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conbination of a stinulating notif and a neutralizing notif are 30 highly

i nmunoserves tategkge thy remypestEatatopiayentishof e gihshmelifed in part on the

surprising discovery by the hinS2 P bRt edddd having certain CGrich

pal i ndrom ¢ sequences, includrng pallndrom c seguences contai ni ng

neut ral i zi ngAmetwidass ohimembmegdtinyulatory nucleic acids is provided herein. In some
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20  instances these nucleic acids have a CG-rich palindrome or CG-rich neutralizing motif.
Applicants previously recognized and described oligodeoxynucleotides (ODN) containing
neutralizing motifs consisting of repeats of the sequence CG such as CGCGCG or a CG
dinucleotide preceded by a C (i.e., CCG) and/or followed by a G (i.e., CGG, CCGG). These
neutralizing motifs were believed cause some reduction in stimulatory effects of CpG

25  containing ODN on multiple readouts, such as secretion of IL-6, IL-12, IFN-y, TNF-a., and
induction of an antigen-specific immune response. Krieg AM et al. (1998) Proc Natl Acad
Sci USA 95:12631-6.

The presént invention is based in part on the surprising discovery by the Applicants
that certain ODN containing a combination of a stimulating motif and a neutralizing motif are

30  highly immunostimulatory. The present invention is also based in part on the surprising
discovery by the Applicants that ODN having certain CG-rich palindromic sequences,

including palindromic sequences containing neutralizing motifs, are highly
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20 trinucleotide and is at least 10 nucleotides long. P is a GC-rich palindrome containing

sequence at least 10 nucleotides long.

In some embodiments the immunostimulatory nucleic acid is 5' NX;DCGHX; 3, 5'
X;DCGHX,N 3', 5' PX;DCGHX; 3', 5' X;DCGHX,P 3', 5' XiDCGHX,PX;5 3, 5'
X;DCGHPX; 3', 5' DCGHX,PX; 3!, 5' TCGHX,PX;3 3', or §' DCGHPX;3 3'. Xjis any

25  sequence 0 to 10 nucleotides long. In other embodiments the immunostimulatory nucleic
acid is 5' DCGHP 3'.

Optionally D and/or H are thymine (T).

In other embodiments H is T and X5 is CG, CGT, CGTT, CGTTT, or CGTTTT.

His T and X, is CG or CGTTTT according to other embodiments.

30 According to other embodiments C is unmethylated.
N includes at least four CG dinucleotides and no more than two CCG trinucleotides in

some embodiments.
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nucleotides. According to other embodiments P includes at least one Inosine.
20 In one embodiment the GC-rich palindrome has a base content of at least two-thirds G
and C. TIn another embodiment the GC-rich palindrome has a base content of at least 81
percent G and C. In some embodiments the GC-rich palindrome is at least 12 nucleotides
long. The GC-rich palindrome may be made up exclusively of C and G. In some
embodiments the GC-rich palindrome can include at least one nucleotide that is neither C nor
25 G
In some embodiments the GC-rich palindrome includes at least one CGG trimer, at
least one CCG trimer, or at least one CGCG tetramer. In some embodiments the GC-rich
palindrome includes at least four CG dinucleotides. In certain preferred embodiments the
GC-rich palindrome has a central CG dinucleotide.
30 In certain embodiments the GC-rich palindrome is CGGCGCGCGCCG (SEQ ID NO:
23), CGGCGGCCGCCG (SEQ ID NO: 28), CGACGATCGTCG (SEQ ID NO: 68) or
CGACGTACGTCG (SEQ ID NO: 69).
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pahndrome is not CGCGCGCGCECG (SEQ ID NGO 29), GCGCGCGCGCGC (SEQ 1D NG
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NG 5) ., I%% & 3_ b it EhtdKDe 1@)nuno§fﬁfﬁll@ﬁ§f§l’ I ( SEQ
IDNOh) TTCGGOGOGCGCCGTTTTT (SEQ. I D NO

completely phosphodlester backbone. In yet other embodiments the 1m2nunost1mulatory

70  nucleic acid has a chimeric backbone. In one embodiment the immunostimulatory nucleic
acid has at least one phosphodiester linkage between a CG, Cl or a IG motif. Alternatively,
the ODN of the instant invention are formulated with microparticles, emulsions, or other
means to avoid rapid digestion in vivo.

The immunostimulatory nucleic acid molecules described herein have a variety of

25  lengths. In some embodiments the immunostimulatory nucleic acid is 13-100, 13-40, 13-30,
14-100, 14-40, or 14-30 nucleotides in length or any integer therebetween.

An immunostimulatory nucleic acid having one of the following sequences is also
provided: TCGTCGTTTTCGGCGCGCGCCG (SEQ ID NO: 1),
TCGTCGTTTTCGGCGGCCGCCG (SEQ ID NO: 4), TCGTCGTTTTCGGCGCGCCGCG

30 (SEQIDNO: 5), TCGTCGTTTTCGGCGCCGGCCG (SEQ ID NO: 6),
TCGTCGTTTTCGGCCCGCGCGG (SEQ ID NO: 7),
TCGTCGTTTTCGGCGCGCGCCGTTTTT (SEQ ID NO: 12),
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TZGTZGITTTZGXZXZXZEZZG (SEQ ID NGO 14), wherein Z is 5-nethyl cytosine,
TCCTGACGWQABBRRZECGCCC (SEQ ID NGO 19), T CGPCEURR2/EEE) | D NO.

11) TCCTGACGTTCGGCGCGCGCCC@%:&O@]\EI @Qﬁ%f%@%rf
e
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TCGT CHAGTCEATEERAEECGGACBRCEA TN sxcgmmmm@@mcoeme (ODN 5516), 20
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TCGTCGTTTT 1me

T RN T@@ o ket TODBDN
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OO OO e C R A 2 B O (N B516).

TC@%&@@@T AT TERNGHAEI)GCTCTERIDNIACEGCCGTCG (ODN 30 20173, SEQ

ID NO * 71), CGTTTCGACGAT 176, S
TWWW@@@QW@@QTYTT&@PB %ﬂé% 73 Fo '[I')CgTOCGZ:é)ACGGCCGTCG ( ODN

20178, 1 8ERd A-BPrctBecBeR @4 b %,%TZ@#@@TZGGZGZGZGZZG
(ODN 5327, wherein Z is 5-methylcytosine), TCCTGACGTTCGGCGCGCGCCC (ODN
2136), TCGTCGTTTTCGGCGGCCGACG (ODN 5513),
TCGTCGTTTTCGTCGGCCGCCG (ODN 5514), TCGTCGTTTTCGACGGCCGCCG
(ODN 5515), TCGTCGTTTTCGGCGGCCGTCG (ODN 5516),

20 TCGTCGTTTTCGGCGCGCGCCG (ODN 2395), TCGTCGTTTTCGGCGGCCGCCG
(ODN 2429), TCGTCGTTTTCGGCGCGCCGCG (ODN 2430),
TCGTCGTTTTCGGCGCCGGCCG (ODN 2431), TCGTCGTTTTCGGCCCGCGCGG
(ODN 2432), TCGTCGTTTTCGGCGCGCGCCGTTTTT (ODN 2452),
TCCTGACGTTCGGCGCGCGCCG (ODN 5315), TZGTZGTTTTZGGZGZGZGZZG

25 (ODN 5327, wherein Z is 5-methylcytosine), TCCTGACGTTCGGCGCGCGCCC (ODN
2136), TCGTCGTTTTCGGCGGCCGACG (ODN 5513),
TCGTCGTTTTCGTCGGCCGCCG (ODN 5514), TCGTCGTTTTCGACGGCCGCCG
(ODN 5515), TCGTCGTTTTCGGCGGCCGTCG (ODN 5516),
TCGGCGCGCGCCGTCGTCGTTT (ODN 2451), TCGTCGTTTCGACGGCCGTCG (ODN

30 20173, SEQ ID NO: 71), TCGTCGTTTCGACGATCGTCG (ODN 20176, SEQ ID NO: 72),
TCGTCGTTTCGACGTACGTCG (ODN 20177, SEQ ID NO: 73),
TCGTCGCGACGGCCGTCG (ODN 20178, SEQ ID NO: 74),




6 TCGICGCGACGATCGTCG (ODN 20179, SEQ ID NO 75), TCGICGCGACGTACGICG ( CDN
20180, SEQ ID NO 76), TCGITTTTTTCGACGECCGICG (CODN 20184, SEQ ID NGO 77),
TCGTTTTTWOGQGATCGICG (ODN 20185, SEQ ID NO 78), and 5PCT/US02/26468
TCGTTTTTTTCGACGTACGT(?@%%ODN 20186, SE® I D NO,_79). According to certain
enbodi TEHTCGOGA CoMTREEICGPRNGIL 7TRRERQIIP NQi B ncl udes the sequence

T . o tai nbodi t
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an
to actTQ@Q@@(E@CQC%TwT@@ﬂTE @Né’f‘ﬁ@r aspects the invention is a nethod
Lgl\r%t reat! ng rﬁhl% Sl Péﬁxﬁﬁée%mdﬂ §6Iﬁ%ﬂi§§%tHeQHﬁnﬁlHQIrﬁ&lﬁtobﬁM\hdI@c asidat risk of

| opi ng nfection a eétiv unt of an _immnostinul atory
nucl ei gesaghed leesiarhb e ghirareéuticatip atceptableartjrr éypravidehacqording 9 @RS | n sone
enbodi nents the subj.ect has or is at risk of devel oping an infection
sel ect &Heqty GHhFH%Ve(j‘FlB%p consisting of a viral, bacterial, fungal and

parasi tic i &htd PPectLEr thdlintShticH NmefHdadbnaatcing type Mettbrieron (U es
adm ni stering an 1 hmunostinmulatory nucleic acid of the invention fill one to

treat exprgswunanpravidedi The srethod invelvesstoniachng Aseirarehle T cxpessRg §Eg

acgcor dj to thi spec ' ' [ bEss Rethid stering to
t hi SW&@B a&rff%ﬁﬁ}' ?%‘%‘%ngE%%%ﬁ?%wvﬁﬂ%&ﬂn%@q@gﬁgﬁcg&nﬁsbact erial agent, an
ant i vi fralicaagRbssichiof tigetli flshgal agent, or an antiparasitic agent. 30 In

o e o N TR Lokt B8 BRI G
condi t II“BQ m%ﬂqo%f iil@&l(/ésvc%n{é@ciﬁggém?éeh W AVSI8241%6 488unt bf an
immunostimulatory nucleic acid described herein to activate the NK cell.

20 In yet other aspects the invention is a method for treating infection by administering
to a subject having or at risk of developing an infection an effective amount of an
immunostimulatory nucleic acid described herein, to treat or prevent the infection. In some
embodiments the subject has or is at risk of developing an infection selected from the group
consisting of a viral, bacterial, fungal and parasitic infection.

25 In certain embodiments the method involves administering an immunostimulatory
nucleic acid of the invention alone to treat or prevent the infection. In certain embodiments
the method according to this aspect of the invention further includes administering to the
subject an antibiotic agent, which may be an antibacterial agent, an antiviral agent, an
antifungal agent, or an antiparasitic agent.

30 In other aspects the invention is a method for treating an allergic condition by

administering to a subject having or at risk of developing an allergic condition an effective



anount of an inmunostimulatory nucl eic acid described herein, to treat or
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renal ﬁﬁe'a&ecfahc&%&%al%fanée?ﬁchgﬁow@iabﬁlai Qloh e BAEEOFRne@ieniss@ncer ;
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i nventi iV Rl . ObvdrDE cahddY.qRhbRRtic tdnckiS,

t her ef 8?ag,cg§ﬁ't?Ag’?%g@%gqﬁphg)?g%é&ﬁ%%gﬁgﬁ%én@f g},i ons of teér?tle1 i nvention
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each aspect of the inventign. Brief Descriptiaqn_of t - aw The
g P R R e e o e T A B e S
requi r eeb bQbndndehsdTMNGinfy $Histet, iafd Bthet bacindmeniridsarcoMas03/ 015711
PCT/ USO02/ 26468 8 Figure 1 is a bar graph depicting anounts of |FN-a
(pg/ M) i nddeeektiin epbadiments the method involves administering an immunostimulatory
nucleic acid of the invention alone to treat the cancer. In certain embodiments the method
according to this aspect of the invention further includes administering to the subject an anti-
25  cancer medicament or treatment e.g., chemotherapeutic agents, radiation.
Each of the limitations of the invention can encompass various embodiments of the
invention. It is, therefore, anticipated that each of the limitations of the invention involving

any one element or combinations of elements can be included in each aspect of the invention.

Brief Description of the Drawings

30 The following figures are provided for illustrative purposes only and are not required

for understanding or practicing the invention.
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Fi gure I's a bar graph depicting the amount of IFN-a (pg/nm) secreted by
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70  PBMCs after 24 hours of culture either alone (N/A) or in the presence of the indicated ODN
at 0.25 pg/ml (panel A) or 1.0 pg/ml (panel B).

Figure 8 is a bar graph depicting amounts of IFN-a. (pg/ml) induced in PBMC from
two donors (D127, solid bars, and D124, open bars) following 24 hours of culture alone (w/0)
or in the presence of the indicated ODN at the indicated concentrations (1 or 6 pg/mi).

25 Figure 9 is a bar graph depicting B cell activation as measured by percent CD86-
positive cells in human PBMC cultured for 24 hours alone (w/o0) or in the presence of the
indicated ODN at the indicated concentrations (0.4, 1.0, or 10.0 pg/ml).

Figure 10 is a bar graph depicting the amount of TFN-o. (pg/ml) secreted by PBMC
from two donors (D141, open bars, and D142, solid bars) following 24 hours of culture alone

30  (w/o) or in the presence of the indicated ODN at the indicated concentrations (1 or 6 pg/ml).
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Figure 17 is a pair of bar graphs depicting the amount of IFN-a. (pg/ml) secreted by
20  human PBMC following 24 or 48 hour culture alone (w/0) or in the presence of the indicated
ODN at the indicated concentration (1 or 6 pg/ml). Panel A depicts results for PBMC pooled
from two donors. Panel B depicts results for PBMC obtained from two donors (D141 and

D142).
Figure 18 is a bar graph depicting the percent CD86-positive B cells following 24

25  hours of culture alone (w/0) or in the presence of the indicated ODN at the indicated
concentrations (0.4 and 1.0 pg/ml).
Figure 19 is a series of three bar graphs depicting the concentration of IFN-y (pg/ml)
in culture supernatants of human PBMC after incubation alone (w/o), with LPS, or with the

indicated ODN at the indicated concentrations (0.2 to 1.0 ug/ml) for 6 hours (panel A), 24
30  hours (panel B), or 48 hours (panel C).
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g/ m) forwbobow7sl (panel A), 24 hours (panel B), or 48 heorgsppanes Q
Figure 22 is a bar graph depicting th® anounts of |IP-10 (pg/m) in PBMC 10
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1585, mditateONDN 28 thegndigated eensentrations (&4 tobR HgmpBiferhouss pen bars)
or 3.0, g/m (fille ars). Fgure 25 is a bar graph depicting the amounts
of IL-%OLgi)S?aﬂfgl)é)’ﬁr E’lff“@&%aé’ﬂng}'ants after 24 hours of incubation al one
(n/a) or inpide B RSEE raph degivlingihs afdount@ of ODNO [F)) ia®BMCDN 2118) or
various indicated CDN at either 0.6 g/ go[)ﬂe)tg bar?s)‘% or. 3.0 %/E (filled 25
bat®) . s@egwﬁ@tszﬁtqr%éwwrofg%}bﬁw&g?f&@ﬁ’é b oA PEesgitee PERRLrod Q_ &i on
(P9l M iy | BEMeGERHIMA BEIREARIGE A, S1ih VNGO Bs9ae1 OphPII 18 1 n the

i ndicate a he

presence o tt i ndi cated concentrations (3.0 and 6.0
g/ ) . (GECETCAABEIIGAGIGECGE, SEHR IDAVeni6)bor Boions indinsted PN §EksFdk@d t hat

certain oligodeoxynucl eotj des .. , Which contain at |east two distinct
not i fsﬂa/éﬂléoﬁ‘?ﬂléﬂﬁ@ A u@gﬂﬁ%@%-i mul atory effects on cells of the imune
system Song. of i AR Ahb@Aabe 1FR-b /Al PP BNIEG
seqguence agglgn%%l?ﬁ%a%#lﬂ%?é%‘? UaS é‘%Zn 468 11 "GCC-ri CE}% orpl" B-cel |
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stinmulating effects that fall sonmewher ween thase effects,.as i at ed
with ODMII6SDeaS OTIN 24 § )T vegies! Faﬁﬁipﬁ\tf &} sithey B&P&’%@&‘&%ﬁ@ B cel
acti vatipﬂl@?}? %gndri tic cell (DC activation, and those effects

associ 468 qli "nore recently described class of 5 inmune stinulatory

nucl ei ¢ aci @gpfre S a5SbA grighQeplotihe Wi fovatseofIFNoN@ginidlicBBSIGf | FN-a
supernatants after 24 hours of incubation alone (n/a) or in the presence of controls (IL-2,
20 ODN 1585, and ODN 2118) or various indicated ODN at either 0.6 pg/ml (open bars) or 3.0
pg/ml (filled bars).
Figure 25 is a bar graph depicting the amounts of IL-6 (pg/ml) in PBMC supernatants
after 24 hours of incubation alone (n/a) or in the presence of controls (IL-2, ODN 1585, and
ODN 2118) or various indicated ODN at either 0.6 pg/ml (open bars) or 3.0 pg/ml (filled
25  bars).
Figure 26 is a bar graph depicting amounts of IFN-a. secretion (pg/ml) by PBMC
following 24 hours of culture alone (w/0) or in the presence of the indicated ODN at the

indicated concentrations (3.0 and 6.0 pg/ml).

