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I MMUNGSTI MULATORY OLI GONUCLECTI DE MULTI MERS (At t or ney
Docket No. HYB-03 1PC) BACKGROUND OF THE | NVENTI ON

benefit of U S. Provisional Application Serial No.

60/ 579,985, filed June 15, 2004, and U.S. Provi sional
Application Serial No. 60/599,362, filed on August 6,
2004. The entire teachings of the above-referenced
Appl i GMMUNOSTIMUDATORY QLEGONSCLEODIDE FIUHTHMERS
Field of the Invention The invention relates to immune
stimul ati on by ol i @¢puei Rwket e. BYBDBFE) Surmmary of the
Rel ated Art Tokunaa et al, J. Natl Cancer Inst 72
(1984) 955- 96; .BACKGROUYNE 0 5! N, Mol. Biol.
Rep. 18 (1993) 217-221, Krlege/ /.,Yi et al, Nature

374 (1995) 546-549 ang éato et al, SCI ence 273 (1996)
352-354 teach that ba t ynt hetic

ol i godeoxynucl eoti des, and DNA vacm nes contai ni ng
unmet hlhiaApplicay@dilaims thedena® of UrS. BpesiohalcA piation Serial No.

086]/8?‘3%8% EFB%nD%) Z@Qt n\é"ﬂ § lJrgvelsu\)/nea }\egﬁca&on Serial No.

60/599,362, filed on August 6, 2004. The entire teachings of the above-referenced

Applications are incorporated herein by reference.

Field of the Invention

The invention relates to immune stimulation by oligonucleotide analogs.

Summary of the Related Art

Tokunaga et al., J. Natl. Cancer Inst. 72 (1984) 955-96;. Pisetsky et al.; Reich
et al., Mol. Biol. Rep. 18 (1993) 217-221; Krieg et al.,Yi et al., Nature 374 (1995)
546-549 and Sato et al., Science 273 (1996) 352-354 teach that bacterial DNA,
synthetic oligodeoxynucleotides, and DNA vaccines containing unmethylated CpG-
dinucleotides in specific sequence contexts (CpG DNA) activate the vertebrate

immune system.

Krieg et al., Annu. Rev. Immunol. 20 (2002) 709-760; Dalpke et al., Biol.
Chem. 383 (2002) 1491-1500 and Kandimalla et al., Curr. Opin. Mol. Ther. 4 (2002)
122-129 teach that CpG DNAs induce innate immune cells to produce Thl cytokines
that promote cytotoxic T lymphocyte (CTL) responses and production of
immunoglobulins by B cells. The immunostimulatory properties of CpG DNAs have
allowed their use as therapeutic agents for a broad spectrum of disease indications
including cancers, viral and bacterial infections, inflammatory disorders and as

adjuvant in immunotherapy.
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i mmune system Krieg et al, Annu. Rev. Immunol. 20

(2002) 709-760; Dal pke et al, Biol. Chem 383 (2002)
wdd@i/0d%89 and Kandimalla etal, Curr. Opin. MPCT/UB®05/020911

4 (2002) 122-129 teach that CpG DNAs induce innate

i mmune cells to produce Thl cytokines that pronote

cytotoxic T Iynphocyte (CTL) responses and production

of imunoglobulins by B cells. The immunostinulatory

ropert DINAS
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i nfl uence activ 0 andinmalla et a

> Nuc(:qn 'EngA'BPIE&@E"F%g'.CS @I(é%ﬁﬁerﬁsgp%%ﬁnaﬁégeﬂdeaches t hat
CpG DNAs that contained two freely accessible 5 - ends

t hr ougﬂ(mdﬁﬁalla et &lj Bioelgen. Biuphgy. Bed. @omaaini 306(2003ha48-953d
convent i o cont ai ni

ng ul ti copies of
o BB R R A RS e i BNA SBBItgpnf affected
Bi theih acvivitBdeyenyiag ofree.posidiand nafbof R SIndSY Btrikide, that the
t eaches tth the presence_of a secondarl}/ structure in
SﬁBHPlPI GINIE ﬁt tg? $ eglfiélarogated stimulatory activity, and that
10 the same structure at the 3’-end had an insignificant effect on stimulatory activity but

caused lower IL-6 secretion and contributed to higher stability against nucleases.

There remains a need to “customize” the immune response through

modification of oligonucleotide analogs.
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their activity depending on the position and nature of
the secondary structure, that the presence of a

activity, and that the sane structure at the 3" -end
had an insignificant effect on.stinmulatory activity
but caused lower |IL-6 secretion and contributed to

hi gher stability agai nst nucl eases. There renmins a

need to "custom BRIEFBHI\MMBOF@MNM@N%
nodi fication of oligonucleotide anal ogs 885 13666
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nucl ei ¢ acid conprises an ol igonucl eoti de Sequence

c St anAfingcleqtide é%l%‘t‘edcfffé“ te gTRup sonsisting aEFRGIERG CEpRYT #nd
g CQGB WIRRSH 8lik E‘)Qldﬁfe o@ﬁdeog@@dmg (X éuﬁibqlngg@ wher ei n

I's cytidine or 2'-deoxycyfidine, uanosine or T

m&%mg‘*w d@xyﬁymzqu; éd?(;deﬁw@-moﬁnranosyl) -2-0x0-7-
L{déa%a—%%@é?}’f)){ puhné:)2r HiRedxys2 okiné, 2@)&&215)8’0 -mtrop}{ltosme,

2' eoxy- yt osi

eaza puril ne,
2 araéma%véng ﬁPQ’Wc?c?‘!hSQﬁuWé araérnae»rtndmyz iQtbubstituted
aragﬁe idfne; B Up fg{)ciﬁ%(g@{/t %mépﬁ)%&ﬂﬂlﬂglkyl-cytldme, 2'-deoxy-4-

-0-s bstltute
2tlu<mg@w, @-aithe pmy@y[emdclm;lde analogs, G* is 2'-deoxy-7-deazaguanosine,

2 25&%%X-tlhléglﬁh&ﬂe, g]‘%lhgéugr?mm%, Z'-qg%ylsubstltuted-
arabinoguanosine, 2'-O-substituted-arabinoguanosine, 2'- deoxyinosine, or other
purine nucleoside analogs, and p is an internucleoside linkage selected from the group

consisting of phosphodiester, phosphorothioate, and phosphorodithioate.

In some embodiments, the immunostimulatory nucleic acid is from about 2 to
about 50 nucleotides in length. In certain embodiments the immunostimulatory
nucleic acid is from about 12 to about 26 nucleotides in length. In some embodiments,
the oligonucleotides each have from about 3 to about 35 nucleoside residues, in
further embodiments from about 4 to about 30 nucleoside residues, in even further
embodiments from about 4 to about 20 nucleoside residues. In some embodiments,
the oligonucleotides have from about 5 to about 18, or from about 5 to about 14,
nucleoside residues. As used herein, the term "about” implies that the exact number is
not critical. Thus, the number of nucleoside residues in the oligonucleotides is not
critical, and oligonucleotides having one or two fewer nucleoside residues, or from
one to several additional nucleoside residues are contemplated as equivalents of each

“of the embodiments described above. In some embodiments, one or more of the

oligonucleotides have 11 nucleotides.
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t hi ouridine, or other pyrimdine nucleoside anal ogs,
G is 2'-deoxy-7-deazaguanosi ne,
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?su%stltuteg-arabmoguano ine, 2'- -sL?bstlmged-arﬁalnoguanos1ne, 2'- deoxyinosine,

or other purine nucleoside analogs, and p is an internucleoside linkage selected from

15  the group consisting of phosphodiester, phosphorothioate, and phosphorodithioate.

In some embodiments, the immunostimulatory nucleic acid is from about 2 to
about 50 nucleotides in length. In certain embodiments the immunostimulatory
nucleic acid is from about 12 to about 26 nucleotides in length. In some embodiments,
the oligonucleotides each have from about 3 to about 35 nucleoside residues, or from

20  about 4 to about 30 nucleoside residues, or from about 4 to about 20 nucleoside ,
residues. In some embodiments, the oligonucleotides have from about 5 to about 18,
or from about 5 to about 14, nucleoside residues. As used herein, the term "about"
implies that the exact number is not critical. Thus, the number of nucleoside residues
in the oligonucleotides is not critical, and oligonucleotides having one or two fewer

25 nucleoside residues, or from one to several additional nucleoside residues are
contemplated as equivalents of each of the embodiments described above. In some

embodiments, one or more of the oligonucleotides have 11 nucleotides.

In a third aspect the invention provides pharmaceutical compositions. These

compositions comprise any one of the compositions disclosed in the first and second
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the invention provides an i nmunoner conpri sing at

| east two ol igonucl eotides |inked by a non-nucl eotide
i nker, wherein the sequences of the inmunostinul atory
oIigonucIeotides are at least partially
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olmgqnddbaunmdes contains at |east one dinucleotide
selected fromthe group consisting of CoG C'pG CpG

and Cpq;va f%]ﬁ{ a%b%t ﬁ:ia iir?Veﬁ"tYoEli %\nfes% @odq'gr Xeggrxgmgdalnr}r%mune
IS guan03| ne or - geoxyguanosi ne,
2' reammg/mmwtebrate This (Iﬁthod emyrisebadﬁnmistefmg wrilsvydrtebrate any

Aot ARSI UANG o WPAmeiiaf displosed in ety rdand
ar E\b’_drasnﬁyts!omm enveﬁt’lond dbx yexﬁposslobsdlscﬂmsbda Herein can be admmlstered ,
g'r &gﬁg@ﬁ@%@ﬁt&a}@@ '(r)c;&l/—e céfﬁinﬁilﬁzr l(l)Ig llfllE:llel 1ng,rb%¥J noq ?m¥ ted 90 parenteral
2' oxdk oublinkidal attanydeaydlj tdpice, infanashd,Gsosdl; intthaulat, dhtrerachRbl,
her m.di.ne nucl eosi de anal ogs, is T .-
e 3 Fhrebl @%%‘é%&&ﬂ%%‘l“n&““ﬁpﬁa&go%‘i-d%ﬂ UGS ne,
ar abi noguanosi ne, - deoxy-
2' subst TmtaLﬂﬁhchSpﬁCathb ﬁIUgmtwnquirk:s a method for therapeutically treating a

2' vc%e‘%&?esﬂ 1n% gncela aut&?n%’lu%g (alsor er, al-ll'-way mﬁ Lt?o%SI ne,

inflammatory disorders, skin disorders, allergy, asthma or a disease caused bya

pathogen. This method comprises administering to the vertebrate any one of the
compositions, alone or in combination, disclosed in the first, second and third aspects
of the invention. The compositions disclosed herein can be administered through any
suitable route of administration including, but not limited to, parenteral, oral,
sublingual, transdermal, topical, intranasal, aerosol, intraocular, intratracheal,

intrarectal, vaginal, gene gun, dermal patch, eye drop, ear drop and mouthwash.

In a sixth aspect the invention provides a method for preventing cancer, an
autoimmune disorder, airway inflammation, inflammatory disorders, skin disorders,
allergy, asthma or a disease caused by a pathogen in a vertebrate. This method
comprises administering to the vertebrate any one of the compositions, alone or in
combination, disclosed in the first, second and third aspects of the invention. The
compositions disclosed herein can be administered through any suitable route of
administration including, but not limited to, parenteral, oral, sublingual, transdermal,
topical, intranasal, aerosol, intraocular, intratracheal, intrarectal, vaginal, gene gun,

dermal patch, eye drop, ear drop and mouthwash.
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10 first 3151&"? ?cdgﬂgts a group of representative small molecule linkers suitable for

parallel synthesis of immunomers of the invention.
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provi des a nethod for generating an i nmune response in
a vertebrate. This nethod conprises adm nistering to
the vertebrate any one of the conpositions, alone or
in conmbination, disclosed in the first, second and

t hi r DESSIEFTNSDESCRIRTION O TP PREFERRED EMBODIMENTS
di scl osed herein can be adm ni stered through any

d b )
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[ [ t al [ | . der. .
R0 R red b AEGRS A by AR AR et hinddRiiffRrcies
| hetemen oy tq:ucbin'g demyaeferhiradted bereihland the @rtisém 8pdcification, the

tia%%ts 00 o2 %EE tebrate having cancer, an autoi nmune
a8, el preys \/\é*j)urp?ﬁefg {WVEHON hf | ammmt ory di sor der s,
skin dlsorders al l ergy, asthma or a di sease caused by

a pat h"ﬂgaeinvenﬁhlil latestth the thmamuticass oﬁ@lig'omilcfketotidésmg to the

o SR 1R a0 (3 o FHRTP IR0, B BRI o

aspeiesmethoddfor gamemting, emhandihg arclonqdifyirigi tharinmline ¢ésposd

h %u%.écpbycl mu%%st%lu atgrlysctor%%gtgndg ereg Lﬁgrr}m%ﬂl}qotherapy applications such
as, but not limited to, treatment and/or prevention of cancer, autoimmune disorders,
asthma, respiratory allergies, food allergies, and bacteria, parasitic, and viral
infections in adult and pediatric human and veterinary applications. Allergic asthma
is a certain embodied condition for treatment by the present methods and compounds.
Thus, the invention further provides compounds having optimal levels of
immunostimulatory effect for immunotherapy and methods for making and using such
compounds. In addition, immunostimulatory oligonucleotides/immunomers of the

invention are useful as adjuvants in combination with DNA vaccines, antibodies,

allergens, chemotherapeutic agents, and antisense oligonucleotides.

In a first aspect the invention provides an immunostimulatory oligonucleotide
the sequence of which is at least partially self-complementary. The
immunostimulatory nucleic acid comprises an nucleic acid sequence containing at
least one dinucleotide selected from the group consisting of CpG, C*pG, C*pG* and
CpG*, wherein C is cytidine or 2’-deoxycytidine, G is guanosine or 2’-
deoxyguanosine, C* is 2'-deoxythymidine, 1-(2'-deoxy-B-D-ribofuranosyl)-2-oxo-7-
deaza-8-methyl-purine, 2’-dideoxy-5-halocytosine, 2’-dideoxy-5-nitrocytosine,
arabinocytidine, 2'-deoxy-2'-substituted arabinocytidine, 2'-O-substituted
arabinocytidine, 2'-deoxy-5-hydroxycytidine, 2'-deoxy-N4-alkyl-cytidine, 2'-deoxy-4-
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intratracheal, intrarectal, vaginal, gene gun, dernm
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ngr rec al ,. vagin dernal patch,
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paral | el synthesis of immunoners of the

nucleoside residues. In some embodiments, the oligonucleotides have from about 5 to

about 18, or from about 5 to about 14, nucleoside residues. As used herein, the term

"about" implies that the exact number is not critical. Thus, the number of nucleoside

residues in the oligonucleotides is not critical, and oligonucleotides having one or two

fewer nucleoside residues, or from one to several additional nucleoside residues are

contemplated as equivalents of each of the embodiments described above. In some

embodiments, one or more of the oligonucleotides have 11 nucleotides.

As would be recognized by one skilled in the art, the complementary sequence
of the oligonucleotides allows for intermolecular hydrogen bonding thereby giving the
oligonucleotides secondary structure. Additional oligonucleotides can bind together

thereby creating a chain, or multimers, of oligonucleotides according to the invention.

In a second aspect the invention provides an immunomer comprising at least
. two oligonucleotides linked by a non-nucleotide linker, wherein the sequences of the
immunostimulatory oligonucleotides are at least partially self-complementary. In
certain embodiments according to this aspect of the invention at least one of the
oligonucleotides contains at least one dinucleotide selected from the group consisting
of CpG, C*pG, C*pG* and CpG*, wherein C is cytidine or 2’-deoxycytidine, G is

guanosine or 2’-deoxyguanosine, C* is 2'-deoxythymidine, 1-(2'-deoxy-8-D-
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synthetic schenme for the linear synthesis of

i mmunoners of the invention. DMIr =

4 4' -di methoxytrityl; CE = cyanoethyl. Figure 5
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10  detailed in formula (I).
Domain A-Domain B-Domain C )

Domains may be from about 2 to about 12 nucleotides in length. Domain A
may be 5°-3’ or 3°-5” or 2°-5° DNA, RNA, RNA-DNA, DNA-RNA having a
palindromic or self-complementary domain containing or not containing at least one

15 dinucleotide selected from the group consisting of CpG, C*pG, C*pG* and CpG*,
wherein C is cytidine or 2°-deoxycytidine, G is guanosine or 2’-deoxyguanosine, C*
is 2'-deoxythymidine, 1-(2'-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methyl-
purine, 2’-deoxy-5-halocytosine, 2’-deoxy-5-nitrocytosine, arabinocytidine; 2'-deoxy-
2'-substitutedarabinocytidine, 2'-O-substituted arabinocytidine, 2'-deoxy-5-

20 hydroxycytidine, 2'-deoxy-N4-alkyl-cytidine, 2'-deoxy-4-thiouridine, or other
pyrimidine nucleoside analogs, G* is 2'-deoxy-7-deazaguanosine, 2'-deoxy-6-
thioguanosine, arabinoguanosine, 2'-deoxy-2'substituted-arabinoguanosine, 2'-O-
substituted-arabinoguanosine, 2'-deoxyinosine, or other purine nucleoside analogs,
and p is an internucleoside linkage selected from the group consisting of

25  phosphodiester, phosphorothioate, and phosphorodithioate. In certain embodiments,

the immunostimulatory dinucleotide is not CpG.

In certain embodiments, Domain A will have more than one dinucleotide

selected from the group consisting of CpG, C*pG, C*pG* and CpG*.
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provi des net hods for generating, enhancing and
nodi fyi ng the i nmune response caused by

appl i cations such as, but not limted to, treatnent
and/ or prevention of cancer, autoi nmmune disorders,
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tion for treatnent

o3E R e et e aas SO oBt Ao nIRkaEerA FeoshHG Eoup, a

i ﬂt(cﬂédsldelbrfalﬂohfmﬁﬂed%i&\linldéﬁha@ﬁiﬁ?@@ﬁlﬂﬁnaﬁ'@‘ﬁdﬂﬂtn@ REINGLlic,
| evel s of .inmunosti mul ator ect for inmunot herapy

aftiralrChithe Beptidena kar ‘g‘PYSﬁ‘EP alipidg Bty peidamamouitsr | n
alelapbl9ethy i BHRS ok AHétEYLEcYic m01ety

ollgonucleotldesllnnunoners of the |nvent|on are

useful _as a n wth vaCC|nes
ant i bo]af"@?"%a‘i"?ya}?egé Fis OF § Fg‘)l% %@NA RNAENA DNARNA
apbly J08EC ﬁh\hﬁ@aﬂpulinﬂfbhiléjﬁsselﬂc&nﬁleﬁlbﬁt&ty s@c{iﬁﬁ&t an'Eh@nmg or
i nventi on vi des an |nnﬁnost|nula

of‘?’tgfé’ﬂ'ﬂlf‘l“@cﬂ igfieleofide selegigd from the eramp ?msns%n%ﬂf GpSa§1PG,

parhG aldpG*s Shére BARICHHRAY GH2Y- de&s}widmwmssgdam&&t& by,
gclelc acid conprises an nucl ei c aci E‘%_uence

FRRUBHANPRING £ i alporyHymiding d 1@ o(%em%ﬁ%n wragosy h@raxote
%ﬂé&é@-SQﬁ’ﬁ?’l%hﬁkg 2Qﬁeo§9 @uhagc?tgsmgﬁp-@de@}{sﬂ% fﬁ&@ ytosfHeer ein
I's cytidine or eoxycy di ne uanosi ne’ or
2ar_ab1nocyt1d1ne 2'- deoxy-2'-subst1tuted arabmocytldme 2'-0O- substltuted
arabinocytidine, 2'-deoxy-5-hydroxycytidine, 2'-deoxy-N4-alkyl-cytidine, 2'-deoxy-4-
thiouridine, other pyrimidine nucleoside analogs, G* is 2'-deoxy-7-deazaguanosine,
2'-deoxy-6-thioguanosine, arabinoguanosine, 2'-deoxy-2'substituted-
arabinoguanosine, 2'-O-substituted-arabinoguanosine, 2'-deoxyinosine, or other
purine nucleoside analogs, and p is an internucleoside linkage selected from the group
consisting of phosphodiester, phosphorothioate, and phosphorodithioate. In certain
embodiments, the immunostimulatory dinucleotide is not CpG. In some
embodiments, Domain B is preferably a non-nucleotidic linker connecting
oligonucleotides of Domain A and Domain C, which are referred to as
“immunomers.” In certain embodiments, Domain C does not have the dinucleotide
CpG, C*pG, C*pG* or CpG*.

In some embodiments, the oligonucleotides contained in formula (I) are from
about 2 to about 50 nucleotides in length. In certain embodiments the
oligonucleotides contained in formula (I) are from about 12 to about 26 nucleotides in
length. In some embodiments, the oligonucleotides each have from about 3 to about
35 nucleoside residues, preferably from about 4 to about 30 nucleoside residues, more

preferably from about 4 to about 20 nucleoside residues. In some embodiments, the
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deoxyguanosi ne, C* is 2'-deoxythym dine, |-(2'-deoxy-
b- D-ri bof uranosyl ) - 2- oxo- 7- deaza-8-nethy 1-purine,

-ni trocytosi ne, arabinocytidine,
-deoxy-2' -substituted arabi nocyti di ne,
2' -0-substituted arabi nocyti dine,
- deoxy- 5- hydr oxycyti di ne,
2 olighmusigotiiés bavieyfoncaboid mebqu’tjls e Geoyn about\o 4880 14,3666
gﬁﬁ?%&gﬂe '_r%ygl)g& _n%r u gcté Eeéaﬂgtﬁ%gem alxbrc])S rl‘rlf{ghcs?hatt % egglc?nurgber is
2'netdmiﬁm}l i} him theguabearsifnacleida bési’di)@iha nieSdligBnucleotides is not
subétltutedarablno %nos

'Cmﬁ uﬁ%? lgonrderidr v g gnadEe %Wer?uge‘&féj(ﬂ%‘%%l"ﬁgom
0 bneotoheverql additienah hadledoidée ﬁeldaﬁaﬂr@@)‘ﬂtenﬁ)ﬂui’ecfhs le§uitdlents of each
[ rnu e selected fromthe group

8¢ SPEnER frrautiatnws fafomeamisgiRimis e e oftte
pbngthaeaweshu\eauaucléduds@rre enbodi nents, the

innunostinulatory oligonucleotide IS fron1about 2 to
about g In cer tai n_enbodi ments

inle
the | nRurBEoPRESIE st O bt dEindElerdo fPETHSRIE 12
t whihpupton 26itablecdligamérd afay forrh Biﬁginblecdlﬁk dFOfiBre typically,

DO BE oo B0 Bl A E i O RaRirig o

36mbodimestshekstenesf géuesmpmmeﬁtammlsadi Qabt 56 peRReD Fot exdfiple an
enbodlnents t he

|
o?C eﬂic’fé fsé‘6 eﬁﬂég lf’ﬁ%% s?']; -tomplepenians may hays s pequegce ggpable of
f f@m@bo 616,9, 618 GRULT14-U dhdfor 608 mdBbik BadefARS SubSbadssatls

h %ra$ Iblrxlt netecrl1 relot negersnsanly involve bases located at either end of the self-
complementary immunostimulatory oligonucleotide and/or immunomer. Where
nucleic acid stabilization may be important to the immunostimulatory oligonucleotide
and/or immunomer, it may be advantageous to "clamp" together one or both ends of a
double-stranded nucleic acid, either by basepairing or by any other suitable means.
The degree of self-complementarity may depend on the alignment between
immunostimulatory oligonucleotide and/or immunomer, and such alignment may or
may not include single- or multiple-nucleoside overhangs. In other embodiments, the
degree of self-complementarity is at least 60 percent, at least 70 percent, at least 80

percent, at least 90 percent, or even 100 percent.

