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20  instances these nucleic acids have a CG-rich palindrome or CG-rich neutralizing motif.

Applicants previously recognized and described oligodeoxynucleotides (ODN) containing
neutralizing motifs consisting of repeats of the sequence CG such as CGCGCG or a CG
dinucleotide preceded by a C (i.e., CCG) and/or followed by a G (i.e., CGG, CCGG). These
neutralizing motifs were believed cause some reduction in stimulatory effects of CpG
25  containing ODN on multiple readouts, such as secretion of IL-6, IL-12, I[FN-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



i mmunostinulatory. The neutralizing notif thus, may, but need not occur
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pal i ndr Oﬁ&g}crmai ning sequence at |east 10 nucl eotides long. In some

enbodi ne i mmunostinulatory nucleic acid is 5 NXIDCGHX2 3', 5
XI' DCGHX2N 3 1I&0Wm§nunoﬁmﬁl ac?amdoqf 142@@%%3{3 a@ iR len>%§1
Xl DCGHPX3 3! , or 3 3 1I's any

25 sbiquenf@ééld(@dt ha oudieie lagigthiag ths foomga: ¥ PK]EEIQéinehbad|anéngretlhéependently
i mrunost | nul at or D and/or. H are
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CGITTT. gidnie. H &nﬂm?élkotxﬂe aﬁeothaﬁ:Gr TIhE rackdr dbidigequencetaherindodedineris. 30

According .to other enbodiments Cis unnethylated. N.inc]udes at Ieast four
CG di nuclebsiagerceasteciss s desaip qapssarekl muLR Ieditipprdsimmediaiglye” to X

enbodi Megt g melifQy 3340k N & DELENRAA A HERequence which begins with a CGG

20 trinucleotide and is at least 10 nucleotides long. P is a GC-rich palindrome containing
sequence at least 10 nucleotides long.
In some embodiments the immunostimulatory nucleic acid is 5' NX;DCGHX; 3', 5'
X DCGHX;,N 3', 5' PX,DCGHX; 3, 5' X;DCGHX,P 3', 5' X;DCGHX,PX; 3', 5'
XiDCGHPX; 3", 5' DCGHX,PX;3 3', 5' TCGHX,PX; 3', or 5' DCGHPX; 3'. Xj3is any
25  sequence 0 to 10 nucleotides long. In other embodiments the immunostimulatory nucleic
acid is 5' DCGHP 3.
Optionally D and/or H are thymine (T).
In other embodiments H is T and X; is CG, CGT, CGTT, CGTTT, or CGTTTT.
His T and X; is CG or CGTTTT according to other embodiments.
30 According to other embodiments C is unmethylated.
N includes at least four CG dinucleotides and no more than two CCG trinucleotides in

some embodiments.



Optionally P includes at | east one Inosine. The nucleic acid may al so

i nclude a poly-T sequence at the 5 end or the 3" end. An
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nucleotides. According to other embodiments P includes at least one Inosine.

20 In one embodiment the GC-rich palindrome has a base content of at least two-thirds G
and C. 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 (SEQ ID NO: 28), CGACGATCGTCG (SEQ ID NO: 68) or
CGACGTACGTCG (SEQ ID NO: 69).



In certain enbodinents the GC-rich palindrome is not (SEQ I D
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to single nucleotide which is either a Gor anl. Gis guanine and | is

| nosi ne. GGLIGRECCE GEHEQHANE}SE)-1 to 6 nucl eotides long. Py is a

pyri nd di ne. i t. i i .pal | ndromne
ont & ni ng el oRRHErRERRN R a3paHes B Rorh Bhroli b BiRERE CF T s
a GG ri ciTPpairfCe) TOG: TTIOG, A TREG NPT GENCS TPTTSGAN TTTOGTS hncMC'G’ldI@DBl.

N1PylI N2 in sone enbodipents is TCITCL TITT (SEQ 1D NO 47). 15 The nucleic
aci d ol ecul e4NdBSRPHERY H’QF%PWT%WH& é3-é§9nwwdaf nygREB o Erovidsdposi t i on.
In sone gnBRGhIRYiReralSct BIUAORY LN IRE ubidfe! 81 ChaBhfofRE1ads 30 PRLANSP Y
nucl ease-resi stant backbone. The nucl ease-resi stant backbone may” be
conposed3'ofG/1 pfiers phonge hidevtedel whiklagessthen nGor bel. Eribgdinmmnarsl Itif bnosine.

i mruposti nmul ag.ory nucl eic i d has onplet el hosphaqdi.est er backbone.
| yBE ot her “Nbiscu SEELSs AE ¢ idieses RAFRPSISH BePRRBROAE SN Gealdts

chi nmeri ctomckadeded Ion@ne enbodi nent the i munostinul atory nucleic acid
has at | east one phosphodi ester |inkage between a CG C or a IG notif.

Al t er nat i vel yP is 2 peindpnggontaping sequenee atacasht G pieleptides opgyinmsome wi t h

m cr opar ions; . - 3 [ n

i vo. " TenfpEen i R Sieh SARKERE. WA oD a RN B BRIt D e
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completely phosphodiester backbone. In yet other embodiments 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 (SEQ ID NO: 1),
TCGTCGTTTTCGGCGGCCGCCG (SEQ ID NO: 4), TCGTCGTTTTCGGCGCGCCGCG

30  (SEQIDNO:5), TCGTCGTTTTCGGCGCCGGCCG (SEQ ID NO: 6),
TCGTCGTTTTCGGCCCGCGCGG (SEQ ID NO: 7),
TCGTCGTTTTCGGCGCGCGCCGTTTTT (SEQ ID NO: 12),



TCCTGACGTTCEECGCGCAECCG (SEQ | D NO 13), TZGTZGTTTTZGXZXIZXZ&XZZG (SEQ I D NG
14), wherein Z is 5-nethyl cytosine, TCCTGACGTTCGECGCGCGCCC (SEQ I D NO
19), TCCEOUGEIOGICGICGITT (SEQ I D NGO 11), TCCTGACGI TCBCTESEes36C ( ODN
2136, SEQ ID NO 19), 5 TCGICGITTTCGECGGCCGACG (ODN 5513, SEQ ID NO 64),
TCGTCGT W@C@WQ@YGM ($B@IIDIN(NQ3)6BZLGTZ(E¢GT S CAL G2
(ODN 5515, SEQ |

Sccoccooci) 5516 SEQ | D
NG 67) . (SER TANO: dé&»d?’}éﬁr‘ﬁg 28 56%1%}’1%%5‘8& ?%?@AW?W&QMQ%GC%e

'mTU”OStdrSECd%EﬁWO’ 1@% T‘G@G@'GC@(‘?G@C@C@R:Q?T’T?@E qbl 98 g, sequences:

TCGTCGTT (ODN ~ 2395),” TCGICGITT (CDN 2429)
Tcmwwwcmewmeagqmcm (ODBRICETSHY TBAEEOMEGCCG  ( ODN 2431)

15 TOCTHPET TR LA e SFh et GGG | (CON 5327,

wher ei n FCGTCHTENOGTEGHEOETCGIOTIEASE] REGATENGEESC (ODN  2136),
TOGTCGTTTT OGGCGECOGACG é; TCGTCGTTTTCGTCGGCCGCCG (ODN 5514),
TCGTOGTTHEEEAEATTIEGAC (C(Qﬁﬂﬁ'?f@ (ODN Q& SERT ;

OO OO T O N 9456 O e i (N 2431).
TCGTCGTTTTCGXGEEEEREE ing GDMhe43MadifGET CGRE T SETlatoGDN 2452)
aher ] n DAASC 6CiTeR PR Ty 0 QAR e SRR RS e G eBRe (TR Ry BRE

TCGICGT T3 Wﬁ%ﬁ@bé@t@soc@ 429) CGT CGECCECCE (ODN 5514)
TCGTCGTTTTCGACGGOOGCCG  ( ODN 5515 CGTTTTCGGCGECCGTCG ( ODN 5516)

TC@&@@@@G&@W@W@@@Q (OW@@TWWC@@G@@C@l?s SEQ
ToGTOGTT I CTROET A Cob: 2oL C S KT 52 7 o cetemoea00aTes (con
20178, SEQGTRGIITTARHGCSCECGBOGISTINIT @IDNWES62), 26468

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




TCGTCGCGACGATCGTCG (ODN 20179, SEQ ID NO 75), TCGICGCGACGTACGTCG ( ODN
20180, SEQ ID NGO 76), TCGITTTTTTCGACGGCCGICG (ODN 20184, SEQ ID NO 77),
TCGTTTTTTWO@AQGATCGTICG (ODN 20185, SEQ ID NGO 78), and 5 PCT/US02/26468
TCGTTTTTTTCGACGTACGICG (ODN 20186, SEQ ID NO 79). According to certain
enbodi NnERCE6 TEC G ARGAOREGTUGAOMNY 2611, SEQ IBXNG: V)l udes the sequence

{he. it GOTGRIGAGRARIETERLOL a7, RO TENGLRRe Tosaoine000aaToBTaaTTT

(ODN 245f¢G TG ThTaas Aecedd Gt GROMMes0 18409EQIPMMI #1Ng t he _
i mmunost i nul at or_%r nucl ei c acids described herein and a pharnmaceutically
r

accept abl' € G IdIT GGAREAMICEE - @dOMNZ NG St BEQURNO: Bpuk s of the

i nverd i Z_l"if#:ﬁ' t j i for inducing type 1
i nt eﬁ e(r)g%GH} ecx%g@@gﬁo%ﬂ%égréoﬂ\w%@gk %ﬁlpreﬁ?gﬁﬁi nvol ves contacting a
cel | capabl e atcedingessértagh énibadithentd She ikhwdoktimalatoey heeleic weidangiudds thd an

i nmunost i mul atord/ nucl ei ¢ é&i d described herein tqQ 1nduce expression of

type 1 |¥RUenmRe GRUERGUAOEHOHHEICETHEEPEN 244, RERIBN®o Dadk peritiing a
nat ur al é&hﬁ&ﬁﬁleﬁﬂé"ﬁ%e igr?hﬁnostif'ﬁﬂﬁtd}?hﬁ&é’icia@l\ﬁ% HRSeqRAL&Cting an NK cel | with

an effective anoun an 1 munostinulatory nucleic acid described herein
to acti vECEQUECOKGEKIGTCAICGT etOIaNRdbl)aspect s the i nvention is a nethod

for eating infection.by admnistering. to a subject .having,or at risk of
develbpi ng anMERCERIC RO R it Sanigun fe SpRtoTimaRBL T afdr
nucl ei ¢ @stlbdlafesin Reda PRirgiabeutically s@aptable cRIrRY & Pro¥iled AdibREAd @bthdrn some
enbodi nents the subject has or is at risk of devel oping an infection

sel ect edaPedprf He igeatipn. consi sting of a viral, bacterial, fungal and
parasitic in ﬁlcéth%m%gc% Aﬂlh&ﬁa%xﬁidﬁ a%{{%ﬁa ?&?@ﬁ&oﬁ&?ﬁ%hﬁé’rfér@% @Ih?léﬁsal one to

adm ni stering an 1 nostimul atory nucleic aci e 1 nven
treat oreypresgontis progidedf #ht methodlinvaesstcantactingrodtlinapatde of éxpremsingagpe 1

SECOTS D i SERRC S L M AT SRR oo 1 o

anti vi r ajndagefipresdion o Ripeflupgal agent, or an antiparasitic agent. 30 In
ot her aspects the invention is a nethod for treating an allergic condition
by adni ni st eTheigpvewsion i8 gBjeeaspepiavs hgethod dor actisitingfa npdwel loPer(@Kareell | er gi ¢

thggf?l%%ﬁgg ]:S)]I:j ?E&C)Il\\//e]% cox@tagg%gga:?{ﬁ&%Z& ]chf'l n/elfggt%e%?rf'o%%t of Py nt of an
y nucl el c acl escri be erein, O treat or prevent t he
immunostimulatory nucleic acid described herein to activate the NK cell.

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

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

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

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



allergic condition. In sone enbodinents the allergic condition is allergic
asthma. In one enbodi nent the allergic condition is asthma. In certain
enbodi nenwe osleesTmet hod i nvol ves admi ni stering an i nmunostPCRISa/264¢8 nucl ei ¢
acid of the invention alone to treat or 5 prevent the allergic condition.

I n cert aafo@tidah iMufostifelaByedleaCad @isdgbddtherdihSo agpestpréfent thee

i nvention further includes adm nisteri nﬂ to the subject an asthma/allergy
medi caneftergic gonditien.elngioms, enthedimnit trpiersic wndition dsalkeggiapdbmai nducers. A
et 10d. T B ordlefilolierf BRCAordi S AU I AR CTEL R LR @RRSHLROQT L De

i nvention. e nethod involves admnistering to a subject having or at

ri sk of ueviebopdmipisterogranemmamostirfulefofenddlaie addofitite infentinn alvne nosédtionl at ory
nucl ej ¢ acid descrihed herein, to.treat or prevent the cancer. .In so

embodt moktesent f Alsreronditian osedein embnditeayhe D hod AT ST adC B BREHIOT ce |
car ci nonge iMehtidh YurtheRficlueiaNs®hinisRrRg 46 theGabe bl an RAAR/ARASLHediPAAEM eaNd CNS
cancer; breast cancer; cervical cancer; choriocarcinom; colon and rectum
cancer; #emidscantihestanivey @nd prostaglandindndusersof t he di gestive system
endonetrial c ; e ; D f the head
and neck. _gastiianed B AR 0Bk Ao RE RS oty RE BT kol o Ve
cancer; Thainethod involwesadmatisering ﬂom@bjeaﬂwing(c&.agrislsafddvramidﬁ eadmdcéi(hlﬁl- smal |
cell); | homa i ncl uding Hodgki n's and_ Non-Hodgkin' s |ynphoma; nel anonms;
nyel ;gfﬁfgmf%_mnag@t&#a{ll gPstERlrtey Rkhrieeid é@sgntecr hageing OriEFakor RFBYAT, and
phar ynx) ¢he @¥et alh oARCEIbodRAGHE B8R chfcer ANEREled fRINP e GupMASSeing of basal
retinobl astonma; rhabdonyosarcoma; rectal cancer; renal “cancer;” cancer of
the 20 redlparcanang, beyasy émyt csngerdrtaddes kinger; hnoeeancer braircindc@N8erncerest i cul ar
cancer; trhgr Qi dC cancer ; %t e,anreoccacncoer . cc%gcer of t@e urr.i nary .;s,%/ﬁtem and
ot her car T SHREETASH @ PSR ST REFTOL: c2ion Saf resiyra IS HEEHGH 'Y VP ves
adm ni st @ caivet HMUE RSN sastehy endodfetreil Cartet; @s@habéi@ chivéLRYE @ihcet;one to
treat_ the cancer. In certain enbodinents the method according to this
aspelt ofancereofithg/kgadiagd neels eaBHC PaCe dig-eritheal Seeplpsy kidnayraneaiplep@x an
anti 25 i.C . @a{]{gg]n(te sipide . ,

radi at i oﬁ&gﬁggeﬁggglaf ﬂg@rl%ltaﬁ‘l&?alw%ns of tgﬁtsalg?l?]\eggt [ ondﬁc%lzaqg%glgﬁ%%gg%gri ous
enbodi nemchidofg Hédzkin’ seehNowhlodgkini sdymphenafmoelenonas) myel qrad; eduobstoemch  of
the limtations of the invention in\AoI vé@g apy one el ement or .conbi nations
of el emefFRECAYAY CBRECH K uliedOtENC e RE N ad I RIPER HONBITTHSABRET BHICTeAfF iCapeer;
Descri pt h@tafcahfi@; 1XiavhlA86ma FhbM nfyobdreihd) Jedtal A &ES; RAA RAQY. @RckroPthe
illustrative purposes only and are not required for understanding or

pracd ci Tegpirdieryisiistemt paspema; SO coB¢an:1BMachRAT¢wSEst c2E4 G8nceRithroal enke; a bar
ar a0 e b BIPANE ot NS 51 A8 T UGB s NGRS 1 L 28,
at 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.



the indicated concentrations. Figure 2 is a bar graph depicting anounts of
MCP-1 (pg/mM) induced in human 5 PBMCs after 24 hours of culture al one,

wi th | L- 2v0mB/01371t he presence of the indicated ODN at thecTrruboraddesl
concentrations. Figure 3 is a bar graph depicting anmounts of IP- 10 (pg/m)

i nduced i n huRirePBMasbar @fdpR depidtitipahsurdd o CIFN-&l (Bg/Al OiRGucediit Rurthhn 2, or in
the presence of the indicated ODN at  the indicated concentrations. 10

Fi gur e 4PBMGs after 24 haws of ewiuse plege.ariulie 3, asfin flenresepssortihg indisgied €PNt human
fher I N/ [ h f th
PBMCs a %%Mg%{%@%%eﬁ%}twyme alone (NNA) or in the presence of the

i ndi cate Figure 5 is a pair of bar graphs depicting
surface st ai nFiggredhisB txe ptaphfdepic@iiB&induvid of MaPE b (peaAfl) oducsd of hutndnt ur e al one

(NVA)_or_j h ence .of the indigcated ODN at 0.25 . 15 (.panel A) or
1074 m PBRhsciteBR T ARG G Quigie Slone UGS, o tgmphace Bl iegteagaNs ot *a
72 hour BeGsditated &ick@iaiohon assay (cpm 3H-thym di ne i ncorporation) alone
(NNA) or in the presence of the indicated CDN at 0.25 pg/m (panel A or

1.0 g/ m (panBiguR)3 isp bpnegeaph depicangameunts of&r 1 Gyipgnl3 irwpedinibmmaaBMECs  of
IL- 10 ( i nd ' d frer 24 hours o ture either
al one (mﬁ‘%r@é}zh".“% %ﬁgﬂ%ﬂre gé%;\ég‘gﬂ%il@? hgﬁ?@gﬁ‘ @5%% e&éﬁf & wa(s(?(izglg%ﬂ/arﬁ%e( panel A)
or 1.0 gindicafedanatenBhtiodsi gure 8 is a bar graph depicting amobunts of |IFN-a
(pg/M) induced in PBMC from two donors (D 127, solid bars, and D 124,
openlbars) f ol igyi hig 20er gEph slepirting aneynds of IFec (ng/BY) inducedin hyanr esence of

the indiggird agﬁl“éé‘hoﬁﬁa%fExﬂ@irgglltoﬁggﬁ@&gﬁ B QB5eelok of ’8§i6:gt/eg?DN% 1 i gure

9 is a bar gra eprcting on‘as neasure rce 6-
positiveugmill s in human PBMC cul tured for 24 hours alone (wWo) or in the
presence of the indicated ODN at the indicated concentrations 0,

0.4, 1.
or 10.0 g/ m )Fignreglise peey ofdbapzigphs dppiohing depicetstagng e Bxeds far Qﬁéﬁ (A (]
/'m t b i . , D, 142,
Soli 0 DB B uRRt sHRy A tANS ARG EsehfR deie uPRERANIOR o B8, Ryt

pr espnce(paheltAcori NGl gatigpardeDB).at the indicated concentrations (1 or 6
g/m). 8 WO 03/015711 PCT/ US02/ 26468  Figure 11 is a bar graph depicting
t he anount of Figan Gis@amgiraiibas grapls degiasipg peNtts of o2 b Bjmibmrghfémw_n,aswen

n ¢ he prelene i BRRE AR BRI i bl M R BEBITL), °,
6 g/ m). 0.2Fiuglnk(paieliss oa 1l0aig/@ grield®pi cting the anount of | FN-a (pg/m)
secreted by PBMC i )

Figure 7 is a pair of bar graphs depicting amounts of IL-10 (pg/ml) induced in human

20  PBMC:s after 24 hours of culture either alone (N/A) or in the presence of the indicated ODN
at 0.25 pg/ml (panel A) or 1.0 pg/ml (panel B).

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



5 fromtwo donors (D 141, shaded bars, and D 142, open bars) follow ng 24
hours of culture alone (Wo) or in the presence of the indicated ODN at 6
g/ M. Fi gwoashds7is a series of three bar graphs depicti ng Pdrarsamossss of
|FN-y (pg/ M) secreted by PBMC following 24 hours of culture alone (n/a)

or in the prepgpfe 10k a%aﬁgrabmdééﬁalr%dh%a{t off MeNion@ghal) 8ekreed 62 PBME T ONS
(1, 3 or 10 g/ in panels A B, and C, 10 respectively). Figure 14 is a
bar gr apfiomdppaiohery (Phel,peer barsaapd DiF2CRdid baes) ifelloyring AB hguns of culiwe afope

| FN-y f o]l ow 8 h -t NA in the. f.th
|l cat c/BbR U pyieged of g bt OPACH Tl soRishMRa 1 P Fedtence

i ntensity (MFibuRf12iE MY shah BER&idothd amehdtdt TUl0WeNEN 48 Loy b5 pafvieul ture
alone (NA) or in the presence of the 15 indicated . Figure 16 is a bar
gr aptd defromttivaglondre (Rirblshadsfl bafsNarzd 1D p4R, wbyn bare) fetlewingy24rhomesof cRBivE

fol lowing 24 h f cult | in t f th

| nai oat clortiw Al o e Gfee B Bkl QoMY gl r G aphs depi et i ng the
t of | FN - - ' 48 h

anpunt o '\h?\lllw{egl%/ 1%%%@1%&%&%‘39 bieraptd dBpERR: RENMOLRY %ﬂ‘f’%pﬁn?r our

culture al one In the presence of the 1ndicate he
i ndi cat egbcrtaiclnBIsiC fohlowinga}4 Iougy of dultufeaat@ie (A/ajl epinahs presaick of tHeor PBMC

pooled fromt onors. ..Panel B depicts results, for PBNC ohtained fromtwo
donor s (‘Bﬂﬂteé\rlﬁ\ﬁ)@a&%?)“}dlﬁ%t : GopogaiTaons pd oF Ebagﬂnldemﬁwf? ﬁ‘g%t #d Ger cent
CDBGTGOOSfegIge\éﬁV?yFeI |'s following 24 25 hours of culture alone (wWo) or in

the presence of "the indicated ODN at the indicated concentrations (0.4 and
1.0 g/ m). FiLigne I#9s adangraph fdemctofg thépereertage of (Clphiscadls stactinggoditines for
concentratio f.IF [ in culture supernatan of .hu MC after
eubat | BN Reving s fot Rt fithuaeiOpt UM FpHan SR 28F o et OPR:

i ndi cated co riat:i ] : 24 30
hours ( panel n%%,ﬁlteo@ lﬁg%ﬁﬁa%‘?%@?%@%%igqg“%a 9\%%%%8%%6%5@6@ ﬂ%’g\} 1% 68

Fi gure 2€ainmgdnHarellgfdjpwined boursgf tlimranonnNA Fit-iv tiearesdnye gfther ated in a

two-way m xed | hocyte reaction (MLR) in which | ynphocytes obtained from
t wo i,)%n V‘glc\%ﬁfig&gul tured for 24 hours alone (W o) or in the presence of

0,70 LS W e g S
super nat BRMC tafllowingadd IRBivCoffultare dlomsuEA) oninghopees¢nat of thewndibatedP@DNoat wi t h
the 1.0 pg/ml.
Figure 17 is a pair of bar graphs depicting the amount of IFN-a (pg/ml) secreted by
20  human PBMC following 24 or 48 hour culture alone (w/0) or in the presence of the indicated
ODN at the indicated concentration (1 or 6 pg/ml). Panel A depicts results for PBMC pooled
from two donors. Panel B depicts results for PBMC obtained from two donors (D141 and
D142).
Figure 18 is a bar graph depicting the percent CD86-positive B cells following 24
25  hours of culture alone (w/0) or in the presence of the indicated ODN at the indicated
concentrations (0.4 and 1.0 pg/ml).
Figure 19 is a series of three bar graphs depicting the concentration of IFN-y (pg/ml)
in culture supernatants of human PBMC after incubation alone (w/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).



i ndicated ODN at the indicated concentrations (0.2 to 1.0 g/m ) for 6 hours
(panel A), 24 hours (panel B), or 48 hours (panel C). Figure 22 is a bar
graph depwotmsngs7ihe amounts of IP- 10 (pg/m) in PBMC 10 eaparsazta@nt s after
24 hours of incubation alone (n/a) or in the presence of controls (IL-2,

ODN 1585 &Iﬁégmg @W i ateh - kI i -

(GEEGT CAAEBCTT GGGGGG;£ S D AT%B&E%W or I\l/tgrp?qo}ﬁ@%{ ndi c%%i{gd lCIiDaNtv}]aqt Wg?lt her
0.6 g/ minixedgdpmphenyts) reaetion. (Yignh whieh lympbegydys. obikings fsom3wp domorpavere of bar
raphs depjctj e_anmpun f 1EN-a /m.), i.n P er nat gnt

2 rer 24 Rt D7 PR BRUF R st AP rine gy OBy ale BE I B sk
(IL-2, &BNg1585, and ODN 2118) or various indicated ODN at either 0.6 g/m

(panel A) or 3.0 g/m (panel B). Figure 24 is a bar graph depicting the
anourit s of | FNiepreHgs asyrigsrpipiBRebarsgiprlis fgpighng thefcoagenpratioroek 1&.- BF (nigfmelibat i on

al one (n i r r. - 1. ,._an
S118) or mbils e o RHAR PAMC MG iB alidisigpe GSERIRES og M8 ¥,
(filled idicajed Gt thedhdittedicdrentgitidpd (W2R COipginl) ier G {panefA), R4 6

(pg/mM) in PBMC supernatants after 24 hours of incubation alone (n/a) or
in the phagethaseldd), ettt hoirs(papel @, oDN 1585, and ODN 2118) or vari ous

i ndi cated ODNg J+t:hen L. ) . hkded 25 bars).
Figure 26 is ai% ar %‘?gé’ﬁp%‘gBl?gﬁ‘%té&gﬁgﬁﬁ? {snﬁ%)lp P{PF}?P Q)g%éfé‘rué? P%é( pg/ M) by

PBMAO f o$upemiategts2Atehd4 hsure bf tighibatioa aldner{e/af orf ia)thopresance bEcqtetgiice, of t he

Doscr | pt OB biEy (S ATERN A BEARRNEGE, S B vhs 8 S oy 3y di o o o
ol i godeopyraeTEH A QeI TCARGEGOUE, FES IDIND:B6Ror vaBas inliieRtedIOTN AELitHIPDI6f S

have uni que and desirable stinmulatory effects on cells of the inmmne
system S&/md (offenttaes er DON @l Gobdbirsh traditional "stimulatory" CpG

sequence and a. 10 03/015711 PCT/ USD2/ 26468 " GC-rjich" or B- I
neﬁt ral i zi ng" f YeytS Q\f%gs‘ﬂ?égé’?g%rngﬂa quthﬂ%g]efamﬂ?EFS&féhgﬂ gig/lﬁa\}’é%%mune

stingy at {ipgrfafdnciter b Rbud %an%@e[%ﬂ&%&(%} ¥EiGhd &@%@Bt@&&@g@(g@@ci at ed

with traditional "class B" Op , which are strong 1 nducer B cell

act i vat i OPNahTB5demt©DN 2118¢ ef Var{dd€)ndacated@DNoat eitherd.¢ hg'sd (pdrcbAd sr 3.0
associated with E nore recently described class of 5 immune stinulatory
nucl ei ¢ B¥M€P3neEBhss A" CpG ODN) which are strong inducers of IFN-a and

natural ki llego( 94 i Glar Babh Uit RYhmbELEbE MY (RO ihPlfger s of B-cell

and DC
supernatants after 24 hours of incubation alone (1/a) or in the presence of controls (IL-2,

20  ODN 1585, and ODN 2118) or various indicated ODN at either 0.6 pg/ml (open bars) or 3.0
pg/ml (filled bars).
Figure 25 is a bar graph depicting the amounts of IL-6 (pg/ml) in PBMC supernatants
after 24 hours of incubation alone (n/a) or in the presence of controls (IL-2, ODN 1585, and
ODN 2118) or various indicated ODN at either 0.6 pg/ml (open bars) or 3.0 pg/ml (filled
25  bars).
Figure 26 is a bar graph depicting amounts of IFN-a secretion (pg/ml) by PBMC
following 24 hours of culture alone (w/0) or in the presence of the indicated ODN at the
indicated concentrations (3.0 and 6.0 pg/ml).

