differentiation,
activation and maturation of dendritic ceflis. The CpG immunostimulatory
oligonucleotides have the unique capability to promote cell survival,
differemtiationa2stactvatiod ancwravarsiionot demdritic geiisc @p@ and a cancer

immunastimulaienaliggnusletidesAismineieass. raturahkilarcallditecine
activity and antibody dependent cellular cytotoxicity (ADCC). ADCC can
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agemamhmigqsbadimmfsteweukw@ stijberddifthepatyoseredstdbringar cells
cange mﬁ%%%g 1%}%1&@&%@%&@@&% £t Ingludesipreveny @Eti@:%s are antigens
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Various ti/)pes of medicaments for the treatment of cancer are describe
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In one odiment, the cancer m améntisac utic agent
2(ge|é@@$ene) suppressor genes (e.g., mutant p53), fusion proteins resultmg from internal

deletions or chromosomal translocations. Still other cancer antigens can be encoded by
viral genes such as those carried on RNA and DNA tumor viruses.
The CpG immunostimulatory oligonucleotides are also usefl for treating and
preventing autoimmune disease. Autoimmune disease is a class of diseases in which a
25  subject’s own antibodies react with host tissue or in which immune effector T cells are
autoreactive to endogenous self peptides and cause destruction of tissue. Thus an
immune response is mounted against a subject’s own antigens, referred to as seif
antigens. Autoimmune diseases include but are not limited to rheumatoid arthritis,
Crohn's disease, multiple sclerosts, systemic lupus erythematosus (SLE), autoimmune
30  encephalomyelitis, myasthenia gravis (MG), Hashimoto’s thyroiditis, Goodpasture’s
syndrome, pemphigus (e.g., pemphigus vulgaris), Grave’s disease, autoimmune

hemolytic anemia, autoimmune thrombocytopenic purpura, scleroderma with anti-



from the group consisting of methotrexate, vincristine, adriamycin,
cisplatin, non-sugar containing chloroethyh7itrosoureas, 5-fluorouracil,
miteanyoin B4d8leomycin, doxorubicin, dacarbazine, taxol, fragyingees037731
Meglamine GLA, valrubicin, carmustaine and poliferposan, MM1270, BAY
12-9566, RAS famesyl transferase inhibitor, famesyl 20 transferase
inhibitor, MMP, MTA/LY231514, LY264618/Lometexol, Glamolec, CI-994,
TNP-470, Hycamtin/Topotecan, PKC4$2 - Valspodar/PSC833,
Novantrone/Mitroxantrone, Metaret/Suramin, Batimastat, E7070,
BCLESEEe e meteA LoReS S BSSRRAS: RBETIONCS SRS E e
ZDiQidathi S A68dioOING88 R dindbiG/Marhisthin BBRE 1 Sitvtermistatir @D P
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counter-regulatory, suppressor cytokines in the local environment where

proinflammatory and Th1 cytokines are released in either an antigen-specific or entigen-
25  nonspecific maoner. “Tolerance” as used herein is used to refer to this phenomenon.
Indeed, oral tolerance has been effective in the treatrnent of a number of autoimmune
diseases in animals including: experimental autoimmune encephalomyelitis (EAE),
experimental autoimmune myasthenia gravis, collagen-induced arthritis (CIA), and
insulin-dependent diabetes mellitus. In these models, the prevention and suppression of
30 autoimmune disease is associated with a shift in antigen-specific humoral and cellular

responses from a Thl to Th2/Th3 response.



Streptozocin, Tamoxifen citrate, Thioguanine, Thiotepa, Vinblastine
sulfate, Amsacrine 15 (m-AMSA), Azacitidine, Erthropoietin,
Hexamethyghielamine (HMM), Interleukin 2, Mitoguazone (#ethz6eddzi731
methyl glyoxal bis-guanylhydrazone; MGBG), Pentostatin
(2'deoxycoformycin), Semustine (methyl-CCNU), Teniposide (VM-26) and
Vindesine sulfate. In an important embodiment, the cancer medicament is
taxol. In another embodiment the canger medicament is a combination of
carboplatin and paclitaxel. 20 In another embodiment, the cancer
medicariféninseatidmine hothdoapeatio d fertdsstertatizhonytspegibuipnate

consisting of RiBLtR4IB: HEIGeRin, Quadiamet Raneketalihe u 2Rk CpG
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and an_immunotherapeutic agent. Alternatively, the cancer medicament
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antiges’-amdritean antiganplacemdectleavable under appropriate conditions within
the cell so that the oligonucleotide is released in a functional form.

Delivery vehicles or delivery devices for delivering antigen and oligonucleotides
to surfaces have been described. The CpG immunostimulatory oligonucieotide and/or

25  the antigen and/or other therapeutics may be administered alone (e.g., in saline or buffer)
or using any delivery vehicles known in the art.

The term effective amount of & CpG immunostimulatory oligonucleotide refers to
the amount necessary or sufficient to realize a desired biologic effect. For example, an
effective amount of 2 CpG immunostimulatory oligonucleotide administered with an

3p  anfigen for inducing mucosal immunity is that amount necessary to cause the
development of IgA in response to an antigen upon exposure to the antigen, whereas that

amount required for inducing systemic immunity is that amount necessary to cause the



interchangeably to refer to antigens which are differentially expressed by
cancer cells and can thereby be exploited in order to target cancer cells.
Cangen@ntgens are antigens which can potentially stimulaie-ppRakeRiy 1
tumor-specific immune responses. Some of 15 these antigens are
encoded, although not necessarily expressed, by normal cells. These
antigens can be characterized as those which are normally silent (i.e., not
expressed) in normal cells, those thatéare expressed only at certain
stages of differentiation and those that are temporally expressed such as
endbrgiopiceand fethlarstipmens KGthatiean tpprsrtesisafes eptee Epypbined
m %@I&%Mﬁﬁg@%%a@aﬁﬁ,(@@e@esﬁsga&gfsglg @}etvgaz@e #@8@0Bompounds
oncogene), suppressor genes (e.g., mutant usion proteins resulting
R AP SIS Ao A PR B o S Sater
andigens camibeenctaatdy andrakferedsrodetrbmsithoistatianist=shcRTeA

5 ar;&l&a Jmgrivirses. Hhe.GRGdmmunasinpaioy wligenssestides.are
also usetful for_tr_eatlncg and preventing autoimmune dlse?se.‘%utom?gnune
diEBRE L U SRULERETNGHRATY oSBT SIH SHHESdied®

reagtwith hesitisstienepiniwhichnpimtine effoetpdiposliseare sadtdretactivithe

to gndogenousissll peRldes.and Sause.desthactionabpsigolhus an

immune response is mounted ag%galnst a subject's own antigens, rzjer ed to
‘asdermanerilmaeRniNa it 546 S TMAHRBLOERS Aok fo s

10 rThes Babidarthhiiss ccxahn skilise arearmuttipteisciéhosisy systemictlentivs
erythematasus (S oimmune it sthenia, 4/
gréi\%gu(rﬁ? )5:” E?é%%{_}]r%l)o(%st yr%I}D |t%n%%§gg%gg%{?§§% %%Ir?gm &% >
pentistithgepeuc FHsH FATBILS WAsRGEHHD 'SAEEREGoimmune
hemolytiganeminsaupimrnthio mbheidopesis frmitaaseldrededery
with anti WO 2006/135434 PCTIUS2005/037731 -61 collagen antibodie
B RS A DR o B o g op g i

15 idiappiibici Addisdivs gliseasty.aurdimmumertidscoiheel difsratigunt of time there

g|0bnélt%%l IgnEP}'I]QE}? ié%ﬂ% mﬁE@?a‘f%PEb%ﬁ'%@&r M&Mgﬁoﬁr@i@ﬁ;iy Sg per
glomerueionepohrlt 5 ullous pemphigoid, Sjogren's syndrome, insulin
residtainteationl sntomivesdyiretedrblflsesed wbiriEhtgerdadrigagons
hergin JSIRESIQ30 FWERD Hha NesmalhestlisskendNammrbhaskiissige from |
does not'include cancer cells. Thus an im%nﬁfrestg)?nse mt%uc{wt?dorw ]
ag AR HOSRE ReR AR AR O RS O RISt T h B 8 SR e s A oY
aoundesingbiesbimsos sespense mammmmbd@smﬂbnmmm age
of nofmal Usshie. %fésﬁ?- Iy ARG S RO E MAME Sk a9RAIRSkAerein the
cancer ahiigen is a desirable immune response , _
compounds are delivered with an antigen but not another therapeutic agent are typically

5 to 10,000 times higher than the effective mucosal dose for vaccine adjuvant or immune
stimulant applications, and more typically 10 to 1,000 times higher, and most typically

25 2010 100 times higher. Doses of the compounds described herein for paventeral delivery
for the purpose of inducing an innate immune response or for increasing ADCC or for
inducing an antigen specific immune response when the CpG immunostimulatory
oligonucleotides are administered in combination with other therapeutic agents or in
specialized delivery vehicles typically range from about 0.1 pg to 10 mg per

30 administration, which depending on the application could be given daily, weekly, or

monthly and any other amoumnt of time there between. More typically parenteral doses



10 and contributes to the destruction of the tumor or cancer. Thus, in

some aspects of the invention aimed at treating autoimmune disorders it
is b sesornended that the CpG immunostimulatory oligopdgleslines:be:
administered with self antigens, particularly those that are the targets of
the autoimmune disorder. In other instances, the CpG immunostimulatory
oligonucleotides may be 15 delivered with low doses of self-antigens. A
number of animal studies have demonstrated that mucosal administration
of low doses of antigen can result in a state of immune
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mlcﬂﬁ%%‘fﬁ% composition of the present invention may be accomplished by any means
known to the skilled artisan. Preferred routes of administration include but are not

Wy

limited to oral, parenteral, intramuscular, intranasal, sublingual, intratracheal, inhalation,
25  ocular, vaginal, and rectal.

For oral administration, the compommds (1.e., CpG immunostimulatory
oligonucleotides, antigens and other therapeutic agents) can be formulated readily by
combining the active compound(s) with pharmaceutically acceptable carriers well known
in the art. Such carriers enable the compounds of the invention to be formulated as

30 tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like,
for oral ingestion by a subject to be treated. Pharmaceutical preparations for oral use can

be obtained as solid excipient, optionally grinding a resulting mixture, and processing the



The cells do not have to be specifically primed against a particular

antigen. This is to particularly useful in biowarfare, and the other
cireeonstanersidescribed above such as travelers. The CpGeeriuszo05/037731
immunostimulatory oligonucleotides may be directly administered to the
subject or may be administered in conjunction with a nucleic acid delivery
complex. A nucleic acid delivery complex shall mean a nucleic acid
molecule associated with (e.g. 15 ionic&fly or covalently bound to; or
encapsulated Wlthln) a targeting means (e.g. a molecule that results in
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*Which does not cause” subatantial foxi ity and yet is entlreye ective to
tredﬂ??@%ﬁé@l&?@ﬁﬁ;é@% Tley-Interscience, New York, NY, pp. 367-383; Nevv‘mark,

et al., 1982, I. Appl. Biochem. 4:185-189. Other polymers that could be used are poly-1,3-
dioxolane and poly-1,3,6-tioxocane. Preferred for pharmaceutical usage, as indicated
above, are polyethylene glycol moieties.

25 For the component the location of release may be the stomach, the small intestine
(the duodenum, the jejunum, or the ileum), or the large intestine, One skilled i the art has
available formulations which will not dissolve in the stornach, vet will release the material
in the duodenum or elsewhers in the iniestine, Preferably, the release will avoid the
deleterious effects of the stomach environment, either by protection of the oligonucleotide

30 or by release of the biologically active material beyond the stomach environmernt, such as in

the intestine.



effective amount for any particular application can vary depending on such
factors as the disease or condition being treated, the particular CpG
immupastiasdatory oligonucleotide being administered the BfZBGSRepR037731
subject, or the severity of the disease to or condition. One of ordinary skill
in the art can empirically determine the effective amount of a particular
CpG innnunostimulatory oligonucleotide and/or antigen and/or other
therapeutic agent without necessitatingfindue experimentation Subject
doses of the comp nds. described herein for mu aI or oca gn(yery
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50N S Male) ? exer, parenteral doses for these purposes may
be u@gﬁg%%g%g%ge% 5&4 to 10,000 times gégher than the typical doses

described sV, Bs PR RSN Ot EMECS SpREFHERE iR an inert material.
thergpeutitaly efadtivenamatiateamdeespecially mannitol, a-lactose, anhydrous

Jactose, cellulose, sucrose, modified dextrans and starch. Certain inorganic salts may be
also be used as fillers including calcium triphosphate, magnesium carbonate and sodium

25 chloride. Some commercially availabie diluents ave Fast-Flo, Emdex, STA-Rx 1500,
Emcompress and Avicell.

