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In one aspect the invention provides a composition including an immunostimulatory

nucleic acid molecule of Formula I



In one aspect the invention provides a conposition
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In one embodiment each of N, N, .... N;, and Nyg, Nag, ... Nq is chosen from
unmodified or modified nucleotides which form Watson-Crick base pairs, i.e., each base pair

N;-Nyg, Na-Noy, ... Ny-Npy is a Watson-Crick base pair.
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In one embodJment S, is a non-nucleotidic linker.

In one embodiment S; contains at least one abasic dSpacer residue.

In one embodiment the oligonucleotide includes at least one branched non-nucleoside
linkage.

In one embodiment the immunostimulatory nucleic acid molecule includes at least
one doubler unit, at least one trebler unit, or at least one doubler unit and at least one trebler
unit.

In one embodiment S; is a doubler unit or a trebler unit.

In one embodiment the oligonucleotide includes at least one 2'5'-, 5'5'-, 3'3'-, 2"2'-, or
2'3'- internucleoside linkage.

In one embodiment the immunostimulatory nucleic acid molecule of Formula I is not

an antisense nucleic acid.
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In one embodiment each of Ny, N, .... Nn.1, Nn, and Ny, Nog, ... Np.i#, Ny 18 chosen

from C, G, or modifications thereof, wherein C base-pairs with G.

In one embodiment each of Ny, Ny, .... Np.1, Np, and Ny, Nag, ... Np.1#, Ny s 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 deoxynucleotides

with corresponding bases cytosine, guanine, adenine, and thymine.




In these and ot her enbodi nents each of CC G A and T
can refer to deoxynucleotides wth correspondi ng
bases cytosine, guani ne, adenine, and thymne. -6 In
one enbodi ment each of N, N2, .... N,.1, N and NL#,
N2#, . . . No is chosen fro C T, A G or
rmdifications thereof and Cbase-pairs with G T
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om’unno modi f I éd nuacl des which form
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el AblEi B P sl S PR R Bt M eh s & i WafBE.Crick base pair.
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g:rggﬂpg]gré%h e ol ggg glselqt ide includes at | east one
In one embodiment XiisT,X2isT,Y;1sC,R1is G, and kis 1.
In one embodiment X;is T, X5is T, Y1 isC, Ry is G, kis 1, pis 1, Nand N' and Z3
each contain zero nucleotides, and Z; is TTTT or d(UUUU), where d(UUUU) represents
(deoxyU)a.

In one embodiment S; is a non-nucleotidic linker.

In one embodiment S, contains at least one abasic dSpacer residue.

In one embodiment the oligonucleotide includes at least one branched non-nucleoside
linkage.

In one embodiment the immunostimulatory nucleic acid molecule includes at least
one doubler unit, at least one trebler unit, or at least one doubler unit and at least one trebler

unit.



I i nkage. I'n one enbodi nent the inmmunostinul atory

nucl ei ¢ acid nol ecul e i ncludes at | east one doubl er

unit, at least one trebler unit, or at |east one

doubler unit and at | east one trebler unit. -7 In one

enbodi ment S1 is a doubler umit or a trebler unit. In
- one enbodi nent the oligonucl eotide includes at | east

one,; 2'5 5-.33 -.,.2"2"- or,.  2'3 -

e Brane sftbodinseet siedioubler pitoke BellEd Nt t he

| M GeteniBoRhei theMligbRidleofia tholiies Gllesst Bhe 791 M2 3131 212 or

is not an antisense nucleic acid. In one aspect t he
2'3-Antemprleesidy kages an i nmunosti mul atory nucl ei ¢ aci d

e FESotocrhd B el st AR B b ST ol s ot

ané:hdm):nsem(:l&i:)(ci‘dZ)(Nl) S2 (N1#) (N2#) (N3#) . . (N#)

eac Z Z3 is |nde endent |y an uenpce
o T S satcs B in8n g s B SRR PO rOR PR il molecule of

Foﬁmnanpcleotldlc | i nker or abasic dSpacer; each of X1

and X2 is independently a nucl eotide containing

thym ne, uracil, adenine, or a 5- substituted uracil

each of Y1 and Y2 endent sine or a

nodi fi ed cyt03|ne( g%zhéfof R1 ah%) |g i ndependent |y

a guanine or a nodified guani ne; each of Nand N is

WS 0t Fen iRy N e a2 (bl e IROTDRer or
m@g&zﬁ)mﬁﬁpm@y eachl ofi73, 2y, BRNZ M Gh@PEATENEyY hhy)¥edliencB 0 to 12

['1nker (d pacers) triethylene glycol units or

nugjeqtides Fopg Sviachprtioppllinciuiges wrtnu%mdeﬁrﬂmlqeyormbew @8pacer; each
or e sf%‘%‘ sidceieny dpicieotcmiinil drmee wepl afempe, o2 >

submqmmmrecﬂ]; each afly mmdl\éas imdleperidentdy mcytasmaaor amnodhﬁedl tylosine; each

ot s JAER: 53422 Rl ARETR Ao Sied B coonc Y B i

mdielpéxﬁléhﬂjaﬁnyl stdidRe 0 t@'lf?nuclecﬁld'és iong&vkﬁch opticAally inclu@és a non-
- I .nternucl eosi de |i nkage, a non-nucl eotidic

nuphem@qs linkegion abasic-dPpatesoL g A aomnﬁkle?udw Hulreg.anphasip Hakes
(d#d&gﬁj’ iRy o C%qgc%l unity dr@el efkl‘?}"l &%1}’&@ 'um't'é" 'th?oh dﬁ"uonally provides

xaet hyl ene units ating
for2'S:, 5'5’339’ 222, @23 iptermucRosidp linkagges Saﬂs mymu@hu@ronuc

sef ] e Sl o B o g s

trikthglengpgiyeat units br helddsthylbie glyaﬂ unas 1S5 isna dibech@findixét 2'5'-, 5'5'-, 3'3'-,
and bas

24 pe2 B i Gmfeideitspie o R e PG, Pﬁ%ﬁ@@ﬂﬂ%@ﬁ#@ﬂdw linker
indldidPabalici ikeR (HSYa88S), tidtyTere diPcol Bnitd) of Rex@BthyRhE B8Eo] units
facilitating a 2'5'-, 5'5'-, 3'3'-, 2'2'-, or 2'3'- linkage of m sequence parts; each of Ny, Ny, ....
Np, and Nyg, Noy ... N is any nucleotide or modified nucleotide wherein N; base-pairs with
Ni#, N; base-pairs with Ny, N3 base-pairs with Nay, ... and N, base-pairs with Npy; k is an
integer from O to 5; m is an integer from 2 to 10; n is an integer from 2 to 16; p is an integer
from 1 to 6; and q is an integer from 0 to 10.

In certain embodiments Z; [(X;Y1R1) N (XoY2R2)x Zo]p (S1)q is a non-palindromic

sequence.



froml to 6; and q is an integer fromO to 10. In
certain enbodi nents Z1 [(X1Y1R1) N (X2Y2R2)k Z2]p
(S1), is a non-palindromic sequence. -8 In certain
enbodi nents Z1 [ (X1Y1R1) N (X2Y2R2)k Z2]p (S1)q is
TCGTCGTTTT (SEQ I D NG 40), TCGICGITLL, TCGA, TCGAC,
TCGACGTC, or TCGACGICG whefein L is dSpacer. In

certain enbodi nents ZI &(S)@(lYlRl N (X2Y2R2) k. Z c]:g
( S1)ln cerain emhpdiments dit ¢ X eodub N2 Yikkaht(8idnis TCGTCGTTIT

PR TR A R 4 W%@%@%gﬁmw

widkiB4d)is dBpaceert ai n enbodi ments Z1 [ (X1Y1R1) N

R b G AR AR

seﬁﬁﬁlbe (N2) (N1) S2 (N1#)(N2#) . (Nn#) 23 |ncI udes a

se q ue n ce . AC{:%A&% C‘AA;I',?\T;I'TATTG E SE d CiCij\CGTCGA
4 CGGCGL LCGCCG

F@gégﬁ“s Rt e PRI o ),

iR 41 (NGI1R), N CEE GRS CRBES(BEGCGBCGTT

%@G@W(@%ﬁo' ég)Gll'TGGGCTCTC ( SEQ

ID
NG ohd kmb&ditAeht Y BN, Cgf@ @QN@N&A) +(Np) A TUAEA 3Ayuence

SEO | D NO 15
A AT ANTATS T RO(SH) IDAGIS GG T LT GESEEQ IANO:2),
CORRATDOTHTRY WHiin Nd ) b CECO R SEa I Nefaa,

COCEIOACEESEQND Nom)nCeGGaIL LR BrHCGYSEQIID NOi6),

PR RRS e CRER AL oo R BRAIT NG

c@@@@ﬁ@@@@@@@(@ﬁ@h@ NﬁG’ZZZGACGTGACGGG (SEQ ID NO:11),
TCGACGT CGAGAGT TGGGECTCTC CS SEQ 1D
CAGAHEET CERSAGIGBER B TélﬁAG@AGGT (SEQ ID NO:14),

TAUPNFTHAPEANSED Ib%@lbi?ﬁ)ﬁ?@"ccmm (SEQ ID NO:16), or
TAATATTTATTA (SEQ ID NO:17), wherein L is dSpacer.

In one embodiment (Ny)...(N2)(N1) Sz (N1#)(Nag)...(Np#) includes a sequence
GGCGCGCTGCCG (SEQID NO:13).

In one embodiment the immunostimulatory nucleic acid molecule includes a sequence
TCGACGTCGACCGTTTTGTGG (SEQ ID NO:20),
TCGACGTCGACGGGACGGG (SEQ ID NO:21),
TCGACGTCGACGTGACGGG (SEQ ID NO:22),
TCGACGTCGAGAGTTGGGCTCTC (SEQ ID NO:23),
TCGACGTCGAGCGAAGCT (SEQ ID NO:24), or
TCGACGTCGAGGAGGT (SEQ ID NO:25).

In one embodiment the immunostimulatory nucleic acid molecule includes a sequence
TCGTCGTTLLACGGCGCCGTGCCG (SEQ ID NO:37),
TCGTCGTTLLACGGCGLLLTGCCG (SEQ ID NO:38),
TCGTCGTTLLCGGCGCGGCGCCG (SEQ ID NO:39),
TCGTCGTTTTACGGCGCCGTTGCCG (SEQ ID NO:44),



In one enbodi nent the i munostinul atory nucleic acid
nol ecul e i ncludes a sequence TCGICGITLLACGECGCCGTIGCCG
(SEQ ID NGO 37), TCGICGITLLACGGCALLLTGCCG (SEQ ID
NO 38), TCGICGITLLCGGCGCGECGCCG (SEQ 1D NG 39) ,
TCGTCGT TTTACGGECGCCGI TGCCG (SQQ ID NG 44), -9
TCGTCGTTTTACGGECALLLTGCCG (SEQ’ID NG 45) ,
TCGICGITTTACGECGTTTTGACCG Q 1D NG 49),
T@@@ﬁ@fﬁﬂ?@@@ﬂ@tﬁwﬂ@q%&m B X9 56),,

?é??@é%ﬁ?ﬁ%%

TCGEUCATTTZACSTTEATEEIS 5 5)

TG B ETCGRTRFEERR @@b Bmﬁgz

T@W@GLL@W@@@@QM@% “Wherein L is
acer | m’runost | |TU| at ory
TR T O E R R a (SHAIDN S Renc

emﬁggﬁ rm%@tlgry ’USIO)el cI gciogerml ecul e
TCOAIQGIEST T A4 TAECAT TROSE SEYCECG Glcg?os SEQ ID
Tﬁ@é@?ﬁﬁ%@&%@mﬁbﬂggﬁékg chogen from

whEeh@ '@ " T*T*A*C GG C G CC GT*GCCG (SEQ
I D NO 43),
T+ - yopegmbediment theimmunoytiguiatayygl ey quidsmokecnle ipamlys a sequence

TR T e OCaGaCT RO SRR IR o+ o o o+ 6 (SEQ

| D N@ ef2)embodiment the immunostimulatory nucleic acid molecule includes a sequence

TGS TEOedaCaET BRSNS 4™ T ¢ @ @ ¢ (S8R

FBC* H%@W@ﬁh@tﬁﬁ%ﬁﬁ deidnfeldetife inchdes a sequence

choseR EPMx O Gr T+ T+ T+ T+ A% CF G¥ G CF G+ CF C* GF T* T+ G* C* C+ G ( SEQ
L FE T ETTACIO S GEE TR FGUBYR Yy
TFOF ST G T T TFTFA*C_G*GHC*G*C*C_GHT*G*C*C*G (SEQ ID Nos 43),
TIB%S%IQ%@*E*?*%K*&@@@@ﬁé*é*ﬁ B T0:42),
chmmmwwu*ﬁ*@*e*ﬁ@*@*@*m*c&*ﬁﬂ*@@(ﬂsm BERO:36),
ThBe BB G+ OO GG CH G ARCHGHCHOHGATHGHCHCHG (SEQ ID NO:35),
TH*C*GHT*CHGXTHTHT#T* A*C*G*G*C*G*CHC*GHTH*T*G*C*CHG (SEQ ID NO:44),
T*C*GFT*C*GHTFT*L¥L* A*C*G*GHC*G*C*C*G*T*G*C*C*G (SEQ ID NO:37),
THCHGHFTHCHGHTFTHTHT* ARC*GXG*CHGHLAL LA T*GH*C*C*G (SEQ ID NO:45),
T*C*G*T*C*G*T*TFL*L*A*C*G*G*C*G*L*L*L*T*G*C*C*G (SEQ ID NO:38),
THCHGHTHCHGRTHTHT*T*CHG*GHCHGHGFLAL* C*C*G*C*C*G (SEQ ID NO:54),
THCHGHTHCHGHFTHTHT*THCHGH GHCHGFTHCHGHCHCHGHC*CHG (SEQ ID NO:55),
T*C*G*T*C*G*T*T*L¥L*C*G*G*C*G*C*G*G*C*G*C*C*G (SEQ ID NO:39),
T*CHG*T*C*G*T*T* T+ T*CHGHGFCHG*LYL*C*G*C*C*G (SEQ ID NO:52),
THC*GHTXCHGFTFT*THTFT*A* AXT*A¥TFTFT* AFTAT* A (SEQ ID NO:59),
THCHGHT*C_GFT¥T*T*T*T*A* A*THARTAT*T* A*T*T*A (SEQ ID NO:59),
T*CH*GXT*C_GHTHTHT*T*C*A* A*T*AXT*TAT*A*T*T*G (SEQ ID NO:50),

Y@




T"CGT CGT* T*T*T*C" G G C* G G L* L* C* C* G C* C* G ( SEQ
| D NO 54),

T"CGT CET T*T*T*CG G C G T*C G C C G C CG (SEQ
I D NO 55),

T™*TCET*CET*T*L*L* C G CFCEECEGCCG (SEQ I D
N039) T*CGT*CGT*T*T*T GGCGLL*C-GC-CG
ID NO 5
G&@?E¥3%$QTT$AﬁAﬁF%$ﬁﬁﬁyﬁwfgﬂwl?$($EQJP§§65ﬁb
?&g %% M%ﬁ*ﬁﬁﬁﬁfﬂﬁ“ﬂ*{%ﬁﬁ%T§§(§"f15/1\1’6 S A
THI* GV O C* G T TP TATCORAGAC TE R AT T TGO C* G (BBRADIND:45),
T*$§%$2%9 @%@fFJTlTATCTQAQA?Tﬁﬁ@?h??gyﬂﬁ?g?*ﬁ(§§96PFBD38)and

T*NEGBE¥C G:FT@I‘GW*@*G*G*@*G*G*E*WMW’U:*GT@BQTIDTNQ 54),
(SEQ | D_NO 57 T*C* G

whereim Ip-dsdSpage @@(@p@r@h{m’@; and @"‘I@f’@h@@ﬁjﬂ] D NQ 45)
T* C*&g* % S%ﬁd-ﬁgznt%é-mﬁugo@ﬁEE@ hidtete adid BdteduldinbIRES a sequence

chd'geﬁ’f@IﬁI'*C GT*T*T*T*CECGCEEL*L*CC-GC CG (SEQ

TR BB R Bl bRGERRREuG ABO D NOZD,
T‘@M*@‘G*WUGGJ mnosr*mmmmm(sm a‘,DNO 2ol ecul e
i ncl udes %guence chos

THRG A RO T @f@*@*@ﬁ@*@t@@i@t@@@@é@@wm 21
rEEERETEEEFI LG @IS | N3 51
T PRI TG S GGG A* B GX T* @EQEDN@2QB

T*%‘é%ﬁ‘é%@igﬁ@@ﬁﬁ*ﬁfﬁ%&%‘-ﬁ%@%é@ and

TN PR % CHRIA*C*G*A*GHA*GHT*T*G*G*G*C*T*C*T*C (SEQ ID NO:23),
T*CGACGT CGCGAGAGT *éi’ﬁG‘G‘C*T*C*T*C(SEQ|D
wharpind)is phogpbprefhioate and -p’ﬁd’§ fifbate and _ is

phosphadiegib8iment fhe ARRUBHRRHIIBA nuclRE acid molecule includes a sequence

|nnunost|nulatory nucl ei ¢ acid nol ecul e includes a
loegpuizome chosen from

L ]

TRGATCGETGATTC G CE G I N C G (SEQ

N T I@A% GTHEESEGEE GREGSIETDNE:s),
T%%@%@@%@@@@@@G@@@W@@@@Mmmp
TACHGHHC_GFT*T*ARC_G*GHCHGHCHC_GFTHGHCHCHG (SEQ ID NO:67)
T*CHGH*A*CHGHTHCHGHA*CHGHFTHGHA*CHGHFTHT (SEQ ID NO:63),
THCHGHTHC_G*A*C_G*A*T*C_G*G*C*G*C*C_G*T*G*C*C*G (SEQ ID NO:64),
T*CHG*THC*G*A*C*G*A_T_C*G*G¥C*G*CHCHG*T*G*C*C*G (SEQ ID NO:64),
THC*G*A*C_GFTHCHGHA*C_GHT*GFA*C*G*T*T (SEQ ID NO:63),
T*C*G*A*C_GFT*C*G*A*C*G*T_G*A*C*G*T*T (SEQ ID NO:63), and
T*C*G*T*C_G*T*T*T*A*C_G*G*CHG*C*C_G*T*GHC*CHG*T (SEQ ID NO:68),

wherein * is phosphorothioate and _ is phosphodiester.

In one embodiment the immunostimulatory nucleic acid molecule includes a sequence

chosen from



T*C*G-A*C-G T CGAC-GT*GACGTT (SEQ I D NO 63),
T*C"GT*C GA*C GA*T*C GG CGCC GT*GC CG (SEQ

I D NO 64)

T"CGT CGACGAT CGGCGCCGT GC CG (SEQ
ID NO 64), T*C-GACGTCGACGTGACGTT (SEQ
ID NG 63), T*C-GA*C GT*CEWCGEGT GACGT*T (SEQ

| D NGO 63 d
TSI PGP @ G @A & @ E TIOMCEGISEQIR, NES0),
Ttﬁ)@%’@l‘*c*‘@q{*?‘“‘@ &GS CPGPE p@"@iiﬁ@@@@%@m R0:30), and

sp.odiester. I'n one enbodimen
THOTUHOYs | MO A * 6uck 6 €* @t CAGHOT BN O Ge(SERED NO0:30),

f - 11 .

W%%%%@%@%@_ cHephesRhadiesler: T gr o o+ G (SEQ | D

NO. 3@)one elitoliment e tnkiabItimilgtory facfeidicid fabfechicFhdides @ sequence

%@SE IDNQ:%%I and . . _
T t@Q@@@gﬁ@ 0 6466 66 6* B TR QIRHUASEQ H2NP:27), wherein

iR % S t hi oat d _ i

* R thonotiBatethl s piBORiARAT O 1 PRLE and 1S

i mrulnoste emblodingery theumimainostimaldtonphwetsid &id molacdizindudes a sequence
R BPR IS S A GO CH B B FEPIGEEQD
NS/ T*C VEEM G+ TH TH T+ Phaspher Gt ti @ate *g1d*G+C¥C*G (SEQ ID

hosphodi ester. |In one enbodi ment the
Npqm)n%it THRIGTISG GRIIETET tI At O G &S " d ™ LR GAE4SEQ ID NO:46),

WHERHE iphe %‘@?‘?‘51?5{?99{4 HISRUFEL 5 T o o+ 6 (SEQ

| D KOnrt8mbodiment the immunostimulatory nucleic acid molecule includes a sequence
T,Igceﬁg)ﬁ%gﬁ%ﬁ]ﬁﬁ@@@@@ﬁ@&kﬁﬁﬁc@&%ﬁd 1190:48),

whefeir3* &gRoSPhbidkhibATE afd CiéPKaspliddidster.” G C* G (SEQ I D

NO 46), wherein * is phosphorothioate and is . .

phos Bhorf @rhadiment thejrumunesimpiaiary nugiic acid molecule includes a sequence
T;%g%ig“@“b%f@ﬁ%%@ﬁ&@‘ Gk ECH P THCISIRED 80:33), wherein
*I$ phaspliorothivare and(* iF phophallige: G- T C* G T* G* C* C* G ( SEQ

LE ogl%g%? %‘rsll?%gﬂ:%&%'r?? loeiriaiséclozlﬁ_@g%?%&r%{ig @h{%?ﬁ%&rﬁm?e%%d&is‘ &substituted or

modifistosirinewt pydmidineucl ei ¢ aci d nol ecul e i ncl udes a
sequence

*C.GFCGCC GTGCC T C QT C . e
& 1+ 58 i poRE o, St PEFFRIB® fo0 st b oPBRfpisd pyrimidine
and {in be fMGSIRERtESSBEtituted pRfige RECHIoFETtsuBétithRd phirine.
one nucleotide in the oligonucleotide is a substituted

or  Adant ¢rabpdiment ke sbstifiediar anqdified pyripner iNvdineds selected from
t%é;éf)ﬁéj gclﬂnsghﬂé 6l R skiteH &ﬁc‘oﬁxfes%-gﬁo'sﬁt‘ﬁ{edQ?‘fo§ﬂ1k3§’,tN4-'sﬁb§gmted
cytosincs, 5-a.za-.cytosinc, 2-mercapto-cytosine, isocytosine, pseudo-isocytosine, cytosine

analogs with condensed ring systems, and uracil derivatives, thymine derivatives,

7-deazaguanine, 7-deaza-7-substituted guanine, 7-deaza-8-substituted guanine, 7-deaza-8-aza
guanine, hypoxanthine, N2-substituted guanines, 5-amino-3-methyl-3H,6H-thiazolo[4,5-
d]pyrimidine-2,7-dione, 2,6-diaminopurine, 2-aminopurine, purine, indole, substituted
adenines, 8-substituted guanine, and 6-thioguanine.

