-1- C-CLASS OLIGONUCLEOTIDE ANALOGS WITH ENHANCED
IMMUNOSTIMULATORY POTENCY FIELD OF THE INVENTION The
present invention relates generally to immunostimulatory nucleic acids,
compositions thereof and methods of using the immunostimulatory nucleic
acids. BACKGROUND OF THE INVENTION Bacterial DNA has immune
stimulatory effects to activate B cells and natural killer cells, but
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pG-specific in that the effects are dramatically reduced if the CpG motif
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In early studies, it was thought that the immune stimulatory CpG motif followed the
formula purire-purine-CpG-pyrimidine-pyrimidine. Krieg AM et al. (1995) Nature 374:546-
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-2- lymphocytes respond quite well to phosphodiester CpG motifs that do
not follow this "formula” (Yi AK et al. (1998) Jimmunol 160:5898-906),
and the same is true of human B cells and dendritic cells (Hartmann. G et
al. (1999) Proc Natl Acad Sci USA 96:9305-10; Liang H et al. (1996) J
Clin Invest 98:1119-29). SUMMARY Of.THE INVENTION The present
invention relates in part to immunostimulatory CpG-containing
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possibly even higher order structures within the environment of the
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including an immunastimulatory nucleic acid molecule of Formula | -3- Zi,
coﬁywﬁyx&arw?@gikg?ﬁ%ﬁa%w@(ﬂgmﬁlgﬁme analogs containing an
imheHIENA I dENAF 4T earihgld Bnd of the molecule have certain advantages both in

terms of their preparation and their biological activity. Specifically, the C-class
oligonucleotides and oligonucleotide analogs of the instant invention are characteristically
monomeric in solution. It is believed that these same nucleic acid molecules can form
intramolecular duplex structures in vitro, rendering them stable against nuclease digestion. It
is also believed that these same nucleic acid molecules can form intermolecular duplex and
possibly even higher order structures within the environment of the intraendosomal

compartment, where they are believed to exert their biclogical activity.

In one aspect the invention provides a composition including an immunostimulatory

nuclelc acid molecule of Formula 1



wherein each of Z1, Z2, and Z3 is independently any sequence 0 to 12
nucleotides long which optionally includes a non-nucleotidic linker or:
abasic dSpacer; each of X1 and X2 is independently a nucleotide
containing thymine, uracil, adenine, or a 5-substituted uracil; each of Y1
and Y2 is independently a cytosine (C),or a modified cytosine; each of R1
and R2 is independently a guanine (G) or a modified guanine; each of N
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non-nucleotidic linker, an abasic linker (dSpacers), triethylene glycol units
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. G, A, and T can refer to deoxynucleotides with corresponding bases
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In one embodiment each of Ny, Ny, .... Ny, and Nz, Nag, ... Ny is 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 deoxynucieotides
with corresponding bases cytosine, guanine, adenine, and thymine.

. In one embodiment each of N;, N, ... N, and Ny, Nag, ... Ny is chosen from C, T,

A, G, or modifications thereof, and C base-pairs with G, T base-pairs with G, A base-pairs
with T, and A base-pairs with G.

In one embodiment each of N;, N3, .... N, and Ny, Nog, ... Ny is chosen from
unmeodified or modified nucleotides which form Watson-Crick base pairs, i.e., each base pair

NNy No-Nog, ... Ny-Npg 1s @ Watson-Crick base pair.



i.e., at least one base pair N1-N1#, N2-N2#, ... N11-Nn# is a
‘non-Watson-Crick base pair. In one embodiment the immunostimulatory
nucleic acid molecule includes a partially stabilized backbone with at least
one phosphodiester bond. In one embodiment the immunostimulatory
nucleic acid molecule includes a backbone with at least one stabilized
internucleotide linkage. In one embodiment intemucleotide linkages of the

oliganucleatide are all_nhosphorathioatedinkages. 1n, one embadiment the
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abasic dSpacer residue, In one emhodiment oligonucleotide inclydes
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unit, ot et 906 rebler unit, or atieast.one doybler Unit and gt leastione

treblet Uit TR one embodiment §f IS douBer TRt or & trebler ul%qll.l(}n P y
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immunostimulatory nucleic acid molecule of Formula I is not an antisense
nuclélcagignBdimericiaspEet the invention provides an

immqﬂgﬁg%@&m&y%iﬁ @cajgdnwl%ce[e of Formula Il

in one embodiment X, or Xz is T.

Inoneembodiment X; s T, Xpis T, Yy isC, Riis G,and kis 1.

In one embodiment X;is T, X218 T, Y, isC, Ry is G, kis 1, pis 1, N and N' and 73
each contain zero nucleotides, and Z, is TTTT or d(UUUU), where d(UUUU) represents
dUdUdUdU, ie., (deoxyU.

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 immunostimuiatory nucieic acid molecule includes at least
one doubler unit, at least one trebler unit, or at least one doubler unit and at least one frebler
unit.

In ons embodiment S; is a doubler unit or a frebler umit,

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.



ZI (Nn)(NO.1)..."N2)(N1) S2 (N1#)(N24)... "Nn-1#) (Nn#) (S1)q Z3
[(X1YIR1) N (X2Y2R2)k Z2]P (Formula Il) wherein each of Z1, Z2, and Z3
is independently any sequence 0 to 12 nucleotides long which optionally
includes a non-nucleotidic linker or abasic dSpacer; each of X1 and X2 is
independently a nucleotide containing_thymine, uracil, adenine, or a
5-substituted uracil; each of Y1 and Y2 is independently a cytosine (C) or
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a modified guanine; N is any sequence 0 to 12 nucleotides long whic
Fog; glly includes a non-nucleotidic linker or abasic dSpacer; S1 is a non-

nucleotidic linker, an abasic linker (dSpacers), triethylene glycol units or
exaethylene glycol units, which optionally provides for 2'5'-, 5'5'-, 3'3'-,
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sequence 1 to 10 nucleotides longpsaagneucleotidic linker, an abasic

linker (dSpacers), triethylene glycol units or hexaethylene glycol units;
each of N1, N2, .... N"_1, Nn, and N1#, N2#, ... N"_1#, Nn# is any

winucieetidediZn ddified Ay tldnfigendoteiad kebaarpais Withd§§iMN2 long which
airs, with N2#, ... Nn-1.base-pairs with Nn-i#, and N. e-pais .
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than 2/3. In one embaodiment Z1 (Nn)(Nn_1) is TYR, where Y is'a cytosine

nugleR Rt AREE:: aprakails SRlR(SragemmitcBIyieRsatited wifsameeypetivéene ghycol

ureR)bagdiEneptieaaty @idNiddy Zeor 2: M, s15NBrANd NIH#NE. intNRubboN¥# ifikages;
g chosen from C, G, or modifications thereof, wherein C base-pairs with G.
211 GRS RRBAUHEPYESEREPRTL, K20 BORIFP AR oD RaSP-Resleosidic lnker, an

abbiielih NN Spahosenidioreds £iyasl madificatinastibeneoiantivhits; cach of Ny, Ny,
S BB A DS g St RS SR S B AT,
bagergaine it dhind)-drdetipgimingh 6%l .ol arhbedimenyaadch, of Al NiZbase-pairs
e ek Mesebrng ¥ plisA ERSEITE fo bty fom 1106
angasés pailaicgrhoma Rdon Bagsed sdieseinitviGn INohe @MBSdiMdht 888k of. (Nw) is 10
toMh %ieoﬂ&ggiémgy B andd\ i Mféotid%l&fé, Ié'j%&?ﬂ‘f)ﬁg’ése{]non-nucleotidic linker,
an abasic linker (dSpacers), triethylene glycol units or hexaethylene glycol units, and/or
(No)...(N2)Np) S (Njg)(Naw)...(Nge) has a GC content that is less than 2/3.

In one embodiment Z; (N,)(N,.() is TYR, where Y is 2 cytosine or a modified
cytosine and R is a guanine or a modified guanine.

In one embodiment each of Ny, No, ... Np.1, Nu, and Njz, Nag, ... Nposz, Noa is chosen
from C, G, or modifications thereof, wherein C base-pairs with G.

In one embodiment each of Ny, N, .... N1, Ny, and Ny, Nog, ... Npa, Ny is 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 deoxynuclectides

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



from unmodified or modified nucleotides which form Watson-Crick base
pairs, i.e., each base pair N1-NI#, N2-N2#, ... N -N,# is a Watson-Crick
base pair. In one embodiment at least one of each of N1, N2, .... N,_1, Nn,
and Nj#, N2#, .. Nn-14, Nn# is chosen from unmodified or modified
nucleotides which form non-Watson-Cgck base pairs, i.e., at least one ‘
base pair NI-N1#, N2-N2t;, ... N,Nn# is a non-Watson-Crick base pair. In
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partially stabilized backbone with at least one phosphodiester bond. In
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fronucheodidiedroptecditdh aludesidepartinllyfmtabilizeonbacikhonewih Qi c., each base
. hodiester bond jginin least qne, aof Y1R1 or Y2R2. In one

P algﬁbic?df‘mﬁeﬁ is %ﬁ‘&ﬁ%ﬁ% 2}%%8 "i(r%ré% S8 In one embodiment Y1
is Clarmh&Rdnib@imienoatd cast bodivhemthXd! df X9:is. TNp;oNg, enddddimbnt. .. Np.z,

Nnxi% &&cé%&%ﬁn&tﬁ d@fﬁﬁ%ﬂfﬁﬁ%&ﬁ%&é@ Q;ﬂ—ﬁg(;??é’r%j hrge_%él (I)%-Erick base
%(2 IsT,Y1LiIsC,R1is ,P(IS ,pi1s1l, Nan RI an each contain zero

paifydleottiegstons 2asisrrT N-dhd Mk} WRebdoUUOY WeisresEnick base pair.
(deopylhiéde i 9Bs:em m%%&%m%?'ﬁ%%?@gg@ﬂ%ﬁﬁlmwﬁdes a partially

embodiment S2 contains at least one abasic dSpacer residue. In one

stegitipstisdhotreratiyhiarierrBhombedissiendast one branched
non-RUsRASHIBAlIRKACE MneNe SsRAtipRNEIBR IRIHRASHEHIAIRMNdes o

nucleic acid molecule includes at least one doubler unit, at least one
bagichors Yl 2 A eSiORS R deR BIERftesHd ¥ 48¢ one trebler unit. In

one &ipediientiSins gaouietidelititadsellielelwlibocueneRmbadiment
htheholigggu%legt' e includes at least one 2'S'-, 5'5'-, 3'3'-, 2'2'-, or 2'3'-
PHRINGCedE e w?ﬁgﬁe. In one embodiment the immunostimulatory
nucléiccaeicmbolicutet df-Rommurastiimuietory nucleic acid molecule includes a partially

stabilized backbone with a phosphodiester bond joining at least one of Y1 R; or YaRs.

In one embodiment Y, is C.

In one embodiment R, is G.

In one embodiment Y, is Cand R; is G.

In one embodiment X or X, is T.

Tn one embodiment XiisT, 2T, YiisCRiisG,and k is 1.

In one embodiment X, is T, Xo1s T, Y1 is C,R;is G, kis 1,pis 1, Nand N' and Z3
gach contain zero nucleotides, and 7, is TTTT or d(UUUD), 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 af least one doubler unit and at least one irebler

unit.



an antisense nucleic acid. In one aspect the invention provides an
irnmunostimulatory nucleic acid molecule of Formula Il (Z)m Z3 (S3)
(Formula Ill) wherein Z'is Z1 [CX1Y1R1) N (X2Y2R2)k Z2]p (Sha N'
(Nn)....(N3)(N2)(N1) S2 (NI#)(N2#)(Nsu)...(N"#); each of Z1, Z2, and Z3 is
independently any sequence 0 to 12 -rucleotides long which optionally
includes a non-nucleotidic linker or abasic dSpacer; each of X1 and X2 is
indépendentlydimaatettide dortiaining thymirsldirasd, adenine, or a 5-
substituted uracil: each of Y1 and Y2 is.independently a ¢ [ r
mobjﬁi%%ﬁgy Lébs(ﬁgllg;l E’enactzl%e TR Y ?n%%ﬁ‘@ﬁ 975 étggn%ﬁ%gof 22~ or

2'3'mipttifiedlgosidinéyleaeh of N and N' is independently any sequence 0 to
12 sleotides oo,y e sptionaly el ss.a aon AUcleotelc FRSr.8f s o
abasic dSpacer; Sl'is a non-nucleotidic linker, an abasic linker

an {eseRTersyltiettidene glycol units or hexaethylene glycol units, which

optignally s&éﬂ%@fjﬁé HREAR R ROVIdes S 1%15@58[%111%6%%‘5%@&%91 molecule of
linkages; S2 is any non-palindromic sequence 1 to 10 riucleotides long or
Forgigdhucleotidic linker, an abasic linker (dSpaeers), triethylene glycol
units or hexaethylene glycol units; S3 is a direct or indirect 2'5'-, 5'S'-,
33'-, 2'2'-, or 2'3'- internucleoside linkage, or a non-nucleotidic linker, said
non-nucleotidic linker i%}@cﬁﬁésébasic IinkéFé”(@S}?éé@rs), triethylene
glycol units, or hexaethylene glycol units facilitating a 2'5'-, 5'S'-, 3'3'-,

2'2'-, ar. 23" li of i nge. parts; chT fN1, N2, ..... N,, and NI#,
R AR WD GRS BTG L oh TSNS
(N iy )iniss) Wit Nt 1ehe NEf HasE, paitsAyith iNGéehB s anpaisguatids N34 2..
nd.N" base-pairs with NA11#; k is an integer from.0 to.5; mis an i er
e RO R R S R R R e i o
of ¥iisnaNinte gadepord iy 4 Oudicetdatommbogthents:d 14l ¥deidNor a 5-

s S T SR Bl s o
of Rs g b N@dorraty e arriie, reerdifcsaenrecaBaiidant N' is
indd : %&%Tagﬁse;%@%@i@% @Qé&%s&&ﬂ&&%@ﬁﬁ{%%ﬁ%ﬂﬁcmes 2 non-

[(X2YIRD) N (X2Y2R2)k Z2]p (Si)q is a palindromic sequence. In certain
nuglpRH SRS 7 IrRae RN YRR 2odlpotistiplisre epbesirdinlsr
(dSpacers), triethylene glycol units or hexaethylene glycol units, which optionally provides
for 2'5'-, 5'5'-, 3'3'-, 2'2'-, or 2'3'- internucleoside linkages; S, is 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'S ’:, 373%,
2'2'-, or 2'3'- internucleoside linkage, or & non-nucleotidic linker, said non-nucleotidic linker
including abasic linkers (dSpacers), triethylene glycol units, or hexaethylene glycol units
facilitating a 2'5'-, 5'5'-, 3'3"-, 22'-, or 2'3'- linkage of m sequence parts; each of N, Ny, ....
Np, and Nig, Nag, .. N is any nucleotide or modified nucleotide wherein N base-pairs with
Nig, N; base-pairs with Nog, N3 base-pairs with Nay, ... and N; base-pairs with Nyy; kis 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 ¢ to 10,

In certain embodiments Z; [(X1Y1R1) N (X5 Y2Ra)k Zajp (81)q is a non-palindromic

sequernce.



(SEQ ID NO:19) or TCGTCGACGA (SEQ ID NO:34). In certain
embodiments Zi [(XIY1RI) N (X2Y2R2)k Z2]p (Sl)q is TCGCGACGTT
(SEQ ID NO:26) or TCGCGTCGTT (SEQ ID NO:69). In one embodiment
(N™)...(N2)(Ni) S2 (Ni#)(N2#)...(N,#) Z3 includes a sequence
AGCGAAGCT, CAATATTTATTG (SEQ ID NO:1), CCGTTTTGTGG (SEQ
ID NO:2), CGGCGCCGTGCCG (SEQ ID NO:19), CGGCGCCGTTGCCG

(SEQ, IRMNQ: é&%o&ﬁ&%%g *{DR’\i 5]25 ($pis TCGTCGTTIT
CGGCGLLLTGCCG S CCITCRGEEE (SEQ
(SHOB) NP @%eéqgé@mq@gycmmw@@@@w

WHEPERN IR N@é&}‘ CGTCGACGTGACGGG (SEQ ID NO: 11),
GAGAGTTGGGCTCTC (SEQ.ID NO: 12 GTCGAGGAGGT (SEQID

NO: T FRATRLHeRt A ERQ B RD: Falr Con FrapelRErme
seuehdh), or TAATATTTATTA (SEQ ID NO: 17) Whereln L is dSpacer. In

o B SRt ) R IR e B b AR GREsA

(SHOnDdStihutatSyFHIcecCied(SBpimIdddddes a sequence

igg[ACGTCGA %%&%@g@%@g%%@%%ﬂp (S)q is TCGCGACGTT

(SHOBASGPOGATCTCASSEE (SEDIINE2D),
TC T 0:23 .
TR E AL AANNER (QEG S Ay 7 nchudes  sguence
A@@@M@h@%@m@ﬂg@@mg €)1 R BHRATAGH(TH D NO2),

CHMEReSHMatery Qo airacid gy @@@@d@%@mwmqn NO:34),
TCGTCGTTLLAC GCGCCGTG CG DNO
CAEETIE EHBEL DNO:6),

PHEEACERERNY TS
C@@@G’@@Eﬂ@@@@@ (BN e B C@}(@@@ﬂ@d&@@@m (SEQ ID NO:8),

CHGRGATAEEe R T %e%céé@%a@o §TE smamNon,

GAGSTFCTTIGGTACBLEE] 'IHKE)QQQ(GS’EQAIE@{Q}@D (SEQ ID NO:14),

T TC :20), i
+{SEESISATTATCCERR IR0 o0 o o1,
TASCIOG AITROSBCELCDGEEBIISER dBpiter.54),

In one embodiment (Nq)...(Na)(N1) So (N1)(Ngg). .. (Npg) includes a sequence
GGCGCGCTGCCG (SEQID NO:13).

...}

In one embodiment the immunostimulatory nucleic acid molecule includes a sequence
TCGACGTCGACCGTITTGTGG (SEQ ID NO:20),

TCGACGTCGACGGGACGGG (SEQ 1D NO:21),
TCGACGTCGACGTGACGGG (SEQ ID NO:22),
TCGACGTCGAGAGTTGGGCTCTC (SEQ ID NO:23),
TCGACGTCGAGCGAAGCT (SEQ 1D NO:24), or
TCGACGTCGAGGAGGCT (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),



TCGTCGTTTTCGGCGTCGCCGCCG (SEQ ID NO:55),
TCGTCGTTTTTAATALTTATTA (SEQ ID NO:57),
TCGTCGTTTTTAATATCCATTA (SEQ ID NO:58), or
TCGTCGTTTTTAATATTTATTA (SEQ ID NO:59), wherein L is dSpacer.
In one embodiment the immunostimulagory nucleic acid molecule includes
a sequence TCGCGTCC}TTCGGCGCGCTGCCG (SEQ ID NO:30). In

TEBEEMbeLINetSMMyaestn @t%rmg;g acid molecule includes a
equence TCGCGACGTTCGGCGC CTGCCG)’(SEQ ID NO:27). In one

S
T e AARS A RINOSHR RIS ERER B @d® molecule includes a
TC%i-q* *T* Ebiﬁgpémipl;AETG (§E*Q ID ]foi:cSO): *T* *( k(%
BRI T A G s T e O CelsED
TABCHE T CL CFFICTIT G @GHG 10 K0G4] *G*C*C*G(SEQID
T%é&@@@ﬁ%ﬁ:@&%ﬁgﬁg@@é&%@%*C*C*G(SEQlD
TOETAST TTAPA T2 AR ST THT (SEQIDMSOAS D) G*C*C*G*T*G*C*C*G(SEQ
TN T R RS G e TeTCs
TG@@W@MJ%TWAﬁ#GﬂE{@HGms%*T*T*G*C*C*G (SEQ ID
witlRifi4) s dSpacer.

TCHG*T*CH¥G* T *T*L*L*A*C*G*G*C*G*C*C*G*T*G*C*C*G(SEQID

NO: 3pony eigdimer Gy ipnrare g gy ouceic peid THREp@ChEISEQI Bequence

T@@ﬂ@@(ﬁ@é@ﬁ@t@ﬁﬂ?@é@@ﬁﬁfﬁﬁ%@?ﬁﬁﬁL*L*T*G*C*C*G(SEQID
NO:38), T*"C*G*T*C*G*T*T*T*T*C*G*G*C*G*G*L*L*C*C*G*C*C*G (SEQ
ID N&: 83§, crbpdimepihesipmpnpsiisgulgery puelsipqoidmpoioulsipelods a sequence

TCBEQARMDEB)GCGCGCTGCCG (SEQ ID NO:27).