Disintegrants may be included in the formulation of the therapeutic into a solid
dosage form. Materials used as disintegrates include but are not limited to starch, including
the commercial dis'mtegrént based on starch, Explotab. Sodium starch glycolate, Amberlite,

30  sodium carboxymethylcellulose, ultramylopectin, sodium alginate, gelatin, orange peel,
acid carboxymethyl cellulose, natural sponge and bentonite may all be used. Another form

of the disintegrants are the insoluble catiomic exchange resins. Powdered gums may be



initially determined from animal models. A therapeutically effective dose
can also be determined from human data for CpG oligonucleotides which
hawsheeniested in humans (human clinical trials have beercimititesl)s7731
and for compounds which are known to exhibit similar pharmacological
activities, such as other adjuvants, e.g., LT and other 10 antigens for
vaccination purposes. Higher doses may be required for parenteral
administration. The applied dose can b# adjusted based on the relative
bioavailability and potency of the administered compound. Adjusting the
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Administering the pharmaceutical Compo\sl‘,frsi1 n of the %esen invention
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25 ocufgr, vaginal, and rectal. For oral administration, the comp$unds (i.e.,
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witi&g@g‘;ﬁ@xaﬁ?%ticgl(%@cceptabIe carriers well known in the art. Such
carriers enable the compounds of the invention to be formulated as 30
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Pharmaceutical prepargtions for.oral use can be obtained as solid
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maidgergents might be used and could include benzalkonium chloride or benzethomium
chloride. The list of potential non-ionic detergents that could be included in the formulation
as surfactants are lauromacrogol 400, polyoxyl 40 stearate, polyoxyethylene hydrogenated
castor oil 10, 50 and 60, glycerol monostearate, polysorbate 40, 60, 65 and 80, sucrose fatty
25  acid ester, methyl! celiulose and carboxymethyl celiulose. These surfactants could be
present in the formulation of the oligonucleotide or derivative either alone or as a mixfure in
different ratios. {
Pharmaceutical preparations which can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as
30  glycerol or sorbitol. The push-fit capsules can contain the active ingredients in
admixture with filler such as lactose, binders such as starches, and/or lubricants such as

talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the active



starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth,
methyl cellulose, 5 hydroxypropylmethyl-cellulose, sodium

carRexymetayeellulose, and/or polyvinylpyrrolidone (PVP). Hdasitgfnz7731
disintegrating agents may be added, such as the cross-linked polyvinyl

pyrrolidone, agar, or alginic acid or a salt thereof such as sodium

alginate. Optionally the oral formulations may also be formulated in saline
or buffers, i.e. EDTA for neutralizing int&¥Ral acid conditions or may be
administered without any 10 carriers. Also specifically contemplated are
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20 Commen Ingrt g aReHTSRA: A e TRt oS i ekt fyRrolide acetate);
Braquet et al., 1989, Journal of Cardiovascular Pharmacology, 13(suppl. 5):143-146
(endothelin-1); Hubbard et al., 1989, Annals of Internal Medicine, Vol. 11, pp. 206-212 (al-
antitrypsin); Smith et al,, 1989, J. Clin. Invest. 84:1145-1146 (a-1-proteinase); Oswein et
al., 1990, "Aerosolization of Proteins”, Proceedings of Symposium on Respiratory Drug
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25 Delivery I, Keystone, Colorado, March, {recombinant human growth hormone); Debs
et al,, 1988, J. Inmunol. 140:3482-3488 (interferon-g and tumor necrosis factor alpha) and
Platz et al., U.S. Patent No. 5,284,656 (gramilocyte colony stimulating factor). A method
and composition for pulmonary delivery of drugs for systemic effect is described in 1S,
Patent No. 5,451,569, issued September 19, 1995 to Wong et al.

30 Contemplated for use in the practice of this invention are a wide range of

mechanical devices designed for pulmonary delivery of therapeutic products, including but



are cellulose acetate trimellitate (CAT), hydroxypropylmethylcellulose
phthalate (HPMCP), HPMCP 50, HPMCP 55; polyvinyl acetate phthalate
(PV&RYsBBREBagit L30D, Aquateric, 5 cellulose acetate phth&eXa §EaiRp 7731
Eudragit L, Eudragit S, and Shellac. These coatings may be used as
mixed films. A coating or mixture of coatings can also be used on tablets,
which are not intended for protection against the stomach. This can
include sugar coatings, or coatings which” make the tablet easier to
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starch. Certain inorganic salts may be also be used as fillers inc
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of the therapeutic into a solid "dosage form. Materials use
disffel¥stes include but are not limited to starch, including the
commerciakdigitiagrantilaseceratas abhExp QiR ROGHURRSIARC Rl typically
glycolte./ambstiite, 30 sodium carboxymethylcel &%%%aé"&'&aqq 1opecing
SOdQI_Unl:I) a glnﬁ?e_, gelatn, orange peel,” acid carboxymethyr cellulose,
natbirkSpdhgetian ¢lizenvelsfiedenyall poelvben Ahoftrardaiion rofthigo include a
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ressure). Lhe nebulizer Tormulation may also contain a surfactant, to reduce or prevent
surface induced aggregation of the oligonucieotide cansed by atomization of the solution in
forming the aerosol,
Formulations for use with a metered-dose inhaler device will generally comprise a
25 finely divided powder containing the oligonucleotide suspended in a propellant with the aid
of & surfactant. The propellant may be any conventional material employed for this
purpose, such as a chiorofiuorocarbon, a hydrochlorofluorocarbon, a hydrofluorocarbor, or
a hydrocarbon, including trichlorofluoromethane, dichlorodifluctomethane,
dichlorotetrafiuoroethanol, and 1,1,1,2-tetrafluoroethane, or combinations thersof, Suitable
30  swrfactants include sorbitan trioleate and soya lecithin, Oleic acid may also be usefid as a

surfactant.



used as disintegrants and as binders and these can include powdered
gums such as agar, Karaya or tragacanth. Alginic acid and its sodium salt
arevals@diseiul as disintegrants. Binders may be used to hopd-Hi&eesw3 7731
therapeutic agent together to form a hard tablet and include materials from
natural products such as acacia, tragaeanth, starch and gelatin. 5 Others
include methyl cellulose (MC), ethyl cellulose (EC) and carboxymethyl
cellulose (CMC). Polyvinyl pyrrolidong7¢RVP) and hydroxypropylmethyl
cellulose (BPMC) could both be used in alcoholic solutions to granulate
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of gelatin and a plast|C|zer such as 30 glycerol or sorbitol. The push-fit
20 caFELe RSP RER B lgls-active ingredients in admixture with filler such as
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g‘a Nesim stearals AN RRICHANLIRAIIEELS Wk S AILEARSUIAR: HP&ing is
usually found in the top of the bottle, and the top is generally tapered to partially fit in
the nasal passages for efficient administration of the aerosol formulation. Preferably, the

25  nasal inhaler will provide a metered amount of the aerosol formulation, for
adrinistration of 2 measured dose of the drug.

The compounds, when it is desirable to deliver them systemically, may be
formulated for parenteral administration by injection, e.g., by bolus injection or
continuous infusion. Formulations for injection may be presented in unit dosage form,

30 e.g,inampoules or in multi-dose containers, with an added preservative. The

compositions may take such forms as suspensions, solutions or emuisions in oily or



WO 20061135434 PCTIUS2005/037731 -68 compounds maybe
dissolved or suspended in suitable liquids, such as fatty oils, liquid

patediunof:Raid polyethylene glycols. In addition, stabilizers@ayhesnsr731
added. Microspheres formulated for oral administration may also be used.

Such microspheres have been well defined in the art. All formulations for
oral administration should be in 5 dosages suitable for such
administration. For buccal administratiofl the compositions may take the
form of tablets or lozenges formulated in conventional manner. For
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The pharmaceutical compositions also may comprise suitable solid or gel phase
carriers or excipients. Examples of such carriers or excipients include but are not imited
to calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives,

25  gelatin, and polymers such as polyethylene glycols.

Suitable hiquid or solid pharmaceutical preparation forms are, for example,
aqueous or saline solutions for inhalation, microencapsulated, encochleated, coated onto
microscopic gold particles, contained in liposomes, nebulized, aerosols, pellets for
implantation into the skin, or dried onio a sharp object to be scratched into the skin. The

30 pharmaceutical compositions also include granules, powders, tablets, coated tabiets,
{(micro)capsuies, suppos(itories, syrups, emulsions, suspensions, creams, drops or

preparations with protracted release of active compounds, in whose preparation



mechanical devices designed for pulmonary delivery of therapeutic
products, including but WO 2006/135434 PCT/US2005/037731 -69 not
limiggddenalsdlizers, metered dose inhalers, and powder inhglersalk 957731
“ which are familiar to those skilled in the art. Some specific examples of
commercially available devices suitable for the practice of this invention
are the Ultravent nebulizer, manufactured by Mallinekrodt, hie., 5 St.
Louis, Missouri; the Acorn Il nebulizer; fBanufactured by Marquest Medical
Products, Englewood, Colorado; the Ventolin metered dose inhaler,
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The pharmaceutical compositions of the invention contain an effective amowunt of
a CpG immunostimulatory oligonucleotide and optionally antigens and/or other
therapeutic agents optionally included in a pharmaceutically-acceptable carrier. The
term pharmaceutically-acceptable carrier means one or more compatible solid or liquid
25 filler, diluents or encapsulating substances which are suitable for administration to a
human or other vertebrate animal. The term carrier denotes an organic or inorganic
ingredient, natural or synthetic, with which the active ingredient is combined to facilitate
ihe application. The components of the pharmaceutical compositions also are capable of
being commingled with the compounds of the present invention, and with each other, in
30  amanner such that there is no interaction which would substantially impair the desired

pharmaceutical efficiency.



30 surfactants include sorbitan irioleate and soya lecithin. Oleic acid may
also be useful as a surfactant. WO 20061135434 PCTIUS2005/037731
-TQ3fepsmmyAadions for dispensing from a powder inhaler devicg (;91 S2005/037731
comprise a finely divided dry powder containing oligonucleotide and may
also include a bulking agent, such as lactose, sorbitol, sucrose, or
mannitol in amounts which facilitate dispersal of the powder from the
device, e.g., 50 to 90% by weight of thesformulation. The oligonucleotide
should 5 most advantageously be prepared in particulate form with an
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3 tor RSB BIRE prodtictiithe lung. Formulations for nasal delivery
include those with dextran or cyclodextran. For nasal administration, a
useful device is a small, hard bottle tq:w_mgj@]%g'netered dose sprayer is
attached. In one embodiment, the metered dose is delivered by 15
dra%lﬁ&dﬁ‘?@’b‘ﬁﬁlﬁﬁé%e&fﬁ)éy omposition of the present invention solution
into a chdinteloidefMet wolurekindtfichashd¢nber has an aperture

1o dimensioned to aerosolize and aerosol formulation by forming a spray
when a liquid in the chamber is compressed. The chamber is compressed
to adMHidter the pharmaceutical compS$H85®&he present invention In

mbodiment, the chamber is a plston arrangement. S
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i4 TCCAGGACTTCTCTCAGGTT (ali bonds *)

15 C-G*T*C-G*T*C-GH*T* T+ C-G*G*C*G* C-G¥C*G*C*C* G

16 GH¥T*C-GFT*C-G¥ T+ *C-G*GH*C*G*C-G*Cr*G*C*C*G

17 THC-G*FT*C-G¥THFTHC-GF GO G C-G*CFGHCHC* G

18 C-G¥*C-GHFTHT*C-G*GH*CEG¥ C-G*CHGTCHCH G

19 G*¥T*C-G*TH*C-G*G*C*G*C-G*C*G¥C*C¥ (3

26 T*C-GFT*T*C-G*GFCHGHC-GHCHFG*CFCHG

21 T*C-G*T*C-G¥T*C-GF T T*C-G*G*C*G*C-G*C*G*C*C

22 T*C-G*T*C-G*T*C-G*T*T+*C-GFG*C*G*C

23 T*C-GF¥T*C-G¥ T+ C-G* T T*C-GH*G*CHrG*C-G*CHG*C

Muaterials and Methods:

Oligodeoxynucleotides (ODNs)
15



continuous infusion. Formulations for injection may be presented in unit
dosage form, 30 e.g., in ampoules or in multi-dose containers, with an
addedqirasetisative. The compositions may take such formE@BUS2605/037731
suspensions, solutions or emulsions in oily or WO 2006/135434
PCT/US2005/037731 -7I- agueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents.
Pharmaceutical formulations for parentéral administration include aqueous
solutions of the active compounds in Water squbIe form. Addi onally,
suspensBP%T%W%etﬂ‘gcgﬁfﬁfgﬁ@ LR A RAL) %% ite
oilfDinjectidn Suspensiamswat |d:ainhe]lilqabfmln ﬂt&xﬁﬂt\mmttemty/eh@é@mclude
fatty Qil5, SHER. 255686 Qlbegl YINEHS, fHMAGR EHARISH SN ASEHY!

oleate or trlglycerldes or liposomes. Aqueous |nject|on suspensions may

coPHEi Aééer%rﬁeﬁqrﬂ%a%%#ﬁe@/ecegn9 -o¥h ﬁé“%t?@ﬁé’r%‘?cfﬁﬂé‘??&t“

5 asusm@pmo@aﬁtmee@mﬂnw caligapeyconsitzd, G dextnarny fiptionrdlby, Thénk
sugpens %/ 10 also contain suitable stabilizers or agents which
olu

increase th bility of the compounds to allow for the preparation of
highly concentrated solutions. Alternatively, the active compounds may be
in pewgerifEmder constitution with a suitable vehicle, e.g., sterile
pyrogen-free water, before use. The compounds may also be formulated
10 in rectal Senpiginbbloodipdsitorrspelrassifauppbhitorésaod foreibrman