Detailed Description of the Invention

30 Tt has been discovered that certain oligodeoxynucleotides (ODN), which contain at
least two distinct motifs have unique and desirable stimulatory effects on cells of the immune

system. Some of these ODN have both a traditional “stimulatory” CpG sequence and a
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As used herein, “poly-G end” shall refer to a stretch of four or more consecutive G’s,

e.g., 5' GGGG 3', occurring at the 5' end or the 3' end of a nucleic acid. As used herein,
25  “poly-G nucleic acid” shall refer to a nucleic acid having the formula 5' X;XoGGGX3X, 31
wherein X, X,, X3, and X4 are nucleotides and preferably at least one of X3 and Xy isa G.
Some preferred designs for the B cell stimulatory domain under this formula comprise
TTTTTCG, TCG, TTCG, TTTCG, TTTTCG, TCGT, TTCGT, TTTCGT, TCGTCGT.
The second motif of the nucleic acid is referred to as either P or N and is positioned
30  immediately 5° to X; or immediately 3 to X,.
N is a B-cell neutralizing sequence that begins with a CGG trinucleotide and is at

least 10 nucleotides long. A B-cell neutralizing motif includes at least one CpG sequence in
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GC-rich pa i ndrome_ i s, made 25\§]ch uarwgb\)é of . Gs and Cs. In the case of a
14- mer bases eansblenf| fpraing the usypl Yatsey- %93 BliSes (86 percent) of the

pal i ndrome are, Gy ﬁer@ﬂd“&l%chlp@hﬁ&lﬂﬁxep%Eil?ﬁefe@% ﬁﬂﬂﬁ@rcﬁfﬁBh@Vana bdsdbase |ong
GC-rich palln ronme is exclusively of Gs and Cs. The Cs of a GC-rich

pal i nde@ﬁpom @featlheusremxtwﬂhadeﬂr’mndt@léy e sympembastimonta thedGCrichglomainis t hi s

d )
p?gﬁagpgm? a y (?rﬁ{,ee chceﬁesﬁgwla%s; re ’prlﬁft %gégfae'lé){)as%q&t% Omalsﬁl nggd

ngt bephlﬂﬁﬂéﬂn@ athe ]palllﬁdrd)rﬁe pretenthiad at Ieagt m’e afi$ Candn@se ease ofin ﬂarbgsﬂjloag t hat
they a le to

orma self- conplenentary d alind h
COGCGOGS ith pelinfigmpehe palidraipe a0 peAataEs Wfé%?égéii o Cisin RS BHBAF 13 or
Ts, but pr { t artiall
or eser %}éeatG(ll nghr?({r{n%g & @Et tgﬁﬁas%g bE %mﬁcﬁﬂﬁ@ta?er %é)é(ngng§| IEI)J ﬁ%ﬁ 88) Olr y
C&fmmxﬁﬁlﬁ@GO-ﬁcﬁ\@hrﬂi@me iAhmdeaqubblmb’anﬁQ yand Cidt preserved, it

N AL N LR i R RN A
of the ,RALLNG QMR C’Br i tRE 8RkYf B&H@I@b&%%@GC&M patisfirome, the palindrome
thus is made exclusively of G’s and C’s. In the case of such a 12-base long GC-rich
palindrome, it is preferred that at least ten bases (83 percent) of the palindrome are G’s and
C’s. In some preferred embodiments, a 12-base long GC-rich palindrome is made
25  exclusively of G’s and C’s. In the case of a 14-mer GC-rich palindrome, at least twelve bases
(86 percent) of the palindrome are G’s and C’s. In some preferred embodiments, a 14-base
long GC-rich palindrome is made exclusively of G’s and C’s. The C’s of a GC-rich
palindrome can be unmethylated or they can be methylated.
In general this domain has at least 3 Cs and Gs, more preferably 4 of each, and most
30 preferably 5 or more of each. The number of Cs and Gs in this domain need not be identical.
Tt is preferred that the Cs and Gs are arranged so that they are able to form a self-
complementary duplex, or palindrome, such as CCGCGCGG. This may be interrupted by As



preferably only 1. In some enbodinents the GC-rich palindrome includes at
| east one COG triner, at |least one CCGtriner, or at |east one CCCG
t et ramer .wOn3p131er enbodi ments the GC-rich palindrone isPeEU

SEQ I D NO 31) or GGE3GECCCCCC  ( SEQ3I D NO: , SEQ I D NO
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\A%“ hm dicngsh pa ﬁﬁircffﬁéfélﬂw;t ejCE{)(?(b(D&G@G@Gt(%EQ IDR0% T1) MNOGEGGAHIUAECa CG, in
ich case there is prefera a T imediate I n sone

enbodi (FFR EDRIPY3)i 6 @@@Q@@@y@ @EQZ@\N@E}?% ﬁp@{fﬁﬁ@@bﬁ%sw and nost

prfgéer y a TCAG\2, where N2 is not G 25 NIPyG\2P may i nclude one or nore

i 1) nucleotldes Either the Cor the Gin Nl may be repl aced by

i nosi ne, butAtldwet @&Iof ithe ﬁfsacﬁfethw@ﬂlrn@ region @ berubstituied i asdmesiie @t i ons

such as | pG t e.opti @g ]ﬁyh b\% e achieved with the use of a

"seni - $HFYME GR %‘Hmﬁ%‘isl cIPCGES BB H s 'e t he |7 nkage between the |G or the

G is phosphodi,est @ﬁlbo&iﬁe'i{%%hé Rghudgtidllatbreastle@idlias o]ié?bfthb@oldnwfﬁgG

motif. 30 In certain enbodinents NIPyGN2 is a se ence s&é&i{t}gﬂ rom t he

PHEEK

gr oup domsilasty hGHBICGHET 3 TEEDCHEIXTYAES' ITXH%} )
TS o RS, 5 YORRIRI L DR HIIBL 8 0a cammept henasgents (he

for mul & op5 DEBHE IN2P 3'. N is any sequence 1 to 6 nucleotldes | ong. Py
is a pyrlmdlne d 1 referstosm e nucle whi ch. ‘% éahraGor an

|. Gis guad® Atheg pspeptsithe inyaRioNREOVI 1?’?‘%?8?@ %rPf@éw]ﬁlc FB0" e got i des

long. Rk Se oy s 5'N p NAKO BN had Did@nsaesRBEPa! Pheast 10
nucr eotiHied R &fnlu#\a sorre%gr?gzlodl e Efg‘%m is TCITCI TTTT (SEQ I D NO

47) . pyrimidine. G is guanine. N is any sequence 0 to 30 nucleotides long. P is a GC-rich

20  palindrome containing sequence at least 10 nucleotides long.

N; and N, may contain more than 50% pyrimidines, and more preferably more than
50% T. Nj may include a CG, in which case there is preferably a T immediately preceding
this CG. In some embodiments NPyG is TCG (such as ODN 5376, which has a 5* TCGG),
and most preferably a TCGN,, where N3 is not G.

25 N;PyGN,P may include one or more inosine (I) nucleotides. Either the C or the G in
N1 may be replaced by inosine, but the Cpl is preferred to the IpG. For inosine substitutions
such as IpG, the optimal activity may be achieved with the use of a “semi-soft” or chimeric
backbone, where the linkage between the IG or the CI is phosphodiester. Ny may include at
least one CI, TCI, IG or TIG motif.

30 In certain embodiments N;PyGN, is a sequence selected from the group consisting of

TTTTTCG, TCG, TTCG, TTTCG, TTTTCG, TCGT, TTCGT, TTTCGT, and TCGTCGT.



Some non-limting exanples of combination notif immne stimulatory nucleic
acids, which are described by the fornulas above, include the follow ng:
TCGTCGTTWOGBEEZECGECCG ( ODN 2395), TCGTCGITTTCGECGGECCGECCGPLO/USEERe4ast29) |
TCGTCGTTTTCGECGCECCECG (CDN 2430), . - TEGTCGTT, ueeueuueeuu ( 2431)
TCGTCGTTTTG@@@@@@@@@@@e (rwmozmwyl esr@@r SRS TS UC e oe Sl O@'?'hem 2452) ,

vvher ei ?C] %gleﬁgyg %ﬂ%?ﬁylgcyt @%I nei s @%@é OON e 5%%)7
$CGT Tﬁﬁ@{m@@%ﬁiﬁ s{rfN ﬁﬁéoﬁ)da wlleaﬂTTﬁm&mmn@MdSSsM)
CGT CGACGGCCGCCG 'TTT DN

TC@G@MI@@WW{W @-1‘)?20“?% M%ﬁ 2(5)?%23

T
O ORGSR AGRATOCT G (CON 30170) "

¥g W@Q%ﬂ;o O%'lillpgé%g%gw TTTTTTCGACGGCCGTCG (ODN 20184) ,
oS Hi)@%&ﬁx@ {353 mbbladfd 86) .
TI GTI GTTTT @EB@@I ﬁﬁ% " ’
;’(C:ZII '(;’CI gg}ﬁW@Pé g@h&@e&mov@?@m@ thNEXol®)ing:As used herein, "nucleic
ucl eotide" are used int
mean niCGTIGTRIECEECHESCOCES (ORY)Ben).d& @%ﬁﬂ#ﬁg@@ﬁ‘égﬁé@éﬂ ?r r |t gose
ba]so de%ﬁy &5?&6(%’%@‘@@TT?C@G$@@?§?@C@QEN m@g}to an exchangeabl e organic

er a substitu rimdine t 0Si ne
t hym nardGTDcceTT'ur@GGlcqwaﬁG@C&(@Dbtsz%tlhtTé?d}Hw,B EFI%@Q@%@GC i ne (A) or

el | alOBN %&aﬁ?@f@@ﬂﬁﬁ“@&%@@Gﬁ@ﬁGﬁﬁ‘ft@m9“*5% ' a0 i ncl ude

pol ynu TICAECGaRBIOGIOBN F3iks)) mngm@mzm@zm any ot her
organic 03/ 015711 PCT/ US02/ 26468 15 base containin 8 Nucl ei c
aci d myDBRUSI, whereinel tsbi—meﬂvé’épquaiﬁ)é;@@?@ﬁ&%(éﬁgG&%‘@ Cém (e.qg.

aors " &y RonaEdeonblr RIS ERRRI (OBY'SRNLC | Comicl bot i do.al ob e
gﬂg Ihe :a gﬁrgﬁgmgggggbﬁ?gﬁmﬁ (@) TWGTWTTGG&AQIBG@G@G(E@ ati ons,
S s RS T AR RO DRI, Loy el e nucterc
TCGGCGCGCGCCGTCGTCGTTT (ODN 2451), TCGTCGTTTCGACGGCCGTCG (ODN
20173), TCGTCGTTTCGACGATCGTCG (ODN 20176),
70 TCGTCGTTTCGACGTACGTCG (ODN 20177), TCGTCGCGACGGCCGTCG (ODN
20178), TCGTCGCGACGATCGTCG (ODN 20179), TCGTCGCGACGTACGTCG (ODN
20180), TCGTTTTTTTCGACGGCCGTCG (ODN 20184),
TCGTTTTTTTCGACGATCGTCG (ODN 20185), TCGTTTTTTTCGACGTACGTCG
(ODN 20186), TIGTIGTTTTCGGCGGCCGCCG (ODN 5569, SEQ ID NO: 63), and
25  TCITCITTTTCGGCGGCCGCCG (ODN 5570, SEQ ID NO: 70).

As used herein, “nucleic acid” and “oligonucleotide” are used interchangeably and

(_)ﬂ!

shall refer to mean multiple nucleotides (i.e., molecules comprising a sugar (e.g., ribose or
deoxyribose) linked to a phosphate group and to an exchangeable organic base, which is
either a substituted pyrimidine (e.g., cytosine (C), thymine (T) or uracil (U)) or a substituted
30  purine (e.g., adenine (A) or guanine (G)). As used herein, the terms refer to
oligoribonucleotides as well as oligodeoxyribonucleotides (ODN). The terms shall also

include polynucleosides (i.e., a polynucleotide minus the phosphate) and any other organic



| ow nol ecul ar wei ght organic groups other than a hydroxyl group at the 3
position and other than a phosphate group at the 5 position. Thus
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enconpdisdated aibosrigroupe i additionpapeificd pelgic asily L8 T4e3HSUh 85 conpari son
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cyt 0Si digapdsiioitheebyic@tiihing afix pogités cambiokém afgiolymudinfts Gakdddagethere known
to the skilled persaon an re descri hed, for example, in.unl n.E{25 et

al . (13gbps %}Q%Réwl%.a %,?Whlﬁl?‘ FEAHE F‘blfl%@iﬂf @8%3"&%@8? fe eascugﬁa “ha ogs"

nt hes s ahthai h&3ei ' abatkbe) SiioAUBEICleR:
O B e gyt s i

( USA 1993; Crooke ST et al. (1996) Annu
Rev Phasideaied intude sobstidBedip7ineand pyranidines skayas GrSeropyne mogehbagey Synt h

O S i it A SN G o 8RR RN Bk BRI 20 have

on® or n éach ‘nodifTca nis located at the a

par t i cyhiaimitoResint eetdRRk sfuahiticehptidiegSi-aethiplcy thgime shdindmopating  par ti cul ar
P-D-ribose unit and/or at a particul ar natural ucéeosjng\ﬂ base position in
conpar 2-eonne-6-ctprepurisn e tdapineRurge, hyRoxay er%‘g]q(l] oG conposed of

| RNA. . [ 1 / i 2
bl R I TR gt fmimerorte, o

es to ol Tgonu vl ch may conprise one or nore
modi f i gadhimedifieattbnaher welhkeaahtoribatiefof skilliiothe ast.i ndependent |y sel ected from

a) the replacepent of, a _sugar. pho te it fromthe s hat e
ba%c_k bone by Thg mpstwﬁlftgg%oh@f)nwﬂgoq E P};@ig I%s}ﬁn? ivention @%@B%ggésg nit by a
modi f i §in QAL MR InodBREHSs ahl SubsERliRES TR RbmPAriwnRahattal RNChebBNdg base by
a nodi nuclfne05| de base. . _ _
involving a phosphodiester internucleoside bridge, a B-D-ribose unit and/or a natural
nucleoside base (adenine, guanine, cytosine, thymine, uracil). Examples of chemical
modifications are known to the skilled person and are described, for example, in Uhlmann E
25  etal. (1990) Chem Rev 90:543; “Protocols for Oligonucleotides and Analogs” Synthesis and
Properties & Synthesis and Analytical Techniques, S. Agrawal, Ed, Humana Press, Totowa,
USA 1993; Crooke ST et al. (1996) Annu Rev Pharmacol Toxicol 36:107-129; and Hunziker
J et al. (1995) Mod Synth Methods 7:331-417. An oligonucleotide according to the invention
can have one or more modifications, wherein each modification is located at the a particular
30  phosphodiester internucleoside bridge and/or at a particular B-D-ribose unit and/or at a

particular natural nucleoside base position in comparison to an oligonucleotide of the same

sequence which is composed of natural DNA or RNA.



More detail ed exanples for the chem cal nodification of an oligonucleotide
are as follows. A sugar phosphate unit (i.e., a RDribose and
phosphodiwetoan1i7mt er nucl eosi de bridge 10 together form n@Ca/s0L 26468
phosphate unit) fromthe sugar phosphete backbone (i.e., a sugar phosphate
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di hydr gua% gmtﬁe repl@@@h@ﬁ%ly@(}hd) hahrtohalmama 1lln1t & tchbwildrgea polySmideinndercaci | |,

5- (C1- Ch luracil, o-( al keny raC| Ky, raci I
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5- br onpcyt ogy m-elbowurdidsl’et[h-}ﬂ -Yudeorgibvse udit 4ardbcan¢phoe¢)b5r an@dlf@ﬁa@umﬁne a
substituted WO 03/ 015711 PCT/ US02/ 26468 17 7-d urine ef erably
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exenpl €1 nterp used hereln
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nucl eic acid" shall refer_to r|b nucl ci.d or deox onucleic acid
nol eculcé(cld@(r)?]’liﬁﬂrﬂk@s%rz Mr%ée?% [ﬁéﬁ‘ﬁf ﬁ"l”ét}os%éﬁ ?Lgarbgp’am ty to

| nduce 2?4-dlﬂgg);[yl [9%1 erythro-hexo-pyranose, and carbocyclic (described, for example, in Froehler
J (1992) Am Chem Soc 114:8320) and/or open-chain sugar analogs (described, for example,
in Vandendriessche et al. (1993) Tetrahedron 49:7223) and/or bicyclosugar analogs
25  (described, for example, in Tarkov M et al. (1993) Helv Chim Acta 76:481).

A natural nucleoside base can be replaced by a modified nucleoside base, wherein the
modified nucleoside base is for example selected from hypoxanthine, uracil, dihydrouracil,
pseudouracil, 2-thiouracil, 4-thiouracil, 5-aminouracil, 5-(C;-Ce)-alkyluracil, 5-(C2-Ce)-
alkenyluracil, 5-(C»-Ce)-alkynyluracil, 5-(hydroxymethyljuracil, 5-chlorouracil,

30  5-fluorouracil, 5-bromouracil, 5-hydroxycytosine, 5-(C-Cg)-alkylcytosine, 5-(C2-Ce)-
alkenylcytosine, 5-(C,-Cg)-alkynylcytosine, 5-chlorocytosine, 5-fluorocytosine,

5-bromocytosine, N2-dimethylguanosine, 2,4-diamino-purine, 8-azapurine, a substituted



aspect of a cell of the inmmune system Such functional aspect of a cell of
the i nmune system can include, for exanple, elaboration of a cytokine or
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Nucleic acids prepared in this manner are referred to as isolated nucleic acids. An isolated

25  nucleic acid generally refers to a nucleic acid which is separated from components which it is
normally associated with in nature. As an example, an isolated nucleic acid may be one
which is separated from a cell, from a nucleus, from mitochondria or from chromatin. The
combination motif nucleic acids of the instant invention encompass both synthetic and
isolated combination motif nucleic acids.

