166166 WD 03/015711 Ifs 17 FEB 2006 PCT/.IQI% 502/ 26468 COVBI NATI ON MOTI F
| MVUNE STI MULATORY OLI GONUCLECTI DES W TH 6RO\/ED ACTIMITY Field of the

| nvention The present invention rel at m ' | o] :cm’rum)}stﬁﬁrmm ory
nucl ei c ac onposi tions thereofm @ﬁ , ’t: of usj »

i Munost | rrh?%%"?'f\ucl ei ¢ aci ds. Backgrou j in cl agggyg‘gfz(f(ﬁwune

st il at o ARHERER M IRt RS Rl hes

of i mmune~strnutatory activity. K tey F\IV1 \LUUJ.} €t o 52.
These are so-called class B OpGNmRde}!waﬂmVlwtldes (ODN) Whl ch are
strong 10 activators of B cells,_and class A ,CpoG ODN, which are strong
activators of natural killer ( %mﬂﬁ;—?udltlon to these inmune
stinulatory S CUMESIER R in®éntiof Atited YR eI BS B RostiMGH RS igequences are
known, including CpG sequences |ng,)!ﬂ % |ls prgﬁé y "a Cor

fol | owed empostiopxierql, AMl methads of(umgsbne rnnmmomanulamam:cm adif3A

95: 12631- 12636), and DNA sequencengg ﬁg! J' the CGis nethylated. A
neutralizing notif is a notif which one degree of immunostinulatory
capability vvhe"ﬁwp)ntasemsscsrofammonmimlsterymeqnaenséslamlkxaivmny thedri WhicRHive Whi ch

when pres in t cont ext t her i nmunpstinulatory nmotifs serves to
reducg th‘g%mﬁ@gfﬁs ﬁg]“éff’tﬁrief faé(fﬁ'laﬁtl““gf r?{')rf?g 'A{MNZQ terrsMicsadab? 4%t t he
| nvent i onszA Tlﬁese fie 36-%al0¥d Jl4TTB r@@éugrasué@tyﬁwedmsé @DINRWhHS akSstRhgVi ded

her ei p, 20 instances these nucleic acids have a CGrich palindrome

or cdli c?FﬁM%te{Sr%(ﬁ AlngndslassA CrlddPNe which apsrsrong easivptorsaaf givrat illeand
descri bedngy &nsﬂewameh &Pk e RnfuBPNm %&ﬂeﬁhaﬁescgg%@% agga%é;}m s

consi sting of repeats of the sequence suc
d| nucl eot neyraligieg sequencpsarg kv, l@ludlfmG asmiemoes frovhiohvd Oy isprédefed 8, , CGG,

d nin
sti rrul a;rgi??%{a g’%@%?%“’%“&&ﬁ l‘“ﬁgﬁﬁf&ﬁ’g# %&’Wﬁh&ggﬁg such as
secr et i onandfDNA-s€quehdes Il whicktheyCG TS¥ietylarrddA neﬁdMQﬁdeﬂotﬁf is &fhotif which
antig ecifi e response. Kri gl AM et al . 1998%5F Proc Nall Acad
2t OB OB S feate Sl B oSG~ o apAHEN Wheh BiRSSRu T 1 GIBATSmOP
sur pri si nginflil&6:9\eatf, i, Wiieh &ﬁ&h&reﬁm # thd M¥ex96>ﬂ'&tﬁérnm99%§?{m@ﬂb& r@% f%l ghly

conbi nation of a stinulati ng nmotif and a neutralizing notit are
i mrunost i SfiMcatiegucethsimppengsimulptenepatesial ofgheptber metifed in part on the

surprising Summary of the Invention

ﬂ

A new class of immune stimulatory nucleic acids is provided herein. In some
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, CCGGQG). 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 present 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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di scovery by the Applicants that ODN having certain CGrich palindromc
sequences, including palindromc sequences containing neutralizing notifs,
are highly 1 *@0002* 17 FEB 2006 inmunostimulatory. The neutralizi ngmﬁ
motif thus, may, but need not occur within the context of a paflilnfE®
sequence to be highly inmmnostinmulatory. In a first specific expression of
the present invention, there is provided an immunostinulatory nucleic acid
of 14- 100mygestanlpges The nestiglining avitid ghus, inagdus sepdarnt eccis C;ijl:l“rznp)thesnon@xt he
formul a: 05 L Lor . 5. XI DCGHX2P . 3! erein X1 and X2 are
indepen&gﬁtpflf;&ﬂar%%;ge%ﬁ%nﬁggoBePgﬁb'OmB’éwgl?’B%{gyD is a base other than C, C

i s cytosine, Ifaif#stgpevifinexprébsich of thepRsedt RentidlAther isgh6vifled gna GC-rich
pal i ndrome-cont ai ni ng sequence at |east 10 bases |ong, wherein: 10 a) His
t hyni ne fmungsiimylatorssnsteng-geig of ddstP§nucleytigesiin lengtdianing abasasequeneeni c, H i s
T, aRd Xgmdsid }}gecfto u]%romthe group consisting of CG CGI, CGIT, CGITT,
and CGITTT, and/or c "includes at |east one hypoxanthine (l1). In a second
speci fi &' BXgp€&sixXard' of StROD@GHXePB' i nvention, there is provi dﬁdhan_ 15

i mmunost i nul at or cleic acjd of 14-100 nucl eotides in | ength having a
base sequencéVheE%rﬁ%rL‘]iagﬁ?% g ndepngdently any segpence Paeslikbasss lge, B is X baseDOGHX2N
3" wher @ ' ; i g@cﬁw ; : 3 | ong, D
is a ba?temr?)%aﬁg](tt lﬁgcr}{w CS:?]e’Caﬁg cyt os’?inlé,a%%yel @ﬁ%ﬁgﬁ?ﬁé%iﬁgg%‘%‘: ot her

t han G paletrdmesontaingsdquatternt leastallli misesjosgqutenge: begi nning with CGG and

i | i Q f ' NXI DCGHX2 3': His
;ﬁy%bnlae?'sl'; , ]agﬁg%z&%ﬁﬁn%&?? gn ré??g@QKETi.) rgghé&%d fromthe gr oﬁ)p co:nsi sting
of CG CGI, ©%Plis complelely palitirSieic] Hlis ToRRH R isZkldRd fRom %ﬂe%@?%@s?ﬁgg a) H

is T and X2 is CGITTT. Furthernore, the imunostinul atory

i nst ant of ke MG FRULLCGTkuandsCGHITEL andjoref f ect s previ ously associ at ed
A0, O e M A RER B R O, TESS C  ar a0
charact eri st ixabécpndspdciid exprssioaldf sheiesentiiveida ARuCTsipasvigdd dmt er f eron
(! F'l\lg - ir&rﬂuggs%inﬁll%g nucleic acid of 14-100 nucleotides in length having a base sequence
comprising the formula:
5'NX|DCGHX; 3" or 5' X;DCGHX;,N 3’
wherein X, and X; are independently any sequence 0 to 10 bases long, D is a base
other than C, C is cytosine, G is guanine, H is a base other than G, and N is a B-cell
20 neutralising sequence beginning with CGG and is at least 10 bases long, wherein:
1) for 5' NX,DCGHX, 3"
a) H is thymine (T), and/or
b) His T and X; is selected from the group consisting of CG, CGT, CGTT
CGTTT, and CGTTTT, and
25 2) for 5’ X;DCGHX;N 3"
a) His T and X; is CGTTTT.

Furthermore, the immunostimulatory ODN of the instant invention have

3

immunostimulatory effects previously associated with both of two distinct classes of CpG
ODN, those that characteristically activate B cells (class B CpG ODN) and those that

30 characteristically activate NK cells and induce production of interferon (IFN)-o. (class A CpG
ODN). The novel immunostimulatory ODN of the instant invention thus have a spectrum of

immunostimulatory effects distinct from either class A CpG ODN or class B CpG ODN. The

2



ODN). The novel imunostinulatory ODN of the instant invention thus have a
spectrum of inmunostinulatory effects distinct fromeither class A CpG CDN
or class B CpG CDN. The 2 17 FEB 2006 new cl ass of i mrunostinul atory ODN of
the instant invention is referred to as type C CpG ODN. As {qqseeplogg in
greater detail below, in certain enbodinents the ODN of the present

i nvention involve a conbination of notifs wherein one notif is a CGrich

pal i ndr aww odass af immpunestiniwtitory QDN d¢f thamstaaniov ereionrie tdférrédstoas sgpendCator y

nmoti f, -1 Gmtif or the.seqguence 5 T CG In s ects an

i munos 3? Irgr!;\.lll ﬁtsod%crwgg |11égr5:a§& f‘%‘a%?’e@zﬁ’ ﬂ)ff%ﬂb‘f‘éﬁ&%@%ts :&H:’ (Sgﬁb%ﬁﬁ? gresent

pr ovi dednvehtién fivolveiacontbishtidasofniiift WhetdlPoneTnottfl iPPEEKACE palinfiro@Bdr X2 are
i ndependently. any sequence 0 to 10 nucleotides long. Dis a nucleotide

ot her t WgWiratizing matil padangiber nwtifds a giimulatasy matif.e. @, aGoGevetilie the segpetcean G,
The gucheigr@égl d sequence al so includes a nucleic 10 acid sequence sel ected
fromthe group consisting of P and N positioned i mediately 5 to X, or

i medi ately 3 séme ¥pectdlah $menuBostahhladephicdit 240D 32900 MGE WS E%Ggih% with
a CGG trin cleﬁlteide and. is at | east 10 nucl eoti des Iong. Pis a -rich
t b

pal i ndr ¥ MvRigic asidhasthe foymulas 35K DGGHXeI32 oXi et Xp aisgndapendeait
o ! . . Rk \ T ooEr 1k
R Do N gt Ofe TR AR e BhY PHER SRR DG o XA G . &
Xl DCGHP¢BaiBhe. B'is DAGHX@ DR thads! G TTREMAMAS adid, sequendé alDCHIAXRs 3'nucl¥R i S any
Q to 10 | i d | . In.oth di ts.the .
> oS arhskaiehfs M ALl e pGUF conBedlB BN bptroldimpasisiiupor X ar o
t hym ne of immediftely3°abher Nash od e'l'l(;ergéfuﬁ'alh'i:ih seuefd widich Bedifa w%’ecr%-r’ CGITT,

¢
or CGITTT. His T and X2 is CG or CGITTT accordi ng to other i ments.
Accor di fighucteotitdeand isrb trabtnkdmuslegtides longreP liyd GCerich palindoimelestainingeast f our

CG di nu id r han two CCG trinucl eotides in sone
enbodi n%%cﬁ‘gﬁéaagﬁﬁp%%%@% 03/ 015711 PCT/ US02/ 26468 Optionally P

includes at [esshe efbodifeaisike infendUtuRiteryaetBidRYd BISNX,DECIER, &, pol y-T
seqtignce at the 5 end or t An 1 mmunostinul atory nucleic acid of

13- 100 AuPCEHIX A3, ?'@X@fé@ﬁ%g', éf&%@@ﬂxzﬁébéf HilPgGHXB¥hah Saspects of the
Loaent L SODCBIERLP) £TCOAMIPRES, SHRCEAKI S, of s BEUBREy. Sboany® ' ©
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).
20 In other embodiments H is T and X, is CG, CGT, CGTT, CGTTT, or CGTTTT.
His T and X3 is CG or CGTTTT according to other embodiments.
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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N, is any sequence | to 6 nucleotides long. In sone enbodi rﬁgkaeﬂﬁol s at

| east 50% pyrimdines and preferably at least 50% T. In R di nents
N, includesoasnisgbst one CG notif, at |east one TCG not i PCT/a8022¢88t one Cl
nmotif, at |east one TCl notif, at least one |G notif, or at |east one\TI G
notif. N, iIs TOﬁiﬁbrmtlyPGﬂ’:hdas ablelst onehioside.nrents. His a 10 nucl eoti de other

th G i di | t ted C. N2
isagny sgéuleflcgh%YLtc R ICEWBY@‘S? isng ela@ﬂg'di-n%r‘}g'lsﬁ’?ﬁ Bﬁ%ﬂ%’éﬁ#ej > -?seat

| east 50% pyrAmrdmmﬁ@snefulat@ryamclkxeasfu 030%0100 nbdleqideein lenpapdippide N2 does
not includes any poly G or Anmtifs. 15 Pis a GCrich palindrone

cont ai ni n@ccg@m@ﬁ@éwa@snc@ta@f e wwm%%oﬁed@slqc(aﬁgi hap thedprula:ShdHGNERt s P i s
conpl ef el y e c. In other enbodinents P is a palindrone having
between 1 an § consecutive intervening nucleotides. Optionally the

i nt erveni ng nuliieeny skgyencadto berudiehtiden lapgh & scarebambiodiments 19, l'lsaclleamlée%at

| east 3, o u or di n
ot her nbé'dm%d“{es a'ﬁfillprgfeaatbaleﬁqe . fae/%it I%ﬂtggrl bola en?s(zjlg' h ug?f ﬁﬁé’a? t t he
GC-ri ch pabiif)dr lease oha$Ca rbcﬁiﬁ'ﬁatdmtmtcmﬁotﬁl atll@atsdnemm1ﬁduf,rai$ea§ omddd C. In

th nbo t he G- tent of at | t 81
por cont CRARHOTS a5t QAR o T COPIE WG I b ARESRb. FLS, | oqat 12

nucl et i d@gleoti@®Gther’tign &C-ri ch pal i ndrome nay be made up exclusively of C
and G In sone enbodinents the GC-rich palindronme can include at |east one
nucl eoti de t hally is pyamidiag. lo same empgdigents Pydpareusndiadate®Bt s the GC-rich

pal i ndrone i ng r ,

B 1 cast one (R, futRB Sy DRGERILLIOHE! 1n e rf B AR R b e

i ncl udes pitrinhids$ of ie atrleS3G5 @PorTl dh @dter cialaodnlnmtshlﬁ tadsmopinefides ang pelthJdi ment s

t he rlgh paI| dronme has a central CG dinucleotide. 30 In certain

embodi nment -rich palindrone is (SEQ I D NO 23),
CGGCQECCGCCG (}SEQ GOrivRpalZirom AR P de SERa  DONG: LebiB)es Ring. GEANRRTACGTCG
(SEQ 1D NG, 69). 3. \%O 3/015711 17 FEB 2006 PCT/USQO2/26-t68 In certain
enbodi merfid qdﬁaerﬁﬁ’ 13 CoPREtely makindremics Ingthergrbadimrentsds A mEnippe hadng 29)

I
CLECEE T L RS 048 e X5,

51n sonsn@nb@%iﬁnémo@emmemﬁ mcb@qwd@a@t %d) eci €dnd polpast Bn,e4 gr HGp

consi sti r&glcf?‘:fondes. 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. In 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 (SEQID NO: 28), CGACGATCGTCG (SEQ ID NO: 68) or
CGACGTACGTCG (SEQ ID NO: 69).



TTTTTCG TCG TTCG TTTCG TTTTCG TCGI, TTCGI, TTTCGT, and TCGICGI. An

i mrunostimul atory nucleic acid of 13-100 nucl eotides in | &igFt&B |2@5prow ded
accordi ng Wo0yPHer aspects of the i nvention. The nucl ei c KEH/ES1RE6468 he
formula: 5 N 1PyG’IN2P 3. Gl _refers to single nucleotide whichis ..

either a G or lakertain G“P%dlﬁ’ﬁlaﬁﬁ’?@%ﬁ'éh palingromeisineCUCHE GEACHECAREQIBuence
Ito 6 nuqygolgydge cd?ezot:s(s QY st %)“@CCH%CG%@@MGS(QEQGIP%O%H)W 30

nucl eot i deso?ong Is a pal |n rone cont'al ning sequence at
nucl eot i &@GC&@CCCGC&(SEQ@%@UB%E@@@CQGC&@G REQIRNG®A3) ndr one. I n ot her

enmbodi ne i | Gkl ) I'ndrorre. N1Pyl N2 i n sone enbodi nents is
TC TC TT#?@E@%‘QWQW%@? he nucl eic acid nol ecul es descri bed herein
may have anly tlyp@neémb@ﬁxhbmmépyrfmﬂ@mséquefce sblltacts@ﬁemlaﬁbgdwe&{s%uhﬁef

i munost i pul atory | as a conplete nucl ease-resi st ant
backbone. THHE GHaeT Cbablo T ke PR GoHe b AT 7o dbangCGTCGT
phosphor ot hi O%xﬁrﬂ:hﬁﬂéﬁgﬁ@atol‘)nmﬂﬂa@ﬁcx@ﬁppﬂlGvarﬁfcf%ofl if Woﬁtp'rJWé ory

nucleic acid has a conplet€ely phosphodi ester backbone. I'n yet other
enmbodi nerfeeording t9 ptherrrspedtnaefithe wventRo. dhe hedleic add Hasthe faamota ¥ iPyGARGRbone.
I n one enmpo e [ i d_has_at ast one
phosphodrjgsgg?@qafsrgégﬁ%l ’F[ﬂ?{i@&?&e M@E%@G&%LF g {%g?l ANy ?nad Irfﬁf’?c\%’ley t he
ODN df the i ndhananyiseqenté bro Gmeldotidenibeg. ey iwiatplrimidine MN¥yit by @GuerkB0l si ons,
or ot her ans to avoid rapid digestion in vivo. The inmmunostinul atory
nucl ei c é%g@ H@Fc’é%ﬁf 1988.described herein have a variety of 25 lengths. In
some enbodi Meps aphighdrérdl Dsndinifp b@fuerict abtast a0 huaehtilics fong31n Qe 13- 40,
13-30, 14-100, 14-40, or 14-30 nucleotides in length or any integer
t her ebet BRI imgats Brisai{¥stichnelindsie. doethsr émhedlmewa iihan I&wclbpalmld@nﬁqal | owi ng
e CG 0

soasences | AP AN o TR
NO 3§, TCGTCERE AW s {8Eb¢TheNEn nbiy have‘l’ﬁi‘a‘iﬁﬁTTﬁ'ﬁ&B&ﬁEOGOGCGG (SEQ
ID NO 7) TIT TTTT (SEQ | D 4 \WD 03/Q15711 1
FED 2006 COBEHR I SO 5 oL OR L e e Il el i Cpplescy

TZGTZGT Tﬁﬁﬂﬁmﬁﬁkbbﬁq Heldubleaselrdgistamidacidotie say Be &o BybLyt osi ne,

CGGCGCGCGCCGTICGICGITT (SEQ 1D NO
11), lmp%d})@entg% ImpuRestimuatorysucleic acxd( has (a?

TCGFCGFT-EIW dsfePbhckbdr. IPFE difier Mbodithknts the immunostimulatory

20 nucleic acid has a chimeric backbone. In one embodiment the immunostimulatory nucleic

acid has at least one phosphodiester linkage between a CG, CI 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 (SEQID NO: 1),
TCGTCGTTTTCGGCGGCCGCCG (SEQ ID NO: 4), TCGTCGTTTTCGGCGCGCCGCG
30 (SEQIDNGO: 5), TCGTCGTTTTCGGCGCCGGCCG (SEQ ID NO: 6),
TCGTCGTTTTCGGCCCGCGCGG (SEQ ID NO: 7),
TCGTCGTTTTCGGCGCGCGCCGTTTTT (SEQ ID NO: 12),



TCGTCGTTTTCGTCGGECCECCG (ODN 5514, SEQ I D NO 65), TCGICGITTTCGACGECCGCCG
(ODN 5515, SEQ ID NGO 66), and TCGICGITTTCGGECGECCGTCG (Oj\|7ﬁf62m53EQ | D
NO 67). Pwothers7accordi ng to ot her enbodi nents of the i nR€NUB@IR6INE

I mmunostinul atory 10 nucleic acid is one of the follow ng sequences: \
TCGTCGTTTTCCRCATE TGS CAQGCREOG6 ( SEQ ([B‘F&BTTBTTKZEIW@GZ@ZZEW

TOTCO TTHREG I R B G 253Fhy epTed e LEBTPECEoN 2452),

15 TCCTGAGEW' BB JIGESKEGGA6ZZG  (ODN 5327,
wherein Z i s 5-nmethylc tos(lf @G{E@&G@M (%N 2136),
TCGTCGTTTT G§ (ODREBP6SEQ HoNed8E060CG (ODN 5514)

TTFE . CG (ODN 5516), 20
oA T %W@@W@@ﬁm (DN 3429)
TCGTCGTTTTCG@C«IICKWCGQGB&CG&@@ (ODN@GIFC(SE@THEGC@)CGGCCG (ODN 2431) .
TOGTCGTTTICRGCCOGOGOGG TTTT (ODN 2452

TCCTGACGTTERS ‘M?% O%% eliass %& (CD(N 5327,

wher ei n ZTCETEGEITTOGYCGSCOGTCG GDIGA6LH, BEGEBERNGOENCC (ODN - 2136) ,
TCGTCGTTTTCGECEECCGACG ( ODN 5513),  TCGTCGT TTTCGTCGECCECCG ((ODN 5514)

TCGTCGTTTTCGAMC*u(mﬂ%q@yodwe@r@@tqwm Hmplatoss 16) |

73, SE
R R e B TSGR SR Ao 1. S50

TCGTCGTTTEEACGIAETIGE! T CONGESIGGCGEEQ (ODMNZ#297.3) , TCGTCGCGACGGCCGTCG ( ODN

%‘éé?&éﬁ&ﬁ?éé?&z‘?&ﬁ@@%ﬁ@%@% X 555%%&@%%?@?@ (con
20180, SE_@)IDIEMNS]) TG TIC GCGTCEIMS 246N 20184, SEQ 1D NGO 77),
TCOTTTTTHCRACOIARAG  CERCBR Ra TGN 27) . ™
15 TCCTGACGTTCGGCGCGCGCCG (ODN 5315), TZGTZGTTTTZGGZGZGZGZZG
(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, SEQID NO: 71), TCGTCGTTTCGACGATCGTCG (ODN 20176, SEQ ID NO: 72),
TCGTCGTTTCGACGTACGTCG (ODN 20177, SEQ ID NO: 73),
TCGTCGCGACGGCCGTCG (ODN 20178, SEQ ID NO: 74),




According to certain enbodi nents the inmmnostinulatory nu 'F‘E
i ncl udes the sg&uence T CGTCGITT (CDN 2451, (? 11). In
certain Ats the i mmunostinul atory nucleic acid i &CT H%"Z%ﬁﬁence

Iorrpri Si n@% %%ﬁ%@?{:@g@ Hﬁéﬁe%ag@rrgéc?ﬁ:sg?: bggnﬁgfleit Inogmd a.\

phar WBCGUFGG'PCGE@MDA@QWQGC(QMNQOISOSSPQQDIQ'@CI?@CCOFdl ng to other aspects
of the invention. ot vention a nethod for inducing

type 1 i rﬁQQ?EFB"ﬁTT(F@NFG%EG@l(@PN %Ol&f‘o&igé@ NGHd)net hod i nvol ves
contacti REErfPHITFERA ﬁG%Gdéfﬂl D6185Y80 D N 7f i th an effect i ve

anount of an I nmunosti mul at or c acli escri bed erein to induce
expr essi (TrCG)TTTVbET(IGAEQTA'ﬂCeTCG\(@W2ﬁi86rSEQIHé|NQts7ﬁbcts is a nethod for
activating a atu al kil nvol ves, coptacti ng an
N coll e n skt e aphiimERs e imFoTELIRGH BRI R BRBRE e ]
descri bedeqirhed TCEECTAGOBCEGNCGTEGTET (ODRQR45M, SEY IDNGRI 1 Aspeeitsint he
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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
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In certain embodiments 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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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/o)
or in the presence of the indicated ODN at the indicated concentrations (1 or 6 jig/ml).

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/0) or in the presence of the
indicated ODN at the indicated concentrations (0.4, 1.0, or 10.0 pug/ml).

Figure 10 is a bar graph depicting the amount of IFN-a. (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 ug/ml).
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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/0), with LPS, or with the
indicated ODN at the indicated concentrations (0.2 to 1.0 pg/ml) for 6 hours (panel A), 24

30  hours (panel B), or 48 hours (panel C).
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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 jg/ml (open bars) or 3.0 pg/ml (filled

25  Dbars).

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 It 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

10
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i nverted eﬂ@ﬁg‘ﬁe“tﬁ&ga ﬁbgeg 'ér?&eég&d&%‘)ab 0 tepfmyetootides iplengthi dn sgpmmeh A and
A, B an@nfBodinfits X d;c%E@notQ@ﬁt@n% ah P& |C?orc}fol)t R ltn ‘ﬂr ?!)dl)ﬁ@ht%% Crick

base pairs. As used herein GC-ric 1pa|n rone’
pal i RAr orEMhAostip laoeleicasiddns ppplyrl sfquencelatths ' emd@r'ahhc dend s\sanscti Cs.