ENEMAS Fofk oMY BRMERIRRAL SYRRASHILLRASESRLARAIEAEAY)
butter or other glﬁcerldes In additjon to the formulatlﬁns described

prébbieR) e CoY ot tP IR LN HE BRI RESE S daprsane (Sigma).
prapanaiitiedEVidongeadtiaguteiniataio(fermayt besfprmulatedsugnithded in
SU%&%@%@&M&%@{Q&%%% WatealsIer s¥annle A aBR.aawision

in an 20 acceptable oil) or ion exchan ]ge resins, or as sparln ly soluble

15 deﬁ\?éﬁ?\‘?eg"a%%%}rfﬁﬁpeé%eﬁ% &ﬁéglﬂﬁq’gesﬁﬁ A RS tical
comgﬁiﬁg@ﬁp@lmma&mnmleevswau@eﬁlwb@mgemhm;mmmmﬁam,
ex Qr'e“t ﬁ%%&v‘?sﬁea%‘a'&ahm&%%f'ﬁ%@ %ﬁfﬂ%&%ﬁﬁly Ae Rk A0!
limited to calcium carbonate, calcium phos ate, various sugars,
star@_Wéérﬂdeﬂmq‘dbe derifQtieas spEgaiatin, ﬁﬁﬁtb@wgﬁélw%ﬁ Ggrmany)).
polyethylene glycols. Suitable liquid or solid pharmaceutical preparation

20 formstmefasie@nple, aqueous or saline solutions for inhalation,
microencapswdtedieh e ated sedatied dRtecll flat-botiom plates, or 96 well

round-bottom plates, and incubated with ODN in the concentrations as indicated in a
humidified incubator at 37°C. Culture supernatants were collected and if not used
immediately, were frozen at ~20°C until required. Amounts of cytokines in the
25  supernatants were assessed using commerciaily available ELISA Kits (Diaclone, USA)
or in-house FLISAs developed using commercially available antibodies (from Becton
Dickinson/Pharmingen or PBL).
Studies for Example 13 were conducted as follows:
Spleens were removed from 6 mice (male, BALB/c). The splenocytes from sach
30 spleen were separated by pushing gently through a cell sieve (70 um pore size), and were
then pooled. Splenocytes were added to wells of culture plates. 1x107 cells in a volume
of 900 pl medium were added to each well. Medium was RPMI 1640 containing 10 %
fetal bovine serum. 100 pl aliquots of CpG ODN solutfions in medium were added to



microscopic gold particles, contained in liposomes, nebulized, aerosols,
pellets for implantation into the skin, or dried onto a sharp object to be
scratcheehirmwsthe skin. The 30 pharmaceutical compositions@ismsimshuties:
granules, powders, tablets, coated tablets, (micro)capsules,
suppositories, syrups, emulsions, suspensions, creams, drops or
preparations with protracted release of active compounds, in whose
preparation WO 2006/135434 PCT/US2005/037731 -72 excipients and
additives d/or auxiljaries such as dlsmt%%%ants binders, coating agents,

sweltifg™ agéﬁl%wf SRETRUoMg<Pe Welkiehl ori9d el dréen aeubation
cusfoniatiyugedCa s deseripabatiy veltiheypharmaneuticabliamnpasitiass ed

areﬁpgﬁg&@&ﬂ:?&g&@ﬁ%éﬁ%’ %egEHQL Ingr)ﬁ%Y er{]gssla:qg [?I\P"{Eiﬁtul(), 1L~

review of methods for drug delivery, see Langer clence
249852701 BB 9deL KuhidFNsincorporated herein by reference. The

L£pG immunostimulatory oligonucleotides and optionally other therapeutics
and{o& ar%ln% qs ngaé/ [fl n&nlstered _per se (neat) or in the form of a
pharmacahiehip“aaatard Rareaio AR RALEFSIT ARSI SUH Bifits should
be pharm%@mmm@bebmb@ swut nomiphEnridceutiealiyateeptablag both

saltﬁlmgaemx%j@@&%@%}e 40 REepars (o phasmageutically,gsegptable
salts thereof, Vgﬁch salts inclu %ﬁ ut are not limited to, those E%\e ared

fronT tRETORBHAG SRS RPTOERIBTE; Kirsh RRE S ARt AFRged by
1phospherie meiteiesabetibnsadicydicipitaliens sulphenichiartarkoneittitye

methane '%H!%@PABME%E&'%%‘%&& 9.4;“'9,5@81@9&‘@?9 ﬁﬁﬁﬁﬁ?{‘ﬁgﬁ:w-

and benzene sulphonlc Also such’salts can be prepare

me i oV afkdire ettt ARy iR Ie e amDis ey B e ash week,
saltsvofdiye hﬁbbmtyslﬁmetmgm bl Sagitadtl enb ukfei n‘@fﬂg@@t@{hapﬂ@afa@ﬂ@l
aci S 9 )i Gl n % w/Vv); bori¢ aci

andq la%lislgtll1 O&étsé}%? /g(gv}\)/,/&\//y aélngéghosp%%ngvgsc% d a saf1 @B% 5&0 mCE)SOii Vke

I5syifabedp ff%%ﬁf?@%@‘ B@Wf&ﬁ%ﬁfﬁ%ﬁtlﬁl@%@k@ ooreio3meEl);

chlerahiarab{OB3.0:9%6 w/pf)nma@eﬁ@ﬂﬁ&e@é& 2ty At Bd-thimerasaly
(O. Ocp 2%0 0.02% vg/v Jarﬁ% né: ce g%anlﬂco osmo ) of the. mventlon
contain art efective Amount immunost rlla?oﬁnyfl S Bitaote 2

an@@ﬁ%ﬁénvam@eqﬁhmm@m @rdﬁ?@ra@euff@ea@ah@muwge was then
inclugedhinianhiatmaceicaly-anceniable @@ﬁm@mﬁl@ ﬂfl@riﬁ'sopharynx Animals

harmace tic I ceptable. carrjer ans one or ie solid
*Cor Ifaﬁlﬁpﬁ#‘ Wd%%er? {86 etc gpglﬁr@ %%&8?16 %Sré “itable
for a@ﬁﬂﬁnmrdﬂmﬂt@@tm& was measured f01 40 minutes after challenge.

Induction of aptigen-induced increase in nasal resistance in mice
Mice (male BALB/c) were sensitized on study days 0 and 7 with antigen

25 (ovalbumin, 100 ug, i.p.} with aluminum hydroxide adjuvant (Pierce Alum i.p.). Mice
were antigen challenged daily by exposure to intranasally-administered antigen (1 mg in
10 ui saline). The first challenge was on study day 14. SEQ ID NO:7 was administered
intranasally twice. The first dose was given 2 days before the first antigen challenge.
The second dose was given 7 days later. Alternatively, budesonide (an anti-

30 inflammatory, synthetic corticosteroid) was administered intranasally daily. The first
dose was given 2 days before the first antigen challenge. On each day, the budesonide

dose was administered intranasally 4 hours before intranasal antigen challenge.
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human or other vertebrate animal. The term carrier denotes an organic or
inorganic ingredient, natural or synthetic, with which the active ingredient
is ¥ombinesb4si facilitate the application. The components ofeitirus2005/037731
pharmaceutical compositions also are capable of being commingled with
the compounds of the present invention, and with each other, in 30 a
manner such that there is no interaction which would substantially impair
the desired pharmaceutical efficiency. WO 2006/135434
PCT/US2005/037731 -73 The present invention is further illustrated b

the RSN G EXRTSIEES FhiBH a8 0 W Jirrier durstindaiass ARG D

IimNmm,mgﬂmsmemn&mffdlmﬁtmahmgmm ag&@n@ﬂdﬁgﬂiﬁ@t@dﬂ@&._
ref@éﬁ&%&%ﬁé&%&%@%&?ﬂ%@éﬁb& &%@%@5@@@4&8&5&%985sﬁg%%iﬁgmg%gﬂ

patent applications) cited throughout this-application are hereby
exprEay, Wt puratel Ry orarstde ok @S nestigodeoxynucleotides
(ODNSs) The following ODN are used in the examples. 10 SEQ Sequence

ID_g%scgiT*%n%l*T”;C—G*A*C—G*T*T*C G*G*C*G*C G*C*G*C*C*G 2 T*C

G TEEHEEHETC GG CAGHC G*C*G*CCHG 3 T*CGHTHC GHTATHC

G*G*C*GHs iy hdngyTtest Was 1e¢d o pompagspn vidag seiswhgeche

G*eoikalfates iy tohhiel Weke (ot T3l TRE DGtk ol el onisl et

G*T*T*T* &*T*C G*T*T Zi ta set .

TR T PR o G S e R RBR . T+ T 8 TCG TCG

TTTTGT CGT TTT GTC GTT (all bonds *) 9

T*@yeaibneGhdW okl e Hran& i ¥ *C_G " C*G*C*C*G . 10 TCG TCG

ITT TGé\iGT T I TG I[% (%I'“'IF;#?H bonds *bj]).é

TCCAG 81( ég a(fF%dg &‘% é)DNS (0.1 and 1 mg/kg) or control

C-GHhitE @HReC i b Era G HEt G B3EngrEhEoldfavage fluid and serum

G*E’égig‘t’é-&'&'&ﬁlogﬁ*&ﬁgﬁ%*%*@!}&&ﬁéﬁgg%?Qcoﬂec’ted 8 hours and 15 hours
after dosing. Cell numbers in bronchoalveolar lavage fluid were counted with an Advia
automated cell counter. Concentrations of cytokines and chemolkines in bronchoalveolar
lavage fluid and serum were assayed using either ELISA (IFNe, IL-12p40) or the
Luminex cytokine multiplex system (IFNvy, IP-10, IL-1a, TL-1p, IL-2, TL-4, TL-5, IL-6,
1£-7,1L-9, IL-10, TL-13, IL-15, TL-17, GM-CSF, RANTES, TNF¢}. Minimum
detectable concentrations were different for each analyte, but were in the range 0.3 — 12
pg/ml.

Influenza virus induetion of inflammation in mouse airways.

Influenza virus (influenza type A, subtype HIN1, mouse adapted strain PRE) was
a gift from David Woodhouse, Trudeau Institute, Saranac Lake, NY. As a preliminary
study to titrate influenza dose and determine fime-course of infection, BALB/¢ mice
(femnale) were infected with influenza virus by intranasal instillation on study day G,
Mice received 50, 200 or 500 egg-infective doses (EID)sy of virus in 40 ul saline.
Airway inflammation was assessed 1, 3, 6, 9 and 14 days after infection.

Intranasal administration of CpG ODN and measurement of airway inflammation
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17 T*C-G*T*C-G*T*T*C-G*G*C*G*C-G*C*G*C*C*G 18
C-G*T*C-G*T*T*C-G*G*C*G*C-G*C*G*C*C*G 19
GWoCsBNT3BIC-G*G*C*G*C-G*C*G*C*C*G 20
T*C-G*T*T*C-G*G*C*G'C-G*C*G*C*C*G 21
T*C-G*T*C-G*T*C-G*T*T*C-G*G*C*G*C-G*C*G*C*C 22
T*C-G*T*C-G*T*C-G*T*T*C-G*G4'C*G*C 23
T*C-G*T*C-G*T*C-G*T*T*C-G*G*C*G*C-G*C*G*C Materials and
Methods: Oligodeoxynucleotides (ODNs) 15 WQ 2006/135434 = . .
P CTIUSATS08 7751 CHa NG e ghrbFLER PaRPETBEpALation in 25
(Frbrdtort, Kaermanye) voas Sigedawiek {DarnasttiiaGdaivaniyfeciva withe

copielied forideniinandpuinGby FRle-EhRtnaeeulicalGrlile
(Langentfeld, Germqnyf. ODNs were diluted in phpsghate- buffered saline

( gy BHavStSeertionres Wrsiitdh SLFRENGRIS dars
using piregeR:fiee radgentspGt @ADMOed A3 DN miesey sydtheStdedn
bymm!i”s‘fw%'e?tf?c%hﬁ%&’ﬁk%%&?&'aw'f#&%&@f{gé%ﬁf hesalblagswily caat
prepargtlons. from healt y male and emale human donors were obtained
frowtiise SisbrBanriet te OHIFEfSE 6 PrissElaeretissn it Sargerer)
thesgeRBMGwesarpirifiednby-centrifigationcopesiinoterypagues(Sigine) .