30 For use in vivo, the combination motif immunostimulatory nucleic acids may
optionally be relatively resistant to degradation (e.g., are stabilized). A “stabilized nucleic

acid molecule” shall mean a nucleic acid molecule that is relatively resistant to in vivo
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25 In other embodiments the immunostimulatory nucleic acids may have phosphodiester
or chimeric e.g., soft or semi-soft backbones. A chimeric backbone includes a combination
of phosphodiester and modified backbone linkages. A chimeric oligonucleotide, for
instance, may be a soft oligonucleotide or a semi-soft oligonucleotide.

A soft oligonucleotide is an immunostimulatory oligonucleotide having a partially

30  stabilized backbone, in which phosphodiester or phosphodiester-like internucleoside linkages

occur only within and immediately adjacent to at least one internal pyrimidine nucleoside-

guanosine (YG) dinucleotide. The at least one internal YG dinucleotide itself has a
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cancer, and allergic disorders. As used herein, “subject” shall refer to a human or vertebrate
25  animal including, but not limited to, a dog, cat, horse, cow, pig, sheep, goat, chicken,
monkey, rabbit, rat, mouse, etc.

As used herein, the terms “treat”, “treating” and “ireated” shall refer to a prophylactic
treatment which increases the resistance of a subject to developing a disease or, in other
words, decreases the likelihood that the subject will develop a disease or slows the

30  development of the disease, as well as to a treatment after the subject has developed the
disease in order to fight the disease, e.g., reduce or eliminate it altogether or prevent it from

becoming worse. For example, when used with respect to the treatment of an infectious
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exposed to carcinogens such as tobacco, asbestos, and other chemical toxins or excessive

25  sunlight and other types of radiation. The nucleic acids are also useful as therapeutics in the
treatment of infectious disease, cancer and allergic disorders.

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 nucleic
acids can be used alone, or in conjunction with other therapeutic agents such as an antigen or

30  an antimicrobial medicament to mount an immune response that is capable of reducing the
level of or eradicating the infectious pathogen. The method entails administering to a subject

having or at risk of developing an infection an effective amount of a combination motif
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25 transmitted; class 2 = parenterally transmitted (i.e., Hepatitis C); Norwalk and related viruses,
and astroviruses).
Examples of infectious bacteria include: Actinomyces israelii, Bacillus anthracis,
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30  aerogenes, Enterococcus sp., Erysipelothrix rhusiopathiae, Fusobacterium nucleatum,
Haemophilus influenzae, Helicobacter pyloris, Klebsiella pneumoniae, Legionella

pneumophilia, Leptospira, Listeria monocytogenes, Mycobacteria spp. (e.g., M. tuberculosis,
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capable of developmg infections which can be prevented or treated with the

immunostimulatory nucleic acids disclosed herein. For instance, in addition to the treatment

of infectious human diseases, the methods of the invention are useful for treating infections
25  of animals.

Infectious viruses of both human and non-human vertebrates include retroviruses,

RNA viruses and DNA viruses. This group of retroviruses includes both simple retroviruses

and complex retroviruses. The simple retroviruses include the subgroups of B-type

retroviruses, C-type retroviruses and D-type retroviruses. An example of a B-type retrovirus
30 is mouse mammary tumor virus (MMTV). The C-type retroviruses include subgroups C-type

group A (including Rous sarcoma virus (RSV), avian leukemia virus (ALV), and avian

myeloblastosis virus (AMV)) and C-type group B (including feline leukemia virus (FeLV),
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25 Lymphocystis virus of fish); the family Herpesviridae, including the alpha-Herpesviruses
(Herpes Simplex Types 1 and 2, Varicella-Zoster, Equine abortion virus, Equine herpes virus
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30  the gamma-herpesviruses (Epstein-Barr virus (EBV), Marek’s disease virus, Herpes saimiri,
Herpesvirus ateles, Herpesvirus sylvilagus, guinea pig herpes virus, Lucke tumor virus); the

family Adenoviridae, including the genus Mastadenovirus (Human subgroups A, B,C,D,E
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ant i bact ¢
molecular weight molecules which are produced as secondary metabolites by cells, such as

25  microorganisms. In general, antibiotics interfere with one or more bacterial functions or
structures which are specific for the microorganism and which are not present in host cells.
Anti-viral agents can be isolated from natural sources or synthesized and are useful for killing
or inhibiting viruses. Anti-fungal agents are used to treat superficial fungal infections as well
as opportunistic and primary systemic fungal infections. Anti-parasite agents kill or inhibit

30  parasites.

Antibacterial agents kill or inhibit the growth or function of bacteria. A large class of

antibacterial agents is antibiotics. Antibiotics, which are effective for killing or inhibiting a
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triphosphate form of the nucleotide analogue is incorporated into the growing nucleic acid
chain, it causes irreversible association with the viral polymerase and thus chain termination.
25  Nucleotide analogues include, but are not limited to, acyclovir (used for the treatment of
herpes simplex virus and varicella-zoster virus), gancyclovir (useful for the treatment of
cytomegalovirus), idoxuridine, ribavirin (useful for the treatment of respiratory syncitial
virus), dideoxyinosine, dideoxycytidine, and zidovudine (azidothymidine).
Anti-fungal agents are useful for the treatment and prevention of infective fungi.
30  Anti-fungal agents are sometimes classified by their mechanism of action. Some anti-fungal

agents function as cell wall inhibitors by inhibiting glucose synthase. These include, but are

not limited to, basiungin/ECB. Other anti-fungal agents function by destabilizing membrane
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dogs). Malignant disorders commonly diagnosed in dogs and cats include but are not limited

to lymphosarcoma, osteosarcoma, mammary tumors, mastocytoma, brain tumor, melanoma,
adenosquamous carcinoma, carcinoid lung tumor, bronchial gland tumor, bronchiolar

25  adenocarcinoma, fibroma, myxochondroma, pulmonary sarcoma, neurosarcoma, osteoma,
papilloma, fetinoblastoma, Ewing’s sarcoma, Wilms’ tumor, Burkitt’s lymphoma,
microglioma, neuroblastoma, osteoclastoma, oral neoplasia, fibrosarcoma, osteosarcoma and
thabdomyosarcoma. Other neoplasms in dogs include genital squamous cell carcinoma,
transmissible venereal tumor, testicular tumor, seminoma, Sertoli cell tumor,

30 hemangiopericytoma, histiocytoma, chloroma (granulocytic sarcoma), corneal papilloma,
corneal squamous cell carcinoma, hemangiosarcoma, pleural mesothelioma, basal cell tumor,

thymoma, stomach tumor, adrenal gland carcinoma, oral papillomatosis,
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targets have been described in the art and many are commercially available. The nucleic
acids when used in combination with monoclonal antibodies serve to reduce the dose of the
antibody required to achieve a biological result.
25 Other types of chemotherapeutic agents which can be used according to the invention
include Aminoglutethimide, Asparaginase, Busulfan, Carboplatin, Chlorombucil, Cytarabine
HCI, Dactinomycin, Daunorubicin HCI, Estramustine phosphate sodium, Etoposide (VP16-
213), Floxuridine, Fluorouracil (5-FU), Flutamide, Hydroxyurea (hydroxycarbamide),
Tfosfamide, Interferon Alfa-2a, Alfa-2b, Leuprolide acetate (LHRH-releasing factor
30 analogue), Lomustine (CCNU), Mechlorethamine HCI (nitrogen mustard), Mercaptopurine,
Mesna, Mitotane (0.p’-DDD), Mitoxantrone HCI, Octreotide, Plicamycin, Procarbazine HCI,

Streptozocin, Tamoxifen citrate, Thioguanine, Thiotepa, Vinblastine sulfate, Amsacrine (m-



the hunoral immune system (i.e., the anti body dependent i mrune response).
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cancer vaccl ne ose used to prepare cancer i munot herapies, can be
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(1994) ncer Res 54:1055-8, or .b artial.l urifying th i usi ng
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differentiation and those that are temporally expressed such as embryonic and fetal antigens.

25  Other cancer antigens are encoded by mutant cellular genes, such as oncogenes (e.g.,
activated ras oncogene), suppressor genes (e.g., mutant p53), fusion proteins resulting from
internal deletions or chromosomal translocations. Still other cancer antigens can be encoded
by viral genes such as those carried on RNA and DNA tumor viruses. “Tumor-associated”
antigens are present in both tumor cells and normal cells but are present in a different

30  quantity or a different form in tumor cells. Examples of such antigens are oncofetal antigens
(e.g., carcinoembryonic antigen), differentiation antigens (e.g., T and Tn antigens), and

oncogene products (e.g., HER/neu).
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response to an allergen. An “allergen” refers to a substance that can induce an allergic or

25  asthmatic 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 natural animal and plant allergens include proteins specific to the

following genuses: Canine (Canis familiaris), Dermatophagoides (e.g., Dermatophagoides
farinae); Felis (Felis domesticus); Ambrosia (Ambrosia artemiisfolia; Lolium (e.g., Lolium

30  perenne or Lolium multiflorum); Cryptomeria (Cryptomeria japonica); Alternaria (Alternaria
alternata), Alder; Alnus (Alnus gultinosa); Betula (Betula verrucosa); Quercus (Quercus

alba); Olea (Olea europa), Artemisia (Artemisia vulgaris); Plantago (e.g., Plantago



(e.g., Triticumaestivum; Dactylis (e.g., Dactylis glonerata); Festuca
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32 O her asthma/allergy nedicanents are_preferably used in conbination with
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contents of which are incorporated herein by reference. The summary of the medicaments as
described in the NIH publication is presented below.

In most embodiments the asthma/allergy medicament is useful to some degree for
25  treating both asthma and allergy. Some asthma/allergy medicaments are preferably used in

combination with the immunostimulatory nucleic acids to treat asthma. These are referred to
as asthma medicaments. Asthma medicaments include, but are not limited, PDE-4 inhibitors,
bronchodilator/beta-2 agonists, K+ channel openers, VLA-4 antagonists, neurokin
antagonists, TXAZ2 synthesis inhibitors, xanthanines, arachidonic acid antagonists, 5

30  lipoxygenase inhibitors, thromboxin A2 receptor antagonists, thromboxane A2 antagonists,

inhibitor of 5-lipoxygenase activation proteins, and protease inhibitors.
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The immunomodulators include, but are not limited to, the group consisting of anti-
inflammatory agents, leukotriene antagonists, IL-4 muteins, soluble IL-4 receptors,
immunosuppressants (such as tolerizing peptide vaccine), anti-IL-4 antibodies, IL-4

25  antagonists, anti-IL-5 antibodies, soluble IL-13 receptor-Fc fusion proteins, anti-IL-9
antibodies, CCR3 antagonists, CCR5 antagonists, VLA-4 inhibitors, and , and
downregulators of IgE.

The immunostimulatory nucleic acids of the invention can be used to induce type 1
IFN, i.e., IFN-o. and IFN-B. The method involves contacting a cell capable of expressing a

30 type 1 IFN with an effective amount of a combination motif immune stimulatory nucleic acid
of the invention to induce type 1 IFN expression by the cell. It has recently been appreciated

that the major producer cell type of IFN-o in humans is the plasmacytoid dendritic cell
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ratio of effector to target cells is referred to as_ the E.; T ratio.
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lineage. In microtiter plates, a constant number of radiolabeled targets (e.g., *1Cr-labeled
K562) is incubated either alone (spontaneous), with detergent (maximum), or with varying
25  numbers of effector cells (experimental). The ratio of effector to target cells is referred to as
the E:T ratio. Enriched, activated NK cells typically are effective at E:T ratios of less than
10:1, while unfractionated PBMCs or splenocytes require E:T ratios of 100:1 or more.
The immunostimulatory nucleic acids also are useful as adjuvants for inducing a
systemic and/or mucosal immune response. The combination motif immune stimulatory
30 nucleic acids of the invention can be delivered to a subject exposed to an antigen to produce

an enhanced immune response to the antigen. Thus for example combination motif immune

stimulatory nucleic acids are useful as vaccine adjuvants.
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The immunostimulatory nucleic acid 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
25 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, 1995b); Microspheres
(Gupta et al., 1998, Jones et al., 1996, Maloy et al., 1994, Moore et al., 1995, O’Hagan et al.,
30 1994, Eldridge et al., 1989); Polymers (e.g., carboxymethylcellulose, chitosan) (Hamajima et
al., 1998, Jabbal-Gill et al., 1998); Polymer rings (Wyatt et al., 1998); Proteosomes (Vancott
et al., 1998, Lowell et al., 1988, 1996, 1997); Virosomes (Gluck et al., 1992, Mengiardi et al.,
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used in a range of 5 to 10,000 times higher than the typical doses described above.

25 As used herein, “effective amount” shall refer to the amount necessary or sufficient to
realize a desired biological effect. For example, an effective amount of an
immunostimulatory nucleic acid for treating an infection is that amount necessary to treat the
infection. Combined with the teachings provided herein, by choosing among the various
active compounds and weighing factors such as potency, relative bioavailability, patient body

30  weight, severity of adverse side-effects and preferred mode of administration, an effective
prophylactic or therapeutic treatment regimen can be planned which does not cause

substantial toxicity and yet is entirely effective to treat the particular subject. The effective
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25  of administration include but are not limited to oral, parenteral, intramuscular, intranasal,
intratracheal, inhalation, ocular, sublingual, vaginal, and rectal.
For oral administration, the compounds (i.e., immunostimulatory nucleic acids,
antigens and other therapeutic agents) can be formulated readily by combining the active
compound(s) with pharmaceutically acceptable carriers well known in the art. Such carriers
30 enable the compounds of the invention to be formulated as tablets, pills, dragees, capsules,
liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a subject to be

treated. Pharmaceutical preparations for oral use can be obtained as solid excipient,
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Cpr oy SESC DN S PRy IR, Sk oo At ey BUP AL P P e
of a quirtodidbee, sabppsll gahipolyethylene diyshl, enddi fitavivrodiexidanlegquer solutions,

trichl or,of | ugr onet han di chl.orot etrafl yoroethane, carbon di 0xj or ot her
sul ¢ arie e PR R0 Ru of foig] rBkhts TG BESerionl s atsle tmy “be
deter raled oY@r433¢ 0dbhinkd fP B AR chadBetbrizelli @l dignAnMRhY 6f hivdel i ver
a netered ampunt. Capsul es and cartridges of e.g., gelatin for wuse in an
i nhal €PmHOUPH o] at or may be fornul ated containing a powder m x of the
conpound b )

compounds, “WhEReHibA B RRUE LA B Bk A AL S ol B ADSes B0

f or nulcdtgethtinbasf well pasodnsaatel capsiidsrsder aftgebatinlayd b plaattivansuch.ag glydesol bol us
injection.or. cantinuous infusion. Fornulations for. injection, be

pr eserftSHrRL-L his PYBEH GaPlES Fr Somain the et daresicnty in misis MirgaYler

CoOt ai ek fs ladiohé) HRMeRONEH aPHBRAEY Bhd bR lRICRIRASiald ANRadRYinbAkersEch
fornms as suspensions, solutions or enulsions in oily or aqueous vehicles,
and nepdeepticapity fstabilizees dn yott synles, theatiivesompeptsanagbe dssbiediozi ng and/ or

di spe rsﬁgﬁ&dgcg f\Rtable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene

glycols. In addition, stabilizers may be added. Microspheres formulated for oral

administration may also be used. Such microspheres have been well defined in the art. All
25  formulations for oral administration should be in dosages suitable for such administration.
For buccal administration, the compositions may take the form of tablets or lozenges
formulated in conventional manner.
For administration by inhalation, the compounds for use according to the present
invention may be conveniently delivered in the form of an aerosol spray presentation from
30  pressurized packs or a nebulizer, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide

or other suitable gas. In the case of a pressurized aerosol the dosage unit may be determined



10 Pharmaceutical formulations for parenteral adm nistration include
aqueous solutions of the active conpounds in water-soluble form

Addi t i onawbyg/osiIspensi ons of the active conpounds nmay be PpTasar/adeas
appropriate oily injection suspensiom. Suitable |ipophilic solvents or
vehi cl &y prowiflinge vehtetp dglives agneipred smousta feapsiles al@rcaﬁtyﬁgmfuecg feelatip 19 d

esters, S}Jncar}l f?iﬁalexe (t)l %Lufﬁgl%ﬂn% %"’3 félﬁ‘kl@&ltgcg&{n'tﬂﬁﬁg a#l) LPOROIERe cﬁ?ﬁ(gtﬂlﬂs

i nj eCtI on suspenst ons may ance I NCrease
Vi scosiahy a@ﬁﬁiﬂlep@wa@ﬁfase smh aslactmsaSr sadhum car boxyrret hyl cellul ose,

sorbitol, or_dextran. Optionally, the spensi on | so ¢ in sutable
st ab| | . zers e C&{j’é’ﬁ% AsahER s isale o A ngﬂm qyrsftegﬂy Ry, Wey ﬁ%k@ﬁ o
allg a&&ﬁerapé 'is%rah&'i'bﬂnjé'b‘tlgﬁlé’g CWB&HQ& [13dc8ien SPLHHNRBS: infistdrr nat ' veI Yy,

the actl e conmpounds be’ I'n powdef formfor constitution wth a 20

sui t ablRermelatiohefor é&j gct;onsn@r b wesmztedgle nuit desagoderer, e glaen @meouls%or ifihe

conpoun a_be f i.nal 05|t| ns such as
upbos it Sortfiapiny A afitet Bt T fon i Rt RGN s 3
SUPPOSish§ersiBAS A6lusibhloPEmulSieELA ook fuddis o&lhaeS ahy ﬁﬁﬂylcdﬂtﬁm foRmaldebryi on to
the fornul ations descri bed preV|ous t he conpounds may al so be 25

ly
f or nul &gents aechasgupsndmgesial 1hzlpg)ﬁnd/@u§;1ppqr%ﬁ@ag‘é1ﬁ ng formul ati ons may be
forygul at ed whtdrhlac%uhsﬁ%&@awg?& 3afe)a£er£\yaqﬁ9m@£p B It ud doiliganp! e

as an enul sifonIn an acce or 10on exchange res
spar i ngifyhesaitivb Icemﬂemndsam wam—,solhb]le fesnanptédifionslya seypansioyl of thesapitivbl e sal t.