Similar considerations apply to intermolecular basepairing between
immunostimulatory oligonucleotides and/or immunomers of different base sequence.
Thus, where a plurality of immunostimulatory oligonucleotides and/or immunomers
are used together, the plurality of immunostimulatory oligonucleotides and/or
immunomers may, but need not, include sequences which are at least partially

complementary to one another. In one embodiment the plurality of
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havi ng_one or_two. fewer nucl eoside residues, or from
one to several additional nucl eoside residues are
contenpl ated as equi val ents of each of the enbodi nents
descri bed above. In sonme enbodi nents, one or nore of
t hﬁnrﬁudo@ﬂﬂbﬁﬁﬂo%lig@ﬁ%lé&ﬁ&% a}l&foplﬁr&lnﬁ'ng}n g%aclucﬁsc" ayoul d be
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colipnenesiimulaiprysaligaeyedastidd andfos irpmimporen baving 4 fistseghdnoeand
fo
o1 1ol A Al gAY b2 ot i Slelhdehlifce
oI Wg@ﬁimhfeﬁnsn sdguenceaandhasgcand gequence ardmrlablySOmemanu ng a
I of 0 eot i d

¢ neorible iy P BRirdole X bRy e ORI RB 0T R BFERD R0 Peode?

pr ennmplensentary,ithayumaynferm d o6y 7,or B - G,tA-rTeAs{U dndior G-U wobble

ol Bzgg[pa%g ! E@c%' bqge%alrs nk ed b{,{%j 10 Fo e d flilril%/ o |v8$6§e§/ pocated at either

e sed uence

ol engloofitied ®0tpled&ata@r 1mnatnokt&mﬂit01}yaillgdnﬂllcleytldes and/or immunomers.
In certain e accordlng

se nent.ar
¢ oThs SRR B ATRREh s mRY v d B S BoeBSr ¢ ho
oI mgnunmsthmuibm@enﬂlgomw@nm aﬁﬂ/of @asinoMes, aCHdrsU@H £ighin8@ may or
|ected f con
o et g olhRlBle e Rpls & fh?"gsggfb%birfm%aﬁlﬁ’émscshe
i Sd@mnﬁsorﬂplemema-ﬁy @hmmgteerpe&emeat 1é£*st M0percent, at least 80

péjrcent at EXst 98l percent or g:ven 1%8 pe cent

By way of non-limiting example, in certain embodiments of this aspect the

immunostimulatory nucleic acid will have a structure as detailed in formula (II).

( 5P ?( ¢ .5 A ;5( ¢ 5
|||'|||||||||||||'|||||||||I|||||| s |' IIIIIII ST X
5 A B c’ 5% A R ¢ 5'>

an "

As would be recognized by one skilled in the art, the depicted immunostimulatory
nucleic acid/immunomer compounds have secondary structure because the sequences
of the domains are complementary allowing for intermolecular hydrogen bonding.
Domains A and A’ may or may not be identical, domains A and C may or may not be
identical, domains A and C’ may or may not be identical, domains A’ and C may or
may not be identical, domains A’ and C’ may or may not be identical, domains B and
B’ may or may not be identical and domains C and C’ may or may not be identical.
Moreover, as shown in Figure 1, additional immunomers can bind through
intermolecular hydrogen bonding thereby creating a chain, or multimers, of
immunomers according to the invention. n can be any number of continuous, self

complementary immunomer compounds.

EV 488513666 US



wo diodma2oys 5- hal ocyt osi ne,

10

15

20

25

-8- EV 4885 13666 USri bof uranosy
| )-2-0x0-7-deaza-8-nethy 1-purine, 2'

ar abi nocytidi ne, 2'-deoxy-2'-substituted

ar abi nocytidi ne, 2'- O substituted arabinocytidine,
2' -deoxy-5 -hydroxy cytidine,

2' -deoxy- N4- al kyl cyti di ne, 2'-deoxy-4-thiouridine, or
ot her pyudetrhekieingthe teemeoshplemanay Omsans BivihGthe ability to

gﬁ%?ﬁ%_ % gﬁi@%ﬁ gcqggéu?:g @3%\';@%%81)1( }/s_o(?di}upril)? gllé ?c?sgﬁ Iop }%;drogen

2 bondinsy betwide dodploMaY YRAAS, pi€ferably to form Watson-Crick or
C}sub%tituted-ara I noguanosine, T - deoxyinaosin

2' - s e
oHopgsiREP bpss RIS althueh pibprrodes gf eogen hepding, & well as base
| Baeiinah ARG l¢de td hybkiaggione! ected from the group

consi sting of phosphodi ester, phosphorothioate, and

phosphas e tgbriemame teri*sécddhdarPSRetite” réfem@d : Rdrin | ' guélﬂ&ror y
nyc| ei c .aci.d conprises a structure as detailed in

f EY‘M‘*& b@Pélflg- damﬂewﬁ%&m&e@owﬁ& resules ip the formatipmef a
mayplBedhuslsk aligwioledule® about 12 nucl eotides in |ength.
Domain A may be 5'-3' or 3'-5' or 2'-5" DNA RNA

RNA- DN/Ralihd¥émRNAquasE" BBl iBmékalah Ve REd ©p&tk (i.c., a sequence such as

P CETB R oo aNLE: g §7 Gt Fpate SLiprmins he

C &Rl WatsBA-Opkk 6RCpaifs’ BRivE SRE se@%ﬂce@ﬂ% form double-stranded
structures. In one embodiment the CpG nucleic acid contains a palindromic sequence.
A palindromic sequence used in this context refers to a palindrome in which the CpG
is part of the palindrome. In some embodiments the CpG is the center of the
palindrome. In another embodiment the CpG nucleic acid is free of a palindrome. An
immunostimulatory nucleic acid that is free of a palindrome is one in which the CpG
dinucleotide is not part of a palindrome. Such an oligonucleotide may include a

palindrome in which the CpG is not the center of the palindrome.

For purposes of the invention, the term "oligonucleotide” refers to a
polynucleoside formed from a plurality of linked nucleoside units. Such
oligonucleotides can be obtained from existing nucleic acid sources, including
genomic or cDNA, but are preferably produced by synthetic methods. In some
embodiments each nucleoside unit includes a heterocyclic base and a pentofuranosyl,
2’-deoxypentfuranosyl, trehalose, arabinose, 2’-deoxy-2’-substituted arabinose, 2’-O-
substituted arabinose or hexose sugar group. The nucleoside residues can be coupled
to each other by any of the numerous known internucleoside linkages. Such
internucleoside linkages include, without limitation, phosphodiester,
phosphorothioate, phosphorodithioate, alkylphosphonate, alkylphosphonothioate,

phosphotriester, phosphoramidate, siloxane, carbonate, carboalkoxy, acetamidate,
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wherein Cis cytidine or 2'-deoxycytidine, Gis
guanosi ne or 2'-deoxyguanosine, C* is

b- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne,

- deoxy- 5- hal ocyt osi ne, 2'-deoxy-5-nitrocytosine,
ar abi nocyti di ne, 2'-deoxy-
2' -substit ut edar abi nocyti di ne, 2'-0-substituted
acaalmnmutes yﬁdqdioh'mo, bﬁl‘anoiehingxhéi bridgeld moypi'y)tdnﬁiﬂz[te, bridged

SPREY RS pioap A e omaroiat ga silion? ukethucieolids

2linkdgesx yFhé tdﬁa'ba@maﬂeaide'ealso?emdﬁmsses @olyhlliulaagideerminlg@ne
ar abi noguanosj

SO B A PR e de k186 ) R (SPphosphorotoate,
Zalk%h&iiﬁdﬂatﬂ @Cbhowhabieﬁagmams) g, us&i héﬂﬁ@m{é @@s ne, or

el epn RO iR 36 oty PO kandisup

ﬁaﬂ&woﬁaes%d AResBRQRs BSHRY any RIASRRAROESIRAInRagedWHether
osphorodlthloate In certain enbodinents, the

AR thetlinkage comprises p phesphase graup.j 18 carain em@dlmﬁnt@ dhesai n
em@&ﬁhdl%%é linkegERhay B ﬂﬂbédho&l@é{& PHRSSholdIRBatO e

di nucl eot i de sel ected fromthe group consisting of
CRisplorpdishiqateinkages,pr cpyapinatiogs thesgofigg5 13666 USDomai n
B, as depicted by an "X" below, is a |inker joining
Domai MpheAeithli ﬁd&&btxdﬁ‘ik’tlsbGnc%m%assesﬁ)obtduﬂl'é@dﬂ&s havigg - 5’

i nkage ". linkage phosphat e .group, .a
addltlonal su%stltuents mcludmg, w1t'hout limitation, protein groups, lipophilic groups,
intercalating agents, diamines, folic acid, cholesterol and adamantane. The term
“oligonucleotide” also encompasses any other nucleobase containing polymer,
including, without limitation, peptide nucleic acids (PNA), peptide nucleic acids with
phosphate groups (PHONA), locked nucleic acids (LNA), morpholino-backbone
oligonucleotides, and oligonucleotides having backbone sections with alky! linkers or

amino linkers.

The oligonucleotides of the invention can include naturally occurring
nucleosides, modified nucleosides, or mixtures thereof. As used herein, the term
"modified nucleoside” is a nucleoside that includes a modified heterocyclic base, a
modified sugar moiety, or a combination thereof. In some embodiments, the modified
nucleoside is a non-natural pyrimidine or purine nucleoside, as herein described. In
some embodiments, the modified nucleoside is a 2'-substituted ribonucleoside an

arabinonucleoside or a 2’-deoxy-2’-substituted-arabinoside.

For purposes of the invention, the term "2'-substituted ribonucleoside" or “2’-
substituted arabinoside” includes ribonucleosides or arabinonucleosides in which the

hydroxyl group at the 2' position of the pentose moiety is substituted to produce a 2’-
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nucl eosi de, or a non-nucl eoside |inker that nay be
aliphatic, aromatic, aryl, cyclic, chiral, achiral, a

tri- or hexapol yethyl ene glycol, or a heterocyclic
noiety. Domain C may be 5 -3" or 3 -5, 2'-5" DNA

RNA, RNA-DNA, DNA-RNA Poly I-Poly C having a

pal i ndrom c or self-conpl enentary sequence, containing
0 sub@ﬁﬂuted@ﬂp'a(i)-!ﬁhbsgmaeddibﬂm‘dldb@nﬂé R ceRAIR %séhnﬂlé&gnshéhe

, wherein C
SRR RTINS e A
d @Rk g hSdnfaey] gb?*uplhswag 690X BBl iwhgreid sutRatkfIeorary!

bl}rlbofura 2- 0x0- 7- deaza- 8- met hyl - puri ne,
28Io4R 51y bg “F%‘Bﬁ%‘&%%%" TRRY, besubsiifiteds & - Bith |h?]|°o|€>§¢[ Wi ne,

akrethioRaariyl by i, n@rO' &@P éb&i@xy‘ AKAS! ézirwxﬂj carboalkoxy, or amino

ar abi nocyti di ne -0-substituted arabinocyti di he,
2 BIOYRSY )&;aglp}w qf gXQCsybqtl&}twenbonucleo&des or 2’-O-substituted-

2 aragﬁgé‘iéfes Wc‘llﬁiekﬁ(llth&ﬂ tdn%tfb% 2' é—mgﬁﬂﬁﬂon%cle$%eg YF p-dbne,

ot her pyrim di ne nucl eosi de anal ogs
2 meae@kgblm@éhazﬁg?uﬁ’n@@hwethexyr @ew;wsdqsmr ég@a nosi ne,
ahﬁm& %Hé‘md

deoXxy- 2 su stltutedarablnoguan03|ne

2' O subst it ut ed- ar abi noguanosi ne, 2'-deoxyi nosi ne, or
ot her PRfrtEmR "Irsetisiieddibonyelaosige or 5 dsubstitatedprabinoside™ also

i ﬂfcﬁfd@#ﬁﬁcﬁﬁ@b&fﬂcg b{%agﬁorﬁak&ﬁe% \Lﬁl&WhE behygg&gpgrow is

consi stin hosphodi est er, phosphor ot hi"o
D rﬁyéqg%wgg A ﬂqweﬁ akkxl groyp c@gﬁatngpgql -6 saturated or unsaturated carbon

atoms, or with an amino or halo group. Examples of such 2°-substituted
ribonucleosides or 2’-substituted arabinosides include, without limitation, 2’-amino,

2’-fluoro, 2’-allyl, and 2’-propargyl ribonucleosides or arabinosides.

The term "oligonucleotide" includes hybrid and chimeric oligonucleotides. A
"chimeric oligonucleotide" is an oligonucleotide having more than one type of
internucleoside linkage. One non-limiting example of such a chimeric
oligonucleotide is a chimeric oligonucleotide comprising a phosphorothioate,
phosphodiester or phosphorodithioate region and non-ionic linkages such as
alkylphosphonate or alkylphosphonothioate linkages (see e.g., Pederson et al. U.S.
Patent Nos. 5,635,377 and 5,366,878).

A "hybrid oligonucleotide" is an oligonucleotide having more than one type of
nucleoside. One non-limiting example of such a hybrid oligonucleotide comprises a
ribonucleotide or 2' substituted ribonucleotide region, and a deoxyribonucleotide
region (see, e.g., Metelev and Agrawal, U.S, Patent No. 5,652,355, 6,346,614 and
6,143,881).
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Domain A and Donain C, which are referred to as
"“immunoners.” In certain enbodi ments, Domain C does
not have the dinucleotide CpG C'pG C'pG or CpG. In
some enbodi ments, the oligonucl eotides contained in

for mul %l#rﬂa‘tl%lg tfl% Rﬁglgpg l['& lﬁ(tétﬁ gtqﬁ?ﬂmve rq gé}:}l eOt des

in | engt 88t i des
comramno)mrs lmkECbb)nwa)aof(alx)onalueleétrchmhlrﬂ;bout 12 to about 26
nucl eotides in length. In sonme enbodi nents, the

0L P on dfigerth AfaRAGHS (eI ARG of. in HBAAy S

nucl eosi de resi dues, prefera
300ligenuaessidelef the Biventios comprises i ahmmmryulatpxyrmmtcmldalofthe

R G e e e S

abiheteoBand Punisawatut purine xfunbmukbrmanal&g thereafh oﬁwtuséldﬂfherein the

nu Q " er e t he.t "about
et oD AR g e R R OBl Ba ofRtiEncof
t hée nuclEside of a pyuintiding base. Smﬁladyl,ethe fefin t';hmne nucleoside" refers to

ol j oncheo e not criti onucl eot i des
e PSGHE Shreint fosh Bomie of B nuiibicRin ARG b5, 5
purposes of the invention, a “synthetic" pyrimidine or purine nucleoside includes a

non-naturally occurring pyrimidine or purine base, a non-naturally occurring sugar

moiety, or a combination thereof.

In certain embodiments pyrimidine nucleosides in the immunostimulatory
oligonucleotides and/or immunomers used in the method according to the invention

have the structure (III):

S 011§
wherein:
D is a hydrogen bond donor;

D' is selected from the group consisting of hydrogen, hydrogen bond donor,
hydrogen bond acceptor, hydrophilic group, hydrophobic group, electron withdrawing

group and electron donating group;
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one to several additional nucl eoside residues are
contenpl ated as equi val ents of each of the enbodi nents

t he ol i gonucl eotides have 11 nucl eotides. A

sel f-conpl enmentary sequence as used herein refers to a
base sequence whi ch, upon suitable alignnent, may form
i ntranol ecul ar or, nore typically, internolecul ar

basepa i d’l@fdh)%%ﬂ\&ﬁfd a&egtoreférhydﬁ)ﬂﬂllﬁ%@‘ G U wobbl e

pairs. In one enbodinent the extent of

xami& BB itk S Baet ML e Ecepor

Sk} droph@l igHrQUPE Ry RS phobiR erdupVelecto RGHEAW g hé eleétron
f@mng4£56 7, or 8 GC, A-T, A-Uand/or GU

[RE YR pai rs. Such basepairs may but need not
necessarily involve bases |ocated at either end of the
sel f coxmy arsenbaniroggmamost i mul at ory ol i gonucl eoti de
and/ or innunoner V%ere nucl ei c acid stabi | ization may
be i L mmunost i nul at onucleot|de
and orS 1S shEe? Rk TR BES oFY ni Hinallu S EGAG s
toget her one or both ends of a double st randed nucleic
aci d, loicetain ehodimendp diersugay ring ist}&triaafgzedmhba phesphabineiety,

"R gﬁﬁa@&@%‘g&r Gl i IRV RALBE g&»{mﬁg AR ine
ohuogmldc Iceampothgenugtedside ori mrnlamndwanalog,n d suc h al i gnnment
may or

In some embodiments hydrogen bond donors include, without limitation,
-NH-, -NH,, -SH and -OH. Preferred hydrogen bond acceptors include, without
limitation, C=0, C=S, and the ring nitrogen atoms of an aromatic heterocycle, e.g.,
N3 of cytosine.

In some embodiments, the base moiety in (ZI) is a non-naturally occurring
pyrimidine base. Examples of preferred non-namrally occurring pyrimidine bases
include, without limitation, 5-hydroxycytosine, 5-hydroxymethylcytosine,
N4-alkylcytosine, or N4-ethylcytosine, and 4-thiouracil. In some embodiments, the
sugar moiety S' in (ZI]) is a non-naturally occurring sugar moiety. For purposes of the
present invention, a "naturally occurring sugar moiety" is a sugar moiety that occurs
naturally as part of nucleic acid, e.g., ribose and 2'-deoxyribose and a "non-naturally
occurring sugar moiety" is any sugar that does not occur naturally as part of a nucleic
acid, but which can be used in the backbone for an oligonucleotide, e.g, hexose.

Arabinose and arabinose derivatives are non-limiting examples of sugar moieties.

In some embodiments purine nucleoside analogs in immunostimulatory
oligonucleotides and/or immunomers used in the method according to the invention

have the structure (IV):
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overhangs. In other enbodi nents, the degree of

70 percent, at |least 80 percent, at |east 90 percent,
or even 100 percent. Sim |l ar considerations apply to

i nt ernol ecul ar basepairi ng between i nmunosti nul atory
ol i gonucl eoti des and/ or i nmunoners of different base
sequence. Thus, where a pluralAty of immunostinulatory
ol i gonucl eoti des and/ or i mmun rs are used together,
the plurality of inmmunosLi ol i gonucl eot i des
and/ or i mrunomers nay, i ncl ude sequences
which are at | east parti enentary to one
another. In one enbodi meft theNplurdlity of - 11- EV
4885 13666 USi nmunosti nmullatory ol i gonucl eoti des and/ or
i mmunoners i ncludes an igmunostimul atory av)
ol i gonucl eoti de and/or i munoner having a first
sequence and an i mrunosti nul atory ol i gonucl eoti de

and/ or i mmunoner having a second sequence, wherein the
first sequence and the second sequence are at |east 50
per cenwh&einpl enent ary. For exanple, as between two
8-nmers that are at |east 50 percent conplenentary,

theyv\on@)k{)ﬁaeﬁ rogehboﬂdtﬁ)’nor’ or 8 GC, A-T, A-U and/or

D’ is selected from the group consisting of hydrogen, hydrogen bond donor,
and hydrophilic group;

A is a hydrogen bond acceptor or a hydrophilic group;
X is carbon or nitrogen;

each L is independently selected from the group consisting of C, O, N and S;

and
S' is a pentose or hexose sugar ring, or a non-naturally occurring sugar.

In certain embodiments, the sugar ring is derivatized with a phosphate moiety,
modified phosphate moiety, or other linker moiety suitable for linking the pyrimidine

nucleoside to another nucleoside or nucleoside analog.

In certain embodiments hydrogen bond donors include, without limitation,
-NH-, -NH,, -SH and -OH. Preferred hydrogen bond acceptors include, without
limitation, C=0, C=S, -NO; and the ring nitrogen atoms of an aromatic heterocycle,

e.g., N1 of guanine.
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basepairs. Such basepairs nmay but need not necessarily
i nvol ve bases |l ocated at either end of the

and/ or i mmunomers. The degree of conplenentarity nay
depend on the alignnment between i munostinmul atory

ol i gonucl eoti des and/or i nmmunoners, and such ali gnnent
may or may not include single- or multiple- nucleoside

over hangg,md iRt {Hpggée'ﬁ?d“ in (?2) ?Gﬁgn ﬁgtp lly pecygring

Conpl enentarity Is at east
penutiafbase aEXaIH&StOf8&fq)‘®d mem-hatuatly bmmngﬁﬂrlp@basmhcludﬂ

eV oﬁpl%n%gfgg;e%mgg Wﬁ degzoag%%nlenm hllégo(?ne em%rggnne’nts {1116

certaln e

[ rmmmsiiétyrﬂl ia{(B)yis anatbreilCocasiritlg vadat mbRye avde3éritied bbuve for
d%tal din formula (I1). As would be recogni zed by
Iucﬁll(éQﬂl n the art, the depicted i mmunostinul atory

nuclelc aci d/ i mmunonmer conpounds have secondary

st ruct un @ thixdaspesttht hweiog uvmvdxbs phn?madeeti@dmrahpmitianse These

bgéEng ng %B%Pﬁlﬁ a Woﬁ]%ofkﬁg OSel{lOnS d5 SC%S?J in E]l}/edtrggt%g Eeaﬂond

dofgherisveatiameith€r atane ayrin cmx;bmaubn bmi ] pimnhaoeaiic,alljd@dmptﬁlﬂe A
ang&.my or may not be identical, domains A° and C
may or may not be identical, donalns A" and C may or
may not be identical, domai ns B and B may or nmay not
be i dersiused hezginl thivtemi Prhy€iolagically ageeptable” nefrs tood mberial that

| 4Rel hd %terfere with the effectiveness of the compositions of the first, second or
third aspects of the invention and is compatible with a biological system such as a
cell, cell culture, tissue, or organism. In certain embodiments, the biological system is

a living organism, such as a vertebrate.

As used herein, the term "carrier" encompasses any excipient, diluent, filler,
salt, buffer, stabilizer, solubilizer, lipid, or other material well known in the art for use
in pharmaceutical formulations. It will be understood that the characteristics of the
carrier, excipient, or diluent will depend on the route of administration for a particular
application. The preparation of pharmaceutically acceptable formulations containing
these materials is described in, e.g., Remington’s Pharmaceutical Sciences, 18th
Edition, ed. A. Gennaro, Mack Publishing Co., Easton, PA, 1990, ISBN: 0-912734-
04-3.

Pharmaceutical compositions of the invention may also include a cancer
vaccine, including a cancer vaccine selected from EFG, Anti-idiotypic cancer
vaccines, Gp75 antigen, GMK melanoma vaccine, MGV ganglioside conjugate
vaccine, Her2/new, Ovarex, M-Vax, O-Vax, L-Vax, STn-KHL theratope, BLP25

(MUC-1), liposomal idiotypic vaccine, Melacine, peptide antigen vaccines,

EV 488513666 US
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according to the invention n can be any nunber of

conti nuous, self conplenentary i mmunonmer conpounds. -
12 - EV 4885 13666 USAs used herein, the term

“conpl enent ary" neans having the ability to hybridize
t 0,3 u i dipze S ord

R e i e R CRETE VA
st EBRJASCpyiryt emlalmryurlCustf’BxemC\Mt son- Cr i ck or Hoogst een
base pairs, although other nodes of hydrogen bondi ng,
as vel | In@ﬁn&@%ﬁlbé&ﬂﬁmé %Eth‘é HeftionOthb g&g%&]sﬁlons of tge first, second
hybri di zati on erein, the
st pribird, PS@ECW offthe invension may brodadsnilp finked do axgmhlgtmorchtlragmse
| NhSEAR n ¢ ol
f oo PedtRef atoBlucl i A0 AT AL IETER. b3 o vty
" P@ﬂswmdnmthn" xs@qsue nmeassmioh that@maintains |tlmmtnvlqdofrbeﬂﬁh¢

afpos e, i &3k Sulk Rygrion s g
t h¥onrimating\akarsplas @i suctkofivesiee gaodiations mchWam@pﬂtﬂ‘bf the same
S eﬁ&gg&,g or SRt suc%rcmggry t\)féahlcléc’ E)rr r%agen{j In embodiments wherein the

compositions of the first, second or third aspects of the invention are covalently linked

to an antigen, such covalent linkage is at any position on the compositions of the first,
second or third aspects of the invention other than an accessible 5' end of an
immunostimulatory oligonucleotide. For example, the antigen may be attached at an
internucleoside linkage or may be attached to the non-nucleotidic linker.

Alternatively, the antigen may itself be the non-nucleotidic linker.

In various embodiments of the invention, the compositions of the first, second
or third aspects of the invention may include an oligonucleotide with antisense
activity. As used herein, “antisense activity” means that the oligonucleotide, when
introduced into a cell or an animal, causes a reduction in the expression of the gene to

which it is complementary.