Detailed Description of the Invention

30 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



activation. Krieg AMet al. (1995) Nature 374:546-9; Ballas ZK et al.
(1996) J Inmmunol 157:1840-5; Yamanoto S et al. (1992) J | nmunol

148: 4072-wo0 odhiid7e1 preferred class B CpG CODN oft en have plragpisoz/oddes oat e
backbones and preferred class A CpG ODN have m xed or 10 chineric
backbone$GCirleh” nev\B(cleamutfnfhzmgﬁhimﬁI irbésermtdbinahmnmfahélaiulaati@hyvenucI eic
acids may have either stabjlized, hosphorothloate chineric, or

phos phodiPdB R ss g Rikects thay f@h@%ﬂ@& bthser} hoensifest gseeniaterewith mune
stiml at Qaafu&m* 8hs& @ccpé SISV ONGICR Grelsfronk HdRicds W B'c%ﬁ %cmatm TRy a@ﬁdrgfa mot i f
i mune-stinulatory nucleic acids. The 'l stinulatory domain 1's defined
by a formlﬂl@C)Eﬂctl‘)ﬂtiD@@ﬁdzthese eftbcissasspcmmdl widh admrc)tduettl)tdmml@d class of is

cyto'ne.. G is guagnine. H.is cIe1; r than G Xl e any
nucl o o PEPRUERILARE Bhesic 4 66 GG which Hegtangcnditerast (e

whi ch cagg ﬁalﬁﬁﬁﬁklll& _IKNI@f&[l%@tlﬂan%n-Bui m%lfaytp%bymraﬁ@&@éfmeﬂ Bh$DEG I n sone
enbodi nent s is preferably fromO to 6 nucleotides in |ength.

I n sone acivhideti. riém&ANQetcRbdé9%tN6¢mt3§ﬂr54éﬂyBpBiIlSyZIGebal 09P¢) Nmrowndlis. | n

Cequenco ot R o i TR TRE2LT Rl kR 0 Te" MR e REE R o

"pol y-T" OBﬂiad)ﬂterflﬁfvelphbspharosﬂlbﬁé 6hckObndsQind ppdfeiBd €la$QNEPCUODNehahe $niRéd dr S
respectl vely,. g@ 5" AAAA 3' or 5 TTTT 3'. As used herein, "poly-G end"
shal 10 r e?féme%bac PRGSy s nsY dasg pf wm%@t@%ﬁ%@mm@ét@uéatowuglelc as1dsGaGG
S+ _oCcuish) RvlibSatiz@l€.e0bhbdpordiniBiE. Pim&id) o bRdsohdtfibder vaSKIHEL
herein, 25 "poly-G nuclei ¢ aé refer to a el c aci aV|ng t he
formula 5 Xl m@@@wtt@ inveptien pravidés imix@ipe MBnulatedy XWClacacmlbd:lemgmgl&s and
prefer abI at | east one. of. X3 4 is ferr signs for
Phe B oo B0y SiEmasPObinglias Frofihurininy Glory Rt TEs Rijtr s Lher oy Too
TTCG,  TTskekulathiyldérkain T§deFined b@Formiuld: GBI DUGHKST. DR @ nf@leomit JiRdritharof. t he
nucleic acid is referred to as either P or Nand is positioned 30
i mreld at@llﬁ/cﬂosm% &is graninendbiisararciogde ethenthan §. i s a B-cel | neutrali zi ng
sequence thaty S r I
nucl eoti des | ohg&i% %[Wc Plnﬁﬂ%rcgl ge%&ag%é ??nﬁﬂg tl egotngt )fa}ga l%glr‘%ge e:pG
sequenceCGnin \izmch\ﬁhs(éiihﬁﬁs?ﬁrife%w UBARN RGOSy pvdaednhg t}heCGG Ihsopeeceded by a

C or foll owe AM et a 1998) Proc Aca SCI USA
95: 126316@'%6{;) PsDGG el bﬁtpa?fﬁﬁahlg A %é@@ﬁle%t A fEPgih (RGBS of the OG
s net hé%@(;cﬁl‘ﬁent@@(ﬁd%@sdn&%f)ﬁhﬁ any%@ Go0Bbly A 8loGifs. tIH 0ﬂ1e1r’ em%)fﬁlﬁt%h&%é Q)

followed by a 3" guanine (Q and |i'nked by a phosphate bond | east the
C of2k helranur@(Stlmu ammubl@lqmrﬂehaﬁw mpﬂ}eai sequeNeciatrith¢ b'znd gr atothe Bsendr AAsmtd f s

whi ch h sone_deqn.ee ..Qf ability when rese | n an
ot her wi s&HBn. pOX 1%t 8?1?/' ]nn:‘r)r%lgl?]? utf) ay {%ﬁ%&ﬁéﬁ’r B ‘)s/% e(ftwvghé‘es &htext of
respectively, e.g., 5' AAAA 3 or 5' TTTT 3'.

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;X,GGGX3X4 3’
wherein X, X5, X3, and X4 are nucleotides and preferably at least one of X3 and X4 is a 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

11



ot her immunostinulatory notifs serve to reduce the immunostinul atory
potential of the other notifs. Pis a GCrich palindrone containing
sequence woD W@asti1t 10 nucl eoti des long. As used 10 herei npCTusI2/pac®E"
and, equivalently, "palindrom c sequence"” shall refer to an inverted

repeat, iwhith,th@CEeEprIEEIHYHC a8 fABGREDYR € (Bridy AMetidi (¢h98) FADe Mbrl.ABJand
B', etc., are bases capable of form.ng the usual Watsagn-Crick base pairs.

As used B@Erl&h95:1231r12080ken 15 A G rantaigig IN A seqeneingviyalh thedr efe K4¥isng a

base co i 41 ony Of s i sﬂ@%ig lLoents
t he &-rﬁgﬁﬁkgéﬁﬁiélg?sgathf}fﬁgr EP grgﬁ%lffeggﬁ? gSt e q&iﬁ“@t@%ﬁ% gﬁ géorerrai n".
I n the c@®endflinked by bapbesphatedo®T- At tastphd Crodtlen® CG Blenysaibe nomethglatddu s
contains,at least 8.Gs and.C.s.. In the case of a 12-ba | ong,.GC-rich
Col o oNBlral S are AR e Ben bk eSS ERE o Dlrufug e My S abiliy i
case of pBreddht ilB otfbrwisChbnPAinkNStoABotiRbud, @Afh WA f@&sRSindhe digexpadli ndr ome
are Gs and Cs. In sone enbodinents the GC-rich palindrone is nade up

excl usi vethgr igim@ostigytptery gnotifpsarye wgpduce oiamernsimulatorppotentd o ahd eflierone
has a ba%lg ;ponposi tion of at least 81 percent Gs and Cs. In the case of
such a 1 -E)aée |l ong GC-rich palindronme, the palindrome thus is nmade

excl usi vel y oP i &Carich gilindronte ddneniniag cequbncuit east Pmichneidésloge. G&s nbeah
palindrome,. it is preferred that at |east ten bases (83 percent) of the
pal | e offeiay cpalndome] angs cquive nﬁ&n@ab@?@eqs@au%owaﬁéﬁﬁggsoaana}zerffése | ong

GC-rich pabiindd % qusnddBEh AABEDEEICH X' AwHRIBAZME AC B and B, ERE 2fAS€ Of a
14-mer GC-rich palindronme, at |east twelve bases (86 percent) of the

pal i ndr obaseseapaieof forthi@ the uswal SatsorpCatiebasegpaissbodi ments, a 14-base | ong

GC-rich palindrone s .nmage.exclusivel v, gf .G nd . The Cs of a GCrich
pal i ndrone cah® B ERny a'{lgfép%lrmci{%nég S@%Hr %r %eat%ayllngfoélb? VeAsFal this
domai n hasn@siticsastat astawanbirdssG’smd € O f ofiimbodingént£@e IGC-AbK doMain is 30

preferably 5 or nore of each. The nunber of Cs and Gs in this domain need
not e i BrefRraklyp’ to the “Beelh spplatasy dpmain ™y Frthesasernd ad9-tase loag Gl so t hat

they are I - ) , j ndr o as
coctaoad FHIfhE PRTnBr G e CORRMCITIEREE (HBLCY: 10 beRBe MU Poe U o
Ts, but GC-iich prliafieme thet faindiohe adsl dontaomspit drastrf Gis dand (’s. &t the easstofpaldti al |y
preserved as _for X le in the notifs, CGACGTTCGICG,(SEQ.I D_NO 80) or
Coe0000aTer BE- e TiGon 145 T SCOMER ARG FEy | STRGL. 3P S9BF v, i
i's pref eghBshifats thd@COh-pafRIRhRTE Radé ¥p BRAI&IRA bpGRaInd@s! N a preferred
enbodi ment there are no nore than 3 5 consecutive bases that are not part

of tHe pal i ndhoweme gerlrdaments thedC-ish @alindapme hagmbasawempogitierf effailiéagt Snl y 1.
In sone &!}Pe%q id’sg A Ctsh 9n %'cragé: g'f S%@il iarfgrb%géa loing Eid‘-%l% pﬁ}ndlr(?n%attheo&ﬁin rome
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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trimer, at least one CCGtriner, or at |east one CGCG tetraner. |In other
enbodi nents the GC-rich palindronme is not (SEQ ID NO 31) or
GGGGGEECCAR0O3/0(BEQ | D NO 32), CCCCCGEEGEG (SEQ I D NO  33) Pam/USEGAISGCCCC
(SEQID NO 10 34). At least one of the Gs of the GCrich region my be
subst i t ubeTs, but t issprefened ithae thel splf-cotnpleniemeareyrized l ewstpastidPlyi predenndd as fimr e t han
one |. In certain enbadi i st il ator | ei i one of
the 1 ol | BYFI 1t B FHILS CBAGGA Featixs Se0 6 g: Bhresotb ot dotiéh 3
5 X DCGhB@R):%‘lg. Shen 135m§16@@%2f?§3103' resetvedSit eted3hat tRe nddCGHX2PX3 3,

5" TCGHX2PX3 3,5 DCGHPX3 3', or 5 E)CGHP 3", I'n other aspects the

i nvent i opopplemicaiery baserpaies e Thulme orejerrdcinegiodinagnt deereviriesile mere thage¥ i ned by a
for a: b | P.3. . i nucl eotides l.ong., Py is
2" Dyt meoe e VETRES g ot b B e SEANENGE phelcPes R BV RO oo ong!
is a GC pietdratlQ ops/l i. Ndirsofie etrbot mnenits e SEGtienpaindtorhesiuddatnest &nt CASs

|l ong. N1 and N% may c§§t ain nore than SO%C%ri m di nes, and nmore preferably
mor e t haWmespakleast jpe GE{T trimer. gt lkavepe COGiRtmens ethecanbodiments Beapl y a
T i mredi : j [ G%R}‘r?s}?(?‘?@ iy NHY&GLEecléeEsuch as
ODN 5376%%0%1%259{5@%m§%8§)@%§3 nost pref glicggjllt))/%g TC&‘\EF}%\%H eéNZ IS
not G 26580 H @B 2AHyCCEOGIHGOEEQITDMNOe3)MGeeCAGCEUCI(BHRIIBESO: Ei t her
t he or,jhe Gin Nl nay be replaced by inosine, but the Cpl is preferred
to the I p& For inosine substitutions such as IpG the optimal activity
may be achi evadlegktidhelofehelss oFthedGC sieiredi@ fnay B settiteéd with Bafieheer). wher e
the linkage between the I Gor the G is phosphodiester. N, nmay include at

| east onHlsome epehodipents P inglslesgagre .thaBG’nFE- certain enbodi nents N,PyG\2 is a

TrTon, Toar. Thirear ARG SAnbRER b R s 0 1R e (R ees
| n ot her faspks SSNEKhBCIGHS') B X, POCSHXEE3'| SAKE GHH KuB'ab'ot ) CEidKek 8', 8lci ds

B SUSCERER RS 2B MCLHIRE 2. OEEHES6e 1 ©

whi ch is3epthesc@uPzor an I. Gis guanine and | is inosine. N2 is any
sequence 0 to 30 nucleotides long. Pis a GCor ICrich pal i ndrone 5
cont ai ni ng seluethereaaspgcts Ggdnventompiobisles iramyng singulatory mushac agidodhich ates

NIPYINZ el THRRIE. ESERGRAR. T o SR 00Tb BB XAP 555

conbi nat i On MOYi T I hiin nucler'c aci ds
pyrimidine. G is guanine. N 1is any sequence O to 30 nucleotides long. P is a GC-rich

20  palindrome containing sequence at least 10 nucleotides long.

N; and N, may contain more than 50% pyrimidines, and more preferably more than
50% T. 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. N; may include at
least one CI, TCI, IG or TIG motif.

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

TTTTTCG, TCG, TTCG, TTTCG, TTTTCG, TCGT, TTCGT, TTTCGT, and TCGTCGT.
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whi ch are described by the formul as above, include the follow ng:
TCGTCGTTTTCGGECGCGCECCG ( ODN 2395), TCGTCGTTTTCGGECGGECCGECCG 10 ( ODN 2429),
TCGTCGTTTWOGSOGIECCCCG ( ODN 2430), TCGTCGTTTTCGECGCCGECCBCImbhe/26484.) |
TCGTCGTTTTCGECCCGCECGG  (ODN 2432), TCGTCGTITTTCGGECGCGCCCCGITTTT ( ODN 2452) ,
TCCTGACGT TCCAEmaEspsty thbhvesid) proVideN GhiicI BRI GEGAGEER adidDMibB Ak,

ToaTCo TR EekBERCe R | SERVGH 5 Nidcrotrreres et i BRI

TCGTCGTT%%%Q@G@@@@FE% o(cﬁ}é RdStide WHRHGSE Tt QRO GG Il a2 169 .
CGTCGTTT ( 2451), TCGTCGITTCGACGGECCGICG ( 20173),

TCGTCGT TINOSIAGGNT CENECEUEnRe @m%yuclmdmmmﬂ@@hm@lmMezoﬂ?)

TooT oA AL o <5016 Bileoh R P e e G o)

TCGTTTTTTTOGACEATOSEQAT SON42R185), TCGTTTTTTTCGACGTACGTCG  ( ODN 20186)

TIGTI GTTTT 5569, SEQ | D NO 63), and 25 L

TCl TCl TTTTW‘TW% of S@%@INUHO?g)mmE&E YugtataprBicieic agidy) e ¢
aci d"  angyiflatOQRUGH&OS J}tﬂg foxﬁ{u@as%@&% iehargealy and shall refer to
mean mul ti1ple nucl eoti i.e., nolécules conprising a sugar (e.g., ribose

or deox?CGH@@STTT%@@Q%@Gﬁﬁ&@EN@%ﬁbﬁﬁCéFﬁH}TBTE@GWSQQ@ or gani ¢
b - t osi 0,
Chynithe (GNGR20F Teer T Y BPbaeeRER OB b (&Y " Rdenihe (A) or
guani ne TGB)rCGﬂBTIm@GGhE}@@@GcU@(OENmmr)eﬁ"emtccGTvrT(ggGidwt&@Ge:o}G des as
wel | as oligodeoxyribonucl eotid Céé@lél})& terns_shall also include
pol ynucl@ﬁﬁ@é&l COTCGT R ¢ RGG e Qﬁ*];lLETTﬁ@D PréfeBhat e) and any ot her
or gani ¢ %éc‘f@&@éﬁ’%gélﬂki @?l?é 69485319? Mﬁﬁﬁacg@mzzﬂud eic

d I I t t cleic ac sources (e.g.,
Sglngmrrg gll)JNeﬁséa§a\2hnrelnaZt saS:exgeﬁngcaanmgggIsmﬂﬁmg:Cj}(f@ C[@G(llﬁletﬁd]. dﬁmullb@mgcl gl C
aci C i gonucl eoti de al so enconpass
nucl & cyggkg%éﬁTgwmpggﬁ%C% (Ipﬂ)lgggkﬁr t gti ons or nodificati onrsTp

such as re@mmﬁ@c}m@mcww@wgs14)exemnt@Tﬁ1hmGA@@G@t@Ga@@ eic

aci ds havi ng backbone su%ars are coval ent| y attached to |[|ow

mol ecul atONNiGhe), JCGaHECT T bLipS ErheCGIkan(@QDNydibky! group at the 3'
posi ti onrapg; A ABCGCCGTCGTCGTTT (ODN 2451), TCGTCGTTTCGACGGCCGTCG (ODN

20173), TCGTCGTTTCGACGATCGTCG (ODN 20176),

20 TCGTCGTTTCGACGTACGTCG (ODN 20177), TCGTCGCGACGGCCGTCG (ODN
20178), TCGTCGCGACGATCGTCG (ODN 20179), TCGTCGCGACGTACGTCG (ODN
20180), TCGTTTTTTTCGACGGCCGTCG (ODN 20184),
TCGTTTTTTTCGACGATCGTCG (ODN 20185), TCGTTTTTTTCGACGTACGTCG
(ODN 20186), TIGTIGTTTTCGGCGGCCGCCG (ODN 5569, SEQ ID NO: 63), and

25 TCITCITTTTCGGCGGCCGCCG (ODN 5570, SEQ ID NO: 70).

As used herein, “nucleic acid” and “oligonucleotide” are used interchangeably and
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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than a phosphate group at the 5 position. Thus nodified nucleic acids may
include a 2'-0- alkylated ribose group. In addition, nodified nucleic acids
may i ncl @ osggms such as 10 arabi nose instead of ribosePCThise2/2d¥e8 nucl ei c
aci ds may be heterogeneous in backbone conposition thereby containing any
possi bl ebaerbhtaminOpol@hed ANYIEE acit inidleduld3kas bé oBanbe fronbeiGHingShuBRRS Acite-

nucl ei ¢ acids (which have am no acid backbone with nucleic acid bases). In
some enb%fmr?ﬁéﬁ?g genpunig o8 CRNA) syt @t prelerabbnoadhedis (684 Rragdyesddonrucleic acid
conposi t [(mesyicl eic acids al so include substituted purines and

pyri m di fes such as G5 propyne nodified bases. 15 Wagner RWet al. (1996)
Nat Bi ot echnoﬂ"hdtbnﬁﬂﬁudlewIamdlanés’hgqndlcmmdmldw eeonipasd ngeibatidssore  not

limted to adeni uani n .hym di ne,. 5- net hyl 0Si ne,

PARAIRE Gl LR R S D A A D A AR ST
and ot hegxaagdlelrt 31 Mclad€nudl€lb afids Hivdhg YacRBEM Subitd WHicH £0basashtlyHkhstddtyt ed
and unsubstl tuted aromatic noieties. G her such nodifications are well

known t olovhstecler wright ongani geoupp pthepharr adiyflipyherup authed aropition and other
ol i gonuchent, 5%8%)519{6 &g&‘@p I 9%%,5&18}{ et 4 O o GifBd ﬁ{fcﬁ&w@ g}a\{fm&}és fm cal

nodi fication stitutio I'n conparison to na
i nvol vi ngkylamdaﬂmb@glnoapt a1 additi cer, nwdlfmdmudmdmrcldigﬂay mollestmgakzm:leh uni t and/ or

a natural | nucleos deni ne,, .guani ne, t osi ne, ne, uracil).
Exan{)qu es?k ]PmBFFe‘H?tE%CF ofy Ff&@ ?)H%Clggé"‘a bF eieﬁbgeg?&qsll%glcﬂfgﬁ)%n and) are
descri beé’om;?&'ituﬁ?‘tﬁ&@i)}}acoﬂtﬂn glaﬂyeass%leéorﬁﬁmaton A3 MerGRamiRe t99:R43:

"Protocol s d i gonucl eoti des and Anal ogs" Synthesis and Properties &
Synt hesi suchrad paptidey nudeir atids kwhighy bave aBinpgeidkatkbore withumweleir fRidases)Tdn owa,

and Punz908t SRSt o gt 305 SRRl D BT R Bope PR NBOEE 2

ol i gon UCh(&dﬁ alseinaride kebstigitédpurhies bmygyiridihes 6@h RALE pedPyn® odHed bases.
nodi fications, wherein each nodification is |ocated at the a particular 30

phosbﬁmodweagp%rrRWnﬁt@F (A0 8 deotasinelgé: &Rt oPurines andayrmidines indiulerhyt prsos e
uni t andﬁ&rmﬁ&?datoaaé ih& lé&t%gmeagdam% AYRlEeS 's&ﬁethﬁl%ﬁomé'i 51%8b&f1&e°”pa“ son

to an ol 1 gonucl eot| e same seguence ose hat ur al
DNA or RN&mnch&bﬁo@QﬁmmEMd-dﬁm‘lhbﬁﬁﬁkM&mﬁm, aendamhrlraatutdibr andvent i on

relates to onucl eoti.d e.on nmore mdi f i atl ons
nd viner i duey BERHARE BbEbars. Fihalie GOTBRyR Sutg i fRme ehs™

repl acenﬁ{é}lxﬂédlﬁcﬁﬂéﬁﬁﬁreﬁmﬁﬁi@%&o%sé of §l9Mi e aftugar phosphat e backbone by
anot her unit, the replacenent of a [3-D-ribose unit by a nodified

sugatO uni t, aﬁbe m)mtmfétl tery otiganuctotidenelithe listantiovewsmingen secompngs a
modi f | Edvzﬂﬂﬁl éxjnqgl rpgg’iﬁca‘[%@é g?(g:g}bgh uﬁgn )&?gg?lll]%&lsgl? fo &a%a%m a(.:nalDNA,

nodi fi cation o I gonu
involving a phosphodlester internucleoside brldge, a B-D-ribose unit and/or a natural

nucleoside base (adenine, guanine, cytosine, thymine, uracil). Examples of chemical
modifications are known to the skilled person and are described, for example, in Uhlmann E
25 etal. (1990) Chem Rev 90:543; “Protocols for Oligonucleotides and Analogs” Synthesis and
Properties & Synthesis and Analytical Techniques, S. Agrawal, Ed, Humana Press, Totowa,
USA 1993; Crooke ST et al. (1996) Annu Rev Pharmacol Toxicol 36:107-129; and Hunziker
J et al. (1995) Mod Synth Methods 7:331-417. An oligonucleotide according to the invention
can have one or more modifications, wherein each modification is located at the a particular
30  phosphodiester internucleoside bridge and/or at a particular f-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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foll ows. A sugar phosphate unit (i.e., a R Dribose and phosphodi ester
i nternucl eoside bridge 10 together form ng a sugar phosphate unit) from
t he sugarwphspitat e backbone (i.e., a sugar phosphate baekiarse2r@&esonposed
of sugar phosphate units) can be replaced by another unit, wherein the
ot her unit isFémmpRnﬂieénmmitibabdlaesm dnuiligdnugecaide mhiighvaky ceamphéseionator ve"
ol i goner ggscrl bed or . exa in Stirchak EP et al. %1989) Nucl ei c
e do Rewoimgd gatipps and plerein Guon g @lﬁcaflﬂ%lsrle FRapdEhiselggied f
fror phol i po- de 14c¢fn br SO sPitd GhitRo (RO € b&d cid

" PNA"; £abs de{s}%y%éeéé feg?bfte%(%%pﬁé P&r?tNl el sen PE deé?p%%py(mlgg@k%%%%@gm ug
Chem5 3-7), anotlerupd, e.g., the replacenent by a PNA backbone unit, e.g.,

by 2- th ni t 3-D-2'-d ib it
Dy 2 et LG en A ST HRARR Y Shafed T R dfy Loose umit can
for exanpl e SekeglREnichOS dhdeikl Ilamsmabl%ezoya HB@REd nBASSside base.

L-2' -deoxyri bose, 2'-F-2'-deoxyribose, Cl- C6) al kyl -ri bose, preferably
2' 20 O (C1- d@oaq fgpdiled; epjg@@lep §or2the qhem;gzﬂ qql nofano gonucleotlde are as

2' O(szﬁg Ikenyl-rlbose -[O(C1- CG)aIkyI O(Cl C6) al kyl ] -ri bose,

2' - NH2- 2 eoxyri bose, (3- nyl o-furanose, a-arabi nofuranose,

2, 4- di deoxy- ( A-sbz&rphbphatchexai.py b r0Sdosedid phasphodicsiet htdriegedsideadidgtor
exa Ie in Froehler J (1992) Am Chem Soc 114 83202 and/ or open-chain
sugall antogeyer @a@@grﬁ yedr, Phosphagsanip fiom the sugas phesibaiedssihoac éirc. o sugpn 993)

exanl o PitAplits BB n R oRbo RN SR BRRAR I AGR A B HEEREN b Sotbni

nug : fG?Z idd/ﬁefgfmzthes other tll;gts reseffnls amed)ldagmtablnmdblﬁilcbuéi?[ 2&mb$xgsl1niedha\8mve’€/\dﬂggcmllljeriaz |hle
0 hydr oo dricrned 46 AL Fr SRR 8 PhS b kit e et P50 M aDitnal | 1

5- ( Cl1- Cbj; @gkmetféﬁséémen%%%&@ahnaldéﬁ%ﬂw@w br to%u(1@%p§@ohaahm@a{&dyélem ¥

5- (hydroxynet hyl )'ur aci | | orouracil, 30 fl uorouracil, br onour aci I
5- hydfr ox@cuoy( d’é\iAne as Qeqcahem)r eXAIRE Gy DNelsonePE 8t %(1(129%)31()@@%6]41@19'6 8sTne,

5- (C2- CB), - |ne r 0si ne, | wor i

5- br onocy osi h%%épg n%eﬂt?\éggiﬁ%‘s?aﬁégorf%l g tD g%d#ﬂ@%’%’fapun ne, a
substit ut ed 14 MDo&q%/Lﬂik%? 3 B-POTaEH82ib3 &bt ca?r’dé@%ﬂ@&blfbyrhanodlﬁ&i Qigab Liit,
7-deaza- 7-substituted and/or 7-deaza-8-substituted purine or other

nmodi f i cawhenein thé medifsedisugdr umitds o skatapleasleeted fininsP-Di-gbosesa®dnt t o be

" e SRR oLy AEEREs i RS e VA Ent R P A P o

nucl ® ¢ eciC-Csdiatliribosé Br2'{Rmathiylriasel of- @L LT alkéHy]-diBesey D' foR(Tict ghikyRCi d
nol ecul e, derivative or anal 88 t her eof aracterized by its capacity to
i nduce a@(@ntﬁsb@kﬁd]-rlba@p%cNH @PO(),(EIIIIPOSGIB-Dnéylprfvmn@ﬂess}tﬂmofm@hset uncti onal

aspect O£ 4= &id EE\)lxly pB- lf) t%ro-m-pyraﬁlose and carbocyclic (described, for example, in Froehler
J(1992) Am Chem Soc 114:8320) and/or open-chain sugar analogs (described, for example,
in Vandendriessche et al. (1993) Tetrahedron 49:7223) and/or bicyclosugar analogs
25  (described, for example, in Tarkov M et al. (1993) Helv Chim Acta 76:481).

