IMMUNOSTINIULATORY SEQUENCE OLIGONUCLEOTIDES AND
METHODS OF USING THE SAME TECHNICAL FIELD [0001] The
present invention relates to immunomodulatory polynucleotides. It also
relates to the administration of the polynucleotides to modulate an
immune response. BACKGROUND OF THE INVENTION [0002] The .
type of immune response generated to infection or other antigenic
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[0007) Administration of certain DNA sequences, generally known as

immunostimulatory sequences, induces an immune response with a

Thl-type bias as indicated by secretion of Thl - associated cytokines.

Administration of an immunostimulatory polymicleotide with an antigen

results in a Thl-type immune response to the administered antigen.
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polynucleotides. [0011] All patents, patent applications, and publications
cited herein are hereby incorporated by reference in their entirety.
DISCLOSURE. OF TF1E INVENTION [0012] The invention relates to
immunomodulatory polynucleotides (IMP) and methods for modulating
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The invention further relates to kits, preferably for carrying out the
methods of the invention. The kits of the invention generally comprise an
immunomodulatory polynucleotide of the invention (generally in a suitable
container), and may further include instructions for use of the
irnmunomodulatory polynucleotide in immunomodulation of an individual.
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[0050] An "allergic response to antigen" means an immune response
generally characterized by the generation of eosinophils and/or
antigen-specific IgE and their resultant effects. As is well-known in the art,
IgE binds to IgE receptors on mast cells and basophils. Upon later
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at ldatromagnetienatid parayadrets;, maietialsiBiodegiadablesold Phase rea),

14

.« phpicrocarriers may, be :mined from pol mgrswhich are degradable (e.g.,
D R e e SAIIOVRONE Acia) AhPEBPBHHERS tharEcT BB BREIE. Oy s

sepafated, fpoty torth embté thsprdtndromic sequence by 0, 1, or 2 bases. In some

immen | irol5.5]undecane (DETOSU) or
e b TP ibsran o
mammalian physiological conditions. g/licrocarriers may also be liquid
phase (e.g., oil or lipid based), such liposomes, iscoms
(immune-stimulating complexes, which are stable complexes of
cholesterol, pbospholipid and adjuvant-active saponin) without antigen, or
droplets or micelles found in oil-in-water or water-in-oil emulsions.
Biodegradable liquid phase microcarriers typically incorporate a
biodegradable oil, a number of which are known in the art, including

squalene and vegetable oils. Mierocarriers are typically spherical in
chanea hiit microcarriare which deviate from ecneherical chane are alen



[0065] An "allergy-related disorder" means a disorder resulting from the

effects of an antigen-specific IgE immune response. Such effects can

include, but are not limited to, hypotension and shock. Anaphylaxis is an

example of an allergy-related disorder during which histamine released

' ' To]qP es vasodilation as well as.increased permeabilit
B P T R e oo e et
tworthiaph(iad &in dacamesbadiatiytswith thindssaciatgueaticetsa base

- conpRenigNEak Vet sOBPRAY,.ANE: it can occur locally, with the
@?ﬁéilgg limited to a s%e(;ific target tissue or organ. [0066] The term "viral
I ]

A0 el ASH Rl R PR HEIRMA Y e AR X9 iisod thir irsversins corprises
(2) etiologioagentuExempipsiehyialdisersesdmhdrhrpatiisRigRats C,
-] acquired immu ficiency syndrome (AIDS), and herpes )
e e L, Lot B P R SIB R R AR seanence i
at legsp Athaeastinitengihappt dbloh (OF Ghtegning deenbéicial vis dasico e resititshe 5° T of
the iNeNeing elinical r IS invention, beneficial or .
) esireyd Q??Flical re%éﬂ%%ggag,%%%%%gt f’r%ﬁtﬁe:‘% ét]o?%qlg%% igé}énrm{eonde’ and

FRSTRSTERIhrORE SRint e eyra pidmsneivdmishrianrior dxedRESH disaser
m@%ﬂﬁed OC|CC|Bof ﬂﬁt@@@@é{%@?ﬁ@ﬁ@@f@imr@@%&@@g@@@% '

isease, delay or slowing of disease progression, amelioration or palliation
pal%f%%%lai%e ase %toa{?é;'and remission (whether partial or total), whether

@816t tatsieoBieupriets dhatitemiTreatde atrg anl pisol eaténasloRgégon comprises

a) SUN] PR, t vivah# eeiving treatment. :
( i[dgoaé’ff'?gﬁfﬁﬁ?.n R AR i petcont,
RO ARl hor FSBTAHS of 8 Tibcreieh. ond cisbdbeitatd Béare slf

conbpfisameyaludlessittes Xous & of e SI0arassiathis-$IWRA e RgiNeNedy te

> to nat treating.the disogder. Especially in the allergy context,
5 Ao (st RO e S G P s B
pal%gmatmpmqmt rash Evesrespdmmsthaghénst tie alitngemi) sEudie! comprises
the BRURHN, 0SS RO Be ARG RN @Ol AR RSB b ente
x ofae occurs upon administration of a serie 6f doses. Thus, an amount o
! Btricsds TACh At %fesponse or disorder maybe administered in one or

#1314 administratiens thd @aAShAnc@NtEAYIELH QR BOWRL O ARIR MM prises

hich-is ~elicited" mu dulatarypol leotide and antigen
R o i ATt ToUEe B A b SOMRSHE
nuckensitierafiationd> of rirfaiiorRodulatbir potynlietdotidelandrantigén = {0078 and
Xy Ardakiassesiated: antihedysi ipady 2 lon and/or .
anl (ﬂgggeasgggﬁss é%?(tad Witk?lgE %’3{%{{? L?r%e %;%zﬁ‘égﬁﬁl’e%%% pTg, P§8?3X3
-dss

€8 PS8 SO B AT B R s 38E. Harduipeses of s TRaMidDnsequence
is Opidmser éme titeo!” 2nbhifas poigtied antikoayiqanHaImeasuranrRb Y AN&.LN o
basBI LG g}@gg%{gsangérgxacm Igérllréeh(%man, m aséurement of a Thl -
associated antibody could entail r%easureﬁ%@ﬂf%f%ﬁ Fland/or 1g03.
(K POFEE A THESEOL R BrhIEuaL0)is ftheaPiiBo0g Mo BN otTHT), ), (SEQ
ID ROdQyjReigaresSasspRiaiRtb il a<T fAadmmyne response. Lor example,

G1 is a Th2-associated antibody in‘ mouse. For purbosesso fhia”

T Hvemforr et mast BT atHeis3ncosasd Sntibeds exreliber A or T.
[F1 85 inemet-afeoe HE MORRRHEHIARIROHSS R RRDPIE K\ BUBR D morises

Th2- | ntibady could entail measurement o
RSk e b e e e & Sl NNV
N argprbosigeokimelptadudtiony antibedy podustip=ar diistamine) releass; is- 1-
20. 0.1, NGHONY: i n.compared.tp otherwise same
s esracl sv Sty
as compared to another condition. For.example, a composition comprising
an immunornodulatory polynucleotide and antigen which suppresses
histamine release reduces histamine release as compared to, for
example, histamine release induced by antigen alone. As another
example, a composition comprising an immunomodulatory poiynucleotide
and antigen which suppresses antibody production reduces extent and/or
levels of antibody as compared to, for example, extent andior levels of

antibody produced by antigen alone. [0073] A "serum protein" is a
nrotein that iec noinialivy forind in the cariim nf dicaeace-free mammale




[0083] In some embodiments, an LMP comprises a) a palindromic
sequence at least 8 bases in length which contains at least two CG
dinucleotides, where the CG dinucleotides are separated from each other
by 0, 1, 2, 3, 4 or 5 bases, and b) a (TCG)y sequence positioned 0, 1, 2,
r 3.bases from the 5' end of the polynucleotide, where y is 1 or 2, and
nucg?ﬁo’ldes’t 2 e%]ﬁ W?ﬁ@ﬁ%ﬁ%@ﬁﬁé‘ﬁ&@%@f@pm HAFEtRAS' end of

where
comppignpatimgnoniossiauEnead¥;s ODard @l Zcbapdisndit SoMRINRLIRRNSeRiT Be
» rdlpyCclet the (T uence of ay count for one of the at
T L b AT S R U e s i e
ralipdrpspigispionsothid @t Idiherseibtidestis hrqpafindpoliniir seipsenes & €omprises

the SRPEXAIBIKORCASN-RIPRIRY %, § @EbIBRE. M0 §UPEIMPS of the

1 tign, Whether desgribed in this paragraph or elsewhere in the
@lgmig Kﬁ%éﬁ%r?&%&?h(@@é&u@?&ﬁ%ggai%h%)ée@@mp@ssiﬁ@spmmss
emtibdimdmg-dhiieds BiscariG X, INSomecmhadieants Ahepalindromic

a base, compasition, of greater thap one-third A'sand T's,
B B Ll i et comaris
(a) %’M@ﬁ@é&ﬂéﬁd@%&’@ﬁ(m@wmmmm afhleaist Vit Gl eosides, x
=O-QLWE?@!'Q%&Z‘{V@PF%EBFPQ@&'H%E@rt'fjgtsf'é%f%p:af%% L gh Tglerare

.1, 2,3, 4 or 5 hases, and b) a (TCG)y sequence positioned 0,

by 0 ) )
Selfb%%‘%%%womﬁes@%ﬁadowﬁ%&% ithe (THER Y iseumnos ivRerbases
frorthibersdlind Wﬁéeéﬁgwﬂ}m:%@hﬁ?ﬁ? @Eﬁg&&ﬂé%ﬂn@%}%ﬁ;ﬁ@%‘ﬁ&%@ ip Jongth

. Jdinucleotide of the nce,of (b) may count for

e S I R R R ey
(COXatafeBiG Ghsermecasabodiments, the CO dinucleoticies of the

PEl D drOMieL SEAMBRACE A8 S ERAIR her by.1. 3 or 4 bases. .

[go U:% S%: diﬁ%ﬁ in sg%gembotg%\%%?ﬁ%o?ﬁ%g fc%gfh%ﬁ%%hgn comprises

36 G D] MOKI 65 Whene oy ASHsis, x
@ S PO T R e Miere
= 0191 55), wherkin, Nl are, pucteasides jithor = Qudi ¥ =116, W 2hd %l Heelt-

= = 0.1 or d z.1-20 erein Xi are .
°°‘ﬂ§’§ﬁg?;%{?ngy f?ﬁ%ﬁ%‘%}&aﬁﬁ& et Y B B Eysensrenes fom
the & g afdac pelyustestids aust ine palipdroiboiapicTibeatNiRsfBrbasss in length
wheOImpE REraBaliDdegRait Seampnes B Lasesindargih of grgater wherein
x &? r;gég ic sequence comprises at least one of the CGXACG)p)

'sequerices %Zgﬁqﬁ%c\ﬁth w = -1, the 3' base of the (TCO(1\10)y

[882fUén eedt¢hestecx Hofitiveinsh GXIGEN( SSBHiR) SAMEHEd PGS comprises

n ?q”@ 2nts, 'Eq;c%g ' th
® §3§1dro m@?@éﬁ%%ﬁcez byﬂoé’%}i)}? %@ggg#ﬁéige{r efeﬁfgg)gwr%‘érﬁ% N
nuckoasdetohTidSetmetdeithidds @l oF Bapedt thé, @EG (NgDyaséquenas, 3 and
X, SEOaRInREReaRLs hesRs0 325 ks RINGE AL SmH0080 ERGIRides, and

embodiments, the IMP comprises the following sequences ndranic
AR b B HG0) )T RPN ERESS ARG A FAT 9SG 1D
PolN@185)(i& BCENCAMEBRECACBAGATATIRESR IDNERerein the

b CGTCGA Q:61);
T ATy L G S L
KB GHEEEAESFCHACERIC TR TINSEQERN And8inSehRGACH] 8 Ghd X,
are é2E@HRNG;105); 5-TCGGACGTCGACGTGCGATLt (SEQ ID NO:114);

-TCGACGTCGACGTCGACGITCGA (SEQ ID NO:119);

[BRCB R ER cBTe AR ETTEERE oS EODoNeidog)the invention comprises
@ S TOCTGAORICEACTTORACOT, (S69 DN 64) whrein N are
nuclggg&g&gg%rcg _%‘GG___QQC_ZQC_QGCGC SEQ ID NO:122); ]

5 CaTCCRCeOCGECEREETEEE (BN NG 188):0r 2, and z = 1-20, X,

5-TCGATACGTCGACGTCGACGT (SEQ ID NO:124). [00871 in some

embodiments, an IMP may comprise a sequence of the formula: 5'-

N.(TCG(NO)yNw(XIX2X3CGX3'Xi'Xr(CG)p)z (SEQ ID NO: 157) wherein
N are nucleosides with x =0-3,y=1-4,w=-3,-2,-1,0,10r2,p0or 1,q =

0, 1 or 2, and z = 1-20, wherein Xi and XI', X2 and Xi', and X3 and X3' are

self-complimentary and wherein the 5' T of the (TCG(Nti))y sequence is

0-3 bases from the 5' end of the polynucle,oficle. The Mr' further

comprises a palindrornic sequence 8 bases in length or greater wherein
the nalindromic ceniience comnricac the firet (X1 X2X2RCCYX2RAYX2'YTY nf the




N"(TCG(NO)yN,,,(XICGCOXI '(CG)) z (SEQ ID NO: 162) wherein N are
nucleosides with x = 0-3, yr-- 1-4,w=-1,0,10r2,p=00r1,g9=0, 1 or 2,
and z = 1-20, wherein X, and Xi' are self-complimentary and wherein the
5'T of the (TCG(NQ))."™ sequence is 0-3 bases from the 5' end of the
olynucleotide. The NIP further comprises a palindromic sequence 8
ond B g T RGP Breg ke thephitaien i iseqmrimetormpalesides,
X; mgrmx&&aﬁﬁmmﬁmam&eﬁsemﬁdxvhfé@ﬁ@mcﬂ%a?ﬂ@@mg});r]j
X.70

IMP, with the, 3' h CG is the 5' X.
T e s eGSR s s T
16%(T@@€N®)%8€@}uehﬁmmmm&©mqmmmdeence by 0, 1
crRiBdaseR. R oke) (Rba Nenis: lenaomIcaemencalntiilss fbo

or&art‘of the (TCG(NQq))y sequence. In some embodime
NOZGm srsatte BRGWHTSOfIRAE S RrmPToTicsesilblcass arderiibad):or T.
In s&ind 6B GadECIHa NG AC LN dBEND M@380ke either A or T.

TCGTCGACGCGTCGAGATGAT (SEQ ID NO:142); . .
R R E B OB RER PR P (EE DI HSp odaiamiap o

2) SeifBaPMEsNalCRIR sy X0 MP6)s) SERE@Helorf 1h6) WhattiaNTre
N = 3% ) D NQ: 161) wherei re
i 205,y T-h D (o 2 U gt G 8
X1’ g oy msnarE RPRpaTiteX Xared & conmsliserliperenvivstedsidhe i
whe'fellhftﬁa:ES (m%\iﬂcm(ﬁw@qf . Génite %ng&fﬂ?md the>'ardahihe .
olynuycleoti JThe IMP further comprises a palindromic sequence
po o S e TS GBI EER A M.
paligieofirstsE@GMIX t@DYisfstie rdeESTBIICEX T G@EO)) sequence. In
C HY W L ' cond. to last) and the ultim
Y o e WL B e L R
are gaotheithFE Y @GXIXI'CG(CG)p) sequence. In some embodiments, the
PP o iover Gk L T S
or 2 bases. .In.other embodiments,.the paiindromjc sequence includes a
res R A R R e e e e g eltory
polysisiprisies fibefbifsnting vemamoes (piinevmioskdpe acasmndedipent in
saiPndiGEEC GHPAMEREEAT &E@é}%[g(%":t% ﬂBd}!Qs%?)th) invention may be
5-TCGTCOCGTACGCGAGATGAT (SEQ 11) NO:139);
pragicpt-s. artdegitboperraiicripg Eomm figyrdarpssociated with a Th2-type
ImirECOOEATGE AGHEA NRHE GAuGE QURNG: bbbl AR SefRuals

rec i(r:n nis,an | miy comprise a sequence of the formula: 5'- .
A R S R LSBT et gy epitoe, »
mygohettetinNeier a6 aikia s eitiated igype)l od pwphyRctit vacdnes, Zndividhais

with cgheeCanll Haisidnge Ka%fggaﬂmgﬂ&g(&i%gexl" X2 and X2', and X3 and
X3' are self-complimentary and wherein the 5' T of the (TCG(Ng))y

[902] dn Rt e et SerairIHenrend Srasepiiphirsessas A MPgamma
(IFRAHeRCOMRIRes adaalindio e SReHaNCs Lerhasesdhlengi,pr greater
.___wherei &Ee&alg}gﬁr{%?ic, eguence comprises the first I
b R e BRI Tt VTS 6) S eHEp by ffginistation ofan
AN BN CIBNRNG(E &) PSR NOR ) $RaHERGE:0 BNV the
md.\%gﬁ = -1, the 3' base of the (TCG(NQ))y sequence is the 5' X1 of the

]flrs??\'ﬁiXZCGXSXS'CGX2'Xi'(CO)p) (SEQ ID NO:217) sequence. In an

NS Wity ther 2 ivet b Ultimntite: (ivevidsooeitl dds o) anditigarittitnatea(pes,

3 - eguence are the 5' X1 and. X2,

O o e e ok B s e N o:17)
imrgEnniRGEat S YaustapibHi pidhesn et (RO GEN Oydsedue nédissepaiated an
from the palinciromic sequence by 0, 1 or 2 bases. In other embodiments,

the palindromic sequence includes all®r part Of the (TCG(NQ))y
sequence. In some embodiments, when p=1, Xli X2, and X3 are each
either A or T. In some embodiments, when p=-0, at least two of X1, X2,
and X3 are either A or T. In some embodiments, the IMP comprises the
following sequences (palindromic sequences underlined):
5-TCGGACGATCGTCGACGATCGTC (SEQ BD NO:86);

5-TCGTCGGACGATCGTCACGACG (SEQ ID NO:57);
B . TOCCCTCCATCCACCTCCATCCAC (SEO ID NA* 124)-




-TTCGAACGri CG.AACGL'ICGAAT (SEQ ID NO:38);
5-TCGAACGTTCGAACGTTCGAAT (SEQ ID NO:39);
5-iliCITCGAACMTCGACGA (SEQ ID NO:52); 5-11
TCGAACGTTCGAACGIICGAAAT (SEQ ID 140:57); 5-1111

. CGAA TTCGAQ}%STTCGAA AAT (SE O:_58); 5'-'1_I

ImIReROCRIEerY Pel @é%@ﬁ&éﬁ%%ﬂ%gw%m@m@zmm@w in the

mdRGBGAACGTTCGA (SEQ ID NO:97); 5-TTCGAACGTTCGAA (SEQ ID

DR AT R B o oo Heesfeaimenrromn

SYMSEE [T OEoigus i@ AN FIRORBIISEME k) MR:OR imount of an
. i : 3): 5'-TCGAA TCG (SEQ.ID
MR P R S A 559
disepsér S TEvsFRieT e EAIIITOrE S S QoBIUNIEptidy7in accordance with the
inveitibe GTGGTEGGANS GbkGARA GAT (BRI IR NQL08);

(SEQ ID NO:113);

' TCGAACGTTCGAACGTTCGAACGLI |
P A e K T2 (S0 T R3] of amelirading one or more
synpiqGAT @G FC G GITEGCABBAST AR R 0 216)tive amount of an

ST TGRAATITT (SEQ IDNO:117): )

T AR QA TR G b (AR BN A e dacen
disesgen A Pistietiesd YO e PO AT AT S TT DGARACETTWh the
inv¢HiER ARdNEalds 2)idor b AT AR GHR LF e AMGGRIITG4REQ 1D NO:153);

'~ JCGAACGITCGAGATG (SEQ ID. NO:166); .

. @%&%&%&?&%@%&&M EFROL IPEBRRRESH g Rethods of the
invgign ABEKIT Clike (SREiItD $@ribe kB e GCRNGRBASEESHeGRotide
of #S - “TCG, . TTGATGT .ID NO:17Q);

,_?@é@\d}&ﬁ%@ggﬁ gﬁﬁ@g%g%%@%%g%% R R R D use

of tge FprpuRNEQdTiHeR AdrR Tt s A sEy dp 4o of 8) individual
5-TCGAACGTTCGAACGTTCGAACGTTCGAAT (SEQ ID NO:172);

' CGAACG AL AT (SEQ ID NO:173);
5-TCGTAACGTTCGAA EEAA AESESMENSIR74). [00961 In
K93k Bimbodianeab, depatinyiRecompnisif grisronpledof 3 FQ/HD) Mo 186an

p [ I adiments, in P, rising formula of
D o R S e o 172
HORR e rrenteis winkhs depisira N pealhbitis it vsogtiombesd mudMeed):
5-TCGAGCGCTAGCGCTCGAL1 (SEQ ID NO:81);

5-11CGGTCG C EQ ID NO:82):
5LTCGGACG NSEANENEHEN) ccAA

[0GSCIANE B S FRQVHREMIBu8E o e TTBRC HBHCEAEE A GATGAT{SEQ
:112): 5'- . \CGT. SEQ ID NO:79);
R e LA B R R
MIPEEPEEART o Reds;

A@Asr@hq'cegwiﬁpmgf 319 invention comprise an

imBuldaie dilinia Holoietlcdd A AT BERID N iZ]Qﬂﬁnomodulatory

5-TCGTCGCGCGCGCGAGATGAT (SEQ ID NO:71);
POI&W%&%@%%@@X%% B\d'@b\alp@%om@:spg}x’ence at least 8 bases in length
whsh POGHCGCEE G CCEABRDEEA INBH @ |RMN&TBYG trinucleotide at or near the
5 &aT&%!g@%%&&%@,CGAGATGAT (SEQ ID NO:74);

5-TCGT CCGGACGAGATGAT (SEQ ID NO:76);

@ﬁﬁé&?@@@@?@@b@@@'@?@@ﬁ%@ﬁ@¢5ﬁﬂ@ﬁﬂd% of the invention efficiently
moBiihe GRERSEEOAGREA A46);
. 5'-TcG&@GACGTCCG?\%%@E%@%@?Z‘%& We have observed that
IR RS RN RO RIS piARs ATERNTVESEY. rnigEpefiaply stimulate cytokine,

5-TCGATTCGAACGTTCGAACO11COQ (SEQ ED NO:40);

5-TCGTfCGAACGITCGAAGTGAT (SEQ ID NO:41); 5'-TCG1 ICGAACGI

ICGAACGA (SEQ ID NO:42); 5-TCGTTCGAACGTTCGAACGTTCG

(SEQ ID NO:53); 5-TCGTICGAACGII CGAA (SEQ ID NO:54);

5-TCGTTCGA_ACGTTCGAACGTTCGAA (SEQ ID NO:55);




5-TCGITCGAACGTTCGAACGAI 1| TTCGTTCGAACGIICGAACGA
(SEQ ID NO:56); 5-TCGATCGATCGATCGATCGATT (SEQ ID NO:43);
5-TCGTCGATCGATCGAGATGAT (SEQ ID NO:45);
5-TCGTCGACCGGTCGAGATGAT (SEQ Il) NO:69);
. 5'-TC§%$GIT§GAACG GATGAT (SEQ ID NO:75);
incliding Fype l icRETprs S as ARG 6 ANGER o WERSY), production from human
Ceﬂﬁ:-%@ﬂ\ij%@%%ﬁéﬁi&léﬁf Mﬁiﬁﬂiﬂc m%@%é%%g%%gf@@%ivmﬁm can
o R A N s ] Irhiemerine
IMIEIPCGHGEOG CGOGREES 0BGV (BRBAQ 48iME diZfkiacytoid dendritic cells to
BHCREGERCRGER GAYSERQ IR NO:178)
o SF-ETCGGCCGGACGTC%ggOC?A%%GA (SE%g f%gﬁ?)cﬁ‘}éi;me of the
MIEIEREREEEE BB TSt es OHERV S D NEH BO)HO0GITI nfstmeacytoid
dendrithagiinpoiteanidMBumay comprise a sequence of the formula: 5'-
(NG)),Ni,.(X)X2XIXAXECGVX4A'VX2'Xr(CG)p)z (SEQ ID NO:160)
. [&h%}eclfr}? agfzg‘)‘%"l?c‘%é’)%’é’% FiRSE rypedplaing an mmsmeregpopsgyipan
indjyidgabbyl adgodnisianing aamumub@tydubeoespolinacl doXiXar antint2ntds Bk
ind?$ Blual4 g X4, ' - limentary, and wherein the
oy S S PRI ) S ey
SiyRTEtigeaetendiop FER pAsaEnpaddtgaTicrsdgwelroa dbdf the
invEsReSiHn ilmgﬂnmb@fﬁa@ﬁwae&ej%ﬁ%@ﬁ%ﬂ%ﬁl&ﬁﬂ&ﬁ%@%ﬁ%&&é@%@?s
the first (XIX2X3X4X5CGVX4'X3'X2'XI ") (SEQ ID NO:218) of the at least
e RGIRZNRXAX-SCGXEXiXs'X2'XI(CC)p) (SEQ ID NO:219)
sequence.’In an IMP with w = 1, the 3' base of the (TCG(Nppy sequence
8083 ThaXaraatittar finsd (RS BNANRE W i AN A SERHRiec,
o &920%%),csergl%ﬂence. In ?n IMP with w = -12, the penultimate %@g@ second to
. ) ARG R AR QEARG Aol a Hastutinga creiiNe) scaiquence are
micebislogy. aritbiogr dpedteneistroftb énfiifinology, which are within the skill of the art.
SudtiSRS G4 512']3% 0) (SEQ ID.NO:219 uence, |
an II\%BF%év‘\al(f?h%\/%/g= -3, t%%%gél%epenu t%r%)ft%}e(i.sélf tﬁ?f&yfgﬁéﬁ’? éf@ 6@1&[&4&(@”’3’
Mapugl, secephadifon sPrasepeket MinlaBoN Olidamty sy tidsSa tiehe(XT.C G iz,
19=BER0E OB CUﬂzﬁzﬁ'em}[.)@es%ﬁgyx&l.,rg§%0%%ﬂkt@%ﬁtdmenml Immunology

1X2X3X 5XA'VX2'X1 '(CG)) ( E( I1) NO:219) sequence. In
o B D e e e
& MalinéromidsetRfdhce by, rar@basdboluautinGicogh OB IMERtSubEEet o, eds.,

lipgomig, X . fthe (TCG(, equence. In
10898 ipeFomig; WQ‘QQ E%iﬁ?e%&'h&! QH&)%&?S%: %Cli., MBAQ/ éur entrt%%é)lt%ols in

some embodiments, at least three of X1, and Xsareei

Imrgynplagy { bk &-alienn ditle ses: theOTM Bleohmprizes she Holtdiviok Be flidhces

Sto(:ﬁ&iﬂﬂxr@ﬁmfsaQWUB%MWJM%%%Q@%@@%%EE CAACGREQ
PreID‘P%?%?é@SI-TgéTO TCG@TI%E@AGATGA (SEQ ID NO:110); i
B TCOrEEAFEERPCRRIERETE GRS R (Metristh B Abert, and N.A.
Stafey, GG T HEATGGATE CRDEALSEHQIEANGEL 4993)0098) in some
embodiments, an IMP may comprise a sequence of the formula: 5'-
N"(TCG(NgDyN",(X1X2CGCGX2'Xi'(CG)p)z (SEQ ID NO:163) wherein N
[@036]usteesities el sn@ufaryordr b W2 and “heh H Ru s S Temled
uni Q4 (%Qge %{hzeo vg/ehelgglnex .and X1’ and X2 and X2' are _
seh@comp men%y,' and \K}ﬁ!%\péﬁ’] e SMF Grepeet recsnesy DBuence is
1093 DasevshdmithbBigeridydidhvtn piblyrueiettitentiredddP s theleonucieotide”