In one embodiment the substituted or modified purine or pyrimidine is selected from

the group consisting of 5-methyl-cytosine, 5-fluoro-cytosine, 5-chloro-cytosine, 5-bromo-




In one enbodi nent the substituted purine is a C8- or
C7-substituted purine. In one enbodi nent the
substituted or nodified purine or pyrimdine is
selected from the group conS|st|ng of 5-substituted
cytosines, 6-substituted cytosines, N4-substituted
cyt osi nes, 5-aza-cytosine, Z-'f€rcapto-cytosine,

i socyt osi ne, pseudo i socytosine, cytosine anal ogs

cyigsing, TEegeEstnes Hyd r@giz-tcmne,aﬁwhydw@cmosm iSvlandrerermethyl-

yifjg)é@agz] glfg.\%fdn\é&{d(l"cﬁ?o guanl ng@é@ﬂ%ﬂ;(grzsgb gted 3;alioymykgytosine, Na-

etlgdﬂ:ytoemp, NNipaamldhe aztn;smg,qmenmm,zuhyi}ﬂuamt-mm S-bromo-uracil, 5-

brgm }?Iz&rlgémﬁéftﬁmgﬁjr%ﬂl %&){dﬁqulglagl j lgopynyl-uracﬂ 2-thiothymine, 4-
thﬁ')h[}h‘rﬁhénécﬂuﬁﬁltatea Henengs, 7 debzady- m'%?mf ?%uamne N2-methyl-guanine,
a

-am nopuri ne, purilne, i ndol e, subs eni nes,
N@Ilzaﬁwé-@dqrw@a QracadeRae, Shysrexygnmmng 4pd Srompgusnine.

e anql anb&hﬁxeﬁfthé ELII%H tu%é?i gt {lﬁ?ﬂéd‘ %lﬁ‘ﬂw hg %cﬁﬁe is s?lected from

yrim ne IS Seée From

thS grmap leyhsisting of b mejvesalf base rap-acorhaiii ring, system, an aromatic ring system,
BJ% Ioro c to ne S-bronmo -12 cytosi ne,
PA%Ihy dr oxy- cyt 0Si ne,

6- hy[ﬁroﬁéi )émBMlﬁﬁ:hﬂ@ie s@osﬁﬁﬂé@é&)’xﬁ&hﬂ&’d ?Eyﬂﬁudme is selected from
5-di f | uor onet hyl -%to& ne, and unsu stltu

thg awpucpml%!@g@f Atmpetayirindole Gsniwe-ingele, 2opippyrEqie.gbass, and K-base,
b%]_z%[ua&ro%o)ﬂcﬁﬁ -‘Bgﬁﬁgidﬁfole Ph&R %ﬂi—lrﬂ?;zzﬁﬁ He! rSchff)(ﬁiirh!: acid

rono- Ur acl onoVi n uracl I O- uracl

mﬁ*dbyﬂimohﬁﬂmmmdddlﬂuqmbmymw uracil, 2-thiothymne, 4-
th bst i.tuted. thym , _
ac B EReSmeR BRI G Fos BT HEE i 5t sleeed from the

gtUﬁp H&Isbs‘ﬁhg aflepians, all%rl @Kﬂn aﬂlerycme chBtib yeld axgeledticngid,
and 8- bronoguani ne. on iment the substi t.ut ed

enb
eSRORSURL. DO SR PTG AR oy CRolAnisctcatl EYCOIP e
pl%sgﬂcﬂ}%?&n %dh?ﬁéoggldgfmﬁrml%e R fHidsD AR nin@ R @R dafurktbd Bitty acids,

aro ng system  and a hydrogen atom
wisdSpatedfajty abids,datty acih ostenspriglycenides pyaeries, lnoephyq;ms Texaphyrine,

i B, AR5k G, TR o,

d%mﬂ;ﬁmy&nym t-butgldifdethglsyl, Rbutydighesylsilyl hyaminaidges Oi’ﬁune dye Cy3
i chlorg

cylanmg@yypy%igzéoeg ﬁ]%%?%‘%’l’ psogalen, apd aprofensci 4 ani de,

fl UOInoé}fé% theaﬂ&%nﬁbﬁ b#R1deh an #BMAnostihuRAcyRBIRLY d¥iiYholecule
any of or Zis substituted by a residue

inghidéng (@ha ] rmb@g@mng rthparcisasnestimplatry wetibdwsgn kpm (TCG)uN and

RERRT8% SBeRLT Ty iR P Pt B BHIBL TG M hinine, Ris a puine
Dajsﬁow eltabh)lbfggl ar:d;? mgepﬂnylemly 1? :crpsmaalcbtmaphm inpegds between 1 and 4,
iy e i e RS Dol eitpses Tt 0853 ot sPoBfos in qnyverted

répehitapatl@bt forfigth mﬁaﬁf @r,stetzﬁ-nc%)s&aémfé@ﬁald PiicBude $ucluding 2 GC-rich

p?rbfhy“ ns, Texaphyr adamant ane, acr.i di nes,
SHGTISE 1016 CORRRWNS RESCIPRIID 1008 @B AL 163 GH ARChof oF Zgsmaighed base; and

(& GG Bilized backbone including at least one phosphodiester 5'-CpG-3' linkage.
Either or both of C and G in the CpG dinucleotide may be modified.

In one embodiment the GC-rich stem is 2 consecutive base pairs long.

In one embodiment the GC-rich stem is 3 consecutive base pairs long.



di met hoxytrityl, t-butyldinmethylsilyl,

t - butyl di phenyl silyl, cyani ne dyes, cyani ne dye Cy3,
cyani ne dye Cy576, Hoechst 33258 dye, psoral en, and
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In one aspect the invention provides an immunostimulatory nucleic acid having a base
sequence provided as T*C*G*T*C*G*T*T*T*T*A*C_G*G*C_G*C*C_G*T*G*C*C*G
(SEQ ID NO:43), wherein * represents phosphorothioate internucleotide linkage and _
represents phosphodiester internucleotide linkage.

In one aspect the invention provides an immunostimulatory nucleic acid having a base
sequence provided as T*C*G*T*C*G*T*T*T*T*A*C_G*G*C*¥G*C*C_G*T*G*C*C*G
(SEQ ID NO:43), wherein * represents phosphorothioate internucleotide linkage and _

represents phosphodiester internucleotide linkage.
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In one embodiment the subject has or is at risk of developing an infection chosen
from a viral, bacterial, fungal or parasitic infection.

In one embodiment the subject has or is at risk of developing a viral infection with a

virus chosen from hepatitis B virus (HBV), hepatitis C virus (HCV), cytomegalovirus
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In one embodiment the cancer is a cancer sensitive to treatment with interferon alpha
(IFN-ov).

In one embodiment the cancer sensitive to treatment with IFN-a is chosen from helliry
cell leukemia, chronic myelogenous leukemia, cutaneous T-cell leukemia, multiple myeloma,
follicular lymphoma, malignant melanoma, squamous cell carcinoma, AIDS-related Kaposi’s
sarcoma, renal cell cai'cinoma, prostate carcinoma, cervical dysplasia, or colon carcinoma.

In one aspect the invention provides use of an immunostimulatory nucleic acid of the

invention for manufacture of a medicament for use in treatment of an infection.
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FIG. 6 is a graph depicting antigen-specific cytolytic T lymphocyte responses

of a
quﬁuclear cells
It

followiﬁg immunization with 1 pg HBsAg with the indicated amount of ODN.
FIG. 7A is a graph depicting survival according to different ODN treatments in a
murine neuroblastoma tumor model.

FIG. 7B is a graph depicting tumor volume according to different ODN treatments in

a murine neuroblastoma tumor model.



FIG 1 is a series of graphs depicting induction of
| FN-a and TLRO signaling by ODN 332, 333, and 334.
FIG 2 is a series of graphs depicting induction of
| FN-a and TLR9 signaling by ODN 611, 614, and 620,
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by a panel of oligonucleotides. FIG 4 is a graph
dep| ct| ng group n%@ﬂ

(PBMC) stinul at ed
Q%‘i@@@ﬂ? ﬁQTé\ENCE&n -speci fic

lUld] g\J IUIIUVVI "y IIIIIUIII LaLIUII v'\1| LII I T-PU IICIJG.LILID

EOLRN 1 fSaquencaint i gen (HBsAg) with the indicated anount S%%P
Ol FTHC GPrHes LI TRLANGRARML ERBLER AT (WG B groreng | a7
| AR R IGST G AT TV TEAL RGO G * O CAGIF T@eer Glibunt 48
oflggot»i**cFb@zr*@*Gsrarﬂrﬁpn*@e@w@#U%@*@ﬂ{:ﬁ@ff*é@@%ﬁ c|
|93 L LI II OO 1 ‘l

| AN G G G B L e ThAS R GO GO CRET € ed ampun} 46
ofzsﬂN*O‘G@A*D‘(G*S‘*@*GTﬂpb*@l’ep'@*A*@@’tG*GVa' 2
B e e e T VERGHEE, TTT 21
degt ctrwa*mrﬂrkwwrnmwm&wm*mga*ﬁi*m*m@mm*@me 42
[ 1 | T
i e O e o S S T S
13007 T E* BB C* P EF P PF R B A C P O TS QNG 7 35
139 @ GG e G T T TP P AS SRt SR ST Ay v |
LI O
o B G A AR RO HCROT RSO tge e |
26T | (GO T O B A TBABCF GBONCUBGBLEL E2LT*G*C*C*G 45
Z | L g N g gy o Wy Y Wy

Dl T R LB T P ARG R AL TG GReHG o | 38
D GUIT*| (P THIFCH G T TV T* I CEGA T GG L CLEC TE B R ER6 | 54
3 4

MO e e ats g T
313 | THCHGHT*CHG*THTHL¥L ¥C*G* G*CH*G* C* G* G* C*G*C*C*G 39
314 | T*C*GHT*CH*G*T*THT*T*CHG* G*C*GHL*L*C*G*C*C*G 52
331 | T*C*G*C_G* A*C*G*T*T*C_G*G*C*G*C_G*C*¥T*G*C*C*G 27
332 | T*C*G*C_G*TH*C*G*T*T*C_G*G*C*G*C_G*CH*T*G*C*C*G 30
333 | T*C*G*C_G*A*C*G*T*T*C_G*G*C*G*C_G*T*C*G*C*C*G 28
334 | T*C*G*C_G*A*C*G*T*T*C_G*G*C*G*G*C_T*C*G*C*C*G 29
335 | THC*G_C*G*T*C*G*T*T*C_G*G*C*G*C_G*C*T*G*C*C*G 30
336 | T*C*G*C*G_T*C*G*T*T*C_G*G*C*G*C_G*C*T*G*C*C*G 30
337 | T*C*G*C*G_A*C*G*T*T*C_G*G*C*G*C_G*T*C*G*C*C*G 28
338 | T*C*G*C*G_A*C*G*T*T*C_G*G*C*G*G*C_T*C*G*C*C*G 29
339 | T*C*G_C*G*A*C*G*T*T*C_G*G*C*G*C_G*T*C*G*C*C*G 28
340 | T*C*G_C*G*A*C*G*T*T*C_G*G*C*G*G*C_T*C*G*C*C*G 20
341 | T*C*G*C_G*T*C*G*T*T*C_G*G*C*G*C_G*T*C*G*C*C*G 31
342 | T*HC*G*C_G*T*C*G*T*T*C_G*G*C*G*G*C_T*CH*G*CH*C*G 22
343 | T*C*G*C*G_T*C*G*T*T*C_G*G*C*G*C_G*T*C*G*C*C*G 31
344 | THC*G*C*G_TH*C*G*T*T*C_G*G*C*G*G*C_T*C*G*C*C*G 32
380 | T*C*G*A*C*G*T*C*G*A*G*G*A*G*G*T 25
382 T*C*G*A*C* G*T*C*G*A*G*C* G*A*A*G*C*T 24




6T*CGET*CET*T* L L*AAC GG CGCCET G CCr &7
TT*CET*CET* T*T*T"A*C GG C G L L*L* T G C- C-AS
30T"CET*CGET* T L*L*AAC GG C G L L*L*T* G C C G38
OT*CET*CET*T*T*T*"CEECGEL L*CC- G CC- B4
2T*CET*CET*T*T*"T*"CEECGT*CECCGC Cr&BS
313T*C* G T*C* G T* T*L* L* ¢t & G~-A8G* C* G G C* &* C* C+ B9

U CETCEFTTTTTTFTCEEFCEL L GG CCr B2

33T PG TP T TR TGP O T I P G2 7 20
S0 AR T BRI b b enenn 23
353080 TR > O T T T @@ G @G F BB 51
S TG G R T IR MO HEE Sl il | »

Y= @”@*@ﬁ‘*ﬁ*@*@ﬁ*ﬂﬁ‘ﬁ@@@@m&& 43

3B TG CHF T CPHEFERCTTRTZT | =
S R, G P T A PG G OCOTeB eS| 4
3444T* @*@*@W@*T*T*ﬁWA@WA@@ﬁTEK@@*Q G31 59
S e T D P D T T A A T oA T o) 59
34T PG G0 OB TV TV (/O TS TE [T TEA GGG G32 50
S e O BTG A e on A TaTeA 58
2881 P B €6 B B R T TOACATTIAM TE A G A P

384T PUEANGHE THO+ G P FUN I TR & AT NS 45
P L T e B P P A A GRS O eas | s
6§91 | M@ TG G*TT* T*XB GB OB B B3 BL €T C B g 3 54

O e R e s S s |

DETAILED DESCRIPTION OF THE INVENTION
The invention in one aspect involves the finding that specific sub-classes of CpG
immunostimulatory oligonucleotides having defined secondary structure are highly effective

in mediating immune stimulatory effects. These CpG nucleic acids are useful therapeutically

and prophylactically for stimulating the immune system to treat cancer, infectious diseases,
allergy, asthma and other disorders and to help protect against opportunistic infections
following cancer chemotherapy. The strong vet balanced cellular and humoral immune
responses that result from CpG stimulation reflect the body’s own natural defense system
against invading pathogens and cancerous cells.

The sequences of the invention share some structural similarities with a class of CpG
oligonucleotides referred to as C-class or combination motif CpG oligonucleotides. See
published PCT international patent application WO 03/015711. Similar to the previously
described C-class oligonucleotides, the C-class CpG oligonucleotides of the instant invention
have defined 5' and 3' motifs as parts of the molecule. These previously described C-class
oligonucleotides have both a traditional “stimulatory” CpG sequence, generally positioned at
or near the 5' end or 3’ end of the molecule, and a “GC-rich palindrome” motif, generally

positioned at or near the other end of the molecule. These combination motif nucleic acids
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ave ned 5" and 3 not

i nvention S as par S O
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BRpscsin Srendid wwervemBE Ao Bncs iov AP RE RO ol cese ity pygleotides or
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including type I IFN (e.g., IFN-o,, IFN-B) and IFN-y.

A “palindrome” and, equivalently, “palindromic sequence” as used herein refers to a
nucleic acid sequence which is its own perfect reverse complement (i.c., a sequence such as
ABCDEED'C'B'A' in which A and A', B and B', Cand C', D and D', and E and E’ are bases
capable of forming the usual Watson-Crick base pairs, i.e., G-C, A-T, and A-U. As used
herein, a “palindrome” in a strict sense excludes intervening sequence or intervening non-

nucleotide structure that does not participate in forming the usual Watson-Crick base pairs.



cell activation but relatively poor inducers of B-cel

and DC activation. The new C-class CpG

ol i gonucl eoti des of the instant invention are al so
structurally distinct fromthe previously described
C-class CpG ol i gonucl eotides.,dn conparison to the
previously described Cclass G ol i gonucl eoti des, the
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hairpig er sey-leempemmoturgs The tsam iisraingtesé reers to @)st&wmrc at or near the 3'
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are present eot capa
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pﬁ g{' %g Ei)rilx%%?d rerfalégtl s%r%%{.'ugee. ﬂgﬁclra%gysthe P et oq'%rlc I%E){eglﬁg Incfiides 3 or fewer

nucleotides that do not form part of the inverted repeat structure.

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 a GC-rich stem or

hairpin that is 2 to 10 consecutive base pairs long, and includes at least one unmatched or



participate in form ng the usual Watson-Crick base
pairs (e.g., a sequence such as ABCDE-S- ED CB A in
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i npeﬂ&xe@uclp:a|amdoh1mclnégs mﬂpﬁéb’ Sttab@lmé bagkbpresingluding|at least one
e or alternatively the 3" end
e iPeind PO R Coai

‘addi ti onal nucl eoti des that are
not Ipsdrhe Distahbes thewerblesirandgbpdrt of theintoiecele niayedsercablain unnatural

the 3' e of t.he nol I | ud 3
Gl bt o B A i«
SRS RlecSgnititfit ¢ dhonl farfdaRl Bﬁﬁ@ﬁﬁi‘ B tHerrddbtabi DN AL llymerases. Bioorg
EY

aFeat capable of formng a rpin or steml oop
G’Eﬁ"&lﬁ@” 84449rs8d herein refers to a sequence of
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Olélggé}l}lgl d lf%l ancg? rs A tﬁe s 3! end ok" ﬁle 0 1tggmcie%t1§e. 3, 4. 5

The oligonucleotides may have one or more accessible 5' or 3’ ends. In some

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 herein, it is also possible to create modified

oligonucleotides having two such 5' or 3' ends. This may be achieved, for example, by



consecutive base pairs long. In sone enbodi nents the
GC-rich stemincludes at least 2, 3, or 4 G C base
pairs. In one enbodi nent an "inverted repeat capable
of formng a hairpin or stemloop structure" as used
hererin refers to a sequence gg nucl eoti des that forns
an AT-rich stemor hairpin fhaf is 2 to 10

atS2 ecutlye base s long, _.and includes at |east_one i
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e second ry structurzv {e providing a_ flexible paoin
LRI VIebgine S XPIsFsionh dVustegriges & Nuglearighg 10:408 Traskidiang Z et ol

(1'9@9f lzgegido-@ﬂlfcr @bt Rlo¥idbd e vfﬁ%%ti%g%@? gfogq&%ﬁ?zs ed Chem

be within the stem
7&17%71'&5ched base is within the stem then the stemls

at | & &%mg'al 3&3 H LE o} 9— -lm];hg O thge?e @18 (fm*c?.ge bgméeen the 3'- or

m srra pases

5'etshmlalnmieiep sidbeis mntmphd%phbdicstm pmpm@tﬂldam otlfer mddified bridge,
U tched nuycl eotj des the end of doubl e-strands. are
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m%ﬂéil}? (e VE&TAL S 90D ﬁ&f?:ﬁnﬁéli‘)k AR dnl ‘t%l%n%%lbﬁi&leotlde containing one

formation or hairpin ormation. Freier S
(C@i)@% 3nd twq @FDE2 sﬁquglceabm@qdﬁg techesactlyiinecglisol chinéns, Biochemistry

SEOBILA0Yy 8, Pas M R S5 i B R NOE 365y aematively,the non-

nucﬂedtuhkehnla:r mytble detiyedsfrabiethanediol) prophedidl, drdtanel ki gbasic
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p@l'yﬁ@clé&ﬂ%%ﬂhsé’Bf‘ﬁdﬂﬁ@heosﬁi&ﬁbf&h@@ﬂ%ﬁ%he@@é811£ﬁ‘1h51§ot1des Nucleic
di am nopyri di ne paired wi th xanthosine).

i des 32003 T hcsprorarmidie Abpaiemnilse sorbauieotidic

BE oo T Ol BB 0BRSS

any éwablre diytam o betyan Hesd endbenf thdivehODNstnbe lisitedd
exce I | ent |

f or m,l Jlonuck 8ﬁ§ilp 1tnk(m"J la% tgéegqlé:gélg Pett %éoe%*y Iﬂl\cglt' geement that is not a
no¢legHideLue Ipebjtmdﬂ ¢herstd (., 4 pdlgficldotide)) @héreRea Ricledtide Bicludes a purine
the, olj gonu&@eot | dggSThe ol |;glﬁnucl eoti des nay, have one

Op PY T b755138¢ & Sughr PRosRbiales A Nep-BisiRotidicrinken tihingludes an
a@as’i)b mbtae (Hskiﬁcér) Rk ed nhOle SR TGS sy garﬁﬁﬂgpb hate! %60 Whch the

i mportance of "the 5" "and 3" notif een
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In some embodiments the ohgonucleotlde has one of the following structures:
TCGTCGTTTTA (SEQ ID NO:41), CGGCGCCGTGCCG (SEQ ID NO:19),
CGGCGTCGTGCCG (SEQ ID NO:9), TCGTCGTTTTACGGCGCCGTGCCG (SEQID
NO:43), TCGTCGTTTTACGGCGTCGTGCCG (SEQ ID NO:48),
T*C_G*T*C*G*T*T*T*T*A*C*G*G*C*G*C*C*G*T*G*C*C*G (SEQ ID NO:43),
T*C*G*¥THC*G*T*T*T*T*A*C_G*G*C_G*C*C_G*T*G*C*C*G (SEQ ID NO:43),



-22 attaching two oligonucl eotides through a Y-3
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phosphodi est er, phosphorothioate, or any other
nodi fi ed internucl eosi de bridge. Met hods for
acconpl i shing such |inkages a - known in the art. For
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include a 2'-O-alkylated ribose group. n addition, mod1ﬁcd nucleic acids may include sugars

such as arabinose or 2'-fluoroarabinose instead of ribose. Thus the nucleic acids may be
heterogeneous in backbone composition thereby containing any possible combination of
polymer units linked together such as peptide-nucleic acids (which have a peptide-like

backbone with nucleic acid bases). Other examples are described in more detail below.