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

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

5-bromocytosine, N*-dimethylguanosine, 2,4-diamino-purine, 8-azapurine, a substituted
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can include, for exanple, elaboration of a cytokine or chenokine,
expression of a cell surface marker, secretion of an anti body,
proliferawioasjo1omi ot her activity in response to or direct®dTiGoagassnst an
antigen or antigen-bearing nenbrane-bound target. For use in the instant

i nvent i oP-dedZapuines peifEralilg I7dEeagd-7shbstittv@ itd/eH 7 -8&i2a BesubytittiRe HuA s or StBeOVO
usi ng any of a nunber of procedures well known in the art, for exanple, the

( 3- cyano@pdifications of st dueleosids brses- (Bualistdgmesnt ta e exHRRIeyand i3ppt(te981)

Tet r ahedg o i 182 hfndde and the nucl eosi de H phosphonate net hod (Garegg
et al. (1d§g§&$é%rahg§rongi5 Lett 27:4051-4; Froehler et al. (1986) Nucl

Aci d Res 14: 5398setilireiftdtimggnestirahlatofyl 8849ic adidt aaheduionlehy,t 27: 4055- 8;

Gaffney et al. (19 Tet.rahedron . Lett 29:2619-22)...These .chem stri.es can

be p forl%ww&la@%&g}els?m uﬁibar'ft&%a G EPaEIgE R 8y %%gﬁ%}c 15T | abl e

in the mBlekele; deFhagfe OlmhRioGhd6dfehaaserlRl 81 18 dapRitfso MMDENLEInCHisHAE! ei C

aci ds. Alternatlvelﬁﬂﬁ_nuclelc acids of the invention can be produced on a
3

| ar ge scapectiof agehe mmuge 8Y SRb Sedkiunctianabaspgét of a'cpld o6 thelimmude shitey: A
Labor at oty . | I i . t . Pr . New York, ~1989)
and s epa(ga}a/tltle ﬂ#‘%tf%F S é§8%¢@g%€@%$%o m%n)?lg 5 ?@ém\fc\h%ﬁjzéssﬁﬁ ¢ \vagicgﬁ 5%rif%f§ can
be pr epamerkef,rsecretiod off dnegtiboyl, eratifaaiich, e qthenaesity én gsporge MO diretedc DNA)
usigﬂ%knomm techniques,,sugg as those enploying restriction enzynes,

exonitc] 2ERUSt 8 attegB OF artigeadsaringpemaranebepudtaitpared in this manner are

referred to apod 30kt dndt iflehitiGE tSnuchil ASE® AltBdingentiCdagive ﬁg\gh&ized

generally refers to a nucleic acid which is separated fromco nents which
it is ndrmmbolusingswyol anoohbe aflprogednres weld knpwnam thexeatyfdrexample thel at ed

nucl ei ¢ aci d be one jch j ar at fra cel | nucl| eus,
o« SeramvLPEsDRsam bensrhdy FRHHES STaines Nib STl e e
of the i ngt2ntg39)VaRLth® AudOERIIASRoPAbIS MRIHAB Y GAreBR &t all A9BSR A FRIRInat i on
motif nucleic acids. 30 For use in vivo, the conbination not’ f

i mulost Lertl G drly4;iireetdercet ak ( RS O)dyc! Anpd Ronkh:$3P9407; Blaragig\etbly (F986) st ant t o
degr adat i.on . Q. 5 i i . . ilized | | dnol ecul e"
shgl I negeﬁmgl(eﬁﬁogﬁ%ﬁfﬁf@%q%é?ﬁﬁa?@ﬁfé atl*rﬁg? §$)§ﬁlfrglfl?za rlo(i/Z‘lFJé;/ 5?2&198?%?1" l{e(gei nuvi VO

17 WO 03¢Hihstids RabeeoRimaditta valagy aflaitbaied Qudeic avidasyathe i@ bediRBREN OF
endonucl ease). Nucleic acid, stabilization can be acconplished via

phos phat &€ Bk o A deseowclei cacidsaig refepredta ap exntgtigiuciercasiqsy Alisrrativelyds of
the inst g g : [ : ed
that ot PUEFL 8P ify e I prd Rl B § AROE cold in MRSHE (hed STRARIANE 07
of te canmbi WdbleonlanGtanings Al InaboredartyiManuat o CpldSmringi Harberd Ickbovdteny Press,

o I SLRE D M CRITASLLEN IR TIUROSL T 100 Lol 2] 0
acti vi t yoeptdp Rt @ Froft extifiBg MEIeR] aidasel Berfcb O@ laghamal drDNY) bt ReRid ul ar
techniques, 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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exonucl eases and endonucl eases. Ot her nodified nucleic acids include
nodi fi ed phosphodi ester nucl eic acids, conbinations of phosphodi ester and
phosphor owbiat®inucl eic 10 acids (i.e., chineric), nethpcphospbasat e,
met hyl phosphor ot hi oat e, phosphorodit hi oate, p- ethoxy, and conbi nations

t her eof . dddesliatibe ¢e. packharesnElaEe aSerdbasddaes)0MNickad &5d saYilib&icydahbesi zed
usi ng autonmated techni ques errBI oyi n ei t her _phosphoram date or

H phos ph¥sam@lished g phgsphate hackbongygo lé{llcktiﬂnsp Redermessiatulized apclsic agidseof e, g. |
as descr;b %ﬂstérﬁ' 1Me§tlom%tm(l)\mﬁecf' bfb@ﬁﬁl‘?@?{t h%rﬁgfg&gelﬁl)xgﬂg{égq b%;dréf' @ﬁ%ﬁr s (in

whi ch the arged oxygen nolety Is a escri at ent
No. 5, 02& tﬁdﬁudnld aBidriaplezme I?at\edﬁs ehbance@ﬁctﬁiftél)ofdmohénmtﬁpamc&d by aut onat ed

sol i % phase s nt Si s | n 0 i al. I vai | abke ea ent s...Met hods for
maki g of"HEP! %fé{I{‘bIS %ﬁg ’ifﬁd” UiBs PP’E?I APAL MpLife been
descri beﬁrmﬁiﬁﬂsﬂﬁiﬁ[ht&éh@ﬂgleﬁ%é[@ﬂlaﬁn gaaémbro@mea& RaNagRQirrdhie a1 d J

(1990) Bi oconj ugate em 1:165. 20 her stabilized nucl eic acids include:
noni oni cPIOKKeaRRXiBalsActivity W%Bmtfpkt}lp nuglpig agidyfrom dpgradnindy ipirarelllach t he
char ged I r up),
phosphoct SaEBPAe ke e el ey, OB e aiy PRI B D) e

noi ety i phcﬁbkqdlmeﬁdmclei‘dmidsg cmminna:l&nm/nf plosphotiaster add phospho@khidste nucleic

tetr eth I | ycol .o hex et hyl enegl ycol , at ei her termni have
al sd fidrend) e by PESPLhoReh b it pbsehaTagiaNE Bn. 25
I n ot heretgggpqh@g&;@mgmsltwfostl mul atory nucl eic acids nmay have

phosphodi est'er or chineric e.g., soft or sem -soft backbones. A chineric

backbone i ncl Médified badidhvinessuichas beﬁspbbm&pmw res)t by syattesired ising dutbmelddone
Ilnkages }ﬁpchl msrllglo é %nugl e t| ate ! lhn tance, ma% be %@Z[oft

ol i gonuc CEGTHHE B R S S Br P e%p §EPhORAE KRMISIrCS oAt i de i s
an i mmn@ﬁylendspﬁ@mes oAl BOMUEd, QL la@@em‘be@gﬂa S aafehtaNd W, 269 s3abihd | zed
backbone, hosp hodi est er or phosphodlester-llke i nt er nucl eosi de

i nkidgesal bl@beﬁpheweytew (trhwhwhmf Ghargediogy gnymeigiy-e alkylated agidescsibsd iHeS.

one | nt er e s R ot Lok T i P, 002 SR SRR SRS uiee.

phosphodplest eyntlesispisogpoctnasinby avdilableiredgenisu Meathsisder inakikggther BNA
phospho er or hos st.er.-li ke internucl eo e |linpkage occurring
e o bapbatn BhuabalRe S ARES Rt Rt s boer SRtr, UbnarhBerBevae dan be

5 990}3@5@”51@@9@15& G dtiiRl P{19D@ABbeMfgdidEREMA16¥G  di nucl eot i de.
Pr ef erab %sphodl ester or hoslphodl ester-like internucl eoside |inkage
5 oc¥urri ng i Rihsaplabidived rutfeie agids neludpiencatoniceBNA amatogs mueh naalkyleand aryl-

s I R
si ngl e npiedsphddietesr ahbalkyYphdiphoaiertd, dlewhizk tike ¢hansp Io&gﬂg@ﬁhelretyqrs alkylated.

Nucleic acids which contain diol, such as tetraethyleneglycol or hexaethyleneglycol, at either

or both termini have also been shown to be substantially resistant to nuclease degradation.

25 In other embodiments the immunostimulatory nucleic acids may have phosphodiester
or chimeric e.g., soft or semi-soft backbones. A chimeric backbone includes a combination
of phosphodiester and modified backbone linkages. A chimeric oligonucleotide, for
instance, may be a soft oligonucleotide or a semi-soft oligonucleotide.

A soft oligonucleotide is an immunostimulatory oligonucleotide having a partially

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

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

guanosine (YG) dinucleotide. The at least one internal YG dinucleotide itself has a
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phosphodi ester-1i ke internucl eoside |inkage, and in addition (a) Nl and Y

are linked by a phosphodi ester or phosphodi ester-1ike internucl eoside

| i nkage vWero3M1s7is an i nternal 10 nucl eotide, (b) G and NePcCarEsoreaked by a
phosphodi est er or phosphodi ester-like internucleoside |inkage when N2 is

an i nt er pladsphatditstertor phosphodiestyr- e iatetnuéleaside llinkdged Abyh@phcnhmhﬁ)di ester or

phosphodi est er-|ike.internucl eqgsi.de |inkage when N1 is . an internal
nucl eot | BRPS }ﬁ‘bdl?_?tedﬁﬁ(e teH‘ruél%Pf‘a?lég(%ﬁ o5cYsHiBg PRgadialehierdiasent to the at least one

phosphodingsharyd idkficldoRiSEU £ IR Both KRS RNt Nasi Sheafietddl §i2!
nucl eotide. 15 A sem -soft oli gonucl eotide is an i nmunostinul atory

ol i gonuctlisbeleeleden Sretarpbly a phasphadi¢sier or ahdsphediestérddiciotemucleasidhlickage
phosphodj est e i este -Ii e |nternuc i nkages. occur only
AR R T L B R

di nucl eointeigal ifeMuckofile Dhiagon Tahek ade@eﬁamN hsaaﬁz,avﬁwabe,\rl afl Ngdyagdcages
over i mmnostl nul tortg ol igonucl eqgtides wi.ith fully stabilized backbones.

For i nst&derendertaft erzéflyoililgj%ﬁ%?‘%’te: thes Grﬁyluﬁlsg%%@s P godigster or
'mmnostbﬁ&ioﬂad?wermr&%%u%haaé Mfkde®, andQh 5&5&99&1 aBH'y* yreﬁ(ﬁ:lg by zed

i munostinulatory oligonucleotid e |rmunost| at ory nu aC| ds may
be used plwsphah¢ste 0$lpbpwbt)dlbﬂen-mmjoemleosmmgee&tmﬁﬁlesan iter@alt an i mune

a1 16 MeTETREPLS st TR Siosti Eler S Ru R SRR 1670 R o

vertebr aineem@&ec@merrﬁikagmh@tdwﬁ,anbﬁt%rﬂapﬁudlédmtae& (EPN; @ddPdre 16ed bHQr se,
cow, pig, She@? goat, chicken, nonkey, rabbit, rat, nouse, etc. As used

herei n, Phisphegiesioror phesphodiesterelils inigruglpeside fiakagegvhes i i ap éftemak o a
pr ophyl agidiboti éiE LERETRRINMN figlﬁgr\f}fae@go%gh&p%terr%g g%‘ﬁe %r likeSUbJ ect to

devel oping a disease or,”1n ecrease S1i hood that the
subj ect mdmudmsmeGMagejwhﬁaNglsmn1sdemadsmidh®tﬁe devel opnment of the disease,

as to a trea nt after the subject has devel oped di sease in
or de]r to fi ght SFWéS?ﬁItQ &%0{68“66 1s aPé‘E} O mERtoRy ‘Pl‘éﬁoé‘“Flf"Ot&{etr]B@@@Wer or

prevent f{éﬁlﬁll}gﬁblgmﬁﬁ)n‘é‘){n%w m&’orpﬁ ho@i8 e il nfBaRRLIdEO the
treatment of an infectious 19 WO 0 5711 PCT/ USO2/ 26468 di sease the

terms relﬂlé@g@saoca:upplaimwﬂa@aﬁ least o@famtﬁeml pwriinading nedlemilesguahesinee@ @Y ance of a
subj ect CroQr.qga m. Qr r.words es the Iikelihood
that t hedlénd lgméq S%HI% gggligonudeghd n%agil?‘l’eoﬁgurapesreigg gg[eﬁg V¥hi cr oor gani sm
as wel | mh@s&nmlaﬁ@{ym@bnlﬁﬂécﬁlﬂeihﬁh subj estilitAdabléRines. | Firefdiade) Rnflsg/r to
fight the infectious disease, .,. reduce or elimnate it al toget her or 5
pr evéht ?EgoFlf‘l%lﬁ?‘EfEéé‘?ﬁyd@SWéﬁ g@reawi'émr%@atlwltawry BesBBt refaiva iali sease such as

cancer t&ﬁru% fy‘%fabh&e&ﬂﬁmﬂ?@s‘ﬁ‘?rﬂﬁét&&{ggﬂ@él@% gf the devel opnent of a

cancer, e synpt ons cancer | biting or slowng the
growm h of an Ehd: mhrhumksﬂdmd‘z&memclelc acids may be used to treat a subject to induce an

immune response or treat an immune related disease such as, for example, infectious disease,
cancer, and allergic disorders. As used herein, “subject” shall refer to a human or vertebrate

25  animal including, but not limited to, a dog, cat, horse, cow, pig, sheep, goat, chicken,
monkey, rabbit, rat, mouse, etc.

b1

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
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Thus, the nucleic acids are useful as prophylactics for the induction of
immunity of a subject at risk of developing an infection with an

i nfecti ouwoaBgasTism or a subject at risk of 10 devel opi n@carusab/b@nsgi C

di sorder or cancer. A "subject at risk™ as used herein is a subject who has
any ri skdigéase dpastmicrefcn tan p'rdphgalatﬂimeanau@ti\ﬂgc}i mbﬁxaﬁds@hsreplataho@@ﬂh subjqeosur e
to an allergen, or devel opi n For instance, a subject_at risk may
be a subioeacmwmgﬁugsrm%dﬂPﬁgr lNBrd%tﬁ? seytge ahelaw@ét%éheéu@eﬁtawlh deypleP type
of i nfeci] Qs BECHkeAE t@ﬂhk%l%ergaﬁlsﬁpﬁﬁq'eﬁﬁs tda t'i’?s)(m@t?c after ﬁﬂé@h@@ £t B Been cen
through l'ifestyle or nedical procedures is exposed to bodily fluids

may 15 cmrﬁttceadnmomdcﬂct«v ﬁeh@h@r@mogﬂélsmse&/@nredmc cswlbpemﬁe ltialtbgeghdroran ar ea

t hat nlnf alrrlllsm0 or\gﬁ nhaist nldenlfiedadis
exposad MEvEH) §OF S0 AHEME e T st vRGRsEP o AERat b a7 R E e
subj ect ®tm§ tcﬁ’& 16 fthdyprevéntibaroe delby Bf tie devdlopraént op 8 ke @édueingtth®SEnptorisng i n
areas at risk of terrorist attack. Subjects at risk of devel oping infection
al so i ncPilcracyesiul/eninh 195’(5’&0&@106%%% ths %W@Wf&nﬁ@@bllﬁhF eeticy recommends
vacci nati on r r t

antigen is a\r/]\nrg glregglﬁfegﬁ (f?shaéé {SHS als? yb}gggﬁ%g@g ?#Cg{a%blggglp%xkng%y(?fo t hat
parti cul subjentt igkrofaledelbpieg snlh}fentonl\&tteammﬁs&dommrghmsmm agebjectiat gsk ofdur i ng
pol I en seaspn, then that s ect is at sk of e to. the antigen
Bob) BF: <S8R o atio Aoty e whisttardsk b s0E e s goBr o

pr edi SpORdstang HisRof BXRELRUS by iffe@RneAubifg iFediteaS patAdEtnt BiPRSure 8X ROSIRG g &iD

carci nogens such as tobacco, asbestos, and other chem cal toxins or

excessi ver geyeloping qgheerafigr vstanee, gypl@gct@f rigkapp be 8 gubjgiievheus planging¢d ds ar e

al so use S t] i ase, cancer
and al T ool Bpr S BREN s i AR o b RERE ke Ror BRI TERRE pe R0

has beensubiqosdd tlﬁlOugnhfeﬁﬁyMrlr@Mﬁcal pﬁich@g&ihs&ﬁpbsh&ﬁo badiltyeuids \Qlﬁbﬁ) Ay
det ect abl e Ievel s.of the pathogen in LU@ The nucleic_  acids can be
usedloal offgtaign Fﬁl%ﬁf&fﬁ@mw efFn #nYsURISEt 1f‘ﬂ’é$ A ATeat hairenp fecuortPraanism

anti gen gfa3iefftnaat bé@nciﬁ%lﬁ%'d aHE‘PH SPIEIAL diteRt1y RIAE i Iﬁg(ﬁe | ng@lt bESRAASE that

is capable of reducing the |level of or eraditatin t1ous
pat hogenlt alshenayebchasiibeat afi disk Qidtmwurﬁitr@sumgs nollfaryspﬂn§<moel orhbose hiyingrinat ri sk

of devel opi nf ect t .of. onbination notit 20 WD
031 0157 157epsCH g Pt RS RE T poaik R 0RyFiini e i SRR RO SO Bkt A 1 on
to treatpdgigation &fivhieR a nldtkcdlBidhod rédmnikdds UsRehation Witaltpaytiduddr infeaedwr i al ,
fungal, and parasitic infections 1n human and non- hunman vertebrate

subj ¥t sorgmlsm%agm rigithe antiges s@njadarzen apd the subieet) dsvelpys allergi¢ sespprsgs to
di sease” icdi g zﬁn‘ﬁg%)rpﬁ\'?d th? 51%1&9 %&g?gédstbr?% e{rﬁ%gﬁ txrée dHﬁEg &‘fe% s%gso?l forei g n

mcroorgan mint a“subje ore Croo smmay be
Vi rus, athbad’m subjeat 1saatfruh@tﬁsxposnreao der asiptre. SLEEgemnitesk of d¢wi(gﬁﬁg @mservi r uses
i ncl ude: VI ri d%e e 9. H.umar.l.i mmnodefllm ency
inc ude ose wit enetic predisposition or previously treated for cancer, and those
exposed to carcinogens such as tobacco, asbestos, and other chemical toxins or excessive
25  sunlight and other types of radiation. The nucleic acids are also useful as therapeutics in the
treatment of infectious disease, cancer and allergic disorders.

A “subject having an infection” is a subject that has been exposed to an infectious
pathogen and has acute or chronic detectable levels of the pathogen in the body. The nucleic
acids can be used alone, or in conjunction with other therapeutic agents such as an antigen or

30  an antimicrobial medicament to mount an immune response that is capable of reducing the

level of or eradicating the infectious pathogen. The method entails administering to a subject

having or at risk of developing an infection an effective amount of a combination motif
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viruses, such as H V-1 (also referred to as HTLV-111, LAV or HTLV-I111/LAYV,
or HHV-111; and other isolates, such as H V-LP; Picornaviridae (e.g.,
polio virweas/o1dtepatitis A virus; 10 enteroviruses, humanPCOASavkd468
viruses, rhinoviruses, echoviruses); Calciviridae (e.g., strains that
cause gaihmosdtidnilhtios) nuclagasid of dﬂ&n\(dﬂtlgn to @€Y tiRanROGON MEd thbthod tarlISES,
rubella viruses); . Flavirid dengue virus encephalitis viruses,
yel | ow fBsfdto W?tl)’érég)bac"%?loﬁ%?lr Pr&ia%afasété" ‘@feCUE%Sr‘Bﬁ‘é‘V}afl@éWn‘ hpgwakdovi ri dae
(e.9., vestpdbubjdmatitis viruses, rabies viruses); Filoviridae (e.g.,
ebol a viruses); Paranyxoviridae (e.g., parainfluenza viruses, nmunps virus,
15 rreasl es vi Aasgsedrlesgins anfectyord'yand yaquidalently Ly fectious aneysed vhall wtbe t¢ e. g. |

|an Vi ruse ngavi ri dae Hant aan vi e unga Vi fuses,
ol ebovi T3t HERE Trr e aror e & BisiclRPs R P LRER TGt sl

Vi r uses) forag@mlém nisf 1fay bé LIS, USASteri@hDA Hindiis; 88 a pAEsiEOL AV ruses) ;

Bi rnavi ri dae; _Hepadnavi ri dae (Fbpatltls B V|rus) Par vovi ri dae

(par vovi r usesFxamplgyobinfectiguevifysapintuderaRer i, (egolhyara immunedeficiency
Adenovi r H’%‘é%(sﬂwés ﬁfeifri%'sls YEE5dd 102 Hﬁxp?ﬁvtl&v%@?{fﬂ\?ﬁﬁ@%&ﬂhﬁf‘nw rus

(HSV) 1 an varicel I'a zoster virus, cytonhegal ovirus
Vi r uses) andRatkeriisalatag sgetaas BIN\&LYT Piusesiviridee de.gi, polo vinsses, hepatitisvA virses) ; and

Irid viridae African,swi.ne fever .virus and u assi fi dV|ruses
e oS ¢ R ried et oGRS e or e O BRtEa) S et (e ot of
del ta hepat tdukSgdstldomeritis)t PoROiriad @€ 8ChdMRe ert@piRiiis bRuRk, MEORE Vikisss)B

virus), the agents of non-A, non-B hepa |t|seiclass 1 =internally 25
transm tFé@ltrz 48, Qe&gupa/n@msmmbpl}ahﬁls aAgsesL Y IQW(freV@ vxrus@p),a@arpn@moyae

I k f
Nor wa o?%x%tvefﬁc S); rIé‘h%zgaOvmgcp ?(a%[ re§)1c a}J s% 21t1tls \4! ((’asoées angg%s g; IOIOSZS

bacteri a I nonyces I'S ) US an

spp. BoFrl@;hnaa&@rg,ckbbfaewltuseéyth&Mx@zM@qh cgtmiatasnﬂlﬁh@eshmsds WS firdsngens,
C ostridi um t etani Cor ynebact, e i.um dj El]t heri ae, ynebact eri um spp.