In various embodiments of the invention, the compositions of the first, second
or third aspects of the invention may include an oligonucleotide sequence that is an
aptamer. Aptamers are nucleic acid molecules that have been selected from random
pools based on their ability to bind other molecules. Aptamers have been selected
which bind nucleic acids, proteins, small organic compounds, and even entire
organisms. These novel molecules have many potential uses in medicine and

technology (see, e.g., Burgstaller P., et al. Curr Opin Drug Discov Devel. 5: 690-700
(2002)).
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structures. In one enbodinent the CpG nucleic acid
contains a palindrom c sequence. A palindromc
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in which the CpGis part of the palindrome. In sone
enbodi nents the CpGis the center of the palindrone.
I n anot her enbodi nent the CpG nucleic acid is free of
a palindrone An innunostinulatory nucl ei ¢ acid that
IS fre

i.s one.in which the G.
di nucl eol% pc? élm:? % elﬁggl cﬁg\p?s'té?ns Q?B‘sl"rVﬁa‘fwyr%&gﬁ%md by any
ol stgtahlecblaatlmcﬂh&immwthmlfhuﬁkﬁncm patitedl, ok siileﬂmgiiﬁl Qhanédeemal,
t the cen of .the rone or oses

P Epiedl Pvntstl aootl Hireputn misRrshi i Beiciabaeeing By gp gun
a perhahpatdhed $i ebe Jr@S;f deﬁbh ukHveRh ﬁm}al qhaglhdrﬁia&ﬁtldal Bnfsdsitions
nucl upi ts uch o 0 eoti des can
3o bf%ﬂe‘??e‘ﬁﬁ 6&‘5&& Kopyp gf%ef{??f'éua& osgged 2adb{or periods phdme,effsstjve
geﬁﬁtﬁinch@desﬁéa\i@fectbblg tBE Reddh &t OF Gaker, thE REUHREH oPihfection and

BFheth met hods. I n_sone enbodi ments each nucl eosi de
un

treRE e U RIS ditegieni Whemadminjstgred systemically, the

peﬁlﬁz@fnuct’eaﬁ@ﬂi ¥om ogltroﬁlﬁé}é( Xdfmisterddan @ Sficiedt 8t R5&tain a blood
blnose dp 2' -substituted arabinose,

2' legh pb dhei CPG‘P@%!“%S Qfﬂhﬁ &5, seond @ndferhisd aspectspfdhpinvention

NUELAASLED.F00S hﬁ’é%@l%olﬁlatﬁ ab&utqe Hﬁér@ﬂofap FS%E‘;TI ctfd'mlmtratlon
any of the numerous known internucl eoside

Submch |oper sanesrirgtionsdhan thik mgx be piestive@nd mucmh;g!ner
|1 BardcaittaBBns MAYRRDRAES IfEertain embodiments, a total dosage of

immunostimulatory oligonucleotide and/or immunomer ranges from about 0.0001 mg
per patient per day to about 200 mg per kg body weight per day. It may be desirable
to administer simultaneously, or sequentially a therapeutically effective amount of
one or more of the therapeutic compositions of the invention to an individual as a

single treatment episode.

Immunostimulatory oligonucleotides were created as immunomers using the
following protocols for synthesis. The immunostimulatory oligonucleotides and/or
immunomers of the invention may conveniently be synthesized using an automated
synthesizer and phosphoramidite approach as schematically depicted in Figures 2 and
4. In some embodiments, the immunostimulatory oligonucleotides and/or
immunomers are synthesized by a linear synthesis approach (see Figure 2).
Representative linkers for this synthesis are presented in Figure 3. As used herein, the
term "linear synthesis" refers to a synthesis that starts at one end of the immunomer
and progresses linearly to the other end. Linear synthesis permits incorporation of
either identical or un-identical (in terms of length, base composition and/or chemical
modifications incorporated) monomeric units into the immunostimulatory

oligonucleotides and/or immunomers.
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phosphor ot hi oat e, phosphor odi t hi oat e,

al kyl phosphonat e, al kyl phosphonot hi oat e,
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UScar bamat e, nor phol i no, borano, thioether, bridged

phosphoram date, bridged net hyl ene phosphonat e,

bri dged phosphorothioate and sul fone internucl eosi de

li nkageg, eotide”.al.so enco ses
pol ynu c"l§ ezcl)lg?%nw av g y%ﬁeesysgflf’r 1%’?“@"%%"&‘%8@'6@5?4? %Ot“%s
| n%l@fm Uromgoeneteis| "parkided eynilesig”, in WhiE synthesis proceeds outward from

oo SesRATREED 80! PR Siyn) KRB RBIR B G O vinaretatag

" o$yinghesisl edepodserded indighre £li A u@licﬁsnbpcd&&'tta&ieﬁ liak¢icas bd ised for

inte o inclu ol 0Si cl egsi des
5 bR S Rstieh i drvarRt A Ss P Nont e Pl ey
notinitdrenl kolidksapors QIEh ks piRsplateiiased & @ngbMdpord glass support,
cert i n %pbodlnents these internucl eoside |inkages
% osphodi ester, phosphorot hi oate, or
phosphorodlthioate | i nkages, or conbi nations thereof.

The te rRard'lkeI siygthmis: biaimutestinallaary @ligsniplestides and/or immunomers

I having additi.o Sti uents
o SR B e b o) btk e
101 momaoﬂau@a &ftiddngisal mionbm@Ealnits; I(B}}urﬂlﬂeﬂilﬁleaﬂbyﬂﬂﬁksﬂﬁ Both (or all)

[ id, cholestero nd, adamant ane. The te
f oéhe %o%gmer’lc units are synt[u:sxzegl at the same time, thereby the number of synthetic

steps and the time required for the synthesis is the same as that of a monomeric unit;
and (3) the reduction in synthetic steps improves purity and yield of the final

immunomer product.

15 At the end of the synthesis by either linear synthesis or parallel synthesis
protocols, the immunostimulatory oligonucleotides or immunomers according to the
invention may conveniently be deprotected with concentrated ammonia solution or as
recommended by the phosphoramidite supplier, if a modified nucleoside is
incorporated. The product immunostimulatory oligonucleotides and/or immunomer is

20  preferably purified by reversed phase HPLC, detritylated, desalted and dialyzed.

The compositions disclosed in the first second and third aspects of the
invention can comprise the immunostimulatory oligonucleotide or immunomer alone
or as oligonucleotide/immunomer conjugates. An oligonucleotide/immunomer
conjugate comprises an oligonucleotide or immunomer, as described above, and an

25  antigen conjugated to the oligonucleotide and/or immunomer at a position other than
the accessible 5' end. In some embodiments, the non-nucleotidic linker comprises an
antigen, which is conjugated to the oligonucleotide. In some other embodiments, the

antigen is conjugated to the oligonucleotide at a position other than its 3' end. In

.22-
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nucl ei ¢ acids with phosphate groups (PHONA), | ocked
nucl ei ¢ acids (LNA), norpholino-backbone

ol i gonucl eoti des, and ol i gonucl eoti des havi ng backbone
sections with aIkyI linkers or amino |linkers. The

I th nventi on i n¢l ude .
mat AR Ben e e robee aaei e e irBmostmelaer
or ollgommlccmsle bhmmﬂfomenﬁaiommds hl@’oﬁhcﬂc(:jotiﬂb}’ﬁnﬁl&{idmelr ccanjugates
nucl eosi de that includes a
%a"f gmﬁ'ésc ‘g h"f H“Ethﬁ‘ffﬁc“sée%‘h ed sugar noiety,

or a conblnatlon thereof. I n sone enbodi ments, the
nmodi f i eHleramigcmds bpi‘@nhli.y seleptod fromtantigdns pgsbdmtbdj'wiﬂs a @athogen,
in descr

pﬁ%ﬂt%@nsnﬁg ma? he m) &? igens Psgg%?tgcgwqg atéauto 1mmune disorder,

2' arglHntigénts la!;seciatf:d bvdth lotﬂeemsaa@ts sadh a3) WP hetaimitet €8 Sedenavy ?r
a 2 sti.t yt ed: arabi nqsi de._ For purpgpses o
2B SR P Sk g e BB B
ri boemtiohabsictn "‘assdimaté’d witls Uhigiink thet Bélariga®ispasksivhen the
i ncl udes rlbonucle03|d§s or ? abggonucle03|des in

bo od alor

whPRFPRER SRR ARGy mmging sorder, g% 88inalesgy.gespiraiery
pesiledHs adtithLbryothet dSEAS id frese @bt @it RCHOE PreSent] or is-preként in

reduced amounts, when the pathogen, cancer, auto-immune disorder, food allergy,

skin allergy, respiratory allergy, or disease is absent.

The immunomer is covalently linked to the antigen, or it is otherwise
operatively associated with the antigen. As used herein, the term "operatively
associated with" refers to any association that maintains the activity of both
immunomer and antigen. Nonlimiting examples of such operative associations
include being part of the same liposome or other such delivery vehicle or reagent. In
embodiments wherein the immunomer is covalently linked to the antigen, such
covalent linkage preferably is at any position on the immunomer other than an
accessible 5' end of an immunostimulatory oligonucleotide. For example, the antigen
may be attached at an internucleoside linkage or may be attached to the non-

nucleotidic linker. Alternatively, the antigen may itself be the non-nucleotidic linker.

In a fourth aspect, the invention provides methods for generating and/or
modulating an immune response in a vertebrate, such methods comprising
administering to the vertebrate an immunomer or immunomer conjugate according to
the invention. In some embodiments, the vertebrate is a mammal. For purposes of

this invention, the term "mammal” is expressly intended to include humans. In certain
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EV 4885 13666 USsubstituted or 2'-O substituted
ri bonucl eoside. In certain enbodi nents, such

1-6 saturated or unsaturated carbon atons, or with an
aryl group having 6-10 carbon atons, wherein such

al kyl, or aryl group may be unsubstituted or may be
substituted, e.g., wth halo, hydroxy,

t leiﬂbbd,imlemmhd']iyﬂmummnor immuhoraer catjypate Baginiytereddolaoxy,

g% ef%g%%fn n%?({?fola]mun %ﬂﬁ“d‘gﬁt‘é’am no groups. Exanpl es of

St Bsi des or
2' - O substi t ut edar abi nosi des i ncl ude, w t hout
| i mi t af\b bsed here(d, thettétyl ‘iniddolating”eo §inddidatet means to increase or

2 GOBL N RS B ctonpgpstimttry mcti i
2 relgtive ttdnthatyafitieopayent sirhwestidelstoryiuelefomcii _
"2'-substituted ribonucl eoside"” or "2'-substituted

ar abl nashOfenBhSRAMOR UIRR LBLIIR ROSHERS0Rssaton of

ar abi nonucl eosi s In oXy
r épihsewnerskantbe dy lapywstitable kapite, grcmdplgmmumnt himitgpich; farenteral,

Z ?#all‘ ﬁﬂlﬁ%ﬁﬁrtrﬁg&%w %E% ‘%ll?tgrpa(gzﬂf Suchsmilgl[ gﬁ\%atg%rt?qﬂ, ed
rismntamtos@,snmﬁrml aﬁfosduhtrmctllat exdraaacaiealnm&anﬁasl vagmal by

I E&le“éaﬁ de%ﬁl&ggh ar::; %prlo Wﬁ%} tg'& ‘g‘é@m BMior of the

aﬂwtapnuts:l cheposititns of enmuﬂoniersgxaﬂ be tafiéd sle LisihgkdowdqFocedures
TP SR8 PRI B G SRR RS S s

t bﬁﬂne dmeast'.y%emﬁdmmlstered systemically, the therapeutic composition is
preferably administered at a sufficient dosage to attain a blood level of immunomer
from about 0.0001 micromolar to about 10 micromolar. For localized administration,
much lower concentrations than this may be effective, and much higher
concentrations may be tolerated. Preferably, a total dosage of immunomer ranges
from about 0.001 mg per patient per day to about 200 mg per kg body weight per day.
It may be desirable to administer simultaneously, or sequentially a therapeutically
effective amount of one or more of the therapeutic compositions of the invention to an

individual as a single treatment episode.

Either the immunomer or the vaccine, or both, may optionally be linked to an
immunogenic protein, such as keyhole limpet hemocyanin (KLH), cholera toxin B
subunit, or any other immunogenic carrier protein or nonimmunogenic carrier protein.
Any of the plethora of adjuvants may be used including, without lirﬁitation, Freund’s
complete adjuvant, Freund’s incomplete adjuvant, KLH, monophosphory! lipid A
(MPL), alum, and saponins, including QS-21, imiquimod, R848, or combinations
thereof.
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i nternucl eoside |inkage. One non-limting exanple of
such a chinmeric oligonucleotide is a chineric
wbaiogooress eot i de conpri sing a phosphor ot hi oat ePCT/US2005/020911
phosphodi est er or phosphorodithioate regi on and
non-ioni c |inkages such as al kyl phosphonate or
al kyl phosphonot hi oate | i nkages (see e.g., Pederson et
al. US. Patent Nos. 5,635,377 and 5, 366, 878). A

more. t ni- SRR g e ensy B R i e e
exanipht@naff imathand adaptivd ithnune gesporstse gtﬂldefcbgmw 4 SRR variety
ib ' 2' bstituted ri i
O RSBl By e BERGE el e e WA NiER BBn
Meteedgmizimg ebnskgvea\wathpgdd-dSsocRaddandledviar pfodeis) TBRS activate host
an

6, 346, 614 and 6,143,881). - 15-. EV 4885 136684 .., :

5 liiPsF FespRtiEn Grovieh e dedlioE gt g fenain dhg oY itsrieukin-1
I NieeeptorgMIR)Bomam, indahé doRROETRT Sdablon e tkilyyDeS Dénfdﬁti% cells
et it Shind T i G o o e

ol {fosxdmpRintedigulai-18 1.6 4dithbrARciOSE Ricto?,BINB Which they also
I nmu ostinulﬁg ry dinucl eotide of the formnula
5' Piegycepppturat killggiK bells pgd T eallsareplsa jpvglvedyn theipm-ne
10 NURfgAIatbey SifcuRNRRETLR stimulation by bacterial compounds, innate immune
cells release a range of cytokines. Some examples of TLR ligands include, but are not
limited to, lipoproteins; peptidoglycan, zymosan (TLR2), double-stranded RNA,
polyl:polyC (TLR3), lipopolysaccharide, heat shock proteins, taxol (TLR4), flagellin
(TLRS), and imidazoquinolines- R848, resiquimod, imiquimod; ssRNA (TLR7/8),

15 beta-lymphocytes (TLR10) and uropathogenic E. coli (TLR11).

The methods according to this aspect of the invention are useful for model
studies of the immune system. The methods are also useful for the prophylactic or
therapeutic treatment of human or animal disease. For example, the methods are

useful for pediatric and veterinary vaccine applications.

20 In a fifth aspect, the invention provides methods for therapeutically treating a -
vertebrate having a disease or disorder, such methods comprising administering to the
vertebrate an immunomer or immunomer conjugate according to the invention. In
various embodiments, the disease or disorder to be treated is cancer, an autoimmune
disorder, airway inflammation, inflammatory disorders, allergy, asthma or a disease

25  caused by a pathogen. Pathogens include bacteria, parasites, fungi, viruses, viroids
and prions. Administration is carried out as described for the fourth aspect of the

invention.
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thereof and Pur is a natural purine nucl eoside or
anal og thereof. As used herein, the term"pyrimdine

conponent of the nucleoside is a pyrimdine base.
Simlarly, the term"purine nucleoside" refers to a
nucl eosi de wherein the base conponent of the

nucl eoside is a purine base. For purposes of the

| nventpypBurpdses §Vt‘ﬁ& iREdtion, Y fchm"ﬂleP@" GcIURIEE, Wilout limitation,
nucl eosi de i ncl udes a non- nat ur al ipoccurrln

piped pilergissatepic germatids, plipseic rhinipialsadnowmps kay deveny #llergic
Sé&ﬁfnc{mhﬁ UMica®d (aﬁo KRG f}z‘f“b ) retsﬂ?a[t&?fallergfés aff iRl

mbodi nent's pyrimdine n eosi des 1 h
i mmstq qiter anbstagces siain iatdxe medigasionsand insect SHngA PEAbiems
Ut PJQ:?P ?&ﬂ%agfé%ﬂh%gmhﬁu} Btid xﬂé’cﬁé‘&L Vehd t@ﬁn
structure : erein: I's a hydrogen bond donor;
D'aifway érdlagenagidn't indndqsneitlgmbhrpltamnasman §pesfificgramplgenf
hé(sg;[n%ﬁ&f;@é) Bk a‘?@RoQﬁlﬁm tgr i pg@ebglc %%8& ﬁﬁérg asthma, exercised-

w@h@dawhmg, c@mmaporahdstlaﬂlaeemdrmommthnm group; - 16-

Allergic asthma is characterized by airway obstruction associated with
allergies and triggered by substances called allergens. Triggers of allergic asthma
include, but are not limited to, airborne pollens, molds, animal dander, house dust
mites and cockroach droppings. Non-allergic asthma is caused by viral infections,
certain medications or irritants found in the air, which aggravate the nose and airways.
Triggers of non-allergic asthma include, but are not limited to, airborne particles (e.g.,
coal, chalk dust), air pollutants (e.g., tobacco smoke, wood smoke), strong odors or
sprays (e.g., perfumes, household cleaners, cooking fumes, paints or varnishes), viral
infections (e.g., colds, viral pneumonia, sinusitis, nasal polyps), aspirin-sensitivity,
and gastroesophageal reflux disease (GERD). Exercise-induced asthma (EIA) is
triggered by vigorous physical activity. Symptoms of EIA occur to varying degrees in
a majority of asthma sufferers and are likely to be triggered as a result of breathing
cold, dry air while exercising. Triggers of EIA include, but are not limited to,
breathing airborne pollens during exercise, breathing air pollutants during exercise,
exercising with viral respiratory tract infections and exercising in cold, dry air.
Occupational asthma is directly related to inhaling irritants and other potentially
harmful substances found in the workplace. Triggers of occupational asthma include,
but are not limited to, fumes, chemicals, gases, resins, metals, dusts, vapors and

insecticides.
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EV 4885 13666 USA is a hydrogen bond acceptor or a
hydrophilic group; A is selected fromthe group

group, hydrophobic group, electron w thdraw ng group
and el ectron donating group; X is carbon or nitrogen;
and S is a pentose or hexose sugar ring, or a
non-naturally occurring sugar. In certain enbodinents,
the swugakedrtieRgn, itt teter faumithment disorder'arefeinoto gisatdersip dich,

nmodi fi ed phosphate nker, t
Tt apent grelebgr o Ry P st s R ndTBAS Y
aNRkMAndWsaneosi de or nucl eosi de anal og. In sone
enbodi nment s hydrogen bond donors i ncl ude, w thout

lhly (rjnr g%oﬂmaﬁ% & o isxd }onagy ﬁa\qcul%%o?{) %Eﬁ%{%&geax osure to
Gaklerismay baﬁdi‘tlilly&e:rplom@blo fdr tiegeaeatdimsiderice af) sa\reotymﬂ and
SRR eSS disedses o SR Spyif HerB0, and rhinitis in the
NQRelBpddWoahthiys. OHEtypbthesily supporiédisy dvidsace thatdaperid of
R T s S A
Sexp¥inent RInkbY hodd19add inical studies. Bacterial DNA or synthetic
oligodeoxynucleotides containing unmethylated CpG dinucleotides and/or modified
CpG dinucleotides in certain sequence contexts (CpG DNA) potently stimulate innate
immune responses and thereby acquired immunity. The immune response to CpG
DNA includes activation of innate immune cells, proliferation of B cells, induction of
Th1 cytokine secretion, and production of immunoglobulins (Ig). The activation of
immune cells by CpG DNA occurs via Toll-like receptor 9 (TLRY), a molecular
pattern recognition receptor. CpG DNA induce strong Thl-dominant immune
responses characterized by secretion of IL-12 and IFN-y. Immunomers (IMO) alone
or as allergen conjugates decrease production of IL-4, IL-5, and IgE and reduce
eosinophilia in mouse models of allergic asthma. IMO compounds also effectively
reverse established atopic eosinophilic airway disease by converting a Th2 response

to a Thl response.

OVA with alum is commonly used to establish a Th2-dominant immune
response in various mouse and rat models. The Th2 immune response includes
increased IL-4, IL-5, and 1L-13 production, elevated serum levels of total and antigen-
specific IgE, IgG1, and lower levels of 1gG2a. IMO compounds prevent and reverse
established Th2-dominant immune responses in mice. The co-administration of IMO
compounds with OV A/alum to mice reduces IL-4, IL-5, and IL-13 production and

induces IFN-y production in spleen-cell cultures subjected to antigen re-stimulation.
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N4- al kyl cyt osi ne, or N4-ethyl cytosine, and
4-thiouracil. In sonme enbodi nents, the sugar noiety S

WO 200602038 i S a non-naturally occurring sugar nECEUF2005/020911
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For purposes of the present invention, a "naturally

occurring sugar noiety" is a sugar noiety that occurs

naturally as part of nucleic acid, e.g., ribose and
-deoxyri bose and a "non-naturally occurring sugar

e IS th does not . occur naturall
ah“lu}c/?f'm%'en@g(?{ PR A R SRR o el Qe prbaes
batg(}mrpﬁoduouionam}@ke @eucl eoti de, e.g, hexose.
Ar abi nose and arabi nose derivatives are non-limting

exanpleﬁ I |et| In SO odlnen uri.ne
njection o no -
nucl eosl Ue anglqg\/ HY '“’S a lympﬁocype antigen

ol regmlmesﬂmse (The sy nh/mrce ummtwmmy lUﬁQ&els%fﬂ"ﬁE—aﬁB&ﬁl@ﬂi

acc dlng v the structure (I

5 36 RO BRteE G Sy, AN REh e S st aiokingmnd fepes: Co-
i s adinBahtich JFINID doh@o@rd@ Nth@EHRS kialld mnﬁéenb }édél%@ masonl
hydrgg%gn bond donor,  and H ydr ophi lic

hy B8&AE e, 65eLY s0z¥@p Al resultin 'ﬁy‘HFaé Bhihe gl‘EZ gqsa%e t% T*sl-
C aﬂ@ﬁiﬁaﬁtrresﬁ)bﬁs@ @9@Vitro and in vivo studies. As described herein, IMO

compounds effectively prevent development of a Th2 immune response and allow a

strong Th1 response.

While Th2 cytokines trigger an Ig isotype switch towards production of IgE
and IgG1, the Th1 cytokine IFN-y induces production of IgG2a by B-lymphocytes.
Mice injected with OVA/alum and IMO compounds produce lower levels of IL-4, IL-
5, and IL-13 and higher levels of IFN-y, accompanied by lower IgE and IgG1 and
higher IgG2a levels, than mice injected with OVA/alum alone. This suggests the
existence of a close link between Th1-cytokine induction and immunoglobulin isotype

switch in mice that receive antigen and IMO compounds.

Serum antigen-specific and total IgE levels are significantly lower in mice
receiving OV A/alum and IMO compounds than in mice receiving OV A/alum alone.
In contrast, OVA-specific IgG1 levels are insignificantly changed and total IgG1
levels are only slightly decreased compared with mice injected with OVA/alum alone
(data not shown). The different response may result from different mechanisms
involved in the control of IgE and IgG1 class switch, though both isotypes are
influenced by IL-4 and IL-13. For example, IL-6 promotes B lymphocytes to
synthesize IgG1 in the presence of IL-4.

In a sixth aspect the invention provides a method for preventing cancer, an
autoimmune disorder, airway inflammation, inflammatory disorders, skin disorders,

allergy, asthma or a disease caused by a pathogen in a vertebrate. This method
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each L is independently selected fromthe group
consisting of C, O Nand S; and S is a pentose or

wheooemao0stigar ring, or a non-naturally occurriPQI/S8mas020911
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In certain enbodi nents, the sugar ring is derivatized
wi th a phosphate noiety, nodified phosphate noiety, or
ot her linker noiety suitable for linking the
pyrim di ne nucl eosi de to anot her nucl eosi de or

nucl eosi de, ana certain enbodj ments dr oge

Do FE B sn DAt 0 the NerbTale 3y T4 G thepoR s, dggd or in
- Stbrsiflatiof}-lisdRised RIrthefirst) YbAUMA thijshp&ESEthOih Fention.

' out Ilnltatlon C=0, C;g -NO and t he

I 'nﬁlgtﬁ?ﬁef’? t?@'é‘H  BACtsFia RIFASHES, in@imkiryses: Nisoids yuhpeiops. e g. |

N| AdhigstRRbAR-carried St A5 YeLABRI f@)%@ fbuHﬁlaEbeaQﬂﬁle invention.
enbodi nents, the base moiety in (1V) is a

s non- nat raII occ n urine base, Exanples aof
pr ef er r@@n?‘lB hﬁg’ce ?C?/ ‘ﬁl{‘&ﬁ? MY eBHAn: the TpmURestimulatory

in Gllgdil&cledtddh Aedibr 1hirrmnbﬂ§ﬂ d.coffubdié Meréadal e adiflinistered in
yani.ne. In sone enbodi nents, the sugar noiety

7- de
S C?nﬁ %\9}1 with agy grhes aeant usefybiop reating the dissase 9praadifion éhat does
desétrdifReshaROMRINSStnflldthS e @ of thk loligonucleotide or immunomer. For

purposes of this aspect of the invention, the term "in combination with" means in the
course of treating the same disease in the same patient, and includes administering the
oligonucleotide and/or immunomer and an agent in any order, including simultaneous
administration, as well as any temporally spaced order, for example, from sequentially
with one immediately following the other to up to several days apart. Such
combination treatment may also include more than a single administration of the
immunomer, and independently the agent. The administration of the oligonucleotide

and/or immunomer and agent may be by the same or different routes.