T*TCCOET*CET*T*T*T*AACCCG GG CEFCCETGCC G (SEQ

I D NO 43),
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debdiehed in RQS blabove. Tihbde ni¥aHch! ' | i

i ncl uollrel a 2' -0 al kyl at edﬁ}eiﬁéﬁgggé%%ﬁp. L%ﬁdagzééﬁ?sl‘(a&t]to degradation

(e dis stabilizred & ‘stabslized ofiggnucleotideimotagyler shall mean an oligonucleotide

that is relatively resistant to in vivo degradation (e.g., via an exo- or endo-nuclease) resulting

form such modifications. Oligonucleotides having phosphorothioate linkages, in some
embodiments, may provide maximal activity and protect the oligonucleotide from

degradation by intracellular exo- and endo-nucleases.



such as arabi nose or 2'-fluoroarabinose instead of

ri bose. Thus the nucleic acids nmay be heterogeneous

i n backbone conposition thereby containing any
possi bl e conbi nati on of polyner units |inked together
such as peptide-nucl ei c acids SMhlch have a
peptide-1ike backbone with Adelei ¢ acid bases). O her

eml es are described in nore detail below. -24 The
i Phesphofigster intesnycleosidelbeider inssted pt thad' andéor shetS' end of a

nu'bnlgg:?@%icgﬂ bé€ ﬁiﬂ)la’%@& BgQ @ﬁéﬁh{eﬁﬂﬁl&gﬁ@bﬁ ?1‘% ¢, wherein the modified

' I cations and tutions, 1nh conp
inteeucieisidetitidge i DNSgamplasaiotedifjorm phhaphpivtidoats iphosphorodithioate,

NI R S Esphera e, Db sl G S G ABSSPRgRAGs Phesphate-(Cr-
Cﬁ)hWIhlk?} estr %dsﬁhateEK@FQEl dﬁﬁry@-ﬁC{lbﬁmd‘@ﬁ(}'l 1eER4l (t'lmfallgﬂgﬁmsnhonate

are known to the skil pérson and are descri bed

an@loar(fls < 12)ary nllosphomatefbridges, &E-,—C(ﬁ%b})drﬁtmlﬁéwﬂoe 54&;sclosed in

R

by ?m&gee AWRy1, afk@xy hlﬂﬁa %ﬁé whefd R\ahd Rzld%lﬁkﬁﬁé’ndenﬂy of each other,

ST et al nu Rev Phar nacol ToXic

hydep gay (GeC lSé{ﬁH(YHlﬁéipk@ﬁr}d (GotCra)-aryl-GreG)-alleyli pgfmahly hydrogen,
(C[}/%ﬁ.gn ey npr@i?eilabil%g é‘)!g -yl QH&?HP&@&B%?% ASE R dha &2 &nI I&%ether with

I nv ne Oor nore nNoD cat 1 ons,
the nithogenditdrn carryiog ‘rhem, Iade@tremmtreddnemomhmhng which can additionally

phaesp [ nt e03| d e and/or at a

copEYt e ‘?rsh(e 3 t?tP ﬁuéa'&“? t a particular
nat uTaé repleekmest ofa ﬁhagmomsuet bAdgd 18cAag dlid B and/bcthed' end of a
ollgonucleotlde of the sequence which is

wm%@emambpwdm@eehoanmbnms B @aFpked, o gxample, in
m}%ﬁﬁ%%c??%‘rﬂ&% w%@%h%%&%ugf B %g g go GRS for
an er el each nodi cation 1s I n

Okghdnuriendides and AnglogsieS.rAgrawak Fdn Hunfana P;ﬂsm §ptuydx 98 Chapter 16,

cl OSI.de e ted at the 3' and/or, the. 5, .
P, A S0 wBRRk! SadigSHE prideR Ity BharbdlE scloorfiiiug lyeldtBosBho bridges
foRhhdgeal, 3bthidfendcel, actlimhydrotylphie Phisie aa¢thyledidifighyl-hydrazo,
Iocat ed af; thedzq ﬁnd/or the 5° end of a nucl eoside
digiethylgaesHde TiSHYESTOWS: t he repl acenent of a sugar

phosphaleGr HﬁUsbhe{té Qﬁ’t tike Sﬂiﬂaﬁb&'@ Qﬁc?fiﬁc; ?Ié&%é_é@ QMeomde bridge

anot her —uni t, he rep acenent o ose unit
topgther ﬁmnMg eshgau glaasphate unithfmomdhe sugar plwpptatﬁd:nwehboncf(l @, a sugar

R B ELIRREES: DR U550 8 e,
whérea thel otige it liefok extenpsle euititble fodullawp a ilﬂmephohno -derivative” oligomer
(a(p) lp{;ggagé og fgl\(%g & 1{1?$g§<21al( %% tnP% 589%!11012 s%&leg%:l6?§9-4l), that
is, e.g., the replacement by a morpholino-derivative unit; or to build up a polyamide nucleic
acid (“PNA”; as described for example, in Nielsen PE et al. (1994) Bioconjug Chem 5:3-7),
that is, e.g., the replacement by a PNA backbone unit, e.g., by 2-aminoethylglycine. The
oligonucleotide may have other carbohydrate backbone modifications and replacements, such
as peptide nucleic acids with phosphate groups (PHONA), locked nucleic acids (LNA), and
oligonucleotides having backbone sections with alkyl linkers or amino linkers. The alkyl

linker may be branched or unbranched, substituted or unsubstituted, and chirally pure or a

racemic mixture,



described in a or b above. These nodified |inkages nmay

be partially resistant to degradation (e.g., are

stabilized). A "stabilized oligonucleotide nolecul e

shal | nmean an oligonucleotide that is relatively

resistant to in vivo degradation (e.g., via an exo- or

endo- nucl ease) resulting for@bsuch nodlflcatlons

A i gonucl eoti des havi ng phosphor ot hi oate |inkages, in

SoneA [Ribeiutitiir 3., f-Ded)-dpoonibdee ik éaiEde rgﬂhctddltiy)a modified sugar unit,
_“grotect the oligonucleotide from degradation b

preipibe madifind sugerunitig fenrremplecielegied Srom &@-;z\bose 0-D-2'-

aBHIRRERIL P HELE! BUELRBRURLDL 992.iBEBLES: 8Ll Earkyiribose,

pi&ferablmef-ﬁCEch)a:]kﬁmhmb sdzs-mmel&ryilﬂ@ee 2u0e((Ri@y)dlkenyl-ribose, 2'-[O-
ified internucleoside brid ge is r exanp

(G ortghorCaramlbdhribots: ruhe 22 dwgéwafﬁ;aa-mwmose,

al\ﬁﬁﬁﬁ fgga?}%g@ﬁ %4?&18%6@;@ gltoyﬁﬂg ?ﬁos égﬁ?ﬁs%t a&(_i carbocyclic (described, for

le taple Ondtrdehler 5992 J 4o G aS'be-l 14:8320) and/or open-chain sugar analogs

(‘%‘&%;L B %ﬂggﬁrﬁé%@%egwﬁp X LiCQ585y Tetrahedron 49:7223) andlor

bicvelo BhASRNEERABER S SKale $n Tarkov M et al. (1993) Helv Chim Acta
7% /- C12) - (x-hydroxynet hyl -aryl (e.g., disclosed in WO

L’iﬂ@))l%s) V\/nerel n (Cs-Cl2)aryl, (06-C20)aryl and

aI K &@rﬁiﬁjﬂy&[ﬁe '@tﬂlne ﬂ%lml 1 2% bblglE%er e%p%c@% ﬁﬁ%ne or both

ano,
nualéetpxhas dimied by mph«mhbmestdsm phosphddiesterlike mtemucleos1de hnkage

Cl _ ﬁ%%e@%% ‘t‘%ﬁg@s‘g g‘?‘ﬁé@"%"pl’%%“éﬁ a4 Byringidinggysieh as C-5 propyne

&H&m&iﬁé afd k-)dhazapf-aib@ﬁ&mm&&ﬁk nhotificd tavds. W&’éxﬁf RW etal. (1996) Nat
met hoxyet hyl form together with the

Bipteekngé hd-880h Earings avd rypandings Bolidpbises st limited to adenire,

c I
RO PUELI ol bl W GROEMRIA: bh AR i n6RBAG Ry Soouring
nuekebbasemnbstxﬂecha@mph&muteéammaup mnﬁtlels.ocat ed at the

3" angd/ or,. cl,eosi bv. ephospho .
br i b TSRS B Phgetish & HERRiAlh ditinfl FORL B Ay occuring
HaBes tyBilcaBy foubd ﬁﬂDNBEM{MQNA guh adEl © C(GLSA iand W baewhizh share basic

=

BI ol o Vol "Protocols for onucl eoti des
RiGEh & Bresgures wgh ﬂng? Bdrallypgeurripg ﬂ?ﬁﬁ?& %ilf‘e@g dified pigpside base may
% Et Sliectdd froxﬂfﬁ &aﬁﬁnﬁg ln'acﬂ'hﬁﬁ &uﬁclfj ‘f)@éiﬂ%ﬁx}d&l, 2-thiouracil,
ge | for exanple se ected fromt pRosp

%tmugagl Stagninewresih|S-((3+ Cat)mli)ﬂmwhédﬂa-lcs) alkenyluracﬂ 5+(C2-Cs)-

IR A PR s D s FRbIAER X hOGO b S Bofffraci,
59119&'0*3?&3@0% 5-(Ci-Ce)-alkcpleokine | HGeContkenyiogipbineli oldel)-

ter nucl, eo ther fo sugars ., .
e S onp s B o iR tmeteylguaine,
z( b Bamind-phrd 8 8-aAPRsH) atsﬁbd@iﬁﬁ&bmeaﬂaﬁmmenﬁ@f@sblpf

sugar hos hate units) can be replace anot her

bdmza- wited antléor Gt za-Bnsibstituged WI@X%%WFQXE‘E@@%W@QH& N4-

ARRPRHE A (LIRSS RIS (15s0)

hyulrb:eimetidielxyRaidine NeialByldggxycytidine, e.g., N4-ethyldeoxycytidine, 6-
thiodeoxyguanosine, and deoxyribonucleosides of nitropyrrole, C5-propynylpyrimidine, and

diaminopurine e.g., 2,6-diaminopurine, inosine, 5-methylcytosine, 2-aminopurine,



Is, e.g., the replacenent by a norpholino-derivative
unit; or to build up a polyam de- nucleic acid
("PNA"; as described for exanple, in N elsen PE et al.
(1994) Bl oconjug Chen? 5:3-7), that is, e.g., the
repl acenent by a PNA backbone ,zni t, e.g., by
2-am noet hyl gl yci ne. The ol | nhucl eoti de may have
ot her carbohydrate backbone nodifications and
2-pjnioaG-ehlernparing, fypoxanthipeer thes md;ﬁ@ew@na@f ainatyyal pucleoside bases.
, I NA
TR BSAE b RSB ki SO UELALCRS el 1Y
aI Kyln partlduﬁrsfomnulmﬁdsmbedrhkmusmodiﬁed dhdeg mayl benkmrpor&tyd For

be branched or nbr te
iSRRG DR R B FFEATER Rithy THOBed (¥16Tne 1A spqdified cytosine as used
héfemtisla ﬁatura?l@ o@cﬁnhg e ﬁ&l—ﬂi’fhﬁall? be@urdnEpRimiiaRdasd A% of cytosine

unit can be"replaced by a nodified sugar unit,
whichcan replace ﬂmgaseu veighosit igepaining the nrgnwa@stl@x&afmyeactmty of the
o@&@ﬁ&%@%@({/ :l\lgi 01;589' cgﬂo E?;nclg%%(\)?}ralr %ggﬁ% Iy g%%ub%tltutcd ceytosmcs

(€28, ; om(efliid -Gﬁﬁoamkyi-ﬂuoﬂaagfmsmepf-ehbrc&bytysme 5-bromo-cytosine, 5-iodo-

c}%'oéi@;, %ggd@\%yaq:m ! q}yae L5 ethyl- @tgg}lg yg élﬂuoromethyl-cytosme, and
uﬁs@%stﬁﬁﬁeﬁ'ok E\hbs@uftgé %ﬁ&l%&sn{e? @ﬁﬁstltutcd cytosines (e.g., 6-hydroxy-

-2' -deoxyri bose ((3 D- xyl o-furanose,
cﬁ;ogng)bNﬁtgp‘g:itgﬁég @ytosmes e.g., N4-ethyl-cytosine), 5-aza-cytosine, 2-mercapto-

dc Ve Wm%g%&%-};s%g)‘@?ﬁ@ ¥§roking th’éﬁsi nﬂggonde?sed ring systems

SCr exanpl e roeh
(d Q.9H2\)I *-prépylehecytGaine driphef®@@inepaod orach padits &mvratlscsg(a,g 5-fluoro-

el 55 P R L.

uﬁcﬁ{ C$6}§é19ﬂ!he CytSEARS indDRR. 5-fnethy R¥ROTRhE s-ﬂmbro-cytosme, 5-
ov M et a (199 Hel v Chi m Acta 76:481).
hydrexy-eiiesarnEhydrorraclyigaiosing, ond Nhesphgriosgesin andther embodiment
I I I d -

of s Fettioh e bRbeiE Baddty Aot VT e T 5 S asbyrrole, P
blasaﬁmgwomaﬁwmhg bystene (©s, ﬂxmcgdaqmmmdﬁbm@mwbqr a hydrogen atom
gﬁ%ﬂl nss and pyrimdines such as G5 propyne pyrimdine
¢ #)deaza- 7- substi t ut ed purine nodified bases.
Vagney gidbied maj' be febBf26d withta mddlifiedegianive bhde. 84 thodiified guanine as
Purj nes .and pyrj mdines include hut are not I|mtedtof
userk heTRie. 5 2 By ReCuTaR AF ﬂ%n—n%twﬂef Recurtipg PuFinsape angleg of guanine
v%&?émﬂ% l'déé‘ﬁﬁé’bﬁé‘ /itReitiRphidng the infeidsfiinGBitory activity of the
nucl eobase substituted and unsubstituted aromatic
qhgpeuql@gldeAMnﬁ@lﬁcfd guanings include hpharp astdimitdcte 7-deazaguanine,

i R T T S

TAdeaand-dubstituted \ghaihe, éiypmanﬁm NZ smbs;ltuwdlguanmsc(e +( -methyl-

;...

vvitht ese nat ur [(rin .

S Peb D eRe Ry e e Oy i ot ffiaminopuriae,

ﬁﬂﬂﬁi@@ﬁﬁﬁﬁ Prind) ARddld, adetihey St tuael édeniﬁ&@@b(.‘fg),tmamdthyl adenine, 8-oxo-
-t hi our aci | 4-t hi ouraci 5- am nour acij |

ays(ueg), 8eybeititpd graning (e.&. §-aydrexyzuaning Ay $nbzrmguanine), and
&R ﬁﬁ&gla%)a In another embodiment of the invention, the guanine base is substituted by a

universal base (e.g., 4-methyl-indole, 5-nitro-indole, and K-base), an aromatic ring system
(e.g., benzimidazole or dichloro- benzimidazole, 1-methyl-1H-[1,2,4]triazole-3-carboxylic

acid amide) or a hydrogen atom (dSpacer).



al kynyl uracil, 5-(hydroxynethyl)uracil

5-chl orouracil, 5-fluorouracil, 5-bronouracil

5- hydr oxycyt osi ne, 5-(Cl-C6)-al kyl cyt osi ne,

5- (C2-C6) - al kenyl cyt osi ne, 5-(C2-C6)- al kynyl cytosi ne,
5-chorocyt osi ne, 5-fluorocytosi ne, 5-bronocytosine,

N2- di et hyl guani ne, 2, 4- di ami?80- puri ne, 8-azapuri ne,

a substituted 7-deazagurine, preferably

7- ddazme Pmbodignént bodd: ab’ldmd the7Gaéa G Simolostidetant emmodified

o R TR ) OB P s B e 2 B it
mmaﬂﬁﬂxmﬂethyldeoxycytldlne hM al kyl deoxycyti di ne,
et hyl deoxycyti di ne, 6- thlodeox¥gyan05|ne

an d %‘é‘d&?? i1 5 iR deyegtian, ghe wpaqn&ﬁlywdﬂs gf the invention can be
sy%gﬁ&@@&é‘ﬁ&ﬂ%ﬁdﬂg syét a Bftber gF ﬁx‘&ﬂ:ﬂ?&g Wélfiafowh in the art, for example,

dlanlnopurlne |n03|ne - cyt03|ne
ﬁlQﬁ-&wanoqjhwluphesphom@ta meﬂmqueMQag@ BLret aie(198 1) Tetrahedron Lett

t di f f
2 HE1E  BaBh RS R Phdt S Rl AR prpgron e
27403 114, FioénléBORL aln(muﬁ&&@&cmzd&qeésllmstwmo 'G‘aregg et al. (1986)
parti cul ar formul as descri bed herein d

edeon Lok Tt oar b atinsy et $1n@19§&):£etw@9novsheﬁ@9 1%9(9-83) These
chﬁxP.JtﬁQ?&nh ﬂérﬁ)tﬂgaj b§, 5%?11&%%? §ﬁtﬂﬁratda Micfe{cﬁfgyﬁ%teﬁgéry Svailable in

as used herein i's occurring
the marloett Thedel qhgonumlcmtudeg amtefemed tones éyaﬂmha nhgmgclebtldes An isolated

ol SleP s e iR G artarlroRaE My tiaeg from components

which 08 uehadlly £keocided inithesl ngited SAN@exatpld) 8 isBlatedd1Bonucieotide
not limted to 5-subpstituted cytosines

may bePR Whichiid senseatedstromigell. Eomasiueteus, from » mvioehondria or from
c}ﬁm ggélqro cytosine, 5-brono-cytosine, 5-iodo- cytosine,
H roxy-cytosi ne, 5-hydroxynethyl -cytosine,

5 di qudiadrhachbdnes yeahsaspbosphorbthioates hay be aym’hhsmed using automated

RO e oS bt BhiE Paate i d-ond

alkyltpbRisplshates cgn be thdetd?g/l asibEbeden U.S- BT NG 1469368, and

mer capt 0- OSIﬂ ISOC t 0si ne, pSGUdO i socyt osi ne
@P’a‘% “&%@F%@% 61 Fgicey Wrakyatod as dgscribed in US.

PAN\No.P5 0Py, beD %@Eﬁ:@%bd}@fﬁént meoqz (374YH30 be pRPardhl B lalitoffathd solid
its derlvatlves (e.g., 5-fluoro- uracil,

pl@swmrbesm wemg coxgmgxfc@ﬁ%y\nvw%blmeamts Methnilsfon malsing other DNA

%%ﬁegr r e sS i arI1Keis§ u?sﬁﬁﬁﬁogg h%‘lérjrg\set%ﬁ3511k g"&??‘g gﬁ%’w E et al. (1990)
Cﬂem Re190:: Sém GeodnéuldEI (lmmnghmsﬁl’hm 1 165).

anot K SRS RS e o Ry g Ao sl

hﬂé&g@ bétW‘ééhbﬁiel riudietddyr ﬁxclb@tld@-ﬁﬁaﬂb% Bid$etie. STkb usual internucleoside
-nltr pyrrole, P- base). an aromatic ring system

ligkage s the 3 ishesrs ohé et bﬁﬂﬂgewrs wenszémé s proplppside
IlﬁEa EQ sﬁmﬂ)s 5:A 3glanine 258, 38Ry ﬁ"&l@ érgcnclature 2't0 5'

fi'ed guanine Base.’ A hodi gbani ne a
1sr¢bmmc|cgrdmgﬂatth¢ edrbgn atomiaf rnhoge oowever,ifitnmatiralsugar moieties are

er8;918§‘é& 'sﬂgh Qyﬁﬁé] Sx;%a&i ?t{é?lr 216 gfs (9 Lé‘r’lrlllexanose, cylohexene, or pyranose) or

bi- or tricyclic sugar analogs, then this nomenclature changes according to the nomenclature

of the monomer. In 3'-deoxy-B-D-ribopyranose analogs (also called p-DNA), the

mononucleotides are e.g. connected via a 4'2'-linkage.



whi ch can replace this base without inpairing the

i mmunostinmul atory activity of the oligonucleotide.
Modi fi ed guani nes include but are not limted to

7- deazaguani ne, 7-deaza-7-substituted guanine (such

as 7-deaza-7-(C2-C6)al kynyl guani ne),
7-deaza- 8- substi tuted guani ne,«’hypoxant hi ne,

N2- substituted guani nes ge. ., N2-net hyl - guani ne),

5- andfitee Buclestidy icomping pne BB agdmfzmh& @#jsmjigonidiotide anatogiwill

AR e G5B P B o 5 o,
thidﬁal'rgah’ayl?etktéemhgmg i::vig 1ty Hage e emglkgd gu&ﬁi&.i Thé &ebessibility of
uani ne, (e. g. - r oxyguani ne and. 8- br onmoguani ne),
“ﬂgwi(ed 6?4%ﬁf&3ﬁ£9ﬂtl#é.yn}aynb I?Fgﬁh&ceé%%hy HiekuessBlops,dboth types of
unuuANinkages (R [H3HH %ve?@@e%cﬁ?edsﬁ%{tfgﬁ&' glegtam(l@%r)] gnfisense Res
-1 ndol €, 5- ol e,

uni versal base (e.g.,_ 4-nethy] nitro-i
ng%]:l@ﬂésyp;creby] oliguwgleptdgsihayingast Bhink¢ge were reported to show

j4d I ' RO~ nzimdazole, 1 -nethyl- 1

erﬁ%?@f%@ﬁ?t?’rtﬁvg% gt-eg- (?grbg’él)l(”)?ﬂ% AT acid am de) or a

hy dr Differertttppas(of Spkapes tan al28bé torabifeditituad mvbstulebdibh may lead to
bthelgé: agg’gt tge G of..a CG d(i%&ﬂcl otide are unnodified )
TEYEIBEE RS 0B henpRabet the glgenueieqlgs is coppegfd at the 3™-end via a
3'8UBGHeERAL séddfd 61ifdnBlcetidhdtEh EA B chd via a 2'3'linkage to a third part

unmet hyl ated. For "use in the instant invention, the
ofghe meleruie this meultog.gtine trancbed pligrnuelnotids withthrdedsendsd3'3'-, 23
brdfciR@Ye using any of a nunber of procedures well known

Inthe art, for exanple, the B-cyanoet hyl

phosjripnimniple, irkagestHeosech RifiereagertSof e olidonudlé@flle b} between

Jetrahedron, Lett 22:1859): or the nucl eosj de
aigfSrsd Sfigomblenties rsfecteal ain Seetmiia A Perkont teomplepde a5 ong as
thiseddes nd¥ héffdfidely dntedfére Shittathe BleoBhitian by (tg-%%%)toﬂ\l%cg}d?ng to the
Aci ds, Res 14:5399-407; Garegg et al.” (1986)

natwierofithemenieit atid, thy linkaps. g inyefveriby sugar miiety (BB dhe heterocyclic
t : . ] ' C
RO 8 b hoditnetSicl (PR Ofifts, IGREHERE e S30C @S0, su-ph,
SwB#t Beha BasSwa BailaBhe’h, Bh-SuhendBl-Betire phissikle. If the oligonucleotides
old gonucl eptides are referred.to,as synthetic .
e R o0E b Y St nf EnRlrdaC SRt ke oan also ocour vi
thgen@ctiﬁt:dl gaz}tﬁf&hs oligbnaaletodicﬁego rrpheéhe&gi?diﬁ@tmﬁé ﬁblluidé also modified
separated fr copponent s ich it is normally
n‘ﬁig‘ﬁ GF‘é]ts’eedg'm]_g Itq]ﬁ" £ﬁp‘°h8f Eﬂoé?hom“’ SHieenusleptide analogksol at ed
ol I gAY GhRAYek R plr@@iébﬂfc&l%s&&‘ bEE, H,ZI}I RSiH fel??f%lrgf HatPefl, containing

cell, froma nucleus, Tromnitochondria or
3 thpQhatoms. Avorramipledwiiig labsanseis agactialdinkage (ODN1-3'-0-CH,-0-3"

Otﬂ% @?Qél‘ﬁéﬂnﬁ q\{lﬁﬁugaYC%ﬁét%ﬁ%% g%ﬁ?’%ﬁ%&%{;&ﬁ&%@ ggcleotide to the

ni ques enploying e sphor
3'thyshospomopbta stveni sligomsleoids.| Aaegample with about 300 atoms is PEG-40

| kyl - phos nates ga e.qg.,,as,descrihed in .
(xS T RO e 5 Bttt 5 Wb Sphoeaooptiomahorothioate
mgtuazmmgp]gbﬂa&e Bm%s@h&eﬂxi@ce/, ®efenoPhbNorate, Ahld] @ dthRther, acetal ,

escribed in U S
thioacetal, urea, thiourea, sulfonamide, Schiff base, and disulfide linkages. Another

possibility is the use of the Solulink BioConjugation System (TriLink BioTechnologies, San
Diego, CA).

If the oligonucleotide is composed of two or more sequence parts, these parts can be

identical or different. Thus, in an oligonucleotide with a 3'3 '-linkage, the sequences can be



Pat. No. 5,023,243 and European Patent No. 092, 574)
can be prepared by automated solid phase synthesis
using commerci ally avail abl e reagents. Methods for
maki ng ot her DNA backbone nodifications and
substitutions have been descrifed (e.g., Unlmann E et
al. (1990) Chem Rev 90: 544, odchild J (1990)

Che
ARG oR g LIPS TP S &GP, SBes HoDNAr Lo RNl
FiriHRKAGES tRahUR&AI &B&lﬁauﬁér?@fﬂhé Qadd s 'ﬁg xﬁ% {dofife gé}%'aggveu as the

moi eti eS. The usual I nternucleosi age |
lirkeg conneating ﬁxemﬁmay b diferdant.nKinge Qmealpﬁakc oﬁ shogreolimgnadeotides appears

oo B b Tl PR i) SRR, T SR g8 v s soquences
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The different oligonucleotides containing unusual linkages are synthesized by

established methods and can be linked together on-line during solid-phase synthesis.

