WD 2006/ 002038 PCT/ US2005/ 020911 | MMUNCSTI MULATORY OLI GONUCLEOTI DE

MULTI MERS (Attorney Docket No. HYB-03 | PC) BACKGROUND OF THE | NVENTI ON
Rel ated Applications 5 This Application clains the benefit of U S

Provi sional Application Serial No. 60/579,985, filed June 15, 2004, and

U. S. Provi wiomeed/oo2gpl i cation Serial No. 601599, 362, fiPEHURMGMIULt 6,
2004. The entire teachings of the above-referenced Applications are

i ncorporated herein by reference. Field of the Invention 10 The invention
relates to i mune stimnulation by oligonucl eotide anal ogs. Summary of the
Rel ated Art Tokunaga el at, J. Natl. Cancer Inst. 72 (1984) 955-96;.

Pi set sky et al.; RIVMINOSTIMULATOBY OIBGONUCEROTIBE MIJUBIMERY - 221; Krieg et
al.,Yi et at, Nature 374 (1995) 546-549 and Sato el at, Science 273 (1996)
352-354 teach that bacterial ®emeyDpcketMe B&PiB!H)i godeoxynucl eoti des, and
DNA vacci nes contai ni ng un&mm_ [ des in specific sequence
contexts (CpG DNA) activat h'ng‘ﬁi&g—gystem Krieg et al.,
Annu. Rev. Immunol. 20 (2002) 709-760; Dal pke et al., Biol. Chem 383

(2002) 1491-1500 and Kandi mal | a %Ia?JdA@EJﬁon in. Ml. Ther. 4 (2002) 20
122-129 teach that CpG DNAs i nducCe 1 [ ne cells to produce Thi

cyt oki nes that pr te totoxic T I h te (CTL) responses and production
of i m’runoél obul i 1 sg\ppfication 1‘1§'.“‘SW@e%mgtﬁr%?‘%i)?‘ﬁw%&ml@?' of CpG DNAs
have al | oweded/§19|98s, A&l Jafe (HBO0APAUI.S: PRERNEI ApMicatioR SaadNspect rum of

di sease indicatio includi ng cancers, viral and _bacterial infections,

i nf | ammat ory @/%Szér@edaﬁﬁ'd’*%gééo%j Thegntiretogchingniof e abavarssierensed 2006/ 002038

PCT/ US2005/ OZQpﬁlibatidngla@q}Qbﬁ)bﬁ&dhgeiﬁhi@E@fﬁa{ce_nbdi fications, a nunber of
structural nodifications influenced the activity of CpG DNAs. Kandi nal |l a et

al., Nucleic Acids Res. 30 (200§}e1d4§§|961ﬁ§n ioEleaches that CpG DNAs t hat

contained two freely accessible

10 The invention relates to immune stimulation by oligonucleoctide analogs.

-Summary of the Related Art

Tokunaga et al., J. Natl, Cancer Inst, 72 (1984) 955-96;. Pisetsky ef al.; Reich
et al., Mol. Biol. Rep. 18 (1993) 217-221; Krieg et al.,Y1i et al., Nature 374 (1995)
546-549 and Sato et al., Science 273 (1996) 352-354 teach that bacterial DNA,
15  synthetic oligodeoxynucieotides, 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 er al., Curr. Opin. Mol. Ther. 4 (2002)
20 122-129 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

25  adjuvant in immunotherapy.



ends through a 3'-3'-linkage had greater activity than did conventional CpG
DNAs 5 containing nmultiple copies of CoG notifs and a single 5'-end.
Kandi mal | a et al, Biochem Biophys. Res. Commun. 306 (2003) 948-953 teaches
that the presence of a secondary structure in CpG DNAs significantly
affected Woe0s/MaBBvity dependi ng on the position and HakUF280¢R0%he
secondary structure, that the presence of a hairpin structure at the 5 -end
abrogated stinulatory activity, and that 10 the sanme structure at the 3'-end
had an-insignificant effect on stinulatory activity but caused |ower I1L-6
secretion and contributed to higher stability against nucl eases. There
remains a need to [n%&h@rmo?eﬁem&{l%lohmﬁﬁs h RERE S EsthuBluRY #BdiRBALAY cat i on of

ol i gonucl eoti de_ anal ogs. -z WO 2006/ 002038 PCT/ US2005/ 020911 BRI EF SUMVARY
OF THE | NVENTIEyencsd hemrtivity of Gpfa DNAsh Kandirpallaer ¢/n Ny lsigiAgids Ren 30

i munost i mul aimyoy) M6DQQM$&€chﬂ@thﬂ}@A§%U&%&d%o Whdi¢ ReckBibRts' ) east
partially self-conpl ementary. The immunostinulatory nucleic acid conprises

an ol i gonucl th“i'SdEfog@cﬂJ%ﬁc@“'éﬁSﬁb%‘i greatey addivitythanndid conygrtional {(pQ AT de sel ect ed

fromthe QVSOUQo&ﬁHﬁgﬁult% &Ble%p(}qm&@ m@a@ﬁéle%ngnd CpG", wherein Cis
cytidine or 2 deoxycytldlne Gis guan05|ne or 2'- deoxyguanosine, C* is

(Zjeaggogy?rgilwyﬁl BﬁrFH@ tgalla&f@%yg,hegl[)ﬁrg);)gyg{}? ‘ﬁ%%f? 3@ @8@54%9% trocyt osine,

ar abi nocyt i di neiched thadmemes&lce Sfaasdondan ﬁdlcﬁfeabCBQMAkaligihﬁ‘carﬂly-a@fcawDSt ituted
10 ar abi nocyti di ne

5- hydr.oxycyti di n deox kyl -cytidine,
2' - deoxy- 4- tﬁb%mct'ﬂrwépenawgeﬂﬂwoimaﬁ Bt O i PR ra%%rﬁdbﬂﬁeev is
2' - deoxy- 7- degaenta 00Shdiin sirditrd @OKY 5°Genll BrogARAMLBRTY a%ﬁﬁ | fAGMANOSI ne,
2' - deoxy- 2! SUbEeesltUt ed- ara |nog¥@r&05| ne,. 2 -O-substjt -ar abénoguano& ne,

2' - deoxyi Hosithesamgstrusiyept thaiyze ﬁﬂ&sgﬁ@f’%"%‘?‘fé?‘bﬁ%"“ *’é%a‘iﬁ“’l‘%
i nt emucl eosi deahded AGLILS@ LR fAiGTand O BUMR thight sthSiliy AR Sihst hidMaseaf
phosphodi est er, phosphorothloate and phosphorodlthloate In somne

nbodi t th t t d bout 2 t bout 50
ﬁuc?egg?geg in Fehé?%ggﬁﬁhggﬂgg M@%@%&?H@ﬁ?ﬁhTﬁé%P%ﬁﬂﬁ%§¥ ﬁulato?y anagleic

acid i s from ahalificafiéh éf@lighmcitoride amaltgb.eoti des in |l ength. I n sone
enbodi nent s,



t he ol i gonucl eoti des each have from about 3 to about 35 nucl eosi de resi dues,
in 20 further enbodi nents from about 4 to about 30 nucl eoside residues, in
even further enbodi ments from about 4 to about 20 nucl eoside residues. In
sonme enbodi nents, the oligonucl eotides have from about 5 to about 18, or
from about wo foes/@bwat 14, nucl eosi de residues. As usedP@EE&I005/0201& term
"about" inplies that the exact nunber is not critical. Thus, the nunber of
nucl eosi de residues in the oligonucleotides is not 25 critical, and

ol i gonucl eoti des having one or two fewer nucl eoside residues, or from one
to several additional nucleoside residues are contenpl ated as equi val ents of
each of the enbodi nents deBRIEDSUMMARE OR THEINVENTHION nents, one or nore
of the oligonucleotides have 11 nucl eotides. WO 2006/ 002038

PCT/ US2005/ 020911 In 4 firstaspeet tha thverstipe ptovidieani immendstimolapprosligdm&leatidel munoner

conprising at, l|east t ol.i.gonucl eat | des. | i nked_Db non- nucl eoti de |inker,
wherei n the stgaffgﬁ%léesg}'(;wh'?mg9“?%&‘8@’( F?ﬁaﬁ"@?@?\i“%‘&l gg%ucl eoti des are at

| east parti al immumedtimutaodrp hedleitdcht gomplises a digbmicieogddsegiensdostaiatngat di ng t o
this aspec

of the jnvention at, least one of. the | i ¢leotides contains
at | oast ohe Sk ARt wi R s sl B el It Fret R G O
C'pG and CpEpGuhbereinC Ecitidire\r 2 ddeoeycptidiat, Gdeguayayeiozne, G i s guanosi ne
or 2'-deoxyguanosine,. C*.J.s,2 -deoxythym.dine s (2 = deoxy-,B- D-
ri bof ur anosyl e-oﬁzg(g?(%’-“??’&eéi%idﬁc-"f@vmlq%[}kfﬂ%of‘y -5’308'.%&%58&991 é'—2ﬁ°é‘f"géyt osine, 2'-
di deoxy- 5- ni t deazay§-osihplepuriae, 2Ddideaxyts-aloagpsint, 2 ddideoyy-2-niteiissing, ut ed
ar abi nocyti di pe,. 2' .10 ubsi.i t.ut.ed .arabin tL,dine, ..
2' - deoxy- 5- hyt ?%’)‘(‘ifgﬁl'?ed?}rﬁdze?xy' is%béﬁ%gfi H&%B?%ﬁﬁ?‘ge"éy P SH@,ted
2' - deoxy- 49t harehindcghiidiig, 2'ateoxyt-fydrgdycytidine] M1deonydl4endigi-dgidinral degxy-45* is 2' -
deoxy- 7- deazaguanesi ne, . 2' - deoxy- 6-t hi oguanosi,ne,, arabi noguanosi ne,
2' -deoxy- 2' s@f?é‘fll 't ?Jtoé?itp %{ﬂﬁﬁ%’é&ﬁﬂ%"gldﬁ ,a?‘igs’%blgab(%f”ﬁ'tf?%agq%%‘f]ﬁoguanosi ne,
2' - deoxyi nost'Aleoxy-Hthioghinesing arabineguantsing @S dabey-amalsiitged- and p i s an
i nt errucl eosi de_J.i nkage. se| ect e rom 15 the.grQup consisting of
phosphodi est ef P RYE '8?’§t'§|'s %Fﬂ%‘f‘eda“ﬁ"(?”‘ﬂﬁ‘%?&%fgrg’a‘féf"r‘ﬁ‘%"ét“&°’ ﬂersorre
enbodi ment s, pirae neieosids kaaings,ahop ¥ an indraicteosidd Ithkage stleaad Adivtie gbupo  about 50
nucl eoti d in length. | ertain enbodi ments . the i nostinmul atory nucleic
acid is fﬁ%m 3%18159&1351 p?oégréqg'ﬁaﬁ?r’ E@sﬁl?&q?lﬂ%a\t‘?' Hbdzplﬁo??%?ré’ﬁlréﬂ{%a?e'l n sone
enbodi nents, the oligonucleotides each have from about 3 to about 35
nucl eosi de r esi duds sons enfilfodiments, 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

20 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

25  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.



20 about 4 to about 30 nucl eoside residues, or fromabout 4 to about 20

nucl eosi de residues. In sone enbodi nents, the oligonucl eotides have from
about 5 to about 18, or fromabout 5 to about 14, nucl eoside residues. As
used herein, the term"about” inplies that the exact nunber is not
critical. Woesosabmssnunber of nucl eosi de residues in thE/BS20¢/00000) eot i des
is not critical, and ol igonucl eotides having one or two fewer 25 nucl eoside
resi dues, or fromone to several additional nucleoside residues are

contenpl ated as equi val ents of each of the enbodi nents described above. In
sone enbodi nents, one or nore of the oligonucleotides have | 1 nucleotides.
In a third aspect [n¥setdhd@iPett@t iRveaNOnRSvidtE @k MMAYIECRMpASIAPAIEt Ons. These

conpositions conprise any Q of the conpgsjtions djsclosed in the first and
second . 4. WQG@@P%%Q@ 'w@eﬁ/hxgz@e@%%éqlinkewa@ewgheo?mlteﬁ@'s Phifent i on

ei ther al one Qhﬁuﬁosﬁ@nﬂﬁtoﬂﬁ&llg@ﬁhe&ﬂﬁhe@m@Eﬂémﬁllz@éﬂ' ompléreapl akl e carrier.
In a fourth aspect the.inventign pravides a for generating an imune

response in a S§@ie gpbodinentsprrasdingiofiyzaseert ol theiskentomatigagt We PHge t o t he

vertebrate :anmg&meuaa;deé cdn&%mmo&ietdnrmaémdeka&%a%rﬂ e SRIPERRENGN,
di sclosed in the irst, second and third aspects of the invention. The

conposi tions dif SEPSHEP. kEpe! ?‘Pd(,ceﬂqi b‘éh%ﬁprﬁ tidipeer 2" Wrexyediingrny iSsui t abl e

route of adm njusdds@b bio- de&%mbaﬂe chul BRkythyiuin€d -RdeckRai gt eral ,  oral,
subl i ngual , transdernal ical , intranasal’, aerosol , |ntraocular

i ntratracheal f‘bof‘%ﬁ%@%)il)e%?’éﬂ' -depzayb-msthyl-phsine 2dideoydriiplacyiosite R~ eye drop and

nmout hwash. 10 dn&oﬁy 5Jnftﬁo@yt@s%{éeﬁﬁbnE&?nduﬂbV?fHEb)@fR' E\Ib@t%ht@@ﬁra@m&%lmﬁéj 2t or
therapeutlcalu% treating a vertebrate_having cancer, an autoi mmune

di sorder, Hr ?“qsﬁ‘fqeﬁﬁ'ﬁh‘f’i)%d"‘e iZrdeonmiriydsexycyiding, shdeaxy-Ne#ikvlni sor der s,

al l ergy, ast hn@tidihe,2-GHoRREARoTRAHSEH ofh¥r Frimiiid RO ide BRAISgsNBE Rod conpri ses
adm nistering to the vertebrate any one of the conpositions, alone or in

conbi nati on, Iee¥H GdedaguANos e 2-fgosY-6-thieguansing, HERbINGBYIROSREn 8915 of t he

i nvention. TheyGewRAc- drhipitEushosifd, 056G JubiMuRH- Arabiabouafos i NHeStyRiogide,t hr ough any
suitable route of adm nistration including, but not limted to parenteral ,

oral, subli ngui&fher pyrianaurisosids anajogyprdy is ap Hiermeleaside linkageselegted i76ik r aocul ar

i ntratracheel , e glengafnamﬁlofpn@ﬂioaﬁém ﬂﬁ%oﬁ%atedﬁ{drﬁﬁbspﬂ%ﬂihnoa?de drop, ear
drop and nout hwash

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



In a sixth aspect the invention provides a nethod for preventing cancer, an
20 aut oi mmune di sorder, airway inflammation, inflammatory disorders, skin
di sorders, allergy, asthna or a disease caused by a pathogen in a
vertebrate. This nethod conprises admnistering to the vertebrate any one
of the conposedass al one or in conbination, discloseRCT/HS20842¢91} st |
second and third aspects of the invention. The conpositions disclosed
herein can be adm ni stered through any suitable route of 25 adm nistration
including, but not limted to, parenteral, oral, sublingual, transdernal,
topical, intranasal, aerosol, intraocular, intratracheal intrarectal

vagi nal , gene i of@l@ﬁd@ﬁtmﬁ%ﬁlﬁhaioﬁé@ lﬂid'o%maf?&[an@ Rarﬁaﬂcg:u yy hwash. VO
2006/ 002038 PCT/ 0s2005/ 020911 BRI EF DESCRIPTICN THE DRAW NGS Figures | A
and | B are repcepBhlestrighs of various enbodi nents of the invention. In
Figure IB, mand n are independently 0-1000. Figure 2 is a synthetic schene
for the parallel smt fdﬁﬁlﬁ &pe&merﬂwmmfosldesfmaﬁod for genvratiig MRmmMIT =

4, 4" - di met hoxytri cya oeth ur 3.depi ct up of
representative® H#I‘" miArishigtee ‘F H‘E'é‘z‘i 15‘ '@"‘fsﬁﬁ““gf"ltﬁ"e%ﬁ“gé’ﬁtﬁtﬂ%3| s of
i munoner s of _dnbeflhélb’@ﬁﬁdsﬁlﬂns, &Tbriklr eh cdmbRa@ons¥isdldied inGheSrbie@eorld@nd t he | i near

synt hesis of | nomer inventi on net hoxytrityl; CE =
cyanoet hyl . 16@@98?% %t'?féb‘feﬂ?‘g‘ g“@?ﬁ?ﬁs‘ﬂ?"s%P?Q@ﬁ‘FthﬁQ/be té/rf“r{)l ‘ecul e
| i nkers sui t abth@ugtodny siibRIrbigd ofdmin@atich iRfludidgbil @oE nfite@ o, birentéralyent i on. . 6.
WO 2006/ 002038 PCT/[%% 005/ 0911 agETAI LED DESCRI PTI OF THE PREFERRED

EMBODI MENTS TH¥2l; 2 al, tpialiptragasgh peresel: dteoculndntalifdiednces that are

cited herein axhearedw\a@rﬂail g&@g@pa@h%aiay eyeidp eMRodtiwdshie same extent as if
each was specifically and individually indicated to be incorporated by

el erence e Sy iRt RO EE Fr AR BB SRR oL
prevail for puvepelsets hmﬁng dagcer, Y @utbiimdiune diberdéryuieay inflammatiat, es to the
therapeutic usﬁxﬂ%}c\mgtoxiy 1sor %rlse% s%:sdel%,sallergy, asthma or a disease caused by a

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

15  ofthe invention. The compositions disclosed herein can be administered through any
suitable route of administration including, but not limited to, parenterai, 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
20  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 vertcbrate 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
25  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.



i mrunosti nul atory agents for inmunot herapy applications. The invention al so
provi des nethods for generating, enhancing and nodi fying the i mmune response
10 caused by i mmunosti nul at ory conpounds used for i mrunot herapy applications
such as, but not Iimted to, treatnent and/or prevention of cancer,

aut oi mmunewoiewodenRs, asthma, respiratory allergies, fRROGUBMISOEYLEs, and
bacteria, parasitic, and viral infections in adult and pediatric human and
veterinary applications. Allergic asthma is a certain enbodi ed condition
for treatnent by the present methods and conpounds. 15 Thus, the invention
further provides conpounds having optimal |evels of inmunostinulatory

effect for inmmunotherapy Eig¢FrDESTSEPTION OFFHP BRAWINGS Ng such conpounds.
In addition, imunostinmulatory ol gonucleotrdes/Imunoners of the invention

f ul dij t ti bodi
o Tervene 25 oacl MERUSZ I Pod B Ries oot v SRR ISR kB0t Laas. 20 11 a

first aspect tinentionv énFigone 1Bf @\shdiesre dtdepeitiantips00doul at ory ol i gonucl eoti de
t he sequence of which is at |east partially self-conplenentary. The
i mmunost i nul atory cont ai ni ng
at |east one di nug gllg?l'gl% sggtééﬁﬁ%%frgﬁrﬁne?% hﬁ%ﬁ%‘%ﬁ@ﬁé‘ﬁ%ﬁ“ &?%Cpa C pG
C pG and SCp@iventigne DBV Tir <4, it'slirgsthaxgtiritd; CF = Qy'and@uokycytl dine, G is guanosine
or 2" 25 deoxyguanosine, C is 2'-deoxythynidine,
1-(2' -deoxy-B-D-ri b%tdérﬁﬂﬂﬁéé la roip B @présentative small molecule linkers su:table for
deaza- 8- net hyl - purine, 2' - di deoxy- 5- hal ocyt osi ne, 2' - di deoxy-5-ni trocytosi ne,
ar abi nocyt i di riisearaynthrsisef immumaqmess ofthetimntignabi nocyt i di ne, 2' - 0- subst i t ut ed
ar abi nocyti di ne, 2'-deoxy-5-hydroxycytidi ne, 2'-deoxy-MN-alkyl-cytidine,
2' -deoxy-4 -7 WO 2@%{MQQ%tﬁﬁMeMMQK&&A@nxh&ﬂ STuindhdigers 6fttheot her

e

pyri m di ne nucl eosi ana deoxy- 7- deazaguanosi ne,

2' - deoxy- 6- th|‘B@‘]ﬁ?fbs!?]ﬂ@r‘%r?&‘iﬂ'i“?fB@‘iXHﬁﬂs@%ecya?“%oxy 2' substit ut ed

ar abi noguanosi ne, 2'-0O substituted-arabi noguanosi ne, 2'- deoxyi nosi ne, or
other purime nucl egsiededepioalagesip omﬁennﬁﬁveamallmmueﬂaﬁmd siizatlld fokage
selected fromt aﬁ % Eg ‘ﬁ consi stl %)hosphodl ester, phosphorot hi oate,
and phosphor oM TEESSS ) UBRPMERHS r‘ﬂé"ﬁt t he i mmunosti mul at ory

ol i gonucl eotide is fromabout 2 to about 50 nucleotides in length. In
certain enbodi nents the inmunostinul atory




ol i gonucl eotide is fromabout 12 to about 26 nucleotides in length. In sone
enbodi nents, the oligonucleotides are fromabout 3 to about 35 nucl eosi de
resi dues, 10 or from about 4 to about 30 nucl eosi de residues, or from about
4 to about 20 nucleoside residues. In sone enbodi nents, the

ol i gonucl ewi degobse from about 5 to about 18, or frofREBRABIND about
14, nucl eosi de residues. As used herein, the term "about" inplies that the
exact nunber is not critical. Thus, the nunmber of nucleoside residues in
the oligonucleotides is not critical, and oligonucl eotides having one or two
15 fewer nucl eoside residues, or fron1one to several addltlonal nucl eosi de
resi dues are DEEAMLED BESGRIPHO LEF, BD X BIMENASi nent s

descri bed above. In sone enbodlnents one or nore of the oligonucleotides

have 11 nucl eoti dese |sﬁﬁd‘ﬁ&bﬂtﬂph&1t&ﬂﬁ@ﬂiahs7-ﬁﬁﬂrbﬁéreﬁfb@tt&kﬁrlah@ﬂHeﬁnﬁ[dﬂé? art, the
conpl enment ary. of the oli onucl eotides allows f i nt er nol ecul ar

sequence
hydr ogen bondi® F‘Fgg'ﬂ‘ﬁ%?@’lﬂff &V TaisTgnee 352‘0‘361“?66?1[58#@6‘(3?8&&%&@3% ary

struct ure Adidilil idenBlindid ated A bCih@RpdrA@FbyGeterehien th the @@nhhlindoftabiés creati ng a
chai n, rrultlrrers of oI| onu%geotldes according to the ipnvepntion. 1In a

second asp%ct eWRED ATK AGHENING AT W StPaRRS ced herrin ARE therPresentspacicaipngthe | east  two
O|IgOﬂUC|eOtIHﬁﬁshﬂ&hﬁgﬂhypamﬂﬁﬂoﬂHQMQthﬂe | i nker, wherein the sequences of
t he |nnunost|nulatory ol i gonucl eotides are at | east partially

sel f - conplenentar 5¢C nbodi ment ccordi to this aspect of
the invention at g‘tve ffar test%?\g‘ ﬁﬁfaipaﬁ'ﬁﬂfﬁo% 033‘33(’&3%(3& ns at |east one

di nucl eot i de mmhmoitedxla‘tcvrsaag@he“olgmﬂm@otm«pglaﬁﬁlicﬂgns OfheGientido'ave, C*pG* and
CpG, wherein C.i uanosi ne or

t|d ne or oxyc
2 seonyauands e B St A ilffﬁ%f;?iﬁﬁhl -
oryldolnpduntsousy noth@ragy yl - puri ne,

2' di deoxy-5-h t OS] 2' - di deoxy- 5- n|t osi ne, arabi nocytidi ne,

- deoxy- 2' - sﬁ%@ﬁ %UFEEH§?HE¥W83§W§ pﬁgmﬂ@no %ﬁﬂ@?”?ﬂ? e JIS0MESI nocyti di ne,

- deoxy- 5- hyakihoay eypifachiryg] ; fdedad anti ks dsitiic/ad viral

deoxz 4- t%l |d¥ﬁ: A eg%ﬁ ?Fﬁ?dlneyﬁﬁgﬁyﬁ i de ;gﬁo G? is 2" 5
deoxy 7- deazaff &3{\ i ?éf“ltﬁnd EF&BES? hgx?%?%dﬁtﬁﬂw W@F‘;@P%ﬁblpﬁ% a“g
2' -dgoxy 2' slsb&&mﬁruérﬁhi:d&ﬂamdnt@glianmamlm byﬁlg-pﬁhseulhﬁtﬁoﬂm(ﬂomﬁcﬂzbdmoguanosi ne,
‘- deox or uri nucl eosi de anal ogs, ,a is an
i nt enucl Z:& mtﬁ]‘isr tH‘F<5‘¢j &S@F @do‘?‘fﬂéﬁ?mp"”“ S having Gptimarievels g P

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.

20 In a first aspect the invention provides an immunostimulatory oligonucleotide
the sequence of which is at least partially self-compiementary. 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’

25  deoxyguanosine, C* is 2'-deoxythymidine, 1-(2'-deoxy-B-D-ribofuranosyl)-2-oxo-7-
deaza-8-methy!-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-



the group consisting of phosphodi ester, phosphorothi oate, and
phosphorodi thioate. In this aspect, inmunostinulatory nucleic acid conprises
a structure as 10 detailed in fornula (1). Domain A-Dormain B-Domain C (1)
Domai ns may be from about 2 to about 12 nucleotides in length. Domain A may
be 5'-3" owodoedin2ms 2' -5 DNA, RNA, RNA- DNA, DNA- RNA hea/A/ugpoes/02¢al i ndr om c
or self-conplenentary domai n containing or not containing at |east one 15
di nucl eoti de selected fromthe group consisting of CpoG C'pG C'pG and
CpG*, wherein Cis cytidine or 2'-deoxycytidine, Gis guanosine or

- deoxyguanosi ne, C* is 2'-deoxythym di ne,
1 (2' - deoxy-| 0

- deoxy- 5- haﬁ%‘?‘“ﬁ%& %e ﬂ?eSB?rdmim@ '%)fe%s'gr%gﬁ’ sgg&rll{;?tdg gbl nwﬁPﬁ’H“
2' - deoxy- 2'- slxﬁgtxviﬁtrhl@gianmen%re@mqgmnnsne 2“—de®i)swbttlmted ed ar abi nocyti di ne,
2' -deoxy-5 20 JP%QI‘[ gf@ﬁg%‘lﬁé g" (5'-,[?% sgtute&igﬁﬁl}{o%gnog%g)ﬁl ) in ElH@ or other

2' -deoxy-4-thiouridlne rirmdl né nucl eo e analogs, G is
2' -deoxy- 7- deawagmmipsslmaana@gs, dmdpoyaismtmbwmbam@qlemddmnn@gmmsi ne,

2' - deoxy- 2/ ?ch%ké&iﬂﬁ‘%?' ﬁ%ﬂn@ﬂ&%@%ﬁ}u‘%&img dn ﬁgﬁsgi?%&i&%ta%d arabi noguanosi ne,

- deoxyi nosi ne, or oth purine n eosl pis an
|nternucle05|de Ilnkage selected fromthe group consisting of 25
phosphodi est er, ph&siPs<abadipgnts theimmupessnplsnodicemiclsatide is fr@m aeut Ai n

enbodi ment s, tb laout %’Mﬁ%&déﬁﬂ B4 Yin @éﬂ%ﬂ%@&]hﬁ!ﬁ&s the uﬂfﬂhno@ﬂﬁhlaﬂo& certain

enbodi nents, Domain A wll have nore than one di nucl eotide sel’ected from
the group conseligopuslsotide ichom aboup 13 to@bER6 mslsottessin length. Ivgomz006/ 002038

PCT/ US2005/ Ozo%dlngﬁﬁ%@o@ton&’feoﬂé‘e%ﬁ%ﬂ] Ji%u:%rio 596 Mu@é’osde&eﬁdu‘eé nker
j oi ni ng Domai ns A and -57 11 nkage, a

ha
3'-3" |inkd%e, °faff0ﬂh®§1éiﬂaf9ébcglﬁ&Fp’deaﬂderl‘a%q“é%ﬂfﬂ@“a'lﬂ"t‘émrﬂbﬂmﬁ&cle05|de li nker
that may be al men:a;la&emaremsbﬁe crbodlmentsyhé bl@onuc%tlaémavm fdbes @ peptide,

a carbohydrate, lipid, a fatty acid, nono- tri- 5 hexapol yet hyl ene
glycol, or a h@wétrléc«ycfrwwSetpybouwmqlpoedmydm 55 used hegeinghe §rm 2 - 5°  DNA,

RNA,  RNA- DNA, D6 RN e 04t Yhel ex 2@ himber ﬂﬁ‘l\ﬂ c'?ﬂc:ﬁ‘ PR (ROR R oHucleoside

sel f-conpl enmentary sequence, containin
residues in the ohgonuclcotldes is not cntlcal and oligonucleotides having one or two

15  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
20 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 & non-nucleotide linker, wherein the sequences of the
immunostimulatory oligonucleotides are at least partially self-complementary. In
25 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-B-D-



not containing a dinucleotide selected fromthe group consisting of CpG
CpG CpG, CpG, wherein Cis cytidine or 2'-deoxycytidine, Gis
guanosi ne or 2' 10 deoxyguanosine, C* is 2'-deoxythym dine,

1-(2' -deoxy-B-D-ri bofuranosyl) 2- 0X0- 7- deaza- 8- net hyl - puri ne,

- deoxy- SWOAWEE8i ne, - di deoxy- 5- ni trocyt osi ne, U%W?gdl ne,
2' -deoxy-2' -substituted ar abi nocyti dine, 2'-0-substituted arabinocytidine,
- deoxy- 5- hydr oxycyti di ne, - deoxy- N4- al kyl -cyti di ne, 2'-deoxy-4-

thi ouridine, other pyrimdi ne nucl eosi de anal ogs, G is
- deoxy- 7- deazaguanosi ne, 15 2'-deoxy-6-thi oguanosi ne, ar abi noguanosi ne,

2' geoxy 2' Subi%bfulia%@?hz @baobdeaﬁgslﬁ&ﬁﬂltﬁaﬂne,%‘-dl@oﬁ %Eiobﬁbﬁ&-@-’tabi noguanosi ne,
eoxyl nosl O, er purine nucl eosi de ana P.1.S
. nt er nucl eosi géfei”iyﬁ%%!&@c}%‘él"&ﬂ'@df’%‘tﬂ'm"t416""@‘9’8@’*’“6@?\‘%?@1‘?%&"%‘?‘3’

phosphodi est erQ-supkaBdhaasthdtly Rk 2'-REE-PRAFRHSRME I H@RY-N4-diyl-cer t ai n
enbodi nents, the |m"ru osti nmul aaory di nucl,eofi de i s, not h?gﬁ.% In sone 20

enbodi nents, [BYHRGRZ glepxy-tsihiquaing o other pyrimidine nueleqsige anq Yis€onnect i ng
ol i gonucl eat i desxyof-dd2eigBindsife, Q%o@oﬁf&ild&)ﬁosm\@ h&Binef@ndseker Hagkyl 0 as