PCT/US2005/037731

The purified BB, ere either used freshly (for a r
i e e el

aligferdlsToTthsmsmetist vercdlberedwed vifka d prstives dspasu et PRy me
REMsA840 s uityawne divmRig\V¥hitakepa B algiom sugRiementadwitins.
5%_(v/v) heat inactivatedlhumaQA serum, Bi Whig{;lkxerg Bef ium .Or
O A AR B e e TE oW A P &
100bdmhaevoil lipalydl 480 gitihidtrepte viyesid (irsbivrogehodarlsruhe,
Germany)). 20 Cytokine detection Thawed or fresh PBMC were seeded

on 48 well flat-bottom plates, or 96 well round-batto Iate_s, ang
PRIE o B IS EIR O G ERorhon by quma 5 ed Wit ; .
incubatonmiac:. Buliriesipperaiasdsivereucibe ctéidfand ditnotrse(BEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6) or sever (SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3) donors were incubated with CpG ODN for 48 hours at concentrations indicated.

RLE
R Y

2w

-

Interferon-alpha secretion by human PBMC was measured..

Re,s*;dts: Figure 1 demonstrates increased production of IFN-o upon incubation
with CpG ODN. Data represent the mean +/- SEM. Note that the absolute ievels in
pg/ml can not be compared directly, as PBMC from different donors were used and

results from each donor are variable.

Example 2: Stimulation of TLRS-transfected cells in vitro
Methods: HEK 293 cells transfected with human TLRY were incubated with
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NG:4, SEQ ID NO:5, or SEQ ID

NO:6 for 16 hours. The signal was determined by a luciferase readout.

Results: The results are shown in Table 1. The BC50 was calculated using
Sigma Plot (SigmaPlot 2002 for Windows version 8.0). The maximal stimulation index
(max SI) was calculated as the quotient between the highest value of all concentrations

tested for any ODN and the medium control.



immediately, were frozen at -20C until required. Amounts of cytokines in
the 25 supernatants were assessed using commercially available ELISA
Kits¢Diagionss USA) or in-house ELISAs developed using aarmoresesaty7s
available antibodies (from Becton Dickinson/Pharmingen or PBL). Studies
for Example 13 were conducted as follows: Spleens were removed from 6
mice (male, BALB/c). The splenocytes from each 30 spleen were
separated by pushing gently through a’&ell sieve (70 sm pore size), and
were then pooled. Splenocytes were added to wells of culture plates.

1 L i fum were added to each well.
MediumQP rRPMI 1848 otdiflPLd % fetal bovine serum. 100 |
ligsas db @Gt ODN2s@itions ik2nedium were added to WO
W‘Uﬁ?@ b each well to give final
hncenirations in the wel

a
2
C g/nil. After incubation for 36 hours
(
a

37 CERARNDFrclibZM®, cyiturdSupdrnatants were collected and

$Sa&panl (oK ook nemucewratims uking either the Luminex multiplex
nnnnn AL 1 4040 L 1.0 Al BRSO H

ags '.IE‘S’Nd:g*.“’ dor - el sty (V) ELISA (I_FNa). _5 Induptlon qf
amntigen-induced increase in hasal resigtance in guinea pigs Guinea pigs
(aBER N Gvere $888itized viith anigen (ovalbumin, 5 mg both
intraperitoneatand supbtutaneous)on study day 0. A boost sensitization (5
Mg ifHRRErteReal Was FiNEH B &b (YA CUINED PSR B g RRA-
challergedby-l-aexpResuEs tadatranasalitgdministered antigen twice
each week for two consecutive weeks. The first challenge was on study

sday 14. SEQWE N gestigeibe p s 583 G0 NigoleavringagaR=Q I
15Qitkg saling)wasaaministateddaiianasalysence-aaoh wesds plyedayspigs
before the first CfantTi;gen .chaIItEn e t?f th_%lxval?enk. X\llllgg aH1e £X¢ Qéis?” ocfet\r;V s
findl CEHAHENGE SRS ATHy Bay T0 ARG En chafienge Was With ovalbumin
(1. Sreagptiegdi fiot S0 g B aftetinb}limgimals were pretreated with mepyramine
(10 ekg, 'éntralgeritggjsetagfé)ror@)glgtes before challenge to protect against

axis.

. a . 1) O . .
histahinésinduced anaphy n study day 24, guinea pigs were

angsthetizedt§%fow measurem¥H8f nasal resistanc@Vié#y a Buxco
respiratory meseltiagics system atidlissitvare. The finalh#tageén challenge
was then mide with ovalbumin¥2.5 my in 250 | salin¥) delivéred into the
nasopharynx. Animalgc28wiare pretreatedpaitivaaepyramine (3 mg/kg,

intraperitoneal) 30 miggtgsyeefore SEQID NO:7
v ¥
Day: 0 4 12 14 17 19 21 24

W

Measure antigen-induced

increase in nasal resistance

10
Results: Figure 2 demonstrates that antigen challenge caused a progressive
increase in nasal resistance over 40 minutes that was significantly suppressed in guinea
pigs that had been treated with SEQ ID NO:7 (0.03-1 mg/kg).

15 Example 4: Fffects of OpG oligonucleotide SEQ ID NO:7 in a mouse model of allergic
rhinitis




challenge. Nasal resistance was measured for 40 minutes after challenge.
Induction of antigen-induced increase in nasal resistance in mice Mice
(mwale BREiBHSY were sensitized on study days 0 and 7 with artigesr@5037731
(ovalbumin, 100 g, i.p.) with aluminum hydroxide adjuvant (Pierce Alum
i.p.). Mice were antigen challenged daily by exposure to
intranasally-administered antigen (1 mg in 10 | saline). The first challenge
was on study day 14. SEQ ID NO:7 wa Sdministered intranasally twice.
The first dgse was_gi 2 days before the first antigen ¢ The
second UL s VR ks R R A B oo R 0
inflaymmniatoryf sierhetigiobstiddtte soidimtioradrhimisteraRtranasathigaiy .
The,first.Hose WAk SuRT2idRYSDeiLs Hrenftsl.antigensepaliengs. Liived 2
each day, the tigtlj esonidg, dose was_administered intr a,sal‘l%4 hours

eGP AR AN AR APCATENGB OSSO R o Ding Were couniad for
SPCTIUS2008208Y 7B cF@icEgmpoints were measured on study day 26 (i.e.
7 dgys pAedeReGrRdHase AlmER dikhididiasAlliss uas.vere taken
for histopathological assessment of inflammation. Separate mice received
a final antigen chafiegng®:and incidences ofsgegezauagFand nasal rubbing
were counted fo 0 minute period after epge. 5 Statistical Analysis
The Mannewdﬁﬁr{%?&é%t was used for’ E%%rﬁaggj\iqsbdg of data sets where the
populations being compared were not normal. The Dunnitt multiple
comparisBsitEst was used for comparfatity aftigateesgiengsa single
control. 10 @ytS‘kine inductfon¥h the Moude inviv Mie (‘f‘naﬂé, ALE/C)“‘
were Basedwith C3G BDMNs (881 #nhd1T rﬁ@/k@%o?%oﬁ’troﬂve‘ﬁicl%(s&ﬂin%

hou u SiNg.

lavagm fiuid yyare: addyith-a00h Wad Ablaraaiestcethreunter.
igConcentrations of cytolcines and chemokines in bronchoalveolar lavage
fluid and serum were assayed using either ELISA (IFNa, IL-12p40) or the

Luminex cytokine multjplex sy t@f}?"(ﬁﬁﬂ&fﬂ&tﬁﬂ;@el -1P, IL-2, IL-4,
IL-5, 1L-6, 1L-7, IL%, -1 1093, H-1%, ithi7,%6MtcsSE, BanNYES, TXFa).

Minimungensitize Daily anfigen challenges
&k A T A T 2 "R 7R TR TR 7

Day: 0o 7 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Zéi

Endpoints

Results: Antigen challenge caused sneezing and nasal rubbing. As demonstrated

in figure 3 the incidences of both were suppressed in mice treated with SEQ ID NO:7.

15 Example 5: Influenza virns-induced airway inflammation in mouse lung: Effects of

class C CpG oligodeoxynucleotides

Intraduction: Cp(G oligodeoxynucleotides (ODNs) induce immune-modifying
cytokines that should provide anti-asthma effects. Class C CpG ODNs induce higher
titers of IFNo. than previous class B ODNs. Class C CpG ODNs may offer the

20  additional benefit of suppressing virus-induced exacerbations of asthma. This study



20 detectable concentrations were different for each analyte, but were in
the range 0.3 - 12 pg/ml. Influenza virus induction of inflammation in
mougevasrigsws. Influenza virus (influenza type A, subtype HRXIUS1005887731
adapted strain PR8) was 25 a gift from David Woodhouse, Trudeau
Institute, Saranac Lake, NY. As a preliminary study to titrate influenza
dose and determine time-course of infection, BALB/c mice (female) were
infected with influenza virus by intranas8l-instillation on study day 0, Mice
received 50, 200 qr.50 g-infective %oses (EID)50 of virus Jn 40 1
Sl SRR LR 8 hice SENY '8 sepmseshE e s spepad in
mfemmmlﬁ@ﬁmﬁrhvmahéﬁmﬁmwwmnfmhﬁmm@DN and measurement of
airway inflammation WO 2006/135434 PCT/US2005/037731 -77- Mice
received a CpG ODN (0.03, 0.3 0r3 m /kgé by intranasal |nst|IIat|on |n 25
sl saline. Fakin JULEFIAY H5SEE R S 0uRra ey g sERE BAL
5 infedi@nopithOinfluenzadsigs(@00 ikas; lintsah asaljotthisewiisidase was
selﬁggggrfﬁom the preliminary study. Airway inflammation and virus load in
the lung were assessed 6 days 5 after virus infection. This time point was
selected fiotithd SrefithiRaYy Stidy 2crisrima sy datibrdebdorare topsand
brapehealvepiaclavagd.idietableuonyie counisusdrenmadeuitbnan Addsytes
auto%ated cell %p%teﬁé{mﬂva Ba erfglagg aﬁtlcggzduncrwmésw u%ecg w%t’h 500
Difterential cell

renti counts wera made ight microgcopy of eytoeentrfuge

10 préﬁ@rﬂhmr@t@hﬁé’ad\mmlwmkeh@w&%eéﬁﬁnméﬁéﬁﬁm@ved and
homolgengd' ﬁleVgiH&xﬁ&Qsthled &&@E@@@ﬂ%@@ﬁ@%@@f@@@%ﬁ?&h@@ﬁ@@d&ﬁd
VIrus 1oad,was assaye SIin zyme | t ar
BIOVrlT‘Ir%Sd%% ‘fild‘é‘:a%ap% use t?lmanu 511 clurer's ns%ﬁloﬁgr ectlon
asgashmmg@%vmm@@%@%r@@dﬁdagamwnﬂmmwwmm@élé@fs after
prctz;gg%jtﬁ,al g@é&@hﬁ&ﬁﬁgﬁﬁ F&@Nﬁ@@@&@@&ﬂ@ﬁ%ﬁ@ﬁ%ﬂé%@&%ﬁ%ﬂ
antiboay: ple ecis o secretiq Yy numan

15 o AFSHRRIARE gfn e ARG 48 ﬁ’[ﬁgé%yﬁéﬁfh i°BI8BY Pﬁ%%&ﬂﬁaé}%r
celisfrophiithel threeySEQ4Ds mms&&@mmm@sm@m@)o fThere
Se\(f?éale(%};}e‘v@ e%ls%e hz%E@elPa&!Qn%lag&%s@%anwgg% r@é@é@ in mice

incubated with CpG ODN for 48 hours at concentrations indicated
Int@FW%%agﬁeféhﬁﬁﬁﬁ%%n PBMC was measured.. 20 Results:

Figure | demonstrates increased production of IFN-a upon incubation

20 Example 6: Effects of class C CpG oligodeoxvnucieotides acainst antigen-induced

airwavs inflammation in the moupse

The activity of three class C CpG oligodeoxynucleotides (ODNs) was compared.
The class B CpG ODN SEQ ID NO:7 was included in the study for comparison.
Methods: Mice (male BALB/c) were sensitized on study days 0 and 7 with
25  antigen (cockroach, 10 ug, intraperitoneal) with aluminum hydroxide adjuvant (Pierce
Alum, intraperitoneal). Mice were antigen challenged by exposure to intranasaliy-
administered antigen (10 pg in 40 pl saline), twice each week for two consecutive weeks.
The first challenge was on study day 21. CpG ODNs (1, 10 and 100 pg/kg) were
administered intranasally once each week, two days before the first antigen challenge of
30 the week.
Airways inflammation was assessed 48 hours after the last antigen challenge.