; iges j ' ence 8 bases inlen reater wherein
e S A
(ss YA e IR NS E @iifif Reajuskgtidecend nlaotMRosides
with w = -1, the 3' base of the (TCG(V\Eg%)):", sequence is the 5' X1 of the
first (XIX2CGCGX2'XI'(CG)p) (SEQ ID"140:220) sequence. In an IMP with
w = -2, the penultimate (i.e., second to last) and the ultimate (i.e., last) 3'
bases of the (TCG(Nqgpy sequence are the 5' X1 and X2, respectively, of
the first (XIX2CGCGX2'XIICG)p) (SEQ ID NO:220) sequence. In some
embodiments, the (TCG(NQ))y sequence is separated from the
palindromic sequence by 0, | or 2 bases. In other embodiments, the

palindrorrdc sequence includes all or part of the (TCG(NQ))y sequence, In
come emhbhondimente Y1 and XY ) are earcrh eaither A or T in ecome



sequence. In an IMP with w = -2, the penultimate (i.e., second to last) and
the ultimate e., last) 3' bases of the (TCGiINgDy sequence are CG and are
the 5' CO of the first (CGX1X2X2'X1'CG(CG)p) (SEQ ID NO:223)
sequence. In some embodiments, the (TCG(N,I))), sequence is separated
indromic sequenc 0, 1 Or 2 bases. In other embodiments
o R RS s BT Fretigacppph et o e
oliggavglenids chn sortrindivibditicremd ciktuimdioghents. cQbigcithieni@rate polymers

of n¥elEHiREY mqéﬁr,‘ %&&%mﬁ'fﬁ !M&)lﬁ’?ﬂrﬁgggﬁéd%@eﬁqﬂﬂyxgégﬁ%%%%gl\hﬂcagc&

(palindromic sequence underlined): 5'-TCGTCGCGA
suckaEphqEIgrathaons) estesonol dledempieogsnsrlertas ofimadeestids consists of

T NI sach o1 16 rep0ns of e (L e e
' eacn o repetitions, of t S Independently selecte 1.
ovbl VSRR O SRR Boepil s reddies g dve R it
uniig ¢eregies) th&decandaAlieGibgy miayokmesdgod youatnici« dsexthispatie el

co T¢ iments of IMP
‘ [Wﬁﬁﬁfﬁ?ﬁi%%’%@?&bﬁ e 10 Nowi155 -

inRSGREE crBrBRmertaten: nysTeIlBNitOPT . TYEE rretesh bodinmefis of a
poljMiCREINDESHIEAMME She IR s eSE iRAsLAIE Hthene SER IR NOSLRRA in
Vitro 119%) i}/algd%efe{;?kg)lyEEé)r 2 In;ome er%%c})dlments of IMPs,comdglsmg

Sy O eI e A s P IS i pR e b e T RIe e SpgBses fBeyidgy byt are not
limiied fier ahlig@:-tpesifim entinisodirmdntsont EMBmcaiptisigaayiokibs spetisnsion

i TNl : - is.pref I 2,.3,.4,5,
o o B o S CY bty B
lymphag Dsilen da ey BoRdR ssaegtr e soiial e Asvdradiits fype

resgmddD contains at least one palindromic sequence of at least the following

in bages): 10, 12 14, 1§, 18, 2Q, 22, 24, 26, 28, 30. In some ,
e e 1 e e B R RS P hrein
inclndes imnsmentimritoninremed, thempalindromicsesoiiate aisminciusesation is
pn@méugﬁ%ﬁ&%}@ N aﬁ?&l&é‘?ﬁ?%@ﬂ@’m%gggeo A L guanﬁtaﬁve changes

immunomaodulatory polynueleotide may contain modificati

may A RCSHORS S FRAS IR It SHYORAGHL A SPre APt ITBRAIAPESRRATI e ttO,
immuadificales aftheiRabitos HOingiauwntnomiisationsefincnmsieatidery: .
&ggggc%iscéns %f trgg suygar. onegnt, and modifications of the
hosphate group’ Varibus such mo Tﬁycpa?tiélr%n PG TR Se d BisiiRg responses are
typirattifeerisasdselulabamehsdastim (e palindrainiyrepipestisrefpansty) Rids
TMQ@E&Q@SH@%S@QQ?@C%J?QW(W{?mﬂ%mgsége%ﬁ%%éﬁ% ng}gsrgclnses

complement through Watson-Crick base pairing (e.g., the omic
A B O VHAC AR WSl ey o T Srrrsmens Vit s Rl isfua b By Botigep. tsed can
be deteeirdmaycitoctanias Qe velchydcpite siAE RIS T TS RAGHRS AV JRKHEeAch a5

airpin logp. ee iments, the IMP comprises the following
m@%f%%&%%%@ﬁ%%fﬁléﬁfﬁé o8 Wgﬁc@é%ﬁd@ﬁ’rﬂﬁ%}) 1L-6 may also be associated
with TEGRHCEIRESAACHE TTIC Gt TnfSh Q4 MNEs18E yef0Q1 OB AR Rith

the MBYRESING §§@§- g] le-stranded, DNA, as well as single or,
e_ggjble-sn-ar%tgggRN o‘?’%%?éé}grﬁ%ﬁﬁgé“ gj)lfi/vrv?:lj% g%t?agsa? Y §u°t1°n of
ant@to diHelES, HRE P esEApIgEe ghectallpwisegidsdblidshighardevels of antibody

pro88&uRNGRRuding IgE production, an absence of or minimal CTL production. as well as
5'-T.CG'I;(%§AACGTTCGAGATGATI5'-ATCATCTCGAACpGTTCGACGA

SEERN NOT3PIEES BN 8 tiplestis SeeripeNgrmyyemodulation in

acchtdaCOWIE GEANGKEHLH TAE WGEAERNIRI Yy, for example, an increase in IFN-y and/or
5-ATCATCTCGAACGTTCGACGA (G* = 7-deaza-8-ava-dG, SEQ ID
NO:187 / SEQ ID 110:29) (duplex is SEQ ID NO:183);
5-TCGTCOA*A*CGTTCOA*GA*TOA*T
5-ATCATCTCGAACGTTCGACGA (A* = 2- amino-dA, SEQ ID NO:188/
SEQ ED 110:29) (duplex is SEQ ID NO:184);
5-TCGTCOAA*CGT*TCGAGATGAT / 5'-ATCATCTCGAACGTTCGACGA
(At = 2- amino-dA; T* = 2-thio-dT, SEQ ID N0:189 / SEQ ED NO0:29)
(duplex is SEQ ID NO:185); 5'-TCOTCGA*A*CGT*T*COAGATOAT /
5-ATCATCTCGAACGTTCOACGA (A* = 2- amino-dA; T* = 2-thio-dT,
SEQ ID NO:190 / SEQ ID NO:29) (duplex is SEQ ID N0:186). [00106] An

EviP mav contain natiiralivi-oceciirrina or modified non-natiiralilyy acecirirrina




5-TBG113GAABGTTBGAGATGAT (SEQ ID NO:28),
B-5-bromo-2'-deoxycytidine. [00108] The MP can be synthesized using
techniques and nucleic acid synthesis equipment which are well known in
the art including, but not limited to, enzymatic methods, chemical
IFN[Q{,%EI ds, (?nd the.dzg%adaéion of larger oligonucleotide sequences. See,
T EXApIETRUS D SF e PRI EnipSXHitr BRist 1 qerontanopmith the
metiassarhibleteniymaticatlyaidednobhdbalsdnitsreambe. ligated, for example,
i ' such as T4.DNA or RNA ligase. U,S. Patent No. 5,124,246.
’[U(gﬁg]o%%%%dg deggg?lgr a1 Orﬁ%rg%obaerg é%lrﬁf)ﬁgﬁga%ﬁ&gah"mé’%% re
oliggmugieetitol UBRsotiean)sinmcioeiber acgimmamplificidrimthSsdratesiyhalcotide or
olighsB5L08d5- TndAL08) The MRS AP P&iﬁg&@t&%@g@ﬁ% yentional
u

{i)ol?;nucleotidg isolation procedures. Such procedures’in e, but are not
[0k St R0 diz SERsReEF BrEBRY forgeinm @ o imnme olapedensidetact
oligshadectide sle@fistecanydencam i ibady agmmmmm?mﬂ@@&% or

. 10 detect shared structural.features and, synthesis of particular native
O A e e e NP BGE R pEifotce

[99fluAapsisautadignpel peusiestide dais balisctatet, syribesizeddbatighy
abufSEHMIRANEIREIN A SR SlRE MHGALlY. ized.. Where the_circular DAP

is obtaine,d’n%hrou h isql%%i_on or throuﬁ%ﬁ%’gﬁm #}té(\)(%grﬁg? o%%?%%%elﬁw%ﬁf

(e AbSH TP eq kAR T dicreit i rptimvesia ot envlkerimiuemodulatory
polaliglzotidteiitidas sansheapasgermed using any method described in the

i oee, for instance, Gao et af (1995) Nyclejc Acids Res. |

S e iR e NRRIR A GRISHo 519585616 sempence
that ipgninvpirdpresdh.e.2-dOBEIBRIERAY) vetreetthirbisefpergs Af Mo | MRsdERe, C
and Q" ABNAMTS SRR oyiiihe AakpindIm.aensrally favared a tq'l?evr\llces may
b %ﬁ/pucleotlde concentration and higher temperatures. Covalen
® STRESFSTARPO PIATS IR A s inds frraeses enmmrsxiomhagiin lebitftyctures
undeespeetivadytisowaFoischeiialks B8ichepiir, ‘A0E sRRGAMIAUAINCNEE] -

iluational ¢ s,.Chemical cross-links can be used to lock the

R S R S b sk a
ABGRIE e dEHe micarkinritamitogivahemesthenzativi. Opssikntide whiBsalbat
confMfs¢RAIpAmRAHANR/ ke HANRIC AR AR AIE ﬁ%ﬁ%am BQ@'&IR%% g%%%omic

form (either duplex or hairpin form) could potentially be more activ
SCaYEs SN KBt BBt RpARE BRIy SR NS sAdfomatively, 2
polynveitiide senteinecoalerdnititaysiindramtt O Lint FRSHARRIASSlKSore than one
I ' to chemically cross-link duplex DNA are _known
P S S oAy L i cach ot
or the palingERair seAyARRE BeTaRsHBet pradussid thehddsired

4 ragtechl Wilers {09 results in
. [gvg?éét%glfe bridz?%;ﬁ&een et\r/\S/o opﬁ%)r%g t% %ﬁ}g&fg{ﬁ@ggﬁg@ of the

Tk, R PR PR SneHoAs oMy nrisevairgb Holedaeride (s) of

[9TeThistaymthesizet math e SERMTCARS: ((BebSaray Rynid gb@&?ﬁcaﬂy by
IS

idite (('T*). To form the disulfide bri , the mixed disulfide
. bgﬁﬁés)}hg{e e(;jggg% L&fﬁ) %n%%?@%’ﬁdég’gﬁﬁﬁ?esac X %%ﬁ&gmﬁ’rmﬁﬁ‘ﬂsand
glyapiacieinsppeivereshaiddsz eeimldo railibley iatastrapatc s gHinidis, thgdsase of

hodhaRiR-f ' I SS-link i .of a duplex. form. ..

D Bl b A (oo, found i
DAL i GBY PHoret snd aheens v ehle Seickimiatnetion Mato ivE inghede any
moldesexbetidof exaumpe Bredligkraknatd 91 kR SHRY. BEiEZER 674 ens
elici?”Ck %ﬂﬁgév%ggz S%. Agni.ﬁc em. Soc. 114:5447-5448, Goodwin et al.

TOGA) Tattandiron tatars 956 A as 0 Rish AEt RPIpd bRy Hia Hhe scope of
Chem. Soc. 117:2981-2991, Osborne et al. (1996) Bioorganic &Medicinal
Chemistry Letters 6:2339- 2342 and OsSborne et al. (1996)1. Am, Chem,
Soc. 118:11993-12003. [00114] Examples of polynucleotide sequences
in which a 5'-DMT-N3-(tllu-SSethyl)tlaymidine-3'-phosphoramidite ("P™)
maybe incorporated for the purpose of cross-linking include the following.
Incorporation of the T* at the 3' end of a SEQ BD NO:27 analog
(5-TCGTCGAACGTTCGAGATGAT*-3', SEQ NO:27ANALOG1) and at

the 5' end of a SEQ ID NO:29 analog (5'-T*TCATCTCGAACG1
I'CCACCA-R <EO ID NO-29ANAI OC1Y woiild allow a croceZlinlkk in a




115:9006-9014. [00116] Examples of polynucleotide sequences in
which offset N6-cystamine-2'-dA (A*) residues are used to crosslink a
duplex include the following Incorporation of the A* at the 3' end of a the
sequence 5-TCGTCGAACGTTCGAGA*TGAT-3', SEQ 131) NO:191 and
« Bhe “end of its, complement 5.-ATCA*TCTCGAACGTTCGACGA-3,
e s o oL o N tHerHmeEe A sl
but iygngeesddramting SEQWheNONLgteS G mutifivatiasicaylaise bmiasedy
antigehRl Q%ﬂﬁ}ﬁalﬂ?s'.r R SHGIEERS n{%)ﬁégd Hhg Beaﬁg%%lc? i f(%%%] ?olgl)%%endered

. polymieteotides and modified polynucleotides are known in the
antgqi r RIS SN IRt e ATdheraRpacTe drvantioryiprldp hentidesdinidk fam sstisols,

fattygeiraliy syobiesisri) yoseacmatialy ceuRling b RRRORIAEHICISRASIS.,
hospho amgjlte to the 5'-h[\édroxy group of the growing oligonueleotide
vacdly f snd

€5, gangljosides COPI . ; . .
fached 1o A Sofi por At the 3'-end, followed by oxidation of the
[0Adéiméadintenihoiphite afidstente whidiospimtedtester aneathe:desugeht such
as yugleatide sequence Das bsensyathesized, the polynucleotide is
E_n?gnoved rom thegsupport, thepphosl,p%ataé? %S?Pérsl%f’ é?%%’ggea{?ethc?eaé%fe%tgg
recipi oSk hoR SisErI Qg Mg tHifcleoside bases are deprotected using
[GHTRQUS BRHIMPEIEdRN eibBoIDpERRIS AR IR SXAMRIRnB AL 388 (199 tion to
Olci}go leox ribonucleotide S%/gn?thesia" in Protocols_ for Oligonucleofides
R 4 8

e ANATO 5 At &% ARETOR PEPRE R FaVIAkiog JoHTH e Praggnot the

£
an
pepifistipedianier Wamerdlet bl (28815 DNAG s anthihSadRRIEMIRNOIn length, The
et 4088650 1AL Rilbeam A adania AosPate motied,
polynueleotides, some of which are known'to Stabilizé the po?y%uefééltlde.
natpaliy QeaHginek SHeR BRiiBeareaniashdingceus nos liméed harnbasrhenybitienory
glycosjianiselantisRsiob)inilesisalpahyusiesides containing modified
phate linkages or,non-phosphate_linkages is also known in the art.
R L R BT ROt aheovacs
recompiazibvoivind) | o pleistivesragsT itrapeetior AgetitaidDiituGhadnickiand
dishardemoadkJoPm MY ileyand Sgn -York. NY. The phosphorous .,
78 derivative (%%%nodified D %ﬁieﬁgr?ﬁ %@\}v%fc‘%@r? Or piigen oL eptide
accqrimei eI AL ah 41Be HeBiety RelmeRsisly Ak srakivprReT Rese mtigenic
Proﬁﬂﬂ'fblﬂlimmﬁﬁmM%MﬁWﬁW%aW%%gﬁﬁghmtﬁa 1 polypeptide
.alkylphosphaonate, phosphorothipate, phosphorodithigare, .
anup%ﬁos%%% rdlaglnrﬁfl1 d rfiltcédogre ug%; é%’grﬁttr)e&pqdrg |8%85tﬂilﬁ SHB SRy 2 portion of
the saquepRtatadpracaedifaefitmett the srpesatiowiith sxbitotidestiganidifirtberty (i.c.,

bind3upiRetices angd alienurleatitles; REESS: is also known and need not be
[gﬂ?cribed here in detail, Peyrottes et al.rjl996) Nucleic Acids .Res,

Tsth FaEyEite e selRecier shewisaiRmgionmgysiadintes,
permaite] S Ibnfmh hs(d&%tgywﬁiemt iSufGids IRﬁ?gtBﬁ%S@ﬁq%&%ﬁdiﬁﬂ : ggpdsite
n is of phaspharothioate oligonueleotides is similar to that describe

e R S RS R R T T 1 o
stinuyats g riapraveddsyoassulfurization step (Zon (1993) "Oligonucleoside
ioates” i f ' L [ and Analogs,

e A g I ATGAE SR MRS
chatgfiirizrs th&s prsEdierotisewiophibs phdies envigrsgmesifihlel and their resultant
effeplipsphotiesiaiothilietrtaa, EOFhIIA G 955564 G683 S98-Hiidgnghis.
O e e e O e Tt N o

P B Shoephoramidiatas (HeSSRAE P 1188 785 BE 85 2p5 FRRF e dbfgieE on
the plagisishio rodithivatels tahSnPatentiNoidn, 458,406} hamalsahedi not limited, to

i lhed O - 1us;based maodified gliganucleotides can
b St%%%%%%qsedﬁ?g{i}%%glr? g?i%%%? ﬁauc?gltgqgc%ls R%gg HEPog s 1y een

Polynucleotides with phosphorothioat%backbones can be more
immunogenic than those with phosphodiester backbones and appear to
be more resistant to degradation after injection into the host. Braun at al.
(1988) J. Immunol. 141:2084-2089; and Latirner et al. (1995)Mol.
Immunol. 32:1057-1064. [00119] IMPs used in the invention can
comprise one or more ribonucleotides (containing ribose as the only or
principal sugar component), deoxyribonucleotides (containing deoxyribose

as the principal sugar component), or, as is known in the art, modified
crinare nr <rinar analonnae fcan bhe incornorated in the IMP Thiie in additinn




5-TCGAACGT*T*CGAACGT*T*CGAACGT*T* (T* = 5-propynyl-dU) (SEQ
DJ NO:196); 5-TCGTCGA*A*CGTICGA*GA*TGA*T(A* = 2-amino-dA)
(SEQ D NO:188); 5'-TCGA*A*CEITCGA*A*CG11 CGA*A*CG11 (A* =
2-amino-dA) (SEQ ID NO:197). [00124] As exemplified in Example 1,
« aulMPg, that maintain a duplex form at low concentration tend to be able to
Stimuldte IREECSPOdaR oAt R pINie Ko Srabivatiag eflorag of the
metholigndcledtictaformButiier)ghicrass-tnkingnh asdaeentdaserbag aRoyene
... When in duplex farm with their complemeptary sequence, certain modified
AT, TP I RE 0P ke g response o
weldag irgaiing Arfseenisianallyraicadaiiidiolor example, from Glen Research)
505 Sshydi gl dandswittibinstead of 2 ygrogen bands, as forme
@twie% dA and T SEQ ID NO:188, an an%n%%?%@é%%%?ﬁﬁ%nn?a?ns
molgcule usiaily aprolscRhich i orm BETIgE EBADPRSAI O SRR NG R2Pjed
Ty ieHms et dupey withelisRithon SERQMA, NP 18442 HIUSIRM and flare

chromatogg(r% hy data), Incorporation of these modified bases increases
out

AT W&} BoHitiCAdBH T RUE FHE Pa Ry ASFash TR ihrRe Fmall
subSte of $0bje: ¢88haiso aldtme deprotuit)immuheespolsbluddharpSed I @27
when hu i , nl of RAP..
r'ao Dou bIe-s@gﬁig%%ﬁ{@I%%N%%%%%r%gg? al%%%t t 'ré%l ?fr%lgglﬁ%’ Fﬁlﬁ%re not
limifed derdhess B EifidnstiaieibdSHD ID NO:188.  [00125] The preparation
mli)bﬂS’Ehm@E!gl%d&ﬁﬁmgﬁsrﬁ&@ ﬁ@@_f)ﬁ&&%ﬁ@f@%ﬁ%ﬁm of inc1l'$asing
aligenucleotides using said base-modified nucleosides as precursors, has
oS SRR ML R NE o LPC PARNILS H01300) # eagoo blrees
doss308802B0chbrsiiiziizeam duified inuicteotisesfhovenhekn kiesighed 1SOghat
O1dEYEBN B8, iINGERrated . by chemical synthesis into either terminal or

internal positions of an oligonucleotide. Such base-modified nucleosides,
(S nemtgsivenegfin inanBrathenmal pelsisn sotarotitjonueaietetey odrich
inveBracanisiotiiasd @enatiashim et @has R eRids AtIRHR AR MIGIRASIESH the

modified in their sugar moiety haye alsq been described (including, but not_
e S s e S abi et o peesmpion
theggmy.can be used similarly. [00126] In some embodiments, an

[ovmsnemesl el RelRrClERIdS, IS A0y gl following,

lengths (in bases or base pairs): 10, (%:é g%%ggggéé %8%& %éénsf% ;m
walEaad ?‘éﬁ‘bé 199 2.5156,054%5S Seser 2Pt 13,130 57 1QbuppEbrEdy Ao Sonabout
50-20; 4 pkdfebBl1Rsslthad Bbdr SO SRTedARIS 1R ImsEsomodylatany,
M.Qrol nucleoti %isagreater.tha,n agio t any of the following lengths (in bases

1Sbase paIre) 10 L3 ,Cgi@f?@??%?a@b?rﬁé?‘%,g 861251 1a5p thepgbout 1
nm S by 260 20168005 Ehfind 00 cEORrTE0int AA0 s 2R0Ph R0 iERARuch as

/ : 20000: 50000, Alternatel e immunomodulatory polynucleatide
ma e e Tonbe Bedcoee o
SYIiBgE, 2pOVrEs0 et Bl MBos:a7Hgs 506800250200 L& 1hRed 25rose
Wi FufLY P s 06y R0 abBnilidn b rd@odtndl ARG 20
m_~a|%;1depenudently _sKeIected I(gwerlimité?)lf%_l%;:b %E&%gg%%&%ﬁ%n E%V%l %-?00%6
bioggersgable mptsyaly eovs tegrh ddiosprzeniasee sobe 5ot S0a000may be
bi0280a1A0O6; ihBhasRetalildhBiiaviendinilisiess dhnathe RN dBomed
fmsorr(l)f ergbodi@?entsétgrg Q/I“I?hi% referably a%lg?ut 200 or less bases in

fefgth. o012 7 The hoention AiSoTSred BeBrdeeRiiah erader
majgralino mosolagsl polyitimiectide asdedgsipedehssbiprophienv eiliad senayc,

1 Ye2hEh ri iR For example - the method could be
Do O R 88 B
matgritler Bindisrdablaypidrrhest aH srsprayrvRaeibwhe Fitoatdyneme which are

known in the art. Other methods of preparation include combining an

immunomodulatory polynucleotide an an antigen. Antigen



[00128] Any antigen may be co-administered with an immunomodulato7
polynucleotide and/or used in compositions comprising an
immunomodulatory roolynucleotide and antigen (and preparation of these
compositions). '[00129] In some embodiments, the antigen is an allergen.

E es of recombinant allergens are provided in Table 1. Preparation
Sy AL SIS FaRMAOTOA T S0 PG BER BEHAERF ot
(e.gprepwfationesibragwieed hotiaiafieteen/g igﬁmﬁﬁéﬁﬁ%hrﬁi[ﬁ).iﬁﬁﬂwgﬁt al.

Q) 66. - S rgen.Lol p.1 (Tamborini..
o b A SR TSR S B
rhysiedppies pemdiinnsa Miapoproes ypamahsote digt@ phaps (2&2; «dudimt Shsed), such

lipdbPR0) #RoME R BIOV AR PR & WRidnlRd gta@%@ﬁﬂﬁe%@_g H'6[98Rerol,
Fel d] (Rogers. et al. (1993).41al. Immunol. 30:559-568), white birch

PhasphPY Al AT RSHIG BPART) BB ERIErD 808replee opynissHesound in
oil-dedatcabiergeesitoi pndndrErdidddgingaisliqhml phadQ00) drumTRal egically
. -625-629), and protejn antigens from pther tree pollen (Elsayed et at
e A RS M W e
andgyreqiene dHs mMilewsaanerk st iypinabiy ditgrsibiy e drbm iheduitpertacd
deviRDRBSHERIRN RigRAKRY {8 @i i ! eqfor

) Vivo adm%ﬂstration has betié%&rgeé%?%%%@ %ﬁgﬁﬂ%ﬁ@%ﬁ%ﬁ%&g o

] P
e R P B S oY el R OB RS e P RbC Si@Bnviter and water-
basall¢agesnufdsexdonple Ara h | (Stanley at al. (1996) Adv. .Exp. Med. Biol.

gsélﬁé g%;cwal ut.aller for ex le, Juq.r | (Tueber at al. ]$‘98 J.
s e A I H el et e B o

deggpdadin et orsito torap! (meog)disn BhysidlegicahenddiRm0 Geaoally, a
miSBERRARRIGRMO! fxaRBlerRen &t {REEIEAIRE (12943 AN 3% ofis

Allergy Immunol. 113:240-242); eqg allergen, for example, ovomucoi
mﬂf&?&% %8P BP VIS 10 AREhD 1 1 39 5 028193 Pt ik aifePgaRalBpman serum.
0] ptepnnvtaeipr-la ctagiddil (Briddabdd009) G ity Hespa@rg¥odable under
1 055- A llerge . example, parvalbumins.(Van Do, et a.
m e R o
biodegsadabisd ! &3 dagplledGice Jovep)atleass Fié efifbouisnenwerttes atfsmenisagh)

afibdterallergaetungdd ding batin abimitad:tan Eeyk 7 (Sowka at al.
igchenz. 255:213-219). Table 1 shows an exemplary list of

)Eur, J. Bioc el 5 '
Efﬁer eﬁ%etﬁ&er%%ﬁ%“ﬁ%%a&eﬁ%ﬁ%f RECOMBIART & Ltenredsige of the
raGebyphaiiEiye thRelerdote ANNLA LBy bE RUSTAGEAskredStifimpitabsiel as

RN A U BRI DV o
SCIAQEIEHEFEY- AN SSHMAIVERSH P Serfretseasia KiupisplDlprmiethemial,
midB0pI8:8reRIBARht microscopy or scanning electron microséopy (SEM), in
comparison with particles of known size or by reference to a micrometer. As minor variations
in size arise during the manufacturing process, microcarriers are considered to be of a stated
size if measurements show the microcarriers are + about 5-10% of the stated measurement.
Size characteristics may also be determined by dynamic light scattering or obscuration
techniques. Alternately, microcarrier size may be determined by filtration screening assays. A
microcarrier is less than a stated size if at least 97% of the particles pass through a “screen-
type” filter (i.e., a filter in which retained particles are on the surface of the filter, such as

polycarbonate or polyethersulfone filters, as opposed to a “depth filter” in which retained
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Phospholipase A2 Hyaluronidase (Hya) Muller et al. | Allergy Clin
immunol, 1995, 96:395402 Punter et al. S Allergy Clin Immune”, 1995,
95:1229-35 Muller eta!, ClinExp Allergy: 1997, 27:915-20 Soldatova
etAllergy Olin Immunol, 1998, 101:691-8 Cocach BIln g Bd901(Helmet al. |
Alle Ciin.Ir | i9§§ 98'1%2—180 Ma g 4 (a calyc n)Vallesetal. I .
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throfehla d@aratcat SticeERjicAlst gy 128888y L6 Tith Isakdafilieet al. Olin Exp
PE8Y9Y A8 Rl damaitdrileaattalatdnt Ach Alleray Immunol, 1998, .
. [ 115&2)%150-6 Mu%l_ler et al. I.B’iol Cherﬁ, 19917,‘ 20%136@%%8 ?nlthcrgfa .:er
PGy dyBHASIRRTRIBI2 1 0982 ArdBrasmatspak TinsEd sineadotr size
rangh 998istid &feBriasyesebMa GathimBuHrol Al 8130/ ASUHIAS &bl range,
d Biochim Biophys Act; 1998, 1397:27-30 Eriksson at at Em- | Biochera,
o S B AN GRS RS B O ERG) FORNSes 3P e gt iz
and/Biotlemdenysiakt1993, 22:303-13

[0059] The term “immunomodulatory polynucleotide/microcarrier complex” or “IMP/MC
complex” refers to a complex of an immunomodulatory polynucleotide and a microcarrier.
The components of the complex may be covalently or non-covalently linked. Non-covalent
linkages may be mediated by any non-covalent bonding force, including by hydrophobic
interaction, ionic (electrostatic) bonding, hydrogen bonds and/or van der Waals attractions. In
the case of hydrophobic linkages, the linkage is generally via a hydrophobic moiety (e.g.,
cholesterol) covalently linked to the IMP.

[0060] An “individual” is a vertebrate, such as avian, and is preferably a mammal, more
preferably a human. Mammals include, but are not limited to, humans, primates, farm animals,
sport animals, rodents and pets.