The phar naceuti cal osi.tions also rise suit r gel
phase 3“@“’@8]’1?‘556?‘1%3’ B?P ief) aéﬁmgom%?ﬂ&aééecgf’ng?&@ﬁmd%sr %glfteblf)ﬁp%&ﬂf Hients
I ncl udegoRidhts ¥ GeliBles hﬂdmdeqﬁmf 8ils gh 66 SH¥BALN ocﬁiastyﬁnheﬁ@fa@ﬂytamdmmp Bidteas
vari ous sugars, starches lul ose derivatives, gelatin, and polyners

such asthylojaatdwrtrigkycefiges o0t iPoWmIG3/ATNETUSINCTAUSERBEAE 12y IDNBIN t abl e
i Oiglsgl su %grgclg% d élaiﬁgli%gseut}lé g%%osﬁ? §g f?h %hé %Hsg)ﬁrslﬁgh F\ls;?dd d’?ﬁ Car® J:tﬁ 1 aqueous

or |nha a roenca Su enc
Coat ed &Hﬁl@séﬂs@fb@t&ﬁ@pﬂ_@xtr@p|(§bti|@ﬁdi113i, ﬁimsp@mhanajeaisd cmntaupmsmm nebul i zed,

aerosols, pellets for inplantat on i n skin 0 a sharp
obj ect stabi b@r%@ra&ﬁ%qﬁé@l?l?l’tnﬁreﬁ %R‘?lﬂbl W@qb‘h%ﬁrﬁ%’é‘éf foc g&ﬁf‘?posi tions
also i %Oﬁég& i l,l%}ﬁgco Hﬁaggsolﬁﬁa&}set s, coated tablets, (mcro)capsules,
supposi-'t Syr emul s ons, suspensi ons, creans, drops or

prepar ati on sAkmmértnmﬂ}q theatiod compduads maafbean pDWéercform durregsstititionivis
pr ar at i ients _and additives auxiliaries such as

excC.l r
i'nt egélt%ir’]r‘ﬁé’ehlﬁfnﬁgrgen RGN e‘?ﬁattgr E"\%Eq ¥5°hg agents, lubricants,
f l avorings, TEWRERNBESMAY ke by RirniulesFindtQalcdiSiohar ddnypolsiﬁﬁﬁs aghdescri bed

above. The pharmaceuti cal
suppositories or retention enemas, e.g., containing conventional suppository bases such as
cocoa butter or other glycerides.
In addition to the formulations described previously, the compounds may also be
25  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 compositions also may comprise suitable solid or gel phase
30 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.



10 conpositions are suitable for use in a variety of drug delivery systens.
For a brief review of nethods for drug delivery, see Langer(1990) Science
249: 1527-88,03m37¢h is incorporated herein by reference. Po&/Us02/26468

i mrunostinul atory nucleic acids and ionally other therapeutics and/or
anti gens rrayslli@bédmllﬁ @tsehé@h@feracs@lce aperatmn forms prs, fomeﬁm@pleaaqueous or
pharrracetlcll acce | e ne.the sa ts
hou o B il BGERRURARY miRstdphua iR AR R e PR G P it PEe B et b
sal ts rmyd pafiviesicentalned e lipssdehes On.erbulma[ gergdody; peltasifor Gablayitation ﬁﬁ@'ﬂﬁam e
salts thereof. Such salts_include, but are not Ilmted to, those prepared
from t I, Opriedpig aahwa@bmqmmr%?heé intp ¢herski ohiecphasmpseyiical  nitric,

phogph%o#gnosﬂﬁh§blg nﬁ%ﬁ% gfma%l%)er%ﬁ#d&d 4 6Eabléﬁs Bl RBISY l(ﬁg%@jcﬁpsuiﬁ,r taric,

citric, hane su mal oni ¢, succl ni @

napht heduppmtzmss; Ispiupsmemulsam mspzmmlssubqahm diraps oApsparasionhwihiptaractwd be
prepared as or al kaline eart alts, such sodi..um

Dot nas RSy St SRS o R R ROy e tep 4TS <&t Siires
buf f er 'Sﬂlghﬁggi@in (gi‘eﬂl@sl WitRlersA6&ting a%@dt@i sveding aféts, lﬁﬂno%%s\/\ﬂé(\)orm(gkt ric acid
and a salt (1- 3A)vv/v) boric acid and a salt (O.5- 5%w/v) and

phos photiesteagts@r solabilizers e quatogaapiy used agdescribsslpeyisl dhe phamragentiopgks i ncl ude

oo TS AT PR 0 QRPN A
p har rraaﬁethbdsafor dagpieii ¢y pses LahgeEO90NYSerice @49:d 6RT-48 ywhich éf ine@poraeedanount  of

rr%]os | nmul atory nucleic acid and optionally antigens and/ or ot her
therap Y18 P4 geRtEC-optional Iy included in a phar maceutical |y acceptabl e

carrier. Thefﬁﬁhﬂu&@%ﬂﬁﬁﬁ&'hh&@ic'aﬁd@@n@ ?bﬁw@ﬁfcfdp%ﬁhcs%ﬁfb? one or
nmore conpatible solid or liquid f s or encapsul ating

subst armm@gewm@)hbmcbnmﬁtqr@bp@ Sfedneaébnn in ith@tfpml pba phamaceutivally a¢ceptahler

r.i.ebr at e ni.ma fern o r not es_.an, o |norgan| c

! ndrear el AR BRI BrSighS EiuetE ol e B Y S B iR Bk w050 St
whi ch tﬂlﬁnﬁ@éduﬂeauyrs@éqﬂatﬂ@§a11ssngmﬂnlvétﬁehttyaaehaecﬂ td prepare phamapplticanyi on. The
conponents of the pharnaceutical conpositions also are capahl e of being

conmi ngace@ptablﬁ ﬁaltsrﬁhere%&ﬁh galts igelugle, @ubaré sahimited o thoss Prea?md\ﬁ%thé ach

ot her, t of a
subj ect @B%l ng }?A&%&%lﬁ%%%’&%%%&nlh?ug}gﬁ%%ﬁgaﬂds eff(po atléé‘“e%gér%&nm stration,
pur pos esah’cylﬁdg@-tolrmmnﬁrm\iﬁtqnmta(ﬁane, gitrisy mpthyhaoiplono, erhec,&dem,cs)u,cem&t ure and

r|t di rder e and dy. wej.ght qof tlent dif rent
S8 ey RinatelE el gt e iy TS SpLsalf G B bERh bt LR | o
Out bOtIBetlaVoﬁélﬁeQin@ e@x@maltsswcﬁtab QbdiliA, nf; %Slﬁ@bfﬂa@&uﬁ%aﬁi\@ftﬁb daBbxydrse unit
or el se several smaller dose units. | tiple adm nistration of doses at

speci f i acid grogpval s of weeks or nonths apart is usual for boosting the
antigen-s pecglgﬂa%le 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%
25  w/v). Suitable preservatives include benzalkonium chloride (0.003-0.03% w/v);
chlorobutanol (0.3-0.9% w/v); parabens (0.01-0.25% w/v) and thimerosal (0.004-0.02% w/v).
The pharmaceutical compositions of the invention contain an effective amount of an
immunostimulatory nucleic acid and optionally antigens and/or other therapeutic agents
optionally included in a pharmaceutically acceptable carrier. The term “pharmaceutically
30  acceptable carrier” means one or more compatible solid or liquid filler, diluents or
encapsulating substances which are suitable for administration to a human or other vertebrate

animal. The term “carrier” denotes an organic or inorganic ingredient, natural or synthetic,



10 responses. Qther delivery systems can include tine-rel ease, delayed
rel ease or sustained release delivery systens. Such systems can avoid
repeat ed WOmBoIFLr ati ons of the conmpounds, increasing comegrisenaet o the
subj ect and the physician. Many typestof release deliver systens are
avai | alwlm valnidh Krecaskive mgrddeelschH&xllmhdﬁalf§011$1m6I the apphtcate)rar%/he wmnﬁmte plide

pol ymer base tens s C oI id oxal ates,
pol yca 5 ?ﬁ?élglga CBW?%@?IEFZ%% EYP(&%%I (if(?ﬂ IP%Iegé" hctﬁ ?/Lbnuts yric
aci d, gpgheRREMANMYERHGAESNd with E4DGARS in@Sm&inet bte;hftmelwie Ebgndaﬁteymbﬁ

cont ai ni ng ‘drugs are described in, for exanple, U S. Patent 5,075, 109.

Del i very sy&pefsgatalesboliarybisae dﬁéﬁﬁ’d}%l%ﬁéﬂv@y@f@ﬁomﬁ%ﬁndaﬂ@m% i ds
4 B E oo SHER 5, RRERLAR . HAbRILGIRL RPARLAC [kl 20! 02

or neuf nono- glycerl ogel rel ease
syste nBeve‘illt}l' afthie disvydetr s anpbpdyi Weightasiete patjent, eimﬁfelem/abosmaay bngse;cessarpp ressed

t abl et s_usi ng .conventional binders and excipjents rii fused

i npl ant The admdnistration;of @ giveg«loss ¢an b eapRRdAut Ibﬁ@letﬁ' 1‘58‘? sgr JH%‘[‘ 'i?‘Fn ted to:
(a) &%{quﬁhnﬁﬁ&ﬁﬁrﬁoée%}‘i’% elie 38veR @IS dcis@ﬁm'tsl"%ﬂﬁ%@'&dinﬁn@t@ﬂfoﬁ'dﬂed ina
formwthin a matrix such as those described in at ent Nos

4, 452, 18%:s att sipel|clid@ervanef Weeks or moaths apert (st»su@léoijc%orsm eantiggrssnerdici n
vvhm an_active conponent perneates at a controlled rate froma polymer
such af*888%Pibed in U S. Patent Nos. 3,854,480, 5,133,974 and 5, 407, 686.

In additi othpuivbgsesteinacahiacde dhicvieledses Yelupstbrelase dissustsiedd rdedye of
whi ch are adapted for  inplantation. The present .inv ion is further
i |l ust ﬁakl‘éw systeme P oiemg canari Bpcatgh ?@Hﬂilwaﬁens %fgﬁﬁé%}n%%@&ﬁd be

const r th{ b BREndelt ﬁe' SAectt A tRObhys&ifPO WER) §p&f oﬂarleiea&fdelhk}@ryr ef erences

(1 ncl u erature re erences, issued patents, "published patent
appl ic aystems area:wdﬂa:lﬁe prhihiovg PACh 8 /06 DETary @1@11/1m3&24r12 cl6g indudegpalpmer

ted th hqut . t hi | h |
RS pdes Baty surbrtraRie i elide BBobb RS RIS O 2% e kabl
st r Ong PRGlekiéanteD holY6rtE&istess, O hY Ebk Fouty@ciatsd,i=ad polydghyiided. ousl y

recogni zed and described ol i godeoxynucl eoti des (QDN) _containing
neut r alNicrosgpsres dfdhe Briegoing prdymers capaining et #e dsugibed se @@Xé@@i? §sS-cacace

or wherg e 07%0?513%{19&%2%@ 19%130 %ﬁcﬁiag/ gfg n%eq\égt?ﬁr?r% hg% %Fy Igg?ect s of ODN

neutralizing notifs were I eve
on nul tihgihding easlsbwch s thblesiarol ebolestewh eiérs lahd Egttyl acidd @y né@ral s yychNF- a,

e o O Al L ST aPESl e, LN 1 520005, K SR A Eh 2
systems; wax coatings; compressed tablets using conventional binders and excipients;
partially fused implants; and the like. Specific examples include, but are not limited to: (a)
erosional systems in which an agent of the invention is contained in a form within a matrix
such as those described in U.S. Patent Nos. 4,452,775, 4,675,189, and 5,736,152, and (b)

25  diffusional systems in which an active component permeates at a controlled rate from a
polymer such as described in U.S. Patent Nos. 3,854,480, 5,133,974 and 5,407,686. In
addition, pump-based hardware delivery systems can be used, some of which are adapted for
implantation.

The present invention is further illustrated by the following Examples, which in no

30  way should be construed as further limiting. The entire contents of all of the references

(including literature references, issued patents, published patent applications, and co-pending



I n many cases, the presence of a neutralizing notif in an oligonucleotide
together with a stinulatory notif was believed to prevent i mmune
activati owo o@es7such ODN containing both stinul atory andPogaisozabdses ng
notifs is ODN 2136, which has the S:QUence 15 TCCTGACGITCGEECECECACCC ( SEQ
ID NO peB)it appisationspeitedoiraugheutdonapriivetipmarederdbyiexpigsaly Bicemorated by al i zi ng
notif, (SEQ ID NO 37), derived fromthe 3" end of the

i nhi bi t8FFIEDN 2010 . SEQ ID NO 38). Surprisingly,
ODN 2136 had strong activity for inducing NK cell lytic activity (lytic
units, L.U). As shown in Table 1, ODN 2136 at a concentration of 3 g/m
was actually stronger 20 than our B-cell and NK cell stinulatory

e R N

producti on oWVe gre&aﬁlspgllend)glﬁiedl alﬁwdascnml\bh@iﬂaéixynwlmadbst(m)m)rdodtamlng)n of

14,278 pg/ il  (Fi 1) d d that t
of i <eREzitg ok poa b el euie ke fabuee s Py WACHV S et erobeTanl o

1. Hu”%?ﬁ%re@ﬂleﬁ B et Q{d?fnnfoﬁlmveeﬂ)irg(}v ar He@é'ﬁet@gﬂzmg%&lfgﬁ;&ege%@t ol 6.3
12.5 25.0 5 10070 L. 11.66 18.57 0.13 [|L-2

(100 U/redyjce 1 ingNoRLe e GDNe etz rv8lo6s, S5has soases (3Ll WL)126. 47
0 53.00 11.69 15 .20 51. 26
75105 JENGR TR -G 4aniisNe o graned- patis igatnd rdpbnd: Figegse & 30 6 oo
7118 (1908

f)%c%%cad@@z 85905826%-42. 79 15.93 0.09 WO 03/015711
PCT/ US02/ 26468 42 E:T RATIOODN 3.1 6.3 12.5 25.0 50.0 100.0 L.U. 2006

(0.6 g/ ml) Insemny @ssgtheprasenceri2megtalgzingmotif ingan digoguglentije tpgetier gvithl 7. 02

20 20 Suh Bttty AP D BN el 12

32. 42 1 BPUFEHPY
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fairly typical neutralizing motif, CGGCGCGCGCCC (SEQ ID NO: 37), derived from the 3'
end of the inhibitory ODN 2010 (GCGGCGGGCGGCGCGCGCCC, SEQ ID NO: 38).
Surprisingly, ODN 2136 had strong activity for inducing NK cell lytic activity (lytic units,

L.U.). As shown in Table 1, ODN 2136 at a concentration of 3 ng/ml was actually stronger
20  than our standard B-cell and NK cell stimulatory phosphorothioate ODN 2006
(TCGTCGTTTTGTCGTTTTGTCGTT, SEQ ID NO: 39) for induction of L.U. More
strikingly, whereas ODN 2006 only induced the production of 2,396 pg/ml of IFN-o,, ODN
2136 induced the production of 14,278 pg/ml (Figure 1). This indicated that, surprisingly,

the presence of this neutralizing sequence was not necessarily to be avoided.

25

Table 1. Human PBL Cultured Overnight With Various ODN.

ODN E:T RATIO L.U.