Cells in airways were recovered by bronchoalveolar lavage. Differential cell counts



wi

th CpG ODN. Data represent the mean +/- SEM. Note that the absolute

levels in pg/ml can not be compared directly, as PBMC from different
donarsemsersdased and results from each donor are variablep@btsxeuaiders:

2:

Stimulation of TLR9-transfected cells in vitro Methods: HEK 293 cells

transfected with human TLR9 were incubated with SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, or SEQ ID NO:6 for 16
hours. The signal was determined by -eé8luciferase readout. Results: The
results are shown in Table 1. The EC50 was calculated usin Sigm
PIStrS APl bddrar reb el veralen Boybrieimakima (11 WE%T&HHS
index dnrec Bl wasstakaulatededs fifoguetienttetween the highest value

of

all concentrations tested for any ODN and the medium control. WO

2006/135434 PCTIUS2005/037731 -78- Table 1: ODN EC50 max S|
SEGR NOunpsay ehstapypueiored:2 4730 20 SEQ ID NO:3 2400 16

53

n IDNO:4. 3200 14 leﬁ ID-NQ:5.4290 13-SEO- 1D-NO:6-4580-11

EX ample 3: [Eﬁ'gc{'s of the CpG éll$88eoxynucleotlde gﬁ'ﬂﬁ'ﬂ) NO:7 against
antigen- ind§B&hcrease in nddd
Tdg mvesﬂga\‘te th&effects of thé[’CpG &lgodeoxynuclé‘otude ‘QEQ ID NO:7

88fstance in guinE%ig¥s ~ Methods:

against antigen indudegdndfieases in nasabeesistance in the guinea pig,
guinea pigs were sempitizedi with antigen, ¢heroantigen-challenged
nasally. Nasal resistancg was measured for 40 minutes after challenge.

ch

Tabl,gag._., Supmary. of sty projpcol Ajtigen Agitigen-gntigegy sensjtize

allenge challenge 44 41 9 41 Dose with Dose with ¥

Assess airways

inflammation

Table 6. CpG ODNs tested

SEQ ID NO:7 Semi-soft class B Lot A25-0313-L1

SEQ ID NO:1 Semi-soft class C Lot C44-1209-M1B8
SEQ D NO:2 Semi-soff class C Lot C44-1209-M2D
SEQ D NO:3 Semi-soft class C f.ot C44-1209-M4B

10

15

20

Results: Antigen chellenge caused accumulations of eosinophils and T cells in
the airways (Ggures 7 and 8). There was no accumuiation of neutrophils. Each of the
CpG ODNS5 caused a significant suppression of eosinophil accumulation at the highest
dose tested (100 mg/kg) (figure 7). Numbers of T cells were also lower, although the

reductions were not generally statistically significant (figure 8).

Example 7: Cyvtokine induction by class C CpG olicodeoxynucleotides in the mouge in

vIve

The activities of three class C CpG oligodeoxynucleotides (ODNs)were
compared. The class B CpG ODN SEQ ID NO:7 was included in the study for
comparison.

Methods: Concentrations of cytokines and chemokines in bronchoalveolar

lavage fluid and serum were assayed as described in materials and methods.



SEQ ID NO:7 SEQ ID NO:7 914, Day:041214171921249

Measure antigen-induced increase in nasal resistance 10 Results: Figure
2 denmonstrates that antigen challenge caused a progressivedneseasain 3t
nasal resistance over 40 minutes that was significantly suppressed in
guinea pigs that had been treated with SEQ ID NO:7 (0.03-1 mg/kg). 15
Example 4: Effects of CpG oligonucleotide SEO ID NO:7 in a mouse
model of allergic rhinitis WO 2006/135434 PCTIUS2005/037731 -79
Methods: BALBIc mice were used to study the effects of SEQ ID NO:7 on
symptoms of allergic rhinitis. After sensitization and antigen challenge,

nadapblecl, Treatment ovoubs . 1ot o tboloaiool ascacement-of
) STOCT u-a-.:.\:u.q VV\Clp\G tm@adéd*‘jhd&géﬂb;euu IUIU\.dI\.aCll ao.o Mﬁ%‘éé‘ Ul Time polnts for
mflammatq_on..Sepamte mice received a final antigeseehallenge @maaple

incidences of sneezing and nasal rubbing were counted fora 5 16" R%e

peMeitafter challenge. Table 3: Summary of study protocol: 8, 15 hours
0 i@g@@»&mide-trea@d,msaaﬁ&Q IReNR0ESEQ 1D INQ:AehiaSEQs) B NQ:S
of SEQ ID NO:8 Sensitize Daily antigen I es|4 4+ 4 4+ 4+40,40 4+
4| AFR 4G Y, D%@“?‘(‘?“?%‘% 1?"%%"%@%% 19%256 “z’iﬂ;é‘z 23%2255)%“556
41 MBI M YOPablesenBuafthrrary of-stdy 18PBHEDI: Bidesekide-trédtdaurs
icBn- SR NP sesswitadrudesenide 4.9 Ak 41 vk Alndnd, 4, ot 18 ndots

Sensitize Daily antigen _challenges

Results: Figure 9 shows cell numbers in bronchoalveolar lavage fluid. Intranasal
s instillation of each of the class C ODNs, especially at 1 mg/kg, showed a trend to
causing a very mild accumulation of leukocytes in bronchoalveolar lavage fluid.

Figures 10-15 show cytokine concentrations in bronchoalveolar lavage fluid.
Intranasal instillation of each of the CpG ODNs induced measurable titers of IFNa,
IFNy, IP-10, IL-12p40, IL-6 and TNFo in bronchoalveolar lavage flaid. Titers of the

16 other analytes measured did not reach detectable concentrations or concentrations above
background (typically < 20 pg/ml, daia not shown), The class C ODNs were each more
potent than the class B ODN SEQ ID NO:7 as inducers of IFNo, TFNy, IP-10, IL-12p40,
I1.-6 and TNFe. The increased potency of the class C ODNs was especially apparent at
the 0.1 mg/ke dose level. Of particular interest was the observation that only the class C

15 ODNs were able to induce any measurable fiters of TFNo and IFNy after dosing at 0.1
mg/kg (figure 16).

Figures 15-18 show cytokine concentrations in serum. Infranasal instillation of
each of the CpG ODNs induced measurable titers of IFNy, IL-6 and TNFg, in serum.
Titers of the other analytes measured did not reach detectable concentrations (typically <

20 20 pg/ml, data not shown). When compared with the class B CpG SEQ ID NQ:7, each
of the three class C ODNs were more potent inducers of the immune-modifying

cytokines IFNa, IFNy, IP-10, I1.-12p40, IL-6 and TN¥a.

Example §: Effects of CpG oligodeoxvnucleotides SEQ 1D NO:2 and SEOQ HX NO:7 on

25  antigen-induced IoR production in the mouse




494'414,41y4140yy41y404, Day: 07 121314151617 18 19 20
21 22 23 24 25 26 4 Endpoints Results: Antigen challenge caused
sneexing/aagtnasal rubbing. As demonstrated in figure 3 theaneistesnasrs:
of both were suppressed in mice treated with SEQ ID NO:7. 15 Example
5: Influenza virus-induced airway inflammation in mouse lung: Effects of
class CMG oligodeoxynucleotides Introduction: CpG
oligodeoxynucleotides (ODNSs) induce #mune-modifying cytokines that
should provide anti-asthma effects. Class C CpG ODNs induce higher
tters of IFRZAASNYREBHE SALE'S OBREIEIEES & s BN Blter
theaRBzanl ditidhahbe hefitof s ppt essingw iushind deedhexac@ibatiordsnafip.).
este: s 34 WRGAN0UIOBABCILSENBRTTL off .o owo o

investigated the ability of three class C CpG OD 0 suppress virus
(mfhffg}ﬁ%ﬁ?%af’diﬁﬁmﬁﬁ{%é%dlﬁﬁ&? &mqﬁ?a@%ﬁ%@h Affgeayesifethivnepidac
sMetheetsic bflyRazdmings Sasusasl dollntidoe atmas saflanumbdiendd by ELISA
BALBI/c 3 mice, %BP(: PNs,w %5 e administered intranasally and the
protective e effectwa easur Results: Figure 4 shows that in a

preliminary stud to tltrate mfluenza dose and determlne time-course of
meEwnﬂE@éﬁMﬁis Ikocytes in the

airways. fiaskunflemmation was achieved after 6-9 days. Mice infected
wi Rk 'one i after 6 days and
were sacriiced. Figure 5 demonstrates the protective gffects of CpG

O ):Ns orAxiiges Ioad ai’delhivieusamduced alrwayslihﬂammation.

Pre St , e-infection h-infllenza virus (200
EID 0) reau%ed virus IL'.i'ﬁg %% assayed 6 days after infection.
Figare 6Aiammnstratesmaﬁmtez;tlkomwfmunflueﬁka virus caused an 15
accymuI%tlgn of Ieukog%:&i Vs 6 da ﬁ later.| These, were
pr=dom|nanﬁy neutrophils and mongﬁ ekt célls (monocytes,

maerophagig@nd lymyEti/Aes}, ﬂmemliwere very feweosinophils. Cell
a {‘I imulation was leﬁﬁﬁr‘nntl\/ suppr reated with any of

the CpG ‘BEL. 20 E 1ér%"l) (? 7E#gqc S 4Pclass'C CpG

oligpdeoxyiyaieotide ssagamsd animesky)dpcedio

9 Antigen . 8EQID NO:7, 100 pg/kg, i.p. 10

10 Antigen SEQ ID NO:7, 1000 pg/kg, 10
Lp.

10 Table &: Summary of study protocol

imminize Immunize
ODN ODN ODN ODN
¥ W W [ ]
Pay: N i 5 A A8
¥
Endpoints

Results: Antigen sensitization resulted in serum titers of antigen (ovalbumin}-
specific IgE and Ig(G2a. The production of IgE was suppressed in mice treated with
15 either SEQ ID NO:2 or SEQ ID NO:7, while the production of IgG2a was potentiated

(figure 19).
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airways inflammation in the mouse The activity of three class C CpG
oligodeoxynucleotides (ODNs) was compared. The class B CpG ODN
WEBOAB4BK0:7 was included in the study for comparisonpdvtethagsisivice
(male BALBI/c) were sensitized on study days 0 and 7 with 25 antigen
(cockroach, 10 g, intraperitoneal) with aluminum hydroxide adjuvant
(Pierce Alum, intraperitoneal). Mice were antigen challenged by exposure
to intranasally- administered antigéh-(10 g in 40 sl saline), twice each
week for two consecutive weeks. The first challen e was stu%
21, ERETBIONS (B AT ARG TOT G TR AR SRR AR ﬁ?@ﬁce
IDedoly WWM&;SWQ&&M%BMEE@M@@!MQM@@M@@&
by iammatan e assessad A5 iR ALt e dast

aIIenﬁ%e Cells in airways were recovered b z‘ ronchoalveolar lavage.

fupreraringe dof tsanfsrielsscaresaurss pEFGRHIBIET? 1SR were

expoatte ytamAdeia automated cell counter. Numbers of T cells (Total
CD3+ cells, and CD3+CD4+ cells) were counted by flow cytometry. Table

B 5. Sumary of stud rot0020I S Antlgen Antlen Antlgen sensmze

bv’}b&nﬁﬁéﬂ i@%&&iﬂaﬂ&@ﬁa&& &hé’_@ QhASﬁﬁﬁs alrways |nflammat|on Table

R S B L A
m@@ﬁﬁﬁ@ﬁ%@s’i@ vipepdussprypypinflammation in mice. The present study

investigated the protective effects of SEQ ID NO:2 against the exacerbated airways

inflammation induced by combined influenza virus infection and antigen challenge.

Methods: ~ Antigen end viris administrations: Mice (male BALB/c) were
sensitized on study days 0 and 7 with antigen (cockroach, 10 pg, intraperitoneal) with
aluminum hydroxide adjuvant (Pierce Alam), Mice were antigen challenged by
exposure 1o intranasally-administered antigen (10 pg in 40 pl saline), twice each week
for three consecutive weeks. The first challenge was on study day 21, Mice were
infected with influenza virus (influenza type A, subtype HIN1, mouse adapted strain
PRS, 200 EIDs; in 40 nl saline) by intranasal instillation on study day 34 (i.e. before the
last pair of antigen challenges). Alternatively, separate groups of mice received antigen
challenge alone or virus infection alone.

SEQ ID NO:2 (100 ug/kg) was administered intranasally once each week, two
days before the first antigen challenge of the week. Airways inflammation was assessed
48 hours after the last antigen challenge. Cells in airways were recovered by
bronchoalveolar lavage. Differential cell counts were made by light microscopy from

cytocentrifuge preparations stained with Wright-Giemza stain.

Table 10: Summary of study protocol

Virus

Aniigen Anfigen Antigen Antigen
sensiiize igaﬁenge challenge chatlenge

ODN ODN ODN
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- positive finding was in agreement with earlier studies.