[0061] An “effective amount” or a “sufficient amount” of a substance is that amount
sufficient to effect beneficial or desired results, including clinical results, and, as such, an
“effective amount” depends upon the context in which it is being applied. In the context of
administering a composition that modulates an immune response to a co-administered antigen,
an effective amount of an immunomodulatory polynucleotide and antigen is an amount
sufficient to achieve such a modulation as compared to the immune response obtained when
the antigen is administered alone. An effective amount can be administered in one or more
administrations.

[0062] The term “co-administration” as used herein refers to the administration of at least
two different substances sufficiently close in time to modulate an immune response.
Preferably, co-administration refers to simultaneous administration of at least two different
substances.

[0063] “Stimulation” of a response or parameter includes eliciting and/or enhancing that

response or parameter. For example, “stimulation” of an immune response, such as Th1
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Mosquito . Aed a 1 (salivary apyrase) Xu at al. Mt Arch Allergy Immunol,
1998, 115:245-51 Yellow jacket antigen 5, hyaiuronidase and
phospholipase (venom) King at at | Allergy Olin Imnatmol, ;996,
98'588 600 MAMMALS Cat Pal dl Slunt et al. J Allergy Olin Immunol,
95 95:1221-8 Hothn nn at al. ( )%J AIIergy Olin Immunol 99:227-32
Tt 5 A8 Bplnaf?ela 529 EHG Eua i I terendar a

enhpesoativ Pl Srimptogo lﬁmnl(xsz,GstmnmbﬁﬁﬁN\bﬂ’ﬂ Iky@dlgﬁg%@);&ﬁﬁ@ ehkh & CcTLs)
medlbeiah e mmLagl 4997 00 72kcT Reutielpen.at al Biochem Bioph.

Res Comm., 1998, 247:7/46
inclydes, Jf%ﬂ&ﬂ@@l‘ﬁeﬁnéﬁ%ﬂe@:%mbw@@@t@m mucw %qeiﬂ&&ﬁatﬁﬁ Pt Gasteased

.| e al. 1997
i g SR L R

& ifmirofsidesicd B%de7ina nhwridomigel eptditijoreiiehgehaacterized, in
partjppeitin)cGIghtielst whitiBiohGhem, AQ9%, I?e?ﬁs%‘fwﬁg@ associated disorders

include, but are not limited to, allergy and allergic reactions, food allergies, allergy-related
disorders (described below), asthma, rhinitis, atopic dermatitis, conjunctivitis, urticaria, shock,
Hymenoptera sting allergies, and drug allergies, and parasite infections. The term also
includes related manifestations of these disorders. Generally, IgE in such disorders is antigen-
specific.

[0065] An “allergy-related disorder” means a disorder resulting from the effects of an
antigen-specific IgE immune response. Such effects can include, but are not limited to,
hypotension and shock. Anaphylaxis is an example of an allergy-related disorder during which
histamine released into the circulation causes vasodilation as well as increased permeability of
the capillaries with resultant marked loss of plasma from the circulation. Anaphylaxis can
oceur systemically, with the associated effects experienced over the entire body, and it can
occur locally, with the reaction limited to a specific target tissue or organ.

[0066] The term “viral disease”, as used herein, refers to a disease which has a virus as its
etiologic agent. Examples of viral diseases include hepatitis B, hepatitis C, influenza, acquired
immunodeficiency syndrome (AIDS), and herpes zoster.

[0067] As used herein, and as well-understood in the art, “treatment” is an approach for
obtaining beneficial or desired results, including clinical results. For purposes of this
invention, beneficial or desired clinical results include, but are not limited to, alleviation or
amelioration of one or more symptoms, diminishment of extent of disease, stabilized (i.e., not
worsening) state of disease, preventing spread of disease, delay or slowing of disease
progression, amelioration or palliation of the disease state, and remission (whether partial or
total), whether detectable or undetectable. “Treatment” can also mean prolonging survival as
compared to expected survival if not receiving treatment.

[0068] “Palliating” a disease or disorder means that the extent and/or undesirable clinical
manifestations of a disorder or a disease state are lessened and/or time course of the

progression is slowed or lengthened, as compared to not treating the disorder. Especially in the
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Mouse mouse urinary protein (MUP) Konieczny at al. Immunology, 1997,
92:577-86 OTHER MAMMALIAN ALLERGENS Tnqulin Gan7 at al. |
Allergy Ciin Immunal , 1990, 86:45-51 Grammer at aL J Lab Gin Med.,
1987,109:141-6 Gonzalo et al. Allergy, 1998, 53:106-7 i
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Bet v 2: (profilin) Twardosz et al. Biochem Bioph. Res Comm.,
seriegof ggses. Thus, an amount sufficient to palliate a response or disorder may be

administered in one or more administrations.

[0069] An “antibody titer”, or “amount of antibody”, which is “elicited” by an
immunomodulatory polynucleotide and antigen refers to the amount of a given antibody
measured at a time point after administration of immunomodulatory polynucleotide and
anfigen.

[0070] A “Thl-associated antibody” i1s an antibody whose production and/or increase is
associated with a Thl immune response. For example, IgG2a is a Thi-associated antibody in
mouse, For purposes of this invention, measurement of a Thl-associated antibody can be
measurement of one or more such antibodies. For example, in human, measurement of a Thl-
associated antibody could entail measurement of 1gG1 and/or IgG3.

[0071] A “Th2-associated antibody” is an antibody whose production and/or increase is
associated with a Th2 immune response. For example, 1gG1 is a Th2-associated antibody in
mouse. For purposes of this invention, measurement of a Th2-associated antibody can be
measurement of one or more such antibodies. For example, in human, measurement of a Th2-
associated antibody could entail measurement of 1gG2 and/or IgG4.

[0072] To “suppress” or “inhibit” a function or activity, such as cytokine production,
antibody production, or histamine release, is to reduce the function or activity when compared
to otherwise same conditions except for a condition or parameter of interest, or alternatively, as
compared to another condition. For example, a composition comprising an
immunomodulatory polynucleotide and antigen which suppresses histamine release reduces
histamine release as compared to, for example, histamine release induced by antigen alone. As
another example, a composition comprising an immunomodulatory polynucleotide and antigen
which suppresses antibody production reduces extent and/or levels of antibody as compared to,
for example, extent and/or levels of antibody produced by antigen alone.

[0073] A “serum protein” is a protein that is normally found in the serum of disease-free
mammals, particularly disease-free bovines. The most prevalent serum protein is serum
albumin.

[0074] As used herein, the term “comprising” and its cognates are used in their inclusive

sense; that is, equivalent to the term “including” and its corresponding cognates.

18




Pauli et al. 3 Allergy Clin Immunol, 1996. 97:1100-9 van Neerven at al.
Clin Exp Allergy, 1998, 28:423-33 Jahn-Schmid et al. Immunotechnology,
1996,2:103-13 Breinvieser et al. Biotechniques, 1996, 21:918-25 Fuchs et
al. J. Allergy Olin Immunol, 1997. 100:3 56-64 Brazil nut globulin
Bartolome et al. Aliergol Immamopathol, 1997,25:135-44 | Chem Pro a |
(major allergen) Scheurer et aL Mol immunol, 1997, 34:619-29 Corn

CopbditidApeyan)ilieispet at FEBS Lett. 1996,381:217-21 LehrerAIIergy et
"gl?liar Archimmunol, 1997,113:122-4 Grass Phlp 1. Phlp 2, Phip 5
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: 1 rofilin. fe.et al. Am J kespir Crit Care
lmnK/lu%gx,rl ggf} glﬁgﬁfzge%%% \%ﬁ%ﬁoe%“é% Pr%%eulﬁlgf%oﬁl FETREYE™ 60:613'

mnypomQsiraite RRlreckieda inyas (Orlim demshinatich99 8y 011268- 64
imnSebrastiket-abdBukBiREBENR il 998 e w08 Zhang ﬁhﬂ’!ﬁnk!ﬁfjﬁgé}g% ilgent,

1993, 151:791-9 Smith et at. hat Arch Allergy Immunol, 1997, /.
NSRS o CHHER S AIBHRF G90Y) 294G AlsEorHladsant. Alergy Bis of

the inventino 189D H6:3H6 A ndapdnbse: CoslafsliebAde AU pRanis-AaRal),

acceptable excipient. Pharmaceutically acceptable excipients, including buffers, are well

known in the art. Remington: The Science and Practice of Pharmacy, 20th edition, Mack
Publishing (2000).

[0076] Upon administration, compositions comprising an antigen, an immunomodulatory
polynucleotide of the invention, and optionally an adjuvant can lead to a potentiation of a
immune response to the antigen and thus, can result in an enhanced immune response
compared to that which results from a composition comprising the IMP and antigen alone.
Adjuvants are known in the art and include, but are not limited to, oil-in-water emuisions,
water-in oil emulsions, alum (aluminum salts), liposomes and microparticles, including but not
limited to, polystyrene, starch, polyphosphazene and polylactide/polyglycosides. Other
suitable adjuvants also include, but are not imited to, MF39, DETOX™ (Ribi), squalene
mixtures (SAF-1), muramyl peptide, saponin derivatives, mycobacterium cell wall
preparations, monophosphoryl lipid A; mycolic acid derivatives, nonionic block copolymer
surfactants, Quil A, cholera toxin B subunit, polyphosphazene and derivatives, and
immunostimulating complexes (ISCOMSs) such as those described by Takahashi et al. (1990)
Nature 344:873-875, as well as, lipid-based adjuvants and others described herein. For
veterinary use and for production of antibodies in animals, mitogenic components of Freund's
adjuvant (both complete and incomplete) can be used.

[0077] IMPs of the invention may be combined with other therapies for particular
indications. For example, in addition to an IMP, compositions of the invention may also
comprise anti-malarial drugs such as chloroquine for malaria patients, leishmanicidal drugs
such as pentamidine and/or allopurino! for leishmaniasis patients, anti-mycobacterial drugs
such as isoniazid, rifampin and/or ethambuto] for tuberculosis patients, or allergen

desensitization reagents for atopic (allergy) patients.
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Cryj 1. Cryj 2 (Cryptomeria japonica) Yokoyama et al. Biochem. Biophys.
Res. Commun., 2000, 275:195-202 Kingetsu et al. Immunology, 2000,
99:625-629 Juniper Jun 02 (pollen) Tinnhino et al. 3 Allergy Min Inamunol,
1998, 101:772-7 Latex . Hey b 7 Sowka et al. Eur 1 Biochem,

,255:213-9 hs et al. J Allergy Olin Immunol, 1997, 100:3 56-64
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107:248-50 Pot pratens s Poa p9Parronchi et al. Eur J Inununot 1996,

26:697-703 Astwood et at Adv Exo Med Biol, 1996, 409:269-77
Immunomodulatory nolynucleotides

[0079] In accordance with the present invention, the immunomodulatory polynucleotide
contains at least one palindromic sequence (i.e., palindrome) of at least 8 bases in length
containing at least one CG dinucleotide. The IMP also contains at least one TCG trinucleotide
sequence at or near the 5’end of the polynucleotide (i.e., 5 *-TCG). In some instances, the
palindromic sequence and the 5°~TCG are separated by 0, 1 or 2 bases in the IMP. In some
instances the palindromic sequence includes all or part of the 5’-TCG.

[0080] IMPs have been described in the art and their activity may be readily identified using
standard assays which indicate various aspects of the immune response, such as cytokine
secretion, antibody production, NK cell activation, B cell proliferation, T cell proliferation.
See, e.g., WO 97/28259; WO 98/16247; WO 99/11275; Krieg et al. (1995) Nature 374:546-
549; Yamamoto et al. (1992a); Ballas et al. (1996); Klinman et al. (1997); Sato et al. (1996);
Pisetsky (19962); Shimada et al. (1986) Jpn. J. Cancer Res. 77:808-816; Cowdery et al. (1996)
J. Immunol. 156:4570-4575; Roman et al. (1997); Lipford et al. (1997 a); WO 98/55495 and
WO 00/61151. Accordingly, these and other methods can be used to identify, test and/or
confirm immunomodulatory IMPs.

[0081] The IMP can be of any length greater than 10 bases or base pairs, preferably greater
than 15 bases or base pairs, more preferably greater than 20 bases or base pairs in length.

[0082] As is clearly conveyed herein, it is understood that, with respect to formulae
described herein, any and all parameters are independently selected. For example, if x=0-2, y
may be independently selected regardless of the values of x (or any other selectable parameter
in a formula).

[0083] In some embodiments, an IMP comprises &) a palindromic sequence at least 8 bases
in length which contains at least two CG dinucleotides, where the CG dinucleotides are
separated from each other by 0, 1, 2, 3, 4 or 5 bases, and b) a (TCG), sequence positioned 0, 1,
2, or 3 bases from the 5’ end of the polynucleotide, where yis 1 or 2, and where the 3° end of
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Ragweed Amb a ISun et al. Biotechnology Aug, 1995, 13:779-86 1
Hirschwehr et al. | Allergy Cith Immunol, 1998, 101:196- 206 Casale et
al. J Allergy Clin Immunol, 1997, 100:110-21 Rye Lol p1 Tamborini et al.
Eur | Biochem, 1997, 249:886-94 Walnut Mg r 1 Teuber et at] Allergy Olin
I z., 1998, 101:80744 Wheat allergen Fuchs at al. | Allergy Olin
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two-thirds G’s and C’s. In some embodiments, the palindromic sequence has a base

composition of greater than one-third A’s and T’s.

[0084] In some embodiments, an IMP comprises a) a palindromic sequence at least 8 bases
in length which contains at least two CG dinucleotides, where the CG dinucleotides are
separated from each other by 0, 1, 2, 3, 4 or 5 bases, and b) a (TCGQG)y sequence positioned 0, 1,
2, or 3 bases from the 5’ end of the polynucleotide, where y is 1 or 2, where the palindromic
sequence includes all or part of the (TCG)y sequence, and where a CG dinucleotide of the
(TCG)y sequence of (b) may count for one of the CG dinucleotides of the palindromic
sequence of (a). Preferably, in some embodiments, the CG dinucleotides of the palindromic
sequence are separated from each other by 1, 3 or 4 bases.

[0085] Accordingly, in some embodiments, an IMP may comprise a sequence of the
formula: 57-Ny(TCGN)yNw(X1CGX1 (CG)p). (SEQ ID NO:155) wherein N are nﬁcleosides
withx=0-3,y=1-4,w=-1,0,10r2,p=0or 1, q=0,1 or 2, and z= 1-20, wherein X, and
X’ are self-complimentary and wherein the 5° T of the (TCG(N 9))y sequence is 0-3 bases from
the 5° end of the polynucleotide. The lIV.[P further comprises a palindromic sequence 8 bases
in length or greater wherein the palindromic sequence comprises at least one of the
(X1CGXy’(CG),) sequences. In an IMP with w = -1, the 3’ base of the (TCG(Ng))y sequence is
the 5* X of the first (X;CGX’(CG)p) sequence. In some embodiments, the (TCG(Ng))y
sequence is separated from the palindromic sequence by 0, 1 or 2 bases. In other
embodiments, the palindromic sequence includes all or part of the (TCG(Ng))y sequence. In
some embodiments, when p=0, X; is either A or T.

[0086] In some embodiments, the IMP comprises the following sequences (palindromic
sequences ﬁhderlined):

5’-TCGICGACGTCGAGATGATAT (SEQ ID NQ:35);

5°-TCGTCGACGTCGACGAGATAT (SEQ ID NO:60);

5"-TCGACGTCGACGTCGACGTAT (SEQ ID NO:61);
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the immune response generated compared to the administration of the
IMP and the antigen as an admixture. [00142] In some embodiments, the
IMP is conjugated with the antigen. The IMP portion can be coupled with
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- (1987) Nucleic Acids I%g's’.g{ﬁgéog‘%%;@l?gﬁ%’aore(f/%t 4 thod7ysHshice! 20
wWheyes. X2 899 1u03)2014 Termta P4 minGeiotnns ISH atetheifooniintttey and
Whﬁ&musmﬂe?émﬁwrm @§9lseg¥?8§alﬁg@@i&éﬁ%@feﬁs’%@gﬁcﬂﬁ%@-
ugatio no-modifie .to amino groups of the peptide
pd%é%w@g(g%&%r%?%e as e%@ﬁﬁlé’&?ﬁs@@ﬁ%@?@??(‘f@%ﬁl&?ﬁ?ﬁ%’cﬁg’d@h or
greger 3z s gy nganibrrot teg kol nuodifiecs Hviite: (RrHEXyKgronnSaithet, )
seeentideean e peermed B! t A0 :
oot ot SR BRG RO

Oligonucleotide Analogues: A Practical Appr
S i O AT B K Ry i apse i dee rﬁ%’?@@ﬁﬂb soaMaahiokeide Bhafiihe

ﬁrso@anygammg%pxamvﬂ@m%m@]@;@w@g ¢h &mﬂl w=-2,
) Biaconjug. Chem. 2:464-465. . [00146] The peptide or polypeptide
e R e P e PP Lo 6 B
Seqa?n@ﬁmqméhqﬁib?éxmnééfp@megmp,thﬁ&hacg@eﬁmmmrmgrme(_CG)p)
(SEQigonslessjds during jis,RmEesis, Hefer %&Y%Eé‘:%ﬂ?ﬁa?é'g%ﬁ‘ e

is fixed to the solid support, a linldng group comprising a protec ed amin J

(0}
the pRBHIGRES b ExgPRS e %ﬁh anththeubBaRHbeansriliR RestreobthefTIROMN ),
sequaalentijiastach et tentie; srdyebionar, Adiaket al. (1986) Nucleic Acids

ARty AV (1087) NI AL eE TEF 100 Ct O Fadenyi

(TOGUNIgie #erdscR BsiehE7B84BIR1 8@;Blachofiietsedué38S7)0ANat Rieghe M. other
Bt 'ﬁfﬁ% t iG,Acids Res. 16: -10299;
emand U.gs,ﬁéaé:t%nt No?%lsgﬁé&g%g}l %4§§§§?ﬂf§%8%?§§§%%f§%e In
soms, R o VB BTa cHidRetHEIaP IR K, thinl Narrd € Xrboxyithen dtiorialitie some
emiatiniisetdope0yaentymiastxihg oigonycieatide;ig.a pepiide. Benoit et
at (1987); and Sinah et al. (1991). [001471 An HAP-antigen conjugate
can also be formed through non-covalent interactions, such as ionic
bonds, hydrophobic interactions, hydrogen bonds and/or van der Wools
attractions. [001481Non-covalently fifrked conjugates can include a
non-covalent interaction such as a biotin-streptavidin complex. A biotinyl
group can be attached, for example, to a modified base of an IMP. Roget
et al. (1989) Nucleic Acids Res. 17:7643-7651. Incorporation of a
streptavidin moiety into the peptide portion allows formation of a
non-covalently bound complex of the streptavidin conjugated peptide and

the biotinylated oligonucleotide. [00149] Non-covalent associations can
alen neecnir throiriaoh ionie interactinne invvolvziina an EV/IP and recidiiee within




[00159] Polypeptides suitable for encapsulation components include any
known in the art and include, but are not limited to, fatty acid binding
proteins. Modified polypeptides contain any of a variety of modifications,
including, but not limited to glycosylation, phosphorylation, myristylation,
j vlafi en, itable polypcptide is ane |
R ol
SSHPRERT oty activity thereof. Examples of binding proteins include,

but %emﬁm@emwpms@mmsm@%walbumm (BSA) and

2

pea albumin_ [00160] Other suitable polymers can be any known in the
pAiiata TARCEEWECIT SEQAODMOtesh o,
naturglly-occurrin lymers such as dextrans, hydroxyethyl starch, and

polysat : BolGinaréSEQRAMPIOO6E naturally occurring

polyrgessAGiu ' ti I harides, dextran and

Iipid? ﬁ%@g H?ﬁ;ﬁl;? e §C%X%g%?k?}e)%le Sﬁﬁﬁﬁ%ﬁ#@r Examples of

syntheticohumrersaieih arecuiiable Aaf wseiRdhepresent invention

include, but are not limited to, polyalkyl glycols (PAG) such as PEG,

polyoXyEEHyI DGROBA PO AS] h’ﬂs{gﬂﬂyﬁij}hwa;ed glycerol (POG),

polytrimethylene glycol (PTG) polypropylene glycol (PPG),

pBIVHdrossBer R bAEtRSRsy raE I aRAispreREiSR e seERe pbiabrpiiciacis!;
NpOIPEyIHREZ0HTSG CONACERMICREQ oty Wity DETliEoas (PN PelamIngH « =

acids, polyuret angd polyphosphazene. The synthetic polymers can
Ogl’s% b(l-:-j%i)’r%éar g}qgr%ﬂge%, g{l%s?t’i'gﬁ':(g%roégu@éﬁﬁa&zﬂom?ﬁé@é,xi are
- sbqeEIphiessian: 1ié shosuptly AP DT GGMG)E sifiereniSyrabesis from the 57
AAQRGR $00%64] FhenE | ation compositions of
ethe pres?e[)r%ﬁﬁventip%ﬁ gFre eith%%i@ggsgga?c eéﬁ%%é %eﬂf)lé)lcéerg %arses 1
e RoL S A TPt iR e R Emis ReA RS PR LemrisRA e ks GFRCGOOBE2]of the at

IeBheterDl MMSTX As0mphhpkeiss. meanaamaliarlipld parselssatletcaa,)),

. s.of a.palar lipi ed to face_an aqueous phase
e e e L B P Eipte v s, e
(hudeliresemmessis nerssitied froeiheatmnfremigeneralby boylindsicabases. In other
HYOIMREE) (RAHIRRIBHIS il , t} vesicles
“and th Ii@e (00163 ﬁ?ﬁ%ﬁ% %%%%a%%ﬁ%i%%y%s fSquence. In
S‘?r%%%ﬁ%ﬁ S SSORE. SrrrrTesifrgH s itausIRse Sotindronsgseuiatcs

uagtitjeed)liposomes appeared to enhance a ml -type immune response to

the antiger,-f é@é‘(‘}ﬁ{: %?E}(\{g&?gﬁéﬁ%g 814. As used herein,
a "liposome™ or "lipid vesi IS a smallvésiCle u5 ed by at least one
and mmm@@@m@mkmigs%fﬂﬁ@@ﬁz;bjposomes are made
artificially from phospholipids, glycolipids, lipids, steroids such as
chole&terok G TS AT aA0rRRaIon thesgnf by any technique
known in the art, including but not limited to sonication, extrusion, or
rd PTGTA D F R ETRPEFRSR it d MR Ay TEB D leRaBenAd nfdBo foemeam 4lso
NogIrogaily) cmdse Bdditaral ¢orsponentsosueh ama s e 1argetiNtes with x =
O_cgmgol%n\;\;g_l? anjeﬁtogd?tha a 'llgldl membrane” or "lipid b.”aéﬁr" need
Ot consist exc L’Jsive?y oflipids, bt can éﬁ&n’rﬁ‘ﬁ%ﬂly }:@Htéﬁheéﬁ? nitapbier” are
s@itrammpimsonentsdinthrelinthetsu Thot then{leC IOV g helestaceli a0g GHE from the 57
j ipid= [ teins of any length, and other ,
i A et B S
1?%@%&?%%%%% (opfiadurae seTsenhwichimgea thy drepiSBia X0 6G) of the at
1426 g arErabUisEuEsio)n QL Rambiang Hi 5L ia of
glogyby.J i (1994)%%3%? r%?ﬁg%%%@%% e
some

¢ olecul JE'B [
% 8§§33“ % SOTES: Hrony Bhy SRS oA R Ersaare AinSierensiare the 5°

J@SeCidds

h,

ipo
[00164] Processes for preparing Iiposor?lgs containing IMP-containing
compositions are known in the an, The lipid vesicles can be prepared by
any suitable technique known in the an. Methods include, but are not
limited to, microencapsulation, microfluidization, LLC method, ethanol
injection, freon injection, the "bubble"” method, detergent dialysis,
hydration,. sonication, and reverse-phase evaporation. Reviewed in
Watwe et al, (1995) Curr. Sci. 68:715-724. Techniques may be combined

in order to provide vesicles with the most desirable attributes. [00165]
The invvention eancompnaccecaeac jice Nnf |l M<e ~rantainina ticeciie nor calliilar



presence of sodium cyanoborohydride, sulthydryis may be introduced by
reaction of cysteamine dihydrochloride followed by reduction with a
standard disulfide reducing agent, while aldehyde groups may be
generated following periodate oxidation. In a similar fashion, the platform
aolssulesm @liq)pec ivatized to contain functional gimps if it does not
already pos@gss e{pﬁro%?iaat p#usﬁgﬁ%%cgl Z{Poﬁ)ﬁée? erﬁ?@ﬁa%ef“isiﬁﬁ?égﬁ@@%))y
TSRS OF Papraprd lspigtihs prlindswhit foguennésting bYIPtase antiges: to
elastdimeme eeWam auitakle igkers inelude;linear ol r lymers
of et%%g%glycol. Such IinLEérs include #nkér@%ﬁ]%ﬁeg%?ggﬁﬁ% Sequence. In
RIBIER B8 e B4 Asrentias o brvmg brsneipces 10120 mIr Soqndices
Riddriomed)protecting group such as trityl, R2=H or alkyl or aryl, e.g.,

4-nitroph ese linker eful in connecting a molecule

contaigniem%%%%ﬁgﬁzm%%%mamide, etc., via a

thioetherto@reeso G@WA@}W@@Q@%&@ : &%%?a{gi '}ﬂo group via an
egard to

amide bond. These linkers are flexible wit & order of
attachAiertGRCGBe@lcatiencauTiafonsed fisstorlast. 10017711n
embodiments in which an IMP and antigen are proximately associated by
adsorptioh-oitS A FEEEGATCHRS: (FRQ B lOthélfont of a carrier

i r.example,.a nanoparticle) made with either an inorganic or
2?‘%{%%%12%?%;%5 B R o e st B RETRGE
E}u’@ éﬁé@uw%&p@ﬂfﬁs:mﬁp’?mmmf@ nymf. m@ymgmtﬁ?%f
BORaRiates RanqQparticles e.by the merization of -
vrgér%zl;jﬁ ne majoné?e? A(lzli)zlﬁii]tiqé)pr?aItiécu%r‘h'g’?efﬂsg %02 ’v%ﬁi%ﬁ%% )flil\ﬁg) ?f&n?ﬁfe%z 1-20,
J bl A CRIE? bt st Titsoned-cantivkusthteny bod yisilase 5 T
e prOCBGRaBIeNaTOPlaBE-Other examales aheaHLARNIES Aley
RQyide erein, JPH%ZE‘ <éb\sc(mlas&)rgtlog f8$0|ynucleot| es‘and polypeptides
to a surface Yor the purpose of gefiv P)% T st searrasiorieandeclls
ReipenoRrie srtuFniteempBeriofimkBBlC OnNglas R al, (4880 IBMOREY) of the

AligsaB} axyj '3 - . (1987) In Vi _
; %ﬁlgé‘*%’iﬁ%%ﬁgfﬁﬁﬁ%%%ﬁi%rmg@@s. LR on 1P it =
KosSovstay & die S B aleriesionss sdhe Briieartibiyfitsie material
GopriSHgheGRisahET)sIEQDiNbiodeniagdahle. Adsomon:efaa IMB

Mﬁ igen face may, occur through ngn-covalent interactions;
mcludingrt.%oghp?(':’ é%gfg:{ égﬁﬁo%%) |C‘|ﬁn e%ec?fo a5t 50 Posss of G dreFNo)y
UHRACRNE RS VP as. Seeedly danathetitte XSHEDGIS: SUTERER, NA(GS), ) (SEQ
PaNCe 517 aia dNOle GHIRL Walg ymerization
c n%j}iong, mq(‘)%mer concentrat%ﬁﬁ%qﬁ?e(%reze?ﬂ’ésg SRBil SR G the
RRESERINEIIRTS BY Jed &8 158t5S1a% ethst crumminenis, Sua et dbuartenuence
‘patubtesimaybeibe (Tt top pxsmpiee e AR EAAN QA AINOTY, ang
p%@ aé?ﬁ;%{%g”qofﬁ%%%ma{‘ym antlr%g;é Carrier particles with T
e}dsorbec)il IMP ™ and/or antigen may BEFUHErREE AR StRet X1, X2, and X; are
GHthssrarreds. reracieimdiofostichothet suhstances foRYwIoE QXRBNRIE (palindromic
@qﬂgg@glagdlaﬁjﬁgﬁg of the particles once administered to the subject
rticles to a specific cell type or tissue, as

and/org,n(_giérél target the

descriBed e 4dd) akberyStalliad SiRFE@¥XBaNhich an IMP and
antigeR:r _ ribed (see, for example, U.S.
Patent%ﬁ%%f%%?ﬁg %}B& m%%%g}s gﬁﬁ%f&l\@lm Jdiameters oft um or
less) areoaterlwiivasiriane-encroy modbingIayes gt promotes
adsorption of polypeptides, polynucleotides and/or othér gharmaceutical
agents, AS GERUBECTOTS: RAERCEEHE0,83h fonexanwle, a core
particle is coated with a surface that promotes adsorption of an
oligonucleotide and is subsequently coa,;(gd with an antigen preparation,
for example, in the form of a lipid-antigefi"'mixture. Such nanop articles are
self-assembling complexes of manometer sized particles, typically on the
order of 0.1 um, that carry an inner layer of IMP and an outer layer of
antigen. [00181] Another adsorbent surface are nanoparticles made by
the polymerization of alkylcyanoacrylates. Alkyleyanoacrylates can be
polymerized in acidified aqueous media by a process of anionic

polymerization. Depending on the polymerization conditions, the small
narticleae tend tNn have ci7ac in the ranae of 20 to 2000 nm and it i




squalene or a vegetable oil. One preferred liquid phase microcarrier is olil
droplets within an oil-in-water emulsion. Preferably, oil-in-water emulsions
used as microcarriers comprise biodegradable substituents such as
squalene. [00191] IMP/MC complexes comprise an IMP bound to the

surfece@f@anigrocarrier GAcding duPdg s enaapsugied in the MC), and
preferably comprise multiple molecules of IMP bound to each microcarrier.