"i mmunoners." | n certain, enbodi mai n C does no ave. t he
di nucl eot i de  XepElitusdiesbinegyanpsing, 2 Eeybstitytpd-arabipogusRosias. r%egf%“y‘“f’ﬂ'ée’

ol i gonucl eot i destheqtind MREodidk a‘n@:bgwm pib An lﬁfcﬁluf:lé&me lidkuge Btteddiohp about 50
nucl eotides in length. [In c rtain Lp?ll ment s 0zﬁlpp%sgonuql eoti des

contained in f'&FrWBHPa‘O(‘ﬁ‘S)“"&P hPFRB‘Pr‘i“?f’EFé °?PQ°’P'5'°&'B bsediBvetedes in

| ength. In sonme enbodi nents, the oligonucl eotides each have fromabout 3 to
about 35 nucl eosi Hﬂhrseaiedwﬁﬁnunmﬁu&tcﬂjahlmleidecahpﬁies 4 sthetmadaut 30

nucl eosi de resd ﬁ*L:jedsh ﬁé preferably fromabout 4 to about 20 nucl eoside
resi dues. $6 H‘S Bt's, the .10 WD 20061002038 PCT/ US2005/ 0211911

ol i gonucl eot| des have from about 5 to about 18, or from about 5 to about 14,
nucl eosi de resi dues. As useddmmireAdomamd-Demam'Cabout " i(plies that the exact
nunber is not critical. Thus, the nunber of nucl eoside residues in the

ol i gonucl eoti des | ?)oﬁ‘n%s m&y béfr&ﬁbbou?i‘t@ aBblt %M&B%M@r}tﬁ‘%&rﬁ% gne or two

f ewer nucl eosi de resi dues, fromb5 one to several additional nucl eoside

resi dues are combedpP anéd5a@I ?e'_éupb‘él RINAsRIMA-IRNS PNATRNAaviagBodi ment s
described aboviGjindriiniR QPR ESRBR IR SomBR CortlinifPsrSioPdontaltng 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'-0-
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*.



ol i gonucl eoti des have 11 nucl eotides. A self-conplenentary sequence as used
herein refers to a base sequence which, upon suitable alignnent, may form
i ntranol ecul ar or, nore typically, 10 internol ecul ar basepairing between
GC AT, AUand/ or GU wbble pairs. In one enbodinent the extent of

sel f - conpl ewebcanedsy i s at | east 50 percent. For exanpl RCEHHS208/038411t hat i s
at | east 50 percent self-conplenentary may have a sequence capabl e of
forming 4, 5, 6, 7, or 8 GC, AT, A-U and/or G U wobbl e basepairs. Such
basepairs may but need not necessarily involve bases |ocated at either end
of the self 15 conpl enentary i nmmnostinul atory oligonucl eotide and/ or

i munoner. \Wer e Domaindd,as dapictbddy abi X' bediw, dsra limisr jbieing Dptmtnamand € the

i mrunost i nmul r I | 0 e ,I be advant ageous
to "clanmp” tgté%t ag% g rk”ﬁm‘gg% ﬁ(%e%dl%‘%ée %ﬂ% asp{h??n%fg%%n%cl eic acid,

ei t her by bas:ephomdmgajrronbryclmydedmlkeethastna)tlmlahmanearmnatnc'End, gy ee of

sel 1 - conpl ememieay Ll RIS DM a0 RS Bl JRIEAL BElieEn 20

i mrunosti nul a o’?y ol'Tgo onet Uch al i ghrment may
or rmay nof |lreskm@ethslengglgeol,@rahuérbcypﬂnceﬂmetg.l eosi de overhangs. In other
enbodi nents, the degree of self-conplenentarity is at |east 60 percent, at

| east 70 per cent, pingf@%hy B0y PR P& sAbNhORTA RAARNAINARA even 100

percent. Simlar considerations appl y t0 1 nternol ecular basepal ri ng between
25 i mmunost i nBalat-Bely Cdiavige medlindtomicres selbeaipiementantssaneesss capfaindid drer ent  base

sequence. TR coilifhga Snaliidk Llohed roh BEARThAL Bophggnuct eot | des

and/ or i munoners used toget her Ity of )stinul atory
ol i gonucl eot i 94§5*akpGbrwheteinfy iseiding %ﬁydeobwlﬁ@%@ ipgeanosinecir dde sequences

whi ch areat icad il y. e ne

enbodi rrentl@t héciaé%p ?‘%?{n% ofL' de%lnj 002 8218 P%? 8@ 05/ 8%8 2087

i munost i nul adqaz%methgbmmp,éo@emé-iuw@mnq hﬁﬁmmﬁ@ltmﬁbms an

i munost i mul aar%xocgé.al&oauﬁbgpﬁus% i@RIAGbnbATRAL TE0-LRMNAG 2 Tirst sequence
and an i mmunost | nuf at or onuc eot | i mrunoner havi ng a second

sequence, whapkingsytidiee, \QNCQJEY-%-bIﬂ!I@W@)éIdwnd -ﬁWY%&Hﬂdi-cﬁahﬂfehdeoxar“e at | east

50 percent 5 bat Hy that are at
| east 50 percgﬁ{mhﬁ%%%ﬁmgﬁiﬂﬂs ey a(ﬁalogsfs(grf\r%2W8 y%"éBa%g or ’GC, AT,

A-U, and/ d# Gltgeoxybﬁjh@guanosme arabinoguanosine, 2'-deoxy-2'subst1tuted-
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

20 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
25  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



basepairs. Such basepairs may but need not necessarily involve bases |ocated
at either end of the conplenentary i nmmunostinul atory ol igonucl eoti des
and/ or i mmunoners. The degree of conplenentarity may depend on the

al i gnment between 10 imunosti nul atory oligonucl eotides and/or i nunoners,
and such aWogHeM203%my or may not include single- or MUTYPPIEOHIE eosi de
overhangs. In other enbodinents, the degree of conplenentarity is at | east
60 percent, at |least 70 percent, at |east 80 percent, at |east 90 percent,
or even 100 percent. By way of non-limting exanple, in certain enbodinents

of this aspect, the 15 jmrunostimulatory nucleic acid will have a structure
as detailed iHliepicliptdss pave rom @?“tﬂt%a@"é,sg.” figmabgutdoabayi 14 5 g5 Ay C 5

(1) n As WolikRodiR résafiRd A iRed layei®)RR térkl "bboRet ilnplidsifat fhelexact Menbdeii ct ed
i mrunost i nul at or nucl ei ¢ acj d/ i nmunqmner @onpounds have secondary structure

because t he SWhtidifeleShyy thsmumper ofayeisrride ratidiet Biin AisapHckptides 1N ngh ng f or

i nt er mol ecul agritibyl Hn@ SBEHLBARSHIdEChavinPOTERr Bifo waiiiclfosid¥aysidies, BRfforMOt  be
i dentical, donmains A an not be identical, donmains A and C

d .C may or,  nay
may or may’ ndtreffesererahfdiitional niplseeificresidyes g gontermpiedAs CathiAlenor €458 i dent i cal |
domai ns A" angfife enlBtiniRhts ABYriltAlabdR. IniEME ERBIdimeH Bl nBreédiithe B My or may
not be identical apnd domains C and C may or nay not be identical. 25

Mor eover, as YBOMsleptidesna)s ld nyclecligesi ¢ i onal i nmunomers can bind t hr ough
i nt ernol ecul ar hydrogen bondi ng thereby creating a chain, or nultimers, of
i mmunomer s accor dianglficomplrientary ajubme as wedlreibRfoagy abagiequesde cont i nuous,

ISD(Cail'I'; US(Z:SgE} 82%@&}? 53%5%2%%@%{?&?&%&5@%ﬁ%écgl\é\ﬁ% Iz'g%rg{%}(f)pgz 3%8 nmeans having the
abi ity t o0 hyinteirislemlat basgpairinglbetweernGiC A-TSUGH ald/brrG-dli dtbleqairs. dn ofidi narily the
o LRGSR RD D PEIVSSRCROIBL TR AL SLILA S, ERLSA TP Y L0
bondi ng, as wdrer thst ibatdenst B petcant kélfrigpmpiementasandydad: 4 @qlepbr dagdbkeadfi on.
forming 4, 5, 6, 7, or 8 G-C, A-T, A-U and/or G-U wobble basepairs. Such basepairs
may but need not necessarily involve bases located at either end of the self-
15 complementary immunostimulatory oligonuclectide 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
20  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
25  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 t0 one another, In one embodiment the plurality of



As used herein, the term"secondary structure"” refers to internol ecul ar

hydr ogen bondi ng. I nternol ecul ar hydrogen bonding results in the formation
of a duplexed nucleic acid nolecule. "Palindrom c sequence" shall nean an
inverted repeat (i.e., a sequence such as 10 ABCDEE D C B A in which A and
A, B and Wo,20&t002038 ar e bases capable of form ng the uURITAUS2EeML Cri ck
base pairs. In vivo, .such sequences may form doubl e-stranded structures. In
one enbodi nent the CpG nucleic acid contains a palindrom c sequence. A

pal i ndrom ¢ sequence used in this context refers to a palindrone in which
the CopG is part of the palindronme. In sone enbodi nents the CpGis the

center of the ihRuRdtiniEicARigomitlediidt ReVordiednERNhclideadpG nucl eic acid is
free of a palindrome. An immunostinmulatory nucleic acid that |s free of a

pal i ndrone i s {BAUNGsHmyfaioproligapucisgiisle agi/ar immupemerdayiag 3 st ssqyencesmd 5

pal i ndrone.  SughmatndlihGROHODIReUC K6 idERNY/brfmnAkna hawddd d REGHARByukRteVi Ch the
CpGis not the center of the palindrone. For purposes of the Invention, the

term "ol i gonucYhsssin tﬁ%ﬁ"sl?@ﬂ‘éﬁﬂge%“éﬂ&“‘?ﬂd prapeRRR e atdeasih) ReEsEfbed from a

plurality of ldomkReenthts! e&séxaﬁplbl%b&weeﬁuﬁ&s-n@}sltmm@t1@5& B@iﬁsiccﬁﬁn be obt ai ned
fromexisting nuc)]eic acid sources, includ |ngé g nom ¢ or. cDNA, but are

preferably prABeEEenFysihe Hetiom fed Hdder 8 G Ueﬂ’i‘ﬂ/ﬁﬂf}ﬁéﬁt’%bl%ach

nucl eosi de UNiyasdphis. tsd@;sbaaepaﬁmﬁwﬁéeuﬁotb@@e@saaﬂdn@he%e;egtdé&edm%uﬂer
- deoxypent f ur anosyl trehal osge, ar abj nose, 2' - eoxa 2' -substituted arabinose,

2- 0 25 subst iPgeEEE semplemesiay igrmunastigwiatery aligonyslegtides andier iMWRRBES-de r esi dues

can be coupl edrhetd@grsmfaoﬁbneﬁémmy@lydéaﬁnéda%mgﬁﬁawsec&eﬁm i nt enucl eosi de
| i nkages. Such intenucl eoside |1 nkages include, without Iimtation,

phosphodi e&} erimmusesiawiatary pligousiestides peonimmypnmens, aid weh AligREEH HSY Shonat e,

al kyl phosphonahdy einelude @@@Bhﬁhﬁ.?ﬁ&haéosxd@ B%’i}ihh%s’ N bHa énbodieMS ANE,
carbonat e, carboal koxy, acetam da WO 2006/ 002038 PCT/ US2005/ 020911

carbamat e, nordSBGE PHOMPIsHIERATLY it 4 jcaet 6f aFroent ot lgasb P RsFRSEInPidsastA0dat e, bri dged

net hyl ene phosph@mit8eastHoipdGe, dpla%gb@F.Qggm_oat e, and sul fone intenucl eosi de
| i nkages. The term "ol i gonucl eoti de" S0 enconpasses pol ynucl eosi des havi ng

one or nore stereqgspecific intenucleoside linka
( SP) - phosphor ot hi O%tyg\{ay o[rnon -limiting example, in certain eml% glmegts opthls agpect)thc
15  immunostimulatory nucleic acid will have a structure as detailed in formula (II).
g A & C .5 A B ¢ 5
X T IV X Wi X ULENLIRLA IV Y X
s A B' ¢ 5% A B Q 5'

a "

As would be recognized by one skilled in the art, the depicted immunostimulatory
nucleic acid/immunomer compounds have secondary structure because the sequences
20  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.
25  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.



5 al kyl phosphonat e, or phosphotriester |inkages). As used herein, the terns
"ol i gonucl eotide" and "di nucl eotide" are expressly intended to include

pol ynucl eosi des and di nucl eosi des havi ng any such intenucl eosi de |i nkage,
whet her or not the |inkage conprises a phosphate group. In certain

enbodi ment w0 20ie®e038i nt enucl eosi de | i nkages may be phosPFBHS28eY1RE911
phosphor ot hi oate, or 10 phosphorodithioate |inkages, or conbinations

t hereof . The term "ol i gonucl eoti de" al so enconpasses pol ynucl eosi des havi ng
addi ti onal substituents including, without limtation, protein groups,

| i pophilic groups, intercalating agents, diamnes, folic acid, chol esterol
and adamant ane. THe userherein; tieitago eapdanentd” mebnschaeing Bpbilivde any ot her

nucl eobase ¢ pepti de
nucl ei ¢ aci d?%g% 33 ‘@%{’ llx &n%%cﬁh ﬂgﬁgm ’]Qord%&p‘ﬁﬁgrg% @Pdﬁgﬁps ( PHONA) ,

| ocked nucl einding d@W(fdﬂl‘QAynplemmtpm@ﬂmMapMn@mW&Wk@ot| des, and

ol i gonucl eot i | i anino

| i nkers. The % algﬂ.':%?egpop @% gﬁﬁﬁgﬁ(%dggo;fnpﬁ&%n%@{{%ﬁ‘O‘J{]ggsﬁfg ural ly
occurring 20 smkine@m aiwsls%adrmhubhdeatimucl eosi des, or mixtures thereof. As used
herein, the term "nodified nucleoside” is a nucleoside that includes a
modi fied het er ocydisiusedduein, the termisicpidary sugyere” tefsisstp yntermeleenlarorbi nat i on
thereof. In s é%q%% [ nat ur al
pyri m di ne or pu I ne nu gﬁiPﬁﬁam““gﬂb%e.n g%#ﬁﬁﬁégﬁbh§m§%ﬁgpenbodlnents
the nodified ﬁw@k@bwaﬂﬁwéraﬂ@mhsubst|tuted ri bonucl eosi de an 25

ar abi nonucl eosi de or a 2'-deoxy-2'-substituted-arabinoside. For purposes of
the invention, théPyadrpmioscquanesshallmean an inkesied sipeas §icddsequencesuch a§ ybst i t ut ed
ar abi nosi dg" AB@bﬁﬂ@Scﬁ*AbfawAh%&l 403 Rl BIRDIAAAUS LEABI S Rrhilg Wal Ch L he
hydroxyl group at the 2° position o pentose nmoiety is substltuted to
produce a 2' - usualiWatywn-Oriphbasros it wwrﬁt@smaw@szomfmm daublersirandedd or

2' -0-subst i tUEtﬁn@tuFésQ%H&éxﬁ&%in%t thd 6?@%&&6 éhd%l?@ﬁlb ggﬂﬁxﬁmnﬁ%é&uenﬁé'bs“ tution

is wth a | ower kyl group contailn -6 saturat unsat'urated carbon
atons, or wutHpalrmd@mlpS@pwguwémthgcmmw&m@malmdmm inwhishéherCpSuch al kyl ,

or 2ry1 9 OUR iRt BE SRR s TR 1R RHDBE bkl e - 0+ W L hal o,

15  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

20 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 pentofuranosyt,
2’-deoxypentfuranosyl, trehalose, arabinose, 2’-deoxy-2’-substituted arabinose, 2’-0O-

25  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,



5 trifluoromethyl, cyano, nitro, acyl, acyloxy, alkoxy, carboxyl,

car boal koxy, or am no groups. Exanples of 2'-0-substituted ribonucl eosi des
or 2'-0Osubstituted- arabinosides include, without Iimtation

2' -O- et hyl ri bonucl eosi des or 2'-0O nethyl arabi nosi des and

2' - O et hoxweerohempeisbonucl eosi des or 2' - O net hoxyet hoxpearabionseides. 10 The
term"2' -substituted ribonucl eoside" or "2'-substituted arabinoside" al so

i ncl udes ribonucl eosi des or arabi nonucl eosides in which the 2'-hydroxyl
group is replaced with a |lower al kyl group containing 1-6 saturated or
unsaturated carbon atons, or with an am no or hal o group. Exanples of such
2' - subst i t ut edrbamatgonerph@ing, wewo,dhio@her,dmidgadiphospbetamidalii bidgéddes | ncl ude,

Wi thout limtati A N0y, " : - P .. - propar gyl

M bomac! cost daghiithe hosAdialoeichen @‘rﬁ’%ﬁh%"lé&?‘ﬁﬁ'\%”’bﬁdgsg'ﬁ‘h%|“’e‘%‘tﬁ'5| E%e"g'd‘? ncl udes hybri d
and chi neri c lokageantitd lemt Taligenucleptide thisorrpedmpassks ppdimucibesisies byingioge an

ol i gonucl eot i i ‘ f ppn ] I j nkage. One
non 1 i 11 ng. iR eBApRR A0 ARE ihUBE (e, (1 PDRSPHAGGABIod, 20

ol i gonucl ebt i dieylphosghenaté, egphospiioisgerdinkagei)o As vsed Aereiphibs peosli est er or

phosphor odi t hi .01, ;& QR LRk al kyl phosphonat e
or al kyl phospﬁgg%]t%ﬁ]fggtgfteealdi ﬁ ‘éégig’@a% g&gye&gll.eégs%ﬁ%g%g?é;@ﬁu%ts al. US  Patent
Nos. 5, 635, 37mlymdedsidesandgingicleosides haMingiady sich goerancleosité lirkage, whether

ol i gonucl eot i grqwm%i;@%ggpg “é%%@é?%ﬁ%t% %‘Bﬁ) qf cermﬁcelm%g&ikgg&r%g non-limting

exanpl e of such a ol e conprises a onucl eoti de or
2' substi t ut eidternupigenidsl limbiagesimay brphosphodiester,aphopborgthiobsasc| eot i de regi on (see,

e.g., Mte}ev : P . 52, 355, 6, 346,614 and

6, 143, 881)% E@%@B%ﬁ%lﬁ%%%’ %&%’%@8@%)‘8% 911 Alternatively, the nucleic
acid nol ecul e of the invention can be two immunoners |inked by way of a

non- nucl eoti di ¢ | iAR&M "phigopesiqotiis) alsprpsampissas polyruclaqeideshpeing i on, at | east

one i mmunosti § b . o of: i WaliT o an
RadktBha sMbsnR:Eﬁtgf?n@lg&ng%Qutdﬁgtﬁ llgut]gﬁdﬁ?prbt@l ?&%?péﬂl}ﬁm 5@%

i mmunost i nul atory dinucleotid ornul a wherei n Pyr

is a natural jMardalating pesnissigreingsi fglic wid, ghodasigept and adamantane, The term
“oligonucleotide” also encompasses any other nucleobase containing polymer,

15  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 alkyl linkers or

amino linkers,

The oligonucleotides of the invention can include naturally occurring
20  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

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

For purposes of the invention, the term "2'-substituted ribonucleoside" or *2’-
substituied arabinoside™ inciudes ribonucleosides or arabinonucleosides in which the

hydroxy! group at the 2' position of the pentose moiety is substituted to produce a 2’-



thereof and Put is a natural purine nucl eoside or analog thereof. As used
herein, the term"pyrimdine nucleoside" refers to a nucl eoside wherein the
base conponent of the nucleoside is a pyrimdine base. Simlarly, the term
"purine nucl eoside"” refers to a nucl eoside wherein the base conponent of

t he nucl eowiodeod/®2@®8 puri ne base. For 10 purposes of thePGHURALYEIWII g
"synthetic" pyrimdine or purine nucleoside includes a non-naturally
occurring pyrimdine or purine base, a non-naturally occurring sugar

noi ety, or a conbination thereof. In certain enbodi nents pyrimdine

nucl eosi des in the i nmmunostimulatory oligonucl eotides and/or imunoners
used in the nwbitiodedzr O diltiuted ribbricicosiden i @rtain tRmbbdiments, lsechst ructure (111):

D D X-A IS%bStMtloh SWIM-LGIE)\?&&&J gb@an nﬁ%ﬁ{gngeﬂtugﬂ% gﬂﬁﬁfmteg oft sel ect ed

fromthe group consisting o ogen onor hydr ogen bond
accept or, hydatapdaipt with granxlmrounyld\rmgﬁatﬁmwogmmp, wheredcsuch alkyli erfadd awi ng  gr oup

d el t 3 /020911 A
ﬁ;dr ggg(r:l Lgﬂdgg@%%{}% qu&&ﬂutﬁdgq“%%&g&{gl{rggﬁ% QVA&(RI L@é?og‘gt ed fromt hlesg?oup
consi sti ng’ of trifiyetpmetbyl, dyond nittocapt aayloxy.jkixy pirboayt capboalimxy iy dmiphobi ¢ gr oup,
electron wit Qg@i’p BfhntHI QP ﬁﬁ%uﬁétlﬁffedrn%@nuc%!‘@e% oP? cSl &He?tuw? X'is carbon or

ni trogen; 1S a pent a non-natural l'y
occurring sugwbmdsmletmluéu witkowb biglitatien £'s0- nteﬂlelrtbmgateosldersgr 2’sOderivatized with

a phosphat e Exﬁil)(mbm{EﬁdEL EAPFOHB&E&D&&P&E{TPAnS&%uesm? o3t fer |inker noiety

sui tabl e for rimdine 0 anot her nucl eosi de or
nucl eosi de anabtbq{yethoxyarabmosmes

10 The term "2'-substituted ribonucleoside” or “2’-substituted arabinoside™ also
includes ribonucleosides or arabinonucleosides in which the 2'-hydroxyl group is
replaced with a lower alkyl group containing 1-6 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,

15 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,
20 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 cone type of
nucleoside. One non-limiting example of such a hybrid oligonucleotide comprises a
25  ribonucleotide or 2' substituted ribonucleotide region, and a deoxyribonucleotide
region (see, ¢.g., Metelev and Agrawal, U.S, Patent No. 5,652,355, 6,346,614 and
6,143,881).



10 I n some enbodi ments hydrogen bond donors include, without limtation,
-NH, -NH2, -SH and -OH. Preferred hydrogen bond acceptors include, wthout
limtation, C=O, C=S, and the ring nitrogen atons of an aronatic

het erocycle, e.g., N3 of cytosine. In some enbodi nents, the base noiety in
(rrr)y is awomssmetasgal |y occurring 15 pyrim di ne base. PEESHIER0%0F
preferred non-naturally occurring pyrimdine bases include, wthout
limtation, 5-hydroxycytosine, 5-hydroxynethylcytosine, N4-al kyl cytosine, or
N4- et hyl cytosine, and 4-thiouracil. In sonme enbodi nents, the sugar noiety
S in (Il1l) is a non-naturally occurring sugar noiety. For purposes of the
present 1 nvent on. AflemfiRbY! 1t hiélREEMdIDI SHAR Iny BRIk L belthoa sugar moi ety
that occurs 20 naturally as part of nucleic acid, e.g., ribose and

2' - deoxyri bos@“&lﬁﬁpl%ﬁfs'wﬁd%W%W@Ialﬂyﬂ'nwuﬂlﬁi'i‘i@l’sugar moi ety" is any sugar

t hat does not occur naturally as part of a nucleic acid, but which can be

used in the backbopgefifih ebodithénguTee!iRhticiSat (@stGne fhﬂﬁlﬂl‘é&lmu]aﬁé@b' nose and
ar abi nose derivati ves are non-l imti ng exanp | es of sSugga | etl es In sone

enbodi ments pPiEeRuCkofide ebtie Yuention FURISESAN; "ﬁ%ﬁ@gwlﬁw 'aw otjdg of the

ol i gonucl eat i mmwrmm%ﬁﬁﬂﬁuﬂa ﬁl%lﬁ@ﬁtﬁ@&l&%@ﬁﬂ%@"g to the
i nvention have tol(?e structure : 2006/ 002038 PCTé 2005/ 020911 A

L\L D X N D thgre wﬁrﬂeﬁ}a&irﬂvur@e.ngclgpsﬂﬁawg@ﬁﬂmﬂe Afdtie herasnthe | 5 sel ect ed
fromthe gr OURelﬁp'@?ﬂuﬁididaguﬂéoswdrre&&ﬁﬂanm&&@@ﬁﬁbraﬁﬂﬂ bﬁi&'&@ﬁlponcﬁmﬂ hydrophilic

group; Ais a drogen bond. acceptor_or a hydrophilic %rou X is carbon or
ni trogen; each ‘L‘“F? fidde pRYTHRHIne ga5§e$'é’é|f"@ﬂﬂﬁt% pyfine duclenside R&rsdei ng of C,
0, Nand S a nucleoside wherein the base component of the nucleoside is a purine base. For

10 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

15  have the structure (JII):

lS' (11
wherein:
D is a hydrogen bond donor,

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

group and electron donating group;

-16-



10 and S' is a pentose or hexose sugar ring, or a non-naturally occurring
sugar. In certain enbodi nents, the sugar ring is derivatized with a
phosphate nmoiety, nodified phosphate noiety, or other |inker noiety
suitable for linking the pyrimdine nucleoside to another nucl eoside or

nucl eosi de VemzW@EN203B5 | n certai n enbodi nents hydrogen bB8AHUSHRTINY Inc] ude,
wthout Iimtation, -NH, -NH2, -SH and -OH Preferred hydrogen bond
acceptors include, without Ilimtation, CO C=S, -NO2 and the ring nitrogen
atons of an aromatic heterocycle, e.g., N of guanine. -18. W 2006/ 002038
PCT/ US2005/ 020911 I n sone enbodi nents, the base noiety in (IV) is a

non- nat ural | y occurisahgdrpgenibosl dvesptor obxigrpipkisic gloupr ef erred non-natural |y
occurring purine bases include, wthout limtation, 6-thioguanine and

7- deazaguani ne. |y i , ' worl N (V) is a
natural |y occurri nm%g%ggr%rﬁg[?gt ;a; @goéggggr%g%%%\ﬁ&%%‘iw% structure (111).
in a third ashdoaphidingroupwhedroplmbicpranpi destrompiishdravdegigrowrndelsatparsi t i ons. These
conposi tions goqlggp‘{\glﬁ&lpany one of the conpositions disclosed in the first and
second of the Inventron either alone or in conbination and a
pharmaceutically acceptable, carrier. 10 As used herein, the term

"physi ol ogf cal | y acé&pbemeraitrageradds to a material that does not interfere
with the effectiveness of the conpositions of the first, second or third
aspects of the i neeitaipeitosidehdxSsecagd dhg, bl £nod-daburdllylclrog 0gdr. Syst em such as
a cell, cell culture, tissue, or organism In certain enbodi nents, the

bi ol ogi cal system;is..a |li.ving organism such as a .ertebrate. .15 As used
herein, the term "h(':3?'}afnecrmb°de'rq%r6tffpass§ ¥ 'aﬁii%g{" |'f)eide“r’1' 2R prhagtﬁ i er,

sal t, buffer, medifitd pliozphate meddty) ot dtherdinker hiofeiyckuitaire fot Hrdingthd gyrimddinevel | known
inthe art for e, in armgceutical. fo l,ations. It will be understood
that the char ati eé?‘flesttoia%@n%fn&? 6 eg%'}ufﬁegsﬂ‘{qu%gg'pi ent, or diluent wll depend
on the route of admnistration for a particular application. The

preparati df of phdnaerecembodiments hgdregep bortd dondrs ingluta mithew liaatien ni ng
-NH-, -NH3, -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 (ZII) is a non-naturally occurring

15 pyrimidine base. Examples of preferred non-naturally 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 (JI7) is a non-naturally occurring sugar moiety. For purposes of the
present invention, a "naturally occurring sugar moiety" is a sugar moiety that occurs

20 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, ¢.g, hexose.

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

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

have the structure (IV):



20 these materials is described in, e.g., Rem ngton's Pharnmaceuti cal
Sciences, 18th Edition, ed. A GCennaro, Mack Publishing Co., Easton, PA,
1990, ISBN: 0-912734- 04-3. Pharmaceutical conpositions of the invention nmay
al so include a cancer vaccine, including a cancer vaccine selected from
EFG Anti - mb sibg/pizesscancer 25 vacci nes, (75 antigen, EGVKUSEOH0OMA vacci ne,
MGV gangl i osi de conj ugate vacci ne, Her2/new, Ovarex, M Vax, O Vax, L-Vax,
STn- KHL t herat ope, BLP25 (MJC-1), |iposomal idiotypic vaccine, Ml acine,
pepti de antigen vaccines, 9 WO 20061002038 PCTI US2005/ 020911 toxin/antigen
vacci nes, MA-vased vacci ne, PACI S, BCG vaccine, TA-HPV, TA- CIN, DI SC virus
and | mmunCyst/fheraCys. In various enbod¥ments of the invention, the
conpositions of the first, second or thilrd aspects of the invention nay be
covalently linked to an antigen or Wsg 5 operatively associated with
an antigen. As used herein, the tgf/m"¢peratively associated with" refers to
any association that maintains the it f both the conpositions of the
first, second or third aspects of t i nhenti & and the anti gen.
Non-limting exanpl es of such operatjive associ ations include being part of
the same |iposone or other such delSivery vehicle or reagent. |In @mbodi nents
wherein the 10 conpositions of the first, second or third aspects of the
invention are covalently linked to an antigen, such covalent |inkage is at
any position on the conpositions of the first, second or third aspects of
the invention other than an accessible 5 end of an immunostinulatory

ol i gonucl eoti de. P#rredkanpl e, the antigen may be attached at an

i nternucl eoside |inkage or nay be attached to the non-nucleotidic Iinker. 15
Al ternatively, thepantHy8@penBMd ddnegl f be the non-nucleotidic linker. In

vari ous enbodi ments of the invention, the conpositions of the first, second
or third aspects af,.the jnventjon may i.nclude . an oligonucleofide wth

anti sense §act i Vi ﬁé.ls fgﬂctfgi‘i?“ﬁb“r gPYP c%ns(ﬁ:llpg gﬂwgg’gg{b k’}'c&?ﬂe? %"%‘jé?ﬂg” that the

ol i gonucl eot i @&} hydfophilic gotp;oduced into a cell or an animal, causes a
reduction in the expression of the gene to 20 which it is conplenentary.

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 §;
10 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.

15 In certain embodiments hydrogen bond donars include, without limitation,
-NH-, -NH;, -SH and -OH. Preferred hydrogen bond acceptors include, without
limitation, C=0, C=8, -NO; and the ring nitrogen atoms of an aromatic heterocycle,

e.g., N1 of guanine.