In any of the methods according to the invention, the agent useful for treating
the disease or condition includes, but is not limited to, vaccines, antigens, antibodies,
cytotoxic agents, allergens, antibiotics, antisense oligonucleotides, peptides, proteins,
gene therapy vectors, DNA vaccines and/or adjuvants to enhance the specificity or
magnitude of the immune response, or co-stimulatory molecules such as cytokines,
chemokines, protein ligands, trans-activating factors, peptides and peptides
comprising modified amino acids. Additionally, the agent can include DNA vectors
encoding for antigen or allergen. In these embodiments, the immunomers of the
invention can variously act as adjuvants and/or produce direct immunostimulatory

effects.

The examples below are intended to further illustrate certain preferred

embodiments of the invention, and are not intended to limit the scope of the invention.
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In a third aspect the invention provides
phar maceuti cal conpositions. These conpositions

first and second of the invention either alone or in
conmbi nati on and a pharmaceutically acceptable carrier.
As used herein, the term "physiol ogically acceptabl e”
refers to a material that does not interfere with the
ef fecti veness of the congxaMpPIE® of the first, second
or third aspects of the invention and is conpatible

| | ||
b SR b o e
bi ol ogcga bllé&ﬁ&l@éﬁdé gﬁnluhé@tlﬂﬂlla%r? @ﬁé&%le&%b 1Iﬁ§1uﬁomers)

vertebrate. As used herein erm"carrie
eMeEyabesizd oAy 149 2ipiokericale awn&%ﬁranocthylp@sphcmmﬂntes ona

b Péxfsgﬁnve%l@s?btlaﬂnzsq909 E%édpé biagyy thlsélfyr gi’er@'ptl% BRbystem,

mat eri al known in the art

pBastamaL i Thel PhP%Pbﬁmea’cl'iebﬁfsdA |dﬁ, m and Hevarnolgrigedem PE
IAST I , [ r

e e A o Bl JSR A ot RE B o8

al b%arlflf’}:MSé}r(l preigding nxidieing agend pas nsed emolwdin the

P %s Smfda&adak%oﬁ‘&@%?@&?*oﬁ Aﬁroﬂgés%érg H%r&gc%a? 'snnn!gr%%ndard

t materials I's descri

antmtselmrnﬁ@é by BPLEnandglialyBd hgdﬁmht USB nualgyj ster/ﬂe waen fmr 0,

Nﬁ?gatﬁﬂb lI‘hg' Qflébg wgpe lyop;‘?l?liszte&) and (F sblvec? again 1n%13t111etp wa?t%rza% the
concentrations were determined from UV absorbance at 260 nm. All oligos were
characterized by CGE and MALDI-TOF mass spectrometry (Applied Biosystem’s
Voyager-DETM STR BiospectrometryTM Workstation) for purity and molecular
mass, respectively. The purity of full-length oligos ranged from 90-96% with the rest
being shorter by one or two nucleotides (n-1 and n-2) as determined by CGE and/or
denaturing PAGE. All oligos contained less than <0.1 EU/mL of endotoxin as
determined by the Limulus assay (Bio-Whittaker now known as Cambrex Bio Science
Walkersville, Inc., Walkersville, MD).

Thermal melting studies were carried out in 1 mL solution of 10 mM disodium
hydrogen phosphate, pH 7.2+0.2, containing 150 mM NaCl, and 2 mM MgCI2. The
solutions were heated to 95 °C for 10 min and allowed to come to room temperature
slowly before being stored at 4 °C overnight. The final concentration of
oligonucleotide strand was 2.0 uM. UV thermal melting measurements were
performed at 260 nm on a Perkin-Elmer Lambda 20 Spectrophotometer attached to a
peltier thermal controller and a personal computer using 1 cm path length quartz
cuvettes at a heating rate of 0.5 °C /min. Melting temperatures (Tm) were taken as the

temperature of half-dissociation and were obtained from first derivative plots. Each
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al so include a cancer vaccine, including a cancer
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vacci nes, 75 antigen, GW nel anoma vacci ne, MV
gangl i osi de conj ugate vacci ne, Her2/new, Ovarex,

M Vax, O Vax, L-Vax, STn-KHL theratope, BLP25 (MJC-1),
| i posomal idiotypic vacci ne, Mel aci ne, peptide antigen

v in 4885 66 n/.ant

VAl AR s s aetparcl 5 e o el L e sl vlues wer
TAvVHRN;: 1]0&0. N, DI SC-virus and | mmunCyst/ TheraCys. In
vari ous enbodi nents of the invention, the conpositions

ofE;aElgplgh_rs ellt%ﬁl?t%recgnddahdsra%d ects of the invention

COV& e O an da g?éen or otherw se

oper at isplel caR TR £8GRebld!BAB/&USTBER or A3HAISnice were
herein, the term "operatively associated with" refers

t cCuliied i RBMI sempdpte mediumasidstcaibersby #haoQs phalt(Biosherhot h
t hend RSt 1 BOm2Ql 9d6heant Braida, 1@?0%2' Qfoc}‘zéu @gaﬁ,wspw

of the invention and the antige Non-

ex#Rp12843 9Py Mutprel7df maer Oa@émqr@mT}'m(QWQ Godleetipn,
P aMBnﬁgast‘hﬁ) @é@‘éulltdrapﬁme%o OfB@Fied mgfé%s%dh%g Supplemented

vehi cl e or reaPent I n enbodi nents erein
with 10% (v/v) fetal calf serum and antibiotics (100 IU/mL of penicillin

G/streptomycin). All other culture reagents were purchased from Mediatech
(Gaithersburg, MD).

Example 3: Spleen Cell Proliferation Assay

Typically, mouse (Balb-C) spleen cells were cultured with immunomer
compounds at concentrations of 0.1, 1.0, and 10.0 pg/ml for 48 h and cell proliferation
was determined by 3H-uridine incorporation, as described by Zhao, Q., et al.
(Biochem Pharmacol. 51: 173-182 (1996)).

Example 4: Cytokine Induction Assays

Mouse spleen or J774 cells were plated in 24-well dishes using 5x10° or 1x10°
cells/mL, respectively. The immunomer compounds dissolved in TE buffer (10 mM
Tris-HCI, pH 7.5, 1 mM EDTA) were added to a final concentration of 0.03, 0.1, 0.3,
1.0, 3.0, or 10.0 pg/mL to the cell cultures. The cells were then incubated at 37 °C for
24 hr and the supernatants were collected for ELISA assays. The experiments were
performed two or three times for each immunomer compound and in triplicate for
each concentration. The secretion of IL-12 and IL-6 was measured by sandwich
ELISA as described by Bhagat L., et al. (Biochem. Biophys. Res. Commun. 300: 853-
861 (2003)). The required reagents, including cytokine antibodies and standards were
purchased from BD Biosciences Pharmingen (San Diego, CA).
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i nkage is at any position on tPer/US2005/020911

non- nuEsnaale BALB/d migk &4-6 Weeksy k-2 logm) werb ditided inte grofipst dfe
| e YO NImih onf? Gﬁﬂﬁduhhsosﬂée afsschvfkﬂulﬁ

third
ok3#line

aspects o e 1 nvention may

h%ﬁ@é Were a%ﬂh&egiedﬁ%ﬁﬁaﬁtahx #hte3§ legfggﬂé lé
ol |gonuc eot I en Introayce
adeseribed byAhse.aerb dBivtheonPhanmadvé Séx Pt3ek82i( 99 6y)fant Beanda,

IRBa e

first,

apt ane
been s

L ey PreuaE QR R AR Lrsgall,

&dé&n% ghc?sgﬁézé‘@uf?e'}ed
)aod pdainisterdd subeutaneously (56» tO\mncg/at a/\k)susfeﬁdng/kg The

sted a c} welghed as

0O a ce

vari ous
ositions of the

second or third aspects of the invention nay
i Fapmale 6an Aitivgtionief the NFaieB Bethwance that is an

o BRI oTF Bl FrsbrBountoderosniot wanenaand Ceg-

t dinbélaetides ietactemdl Gslatnfié andAYhaBRS BNARUErRREN., §tedl w‘dtﬁd 408:

smal | or

i AK, et al J Immunol.

A 4 Sl Sl A

161: 4493-

4497 (1998)) and NF-xB pathways (Stacey K.J., et al. J. Immunol. 157: 2116-2122

(1996)). NF-xB activation in J774 cells treated with immunomer compounds was

carried out and analyzed by EMSA as described Yu D., et al. (Biochem. Biophys. Res.
Commun. 297: 83-90 (2002)) and Bhagat L., et al. (Biochem. Biophys. Res. Commun.

300: 85

Examp

3-861 (2003)).

le 7:  Isolation of human B cells and plasmacytoid dendritic cells (pDCs).

PBMC:s from freshly drawn healthy volunteer blood (CBR Laboratories,
Boston, MA) were isolated by Ficoll density gradient centrifugation method

(Histopaque-1077, Sigma) and B cells were isolated from PBMCs by positive

selection using the CD19 cell isolation kit (Miltenyi Biotec) according to the

manufacturer’s instructions. Table 1 shows the immunostimulatory activity of

immunomer compounds of the invention in C57BL/6 Splenocyte Assay.

Table 1. Immunomer Structure and C57BL/6 Splenocyte Assay (24 hs)

SEQID | Sequences and Modification (5'-3") IL-12 IL-12 IL-12
NO {pg/mi) {pg/mi) (pg/ml)

1 pg/mi 1 pg/mi 1 ug/iml
19 5-TCG4AACG,TTCG-X-G,CTTG,CAAG,CT-5'

.32
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organi sns. These novel nol ecul es have nmany potenti al
uses in nmedicine and technol ogy (see, e.g.,

w®ogeomd er P., et al. Curr Opin DrugD scov DeevES2085/020911
690- 700 (2002)). -20- EV 4885 13666 USThe
phar maceuti cal conpositions of the invention may be
adm ni stered by any suitable route, including, wthout
limtation, parenteral, oral, sublingual, transdermal,

trggical 5'era'ﬂwﬁmf€ﬁm’6ﬁwd &t
iintratrpchea intrafecta vagi nal’, | by gene |gun,
dermal  ps{TCB,ANCG, TTCEY-B-TETOR, COGTODSIT NYBsH8: 00T Mo11t6E
armaceutical conpositions can be delivered|using
kddwn pr BT, €9|ﬁ°"@§ HtCGdEésT%E@CéﬁBCT-br pé275t-)7ds of74Q=tB¢re
effeecti tred effe q
t 'rz %at men? R ngﬁégrc G- Y]“ e (F%EFF@EF 1 80314, ect i 3?18*5%
tag tre| emm@mﬁqrmw@cmmmb esT Wi 752308
adm ni stfered systenmically, the pharmaceuti cal
¢8hposi | ¥ IRLANCCTAGE-MiTSTER.CAGHET-8 suffi ci entl dosage
t% atta a blood level of the conpositions of the
fi°f st | s%ggm%w&r‘c f(ﬂCFBC%%‘HgE?S of the inyention
mrordannl Ay
IRyt ab TG‘CM‘G"GWG‘,C?X‘(JG’TWG,AACG“E‘S”‘ 3saisg T cirofeta
For localized admnistration wer
¢a@acent y sHOTGNSGIMeTC-KIoTSTTRETERC-8T f €CTi Ve, angiizmsn
higher concentrations nay be tolerated. In certain
erBodi nEMC CTECH 66 E-XG3S EfuCTHTC5' 849+29
30 5-TCGTGTCGTTT-X-TTTG,CTGTG,CT-5
31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5'
32 5-TCG4AACG,TTCG;-Y-GACAG,CTGTCT-5'
33 5-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-5'
Media 75128 10417
SEQID | Sequences and Modification (5'-3') IL-6 IL-6 (pg/mi) | IL-12
NO | (pg/mi) (pg/mi)
1 1 pg/ml 1 pug/mi
ug/mi
19 5-TCG+AACG,TTCG-X-G,CTTG,CAAG,CT-5'
20 5-TCG,AAC,GTTCG,-X-G,CTTGC,AAG,CT-5'
21 5-TCG,AACG,TTCG;-Y-TCTTG,CTGTCT-5’ 2195+ | 42399
77
22 5-TCG4AACG,TTCG;-Y-TCTTG,CTGTCT-5' 3278 | 8401243
2
23 5-TCG,AACG,TTCG;-Y-TCTTGC,TGTCT-5' 7080+ | 15531670
0
24 5-TCG4AACG,TTCG;-Y-TCTTCCACTCT-5' 6931226
25 5-TG;CAAG;CTTG,C-Y-TCTTG,CTGTCT-5
26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5'
27 5-TG4CAAG,CTTGC-X-CG,TTCG,AACG,T-5' | 1329%
53
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*Eﬁﬁféﬁggaﬁﬁw S8 THa LAt

? TG&"I’ETG br

@M9A§1(¢Ert;tp@-p_5dnu 0] MUNONEeT
e syntheS|zed by a linear synthesis approach (see

O TMY "TMT UL *O®

re nre

Hure 2)5-TREAACEHTTGIT-V-GACACRCSIGICISI [t hi s $synt hesi s
ented in l:i gure 3 As used herlein he term

Mpdia, synt hesi s" refers to a synt hesr;§21i2h nf288t ar t g

v.)'_(

%ﬁ']b st Yé res n?s I gﬂo‘é%hortﬁhlgge Wagf,ﬁ] ﬁlg Pﬁ%& B%Pgeg?fg% % 0 ;1 °
er

caI or un-identical (in terns of
g_t asx;

osi tion and/or chem cal nodifications
°c units into the

”E?_ﬂ?é -dgﬁg{y- -g}:r}%ofuranosyl) 2-0x0-7-deaza-8-methylpurine

X= Glycerol Linker
Y=C3 Linker

Example 8: Human pDC cultures and IFN-a and IFN-B ELISA.

pDCs were isolated from human PBMCs using a BDCA-4 cell isolation kit
(Miltenyi Biotec) according to the manufacturer’s instructions. pDC were plated in
96-well plates using 1x10° cells/mL, 200 pL/well). The immunomer compounds
were added to a final concentration of 0.3, 1.0, 3.0, or 10.0 ug/mL to the cell cultures
and incubated at 37 °C for 24 hr. Supernatants were then harvested and assayed for
IFN-o. and IFN- B using ELISA kit (PBL). Tables 2A-2D show an average + SD of
IFN-c. and IFN- B for immunomer compounds according to the invention at a

concentration of 10.0 pg/mL.

Table 2A Immunomer Structure and Immunostimulatory Actmty in Human DC
Assay (24 hs)

SEQ
IDNO

Sequences and Modification (5'-3") IFN-a

(pg/ml)

IFN-a (pg/ml)

IFN-a (pg/ml)

10 pg/ml
DN1

10 pg/mi
DN2

10 pg/mi
DN3

.34-
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2 1-

13666 USAn alternative node of synthesis for

is "parallel synthesis",

outward froma central |inker

noi ety (see Figur

EV 4885

( I NMMPODUR1095/020911
i n which synthesis proceeds

e 4).

Representative |linkers for this nmethod of synthesis
are presented in Figure 5. A solid support attached

| i nker can be used for

par al | el

synthesis, as i

S

described in U S. Patent No. 5,912,332. Alternatively,

a universal solid support

such as phosphate attached

rit can-_ho niead
’ 4'] 258258316 | 962641605
! ﬁb??ﬁigFgﬁJﬁgh§§' ﬁ%cmﬁ%un s(b%ﬂ%§P0|fﬁ
2 O} SR AEE P U CTEICARG, CTHUTD HEN45: 10615 125VB0@ | 1058041688
ad vaniages over linear synthesis: (1) |paralle
3 SyMCTEeA3CI TPEXMICTSCTAGTGTHC or port 485:0n of 311dént i cgl1649+262
mononmeric units; (2) unlike im |inear!synthesi bot-h
4 %TTCEHAFGBTHQG%T%%TH@%PT@ are synthesized at| the
t har e Af vt ot i oA et !
LTw TASY ?‘GCRA clluscl O1 .byllltlrcllb SUCHS dilu
5 tﬁgcg Eﬁﬁﬁﬁggi?é € synthesis is the sang as
media | TTat—of —a monomeTic unl U5 and [P0t he |AedoCt | on oz0D
synthetic steps i nproves puritly and viield of the final
| munoner_pr oduct .
SEQ | Sequences and Modification (5’-3') IFN-a IFN-a (pg/ml) | IFN-a (pg/mi)
ID NO (pg/mt)
10 pg/ml 10 pg/mi 10 pg/mi
DN4 DN5 DN6
1 5-TCG,AACG;TTCG:-X-G;CTTG,CAAG,CT-5' | 417182101 | 250115 1960845
5
2 5-TCG,AACG,TTCG-X-GCTTG{CAAG,CT-5' 491762302 | 1401421414 | 2198811413
3 5-TCTCACCTTCT-X-TCTTCCACTCT-5' 020 19740 2010
4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5'
5 5-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5’
media 010 2010 19610

Normal phase represents a phosphorothioate linkage

G=2

-deoxy-7-deazaguanosine

G,=Arabinoguanosine
X=Glycerol linker
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At the end of the synthesis by either

or
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paral l el synthesis protocols,
ogooess eot i des or

i near synthesis

t he i nmunostinul atory

i nvention may conveniently be deprotected with
concentrated ammoni a solution or as recommended by the

phosphoram dite supplier,
i ncor porated. The product

i mrunomers accordi ng to ther/us2005/020911

if a nodified nucleoside is
innunostinulatory

ol & et des g,gﬂ/ or (i noner sppl%ef er
DUA epﬂg I%unoneleérs urﬁﬁlral rp"g}f)étlm ALOPy g}lvgy érul’-lk{man ]?C
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o +hn | n\lonf 1
sEq 1T® deﬁées%r‘?n"M’ &'ifc 5‘ fjra—aspee e = T EN-
ID NZRIN c%nprl se indlst i mul at of! N, | i gon ,r% tide ! i
I mrunoner al one or as ol igonucle , g2 10 pg/mi
conmjugates. An oligonucleotide/inpunioner coNg ugat € pns
6 coﬁrprTCsiaEC@.ﬁAQGﬂg@awémT-@le Or | 3MMBIOT0BI |, 448341321 | 589082707
de‘ g%%?\? o tigen conjugated to the
7 oli|§o (@ gg‘af@f‘T?Wnﬂnorrer 6596*35?303 $0rB 30t h 15637*698
8 LT 1d8TC6.ARCEITTEE ABATENHY T T SPIIRsH TP 06 Ts "4%3111506
non- nucl eotidi c |1 nker conprises| an anti gen, mhlch I'S
9 conptaGEEGRACIGTECEACHDBAT S’ eot| des11i33 song23etdner | 010
enbodi nents._ _the antigen is conjlugated tao the
10 o1 i GoVaCT GG MRS TAECACHEEAT  on ot 9% han | 188t03'  en|(R574264
111 T =2 CTO[CARESTIERARATERAST Cmbofipnts | 5hg antiegy
pr oduces a vaccine effect. The ipmunostinul ator y
media 17710 17710 0+0
SEQ Sequences and Modification (5’-3") IFN-a IFN-o IFN-a
ID NO | (pg/ml) (pg/mi) (pg/ml)
10 pg/ml 10 pg/ml 10 ug/mi
DN4 DNS5 DN6
6 5-TCG4TCG1AACG,TTCGAGATGAT-3' 98178+375 | 6872241358 | 31678+715
7 5'-TCG,TCG,AACG,TTCG,AGATGAT-3’ 407824885 | 19180£735 | 869611122
8 5'-TCG3TCGsAACG,TTCG,AGATGAT-3’ 124461894 | 42195+2665 | 58278
9 5-TCGTC,GAAC,GTTC;GAGATGAT-3’ 101752206 | 1596611256 | 685741335
10 5-TC,GTC,GAAC,GTTC,GAGATGAT-3' 130281911 | 1947+204 3045
11 5-TC3GTC3;GAAC;GTTC;GAGATGAT-3’ 0:0 355116 1710
media 0£0 1210 1020
5 Normal phase represents a phosphorothioate linkage

G=2’-deoxy-7-deazaguanosine
Gy=Arabinoguanosine
G3=2’-deoxyinosine
C=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine

10

C,=Arabinocytidine

C3=2’-deoxy-5-hydroxycytidine
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ol i gonucl eoti de or immunoner alone or as

ol i gonucl eoti de/ i mmunoner conj ugates can be
wa@disno®Bered i n the net hods di scussed bel ow.

antigen is optionally selected from anti gens

associated with a pathogen, antigens associated with a

cancer, antigens associated with an auto-i mmune

di sorder, and antigens associ ated with other diseases

AORUS2005/020911

T Q*z‘c%ﬁml? %Ctu %éﬁ t veterinary or ﬁedi ric
Aaiﬁ . (g}rler erein rgmléﬁrjﬂspré‘gfﬁ%l%Agth%tgll?le{ 'Eg?w.BE_For
pu Sose of the invention, the term "associated wth"
[SEGATSedUdRles bHFVGHHEAtOR (-3 PT esentTplen L e Rt T IFN-o (pg/ml
iccNmger, auto-i mmune di sorder, foodI al F%drjgg skKi H&?ﬁb (pg/m)
all ergy, respiratory allergy, asthmagen ot herughhiseasao ug/mi
is present, but either is not pres@it, or |BN2resent DN3
Tin 1 8diBPCEBUrRX-CHAERCANG IR hidije8p3e6an 20551659 | 62805+328
ot ot i A cenr AAy food all ar ] r oy
Bt R R G T KT ETT - ’“'W
respir atory Gl Tergys o !s‘ggée i s'RBEIR 1418 | 38002¢1087
12 TMTUBOTGB, AACG, FRORICETE |CAAGIOTEEEU 101 1608078 T UT87124864 1 1| 9056021690
is otherwi se operatively associatied with the anti ger.
1As (SR ETCRHAACRHECICAAMCTOIBEITR | Va9b3a206 s 0Ls286:8d5 Wi t]1605701867
_refers to anv association that maintains the activitly
Bt B3t FPIRTERETIER CRTHCCARGCIn. Nol7PHiB8 | ng| e38&3Bpl es | §P29£286
1 4 H 4 3 " el ada hat e art ~f + N~
15 UCTT 50788, e, ERACE SR8 ICAAEB Y G ICTS Ul038555459 Pa16a:919 ¢ 11727302954
sanme |1 posone or other such delivery vehic|e or
41 €a(BHICG,ARCG,TTCG,-X-G,CTTG,CAAG,CT-5'
16 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5'
17 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5'
18 5-TCG4AAC,GTTCG,-X-G,CTTGC,AAG,CT-5'
media 1607 25920 010
SEQ Sequences and Modification (5*-3’) IFN-a (pg/ml) | IFN-a (pg/ml) | IFN-a (pg/ml)
IDNO
10 pug/ml 10 pg/ml 10 pg/mi
DN4 DN5 DN6
1 5-TCG,AACGTTCG-X-G,CTTG,CAAG,CT-5 | 66980+217 | 6552¢1 7992124
2 5-TCG4AACGTTCT-X-TCTTG,CAAG,CT-5' 831151134
12 5-TCG,AACG,TTC-X-CTTG;CAAG;CT-5’ 612301120
13 5'-TCG,TTCG1AACG:-X-G,CAAG,CTTG,CT-5' | 34430451
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5’ 2044162
15 5-TCG,TTG,CAACG;-X-G,CAACG,TTG,CT-5' | 337161872
4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5' 2440123 240314
16 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5' 131610 1683£10
17 5-TCG4AACG,TTCG-X-G,CTTG,CAAG,CT-5'
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enbodi nents wherein the i rmunoner

nonnucl eotidic linker. Alternatively,
itself be the non-nucleotidic |linker.

is covalently |inked
to the antigen, such covalent |inkage preferably is at
w@nyepasBg i on on the i nmunomer other than an aeCEES100H/€20911
5' end of an inmunostimnmulatory oligonucl eotide. For
exanpl e, the antigen may be attached at an
i nternucl eoside |inkage or nay be attached to the

the antigen may
In a fourth

18 s pe 6ETCGARCCMTEAIN-GIC TPEOMAGHT -G8t hods for | generati ng
and/jor_modul ating an inmine respanse in a Yertehrate
medith met hods conprising admini st er¥*® to t h@o 00
vert eﬁ{ &t%%‘lnﬁl ||||u||U||Cﬁur —Hreer— L«UIIJ u ate—
Annnr Al ey | Nt o + e
SE CPESHIBReE & d‘ﬂbﬁiﬂ&'ton "3’”" A S O S S TN S pgrml) -
ipvert e g’iée 'S 'a Nanma i 'For pur pose ‘ﬁgag?g "tL'qw gﬂ b/ T IFN-o« (pg/mi
nbnvention, the term™ manmal " i s expressly {ntended tlo
i nclude humans. In certain -23- EM04885 136&0ug/mi 10 pg/mi
USenbodi nents, the i munoner or ij@Nhoner ¢BW8 ugat e [iDN9
' adn] AiT$CeEP: fWGaXVFéPTEbPMQCTﬁ neda2isfsar | 977710 10008110
i faa il the + er
2::III'I.A I,\.rc T I "XT s T II,‘\.‘ITL' LAY | T
nod 57 G‘n;_:? ! TC‘T nDCaTJ btf?ms@n%gns to increase or
15ec @fﬂyy actrivity of [an
[ rrmunostl mul atory nucI eic acid re]l ative tolthat of tlhe
1par e AtTCCTMEGMAIGHGEBAG CRTRICAISE laci d.
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5’
15 5-TCG,TTG,CAACG-X-G;CAACGTTG,CT-5’
4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5° | 6083184
16 5-TCG,AACG;TTCT-X-TCTTG,CAAG,CT-5' 216414
17 5-TCG4AACG,TTCG;-X-G,CTTG,CAAG,CT-5’
18 5-TCG,AAC,GTTCG;-X-G,CTTGC,AAGCT-5’
media 00 010 00
SEQ Sequences and Modification (56'-3) IFN-B (pg/ml) | IFN-B (pg/ml)
IDNO
10 pg/ml 10 pg/mi
DN8 DN9
1 5-TCG{AACG,TTCG-X-G;CTTG,CAAG,CT-5' | 137054 650138
2 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5'
12 5'.TCG{AACG,TTC-X-CTTG,CAAG,CT-5'
13 5'-TCG,TTCG,AACG-X-G,CAAG,CTTG,CT-5’
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5’
15 5-TCG;TTG,CAACG;-X-G,CAACG,TTG,CT-5’
4 5-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-5
16 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5'
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In the nethods according to this aspect of the
i nvention, admnistration of inmmunoners can be by any