Ent elbbaBeailes3arusaiesRjeay SY’E"YtUé YRS %’bvxo"’E’Fl?%(ep%l ibflHenz2 visesdiopat hi ae,
Fusobact gy} 31U @gt mhtaam&{&e mangg viridel ﬁﬁ%@rrué’e‘? Lh&RRAS TvﬁEseQ%( 'A%,llé

Kl ebsi el | a "pneunoni Legl onel | neunophil1a, Leptospira, erla
nmonocyt oyeides (heMp@dibglctf@relr xirggep); Reevigidae (d.g.1 nabdruses, oshigiursed alMiDodBAdEésT;1 1

PCT/ US02/,26468 cellulare, M kansasii, M gordonae),
et sser | BrigtiadeniREe e R R D rer e PRESaraiistll oc, aa
pat hogenpgpdsavpyl.e Q@@tlwméﬂruseﬁba@bmamgésw%dazubﬂuaae (nRbskt Q&Engbi@@sie(k}
nmoniliforms, St re&@ococcus (anaerobic spp.), Streptococcus (viridans

groud) , Hetnespiridecodemss a@ml%ww@@@)dmd@ e é@%@rc\ursl)s cy@megalaydwecus
o SORPIERGR BT 9953 B S SARRCCHS BOOHIRD A5 Ll gcoceus
per t enuelridovivigue ¢s.g oA fricdnestinofesef ving); and aheldsificGaviniseka(eal ,hheaidogical
Grypt OCOanCelrJltss 0 %(]))]Z)ggr1rtmrrnnse’ncephalopathies, the agent 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

prneumophilia, Leptospira, Listeria monocytogenes, Mycobacteria spp. (e.g., M. tuberculosis,
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H st opl asma capsul atum Coccidioides inmmtis, and Bl astonyces dermatitidis.
O her infectious organisns (i.e., protists) include Plasnodi um spp. such as
10 Pl asnowipuwafdad7ei parum Pl asnodi um mal ari ae, Pl asnodi um @Calese2/amds

Pl asnodi um vi vax, and Toxopl asnma gondii. Bl ood-borne and/or tissue

par asi t e anain M iRtasivldre) 3. Sppsasii, Bapedorae)) Naioeria gBadrebicae dVaieskgans,

Lei shmani a tropica, Leishmani a spp,, Leishmania brazjliensis, Leishmania
donovani Weﬂfﬁglﬁéfﬁo?we i ﬁaﬁ%osfwéﬁm&éﬁc?ﬁ% RIAGF o i

sl eepi NOSHLLENRIB moHiNPARRSSIPE16dobdis (hrfaRAdaSsppdi Sﬁ@ﬁ@occﬁﬂirfﬁ@ﬁ@?o@ﬁﬂa
gondii. 15 The foregoing lists of viruses, bacteria, fungi, and other
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| nf ect | oafd VoxopBema@bniint Bldad Barheaihd/on GiBsud WarRitesahéledd Rlamodingl spge
retroviruses, RNA viruses and DNA viruses. This group of retroviruses
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PCT/ US02/ 26468 gi bbon ape | eukem a virus (GALV), een necrosrs virus

sl
(SNV) 1 btiedwPderaubebetanivehyin e ltetayy, gdsesiGiah Thames ddedid us ( SSV) ) .
The Dty retrovi i-necil Nr Pfdez e nk Vi rus 2 nd
T ot VBB BB, TRE Gl e e o el b ST B0,

subgr ouptcofpotdd byviefateee, T-cell |eukem a viruses and the foany viruses. 5

Lentiviruses include H V-f\1; but also include H V-2, SIV, Visna virus,
fel it i rmundibevel ey ohthe micrpbiplagents dascatheil Abovierelatertp buman disardsrsy theys

(ELAY) . im@m%nqg biso ubGHKRR Ratklg HbRGRinlGIeHEatd] LMoh-hulilh Velibbrasd HediisoT- cel |
| eukem a virus (STLV), and
capable of developing infections which can be prevented or treated with the
immunostimulatory nucleic acids disclosed herein. For instance, in addition to the treatment
of infectious human diseases, the methods of the invention are useful for treating infections
25  of animals.
Infectious viruses of both human and non-human vertebrates include retroviruses,
RNA viruses and DNA viruses. This group of retroviruses includes both simple retroviruses
and complex retroviruses. The simple retroviruses include the subgroups of B-type
retroviruses, C-type retroviruses and D-type retroviruses. An example of a B-type retrovirus
30  is mouse mammary tumor virus (MMTV). The C-type retroviruses include subgroups C-type

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

myeloblastosis virus (AMV)) and C-type group B (including feline leukemia virus (FeLV),
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bovi ne | eukem a virus (BLV). The foany viruses include human foany virus
(HFV), siman foany virus (SFV) and bovine foany virus (BFV). 10 Exanpl es
of ot her WNA3wiIs7uses that are infectious agents in vertebrarasandmes s

i nclude, but are not limted to, nmenbers of the famly Reoviridae,

i ncl udi ngivhbe afERURemiPVIAIO (GREVY UpldeAubdbRb SirSESNWPRSicAbe RRKEIITBIWRLE 2N
and avian retroviruses), the genus Obivirus (Bluetongue virus, Eugenangee
virus, KERE} endsimiansarcomaniins fSHODs dhe &Wpes@rovwﬁasncl@ded\demnd?fam T| ck
Fever vi u r ska_.cal

Fover vt ke 11, GRIHE) SRL AR DHIELRC DLy 4o DA Rl

rotavir um)cludl‘ehbe $ubgtdups offentivinaws, M-ctaldcukenth uitigey ahdhfhegf&zﬁﬁji viridegr ovi r us
(poI i Coxsacki e enteric cytopathic human or phan

A and
LP’&%"é’éuseSrf@ﬁ‘é}fl‘? H& ADY ql?é‘lnclsﬁ?rﬁé}é 2o S G0 g felingLr | ne
e n cephal gy ahbdefitichMEind (ﬁ 3£ aAnd E@hh@l‘fl‘fécﬂéuw{e a ViRV ('El;:‘?gxg NTRL Vde[ uses,

Porcine enteroviruses, genus diovirus (Enceph ocar | th's virus
(EMC), Mesukemiarasipes lnﬂedQHT@é’nusHﬁquib\ﬁlmua Tr-¢dlirtewkentia movs (NT§85), amc| udi ng

vout o edBs RURHHE FrnRh 0. B BN oyt Rl S Rinta ket or

exant hengpagfy ﬁmsr(Sva amboﬁ@afd\dnguﬁkusqgavl)l on virus, Feline picornavirus
and Norwal k virus; the fam lé Togavi ridae, including the genus Al phavirus
(East®rn equi Fsamplse ekpthen RV W‘iuﬁ‘iﬁsthatgéﬁfﬂnifwloﬂ%%@ﬁs 1y vergebratsanigtils vi r us,

Chi kunguﬂﬁéfhd\é' IFLH%re 13t ARG 1 ONRGEo A othE Wainily REifid ‘éefnc}ﬂdf )é/ %Z“e' an

equi ne encephalitis Virus, stern equine encepha TS he genus
Fl avi vi r@xth@quui (rmultipllerseroyﬁjek ofibdte weimmialransind @euagmﬂromnum) thagainese
encephal i )?s Vi {Eﬂsé St . LOU|]§e ﬂg@hal it Vi rus,. g al | e%
encephal rpigirgs (IUCtoRge, VIngs FMEEnIMERE VIrkg, Kiemprey °r‘G§us PrSEﬁ Kpan tick

borne Vi {i#gs, aE&Co!%%ﬁioelﬁ& Fe vRA§HNBe LeRtSRorAYAS{RMhan fodvaSk, NdUrhkka ck@uUPi NY
Il virus, Powassan virus, Orsk hem)rrhagl c fever virus), the genus 30

Rubi 14 r uéla(rh%‘elm%mwm@)awmémgm@ Omgﬁobavwwsa‘(lwmmg\atusmﬂsﬁ-fagelyvl rus, Hog
Cnol er Ll PR AEfafeAREREn Y ErbIvind 2ol AL IUINE iR fn B udi ng

t he genus VI r'uses,

encephal eitec g;rtopephm mnmaﬁs)phah ECHO) trirusel) lﬁip@ﬁlﬂmfAlSnr(@@iﬁﬂdnYen?e’im\@s@ﬁ/ 015711
PCT/ US02/ 26468 gver .Cilian virus, Rift Valley fever virus), the genus
Nai r ovi r YSTPeEnFRPRACB RS (M@mft}sr%%@?eowww% Bgyine maﬁefqybqw@h%@rslr@i sease

virus), ahtobiigsedany gelMé WHfoUﬁus( @ﬁléﬁéﬂag i nyocgﬂaﬁ rxﬂu@%@l@ldﬁ' Méﬁfnﬁ)i

family O'thonyxoviri Including t | uenza virus ~ (I nﬂt uenza
vi r u20 t ypenuA Riwreaiy uh (Hiemarsinixioypresss; incbuding af Indst mbhmwtypes;mherahmomu@n) and 5

Equi ne I pfluenz i ruses; .influe .t e.B h n.ug,t es), and
i nfl uenzAt&PE %’ txf‘ﬁ’d‘g 2? pytgn éé)ﬁ"d?n‘iaﬁeaég ALY #@ﬁg{)’ftﬁg’%’v@p ?é&f&%ﬂﬁ ri dae,
i ncl udi nghctudien IR eIGIPREATHAAY bf $ifine (Frad, BaR Mib&N 56 Néd ‘H?ust F&the bicophN\dRls
virus, Henmadsorption virus, Parainfluenza viruses types 2
and Norwalk virus; the family Togaviridae, including the genus Alphavirus (Eastern equine
encephalitis virus, Semliki forest virus, Sindbis virus, Chikungunya 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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to 5, Newcastle D sease Virus, Munps virus), the genus Morbillivirus
(Measl es virus, subacute sclerosing panencephalitis virus, distenper
virus, RwWOaspewtlvirus), the genus 10 Pneunovirus (respi paTarsy2/semngyti al
virus (RSV), Bovine respiratory syncytial virus and Pneunonia virus); the
fam | y Rfebd®iciliandaas, RiftcValky fever hmgemageﬁtgsmwmk (CSmEASUPngo Chandi pur a
virus, F anders rt Par KJHV' rusg ég%? nus_Lyssavirus (Rabies virus), fish
Rhabdovi Peraerzhagic, VERBTYSr DB & IR ANTFAR Y‘U’ééé‘ni W&r&?ﬂ?bUW”r"Hé‘s Spkymigsnia
virus); Brhlﬁrfa%éﬂ% e Mﬁg@qﬁ r gitis
virus (LCV, © Tacaﬁsgsg gl?;fﬂ{sﬂlggﬁéhgbnggiﬁ%ﬁh&Lassa %??@ngﬁué&?@m?

Cor onoav(Influenga vims typdidn gnany fhagran sulty Brsgirforine lréluvmausruS( arﬁv)vlalh-lelpht itis

V|rus .corona vViru Felnel ect ritoniti

(el i he EASPe FLRRHEy R Pt Poe MudGirb BB S0 ) A bt 6.6 agen s
i N vert elyossibleasparat gehry; thel tamiBUparamyoviridae] inBludRg thOgerub P ol @xoYirus
Poxviridae, .including the genus Ot hopoxw rus (Variola major, 20 Variola

m nor, MY VIEBTIVRE 4, Seadabyius, Bemadsoapion vnRat?@mlp%y@nZE@trmmnea? t he
genus Lepog 'Mmet@séawmﬁg Mahdps QiFR), th%gvn&%y,(% YirROIMEASHS viEQW Pox,

ot her avian poxvirus), the genus Capri poxvirus eep- pox, goat pox), the

genus Susmwﬁ lsclsro(s@gapaeqmnphahtw heugdmtfsnpéawam)mndeqses( cious),athye getﬁlspust ul ar

der |t?)s Vi rus, éfp 0oco OVIBSXS ulLar stomatitis virus); the
nf@ PRHA IS SESRUREFTY &% Cyé‘\%i A Vr“EFsreSHi“Fa{J‘zj‘/\W‘P‘iX&é]sVIE‘Sa?Hé 3, 25

Ly nphocyphéusndtid visusthé Emiily ReARID AL MndtediRE Sel dg’ehﬁisaﬁeszddl'&lz%' vsvg he

al pha- Hergesw ruses SHerpes Si rrRI ex Types 1 and 2, Varicella-Zos

Equi ne abefidipHavirps & lardgisiat Re W@@S)vthe@nuszbamyt@s (Rahiesdrushifish vi r us,

infectio I e

i ot r a At FlaAh BT ltbliRuskl (Nl Vi Wb RBHRIEE the ramily

| ar yngot Aegheiridas, iucludiag Lytﬂpéocﬁ&t@ohanmﬁgaus MSRS(L(OM)Iﬁlac:mﬁemiﬁgal ovi rus

R s I S
Her pesvi (1as) aH@;Ba%s vidgs, r}ﬁﬁﬂdnréfﬁerfcydovddam§ ,andl %ﬂﬁ&&&%ﬂ@%&;ﬁ%ﬁ g%ﬁnowc ke

tumor virus): the fam |y Adenoviridae, including the Vi rus
(Hurman smgna)ulpls)A B, C D E 24 WO 03/ 015711 PCT/ U802/26468 and

ungr ouped,; si r.uses | t 23 s ) ctious .cani ne
hepatitis, gﬂﬁ use8s% tP taé? {I]I?%C%IOB? %%engéﬂé’glge %tF 855“32 ﬁr’aﬁ;}’%t her
speci es, aﬂehh@t Dﬁlﬁtﬁ@ toAVheaIﬁﬁxﬁl@\Bochﬁzdaé Aﬂctl&dlngldﬁfg@ﬁhsf OBRSPGxvARE(Variola major,
non-cul tivat abl e adenoviruses; the fam I oviridae, includin the genus
Papi 30 omi{vtieladnipei Manksy pex Vaerinipi @%Ié@( i%ﬁ@x ﬁ%?@b]tp%&cvpmelsgsthe Shope
rabbit 5 irl e, of ot her
speci es) gaﬁﬁé e}ée ugwré%%}énavf‘rﬁg{sr&?g% yc%ragﬁgl?ﬂégx@%k@r@ acu }Fegt% ?%8 agent

( SV- 40) , péadinois}, thcagmmt éfupnwxagentshee(pam godtpond)s the gerBI Swiponsirus}Swingpag), and

ot her primate onMA..Vi ruses. suc
P the genug3 19ar)c/1p0xvzrus (contagious pustalsar dermatitis virus, pseudocowpox, bovine papular

stomatitis virus); the family Iridoviridae (African swine fever virus, Frog viruses 2 and 3,

25  Lymphocystis virus of fish); the family Herpesviridae, including the alpha-Herpesviruses
(Herpes Simplex Types 1 and 2, Varicella-Zoster, Equine abortion virus, Equine herpes virus
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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Lynphotrophi c papilloma virus); the famly Parvoviridae including the genus
Adeno- associ ated viruses, the genus Parvovirus (Feline panl eukopenia virus,
bovi ne 1Owpas®odzit us, cani ne parvovirus, Aleutian m nk di PEITSOVRH6%, etc).
Finally, DNA viruses may include viruses which do not fit into the above
fam i esanﬁmghomdjﬁjmmnaﬂdn@ims&sz(ﬁeﬂemﬁt 23 aémtypes)j mémsious/danufdrpaith, aid oni c

i nfecti nge neurogaé agents ( irus). The nuchel c acids may be

adni ni st #BAVIFECHOLWH % PIESWIERPs Wgéﬁ’fl TRNY: P specigydit 2enps Avigderaviiug obi al
agent, aé%ﬁé%’deﬂ@%?ﬁs@s) e %ﬁcdl@va%aﬁ?@&d&rn@{/ﬂr&’seé)QﬁéjfaHIBIQP ﬁ%xmda@tlh&udﬁ{ sem
15 synthetic conpound Wwhich is capable of killing or “inhibitin |nfe§t|ous
m cr oor gémigenss. Pdml@mawlpte (Dfimam papilomwa shbiises, taymetpapdlomal viasen depagrabknt t he

i nvention end, upo m croo [sm wi.t ich the

suby ot Pt UFBLRG VAR pARos R Rdierh S RPLECLRT RS WFefts a1 agents
i ncl ude Jawyo;a&ﬁru}qpolbbmm@b BimiaAvhcudBtihg hp@lt (9eH0), Rabbit vacuoldtily 286Nt S,
antl - fur}%% ents_and anti -paraS|t| c agents. Phrases such as

"anti-in Vigse B virusg iy virps and pihsy P%“ﬁ@@h@ma vigsesisugh pm|  agent "

"anti-fu r have
wel | - est g%?’k %ﬂgﬁ’ﬂﬂe"é‘mlﬁg{f \{lggz ﬁ%ésfeahg%} g%vﬁg%qgﬁlgﬁng%é %Eﬁllélgart and are
def i ned Aderst-amacaatedd vimessts,athé g¢thszrchrme(thne ganleul@@cmlervlrak bagimat s _kl Il or

inhipjt bacteria, and include, anti biotics as. synt hetic or
or L BBt e R e A B Tk e o oA Yt e o ar
vei ght nplR@eha8sebhittdh & soti fEtd gRthbdse FRGA0S Slich 438 @hahd L& de®idos, such
as 25 mcroorganlsms I n general, antibi otics interfere with one or nore

bact er i aqilsera@wtruse@ﬁ§nd)¢hrogn<>r1mf@@tmués1ewqp@thwaagent§ (ledI¥Agiter the nicroorgani sm
and whi ch ar eTHé)ﬁucﬁ)&ce §&H§ ma QQ&I&]I gs%r%(? toa ﬁ‘ﬁ‘; éc(t:) ll}[’l%.*‘l %fob?a?ggqu A%Ol at ed

from natural sources or e5| zed and are us
i nhi bi ti agi- m¢rulselsageﬁms us‘edrmgmhn aq‘en;tts aaxamralls/eccbchmﬂgr gmthamp@rsém al fungal
ry.system c fungal

i nfections as wel opgort u pri.
i nfebi owgltheﬂﬁfpmaav@iw@@ asgfé’ﬁﬁ e ﬁlh%%or PR in s@%ﬁagﬁ%ggmsms The
Ant i bact ght 8F adBRINSHIKI ddenPiiseflBERIding REHE ﬁ%ﬁorpﬁvlﬁ H'ib@hﬂ APorPihehAst Giri a. A

| arge class of antibacterial agents s antibiotics. tibrotics, which are
ef fecti vmldrmrgkllliimwﬂgl which tie sybreichig lrefect%m\/@r@@bﬁb@bmng?@fmm2A136468 WI de
range of r rred. t.o.as.broa trumatlblotlcs

types or mianintaeps Mt TR RiRT O PP PRRRE AR AL e i o o
the cl asfungilaiFeoahd At patasiti€ hdits) ag@isleyamhﬁb esfi-Inf@tive @éer@’nt“hﬂm-@ﬁa@ﬁalar e
referred to as narrow spectrum antibiotics. Qher antibiotics which are

ef f ¥t i vegealai ¢ vigal §g<=mj” e aphi-dungakagest’, Eﬁ%’e%@lt&iﬁgeﬁbtanégBWH%EICIQC obdyer
types of wQﬁ%%t%ﬁs%ed ﬁ{esmhgé &1h&d Jrrdis rg stif th Sagﬁeﬁ%d ddfé;?}&ﬂ?}éd% Ohh&id

Ant i bacterial agents Sometimes classifled base eir primary node
of acti omedical tgeneBatfly,antittaatetiglrdgahts kdjeminbibabactesd, landaddludeyantibiesics as
I nhi bi tog sl’l asC ce>t|h er syn‘ﬂ}%{lg gre nalltgrg (%t%ll%u%ds Rzrw?;[lge Isnrllnlay ngt?gns Antibiotics are low
molecular weight molecules which are produced as secondary metabolites by cells, such as
25  microorganisms. In general, antibiotics interfere with one or more bacterial functions or
structures which are specific for the microorganism and which are not present in host cells.
Anti-viral agents can be isolated from natural sources or synthesized and are useful for killing
or inhibiting viruses. Anti-fungal agents are used to treat superficial fungal infections as well
as opportunistic and primary systemic fungal infections. Anti-parasite agents kill or inhibit
30 parasites.
Antibacterial agents kill or inhibit the growth or function of bacteria. A large class of

antibacterial agents is antibiotics. Antibiotics, which are effective for killing or inhibiting a
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inhibitors, nucleic acid synthesis or functional inhibitors, and
conpetitive inhibitors. Antiviral agents are conpounds which prevent

i nfecti orwofo3oed7his by viruses or 10 replication of the vipcoaSez/2dass t he
cell. There are many fewer antiviral drugs than antibacterial drugs
because Wwhie rigeagdactefia,\ur¢ lferfeeinb ias Btdad Bpdcsrusvartibingies.yOrtet atpeslof 0 DNA
replication.wthin the host cell, that non-specific antiviral ~agents woul d
of ten beARHHQLcs aty grﬁ%)mlﬁe}g[y, cligtyeagiinst @@3}@9{5{@ et BGELRSHETAI PO PBr ocess of
viral i nfaelhonivdi eilkse8pebsr iRt a rrefeh@@'tcbé&ﬁ‘i’rongﬁ@ﬂrﬁﬁi'aﬁ iofgents.
These stages include, attachment of the virus to the host cell 15

(i munogDdieu hntibigiicshvch arg effegtiviedgsinst amueglabigagisof ortdiwsasa andsiof egagust

ot et (O PR R A e ruBianib Rt Aol HeiaEar | on

of new Virk ysmptiREELtIASifled l@sed @ MR PEatyRold b04ckibn. BNgeneRUddtiBat@nd rel ease
of the virus. Nuc] eotide anal ogues are synthetic conpounds which are

similar 3gniees edt Walbsyntinsis inbiitops; el meraphinhiférp Prtten synthesivor mal
deoxyri bl?lﬁﬁ)it(a{‘s, h a&%%cﬁrs?mﬂe%%n dtﬂﬁlaf'fﬁﬁlbﬁtgf% grl?dp% iﬁggﬁ?ﬁtﬁfo?s in the

cell, they are phosphorylated, producing t osphat e fornmed which
conpet es W t hAntvindlagenicire sdbingesndsovhicnprevgo iredton dfotids byheruses el DNA or

RNA.. Once t.he. tri,phosphate form of. the nucl eptide ana ue .i s incorporated
[t o Chereghigtiongt HEHBIROTLES e cElhalhere it BapoEsve £ BUel S8t Walissoo at 1 on

Wi t h t heantibaékrifl UrygEicamie MhrbbHss o£Vidd] ReplRATAMB kb CRsels eleg ke PN e

anal ogues include, but are not [imted to, acyclovir (used for the

t r eat nentepb¢ationayiper theihept esld. that npn-speeifie aniivied! lrgentowpeld ofienbs Yoxigemibgcl ovi r
(useful e . | OV LIS) 5l di ne, rkbavirin
(user ul $8F ThTe iR HEMedd v AT MA) medcOX WA GRug R BLD e
di deoxyciphibited &y aativira iageows dl' ese §tagdsdndlbdeyadachejent Aithe virug@ahe heeoeis ar e

r the treatment and prevention of infective fungi. 30 Anti-fungal

f f
g;g_n]tlgs a @n&@ﬁglph%%orcl?la@gg PPIAYICHY UR9R2[IRe AERA RIS i fof 2raritiadine). Syhesis or
ant | - f UNglslarBd 8RSl RRW @Ik AtcRelon) Wallca RO RNAY: DR RIL 1 Ng 0l ucose

synthase. These include, but” are not limted to, basiung O her
ant i - f ungalecagleansloguasy, maswrahgn dbsvabiris proteipsitegh partiease RtibNOr)34@i15711

PCT/ US02/ 26468 inteqgrity. .These include, but are not limted to,

i i dazgé'ﬁjg,lngsﬂ’gﬂdg%&%cqfﬁeﬁ”ﬂﬁzoI e, sertaconzole, fluconazole,

i traconazol e, Nkgt&rdRnaaRkees dit §}Qiﬂ1@el'@|c©mf@ﬁkdis\&ﬂﬁt}?&_6@ﬁ@i|laﬁ,to agcl¥@ldes, kig FK
463, anphotericin B, BAY 38-9502, MK 991, pradimcin, UK 292, butenafine,

and 2G& er whishiayean ocprapleterriabpeiingh Heqryahese ariibess grauby OpeetiRinbglediiden chitin
(e.g., Cfjaid i I BLADRIAR I{p?cﬂuﬁ{ngg?' %ﬁq hity! atory
nucl ei c %{c?lid&rsag%g% ugfeheﬁbgg%?%ﬁ)gr Igll éjne % (i(’)n che[ [ r%fthlI n a{emgiﬁhw
ant i - canaenpetdsevitpyornfabnudléreides fatimeniorationdatocthe virdlHaN At IRNIA e Ohat the
adrrinister'hn to : . . : L
trip os%hate form of the nucleotide analogue is incorporated into the growing nucleic acid

chain, it causes irreversible association with the viral polymerase and thus chain termination.
25  Nucleotide analogues include, but are not limited to, acyclovir (used for the treatment of

herpes simplex virus and varicella-zoster virus), gancyclovir (useful for the treatment of

cytomegalovirus), idoxuridine, ribavirin (useful for the treatment of respiratory syncitial

virus), dideoxyinosine, dideoxycytidine, and zidovudine (azidothymidine).

Anti-fungal agents are useful for the treatment and prevention of infective fungi.

30  Anti-fungal agents are sometimes classified by their mechanism of action. Some anti-fungal

agents function as cell wall inhibitors by inhibiting glucose synthase. These include, but are
not limited to, basiungin/ECB. Other anti-fungal agents function by destabilizing membrane
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a subject having or at risk of devel oping cancer an effective anpbunt of a
conbination notif immune stinulatory nucleic acid of the invention to
treat canwero3/0101A "subject having a cancer" is a subject PCRAISO26168

det ect abl e cancerous cells. The cancer nmay be a malignant or non-nmalignant

cancer . [atgeiey. SThyse incdidesbutraed nisteinkited tafighnfidhzolds, Sich@d clorifhidl@ry tract
cancer; brain cancer; breast cancer cervical cancer; ch0r|0carC|nona

col on caffEi@eonzelts JHeanazalp, aspnazole.JstnsRaels migarasele, apdaorirenagalgcas well
i ntraepi het iygh 5 %@é@ﬁ{@e}?‘{w@%s K BYELr&RARRSL UK Y98 teRGRhe, GRd 9 »

smal | cell and no 15 ne nonﬁ neur oBbl ast ormas; oral’ cancer;
ovari an ednoaine. (xherantisfungal @gq:nts ﬁmoﬂd:rab)ebxeakmg down ckitingé.gg a]nmease) sar conms;

skin cancer; testicul a(goganc thyroid cancer; and renal cancer, as well
as other TURPRGSHBRRESSION 3’?%‘5‘5(&5 In one enbodi nent the cancer is hairy

cel | | eukem aThe whth@itsBimilRor9GRBRISacldB UKSBeAuse§ WiRBEANSE drif 8bhbingtken a,
mul tiple nyeloma, follicular [|ynphoma, nalignant nelanoma, squanous cell

car ci nom#ith aB aali-carger thegapyi fos the, trqgiraent of eareer. cﬂrwmﬁéentmlmnlstﬁemg to
car ci nomag géctﬁgvlgggp Ir%k%?%eléﬁﬁ%%ﬁnc Ogss?fe % arns'mlt%@g SSmolF death

i n companion ani na ., cat I ghant i sor ers conmonl y
di agnos enmhmumnedomsuland, ma:ﬂe:c adid bfithe immiame)tmmlczincm ted to | yrrphosar conm,

oste arconsm, tunors, HBStOC 0] ) |n t mel an
adenbsquarmous® cé‘rﬁgﬂﬁ Ng ALARGER o[5S @ Sluéﬁﬁtn’ﬁﬂf etﬁ?“éﬁ&ﬁ?‘éﬂ“‘ﬁﬁé ttﬁ?or

br onchi otterdRaPEN BRI @f‘ﬁ'@n mapg&&mearﬁw Q%e&g 0P ERnor HARRY ardFHof OMR,
neur osar coma, osteom, papil reti nobl astona, EwW ng's sarcons, | ms

turor, Blimied to biliayrisiebenacer; hi‘am @?glwrohwastwemmeaxscabnanceusxhemdaa@nm or al
neopl asi @blo (L,aglcgrs A& %@8 103hEQS&L %a@al%rérqcer 48t rl%oc (9ef(’1fair %%cggthel[lq,l ansmi ssi bl e

neopl asns i n geni talt squandu
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cats incl.ude cuI e y sar cona
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adendft ar eareibema, biedder agH erseinomel ascelop cateiiosiac aci ds may al so be
e st o3 ByEPBHOTHRIGIOAT P A SODRE LR (0! i EtE
dogs). Malignant disorders commonly diagnosed in dogs and cats include but are not limited
to lymphosarcoma, osteosarcoma, mammary tumors, mastocytoma, brain tumor, melanoma,
adenosquamous carcinoma, carcinoid lung tumor, bronchial gland tumor, bronchiolar
25  adenocarcinoma, fibroma, myxochondroma, pulmonary sarcoma, neurosarcoma, osteoma,
papilloma, 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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surgi cal procedures. As used herein, a "cancer nedicanment” refers to an
agent which is admnistered to a subject for the purpose of treating a
cancer. \Vaoiwwssiypes of nmedi caments 10 for the treatnment pofl/csaneess ar e
described herein. For the purpose of this specification, cancer

nedi canelf¥ntangic@ndtdslsind adll @stadbreim. eddapeal hialidgebies dideAbicaoh bak araude C
agents, cancer vacci nes, hornone therapy, and bi ol ogi cal response
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of N ceII an _i.ncrease in IFN-a | evel s. ADCC can be perforned wusing
an i a?%F‘g}n?fB%| eic acid in conbination with an antibody specific
for a cel I ul Bhe fn@h@RIstimalEdry dRcldicGR NS BhayCdid be ARERistcRAI hBHRAS I MWiat ory
nucleic acid is admnistered to a subject in conjunction with the anti body
t he subj@cantiscangertherapy:sfatncpacep therapisdeeludeocarrer medieamanttp rad@éion anthe

ant i bodi f t u@g}g ae » 0 h. | nt er act
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Daunorubi cin HCl1, E trarru tin hosphat e.. Odl t o 13),
Fl oxuri di ne, J}jﬁ GF C?EI‘ qci ?tgn ‘ﬁﬁjgry‘#f) il i e Cﬁ%ﬁ%&’ﬁ‘?’g ffimbCtherdpedtic
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acetate (LHRH-reI ea3|]1rllf? factor 30 anal ogue), Lonustine

Mec hli Sor edfiagrhaBismeinclyding gpificani sphangsmenist ang lmsimﬂ&pﬁ@emm cyraxighe
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targets have been described in the art and many are commercially available. The nucleic

acids when used in combination with monoclonal antibodies serve to reduce the dose of the
antibody required to achieve a biological result.