I'n some %@Qﬂpk‘ﬁg?%ﬁc;rlh‘ﬁol?-ﬁf”rshgllpre?&?@g Qi%?}boﬂfgupgr%o?r ab qixv%él S S m? Ctelhla

stimlatory do ase o ase | ong
pal i ndr omespedtivslycogt, &1 ASAAL3 beSSITTF 5 s and Cs. Int he case of a 12-base
I ong 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, 3'
wherein X, X, X;, and X4 are nucleotides and preferably at least one of X; and X4 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 palindrorre the palindrone also contains at |east 8 d Cs. In

the case of a - mer GC-rich palindrone, at |east ten bas
pal i ndror‘ré‘%l"}é‘”(’f'é and C s. In sone errbodl nments the GC- r!’%ﬁ”ﬁ‘&(zfﬁ‘drone is
made up exclusively of Gs and C_s. In some enbodi ments the GC-rich-

pal i ndr ortg¢hbe Cpispeecedidy ¢ .%fplweétby P@a@@celAMpfé e EMP8 P eocYrd! easi
the case spf yg495. 1@63;-10122@8?011199@@&5191% PAA Qéigugﬁ@% in m?chRﬁé Egt id hus I S

made exclusively of Gs and . In the case such -base long GC-rich
pal i ndr orgethylated.sAp peedderedn “Cn@t shall nefesd a §'aytasine €€) (Oﬂgwpdab)ceﬁtguaohet he

pal i ndro A fer e ts 1 se | ong
GC-rich a ?ﬁ]cglr"()c)ﬁﬁgb qq)hosgshgtﬁgoexc ﬂ}saef‘é\;e @ f &gsseg%g}ngg t;b. nme{lwi t%cgse of a
14- meb GﬂShutralhzmmhnnﬂrmmpnﬁth:da}m sbme ldvgeé)aﬁleﬁnur(o&ﬁnﬂafoﬁ)emp)ibmty When

pal i ndrone are | n.sone ‘F E d ;{He)Odl nents, a 14-base 1|ong
GC-rich FHSFMdP 8'?th ‘F@”’ﬁ%’&?é‘ Sé‘)'i’l‘ll?}g‘iy\)’é ti/‘e . Yhich yhan present yihhe gongexjrof . oo ri ch
pal i ndr ogehes AmBRosUHTRISLY Inﬂit@dsewe th h&mceﬁﬁ 1B%dﬁ8§thﬂﬁlﬁ5%0tédﬁag@ﬂﬁé 8~Jhext h' S
dormain has at least 3 Cs and Gs, nore preferably 4 of éach, and nost

pr ef erabl"}P‘EﬁS or nore of each. The nunber of Cs and Gs in th| s domain need
not be identi ed sp that
they are abl e@?%)a gjr Irﬁzﬂaﬁa shg Joggf[{lﬁgnetqg?ﬁegﬁ ]e?%gogﬁd%tﬁleg{odg SUS%GlCJ)ch as
CCGCBGGherEhm, Spatimyropes” |and,®|quwpteeﬂt' b‘pam@rd:ﬁxc\sb@eﬁaa"’mhaV&Ierlc?arFEBeR&DG

PCT/ US02/ 264668 T . 8 h f |
DO ons TERAORE, Plealios s ARCPBE D CBIAT WAth 4 i Robiand Mkt ooree.
(SEQ ID lbl@es S@abkrofqmeﬁmdtﬁﬁ@ndkfbak@alﬁl) When conpl enentarity is

not preserved, eferred that the non- conpl enentary base pairs be
TG In a pr efe‘ts %ﬁ'&ﬁ@ CPF:;H? Pﬂ@‘se)“éf’r éh'ﬁlbf%rt%aiPH‘WTQI“Sh%‘G'PBs%b%Fm ve bases

that ar ec&ﬁbos‘?ﬁdntof% lemQWQ-@Hd'd%@ Q4Rd CHY % ?&ﬁplsﬁ‘nb mgﬂ the d(ﬁ@'?xcﬁ ’doﬁlggl dgm st

preferably only 1. In sone enbodi nents -r| paln one inc es at
| easts onéfe@séﬂ)’@r FOn‘é?? . Baell $teal$1t1t00h®rm tlnlthmase of a Hi-bisedsrtg @BeicBGCG
0

t et raner E‘Q‘?"éé‘ggr’ al @dr@@ S nEt EW

(SEQ ID GCEEEEECCU
33) or Cmmd(oﬁmﬂe@ahﬂromé@lsaébntam al lemR Gma]dx['} st M the casedf atlde GC

rich region e.sybstityted with an ino I n . sone enbodi nents P
i ncl udes %Pg}ﬂ %l I'SH@“TC aHﬁas&@Ptbé?eﬁo H’Eé’a‘s ?Fﬂ'ﬂ'tné afe {3’ siapdlmo dRisARIE at or y

nucl ei ¢ ax(ﬁbddxhﬁﬁts@E%erlchgbﬁhﬂd?brh@w Mste Jpchmkﬁély%fd\%WZ 3, 5
XI DOGHX2N 3", 5" PXI DOGHX Xi DOGHX2PX3 3', 5'

X DC%Q—IPXS 3" | Inssonpscambegmyentsghe Gﬁl-rlq*mlmép)w }es a bgsc qgmeﬁsmgn ofat least815'  DCGHP

3 percent G’s and C’s. In the case of such a 10-base long GC-rich palindrome, 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.
It 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
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In other aspects the invention provides inmmne stinulatory, nuclejc acids
which are defined by a formula: 5 NIPyG\2P 3. N is any Eéﬁﬁ%ﬁﬁ% l1to6
nucl eot i deWOI8HY 1Py j s a pyrlnldlne Gis guanlne N2 i BCENYI26¢8ence O
to 30 nucl egti des qug rich 20 palindrone contalnlgg sequenge at
| east 10 RAUED bBLit ifgee BFFb‘haNPCé cwzpl?msnteam%a%eaﬁmaeaﬂlmwsm Y4 mi di hes,

and more prAlAL AhY BRECERRGTTINNCG (Mo 5@)@0 36 oG dcEecd ibeBg begase

there is preferably a T inmrediately precedi I'n sone é i ments
N1PyG i s ﬁmq Sl hWaen aanpleBydarityis rath preserved, 5“5 Pe@B@ed thade nwost pref erabl y

a TCAN\Z, Py & one or nope nosine (1)
nucleotldes EmFlﬁlax:ysoageeﬁ gibe%%hl\q1 p%\glp?é@&{b()d"ﬁén'{%&%{g% ﬁhﬁ'bél ne, but
the Cpi i sompewiies bads that drb@ot m&oflﬂmrpalmdmmeprsfeb&uy ﬂidlx'fnbﬁnﬁan 2§ldﬁd1m%§t | pG

t he opti nal ity be achj.eved w the use of a "sem -soft" or

i ror i ¢ PRy TR e Hase RIS HER R BTG dger gst an COO
phosphodi gtep! at 184kt dRYCCE &l oRdt leabi®Re (CAUG tddamer. GhrotilePeRbodilmEhidRld f- 30
In certain enbodi ments NIPyGN2 is a sequence selected fromthe group

consi st i n§Coich pafirdremg is 1€ CGGECHCHE(EE(SEA IR NY: 3TDSTGCFEAEGCCTTECGT, and
TCGTCGT.  &galih ﬁ@BﬁP@@Cé&@%}Q}a Q}I-b ReT éH%Q%@@é@%{(}fd?%@g I[f?‘ﬁl zCts the

i nvention prOV|des I'n"mune st nucl ei'c ac detTned by a
formulG: 3). N, PyG/INZP 3. N is any sequence 1 to 6 nucleotides long. Py

is a pyrimdigeg, S nucl eot i de ,whi i.s ei.ther G or an
|. Gis guani n'gﬁﬁ?lg te“gbnostlchr’ie GE&&E r%g'%'h&na% ﬂg’%tgge “P@' "R (goti des
| ong. P i B sameEntbodintents Rinclidts meke @l dne¢ont ai ni ng sequence at | east 10

nucl eoti des | oIn I.n s enbodi ents N, PyIN2 is, TCITCITTTT (SEQ | D NO
47). Some non- %ﬁ{t?‘i‘ﬁ@ adigiepisdle ‘BT"‘%%PNQWFWW 19d hampnp ef defollavinsr y

nucl ei ¢ & esct iDvesh h et he

ol | owt ng e A O B PR 3 42 DTS, B X R eiees 10

( ODN 420X ;DWT$WS(MWw; Swmwwmeeoeuamce ( ODN
2431), T%@ém (ODN 2432), TCGICGITTT TTTT ( ODN
2452) , X (ODN 5315), TZGIZGITTTZGXZ&EZG&GZ&EZZG ( CDN
5327, wher ei n IA oitter Bspeets bhel ioyentish peyided HGTGAGGIUGEICAGEECEEEs (BN atd 2136) ,
TCGTCGITT TCGTCGTTTT ( 5514),

T OOT GO TR PRI o (CROBGE ) o PRoA 55 6).
TCGGCECEGssaineT GG Zﬂ’ar{u@l’wz%lﬁib')seqm 6tal” %T:Q@&G@@@@%C@ @A -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. N may include a CG, in which case there is preferably a T immediately preceding
this CG. In some embodiments N PyG is TCG (such as ODN 5376, which has a 5’ TCGG),
and most preferably a TCGN,, where N, 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. Nj may include at
least one CI, TCI, IG or TIG motif.

30 In certain embodiments NiPyGN, is a sequence selected from the group consisting of
TTTTTCG, TCG, TTCG, TTTCG, TTTTCG, TCGT, TTCGT, TTTCGT, and TCGTCGT.

13



20173), TCGTCGITTCGACGATCGICG (DN 20176), 20 TCGICGITTCGACGTACGTCG ( CDN
20177), TOGTCGOGACGGCCGTOG (ODN  20178), TOGTCGOGACGATOGTCH (TiBh288179)
TCGTCGCCGAGIAGERCG ( ODN  20180), TCGITTTTTTCGACGGCCGICG ( BDNUSQL84LB,
TCGTTTTTTTCGACGATCGTCG (CDN 20185), TCGITTTTTTCGACGTACGICG (ODN 20186),
Tl GTI GTTTTCGEIBEUCETEC GRNnBSEon poFdes niNde Bid)ulatanychullsic acids which are

TCATC TTT S AD NO 70 d .h i N | e
Lo 07 amcOeTBET BE A ST RTRRR S0 i P st it S s ol TaRe hyds B 6 ©

mean mul t pyaingidmecGA odfedas siile Guclestieti¢tEis eRIVTRIG 61 dhd. & BYAATiné &ndl is 1 bose
or deoxyri bose& linked to a gh&sphat,e group_and to an exchangeabl e organic
base, whi @AsiPE Nais ppeseagencg §4e PP necdeptides lopg-of wet G og IC righ pefurdrme ) |

thym ne (dohtafings@kdce@tlehstQ0 ndcisdiRIRE Idng! Bfsont &w&%nﬁﬁﬂggmﬁ enine (A) or

guani ne used herein, the terns refer to oligoribonucleotides as

(G%{i_. AS
wel | as olcgsdedxyr(PBEQADdY@utDdes (ODN). The terms shall also include

pol ynucl eosi d R 209 J ] ] ifhe Qo h% & andican. S,ot her
organic 14 17 Olgn . 9 R8s e\ ﬁ&

pol ymer . which eteciesibedd bp tledomedascbovd) énohiieahefdtlodingm exi sting nucl ei ¢ aci d
oroduced TeRGelaideadbobiiten bR rErTe B atbatared

ol i goyuucl @BN 4829 FOGELGIMIITHATWGEECE G (PDRP4%0)0! | gonucl eotides with
substitutions or nodifications, suc i n_the bases and/or sugars. For

di f h a
exanpl e, TREJCOTIMIGEGHISEEOOURS (ADNZH Ng TERIIOSHE TE4HIESCARCTIOG! e
| ent | GTa¥FTER] et i { ther than a
ﬁ%?oigl (gr%té@g%j?tﬁ%%?g' position aﬁgGmcgﬁTﬂlgn a%ﬁ%ggﬁ:tg group at the
5' posit i BCTFAGS TG ECEEGAITEE CORY 3id SHAYGTIGTIIE ZG6@ZGDGZ6lZky at ed

ri bose gr addi tion,. nodified nu i i i S S such
e 20 ar tthe 542, REtein 20y s FRBu e EiRh SCRHE A I BB A dECHERC

het eriggerxgasy TOGTEGERDPIEGGCOUREEACGNODNSFIBY, cont ai ni ng any possi bl e
combi nation of polvner units |inked together such as peptide- nucleic
act ds. (T GRTRGTE TGRS RO ROREEOIN S DN CEERETI TAECAGREESFCAG  sone

enbodi menopN 5565) PG ELETATTES (REGGOLETE @AM 5'5{53Packb9ne conposi ti on.
Nucl eic acids also include substituted purines and pyrimdines such as G5

propyne nddPELEE A€ CTOSTRAHRE (OB @45 Bl TCGTOGAT TREIAGHGCEGTT (ARNS40- 4.
Puri nes - cH i imted to adeni ne, cytosine,
guani ne, %;WEF@C@G@&(&{E{:E}%{%%e@@DQ%E%é urine,

2- ami2fo- GFCBTCGIPUCIGACGPAGGTCaNGOmIND 201778, TCHPOREGAIIGECCaNd GO DN

ansubet | A28 TP RTERR A bt R o 2o AR A R R S BN nown
to those 20188KTCGTTITTIMEFCHACGGCCGTCG (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
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
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20 The immunosti nul atory ol i gonucl eoti des of the instant invention can
enconpass various chem cal nodifications and substitutionbl FEB @th“pari son
to natural WRNAVEYAD DNA, i nvol ving a phosphodi est er interPGEIEBEH8 bri dge,
a (3-D-ribose unit and/or a natural nucl eosi de base (adenine,- guani ne,

cyt osi ne, bashygontaigingpobundr) Nuélkiampidesoledfulas tembe abtainedbftohiegastingnsclac ecittnown
to the skilled, person and descri be or exanple, in Uhlmann E 25 et
(199050t Red s AN BRGEOME il BB L whspPored DEARC s aF Bge-
Synt hesi ssyaftbsisfr operti es & Synthesis and Anal ytical Techniques, S
Agrawal , Ed, Humana Press, Totowa, USA 1993; Crooke ST et al. (1996) Annu
Rev Phar macol Tisdrew nuglsiciasid apdeligomleptide plregncompass nyeleicagigsgy  Mod Synt h
Met hods 7633 hudddtided\itR shitARSChERth SRR AGEH, dichGs biPtht BEsek ONEBH PRk, f?téﬂehave

one or nore nodifications, wherein each nodification is locate a
parti cul a¢xamgde, theydpiusiinucleisracida havingibackberiedugdss Whigh asmehvelentdy atéached toi cul ar

B D rib . . Ceul : b sl .
compar ool RB i Hedichlos el Exa Bl MGl £ PO R S S0 o
nat ural DiNén aphédphate gfoup 4t thEB' [RO1IGN. WisABodifidbmicleiP4TdIRRRINN468 270

exanple, t invention relates to | i gonuc] eoti de ich may conprise one
or hor e HBGHER ERPTe R B LT o LA S A 9 PG A BEAGN | y

sel ect®d irabIAbseanstdad@f FBHIATRIRIME nBdleid aSiHE Aay BOASERAALR oW intbal kRN t he sugar

phosphat e backbone by another unit, 5 b) the replacenent of a (3-D-ribose

unit by acqeRsiondhesehysontgiming anypassiie eqvabinationof phymer wiitsdinked tagather

nucl eosi d ¥ J £k i il.ed.. for
Che chem wsft 2 fepiife SR @R AVELARHR, B3 Bari MOSVEERRIGF RIS AT 37 o
phosphat esomsi embadineents, the(rBelBicracis s lanwgprirospindutid®ne compdstionu Nuetesd de

bridge 10.toget.her . form a sugar. phosphate unit). fromthe.sugar

phosphat e BHa¢ o"r’fgu%el S.uég]ft&gd RYYE andpﬁgg’b’ﬁg’ﬁes%ﬁéﬁbbsn%mp%nedB?fBﬁg‘g@"sﬁsf sugar
phosptfat eMapndr AW eedl. (1096)ey: Bigebhhy! 1ABA0NE rPugined and pyiafidings ihfladObli@re uni t
is for exan?l e suitable to build up E "nor phol i no-derivative" aqligomer (as
descri bed®t lavteak% e, GYEPsIe; BUaRUR, thypmiskine, p-methydeysosing, d12B1ROPAENGS Res

17: 6129- 43 ymidobGikhlodopuriiRe, 9,6-didmiBofik ARPBRAhiRY, afd Hﬂ@ﬂ%rhl’f@@ﬁer lvative
unit; or to build up a polyam de nuclei'c 15 acid ("PNA"; as described for
exanpl e, B99-INtwRreercpringnuglrobasesgoibytitBied anh prsybetiveted Brogaliy moidtiasit Othst €. g. |
t he repl Ay a P @{@Q% | . 2- am noet hyl gl yci ne. A
3-ri bose%ﬁlﬁ?ﬁ%@}fﬂéﬂ%;%&f‘ eon?itlg]géséf%(ﬁlj lg%%('be repl aced by a nodified
sugar2uni t, \ifenasmunbsienuimadiyfdligdnielegddeswfitiic ingaritdnveataninense@hent ed from
(3-D-ribose, i bos

(30 PO AR08 by e 8B i VA SOEHD
2" - O met hiyillvinge@hosphofedtérdntemhialebtdeybridgl LOBEO-riBose it Gfd/o Bl abkYy | -
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.
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O (C -C6)al kyl]-ribose, 2'-NH2-2'-deoxyribose, (3-D xylo-f u'rgﬁgs@g
a- ar abi nof uranose, 2, 4-di deoxy-[ 3-D- eryt hro-hexo- pyranose1 rbocyclic

(descri bed¥Of¥PI5ganpl e, in Froehler J (1992) Am Chem SoRCTAS92%%¢) and/ or
open- chai n sugar analo% (descri bed, for exanple, in Vandendriessche ¢
al . (1993) Tetlhosgxample thginyonton falﬁ%ffﬁéﬁarmltgyew%%'gawh&rlﬂamyg@nmsq BRSSQIT | b d,

for examgre hdlid@LKAY R e@émeé&ﬁgg&ﬁ by iRk fly £ ecf} from” Natural
! %{I e érPuc o%i

nucl eosi de base can be replaced by a ase, wherein the
nodi fi ed aluc| gbsieglacéraend of 8 siigar Pb%ah@t emsﬁrbmdhedlgmrldwspi;apmbmhbdnierbe, uracil,
di hydrour aci | ot'ﬁ%el‘ﬂqpur acil, 2-thiouracil, 4-thiouracil, 5-am nouracil,
5-(C -Co) - al kyalnuram] > 5- (C2 C6) - al kenyl uraC| |, 5-(C2-C6)-al kynyl uraci 1,
5- (hygr oxyyrret hyd l)epraaé‘méntoﬁaﬁfﬂ)-@ﬂb@wm{iﬂy,a ﬁ@dlﬁe@%ﬁmﬂlﬁﬁﬁd 5- bronour aci |,
5- hydr oxycyt osi ne, 5-(C, -C6)-al kyl cytosine - al kenyl cyt osi ne,

5- (C2- CB)%) al kyhereelpeesasnt ef a Batural Byckgsidsdrsedy aampqhﬁe# b@eﬁqs

oubstT Lot ed 10100 5 G B QB BE et 40&@?%@8@?5@*2@@@9%%5@%%%&%2?’
pr ef er ablfglldwsicaza- 7- substi tuted and/or 7-deaza-8-substituted purine or

th di ficat l b Thi s | t to
be. oxerplary dorerenpnal IR, h e EREA ROROTest pirgricsie BaSHRor i

"1 muoe  sbdothdr FriHing 51 aeprfosaﬁdtéiumgrm)m %uhgf@bﬁ&tphme b§ckbb1’i€7(‘r'@0§"sb({£\” atory
nucl ei ¢ aC|d shal | er to a ribonucleic acid or deoxyribonuclielc acid

nol ecul eP a@llmdaapk}@ners caRwosRd afisugas phosphita uaiky ean beucpbyed bysanethsaunit,y t o

i nduce a . fying t ¢h,.functional
et o HREL R EREEL Bl Sl Rl ol PRI TYB Rk

el abor at |(@1de@¢ntzedcfyor ekdnmpde,on Suhemk)EP etgl. @2/)ebsladnd olls Bescletdlz%mj alee

mar ker, secr etl '

n. anti body,.. l.iferation, or.other actjvity in
response P&t %FPQE?’E‘H“% aé‘é%?%@("géﬁ” ?ﬂveé'BH Yo §H¥‘?&?}Pﬂé%‘iﬁg“&e
nmenbnane-abidyMENABT Gelescribed fateRarhple ! iiNibIset BREL Al TYSIM) IBfkon qu@hE'M(Sl ﬁ'7§3 aci ds
of the invention can be synthesized de novo usin f/

pr ocedur 42t i £ig- hgRplassmeng By aPNA ‘P%kbwa’r‘?ﬁl ®g- bhgam@s&y ehyI
h h dit hed
Cott 2. 1950) /B TRbyhi(cha B oA Gt clh BEFhIEh b ¥ Bibbighg MUAh g

(1986) Tetheedine the owodified sapsr (it 14ﬂﬁkxzﬁhplESﬂed1é<BfrorﬁtB Btnboéé,%ﬁ)z'-Nucl Aci d Res
14: 5399-407; Care t al 198 Tetrahedron Lett 27:4055-8; Gaffney et
al . (198@)30"#(5@a %%ﬁ%yé%g%g 1%1@%2‘)“’05? s(Crelyreatkdribogss Preferabl 2'-

per f Q0 Me -y, -G MRy L gake B2 @Jh@f@tr%smcqu@ EnFVBJIE - foie,-2 Kypbl € in

t he market. These nucleic acids are referred %o as synt he hued e#c aci ds.
Al t er nat |Qr€¢|yC6)alhﬂdrlﬂéD$¢, &dNHSZOdCOKYrebqsmﬁethymﬂcmstm grablduﬁlemhosm a large

2eal e oA oA R R 3 B LB oSO B
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,-Cg)-alkyluracil, 5-(C,-Cé)-
alkenyluracil, 5-(C,-Cg)-alkynyluracil, 5-(hydroxymethyl)uracil, 5-chlorouracil,

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

5-bromocytosine, Nz-dimethylguanosine, 2,4-diamino-purine, 8-azapurine, a substituted
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New York, 1989) and separated into smaller pieces or adm n;zt oI e
Nucl ei ¢ aC{‘g %an7 be prepared from existing nucleic acid g )
genomi ¢ or ’)" 1Y ng known techniques, such as those eFrST §'f H@W‘

t t r.en e cleic acid repar ed
| thi o RGP P L R PR S MR S UL RS 280 5

nucl ei ¢ agjod;@eRGHsf b Yiatfl RictedsRle Bades C iRk Gis A6 hidamthtd Bé‘e)!e%p‘f’ﬁ?%‘i@fs%gt for om
conponents which it is normally associated with in nature. an exanpl e,

an i sol at belintriptetsiddo belimitingy be one which is separated from acell, froma
nucl eus, f rom R%h%%%%&% be ﬁ'n {me sli &R%H@IEGQCMTQ&D @ﬁUBérﬂ fion moti f
0 0

nucl ei ¢ aci ds e |n§ta |nve enconpass synthetic and

i sol at®ed tiomininoatimolatonpbideinanid ehall exférds a ridonietric atsdor deoxyntnuélbie acid

conbi nati gn, not i mrunost i,muj at o ucl ei ¢, aci ds tionally he

ol at 1 vel ojeBEieLent PR e PPl Kheteciy et 57 B E5ha to,8hice SAncabngl | i 2o
nucl ei ¢ aspeét offalcelt bf ®e ivhand sysemn Sack fskedal as?ba of BLarsft e Idbind §ystem
relatively resistant to in vivo 17 WD 03/0157 17 FEB 2006 "PCT/US02/ 26468

degr adat i &A% ipglude, forgxampls, elahgration eha eyteking pruhsmeking.cxpressipi ol eellsutface
st abi | i zafphagy, %@aethﬁq ofaf GRBLY She ke iian, ra?e&eh@&,@uf gﬁﬂ& t%sﬂ ré&@&' ons.

Preferred stabilized nucleic acids of 'the instan ntion ave
modi f 1&d #gablsbamantigen Omgbebwrldemn‘@tana{bednd llaeget m)dl fication of t he

nucleic acid n rovid ced, act i af the conbi nati an tif 5

i munost i mul af)@?fy“?%ﬁ@f“gi“g‘aa%ﬁgfé‘?’ %‘e Tl acql XIEF IPEEPY 620 Q&ﬁ#’ﬂﬁﬁ%{?‘?‘ﬂo

motif i mmmtusmglaay ofa/nummek efpro&!dudes Wil \kinB@n phhs PRSP ERingA, ehd | Nkages i n

some i nstances OVI SM‘HP tivity and protect the nucleic acid from
T

degr adat | BRYEeIHL Phe s (g st el Conaars EH9ED) Texheion
modi fi ed Dapizelss@%é%eﬁeieyﬁ& mb@lb thsﬁa HI%B ars f &', Q}&fée%%

conbi nati ons of osphodi est er and phosphor ot |oat nucl el c

(i.e.l5 cthfé’ﬂ%Q %FMleph@ériﬂm%&ﬁaﬂ\bd Avéd Rod PhOPHOT pGimeggtta). (1986)

Phosrhor OFl B S B R B0 SETSRFH SR LR B pfs i bones

enpl oyl ngclﬁnﬁshﬁcs dah bs paxdsraed ﬂyl‘a ®afdty bfmmﬁﬂbd)mﬂilﬁc &die E@rﬁﬂidslz@:% avillaple-ignd
al kyl - ates, can as described in U S.. Patent No.

4, 469, 863 %5 'éqSRW‘BﬂB@ﬁﬂ%ﬂrF FeégTeéirtQ ag FW”W‘}F&HCI?‘ﬁéC‘éhaﬁb@dalWib’gen moi ety

i s al kyl afRei@scidestend ReshtbR cid B2 prokRLEBA sRal€43plRéide Pat ent
No. 092, 574{Ilcar11 be prlepar,edcby aplj(t)omate : %e . %se lsygtgeﬁ?sély’%p%n];]g

cometi atials ‘Aaerula oniag feheboratanyiMennal s Gpldrsmkmaglacbpnéab@mm Brasskbone

(1950) ey Ao SYARH stk @i 45605 CERE TR g 9 S5y

Ot her st alsi prepaset] fror lesistnganictis dcitdequinces(omi, @ainamiDNACBNA) agsg ksaweh as

al kyl - aqgctﬂﬁédes, such as those employing restriction enzymes, exonucleases or endonucleases.
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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phosphates (in which the charged phosphonate oxygen is repl'gceeﬁ]%ﬁan al kyl

or aryl group), phosphodi ester and al kyl phosphotriesters, 'i'n I t he

charged oxP§HMtikty is alkylated. Nucleic acids which ®6RUEIH2So!I, such

as tetraethyl enegl ycol or hexaethyl eneglycol, at either or both termn|

have al solHERIFUIGRGH Yidabexoaupeasa st Frdonyclpase). Nuknic seod Fiﬂfblg:é%tm Cdﬁgc adat ! on.