Alternatively, they may be linked together following synthesis of the individual partial

sequences.
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A subj ect at risk as used herein is a subject who has any identifiable risk of exposure

to an infection-causing pathogen or allergen or a risk of developing cancer. For instance, a
subject at risk of developing infection 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 fluids which may contain infectious
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therapeutic to mount an innate or 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
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A subject havmcr 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; choriocarcinoma; colon



di seases because of genetic or environnental factors.
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asthmatic response, the subject may be administered the CpG immunostimulatory
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after exposure to a cancer causing agent. Additionally the CpG immunostimulatory

oligonucleotide may be administered to travelers before they travel to foreign lands where



I mmunosti mul atory ol i gonucl eoti des are predom nantly

of a class called Thl (exanples are |IL- 12, |IP- 10,

I FN-a and I FN-y) and these induce both hunoral. and

cel lular immune responses. The other ngjor type of

I mmune response, which is assqciated with the

production of IL-4 and IL-5 C??Oklnes is termed a Th2

I mune response. In general, it _appears that allergic
they te-8 ek ofrexppmen tQ indeaipusnreznts, Jakewise the Gpés amususstimulatory

at o
T T
toriedyponsystemicar susjosaltimmmeresppnsedothaartiged hdief whd Eithd sibject is

2330 tl ated with production of IgE antibodies and
§Y% to a bal anced Th2/ Thl response (which is

prot gf Ehfi/g%n agasddH erdinl i€ HofeculeSRPAHIO BB #Jrovalﬂn%fcufl ffifb¥Eresponse.
dose for 1nducing an i mmune response o

Aptigans Mudﬁ@pbare inyt ligtited ¢meadlscesdl Q:@aefarprb@mdmlm@uéwsegepudes
PGB W S0 AT B P B

at or I"g0
p@'b'@nblfairldwmdtd&m ap@lad‘,ulcs, smagll tndlqculels ]ﬁﬂnds,tgt)eahplﬂﬂtcambhydrates
al |l er d ast hma. ., Th2 t oki n
viBiseE R Virf Bfocly SR OGR! (iR suit i P ang algppus. The

teﬁh affigdhrRéddly molies key tyEB Gﬁﬁolééh&l%lﬂ% iseERl-8d by a host immune
ortant aspects of the asthmatic_inflammatory

SSfSE@b g fp%sm dhpBeeng encludstbyp areset Listied go canser antigens) microbial
%@H@aﬁd‘hlfer g activation, and mast cell growth, Thl
oKi nes specially IFNy and IL-12, can suppress
t he Amanmt antigenfis Tis@l bdreinésa eordpouned sethiasa pef,tidEf& protein,

toklne Asthma refers t a di sarder of . .
PR R ARG R ctdrae e R FOeRRHIG S wRvoling an immune
re3pdise Wheeiiresiétbord it tyfice Gt AnfigER Pre8chting 6l invihk ¥ordxt of an
NQ‘E ai rways. to inhaled agents. Asthima is frequently

FROURSHIen Giances RRHEERS 8P Po BEPEadTQr capochoalls sher byypreparing crude
eRttdo R d¥icncY £99k 0P exdripie, as%ﬁ%&fﬁ%d ,&R 91? PA%L hieg 1@9@) Cancer Res

ast hma and non-allerg Ject avin
5430228, hypagialypudfying ﬁﬂ%ﬂ adhnasnsol b}’ eeroathinant 'Emhmrlco;gys or by de novo

S o IR BRSPS o B a0 BB e ot
retcomblﬂantlhgr gxprassal an&m&mbgélﬁcapmloﬁ mfof & @:;jﬁdle Qs F cancer cell,
cervical cancer: or| ocar ci nonm, on, - cancer;
SEC TR A Eégﬁl?é‘? LRGP fg@nggmﬂy or B & terdagRag kuown in the
attntraepi t hel i al neopl asnms; | ynphomas; |iver cancer;

l'ung cancer (e.g., snall ceI | and non-small cell);
mel afé#eed heprin, thislesss opanser antigen’candc dumonsngigenirare used

itétBlneabBAAGE PR &ﬁ%ﬁ whith@%d & e‘ht ﬁ Fx rESed @r cancer cells and can

cance sar Conas I'n cancer; rcan
thekopry die @xpiam@iem orderdo tagetl caneen celﬂs Gancerdrtigess avt hxaigens which can
car

nd sar e_enbodi nent the ca
DA A AR o e o P Tt SPBERLAeRS antigens
a&lﬁxaa&dpaﬁthEuQEﬂldt nleReds el @xprdtietl] B Sorhae bama These antigens can be
fol licular gmr&gpg’?% mal i gnant el anoma, uanous
chazpqterized a3 thg ¢ neEally sHeti(henaot %P’&%f’@ i@ normal cells, those
tHaPAreIeRPIIBed only at certain stages of differentiation and those that are temporally
expressed such as embryonic and fetal antigens. Other cancer antigens are encoded by

mutant cellular genes, such as oncogenes (e.g., activated ras oncogene), suppressor genes

(e.g., mutant p53), fusion proteins resulting from internal deletions or chromosomal



bl adder cell carcinoma, or colon carcinoma. A subject
shall nmean a human or vertebrate ani mal including but
not limted to a dog, cat, horse, cow, pig, sheep,
goat, turkey, chicken, primate, e.g., nonkey, and fish
(aquacul ture species), e.g.,3galnmon. Thus, the
conpounds may be used to treat cancer and tunors,

ectio | er /asth n _and non- huna .
tradsficfons o St B8, e sHtedR A Be LPuolb RGeS Syt B those camie
on Rt dhdiIDNeOflResvariséni mal s (e. g., cats and dogs). In

the instances when the CpG oligonucleotide is
ad nﬁrﬁusm@@nmg%awea h@re@éﬁ an gRkeensyjgjreictoorappispreand includes but

is ¥ BRREH: cf; Qirﬁ&!é? ehgeﬁhrasft%% grﬁ& " Sixdhy an'ﬁE@rts 1§£1H§e the intact

expose rs t e active
mioorgamsm ag Wdileassnmb}rebsolaﬁes mchfragntntgardemvaﬁ\lme tlmmflanda also

sy ShlaBehas W 4R G5hisel Bt P 4 AGtim) Bk amtigens end

md&éﬁ AnQiein @rieere ?Edse spadidfok that i€cr8biganibi. REARkFtund & similar to a
igen is admnjstered directly to the subject by an

Bk poroargapisEsatigeR Hibgucss ap dmmamg sesnense (husmerpl and/or cellular) t
a nﬁt’ilf’di‘ RA&GHOR ams%' h St éxﬁ‘fé@ﬁ%e ubdi foffiddy qgé art 8hd are well

subcut aneous st ration anti gen can
lmmoﬁh@eelfeudmymm uaﬂhbyrtor l ocal ly. Methods for

adnipi st.eri t he ,an t.he
RS ERaF S bt <R b AT of RS nPies et by o it o
Remzﬂd@ha(teag | htbﬁmmmc&uﬁmemy viSuses) Sachva| Ve K paiscedfdrRd to as

R0 A B et gy L2
pzémymmdde g;ﬁm vn%§£é0ﬁ hpAaanﬁn&ﬂta%om%sEp mumaﬁfc%a&ﬁkm

y entry o orei gn pat hogen 1nto the body or
v1rum,€hmpmmesmclwvtrum)* Coddiviridag fees sitraipsahdt onuse gastroentenns),

To? iy zcgc?erte %g’l é)gtuﬁle elﬁ%%;gﬁfitls J@Sse%@&%%lﬁgeswl g r}vz?’j"zd?ze Féage 10 &engue

an ant |
wrd&p,emdqmalms virusssngeliofy feclen vinsés) aComnamfzd&dw@ g(,}pﬁronawruses),

Rhg%no “&rpm g:.,?vtgglrc O| I 'E%%{uﬁgste%‘q'ggﬁ{ghsgs) a{)rz]r?c?ae (e.g., ebola
viru§¥sR Hak-SHRpx S ERSE. gorpa?athﬁiehﬁd GiGsed) rmuﬁﬁ%tJH@tﬂu@asles virus,

response,” the subj ect may be adm nistered the %
Teﬁprfﬁ*ﬂﬁb%'PPmﬂﬂaHH&S» Cyrhoypodrider (o, fuenzp siuses); Byreqviridae (e.8.,

'Jn%sgsr B irus€s ghd NAH %ngs?l ARLS ¥1r1dae

season or ter exp sure to a cancer causing age
Olmhagmdav¢wvud398)qﬂ®wnmdegt,irmunalsm yrbiviurses and rotav1ruses)

ol i gonucl.eoti.de tao t,ravel ers
Bou AT e S e B A kb B bbbl PSS9, o
Papbvdvirgdae Qﬁaﬁnmuﬁﬁsésppcbl?&ﬁs ir0ses); alend eriddel (I1R¥ &endRfises);
CpG | munost i myl at or onucl eoti de_may be,
Hegppsyiiides dregney %%E?P«dﬁl%ﬁs éH%}g) ¢l P wnigelln zqstes kirgs, cytomegalovirus

(CRHPORYDE HPudiPBYRLAE BraribR \)1 W Gairdy Fir@El Bof Qu'u?es and

mucosal | mmrune response to t e anti gen en - an
Iridapifidant (eigs, Aficgosweinetfgvertvirugh anthungjessified virsesd (hes éxemgent of delta

he:f:ﬂsu‘u‘"s1 (@LQ&L&) %e %acf%?etyn@e Qgtelﬂ{e ovf(ﬂébgﬂlsafyv nwe%a{lﬁss eoﬁgﬁvalk and
related viruses, and astroviruses).

Both gram negative and gram positive bacteria serve as antigens in vertebrate
animals. Such gram positive bacteria include, but are not limited to, Pasteurella species,

Staphylococci species, and Streptococcus species. Gram negative bacteria include, but are
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microorganism with which the subject is infected or at risk of becoming infected. Anti-

microbial agents include but are not limited to 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-fungal agent”, “anti-parasitic agent” and “parasiticide” have
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Anti-viral agents useful in the invention include but are not limited to

immunoglobulins, amantadine, interferons, nucleoside analogs, and protease inhibitors.

Specific examples of anti-virals include but are not limited to Acemannan; Acyclovir,



fungal agents and anti-parasitic agents. Phrases such
as "anti-infective agent”, "anti-bacterial agent”
"anti-viral agent", "anti-fungal agent",
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application could be given daily, weekly, or monthly and any other amount of time

therebetween or as otherwise required. More typically mucosal or local doses range from
about 1 mg to 500 mg per administration, and most typically from about 1 mg to 100 mg,
with 2 - 4 administrations being spaced days or weeks apart. More typically, immune

stimulant doses range from 10 pg to 100 mg per administration, and most typically 100 ug to
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The formulations of the invention are administered in pharmaceutically acceptable
solutions, which may routinely contain pharmaceutically acceptable concentrations of salt,
buffering agents, preservatives, compatible carriers, adjuvants, and optionally other
therapeutic ingredients,

For use in therapy, an effective amount of the CpG immunostimulatory

oligonucleotide and/or other therapeutics can be administered to a subject by any mode that
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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 compounds may be dissolved or
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application by one of skill in the art, such as described, for example in Gonda, L. “Aerosols

for delivery of therapeutic and diagnostic agents to the respiratory tract,” in Critical Reviews

in Therapeutic Drug Carrier Systems, 6:273-313 (1990), and in Moren, “Aerosol dosage



and any ot her anmount of tinme therebetween or as

ot herwi se required. Mire typically parenteral doses
for these purposes range fromabout 1 ng to 5 g per
adm nistration, and nost typically fromabout 1 ng to
19, wth2- 4 adn1n|strat|gﬂs bei ng spaced days or
weeks apart. In sone enbodlnents however, parentera

ol DRSS ARSI TR L5 bttt

Motea oot iah eFdsa BIRier, FOhstevdime p9gxound descri bed herein the
therapeutical |y effective anmount can be initially

det cﬁ@aomd@wm itvig|desienplg 1o, deliverithana pistemicalyl, ;nay be formulated

d from huma
bk BB S TR R P BT B B
Formulationrefos mﬂ eh:tmmmay bt presaitcd ini miﬂsioaﬁge fomgmglgh agipduke®br in
ar e

mﬁﬁ%ﬁea%oa%%&?r% g}utha@t z}c@ﬁ) prggervgtbv&h ngug COIP, %s.mo&)a Jngpyéﬁlfessuch forms as
sufpegsmnd, dolatishs@r BRlstnt iHEhs orf e@fheodé %Elblé@tdne ey HoRE2Rormulatory

doses may be_required f parentera
ag%grﬁ SRIPERHNE, sheilizEgHnd g dwagr@méagem adj ust ed
bas | hdrhi
he aapeckitfal Srdbialins o A kB EREDfohebls soutions
of ﬂaﬂﬁc@vecmmtmd$ 1nsf1a‘temh3bldoﬁ:smd ﬁﬂidltidﬂ&lly,ﬁﬁé}i&ﬁﬂSns of the actxvc
bhed .above d ot her, nethods as are
°°?ﬁ’ r‘"’t““ﬁ1y b°v%?ﬁar€3natsﬂ’ﬁ“’?ﬁ% fe ogy p&’éiB‘?t1°PtSP§?§n%‘PnSr itabie lipophilic

solvettis roaweﬁlgdes;hblhlhefhttg lolls 8@k as FBQnfediTH FniRAS fly defifesters, such as
i pvention, adm nhgg ered in phar rmceutl cally

ethyl oleate o5 rie 2lyee510h o HROSOTF- cAaneRs riertipn enspersignsanay contain

i
T R —
celwpssy sorbEol. ardextpn. @pmliail}’,dhh suspértsémmanasliccontain suitable

Se | n effective nt
stlbfe it tas whith 3ot st TR or B8 stiopaich e vtica ne
prqiakaifontolﬁhr@.tyeammﬁrafeamomﬁomjm nistered to a subject by
any de th 49 del i vers, the conmpound to the desired
s ur @ the @agfive compqupdsmay s inmeprer foppy derfoastiutiongwith a
sufthite pé}aaeraecg ugterﬂaby&géma%é wafw beforé fig, present

i nvention may_ be acconp i shed by any nmeans known to
t he "%Wucpm@au%swayahso tprfermeplated i otaber vaginal compositions such as
' I
BN &) oAb A € g ol Gy Bl bR Bl such s
coten pusterei atheriglyderitigsat unor al , i ntranasal, sublingual,

 SERAGERER e LA BB e st

foﬁnﬁ?atemm Qeok Prebabiny SuhilE@pUEhe RirintREon PRk B@Etﬁmulated with
/or ot her therapeutic agents) can be fornul ated

suffgblepy! YmEYC orkidenbbig mater %(fpwa@@m@n@w}sm intpn acceptable
011? BAIARGEIHNLE Rlsin¥, FGS SRERE ﬁo@ﬂi&e@fvﬁuwﬁ for Eﬂ%ﬁﬁ% ad a sparingly

he art. Such carriers e e conpo’und
sojuleesaiti on to be fornulated as tablets, pills,

The pharmaceutical compositions also may include suitable solid or gel phase carriers
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or excipients. Examples of such carriers or excipients include but are not limited to calcium
carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and

polymers such as polyethylene glycols.
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aiiﬂq PQoltg%geﬁ% Io\ﬁgc{a% e%lgrelnélzet ang%gﬁhé%ig,; Iérrrug;ﬂalomc succinic,
naphthathe-2esuiphoaie] mcsbmhemsulphdmc oAlsopgohk saltsnas e prepued as alkaline

|onaII ilizers. In.soft capsules, .the .
e 9 AL S LG B s golbeighor oSN iR ngd Sprowvii
m§&g&@ple l'iquids, such as fatty oils, liquid paraffin,
l'iquid polyethylene glycols I n addltlo
st ab$mtabhertglff¢ayg B@erwa@lu e: mm&@ﬁ@sﬂh &—Mq Wivdiitrigacid and a

sa?tr(‘;i:r%/% 3 f@%ﬁg% een %59(/31%? %g&jphékﬂ é}m ac1d and g salt (0.8-2%

whor Suitatile }mas;crf/anvcl p ingluda Henzalkonivat chimdﬁ(@@loal (ms% W/v),

clgprae e G i reB B PO e B bl S .02 wio
t abl BhSplaimhesneios @6mpbsitishslod tiedniehtion ouetihiag réfective amount of a
manner. The conpounds may be adm ni st er ed

CPRHEFHPBHI BB, P iAo de 251 OPRRATLY pEFgepS or other thorapenti

agents optionally included in a pharmaceutically-acceptable carrier. The term

pharmaceutically-acceptable carrier means one or more compatible solid or liquid 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



bronchi and nore particularly into the alveoli of the
deep lung, using standard inhal ation devices. The
conmpounds may be delivered in the formof an aeroso
spray presentation from pressurized packs or a
nebul i zer, with the use of gRSU|table propel | ant,

e.g. di chl orodi fl uoronet h
trlchlorofluoronethane dichloro f].uorge .
syntigie, TITVERA G A5y GETRdientiCRBIReS i oiVe (e aPg ko The

co oﬁéﬁ§ ﬁf’ﬂlb ﬁﬁﬁiﬁ@&ﬁﬁ:@ll 00, pBﬁtlgl%sﬁﬂ)eaIb' BhgablBRf beiRg commingled with

et erm ned providing a valve to deliver a netered
the aunplmnds Afithie mmammmtlarp pad withsachgthere ingmannep such that there is

no Q%ﬁ%ﬁ\f J‘é”!‘] %a\gglﬂg gl#q ﬂ 15]?y @np?\%qgen&ésgef?hérﬁ?@uﬁédl @Wficiency.

adm ni stering an aerosol such as dry povvdered form of

the corrpounds This pe of .
n Tieprasent inventioads et e ollesting e a%l?}%%w hin no

wa% FESEonbiPlddoR fudid Nhididy. ReMi ngt on:  The Sci ence and
ractice of Pharnmacy, 19th Edition, 1995, Mac

Publ i shi ng Conpany, Easton, Pennsyl vani a, pages

1676-1692. Many U. S. pat %Eﬂ)@ descri be inhal ati on
devi ces, such as U. S. Pat. tg$116,237. "Powder" as

used herein refers to a c@xmpletll on that consists of
neI di s er sed solid articles. fer t he, ,
asicaDN Avclags dnduge s ererl%méfe 72%%46{’8%4’ Vitro
be| I
R0hi e Pse&%?t ar?:ﬂ cﬁ%yd Ealgié l‘%})fg%tﬁalggé’ bffe ﬂ?gntlon were tested in

subsequen y in t hat
vmmcﬁcrpt}mndimmpm:mﬁm humgs paripheral bliood pronetucisai entlsi(ABMIC) to

|
T HRTET (TR e
&@é&ﬂtéflcgﬁsﬁfzﬁﬂ @&%dsﬁatgﬁ@rs@nm& in an inhalation

ice to forman aerosol The noi sture content is
gen DN werdymirchesehrom Bioving Fiaelfini: Genmany), wad were cpigolled for

oo SRR PR ik c%ovﬁgﬁ%%am@%fé@%ﬂ@ (e

dilvtetl in pRdsyhEE-Duffered Isilhﬁr(ﬂigh:m G&yndn@), ahéd storddat ezmw Al dilutions

ot her, materials such, as |i

wege paFied QR USHIPYTOREATISG e%si’@g #‘i}}@? {he
may be selected for a partlcular therapeutlc
application by one of skill in the ar such as

128 escrrr*WT*G*erTwamhéC*ﬁhG*@aﬁwc*q*T*GK’e*rcaeo| §SEQ &P NO:48)
619! | YRENBdPRIAREULIC I diagNgalbroaggNt $SEQ IDIND:43)

respiratory tract, rtrc Revi ews
61%her apem*mec@*mvgr*wmee*mem GB*2T3 33 (Y9QAY NO:43)

in_Mren, "Aero
62%0r n{}‘*g{q*an%_G*T*qT Sgogglgé'%gﬁ*%%épcﬂﬁﬁ*cggl 0 éSE? ID’NO.43)
330D agnegks et *ERGrADIG_GdMarevT_cetrTakrcCEG!s. | (sageémimbm)
Anst er dam 1985. The co oun*ds Jhen it Qs deg%&afglﬁo.m
3320 ddICYRIC_PRRRT QR T e LIS C_ T TEE" 616l at )
3382 enlek@lc FAUNREEHTa GOgAY+d_BBExGaikc+€- J. ,(SBY IDAYORS)

i njection Or continuous i nfusion. Formul ati ons for
334n] ecT*CHEFQIEYASEGHPEER Gt GGG GnTIC 8 sge f or(FRQIDNO:29)

395" AMRAL @3 PfckEemerc_grarorarc_grorTrarcrcr (SEQ ID NO:30)
336  T+C*G*CHG_THCHGHT*THC_G*GHC*G*C_G*C*T*G*C*C*G  (SEQ ID NO:30)
337 THCrG*C*G_A*CHGFT*T*C_G*G*C*G*C_G*T*C*G*C*C*G  (SEQ ID NO:28)
338 THCKG*C*G_AXCHGFT¥T*C_GYGHCHGHGHC_T*CHGHC*C*G  (SEQ IDNO:29)



mul ti-dose containers, with an added preservative. The
conpositions may take such forns as suspensions,
solutions or enulsions in oily or aqueous vehicl es,
and may contain formulatory agents such as

suspendi ng, stabilizing and/gé di spersi ng agents.
Phar maceuti cal fornul ati ons™ fo6f parenteral

adm ni stration include agueous sol utions tEg}]
33%ct .':r@*@&fﬁb@mg*l‘*ﬁ*%*@wgb%%cw ’fﬁ*GAdd. (SESHER Np:28)
3405 US PRRSE g RICEPRTRE i Pe+ HBRPGUBEH CRBY; Pe [FpaD ’i:29)

as appropriate oily 1™jection suspensions. Suitable
341 i poPiO*GH@ G* B+ GETHTSC_Gi*GY@Ha+ €| @T*CHeeCtare f at (SEQID HO:31)

348 oo e T B s g dur RibloRs, ¢, RI I o2
343‘\quew&m¢moe@ta*@mr@u@ RROSEQNE_ mycvcmmm S (RBQ HD DR 31)
whi ch i ncrease the viscosit he suspensi

344s SBW*GW*@T%“@WFM*G*%*@)/ pu?-&s%*G*go? i t ol é@?ﬂﬁbﬁm

dextran. Optionally, the suspension may also contain
suitable stabilizers or agents which increase the
wiendinib répir¢sgnts fphopheratbiopio dinkiage, and|_represtwss phosphodiester linkage. CpG

Ol&\l?@ﬁ% gﬁ(lf(g’g?gﬂﬁngﬁ?q o&%%@t[ﬁ ggé%?&%%@f%vasp%s\ﬂg g? a positive

coh®@élTof PLR S siggaliactivdtion. W—(ﬂhsséﬂp@ oDNaD429 vehicle, e.g.