25 Other types of chemotherapeutic agents which can be used according to the invention
include Aminoglutethimide, Asparaginase, Busulfan, Carboplatin, Chlorombucil, Cytarabine
HCI, Dactinomycin, Daunorubicin HCI, Estramustine phosphate sodium, Etoposide (VP16-
213), Floxuridine, Fluorouracil (5-FU), Flutamide, Hydroxyurea (hydroxycarbamide),
Ifosfamide, Interferon Alfa-2a, Alfa-2b, Leuprolide acetate (LHRH-releasing factor

30 analogue), Lomustine (CCNU), Mechlorethamine HCI (nitrogen mustard), Mercaptopurine,
Mesna, Mitotane (0.p’-DDD), Mitoxantrone HCI, Octreotide, Plicamycin, Procarbazine HCl,

Streptozocin, Tamoxifen citrate, Thioguanine, Thiotepa, Vinblastine sulfate, Amsacrine (m-
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currently in devel opment are focused on activating the cell-nedi ated i mune
system including cytotoxic T |Iynphocytes which are capable of killing
tunmor celwse.03@0a37aer vacci nes 10 general ly enhance the presemEnr/oncof
cancer antigens to both antigen presenting cells (e.g., macrophages and
dendri t i AM®A), zaditidiney Edythropdietin, iHermnethgletdlanise CHVAE), Tnte@édksn 2B cel I's, and
NK cells, .In sone instances, cancer vaccines nay be used along with
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differentially expressed by cancer cells and can thereby be exploited in

order t othedwgioral damuee sywierd é19-sthe entihady dgprndgtimmang respengenQthen vaseingsn
pot ent i abl Yo st liTHL R ngeglgg{e%{:dsléd bH gafxzaﬁngmefaeﬁ-méqﬁy{yd;g%@s&@gg@ﬁ?- Some of

t hese antigens are ernc al though not necessari ess by nor mal
cel | s. Thebdimgaytgexis Tclampbecytd¢sawlzich ereicapablasf kiHogaumbi odlsaCanden vasdihas
sile (i.e. not expressed). in_.normal cells, those that are expressed
onl y1the Bl fABineS SRE SR oBmERRIeAT Plie i b SR e Qs e e el st |y
express eﬂlamghag@g afdEdniRitic Ce i) And/BE B otRdHimARMS cell ZucPad EleeBRBC&IIs ANl gens
are encoded by nutant cellular genes, such as oncogenes (e.g., activated

ras oncoBy&nee]ls. fussmreinstoncegetaaser(vaceines mat kenuseg 8ng Withsadpuvapisotushns
resul ting freom. .internal deletions or chronmpsonal translocations. Stil
ot her cancer anﬁlgens can be encoded by viral genes such as those carried
on RNA and DNBottibmicer¢alldaesantigénioand &8s cai b Rebetedbiyt theg @fimuas Syspn@SENt 1 N
bot h %unnr cells and orgal cells bu%,are present in a different 30
quanta t yoRsasked; e gprapined gdminisiratign gt inppnastimplaierynusleigracidsend sadegens are
oncof et ajnakhgRe pard Rty thERNCHPPSRRI NGRS a@%b%%ur@kﬁe@ﬁ&?fs'tﬁ&%&%f
antigens (e.g., T and Tn antigens), and oncogene products ee.g., neu) .
29 WO 03stonglating PEpreificOnm2BwGespotzargemsmecdngenmmfigsuc bseasherdingke prmsent i n
cancer vaccines..or .t used..t o,.prepar,e ccher i,mmun HQer%%%ﬁ n be
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. h
or epar ed FREhABIETS a8, fjor dafipens g Bep IntSighanpeably (g Eker 1 antgsne ek e ol
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reconbi nant technol ogy, or de novo synthesis of known antlgens. Cancer

ant i #bnscellsn Gsaces apligapsiare amtigerovhch an prieHBYE stimujsr anperestlp furaospeeifieul ar
LTS5, B SR LTSS e L ALk, ARG TRSS, G0 Rt =,
any ot heby meard célisoWhesaarttigensaean. be characterized as those which are normally silent (i.e.,
not expressed) in normal cells, those that are expressed only at certain stages of
differentiation and those that are temporally expressed such as embryonic and fetal antigens.
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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O her vaccines take the formof dendritic cells which have been exposed to
cancer antigens in vitro, have processed the antigens and are able to
express tweosaner antigens at 10 their cell surface in trog/usont@st of MHC
nol ecul es for effective antigen presentation to other inmmne systemcells.
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Felis (Felis donesticus); Anmbrosia (Anbrosia artem.isfolia; Lolium(e.qg.

Lol i h‘m 30f Hlereh inclusting aithman hie eqabiteon nytifmemee isimubigp neseiciagidssami ca) |
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el atior)f g gy’ ) a s at risk of developing an allergic réaction 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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Poa (e.g., Poapratensis or Poa conpressa); Avena (e.g., Avena sativa);

Hol cus (e.g., Holcus |lanatus); Anthoxanthum (e.g., Anthoxant hum odoratun);
Arr henat hwowaio{&1g., 10 Arrhenatherum el atius); Agrostis PETYIS2/AgroSti s

al ba); Phleum (e.g., Phleum pratense); Phalaris (e.g., Phalaris
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contents of which are incorporated herein by reference. The summary of the medicaments as
described in the NIH publication is presented below.

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

combination with the immunostimulatory nucleic acids to treat asthma. These are referred to
as asthma medicaments. Asthma medicaments include, but are not limited, PDE-4 inhibitors,
bronchodilator/beta-2 agonists, K+ channel openers, VL A-4 antagonists, neurokin
antagonists, TXA?2 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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type of IFN-a in humans j s the pl asmacytoid dendritic cell 32 WO 03/015711
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assay (Eét&%@s’. bi oassay, and fluorescence-activated cell sorting (FACS).

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

25  antagonists, anti-IL-5 antibodies, soluble IL-13 receptor-Fc fusion proteins, anti-IL-9
antibodies, CCR3 antagonists, CCRS5 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-a and IFN-f. The method involves contacting a cell capable of expressing a

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

that the major producer cell type of IFN-a in humans is the plasmacytoid dendritic cell
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Assays of this sort can be perfornmed using readily avail able conmerci al
reagents and kits. 10 The i nmunostinmul atory nucleic acids of the invention
may be uswo wBmoiseti vate NK cells. The nmethod invol ves comcaatsozgedasn NK
cell with an effective anount of a conbination notif imune stinulatory
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or nore. The.i o%n%ll atory ({]ucl eic acids also are useful as adjuvants
for i nqu%thatl%%g s Jray) R IFRGLBLARUHRURGTIRIIALRY. e GRBYANRRI on
motif i npaane oStk MHRLOK ¥ SPolhG! Rlothe Blcthts %icmﬁugewﬁmgsgcﬁ;eﬁ@&ﬁ%ﬁ&%f vered

to a subject exposed to an antigen to produce an enhanc I mrune response
to the atheiNjerellsThNK deblracayaioplcen boatsessad by namwitsinhethodsumeludatg mul at ory

nucl ei ¢ acids ar ful .as vaccine adjuvants. 33. 03/015711

bt so2Paeiser ARk a8, FRERAPSs ] RS e e BE A TR i ¢
conbi nat ihmedsufent@oNindh@iod ciekghin djtaNians. Sin 28d1MRRA 16 teh@iharad@listi@ghiyant is
any nol ecul e or conpound except for the immunostinulatory nucleic acids
descri bet® i ceitain ineaigsts spentarpoasly. NkeeHupastiaipate i AL%rC aed argimgion nune

responsegnh@&ﬁ?&ﬁﬁfl@ﬂﬁ@%&,@ﬁkﬂ%@@&ﬁltﬂflUde’ for instance, adjuvants 5

that create a depo nrune stinul ati ng adj uvants, and adjuvants
t hat2@r eat e aThepototgfital NK-3aditbleicell tape fbhBotddNK eeltyis tyest aAifieain- nucl ei ¢

acid nucosal adjuyant as used herein  is an adjuvant other than a
i mrunost $HAMasRs (vdel-éi athypogadssived Gomdaloney wrusrnErgtadry sain mied sker
I mmune 1 RSRANRR defls, A stAHRbRCG MRk 9 BUBL S &ivk® B HEFRbol8chACE 11
lineage. In microtiter plates, a constant number of radiolabeled targets (e.g., *'Cr-labeled
K562) is incubated either alone (spontaneous), with detergent (maximum), or with varying
25 numbers of effector cells (experimental). The ratio of effector to target cells is referred to as
the E:T ratio. Enriched, activated NK cells typically are effective at E:T ratios of less than
10:1, while unfractionated PBMCs or splenocytes require E:T ratios of 100:1 or more.
The immunostimulatory nucleic acids also are useful as adjuvants for inducing a
systemic and/or mucosal immune response. The combination motif immune stimulatory
30 nucleic acids of the invention can be delivered to a subject exposed to an antigen to produce

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

stimulatory nucleic acids are useful as vaccine adjuvants.
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conjunction wth an antigen. 10 The inmunostinul atory nucleic acids of the
invention may be fornul ated as pharmaceutical conpositions in a
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may be directly adm nistered to the subject or may be admi nistered in

conj uncti on WrhdinamOnstigiutatagirdicl@R) dciBmyayCsaaneiistefedid cbbihaien dielohver y
conpl ex shall nean a nucleic acid nmplecule associated with (e.g., ionically
or coval B¥fi¢iy aqid adiyARfst H; nogrnusleecaassdipdin vt i anpinplecale %rr@@tnoplgc?mnéfqr e.g.,
a nol ecujg ; j ' g . (e.0.,
B- cel | s]liﬂlrgfl Itgc esogtgﬁ%’;\ {c())r%y ?%é%]gggg%d?g{ﬂ{)étﬁmgé{ﬁ gﬁhﬁe&gyﬂt}‘é‘?ﬁ%@g%}:‘gﬁl‘%) .

Exanpl esamsformetiiler tnmuonairedpdnse.eNyn-noolpicexalsadjuvahtsdecludes Feiiostacke grljuvants

i at ed, with terol .(e.d...cholesterol), a lipid (e.q., tioni
TTor e v agepfierise i i RUEAG el afiadiians Pty igent. <
(e.9., aeffdcpandstiiglagthd Reinbie dysfHLtA a6h-hudBRGLT BudosfeRfRat asRIsef B&ERd 20

conpl exes may_be sufficiently stable in vivo to Ere_vent signi ficant
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i mrunost ¢comiration withueml aatigeraci d and/ or the antigen and/or other therapeutics
may e adm n'tﬁtered al.on in.saline or buffer) or using any
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vehi cl espliayacdieien Bagesitibedin JMehh&_LESNG Getpthlogehid gLet al ., 1994,
1996); Enul sones (Vancott et al., 1998, Lowell et al., 1997); | SCOVs
(Mowat etmmpmostinggBoryQaclewsasidsanayae diretd@ admisistered to the 9@hjedior eiay bet al . ,
1999); Lj 0 . (Chi | der s | .. 1999, .M chal ek et, al .,,. 1989, ..1992, de
raan 1096PRRERL S ELTNEh auctpig e Bblatia Rugrig By, o8
Mal oy et cathplex di2medvbomeldt adldl molcbdRbassddidvabaiih &d.g. dlonicaBP ol &BAlenkil dr i dge
et al., 1989); Polyners eI(delg1 car boxymnet hyl cel | ul ose, chitosan) (Hamajirna
|W 11n

et B ., bounddo; oreppansuiel )i targeting gieansig| gy fgpoles e that 1gpelfs indigher . |
1998); P el (0.8t BAell sulDO8) akP¥Bhbre i e ‘
1997;; \/éf?igggﬁes %g(i&h(%% et héf%)’%&z, I\)z‘%zgl aréc‘i)‘i%h%at ggfl'%l,:ll lgli&g% 0‘%’/% 8%511

PCT/ US02¢e2i8) 6Bxanii9&bof miclerc aid ddliveryl@aglexeVinchiglelnukleicpmidsiasicetmat{ddwahg et
al ., 1999 H:l bl etl ?I 1 ]1993%. Ocheir .gel.'verg vehilcl es e known ip the
art. Subfot (sdO!Bierelhd I otints BB b RUPE PRSP Ob 8 Sredicel oc al
del i ver yspetifieitidihy agenbgLe.f 4 B _n@b@c_&btgngzeclb? tér%etla@u IRk redPiori Blct@tddon,
whi ch depending on the 5 agp i cation could be given daily, weekly, or
nontH y emeplexsp reayhee sudfigienity $4ble indva lhareisat ieaficantbneouplipg prpt 9 mucosal

0 o) ot RBABAAC ARl 8 By UL A BORRRRY ™
spaced deyslitionswethisthepal o tHdbthe nylpicceld iy releayadiinea Sinctidadadfirmdoses range
froml g The immunostimulatory nucleic acid and/or the antigen and/or other therapeutics may
be administered alone (e.g., in saline or buffer) or using any delivery vehicles known in the
25 art. For instance the following delivery vehicles have been described: Cochleates (Gould-
Fogerite et al., 1994, 1996); Emulsomes (Vancott et al., 1998, Lowell et al., 1997); ISCOMs
(Mowat et al., 1993, Carlsson et al., 1991, Hu et., 1998, Morein et al., 1999); Liposomes
(Childers et al., 1999, Michalek et al., 1989, 1992, de Haan 1995a, 1995b); Microspheres
(Gupta et al., 1998, Jones et al., 1996, Maloy et al., 1994, Moore et al., 1995, O’Hagan et al.,
30 1994, Eldridge et al., 1989); Polymers (e.g., carboxymethylcellulose, chitosan) (Hamajima et
al., 1998, Jabbal-Gill et al., 1998); Polymer rings (Wyatt et al., 1998); Proteosomes (Vancott

et al., 1998, Lowell et al., 1988, 1996, 1997); Virosomes (Gluck et al., 1992, Mengiardi et al.,
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to 10 ng per admnistration, and nost typically 10 g to 1 ng, wth daily or
weekly 10 adm ni strations. Subject doses of the conpounds described herein
for parenwercaloidfel i very for the purpose of inducing an amCirgsaz/sqesi fic
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regi men can be planned which does not cause substantial toxicity and yet

i s enti rEdyciag pe@nptedmmyineregponsey fphineicating ADSbpelor indppiganfaatiginve 35 WO
03/ 01571 /: . i r i | vary
dependi rgesieaniinre s ofie AR i AlnAin B EletlacBRRL KB RRAERR, 21 e
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ano of; ' r i ' ] I d/ il

iy o BN, MG orinbIBHAAS b ULRE A 4Pl G R Mbro AP AR
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t her apeu{npgtéyplyalgf framapoe 19848 te drmg, wigh Be4 administrations being spaced days or

weeks apart. In some embodiments, however, parenteral doses for these purposes may be

used in a range of 5 to 10,000 times higher than the typical doses described above.

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

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

substantial toxicity and yet is entirely effective to treat the particular subject. The effective
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determ ned from human data for CpG ol i gonucl eoti des whi ch have been tested
in humans 10 (human clinical trials have been initiated) and for conpounds
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acid or aimialstered toer :&ijecsblﬁ:hn}aﬁo&@ﬂhlamh&bﬂltlﬁ@ﬁﬁlelwdld Wﬁhdﬁésxfdﬂ%u@fb@é

formul ati ons may al so be f&)rm,ll ated in
e.g., mucosal, systemic. Administering the pharmaceutical composition of the present

8| n|c

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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saline or buffers for neutralizing internal acid conditions or may be
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e.g., gelatin for wuse in an inhaler or insufflator may be fornul ated

cont ai ni ng a Plamescutical pyeparstions syhiehugad be apell eralyiinchisk ouglofiteapstblas madeich as
| act ose tarch. The when.it.is . desi;rabl e to deliver them
syot e ooy SR E0wel OF o TPART o000 bl il B, PG iy

i nj ect i odr; soebighl., Thy ptedl-fitscapfjlecdan@dntain e Bitiveuntrsdiend i hdimixturé il IRk i ons
for injection may he presented in unit dosage form e.g., in anmpoules or in
mul t#¢ doS¥has fcishdrnderyiuch ag slagdg AnoE BOFIGaRTT Yush atTiAlC eompES LG ARy
take s UC&JégféﬁT&qaﬁi stabifsers | kSt c%€§u‘1’és', BB 3ce SMPoth& Ray Pe Qisdolva ordqueous

vehi cl es, may”  contal n fornul atory
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene

glycols. In addition, stabilizers may be added. Microspheres formulated for oral
administration may also 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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agents such as suspendi ng, stabilizing and/or dispersing agents. 10

Phar maceutical fornulations for parenteral adm nistration include aqueous
sol ut i onswoaB/ot3T@1 acti ve conpounds in water-soluble form paddishe/osss |y,
suspensions of the active conpounds may be prepared as appropriate oily

i nj ecti oby proviing h Oalse toSddlivabh metdrabaaﬁtbdm CCapsstled @Ad Sarfidgee b € egellaﬁﬁ hude
fatty oils such as sesane_oil, or synthetic fatty acid esters, such

et hyl ol B8 agAnhajgrer y@éfﬂwgn%be ITOPBB@ES’F}@@ntaWéﬂHe%B%W‘#% iz of 81 @mp@enél ons
may cont gidy, dRiabid %@Pﬁ%e‘éﬁéhcé’s IH}S{ SAS8dipe viscosity of the suspension,

such as sodi um carboxynet hy ose, sorbitol, or dextran. Optionally,
t he suspensi ohhereympdunds,carenat 13 dssitabietbelelisdralyinh smmcdty,mggm;:sfomlaﬂed

th bi.lity of th d .| f th t f
i gl OR R A eiogry AFEBy R RGP FRGICRr OB o S oy be

i n powdeFofaflafidnetorGafesiibd shl 88 piséiledin v cﬁ)Hégteaf@hﬁ é’@hﬂncinﬁ)ouﬁ:s%r insterile
pyrogen-free water, before use. The conpounds nay al so be formulated in

rect al muhagowaon@amf@ iithj agrpgded prigseavativeu g he sempedieansanay iekesuchdornesasnas,

o bt gl peCeRyRe, SRIAEH BRRLiPKRPRY o dle RN AR B SRRRT Sy ¢ e

conpoundsgeresysuah sOsuspendiy, kabilizirgtand/oadisperd@papems.epar atl on. Such | ong
i e f.or.nmul ted Wit suj tabl e pol yneric or

act i formul ati ons
hydr 6bhobi ¢ nglﬁaémaaq"élc%/lffgfm‘élﬁ%?ﬂﬂ 8r pazenigra %ﬁﬂl1§}SHﬁU?lhlnswdaewﬁtlwléﬂorﬁu 1) or

i on exchgnge afdR! dshpoRhdAs WwRALNMIY o] B&Qidﬁlo%ﬂﬂr ‘éﬁ&ﬁe}ﬂﬁéns $fQhe £tRAPI €, as a
sparingly soluble sal t. The pharmaceutical conpositions also may conprise

sui t abl ecaopiugdomay bk ppﬂm&é ag@pprapriateody mecé»omspmnmgns I§¢atr¢bleé3>oph1hsuch
carriers XCl MSLdihn re not I|mt L um car banat e,
cal ci um p‘ﬂven %at‘%lh eﬁrlfl%ld(i ng‘?jg?% suchyag sesgme oil. gy ?yl? }%?g% fagg'r \fg Sfguch as
gel atin, ethﬁlﬂﬂea@@bymgﬂy&eﬁd@oﬁﬁpdsdn)éﬁtquhdbﬁglrﬁlécﬁ@ﬁkﬁspe@ﬁoﬁ%%&ﬁﬁﬂ 11
PCT/ US02/ 26468 Suitable Ii quid or solid phar rraceutl cal preparation forns
ar e, ¥ or SbRRAAsavhighinstrgse %‘P visgpsiyeofdln yep@sions gichjap pedivmicarboxymethyl
m croenc t t articles,
cont ai negé?ﬁlwsg S%goslgﬁqu%% @@wgfﬁﬁ%gﬁ%gﬁép Er&dﬁ‘rﬁ%}%&?? nqamgglt%}\e?atl on into
t he ski stabibrersipr wntsmlmclalrsmmq:)thelsplebthty of the csmpalrrdbﬁdalildw fortthe skin. The
phar maceut i cal. OSI tions al e .include granul es, powders, tablets,

on ?ﬁ? g

coat ed t BSPEAYC ghly censsatipied sOlubipnS, sit ori es, syrups, emul sions,

suspensi ons, Mt@fﬁﬁﬁvelfi RO &cte cBRPPRA At lwpbad&rﬁhﬁwc%smﬁﬁ&@@% a0f
active corrpounds in Whose preparation éxcipients and additives and/or

auxi2Q ar suigblesighisles s.gdisteribe pyjpaen-fee Whtatidefore ussat i ng agents, swel | i ng
agents, |ubri ?ﬁ‘@&oﬁnpgunﬁy ff. &Qgﬁ 'be formulated in rectal or vaginal compositions such as

suppositories or retention enemas, €.g., containing conventional suppository bases such as
cocoa butter or other glycerides.
In addition to the formulations described previously, the compounds may also be
25  formulated as a depot preparation. Such long acting formulations may be formulated with
suitable polymeric or hydrophobic materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly
soluble salt.
The pharmaceutical compositions also may comprise suitable solid or gel phase
30  carriers or excipients. Examples of such carriers or excipients include but are not limited to
calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin,

and polymers such as polyethylene glycols.
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sweeteners or solubilizers are customarily used as descri bed above. The
phar maceuti cal 10 conpositions are suitable for use in a variety of drug
delivery woaBenwi1 For a brief review of nethods for drugPdahisemeesss see
Langer (1990) Sci ence 249:1527-33, which is incorporated herein by

ref erence. ThBuitableliqsd ofsd]al phiaymausoli@il Brepaiatlen diths @R, f@exhyplePhdiRbus or
therapeutlcs and/or_. antigens may be adm nistered per se (neat) or in the
form of sRlBRAPHERLIOF Eﬁllala?lo&de’éﬁ%eéﬁqpémaﬁé aypehleafprb foaredontp mipsegsafihie t he

salts Sh?Mh%aﬁﬁ:le@h&fn@ﬁﬁﬁﬂh'I%Ldrﬂesaﬁ%ﬁE@da la@ros&ﬁk’épeﬂ&@ fcﬂh %%Bh'lﬁt@lt*%

accept able I'ts may conveniently be used to prépare phafnaceuti cal
accept abbkangaldried Dh@raeshfa.rp et tesbd satchrcl inahe !dun &hepleomatéuticsled to, those

prepaged from.the ol l,owi n ci ds ch ori drobro sul furic,
e BT eiso g By e Peva e Rale sty BerS Fabsii
tartari Csuppbsitdries, SyRIp3A&IBuISIehf) RAsPehisions) Ethfis, dFBHsUH pRepabdtiofb With pratfacted
napht hal ene- 2- sul phoni ¢, and benzene sulphonlc Al so, such salts can be

pr epar edrekeasepkaativa sompesnss, larwf&smteparétlelmqmlgrés ard adgliféves a8d/onakigries
pot assi Ul ilas GRLEMIS HihderLleoki 1 g@.lac? iyt %;mg AbRURs, RV ARLC PuTTertng

agents inc fic acid rre acldeand a salt
(1-3% w s«)zeetdmrs @ sahﬂadlzarschracmaimarﬂ@ u§ed2a55%scmlbeal abawed T phpieickaticati d and a

salt, (0.8-2% .25 w v uit abl e preservatives..include b zalko ium chl oride
o Ol o BB S ES AR Gt BB B ORI el ot AOT ORI IR0 v v)

and t hi nBicgpa f&%@&e@egz%evw)gera%s&bﬁ&@@%@%l wﬁQH@Q&b&ﬂpB&%ecPf the
i nvention contain an efféctive anount of an |nnunost|nulatory nucl eic acid

and optlbW@mﬁyiﬁﬁiﬁgéns and/ or other therapeutic agents optionally
|ncluded in a e
Tﬁ?ﬂﬁ%@ﬁ aﬂé{éﬁzﬁ&xjg*g@fé?c £Ed%?m8n§a na'll o’ther era g{rcl:s andlar b1 e solid

phar maceuti ca carrie ns one or

or i qui antfgehs miay bdaﬂm&ﬁ:ttsrefbper enaeapod iathdprawhatphneesewtvalli addeptablel t abl e
tion to a or. ot her vertebrate aninmal . The term

f
gér fﬁdrenr Qa{lffit ?Ié‘éseéﬁn mea&mectﬂwalﬁ% PYd e eharmgeaticali acchpipbleghut gensynt het i c,
39 WO 03£9£~§1§3&1t1€§5/ é&%@%ﬁﬁ@ﬁﬁ% miy th\é‘ﬂhﬁt%r bdGedsd | gﬁé?aétje %ga&%;g&ka@

conbined to facilitate |1 cation e conpon

phar mac eatceptablesaltpibsiept. o?ns:hahhmnahlée .Qapaisinet binitbe ioy thaso prepagil éwnwikeh t he
conpound of _the, present. i.n t|on wi t h eac her, n a manner such
Chat ¢ nefeiofptn, §%ThEREMoH0 Woliobfituic Rt i SoisPhete. male ey on
activitysdicylid1§- t@ﬁféﬁ@b&ﬂﬁhor{mm&lcoéltrﬁ AdtHaRé StIpRSni®) Tornile! rrﬁ&l&‘ﬂc OuctifR,

i mruni zati on ﬂ ) prophyl actic or t her a peutic), nature and severlty of

t he #1 sopephtha %{@e’l %@W?n%¢@ﬁ@e eﬂphqﬂe: p%\ltS‘P &Heh salis canbeprepered esalkaljnepe
nNecessar v, SNAKAMT Ak 51 Elﬂ:’ﬂ Qo ! g&gss 8r %3éalpr?1§aﬁsa£f thé ar88>t(ylb0t h by

single admnistration int forn1o nin ose un
several soidptomp. dose units. NUItlpIe adnlnistratlon of

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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doses at specific intervals of weeks or nonths apart is usual for boosting
the antigen-specific 10 responses. O her delivery systens can include

ti me-rel eaod3/otolinyed rel ease or sustained rel ease delivecy/syse@ns. Such
systens can avoid repeated adm ni strations of the conpounds, increasing

conveni ewitk viticH the astine iggledidfidis th@bipbY & Bicidifate RAYplides. The t@hp@Rats of
del i very s¥stems are avail able and known to those of ordinary skill in the
b

art. Thelpeiphamipgeutisal garapositions alse axgcapehis ok bring eempiiglad Wik flesogippeeds de)
copol yoxat tﬁ% E?eselﬁq}lye%ﬁgﬁ,%haﬁﬁﬁl ch 0%1@9 by %g%saﬁﬁ&%&?&at ROIAORS gﬁ&?{:]tg(fns 1

pol yhydroxybttyric aci d,” and pol yanhydri M crocapsul es
f or egoi ng pol joereatmearitofh nuljectddapgsding en desatyidi ¢t compofuod, mamepde, U. S.