25 In oth ngﬂg i i 1FF r el Vi \Vi .

phosphodi gcg:'? g{ﬁhg%? vc |h§n)153¢h|}a% Hg%ﬂb?l@?ﬁ}fd trm %@@é%%%dﬁt%égﬁgoﬁgg% aga‘(%ﬁ’?nerl c

backbone thadhstai¢ invantiomrtisveratiodified backboos plit bak teet demexmkawdghdt nﬁﬂlf?ntankxbone

| i nkages. hineric,olidgonucleqtid for .i.pstance, .may. be a _so _

ol i gogucl %@P?H%C ol agdgg%gggeoqrpw B ed'g‘h'ﬂf(??éﬁlf‘f'&é’.ﬂ c_é’BTbt'“%PPQ?%’l’jc! eotide is

an i nmuno@mirordsaineorg hidaoscieehédrinianicrd ia vRar CoalblnatiéPnmetiabi | i zed

backbone,, i n which phosphodi ester or phosphodi ester-1ike internucleoside

| i nkages l%wtlﬁﬁla@rwvwﬁa%ﬂhqvmﬂsmoml@rqﬁhlaefpgelmes trbsoa;e inganses otneI t

i nt ernal KWl ; } 1 Y L ) eas

one. 1 i er oy Rl B 600 BRrecd R IREk Rk S BB LY Wi 71 0

PCT/ US02/ @®nedeashoandrepdonasieases.oPtheh owgdifisdinseleigracids k@ludammdlnﬁnd _e83| de )

| i nkage. I e . hodi.est er -J.i ke i nternucl eosi de |i.nkage

ocour ri ng I RARERAREhERERAEY, coRRRN L FRosBhasER an B fafepte Muclei

di nuclGeot acitks (€anchimerie), méthylphosphorate, metiyiishosphorathiob, pospigasdithidiee, ipnt er nal

YG dinucl gotide, Prefer abtllhgr a. phosphodi ester or phosphodi ester-|ike

inter nucleég%’iyd@”qciompér&é‘ogs_ G_Bffri ng i mediately adjacent to the at |east

one internal YWaoglifiBdBAcRBSHed Sudhas iph8§hbrofioatdsths/ Mgnlh@gi%ﬂﬂﬁﬁ%rﬁﬁw

l'inkage. Thus for a sequence N YG\2, wherein N” and N2 are edch,

i ndependeifehniques paploying citherpposphargmidateie fétvhp@épnatlh@eﬂ@ftplas%u@tyéand ge_ has a
hosphodi € aster-J.i | [ RC hde i e, .and in

Bdi t1on 15 HoShonROAaRBeaaR ol &'t BT PREANE 4146885

phospifodi alsylphosphdieestans @n whtchehrsdlﬂfgeﬂlonkmenmhﬁ s Aitylated andésotibedialu.$0

nucl eot i 2 e linked phodi ester or -

phosp hodio%g?né ﬁ%r EQZﬂgA}Jr\\I‘lng%ﬁ'ﬁ%qe% Eftﬁ%tq%' ﬂﬁgngj\&ﬁ% ﬂe REgprgd gﬁ aptemated gplid

nucl eot i dthasedyn(hesis Déin@esinierdfally bidleBR rapedts. MRS RHRAE R otREr DN

phosphodi ester-1ike.internucl eqgside |inkage when Ni is an 1nterna

nucl eot i d@ckhnpe modifipaionsapd sybsHgianplave bestdestrihere ihimangrE and Peyman A
Phosphodl(eSIeCHelniEy J0BUEIGUEIFRE] 190b) AEAARMTHAF) 185 an | nt er nal
e.

nucl eot i senm -soft ol i gonucleotide 1 n"1'mminost i nul at ory
ol i gdfucl eot i dXthersiabilizedinugieie réids inglude:atonionicddNBaoilogs) suchi as alityl-cind aryl-

h hodi . |esten-|I Lnternucl eoside linkages, occur only
N hin st e nBiRaRRe dersddiiolinRut SR e P AR amat P 37 uptous)
di nucl eotphdspho8estcr mwfalkytphoghotridsees, in(:jl\ebicl@&m ch];n*glecli myguﬁ‘iggjliqpfsd@%xms%ages
i timyl at. l.i | eot i it stabjlize ackbones.
For i nst Aviadeie ey PGk fordah BT S0 S bR oo beme | edlaces i ither
| Munost iorbbe teminitale Ay bécal sabwi & bsubQartiaBs RANHNDEH dutldaye &loRRIfibz ed

i mmunestinmul atory oligonucl eotides. | o '
r}(g Hn other eml?odlments 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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The i munostimul atory nucleic acids may be used to treat a sul%be@ﬁ
i nduce an immune response or treat an inmune rel ated di sehb

exanpl e, iwbesvisous di sease, cancer, and allergic di sordecwusﬁszoused
herein, "subject"” shall refer to a human or vertebrate 25 aninal .

i ncl udl ngpholspﬂodmtcr bt MGsﬁlcbdiﬂter-akdﬂgcmwéo,sxdhde&ge @Dpfhosﬂioglesﬁh&ep, goat\

Chl cken, S etc. As. us her el n

"treat" °rsé};f¥di’eﬁ g te"f’?"g%f’?gjgﬁlng?gélqcc‘r‘rﬂf’%fm‘f‘f)g‘é‘elﬁra@{ﬂﬁ?}té%ﬁ’?@t lepst ©8F nent
whi ch i ncieasesd hnauae&l&tcamses'oj ¥ baubs ard 318 ey RhaRinBthidnslivgase or, in
other words, decreases the |ikelihood that the subject will develop a

di sease ofinuglentisles Recfesablyaphpwhadipgtersr phossheriesterdike l@tgrrméwsn@slnﬂ@ga
treat rganto&l{"trﬁ% :&hﬁdﬁw £dicel tﬁjeea\f%agpcﬁfé 1ﬁl|5'x%al YE5faRReokife TEQFad O T ght

t he di sease, ce'or elimnate oget her “or preven It fro
becom ng mto:maémtﬁoucleosah}jimagwﬂéns fcseactequehh: Néé(brégt\metem Neard ¥aireendh, of an

i nfectious,19 Q15711 17. FEEB 006 02/,264 di sease the terns
refer to ad%’rGB%ﬁ\?Wg{@F °bAER PR t"u fRPds- th rcycgig}é@‘%‘wg%ﬁégf’%%s CSHF oh
subj ect ﬁms@daiesweaukga]mmmamde linkape)@id inaddiGon AP, @RS TSrd Itkeli bl i hood
that the subject will develop an infectious disease to the m croorganism

as wel | opifiodieptep gt H’Pé’ﬁ?hoéfeﬁtéf‘]"f%‘ét%‘ﬂ}t‘iﬂe@é@e Halsags&mn Niifadpemal n order to

fi ght)g hendcbgad,i '(IS)L@ afild ﬁ?ﬁ‘r%qu@dl\gl(h a phd3 hﬁa?es%ri oxeéﬂ bttt lik@! together or 5
prevent it from becom ng worse en used wth ect to a disease such as

cancer t haternusieaside Bnkage whien hle igandutgrtal nuclestidel@ir ) Nafant! Weard Sukdddpreent of a

cancer, 5 nc [or inhiBjti ng or I ow ng the
growt h ofﬁg%ﬁ{egﬁ a%f]grsﬂ%ga gg{r%gteerr Hl]:e'r'ﬁ%m&! %‘ggﬂc‘faéf’é” h§ gd 8th§‘ ful as

pr ophyl aotuch‘.stldc:)zmdt@lend Nelaretlinked of a plmw]ﬁudﬁgste@f)r phosphodiesrt-liRg ri sk of

devel opi i,on V\nthyan i nf ectL i"é’ ani smor a subject at risk of

10 devel dﬁﬁe HS' f%‘?agFé”ha? FfgAntgma ‘A "subject at risk" as used

hereirs i s a subséafitsoftligbmscldite fsiah kmBunSfRATMES oqigoﬁméonaéﬁat\hm causi ng
i nfectious path exposure to an allergen, evel opi ng cancer. For

i nst ance Pa&'%'@(ﬁfagﬂtze‘&?aqkb%ﬂ@: ‘yhlblépla)sﬁhﬂﬂ@@ﬂ Omsp@dﬁﬁsmnﬁkﬁgmrouclmsmel to

an area s found or
it may b%aﬁgﬁcﬁgc?‘fmﬁgﬂﬁ ﬁ{r %Eﬁﬁ&{ i f'glfgtﬁ lle"“ﬁnearg] !Lt(?g?éﬁ?ﬂélggég es’ i s exposed
to bodi | ydinuclsotide.whirairsoften}igdBucirotidesi qan havestitinthes obadyantagaswver even any

subj ect a t..an i tious ism .or. an allergep has
een i deri e ARr 20 EDuad Ry Bl R Y ORRPREE, EREindg, oo toR

al | er2gen. ohgbnudﬁo&demyy b@sas mtbsjamﬁtmﬁhﬁunbhtﬁkul%r%d?myfr@lﬁtﬁ'e&blch as mlitary
personnel or th %?l B ar eas, a risk F‘Fgrrorlst attack. Subjects
at risk C?P"SWB ﬁH!:}' SRS "BH‘“&‘I’%B’W%@W[&’H&O% Hdgs- popul ations to which
a nedi cal agermy memamnmﬁor\yaﬁ@uem%m@% \r;wbremsai taafeaﬂé:wbﬁat tb@ﬁcﬁne& hpus 20
organismantigen. If the antigen is an allergen and the subject devel ops

al I er gi c 'MBYPEHESAAISEHT reatan impupg telated disgass weh anfeor examplsuinfestious diseasgposed
to the ar&h&?,rhnd'all&'glc ALrddY ROLLE Herrfr28Q8ject” 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 “treated” 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



then that subject is at risk of exposure to the antigen. E:}bfﬁt wsat risk
of devel oping.cancer include those with a genetic predispds JPPBor
previ ousl 9‘?8@3‘(’&? for cancer, and those exposed to carclAbYeR&sHch as
t obacco, Cgsbes 0s, andr ot her (i_&ﬁagi.cal toxiyg? or excessive 25 sunlight gnd
ot her typee¥ast e Igmarsighio HmMePyfclie freatmentguhich increpses thedessiancg of 8 pevefleut i cs
in the ttbeahidRidtga@fsni 6 RCIthaordh, 3€3&Res HaNRAhoad thapdhk SHLGES willl §ely S A
"subj ect having an_infection" is a subject that has been éxposed to an

i nf ect i ol M55t Glssaseta heqBicERORARISHY aE WEDAS © adeqatnen bite thesudjest lufs bebr

pat hogen ;i i I . QF in

conj unct ix%%c%ﬂ??]&g? grf@ﬁgh?gg%ﬁ{oﬁg d%gdesg’tse S-é:-gl{%g%%gg§§r9rn%%ﬁf?qtg%§thgﬁ,or3o an

ant i mdcr gisévent wéirchareming wom® uWheransed withrespeetap aniseade3ath asas@pifel e of
reducing the lLeyel of or.eradicat] t he infectious pathqogen. The nethod
et o | o e e re Bhugh RAE R bt B dby opnnt a2 Fared Grucios be spmigmin

i nf ect i orofasncef,fagd/or wmlﬁzmmtSWin;Tauﬁcgmn@rh@aststﬁefd c8fcef\O 03/ 015711 17 FEB
2006 PCT/ US02/ 26468 inmmune stinulatory nucleic acid of the invention to

treat the i nfedihdhe ushec AudssE Ay as grophulaerios dorthedugtionaf immaniteef al |
fungal , apgeprak ﬁgll ﬁf (Tev!el&f)ﬁlﬁ!iah?rﬁ'éct!oﬂ Mwnﬁ@%ﬂ%&‘gaﬁﬁﬂw a SY]?%PSJ? ESIE 6f

subj ect s. used herein, "infection" and, equivarent ctious
di sedf8e" demelpping en allergig disordsr di crpesse Aasubjectcpt fiskdtastused lpreis éncabjett whé or ei gn

1007 S 40, G0Nl S (LRI, SR AR AT P 2

virus, a ct’erium Oor a par
i ncl ude: oReeveboging cimeer( FoginstahteyasubjeoTangskahiyCheenapjechvhdiz@lanniigah as Hl V-1
(also referred to as HTLV-111, LAV ar. LV-111/LAY, or HV-111;  and other

i sol at es, T2XEIdR 2B aregwhers pasiicilar fupe; ofiinfgeiious agent orplierasnis foader it mepeati s A

virus; 1QuljBéaiR\thfougR fifesHW B InGI0ad plokédurel it BifdSed th BBV ALHS Ghich may.
echoviruses); Calciviridae (e.g., strains that cause dastroent eriti s);

TogaJ?r i §amaindnigctious prganisms iz epeany tshbjestilivingds an preh dhat an infectioesgrganism
Flavirid ] v : [y | I |l 1. ow fever

i ruses) o g fidteen ISP IASRY SRRRRLAELI N W MRS KB B PLRST

vesi cul aft alscomay be a subjéot atsrisk, of bmiwaefaresuchusemjlitary ipedsontiet ordthese(@irg in ebol a

viruses); P ; wirid . Q... parai nf Luenza, vi.ryses, nmunmps, virus, 15
reast os. S ATV BER Y, gt R LS R Bine b A o asngre
i nfl uenzaopilatitas s whicBungalidal agtacy feRomenddakanftion withS£garti QM IRtetidudSes.
phl eg viruses and Naiyo viruses); Arena viridae (henorrhagic fever

vi ruses) PTERBEN MligeR é'?e_ga.“,ﬁg?’b’é\?l‘ F‘U‘_éfé‘_én, a"@rtb‘f‘ subjncseayelopglaliasgiavésponses )o

Bi r navi r ihaartitlaRaMRYA AddBe sﬁﬂ"&?%?éxfxbs%d B e rah't?%eh, i'.:)@,rdﬁﬂ}é%%ﬁie%eseas

(parvoviruses); Papovaviridae f papi | F'oma viruses, polyo Vi T uses?)"’,

Adenovi r theadbat sehjectatiatiish iof expesyre tothe pptigeas Subjecta et rishaf fee]ahimpdaagervi r us

(HSV) | apelidd thotB e ded &Enodd krus CN& her pes

vi ruses); Poxvtl1 T A'Gée (Xari 01?% \Ho}higog?r p%ﬁ%@ﬁﬁ?@!ﬂ\%ﬁo&c&@(,% K9s$ uses) : and
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

20



Iridoviridae (e.g., African swine fever virus); and unclassified viruses
(e.g., the etiological agents of Spongiform encephal opat hi eFEB 86 agent of
del t a hepa®otB41{7thought to be a defective satellite of Pepusi22ssB
virus), the agents of non-A, non-B hepatitis (class 1 = internally 25
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capsUl at Ut e (B R yinty PR D Rl E s vl Pl e

i nf ect i ous -gorcgeamasinsseg)i Rimbdoviridad (sigs Vesindarstendfitia sivodts (rabispyruseg)ch as 10

Pl asnodi u .G Pl asnodi ym nmal ari.ae,, Pl asnbdi um oval e, and Pl asnodi um
vi vax, a)rix}(c]f;{J %A)’(a(%g%'gg]en%o%‘él 'ﬁsﬁsf H@Fﬁ'&ﬁ"—"ﬂb&ﬁée'&nB?rﬁlr“ﬂ{"fr?g YEYUSERYTPRY YShcl ude
Pl asnifdi umesses virus, Baspiratosy syheial VirusBahremingxslingieqeRs inflehshnhagdha tropi ca,
Lei shmani sgpg{ ., Lei S% a ., br aéiybi ensi . s, Lei shmani a_donovani |

Tr ypanosoﬁ’éf’ qURAr e TSR RIBAY VIFYseH @blebpdrises ard Nairgryirgpasis pirevep

si ckness) viridde/(RANOSIUFR: R ZkruécS XY idsl (%.%Q?»@c)vim?éé,ﬁoﬁg?ﬂﬁgérs%ﬁn &%‘3&&2; 15

The foregoing |ists of viruses, bacteria, fungi, ectiou
ni cr oor gafiriaviidag. Hepadeedriderd Hepatisis I wiprsisdtmvayiridae (pardovimuses);i mi ti ng. Ot her

medi cal |y e I r i bed ext.ensively in the

et er at up Py RAle BUAIORE GRes BB oR B R Or A BRI THof SHERTIRRY, o

Ti ndadll , erpesvirBioe (lerpes50@Pex vines (HAV) 1 end dvaeinglk 2fteringhcitomé@t@is

i ncor por reference, 20. haugh.many of. the m crobial agents

descr i bezi ai bi ogéerp g ey ?fﬁﬁffﬁ‘e gj‘f“é‘S&d’é’?@e,s’ YA5EIma iTRs e, POhViFusei &9 usef ul

for treathigviridm (eugxeafricer svibe fvesirubl andunehisified Viekheateas, Bs &icﬁ&»@ﬁal capabl e
e

of devel opi ng Lpfections ich n be prevented or treated wt
genlg of gponglfjorm enc‘c’e\,}gha?opa&%s, tge a;?ent of delta hepatitis (thought to be a defective

\

satellite of hepatitis B virus), the agents of non-A, non-B hepatitis (class 1 = internally

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,

Bacteroides spp., Borrelia burgdorferi, Chlamydia trachomatis, Clostridium perfringens,
Clostridium tetani, Corynebacterium diphtheriae, Corynebacterium spp., Enterobacter

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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i mrunosti nmul atory nucl ei c acids disclosed herein. For instance, in addition
to the treatnent of infectious hunman di seases, the nethods! (EEBtZﬁQB

i nventi onWQ @&/U8Bful for treating infections 25 of ani neRGI/USRREEEI ous
viruses of both human and non- human vertebrates include retroviruses, . RNA
viruses aMdviiaMiiruerslularhidé kgnsesis, MfsordenaokiNeiserd: ganotridess, Noiskerii rrpl\

oLt oV ¢ RSB ORI BLLB NSRS TG BRIl AL 0R) Ude e

subgr oups rovirus Crovirises?
retrovir &epmbdhillmmrplq@: 1ofs, Slr@fdcy)pzﬁ(.s l(aefaembicrspp ), FbrepBcodruS ¢vitidumsgronp), urmr

virus ( . The C-t retro uses |ncI de sub roups group
(i ncl ud:\/lr}?dT V&Bffs“%? @'i?é’p {Aprocaghush S 8RR ’i"f“u‘gr ‘(&E"?f"wand avi an
nyel okl ay&&ahﬁ Sw,sxu@oc(c !C\(we)mzamde @%@@o&wyﬁb Brdsi(G é L‘gck Rfefit6tdchR), eukem a
Vi rus (Fe V), 22 WD 03/ 711 17 FEB 2006 ' P 02/ 26468 gi bbon"ape

| eukeni a WM@/"‘QMII_’W”' apd Bepowesa resiesusyi r us (SN\/) reticul oendot hel i osi s

virus @g?rﬁgl@} gf‘infse% 6% Fn lllﬁéft?cbp%%@ 61-5%111} Ctr}fﬁg desld &éfm%&ﬁﬁ

i ncl ude Mason ey Vi stmamir et rovi'r
(SRV-1). fﬁheplanm)icemulnem Coceidpédes immizis b Blingorspbgdarmastidh. | enti vir uses

T-cell | euke es and the foa 5 Lenti viruses include

HI V-1, but almggh ng'al&g s pjBgnisms ey, pr r%i ggbi dlsglfsas”fogf”l"hg’p ?Lﬁﬁﬁﬁodefl ci ency
Vi 1 uso ( FIPsmodnh fattipanem) Plafbddiomn snadder®) Rlasinbdiam(flib\nd PTaenolismbivax,

| eukem a vi ruse i ncluge HTLV-1, HTLV-11, sim.an T-cell |eukem a virus

(STLV), andloxeslasma gped]t Rioad-bpingend/py lissie marasites ielpde iPasgedimPude human
foamy vi Wﬁes‘d'ﬁ)é)@tt BB AR dhOYs, Y EskRakidh y%xc?”&t@zgz\fzh[}es éoﬂwhn\/&;{zb's (BFV).

10 Exanpi es of other RNA virdses that are ‘ect| ous a hts in vertebrate
ani mal s btazdienss, Lebthmaanaeione\tanv,uTmpcedsw gcmbmtme sncb’frypdzreasétam koﬁeﬁemm ri dae,

i ncludin thQreovir rot i an

and avi agAr rov%ﬁﬁ% esﬁ g ‘é”r?ﬁé’"‘g 6’“6L a%fss ? iaf'ﬁ‘sgo ¥genangee

vi russ Kener o¥be furegmmg liln‘tsmfoaummpbaz:&rm; ﬁthﬁStSd othérr m&ctlcﬁﬂ(ﬂma@bfgraﬁiﬂﬁls'ﬂ ck
Jhuman avi braska cal f 15

Fever vi r(t;ﬁs% tcp enus Rol.avirus gt ‘{ﬁ s

di ar r hea "0{argieod Q;breptesepiaLivy andknot tigutinge Qipergys ele/e;? BYANE (UCroofganisms
rot avi r Uiave BeB® désaiTbédvextdiiseRNA el litekaire, e sbAC R AR S Wsui&et €r ovi rus
(poliovirus, Coxsackie virus A and B, enteric cytopathic human orphan

(ECHO) viMigrebiglogyeBailliers Emsd@lluCrre@ Bricpinl 383, ahereaties gontestsof whighyis hereby
encephal ruses, Poliovirus nuris, Bovine enteroviruses,
Por ci ne m@gkatct)évcﬁ ul]sge%en\é'tche genus Cardi ovirus (Encephal onmyocarditis virus
( EMC20 MengovAithSl)gh rhdny cﬂ'(bhgawuﬂnafkragmdasmsbe(dldlbmnram todnran gixerden thedi ng

R Lk e L T TR MR
exant heneapablefidee:lofinglinfecBams Whigh! €dn lﬁﬁﬂex‘dn&ﬂ or kreateéd whiRkliene pi cor navi rus
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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and Norwal k virus; the fam |y Togaviridae, including the genuFm(ﬁpavi rus
(Eastern equine encephalitis virus, Semiki forest virus Vi rus,
Chi kunguny®O¥#/P1id!t O Nyong- Nyong 25 virus, Ross river vi r PET/UR2REYBel an
equi ne encephalitis virus, Western equine encephalitis virus); the gerus
Fl avi vir usibb%mdbml@nb@vin@ (pAL\OvsHieenarcrosis uigys (SEYgUretiviloandothdlapindse

encephal i td+$ Vi rus. p .S Virus r al |

encephal i {r{‘? %ﬂdrsﬂglan% ?m?\h 'IréS (§ hﬁ] lgh’]p F Uy Vﬁse%%g%soﬁgrfﬁfean tick
borne vi r m®nkdyarirusaSIPaIv) ztnﬂ@kmbmfdmevitusrtyﬁe 1 §RAg-anuThe dopipd&d reib¥ides Loupi ng
[11 virus, Eg ssap viru ﬁﬂobg |cfeverM%§ t he genus 30

Rubi vi rus"‘(3 €54 WPPW&IC"EWE”S{S@ reel Psdifenyp viguses & Hlamy WeisSe virus, Hog
chol era Vi gdiRvirusBohdsde VS Eaneal¥s dfiie HIVS, KAMIViynBiRx aiifd dae, incl udi ng
the genus Bunyvirus (Bunyamwera and relat ed viruses, California

encephal i m‘lrgurgxdgﬁgemymwééﬁlV),twié eg@n@:mf@mpwwwrt{s:@ﬁm) yIteJT-gell7 FEB 2006

VO 03/ 015%&&&%\%r&%§%@%%ﬂ\?&ﬁT§V% sﬁxﬂﬂn\’f‘ Jemeuflﬂn a V'M%r(é?ﬁlviﬂgf{fr virus),

t he genus I mean- 'enor rhagi ¢ Tever Vi obi sheep
di sease vbovirg) lﬁulaanda vines (@E&V)s The Ihamyrujms(sl.ﬂu&uﬂu lawian feamly viehssgHEFWY ) Vdithiages) ;

t he faml Ort ho iri,dae, includin genus I nfluenza virus

(1 nfl uenz n@):c% q??ﬁH fﬂ%ﬁ”‘?&@:‘: es): Swine influenza virus, and
Avi ani@and 5 EQD*d\ﬂJlésfﬁflou%ﬁRNAW:fdssﬁtﬁat Arfrifd¢E86da gk MP & R rle FRRYaniHATRN
subtypes), and influenza, t possi bl e separate genus); the famly

par anmyxovinFludedut ?rﬁ@PUHPHijy‘Ph@e'QEﬁﬁgf thg fHmxReavirifze, ‘(‘@H‘i’laﬁ HrelsgB¥za vi rus
type 1, SenfaieoVitdsUmultiiRAS ORI B6th VhdnttRal; aﬁ’%ﬁﬁhﬂ!ﬁ &%Ba?us\é@i @ﬁgéanypes 2

to 5, Newcastle D sease Virus, Mnps Vi rus e genus Virus
(Measl es Qrhivigus (Biustgue wnsecﬁweosmgvrg Vpasn&w@malvums,séxfmpmmrseomdmmper

Vi rus, ITDVI res |ra0 tia
virus (RS @flg (;%\S;é%léﬂafngplkrﬁgP% vgl%@y ﬁg ll“ésl%o\?‘lwr”lﬂ‘ ‘h”r‘.‘l:i’ E"ﬁ H éf¥ &y t he
fam |y thihdlmalmlrud,mman mhﬂdlsnlgwﬁmﬁ)rgﬁmuSOtVﬁmspaﬂlﬁbeaUﬁus()\&SVfamﬂ}Chand| pura
Vi rus, nders-Hart, Pa the e savi rus, (Rabies virus), fish
Rhabdow r cyBavizigq ’t’%“c{ﬂ?%i{}‘ﬁ 81 ?Pélé’§"ﬁ/gzr°bﬁ’f’5‘e\)’frf’ﬁé 23 8- Ebol a
virus); té]ﬁerfc&iﬁdpﬁthxﬁ@ﬂﬁl\ﬁrﬁﬂaﬂQECHU)erUQ‘s N phHRRD oY ssmﬁlheﬁtér‘avﬁﬁye?g' tis

virus (L Tacari be virus 15 conpl ex, and Lassa Vi fus;
Cor onoavi vaa%enqen*almqlfgs (MEMWSSEI§°BPY1HI§H‘i'ltflSsBQﬁlﬁftJ@terQYIW)?S Ppmm itis

virus: PATROOGAEL ik &R6008 1S Al Bak 8L REL ) REELARL ke

(Feline coronavirus) ustrative Vi'ruses t at are’in ols agent s
in vel ebgeansRainpvivts{Humeh durqvituses incindingattledst hii3tsabitypes; otheerhirmwirbges),

A N RN e P R e A
genus LepmcludmgWesmala( Maxthema oFs\bllhemlis St ®ligieNsEa 170W ivRrax \FelihtSpiCEraNYiR@X ,
genus Sui BONATIEL i e bt Tosh e gorB s Up 5005 P BorEAGrOUBpSt Ul ar
dermatit iémé’]ihrauﬁs ViRSEOSHRINA W3t vird§)\WiktdiPARY] @fikungunya virus, O'Nyong-Nyong
25  virus, Ross river virus, Venezuelan equine encephalitis virus, Western equine encephalitis
virus), the genus Flavivirus (Mosquito-borne yellow fever virus, Dengue virus, Japanese
encephalitis virus, St. Louis encephalitis virus, Murray Valley encephalitis virus, West Nile
virus, Kunjin virus, Central European tick borne virus, Far Eastern tick borne virus, Kyasanur
forest virus, Louping III virus, Powassan virus, Omsk hemorrhagic fever virus), the genus
30 Rubivirus (Rubella virus), the genus Pestivirus (Mucosal disease virus, Hog cholera virus,
Border disease virus); the family Bunyaviridae, including the genus Bunyvirus (Bunyamwera

and related viruses, California encephalitis group viruses), the genus Phlebovirus (Sandfly
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stomatitis virus); the famly Iridoviridae (African sw ne fever virus, Frog
viruses 2 and 3, 25 Lynphocystis virus of fish); the fami|y7HEBEGi ri dae,

i ncl udi ng WRe3AININa- Her pesviruses (Herpes Sinplex Types RCEHUS0226468

Vari cel | a- Zost er, Equi ne abortion virus, Equine herpes virus 2 and 3, .
pseudor abfeyer Sicilias yirks Réft Mabeysfebawime), thergamtmd\hmamax (Grirhéan-Congy's,

i nfecti OUg,

ovi ne rhlnotr chel |rus fell rhlno racheitis virus,
i nfecti ous FF%{F%/& Edrre e tﬁi oy SIth Set”ﬁeevmﬁéla Tikgeiges (Unkppigmi
cyt onegal and I'elaSedaﬁﬁis@y‘ttﬁé’fﬁgﬁﬂyqyﬂtﬁm&zﬂﬂaes Wcl"u@x n%rlﬁte K BYBLnza3fruk he
ganma- heraﬁﬁw ruses (Epstein-Barr vjrus Mar ek’ s di sease virus,
Her pes satfi'tqnz2 "‘Hégrt 21 MEY himansybtypes); pﬁé@W inglyenza virus, apd A viaguindea pi g
her pess Vi E lafiakatvikisds; MG ng the
genus Wst%%g%OVI ru;l (Hur?aln Sti%h%ﬂﬁfg(m&jﬁ%hé éﬂﬁfﬁéﬁﬁﬁcﬁ@ﬁgg&@%&f WO
03/ 01571 1(Pr&sThle/srarapaersgs)aid f@m& m@movmdwancladﬁegd\d geuseBargayxdveast 23
serotypes i es of cattle, pigs,
Sheep. frcoshiRRELHE (R0, SEUPRRL hbRacSBRon WaGT SHaHT R R 2
adenovi r utgeﬁs)\lewaamde lmm:amﬂ/nnusvMlm’qisenrasbeme‘ge;mss\wb,mwg,gf(mgws WaRovi ri dae,
i ncl udi ng, lﬁ % nus_Papi | | o%qw rus (human papillonma viruses, bovine
papi | | oneW0rHis %%EFE’G?QSB fissirpsy IStAmpeR Vi, Binderpast virss) thagemist hogeni ¢
papi |1(DrTHPM3IuMé$ﬁ§s @dspRAtBSS sgﬁé}@ﬁl Gfds, (RS*V?’ ﬂﬁ'mﬁes rQ éogﬁg%tfall'%x(r%dyomv' rus,

Si mi an vacuol atj ng agent vacuol K virus,
BK vi r us, PRFEMOpiayaus)a g féﬁ‘ﬂﬁéfqh H‘ﬁ'ﬂé@ap@ﬂlwrﬂathvGﬂmsé@usulowzas(VSV),

Lynphot rmmnﬁlplﬂg)ah}ds dé?srf'-nlﬁr} Pa&%u%}ame Y5 ys(a 'ezll;sl %glﬁggﬁl ng the genus

Adeno- associ ated viruses enus ar v | ru eni a Vi rus,
bovi ne 1Rlp&dGGmises.and bmpm@bﬁrammdmnwsc;s (Maghuitrp @ivusandkELdlSEASY thd fatfily et C) .