_covalent As will be tgn od by one of skill in the art. the IMP may
E@arfﬁ)%fflsgﬁmo? BiVatzed and the Composition of the microcarrier may be
NEE(SiIS )b Fintsafdd (6o RAdaI el desivber typl afhivdiemgdes with x
= ﬂ\% ired for,/M Pi,MQ(EquPE?i%Wjﬂnz 0,1023921sCovalendybendeding x .,

IMC complexes may be linked us,ln%gny covalent crosslinking i
Xor@pho| 8t REGORPHIAE M, 2RGTCHIRRE #he IMPobGreoR HPeeniodmmeg s 0-3
baSdtRIiaHP S 0RO HtR LAt aftal dNTiRIYN®. GurtBel esaiiae; paltb@sdior

sulfhydryl group) or. incorpqrate. madified (e.q., phosphorothioate
AL B e It MR LR Aoy BBkt St
(Hoerhicidrafiier allkestinkeEie€HXheXPARE M@ poridnswitiewith w=-1,
nEIMRIRLERR AR AliRreqs BePkobig MR (R Ri@sYiRblra),)

modified base at an internal position in the IMP. The microcarrier Is. _
segRsEall MY MBHMET TR RSB HTolete SCRTRGIGRANHIEA BCtiaatt-c-
la5tK pagy bedforTedoalijougiciiactionsl SrolRsIRY Ralarese it e et

r r, Iso be utilized. The IMP/MC is,fo y.incubating the
ikt Stchy st SR LR e e
Sap@xﬂaéérﬁ@th@mﬁ;(@ggimsmeeppeé?é&é of &hjmeﬁnl@iﬁhgmgéﬂémebﬁﬂbe
pﬁﬁﬂi?oﬁﬁ&%@c}@éi’xé@ RGN GOFRARISIRE @@@eﬁgﬁg%@qm'@éy W BiGE with it ents,

a covalent bond with the IMP). [00193] A wide variety of crossiinking
XN saRERFW AR the art, and include crosslinkers reactive with

a[oes] casbaxyhandisidiy diy Iy upapAesit Heliappareadiemonemfliskiimic
Sin tQ%easréh 16.se ction of a crosslinking agent and crosslinking protocol
Vot 8epen on the configuration of the IMP and the microcarrier as well as

the déSTFSHERRLICERES OISO TIHE Jerossiinker
may be either homobifunc | : %Irf ional, When a
ﬁ- %5% ggggkgf%é’xploits the same

homob i ohEHareross ke ry
moiety Gy {pAMP BB HC (P10, RSB dRG oSS may be used to
co-valently *link-an TMP and MC where both the IMP and MC comprise

one op'uTare Areecrmines)Getaralifugadmioressiinkers utilize different
moieties on the IMP and MC, (e.g., a maleimido-Nhydroxysuccinimide

ester MALCHE UeAeGBlaABANINAT g ST RY):on the IMP and a
free amine on the MC), and are preferred to minimize formation of
inter-ﬁi&}m&mgg%ggégg@@ Hreferable to crosslink
throu@a@é@@mgﬁiﬁe@@g@@@%@ g&:fﬁq@gjg)and a second

crosslinking moiety on where the second crdsslinldng moiety is

not presemoon hearicrasariecOue prefaged mettwdyf producing the
IMP/MC complex is by 'activating' the microcarrier by incubating with a
heteroBHIGCHAAGETS Sl A EPERMRIAGAYIMP/MC complex

by'incuybatin the IMP_and activated MC under conditions appropriate for
reactiénimmﬁgfgﬁ%ﬁ%er" arm between the

reactive mojelics, rie (g eactive molstern fhs ygssfinker may be
directly li . one prefefred embodiment, the IMP portion
comprises at least one free sulithydryl (e.g., provided by a 5'-thiol modified
base or linker) for crosslinking to the microcarrier, while the microcarrier
comprises free amine groups. A heterobifunctional crosslinker reactive
with these two groups (e.g., a crosslinker comprising a maleimide group
and a NI-1S-ester), such as succinimidyl
4-(N-maleimidomethyljcyclohexEme-l|-carboxylate is used to activate the
MC, then covalently crosslink the IMP to form the IMP/MC complex.
100195] Non-covalent IMP/MC complexes may be linked by any

non-covalent hindina or interaction inchidina ionie (electroctatic honde




[00203] IMPs may be administered as a composition comprising a cationic
condensing agent, an IMP, and a stabilizing agent (i.e., CIS composition)
for modulating an immune response in the recipient. See, U.S. Patent
Application No. 60/402 968 In some embodlments the CIS composition
may g als¢ 00204] The CIS
compaosi Ca . As will be
appﬂ?ﬂ*ﬁﬁd@%&:@ﬁ‘éhﬂ&%ﬁc@&w ﬁtﬂs %@&};’S'“O”S of the
invention will consist of a population of par icles of d nt sizes. Due to

thisialaGiy adsmoeanatidity dbe (sEe'1of trpgrgiticles in the
compositions of the invention may be described in ranges or as a

maxERHaANIMTICH Ak (SERIIPIMIOR)S are considered to be a

par §CL§% if at least 95% of the articles by mass) meet the specified
dimen %—m%%% éﬁﬁq B%N.Eté are less than 20 pm in
dianeiefcthen Aﬁ%@”ﬂ@%ﬂ@&ﬁfﬁ?ﬂ%efi%to consist of particles of less
than 20 pm'in diameter). Particle size may b& measured by any
consemeGToeddpu®GATShe antnagchuding filtration (e.g., use of a
"depth" filter to capture particles greater than a cutoff size), dynamic light

scaftefik§ ASEBRGGiIA D STBRYDIMEIuNY TEM (particularly in combination
with tr;la e Processing).and SEIvI, and the like. [00205]

Pre em@%ﬁ%—%% 1%Kc}f]tﬂ%e)’lnventlon comprise particles which
are lessihan akayiRy ggu@ﬁ@@n%g more preferably less than about 20
pm in diameter, although in'some emBodiments the particles will be less
thary'aBoGIE.IaGhOGTUEmME AT Bretpmsdipaiticle size ranges include

about 0.01 pm to 50 pm, 0.02 to 20 gm 0.05to 5 pm, and 0.05 to 3 jun in
diametdr SDOSD! ' She MISTeoihPositions may be

pre r mémmhe compositions, although it is
con%err:lttg%t@dé @rﬁfég >and optional

comporenissusrsiatcasids aRd aaigeR éq gin;latively

invariant, with stabilizing agents generally ran om about 0.1% to

0. 5%’WM@BE@WM@1@)§% and antigen

concentratlons ranglng from about 0.1 to about 100 pg/mL, preferably
S 3 : St ABF B NCLD!D;50 tiginal . The

he d
Z‘&?ﬁé@?—ﬁ%@%ﬁ e T Lo oK oh ot the mvention.
ThesmounakAE ik vanycemaes I IG A funcion of e

molecular weight of the IMP, and generally ranges from about 50 tig/ml, to

abo&t-2¢higim SOCOTTOX BRIV d:n3gsmL The cationic
condensing present in excess (in terms of mass) over

the RE'CHéA SR SEQIRKAG6Ne condensing agent)
to abo 1002071 Particle size in
the Clgl compm%ifrgag%mn é%ggr#o%f) ]ﬂ;’a’rlables The size
distrbutimmrefpaxtistesindne:AammResitians\k@ ks, modulated by altering
the ratio of cationic condensing agent to IMP. For example, altering the
ratic 6T CAERACYRAETSIOG e id WAME7in the exemplary +1SS/0.4%

Tween 85/0 4% oleate/pol mrdn B composmons can alter mean particle
size et G EDREN W dBENRIME);= 1 to about 45

um g—u f{:l ([J,IP i@%&% - MP 10 02081 In certain

embo 2 83tionic condensing
ageatmwe@@%w%d% Rigpjopjc detergent. In other
embodiments, the compositions comprise a membrané disrupting cationic
lipopeptide (preferably a polymyxin, more preferably polymyxin B), an IMP
and a stabilizing agent. In some embqgdjments the stabilizing agent is not
a serum protein (particularly not a bovide serum protein), An exemplary
composition of this class of embodiments utilizes a polyoxyethylene ether
detergent such as Tween 80 or Tween 85 as the stabilizing agent, with
oleate as an optional additional stabilizing agent. [00299] In some
embodiments, CIS compositions comprise immunomodulatory particles,
wherein the particles are made by the process of combining a cationic

condensing agent, an IMP and a stabilizing agent that is a nonionic
Aateraent In othear embhodimente comnocitinne Nnf the iNnvventinn comnrice

'.5‘ N g nnE s




[00219] Detergents selected for use as stablizing agents are preferably
those that are considered oillwater emulsifying detergents. Oil/water
emulsifying detergents are known in the art, and are generally
characterized by a hydrophobic/liponhilic balance (HLB) value of about 8

to ahc AP ly,, det ' rated into the particulate
coril%%&g‘A Efﬁr - %%E?sgggé%nﬁgﬁé{g;ﬁ%mlﬂs more preferably
abwtﬁédﬂﬁ@@qﬁ%%i@&eﬁ%'&@ﬂﬂ@&?(%’@[%b g&tgggmonomcate’ BLB
= 15.4; polyoxyethylenc(10) isooctylplienyl ether, HLB = 13.5;
polyo:BethylerE a0 GoNTEITIGdsale Gi-F- ERA TR 8D REaHajn
embodiments, the CIS compositions may also include one or more fatty
acids; Ur asMARSIERE GAAPEHTBAACGGRTAIN EROIDINGA 73);

izing agent component

embhodi ) afatty acid as the stabl
andlgafc\i[laq{ﬁj i0rasar HedtonarcymoHertdPiHe LoMgadifian, the fatty
spitigatasaRtahlizZing AP Lyl be different t ey <
used!u as the 'additional c’pmponen%x%&f%?gég%nﬁ@gfa in @%@% 388 xxais
10t Shin JB SRR SBP e tiah IR crargting Sreffont f5Q 16 BDCHHOR is not
A. alomsiang maynestnsateaied e mrsisatsacil) MRNLDsaialed
(paﬁ%. b,n%lgzé% %%{gés%gowg aturated (e.g., linoleic acid), although
monounsaturated and po yinsaturated fatty acids are generally preferred.
[00221)0EA66 ; SATHE (SEGmMNmsitjons will incorporate a

fatty acid having a carbon chain length of at least about 4, 5, 6, 8, 10, 15,
18, %r@g%%ﬁ%%é&%%%%ﬁ%%’% Batsy8Ds, 20, 19, 15 or 10
cartgo_q‘@@@)gcé%g @@% 3%?1%&%@ > the fatty acids utilized
in the Invention may have carbon chains with-aTength in the range of
abost2aFBACHI2ST IOAA CRAaTIE 1,20 sRslan atoms. [002221 Fatty

acids useful in the CIS compositions include, but are not limited to,

arachdbRIE He{dCaEE AL, GINTASEID ltid, Idgcosalnexanoic acid
eico;_ &9 gcuj E;geicgsanoic acid, %%g)tadecanoic acid, heptanoic acid,
hexan ; i = & QIRIEREcid, nayristic acid,
nonﬁ@m@@ggm@@g@@@%?g%ﬁw4%eic acid, palmitic acid,
pentadecanoic acid, stearic acid, tetracosanoic acid, tricosanoic acid,
tridetar T adt AEATReanaic ATids Riefienvedsfatty acids for use in the
CIS compositions include oleic acid palmitoleic acid, and linoleic acid.

[00223GREEHS iméimd GRthESHQEMINE, h; antigen is

incorp rf{ﬁ%' oIS 0 ition or administered in combination with
a Co?rS 2omw§%n8§%%§§%§éaé§ﬁgr@ HQ@?%}Brating an antigen may
incosperate discamigeadeia dhe eariquale EAmRDsition itself or be
dissolved or suspended in the solution in‘which the€ particulate

coNfpERIETISCOamTEed AN TENTESEYaY Bvingprporated into or
co-administered with a CIS composition of the invention. Methods of the
inventibhCIOSELE G ARSAHEIHETLREMP S0f/te invention may

part] i roduction of IL-6, TNF-a, IFN-ry and of type |
inte#ggg{]& H:I E&’p -ﬁ%ﬁ@%ﬁ%@%ﬁé@ cell proliferation
and@%x@@mg&g@@%?ﬁyﬁ f@?d}t{lfrentiate. The IMPs of
the invention may also stimulaté production of otHér cytolcines,
cheMﬂ@%@MGM%@AMQE@@m@mwding, but not limited

to, E!D-lo interferon induced protein 1010a), MCP-1 (monocyte
chemmodtFAEIaRt HETS2,IMEES 3DMIGAMIP-3b, CD80, 0D86,

CD%Q—T%PE% nd JVIEIC class 1. The IMPs of the invention may also
stimulate a@%ﬁ%@é&%ﬁ%ﬁ%&é@mémmg, but not limited to

2,5-oligoadenylate synthatse (2,5-0AS), interferon-stimulating gene-541C
(ISG-54K) and guanylate-binding pro?'n-l (GBP-1). The
immunomodulatory polynucleotides of the invention also may provide a
signal that retards plasmacytoid dendritic cell apoptosis. The
immunomodulatory polynucleotides of the invention also may stimulate
natural killer (NK) cell lytic activity. Accordingly, the OEPs of the invention
are particularly effective in modulating an immune response in an
individual. [00225] The invention provides methods of modulating an

immune response in an individual, preferably a mammal, more preferably
A hiiman ecombpricina adminictarina to the indinvzidiial an IMP ac decerihad




[00234] The invention further provides methods of increasing or
sitrnulating at least one Thl -associated cytolcine in an individual, including
IL-2, 11r12, TNT-P, IFN-y and 1F-N-a. In certain embodiments, the
invention provides methods of increasing or stimulating IFN-y in an

mdg ﬁﬁq gg rticularly in an |nd|V|duaI in need of increased LFN-y levels,
dihir FAPRRétdividual such that

IFNsY AS-§ ﬂ%@%ﬁx ¢l IFN-y are those

S '
havmg disorders whic %%gﬁ%{}ggg g%t?if%he a’gl inistration of LEN-y.
Such-disorirrs nelde reaale: Of s1igmmatosy)disorders including, but
not limited to, ulceratlve colltls Such disorders also include a number of

! GANCEDBIGaieHQADIdNapsshic pulmonary
flbro§|sﬁgl$FéF scleroderma, cutaneous radiation-induced fibrosis, hepatic
fibrosis § i@@é@@%&é&é@@é@c@@ ‘hébatic fibrosis, renal fibrosis
as wellaspihet %g i ?%ggl RYDe, chf  administration of
IF1\.1-y. Adminis rr??ﬁl? 8E Gb r@g@r@ (é/ ention results in

an mcneasem@%b&ad%@i&@@é@%%@@@@ﬁ‘@@&&@f?@%&?& (SEQID

NOsyépptoms, stabilization of one or more symptoms, and/or prevention
slowing of progressmn (e. g reduction or elimination of additional lesions
or symigtEing isbeder IHIAITe 6PI0RdD CALEN:y. [002351 The

met o ggg Rggn maél be practiced in combination With other
theraples %g PERE R ie disorder, such as
admyniggyen AL RRHNBMBBIAN AERlS a?gg%}a% Systemic cord

costeroid therapy (e.g., cortisone) in In certain

emBOdITENETTE GANANEAGKIGIas (Rt esdg offcreasing type |
mterferon |nclud|ng IFN-a, IFN f3 and IFN-co, in an individual, particularly

P 1A Ad Bfse IDR¥exfEon levels, by
adn%i;]&s amo nt of an IMP to the individual sudh that
typ€ [i b= A RIS BB BREAR: the

unthm@@ﬁmﬂw@efmf 8 s gigdual

particularly in an individual in need of incre 1s, by

adnﬁhm@mmmﬁ@@am@mmwm&mm ndiviggal such that
1.1- N -a levels are mcreased Individuals in need of increased IFN-cc are

; e 3o AIPQEPYRY LB The administration of
IFN< but not limited to, viral
mfecsziillor?;a %’l %{ﬁ% J}H: (()%%?ea&g% Whieh increased
productioac highartevels e iba (s A83iEdhsgMP contains at least

one palindromic sequence of at Ieast the following [éngths (in bases): 10,

12, Y4ATCa X QOCRRQACHE@BHT HE@MI NOSgn)e embodiments, the

IMP_contains at least one palindromic sequence with a length longer than
K894 somqsodbedimanimin SR B Ay soMIPSnarsgoedencttivitimthela: 5'-

NX(WQGNQ)LWKHL&M3MEG@§§J%&\F@ *R’f@s @@ﬁ&'!{(ﬁjﬁ 60) wherein N are
nuc?eomdosr%;{%n of one orJ’nﬁ‘te symptoms stablllzatlon of one or more

ptoms, and/or preventin o%’s?om}mg’ b rogrelsioh =g, Foademrhzor 1-20,
Wh@ﬁm?(atanﬁ\ 3f algitidia)’ |6&iand By’ synptoms) afiie Qi&@?%&vgygh
contBRRRALSIAIE N, TE, LP%?%OL&%@/?) ntion may gractlc din

combination with other t erapies w ésﬁﬁuﬁ% s’tgan Upehep” end
of theeelixereiartidec Rhss Ma fitkar soomdfeantalirdrayiris fonsirat infestionsoth

or gRAAB8AIsR proyidad e {ﬂé;gg Q5 gy&lﬁg leyels, particularly serum
n individual aV| an I E-related disorder by
Q‘Ilagg?%%‘s%éé%ﬂ% Zr’éae?fﬁe%‘ﬁ\?& Ar%% qﬁﬁﬁaoe“dltﬁéﬁha%mal In such

methods, the immunomodulatory polynucleotide may be administered
alone (e.g., without antigen) or administered with antigen, such as an
allergen. Reduction in IgE results in afamelioration of one or more
symptoms of the 1g-related disorder. Such symptoms include allergy
symptoms such as rhinitis, conjunctivitis, in decreased sensitivity to
allergens, a reduction in the symptoms of allergy in an individual with
allergies, or a reduction in severity of an allergic response. Accordingly,
the invention also provides methods of treating an allergic condition in an

individual. In some embodiments, methods of treating an allergic condition
inchhide adminicterina the immiinomaodiilatorys nolv/niicleotide with a




[00244] The LW can be administered in combination with other

pharmaceutical and/or immunogenic and/or immunostimulatory agents, as

described herein, and can be combined with a physiologically acceptable

carrier thereof (and as such the invention includes these compositions).

The IMP may be any of those described herein. [00245] Accordingly, the
(A o B S ST dF COMLIHRTANR B3 B ehaenssoBarapEB i v -
1, tegerissinal adiqoc e e bnitadetn ey OIsiNer Addyants and antibodies.

. [0Q2 ' j pgeni mpasitions, the immunologically
O“é%%&%%%%ﬁ%?ﬁt@b%@%% T oteatEsar de AN pith w = -2,
the fimUilatitr(icasvarnydiadet) endtihe itidividsi@le.\ihe) SOBEHEOIT BIOrOEN,)),
squéﬂkege%gﬁtﬁ?ﬁﬂé%ﬁg’f?e%‘é@%{ Q,pRe ?%Ied in the art, Factors to be

considered include thé antigenicity of antigen if administered, whether or

it e el e<admini St GRA 80 dalEhtipaitachdd to BAP with w = -3,

theagiepeantisielivery, maleraandigantigen. route b admnisration.and.ihe
(i.e.r;:lla%?’r of |mn§1 ma{né? dos$s to be administered. Such factors are known
[

e aPPSERATERE T twin HHE-OM B theSe Si-tie B s riemectviely, of the
frstiSteXnHa S COREOIK UREUS CROGHIBATAIoNOY su)ialiedesag srange is
; desi maodulation,of immune, response (e.g.,
o e R T e AR R ey 0.1 on

2 basstgErotbacaRedirents fisieabiodues v arnyerisedneufie g ot fities
(TCleeigy mpdialion KHEhHIBEHRRIRONSRIS the Antiger:, Generally; 405a08 ...

is.determined by the amgunt of IMP administered to the pafient, rathér

I ey o VR i et

sequwefsidsdigedianges of the IMP, given in amounts of DAP delivered, may
he, ga_ﬁ@@f@égqfw@gm %%I‘B%}QN@A%%? Ito 500 ug/lcg, 100 to
400 ng/kg, 200th 300 ug/kg, Ito 100 tig/kg, 100°to 200 ug/kg, 300 to 400
ng/kg; PIBTIEGO0QBATIRE Ahe TS D (S B GIMONTY: giggn to each patient
depends on pharmacological properties such as bioavailability, clearance
rateand AT SEARGEEAT (COATGLARS RAfEDtNG AMpunt and

met o,gé) 'Fg rJIl : ' particular IMP formulation can vary based
on t ﬁnéw%jm%@ﬁﬁ%wﬁmﬁ@pg of Qisorder, the stage
withe diseaseAndiolsr ariare mUeoL 'Qé“e?s%‘ééa'i's%‘ée'ﬂ e At s

routeé% of administration useful in a particular application are apparent to

NulJEE Rl virie GHORSaiSs Bl RR BROFAHER HehstrimPeanotUirisiosides
wittoxtefticaly darmar, +ranstiennal; fareeogal (epigesmal Parenteterein X,

strointestinal,,and naso-pharyngeal an Imonary, includin
o e A P Ty B AR
seqpPatdes-8 %@M@W@én@dinﬁ’t@ ooimpogititiddo Etalin® figheecomprises a
pﬂﬁﬁ?&ﬁﬁ@&‘%&g fhaut I M@e@&%ﬂé&%%@blg%gdlr%\ﬁ%% Tuk}a% comprises

absolute amount given to each patient depends on pharmacologica

the Spshehia SRS hio &6 Attt crarEnte RS Eh FnaiE)pr(SEQ ID N0:220)
seqaenadnistrativie WR0248] f\sndeserlad hrreiadR %C%}? éﬁs‘gegg@ &é%eV%HB(P% .
e

B an 51 1 e A a 2l TSP BB A e
pengirpriesent oeldtivélythigh tbontiemiration, lisfprefemsedo HRQ24BThE,

by
seqaeﬁét,e&teiﬂl\é%%%ﬂ&%?%%pfé\é@é ,Wylu?éiﬁ:”s% @%@@é&%@ﬁ@ﬁ%ﬁ&%

including, but not limited to, physidlogically acce
NOstthhiisnere dpriommyaBodimcgtIha i Natimiristrtonsipafoteinstante,

palbyiRessieher Qaﬁl,dlm hawinodlispersed dherein ﬁﬂ%@%&ﬁ%gﬁ%iﬁ%e

.__direct administration of a delivery system into incisions

o it A R i e A SRE ot e och
Creams, rinses, gels or ointments having dispersed therein an IMP are
suitable for use as topical ointments otwound filling agents. [00250]
Preferred routes of dermal administration are those which are least
invasive. Preferred among these means are transdemial transmission,
,epidermal administration and subcutaneous injection. Of these means,
epidermal administration is preferred for the greater concentrations of AP
Cs expected to be in intradermal tissue. [00251] Transdermal

administration is accomplished by application of a clean, rinse, gel, etc.
ranahle nf allowina the IMP to nenetrate the ckin and enter the hlaond

OLHESOE G HAESHZA O A




skill in the art, pills or suppositories will further comprise pharmaceutically
acceptable solids, such as starch, to provide bulk for the composition.
[00261] Naso-pharyngeal and pulmonary administration include are
accomplished by inhalation, and include delivery routes such as
intranasal, transbronchial and transalveolar routes. The invention includes

eithep i tidh o519 RIEPadimamte fBF Ak o toriisy folnaagcdeiceifylibitomic

sequratdomieditedjiquid suspensmns for forming aerosols as well as powder
for s. Devices suitable for
@5{8&%@60% &5 % élﬁ%ﬁ)%?t Aiflt)clude but are not
[hmteﬂltgbn@é@m%etaeta@go%'mﬂﬁnﬁ9Qu%%t§e 2 9&{088%{8%%@%'3“9“

dellve;{g‘dewces 002621 As is well known in the art, solutions or

N Ly D s atisfor e e i amkhRiR BB NG betakerrinirmean
nuclseiidde eity-0n6-8y yrOTS) otvthestotj ox/t{lrmg 1ce;nzp%9erlttls1 agis;tea[]l Iplogl &ug%g n 1-20,
such.as r injecti ution, fixed gils, po yet ylene g ycols,
Wher Ve rgt'“té\é(?o<E £E)enfif\‘%sfy B S Gy *sy%ﬁtsgt? OB e BT s T
of tbe&ﬁ&él&éhzquem ®B h@mﬂmm@é’mmmmmamasmmic

furtGidAERRAUDRiRUiG: chelaling PORAS SHARAS, gsater wherei

ethylenediaminetetraacetic acid; buffers such as acetates, citra es “or

Pal R AECR PR BB HES Y et O TorTeiny SUEHERSIBOMUAA ) of the
at letend EOKiRUosenkean oG rstegitioaeids QL RaReS IS Ye VS with w =

chloric.a m h drox eral preparation can be
= end{o,oge wﬁsgtlm@&?g\? %usp%saﬁ% I%‘Fr%-gg gf Bie dose V|alls made of
X s OC6IEsHE XI00X83) (RE (T &IkADy neguthesar phaviRaagitical2, the
pen%ﬁ!ﬂﬁ&ﬁd%‘@“&é&ﬂ&at@'%@raﬁa%é%%&%%'Qc Hﬁ?ftg{gger ?gﬁtﬁé&“ 'ons

(where water soluble) or dispersions and sterile pow

SCqRAETARO R TE o his?P FﬁiﬁﬁtﬂF%ﬂ@ﬁﬁéﬁtQ&E%@ﬁ&@%ml%d@@@ (SEQ
D Nommamqmms anainistralion wsiale eakjerslineiide Bhysialegica) )
cterlost e, water or ELT B SF, Parsi NI or
et gt A RO R o
seqyafitertsibesh suldtbeafit st oeimectxebnofitht Sasy SPHIGAIGHIGERKIIYCG),)
(smgm@g@t%%tqett@eﬁgegmﬁem@mw ?'L@ AT 2 Sggfated

preserved agalnst the contaminatin é;@actlon microorgani

ﬁO%‘JLi}ﬁ SRR RS OTher Cines- P BT aBRimesis capesigrpmmic
Semdwmlﬁdtﬂalhm@afmfeka(ﬂmeﬂwﬁwaqﬁﬁﬂﬁaotn@@ﬁ«e%ﬁ%eﬁﬁwmpI@hen p=1,

: lyc ; d.liquid poI Iene col, ndthe like)
Xl’an %Kt%g%%or%%gre%%r‘%re?’ ge propegré HF CARBE Mt ?ﬁtéa’of%]ix" X2,

andefta AP REIBYALE TisdugPme embndisen, f BdRvembyistsshnfiliteremee ahces

@dﬁgﬁg@g@@&ﬁ{g@@é@e@@ the ease of dispersion and by the use of
Prevention of the actlon of mlcroor anlsms can be achieved

surfacta
by \?ar ot artibactetiat dt antfinge ‘dftample, parabens
ePanel. m%'&%erﬁc&r%%ﬁ § thlmerosal q%ggcgho ke It %9

referable to include isotonic agent ?or EXam] sle sugars, po

(N et ritel; Sorb el S e HBRID |N®hé@mb®smdﬁ aﬁmicingedbs
Wt’t@b{SQUJBI 05n=0f Ihevinjectabl %P@'Bp@s;ht'i)rlﬁ‘cénl be brought qbﬂ)u'tx;ﬁ&em X, and

incl 3{@% e com osition an agent which delays absorption, for

Xiefd iR FOTRER LS 4R HRmRR hq G0 3 o e KRBk RmstaHence
is (ep ﬁbleearﬁ:omehldaesimﬁttﬁhl& p@llyﬁtﬁhﬁtﬁ&n bﬁeﬂtﬁpaﬁa@l@wdﬁgﬁm@@m&t@mc
ge @g}llgggcé)algyg in the geqn pm ({1 é)&g? r|ate solvent Wlth

e

“one oracom |na mgre I6nts efumera clgé’éﬁfﬁsg% e furst

(Clalictwed By Fifie ﬁé@hgt@rlnmmn (@@h&@w?ﬁigﬁ@bm&ﬁ@ prENarekby
incorporating the active compound into a sterile vehicle which contains a
basic dispersion medium and the required other ingredients from those
enumerated above. In the case of stefite powders for the preparation of
sterile injectable solutions, the preferred methods of preparation are
vacuum drying and freeze-drying which yields a powder of the active
ingredient plus any additional desired ingredient from a previously
sterile-filtered solution thereof. [00265] The choice of delivery routes can
be used to modulate the immune response elicited_ For example, IgG

titers and CIT. activities were identical when an influenza virus vector was
adminictarad via intramiicectilar aor eanidermal (aene Aairin) roriteac: howevar




[00275] The kits may comprise IMP packaged in any convenient,
appropriate packaging. For example, if the IMP is a dry formulation (e.g.,
freeze dried or a dry powder), a vial with a resilient stopper is normally
used, so that the EMT may be easily resuspended by injecting fluid
selIQHON NG IRAY ek EEA T St NoBrasient IRMRYARIS e e,
A6Stres (e.g., sea eanIass of resilient stoppers are most convenlent?y

lagi}8tbfoediof feb fEIERMANbrismENvRralse eohasnibraetd@ad adikages for
(458,10, 2ombinalten Withe $Bacio f8\iEs. SHEN BRI AR BRBIRR AR e

administration device (e.g., an atomizer) or an infusion_device such as a

(BafADabseayess FelerHat AR furRa iy t S FReRe L b PN gdiaessfp other
eﬂﬂﬁiﬂ!_ﬁ%ﬂﬁﬁﬁ@@ﬂﬁﬂ@@l@s@@f@@e idhsiag Srbeshief wma\m)y sequence. In
amnisraton fa e ptended method ofuse e conielanis of WA RRY

Ckages (e.g., multi-dose packages) or sub=uni

cotopes:s| istfolbtivng swppiied (paifrsikitsiobthechveantionized typically written
instrustiops, ppG-dpbel oF ppekree INERH rong: RaReT sheet included in

the kit), but machine-readable instructions (e.g., instructions carried on a
NegrEtFer vticangiasageaisidtasenalsh acceptaliein 0O29Q ID Samess -

bodiments, the kits. further comprise an antigen (or.en re .