Pat 5, 075, 109. Del | t | sp i ncl ude non- pol t t hat
o 1 pidrEistaRn AU S pEE BTt er drasby Br o BrEPRLEL TG o and
fatty aciderigfofMRidik@dderf, afSartiidy I%igfl oFBRGratiedl diffeRAHddses maAl BE BELASSy.

hydrogel rel ease systens; silastic systens; peptide based systens; wax
coat i ngsTheadmpinisirgtien ebbgiven dessicag be earvieh putdiodh bhsinglerdmamstrasiooiipthent s;
parti al l rxg;tiff’%g ixkcﬁplldﬁgltd%’se mg?} «Q?e %ekléﬁ'gl s&ﬁ%ﬁhg%g%nﬁ%(%ﬁﬁfe 4(1%?1' f’s’gz?tionboLft  are
not limte 0: (a) erosional systens 1n I Ch ‘an‘agent o A" Fent i on
i s cont addeslat speafit dntenvalstolfimeeles orandriths apattdhuanl fondsestiag skt ddnigen-spectficS.
Pat ent Nos. 4,452,775, 4,675,189, and 5,736,152, and (b) 25 diffusional
syst *APYURFEh an active conponent perneates at a controlled rate froma

pol ymer such @geHasisverP§tdnty cldg Srcl iR BRL-rdN2Re, d%}a?é«f're‘i@age oPsubfathed félea¥ad

5,407,686. In addition,” punp-based hardware delivery systens can be used,
some of ddlivety sysemsddyclesystems canppdidnepsaiedradmiitistrasions ehthe icomponridsn i s

further illustrated by t f ol,l. owi ng.. Ex l.es, ich in.n 30 .way shoul d
bo' ot EtsHShE ShEfnRYed {bint Rt ARERRIRLER wAB Rbel B Rfkas Gl
r ef er encggtentd di€ hutillablg anil kaswh b Boseed fRr@inamskill Hbest PAhGNISIud®pSlyhshed

pat ent applications, and co-pendi ng 40 WO 03/015711 PCT/ US02/ 26468 pat ent
appl X at Pasasystems gisher palygaesife-glrgalidg) spRalupseliesapdy sapFrdlpsfonstpr ess| y

i ncor por - f.ef ?@p}; : h.kS a remarkably
strong a@t'%l' %éét}%lplc%ﬁ’ rﬁl)k celgfsstgg’ Iﬁfoﬁ B‘rﬁggggéllgoag]nd p% p %\ﬁ/ile%)'usl y

r ecogni zEdcracapsules of thb éakegding pdeoeysmontagong dengs edeycrived timifoi exgmple, U.S.
neutralizin i f nsisting of repeatfs of the sequence CG such as CGCGCG
o wher el 111d 5.0 1@ lvedey By ase e ool Budas by Do eds

neut ral i gcRAidEkdrbR SWEH & dPelesRMR? dHoRsteF R ELteR dhb FatBit dciall RtnehiYal §hi 8&dhSas0f CDN
on nultiple readouts, such as secretion of IL-6, I'L- 12, 10 IFNy, TNF-a,

and 3thdumpenhen dof angririglytegdns dpdopelirelepsersiiplempicsilpsiivsesters] paptidpvbasedal .
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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(1998) Proc Natl Acad Sci USA 95:12631-6. In many cases, the presence of a
neutralizing nmotif in an oligonucleotide together wwth a stinmulatory notif
was bel | ewed3bos7pr event i mmune activation. One such ODN ceetaisaz/eqges bot h
stinulatory and neutralizing notifs is CDN 2136, which has the sequence 15
TCCT GACG ak€xtapRiéatoniCite SEHpUdBoMGhispplication aie heeety @brdsklySndaEﬁ\éer@@b ins a
fairly typical neutralizing notif, CGECGCGCECCC (SEQ ID NGO 37), derlved
fromthee%’remé?nd of the |nh|b|tory ODN 2010 ( , SEQ ID
NO 38). Surprisingly, ODN 2136 had strong activity for inducing NK cell
lytic activity (Iytic units, L.U). As shown in Table 1, CDN 2136 at a
concentration of 3 g/m was actual | yEximpleger 20 t han our standard B-cell

T R T S

strikingly, whergss 2008z d /m of
| FN-a, ODN 213 mglﬁg(%l(rj t ezprodgugft?gﬁgg%lgﬁoggﬂm%}%m@%ﬁ? e%%l g

i ndi cat egeutiabizing srum;f$ ¢agisisthy of reppads pf the semienasf CG isiigh ase@ﬁC@lGC‘zomhaemﬁe n c e

W eh var TS BRbklecty! AR PERUERY of 3.0 5 PhSe BeukMERE s e S et
0. 86 1. 4reddcelthe $tidblaloty 6ffecdt8oBBGDN didmultiple?rebdddds, Bhd 3s sédeldn &A1.24, 1£61263

67.88 78,28 76.65 33,26 1585 (3 g/nﬂ) 6.47 12.61 24.65 36.82 49.30 53.00
11. 68  1B3%5v,(1¥F % ang ingluehiomef anznBgensgpesificammupe 1gpomseg Kring, AM et 2585 ( 30

g/ m) 5. 6. 49 10.66 2118 (10 g/m) 0.62 2.08
3.90 8. 5@52%)3'3/8’%@"9%‘%3%%@%@%\&%%6%?015711 PCT/ US02/ 26468 E: T RATI O CDN
3.1 6.3 12. 5 Rtmanybéhsés, ﬂl&Q)rQsehcd.bf a 1R066liZifg Mmogf Mlgn dligdoRudle@ftle ogidhel 4vifk0
21.85 31. 91 73 2006 %g 9 n}&p 07 17.02 30, 28 50,66 69.13 74.27 19.41
2169( 0. 62 Y ?tOEY Btis way bejieyed fosprgvens ymmuneactiystiqn. gdine such N cptaining 1. 20
21. 47 38pdk s@&uﬁ%riﬁn@ﬁe&&ﬁ%}%%t@ls ABR2168; $hik@hilthe fegirnge 70 6. 85 8. 59
16. 09 20.63 0.3 94 27.50 46.63 62.43 66.97 16. 60
15 TCCTGACGTTCGGCGCGCGCCC (SEQ ID NO: 19). The 3' end of this ODN contains a
fairly typical neutralizing motif, CGGCGCGCGCCC (SEQ ID NO: 37), derived from the 3'
end of the inhibitory ODN 2010 (GCGGCGGGCGGCGCGCGCCC, SEQ ID NO: 38).

Surprisingly, ODN 2136 had strong activity for inducing NK cell lytic activity (lytic units,

L.U.). 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.

ODN E:T RATIO LU

3.1 6.3 12.5 25.0 50.0 100.0

ALONE 0.86 1.47 4.15 7.25 11.66 18.57 0.13
IL-2 (100 U/ml) 12.21 29.21 46.63 67.88 78.28 76.65 33.26
1585 (3 ug/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 pug/ml) 5.75 13.05 20.00 34.34 45.02 56.49 10.66
2118 (10 pg/ml) 0.62 2.08 3.90 8.53 12.79 15.93 0.09
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1758 (0.6 g/m) 2.07 6.05 12.80 23.25 34.57 44.93 5.43 1758 (3 g/m) 8.40
17.84 33.41 52.20 69.52 74.46 20.78 2398 (0.6 g/m) 1.83 1.92 6.21 11.21

20. 38 26. WD B/09%11 2398 (3 g/m ) 4.36 12.90 24.10 42. 37 60PET/IND2/0@645. 02

2397 (0.6 g/m) 2.14 3.15 8.79 17.37 28.71 42.45 3.80 2397 (3 g/m) 10.09

22.52 3
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11.94

23.57

39.11

55.16

70.84

71.99

25.62

10

15

20

ODN sequences for Table 1

1585
1758
1760
2006
2118
2136
2169
2395
2396
2397
2398

GGGGTCAACGTTGAGGGGGG
TCTCCCAGCGTGCGCCAT
ATAATCGACGTTCAAGCAAG
TCGTCGTTTTGTCGTTTTGTCGTT
GGGGTCAAGCTTGAGGGGGG
TCCTGACGTTCGGCGCGCGCCC
TCTATCGACGTTCAAGCAAG
TCGTCGTTTTCGGCGCGCGCCG
TCGTCGTTTTTGTCGTTTTTGTCGTT
TCGTCGTTTTGTCGTTTTTGTCGTTT
TTCGTGTTTTCGTGTTTTCGTCGT

(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:

(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:

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

43)
44)
45)

However, in an effort to understand this observation, an even stronger NK activator

and IFN-o inducer was created by combining the 3' end of ODN 2136 with the 5' end of
ODN 2006. The resulting ODN 2395 (TCGTCGTTTTCGGCGCGCGCCG, SEQ ID NO: 1)

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

single base change has the effect of creating a perfect 12-base-long palindrome at the 3' end
of ODN 2395 where in ODN 2136 the palindrome is only 10 bases long.

Table 2 shows another example of data where ODN 2395 is remarkably potent at

inducing NK cell L.U. compared to most other all-phosphorothioate backbone ODN. In this
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assay ODN 2395 is weaker than the positive control ODN 1585, which has a
chinmeric phosphorot hi oat e/ phosphodi ester (SOS) backbone. ODN 1585
(ggGGTCAAEGI3G#AYYD9gG SEQ ID NO 35), is described in pulpicrarsez2d365
Application WD 01/22990. At the |low concentration of 0.6 g/m tested in
thi's expgyshyomN 250Ns %aﬁerfnhamﬁagsgumdm@l opBoYs8 St Weidnaek dcRiwngicof 0.03 in

the no-CODN control. Figure 2 and F}\gure show the |evel of nonocyt e

chenot acPhQ?PerQEhé‘?aﬁP/PW@PI}lee%ds@ﬁ ckbens BPIANJS88ein (1 P)- 10,
t | le. 2.
Vo1 S UEOUTCAALRTRUREIABEASE0 D00 st el i HAE P C T ARRLI G o

Thl and Wo1/42pe90. mthe low eapentsaion of B-610s/in teate@iCtHiNexpeldinieat, O 2136 a
I|gand for CXCR3 and is associated with Thl 10 responses. Loetscher P et

al . (200iucedmod- Ucalevieshebaskgruod of &Héé@thealpa()@hldwnkrﬁlatmm 2 grsbiguse 5
relative vesage
ovel s of )8 BRHERGR ekt BB My Dit IFRCHBEGRR e AR ROE

E: T RATI D, &ﬂ}de&lvfbl}ﬁ iBtht uper@Bats HFOnOthe DK CellculturesAh Dblel2. 7QCR-13 a4. 25 7 72

12.07 14,56 0 6. 68 29 41.49. 42 74 78 87,64 92 63 37.17
1585 (10“53 h%dsiﬁg%§9§5t%§&%%‘ %aﬁ?“§§égwhaﬁﬁb§hbﬁn Thalype {951U9E) 2. 99
2.88 3. 4gks nE@s 9r26) 1@4 CbﬁC Qhé}ﬁoklﬂé-ﬁﬁt 1(9@ 1 aﬁ!d fﬂr)C}?CIij3 ard %&s&c%@edswﬁl? ThY. 47

17.87 0.07 2186 (0. m ) 6. 58 14.51 0.02 2133 (0.6
g/ m 30 2. espansas Igaee“ﬁghqr 9@1 :{20@12 J@Ohﬁhw %Zﬁ 2948ﬁ3%1 (Bhese éﬁtm&l}lOVQﬂWODN)G 7.70

12. 63 21, 8. 71
2.83 21%3%(gé§é§V%%?%T”%%a§‘%goﬁﬂggﬁé%g%ﬁ%ﬁ @5*%%853%3}g§%a¥¥§?§? i36 g/ m)
1.66 2. 7BIGP-43 7.92 10.64 16.91 0.06 2006 (0.6 g/nm) 1.92 3.38 5.06 11.57
16.82 25.30 0.65 2006 (0.6 g/m) 0.91 2.19 4.52 7.39 13.86 21.57 0. 28

2006 (0.6 g/m) 1.92 3.59 7.67 12.51 18.99 28.03 1.04 2395 (0.6 g/m) 2.88

7.20 10. 90123 udf 18 bl OWRIgAINM (iGN 092 2,18 4,07 5. 78
10.18 14.95 0.03 2397 (0.6 ao/n %055241051175033514650492

2398 (0 6 g/ \ 137 2.82 5 16 8 48 15. #2TRATRR 0.34 2012 (0.6 g/ i) Q.89
1.71 4. 41 7. 10. 97 1847 D. 063 12.5 25.0 50.0 100.0 e
ALONE 1.73 3.10 425 7.72 12.07 14.56 0.03
IL-2 (100 U/ml) 16.68 29.41 49.42 74.78 87.64 92.63 37.17
1585 (10 pg/ml) 9.60 17.25 35.63 55.76 77.53 87.14 22.94
2118 (10 pg/ml) 2.99 2.88 3.41 6.72 9.26 14.18 0.01
2183 (0.6 pg/ml) 2.13 2.28 3.29 8.17 10.47 17.87 0.07
2186 (0.6 pg/ml) 1.23 2.18 3.50 6.26 9.58 14.51 0.02
2133 (0.6 pg/ml) 2.13 3.45 9.69 18.85 32.72 44.67 4.63
2135 (0.6 pg/ml) 2.07 4.06 7.70 12.63 21.90 34.58 1.92
2139 (0.6 pg/ml) 2.94 5.15 9.63 15.15 24.90 38.71 2.83
2117 (0.6 pg/ml) 1.21 2.32 4.08 7.61 10.09 16.27 0.05
2137 (0.6 pg/ml) 1.66 2.79 4.43 7.92 10.64 16.91 0.06
2006 (0.6 pg/ml) 1.92 3.38 5.06 11.57 16.82 25.30 0.65
2006 (0.6 pg/ml) 0.91 2.19 4.52 7.39 13.86 21.57 0.28
2006 (0.6 pg/ml) 1.92 3.59 7.67 12.51 18.99 28.03 1.04
2395 (0.6 pg/ml) 2.88 7.20 10.80 23.96 37.97 54.38 7.02
2396 (0.6 pg/ml) 0.92 2.18 4.07 5.78 10.18 14.95 0.03
2397 (0.6 pg/ml) 3.05 5.24 10.51 17.50 33.51 46.50 492
2398 (0.6 pg/ml) 1.37 2.82 5.16 8.48 15.72 21.72 0.34
2012 (0.6 pg/ml) 0.88 1.71 4.41 7.07 10.97 16.47 0.06
2102 (0.6 pg/ml) 2.36 5.82 10.59 17.88 30.96 39.79 3.81
2103 (0.6 pg/ml) 2.12 432 8.83 13.49 25.23 35.47 2.37
2013 (0.6 pg/ml) 1.11 242 4.42 6.01 9.15 13.44 0.01
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2102 (0.6 g/nll) 2.36 5.82 10.59 17.88 30.96 39.79 3.81 2103 (0.6 1g/mn)
2.12 4.32 8.83 13.49 25.23 35.47 2.37 2013 (0.6 g/m) 1.11 2.42 4.42 6.01
9.15 13. /40030157183 WO 03/ 015711 PCT/ US02/ 26468 E: T RATI ®CTDN0B26466. 3 12. 5

25.0 50.0 100.0 L. U.

2142 (0.6

g/ml) 0.94 1.55 4.38 7.44 11.45 16.84 0.08

2180 (O
3.30 6.
Table 2

6 g/m
58 12908

2. 09

oq o0

yAP-N

4.08 6.91 11.54 16.33’211851(76 0.67 2007 (0.6 ¢

My 1. 83

TCGICGT|

20. 7 I . 2136, 10"
1500 cnc:r*'!'r“ I\‘f"vC"Tf"l\ /Cl:f'\'! D

(438

4 s~o’|-’i§

CG?'

9é§ ’d )
oo”r““rCG

P Y500

| SRYYENT

est-Por

TCCETETCETTIPRET O

STTO-48SEC

I D NO

ABIB0 69.62@h8) TGTCGPTGT

CGHISTCGTTEYOGT

T (1SBO |

D N©8248

2702

0.67

TCGTCGI

[200¢GAGGEEMN GI|

CGIB3(S

CO 1D NO. 49)

2103.34CG

TCGb A TGACGhIId TG

ACQGI2k

(SEQ I D

“NGE (=Y

112Gl Z

VAN @ wul e N |

CINN Iblz

I\If'\ £\

y/mi7 117

(JIIIIL-JI

Lbl |

(bl:

QTD NO

5I) 211

TT

oTT ([ CF

GGGGT

WII\J‘

g
SEQ+bNO—36)

J_U LJ.OO

le

| D NO 1@PN @QB&CASZ@MGCTGTTTCCCCTC (SEQ I D NG 18)

2137 TGEBBQIDINGIGSY TTTGIGCTT ( SEQ
I D NO 20006 2IGGTCCATCAG TCGTTCETGITGIGIT ( SEQ |OEYAD RO: 39p 2142

TCCTGA

TCGCGT GCEaolT TECGECHTTHCCHTTISEPAEI NG 22)

GG ADGEHGEI)

TCGTGGTTIAFRT GFEBECTTARIGETE TCHQ GECHPr 52)

(SEQID NEz SPEGTRABOI TG

TCGTCGTTS:
(SEQ I D

15

20

25

30

35

2135
2136
2137
2139
2142
2180
2183
2186
2395
2396
2397
2398

CaFNTTGHELET TCTTCTT

5) Based o)

fEeeteerente e ﬁ%@@@g@g&%
TTCGTGT %r

ACCATGGACGAGCTGTTTCCCCTC

TCCTGACGTTCGGCGCGCGCCC

TGCTGCTTTTGTGCTTTTGTGCTT
TCGTCGTTTCGTCGTTTTGACGTT
TCGCGTGCGTTTTGTCGTTTTGACGTT
TCGTCGTTTTTTGTCGTTTTTTGTCGTT

I'TTTTTTTTITITITITTTTTTTI

TCGTCGCTGTCTCCGCTTCTTCTTGCC

TCGTCGTTTTCGGCGCGCGCCG

TCGTCGTTTTTGTCGTTTTTGTCGTT
TCGTCGTTTTGTCGTTTTTGTCGTTT
TTCGTGTTTTCGTGTTTTCGTCGT

~TT. TOTrCOTTTT
GHEEHGFeGTH T GEH o

2136

2188EQ ID NO: 46)

EQ

3

E
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:
(SEQ ID NO:

R,

54)

2188 QD NOT EEY TTTTTTTTTTTTTT
BNO4

2395

'lllllGTC(Jll

44)
ot her

17)
18)
19)
20)
21)
22)
52)
53)
54)
1)

43)
44)
45)

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

remarkably strong activator of NK cells and IFN-a production.

2398
data, we

Example 2. ODN related to ODN 2395 are also strong activators of NK cells and IFN-¢

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

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
NO: 36) that has no CG were stronger than 2006. ODN 2429 is notable because it is the only
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25 remarkably strong activator of NK cells and I FN-a production. Exanple 2.
CDN related to ODN 2395 are also strong activators of NK cells and I FN-a
product i owO 08@thi71i onal ODN 2427-2433 (SEQ ID NGs: 2 - 8) wemasdzgisghed and
synthesized to test the possibility that the palindrone.at the 3' end of
ODN 2395omatfiatreaintiosrd BARbase palitdyode, dlthougtethsst is mdif&irantypahadromietfyom feldne 3

cvi dont O P 1af295. QN2 Gt Ca A PO E RGPS FRTDIOL St g1
5 OON 2428 TCRLGRTIAGRCOORAD: 550 kR d) il e 2,85 L. U

of NK activity. ODN 2006 e experinent, ‘and all of the
ot her ol pagmrdrdﬂmhas been ehghelstshdrt@wdeqnﬂo baxes tdng. Gmatmlnmeﬂibl(BDN have

GGG(%ICAA S D 35 t hat, h no.CG were stronger than
(2006. oSy %OF 55 ﬁﬂiﬁ%@‘&éﬁ%‘&nFﬁs F%‘? AR 2558 03/ 015711

PCT/ US02/ 26468 one that maintains a 12-base palindrone, although this is a
different palindronme fromthe one that was present in 2395 ODN 2430
( TCGTOGT TabtedcHuorodBicCu Qimemh@ylthvﬁhp‘éﬁ"pplﬂ the second strongest ODN

at_the Lg/m cofcentratton—+S olllli_al._] TFAUI.LIOLIIC palllldl—Unc has—been
slightly shobtenedto-10 hases |l ong ie ¥enminder of the ODN have B.gitlher
no or shorter palihdrdhiclseddences, 2dnd i ndd®e lesSORK dct %% y.| Tabld 3.
Human PBALQNE t ur ed| OE37ni ght 0¥ t hy Varasous ODM2 E|T RATI O|ODN.23. 1 |6. 8.0d2.|5
25.0 50 QZZR@?&A@mH . 3’.03\L9\|En@,2(§z 9;\%_1’0 z?nilgéﬂigrf }?7:337 23 033)1)7 II,_, 421J_ 0
8. 07 15 Bas BRRGRT P2 T, T TR e S s el I P P
2395 (1| pd HPyemial 20&1 & 78471 ko %% 03 2416 1. 04242395 2$Tpg/lnt 999 Ho
2.55 5. p§910.16eIp0] 46183, 87 2671 | 2008 (1 phy ) |- 0108 07328145 [3. 084 7.|11
12. 49 0] B35 (32068) (B pgor )| 0216 0| 76.%. 98 4108 979204, 58 0315 24277(1
pol ) Dby 1D 4| 0308 31 TE753 b 3 0134522 ] () 5@ 2 2ff A0
2428 (3 jn‘?@\gﬁ’ﬁ)4903(’.'%4;'?69#359#”'2'9§ 1] Uzé‘%? 10372439 LV"I % gllnt 915 47
3.84 7.p&%14d rgmips| 4088 g9 $8g5 | 403 637 12.53 412 7| 034

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 3.64 772 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) 147 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 2.97 487 8.54 19.26 27.10 0.84

2432 (3 pg/ml) 1.03 2.39 5.22 941 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 3.13 447 9.85 14.77 22.75 038

ODN sequences for Table 3

1585 GGGGTCAACGTTGAGGGGGG (SEQ ID NO: 35)

10 2006 TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID NO: 39)

2118 GGGGTCAAGCTTGAGGGGGG (SEQ ID NO: 36)

2395 TCGTCGTTTTCGGCGCGCGCCG (SEQ ID NO: 1)

2427 TCGTCGTTTTCGTCGCGCGCCG (SEQ ID NO: 2)

2428 TCGTCGTTTTCGTCGCGCGGCG (SEQ ID NO: 3)

15 2429 TCGTCGTTTTCGGCGGCCGCCG (SEQIDNO: 4)
2430 TCGTCGTTTTCGGCGCGCCGCG (SEQ ID NO: 5)
2431 TCGTCGTTTTCGGCGCCGGCCG (SEQ ID NO: 6)
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2429 (3 pg/m) 0.57 2.38 4.21 8.98 16.88 26.36 0.72 2430 (1 pg/m) 1.49
3.55 6.25 12.76 20.51 31.67 1.51 2430 (3 pg/m) 1.23 1.52 3.89 8.78 15.28
25.56 0.5W0 @@3481(1 pg/n) 0.96 2.90 3.58 8.29 15.23 25. 2905822481 (3
pg/m) 1.82 3.25 5.53 9.67 21.04 32.78 1.51 2432 (1 g/m) 1.67 2.97 4.87
8.54 19. 282 7TCHTCGATTRIGBOCEGOGALG 1. 03 2. 39 (SERZIYNGL 738. 48 25.74 0. 76
2433 (1 g3y ) TEGTEGEBRrEc8ecsAIGE&33 18. 94 0.3pQ B¥RS: 83 pg/m) 1.25

GantTeamooTT R (R e ey B o 8@&%&&”@&@0&,@%&&%T (SEQ

I D NO 3@ poifi¥8c&EEGCE OSAMINTAGRGCEE (SEQGATCGIDCGERYGG2SBAR ID NO: 55),

o) W@%@%ﬁ%ﬁ@ NBO BN Shzaa g o (5= 1D

TCGTCGTT f@@kkﬁb@&?SE?ID%¢§055C¥HEQﬁEJ ﬁﬁﬁ&ﬁﬂ&p§§@ﬁ nldReQ | D
NO. 5) 431 TCGTCGTTTTCGGCGCCGECEG 6) 45 WD 03/ 015711

PCT/ US024 Righeglevel 48 QFN@Cﬁ'Mﬂfbﬁmﬁgl(l@E@ tho 184@ls atf belé83he levels

TCGTCGTTIT shows ability of these

ol i gos tl&dvﬁﬁ ﬁéﬁ? %&nﬁ@%ﬁ‘mf@d) r ?fdndtm@nﬁsw.%*peﬁﬁ&%ﬁf SOS ODN
2216 (%@;@@I@ﬁ@%«%@ IVQthHe sééﬂ est éfe%?s%%en by ODN 2395 and 2429.

( GGGGTCGAG B6). and 2336
(GGG@AC@W@EG@B@@E@;g SE@llhtDr}NEﬁfecfﬂ()n NKIdellmnd IHFéJ -239&ducabmtiedotODN i nduce

a hi gher |evel 4 %IL%. roduction than ODN 2006, although the |levels are
bel ow th“eoqeéi}‘?:ﬂdsto A soy the chinmeric SOS ODN. The rank order of

i nduction of AEMhAvEMNigHRd 99 OBN 23959h4 %s S8t edbvebeOsi ngrhﬂ&alﬁlfy Wkbr dda, W th
the strongest effects séen by ODN 2395 and 2429. 10 | e”3. The strong

sti nul at @2§ pefmlemnsentratidi thae QIIN2AA6 b wlivo 327, iintergis oﬁtktelr abdity éspond to

B-cel | effect ure S5A 95 and ts relati wer e
si gni fi c’é’ﬂP?ixﬁ\ﬁg@%@reg‘fo%oglaS%at Zﬁrhoqu%)NW?F‘ & hce BWV@BF\]I ’2@%‘@ Fits
rel aty veoPRPdonckRrdiBhiBuchlas 1)1, 30 ldiffferlc® was seen between the various ODN

(Figure 5B). In the same experiment, we also measured B-cell activation by a proliferation

assay (H-thymidine incorporation; Figure 6). Again, at the 0.25 pg/ml concentration ODN
2006 and ODN 2397 (SEQ ID NO: 44) were by far the strongest (Figure 6A). However, at
higher concentrations, the 2395-related ODN were similar in their efficacy (Figure 6B).