3.1 6.3 12.5 25.0 50.0 100.0

ALONE 0.86 1.47 4.15 7.25 11.66 18.57 0.13
IL-2 (100 U/ml) 12.21 29.21 46.63 67.88 78.28 76.65 33.26
1585 (3 pg/ml) 6.47 12.61 24.65 36.82 49.30 53.00 11.69
1585 (10 pg/ml) 8.52 18.17 33.20 51.26 72.13 73.89 20.94
1585 (30 ug/ml) 5.75 13.05 20.00 34.34 45.02 56.49 10.66
2118 (10 pg/ml) 0.62 2.08 3.90 8.53 12.79 15.93 0.09




1758 (3 g/ nl) 8.40 17.84 33.41 52.20 69.52 74.46 20.78 2398 (0.6 g/ m)
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ODN sequences for Table
1585
1758
1760
2006
2118
2136
2169
2395
2396
2397
2398

1

GGGGTCAACGTTGAGGGGGG
TCTCCCAGCGTGCGCCAT
ATAATCGACGTTCAAGCAAG
TCGTCGTTTTGTCGTITTGTCGTT
GGGGTCAAGCTTGAGGGGGG
TCCTGACGTTCGGCGCGCGCCC
TCTATCGACGTTCAAGCAAG
TCGTCGTTTTCGGCGCGCGCCG
TCGTCGTTTTTGTCGTTTTTGTCGTT
TCGTCGTTTTGTCGTTTTTGTCGTTT
TTCGTGTTTTCGTGTTTTCGTCGT
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

35)
40)
41)
39)
36)
19)
42)
1)

43)
44)
45)

However, in an effort to understand this observation, an even stronger NK activator
and IFN-o inducer was created by combining the 3' end of ODN 2136 with the 5' end of
ODN 2006. The resulting ODN 2395 (TCGTCGTTTTCGGCGCGCGCCG, SEQ ID NO: 1)

serendipitously incorporated a change of the last base on the 3' end from a C to a G. This

single base change has the effect of creating a perfect 12-base-long palindrome at the 3' end
of ODN 2395 where in ODN 2136 the palindrome is only 10 bases long.
Table 2 shows another example of data where ODN 2395 is remarkably potent at

inducing NK cell L.U. compared to most other all-phosphorothioate backbone ODN. In this



phosphor ot hi oat e/ phosphodi ester (SOS) backbone. ODN 1585
(ggGGTCAACGTTGAgggggG SEQ ID NO 35), is described in published PCT

Appl i cat iwo 0337011/ 22990. At the | ow concentration of 0.6PgrmSoyaased in
this experiment, ODN 2136 5 i nduced 3 L.U. above the background of 0.03 in
the noacmy QNS is weaer thap therrpstivggpetrolORNWSP Hehirizhed a ¢imeggaocyt e
chenot CIO%W tein (I1P)- 10,

respec'%%é %O%tﬁmg ?bh(o%ﬂg}ehre%tg g‘:‘cqés) rltc)% ¢ Aggzéejll cultures in Table 2.
MCP- 1 l(gg@GTc}mem@Tm“é}AgggggCﬁ SEQ [D gamd3 5.0 déKERBem@ubhslmdsPcﬂfﬁ Applicatiohh bot h
Thl and_Th2-type i mune responses. IP-10 is a CXC nmpkine that is a

| | gand WOr0143&538. Adhs @WMWI&P@H ofip rLefm tegtgd flb%lﬁ&ﬁfg@%melﬂo@@%%} P et
2 T

el 3t uaeed BTy Tt SEbaER o 0L B RL DM bl Sl Hehin ©

| evel s 3Cﬁhow|\tEE’-le’kfel Jahbeocte diemmatac@Bhro@ih (MICPY-1@und I‘.[ENgMchle proveini(B)s ODN.
E:T RATIO ODN 3.1 6.3 12.5 25.0.50.0 100.0 L. U. . E_1. .10 4.25 7.72
12. 07 18; BEPestiyely, V’Ltﬁ? SYPEERstAgfrym e ]é% Gfgl cyltuies 1@%%& 27@@3‘ 65292 63 37.17
1585 ( Jeﬂeﬁémnk tl%at@;oa ﬁganaﬁ‘o@éCﬁ aBQ is/@sdclat@Bwith bdth B A TI2lBe (riAugd/ M)
2.99 .26 14.18 0.01 2183 (0.6 ghnl) 2.13 2.28 3.29 8.17
10 47 Ié’sp@ﬁSG{B @P—lozasﬁmclsl@/lcme)tha:t ip 8 ligaridgfog C3°RS @ i9 aggciatedsyitipThh 2133

. 08 Fsdob 1ostiely Py S 00 83 i i G R P bl Bl Gafbiy -7

24 90 %9315 2rBaiveRlskong Gaduce oTIIP-1D. pi‘ddtﬂ:iﬁﬁ, bfht Qfiudesthlyl vedbelbvelyoD. 05
2137 (0.6 g/mM) 1.66 2.79 4.43 7.92 10.64 16.91 0.06 2006 (0.6 ghnl) 1.92
3.38 5M6Pilt. 57 16.82 25.30 0.65 2006 (0.6 gg/m) 0.91 2.19 4.52 7.39
13.86 21.57 0.28 2006 (0.6 g/m) 1.92 3.59 7.67 12.51 18.99 28.03 1.04
2395 (0.6 g/m) 2.88 7.20 10.80 23.96 37.97 54.38 7.02 2396 (0.6 ghnl)
0. 92 2.TaBleR2.0Mumai @BIOCHB81rdHO9&n{Eh WitlpBarioys@BNg/ ml ) 3. 05 5.24 10.51 17.50

33.51 46.50 4,92 2398 (0 6-ghat) 1372 82 516 848 15 72 21 72 0 34
2012 (0.6 Gpk) 0.88 1.71 4.41 7.07 10%7*4EYU7 0 06 2102 (0.6 gl mpu2. B6
5.82 10.59 17.88 30.96139.[79 & 81| 125 25.0 50.0 100.0
ALONE 1.73 3.10 425 7.72 12.07 14.56 0.03
IL-2 (100 U/ml) 16.68 29.41 49.42 74.78 87.64 92.63 37.17
1585 (10 pg/ml) 9.60 17.25 35.63 55.76 77.53 87.14 22.94
2118 (10 pg/ml) 2.99 2.88 341 6.72 9.26 14.18 0.01
2183 (0.6 pg/ml) 2.13 2.28 3.29 8.17 10.47 17.87 0.07
2186 (0.6 pg/ml) 1.23 2.18 3.50 6.26 9.58 14.51 0.02
2133 (0.6 pg/ml) 2.13 3.45 9.69 18.85 32.72 44.67 4.63
2135 (0.6 pg/ml) 2.07 4.06 7.70 12.63 21.90 34.58 1.92
2139 (0.6 pg/ml) 2.94 5.15 9.63 15.15 24.90 38.71 2.83
2117 (0.6 pg/ml) 1.21 2.32 4.08 7.61 10.09 16.27 0.05
2137 (0.6 pg/ml) 1.66 2.79 4.43 7.92 10.64 16.91 0.06
2006 (0.6 pg/ml) 1.92 3.38 5.06 11.57 16.82 25.30 0.65
2006 (0.6 pg/ml) 0.91 2.19 4.52 7.39 13.86 21.57 0.28
2006 (0.6 pg/ml) 1.92 3.59 7.67 12.51 18.99 28.03 1.04
2395 (0.6 pg/ml) 2.88 7.20 10.80 23.96 37.97 54.38 7.02
2396 (0.6 pg/ml) 0.92 2.18 4.07 5.78 10.18 14.95 0.03
2397 (0.6 pg/ml) 3.05 5.24 10.51 17.50 33.51 46.50 4.92
2398 (0.6 pg/ml) 1.37 2.82 5.16 8.48 15.72 21.72 0.34
2012 (0.6 pg/ml) 0.88 1.71 4.41 7.07 10.97 16.47 0.06
2102 (0.6 pg/mi) 2.36 5.82 10.59 17.88 30.96 39.79 3.81
2103 (0.6 pg/ml) 2.12 4.32 8.83 13.49 25.23 35.47 2.37
&013 (0.6 pg/ml) 1.11 242 442 6.01 9.15 13.44 0.01




2103 (0.6 g/m) 2.12 4.32 8.83 13.49 25.23 35.47 2.37 2013 (0.6 g/m) 1.11
2.42 4.42 6.01 9.15 13.44 0.01 WO 03/015711 PCT/ US02/ 26468 44 E: T RATIO
ODN L. U. wWB.0b0&781 12.5 25.0 50.0 100.0 2142 (0.6 g/ ml) OPe4d/UkB%448 38 7. 44
11. 45 16 84 0.08 2180 (0.6 ghnl) 2.08 4.08 6.91 11.54 16.82 25.76 0.67
2007 g/ ml) 1.183 3.30 6.68 12.34 20TRATIQ. 10 1.25 2136 (0.6 |g/| %I)
0.01 uences fof T1abl %32 15852@6@ CAN(:I GAWS (B I D Nb )

2006 ] R NACIAS & a A CI R S5 b
(SEQ | AR S oS L s S MU T ,QEm A IR e o
TCOGTOGHRT eI TTIGTEEPT_(SEGY D NS 9&9) 2HePd TOGTRETTTCAIPT TTGAPSTT
( SEQ | BoovQ.6 feyl) 211 171.8BZG[ZGFITTGATZGRYTTGIZERE ( SECROT NG B0 211825
GGGGT CABTGId G (SEQ[TD NO_[36) 10 2133 TCGICGITGGT IGTCGITTGaIAL ( SEQ
| D NO—17) 2135 ACCATGGACGAGCTGI TTCCCCTC (SEQ D NO 18) 2136
TCCTGA@@N@Es;r.casv:::sxg@cf,@tfz@1 3EQ ID NO_ 19) 2137 TGCTGCTTT IGTC-LI ITTGTGCTT ( SEQ

I D NO 1389y GHGETE T GACGTT (SEQ@EQN@NQ%S 15 2142
TCGCGT GO TTISTHGI TITRASCHT TR CETRO. 22)  2{3Q ID NO: 39)

TCGTCGEIIA TTGEIECGTTGIGHKIXATTGBEGITD NO 52) ZNBQIDNOHEOJTTTTTTTTTTTTTTTT]
(SEQ | RoNO TE3)CGPRIEe CTIGTERUFCIGTCCXITTCTTCTTGEER) (BE®143)NO. 54) 2395
TCGTCGHT T COECAEEBECEGUIE TDIGIOCGIT 20 2396 TSER)OONOTAGICGTTTTTGICGTT
(SEQ | @10@0 T@%}Tc@ﬁﬁm@mw@mlu [TTGTCGT{JEQ BNOB0YO  44) 2398

v

TTCGTGhH] EeT7GIHR AT AT 45) Based(9mQtbese: snd other data, we
concl u ?9‘8 thgiGH A%b%%%%@@@é@@e was a  (SEQID NO: 36)
10 2133 TCGTCGTTGGTTGTCGTTTTGGTT (SEQ ID NO: 17)
2135 ACCATGGACGAGCTGTTTCCCCTC (SEQ ID NO: 18)
2136 TCCTGACGTTCGGCGCGCGCCC (SEQ ID NO: 19)
2137 TGCTGCTTTTGTGCTTTTGTGCIT (SEQ ID NO: 20)
2139 TCGTCGTTTCGTCGTTTTGACGTT (SEQ ID NO: 21)
15 2142 TCGCGTGCGTTTTGTCGTTTTGACGTT (SEQ ID NO: 22)
2180 TCGTCGTTTTTTGTCGTITTITTTGTCGTT (SEQ ID NO: 52)
2183 TTTTTTTTTTTTTTTTTITITTIIT (SEQ ID NO: 53)
2186 TCGTCGCTGTCTCCGCTTCTTCITGCC (SEQ ID NO: 54)
2395 TCGTCGTTTTCGGCGCGCGCCG (SEQID NO: 1)
20 2396 TCGTCGTTTTTGTCGTTTTTGTCGTT (SEQ ID NO: 43)
2397 TCGTCGTTTTGTCGTTTITTGTCGTTT (SEQID NO: 44)
2398 TTCGTGTTTTCGTGTTTTCGTCGT (SEQ ID NO: 45)

Based on these and other data, we concluded that the ODN 2395 sequence was a
25  remarkably strong activator of NK cells and IFN-o. production.
Example 2. ODN related to ODN 2395 are also strong activators of NK cells and IFN-o
production.
Additional ODN 2427-2433 (SEQ ID NOs: 2 - 8) were designed and synthesized to
test the possibility that the palindrome at the 3' end of ODN 2395 may be important in its
30 immune stimulatory activity. Table 3 compares the ability of these different ODN to activate
NK L.U. As is evident from these data, the strongest ODN at the concentration of 1 pg/ml is
ODN 2429 (TCGTCGTTTTCGGCGGCCGCCG, SEQ ID NO: 4) which induced 2.85 L.U.
of NK activity. ODN 2006 was very weak in the experiment, and all of the other oligos that
were tested except for the control ODN 2118 (GGGGTCAAGCTTGAGGGGGG, SEQ ID
35 NO: 36) that has no CG were stronger than 2006. ODN 2429 is notable because it is the only



25 remarkably strong activator of NK cells and | FN-a production.' Exanple
2. ODN related to ODN 2395 are also strong activators of NK cells and I FN-a
product i owO 0Adei71i onal ODN 2427-2433 (SEQ ID NGs: 2 - 8) wemasdzsdsghed and
synthesized to test the possibi I|t 45hat_ t he i ndrone. at the 3' end of
ODN 2398e thay niséntdinpo i 2-Hase pahndrognea@ hongh s &g ﬁiﬁe@pbp%hr&é@m%frpw hegpt e 3

g\c/) irrgg:l?ﬁ%tr omp?%gllételh#?g bp efégyr nge@%ﬁgﬁ% %(g%gg:n? rl\&aﬁt(?IbJN@%fg/ m is
CDN 24%&HM@J@TWheSEQ/mDCMm@UGMBGhnilmdbﬁtﬁﬁe 2.85 L. U of

NK activit ODN 2006 was ver weak in the experinent, and all of the other
ol i gos pekiadromgdag becasiightly eq tor 1 & prsesdong-r bire remainsiey gf the ODN have

5006 ERIERY 12 SRS e o e Mg NSRS o157, ot onoer e

PCT/ U802/26468 45_ one that maintains a 12-base palindrome, although this

Is a di t hat resent in 2395. ODN 2430
(TCGT 3 “5?583 @%%Vargwf'gﬁﬁ&spt he second strongest ODN
at the T gfmconcentratiomn, 1S sim 'EarRA@ttS The palindrone hag been
1 Add + ~ 1N I,-\.-n-n.- £+ T ., H
SR P ol U N+ UMt SEDAA FRE 1 WA RN R O MM T
3. HureOPEBL Cul tjur 847 Over m-@ht [W PRS Var i ob® ODN. ELT RATI 20DN|3.%4%%, 3
12.5 2500 (80.UMi1Q0. B.0L. Ul 4400NE 0937 Of 64180225| 1.70272. 15 &H.123 (. 0022 | I|- 2
(100 9/1%5)(105@{1&1) ;‘Z(}f.;é’-ndeliﬁsﬂo?? 2043¢ 3 - 1goB. 2 5365 (102091 ) 1,35 2.30
42 5y TS0 I (AU ) 50 SE et ST ST o 4 4]
1.59 2.28% @lgaD1d 08050 46 3% 87 157 700163?1 L niP2- 0] 08200073 |1 RARE
7.11 123993000 |20069 (3] g/3) J. 1690. 75 21208 4 98209679 [203%¥ 0. 151 712427 (1
g/ m) [0o8R11eB0 4. 03.068. 3V 127353 [24.122 0] 343.02427 (31g/ nml) ©M6 2. 2d014. 40
5,00 Yoo ing® (0 33 2f2% il baly 15 9f S8 77200 71 2T 10- 53
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2427 (3 pg/ml) 0.96 2.24 4.40 8.00 15.01 21.85 0.33
2428 (1 pg/ml) 1.19 1.97 3.64 7.72 16.27 24.74 0.53
2428 (3 pg/ml) 1.42 2.36 5.67 11.06 19.11 28.17 1.03
2429 (1 pg/ml) 1.47 3.84 7.83 14.17 25.47 38.99 2.85
2429 (3 pg/ml) 0.57 2.38 4.21 8.98 16.88 26.36 0.72
2430 (1 pg/ml) 1.49 3.55 6.25 12.76 20.51 31.67 1.51
2430 (3 pg/ml) 1.23 1.52 3.89 8.78 15.28 25.56 0.57
2431 (1 pg/ml) 0.96 2.90 3.58 8.29 1523 25.29 0.53
2431 (3 pg/ml) 1.82 3.25 5.53 9.67 21.04 32.78 1.51
2432 (1 pg/ml) 1.67 2.97 4.87 8.54 19.26 27.10 0.84
2432 (3 pg/ml) 1.03 2.39 522 9.41 18.48 25.74 0.76
2433 (1 pg/ml) 0.74 1.84 2.30 6.97 12.43 18.94 0.15
2433 (3 pg/ml) 1.25 3.13 4.47 9.85 14.77 22.75 0.38
ODN sequences for Table 3
1585 GGGGTCAACGTTGAGGGGGG (SEQ ID NO: 35)
10 2006 TCGTCGTTTTGTCGTTTTGTCGTT (SEQID NO: 39)
2118 GGGGTCAAGCTTGAGGGGGG (SEQ ID NO: 36)
2395 TCGTCGTTTTCGGCGCGCGCCG (SEQIDNO: 1)
2427 TCGTCGTTTTCGTCGCGCGCCG (SEQ ID NO: 2)
2428 TCGTCGTTTTCGTCGCGCGGCG (SEQID NO: 3)
15 2429 TCGTCGTTTTCGGCGGCCGCCG (SEQID NO: 4)
2430 TCGTCGTTTTCGGCGCGCCGCG (SEQ ID NO: 5)

2431 TCGTCGTTTTCGGCGCCGGCCG (SEQ ID NO: 6)



2429 (3 g/m) 0.57 2.38 4.21 8.98 16.88 26.36 0.72 2430 (1 g/ml) 1.49 3.55
6.25 12.76 20.51 31.67 1.51 2430 (3 g/nil) 1.23 1.52 3.89 8.78 15.28 25.56
0.57 243wo(030gy7al) 0.96 2.90 3.58 8.29 15.23 25.29 0.53 PR4BK0Y/468 nil)
1.82 3.25 5.53 9.67 21.04 32.78 1.51 462432 (1 g/ ml) _1.67 2.97 4.87 8.54
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a high roduction than CDN 2006, although the levels are
bel ow S: e é)\?lglt(gh %érl_ll 5%8% the chinmeric SOS ODN. The rank order of

I nducti on ofAd sidva ia%gmﬁAo@DN 239D aghityreditivies weretsggnificentlp fvellkerlate. , wit h

t he strongest ef fects . se 395 10 Exa Th t
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Si gnl ficantl at a 0. /'m concentration than OI’ Its
relilati \(H)N&%ﬁcentmtlbﬂs suehaf 1 mgémlr leak)diffdrgncb ovas seen between the various ODN

(Figure 5B). In the same experiment, we also measured B-cell activation by a proliferation
assay (CH-thymidine incorporation; Figure 6). Again, at the 0.25 pg/ml concentration ODN
2006 and ODN 2397 (SEQ ID NO: 44) were by far the strongest (Figure 6A). However, at
higher concentrations, the 2395-related ODN were similar in their efficacy (Figure 6B).

20  Example 4. ODN 2395 and related ODN are weak inducers of IL-10.

Our previous studies have suggested that most of the IL-10 production that is induced
by CpG is derived from B cells. As shown in Figure 7, IL-10 expression correlated well
with B-cell proliferation. Again, ODN 2006 and its relative ODN 2397 were the strongest at
the low concentration of 0.25 pg/ml. ODN 2395 and its relatives induced less IL-10

25  production at this concentration.
Example 5. Concentratioﬁ dependence of immune stimulatory effect.