T*C*g*T*C* *TAT*L*L*C*G*G*C*G*C*G*G*C*G*C*C*G(SEQID NO:39),

T Pt n e 8 RIS G R sy & soqunce
CHBRGF BT C* G T* T T*T*T*A*A*T*A*T*T*T*A*T*T*A (SEQ ID NO:59),

. *(* * *‘ * *‘ *. *T*lé’i%}A* .* gi*a*%*?‘r* ﬁ%%%@%

* ¥ kTR F® L o % B
T R A A W TR R R o)
THEREHF B G BT T A R AR TECEC AT AFSEQ (BEQAIB B)D:43),
T BT T AT AL ATHTAGEQ o NS o

T*(;*G*T*C G*T*T*T*T*A*C*G*G*C*G*L*L*l:é‘r&(;%g*c* NO‘42)’
THSGEY G TG AN ESHEGER G T CA R s (SERESEQ D).
TNOEE+@AGHCxC*CHG¥GH* CHGH AXCHGCHCHGFT*G*C*CHG (SEQ 1D NO:35),
THC*GHT*CH*GHTHTHTHT* A¥CHGHG*CHG*C*CHGHT*T*G*C*C*G (SEQ ID NO:44),
THCHGHTHC*GFTFTFLAL* A CHGXGHCHGHCHOFGHT*GC*C*G (SEQ ID NO:37),
THCHAGITHCHGTHTHTHT* AXCHGHGHCHGFLFLALAT*G*C*C*G (SEQ ID NO:45),
T*CHGHT*C*G*THTHLAL* A*C*G*GH*CH*GHL*L*LA*T*G*C*C*G (SEQ ID NO:38),
THCHGHFT*CHGF T TF T THC*G*GHCHE*GHL¥L*C*CrG*C*C*G (SEQ ID NO:54),
THCHG*T*CHGHFTFTH T*T*CHGH*GHCFGH T*CH* G C*C* G+ CH+C*G (SEQ ID NO:55),
T*CHG*T*C*G*T*THL*L*C*G*G*C*G*C*G*G*C*G*C*C*G (SBQ ID NO:39),
THCHGHFT*C* G T T THTHCFG*GH*CHGFL*L*C*G*C*C*G (SEQ ID NO:52),
THCHGHTHCHGFTHTHTATHTA* A*TH A¥THT* T*A*T*T*A (SEQ ID NO:59),
T*CHG*T*C_G*T* T+ T#THT*A* A¥T* A¥T*T*T* A*T*T* A (SEQ ID NO:59),
THCH*GFT*C_G*THT*T*T*CHA*A*T* A*T*T*T*A*T*T*G (SEQ ID NO:50),



T*C*G*T*C_G*T*T*T*T*C*G*G*C*G*G*L*L*C*C*G*C*C*G(SEQID
NO:54), wherein L is dSpacer, * 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*C*G_A_C*G*G*G*A¥g*G*G*G (SEQ ID NO:21),
T*C*G*A*C*G*T*C*G_A_C*G*T*G*A*C*G*G*G (SEQ ID NO:22),

T*@*@*@%"@ﬁ*ﬁ@*@w@’@’ﬁ@‘fﬁ%‘@@ﬁ*@%@E@(@,d}'@)%ﬂ@ 58),

c A GG ATCI G T C G ARG GTATG G T ,$ ID NO:25
T Cﬁ@*’?@iﬂf@ FHETE AR S SIG ARG EFAEES ( NO:57),
T*@*G*@*ﬁ*@’“@*m%’ﬂmﬁfﬁ@?ﬂ*ﬁﬂ@@“@E@G@B@I@ON@MS)
* *(2*T*C* *A* *N\* *T*l’ IC’;*T*

TR hohgrar AIbAle CHE G4 P B EEer 1 B 1D NOB), and
T*@W@e@?ﬂ?@ﬁﬂi@ﬁlﬁ@ﬂ@tﬁ@@tﬁ@ﬁ@t@klﬁm@ﬁé i(REHQAES 190 :54),
equ hosen from T* *G*A* *GHTYCIGA*CFGET*G*A*C*G*T*G

R S, - CRETARSE Pl o ERERERES (seo 1

NO:B1yne embodlment the 1mmunost1mulatory nucleic acid molecuie includes a sequence
cho-g%g ﬁg*T*C G*A*C_G*T*T*C_G*G*C*G*C*C_G*T*G*C*C*G(SEQ ID
T*C*G*T*C G*T*A*C_G*G*C*G*C*C_G*T*G*C*C*G (SEQ ID
NGB8y, WW%@%*W@*@*@*@@@@E&W}G (SEQID
TR KBRS TGO IR (859D NOS3),
T*C*G*T*C_G*A*C G*A*T*C_G*G*C *T* *C*C*G SEQID
T*QW@*C*G*T*C*G’*A*C*G*G*G*A*C"‘G*G*G (SEQ ID NO:21),

T*@’@ﬁﬁﬁﬁﬁ@fﬁé@@@ﬁﬁﬁ?@ﬁ@t@@ﬁ’@?@fﬁﬁé@’ﬁ*c’@ (SEQID
TCGHAC _GrTCrGrAC GrT G AXC G T (SEQ ID NO:63),
T*%@*é‘*ﬁd}’@ﬁ@&@ﬁcé%@r" AERRSSEHT AT ESES 63), and
T+EMCPREACES GHCTEFC (B C BT TEGETTRIB T SEGID (SEQIE and
Bl RS OIRGE IESPLEGE OO0
wigsguenseptelphentitnre dnd _ is phosphodiester.
R H e R S BEERRR P
chinven3g)rand
TG M RS ARG IGE PG G 16 1Re%ERID NO:30),
T*C*G*A*CHGHTH*CHE*A*CH*G*T*G*AXYC*G (SEQ ID NO:61),
T*C_G*THC_GH*A*C_GH*T*T*C_G*G*CrG*CHC_G¥THG*C*C*G (SEQ 1D NO:65),
T*C*GH*T*C_G*T*A*C_G*G*C*Q*C*C_G*T*G*C*C*G (SEQ ID NO:66),
T*C*@*T*C_G*¥T*THA*¥C_G*GFCHG*C*C_G*T*G*C*C*G (SEQ ID NO:67),
THCHGFA*CHGFT*CHGXA*CHGFTHG*A*CHG*T*T (SEQ ID NO:63),
T*C*GHT*C_GF*A*C_G*AY¥T*C_G*GCHG*CHC_GH¥T*G*C*C*G (SEQ 1D NO:64),
T*CHG*TH*CHGHAYCHFGYA_T_CF¥GH¥GFCH¥GXCHCHGFT*GFC*CH*G (SEQ 1D NO:64),
THC*GFARC_GFTCFGHAXC_G¥THG*ARCHG*T*T (SEQ ID NO:63),
TeC*G*ARC_GFTHCHGHAFCHGH*T_GYAXC*G*T*T (SEQ ID NO:63), and
T*C*G*TH*C_G¥TT*T*AMC_GH¥GHCHG*CHC_G*T*G*CYC*G*T (SEQ ID NO:68),
wherein * 1s phosphorothioate and _ is phosphodiester.
In one embodiment the immunostimulatory nucleic acid molecule includes a sequence

chesen from



wherein * is phosphorothioate and _ is phosphodiester. In one
embodiment the immunostimulatory nucleic acid molecule includes a
sequence T*C*G*C_G*A*C*G*T*T*C_G*G*C*G*C_G*C*T*G*C*C*G
(SEQ ID NO:27), wherein * is phosphorothioate and _ is phosphodiester.
In one embodiment the |mmunost|mulatlolry nucleic acid molecule includes
a sequence chosen from

TROIRTC, GG R GG e A G 80

T’BJ*TG-‘OQI“/?)*§ﬁG*ﬂﬁ’@*ﬁﬁ@ﬁﬂﬁ@*ﬁ*@*@*@*@*@*&mm&&@ and
THRONEER), wheigint{s phasehieiptipalg.and « is. q?&g%ﬁg%e@a%%‘i

embodiment the immunostimulatory nucieic aC|d molec
ngﬁgéné@phosphorothmate and _ is phosphodiester.

T*C_fa'dn&knd. Jﬁl% thré\*ﬁ{fﬁi}ﬁé‘&nﬁfa Sgr*ghc-fm@ﬁgi&ngl(e%ﬁlglgcludes a sequence

wherein * is phosphorothloate an a&ﬁos hodiester. In one

T A L FO R A R GRE o (ABABSND 27), whercn
* sefuspi6rotifeate tal Cipkdphiidde’ C*C* G T*C*G* T*C_ G*T*T;T
(SEQ ID NO:33), wherein * is phospharothioate and _is phosphodiester. '
In onglé}%%ggt?#gﬁeﬂ PR R R Y R S S h R ngiydes a sequence

cizubstitote " HC m@’ﬁﬁ@tﬂﬁﬁﬁﬁéﬁp’mmd@mmﬁﬁém(ﬁm@€*@ (SEQID

emggtidlm he Su stlt g %ﬁ?f&ﬁ%\%’g 855%@&%%‘2@ % GRQID

‘\I@xé'@mu@arm?emﬁ&%ﬁmﬂwmwﬁ@mwwmmmme ID NO:46),
ng}g%aqg %g%&&ﬁqwﬁ%? Sg}% 2:substituted cytosines,

stitu ytosmes

cytosmwgmémsmb@mwamummmm@ meylecule includes a sequence
TRECHITIROGYIgsIferayi0sine NAIRITHMIRCQRIRNS AL Rbfs),

uracil derivatives, thymine derivatives, 7-deazaguanine,

W??ﬂ%‘aza’ﬁ?@@ﬁ%lfﬁm 10gtaife, 1?-@@&?5@§E}B%tltuted guanine,

7- dea!é%%%@ﬁocﬁhﬁ@fﬁ%@ﬁﬁﬂf@ﬁgﬁi&%ﬂ H@cﬁ%&%@%@l@ﬁ?ﬂ‘é includes a sequence
§ amino-3-methyl-3H,6H-thiazolo é4 dlé?/rlmldlne -2,7-dion

T Higrhitopt ﬁng_ﬁi am ﬁoﬁuﬁn THA61GE Eﬁ)@ﬂ{j@@%&ﬁ‘?ﬁééﬂ wherein
* §s s tihatechiianning, &@(ﬂ;}ﬁﬁ;mﬁgﬁ@mﬁe In one embodiment the

St o el e o e B e IO NS SND
nﬁ)dtifmnh@uﬂﬂe aytosinedimndodo- cytosme 5- hydroxy cytosme
s N AN OB R i

In one embodiment the subsumtcd purine is a C8- or C7-substituted purine.

In one embodiment the substituted or modified purine or pyrimidine is selected from
the group consisting of 5-substituted cytosines, 6-substituted cytosines, N4-substituted
cytosines, S-aza-cytosine, 2-mercapto-cytosine, isocyiosine, 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-
dlpyrimidine-2,7-dione, 2,6-diaminopurine, 2-aminopurine, purine, indole, substituted
adenines, §-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-



ethyl-cytosine, NN'-propylene cytosine, phenoxazine, 5-fluoro-uracil,
5-bromo-uracil, 5- bromovinyl-uracil, 4-thio-uracil, 5-hydroxy-uracil,
5-propynyl-uracil, 2-thioth ymine, 4- thiothymine, 6-substituted thymines,
7-deaza-7-(C2-C6)alkynylguanine, N2-methyl-guanine,
N6-methyl-adenine, 8-oxo-adenine, 8-h droxyguanlne and
8-bromoguanine. In one embodiment t e 'substituted or modified purine or

cyRMimidingis seleqie s iom he POURSAR tgamyoffgéo%# §Si%|'&)%§§m@@1yi»

aromatic rng system an aromatic ring system, an

cy (@sisadehiierorte Gl botnsiantan skt of ﬁﬁb@lﬁﬁé@‘-‘bﬁmﬂefaﬂ cytosine, N4-
etHRYIIRNRE, I8 SelpRipch By G QMR RS IRENG A SMEHY- 406, o uracil, 5-

5-nitro- indole, 3-nitro yrrole P-base, and K-base, benzimidazole,
br QAT BB HEECL o KGR 2o B Sy RTegiymine, &

tmamﬁ@nﬂmamﬂ@ﬂﬁ&ﬁma@%m%@m BMAMHMEN AMELA, Nuanine,
65 }éz is substituted bg 25}1»{4? selected from the group consisting
NospEg-36°51R51 Eruin AR G MBI AR R G HoRERRg anine.
deoxychel at&b@&iﬁh@ﬁf&l‘@sﬁ%tMﬁﬁ&i oletid ehelemicdaeids selected from
theg% 0|p|ds§ hos ?IPI%% hlngollplds Isoprenoids, steroids, vitamins,
Cl

o fugacf RS ATGPTES TR AR PR TR L Uy stem,
an&lgtmkngkasaqowédﬁgam}phynns Texaphyrine, adamantane, acridines,

bloth SR g}ﬁﬁ'&i % g%{ﬁjs ﬂ{}% Inebé-}% %ﬁ% n%yfrc%gxxggmg is selected from

dlmet oxytrity ethy uty anine d yes,
ﬁl@gmn@cw@f@g@f wméimémﬁmmgt %mmgrelqﬁbbab@namﬁél base,
belPHRIAIS I RAR ARBEE NG IDYRNY AR RROVINGS AP IMMURASHBAINc acid

nucleic acid molecule including (a) a 5' end beginning with an
anyifpn diestheiars i cHfBpERSAZFBM (TCG)HN and RDCGY1Y2N,

whergiRde @ﬂ@éf&‘i‘ﬂﬁ&t@ﬂ? sinmeihylaled cylasineuds! 'W?éﬂlﬁﬁe EeiScRd from the
purine, D.is naot C, each of YI and Y2 independently is a pyrimidine, n is

graw FREgSRRREESG 30 RIY] chiltshils, acidaeholitReidh fraRehb a2 Hases
delonghona heretéesminatingdehandnveifetorrealeapadiy gfyf@mmg a

Qrs 00 ucture, sa structyre including a GC-
DO R R BTG A LU DA PG et ey acids,
umﬁn‘ﬁdlfetdylmsﬂx &y é.cbdaesmrkgaﬂggstﬁmlfmeﬁbpadebgﬁmhgtmhnﬁeaﬁphyrme

dteast{) nee cr1 %10§ter G 3 IInlr<a Sin Erhh gxx?rng s%@ d.tG'rﬁlcygenm

Rec a& iRucleot e odified. 7n one ‘embodirent th ich
dlsteﬂmvsymtzdn%bﬁtyﬁdgﬂsasésﬁair§~hlﬁgldlnh@ﬁnésémmmmdme, G@nutistdye Cy3,
eyl é?@?@%i!g&??s%%%'&%oﬁ%mi‘e%, In PhgGRAdIment the

GC-rich stém is 4 consecutive base pairs long.
In one aspect the invention provides an immunostimulatory nucleic acid molecule

including (a) a 5’ end beginning with an immunostimulatory motif chosen from (TCG);N and
RDCGY,Y:N, wherein T is thymine, C is unmethylated cytosine, G is guanine, R is a purine,
D isnot C, each of Y and Y; independently is & pyrimidine, n is an integer between 1 and 4,
inclusive, and N is any sequence 0-12 bases long; (b) a 3' end terminating in an inverted
repeat capable of forming a hairpin or stem-loop structure, said structure including a GC-rich
stem 2 to 6 consecutive base pairs long and at least one unmatched or mismatched base; and
(¢) a partiaily stzbilized 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 1s 2 consecutive base pairs long.

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



In one embodiment the GC-rich stem is 5 consecutive base pairs long. In
one embodiment the GC-rich stem is 6 consecutive base pairs long. In
one embodiment the GC-rich stem includes at least 2 G-C base pairs. In
one embodiment the GC-rich stem includes at least 3 G-C base pairs. In
certain embodiments the at least one unmatched or mismatched base is
T. In one embodiment the partially st'aE)' ized backbone including at least

one phosphadiester 5-:CpG:3! linkage. further includes a plyrality of
e e e SO LHS DR s (5’ on
has dnseguembedprevidibd GE - TICIGTGGE T CoAs(SE Rl Basbifidd Jodp. one
embedi .3 t inating in an inverted repeat has a,base
g L o e T R el T
embéfd@ﬂéﬁmb@dgnemheﬁﬁ@mmqeimémindextefdmééﬁ&baa@bam
sequenge: YA AS R SR GG ROGR(REQID NG %%{3& |

aspect the invention provides an immunostimulatory nucleic acid having a

basellsgitraheabpaimsats fe Tdercormmrrcdebr couatet s (SEQ
ID NQ:433 JAIEASASES IRRNKE RSN PEOASS A IRIAOS IO

nucleic acid having a base sequence provided as

(3

PheRREEErTT TACG GG e TR eelydr o Pl rewheradiewe the

inietveRLi gy ovielesan immunostimulatory nucleic acid having a base

e B RAERE the s cndhas s eesncr v vide g T GEERTTI TA (SEQID

N@Q®143), wherein * represents phosphorothioate intemucleotide linkage
and'_}nroe ergzsrl%gﬁx{égn SLBLQ Qdé%ﬁt% Int%}illilclgloglg %&21}%? re ' Ie%t r‘]:g g ?qb eeCsFequence
the invention provides an immunostimulatory nucleic acid‘having a base

preetigdrncd fICUGELad GCCG (SEQ ID NO:19),
L’g;%&ﬁgéﬁégéﬁ ni e+l Ry ﬁl%&aﬁiﬁvgne%%é)

%:'at ﬁlsd]g%lage sequence
wherein * represents phosphorothioate intemucleotide linkage

prawded pepieSEi s pRospREGIdSER HXN O @botide linkage. In one aspect

g; L%%ﬁgégﬁgg@éﬁ%ﬁ%@@ﬁ@%%%%&%@ havipg &:-RPR%ing a base
SeTUERS T eE KIS PR TH THACH TETAROREEROGFPRET EHR ISER D

NO:48) oheyeit: THERIRSSINS ROoRREAOIRIvRIR Ilte IMMeIaHERlNkad8aving a base

and _ represents phasphodiester intemucleotide linkage. -14- In one
SCGUBRS BB AR D OIALS L HSHOS AL HUGER ToR Mg a

base In one aspect the invention provides an immmmostimulatory nucleic acid having a base
sequence provided as T*C_GH*T*CHGHTHTFTHFT* AXC¥*GHGHCHGHCHCHGYTHEHC*CHG
(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 TH*C*G¥T*C*G*THTHT*T*A*C_G*G*C_G*C*C_G*T*G*CH*C*G
(SEQ ID NQO:43), wherein * represents phosphorothioate internucieotide 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*A*C_G*G*¥C¥G*C*C_GH*T*G*C*C*G
(SEQ ID NO:43), wherein ¥ represents phosphorothioate internucleotide linkage and _

represents phosphodiester infernucieotide linkage.



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 a vaccine
including an immunostimulatory nucleic,acid molecule of the invention
and an antigen. In one aspect the inve ﬁdn provides a pharmaceutical

composition. i ing an_.immunostimulatory nucleic acid molecule of the
e T o PSS ekt g e  buse
sequoBeRiprPpidd ded AGHETHOWISH AU Ry pa T IEFENGHEN) G*T*G*C*C*G
SERPIBSSION: Q ' ' t of the invention involve
e e iR s ARG SRR DR sRe
TeRFRpRbGRnsRhadinyierdatereustagtisetialisgrention, in an effective amount to

indugg &a@ﬁ&%ﬁ){h@{&m%ﬁ%Jm&r@y%w&éﬂiﬁaﬁmm%%&mﬁﬂd@ﬁdﬁmm
Ilu| %gfer_on alg)ha (IFN-a), In one embodiment the type1 IFN is an

BSERI-1Ry I OHehape R ¢ BRRention provides a method for
indugingngarpa iRterfeiabh FRW-eXIRSSAR: a1 RSHHAd AGC HAINGAR an

.__this aspect of the inventign involves contacting a cell capable of
IR ﬁ@ﬂt{}@ﬁﬁ%ﬁﬁlmﬁ?&mﬂf&ﬁ&y%&mﬁéiahamw@%%ﬂ%%ewptable
catriean effective amount to induce expression of IFN-y. In one aspect the
invention provides a.method for activatin ural killer (NK) cell. The
et B AT e T R B th TG R TR SiE Bt e 0720
exptisseth witheaneihodhamosfing taty mpelsi o fbidinfdhdomimniions, domarting a cell
fiactive, t i 1 . cell. In one.aspect the inventi . .
e e A B R R B W R s ipgmoion. o
angfrstvefameuntntidncneavessiadwitistedifgNo a subject having or at risk
of deyelopoa ALINIESIR0 op PO IR ISR ACE, pf the
‘invention, in an effective amount to treat or prevent the infection. In one
embdudimerstthedsubie chhapol [$6tisisk oitcduetopaig(ENHRection chosen
from a viral, bacterial, fungal or parasitic infection. In one embodiment the
bR T A B B R b S e vy
exfrossioepdittstB:tlind si¢E4BNAg be fatitispeevivflit¢hiGvioytomdgal @vintssting a cell
ca#]%%%?gggﬂ %fg%e%%tet\gﬁg%ﬁ{%g %&&bgt%%%%vggﬁeig%@ 5 the invention, in an
effective amount to induce expression of IFN-y.

In one aspect the invention provides a method for activating a natural killer (NK)) cell.
The method according to this aspect of the invention involves contacting an NK cell with an
immunostinmiatory nucleic acid of the invention, in an effective amount to activate the NK
cell.

In one aspect the invention provides a method for treating an infeciion. The method
according to this aspect of the invention involves administering to a subject having or at risk
of developing an infection an immunostimulatory nucleic acid of the invention, in an
effective amount to {reat or prevent the infection.

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 embadiment 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), cyiomegalovirus



herpes simplex virus (HSV). In one embodiment the subject has or is at

risk of developing a bacterial infection with a species of bacterium chosen

from Leishmania, Listeria, or Anthrax. In one aspect the invention provides

a method for treating an allergic condition. The method according to this

aspect of the invention involves admipigeﬂring to a subject having or at

risk of developing an allergic condition @an immunostimulatory nucleic acid

| tion,. i i Qunt.to treat or prevent allergic

O R PR g 0. o
heggs Bpdes HELTENbN provides a method for treating cancer. The

methadRCSRFIRG,iR: tis thﬂlfs thednyentiop a@%fa!e{@ﬁgg%ﬁeééﬁ
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a subject having or at risk of developing a cancer an immunostimulatory

with g REeCiRS @ IdrasieriHetiisen fom efidetiveiadsiineTéativmprevent the
cancey offt @82 &THARRAMNBR GRS iS-ARRERR Fhbasalitelic condition. The

carcinoma, biliary tract cancer, bladder cancer, bone cancer, brain and

o 2 AP S BPR AR AR ER S S AL CHHiF0 @ Subect baving or
at flebiodareiopha 26 AR ANEREHIT SARESTUEMINRALING,LISSUEICARGRE the

cancer .of the |§estive sé&lstem, endometrial i%n er, esophageal cancer,

S TR EHN RV ot h SRRy REDET Rt epithelial
neodlasns kicknelmoariche, abeyrix cantienn kulkierpla alistencancer, lung
cancerlymehola neliding Hodgkin's and nop-Hodoking Iymphoma, . .4
melanoma, rﬁygoma, neurcgblfas Oma. orar Cavity Cancer, ovanian cancer.

acprrdorg a0 cheaatnect pfobtdnvosthor invetinsbldsiomsaringab doniyiesaievimpaor at risk

of@&@hﬁﬁﬂfg %ﬁﬁ@?%ﬁ%ﬁﬁo%ﬁ&ngﬁgﬁﬁp NGBy t%gsf}l%@ﬂ%%rcig%aeffecﬁve

skin canceér, stomach cancer, testiculdar cancer, thyroid cancer, uterine
A AP, el CEmETViRE thériangSystem, or other carcinomas and sarcomas.