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

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

25  production at this concentration.
Example 5. 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-o production at a

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

where the stimulatory activity was reduced at higher concentrations, such as 6 pg/ml, in

46



i nduce B-cell expression of CD86 at 48 hours. As we have noticed
previously, at higher 15 ODN concentrations such as 1 g/m, less difference
was seen wotmeeiTit he various ODN (Figure 5B). |In the sanm®PCadser/eamint, we
al so neasured B-cell activation by a proliferation assay (3Hthymdine

i ncor por @rhiisolr tthe @ff6gts sk wedloidRbtriodd sGdids ICONEENIH dt ieRperBiMts 2006
and CDN 2397 (SEQ I D NO 44$ were by far the strongest (Figure 6A).
However , shetvn ipiFiguse & SN 48P awpvmere pasent 28@151?‘@%9@@“%1%\%@@ atthahigher j n

their effj i qur, : I weak
| nucer s o Eftfariply BEDIBko0 SRs ERTHIEnhy uRbier SRR, Bh S ANpE

| L- 10 proouabdn mvettbditiosesrespodscantve ofyphOpgharsthibatei VBN, ElriorriB GI#N ssch é&s shown
in Figur -.10 expression correlated well ,. with B-ce]l prqliferation.
noai 1 RN B S F R et el bR s iehied e Sigpiart Hedt B | ow
concent r ggh&@tofferraddnd/ THe. stiffobhtard Bpfeaist OHN 248h &t !'hYsee%FEﬂi'ﬂHﬁt%ﬂoINﬁﬁ I'L-10

25 production at this concentration. Exarrﬁl e 5. Concentration dependence of
i mrune sFigmme 8t ynterepténg conpidaring datthisPIbihas np goedhpalindrame Bifis system

[ I i d - i i j I - 27- 2433 ( SE
7 GenehRRSERERG U PG, ST KSR PSR 812 (SEO
denonst r Bk@splagaiReciphadal fDNMoASHIP bemzen Broellweatalaioniand WK sgmuilefibraag oduct i on

at a 30 concentration of either 1 or 6 g/m . However, ODN 2395 induced
substhnt {EY-068/6HO® of | FN-a, especially at the | ower concentration of 1

g/m. We have [ AN Whg il I V] was
reduced at hig%@?é‘%ﬁ@@é&%@‘?gg@e’ sﬁl(t:’h aéggﬁgﬁﬁslﬁl%%%eg%{b%%l

PCT/ US020.26448]1 waostpaificanly wakehhae DDA 260652 eiluding| Bvé! expoessdntof @D8sNs such
as lg/m_. In the experinents s in Figure 8, 2395 was nore potent

hown CDN
at the | bheethesladines eft238n showa less mankeddpepdB callovivanation: iIatsresiugly obre2429
was nore; t i LORA. : : nmon
i nvert ed‘%@iﬁ%@?ﬁgﬁg ?éggﬁ%g&éf&g%@% Og% gfﬁicglg?t éﬁ%kl{)ﬁgﬁlt fﬁ%érgﬁebﬁy such as
5 ODN 23B&niseert for gaiexqf &K stemblatigypi@ANI2¢23 Hollewled yc OBRE 248 0i, amathewsikiesulB at or y
effects at, higher concent ions. The.stimulatory effect. o 2432 in
hi 5 exploth SHIAGHATPER BIPBIHe s FHES LERRSD BoGRdBE 1955 OF RAETC hi o
CDN has g§ana9@sh BRihed09MRe OBN & G¥klyeRlatedd tb Ighet Fﬁihgﬁ bENRLdiHRIMiOARAH éﬁNc@I !

stinmulatory activity is shown in Figure 5 an re 6. Exanple
Reci pr ocsecretiohaFigurs 10pnd #igured 1 Bhawthe IFN-onuhduictiomisasaeh Wich SIDN2B9% amh and

ow concRRN 235 Pty SN A T aBleck i1 BiEA 17 JOmeb PRI GONTS006 at
i ndugj ng, &, §1f('1|vxl' th%égagg%iﬁ Horsv8895 addhO DN 589 taﬁﬁcﬁ\% YRS-PlecBdR S RRY
i cel gly, there

| ess marked | oss o stinulation. Interestin
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 Di42
3006 0L 10 7503
7336 83,097 £ 1876.5 535305 = 4840
7395 62142 845 2031 %96
2429 7215 68 T1175 % 495
5793 1003 375737
5794 35201 3L 23
5295 5503 0Z0
5296 =0 020
5297 102023 36551

Without (/o) 0775 VESY)

'Data expressed in units of pg/ml as mean =+ standard deviation.
ODN sequences for Table 4
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I's the suggestion of the sane rank order for loss of B cell stinulation
that had previously 15 been seen for gain of NK stinulation: ODN 2429,

fol | owed Wy GDNS72430, are the weakest B cell stinul ators pamusg2/éies 2395
relatives. This raises the possibility that the loss of B cell stinulation
by the 230 | TR6 TOMTETGTOSETITGIAGEED to the g@BEQ I NWK39) i nul ati on and

| FN-a  s2p3eet GOGGACGNEGGLOGIGGEEGGHE 11 show tiseq H\WNa®:ispduction is seen
wi th 03'\9?9%95T@G¢th?é@@cd@lh¢e@€@} by ODN 243@EQ Tmm@ 4 and Figure 12,

froma se lx&GGc&@éégdﬁ‘low the strg : y of ODN 2395 and
ODN 29 ”i‘ li'ﬁ?:d Aclch two d|ff onors (D 141
ég @by Varlants " ODN, 6g/m

and (

| EN- a, p g?: g 2336 o? 6 5 53530. 5
4840 23 21568 11170 gz ) 100. 5 2727
5294 2.5 9162 C C oo 100 5 %) 5 1 wit hout

(wo 11@29777T§GF§CE12TTC Fzg(%(; din unlts(Sgp%NH 645 nean standard

devi &t i obxanmplR7s {aeastasistiesar theal erlQh dpmapp 03/ 015711 PCT/ US02/ 26468 2006
TCGTC(;IIIIGT ( 3 SEQ I D
NG 57 | 2305 PRk eI R st QB R R g B e S
TCGTCGT TiEHR@EEaeMDENG3 (c6Eains B 1Ndasd palmhds@hs bTOGE pATI GEGIRECEGEGhASEQ | D

TOGTCOrAR B ASHSOI SE0 PN CA0TC Bavs Foiristeaehisshes RseQ | b

NO 61) 1t@%%%-rﬁzmcé BN b 9NIs0 B such an inversion. Rather,

15  greater levels of activity may occur with a 12-base palindrome unless there is a central CG in
the palindrome. However, ODN 2430 also has only a 10-base palindrome with a central GC
dinucleotide. The immune stimulatory activity of ODN 2430 may be enhanced by the fact
that it contains five CpG dinucleotides in the 3' terminus, whereas ODN 5293 contains only
three.

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

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

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

35  Figure 13 shows that SOS CpG ODNs such as ODN 1585 induce some IFN-y production,
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10 Exanple 7. Characteristics of the GCrich domain. Surprisingly, none of
the ODN 5293-5297 denonstrated strong i mmune stinmulatory responses. ODN
5293 contwpong/0es710- base pal i ndrone, but the palindronme di fPCaresot/eqns t hat in
2395 in that the central CGis inverted to a GC. However, it is believed

t hat t hi whelsan@QPNsywithious tHefCptamoaf (e@(,pdoa'trnl Obal 21d83 dohota@anvls tAyarsi Bo€é ODN
2429 al sg. has_such an inversion. Rather, greater_levels of activity my

occur wi Figuge 13 shpyg thah QON, 40Qs rqlﬁtp‘@bgwsa%ﬁténd%mg IEDH¢ produetion; while QB
pal i ndr 0@ Jéi‘a"iﬁ‘é%ﬁsms?é' %%@halsﬁgn%@_s only a 10-base palindrone with a
i de.

central nucl eot e I1muneé stinulatory activity of ODN 2430 may
be enhanced bynother feaof studihatvas perﬁmmbatmafriiw@thaeﬁedis nfihesodiffedest ODN he 3

term us, whereas 5293 cont aj hr ee. 5294 cont ai ns, only
seOBdfndile § Igf*ﬁr%mo ﬁ@égﬁfﬁf ¥ %%S%?ea?fghoﬂg\‘.% atip gpdNeed Wty
ODN 5295re|s¢]3?1%¥“to$©diﬁ§3930an99846199‘bésn%9@ﬁect;r BFthE Q/%é\fst(bMNtéﬁxﬁ elFH 8296

suggests that sinple repeats of CCG are not sufficient to co fer the inmmune
st i mul at GnRC) abfrebtlsely)fsln@}n&llmﬂﬁall aDhe OBV indase parpaly pwoificiznbase agtatatandr one

t the 3 ut tif th d th
ol nar o el SSu R drNGE il gtand igre 13 VBl ShESert fSudT B
concl udegyfhadat Bﬁ@lréubé[&g{;ﬁ:ﬁ;(}mldgli §f4 1)%418 QatiSus OPR fopdldafOTCH4S | Mune

stinulatory activity s, it bel i eved that the presence of the
neut Fal i maingT cpll wmstrtbfrmm@lfatedlmnmgéfeaqnt doeorand nuKeChWItthegBG@Meé@mdje Wil

b ff h bs f
at 1 oast ResTab e QR Wion IR R bk Cllle ke Ui LR 5

| FN-y  pr sichiieded 68 ﬂuaﬁbssmeaaivaeaddjenlsmag (FX0Sy Résults m»&mb@mdbﬁwm@%ff or med
to better understand the ran i Mmmune stinmulatory effects of this new

e
cl ass of thepgissatage phaPat ¢els abﬂtfén%i foe [TN-vFFigure 14 shownbaperenazoel The

ffect f. th t t ant f

penGs. - s SR et e R ENRLAEH kB BT e BB Shown i n
Tabl g5 3gmbYtofiig- Ywﬁhg@,{%@ngé&mthe cul tures were assayed for their
|FN-y levels. Panel Cin 35 Figure 13 shows that SOS CpG ODNs such as ODN

1585 i ndbxamplefe NatrllyoGrich pelindsemes 48 effgdty8/ 015711 PCT/ US02/ 26468 wher eas

of Fgure. 15 SReAHIE e S othee pE iRy i Re ik ot aPRlsna TRy * "

product i uirdhiente fPNs negwLhasabH0DNS SiﬁkttS\lvé\ﬁot@dl maspétemmmﬁiersﬁﬂﬂmorymot her
set of studies was perforned to exanm ne th of these different ODN

5 on den8PN fentziged §C- WWQWWQN@%&(@S@@F%TW%GQQQ% 6£CGhe | FN-a
thatyg s §E9Ci%ﬁléo j"andr%ﬁ%@gﬁggm%c?@@écé%éééd QLA IYRS: 10Y\Ferkl f €CLS Of

t he vari ous
synthesized to have GC-rich palindromes which were simply straight Gs followed by straight

Cs, or straight Cs followed by straight Gs. As shown in Figure 16, neither of these ODN
induced IFN-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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(nDC) are relatively simlar in that all of the ODN i nduce partially
purified nDC to activate CD4+ T cells to produce IFNy (Figure 14 and
Figure 15Wo osed7ei d DC were isolated froma buffy coat amdTiusoubabed wit h
GWCSF (4.4 ng/m) and various ODN for 2 days. CD4+ 10 naive T cells were

t hen i soiaivétg, ;ﬁrbointbdithd:isﬁfrﬁlﬂaemty TGIDCGanetifiwasen tie 5'lentlhéndoed, ahis SN eiRd
effector to t ‘ﬁ}}& ratlo and_incubated for 6 nore days. Cells were
t hen sta‘??félalggh’d I%’?E‘éatw lew¢ d€kence activated cel |l sorting (FACS).
Resul t s %@%&@S%ﬁ%mﬁm@fm& r RRLGRALFIENG]. CD3+ cells that

st ai ned y. Figure 14 shows the percentage of T cells that stained
positive for Té&btugdy anshofe dptiibthi Strsdtarabretihieemeanof thisoresdenoéODN ensity 15
(MFL)_ of, | FN- taining in.thes cells GC-rich

pal i ndr o%gceaﬁﬁ “BfPEEL war%%f%g a%ﬁ?ﬁtweé?né)fnt@ﬂ%eaé?s%éﬂ?ﬂtf?féé?lied in order
better t t r ss of
con i iR ARy aif) S Shnnla R SRR Oneipg [IS NN 71

pal i ndr oT&sle SMrlaﬂﬁ%fommTéﬁﬁTW@Nw “SEQ ID NO. 9) and 2450

( TCGTCGLITIC GG SEQ ID NO 10) were synthesized to have GCrich
pal i ndr plo®y WSEQRD N@r € si npl Seqwetce ai ght GCealindlomovied Degerptianai ghiFN-dJsducthm
st r ai ghp—=t€s—tott+owed—y—strarght—Cs—AsTstrowr——Frgum H6—mretther—of
these D% hducad | FNCUESIERITIEGEL on. Exanpl é_10. e TNk ofi entation |of
i mrune stBaul at osy squ@neecﬂmicamgggggal zing rmtif om\%xss@N P45 Ltt+++
(TCGECG ﬂ""TwTTgt f?tth ) twas DyIILIIC &065"&1 6LU est—the
possi bi ity that 't he 5"*'&@H§" cgcf’)“‘ﬁ' entatjon of the "&0% #i%t of y* TCGTOG
notif anhd427t he " neutr icgt@tttmgcgcmm ¢SEQ|I D NGO 23) palindrome cjould
be inve ngzté wittout oSt T e stinpiatory—getivity—indeed;,—OBN-2451
was hi ghl’y"sti mul’at or SRR ) DN 2452 (TICGTCGTTTTCGROGCEOBCCETTTTT,

SEQ I D N@u291l?2) was 30 &Mﬁttth@séggcgdgto deterrrime wifetr By Praeriing | onal.+sequence
coul d be—added—to—the h~  ealipdromey 23)

(U AV ) 3V | LAY/ LLLAYZ bllu UI I.IlC 2 \\JI_\( LIL~4LA

pal i ndr prf&?W t hout rezlfﬁ@?gﬁtﬁggfgf‘i%?—%cgmmne Stimilatdry 49 WD 03] 015711
PCT/ USOR/220468 acti v tcgf.;gmpgg@gégcd@gj the stimulatgry TCGICG not |f was on ft he

5' end lndapd Iy | Iy ln P - = WY et it mratl At ~Ar g L Aare ’I
. LILAA® A A" Llllo M“ VVaD al OU LILLI _y LA S LU T 11Ut G.LUI_y \II UIC

Exanpl e| 22 Vari dnts o EEL5E5and their Tndudtion of IFN-B. To “study| in
nore def aids {he struct UthltttcEg@Mgggﬁn’Eﬂt s{ of this |new class of OODNto 5
i nduce Fg&a secret+o s Valcl ant-s—of—Cbh Zoaq wetrre—sy-nthestzed—and—tested
C, C, -
for thejr™i 683t|mf%1‘fggtf§gg§%5|wty Tabl® 5 Sumfati*Po t he dat 4
concer nj rgp4l —N- as? nductept@mcgecck@ipke 5. Vari ants af G385 ahd their
1 1 n £ 10
I nduct | |§29‘§| I '_N-de “ tegtegttitcggecgeegeeg - 5295 w/id'g
5296 61 tegtegltitegecgeegeeg
5297 62 tgetgetttteggeggecgecg + ge of 2429
5327 14 tgctzgttttzggzgzgzgzzg + 2395 w/methyl-c (z) +
5328 15 tgctgctittcggegegegeeg + gc 0f 2395
2136 19 teetgacgttcggegegegeee +) +/-
2136 w/3'g
5315 13 tcctgacgltcggegegegeeg + longer palindrome +?
5329 16 tegtegttttegegegegegeg + 2006 + 1631 )

'Underlined are nucleotides that differ from 2395; palindromic sequences are in italics.

2All except ODN 2336, that represents a chimeric backbone ODN (capitals indicate
10 phosphodiester linkage and lower case represent phosphorothioate linkage), are completely
phosphorothioate ODNSs.

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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ODN SEQ I D NO Sequence Pal i ndronme Description I FN-a I nduction 2006 39
tcgtcgttttgtcgttttgtcgtt / ODN class B 2336 57 ggGGACGACGTCCTGgggggG + ODN
cl ass A +we#03/012305 1 tcgtcgttttcggecgecgecgeecg + 2006 - 213@CTAISORZAGAES 2
tcgtcgttttcgtcgecgecgecg - - 2428 3 tcgtcgttttcgtcgegeggeg - - 2429 4

t cgt cgt t ik BARODICIE GdtuttiGifof IFBCo RYcrei SBr denBftic-dells tht@kd hed IR pRAdeerd
tcgtcgttttcggecgegeecgeg - + 2431 6 tcgtcegttttcggegegecgeg - +/ - 2432 7
t cgt cgt t o Qe dsgdFet gnd 2429)2x18Bugh samg OHIN thhmg@u@na:g@g@mme at3RO3 <bd

Seace w5 OGR69550 GBS iindud pRa g 83060 amSis (d5saic,

f
o o s o5 g S G4

t gct get ti@(lﬁgglags@@.jmdgmdugad e %ﬁﬁnmaﬂérﬁﬁlvclig ahd emaagm ehgsgogbdgcc (+) 320
+/ - 5315, cg + 2136 5
6t cqt cRHTOGE] SIOUEEED T S0BEne1 Mt cpsrimen demprelridre ot 40 des

that dif fnaﬁcefdr&% Bi39er a@lrt) S tR1¥ G 1oRBRYF LSS mléENAﬂ 1dt¥o@|ubt%?1 of 2l dddRPREP!
ODN 2336, that represents a chineric backbone (capitals indicate 10

phosphodTeétmetif (crgk@iéNa%W @D 2428) rppracsida haphosgative efff¢vtoet BFN-binkage) ,

are corrplet h hi oat e t set of experinents

usi ng t h&° [ﬂ%(?\épﬁg? g’t(ﬁ’l (%éacé e% ﬁﬁugﬁﬁ?pﬁgﬁfé® ﬁ“etgé"f:%tg B|f‘é1§r t hat
the pal i adneaite ﬁ?ql&%ﬁleaéleﬁxh&e%bs@%ﬂ éfectshe ODN has an 50 WO 03/ 015711
PCT/ US02/ 26468 inportant role for induction of |FN-a secretion by

dendritic cel Therefom, wertestehanatar setnf SoNwalbhaving GEN seqpenses 23063 'and. 2429)
al t hothNgr?engf tge:)sN dY)f\IhV\ge% ogéje%]edato Rl %19-&? ﬁ;[eretfl(;'ref\a, §r'11y€<'ﬂ‘,jc itself ina
palindrome seems not to be sufficient for the observed effects.
In addition, ODN 5297 with a TGC at the 5' end did not induce any IFN-a despite
15  bearing the palindromic 3' sequence. This led to the conclusion that not only the 3'
palindromic sequence but also the 5' TCG motif is important for the activity of these ODNS.
This was confirmed by using ODN 5328 (2395 with 5' TGC motif). In contrast to
methylation of class A ODNs, methylation at least of the 5' motif decreased, but did not
abrogate, IFN-a secretion. This finding is in accordance with results obtained with class B
20  ODNSs. Nevertheless, an ODN with part of the 3' palindrome but a different sequence at the
5" end with only one CpG dinucleotide (ODN 2136) also induced [FN-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-a.
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
ODN:s 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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(e.g., ODN 2430 and ODN 2432) also induced |IFN-a in somewhat | ower amounts
(exanple in Figure 17A). ODN 2395 and ODN 2429 i nduced the highest anounts
of | FN-a,wolmsnews1 5 2006 (cl ass B ODN) i nduced none to m mcmalSozpesit s, and
ODN 2336 (cI ass A ODN) induced | arge anbunts of this cytokine. Mst

exper i meBkdingle BN Eifeat @cketRbbn GOI¥N2429 i nduced even hi gher amounts of this
cyt oki ne (Fl gure 17B). An introduction of an additional TCG notif (e.g.,

ODN 2427 and mlmmatmdéaﬁr@aom of Waimumgmubﬂ@oebf BBM{Csowith fiffezent

2t the songrnog BL OBy TRy ERERONR (PlRL 1T TR O e i, O

Ther ef or IEN-WBedr@sdrewlitifetrhed orget 233f6 SCBRYs, 24749 %@mmm%haeﬂuaa@mer@ﬁcet he 3'
end. None of these ODN were observed to induce |FN-a. Therefore, only GCC

i tsel¥ ibeteeerptheiOldNowes setewwsleanss hyousieg IEIN-frias aeertd-dwr t he observed
effects n it 297 with a TGC at the 5 end did not induce any
| FN- a degéql’@é—ii bgtgﬁtr‘?%ﬁ\f indromic 3' sequence. This led to the
concl usi on thﬁﬁea"'&)tc% retmin édhﬁe%fect%?ﬂe%%ﬁm&lﬁ@%lﬁf&%ﬁ?%ﬁ ﬁPa{nl P T

notif is inportant e activity o ese CODNs s was confirnmed by
usi ng ODyniphasyté Etﬁfigﬁow\(MhRﬁ InTtEES sawing iympHaeytes of OJ&Sdonbf)resp@td’tylaatlgm of

b ogat e A BRE ORI POheraner £ ThATE emoRM DS o, b asoee™
obt ajned, ol Gdregsie B &fhafEINFN-Pedcestioneuping ’sucﬁinan%g h& H’F{/ fes &R{gsé he 3

pal i ndronme but a different sequence at the

di nucl eo¢E1ghe—e(mpNTBm3@1ca¢dsmat albthedODRNNvere abh t@behanm: thenryactiveg td $p$clf$i ng
this ﬂ_gn ’E%ﬂl ODN with the full 3 palindrone (ODN 5315), ODN 5315 was
better t#Hal§° 2136 but not as good as ODN 2395. The fact that ODN 5329

seens toa@@@sn@mnzwﬁ WM& Yesk P 18ARIMNOBNCI006FN-a 25 al t hough having a
full CG palindronme at the 3' end indicates that specific palindromc

sequences ar eArfFUéleé rst@zf eXperimENs @Caﬁﬁdl o the indgstianytidhe pro-iRBeinmatosal

rel on tl v nduct i,0 a, ..An

addi %on%iqogé 1E.If\ivté‘ac Va |%er€g(e§xf%rer| Bﬁ\q\/\ggwﬁée lfl%l%bﬁge&qfﬁf g‘ﬁ%“ﬁ%ﬁ‘@f a‘&q sone
of the mlﬂlfﬁrerﬁ&am&aﬁéns(dfl@mﬂﬂ@re 20N - 19 Tht sesuRdldEnéRtateIRdt, 4she
better is an for 30 induction of IFN-a, the |ess active it is on B

cells ( cﬁwwk@f@gp‘éwa?qoﬁ iashiges migely Jughsamoyntoet hn ) pupoirast i QENY Béless,

oy £ AT BhEehhth €10 Sl b B HISR, By op TRl 255 A

Ef f ect omdsecmeteilbnl (othah DN 2334&bulless tlcha tQIDNI20061 $his medin @nnfidnsl thid-@DNpon
| nc%at | c?fr}hl%fne\?v%l}/zgss o\ﬂr}n?luge Et{rreuglgtrc])}y ODN have stimulatory activities that place them
between those described for ODNSs of class A and class B.
Example 16. ODN 2395 induces less TNF-a 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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concentrations of ODN at different time points (Figure 19 A - Q The ODNs
tested induced IFNvy secretion with the rank order 2336 > 2395, 2429 >

2006. Nevwotodelsss, the difference 5 between the ODNs was paatusay2&bear as
by using IFN-a as a read-out. Exanple 14. Effect on IFNy in MLR W al so

det er m ngdditibgalekpeiherd$ indivaced thiy@Rideh 8L I5g w@lliaamLafs doblt bt ba datedied ed
| ynphocyte reaction (MLR). In this setting |ynphocytes of one donor respond
to anti gErfBIr ¥R @e@ﬁg%@qngnwbag%pﬁﬂéélv@émph th§eOPNsul t s denpnst rat ed

t hat 2336 10 as 2395 were able to enhance IFN-y

secreti on*%lglﬁlg‘rli% suc Ctlgr?l fg%ltl gen-specific response (Figure 20). This

i ndi cat ed t haHumhh PBMGSewtBNultercd eithdraldne, mnthapmserichef Hledcini the pyesémme of

2606, fi\%wrpL@?ﬁEi%? S ERpRr SRBA 4 SRk B8 oY e P PErTENS AN
pro-infl 6‘ gt@ 8Y e?tlﬁit'ﬂﬁs lv%fe&gapvvas@gﬁgl f @l?o&:fm 1®- {(P\';vag {ﬁ%ﬁ%ted were

i ncubat ed ere tInes an erent concentrations of’ ODNs

(Figure é}ﬂscﬁc-en@ma' hﬁkdfcblﬁuhlhm)sdmmﬁayE(EEISA&I)’:ItResaBs ars Bhowin reFigaee 22DN 2006
i nduces reI atlvelz\%§EZI9 h amounts of IL-10 in contrast to ODN 2336 that

i nduces GRNF 23R B0 %W%ﬁ%?ﬁssl at ) il rand ODH3AR2 2596 ngdnhall| as ODN

2429 i ngl tpnoOON 2336 but | ess than ODN 2006. This again
confirms ?ﬁ%tdq%rgﬁl %’ ljnso F?ﬁs new cl ass of immune stinulatory ODN have

sti md at BxampletlB v[rtdueﬁoﬁdsuémﬂ\pbcace them between those described for ODNs of
class A and class B. Exanple 16. ODN 2395 jnduces | ess TNF-a than ODN 2006
but nore thanHemen 8GHACs wmﬁhu@éﬁégerm@ euthe presence of s 2nigthe pigsense of 6

/M of 2
D oot T RloEBRRL 1 5006 cofdSPOPNAT Gt 96 WL, oS RGHOEL FORRURIALREY
Tabl e 6.0.6abB® Ga/ml. nSh;ﬁéInhaMht@fver'El‘ﬂEr@sﬂé& afte2elsaind aid NFel-sheadiiefl &5 ent

cl asses ODN TNF-a, g&% (LPS) >120 2006 40 2429 35 2395 21 8954 14
none 16 SEcHOEIIFA1 qltmfrﬁmmzmzmw 23 PPNEH 816 eelpdranddtigurei 238 cat ed

that, Lyt lihNee 3 igmBS BN 2555, bhs7, 1226 0456 N8, RR20SEH55% 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 pg/ml. Supernatants were harvested after 24 hours and IFN-y was measured by
specific ELISA. Results are shown in Figure 24. ODNs 2395, 2427, 2429, 2430, 2431,
2432, 2451 and 2452 at 3.0 pg/ml, and ODN 2352 at 0.6 pg/ml, all induced large amounts of
IFN-y.
Example 20. Induction of IL-6.
25 Human PBMCs were cultured either alone, in the presence of IL-2, in the presence of
control ODN 1585 or control ODN 2118 at 10 pg/ml, or in the presence of various ODN at
0.6 or 3.0 pg/ml. Supernatants were harvested after 24 hours and IL-6 was measured by
specific ELISA. Results are shown in Figure 25. ODNs 2395, 2430, 2432, 2433, 2136,
2449, 2450, 2451 and 2452 at 0.6 pg/ml, and ODN 2449 and ODN 2451 at 3.0 pg/ml, all
30  induced large amounts of IL-6.

Example 21. Induction of IFN-a.