Finally, S L ruses whic t. fit into the above

fanlies, %‘le‘g&s{’ &EP@P ré “@?‘8@8% é?rc'ﬁ MSAREY ‘”Eﬂsggg&ﬁ {AacAtieYrsnd chroni ¢

i nf ecltsi Omepdnxc mnhltdssacwagﬁm‘e%rﬁl@{‘b%nﬁmr Kidae, indREind UEL6ti Gus Brbitkhit[FVirRe

adm ni ste with an anti-mecr obi al agent. An_anti-m crobial
TS0 Kondisy

agent , ‘f”éfr‘"senfedlcéwﬁ’&? s, pyd B@!mﬂmfﬁﬁg)us petitonisis (Keliner seni
15 synt hGHot&laG ound which is capable of killing or inhibiting infectious
m croor gani sms pe of anti-mcrobial agent useful according to the

i nvention wil II“%FéfﬁéYﬁng’ﬁowﬂlSmhatwp@n&fcuomagclns)rrg\wmebmamnirhalmﬁncbjdetm

subj ect i f [ i nf ect Ant | cr obi al agent S
i ncl ude ba?ﬁ hd;rlgrﬁ%g?o Qlﬁema “8 }fogwg'nfp%g r&“ﬁf’%ﬁ“&‘é?ﬁﬂ?”w@(ﬁf‘f riolg magent s
ant i -20f uripaiolamgaot, 5M<aﬂ¢dy anx Nﬂmma),SﬁIdwpbxaBﬁIﬂil@poxPRﬁ&ﬁt@Sx Be&OmeRa), the
"anti-inf ctl e agent".  “anti- g cteri ent anti-viral ‘agent”
"anti - f ur%g 2;68’ ""‘V’”‘SWY"% g’ﬁ?‘?@ 'iaéf»‘ﬂus Agffmxwﬁﬁr(ﬁ%wkpp& odker aigge
wel | - est glokvisdsgdh Qs QgpripdvirOEReepipoR % re
defined i sta% a?%% me c%l tzf()(?s 2 ri e%&@g %H}t%:ge]t])%sc%@%xgﬁu Skwﬁersbgfé?
i nhi bi t Bgf‘cﬁeé‘PF amgﬁ’a’”uﬁ&qoaaléloaﬁpv%wlatdeé@atw wmmsetulgcwm bcsxym pegtulac or

nat ural %fb‘m%@dﬁuﬁatﬁé Rgnif) mcioﬁftdgé’()ﬂﬁbmmm%xl% %'Iﬁ‘g ruses g >9n% | eCUl ar

wei ght nol ecul es mhlc aré produced as secondary ‘abor i such
as 25 Lymphocystis virus of fish); the family Herpesviridae, mcludmg, the alpha-Herpcswruses
(Herpes Simplex Types 1 and 2, Varicella-Zoster, Equine abortion virus, Equine herpes virus
2 and 3, pseudorabies virus, infectious bovine keratoconjunctivitis virus, infectious bovine
rhinotracheitis virus, feline rhinotracheitis virus, infectious laryngotracheitis virus), the
Beta-herpesviruses (Human cytomegalovirus and cytomegaloviruses of swine and monkeys);
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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25 m croorganisns. In general, antibiotics interfere wwth one or nore
bacterial functions or structures which are specific for 1 hFER @pﬁ)organi sm
and whi ch woasnotipresent in host cells. Anti-viral agenperwsasn/loessi sol ated
fromnatural sources or synthesized and are useful for killing or | _

i nhi bi t i nendninpuspsd; stminn adennygialsen@evast 2aseroypey), infectiowsanninehegatiticj ald f ungal
infectionsdas wel | aé o[ggortuni tic glnd ?ri mar% .s%glten‘ic fungal =

i nf ect i onBInAYe Y cARIe g% JastP<Togsiand Bany AitFhIPECies fhagenlis tigdenovirus

Ant i bact e(Aadn aBRVifusk); and Abn-cilivitbBle bidoUi@s; hefanfilyFepb PiriqRd, iRAcdigg i a. A
large class of antibacterial agents is antibiotics, Antibiotics, which are
ef f ect i vethegenysifiapi/iogayirus (himsn prepifoma yguses, torme papidompwiruges; $opg rabbit

PCT/ USp2/ i; f b@n; : pectrum
ot bi ot 1 B2 R, SRR patRELEL bl GhE RS e ) O Ve

agai nst t Relybrawiires (polyimavites, Sirmizs vgeuwmiatipg agent (3V-¢0), Rgbbinvaaglating egenThese

types of POt CSh@are relerred to.,as narrow spectrum anti biotics. O her
anti bioti @g{\\ff\ﬁ?@%mg‘r%ﬁé?r*]%?giv\ygs’ﬁagfﬂf{ primate R%@%r"&&ﬁfﬁ ¥ di sease and
not agai nEymphotiopleic phpii@Ra Ofrusyahe &by, Pavsviriddeandleding theggndd M t ed spectrum
ant i bi ot Lrga Ant i bact eri al agents are s t i rreni il assified based on their
pri mary Rrogssagiatgdorirusesy thg gpisflarvayips (filipe panisukopgpiyisusspevinge| | wal |

synt hEei Spdridiids,lc@hifie pAr0bVirFEARLAdHMInR Ui RhdeQirds, RO FRially, IYNARGIES may
inhibitors, nucleic acid synthesis or functional inhibitors, and
conpet i t i Weluieniryses whish danet fitintg thegheme fmilies, susinge KnsangTrehizfsidivacnd

i nfecti ongefas£&hlsss :QM cYu-LornH:SiﬁFEC%us n%?roérﬁﬂg:iaﬁgﬁ% @]—I@;ﬁ :‘-I{P)lgsg\/i rus within the

cell. There are nany fewer antivira S terial drugs
because the prOeessglesfacids maly beeghinia¢redtv 4 sibjot witlosehnti-midraligichgent. YA
replicatig i host, .cel. non-éq?]geci fi.c ana’:hvi.ral agents woul d

n. thin th |, & hat
often be %nélfg\i{’\"cc “f%aqtaﬁ%& aﬁb’getd.heﬁ'érrgtcgﬁgaé’@w TOCEYTHPRSYRPENS AT $998- pr ocess of
vi ral 15 nf sethetdicodpouhd oalchhigcdphisle beRillag oriifHibibhg m#edwumtdrydrg@islngg efHeS -

These stages 4nc,| ude, haZttaCh nt of the virus to the host ce
(i munogl BBuPi RUFRICHdIfAERG! ! Rerasding tebe ivertipnorilldepend ynes tietype of
amant adi nﬁ)cro&ﬁdﬁ}sﬂ?ﬁltﬁ“ﬁfchrtﬁé D%RJ%EWS Bt ord: Fidl ol’;ﬂeg%@m(nﬁiﬂfectc?.nkﬁ{if eron),

replication of viral RNA o e.g., nucleosi anal"ogues), naturation
of new vimissobinl egitnisclude but aregroplimited td anti-hrctedalsdgentarmiti-\Dradiagenty, amtd r el ease

of the vi i hetlc . ounds ,whi ¢ re

i et Qs b At SR PR ih B SRR R Bl
deoxy20 bosgentdy “aniityarslaggntdfanti-Gmgel dgeet ntantigatasitie agamahmiytpagsiticRle’” Ravehe

cell, the [ osphoryl at e pr.oduci ng .t.he tri phosphate formed which
conpet es %]F?F???@F ' Im%ﬂ%’%g’ttﬂ%yf’ ”‘ﬂ’w%ﬂhﬁb?‘&?ﬂéﬂgﬁﬁtdght‘?%“ﬂ%“ﬂ?rdm or
RNA.  Oncemédieal teitsl [Biesp uatichaterian 4Ents Rl sHURHIBIPbAERIa0AR iRAIUEe Artibidie@hPOr at ed

into the ‘grfvvl ng nuclejc acid chain, it causes jrreversible association
wi th t he Witasothss synibstisor naiHr! eamrovafBhayingsmilarduncsions. o&ntibieticsare low

?pg;??rgﬁtsmjg?&h&%i gHitHol R0 Rs MfchlakdPrb@steli Qs se@GxYo%t')px‘ﬁ-Etrabélﬂéseaf Je‘ﬂg, Jub 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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herpes sinplex virus and varicella-zoster virus), gancycl ﬁu' ?Eé ful for
the treatnent of cytonegal ovirus), idoxuridine, ribavirin (useful” for the
treat ment WP "¥eSHilratory syncitial virus), di deoxyi nosi nBCT/US02/26468

di deoxycytidine, and zjdovudjne (azidothym dine). Anti-fungal agents ane
usef ul ~ f OYide Fange PEBACHEIR arg eferspdioan Prasd sctumraagibioties. fQtheri YPeS®f Ant i - f ungal
agents arg.: | hd | : el | 1.ON .

antl - f ungaf PRNE LEBRAGRERRL LA podi Ine TREPRFLAR Sl 1 Lcose
synt hase.grahasgativac Theke, tyfeaof antibiotivoarel referred th dsmarrbwspentgimdnEGRBitict her
anti-fun agents function .destabi | i.zi,.ng_nmenbrane 26 03/015711 17
fep 2000 OB D WAk R T A B thoPRE oF e 8 ARY PRRASRIRH 1 o 1 o,
i mi dazolodlser tygies B B teiaPire refazad 19.as liffteld 8eRaMlaatibibli¢sC Q1ABAIEal agents
itraconazol e, ketoconazole, mconazol e, and voriconacole, as wel as FK

463, anplRbt WMmes glaswiaed bpseqapiicir pRMgYMods fdicie: i I ceaal opibagigtidnat i ne,
and terRbaat hldRell Qahg&ntﬁ&rid inhib6a] ccAGRI SradARRbIAR, Hhtelf SAthefly down chitin

(e.g., chitinase) or 5’ inmmunosuppression _50501 crean’. ~The "I munost i nul at ory
nucl ei ¢ aahiibigorprnpclsie agisksynthesis pefunetiamakinbibitprs, adrebmpetitiverinhibiters. an

anti-cancer therapy,. . _ r of neer.. e et hod entails
adm ni steri ngbﬁt)leﬁgl aé%@jg 8’%& %Wg\c}l&’%%‘gh ’evreﬁ‘gl??%%‘“’%ge%ﬁ“é ?’H&u%eér‘?ﬁer an
ef f ed0i veemientiot ofahe eirwsomidiinéteicel. Fhére fare hayUeRersdntimshlatregsithanucl ei ¢ aci d of

the invention to treat cancer. 10 A."suybject.L having a capcer” is a subject
that has aﬁté?aé&ef‘ﬁbﬁsrgg%éer‘f@ésrcélﬁfsp’%qs? @ V‘ﬁ#é‘%*’%ﬁf?@é“ osehiere t"ﬁiE{PiD_d}Lr'_ént or
non- nal i gepaiktisraRih thddRRERIIStHat ndnUdpeEisic bR itafSxeRttwal € o be thkitkd #€ tO
biliary tract_cancer; brain cancer; breast cancer; cervical cancer;

chor i ocaP@ftndigre are et Hagse vithinethe prasessioaVireldnieetion whish prighedtodkad oer ;
gastric GANGET by dalilAAR: | 4 LS roid ; lung
cancer (e. é ?erdsbr){aaliﬂlhC@@ﬁ#@%dhﬂég%?tg%ﬁ cef ?tf%cuﬁgm%e%nvéﬁgz{oeﬁgﬁ?%%?gst onas;
or al 1Zan¢ismunpglobulin ocbindiag pepides) eawatimgafehe viprsds.gaemantadice); synthesistoal

cancer ; [ GONAS:. Skin ncer;. testicul ar cancer; r oi ncer; and renal
cancer, grgnsq% nldfa‘{gao'f’ﬁg?‘ @%”d?tﬁgsﬁtgg)c’éw c t&ﬁncogr’(ﬂgl.ﬁllt}% °6P$“g di ment the
cancer i audlaéside anelopudsykiation ofoibmOvinG pweih@aqflgysteh@umm&g), e aneous

T-cell |eukem a, I'tiple nyeloma, follicular ynphoma, mal i gnant
mel anona,g“‘gg%mﬁl@ cgq 9f theYiliSnona, renal cell carcinoma, prostate 20

carci noma, bl adeRbtideinhlog A &MBheti® omPdiRds %fcﬁiamila%rﬁﬁgbtgﬁs Q:gll‘? of the
I I.e 0gs) .

| eadi ng causes of death i'n conpanion aninmals (1.e., cats an
Mal i §hantwhiphdiavelan icemnpietsrrpbograghdesxsribase doybosagebupatQnet Helnudleotidt ar e not

limted r mast ocyt , brain
umor - e SogeeBRITRA e P SROBH6R TR, PRETBRY kMo R SE SBRE il o
gl and t upempetty witle horolah nudéotideefoo dmpgoration intd tHervirr D NAy srdRMAN Dneethe

O G e T
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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m croglioma, neurobl astoma, osteoclastoma, oral neoplasia, fibrosarcons,

ost eosarconma and rhabdonyosarcoma. Ot her neopl asnms in dodd FeR1200e genit al
squanous cwblo3nearci noma, transm ssible venereal tunor, pestseubas tunor,
sem noma, Sertoli cell tunor, 30 hemangi opericytonma, histiocytom, chlorona

(gr anul ocintdgeitys aTleedmElude Buna hoPapitdd B nmidSRTeaeskh adMGERASolce! |
carci nonm, hemanlgi osarcoma, pleural nesothelioma, basal cell tunor,
€

t hynoma, *F'8FRIGA t%lef@flelzoéfdrt@fgarrazglpdﬁépceawien@é@pa@#%pn@wimnm asvell 27 WO
03] 01571 1515#¢ ER 120Greri R, WAOPAR6BOMICUR O1-ARALAL IR By By Y adenoma.
g cl'ude 0|(:uarlny’rrpoma,

Addi ti onal malignancies diagnhosed in'cats |

i nt est i nafertiyafinho Odrec entiréiyngéli dgents Amctiorabyabrealing dovrachytits @Laohithase ok

carci rg)nafmn'{'heosf erret " (?d; syver- ndre popul ar house pet, is known to devel op
i nsul i nona, y‘ﬁ%%sﬁlg, S réoar%?; neuroma, pancreatic islet cell tunor,

gastric NMALT |PeibowmostimulatogasicleiCachiiengarnsed) @fifer albhe of IBan®eiatiphl! at ory
nucl ei ¢ acjds ma?; al so, be aictj(gjggi stered i.n conjunction with an anti-cancer

t herapy. KR p0 paffeancer therpmy, § BRatment of saeer The echadesntadls admigissaringrio and
surgi cal PEBFRENIVEE: orASriseSIeDabShg carRer &ﬁéirﬁ@ﬂiveraﬁmuﬁﬁmﬁohb]ﬁﬁiieﬁ shotip al |l

agent which i1s admnistered to a subject for the purpose of treating a
cancer. VEMMY§Stimpulatary gacleis arid gfthetinventor rtrepheangsreat nent of cancer are

descriged hereirn : 5 ' i £ ' canger

modl crent o are PRI PURBRNE bl B RE SO (Rl speut i
agent s, ceanceEmaneaohaligsantmonommaligieat cquger, dadcdds o tombsdhclideshu® B0t

nodi fi ers, f‘g‘ﬁ yse OB i mmnqit i, mul at QB% nucleic acids in conjunction wth

i munot het"gll 0oL 13 BAH £8CET O £ BTEPY G&1°8R SETVISlFaneeT; diogpascipgmaincr ease
| ong- t er neosas dahved] erldbmetighcancetlesdpliagediTamder; FaRNABANRES itRchitdiiAg Si gni ficant

enhancenment of anti body-dependent cellular cytotoxici ty (ADCC), activation
of NK cel1e8Pasms:; Aymphpspasgléver cancen:pyng cprage(esg., snpthceld and pan-gealkesilied  usi ng

an i nYRINOR/ElABHANRbIAEMEY; GralCarfer: Bv&i%miaﬁ@f;inWWs%%c%ﬂ.p?&Ht?@%%erspeCi fic
for a cellular target, such as a cancer cell. en the ’irmmunosti nul at ory
nucl ei ¢ aéstal qageerzyardoniagskinexdnges; tastisulaj eancer; thyodfanaert amtrenalichndehas ant i body

t he subj P S d . | i nduced.,t o Ki the tunmor cell. The
ant i bodi g\géllua:sec*tl{iﬁml&ﬁx@ﬁég %‘%ﬁ&ﬁr%%%e uoth(eé elmr?gi%l'].&gl llhglﬁ?qcﬁro'aggléy Wili leykemiger act
with a cedhoriomyblogdnodyleuhdnriy, ctmbouaT-tdiddilemis patigle myblomaclllclar

targets have been described in the art and pany are commercially avail abl e.
The nucl D?’@ph%?’d’?ﬁi\%@ﬁ ngaé’am?rﬁqemsrfﬁﬁic%'ﬁmﬁﬁnﬁﬁe REIE FBFAPM RO es

servext o dafsilibnea, blagdaese catinbMe, orabloh RediorAJUIi red to achieve a bi ol ogi cal
result. 25 Other types of chenot herapeutic agents which can be used

according to t4@csTAvIafshe leading cayees akiderilyin gostpanian aeimaldpes eagt amdlse,
Busul f an, goGf bﬂﬁiiﬁabf‘dis&ﬁér@ﬁ&ﬂﬁkﬁﬁl& ldiag%geﬁrir&"‘@&g@%nd 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 adenocarcipoma, fibroma, myxochondroma, pulmonary sarcoma, neurosarcoma, osteoma,
papilloma, retinoblastoma, Ewing’s sarcoma, Wilms’ tumor, Burkitt’s lymphoma,
microglioma, neuroblastoma, osteoclastoma, oral neoplasia, fibrosarcoma, osteosarcoma and
rhabdomyosarcoma. 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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HCl, Dactinonycin, Daunorubicin HC, Estranustine phosphatf 5@% gﬂ%
Et oposi de (VP16- 213), Floxuridine, Fluorouracil (5-FU), F ht X

Hydr oxyur eROCRIHY Uxycar bami de), |fosfami de, Interferon Al PETAR02/24¢8%- 2p,
Leuprolide acetate (LHRH rgl easj ng factor 30 anal ogue), Lomustine (CCNW),

Mechl or et FaHRPRIGCIONIAMAABE BYFtadqadg. ) ddifiesat malispasrien diagnagse racatinloden
(0. p" - DDOblicMat BheihofaNBtestital 1fAHoSREd e ﬂb%shﬁ@ﬁ%ﬁh@gulﬁbﬂ%ﬁ%ﬁ?ﬂh?ﬁ &
I ot epa, I'nol asti ne

Streptozocin, Tarnoxifen citrate, Thioguanine,
sul fat e, SArirMa. nEhe(farretgan qveFRRrQEPSlar WO 30 1B WNRCTHAWEPInREino6f, AVBA) ,

e R e SN T L~

Pent osit atgastric (@dérbearcinoafaor nyci n), Serrustine (met hyl - CCNU), Teni posi de
(VM 26) and W%Si ne sulfate. g Capcer vaccines are medi canents which are
intended to stifiParEosinUanMsIsisacids maymisorkeadatiaistersd dn perjurchine avithcel | s.

Cur r ent | YanRinQAWE&RE thepipy! PES-RAh&H HEAGhu B lahY@ hedidaRen R WaBaab, LgTune

system (i.e., the antibody dependent inmmune response). O her vacci nes
cur r ent | yurgical prpsediisefe rts Used hereiaus éagness medidamant mefershe ae agdnt mbithas ed i mmune

system incl i - QX [ age . abl e .of Kkilling
o cel T HRERE GH LA KA e RO P K e bk VB PR B e met?
cancd arfoi the trsatmentbaficancen iegiescriped beraini 1Fgr thelpugposeofrhis speaficatiph agaserand
dendri ti cmcdel | s and/lorHig otfger i mmune cel |l s, such ﬁs T cells, Bcells, and
NK cel | s TSPRHIEELS ReppidaraRrER ARRELS: AP MKhSTRRSYLIS PRRRE: GRCRT

adj uvant sacénhhafmont Repy daEdidlbEeh] 3pYRse ndiBers.ancer cells are antigenic
and thus can he targeted by the i mune system In 15 one aspect, the

conbi ned admi Mg F%et BYIUAPSMMAABGIUCk aridsriy corianeion veith imsmunetheramauies

medi Camengsnts Ridhial fidh8élbval hitisRicdtl dbil @ifcrbdsd Soel kil s 39ivaPRERh a number
i mmunot herapies, is useful for stinulating a sﬁem I'C I nmune-response
agai Nt #f owekanismerinelyding sigaidigantenkrinagmerit of argibody-dépadent rcebuian gyestoxiaing

"tunor ant,i " are.us jnt.er changeably. ta refer t i gens -whi ch are
differ enﬂ*m’ %‘%ﬁ?‘é"é‘s@@l’%&e'@&ﬁéé‘? ﬂ’&éan‘}s/'“alEH'% e‘ﬁh%@%%\a"%@@%&ﬂ%d in
or der 0 ubiag @R immanestimubioyGlutisic a6iANA @6mBMANiCHOWTh 8% Sntfaly 95fd3E £h can
pot enti al l%{f“ nmul at e appar ent lIK tunor-specific inmmune responses. Sone of

t hese antFiydprdargete sushasdsancenrelholben theimmunestisndatony nuglsicercsldd, by nor mal
cells. T ; i G arj : . Wh re normally
silent ( P&Zﬁ"ﬁaﬁgtgﬁﬂélg?%g?gﬁ )nﬁl??ltmﬁlogﬁqﬁihé ggﬁ'@y Hﬁ%gjee\éﬁ]g{gmg?eesy (§Jt>?bnr Bssed
onl y 28t drdueed to kill thgdumor cedli fThe artittodies usafuldn the ADEE proaidureriacldgrpor al | y

expresseg - . n? L%nand, fetal antigens. 23@ her cangcer tigens
are enco g@b@h;e s?f)ua}"g‘n] {%%PPV&P %rcg'é énnt&e’g ,E’O‘gyuéﬂ sSush e ?é? Speeiiye tor Ceal@'{? vat ed
ras oncogrpa) hawbepr dssobedge tiesarad gnany s @MmESR)ly afdikbRn THOhRIANS
resul ti n% f.r 051 i nternal, .del et i.&r}g or ch{ or’r,gsg,mal trans| ocations. Still
other ca 88? when Psggix&c%mn%gmexﬂ grpclonal 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),
Ifosfamide, Interferon Alfa-2a, Alfa-2b, Leuprolide acetate (LHRH-releasing factor
30  analogue), Lomustine (CCNU), Mechlorethamine HCI (nitrogen mustard), Mercaptopurine,
Mesna, Mitotane (o0.p’-DDD), Mitoxantrone HCI, Octreotide, Plicamycin, Procarbazine HCI,

Streptozocin, Tamoxifen citrate, Thioguanine, Thiotepa, Vinblastine sulfate, Amsacrine (m-
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by viral genes such as those carried on RNA and DNA tunor viruses.
"Tunor - associ ated" antigens are present in both tunmor cell® F&Bd206br nal
cel s but woasprsesent in a different 30 quantity or a difperest26@8min
tunmor cells. Exanples of such antigens are oncofetal antigens (e.g., ..
car ci noenaMBN)| Szaitidige Blythidpdibed, ¢Texhmttholehiming EM)eIrgerleullin@nd Tn \
antigens),  and oncogene products (e.g.., HER/neu). 29 17 FEB 2006 WO

03/ 11571 1MiseAvAzERNN ﬁe@ﬁy'aﬁmxggwé-,gu e deizong: HEEBE). dsaiqttatiiy cancer
vacci nes @fqebRsfortsei), IR mREERANR hy - ATRRY), TEHRMTEMBE S Bialkshe P epar ed
fromcr udg cang%r rglzl I )extracts, aSqu—dESCI’)I bed in r‘(Cohen)eela@'A et 5 . (1994)
Cancer Reslf8#; 1055-8, or by partially purifying the antigens, using

reconmd nant t af.. J { i ti ._Cancer
ant i gtegns can Eééﬂggju\g’g%n?snar? ﬁ‘gd'fg g%%t%%&lcrr}n%rieﬁgtﬁgéﬁdégg%?li%%nag%gaosggnﬁl&rti cul ar
ant i gen oimmunegedpondennghiastoasced celish @ueresty produced vheoines prasmimany haivdeed as

the antigen, Such. antigens can be isolated qr .prepared recoppi nantly or by
by ot her PABUARTAL RS SERA G e atgingy CEirogriBEREieSRanscy ChRroReRtidr | ¢ 1 &
cel I s whi ahreh@y B RREBpAXRNAELH clied 6AAEBIatin@ HeicBi®Nfediafedihiniude sii®pe Processed
the antigens and are able to express the cancer _antigens at 10 their cell
surface i'fclifigecyigtosia T bmnbeeytepviich pesapadle fikilting fupor galls. fearcgrvasdngsat i on
to other | ! : | Lo rin.: i t he
naty ark TG e SRl R R el e @ e e IR g
t hei r expreseplagesaind dandrigicreel®aodini to aier imawep tallssudchhaschcadles B cdllsparelr obi al
nol ecul esticlé s ﬁ%oring'l;[ Pae!:er Iaocal ecnvi ron nl;t 'dTlhe cngi.nati on potif

i runost i MIICKE S} ST [sfa0ces, fARSCTYAECIsdpay DSt #1RE8 VIR APIHAYS: suah a5t

al | er gy, thoseldeslrivgd alsdvienea. The conbination notif inmune stinulatory nucleic
acids can be used, eitt@r al one or i q conbi nat i 09 with an allergy/asthm
medi cament, t 0 OMSRPCEE CEIS A5G ANtSERE and g ganchv Bigeted by theTmanusie skhyert ol

subj et hehtiabikcl iheddontbirkdd a@inirfl@v@bA BE Memaibs@hlRIRY fuddic 1384 MHIRbAGy cONdi tion
an effective anount of a conbination notif imune stinulatory nucleic acid
of the i rveieanesats; partipwlaly thage whirlk prgiclasyfiehas danear immunethiérepien is wefuhforused
herein, "ai " : r j SitLYi Lyt bst ance
(aller gen?‘HuX‘ft%ragS?%‘%)anﬁ %%gﬁé)%f]%ﬁd%ﬁ@é%@%ﬁ%ﬁé%ﬂl e#sgixhér?élﬁi tﬁle '?einz’gor

coryza, Hayndeesmigen” dnddmwrhdraintiget’ aneaysed irtéerckangeablhiowrefe) tocamtigéraovhic drer gi es,

and ot her ,.gtopl ¢ conditions. A "subject .having an.allerqy” is a subject
that has SRePRtally efpErse BY Ganvel sstie Ad cap theTely BT X PlOLG i oeh R ' pdeabitb e 1o
an alloer gefls. CéhcePdntigenbeie artigey Whitl cah sotditib By Stemilfxe bpsaréntly e 6LsRbific
allergic or 25 asthmatjc r onse.in a susceptible SUB] ect. The list of

es
al | er gensMNYNSAESPARIGS SQTRe efdﬁeﬁeﬁev%m are sgredeflsalthopgheanat neesssspty, exprassed)

dander, diiSformhiie0a! TiRRO kR fzeRNhnWe $dSraétBrifbd-as BRBE Ghich afY) normENAIRKEE. Of
natural animal and plant allergens include proteins specific to the

f ol | owi ngroyexrizsed) imaermabeqlicathpssribatiarg exprosyed dby dserainagessés (e. g.,
Der mat ophagakaeion 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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farinae); Felis (Felis domesticus); Anbrosia (Anbrosia artem Iﬁéf I a;
Lolium (e.g., Lolium 30 perenne or Loliummull(orum; Cr

(Crypt onerW@ 0palFdHi ca); Alternaria (Alternaria alternat ay'CT/AStdezm(,sAl nus
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Ant hoxant hum odoratupm); Arr g@é;ﬁs herum (e.g., 10 Arrhenatheru,n el atius);
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(e.qg., Sorghum hal epensi s); and Bronus (e.g
herein, “ESIUNGAYSERERIS. rRandritie eells formsde ok baweththe s andtlor acqsiyest em

char act er; t he air.wa nd i ncreased
reactivity 0 ¥ Q?! %@%l’@%{‘ 8&?' %1 Qﬂhg‘%gﬂfg’netl SAPASY 'héfsl?a CEnTEEREBI Ry
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"ast hna/ al | er use ereln i osition of nmatter IC
reduces the S%PBW"@"&{T&WBP{% YRostiraplatory » ?"(B‘F a‘%i‘fsl 3¢ wsedul ferdhe freaimenty
prevest s dfbﬂex@?,\fiﬁcﬂﬁ&ﬂ? Béthmef TROcombiRdtidh tnodif uﬁl%bmmlﬂa%sﬁﬁcle%md\!%h ous

types of nedicanents for the treatnent of 20 asthma and are
descri bedsiysed: sihang]ane or ineepnphination avithiag gergy/asthma mvéwagemtemttreaf allefgt. hma,