I n various enbodi nents of the invention, the conpositions of the first,
second or third aspects of the invention may include an ol igonucteotide
sequence that is an aptaner. Aptaners are nucleic acid nolecules that have
been selected fromrandom pools based on their ability to bind other

nmol ecul es. wihesneems have been sel ected 25 which bi nd nuRCELR20eI2¢Pd 1

proteins, small organic conpounds, and even entire organisnms. These novel
nol ecul es have many potential uses in nedicine and technology (see, e.g.,
Burgstaller P., et al. Curr Opin Drug D scov Devel. 5: 690-700 (2002)). .20
WO 2006/ 002038 PCT/ US2005/ 020911 The pharmaceuti cal conpositions of the

invention nmay be adRdfd &hijaftknRYthebie RlictyaR(I19) fsqqxtf)ﬁ’-nathﬁﬁ% u&hﬁmF W t hout
limtation, parenteral, oral, sublingual, transdermal, opi cal, intranasal

aerosol , i ntray#glbase; Expmmesof pecframsd non-natyrally ceeuming npging bases ingdydegene gun,

dermal patch Qfithbi? RS QbhiQanRUh NAsRadudfifR, 1 BsnPORIREAK! heal
conpositions 5 can be delivered using known procedures at dosages and for

peri ods of ti ABAEMPiERS ipdlV)dnt atyraliynscurdng sugay mojety s deseribgd ahoye forr eat nent  of
cancer, the trgahpenjnof infection and the treatment of autoi mune

di seases. Wen adm ni Stered systemcally, the pharnmaceutical conpositions
are adm nistered at a sufficient dosage to attain a blood |eyel of the
conposi tions of tﬂlé afq“FCE’isPecét@EBWEP"&HB‘%B‘FeﬁWPW%’Q%E?'EP%ft‘OF%gr\{‘Fﬁ‘?venti on 10

from about 0. Q8gosiioRs WP anl GnedT@éicorhBositions @EEMsed in thedfirst 80 sdcbrded
adm ni stration much, | ower concentrations thap this my be effective, and

much hi gher  ©blie dHentioniewhes aleas orincqmbination asd & Pharmaceptically acsrmiahls nent s, a

total dosage @kmried. Munosti nul atory ol i gonucl eoti de and/ or i mrunomer ranges
from about 0.0001 ng per patient per day to about 200 ng per kg body wei ght

per day. It. may be,desirable 15 tp.adm nister si.nyl taneously, .qr
Sequent i al 1% & t hephietifen s Bay fedrnodeady Bisaeay’ eBRe srakasFabe ¢ ne
t her apeuti c cdogost inieafare with theeffettivesesd dfalie dompasitiansoff the fltsgkecaisd @ Si ngl e
treatment episaode. | ostinulatory ol i.gonucl eoti de re created as
i munoners us ?‘Hﬁﬁf?\e«g 5 ok ﬁﬁ“&xﬂ?g a $5¥%‘5’I" ¢ L{ﬁ agi?ﬁﬂgf‘f@gﬁy\é?mﬁc asa
i mmunost i mul atcelt, ¢elbéul@entishe ot drgdimantdéotain edBodimBits) tieiclogidal §Remiinivent i on
may convenientI%.be sxnthesized Hﬁlﬂg an aut omat ed
a ltving organism, such as a vertebrate’
15 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
20 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
25 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,



synt hesi zer and phosphoram dite approach as schematically depicted in
Figures 2 and 4. In sone enbodi nents, the imunostinul atory

ol i gonucl eoti des and/or immunomers are synthesized by a |linear synthesis
approach (see Figure 2). Representative linkers for this synthesis are
present ed wo Bidgpoeiss 3. As used herein, the 25 term "l i NEHURPHBYL] s refers
to a synthesis that starts at one end of the imunoner and progresses
linearly to the other end. Linear synthesis permts incorporation of either
identical or un-identical (in ternms of |ength, base conposition and/or

chem cal nodifications incorporated) nononeric units into the

| munost i mul atygiyafigbIRHAdEANVAIRSeAREKIR! PAORUBOORARneY ) 401867202038

PCTI US2005/ 020911 n alternative node of synthesis for |nnunost|nulatory

ol i gonucl eot i ddB BIG Urus paiHeey &/ Thera€¥ar al | el synt hesis", in which

synthesi s proceeds outward from a central |inker noiety (see Figure 4).
Representative | i nKﬁaﬁoﬁs@inbbmirﬁnmmomv@imn,w&bﬂap@sﬁt&n%ﬁh@ﬁ@@aaamd in Fi gur e
5. Asolid sup attacgﬁd | i nker ¢ F? or arallﬁl gnthe5|s
i s descri bed dgs"eﬁ’éf’ f inggntion mgy °“:’§’§§eml§| inkgdd \BEn orotheibS er sal  sol d

support, Suc h @Sra@m@ttata&edahmaa A iEeh. OACWREd Keddih, em: taaf ‘Rpghdgs support, can

be used. Parall el nthesis o i munast i mul at qr’ | i.gonugl i des and/ or
i Mmunoner s é@“@@@é F? &WHHP@G§§WBW%WﬂWﬁWﬁﬂﬁm%®%¥Wé éﬁ’%1§ paral | e

synt hesi s per rgoinpoitivs dthé ARQ EROABIritlifl aGfects ILME invartioBmMPERArtigerdNi t'S; (2)
unlike in Iin r ﬁxnthe5|s bpta%éor alléj t he nﬁgg rlc its are

synt hesi zed at QnRIn g examples, of SUFRLORSTNIVE 4150ciations dpe %'%Paﬁ‘e‘ﬂlul'?sa@? eps and the
time required Kpekonide oﬂxymbteadmerwetﬁ&)eoﬁadganaﬁ: dntbadiniefits vhBreiakeEer i c unit;

and (3) thﬁ reducti.on 'P gnthetl ste i np veslﬁurlty and {hg#g of the
final i muAbmePTRPHARE P! the Brshpecoptordhy aé‘i'“’FH & P erition precgyalenyl | i near
s?/nt hesi Is o: gtalhﬁhrlt@lm swntcbeeﬁdnmml@gag acay §051tI0E6n tHTLHA st tioR3 b fAheDtiryt, |
ol i gonucl eot i nonmer s accor.ding to the en t|o may conveniently
be depr ot ect e&eﬁﬁ“gﬁr@ﬂ%@ﬁ?t?ﬁﬁg ‘?tg" %PG‘EF"G?FS'B?‘/’ & onmrended by the
phosphor ami di t ghnfudBgdinugiiory bligoRudi@id. |f%de)ﬁﬂl‘§ieetﬁ$hrﬁ@ed ﬁaj RChdhed atagd. The
product i munosti nul at ory ollgonucleotldes and/ or. i mmunoner is 20

pref erabl y pur‘F‘?eF'é‘Efe?)‘ﬂf’er]’éWF§é'aalb‘I’fa’§é°hFM@‘e npampsleqpdiglioler. yesal t ed and

di al yzed. 15 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

20 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

25  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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The conpositions disclosed in the first second and third aspects of the

i nvention can conprise the i nmunostinmulatory ol igonucl eotide or i mrunoner

al one or as oligonucl eotide/immunomer conjugates. An

ol i gonucl eoti de/ i mmunomer conj ugate conprises an oligonucl eotide or

i nunoner , waotke®est bed above, and an 25 antigen conj ugRGEdS20¢5/2¢pd1

ol i gonucl eoti de and/ or imrunoner at a position other than the accessible 5
end. In sone enbodi nents, the non-nucleotidic |linker conprises an antigen,
which is conjugated to the oligonucleotide. In sone other enbodi ments, the
antigen is conjugated to the oligonucleotide at a position ot her than its 3
end. In -22 WO 20064 @%gﬁﬁ A S q{mgm e antigen
produces a vaccine ‘? ect. ﬁlc ﬂ‘ﬁ%ﬁ@é%l mul é\{egﬁ@ﬂﬁ gonuc eot |3"d'iep

i mrunomer  al orsgitable rqute.gn¢leina, witkont liigtionaparsotatal, Owﬁpmgamaééfaeﬁlnﬂftﬁé

adm ni stered | gﬁﬁg T [ [ nal l'y

sel ected f romtg%%*ggﬁsggg%gggﬁﬁ lmgdlugég{? ﬂ nﬁar&% ‘ggﬂ?li %e%%né %@som at ed
with a cancer ,degnalipajetner lasmﬁ)mr@wumw farrm ailmoharmnmecahqt@moei@@ns and
antigens asg O%aﬁ%@@el%é@u%ﬁiﬁ'&wﬂ El%@é%ﬁl%§ esaaiﬁfl| f&ggntﬁgbf M@@ffc@t%et 0,
veterinary or pediatric disease Wher e ntigen s an allergen.
For purposes ofbtaimiée disitodeifecong. thefeeatmsnial cansem the Aeasaientiof hifectiereand t hat t he
antigen is pregeplacidhedr [orX @l NG&k Raeasl] i sorder, food
allergy, skin ﬁaear ay, reibgrlmrna't?corygs?g wﬁ?‘ergly":lmgésbtt ?}g or [}gt ger di sease is
present, but ethemeaceytisalsompgsitionsare adngnistered piracsyHisient dosage ¢xhtioivd bdgndunt s, when
the pat hogen, IFAN6he oG- QuLITTHBE R SQloRPIn 9 afleliCblie inyilibl al | eray,

respiratory allergy, or disease Is dbsent nomer I's coval ently
linked to the famia@@hO 01 migroinglaptp pequid Gwyicrapdar dior {calizedadministzationl wi t h t he
antigen. As Usrﬁﬁ’chl'l&fuﬁcaneﬁch‘ﬁoﬁs‘?ﬁdFtﬁlﬁﬁﬁf B2 dtEWE, an 95‘]3"% fighdrat ed with” refers
to any association that naintains the activity o t h-I nunomer and
antigen. Nonl i ¢pingdnfrgficas may beiolemteds lredertaip embedimentsis tntal desagaoefs i ncl ude bei ng
part of the sa I t. In
enbodi nent s mﬁ%qnhﬂwg%ﬁlgi%ggﬁﬁ%}ﬁﬁ%y?é@ghg-lnt% B(S{{t g&gﬁﬁ gen, such
coval ent | i nkagse pgicef rsr é&yltyaboytmwfkﬁ)@dvmmhmf daye [imanhedasirablet her t han
an 20 aCCGE?' glr??xlchgg}]s?é?qinﬂﬁtarfégus\j,'HFEE&EH:&W'a?ﬂe?arp)!uti%lly%?f&&ﬁ)e%ﬁ;hﬂ%f For

exanpl e,

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
20 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 (sce Figure 2).
Representative linkers for this synthesis are presented in Figure 3. As used herein, the
25 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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may be attached at an intenucl eoside |inkage or may be attached to the non-
nucleotidic linker. Alternatively, the antigen may itself be the

non-nucl eotidic linker. In a fourth aspect, the invention provides nethods
for generating and/or nodul ating an i mmune response in a vertebrate, such
met hods coworzogi/aogp325 admi ni stering to the vertebrate aRCTBNGRIN! or

i nmunoner conjugate according to the invention. In sone enbodi nents, the
vertebrate is a mammual . For purposes of this invention, the term"mamal"
is expressly intended to include humans. In certain .23 WO 2006/ 002038

PCT/ US2005/ 020911 enbodi nents, the immunoner or inmunomer conjugate is

adm ni stered to a Xﬁﬁ&&ﬁtﬁ& ﬁlo&ébf@ﬁﬁlﬂ:si@ffor'1mﬁl%W1g%clc&&leySed herein,
the term "nodul ati ng" "modul ate"” nmeans to i ncrease or. decrease the

i munost i nul até8#yr i lamqnem@ry iso paraliel syRHGHYD sinWhish symhepis praeeeds eutwarddrom r e| at i ve

to that of the Bmfeihket mgqﬁelﬁgﬁlr@i)owpr&aﬁh%%% r thisnditRA ofet hods
according to this aspect of the 1nvention, adm nistration of i mrunoners can

be by any sui tséi'ﬁh@srafﬁjt’@?emf’%@ll?lﬂi’% A galid suswort pRaghad inkescan beysethfosr al . oral |

subl i ngual ,5 tr;ﬁﬁﬁ&i%&:{{ﬁésns 1sQPdS @ bed IanSEP'aéﬁtaNJo 5'9'[5. Eﬁmfé%ﬁ%i hnt raper| tonal
subcut aneous, i ntradermal, aerosol, intraocular, intrat racheal intrarectal,

vagi nal , by 10Wyersal sghithsupprst such ab@l@éﬂ““éﬁ“‘i"h‘“’é?é"“ﬂ’@ﬂ?ﬁ ROFE BlESGEUPRAISH f or m
Adni ni strat i onaphe iddg therapeutic conpositions of inmmunoners can be carried
out using known procedures at dosages and for periods of tine effective to

reduce synptons or _sufrogate ngprkers t he, di seas en adm ni stered
systemically, the f ?fél:l 6’8‘@1‘3?‘6 B’i‘?ﬂ‘ﬁ%’i"ﬂ“[ﬂw ‘goﬁFE‘P%‘ﬁeéﬁi‘v&rdﬁFﬁ“ﬁ‘?'%et’%red at a
suf ficient dospgevtal a'ﬂtvirﬁages@/ebmachyhtﬁesﬁt (w)faralmrsyamaaf pehhitf thom about 0. 0001
m cronol ar_to about 10 g]dcro Iar For . chja i.zed adm nistr much | ower

concent r at InsnORaRtoR ek deRticalfaengiereinjts; £2) unkike indinaar fnfhesis %"% g‘ﬁé’ﬂht rations

may be tol erattﬁamoﬁn&fneﬁa.&laye syathésmeahuﬁi@ssmamefmdrmyummfbefm feticf r om about
0. 001 ng per patient g body weight per day. It

may be desi r abf@s tagwmeg iged f%”‘t‘)ﬁ.ﬂyt“a?ﬁé‘dﬁ@g ﬁme&ﬁ é?ﬁi‘éﬁ‘i“i"ﬁ'r"l'%/ nif;

t her apeuti cal | 3d29 tef k@rtibyia spiiRuD ke limpafesQurityRAEyieIH of the fihdler apeut i ¢
conpositions of the invention to an individual as a single treatment

epi sode. 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 compris¢ 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
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Ei t her the i munomer or the vaccine, or both, may optionally be |inked to an
i nmunogeni ¢ protein, such as keyhole |inpet henocyanin (KLH), cholera toxin
B subunit, or any other inmunogenic carrier protein or nonimrunogenic
carrier protein. 25 Any of the plethora of adjuvants may be used incl uding,
without limtation, Freund's conplete adjuvant, Freund' s inconplete

adj uvant, WwioHoommesphosphoryl lipid A (MPL), alum andPGEPBHABI1I ncl udi ng
@S- 21, imquinod, R848, or conbinations thereof. -24 W 2006/ 002038

PCT/ US2005/ 020911 Toll-li ke receptors (TLRs) function as sensors of
infection and induce the activation of innate and adaptive inmune responses.
TLRs recogni ze a wde variety of |ligands, called pathogen-associ ated

ol ecul ar - pat B embGIMER) the dAYEn ploBEAORIAELACRON IEE HEHuRAHAREH- assoc at ed

&.
mol ecul ar products, TLRs activate host 5 ﬂé ense responses throuagh their
i ntracel | ul ar Siggaleptifly onmrraynemer dlenePoas gligenueleptisefmmunomer sendypatst (T R)

domai n, and thﬁnﬂf ﬁ&g@gh§q€@h@%FP§ﬁ# BQMQMDBS. Dendritic cells and

macr ophages normal Iy respon e receptor (TLR) ligands and
cytokines (for exanple, interleukin-1 0; I1L-6 and tunor necrosis factor,
TNF), which they al'8o2ntigeniggetionallyseigeted from prtigens@piryiated vith 2 githeetncel | s are

al so invol ved dnfigdnf ssitiedlVitt Dah@PTHRGRRYastdclafed With afblt8imhbfR ddordell ation by
bacterial conpounds, innate inmune cells release a range of cytokines. Sone

exanpl es of TLARd pptigaRfcRssociater with otheidiseasesush as, bytingf liraigpditd velrTiggdprot ei ns;

pepti dogl ycan, pedhiR Basts! bmaaeim&ubﬁtrge§k%ﬁm@eﬁfén.%, urpdS¥s ¥k éheol yC (TLR3),
| i popol ysacchari de, heat shock proteins, taxo (TL§4), flagellin (TLR5),

and i m dazoqui iRYMtiene dhe termdgssosigted With esans hatithgantigsa s eraieTIR?7/ 8) , 15

bet a- | ynphocyt ﬁ&oéeﬂ—&n@r, AFinth AP afsglﬂé},eﬁi)&alﬁrgy?&“ all(en:%«,mtsphrltory-rhe et hods
according to this aspect of the invention are useful Tor nodél studies of

t he i mmunel&ysallersy, apthmapp ptheydlisease és pagsens, hubeithgn is pesiprasens, g5 isaIseMat i ¢ or

therapeutic trealb®hounls, PhFBR: Rihofdd fRber HuRSRRRine Hi%rd& XBPAIRgyl Ne net hods
are wuseful for pediatric and veterinary vaccine applications. 20 In a fifth

aspect, the i nkinrallegh rpipdgotreadieigibtondigenss pbserer apeutical |y treating a
vertebrate having a disease or disorder, such nmethods conprising
adm ni stering to tHh@eimmunomer is covalently linked to the antigen, or it is otherwise

operatively associated with the antigen. As used herein, the term "operatively

15  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

20 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
25  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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vertebrate an i mmunoner or inmunoner conjugate according to the invention.
In various enbodi nents, the disease or disorder to be treated is cancer, an
aut oi nmune di sorder, airway inflanmation, inflammatory disorders, allergy,
asthrma or a disease 25 caused by a pathogen. Pathogens include bacteria,

par asi t es, WOUH002038 r uses, viroids and prions. Adnini SKCRAYIBN P tarri ed
out as described for the fourth aspect of the invention. .25 W 2006/ 002038
PCT/ US2005/ 020911 For purposes of the invention, the term™"allergy"

i ncludes, without Iimtation, food allergies atopic dermatitis, allergic
rhinitis (also known as hay fever), allergic conjunctivjtis, urticaria

(al so known a"’é"ti‘?a\?lfgﬁs’,tﬁ? @E%i"PQFro‘F)‘/m‘HF'P@}ebgoé‘&‘g%fﬁH agMnigediod e act i ons to

ot her subst ana@sbrstd @hnead of iddiXostifRBtieAL i ons and i nsect stings or problens 5
commonly resulting fromallergic rhinitis-sinusitis, otitis media and COPD.
The term "airway ,nflanmmation” incluydes, wt tolimtation st hma.

Speci fi c exanpl es A c§fus°d3‘sefeﬂhg'eiterﬁ:n I ﬂ‘%gl,ﬂgglgt “a é’gﬁ%}f’ Warﬁsioe'ﬂcr?%s? mgl l ergic

ast hma, non- addcengitie iastunosimuiaxey aitisidef ah innaestimdatbnympcleic atipat | onal ast hng,
and noct ur pal t hma. ergic.asth IS characterized by airway obstruction
associ at edywi Eeﬁﬁﬁ)t@}ralt @lrtb‘f %Bgengﬁﬂn‘fr\pgaw«ﬁ%ﬁn'&ﬂ%%ét ances cal l ed al | ergens.
Triggers of allergic asthma include, but are not limted to, airborne

pol | ens, nolds, arihthemetwdsescording testhis dspset of e insentiancedmirdstmatiercdd dr oppi ngs.
Non-al | ergi c i i j | ekt al i cations or
irritants fou%ﬁﬁllmﬁ%te Jﬁgaﬁ%ﬁ%\%%tﬁ}_y%éog{reéf\r/@pg@t’ hgﬂ%éélgﬁg%%?g%??nﬁ%’s. Triggers
of non-al | er gprel, sublingal, trerstierael, topigel, iatranasebintiamwsculad intmperitpnabor ne parti cl es
(e.9., 15 coaly.ahabls tisdelmal HefoshOhirdtt At @u&tf‘ac&ahi:fu‘a}%ﬁ&ﬁga ,‘62’ wood
snoke), strong odors or sprays fe.g., perfunes, househo cl eaners, cooking
funmes, pailft sgese gum dermahratoh or v qye Hrop pnfhewhwash fore Agminigetionsof the r al

pneunoni a, si Sk ki L Rl bd AArR8 35 dsdny!

gast roesophag{e}laﬁbr el? F%@gi?i%nesgoge ‘?@’ﬁ'ﬁ@ 'Lieéraglﬁgeﬁtzl&nfgé(@e%na%tgﬁgges( EIA) is
triggered by ¢tidgeagenand frypsiicdsof tine ¢fective.to Sguagtsynpons orBumogsteouatkars varyi ng
degrees in 20,An0RiQEd tWhdaf & L6 fe & LcdhdSik; 0 be triggered
as a result o? Breat in g%@@,s%yﬁg% rlg%/\ﬁ’ltﬁﬁa_ g@%@%‘?g{% r#%?lln Iﬁsggers of ETA

i nclude, but arckrabbtadminsterediatiaguificignialasa eguazin ¢ blopd v of lremigonar i ng

exer ci se, [Br egbRiaBoht 8loboPRlckotHo? ichbBbt1b HerSt Gk ocalized 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

20 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.

25  Any of the plethora of adjuvants may be used including, without lirﬁitation, Freund’s
complete adjuvant, Freund's incomplete adjuvant, KLH, monophosphoryl lipid A
(MPL), alutm, and saponins, including QS-21, imiquimod, R848, or combinations
thereof.
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exercising with viral respiratory tract infections and exercising in cold,
dry air. Qccupational asthma is directly related to inhaling irritants and
ot her potentially 25 harnful substances found in the workplace. Triggers of
occupational asthma include, but are not limted to, funes, chem cals,
gases, reswiooame®Bs, dusts, vapors and insecticides.PCTBS2008020006/ 002038
PCT/ US2005/ 020911 As used herein, the term "autoi mune disorder" refers to
di sorders in which "self' proteins undergo attack by the inmune system Such
termincludes autoi nmune asthma. Wthout wi shing to be bound to any
particul ar theory, decreased exposure to 5 bacteria may be partially
responsible for NNk @apeek (rifh %{zﬁ&]a@ms@e\%fewon%d A theror tal ity due
to allergic diseases such as asthma, atopic dermatitis, and rhinitis in the
devel oped courfetiyatien offppaie ang ﬂ@ph@slmmun@rewp%ﬂw TEepRRigE fwiledatialat bacteri al
i nfections or mgﬁumue%ambgenIagbé.atemon%‘{a?b%ﬂﬁ@mms)aupeﬁ gi c disorders in
experinental animal ‘model's and clinical studies. Bacterial DNA or synthetic
10 ol i godeoxy HeroBRIgNE gRNSer¥eskRatiogAnAgsogiated Melerderamedaps TdRa getivasthpdes and/ or

nodi fied @G défeﬂ&écrles%@ﬁéeﬁfﬁ?ouglﬂm&?[nﬁ:@éeﬂul&%ﬁﬂa&@lﬂ@%&%ttﬁé’fréluﬁm%ﬁ.@l\lﬁ) potently
stinulate innate immune responses and thereby acquired imunit The i mune

response to CoesePENATRhéamaine andithe doyvastesm adeptarprasainMyRR§inkendeiic o Is
proliferation gf nﬁc:%ﬁlalg&’nohﬁ'éw%sbgﬂ tQﬁ‘oll ik rc P(@L&‘?lné&‘ﬁ% &Td'c%km@snd
production of 1 munogl obul i ns C|vt|on i mine cells by CpG
DNA occurs vi dforgxampls, N‘éeflcé’@@'é (Qﬂﬂ("ﬂ_"m)lw@lsrfﬁﬂt@cm@r Wh‘ﬁ'athﬂe#’?ﬂ recogni tion
receptor. CpG nses characterized
by secretion olﬂ)\%%lﬁé %gtﬁgéﬁkuﬁ&éﬂﬁgcéﬁ@mg@#g??al b[ﬁ‘i‘%ﬂ@@q |3H§§P%r as allergen

conj ugat es!HecipBareatery Giterit ABer TR stimulation by. l@ctcram gompyEndsyifnate Hirgune

eosi nophi i a ijmuag a@%@lo%ﬂgkuél;l@ornﬁ'eﬁarﬁﬁés%wl 46 HIRAY BSar@iot O

effectively 20 reverse establ i shed atopi c eosi nophi'lic alrway di sease by
converting a TiHpitadde gppseteing; peptidyglycan zzmpwn SELR2p\dauble-stranded RiNAs conmonl y

used 10 est abl ooty EEL AOTHRAR sal HRRRCHeal HERGAGEnd, B ATLRUS nERRIAE and T at
model s. The Th2 i mmine response’ i ncl udes
(TLRS5), 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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increased IL-4, IL-5 and IL-13 production, elevated serumlevels of total
and antigen 25 specific IgE, 1gG 1, and |ower |evels of Ig&a. | MO conpounds
prevent and reverse established Th2-dom nant i mrune responses in nice. The
co-adm nistration of | MO conpounds with OVA/lalumto mce reduces |L-4,

| L-5, and MQ2308/}RéBucti on and induces | FN-y producti oRCTAHSHBHRENIcel |
cultures subjected to antigen re-stinulation. .27. WO 2006/ 002038

PCT/ US2005/ 020911 Furthernore, | MO conpounds inhibit antigen-specific and
total IgE and enhance 1g®&a production in these mce. Injection of OVA/ al um
‘and | MO conpounds i nduces a | ynphocyte antigen- recall response (Thl-type)

i n mice char act er Feruiriwyes|ofthe linvertion, the tefin 2lergy bio¢lades dvidoutlimitatiores, | gE and

| gG , d hi

i i ot rat | cuobfefi e hmaRs Al B EYCRIGIER PR eREERIRT | o o
masoni  egg amdjuh@mteggmtayn_s (dwrimpwraassm/es)esemmtomliemlamhal!etg‘ic the _
Th2-response .%&uénﬁ%he.gsgﬁgpdgg%t %? O Sediftibd atd Ink tgg.gse +r(')bb&r%en studies. As

descri bed hererin ectivel'y preven of a Th2
i mmune r espon®euaml) refultmg fimm allergitrhioitigrsimirsitis, otitis pedisend VAPPeTHNRmr yt oki nes

t | On f t he Thl
c;r/!t ggle[]ealnFN%I@%&&Q@@X\!;O%@&S@I oh gﬁ) ﬁfn%%ﬂ&%a&%mf Srgpﬂﬁce glewﬁ ce i ﬁj ected
wi t h OVA/ al umstyrd indidechabpre notdisnited tvdalmwa;ma,mcmv@llesgmfsthmnfemrcism- 5, and

I L-13 and hi g che({,nglﬁllmzo&L tgﬁh%ﬁ?@&?ﬁﬁ%&f] ower 1gE and 1gG@ and 15

hi gher I gQ&2a leve P Ce imnjee al um al one. Thi s suggests
the existence of a close |ink bet ween Thi -cgtoki.ne i nduction and

i munogl obul i n i sddigfsie asthativsharaptenined by tiFry obguieliapasseriaiegafthand | MO
conpounds 3 SefiidpgiaRkd Gﬁgerép%mﬂdt&c@ﬁmehqhagenk gﬁlég%es%lf §ne¢g.@asalngam ficantly

|l ower in mce receivin | um and COITpOUI’] s than"in mce receivi ng

OVA/ al um al on@écludebutjare r@bhmrt@sttx airbwype poblens mplds, pimal dasdes) hpuggrdust
i nsigni ficant Jnues%ha@&mamogpmgal Nérg&ﬂergmeaé@.hﬁ 1@6’3@5(59@# Yiralidfedtbhy decr eased

conpared with mce injected wth Al al'um al one a not shown). The
di fferent res%ﬁ@énqqﬁyﬂqnégumtarﬂ?@Hﬁ%wmeérre\mwmwam thewoseiapd@iMay8 i n t he

control of | gfiged o BA-aifet ASAtheWidchide, lulAMAR HBRED O MR PRriRES(e.g.,

15 coal, chalk dust), air pollutants (e.g., tobacco smoke, wood smoke), strong odors or
sprays (¢.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

20  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

25 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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i nfluenced by IL-4 and IL-13. For exanple, IL-6 pronotes B | ynphocytes to 25
synthesize IgG 1 in the presence of IL-4. In a sixth aspect the invention
provi des a nmethod for preventing cancer, an autoi mmune di sorder, airway

i nflanmation, inflammtory disorders, skin disorders, allergy, asthma or a
di sease caused by a pathogen in a vertebrate. This nmethod -29 WD 2006/ 002038
PCTI US2005/ ¥939610208% npr i ses admi ni stering to the vertelr@aveszamymone of the
conpositions, alone or in conbination, disclosed in the first, second and
third aspects of the invention. Pathogens include bacteria, parasites,

fungi, viruses, viroids and prions. Admnistration is carried out as
described for the fourth aspect of the invention. 5 In any of the nethods
according to the Agveadthietsin, the trsmi"mreimewnd disarder oefprsdp digerdere Inowhishde and/ or

| MUNONer Or §eiPQRdiLiAAINRedsh 8RR by 8 InfEheAMREM) ShR IR idcfhdeCOMDI Nation with
any ot her agent useful for treating the disease or condition that does not

di mi ni sh t he §yAmmeRdsthi@at ory ef fect of the ol i gonucl eotide or i munoner.
For purposes of this aspect of the invention, the term"in conbination

with" nmeans in thayiiuGCoiseodt bbun@dd dnfPartiBBardis), BicrRgEixpdiu e Sane
patient, apd jncludes adm |ste{¥|ai£% the . oligonu |6‘O%‘J de and/or i nmunomner
and an ageht PaReHHravpeRartially prsp JordheipsreaseiiBricenceefnionerdy Pheidbon, as wel |

as any tenporabdlinsdhaeesllefici@seasek Qch @Xatlalatopid @A RE UMD HHigmtis ¢ theM t h one
i mredi ately foll owi ng the otiggr to up to several, days apart. Such

conbi nat i on t F¥HPPRISPUNES- Ahis BYRoHIEHE§a RPETe By iFxidense SiahbAckialdni ni strati on of
the 15 i mmunoiREtiond BEproMEERENMARMDI ki deVREopRGANE alicffi€disstidrlinst r at i on of the

ol i gonucl eotide . and/or, i omer and agent _may, be by the same or different
routes. |In an§PEimeala ﬂ'g%@[sé&{tﬂ}“éﬁ“ % P?‘Fﬁ\a ]égt"ir@ﬁ‘,t e agent useful
for treatiimg ollgo@eoslyRiCREReOEontudiifli dnirthylaRe Cydasucibetided snd@inoliifiBa t ed to,

vacci nes, ant] %&.B@P%ami hodi es, <cytotoxic a%ent s, allergens,, antibiotics,

antisense olif eAtideRdE CerpiERUERcs conpxs GPRONAIporaiy sUmide ) ect or s, DNA

vacci nes and/ pim@dddpchRésant teRBY BaGPedliRBIuFBES i infhdné r@ponsBROCYG ude of the
i mmune response, .Or CO-Sti _rruéﬁo y. ol ecul es such as. _cytoki nes, _chenoki nes,

r .
protein |i ganH¥A ipgludssactivatiop of ingef appyns cells, pelfertrnof Balih appstwasf conpri si ng
nmodi fi ed am nphRGidite s@dddioh] 88 ploliXatioh HEMATIREHobERLS (1) CTRRHTINGn ¥eCt or S

15 immune cells by CpG DNA occurs via Toll-like receptor 9 (TLR9), a molecular
pattern recognition receptor. CpG DNA induce strong Thl-dominant immune
responses characterized by secretion of 1L-12 and IFN-y. Immunomers (IMO) alone
or as allergen conjugates decrease production of 1L-4, IL-5, and IgE and reduce
eosinophilia in mouse models of allergic asthma. IMO compounds also effectively

20  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-

25 specific IgE, 1gGl, 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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encoding for antigen or allergen. In these enbodi nents, the i munoners of
the 25 invention can variously act as adjuvants and/or produce direct

i mmunostinulatory effects. The exanpl es bel ow are intended to further
illustrate certain preferred enbodinents of the invention, and are not

i nt ended t w0 10Mi/402a3Be scope of the invention. -29 WO 2006V/UEPRGARIMI

PCTI US2005/ 020911 EXAMPLES Exanple 1: digonucl eoti de Synthesi s,
Purification and Thermal Melt Profiles CpG oligonucl eotides

(i munosti mul atory ol i gonucl eoti des/ i nmunoners) were synthesized on al to
2 pnol e scal e using (icyanoethyl phosphoram dites on a 5 Per Septi ve

Bi osystenm s 8 % Bost on,
MA) . The phos%ﬁlgtpam |%%§ d dﬁgﬂh}gﬁﬂégén %gaqémeﬁe)edlgﬁgal ne rom PE