SEQ ID NO:3 Semi-soft class C Lot C44-1209-M4B Results: Antigen
challenge caused accumulations of eosinophils and T cells in 10 the

wahways{figures 7 and 8). There was no accumulation ofpgytsphilssFach

of the CpG ODNSs caused a significant suppression of eosinophil
accumulation at the highest dose tested (100 mg/kg) (figure 7). Numbers
of T cells were also lower, although the reductions were not generally
“statistically significant (figure 8). X%Example 7: Cytolcine induction by
class C CpG oligodeoxynucleotides in the mouse in vivo The activities of

P¥iree%lasd d CBG ofijodoxyrificledfded (DR werdt corffardd. he#

class B CpG|ODN SEQ ID NO:7 was included in the study for Eﬂdpom&s

comparison 20, Mefifids; Congentratins, of cytoldp@eaggi;@iw};g{emokmes in

eglaidavag U WEIEESSAEd AsHesGHRed: 1
hrggter e?alf and methoas \WO 2006/135434 PCTIUS2005/037731 -82-

KA STEET ST PR E Bl B TSR tttah Esal Time
brpomtszﬁ@pzads@s@ﬁwqalén collettibnidehicietds 8l hoursuBER HRINBT

mREIRAHGIARS RiledlAZRARA 3 bl Rerdoch Qe 8, da NauES , ARMREQ
ID NO:1 Semi-soft class C Lot C44-1209-M1 B 0.1, 1 mg/kg 8, 15 hours

maSKg SERTRE Rio heR FmEste iR W&Pﬁ&%@ﬁﬁmgﬁ 3ilepgn gRs8,
thSe ot keerORN SE@ I BriE: 308 einissaft atashGvbdiCAdedPaRMAB 0.1, 1
acra%lﬁgd@m}& ﬁ%@%&ﬁ%&%nfﬂgﬁ%&a?m SRHNYIPEIS Nseq

bronchoalveolar lavage fluid. Intranasal 5 instillation of each of the class
aqeuy e ndendsd Iy By, Ao R dten ol GARihverdiveryianad

stamadrmlaﬁem@ﬁd@}&ﬁmy@ﬁm&m@r@ﬁﬂ&i%%ﬂa@g@ﬂmdmﬂgﬂm&ﬁo -15

cc\‘(moklnere%gncentrsaetlgns glé)ronc%g)alve Er:][{af\i/ e f|UId Intranasal
mstlﬁatlon ofeach of 8%13 sin measura fe ta{érs o?IFNa

hIPN’%%SlM@?‘lMZM@hl Lnechﬁ@flﬁifﬁra inpronkidareiciaritlage fluid.
Titergpbthentoatheranaives measured did Retigaeh: detesiablluced

-SoAEROLkons of.concentalons above, hackaround (ypicall s 20 Ry

he SRR fwere eac
higher dose of 300 pg/kg was most desirable to show anti-virus effects. Furthermore,

SEQ ID NO:2 (100 pg/kg) did significantly suppress antigen-induced eosinophilia. This
|

SEQ ID NO:2 (100 pg/ke) significantly suppressed the exacerbated airways
inflammation induced in mice that were both virus-infected and antigen-challenged. The
exacerbated accumulations of neutrophils and mononuclear cells were both suppressed.
In addition to exacerbated airways inflammation, mice that were both virus-infected and
antigen-challenged showed a marked loss of body weight. This was significantly
suppressed in mice freated with SEQ ID NO:2.

Conclusions: Inboth children and adults with existing asthma, infections with
respiratory tract viruses are important precipitants for airway obsiruction and wheezing.
The inflammatory processes involved are complex. However, virus-induced neutrophil
and mononuclear cell recruitment and activation are implicated in aggravating the airway
obstruction that contributes o these asthma exacerbations (reviewed by Gern and Busse,

Nature Immunology, 2002). The data of Example 9 demonstrate that SEQ ID NO:2

|



potent than the class B ODN SEQ ID NO:7 as inducers of IFNa, IFNy,

IP-10, IL-12p40, IL-6 and TNFa. The increased potency of the class C
OoDwiessasecially apparent at the 0.1 mg/kg dose level POTHariSHRIT731
interest was the observation that only the class C 15 ODNs were able to
induce any measurable titers of IFNa and IFNy after dosing at 0.1 mg/lcg
(figure 10). Figures 15-18 show cytokine concentrations in serum.

Intranasal instillation of each of the Cb@? ODNs induced measurable titers
of IF 6 and TNEa in serum.. Titers of.the her analytes,measur

cid A R AR AR e e R S e
shmﬂmlnﬂm%%mézmwa@@%%@%@d@e@mw@%@ach of the
three class C ODNs were more potent inducers of the immune-modifying

cyt ginesl Fb\la&u \ %_1 ) IL-12p40, IL-6 and TNFa. Example 8: Effects
of gp%rdeoxvmdeoﬂtgesm SEO ID NO:2 and SEQ ID NO.7 on 25
SantiExamj pErdH e st A ifoprstowiO 2006/135434

PCTI ISZ(;?@&@Q&%J&& W Mﬁm%ﬁ 0M§%§W@Q(%§&$W@ﬁ%@n (ovalbumin,
sensitized on study ith a valbumi

alufhirtim Ry roRibR & i‘@ﬁ?ﬁ?%ﬁ?é )&Y?;Fﬁg‘ﬁ%% RS 1 %%e%?ﬁﬁmm
NOhgieSEQHPNOsToin studyddaybudifaGani twlgﬁeeao}vwmy@r before
ea%x%%@&&%%@ﬂ@ﬁﬁ&ﬂ%ﬂﬁ%%@&%@%ﬁﬂ% Mlcemhl eeb¥icle

cardiac 5 puncture on stud Serum was collected

oAb AR SRy TS DY T et e s
Ig%ﬂg&mﬁiﬂlsn@reﬁim entlgroupsys ensitizationt veatmesid 24 hiNonder the

Nona?st%ﬂa %@Bg&%&ﬂ&%ﬁﬁ%%&ﬁﬁ%‘ E?n&lg%s% I%Pﬁfggg i’&ls;!agxce)
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15 21 shows a schematic of the procedure.

Example 10b: Effect of SEQ ID NO:7 on airway resigtance and lung compliance in

guinea pies
Method: Guinea pigs were sensitized as described in Example 10. The first
challenge was on study day 13. Guinea pigs were given intranasally either carrier
20 (saline), OV A alone, of concentrations of SEQ ID NO:7 of 10 ul/kg, 30 pl/kg, 100 uikg,
or 300 pul/kg, it.

Results: Figure 22 shows that SEQ ID NO:7 caused a dose~-dependent reduction

in AUC-resistance.

Example 10¢; Statistical analysis of the effect of SEQ ID NO:7 on airway resistance

25  and lune compliance in guinea pigs

Method: The Dunnett multiple comparisons test was used to analyze the data
from the experiments in Example 10b. The Dunnett multiple comparisons test allows

corpparison of all samples to a single control group.

Results: Figure 23 shows that SEQ ID N7 caused a dose-dependent reduction

30  in AUC-resistance.



9 Antigen SEQ ID NO:7, 100 pg/kg, Lp. 10 10 Antigen SEQ ID NO:7,
1000 pgikg, 10 i.p. 10 Table 9: Summary of study protocol Immunize
Immianiwe 133N ODN ODN ODN + 40 40 Da: -2 < 0 5 7 18 PEmajSeirts37731
Results: Antigen sensitization resulted in serum titers of antigen
(ovalbumin) specific IgE and IgG2a. The production of IgE was
suppressed in mice treated with 15 either SEQ ID NO:2 or SEQ ID NO:7,
while the production of IgG2a was poteffiated (figure 19). WO

. chect of SEO) LTINS

LA LG
JIC O

Th2uassomgied prodction f IgE in respoﬁse to antigen sens;i.tization,
and potenfjaie, I Nasspsialed 1o Graaducion: It eskisof dhisstidy

provide further evidence that these CpG oligos can suppress. a Th2-type
resPSHEREL N AGEHY SRP Ui SRR Fh O TS BRI Sl AR BFEEO

51D @aliReggainstlenacddpatedhatiways F@IIMRIGiidydéd, 1y/dtmbited ke,
infl%x;@g@mr&gpgn and antigen challenge Introduction: The class C CpG
oligodeoxynucleotide SEQ ID NO:2 can suppress 10 influenza virus load

and virus-msiuge ¢ ainyaysisiammapominnuces:hihag peesedtsitdiyt reduction
inve}gtlg%%@% t;@c%n %otective effects of SEQ ID NO:2 against the

exacer atedsalrways inflammation induced by combined influenza virus

infeglioR M deantganchplienas Mathogs: ANEBE NN WIdSairway resistance

Oadmi i?trtionS' Mice (male BALE/c) were sensitized on study days 0 and
107 \FHA-SRAGERPERERIB SR 4H8S intraperitoneal) with 15 aluminum

hydroxideadiyyant (RiRree AR @/Q&ﬁﬁag%@@ég@gsﬁ@&ilm%%%e data

exposure to intranasally-administered antigen (10 .tg in 40 Al saline),

twicEPBLER SrREienTals e ais bittivRe WEBRE! PHE R FeRaTERG W O
Studyragyyidh, dYlstiesareldes intedtett withridfinenza virus (influenza type A,
subtype HiN1, mouse adapted strain

Results: Figure 25 shows that SEQ ID NO:2 caused a dose-dependent reduction

15 in AUC-resistance.

Example 11:
Levels of TL-10, TNF-alpha, interferon-gamma, and IL-6 (pg/ml) produced by

human PBMC following exposure of these cells to the Cp(G oligonucleotides described
20  herein is shown in the aftached Figure 27-31. The test oligonucleotides shown in Figure
27 include SEQ ID NOs: 10, 9, 13, 14, 1, and 2. The concentration of oligonucieotide
used to produce a particular data point is depicted along the X-axis (uM).
As demonstrated in Figure 27 each of the oligonucleotides tested in the assays
were able to produce different levels and patterns of IL-10 secrstion. Of those tested
25 ODNSEQIDNO 1 and 2 resulted in dramatically higher induction of 1L-10,
Figure 28 depicts data relating to TNF-alpha, interferon-gamma, and IL-6 at three
representative doses. More detailed graphs on these cytokines are depicted in Figures

26-31 with additional oligonucleotide dosages.

30 Example12:



PR8, 200 EIDSO in 40 pl saline) by intranasal instillation on study day 34
(i.e. before the 20 last pair of antigen challenges). Alternatively, separate
groupsead/1siea received antigen challenge alone or virus infertioseasese 731
SEQ ID NO:2 (100 sg/kg) was administered intranasally once each week,
two days before the first antigen challenge of the week. Airways
inflammation was assessed 48 hours after the last antigen challenge.
Cells in airways Were recovered by 257 Bfonchoalveolar lavage. Differential

cell counts were ytocentrifu
oreparat e L SR O AL SR Sty BHoving
studyrrstoeof Wisrsdls 10 HigepAtiigerribetidre deantigd iesemsitizewn in ‘rhe

challenge; ¢h @Qﬁ@faﬂﬁggﬁg%ﬁgeétlgeg M&@de S Wy es by
2006/135434 PCT/US20051037731 -85 Day: 07 19 21 24126 28 3

34 QO EEEI R RIS B cdnd Tinltrektie At RER trgjéitment
sweeknrgataien bivepkniRsuids 1hig tre@0ishows thelkinfge hoimtistiepicted along
mflmaa}ygwone or antigen challenge alone each caused an increase

in the total number of leukocytes in bronchoalveolar Iavag(e fluid. In

virus-infeétedemmist e Bdiigeeiruidtion erddd ferhatkelierpiitopia,

wh %ﬂ%ﬂm&rﬁ@@%—ﬁbﬂ lengedivaics, dag ascuprtalianbinditigackadested. In
ed e I n.com Wlth ice, hat received
B s e AR e

16showb erereeeidsts theanatms fasioh oflEukewstésiin Homehbaiveonsr

lavagighuigkolibis ingreased a@r@wwaﬂee ipsludadhethnewtrephisaadty te
mono uclear ce Ilﬁlr%—roweve q e showed redgced ecc)]sln%phllra
arly

Oth&f r{eeéseé”Fc ers uéeél%nl sﬁhgwrP Tht§RARAFpges tested in the assays were
able activate plasmacytoid dendritic cells, as represented by the markers tested.
All five ODN having a semi soft backbone that were tested in the assays showed
15 anincreased potency in the assays (IFN-alpha, IP-10, I1-10) compared 10 SEQ ID NQ. 9
(fally phosphorothioate backbone). The potency of these semi-soft ODN is also
increased in: Monocyte activation (CD80, CD86 expression), pDC activation (CD86
expression), Intracellular IP-10 (Monocytes and B cells), IL-6 secretion, and B cell
activation (CD80, CD86 expression). For instance, at approximately equivalent or lower
20 concentrations most of the tested ODN resulted in better induction of the cell surface

markers than the fully phosphorothioate SEQ ID NO. 9.

Example 13:
The aim of this study was to investigate the biological activity of selected

25 fragments (putative metabolites) of SEQ ID NO: 2. Activity was determined by
measuring the ability of each fragment to induce secretion of TLR9-associated cytokines
from mouse splenocytes in vive.

Stimulation of cyiokine secretion by fragments of SEQ ID N O.: 2 is shown in
the attached Figures 43-45. The oligonucleotides examined are depicted in the Figures

30 by SEQ ID NO and include SEQ ID NO: 15-23. The concentration of oligonucleotide
used to produce a particular data point is depicted along the X-axis (ptg/ml).