Expert Pafglm rkaild admtﬂtg)ﬁ@ th G3hiieq hFHgg ﬁ? étl}gﬁ %Bdé]v'rélle é rgea;qc ilg g.ﬁ_l(gt gﬁmmr y

entire contents of which are i ncorpora erein

of the madihowtieperslition ancbé@cuwdmmbmnoﬁmmuindupmbianmnmm stisyateyantrRit bel ow.
I n nost i h ma/al | er is useful to sonme degree
for 25 ?rg@gotqltﬁr?ﬂﬁ)a}“to ?o tﬁgl a%largéﬁ (frg%t&i}‘a l%‘é H’é"t hma/ al | er gy medi canent s

are poef er abl yxsursexﬂheran ‘tadjeiglyhatallloafev\lotahqub@ HyperdiRivitid abdstnauicl ei c
acids to tlLeeat agh ma. TQese are referred to as asthma nedi canents. Ast hma
rgenel ddereiasep

medi camel? Woas Wpkds sorpmadllensishinitisaricanizarhgy fever,
br onchodibrgchial HehrAa, ArtaQAR !ﬁ@@s) ar’iﬁ"‘fo@@ ﬂl'ik‘?%l:s QH@%E?atoM:ﬁbn‘&nt%ts agon s

neur oki n. ant agonl st S, T nthesis i nhi Bitors, xanthani nes, arac hl doni c
acid ant @@y}ﬁg ap allergy”isa sub_)ect that has or is at risk of devclopmg an allergic reaction in
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
Jarinae); 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
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30 | i poxygenase inhibitors, thronboxin A2 receptor antagonists, thronboxane
A2 antagoni sts, inhibitor of 5-1ipoxygenase activation pAdt §Eas?905and

pr ot ease iwbiokibtsons. 31 WO 03/015711 17 FEB 2006 PCT/ USOZf 64864k her
asthma/ al | ergy nedi canents are preferably used in conbination with the

| mTunost i lakécdida)y PariGhRh Ce. @CPETerdrRa &/1i8RkiRdr P QMria JNER&) BB B bIRS (Iﬁ.r ged td as
al lergy npedicanments. Allergy nedicaments include, but are not Tirmited to,
anti - hi st¥gflelasgerwpaicdy dais (€.8-ramin owrlsifloriem o Cupresswd (g oS uziglsansimpervichuser s.
Anti - hi stam e ' ract histamne rel eased by nast
cells or %@ég‘gﬁf ?’éﬁn%ﬁggge‘nonﬁ%? g"’g‘r"@%e%ﬁ’ @%%Sﬁié"‘%u%wfﬁué‘ 4PPO%RY commonl y
used for Junpetuseaigimiarta, dinimerkserogynunisrand Jhniptrasrusied; Theh (de., Thyu are not

limt t ratidine cetirizine buclizine, ceferizine anal ogues,
f exof ﬁacﬁ; F\eg%a%f’ltedrh BREHPHE (Ieﬁészqthg?’g‘fcé’ﬁf"r’fe‘,’ ’Wé’?’e{%t’ ’gfaﬂF’de'ér %é’ﬁl’lﬂéi%’f’ i ne,
o Tenadine, o 20l aer ner Bot S Det o (e EeD e SRR e Gl 2t
er f enadi ne, zol astjne, betatastine, ( , an .
Pr ost ag| éﬁ'&i’ﬂ”ﬁ’ém(?@?”é’”’ﬁ};é)%@ SehdQaciHis@bomardiasdepuers teaty Bastica cloioryi t y .
Prost agl amgi@g,, P Gkd@ni o} . : ' .
Pr ost agl andi(n%i nduger@msﬁﬁ) ggg'hﬁ’%t%yé‘ggp Cﬁ e{k Ir]}l{’?ng‘% ’gaé[v?jé?%)g’){%%%? H‘H%’
st er oi ds /Prtvgdthexgtrhamde. aednikioxdntlaen edvratped;) rienkenme(e.d, uti casone,
t r angjignol g :0e, , corti cos i.ds; and, budesoni,de. The combi nati on
of 199 it mae PEE PR ARl (L R B DB G L By T 1y e |
sui ted t hafwist(e.gatPirelntis ofundinocmaly Rushjlent(s.g( LagpalunthothigBorgitin @.3%.],9, t he

use of steroids, i,n childr has, been |imted by the observation that sone
steroid fsl%ﬁéf"@e}ﬁﬁl?eﬂﬁf)ea'gglgﬂ"’f‘%ﬁ&1@8(’5‘/“‘ é’t’é"é’ﬁ’é) ated with growh
retardation. Wyused Bez€in) dsthgha® §hatlh@t‘epfo%&ﬁiﬂrdér!al?ﬁﬁtr%%ﬂatow stem

i mmunost i Hul atQry nucleic acids can be used in conbination wth growth

r et ar di nGNEPEEEFdDY infipmmpation; pastoige of the pinways and insregad re@tivpppof thg ef f ect . "
The qgmbighal i V : St X required doses of
ot or o s Al R Bithdugh Bot RTS8 RE o oup
consi st i @tppést oralieigic sympraamsat ory agents, | eukotriene antagonists, |L-4

mut ei ns, sol ubl e} - tqQrs. . nmunesuppr.essants. (such as tol erizing
pepti de vacci lnAen) ,agtglr? 'a[1%§§ E’ eglﬁ? 'P%rgdf’se‘és,egﬁﬁ‘%ﬁ' ’?%C%Pﬁﬁgﬂ‘i‘i frattenwhich| | 5

ant i bodi esjucesthelkyraptbms, idigbitsthe pdtighatfcCorfallérigRiteqution, ir 'ﬂ?eveﬁ@iﬂe‘debél@pment

ant i bodi eg ant agonj sts,. 5.ant agonists, VLA-4 inhibitors, and, and
downr equPhFBFLTEF Of fEmariceackinin ¥ariquniynes of predicametsfon fiedesarent o i nvent i on

can e uagHmband MELark MBRribed it GhidSlines FENTR @.ﬂgndsgyntﬁ’%a'emgerﬁﬁ%kﬁ?d

i nvol ves c ntacti%? a cell capabl e of expressing W th an
ef fect i vés Pt PapelRensrt?a NI R ubieatipn Nen?it{€0dt Jubnl %it18PY, thueities ¢ aci d

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, TXA2 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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of the invention to induce type | IFN expression by the c BIFEq ‘Z[,OEaS
recently been appreciated that the nmjor producer cell t 0 N-(X in
hunmans is‘i’%@/‘ﬂlsg'énacyt oid dendritic cell 32 17 FEB 2006 PQEUS®/264685711
PCT/ US02/ 26468 (pDC). This type of cell occurs at very |ow frequency \

(0. 2-0. 4 per cénnyr asthimpRierexrdedieamenisarpre ferabhedsedyn eombieatamypi¢h thhat i s

| i neage ] . i 0 .. CID 19 or CD56) and
CD 1lc ﬁg“%a .%@?&'%ﬁ"e“°§’~‘3§i§%“?§3§ "f%%‘?a"gﬂ&; %&%@3&%%%{@3‘%3?1%% class 11

maj or hi staliameatsi Billefdyymedeameats iGAltiE, dliese ndtl)mitddromtichiSained, stefdif7) J

Exp Med 5 185:1101-11; Rjssoa .C. et al., (1999) .Science 283:1183-6; Siegal
FP et al ITHBEBPAGAPE, el ProgRE i inglceia A RRkmIR i} SoUBPERRhG

5: 919523 colMatiaodsisi@hingRelsased BY nia¥RR1IS of BahbpHils, TH@Ae'c_oJﬁEQMsQYe WapRfwki | 1 ed
in the art, and they include, for exanple, enzyne-linked inmunosorbent

assay (ELP Hmart a9d sammwply wwed fartherentmeniof aliarey. vanitiststinessoelude ju(FACS) .
Assays Ofpof Eﬁ)ﬁff@f foﬁ%ﬂ_‘i}w? EetREA OB ITRin e 'zfngggélF ue@,%%%@?d? commer ci al

reagents an € 1 mnuhostinul atory nuclerc aci of” t he i nvention
may be uderénadingcleslomtadindknoregtmizoleJéenastnd) eblasting,ebastine,cortagiié,ng an NK

cell with an.effectiyve.amunt of conbi nation .notif, i st atory
nucl ei c z]i%vioﬁabgft"feh%ze)l U rla?)'iasg(Sergeg?‘%{}%tngz‘?lﬁsg'"Rﬁ%’e(lf‘é‘fsf'.ne’[ﬁggf’eoa?}ﬂcl ﬁgbl on of
the MK cebbsPrmyglandidiiiducers ags doviousds vilfich Mdideqfibstaddvdddiofnty. | ndi r ect

activatig,n refers to.th indgﬁtion of cytokines or other factors which
cause the'%Y {ne fynctien Py sgeutsHng smeeth myiscigelpxation. Progtaglandindeducerst i on can

be assesm&%/bmzafé iR dSs791ncl udi ng  nmeasurenent of Iytic activity,
measur enent of induction of ‘activation markers such as CD69, and

measur ement oflhe piaioddsiingiuds, butare notdinvjedda heelomethasaddiluticasoriep t hei r

char act et j st i il .o Kki.Jl. certain tunor, t et s, spont gneously, NK
cell's pa?’{aﬁ‘%!“%}i’t%g’ Hldbofnids! %‘Jr%{d&asPe@‘%sa?a}’gg’“d%ﬁ"B‘d'ﬁcji‘gC%Pb‘f‘%ﬂ"ﬁnmp a, QW CSF
and [1§- 3im2Qndstienybtary ouyleicceids hlkd stervidstare/parti@ilarlyt welytitefl @6 (he@eaneNtorce! | s
is yeast artif] npma_ derived from Ml oney

cial chr, o] YAC)-1, - a thynpm, on
e Y B Re R e e TR Thoie, Wk ofderoly Inchires hanpesnd miadden | 2
K562, a @fldbstvaeondRatisy@d sicFsinrafimenis hiveeen koated) 'a'kéa@ﬁféﬂ-wiihfgr by otiter
pl ates, a caonstant nunber_ of radiol abeled targets {e.g., 51Cr-T1abel ed

K562) i sTotadetion dhupiacerading|te e prespeinventiondhe invhunestimuletoge necl¢imasidsum) , or
Wi th var yifgk sad iHEisatth il &6 i e : AN
effector to target cells I's reﬁﬁemrgﬁfdéﬁ Sstérgiaﬁ’eﬁlg!@gp%%b&p-[%ﬁ#%hséecf?%

act i V@t espaigctetts’ Thepéambinaticard theftive agentecantredltlin l@wdrasquired deses of han

10: 1, V\hgdﬂ%i&g’lf racti onated PBMCs or splenocytes require E:T ratios of 100:1
or nore. e Trmunostinul atory nucleic acids also are useful as adjuvants

for induci ng @he mystemoiubngs icluds s ale iolliMNed fof HREAGH cohfigtingsthhaat i on
notif i e stimul atoré/ 30, nucl eic,acids of the invention can be delivered

to a subjElEMMAlXagents, leukptricne prjagpnists, -8 dapteins, splublsibriveeemaeune response
to the aphm@fdbupprbisentt Quck¥ABRYRing PePhEdeAab Q) Rit-fL -4 TRBENRies, 1L-4

25  antagonists, anti-IL-5 antibodies, soluble IL-13 receptor-Fc fusion proteins, anti-IL-9
antibodies, CCR3 antagonists, CCRS 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 I 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-a in humans is the plasmacytoid dendritic cell
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stinmulatory nucleic acids are useful as vaccine adjuvants. 33 17 FEB 2006
WO 03/ 015711 PCT/ US02/ 26468 The i mmunostinul atory nucl ei c qgi £EB po§ be

admi ni st er & ¢¥1EVMDI nati on with non- nucl eic acid adj uvamcswsée/maes- nucl ei ¢
acid adjuvant is any nolecule or conpound except for the irmmunostinulatory

nucl ei ¢ a¢piiE). dBsctypbeficdiiayceirs anrg weheyushdynolad. epérbamwmmt 2By or N
cel | ul ar |Hnune rg n Non- nucl ei ¢ acid adjuvants include, for instance,
chagagifriged by g phgiog

adj uvant s Gifige YRESPpH s 'é‘?eP%%‘ﬂegaﬁlYﬁﬂtﬁed%qsmﬁiﬁt@iﬂ forCDHGVEAt s, and
dj t t h
adj uvant s dphat CEB856) %n@C‘iﬁSQne@ftl(’?%hﬂ%gﬁgﬁﬁﬁéWbﬁﬁCb 193 t1 ggfgsaﬂ{dscgisgzlr ¢ han

non- nucl ei ¢ acid nucosal Jjuvant ‘as u erein 'rs an
a i nmunos maymllmttmompmulmhm qonmdﬁdeHfétlasﬁI)c dpatdre Godt al. (IR9T) NGxmMeguUCOSal

i ‘mmunecre p nls to_.a osal surface in
con unit 1 SRl B R RPAES b A0SR e (Rl sBeg FRR R oL fercer ¢ ne
i nventi On28¢a‘y83567 el it aﬁﬂdla@) Nain 3B 9123C Metk@RROflehdufiAg typ@ 1AFN are

phar maceut i cceptaghl e carrier. The, immunostinulatory nuclelc acids
may be di Wé@if‘?/‘x%g?‘rfl}?is’%f Heddinths arty andsthey includeforeuample, engynierlinkedr ed i n

conj unct i GAmWhdsBriRnfH4SdyEE1HO)! Biloﬁjs‘?»la)l ‘éﬁ(ﬁ MPW@ﬁ%ch&ét%ﬂ’@él@ﬁﬁtﬂgigﬂcgfl | very

conpl ex shall mean a nucleic "acid nol ecul e assocl ate onlcally
or coval efissays ofthissarigan be pasformed apsgitcadibtavailate cp)mraext:mt @egmngmﬁH@Is (e.g.

a ol F gul e thaﬁ" d ﬁﬁﬁé&o%mh@laa a% 1099; c]ri uqqltlgélxﬂg(!tngglgn F é.lF actév%?\e: T§5< (e.g.,

B-cel | surf aces or 1 ncr
Exanpl es ofilsndbe e1emoacm\cbl\cée konaating an K estlesith ficéfldavdarsd itk 6f A€drikination

associ at ed th a h esterq a cationic
lipid, vi fn8 WB’F %rﬁé‘}wlglﬁrac' #g}ed@fe"E%'% OaCEWé‘EFhﬁ‘é{ ‘thdT h¢g agent
(e.g., a hdt@aﬂﬁ\ deE@Schéﬂﬁmby bt ak&ehcthalidn SRS L é\ctﬁ'ﬁftﬁlptlﬁ)él)e%fc'il%t red 20
conpl exes)@rf’rcati}’/}o(ﬁe1 sufficiently stable in vivo to prevent significan

uncoupl i n e induetinnet sxtokings eraihesfacters Will&hgé‘ese el subsegoewt wetivatiomef

I t th |
I R S o R

i Munost i Medsyregrent mﬁjaueaatwam reasureiment of liveduatiin afentivaandh afarleid@ch bHEDEPeut i CS

may be e.(e.d., .ns or,,.huffer). or using any
de?/l ver ya%‘?hrﬁé %Br%Fn% (ﬂ]ﬁt'é %&efégngyp%n eIn aﬂ@‘f‘&?ﬁf’eﬁ‘f“ﬁéhal”éﬂtqrﬁgf Yﬁ’el i very
vehi cl es ﬂodcwldacdrremntudms tzirgdnﬂ]bont@@wnbl?ﬁmﬁ&e(l%@pﬂQﬁﬁADC@ a8l aid maé011994

1996); Emul sones et_ al 1998, Lowell et al., 1997)
(Mowat et Prgfiucersy gé@ CﬁNF%W&SFaﬁ“ IL$991, Hu et., 1998, I\/breln et al.

1999)70 Li poso”ﬂfe pr&tg’\}/l‘plcqmﬁ -Rhsife cel(lia%? ’fo%gtf}@chgeg% nyeaSt a:ul"t9f89 1992 de

Haan 1995a, 1995b) crospheres a et ones , 1996,
Mal oy et chromospgwA Y Ao, @ thymamha derl!@@ﬁs)m(MHammms isfected BQ;trm%ce EF@Hl dge

T T E N L NI Nl
1998) ; Prloteegns dmascipliten plates, a @nstaht. numb8OsY, rad:OMBéN:d Rigedi(eg., 1Q§ﬂabe3e%96
1997); M X£§)6$23 is lnCL{qu'd lﬁher alone (spox]it%gezous)lygvl;]t Idgtreggleme (tmai}mum), 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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34 17 FEB 2006 WO 03/015711 PCT/ US02/ 26468 1995, Cryz et al Bd%aé)
Virus-like particles (Jiang et al., 1999, Leibl et al., 19bB )"'JE

del ivery webitehesgtiare known in the art. Subject doses of pdEUSQMEEEENS
descri bed herein for nmucosal or local delivery typically range from about

0.1 pg to 10 n‘ghqaefmmﬂmmulstommchm acvd"slrﬁdy teeekeed on cddisinatnapil harat idon
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t her ebet ic agd adipyaniss £ pen m%%%%ﬂ' 64JUYa@é§|anﬂas°éf§u}6aq«1§@mp9meesbmitforlo g
to 5 My PRk imAUAbHhRAd &Y IndfleicaRds H&Eﬁbéd)’lﬁ?&ﬁlla}l%h xﬂm%tth altO 1 ng,
wth 2 - 4 adm nistrati ons being spaced days or we S apart.

t ypi cal | yandianeplhdarsminine sesporigs dlonmaelgie aﬁud@d]uyatgs lltcbldﬂ:ﬂorrglsl;ame ad_]uvants

2 it 1 e £ hoTBtcr PRRABE kil Rabiserb sl b Hefleaiere
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response,. wher.ei nds are, deliver é%(f an antl gen but not
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ef f ect i vemiiBAISHMBES@pbRk iy AGbideewas smARkteRYd th TSsaP Surfadk ant
applications, and nore typi caIIy 10 to 1,000 tines higher, and nost

t ypi cal | )FOED‘HP'GP“NG“ 29 fRfgen.15 hj gher. Doses of the corrpo!mds descri bed
hereify for pargutghalodehliMeivnutRle /&B@ogfﬁ ?ﬁscﬁn&{ mai' Bg%illﬁ]gg't %naélegnat €

i mrune response or TOr |nNcreasing nduc specific
i mune r aﬂpun@eumbmmmmommnmsbmﬁwﬂy atueplable carier.dbhear e admi ni stered

in conbi.natio with othrth ts.or in.s jallzed dellvery
vehi cl es 'TYpiiea rrpg)atrog'n e"f &) fg'etlftc’lff@’g@)dq igistege ﬂffgsr” bRt heat i on,
whi ch depenthisgrediin toigurfiph WetdlaintleicAdidleRery QordpéRN AdRiklele acEqdfiviry OF
nont hly and g é Olﬁ her amount of tinme therebetween. Mre typically

par ent er &i° Biean pauclein ﬁ?‘ﬁ%&“kéﬁi&’é’afqddwlbﬂﬁdutmm@“ﬁ qj cevrlentlyy per
adm nisst ruh@ib; oPEapsiRRdd WiIRhCAkIgktihd {ﬂg&rﬁl{’@gt a mq)ecﬁlettf?at lreslﬁg%mdkl%rz -4

admi ni strations bei ng spaced dﬁﬂs or art nment s,
however , ab@rishbindiag t@@@éceﬂldﬁ gLBe@éSpouqy@)se@/mmycrdaeed aeHlelr iptake byaragpet of 5

10, 00 d bed,ab
N L b S e e e S

suf fi ci ersterelde.gr, ebxblesmoka, adllépid (eegl, Déanionigiliphd, viedsoatetor lipesontdy Aaltergeiell
effective anp ostimul ato c{‘é, nucl eic acid for treating an
a

i nfecti ontPFEH! ?ﬁg{““&ﬁgﬂﬁ{e %e%B%@QF?f"SB‘Z? fergeheell spegifie recepion) CHFAfeRRED wi t h

t he txeachion@fexps auy BeshiheERlystabhyinGhRqs bf&eﬁ@@fﬂﬁi&%n\é@ﬁﬁlﬂg?no Live
conpounds_and wei ghing factors such as potency, relative brroavailability,

patient Boggpalizatigaby e tagatestl Howsveralio sprplex carcberi¢avable undet appropsateed node
Fegi mon CandReASIRTG RIS ol e nEIP UM Akl isclin b ARABR G ) Bnd vet
is entirely eflfheémmupostinulaterymuelpie apidrapd/outhaantigebjaed/for ofhethahpacics way 35
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

etal,, 1998, Lowell et al., 1988, 1996, 1997); Virosomes (Gluck et al., 1992, Mengiardi et al.,
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may routipel ont ai n_phar naceut i cal accept abl e concentrations of salt,
b fer | ngPRAE S Bp Bufkel BT 8 Eno B8 thetuitiG Ceslr FE QRCAT ) by BADA g

opt i onal Iyghet tHah theQ flebeVeaR@idbal @obd 1BF €4HcRRagjuvimtior URRuAdstnBEAPY, an
effective apount of the inmunostimnmulatory nucleic acid can be adm nistered

to a subja@ekicagonsapnd mewayripally [ @dpilvoP simep Bighet prd mogdyrically 201te 10@Emesd
surf aee, ; ) I L& rib OB, ) i : i cal

conpas 1 gl Do 6PH8 compuiaies Bl EribdfiBrith B ShlcAed ORI AP ITROWSELE
known t o indvginglan|ihratk immiursaespoMeal éorinctcasingt ABCLZSr ¢dr indlwing aptantigéron i ncl ude

but are Jimted to oral renteral.. dptramyscul.ar, intranasal,

"ht r at r achesifé M biboft usallRE A GieRlmpls et AIGERE are alaTERELT  For

oral admicombinadbn wih otheetherappaicradent§ br iﬁ.spedidﬁiblm&atdefﬁﬂeﬁfjcﬂHsXy%bt?]'yQiﬂgeaCi ds,
antigens and ot her therapeutic,agents) can _be fornulated readily

conbi ni ndr¥heboyt 'il\}‘é‘Oéaﬁtgdl?ﬁa‘é‘?é)m%f‘?ﬂ’m&‘rhﬁjéemli&% ‘P?a%@@ﬂﬁw@?/@ir riers
wel | JgnoWivehMafif) Svedkiy; orTHENIGARY | i . i
i nventi o\rllgp\{ o] lgeﬂf oer%Er]utyf %rtsgd alg tgB%@Q%ﬁ“ﬁgﬁﬁ?gg‘?&g%%g’?jlf’gs‘ﬁ‘%.’yqui ds,
gel s, symareateraldases ferghess pspossiranes fronulatione] 0 juk & 5 mgrpenaduhinistrgtést, amh by a
subj ect to maceyt i cal. gregg atjons for, oral é’ﬁe can be

obt ai ned né%spgfgrc}a@ye%g%?aapgﬁt%b Hgdo -7ng:[\£glh ministrations being spaced days or

weeks apart. In some embodiments, however, parenteral doses for these purposes may be
used in arange 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 bicavailability, 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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WO 03/ 015711 PCT/ US02/ 26468 optionally grinding a resulting mxture, and
processing the mxture of granules, after adding suitablel YL ies, if
desired, tWOUHMHTH tablets or dragee cores. Suitable exci pCEUS®R28#@, in
particular, fillers such as sugars, including |actose, sucrose, mannitql,
or sor bi tasoung &irjapy perdiculpr anplicationeas vary depeadingfonrsuexfantotsess tadizeassomar chy,

wheat st e [hCe r of.at.o .starc elatin .tragacant h, met hyl
cel | ul OSZ{O%E?/@P Ig%rllﬁﬁltggtﬁﬁ’ﬁg% ﬁ%,rfx&g%rllpmuggggmégtgryuqﬁc\eédaz}c%% %?‘ﬂ?‘l”@éﬂrﬂal ose,
gnd/ S(rj gahymilthrg;th,ptw E\i@b bﬂmeeull(j&(,?réhd s‘elveiﬁfﬁioffkﬁ,diséh@:dﬁg@rﬁﬁ@éd.r@nea&ent SI may
e added, suc the cross-lin ol yvin yrrol i done, agar, or alginic
acid or LTERREY Sﬁﬁh’@r‘@%?“ gmwmgcaikxcﬂ%mw@ﬁlerﬁi?eét.wmwhaf 3 parigidaror g|
for mulsat i igRguddBymahepy REcIdio by had/echnt; hd eyt ralizing
i nt ernal laci d cpmndi tipyons dr may be adlg‘?l}l?fsa{der?ggpmeﬁgﬁﬁra}ﬁ;;}mli]gﬁgarri ers.
Dr agee cowesssitingpindye expgrimientatioyi t abl e coatings. For this purpose,

concentrated ¢ i . I tionally contain gum
arabic, talc, r%ﬁ?@{/?ﬁ’g‘{’°%%3r&?c8ﬁ@%%%§?“ieg‘g%%%%'"ggéﬁ%%ﬁ@%y%?%‘w ‘é%‘ebegl ycol ,
and/ or t iinigiailydeteinoredifromlaamopl @rodsisl Ut theapeuticallyceffediiveedvse cat gedbe sol vent s

or solven{ . K m xtuyr.es. estuffs or pignments my, be added to the 15 tablets
or dr ageeée%’g{qeﬁ dont %\,\an? i f"lr oSk ‘ﬁ@ﬂmﬁﬁ]eoflgesc‘ﬁ]éfF%E‘l“’éﬁhe%tc&ﬁefl frehpgns
conbiloat i(Riaaéliriéd s haeWBanditas aft foPE@ﬁﬁHiﬁgy%i%maremn%%rté‘Ehﬁﬂﬁ whi ch

can be used orally include push-fit capsules nade of gelatin, as well as

soft, sediiprphpmiacalogivatictisitieyaneh dspthanausol adivvants e, Liirod ofler gl ycer ol
or sorbi t,gf c;[n}; '??rl \Q]Ugipétgddnt%u&gqgég'f(ﬁ's(hé:ﬁlﬂcocﬁglr%?&gl Emnﬁﬁ%ﬁ%e Illlggﬁrxgdﬁéegsr}ttre;nh? or

adm xture S lactose, nders such as 's
| ubri cantrequingd forgmrdngdrel admimsigaiesi The sppdiad dbse caabe adjogrtd basad by the relative

stabilizers, tn.soft capsul the active co unds may, be dissolved or
suspendegu?ar‘{aliihﬂftéﬁp%pﬁ?tlg'&‘f}'i 0331?6 %@Eﬂlsﬁéedfcgﬂpﬁgﬁl‘g‘guﬁti“&é? 5araFRieYe or

| i quild pohaxtrhilyffaey baded ol the mbthodcdbsdrited absleahi loilkemeihdaY ad2fe added.