In ong eMhodiRERIERSEANGRLI S LRSS SENRINQ.LA LeAtRRRAL Wity tract

interferon alpha (IFN-a). In one embodiment the cancer sensitive to
capesy AL EIN- BORS GRB L HFaR 494 SPIEE RETHES RIS ERRGARCeT, breast cancer,

ceryRiogeRey sHeHkemia e ana e Sk eettien kamia, JBIR SNRIR B cer, cancer

follicular lymphoma, malignant melanoma, squamous cell carcinoma,

of R ST e U B T PRI BET R BT S ARG CaTERBIA (e
headridal ebyspiasiin, @ncaldnicaspiibeial dAsophemskdatihaitegntisnx cancer,
iofigyide use of an imunostinulatony pucleie add of e, Inventionfor,

ManuTactUre of & meorcament for dee 1h reatment of &R ntddidiytgoesn's
iymphoma, melanoma, myeloma, neuroblastoma, oral cavity cancer, ovarian cancer,
pancreatic cancer, prostate cancer, retinoblastoma, rhabdomyosarcoma, rectal cancer, renal
cancer, cancer of the respiratory systerm, sarcoma, skin cancer, stomach cancer, testicular
cancer, thyroid cancer, uterine cancer, cancer of the urinary system, or other carcinomas and
sarcomas.

In one embodiment the cancer is a cancer sensitive to treatment with interferon alpha
{IFN-t).

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

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

invention for manufacture of a medicament for use in treatment of an infection,



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 allergic condition. 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 allgfgic asthma. In one aspect the
invention provides use of an immunostimulatory nucleic acid of the

inveﬂ{igggfggﬁ%?ttaﬁg il 15 o BOslcAmenL LS ADEAIMGHT Bldeic acid of the

cancer. Eac Itations of the Invention can encompass various

InveRiswdiPh BrRsReREe PR Adiramit des redo o ligatiaipa i ritcagics gidiion.
limitgligns ofthe HYERIARJRYRMREs 35y &6 BIEMERLALCORNNANIOAS Afid of the

elements can be included in each aspect of the invention. BRIEF

mvptige fperorfaoy pEr pRAeMRISOr R SERm ARk i Teg P HERore

easily ane complgielvvendersieaddahen ekanimmsanidneiiamWithide: acid of the
. accompanying figures. The figures are provided for illustrative purposes
IVSHRPAAE treganta ’?W%ﬁ?&éﬁ%‘tg‘?fcﬁﬁa BASAERERY theMisvEntion.

FIG.Bais afateesmigraphs tepisidng dndastippnehphd auaoes BhB08diments of the

._signaling by ODN 332, 333, and 334. Fl Is.a series of graphs . . .
g TR Bt R R R e O P A 0 PR igh rvolving
anP20e ElGnSisagraphadepictih glidfRat prodwotiohdedier iplobraipbiood the invention.

mononuclear cells (PBMC) stimulated by a panel of oligonucleotides.

FIG. 4 is a graph depicting group mean titers (GMT) of antigen-specific

total IgG following ARIFENEAHOR WRItHONG He pEiRi D RASYHHEE antigen

(HBsAQ) ﬁ%g%ﬂb ﬁl%q{?ﬁ{% %&%%89 Nnd iGm llQeW&@ﬁtbQ@ %@R Ghken in

GMT of antigen-specific individual IgG |so%pes following immunization
copjigrctiepriBBabe deromBantirn g ol BEOBNIAG VBl gillpsirative

weRicling aatigans spesiliciRdebligd-impniaeie fespangas. alewiag,
P immunizaﬁon with 1 g HBsAg with tk?e indica%ed I:—iﬁountéof g)DN. FIG. 7A

is a JriphldeFicareUerBraterring rslueHercet OO fehihBRisignaling by
orvtRe neyrghlastoma tumor model. FIG. 7B is a graph depicting tumor
volume according to different ODN treatments in_a murine neuroblastoma

tumoF Hrotist 2 3577 ABERRbISE ping FisoSPERS BN and TLRI signaling by ODN
611, 614, and 620.

FIG. 3 is a graph depicting IFN-o production in peripheral blood mononuclear cells
(PBMC) stimulated by a panel of oligonucleotides,

FIG. 4 is a graph depicting group mean titers (GMT) of antigen-specific total IgG
following immunization with 1 ug hepatitis B surface antigen (HBsAg) with the indicated
amount of ODN. |

FIG. 5 is 2 a graph depicting GMT of antigen-specific individual 1gG isotypes
following immunization with 1 pg HBsAg with the indicated amount of ODN.

FIG. 6 is a graph depicting antigen-specific cytolytic T lymphocyte responses
foilowihg immunization with 1 ng HBsAg with the indicated amount of ODN.

FIG. 7A is a graph depicting survival according to different ODN treatments in a

murine neurcblastoma tumor model.

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

a murine neuroblastoma fumor model.



ODN Sequence SEQ TD NO: 126 T*C
G*T*C*G*T*T*T*T*A*C*G*G*C*G*T*C*G*C*G*C*C*G 47 128 T*C
G*T*C*G*T*T*T*T*A*C*G*G*C*G*T*C*G*T*G*C*C*G 48 129 T*C
G*T*C*G*T*T*T*T*A*C*G*G*C*G*C*C*G*T*G*C*C*G 43 130 T*C
G*T*C*G*T*T*T*T*A*C*G*G*C*G*T*C*g*C*G 46 286 1
T*C*G*A*C*G*T*C*G AC*G*T*G*A*C*G*G*G 22 291
T*C*G*A*C*G*T*C*G*ﬁ*%i%*&?@%&%ﬁ @éé}ég@g

* (S_‘a 42 299

T*(‘*G*T*CicG*T*T*T*T*A*C*G*A*C*G*C*C*G*T *C

WC;’S'E&@K&B*C*T* T*T*G*C*G*A*C*G*C*C*G*T*G*C*C*G 36 300 SEQID |

T.LC.._f RO RO (OOREXT R O OO 26 201 NO:.

TR A e T h e A G G LN a1 Chbg. |

TE GG T+ CAOT TAFCT R S OBC (B 6T @ T G7C307G 48

TG GTHC G THE BITAT CrE QUGS BN A5+ 808G 43

e R T A L B8, 30 4

TR A PO TS CACE BRI e CH B 6*6+G 55 313 2

T2Q* G TFCE A THGE IR IS BRSSO G G*G*G 39 314 21

T R O e R GR R TEE T .

TG Cc’SC'f"?:%ﬁ‘i@c?‘épi@*@i%’”@*@@ﬁ@é@é%%%}%%’%cm 36

TG CFAF TG T THE B CHETCOBAC G CFCr G 28 (BB T*G*GFC 35

GIA* (BRI e g et Gr e LI e ek laadodod b G cocsg | a4

(e b Yal Tat et el

R e R OGS AP I EC |

ACGRNGH E*CF G EFE B TS SR 6338 BRI+ G 45

A3 G AT+ GGG GO T F QG CHeI §281:339 + 1 + T+ GHCHCHG 38

R R S R I B G B |

GHPg *B"ﬁ*@*@f*@f@*@f@f@*@*ﬁ@@‘@@éﬁ?*ﬁﬁ*@(ﬁ@é@‘éﬁ*G 55

G ¢TI C TG G CF T CGE O EREBL R+ G CHC* G 39
i e B S L e e e S S e Sl aTe 52
331 | T*CHGHC_GH*A*C*GYTHT*C_G*G*C*G*C_GHFCFTHG*C*C*G 27
332 | THC*GH*C_GFT*CHGHFT*T*C_G*GHC*G+C_GHCFT*GHCH*C*G 30
333 | THC*G*C_GFA*C*GH*T*T*C_G*G*C*G*C_G*T*CHG*C*CH*G 28
334 | THC*G*C_G*A*C*GH*THT*C_G*G*C*G*G*C_T*C*G*C*C*G 29
335 | THC*G_C*G*T*CHG*TFT*C_GH*GHC*G*C_GHCHFT*G*CHCHQ 30
336 | T*C*G*C*G_T*C*G*T*T*C_G*G*C*G*C_GHCFT*G*CHCHG 30
337 | T*CE*GHC*G_A*CHGFTHT*C_G*GHCHG*C_GHFTHCHGHCHCHG 28
338 | THC*G*C*G_A*C*G*T*T*C_G*G*CFG*GHC_T*C*G*C*C*G 29
339 | T*C*G_CH*GFAYCHGFTHT*C_GFGHCFG*C_GHT*CrG*C*C*G 28
380 | T*C*G_CH*G*A*CHGHTFT*C_G*GHCHG*G*C_THCHGH*C*CHG 29
341 | THCHGHC_G*T*CHrGHT*T*C_GHGHCH*G*C_GHTHCFGHCHOFG 3]
32 | THCFGHC_GFTHCHGHTHTHC_G*GH*CHGHFGHC_THCFGHCHOFG 32
343 | T*C*G*C*G_T*C*G*T*T*C_G*G*C*G*C_GH*T*C*GHCH*C*G 3
344 | T*C*G*CH*G_T*CHGFT¥T*C_G*GH*C*GHGHC_T*C*GHCH*C*G 32
380 | THCH*GrA*CHGHT*CHG*A*GFG*A*G*G*T 25

382 | T*CHGHA*CHGFT*CH*G*A*GFCH*G* AXAXG*CHT 24




344 T*C*G*C*G_T*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 -18- 383
T*C*G*A*C*G*T*C*G*A*C*C*G*T*T*T*T*G*T*G*G 20 384
T*C*G*A*C*G*T*C*G*A*G*A*G*T*T*G*G*G*C*'1 *C*T*C 23 608
T*C*G*T*C G*T*T*T*T*C G*G*C G*C*G*C"G*C*C*G 51 611

TS TR AR C-G A GAC-G GGG T*G*C*C*G 43614

ﬁgﬁ:} o DR A S G T P TRER ST 4 618 20
TG TS A I E ST O Erar ICTIBTELBIB G 6L+ T+C 2

THE BT GGG Bt GRTRIC oy o —;

B e S TN Al e et P
TR AIEEH R E A R A TET R T TG 50 GUT-T OO | 1
IR THTF U TGATACT G T OO AFT AT B8 +0AGs+ o ¢ GHCFCHG

—m

I§§j):~ Efg*%ﬁtwb;—q%rﬁ\%fﬁig@;cp@%qﬂ EE;&&&@“ 18" GEQ*G 43
S A A O T TR SR A A A PG 0GB 2651 59
THE*QA *T*C*@*WTM&@%@W@A@W@*@*W@{@@AS% 50
Tehe"C *ﬁf@gg??f@*%ﬁ@ﬁ% 1|—:| *AAgeﬁﬁréinhnn |r:}(r-'\§ e Q%P(‘T involves 50
L T TR A e Tty 5
oﬁ%nu@fke%’h@e??ﬁ%’ﬁfd@f R&d SEoohdamF structurgase highly effective]

irsemediatiag @mmmm*qt@mﬁ@@@*@W%%%ﬂ%@ﬁgﬁ@‘: 45
R A P e S ARG e StRer | o8

d 55&:: el GHH 1D Wp%t@%?ﬁﬁ’ﬁ?ﬁﬁmb@mﬁ BHEhfections*(ollovdng | 54
c&ﬁterE%WM@W*THQ@Q&W@*@QQ@@@@@E@M Rumoral 21

immune responses that result from CpG-stimutation-reflect-the-body's
own natural defense system Ff% ainst invading pathogens and cancerous

cells. The sequentes/oft REOR EKANCBHEBISENTIEilarities

ith Tetdsveficn elganslentidessefenadin A3 GRAR Qf.-classes of CnG
WImb| atl motﬁ‘C %énucleotldses Seelﬁp%ubllshg% PCT m%earsnsg anp
PSR Wy

1 patent Appieston &%@fl@vﬁ%ﬁ%ﬁmﬁ%“%%@wme 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 yet balanced cellular and humoral imnune
responses that result from CpG stimulation reflect the body’s own natural defense sysiem
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 oligonucieotides. 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 3’ 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



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, arqu:'GC-rich palindrome™ motif,

generally positioned at or near the other’end of the molecule. These

inati if nucleic acids, -19- have immune stimulating effects that . |

e S D 088 vy
tregidpmss “ Bstasey S GHRRN. avbistrergsinehgiamductB «fdl edtivetivatiamdnd dendritic

caendiiigi el rriRiurArdnasa &ITGHS 28398 i%?ﬁ% \&t@ &g}p%gc@s%e&t Nomune
described class of immune stimulatory nucleic acids Z; -cEiass p
sty rREeiste aidng nalses Sof RN antittikere sttt inatiosrpof IFN-o. and NK

céﬁlﬁiyﬁﬁmtif@mgf%&-ﬁ?dhé&g,&%Q%@Y%EQPBCT&?%T?/@;HC-claSS CpG

oligonucleotides of the'instant invention are also structurally distinct from
the p%&%ﬁd@@éﬁ bedicliaascbptlengbthichsuddsyminparisontructrally
dife R RUR U RSN d e alRRE DR OHFRNUEIRANERIHHE. In comparison to the

immunostimulatory nucleic acid molecules of the instant invention feature
PRFEgHS Y slesaslst furnsdms wheorgleridesiike mmpresamirinsyaeeic acid
neie-eiRg iﬁftﬂzeirm@{ﬁ_ Iﬁté{%pﬁ&ﬁ @ﬁﬂd&?@b !%c;ﬂﬂ? ReRvioURly fle @b@ﬁ&i%ﬁ@é& 1o the
igonucleotides include in ope embodiment a strict or perfect palindrome_  °
AR Ie 8188 FAGhGH: SR PP A BB L B SR $9gbed C-
clssoligermibotiieind e irpatinditu¢iokiie prestiouphfdasstibrdotrtasest 10
ilgonycleotjdes,can.include ost inimal of consecutive
B e SO SR FRGE. ) oo te
P_@]igmﬂhesr&h@@lﬂléﬁl‘ﬂﬂ@mmﬁﬂgma]l@ﬁd d:laﬂa imdtaketat most a
miEntondRRI e AAlOMIAD & el el cag aue. In various

embodiments, fewer than 1 eotides: a content between zero and

less trliaﬁom»,stvf@rtbe@miﬂéﬁm@aﬁb@b%mmmm@imdimgcmbse
oldskingi e wEEaRasELARRAcE e RTINS RIS SEAURRCR 2t can have, in

involving four or more consecutive nucleotides of nucleotide substitutes

VIR SRBPfamT A 46T B k bREEoAIAs o (F A ERh BRIEEER Zeme Aagfless than
2P RBAHNORECELEE8 G SRR AitPAHSI0R NI IR HIOIG S WES &Mase
ggéinkef to% ther via their 3' ends. It has been discovered that this new |
G HEETRBHAB SR 6 ADH ARV A P EPRIEPRRFRIFSR Sugigotides or
nstileotifabt®stikedhehardvionsiytescibed Cermbisatensiatf L8P Combination
ligopugcleontides, of.inducing high levels, of IEN production, including type, ..
R R R P At e B vidaty o oo e
tdpetfdronticse]edeeltasused Hbreiveredetimtehas new sub-class of oligonucleotides
which do not have a perfect palindrome are still capable, like the previously described
combination motif CpG oligonucleotides, of inducing high levels of IFN production,
inciuding type I IFN (e.g., IFN-o., IFN-B) and IFN-y,

A “palindrome” and, equivalently, “palindromic secquence” as used herein refers to a
nucleic acid sequence which is its own perfect reverse complement (i.c., 2 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-

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



nucleic acid sequence which is its own perfect reverse complement (i.e., a
sequence such as ABCDEED'C'B'A" in which A and A", B and B', C and
C', Dand 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-jgtervening sequence or
intervening non- nucleotide structure that does not participate in forming

the usualWeateancbeigk RAeR PRERIN20FANIRY SHBL-FER A NAINRCHe . 2 nucleic
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otherwise perfect palindrome. In certain embodiments the otides
Crigkbats mabp aptremyRtamobammisg frafeeualindrasn- Griekrisirsenguifinems the
nuiBatide MY alsaer baikibaga PAEmMWERRNAINAPMCIEEIRK 880 fAik <Ay form

nop-Watsaon-Crick base pair as used herein is any base pair other than a
RSB RSE PSR epE ot écbtol HodgoRrYarREeCrick base
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integer between 1 and 4, inclusive, and N is any sequence 0-12 bases long.

The 3" end of the nucleic acid terminates in an inverted repeat capable of forming a
hairpin or stem-loop structure. The term “terminates” refers to a structure at or near the 3’
end. Thus, the end of the imperfect palindrome may be positioned at the actual 3" end of the
molecule or alternatively the 3" end may include 1 or more additional nucleotides that are not
part of the inverted repeat structure. Preferably the 3' end of the molecule includes 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



molecule or alternatively the 3' end may include 1 or more additional
nucleotides that are not part of the inverted repeat structure. Preferably
the 3' end of the molecule includes 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
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laminopyridine paired with xanthosine). Lutz M7 et al. (1998

Recoaﬁméhcéﬁﬂé4%aéftamm%wﬁwllﬁywméawammudmg at Jeast one
pROlymRiases s Bigast Medgdhem Lett 8:1149-52.

In some instances the double-stranded part of the molecule may also contain unnatural
(non-standard) base pairs (e.g., diaminopyridine paired with xanthosine), Lotz MJ et al,
{1998) Recognition of a non-standard base pair by thermostable DNA polymerases. Bioorg
Med Chem Lett 8:1149-52.

The formulas define subsets of the class of CpG oligonucleotides which demonstrated
excellent immune stimulating properties. In the formulas 5' refers to the free 5' end of the
oligonucieotide and 3' refers to the free 3’ end of the oligonucleotide.

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



The formulas define subsets of the class of CpG oligonucleotides which
demonstrated excellent immune stimulating properties. In the formulas 5'
refers to the free 5' end of the oligonucleotide and 3' refers to the free 3'
end of the oligonucleotide. The oligonucleotides may have one or more
accessible 5" or 3" ends. In some emboghiments a 3' end can be linked to
another 3' end. Since the importance of the 5 and 3' motifs has been
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abasic nucleotide (dSpacer), i.e., a nucleotide-like sugar phosphate unit in which the .

nucleobase is replaced by a hydrogen atom. A non-nucleotidic linker can be a

polyethyleneglycol, including but not Iimited to a {riethylenegleol and a hexaethyleneglycol.
In some embodiments the oligonucieotide has one of the following structures:

- TCGTCGTTTITA (SEQ ID NO:41), CGGCGCCGTGCCG (SEQ ID NO:19),
CGGCGTCGTGCCG (SEQ ID NO:9), TCGTCGTTTTACGGCGCCGTGCCG (SEQ ID
NO:43), TCGTCGTTTTACGGCGTCGTGCCG (SEQ ID NO:48),

T*C_G*T*C* G T*T*T*T*A*C*GH*GHCHG*C*CH*G*T*G*C*C*G (SEQ ID NO:43),
T*C*G¥FTH*C*GF T T T*T*A*C_G*G*C_G*C*C_G*T*G*C*C*G {SEQ ID NO:43),



nucleobase is replaced by a hydrogen atom. A non-nucleotidic linker can
be a polyethyleneglycol, including but not limited to a triethyleneglcol and
a hexaethyleneglycol. In some embodiments the oligonucleotide has one
of the following structures: TCGTCGTTTTA (SEQ ID NO:41),
CGGCGCCGTGCCG (SEQ ID NO:19),,£GGCGTCGTGCCG (SEQ ID
NO:9), TCGTCGTTTTACGGCGTCGf& CG (SEQ ID NO:43),
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The terms “nucleic acid” and “oligonucleotide” also encompass nucleic acids or

oligonucleotides with substitutions or modifications, such as in the bases and/or sugars. For
example, they include nucleic acids having backbone sugars that are covalently attached to
low molecular weight organic groups other than a hydroxyl group at the 2' position and other
than a phosphate group or hydroxy group at the 5' position. Thus modified nucleic acids may
include a 2'-O-alkylated ribose group. In addition, medified 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.



oligonucleotides with substitutions or modifications, such as in the bases
and/or sugars. For example, they include nucleic acids having backbone
sugars that are covalently attached to low molecular weight organic
groups other than a hydroxyl group at the 2' position and other than a
phosphate group or hydroxy group at thg5' position. Thus modified
nucleic acids may include a 2'-0-alkylated ribose group. In addition,
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e) the replacement of a natural nucleoside base by a modified nucleoside base.