St 7 r@gﬁ@%@ﬁéﬁi@é@g 3 E{Epe]gf ]fggr%p l@gwq-&gg a(f)%ggve con%'ol for
IFﬁQ&Pn%hﬁdn? WNor® égb GI5N 198P QF@CA@GMTC?CR@GW SEQ ID NO:18)
enenas, e.dg., onv

nt ai ni ng enti onal suppository
wizasedasimdpatiee controba butter or other glycerides. In

o siinRere hbO it et Aotk R heT Gy R 3t fefnkle Huftem donors

w&e %Bﬁ{n’éh I theWlbod Bék cFekd Uglivessitinet Bussemrfr(eynmy) and from
formulated with suitable polyner|c, qr

theses BRMA} werefryrified Brperiritigauon eves F o g%laaspffas purified
P%Mrc) wie rés(a%e%?§$ﬁlw Orﬁlitufér m@tﬁuﬁ@[dm&&e‘i CEélEllllﬁl)

vati ve or exanpl e, a sparingly sol ub

sup@leimentt evifhh2ih W&)ehﬁat—uabuw:bbsnm wgem&mﬁah@v et 0% (viv)

%{-&%@?ﬁe@f&éﬁm@[\@g,@ nas %ﬁa{ce&tlgfi R b ind 100 pg/ml

stRipRoniRiin {Thvitrb8éh, Kerl6rahs;iGenak@y bonat e, cal C| um

8 2?.3 rg[?}: EBMVC? r@fé%?@?:@d,sﬁg%grﬁg-wﬁ%ar < h gﬁ%raé) 3 incubated for 48 hours

ldﬁﬂl T m%l?cal%d' 1h%lﬂuﬁuﬁ1ﬁ% in@ul%orsa@ BWC Culture

ar nmaceutical preparation forns are, for exarrB
smnmtams were cekdctateand of mtrummdlﬁl’tﬁﬂbl afregen Gh—zo until required.

T o SSTURRO! e T fipereGRt Hie ARGt s fpsmsdinked
'lﬂ@ ottt asBBY BT AR) déveldped ﬁSli’lQ f:omﬂaafoamyammw aﬂfttbodlhe(Alems

or drieéd onto a sharp o ct to be tch
CrmttS, Gifbastei GRrmoES. oA ABLAAT 344, 611 ond 520 Were iested with PBMC from

four different donors, and ODN 614 was tested with PBMC from three different donors.
Stably transfected HEK293 cells used for a human TLR9 reporter gene assay
expressed the human TLR9 receptor and an NF-xB reporter gene construct. Cells were
incubated with ODNs for 16h at 37°C in a humidified incubator. Each data point was done in
triplicate. Cells were lysed and assayed for reporter gene activity. Stimulation indices were

calculated in reference to reporter gene activity of medium without addition of ODN.



conpositions al so include granules, powders, tablets,
coated tablets, (mcro)capsules, suppositories,
Syrups, enuIS|ons suspensi ons, creans, drops or
preparations with protracted release of active
conmpounds, i n whose preparat@gn exci pi ents and

addi tives and/ or aUX|I|ar|es such as disintegrants,

bi n oatin , svvellln C

D1 et ROt BTt o IetenBr s 0 4 g 18 L SISt shows that
C-QHSIOPRII3hY 335 61 854 ABRGHI1REE aRBRYS of TFREQ: (¢a. 2000-2500 py/ml

phar maceut i cal conpositions are suitable for use ina

typteai) wheh mEsetit aip cbakéntatiyn sf/E ubfrsTheamiouvat & [FdFo. nmiucedz\by these

nmet hods for drug deliver see Langer R (199
0138 isightficapily e&@thdébe APy |9t ié\‘%@é\!ﬁﬁé P&iﬂ@oﬁarrﬁépem%s»on of

o@ﬁ 96@ 10?98 %% & AL 8PN %/26” H{i& §94 irfdficed

| ona t erapeut| cs I gens nay
signﬁ'lcadmmomtt&eoféHJR)% sigsading metiviyy @ypwahlyt\m& o stimmlatfonandex of ca. 15)

W A eif T o M 1 OB L RG B arg it activiy fnduced
by3R&R I vas aBb'ﬁt Iﬁﬁﬁh@t‘ﬁRﬂﬁ%ﬁﬂdg%h{/ﬁy ﬂﬁﬁﬁ:ﬁ%@%@sa&% doficentration

may conveni ent be used to prepare pharnmace
Qﬁhﬁ@@%l Essgamztlé theygamegresulis yeare ghgerved fqr@laHem @ati 3&3 -a44.

not dﬂ‘l'dnztsggwg ﬁ}at ENgas 0?5&\? @gf Q44! é:n‘a"@ P'?rﬁiu cécpé‘Jeﬁ\@{éhger amounts of

aci rocnloric, romt, ric

[FNRQ 3¢ QO(DO“—400IB{Lg¢1InC typivagtw}&n présahﬂ ﬂybbmcntmﬂoﬁlotﬂ énéM. The amount
sul phonic, tartaric, citr met hane sul phoni c

of IBNt induped Tnthese @Dblcs;lsmﬂcantlm sheecred thpamouns of Bkt induced by the

sBREAFES SPOBRPIN o 060 TSI 64 s oo 61,

and 620 inducsd elignificagieihanais lmlﬁﬂ'@R9csagna1mlg‘mc$naity ftypitaliyhwith a stimulation
arboxylic acid group. Suitabl.e bufferi a t
inde9lrde] O-2Pkwen preTedt 5@&0&0%8{1013 of {L‘bﬁw 3‘% OfiRt of TLRY
%%!hﬂg %Qﬁj\uﬁl V\?&?J_ch bS' 1hc’§e/ OMN Was RS | ﬁbo%@hélf @B wssi'%{ahn% activity

phosphoric acid and a salt
indpaey byShe sanid @npelﬁwpnaf%m%l ude benzal koni um

o 61l 40 80310 GOt} BRI AR PT5N0 5 we

alfdciiiferfd QRHOWN 2429 (one op troriptel balindtontoamteinih g Ghelassf

O HRIHBRISRIHEGPD. STOBFRICE P B A ity T the bumman
TERY 'ags‘ﬁpswﬁﬂ@{naﬁctﬁinhﬁwm@wwﬁﬁﬁwm GOR N4 giG.gnal |y

I ncl ud I'n a pharmaceutical | y-acceptable carrier. The
ter niralmaomu&le c%smtgzofatbcﬁ@mcamr@entaémn@ﬁtrmm CfplassfpDN

e o8 B o hravtolloaignih e stertpiang R RoYotviy

vig@m ni stration to a human or ot her vertebrate animal.
The termcarrier denotes an organic or inorganic
i ngredi ent, natural or -53 synthetic, with which the
active ingredient is conbinggd,lg bacilitate the
application. The conponents of the pharnmaceuti cal
conposi t dddiioakisd-Ciase QL) dbbiegoindsed My-¢ Searetigrt BdVimiot h

In this series of experiments, additional C-class ODN analogs of the invention were

tested in vitro for their ability to induce IFN-o secretion. The C-class ODN analogs in these

experiments were characterized in part by the presence of AT-rich interrupted inverted




t he conpounds of the present invention, and with each
other, in a manner such that there is no interaction
whi ch woul d substantially inpair the desired
pharmaceutical efficiency. The present invention is
further illustrated by the tgéLomﬁng Exanpl es, which
in no way should be construed as further limting.

EXAVPLES Exanpl e.. [ nd
reDRE PE Y B PP AP LRSS AVETTA 1ot O B8 dPpace tgiues in place
of 8&ivesSof neIaeiE: iduss. C cl ass ODN anal ogs of the

invention were tested in vitro for_their_ abi I|ty to

st i AN mermehteinedesinsixamale Ip TrstORPMhisalvded e feligwing:
(PBMC) to secreted IFN-a and to stinul ate HEK293
cells, stably transfected with human TLRO and NF- xB
645 eporT"@*G&'ﬁf&tG*ﬂl‘tT*T*ﬂ‘ TSRS TEAT BT AR T-Agnal i ng. SEIP NO:59

6adCT € PIHLER * ggl‘ E“@-ﬁHA*‘i@Aﬂﬁlﬂ% %Mf%*cx@er many) ¥) 5EQ IDNO:50

and were control dent urit
64Phar rfﬁ'i@‘Cif"TWG*MW*@E'QW&M‘EéAHF*C@f‘%ﬁW*A ODNs vveSE ID NO:58

6a8ll | ULRehRTRA %gh%‘ﬁﬁ#iéﬁ@cséwl%@@@@c*@ef mﬂ@ﬁ(b ID NO:45

and stored at™ utions were carried
650si nglESGER-FTEE P EAGERIE G RESIL B THRIQTHEE he SEQ IDNO:38
651 O | O TA@ G THTHTHT*CHG*GHCHGH*GFLEL*C*C*G*C*C*G SEQ ID NO:54
T*CET*CGET*T*T*T*"AACGGEGCGET*CGET*GCCG (SEQ
| D NO 48) 611

wl}reﬁgﬁo Epg)@ ﬁé pZP-Bsﬁo}_otﬁlogte%t%qc@ﬁeqﬁage,g@%ﬁdﬁ%@hodwster
mﬁhﬁbﬁbﬁﬂﬂiﬂ?ﬁa@t ;i Trepre@n® ¢St C-C G T* G C-C*G (SEQ

e PR yesp.obtained 48 depeiin s pepner appipgcus o Figmple 1

I D '\Qn%?tﬁts oBAN- in the su &grnatants were assessed using an enzyme-linked
T*"CGCCGACGET*T*C FGCGC GCTGCCG (SEQ I D
inyOnRipprbed3msay (ELISA) in'a manner analogous to Example 1,

-II\_E)Ck 3.99#%@-0%%5&6%;%@ 2 %%—e%ﬁéfg 1%cgkn$kaﬁ t&%&%r’:@nec of AT-

ridK fatdriupted AV drtebidpedts Gnaiided Gidaefate Mot TN G (¢SEO- 300 pg/ml
NO 28) 334 T"C"GC GACGTT*C GG C & .
typicel) Wienpreseptat ey cppsepgptiapof 13494, The amount of IFN-a induced by these

Oﬁgpégsu?cg T*e%gd-gd &e%a%uﬁ S 1N iddcdd @ frieSarte Cotiehttddon of

OP%C%}%?)}@ISQ??@ CE@1dss DTN G4 97650 Girid 631 (Ehbt4Bterizas (B a8 thépresence of
. 7

inferruptpddnysridensetsopniaining d¥pagsr egidyes dndnesd darge prmpits of IFN-0.
At ooy o 8 et o LY et ol
oNERRR) by tfede OBROsignificantly exceeded the amount of IFN-o induced by the same

™C G C*G‘A*C*G‘T*T*C GECGCCETCCECCG ( SEQ
corsenjrrtiom of ORy 2006 or 1982,

T* Ckl\gagrs%éet@r%?rgsuﬁs@ & héithents EridhshtteGhat C-Cla8FODN

aﬁ’aﬂ@@f@@we@@ gharacrigeGinpag-ly the prasenceof &lich interrupted inverted
épsgt?olr ITb)y lﬁg p%‘g?)ence of interrupted inverted repeats containing dSpacer residues in place

of conventional nucleotide residues, effectively induce IFN-a secretion in vitro.



342 T"C-"GCGEGT*CEFT*T*C GEGCGEEC T*CGEGCCG
(SEQ ID NG 32) 343
T*TCGEGCGCT*CET*T*C GG CGC EGT*C-GCC G

(SEQ ID NG 31) 344

TTCGECGCT*CET*T*C FECEEC TFC-GCC G

(SEQ ID NO 32) wherein * rept'esents phophorot hi oate
I i nkage, and _ represents phosphadi ester |inkage. CpG
ODN 2006 (TCGTCGTTTTGICGIT Xeneet T, SEQ I D NO 56) was

Adélztfeo%\qgﬁ(glﬁgso@z\{ %@éo%p%%:@’&%%@é@rﬁ?on%ng r}ﬁlnzan TLR9 Activity In Vitro

( TOHT @ JeHESORekFanaentsC-cHsROMN MiloR) of Wasinuentidn aretested in
positive control for |FNa induction, Non-ChG ODN
vitte fy therabilipie stieratcdnmsr BMEdP sesraiesd HHY-o apddo sheppaty FIEK293
Y tr. i I f
ool SESRLASHEORN L bl FERERAINE Ao Unfifi, 1o domongtrate
TIVIY sigrddingi Mhe bhsio prdtdue] Blas descibedk for ExbingleUn withris éxgeption that
Dusse| dor f éGer rranﬁ and from these, PBMC were
the, test @PRHnelpdedhe o £i on over Ficoll-Hypaque
(Sigma). The purified PBMC were resuspended in RPM
1640 cul ture nedi um (Bi oWii ttaker, Bel gi um
664upp| BhETR*ed Ot B* GG ALY §* e CratTIwat ed hunan (BEQ IDNO:62)
erum.( B LK e ) o Ql 1 0% LM/ M) < gheat - i nact i vat edgo IDNO:61
s, b %ﬁ;\&& e G A )§E8r), 100 o o 8EQ )
80eni cT+¢.iGrThed GEBOC UGTTHT * CsET @I GHPES IE IRV £t ¢ g e r(SEQ ID NO:65)
arl spuhe Y F BN Ros d on 96- I .
8 ound"-&b%t%*oﬁmgg?eé*%n%%ﬁﬁégbat et\ge?ocr; czefgcdr(r:?ours WQQ’EQIDNO 66)
89@DN | m* ¢ hE* ToEN Ge Mt T 8 § () 16 GAS* G rHhCe &t BHEH At CAGhuni di (SEQAD NO:67)
l.,ncub t, 37 fure . .Supgr ants were colle .
8d<;7rnd i?s‘g’g(f%u*scg gi'rﬁ'%%’ipatcel“’y? (?%Jz%gh gtf‘-ZOC unt i | &ESQDNO.GB)
2790qui red:cAMIUEHaxof cHi+g_Enctdies*SHp et TrcAat 6+ Gver GEQ ID NO:64)

sessed. usin n -1 nk ' n Ss )
2R A s e e Fy LA BT b€ o o
2387t | bedres (¥ eeirs o+ Gvbid,_c®regrivergT€r many) . ODNSEQ IDNO:63)
128, 331-344, 611 and 620 were tested with PBMC fr .
23ur  ATFFETRH_IREF E R En G ORI BT C\%gswt est ed vvith@@Q ID NO:63)
2PPMC iferi it @ g5 vtk er g carors CX@ abryctaansfect (SEQ ID NO:68)
HEK293 cel |l s used for a human TLRO reporter gene assay
expressed the human TLRO receptor, and an

NE- xB .. .
whersisy T esprepenie phesphorafaipate igkase apd - SOPTE R PRe B digster inkage.
CDNS (i u}&?fe?éna Sddeniritichs Rt fkied @fthi T ROAERIrter ???Etgsay. The

data point was done in triplicate. Cells vere
E4)50 (asseytediohef QTN et which géaet veastS0peropnt ropiiveal effept pvas calculated

i _ ( : . eulsted.
g SR a8 208 Wil ¥eB65s b TRt Afifaion index
(ines Bl)tvas cBRMlAsEaithe queicneisabween the highest vaine efiall conbBénBations tested

folr a%r;ro(l)ll):II\I%nd %ie nElls 1u11n &Eg‘gf I{er;faﬂtts are shown in Table 1, wherein it can be seen

that stimulation indices in the range of 10-30 were common.



C-class ODN 332, 333, and 334 induced | arge anounts of
I FN-a (ca. 2000-2500 pg/m typical) when present at a
concentration of 1 uM The anmount of |IFN-a induced by
these ODN significantly exceeded the anobunt of |IFNa
I nduced by the same concentration of ODN 2006 or

1982. FIG 1 also shows that “Cclass CDN 332, 333, and

334 ind
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anount 1af | EN 2

1==4

hncent $30 on of

QDN 23d6 or

G 2 3B3b show

D

t hat 3% | ass

ODN 6111 614,

i nduce@b4si gni f

cant H28unts o

f TLRO &ignalin

19

(typeeglly w

h a s270ul ati o

n index of ca.

wmen prement at

a conggoptration of 102M The

amount of TCRY Signaling activity i1 nduced by these
CDN was agai n about half the TLR9 signaling activity _
i ndulcarge ayotrite ofHRec ovene sactatert byolhumedn REMCAP08 48 Gingibation with

611 ( SEQ.I 1 43),. 614 ( SE NO 43)., .and 62
thess Geejasst PRGN _3%@6%?&%3&&%%@5@ ﬁﬁf@nﬁe&%é%ﬁ‘%%% pg/ml
A BFAT A A AR pEaiat B Saclangpl o1t Respons

cuheforIAN-gHa theae experimenisiweardreerdy sirpitar tdthese dwsayin Fithid. e

i nduction of IFN-a was simlar to ODN 2429 (FIG 3).

Taken together, the results of these experinents

denonstrate that C O ass OR¥gmphat 0gs of the invention

effectively induce |FN-a secretion and human TLR9

act i vi€£lass ORNunglogElndues 4ntigendweeiiio framune. Rgsparse dpKpvo

Anal - ' : : j ' :

of clndis RHHEE bbi g T b O b e sE oSl rvo in
conjurertibh evithmeceinati@stfenics. nC-glass ODMNDof thhgiventids Were pbsepved to boost
.J nduce..l EN-a cretjon. .The.C.gl.ass analogs_ i .
B P e I wedeGrat fariSges Moy iyt lpantieen-
s ERayERyed T Aimphoehici(CTRY faspdies, iy miatveed at st comeatile to B-class
or. by the presence of interrupted inverted repeats
CE@r@éNr?roﬁé- dSpacer residues in place of conventional

nucl epiny derd Gthidsess in Bxample 1.
Female BALB/c mice (6-8 weeks of age) were used for all experiments. Animals

were purchased from Charles River Canada (Quebec, Canada) and housed in micro isolators
at the animal care facility of the Ottawa Hospital Research Institute, Civic Site.

Naive BALB/c mouse splenocytes were used for all in vifro assays. Animals were
anesthetized with isofluorane and euthanized by cervical dislocation. Spleens were removed
under aseptic conditions and placed in phosphate-buffered saline (PBS) + 0.2% bovine serum
albumin (Sigma Chemical Company). Spleens were then homogenized and splenocytes were
re~-suspended in RPMI 1640 tissue culture medium (Life Technologies, Grand Island, NY)



ODN were obtained as in Exanple 1. Test ODN i ncl uded

the foll ow ng:

AST*C-GT*C GT*T*T*T*T*A*A* T*A*T*T*T*A*T* T* ASEQ | D

NO 59

646T*C*G‘T*C_G*T*T*T*T*C*A*A*g’*A*T*T*T*A*T*T*GSEQ I D

NO. 50 9

BATT*C G TC GT*T*T*T*T*A*A* T*A*T*C*C*A*T* T*ASEQ I D
suppiemgnted with 2% normal mouse serum (Cedarlane Laboratories, Ontario, Canada),

%@&g%%m?aﬁ solutiod (ﬂ_ndf‘é Sﬁkc%ﬁ%tgn%kfl-l 0bo bl ﬁacfkrgkgﬁﬁ Eégp ectively;

SihA THe@ET CEmATY)Taddd * AOEMP GhEtProcthanb (Bi i OCRAEEECompany).
| DNQ. 38

651 TB&LBlomice W@*@Wm&dw@@ﬁ@%wugm

r o)
A 2 U0 RS SlrnaroBERRERES AAPAAING 5h Bhfihition with 1100 g
Cth(EDNlmD@cms 1 11, GI&agépG QDN 620. eAmsaimtvered:ﬂdamd boosted at 4
Wﬁ‘ﬁ@ n PB[\/C wer e opt al ne and treated |

DOORTERATS SRSPARA G0t At JATGeHS H SLHO0Ft: NABICIA ¢t cach group war

e&h@ﬁi&%&%l@erﬁ@éﬁo@eﬂ%ﬁ@?ﬂaﬁﬁy@g an enzyne-|inked
I nmunosor bent assay : &LI SA) in a manner_anal ogous to
g

Exanﬁn‘eb@esmug@, cind $sCDNpexifc toddBsA mianti-A1Hs) were detected
ac f
oS Aty A SRS SRR e o

senfiplésFikbra ifdividud 20{ndlH GEhdagdmi titetsywere définediae thehighesttiasma

. trati 1 M., T t | EN- d d
@ B TSR AP e L DT SR e Ao ey s HaESt non-
@%mﬂywﬂ alR¥it-biT&alsi8 6 0 09N TBBde vdrb PpoRtbd as@rblip ek titers
C-class ODN 649, 650, and 651, characterized

(GMTpaISEMy the presence of i nterrupt ed inverted
cont ai ni ng .d cer i nduced, |l arge
o 5 Mefe BT SSRGS B BEUES il pisens were
rdiﬁ&fegl’at 4 gfegk’zb pbﬁﬂﬁxﬁﬁﬁrﬁﬁdtioﬁﬁn@?xoﬂmﬁémﬂ&nﬁ Bﬁigt&accdfsukﬂihklon in RPMI
a induce t hese nific t he
1a#tssue s\eltqrmegwfmﬁaogﬁc?cbsol?&}e& ?&ﬁ@y IS@B&?@%X ugplepgnigd with 10%
&N ot G eRim AR ecﬁ@é‘l@é}ei)oﬁh@ﬁ&iﬁh,subﬁﬁ (ﬁﬁlﬁlébiuﬁoﬁ) fﬁﬂalﬂ €SifRentration

experi ments demonstrate that C O ass anal
of he00 Hinalrenid d rme/oH asspeativelyz Stgnan Inyinet UK}) amiAS* PR e

of g(}? | Ch]f dSnt eargr({FEQ ﬂ: | RYEH tlgg()a rl-ﬁips e&rﬁc Bﬁph%@ﬁtes in

I nver rep e con
ﬁl@ﬂ@@l@d SusPEsidHE 3 & mo%eas/ml) Wéretr@mimniaitadrfeu} 5 days lbgahoublating with a

residu ff ivel a secre n.in_v
rousineeell e 9% B aﬁfq%ﬁ%%& L EIQHRE o %@%tl%ﬂﬁ@@tmﬁal of the
19rhphdtyRe & Eil'c@f‘s AflessiBRB ﬂg@aﬁi&érﬂﬁﬁeﬁ b'yrilsﬁ{gﬂ(ﬁ rellcﬁhe assay. The

this Series exp erlmants C-cl ass CDN anal ogs of the
réswlte Are nyesewed as f/temeelﬁc ilysis ap idiffeyenteifeptaniargen 1) ta;/w% 0

o A BR300t b4 o150
tifdrREoraDIINIIBO& Bnd OPI¥ 620 wmrdsw-dq:endm agtefoond torket . 5 X 103 and 6.5 x
10°, respectively, at ODN dose of 1 pg. Total IgG titers for ODN 2006 and ODN 620 were
found to be ca. 1 x 10* at ODN dose of 100 pg. As shown in FIG. 5, ODN 2006 and ODN
620 both significantly boosted IgG2a (Thl-like IgG in mice) compared to non-CpG control
ODN 2137 (TGCTGCTTTTGTGCTTTTGTGCTT; SEQ ID NO:60). Specifically, IgG2a
titers for ODN 2006, 620, and 2137, each administered in doses of 10 pug, were ca. 3 X 10° ,

LJ

6 x 10°, and 3 x 10 respectively. As shown in FIG. 6, CTL activity at an E:T ratio of 100:1



TLRO signaling. The basic protocol is as described for
Exanple 1, with the exception that the test ODN

i ncl uded the foll ow ng:
664T*C-GACCGTCCGACCET GACCGT*E SEQ | D NO

62) 376T*C-GACCGTCGACL T GA*C-G SEQ | D NO 61)
801T*C GT*C GACCEGT*T*C GG CGEGCC ET*GCC-E SEQ

ror TN R 2 s fcertiv s tha gt e dipiep s of 10 and
10?‘59%6 Bor g@ﬁﬂ_ lgﬁégngs;'\g&ff* Yo ¥ for BT 606%, 856; and 2137, each administered

in 8 Qi3 @m*wg, @k@ﬁ*ﬁ%ﬁr‘?ﬁl”/@a@ 12% A*C*G* T* T(SEQ | D NO. 63)
2 2 *C * *
9 ql@g gg;:rther é/_\reguig cé tﬂ-csg m%e%n%g de mon(%a-[e gat% %12%(5 %%N

an&l%%%ﬁl‘\ge g%n%ﬁﬂeﬁ*v%%im%ﬁi £eh(Epedi6it Ghiatnld feifonedsGh Skvo.