Bi osyst ens ( Fog&és prafuction i@Mese mize.descri bed by Iyer RP., et at. (J. Am
Chem Soc. 112: 1253-1254 (1990)), an iodine oxidizing agent was used to

obtain the phOSphOﬁ:ﬂééﬁb@@#@vRﬁﬁJﬁ%ﬁmm%B&ﬁaé 1'nﬂ’dles ﬂy{'nﬁ%cgggﬁtlé@ﬁf e

deprotected usi n% standard 10 protocols, purif and dial yzed
agai nst USP quisallrgspanse (Th1eyRedinanics %J\amﬁeﬁ*#CﬂthQ“dﬁVdﬂQf@ haassgeiateduer e

| yophi I'i zeds arkgndmrﬁw%vﬁﬁ lg@ﬁ'am hifh Qbaéaflﬁh?qssx@ AFJcﬁcﬂi%cE G@d’%ﬂ”at' ons
were determ ned from

abSorbancé at 260 run.

charact eri zed #inidigtatignef IMA) mppapds with stherdnds pbantigen;, %’ﬂp??ls E'GSGBI osystem s
Voyager - DETM SER Rl %&ggtye&%wsmsmnweﬁm &me 1fh9 respbisk tova A1d 1ol ecul ar 15

mass, respectively. The purity l'ength oligos ranged from 90-96% w th
the rest bei néprynast xespongsin Gh‘é‘r@%ndtfmvmﬁ‘&'@oﬁﬁ deseritfed hereignM@- 2) as

det erm ned by ol dAPRRIE AB0RATEr (b iRlhRORsRRAk %\ﬁﬂ«é ess than

<0.1 EU nL of endotoxin as ° determ ne Li rru assay (Bio-Wittaker
now known &% Ciieng &kl BIRSN®ei ence Wl ker svi | I e, | nc Val kersville, MD). 20
Thermal nelting studies were carried out in | nL sol uti on of 10 nmM di sodi um

hydrogen phosphat e,wild Th22 olanesfiﬂggelam g a&&lm&aﬁis,m@n@ho& of¥EMIC 2. The
solutions were heated to 95 C fo m n anda owed to cone to room

tenperature stSiR§l. pefldd éY‘BE'F?\ENs’t '6?"@9&5 rrpdugtion of Vg 2aiby B lympheeyes-nal

concentration ffice injected with OV A/alum and IMO compounds produce lower levels of 1L-4, IL-
5, and IL-13 and higher levels of [FN-y, accompanied by lower IgE and IgG1 and
15  higher [gG2a levels, than mice injected with OVA/alum alone. This suggests the

existence of a close link between Thl-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.
20  Incontrast, OVA-specific IgG1 levels are insignificantly changed and total igG1
levels are only slightly decreased compared with mice injected with OV A/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
25  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

.28-



ol i gonucl eotide strand was 2.0 M WV thermal nelting neasurenents were 25
performed at 260 rimon a Perkin-El mer Lanbda 20 Spectrophotoneter attached
to a peltier thermal controller and a personal conputer using 1 cm path

|l ength quartz cuvettes at a heating rate of 0.5 C/mn. Mlting

t enper at ur & {0demo2098r e t aken as the tenperature of hal PETUSWOER28%E on and
were obtained fromfirst derivative plots. Each -30 WO 2006/ 002038

PCT/ US2005/ 020911 Tmvalue is an average of two or three independent
experinents and the values were wthint 1.0 C Exanple 2: Cell Culture
Condi tions and Reagents Spleen cells from4-8 week old BALB/c, C57BL/6 or

C3H Hed m | bed by Zh
R e e )

Q, et al. (Bio6cChe
(Bi ochem Phar evenbiiation] Bisclo20 3ith&@ e 3 sec RIXBJY Jhird Mptectmef tHer ifidentiane r ophages

(American Typ r. nassas ltured in

Dul becco' s nngzl)&ogdn%ér%lf%gg‘cﬁegi%mdm&g% rﬁ'fdéd“mdstaﬁ{ 5:5/9(\// v) fetal calf
serum and ant i Admoinistatiop1O&rried/ontas déscpleedifarithd fourthlB8p<ef aftthesiptemtigrci n) . Al | ot her
cul ture reagents were purchased from Medi atech (Gaithersburg, MD). Exanple

3 Spleen Coll Pr oLk Le/ AR RISRLHRL ARk IfenBRURAnRb RGP cn cel LS

were cultured with noner ounds at conceéntrations o 1, 1.0, and
10.0 gg/ m for01%mh>1®h@b andfor mpmmbiﬂtleqfatcbfwgatelh’ﬁrwésamtaémmsm iny 3H uri di ne

i ncor poration, C I 51:
173- 182 (1996) Sm’ @é& wlﬂpﬁg %%%E‘q’ ﬁft’ "?éc}ir]le é\gés?% ‘E%ﬁ@@‘i@?‘%ﬁn or J774
cells were pl ancédummslzﬂwmnunomxrstﬂa;gwﬁ‘cqngf tﬁ&@.limn'mleomdel@@mmmnmmq_r

respecti vel y g&a@osgmwgg%ﬂ%gg&gg%gxﬁ "Yrﬂ?)l bil atldn Wi nfen it the™ - 20

Tris-FI C, to a concentration of 0.03,
0.1, 0.3, 100 cRirsg of tyeatin®the sapfardiseass in the sagw! patient [andiinelydes Tgministsring thaer e t hen

| ncubated at g Gol Moriadha iSholBEud YRSERRL 3R} GokSh AR difElghub o ELI SA

assays. The experiments were perforne ree each
i mmunonmer co rrpgdijlslaqﬁ@m ag weel pgpdny demperafly 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
15  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,

20 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

25  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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each concentration. The secretion of 1L-12 and |IL-6 was measured by sandw ch
25 ELI SA 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 Bi osci ences Pharm ngen (San Di ego,
CA). -31. WO 220382682038 PCT/ US2005/ 020911 Exanpl e 5: REUERIGHZEHbmegal vy
Assay Fenale BALB/c mce (4-6 weeks, 19-21 gn) were divided into groups of
three m ce. |Immunonmer conpounds were dissolved in sterile phosphate buffered
saline (PBS) and adm ni stered subcutaneously (SC) to mce at a dose of 5
ng/ kg. The 5 mce were sacrificed after 48 hr and the spleens were harvested
and wei ghed as described by Zhao, EXAMBLES| (Bi ochem Pharmacol . 51:
173-182 (1996)) and Brands, R F., et al. (Biochem Pharmacol. 45: 2037-2043
(1993)). Exanpiampié 1:ACOliyhutiestideSyhMesis)\Poficatioh @ Yheralal Meltb@ofiiecept or 9
(TLR9) has been shown to recogni ze unnet hyl ated CpG 10 di nucleotides in
bacterial, plasn €pardigenualebigdes GmbDNKstifidatory olippnucleotidgs/ itmunameers}08:  740- 745
(2000)) and ' . [ ' 5 ; . 161: 4493-
3497 (1008)) Srre SHHRLB AR 6 DR ol g BrevaDlpposPorieiliiln 17,
2116- 2122 5 ( 1%9%p)ive BipsyBmacR90Y Bxficdite DINA 3itiThbsicer|(PeaSeptieaBiosysteint h | nmunoner
conpounds was r(4.6d - £ H D, et at
(Bi ochem Bi o%%sg@? MﬁgsTR%O%%r@L%@g’ @%d@@? 21833-??&%%%(&%5% L., et at
(Bi ochem Bi oBioystemRgpsteOGiydih). ASGBcrit8d By BerR.P2e0R)(). ArEXAemp|Sec.7: | sol ati on
of human B cel{,s i Lt || PBMCs from

l\hz. 1339264 @??Qf ¥A %d@ %@9@%&%1\&% ubét th BhtR ke

freshly drawn healthy v eer 00 oratories, 20 Boston, MA) were
i sol at ed by Pplosthiorattaentd bagkbpnaiiodificatiow PAll dligog weie deprotettérbabing thdrdpaque- 1077,

Si B oW f Lt ti i th
&i'o el 1 1 coftiern WRed R thd GRERTBNRE O RRR MR B FRED P2 S e s
i nstructions. infgaibe Thestigassverhiyophitiredwsltdisselyedtagaiy inedistilled wyterzind thenmunomer
conpounds of EJ?lgenltrgtYo%Q we%rheleﬂni%7t§ln4 gV%QAo%&yaE fG[ﬁﬁ'r?.aXli ol?g%s were

characterized by CGE and MALDI-TOF mass spectrometry (Applied Biosystem’s

Voyager-DETM STR BiospectrometryTM Workstation) for purity and molecular

15  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),

20 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

25  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 .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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Table 1. I mmunoner Structure and C57BL/6 Spl enocyte Assay (24 hs) SEQ ID
Sequences and Moudification (5'-3") IL-12 IL-12 IL-12 NO/mM /mM /mM 1 m 1
TAQM 1 /mM 19 5 - TCGLAACRTTCGL- X- GLCTT&CAAGLCT-5" 32. WD 2006/ 002038
PCT/ US2005/ 020911 20 5'-TCG AACI GITCd - X- G, CTTCC, AAG CT-5" 21

5' - TCG AACEIOTIIEEINM8 TCTTG, CTGTCT-5" 639610 91161 22  PCT/US2005/020911

5'-TCA AACG, TTCA - Y- TCTTQCTGICT-5"' 727577 74980 23

5'-TCA AACG, TTCA - Y- TCTTGCI TGTCT-5"' 803414 918136 24

5'-TCG AACA TTCA - Y- TCTTCCACTCT-5" 75298 25

5'-TA CAAG CTTA C Y- TCTTA CTGICT-5" 26 5' - TA CAAG CTTA C Y- TCTTCCACTCT-5" 27
o' - TG CAAG CT i faniiCfd aldiota diifhrinree indéRmRnteRperiments and the values were

5' - CTGTCXRTTCTC- X- CTCTT&CIGIC- 5" 71725 " 29

5' - CTGTCRTTCRithi*IrfCFG2CTGTC- 5' 84929 30

5'-TCG TGICG TTT- X- TTTG, CTGIG, CT-5' 31 5'-TA CTIGIG CTTT-X- TTTCAE TGTCA T- 5’
32 5' - TOG ANl Yo iu I hidlidas andfedgend G CAACG CTTG C Y- GACACG
TGICT-5" Media 7528 1047 SEQ I D Sequences and Modification (5 -3") IL-6

| L-6 (pgl m) | L-12Splés@celiscfrom 3-8 etk did BA§Bfl C57BJ/dr CIHAHeIIgice were

5' - TCG AA T - X T. -5’ .

5 -TCG AA%I“@“?%EP@“%%@%S d?%%"-"’fé@"ﬁc& 4B 1cr1a creTeT- 5

2195 42399 7 Pharmacol. 51: 173-182 (1996))} and Branda, R.F., et al. (Biochem. Pharmacol. 45:
2037-2043 (1993)). Murine J774 macrophages (American Type Culture Collection,
Manassas, VA) were cultured in Dulbecco’s modified Eagles medium supplemented
with 10% (v/v) fetal calf serum and antibiotics (100 IU/mL of peniciilin

10 Gistreptomycin). All other cuiture 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
15  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 774 cells were plated in 24-well dishes using 5x10° or 1x10°

cells/mL, respectively. The immunomer compounds dissolved in TE buffer (10 mM

20  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 celi 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 1L-6 was measured by sandwich

25  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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22 5'-TCA AACG, TTCd - Y- TCTT&RCTGICT- 5" 3278 840243 2 23

5 -TCA AACG TTCG, - Y-TCTTGC, TGTCT-5' 7080 1553670 0 24

5 -TCA AACA TTCA - Y- TCTTCCACTCT-5" 693226 25

5 -TA CAAG CTTG G Y-TCTTA CTGICT-5" 26 5'-TA CAAQ CTTG, C Y- TCTTCCACTCT-5" 27
5' - TG CAAGWOT#G/002088 CG TTCG AACA T-5' 11329 53 - 33 WFCOBHHEIEE2E38

PCT/ US2005/ 020911 28 5' - CTGTC&KTTCTC- X- CTCTT&RCTGIC-5' 183 29

5 -CTGTCKZTTCTC X- CTCTT&QCTGICG- 5" 123083 30

5 -TCA TGICG, TTT- X-TTTd CTGIG, CT-5' 31 5 -TG CTGIAd CITTT-X-TTTCG, TGICd T-5'
32 5' -TCG AACA TTCG, - Y- GACAG, CTGICT-5" 33 5'-TG CAACG CTTA C Y- GACACA
TGICT-5' Medi Bxangos:1 2Mous Spkopmegalyphssee represents a phosphor ot hi oat e

kR L € PR ROBESALR Bl BTG L Bl N B o

C, =l - (2' - deoxdgjret tride: Mriofdiien baspoudds vefedissdlveliia s@ri 8 phisblud fufferede  X= d ycer ol

Li nker Y=C3 Li pke 0 l : Hupan ultures and JFN- d |FN-P

ELISA poy visbes PR R B bR ReRES L i 5 lsets ey Mol ot on kit

(M ltenyi B8i ohiewercanifidedydiet 48 lirand iNaspldeaciere Rarvated and weighddans. pDC were

Eg%gﬂnhg 90508 bed BY 2aSSQUS! dl Wb P rGnacs! S172 083 (149855 ahd Brandic | MTUNOMET
R.F., et al. (Biochem. Pharmacol, 45: 2037-2043 (1993)).

Example 6: Activation of the NF-xB Pathway

Toll-like receptor ¢ (TLR9) has been shown to recognize unmethylated CpG-
10 dinucleotides in bacterial, plasmid and synthetic DNAs (Hemmi H., et al. Nature 408:
740-745 (2000)) and activate stress kinase (Yi AK., et al. J. Immunol, 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., ef al. (Biochem. Biophys. Res.
15 Commun. 297: 83-90 (2002)) and Bhagat L., et al. (Biochem. Biophys. Res. Commun.
300: 853-861 (2003)).

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

PBMCs from freshly drawn healthy volunteer blood (CBR Laboratories,
20 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.

25
Table 1. Immunomer Structure and C57BL/6 Splenocyte Assay (24 hs)
SEQID | Sequences and Modification (5'-3") IL-12 L-12 iL-12
NO (pg/mi) {pg/ml) (pg/ml)
1 paimi 1 pg/mi 1 ug/mt
19 5-TCGAACG,TTCG-X-G,CTTG,CAAGCT-5' J
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15 were added to a final concentration of 0.3, 1.0, 3.0, or 10.0 lug/m, to
the cell cultures and incubated at 37 C for 24 hr. Supernatants were then
harvest ed and assayed for |IFN-a and IFN- p using ELISA kit (PBL). Tables
2A-2D show an average SD of [IFNa and IFN- for imunonmer conpounds
accordi ng wo fb@okoswention at a concentration of 10.0.RGV/NHI20052Q09Thbl e 2A

| mmunoner Structure and | mmunostinulatory Activity in Human DC Assay (24

I ns) SEQ Sequences and Modification (5 -3") IFNNa IFN-a (pg/m) IFNa
(pg/mM) IDNO(PP/m) 10 g/m 10 Vg/m 10 g/m DNl DN2 DN3 a4. WO

2006/ 002038 PCT/ US2005/ 020911 1 5' - TCGLAACGLTTCGL- X- GLCTTGLCAAGLCT- 5’

26112604 258pHt4 10 o RIoTTECRX-GICTTEEPREIETECE X~ CCT TG CAAGICT- 520340106
122701306 105804688 3 5' - TCTCACCTTCT- X- TCTTCCACTCT-5' {18510 3114 16491262
4 5 -TCGZAAQ%TCG%W»GDB@ZIW\GZGHTGSCT@CT-F 6396110 911161
5 - TCRAACKRIICG X4 CCTTG2 %J_aﬁ_’l.c SEQ & ces and
Mbdi fi cati on| &' - 3PV G PCE Y FLIGH O TC (757&}*?% ) 71‘%5‘“?\10 p/m|10 g/m
10 g/m 10 gl ﬂ"--ﬁ”éw&gﬁ—micﬁ@@fﬁu%w_ S b a3 WEICTS5
41718101 25011t5 196085 5 5' - TCGLAACGLTTCG X- GCTTGLCAAGLCT- 5" 491761302
140141414 219381413 5-EHBAACEMCACGCTTUGCACTCIT CCACTCT- 5" (062+19710 20110 4
5' - TCRAACKRTICG XA CTTRCAARCT-5' 5 _5' - TCG AACRTTICG X- GCTTER2CAAGPCT- 5
25 5'-TG,CAAG,CTTG,C-Y-TCTTG,CTGTCT-5'
26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-&'
27 5-TG,CAAG,CTTG,C-X-CG,TTCG;AACG,T-5 | 383150
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGYC-5' 717425
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 849429
30 5-TCG,TGTCG,TTT-X-TTTG,CTGTG,CT-5'
31 5.-TG,CTGTG,CTTT-X-1TTCGTGICGT-5
32 5-TCG,AACG,TTCG;-Y-GACAG,CTGTCT-5'
13 5-TG,CAACGCTTGC-Y-GACACG, TGTCT-5'
Media 75+28 10447
SEQID | Sequences and Modification (5'-3") -6 iL-6 (pg/ml) | IL-12
NO {pg/mi) (pg/ml)
1 1 pug/ml 1 pg/mi
ng/ml
19 5-TCG,AACG,TTCG-X-GCTTG;,CAAG,CT-5'
20 5-TCG,AAC,GTTCG-X-G,CTTGC,AAG,CT-5'
21 5-TCG4AACG, TTCG-Y-TCTTGCTGTCT-5' 2195 | 42399
77
22 5 -TCGAACGTTCG-Y-TCTTG,CTGTCT-5 3278+ | 840243
2
23 5 TCGAACG, TTCG,-Y-TCTTGC,TGTCT-5' 7080z | 1553670
0
24 §.TCGAACG,TTCG,-Y-TCTTCCACTCT-5' 693226
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,AACGT-5' | 13292
53
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media 010 2010 1960 Nornmal phase represents a phosphorothi oate |inkage

G =2' - deoxy- 7-deazaguanosi ne 5 &=Ar abi noguanosi ne X=d ycerol linker a s
WO 2006/ 002038 PCT/ US2005/ 020911 Table 2B I mmunomer Structure and

| mmunostinmul atory Activity in Human DC Assay (24 hs) SEQ Sequences and

Modi fi catiwo 06003033 |FN-a IFNFa IFNFa ID NO/m /ml | PET/UR0¢¥0299100 g/ M 10
g/m DN1L DN2 DN3 6 5'-TCA TCGA AACA TTCA AGATGAT- 3" 371161108 446241321
58908707 7 5' - TCRTCRAACKRTTCERAGATGAT-3' 6606950 5022334 15637698 8

5' - TCG3TCEBAACGBTTCGAGATGAT- 3" 1405121 7750618 46311506 9

5' - TC1GTCl GAACLGTITClI GAGATGAT- 3" 61133 23114 00 10

5' - TC2GTC2GAAGR ST TOR AT T o C R BRT T RIBTRE 746411 TTass
5'-TC3GIC3 C3GTTCBGAGATGAT- 3" 1910 1'880 00 nedia 1y70 1770/00 SEQ
Sequences and %bdi f E@UGWG:WTC& GTATFGLCAGTE-B+ a | [FN-a | E23p€d3nl | (PS/m ) n
10g/m 109/ m|_10g/m DNs _DN6_6._5' - TCGLTCA AACH TTCGLAGATGAT-3' 98178375
687221358 31678715 ?TﬁGT?&&W&MW&%TA@TCAT-s' 40782885 19180735
86961122 8 557TCSS ot A5894—42195266558278] 9
5'-TCl GTCl GAACI GTTC GAGATGAT 3' 10175206 159661256 68571335 10
5' - TC2GTC2GAAG2GT TCP&ACHABAT,13C6, 1802, dTae4-5204] 305 |11

5' - TC3GTC3GAAC3GITCRGAGATGAT-3' 00 35516
33 5-TG,CAACG,CTTG4C-Y-GACACG, TGTCT-5'

Media 10212 | 1242
5

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

G1=2’-deoxy-7-deazaguanosine

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

10 Example8: Human pDC cultures and IFN-a. and [FN-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
15  were added to a final concentration of 0.3, 1.0, 3.0, or 10.0 pg/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.

20

Table 2A Immunomer Structure and Immunostimulatory Activity in Human DC

Assay (24 hs)
SEQ Sequences and Modification (5-3'} IFN-a IFN-a (pg/ml) | IFN-a (pa/mil)
IDNO (pg/mil)

10 pg/ml | 10 pg/ml 10 pg/mi
DN1 DN2 DN3
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media 010 120 100 5 Normal phase represents a phosphorothioate |inkage G 1
=2' - deoxy- 7- deazaguanosi ne &=Ar abi noguanosi ne G3=2' - deoxyi nosi ne
Cl=l-(2'-deoxy-p-D-ribofuranosyl) - 2- oxo- 7- deaza- 8- net hyl puri ne 10

C2=Ar abi nocyti di ne (C3=2'-deoxy-5-hydroxycytidine -36. WO 2006/ 002038

PCT/ US2005/¥902@Wep02038bl e 2C | mmunoner Structure and | nmpogstszenshozivor y
Activity in Human DC Assay (24 hs) SEQ Sequences and Modification (5 -3")
IFN-a (pg/mM) IFN-a (pg/mM) IFN-a (pg/m) IDNO 10 g/m 10 g/m 10 gl'm
DNI'I DN2 DN3 1 5'-TCGLAACGLTTCG/- X- GLCTTGLCAAGLCT-5" 67088306 350551659
628053328 2 5' - TCGLAACG, TTCT- X- TCTTGLCAAGLCT-5" 12588448 199861418
380021087 12 5' - TCGLAACGLTTC- X- CTTGLCAAGLCT-5" 160901179 16712584 905601690
13 5' - TCG TTCGLAACG/- X- GLCAAG, CTTGLICT-5" 9092291 9286615 605701867 14

5' - TCCAACCTTCG X- GCTTCCAACCT-5" 770158 20828 5529286 15

5' - TCG, FTGIT/HEes, ; CTHOD BA R DRSBTS TRISNR! 4
5' - TCRAACKTTCEAR2- X- RCTT&RCAAGR2CT-5" 16(5' - TCRZAACKZTTCTE X- TCTTQLCAAGR2CT- 5'
17 5' - TCG AACGITG A6 XTI G EGCREGPEEAMECT-65" | 208804106 | 122704306 | 1058041688
5' - TCGLAAC, GITCG3- X- GICTTCCIAAGICT-5' nedia 160725920 00 -Q) Sequences and
Mbdi fi clat i on {BCTHCFTTERCICTISGAATGT FN- a| 18989 m ) | Pt a (ppt¥i%F®2 | DI NO 10
v 10 el od
ug/ m 16 S oI M Td8 AREB TG, X-GLTTG,CARGLCT-5
5 5-TCGAACG, TTCG-X-GCTTG,CAAGCT-5'
media 17720 1770 010
SEQ | Sequences and Modification (5'-3') IFN-a iIFN-& (pg/mi) { IFN-a (pg/mi)
1DNO {pg/mi) |
10 pg/ml 10 pg/mi 10 pg/m!
DN4 DN§ DNé6
1 5-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-8 | 417181101 | 25011£5 1960815
5
2 5-TCGAACG{TTCG-X-GCTTGCAAG,CT-5’ 491762302 | 1401411414 | 2198811413
| 3 5-TCTCACCTTCT-X-TCTTCCACTCT-5 020 1970 2010
4 5-TCG;AACGTTCG-X%-G,CTTG,CAAGCT-5
5 5-TCGAACG,TTCG-X-GCTTG,CAAG,CT-5’
media 00 20120 19610

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

5  Gz=Arabinoguanosine
X=Glycerol linker
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DNA DN5S DN6 1 5'-TCGLAACA TTCGL- X- A CTTGLCAAG CT-5" 66980217 65521 799224
2 5'-TCG AACGLTTCT- X- TCTTG, CAAGLCT-5" 83115134 12

5' - TCGLAACERTTC X- CTTGLCAAG CT-5' 612301120 13

5'-TCG TTCGLAACG/- X- G CAAG, CTTG CT-5' 34430451 14

5' - TCCAACCNOC®oEBZT TCCAACCT- 5" 204462 15 PCT/US2005/020911

5' - TCGLTTGLCAACG, - X- GLCAACGLTTGLCT-5" 33716872 4

5' - TCRAACKRTTCR2- X- RCTT&RCAARCT-5" 244023 240314 16

5' - TCRAACKZTTCT- X- TCTT&CAARCT-5"' 13160 168310 17

5' - TCGLAACRTTCGL- X- GLCTT&CAAGLCT-5" -37 WD 2006/ 002038 PCT/ US2005/ 020911
1 S S AACTGTE S i Chic SO ot ilro RO bl SEQ Sequences
and Modi ficatig y(( s§3 IFNFa (pg/m) TFN-a (pg/ m) IFN—a(pg/rﬂ) | D NO 10
pg/m 10 g/m 109/rr1 DN7 DN8 DNO 1 5'- TCGIAACGITTCGI X-d CTTd CAAG CT- 5

312271341 SEQ/ 1$kqUdACEIZAIModAiciion (B FFLAACGLTTCENE: TCT TGEGAAGITCTiN- 12
5' - TCG3AAQEN ﬂC— X- CTTG3CAAG3CT-5" 13 5' - TCEamCGLAARERN X- G |(@yMBLCTTGLCT- 5
14 5' - TCCAACCTITCG X- GCTTCCAACCT-5' 15 5' - TOGRighTGlL CAAGE X- GHCAMIGLTTGLCT- 5'
‘45 -T AACERTTICG X- (RRCTTRCAAGCT-5' _6083PN84 16/ DN2 DN3
5' - TcszAAéGszcf’rf%G'fﬁ?fﬁéE%@é’?ABG”ﬁ6414 SHjeLTI08 | 45243321 | 580UBETO7
5 - TCGLAAGE2TT ce;?‘r%, CEATOCRERIGAT-3 6606950 | 5022334 | 15637698
5' - TCGLAAC, GTTCGL GLCTTGCLAAGICT- 5 madl a &0 00 po

8 5-TCG,TCGAACG, TTCGAGATGAT-3' 14051121 77501618 463111506

9 5-TC,GTC,GAACGTTC,GAGATGAT-3' 611133 23124 040

10 5-TC,GTC,GAAC,GTTC,GAGATGAT-3' 26917 18520 2574164

11 5-TCy;GTCyGAAC;GTTCsGAGATGAT-3' 19110 18840 00

media 1770 17710 0£0

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

ID NO (pg/mi) {pg/ml) {pg/ml)

10 pgiml 10 pg/ml 10 pug/mi
DN4 DNS5 DN6

6 5-TCG,TCG,AACG,TTCG,AGATGAT-3' 98176+375 | 6872241358 | 316781715

7 5.TCG,TCG,AACG, TTCG,AGATGAT-3' 407821885 | 191804735 | 869611122

8 5.TCGyTCGAACG,TTCGAGATGAT-3' 124461894 | 4219512665 | 582478

9 5-TC,GTC,GAAC,GTTC,GAGATGAT-3' 10175£206 | 1596611256 | 685721335

10 5-TC,GTC,GAAC,GTTC,GAGATGAT-3’ 130281911 | 19471204 3015

1 5-TCyGTC;GAAC,GTTC;GAGATGAT-3' 0£0 355116 1720

media 010 1210 1020

5  Normal phase represents a phosphorothioate linkage

G1=2"-deoxy-7-deazaguanosine

G>=Arabinoguanosine

G3=2’-deoxyinosine

C=1-(2’-deoxy-p-D-ribofuranosyl)-2-ox0-7-deaza-8-methylpurine
10  Cz=Arabinocytidine

C;=2'-deoxy-5-hydroxycytidine

236.