RS whchERes, o ey o pBad B S AT R
iffiopendentbrickesttde TPRtspntinen Wb evbbarrde Sevibest THepéhhy) maoRegN = A
oI Certain embadimentsc g kits, ohike IDVERNAR COMIER FEHMILIMNRIP would
form of an immunomodulatQry _polynucleotide/microcarrier complex )
DAMPIVE) Hrid mayPRATHTERARR LS 2 SEY 6P SRRy MG RSO
HESHUGROEROaRING: 15 the 66emidhe tMBiMReanmptex-tfrany Obihe In some
methods described herein (e.q., | uno ulation,.ameligrati Rz
i R G e e P9 155
intyeasimefarbly lewdls Tosamsetivhadingal o EVRamsapdisoedar) of fooRpofs
dBssame ImeRs mbiteey: 18s 1ﬂ‘6€§1t{9@s<%9£?é?ﬁi§? oatesials ftbodiments of

roduction of IMP/MC complex geperally include separate containers of,
NP PR BRI GH FEER A IUF RIS e R Vo broau g e

MéEeatissupplied, mierdh@n preformed MC. The IMP and MC are
pr v.supplied in_afar ' rmati i X .
it s eS| @%‘ﬁ%ﬁa%%%ﬁ%i%%ﬁ% feast

aiseritHensiP Ay roreormbldinsmiscan M ronteay 8l detsherdrriindremaic sequence of
sonfigurationoisiadsenprefer sakwhendhe VP anddMG, are 1o be, 050 38linkeeme
via a heterobifunctiopal crosslinker; either?I%/IP or the MC is rﬁ}@pl'ed in an

R R S L T RSB e RSP SR INeT RAT Lo B ¥Rer SUERS

Haet i meiedytire asiinvdonith stye dhde dis cavailateiel) asef0D 2B KT HENYIPIdd @nce, if
ggmplexes comprising a liquid phase MC preferably comprise one or more
onitainers including materials for producing liquid phase MC. For

ex4PApiS] An ivEymOddeisroiPnyweisréta mgioeP MO Ay Beriprs érisfications

OF AFe-CANAINS IS CONRIRING- 2B RILRNRAS &AM ) AYUSRHSRDISEBAEH or 5°0H
contents of the container are emulsified tQ produce the MC, which mag b%

ERRHETRRATRAOEA S TR 5t RAERIORS TR GOHRCR B TEerT RoRRAB
inedipesatasohydrepishie moisty Vatich naterialéfiealtteaniladibateeiow.
or praduction of ojlin-water. emulsions, or containers of | llized
T S e (o A P OB ¢t T e e
suethtaiitpplosroneanstisreoontsiriérhofantarpiselieophriesects roagh Watson-
Rhasmaseytically-agcentable agurossduifien bceriainenbodimaniagihe)
kits of the invention comprise an MU in the form of a cationic condensing
agent - lIvfP - stabilizing agent (CIS) composition in one or more
containers comprising any immunomodu?}ory CIS particulate composition
as described herein. Alternately, the kits may comprise one Or more
containers of the components of the CIS compositions of the invention.
Configurations of this embodiment include kits with a container of
IMP/stabilizing agent mixture and a container of cationic condensing agent
and kits with a container of DAP, a container of stabilizing agent, and a
container of cationic condensing agent. The kits may further comprise a

suitable set of instructions, generally written instructions, relating to the
1eca Nf the CI< narticiilate combpocitinn for anyvy of the methnde deceribead




412 749 8 583 4036 3.2 203 4073 1.3 39 887 0.5 15 108 0.2 11 50
[00287] As can be seen from the results presented in Table 2, the
capability to induce IFN-u production increased as the IME dose '
decreased and became optimal at approximately 3-8 pgthil, after which

[9AL0ALthvi i Peong dsdthwrithcipbe. casddxmha@aax%m&if%m&&&%d/@%&

: 0, onars e ulated, with 20 ug/m1 of IMPs
mc%%gcgongi%gs ar% trfl%gsgt&grg ﬁ%%on o?n'}gE?%l %@d‘; e e detioninseyclic
sequeBee Glndisras serwdeaodelingdong the polynucleondes tested were:

S-TCGTCGAACGIICGTTAACGTTCL. QE%B@Q&).‘AACGTTCGAAT-
-TCGTCGAACGTTCGTI (SEQ IDNO:T2) |

-TCGTCGGAACGTTCGAGATG (SEQ ID NO 14), 1
(SEQ'IDCBIBBTGAACGTTCGAGATGA (SEQ ID NO:13);

e e e G-

dou@emm@m@exmm@mﬁda;(&ﬁ@d@trd@ 3b)50me embodiments, the IMP

mgnlegﬁgﬁﬁ% gg&@g@aé%?ﬁce (SEQ TD NO:9);

CGTCGGACGTTC D NO:16);
TEFEEPACFRESHES KBTS’ 6$EQAD@\T©WCGTTCGACGA (SEQID

NO&?T@@@’WJ@@@E@@A%WW KINO:18);

T R R R E AT g(sé %T%%Q%@ACGTTCGACGA (G*=
7-dep2F &ARCG AROGD NOGAKASEGITRG: LERQHIRNOE) 1D NO:1 83);

, G .
3 T AT B R A mnaganea (av=2-
i e AN IO N PEVICSIID Pt slgnor vas
5> TaETagRd et MSANATMS Ase RIRSRHEFIA JRBIE R caacaa (A% =2-

amino-dA; T* = 2-thio-dT, SEQ ID N0:189 / SEQ ID NO:29) (duplex is SEQ ID NO:185);

5’-TCGTCGA*A*CGT*T*CGAGATGAT/ 5 -ATCATCTCGAACGTTCGACGA (A* =2-

amino-dA; T* = 2-thio-dT, SEQ ID N0:190/ SEQ ID NO:29) (duplex is SEQ ID NO:186).
[00106] An IMP may contain naturally-occurring or modified, non-naturally occurring

bases, and may contain modified sugar, phosphate, and/or termini. For example, in addition to
phosphodiester linkages, phosphate modifications include, but are not limited to, methyl
phosphonate, phosphorothioate, phosphoramidate (bridging or non-bridging), phosphotriester
and phosphorodithioate and may be used in any combination. Other non-phosphate linkages
may also be used. In some embodiments, polynucleotides of the present invention comprise
only phosphorothioate backbones. In some embodiments, polynucleotides of the present
invention comprise only phosphodiester backbones. In some embodiments, an IMP may
comprise a combination of phosphate linkages in the phosphate backbone such as a
combination of phosphédiester and phosphorothioate linkages. For example, in some
embodiments, the IMP comprises the following sequences (“s” indicates phosphorothioate

linkages):
5’-TCGTCGAAACGTTTCGACAGT (SEQ ID NO:62), all phosphorothioate linkages;

33




Table 3. Human PBMC Assays -IEN (pg/ml) test or control (SEQ ID NO.)
IEN-y LEN-a 2 (non-IMP) 11 50 1 (IMP std) 205 141 27 335 842 5 297
517 35 308 686 12 153 157, 14 340 576 113

5’-TCGTTCGAACGTTCGAACGA (SEQ ID NO:88), all phosphodiester linkages;

5*-TsCsGSTTCGAACGTTCGsAsAsCsGsA (SEQ ID NO:89),
phosphorothioate/phosphodiester chimera;

5’-GsGSTCGAACGTTCGAGsGsGsGsGsG (SEQ ID NO:26),
phosphorothioate/phosphodiester chimera;

57-TsCsGsSTCGAACGTTCGAGsGsGsGsGsG (SEQ ID NO:33),
phosphorothioate/phosphodiester chimera;

5’-TsCsGsTGCATCGATGCAGGsGsGsGsG (SEQ ID NO:34),
phosphorothioate/phosphodiester chimera.

[00107] Sugar modifications known in the field, such as 2’-a]koxy—RNA analogs, 2’-amino-
RNA analogs, 2’-fluoro-DNA, and 2’-alkoxy~ or amino-RNA/DNA chimeras and others
described herein, may also be made and combined with any phosphate modification.
Examples of base modifications (discussed further below) include, but are not limited to,
addition of an electron-withdrawing moiety to C-5 and/or C-6 of a cytosine of the IMP (e.g., 5-
bromocytosine, 5-chlorocytosine, 5-fluorocytosine, S-iodocytosine) and C-5 and/or C-6 of a
uracil of the IMP (e.g., 5-bromouracil, 5-chlorouracil, S-fluorouracil, 5-iodouracil). See, for
example, International Patent Application No. WO 99/62923. As noted above, use of a base
modification in a palidromic sequence of an IMP should not interfere with the self-
complimentary ability of the bases involved for Watson-Crick base pairing. However, outside
of a palindromic sequence, modified bases may be used without this restriction. For example,
in some embodiments, the IMP comprises the following sequences:

5-uCGuCGAACGTTCGAGATG (SEQ ID NO:21), u=2-O-methyl-uridine;
5-TeGTCGAACGTTCGAGATG (SEQ ID NO:22), c=2’-O-methyl-cytidine;
5’-TCGTeGAACGTTCGAGATG (SEQ ID NO:23), c=2°-O-methyl-cytidine;
5’-TBGTBGAABGTTBGAGATGAT (SEQ ID NO:28), B=>5-bromo-2’-deoxycytidine.

[00108] The IMP can be synthesized using techniques and nucleic acid synthesis equipment
which are well known in the art including, but not limited to, enzymatic methods, chemical
methods, and the degradation of larger oligonucleotide sequences. See, for example, Ausubel
et al. (1987); and Sambrook et al. (1989). When assembled enzymatically, the individual units
can be ligated, for example, with a ligase such as T4 DNA or RNA ligase. U.S. Patent No.

5,124,246, Oligonucleotide degradation can be accomplished through the exposure of an
oligonucleotide to a nuclease, as exemplified in U.S. Patent No. 4,650,675.
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[00109] The IMP can also be isolated using conventional polynucleotide isolation
procedures. Such procedures include, but are not limited to, hybridization of probes to
genomic or cDNA libraries to detect shared nucleotide sequences, antibody screening of
expression libraries to detect shared structural features and synthesis of particular native
sequences by the polymerase chain reaction.

[00110] Circular immunomodulatory polynucleotide can be isolated, synthesized through
recombinant methods, or chemically synthesized. Where the circular IMP is obtained through
isolation or through recombinant methods, the IMP will preferably be a plasmid. The chemical
synthesis of smaller circular oligonucleotides can be performed using any method described in
the literature. See, for instance, Gao et al. (1995) Nucleic Acids Res. 23:2025-2029; and Wang
et al. (1994) Nucleic Acids Res. 22:2326-2333.

[00111] Duplex (i.e., double stranded) and hairpin forms of most IMPs are in dynamic
equilibrium, with the hairpin form generally favored at low polynucleotide concentration and
higher temperatures. Covalent interstrand or intrastrand cross-links increases duplex or hairpin
stability, respectively, towards thermal-, ionic-, pH-, and concentration-induced
conformational changes. Chemical cross-links can be used to lock the polynucleotide into
either the duplex or the hairpin form for physicochemical and biological characterization.
Cross-linked IMPs that are conformationally homogeneous and are “locked” in their most
active form (either duplex or hairpin form) could potentially be more active than their uncross-
linked counterparts. Accordingly, some IMPs of the invention contain covalent interstrand
and/or intrastrand cross-links.

[00112] A variety of ways to chemically cross-link duplex DNA are known in the art. Any
cross-linking method may be used as long as the cross-linked polynucleotide product possesses
the desired immunomodulatory activity.

[00113] One method, for example, results in a disulfide bridge between two opposing
thymidines at the terminus of the duplex or hairpin. For this cross-linking method, the
oligonucleotide(s) of interest is synthesized with a 5’-DMT-N3-(tBu-SS-ethyl)thymidine-3°-
phosphoramidite (“T*”). To form the disulfide bridge, the mixed disulfide bonds are reduced,
oligonucleotide purified, the strands hybridized and the compound air-oxidized to form the
intrastrand cross-link in the case of a hairpin form or the interstrand cross-link in the case of a
duplex form. Alternatively, the oli gonucleotides may be hybridized first and then reduced,
purified and air-oxidized. Such methods and others are described, for example, in Glick et al.

(1991) J. Org. Chem. 56:6746-6747, Glick et al. (1992) J. Am. Chem. Soc. 114:5447-5448,
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thg polynucleotide containing the convertible nucleoside is reacted with cystamine (or other
disulfide-containing amine). To form the disulfide bridge, the mixed disulfide bonds are
reduced, oligonucleotide purified, the strands hybridized and the compound air-oxidized to
form the intrastrand cross-link in the case of a hairpin form or the interstrand cross-link in the
case of a duplex form. Alternatively, the oligonucleotides may be hybridized first and then
reduced, purified and air-oxidized. Such methods are described, for example, in Ferentz et al.
(1991) J. Am. Chem. Soc. 113:4000-4002 and Ferentz et al. (1993) J. Am. Chem. Soc.
115:9006-9014.
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Table 4, Human PBMC Assays - 1FN-ct (pg/ml) test or control (SEQ ID
NO.) 20 itg/ml 4.0 pg/ral 0.8 itg/m1 2 Mon-IMP) 52 52 52 1 (IMP std) 52
108 52 27 8626 7908 715 52 2425 4249 1085 39 2388 9325 3590 38

[00116] Examples of polynucleotide sequences in which offset N6-cystamine-2’-dA (A¥)
residues are used to crosslink a duplex include the following. Incorporation of the A* at the 3°
end of a the sequence 5’-TCGTCGAACGTTCGAGA*TGAT-3 ", SEQ ID NO:191 and at the
5’ end of its complement 5 ’-ATCA*TCTCGAACGTI‘CGACGA—3’, SEQ ID NO:192 would
allow a cross-link in a duplex of the two strands at the 3’ end of the SEQ ID NO:191. Such
modifications may also be used to cross-link hairpin structures.

[00117] The techniques for making polynucleotides and modified polynucleotides are
known in the art. Naturally occurring DNA or RNA, containing phosphodiester linkages, is
generally synthesized by sequentially coupling the appropriate nucleoside phosphoramidite to
the 5’-hydroxy group of the growing oligonucleotide attached to a solid support at the 3’-end,
followed by oxidation of the intermediate phosphite triester to a phosphate triester. Once the
desired polynucleotide sequence has been synthesized, the polynucleotide is removed from the
support, the phosphate triester groups are deprotected to phosphate diesters and the nucleoside
bases are deprotected using aqueous ammonia or other bases. See, for example, Beaucage
(1993) “Oligodeoxyribonucleotide Synthesis” in Protocols for Oligonucleotides and Analogs,
Synthesis and Properties (Agrawal, ed.) Humana Press, Totowa, NI; Warner et al. (1984) DN4
3:401 and U.S. Patent No. 4,458,066.

[00118] The IMP can also contain phosphate-modified polynucleotides, some of which are
known to stabilize the polynucleotide. Accordingly, some embodiments includes stabilized
immunomodulatory polynucleotides. Synthesis of polynucleotides containing modified
phosphate linkages or non-phosphate linkages is also known in the art. For areview, see
Matteucei (1997) “Oligonucieotide Analogs: an Overview” in Oligonucleotides as Therapeutic
Agents, (D.J. Chadwick and G. Cardew, ed.) John Wiley and Sons, New York, NY. The
phosphorous derivative (or modified phosphate group) which can be attached to the sugar or
sugar analog moiety in the polynucleotides of the present invention can be a monophosphate,
diphosphate, triphosphate, alkyiphosphonate, phosphorothioate, phosphorodithioate,
phosphoramidate or the like. The preparation of the above-noted phosphate analogs, and their
incorporation into nucleotides, modified nucieotides and oligonucleotides, per se, is also
known and need not be described here in detail. Peyrottes et al. (1996) Nucleic Acids Res.
24:1841-1848; Chaturvedi et al. (1996) Nucleic Acids Res, 24:231 8-2323; and Schultz et al.
(1996) Nucleic Acids Res. 24:2966-2973. For example, synthesis of phosphorothioate
oligonucleotides is similar to that described above for naturally occurring oligonucleotides

except that the oxidation step is replaced by a sulfurization step (Zon (1993) “Oligonucleoside

37




1874 7744 4635 57 1991 4262 9780 58 915 1654 5965 59 616 3221 1147
24 1848 2233 71 8 1023 544 52 29 1000 3325

Phosphorothioates” in Protocols for Oligonucleotides and Analogs, Synthesis and Properties
(Agrawal, ed.) Humana Press, pp. 165-190). Similarly the synthesis of other phosphate
analogs, such as phosphotriester (Miller et al. (1971) JACS 93:6657-6665), non-bridging
phosphoramidates (Jager et al. (1988) Biochem. 27:7247-7246), N3’ to P5” phosphoramidiates
(Nelson et al. (1997) JOC 62:7278-7287) and phosphorodithioates (US. Patent No. 5,453,496)
has also been described. Other non-phosphorous based modified oligonuclieotides can also be
used (Stirchak et al. (1989) Nucleic Acids Res. 17:6129-6141). Polynucleotides with
phosphorothioate backbones can be more immunogenic than those with phosphodiester
backbones and appear to be more resistant to degradation after injection into the host. Braun et
al. (1988) J. Immunol. 141:2084-2089; and Latimer et al. (1995) Mol. Immunol. 32:1057-1064.

[00119] IMPs used in the invention can comprise one or more ribonucleotides (containing
tibose as the only or principal sugar component), deoxyribonucleotides (containing
deoxyribose as the principal sugar component), or, as is known in the art, modified sugars or
sugar analogs can be incorporated in the IMP. Thus, in addition to ribose and deoxyribose, the
sugar moiety can be pentose, deoxypentose, hexose, deoxyhexose, glucose, arabinose, xylose,
lyxose, and a sugar “analog” cyclopentyl group. The sugar can be in pyranosyl orin a
furanosyl form. In the IMP, the sugar moiety is preferably the furanoside of ribose,
deoxyribose, arabinose or 2’-0-alkylribose, and the sugar can be attached to the respective
heterocyclic bases either in o or B anomeric configuration. Sugar modifications include, but
are not limited to, 2’-alkoxy-RNA analogs, 2’-amino-RNA analogs, 2’-fluoro-DNA, and 2’-
alkoxy- or amino-RNA/DNA chimeras. For example, a sugar modification in the IMP
includes, but is not limited to, 2’-O-methyl-uridine and 2’-O-methyl-cytidine. The preparation
of these sugars or sugar analogs and the respective “nucleosides” wherein such sugars or
analogs are attached to a heterocyclic base (nucleic acid base) per se is known, and need not be
described here, except to the extent such preparation can pertain to any specific example.
Sugar modifications may also be made and combined with any phosphate modification in the
preparation of an IMP.

[00120] The heterocyclic bases, or nucleic acid bases, which are incorporated in the IMP
can be the naturally—éccum’ng principal purine and pyrimidine bases, (namely uracil, thymine,
cytosine, adenine and guanine, as mentioned above), as well as naturally-occurring and
synthetic modifications of said principal bases. Thus, an IMP may include 2’-deoxyuridine

and/or 2-amino-2’-deoxyadenosine.
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[00121] Those skilled in the art will recognize that a large number of “synthetic” non-
natural nucleosides comprising various heterocyclic bases and various sugar moieties (and
sugar analogs) are available in the art, and that as long as other criteria of the present invention
are satisfied, the IMP can include one or several heterocyclic bases other than the principal five
base components of naturally-occurring nucleic acids. Preferably, however, the heterocyclic
base in the IMP includes, but is not limited to, uracil-5-yl, cytosin-5-yl, adenin-7-yl, adenin-8-
y1, guanin-7-yl, guanin-8-yl, 4-aminopyrrolo [2.3-d] pyrimidin-5-yl, 2-amino-4-oxopyrolo
[2,3-d] pyrimidin-5-yl, 2-amino-4-oxopyrrolo [2.3-d] pyrimidin-3-yl groups, where the purines
are attached to the sugar moiety of the IMP via the 9-position, the pyrimidines via the 1-
position, the pyrrolopyrimidines via the 7-position and the pyrazolopyrimidines via the 1-
position.

[00122] The IMP may comprise at least one modified base. As used herein, the term
“modified base” is synonymous with “base analog”, for example, “modified cytosine” is
synonymous with “cytosine analog.” Similarly, “modified” nucieosides or nucleotides are
herein defined as being synonymous with nucleoside or nucleotide “analogs.” Examples of
base modifications include, but are not limited to, addition of an electron-withdrawing moiety
to C-5 and/or C-6 of a cytosine of the IMP. Preferably, the electron-withdrawing moiety is a
halogen. Such modified cytosines can include, but are not limited to, azacytosine, 5-
bromocytosine, bromouracil, 5-chlorocytosine, chlorinated cytosine, cyclocytosine, cytosine
arabinoside, 5-fluorocytosine, fluoropyrimidine, fluorouracil, 5,6-dihydrocytosine, 5-
iodocytosine, hydroxyurea, iodouracil, 5-nitrocytosine, uracil, and any other pyrimidine analog
or modified pyrimidine. Other examples of base modifications include, but are not limited to,
addition of an electron-withdrawing moiety to C-5 and/or C-6 of a uracil of the
immunomodulatory polynucleotide. Preferably, the electron-withdrawing moiety is a halogen.
Such modified uracils can inctude, but are not limited to, S-bromouracil, 5-chlorouracil, 5-
fluorouracil, 5-iodouracil.

[00123] Other examples of base modifications include the addition of one or more thiol
groups to the base including, but not limited to, 2-amino-adenine, 6-thio-guanine, 2-thio-
thymine, 4-thio-thymine, 5-propynyl-uracil, and 4-thio-uracil. Other examples of base
modifications include, but are not limited to, N4-ethyleytosine, 7-deazaguanine, 7-deaza-8-
azaguanine and 5-hydroxycytosine. See, for example, Kandimalla et al. (2001) Bioorg. Med.
Chem. 9:807-813. In some embodiments, the IMP comprises the following sequences with

modified bases (palindromic sequence underlined):
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S-TCXTCXAACXTTCXAGATGAT (X = 7-deaza~-dG) (SEQ ID NO:193);

5’-TCGICGAA*CGT*TCGAGATGAT  (A* = 2-amino-dA; T* = 2-thio-dT) (SEQ ID

NO:189);

5’-TCGICGA*A*CGT*T*CGAGATGAT (A* = 2-amino-dA; T* = 2-thio-dT) (SEQ ID

NO:190); :

5-TCG*ICG*AACGH*TTCG*AG*ATG*AT (G* = 7-deaza-8-aza-dG) (SEQ ID

NO:187);

ST-TCG*AACG*TTCG*AACG*TTCG*AACGH*TT (G* = 7-deaza-8-aza-dG) (SEQID

NO:194);

5-TCGT*CGAACGT*T*CGAGAT*GAT* (T* = 5-propynyl-dU) (SEQ ID NO:195);

5"-TCGAACGT*T*CGAACGT*T*CGAACGT*T* (T* = S-propynyl-dU) (SEQ ID

NO:196);

S’-TCGTCGA*A*CGTTCGA*GA*TGA*T (A* = 2-amino-dA) (SEQ ID NO:188);

5*-TCGA*A*CGTTCGA*A*CGTTCGA*A*CGTT (A* = 2-amino-dA) (SEQ ID NO:197).
[00124] As exemplified in Example 1, IMPs that maintain a duplex form at low

concentration tend to be able to stimulate IFN-c, production from human PBMCs. Stabilizing
duplex polynucleotide forms through cross-linking has been described above. When in duplex
form with their complementary sequence, certain modified bases also can increase the stability
of duplexes. For instance, 2-amino-dA (commercially available, for example, from Glen
Research) forrs 3 hydrogen bonds with T instead of 2 hydré gen bonds, as formed between dA.
and T. SEQ ID NO:188, an analog of SEQ ID NO:27, contains five 2-amino-dA bases in place
ofthe five dA bases of SEQ ID NO:27 and forms a stronger duplex with itself than SEQ ID
NO:27 (size exclusion chromatography data). Incorporation of these modified bases increases
the Tm about 3 °C per modification. As demonstrated herein in Example 1, SEQ ID NO:188
also induced production of more IFN-a. than SEQ ID NO:27 when human PBMCs were treated
with 0.8 ng/ml of IMP. Double-stranded SEQ ID NO:884 induced about three times the IFN-
a production as single-stranded SEQ ID NO:188.

[00125] The preparation of base-modified nucleosides, and the synthesis of modified
oligonucleotides using said base-modified nucleosides as precursors, has been described, for
example, in U.S. Patents 4,910,300, 4,948,882, and 5,093,232. These base-modified
nucleosides have been designed so that they can be incorporated by chemical synthesis into
either terminal or internal positions of an oligonucleotide. Such base-modified nucleosides,

present at either terminal or internal positions of an oligonucleotide, can serve as sites for
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presented in Table 4 support the importance of a palindromic sequence at
least 8 bases in length and at least one TCG sequence at or near the 5'
end of the polynucleotide for stimulation of JFN-a from human PBMCs.
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limit is less than the upper limit. In some embodiments, an IMP is preferably about 200 or less
bases in length.

[00127] The invention also provides methods of making the immunomodulatory
polynucleotides described herein. The methods may be any of those described herein. For
example, the method could be synthesizing the IMP (for example, using solid state synthesis)
and may further comprise any purification step(s). Methods of purification are known in the
art. Other methods of preparation include combining an immunomodulatory polynucleotide
and an antigen. |

Antigen

[00128] Any antigen may be co-administered with an immunomodulatory polynucleotide
and/or used in compositions comprising an immunomodulatory polynucleotide and antigen
(and preparation of these compositions).