2337T*C*G*A*C GT*CGACCGTGACGET*T(SEQ I D
:\IO 63) 2341T*C*G*A*C G'T* Crlamiple s T_ G A*C-G T*T( SEQ
D NO 63)
2GEEssO BN Ul ags Thiprove Sucyiel erdRaiuce Cumon Vauiredr aTamgEModel
Q I D NO 68) wherein * repreg E}s phosphor ot hi oat e
I'i nkage and represents ph 6 & ester | i nkage. CODN

in dinfhRkerds creRpetimais, @&aWENtaﬁalbgﬂof the irfventidnR¥ere tested in
reporter, gene assay. The EC50 concae%ﬁratl
ViR o e ing gurblestge Feadsh re-claax PRAY anafqes of g‘%‘éenmn wete found o

n%@h%&v\gﬁw{g?aslwr?ﬁg?v%riﬂ%ﬁﬁl a&ﬁ't@rﬂ'@ﬁgtﬁ&enzooz for

he maxi nal stinul ation i ndex
(meMWQMM@&mletlhe quoti ent between the

hi gh al ue of a at s tested for an
E%BY%QI%‘@?W% %gﬁ?rag?“nﬁ’-zes*} ?s are shown in TZ\bI e

1, V\B%/mﬂfléel\gag 6ﬁjectsceatbcuwimml$t(§ o) iratd therleft Aahlcasdayr) with
range o re. commo L C-d ass

lﬂénemg@ﬁtomwpwm s m&,.&i@%m %ﬂi‘é agﬁﬁt?s%

2
g%@ggg’éhf%gsg%%i’%gl%dégg\%@%%k 23530 bPPBS A2p(®0d56, CpG 620, or

non-CpG control ODN 2137 daily from day 10-25. Percent survival and tumor volume were

measured.

Results. Representative results are shown in FIG. 7. As shown in FIG. 7A, mice
treated with 100 ug ODN 620 had a 50% survival rate at 80 days, as compared with
corresponding survival rates of 0-20% for ODN 2006, ODN 2137, or PBS. Furthermore, as
shown in FIG. 7B, mice treated with 100 pg ODN 620 had a tumor volume that peaked at
about 1000 mm?® on day 28 and declined to 0 mm? by 38 days. By comparison, mice treated
with ODN 2137 or PBS had more rapid, monotonic tumor growth.

Taken together, the results of these experiments demonstrate that C-Class ODN
analogs of the invention effectively improve survival and reduce tumor volume in a tumor

model in vivo.



2337390011 66412905 229227005 3762302 Large anounts of
| FN-a were secreted by human PBMC upon 48 h incubation
with these Cclass CpG ODN. Typical amounts of |IFN-a
were in the range of 3000-4000 pg/m follow ng

I ncubation with ODN at concg&gr_ati ons | ess than or
equal to 1 4M Response curves for IFN-a in these
experiments were very simlar to those shown in FIG

2. Exanpl e 4 CC ass ODN Wéﬁﬁ nduce

Anti gen- Sﬁ?&lefM&abmd@ﬁﬁfb%ﬁ%\@lﬂﬁ OPNUrfogs

series of experinents, G class the i nvention
vver éxdtswtleni’dlstrlhntmn studies lmﬂij Gralesy @RNMnalogy of the imention showed

ODN_ of
g ebiapolin B5F clampr o Gl SR gl AT Bttt
suﬁcﬁmnebﬁsl@ahg@tiomnﬂw:e) as wel I as ant i gen- speci fic

cytolytic T_lynmphocyte (CTL) onses, pann at
| eadfice Wfﬁa‘h&@l‘*@ inte, Y} 63 and9eh B19RSS HBBALBIKE 250 He of ODN

in g?‘ng erk%ﬁclﬁén s BB 5 A'%e/gﬁ) A eg&ﬁtsnfhe %réaﬁs @wer kidneys and

Wer s “used f or ment s
spleem)ewgre Foedﬁmrmbvéd oy} tBh alipesickRotide andatsadetabcrmwwe extracted for

housed in mcro isolators at the ani nal
q“@'%ﬁnfg“‘#lé’&f’? ergf the Ottawa Hospital Research
| NStResilse, TIQ ODNs SF this indexitiod (84, BI Ba:fdJﬁEB slscpmhemacasnulaﬁon in

were used for all in vitrqQ assay
OTEANS &5 RRMPaIed tarhe rknP%ﬁlﬂl)/d?hQﬁEh%%l Fﬁ‘ga drogpc @Ns, such as 2429.

Fo‘}%&% 1B ol D %ned Tev gﬁ%’f@ﬁfﬁ GBI 0! SIIDRY weddIGE 70 + 28, 30 + 18,

c condit’i ons” an 'aced I n phosphate buf f er ed
ansd@IOHnEO {RRS) respﬂzt@%ybéwkmsesﬁerdmg’ fivenlevels Q@@Neﬁll 620, and 2429

Chem e onogeni zed and
W%’E)I"En‘@gy]tscggmgnq’é% E%&’ﬁﬁ%d Sﬁec%ﬁgﬁ}p 1640 tissue

cul tPken RE 8iwhidle tHeberetaiahiralongiras thaBCamabs 0D anhlogsl\é)f the

- 0,
1ny§§19§1§{a§qla ?aggpefb%ﬂm\émtp‘})(gm%ﬁ%?;mc %?neorsggxgsuw eg' CS?)% mlgrﬁ? otherwise
a&@g&g@ lin-streptonycin solution (final concentration

0 0 Um and 1 ng/m respectively; Sigma Chenical

Conpany), and 5 x 10-5 M (3 nmer capt oet hanol (Si gna

Chemi cal Conpany). BALB/c E’ (=10/ group) were
i mmuni zed vvlthlghepatltls surface anti gen

(HBsAg) sub t yiigsiaal (Hansetenisics ofiGtClanz)BNsinalosy al one

611I ﬂts‘%ﬁﬁns?? Qéiigon ot %N%%n%lé%r | ad and boost ed
(PO T*C_G*T*TH*T*T*C_G*G*C_G*C*G*C_G*C*C*G; SEQ ID NO:51), and 61 8
(T*C*G*T*C_G*T*T*T*T*C_G*G*C*G*G*C*C_G*C*C*G; SEQ ID NO:53) were
characterized using size exclusion chromatography, capillary gel electrophoresis (CGE), UV
thermal denaturation, and high pressure liquid chromatography (HIPLC). When ODN 611

and ODN 620 were investigated by size exclusion chromatography (225 uM in PBS), only
6ne peak was observed for each compound, i.e., each oligonucleotide eluted like a monomer.
In contrast, when ODN 608 and 618 (each containing palindromic sequence) were
investigated by size exclusion chromatography, two peaks were observed for each
oligonucleotide, consistent with the presence of an intermolecular dimer in addition to the
monomer. However, UV thermal denaturation studies indicated that ODN 611 and ODN 620

had a secondary structure in solution, consistent with an intramolecular hairpin structure.




weeks post-primary inmmuni zation. At 2 weeks post
boost, 5 aninmals from each group were euthanized and
spl eens renoved for CTL assays. Antibodies (total |gG
lgd@ and 1g&a) specific to HBsAg (anti-HBs) were
detected and quantified by engi%)pi nt dilution ELISA
assay, which was performed intriplicate on sanples

t&&%@”&éﬁg@@'ﬁ feflao Feqpi ot e Svsted Eod LS T apd 0
QLD %@ra‘f 2 %}pé@&lﬂé@&éd&tﬂﬁb@ﬁﬁ%@ %@CGE%f‘thEi&asEquences as

non- asma with a cut-off val ue of O.
co"ﬁimsadtw@m\lﬂé%mé@Dé%ﬁ@roup mean titers (GWI) SEM

i i P, BRI HENEURREOERL B Chat O CAoms ol e

ink&AteR temltt @'@rnﬁﬁfﬂrahmrﬂcghﬁ bevefddrn mﬂucsumgdufd d:oeiolt form mtermolecular

suspension in RPM 1640 tissue,cylture di um
COPRRIFSS FbYiTe st theQRePIITaTiom Brarysc: ﬁ‘g‘ﬁ wqg#l%s/c-class

oD @hd fb ek AlEats Bitd Bbrhplek & tﬂﬁﬁl@ﬁ %t&&lcﬁéiﬁﬂar interactions. In vivo, however,
penicillin-streptomycin solution (final concentration

it df likeQOhat fomcerdrations PN atigingd dn the em;aen@sgml cqmmrtn@nt are

o P e o RSSO SR, o e

oSt ROhyt-Brdeticqnplexesns O-dass DB ana]logséﬁthé mmurtmn
re-stimilated for 5 days by incubating with a nurine
cell line (p815-S) expressing HBsAg. Foll ow ng
re-stimulation, the potential of the |ynphocytes to
kill cells expressing HBSB'@_TMLEEﬂ"Srm ned by usi ng
51Cr _rel ease assa

t
o ke oS a b el et PR SEHR Bt on st
u}':?ﬂe 830 gﬁ%ﬁw he invReR6E Se s Sifiesidhd &F thE Elv&hmﬂﬁn adtlition to

shown in FIG 4, total 1gG titers for
ﬂmsmﬁsmmlr@smd@mlwﬂbbmwm@mm thosaskdlledsig dee arbfrom the

t
fergading pesphpommafi i N the Sche STRPARMAE chim ! T aptages and
bﬁb’@ of tiRufivkrtion fage m:lcdcsmilf) énaimpBERd Hy sechembbdineys ofthe
own in FIG 5, ODN 2006 and ODN 620 both
13YegHO®i cant |y boosted | g&a (Thl-like 1gGin mce)
conpared to non-CpG control ODN 2137
( T@Mﬁf&?ﬁé{ﬁﬁﬂéﬁfﬂﬁ:ﬁﬁfent PEBli¢aBoNGiBd herein are incorporated in their
e(:lflcall}y ‘%’1 titers for ODN 2006, 620, and
epyreRy DI bV IRF TSt ered in doses of 10 g, were ca. 3 x
103, 6 x 103, and 3 x 102, respectively. As shown in
FIG Weclkalh: activity at an ET ratio of 100:1 -60 for
ODN 2006 and 620 was significantly greater than
control at adm nistered doses of 10 and 100 g. For
exanpl e, percent specific lysis for CDN 2006, 260, and
2137, each admnistered in a dose of 10 g, was ca.
26% 24% and 12% Taken together, the results of
t hese experinments denonstrate that C-Class ODN




anal ogs of the invention effectively induce
antigen-specific imune responses in vivo. Exanple 5
C- O ass ODNAnal ogs | nprove Survival and Reduce Tunor
Vol une In a Tunor Model In Vivo In this series of
experiments, C-class CDN analggs of the invention were
tested in vivo in a nurine ﬁ ur obl ast oma node
C-cl ass ODN anal ogs of the t|on were found to
i mprove dramatically both Gb survival and tunor
burden. ODN were obtained as in Exanple 1. BALB/c
mce were obtained as in Exanple 4. BALB/c mice wer

1. i nj Actoaposition comprisiog ky intrugosyimulatery mueleicarid molgenle @Wormula I
day O with 1x106 neurobl astonma (Neuro-2a) cells
(e.g., ATCC CCL-131, Anerican Type Culture

zlqsqxuml) MK, VERASEAS (S A (N CRLYBY ESINAINS). & (Nnt) Zs (Formula T)
I njections of PBS, CpG 2006, CpG 620, or non-CpG
control ODN 2137 daily from day 10-25. Percent

whehliyi val and tunmor volune were neasured. Results
Representative results are shown in FlIG

i n Eadh of Za, Zniend Zs isrindapendepily Any sraugnceiie ﬁQGUHS‘EPd&S S iggggwhich
omﬁ@yﬁ&‘é §%R§?%SS& @fﬁ’r @%@%@Mr Lyl Cg%%@% }e%ltf ODN 20086,

ODN e2dt30f, X 1aindPBSs indepérentiyoa aycletide stmtaminigrihyhiBe, u'm;ll, adenine,
mcetreaéd '.th 100 .tg ODN 620 had a tunor vol unme
or g Rapubpiied yr about 1000 mmB8 on day 28 and decl i ned

to Qaérn&ia Spﬁmsdepgmeﬁmaﬁbgi@éwC)mr@enddiﬁat Stbsinst t h

ODN 2137 or frore rapi d, nonotonic t

gr oveesh ofﬂﬁmd Rodg @tdqmndewyea guaginet(§) 6F a modified guanine;
;
te)l’(1 g ee%.%ﬂ\jgfml Iﬁg%ﬁg&p.g {p@h&’ﬁngp ?Br%) (ke PN nuél@@did%g forfg'which

e survi val and reduce
optionaily conipuises 2 morantaientidic lnﬁdrecbr abnsw dbpacer; 61 Exanpl e 6

T Met ab , Di st
e R T G R e P g s o
he%ﬁ&% 960l Qhité, hehibnoriohAlbrpravideetbr 2658y S5 A3, 212'-, or 2'3'-

nmet abol i sm and cl earance from or gans such as the
1nwmwhe951éﬁankarg\%r after subcutaneous treatnent of

rm u s é M@%ﬁzﬁm‘a [ othid gngde e ﬁﬁ@%ﬂféle@ﬁde@ lé&fgjor%}ibh-nudeotldw

ni st er e g o in a S|n%
lirdeh o tahasolieked (dSpagers)d agﬁﬂwlewglxra} P@MTPF#@“’;Y ng glycol units;

the e%%ﬂ af‘ﬁ 1,(I\II | Y.eE\In, Qd%‘lﬁ, 2#,6! .n.q\In# is any nucleotide or modified nucleotide

wherein N; base-pairs with Ny, N base-pairs with Nag, ... and N;, base-pairs with Nps;

k is an integer from 0 to 5;

n is an integer from 2 to 16;

p is an integer from 1 to 6; and

q is an integer from 0 to 10,
and wherein when (Np)...N2)(N1) Sz N#)(N2#)...(Nnw) is 10 to 42 nucleotides long, S is 4
to 10 nucleotides long, S, comprises a non-nucleotidic linker, an abasic linker (dSpacers),
triethylene glycol units or hexaethylene glycol units, and/or (Ny)...(N2)(N1) S2
N1)(N2w)...(Np) has a GC content that is less than 2/3. '



spl een) were been renoved and the oligonucl eotide and
its netabolites were extracted for quantification of
content. Results. The ODNs of this invention (e.g.,
611 and 620) showed | ess accunul ation in organs as
conpared to the known fully phosphorothioate
pal i ndrom ¢ ODNs, such as 2429." For exanple, on day
3, kidney levels of ODN 611 620 d 2429 re ca.
2. 7o Fhe gmnggostirgulatogpolre cimelpeile o ?PB@B CW}\Q% a& of Ni, Na, ....
ede -
Vs ﬁ?#é gﬁ,}’ ﬁého%h\ﬁ?oﬁl b1%2$15n§§%1ﬂ%n§ ﬂhéreoﬁ 284 v@@ﬁizm C base
pauesmhdilvely Taken as a whol e, these results
denonstrate that C-class ODN anal ogs of the invention
have favorabl e netabolismand cl earance from organs

3. Whermhe GabhuioSithulatorenydise aclaﬁmumueadfeslmﬁmawhéxem7each of N, Np, ...
Physi cal Characteristics of CC ass CDN Ana

L n
Nr NNt - é’kp @rqhﬁ‘i?ﬁtf?fﬂﬁl@QWZQOdlﬁiﬁfloné ﬁ@rcog Gad Wherem T base-
P %CXT* CGT*T*T*T*C GGC GCEC GEGCCG SEQID
; , and 618
(T*C*G*T*C GT*T*T*T*C_ G*G*C*G*G*C*C  GCC"G SEQID

char acter | I
4. ohr onte BPERG Celey RS Sl ikaly SRR, UBeR P gagh of Nu s, .
N,.l,J!rs](nd Nhg le ge.mziﬁdhb@dm ﬁ?cnn CamplAhngr modisisatioas therpof,dnd wherein C
chr omat ogr y (HP ODN ,611. 620, wer.
baserRst MER e B BREEVILK Ds GeoRDE Gitad oL RoPeEasE Wi O
in PBS), onIy one peak was observed for each

conmpound, i.e., each oligonucleotide eluted |ike a
5. monoﬂmmmmmsumntamsnuclemmdmhemomﬁmlwhe@awch of Ni, Ny, ...

d
N e
Whaebn€aidk basd pgsnucl eoti de, consistent with the

presence of an internolecular diner in addition to the
nonomer. However, Wthermal denaturation studies

6.1 ndi gRd ﬁﬁnﬁﬁ&hn%r? hicieidcidhbieafle ohdsinal , seReuilariyast one of each

structure in solution, consistent with an
of N, Natms)l ch,LﬂnélN ihd¥anpi N i ehosen fEom upmodified grmpgified nucleotides

M?lgas gsult fromthe inverted
Wﬁfgéea I'n t t&’g.‘lqﬁan %g% sequences General ly
shar per peaks vvere observed in HPLC and CGE for these

75s ot BB EOTa it N fEAls PSR e o085

pﬁﬁ@l'l}oﬁﬁbmﬁed lli&kbcbﬂ&\mﬂi atd¢nst @rechhiospHodiestet bandanol ecul ar
secondary structures and do not form i nternol ecul ar

conpl exes i n vitro at th_e concent rati on exam ned,
g Wher eas irhalhMdhAIRo SR HROMbTe6h18 98 claim 1, further comprising a

backbone with at least one stabilized internucleotide linkage.

0. The immunostimulatory nucleic acid molecule of claim 1, wherein internucleotide

linkages of the oligonucleotide are all phosphorothioate linkages.

10.  The immunostimulatory nucleic acid molecule of claim 1, further comprising a
partially stabilized backbone with a phosphodiester bond joining at least one of Y{R; or
Y2R2-



ODN tend to associate into conpl exes through
i nternol ecul ar interactions. In vivo, however, it is
i kely that concentrations of CDN attained in the
i ntraendosonmal conpartnent are sufficiently high to
favor duplex or even higher:gﬁger conpl exes of ODN
i ncl udi ng dupl ex or even higher-order conpl exes of
C-cl ass ODN anal ogs of the invention. EQU VALENTS The
foregoing witten specification is considered to be
11.5UT Thé 1&&&&9@!@&?%@1@& ehd tbREulb Bf élien BMWheréin Y is C.
practice the invention. Various nodifications of the
invention in addition to those shown and descri bed
her ei . W - il g .
2art Y iirapos A SRERICA bBICIESFURE | i R A2
the scope of the appended cl ains. The advant ages and
objects of the inventipn are not necessaril . . .
13.onc d p Hawuposhnulateny b“o‘?“h‘gﬂ’f’%{i‘r’le Pﬁ@mﬁﬁw‘g&??&}f 1 i50and Ry is
G.references, patents, and patent publications cited
herein are incorporated in their entirety herein by
reference. W claim -63 CLAIMS 1. A conposition

1 4.8 ]? %F%Q%n@%%%&% R, ec@le Gk )ahﬁ% gﬁ)&fé%i?%(g Sﬁrk?is T.

X2Y2R2
(Nn)...(N2)(N1) S2 (N1#)(N2#)...(Nn#) Z3 (Formula 1)

wherein each. of 71, 72. and 73 |sS | J :
15goqubndenytoguetiiynglis RREroheh ol PRRF S PEd I8, Xais T
gﬁngERgggg5@@mg@1nucleotidic | i nker or abasic dSpacer,
each of X1 and X2 is i ndependently a nucl eoti de
containing thymne, uracil, adenine, or a
162°S Lﬁ%ﬁgﬁﬂ“&ﬁ&dﬂlgﬁw nuckA€ Bei@noldbuR M cl¥fn i1Swherein X; is T, X is T,
I ndependently a cyt'osine (C) _or a nodified cytosine;
Y eia€h Rofis @1k irig piol i anchife h gondaig gerainmeleptiges.gnd £2 is TTTT
gﬁ@b@@éd guani ne; each of N and N is independently
or uence 0 to 12 nucl eoti des | ong which
optionally conprises a non-nucleotidic |inker or
abasi c dSpacer; Si is a.non-nucleotidic l.inker n
17abacthe ImHRoptpiaiosy Brdsic apppaaleaas! Sa . BESisl s gpon-
hykene gl ycol units, which optionally provides
n@ﬁéﬁ@fcg_’ 55°-, 33-, 22 -, or 2'3' -
i nternucl eoside |inkages; S2 is any non-palindromc

18 CAUBNCE udoStrhHlafbiy h&ALi 4RI rhABEhIOSf BaifhON WhiefeieS] dofttatns at least

one abasic dSpacer residue.

19.  The immunostimulatory nucleic acid molecule of claim 1, wherein the

oligonucleotide includes at least one branched non-nucleoside linkage.

20.  The immunostimulatory nucleic acid molecule of claim 1, further comprising at least
one doubler unit, at least one trebler unit, or at least one doubler unit and at least one trebler

unit.

21.  The immunostimulatory nucleic acid molecule of claim 1, wherein S, is a doubler unit

or a trebler unit.



i nker, an abasic |inker (dSpacers), triethylene
gl ycol units or hexaethyl ene glycol units; each of

N1, N2, .... Nn, and N1#, N24, ... Nn# is any
nucl eoti de or nodified nucl eotide wherein N1
base-pairs with N1# N2 base- &alrs with N2#, ... and

Nn base-pairs with Nn# kK is anlnteger fromOtoS
nis an integer from2 to 16; p is an integer froml
to 6; and -q is an integer fromO to 10, and wherein
spWhe h{ohN ) 42
nucIrTél(%t uno{ ong, tBlé)Zm%léAlef#o 10ﬁir$uog c‘eag#llldgrge{egln%p
oligompricotids cempmises atlcks one diSe, 5'0RIGET;, 28, ab2idt mtémtuilenlslde linkage.
(dSpacers), triethylene glycol units or hexaethyl ene
glycol wunits, and/or (Nn)...(N2)(N1) S2 (N #)(N2#) ...
23( Nn#ln i?ﬁﬁmﬁ:s%u!‘a@dl‘&@ﬂ&leicﬁféid 1h6leb\@6 6f FhrammlL1B. - 64 2.