SEQ Sequences and Modification (5 -3")

IFN-p (pg/ m)

|FN-p (pg/ m)

g/m 10g/mM DN8 DN9 1 5'-TCGLAACGLITTCGL- X- GLCTTGLCAAGLCT-5'

2 5' -TCGLAACGLTTCT- X- TCTTG, CAAGLCT-5'
13 5' - TCGLTTCGLAACG3- X- GLCAAG, CTTGLCT-5'
15 5' - TCGLWOGLEARLI3EE - X- GLCAACGLTTGLCT- 5!
5' - TCRAACRTTCR-.X- RCTT&RCAARCT- 5!
5' - TCRAACERTTCT- X- TCTTGRCAAG2CT-5'
5'-TCA AACERTTCA - X- A CTTGCAAG CT-5'
media &0 GO0 Nornal

4
16

Gl=2' - deoXyrabledeAZRAMANE TR afimiAdB

| D

NO 10

137054 65038

PCT/US2005/020911

12 5' - TCGLAACGLITTC X- CTTG, CAAGLCT- 5'
14 5' - TCCAACCTTCG- X- GCTTCCAACCT- 5

-38 WD 2006/ 002038 PCT/ US2005/ 020911 17
18 5'-TCG AAC GITCG X G CTTGC Ma CT-5'
phase represents a phosphorothi oate |i nkage

AS6HNE ifligmdn 6@’ - deoxy- Q D-ri bo

| D NO

furanosy | )Asga)p()[g@hg-deaza- 8-nmet hyl purine X=G ycerol Linker Table 2D
| munomer Structure and | mmunostinul atory Activity in Human DC 10 Assay (24
hs) SEQ SelggEenclezeqaencks/ebdibdficaibn @F8)( 5’ - 3" ) | FN-oapd/hiNt BENIaFpe/al) ( FaW athbg/ml)
(Pgfm /i 120Ogf i 10 g/ 10 g/ DN DN2 19
5' - TCA AACRTTCAA - X- G CTTGCAAG CT-5' 31454 8 22%@&@7 240 po/mi
5 -TCA AAC Fea 471021 ONEC-n 4l 10 N3
7T TOG, ] +X-GICTTGCAAGICT-5"" 1670882306 ~ | 350552659 | 628054328
2 §-TCGAACG, TTCT-X-TCTTG,CAAG,CT-5' 12588:448 | 1998641418 | 38002+1087
12 5-TCG,AACG,TTC-X-CTTG,CAAG,CT-5' 160902179 | 16712+584 | 9056011690
13 5-TCGTTCG1AACG-X-G1CAAG,CTTG,CT-5 | 9092291 92861615 60570867
14 §_-TCCAACCTTCG-X-GCTTCCAACCT-5' 770£158 208228 55294286
15 5-TCG TTGCAACG-X-GiCAACGTTG,CT-5' | 40353t542 | 331642419 | 727301954
4 5-TCG:AACG,TTCG,-X-G,.CTTG,CAAG,CT-5'
16 §-TCG,AACG,TTCT-X-TCTTG,;CAAG,CT-5'
17 §'-TCG,AACG,TTCGy-X-G,CTTG,CAAG,CT-5’
18 5'-TCG,AAC,GTTCG,-X-G,CTTGC4AAG,CT-5'
media 16017 259120 010
SEQ Sequences and Modification (5'-3") {FN-a (pg/ml) | IFN-a (pg/ml) | IFN-a (pg/ml)
IDNO
10 pg/ml 10 pg/ml 10 ug/ml
DN4 DN§ DNB
1 5-TCGAACGTTCG-X-GCTTG,CAAG,CT-5" | 669804217 | 65521 7992124
2 5.TCGAACGTTCT-X-TCTTG,CAAGCT-5' 83115¢134
12 5-TCG,AACGTTC-X-CTTG;CAAG,CT-§' 6123041120
13 5.TCGTTCGIAACG,-X-G;CAAGCTTG,CT-5' | 344301451
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5' 2044162
15 5-TCG,TTG;CAACG;-X-G;CAACG, TTG,CT-5' | 337162872
4 5'-TCG,AACG;TTCGy-X-G;CTTG,CAAG,CT-5' 2440123 240314
16 5.TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5' 131610 168310

17

5-TCGAACG,TTCG-X-G,CTTG,CAAGCT-5
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21 5' -TCA AACAE TTCA - Y-TCTTGA CTGICT-5' 22
5' - TCG AACG TTCG - Y- TCTTGRCTGICT-5' 23 5' - TCA AACA TTCA - Y- TCTTGC TGTCT- 5°
24 5' - TCGE AACG TTCA - Y- TCTTCCACTCT-5' 25
5' - TG CAAG CTTA C- Y- TCTTA CTGICT-5' 26 5' - TA CAAG CTTA C Y- TCTTCCACTCT- 5'
27 5' - TG CAMBCTTRIB- X- CE TTCA AACA T-5' 28 PCT/US2005/020911
5' - CTGTCRTTCTC X- CTCTT&CTGIC-5' 29 5' - CTGTCRTTCTC X- CTCTTGCTGIC-5' 30
5' - TCG TGTCA TTT- X- TTTA CTGTGE CT-5' 31 5'-TG | CTGTG
CTTT-X- TTTCA TGTCA T-5' 32 5' - TCA AACG TTCA - Y- GACAG CTGICT-5' 33
5' - TA CAACG CTTA C- Y- GACACA TGTCT-5' Media 2280 2340 j 1160 39 WO
2006/ 002038..PCT/ US2005/ 020911 SFQ Sequences and Mbdification (5'-3") IFN-a
| FN-a | FN- a8 | D| RGCEHCrRTTERgX m%ﬁﬁmfﬂ%@/ M 10 g/m| 10 g/ni | DN4 DN5 [DNS
19 5' - TCG BACERP TTFeat-—*%—GHEFFE2CAAGLET-5 Q5421520 556
5' - TCGLAA Of2- X- G CTTGCLAAGLCT- 5 237681?? 71 21
5' - TCGLAACGITTCGI- Y- TCTTGICTGICI-5" 5824530 2090381 27
5' - TCGLAA d (Gegdendds bAdMédikaltion (66") 9587249 TRARLB§mI) 4 FFN-a (pg/ml) | IFN-o (pg/ml)
5' - TOGLAA TQGL- Y- TCTTGCITGICT-5' 6912157 [1577168 |24
5' - TCGLAACEIGTCG, - Y- TCTTCCACTCT-5' 19570467 1225425 25
5' - TGLCAAGLCTTGLC- Y- TCTTGLCTGICT-5' 26 5' - T(E% CTT%%%Q"V'- TCT'E%@Q(@TCT- 5

1 5-TCGIAACGTTCG-X-G4CTTG,CAAGCT-5' | 3122711341 | 9777210 10008110

2 5-TCG1AACG, TTCT-X-TCTTG,;CAAGCT-5

12 5'-TCGAACGTTC-X-CTTG,CAAG,CT-5

13 5-TCG,TTCGAACG-X-G4yCAAGCTTG,CT-5'

14 5-TCCAACCTTCG-X-GCTTCCAACCT-&

15 §'-TCG,TTG,CAACG-X-G,CAACG,TTG,CT-5'

4 5'-TCG:AACG,TTCG-X-G,CTTG;CAAG,CT-5' | 6083+£184

16 5-TCG:AACG,TTCT-X-TCTTG,CAAG,CT-5 216414

17 5-TCG1AACG,TTCG-X-GCTTG,CAAG,CT-5'

18 5-TCG1AACGTTCG-X-G,CTTGC,AAGCT-5'

media 00 010 010

SEQ | Sequences and Medification (5™-3") IFN- (pg/mi) | IFN-{ {pg/ml)

IDNO

10 ug/ml 10 pg/ml
DN8 DNg

1 5-TCGAACGTTCG-X-GCTTGCAAG,CT-5" | 1370454 65038

2 5-TCGAACG(TTCT-X-TCTTGCAAG,CT-§'

12 5. TCG,AACGTTC-X-CTTG,CAAG,CT-5'

13 5-TCGTTCGAACG-X-G{CAAGCTTGCT-5'

14 5-TCCAACCTTCG-X-GCTTCCAACCT-5'

15 5-TCGTTGCAACG-X-G,CAACGTTGCT-5'

4 5-TCGAACG,TTCG,-X-G,CTTG,CAAG,CT-5

16 5-TCGAACG,TTCT-X-TCTTG,CAAG,CT-5'
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27 5' - TGLCAAGLCTTGLC X- CGLTTCGLAACGLT-5" 28
5' - CTGTCKRTTCTC- X- CTCTT&CTGIC-5' 29 5' - CTGTC&RTTCTC- X- CTCTT&QCTGIC-5' 30
5'-TCG TGICG TTT- X- TTTGLCTGIA CT-5" 3 55' - TGLCTGIGLCTTT- X- TTTCG, TGICG, T- 5'
32 5'-TCA AACG, TTCG, - Y- GACAG, CTGTICT-5" 33 5' - TGLCAACGLICTTGLC Y- GACACG
TGICT-5" Med) 00d@B®81570 1790 SEQ Sequences and Modi f i EETUSWOY®I%1Z' ) | FN- a
IFNFa IFNra ID NO (pg/m) /m /m 10 g/m 10 pg/m 10 gl DN7 DN8 DN9 19
5' - TCGLAACRTTCH- X- G CTT&CAAGLCT-5" 20
5'-TCG AAC GITCG - X-G CTTGC AAG CT-5" 21 5' - TCGLAACGLTTCGL- Y- TCTTGLCTGTICT- 5'
104913 1559448 6024135 22 5' - TCGLAACG TTCG, - Y- TCTTQRCTGICT-5' 2230178 61183
3162189 23 p'7- TCEARCEPERICCEoVE-BETTECAFSFTP. ' 1535130 668035 155845 24
5' - TCG AACGLFEEGHY-FCITCCACTCT 5! 1&““?9 9502576228 15—46-\WO
2006/ 002038 PRT/ USSTORIESRTLS - SB AT SHERRKEE ¢TTG C. Y- 1CTTG CTGICT-5' 26
5' - TG, CAAG, CTh&aidt Y- TCTTCCACTCT-5 27 57-TG CASE CTTGedX- CG TTCA AACG, T-5'
28 5' - CTGTCRTTCTC X- CTCTT&CTIGIC-5' 6632184 3166242 9
5' - CTGTCKRTTCTC- X- CTCTT&CTGIC- 5" 6864394 114642 30
5' - TCA TGICA Ndrhrakphbdelrepreseas GiphdsphorotBibatdlinkkgy CTGIGA CTTT- X- TTTCG, TGICG, T-5'
32 5'-TCA AACG, TTCA - Y- GACAG CTGICT-5" 33 5'-Td CAACA CTTA C Y- GACACG
TGICT- 5 G=2’-deoxy-7-deazaguanosine
5  Gz=Arabinoguanocsine
C=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X=Glycerol Linker

Table 2D Immunomer Structure and Immunostimulatory Activity in Human DC
10 Assay (24 hs)

SEQ Sequences and Modification (5'-3") IFN-& IFN-o IFN-a (pg/ml)
ID NO | {pafml) {(pa/ml)
10 pg/ml | 10 pg/ml | 10 pg/ml
DN1 DN2 DN3

19 5'-TCG1AACG;TTCGy-X-G,CTTG,CAAG,CT-5' | 3145¢4 [ 580828 | 220501407

20 5-TCGAACGTTCG-X-GCTTGCAAGCT-5" | 4710+31 | 565610 14157¢10

21 5-TCG,AACG,TTCGy-Y-TCTTG,CTGTCT-5

22 5-TCGAACG TTCG,-Y-TCTTG,CTGTCT-%

23 5-TCGAACGTTCG,-Y-TCTTGC TGTCT-5'

24 5-TCG4AACGTTCG,-Y-TCTTCCACTCT-5'

25 5-TG1CAAG\CTTG,C-Y-TCTTG,CTGTCT-8'

26 5-TGyCAAG,CTTG,C-Y-TCTTCCACTCT-5'

27 5-TG,CAAG,CTTG{C-X-CO{TTCGAACGT-5'

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

28 5-CTGTCGTTCTC-X-CTCTTG,CTGTC-5

30 §-TCGTGTCG{TTT-X-TTTGCTGTGCT-5

31 5-TGCTGTGICTTT-X-TTTCGTGTCG,T-5'

32 5-TCGAACG{TTCG-Y-GACAGCTGTCT-5'

33 5 1G,CAACG,C1TG:C-Y-GACACG, TGTCT-5'

Media | 22840 23410 11640
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Medi a 1570 820 942 SEQ Sequences and Mdification (5 -3'") IFNNa IFN-a I FN-a
ID NO (Pglm /m /m 10 10 10 g/m DN1 g/ m DN11 gg/ m DN12 O 19
5'-TCA AACRTTCA - X- GLCTT&CAAG CT-5' 20
5'-TCA AACI GTTCA - X- A CTTGCI AAG CT-5' 21 5'-TCG AACA TTCd - Y- TCTTG CTGTICT- 5
8154597 318Mhe6Gon2@s5' - TCA AACG TTCA - Y- TCTT&CTGICT- 5' PERHUSBTH201493613
9642129 23 5'-TCA AACA TTCd - Y- TCTTGCI TGTCT-5' 2688293 448694 24
5'-TCA AACA TTCA - Y- TCTTCCACTCT-5" 721418 1006831 25

'-TG CAAGQ CTTA C Y- TCTTG, CTGICT-5" 11474402 26
5'-TA CAAG CTTG C Y- TCTTCCACTCT-5" 37523 27

- TG CAAG CTSEG C} a0 cdsrBEModicaioT (553) 28 5' - CTIGRG&2 TTCFB-0X- CT UF'F@CT G5
5508410 1395p8%% 009240 29 5' - CTGTCRTTCTC )Qa(ﬁmt[ﬁ
118241720 99771379 30 5'-TCG TGICG TTT- X- TTTQ cxe N?"“'ll 9% El
‘- TG CTGTA Gt =37 GMW AAEGTTEG— CAG
CTGICT-5' 100329 | 4T W5 50081 005038 pet) uézobg‘i%o 2% 11 33
5' - TGLCAACG, CEE')TGT : ‘ (A 23%dna 8030 10137 00 r mal
phase represents DhOSDhOI ot h| oat e |i nk L&l ic phase represents
phosphodi est %! | | hRa@@M@GﬂCQUéEQVGﬁ@ éguanosi ne |5824853 aB¥ R Juahosi ne
—_ - L ~NVAW] D v kb a. oot hasl e b~ —
Eilaﬁer (27 - depyy P Boaic FRB Y TETE,Ortie 5 ear a0 ot By Rl Migy3ite | Yoer ol
23 5-TCG,AACG, TTCGy Y-TCTTGC,1GTCT-5 6912£157 | 15772168
24 §-TCGyAACGTTCG,-Y-TCTTCCACTCT-5 19570¢467 | 2254125
25 5-TG,CAAGCTIGC-Y-TCTTG,CT1GTCT-5
26 5"TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5'
27 5-1G,CAAGCTTG,C-X-CG,TTCG,AACG, T-5'
28 5-CTGTCG,TTCTC-X-CTCTIG,LTGTC-5
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
30 5 TCG{TGTCG TIT-X-TTTGCTGTG,CT-5
31 5-TG,CTGTGCTTT-X-TTTCG,T1GTCGT-5
32 5. TCGAACG11CG,-Y-GACAG,CTGTCT-5'
33 5-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-5'
Media 12543 1570 17910
SEQ Sequences and Modification {(5'-3"} iFN-a {FN-a iFN-a
1D NO |_{pa/mt) (pg/m) (pg/mi}
10 pg/mi 10 pgimi 10 pg/mi
DN? DN8 DN9
19 5-TCGAACG,TTCG-X-G,C TTG,CAAGCT-5
20 5 -TCG1AAC GTTCG,-X-G,CTTGGAAGCT-5'
21 5-TCG\AACG, TTCGy-Y-TCTTG,CTGTCT-5 1049213 | 15504248 | 6024£135
22 5-TCGAACGTTCG,-Y-TCTTG,CTGTCT-5 2230:78 | 611623 3162¢189
23 5-TCG,AACG,TTCG,-Y-TCTTGC,TGTCT-5 15355130 | 6680%a5 | 1558245
24 5-TCG,AACGTTCG,-Y-TCTTCCAGTCT-5' 16053238 | 9502857 | 622820
15
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Y=C3 Li nker

vertebrate cells,

10 Exanple 9: Cytoldne Analysis The secretion of
preferably BALB/c nouse spl een
measured by sandwi ch ELI SA. The required reagents

cells or

anti bodi es and cytoki ne standards were purchased form 15 Phar M ngen,

D ego,
at

5 lug/nL in PBSN buffer
and then bl ocked with PBS/ 1% BSA at 37 C for

pH
30 mi nutes.

Cel |

9.6) overnight

IFN-a in
human PBMC, was
i ncl udi ng cyt oki ne

San

CA. VEQ p@A(0703% es (Costar) were incubated with apBESS2AEE20%HNt i bodi es
(PBS/ 0. 05% sodi um azi de,

at 4C

culture
supernat ants and cytoki ne standards were appropriately diluted with PBS110%

FBS, added to the plates in triplicate, and incubated at 25 C for 2 hours.
Pl ates were P& ovd=5+T§iaM¢TﬁGiC YL TR IRICEPT | at e biotinyl atedjanti body and
i ncubated at [ 25-C re—then washedlextensivyely
with PBS-T BUfF er ?5&5‘?‘@‘3@%}% EI@E ﬁ@ ?@nsd further incubatedjat 25 C for
1.5 hours af t&r dlglmmwwx@mggcst eg—peroxirdase—(Sirgma, St
Louis, MDJ. The plates were devel oped with Surg BluelTM (Kirkeggaard and
Perry) chronpeeni (P5FC§'§@Q@{TT@W-CTI@TTG€SHGWJQH was term nasyResas b}ﬁﬁﬂ‘}ﬂl ng St op
Sol ution (Kitkegaard _and Perry) The color chahge was!|nepasureg res
900 HDI Spect ?sbpholscﬁ?g‘tTQWT(CBT%X"f’E‘I‘(TTFh@PFﬁﬁEnts ) Hurrar\eﬁséﬁgﬁher’b‘ﬁa*ﬁl obd
nononucl ear ¢ 3 e P6aTET _CT_‘.?'” ert+phettat—btoogof-—heal t hy
vol unteers by Fi col | - Paque den3| ty gradl ent cenptrifugation 30
(Hi st opaque- 1877, | SFGGIGTSLCTILANTSCGNMEYCG BT ef [y, heparini zed|bl ood was
| ayered .42. |\WO 2006/.002038 PCT/ US2005/ 020911 ., onto the Hi stopaque-1077
(equal vol ume§2in Q‘T@&MJTSQHYW‘G@@TQW‘%% rifuged at 400|x g for !30
mnutes at rogmte @%ﬂﬁmmwm atr-ntg—the—mononuct-ear
cells, was renbved caretu y and washed twi hi th i satonic phosphate
buf fered sal || Medi{ PBS) by centrifugation at 2501 x7g0 f or| 8280 m nUbe. The
resulting cell__5pellet was then resuspended in RPM 11640 nmedi um cont ai ni ng
L-glutam ne (MediaTech, Inc., Herndon, VA) and supplenmented with 10% heat
i nacti vat ed F? araaysesss 8nd|Mopifcatiand®E@di omyci n ( LOE3/ m|YFN-Ce| | g IRlb¥ e cuil t ur ed
in 24 well plR% |for different time periods 0" ! /llo} | °’(19§!’“?'1¢ve.L! in
t he presence|or absence of AG/MIDNT | pg/miDNA4 | ug/miDN12
0

19 5-TCG+AACG;TTCG-X-G,CTTG,CAAGCT-5

20 5.TCG,AAC,GTTCG-X-G{CTTGC1AAG,CT-5

21 5.TCG,AACG,TTCG,-Y-TCTTG,CTGTCT-5' 81541507 | 318542136

22 5.TCG,AACG,TTCG;-Y-TCTTG,CTGTCT-5 6413:876 | 144931613 | 96421129

23 5.TCG,AACGTTCGy-Y-TCTTGC,TGTCT-5' 2688293 | 4486194

24 5.TCG,AACG TTCG,-Y-TCTTCCACTCT-5' 7214218 | 10068131

25 5.TG,CAAG,CTTG,C-Y-TCTTG,CTGTCT-5 114741402

26 5.TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5' 375123

27 5.TG,CAAGCTTG{C-X-CB,TTCG,AACG,T-5'

28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 5508t410 | 13956355 | 6009£240

29 5.CTGTCG,TTCTC-X-CTCTTG;CTGTC-5' 85991146 | 118241720 | 99771379

30 5.TCG,TGTCGTTT-X-TTTG,CTGTG,CT-5 11946£159

31 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG -5 00

32 5-TCG,AACG,TTCG,-Y-GACAG,CTGTCT-5' 1003219

d].



ol i gonucl eotides. At the end of the incubation period, supernatants were
harvested and 10 stored frozen at -70 C until assayed for various cytokines

i ncluding | FN-a

are shown in Table 3A- 3D below. In all instances, the |evels of

t he cell

. COWO aooe/oe0ser nat ant s was

(Bi oSource International) by sandwi ch ELI SA. The results
IFN-a in
cal cul ated fromthe #CANEW0EHWONIVeE

constructed under the sane experinental 15 conditions for IFN- a. Table 3A
| mmunoner Structure and | munostinul atory Activity in Human PBMC Assay (24
hs) SEQ Sequences and Moddification (5 -3") IFNNa IFNNa IFNNa IDNO M /m

/m
5

5
5
5

10 g/ m

- TCA AACG
- TCGLAACGL ]

- TCG2AACG2

medi a 00 780 R
Modi fi cati on
10g/m DN1

12514351 2 5¢;

§&CTTA CAAG CT-5' 7332269 3647704 10872613 3
TCTCACC}'TCE— ,.Imﬁ - 197 00 00 4

5|

TCRAACER

10

15

20

25

30

109/l 10 g/m  DNA DNS DN6 1

TTCGLI{ X- G CTTA CAAGLCT-5' 822244 611431 36041 2

TICG XSACTIBLCARTECTY-GACK®IBTORY 24 282224 3 64202139

- TCTCACCT TEL-xX—1GHCCAGHCT-5-- 008008004

T”fﬁ,d@ X QCTTQCAAGCT-5' 5 5 - TCG?%%&E:Gzﬂ % acrftbcancecr- 5

fthal p}fﬁée re

Afé =) bequences and
b tses g/m 10 g/n

Dklﬁi)s d)estérFl
%)NS CG AACG TTCG - X-3d CTTA CAAGQ CT-5' 703811 2921321

TE_ 2
X= Glycerol Linker
Y=C3 Linker

Example 9: Cytokine Analysis

The secretion of IFN-u 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 pg/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 ug/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

_42.
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media 330 00 00 Nornmal phase represents a phosphorothi oate |inkage

Gl=2' - deoxy- 7- deazaguanosi ne 5 &=Ar abi noguanosi ne X=d ycerol |inker Table
3B I mmunomer Structure and | mrunostinul atory Activity in Human PBMC Assay
(24 hs) 10 SEQ Sequences and Modification (5'- | FN- a m) IFN-a I FN-a
(pg/mM) | BONODGD3R/ ) 10 g/m DNI 10 g/m 10 |sg/m ngm 20511

5' - TCGLTCGLAACGSTTCG AGATGAT- 3" 34871015 2683 388350 7

5 - TCRTCRAACKRTTCERAGATGAT- 3" 90 300 00 8 5' - TCG3TCG3AACG3TTCG3AGATCAT- 3'
1261 00 00 9 5'-TC GICI GAACI GTTCl GAGATGAT-3" Q0 00 00 10

5' - TC2GTC2GAAC2GTTC2GAGATGAT- 3" 00 200 00 11

5' - TC3GTC3GAAsm3s3hE kHT7 & aliélunﬁ&) irl §EoniddB&hifud3 hndcdrlifbifed at4 VO
2006/ 002038 PCT/ USZOO /020911 E Sequences and Mddification (5 -3") IFN-a
(pg/ m) | FN- a*Qlsg8 ?Wmeaaf(rﬁngram Ko bufy coats Wmmﬂ\?g/m 10 sglmi  DNS

DNS 6 5'- TC%E.%@A@@%U@%&%E%&@ alm%g%dﬁ%@%@sétaﬁgéhosﬁhm
5" - TORTOGAAC 1T CCOACATCAT: 3 18070

5' - TCERTC2 AAruEeredcaling (REFLY cgntnfygatgg y@égg gjgg 0 rgnutcs The resulting cell

5 - TCLGTC! GANG G RAGATSHTacd n ROMP Rt heaill i g ETGRAGHAC2 GTTC2GAGATGAT- 3
(MediaTech, Inc., Herndon, VA) and supplemented with 10% heat inactivated FCS

and penicillin-streptomycin (100U/mi). Cells were cultured in 24 well plates for
different time periods at 1 X 10° cells/ml/well in the presence or absence of
oligonucleotides. At the end of the incubation period, supernatants were harvested and

10 stored frozen at —70 °C until assayéd for various cytokines including IFN-a
(BioSource International) by sandwich 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
15 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/ml) g/mi) (pg/mi}
10 pgfml 10 pg/mi 10 pg/mi
DN4 DNS DN§

1 5-TCG,AACG TTCG-X-G,CTTG;CAAG,CT-5' | 8222344 . | 611441 360411

2 5-TCGAACG{TTCG-X-GCTTG,CAAG,CT-5' 67007 6272124 2822424

3 §-TCTCACCTTCT-X-TCTTCCACTCT-5' 010 800 800

4 5-TCG,AACG,TTCGX-G.CTTG;CAAG,CT-5'

5 5-TCGAACG,TTCG-X-GCTTG,CAAG,CT-5'

media 00 7810 8310

.43



11 5' - TC3GTC3GAAC, GTTC3GAGATGAT-3" 00 2111330 113 nedia OO0 489 112 Nor nal
phase represents a phosphorothioate |inkage G =2'-deoxy-7-deazaguanosi ne
&=Ar abi noguanosi ne 5 G3=2'-deoxyi nosi ne

C =1-(2' -deoxy- p- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne

C2=Ar abi nocyti di ne C3=2'-deoxy-5-hydroxycytidine 10 Table 3C I mmunoner
Struct ure amcobgmaedesti mul atory Activity in Human PBMC PBEINONR#1hs) SEQ
Sequences and Mdification (5 -3'") IFNa (pg/m) IFN-a (pg/m) IFN-a 1D NO
(Pg/m) 10g/m 10g/m 10 g/m ON1 DN2 DN3 1

5' - TCGSAACGSTTCGS- X- GSCTTG, CAAGSCT-5" 20833 4325 134520 2

5' - TCGLAACGSTTCT- X- TCTTGSCAAGSCT-5" 111 590 17341 12

5' - TCA AACA TTC- X- CTTA CAAGSCT-5" 161 557 32449 13

5' - TCGSTTCGS -[edoohddé\brdtolifiation(5-3) 88232 7 3PBR-a2035TarN-d 4 IFN-a
5' - TCCAACCTTC®E NG GCTTCCAACCT-5" 5027 3917 40 [Lpaml) {paiml) {pg/ml)
5' - TCGLTTGLCAACGS- | X- GSCAACGLTTGLCT-5" 6046 465)/® up@023(Q 104g/ml 10 pg/ml
5' - TCR2 AACR TTICE2- x- ('-‘.9("TT ' 45 \An 2 00203® T/ USpBN%/ 020911

- TCG, AACRTHEG = ’5 1=EGJ F’rﬁ@ G¢TT?;1CAA@GT- 73321269 | 36472704 | 108724613
5'-TCA AACI GITCG -{X-d Cr1 Gé CT-5" nmedia 2014 120 310 SEQ Sequences jand

Modi fication @5 - 5}T¢1|€Nean'ﬁ&:mﬂr€®h‘cac(mg/ m )| 1D NO (Jmwed 1) 7 frb10

4 §-TCGAACG,TTCG-X-G:CTTG,CAAGCT-5
5 5-TCGAACG,TTCG-X-GCTTG,CAAG,CT-5'
media 3340 00 010

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

5 Gy=Arabinoguanosine
X=Glycerol linker

Table 3B Immunomer Structure and Immunostimulatory Activity in Human PBMC

Assay (24 hs)
10
SEQ Sequences and Modification (5'-3") {FN-a {(pg/ml) IFN-a {IFN-o (pg/mlﬂ
IDNO (pg/ml)
10 pg/ml DN1 | 10 ug/ml 10 pg/ml DN3
DN2
8 5-TCG4TCG1AACG(TTCG,AGATGAT-3' | 348711015 26843 3883150
7 5-TCG;TCGAACG, TTCGAGATGAT-3' | 910 3010 010
8 5-TCG3TCGAACG,;TTCG,AGATGAT-3' | 12611 0+0 040
9 5-TCGTC,GAACGTTC,GAGATGAT-3' | 010 020 010
10 5-TC,GTC,GAAC,GTTC,GAGATGAT-3' | 010 200 010
11 5-TC,GTCsGAACGTTCyGAGATGAT-3' | 1141 5+0 7610
media 3320 010 010

~d 4.



109/l 10 g/m 10 g/ni DN4 DN5 DN6 1 5'

- TCA AACA TTCA - X- G, CTTA CAAG CT-5'

10
57828

-5
CT-5'

9008 43226 58220 2 5'-TCA AACG TTCT- X-TCTTA CAAG CT-5" 926 12
5' -TCG AACG TTGC X- CTTG, CAAG, CT-5" 44176 13
5'-TCA TTCG AACA - X- G, CAAG CTTA CT-5" 7328 14
5' - TCCAACCWDO®a0 @38 TCCAACCT-5" 195 15 PCT/US2005/020911
5'-TCG TTG CAACG - X- G, CAACG, TTG CT-5" 8808 4
5' - TCRAACKRTTCXR2- X- RCTT&RCAARCT-5" 270 260 |i 16
5' - TCRAACKZ2TTCT- X- TCTT&RCAARCT-5" 190 230 17
5'-TCA AACKRTTCA - X- G CTT&QCAAG, CT-5" 18
5'-TCA AACI GTTCG, - X-d CTTACI AAG CT-5' nmedia 61 00 00 SEQ I D Sequences and
Modi fi cati on [[SEQ 3] Seqldntésand MHifidatipn GEIY @ | HNENLG (pofedl) IFN-B1pg/Al) [OFNL: (dghif
pg/mM 10 gg/mMiiDNDN8 DN9 1 5'-TCG AACA TTCG, - X- G CTTG, CAAdD CT-|5' 32418
74125 2 5'-TCd AACG TTCT- X- TCTTG, CAAG, CT- 5' 10@ml DN4 1130 ug/mi 10 ugiml
4 5 - TCCAACCFTOG WWW@GQ

14 5' - TOCAACGTTCG pe geA 2 TCE%HYG cadddt S QAR TTG
4 5' - TCRAACGEHTTORZs By 66 PREEE8 REARCATOL W\fﬁf‘gﬁﬁﬁﬂ@%% 31£15
PCT/ US2005/ 020911 16 5 - TORAACG2TTCI- X- TATTGRCAAGRAT-5" Ot 0 [17
5' - TCA AACERZTRCA - p6'EEGTTGABARHT CBABATCGAISS | 020 28761344 4815
5' - TCA AACI GTICG - X- A CTTGCI AAG_CT-5' nedial 00 00 00

9 5-TC{GTC,GAACGTTC,GAGATGAT-3' | 00 510 410

10 5'-TC,GTC,GAAC,GTTC,GAGATGAT-3' | 010 810 513

i1 5-TCyGTC;GAAC;GTTC,GAGATGAT-3' | 00 21111330 11£3

media 0+0 4819 1112

Normal phase represents a phosphorothioate linkage

G,=2’-deoxy-7-deazaguanosine

G2=Arabinoguanosine

5  G3=2’-deoxyinosine

C=1-(2"-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine

Cs=Arabinocytidine

C;=2’-deoxy-5-hydroxycytidine

10 Table 3C Immunomer Structure and Immunostimulatory Activity in Human PBMC

Assay (24 hs)

SEQ | Sequences and Modification (5'-3') IFN-¢¢ (pg/ml) | IFN-a (pg/ml} | IFN-a

ID NO /ml)
10 pg/mi 10 pg/mi 10 pug/mi
DN1 DN2 DN3

1 5-TCGAACG,TTCG+-X-GsCTTG,CAAGCT-5' | 208133 43215 1345120

2 5-TCG4AACGTTCT-X-TCTTG,CAAG,CT-5 1121 5940 17341

12 5-TCG,AACGTTC-X-CTTG,CAAG,CT-5 1641 56+7 324149

13 5-TCG;TTCG4AACG-X-G4CAAGCTTG,CT-5" | 882432 733480 203516

14 5-TCCAACCTTCG-X-GCTTCCAACCT-&' 50427 39+17 40

15 5-TCG4TTGCAACG-X-GCAACGTTGCT-5' | 60416 46570 190230

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

-45-



Nor nmal
G =2
=1-(2'

&=Ar abi noguanosi ne
- deoxy- p- D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- met hyl puri ne

phase represents a phosphorot hi oate |i nkage
- deoxy- 7- deazaguanosi ne

5

X=d ycer ol

Li nker Tabl e 3D I munoner Structure and | munostinmulatory Activity in Human
PBMC AssaWw((@46/2)3810 SEQ | D Sequences and Modi fi cat i oPCT/ES20G/R091EN- g

(pg/m )
19 5

IFN-a IFN-a NO (Pg/m) /i
- TCE AACRTTCA - X- G CTTGCAAG CT- 5'

10

g/m DN

10 g/m 10 pg/m DN2 DN3
80 6513 31423 20

5'-TCA AAC, GITTCA - X-Gd CTTGC, AAG CT-5'" 90 102 48787 21 5'-TC G AAC GI TTC
G-Y-T CTTG C TGI C T-5' 22 5 -TCA AACA TTCA - Y- TCTTd CTGICT- 5' 23
5' - TCGE AACG TTEG S ﬁ&m,mmmf,n —AACGHTTOG = Y- TCTTCCACTCT- 5
25 5'-TE CAAGE CTTHE C Y-TCTTA CTGICT- 5
5'-TA CAAG CTTA G ¥ TC@TRKC@Q\UEGTX§1CTT§EPEG1CF- JAAG CTTA C- X-CA TTCA AACG, T-5'
28 5' - CTGTCRIICTC: X- @%%?15_5 29 5' . CIICTCER2TICTC- X- CTCTTE2CTCIA- 5'
30 5' - TCA TGI¢H TTH-eCrv&® SRGUEAAMGCTS TG CTGTE | CTTT- X TTTCA
TGICE@ T-5' fﬁ‘% i;)' —TCE-AACGTTCa—Y-GACAG L?[Ulkzb-;L 33 '_I:I:O TG 310
CAACG CTTd C—‘Y—%cha‘—TGFCT—E_ﬁ“\W = - 38~ PCT/USZ005/ 020911 —Medi a
1110 100 OO [SEQ [ Sequences and Modification (5-3) IFN-a IFN-a IFN-a (pg/ml)
1D NO (pg/ml) | (pgimi)
10 pg/ml | 10 pg/ml 10 pg/ml
DN4 DN5 DN6
1 5-TCGAACGTTCG,-X-G{CTTGCAAG,CT-5 | 9008 432126 582120
2 5-TCG,AACG,TTCT-X-TCTTG,CAAG,CT-5' 9216
12 5 -TCG,AACG; TTC-X-CTTG,CAAG,CT-5' 44176
13 5-TCG,T1CGAACG-X-GCAAG,CTTG,CT-5 | 73218
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5 1915
15 5.TCG,TTG,CAACG-X-G,CAACG,TTG,CT-5 | 8808
4 5 TCG,AACG,T1CG-X-G:CTTG,CAAG,CT-5 2720 260
16 5-TCG,AACG,TICT-X-TCTTG,CAAG,CT-5' 1920 2310 |
17 5-TCG,AACG,T1CG-X-G;CTTG.CAAG,CT-5
18 5. TCGAAC,GTTCG-X-GCTTGCAAGCT-5'
media 61 00 0+0 ]
SEQID | Sequences and Modification (5'-3") IFN-ot (pg/ml) | IFN-at IFN-a
NO {pg/mi) (pg/mi)
10 pg/ml DNT | 10 pg/ml | 10 pg/ml
DN8 DN$
1 5-TCGAACG,TTCG-X-G,CTTG,CAAGCT-5' | 32418 57828 | 741225
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. TCCAAGCCTTCG-X-GCTTCCAACCT-5
15 5 YCG,TTGCAACG-X-G,CAACGTTG,CT-5'
3 5-TCG,AACG, TTCG-X-G,CTTG,CAAG,CT-5 | 610
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SEQ | D Sequences and Mdification (5 -3") FN-O (pg/m) I1L-10 IL-10 NO m
/m 10 Dg/m DN4 10 Og/m 10 Dg/m  DNS DN6 19 5'-TCGA AACRTTCGL- X- 144617
Gl CTT&QCAAGL CT-5' 20 5'-TCA AACI GTTCA - X- 9421 d CTTGCLAAG CT-5' 21
5'-TCA AACA TTCd - Y- TCTTA CTGICT-5" 1262 15913 22