Additional studies on this class of oligonucleotides and the derivatives involved ODN
numbers 2427-2433 (SEQ ID NOs: 2 - 8). Data for these ODN are shown in Figure 8. This
demonstrates again that ODN 2006 was very weak at inducing IFN-o, production at a

30  concentration of either 1 or 6 pg/ml. However, ODN 2395 induced substantial amounts of
IFN-a., especially at the lower concentration of 1 pg/ml. We have occasionally seen ODN

where the stimulatory activity was reduced at higher concentrations, such as 6 ug/ml, in
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CDN 24§f 'S experinmen was I1I'nteresting considering

t hat tmtlmdiﬂ&nh@sthé%gﬂﬁﬁe PN RAtRER. refﬁfbld&o shesdadiof MKt shintuhionehdiFNet y Weak
B cell stinmulatory activity is shown in Figure 5 and Figure 6. Exanple

Reci pr ceetetipn| Biguondfiapd Bigure d A simve el lFtq msdustipnis sapriwilk O g8 aendbn and

10 | FN- t o Q r r 395 at a
| ow con @Qﬁfﬂ%ﬁ %Oﬁlogfedlbg%ﬁd @mﬁb lg:l ga;ill?]ﬁ{l Bant yh%mglaisep %ﬁe % 006 at
i naduci NYsBHe®) the B¥PELASHYTLITDICDESs andTOBNIL4MOrto figduat TFeS @EreddRn ShoW a

| ess marked |l oss of B cell stimulation. Interestingly, there
different human donors (D141 and D142).

Table 4. IFN-a Secretion by Variants of ODN 23 95!

IFN-o, pg/ml

ODN, 6 g/ml Didl = D142
2006 : 10+£10 7+0.5
2336 83,297 + 1876.5 53530.5 + 4840
2395 6214+ 84.5 2031+ 96
2429 7215+ 68 1117.5 £ 495
5293 10+0.5 27+ 27
5294 2.5+0.1 23+ 23
5295 5+£0.5 0+0
5296 10+£0 100
5297 10+ 0.5 265+1

without (w/0) 110+ 77.5 12+12

Data expressed in units of pg/ml as mean + standard deviation.
ODN sequences for Table 4
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fol | oned W9 0GDN72430, are the weakest B cell stimul atorsPpamirsg2/2dies 2395
relatives. This raises the possibilit48 that the | oss of B cell stinulation
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from a zeparetE@TESPNTNTEIGCCHBTEGCAGshow t he s(8BQIDaNOE #yy of ODN 2395 and
CDN52429%980 TOGUCETIANGGGECEIG®OCI n two  di f f(BEEND Komas) donors (D 141

and D 15%)1 TebrectTTTN GCBeictéon by Vari ant(SEQfHﬁ@N 83>951 ODN, 69/ m
| FN-a, M Edpd ““‘“C@@@@G@b 46g7::L 0.5 1876.5 53530. 5

4840 TEG 29 721568 1]( 3 100.5 2727
g g6 100 100 § 26 5 1 without

5294 2.
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( . d. t's
de\}g?atl anra&tﬁe&csfo 5hﬁ§§1f§%ﬁ%%2/3%711 PCT/ U802/26468 48 2006

TCGTCGIIIIGT IsTgBy Kohé of HEODN 3403-5397 derdOidfiratadtoiohbkaliTiiiioss ( SE
ID NO 57) 2395 CETOGTTTT eSEQII%NO 1) 2429 (S5Q

TCGTCGW&W@%C@@?@J@@%C@ISE@ pBOtgase Izahnéroyzeg utteespaadromediffsstondeat (8EQ | D

rosToorH AR RSN Sl sl st i R s el e 1

NQ 61)itseE28mhol HIGE TR DECEEECEEENE: OBRR41 Na hadA)ich an inversion. Rather,

15  greater levels of activity may occur with a 12-base palindrome unless there is a central CG in

b

the palindrome. However, ODN 2430 also has only a 10-base palindrome with a central GC
dinucleotide. The immune stimulatory activity of ODN 2430 may be enhanced by the fact
that it contains five CpG dinucleotides in the 3' terminus, whereas ODN 5293 contains only
three.

20 ODN 5294 contains only a 6-base palindrome, which could possibly be related to its
low activity. ODN 5295 likewise has no good palindrome. The low activity of ODN 5296
suggests that simple repeats of CCG are not sufficient to confer the immune stimulatory
effects of ODN 2395. ODN 2397 has a perfect 12-base palindrome at the 3' end, but has no
CpG motifs at the 5' end. Since the 12-base palindrome in ODN 5297 is the same at that in

25  ODN 2429, it can be concluded that the 5' TCGTCG motif of ODN 2429 is important for its
immune stimulatory activity. That is, it is believed that the presence of the neutralizing
palindrome of ODN 2429 at one end of an oligonucleotide will be insufficient to provide
immune stimulatory activity in the absence of at least one stimulatory motif at the other end.
Example 8. Effects on IFN-y production.

30 Several additional types of assays have been performed to better understand the range
of immune stimulatory effects of this new class of immune stimulatory nucleic acid. Figure
13 shows some of the effects of these ODN on IFN-y production from the supernatants of
human PBMCs. These cells were the same as those used in the experiments shown in Table
3, but the supernatants from the cultures were assayed for their IFN-y levels. Panel C in

35  Figure 13 shows that SOS CpG ODNSs such as ODN 1585 induce some IFN-y production,



10 Exanple 7. Characteristics of the GCrich domain. Surprisingly, none of
the ODN 5293-5297 denonstrated strong i mmune stinmulatory responses. ODN
5293 contwpDng/0e5710- base pal i ndrone, but the palindronme di PCerssotzansthat in
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stinmulatory activity. That is, it _jis believed,that the presenc
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at least one stinulatory notif at the other end. Exanp 8. Effects on
| FN-y pmelyuzed by fluoBeceBes/antiahted delil sortina(FAGPE Restiltnwemymedsuned i éeamspér f or ned

to bett d t .of, | ti t ffect f i
ol ass okt prcHesed VR ey g o Blept PSR Fo e etne o Ttne
ef f ect Sceﬁé e %ﬁe@[}kiﬁ% fogm-y%e%gﬁﬂe% bR RFeRURREQRE AR Ste ity human

PBMCs. These cell s were the same as those used in the experinments 'shown in
Talllse (RIF)of [ANvg swirprg imathesetBedlisom t he cul tures were assayed for their

| FN-y | evel s. Panel in . 35 Figure 13 shows that SOS CpG ODNs such as CODN
1585 i Adsaeple §mblof pCE-Hehyprimdiapes W%%‘?“G%?ll PCT/ US02/ 26468 49 wher eas

ODNs _wi t hout gdilap GRGHOME ODN Gref synfiRBEE@In &Y REdS) HEeRRhd tfeRkkArA and B
of Figure 13 show that ODN 2006 is relatively weak at inducing | FN

pr oductreguirenadits for Gnev281@5s @fffdDN: Sinwuss ngedithet puemwvatuns stiowlptory  Anot her
5 on_ d&N e pE SRt PN A% e o bRt The |
thap | SHYIDUCE9) did 2466 PRDSECCT TAMC XSO Cant GG, SEQID Nes 10)heeef f ect s of
t he vari ous ODN on nyel oid DC . ) . )
synthesized to have GC-rich palindromes which were simply straight Gs followed by straight
Cs, or straight Cs followed by straight Gs. As shown in Figure 16, neither of these ODN
induced IFN-o production.
Example 10. Effect of orientation of immune stimulatory sequence and neutralizing motif.
25 ODN 2451 (TCGGCGCGCGCCGTCGTCGTTT, SEQ ID NO: 11) was synthesized
to test the possibility that the 5' and 3' orientation of the “stimulatory” TCGTCG motif and
the “neutralizing” CGGCGCGCGCCG (SEQ ID NO: 23) palindrome could be inverted
without losing immune stimulatory activity. Indeed, ODN 2451 was highly stimulatory
(Figure 16). ODN 2452 (TCGTCGTTTTCGGCGCGCGCCGTTTTT, SEQ ID NO: 12) was
30 synthesized to determine whether additional sequence could be added to the 3' end of the

CGGCGCGCGCCG (SEQ ID NO: 23) palindrome without reducing the immune stimulatory



(nDC) are relatively simlar in that all of the ODN i nduce partially
purified nDC to activate CD4+ T cells to produce IFNy (Figure 14 and
Figure 15yo odped7oi d DC were isolated froma buffy coat amdTiusoubased with
GWCSF (4.4 ng/m ) and various ODN foi 2 days. CD4+ 10 najve T cells were
then i geliviteardvied te glimplaan T CADier mavd vwasRadhan’ endt deess this OIIN sesed

ef f ect t fls)l ncubated for 6 nore days. Cells were
t hen st%(i;u r@%‘hg %ﬁ&angp@le%%%)gﬁ%rluor scence activated cell sorting (FACS).
Resul t Exany pgmeavuﬁﬁﬂs bNODBY 1895@hd thdieinpestioanif @ge-cof CD3+ cel |'s that
stained for m\g gure 14 shows the percentage of T. cells _that stained
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st rai gy forjowed T AS Shipwn 1[N FaRULE g10, | el tner of
t hese (TS)IQI&SI nduced | I\%{F%&%rc%h tl on._Exanple 10 Effect of brientat ionl of

i mung 3B6 nul at ry se&ﬁ@ﬁ@@cﬁmﬂﬁwgﬁal i zi hg not i fODNCRFACDN| 2451+
(T JEREDE |g;|w|tgglcgtt@%—§g§c J N0 Ty as Synthegpaets 10| Test fhe

possihilityl that the 5" "an orient he "stimil atbry" TCGICG
moti f |aP87 |t he Zneut rfa$t4g§ti°$i‘§°g°@@€£&63 IGCCG (SEQ | D NO. 23) palindronme could

be i nJerLe W ghout 40902 Egcgggggggéne stl mul'atory |activity. Tn{eed, _.ODN 2451
was hilghly lstimil ato gure ODN-_2452 {T(‘("'I'(‘("‘I'TTTF‘@GQ@QQQ@QQGIZTTTT,
SEQ I D M [12) was 3Dtcsgngmazcaj to determine \Aﬁeg}éjfresergfa% i onat++sequience
coul d rbg added—to the e QGGCECECEICG (SEQ TD NO 23],

pal i n [ ofe withlchut re téi%“é 9%0 &% mmunel stimil atlory WD 03/ 015711
PCT/ US024326468 650 avtcthgttttcggcgcgwgmn ded the stimyl atory TCGTCG nottf was| on
the 5 ITdeed, A al sof ni ght'y 1jmune stinul atory .( Fi gur e
16) . Xgﬁgl e 11% Var gér%%q O\Ac 2395 land theirl i nduction o L ENCa._ To
st udy i PA3pror e dét ai | | tetiettitseerceroteer al reqgui renent|s of this new class of [ODN

to 5 i?gyce TFN @ SERL&hic ey AT | ants| of PN 59q4woe_z, synthesized and
(0)

teste r their | inostimilatory activity Table 5 summmapizes the data
concer|nfRY || FN- & i ndutsttistiissecceFeebl e 5. Mari ants of 3W’Q%95 and t heir
i nduct]i Hds or TFey al Ztcgtcgttttcggccgcc_:ggcg - 5295 w/3'g -

5296 61 tegtegttttcgeegeegeeg - -

5297 62 tgctgetittcggeggeegeeg + gc of 2429 -

5327 14 tgctzgtittzggzgzgzgzzg + 2395 w/methyl-c (z) +

5328 15 tgetgetttteggegegegecg + gc of 2395 -

2136 19 tectgacgticggegegegeee ) +/-

5315 13 tectgacgttcggegegegeeg + lon;sga‘ﬁf c;r%) me +?

5329 16 tegtegtittcgegegegegeg + 2006 + 1631 O]

lUnderlined are nucleotides that differ from 2395; palindromic sequences are in italics.
2All except ODN 2336, that represents a chimeric backbone ODN (capitals indicate
10  phosphodiester linkage and lower case represent phosphorothioate linkage), are completely
phosphorothioate ODNs.
From the first set of experiments using the phosphorothioate ODNs 2395 and

2427-2433 it became clear that the palindromic sequence at the 3' end of the ODN has an
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In addition, ODN 5297 with a TGC at the 5' end did not induce any IFN-o despite
15  bearing the palindromic 3' sequence. This led to the conclusion that not only the 3'
palindromic sequence but also the 5' TCG motif is important for the activity of these ODNSs.
This was confirmed by using ODN 5328 (2395 with 5' TGC motif). In contrast to
methylation of class A ODNs, methylation at least of the 5' motif decreased, but did not
abrogate, IFN-a secretion. This finding is in accordance with results obtained with class B
20  ODNSs. Nevertheless, an ODN with part of the 3' palindrome but a different sequence at the
5' end with only one CpG dinucleotide (ODN 2136) also induced IFN-a.. In preliminary
results using this ODN and an ODN with the full 3' palindrome (ODN 5315), ODN 5315 was
better than ODN 2136 but not as good as ODN 2395,
The fact that ODN 5329 seems to induce no or only very low amounts of IFN-¢,
25  although having a full CG palindrome at the 3' end indicates that specific palindromic
sequences are preferred for IFN-a activity.
Example 12. Reciprocal relationship between B-cell activation and induction of IFN-q:.
An additional B-cell activation experiment was performed with a panel of some of the
ODNs of Example 11 (Figure 18). The results indicated that the better is an ODN for
30  induction of IFN-q, the less active it is on B cells (compare especially ODNs 2006, 2336,
2395 and 2429). Nevertheless, it also demonstrated that all of these ODNs were superior to
2336 (class A ODN) in stimulating B cells.



in Figure 17A). ODN 2395 and CODN 2429 induced the highest anmounts of |FN-a,
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They(ODNst thRHbR&1ds8 8 fifAune stimulatory ODN have stimulatory activities that place them
between those described for ODNs of class A and class B.
Example 16. ODN 2395 induces less TNF-o than ODN 2006 but more than ODN 8954.
Human PBMCs were cultured for 6 hours with 1.6 pg/ml of ODN 2006, 8954, 2395,

2429, or LPS, and supernatants were then harvested and TNF-o measured by specific ELISA.
25  Results are shown in Table 6.

Table 6. Induction of TNF-a by representative ODN of different classes

ODN TNF-a, pg/ml
(LPS) >120
2006 40

2429 35

2395 21

8954 14

none 16




| FN-y secretion with the rank order 2336 > 2395, 2429 > 2006. Nevert hel ess,
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Table 6. Table 6. Induction of TNF-a by representative CDN of different
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exper i nEihRlat §.@tﬁg'/rﬁg.s opednigaculat nang of3EBNES Mfisbhaddhese a8 1g/ml, and
ODN 2452 at 0.6 pg/ml, all induced large amounts of IFN-a..
Example 19. Induction of IFN-y.
Human PBMCs were cultured either alone, in the presence of IL-2, in the presence of
control ODN 1585 or control ODN 2118 at 10 pg/ml, or in the presence of Varioué ODN at
20 0.6 or 3.0 pg/ml. Supernatants were harvested after 24 hours and IFN-y was measured by
specific ELISA. Results are shown in Figure 24. ODNs 2395, 2427, 2429, 2430, 2431,
2432, 2451 and 2452 at 3.0 pg/ml, and ODN 2352 at 0.6 pg/ml, all induced large amounts of
IFN-y.
Example 20. Induction of IL-6.
25 Human PBMCs were cultured either alone, in the presence of IL-2, in the presence of
control ODN 1585 or control ODN 2118 at 10 pg/ml, or in the presence of various ODN at
0.6 or 3.0 pg/ml. Supernatants were harvested after 24 hours and IL-6 was measured by
specific ELISA. Results are shown in Figure 25. ODNs 2395, 2430, 2432, 2433, 2136,
2449, 2450, 2451 and 2452 at 0.6 pg/ml, and ODN 2449 and ODN 2451 at 3.0 pg/ml, all
30  induced large amounts of IL-6.

Example 21. Induction of IFN-a.
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Super nat ant S[—Il\ﬁﬁi?ialf FES&%"«%&S%@L&? a%?lg r?t@ﬁlpléep eﬂcglg\ggglil S(ﬁﬁﬁeaq 3Wor

specific enzyrme- fNoS of B assay are shown in
Fi ggrg (e rﬁg/ ¢ tIDNSDR'S Heluded 2806, 3954), 2324%49@1%02%@1 3452359733/ m, and ODN 2452
at a

i nduced Iarge amounts of | P-1 le 18 | nducti on

of 1 EN G@%EG@R@G\A&E@ IRV u?-”éd%ﬁ“t(ﬁ@ﬁ%@@ﬁ?&@@@(}@ﬁ}@ COERELE! | L-2,

the. pr cuinis i o FERCERe APt egIE i, S g o T

har $est@CEHECECERAGOOCTSCAIGEC T FN-SEQVED N@am),ramd 5897 specific ELISA. Results

i) ehieCeqsd 1 s ubER garodhdio: Hias H%r%%%%éeﬁ%e i . and

OON 2452 1oy gm Rlrhoaly 104166 dod A1 OEL BIDURESIHE FERphe 19

| nduction QT@ I—‘mnéneaPBl\/Cs?\g/j\%rce culture ellt grs %@ne i n the presence
of | L-2)DNe 28b8, me,sma;earﬂfssmannm@cemww% or control CDN 2118 at 10
g/m, or mtheg}esence of various 0 0.6 or 3.0 g/nm.