M crosphg('rnes formul ated for oral admnistration may al so be used. Such

m cr osphéPe¥n ihihe agds wellyithingbe copagilitigs efitbe grdinarily skilied artésapul at i ons f or

oral adm ni st mat irghusiRus of B8 idventisAe ' . L0 at.ration.
For buccal admnistration, t he c?qrrpom ?@gﬁ%&éﬁ%ﬁln&géﬁﬁc eﬁggf%é%ﬂa?]tgbl ets or
| 0zenges solubews MWhichdnaynros el paritain aharmaeswsicallyFascemahié ennsentetionnoftsalt,

| ozenges solip f _ ; oonotsl
R S R DN S L S

30 pRéssuhdraedtipmgkesliants.a nebul i zer, with the use of a suitable propellant,
e.g., dichl orﬁ;di f | uor.onet hane,. t.ri chl orofl uor onet hane,

di chl or ot et r af PUSEJBEIFEARY; 2L effastke aont githe HP"’HP?Fé‘F’“i%?‘?’d’b‘F'@ng“ﬁ@ capbet he
case of adpirsedd lci@ﬁhb;”@t By By fbe BasRAfery HetnubRit 2R I ehLddtirbtedirBée, 17 FEB

2006 WD 03/015711 PCT/ USO2/ 26468
e.g., mucosal, systemic. Administering the pharmaceutical composition of the present
invention may be accomplished by any means known to the skilled artisan. Preferred routes
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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by providing a valve to deliver a netered anmount. Capsul es and cartridges
of e.g., gelatin for wuse in an inhaler or insufflator mayl h&FEBo?Ml at ed
cont ai ni ngW® B&Wder m x of the conpound and a suitable pBGHESNRAEHE such as
| act ose or starch. The conpounds, when it is desirable to deliver them
syst em caPpyonalingringing g rasuiting euxtus, ansrprorgssing e mixtugrafgranutestdfienadsjng

| nj ectl Onsuiﬁibﬁ'a’uxmgx‘i&?iftﬂ%si}e’aj, %%b'la%]tag{ets&?ma' Qyﬁ?oqgs. 'ﬁﬁt%ﬁ% QR ieJ‘x:thlrrcTeu Inatl ons.
for injection nay be presented I n uni osa&e orm e.g., iR arpoul®es or in
mul ti - dos partiowlaafiies suchvastshgaas) irdidiing lpctesesueedse weannitble ocsoniias; dellalose may
take such for as_ .suspensi Oﬂ%’ sol uti on}ﬁor e{]tul.si ons, . in oily %r aqueous
vehi cl es, PERAFAHRA SUSHASATOR “FAPRIE R SRreh JAsRLStalefh, e Sachanpite saEh,

st abi | § zi pga@f)dh@rradhGpeY, fiethy! aglRsSs hydRxiasyRedyLédlosé, apduimat i ons for
parenteral adm nistration include agueous solutions of the active
conpounds carhoxyatey lcsHHlops, and/er paly vigpxrrabidang FV Py.ul desisdodisintsgrating agants ve
conpounds r 1 i MRYEE N i S|

Sui {abl e Topash el TeREF e s RRK Aol g Blrroidbltl Spdr FUSHREEATAMY (oqame
oi |, or stheteh€siuch a$ sadiym algindtee Pmiopallysthe hrahformelatipns rodyedsebaoformulated in

triglycer] | . Aqueaus inject.i on _suspensi ons .contain 15
subst anc eéaq'% Pf:ﬁdflfeﬁ%:fr%g ggtg}%?‘ o2 \Ci/'rlalfgrg osdlc{dyéogglh?%seor% 335 ﬁginbrﬁ?tergg &H&‘Sgt Adi um
car boxy metdmiérs. cel | ul ose, sorbitol, or dextran. Optionally, the suspension

may al so conta]'bn sui tabl e stdggi l'tquersb or ,agents which increase the

sol ubility of PRESTEHHAIRBLVIAST Riith St coptings. SPrihs RWPASE concastrgisdy
concent r afipdr sltiohs AR be AsddewARh m49|optiotall§ cahih \LEMCRARO YA ein
powder for%df_or const |§t ution with ZO¥2!% asgict e_lbll .\eg {ll]e.hi'cfze, g’??@?“’@t erile

pyr ogen- f PYeoligane carbprgl gele pelyethy lyneegpenlyrodier itaniugn dipxide, Becqhorsolitiatged i n
rectal or [ RQSH LA ' I r retentio nemas,
eg. o cont ARt o I PP oG e BRI O il SR T oy

ot her 13| yableisoedragencaatidgs fooidentifidatien b whiradterieslifiesmcomdihatioefadsvey, t he
conpounds ‘}nﬁ?ﬁ/ al go be 25 fornulated as a depot preparation. Such |ong
acting f of oé‘f‘? ?ng'may be fornmulated with suitable polyneric or

hydr ophobi ¢ meplafhadettidal prepsruaidnsivehi@icanbe as8dl FFAIBNnEIBdAPUsAIR  REsRIRE Gagei | ) OF
ion exchanfge resins, or laT\s sparingly soluble derivatives, for exanple, as a
spar i ngl yof gshtipsevedlasisoltgqaled capsilas wads ofelagip apda platisizer.anehasglycesdnpr i se
sui tabl e §Qbiof! TIRGlusRAiREHsBes EAOhBISthOhctiv¥ flgPddidbSin aﬁ?ﬁ?ﬂ@e%tlx"ﬁ%&”c“
carriers or_ excipients include but are not limted to calciumcarbonate,
cal ci 2in phis phlactese, bindets suchsasgtarches, andioc wbgcantssiubudsaisle od eragnesitiny etearate

00 10 T A S0 Sl o TR 65
forms ar esuspandedinzoivhbds liqujds ouch asifatty 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
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saline soluti ons for inhalation, mcroencapsulated, encochhéa Eéimgoat ed
onto m crQsco gold particles, contained in |iposones, b
aerosol s, “p3f ‘e't &'for inplantation into the skin, or dri EHT/Hﬁ%’-(’é(’“sharp
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di si nt egrant s, hi I i.n ent S | ubri cant
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above5 THer mﬂnaﬂmkﬂuﬁnxsm&tnoﬁ%yoqauﬁmégphﬁ balme:rﬁwnbﬁbf corftiBlousSefukiona vari ety
of drug g:ellver g For a brief revjew of = nmethods for drug delivery,
Attt ol

see Langdrf18gs '&?EEO’EW@' bepresepsed iupt dogage f‘HEbFﬁer"&?’éElou $edhn by

ref er encenultiliesd FoMuNRSd, Withl aatadied preserRiiGe. a?héj&n?ﬂbgltﬁ% @9 ik Yu tt}aﬁﬁs as
t herapeutics and/ or ant i gens, may be admini stered per se” (neat t he

form of AUSHSBTIPREeEletiaaLr ?nalé@ébt%lye)r aqueoys vehiclew end ms:edontmnrfeuhntdntna the
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accept abl e salts may conveéni ent epare pharnmaceutically
accepfabl e saIPhsrmah@nledfforxﬁdetﬁmseid)rt;sxrdnmdllumim,lnlkltmloam&:lmtaqhd:dnstseldnblm t hose
prepared om .he faollown hl.ori.c, dr obro sul furic,
nitric, \r'ei PR r?ﬁ? “%é&gf)fj Ele £ %‘é{l %éﬂf‘f"&a“ypﬂt% Wﬁ@ﬁé@h’r‘fﬁﬁ%‘fﬁ c,

tartari C,compt)llidd@ mafytbe fp&d’p@reﬂlals BpOpifate biBf iﬁﬁ% norlfﬁlsﬁé}isﬁms SS@:@JbEE I‘Fpo Rflic

napht hal e&e 2- suI ﬁgery”g%wgand benzene sul phonjc. Al so, such sal ts can be

pr epar ed SEYERHF RGYS fagy oilg sugh F“h@ss’éﬁ? pih 05 syRtheticdaitnacid esterdj el as
pot assi URMY oleak 6f R RBHLS, &fnﬂo@&né‘sa Yld iFjeBd rgjsug;se%an .%H%LQHLIE buffering

agents include: acetic acid and a sal 1- 20 tric and a salt
(1- 390w \Sybsta@eﬁ\&hldttnareamheveeqsntypﬁlfssaspS%lw,wqh asmddlpmmuxymethgm d and a
salt (0. 2 es _inc benzal koni um chl ori de
(0. 003- ogggﬁﬁse rP,MOYhOiror ot keirPo°R% g’reda%‘?ﬁ?“%?\‘/?’*ayﬁ P SpaiAa SHHAR - 0. 25% wi v)
and t hi nstabgiaérs pDageats- vﬂné}fz%mﬁse)the soTtlrlﬁhtplbﬁnHmmﬁou@dﬂto@Dém@&ﬂhé ons of the
i nvention_ co effectjve gﬂﬁunt of an i mrunostinmulatory nucleic acid

and opti 8#8?‘1390%1%’{*?' H§°%9?B9‘?5Fd &5t her apeuti ¢ agents optionally

included in aARGREHRIE Whd &8ve YorAsGMBS ARY Be GASIWARE forh¥r {tsfiution with a
"pharnaceutical |y 30 acceptable carrier™ neans one or nore conpatible solid

or | PYui auitable vehiclegp.pyatstils RyFogearfteapeatarabaforg ustibst ances which are suitable
f or adm n' strapd Shjdnds m'a'yr@i@o B8 rethifled Y S o Bla\t' %enaj‘”éﬁgc{sn}o%‘% s

"carrier" denotes an organic or Inorganic iIngre ynt heti c,
39 17 FEBJPZJQGJ@HCV\Q) @emoqemema@,cerg L@Mﬂﬁglwmntﬁdnawuppbsmobebaesx $U¢R as

i ngredie ilitate the application. The conponents of
t he phar ?é%%ﬁ’ tica on’%ﬂ%%&r[l%ns al so are capabl e of being commingled with

t he conpoundsIn 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.
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of the present invention, and with each other, in a manner such that there
is no interaction For treatnment of a subject, depending orf 7a6f-5\m6y of the
conmpound, wannes7of 5 adm nistration, purpose of the imMmuriTzesRAMogi . e. ,
prophylactic or therapeutic), nature and severity of the disorder, age and
body wei ght ofSditablepigtidentsolidipatiascenticall pepsaratiyfobas mecfos samnyple, adisdus or \
adm ni strat.ion of a_.given dose, can be carried out both by single |

adni ni st rsgi%wlwwnfrﬁ m%artwomlca%n_r‘mvkaieaﬂrma‘gf?&du‘fﬂafed&Ptoem»g_éossw%r al

smal | er deg@patities coftbinkd R 18h086HES) héuliddd, @étods, PE'I%‘iﬁﬁyr phplaR@fdnlih® that erval s
of weeks or nmonths apart is usual for boosting the antigen-specific 10

r esponsesskinpphériediute ¢ shagp ghisetaprhe saaicheddnigdiee skimelhehamepseutgel ayed rel ease

01, Ut algbobhaeng, iUk KEheS KSABIR RGN oRUS LOIR, 6L ANRfL cpeat ed

adm ni'stratrons o ounds; I ncCreasing convenl e subj ect
and the pluppdsitodes, syvhpsy emylseas,ahispeasiomss ercaras, idvaps yr pepatiors vdtheprawaiddabl e

and known to those of ordipary skill in.the art. They.i.nclu ol.ymer 15
Dase. Sy s EIEse GhT e oBRP PRIt Y RSe BIepRaI e DR i Bor Bivitines
pol ycapr ahaichdisifitegrap@] biagérscaminepentd Gwelinshoans, ditticaits) HaYSHRXybut yri c
acid, and pol yanhygri des. M crocapsules of the foregoi n%@pol ynmers

cont ai ni riRyeEeREs ohsauiiaces v eustomartly yredeas dagsriged aboge. " Thepharmacsuicab, 109.
Del i vigry c%}{'&)’&)ﬁ%nsadréQUi{aBFélledl%lcri‘r?E"vﬁ’l‘?e%ty Uﬁcﬂru YSveRPsysRAk. Rbea briff?é\ﬁév of

i ncluding sterols such as chol esterol] cholesterol” esters an atty acids
or neut r ahethedsfosdrop delévep serlpanger(H990) Seipvere249-1 8273 hikdsis ifeppooged 1 el ease
syst ens; h%iéir?giie?ergé{%tem; pepti de based systens; wax coatings; conpressed
tabl ets using ctonventional binders and excipients; partially fused

i mpl ant's; and THeémhiukestinB&oryfriveleexidslags optivnbilygl ethedxtiérapaudicnaid/dri m ted t o:

a erosi qnal systens.i.n ich an ent of the.invention is contained in a
o i § T ehs g e Admigierol 2o to B I t Fiafatin oA Dhagagsaealy afgFpiable
4, 452,577 %alt A WheR uddFin ndaski the Salt 3Roul@ BE pldmhactatillfy fauSdpBR, b&Hdhems in

whi ch an active conponent perneates at a controlled rate froma polyner
such as dwgeraceuiraliy acgegablpselisimanepsvererglybesged toprepas Mrmacaetislino7, 686.
In  addi tjonHRums BRARE SHhUURL RorBL, bie4rY nSM of

whi ch areca aapt e%n?or ?np%nt atLlﬂgn. ‘The er etsgﬁf?@ﬂggﬁefbgwﬁ%gqpﬁ ?ﬁ‘ear

i |1 ust r atfelioveipg ttids:fhyttoghlorig Hydeobpineis, sulfhric, mitiip, phosph8fic,wealeis hoetic] be
construe fur r limting. . The.entire contents of all of. the references
(ol uds agtvibul e sh Bl Sl 5 G, kRS MlePEhR i maliis. Mo,

appl i20at imapisthalans2-golphatic]iangd bédede/sulfHBnie0 Mso, YWahQaltdckh b prapartl WSRIRAIZRA68
pat ent appl i cat ik2E§ cited throughqut this, application are hereby, expressly

i ncor por dhed B eartdselts, suehasppdium, potasginmralciumgalis 98t carboxylicenar kabl y
strong agljqrbsy. of NK cells and I FN-a production.

Suitable buffering agents include: acetic acid and a salt (1-2% w/v); citric acid and a
salt (1-3% w/v); boric acid and a salt (0.5-2.5% w/v); and phosphoric acid and a salt (0.8-2%
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,
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We previously recogni zed and descri bed ol i godeoxynucl eoti des ( CDN)

conltoal ni ng %eut ralgl zing notifs consisting of repeats of the FE8qhce CG
such as COr@e&#Gitiwhere the CG is preceded by a C and/orprénDUbmedsby a G
These neutralizing notifs were believed to reduce the stinulatory effects
of CDN onwmmwﬂuthtm zroetaelmgresi;ensuccbnﬁmeém:faetlmmm@fap;illcaﬁon |’n're303mp$geﬂtﬂ§f))‘

TNF-a, a n .anti s eci fi¢ i mmune response. Krieg AM et
al. ( 193‘3? P ng?l %‘885'%9!15 P?L@%Sgb%ng ?%1WEVd ithdlie campoupdesence
of a neutdfahé grestt iWEntfon] ﬁd&ﬂllﬂédaﬂ@fh@ﬁ|n?5’¥ﬂaﬂﬁ‘ertsﬁ’(gﬁhzh%er¥"ist% inRrackibfru! atory
nmotif was believed to prevent inmmune activation. One such ODN contai ni ng

bot h sti mul at di%y sHHeAERfrsabiesh depending pa agtiyitppKithe La®powdd, glanteasf t he

sequence il GAOFHIRPePRRTRRNC GFeL B sy ki fio i ghnd i s OO
contains a lf‘ﬁalrly typical neutra r‘rg{o a a%ﬁ %)

37) der ispeetity pbire disordey, ageanl lm‘dthmht nfiihbi |patmany diii¥ve i @bEes may be necessary.

2136 had
act ivity ¢or | nﬁum nggl KEE ?Eoﬁeﬁ"ilg Q%T'FS?Q‘?PO@W%EY% T‘E‘Stmtl_onlﬂ“)%’e Zgrgﬂgm

in Tabl e farm 6D iAdB6dual dae aninoedlie RUéraNntiflesddehiits. WASHRE bRl Mraddd &fnger 20
t han our tandard .cell r;ld NK cel | Stl mul at ory phosphor ot hi oate CDN 2006
(TCGTCGT *fB s of yfeexy qp ngothsagsrt fsgpsupliferiaosiang the antigen-spawitic

st ri kionglryspowdesr eas ODN 2006 only induced the production of 2,396 pg/m of

| FN- a, ODN 2136 induced the production of 14,278 pg/m (Figure 1). This

i ndi cat ed thatO‘h@’ﬂinqulé BYstAMys, can inedude tisesetelsasen flelayridselaanator sustainadgelseguence

Wi Var o e B PR it Tep B8 Sudui G pipregompotinds, e O

ALONEO. 86ucrepping t6avadizhte ®8hSsubjdet 48l the piys{cl4h0 Many types of release delivery

8, 2876, 6533
ol m ) & 4749575 91 8lsbiesB e € % o ohmpsp ek it a. They incude potymer

/' m 18. 52a& sY313Ms 26thlas POIFAackRié 3 ROREGe) I pd 51&39 1 lact
o/ nf §5 7513 RN R R ’%’% (1o Poyeaprotaciones,

g/ m) 0. 629 yeﬁsra%@sa@i&oﬂ#g&ssergwlmdrsmhmr@sa/c@lmOmanhyﬁEBs 2006
PCT/ USO 2@@&)@%5%@‘ the %Iécg}:g polymers containing drugs are described in, for example, U.S.

Patent 5,075,109. Delivery systems also include non-polymer systems that are: lipids

including sterols such as cholesterol, cholesterol esters and fatty acids or neutral fats such as

20 mono-, di-, and tri-glycerides; hydrogel release systems; silastic systems; peptide based
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
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3.16. 312. 525. 050. 0100. OL. U. 2006 (0.6 g/ m)1.622. 888. 2414. 1021. 8531. 911. 73
2006 (3 g/nl)7.0717. 0230. 2850. 6669. 1374. 2719. 41 17 FEB 2006

2169( 0. 6.4 (gm, é 653. 816. 6713. 4524, 4832, 421. 84 2169 (3 .peT/USI2/26568

g/ m)11. 2021 4788 1559. 6678. 9677. 7225. 76 1760 (0. 6

o 3 7 R %33’535@8%6*2%@%%&2@%@%@%8%%@%@@ expresly incorporated by

g/ m) 2. 0éredbd 2. 8023. 2534. 5744. 935. 43 1758 (3

g/ m)8.4017. 8433. 4152. 2069. 5274. 4620. 78 2398 (0.6

g/ m)1.831.926.2111.2120. 3826. 710. 98 2398 (3

g/ m)4.3612.9024. 1042. 3760. 5170. 03:;‘;}4,%1&397 (0.6

g/ m)2.143.158. 7917. 3728. 7142. 453. 80 2397 (3 _

g/ m $10. Bamplelk 38DNEE95 s5mremekally siroms ackivaigod NI cells and IFN-a production.
g/ m) 2.935.8 22 . . . L
/) o, 0318, Lape ooy 0ol Ssledtiliiotypudleoides (ODN) contaning
pg/ m ) 5 rb0@al Zip i@ ifs torSisdAg BBﬁﬁeMQh&qWSCGﬂsuch as CGCGCQG or where the
g; m g 0. ?ségche %!ngyza? fé ééfg %&7\_/?%? ge(lrg:gtrghzmg r%%tlfs were believed to

g/m)11. r@dh%@ﬂ&@%uial&ﬁeﬂfé&@oﬁ@m &9&5111 12 rédabLis aguencRsretion ofTabé gLl 2,
1585GGGGT CAACGT TGA! ID NO 35 1758TCTCCCAGCGTGCGCCAT('SEQ [ D NO:

40) 10760RRAATOEAGETT oy aggqlgeg-smlﬁq@mune response. Krieg AM et al.

52006T 39) 2118GGEEGTCAAGCT TGAGGEEEEH SEQ
o NG e PTG SE EAR R Seo 1 b N 19)
2169 TCTAT CGAGMBRASMSEAAE( [BERn ¢eld Ta@eu il izing 308G T GCHCOIgohu S adetayeteE

93097.}.) 10239 TCG% N Iégé@?d-l(léégnrcgrxﬂéﬁe a%watlon One sgch ODN containing

2398TTCCSB@hIshHLﬁI£I@Iahd hesalichg Afffd i OWN 2439, wlqﬁiﬁmwuﬁrsequencean effort to

understand this observation, an even stronger NK activator and | FN-a

i nduder E%%T@AGE&TJ@G@F%%%%(W%N%#] Jﬁe@mdﬂﬂeswﬂ‘hcw@n? end of
CDN 2006ramghﬁil£a%yd& i %fQ@@éCGW iveddtorh thd ¥
pit t he Tast

ser endi I ncor porated change o )yasé on the 3' end from a

C to a Gndphthe lﬂsbmgy @Di\h%@l MWG@@QG@@@G@G@QQ SEQE NRg38). per f ect
12- base- éu?p Kk r{Dng'y 'Cﬂﬂ{l 9% l?ad sﬁr@ﬁg gclwﬁ{;'gor inducing NK cell Iytic activity (Iytic units,

L.U.). Asshown in Table 1, ODN 2136 at a concentration of 3 pg/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-a, 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.
E:T RATIO
ODN L.U.
31 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 pug/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 pg/ml) 5.75 13.05 20.00 34.34 45.02 56.49 10.66
2118 (10 pg/mi) 0.62 2.08 3.90 8.53 12.79 15.93 0.09
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of ODN 2395 where in ODN 2136 the palindrome is only 10 bases |on

shows anot her exanple of data where CDN 2395 is remarkabl )17p55%
i nduci ng Wi @ehi7ziL. U. conpared to nost other all -phosphormegq%@(,,backbone

TabI e 2

ODN. In this 42 17 FEB 2006 WO 03/015711 PCT/ US02/ 26468 assay ODN 23%5 is
weaker fhan the popltive ‘controlr ODN WRAT}M]I chas a cHhimerT o
/ 1 [ QO ke O 458“ L' .
AN L Aol WA B 1091 i s T B
Appl i captBHO- 22430 [Ar23%e || oﬁrﬁ‘boncedt‘ﬂ%t ilon2b#5 0.16 B-Y/ ni| tbBted in
thi s expt¥f Geatm) DN 721365 WAUugedodd L. Uso.abovie 6hes bdckagsund ab40. 03 in
the no- COBb@oeng/mpl | Biegur ¢ 2.@nd |Fi gur e | 3 1show [t hes, hiﬁVEI @z‘,iz’rrorocyg‘te
chenot aLileeEREANET N (MP) 11 284g! 11148l RAUCT b g PTOT %ék U r’) J 71229 2026,
EaPsct [ PR B BT G5Te] T A ,,!;gé;' AT CO AT D O T A i [
Thi  andL7RYGH : H’eb A 94?;8‘}:95 7B 110 #4663 dxCoEtendki MOt hat 1640 a
| i gand [UP8 @ﬁeﬂ@’)andzog apsd¥Sat ¢d Widf h [ThR3-20 rlespbitses. 48t s¢hetdP ¢t
al . (20058 3 uBimdl Ch€8l402752 29286- 91.33Fhede datcm Show.sohafl OMs 2892008 @
rel ativiedsys @kshemng || ndsger|of1.gP- 10 _e5odyctipgy, Bt 2d:ﬂs0u M“é’ﬂ' y d‘r’f}!}dggN
| evel s CH398 (iywm.b raljig™2 I‘Iklbld:llql Iah'l]b,{.ll t UI4F§]7 Ovet bld ﬂllt A7 v S L) .
ODNE. T 1558 A IRES R G OEOI 6 R KT 28.71 42.45 3.80
ALONE1 . [7 (pllq)llg ‘3‘& g“ﬂg 560 nq (”‘)%7 : - :
U i ) 168258 remho 42*7%’97887.252992 6389517 1685 ({0 7769 74.87 26.12
g/ ml) 9. 6836108 B8mNA358.9767)7. 53B7. 1422294 |21238 (10 36.83 46.77 6.13
g/ ml) 2./99% @8gmA1q. 7293 26[L4.1480. P1 32183 [( 05462 72.62 73.67 21.64
g/ m ) 2. 1538 @8g/mBYg- 1510 ﬂ/l©2§[U gf/,ﬂglj-ft ('s'r.ég 49.53 60.53 10.59
glgﬁﬂm) N 2 T LN Rl O TR A T o GRS W I TT 7552 | 2694
o/ m ) 2. |aHE @RYYRRT> B3B7 bo240se) oh1%1do f1il6 | 1888 | 2411 | o7
g/ m)2.[94% (159"163 5. 11924.100285771P. 8810117 §90166 70.84 71.99 25.62
g/m)1l. it 16. 270. 05 2137 (0.6
g/m)1. YA ' (58§ 2006 (0.6 spqIDNO: 35)
g/ m) 1. 5 2006 (0.6 :
0. 6 (SEQID NO: 40)
pg/ m )0 0 8 2006 ( :
g/ m 1. 2395 (0. 6 (SEQID NO: 41)
)5 ) Q)'lé (SEQID NO: 39)
g/ my2.
A TGAGGGGGG (SEQID NO: 36)
2136 TCCTGACGTTCGGCGCGCGCCC (SEQID NO: 19)
2169 TCTATCGACGTTCAAGCAAG (SEQID NO: 42)
2395 TCGTCGTTTTCGGCGCGCGCCG (SEQID NO: 1)
10 2396 TCGTCGTTTTTGTCGTTTTTGTCGTT (SEQID NO: 43)
2397 TCGTCGTTTTGTCGTTTTTGTCGTTT (SEQ ID NO: 44)
2398 TTCGTGTTTTCGTGTTTTCGTCGT (SEQ ID NO: 45)
However, in an effort to understand this observation, an even stronger NK activator
15 and IFN-a 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.
20 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
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2396 (0.6 g/ m)0.922.184. 075. 7810. 1814. 950. 03 2397 (0.6
g/ m ) 3. 055. 2410. 5117. 5033. 5146. 504. 92 2398 (0.6
g/m)1.3 .168. 4815. 7221. 720. 34 2012 (0.6 g/ m

50 P

17 FEB 2006
PCT/US02/26468

) 0. 881. 710. 9716. 470. 06 2102 (0.6

g/ nm1 g 2. 36% g%ﬁgg% 1%4%% ré%&%ig%‘r‘%\%l?é g%?[élgégﬁ which lnsachlmenc N
rﬂ) 3;;4.3@148&e@ﬂ&p&&ﬁ&té49@9ﬂba@ﬁbdn\e OD8{ k5711 17 FEB 2006

CT/l 1 126468 CDNE: T 16. 312. 525. 050. 0100. 0. . 2142 (0.6

g/m)o gggGgggAé\é:ﬁ'Eﬂ@ﬁgg@gﬁ 85Q 1B Q1 ¥0. ig deseribed in published PCT Application

[ m 1

(076 ol iy 170 A nE i Pl B 81U ssyein s pxnsyinerty 912856 10 15

20 OBN sedigedioes.U.abovEabt backgibhfd XIXBT HARCRIF DONESEEHO Hghtd DaiTig e

ﬁgO%C%%;I [ I%%%@éﬁg %: Fi SEg [.D_NO. E@EQZ? @%@ e%%'l;;‘g‘l(’%CGl’T( SEQ

2102TCCNOGEIPet GADZTH thehféaiatirtEfombhdNOK 4 kultures in Table 2. MCP-1is a
2103TCGTCGTTTTGACGTTT |GACGTTE:§EQ | D NO

2117TZGERemakimsheids HigendAereC82and is mmmigwmlmmw@@mw@mq SEQ I D

NO. 36) OGO G
L35 AR K lLTT&%%&%%ﬁ‘%@fg? O'J\%g#&%&é&f’fé%oq SE
| D NO resporses 7H@GEEIPIarRGTZIN ) T BV CHem (23608659 NOThé@@Yata show that ODN

2395 is a relatively strong inducer of IP-10 production, but induces only average levels of
MCP-1.

Table 2. Human PBL Cultured Overnight With Various ODN.