5' - TCA AACBIOTIOARMSTCTTGCTGICT-5' 239123 3561109 23 PCT/US2005/020911

5'-TCA AACA TTCGL- Y- TCTTGCI TGTCT-5' 14723 18546 24

5'-TCA AACA TTCGL- Y- TCTTCCACTCT-5" 10715 148137 25

5'-TA CAAG CTTA C Y- TCTTA CTGICT-5"' 26 5'-TG | CAAG | CITG 1

C Y-TCTTCCACTCT-5'" 27 5'-TA CAAAD CTTA C- X- CA TTCA AACA T-5' 28

5' - CTGTCR2TTOEC X- [(HEEGBECEFTCRETC PRB,0AAGITH CGI 8ddCTC X- CTCTT&CTGICG-5"] 30
5'-TCG | TGICG 1 TIT-X-TTTG I _CTGIG 1 CT-5' 31 5'-TG 1 CTGIG
CTTT- X- TTTCA "TGTCE I CF+AHCG, 1306 &X- Gﬁ@@zﬁ%@@ﬂ TTCG | -Y{GACAG|1 CTGICT-5'
33 5' -TA CAA g 00-685—610—SEQ-1D-Segyiences
and Modi ficat!on (5 5 Y i 'pg! 3;01

SikNa NO (pg/mi) m 10 §/
DN7 10 10g/ nimmgg TH—DNO—BNS— 185 TCE AACRTTGE =X G CTRFCMAGET5

H_“'

Normal phase represents a phosphorothioate linkage

G,=2’-deoxy-7-deazaguanosine
Gi=Arabinoguanosine

5 Cr=1-(2'-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X=Glycerol Linker

Table 3D Immunomer Structure and Immunostimulatory Activity in Human PBMC

Assay (24 hs)
10
SEQID | Sequences and Modification {5'-3" IFN-o (pg/ml) IFN-o IFN-o
NO (pa/ml) | (pg/mi)
10 pg/ml DN1 10 pg/ml | 10 pg/m!
DN2 DN3
19 5-TCGJAACG,TTCG-%-GCTTG,CAAGCT-5' | 8£0 6513 314423
20 5'-TCGAACGTTCG-X-G:CTTGC,AAGCT-5' | 910 1012 487187
21 5-TCGIAACG,TTCG,-Y-TCTTG,CTGTCT-S'
22 5.TCGAACGTTCG-Y-TCTTG,CTGTCT-5'
23 5-TCGAACG{TTCG-Y-TCTTGC TGTCT-5'
24 5-TCGIAACGTTCG-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{CAAGCTTGC-X-CG{TTCGAACG,T-5'
28 5.CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
28 §.CTGTCG,TTCTC-X-CTCTTG,CTGTC-5
30 5-TCGTGTCGTTT-X-TTTG,CTGTG,CT-5'
31 8-TG,CTGTGCTTT-X-TTTCGTGTCG,T-5'
32 5-TCGIAACGTTCG,-Y-GACAG,CTGTCT-5'
33 5'-TGCAACGCTTG,C-Y-GACACG,; TGTCT-5'
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20 5'

- TCGLAACLGITCGL- X- GICTTGCLAAGLCT- 5

21 5'

-TCG AACG TTCG -Y-TCTTG

CTGTCT-5' 24211 54937 910 -4$. WD 20061002038 PCT/ US2005/ 020911 22
5' - TCGLAACGLTTCGL- Y- TCTTGCTGTCT-5' 2412 25012 141 23
5' - TCGLAACGLTTCGL- Y- TCTTGCITGTCT-5' 2380 22425 81 24
5' - TCGLAACSDTII@GL2088 TCTTCCACTCT-5' 2380 66810 417 25 PCT/US2005/020911
5' - TGLCAAGLCTTGLC- Y- TCTTGLCTGTCT-5' 26 5' - TGLCAAGLCTTGLG Y- TCTTCCACTCT- 5'
27 5' - TGLCAAGICTTGLC- X- CGLTTCG, AACGLT-5' 28
5' - CTGTCRTTCTG X- CTCTTGCTGTC-5' 22331 120 29
5' - CTGTCRTTCTC- X- CTCTTGCTGIC-5' 474 51 30
5' - TCGLTGTCGETTFT=X[TTTGICTGIGIET-531 5 =T CTGTG T CITT- X" TTTCy TCres)i T- 5'
32 5' - TCGLAACHESE CGI- V- GACAGICIGICT-5 33 5 - TG1@AACGICI Y- GAGACTI
TGTCT-5' Medi|&EQW ((Ge@@nceSER Nddn@eoquEtes and MDEN-Hilegtl onlL(®™ - 31 1-10 FN\|a
(pg/ m) | FN- aNPEN- NO(Pglm) /md 10g/md DNIQ 10 10 g/ D Nil
19 5' - TCG AAQRTTCG, - X- GLCTTG2CAAGLCT- 5" 20 10 Cg/ml DN4 &59’"" 1&59’"“
' - TCG, AACL G X GiGT R MGt 52t 5~ TeaHpaat Freat—r-TCHTGrer el CT- 5'
2328 25216 22 5' -Tc:@me@ﬂx@c@:g{- TCTTGCTGICT-5' 671 1953 3648 | 23
5' - TCGLAACGLTTCGL- - TCTTGCLITGICT-5' 701 1483 24
- TCG, AACG, TFEGL- Y-SFIGTBAAITTECHX- 44329 67813 | W25
- TG, CAAGLCTITGLC Y-S ETTe et s 20816
21 5. TCG1AACGATTCG1-Y-TCTTGI1CTGTCT-5 12612 159113
22 5-TCG1AACG1TTCG1-Y-TCTTG2CTGTCT-§ 239423 356+109
23 5 -TCG1AACGITTCGI-Y-TCTTGC1TGTCT-5 147123 185146
24 B-TCG1AACGATTCG1-Y-TCTTCCACTCT-5' 10715 148237
25 B-TG1CAAGICTTGI1C-Y-TCTTGICTGTCT-5
26 5-TGICAAGICTTGIC-Y-TCTTCCACTCT-5
27 8-TGICAAGICTTG1C-X-
CGITTCG1AACGIT-5'
28 5.CTGTCG2TTCTC-X-CTCTTG2CTGTC-5'
29 F-CTGTCG2TTCTC-X-CTCTTG2CTGTC-5
30 B.TCGITGTCGITTT-X-TTTGICTGTGICT-5'
K} -TGICTGTEICTTT-X-TTTCGITGTCGIT-5'
32 5-TCG1AACG1TTCG1-Y-GACAGICTGTCT-5'
k! 5-TG1CAACGICTTG1C-Y-CGACACG1 TGTCT-
4
Media 010 68+5 6710
SEQID | Sequences and Modification (5'-3") IL-10 (pg/ml) IFN- IFN-a
NO (pg/mi} | (pg/ml)
10 pg/mt DNT | 10 10 pg/mi
ug/mi DN9
DN8
19 5-TCGAACG,TTCG-X-G4CTTG.CAAG,CT-5'
20 §-TCG,AAC,GTTCG-X-G,CTTGC1AAG,CT-5'
21 5-TCGAACG, TTCG-Y-TCTTG,CTGTCT-5' | 2421 549237 | 90
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26 5'
5I

- TGLCAAGLCTTGLC Y- TCTTCCACTCT- 5'
- TGLCAAGLCTTGLC X- C& i TTCGLAACG, T-5'

121 27
28 5

-CTGTCXRZTTCTC- X- CTCTT&CTGIC 5

20 945 51233 -49 WD 2006/ 002038 PCT/ US2005/ 020911 29
5' - CTGTCKRTTCTC X- CTCTT&CTGIC-5' 330 61118 168125 30
5'-TCA TGTred Midheo3ss TTA CTGTG CT-5' 9922 31 PCT/US2005/020911
5'-TA CTGTA CTTT- X-TTTCA TGTCA T-5' 90 32
5' - TCA AACA TTCd - Y- GACAG CTGICT-5" 152820 33 5'-TGLCAACA CTTG C- Y- GACACA
TGICT-5" 6910 Media 030 60 710 Normal phase represents a phosphorothi oate
linkage; Italic phase represents a phosphodiester |inkage.
GlL=2' - deoxy- ueaZ"gaanGSi re—b5—2=Ar-abt ROgHAangshe
Cl=1- (2' - deoxysr 3= DiwIiige| ANCE HEB, Y TeTIaoTarcrSaZ d s d et Ny IEeHE | 1457 & y¢ger ol
Li nker Y=C3 Linker| to Exarrpl e 10: Flow Cytonetiric Analysis Celll surface
mar kers of COBO and5CDSAAUSHE COeY-ECTEETATCN-5a (Caedtder Epi|@e4t2Xl 8H ow
Cytonet er usj-ng 1-human CD69:-Fitc and CD36-Fitc__whi _\wer 15 purchased
from BD Phar rﬁ‘ngen P§§I‘?‘ﬁ°@gUCGU§A?TTC§E“QTW fg et#Bds wer|@®$P efy descri ed
as follow Thgactd o AAGJC] TS eIsice st acked—with716% Hyman—AB— serum
(Sigma) in staining buf (PBé WiTh 15, BSA and 0. 1 % NaNg3) at {4C for |
hour and stajzeed w EWGaWG:iO‘[‘HG@@M-ITGSTWACﬂ@'-DVGrnl ght. PBNCs (4%105) were
stained with CDA9{Fitc and CD8G-Fitc. PDCs (2x105) were istained CDB6-Fitc.
The cell 20 s%%i ni n§ ARG GGG TTEG 4G THhdl yzed with Coul {er System 11
softvare (seexprab e crbictTereRreTo . ToTes 223131 | 1240
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 47+4 | 511 N
30 5-TCGyTGTCG, TTT-X-TTTGCTGTG,CT-5'
31 5.TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5
32 5'-TCG+AACGTTCG;-Y-GACAGCTGTCT-5'
33 5-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-5'
Media 00 040 210
SEQID | Sequences and Modification (5'-3) IFN-a (pg/mt) IFN-a | IFN-o
NO (pg/ml) | (pg/ml)
10 pg/mIDN10 | 10 10
pg/miD | ug/miDN12
N11
19 5-TCG1AACG,TTCG-X-G{CTTG,CAAG,CT-5
20 5-TCG1AAC,GTTCG-X-GiCTTGC1AAG,CT-5'
21 5-TCGAACGTTCG-Y-TCTTGCTGTCT-5' | 23218 252116
22 5TCGAACG TTCG, Y-TCTTG,CTGTCTS | 6741 19513 | 36418
23 5.TCGAACG,TTCG,-Y-TCTTGC,TGTCT-5" | 701 14813
24 5.TCGAACG TTCGy-Y-TCTTCCACTCT-5’ 443129 678113
3
25 5-TG,CAAG,CTTGC-Y-TCTTG,CTGTCT-5' 298116
26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-5’ 1241
27 5-TG,CAAG,CTTGC-X-CG,TTCG,AACG;T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 210 9415 | 512233
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WO 2006/ 002038 PCT/ US2005/ 020911 Tabl e 4A | munomer Structure and
Expression of BC from Hunan PBMC (2X106 celVm) (24 hs) SEQ Sequences and
Modi fication (5 -3") %D386 %D86 %CD36 |ID NO 1 g/m 1 Ng/m DN2 1 g/m DN3
DN1 1 5 -TCA AACGLTTCGL- X- G CTTGLCAAGLCT-5" 36.4 17.7 36.4 2

' - TCG, AACEDTIIERMIECTTGLCAAGLCT-5' 27.2 6.3 30.4 3  PCT/US2005/020911

5' - TCTCACCTTCT- X- TCTTCCACTCT-5" 15 7.3 11.3 4

5' - TCRAACKRTTCR2- X- RCTT&CAARCT-5" 5 5' - TCRAACKRTTCG X- GCCTT&RCAARCT- 5
media 10.7 8 7.6 5 SEQ Sequences and Mdification (5 -3") %D86 % D86 %CD36
IDNO1 g/m 1 g/m DN5 1 g/ml DN6 DN4 1

5' - TCA AACGLTRCGL- X5 aTeT oG TEETEK-CYOTT8,C18IC-8 12322 7- 0 2 (61218 | 166425

' - TCG, AACG [TTCG X{ GCTTGLCAAG CT-5' 25 17.5 | 32.4 3
5' - TCTCACCTTGE- X- TCYTCGAGTICE+BT-XIIT@LTRT&ET-8 4 99242
5' - TCG2AACG2[FLCG X w [-5'
media 5.2 5.4 '11. 8 55@%@?@5?8@%@%?? tlion (5 -3') fmmg*%/msg %CD69
ID NO 1 g/ m g gfm ur@e A&w THcaEAchBIETaTCTS 1528220
5' - TCG AACGLITCG, - X- G CAAGICT-5 27.5 61 15.8 2
5' - TCGLAACGL[TICG X- mmmc BCAGECG T66C6589. 7 6910

Media 010 610 7+0

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

G=2’-deoxy-7-deazaguanosine

5  Gy=Arabinoguanosine
C=1-(2"-deoxy-p-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X= Glycerol Linker
Y=C3 Linker

10
Example 10: Flow Cytometric Analysis

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

15 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 |
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

20  staining data were acquired and analyzed with Coulter System 1 software (see Tables
4A-4F below).
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3 5 -TCTCACCTTCT- X- TCTTCCACTCT-5' 0 11.8 8.5 4

5' - TCRAACKRTTCR2- X- RCTT&RCAARCT-5" 5 5' - TCRAACKRTTCG X- GCCTT&RCAARCT- 5
WO 2006/ 002038 PCT/ US2005/ 020911 nedia 0 11.1 11.1 SEQ Sequences and

Modi fication (5 -3") %CD69 %CD69 %CD69 ID NO 1 g/m 1 glml DN5 1 g/ DN6
DN4 1 5' - TCEOAHNBEB2088 CCS- X- GSCTTAACAAG CT-5" 58.3 51. 8 3BCTUSZR05/020911

5' - TCGSAACGSTTCG X- GCTTA CAAGSCT-5" 62.5 56.5 43.6 3

5' - TCTCACCTTCT- X- TCTTCCACTCT-5" 0 31.1 16.9 4

5 - TCRAACKRTTCR2- X- RCTT&CAARCT-5" 5 5' - TCRAACKRTTCG X- CCTT&RCAAR2CT- 5
media 5.2 18.9 8.9 Normal phase represents a phosphorothioate |inkage

G =2' - deoxy- 7- deazaguanosi ne &=Ar abi noguanosine 5 X=d ycerol |inker Table
4B | mrunorre a8k A dinthugorrdt Striotire asbEpresién BB fremHMaePBMBNEX (02X106 cel |/ m)
(24 hs) SEQcaemuerciss and Modification (5 -3") %D86 D86 D86 | D NO 1
/m DN1 1 ~g/ml DN2 1 /m_ DN3 6 5'-TCG TCGSAACGSTTCERAGATGAT-3' 43.4 25

34.6 7 5 - TEEATCERMNAGE TPGRIAG@INCHTP) 3 46. 7 YWACEBEA7. p%CB86 %CD86
5' - TOG3TCGIAMUBITTCGAGATGAT-3' 41.1 25.7 38. 5O
5' - TCSGTC, GAACSGTTCSGAGATGAT- 3' 25 20. 8 27. 6| LU" hg/m hgim
5 - TC2GT CZCWL’B'W@'@A@S'%G—R;QG‘PF PGS, &5 0| 3plel 7.7 364
5' - TC3GTC3GAAC3GTTC3GAGATGAT- 3 30 17 22.2
2 5-TCGIAACG, TTCG-X-GCTTG,CAAGCT-5' 27.2 6.3 304
3 5-TCTCACCTTCT-X-TCTTCCACTCT-5' 15 7.3 1.3
4 5-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-5'
5 5-TCG;AACG,TTCG-X-GCTTG,CAAG,CT-5'
media 10.7 8 76
5
SEQ Sequences and Modification {5'-3') %CD08s %CD8b %CD86
ID NO
1 pg/ml 1 ug/ml DN5 | 1 pg/ml DN6
DN4
1 5-TCG,AACGTTCG-X-G1CTTG,CAAGCT-5 | 33.3 12.9 27.6
2 5'-TCG,AACG,TTCG-X-GCTTGCAAG,CT-5' 25 17.5 1324
3 5-TCTCACCTTCT-X-TCTTCCACTCT-5 10 213 176
4 5-TCGAACGTTCG+X-G;CTTG,CAAG,CT-5'
5 5-TCG,AACG,TTCG-X-GCTTG,CAAG,CT-5'
media 52 54 11.8
SEQ Sequences and Madification (5™-3") %CD69 %CD69 %C0D69
ID NO
1 pg/mi 1 ug/ml DN2 | 1 pg/ml DN3
DN1
1 5'-TCG.AACGTTCG-X-G«CTTGCAAG,CT-5 | 27.5 61 75.8
2 5-TCGAACG TTCG-X-GCTTG,CAAG,CT-5 §2.5 46.5 69.7
3 5-TCTCACCTTCT-X-TCTTCCACTCT-5' 0 11.8 8.5
4 5'-TCGAACG,TTCG,-X-G,CTTG,CAAG,LCT-5
5 5'-TCG;AACGTTCG-X-GCTTG,CAAG,CT-5
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media 10.7 8 7.6 10 SEQ Sequences and Modification (5 -3") %D86 %D36
D86 IDNO1/m DN4 1 /m DNS1/m DNB 6

5'-TCA TCG AACG TTCG AGATGAT-3' 40 43.5 24.8 7

5' - TCRTCRAACKRTTCRAGATGAT-3' 36.4 41 36.2 -52 WD 2006/ 002038

PCT/ US2005ME20961002038 5' - TCG3TCG3AACG3TTCG3AGATGAT- 3'  57PATTHERMN/IPIY 9

5' - TC, GTCLGAACI GTTCl GAGATGAT-3' 13.3 12.1 15.2 10

5' - TC2GTC2GAAC2GTTC2GAGATGAT-3' 25 14.4 16.3 11

5' - TC3GTC3GAAC3GTTC3GAGATGAT-3" 18.1 15 16.8 nedia 5.2 3.9 6.8 SEQ
Sequences and_Mdification (5 -3") % D69 %D69 D69 ID NO 1 /m DN1I 1 /m
DN2 1 gg/m mBi8| 6 5' - TCGLTCG AACGLTTCGSAGAT|@AT- 3' 53614 43.8 p8.77 7 5' T

CRTCRAACERTTCERAGATCAT-2—55 6-58. 6 65 5 18

5I -TC@T A -g Tﬁ J \J ’\.) .L 9 [) 0,

5' - TC1GTCl &l W?J ‘?"“"I% 27 20 |LACDB | %CD69 %CDES

5' - TC2GTC2GAAC2GTTC3GAGATGAT- 3' 20 31. 4 31. 51y T Tigini ONS |7 pgimi O
5 - TC3GTC3GAACIGTTC3GAGATGAT- 3' 10 22.2 24. 3/ ohsedia |0 ‘11.1 111  SEO

Sequences ahd I\/l;dl?QQzMQ%ﬁTC(QS‘X CBCBTWW&DGQ-@/&:DGQ 198D NO 1/#9 DN4 1 /i
DN5 1 ~tg/

DNG-— (1. T.CC 1 I\f\I\T(\_AT 3' l-_\7_ 1 .7
5 - TORTCRAACGITT W caPfemaadB oA T - 3¢ 37.5
3

J

5-TCTCACCTTCT-X-TCTTCCACTCT-5’ 0 311 16.8
4 5'-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-5'
5 §-TCGAACG,TTCG-X-GCTTG,CAAG,CT-5'
media 5.2 18.8 8.9

Normal phase represents a phosphorothioate linkage
G=2"-deoxy-7-deazaguanosine
Go=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 %CDB86 %C0D86
oo 1pg/ml DN1 | 1 ug/ml DN2 [ 1 g/ml DN3
6 5-TCG,TCG,AACG,TTCGAGATGAT-3' | 43.4 25 KLY
7 8-TCG,TCG,AACG; TTCG,AGATGAT-3' | 46.7 426 476
8 5-TCG;3TCGAACG;TTCGAGATGAT-3' | 411 257 38.5
9 5'-TC,GTC,GAAC,GTTC,GAGATGAT-3 | 25 20.8 276
10 8-TC,GTC,GAAC,GTTC,GAGATGAT-3' | 36.4 222 26
11 5-TC;GTC;GAACGTTC,GAGATGAT-3' | 30 17 222
media 10.7 8 7.6
10
;SE;EP?O Sequences and Modification (5-3") %CD86 %CD86 %CD86

1pug/mi DN4 | 1 pg/ml ONS | 1 pg/imi DNE
6 5'-TCG{TCG4AACGTTCGAGATGAT-3' | 40 4315 24.8

7 5-TCG,TCGAACG;TTCG,AGATGAT-3' | 364 41 36.2
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9

11.1 11 &%

5!

- TCLGTC1GAACLGITC1GAGATGAT- 3" 15.4 10 5
- TC3GTC3GAAC3GTTC3GAGATGAT- 3
represents a phosphorot hioate |inkage
&=Ar abi noguanosi ne
Cl=1-(2'

&3=2' - deoxyi nosi ne

2006/ 00203 0PTT9/8BB05/ 020911 C2=Ar abi nocyti di ne

Cs=2'

- deoxy- 5- hydr oxycyti di ne

- deoxy- (3-D-ri bof uranosyl ) - 2- oxo- 7- deaza- 8- net hyl puri ne

- TC2GTC2GAAC2GTTC2GAGATGAT- 3
14.3 nedia 5.2 Normal
5 GL=2'

phase

- deoxy- 7- deazaguanosi ne

.53 WO

PCT/US2005/020911

Tabl e 4C | nmunoner Structure and Expression

of BC from Human PBMC (2X 106 5 cell/m) (24 hs) SEQ Sequences and
Modi fication (5" -

3') %086 %CD86 9CD86

IDNO 1 g/m DN

1 g/mM 1 g/M DN

DN3 1 5'-TCGLAACGSTTCGS- X- GSCTTGSCAAGSCT-5' 32.3 34.8 2
5' - TCGSAACGL TgrCT- As-vmﬂfgé’?éé%r csaeA‘reAﬁ Sts78 12 T304 349
5' - TCGLAACGL[TTC- Xt CT -5"733 .b 13
5' - TCGLTTCGSMACGL] x-TGmAmmG‘me*rema o5 14 121 15.2
5' - TCCAACCTTICG-X- GCCTTCCAACCT-5'_31.1 26 1 | 15
5' - TCA TTGSCARCGS! %TWC@%TG&W P39 4 (144 16.3
5' - TORAACKRFHREE TG \G.AG(ATGAM.J e HCEZAREER T TET 6 TERTEZEAAGH
17 5 - TOGLAACLZTTERL 30 LGP GICT-5' = 18
5' - TCGLAACLGTH&ES] X- GSCTTGCIAAG, CT-5" nedi as49. 4 20.|39 6.8
SEQ | Sequences and Modification (5-3) %CD69 %CD69 %CD69
ID NO
1 pg/ml DN1 | 1 ug/mi DN2 | 1 pg/ml DN3
6 5-TCG,TCG;AACG,TTCG,AGATGAT-3' | 56.4 43.8 68.7
7 5".TCG,TCG,AACG,TTCG.AGATGAT-3' | 55.6 58.6 65.5
8 5-TCGTCGAACG; TTCG;AGATGAT-3' | 50 39.3 73.1
9 5 TC,GTC,GAAC,GTTC,GAGATGAT-3' | 154 27 20
10 §5-TC,GTC,GAAC,GTTC,;GAGATGAT-3 | 20 31.4 315
11 5-TC,GTC;GAAC,GTTC,CAGATGAT-3 | 10 22.2 243
media 0 11.1 1.1
SEQ Sequences and Modification (5-3") %CDE9 %CD69 %CDE9
1D NO
1pg/mi DN4 | 1 pg/m! DN5 | 1 pug/mi DNG
<] 5'-TCGTCGIAACG TTCGAGATGAT-3' | 571
7 5.TCG,TCG,AACG, TTCG,AGATGAT-3' | 60
B 5 -TCG,TCGAACG;TTCGAGATGAT-3 | 37.5
9 §-TC,GTCGAAC,GTTC,GAGATGAT-3' | 154
10 §5'-TC,GTC.,GAAC,GTTC,.GAGATGAT-3 | 111
11 5'-TC;GTCsGAAC,GTTC;GAGATGAT-3' | 14.3
media 5.2

Normal phase represents a phosphorothioate linkage

G=2’
G;=Ar

-deoxy-7-deazaguanosine

abinoguanosine

G3=2"-deoxyinosine
C,=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
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SEQ Sequences and Modification (5 -3") % D86 D36 %086 [ID NO 1 g/m DN4 1
g/m DN5 1 g/mi DN6 1 5 -TCG AACGA TTCGS- X- GSCTTGLCAAGSCT-5" 15.4 33.3 2
5' - TCGSAACGLTTCT- X- TCTTGSCAAGLCT-5" 12 5' - TCGLAACGSTTC- X- CTTGSCAAGLCT-5" 13
5' - TCGSTTCGSAACGL- X- GSCAAGLCTTGLCT-5" 14 5' - TCCAACCTTCG X- GCTTCCAACCT- 5
15 5' - TCA WIEeMa@Es8- X- G, CAACGLTTG, CT-5' 4 PCT/US2005/020911
'-TCG AACRTTCR2- X- ZCTT&RCAAG=CT-5" 30.7 45.4 -54. WD 2006/ 002038
PCT/ US2005/ 020911 16 5' - TC&RAACKTTCT- X- TCTT&RCAARCT-5' 30 41.6 17
5' - TCGLAACRTTCGL- X- G CTT&CAAGLCT-5" 18
5' - TCGLAACLIGITCG - X- GICTTGCLAAGLCT-5" nedia 8.6 2.7 SEQ Sequences and
Modi fi cation éama%ﬂ{::m %uCD86 D86 ID NO 1 g/l DN7 | pg/m DNB I g/m

D\o_ 15 - TCGEACiel . (GLCAAGLICT-5' 35.5 23.5 17.6 2
- TCG ACGITTCT- T BRI S 12 5' - TCGLAACGLTTC X- CTTGLCAAGLCT-5' 13
- TCG TTCG, (CCAACCT- 5

2 e LI T%ﬁ% %ﬁ%&%‘?ﬁa Bxprestion of BC ffvHfdmad PBME (210

5' - TCRAACKZTTCG T&RCAAGRCT-5" 56.5 16
5' - TCRAACKZ2TTCT- X- TCTT&RCAARCT-5" 46.7 17

U

5' - TCGLAACR2[TIEES, | Bedwdrods dnd Wddidafioh {5 3') %CD86 %CD86 %CD86
oo 1ug/ml DN1 | 1 pg/ml 1 pg/mi
DN2 DN3
1 5-TCG1AACG,TTCG-X-G,CTTGCAAG,CT-5' | 32.3 348
2 5-TCGAACGTTCT-X-TCTTG,CAAG,CT-5' 414 516
12 §-TCGAACGTTC-X-CTTG,CAAG,CT-5' 333 51.5
13 5-TCGTTCG,AACG-X-GyCAAGCTTG,CT-5 | 20 256
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5 3141 26.1
15 §-TCG1TTG4CAACG,-X-G,CAACG,TTG,CT-5" | 171 239
4 5-TCG,AACG,TT1CG,-X-G,CTTG,CAAG,CT-5'
16 5-TCGAACG,TTCT-X-TCTTG,CAAG,CT-5'
17 5-TCGAACG,;TTCGy-X-GCTTG,CAAGCT-5'
18 5-TCG,AAC,GTTCG,-X-G{CTTGC,AAGCT-5’
media 19.4 209
SEQ | Sequences and Modification (5§'-3') %CD86 %CD86 %CD86 }
PO 1 pg/mi DN4 | 1 pg/imi DNS | 1 pg/m
DN&
1 §-TCGAACGTTCG-X-G(CTTGCAAG(CT-5 15.4 33.3

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

12 5-TCGAACG TTC-X-CTTG,CAAG,CT-5'

13 5-TCGTTCG(AACG-X-G4CAAG,CTTG,CT-5'

14 5-TCCAACCTTCG-X-GCTTCCAACCT-5'

15 §-TCGTTGCAACG-X-G4CAACG,TTG,CT-5'

4 8-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-5' 307 45.4
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18 5' - TCGLAACLGITCG, - X- 3 CTTGCLAAGICT-5" nedia 9 20 15.3 SEQ Sequences and
Modi fication (5 -3") %D69 D69 D69 IDNO 1 g/m DNI 1 g/m 1 g/ DN2
DN3 1 5'-TCGLAACGLTTCG - X- G CTTGLCAAG CT-5'" 23.5 64 2

5'-TCG AACG TTCT- X- TCTTG CAAG CT-5' 20.8 62.5 12

5' - TCG AACBIT Tls/002G3BTGLCAAGLCT- 5" 13.6 59 13 PCT/US2005/020911

5'-TCG TTCA AACA - X- G CAAG CTTA CT-5' 12.5 46.4 14

5' - TCCAACCTTCG X- GCTTCCAACCT-5" 15.9 52.9 15

5'-TCG TTGLCAACGL- X- G CAACGLTTGLCT-5' 12.2 51.6 4

5' - TCRAACKRTTCG X- CTTQRCAARCT-5" 16 5' - TC&RAACKRTTCT- X- TCTTG CAAKR2CT-5'