Su er ndtxample 42 MdngiineafBY- %PY@D&ﬁ%BﬁC%OQﬁHﬁlIﬁN was measured by

fic ELI 429,
S 1 L B AR M 0 O B 020,
all i ndieRbria tigepragmLn$SODN 2006NOPN £x(3pt @DRO5516re 08 2 aNo0f.0 lg/ibl. 25
Human PBMCs were cultured either alone, in the presence of IL- 2, in the

pr eseno?elp@fnatm‘tvm@lhawﬂecl&@@ 2érhostsranddFNepvas megsuaed hospgeific EGISA.n t he

B tor Jotbnre st 1 a0 s Gladanre g oBrEpatg PRRATF AR RSl ®EbE" Roun

| T 9 BN SN o P A ODN AR B oPARpa 3401 2450, 2451 and 245
and C]BN 2449 and ODN 2451 at 3.0 g/m, "all 30 induced | arge

ammnt S‘E)Qlingldﬁlﬁ IndixtonpdfdF R0 by IGHINQDW df)lSﬂZIhIﬁGhQ,OI\M 03/ 015711

PCT/ US02/ 26468 re cul tur ed | o in the presence
of various ggi’ép%?%t%n@\,\%‘?%ﬂm ﬁﬁﬁl‘iﬁ @43{?@3%%%2?’ eroeyiired 449
2450, 24dy a1éflodr inRB pres mﬁm@oﬁﬁ)i@ H@N 2385, SPBHN 20186 at
( SEQ I'D NO 24), 5375 ( CGECEOGCGCCGTCGICGTTT,
SEQ | D (\N@x, 025)0.2,93%6r 1.0 pg/ml. Supernatants were harvested after 24 hours and IFN-o was
measured by specific ELISA. Results are shown in Table 8. ODN 20184, ODN 20185, and
20  ODN 20186 induced IFN-a more effectively than ODN 2006, particularly at 0.2-0.5 pg/ml.

Table 7. Induction of IFN-a (pg/ml) by ODN 5515 and ODN 5516

ODN Conc. D346 D240
pg/ml Mean = SD Mean + SD
0.8 18.5+£13.8 36+3.3
2006 2.4 0+0 19.7+6.4
6 2.7+0 2.8+0
’ 0.8 34.1+6.9 16.5+2.8
5515 2.4 36.6+2.1 106.7+£17.3
6 39.2+26.5 127.3+7.7
0.8 4.3x0 22.3+0.1
5516 2.4 31.9+0 172.5£82.3
6 26.6x19 90.4+15.4
none - 00 20.9+6.5

Table 8. Induction of IFN-a. (pg/ml) by ODN 20184, 20185, and 20186



5 (TCGECGCGCGCCGTCCTCCTTT, SEQ I D NO  26),

( CCGCCGTTTTCGECGCGCECCG, SEQ I D NO 27) .
24 hours wWod3bEMB was neasured by specific ELI SA. Resul t eCarEsoyaom in

Fi gure 26.

| nducti on of
(D346 and Drgml w=reM@@n:l=§Ded
15, o5 ODN 553600 O. 8,

two donors

of ODN 2006,
were harvedted after

ODNs 2395

2451

2452 _  and$ b

and 5377

Supernatants were harvested after

76 _all induc

d IEN-a_ Fx3

a by

EPRF-5515

aned4oN 55

16. Pd4bunman
ei Mean= P on

PBME448bt ai 1
o dyleans: fRe

ODN 55

2588+bp 6.

24phour $ and7hFN4a was2gessig.ed

npl e 22.
ed from
resence

D g/ &b+£0.0Super nat ant s

by spepifg ¢ ELI SA.

Results are shogp i m Taphe 7 G@h\lggfrﬂé ard (3@@17@@113 I pduced k- a (nmore
effectively than ODN 29@6, parighiguiggly |a acent r afglogg, of |2.4 and
6.0 g/nl. 15 Exanpl ¢ 234 4l nduct QQ'ZH:P? I FN—a %gl 184%&%% and 20186.
Human PBMCs—ebtaired—f+pmth SRS mmgg B4 ‘mu cul tured
either alone or in the g?lese ]Ciéé? %N 20066%%% %%@ or ODN
20186 at 0. 0.5, 10 gl mi nts arnested
after 24 hqu §O]e§4d | FN-$2was A& GFEY by ilfe: 1EL S 14 are shown
in Table 8. CDN 20184, 2018357-&RU7 20 7281869 nducg- 7#N9a rfor e

effectively

t han ODN 200@ par t il84BarTy

at 082.9%:15.1g/

m . S.§sbfte 7.

| nduction gf IFN-a pg/()nw by OBNO5BLS and QONOEXI4 CDN ©6At14.D346 D240
g/m Mean |SD Mean [SD 0.0.8 18. 5B3%:8.3363./3 2006+23.24 0D 1950839 612.70
2.810 0.8{3420859 16.5@28 5515 B.A236. 62. 114006+837. 3] 61892-226.5(127.37.7
0.8 4.30 22.30.1 5516 294 31,902872:5:82.3 B636+613 9D. 415 4:3.g0ne -- 00
20.96.5 Table 8. I|nductign of Iﬁg-@mgg/ h )1~/qy)_3g§)b[720184,1812g308§ and 20186
WO 03/ 0157 11+—PETHUSp2f 20568 55 [N Gone T DAAg 146 D46 79wiuf% Mean SD
Mean SD Mpan  SD 0.1 58.347.6 812.2+28.1 111.346.8
20186 0.2 153.6+1.5 1302.5+56.2 193.5+10.5
0.5 267.7£7.9 1744.1+£54.7 227.4+6.9
1.0 153.0+0.3 1113.6+6.4 13.7£15.4
Medium - 0.0+£0.0 12.8£2.0 64.8+32.7
- 0.0+0.0 45.3+12.9 36.4+2.6

Example 24. Induction of IFN-a by ODN 8954, 5569, and 5570.
Human PBMCs obtained from three donors (D521, D525, and D526) were cultured
either alone or in the presence of ODN 2006 (SEQ ID NO: 39), ODN 8954, ODN 5569
(TIGTIGTTTTCGGCGGCCGCCG SEQ ID NO: 63), or ODN 5570

(TCITCITTTTCGGCGGCCGCCG SEQ ID NO: 70) at 0.03, 0.06, 0.125, 0.25, or 1.0

pg/ml. Supernatants were harvested after 24 hours and IFN-o0 and IL-10 were measured by
specific ELISA. Results are shown in Table 9 and 10.
Table 9. Induction of IFN-a (pg/ml) by ODN 8954, 5569, and 5570

-

ODN Conc. D521 D525 D526
pg/ml Mean % SD Mean + SD Mean + SD
0.03 238.674 239.286 216.393
0.06 2405.63 385.161 126.516
2006 0.125 3826.53 549.612 86.173
0.25 2248.94 532.67 74.493
1.0 362.74 161.892 57.087
0.03 305.626 309.581 999.971
0.06 6039.51 2028.52 4707.01
8954 0.125 7322.45 4669.31 5340.21
0.25 7651.13 - 46411 5324.55
1.0 7078.59 4679.59 5474.94




0.05 5.20.0 58.81.9 0.90.0 0.1 27.714.4 283.516.1 23.53.8 2006 0.2
54.917.6 503.79.7 39.15.0 0.5 61.114.6 227.812.7 49.80.4 1.0 26.415.5
142. 623. IWod3/218 0. 05 25.62.1 88.012.2 0.00.0 0.1 32. $CTAI6D164882. 3

129.124.8 20184 0.2 256.28.2 2155.13556]1 314.022. 2 Q5 757 25 7 2171.895.9
268.715.9 [ 1.0 194]35003118]. 915. 1182.8%4|4 0. 0526928110. 8 21B708l|4 54.314. 2
0.1 63.61.|3 467.423. 7 018D. 95. 9 201BH.723 79. 32. @5.7h3p. 583. 7 4/6®8%5.5 0.5
281.30.2 196%5692.3 162283.8 1.0 1045472.5 17149366| 7 181. ¥1.046|0. 05
21.91.7 223.11.2 79.80h.% O0{1 58. 3HKQ784,2. 228. 162B8336. 8 20MH6216(2 153.61.5
1302. 556. 2 193.510(5 005 267. 77. AAG7|154. 7 2275469 1. Ol 1E35E0. 3
1113. 66. 4 (A3 7H15 4 Ve = 0. 0053p g£5/82- U 64983357 - BB0)106/45. 312. 9
36.42.6 Hxanple 24. Id@ctlon of 7|0y CDN1§ 54g| 5569, Auly@p70. Human
PBMCs obt ali ne% Brornt donors ( D525, a E§>6) Ver g-£gbglur ed
ei ther al one VY Vin |t he: bhce of 006 (S N0 39) 55 (ERLI8954, CDN
5569 (TI GTI GTTTTC( CG SEQ? 63), % 5570 5
(TCl TCl TTTITCOGCGGRX | D NO St 0 n'z 0125299098 . 1 ¢
g/ m . Supef ngL@anpk,s |wer e harVested ¥ 436024 hou? Z@ﬂg | FN-a DRIBPEL 10 were
nmeasured by ~ speciflic Etl SA| Resul 245.328 shown?2f! le 9 and 109 Table 9.
| nduction of IFN-a (pg/n1) by CDN 8954, 55609, and 5570 ODN Cone. D521 D525
D526 / n 6 216.393 0.06
2405. G%agfgsl%gg&duf %ngﬁ )V%?Qy 6D§\P89§)4 9310213§ 5%%& %579
Conc. D521 D525 D526
ODN pg/ml Mean = SD Mean + SD Mean + SD
0.03 151.976 112.414 485.823
0.06 384.377 218.651 898.299
2006 0.125 404.352 242.289 991.614
0.25 357.657 247.405 1150.94
1.0 255.344 162.444 1171.72
0.03 7.456 6.617 6.919
0.06 5.34 5.721 19.787
8954 0.125 10.723 2.986 35.892
0.25 15.308 13.056 67.18
1.0 48.904 30.892 230.725
0.03 0 1.287 1.348
0.06 0 0.127 4.592
5569 0.125 18.815 3.615 62.963
0.25 105.32 30.094 350.529
1.0 256.785 136.833 1156.07
0.03 0 0.31 5.867
0.06 6.599 7.027 29.879
5570 0.125 98.553 38.528 455145
0.25 259.812 107.164 1169.46
1.0 312.189 206.126 1595.63
. - 1.755 10.543 0
Medium - 0.29 11.192 0
The foregoing written specification is considered to be sufficient to enable one skilled
5 inthe art to practice the invention. The present invention is not to be limited in scope by

examples provided, since the examples are intended as a single illustration of one aspect of

the invention and other functionally equivalent embodiments are within the scope of the

invention. Various modifications of the invention in addition to those shown and described



2006 0.125 3826.53 549.612 86.173 0.25 2248.94 532.67 74.493 1.0 362.74
161. 892 57.087 0.03 305.626 309.581 599.971 0.06 6039.51 2028.52 4707.01
8954 0. 1280M3R746 4669. 31 5340.21 0.25 7651. 13 4641.1 5PPANBE226469
7078.59 4679, 59 5474.94 WD 03/ 015711 FCT/ US02/ 26468 56, 0. Oé‘ 112, 7@@

121. 42@raig Wil becamoappriant tpibosssskiled in thegypiiomdpryfosegping desriRtipn apg 85

41. 046 0..25 111, V224 1A EBionGrdRo1822. 648
427.5@@%& _aggﬁ?@%@%@ﬁ@%ﬁéf%&z18_ 35’%5%%% Ct(z).%{zs 3470. 67 1657. 3
477. 93BceRailly dB63RApE3cBBHIASNHOBiTAE of he0nERESI3 3501. 59 2560. 93 Medi um - -

145. 436 214 212 66. 853 -- 245 121 218.622.0. Table.10.. i on of 1L10
(pg/ m) by 4brefgmnges, peepys and Paé%‘éé’}lgé?‘?&m%%t}ﬁt HERFESH thﬂ%%’%ﬂ%%&bgze g/ m
MBan -  otSBercth OBret5dn@76 112. 414 485.823 0.06 384.377
218, 66%%&269‘191@6%{%&8?3%5erfof%fsz 5472. 289 991.614 0.25 357.657 247. 405

1150. 94 1.Wex3&nB44 162. 444 1171.72 0.03 7.456 6.617 6.919 0.06 5.34
5.721 19.787 8954 0.125 10.723 2.986 35.892 0.25 15.308 13.056 67.18



1.0 48.904 30.892 230.725 0.03 0 1.287 1.348 0.06 0 0.127 4.592 5569
0.125 18.815 3.615 62.963 0.25 105.32 30.094 350.529 1.0 256.785 136.833
1156. 07 wWo03/00701 31 5.867 0.06 6.599 7.027 29.879 5570 ®@CIABIDH4663
38.528 455.145 0.25 259.812 107.164 $169.46 1.0 312.189 206.126 1595. 63
Medium -- 1.755 10.543 0 -- 0.29 Mlam® 0 The foregoing witten
specification is considered to be sufficient to enable one skilled 5 in the
art to practice the invention. The present invention is not to be limted
in scope by AxamAwssthodicetuclst neé of hé-168 anplketideatielengthenpdsiag a singl e
illustration of one aspect of the invention and other functionally

equi vathefermakdiodi ments are within the scope of the invention. Various

m)c[)jofi cations of the invention in addigd@nx,g those shown and described WO
03/°015711 PCT/ US02/ 26468 57 herein will becone apparent to those skilled

in the art WwherinXeaddXegoiindepeimkeotly phy sequennd (f tal 110 nugleptides longe sis@pe of t he

appended cl ai ns. The ant ages and obj ec of the.in i ot
neces s&#lgofidg ﬁ&?ﬁﬁ&é‘s‘ggywy@% @%%‘%ﬁ%’nfﬁ%fi ntuﬂlggtlldnevae{ﬁ{}itt%%%%lﬁh&

ref er engasisimAl fISic 3PH Laicné saidid fah itaNGolip abnsistig LEPiahe M positidned
applicati'on are 5 incorporated in their entirety herein by reference. W
cl ai m inBedigely1% 10 KiRCThusdzics 68 Xo581dN4s ad-cell nenfralizipg, si98¢9%u| at or y

nucl ei c. aci f 14-100 ' inqk 1sidagiont heafosmut@: 5 5
X Eergm%{%gg@ﬁ Wl%agﬁgi %ﬁggﬁﬁ%er?gggﬁﬁgéeﬁ F(éj)ﬂgdny seqtﬁ)g%’ce 0 to 10

nucl eOﬁi;}d%ﬁiﬂd@@ge chhthinirg sequmkceotleadelOnhdeotideatong, C is cytosine, Gis
guani ne, is a nucleotide other than G further

2. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid
comprises 5' NX;DCGHX, 3'.
15

3. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid

comprises 5' X;DCGHX,N 3.

4. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid

20 comprises 5' PX;DCGHX; 3'.

5. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid

comprises 5' X;{DCGHX;,P 3.

25 6. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid

comprises 5' X;DCGHX,PX3 3', wherein X3 is any sequence 0 to 10 nucleotides long.

7. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid
comprises 5' X;DCGHPXj; 3', wherein X3 is any sequence 0 to 10 nucleotides long.
30
8. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid

comprises 5' DCGHX,PX; 3', wherein X3 is any sequence 0 to 10 nucleotides long.



conprising a nucleic acid sequence selected fromthe group consisting of P
and N positioned imediately 5 to XI or immediately 3" to X2, and Nis a
B-cel | newDrabiving sequence, 10 wherein N begins with a EGEUSH2/468 eot i de
and is at least 10 nucleotides long, ®¥nd Pis a GC rich palindrone
cont ai ni ng sequence at |east 10 nucleotides long. 2. The nucleic acid of

claiml, wherein the.i n .l : cl el i ' 5" NX1DCGHX2
3'. 15 3. Tﬁeﬁlr‘facrfugﬁzC%%fyap@%dng?’a‘?frln&%ét%erel nsﬁﬁﬁelgaito qﬁg%%cls%u atory
nucl ei @oﬁﬁﬁébs S5CDOPLHSLX; 3", WHeRGEH AMNNS sequénceTh e Huohdeatideslodgof cl aim 1,
wherein the i nmunostimulatory nucleic acid 20 conprises 5 PXI DCGHX2 3'.
5. The nucleic acid of claiml, wherein the i mmunostinulatory nucleic acid
conprises 53 XHDCGR ¢ . i Isfmafaisiy @luBleik.acigher ei n t he
imn‘rgnosti rrullgt Igry nu% Ce%édg%?%ﬁl é’%?gg&gﬁn‘?ﬁ%ﬂZ&B 3", wherein X3 is
any segompesesG' DEGHPXR ) whereiheSs ik amgsequance PHe 1Amurlepddesdpre. of claim 1,
wherein the i mmunostinulatory nucleic acid conprises 5 Xl DCGHPX3 3',
wherein X3 is any sequence 0 to 10 nucleotides long. 30 8. The nucleic
aci d of claiim pe WhRI&d atid bEclhiinuNesdrbilheainenynotielkiteryaatdic acahpr i ses 5’
DCGHX2PX3 3', wherein X3 is any sequence O to 10 nucl eotides | ong. WO
03/ 01520mpESF/UBGLHIEBA68 59 9. The nucleic acid of claim1, wherein the
i nostimul atory nucleic acid conprises 5 TCGHX2PX3 3', wherein X3 is
amsequence 0 to 10 nucleotides long. 5 10. The nucleic acid of claiml,
wher ei n t he 12mThaasicigithad of ylaimué) whaeiad) o thyomen(ilses 5° DCGHPX3 3',
wherein X3 is any sequence 0 to 10 nucleotides long. 11. The nucleic acid
of claim 1, wherein the inmunostinulatory nucleic acid conprises 5 DCGHP
3. 10 12 The mUGhRIGe A6l df Obink | shRrdin ibier.ein D s thymine (T). 13, The
nucl eic acid of claim1, wherein His T. 15 14. The nucleic acid of claim
1, wherein His T and X2 is selected fromthe group consisting of CG CGT,
gﬁi}rg’xz CF;-T-(I;é4.amI(illeCncl;11c_zTe-{;r 'aci& %f cﬂéﬁﬁ‘ 1[‘%&%&{ 8ot gncpkz fsl s%ie@egi’frdi\ftf'ﬁfeeg'r& s T
consisting of CG, CGT, CGTT, CGTTT, and CGTTTT.