W@ piobabdoss r out e, i ncluding, wi thout Iimtati onpCT/US2005/020911

10

parenteral, oral, sublingual, transdermal, topical,

i ntranasal, intramuscular, intraperitonal,

subcut aneous, intradermal, aerosol, intraocul ar,
intratracheal, intrarectal, vaginal, by gene gun,

&% mal| 5hEE@AACE. TTEGL£X-61ATTGCANG,CEIt hwash form T

Admi nilstration of the therapeutic clonpositiaons of

Hrung el CCRAG I ECE e -PIFCEUACISi Fig| known pr dcedur es

hemyaagts*aud for PCF;GdD of —t++re- gfeﬁflvc o redaue
synpt qns or surrogate markers of the di sease. Wﬁ

adm ni stered systemcally, the ther apeutl C conpositiron

| NoRhA hRasa Mpresasiih phaxpir@fioat likapef f | ci ent dosage to
attain a bl ood | evel of imunomer from about 0.0001

MGEEP MR- 74 azARRAKEsink0 M cronol ar. For | ocalized
a@q&magjh[) ah&de MuUch | ower concentrations than this

e ch_hv. [ ) |ons may
oY LG Do s el URek CABRGRER | OT0 ormer
ranges from about 0.001 ng per patient per day to
al?QlHE 2 qgrﬂ@orﬂﬁr Stllﬁgtut%oa% I%ﬁ%‘lmﬂﬁ% g¥tw1§ytm ﬁlﬁ}é\a}? %C

g@é gg ]%}) m ni ster si mul taneous
sequ trally a therapeutically effectlve anmount of one

BSequgtfices hrd Mddificatioe(3t-3)c conposi { IFdRs gfIFide | IFN-o (pg/mi)

'Pﬁ‘{ﬂamti on to an individual as a si ll%SE;lr_ILdBSm&m
ug/m

epi sode. 10 ug/ml | 10 pg/ml

DN1 DN2 DN3
19 5-TCGIAACG,TTCG-X-G4CTTG,CAAG,CT-5' | 3145¢4 | 5808428 | 220501407
20 5-TCGIAACGTTCG-X-G4CTTGC,AAG,CT-5' | 4710+31 | 56560 14157110
21 5-TCG,AACG,TTCGy-Y-TCTTGCTGTCT-5'
22 5-TCG1AACG,TTCG-Y-TCTTG,CTGTCT-&
23 5-TCG4AACGTTCG,-Y-TCTTGC,TGTCT-5&’
24 5-TCG1AACGTTCGy-Y-TCTTCCACTCT-5'
25 5-TG,CAAG,CTTG,C-Y-TCTTGCTGTCT-5'
26 5-TGCAAG,CTTG,C-Y-TCTTCCACTCT-5'
27 5-TG4CAAG,CTTGC-X-CG4TTCGAACG,T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'

30 5-TCG{TGTCGTTT-X-TTTG,CTGTG,CT-5'

31 5-TGCTGTG,CTTT-X-TTTCG,TGTCG,T-5'
32 5-TCG1AACGTTCG;-Y-GACAG,CTGTCT-5'
33 5'-TG4CAACG,CTTG,C-Y-GACACG,; TGTCT-5'

Media 22810 23410 1160
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Ei t her

the i mmunonmer or the vacci ne,

w@sookoytes e | i npet henocyani n (KLH),

or

bot h,
optionally be linked to an i nmunogeni c protein,

may

such

chol er a texi/msi®os/020911

subunit, or any other inmmunogenic carrier protein or
noni nmunogeni c carrier protein. Any of the plethora of
adj uvants may be used including, wthout limtation,

Freund's conpl ete adjuvant, Freund' s inconplete
a8FQv gritequedtdd andridoaifohts ey yI 11 pi d [AFN-OPL) | IFaldum  &ril-o
$ iins, including Q5-21, imaqui rmc_,{g@LS,__@g/_m_l)__r(EgL
¢conbi nations thereof. -24- EV 4885 1386@mUSTH ka/mli ke 10 ug/mi
eseptas Sk TR kR aRas seas - A nf ePNP gn an@NG
| Mluce Y heCAATPUAPPER e mé Bhd éﬁaoﬁfffz\r/(ﬁ i mune
If@@po SEFCG,ARRETTEB NG, CTEGe, ANGIET-F AT [128Fg6: 1 |1 T ganus !
cal | ed pat hogen-associ at ed nol ecul ar] spatterns ( PAVPS).
Upbn r|eCDgBHAACAJTCORSECTIEICTRATeRen-|associ at 68241530 | 209081
lecylar praducts.  TLRs activate hast defense
1 8 ponSeLCEAPERJICENETETIHETEIET ul ar si gnal P3§gHe9 | 16232108
N H 4+ H et roacrontaoar (Tl N\ _dornmi
A A T ¥ JTGTCT-9 - VT 169128157 || 15771168
and the downstream adaptor 'protein WDB88. DendfTtic
ced | s [aICGRBCOTTeGLs TODIOUACYT-6€Spdnd 10 TOkd57b146F | 2254x25
receptior (TLR) | i%@nds and_cyt oki nes (for exanple,
i| B8 er || IRPGARGICTTCI QY BCEVUCT@TRIrS nedrosi s f act or,
7] reh thovy al on
WA RIS OreTrccacTers
27 5'-TG,CAAGCTTG,C-X-CG,TTCG,AACG,T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5’
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
30 5-TCGsTGTCGTTT-X-TTTG,CTGTG,CT-&
31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5'
32 5'-TCG,AACG,TTCG;-Y-GACAG,CTGTCT-5’
33 5-TG,CAACG;CTTG,C-Y-GACACG, TGTCT-5'
Media 12513 15710 17910
SEQ Sequences and Modification (5'-3") IFN-a. IFN-a IFN-a
IDNO | (pg/ml) (pg/ml) (pg/ml)
10 pg/mi 10 ug/ml 10 pg/ml
DN7 DN8 DN9
19 5-TCG4AACG,TTCG-X-G1CTTG,CAAG,CT-5'
20 5-TCG4AAC,GTTCG;-X-G;CTTGC,AAG,CT-5'
21 5-TCG/AACG,TTCG;-Y-TCTTG,CTGTCT-& 1049213 | 15594148 | 60241135
22 5-TCG4AACG,TTCG;-Y-TCTTG,CTGTCT-5' 2230:78 | 6118:3 31621189
23 5-TCG4AACG TTCG;-Y-TCTTGC,TGTCT-5' 15352130 | 6680135 1558145
24 5-TCG,AACG,TTCG;-Y-TCTTCCACTCT-5’ 16053+38 | 9502¢57 | 622810
15
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produce; natural killer (NK) cells and T cells are

al so involved in the proinflammtory circuit. After
wQabdembiosall ati on by bacterial conmpounds, i nnatBCT/R2008020911

cells rel ease a range of cytokines. Sone exanpl es of

TLR I'igands include, but are not limted to,

| i poproteins; peptidoglycan, zynosan (TLR2),

doubl e- st r anded RNA, pol yLpol yC (TLR3),
2P OP OBV REIC ARG i, C-YIEAtT GO TETE Tl O §1 1S, taxol ( TLRA)
flagellin (TLR5), and im dazoquinolines- R848,
y 8si quiSWEQjCAA%iCmmm)ﬁT CT§§RNZ\TC(TF5_’R7/ B) ,

a- cvtes (TLR10) and uronathogenic E. _coli

2|7LR11? fGFﬁéA(ﬁ'EFF%‘gg( %%@6?%86‘[1405 this aspect of the
3B e O GY o8, HEF CK CTcT T BB TE-55t udies of g TBIM e 31661242

system The net hods are afso useful {for the

pzophylsacTGTCGITTCrDercaUGIaTGIcaat meft of  hunesesxps | 1146142
mal| _di sease. For exanple, the nefhods arie useful

feft pedr Eﬁqﬁg%’dﬁﬁéﬂ'ﬁqiﬁﬁﬂﬁ@ﬁém ne applichations. |n

aY
fi1fth Acnan Lnvont i Noac mmt hindc f Ar
7 pwre ) meoTT AV E™ N EAVA )

t?lera bgu PEIFTS )/ ﬁ-g-l ng e verrebrat e having a di sehse
052 d1 §GI TS, AACBIT TCHELEACKG, CPETIT-81 Ng adm nigrering 1o
I he v2>rtebrate an i nmunoner _or i nmunoner conj ugate
aé?corﬂlSan@bA@%@TT%@e\hGAQ)‘I&C& MRTORFI ous embodi ment s,
he dilsease or disorder to be treated is cahcer, an
aM?‘B? fmune di sorder, airway inflamat?oh, ip¥Einmat P42

disorders, attergy, asthma—or—a disease

SEQ Sequences and Modification (5'-3) IFN-a IFN-a IFN-a

ID NO (1goglml) (1gog/m|) g1gog/ml)
ug/miDN1 | ug/mIiDN11 | pg/miDN12

19 5-TCG1AACG,TTCG-X-G4CTTG,CAAG,CT-5' :

20 5-TCG4AAC,GTTCG+-X-G4CTTGC1AAG,CT-5'

21 5-TCGAACG,TTCG;-Y-TCTTG,CTGTCT-5' 81541597 | 318541136

22 5-TCG AACG,TTCG,-Y-TCTTG,CTGTCT-5' 64131876 | 144931613 | 96424129

23 5'-TCG1AACGTTCG,y-Y-TCTTGC TGTCT-5' 26881293 | 4486194

24 5'-TCG/AACGTTCG,-Y-TCTTCCACTCT-5' 7214118 | 1006831

25 5’-TG1CAAG1CTTG,C-Y-TCTTG1CTGTCT-5’ 114741402

26 5'-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5' 375+23

27 5-TG,CAAGCTTG,C-X-CG4TTCG4AACG,4T-5'

28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 55081410 | 139561355 | 60094240

29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 55994146 | 118241720 | 9977+1379

30 5-TCGTGTCGTTT-X-TTTG,CTGTG,CT-5’ 119464159

31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5&' 00

32 5-TCGAACGTTCG4-Y-GACAG,CTGTCT-5' 1003249
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caused by a pat hogen. Pat hogens include bacteri a,
parasites, fungi, viruses, viroids and prions.

w@domsnd®Bg ati on is carried out as descri bed forPCT/IR2005/020911

10

15

20

25

30

fourth aspect of the invention. -25- EV 4885 13666
USFor purposes of the invention, the term"allergy"”
includes, without Iimtation, food allergies atopic
dermatitis, allergic rhinitis (also known as hay

ever), allTergic conjunctivitis, urficaria [alSo Knpwn

33 hi \ 6576G,CARGHICT 3G.OryGatAGS, geasT-and alTergf c 6420£139
reactilons to ot her substances such as | atex

TMB‘F‘%qtl ons and insect sti i ngs or pro@P@rrs co?ﬁﬁ%ly 0£0

”{:%@éife A Bl aam S e e

nOUt limtation, asthma. Specific

exanpl x_.z_ asthmalnclude but are not limted to,
al et grey fiffrae H®al | ergi ¢ ast hma, exercisedi nduced
a ast hma, _and noct ur nal, ast hna.

e éeoﬁtg B ‘qo r%‘}?é)‘l)igloé?"izdéﬁlzafﬁmﬁ Y\REENCobst 1 uct i on
a =ég %’FE%‘&“%CE h allergies and triggered by substances
cdrf-éd™eY er gens. Triggers of allergic asthma include,
but are not limted to, airborne pollens, nolds,

EI mal and('%(S house dust mtes and cockroach
SHpPls pking ARSI asthma i s caused by viral

i nfections,
The secretion of IFN-a in vertebrate cells, preferably BALB/c mouse spleen

cells or human PBMC, was measured by sandwich ELISA. The required reagents
including cytokine antibodies and cytokine standards were purchased form
PharMingen, San Diego, CA. ELISA plates (Costar) were incubated with appropriate
antibodies at 5 ug/mL in PBSN buffer (PBS/0.05% sodium azide, pH 9.6) overnight
at 4°C and then blocked with PBS/1% BSA at 37 °C for 30 minutes. Cell culture
supernatants and cytokine standards were appropriately diluted with PBS/10% FBS,
added to the plates in triplicate, and incubated at 25 °C for 2 hours. Plates were
overlaid with 1 pg/mL appropriate biotinylated antibody and incubated at 25 °C for
1.5 hours. The plates were then washed extensively with PBS-T Buffer (PBS/0.05%
Tween 20) and further incubated at 25 °C for 1.5 hours after adding streptavidin
conjugated peroxidase (Sigma, St. Louis, MO). The plates were developed with Sure
Blue™ (Kirkegaard and Perry) chromogenic reagent and the reaction was terminated
by adding Stop Solution (Kirkegaard and Perry). The color change was measured on
a Ceres 900 HDI Spectrophotometer (Bio-Tek Instruments).

Human peripheral blood mononuclear cells (PBMCs) were isolated from
peripheral blood of healthy volunteers by Ficoll-Paque density gradient centrifugation
(Histopaque-1077, Sigma, St. Louis, MO). Briefly, heparinized blood was layered
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certain nedications or irritants found in the air,
whi ch aggravate the nose and ai rways. Triggers of

wmooveabloss gi ¢ ast hma i ncl ude, but are not |i mpedUs®PS/020911

10

15

ai rborne particles (e.g., coal, chalk dust), air
pollutants (e.g., tobacco snoke, wood snoke), strong
odors or sprays (e.g., perfunes, household cl eaners,
cooking funes, paints or varnishes), viral infections

. ' t | .
L ARl 2o RSB s R S B B s o
r 00 xg fol Weninetes FHroD) tenfpemiust. The bmlyue@d canahihmg tHeEl A)
oo AEREE B R R SN B BE M i R
adufierad salnﬁf) (RBS) Sby aélﬂrlﬁgiﬁlohlakﬁﬂyx g ﬂ’\fﬁ@ lnﬁridt@gﬂicﬁésﬁ&g&ell

{ ir 11 € exercls|ng
" Bt baStneg Feiondbl i bt 1S el Simaicing Libiargine

bi(edibTery, lat.| Horden, V) lafdSupPléiemted FitE N 0% HRat iRdcAMHidd IS
exercising with vira

LlLutants d ) |
et i emormyein (POl Gelser Exaied il oo er
d diffepdnt timOperigishi PRAID® el iTBvell$n the ?%édch‘ of ﬁJséﬁcﬁ @Jf to
alin ritants and ot her potenti
& Gbanarigeider i < oF e Sheoption aeed. TRFanG vere harvested and
Oﬁtékélaéﬁdz@fn&' 785¢ DA abﬁ(}édqglevarlghg cy?d'k%eF‘ %ldgh{gtlf’ﬁqx to,

funes, chem cals, gases, resins, vapor s
@quaggqﬂmqma@ggal) hyzs@ndwwh ELISA. The results are shown in Table 3A-

3D below.

In all instances, the levels of IFN-a. in the cell culture supernatants was
calculated from the standard curve constructed under the same experimental

conditions for IFN- a.

Table 3A Immunomer Structure and Immunostimulatory Activity in Human PBMC
Assay (24 hs)

SEQ Sequences and Modification (5’-3’) IFN-a IFN-a IFN-a

IDNO | (pg/mi) (pg/mi) (pg/ml)
10 pug/m! 10 pug/mi 10 ug/mi
DN4 DNS DN6

1 5'-TCGAACG,TTCGy-X-G,CTTG,CAAG,CT-5 | 8222+44 . | 611411 360411

2 5-TCG,AACGTTCG-X-GCTTG,CAAG;CT-5 67007 6272424 2822124

3 5-TCTCACCTTCT-X-TCTTCCACTCT-5' 0+0 8040 800

4 §'-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-5'

5 §'-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5'

media 00 78+0 8310
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EV 4885 13666 USAs used herein,

di sorder" refers to disorders in which

the term "aut oi mune
"self proteins

waonaengo3at t ack by the i mmune system Such termaT/US2005/020911
i ncl udes aut oi mmune asthnma. Wthout wi shing to be

10

bound to any particul ar theory,

bacteria nmay be partially responsible for the
and nortality due
to allergic diseases such as asthma, atopic

i ncreased i nci dence of),

severity of,

decreased exposure to

desEmat
ThD $I0h
hact er
evel o

SdqRencadBhdMatifdation 513y t e devetgpgd
ypot hesis i s supported by evig t hat
al infections or products car1bm§m5|t

of allergic disorders inOMperine

nnent

ot

BN ES-
Jmi)

IFN-a
(pg/ml)

t10@g/ml
iNa |

10 pg/mi
DN3

ani mal

st I ~
The

ﬁﬂ&@h@%ﬁcﬁﬂ”‘rﬁ EBTG@MFEI-Pé{?

adonyv

Ba¥8eY i al

tlai nina

2BNA3r

125144351

unmet h

PERRERTE

onti dac
yf ré

TeB RS Ra

IS i o PPRHE

nl\ll\\

108721613

I3nucl
ot ent

COITCHEACE 1T CEXTATOCACHIHCE CUNEXRtS (TR
ponses an

y stimulate i nnate i mmune reg

INAY)

d t her eby

010

dqui r

ncl ud

0 §l- TCRMATIGL TCGIN B .CTTRIOBAG,ET450T
rs agctivation of innate i nmmun

se to Op

5 DNA
cells,

T " T O

ol i f

o? ACPIM G TTECOEPEETCL ReET 1%

of Thl

al-obul i
A

t oki ne

ne {1l ana)
T 1T 1T1J

CYy

The

dafat
dacti va

P ad ach H faaaalll
UTT, ant IJI Uuubll on uf H O

tion of

i mmune cells by CpG DNA

occurs ;9?%1_, .

010

ol 1T-1

Ke Teceptor 9 (TLRO),

a notecutar

pattern

I e0@al phasd represeaidlaphosphbothidi finkdice strong Thi
- A AR N@Idky-7@eHABuanosine
G;=Arabinoguanosine
X=Glycerol linker

Table 3B Immunomer Structure and Immunostimulatory Activity in Human PBMC
Assay (24 hs)

SEQ
ID NO

Sequences and Modification (5'-3’)

IFN-a (pg/mi)

IFN-o
(pg/mi)

IFN-o (pg/ml)

10 pg/ml DN1

10 pg/mi
DN2

10 ug/ml DN3

5-TCG,TCG1AACG,TTCGAGATGAT-3'

348711015

26813

3883150

5'-TCG,TCGAACG,TTCG,AGATGAT-3' | 910

3010

0+0

5'-TCG3TCG3;AACG;TTCG;AGATGAT-3' | 1261

010

010

5'-TC4GTC,GAAC,GTTCGAGATGAT-3' | 010

010

010

10

5'-TC,GTC,GAAC,GTTC,GAGATGAT-3' | 010

2010

010

11

5'-TC3GTC3GAAC;GTTC;GAGATGAT-3' | 1111

510

7610

media

3340

010

010
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10

responses characterized by secretion of
I FN-g .

I L-4,

IL-1 2 and
| mmunoners (I MJO) alone or as allergen
w@eonpuegases decr ease production of

and reduce eosinophilia in nouse nodels of allergic
I MO conpounds al so effectively reverse
establ i shed at opi c eosinophilic airway di sease by

ast hma.

converting a Th2 response to a Thi

response.

OVA with

alumis commonly used to establish a Th2- dom nant

| L- 5, panusiogf020911

' € [TSEFUSREES Bnd ModHgatiol? 523 TOUS e my AT IFN-

Thi® Ncmmn?ér espr(‘)nse i ncl tsde’s I ncr easeca&fﬂl_ Yﬁ\i f(pglm nd o (pg/m)

-1 3|production, eIevated ser umé gyl sNOT 1b i/l  anidio ug/mi

aptigenspecific | 1gd, and [ ower |evel SD06 | gG2al. DN6

| MD corrﬁo'[ﬁﬁiEC“pr‘\é @ﬂF Can@ATGHER's ¢ 190¢880| | SHAF2:225 | 426185

Th dg{r e csnances mce. The

cp- admi|n chr’a??zéﬁc%’fﬁ?ﬁl &% andgﬂ\/\n th OVAMBYdh t o | 31215

NTEE T eQURGRTEGARCGITICEAGATEAT- 5~ 18:00T OUUCtTTOR7a35u 4815

i nduceg | FN-g production in spleeéen-cell culitures

subj ect| 6HTCGCTGOBAAGETTCSASATAAT-at | 050 - 27- EV¥+@l885 440

13666 llQFurt hermore,__| MO conpounds i nhi bit

antd gen- '%@T‘FAGéA‘é%‘H TF&AQAT@@'E:’ an®t%nhance |B§&2a 543

p aduetH ,L;”n of O/Allal um-and

I corrr?;Lcﬁgm’Géé %TTC’\:ﬁ 3%% Egyt 0t genr S LiEp30 1113
media 0+0 4819 1112

Normal phase represents a phosphorothioate linkage

G,=2’-deoxy-7-deazaguanosine
Gz=Arabinoguanosine
G3=2’-deoxyinosine
C=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
C,=Arabinocytidine
C3=2’-deoxy-5-hydroxycytidine

Table 3C Immunomer Structure and Immunostimulatory Activity in Human PBMC

Assay (24 hs)

SEQ | Sequences and Madification (5'-3") IFN-a (pg/ml) | IFN-a (pg/ml) | IFN-a

ID NO (pg/ml)
10 pg/ml 10 pug/ml 10 ug/ml
DN1 DN2 DN3

1 5-TCG1AACGTTCG,-X-G{CTTG,CAAG,CT-5 | 208+33 43215 1345120

2 5-TCG4AACGTTCT-X-TCTTG,CAAG,CT-5' 1111 5910 173141

12 5-TCG41AACG,TTC-X-CTTG,CAAGCT-5' 16¢1 5517 324149

13 5-TCG,TTCG4AACG,-X-G,CAAG,CTTG,CT-5' | 88232 733180 2035+16

14 5-TCCAACCTTCG-X-GCTTCCAACCT-5' 50127 39417 410

15 5-TCG,TTG{CAACG;-X-GCAACGTTGCT-5' | 60416 465170 1902130

4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5'
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response (Thl -type)
| evel s of Th2-associ at ed cyt oki nes,
whe@k/obmesel s of Thi
adm ni stration of I MO conmpounds wi th other Kkinds of
antigens, such as S. masoni egg and hen egg |ysozyne,
also result in reversal of the Th2-response to a

in mce characterized by | ow
I gE and 19gd,

and
-associ ated cyt oki nes and PUEERS200£20911

Thl domi nant response i n i n vi tro and in vivo studies.

A 5 " In'éjﬁ r\f f Cr\f : \lr\l y pr C\vlcn%
devel opnent o¥ AR R ﬁe résponse and al | ow a

stizong| SHCGIAAERINTEE, X HCTTE,JARG,67 50T Tes 1T ran Tg
ilsotype switch towards production off IgE and | gd, the
THB cyt DRCEAACINTECI-KEUICESCHARIATET on of | g&2a by

B-lvn s—Mce injected with A/aluman{dll\/ﬁ
coMFBunds—produce ower levels—of L2084 || 1280 11 - | 320
13—andhiagher levels ' ’ accon nied h\/ Lower

| g%ﬁ o jS? ggces,and M?dathag?n (F | evel S’Ibe/ rﬁl n Fe{’gll) IFN-a (pg/mi)
injected with O\/A/alumalone This s %

) . Hg/ml 10 pg/mi
exi stepce of a close |link between Thipngyt OKi BRs DN§
iduct | 84T CanrhdaITMOG 3 GDTTG,0AAGCTISPE 9BuMst Ch | ugp:P8 CE | 582120
that recejive antigen and | MO conpounds. Serum
arfk i ge n® sﬁ?@ﬂ"’f(i%ﬁéi-‘ﬁd( T%V%C‘}A&CT Bvel P2 e
SHEA 63 Mad e i xchiTd CAKGE’?%SI v EVEE Srpralum-and Mo
clompounds Fﬁan "h M Ce TECerVing OVA/ 4R all one.