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

The oligonucleotides may include modified internucleotide linkages, such as those
described in a or b above. These modified linkages may be partially resistant to degradation
(e.g., are stabilized). A “stabilized oligonucleotide molecule” 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.



e) the replacement of a natural nucleoside base by a modified nucleoside
base. More detailed examples for the chemical modification of an
oligonucleotide are as follows. The oligonucleotides may include modified
internucleotide linkages, such as those described in a orb above. These
modified linkages may be partially resisign_t to degradation (e.g., are
stabilized). A "stabilized oligonucleotide molecule” shall mean an
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wherein the other unit is for example suitable to build up a “morpholino-derivative” oligomer
{as described, for example, in Stirchak EP et al. (1989) Nucleic Acids Res 17:6129-41), that
is, e.g., the replacement by a morpholino-derivative unit; or to build up a polyamide nucleic
acid ("“PNA”; as described for example, in Nielsen 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 amine linkers. The alkyl

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

racemic mixture.



phosphate backbone is composed of sugar phosphate units) can be
replaced by another unit, wherein the other unit is for example suitable to
build up a "morpholino-derivative" oligomer (as described, for example, in
Stirchak EP et al. (1989) Nucleic Acids Res 17:6129-41), that is, e.g., the
replacement by a morpholino- derlvatlvezgnlt or to build up a polyamide
nucleic acid (" PNA as described for example, in Nielsen PE et al. (1994)
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alloynyluracil, 5-(hydroxymethyDuracil, S-chiorouracil, 5-fluorouracil, 5-bromouracil,
5-hydroxycytosine, 5-(C;-Cg)-alkyleytosine, 5-(Cy-Ce)-alkenyleytosine, 5-(Cr-Ce)-

alkynylcytosine, 5-chlorocytosine, 5-fluorocytosine, 5-bromocytosine, N*-dimethylguanine,

2 4-diamino-purine, 8-azapurine, a substituted 7-deazapurine, preferably
7-deaza-7-substituted and/ of 7-deaza-8-substituted purine, S-hydroxymethylicytosine, N4-
alkylcytosine, e.g., N4-ethylcytosine, 5-hydroxydeoxycytidine, 5-
hydroxymethyldeoxycytidine, N4-alkyldeoxycytidine, e.g., N4-ethyldeoxycytidine, 6-
thiodeoxyguanosine, and deoxyribonucleosides of nitropyrrole, C5-propynylpyrimidine, and

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



be, for example, selected from hypoxanthine, uracil, dihydrouracil,
pseudouracil, 2-thiouracil, 4-thiouracil, 5-aminouracil,
5-(CI-C6)-allcyluracil, 5-(C2-C6)-alkenyluracil, 5-(C2-C6)- allcynyluracil,
5-(hydroxymethyl)uracil, 5-chlorouracil, 5-fluorouracil, 5-bromouracil,
5-hydroxycytosine, 5-(C1-C6)-alkylcytosie, 5-(C2-C6)-allcenylcytosine,
5-(C2-C6)- alkynylcytosine 5-chlorocytosine, 5-fluorocytosine,

2- %W&M&égﬂ& HHBR AR Rl e 2l BENAG P UF NG ReAZ ARMEN e bascs.

a substituted 7-deazapurine, preferably 7-deaza-7-substituted and/or
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which can replace this base witholt impairing the inmuriostimul tory
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5-fluoro-cytosine, 5-chloro-cytosine, 5-bromo- cytosme 5-iodo- cytosine,
(o P LR & VOB BB SR IS A B ASHYALE D e, 5-Tluoro-
wbfl, m&?@twem @E&%ﬁﬁmﬁﬁdﬁa;ﬁﬂk%ﬂﬁth%ﬂedﬁ @@t@b@ﬂ%@ﬂ S-propynyl-
cytasines (e rox tosine bsti cytosines (e.g.,
o S G P B TGO Do RS B B e g e osine, 5-
hm@wmym §Hh§dﬁﬁgﬂl@é1ﬂ%}lmgmwlﬂn@®ﬁdamedmﬂgz&y§rﬁ ﬂﬁa gmbodiment
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5-methyl-cytosine, 5-fluoro-cytosine, 5- hydroxy-cytosine,
5-hydroxymethyl-cytosine, and N4-ethyl-cytosine. In another embodiment

of theAngkatiom e s Teripre b At & BoBird @b esiversalogiked ugnine as

uSeHHRPY £9en uBase)c AR O Al 1SS BB the THPARDERZGRAIEY of guanine
dlfluorobenzen %%r a hydrogen atom_(dSpacer). A guanine may be

WeishatbIrGRtAcE s difRsMGHhaNE BRISE AN BRIfERCgtim R Rsactivity of the

oligonucleotide. Modified guanines include but are not limited to 7-deazaguanine,
7-deaza-7-substituted guanine (such as 7-deaza-7-(C2-C6alkynylguanine),
7-deaza~8-substituted guanine, hypoxanthine, N2-substituted guanines (e.g., N2-methyl-
guanine), 5-amino-3-methyl-3H,6H-thiazolo[4,5-d]pyrimidine-2,7-dione, 2,6-diaminopurine,
2-aminopurine, purine, indole, adenine, substituted adenines {e.g., N6-methyl-adenine, §-oxo-
adenine), §-substituted guanine (e.g., 8-hydroxyguanine and 8-bromoguanine), and
6-thioguanine. In another embodiment of the invention, the guanine base is substituted by a
universal base (e.g., 4-methyl-indole, S-nifro-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).



used herein is a naturally occurring or non-naturally occurring purine base
analog of guanine which can replace this base without impairing the
immunostimulatory activity of the oligonucleotide. Modified guanines
include but are not limited to 7-deazaguanine, 7-deaza-7-substituted
guanine (such as 7-d(,aza-7-(C2-C6)alla/ ylguanine),
7-deaza-8-substituted guanine, hypoxaithine, N2-substituted guanines

(e.0: -methyl- guanine I . ,

o oo ST DR e € ondhe S 06 R Sl ar vnmodified
cywsudianirmpotind)asearismnstneky, forime, dntoldinzate it sfipsiudaticleotide is
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guariine (e.g., 8-hydroxyguanine and 8-bromoguanine), and
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and K-base), an aromatic ring system (€.g., benzimidazole or dichloro-
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of a CG dinucleotide are unmadified cytosine and guanine bases,
2Trelplectivagetirbhé ehiboditienfikdees drideReaitieRa8 i aregg et al. (1986)
Tewaimeipytated. FFor0s5egnabeiastant Invesdione e Qlign1ueeotidns obihetese
h|nv.ent|on %\%be S ntheﬁ?ged de novo,using any of a number of X )
STt & SlPﬁﬁ%EWF hé SFFiver dhapnetethrupely sridetmfhesizers available in
thpmas]glabramfisﬁteligeflho&é(Wageffte@t@hs(iﬁ&ﬁb(ﬁcﬁé@aﬁdﬁw})ﬁéﬁ& A;n isolated

2:1859):.9r the nucleoside H-phasphonate met (Garegg et al. (1986
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rmed by a variety of automated nucleic acid synthesizers avaitapte
chigmgslitket. These oligonucleotides are referred to as synthetic
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oligonucleotide which is separa rom components w It IS norm

tecligarrsmMRKing s s eRiAfsordA-Riarbareiyemigtgse Aryl-and
alKRRYHSFRWBIGHIS-eaRasR R lTaimi el A AT ANBEIENS, HQABY 863; and
thchondrla or frogn chromatin, Modjfied backbones such as e e
R BRBRSH S }ﬂéfﬁgﬁé@ﬁﬁﬁ’éﬁf&%ﬁﬁﬁ MGl Yt degcribed in U.S.
Parjloyiig eie aphEsphsrantidaie NoHpheTpheaate ghemiatigSutomated solid
Ar I-an%ﬁalk |-phosphonates.can be.made, e.qg., %Hes ri%bed inU.S. Pa
P e PRt oN T ST A SR RGN Gt Bl DA
bavidiene i edifikecha sutbsdtigutionbi8ve been described (e.g., Uhlmann E et al. (1990)
Chem Rev 90:544; Goodchild J (1990) Bioconjugate Chem 1:165).

The immunostimulatory oligonucleotides may also contain one or more unusual
linkages between the nucleotide or nucleotide-analog moieties. The usual internucleoside
linkage is the 3'5-linkage. All other linkages are considered as unusual internucleoside
linkages, such as 2'5'-, 5'5'-, 3'3'-, 2'2'-, and 2'3'-linkages. Thereby, the nomenciature 2' t¢ 5'
is chosem according to the carbon atom of ribose. However, if unnatural sugar moieties are
employed, such as ring-expanded sugar analogs (e.g., hexanose, cylchexene, or pyranose) or
bi- or tricyclic sugar analogs, then this nomenclature changes according to the nomenclature
of the monomer. In 3'-deoxy-p-D-ribopyranose analogs (also called p-DNA), the

mononucleotides are e.g. connected via a 42'-linkage.



Pat. No. 5,023,243 and European Patent No. 092,574) can be prepared
by automated solid phase synthesis using commercially available
reagents. Methods for making other DNA backbone modifications and
substitutions have been described (e.g., Uhimann E et al. (1990) Chem
Rev 90:544; Goodchild J (1990) Biocogjjggte Chem 1:165). The
immunostimulatory oligonucleotides may also contain one or more

unusygjpli : elepl] raucleotide-anal oieties. .
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entmoned uchbdiiYas eisle desapastedoiiagd 2'-linkage. 29 If the

nuclegti tains ane 3'3'-linkage, then this, oligonucleotide analog will
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of(the malepyle: higaeaufe setided bjaohigholigprackio(de 9giAtiscTisndRds'3"-, 23 '-
brd@iedh29-46, whereby oligonucleotides having a 313"-linkage were

reported to show enhanced stability towards cleavage by nucleases.
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th{:o¥lected at the 3'-end via a 3:3'-linkage to a second oligonucleotide part
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Ph-Su, and Ph-Ba are possible. If the oligonucleotides

The linkages are preferably composed of C, H, N, O, S, B, P, and halogen, containing
3 to 300 atoms. An example with 3 atoms is an acetal linkage (ODN1-3'-0-CH,-0-3'"-
ODN2; Froehler and Matteucci) connecting e.g. the 3"-hydroxy group of one nucleotide to the
3’-hydroxy group of a second oligonucleotide. An example with about 300 atoms is PEG-40
(tetraconta polyethyleneglycol). Preferred linkages are phosphodiester, phosphorothioate,
methrylphosphonate, phosphoramidate, boranophosphonate, amide, ether, thioether, acetal
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 oligonucieotide 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



are further modified by certain non-nucleotidic substituents, the linkage
can also occur via the modified parts of the oligonucleotides. These
modifications include also modified nucleic acids, e.g., PNA, LNA, or
morpholino oligonucleotide analogs. The linkages are preferably
composed of C,H, N, 0, S, B, P, and h_a})ggen, containing 3 to 300 atoms.
An example with 3 atoms is an acetal linkage (ODNI-3'-O-CH2-0-3'-
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preferably 2-20 nucleotides, more preferably 3-16 nucleotides, but mo

preferaply Bzenusieetidstise Prefepriainrcimkia oligeblgriattidesmwiseparch,

Sthae twa orifgse; binkeskd oapdsudiBe g nEciertde Ratial SRGUERFSSit in one
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o AR RBNS) TSrhaee Jacm L R e ey SOl o+
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cyanoethyl)-(N,N-diisopropyl)]-phosphoramidite. A trebler unit in one
SteFiBedfient Barhpenesas Bales imeot persain e or more natural or unnatural amine
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Ancther possibility for linking oligonucleotides is via crosslinking of the heterocyclic
bases (Verma S et al (1998) Annu Rev Biochem 67.99-134; page 124). Yet another
possibility is a linkage between the sugar moiety of one sequence part with the heterocyelic
base of another sequence part (Iyer et al. (1999) Curr Opin Mol Therapeutics 1:344-58; page
352).

The different oligonucleotides containing unusual linkages are synthesized by
established myethods and can be linked together on-line during solid-phase synthesis.
Alternatively, they may be linked together following synthesis of the individual partial

sequences.



cyanoethyl)-(N,N-diisopropyl)]-phosphoramidite. Branching of the
oligonucleotides by multiple doubler, trebler, or other multiplier units leads

to dendrimers which are a further embodiment of this invention. The
oligonucleotides may also contain linker units resulting from peptide

-modifying reagents or oligonucleotide-modifying reagents (Glen

Research, Sterling, VA). Furthermore, linkers may contain one or more

natu r TaloRy: 1ol I whi re connected b ti
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between the sugar moiety of one sequence part with the hetero
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immune function, énfancement of hematopoietic recovery following

deyginatibe Geeaeifothdiegsynamiestae midnibnaathegenateryvab shdatiomsinent after
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to a disorder such as an infectious disease, cancer, allergy, or asthma,

the drEeetign) prép RYRERE thrakisien RS ABIRESEE e resistance of a
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an%icg’e%aﬁgs(gégﬂ { c?c%lfll%&’.r %ggn@paéeimunosﬁmulatory oligonucleotides thus can be
administered to a subiect in conjunction with an antigen or allergen for treatment of infection,
allergy, asthma, or cancer. Alternatively and in addition, the CpG immunostimulatory
oligonucleotides can also be given alone without the antigen or allergen for protection against
infection, allergy or cancer or may be administered with other therapeutic agents. The CpG
immunostimulatory oligonucleotides also may be administered with other therapeutic agents.
Repeated doses may allow longer term protection.

A subject at risk as used herein is a subject who has any 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



the infection) or to prevent the disease from becoming worse. Thus the
CpG immunostimulatory oligonucleotides are useful in some aspects of
the invention as a vaccine for the treatment of a subject having or at risk
of developing allergy or asthma, an infection with an infectious organism,
or a cancer in which a specific cancer_agtigen has been identified. The
CpG immunostimulatory oligonucleotides thus can be administered to a
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likelihoo f,devel%g)in% a % ncer, subjects exposed to cancer-associated
agen afigfjron to the use of the CpG immunostimulatory oligonucleotides for

prophylactic treatment, the invention also encompasses the use of the CpG
immunostimulatory oligonucleotides for the treatment of a subject having an infection, an
allergy, asthma, or a cancer.

A subject having an infection is a subject that has been exposed to an infectious
pathogen and has acute or chronic detectable levels of the pathogen in the body. The CpG
immunostimulatory oligonucieotides can be used with or without an aﬁtigcn or other
therapeutic to mnount an innate or an antigen specific sys{smic or mucesal 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



as tobacco, asbestos, or other chemical toxins, and subjects who have

previously been treated for cancer and are in apparent remission. When a

subject at risk of developing a cancer is treated with a CpG

immunostimulatory oligonucleotide and optionally an antigen specific for

the type of cancer to which the subject is at risk of developing, the subject

may be able to kill the cancer cells as't gy" develop. If a tumor begins to

in hiect, the.subject will . deyelop.an innate immune response
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and has acute or chronic detectable levels of the pathogen In the

TS BnReTY AT DAY SEYRLISOBRS bt drestidual esthe alleinrlonaithinria

(hBRAVigeRI0E Qe HeeraRe 10 FHRURLAL. innate or an antigen specific
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._microorganism in :33- the body. It is payrticularly important to develop
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response to an aﬂerag‘é’rrl%ﬁ all
predbsiancé alérgehL Allergikicenditionaddcide hubane nesdimitedi@eneral, it

lerai initis, Qr.cor fever, conjunctivitis, bronchial
o B S B O T SR S o S e
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or mucosal administration of CpG immunostimulatory oligonucleotides
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re@gtibiis |\ a))eFRELIRRSGHRARE AU Emn At ahaRd c8IMEL IPIYNE immunostimulatory

responses, The other major type of immune response, which is associated
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IL~5, are elevated in the airways of asthmatic subjects. These cytokines promote important
aspects of the asthmatic inflammatory response, including IgE isotope switching, eosinophil
chemotaxis and activation, and mast cell growth, Thl1 cytokines, especially IFN-y and IL-12,
can suppress the formation of Th2 clones and production of Th2 cytokines, Asthma refers to
a disorder of the respiratory system characterized by inflammation, narrowing of the airways
and increased reactivity of the airways to inhaled agents. Asthma is frequently, although not
exclusively associated with atopic or allergic symptoms. Thus, asthma includes altergic
asthma and non-allergic asthma.

A subject having a cancer is a subject that has detectable cancerous cells. The cancer

may be a malignant or nen-malignant cancer. Cancers or tumors include but are not limited

to biliary tract cancer; brain cancer; breast cancer; cervical cancer; choriocarcinoma; colon



response in a subject from a predominant Th2 (which is associated with
production of IgE antibodies and allergy) to a balanced Th2(Thl response
(which is protective against allergic reactions), an effective dose for
inducing an immune response of a CpG immunostimulatory
oligonucleotide can be administered to a subject to treat asthma and
allergy. Thus, the CpG immunostimula‘téﬁ/“oligonucleotides have
significant therapeutic utility in the treatment of allergic, conditions and
o e e, 0 B P o BN SISV P heoplasms
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the respiratory system characterized by inflammation, narrowing of the
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symptoms. Thus, asthma includes allergic asthma and non-allergic
bladdnfist! FALCIBRIBENAVARYCE EAISEITE A subject that has detectable

cancgrm@mlmmhﬁ&amnm%rb@&mal@mawE&%ﬁygﬁgﬂﬁéﬁﬁmﬁed to a dog,
caSqncer. Cancers qr tumors include hut are not limited to biliary tract
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._intraepithelial.neoplasms:; . | homas; liver cancer; lung cancer (e.g.,
msrcnﬁP%ea\Pén Ier:\rgﬁgsr"na %lerh@ur%le a%%arﬁlé);n"rglélﬁ}%tbfgé%g Ao BISTCEfEs of the
leasiingicansanobdeptinireaspamoeraprostate. gansararédisgyancer,;
Sarc%"cﬂé?iﬁﬁ&%@@ GoleASRH %;5@ %g&ﬂél@&r%dzscgd"ce Lanchronal Caneer, e
as well as other carcinomas and sarcomas. R ohE Embodiment tha ’
sublgstmeis brappestiddokbariatistrodie wndcistnobs teukémingsedtarieoiss to either
thd a€8 SR CaTBo MRS HYGRME, fallicularypaphe Eﬂ@gmg %?éﬁsure of the subject
melanoma, squamous cell carCinoma, renal cell carcinoma, prostate
to i @pisFR, MorietieMsdhodaanBin acrcoronarciha ) sidaseantgrulare well-
kn@eAm RN EVesieh Al R Heak INGHAIRERUARLINILH I3 ARGy G means
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d -human. subjects. Cancer is ppe of t@}e leading cayuses of death in
AR S e R 8 T ot Bt ce e
destigos izl gotivedstaid imitiste e dubjtiviain pastigety thgosed to an antigen if an antigen
becomes available for exposure to the immune cells in the body. A subject may be passively
exposed to an antigen, for instance, by entry of a foreign pathogen into the body or by the
development of a tumor cell expressing a foreign antigen on its surface,

The methods in which a subject is passively exposed to an antigen can be particularly
dependent on timing of administration of the CpG immunostimulatory oligonucleotide. For
instance, it a subject at risk of developing a cancer or an infectious disease or an allergic or
asthmatic response, the subject may be administered the CpG immunostimulatory
oligonucleotide on a regular basis when that risk is greatest, e.g., during allergy season or

afier exposure to a cancer causing agent. Additionally the CpG immunostimulatory

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



subject may be exposed to the antigen. As used herein, the term

"exposed to" refers to either the active step of contacting the subject with

an antigen or the passive exposure of the subject to the antigen in vivo.

Methods for the active exposure of a subject to an antigen are well- known

in the art. In general, an antigen is adr_nijrg's_tered directly to the subject by

any means such as intravenous, intramuscular, oral, transdermal,
nBueeselRtRoasak niakacheal Ak SibcHiteauS AdPIRsL Ao T,

antigen can be administered systemically or ocaﬁy. ethods for v
olignmislertdp gniveandytinisiveethie spdidramuriodimme kitosy ofigamstedtideowarfare
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antigen if an antigen becomes available for exposureto the iImmune ce
eXRofed H’dély A subject may be passively exposed to an antigen, for
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develog?ﬁnﬁgé%{la tumor cell expressing a foreign antigen on its surface.
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response to the antigen when and if the subject is exposed to it. An
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roteins, polypeptides, peptides, polysaccharides, polysaccharide
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sipg 'zigﬁgléﬂg & %qtsgméé%gopp?%gé %@E&iaﬂﬁ%?b%ﬁ E%??ﬁ[%@lg known in the

allergens. A cancer antigen as used herein is a comp ,such as a
aSeptide or protein,

As used herein, the terms “cancer antigen™ and “tumor antigen” are used

interchangeably to refer to antigens which are differentially expressed by cancer cells and can
thereby be exploited in order to target cancer cells. Cancer antigens are antigens which can
potentially stimulate apparently tumor-specific immune responses. Some of these antigens
are encoded, although not necessarily expressed, by normal cells, These antigens can be
characterized as those which are normally silent (i.e., not expressed) in normal cells, those
that are expressed 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 celiular genes, such as oncogenes (e.g., activated ras oncogene), suppressor genes

(e.g., mutant p33), fusion proteins resulting from internal deletions or chromosomal



associated with a tumor or cancer cell surface and which is capable of

provoking an immune response when expressed on the surface of an

antigen presenting cell in the context of an MHC molecule. Cancer

antigens can be prepared from cancer cells either by preparing crude

extracts of cancer cells, for example, assdescribed in Cohen PA et at

(1994) Cancer Res 54:1055-8, by partially purifying the antigens, by
transéocniinatitchhalogycardoyigianavobs pnthesis of ingawenepigenss those carried
on Ceﬁ@ﬁ%@%@?'&% Qéjt are not limited to antigens that are

recor%rblnanty expressea, an immunogenic portion thereof, or a whole
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embhryonic and.fetal antigens. Other cancer antigens, are encoded by .. .
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antigens can be encoded by viral genes’such asthose carried 0n'RN
Picgnubrzaimer. vielisesriseni bl aitigens asntserihersiiisan Gotigekic
vir®led MIGKRrgaISIRARE-Ieldes Byt la@‘i&k%’)'&ﬁ%ﬁ@ HILRRR B  Breritis);

parasites, and fungi. Such antigens include the intact microorganism as
Togguirigaa (g GraproBRaEcsRB RS YiaHes ordeHo atnsssth Slavh dirdralse.» dengue

vir®RRaiGRAMROVRER VR areidericabl. f S iRaN 1R alWaloronaviruses),;

microorganism antigens and induce an immune response specific for that
Rh R & KEHIBE SRR s o SRS VATOr JOT QMR Gritigebple
virifsish) Pueea R IRIERE €8S PARSBIINHROGEhABEl/ Bfuegil @R OndafiaturRhs,

mic oorga%nism nIli_%eén.QSL#?ch anti e_rés a(:e use%goutine] in rg)%art an,d.d
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Bornaviridae, Hepadnaviridae (Hepatitis B virus); Parvoviridae (parvoviruses);
Papovaviridae (papilloma viruses, polyoma viruses); Adenoviridae (most adenoviruses);
Herpesviridae (herpes simplex virus (HSV) 1 and 2, varicella zoster virus, cytomegalovirus
(CMYV), herpes virus; Poxviridae {variola viruses, vaccinia viruses, pox viruses); and
Iridoviridae (e.g., African swine fever virus); and unciassified viruses (e.g., the agent of delta
hepatitis (thought 1o be a defective satellite of hepatitis B virus), Hepatitis C; Norwalk and
related viruses, and astroviruses).

Both gramn 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 Strepfococcus species. Gram negative bacteria include, but are



HTLV-III, LAV or HTLV-IIIILAV, or HIV-III; and other isolates, such as
HIV-LP; Picornaviridae (e.g., polio viruses, hepatitis A virus;
enteroviruses, human Coxsackie viruses, rhinoviruses, echoviruses);
Calciviridae (e.g., strains that cause gastroenteritis); Togaviridae (e.g.,
equine encephalitis viruses, rubella virgses); Flaviviridae (e.g., dengue
viruses, encephalitis viruses, yellow fever viruses); Coronaviridae (e.g.,

not dongpdviruses)sriRhalodyirdaeda.eay estoilar sloWaliin it semidabigRcific
' »Floviridae (e.q., ebpla viruses); Paramyxovijridae (e.g., _ )
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. vaccini;vir ses, pox viruses); and Iridoviridae (e.g., African swine fever
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related wiruses, and astroviruses). Both gram negative and gram positive
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are -387- not imited to, Es chia coli, Pseudomonas species, and
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Co DR THIRA A0 ﬂzkﬁ#&@?@é&t%%ﬁ{ﬂ&ﬁ?%‘h%‘rﬂ Eﬂ&r%%%r%@%‘gﬁiﬁ% albicans.
pneumop‘hllla,'I\ilycobac[erla sps (e.g., I\7I._tu er}():uloss, . aviim, M.
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Plaliessmor 3aenerihreas s Ngiese HamaninBitidis. &iste i N CRAYIGNE S vivas
d reptococcus pyogenes (Group A Streptococcus), Streptococcus
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_aerogenes, Kf;e §'e a pneugr%grr%%%,aﬂggﬁ%e gqarr?ﬁ (5%3 &bﬁg%f%%%vee slﬂ’)l.?he
litepgsbaeterariy - G.A Thomas, Medical Microbiology, Bailliere Tindall, Great Britain
1983, the entire contents of which is hereby incorporated by reference.