The i munosti mul atory nucl eic acid nolecule of claim

1, wherein each of N1, N2, Nn, and N1#, N2#, ...
Nn# is chosen fro SQr FTDdIfFSﬁ\Itl Jolis: thereof and
wherein C base- nq r's V\/I(t% he 1%11 nosti nmul atory
nucl eic acid nol ecul e of claim 1, wherei n each of N1,
.... Nn, and NN#, N2#, ... Nn# is chosen fromT,

Wl)fréIBr modi fi cations thereof, and wherein T base- pairs

Z\Mth[(meR])mzvmnzﬁs sm'wtmw J@NQU@)@N@% CNH)QNQWE»Q (Nuw);

1, wh Nl #
N2 #Ccaglll (r)r)f K Z2ii 8§l.r % gglgﬁggqnggaﬁtg' any seqj(tengg 0 toy 1N2 nuc?eotldes long which

e-pairs with
onRfily ERiprEen hEhRALoURIEMEBf aBo BspRERe Po TS A
bas eeaphmfxl aid X Sindepedeatly mmmlosudelmnmmng/tmgnmeemcﬂ adenine,
aci d ngt %%ule )f claim 1, wherein each of N1, N2, )
or 'Slg’ b Vi N#IS chosenfromunrmdlfled or

modi e‘abl@ of YfUﬁid?YE isdﬁdiepeﬁddhlhy fa@lywsmh!\blt' 8 md(ﬁqdadytds?m;e I
pal e Stl at or Nnucl el C (o nopl ecul e
P! hh A B Al BIHARERRRE p SHING(T Amodine Eutine no

- eabl of RT8d Nt #s 1n5@ﬁ%ndenﬂy DY edinEd PRETR AucRiFtides long which
unrmdl fied or nodified nucleotides which form .

opiienalieoneisey & aRn-nu@leotm limker pr abegis dSpaseRost i nul at ory

nucl §| F%S}, g,ugﬁ%,&ﬁy Abaélm&l{(?{ (H?]HE %‘?é{}}ﬁb&' gibofunits or

parti I | ze Kbone

hqxhelhplbmlglgsctlexmtb,oﬁdch 8pt1oTiaHy pravides §dri2AH, étS(}r 3/’3 ’n,u’&ﬂ'e p2'3'-
.acid nolecule of claiml, further conprising a
InfeaRugligRide 8t | east one stabilized internucleotide

| i Nk§yJi€ any non-palindromic sequence 1 to 10 nucleotides long or a non-nucleotidic
linker, an abasic linker (dSpacers), triethylene glycol units or hexaethylene glycol units;

S; is a direct or indirect 2'5'-, 5'5'-, 3'3'-, 22'-, or 2'3'- internucleoside linkage, or a
non-nucleotidic linker, said non-nucleotidic linker comprising abasic linkers (dSpacers),
triethylene glycol units, or hexaethylene glycol units facilitating a 2'5'-, 5'5'-, 3'3'-, 2'2'-, or
2'3'- linkage of m sequence parts;

each of Ny, Na, .... Ny, and Ny, Nou ... Ny is any nucleotide or modified nucleotide
wherein N; base-pairs with N4, N, base-pairs with Noy, N3 base-pairs with Nay, ... and N,
base-pairs with Nyu;

k is an integer from 0 to 5;

m is an integer from 2 to 10;



9. The immunostinulatory nucleic acid nol ecul e of
claim1, wherein internucleotide |inkages of the

ol i gonucl eoti de are all phosphorothioate |inkages. 10.
The i munostinmul atory nucleic acid nol ecul e of claim

1, further conprising a part%ally stabilized backbone
with a phosphodi ester bond joi'ning at | east one of
Y1R1 or  Y2R2. -65- 11. The inmmunostinul atory nucleic
aci 8 inw stageefiom 2edidm 1, wherein Y1 is C 12. The

i i {c acid nolecule of claim]1l,
mmgpglyﬁ&iﬁégeghgﬁb’1ltgf& e i munosti nmul atory nucleic

aci d isran mtegeefrofm &fodidm 1, wherein Yj is Cand Rl is G
14. The i nmunostimul atory nucl ei c aci d nol ecul e of
claiml wherein X1 or X2 is T. 15. The

24{/\,h W&ﬁﬁ}%(dﬁhio@t&mpﬁﬁihg laft irfimatodinfmatestuelenrf ackd molerule of claim 1 or
erein X1 i

1is T, X2 1s T, YL is C Rl is and k is
claim ZBowhae Frsbi) Mal o) SoblSoh i sRAepaBEEs Eafce.
claiml, wherein X1 is T, X2 is T, Yl1is C RlLis G
kis 1, pis 1, Nand N and Z3 each contain zero _
25nuclAecdrphsitionarethpZiging en iMmRnosimulgtoryuyrleiciapid mplgcule of claim 1 or

cifororioed ra KofaRy BBt 4 B i IPARFI R sBo D No4o)
TOGTOGTTLLITCEATCOAE) ECGASETEC, moTEAAGGBEGowhdrainT, is dSpacer.

wherein S2 contains at | east one abasic dSpacer
residue. 19. The i nmmunostinulatory nucleic acid

260! 8¢ Wb Rp&ditidil @&niPriking¥RemBtRobtiulaely SRICARDIoRRule of claim 1 or
I ncludes” at | east one branched non-nucl eosi de |inkage.

claith 23T drereimZn X ¥ Rud Bt Gy Rekcladi Giads dpaizdeie seqyence.
claim11, further conprising at |east one doubler
unit, at |east one trebler unit, or at |east one

27 oublterimmnirostndlatiry hewet acid endlesntd aficlaimrii dr.clam 23 Twherein

AR 1 G S AR ENT T s R R
TEATCEMCGAEEOSD Notayory nucleic acid nol ecul e of

claim1l, wherein the "oligonucleotide conprises at
!east one 2'5'-, 5'5 -, 33-, 2°2°-, or 2°3" -

24 Nt %Cimchaqua Qﬁcl?i% écidf%ﬁkrkéﬁwmztﬁn%@@ﬁm, wherein
nucl eirc acid nolecufe o ormula 111 :

Zi [(X1Y1R1) N X2 Y2Ro)k Za]p (S1)q is TCGCGACGTT (SEQ ID NO:26) or

TCGCGTCGTT (SEQ ID NO:69).

29.  The immunostimulatory nucleic acid molecule of claim 1, wherein
MNp)... NN Sz N1#)(Na#)...(Nnw) Z3 comprises a sequence
AGCGAAGCT,

CAATATTTATTG (SEQ ID NO:1),

CCGTTTTGTGG (SEQ ID NO:2),

CGGCGCCGTGCCG (SEQ ID NO:19),

CGGCGCCGTTGCCG (SEQ IDNO:34),

CGGCGLLCGCCG (SEQ ID NO:5),

CGGCGLLLTGCCG (SEQ ID NO:6),

CGGCGGLLCCGCCG (SEQ ID NO:7),



(Z2)m2z3 (S3) (Formula I'l1l) wherein ~ Z' is Z1

[ (X1Y1R1) N (X2Y2R2)k Z2Jp (S1)q

N (Nn)....(N3)(N2)(NL) S2 (N1#)(N2#) (N3#)...(Nn#);
each of Z1, Z2, and Z3 is independently any sequence O
to 12 nucl eotides |long which _optionally conprises a
non-nucl eotidic |inker or ab&8ic dSpacer; each of X1
and X2 is |ndependentlé a nucl eoti de cont ai ni ng

CGEHETEECATGEGI(SEQIPMNAB), or a 5-substituted uracil;
ndently a cytosine or a
CGM@&?@&??QQ%@SEQQ’I&%WPQ Rl and R2 is independently
CGTQOHANGTHACGEOWEHJ INOyLBNi ne; each of Nand N is
in n n ce.0 to 12 nucl eotides | ong
GA&%‘%Q%@&B@W@W&&?& a non-nucl eotidic |inker
GT@jgﬁ@@@qu QDN§]14DS a non-nucleotidic linker, an

abasi c |1 nker Hgacers) triethylene glycol units or
TAﬁéF(ébLﬁﬁﬂ”erﬁe( NQsHDt s, which optionally provides

£ 2 -, or 23 -
TA'fA ‘%%ﬁ?c%%% %Q ﬁ\{ggé@é; S2 is any non-pal i ndrom ¢

TA%HM’@WTA’I‘]FAI@SEQ)ID]N@ EDti des long or ‘a non-nucleotidic
| i nker n abasi c |inker (dSpacers), triethylene
Whﬁ‘]'%}’&glsf}g PAE-or hexaet hyl ene glycol units; S3 is a
di rect orlndlrect25-,55-,33-,22-, or
2'3' - internucl eosi de |inkage

30.] i nla‘ehemmnastﬁ@ﬂamw@&w s mal Wl@rofé&ﬁﬁqm E%fr%ﬂ'ag. c
'hé%éi’pﬁ\;}seﬁ Eﬁ% un| ts Pé%:e?:&f‘sf g‘%%ﬁgbg% GGCTGCCG (SEQ D

N@B13).-, 2'2'-, or 2'3 - linkage of in sequence part S;
each of Ni, N2, .... Nn, and N1#, N2#, ... Nn# is any
nucl eoti de or nodified nucleotide wherein N1

3]1.bas eft[éﬂhﬁﬁuidhﬁrﬂulh&ﬁy niiZeibadid npédute ¥ ddimNg #ompiSsing a sequence
[s Wit

N3, N -pairs with Nn#
TS ACEIEGACt TN G #8030 NG20d an Tht cger from 2
Td@AEQ}TC@Kch@AéGGG'(s@EID Neppy to 16; p is an

Integer from 1 6; q 1S anlnteger fromO to
TCIBACBICRACHTSDACEOEN(SESMEY NE:23), an | nmunosti mul at ory

AL RPIGE e B D Ngp, B 8 m 2. whereln
TOGAGGTCGAGTEAASETUSEQD NO:24), or
TCGACGTCGAGGAGGT (SEQ ID NO:25).

32. The immunostimulatory nucleic acid molecule of claim 1, comprising a sequence
TCGTCGTTLLACGGCGCCGTGCCG (SEQ ID NO:37),
TCGTCGTTLLACGGCGLLLTGCCG (SEQ ID NO:38),
TCGTCGTTLLCGGCGCGGCGCCG (SEQ ID NO:39),
TCGTCGTTTTACGGCGCCGTTGCCG (SEQ ID NO:44),
TCGTCGTTTTACGGCGLLLTGCCG (SEQ ID NO:45),
TCGTCGTTTTACGGCGTTTTGCCG (SEQ ID NO:49),
TCGTCGTTTTCAATATTTATTG (SEQ ID NO:50),
TCGTCGTTTTCGGCGLLCGCCG (SEQ ID NO:52),
TCGTCGTTTTCGGCGGLLCCGCCG (SEQ ID NO:54),



25. A conposition conprising an inmunostinul atory
nucleic acid nolecule of claim1 or <claim23, wherein
Z1 [ (X1Y1R1) N (X2Y2R2)k Z2]p (S1)qg is TCGICGITTT
(SEQ I D NO 40), TCGICGITLL, TCGA, TCGAC, TCGACGTC, or
TCGACGICG, wherein L is dSpg§§r_. 26. A conposition
conprising an i munostinulatory nucleic acid nolecule

1 X1Y1R1) N
TC@?@@T%B%Q%D&W%@@%% ﬁh&% e [ g equen cze . 27,
TCETRG MY égA*rmL%qrwAgslmimw@gv? mol ecul e of claim 1

erein X1Y1RL) N (X2Y2R2)k Z2]p
TCGW%TFW’KS N®:58), obr TCGTCGACGA ( SEQ

TORGTE AATAT AT TR NS L GF 21 [ var)

wh&el® ¥ kerZ2] p (S1)g is TCGCGACGIT (SEQ I D NGO 26) or
TCGCGTCGIT (SEQ I D NO 69). 29. The i munosti rmul atory
nucleic acid nolecule of claim1, wherein

N
33, g e”)lgte;% %Mésﬁ%la%@%%%g%ﬁéyoggﬁ y C&ﬁiﬁii-i)sﬁr@% sBquence

TCG@Q‘NCEGTGGC(@E@GCEBG@@XSEQ GCCG (SEQ I D
NO 19), CGGCGCOGTTGOCG (SEQ | D NO 34), CGGOGLLCGOCG
(SEQ ID NO.5), CGGCGELLLTGCCG (SEQ | D NG 6),

34. Cecnﬁadmmﬁa@ rhidleNOacId moleBle OECIBET CONBREGBE(ESEQIence

gg@&%%b%adec ( SEQ

ID NO 12), GTCGAGGAGGT (SEQ ID NO 14), TAATALLTATTA
(SEQ 1D NO 15), TAATATCCATTA (SEQ ID N0 16), ot
35 TAATAE imammestingaoryDulvia 29id mojgerleef glaimils compsising a sequence

chosen from

THCHGHFT*CF*GHFTHTHTHT*A*C_G*G*C_G*C*C_G*T*G*C*C*G (SEQ ID NO:43),
T*C*G*T*C_G*T*T*T*T*A*C_G*G*C*G*C*C_G*T*G*C*C*G (SEQ ID NO:43),
T*CHGHT*C*GHTHTHTHT* A*C*G*A*CH*G*C*C*G*T*G*C*C*G (SEQ ID NO:42),
T*C*G*TH*C*G*CH¥T*T*T*G*C*G* A*C*G*C*C*G*T*G*C*C*G (SEQ ID NO:36),
T*C*G*T*C*G*C*C*C*G*G*C*G*A*C*G*C*C*G*T*G*C*C*G (SEQ ID NO:35),
T*CHGHTHC*GHTHTHT*T* A*C*G*G*C*G* C*CHG*T*T*G*C*C*G (SEQ ID NO:44),
THC*GHT*CH*GFTHT*L*L* A*C*G*G*C*G*C*C*G*T*G*C*C*G (SEQ ID NO:37),
T*C*G*T*C*G*T*T*T*T*A*C*G*G*C*G*L*L*L*T";G*C*C*G (SEQ ID NO:45),
THC*GHT*CGHTHTHL*L*¥ A*C*GH*G*C*G*LAL*L*T*G*C*C*G (SEQ ID NO:33),
T*CEGH TH*C* G THT*T* T*C*G*G*C*G*G*L*L*C*C*G*C*C*G (SEQ ID NO:54),
THCHGHTH*C*GH THT*T*T*C*G*G*C*G*T*C*G*C*C*G*C*C*G (SEQ ID NO:55),
THCrG*T*C*GHTHT*L*L*C*G*G*C*G*C*G*G*C*G*C*C*G (SEQ ID NO:39),
T*C*G*T*C*G*T*T*T*T*C*G*G*C*G*L*L*C*G*C*C*G (SEQ ID NO:52),
T*C*G*T*C*GFTHT*T*T*T*A* A*THAYTHT*T*A*T*T*A (SEQ ID NO:59),
T*C*G*T*C_G*THT*T*T*T*A* A*T*A*THTFT*A*T*T*A (SEQ ID NO:59),
T*C*G¥T*C_G*THT*THT*C*A*A*T*A¥T*T*T*A*T*T*G (SEQ ID NO:50),
T*C*G*T*C_G*TH*TH*T*TH*T*A*A*T*A*T*C*C*A*T*T*A (SEQ ID NO:58),
THC*GHTHCHGHTHTHTHT*THA* A¥T*AXL*L*T*A*T*T* A (SEQ ID NO:57),




30. The immunostinmul atory nucl eic aci d nol ecul e of
claim1l, wherein (Nn)...(N2)(N) S2 (NL1#)(N2#). .
.(N'#) conprises a sequence GGCGCGCTGCCG (SEQ ID NGO
13). 31. The inmunostimnmul atory nucleic acid nol ecul e
of claim1, conprising a seqyence
TCGACGTCGACCGTTTTGIGG ( SEQ I'D¥NO: 20),
TCGACGT CGACGEGACGGG ((SE IDNO :
T*G‘tﬁ&ﬁﬁmwgﬁg *,T*G*C*C*G (SEQ ID NO:43),

T*@%Wé@ﬁﬁoﬁu&ﬂ?%@*@cm (SEQ ID NO:38), and

T*G’WWW HC3EAG* D NOGZ LY L CAC*FHEFC*G (SEQ ID NO:54),

nmul at Qr | ej ¢ acid,ml ecul.e .of claiml1,

Whir&h‘b 1%&%2?%&&5%%8 oro o FRBSROAE PG ( SEQ

I D NO 37), TOGTCGTTLLACGGCGLLLTGCCG (SEQ | D NO: 38)

TCGTCGTTLL (SEQ I D NO 3 .
36. TCGTbsimrmacstnntaosmustiaqidrolecy erqécfmyl 1, comprising a sequence
chof%g TTTACGGCGLLLTGOCG (SEQ | D NO 45),

TTTACGGCGTTTTGCCG ( SEQ | D NO: 49)

T*TEGFAGTFCFCASTATATOTGEGH SEA* CBEGRGF 6EPEQ ID NO:21),

O L BT A e o g

T+E CGHAGTkGHEEEEGH @C*@@@G@G@E@*G@Gk@(sﬁog ID NO:21),
TCGTCGTTTTTAATALLTATTA

TGRS B TART BT AXETEX §|§ *Tdsﬁ@%;m 250
T*é%b"‘%’?ﬁ?@"A*@Ejé‘kd*ﬁ'i@*@c“@(g}ﬁ@mN‘@Qﬁ?' nLis

Spacer I mmunost | nul at or nucl ei ¢ acid

T*ﬁ:ﬁ@mﬁ@‘mﬂ*a*ﬁ*m*c*ceaﬁrTﬁThB*@‘Tgéﬁcﬁe(ﬁE@ ID NO:20), and

T R G S 6T 4 ThA o AeOrosehi e T GHRYO2)

wlféﬁélﬁr*' is bl?&spﬂox%ﬁﬁb‘ﬁ@ﬁﬁd I PHOSPHOGHFCCCCECTGCCG ( SEQ 1D
27).7°35. The i mmunostinulatory nucleic acid
m)I ecule of claim1, conprising a sequence

37. The immunostimulatory nucleic acid molecule of claim 1, comprising a sequence

chosen from

T*C*G* A*C*G*T*CH*G*A*CH*G*T*G*A*C*G*T*G (SEQ ID NO:62),
T*C*G*A*C*G*T*C*G*A*C*G*T*G*A*C*G (SEQ ID NO:61),
T*C_G*T*C_G*A*C_G*T*T*C_G*G*C*G*C*C_G*T*G*C*C*G (SEQ ID NO:65),
T*C*G*T*C_G*T*A*C_G*G*C*G*C*C_G*T*G*C*C*G (SEQ ID NO:66),
T*C*G*T*C_G*T*T*A*C_G*G*C*G*C*C_G*T*G*C*C*G (SEQ ID NO:67),
T*C*G*A*C*G*T*C*G*A*C*G*T*G*A*C*G*T*T (SEQ ID NO:63),
T*C*G*T*C_G*A*C_G*A*T*C_G*G*C*G*C*C_G*T*G*C*C*G (SEQ ID NO:64),
T*C*G*T*C*G*A*C*G*A_T_C*G*G*C*G*C*C*G*T*G*C*C*G (SEQ ID NO:64),
T*C*G*A*C_G*T*C*G*A*C_G*T*G*A*C*G*T*T (SEQ ID NO:63),
T*C*G*A*C_G*T*C*G*A*C*G*T_G*A*C*G*T*T (SEQ ID NO:63), and
T*C*G*T*C_GH*T*T*T* A*C_G*G*C*G*C*C_G*T*G*C*C*G*T (SEQ ID NO:68),

wherein * is phosphorothioate and _ is phosphodiester.



chosen from
T*CET*CET*T*T*T*A*C GG C GFCC GEGT*GCCG (SEQ
ID NO 43), T*C-GT*C
GT*T*T*T*A*C_ GG C-GCCGEGT*GCCG (SEQ I D NG 43),
T*C*G‘T*C*G‘T*T*T*T*A*C*G‘A*?*G‘C*C*G‘T*G‘C*C*G ( SEQ
ID NQ 42), -71=
e CTT*T*GCGCACECCETITGcCC G (gSE
38.| p Wy Bwpunostimulatory nucleic acid molecule of claim 1, comprising a sequence
chq'g’égﬁ '3I';)C*G‘C*C*C*G‘G‘C*G‘A*C*G‘C*C*G‘T*G‘C*C*G(SEQ
T*E*WG‘_G*D‘@G*W*O}G&’W@G@T@TG@EQMQSQD

TSR e b PR TIG R HRITECACIC I SRR ID Q) and
T+ CBEGNO*§ 7T C*GH*T*T*C_G*G*C*G*C_G*C*T*G*C*C*G (SEQ ID NO:30),
T"CETCET*T*T*T*AACECCGFLL*L*T*G C-C G (SEQ
whepginbisghpsphorothioate and _ is phosphodiester.
T*CGET*CET*T*L*L*AACCG G C G L*L*L* T* G C-C* G ( SEQ
I D NG 38), .
39T CT@ ithBudstinTuigtony i@cliciad molgoule|of clagn & mprEingsEeguence
» . g * * (L e (T (R Uk (O .
LG S P R L S B RGP BRI SRR NES"
whief2ilN©; sphorothioate and _ is phosphodiester.
T™*TCET*CET*T*L*L* GG CECFECEGCCG (SEQ I D
NG 39), T**CET*CET*T*T*T*CGGECGL*L*CGEGCC G
(SEQ Beimulatory nucleic acid molecule of claim 1, comprising a sequence
405 25 Fpinpsmalatony nuclelo cid molecule of clelm 1, comprising a e
choen3®m T*CGT*C G T THT*T*THA* AN THAY T T+ T AF T T* A

l, RPETETHA 3 :
TR R R A G e R RO (S I NO4D,
T*C G+ G* B T+ T T* AN GYCHGR TPOEGECAGTETEAG (SEQ IDINO:47), and
THSENTHE TSR T T A GG OB T (S 1D R0 %46,
wh?é%%Ngii El)%sﬁ&&%ﬁﬁéfé*téf af’ Cis@heipRo@ektet.* L* T G C C* G ( SEQ

T*C"G.‘T*C’_G‘T*T*L*L*A*C"G‘G‘C"G‘L*L*L*T*G‘C"C"G ( SEQ
ID . . . . .
414D RSBty pulioaid ol of i copprisv g seavenc
TH@D QIEHTTHINEF Bt A* C* GO HSHAERICH G*T*§*C*C*G (SEQ ID NO:48),
hasphor ot hi oat.e, .and, .i 0 iester. 36. The
w. Wﬂﬁdﬂ’ﬁ?ﬁ?:h%’ Hatk gg E?S@%gg?r}bo%%%écul e of claiml,
conprising a sequence chosen from
T*"CGEACGT*CGCA CGGGFACGEE S I.D NO 21
427+ C/RbeATENBOTBIGTAY B9l A6 APPSR B e ome
i@ igo @b st ColnetiGed d &2 pyenddihe.
L A o e bR e
T*CGACGCGT CCGAGCGCGAAGCT (SEQ ID NG 24),
43. The immunostimulatory nucleic acid molecule of claim 42, wherein the substituted

pyrimidine is a C5- or C6-substituted pyrimidine.

44, The immunostimulatory nucleic acid molecule of claim 42, wherein the substituted

purine is a C8- or C7-substituted purine.