13 5-TCG,TTCG4AACG;-X-G1CAAG,CTTG,CT-5 | 73218

14 5-TCCAACCTTCG-X-GCTTCCAACCT-5' 1915

15 5-TCG,TTG,CAACG,-X-G;CAACG,TTG,CT-5 | 88048

4 5'-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5' 2710 2610

16 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5' 1910 2310

17 5-TCG4AACG,TTCG,-X-G;CTTG,CAAG,CT-5'

18 5-TCG4AAC,GTTCG;-X-G4CTTGC,AAG,CT-5'

media 611 0+0 0+0

SEQ ID | Sequences and Maodification (5'-3’) IFN-a (pg/ml) IFN-a IFN-a

NO (pg/mi) (pg/ml)

10 pg/mi DN7 | 10 pg/ml | 10 pg/ml
DN8 DN9

1 5-TCG4AACGTTCG-X-G{CTTG,CAAG,CT-5 | 324118 578128 | 741125

2 5-TCG4AACGTTCT-X-TCTTG,CAAG;CT-5'

12 5-TCG,AACG,TTC-X-CTTG,CAAG,CT-5'

13 5'-TCG4TTCG1AACG;-X-G,CAAG,CTTG,CT-5’

14 5-TCCAACCTTCG-X-GCTTCCAACCT-5'

15 5-TCG,TTG,CAACG-X-G1CAACG,TTG,CT-5'

4 5'-TCG,AACG,TTCGX-G,CTTG,CAAG,CT-5 | 620
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In contrast, OVA-specific Igd levels are
insignificantly changed and total g3 l|evels are only
W@ kaoglovdoys decr eased conpared with mce inject eBCTMIBE1005/020911
OVA/ al um al one (data not shown). The different
response may result fromdifferent mechani snms invol ved
in the control of IgE and 1gd@ class switch, though
both isotypes are influenced by IL-4 and IL- 1 3. For

=GP 6’-'?&6,%&#‘[‘6’1"—%?%?6,&% 59 Syt

%Y_Sl €S 01’6 aylunc:l Ze
gd in the presence o TN a sjxth aspect the

% ent || BATEG,ANCEATCE,-BIATUG, ARG, -2 VENT I Ng cancer, an
aut oi nmune _di sorder, airway inflanmation, inflanmator

H18& or dé 65T CORAGCITCOrHET TCRANSIGYS asthma or a

di-sease-caused hw a pathggen in_a ve —This
BE9idd |- 28- EV 4885 13666 USconpr i ses 6§dm' ni steP’r'qwg t |20

] osttions,—atone—ot
| ﬁ‘égﬁéﬁ%lhér:sgﬁbgﬁeﬂ&%(gl‘rqégho&’éghfoh't‘é lipkd i rst, second and

21 d@§,gﬁﬁh§a$§§ua5&%el nventi on. Pat hogens i ncl ude

fungl V|ruses vi roi ds and

described f
5 %MUF 5 ;Q§rifir° PR G IRr the

cordlng to the |nvent|on t he

o D B b i i BBy AR Pl

10 SEQID | Sequences and Modification (5'-3") IFN-a (pg/ml) IFN-a IFN-a
NO (pg/ml) | (pg/mi)
10 ug/ml DN1 | 10 ug/ml | 10 pg/mil
DN2 DN3
19 5-TCG1AACG,TTCG-X-G,CTTG,CAAG,CT-5 | 810 6543 314423
20 5-TCG.AACGTTCG;-X-G{CTTGC,AAG,CT-5' | 9+0 1012 487187
21 5-TCG1AACGTTCG,-Y-TCTTG,CTGTCT-5'
22 5-TCG,AACGTTCG;-Y-TCTTG,CTGTCT-5'
23 §-TCG,AACGTTCG-Y-TCTTGCTGTCT-5’
24 5'-TCG4AACG,TTCG,-Y-TCTTCCACTCT-5'
25 5-TG,CAAG,CTTG,C-Y-TCTTG,CTGTCT-5'
26 5-TG4CAAGCTTGC-Y-TCTTCCACTCT-5'
27 5-TG,CAAG,CTTG,C-X-CGTTCG,AACG,T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
30 5-TCG{TGTCGTTT-X-TTTG,CTGTG,CT-5'
31 5-TGCTGTG,CTTT-X-TTTCG{TGTCG,T-5'
32 5-TCG,AACG,TTCG,-Y-GACAG,CTGTCT-5’
33 5'-TG4CAACGCTTGC-Y-GACACG; TGTCT-5'
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conmbi nation with any other agent useful for treating
the di sease or condition that does not dimnish the
wo povgnadss mul at ory effect of the oligonucl eot i Ber/082005/020911

i mmunomer . For purposes of this aspect of the
invention, the term"in conbination with" neans in the
course of treating the sane disease in the sane
patient, and includes adm nistering the
H-gonugteotide—and/or—t+Arunorer—andan—agert—-Hp—any
ONiRle || nciudimg sttt taneous —admnistygt oM as gt Toz0
JSEANP | sBquenoes and Mddmedaoh GLHET , T Or  EXENTB&y/mIj T OTIL10 IL-10
seNuentially with one i nmediately folll owing the)| gigher | (pg/mi)
tjo up to several days apart. Such conip@giil @N4 | 10 Og/ml | 10 Og/mi
tireatment ey also | thanla single DNS DN6
adﬁi ni st g%%gﬁﬁ%fggﬁé ,'léihrmnoner, and i%ﬁ?é{)endem ly the
agent. The admniStration of the olidonucleotide
areg/ or || FMOEAARC1GITOGRFENT nay be Dy [ghg1Sane o
di f f er enG1€TEMBAGIAT-8ny of the nethads according to
tlhe invention the agent useful for tlreating the
didease | 3T CIAFEITBHRCTNICTEELTHIGT-51 § not | mi t paREED, | 15913
H ’ PP ntr hnd Sc evintlav: A~ A~nANtE &
O ey G R AR RTC B Iy TR P A GTE F O { O T e ag et S g 356100
gl I ergens, antibiotics, antisense ol ijgonucl eoti ¢€S,
pept | des 5-TOAIRLCENTCGENTCINEC AN CYBCIOr S, DNA VAGH:BES | 185146
nd/ or adjuvants to enhance the speciifficity or
meedni t ug&-TECT1ANEGTTIRG Y- TCETPRATET-50r |co- st i mul af 60AE15 | 148237
ey CCU! \‘gl 1%‘4""2/\9" ﬁ\lf n|§l_rn$c P\Th%rr?!g} A ; LM
li‘gands, t'raﬁs-%ﬁcci i %&fl 'n& 1815 grg pepti des and
P&l 1 d€$ 5-TG1CAAGICTTG1C-Y-TCTTCCACTCT-5'
27 5-TG1CAAG1CTTG1C-X-
CG1TTCG1AACG1T-5'
28 5-CTGTCG2TTCTC-X-CTCTTG2CTGTC-5'
29 5-CTGTCG2TTCTC-X-CTCTTG2CTGTC-5’
30 5-TCG1TGTCGITTT-X-TTTGI1CTGTG1CT-5'
3 5-TG1CTGTGICTTT-X-TTTCG1TGTCG1T-5'
32 5-TCG1AACG1TTCG1-Y-GACAG1CTGTCT-5'
33 5-TG1CAACG1CTTG1C-Y-GACACG1 TGTCT-
5!
Media 010 6815 6710
SEQ ID | Sequences and Modification (5'-3’) IL-10 (pg/ml) IFN-a IFN-o
NO (pg/ml) | (pg/ml)
10 ug/m! DN7 | 10 10 pg/ml
png/mi DN9
DN8
19 5-TCG4AACG,TTCG,-X-G,CTTG,CAAG,CT-5
20 5-TCG;AAC,GTTCG,-X-G;CTTGC,AAG,CT-5'
21 5-TCG4AACG4TTCG,-Y-TCTTG,CTGTCT-5’ 24211 549437 | 910
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conprising nodi fied am no acids. Additionally, the

agent can include DNA vectors encoding for antigen or
w@bdoengpess | n t hese enbodi nents, the i nmunomerBCDiS100£020911

i nvention can variously act as adjuvants and/ or

produce direct immunostinulatory effects. The exanpl es

bel ow are intended to further illustrate certain
preferred enbodi nents of the invention, and are not
i-rt-ended—to—timtthe scopeof the ipvention. -29-

) 1- /& i NAanti~]l AN

A C 2V _ \-ULI C L
Syntheslis, Purification and SR ME profi \2301(1:%614*1

HB3 gONUCT-EOG/AREE, TTCORVTOSTGOIVEFETOR Y  Ppas@®@NUCT EQb4ISE /| 811
imunoners) were synthesized on a 1 to 2 mmol e |scal e

13t ng b- Wﬁﬁdéﬁﬁﬂ%ﬁo%ﬁﬁb?@ﬁcd FT-€s on2RPer Sept|ieo8t10 | 4117

osveaetla esizer (Dpr Septiv

5?55§§§t Gﬁg‘éﬁb%féh%\YTc¥B%c'ﬁﬁB%p%or ani di tes- of| dA,

e 0C, MWWGWYCFCWAGT@'FBVE rosystems{Fostg
City, CGA). As described by Iyer RP.{ et al. (J. Am

CREm Q(ﬁ}TGmG@HS&XEWT@BQ@@:)G).TSaW i odi ne oXi di zi Ag

‘WQ used to obtain the phasphorothi oate hackbone
modi fi clat FORTCERITCTS NG WP B T6er ot ect ed usi ng 22331 | 1210

Shgn da ”5 -CTGTCG,TTCTC-X-CTCTTG,CTGTC-5’ 4714 5+1
30 5-TCG{TGTCG{TTT-X-TTTG,CTGTG,CT-5'
31 5-TG,CTGTG,CTTT-X-TTTCGTGTCG,T-5'
32 5-TCG1AACG,TTCG,-Y-GACAG,CTGTCT-5’
33 5-TG,CAACG,CTTG,C-Y-GACACG,; TGTCT-5'
Media 010 010 210
SEQ ID | Sequences and Modification (5'-3") IFN-a (pg/ml) IFN-a IFN-a
NO (pg/mi) | (pg/ml)
10 pg/mIDN10 | 10 10

ug/miD | pg/miDN12

19 5-TCG1AACG,TTCG-X-G1CTTG,CAAG,CT-5' -

20 5'-TCGAAC,GTTCG-X-G1CTTGC1AAG,CT-5'

21 5-TCG1AACGTTCG,-Y-TCTTGCTGTCT-5' 23218 252+16

22 5'-TCG1AACG1fTCG1-Y-TCTTGchGTCT-5’ 67+1 19513 | 36418
23 5-TCGAACG,TTCG,-Y-TCTTGC, TGTCT-5' 701 14813

24 5-TCGAACGTTCG4-Y-TCTTCCACTCT-5' 443129 678113

25 5-TG4CAAGCTTG4C-Y-TCTTG,CTGTCT-5' : 298+16
26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5' 1241
27 5-TG,CAAG,CTTG,C-X-CG,TTCG4AACG,T-5'

28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 210 9415 512433
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10

15

20

protocol s,

quality

at 260

sterile water for irrigation.

nm All

purified by HPLC, and dial yzed agai nst USP

The ol i gos were
wo ywphododzed and di ssol ved again in distilled pet/es20a51620911
the concentrati ons were determ ned from UV absor bance

ol i gos were characterized by CGE and

MALDI - TOF mass spectronetry (Applied Biosystens
Voyager - DETM STR BI ospectronmetryTM Wr kst atl on) for

5 e cconpoet i vl v r Y f
i l _y N L 7“\, —p T T
1 I -1 ecgrem cl’czaggﬁr)gﬁged Gf’rom 9% )/{,WI th the r?é%@ 168125
hed Ng srmnl:enemyemexmﬁememcmT@t! fes (n- 1 and N-2) ggz:2
s determ ned by CGE and/or denaturihg PAGE. AUol i gog
céht ai ne’é‘TGé“ér@TﬁWdﬁTwXUTIC‘E[DﬁMGJfS' englot oxi n as 910
et erm-n bv_t he i m|| 1 L\t taker Inow.
own als B'ESWSQH mﬂé sVille, Inc. 1528+20
P4 KeT SV B RoAARBICTTG eV BREARE a9 5| trdies—wer 66£10
carried out in 1irL SE)I ution of 10 mM di sodi um Rydr ogen *
pNedphat e, pH 7.20.2, contalning 150 oddl NaC ;| qredo 2 Mivko
HCl2_[The solutions were heated to 95 0C for 10 mn

aNarmal phase denresents frahaspharesbiente dinkage dlitalic phase oeirgseised or e

behasphogliestce tinkgge.4 0C over ni ght .

The fi nal

concentration of oligonucleotide strand was 2.0 mM W/
t feTHredeoneTdrazagusnesingr ement s were perforned at 260 nm

ofFaARbinRgyanglinee r

t €172l -(2°-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X= Glycerol Linker
Y=C3 Linker

Example

10: Flow Cytometric Analysis

Lanbda 20 Spectrophotoneter attached

Cell surface markers of CD69 and CD86 were detected with a Coulter Epics-

XL Flow Cytometer using anti-human CD69-Fitc and CD86-Fitc, which were

purchased from BD Pharmingen (San Diego, USA). Staining methods were briefly

descried as follow. The activated culture cells were blocked with 10% Human AB
serum (Sigma) in staining buffer (PBS with 1% BSA and 0.1% NaN3) at 4°C for 1
hour and stained with the antibodies at 4°C overnight. PBMCs (4x10°) were stained
with CD69-Fitc and CD86-Fitc. PDCs (2x10°) were stained CD86-Fitc. The cell

staining data were acquired and analyzed with Coulter System II sofiware (see Tables
4A-4F below).
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peltier thermal controller and a personal conputer
using 1 cmpath length quartz cuvettes at a heating

w0 a106/0a030. 5 OC /min. Melting tenperatures (TnPCTESB05/020911
taken as the tenperature of half-dissociation and were
obtained fromfirst derivative plots. Each -30- EV
4885 13666 USTm value is an average of two or three
i ndependent experinents and the values were within

1.0 0C. Exanple 2: Cell

Cul ture Conditions and

TEBROBN o et and QMRS o el Bl ox10
de/A-(2 1 mce re cu ture corrp
medi um as descrl bed by Zhao, Q, et al. (Biochem
SHtar hsex0éncesahd Mbdificalishd533996) ) and 4¥oeBda, | icbse €l T %CD86
IaINO ((Bi ochem Pharmacol . 45: 2037-2043 (1993)). Mirijne
J774] macr ophages (Anerican Type Cylitwgimé Col 1 egfrhli D2 | 1 ug/ml DN3
anacc%h \/A) ! tured in QI|WBHPO S dified
Eagl £% HEHATH %ﬁp%é@ﬁﬁ%‘?ﬁ'slc Bev/v) f1:,7t al cal f| 364
BET UG F08, AEE, TICE-BETIGERAG, BrBt gf7pentci X 30.4
G streptonycin). Al ot her cul ture reagents were
Pur chargetcAceNTCMXicarecAkCT0®s t her sher g, MD)7.3 EXanpl € 11.3
3: leen Cell Proliferation Assay
4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5’
5 5"-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5’
media 10.7 8 7.6
SEQ Sequences and Modification (5'-3") %CD86 %CD86 %CD86
IDNO
1 ug/mi 1 pg/ml DN5 | 1 ug/ml DN6
DN4
1 5-TCG4AACG,TTCG-X-G;CTTG,CAAG,CT-5 | 33.3 12.9 276
2 5-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5 |25 17.5 324
3 5-TCTCACCTTCT-X-TCTTCCACTCT-5' 10 21.3 17.6
4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5’
5 5-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5'
media 52 54 11.8
SEQ Sequences and Modification (5'-3") %CD69 %CD69 %CD69
IDNO
1 ug/mi 1 ug/ml DN2 | 1 ug/mli DN3
DN1
1 5-TCG4AACG,TTCG;-X-G,CTTG,CAAG,CT-5 | 27.5 61 75.8
2 5-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5' 52,5 46.5 69.7
3 5-TCTCACCTTCT-X-TCTTCCACTCT-5' 0 11.8 8.5
4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5'
5 5-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5'
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Typi
W th

cally,
i nrmunomner

as

nouse (Balb-C) spleen cells were cul tured
conpounds at concentrations of 0.1,
wa 2@g/0020d8 10. 0 ng/ M for 48 h and cell

was determ ned by 3H uridi ne incorporation,

prol i f epel/UsI005/020911

descri bed by Zhao, Q, et al. (Biochem Pharmacol. 51:
173-182 (1996)). Exanple 4: Cytokine Induction Assays
Mouse spleen or J774 cells were plated in 24-wel |

n@diahes uSing 5X1I 06 or IXI 06 celf[g/ L, Tegpgcti Vel yi11
The | mmunoner conpounds dissolved|in TE buffer (10 pM
Tris-HCO pH 7. 5 1nM EDTA) were added to a fi nal
%N?ceWF%{W%ﬂﬁ‘dUPdiﬁﬁa%‘,(yéf)1, 0.3, 1%FPD63 0| %HD690. 0 | %CD69
ng/'nL to the cell cultures. The cekls—pwerethen

ifqlcubat ed at 37 OC for 24 hr and t%ﬁﬁ@ﬁperﬂé‘?’ﬁﬁpgswaﬂéglm' DN6
1col T e ired,AACE, AAG,DF5C{BEBT TTEMUST§eT e |39
performed two or three tinmes for each i mmynoner

2c onpPHI GGG G TITCEFI-BETTEREMAG OT-5eaclB2.6oncentse.at i on. Thes
secretion of |l- 12 and 11-6 was neasured|by sandwi ¢h

3 | g ASTHETTPEET BICRMAGAS L., @0 al . (BBdEhem | 169
Birophy: SIS c s a 037 861 2003))—TFhe

4requ ?ggG@Séng ok ué?ﬁ%cig{/tsoki ne antibodi es and

55t andaHT A6, AMEGETTICGHGBaFEEICAAGBTBD Bi OSCi eNcGes

Pharm ngen (San Diego, CA). -3 1-

media 5.2 18.9 8.9

Normal phase represents a phosphorothioate linkage
G=2’-deoxy-7-deazaguanosine
G;=Arabinoguanosine

5 X=Glycerol linker

Table 4B Immunomer Structure and Expression of BC from Human PBMC (2X10°
cell/ml) (24 hs)
SEQ Sequences and Modification (5'-3") %CD86 %CD86 %CD86
o No 1 ug/mi DN1 | 1 ug/ml DN2 | 1 pg/ml DN3
6 5-TCG,TCG1AACG,TTCG,AGATGAT-3' | 43.4 25 346
7 5-TCG,TCG.AACG,TTCG,AGATGAT-3' | 46.7 42.6 476
8 5'-TCG3TCG;AACG,TTCG;AGATGAT-3' | 41.1 257 38.5
9 5-TCGTC,GAAC,GTTC,GAGATGAT-3' | 25 208 276
10 5-TC,GTC,GAAC,GTTC,GAGATGAT-3' | 36.4 222 26
11 5'-TC3GTC3GAAC;GTTC;GAGATGAT-3' | 30 17 222
media 10.7 8 7.6

10
SEQ Sequences and Modification (5-3) %CD86 %CD86 %CD86
oo 1pg/mi DN4 | 1 pg/mi DN5 | 1 pg/mi DN6
6 5-TCG,TCG1AACG,TTCG,AGATGAT-3' | 40 43.5 248
7 5-TCG.TCG.AACG,TTCG,AGATGAT-3' | 36.4 41 36.2
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EV 4885 13666 USExanple 5: Myuse Spl enonegaly Assay

Femal e BALB/c m ce (4-6 weeks,
WO ndoe/ogposrips of three mce.

19-21 gm were divided
| munomer conpoundBCTES®05/020911

di ssolved in sterile phosphate buffered saline (PBS)
and adm ni stered subcutaneously (SC) to mce at a dose

of 5 ng/kg. The mce were sacrificed after 48 hr

and

t he spI eens were harvested and wei ghed as descri bed by
fpae—Q et al: Wml —173-182
9996) 'TC%‘ %?%%\8 s1T £1-4 Zél ochem Sthar maco| 349
‘memamwm f3actTvatignyof the35;
NF- kB Pathway Toll-11ke receptor 9 (TLR9) has been
s hown |t 50T¢z§¢G@M263TJGEMGAyGATed epCdi nucl ¢od.ades 1 nj16.3
bact erl plasm d and synthetig DNAs (Hemm H et
i Nt T%’GZW%&TT?@W%B?) dfd actlvaﬂ% stress| 168
PR [ \/i A al 1402 AAQ7
\ TT . f\ y C1 . \J. I Illlull\slz J.U.L qr A J = J1 68
TS@%)) and NF- kB pat hvvays (Stagey K. J., et al J.
mmunol . 1577 27 116- 2122 (1996)). NF-KB activation I n
J3EA Jaeh@entas@ad Mabifisatioh (5-ArUNoNe 1%CDBAPOUN [ %ODas %CD69
cBN® ed out and anal yzed by EMSA_as described Yu D_
s;;ajfwgﬁm Bi_anhvs. Res. CImgAmh ONAg71 ugiml ON2 | 1 pg/ml DN3
002)|)>" AGGE T CCAGATGAT-3 8588 hem Bi 8phys. Re$687
oMU 5 B8, TCE AATB T CoACATEAT -3 | 5556 586 655
8 5-TCG3TCG3;AACG,TTCGAGATGAT-3' | 50 39.3 73.1
9 5-TC,GTC,GAAC,GTTC,GAGATGAT-3' | 15.4 27 20
10 5-TC,GTC,GAAC,GTTC,GAGATGAT-3’ | 20 314 315
11 5-TC3GTC;GAAC;GTTC,GAGATGAT-3' | 10 222 243
media 0 111 111
SEQ Sequences and Modification (5'-3") %CD69 %CD6&9 %CD69
ID NO
1ug/mi DN4 | 1 pg/ml DN5 | 1 ug/ml DNé
6 5'-TCG,TCG4AACG,TTCG,AGATGAT-3" | 57.1
7 5-TCG,TCG,AACG,TTCG,AGATGAT-3' | 60
8 5-TCG3TCG3AACG,TTCG,AGATGAT-3' | 37.5
9 5-TC,GTC,GAAC,GTTC,GAGATGAT-3' | 15.4
10 5-TC,GTC,GAAC,GTTC,GAGATGAT-3' | 11.1
11 5-TC;GTCy;GAAC,GTTC;GAGATGAT-3' | 14.3
media 5.2

Normal phase represents a phosphorothioate linkage

G=2’-deoxy-7-deazaguanosine

G,=Arabinoguanosine
G3=2’-deoxyinosine
Ci=1-(2’-deoxy-p-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
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Exanpl
dendr i

wheaban3s/ ol unt eer

were i

e 7:
tic cells (pDCs).

sol ated by Ficoll

I solation of human B cells and pl asnacyt oi d
PBMCs from freshly drawn
bl ood (CBR Laboratori es,
density gradi ent

centrifugation nmethod (H stopaque-1077, Sigma) and B
cells were isolated from PBMCs by positive selection

usingtheCDI 9 cell isolation Kit
co %ln& t he manuf acturer'’ i_ns
nostipul atory activit
Sﬁ%i‘g Rk

sE%n

phosphor ot hi oate |inkage;

%) UsNor nral phase represent

(M 1tenyi

tructi ons.

y of

S a

Bi ot ec)

Table 1
I munomner
tion in C57BL/6 Spl enocyte

ggb'u@ég;t@%%w S Ra o

ItaI i c phase represents a

BoBCDOS2004)20911

-%bl feices and 18K} B0 s ke oo A AT
D- D-ri|bof ur anosyl ) - 2- oxo- 7- deaza- 8- LA BNT T NEughm 1 pg/mi
3 ycerjol Li nker DN2 DN3

1 5-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-5 | 32.3 34.8

2 5-TCG+AACG,TTCT-X-TCTTG,CAAG,CT-5' 41.4 516

12 5-TCG4AACG4TTC-X-CTTG,CAAG,CT-5' 333 51.5

13 5-TCG,TTCG4AACG;-X-G;CAAG,CTTG,CT-5 | 20 256

14 5-TCCAACCTTCG-X-GCTTCCAACCT-5’' 3141 26.1

15 5-TCG4TTG,CAACG-X-GiCAACG,TTG,CT-5" | 17.1 23.9

4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5

16 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5'

17 5-TCG4AACG,TTCG;-X-G,CTTG,CAAG,CT-5'