An aliergen refers fo a substance (antigen) that can induce an allergic or asthmafic
response in a susceptible subject. The list of allergens is enormous and can include pollens,
insect venoms, animal dander, dust, fungal spores and drugs (e.g., penicillin), Examples of
naturai, animal and plant allergens include but are not limited to proteins specific to the
following genuses: Canine (Canis familiaris); Dermatophagoides (e.g., Dermatophagoides
Jarinae); Felis (Felis domesticus); Ambrosia (Ambrosia artemiisfolia; Lolium (e.g., Lolium
perenne or Lolium mzdtiflorum); Cryptomeria (Cryptomeria japonica), Alternaria (dlternaria

alternata); Alder; Alraus (Alnus gultinoasa), Betula (Betulo verrucosa); Quercus (Quercus



nucleatum, Streptobacillus moniliformis, Treponema pallidum, Treponema
pertenue, Leptospira, Rickettsia, andActinomyces israelii. Examples of
fungi include Cryptococcus neoformans, Histoplasma capsulatum,
Coccidioides immitis, Blastomyces dermatitidis, Chlamydia trachomatis,
Candida albicans. Other infectious organisms (i.e., protists) include
Plasmodium spp. such as Plasmodlum%ﬁmparum Plasmodium malariae,
lasmodium ovale, and Plasmodium vivax and Toxo Iasma ondii.
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Chamaecyparis obtusa); Periplaneta (e. c Periplaneta americana);
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types of antigens such as polysaccharides, small molecule, mimics, etc., are included within

the invention and may optionally be substantially pure.

The oligonucleotides of the invention may be administered to a subject with an anti-
microbial agent. An anti-microbial agent, as used herein, refers to a naturally-occurring or
synthetic compound which is capable of killing or inhibiting infectious microorganisms. The
type of anti-microbial agent useful according to the invention will depend upon the {ype of
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



Arrhenatherum elatius); Agrostis (e.g., Agrostis alba); Phleum (e.g.,

Phleum pratense); Phalaris (e.g., Phalaris arundinacea); Paspalum (e.g.,

Paspalum notatum); Sorghum (e.g., Sorghum halepensis); and Bromus

(e.g., Bromus inermis). The antigen may be substantially purified. The

term substantially purified as used hergin refers to an antigen, i.e., a

polypeptide which is substantially free of other proteins, lipids,
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natural compounds having similar functions. %
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cgacteriaj functions or_structures which are specific for the microorganism
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irus§s. Ang{fu&l al agents are used to treat superficial fungal infections
conibinatipn with o gtrs. . - : : -
as well"as opportunistic and primary systemic fungal infections.
Antifpaibsitiziabegrstkidiontibibit the growth or function of bacteria. A large class of
antibacterial agents is antibiotics. Antibiotics, which are effective for killing or inhibiting a
wide range of bacteria, are referred to as broad spectrum antibiotics, Other types of
antibiotics are predominantly effective against the bacteria of the class gram-postiive or
gram-negative. These types of antibiotics are referred to as narrow spectrum antibiotics.
Other antibiotics which are effective against a single organism or disease and not against
other types of bacteria, are referred to as limited spectrum antibiotics. Antibacterial agents
are sometimes classified based on their primary mode of action. In general, antibacterial
agents are cell wall synthesis inhibitors, cell membrane inhibitors, protein synthesis

inhibitors, nucleic acid synthesis or functional inhibitors, and competitive inhibitors.



parasites. Examples of anti-parasitic agents, also referred to as
parasiticides useful for human administration include but are not limited to
albendazole, amphotericin B, benznidazole, bithionol, chloroquine HCI,
chloroquine phosphate, clindamycin, dehydroemetine,
diethylcarbamazine, diloxanide furoateggflornithine, furazolidaone,
glucocorticoids, halofantrine, iodoquinol, ivermectin, mebendazole,
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etronidazole, niclosamide, nifurtjmox, oxamnigyine, paromomycin,

S ST ARG R A,

antpfam_gumiiIdmah&hﬁmmwsi_mmahmﬂmwmﬁamﬁi&my related to DNA
repg?égtriggt%t. Ning:suifada ”E‘E%ﬁ oA wha'%zvi}

ujnine sulfat iniding .
uconate, spiramycin, stibogluconate sodium %g)a mrlnse‘{ﬁ Pr?xdo%%ﬁn %e t%m to the

hogylutnate)e seramirsttetasiibiinddoopeys lirfeithiadecitazelgclinidazoldpcked or
. trimathroprim-sulf | , i t whi |
1nht1ﬁm:§ Eﬁ&ﬂﬁh’?&h E%E&?Eg‘oi%% Stag s éi%ésﬁt{%'&%%%%% &%%ﬁ;tgﬁﬁe host cell

. use ne Qr n C m mathn wit ers. Anti ac:[erlal age ( .
(irnhittethdgiswtrbordinaasordsshaseaming e viass(ot armibaiading). synthesis or

traRGRTUS BrARHRIgleRAARUIDIGHCS I h R SHER UG o1 KHIIAG,PHIRAIRLIRY

a wide range of bacteria, are referred to as broad spectrum antibiotics. _
nughpid el e mBBIRoR o PRRUGEThBIRTG BBy ORI kag budding
an@fdhaclassig afpgRositive or gram-negative. These types of antibiotics

are referred to as narrow spectrum antibiotics. Other antibiotics which are
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‘agents. These stages include, attachment of the virus to the hagst cel
VitrntiRsETOBRR S BiAeRY B P S oAb AR R Go e |olguiquumod, and
rediapiadiae), synthesis or translation of viral mRNA (e.g., interferon),

replication of yiral RNA or A
P cﬁxe Imterrerons are cytoggllges

(gl'géh are secreted by virus-infected cells as well as
immune cells. The interferons function by binding to specific receptors on cells adjacent to
the infected cells, causing the change in the cell which protects it from infection by the virus,
o and B-interferon also induce the expression of Class I and Class II MHC molecules on the
surface of infected cells, resuiting in increased antigen presentation for host immune cell
recognition. o and B-interferons are availablé as recombinant forms and have been used for
the treatment of chronic hepatitis B and C infection. At the dosages which are effective for
anti-viral therapy, interferons have severe side effects such as fever, malaise and weight loss.
' Anti-viral agents useful in the invention include but are not limited to
immunoglobuiing, amantadine, interferons, nucleoside analogs, and protease inhibitors.

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



nucleoside analogs), maturation of new virus proteins (e.g., protease
inhibitors), and budding and release of the virus. Nucleotide analogs are
synthetic compounds which are similar to nucleotides, but which have an
incomplete or abnormal deoxyribose or ribose group. Once the nucleotide
analogs are in the cell, they are phospharylated, producing the
triphosphate form which competes with normal nucleotides for
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Hydrochloride; Saquinavir . L
oligonucleotide and other therapeutic agent may be administered simultaneously or

sequentially. When the other therapeutic agents are administered simultansously they can be
administered in the same or separate formulations, but are administered at the same time.
The other therapeutic agents are administered sequentially with one another and with CpG
immunostimulatory oligonucleotide, when the administrationn of the other therapeutic agents
and the CpG immunostimulatory oligonucleotide is temporally separated. More specifically,
the CpG immunostimulatory oligonucleotide can be administered before or after
administration of (or exposure 10) at ieast one other therapeutic agent. The separation in time
between the adminmistration of these compounds may be a matter of minutes or it may be
longer. Other therapeutic agents inchude but are not limited to adjuvants, cytokines,

antibodies, antigens, etc.



Mesylate; Somantadine Hydrochloride; Sorivudine; Statolon; Stavudine;

Tilorone Hydrochloride; Trifluridine; Valacyclovir Hydrochloride;

Vidarabine; Vidarabine Phosphate; Vidarabine Sodium Phosphate;

Viroxime; Zalcitabine; Zidovudine; and Zinviroxime. Anti-fungal agents are

useful for the treatment and preventiongof-infective fungi. Anti-fungal

agents are sometimes classified by their mechanism of action. Some
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ligand, and CD40 ligand. In addition to cytokines the CpG oligonucleotides may be used in

combination with antibodies against certain cytokines, such as anti-IL-10 and anti-TGF-B, as
well as cyclooxygenase inhibitors, i.e., COX-1 and COX-2 inhibitors.

The oligonucleotides are also useful for redirecting an immune response from a Th2
immune response to a Thl immune response. This results in the production of a relatively
balanced Th1/Th2 environment. Redirection of an immune response from a Th2 to a Thi
immune response can be assessed by measuring the levels of cytokines produced in response
to the nucleic acid (e.g., by inducing monocytic cells and other cells to produce Thi
cytokines, inctuding IFN-o}, The redirection or rebalance of the immune response from a

ThZ to a Thl response is particularly useful for the treatment of asthma. For instance, an



The CpG immunostimulatory oligonucleotides are also useful as mucosal
adjuvants. It has previously been discovered that both systemic and
mucosal immunity are induced by mucosal delivery of CpG nucleic acids.
Thus, the oligonucleotides may be administered in combination with other
mucosal adjuvants. Immune responses_can also be induced or
augmented by the co-administration 0 $6- linear expression of cytokines
Bueler & Mulligan, 1996; Chow et al,, 1997; Geissler et al., . 1997; Iwasaki
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conjunction with an anti-cancer therapy. Anti-cancer therapies include cancer medicaments,

radiation and surgical procedures. As used herein, a “cancer medicaiment” refers to an agent
which is administered to a subject for the purpose of treating a cancer. As used herein,
“treating cancer” includes preventing the development of a cancer, reducing the symptoms of
cancer, and/or inhibiting the growth of an established cancer. In other aspects, the cancer
medicament is administered to a subject at risk of developing a cancer for the purpose of
reducing the risk of developing the cancer. Various types of medicaments for the treatment

of cancer are described herein. For the purpose of this specification, cancer medicaments are



reducing the adverse effects associated with a predominately Th2 immune
response. Redirection of an immune response from a Th2 to a Thl
immune response can also be assessed by measuring the levels of
specific isotypes of immunoglobulin. For example, in mice IgG2a is
associated with a Thl immune respongg, and IgGl and IgE are associated
with a Th2 immune response. The CpG immunostimulatory
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are intended fo embrace the use of more than one cancer medicament
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Yewtaxan/Paclitaxel, Taxol/Paclitaxel, Xeload/Capecitabine, Furtulon/Doxifluridine,
Cyclopax/oral paclitaxel, Oral Taxoid, SPU-077/Cisplatin, HMR 1275/Flavopirido}, CP-35§
(T74)/EGER, CP-609 (754)/RAS oncogene inhibitor, BMS-182751/oral platinum,
UFT(Tegafur/Uracil), Ergamisol/Levamisole, Eniluracil/776C85/5FU enhancer,
Campto/Levamisole, Camptosar/Irinotecan, Turnodex/Ralitrexed, Leustatin/Cladribine,
Paxex/Paclitaxel, Doxil/liposomal doxorubicin, Caelyx/liposomal doxorubicin,
Fludara/Fludarabine, Pharmarubicin/Epirubicin, DepoCyt, ZD1839, LU 79553/Bis-
Naphtalimide, LU 103793/Dolastain, Caetyx/liposomal doxorubicin, Gemzar/Gemeitabine,
ZD 0473/Anormed, YM 116, ledine seeds, CDK4 and CDKZ2 inhibitors, PARP inhibitors,
D4809/Dexifosamide, Ifes/Mesnex/Ifosamide, Vumon/Teniposide, Paraplatin/Carboplatin,
Plantinol/cisplatin, Vepeside/Etoposide, ZD 9331, Taxotere/Docetaxel, prodrug of guanine



administered with both a chemotherapeutic agent and an
immunotherapeutic agent. Alternatively, the cancer medicament may
embrace an immunotherapeutic agent and a cancer vaccine, or a
chemotherapeutic agent and a cancer vaccine, or a chemotherapeutic
agent, an immunotherapeutic agentg&dwa cancer vaccine all
administered to one subject for the purpose of treating a subject having a

aram@ﬁfe%sza%m&%%yﬁmm&&aaﬁsﬁaﬁﬁga%%ﬁm@ﬁ@sﬂﬁ%%é}&?gﬁanay

be selected from the group consisfing of methotrexate, vincristine, ‘
cycephapemi dspratre gleisiBiileconrammnathidroeiaifirgaaptiasChlorombucii,
CyRaluaOHEC UK h ARG 1IOXIUPIGINAACARBaAIAR staKkh,

fragyline Me\glamine GLA, valrubicin, carmustaine and poliferposan,
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ImmuCyst/TheraCys, but it is not so limited.

The use of CpG immunostimulatory oligonuclieotides in conjunction with
immumotherapeutic agents such as monoclonal antibodies is able to increase long-term
survival through a number of mechanisms including significant enhancement of ADCC (as
discussed above), activation of NK celis and an increase in IFN-w levels. The nucleic acids

when used in combination with monoclonal antibodies serve o reduce the dose of the

antibody required to achieve a biological result.



(hydroxycarbamide), Ifosfamide, Interferon Alfa-2a, Alfa-2b, Leuprolide
acetate (LHRH- releasing factor analog), Lomustine (CCNU),
Mechlorethamine HCI (nitrogen mustard), Mercaptopurine, Mesna,
Mitotane (0.p'-DDD), Mitoxantrone HCI. Octreotide, Plicamycin,
Procarbazine HCI, Streptozocin, Tamgyifen citrate, Thioguanine,
Thiotepa, Vinblastine sulfate, Amsacrine (m-AMSA), Azacitidine,
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The CpG immumostimulatory oligonucleotide and/or the antigen and/or other

therapeutics may be administered alone (e.g., in saline or buffer) or using any delivery
vehicles known in the art. For instance the following delivery vehicles have been described:
Cochleates (Gould-Fogerite et al., 1994, 1996); Emulsomes (Vancott et al., 1998, Lowell et
al., 1997); ISCOMs (Mowat et al., 1993, Carlsson et al., 1991, Hu et., 1998, Morein et al.,
1999); Liposomes (Childers et al., 1999, Michalek et al., 1989, 1992, de Haan 1995a, 19950y,
Live bacterial vectors (e.g., Salmonella, Escherichia coli, bacilius Calmette-Guérin, Shigella,
Lactobacillus) (Hone et al., 1996, Pouwels et al., 1998, Chatfield et al., 1993, Stover et al,,
1991, Nugent et al., 1998); Live viral vectors {e.g., Vaccinia, adenovirus, Herpes Simplex)

(Gallichan et al., 1993, 1993, Moss et al., 1996, Nugent et al., 1998, Flexner et al., 1988,
Morrow et al., 1999); Microspheres (Gupta et al,, 1998, Jones et al., 1996, Maloy et al,, 1994,



refers to the activation of immune cells other than memory B cells and for
instance can include the activation of monocytes, neutrophils,
macrophages, dendritic cells, NK cells, and/or other immune cells that
can respond in an antigen-independent fashion. A broad spectrum
resistance to infectious challenge is 1r]g7uped because the immune cells
are in active form and are primed to respond to any invading compound
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immunostimulatory oligonucleotide and/or antigen and/or other therapeutic agent without
necessitating undue experimentation. '

Subject doses of the compounds described herein for mucosal or local delivery
typically range from about 10 pg to 10 g per administration, which depending on the
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 I 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



Polymers (e.g., carboxymethylcellulose, chitosan) (Hamajima et al., 1998,
Jabbal-Gill et al., 1998); Polymer rings (Wyatt et al., 1998); Proteosomes
(Vancott at al., 1998, Lowell et at, 1988, 1996, 1997); Sodium Fluoride
(Hashi at al., 1998); Transgenic plants (Tacket at at, 1998, Mason et at,
1998, Hag et al., 1995); Virosomes ( I(ougk et al., 1992, Mengiardi et al.,
1995, Cryz et al., 1998); Virus-like particles (Jiang et al., 1999, Leibl et al.,
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vacempoarmseseriBagher doses may be required for parenteral administration. The
applied dose can be adjusted based on the relative bioavailability and potency of the
administered compound. Adjusting the dose to achieve maximal efficacy based on the
methods described above and other methods as are well-known in the art is well within the
capabilities of the ordinarily skilled artisan.

The formulations of the invention are administered in pharmaceutically acceptable
solutions, which may routinely contain pharﬁnaceutically 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 therapsutics can be administered to a subject by any mode that



herein for parenteral delivery for the purpose of inducing an
antigen-specific immune response, wherein the compounds are delivered
with an antigen but not another therapeutic agent are typically 5 to 10,000
times higher than the effective mucosal dose for vaccine adjuvant or
immune stimulant applications, and mgge typically 10 to 1,000 times
higher, and most typically 20 to 100 times higher. Doses of the
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er therapeutics can be administered to a subject by any mode that -49-
Dragee cores are provided with suitable coatings. For this purpose, concentrated

sugar solutions may be used, which may optionaily contain gum arabic, talc, polyvinyl
pyrtolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions,
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for identification or to characterize different combinations of active
compound doses,

Pharmaceutical preparations which can be used orally include push-fit capsules made
of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol
or sorbitol. The push-fit capsules can contain the active ingredients in admixture with {iller
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



delivers the compound to the desired surface, e.g., local, mucosal,
systemic. Administering the pharmaceutical composition of the present
invention may be accomplished by any means known to the skilled
artisan. Preferred routes of administration include but are not limited to
oral, parenteral, intravenous. intramusgular, subcutaneous, intralesional,
intraturnoral, intranasal, sublingual, iritratracheal, inhalation, ocular,

vaginal. and rectal. For oral istration, t ounds (j;€...CpG
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carriers enable the compounds of the invention to be formulated as
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powder composition that has a moisture content such that the particles are readily dispersible

in an inhalation device to form an aerosol. The moisture content is generally below about
10% by weight (% w) water, and in some embodiments is below about 5% w and preferably
less than about 3% w. The powder may be formulated with polymers or optionally may be
formulated with other materials such as liposomes, albumin and/or other carriers.

Aeroscl dosage and delivery systems may be selected for a particular therapeutic
application by one of skill in the art, such as deseribed, for example in Gonda, I. “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



-50- suspended in suitable liquids, such as fatty oils, liquid paraffin, or
liquid polyethylene glycols. In. addition, stabilizers may be added.
Microspheres formulated for oral administration may also he used. Such
microspheres have been well defined in the art. All formulations for oral
administration should be in dosages suitable for such administration. For
buccal administration, the compositions may take the form of tablets or
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ceiil'?ll?c%le% t%.?fnubj ct so thﬁt the compounds reach the lungs to permit
penetr AtIOA S RE BRI S PHOTHNY o Bt FHS PRI Tk Henresiab sipuditon
statfibitdrasranpanistuttehdntentsstieh shlabihe patislesasureadiispessinle
' .Inhalatign_device to form an. aerosol. The moisture content is
Pre g?l%roarhyc/%l b%é%?/\?g%% ns‘ﬁ){%[ 5%’/%31&%% (% w) water, and in some
embédematitecls. letawinbootiitmdanthpieftiablydte Ssthdtrabast @Yo mwith a

sullRRANARS By beORHIAle I RIGEe.QL ptionally may be

formulated with other s such as liposomes, albumin and/or other

carr@@i@. REMRBEIHesay el deivelyted monmamay besé lented iitons such as
supRfdifsias Hf‘%?éﬁ@ﬂéﬁcerﬁzﬁﬁg?@.%Q%B%QH&Qgﬁmgﬁégﬁlvg%%ﬁﬁr%%ases such as

described, for example in Gonda, I. "Aerosols for eTapeutic

COCORP BT, N6 SHERBRNRE 5 he respiratory tract,” in Critical Reviews

In addition to the formulations described previously, the compounds may also be
formulated as a depot preparation. Such long acting formulations may be formulated with
suitable polymeric or hydrophobic materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly
soluble salt,

The pharmaceutical compesitions also may include suitable solid or gel phase carriers
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.



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

"Aerosol dosage -51 forms and formulations," in Aerosols in Medicine.

Principles, Diagnosis and Therapy, Moren, et al., Eds., Elsevier,

Amsterdam, 1985. The compounds, when it is desirable to deliver them

systemically, may be formulated for payenteral administration by injection,

e.g., by bolus injection or continuous infusion. Formulations for injection

may e AIESERIES LU AGSAIE (P 5 bl BIRONIESOr 1) SOHEAOScous o

containers, with an. added preservativé. The compositions may take suc
salfapripduiipns depbmsiohsnsolistiomsmselniaisiomyitloiiedraagisdousomitaesnic

goRNSMAYsCoRtAIR AR HAMONL RORHS SYEN.2R SUSPRIAIRG S RRIIZIRG on into the

.and/or dispersing agents. Pharmaceutical formulations for parénteral

skig iphitist KB6NARBRIBC Bgtide s seriahe ingpihe slétvelbe eutipal
compigfisalune fmdAsditinaalhovausnansionsohine Aciue (SRmpRMMSE,

may be prepared as appropriate oily injection suspensions. Suitable
SURPSSHATHES: SYIVRRMETOR IBSHERRS f5HRFDis LORH HPEREHHESiFVsh protracted
relsyRtbElafationgichegers, whiek agpaiarbaleaterntsighcaliigse Ofnd/or auxiliaries

liposomes. Aqueous.injection suspensions.may contajn substances which
s A S BB tRE LB ETSioR Sk A& LBl S Bo Srratgr
sweeltutoser saritbieor dextrsion@pijomaiysdkiessribpénbior. Ny alsoraauuainal

uitable stabilizers or agents which increase solubility of the : .

o s T e Rl SERRE o 2 SRR 86 s st viewof
meAsinfrivisiyg el veetivecedansuRdd YEY Ivecirep ks Xodn . ferhich is incorporated

heRORSHLLIOR With a suitable vehicle, e.g., sterile pyrogen-free water, before
use. The compounds may also be formulated in rectal or vaginal

compssitioRsisuerrastizwiesiteliceselratiticne aarieastie efhe dhreaparEcs
m@%‘éﬁﬂﬁ%ﬁ%‘%@%ﬁfﬁ@% MBS T PRNURILOS OIheh SlYeRrEeSy

In addition to the formulations described previously, the compounds ma

acpiable splrmvbsredssd I dersitinrdpa oAbt b aRansy et AstaRbLe: but
nofMay=he desmuiake d witfiablitabienpel waeraehily deaphakicomnptes glsditiceutically
example as an emulsion in an.acceptable oil) oy ion exchange resins, qQr
GRS 0 LT SR S Do e e S o e
follbeiphaciiadeuticel o fgsitidmsnals Guhdyuig lndécs piadyibeaaljdalege bheetic,
hase cartiers or,excipients. Examples of such carriers gr excipients . .
sl SRNER: SISERCAS MRS SHERARIUEE RratC e suceinic,
naphtisiensicguiphetirched beshetoseldhoniativielspgalelinaliiehn be prepared as alkaline

metal or alkaline earth salts, such as sodium, potassium or calcium salts of the carboxylic

acid group.