15. The nucleic acid of claim 1, wherein His T and X, is CG.
20 16. The nucleic acid of claim 1, wherein H is T and X; is CGTTTT.
17. The nucleic acid of claim 1, wherein C is unmethylated.

18. The nucleic acid of claim 1, wherein N comprises at least four CG dinucleotides

25  and no more than two CCG trinucleotides.
19. The nucleic acid of claim 1, wherein P includes at least one inosine.

20. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid has a

30 nuclease-resistant backbone.



20 16. The nucleic acid of claiml1l, wherein His T and X2 is CGITTT. 17.
The nucleic acid of claim1l, wherein Cis unnethylated. 18. The nucleic

aci d of cwaiogio1s7iivherein N conprises at |east four CG di nicirasn?/zl@ss 25 and
no nore than two CCG trinucleotides. 609. The nucleic acid of claim1,
wherein P i B3} Udhesnusteid acid pf ¢pien i nwBeraia, thommunastimyatery augieiccrcst basidai m 1,
wher ei n, the i munast | tory nucleic acid has a 30 nucl ease-resi stant
backboﬁgps%(gglyjatf%ﬂ%%b%/ US02/ 26468 60 21. The nucleic acid of claiml,
wherein the i nmunostimulatory nucleic acid has a phosphorothi oate

backbone. 22. The nuclei¢_acid of ¢claim1, further conprising.a_poly-T
sequence at 22hdbs nuslic acléoggl?un‘«me&ﬁtﬁeq Wr’éﬁgd‘wy'@lsgﬁ?ﬁnf? a%&]‘?éﬁ‘@ :
conprising a poly-T sequence at the 3' end. 24. The nucleic acid of claim
1, wherein the immunostinulatory nucleic acid is 14- 40 nucleotides in

| ength. 10 23. Theenuulei¢ &iid oficlaun f further sondprisingermilyr Tt ssgueneerahibs i end. at ory
nucleic acid is 14- 30 nucleotides in length. 26. An inmunostimnmulatory
nucleic acid of 13-100 nucleotides in length conprising 15 the formula: 5
N1PyGN2P 3' sahengi fucNlc hdid d3PYlalie qUeAGEInkhé BnBuivstheddtogtaticlegid Byl4-s a
pyrimdine, Gis guanine, N2 is any sequence 0 to 30 nucl eotides |ong, and
P is ad4Bouelestidgsanilgngtore contai ning sequence at |east 10 nucl eoti des

| ong. 20 27. The nucleic acid of claim26, wherein Nl is at |east 50%
pyrimdines. 28. The nucleic acid of claim26, wherein N1 is at |east 50%
T. 25 29. TS, el mictkeiaadid obtlamh di wh@6in thhenmimoshifnulatetyudetiadcid salst one CG
notif. _ 30. Thg nucl ei.c acid of claim 26, wherein Nl includes at |east one
TOG mot30fnuclegiidespfdengthy| ei ¢ acid of claim 26, wherein NL includes at | east
one C nmotif. 30 32. The nucleic acid of claim26, wherein Nl includes at

| east one TCl notif. WO 03/015711 PCT/US02/ 26468 o
26. An immunostimulatory nucleic acid of 13-100 nucleotides in length comprising

15  the formula:
5'"N;PyGNzP 3'
wherein N is any sequence 1 to 6 nucleotides long, Py is a pyrimidine, G is guanine,
N, is any sequence 0 to 30 nucleotides long, and P is a GC-rich palindrome containing

sequence at least 10 nucleotides long.

: 27. The nucleic acid of claim 26, wherein N is at least 50% pyrimidines.
28. The nucleic acid of claim 26, wherein N is at least 50% T.

25 29. The nucleic acid of claim 26, wherein Nj includes at least one CG motif.
30. The nucleic acid of claim 26, wherein N includes at least one TCG motif.
31. The nucleic acid of claim 26, wherein N includes at least one CI motif.

30

32. The nucleic acid of claim 26, wherein N includes at least one TCI motif.



61 33. The nucleic acid of claim26, wherein Nl includes at |east one IG
notif. 34. The nucleic acid of claim26, wherein N1 includes at |east one
TI G not i fw0 0308511 The nucl eic acid of claim 26, wherein NPCraSizesdss 36. The
nucleic acid of claim26, wherein Nl 1s TCGH, wherein H |s a nucl eoti de
other than @3.1Bhe3nucleipacidgérkain 2§cwhersi Niiaslhiesat lagflednsi IF pgtif s an

unnet hylated C. 38. The nucleic acid of claim?26, wherein N2 is at | east
50% pyri mdines. 39. The nucleic acid of claim26, wherein N2 is at | east
50% T. 15 4(4. The nudéiebcidadicthirn6civhenmin2é, invihdaseait keabtonddd s motif.i ncl udes
any poly Gor poly A notifs. 41. The nucleic acid of claim 26, wherein
N1PyGN2 is a sequence selected fromthe 20 group consisting of TTTTTCG
TCGs TTCG BTG HddECGRid TEhim BECHerc ENGSTcg@nd TOGTCGT. 42. The
nucleic acid of claim26, wherein the |nnunost|nulatory nucleic acid has a
conpl etely nucl ease-resi stant backbone. 25 43. The nucleic acid of claim
26, wherein nucI ase-.r.e t

phosphorothf%gt ?mcamdcﬁ&ﬁn%&% ﬁﬁ%fgﬁclgc 8&%3@%%%3?1%@1mceopg?n t he
|nnunosﬁhauhaig{y nuclelc acid has a 30 conpletely phosphodi ester
backbone. WO 03/015711 PCT/ US02/ 26468 62 45. The nucleic acid of claim 26,
wherein the i mmunostinulatory nucleic acid has a chineric backbone. 46.
Thgpnucl ei c i e ry nucleic acid
hagoat 5 |é§§{ﬂ§ﬁgw%%g?§E§gF3@?2$ kﬁﬁﬁage gggagz%ﬂ (§§@C: or 1Gnotif.
47. The nucleic acid of claim 26, wherein Pis conpletely palindromc. 48.

Th | ei [ I 2 I bet 1
and 310 conbein PSR AbER s g onbrE Nefael Car SOMHBMET S aci o of

claim 48, wherein the intervening nucleotides are TG 50. The nucleic acid

of claim 26, wherein P includes at |east 3 C and at Ieast 3 G 15
nucl eot i des.39. The nucleic acid of claim 26, wherein N, is at least 50% T

15

40. The nucleic acid of claim 26, wherein N3 does not includes any poly G or poly A

motifs.

41. The nucleic acid of claim 26, wherein N1PyGN, is a sequence selected from the
20 group consisting of TTTTTCG, TCG, TTCG, TTTCG, TTTTCG, TCGT, TTCGT, TTTCGT,
and TCGTCGT.

42, The nucleic acid of claim 26, wherein the immunostimulatory nucleic acid has a
completely nuclease-resistant backbone.
25
43. The nucleic acid of claim 26, wherein the nuclease-resistant backbone is

composed of phosphorothioate linkages.

44. The nucleic acid of claim 26, wherein the immunostimulatory nucleic acid has a

30 completely phosphodiester backbone.



51. The nucleic acid of claim26, wherein P includes at |least 4 C and at
| east 4 G nucleotides. 20 52. The nucleic acid of claim?26, wherein P
i ncl udes wooBeswt1 5 C and at least 5 G nucl eoti des. 53. Phe/usozb@ss aci d

of claim 26, wherein P includes at | edst one inosine. 25 54. The nucleic
acid of cl aftn 2Bc nHRlslcACH! qfﬁgalmﬁé, ﬁ@?fqlfhmeéfﬂawoﬂﬁ%‘iﬁé‘ioéy %‘&‘ﬁ cpgidpas asg
nucl eogi:des - aclepgt h- 55. The nucleic acid of claim 26, wherein the
innunostlnufatory nucleic acid is 13- 30 nucleotides in length. 30 56. An
i mmunostinul atory nucleic acid of 13-100 nucl eotides in | ength conprising

the formul a; 03/015711, PCT/.USD2/ 26468, 63 5' Ni | N2P .3 rein NL is
any seque ncé6'\1/\?P% ngr%{fcﬁcgio?ﬁ%lgl ZP% Ne ,elﬂt}}eénlglwyf"%{lgo%@%ﬂ: a%ﬁ%ﬁ gpt 0

si ngl eleAstIne Phosihonkbelinis g bbheen a (&,@T @NGlmot i s guanine and | is
inosine, N2 is any sequence 0 to 30 nucleotides long, and Pis a

pal i ndronme contai ni ng sequence at |east 10 nucleotides 5 long. 57. The
nucl ei ¢ aci g~o | ai : 2] %UHDY ‘] | bE QID NO 47).
10 58. The %a'cfr}elgcn%g%}c} %)df C %?HBS , evér?[é\lr%el% ?}or%%%&gﬁégrrol CE pal i ndr ore.

59. The nucleic acid of claim56, wherein Pis an ICrich palindronme. 60.
The nucleic acid of claimb5§, . ein GL.is 15 61. .The nucleic gcid of
i m 56, wAG: Shn Teriiicrd o gt 56, Sch it et Gne Bripebumeonaiedn | he

| MTAINOgdsartltRl QhtérveHb @bleddd. i s 13- 30 nucleotides in length. 20 63. A
pharmaceut i cal conposition, conprising an i mrunostinulatory nucleic acid of

any one of clainms 1-62, and a pharnmaceutically acceptable carrier. 64. A
met hod for i,pdygin e.d 4Rt I . . i . sd ng 25
contacti ng éa'cgﬁf: Iglg%%c%}cédl%% %1%3;823\@% ﬁégllll Fﬂ%%‘%if}%f‘ﬁ%%w Rtl(gér%rmé lTrgic':ti ve anount
of an immunostinmulatory nucleic acid of any one of clainms 1 - 62 to induce
expression of type 1

P 50. Tﬁg nucleic acid of claim 26, wherein P includes at least 3 C and at least 3 G

15 nucleotides.

51. The nucleic acid of claim 26, wherein P includes at least 4 C and at least 4 G

nucleotides.

20 52. The nucleic acid of claim 26, wherein P includes at least 5 C and at least 5 G

nucleotides.
53. The nucleic acid of claim 26, wherein P includes at least one inosine.

25 54. The nucleic acid of claim 26, wherein the immunostimulatory nucleic acid is 13-

40 nucleotides in length.

55. The nucleic acid of claim 26, wherein the immunostimulatory nucleic acid is 13-
30 nucleotides in length.
30
56. An immunostimulatory nucleic acid of 13-100 nucleotides in length comprising

the formula:



| FN. 65. A nethod for activating a natural killer (NK) cell, conprising 30
contacting an NK cell with an effective anobunt of an i mrunostinul atory
nucl ei ¢ awod3/0of71any one of clainms 1 - 62., to activate tIireTNISOZ2d4b8 WO
03/ 015711 PCT/US02/ 26468 64 66. A meshod for treating infection,
conprising admnistering to a subjédNJHQVHﬁ83or at risk of developing an
infection an.,effegctiv f i I iid of any
one of cl ai %1 il i %ag?’o&{ﬁ%%e{éa%l%ﬁ %?cel%/déﬁﬁ%égﬁﬁ ewh%ﬁgl?&gﬂl% @é%ﬁ:ﬁ{%ﬁg met hod
of cl akifpRGuclwbedewhich ieeithebp €cor ands Gas gummﬁ andi I3k inokind N eis @py ﬁ@ﬂuance
infection selected fromt gronp cons g a | Caﬁ%_ funga
and pa%&?’@ nucleptifies dqngoand X i spalindropy %5?9“8%%6%%3 2h aﬁ“f

% conpri sing adm nistering to a subject having or at ri sk of
develop| g an allergic condition an effective anmount of an
i mmunostinulatory nucleic acid of any one of clains 1 - to treat or

glr ?\e/(rag} ct 23521 ll'r?‘Bﬁwicge?Cga}nc?de&(ﬁalm g-qs’h ereu-[%l)ﬂg %Oﬁﬁg:ﬁor t reg% |Drll\§®(’::glnge$ ,he

conpri a1'7)ng adm nistering to a subject having or at risk of devel oping a
cancer an effective amount of an imunostinul atory nucleic acid of any one
of claine 1 - 62, to treat or prevent the 20 cancer. 71. The nethod of

cl ghm 70, wher e ﬁd&f‘elﬁécﬁwclhén 56/ vakkGH Pfis 8@C-Hen BAIRIROAONS| Sting  of

basal cell c¢arcinona lary tract cancer; bladder cancer; bone cancer;
brain and CNS cancer; breast cancer ; cerV|caI cancer ; chorlocar0|nona

col on and rect can ectiLve 25 tissue . cancer er of the

di gestive s?@tm ge &Pgﬁ; h%’ vlyhergg pllsﬁg%gg e af‘llélzne(fr%gl]ﬂeye cancer;

cancer of the head and neck; gastric cancer; intra-epithelial neoplasn1

ki dney cancer; larynx cancer; |eukem a; i ver cancer; |ung cancer;

Iynphona i né0udihegnualedeyrdichof claim StonbereB@kiss | ynphoma; mel anona:
ﬁ% neur obl astonma; oral cavity cancer; ovarian cancer; pancreatic

a ; prostate cancer; retinobl astong,; rhabdonyosarcona; rectal cancer;

30 renal camgershecaunles acdd of blaini 66 pivhatiary/l st en sar comm; skin cancer;

stomach cancer; testicular cancer; thyroid cancer; uterine cancer; cancer

of the urinary system and other carcinonmas and sarconas

62. The nucleic acid of claim 56, wherein the immunostimulatory nucleic acid is 13-

30 nucleotides in length.

20

63. A pharmaceutical composition, comprising an immunostimulatory nucleic acid of

any one of claims 1-62, and a pharmaceutically acceptable cartier.

64. A method for inducing type 1 interferon (IFN) expression, comprising
25 contacting a cell capable of expressing type 1 IFN with an effective amount of an
immunostimulatory nucleic acid of any one of claims 1 — 62 to induce expression of type 1

IFN.

65. A method for activating a natural killer (NK) cell, comprising
30 contacting an NK cell with an effective amount of an immunostimulatory nucleic acid

of any one of claims 1 — 62., to activate the NK cell.



WO 03/ 015711 PCT/ USO02/ 26468 65 72. An immunostinul atory nucleic acid
conprising a sequence selected fromthe group consisting of:
TCGTCGTTWAGBRAEZECGCCG (SEQ I D NO 1), 5 TCGICGITTTCGGCGBECTESTRAUBEQ | D
NGO 4), TCGICGITTTCGECGCGCCECG (SEQMD NO 5), TCGICGTTTTCGECGCCGECCG
(SEQ | D NG 66) A mFaT GNEFIGEBRCEcTEOEBIEEEQ | D NO. 7),

D No 13). 8 SRR AR B P i R SRR (550

5- met hyh6¥htQsFial @mmuhCsIHAGICTyT AslETERGTGOaKRY (1iEd® cldinbiD— @XD)q treatar prevent
TCGGCC—:%GCGECFI’CGI’CGI’TT (SEQ ID NO 11).
e infection

5
67. The method of claim 66, wherein the subject has or is at risk of developing an
infection selected from the group consisting of a viral, bacterial, fungal and parasitic

infection.

10 68. A method for treating an allergic condition, comprising
administering to a subject having or at risk of developing an allergic condition an
effective amount of an immunostimulatory nucleic acid of any one of claims 1 — 62, to treat

or prevent the allergic condition.

15 69. The method of claim 68, wherein the allergic condition is allergic asthma.

70. A method for treating cancer, comprising
administering to a subject having or at risk of developing a cancer an effective amount
of an immunostimulatory nucleic acid of any one of claims 1 — 62, to treat or prevent the

20  cancer.

71. The method of claim 70, wherein the cancer is selected from the group consisting
of basal cell carcinoma, biliary tract cancer; bladder cancer; bone cancer; brain and CNS
cancer; breast cancer; cervical cancer; choriocarcinoma; colon and rectum cancer; connective

25  tissue cancer; cancer of the digestive system; endometrial cancer; esophageal cancer; eye
cancer; cancer of the head and neck; gastric cancer; intra-epithelial neoplasm; kidney cancer;
larynx cancer; leukemia; liver cancer; lung cancer; lymphoma including Hodgkin’s and Non-
Hodgkin’s lymphoma; melanoma; myeloma; neuroblastoma; oral cavity cancer; ovarian
cancer; pancreatic cancer; prostate cancer; retinoblastoma; thabdomyosarcoma; rectal cancer;

30 renal cancer; cancer of the respiratory system; sarcoma; skin cancer; stomach cancer;
testicular cancer; thyroid cancer; uterine cancer; cancer of the urinary system, and other

carcinomas and sarcomas



10

WO 03/015711 o PCT/US02/26468
72. An immunostimulatory nucleic acid comprising a sequence selected from the
group consisting of:
TCGTCGTTTTCGGCGCGCGCCG (SEQ IDNO: 1),
TCGTCGTTTTCGGCGGCCGCCG (SEQ ID NO: 4),
TCGTCGTTTTCGGCGCGCCGCG (SEQ ID NO: 5),
TCGTCGTTTTCGGCGCCGGCCG (SEQ ID NO: 6),
TCGTCGTTTTCGGCCCGCGCGG (SEQ ID NO: 7),
TCGTCGTTTTCGGCGCGCGCCGTTTTT (SEQ ID NO: 12),
TCCTGACGTTCGGCGCGCGCCG (SEQ ID NO: 13),
TZGTZGTTTTZGGZGZGZGZZG (SEQ ID NO: 14), wherein Z is 5-methylcytosine,
TCCTGACGTTCGGCGCGCGCCC (SEQ ID NO: 19), and
TCGGCGCGCGCCGTCGTCGTTT (SEQ ID NO: 11).