ODN E:T RATIO L.
3.1 6.3 12.5 25.0 50.0 100.0

ALONE 1.73 3.10 4.25 172 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 71.53 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) 2.13 228 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) 2.13 345 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 2.79 443 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 5438 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 2172 0.34
2012 (0.6 pug/ml) 0.88 171 4.41 7.07 10.97 16.47 0.06
2102 (0.6 pg/ml) 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 3547 2.37
2013 (0.6 pg/ml) 1.11 2.42 442 6.0 9.15 13.44 0.01
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2139TCGTCGTTTCGICGITTTGACGTT(SEQ | D NGO 21)

2142TCGCGTGCGTTTTGTICGTITTTGACGTT( SEQ | D NO. 22) 17 FEB 2086
2180TCCTQ Il IAGTCCITTTTTGICGIT(SEQ I D NO 52) PCT/US02/26468
2183TTTTTTTTTTTTTTTITTTITTTTTIT(SEQ I D NO 53) .
2186 TCGTCCCTGTCI rTCTTCTTGOCCSEQ TDENGRA TG <

b SEQ+BNO-—H—T12396F EeEHoreatFHH GBI T( SE
ﬁ%gag_cczg)c;r’)QQZT(‘CT 3 I 111G 2{SL}I LQéﬁ\d Sdg \Iwbb Q
2398 TTQETEIFT MBI GITTPEETCET(IE0 | D A8 45) "Hisec oh‘ Phede ¥ of het08dal a,
we condlughgels hdiald t|he 20BN P39B8sequehitie Was !Bs4 25 r &én#r kabl 35.%t r ongo.67
act i vat{@oomqb.c Nfmgel | s |<'md FN-3a pifodsisst 1 gn. 1dqanl e2d4 ftﬁllofit ¢ed I3
2395 ar%ﬁg‘@#’g actTvators of NKcetffsand tFNa productio o
Addi ti d P 4p7 2433 EF6+ B-Nes—2—|-8)—wer-d—desi-gred—and—sinthesized
to testORPNecquasislhord Table 2 hat t he pal i ndrorre at the 3' end of ODN 2395 may

be i nporls@ht GGGGTEAMTGTTmAEGEGGQI at ory act i (SEQIDTMI3E) 3 conpares the
abi ity 2006t TEXEH CGTTET@RCGODNIGAC&d vat e NK(SEQIDAK:i39) evi dent from

t hese daa7 TOSRIGTPNGESGTODNGICGITe concentrat$E@IDNG: 4699/ M is ODN 2429
( TCGFCGRDT3 CRRIEE A TPEQCEITNICET Whi ch | (sEGEO ND:&8)L. U.  of NK
activi t 10OV GTEFTEACGTIIGTOG e exper ;Dm@ll of the other

ol i gos vhat TITECEEFIRGAEKITNTGATGThe controfg

( GOGGTCANE T Y oRFZea TPy TP RATAPrT36) t hat re stronger than

2006. fJ % T R’%\Qﬁiﬂ“ A?G@@?R}Gt is the onfdk 015711 1 ? FEB _
200 S % ﬁtﬁ@t(ﬁ- s a 12- b me, al though this
S god%; e 8 @G?Tb A t hat n 2395. ODN 2430
(TCGT ‘c: Cgﬁ whi ch ]if { nd strongest ODN
at the | ‘{h‘ ,fgf Iar but % ome has been
slight I% é gg he remal : ODN have 5

ei ther 1o ;[‘:(f%, E ) nces, 21Q1 1%5s NK activity.
Tablle 321#ndSGSEE1eG TEFEQTQQJTFF CWT Qﬁ% IH)NQ: 28DNE: T RATI O

3. 16. 3121§@5T§§6QQBBTBU@TC<AIENEB S¥6G840. 251(863&1113@ 23D. 00 1L-2 (100
U m)3. @183 24913113 T93TFTITTEETIVRT PP 1585 (10 (SEQID NO: 53)
pg/ m ) 12380 ICLTEAICTITCTOESLTI I TETTGCC (SEQID NO: 54)

2395 TCGTCGTTTTCGGCGCGCGCCG (SEQ ID NO: 1)

2396 TCGTCGTTTTTGTCGTTTTTGTCGTT (SEQID NO: 43)
2397 TCGTCGTTTTGTCGTTTTTGTCGTTT (SEQID NO: 44)
2398 TTCGTGTTTTCGTGTTTTCGTCGT (SEQID NO: 45)

20

Based on these and other data, we concluded that the ODN 2395 sequence was a

25  remarkably strong activator of NK cells and IFN-a 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 pug/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
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2118 (10g/m )-0.31-0.210. 221. 571. 242. 410. 00 2395 (1

pghnl ) 1. 012. 615. 7311. 3918. 9228. 161. 04 2395 (3
pg/ m) 1. 59N®EEBIYEL2. 0920. 4633. 871. 71 2006 (1
pg/ m)-0.080. 731. 453. 037. 1112. 490. 01 2006 (3
pg/ m ) 0. 160¢ hepmeBiringgol 27ignepaRdrons:, 2Ulppgl this is a different palindrome from the one \

b/ ) 0. ot SR PR b So Y adf SRt Tirtoacacaceaca, seqm o 5),
pg/ M) 1. 19hichistie4décond btonkésO KAt 3 14424 c{oﬂcentratlon, is similar; but the
pg/ m ) 1.422.365.6711. 0619. 1128. 171, 03 2429 (1 _
pg/ n ) 1. 4palirgigmehaspegrysighdy shprtgoed 95 0bases Igng. The remainder of the ODN have
/m)e. 5% :
00738 SBi 3 MO 00, A8 st
pg/ m)1.231.523. 898. 7815. 2825. 560.57 2431 (%
/m)O0.9 3. 90..5 .
o/ i) 1. 3 abi3ds Hiln g cige: il SR idus oon
pg/ M) 1. 672.974. 878 5419. 2627. 100. 84 243°rRAA0
pg/ m) 1. 032. 88 2209 ATIBAP254 740, {E‘%ff:ff (%50 300 500 L.U.
Bg;mgg PALONE " ool ol 7759650 30 \ ediBnces 47 Tabl 423 0.00
1585 GEGGT AN RRAEEEEE SEQ 438 NO. 39) JOZW@TC(‘TC@WTTGTGMTTTETGG‘FT( SEQ
ID NO  39)582 11088B0GT CAAGCT T GRGBCRRG( SBQ I[D NO7 36¢) 13.96 2231 0.31
2395TCGTCEIE {1 Dy CCBaI00, SE62 1 D| N 221) [244%7CG[ CCT 27 TTB! COGGeEQ | D
NS 42) BRI EGl] T TAel COPO °=5>’73' A U A 7 o oo
v Y R S S R RS Y % OB & Ao o B by
FEB2106 | BRAfse)) 2hack®o4Ro OTGT ol PGG7{ 5EQ) | D|2N€1 7) 99438
TCGTCGTTTIVCEReBECAGEE 16 SEQ 1096NO]  83-9%Fi dur @98 showd.79 he| ablolsBt y| ofd.15heke
ol i gos t p24a2mdueenl) AN- a.8pr oductdoon | coapsar ¢d 637 12.53 24.12 0.34
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 2.38 421 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 15.23 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 TCGTCGTTTTGTCGTTITGTCGTT (SEQ ID NO: 39)
2118 GGGGTCAAGCTTGAGGGGGG (SEQ ID NO: 36)
2395 TCGTCGTTTTCGGCGCGCGCCG (SEQIDNO: 1)
2427 TCGTCGTTTTCGTCGCGCGCCG (SEQIDNO: 2)
2428 TCGTCGTTTTCGTCGCGCGGCG (SEQID NO: 3)
15 2429 TCGTCGTTTTCGGCGGCCGCCG (SEQID NO: 4)
2430 TCGTCGTTTTCGGCGCGCCGCG (SEQID NO: 5)
2431 TCGTCGTTTTCGGCGCCGGCCG (SEQID NO: 6)

17 FEB 2006
PCT/US02/26468




the positive control SOS ODN 2216 ( GGGGGACGATCGICGEGEGEG SE@ I\-JEB'%B 55), 5
2334 ( GGGGTCGACGTCGACGTCGAGEEEEEG, SEQ I D NO 56), and 233

( GGGGACGAGTCHNSA®EEEG, SEQ ID NO 57). Al of the 2395-r BCHUSH/ 20BN i nduce
a higher level of |IFN-a production than CDN 2006, although the levels are
bel ow t he24BvdGOTCEHLEEICRCGHCERIGERr i ¢ SOS OBREQERN@ank or der of

i nduct i o438 ITMNEECE@XPTECEOOCGECCGEOUghl y si mi | ABEQIDIN@t8pf NK L. U., with
t he strongest Higirectshowedre abilitiOBNh22Ibigantd iRdiz® IFNG: frodigion cdmpdfae t&t r ong

2t ool “eRheb RIS R aTB b CabePaRLARLAS S m RALLREYD ©°
si gni f5i cangh ¥GWG%G¢CGA@TGGKGGGX@GG@, KRH INODSE), ﬁm@% or its

relative 239 internms of their ability to 1nduce B-ce expressi on of

CD86 at 48HHIMACCALGTRRCHAUE G{IEE IR pPND:01 73! Al cftheR3gheelad CINinduce

concentr at,.gns, su | g/m.. less-dif ence een between the various
Cont (i QRS PR p@iion B ORN A0B6 ARG T e ISEG aeiPal dheicves
activati QRdue¥d By RieQhiné@icaOPODNESERatiSbtdér VTR HIcREn bNMFRLRkGHEéspsh is Fi gure

6). Again, at the 0.25 g/m concentration ODN 2006 and 2397 (SEQ ID

NG 44)  evahlygimilar forthas O NKohSbavitl the gliprgesefectbiserisr ODN239h Argh2429.
t i t -rel hm | i t hei fi Fi
opy 90L" Blafiifes. 1 gD R ERF LN ST R e AN el oo o 17§60, ur

pr evi ous ceirespord idd:¢ell sfiggest ed that nost of the |L-10 production that is

i nduced by CpGis derived fromB cells, As shown in Figure 7, IL-10
expressi on corYSShayva Higrre SMQIHNBZ-:';géP’I‘dEﬁ"E?fqt’f"%sr‘&?‘Fé}gﬂlfﬂﬁaﬁlhwemtﬂ)% and

its rel aty t . . of 0.25
gl oD S e B N DO R Plive 2117, AR A0 O i &
concent r anduse B-¢elanpiessicn ofCDEatt48dolisn Adepeirave notcedfprévivashe ashiphat! at ory

ef fegt. i.tional studies qQn this cl.ass of oligonucleotides and_the

deri jéti icﬂWW%‘E’_nﬁfﬁ aﬁﬂﬁﬁé‘?‘ﬁeﬁéﬁs"ﬂ@%wﬁsﬁ%“lbﬁm_FhGZVam‘GSQDHat a for
these ODiFiruge SBRVIA thdsae@ip&infent, MY diso ABSRIRAE-BLILR RSN by PatblifdN02006 was
very weak at jnducing |FN-a production at a 30 concentrati‘on of either 1 or
6 g/ . EesAE(dl-thyaiding 8gsrporationdtigure®t Agrinast ther.2h ug/ndfcontefation @Bdkci al | y

at the | hatd fad. ghmd . We. have occasional |Ly.seen ODN where
the ot morss aiOBRAOTISEAIONG M Tere ¥l B SrSRE AR R ES Ve Rt 6

g]{ ][n i nh@xeﬂ.c?oxﬁlﬁBraﬁGﬁlﬁtheWWl%Sbm\l %Fysmﬂaﬁ/ia%ﬁ&fﬁmpﬁlvigﬁmnp t he

ef fegts seen at r..concentrations such as | g/nl. In the experinments
showﬁbi nﬁ%&éﬁ%ﬁggg@ge@%@ (:)rﬁﬂé"‘bm’g‘rﬂ‘g‘éﬁerst?fél-'ﬂ@v/\er concentration than
at the hi gher o pRYRAS étaaieeﬁave?ugege@@&lt}?&l%%smshm f0 YoliEcHon@Mat tdiRdtkegher

L
concentration. In contrast to comon inverted dose-response curve of
phosphor &Y §Rshis dexiysd fram BragHs. cAoeiewaia 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. Concentratioh 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-a 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 pg/ml, in
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5 ODN 2336 in this experinent typically showed increased i nmune stinulatory
effects at higher concentrations. The stimulatory effect pf FEBNOBH32 in
this experwomsbhishown in Figure 8 was interesting considecrmgoddagds this
ODN has no good palindrome. This system with the relatively weak B cell

sti mul at odompagiboriottlle &fFectR¥at 1w @HERGRGuH BUN8/81. InERABNeRmBnts
Reci procal relationship between B-cell stinulation and NK stirulation and
10 | FN- a Seendn Figyre B éwwmwran@@méﬁ thexpregricareentratignethen €O #3885 at a

 nouci g BrEa ey ey BN 2R s e PO EHBiNeY (ERNBlioh PR ERR &

| ess nmar keshrhassvefiedBloselrdspearse guivabf pimsphardibioaetODY] shimehieOBN jush bhe

suggesti o e sane rank arder, for |loss of B cell stinulatjon that had
pr o aus! @D&f‘fsz}bgé%a‘ése%ﬁ’e‘f'%‘u"“‘ MRl PRRe I reTed mBRe Ry Bmoettects at owed by
ODN 2430, higlie? cbhenu@aes ThBstirtthtbrySdfiedtd fODK 2430 MNGisleRBer#aei® sHoiihi Ves.
This raises the possibility that the | oss of B cell stinulation by the
2395- | i keFigine § wagingraetipe cansideng thst thescOPN; has ae cead ralindriomet (This sastem| FN- ﬁ
secr et i ony;yki i i s | o en wt
DN 2305 i B B o B 5O ARG AR r e Y L om
separ at e kxamnl¢ 6eRecipreoal atlaionshipwetween Steedirstjmakition ayd K sOBN!Ri88andind ODN
2429 0 iI g]ucg Iéﬁa secretion in tw different human donors (D 141 and D
142) . ab?e'%.eﬁr "y Secretion by Variants of ODN 23951 ODN 6 |FN-a, pg/m
/m -, D141l | 143g@red0dHoh aASKE eRpetihddid Snidd ODRBYH5 203 3beconcedlBfiOn 48956214
84.52031 96 24297215681117.549E 529310 0.527 27 52942.50.12323 52955
0.50 0 5>bssd oy sipdicendy weakensthan ORN BG at indueing Bocell 2RpiBasion fLD86.

The other relatives of 2395 show a less marked loss of B cell stimulation. Interestingly, there

is the suggestion of the same rank order for loss of B cell stimulation that had previously

15 been seen for gain of NK stimulation: ODN 2429, followed by ODN 2430, are the weakest B
cell stimulators among the 2395 relatives. This raises the possibility that the loss of B cell
stimulation by the 2395-like ODN is closely related to the gain of NK stimulation and IFN-a,
secretion. Figure 10 and Figure 11 show the IFN-a induction is seen with ODN 2395 and
ODN 2429, followed by ODN 2430. Table 4 and Figure 12, from a separate experiment,

20  also show the strong ability of ODN 2395 and ODN 2429 to induce IFN-a secretion in two
different human donors (D141 and D142).
Table 4. IFN-a Secretion by Variants of ODN 2395'

IFN-a, pg/ml

ODN, 6 pg/ml Didi = Did3
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 25+0.1 23+23
5295 5+0.5 0+0
5296 100 100
5297 10+ 0.5 26.5+ 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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"Data expressed in units of pg/m as nean standard devi atlog Z&N
sequences for Table 4 47 5 17 FEB 2006 W1' O 03/ 015711PCT/ WUs EP 68

2006 TCGTCHAOIFBFOGTTTTGTCGIT(SEQ | D NO  39) 2336GGCGCCACCACKTUGIGZEBECE SEQ
I D NO 57) 2395TCGTCGITTTCGGECGCGCGCCEH SEQ | D NO 1)

2429TCGTQO08 T TRGTCGTTEOCECSHPTTIOTAGTR) 5293 TCHEGIPINEEIGECCGCC( SEQ\I D
NO 58) 3398 TCEFGGACHACGICGICETGSEG | D NO  59XSEQID NO: 57)
5295TCGTQGEYF T TIXEOGCTEOCGCRETGOGNOG 60) 5296 TGRHQED NO:AGCCGECCCCCH SEQ | D
NO 61) 3R9FTAUGITGTTTECCGRGEICGCER) | D NO 6ZBEQIDEG@) e 7.

Char agt er§298i cRC@ETCGIETECEGAdGO0aaICN. Sur pri si EEQ.IDMNOEsT t he CDN

5293- 52975248 MOIEG TG I TFCGGITGODTAE St i Mul at or YSEQEBMNDSES. ODN 5293
cont ai ns 5@ 94 O-RasecaRrrrdcorsceesceoe pal | ndror(gE 'If)fbﬁ’d)sé romthat in
2395 in tfH ﬁﬁ; atrrercedageddrested to a GC t is believed
that this ? irrseLGceRtRe @@olalntheg (?? gwty si nce ODN
2429 .al s as, s te eveI s’of activity may
occur%vm lc'Eh—gm{sZ- ﬁQctérﬂﬁg%&‘tRQGC Féhss ere is a central CGin the

pal i ndr ore. H&w&ﬁnglmbh&dlfme @DN)SM&SZGV\Hymandtx@tebasmgaaimmﬂrsﬁﬁmlawiryh a

be.enhancEwoBgFS: PO o0 copit & I baapd e bl e il Soen oo o

term nus,239h@f @asthObheP88 lsm&mms aqm YHowBVerSit isHli&detitind s GRREAbNS only
a 6- base {)al i ndronme, which caoul d, possibly. be related to its |ow activity.

ODN 5295 ifsplE spunoberpiain s 1o o 28Ity sHce 39 alwvhag seah\antigvessiorodRathero 6
ot PoRL gt IS AR Poly SRR %a%%%ﬁ%%"e% R bR jEPRE £ T
at t he 3 theapaigndtnmue Hémvaver, OCPEG2 41 al§cshaa onlyteel (Bbasepslmd&mmth heerit b?ﬁSe
li nd 5297
Dl o el B T e BB o R oS0 Pl e b 5086™, rvune

sti mul at akat 1tadbhiaVrist1Vve B&dinideotides inghdBliérmiagd, wWhatastGBNBRES edttandénly he
neutralizjng palindrone of ODN 2429 at one end of an ol i gonucl eoti de w ||

be i nsuf th&f-ent to provide imrune stinulatory activity in the absence of

at | egst one fﬁmmsb@t ecrrualﬁ%m}aalbageffalmaﬂaﬁ{e &hEdh colrl BER\y regftéd%tlé on

| FN-y producti on. Sever al ‘additi onal types of assays have een perforned
t o bett edow@aetdvityt ;QiaNtSHQS hl@m@@e 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 ODNs such as ODN 1585 induce some IFN-y production,
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of inmmune stinulatory effects of this new class of imune stinulatory
nucleic acid. Figure 13 shows sonme of the effects of thes¢7CH® &W6| FN-y
producti onwioriemiizne supernatants of human PBMCs. These cettgsyeisgst he sane
as those used in the experinents shown in Table 3, but the supernatants
fromthe wmteweemanmoaasagzpd nifoif (4. @ewmerobw 11e8etSnotPRERs & ah@ B35 Fidgure

13 shows that Swg ch as CODN 1585 induce _some |FN-y production,
48 1 T FEBIZGHE S 3‘/%@%‘72996 sty reski® dndusingd BN-vampeuclipa.white @Y CpG
motif (e. 9395 aq]gnttsrcgusugg%m ggog Pdr: Panels A and B of Figure 13 show
that ODN 2006 is relativel i nducing I FN-y production, while CDN

2395 and its céﬂ@hﬁ§emfettsimwrfmdrcg@wmnmme bifectsefithat diffaetit @DMas

el 1 o5 neh frBETRRg B e ARt Be GRET Sl teRirohitee PR B i sapovces in

pr oduced td@pon&@ﬁ)@DH@oDQaM réf80es e kffects 6 B VMBS oﬂwoﬁmﬁ&ﬁén@f the
various ODN_gn nyel oi d (mDC) are relatively simlar in that all of the

ODN i nduc@nlpa} e é‘ﬂ?ty’ebtﬁ*mf'i”éﬂ thepa! Pﬁha@ﬂN/mdece repipHy pudfed mDGtopctdale e

| FN- F d fr a, buffy

coat yaﬁldI ?lr?(a:ﬁ %@1152;@% dﬂﬁ%c%@ gﬂ%ﬁ a\ri@r' 3\4?’ %8’3?%‘5@%’?'8‘? atgd 5‘85’5"’ CD4+

10 nave Tbuf8i doet aaxelnecdbhtedwnhcﬁMt@SF (f4r40m/xal)(ihiﬁfvﬁi(ﬁi§'f0mlﬁ&r2 @yl abyed with
fect tar tios and i ncubated for 6

th t
rereDﬁ)ass Sfe;ef \k?éef% hfﬂesﬂ %éadgﬁaen E‘i’féﬂr? wixsg vrith e PScatselectedt i vat ed

cel | sor téffgtor FA@Ret (ﬁﬁﬁﬂéhbéﬁdﬂﬁﬁ@bﬁ'@@%ﬂé@ﬂok'aa_‘,tser(fg’lsqfere hBesRRLFS AN age of
CD3+ cel |'s glhat stained for IFN-y. Figure 14 shows-the percentage of T

cel | s t hahabgsd %GU%%FW@@W&W ERRPing (A $F)g Resultssverh owesurdbinnteans of

fluor escetlgg S hese T cel|

Exanpl e D3 (]:CEHS(MFJ ?%nﬁggwe e%f’ Sh ngé%f%ﬂ“aﬁﬁaf?i onal
ODN wer e ®Msntliaesmnaﬂpdshwerf6l€IFNb,&inH€F gire IB%H@Wﬂlﬁﬂﬁaﬁ ABorédeHsd itfeRbity
requirements for this new class of ODN. Since we noted that potent i mrune

st i mulat IMFD etiNcvsieigingde thess F pells- pal i ndr ones, ODN 2449

TCGTCGT Ty nd 2450 TCGTCGT TTTCCCCCCCEEEEG,
(SEQ | D NOEW%% fﬁzﬁ]eaéérﬁ%su%ef%c r| ch pal(l ndromes which were
sinply strai gieves! ddditiconldD N wesd syathghited 163);de®betsetrltcaumtste(ﬁa thodthewesl by
strai ght neither of, th i nduced | FN-a
product i oR lﬁxﬁ&n&r}gw% ne\gfc*ag bl %&ﬁoﬁlrgﬁt‘@tqo&ﬁ‘ that Hof?ﬁ{l‘l‘?én%’tqsﬁm“&t%y
sequence QBN cneuatnredirtl]cznﬁgpdﬁ‘ﬁﬂﬂofnes @NE@N) mﬁilt‘)é(i}'@@f@@mh 5 @@E%G(; TT, SEQ

0 test the SS|||tytatte'an3

ot eri®at 10 B NEh D S A4f nebp e T mRet o e s, SHRID Neat prverei g
Cm@@mesﬁﬁﬁ% héeN§E-ri2 B balkd AT, &%lsgn]%l?\ggtlmﬁg x SStioWid s#;ax%;ﬁ)s' ng

i nmune stinulatory activit | ndeed, ODN 2451 y stinu
Cs, or straight Cs followed %y straight Gs. As shown in Figure 16, neither of these ODN
induced IFN-a 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
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(Figure 16).

synt hesi zed to determ ne whet her additional . . .
end of WHha3NBEECECGCGCCG (SEQ 1D NGO 23) pal i ndrome w rlhowisi/adssci ng t he

3|

ODN 2452 (TCGTCGTTTTCGGCGCGCCCCGITTTT, SEQ I D NO: 12) was 30

sequence coul df pFEBIWBE to t he

i mmune stimulatory 49 WO 03/015711 17 FEB 2006 PCT/ USI 12/ 26468 activity,

provi ded dchigitp,throvitlet the ytiffQRIBGGTOGTIOG ivasf Wik dritie 5" en@Nthdetd)dae DN fag CODN
Exanpl e 11. Variants of

was al so

secretion,

.1 mmun

HRANE
CDN 2395 AFHlehiimmung
struct ur agxangasli [ eVEMrSs &fom'z@wsﬁa GbRSRIueon

variants of 95 were synt hesi

e.st]

Smhlafhre Higin 1.

gure 16).

R

To study in nore detail
G, S induce IFN-a
and tested for their

t he

i munost i mul atBr yummlmq’rcyletaff @lblseruausi!lmqarrcmexﬂs oftbiscetvaclsonfODN tog | FN- a

i nduct. on.

ODNSEQ | BPfRse

200639t cghfr@irdobdigha
2336579gGGACGACGTCCT

FLBN o Rl Bl o
&%ﬁétgit&%l)

95 and th

Wik Pt st and R Fo? ey

PSNufInRRSeslBe data concerning IFN-a induction.
cl ass A+++++

eir

| FN-al' 2

23951t cgtTaple 3.t ¥apipngrofdON @320 06! theip IigibetionefAFRt'dt cgt t t t cgt cgcgegeceg- -

24283t cgtegtiticgicgegcg96g 24204t cgt-cgttttcggegecgecg+cg " gc by
pr eser vi|ngBN F‘a?“f‘ﬁ'&r’@h 243058H0% gt t t t chdelgenEydcg- Pescrintion | IFN-u Induction
243301 ot 4 oo o ool 11 cdgoe R0 D 70 w o 3] o
529459t cg?%t t t t CPgccd CEGEOsSHET CagereT3| g- + "ODN clss A Mhaan
5207601 qot gontt ++ cggesdoianedn e e’ 0,08 2000, cer it dorazasgsaakasos
w t net hyl 2%7 (z) + £3281 @%‘t‘“ﬁ’é&‘%“%“f%ggcgc?gccg+gc of 2395- -
213619t gctgaggt t cYgCOd asa@bdgiketdedaty S31D[L3tcct ag ttc € ¢ € qcg

2429 4 tegtegtittcggeggecgeeg + - ﬁ:]?: d;:::;‘:rving ++

2430 5 tegtegtiticggegegeegeg - +

2431 6 tcgtcglmcggcgcgccggg. +-

2432 7 tegtegtiticggeccgegepe +

2433 8 teglegtittcegeepecggeg -

5293 58 legtegtittcggcggecgee (+) 2429wl 3' g

5294 59 tcgleptitteggeegecgec - Ixpcecw/od' g

5295 60 leglegltitegpecpecpeeg 5295 wid'g

5296 61 teglegltticgeegeepecg -

5297 62 tgetgetiticggeggecgeeg + ge of 2429 -

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

5328 15 lgetgetitteggegegegeeg + ge 0f 2395

2136 19 tecigacglicggegegegeee +) +-

5315 13 tectgacgltcggegegegeeg + Ionéégga\lﬂiﬁrimc +?