Suitable buffering agents include: acetic acid and a salt (1-2% w/v); citric acid and a
salt (1-3% w/v); boric acid and a salt (0.5-2.5% w/v); and phosphoric acid and a salt (0.8-2%
w/v). Suitable preservatives include benzalkonium chloride (0.003-0.03% wiv);
chiorobutanol (0.3-0.9% w/v), parabens (0.01-0.23% w/v) and thimerosal (0.004-0.02% wiv).

The pharmaceutical compositions of the invention contain an effective amount of 2
CpG mmunostimulatory oligonucieotide and optionally antigens and/or other therapeutic
agents optionally included in a pharmaceutically-acceptable carrier. The term
pharmaceutically-acceptable carrier means one or more compatiblie solid or liguid filler,
diluents or encapsulating substances which are suitable for administration to a human or other

vertebrate animal. The term cartier denotes an orgamnic or inorganic ingredient, natural or



polymers such as polyethylene glycols. -52- Suitable liquid or solid
pharmaceutical preparation forms are, for example, agueous or saline
solutions for inhalation, microencapsulated, encochleated, coated onto
microscopic gold particles, contained in liposomes, nebulized, aerosols,
pellets for implantation into the skin, gf dried onto a sharp object to be
scratched into the skin. The pharmaceutical compositions also include

synfBE{Y Lﬁrﬁh RAWESER: &@El%tﬁaﬁg%‘e‘?ﬁ a@é&!ﬁi’éiﬂéﬁi%%‘éﬁﬂé{é@& application. The

suppositories, syrups, emulsions, suspensions, creams, drops or

compepaant it BhirpreTaiterrarEiions atnacormpoandseipasrayaingled with
the PERRUAIIRLEHEIRICH R ARFRAGHIURS And/ L ABHIAN 65, BEh@Such that there is

disintegrants, binders, coating agents, swelling agents, lubricants, _

0o pRFaRHY W%\%@@Hé@B%%f@%ﬂ%@%%@@%?mm%%ﬂb@%ﬁw
above. The pharmaceutical compositions are suitable for use in a variety
of drug delivery systems. For a brief review of hods for drug delivery,
e MGG 1890 O 5 40P W R BOPA: Rz ne

wapyheaielr eacensthe GpGuitharuhestigulatory oligonucleotides and optionally
other therapeutics and/or antigens may be administered per se (neat) or
in the form of a pharmaceutically acceptable salt. When used in medicine
the salts should be pharmaceuticelyAdEebptable, but
non-pharmaceutically acceptable %gcléﬁgmgy conveniently be used to
prepare pharmaceutically acceptable salts thereof. Such salts include, but
ar€ridkited tonafueselpfemalil-frdiavthiotclioiitgracids RAytidonidn d;irro

hyd ﬁ%@%&%?@ﬂ%%; E%Eﬁfgﬁﬁr %@i@é%@z%@(in@ﬁﬂs}{'%m tested in

p-toluene sulphonic, tartaric, citric, m ane sulphonic, formic, malonic,

vitsuisaitiielr Adiphtiartmenzisipren ipctamtIsd hhm@&npmiw AdEs (BRAAC) to
seclc'ajéa fﬂ@»&%ﬁ&%@ g{ime%% @éﬁ&?h%%!‘@aﬂ&%@&m%&? H1889 and NF-

sodium, potassium or calcium salts of the carboxylic acid group. Suitable
xBhefferiegeenpenis.i tictisdeonstetic A4 sizgtadinalt (1-2% w/v); citric acid and

a s QVUNhaLe AGH B 2 2l Q A W N A RIISRN NG olled £

acid%g}égcf aaé%\l%g%%gé? %9/\% Sui@gge preservatives in?:%]de benzalkonium

idpfiorte U0V Oooy HN AN ARG LA op PR GDNS were
diifReQ 30 2asuen, aind LAinRre 381 43D RA-0-82%%, WhWstdkBe R DaruacRUtiGAlions

compoasitions of the invention contain an effective amount of a_ CpG
WORR AT B GH YERED BREBTe SREShd 15t BNy e S0 Bier
therapeutic agents optionally included in a pharmaceutically-acceptable

carrier. The term pharmaceutically-acceptable carrier mean r,mor
128 omp i oA B TGud HgF 0 0rC 0 oo riorerote T SETHNGR)

611 TEC*G*THCHGHTHTFT*T*AXC_G*G¥C_G*C*C_G*T*G*C*C*G  (SEQ ID NO:43)
614 THCHGRTXCHOF T TFTHTHARC_GHGHCHG*CH*C_G*T*G*C*C*G (SEQ ID NO:43)
620 T*CHGFT*C_GFT*T¥THT*A*C_GYG*C¥G*CHC_G*T*G*C*C*G  (SEQ ID NO:43)
331 TH*CHG*C_G*AFCHGHT*THC_G*¥G*CHG*C_G*CHT*G¥C*C*G (SEQ IDNO:27)
332 T*C*G*C_GFTHC*GHTHT*C_G¥GHCHGHC_GHCHTHG*CH*CH*G (SEQ ID NO:30)
333 T*C*G*C_G*A*CHG* T*T*C_G*GHC*G*C_G*T*C*G*C*C*G (SEQ ID NO:28)
334 T*C*G*C_G*A*CHGFT*THC_G*G*C*G*G*C_T*C*G*C*C*G (SEQ ID NO:29)
335 TECEG_CHGFTHCHGHFTHTHC_GHGHUFGHC_GFRCHTHGHCH*CHG (SEQ IDNO:30)
336 THCHGHCHG_THCHGHTHT*C_GH*Q*CHG*C_G*C*T*G*C*C*G (SEQ ID NO:30)
337 THC*G*CH*G_AYCHEHFTHTHC_G*GFCH*G*C_G*T*C*G*C*C*G (SEQ ID NO:28)
338 THCHGECHG_AFCHGHTH*THC_GHG*CHGHGHC_T*CHGH*CHCH*G (SEQ IDNO:29)



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 -53 synthetic, with which the
active ingredient is combined to facilitate the application. The

components of the pharmaceutical comypositions also are capable of being
commingled with the compounds of the present invention, and with each

3300ther.ip.a '8%%%#9 E‘,‘é%“’ﬁ%*%?&%@@%ti%ﬂ,‘c\i‘@ic“ VQ(EE"Q 1D NO:28)
substantiafly impair the desited pharmaceutical efficiency. The present
340nverftieHGsTtHtHeCliRiStr At e dBF tReFtRENRT Btages, wHRRGhRANQEY)

341Should besconstiugd-asfuithgr diniting: BXAMBLES «Examplerb Grislass 1)
ODNAnalogs'Induce IFN-a Secretion and Human TLR9 Activity In Vitro In
342%his SBIES 61 SXPEPIAERTE: COHES BN AR A6 5 ive inve@ﬂ%& :32)

343estegip-qtrasfortheirphilitydasstimiate humanperigheral dgleodp NO:31)
monoQucIe*a(kcells &PEI\QC} to *sgkc[keted IFN;a and*to stimulzz%&iﬁifi{
3bells REBYATSREIECRTWith- RUMECT PR BRI KEZKE repo Q2
to demonstrate TLR9 signaling. ODN were purchased from Biospring
Frankfurt, Germany), and were.controlled, for identi nd purit le
S SRS B T O o S O DB ot . CoO
Omi_mspﬁ ﬂé}ﬁ’ﬁ@.@éﬂ‘ §M@ﬁ§,@&@ﬁﬁﬁfﬂhmﬁﬁeﬁhm@m a positive
coz%”éﬁt'fo??%"%@rei Sl .La?c‘%_ix‘?g% USipg pYI08SRs 515y 83ggNts. Test ODN
included the oﬁéwmg. 128
(TGEG COMTFCFCERITELTHOCEG GEQT N3y s verH 3 (BEGVronirol for

Z T* XA T*O*(*xT* *T* * N\ *x x> % x>k *Tk(o*xC2kC% ,
st%gﬁ)g%é 43%%121@%19\1 R (TR R R PrEIETEART e 6 1B Nou18)
WaF iGelAT EQE@IVTETMTOA*C_G*G*C*G*C*C_G*T*G*C*C*G (SEQ ID

NO:@%}E’;%%} bisol bldfe-<Gat prephrat On s oin Remitls Tafe- o Tefafe Korn donors
(SEQ 10 NO:43) 331 R
weTe Qbiz g Groax a3 ipopBant of the- Grtversioof iigseldert (Sprpyapy) and from

théyé@E Igi%@’l\%ge% %é@lﬁ cerfrifagdiidntavs BB padacCSIgd C  tikpurified

PBME-pers Tesuapeed i RMEM S aiiige medipn Gl WhifiakeE §igim)

suDIRREN ABATH SHG) RATRA G NGB G GG GBI WHGAEES G 10% (v/v)
(SEQ ID NQ:29). 335 . . .  ees

e R & PV S e il O i) il and 100 pg

strHR6ROK B TSGR BTG GEFATIG) G*G*C*G*C_G*C*T*G*C*C*G
Gt BRI itk soood an 5eel oo pleis @y ipgpied for 48 hours

wistOOZ8Y i33Be TratEnetBnAOHGICETd ( GHEnaHBENIbENg G 3C*C Gulture

su SexEn E!J,QIZSNW%:I%QC)OHSC‘ted and if not used immediately, frozen at —~20°C until required.

Amounts of IFN-¢. in the supemnatants were assessed using an enzyme-linked
immunosorbent assay (ELISA) developed using commercially available antibodies (Alexis
GmbH, Grimberg, Germany). ODN 128, 331-344, 611 and 620 were tested 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 TLRS reporter gene assay
expressed the human TLRY receptor and an NF-«B reporter gene construct. Cells were
incubated with ODNs for 16h at 37°C in a humidified incubator. Each data point was done in
iriplicate, 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.



-54- 339 T*C*G_C*G*A*C*G*T*T*C_G*G*C*G*C_G*T*C*G*C*C*G (SEQ
ID NO: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
(SEQ ID NO:29) 341
T*C*G*C_G*T*C*G*T*T*C_G*G*C*G*C_G*T*C*G*C*C*G (SEQ ID
NO:31) 342 T*C*G*C_G*T*C*G*T*T*Gz G*G*C*G*G*C_T*C*G*C*C*G
(SEQ ID NO:32) 343
T*Cﬁﬁé*&?ﬁiéﬁé&ﬁﬁﬁ&e&f{é’é%*gf’é A CLIFISER NP Bows that
1) 344 T*C*G*C*G_T*C*G*T*T*C_G*G*C*G*G*C_T*C*G*C*C*G (SEQ
C-qpsnOIT )3 ivh érdinard S3reeresblsbpharentmiacs Hikay£aarf00-2500 pg/ml
typ@%e@ﬁgﬁsprp&gﬁpgoadé%ﬁg%ﬁﬁggggf ?Bﬁ ORN 2008 of IFN-« induced by these
(TCGTCGTTTTGTCGTTTTGTCGTT, SEQ ID NO:56) was used as a
OIpesitveficoityohforcfitRbsigminofvElbn. Gdotad PTHE @BN-2UeGtration of
othtG6IP T GREG GG GHGE b% SERINR 3%%%“83?25‘3 HEP9SiRaucea

_ positive control for IFN-a induction. Non-CpG ODN
mg(tr@@ﬂ@@@;@ftwﬁ@&%ﬂis@hng SEQIHINGAE) vifhs siawias enriadeniviea. 15)
wthﬁ Qe SHRRBIRL AR MY o0 %@%ﬁﬁ%oﬁ?ﬂk@%iﬁ%&ﬁ% induced

emale human donors were obtained from the Blood Ba

by thereetdit) oD assuidui teeliidh yicaatiteart tie sedursiie hefarpaldfieggniration
of éb@@@ﬁ@‘&gﬁg%{?éﬂaf fricoll-id ypague Siomal~Lhe.puified RBMG wetg,

resuspended in RPMI_1640 culture medium (Bio Whittaker, Belgium)

suppidfrehid® WithEds-@y RER-fldeliidetht Gridndes d&igmereater amounts of

IFBioWDIdake o0 M (WhoicHE 3tHBRpHvRIAt T on@ A bl tARNAE The amount
BioWhittaker), 100 U/ml penicillin and 100 g/ml streptomycin Invitﬂ_;éo&;en,
of Kd¥rsrinducse prdhsp: PlalFiemilrents e seekiedhs Aoeuwent a@izm wsad Dy the

smﬂ@&%ﬁéﬁ%ﬁ%ﬂhﬁt_@@f@ﬁé&@ Wi Wit @DN1R eCoReeRUAIANS BR 611, 614,
indicated in a humidified incubator at 37C. Culture supernatants were

and SRdckesdrarh SRt rab ammRE AR frojganling s frpigilivepith a stimulation

inddMeERLS M-E?\‘vﬁm% theSHPAMalARS WRIshaTSRSsed YSinanddunt of TLRY
~enzyme-linked immunosorbent assay (ELISA) develo%ed using.

sieRs SR Métred Baibaotied (KRS a8 B ARsH, SRR elghaling activity
indAEWN 8¢ 8 SSn344nbdikraish G2Oweredested with PBMC from four

differ onors,.and 4 was ed.with PBMC.f iffere

donci SISy Tna Ak St T e GO OIaD were
algenerassey varpaIdsEzU It mmodthd bRSnetpgitadrand-anndik Eptmter

ene construct. Cells were incubated wit for 1ph.at 37C in a

O R S Eadm AP AR e RO 38 R s g b
Tedssnd abskyiediitiospbied-genss aomity (SODN 2425 (RHee) were

calcuiajed I LEIRLENEe R RPFGLASNS AN, ARSI W cnass oD
analogs of the invention effectively induce IFN-o secretion and human TLRO activity in

vitro,

Example 2 ‘
Additional C-Class QDN Analogs Induce IFN-q Secretion In Vitro
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



- 55 Results. Representative results are presented in FIG. 1 and FIG. 2.
FIG. 1 shows that C-class ODN 332, 333, and 334 induced large
amounts of IFN-a (ca. 2000-2500 pg/ml typical) when present at a
concentration of 1 M. The amount of IFN-a induced by these ODN
significantly exceeded the amount of IEN-a induced by the same
concentration of ODN 2006 or 1982. FIG. 1 also shows that C-class ODN
repaae ob (B0 r334 o dvgad sigpificaotameuls %;Ra%%l%@@aéw RSHILY in place
(typically with a stimulation index of ca. 15) when present at a
of ¢oIREaHmtigRdrapdmresiE#mount of TLRY signaling activity induced by

thesgHPNpasHabaut alh thexhbR9 sigaalivpractivibabadusesiby.the

same concentration of ODN 2006. Essentially the same results were
observed for ODN. 128 and 335-344. FIG. 2 shows that C-class ODN 611,
64514, amC620TinduseTieverTyEate arhatmty of  IEN=a{aa. 3000-40668Q ID NO:59

SRR 2,CANGANIRIGH M THE amount gha 1p 050

a9 PGB
IFN-a induced by'these ODN s%* icantly exceeded the amount of IFN-a .
64?nduceﬁ‘%’§ﬁﬁ%*‘§éﬁn£*éoﬁc€n§ ioh &f SBRZ606 0 1982. FIG. 2 aiSQ D NO:38
64showsTthat@lase OPN BIF BTAG a6 20Lndtcert sigrificant amGRuSD NO:45
550" TLRA.&ignalind aetivity ypicaliawib.ashimiylafion. index of ca. 18529)n nosas
when present at a concentration of 10M. The amount of TLR9 signalin ‘
65 hetivity Tdieed byPitede OB WS agaH dbbih Half tHE FLRG signafifigy 1D N0

activity induced by the same concentration of ODN 2006. ODNs 611

SEQ.JD NO:43), l%)éSE 1D NO:43), and.§2 EQ ID NO:43) were .
R AR SR TAS BN B B A tmd O RA g e
inErolaketokdjoriuge atiddsrdpssabis dpehesse new C-class ODN showed

higher activity,i §—| h an TSJ%R% a5 gil Mgc i I f {E%%,\%ﬁ e 1

simil%iru%aagm Q%effg%aé?e aken togeti%{er,%e rersu tsog? t Sese o

expefimentss dé MdhstiatthtmipSiGlags OO Nassasiodvwighe mmgrntoinked
. effective%i d @E{I LS egrg@mw 0RO AGHty in vitro.
Eml]é%(]'falllr{rﬂspre “&#ﬁ%ﬁfo a g—éllass ODNAna o%s%lr?duce_ IFN-a Secretion In

Vitro Rasteils. serdase BN ris, aaddiftdnelhcaeians=d Divahbydgs erssece of AT-
ridPYRRIAR IS, dRsladJeuiadardn alb ALY 4o s -3 6L PARN 500 peimi

The C-class ODN analogs in these experiments were characterized in
typized byithe presehoe ebacEnittiimtefrlipldd iRve pragusieairBpeatsroresd fethese
oggggg%ﬁc%%%% U VSRS A eRP AR SO WA IRBE SIS B on of
ODN 2006 or 1982. C-class ODN 649, 650, and 651, characterized in part by the presence of
interrupted inverted repeats containing dSpacer residues, induced large amounts of [FN-o
(ca. 2000-2500 pg/m] typical) when present at a concentration of 1 pM. The amount of IFN-
o induced by these ODN significantly exceeded the amount of IFN-¢. induced by the same
concentration of ODN 2006 or 1982,

Taken together, the results of these experiments demonstrate that C-Class ODN

analogs of the invention, characterized in part by the presence of AT-rich interrupted inverted
repeats or by the presence of interrupted inverted repeats containing dSpacer residues in place

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



of conventional nucleotide residues. ODN were obtained as in Example 1.

Test ODN included the following: 645 T*C*G*T*C

G*T*T*T*T*T*A*A*T*A*T*T*T*A*T*T*A SEQ ID NO:59 646 T*C*G*T*C

G*T*T*T*T*C*A*A*T*A*T*T*T*A" T*T*G SEQ ID NO:50 647

T*C*G*T*C_G*T*T*T*T*T*A*A*T*A*T*C*C*A*T*T*A SEQ ID NO:58 649

T*C*G*T*C G*T*T*T*T*A*C*G*G*C*G**L*L*T*G*C*C*G SEQ ID NO:45

650 T*C*G*T*C G*T*T*L*L*A*C*G* *C*%*%*L*L*T*G*C*C*G SEQ

IDNO:38 651 T*C*G*T*C G*T*T* CREAG*C*G*GHLHL*C*C*G*C*C*G
AdSEHDINCIA ADETdimnfopsgraseats fhosSphanathioate-imtem GEIRStIde iy In Viire

Ikage, ;. [ERIeSHS P@E&E‘Og?ﬁé%é &Bﬁ”“&igf’t'gﬁgé“f& &80 Ve tested in

represents dSpacer. Human PBMCWere obtained and treated in a
vitrodongicardidne us stk aimplenin Avidhts efcietddaliiNtoensd pestiataiats HEK293

oo AR RIS 1 KA T RS o DN B, Ui

TL®sighaltagteTize thdsi parstoydhie prdssnie dfAExreatpintevihtdd xertdoh that
r induced moderate amounts of IFN-a (ca. 1200-1500 pg/mi
thﬁtg{ﬁ?:@?ﬁﬁ%ﬁ%%r%%%ﬁﬁ ?aotﬁ\g%%lrgéentration of | M. The amount of IFN-a
induced by these ODN significantly exceeded the amount of IFN-a

geinduced. by the same concenfration. of. QDN.2006.0r 1982. C-class NO:62)

649, 650, and 651, characterized in part by the presence of interrul&te
3Tnverted FEFEAECHRTAITNG HSPAETTEEiIBGES Gnduced large amoukts Sl NO:6L)
g0lFN-a (€. 2000:2300, pg/ i typical)owbep-wresent et - coneentratiqepaf D NO:65)

M. The amount of IEN- g in d by these ignificantly exce ,
39?\% amTo*uCnﬁGcﬁ‘q%ﬂgLi:%ﬁ%gd li)% %h“ep%/g%eé wcga%e'%n%g%rg of ODN 2 r NO:66)
894982, TakeA1DyetherT tie pasults of tHede ekpetients' démonstratéSHail NO:67)
s55-Class.ODN, analogs.ofthie,invention, shasagesized in part by thepo mNo:63)
presence of AT-rich interrupted inverted repeats or by the presence of
22Mterrupted e P Cats BoMamiR TSP A&7 Feidnag i Pidke (FEQ ID NO:64)
2o00nventianal-nualeatide residues, effeativel:intucez N secretion$iEQ ID NO:64)

o 4iro. -97- Example 3, 9@%@3& i'cc%%ﬁf@;g%\l’éﬁémﬁs Induce 'FN‘fgg%éD NO:63)

ecretion and Human ctiw itro " In this series of exper ,
238lclas§ ODNarialogsbfahehvehEbPLwERS EESETTR vitro for their ABRRD NO:63)

2igrstimulate duman DBMG te seeretegh RN-a-anddeorstimglatedHEK 2830 1D NO:68)
cells, stably transfécted with human TLR9 and NF-xB reporter construct,

to demonstrate . .
whereln * represents phosphorothioate linkage and _ represents phophodiester linkage.