[00129] In some embodiments, the antigen is an allergen. Examples of recombinant
allergens are provided in Table 1. Preparation of many allergens is well-known in the art,
including, but not limited to, preparation of ragweed pollen allergen Antigen E (Amb a I
(Rafnar et al. (1991) J. Biol. Chem. 266:1229-1236), grass allergen Lol p 1 (Tamborini et al.
(1997) Eur. J. Biochem. 249:886-894), major dust mite allergens Der pl and Der PII (Chua et
al. (1988) J. Exp. Med. 167:175-182; Chua et al. (1990) Int. drch. Allergy dppl. Inmunol.
91:124-129), domestic cat allergen Fel d I (Rogers et al. (1993) Mol. Immunol. 30:5 58-568),
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white birch pollen Bet vl (Breiteneder et al. (1989) EMBO J. 8:1935-1938), J apanese cedar
allergens Cry j 1 and Cry j 2 (Kingetsu et al. (2000) Inmunology 99:625-629), and protein
antigens from other tree pollen (Elsayed et al. (1991) Scand. J. Clin. Lab. Invest. Suppl.
204:17-31). As indicated, allergens from trees are known, including allergens from birch,
juniper and Japanese cedar. Preparation of protein antigens from grass pollen for in vivo
administration has been reported.

[00130] In some embodiments, the allergen is a food allergen, including, but not limited to,
peanut allergen, for example Ara h I (Stanley et al. (1996) Adv. Exp. Med. Biol. 409:213-216);
walnut allergen, for example, Jugr I (Tueber et al. (1998) J. Allergy Clin. Immunol. 101:807-
814); brazil nut allergen, for example, albumin (Pastorello et al. (1998) J. Allergy Clin.
Immunol. 102:1021-1027; shrimp allergen, for example, Pen a I (Reese et al. (1997) Int. 4rch.
Allergy Immunol. 113:240-242); egg allergen, for example, ovomucoid (Crooke et al. (1997)J.
Immunol. 159:2026-2032); milk allergen, for example, bovine B-lactoglobin (Selot al. (1999)
Clin. Exp. Allergy 29:1055-1063); fish allergen, for example, parvalbumins (Van Do et al.
(1999) Scand. J. Immunol. 50:619-625; Galland et al. (1998) J. Chromatogr. B. Biomed. Sci.
Appl. 706:63-71). In some embodiments, the allergen is a latex allergen, including but not
limited to, Hev b 7 (Sowka et al. (1998) Eur. J. Biochem. 255:213-219). Table 1 shows an
exemplary list of allergens that may be used.

TABLE 1
RECOMBINANT ALLERGENS
Group Allergen Reference
ANIMALS:
CRUSTACEA
Shrimp/iobster | tropomyosin Leung et al. (1996) J. Allergy Clin. Immunol. 98:954-961
Pansl Leung et al. (1998) Mol. Mar. Biol. Biotechnol. 7:12-20
INSECTS ,
Ant Sol 12 (venom) Schmidt et al. J Allergy Clin Immunol., 1996, 98:82-8
Bee Phospholipase A2 (PLA) | Muller et al. J Allergy Clin Immunol, 1995, 96:395-402
Forster et al. J Allergy Clin Immunol, 1995, 95:1226-35
Muller et al, Clin Exp Allergy, 1997, 27:915-20
Hyaluronidase (Hya) Soldatova et al. J Allergy Clin Immunol, 1998, 101:601-8
Cockroach Bla g BA9OK Helm et al. J Allergy Clin Immunol, 1996, 98:172-180
Bla g 4 (a calycin) Vailes et al. I Allergy Clin Immunol, 1998, 101:274-280
Glutathione S- Arruda et al. T Biol Chem, 1997, 272:20907-12
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transferase
Peral Wu et al. MolImmumol, 1997, 34:1-8
Dust mite Derp 2 (major allergen) | Lynchetal.] Allergy Clin Immunol, 1598, 101:562-4
Halkkaart et al. Clin Exp Allergy, 1698, 28:165-74
Hakkaart et al. Clin Exp Allergy, 1998, 28:45-52
Hakkaart et al. Int Arch Allergy Immunol, 1998, 115
(2):150-6
Mueller et al. T Biol Chem, 1997, 272:26893-8
Derp2 variant Smith et al. I Allergy Clin Immunol, 1998, 101:423-5
Derf2 Yasue et al. Clin Exp Immunol, 199§, 113:1-0
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Protozoan infectious agents include malarial plasmodia, Leishmania species, Trypanosoma
species and Schistosoma species. Fungi include Candida albicans.

[00132] In some embodiments, the antigen is a viral antigen. Viral polypeptide antigens
include, but are not limited to, HIV proteins such as HIV gag proteins (including, but not
limited to, membrane anchoring (MA) protein, core capsid (CA) protein and nucleocapsid
(NC) protein), HIV polymerase, influenza virus matrix (M) protein and influenza virus
nucleocapsid (NP) protein, hepatitis B surface antigen (HBsAg), hepatitis B core protein
(HBcAg), hepatitis e protein (HBeAg), hepatitis B DNA polymerase, hepatitis C antigens, and
the like. References discussing influenza vaccination inciude Scherle and Gerhard (1988)
Proc. Natl. Acad. Sci. USA 85:4446-4450; Scherle and Gerhard (1986) J. Exp. Med. 164:1114-
1128; Granoff et al. (1993) Vaccine 11:846-51; Kodihalli et al. (1997) J. Virol 71:3391-3396:;
Ahmeida et al. (1993) Vaccine 11:1302-1309; Chen et al. (1999) Vaccine 17:653-659;
Govorkova and Smirnov (1997) Acta Virol, (1997) 41:251-257; Koide et al. (1995) Vaccine
13:3-5; Mbawuike et al. (1994) Vaccine 12:1340-1348; Tamura et al. (1994) Vaccine 12:310-
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herpggsimplex virus, papilloma virus, respiratory syncytial Vn'us and poxviruses.

[00133] Many antigenic peptides and proteins are known, and available in the art; others can

be identified using conventional techniques. For immunization against tumor formation or
treatment of existing tumors, immunomodulatory peptides can include tumor cells (live or
irradiated), tumor cell extracts, or protein subunits of tumor antigens such as Her-2/neu, Mart1,
carcinoembryonic antigen (CEA), gangliosides, human milk fat globule (HMFG), mucin
(MUC1), MAGE antigens, BAGE antigens, GAGE antigens, gp100, prostate specific antigen
(PSA), and tyrosinase. Vaccines for immuno-based contraception can be formed by including
sperm proteins administered with IMP. Lea et al. (1996) Biochim. Biophys. Acta 1307:263.

[00134] Attenuated and inactivated viruses are suitable for use herein as the antigen.
Preparation of these viruses is well-known in the art and many are commercially available (see,
e.g., Physicians’ Desk Reference (1998) 52nd edition, Medical Economics Company, Inc.).
For example, polio virus is available as IPOL® (Pasteur Merieux Connaught) and
ORIMUNE® (Lederle Laboratories), hepatitis A virus as VAQTA® (Merck), measles virus as
ATTENUVAX® (Merck), mumps virus as MUMPSVAX® (Merck) and rubella virus as
MERUVAX®II (Merck). Additionally, attenuated and inactivated viruses such as HIV-1,
HIV-Z,. herpes simplex virus, hepatitis B virus, rotavirus, human and non-human
papillomavirus and slow brain viruses can provide peptide antigens.

[00135] In some embodiments, the antigen comprises a viral vector, such as vacciniz,
adenovirus, and canary pox.

[00136] Antigens may be isolated from their source using purification techniques known in
the art or, more conveniently, may be produced using recombinant methods.

[00137] Antigenic peptides can include purified native peptides, synthetic peptides,
recombinant proteins, crude protein extracts, attenuated or inactivated viruses, cells, micro-
organisms, or fragments of such peptides. Immunomodulatory peptides can be native or
synthesized chemically or enzymatically. Any method of chemical synthesis known in the art
1s suitable. Solution phase peptide synthesis can be used to construct peptides of moderate size
or, for the chemical construction of peptides, solid phase synthesis can be employed. Atherton
et al. (1981) Hoppe Seylers Z. Physiol. Chem. 362:833-839. Proteolytic enzymes can also be
utilized to couple amino acids to produce peptides. Kullmann (1987) Enzymatic Peptide
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averaged results are reported in Table 7. Table 7. Human PBMC Assays -
IFN-et (pg/rd) test or control (SEQ ID NO.) 20 ugimi 4 ngiral 0.8 ughnl 2
(non-IMP) 169 133 133 1 (1114P std) 190 238 143 27 3010 6473 2775 .

44 4951 10420 5468 45 3821 7221
Synthesis, CRC Press, Inc. Alternatively, the peptide can be obtained by using the biochemical
machinery of a cell, or by isolation from a biological source. Recombinant DNA techniques
can be employed for the production of peptides. Hames et al. (1987) ‘Transcription and
Translation: A Practical Approach, IRL Press. Peptides can also be isolated using standard
techniques such as affinity chromatography.

[00138] Preferably the antigens are peptides, lipids (e.g., sterols excluding cholesterol, fatty
acids, and phospholipids), polysaccharides such as those used in H. influenza vaccines,
gangliosides and glycoproteins. These can be obtained through several methods known in the
art, including isolation and synthesis using chemical and enzymatic methods. In certain cases,
such as for many sterols, fatty acids and phospholipids, the antigenic portions of the molecules
are commercially available.

[00139] Examples of viral antigens useful in the subject compositions and methods using
the compositions include, but are not limited to, HIV antigens. Such anti gens include, but are
not limited to, those antigens derived from HIV envelope glycoproteins including, but not |
limited to, gp160, gp120 and gp41. Numerous sequences for HIV genes and antigens are
known. For example, the Los Alamos National Laboratory HIV Sequence Database collects,
curates and annotates HIV nucleotide and amino acid sequences. This database is accessible
via the internet and in a yearly publication, see Human Retroviruses and AIDS Compendium
(for example, 2000 edition).

[00140] Antigens derived from infectious agents may be obtained using methods known in
the art, for example, from native viral or bacterial extracts, from cells infected with the

infectious agent, from purified polypeptides, from recombinantly produced polypeptides and/or
as synthetic peptides.

IMP-Antigen

[00141] When used with antigen, IMP may be administered with antigen in a number of
ways. In some embodiments, an IMP and antigen may be administered spatially proximate
with respect to each other, or as an admixture (i.e., in solution). As described below, spatial
proximation can be accomplished in a number of ways, including conjugation (linkage),
encapsidation, via affixation to a platform or adsorption onto a surface. Generally, and most

preferably, an IMP and antigen are proximately associated at a distance effective to enhance
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the immune response generated compared to the administration of the IMP and the antigen as
an admixture.

[00142] In some embodiments, the IMP is conjugated with the antigen. The IMP portion
can be coupled with the antigen portion of a conjugate in a variety of ways, including covalent
and/or non-covalent interactions.

[00143] The link between the portions can be made at the 3’ or 5’ end of the IMP, or at a
suitably modified base at an internal position in the IMP. If the antigen is a peptide and
contains a suitable reactive group (e.g., an N-hydroxysuccinimide ester) it can be reacted
directly with the N* amino group of cytosine residues. Depending on the number and location
of cytosine residues in the IMP, specific coupling at one or more residues can be achieved.

[00144] Alternatively, modified oligonucleosides, such as are known in the art, can be
incorporated at either terminus, or at internal positions in the IMP. These can contain blocked
functional groups which, when deblocked, are reactive with a variety of functional groups
which can be present on, or attached to, the antigen of interest. _ .

[00145] Where the antigen is a peptide or polypeptide, this portion of the conjugate can be
attached to the 3’-end of the IMP through solid support chemistry. For example, the IMP
portion can be added to a polypeptide portion that has been pre-synthesized on a support.
Haralambidis et al. (1990a) Nucleic Acids Res. 18:493-499; and Haralambidis et al. (1990b)
Nucleic Acids Res. 18:501-505. Alternatively, the IMP can be synthesized such that it is
connected to a solid support through a cleavable linker extending from the 3’-end. Upon
chemical cleavage of the IMP from the support, a terminal thiol group is left at the 3’-end of
the oligonucleotide (Zuckermann et al. (1987) Nucleic Acids Res. 15:5305-5321; and Corey et
al. (1987) Science 238:1401-1403) or a terminal amino group is left at the 3’-end of the
oligonucleotide (Nelson et al. (1989) Nucleic Acids Res. 17:1781-1794). Conjugation of the
amino-modified IMP to amino groups of the peptide can be performed as described in Benoit
et al. (1987) Neuromethods 6:43-72. Conjugation of the thiol-modified IMP to carboxyl
groups of the peptide can be performed as described in Sinah et al. (1991) Oligonucleotide
Ahalogues: A Practical Approach, IRL Press. Coupling of an oligonucleotide carrying an
appended maleimide to the thiol side chain of a cysteine residue of a peptide has also been
described. Tung et al. (1991) Bioconjug. Chem, 2:464-465.

[00146] The peptide or polypeptide portion of the conjugate can be attached to the 5’-end of
the IMP through an amine, thiol, or carboxyl group that has been incorporated into the
oligonucleotide during its synthesis. Preferably, while the oligonucleotide is fixed to the solid
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support, a linking group comprising a protected amine, thiol, or carboxyl at one end, and a
phosphoramidite at the other, is covalently attached to the 5’-hydroxyl. Agrawal et al. (1986)
Nucleic Acids Res. 14:6227-6245; Connolly (1985) Nucleic Acids Res. 13:4485-4502;
Kremsky et al. (1987) Nucleic Acids Res. 15:2891-2909; Connolly (1987) Nucleic Acids Res.
15:3131-3139; Bischoff et al. (1987) Anal. Biochem. 164:336-344; Blanks et al. (1988) Nucleic
Acids Res. 16:10283-10299; and U.S. Patent Nos. 4,849,513, 5,015,733, 5,118,800, and
5,118,802. Subsequent to deprotection, the amine, thiol, and carboxyl functionalities can be
used to covalently attach the oligonucleotide to a peptide. Benoit et al. (1987); and Sinah et al.
(1991).

[00147] An IMP-antigen conjugate can also be formed through non-covalent interactions,
such as ionic bonds, hydrophobic interactions, hydrogen bonds and/or van der Waals
attractions.

[00148] Non-covalently linked conjugates can include a non-covalent interaction such as a
biotin-streptavidin complex. A biotinyl group can be attached, for example, to a modified base
of an IMP. Roget et al. (1989) Nucleic Acids Res. 17:7643-7651. Incorporation of a
streptavidin moiety into the peptide portion allows formation of a non-covalently bound
complex of the streptavidin conjugated peptide and the biotinylated oligonucleotide.

[00149] Non-covalent associations can also occur through ionic interactions involving an
IMP and residues within the antigen, such as charged amino acids, or through theuse of a
linker portion comprising charged residues that can interact with both the oligonucleotide and
the antigen. For example, non-covalent conjugation can occur between a generally negatively-
charged IMP and positively-charged amino acid residues of a peptide, e.g., polylysine,
polyarginine and polyhistidine residues.

[00150] Non-covalent conjugation between IMP and antigens can occur through DNA
binding motifs of molecules that interact with DNA as their natural ligands. For example, such
DNA binding motifs can be found in transcription factors and anti-DNA. antibodies.

[00151] The linkage of the IMP to a lipid can be formed using standard methods. These
methods include, but are not limited to, the synthesis of oligonucleotide-phospholipid
conjugates (Yanagawa et al. (1988) Nucleic Acids Symp. Ser. 19:1 89-192), oligonucleotide-
fatty acid conjugates (Grabarek et al. (1990) 4nal. Biochem. 185:131-135; and Staros et al.
(1986) Anal. Biochem. 156:220-222), and oligonucleotide-sterol conjugates. Boujrad et al.

' (1993) Proc. Natl. Acad. Sci. US4 90:5728-5731.
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[00152] The linkage of the oligonucleotide to an oligosaccharide can be formed using
standard known methods. These methods include, but are not limited to, the synthesis of
oligonucleotide-oligosaccharide conjugates, wherein the oligosaccharide is a moiety of an
immmunoglobulin. O’Shannessy et al. (1985) J. Applied Biochem. 7:347-355.

[00153] The linkage of a circular IMP to a peptide or antigen can be formed in several ways.
Where the circular IMP is synthesized using recombinant or chemical methods, a modified
nucleoside is suitable. Ruth (1991) in Oligonucleotides and Analogues: A Practical Approach,
IRL Press. Standard linking technology can then be used to connect the circular IMP to the
antigen or other peptide. Goodchild (1990) Bioconjug. Chem. 1:165. Where the circular IMP
is isolated, or synthesized using recombinant or chemical methods, the linkage can be formed
by chemically activating, or photoactivating, a reactive group (e.g. carbene, radical) that has
been incorporated into the antigen or other peptide.

[00154] Additional methods for the attachment of peptides and other molecules to
oligonucleotides can be found in U.S. Patent No. 5,391,723; Kessler (1992) “Nonradioactive
labeling methods for mucleic acids” in Kricka (ed.) Nonisotopic DNA Probe Techniques,
Academic Press; and Geoghegan et al. (1992) Bioconjug. Chem. 3:138-146.

[00155] An IMP may be proximately associated with an antigen(s) in other ways. In some
embodiments, an IMP and antigen are proximately associated by encapsulation. In other
embodiments, an IMP and antigen are proximately associated by linkage to a platform
molecule. A “platform molecule” (also termed “platform™) is a molecule containing sites
which allow for attachment of the IMP and antigen(s). In other embodiments, an IMP and
antigen are proximately associated by adsorption onto a surface, preferably a carrier particle.

[00156] In some embodiments, the methods of the invention employ an encapsulating agent
that can maintain the proximate association of the IMP and first antigen until the complex is
available to the target (or compositions comprising such encapsulating agents). Preferably, the
composition comprising IMP, antigen and encapsulating agent is in the form of adjuvant oil-in-
water emulsions, microparticles and/or liposomes. More preferably, adjuvant oil-in-water
emulsions, microparticles and/or liposomes encapsulating an IMP-immunomodulatory
molecule are in the form of particles from about 0.04 pm to about 100 pm in size, preferably
any of the following ranges: from about 0.1 pm to about 20 pum; from about 0.15 pm to about
10 pm; from about 0.05 pm to about 1.00 um; from about 0.05 um to about 0.5 pm.

[00157] Colloidal dispersion systems, such as microspheres, beads, macromolecular

complexes, nanocapsules and lipid-based system, such as oil-in-water emulsions, micelles,
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mixed micelles and liposomes can provide effective encapsulation of IMP-containing
compositions.

[00158] The encapsulation composiﬁoﬂ’ﬁlrther comprises any of a wide variety of
components. These include, but are not limited to, alum, lipids, phospholipids, lipid membrane
structures (LMS), polyethylene glycol (PEG) and other polymers, such as polypeptides,
glycopeptides, and polysaccharides.

[00159] Polypeptides suitable for encapsulation components include any known in the art
and include, but are not limited to, fatty acid binding proteins. Modified polypeptides contain
any of a variety of modifications, including, but not limited to glycosylation, phosphorylation,
myristylation, sulfation and hydroxylation. As used herein, a suitable polypeptide is one that
will protect an IMP-containing composition to preserve the mmunomodulatory activity
thereof. Examples of binding proteins include, but are not limited to, albumins such as bovine
serum albumin (BSA) and pea albumin.

[00160] Other suitabie polymers can be any known in the art of pharmaceuticals and
include, but are not limited to, naturally-occurring polymers such as dextrans, hydroxyethyl
starch, and polysaccharides, and synthetic polymers. Examples of naturally occurring
polymers include proteins, glycopeptides, polysaccharides, dextran and lipids. The additional
polymer can be a synthetic polymer. Examples of synthetic polymers which are suitable for
use in the present invention include, but are not limited to, polyalkyl glycols (PAG) such as
PEG, polyoxyethylated polyols (POP), such as polyoxyethylated glycerol (POG),
polytrimethylene glycol (PTG) polypropylene glycol (PPG), polyhydroxyethyl methacrylate,
polyvinyl alcohol (PVA), polyacrylic acid, polyethyloxazoline, polyacrylamide,
polyvinylpyrrolidone (PVP), polyamino acids, polyurethane and polyphosphazene. The
synthetic polymers can also be linear or branched, substituted or unsubstituted,
homopolymeric, co-potymers, or block co-polymers of two or more different synthetic
MOoNomers.

[00161] The PEGs for use in encapsulation compositions of the present invention are either
purchased from chemical suppliers or synthesized using techniques known to those of skill in
the art,

[00162] The term “LMS”, as used herein, means lamellar lipid particles wherein polar head
groups of a polar lipid are arranged to face an aqueous phase of an interface to form membrane

structures. Examples of the LMSs include liposomes, micelles, cochleates (i.e., generally
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components. Such targeting components are components of a LMS that enhance its
accumulation at certain tissue or cellular sites in preference to other tissue or cellular sites
when administered to an intact animal, organ, or cell culture. A targeting component is
generally accessible from outside the liposome, and is therefore preferably either bound to the
outer surface or inserted into the outer lipid bilayer. A targeting component can be infer alia a
peptide, a region of a larger peptide, an antibody specific for a cell surface molecule or marker,

or antigen binding fragment thereof, a nucleic acid, a carbohydrate, a region of a complex
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carbohydrate, a special lipid, or a small molecule such as a drug, hormone, or hapten, attached
to any of the aforementioned molecules. Antibodies with specificity toward cell type-specific
cell surface markers are known in the art and are readily prepared by methods known in the art.

[00166] The LMSs can be targeted to any cell type toward which a therapeutic treatment is
to be directed, e.g., a cell type which can modulate and/or participate in an immune response.
Such target cells and organs include, but are not limited to, APCs, such as macrophages,
dendritic cells and ymphocytes, lymphatic structures, such as lymph nodes and the spleen, and
nonlymphatic structures, particularly those in which dendritic cells are found.

[00167] The LMS compositions of the present invention can additionally comprise
surfactants. Surfactants can be cationic, anionic, amphiphilic, or nonionic. A preferred class
of surfactants are nonionic surfactants; particularly preferred are those that are water soluble.

[00168] In embodiments in which an IMP and antigen are proximately associated by linkage
to a platform molecule, the platform may be proteinaceous or non-proteinaceous (i.e., organic).
Examples of proteinaceous platforms include, but are not limited to, albumin, gammaglobulin,
immunoglobulin (IgG) and ovalbumin. Borel et al. (1990) Immunol. Methods 126:159-168;
Dumas et al. (1995) Arch. Dematol. Res. 287:123-128; Borel et al. (1995) Int. Arch. Allergy
Immunol. 107:264-267; Borel et al. (1996) Ann. N.Y. Acad. Sci. 778:30-87. A platform is
multi-valent (i.e., contains more than one binding, or linking, site) to accommodate binding to
both an IMP and antigen. Accordingly, a platform may contain 2 or more, 3 or more, 4 or
more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more binding or linking
sites Other examples of polymeric platforms are dextran, polyacrylamide, ficoll,
carboxymethylcellulose, polyvinyl alcohol, and poly D-glutamic acid/D-lysine.

[00169] The principles of using platform molecules are well understood in the art.
Generally, a platform contains, or is derivatized to contain, appropriate binding sites for IMP
and antigen. In addition, or alternatively, IMP and/or antigen is derivatized to provide
appropriate linkage groups. For example, a simple platform is a bi-functional linker (i.e., has
two binding sites), such as.a peptide. Further examples are discussed below.

[00170] Platform molecules may be biologically stabilized, i.e., they exhibit an in vivo
excretion half-life often of hours to days to months to confer therapeutic efficacy, and are
preferably composed of a synthetic single chain of defined composition. They generally have
a molecular weight in the range of about 200 to about 1,000,000, preferably any of the
following ranges: from about 200 to about 500,000; from about 200 to about 200,000; from
about 200 to about 50,000 (or less, such as 30,000). Examples of valency platform molecules
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are polymers (or are comprised of polymers) such as polyethylene glycol (PEG; preferably
having a molecular weight of about 200 to about 8000), poly-D-lysine, polyvinyl alcohol,
polyvinylpyrrolidone, D-glutamic acid and D-lysine (in a ratio of 3:2). Other molecules that
may be used are albumin and IgG.

[00171] Other platform molecules suitable for use within the present invention are the
chemically-defined, non-polymeric valency platform molecules disclosed in U.S. patent
5,552,391, Other homogeneous chemically-defined valency platform molecules suitable for
use within the present invention are derivatized 2,2'-ethylenedioxydiethylamine (EDDA) and
triethylene glycol (TEG).

[00172] Additional suitable valency platform molecules include, but are not limited to,
tetraaminobenzene, heptaaminobetacyclodextrin, tetraaminopentaerythritol, 1,4,8,11-
tetraazacyclotetradecane (Cyclam) and 1,4,7,10-tetraazacyclododecane (Cyclen).

[00173] In general, these platforms are made by standard chemical synthesis techniques.
PEG must be derivatized and made multivalent, which is accomplished using standard
techniques. Some substances suitable for conjugate synthesis, such as PEG, albumin, and IgG
are available commercially.

[00174] Conjugation of an IMP and antigen to a platform molecule may be effected in any
number of ways, typically involving one or more crosslinking agents and functional groups on
the antigen and IMP platform and platform molecule. Platforms and IMP and antigen must
have appropriate linking groups. Linking groups are added to platforms using standard
synthetic chemistry techniques. Linking groups may be added to polypeptide antigens and
IMP using either standard solid phase synthetic techniques or recombinant techniques.
Recombinant approaches may require post-translational modification in order to attach a
linker, and such methods are known in the art.

[00175] As an example, polypeptides contain amino acid side chain moieties containing
functional groups such as amino, carboxyl or sulfhydryl groups that serve as sites for coupling
the polypeptide to the platform. Residues that have such functional groups may be added to
the polypeptide if the polypeptide does not already contain these groups. Such residues may be
incorporated by solid phase synthesis techniques or recombinant techniques, both of which are
well known in the peptide synthesis arts. When the polypeptide has a carbohydrate side
chain(s) (or if the antigen is a carbohydrate), functional amino, sulthydryl and/or aldehyde
groups may be incorporated therein by conventional chemistry. For instance, primary amino

groups may be incorporated by reaction of the oxidized sugar with ethylenediamine in the
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presence of sodium cyanoborohydride, sulfhydryls may be introduced by reaction of
cysteamine dihydrochloride followed by reduction with a standard disulfide reducing agent,
while aldehyde groups may be generated following periodate oxidation. In a similar fashion,
the platform molecule may also be derivatized to contain functional groups if it does not
already possess appropriate functional groups.

[00176] Hydrophilic linkers of variable lengths are useful for connecting IMP and antigen to
platform molecules. Suitabie linkers include linear oligomers or polymers of ethylene glycol.
Such linkers include linkers with the formula R'S(CH>CH,0),CHoCH,0(CH)mCO,R?
whereinn =0-200,m=10r2,R'=Hora protecting group such as trityl, R* = H or alkyl or
aryl, e.g., 4-nitrophenyl ester. These linkers are useful in connecting a molecule containing a
thiol reactive group such as haloaceyl, maleiamide, etc., via a thioether to a second molecule
which contains an amino group via an amide bond. These linkers are flexible with regard to
the order of attachment, i.e., the thioether can be formed first or last.

[00177] In embodiments in which an IMP and antigen are proximately associated by
adsorption onto a surface, the surface may be in the form of a carrier particle (for example, a
nanoparticle) made with either an inorganic or organic core. Examples of such nanoparticles
include, but are not limited to, nanocrystalline particles, nanoparticles made by the
polymerization of alkylcyanoacrylates and nanoparticles made by the polymerization of
methylidene malonate. Additional surfaces to which an IMP and anti gen may be adsorbed
include, but are not limited to, activated carbon particles and protein-ceramic nanoplates.
Other examples of carrier particles are provided herein.

[00178] Adsorption of polynucleotides and polypeptides to 2 surface for the purpose of
delivery of the adsorbed molecules to cells is well known in the art. See, for example, Douglas
et al. (1987) Crit. Rev. Ther. Drug. Carrier Syst. 3:233-261; Hagiwara et al. (1987) In Vivo
1:241-252; Bousquet et al. (1999) Pharm. Res. 16:141-147; and Kossovsky et al., U.S. Patent
5,460,831. Preferably, the material comprising the adsorbent surface is biodegradable.
Adsorption of an IMP and/or antigen to a surface may occur through non-covalent interactions,
including ionic and/or hydrophobic interactions.