10 infection can suppress airways eosinophilia in antigen-challenged

mice, and have hypothesized that this is a Thl -mediated effect (e.g.
WaHNelgem3et3al., 2003). Treatment with SEQ ID NO:2 (100 ggtkyddidiasotsi
suppress the virus-induced neutrophilia (figure 20). This negative finding
was expected since, in an earlier study a higher dose of 300 gg/kg was
most desirable to show anti-virus effects, Furthermore, 15 SEQ ID NO:2
(100 gg/kg) did significantly suppress éﬁ?igen-induced eosinophilia. This
positive fiRdi in agreement.with earlj idies. SEQ ID NO:2 (1Q0
gg/kg) sg?%%\%@sﬁs%%%%e%?éﬁ St#e’%%%@é%@ég ;lel raﬁg%e %q‘%ﬁ%?ﬁsaég tive

ind REERPH AR CE-thEP Werel Hath irad 4 fadusddethel Biterscimtiéagedn®he

exassrpatadyagcumuladions OfRertreR s ARG RORPNICIREY HEHS MBISires 43
both SURPIESS 0 In addition to exacerbated airways inflammation,
& t‘@r aﬁﬁﬁf

mice tha (R AT R R g e ifgbn frasardhgatrar hielgeical
Smarkedtoss of body weight. This was significantly suppressed in mice
treated wih. SEQ, /D NO:2. Conclusions: In both children and adults with
existing asthma, infections with respiratory tract viruses are important
precipitants for airway obstruction and wheezing. 25 The inflammatory
processes involved are complex. However, virus-induced neutrophil and
mononuclear cell recruitment and activation are implicated in aggravating
the airway obstruction that contributes to these asthma exacerbations
(reviewed by Gem and Busse, Nature Immunology, 2002). The data of
Example 9 demonstrate that SEQ ID NO:2 WO 2006/135434
PCT/US2005/037731 -86 markedly suppresses the exacerbated
accumulations of neutrophils and mononuclear cells induced in mice by
combined virus infection and antigen challenge. Example 10: Guinea Pig
Studies 5 Example 10a: Summary of guinea pig AHR protocol Male
guinea pigs were sensitized on study days 0 and 4 with antigen
(ovalbumin, 0.5 ml., 1% OVA i.p./s.c.) with aluminum hydroxide adjuvant.
Guinea pigs were antigen challenged by exposure to inhaled ovalbumin
aerosol, twice each week for two consecutive weeks. The first challenge
was on study day 13. CpG ODN or vehicle to (saline, 20 I) were
administered intranasally once each week, two days before the first
antigen challenge of the week. Airways hyperreactivity was assessed 24
hours after the last antigen challenge by measuring bronchoconstriction
(increase in airway resistance)

"
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to intravenous methacholine. For each animal, a dose-response curve to
methacholine was obtained, and airway reactivity was quantified as the
area under the curve. Figure 15 21 shows a schematic of the procedurd!CSLLF
Example 10b: Effect of SEO ID NO:7 on 81 way resistance and lung
compliance in guinea is Method: Guinea [glgs were sensitized as
Cggsfg/r[ig)ed in Example 10. The first challenge was on study day 13.
) ca pigs were given intranasally either carrier 20 (saline), OVA alone,
of concentrations of SEQ ID NO:7 of 10 I/kg, 30 s1/kg, 100 I/kg, or 300
sl/kg, i.t. Results: Figure 22 shows that SEQ ID NO:7 caused a
dose-gdependent reduction in AUC-resistance. Example 10c Statistical
analygis%? the-effect 0 %é&%ﬁ%%% on airway resistance 25 and lung
complia j uieﬂqﬁ t ti r test
was uglselfc'j%fo@r%er t 14elzgt%’d’cllkél'aieT t?r%?nﬁﬂ%%&ﬁ gﬁé @%ﬁ?m {Ié%%%jlifr?ée

o]?%&ﬂ@fééﬁ&@&'&&@é@&?ﬁ% s@%hiﬁ!e%"%?te?ﬁﬂ&?@@i%%‘lﬁf( LSAMPIES A0 Bens

e control group. Results: Figure 23 shows that SEQ ID NO:7 taused

p@ogp?iﬁﬁéﬁﬁ? Bﬂg%%ﬁﬂb’&‘é@&%@éG&Q&iﬁ%ﬁ%&;ﬁ%@%%@%&%% is 3

. IUS2005/0 1 87 Example 10q: Effec _ ID NQ:Z on airway
nﬁ@@é@%&%ﬂ@%%%égv%mﬂ'@&%&o%y%-LMFé&‘?@e’. Guinea pigs were

sensitized as ribed in Example 10. The first challenge was on study
day 13. Guinea pigs were given intranasally either carrier 5 (saline), OVA
alone, of concentrations of SEQ ID NO:2 of 10 I/kg, 30 gl/kg; 100 I/kg, or

300 l/kg,Aft, B%%ﬂt&@aa&%%%mg that SEQ ID NO:2 caused a

dose-dependent reduction in AUC-resistance. Example 10e: Statistical

analysisietthg effact gh RO (NG og aiwaydesistancectaane (UBY(SEQ

compliance in guinea pigs Method: The Dunnett multiple comparisons test

e useddReanalyzeshasiaia sentbe sxhainentadnmanpie 1 Rth8s
Dunnett multiple comparisons test allows comparison of all samples to a

pﬁ&fégfﬁ)&fé@ﬁépbgfﬂ%@phodiester—like internucleotide linkage.

3. An oligonucleotide comprising:

5 T*C _G*¥T*C_G*T*C_G*T*T*C_G*G*CH*G*C_G*C*G*C*C*G 3" (SEQ
1D NO: 2), wherein * represents a stabilized internucleotide linkage and  represents
phosphodiester or phosphodiester-like internucleotide linkage, wherein 5° refers to the

free 57 end of the oligonucleotide and 3 refers to the free 3° end of the oligonucleotide.

4, An oligonucleotide comprising:

5" TC_GTC_GTN;TC_GGCGON;GCCG 3’ (SEQ 1D NO: 27), wherein the
oligonuclectide includes at least 2 stabilized internucleotide linkages and _ represents
phosphodiester or phosphodiester-like internucleotide linkage and, wherein N; is 0

nucleotides in tength, with N referring to any nucleotide.
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Results: Figure 25 shows that SEQ ID NO:2 caused a dose-dependent
reduction 15 in AUC-resistance. Example 11: Levels of IL- 10, TNT-alpha,
interferon-gamma, and IL-6 (pg/ml) produced by human PBMC followinf ¢ SLLP
exposure of these cells to the CpG oligonucleotides described 20 herein

is shown in the attached Figure 27-31. THé test oligonucleotides shown in
Figure 27 include SEQ ID NOs: 10, 9, 13, 14, 1, and 2. The concentration

of oligonucleotide used to produce a particular data point is depicted

along the X-axigngél\@. As demonstrated in Figure 27 each of the

oligonucidbfité ifl§ 19RESHE were able to produce different levels

and patterns LIL*-lo e LGILO”- *f Q test 5. ODN SEQ 1D NO |
and Zsréuq:[eé in a 'ca\llfhé})hér %?&cﬁsoﬁqé %I?l@%éﬂr%é@ QEpicts
ata relating to TNF- a, Interferon-gamma, and IL-6 at three
WSS RS S0 TR O R P o T8 ey ORREG e
depicted in Figures 29-31 with,additional oligonucleotide dosages. 30
P‘é%ﬁh?gﬂssf‘z‘: %@%ﬁé@ﬁ%@%@%&%@%&ﬁ; 4°:88- Levels of B
cell, plasmacytoid dendritic cell and monocyte activation following

exposure of these cells to the CpG oligonucleotides described herein is

shown in weliatta&qggﬁ%ggres ?;2-42. The oligonucleotides examined are
depicted in %@ﬂ‘gures gy %IES IR0 and included SEQ ID NO: 9, 13,

10,1421 o 2 303 The oncenuauin et plgons oy oy

whemonstiated. I FIAWIes; 38 e Are 9300 %tg%&p%é"l%%”%'e‘)“des
ested in the assays were able activate B cells, as represented by the

pﬁé‘&%&?&&é}%ﬁj g@g@%‘%ﬁ?@@ﬁ%@ﬁ%ﬁ%&%@e‘iﬂ%?a%%,C é?%%i’%ﬁsteﬁ}% I the

€ assays wer vate , as represente € markers

fr&%%e gnclinolf:icgg '@?g%ﬁug]&)ﬁ& 91[11(9 fl :k‘et}%?s CEcp \%e ?}l%%‘&lﬁ(;%qqﬁi éﬁ%&% éﬁ‘eotide.

e assays were able activate monocytes, as represented by t rkers
tested. In Figures 36 and 39 the CpG oligonucleotides tested in the
assays were able activate plasmacytoid dendritic cells, as represented by

the markers isiate i QR AV & serRal PRoRARE At Wetes (skqQ

tested in the aSsays showed 15 an’increased potency in the assays
9 Ri¥yadpha, IP-10, IL-10) compared to SEQ ID NO. 9

8. An oligonucleotide comprising:

5 T*C_GH*T*C_G¥T*C_G*T*T*C_G*G*C*G*C_G*C*G*C*C 3° (SEQ ID
NO.: 21), wherein * represents a stabilized internucleotide linkage and _ represents
phosphodiester or phosphodiester-like internucieotide linkage, wherein 5’ refers to the

free 57 end of the oligonucleotide and 3° refers to the free 3 end of the oligonucleotide.

9. An oligonucleotide comprising:
5 T*C_G*T*C_G¥T*C_G*T¥T*C_G*G*C*G*C 37 (SEQ ID NO.: 22),

wherein * represents a stabilized internucleotide linkage and _ represents
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(fully phosphorothioate backbone). The potency of these semi-soft ODN is

also increased in: Monocyte activation (CD80, CD86 expression), pDC

activation (CD86 expression), Intracellular IP-10 (Monocytes and B CM%§,LLP

IL-6 secretion, and B cell activation (CD80, CD86 expression). For

instance, at approximately equivalent or [&ver 20 concentrations most of

the tested ODN resulted in better induction of the cell surface markers
phraphadberiny pbeshbreipibaisteirertsletikie s diRe afpfess to the

this study was to investigate the biological activity of selected 25 '
frpa driedelpstativsemeeabihiasst of §|g?£ﬁ IS {©ITde Actisty (g oligonucleotide.

determined by measuring the ability of each fragment to induce secretion

of TLR9-associated cytokines from mouse splenocytes in vivo.

Stimulation of cytokine secretion by fragments of SEQ ID N 0.: 2 is shown

in the GttARHIERIGHLAS S RIEigonucleotides examined are
The conbeh O oo dediae Cob ot AP A uar S 1 NO
e A SR R e o
STl GO ey S T SR
e R I S R A Bl e
claim: MCSLLP 90 CLAIMS 1. An oligonucleotide comprising: 5'

TC_GTC_GTNITC_GGCGCNIGCCG 3' (SEQ ID NO: 27), wherein the 5

ohgonlulqlejgﬁld mclwiieosfi t least 2 stabilized internucleotide linkages and _

120NuUc c Comprising. . . . . .
represents p(fw 6’hocﬁes eror osp%odlester-llke internucleotide linkage

and, where N5 HCIRQIBR 189G WIRNRESERGR A (510 1
nucleotide. 2. An oligonucleotide comprising:
NO.: I5), wherein * represents a stabilized internucleotide linkage and _ represents

phosphodiester or phosphodiester-like internucleotide linkage, wherein 57 refers to the

free 5° end of the oligonucleotide and 3° refers to the free 37 end of the oligonucleotide.

12. An oligonucleotide comprising:

5 G*T*C_G*T*C_G*T*T*C_G*G*C*G*C_G*C*G*C*C*G 3" (SEQ ID
NO.: 16), wherein * represents a stabilized internucleotide linkage and _ represents
phosphodiester or phosphodiester-like internucleotide linkage, wherein 5° refers to the

free 5° end of the oligonucleotide and 3’ refers to the free 3° end of the oligonucleotide,

13. An oligonucleotide comprising:
5 T*C-G*T*C_G*T*T*C_G*G*C*G*C_G*C*G*C*C*G 3" (SEQ ID NO.:

17), wherein * represents a stabilized internucieotide linkage and _ represents
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10 5'T*C_G*T*C_G*T*C_G*T*T*C_G*G*C*G*C_G*C*G*C*C*G3'(SEQ ID

NO: 2), wherein * represents a stabilized internucleotide linkage art: .1 f

represents phosphodiester or phosphodiester-like internucleotide linkage.

3. An oligonucleotide comprising: 15

5'T*C_G*T*C_G*T*C_G*T*T*C_G*G*C*@8C_G*C*G*C*C*G3'(SEQ ID

NO: 2), wherein * represents a stabilized internucleotide linkage and
rhepphedistienpigdytobrkinstsr sdaprowisidaikalatsriiaesnde Tikege, the

wherein 5' refers to the free 5' end of the oligonucleotide and 3' refers to
fiffefrerl iha isnBwHiideditiacion & e Brgonaerketit oligonucleotide.

comprising: 5' TC_GTC_GTNITC_('GGCGCNIGCCG 3' (SEQ ID NO: 27),

wherein the oligonucleotide includes at least 2 stabilized internucleotide

Iinkagﬁ and _.represents phosphodiester or phosphodiester-like
interntitleORdE SARKAYEHAA SRIEFEIKI is 0 nucleotides in length, with N

T R L AN R S R BT KD s,
here@ * represents a stabilized int(?rnu leotide linkage and repr1esents
whCR s FERISEE B R CIATRBR P TRI AT HEBES 6. An

SR e SRS I s st e s i

* represents, a stabilized internucleptide linkage ndé,_ represents.10 .
S ALt b S AL L At A T HBrapistice.
refers to the free 5' end of the oligonucleotide and 3' refers to the free 3'
end of the oligonucleotide. 7. An oligonucleotide comprising:

TCG'I}%QXCGJB%%%OC{%%GCGCCG (SEQ ID NO: 2). 15 8. An

oligonuicléotide Tomprising: b e G*T*C_G*T*C_G*T*T*C_G*G*C*G*C

GO CITHSERIL NO20) whereinqerissents @ S9Qllesth N - 19),

internucleotide tinkage and _ represents phosphodiester
hp h:OI%i 3 r-llgke i@&’q[p%gle ide link wherein 5' refers to the 20
e e g < SRS e
pﬁg%%%%ﬁég%y%? phosphodiester-like internucleotide linkage, wherein 5° refers to the

free 57 end of the oligonucleotide and 3’ refers to the free 3” end of the oligonucleotide.