ODN in different conentrations were tested in the TLRY reporter gene assay. The
EC50 (concentration of ODN at which effect was 50 percent maximal effect) was calculated
using SigmaPlot (SigmaPlot 2002 for Windows Version 8.0). The maximal stimulation index
{max SI) was calculated as the quotient between the highest value of all concenirations tested
for any ODN and the medium control. Results are shown in Table 1, wherein it can be seen

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



TLR9 signaling. The basic protocol is as described for Example 1, with the
exception that the test ODN included the following: 664
T*C*G*A*C*G*T*C*G*A*C*G*T*G*A*C*G*T*G (SEQ ID NO:62) 376
T*C*G*A*C*G*T*C*G*A*C*G*T*G*A*C*G (SEQ ID NO:61) 801 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)
893 T*C*G*T*C G*T*A*C G*G*C*G*C":’5 G*T*G*C*C*G (SEQ IDNO:66)
894 T*C*G*T*C G*T*T*A*C G*G*%A%’@%C G*T*G*C*C*G (SEQ ID
NO:67) 882 T*C*G*A*C*G*T*C*G* *]I'*G*A*C*G*T*T (SEQ ID
NO:63) 2290-TEESEMHCIBALE 1B T G SeCH@G B @ *TEBYC*C*G

e T e Ve Y- MR N AT

(SEQ ID NOB4 2292 T*C*G*T*CAE%H AT —

C*G*G*C A %ﬂ-ﬁ?—%@*ﬁe‘%@

G*T*C*GA*C G+233,21+A+C*G Tt (Siﬁo DNO+632341 T,)\./*G*/—\*G

G*T*C*G /—‘\*C*G*,j FAFCHGHTET (Sﬁ‘ﬁﬁ NE:63) 235+ X6 TC

G T T TAC S GE G CEE 6556 T{SEQID NG8) -wherein *

et - - -

represents phuapi‘gy thioate-finkage §‘§'6‘JO— represents phuﬂ.odiester

|' k C\I‘\I\I H PAH - 4. Sia - 41 roara-toctad 1n thao RO.xanay it

InNKage. QoN-tTai 41::||L conentratiot (] fe-testeaitne ‘llll.r\U repotier
Tla ONN-_atadiakh £ +.

gene assay.—Thne %50 (congentt atiuil,}%buuw at VVIIIblIUI(Iﬁb was—50
rax'rmavfﬁag ¢ tising Si igmaPiot 2002

percent i ;7t) was-catctiate te-Si
for Windaws \VICIDTgG%S.G). Fhe-maxim '

on
H lati -V Prevs ClNans
Ilﬁg‘ﬁIIIIUIalIOﬂ Haex STrWas
Iha- Kkl + ~f 4+
t Ot t

Ia [ Aahaoactryvaliie o o e
calculategras-the Wlb‘llt petyveen-t U= Olegl iestvarte-oramrconeen rations
t tdf  OASKI Al Airsaa-a I DPRaocotilte-ara—cocbavam—in-T. bl
estie of-any uu?,\?glllu tnemeaitim \,,131 FOrRestS-are Snowhn e
1 h H Y wla +la E e | f: AT H PR P | PP - ~f 10 ’)O

, wnereintrcanoe-seet—tnat stimtratomaiCes i the range or ro=-o

were common. -58- TABLE 1 C-Class CpG ODN of the Invention Activate
Humbar Jd_ R0 1@ NIHTSG: (whi) saepetSd BORuH36 PBMGAhdn2800iRMbation with

e LR BEAC T2 ERSuRR o TGS Werdin the faust of 0004000 peiml
following incubation with ODN at concentrations less than or equal to 1 uM. Response

curves for IFN-¢ in these experiments were very similar to those shown in FIG. 2.

Example 4
C-Class ODN Analogs Induce Anfigen—Specy”zc Immune Response In Vivo

In this series of experiments, C-class ODN of the mveniion were tested in vivo in
conjunction with vaccination of mice. C-class ODN of the invention were observed to boost
titers of antigen-specific tota! IgG and IgG2a (Th1-like IgG in mice), as well as antigen-
specific cytolytic T lymphocyte (CTL) responses, in a manner at least comparable to B-class
CpG ODN 2006.

ODN were obtained as in Example 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 1solatorg
at the animal care facility of the Ottawa Hospital Research Institute, Civic Site.

Naive BALB/c mouse splenocytes were used for all in virro assays. Antmals 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)



664 12905 2292 27005 376 230 2 Large amounts of IFN-a were
secreted by human PBMC upon 48 It incubation with these C-class CpG
ODN. Typical amounts of IFN-a were in the range of 3000-4000 pg/mi
following incubation with ODN at concentrations less than or equal to 1M.
Response curves for IFN-a in these experiments were very similar to
those shown in FIG. 2. Example 4 C-ClasS ODNAnalogs Induce

Antigen:-Specific,Immune Response In Vivo In this series of experiments,
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Technologies, Grand Island, NY) -59- supplemented with 2% normal

dijEpadherraTiEe daanaREr aBraTBRES Whiafd teasmsagreater than that of non-

iR HnSHeReMYEIR. salVIRe 6ina) ronsesmiR QG hantd: tiers
r%nl respectively; Sigma Chemical Company), and 5 x 10"5 M
(C( 2 é\‘c%@&ethanol (Sigma Chemical Company). BALB/c mice

(u =B 1%}9@%&%@3@5&&&5@@ mmrimq; @@B@ﬂu%%wlfﬁ@&e BABASNspleens were
S sSub, type a nternational Enzymes, alone or | .,
Co B AT P GEPEPES QBT BP8 G BsBHPn in REMI

1 &0t HAnvalawenediied @t Deostetbaled, Greakdast-primanyplemented with 10%
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of 1000 U/m! and 1 mg/ml respectively; Sigma, Irvine, UK), and 5x10™° M p-
mercaptoethanol (Sigma) (Complete RPMI 1640). HBsAg-specific lymphocytes in
splenocyte suspensions (3 x 10° celis/ml) were re-stimulated for 5 days by incubating with a
murine cell line (p815-8) expressing HBsAg. Following re-stimulation, the potential of the
lymphocytes to kil] celis expressing HB sAg was determined by using **Cr release assay. The
results are presented as % specific lysis at different effectoritarget (E:T) ratios.

Results. Representative results are shown in FIG. 4-6. As shown in FIG. 4, total IsG
titers for ODN 2006 and ODN 620 were dose-dependent and found to be ca. 5 x 10° 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 1gG2a (Thl-like 1gG 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 ug, were ca. 3 x 10° s

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



Antibodies (total IgG, IgGl and IgG2a) specific to HBsAg (anti-HBs) were
detected and quantified by endpoint dilution ELISA assay, which was
performed in triplicate on samples from individual animals. End-point
titers were defined as the highest plasma dilution that resulted in an
absorbance value (OD 450) two times ggeater than that of non- immune
plasma with a cut-off value of 0.05. These were reported as group mean

Forl €85 Kol oh SFN wfad i ARsRYRW e AONGUGIESh APl AN i RIRRYRAMS of 10 and

manner. Briefly, spleens were removed at 4 weeks post immunization

108 veg hETceenip ke natecstareedullizes fenSibh iA0RE 01 8xb2]Sdueagh pdpeinisiered
in PGS (it Tarhnologins AGrand J5land, NY) supplemented with 10%

fetal bovine'sérum (Life Technologies), penicillin-streptomycin solution
(finallebar éogralionthsf reedts Wiriicaneperigionts dspentively; ISiym&laryiaeN
anﬂ@s aptherhmilh %%fee%ﬁra%;%&%@ﬂg@%@ﬁgﬁm%&%%m@é%ino.

BsAg-specific lymphocytes’in splenocyte suspensions (3 x 106 cells/ml)
were re-stimulated for 5 days by incubating with a murine cell line

(p815-S) expressing HBsAg. Following#gistimulation, the potential of the
hocytes to kill cells expressing HBsAg was determined by using 51Cr

'ﬁj SALEON AP AQET LTS U S BPEHd Ber S huttic 9L ad ted namy Model

effector:target (E:T) ratios. Results. Repragentative results are shown in

FIG. 4-6. As showp in FIG. 4, total IgG _titers for ODN 2006 and ODN 620 , .
were BOLS S8 HEAPHRA TBtind 0% O L 08B Y T3 e ot i
vivespectielye ab@Eksose afidigl. Totdhig TR mmbdrg® BNh200Ganch@R found to

. 620 were found t ca. 1.x 104 at, ODN dose of 100 g. As shown in
i s S i R . S o
(Thi-IRBYg@ein alitis)ecor patedepkon-CpG control ODN 2137
(GG RS H G TS THLIGI GG B SERQP NO:60). Specifically, IgG2a

titers for ODN 2006, 620, and 2137, each administered in doses of 10 g, |
were R41B4e 1oge 6/sra irgcalisd S:henopepsshece iiadairsiiang pralag 0 with
1.9 0 RGN RLAR R Iurelie: Pt L SA-TEr@ieiN 2906:804640 W88 Culture
significantly greater than_control at administered doses of 10 and 100 g.
Colly rasRaR SN sp M WA PN BIS6E D50 %ﬁﬁ»%;’-@%r&p@ 620, or
n@lDptstenad! DEse7adR Gonagea 02690 P24%ntane,12%end akebr volume were
together, the results of these experiments demonstrate that C-Class ODN
mﬁﬁ% of the invention effectively induce antigen-specific immune
respoRaasgrin Rypresexanype SClastGRNABEDJSs UnpiovenSuBiGalandice

treRa?g %r?ﬂ;r&jgéoﬁgy 85’1@(&8 ﬁag%r?B‘%l\s/ligrgrie\!al 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 ng 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 turmor volume in a tumor

model in vivo.



In Vivo In this series of experiments, C-class ODN analogs of the
invention were tested in vivo in a murine neuroblastoma model. C-class
ODN analogs of the invention were found to improve dramatically both
overall survival and tumor burden. ODN were obtained as in Example 1.
BALB/c mice were obtained as in Example 4. BALB/c mice were injected
subcutaneously (s.c.) into the left flank on day 0 with 1x106

neuroblastoma (Neuro-2a) cells (e. @fé% CCL-131, American Type
. 7 : o
Culture Collection, Manassas, VA@” ICe were given s.c. injections of

PBS, CpG mweQWBQ@@ﬂndoﬁwﬁ®@mnﬁC@ENm9W daigdgom day
102&%‘?{&5@&9%@0%%&5‘&%\19@-’Eﬁééf @ﬁﬂﬁéﬁn‘é@e& tB@ﬁWéﬁt_ion showed

Representative results are shown in FIG. 7. As shown in FIG. 7A, mice
favgediedwithAdTP O DR BRPA AP R SRS THAl aF el gaydivasatier

sutkmpasad Withneerespreading survival rates of 0-20% for ODN 2006,
ODN 2137, or PBS. Furthermore, as shown in FIG. 7B, mice treated with

100 YlopNes B KEadinmesr R Gt WA E HEEROY S 4 st T8eHImMA0gHe of ODN

in #2028 At H8RIBRIIROM DS by 38 a¥sa FEOMIRALISAR ARG RAERidneys and
with ODN 2137 or PBS had more rapid, monotonic tumor growth. Taken

SPisHeTHERE S ESHRY S R e SHSORHIATRE A HSTRTE Rl e R BRBIRE for
quanaingsaf énednention effectively improve survival and reduce tumor
volume in a 0 del jn vivo. -61- Example 6 Tissue Metapolismand , .. .
DTS o - CHS E N AATSUEm AT or i ARG e Sl s it ation i
orgaglass @phrahal dgslofothe fnlre phiospbbovisdafayelialtemie @bBdlssuengs 2429.
clearance from organs such as the kidney.and iver.a cut +
o ST O e e DU o2 ioh SR 3018
and/a8 adMimisteret 0ty OBk visa winie Suboutiselsus G585 h dédfomd 2429
wél Yaripuls fimegnoinis, 1he graans (liver, lidpeysand spleen) were been
removed and the oligonucleotide and Its metabolites were extracted for

quantifikerion orvbolnchesreesulis Srmermis thithisintvddboharalgeerf the

inB0H: 58 Al SO PWE LIRS RO UIMHARN IR QRN RS GRMRAVRGHOIR KagWdbtherwise
fully pihtosphorothloate palindromic ODNSs, such as 2429.
accumulale.

Example 7
Physical Characteristics of C-Class ODN Analogs
In this set of experiments ODN 2429, 611, 620, 608
(T*CHG*T*C_G*¥T*T*THT*C_G*GH*C_GH*CH*G*C_G*CH*C*G; SEQ ID NO:51), and 618
(T*C*GHT*C_G*T*T*T*T*C_G*¥G¥CHGH*GH*C*C_G¥C*C*G; SEQ ID NO:33) were
characterized using size exclusion chromatography, capillary gel electrophoresis (CGE), UV
thermal denaturation, and high pressure liquid chromatography (HPLC)., When ODN 611
and ODN 620 were investigated by size exclusion chromatography (225 pM in PBS), only
bne pealk 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 QDN 620

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



For example, on day 3, kidney levels of ODN' 611. 620, and 2429 were

ca. 70 f 28,30 18, and 90 10 mg/kg, respectively. Likewise on day 3,

liver levels of ODN 611, 620, and 2429 were ca. 45 15, 28 12, and 150

15 mg/kg, respectively. Taken as a whole, these results demonstrate that

C-class ODN analogs of the inventiongyayve favorable metabolism and

clearance from organs where ODN might otherwise accumulate. Example
The/ RBYRIGRhRRLAcRtiaties of fedtlpge @ BINARRIAGS L Ahia 881 Of1 and 620

experiments ODN 2429, 611, 620, 608 .
sequpRests “FepcTalh shamper Realg e obsrveskin RPN end CEEdPribrie s5qyences as
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NO:53) were characterized using size exclusion chrom raphy,
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or IRRAMRL, HRwever WiV dhsrmalidenatyratipn siidies adicated that ODN

611 and ODN 620 had a secondary structure in solution, consistent with

an intramolecular hairpin structure. -62- The hairpin structure is believed

to result from the inverted repeat in the 611 and 620 sequences.

Generally sharper peaks were oBSBNEFRNDENREC and CGE for these

sequences as.compared to . 2429 and ODN Taken as a I}glg Iilled

st TR SR R e SR R RO D S8 g e
in thefarniciprentici dbefavsedondiarisus carbl catidnd ofHbe fomention in addition to
hdQICHDRICGHIAGCOMBIENESIINT @ AlE CANGENITANANCXAMIASH MNBIRER the

palindrome-containing C-class ODN tend to associate into complexes

forggoinglinseaiptioranfaraihieibn Srssearavs trowavetediclaimély isadvantages and
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_ sufficiently high to favor duplex or even higher-order complexes of ODN,
mYSERfRANg duplex or even higher-order complexes of C-class ODN analogs

of the invention. EQUIVALENTS
All references, patents, and patent publications cited herein are incorporated in their

entirety herein by reference.



The foregoing written specification is considered to be sufficient to enable
one skilled in the art to practice the invention. Various modifications of the
invention in addition to those shown and described herein will become
apparent to those skilled in the art from the foregoing description and fall
within the scope of the appended claims. The advantages and objects of
the invention are not necessarily encompassed by each embodimengiek | | p
the invention. All references, patefits, and patent publications cited herein
are incorporated in their entirety herein by reference. MCSLLP 63
CLAIMS 1. An immunostimulatory nucleic acid comprising:
TCGTCGTTTTACGGCGCCGTTGCCG (SEQ ID NO:44). 2. The
immunostimulatory nucleic acid of &laiti¥iSconsisting essentially of
TCGTCGTTTTACGGCGCCGTTGCCG (SEQ ID ND:44). 3. The

immunostimiatatyoausleisasidoislaimd hgrein.at least one

TCC%’%I(rsnguyn%ﬁoﬁié:(g%&%ﬁlﬁ%@g@g&%%ﬁmﬁgﬁt :c hTir:Eem ucleotide

linkage is phosphorothioate modified. 5. The immunostimulatory nucleic

acig of claim 1 i least one.nucleotide in the oliganucleotide.is a
sugétitutgjgé#n}%{g%e%%%iﬁ%zy o?u%?}%?’éfﬁé%g?aﬁ‘eiir%% iR o
nudieie Held ot clam@E S whefeinthe SUbstRE dDpyamitine is a C5- or
C6-substituted pyrimidine. 7. The immunostimulatory nucleic acid of claim
5, wherein_the substituted purine is a C8- or C7-substituted purine. 8. The
immunostiMulEBRPATRERGH eSS, Abisiian tidswisatitest one
ntemadébediitine O prdsidinelinselected: fom the group consisting of
5-substituted cytosines, 6- substituted cytosines, N4-substituted cytosines,
5-aza-cytosine, 2-mercapto-cytosine,isocytosine, pseudo-isocytosine,
cytdsine Azl ogswitstontemsedicing systemsaand, uracitesivativesiucieotide
Lnk YR JEHINEHNE S f:AQaAzag0uanine, 7-deaza-7-substituted

guanine,7-deaza-8-substituted guanine, 7-deaza-8-aza guanine,
hypoxanfhine, N2-substituted guanines, 5-amino-3-methyl-

3H .8 H-thigze pidubrdlpyrmeifendcl-HoRR: & EreiaMIRRRILING: 1aact one nucleotids in

the 0 _'agcrjrzlllt?cqgcli{{gg% %Lég setit{lncgg lc?t"modiﬁed purine or pyrimidine.

6. The mmunostimulatory mucleic acid of claim 5, wherein the substituted
pyrimidine is a C5- or C6-gubstitizted pyrimidine.

7. The immunostimulatory nucleic acid of claim 5, wherein the substtuted purine is
a CB- or C7-substituted purine.

g. The immunostimulatory mucleic acid of claim 5, wherein the substituted or
modified purine or pyrimidine is selected from the group consisting of S-substituted cytosines, 6-
substituted cytosines, N4-substituted cytosines, 5-aza-cytosing, 2-mercapto-cytosine, isocytosine,
pseudo-isocytosine, cytosine analogs with condensed ring systems, and uracil deﬁﬁaﬁves,
thymine derivatives, 7-deazaguanine, 7-deaza-7-substituted guanine, 7-deaza-8-substituted
guenine, 7-deaza-8-aza guanine, hypoxanthine, N2-substituted guanines, 5-aminc-3-methyl-
3H,6H-thiazolo[4,5-dJpyrimidine-2, 7-dione, Z,G-diamincpmins, Z-aminopurine, purine, indole,

substituted adenines, 8-substituted guanine, and 6-thioguanine.



substituted adenines, 8-substituted guanine, and 6-thioguanine. 64
MCSLLP 9. The immunostimulatory nucleic acid of claim 5, wherein 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-cytosine, 5-iodo-cytosine, 5-hydroxy-cytosine, 6-
hydroxy-cytosine, 5-hydroxymethyl-cytosine, 5-difluoromethyl-cytosiné@CSLL?
and unsubstituted or substituted 5-alkynyl-cytosine, N4-ethyl-cytosine,
NY-propylene cytosine, phenoxazine, 5- fluoro-uracil, 5-bromo-uracil,
5-bromovinyl-uracil, 4-thio-uracil, 5-hydroxy-uracil, 5-propynyl- uracil,
2-thiothymine, 4-thiothymine, 6-substituted thynmines,
7-deaza-7-(C2-C6)allcynylguanine,
N2-methyl-guanine,.N6-methyl-adenine, .8-oxo-adenine,

8-hyslroxygrraninenangSuemoauaning.: 48 TheMMunostimualont ved or

réugl%ic acid of claim 5, wherein the substituted or modified purine or ‘
SyRrame 1 S RISEB oS te Grotpredhs AR Sraltiec5apase]-arosice, 5
flugroredtisinim §-sistenvyasiaco fatioongyRysiens Ra6-ayhysie gen ARFy-cytosine, 6-

(§Ba}_gﬁ : i | i tory nucleic acid of claim 5, wherein the

hygjbstitutgﬁ%}rsmfi#%%%gﬁe%%?ﬁ anl] |r(1ﬂeu?sm§% e&ga}ﬁ%srlﬁl g gD Hvuted or
subgSiutenbpaviratiesinadStech ieiso sirtold, S-pitoyynotytdRibagienoxazine, 5-
ﬂlﬁf&i&rmGT_H?@dﬂéuﬁllg@lz@%IM%%MIPMQ%%&&L@%E}MExy—uracil, S-propynyl-

1?-9_@4 triazole-3-cafooxylic %md amide, fluorobenzene, and .
wiih 5iBISARTERE: 15 R e e CORBHYIA PSR oIy Py gumine,
NZauietoflegwoive, of Glaietts tadehianB an antigeine 18 rodphayFacRulica
s-5QmBesition comprising an immunostimulatory nucleic acid of any one of

claims 1-11 and a pharmaceutically acceptable carrier. 14. A

pharmaceutical composition comprising an immunostimulatory nucleic

acid pf. anyrane:ehelaimmdnid-ARd-a9 AN GANGEIMediCAmEnt . 68 e or
mé\%ﬁr?]&lﬁP. 15. Use of an immunostimulatory nucleic acid of any one o
claims*i

PG SF BRSO SOt Ao dRs &re B coRE g fhiarv o base, an
argmate riks: e useabolaimih, sphersinnthe 6aR6 e SeRORETL M, basal
cell carcinoma., biliary tract cancer, bladder cancer, bone cancer, brain
and central nervous system cancer, breast cancer, cervical cancer,
choribtarcir8fiE BRI timmd Fesrumcteineeid cbrinbutiveviisste tarodsfituted or

médifieepafithatigestiversysiR-eadRmeHialeRY %%Wﬂeﬁﬁgﬁ&m, 5-nitro-
nSYE Gancer, cancer f the g %ga%nd neck, gastric cancer, intra-epithelial |
mneg,p é%lm?%ﬁg)’/ c§ﬁ'§%r€,ﬂf S = %rlf’(?&ﬁ &@Jrﬁac’hchioro—benzumdazole, 1-methyl-

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

12 A vaccine comprising an immunostimulatory nucleic acid of any one of claims 1-
11 and an antigen. |

13. A pharmaceutical composition comprising an mmmunostimulatory nucleic acid of

any one of claims 1-11 and a pharmaceutically acceptable carrier.