[00179] In general, characteristics of carriers such as nanoparticles, such as surface charge,
particle size and molecular weight, depend upon polymerization conditions, monomer
concentration and the presence of stabilizers during the polymerization process (Douglas et al.,
1987). The surface of carrier particles may be modified, for example, with a surface coating,

to allow or enhance adsorption of the IMP and/or antigen. Carrier particles with adsorbed IMP
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complexes of nanometer sized particles, typically on the order of 0.1 pm, that carry an inmer
layer of IMP and an outer layer of antigen.

[00181] Another adsorbent surface are nanoparticles made by the polymerization of
alkyleyanoacrylates. Alkylcyanoacrylates can be polymerized in acidified aqueous media by a
process of anionic polymerization. Depending on the polymerization conditions, the small
particles tend to have sizes in the range of 20 to 3000 nm, and it is possible to make
nanoparticles specific surface characteristics and with specific surface charges (Douglas et al.,
1987). For example, oligonucleotides may be adsorbed to polyisobutyl- and
polyisohexlcyanoacrylate nanoparticles in the presence of hydrophobic cations such as
tetraphenylphosphonium chloride or quaternary ammonium salts, such as cetyltrimethyl
ammonium bromide. Oligonucleotide adsorption on these nanoparticles appears to be
mediated by the formation of ion pairs between negatively charged phosphate groups of the
nucleic acid chain and the hydrophobic cations. See, for example, Lambert et al. (1998)
Biochimie 80:969-976, Chavany et al. (1994) Pharm. Res. 11:1370-1378; Chavany et al.
(1992) Pharm. Res. 9:441-449. Polypeptides may also be adsorbed to polyalkylcyanoacrylate
nanoparticles. See, for example, Douglas et al., 1987; Schroeder et al. (1998) Peptides 19:777-
780.

[00182] Another adsorbent surface are nanoparticles made by the polymerization of
methylidene malonate. For example, as described in Bousquet et al., 1999, polypeptides
adsorbed to poly(methylidene malonate 2.1.2) nanoparticles appear to do so initially through
electrostatic forces followed by stabilization through hydrophobic forces.
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Table 9. Human PBMC Assays - IFN-a or IFN-m (pg/ml) IFN-a IFN-to_ tgst
(SEQ ID NO.) or control 20 iig/m1 4.0 ug/m1 0.8 ug/m1 20 ug/ml 4.0 tigiml
0.8 tigiffil media 16 - 48 - 2on-IMP) 14 16 14 48 48 48 1 (IMP std)

IMP/MC complexes

[00183] IMPs may be administered in the form of immunomodulatory
polynucleotide/microcarrier (IMP/MC) complexes. Accordingly, the invention provides
compositions comprising IMP/MC complexes.

[00184] Microcarriers useful in the invention are less than about 150, 120 or 100 um in size,
more commonly less than about 50-60 um in size, preferably less than about 10 um in size,
and are insoluble in pure water. Microcarriers used in the invention are preferably
biodegradable, although nonbiodegradable microcarriers are acceptable. Microcarriers are
commonly solid phase, such as “beads” or other particles, although liquid phase microcarriers
such as oil in water emulsions comprising a biodegradable polymers or oils are also

contemplated. A wide variety of biodegradable and nonbiodegradable materials acceptable for

use as microcarriers are known in the art.

[00185] Microcarriers for use in the compositions or methods of the invention are generally
less than about 10 pm in size (e.g., have an average diameter of less than about 10 pm, or at
least about 97% of the particles pass through a 10 um screen filter), and include nanocarriers
(i.e., carriers of less than about 1 um size). Preferably, microcarriers are selected having sizes
within an upper limit of about 9, 7, 5, 2, or 1 pm or 900, 800, 700, 600, 500, 400, 300, 250,
200, or 100 nm and an independently selected lower limit of about 4,2, or 1 pm or about 800,
600, 500, 400, 300, 250, 200, 150, 100, 50, 25, or 10 nm, where the lower limit is less than the
upper limit. In some embodiments, the microcarriers have a size of about 1.0-1.5 um, about
1.0-2.0 pm or about 0.9-1.6 pm. In certain preferred embodiments, the microcarriers have a
size of about 10 nm to about 5 pm or about 25 nm to about 4.5 pm, about 1 um, about 1.2 pm,
about 1.4 um, about 1.5 um, about 1.6 um, about 1.8 pm, about 2.0 pm, about 2.5 pm or about
4.5 pm. When the microcarriers are nanocarriers, preferred embodiments include nanocarriers
of about 25 to about 300 nm, 50 to about 200 nm, about 50 nm or about 200 nm.

[00186] Solid phase biodegradable microcarriers may be manufactured from biodegradable
polymers including, but not limited to: biodegradable polyesters, such as poly(lactic acid),
poly(glycolic acid), and copolymers (including block copolymers) thereof, as well as block
copolymers of poly(lactic acid) and poly(ethylene glycol); polyorthoesters such as polymers
based on 3,9-diethylidene-2,4,8,10-tetraoxaspiro[ 5.5 Jundecane (DETOSUY); polyanhydrides
such as poly(anhydride) polymers based on relatively hydrophilic monomers such as sebacic
acid; polyanhydride imides, such as polyanhydride polymers based on sebacic acid-derived

57



49 198 19 48 48 48 27 700 7394 2146 76 629 163 39 2716 6180 5922
284 741 604 38 nd nd nd 228 632

monomers incorporating amino acids (i.e., linked to sebacic acid by imide bonds through the
amino-terminal nitrogen) such as glycine or alanine; polyanhydride esters; polyphosphazenes,
especially poly(phosphazenes) which contain hydrolysis-sensitive ester groups which can
catalyze degradation of the polymer backbone through generation of carboxylic acid groups
(Schacht et al., (1996) Biotechnol. Bioeng. 1996:102); and polyamides such as poly(lactic acid-
co-lysine).

[00187] A wide variety of nonbiodegradable materials suitable for manufacturing
microcarriers are also known, including, but not limited to polystyrene, polypropylene,
polyethylene, silica, ceramic, polyacrylamide, dextran, hydroxyapatite, latex, gold, and
ferromagnetic or paramagnetic materials. Certain embodiments exclude gold, latex, and/or
magnetic beads. In certain embodiments, the microcarriers may be made of a first material
(e.g., a magnetic material) encapsulated with a second material (e. g., polystyrene).

[00188] Solid phase miorospheres are prepared using techniques known in the art. For
example, they can be prepared by emulsion-solvent extraction/evaporation technique.
Generally, in this technique, biodegradable polymers such as polyanhyd;ates, poly(alkyl-o-
cyanoacrylates) and poly(a-hydroxy esters), for example, poly(lactic acid), poly(glycolic acid),
poly(D,L-lactic-co-ghycolic acid) and poly(caprolactone), are dissolved in a suitable organic
solvent, such as methylene chloride, to constitute the dispersed phase (DP) of emulsion. DP is
emulsified by high-speed homogenization into excess volume of aqueous continuous phase
(CP) that contains a dissolved surfactant, for example, polyvinylalcohol (PVA)or
. polyvinylpirrolidone (PVP). Surfactant in CP is to ensure the formation of discrete and
suitably-sized emulsion droplet. The organic solvent is then extracted into the CP and
subsequently evaporated by raising the system temperature; The solid microparticles are then
separated by centrifugation or filtration, and dried, for example, by lyophilization or
application of vacoum, before storing at 4 °C.

[00189] Physico-chemical characteristics such as mean size, size distribution and surface
charge of dried microspheres may be determined. Size characteristics are determined, for
example, by dynamic light scattering technique and the surface charge was determined by
measuring the zeta potential.

[00190] Liquid phase microcarriers include liposomes, micelles, oil droplets and other lipid
or oil-based particles which incorporate biodegradable polymers or oils. In certain
embodiments, the biodegradable polymer is a surfactant. In other embodiments, the liquid

phase microcarriers are biodegradable due to the inclusion of a biodegradable oil such as
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as well as production of IFN-a. In the assay described above, anN-p was
not detected. [00306] In another assay, duplex forms of polynucleotic!es
were compared to non-duplex forms in the induction of TEN-a production
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type of binding desired for IMP/MC complex formation.

[00192] Covalently bonded IMP/MC complexes may be linked using any covalent
crosslinking technology known in the art. Typically, the IMP portion will be modified, either
to incorporate an additional moiety (e.g., a free amine, carboxyl or sulthydryl group) or
incorporate modified (e.g., phosphorothicate) nucleotide bases to provide a site at which the
IMP portion may be linked to the microcarrier. The link between the IMP and MC portions of
the complex can be made at the 3’ or 5” end of the IMP, or at a suitably modified base at an
internal position in the IMP. The microcarrier is generally also modified to incorporate
moieties through which a covalent link may be formed, although functional groups normally
present on the microcarrier may also be utilized. The IMP/MC is formed by incubating the
IMP with a microcarrier under conditions which permit the formation of a covalent complex
(e.g., in the presence of a crosslinking agent or by use of an activated microcarrier comprising
an activated moiety which will form a covalent bond with the IMP).

[00193] A wide variety of crosslinking technologies are known in the art, and include

crosslinkers reactive with amino, carboxyl and sulfhydryl groups. As will be apparent to one

of skill in the art, the selection of a crosslinking agent and crosslinking protocol will depend on

the configuration of the IMP and the microcarrier as well as the desired final configuration of
the IMP/MC complex. The crosslinker may be either homobifunctional or heterobifunctional.
When a homobifunctional crosslinker is used, the crosshinker exploits the same moiety on the
IMP and MC (e.g., an aldehyde crosslinker may be used to covalently link an IMP and MC
where both the IMP and MC comprise one or more free amines). Heterobifunctional
crosslinkers utilize different moieties on the IMP and MC, (e.g., a maleimido-N-

hydroxysuccinimide ester may be used to covalently link a free sulthydryl on the IMP and a
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[00307] As can been seen in Table 10, SEQ ID NO:182, the duplex form
of SEQ ID NO:27 is more active than SEQ ID NO:27 in stimulating IFN-a
production at lower IMP doses. At higher doses (4 and 20 ug/m1), SEQ ID
NO:27 was somewhat more stimulatory. [00308] In another assay, a
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[6%]%&92)&&21?referred embodiment, the IMP portion comprises at least one free
sulfhydryl (e.g., provided by a 5’-thiol modified base or linker) for crosslinking to the
microcarrier, while the microcarrier comprises free amine groups. A heterobifunctional
crosslinker reactive with these two groups (e.g., a crosslinker comprising a maleimide group
and a NHS-ester), such as succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate is
used to activate the MC, then covalently crosslink the IMP to form the IMP/MC complex.

[00195] Non-covalent IMP/MC complexes may be linked by any non-covalent binding or
interaction, including ionic (electrostatic) bonds, hydrophobic interactions, hydro gen bonds,
van der Waals attractions, or a combination of two or more different interactions, as is
normally the case when a binding pair is to link the IMP and MC.

[00196] Preferred non-covalent IMP/MC complexes are typically corplexed by
hydrophobic or electrostatic (ionic) interactions, or a combination thereof, (e.g., through base
pairing between an IMP and a polynuciéotide bound to an MC use of a binding pair). Due to
the hydrophilic nature of the backbone of polynucleotides, IMP/MC complexes which rely on
hydrophobic interactions to form the complex generally require modification of the IMP

portion of the complex to incorporate a highly hydrophobic moiety. Preferably, the
| hydrophobic moiety is biocompatible, nonimmunogenic, and is naturally occurring in the
individual for whom the composition is intended (e.g., is found in mammals, particularly
humans). Examples of preferred hydrophobic moieties include lipids, steroids, sterols such as
cholesterol, and terpenes. The method of linking the hydrophobic moiety to the IMP will, of
course, depend on the configuration of the IMP and the identity of the hydrophobic moiety.
The hydrophobic moiety may be added at any convenient site in the IMP, preferably at either
the 5” or 3’ end; in the case of addition of a cholesterol moiety to an IMP, the cholesterol

moiety is preferably added to the 5” end of the IMP, using conventional chemical reactions
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SEQ ID NO:193 has IFNa stimulatory activity comparable to SEQ NO:27 -
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polynueleotides containing modified bases were assayed for activity in the

(seefguesrpplsr froderd stabGEISN Fom hifingher RRRCH4athONPhtsrably,

micRRBAEE @ﬁﬂﬁ@&@&ﬁﬂl@/@éﬁiﬁ&%@iﬁﬁ%%@@kﬁ%ﬁ%@g %ﬁ%r%%é' S%eéﬁ from

single.strand. SEQ |D NQ:2, single strand SEQ |
Eh R R S A i e e e i
matsriy enariificicu ieostoand BRQIRHNOMA;singetrndigadde wanteER.

. :189.si ble.strand SEQ ID NO:190,.single strand SE
e R e B 5 g P
compgex. it Goymed yamking s JVE thied sher G aBle oticersBqueite MCSEQE to
avol @ axaant Jomthemat StitIoNSaration process. _

-TCGTCGAA*CGT*TCGAGATGAT (A* =- 2-am|no-dA;. T = 2-th|0-dT)

[PREA TY5oreeyd ey MBAE STesisRsabe st brdaeesatiabinipa typically exploit
the Rigiriyi megdWeEAﬁa;gﬂdﬂihedfg)}(rﬁlEl%A Q %d}%ﬂlgﬁ)s 7A(;:cordin§1y, microcar(riseg, 501' use
. * * * * * * * — - az -8-aza- :
e NI e et B AR SR ton
phyyiglegisal BEA7Z .2, @b;))l( SEQ-ED‘N Cthe n)i,crocam'er may intrinsically possess a
posRivECaTge G oG I TGS ATTCA LM arBiag] o@%&%ﬁg osifive

NO:188), 5'-TCGA*A*COL'ICGA*A*CGTTCGA*A*CG11 (A* = 2-amino-dA)
CharESTPIYRNGESVEeE T OB ISR BRELH ShPeseiRe aetbvelv ehersad (saigpic). For
exastjiicythtanlyiter eitiden thakOds iSiokdirid: ey Boligimdiold MRIDFRARIIS

sultant praoduction of IEN-a was assessed as described above.
o B o B S GURBO ARy be

incomaraissia Bejomprlitiepatityamirrordniminh SE@UHING: 7gwassitively

chabQRR@tedasiag Bkt oanble &%M&E&I@oi\b@g@&i‘é’@&%@%@@&%@
aci m/m]f SEQ ID NO:27 and 2 tig,/m1SEQ ID NO:29). The averagéd result
o R g AorLsetPte CBHER R RO A FIPISFRSAT T RBIEIED: Table

100198 eadeRBIMUh rssays pribitecc{figniad)icbidirrieotmibhie BB B Mmers,
for M}ﬁ’& q?ilzﬁgieﬁ}mﬁéﬂ—h‘imethylammonjopropane (DOTAP), |
cetyltrimethylammonium bromide (CTAB) or polylysine, are added either to DP or CP, as per
their solubility in these phases.

[00199] As described herein, IMP/MC complexes can be preformed by adsorption onto
cationic microspheres by incubation of polynucleotide and the particles, preferably in an
aqueous admixture. Such incubation may be carried out under any desired conditions,
including ambient (room) temperature (e.g., approximately 20 °C) or under refri geration (e.g.,
4 °C). Because cationic microspheres and polynucleotides associate relatively quickly, the
incubation may be for any convenient time period, such as 5, 10, 15 minutes or more, including
overnight and longer incubations. For example, IMPs can be adsorbed onto the cationic
microspheres by overnight aqueous incubation of polynucleotide and the particles at 4 °C.
However, because cationic microspheres and polynucleotides spontaneously associate, the
IMP/MC complex can be formed by simple co-administration of the polynucleotide and the

MC. Microspheres may be characterized for size and surface charge before and after
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polynucleotide association. Selected batches may then evaluated for activity against suitable
controls in, for example, established human peripheral blood mononuclear cell (PBMC), as
described herein, and mouse splenocyte assays. The formulations may also evaluated in
suitable animal models..

[00200] Non-covalent IMP/MC complexes linked by nucleotide base pairing may be
produced using conventional methodologies. Generally, base-paired IMP/MC complexes are
produced using a microcarrier comprising a bound, preferably a covalently bound,
polynucleotide (the “capture polynucleotide™) that is at least partially complementary to the
IMP. The segment of complementarity between the IMP and the capture nucleotide is
preferably at least 6, 8, 10 or 15 contignous base pairs, more preferably at least 20 contiguous
base pairs. The capture nucleotide may be bound to the MC by any method known in the art,
and is preferably covalently bound to the IMP at the 5’ or 3’ end.

[00201] In other embodiments, a binding pair may be used to link the IMP and MC in an
IMP/MC complex. The binding pair may be a receptor and ligand, an antibody and antigen (or
epitope), or any other binding pair which binds at high affinity (e.g., Kd less than about 10-8).
One type of preferred binding pair is biotin and streptavidin or biotin and avidin, which form
very tight complexes. When using a binding pair to mediate IMP/MC complex binding, the
IMP is derivatized, typically by a covalent linkage, with one member of the binding pair, and
the MC is derivatized with the other member of the binding pair. Mixture of the two
derivatized compounds results in IMP/MC complex formation.

[00202] Many IMP/MC complex embodiments do not include an anti gen, and certain
embodiments exclude antigen(s) associated with the disease or d1sorder which is the object of
the H\/IP/MC complex therapy In further embodiments, the IMP is also bound to one or more
antigen molecules. Antigen may be coupled with the IMP portion of an IMP/MC complex in a
variety of ways, including covalent and/or non-covalent interactions, as described, for
example, in WO 98/16247. Alternately, the antigen may be linked to the microcarrier. The
link between the antigen and the IMP in IMP/MC complexes comprising an antigen bound to
the IMP can be made by techniques described herein and known in the art, including, but not
lhfﬂted to, direct covalent linkage, covalent conjugation via a crosslinker moiety (which may
include a spacer arm), noncovalent conjugation via a specific binding pair (e.g., biotin and

avidin), and noncovalent conjugation via electrostatic or hydrophobic bonding.
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IMP complexes with cationic condensing agent and stabilizine acent

[00203] IMPs may be administered as a composition comprising a cationic condensing
agent, an IMP, and a stabilizing agent (i.e., CIS composition) for modulating an immune
response in the recipient. See, U.S. Patent Application No. 60/402,968. In some
embodiments, the CIS composition may also comprise an antigen and/or a fatty acid.

[00204] The CIS compositions of the invention are typically in particulate form. As will be
apparent to those of skill in the art, CIS particulate compositions of the invention will consist
of a population of particles of different sizes. Due to this naturally arising variability, the
“size” of the particles in the compositions of the invention may be described in ranges or as a
maximum or minimum diameter. Particles are considered to be a particular size if at least 95%
of the particles (by mass) meet the specified dimension (e.g., if at least 97% of the particles are
less than 20 pm in diameter, then the composition is considered to consist of particles of less
than 20 pm in diameter). Particle size may be measured by any convenient method known in
the art, including filtration (e.g., use of a “depth” filter to cépmre particles greater than a cutoff
size), dynamic light scattering, electron microscopy, including TEM (particularly in
combination with freeze-fracture processing) and SEM, and the like.

[00205] Preferably, the CIS compositions of the invention comprise particles which are less
than about 50 um in diameter, more preferably less than about 20 um in diameter, although in
some embodiments the particles will be less than about 3,2 or 1 pm in diameter. Preferred
particle size ranges include about 0.01 pm to 50 pm, 0.02 to 20 pm, 0.05 to 5 um, and 0.05 to
3 pm in diameter.

[00206] The components of the CIS compositions may be present in various
ratios/quantities in the compositions, although it is contemplated that the amounts of the
stabilizing agent(s) and optional components such as fatty acids and antigen will remain
relatively invariant, with stabilizing agents generally ranging from about 0.1% to 0.5% (v/v),
fatty acids ranging from about 0 to 0.5%, and antigen concentrations ranging from about 0.1 to
about 100 pg/mL, preferably about 1 to about 100 pg/mL, more preferably about 10 to 50
pg/mL . The amounts and ratios of the IMP and the cationic condensing agent are subject to a
greater range of variation in the compositions of the invention. The amount of IMP will vary
to a certain extent as a function of the molecular weight of the IMP, and generally ranges from
about 50 ug/mL to about 2 mg/mL, preferably about 100 pg/mL to 1 mg/mL. The cationic

condensing agent is generally present in excess (in terms of mass) over the IMP, generally in

63



1862 89 187 rid 1050 rid 139 77 rid 183 (187/29 duplex) 91 117 311 1081
411 119 188 rid 644 rid 3360 147 rid 184 (188/29 duplex) 225 978

ratios of about 1:2 (IMP:cationic condensing agent) to about 1:6, more preferably about 2:5 to
1:5.

[00207] Particle size in the CIS compositions is a function of a number of variables. The
size distribution of particles in the compositions can be modulated by altering the ratio of
cationic condensing agent to IMP. For example, altering the ratio of cationic condensing agent
to IMP in the exemplary +I85/0.4% Tween 85/0.4% oleate/polymyxin B compositions can
alter mean particle size from about 1.5 pm at cationic condensing agent:IMC = 1 to about 45
pm af cationic condensing agent:IMP = 10.

[00208] In certain embodiments, the CIS compositions comprise a cationic condensing
agent, an IMP and a stabilizing agent that is a nonionic detergent. In other embodiments, the
compositions comprise 2 membrane disrupting cationic lipopeptide (preferably a polymyxin,
more preferably polymyxin B), an IMP and a stabilizing agent. In some embodiments the
stabilizing agent is not a serum protein (particularly not a bovine serum protein). An
exemplary composition of this class of embodiments utilizes a polyoxyethylene ether detergent
such as Tween 80 or Tween 85 as the stabilizing agent, with oleate as an optional additional
stabilizing agent.

[00209] In some embodiments, CIS compositions comprise immunomodulatory particles,
wherein the particles are made by the process of combining a cationic condensing agent, an
IMP and a stabilizing agent that is a nonionic detergent. In other embodiments, compositions
of the invention comprise immunomodulatory particles, wherein the particles are made by the
process of combining a membrane disrupting cationic lipopeptide (preferably a polymyxin,
more preferably polymyxin B), an IMP and a stabilizing agent. In some embodiments the
stabilizing agent is not a serum protein (particularly not a bovine serum protein).

[00210] In some embodiments, CIS compositions comprise immunomodulatory particles,
wherein the particles are formed by the process of combining an IMP and a stabilizing agent
that is a nonionic detergent, thereby forming an IMP/stabilizing agent mixture, and combining
a cationic condensing agent with the IMP/stabilizing agent mixture. In other embodiments,

~ compositions of the invention comprise immunomodulatory particles, wherein the particles are
formed by the process of combining an IMP and a stabilizing agent, thereby forming an
IMP/stabilizing agent mixture, and combining a membrane disrupting cationic lipopeptide
(preferably a polymyxin, more preferably polymyxin B) with the IMP/stabilizing agent

mixture. In some embodiments the stabilizing agent is not a serum protein (particularly not a

bovine serum protein).
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[00211] In some embodiments, CIS compositions comprise immunomodulatory particles,
wherein the particles comprise a cationic condensing agent, an IMP and a stabilizing agent that
is a nonionic detergent. In other embodiments, compositions of the invention comprise
immunomodulatory patticles, wherein the particles comprise a membrane disrupting cationic
lipopeptide (preferably a polymyxin, more preferably polymyxin B), an IMP and a stabilizing
agent. In some embodiments the stabilizing agent is not a serum protein (particularly not a
bovine serum protein).

[00212] Cationic condensing agents useful in the CIS compositions and methods of using
the CIS compositions are molecules which are positively charged at physiological pH (i.e., pH
of about 7.0 to about 7.5). Preferably, cationic condensing agents used in the instant invention
are not zwitterionic and are polycationic, that is, having more than one positive charge per
molecule. Cationic condensing agents useful in the instant invention include hydrophilic or
amphipathic polycations.

[00213] Preferred cationic condensing agents include: (a) membrane disrupting cationic
lipopeptides including, but not limited to polymyxins including polymyxin A, polymyxin B
(including polymyxin B; and polymyxin B,), polymyxin C, polymyxin D, polymyxin E (also
known as colistin), polymyxin K, polymyxin M, polymyxin P, polymyxin 8 and polymyxin T,
circulins including circulin A, circulin B, circulin C, circulin D, circulin E and circulin F,
octapeptin, amphotericins including amphcééricin B, and acylated peptides including octanoyl-
KFFKFFKFF and acyl KALA (octanoyl-WEAKLAKATAKALAKHLAKALAKALFACEA,
(b) membrane disrupting cationic peptides including, but not limited to polymyxin B
nonapeptide, cecropins including cecropin A, cecropin B and cecropin P1, KFFKFFKFF and
KALA (WEAKLAKALAKAT AKHLAKALAKALKACEA); (¢) single chain cationic
surfactants including, but not limited to cetyltrimethylammonium bromide (CTAB), benzyl-
dimethyl-ammonium bromide (BDAB), CpyrB (cetyl-pyridinium bromide), CimB (cetyl
imidazolium bromide) , and polycationic polymers, including, but not limited to, poly-L-lysine
(PLL) and polyethyleneimine (PEI). In certain embodiments, the cationic condensing agent is
a membrane disrupting cationic lipopeptide, preferably a polymyxin, more preferably
polymyxin B. In some embodiments, cationic condensing agents may exclude fatty acid esters
(i.e., lipids) and double chain cationic surfactants.

[60214] Stabilizing agents‘useful in the CIS compositions and methods of using the CIS
compositions include those which are suspendable in water and reduce the surface tension of

water, although stabilizing agents which are water soluble and/or completely miscible in water
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are preferred. A number of classes of stabilizing agents are useful in the compositions and
methods of the invention, including proteins (preferably hydrophilic proteins), nonionic
detergents, polymeric surfactants (e.g., polyvinyl alcohol and polyvinyl pyrrolidone), cationic
detergents, anionic detergents and fatty acids, although in certain embodiments, serum proteins
(particularly bovine serum proteins), fatty acids, and/or ionic detergents may be excluded from
the definition of stabilizing agents.

[00215] Any protein may be used as a stabilizing agent in accordance with the invention. In
some embodiments, the stabilizing agentis a protéin which is not intended as an antigen (see
discussion below); in these embodiments, it is preferred that the protein be derived from the
same species as the intended recipient of the composition (e.g., if the composition is intended
for use in humans, then it is preferred that the protein used as the stabilizing agent be a human
protein). Serum albumin is an exemplary protein useful as a stabilizing agent in such
embodiments. In other embodiments, an antigen is utilizing as the stabilizing agent, in which
case the antigen need not be, and in general is preferably not, species matched with the
intended recipient. Antigens useful in the compositions and methods of the invention are
disclosed below.

[00216] Nonionic detergents useful in the CIS compositions and methods of using the CIS
compositions include glucamides such as decyldimethylphosphine oxide (APO-10) and
dimethyldodecylphosphine oxide (APO-12), octanoyl-N-methylglucamide (MEGA-8),
nonanoyl-N-methylglucamide (MEGA-9) and decanoyl-N-methy! glucamide (MEGA-10),
polyoxyethylene ether detergents including polyoxyethylene(10) dodecyl ester (Genapol
C100), polyoxyethylene(4) lauryl ether (BRIJ® 30), polyoxyethylene(9) lauryl ether
(LUBROL® PX) polyoxyethylene(23) lauryl ether (BRIJ® 35), polyoxyethylene(2) cetyl ether
{BRIJ@ 52), polyoxyethylene(10) cetyl ether (BRII® 56), polyoxyethylene(20) cetyl ether
(BRIJ® 58), polyoxyethylene(2) stearyl ether (BRII® 72), polyoxyethylene(10) stearyl ether
(BRII® 76), polyoxyethylene(20) stearyl ether (BRIJ® 78), polyoxyethylene(100) stearyl ether
(BRII® 700), polyoxyethylene(2) oleyl ether (BRII® 92), polyoxyethylene(10) oley! ether
(BRII® 97), polyoxyethylene(20) oleyl ether (BRIJ® 98),
isotridecylpoly(ethyleneglycolether)s (Genapol 80), PLURONIC® F-68, PLURONIC® F-127,
dodecylpoly(ethyleneglycolether)s (Thesit) polyoxyethylene(10) isooctylphenyl ether
(TRITON® X-100), potyoxyethylene(8) isooctylphenyl ether (TRITON® X-114),
polyethylene glycol sorbitan monolaurate (TWEEN® 20), polyoxyethylenesorbitan
monopalmitate (TWEEN® 40), polyethylene glycol sorbitan monostearate (TWEEN® 60),
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[00218] Cationic detergents include cetylpyridinium and salts thereof, cetyltrimethylamonia
and salts thereof including cetyltrimethylammonium bromide (CTAB),'
dodecyltrimethylammonia and salts thereof including dedecyltrimethylammonium bromide,
alktylammonium imidazolines, quaternary imidazolines, and tetradecyltrimtheylammonia and
salts thereof including tetradecyltrimtheylammonium bromide.