5329 16 tegtegtittegegegegegeg + 2006 + 1631 )

'Underlined are nucleotides that differ from 2395; palindromic sequences are in italics.
?All except ODN 2336, that represents a chimeric backbone ODN (capitals indicate

10

phosphorothioate ODNs.

phosphodiester linkage and lower case represent phosphorothioate linkage), are completely

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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+2136 w3' g +? g g gg g g gl onger palindrone

532916t cgtcgttttcgcgcgecgegeg+2006 + 1631(-) ' Underli ned ans pg | et | des
t hat diffewofilz@M2395; palindromn c sequences are in ital iﬁ@r,us(gﬁsexcept
ODN 2336, that represents a chineric backbone CODN (capitals indicate 10

h hodi j I : : 0k ,
phospho 'ﬁﬁﬁoﬁ%nl fo[¥BORARIBNlPIRN- GRS LIS AR RAGNMC ANOHRN Bl hdhOR Fodu020)

are conpl et'e phosphor ot set of experrnents
usi ng t heofiFdseijsee @89S aalt 24 2@Dhkhdigh Soran ODN2WRou2 438 a palikdromeRt ke 88dndt hat
t he palindrom c sequence _at the 3' end of the ODN has an 50 1 7 FEB 2006
WO 03/ 01518t PIoN 2440 ondbeRbB243dh#)sq wduced FN-of isomgwbattlewer agrountsiexampder et i on

by dendritj | t i . | EN- 2395 d
o0yl HAEER A OR HS AR A PRAGA Mgt dndinf PTG o SheAT
(oo o o s A Con. D0 g s AN+ armount

e .in Figure . , i nduce e _hi ghest anounts
SR 5. indResnude Smodiiber (ecubking. ) SwpRiEaa smereied PPN 2dBouar s
and ODN 233fcedehvasmightr @ihints Bﬁ%%ﬁ@tzddlfg%QFig%WPm. A inﬁb&u%ﬁﬁﬁ{ b DRIt

experiments denonstrated that i'nduced even higher anmounts of this
cyt oki ne TEGduetd (a.gBPDNAZ7And SUAN 2428) apifeared taibavetnepativie effE@ComtiN-& (e. g. ,

ODN 2427 and.. t.o.have negatd ts on | FiNa

secreti oné.:Jec g@(’;b%s;éégétd %B? I%%{m&’?ﬁ?ea %og"ﬁfjs%qei e(}flcglﬁld‘éﬁéé%befg%hf%@d the gcc
at t he 3' seemédd idplsyee pesdiblexrofdl iayhesobparsad difeetsr ol € i n t he observed effects.
Therefore, we pested another set of | havjng GCC sequences at the 3
end. None of l??é"’%”dﬁ’f\l‘%ﬁé‘"%ﬁ?ﬁwm ;}Lliﬂﬂfkg Q@&S%ﬂuemﬂb‘ﬁ@)ﬁeﬁ“donl y GCC
itsel f inNghe (FahdsO HDNReRBREVEPD ifdcO BN FikElefit, o ved
effects. In “addi t i on, O%N 5297 wi th a T&Hatﬁh?ﬁg?%'ong{%ég?gaﬁo a{i nduce any
| FN- a despalinéroneSe¢reamat hgbe sidfigentifordhootiservad efetuience. This led to the

concl usi on t hat . 0 3. { ndr om ¢, sequence but also the 5 TCG
motif is inpo?lpa?ﬁ@h?'bi&gweﬁg&vft(}Fﬁ?doélql?%g%d gﬁﬂ@? in ?esanﬁég‘]'@bﬁiﬁsf"ﬁ%d by
usi ng1 OONbanRBthe H3NARIrvvhicB’ Bequdife: MRksildd)to tHItonOIRsibReHat AR onljRALY! ation of
class A ODNs, nethylation at |east of the 5 notif decreased, but did not

abr ogat e, PAHIPSORNGIREICE BIt alspring STTGEHMeYT isdmpertant £ thpeastivitywhithese QDINS. s

obt ai ned wi th Bjjagss BnffnddWsusi t PR r he 3'
pal i ndrone butﬂé di fﬁl‘%gr ent selasbdegﬁtglgﬂas?% ﬁ%‘és %‘ﬁtﬂesnd w%é{n%%ftogﬁ;est G

di nucl eotthetbylptmneiziass s QPNe, methixlatioa at femstaf therf' motf devreasady butrdddndtt S usi ng

ot O Ao L Tt i SRR v
20  ODNs. 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-q,
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-a.
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-a, 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.
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The fact that ODN 5329 seens to induce no or only very |low amounts of |IFN-a
25 al though having a full CG palindrone at the 3' end indi ¢3tEe8 Q00&t

speci fic pabigsisoiyi ¢ sequences are preferred for IFN-a apﬁgs(;zyzm(ﬁxanpl e
12. Reciprocal relationship between B-cell activation and ucti1on of

| FN- a. A“E:@aﬂ‘ﬂjlé png}fclt% £ SdckerRfll on experinment was performed with a\
panel of 'sonme ite Ceo Egglfrﬁ)lye 11 (Figure 18). The results indicated

that the bett eWe also:dateﬁﬁhled seerefitn bﬁtl:lht;f um iafubafidh &f PBMEs hathdiffebhtve it i s
on B cells (compare ﬁﬁg ‘ﬁbj‘y 2336 2395 and 2429)
Never t hel 8gentiagionsof AbHE ARt pe P‘Ha‘ls (E'Igf‘"b*q Azl MDN&FCé‘eé iseedr to

2336 (cl gpy. y%eQQN)m W‘thstltlé TAHk ?Itdklnﬂ}:f% X£J0552429L Joh FFEI\EI%QQ\??{% c?ﬁ’{e%]ﬁ?7ll

PCT/ US02/ 26468 Exanpl e 13. fect on secretion o erm ned
secr etsi orbepfeenfid @Ddsoves inntasicidar asbyodsifgBFNso ws 4 Feadiohif. er ent  concentrati ons

of ODN at_diffe tine |nts Figure 19 A - Q The ODNs tested induced

| FN-y seél@mﬂi‘-‘nﬁ\m £ffect ALIENG 0 MLBer 2336 > 2395, 2429 > 2006. Nevert hel ess,
the differenc Ktﬂ@& ) sin a as a
read- out . Exa?r% glsqgétwﬁ??%@?ggn I |dzﬁ¥\\}f%§h§@%{tmﬁo %'ﬁ'mh ngndx? e effect
of t hese |gbphanytetrhaction (MER).o this sbﬂﬁhg yymphoaytes ofahe dbiysrnbepond & dngigeds on
(MLR). In_this, settin of one donor. res t o antigens

expr essed*BiySFd ALy &élﬂﬁéggre‘gméb *ﬁég?’ﬁg’iﬂr@@d &B’%E&Sr%pcoédz}:’ a‘ES wihs
2006,102336 2395 wirlablekd emfandSEN- ‘{\@Jc?etﬁﬁldﬁnﬁé)sd?:ﬂQﬁ'ﬂﬁt?gei'x':héc}fﬁéﬁeg On during
such an antigen-specific response (Figure 20). Thi's indicate at al |

t hese ODNFigure2@h|Thigigdiertpdithetall theser@RN tweré alye toenbpreeithd mcactamyltcg speCcH)c.
Exanpl e 18 geﬁ@? 2395 induces less IL-10 than ODN 2006. A further set of
experinments used on the induction of the pro-inflammatory 15 cytokine

| L- 10. Adxempleals. §#PIS289F oududel sy | L-PBMaa O/lmﬂeod)mcubat ed for different tines

and with differe entratiops 21A- The results
dermpnstrate t ﬁa{unﬂ ssepé}ﬁ" ”B@?%&’ “Seée%%a ‘i“ § PF%}“QFPW%FY hi gh
amounts  @ftokime10- 10N AGARL hfork ForPPN- }2§§§4Cst\b@}fe 1dcﬂgzﬂ&?ﬁ)r I}er)feMMeH?{d to low

anounts. In contrast, ODNs 2395 as wel uce nor e 10 t han
ODN 2336 Withtdiffesent qonmtrmm@@Nsr(mguragam Cp nTherrns_ult‘s IdexhoﬂﬁhteZBatpeis this

new cl as n l. v stl activiti pl ace
Thom  botiam bAFODR e A RL MG Al BT I it Ot A8 £ 16
ODN 2395 that ihdoess dnbsmirnTig-ta Idvhamo @ 1AQ0MAtrdsY O Z395h velN 3G 4429 Human
PBMCs ver e cul tured of ODN 2006, 8954, 2395,
2429, or infdyes m §F|dﬁ“ %@%@Pﬁﬁ?@%} Lf’b% %@hoﬁ%{ﬂ 08 dhisagaineaplipnsbatOPdd by
specdi c oFthisSfew class of immune 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 ug/ml of ODN 2006, 8954, 2395,

2429, or LPS, and supernatants were then harvested and TNF-a 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
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25 Results are shown in Table 6. Table 6. Induction of TNF-a by
representative ODN of different classes ODNTNF-a, pg/m (LPBFEB2MIR00640

242935 239&@)]282'??57?%4 nonel6é 52 17 FEB 2006 WO 03/0 15 71}?1?/%‘4325%?%%/ 26468

Addi ti onal nts indicated that cytokincs IL-5 as we 15 coul d

not be detected  in our experinental set S _upon . ncubation of P Wi th

hese. conadauosphseBerpeny AR TRl Soris Tl il Hotie SoBHaothr St Ry i ¢ her

al one, i nif g eRpemeNEE sé¥findslup@n inctibdtibr oPPBFERGA I heseDENNt rol ODN 1585 or

control ODN 2118 at 10 p. /éP-HQ or in the presence of various ODN at 0.6 or
%éﬁ r

3.0 g/ m . ExupeledZs Hndueti vested after 24 hours and I P-10 was neasured

by specific e | ' T . t own
in Figure 22. H%Egpglg%%ﬁ%”,uiéz%%%‘?@é’éeg?ﬁg%ﬁ&%gégﬁ fs’esgwge/p?ﬁs,%%nﬁhm
2452 a3 Ocdnt@l GIDN 8385 oricomtrod @DN At Ifeat dOpghils orah thepré@nceld vaxieusDBN1LS.

I nduction of [EN-a Hupan PBMCs were cultyred either alone, in the presence
of IL-2, P& orRd Hwedpsmatants vsig hasyestsonftesabhoys 2edPr i vasmeasuegbhe 10

g/m, or | i | : ). nat ants
S o SRe SIS AR08 o RSP et e b ipyR9anel

Resul t s aOBNs38h, 24392430,24323hd QEENat3L 0 Pg/61l phdIODMBS Fat@u pg/dBRIILS ( ODN at

3.0 g/m). O:)lgj 2395, %42t71P 429, 2430, 2431, 2432, and 2451 at 3.0.tg/m,
and ODN P#ESFdlprep agowti Pt IP{G. i g ced | arge ampunts of | FN-a. Exanple 19.

| nducig onEQ§m¢|El}lgy1ndl3umrbfﬁ>ﬁk@s were cultured either alone, in the presence
of IL-2, in the presence of control ODN 1585 or control ODN 2118 at 10

pg/ m, or in tHempr BBM{savest culwradnidercripacain thopresenge of 1L32,0n gyerpresence of
Super o e By IS B R U R B RIS
2430, 2430.6 or 3434/mPARibedatind 4Ze Wdrvedted a@bim4 hoaRChndDMNZBHids Akasdr g/ N, al |
I nduced | arge anounts of |FNvy. Exanple 20. Induction of |L-6.
specific ELISA. Results are shown in Figure 23A (ODN at 0.6 pg/ml) and Figure 23B
15 (ODN at 3.0 pg/ml). ODNs 2395, 2427, 2429, 2430, 2431, 2432, and 2451 at 3.0 pg/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 various ODN at
20 0.6 or 3.0 ug/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
[FN-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 1L-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. Inductioh of IFN-at..
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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{ n the

presence s DN at 0.6 or 3.0 pg/m. Supernatant vest ed
after 24 ﬁ{)(ﬁyg{'éﬁl IL-6 was neasured by specific ELISA (fzéz g(iﬂe shown

Fi 25. 2430 3 33, 2136, 2449 . 2450, d\2452
L6 QT IR RaEMEs sl G Sne o o Bt prestica o vER RN 3 PR o2

amount s &0 hemfl. ODREAABILEd22006] F9BucIIBMafo, 249, 2451534507 sFEB 2006 CVO
03/ 015711 P /U802/26468 Human PBMCs were cultured either alone or in the

presence (QﬁGﬁfﬁCGGQCQﬁ\I SHQ B b Que3), 630 FIGHCCEOEGGHECUEEHECO06CC8h54,

(00000 ISEE D R eI SOy GETOSTTT,

( 0
SEQ | B N@]‘CQQCGGG(ZGCEQ (BEECCTECCREGIDAIBAD),andSBCY | D NO  26), and 5377

SO R ARy o et i

Fi gure 264 hofdahnd #39% wadmdasured D9 .spevific éﬁﬁs@ RdsultdaesRSW f'Figure26anPl € 22
| nduction of IFN-a by ODN 5515 and ODN 5516. 10 Hunan PBMCs obtained from

two donorQDNERME, 2d , BP0 pnd\eT %6 aﬂuhduspleé&“héﬂlat her alone or in the presence

f ODN 2Q06, 6.0 g/mM. S t ant
aer e har%@?@-@# ?’écf uctjon ﬂ%@aiﬁﬁﬁ@% %@%’é&ﬂ%d bygspeci fi ngrLIngA?n >
Resulips are shrimaniPBM@Pbbraifed PR 78 Han&d dD AN maTiH0) W%ﬂuﬂeﬁ@‘tg‘e rnor eand

effectively than ODN 2006, particularly at ODN concéentrations o
6.0 g/ m alons oFkethppresage of a&m:zmnow $HIS, er ODNGISNIG 200.842. 4,20 685yg/mhd 20186.

Hunman PB obt |ned fro onor s 45 D446, d D44 e cuI tured
ei ther al’oR g"%t H/e{el,f@%qs tgtfouaj{fdigé £* WapRe % W‘%E 0
20186 at ReSulfdTure fhown nQT%bIeOI 50Dw5515 QnAOBN 5SenaIRal ANS, W6 @ FRAT tEd

after 24 hours and IFN-a was neasured by specific ELI SA. Results dare shown
i n Tabl e tgn QDN 2006, 3urticaioy 20 0B ccmnchtmomfmm Opdinded | FN-a nore

effe 006 a Table 7.

| ndu {’ ?—é@ﬂ%& mé SIFEf/\ &@@gih@ éo %i%%@}NCone D3460240

g/ m Mean  SDVeRthan PBMICSdaiRd B1r8rahred daPS@ A480H944. Gnd D328)A0e2e B tured
either alone or in the presence of ODN 2006, ODN 20184, ODN 20185, or ODN 20186 at

0.05,0.1,0.2,0.5, or 1.0 ug/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-o (pg/ml) by ODN 5515 and ODN 5516

Conc. D346 D240
ODN 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 24 36.6+2.1 106.7+17.3
6 39.2£26.5 127.3+£7.7
0.8 4.3%0 22.340.1
5516 24 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
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55162. 431. 90172. 582. 3 626. 61990. 415. 4 none--0020. 96.5 Tabl
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[71. 895. 9

D. 104858

0182@%9P56. 28. 298.851.935,
P68.07115. 9 1.207/84435. 7111883.84B.115.

1314980 2
83. 43.5+£3.8

0. 0565. 010. 8217 2008. 4p4. 31%. 2 |0. PEI+61.634€7. 493.72950. 5. 939.1£5.0
201850. 279. 32. 41420. 583. 11%0. 25. $10:+5281. 30. 22D&E12772.[31629.480.8
1.0176.912.51710. 319. 7181.010. 1 0.28321591. 1223428+ 370. §1. 648.7+29.8
0. 158. 37. 6814 228. T11[. 5008 2010085 @dbhp. 0. 5188nd1230. 4195.0000. (b
0.5267. 77. 91744. 154. 7TR27.¢/6. 9 | 1. 0468 709. 31113965+ %1B. 715149 1124 8
Medi um - 0. 00.1012183. 0p4. §32. 7 |- - B509+045. 312133644216 | 314.0+22.2
0.5 757.245.7 2171.8495.9 268.7+15.9

1.0 194.3+5.7 1181.9£15.1 5.8+3.4

0.05 65.0£10.8 217.9+28.4 543142

0.1 63.6+1.3 467.4+23.7 150.9+5.9

20185 0.2 79.3+2.4 1420.5+83.7 160.245.5

0.5 281.3+0.2 1965.7£72.3 162.4+3.8

1.0 176.9£12.5 1710.3£19.7 181.120.1

0.05 21.9%1.7 223.1+1.2 79.81.6

0.1 58.3+7.6 812.2+28.1 111.36.8
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 1113.626.4 13.7+15.4

Medium - 0.0£0.0 12.8£2.0 64.8532.7

- 0.0+£0.0 45.3£12.9 36.4+2.6

Example 24. Induction of IFN-&. 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

5 (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-a and IL-10 were measured by

specific ELISA. Results arc 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
pug/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
0.03 305.626 309.581 599.971
0.06 6039.51 2028.52 4707.01
8954 0.125 7322.45 4669.31 5340.21
0.25 7651.13 4641.1 5324.55
1.0 7078.59 4679.59 5474.94

h
N

ction of
2006

\




Exanpl e 24.

| nducti on of

| FN-a by ODN 8954, 5569, and 5570. Human PBMCs

obtained fromthree donors (D521, D525, and D526) were culyt g 2088 t her
al one or iWeolREN[ESence of CON 2006 (SEQ ID NO 39), ‘@g 0259 5569
(TIGTI GTTTT SEQ ID NO 63), or ODN 5570 5
(TCI TCl TTTTCREEEEEEEEEE \ ; a0 03— Pfpor0 25— 2em or A 0
g/ m . Superng hours FN-a ag?l; 510 wer e
nmeasur ed by . 2esu|t hown in e 9 an 11 ~-[Tabl e 9.
| nducti on of by | ODN 89 1 469, an ODNCor 3.-2‘16%21 D525
D526 g/ m Meap SDMean an| SD 0. 'b 674239. 6. 393 110%58
0. 062405. 63385161126 514-Y200460_125 1549 6128l 3 .
0. 252248. 94532. 6774. 493 40H362. 7416182{?9@453 087 04273%%. 6263020%:698199. 971
0. 066039. 512028. 524707. 4089540, 1257t858. Bj4660. 3M02I4tB[21  218.201
0. 257651. 134641558324 59.12507078. 5948%79.605474. 94653.300 03/ 4F77938|17 FEB
2006 PCT/ USp2/ 26468 |0. 08342. 784121.5642%68(751 0.3I86H190| 72365. 6B3RAT6|888
55690. 125104| 54749. 365411046 . 25111.679867. 38343501669 2560.93
1.02247. 97115 771101158 0- 03872, 648454885250, 196142151858, T65Eg83|18218. 201
55700. 1253470, ¥F%EY 13477, 938 0. 255612, £33369. 995@%FI6 0
Table 10. Induction of IL10 (pg/ml) by ODN 8954, 10101-2, 5569, and 5570
ODN Conc. D521 D525 D526
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
L 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 38.528 455.145
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
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1. 06798. 33501. 592560. 93 Medi uml45. 436214, 21266. 853 - - 245. 121218, 6220 Tabl e
10. Induction of IL10 (pg/m) by ODN 8954, 10101-2, 5569, fpce85M0s
ODNConc. D5a4REa56526 o/ i Mean SDVean SDMean SD 0. 031511,3;%%(4984485 823
0.06384. 377218 651898, 299 20060. 125404. 352242. 289991, 614

0. 25357. 6 AG5dA50, . ; 9\

0. 065. 3455‘%%1‘3‘.{‘%7 39 greifztgﬁégg@g%@g@g%éé%_@ﬁg@%@sa‘iég&gfggééﬁﬁaﬁ

1. 048. 90430hi8ghe$OPT 0fthe apBodedddims 3T8e 0d\06@PesRdHbOE of the invention are not

55690. 125 1 4350. 29 1. 0256. 785136. 8331156. 07
o.0300.31é§§§9?§‘8é§§%5§$ﬁﬁ§?§g’8§§§ digﬂfégﬁﬁ 18%338. 528455. 145

0. 25259. 812107A1]164‘&r]:6&s41ﬁ1tehxmﬂa>afb89;ﬂmﬂicaﬂt%iBﬁBar%ecMediImms-aiapﬂcﬁﬁ&@a:@%
--0.2911. 1920 The .f gr egoi.n ert% ecification is considered to be
suffic enl“c?@o"e’l‘FQHPg’eHrF@“ ¥ harglg YSC N¢%he art to practice the invention.
The present inwnridign is not to be limted in scope by exanpl es provided,
since the exanples are intended as a single illustration of one aspect of
the invention and ot her functionally equival ent enbodi nents are within the
scope of the invention. Various nodifications of the invention in addition
to those shown and described 56 WO 03/015711 17 FEB 2006
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PCT/ US02/ 26468 herein will becone apparent to those skilled in the art from
the foregoing description and fall wthin the scope of the appended
claims. The advantages and objects of the invention are not necessarily
enconpassed by each enbodi nent of the invention. Al referencqy, FERUEBt S
and patent publications that are recited in this application are 5
incorporated in their entirety herein reference. W claim 57 17 FEB
2006 Cains 1. An i munostinulatory nu acid of 14-100 nucleotides in

| engt h having a base sequence conprising the formula: 5 5 PXi DCGHX2 3' or
5" Xl DCGHX2P 3! \@er ein X1 apnd X2 are mdefpendentli;@any sequence 0 to 10
bases | ong, !D i s/ MiaEospmplatory pyeleicacd 9fd 4cli0guiclretides indenpiahavieg aH i s a

base other bhaeSuend®doRnlisn@ e h pal i ndrone-containi ng sequence at
| east 10 bases %\egrjl, elraell ?]Q Oll—-rﬁ":llg thymne (T) and X2 is CGITT or

CGTTTT, 10 5)P¥1D(§GHMIQI§IXIID§KBHX@IH’6m c, His T, and X2 is selected from

th TT, and CGITTT, and/or c) P
ol Udes at 1 oas G R AR AR HAREngént anxseq e 04 1 rbiss bing, Pch e c

acid as cl abaRdthar m{nql;r@ 3’(‘6’5‘1’31{ B a) 5
XI DOGHX2PX3 3 thef (LG b ot anegggétéggﬁﬁ%qpls 3%5§8@g§@§§%ﬁwp ?%g;-

XI DOGHPX3 3fich mﬁé}dé@me-xgnmmlwqgwa@hbestaOtb@serOomms»ézerdlmng c) 5

DCGHX2PX3 3', qu ses long, d) 5
TOGHX2PX3 3 gg‘%‘@"h’g(ﬁﬂ% HEEErDol fotdiaces long, 20 e) 5'
DCGHPX31®' , wher b) mlxaomplewnypaemmm@}lqs TOankOX PRSeRcle@Pidm MYy f) 5
DCGHP 3'. stjnul atory nucleic acid of 14-100 nucl eoti des in

| engt h havi ﬁ%}‘S&tmgngg%s%r%TE&@W&w%ETﬂirmﬂV@ 25 5' NXI DCGHX2 3'

or 5 Xl DCGHX2N g) p ﬁ@ésrhtiga ﬁﬂﬁhﬁﬁg@f %uhé‘ pendently any sequence 0 to 10

bases long, Dis ase ot 'ytosine, Gis guanine, His a
base ot her than Ci and Nis a 13- cell neutral i sing sequence beginning with

CGG and is at t 10 bases | ong, wherge 1) for 5° NX1 DCGHX2 3': 30 a)
His thym nZ (T) néwmu&pstlmulatory nucleic ac1d as clalmed in claim 1, wherein the base

15 sequence comprises:
a) 5' X;DCGHX,PX; 3', wherein X5 is any sequence 0 to 10 bases long,
b) 5' X,DCGHPX; 3", wherein Xj is any sequence 0 to 10 bases long,
¢) ' DCGHX,PX3 3', wherein Xj is any sequence 0 to 10 bases long,
d) 5' TCGHX,PX; 3', wherein X3 is any sequence 0 to 10 bases long,

20 ¢) ' DCGHPX; 3', wherein Xj is any sequence 0 to 10 bases long, and/or
f) 5" DCGHP 3,

3. An immunostimulatory nucleic acid of 14-100 nucleotides in length having a
base sequence comprising the formula:
25  5'NX,;DCGHX; 3' or 5’ X\DCGHX;N 3’
wherein X, and X; are independently any sequence 0 to 10 bases long,Disa
base other than C, C is cytosine, G is guanine, H is a base other than G, and N is a B-
cell neutralising sequence beginning with CGG and is at least 10 bases long, wherein:
1) for 5' NX,DCGHX, 3"
30 a) H is thymine (T), and/or
b) His T and X is selected from the group consisting of CG, CGT,
CGTT, CGTTT, and CGTTTT, and
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b) His T and X2 is selected fromthe group consisting of CG CGI, CGIT,
CGITT, and CGITTT, and 58 17 FEB 2006 2) for 5 XIDCGHX2N 3': a) His T and
X2 is CGITTT. 4. An inmmunostinulatory nucleic acid as clai ned |n I
wherein in the 5 fornulae 5 PXIDCGHX2 3' and 5 X DCGHX2Pp 317 eﬁ@nus
unmet hyl ated. 5. An immunostinulatory nucleic acid as cl ai ned |n claim 3,
wherein in the | ?;gx}mz 3" and 5 XIDCGHX2N 3', the Cis
unmet hyl at ed. 10§g&g2'gq%§g%%%‘|nulatory nucleic acid as clainmed in any one
of clains 1-5, wherebaHtiH& and¥yio€GTMITat ory nucleic acid: a) has a

nucl ease-resi stant backbone, b) has a phosphorot hi oate backbone, <c¢) has a
chinmeri c backbone, 15 d) is 14-40 nucleotides in length, and/or e) is
14-30 nucl eqti de%n‘xﬂm‘uﬁﬁgﬁtﬂula?or AllclbiIRY ﬂ%%!%ﬂk%‘rp&é{mpyc\bﬁér&n%%% as
clainmed in any one of clains % m%ere n ase sequence fu#}her

conpri ses afqpiulaet’ Bé(qﬂéﬁd@(a?('an@é’EID@GHXaHG/ dre Qis urﬁxﬁbth;ﬂetea end. 8. A
phar maceuti cal conposition conprising an i munostinmulatory nucleic acid as
claimed in any one of clainms 1-7 and a pharnaceutically acceptable carrier.

25 9. A phasnacemiimiur@@mmomdr;( ﬁﬁclé@taéﬂdads%%n?dhrpélé’ah{@ &Nhérahtdﬂﬁ{e
a tunour antigen

conprising an antigen tio :

i mrunost i nufosmylag 5n8@4 Qcéﬁé&%f aﬁé\ﬁl RPaGhasd %éh@@negnmsﬁwlat@i ng
TCGTCGTTTT (SEQ ID NO 1), 30 TCGTCGTTTTOREOE0G00 (SEQ | D
NO 4), TOGICGTTTT (SEQ ID NO 5), TCGTCGTTTTCGECGOOGECCG

( SEQ | DINO. 66) , aaiﬂmtﬁﬁalra@ﬁﬁ)ryﬁﬁﬁmeﬁwmné%aak& NS, 7),
TCGTCGTTTT TTTT (SEQ I D NO .12), TCCTGACGITCGGCGCGCEOCG ( SEQ
ID NO 13), VhepEiaemppppesiraglaonmsiqisedd D No 14), wherein Zis 5- 5

met hyl cyt osi ne, % has a nuclease-resistant backbone,

b) has a phosphorothioate backbone,

¢) has a chimeric backbone,
15 d) is 14-40 nucleotides in length, and/or
e) is 14-30 nucleotides in length.

7. An immunostimulatory nucleic acid as claimed in any one of claims 1-6,

wherein the base sequence further comprises a poly-T sequence at the 5’ end and/or at
20  the 3'end.

8. A pharmaceutical composition comprising an immunostimulatory nucleic acid

as claimed in any one of claims 1-7 and a pharmaceutically acceptable carrier.

25 9, A pharmaceutical composition as claimed in claim 8, further comprising an

antigen, optionally a tumour antigen.

10.  An immunostimulatory nucleic acid having a base sequence comprising:
TCGTCGTTTTCGGCGCGCGCCG (SEQ ID NO: 1),
30 TCGTCGTTTTCGGCGGCCGCCG (SEQ ID NO: 4),
TCGTCGTTTTCGGCGCGCCGCG (SEQ ID NO: 5),
TCGTCGTTTTCGGCGCCGGCCG (SEQ ID NO. 6),
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TCGGCGECCCACCGICGICGITT (SEQ I D NGO 11). 60
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TCGTCGTTTTCGGCCCGCGCGG (SEQ ID NO: 7),

TCGTCGTTTTCGGCGCGCGCCGTTTTT (SEQ ID NO: 12),

TCCTGACGTTCGGCGCGCGCCG (SEQ ID NO: 13),

TZGTZGTTTTZGGZGZGZGZZG (SEQ ID NO: 14), wherein Z is 5-
5  methylcytosine, or

TCGGCGCGCGCCGTCGTCGTTT (SEQ ID NO: 11).
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