18 5-TCG4AAC,GTTCG;-X-G,CTTGC,AAG,CT-5’

media 19.4 20.9

SEQ | Sequences and Modification (5-3") %CD86 %CD86 %CD86

PNO 1 ug/ml DN4 | 1 pg/ml DN5 | 1 ug/mi

DN6

1 5-TCG4AACGTTCG-X-G,CTTG,CAAG,CT-5’ 15.4 33.3

2 5-TCG,AACG;TTCT-X-TCTTG,CAAG,CT-5'

12 5-TCG4AACG,TTC-X-CTTG,CAAG,CT-5’

13 5-TCG4TTCG4AACG;-X-G;CAAG,CTTG,CT-5'

14 5'-TCCAACCTTCG-X-GCTTCCAACCT-5’

15 5-TCG,TTG4CAACG;-X-G,CAACGTTG,CT-5'

4 5-TCG,AACG;TTCG,-X-G,CTTG,CAAG,CT-5 30.7 45.4
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Y=C3 Linker O Exanple 8: Human pDC cultures and | FNa

and I FN-b ELI SA. pDCs were isolated from hunman PBMCs
woi200690m3BDCA- 4 cell isolation kit (MItenyi BPOL/®83005/020911
according to the manufacturer's instructions. pDC were
plated in 96-well plates using 1x106 cells/nL, 200

nL/wel l). The i nmunonmer conpounds 5 were added to a

final concentration of 0.3, 1.0, 3.0, or 10.0 ng/nL to

| + 27 N £ ~ DA oy
5 CebiToeitAcy, ?WWP Gt e v Tyl A 416
Super nat antfs were then harvest ed and assayed ?%r | FN- & ~
and T FBT06,Am03y0T A6, XSB\CKTG.CARBICT-5" [abl es” ZA- YD show af
verage SD of IFNa and IFN-_b forn i munones
:bﬁmmﬁd@%‘&%‘-‘o?m% X GSCTHCANGEAS gn at a
copeentratton—ot—210-0-—ngl-r—0Table 2A !mn”mmr
Lmedid | RO S ETHa YAt it i L Ran Do 27
Uttt urc dammui IIIILIIIUDLI fth—atof y I'\bll YH Ly Hr—oah LI\/
PEE@Y [(Séduehises andfiodifiedtioft 29) 15000 USNIERES P nss %CD86
EN@gent s a phosphorot hi oate |inkage G =2
deoxy|- 7- deazaguanosi ne 1 pg/ml DN7 | 1 ug/ml DN8 | 1 pug/mi
DN9
1 5-TCG,AACG,TTCG;-X-GCTTG,CAAG,CT-5 | 355 235 17.6
2 5-TCG,AACG,TTCT-X-TCTTG;CAAG,CT-5'
12 5-TCG,AACG,TTC-X-CTTG,CAAG,CT-5'
13 5-TCG,TTCG,AACG;-X-G,CAAG,CTTG,CT-5'
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5'
15 5'-TCG4TTG,CAACG-X-G1CAACG,TTGCT-5
4 5-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-5 | 56.5
16 5'-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5' 46.7
17 5-TCG,AACG;TTCG;-X-GCTTG,CAAGCT-5'
18 5-TCG4AAC,GTTCG-X-G,CTTGC,1AAG,CT-5’
media 9 20 15.3
SEQ Sequences and Modification (5'-3") %CD69 %CD69 %CD69
ID NO
1 ug/ml DN1 | 1 ug/ml 1 pg/mi
DN2 DN3
1 5-TCG,AACG,TTCG-X-GiCTTGCAAG,CT-5' | 23.5 64
2 5'-TCG,AACGTTCT-X-TCTTG,CAAG,CT-5' 20.8 62.5
12 5-TCG,;AACGTTC-X-CTTG,CAAG,CT-5’ 136 59
13 5-TCG4TTCG,AACG,-X-G,CAAG,CTTG,CT-5' | 12,5 46.4
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5' 15.9 52.9
15 5'-TCG4TTG,CAACG-X-G,CAACGTTG,CT-5 | 12.2 51.6
4 5-TCG,AACG,TTCG;-X-G,CTTG,CAAG,CT-5'
16 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5'
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&=Ar abi noguanosi ne X=d ycer ol

i nker

-3 5- EV 4885

13666 USTabl e 2B | nmunoner Structure and
WO povgioewts mul atory Activity in Human DC Assay BCHURH)5/020911
Normal phase represents a phosphorothioate |inkage
G =2' - deoxy- 7- deazaguanosi ne &=Ar abi noguanosi ne
G3=2' - deoxyi nosi ne C =l -(2' - deoxy- .
b- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne 10
C2=Ar-abtneeytidi-ne—C3=2—deoxy-—5-hydroxyeytidine -36
— ] Pl YWalal ol HTETP-N SR nda
SY7 48 WG‘&TTG'CHA’G%FE, Pt Het tre—and
rmuncstl mJI atory ACt i Vi ty 1n Human| DC Assay (24 hs)
1 3¢- | 5-TCG4AAC,GTTCG-X-GsCTTGC,AAG,CT-5’
media 14.8 34
SEQ Sequences and Modification (5'-3’) %CD69 %CD69 %CD69
IDNO
1 pg/ml DN4 | 1 ug/ml 1 ug/mi
DN5 DN6
1 5-TCG1AACG,TTCG;-X-G1CTTG,CAAG,CT-5' 53.8 62.5
2 5-TCG4AACGTTCT-X-TCTTG,CAAG,CT-5'
12 5-TCG4AACG,TTC-X-CTTG,CAAG,CT-5'
13 5-TCG,TTCG,AACG;-X-G,CAAG,CTTG,CT-5'
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5’
15 5-TCG4TTGCAACG-X-G,CAACG,TTG,CT-5'
4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5’ 77.7 70.6
16 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5' 57.1 64.7
17 5-TCG4AACG,TTCG-X-G,CTTG,CAAG,CT-5’
18 5-TCG4AAC,GTTCG-X-G,CTTGC,AAG,CT-5'
media 26.3 15
SEQ Sequences and Modification (5'-3’) %CD69 %CD69 %CD69
IDNO
1 ug/ml DN7 | 1 ug/ml 1 ug/mi
DN8 DN9
1 5-TCG4AACG,TTCG-X-G,CTTG,CAAG,CT-5 | 28.6 50 25
2 5-TCGAACGTTCT-X-TCTTG,CAAG,CT-5'
12 5-TCG4AACG,TTC-X-CTTG,CAAG,CT-5’
13 5-TCG4TTCG4AACG,-X-G1CAAG,CTTG,CT-5’
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5'
15 5-TCG,TTG,CAACG,-X-G,CAACG,TTG,CT-5'
4 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5 | 70.6
16 5'-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5' 727
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10

EV 4885 13666 US-38- EV 4885 13666 USNormal p
represents a phosphorothioate |inkage
w@ERe0g/oemeXY - 7- deazaguanosi ne 2=Ar abi noguanosPEEUS2005/020911

G=l-(2

- deoxy-

hase

b- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne

X=d ycerol Linker Table 2D | munoner Structure and
| mmunostinmul atory Activity in Human DC Assay (24 hs)
y $$ =\/ 4 G (oX o) = 1’)RRR IIC 4 1 E\v
4885 1366% US§§ g Ig 9&@% ? 1C— Y- GACACG 1
& CT-|5"-164,288,GIFCBEXIGTa08,ANG,dT/500 Nor mal phase
represents a phosphorothioate |inkage; Italic phase
rBg8fiddent s a phosphodi ester |inkagel 14.1 13.2 12
G =2 - deoxy- 7- deazaguanosi ne
Normal phase represents a phosphorothioate linkage
G=2’-deoxy-7-deazaguanosine
Gy=Arabinoguanosine
C=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X=Glycerol Linker
Table 4D Immunomer Structure and Expression of BC from Human PBMC (2X10°
cell/ml) (24 hs)
SEQ Sequences and Modification (5’-3") %CD86 %CD86 %CD86
IDNO
1pug/ml DN1 | 1 ug/ml DN2 | 1 ug/mi
DN3
1 5-TCG4AACG,TTCG,-X-G,CTTG,CAAG,CT-5' 64.3 67.2
2 5-TCGJAACGTTCT-X-TCTTG,CAAG,CT-5' 59.2 58.3
12 5-TCG/AACG,TTC-X-CTTG,CAAG,CT-5' 49.3 40.9
13 5-TCG,TTCG,AACG,-X-G,CAAG,CTTG,CT-5' 253 247
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5' 15.4 17.2
15 5-TCG1TTG{CAACG;-X-G1CAACG,TTG,CT-5' 30.6 237
4 5-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-5'
16 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5'
17 5'-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-5’
18 5-TCG1AACGTTCG-X-G4CTTGC1AAG,CT-5'
media 26 13.9
SEQ Sequences and Modification (5'-3") %CD86 %CD86 %CD86
IDNO
1pg/ml DN4 | 1 ug/ml DN5 | 1 ug/mi
DN6
1 5'-TCG,AACGTTCG,-X-G1CTTG,CAAGCT-5' | 35.9 30.3 35.6
2 5-TCG4AACG,TTCT-X-TCTTG,CAAG,CT-5' 57.9
12 5-TCG4AACG,TTC-X-CTTG,CAAG,CT-5' 349
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&=Ar abi noguanosi ne G =l -(2'

- deoxy-

b- D-ri boruranosyl) - 2- oxo- 7- deaza- 8- net hyl puri ne X=

w@koem0Bs Li nker Y=C3 Li nker

Anal ys

is The secretion of

hunman

PBNC,

was neasured by sandwi ch ELI SA. The required reagents
i ncl udi ng cytoki ne anti bodi es and cytokine st andar ds

Exanpl e 9: Cyt oki P€T/US2005/020911
IFN-a in vertebrate cells,
preferably BALB/c nouse spleen cells or

were U¥ r\hased f or-m Dhar |\A I"\ﬂﬂl"\ Di an’ CA ELI QA
1 " [ H Annyr nne t A
pigtes &%Wa{gﬁ%ﬁ R-approprate—
anti bgdi es at b ngy Moin \W er (PBS/0.05% sodi um
a24 de,| PFCRATCTOREXBOITCCAACEIEC andl T hen b ogked Wit
PBS/ 1% BSA at 37 0C for 30 minutes.| Cell cultjure
siiper nat- 5@@5@%691‘6@%@&@%@?@3 were apprlopriately
di!ut\, t h Dnsr{r1n0/ EBC?T' nd}&\%rq he plateg in
tripli ca‘tr% 2 ﬁ ﬁgﬁ%g{‘ JGVQA Y)é for 2 hourls. Plates
WTG_GWCMWGT-X-T@W;GAAG 7T TEt e biotinytated
anti bady and i ncubated at 25 OC for| 1.5 hoursl. The
phat es SvEC@ARNGITTRRSK-GICTBIGRG,REY| W t h PBS-[T Buffer
PBS/ (. 05% Tween _20) _and further incubated at| 25 C for
1'% hqur SCGARECTaRE NG STPEFY R 1P n
media 12.3 11.1 14
SEQ Sequences and Modification (5-3") %CD86 %CD86 %CD86
IDNO
1 pg/ml DN7 | 1 ug/mi DN8 | 1 ug/ml
DN9
1 5-TCG4AACGTTCG-X-G1CTTG,CAAG,CT-5' 28 323
2 5-TCG4AACGTTCT-X-TCTTG,CAAG,CT-5'
3 5-TCG4AACG,TTC-X-CTTG,CAAG,CT-5'
4 5-TCG4TTCG4AACG-X-G1CAAG,CTTG,CT-5'
5 5-TCCAACCTTCG-X-GCTTCCAACCT-5'
6 5-TCG4TTG,CAACG;-X-G;CAACG,TTG,CT-5'
7 5-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-5'
8 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5
9 5'-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5
10 5-TCG4AAC,GTTCG,-X-G1CTTGC,AAG,CT-5'
media 10.9 12.6

Normal phase represents a phosphorothioate linkage

G1=2’-deoxy-7-deazaguanosine

G,=Arabinoguanosine
C1=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X=Glycerol Linker
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conj ugat ed peroxi dase (Sigma, St. Louis, MJ). The
pl ates were devel oped with Sure Blue(tm (Kirkegaard

wa@npabePer8y) chronmogeni c reagent and the reacti POTAAR05/020911

term nated by adding Stop Sol ution (Kirkegaard and
Perry). The col or change was neasured on a Ceres 900
HDI Spectrophot oneter (Bio-Tek Instrunents). Human

peri pheral bl ood nononucl ear cells (PBMCs) were
a from her al. _bl ood of | thy vol unt eers
&O‘ﬂ P 4B s S BURI¢ ERartiviomot By gars Figas PUMC sssay (24
)stopaque 1077, Si grm St. Louis, M). Briefly,
hepari-nized-bl ocod Wa ve rnr‘l -42- F\/ 4885 13666
[+) 0,
J%),%(t) SR pge P adi 8"°T ) (equal vol unefCRE8 d %RIpcal | %CDB6
¢centriffuge and centrifuged at 400 x g fof 38 .i1n",*m«?€bN2
. 1 ug/mi
at rogm tenperature. The buffy coat, corm“@gl ni ng “?he Dﬁg
nMvhHonud'-8a6,A8EGITICGR S, CTaGESAG, CRE ET UT | y20and Washed 346
wice with isotonic phosphate buffered jsaline|(PBS) by
¢t ri fﬁ;@%?%ﬁﬁgﬂ C%?&G@‘g GFe‘\fAGl@T'f’d nut g21.7The | 125 314
et '5"¥CG1\ACG CG TC QR osuspel dedin{RPM
%40 medi uni con nl n [rch ET an ne (|\/Ed| aTech,| Inc.,
iHez NaQrs.-T a T@g og T 10% ne_at
inactilvated FCS and penicillin-streptonycin (100U/m).
Ca% | s \VeelfeGAALEUTea:-Y-MCTHSGESTCTH at es flor di ffler ent
L : t 1X 106 cells/m/well in the prlesence
b '?4' ' aE b S|3 3 -té&?ﬁge,TTCG,-Y-TCTTCCACTCT-s
25 5-TG4CAAG,CTTG,C-Y-TCTTG,CTGTCT-5’
26 5'-TG4CAAG,CTTG,C-Y-TCTTCCACTCT-5'
27 5'-TG,CAAGCTTG,C-X-CG,TTCG,AACG,T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
30 5-TCGTGTCG{TTT-X-TTTG,CTGTG,CT-5'
31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5'
32 5-TCG4AACG,TTCG;-Y-GACAG,CTGTCT-5'
33 5'-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-5'
Media 8.7
SEQ Sequences and Modification (5'-3) %CD86 | %CD86 %CD86
IDNO
1 ng/mi 1 pg/ml DN5 | 1 ug/ml
DN4 DN6
19 5'-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-5' 423
20 5-TCG4AAC,GTTCG,-X-G,CTTGC1AAG,CT-5' 72.7
21 5'-TCG4AACG,TTCG,-Y-TCTTG,CTGTCT-5' 14.5 171
22 5-TCG4AACG,TTCG;-Y-TCTTG,CTGTCT-5’ 27.8 28.6
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ol i gonucl eot i des.

At the end of the incubation period,
supernatants were harvested and stored frozen at

-70 C

waoindosloomssayed for various cytokines includi ngpdFNS®05/020911
(Bi oSource International) by sandw ch ELI SA. The

result

i nst ances,

s are shown in Tabl e 3A-

the | evel s of

3D bel ow.
IFN-a in the cell

In all
cul ture

supernatants was cal cul ated fromthe standard curve

EORSHYEEEE A HRES, %P'YQTE‘I?T"& eXRer -rental—conditions for 5
4> TEBPECL P eI HSC & T & ur e and 22
[ PATUNQ BT OBIAATEITY CELY BT ICCACTC e PBNCAssay 2634 1s) 218
143- BV 4885 13666 USNormal phase represents a _
D RAD S pHF-HEFABGIE TEIK-AGE AL EGTCTeleoxy - 7-/deazaguanosi ne
(Wnn# ne X=@vycerol linker Table 3
narref CEAREET IPE-SAATTGHAGREEP T mul at ary Actifvity in
1 DAY A L DA b\
AT TG ARG T TE X CB{TTCG,AACG, T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
30 5-TCG,TGTCG,TTT-X-TTTG,CTGTG,CT-5'
31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5'
32 5-TCG4AACG;TTCG,-Y-GACAG,CTGTCT-5'
33 5'-TG;CAACG,CTTG,C-Y-GACACG, TGTCT-5'
Media 5.9 40 6.0
SEQ Sequences and Modification (5’-3") %CD86 | %CD86 %CD86
IDNO
1 pg/mi 1 pg/ml DN8 | 1 ug/imi
DN7 DN9
19 5-TCG4AACG,TTCG,-X-G,CTTG,CAAG,CT-5'
20 5-TCG,AAC,;GTTCG-X-G,CTTGC,AAG,CT-5
21 5-TCG,AACG,TTCG;-Y-TCTTG,CTGTCT-5’ 65 46.3 40.3
22 5'-TCG1AACGTTCG;-Y-TCTTG,CTGTCT-5’ 75 49.2 46.5
23 5-TCG4AACGTTCG;-Y-TCTTGC,TGTCT-5' 78.9 54.3 45
24 5'-TCG4AACG,TTCG,-Y-TCTTCCACTCT-5' 83.3 33.8 29.4
25 5-TG;CAAG,CTTG,C-Y-TCTTG,CTGTCT-5’
26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5'
27 5'-TG;CAAG,CTTG,C-X-CG,TTCG,AACG,T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 225 35.6
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 431 47.8
30 5-TCGTGTCGTTT-X-TTTG,CTGTG,CT-5
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-44- EV 4885 13666 USNormal phase represents a

phosphorot hi oate |inkage G =2' -deoxy-7-deazaguanosi ne
w@2e0bmadoBsroguanosi ne G3=2' - deoxyi nosi ne G =1- (BCT/US2005/020911

' -deoxy-b-D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl purin

e C2=Arabi nocytidine C =2' -deoxy-5-hydroxycytidi ne

Tabl e 3C | mmunoner Structure and | munosti nul at ory

Acti vi ty in Hurran PBI\/C Assay (24 hs) -45- EV 4885

~eO

t366643 ?b 2666-HSNoral—phase +represents—a
TG “X-TTTCG, ﬁ%“r- L L .
D ospror ot hi o*?,e ‘Iﬁdnkage BG: - geoxy- 7-|[deazagyanosi ne
Ar 13- TOG MADE T TO6,-Y-CACAG,E TG TECOXY - .
b- D- rilbof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne
33 5'-TG4CAACG,CTTG,C-Y-GACACG, TGTCT-5’
Media 46 0 10.5
SEQ Sequences and Modification (5'-3") . %CD86 | %CD86 %CD86
ID NO
1 1 pg/mIDN11 | 1
png/miDN png/miDN
10 12
19 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5’
20 5-TCG4AAC,GTTCG;-X-G;CTTGC,AAG,CT-5'
21 5-TCG4AACG,TTCG;-Y-TCTTG,CTGTCT-5' 244 60.7
22 5-TCG,AACG;TTCG;-Y-TCTTG,CTGTCT-5' 239 61.5 53.8
23 5'-TCG+AACG,TTCG;-Y-TCTTGC,TGTCT-5' 328 72
24 5-TCG4AACG,TTCG;-Y-TCTTCCACTCT-5' 227 52.6
25 5-TG4CAAGCTTG,C-Y-TCTTG,CTGTCT-5’ 317
26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5' 239
27 5'.TG;CAAG,CTTG,C-X-CG,TTCG;AACG,T-5’
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 21 57.1 29.6
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 347 63.1 435
30 5-TCG,TGTCG;TTT-X-TTTG,CTGTG,CT-5’ 245
31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5’ 28.6
32 5-TCG,AACG,TTCG;-Y-GACAG,CTGTCT-5' 442
33 5-TG,CAACG,CTTG,C-Y-GACACG; TGTCT-5' 28.3
Media 19 8.6 18
SEQ Sequences and Modification (5'-3) %CD69 %CD69 %CD69
ID NO
1 pg/mil 1 pg/ml 1 ug/mi
DN1 DN2 DN3
19 5-TCG,AACG,TTCG;-X-G,CTTG,CAAG,CT-5' 13 222 19.2
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X=G ycerol Linker Table 3D I munoner

13666 USNor na
| i nkage;
I i nkage.

Structure and
| mmunostinulatory Activity in Human PBMC Assay (24 hs)
WO 4006/082¢381885 13666 US-48- EV 4885 13666 US- 49PCEVS288620911

phase represents a phosphorot hi oate
Italic phase represents a phosphodi ester
G =2 ' -deoxy- 7- deazaguanosi ne
GQ Arablnoguan03|ne '—I-(2' deoxy-

1r fa -8- i ne X=

GI lﬂcergf’l Aﬁb‘%ﬁ}:é?x&ctrc%e‘ggnpl e 1%~ Fl ow 307 59.3
21 Oyt BRYTCPrS, CTafET.5Cce markers of —Cb69—and

CD86 wer e detected with a Coulter Epjcs- XL Fl ow
22 Cyt |FEC@AAGSITTGCaMTCT TEETRBTMRBO- Fi t ¢ and CD3p-Fitc,

whilch were
23 5-TCGAACG{TTCG,-Y-TCTTGC,{TGTCT-5'
24 5'-TCG4AACGTTCG;-Y-TCTTCCACTCT-5'
25 5-TG4CAAG,CTTG;C-Y-TCTTG,CTGTCT-5'
26 5'-TGyCAAG,CTTGC-Y-TCTTCCACTCT-5'
27 5'-TGCAAG,CTTG1C-X-CG{TTCG,AACG,T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
30 5-TCGTGTCGTTT-X-TTTG,CTGTG,CT-5
31 5-TGCTGTG,CTTT-X-TTTCG,TGTCG,T-5'
32 5-TCG,AACG,TTCG+-Y-GACAG,CTGTCT-5'
33 5-TG,CAACG,CTTGC-Y-GACACG,; TGTCT-5'
Media 3
SEQ Sequences and Modification (5-3") %CD69 %CD69 %CD69
IDNO

1 pg/mi 1 pg/ml 1 pg/mi
DN4 DN5 DN6

19 5-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5' 76
20 5-TCG,AAC,GTTCG:+-X-G4CTTGC,1AAGCT-5' 85.1
21 5-TCG4AACGTTCG;-Y-TCTTG,CTGTCT-5' 35 20
22 5-TCG/AACGTTCG,-Y-TCTTG,CTGTCT-5' 57.3 394
23 5-TCG1AACGTTCG,y-Y-TCTTGC,TGTCT-5' 60.4 54.2
24 5-TCG,AACGTTCG,-Y-TCTTCCACTCT-5' 69 30.2
25 5'-TGCAAG,CTTG,C-Y-TCTTG,CTGTCT-5
26 5-TG4CAAG,CTTGC-Y-TCTTCCACTCT-5'
27 5'-TG,CAAG,CTTG,C-X-CGTTCG,AACGT-5’
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pur chased from BD Pharm ngen (San Di ego,

USA) .