. 55. WD 2006 {50208 TEEAAEBA PR P SICARGIOT-5 30 416
5" -TCGLAACER2[TTCGhE X- GICTT&RCAAGLICT-5" 18
5 -TCGlAAClGTWCGl-%IQMMMMCTE:CMC'&S14. 8 34 SEQ Sequences and
Mbdi fi cati onl{5 - m IDNO 1 g/ind DNA 1 gg/adl 1 g/ DNS
DN 1 5 - TOGEAAd RTES mcgs 53.8 62.5| 2
5' -TCGSAACGlT;édFa S TCTTGSCAAGECT=-5—12 5 = TCGSAACGE T TG4 ¢CT T GSCABESCT=5 13
5' - TCGSTTCG, AACH X-GITAAG CTTGITT-5 12 5 = TCCAACCTTCG X- GCTT LL 5 15
5' - TCGLTTGSCAZENT | XeduadicAPdndMbdifichton {53) 4 5™ - TCU2A0NB&2T [ &2 CT |GZDAAR2CT- 5'
77.7 70.6 ID NO
1 pg/ml DNT | 1 pg/ml DNB | 1 pg/m!
DN9
1 5-TCGAACG,TTCG-X-G:CTTG,CAAG,CT-5 | 35.5 235 176
2 5-TCG,AACG,TTCT-X-TCTTG,CAAG.CT-5'
12 5 TCGAACGTTC-X-CTTG,CAAGCT-5
13 | 5-TCG,TTCG,AACG,-X-G;CAAG,CTTG,CT-5
14 5-TCCAACCTICG-X-GCTTCCAACCT-5'
15 5-TCGTTG,CAACG - X-G1CAACG TTGICT-5
2 5-TCGAACG;TTCG-X-GiCTTG,CAAG,CT-5 | 56.5
16 5 TCGAACG T TCT-X-TCTTG,CAAG,CT-5 46.7
17 5 TCGAACG;TTCG-X-G,CTTG,CAAGCT-5'
18 5 -TCGAACIGTTCG-X-G1GCTTGCIAAGCT-5
media 9 20 15.3
SEQ Sequences and Modification (5'-3") %CDB9 %CD69 %CD69
IDNO
1 pg/ml DN1 | 1 pg/ml 1 pug/mi
DN2 DN3
1 5-TCG,AACG,TTCG-X-G,CITG,CAAG.CT-5 | 235 64
2 5-TGGAACGTTCT-X-TCTTG,CAAG,CT-5' 20.8 625
12 5-TCGAACGTTC-X-CTTG:CAAG,CT-5 136 59
13 5TCG,TTCG,AACG, X-G;CAAG,CTTG,CT-5 | 125 46.4
14 5-TCCAACCTTCG-X-GCTTCCAACCT-5' 15.9 52.9
15 5-TCG,TTG,CAACG, X-G,CAACG,TTG,CT.5 | 122 516
3 5-TCG,AACG, TTCG, X-G:CTTG,CAAG,CT-5'
16 5 TCGAACG, TTCT-X-TCTTG,CAAG.CT.5'
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16 5' - TC&RAACKRTTCT- X- TCTT&RCAARCT-5' 57.1 64.7 17

5' - TCGLAACRTTCG - X- GLCTT&RCAAGLCT-5" 18

5' - TCGLAACSGITCGL- X- GSCTTGCLAAGLCT-5" nedia 26-3 15 SEQ Sequences and
Modi fication (5 -3") %D69 %CD69 %CD69 ID NO 1 g/ml DN7 1 g/m 1 9/rr1 DN8
DNO 1 5' - WOGBAHMBSEPFTCGS- X- GLCTTGSCAAGSCT-5' 28.6 50 25POT/US2005/02091

5' - TCGSAACGSTTCT- X- TCTTGSCAAGLCT-5" 12 5' - TCGLAACA TTC- X- CTTGSCAAGSCT- 5

13 5'-TCA TTCG, AACG, - X- G, CAAG CTTG, CT-5" 14 5' - TCCAACCTTCG X- GCTTCCAACCT- 5'
15 5' - TCGLTTGLCAACGS- X- GLCAACGLTTGLICT-5" 4

5' - TCRAACKRTTCG X- CTTQRCAARCT-5" 70.6 16

5' - TCRAACKR[TTCT-X- TCTT&ZCAARZCT-5"72.7 - 506 WO 2006/ 00038
PCT/ US2005/ 0200911 5 TCCRACEIGCAACELN TGGAABLCGSCT TG CAAG, CI- 5" 18
5' - TCGLAACLGILICGL+ X- G CTTGCIAAGICT-5' nedia 14.1 13.2 12 Normall phas
represents a| PhosphdFBMCHRLTECH X RKAJECALAEETSd¢oxy- 7- dearaguanosilne 5
&=Ar abi nogu “gd%% e 148 2
Co5=1- (2' - deoxy-( 3= D-r1bofuranosyt)=2-oxo-7-deaza- 8=nethytpurimie- —X=G ycer ol
Li nker Tabl e[gg& T TBEGU6HTES anSMobifidabbn @810 EXPT €3%j0080 OF  BO4EHEM HY ubedBMT
(2X106 10 celbiNaM) (24 hs) SEQ Sequences and|{Modificatjon (5 -3") %CD36

\

%CD86 %CD86 (1 D NO 1 ug/mi DN4 113 ﬁglml g) r|:lth’ml
1 5'-TCG,AACGTTCG-X-GyCTTG,CAAGCT-5' 53.8 62.5
2 §-TCGAACG TTCT-X-TCTTG,CAAG,CT-5'
12 5-TCGAACG TTC-X-CTTGCAAGCT-5
13 5-TCG,TTCG,AACG-X-GCAAG,CTTGCT-5

14 5-TCCAACCTTCG-X-GCTTCCAACCT-5'

15 5'-TCG4TTG,CAACG-X-GCAACG(TTG,CT-5

4 5-TCGAACG TTCG-X-G,CTTG,;CAAG,CT-5 77.7 70.6

16 5'-TCGAACG,TTCT-X-TCTTGCAAG,CT-5 571 64.7

17 | 5-TCGAACG,TTCGX-G1CTTG,CAAGCT-S

18 5-TCG4AAC,GTTCG,-X-G,CTTGC,AAG,CT-5'

media 26.3 15

SEQ Sequences and Modification (5'-3") %CD69 %CDBS %CD69

Bro 1 ng/mt DN7 | 1 pg/ml 1 ug/ml
DN8 DN9

1 5-TCGIAACGTTCG-X-G,CTTG,CAAG,CT-8 | 286 50 25

2 5-TCGAACG,TTCT-X-TCTTG,CAAG,CT-5'

12 5-TCGAACG, TTC-X-CTTG,CAAG,CT-5'

13 5-TCG,TTCGAACG-X-GCAAG,CTTGCT-5'

14 5-TCCAACCTTCG-X-GCTTCCAACCT-5'

15 5-TCG,T1G,CAACG-X-G,CAACG,TTGCT-5'

4 5-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-5 | 706

16 5-TCGAACG,TTCT-X-TCTTG,CAAG,CT-5' 727
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1g/m DN 1 g/ml DN2 1 g/l DN3 1 5'-TCG AACGSTTCGL- X- GLCTTGLCAAGLCT- 5'

64.3 57.2 2 5'-TCGLAACGLTTCT- X- TCTTGLCAAGICT-5" 59.2 58.3 12

5'-TCA AACA TTC- X- CTTA CAAQ CT-5" 49.3 40.9 13

5' - TCGSTTCG, AACGL- X- GLCAAGLCTTGLCT-5" 25.3 24.7 14

5' - TCCAACCWDC@ax00ea38 TCCAACCT- 5" 15.4 17.2 15 PCT/US2005/020911

5' - TCGLTTG, CAACGL- X- GSCAACGSTTG, CT-5' 30.6 23.7 4

5' - TCRAACKRTTCG X- RCTT&RZCAARCT-5" 16 5' - TCRAACKTTCT- X- TCTT&RZCAAR2CT- 5

17 5' -TCA AACRTTCA - X-d CTT&RCAAA CT-5" 18

5' - TCGLAACSGITCGL- X- GSCTTGClAAG CT 5 nmedia 2.6 13.9 SEQ Sequences and

Modi fi cati onf{75 208, T AG I rB B AAG TS0 T o/ mM— DT g/ mTONS—1—g i

DN6 1 5'- TCGlAACGSTTCGS X— GSCTTGSCAAGSCT 5 385.9 30.3 [35.6 2

5' - TCGLAACGL[TTBCT- Xo-TCBPBECACSR-CETTIEGFARGLZ-55 - TCG AACG TTC X- CITG

CAAGSCT-5' 34.9 157 \WD 2006/002038 PCT/UUS2005/ 020911 1 13

5' TCGLTT ,\madjaq X—CLCAACECFFGEET—5— 145 Fehhocrrec mwrecr@cm 5 15
TCGlTTGl - G, CAACGLTTGICT-5'. 4,

TG Aces R Eﬁ&ﬂ“‘r@m@g"f%*‘ma‘i%ﬂkage

- TC&RAACG2T, -, CAAGZCT 5 17
- TCGLAA CRREFCT-5' 18
- TCE AA -deoxy - -rlgsébt’pf'anosyl)-g-oxg? (Aeaza- -methy}purmc 14

—Glyccrol Linker

Table 4D Immunomer Structure and Expression of BC from Human PBMC (2X10°
10 cell/ml) (24 hs)

SEQ Sequences and Modification (5'-3%) %CD86 %CDB86 %CD86

oNo 1 pg/ml DN1 : 1ug/ml DN2 | 1 pgimi
ON3

1 §-TCGAACG TTCG,-X-G,CTTG,CAAGCT-5' 64.3 57.2

2 5-TCGAACG, TTCT-X-TCTTG,CAAG,CT-5' 59.2 58.3

12 5-TCGAACG,TTC-X-CTTG,CAAGCT-5' 49.3 40.9

13 5-TCG,TTCG,AACG,-X-GCAAGCTTG,CT-§ 253 247

14 5-TCCAACCTTCG-X-GCTTCCAACCT-§' 15.4 17.2

15 5-TCG,TTG,CAACG,-X-G4CAACG,TTG,CT-&' 306 237

4 5-TCGAACG, TTCG-X-G,CTTG,CAAG,CT-5'

16 5-TCGAACG, TTCT-X-TCTTG,CAAG,CT-5'

17 5-TCGAACG,TTCG-X-GCTTG,CAAG,CT-&

18 5 -TCGIAAC,GTTCG-X-G,CTTGC,AAGCT-5

media 26 13.9
SEQ Sequences and Modification (5'-3") %CD86 %CD8s %C086
IDNO
1 ug/ml DN4 | 1 pg/m! DNS | 1 pg/m!
DNé&
1 5'-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-5" | 359 30.3 356

2 5-TCGAACG(TTCT-X-TCTTG{CAAGCT-5' 57.9

12 5-TCGAACG TTC-X-CTTG,CAAG,CT-&' 34.9
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SEQ Sequences and Moddification (5 -3") % D86 D36 %CD86 |ID NO 1 g/m DN7 1
g/m DN8 1 g/m DN9 1 5 -TCG AACA TTCd -X-A CTTA CAAG CT-5" 28 32.3 2

5' - TCGLAACGSTTCT- X- TCTTGLCAAGLCT-5" 3 5' - TCGLAACGLTTC X- CTTGLCAAGLCT-5" 4

5' - TCGLTTCGLAACGL- X- GLCAAGLICTTGLCT-5' 5 5' - TCCAACCTTCG X- GCTTCCAACCT-5" 6
5' - TCGLTTGNORAIGD2088 GLCAACG TTGLCT-5' 7 PCT/US2005/020911

5' - TCRAACKRTTCR2- X- RCTT&RCAARCT-5' 8 5' - TCRAACKZTTCT- X- TCTT&RCAAR2CT- 5'
9 5'-TCG AACKRTTCG, - X- GSCTT&CAAGLCT-5" 10

5' - TCGLAACLIGITCGS- X- G CTTGC, AAGSCT-5" nedia 10.9 12.6 Normal phase
represents a phosphorothioate |inkage 5 Gl=2'-deoxy-7-deazaguanosi ne

&=Ar abi nogugrnosifie C2=1
- (2' - deoxy- (1313D-T [ baCGTa06PREE 26 TARE CTIBEZE- 8- et hyl pUuri ne X=Q ycerol
Li nker .58 2006/ 002038 PCT/ US2005/ 020911 Tabl e 4E limmunoner $tructure
and Expressipl of %@@Wﬁﬂlﬁ%@@éméy (24 hs) SEQ Sequences and
Modi fi cation 04 045 > O —eg-A—2 Kkgt-—DBN2--1 g DN
DN3 19 5'-1 20934.6 20
5' - TCA AACI GTd TG - mmmcmeu-cpwmmc,cmz 5 3174

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

17 5-TCG,AACG;T1CG-X-G,CTTG,CAAG,CT-5'

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

media 12.3 11.1 14

SEQ Sequences and Modification (5'-3%) %CD886 %CD8s %CDEg6

D NO

1ug/ml DN7 | 1 pug/mi DN8 | 1 pug/ml
DN9

1 5-TCG,AACG TTCG-X-G,CTTGCAAGCT-5' 28 323

2 5-TCG,AACGTTCT-X-TCTTG,CAAGCT-5

3 5-TCG1AACG TTC-X-CTTG,CAAGCT-5'

4 5-TCGyTTCG1AACG;-X-G1CAAG,CTTGCT-5'

5 5-TCCAACCTTCG-X-GCTTCCAACCT-5'

3 5-TCG,TTGCAACG-X-G,CAACG,TTGCT-5'

7 5"TCG,AACG,;TTCG,-X-G,CTTG,CAAG,CT-5'

8 5-TCG;AACG;T TCT-X-TCTTG,CAAG,CT-5'

9 5-TCG,AACG,TTCG,-X-G,CTTG,CAAG,CT-5

10 5.TCG,AAC,GTTCG,-X-G,CTTGC,AAGCT-5

media ' 10.8 126

Normal phase represents a phosphorothioate linkage

5  Gjy=2'-deoxy-7-deazaguanosine
Giy=Arabinoguanosine
C=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X=Glycerol Linker
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21 5' -TCG AACA TTCA - Y- TCTTA CTGICT-5" 22

5'-TCG AACG TTCA - Y- TCTTQCTGTICT-5' 23 5'-TCA AACA TTCd - Y- TCTTGC, TGTCT- 5'
24 5' - TCA AACGA TTCd - Y- TCTTCCACTCT-5" 25

5'-TA CAAG CTTA C Y- TCTTd CTGICT-5' 26 5'-TA CAAG CTTG, C- Y- TCTTCCACTCT- 5
27 5' - TG CARGoGsfibease- X- CA TTCG AACE T-5' 28 PCT/US2005/020911

5' - CTGTCKRTTCTC- X- CTCTT&CTGIC-5' 29 5' - CTGTCKRTTCTC X- CTCTT&CTGIC- 5" 30
5'-TCA TGICG TTT- X-TTTA CTGTA CT-5' 31 5'-TA CIGIA CITT- X- TTTCG TGICG

| T-5° 32 5'-TCA AACA TTCd - Y- GACAG CTGICT-5' 33

5'-TA CAACG CTTG C Y- GACACG, TGICT-5'" Media 8.7 SEQ Sequences and

e 155 ?Qﬁ%@&ﬁ%&ﬁ%@%@& P ol g PAME asbioat /1M BN
5' - TCQ AAC _X-G CTTGOI AAGI CT-5' 72.7 21

5' - TCGQ AACG, TEESH Y= FEETG-CHEIET Bt dd- 517 2 22 _ i

5' - TOG, AACG [T | VRt -2 o 56 6 - 107V d0EPB02044+C0%

PCT/ US2005/ 0R0911| 23 5' - TCGLAACGLTTCG, - Y- TCTTGC, Ti5ifali- 971 ndffn ONZ L 1digimd &

5' - TOGLAACGLITTCGL Y- TCTTCCACTCT-5'_ 23.2 21.8 25 | DN DN3
5' - TG CAAG, CT'tG C| ¥-TEGHPCEITCRCFGETTELABGLTAL CAAG WTTG ¢9Y- TCTTCCAESCT- 5'
27 5' - TGLCAAGLCTTGLG . 28
S TOT T TERG, | S G o CTICEAAGLCT: 217 125 314
21 5-TCGAACG{TTCG,-Y-TCTTGCTGTCT-5'
22 5-TCGAACG TTCG-Y-TCTTG,CTGTCT-5'

23 8-TCGAACGTTCG-Y-TCTTGC, TGTCT-5'

24 5'-TCG4AACGTTCG,-Y-TCTTCCACTCT-5'

25 5-TG,CAAGCTTGC-Y-TCTTGCTGTCT-5'

26 5'-TGCAAGCTTG,C-Y-TCTTCCACTCT-5'

27 5-TG,CAAG,CTTG,C-X-CGTTCG,AACG,T-5'

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

28 §-CTGTOG,TTCTC-X-CTCTTG,CTGTC-5'

30 5-TCGTGTCG, TTT-X-TTTG,LCTGTG,CT-5

3 5.TGCTGTG,CTTT-X-TTTCG, TGTCG,T-5

32 5'-TCGIAACG(TTCG,-Y-GACAG,CTGTCT-5’

33 5-TGCAACGCTTGC-Y-GACACG, TGTCT-5

Media 8.7
SEQ Sequences and Modification (5'-3") %CDe6 | %CDBs %CDB6
IDNO
1 pg/mi 1 ugimt DNS | 1 pgiml
DN4 DNé
19 5-TCGIAACG;TTCG-X-G,CTTG,CAAG,CT-5 423
20 5-TCGAACGTTCG-X-GCTTGCAAG,CT-5 72.7
21 5.TCGAACG{TTCG-Y-TCTTG«CTGTCT-6 14.5 17.1

22 5-TCGAACG{TTCG,-Y-TCTTG,CTGTCT-5' 278 286
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29 5' - CTGTCRTTCTC- X- CTCTTGCTGIC-5' 30 5' - TCGLTGTCGLTTT- X- TTTGLCTGTGLCT- 5'
31 5'-TGlL CTGTGL CTTT-X- TTTCGITGTCGLT-5' 32

5' - TCGLAACGLTTCGL- Y- GACAGICTGICT-5' 33 5' - TGLCAACGLCTTGLC- Y- GACACGL
TGICT-5" Media 5.9 4.0 6.0 SEQ Sequences and Mdification (5 -3') %D86
9CDB6 %CDBWO 0B/M®38 g/ | g/nl DNB 1 g/mi  DN7 DNO  1BCT/US2005/020911

5' - TOGLAACGZTTCGL- X- G, CTTG2CAAGICT-5' 20

5' - TCG AACt GTTCG - X- G, CTTGCl AAG CT-5' 21 5' - TCGLAACGLTTCGL- Y- TCTTGLCTGTCT- 5'
65 46.3 40.3 22 5' -TCGLAACGLTTCGL- Y- TCTTGCTGICT-5' 75 49.2 46.5 23
5' - TCG AACG TTCG - Y- TCTTGG TGTCT-5' 78.9 54.3 45 24

5' - TCG, AACGYTBCGLT TG AREEATER, V- PCTTB8TaTeRs 0 29- 4 25 [ 280 22 |
5' - TG CAAG dTTG G Y- TCTTG CTGICT-5' 26 5' - TG, CAAG, CTTGLG Y- TCTTCGACTCT- 5'
27 5' - TGLCAAGECT TG XCOBETEOEEPACEITCEACTZS -5 - CTGICGLTTCT@X- CTCT[@RETGIC- 5'
22.5 35.6 20 §' -"’I"('IFIY?.?TT _'(‘- - ('-TI'I(‘-EL' 43 1 4718 30

5' - TCG, TGTCGI*PTT- é??%%“@é'—ﬂ%“sé&iw 2006/ 002038 RCT/ US200%/ 020911 31
5 - TG CTGTGLCT T eXs ke SR oadhTs— TCOARCET TTOGHY-GACAGLETETCT- 5
33 5' - TG CAACG, CTTG, C Y- CACb, TGICT-5' Media 4.6 0 10./5 SEQ Sequences$ and
*Nodi fi cati ofe7(5' | 5.1, CARDRT TeRIB 66 MODBBACEDSNO

28 §-CTGTCG,TTCTC-X-CTCTTG,CTGTC-&

29 5“CTGTCG;TTCTC-X-CTCTTG,CTGTC-5'

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

3 §-TGCTGTGCTTT-X-TTTCG, TGTCG, T-5

32 5-TCG1AACGTTCG-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 | %CD8&86 %C0D86

PN 1 pug/ml 1 pug/ml DN8 | 1 pg/ml
DN7 DN9

19 | 5-TCGAACG,TTCG-X-G,CTTG,CAAG,CT-5'

20 5-TCGAACGTTCG;-X-G,CTTGCAAGCT-5’

21 §-TCGAACGTTCG,-Y-TCTTG,CTGTCT-5' 65 46.3 40.3

22 5-TCGIAACG(TTCG-Y-TCTTG,CTGTCT-5' 75 492 46.5

23 5.TCGAACG,TTCG;-Y-TCTTGC TGTCT-5' 789 54.3 45

24 5-TCGAACGTTCG-Y-TCTTCCACTCT-5' 83.3 33.8 29.4

25 5-TG,CAAGCTTG,C-Y-TCTTG,CTGTCT-5'

26 5'-TG4CAAG,CTTG,C-Y-TCTTCCACTCT-5

27 5-TGyCAAG,CTTGC-X-CGTTCG,AACG,T-5'

28 5-CTGTCG;TTCTC-X-CTCTTG,CTGTC-5 22.5 35.6

29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5’ 431 47.8

30 §5-TCGTGTCGTTT-X-TTTGCTGTG,CT-5'
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119g/mMDNI1 1 g/mDNg/miDN 10 12 19
5' - TCGLAACGRTTCG, - X- GLCTTG2CAAG, CT-5' 20
5' - TCGLAACLGTTCG - X- GLCTTGCLAAGLCT-5' 21 5'-TCG AACG TTCG - Y- TCTTG, CTGTCT- 5'

24.4 60.7 22 5

- TCGLAACGLTTCGL- Y- TCTTGQCTGICT- 5

5' - TCGLAACSDID@BI2M8 TCTTCCI TGTCT-5' 32.8 72 24
5' - TCGLAACGLTTCG - Y- TCTTCCACTCT-5' 22.7 52.6 25
5' - TGLCAAGLCTTGLC Y- TCTTGLCTGICT-5" 31.7 26
5' -TGICAAGLICTTA C Y- TCTTCCACTCT-5" 23.9 27

5'- TGlCAAGlCTTG, C X- CGlTTCGlAACGlT S 28 5'- CTGTCG—TTCTC— X- CTCTT&CTGIC- 5

23.9 61.5 53.8 23

PCT/US2005/020911

21 57.1 29.6r3 7 , ] 347763714375 30
5'- TCGlTGTCC:lTTT- >(- TTTG, CTGTGlCT 5' 24.5 31
5' - TGLCTGIG, GETT- X&' WTF@G@FGT OG- TFGACARBTE@ CTS2
5' - TCGLAACGL 1L Y. GACAG. CTGICT.5' 44 2 33 5' - TG, CAACG, .CTTGEC-Y- GACACG
TGICT-5' 28. 33 Melf JG%“&CTT@'C'%@& I8HFeS and Modi filcation (5 -3') %CD69
UCD69 UCD69 i NO T of m—tof Mt ormt— DN DN2-ENS— 19y 105
5' - TCGLAACKRTTCGLt X- GLCTT&CAAGLCT-5" 13 22.2 19. .61 WO 2006/ 002038
PCT/ US2005/ 020911 20 5" - TCGLAAC, GITCGL- X- GLICTTGCIAAGLCT-5" 52 30.7 59.3 21
5' - TCGLAACGL| SEICG| sbudricdsldnd Maditcaton (553 22 51- 1CG AAGGDET C&6B8CT T Q2%I0BECT- 5'
23 5' - TCGLAACBNPTCG Y- TCTTGCLTGICT- 5°
1 1 ngimiDN | 1
pg/mIDN pg/miDN
10 12
19 5-TCG,AACG,TTCG-X-G,CTTG,CAAGCT-5'
20 5-TCGAAC,GTTCG-X-G{CTTGC,AAGCT-5’
21 5-TCGIAACG, TTCGB-Y-TCTTG{CTGTCT-5' 244 60.7
22 5-TCGAACG{TTCG,-Y-TCTTG,CTGTICT-5' 23.9 61.5 53.8
23 5-TCGAACG,TTCG,-Y-TCTTGC,TGTCT-5' 32.8 72
24 5-TCGAACGTTCGy-Y-TCTTCCACTCT-5' 227 52.8
25 5-TGCAAGCTTG,C-Y-TCTTGCTGTCT-5' 317
286 5-TGCAAG,CTTG,C-Y-TCTTCCACTCT-5' 239
27 5-TG,CAAG,CTTG,C-X-CG TTCGAACG, T-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,.CTGTC-5' 21 571 29.6
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 347 63.1 435
30 5-TCGTGTCG,TTT-X-TTTG,CTGTGCT-5' 245
3 5-TGCTGTGCTTT-X-TTTCGTGTCGT-5' 286
32 5-TCGAACG,TTCGy-Y-BACAG,CTGTCT-5' 442
33 5-TGCAACG{CTTG,C-Y-GACACG; TGTCT-5' 283
Media 19 8.6 18
SEQ Sequences and Modification (5’-3") %CD69 %CDE9 %CD69
iD NO
1 pg/mi 1 pug/mi 1 pg/mi
DN1 DN2 DN3
19 5 -TCGAACG,TTCG-X-G1CTTG,CAAG;CT-5' 13 222 18.2
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24 5' - TCG AACGLTTCG Y- TCTTCCACTCT-5' 25 5'- TGLCAAGLCTTG, G Y- TCTTG, CTGTCT- 5
26 5' - TGLCAAGLCTTGLC Y- TCTTCCACTCT-5' 27

5' - TGLCAAGLCTTGLC- X- CGLTTCGLAACG, T-5' 28 5' - CTGTCRTTCTC X- CTCTT&RCTGTC- 5'

29 5' - CTGTC®RTTCTC- X- CTCTT&CTGTC-5' 30 5' - TCGLTGTCGLTTT- X- TTTE CTGTGLCT- 5
31 5' - TG1CVWGPEI/OCIBY - X- TTTCGLTGTCGLT-5' 32 PCT/US2005/020911

5' - TCGLAACG, TTCGr Y- GACAG, CTGTCT-5' 3 55' - TG, CAACG, CTTGLC Y- GACACGL TGTCT- 5!
Media 3 SEQ Sequences and Modification (5 -3") %D69 % D69 D69 1D NO 1

g/m 1 g/m 1 g/m DNA DNS DNS 19 5'-TCG AACRTTCG X- GLCTTG2CAAGLCT-5' 76
20 5' - TCGLAACLGTITCG X- GLCTTGCLAAGLCT- 5 85 1 21

5" - TCGSAACH TTEERT 8 AR Ig T CB L ea T aC ARG, OT 52 30.7 593
5 TOGLAACL TTEG Voo STy R moegee ™3y 4 b%

5' - TCGLAACBL T T CRTCo AL 6 Lo AL S CRu 654, 2 D4
5 - TCGLAACGLTTCG - Y- TCTTCCACTCI-5' 69 30.2 25

5' -TGlCAASi?CTTGi'GQWP?“@WfETéTW%CTGZ@T‘@ TG CAAGLCTTQ C Y- TCTTCCACTCT: 5

27 5 -TG EAAG cr._TmW WO-2006(-002038
PCT/ US20057020911 78 CS T C',IC;(-SCTCTTG7CTGTC- 5 29
5' - CTGTCA A CTCs G AR BTG BSY T DIcCASTC ™S - TCGLTGICGLTTTE X- TTTGLCTGIGILCT} 5

31 5'-TG L CTIGIG 1 CTTT-X-TTTCG 1 TGl CG 1 T-5
25 5.TG;CAAG,CTTG,C-Y-TCTTG,CTGTCT-5

26 5-TG,CAAG,CTTGC-Y-TCTTCCACTCT-5

27 5-TGiCAAG,CTTGC-X-CG TTCGAACG,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'

3 5-TG,CTGTG,CTTT-X-TTTCG, TGTCG,T-5'

32 5-TCG,AACG, TTCG,-Y-GACAG,CTG1CT-5'

33 5'-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-&

Media 3

SEQ Sequences and Modification {5-3') %CDB3g %CD69 %CDhes

o N 1 pgiml 1 ug/mi 1 ug/ml
DN4 DNS DN6

18 5-TCG,AACG,TTCG-X-G,CTTG,CAAGCT-5' 76

20 5-TCG1AAC,GTTCG-X-GCTTGCAAGCT-5’ 85.1

21 5-TCG,AACG,TTCG,-Y-TCTTG,CTGTCT-5' 35 20

22 5-TCG1AACGTTCG-Y-TCTTG,CTGTCT-5' 57.3 394

23 5-TCGAACGTTCG,-Y-TCTTGC,TGTCT-5' 60.4 54.2

24 5-TCGAACGTTCG,-Y-TCTTCCACTCT-5' 69 302

25 §-TGCAAGCTTGC-Y-TCTTG,CTGTCT-5'

26 5-TG,CAAG,CTTGC-Y-TCTTCCACTCT-5

27 5'-TG,CAAGCTTG(C-X-CG{TTCG{AACG T-5
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32 5' - TCGLAACG TTCGL- Y- GACAG, CTGTCT- 5
TGICT-5'

33 5

- TG CAACGLCTTG, G Y- GACACG

UCD69 %069 %aCD69 1 g/m 1 g/ml 1 g/ DN7 DNS DN9 19

5'-TCA AACRTTCA - X- G CTT&CAAG CT-5'
5' - TCGLAAGKGT04a@h2048 GLCTTGCLAAGLCT- 5
88.2 47.7 59.7 22 5

20
21 5'

Media 10 5.9 10.1 SEQ I D NO Sequences and Mdification (5'-

3")

- TCGLAACG, TTiRG1USZetp@TPELCTGICT- 5'
- TCGLAACGLTTCGL- Y- TCTT&CTGICT- 5

97 55 63.3 23

5' - TCGLAACGLITTCGL- Y- TCTTGCLITGICT-5' 96.8 68.3 60.2 24
'-TCG, AACGLITTCG, - Y- TCTTCCACTCT-5' 91.9 40.3 41.9 25
- TG CAAGICTTGLC Y- TCTTGLCTGICT-5' 26 5' -TG CAAG CTTA G Y- TCTTCCACTCT- 5'
27 5' - TGI§PAG ©X - eiaTEs0 28
5 -CTGTCKZTTCTC- X- CTCTT&CTGIC-5' 36 51.2 29
5' - CTGTCE TCTE- TGN TERGTTTG.CTICE 66. 7 30
5' - TCGITGICGLITT- %=1 =531 5 - TGLCTGIG | CITT- X- TTIFCGLTGIOGET- 5'
32 5' - TCB AACGE THESET BYGET5 33 5 I TGICAACGLCTTGLA: Y- GACAGGL
TGICT-5' ykdig sOTG OTaTGIaTTF X7 G671 002038 PETUS2005/020911—SEQ | D NO
Sequences and {Modification (5' ) UD69 UCD6Y %CD69 (L 1 1 gf ml DN1O
pg/ m DN113%/ | BN CGLRACGLDT 8, -Y-RAGARLTIGRATICG, - X- G CTT&RCAAG CT-5[ 20
- TCG, AAC_GITCG - X- G_CTTGC_AAG CT-5'

KE) 5" -TG,CAACG,CTTG;C-Y-GACACG, TGTCT-5§'

Media 10 59 10.1

SEQ ID NO | Sequences and Modification (5-3") %C069 %CD69 %CD69

1 ugimt 1 ng/mi 1 ugimi
DN7 DN8 DNS

19 5-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-5'

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

21 §-TCG,AACG,TTCG,-Y-TCTTG,CTGTCT-5' 88.2 47.7 59.7

22 5-TCG,AACG,TTCG,-Y-TCTTG,CTGTCT-5' 97 55 63.3

23 5-TCG,AACG,TTCG-Y-TCTTGC,TGTCT-5 06.8 68.3 60.2

24 5-TCGAACG,TTCG-Y-TCTTCCACTCT-5' 91.9 40.3 419

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

26 5.TG,CAAG,CTTG,C-Y-TCTTCCACTCT-§'

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

28 5 -CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 36 512

29 5-CTGTCG,T TCTC-X-CTCTTG,CTGTC-5 516 66.7

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

3 5-TG,CTGTG,.CTTI-X-T1 TCGTGTCGT-5

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

33 5-TG,CAACG,CTTG,C-Y-GACACG, TGTCT-5'

Media 9 10.3 11.1

.63-



21 5'-TCG AACGLTTCA - Y- TCTTG CTGICT- 5

24 61.