TTCGACGCGT*CCGACCET T*T*T*GT*GG (SEQ I D

NG 20), and

T*CGACGCGT*CCGAGAGCT T*GEGECT*C-T*C (SEQ I D
NO 23), wherein * is phosphorothioate and _ is
phosphodi ester. 37. The inmmungstinmulatory nucleic acid
mol ecul e of claim 1, conprisi g a sequence chosen

from T*C-G A*C T*C"Gr"A*C" > G A *
45.NO @by immpmnestim upleiscgsi n@l ey g‘ilgeg%x%}g substituted or

mo?@&l mldme is selected from the group consisting of 5- substltuted
(1’3’6*T*C }AnC G"TTCG"G"C*G"%* GT* G"%:* SEQ

cytbBndO66EpstitutEd Cy@sinessNg=spbatitated cprosines; G}“a@ﬁﬂwSl@, 1oeICApto-

SEQ 1 D _NO. 66
oyb g8 SRR beto sopyesive. ariosie oty vihsrppetyipg svsims,an
ur% c%%zatwe?fﬂi?ﬁr&*@ﬁ@tﬁ&meﬁtmﬁé,G*-ééaﬁ-@‘siﬁbs’ﬁtl(t&f@dx@e,
7-dpaza-§sybstitgied gpanines-flepracf-agaguaninedumesanthips Msbsiiiyed
guér@nw{i%no%]_mgﬁ ﬁ-*l @‘-I%ﬁz@ég d@yrlmldlne-Z 7-dione, 2,6-diaminopurine,
GECGECCET*GCCG
2- afnmmxrmec:p@w md@lms@s@uned@dm@e@sﬂsubst(r@mawm@é -thioguanine.
T*CGEACGT CCGACGEGT GA*CGT*T (SEQ ID NG 63),
and T*CGT*CET*T*T*A*C GG CGCC EFT*GCCGT
46( SEQ‘HeEm;I;iﬁléﬁSﬁlnulatdnyem&ilmc ciid snqléondepdfatain 42 pahereiartle substituted or
t 71, 38., .Th t .
B R SR B 52 A e A e B et o 5
ﬂtﬁ?&@%@iﬁe 066 65&[@ 5-bromo-cytosine, 5-iodo-cytosine, 5-hydroxy—cytosme,
GC GT*CGT*T*C GG C GC G"C*T*G"C*C*G (SEQ.I
6- mew-pﬁommﬁr@*m@w , Bdiffuoramethybeytosin @*aed@l@bsﬁmted

oSS S e, W e ey s

5-AR0r30)racil, SHeromoruricil, § tmbmswhyipmdul dethio-uanil, 5-hyéroxy—urac1l 5~

Em@h"s iretof tip e, LGRlTR, By S B Eibp s, < © 2! 9

a@’é—@‘ @ﬁﬁam@uﬁu&mahﬁ gudnine; No@iddyl adenifk; @-dx0-adenine,
27), wherein * is phosphorothioate and IS
8- b%@ﬁWt@ds'h@mogH@“annostl mul atory nucl ei ¢ acid
nol ecul e of claim11, conprising a sequence chosen
from T*C G T*C* G T* T* T* T* A* & G* G* C* G T* C* G* T* G¥ C* C*
47( SEQ['heDmm)mm)lmulatory nucleic acid molecule of claim 42, wherein the substltuted or

mpﬁ ‘ﬁ€ p}t}g g aln)sgl-[mﬁm-g 1€5etecdE S e, Sﬁp@o%ﬁ‘n@ §f 2w base, an

aromatic ring system, an aromatic ring system, and a hydrogen atom (dSpacer).

48. The immunostimulatory nucleic acid molecule of claim 42, wherein the substituted or
modified purine or pyrimidine is selected from the group consisting of 4-methyl-indole, 5-
nitro-indole, 3-nitropyrrole, P-base, and K-base, benzimidazole, dichloro-benzimidazole, 1-

methyl-1H-[1,2,4]triazole-3-carboxylic acid amide, fluorobenzene, and difluorobenzene.

49, The immunostimulatory nucleic acid molecule of claim 1, wherein any of N, §, X, or
Z is substituted by a residue selected from the group consisting of C6-C30 alkyl chain, bile
acids, cholic acid, taurocholic acid, deoxycholate, cholesterol, oleyl litocholic acid, oleoyl

cholenic acid, glycolipids, phospholipids, sphingolipids, isoprenoids, steroids, vitamins,



TTCOET*CGET*T*T*T*A*CGGCGCGEGT*C-GCG (SEQ I D

NG 46), wherein * is-phosphorothioate and _ is

phosphodi ester. 41. The i mrunostinulatory nucleic acid

nol ecul e of claim1l, conprising s a sequence

T*C_G*T*C*G*T*T*T*T*A*C*G*Gi?G*T*C*G*T*G*C*C*G ( SEQ

I D NO 48) wherein * is pho Bhorothl oate and IS
aci.d

phosphodi est er. . The i nost |, kap:y
vitaFn &b et eitans Apscidia iy Ghil Sl FishyRess
pyréries tlos fﬁ g*'ﬂuﬁo‘i‘}:%‘pﬁﬁ]ﬂéj @délﬁalﬁmﬁugbﬁdiﬂegttﬁgmp cowrshi, ifRdrescein,

pyr e . The i nmunosti nul at ory
rhodwxnirm, Ee)eas+1tbdmhlgexygeemﬂumtbﬂxﬁr¢21 t-hh@ldémﬁthb’héyl t-

but}éémsﬁ.ﬁngfﬁgldcy I‘fﬁggl &%bdﬁ%%fe %‘T STor y Ei 7§t1§é& st 33258 dye,

psofg[ﬂ,-ﬁcdmkieb;,qjmﬁhal m 42, wherein the subst | t uted purine
is a C8- or C/-substituted purine. -72 45. The
i mmunosti nmul atory nucleic acid nolecule of claim42,

50, Whe g it sthtiBiory Hhasc abid ﬂméduﬁd @finptisigne or

pyrimdine 1s selected fromthe giroup consi sting
5- s@st 5 end bepinnipg withsedmnenesiizaulatort metiicshossy fs | (TCG)nN and

i.t.ut ed

ROLGH T PR WA SR T EPRURE X s Tt A B OS e, STBAARR, Ris o plrine,

D ieA8t ageachiof 1Y, and ¥e ireiegendenty isyesyeinmidine, wdis apriategdr between 1 and 4,
derivatiyves, thym ne dgrivatives, 7-deazaguanine,
}Ps’d‘éfafﬁdl?“%ﬁéﬁq??ﬁcé& &@ﬁ?ﬂ@n & 7-deaza- 8- substituted
quUaRhYe3' ehd ¥RAkBiiBe I 8n BivetdRpedd YRBRIUf HorREng a hairpin or stem-
N2- substituted guanl nes,

1008-StvichITE, B2idSIHGILERQMERSHI azol of 4, 5-d] pyri mi di ne- 2, 7-d

| nodi GRS RO AR BTN B B4 oani ne,

and aﬁldahtlcmgunamawhed dimisHivtchedrirasepand mul at ory nucleic
d _mmol f wh the. subst i tut , ,
moci(F) See Bl R Pk cRETTone f 185 S Ficsbitdie?S-cro-

Ip consisting of 5-nethyl-cytosine, 5-

fluor o-cytosi ne, 5-chl oro-cytosine, 5-bronbp-cytosine,
5-i odo- cyt osi ne, 5-hydroxy-cytosine,
516-h I Qherein the GC-rich stem
5 di T 1uor orret%ﬁﬂaﬁ’q' gg‘lg]ﬁlg a&gﬁfgﬁﬁﬂéu%@%ﬁ(gd or
1szudnn$acumeeh386parsdyngll -cytosi ne, N4-ethyl -cytosine,

NN - propyl ene cytosi ne, phenoxazine, 5-fluoro-uracil,

5- brono-uracil, 5-bronmovinyl-uracil, 4-thio-uracil,

520- hyﬂlﬁ@mnmrroaﬁmhlatcﬁv npeleipyanidimaleaubé of claient 5, wihlaxeiri e GC-rich stem

4-t hi othym ne, 6-substituted thym nes,
1S?¢%E%&°&“W?@P@B313P&ynyl guani ne, N2-met hyl - guani ne,

N6- net hyl - adeni ne, 8- oxo-adeni ne, 8-hydroxyguani ne,

~and 8- bronoguani ne. 47. The immunostinul atory nucl e(ﬁc "
53aci dThoimsgwiastiplagryngelgie acigqaelsrue 9@1‘@!&%%W{‘F¥ﬂ‘%@° C-rich stem

155%%}1@&0%{{‘,@5!{ Sn&fopgy“ mdine is selected fromthe

up consisting of “a universal base, an

54, The immunostimulatory nucleic acid molecule of claim 50, wherein the GC-rich stem

is 5 consecutive base pairs long.

55. The immunostimulatory nucleic acid molecule of claim 50, wherein the GC-rich stem

is 6 consecutive base pairs long.



aromatic ring system an aromatic ring system and a
hydr ogen atom (dSpacer). 48. The i mmunosti nul atory
nucl ei ¢ acid nol ecul e of claim42, wherein the
substituted or nodified purine or pyrimdine is
sel ected fromthe group consr4 ing of 4-nethyl-indole,
5- nitro-indole, 3-nitropyrrdl’e, P-base, and K-base,
benzi m dazol e, dichl oro-benzi m dazole, 1- nethyl-
IH[1, 2, 4]triazo|e 3-carboxylic acid am de,
flu : e
sel | V95 BRRAEAR, AR AR of i S whersin i GC-rich stem
combrisasianleasty2 GfC bysePpirX, or Z is substituted by a
resi due selected fromthe group consisting of C6-C30
al kyl chain, bile acids, cholic acid, taurocholic
57aCi thhe %ﬁﬁf&ﬁéﬁﬁhﬁ&t@ry shdiesd@ hlleculdd Eelaihi S00wh&rkinGhe GC-rich stem
aci d, ol eoyl ~cholenic acid, glycolipids,
COW@Q%%M%M@ C b¥%iDag®| i pi ds, i soprenoi ds, steroids,
vitamns, -73 vitamn E, sanﬂataifMty wnds
unsaturated fatty acids, fatty acid esters,

58tri dlhyammudes;unulptpnemgéqw pad piojeculesof amgyoapng,qlamrg 50-57, wherein
ane, i,di_nes i umarin, fluorescein,
ther%ﬁﬁaéﬂ? H‘%@‘&S %é%smﬁt%%x%%ﬁi H, di met hoxytrityl,

t- butyldlnethyIS|IyI t-" butyIdiphenyIsinI cyani ne
dyes, cyani ne, dye 3, .cyani ne 6,
5 93325@1%%!@111110&%\%1310%“0&%% a@r}g Eﬁ%ﬂl e oF cgim 3, heren the parially

stdbﬂgﬂéﬁ %ﬁ%}&baﬂé 844 ﬂsﬂi%‘m&ﬂ 184sF o&%kﬁ;sﬁﬂﬂdﬁ‘é&’c& ¢ cpamy hﬁlka%@ firher

pbegl nn stimul atory notif
coutprisesa Plociity dm)onpmwmaﬁw@mmmdw@@@m Tis
thymne, Cis unnethylated cytosine, Gis guanine, R
is api nine, Dis not C each of Y1 and Y2
60. ndeRerig@niroytittlatrpyndlei deid enoleculsofulaiimits gherelethevs'emd has a

1 and 4, .. inc uence 0-12 bases
SeETge P{"d} deg ag %@hﬁg‘t}@?ﬂfﬁgﬂﬁdﬁnﬁofﬁ inverted repeat
capable of formng a hairpin or stem | oop structure

said structure corrprlsmgaGCrlch stem 2 t .
61c onsBruinmunostimslagay nuclpigngid raeleculeef ¢laigs30, @\rhérem the 3’ end

unnat ch I

telf iR S i thvhle 'I%Seﬁpﬁé! a?nl%gee% gﬁétégt I(pg%vs@ed%% edct@d:brﬁce'recce

(S@@th@il&gst er 5 -CpG 3 l'inkage. 51. The
i mrunosti nul atory nucleic acid nol ecul e of claimb50,
wherein the GC-rich stem is 2 consecutive base pairs

64. ONGThPiZam it tiiiTHd19 siutleitl adidanyletule betlaina 0, wherdireths Btend
of claim 50, wherein the GC-rich stem

tegpingting in apdnygsted rﬁgﬁa]; S| aolﬁ]@e S@SCHW%OYI%&Q@%T%WCG
(ﬁ&%hﬁbﬁlgfld mol ecul e of claim50, wherein the GC-rich
stem

63.  An immunostimulatory nucleic acid having a base sequence provided as
TCGTCGTTTTACGGCGCCGTGCCG (SEQ ID NO:43).

64.  Animmunostimulatory nucleic acid having a base sequence provided as
TCGTCGTTTTACGGCGTCGTGCCG (SEQ ID NO:48).



IS 4 consecutive base pairs long. 54. The

i mmunosti mul atory nucleic acid nol ecul e of claim 50,

wherein the GC-rich stem is 5 consecutive base pairs

l ong. 55. The imunostinul atory nucleic acid nol ecul e

of claim50, wherein the GC-rjch stem is 6

consecutive base pairs Iong.'257'4 56. The

i mmunostimul atory nuclejc acid nol ecul e of claim 50,
65.wherAgi immenostiputaters; nyelein acidhnyinescbpse sequencs providsdes

a e RS T DA haAREQSIA [of =Y [ .

T*ﬁbﬁggﬁﬁe&g?. ?I rglfn%g wher ei nﬂt‘fﬂghqﬁép?ghbg?g?nﬁélﬂNo'%)’
whesdin *iremsseats pheasttor@hidate ibmemclpatideslinkage and Ttepresents

[ ostipul atary, nucleic acid nol ecul e of any one of
Ph‘bf’rrgi!% S@E%?“&f%‘rd&;fwl‘aﬁehe at | east one unmatched or
m smat ched base is T. 59. The i mmunosti nul atory

nucleic acid nolecule of claim50, wherein the
66.par tAminpunestinhilateryawcisiccacisblayingmpase ssavgnegtrroddet asone

eaRhed] TP %FLG tb( r&@@q%f ¢ ' .

T pl ur al ?‘?@ g%%pﬁggz or'o(?"h(ljT odért en ‘eGr*ﬁIﬁ? ggtc i gg@ EQIDNG:43),

wher¢ik &gepreseénfs phbisphdrotiicmtsiniernuickiptidy linkagk end_ eapragents
nmol.ecul e of claim wherein the 5 end has a

pPhQsRitedifster EFWP@S‘EP%&“%‘%CGTTTTA (SEQ I D NO 41). 61,

The i nmmunostinmul atory nucleic acid nolecule of claim

50, wherein the 3' end  termnating in an inverte
67y epehn immenestimdaoyanglsitcecihhainge éemxﬁ@ﬁe
ok *THR*C THEG EVEHROEE | WO+BUBES IO NO:43),
T*aci d fn@de%i}]*i[g?)rch%a?Tﬁg%,%er e|‘|’1Gmtj'1:1ﬂ{§mg:'r Eeggg R )
whereini *nepiesents phasphorthioateinteraysicatide linkage loné o repsesaeiiic e

rqvi ded a (SEQ 1D NG 9). 63. An
phgﬁﬂqtlﬂqg qrﬁ%f’@fl%gjlcf‘c?%%&g aci d having a base sequence
provi ded as TCGICGTTTTACGGCGCCGTGCCG (SEQ | D NG 43) .
64. An_imunostinul atory nycleic acid having a hase
B8 o qUARFETIPBY I HOROT ORI TR DS SHOSHA RV EES | D
TR G AR RALITHAGSEH GUESE YT @BQID NO:43),
having a base sequenc€ provided as
whiereinC¥ fep@saity phiosphqrof GrSingroapatidetigkage @ad: cereeentQ
| D .43) .. . Wh .| resents phosphor ot hi oat e
p@o&p@%%ﬁ%%&wle élg{e?{rll ealé%ﬂa g’d __represents
69. A vaccine comprising an immunostimulatory nucleic acid molecule of any one of

claims 1-68 and an antigen.

70. A pharmaceutical composition comprising an immunostimulatory nucleic acid

molecule of any one of claims 1-68 and a pharmaceutically acceptable carrier.
71. A method for inducing type I interferon (IFN) expression, comprising

contacting a cell capable of expressing type I IFN with an immunostimulatory nucleic

acid of any one of claims 1-68, in an effective amount to induce expression of type I IFN.

72. The method of claim 71, wherein the type 1 IFN is an interferon alpha (IFN-cv).



phosphodi ester intenucl eotide |inkage. 66. An

i mmunosti mul atory nucl eic acid having a base sequence
provi ded as
TTCGET*CET*T*T*T*A*C GG C GCC ET*GCCG (SEQ
ID NO 43), wherein * represepts phosphor ot hi oat e

i nternucl eotide |inkage and represents

phos hodlester i nt emucl eQt i

i .
Ot fPLIREvGIng, BRI dnt ?ran ﬁ@&a l%gfxﬁreﬁfé% CCEHiRErR e

” &8&3%9%% Gl apatls of PR TN I e gy el acd

of lably ¥ 489laims\IN6S, 6 fn Efféctive amotiitso it Expiatioh OATEN-y.
i nternucl eotide |inkage and represents

phosphodi est er |nternuc!eot|de |'i nkage. 68. An
74, RGP M bl RRLANIR N ochngiRSg Sequence
T* CraehEeihBm NEK cEH With @ ignBros@nata@rinieldr aridofanysme of claims
mhereln * LT t.5, phosphor ot hi oat e
bR B e R e e ERE b e o
phosphodi est er intemucl eotide |inkage. 69. A vaccine

conpris an i npunostj mul atory nucleic acid nol ecul e
1%f a/r\in%hfg‘ foy tregting BN, SOTBPEHGINt i gen. 70. A
phar m ko £ ABHAS hﬁ\hﬁ@ oPé%'}Bk Io$ H%lc%‘ihg an infection an

I MuNos Pgtory hucleic acid nol ecul'e 'of any one of
muhmcm::mllla@ﬁy ancleis apidanfiany one oTelimg 1a6fs panaaifestivegmoust to treat or
for inducing type | interferon (IFN)
Prgxgpﬁfggﬁﬁﬁ onprising contacting a cell capable of
expressing type | IFN w th an inmunostimlatory

ucl cid qf, a e .of cl 1- 68,
76t o Ehe melhi i it 05 B i yPIsSCig At 52 Sl YevleRing en
infeetion BRosR HoRa Pral CheadteRial] hm@ah éﬂrﬁlﬂo’mfebﬁ{diﬁ Il IFNis
an interferon alpha (IFN—a) 73. A nethod for
i nduci ng gamma interferon (IFNy) expression,
7T et JhSiRflof BPLRED S frtiithe SBRGERE ofls £HBE 65, Wping o vira
infextionfwith avinms cho$f, franmn hepatics Bedtus ‘QHBé[h,thﬂpmtiscC VM&EV),

expr essi.on F . (4. A ne f ot actlva ng._a
cfiaeeapvig CHVh BRYeindi i ERRD, SRR AR
nﬁ@lhhod@ﬁbféné}ﬂvmdﬁl{ﬂmw tor Mal?ﬁﬁ sifplexudiue (MS Y i d of any one
of clains - in an fective anount to activate
the NK cell. 75 A nethod for treating an infection,

780D 'Th? hﬁﬂloﬁqm:ﬁhﬁ 76! WhGeinGhPsubjtel Baslor iat kgl oPdevloping a bacterial
ri sk of devel oping an infection an i munosti mul at ory

infeatiosivithaa sngcics oflbactasiven ehosen pmd.eishpgniaj kistgria, or Anthrax.
effective anpunt to treat or

79. A method for treating an allergic condition, comprising
administering to a subject having or at risk of developing an allergic condition an
immunostimulatory nucleic acid of any one of claims 1-68, in an effective amount to treat or

prevent the allergic condition.

80.  The method of claim 79, wherein the allergic condition is allergic asthma.

81. A method for treating cancer, comprising



prevent the infection. 76. The nmethod of claim75,
wherein the subject has or is at risk of devel oping an
i nfection chosen froma viral, bacterial, fungal or
parasitic infection. 77. The method of claim 75,

wherein the subject has or is at risk of devel oping a
viral infection with a viru chosenfromhepatitis B
virus (HBV), hepatitis Cvirus cyt omegal ovi rus

( CMdminiElpsng fna BEeot DaviRgoraEk of ?ﬁysiomsmﬁqsén human
1mn(n,1_r'§§§ Od%r§ ?ﬁa%‘ %51%{ g‘i'm)% 3 \Qf claﬂ RSP frdarSd iRl FXan{dunt® treat or

wherei n the subj ect
preVes tiercahcerat ri sk of developlng a bacterial infection
with a species of bacteriumchosen from Lei shimani a,
Listeria, or Anthrax. 79. A method for treating an
g2.al | ?ﬁ&x‘n&ﬁlﬁ@ BEEIRir? 81, VARG Bl cRfceR Y ihobdh! fRdth B@sal @lPsarcinoma,
subj ect aV|gg or at risk of devel oping an allergic
biliexyrtetict tamaeera hladdereancesiong pmcerr, praifendgeatraldicgvays SEfRm cancer,

e.of cl t
B R
cancb cancéPof thé digestivetshstera) éndmgietriabmdm e&wphagﬁabnan@qr@ye cancer,

canior YR P SRy Spis oty - RaofiRY Sefptach MRy bider, lerynx
caxiéexv EuR B M) liGerCRARESR fluﬂ@canbéﬂleﬁﬁﬁlbmmﬂuﬂmding(Hbdghﬁs andamml

any one of clainms 1- 68 effective anmount
Horlglials Tpmphasm vefiEIcrHfe i aio e ResBapIastores, g GBS ien

canc% gt g%c%aﬁic%a%&?,i 151‘8&&@ Larlcgr, ?&ﬁ%ﬁﬁsttﬁﬁ'?h%yo@ﬁhéma, rectal cancer,

tract 'cancer, | adder cancer, bone
ren@.liéuheér, cdirced of the nbspmwnyaystem; SACGOMAS ylgn cancen stomvach cancer,

ast ca cervic cancer, chord.oc
ety i UL e GG PRGE preBuY B AhEy SV, S0bAE
cafelnold28 afld §e8drhase system endonetrial cancer
esophageal cancer, eye cancer, cancer of the head and
neck, gastric cancer, intra-epithelial neoplasm
83K dAgY HGRAEST cldifl Y1 WhereNBE Eanchrall § @BcRr sdnkiti®t toctReaament with
 ung cancer, |ynphoma including Hodgkin's and non-
uﬁHﬁé@hmkhudEhﬁphona nel anoma, nyel oma, neur obl ast omma,
oral cavity cancer, ovarian cancer, pancreatic
cancer, prostate cancer, retinoblastoms,
g4 NabERTARAT SR Rm $ SihdleirciBe 6 icer sensifid tocipsanment wihTEN o is

Of t he respl ratory syst em sarcomm, S |n cancer, 11 leuk
chesarfaarh heiaynealk leukeraiet aheamemyelagRriops lepkgpmia; GtagpisgT-cell leukemia,

' 9EcIDidAAE
it IR Houte? Bifhofih, it fdbulorti S @oud el b om,
AlDretated Khaposi’asareoma,seral calhcecingrangirostate car@npmg,ageﬁgqaql dysplasia,
orvgo}o?l carcinoma.

85.  Use of an immunostimulatory nucleic acid of any one of claims 1-68 for manufacture

of a medicament for use in treatment of an infection.

86.  Use of an immunostimulatory nucleic acid of any one of claims 1-68 for manufacture

of a medicament for use in treatment of an allergic condition.



interferon al pha (IFN-(x). 84. The nethod of claim 83,

wherein the cancer sensitive to treatnment with I FN-a

is chosen fromhairy cell |eukem a, chronic

nyel ogenous | eukem a, cutaneous T-cell |eukem a,

mul ti pl e nyel oma, foIIicngz Iynphona mal i gnant

mel anoma, squanous cell carc¢inoma, AlIDS-rel ated

0 s sarcomg, Jenal eII ar.ci noma I.0S

84, calles bmimREIosEARTy SpFigi At St Y O ¢ RS s manutecture
of a §Rdic %nﬁqforﬁ‘gélhm{éfﬂﬂle@@ﬁwd eic acid of any

one o alns 1-68 for manufacture of a nedi canent

for use in treatnment of an infection. 86. Use of an

[ nost i nul at or. [ e f Fhan
85. n.g% g IlIrl_]lLT %&i{]ﬁlﬁlﬂg}’ %#J&ei%% gi& an Bﬂe r g{Ssel‘:éI%fo ufacture
of alniciadafRAt fod lisedin tehinmehgofa camoeti. t i on. - 78 84. Use of

an i mmunostinmul atory nucleic acid of any one of clains

1-68 for manufacture of a nedicanent for use in

treatnment of allergic asthnma. 85. Use of an

i mmunosti mul atory nucleic acid of any one of clains

1-68 for manufacture of a nedicanent for use in

treatnment of a cancer.