16. An oligonucleotide comprising:

5°T*C G*THT*C_G*G*CH*G*C_G¥*C*G*C*C*G 3 (SEQ ID NO.: 20,
wherein * represents a stabilized internucleotide linkage and _ represents
phosphodiester or phosphodiester-like internucleotide linkage, wherein 57 refers to the

free 5 end of the oligonucleotide and 3 refers to the free 3° end of the oligonucleotide.

17. A pharmaceutical composition comprising an oligonucleotide of any one of

claims 1 to 16 and a pharmaceutically acceptable carrier.
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9. An oligonucleotide comprising: 5' T*C_G*T*C_G*T*C G*T*T*C
G*G*C*G*C 3' (SEQ ID NO.: 22), wherein * represents a stabilized
internucleotide linkage and _ represents MCSLLP 92 phosphodiester otCSLLP
phosphodiester-like internucleotide linkage, wherein 5' refers to the free 5'
end of the oligonucleotide and 3' refers to’the free 3' end of the
oligonucleotide. 10. An oligonucleotide comprisi
T+C_ &S THheghprpacsuieseonmsitiongiciei cg*@@f(swwm a
23), wherein * represents a stabilized internucleotide linkage and

n?@b%%énts phosphodiester or phosphodiester-like internucleotide linkage,
wherein 5' refers to the free 5' end of the oligonucleotide and 3' refers to
the free 3' end of the oligonucleotide. 10 11. An oligonucleotide
comprisin _ . : . ,
5'C Gwr*ghéP’i*aff{%ﬁf‘ﬁm‘%ak?_‘)é“@%‘%*‘é_"@”@i‘*@*@*@%:@‘i@@éﬁﬁg Ripphater
15), wherein * represents a stabilized internucleotide linkage and _
represents phosphodiester or phosphodiester-like internucleotide linkage,

whereln Sg‘ﬁ E,to the frgf 5'end of the cg Lfgle tide and 3' re fers to
the fred 3 & BPTRASHYSHLGRARAE T 89S RN lig ﬁi?&’e fck Alet i o
com

“*?E%ng{@“g@éerew*vc G*G*C*G*C_G*C*G*C*C*G3'(SEQID NO.:
16), wherein * represents a stabilized internucleotide linkage and _
represents phosphodiester or phosphodiester Iike internucleotide linkage,

wher [s to the ree 5 end of t f otide efers
to th e'Jfree'%‘e 'Gtthe ofic gonucﬁ)ggftd) §1 g‘é"nﬁ% e Ttﬁl ool R 2

co%n% 5' T*C- G*T*C G*T*T*C_ G*G*C*G*C G*C*G*C*C*G 3' (SEQ
P ]fgﬁ ‘wherein * represents a stabilized internucleotide linkage and
_represents MCSLLP 93 phosphodiester or phosphodiester-like
internucleotide linkage, wherein 5' refers to the free 5' end of the

oligonyslepfide and 2 RleIpdae.lies Jiead e sIsoHds 14

An oligonucleotide comprising:

C%JOE&H%I%C%&HQ_G*C*G*C*C*G 3 (SEQ ID NO.: 18),

23. The pharmaceutical composition of elaim 17, further comprising an anti-

viral agent.

24. The pharmaceutical composition of claim 17, wherein the pharmaceutically

acceptable carrier is formulated for subcutaneous administration.

25, The pharmaceutical composition of claim 17, wherein the pharmaceutically

acceptable carrier is formulated for oral administration.
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wherein * represents a stabilized internucleotide linkage and _ represents
phosphodiester or phosphodiester-like internucleotide linkage, wherein 5'
refers to the free 5' end of the oligonucleotide and 3' refers to the free 3'MCSLLP
end of the oligonucleotide. 10 15. An oligonucleotide comprising: 5'
G*T*C_G*T*T*C_G*G*C*G*C_G*C*G*C*G 3' (SEQ ID NO.: 19),
wherein * represents a stahilized internucleotide linkage and _ represents
phos&ﬁod@&ﬁbws% SRS REnHTBI dStdETHRRAGE RiRERasFtically
refers to the . free 'er‘lt%oft e oligonucleotide and 3' refers to the free 3'
RS8P BTG DB 18 TRV 8 GBRIEEH R comprising: 5' T5C.
G*T*T*C_G*G*C*G*C_G*C*G*C*C*G 3' (SEQ ID NO.: 20), wherein *
represents a stabilized internucleotide linkage and _ represents
phos lester.or phosphpdiester-like internucleotide Jinkage, whetein 5'
etoreh tL050 HR N o T RS AL ROt Kt 4 TN b
3' end of the oligonucleotide. 17. A pharmaceutical composition
comprising an oligonucleotide of any one of claims 1 to 16 and a
phamygcaylicaly aceeplable carier MOSLIR A4 18, Thepharmaceutical, . ¢
compaosition of claim f ,lflur(fﬁer compﬁ'smg a nebulizer. @.nrhg ranuactire o
aDh@%ﬁgg%%@kﬁg@ﬁﬁ)ﬁ?iﬂ% %rcr!%inryry ng%her comprising an inhaler. 5
20- The p armaceutlcalngomposmon ofg}g?alm'19 wherein the inhaler is a
metered dose inhaler. 21. The pharmaceutical composition of claim 19,
wherein the inhaler is a 10 powder inhaler. 22. The pharmaceutical
COmPSIIPRL AT b én (UIBREETAIING B NBMONGTAPSHIS R08Macrure of
1.5 23. The pharmaceutical composition of claim 17, further comprising an
a%&ﬂé{%@g@gt&gﬁiﬁg}ﬁtﬂ%@aceuti_cal _composition of claim 17, wherein
the pharmaceutically "acceptable carrier is formulated for subcutaneous
administration.

30. The use of claim 29 wherein the asthma is exacerbated by viral infection.

31. Use of an oligonucleotide of any one of claims 1 to 16 in the manufacture of

a medicament for the treatment of allergy.

32. Use of an oligonucleotide of any one of claims 1 to 16 in the manufacture of

a medicament for the treatment of cancer.

33. The use of claim 32, wherein the medicament is used with a

chemotherapeutic agent.

34, Use of an oligonucleotide of any one of claims 1 to 16 in the manufacture of

a medicament for the treatment of an infectious disease.
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20 25. The pharmaceutical composition of claim 17, wherein the
pharmaceutically acceptable carrier is formulated for oral administrati
MCSLLP 95 26. The pharmaceutical composition of claim 17, wherein
pharmaceutically acceptable carrier is formulated for intranasal
administration. 27. The oligonucleotide of9§hy one of claims 1 to 16 for
use in medicine. 5 28. Use of an oligonucleotide of any one of claims 1 to
16 in the manufacture of a medicament for modulating an. immune

respoge‘HZQ. se of an oli:gon cleotide of any one of claims 1 to 16inthe
manufactufé Sf T HEHBHCANENP FEPaTAG HathihA 130 O Thé feagpiacture of
claign 29 wh reitg ttge a}[sthnga IS ex cr%rba ed by viral infection. 31. Use of
2 A BIFEBHGSHaE BraRy Y B ERIHETYE 16 in the manufacture of 15 a
medicament for the treatment of allergy. 32. Use of an oligonucleotide of
any one of claims 1 to 16 in the manufacture of a medicament for the
treatment.Qf cancer. 20 33_The use of clai §2 herein the medicament
is us§§ wi eausc%%rﬁoatﬂléélsp% & eéﬁgh?.vérﬁ Eﬁgsg 1an'r‘cieg?lffghtl‘fcIeotide of
any one of claims 1 to 16 in the manufacture of a medicament for the
treatment of an infectious disease. MCSLLP 96 35. Use of an
oligonuclegtide of any one of claims, 1 to 16 in the,manufacture of a
medi?ajlfheé%te f‘cﬁ%ﬁg %Eéeua r‘f%ié)n %c? eén\}/fr% %ﬁlgg%lebrl.sél %@t#ﬁeﬁl}se of claim
35, wherein the viral disorder is hepatitis. 37. The use of claim 36 wherein
the hepatitis is hepatitis B. 38. The use of claim 36 wherein the hepatitis
is hepjagliti%%. ij%g an oligonucleotide of an e of claims 1 to
16 in the manu agtlﬁ%% (?fr? %gn\ilvg llggrﬁ%gn%?g?ﬁles ﬁﬁaef%laltgﬁ% g‘ autoimmune
disease.

gLLP

39. Use of an oligonucleotide of any one of ¢laims 1 to 16 in the manufacture of

a medicament for the treatment of autoimmune disease.

40. Use of an oligonucleotide of any one of claims 1 to 16 in the manufacture of

a medicament for the treatment of airway remodeling,

41. The use of claim 28, wherein the medicament is for use without an antigen.

42. The use of claim 28, wherein the medicament is for use with an antigen.

43. The use of claim 28, wherein the oligonucleotide is for delivery by a route

sclected from the group consisting of oral, nasal, sublingual, intravenous, subcutaneous,

mucosal, respiratory, direct injection, and dermally.
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40. Use of an oligonucleotide of any one of claims 1 to 16 in the
manufacture of 15 a medicament for the treatment of airway remodeling.
41. The use of claim 28, wherein the medicament is for use without an MCSLLE
antigen. 42. The use of claim 28, wherein the medicament is for use with
an antigen. 20 43. The use of claim 28, whérein the oligonucleotide is for
delivery by a route selected from the group consisting of oral, nasal,
sublin§tia ,hﬁtva%@ﬁslfé%%%eaféﬁam?fwﬁeﬁsappég Phidys Bredgivery to a
injection, and dermally. MCSLLP 97 44. The use of claim 28 or 43,
S RS ORPOTRRIRUHRIdISER SN B S BEOR in an effective
amount to induce cytokine expression. 45. The use of claim 6044 wherein
the cytokine is selected from the group 5 consisting of IL-6, TNFa, IFNa,
IL-10, IL-12, IFNy and IP-10. 46, The use of claim 28, wherein the
oigoriciel ot Tt BT S s I e SR e S0 s e
the.immur}i reﬁspﬁgﬁe to a Thl biased response from a Th2 biased
cBsiSHRSL! 1b-8y IiiE-sdNgs talh 3b-b¢-38 Nurhd i edprising
administering radiation to the subject. 48. A method for manufacturing a
medicament of an oligonucleotide of any one 15 of claims 1 to 16 for
stimul%t}inn an immune, response. 49. A method for manufacturing a _
medicmetEdhas %ﬁewﬁ@&%ﬁyw‘&iwﬂ%%f%ffsifﬁ?rﬁéawbwct
. cancer. 20 50. A method for manufacturing a medicament of an
g SHACIEGHIB BT AR THE Tt LRHECT P18 ol Ah G astrapaiserom a
1Jg¢e£]hoﬂd or manufacturing a medicament of an oligonucleotide of any one
cldiths T8 or treating allergy. MCSLLP 98 52. A method for
manufacturing a medicament of an oligonucleotide of any one of claims 1
to 16 for treating infectious disease.

47. The use of claim 32 or 33, further comprising administering radiation to the

subject.

48. A method for manufacturing a medicament of an oligonucleotide of any one

of claims 1 to 16 for stimulating an immune response.

49. A method for manufacturing a medicament of an oligonucleotide of any one

of claims 1 to 16 for treating cancer.

50. A method for manufacturing a medicament of an oligonucleotide of any one

of claims 1 to 16 for treating asthina.

51. A method for manufacturing a medicament of an oligonucleotide of any one

of claims 1 to 16 for treating allergy.
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5 53. The oligonucleotide of claim 27, for use in modulating an immune
response, treating cancer, treating allergy, treating asthma, treating an
infectious disease, treating airway remodeling, treating autoimmune MCSLLP
disease or treating a viral disorder. 54. The use of claim 21, wherein the
medicament is for use in a subject with 18%llergic rhinitis.

52. A method for manufacturing a medicament of an oligonucieotide of any one

of claims 1 to 16 for treating infectious disease.

53. The oligonucleotide of claim 27, for use in modulating an immune response,
treating cancer, treating allergy, treating asthma, treating an infectious disease, treating

airway remodeling, treating autoimmune disease or treating a viral disorder.

54. The use of claim 21, wherein the medicament is for use in a subject with

allergic rhinitis.