7 22

5'-TCA AACG, TTCA - Y-TCTT&CTGICT-5" 29.2 71.4 58 23
5' -TCAE AACG, TTCA - Y- TCTTCC, TGTCT-5" 35.7 60.5 24

5' - TCA AACG, TTCGL- Y- TCTTCCACTCT-5" 32.2 62.9 25

5' - TG CAAGYORWG/002098 TCTTG, CTGICT-5' 23.6 26

5' -TG CAAG CTTG C Y- TCTTCCACTCT-5" 16.7 27

5' - TG CAAG CTTG C X-CA TTCG, AACG, T-5'
22.1 50 42.5 29 5' -CTGITCKZTTCTC X- CTCTT&CTGIC- 5

PCT/US2005/020911

28 5' -CTGTCKZ2TTCTC X- CTCTTG=CTGIC 5
31.5 70.5 54.4 30

5'-TCG TGICG TTT- X- TTTG, CTGIG, CT-5' 19.5 31
5'-TG CTGIG CTTT- X- TTTCG, TGICG, T-5' 15.5 32
5' - TCG AACG, [BEQ® NY-| itatioi@-3)33 5 - 1G,| 4k, ChDBse- Y] GAGERLCG
TGICT-5" 19.13 Media 13.4 13.4 12.9 Nornal phasg Trepresents a 1
phosphorot hijoate |inkage; ltalic phase represents M8 phemOddt ¢pg/MOCNkage.
5 G =2' - deoxy;o#—eeazag TN R ' AROSHRe 12
C, =1-(2' - deoxy- p- D-rjboruy ano’sy(l: 270x 0 7-"de4dza- 8- et hyl puri ne X= @ ycer ol
Li nker Y=C3 |HNKeT  [BIT3EAhE, ATCE, NG RPTaY, AAS,CH6L Ur € and Expression of DC
from Hunman FBBMC assay (24 hs) -64. WD 2006/ 002038 PCTI U$20051020911 SEQ
Sequences and!MVbdi f i cETEEAACGITICS)Y-ITMRETGIBRS %CE86 | D:MOG71g/ nlj 1g/
1g/m DN DON2-DN3 , ,
5-TCG4AACGTTCG,-Y-TCTTG,CTGTCT-5 252 714 58

23 5.TCG,AACGTTCG,-Y-TCTTGCTGTCT-5' 357 60.5

24 5-TCG4AACGTTCG,-Y-TCTTCCACTCT-5' 22 2.9

25 5-TG,CAAG,CTTG,C-Y-TCTTG,CTGTCT-5' 236

26 5-TG,CAAG,CTTG,C-Y-TCTTCCACTCT-&' 16.7

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

28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 22.1 50 425

28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5' 315 70.5 54.4

30 5.TCGTGTCGTTT-X-TTTG,CTGTGCT-5 19.5

31 5.TGICTGTG,CTTT-X-TTTCGTGTCG,T-5' 15.5

32 §5-TCGAACG,TTCGy-Y-GACAG,CTGTCT-5' 40

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

Media 134 13.4 12.9

Normal phase represents a phosphorothioate linkage; Italic phase represents a

phosphodiester linkage.

5  G=2’-deoxy-7-deazaguanosine

G;=Arabinoguanosine

C=1+(2’-deoxy-p-D-ribofuranosyl)-2-0x0-7-deaza-8-methylpurine

X= Glycerol Linker
Y=C3 Linker
10

Table 4F Immunomer Structure and Expression of DC from Human PBMC assay (24

hs)
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19 5' - TCGSAACKR2TTCGL- X- GICTT&RZCAAGICT-5" 11.9 20
5' - TCAE AACSGITCA - X- GLCTTGCSAAGLCT-5"' 12.5 21 5'-TCA AACGS TTCGL- Y-TCTTG
1CTGICT-5" 22 5' -TCA AACG, TTCGL- Y- TCTT&QCTGICT-5" 23
5' - TCG AACGSTTCGS- Y- TCTTCGCSTGTICT-5" 24 5' - TCA AACGA TTCA - Y- TCTTCCACTCT- 5
25 5' - TG GrOEBEMHIB8C- Y- TCTTGSCTGICT-5"' 26 PCT/US2005/020911
5' - TGSCAAGSCTTGLC Y- TCTTCCACTCT-5" 27 5'-TA CAAG CTTA G X- CGLTTCGSAACGST- 5
28 5' -CTGTCKRZ2TTCTC X- CTCTT&CTGICG-5" 29 5' -CIGICKXZTTCTC X- CTCTT&CTGIC 5
30 5' -TCATGICGLTTT- X- TTTGLCTGIA CT-5" 31 5' - TGSCTGIGL
CITT-X-TTTCGLTGICGLT-5" 32 5'-TCAE AACA TTCA - Y- GACAG CTGICT-5' 33

' - TG CAACGSCTTGSC- Y- GACACGS TGICT-5" Media 13.7 SEQ Sequences and
Modi fi cati o SEQ - BSequéicdsand MbdiighioVELB6 1D NO T (f/tpes 0/[mdcDBe g mcosdNd DNS
DN6 19 5' - TOBMAACRTTCG - X- GSCTTGCAAG CT-5" 20
5' - TCGSAACSGTITCGL X- G, CTTGCI AAGSCT-5" 21 5' - TCGSAAG@GB"TTCQ LYo CTT@/WTGTCT- 5'

R e T e T A B
5' - TOG AACGSTTCGS: ¥ c MGCES, 1"
5' - TCGLAACGSBBOGL ¥ 736 RRCRATI6DCE CTRIE,Aad, 6T~ 65 WO 2006/ 002038755

PCT/ US2005/ 020911 25 5' - TG CAAG CTTG C Y-TCTTA QTGICT-5'] 26
5' - T CAAG, GRTG, G STTGRACEGATIGTY-KCTTGCTGTCT-5

22 5-TCGAACG,TTCG-Y-TCTTG,CTGTCT-&

23 5-TCG,AACGT1CG-Y-TCTTGGTGTCT-5

24 5-TCGAACGTTCG,-Y-TCTTCCACTCT-5'

25 5-TG,CAAG;CTTGC-Y-TCTTG,CTGTCT-5

26 5-TGyCAAGCTTGC-Y-TCTTCCACTCT-5'

27 5-TG,CAAG,CTTGC-X-CGTTCGAACG,T-5’

28 5-CTGTCG,;TTCTC-X-CTCTTG,CTGTC-&

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

30 5-TCG{TGTCG(TTT-X-TTTGCTGTG,CT-5'

31 5-TGyCTGTGCTTT-X-TTTCGTGTCG4 T-5

32 5-TCGAACGTTCG,-Y-GACAGCTGTCT-5'

33 5-TG,CAACGCTTGC-Y-GACACG, TGTCT-8

Media 13.7
SEQ Sequences and Modification (5'-3") %CD386 %CD86 | %CD8s
ID NO
1 pg/mi 1 ug/mi 1 pgiml
DN4 DN5 DNB6

19 5 TCGAACG,TTCG-X-G1CTTG,.CAAG(CT-5

20 5-TCGAAC,GTTCG-X-G,CTTGC,AAG,CT-5'

21 5-TCG{AACG{TTCG, Y-TCTTG,CTGTCT-S 54.7 68
22 5-TCG,AACG,TTCG,-Y-TCTTG,CTGTCT-5 58.8 753
23 5-TCG,AACG TTCG,-Y-TCTTGC,1GTCT-5 0.3 734

24 5'-TCGAACGTTCG,-Y-TCTTCCACTCT-& 51.8 611
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27 5' - TG CAAG CTTG, G X- CA TTCA AACG, T-5' 28

5' - CTGTC&RTTCTC- X- CTCTTGCTGIC-5' 29 5' - CTGTCRTTCTC X- CTCTTGCTGIC-5' 30
5' - TCA TGTCA TTT- X- TTTA CTGTA CT-5' 31 5' -TA CTGIG | CTTT- X- TTTCA TGICA
T-5° 32 5' -TCA AACG TTCA - Y- GACAG CTGICT-5' 33

5' - TG, CAAGRDCIUF@)1038/- GACACG TGTCT-5' Media 33.7 62.8 PSFASAM§{(Mtes and
Modi fication (5 -3'") %D86 %CD86 %CD86 ID NO1 glml 1 gglml 1 91n) DN7 ONS
DN9 19 5'-TCG AACRTTCA - X- G, CTTG2CAAG CT-5' 20

5' - TCA AACI GTTCA - X- G CTTGCl AAG CT-5' 21 5'- TCGA AACG, TTCA - Y- TCTTG, CTGICT- 5'
45.4 88.7 78.3 22 5' -TCGAE AACG TTCG, - Y- TCTTGCTGICT-5' 54.9 89.3 79.1 23

5' - TCA AACG, [TTEG+Y=-TCTTECTGTET-5-"55-3—886-7919—24
5' - TCA AACG [BECG FerTaichAGIoRd CR-TETT8 LT8Pcis N/ a 25
5 -TG CAAA TTGA G- Y- TCTTA CTGICT-5" 26 5' - TA CAAQ CTTA C{Y- TCTTECCACTCT: 5°
27 5' - TG CAAGECT TG -ISRAGEICTTECHARUTEJAGICTAS
5' - CTGTCRTTCIC-X W”’WW 5 - CTIGTITCRITCICX-CICTITQRCOTGTC- 5'
89 30 5 - TA& TGTCG, TP RTTIG AT 5 TG
CTGTG CTTT- X285 T TOF £ 186, T C-X-Cr 196,01 - BACE TTUG = Y- GACAG CTGCT-5"+ 66.
WO 2006/ 002038 PCT/ 1152005/ 020911 33 5'- TGlCAACG,__ CTTGLC|Y- GACACG_ TGICT- 5
Medi a 47.5 591 5835-BTGTCG,TTCTC-X-CTCTTG,CTGTC-5'

30 5-TCGTGTCG TTT-X-TTTGCTGTG4CT-5

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

32 5-TCGAACG,TTCG-Y-GACAGCTGTCT-5'

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

Media 337 62.8

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

1D NO

1 pg/ml 1 ug/mi 1 pg/ml
DN7 DN8 DNS

19 §-TCGAACG,TTCG,-X-G,CTTG.CAAG,CT-5

20 5-TCG,AACGTTCG-X-G,CTTGC4AAG,CT-5'

21 5'-TCGAACGTTCG,-Y-TCTTGCTGTCT-5 454 88.7 78.3

22 5-TCGIAACG,TTCG,-Y-TCTTG,CTGTCT-5’ 54.9 89.3 79.1

23 5-TCGAACGTTCG,-Y-TCTTGCTGTCT-5 55.3 88.6 79.9

24 5-TCGAACGTTCG,-Y-TCTTCCACTCT-5' 47 85.7 n/a

25 5-TGCAAGCTTG,C-Y-TCTTG,CTGTCT-5'

26 5-TG,CAAGCTTG,C-Y-TCTTCCACTCT-5

27 5'-TG,CAAG,CTTG4C-X-CG4TTCGAACG T-5'

28 5-CTGTCGTTCTC-X-CTCTTGCTGTC-5' 82.1
29 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5 89
30 5-TCG{TGTCG TTT-X-TTTG,CTGTGCT-5'

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

32 5-TCGLAACG;TTCG,-Y-GACAG,CTGTCT-5'
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SEQ Sequences and Modification (5 -3") % D386 %D86 %4CD86 ID NO 1 1 1
g/ M DN1O g/mM DN g/miDN 11 12 19 5 - TCGLAACGTTCGL- X- GICTT&QCAAG, CT-5" 20
5' - TCGLAACLIGITCG/- X- GLCTTGCSAAGLCT-5" 21 5' - TCGLAACGLTTCGL- Y- TCTTGLCTGTCT- 5
72 86.3 22 5'-TCG AACGLTTCG/- Y- TCTT&CTGICT-5" 74.4 88.1 81.8 23
5' - TCGLAACGLTTCGL- Y- TCTTGCITGICT-5" 77,1 87.5 24
5' - TCGLAAGSD Bilue®@d2038 TCTTCCACTCT-5' 68.3 83.8 25 PCT/US2005/020911
5' - TGLCAAGLICTTG/C Y- TCTTG CTGICT-5' 60.4 1 2726
' - TG, CAAGLCTTGLC Y- TCTTCCACTCT-5"' 37.4

- TG CAAGLCTTG C X- CGLTTCGLAACGLT-5" 28 5' - CTGTCRTTCTC- X- CTCTT&QCTGTC 5’

61.1 79.6 58.2 29 5' -CTGTCKTTCTC X- CTCTT&CTGIC-5' 68.2 87.3 69.5 30

5 - TCGLTGTCRLTTT- K= TTTGLETGTGLET-5"663—3%
- TG CTGIG |GBTT- X616 0ARC e GTTSE v-GACAES, TGTCI S’
5' - TCGLAACGUTTCG/} Y- GACAGLCTGICT-5' 65.8 33 5' - 'ﬁGlCAACG, CTTG G Y- GACACGL
TGICT-5' 49.[Medigedi a 69.6 58.3 35.8 Nornal phase| 47épresgitd a | 532
phosphor ot hi leate-1Hinkage—ltalic phase-representsl a phosphodi-estier |inkage.
5 G7=2' - deoxy=—f-4 C2=Ar ni 5 7 e %CD8
C7=1-(2' - deo%:‘-,e(ﬁ Fé'ﬁ%aﬂﬁ QF\@E@‘I ?( 22 ’oxo 7- deaza- 82H®hy1|gtiP%Re | “%2%% ycer of
‘Li nker Y=C3 [Linkef .67. WD 2006/ 002038 PCT/ US2005f 209115 3
pG/mIDN10 ; pg/mIDN | ng/miDN
11 12

19 5-TCGAACG;TTCG-X-G,CTTG,CAAG,CT-5'

20 5.TCG,AACGTTCG,-X-G,CTTGC,AAG,CT-5'

21 5-TCG,AACGTTCG-Y-TCTTG,CTGTCT-5' 72 86.3

22 5-TCG,AACGTTCG;-Y-TCTTG,CTGTCT-5' 74.4 88.1 81.8

23 5-TCG,AACGTTCG;-Y-TCTTGC,TGTCT-5' 771 875

24 5-TCG4AACGTTCG4-Y-TCTTCCACTCT-5' 68.3 83.8

25 5.TG,CAAG,CTTG,C-Y-TCTTG,CTGTCT-5' 60.4

26 5" TG4CAAGCTTG,C-Y-TCTTCCACTCT-5’ 374

27 5'.TG,CAAG,CTTG,C-X-CG,TTCG4AACGT-§’

28 5.CTGTCG,TTCTC-X-CTCTTG,CTGTC-5’ 61.1 79.6 58.2

28 5-CTGTCG,TTCTC-X-CTCTTG,;CTGTC-5’ 68.2 87.3 69.5

30 5-TCG{TGTCGTTT-X-TT1G;CTGTGCT-5' 60.3

31 5-TG,.CTGIG,CTTT-X-TTTCG,TGTCG,T-5' 447

32 5.TCG,AACG,TTCG,-Y-GACAG,CTGTCT-5' 65.8

33 5.TG,CAACGCTTG,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.

5 Gi=2’-deoxy-7-deazaguanosine
Gr=Arabinoguanosine
C1=1-(2’-deoxy-B-D-ribofuranosyl)-2-oxo-7-deaza-8-methylpurine
X= Glycerol Linker
Y=C3 Linker
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Exanple 11: B cell proliferation assay. A total of 1 X 105 B cells/200 Id
were stimulated with 0.3, 1.0, 3.0, or 10.0 g/nL concentrations of
i mmunomer conpounds of the invention for 16 hr, then pulsed with 0.75 G of
[ 3H] -t hym di ne and harvested 8 h |ater. The incorporation of 5 radioactivity
was measurwo 208102938 i qui d scintillation counter. Tabl e BCTEWGHS/011 aver age
SD of B cell proliferation at a final concentration of 1.0 g/nL. Table 5
| mmunoner Structure and | munostinul atory Activity in Human B-Cel |
Proliferation Assay (24 hs) 10 SEQ I D Sequences and Modification (5 -3") |
H]T [ HTHT NO(CPM cm(cpm) 1 g/m 1 g/m | g/m DN4A DNS DNS 19

- TCG, AACG2TT CExaniple1 &l B férhtion as?«%
5' TCA AACI GTTCG - X—G CTTGC, AAG CT- 5! 5' -TCH AACA TTCG, - Y- TCTTG, CTGTCT- 5
311276 1762628 800 ﬁ@otalz’ﬁl%(Lhﬁglhﬂwmtmwﬁ@wa%mﬂwrl%%sl

31 24 5 - Toa AnEMERGR R ihhdaet g i of Moo b iag, b =023 S14
5'- T.G’ CAAG CTTG,DG]SM-W'M @@Tﬁﬁ-}-ﬂiymﬁtﬁn&nd BV SRAGhAFFE TBe WedigirdlRBACTCT- 5'

5 CTaTam T TaT G e e R AV i sink aiop soumier Tl SOk TGTC 5 30
g‘ -G TICG,T:I'SIT CG TT hvefagk TFISH 6ITRI4H fedliferationdia Hnal ddacerGaildalddi.0Gqugdl- X-TTT CG | TG T

Table 5 Immunomer Structure and Immunostimulatory Activity in Human B-Cell
Proliferation Assay (24 hs)

0 SEQID | Sequences and Modification (5™-3') PHIT PH]T CHT
NO (cpm) (cpmy) {(cpm)
1 pg/m! 1 pgiml 1 pgfml
DN4 DNS DN6
19 5'-TCG,AACG,TTCG-X-GCTTG,CAAGCT-5'
20 5.TCGIAAC,GTTCG,-X-G,CTTGC,AAG,CT-5'
21 5-TCGAACG,TTCG,-Y-TCTTG,CTGTCT-5' 3112716 | 17626428
22 5'-TCG1AACG|TTCG1-Y~TCTTch;rGTCT-5’ gggeaﬂ (1)?1131113
23 §-TCG{AACGTTCG,-Y-TCTTGC,TGTCT-5 3334512 ?g826123
24 - 5.TCGAACG, TTCG;-Y-TCTTCCACTCT-5' gl?)??ta 28731583
25 5-TG,CAAG,CTTG;C-Y-TCTTG,CTGTCT-5' o
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-CTCTTIG,CTGTC-&
29 5-.CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
30 5.TCG,TGTCGTTT-X-TTTG,CTGTGCT-5’
31 5.TG,CTGTG,CTTT-X-TTTCGTGTCG, -5
32 5.TCGAACGT1CG-Y-GACAG,CTGTCT-5'
33 §.TG,CAACG,CT1G,C-Y-GACACG, TGTCT-&'
Media 6461236 | 4574121
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32 5' -TCG AACA TTCA - Y- GACAG CTGTICT-5" 33 5' - TG, CAACG CTTd C Y- GACACG
TGICT-5' Media 646236 457t121 .62 WD 2006/ 002038 PCT/ US2005/ 020911 SEQ I D
Sequences and Moddification (5 -3') (HHTHTHT (cpn) NOcmcml1l pg/m 1
g/m 1 g/m DN7 DN8 DN9 19 5'-TCE AACKRTTCG, - X- G CTT&CAAG, CT-5' 20

5' - TCG AAONGRIG®2088 G CTTGC, AAG CT-5' 21 5' - TCG AACG TTRG/US200r@TPE CTGTCT- 5'
3773129 01 22 5'-TCG AACA TTCG, - Y- TCTT&QCTGICT-5" 3840580 56 23

5'-TCG AACA TTCG, - Y- TCTTGC, TGTCT-5"' 3470261 96 24

5'-TCG AACG TTCG, - Y- TCTTCCACTCT-5" 2303019 41 25

5'-TA CAAG, CTTG C Y- TCTTG CTGICT-5' 26 5'-TG CAAG CTTG C Y- TCTTCCACTCT- 5

27 5' - TG CAAG, CEE&rIn["Seiiendet oha Mediatatidr (8-3) 20 ‘{FE]T 1fH T CHIT (cpm)
5' - CTGTCRTTCTCN®- CTQTTGCTGTC-5' 29 5' - CTGTCRTTEGh X- O KAIGIG 5 1 30
5'-TCA TGICG TTT- X- TTTG, CTGIG, CT-5"' - 31 5' -TG, CTGN@g/mi 1ug/mi | 1pg/ml
CTTT- X- TTTCG, TGICG, T-5- ' - Y- GACNT CTGTRNS. 5 | DN
5' - TG CAACG CT"(‘;‘C,’ C Y- |EAEH G F4'%%8%05  Nor na phasq represents
a phosphor ot hi g e HKTEEARE GFTEG, W TTod, KAG, ERES @
21 5-TCGAACGTTCG-Y-TCTT1G,CTGTCT-5 37731229
01
22 5-TCGiAACGTTCGy-Y-TCTTG,CTGTCT-5' 3840580
56
23 5.TCGAACG TTCG;-Y-TCTTGC,TGTCT-5' 34702161
96
24 5-TCG,AACG, TTCG,-Y-TCTTCCACTCT-§' 23030219
41
25 5-TGCAAG,CTTG,C-Y-TCTTG;CTGTCT-5'
26 5-TG,CAAG,CTTGC-Y-TCTTCCACTCT-5'
27 5-TG1CAAGCTTG;C-X-CG,TTCG,AACGT-5'
28 5-CTGTCG,TTCTC-X-CTCTTG,CTGTC-5'
29 5-CTGTCG;TTCTC-X-CTCTTG,CTGTC-5'
o 5-TCGyTGTCGTTT-X-TTTG,CTGTG,CT-5'
3 5-TG,CTGTG,CTTT-X-TTTCG,TGTCG,T-5'
32 5.TCG,AACG TTCG,-Y-GACAGCTGTCT-5'
33 5.TG,CAACG,CTTGC-Y-GACACG, TGTCT-5'
Media 6581205

Normal phase represents a phosphorothioate linkage; [talic phase represents a
phosphodiester linkage.

G=2"-deoxy-7-deazaguanosine

5  Giy=Arabinoguanosine

C=1-(2’-deoxy-B-D-ribofuranosyl)-2-o0xo-7-deaza-8-methylpurine
X= Glycerol Linker Y=C3 Linker

10
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phosphodi ester |inkage. Gl=2'-deoxy-7-deazaguanosi ne 5 G=Arabi noguanosi ne
Cl=1-(2' -deoxy-f 3-D-ri bofuranosyl)-2-oxo-7- deaza- 8- net hyl purine X= d ycerol
Li nker Y=C3 Linker 10 -69. WO 2006/902038 PCT/ US2005/ 020911 EQUI VALENTS
Wil e the foregoing invention has been described in sone detail for purposes
of claritywangoawdessst anding, it will be appreci ated byPOHESHRI2DHY i n t he
art froma reading of this disclosure that various changes in form and
detail can be nade without 5 departing fromthe true scope of the invention
and appended clainms. -70. WHAT IS CLAIMED I S: 1. An inmmunostinul atory
ol i gonucl eoti de having the structure selected from
5--TCG AACG TTCG, - X- G CTTG, CAAG, CT- SEouaVALESTAACGLTTCG, - Y- TCTTG, CTGICT- 5;
5' CTGTCG TTCTCo- X- oCTCTT&RCTGTIC- 5' ;'25"_CT'G'I'C662TTCTC- X- CTCTT&Q0CTGIC- 5" ;
- TCG, AACG TTCG 1- Y; GACAG 1CTGT linker, Y is

2 1 nker o 15 phOSURON asge ieRlinet e Sredd i aelhee i R Bup T anosi ne
md Q& i shar albl mglaﬂnlymﬁdt melerstnding) é vall bgmb&la&oby&ﬁs‘kﬂmotrﬂhﬂm frem&l ai m 1,

erein the oli uc e.is in co atiaon _wt an an antlsense
ol i gonucl eot i de Ogﬁ\‘is ‘F%?}?E?fag‘ﬁ‘ Vaé‘f"l‘secﬁlﬂgﬁs in form And Aeipik pan E’f" 9%8%
adj uvant . 3. SUS&icﬁffrtufgfrdnlifmumsidoﬁﬂﬂfaﬁedﬁ%nﬁﬂnlag@mﬁéh&ﬂbladﬁs havi ng the
structure selected from 5'-TCG AACG TTCG - X- G, CTPG CAAG CT-5';

- TCG AACG TTCG, - Y- TCTT&QCTGICT-5"; 5' - CTGTC&TTCTCo- X- oCTCTT&RCTGIC-5' ;
5' - CTGTCoG TTCTC- X- CTCTT&Q0CTGIC-5';  5' - TCG AACG, TTCG, - Y- GACAG, CTGICT-5" ;
wherein X is a glycerol linker, Y is a C3-linker, o is phosphodi ester
| inkage, G is 2'-deoxy-7- deazaguanosi ne and G is arabi noguanosi ne for the
manuf acture of a medi canent for treating a
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vertebrate having cancer, an autoi nmune disorder, airway inflammtion,
i nfl ammatory di sorders, skin disorders, allergy, asthma or a di sease caused
by a pathogen 1. 4. Use of an inmunostinulatory oligonucl eotide having the
structure selected from 5 -TCG AACGL7TCG - X- G CTTG CAAG, CT-5 ;

5'-TCG AACG TTCG, - Y- TCTT&QCTGICT-5"'; 5' - CTGTC&RTTCTCo- X- oCTCTT&CTGIC-5' ;

5' - CTGTCo&XTTCTC- X- CTCTTQ0CTGIC-5'; 5' - TCG AACG TTCG, - Y- GACAG, CTGICT-5';
wher ei nm-plseb]gm@ggrlgl linker, Y is a C3-linker, a is pbosphodiester

| i nkage, G is 2'-deoxy-7- deazaguanosine and G2 is arabi noguanosi ne for the
manuf acture of a nedi canent for generating an |inmmune response in a

vertebrate. AaninmRosimuRior JigbMSIStide v @fe¥nthid@RLE] s | de having t he

5| oo AR T b e CaT S S e R e K e S erarc 5

5' - CTGI GGG TUIL.CT XrCat -pTROTI,CTGYS S); S ' - TCG AACG TTCG - Y- GACAG CTGICT 5

wher ei n X H‘%’Fé lCl'I(;T‘?' § icS A3l 4l Q) QsRiyediest er
| i nkage,axgrél sE g - edg'y- - %ﬁ%gﬁgs?‘%’%@q@g?g ?hoguano’s’i ne for the
“manuf act ur e wherein ¥ath glyeamohlinkéroY isar(@vlmheri qig phosphbdiesten bakage, Gnis lideginirune

di sor derduﬁ%ugﬁ@gx,;ngﬁz EBinbditnosihd) | ammat ory disorders. skin disorders.

allergy, asthma or a di sease caused by a pathogen in a vertebrate. 6. The
use according to any one of Clainms 3 to 5. wherein the nedicanment is adapted

for adm ni stricdiesiiciitid@adestiihL1oTMiM 4 | Wibrein R BlighRcleaIE RiPdoribinatith Hith _

subl i ngual, transdermg]. topical, . intranassal, aerosol, intraocular, inrrat
acheal , 2Pagt yewna’%‘?“ﬁ nde, protein. anggen, g@ﬁ?&l*’ﬁ%@?ﬁ?“@ﬁ@"%&p and

nout hwasHjuvaatit es. 7. The use according to any one of Clainms 3 to 6, wherein
the medi canent is adapted for admnistration in conjunction with an

anti body, antisense oligonucleotide, protein, antigen, allergen,

chenot hér apeUss of amgemnotimuwiypligerucledide Weviph the stacbur selecdd ooy nul at i on

compr | S!Agchikacd rECgUELRdicieARGRA S Fackddirins  MeTic.dierglogl cal Ty

acceptabl e carrie armaceuti'cal tornulafion accotding td O aim S8,
further COAPTESITAGT %XaQTFE%@gQTGTQﬁf;iD%EQE@zTB%%K@@TTQQCTW t36i n,
anti gen, s aoGARNTTER eFBheAGERMdICs agent or adj uvant. 10. The

ol i gonucl eoti de according to Claiml, substantially as herein described with
ref er ence t oWhereip X is a glycerol hinker, Y is a 3-linker, o s phosphodiestér linkage, G, is 2’-deoxy-7-

deazaguanosine and G; is arabinoguanosine for the manufacture of a medicament for weating &
vertebrate having cancer, an autoimmune disorder, airway inflammation, inflammatory disorders, skin
disorders, allergy, asthma or a disease caused by a pathogen 1.

4, Use of ap immuoostimutatory oliponuclectide baving the structure selected from
5'-TCG,AACG,TTCG-X-G,CTTG,CAAG,CT-3"; 5'-TCG,AACG, TTCG,-Y-TCTTG,CTGTCT-5";
5*-CTGTCG.TTCTCo-X-oCTCTTG,CTGTC-3"; 5'-CTGTCoG,TTCTC-X-CTCTTG0CTGTC-5";
5"-TCGAACG,TTCG,-Y-GACAG,;CTGTCT-5;

wherein X is a glycerol linker, Y is a C3-linker, o is pbosphodiester linkage, G, is 2'-deoxy-7-
deazapuanosine and G; is arabinognanosine for the manufacture of a medicament for generating an

immune response in a vertebrate.

5. Use of an immunostimulatory oligonucleotide having the structure sejected from
5'-TCG,AACG TTCG,-X-G,CTTG,CAAG,CT-5"; 5’-TCG AACG, TTCG,-Y-TCTTG,CTGTCT-5;
5'-CTGTCG,TTCTCo-X-oCTCTTG,CTGTC-5%;, 5'-CTGTCoG,TTCTC-X-CTCTTG,0CTGTC-5";
5".-TCGAACG, TTCG,-Y-GACAG,CTGTCT-5";

wherein X is a glycerol linker, Y is a C3-linker, o is phosphodiester linkage, G, is 2’-deoxy-7-

deazaguanosine and G, is arabinoguanosine for the manufacture of a medicament for preventing
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any one of the Exanples and/or Figures. 11. The oligonucl eotide according to
Claiml or 2, substantially as herein described. 12. The use according to
any one of Clainms 3 to 7, substantially as herein described. 13. The

pharmaceutical fornulation according to Claim8 or 9, substantially as
herei n described. -72

cancer, an antoimmune disorder, airway inflammation. inflammatory disorders. skin disorders,

allergy. asthma or a disease caused by a pathogen in 2 vertebraie.

6. The use according to any ore of Claims 3 to 5. wherein the medicament is adapted for
administation by a route selected from the parenteral, oral, sublingual. ransdermsl, topicat,
inwranasal, serosol, intraocular, inratracheal, intrarectal, vaginal, gene gun, dermal paich. eye drop
and moutbwash routes.

7. The use according to any one of Claims 3 to 6, whercin the medicament is adapted for
adminjstration in conjunction with an antibody, antisense oligonucleotide, protein, antigen, allergen,
chemotherapeutic agent or adjuvant.

8. A pbarmaceutical formulation comprising the oligonucleotide according to Claim | and a
physiologically acceptable carrier.
9. The pharmacentical formulation according to Claim 8, firther comprising an antibody,

antisense oligonucleotide, protein, antigen, allergen, chemotherapeutic agent or adjuvant,

10.  The oligonucleotide according to Claim 1, substantially as berein described with reference to
eny one of the Examples and/or Figures.

il. The oligonucleotide according to Claim 1 or 2, substantially as herein described.
12.  The use according to any one of Claims 3 to 7, substantially as herein described.

13. The pharmaceutical formulation according to Claim 8 or 9, substantially as herein described.
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