14. A pbarmaceutical composition comprising an immmunostimuliatory nucleic acid of

any one of claims 1-11 and an anti-éance:r medicament.



liver cancer, lung cancer, lymphoma including Hodgkin's and
non-Hodgkin's lymphoma, melanoma, myeloma, neurobiastoma, oral
cavity cancer, ovarian cancer, pancreatic cancer, prostate cancer,
retinoblastoma, rhabdomyosarcoma, rectal cancer, renal cancer, cancer
of the respiratory system, sarcoma, skif cancer, stomach cancer, MCSLLP
testicular cancer, thyroid cancer, uterine cancer, cancer of the urinary
system, or other carcinomas and sarcomas. 17. The use of claim 15
)wherein the cancer is a cancer sensitive to treatment with interferon
alpha (IFN-a). MCSLLP 66 18. The use of claim 17,wherein the cancer
sensitive to treatment with IFN-a is chosen from hairy cell leukemia,
chronic myelogenous leukemia, cutaneous T-cell leukemia, multiple
myeloma, follicular lymphoma, malignant melanoma, squamous cell
carcintina, KD &t aelateticapusis caroanacrenabe et CaHENINanR Ot
m&RAHEIRRMa, cenvisaldysplasia. L colan. g&rgﬂocma.e;& The use of claim
15, wherein the medicament is for use in conjunaérff:oﬁ with an anti-cancer
therapy. 20. The use of claim 19, wherein the anti-cancer therapy is

radiation. 2Ththeuse-phelaindlrauhgrsinthe. ?@EEQ&E@é&hﬂQB ¥ éﬁ Qarcincm&

biﬁancggcrpcediggznﬁn&fz. The Lésemof claim 21, wherein the cancer _
medicament 16 a Chemotarapstic Hfsht D54 Jies tRiE rsEiaRs Spstem cancer, breast
CamREr @mmmgtmwﬁmﬁgﬁmobmhﬁfmtﬁaﬁdéﬂ @dsHB&ive tissue cancer,
VG i - taining chlorpethylnitrosoureas,
c%ﬂ‘lél&fg‘rﬁouram %n%%ﬁ%%ﬁ%cﬁn agrkgrsﬁg%ﬁ%?%%%gﬁa%ﬁé’,a?ﬁ%lf’a’mr ofthe
hﬁ‘r?&d’?ﬁr@%&j‘%ﬂ%ﬂ RANGE AL FRIBiH asaplastai Feiwaydpokieiposanancer, lenkemia,
[HIANLELEGs, g 2B 0GR AStarNASYHENISIRNASS HNINIOLJAIESY hympnome,
mtr@ng{gra%e |[I11h|b|tor, Ml\b/JP, MTA/LY231514, LY264618/Lometexol, N
Glamotad, CI-88% PRI 7 6y SRtn e/ FS FoteEan Y Biee ganper, pancreatic cancer,
PISiRIp odue R SEB83  Novantrdniiiitroxantrenecielaiel/Seramnitheer, canser of the
' t 0 -455 S-682, 9:AC, AG3340, AG3433, ,
’ |nI<_:e|(v§<- :Fitcjjé,&i’/g(%s%g bzsté%l%i%éf DR 658 T A YA SRS aTald cancer,
USRS A RSt TP Iga5 Y DXLe3, MD1RS00S; DX A05d semanasl DP
2202, FK 317, Picibanil/OK-432, AD 32/Varrubicin, Metastron/strontium
derivative, T,(Eg?eoda@eg]oz%gomideh Evacet/liposomal doxorubicin,
* Yewtaxan/Pacitaxe! TExBIP 2 e, Re (Rare Spcamapingmsiiive to reatment with
irfaftutondDibxifiiiietag, Cyclopax/oral paclitaxel, Oral Taxoid, ‘ '
SPU-077/Cisplatin, HMR 1275/Flavopiridol. CP-358 (774)/EGFR, CP-609
(754)/RAS oncogene inhibitor, BMS-



182751/oral platinum, UFT(Tegafur/Uracil), Ergamisol/Levamisole,

Eniluracil/776C85/5FU enhancer, Campto/Levamisole,

Camptosar/Irinotecan, Tumodex/Ralitrexed, Leustatin/Cladribine,

Paxex/Paclitaxel, Doxil/liposomal doxorubicin, Caelyx/liposomal 67

MCSLLP doxorubicin, Fludara/Fludarabine, Pharmarubicin/Epirubicin,MCSLLP

DepoCyt, ZD1 839, LU 79553Bis- Naphtalimide, LU 103793/Dolastain,

Caetyx/liposomal doxorubicin, Gernzar/Gemcitabine, ZD 0473/Anormed,

YM 116, lodine seeds, CDK4 and CDK2 inhibitors, PARP inhibitors,

D4809/De>§i£&cl)samid ,If,es/%es ex/lfosam de, Vumon/Teniposide, .

Pardptatin/ a%%%fé%ﬂ%lanf%%?ﬁ?%ﬁﬁWBb@ﬁﬁE?BF@ﬁE&H%?’ZW@S@““ is
chigxdiereiRovetdkiormirgobiuayiieafabinesise: 1 axanRecAalee) leukemia,

it . | u s melphelan and )

e A aa e e RIEEREL S sl crcnoms, AIDS.
fe]@*ﬁiiﬁgfnaﬁr‘ﬁ Erfiermisaal cot grapasime HTIstDacirntgisDacm diableits, or colon
caRfabnestramustine phosphate sodium, Etoposide (VP16-213),

Floxuridine, Fluorouracil (5-FU), Flutamide, Hydroxyurea

(hydroxycafoamide), Ifosfamide, Interferon Alfa-2a, Alfa-2b, Leuprolide

acetaie (LHREueledsingfittoranatol) thefiuisiinei(GENLYn conjunction with
anlé{l_gmg%g%ggjne HCI (nitrogen mustard), Mercaptopurine, Mesna,

Mitotane (0.p'-DDD), Mitoxantrone HCI, Octreotide, Plicamycin,

Procarbazine HCI, Streptozocin, Tamoxifen citrate, Thioguanine,

Thiotepa, Vinlastipecsuitiate, Amsasrine - AMSAWAZAGIILIAS o

Erthropoietin, Hexamethylmelanune (EMM), Interleuidn™2, Mitoguazone

(methyl-GAG; methyl glyoxal bis-guanylhydrazone; MGBG), Pentostatin

(2' degxycofoemyein] clSemestibertnetyh-GCHY: Teriposide-tMM:-26d@kment.

Vindesine sulfate. 24. The use of claim 21, wherein the cancer

medicament is an immunotherapeutic agent. 25. The use of claim 24,

wher@&in thelitiRitrEiEpEutithsrintis RinsrameRibotaxing aHbeomptierapeutic agent.

Quadramet, Panorex, IDEC-Y2B8, BEC2, C225, Oncolym, SMART M195,

ATRAGEN, Ovarex, Bexx LDP-03, for t6, MDX-210,_MDX-1;, MDX-22,

OV 165, SN S Bl EESi . NEBbaT8e Vo ssas meomerits
%E%Mﬁmwﬁkgﬁm&ﬁg f?ﬁﬁ%fgﬁ&hﬂ@&%&:@%luorowmﬂ,
'-I'M;[-i - "I =VID 0..Lym ide,,.C 676, .
e e R e R R
VABPIGR ARTUSHET AR BMERITSAB DMAGE A, Boh Thim G RS REE A6l lnemsferase
intieof, iR, Mh@f&&éhﬁaﬂﬁf&?ﬁ@@qiﬁ@ﬁ)@ﬂ@%@sﬁ%?ﬁ%fz%ﬁ%‘i@ﬁg%gtexol,

CSLLP, 27 use. of claim 26.wherein the cancer vaccine is ?CF,
G%mlo_ e CI—2994 -E’?G, {-lycam Topotecan, PRC412, Vaispodar/PSCE33,

0 ypio cancer
Novantrone/Mitroxantmne, Metaret/Suramin, Batimastat, E7070, BCH-4556, CS-682, 9-AC,
AG3340, AG3433, Incel/VX-710, VX-853, ZD0101, ISI641, ODN 698, TA 2516/ Marmistat,
BB2516/Marmistat, CDP 845, D2163, PD183805, DX89517 Lemonal DP 2202, FK 317,
Picibanil/OK-432, AD 32/Valrubicin, Metastron/strontium derivative, Temodal/Temozolomide,
Evacet/liposomal doxorubicin, Yewtaxan/Pacﬁtaxel, Taxol/Paclitaxel, Xeload/Capecitabine,
Furtulon/Doxifluridine, Cyclopax/oral paclitaxel, Oral Taxoid, SPU-077/Cisplatin, HMR
12735/Flavopiridol, CP-358 (774)/EGFR, CP-609 (754)/RAS oncogene inhibitor, BMS-
182751/oral platinum, UFT(Tegafur/Uracil), Ergamisol/Levamisole, Eniluracil/776C85/5FU
enhancer, Campto/Levamisole, Camptosar/Trinotecan, Tumodex/Ralitrexed,

Leustatin/Cladribine, Paxex/Paclitaxel, Doxil/liposomal doxorubicin, Caelyx/liposomal



vaccines, Gv75 antigen, GMI-I melanoma vaccine, NIGV ganalioside
conjugate vaccine, Her2/neu, Ovarex, M-Vax, O-Vax, L-Vax, STn-ICITL
theratope, NIT C-1), linosomal ;.diotypic vaccine, Mela.cine, peptide
antigen vaccines, toxiniantieen vaccines, MVA-based Vaccine, PACIS,
BCG vaccine, TA-IPV, TA-CIN, DISC-virus or ImmuCyst/TheraCvs 2&4¢5L1LP
The use of claim 15, wherein the: medi€éament is for use in conjimc
ionwithmore than one an anti-cancer therapy. 29. A composition
comprising an immunostimulatory nucleic acid molecule of Formula | Z1
[(X1Y1R1) N (XsY2Rz)k Zz]p (SI)4 N' (N")...(N2)(NI) S2 (Nla)(N2a)...(Nw)
Z3 (Formula 1) wherein each of Z1. Z2. and Z3 is independently any
sequence 0 to 12 nucleotides long which optionally comprises a
non-nuycleotidic linker or abasic dSpacer; each of X1 and X2 is

X EEpERdeRt U tEStae BRI R Gmdicralonie 16p% LU 79553/Bis-
Naphsdisiityted ubatils Eadhsefy Iawd v Risdndenandentivia eHAsSIALEL Midne 7D
ifi ine;. each of R IS, i ndently a guanine (G) or a
0473P4 Y y 1e (C
R T T iy AR S50
Dagpdibetidesstong WeldH coptdiedymidmiises:d adnesidelcotididatinkessmlatin,
 PiARaSICHSIRACS srbsla AMGRs BUE] eafidis inker an.akasic linker (dSpacers
riethiggne glycol%nits or hexaethylene Qlyco?unﬁ?ggv%/iﬁgfé%ﬂ?%ﬁ?ﬁgu mzine
TIBFORAtSs T8 D GANEE TEmpsobress, Wk yiainig Aemmi RGBiat TIRRAGES 78D is
cy@npﬁﬂﬂ!fwﬂmﬂdmlmﬁbgﬁmﬁiﬁm@ %Plgﬁa@ﬂﬂ%?m&i@ﬂgﬁ%plaﬁ?, Chlloro_mbucii,
oLl tidic_.linker, an.abasic lin e& (g acers), triethylene glycol units |
“or %ex%%%?ﬁ%ﬁ%%?% Y hinite ach's ,?\%,?@%F%Wﬁ?%ﬂ@%gwosm
(VE amy TiuElestitns: Moelifiedon (HEGHdBwhembinHyibaserpafks ity didimids),
rrobihasenalisitiag, . ANt haserRelis i iRty MESEER. B9 i,
an integer from 0 to 5; nis an integer from 2 to 16; p is an m%‘égér fomT°8)
LOfBUét’l%% CNU), Mechlorsthamine H i {nitrogen mustard), Mercaptopurine, Mesna,
Mitotane (c.p"-DDD), Mitoxantrone HCY, Octrectide, Plicamycin, Procarbazine HCI,
Streptozocin, Tamoxifen citrate, Thioguanine, Thiotepa, Vinblastine sulfate, Amsacrine (-
AMSA), Azacitidine, Erthropoietin, Hexamethylmelamine (HMM), Interleukin 2, Mitoguazone
(methyl-GAG; methyl glyoxal bis-guanylhydrazone; MGBG), Pentostatin {2’ deoxycoformycin),
Semustine (methyl-CCNU), Teniposide (VM-26), or Vindesine sulfate.

24, Theuse of claim 21, wherein the cancer medicament is an immunotherapeutic:
agent.

25.  The use of claim 24, wherein the immunotherapeutic agent is Rituxan, Ributaxin,
Herceptin, Quadramet, Panorex, IDEC-Y2BE, BEC2, C225, Oncolym, SMART M195,
ATRAGEN, Ovarex, Bexxar, LDP-03, ior t6, MDX-210, MDX-1 1, MDX-22, OV103,
3622W94, anti-VEGF, Zenapax, MDX-220, MDX-447, MELIMMUNE-2, MELIMMUNE-1,
CEACIDE, Pretarget, NovoMAb-G2, TNT, Gliomab-H, GNI—ZSO, EMD-72000, LymphoCide,
CMA 676, Monopharm-C, 4B3, ior egfir3, ior ¢ » BABS, anti-FLK-2, MDX-260, ANA Ab,
SMART 1D10 Ab, SMART ABL 364 Ab, or ImmuRAIT—CEA

26, The use of claim 21, wherein the cancer medicament is 2 cancer vaceine.



g is an integer from 0 to 10, and wherein when (lIN.)...(N2)(N1) Sz
(NI#)(N2~)...(N,,) is 10 to 42 nucleotides long, S2 is 4 to 10 nucleotides
long, S2 comprises a non-nucleotidic linker, an abasic linker (dSpacers),
triethylene glycol units or hexaethylene glycol units, and/or (N")...(N2)(NI)

S2 (Ni#)(N29)...(Nn#) has a GC content that is less than 2/3. 30. The
immunostimulatory nucleic acid mole le of claim 29, wherein each of ®\8l,LP
N2, N., and Neu, Neu, ... N,uis chosen from C, G, or modifications

thereof, and wherein C base pairs with G. 31. The immunostimulatory
nucleic acid molecule of claim 29, wherein internucleotide linkages of the

oligonucleptide;arg alh phospharathioate linkages. 32, The-r Anti-idiotypic cancer

|mmunosymulatory nucleic acid molecule of claim 29, further comprising a
Va“ﬁ%rﬁ’aﬁi? Sst4bilE3d ﬁ%&b@nﬁﬁwamp%&éﬁé@mwmﬁm@vawa@me

HetneCO-38xAr inmudostiraulatory, BuclaGacids mwec@qaf Forrvdla | Ihiposomal
mg@m\é% §I§3 Formula Ili).. wherein ~t,~ Z' iisZ1 [(XIYIRI) N (X2Y2R2)k
: $n

- (N3), %(ﬁ??ém TR 0) RGeS S5 o 2 75 esed
Vagshl 23 sk ﬁé@?ﬁl‘y §eh0entce Do BhuclestidéstonywitiehaCvs
optionally comprises a non-nucleotidic linker or abasic dSpacer; each of
XI and X2 is mdependentl}/ a nucleotide containing thymine, uracil,
ad&hine, of % BSEGHSHtRA LRI ML RP7aresae eGP Yisaria oppiigotion with mors
thandepengentiseeeytesine or a modified cytosine; each of Rl and R2 is
independently a guanine or a modified guanine; each of N and N' is

independenihyRRiiseauRpae: b k2 nudeatiopaiongaviehidanptienady s

orrlEElses a non-nucleotidic linker or abasic dSpacer; S, is a
non -nucleotidic linker, an abasic linker (dSpacers), triethylene glycol units
or hexaethylene glycol units, which optionally provides for 2'S'-, 5'5'-, 3'3'-,

22- 7on &3y Htenucleqsisle inkagesy 82js. aqy s?@%ﬁ’@%'c My 7 (Formule

sequence 1 to 10 nucleotides Iong or aﬁnon nucleotidic linker, an abasic
|'nke&, 1(gl%g}ac:ers) triethylene glycol units or hexaethylene glycol units;

each of Z,, 7y, and Zs is independently any sequence 0 to 12 nuclectides long
which optionally comprises a non-nucleotidic linker or abasic dSpacer;

each of X and X3 is independently a mucleotide containing thymine, uracil,
adenine, or a S-substituted uracil;

each of Y; and Y, is independently a cytosine (C) or a modified cytosine;

each of Ry and Ry is independently a guanine (G) or & modified guanine;

each of N and N’ is independently any sequence 0 to 12 nucleotides long which
oplionally comprises a non-nucleotidic linker or abasic dSpacer;

S1 is a non-nucleotidic linker, an abasic linker (dSpacers), triethviene glvcol units
or hexasthylene glycol units, which optionally provides for 2'5'-, §'5'-, 3'3%-, 2°2'~, o1 23~
internucieoside linkages;

Sz 15 any non-palindromic sequence 1 to 10 nucleotides long or 2 non-nucleotidic
linker, an abasic linker {dSpacers), triethylene glyco! units or hexaethylene glveol units;

each of Ny, No, ... Ny, and Ny, Nog ... Ny 15 any nucleotide or modified
nuclectide wherein Ny base-pairs with Ny, No base-pairs with Ny, ... and N, base-pairs with
Nr;



S3is adirect or indirect 2'S'-, 5'S'-, 3'3'-, 2'2'-, or 2'3'- internucleoside
linkage, or a non-nucleotidic linker, said non-nucleotidic linker comprising
abasic linkers (dSpacvrs.), triethylene glycol units, or hexaethylene glycol
units facilitating a 2'S'-, 5'S'-, 3'3'-, 2'2'-, or 2'3'- linkage of in sequence
parts; each of N 1, N2, .... N,,, and Nr#, N2#.... N,# is any nucleotide or
modified nucleotide wherein N, base-pairs with NI#, N2 base-pairs wjthg 1
N2#, N3 base-pairs with N3$, .., and N. base-pairs with N"#; k is an
integer from 0 to 5; m is an integer from 2 to 10; n is an integer from 2 to
16; p is an integer from Ito 6; and q is an integer from 0 to 10. 34. An
immunostimulatory nucleic acid molecule comprising (a) a 5' end
beginning with an immunpostimulatory motif chosen from (TCG)"N and
RDCGYIY 2R &SRR fhine, C is unmethylated cytosine, G is
guanine, R isinarpintiges ivis hat &; each of Yl and Y2 independently is a

pyrimidine, niis.an.integgr hetween 1, and 4, inclusive, and N is any
sequence 0-12 bases long: (b) a 3' end terminating in an inverted repeat

capable of fbIfhESESaIFEH Bi° dfem-loop structure, said structure
comprigingaGC-siehSIemRH0N )ENsapute. base) pairstongmandiats long, S, is

tched or mismatched base;.and,71 MCSLLP a partially
Qi e s A e A G
Uirtkagee gscotnalirmiprestivenatore rusisicaadio MblecOie) BF CIMIMNGAIMN)... (Ne)
havhereindiie G Gatichsstgm 59 consecutive base pairs long. 36. A vaccine
comprising an immunostimulatory nucleic acid molecule of any one of
claims 29-35 and an antigen. 37. A pharmaceutical composition

compiisingeamininngtiostiafaterizio acldimaeidlambbectl e Diiayepnadiof Ny, N,
-chins@xand aphaumaceulizaly acceniable caISkA8: Y88 8l C buse

immut&o(gtimulatory nucleic acid of any one of ¢ or

airs wi . .
P manufacture of a medicament for use in treatment of a cancer.

31, The immunostimulatory nucleic acid molecule of claim 29, wherein

internucleotide linkages of the oligonucleotide are all phosphorothicate linkages.

32, The immunostimulatory nucleic acid molecule of claim 29, further comprising a

partially stabilized backbone with a phosphodiester bond joining at least one CG

33, Animmunostimulatory rucleic acid molecule of Formula III
(L 23 (S3) (Formula I1T)
wherein
Z'is Zh [(X YR N (Ko YaRak Zols (S1)g N (Np).. . (NYN2)(ND) Sz
(N1 )(N2#3(N3#). .. (N :
each of Zy, 7y, and 73 is independently any sequence 0 to 12 nucleotides long
which optionally comprises a non-nucleotidic linker or abasic d3pacer;
each of Xy and X, is independently a nucieotide containing thymine, uracil,

adenine, or a S-substituted uracil;
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cach of Yy and Vs is independently a cytosine or 2 modified cytosine;

each of Ry and R; is independently a guanine or a modified guanine,

each of N and N' is independently any sequence 0 to 12 nucleotides [ong which
optionally comprises a non-nuclectidic linker or abasic dSpacer;

8, is a non-nucleotidic linker, an abasic linker (dSpacers), triethyviene glycol units
or hexaethylene giycol units, which optionally provides for 2'5'-, 5'5'-, 33", 22~ or 2'3'-
internucleoside linkages;

S, 1s any non-palindromic sequence 1 to 10 nucleotides long or a non-nucleotidic
linker, an abasic linker (dSpacers), triethylene glycol units or hexasthylene glycol units,

84 is a direct or indirect 2'5'-, 5'5", 33", 22'-, or 2'3'- internucleoside linkage, or
a non-nucieotidic linker, said non-nucleotidic linker comprising abasic linkers (dSpacers),
triethyiene glveel units, or hexaethylene glycol units facilitating a 2'5'-, 5'5'-, 3'3"-, 2'2%, or 2'3"-
linkage of m sequence parls,

each of Ny, Na, ... Ny, and Niyg, Nag, ... Ny 1s any nucleotide or modified
nucleotide wherein N base-pairs with Nyg, N base-pairs with Nog, N; base-pairs with Nag, ...

and N, base-pairs with Nug,

k is an infeger from 0 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 G 1o 10.

34,  An immunostimulatory nucleic acid molecule comprising

(a) 2 5' end beginning with an immunostimulatory motif chosen from {(TCG)N
and RDCGY V3N, wherein T is thymine, C is unmethylated cytosine, G is guanine, R isa
purine, I is not C, each of Y, and Y; independently 1s a pyrimidine, n is an integer between 1
and 4, inclusive, and N is any sequence 0-12 bases long;

{b) & 3" end terminating in an inverted repeat capabie of forming a hairpin or
stem-loop structure, said structure comprising |

a GC-rich stem 2 to 6 consecutive base pairs long, and

at least one unmatched or mismatched base; and
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{¢) a partially stabilized backbone comprising at least one phosphodiester
5-CpG-3' linkage.

35, The immunostimulatory nucleic acid molecule of claim 34, wherein the GC-rich

stem is 4 consecutive base pairs fong.

36. A vaccine comprising an immunostimulatory nucleic acid molecule of any one of

claims 29-35 and an antigen.

37. A pharmaceutical composition comprising an immunestimulatory nucleic acid

molecule of any one of claims 29-35 and a pharmaceutically acceptable carrier.

38, Use of an immunostimulatory nucleic acid of any one of claims 29-35 for

manufacture of a medicament for use in treatment of a cancer,