53



in our experinmental settings upon incubation of PBMCs with these ODNs.
Exanpl e 17. Induction of |IP-10 Hunan PBMCs were cultured either alone, in

t he presewoaswis7ii-2, in the presence of 5 control ODN 1983/um02/ecuss r ol ODN
2118 at 10 gg/m, or in the presence of various ODN at 0.6 or 3.0 g/m.
Super nat ant s Maman PBMES ek cafthed edleridotieSor am thelprestfcevafs/afivasQD®Mat3y0 or
specific enzynme-Ilinked i mmunosor bant assa ELI SAg. Results are shown in

Fi gure 260 neGphsODN9Enclpded 20008994, 2893024400 #4845 1a243%.33¢? M, and CDN 2452
a 0.6 YelacRiaaebfEEe S # 48 3IpYnie igtBokadlopribbctelpduct | on

of IFN-a Wer e ur e one, in the presence of’lL-2,
in the psEQEDAC0OD4), SIMH (CUGCONGIRBSCGTCAIQGDIT,AB) M NO:a@t5),137g/ m, or in

th f i . m . t ant

v e e e S R Bt SR o hd e e el (T ELT SR Resul ts
are ShO\&rgé@cﬁtﬁWﬁcwcG@a%@@c@- SEQ/ I moa@g. FSugtingtadd Brelo hdr ARt Pifie3- O
g/m). 2395, 2427, 2429, 2430, 431, 2432, and 2451 at 3.0 g/m, and

ODN 245224howds Bndj/HN-p vedsl méasureddogt senifje ERHAINRssudth ateFNown ik Kigurk 2619.
| nduction_of |FN n PBMCs were cultured either alone, in the presence

. Huma 3
of IL-2, ODNst2385 d ettt ad 51‘7&@#‘8&“%@@5’85 or control ODN 2118 at 10

g/m, orgi p ] /AR QN or 3.0 g/m.
Supernat%{#%&g%%éfﬁgggﬁ?ggﬁgtbgwg hourgltéd g% ?ﬂ%y was neasured by
specifi ¢ ELI SAumRe PBMGs sbtainsd ram twod dongts(B326 andDRS0)23DE culdded citlié 29,

2430, 2431, 2432, 2451 and 2452 at 3.0@95/2m and ODN 2352 at 0.6 g/nl,
i nduced danger iakgprescngs of OPRE JOOOEQORHP &2 0r ODNREIE 0-%£-4 pr 60 r8mhyman

PBMCs wege cul.tured eit a i f - ! resence
of cont %ena%lfﬁggqg%gﬁeg{g%tabgﬁnﬁw 5@%{{'&}%@3% l,lrei(i)rg y %%ecffrlqceﬁ%fséagence of
various RENI@re hofnh TAbR T/ ODN SUBKA BN ES1\RIdacdIAFNES nefle affé@iveR4 hours
and I L-6 was neasured by specific ELISA Results are shown in Figure 25.

ODNs  239than D189 20064 particalk@ly at 9186 conceuta@iong 46D 4 apd 61 Legichl 2452 at 0.6 g/,
and 449 a 2451 3.0 , I in | arge anounts of
I L- 6@%&%%%21%%%% @#-beylcﬁﬁﬂ?.mgjs 2\9@%@82@ PCT/ US02/ 26468

Human PBMCs WAL G af PRIVIC S 6htSintd &obmAthRBR0Rbrs i(D4H‘Q)4%?§rﬁirl§@488fweY@E&19fr'§d CDN at
3.0 or 6.0 g/ml. ODNs included 2006, 8954, 2395~ 2449, 2450, 2451, 2452,

5373 either alone or in the presence of ODN 2006, ODN 20184, ODN 20185, or ODN 20186 at

al |

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-a (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 2.4 36.6+2.1 106.7+17.3
6 39.24+26.5 127.3£7.7
0.8 4320 22.3+0.1
5516 24 31.9+0 172.5+82.3
6 26.6+19 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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24), 5375 (

SEQ I D NO 27)

SEQ ID NO 23),

and 5377

5374 ( CGECECECECCGCEECECECECCG,
CGICGITT, SEQ I D NO 25),

( TCCECCCABWREGBIBTTGCTTT, SEQ I D NO  26),
Super natants were harvested after

5376

5

SEQ I D NO

( CCGCCETTNREEHIXCCCCCG,
24 hours and | FN-a was

measur ed by

2451, 2452, anMegn 23D | nduMéamr: SD | FN-a by
ODN 5515 anc ET PRy gobta T .. 16 and
D240) were (@ on t he ' 5515,
or CDN 5516 P 579 IAE )erE§ an 2 ted after 24
hours and | K % _nggy uI own|in Table
7. ODN 5515 |and ODN E>516 ?nduced % % 2006,
particularly at ODN ¢onckftra |o%§- 5% 4 anﬂﬁ%i%?%ﬂrﬂ 1 23.
| nduction off IFN-a by Oo¥5201B ,ZQGEQG, and 380882 2Hunfan PRS0 obt 4i ned
fromthree donors (D445,0.0446, ardd-®B448) wer 9623243 ed di20H&R4.8l one or in
t he presence oR201@N 20060.2CDN 2028642+&8DN 201355.1¢85.0DN 2(3186+32.2 0,05, 0.1,
0.2, 0.5, orf 1.0 g/m. Supernpt afifB2x®e7e harigiRedsaftier 258.7-050s and | FN-a
was neasured by spegifiCOELI SA 19e3+8.7s arel1ghownsiin Tabl £883.4 ODN| 20184,
ODN 20185, gnd—20 ODN zqmyp I Naugeg={d-8F a |nop ey efiesti Vel y5 s g 2006,
particularly at 0.2-0.5 gqn Tapal@1a | nduggt &m0f | FN- asd gy o ) by CDN
5515 and ODN 55%13;5 N Cogs. D f Me anl 18.513. 8
363.3 2006 2.4 19,/76. : %sl%g]g |4
36.62.1 106./717.3 6/39. 6. 5 31.90
172.582.3 € 8——Inductiot n of
|FN-a (pg/ m|) by ODN , : 86 228, 03 1§?§ff6
PCT/ US02/ 26468 0.1 58.3+7.6 812.24+28.1 111.3£6.8
20186 0.2 153.6+1.5 1302.5+£56.2 193.5+10.5
0.5 267.7+£7.9 1744.1+£54.7 227.4+6.9
1.0 153.0+0.3 1113.6+6.4 13.7+15.4
Medium -- 0.0+£0.0 12.8£2.0 64.8+32.7
-- 0.0+0.0 45.3+£12.9 36.4+2.6

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

(TCITCITTTTCGGCGGCCGCCG SEQID 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 are shown in Table 9 and 10.
Table 9. Induction of IFN-a (pg/ml) by ODN 8954, 5569, and 5570

ODN Conc. D521 D525 D526
pg/ml Mean + SD Mean £+ SD Mean + SD
0.03 238.674 239.286 216.393
0.06 2405.63 385.161 126.516
2006 0.125 3826.53 549.612 86.173
0.25 2248.94 532.67 74.493
1.0 362.74 161.892 57.087
0.03 305.626 309.581 599.971
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
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ODN Conc.

D445 D446
58.81.9 0.90.0 0.1
39.15.0 WO93mis7i14.
0.05 25.62.1 88.012.

D448 g/ M Mean
27.714.4 283.516.1 23.53.8 2006 0.2 54.917.6 503.79.7
6 227.812.7 49.80.4 1.0 26.415.5 142 pe2AIsh2/486829. 8
2 0.00.0 0.1 32.97.3 691.232.3 129.124.8 20184 0.2

SD Mean

SD Mean

SD 0.05 5.20.0

256.28.2 2135.135.1 314.00132. 2| 0.5 A9p.784|7 217113P%22 268. 7187%511.0
194.35.7 1181.915.1 %.83.06 0| 05 65.100078|217. 92851763 314. 2 40.88g63. 61. 3
467.423.7 150. 9549 2()185_1@52 79. 32. 40u44%|583. 7 14493@85.5 0.5 3 680. 2
1965. 772. 3 162.43.8 2k76.P12. 5 l|7111075§ 9.7 18 ? 0. 05 15 7
223.11.2 79./181.6 O. L58 g7 6| 812. 2 4%9517]1.36.8 021§
1302. 556. 2 1935165 267 79 hA-—7—22F 4‘
1113.66.4 13.715.4 l\/t*=d| ﬁ h. 00. 0 0 64.8 35 ésggﬁ 312.9
36.42.6 Exanple_24. oh of ||5 ODN 8 11%569 and Human
PBMCs obt ai ned 5fSVQmﬁ npr s )25 and“ﬁjz ) were
either alond or in the S¥sence of fR)6 ( SEGI- @) 54 ODN
5569 (TIGTI GTTTTCGGT:GGCX@CCG SEQ | DQ%@.S H3), or3m\68570 5 2560 93]
(TATATTTTA e SEQ I D NO 7@b.486{0. 03, D148712/0. 125, 66853|or 1.0
g/ m . Supernatahts re harvepted af24ér124 hour s2#hE22|FN-a and | L010 were
measur ed by speC|f|c ELI SA esults are shown in Tabl e 9 and 1I0. Table 9.
| nduction of IFN-a (pg/ m ODN 8954, 5569, and 5570 ODN Conc. D521 D525
D526 g/Hbl%gnlndggl%%fﬁLl@tpg@b)rby QPN 8954, 1010122, 5369, nd 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
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

in the 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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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 Ow03380&51626 309. 581 599.971 0.06 6039.51 2028. 52cAAx62/60d168954
0.125 7322.45 4669.31 5340.21 0.25 7651.13 4641.1 5324.55 1.0 7078.59
4679. 59 hetdih. VAl bebEm¥\Epiasdrd 1bthdde RATIAUBMR 26G6@ thOfddSoldg?2deéBdptichland X211
87.751 0,06 110.723 %5. 753 4%. F88 5569 0.125 104. 547 4%. 365 41.046 0. 25
111. 755 withinghe seppo of the pppensisd plagns. 1 e agyantages agg obigcty ot gheingeption ste voi
250. 196 ;0061858 1824028y L&h2hbodfier® 37 feQnvkpRoR470. 67 1657. 3 477.938

0. 25 5612.53 3369. 99 669. 7y(,)6 1.0 6798. 3 3501.59 2560.93 Medium -- 145. 436
214.212 66. 8581l referedss, patgnt? 28d paentPublications that ark mehited irothisofpplicat®n(ang/ m )

by 8954, 10101-2.. 5569. ,and 5570 CDN Conc. D521 D525 D526 g/m Mean
SD %:n ‘“%PRfeag‘?ﬁpmé%“ E)‘%B%tyf%f“bg re%f%‘.‘%m 485.823 0.06 384.377 218. 651
898. 299 2006 Weld&ind04. 352 242.289 991.614 0.25 357. 657 247.405 1150. 94
1.0 255.344 162. 444 1171.72 0.03 7.456 6.617 6.919 0.06 5.34 5.721 19. 787
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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 Owpm3LEF182 30. 094 350.529 1.0 256.785 136. 833 1PeG/1F0226693 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 Q@fmd 26 1595. 63 Medium -- 1.755 10. 543
O --0.29 11.192 0 The foregoing witten specification is considered to
be sufficient to enable one skilled 5 in the art to practice the invention.

The present i nvaRGhHinbsiMAhtohPnReeit bt bE 4100 REABRidRY in @figmbﬁﬁri%gvi ded,
since the exanples are Iintended as a single illustration of one aspéct of

t he i nvetheifemuad ot her functionally equival ent enbodi nents are within the
scopﬁ of the invention. Various nod',f%%q&s of the invention in addition
to those shown and descri bed 56 WO 03/ P%T/ US02/ 26468 herein w ||
becone appar ephete X harEX Skt idd@Peridentl ényadelquérice Mtb e nhicleaiivs MhedBsiai pti on
and fall wthin the scope of the appended cl ains. The advantages and

obj ect s Wicladide phigethanén Cals eyinsine, Gacawabe; Hys e Redepide sdher fiandadhrther
enbodi m&&nﬁis{r}é&nﬁﬂé’ig ik g?%ugi%é se[e%{e‘arf%}ﬁ AR gr&% &ﬂlrsﬁtiﬁé]gf PahERpositioned

publ i cations t are reci Inthis applicati'on are I ncorporated in
t hei r enimmedtiytelye? e¢o X, by immbdinehcE.to We, aidal my a Bel\betBdl2ig/stquence,

PCT/ US02/ 26468 . Cl ai ns, 1. An i. ti mil | eic.agid of 14-1
! Wt 1 HBSPN Pekig: Hre o Pt Re apa sy et §'eRefigdiphe B Pis 4 8L

rich palindrome containing sequence at least 10 nucleotides long.

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

comprises 5' X;DCGHX,N 3.

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

20  comprises 5' PX;DCGHX; 3'.

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

comprises 5' X1DCGHX,P 3'.

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

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

7. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid
comprises 5' X;DCGHPX3 3', wherein X3 is any sequence 0 to 10 nucleotides long.
30
8. The nucleic acid of claim 1, wherein the immunostimulatory nucleic acid

comprises 5' DCGHX,PX3 3', wherein X3 is any sequence 0 to 10 nucleotides long.
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wherein X1 and X2 are independently any sequence 0 to 10 nucl eotides | ong,
Dis a nucleotide other than C Cis cytosine, Gis guanine, His a

nucl eot i dwoaBhes7it han G further conprising a nucl eic aciPdTAES)R6ICE
selected fromthe group consisting of P and N positioned immediately 5 to
X1 or immediately 3" to X2, and Nis a B-cell neutralizing sequence, 10
wherein N begins with a CGG trinucleotide and is at |east 10 nucl eoti des
long, and P i % Ahcnucleicasidyef claimy bdersimthgiimmpgostgatossnyglerr agdt 10

| eot
unost | AR Seory! G K S B DE e el B R RS e,

nucleic acid of claim1, wherein the |nnunost|nulatory nucl eic acid

conp ses 5 4.. The nucl eic.acid of i m erein the
oot mil albr Pandetiee acdita ] S E i Aol ieady T

nucl ei C @fh lseésqb@Gmpx3 3wweedumxt3neany a6d 0 U Ehlsotiabsloak c aci d

conpri ses Xl DCGHX2P . . The nucleic acid of claim1, wherein the

i mrunosti nul at ory nuclelc aC|d conprises 5 XIDCGHX2PX3 3', wherein X3 is
any sequence t | eot o] a|n11
P fhelgl G e85 m! 100 erein’ the I@ﬁ%@%@lﬁtﬁ%&ﬁ@é

wherei n the inmunos atory nucl éi ¢ acl

wher ei n d@nprisesfYDCEHIPYIce O to 10 nucl eotides long. 30 8. The nuclelc

acid of claiml1, wherein the immunostinulatory nucleic acid conprises 5
PX3 3', wherein X3 is any sequence 0 to 10 nucleotides long. 58 WO

03/015711 PCT{}JS% 28ABRB actd of EREMNUGhSIetn Bcié Bfin& T@' m 1, wherein the
i mmunostinul atory nucleic acid conprises 5' 2PX3 3', wherein X3 is any

sequence 0 to 10 nucleotides long. 5 10. The nuclelc acid of claim1l,

wherein the i oSt | Iat uclel aC| onprises 5 DCGHPX3 3',
wherein X3 |sﬂgﬁ£hsgﬁag %d%fa“fd ﬁI%Zs | ong. 11. The nucleic acid

of claim1, wherein the |nnunost|nulatory nucleic acid conprises 5" DCGHP
3'. 10 12. The nucleic acid of claim1 rein D is thym ne é 13. The
nucl Bl ¢ acid bt Erainnelgic aamféiwnﬂa“@erpm s Tand Fsds srlkctcet fEomdheEror o ai m

1, wher effsfdihg of CANBFR AFTE U GFFE dnll COFEFE 9 OUp
15. The nucleic acid of claim 1, wherein His T and X, is CG.
20 16. The nucleic acid of claim 1, wherein His T and X, is CGTTTT.
17. The nucleic acid of claim 1, wherein C is unmethylated.

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

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

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

30 nuclease-resistant backbone.
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consisting of CG CGI, CGIT, CGITT, and CGITTT. 15. The nucleic acid of
claiml1, wherein His T and X2 is CG 20 16. The nucleic acid of claiml,
wherein HvoI3M1:md X2 is CGITTT. 17. The nucl eic acid of PeraiSer/dg46vher ei n
Cis unnethylated. 18. The nucleic acid of claim1, wherein N conprises at
| east four CRUi T hedticdesl of2kimnig whereirothe imhanostinoul 86 hudlaiciadid hbs aes.
19. The nucleic_ acid of claim1l, wherein P includes at |east one inosine.
20. The &E%Plé‘?rethéﬁﬁt%b b¥iei m 1, wherein the i munostimul atory nucleic acid
has a 30 nucl ease-resistant backbone. 59 WD 03/015711 PCT/ US02/ 26468 21.
The nucleic acid of claim]1l, wherein the imunostinulatory nucleic acid has
a phosphor ot B2.oBhee nbeleiktssiseof chgm IThatheneorapising i dolyfT sdqupmaeht thelY ehdr
corrprg' sing a poly-T sequence at the 5° end. 5 23. The nucleic acid of
claim1, further conprising a poly-T sequence at the 3' end. 24. The
nucl ei ¢ aci d 3. Thainttidic dekiesfeidimt 1) urtherunaptidingh polory seuehceiaC tiRc3' nd.s 14-
40 nucleotides in length. 10 25. The nucleic acid of claim1l, wherein the
i mmunostinulatory nucleic acid is 14- 30 nucleotides in length. 26. An
| mmunost i mul 35er el SleGeRGdifh 1HintRl M HhERhbYRRAR FRED.GETPI4-S1 NG
15 the formula: 5 NIPyG\2P 3' wherein N1 1s any sequence 1 to
nucl eot i #esudlemgles Pylengtha pyrimdine, Gis guanine, N2 is any sequence 0
to 3!20 nucl eotides long, and Pis a GC-rich palindronme containing sequence
at least 10 nucleotides long. 20 27. The nucleic acid of claim26, wherein
N1 is at |eas?s55086 puéleidiadiddlaim28 whifeen thd ¢heivaoaihdaely lcddiend@ is her ein
N1 is at | east 50% T. 25 29. The nucleic acid of claim26, wherein Nl
i ncl udes3Grugleatisles Brlengtls nptif. 30. The nucleic acid of claim26, wherein
N1 i ncludes at |east one TCG notif. 31. The nucleic acid of claim 26,
wherein N1 includes at |least one C nmotif. 30

26. An immunostimulatory nucleic acid of 13-100 nucleotides in length comprising

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

sequence at least 10 nucleotides long.

20
27. The nucleic acid of claim 26, wherein N; is at least 50% pyrimidines.
28. The nucleic acid of claim 26, wherein N is at least 50% T.
25 29. The nucleic acid of claim 26, wherein N includes at least one CG motif.
30. The nucleic acid of claim 26, wherein N includes at least one TCG motif.
31. The nucleic acid of claim 26, wherein N, includes at least one CI motif.
30

32. The nucleic acid of claim 26, wherein N; includes at least one TCI motif.
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32. The nucleic acid of claim?26, wherein Nl includes at | east one TC
nmotif. 60 WD 03/015711 PCT/ US02/ 26468 33. The nucleic acid of claim 26,
wher ei n Nvoimehsrdes at | east one |G notif. 34. The nucl ei ecanisd2/od46g! ai m
26, wherein N, includes at least one TIGnmotif. 5 35. The nucleic acid of
cl ai m 26, wheB®i Tihd\nu¢lsic BC@GT cBim Zbhehengtl M| incladesht dfastcodrai IG @A6tif. wher ei n N,
is TCGH, wherein His a nucleotide other than G 10 37. The nucleic acid
of claim 26, wherein Py is an unnethylated C. 38. The nucleic acid of claim
26, wherein Ng4i$h@hutl8RLidBAMMITWHERESN, indRidesT SeRtiGcClIG A6l of claim
26, wherein N2 is at |east 50% T. 15 40. The nucleic acid of claim 26,
wherein N2 does not includes any poly Gor poly A motifs. 41. The nucleic

acid of clai i | ected fromthe 20 group
con5|§s)t| ng oﬁ%’T?bfar&élg]‘f%éH (ffyf;%,% iFT‘f”@E‘f"%ﬂ#ﬂp?gg TTCGI, TTTCGI, and
TCGTCGI. 42. The nucleic acid of claim26, wherein the i mrunosti nul at ory
nucl eic acid has_a conpletely nuclease-resistant backbone, 25 43. The

nucl ei ¢ acid ¢4 EheaiHelois acigpiiclain 40n B hese) Neis d ki Whearin Hhisaaisivetise
conposed,@f; phosphorot hi oate |inkages. 44. The nucleic acid of claim 26,
wherein the |nnunost|nulatory nucleic acid has a 30 conpletely
phosphodi est er backbone. 61 WO 03/015711 PCT/U802/26468 45. The nucleic

on T b Rt opne RN A0 RhE T A Rt MEhSATPEH O P2S @

i mmunostinulatory nucleic acid has at 5 |east one phosphodlester | i nkage
between a CG Cl or IGnotif. 47. The nucleic acid of claim26, wherein P

i s conpl et el y3palhnhardpicacidad clamenwbpisicNzisatileast SOVapyrimiginegherein P is a
pal i ndronme having between 1 and 3 10 consecutive intervening nucl eoti des.
49. The nucleic acid of claim48, wherein the intervening nucl eotides are
TG 39. The nucleic acid of claim 26, wherein N3 is at least 50% T.

15
40. The nucleic acid of claim 26, wherein N, does not includes any poly G or poly A

motifs.

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

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

composed of phosphorothioate linkages.

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

30  completely phosphodiester backbone.
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50. The nucleic acid of claim26, wherein P includes at |least 3 C and at

| east 3 G 15 nucleotides. 51. The nucleic acid of claim26, wherein P

i ncl udes wo W3@astii 4 C and at |east 4 G nucl eotides. 20 52CTMse2/pa6s ei C
acid of claim26, wherein P includes at least 5 C and at least 5 G

nucl eoti des. 48. THhauclei¢laeidcofatdin 26 wht@inthe tnmwhesti@iatbryl meleiciesd Ris 4 east
one inosine. 25 54. The nucleic acid of claim?26, wherein the

i mrunost FHMEHE BRSKPAR | eic acid is 13- 40 nucl eotides in length. 55. The
nucleic acid of claim26, wherein the i munostinmulatory nucleic acid is 13-
30 nucleotides in length. 30 56. An inmmunostinulatory nucleic acid of

13- 100 nucl eot6.dBs inncleiergidofctamrdSs ivhereint the ifiounedtianul §8r\W B3y gddiidslat

PCT/ US02/ 26468 . 5' . NLPyd I N2P 3' whereinn N1 | s any sequence 1 to 6
nucl ggt i %@g OPBH]&?SPW&FP%C%II%E? ﬁ’?tme?fb? %E" FII\I%@PEM 0 single nucleotide
which is either a Gor an I, Gis guanine and I is inosine, N2 is any
sequence O to 30 nucleotides |long, and P is a palindronme containing
sequence at |%s¥hewuﬁ91@|aé@tqf&&m%6b whereinstyis cppwlsiely pelindrgmiicd of cl ai m 56,
wherein N1PyIN2 is TCOTCITTTT (SEQ ID NO 47). 10 58. The nucleic acid of
claimb56, wherein Pis a GCrich palindrone. 59. The nucleic acid of claim
56, wherei n P48.sTlan nhieiciactl qfaldim®oomwbereind®is dlfredindrocdechayirpchetwedn Icaral In 56,
wherein G is G 15 Q1. Tge nucl eic acid of claimb56, wherein G1 is I.
62. the FANSPRIYC HUFYCYPE BPGF ‘%8‘, wherein the i munostimlatory nucleic
acid is 13- 30 nucleotides in length. 20 63. A pharmaceutical conposition,
conprising an i munostinulatory nucleic acid of any one of clainms 1-62,
and a phar mac#Ut Theanhgleigaesmiziaia Bawherem the mterxeming hadledtistes predi@i ng type 1
interferon (I FN) expression, conprising

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

15 nucleotides.

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

nucleotides.

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

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

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

40 nucleotides in length.

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

the formula:
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25 contacting a cell capable of expressing type 1 IFN with an effective
anmount of an imrunostinulatory nucleic acid of any one of clains 1 - 62 to
i nduce exwyoassiomi of type 1 |FN. 65. A nethod for activatromgsa2/pabsir al
killer (NK) cell, conmprising 30 contacting an NK cell with an effective
amount of an i mMunosti nmul atory nucl e5'N,BgGAN,PB' any one of clains 1 - 62.,
to activate the NK ceII 63 WO 03/015711 PCT/ U802/26468 d6 thod for
treating i nf ewhere Nidsawy sedpengeddriomusieatidssdong Py isy pyaid ‘PFa\ﬁA)r@ Gt risk
of devel sQﬁ) 18 ﬂu«?l@otid%f\ﬁ’ﬁéﬁ AN aeéfo%h NG is gmyl@tan@i lsaﬂoglﬁemu}@ss.;dyrgeh@éﬂeey

nucl ei c one of clalns - 62, to treat or prevent

i nfecti o(hto k3 0) ﬁ?cleoTlldeﬁ lveg rod Pois a(plahndmﬁle conlhiming yequénse sulspsad o nlualso@dem s at
risk of devel oping an infection selected fromthe group consisting of a
V|ral e B€erial, fungal and parasitic infection. 10 68. A nethod for
treat| ng an all ergi c condition, conprising adm nistering to a subj ect
having or at risk of developing an allergic _condition an fective anount
of an i munos?7-nlicanstigic Aeigdickindavaereany Py %fTCéTQI%TT_L(SE%QD NG treat
or prevegy, the allergic condition. 15 69. The nethod of claim 68, wherein
the all ergl c conditionis allergic asthma. 70. A nethod for treating
cancer, conprising admnistering to a subject having or at risk of

cevel P 19,2 SR wRre b g e Bl 2o TR R Oy €1

The nethod of claim 70, wherein the cancer is selected fromthe group
consisting of basal cell carcinomm, biliary tract cancer; bladder cancer;
bone cancer; *.alle andeicred ofglhdmrS6, whergstP sanderrichqslindoaie. cancer ;
choriocarci noma; colon and rectum cancer; connective 25 tissue cancer;
cancer of the digestive system endonetrial cancer; esophageal cancer; eye
cancer; canceg0.0Thd haclbieadidafdlahadlo, whasin G4 ic@ncer; intra-epithelial

neopl asm ki dney cancer; |arynx cancer; | eukem a; liver cancer; |ung
cancer ; | ynphoma i ncl udi ng Hodgkin's and Non- Hodgkin's |ynphonma; nel anoms;

nmyel oma; neur gpl f5d QBeic QLR ofSBY i @ﬁg@g{g/lqyprl an cancer; pancreatic

cancer; prostate cancer; retinobl | ast oma: r habdonyosar coma; rectal cancer;
30 renal cancer; cancer of the respiratory system sarconm; skin cancer;

stomach CaNCEL)  The nucleic acid of claim 56, wherein the immunostimulatory nucleic acid is 13-
30 nucleotides in length.
20
63. A pharmaceutical composition, comprising an immunostimulatory nucleic acid of

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

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

IFN.
65. A method for activating a natural killer (NK) cell, comprising

30 contacting an NK cell with an effective amount of an immunostimulatory nucleic acid

of any one of claims 1 — 62., to activate the NK cell.
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testicul ar cancer; thyroid cancer; uterine cancer; cancer of the urinary
system and other carcinomas and sarcomas 64 WO 03/015711 PCT/ US02/ 26468
72. An i nworastimul at ory nucl eic acid conprising a sequen®eTdshpedsesl from
the group consisting of: TCGICGITTTCGECGCGCGCCG (SEQ ID NO 1), 5
TCGTCGTTTTCGGE8 A Ghethéa {oPhentidg iN@Bctidy), compfmm&EGT TTTCGECECGCCGECG (SEQ | D NGO
5), TCGICGITTTCGECGCCGECCG (SEQ I D NO .6), . TCGICGTTTTCGGECCCECECEG (SEQ | D
NO 7), TOGTEhmmstengteecucetdryingpr pigis ofigexgiopipg pn infection an effective

14, ol BT P T D i g o I R B T B
19), andtheTEBRAECGCGCCGTCGTCGTITT (SEQ ID NGO 11). 65
5
67. The method of claim 66, wherein the subject has or is at risk of developing an
infection selected from the group consisting of a viral, bacterial, fungal and parasitic

infection.

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

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

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

20  cancer.

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

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

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

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