Stai ning nmethods were briefly descried as follow. The
wa@edocwedosgl culture cells were bl ocked with 10%¢oazoosE0911

serum (Sigma) in staining buffer (PBS with 1% BSA and
0. 1% NaN3) at 40C for 1 hour and stained with the
anti bodi es at 40C overnight. PBMCs (4x1 05) were
stained with CD69-Fitc and CD386- Fi tc_. PDCs (2x1 05)
28 V| ECTEREFTC FeRETETIg;cTaTtes cef—staining ta—were
acguired and anal yzed wth Coulter Systeml]| software
29 (se@-CTQDC@ﬁT@:FC AETOEIGB)GTC-50- EV 4B85 13666 USTabl ¢
| mmunoner Structure and Expressipn of BQ from Human
30 PBthP‘é»IfﬁéGcTéﬁxfTrﬁT? C‘(T.@ZGrPOT)f’ EV 4885 13666 USNor mal
ar allinlkana
31 FJIICQ%;@F__ng%ﬁEFfEEC‘ ﬁ-ﬁk 1Gf‘]:t;!urtjf 1L?? III LJ;LL Tl T TTRaygc
G oxy:(;r deazaguhno he” &=Ar api noguanpsi ne
32 X=[FFCEANCE, TTTEY-GREAGC TEBCTBITUNONEl  Structure and
Expression of BC from Human PBMC (2K106 cel|/m) (24
33 hs))5-TGCAACG,CTTG,C-Y-GACACG, TGTCT-5'
Media 10 5.9 10.1
SEQ ID NO | Sequences and Modification (5'-3') %CD69 %CD69 %CD69
1 ug/mi 1 ug/mi 1 pg/mi
DN7 DN8 DN9
19 5-TCG4AACG,TTCG-X-G,CTTG,CAAG,CT-5'
20 5-TCG1AAC,GTTCG,-X-GCTTGC,AAG,CT-5'
21 5-TCG4AACG4TTCG,-Y-TCTTG,CTGTCT-5' 88.2 477 59.7
22 5-TCG4AACGTTCG4-Y-TCTTG,CTGTCT-5' 97 55 63.3
23 5-TCG4AACGTTCG,-Y-TCTTGC, TGTCT-5’ 96.8 68.3 60.2
24 5-TCG4AACGTTCG;-Y-TCTTCCACTCT-5' 91.9 40.3 41.9
25 5-TG4CAAG,CTTG,C-Y-TCTTG,CTGTCT-5’
26 5-TG4CAAG,CTTG,C-Y-TCTTCCACTCT-5'
27 5-TG1CAAG;CTTG,C-X-CG{TTCG,AACG,T-5'
28 5'-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5’ 36 51.2
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 51.6 66.7
30 5-TCGTGTCGTTT-X-TTTG,CTGTG,CT-5'
31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5
32 5'-TCG4AACGTTCG4-Y-GACAG,CTGTCT-5'
33 5-TG{CAACG;CTTG,C-Y-GACACG, TGTCT-5’
Media 9 10.3 111
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-52- EV 4885 13666 USNormal phase represents a
phosphorot hi oate |inkage G =2'-deoxy-7-deazaguanosi ne

w@2enbradoBsroguanosi ne G3=2' - deoxyi nosi ne G =1- (2CT/US2005/020911

10

- deoxy- b- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne
-53- EV 4885 13666 USC2=Ar abi nocyti di ne Tabl e 4C

| mmunoner Structure and Expression of BC from Human
PBMC (2X106 cell/m) (24 hs) -54- EV 4885 13666 US-55-
EV 4885 13666 US-56- EV 4885 13666 USNormal phase

e At RS 0o Eo-Ar abi ngucRgsi Jg.o0es [ ooss
ug/miDN10 | ug/mIDN11 | ug/mIDN

19 5-TCG1AACG,TTCG;-X-GCTTG,CAAG,CT-5' =

20 5'-TCG4AAC,GTTCG4-X-G{CTTGC1AAG,CT-5

21 5-TCG4AACGTTCG;-Y-TCTTG,CTGTCT-5' 24 61.7

22 5-TCG4AACG,TTCG,-Y-TCTTG,CTGTCT-5' 29.2 71.4 58

23 5-TCG1AACGTTCG,-Y-TCTTGC,TGTCT-5' 35.7 60.5

24 5-TCG1AACGTTCG,-Y-TCTTCCACTCT-5' 322 62.9

25 5-TG4CAAG,CTTG,C-Y-TCTTG,CTGTCT-5' 23.6

26 5-TG4CAAG,CTTG,C-Y-TCTTCCACTCT-5’ 16.7

27 5-TG4CAAG,CTTG,C-X-CGTTCG,1AACG,T-5'

28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 221 50 42.5

29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 31.5 70.5 54.4

30 5-TCGTGTCGTTT-X-TTTG,CTGTG,CT-5’ 19.5

31 5-TGCTGTGCTTT-X-TTTCG1TGTCG4T-5 15.5

32 5-TCG1AACG,TTCG;-Y-GACAG,CTGTCT-5’ 40

33 5-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-5' 19.3
Media 13.4 13.4 12.9

Normal phase represents a phosphorothioate linkage; Italic phase represents a
phosphodiester linkage.

G1=2’-deoxy-7-deazaguanosine

G;=Arabinoguanosine
C1=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X= Glycerol Linker

Y=C3 Linker

Table 4F Immunomer Structure and Expression of DC from Human PBMC assay (24
hs)
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G=1-(2

- deo>((y- b- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl purin
we206sahpser ol Li nker Tabl e 4D | nmunomer St r uct PEEUSIVAS/020911

Expression of BC from Hunman PBMC (2X106 cell/m) (24

hs) -57- EV 4885 13666 USNormal phase represents a

phosphorot hi oate |inkage G =2'-deoxy-7-deazaguanosi ne

&=Ar abi noguanosi ne C =l -(2' -deoxy-

b- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne

KIEQY /8 eqlienkdsHhE Moditaton @37 060 13666 USCT??(?EB&E 45 %CD86 | %CD86
| omoonmer Structure and Expression of B rom Hunman
PBMC assay (24 hs) -59- EV 4885 13666 U Gl EV ARFR |1 ng/iml
3666 US-6 1- DN1 DN2 DN3
19 5-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-5' 11.9
20 5'-TCG4+AAC,GTTCG-X-G,CTTGC,AAG,CT-5' 125
21 5-TCG1AACG4TTCGs-Y-TCTTG,CTGTCT-5'
22 5-TCG,AACG,TTCG,-Y-TCTTG,CTGTCT-5'
23 5-TCG,AACG,TTCG4-Y-TCTTGC,TGTCT-5'
24 5-TCG,AACG4TTCG,-Y-TCTTCCACTCT-5'
25 5-TG,CAAG,CTTG,C-Y-TCTTG,CTGTCT-5'
26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5'
27 5-TG,CAAG,CTTG,C-X-CG,TTCG,AACG,T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
30 5-TCG,TGTCGTTT-X-TTTG,CTGTG,CT-5'
31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5'
32 5-TCG,AACG,TTCG,-Y-GACAG;CTGTCT-5'
33 5-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-5’
Media 137
SEQ Sequences and Modification (5’-3") %CD86 %CD86 %CD86
ONo 1 ug/mi 1 ug/mi 1 ug/ml
DN4 DN5§ DN6
19 5-TCG1AACG,TTCG-X-G,CTTG,CAAG,CT-5'
20 5-TCG,AAC,GTTCG;-X-G,CTTGC,AAG,CT-5'
21 5-TCG,AACG,TTCG;-Y-TCTTG,CTGTCT-5' 54.7 68
22 5-TCG,AACG,TTCG;-Y-TCTTG,CTGTCT-5' 58.8 75.3
23 5'-TCG,AACG,TTCG,-Y-TCTTGC,TGTCT-5 60.3 734
24 5-TCG,AACG,TTCG;-Y-TCTTCCACTCT-5' 51.8 61.1
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EV 4885 13666 US-62- EV 4885 13666 US-63- EV 4885
13666 USNormal phase represents a phosphorot hi oate
wo 2ovkagpe3s | t al i ¢ phase represents a phosphodi eB¢EUS2005/020911
| i nkage. G =2' - deoxy-7-deazaguanosi ne
&=Ar abi noguanosi ne C =l -(2'-deoxy-
b- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne X=
A ycerol Linker Y=C3 Linker Table 4F | nmunomer

Stryetre—and l:vpr ession-of DC from Human PBMC assay

DA o oA 12666 1I1S_ A5 E\/ 499K 1266 LS. 66
;5\2/5+4§§}55'-1§%3€€G§§T’\8FC&£FC%S e rCér‘JSpr e;én;s ”; A
pb®sph (H'-OGNJAQGICETTGI.GQMGETCGW phase Tepresents a
phosphodi ester 1i nkage.

27 5-TG1CAAG,CTTGC-X-CG,TTCG,AACG,T-5'

28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'

29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'

30 5-TCG{TGTCG,TTT-X-TTTG,CTGTG,CT-5'

31 5-TGCTGTG,CTTT-X-TTTCG,TGTCG,T-5'

32 5-TCG1AACGTTCG,-Y-GACAGCTGTCT-5’

33 5-TG,CAACGCTTG,C-Y-GACACG, TGTCT-5'

Media 33.7 62.8

SEQ Sequences and Modification (5’-3") %CD86 %CD86 %CD86

PNe 1 ug/mi 1 ug/mi 1 ug/mi

DN7 DN8 DN9

19 5-TCG1AACG,TTCG-X-G1CTTG,CAAG,CT-5

20 5-TCG4AAC,GTTCG-X-G4CTTGC4AAG,CT-5'

21 5-TCG/AACG,TTCG,-Y-TCTTG,CTGTCT-5' 454 88.7 78.3

22 5-TCG1AACGTTCG,-Y-TCTTG,CTGTCT-5' 54.9 89.3 79.1

23 5-TCG/AACGTTCG;-Y-TCTTGC,TGTCT-5' 55.3 88.6 79.9

24 5-TCG1AACGTTCG;-Y-TCTTCCACTCT-5' 47 85.7 n/a

25 5-TGCAAG,CTTG,C-Y-TCTTG,CTGTCT-5'

26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5'

27 5-TG{CAAG,CTTG,C-X-CG,TTCG,AACG,T-5'

28 5'-CTGTCG,TTCTC-X-CTCTTG.CTGTC-5' 82.1

29 5'-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 89

30 5-TCGTGTCGTTT-X-TTTG,CTGTG,CT-5'

31 5-TG,CTGTGCTTT-X-TTTCGTGTCG,T-5'

32 5-TCGAACG,TTCG-Y-GACAG;CTGTCT-5'
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G =2' - deoxy- 7- deazaguanosi ne &=Ar abi noguanosi ne
G =l-(2"-deoxy-

wW2M6002068 i i r anosyl ) - 2- oxo- 7- deaza- 8- net hyl pur P@EUX005/020911
G ycerol Linker Y=C3 Linker -67- EV 488

USExanpl e 11:

B cell

5 13666

proliferation assay. A total

of 1

X 105B cells/200 mM were stinulated with 0.3, 1.0,

3.0, o

ncentrati ons of
1R hr

r100rrg/rrLco

rant | fnr

i mmunoner

luupuunua UI LIIC T Iﬂlvcnt‘r\.{n T T then pulr Sad \v’\v‘: t.h
03 d-TICA j BV BABACE! er_.
The [ ncorporat| on o radl oacti vi ty was [reasured using
| Mgdiad scintillation counter. Tabl'e 5 Shaws an [@6ar age 532
+ SDof Beell proliferation at a finall concentjration
of 1.0 nmy/ml. Table 5 | nmmunoner Structure and
I ﬁ@‘soﬁq‘?\‘ﬁh‘%a@? Yodigertionpi(¥y) i n Human B- Qe%PD86 | %CD86 | %CD86
Prolfrflerati on Assay (24 hs) -68- EV 4885 1ﬂﬂﬂﬁ 3
WUSNor nmal phase represents a phosphor ot hi O?HBNJO nug%gSN Lg/miDN
talic phase represents a 11 12
19 5-TCG,AACG,TTCG;-X-G,CTTG,CAAG,CT-5'
20 5-TCG,AAC,GTTCG-X-G;CTTGC,AAG,CT-5'
21 5-TCG4AACGTTCG;-Y-TCTTG,CTGTCT-5’ 72 86.3
22 5-TCG4AACGTTCG;-Y-TCTTG,CTGTCT-5’ 74.4 88.1 81.8
23 5-TCG4AACG4TTCG;-Y-TCTTGC,TGTCT-5’ 77.1 87.5
24 5-TCG4AACG4TTCG;-Y-TCTTCCACTCT-5' 68.3 83.8
25 5'-TG,CAAGCTTG,C-Y-TCTTG,CTGTCT-5’ 60.4
26 5-TG4CAAGCTTG,C-Y-TCTTCCACTCT-5' 37.4
27 5-TG,CAAGCTTG,C-X-CG,TTCG,AACG,T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 61.1 79.6 58.2
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 68.2 87.3 69.5
30 5-TCG{TGTCG{TTT-X-TTTG,CTGTG,CT-5' 60.3
31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5' 447
32 5-TCG4AACG,TTCG,-Y-GACAG,CTGTCT-5' 65.8
33 5'-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-5' 491
Media 69.6 58.3 35.8

Normal phase represents a phosphorothioate linkage; Italic phase represents a
phosphodiester linkage.

G1=2’-deoxy-7-deazaguanosine

G,=Arabinoguanosine
C1=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X= Glycerol Linker
Y=C3 Linker
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phosphodi ester |inkage. G =2'-deoxy-7-deazaguanosi ne
&=Ar abi noguanosi ne G =l -(2'-deoxy-

Ww2@6/003068 ur anosyl ) - 2- oxo- 7- deaza- 8- net hyl pur i PET/KS2005/020911

G ycerol Linker Y=C3 Linker -69- EV 4885 13666
USEQUI VALENTS Wil e the foregoing i nvention has been
described in sone detail for purposes of clarity and

understanding, it will be appreciated by one skilled
int r Qf _this disclosure that
varlgS% l%a{f#l ggle;% @{rg'fﬁq%ﬁgssﬂt ail can be nmade w t hout

departi ngAtcmdmfﬂ h’el(lstellszmm“@fe stifmldtedveirt 0.8,M.@3M, or 10.0

a ende claims, -70- EV 4885 13666 USWHAT |'S CLAI MED

OP RO, foneHalTRGT PRIy SArTQBMR Al BotinYratioiop A6 B gn
at | pasdd vaneo. 2 P PR L f

nd Coiesd VAOED 1 RO e iR SR e B B THE TR Gipgrarion of
i $ atadjoaetivity peas meagured usiag fiquidgintélision equpter. Table 5 shows an

average + SD of B cell proliferation at a final concentration of 1.0 pg/mL.

Table 5 Immunomer Structure and Inmunostimulatory Activity in Human B-Cell

Proliferation Assay (24 hs)

10 SEQ ID | Sequences and Modification (5™-3') PH]T PHIT CHIT

NO (cpm) (cpm) (cpm)
1 ug/mi 1 ug/mi 1 ng/ml
DN4 DN$§ DNé

19 5'-TCG1AACG,TTCGy-X-G1CTTG,CAAG,CT-5

20 5-TCG4AAC,GTTCG;-X-G,CTTGC,AAG,CT-5'

21 5-TCGIAACG,TTCG;-Y-TCTTGCTGTCT-5' 3112746 | 17626128

22 5'-TCG1AACG1TTCG1-Y-TCTTGgC;|'GTCT-5’ 322681:1 (1)31 31£13

23 5-TCG4AACG TTCG;-Y-TCTTGC,TGTCT-5’ 383451:2 ?28261:23

24 5-TCG,AACGTTCG;-Y-TCTTCCACTCT-5’ 218771:3 28731583

25 5-TG,CAAG,CTTG,C-Y-TCTTG,CTGTCT-5' =

26 5-TG{CAAG;CTTG,C-Y-TCTTCCACTCT-5'

27 5-TG,CAAG,CTTG,C-X-CG,TTCG,AACG,T-5’

28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5’

29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'

30 §-TCG{TGTCGTTT-X-TTTG,CTGTG,CT-5'

31 5-TGCTGTG\CTTT-X-TTTCGTGTCG4T-5'

32 5'-TCG{AACG{TTCG;-Y-GACAGCTGTCT-5'

33 5-TGCAACG,CTTG,C-Y-GACACG, TGTCT-5'

Media 6461236 | 4571121
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2. The imrmunostinul atory oligonucl eoti de according to
Caim1, wherein the oligonucleotide is fromabout 2

w0 200aba088 50 nucl eotides in length. 3. The PCT/US2005/020911
i mmunosti nul at ory ol i gonucl eotide according to C aim
1, wherein the sequence of the oligonucleotide is at
| east 40 percent self-conplenentary. 4. A nethod for
therapeutlcally treatlng a vertebrate havi ng cancer,

an 1T —AfamretH

i nf d%‘r)rg clgééfu di %eg‘réglderggd'r Q d| sorders, prrr ay Ecl;]r:) PHIT (cpm)
asthma or |a di sease caused by a pathogernL@M@h TeLd@d | 1 pg/mi
conprising adm nistering to the vertebrabdzan DN8 DN9

i mutfost i mil- E@%MC@TT%‘P&@@W:%G&TCW ding to aim

1 vherein the

rout & ;fyeénT%t?l‘éf‘?EN%ﬁ g c;rgpééig?rrff om parenteral ,

or al 21 SUb! TETIEEBRACE TRO6 PRTEFIG,CTEIOTEA [ arFasasat

aerpsol, ilntraocul ar, intratracheal, int/parectal,
vagj 2¢al , géhEC@)MCGdECGaY T@H@QTGT@]ES' dr gpg408£80 {r op
and ut hy A pharmaceutical formil58ti aon

conpfd si ng %E@‘éﬁ?ﬁﬁﬁﬁ@ EOE TR HRIEI i ng 32@491 m 1

and gy Phy iSOt agRREE PCB SR RHRRGETEREer 23030 Fethod
for | Generati ng ‘an rMine T&Sponse” | i a yarrebrate, the
et @8l | 5-TG/CAAGICTTGC-Y-TCTTG,CTGTCTH

26 5-TG,CAAGCTTGC-Y-TCTTCCACTCTS

27 5-TG,CAAGICTTGC-X-CG{TTCGAACG T-5

28 5-CTGTCG,TTCTCX-CTCTTG,CTGTC-5

29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-S

30 5-TCGTGTCGTTTXTTTG.CTGTG.CT-5

31 5-TG.CTGTG,CTTTXTTTCG TGTCE T-5

32 5-TCG,AACG,TTCG:-Y-GACAG,CTGTCT-5'

3 5-TG,CAACGCTTGC-Y-GACACG; TGTCT-5'

Media 6581205

Normal phase represents a phosphorothioate linkage; Italic phase represents a
phosphodiester linkage.

G1=2’-deoxy-7-deazaguanosine

5  Gy=Arabinoguanosine
Cy=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X= Glycerol Linker Y=C3 Linker

10
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conprising admnistering to the vertebrate an

i mmunosti nmul atory ol i gonucl eotide according to Caim
w@a2008/003DB® et hod according to Caim?7, whereiPCT/82005/020911

route of adm nistration is selected from parenteral,

oral, sublingual, transdermal, topical, intranasal

aerosol, intraocular, intratracheal, intrarectal

vagi nal, gene gun, dermal patch, eye drop and

nout hwash. -7 1- EV 4885 0 met hod for

preventing cancer, an auté&ﬁgggg&gﬁgé;der, ai rway

inflammation, inflammatory disorders, skin disorders,

al | er gy, Whiltha fasegoingdnveatienhas Seenedesisibed insgmsigiei forpueposes

vert : : LS 1 Ni '

or t S an AR TR ap e P B e kP o

ac cofeading of thisdisglogure thatl arioThehanges lirof9rm e nddetaihepntbe made without

q ai §a g in Fnetilgtrﬁebs%oég#ftﬁe 19I'ein?§g£hrg1 a}hé:@%{i ?lgm#ss

sel ec rom parente ora
transdermal, topical, intranasal, aerosol
intraocular, intratracheal, intrarectal, vaginal, gene

gun, dermal patch, eye drop and nout hwash.
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11. An i mmunoner conprising at |east two

ol i gonucl eoti des |inked by a nonnucleotidic |inker,
wobk@seoz3at | east one of the oligonucl eoti des PONPS1088620911

at | east one dinucl eotide selected from CoG C'pG

C'pG and CpG, and wherein the sequence of the

ol i gonucl eotides are at |least partially

sel fconpl enentary. 12. The i mrunomer according to

d ai m 11, wyhar®idL AlNEPIg: 9onucl eoti de is from about 2
to about 50 nucleotides in Iength. 13. The i munoner

according to aim11l, wherein the sequence of the )
ol i gbnucl“E‘b’t“?'ﬂ‘ém?'ém‘él?tol'yé&@?n%t?oﬂ‘é“‘r‘E?@]ﬂ"smg at least one dinucleotide
sel f - conmkREBATBMC*pbAC* o RINYPE X, FherbNhRGHNECH they

treating a vertebrate having cancer, an autol nmune
di sor der ,oligprugdeptideis ptlgashpartally sekicpmplemeniery. di sor der s,

skin_disorders, allergy, asthma or a disease caused by
& pathogethe RO ebiggyreleqtivy aeaarding totCdaimnly wherein the

the vert eflpahiRiedNdd HSRCINBE 226 G086 50 Hudidtifdsth Bngth. 15
The met hod according to Caim14, wherein the route of

adni fi st redeliMhuhSstifilas 8HgdnhOBRR LBt B C1AHA, wherein the
sublingual, transdermal, topical, intranasal, aerosol,

i nt r aocul §Auensgfiths oligopyeigotid isat lsast 49 pgreeny %Féﬁl"i?&}l’,lengféﬁ@’-

gun. 4.d er r?lmeﬁga %cl;]r’therapeutically treating a vertebrate having cancer, an

10 autoimmune disorder, airway inflammation, inflammatory disorders, skin
disorders, allergy, asthma or a disease caused by a pathogen, such method
comprising administering to the vertebrate an immunostimulatory

oligonucleotide according to Claim 1.

5. The method according to Claim 4, wherein the route of administration is
15 selected from parenteral, oral, sublingual, transdermal, topical, intranasal,
aerosol, intraocular, intratracheal, intrarectal, vaginal, gene gun, dermal patch,

eye drop, ear drop and mouthwash.

6. A pharmaceutical formulation comprising the oligonucieotide according to

Claim 1 and a physiologically acceptable carrier.

20 7. A method for generating an immune response in a vertebrate, the method
comprising administering to the vertebrate an immunostimulatory

oligonucleotide according to Claim 1.

8. The method according to Claim 7, wherein the route of administration is
selected from parenteral, oral, sublingual, transdermal, topical, intranasal,
25 aerosol, intraocular, intratracheal, intrarectal, vaginal, gene gun, dermal patch,

eye drop and mouthwash.

71-
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eye drop, ear drop and nout hwash. -72- EV 4885 13666
US16. A pharnmaceutical formnulation conprising the

wo povanaees according to Caim1l and a physi ol pgi/vsiony020911
acceptable carrier. 17. A nmethod for generating an
I mmune response in a vertebrate, the nethod conprising
adm nistering to the vertebrate an i mmunoner accordi ng
to Caim11l. 18. The nethod according to Claim 17,

wher i n thgefRH S ﬁévem{gcaﬁﬁ%; R hiitBihn 'ale%goﬁfa Gflwhy OM

parenteral , oral, sublingual, transdermal, topica
i nt r anasanflammeatissoinflammatoncdiserdars, skin ﬂrsandplacalbmy, asthma or a

intrarectgl asevcaﬁﬂeﬂ @%m gfgtﬁ%n WQV%@SFX@Lucﬂ %gﬁ{&d cGMPrising

drop, ear rop and

pr event i rRgmirisening to arversabrasé amignmeungitiselatery,oligpnugkeptide according
fl ammttb@n?]m jflammat ory di sorders, skin disorders,
all ergy, asthma or a di sease caused by a pathogen in a

Vert eir alfhe nidtedd EHAL (FOTR b SIHAIRHET QeSS !
vertebrate an 1|‘Pdrz:lTrunom=.\$| accor di ng t0 gﬂgult mt%fbﬂg%.aaor'ﬂg

met hod acelseidd frgmtpgre@iessl.rordl sublingvaletranstiéraal, tpicel, dftranasal,
admi ni st ra%?dsgl[]in'trﬁocular, intratracheal, intrarectal, vaginal, gene gun, dermal patch,

eye drop and mouthwash.

10 11.  Animmunomer comprising at least two oligonucleotides linked by a non-
nucleotidic linker, wherein at least one of the oligonucleotides comprises at
least one dinucleotide selected from CpG, C*pG, C*pG* and CpG*, and
wherein the sequence of the oligonucleotides are at least partially self-

complementary.

15 12.  The immunomer according to Claim 11, wherein the oligonucleotide is from

about 2 to about 50 nucleotides in length.

13.  The immunomer according to Claim 11, wherein the sequence of the

oligonucleotide is at least 40 percent self-complementary.

14. A method for therapeutically treating a vertebrate having cancer, an
20 autoimmune disorder, airway inflammation, inflammatory disorders, skin
disorders, allergy, asthma or a disease caused by a pathogen, such method

comprising administering to the vertebrate an immunomer according to Claim
11.

15.  The method according to Claim 14, wherein the route of administration is
25 selected from parenteral, oral, sublingual, transdermal, topical, intranasal,
aerosol, intraocular, intratracheal, intrarectal, vaginal, gene gun, dermal patch,

eye drop, ear drop and mouthwash.
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sel ected from parenteral, oral, sublingual,

transdermal, topical, intranasal, aerosol,
w0 ndocaamss ar, intratracheal, intrarectal, vagipel/UsSpene20911
gun, dermal patch, eye drop, ear drop and nout hwash.

-73- EV 4885 13666 US

10

15

16.

17.

18.

19.

20.

A pharmaceutical formulation comprising the immunomer according to

Claim 11 and a physiologically acceptable carrier.

A method for generating an immune response in a vertebrate, the method
comprising administering to the vertebrate an immunomer according to Claim
11.

The method according to Claim 17, wherein the route of administration is
selected from parenteral, oral, sublingual, transdermal, topical, intranasal,
aerosol, intraocular, intratracheal, intrarectal, vaginal, gene gun, dermal patch,

eye drop, ear drop and mouthwash.

A method for preventing cancer, an autoimmune disorder, airway
inflammation, inflammatory disorders, skin disorders, allergy, asthma or a
disease caused by a pathogen in a vertebrate, such method comprising

administering to a vertebrate an immunomer according to Claim 11.

The method according to Claim 19, wherein the route of administration is
selected from parenteral, oral, sublingual, transdermal, topical, intranasal,
aerosol, intraocular, intratracheal, intrarectal, vaginal, gene gun, dermal patch,

eye drop, ear drop and mouthwash.
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