[00219] Detergents selected for use as stablizing agents are preferably those that are
considered oil/water emulsifying detergents. Oil/water emulsifying detergents are known in

the art, and are generally characterized by a hydrophobic/lipophilic balance (HLB) value of
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about 8 to about 18. Preferably, detergents incorporated into the particulate compositions have
HLB values of about 10 to about 16, more preferably about 11 to about 15 (e.g., polyethylene
glycol sorbitan monooleate, HLB = 15.4; polyoxyethylene(10) isooctylphenyl ether, HLB =
13.5; polyoxyethylene(20) sorbitan trioleate HLB = 11).

[00220] In certain embodiments, the CIS compositions may also include one or more fatty
acids, or a salt thereof, as an additional component. In those embodiments employing a fatty
acid as the stablizing agent component and a fatty acid as an additional component of the
composition, the fatty acid utilized as the stablizing agent will be different than the fatty acid
used as the ‘additional’ component. Fatty acids useful in the CIS compositions of the
invention may range in size from four to 30 carbon atoms, and may be unsaturated (e.g., stearic
acid), monounsaturated (e.g., oleic acid), or polyunsaturated (e.g., linoleic acid), although
monounsaturated and polyunsaturated fatty acids are generally preferred.

[00221] In some embodiments, the CIS compositions will incorporate a fatty acid having a
carbon chain length of at least about 4, 5, 6, 8, 10, 15, 18, or 20 carbon atoms and less than
about 30, 25, 20, 19, 15 or 10 carbon atoms. Accordingly, in some embodiments the fatty
acids utilized in the invention may have carbon chains with a length in the range of about 4 to
30, 5t0 25, 10 to 20, or 15 to 20 carbon atoms.

[00222] Fatty acids useful in the CIS compositions include, but are not limited to,
arachidonic acid, decanoic acid, docosanoic acid, docosahexanoic acid eicosanoic acid,
heneicosanoic acid, heptadecanoic acid, heptanoic acid, hexanoic acid, lauric acid, linoleic
acid, linolenic acid, myristic acid, nonadecanoic acid, nonanoic acid, octanoic acid, oleic acid,
palmitic acid, iaentadecanoic acid, stearic acid, tetracosanoic acid, tricosanoic acid, tridecanoic
acid, and undecanoic acid. Preferred fatty acids for use in the CIS compositions include oleic
acid palmitoleic acid, and linoleic acid.

[00223] In certain embodiments of the invention, an antigen is incorporated into the CIS
composition or administered in combination with a CIS composition. Those CIS compositions
incorporating an antigen may incorporate the antigen into the particulate composition itself, or
be dissolved or suspended in the solution in which the particulate composition is suspended.

Any antigen may be incorporated into or co-administered with a CIS composition of the

invention.
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Methods of the invention

[00224] As described herein, IMPs of the invention may particularly stimulate production of
IL-6, TNF-0, IFN-y and of type I interferons, including IFN-o, and IFN-w, stimulate B cell
proliferation and/or activate plasmacytoid dendritic cells to differentiate. The IMPs of the
invention may also stimulate production of other cytokines, chemokines and activation-
associated proteins including, but not limited to, IP-10 (interferon induced protein 10kDa),
MCP-1 (monocyte chemoatiractant protein 1), MCP-2, MCP-3, MIG, MIP-3b, CD80, CD86,
CD40, CD54 and MHC class II. The IMPs of the invention may also stimulate expression of
IFN-a~inducible genes including, but not limited to 2,5-oligoadenylate synthatse (2,5-OAS),
interferon-stimulating gene-54K (ISG-54K) and guanylate-binding protein-1 (GBP-1). The
immunomodulatory polynucleotides of the invention also may provide a signal that retards
plasmacytoid dendritic cell apoptosis. The immunomodulatory polynucleotides of the
invention also may stimulate natural killer (NK) cell Iytic activity. Accordingly, the IMPs of
the invention are particularly effective in modulating an immune response in an individual.

[00225] The invention provides methods of modulating an immune response in an
individual, preferably a mammal, more preferably a human, comprising administering to the
individual an IMP as described herein. Immunomodulation may include stimulating a Thi-
type immune response and/or inhibiting or reducing a Th2-type immune response. The IMP is
administered in an amount sufficient to modulate an immune response. As described herein,
modulation of an immune response may be humoral and/or cellular, and is measured using
standard techniques in the art and as described herein.

[00226] For example, the modulation of an immune response of an animal or population of
cells, e.g., mammalian, optionally human, blood cells (e.g., PBMCs, lymphocytes, dendritic
cells), bronchial alveolar lavage cells,or other cells or cell populations containing ISS-
responsive cells,is accomplished by contacting the cells with an IMP or IMP-containing
composition described herein (e.g., a composition containing an IMP, IMP and an antigen, an
IMP-antigen conjugate, an IMP/microcarrier complex, etc.). The modulation can be
accomplished by any form of contacting, including without limitation, co-incubation of cells
and IMP in vitro, application of the IMP to skin of a mammal (e.g., of an experimental animal),
and parenteral adminstration.

[00227] An immune response in animals or cell populations can be detected in any number

of ways, including increased expression of one or more of IFN-y, IFN-a, IL-2, IL-12, TNF-c,
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associated cytokines, which may result in a reduction of the Th2-type response features

associated with the individual’s response to the allergen. Immunomodulation of individuals
with Th2-type response associated disorders results in a reduction or improvement in one or
more of the symptoms of the disorder. Where the disorder is allergy or allergy-induced
asthma, improvement in one or more of the symptoms includes a reduction one or more of the
following: rhinitis, allergic conjunctivitis, circulating levels of IgE, circulating levels of
histamine and/or requirement for ‘rescue’ inhaler therapy (e.g., inhaled albuterol administered
by metered dose inhaler or nebulizer).

[00230] In further embodiments, the individual subject to the immunomodulatory therapy of
the invention is an individual receiving a vaccine. The vaccine may be a prophylactic vaccine
or a therapeutic vaccine. A prophylactic vaccine comprises one or more epitopes associated
with a disorder for which the individual may be at risk (e.g., M. tuberculosis antigens as a
vaceine for prevention of tuberculosis). Therapeutic vaccines comprise one or more epitopes
associated with a particular disorder affecting the individual, such as M, tuberculosis or M.
bovis surface antigens in tuberculosis patients, antigens to which the individual is allergic (i.e.,
allergy desensitization therapy) in individuals subject to allergies, tufnor cells from an
individual with cancer (e.g., as described in U.S. Patent No. 5,484,596), or tumor associated
antigens in cancer patients.

[00231] The IMP may be given in conjunction with the vaccine (e.g., in the same injection
or a contemporaneous, but separate, injection) or the IMP may be administered separately (e.g.,
at least 12 hours before or after administration of the vaccine). In certain embodiments, the
antigen(s) of the vaccine is part of the IMP, by either covalent or non-covalent linkage to the
IMP. In other embodiments, the IMP may be administered alone as a prophylactic vaccine to

increase resistance to infection by a wide range of bacterial or viral pathogens, including
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[00232] Other embodiments of the invention relate to immunomodulatory therapy of
individuals having a pre-existing disease or disorder, such as cancer or an infectious disease.
Cancer is an atfractive target for immunomodulation because most cancers express tumor-
associated and/or tumor specific antigens which are not found on other cells in the body.
Stimulation of a Thl-type response against tumor cells results in direct and/or bystander killing
of tumor cells by the immune system, leading to a reduction in cancer cells and/or a reduction
in symptom(s). Administration of an IMP to an individual having cancer results in stimulation
of a Thl-type immune response against the tumor cells. Such an immune response can kilt
tumor cells, either by direct action of cellular immune system cells (e.g., CTLs, NK cells) or
components of the humoral immune system, or by bystander effects on cells proximal to cells
targeted by the immune system. See, for example, Cho et al. (2000) Nat. Biotechnol. 18:509-
514. In the cancer context, administration of IMPs may further comprise administration of one
or more additional therapeutic agents such as, for example, anti-tumor antibodies,
chemotherapy regimens and/or radiation treatments. Anti-tumor antibodies, including, but not

limited to anti-tumor antibody fragments and/or derivatives thereof, and monocional anti-
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treatment of viral infections, including infections by influenza virus, respiratory syncytial virus

(RSV), hepatitis virus B, hepatitis virus C, herpes viruses, particularly herpes simplex viruses,
and papilloma viruses. Diseases caused by intraceltular parasites such as malaria (e.g.,
infection by Plasmodium vivax, P. ovale, P. falciparum and/or P. malariae), leishmaniasis
(e.g., infection by Leishmania donovani, L. tropica, L. mexicana, L. braziliensis, L. peruviana,
L. infantum, L. chagasi, and/or L. aethiopica), and toxoplasmosis (i.e., infection by
Toxoplasmosis gondii) also benefit from IMP therapy. IMP therapy is also useful for treatment
of parasitic diseases such as schistosomiasis (i.e., infection by blood flukes of the genus
Schistosoma such as S. haematobium, S. mansoni, S. japonicum, and S. mekongi) and
clonorchiasis (i.e., infection by Clonorchis sinensis). Administration of an IMP to an
individual suffering from an infectious disease results in an amelioration of symptoms of the
infectious disease. In some embodiments, the infectious disease 1s not a viral disease.

[00234] The invention further provides methods of increasing or sitmulating at least one
Thl-associated cytokine in an individual, including IL-2, IL-12, TNF-B, IFN-y and IFN-c.. In
certain embodiments, the invention provides methods of increasing or stimulating IFN-y in an
individual, particularly in an individual in need of increased IFN-y levels, by administering an
effective amount of an IMP to the individual such that IFN-y is increased. Individuals in need
of increased IFN-y are those having disorders which generally respond to the administration of
IFN-y. Such disorders include a number of inflammatory disorders including, but not limited

to, ulcerative colitis. Such disorders also include a number of fibrotic disorders, including, but
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not Iimited to, idiopathic pulmonary fibrosis (IPF), scleroderma, cutaneous radiation-induced
fibrosis, hepatic fibrosis including schistosomiasis-induced hepatic fibrosis, renal fibrosis as
well as other conditions which may be improved by administration of IFN-y. Administration
of IMP in accordance with the invention results in an increase in IFN-y levels, and results in
amelioration of one or more symptoms, stabilization of one or more symptoms, and/or
prevention or slowing of progression (e.g., reduction or elimination of additional lesions or
symptoms) of the disorder which responds to IFN-y.

[00235] The methods of the invention may be practiced in combination with other therapies
which make up the standard of care for the disorder, such as administration of anti-
inflammatory agents such as systemic corticosteroid therapy (e.g., cortisone) in IPF.

[00236] In certain embodiments, the invention provides methods of increasing type I
interferon, including IFN-c,, IFN-B and IFN-w, in an individual, particularly in an individual in
need of increased type I interferon levels, by administering an effective amount of an IMP to
the individual such that type I interferon levels are increased. In certain embodiments, the
invention provides methods of increasing IFN-c; in an individual, particularly in an individual
in need of increased IFN-a. levels, by administering an effective amount of an IMP to the
individual such that IFN-a levels are increased. Individuals in need of increased IFN-q, are
those having disorders which generally respond to the administration of IFN-a, including
recombinant IFN-g,, including, but not limited to, viral infections and cancer. In some
embodiments in which increased production of higher levels of IFN-a, is desired, the IMP
contains at least one palindromic sequence of at least the following lengths (in bases): 10, 12,
14, 16, 18, 20, 22, 24, 26, 28 or 30, and, in some embodiments, the IMP contains at least one
palindromic sequence with a length longer than 30 bases.

[00237} Administration of IMP in accordance with the invention results in an increase in
IFN-a levels, and results in amelioration of one or more symptoms, stabilization of one or
more symptoms, and/or prevention or slowing of progression (e.g., reduction or elimination of
additional lesions or symptoms) of the disorder which responds to IFN-o.. The methods of the
invention may be practiced in combination with other therapies which make up the standard of
care for the disorder, such as administration of anti-viral agents for viral infections.

[00238] Also provided are methods of reducing levels, particularly serum levels, of IgE in
an individual having an IgE-related disorder by administering an effective amount of an IMP to

the individual. In such methods, the immunomodulatory polynucleotide may be administered
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alone (e.g., without antigen) or administered with antigen, such as an allergen. Reduction in
IgE results in an amelioration of one or more symptoms of the IgE-related disorder. Such
symptoms include allergy symptoms such as rhinitis, conjunctivitis, in decreased sensitivity to
allergens, a reduction in the symptoms of allergy in an individual with allergies, or a reduction
in severity of an allergic response. Accordingly, the invention also provides methods of
treating an allergic condition in an individual. In some embodiments, methods of treating an
allergic condition include administering the immunomodulatory polynucieotide with a
particular amount or dose of antigen. With any additional antigen administration, the amount
or dose of antigen administered can remain the same, can decease or can increase (as in
conventional desensitization therapy) over the course of freatment.

[00239] In some embodiments, the invention provides methods of stimulating CTL
production in an individual, particularly in an iﬁdividual in need of increased number and/or
activity of CTLs, comprising administering an effective amount of an IMP to the individual
such that CTL production is increased. Individuals in need of increased CTL production are
those having disorders which generally respond to CTL activity. Such disorders include, but
not limited to, cancer and intracellular infections. Administration of IMP in accordance with
the invention results in an increase in CTL levels, and results in amelioration of one or more
symptoms, stabilization of one or more symptoms, and/or prevention or slowing of progression
(e.g., reduction or elimination of additional lesions or symptoms) of the disorder which
responds to CTL activity.

[00240] Methods of the invention include any embodiments described herein, such as
administering IMPs in the form of immunomodulatory polynucleotide/microcarrier complex
(with or without antigen, or with or without antigen over a course of administrations), or in
proximate association with an antigen.

[00241] As will be apparent to one of skill in the art, the methods of the invention may be
practiced in combination with other therapies for the particular indication for which the IMP is
administered. For example, IMP therapy may be administered in conjunction with anti-
malarial drugs such as chloroquine for malaria patients, in conjunction with leishmanicidal
drugs such as pentamidine and/or allopurinol for leishmaniasis patients, in conjunction with
anti-mycobacterial drugs such as isoniazid, rifampin and/or ethambutol in tuberculosis patients,
orin conjunctioh with allergen desensitization therapy for atopic (allergy) patients,

[00242] As described herein, administration of IMPs may further comprise administration of

one or more additional immunotherapeutic agents (i.e., an agent which acts via the immune
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system and/or is derived from the immune system) including, but not limited to, cytokine,
adjuvanis and antibodies (including, but not limited to, antibody fragments and/or derivatives
and monoclonal antibodies, fragments and/or derivatives thereof). Examples of therapeutic
antibodies include those used in the cancer context (e.g., anti-tumor antibodies).
Administration of such additional immunotherapeutic agents applies to all the methods
described herein.

[00243] An IMP may also be administered in conjunction with an adjuvant. Administration
of an antigen with an IMP and an adjuvant leads to a potentiation of a immune response to the
antigen and thus, can result in an enhanced immune response compared to that which results
from a composition comprising the IMP. and antigen alone. Adjuvants are known in the art and
include, but are not limited to, oil-in-water emulsions, water-in oil emulsions, alum (aluminum
salts), liposomes and microparticles, including but not limited to, polystyrene, starch,
polyphosphazene and polylactide/polyglycosides. Other suitable adjuvants also include, but
are not limited to, MF59, DETOX™ (Ribi), squalene mixtures (SAF-1), muramyl peptide,
saponin derivatives, mycobacterium cell wall preparations, monophosphoryl lipid A, mycolic
acid derivatives, nonionic block copolymer surfactants, Quil A, cholera toxin B subunit,
polyphosphazene and derivatives, and immunostimulating complexes (ISCOMs) such as those
described by Takahashi et al. (1990) Nature 344:873-875, as well as, lipid-based adjuvants and
others described herein. For veterinary use and for production of antibodies in animals,

mitogenic components of Freund's adjuvant (both complete and incomplete) can be used.

Administration and assessment of the immune response

[00244] The IMP can be administered in combination with other pharmaceuticai and/or
immunogenic and/or immunostimulatory agents, as described herein, and can be combined
with a physiologically acceptable carrier thereof (and as such the invention includes these
compositions). The IMP may be any of those described herein.

[00245] Accordingly, the IMP can be administered in conjunction with other
immunotherapeutic agents including, but not limited to, cytokine, adjuvants and antibodies.

[00246] As with all immunogenic compositions, the immunologically effective amounts and
method of administration of the particular IMP formulation can vary based on the individual,
what condition is to be treated and other factors evident to one skilled in the art. Factors to be

considered include the antigenicity of antigen if administered, whether or not the IMP will be
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administered with or covalently attached to an adjuvant, delivery molecule and/or antigen,
route of administration and the number of immunizing doses to be administered. Such factors
are known in the art and it is well within the skill of those in the art to make such
determinations without undue experimentation. A suitable dosage range is one that provides
the desired modulation of immune response (e.g., stimulation of IFN-a. and/or IFN-y). When
an immune response to an antigen is desired, a suitable dosage range is one that provides the
desired modulation of immune response to the antigen. Generally, dosage is determined by the
amount of IMP administered to the patient, rather than the overall quantity of IMP-containing
composition administered. Useful dosage ranges of the IMP, giizen in amounts of IMP
delivered, may be, for example, from about any of the following: 1 to 500 ug/kg, 100 to 400
ng/ke, 200 to 300 ng/kg, 1 to 100 pgrke, 100 to 200 pg/ke, 300 to 400 pg/ke, 400 to

500 pg/kg. The absolute amount given to each patient depends on pharmacological properties
such as bioavailability, clearance rate and route of administration.

[00247] The effective amount and method of administration of the particular IMP
formulation can vary based on the individual patient, desired result and/or type of disorder, the
stage of the disease and other factors evident to one skilled in the art. The route(s) of
administration useful in a particular application are apparent to one of skill in the art. Routes
of administration include but are not limited to topical, dermal, transdermal, transmucosal,
epidermal, parenteral, gastrointestinal, and naso-pharyngeal and pulmonary, including
transbronchial and transalveolar. A suitable dosage range is one that provides sufficient IMP-
containing composition to attain a tissue concentration of about 1-10 pM as measured by blood
levels. The absolute amount given to each patient depends on pharmacological properties such
as bioavailability, clearance rate and route of administration.

[00248] As described herein, APCs and tissues with high concentration of APCs are
preferred targets for the IMP. Thus, administration of IMP to mammalian skin and/or mucosa,
where APCs are present in relatively high concentration, is preferred.

[00249] The present invention provides IMP formulations suitable for topical application
including, but not limited to, physiologically acceptable implants, ointments, creams, rinses
and gels. Topical administration is, for instance, by a dressing or bandage having dispersed
therein a delivery system, by direct administration of a delivery system into incisions or open
wounds, or by transdermal administration device directed at a site of interest. Creams, rinses,

gels or ointments having dispersed therein an IMP are suitable for use as topical ointments or

wound filling agents.
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[00250] Preferred routes of dermal administration are those which are least invasive.
Preferred among these means are transdermal transmission, epidermal administration and
subcutaneous injection. Of these means, epidermal administration is preferred for the greater
concentrations of APCs expected to be in intradermal tissue.

- [00251] Transdermal administration is accomplished by application of a cream, rinse, gel,
efc. capable of allowing the IMP to penetrate the skin and enter the blood stream.
Compositions suitable for transdermal administration include, but are not Limited to,
pharmaceutically acceptable suspensions, oils, creams and ointments applied directly to the
skin or incorporated into a protective carrier such as a transdermal device (so-called “patch”).
Examples of suitable creams, ointments etc. can be found, for Instance, in the Physician’s Desk
Reference.

[00252] For transdermal transmission, iontophoresis is a suitable method. lIontophoretic
transmission can be accomplished using commercially available patches which deliver their
product continuously through unbroken skin for periods of several days or more. Use of this
method allows for controlied transmission of pharmaceutical compositions in relatively great
concentrations, permits infusion of combination drugs and allows for contemporaneous use of
an absorption promoter. , )

[00253] An exemplary patch product for use in this method is the LECTRO PATCH
trademarked product of General Medical Company of Los Angeles, CA. This product
electronically maintains reservoir electrodes at neutral pH and can be adapted to provide
dosages of differing concentrations, to dose continuousty and/or periodically. Preparation and
use of the patch should be performed according to the manufacturer’s printed instructions
W\hich accompany the LECTRO PATCH product; those instructions are incorporated herein by
this reference. Other occlusive patch systems are also suitable.

[00254] For transdermal transmission, low-frequency ultrasonic delivery is also a suitable
method. Mitragotri et al. (1995) Science 269:850-853. Application of low-frequency
ultrasonic frequencies (about 1 MHz) allows the general controlled delivery of therapeutic
compositions, including those of high molecular weight.

[00255] Epidermal administration essentially involves mechanically or chemically irritating
the outermost layer of the epidermis sufficiently to provoke an immune response to the irritant.
Specifically, the irritation should be sufficient to attract APCs to the site of irritation.

[00256] An exemplary mechanical irritant means employs a multiplicity of very narrow

diameter, short tines which can be used to irritate the skin and atiract APCs to the site of
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irritation, to take up IMP transferred from the end of the tines. For example, the MONO-
VACC old tuberculin test manufactured by Pasteur Merieux of Lyon, France contains a device
suitable for introduction of IMP-containing compositions.

[00257] The device (which is distributed in the U.S. by Connaught Laboratories, Inc. of
Swiftwater, PA) consists of a plastic container having a syringe plunger at one end and a tine
disk at the other. The tine disk supports a multiplicity of narrow diameter tines of a length
which will just scratch the outermost layer of epidermal cells. Each of the tines in the MONO-
VACC kit is coated with old tuberculin; in the present invention, each needle is coated with a
pharmaceutical composition of IMP formulation. Use of the device is preferably according to
the manufacturer’s written instructions included with the device product. Similar devices
which can also be used in this embodiment are those which are currently used to perform
allergy tests.

[00258] Another suitable approach to epidermal administration of IMP is by use of a
chemical which irritates the outermost cells of the epidermis, thus provoking a sufficient
immune response to attract APCs to the area. An example is a keratinolytic agent, such as the
salicylic acid used in the commercially available topical depilatory creme sold by Noxema
Corporation under the trademark NAIR. This approach can also be used to achieve epithelial
administration in the mucosa. The chemical irritant can also be applied in conjunction with the
mechanical irritant (as, for example, would occur if the MONO-VACC type tine were also
coated with the chemical irritant). The IMP can be suspended in a carrier which also contains
the chemical irritant or coadministered therewith.

[00259] Parenteral routes of administration include but are not limited fo electrical
(iontophoresis) or direct injection such as direct injection into a central venous line,
intravenous, intramuscular, intraperitoneal, intradermal, or subcutaneous injection.
Formulations of IMP suitable for parenteral administration are generally formulated in USP
water or water for injection and may further comprise pH buffers, salts bulking agents,
preservatives, and other pharmaceutically acceptable excipients. Immunomodulatory
polynucleotide for parenteral injection may be formulated in pharmaceutically acceptable
sterile isotonic solutions such as saline and phosphate buffered saline for injection.

[00260] Gastrointestinal routes of administration include, but are not limited to, ingestion
and rectal. The invention includes formulations IMP suitable for gastrointestinal
administration including, but not limited to, pharmaceutically acceptable powders, pills or

liquids for ingestion and suppositories for rectal administration. As will be apparent to one of
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skill in the art, pills or suppositories will further comprise pharmaceutically acceptable solids,
such as starch, to provide bulk for the composition.

[00261] Naso-pharyngeal and pulmonary administration include are accomplished by
inhalation, and include delivery routes such as intranasal, transbronchial and transalveolar
routes. The invention includes formulations of IMP suitable for administration by inhalation
including, but not limited to, liquid suspensions for forming aerosols as well as powder forms
for dry powder inhalation delivery systems. Devices suitable for administration by inhalation
of IMP formulations include, but are not limited to, atomizers, vaporizers, nebulizers, and dry
powder inhalation delivery devices.

[00262] As is well known in the art, solutions or suspensions used for the routes of
administration described herein can include any one or more of the following components: a
sterile diluent such as water for injection, saline solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates
and agents for the adjustment of tonicity such as sodium chloride or dextrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of
glass or plastic.

[00263] As is well known in the art, pharmaceutical compositions suitable for injectable use
include sterile aqueous solutions (where water soluble) or dispersions and sterile powders for
the externporaneous preparation of sterile injectable solutions or dispersion. For intravenous
administration, suitable carriers include physiological saline, bacteriostatic water, Cremophor
EL'™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In all cases, the
composition must be sterile and should be fluid to the extent that easy syringability exists. It
should be stable under the conditions of manufacture and storage and must be preserved
against the contaminating action of microorganisms such as bacteria and fungi. The carrier can
be a solvent or dispersion medium containing, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms can be achieved by

various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
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ascorbic acid, thimerosal, and the like. It may be preferable to include isotonic agents, for
example, sugars, polyalcohols such as mannitol, sorbitol, sodium chloride in the composition.
Prolonged absorption of the injectable compositions can be brought about by including in the
composition an agent which delays absorption, for example, aluminum monostearate and
gelatin.

[00264] As is well known in the art, sterile injectable solutions can be prepared by
incorporating the active compound(s) in the required amount in an appropriate solvent with
one or a combination of ingredients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the active compound into a
sterile vehicle which contains a basic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are vacuum drying and freeze-drying
which yields a powder of the active ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof.

[00265] The choice of delivery routes can be used to modulate the immune response
elicited. For example, IgG fiters and CTL activities were identical when an influenza virus
vector was administered via intramuscular or epidermal (gene gun) routes; however, the
muscular inoculation yielded primarily IgG2a, while the epidermal route yielded mostly IgG1.
Pertmer et al. (1996) J. Virol. 70:6119-6125. Thus, one skilled in the art can take advantage of
slight differences in immunogenicity elicited by different routes of administering the
immunomodulatory polynucleotides of the present invention.

[00266] The above-mentioned compositions and methods of administration are meant to
describe but not limit the methods of administering the formulations of IMPs of the invention.
- The methods of producing the various compositions and devices are within the ability of one
skilled in the art and are not described in detail here.

[00267] Analysis (both qualitative and quantitative) of the immune response to IMP can be
by any method known in the art, including, but not limited to, measuring antigen-specific
antibody production (including measuring specific antibody subclasses), activation of specific
populations of lymphocytes such as CD4+ T cells, B cells, NK cells or CTLs, maturation of
dendritic cells (inchuding plasmacytoid dendritic cells), production of cytokines and
chemokines such as IFN-y, IFN-q, IFN-o, TNF-a, IL-2, 1L-4, IL—S, IL-6, IL-10, IL-12, IP-10,
MCP-1, MCP-2, MCP-3, MIG or MIP-é B and/or release of histamine. Methods for measuring

specific antibody responses include enzyme-linked immunosorbent assay (ELISA) and are well
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known in the art. Measurement of numbers of specific types of lymphocytes such as CD4+ T
cells can be achieved, for example, with fluorescence-activated cell sorting (FACS).
Measurement of activation of particular populations of cells can be achieved by determining
expression of markers, for example, cell surface markers, specific for activation of the
particular cell type. Cell marker expression can be measured, for example, by measuring RNA
expression or measuring cell surface expression of the particular marker by, for example,
FACS analysis. Cytotoxicity and CTL assays can be performed for instance as described in
Raz et al. (1994) Proc. Natl. Acad. Sci. USA 91:9519-9523 and Cho et al. (2000). Cytokine
concentrations can be measured, for example, by ELISA. Measuring maturation of dendritic
cells can be performed for instance as described in Hartmann et al. (1999) Proc. Natl. Acad.
Sci. US4 96:9305-9310. These and other assays to evaluate the immune response to an
immunogen are well known in the art. See, for example, Selected Methods in Cellular
Immunology (1980) Mishell and Shiigi, eds., W.H. Freeman and Co.

[00268] Analysis (both qualitative and quantitative) of the immune response to IMP can also
be by measuring the level of cytokines, chemokines and/or other molecules that are induced by
cytokines, such as IFN-y and/or IFN-a,, whose production is stimulated by IMP. Accordingly,
the IMPs of the invention may also stimulate expression of IFN-y and/or IFN-o inducible
cytokines, chemokines and inflammatory proteins including, but not limited to, IP-10
(interferon induced protein 10kDa), monokine induced by IFN-y, and monocyte chemotactic
protein 1 (MCP-1). The immune response to IMP can also be analyzed by measuring the level
of cytokines, chemokines and/or other molecules that are known to have antaiviral activities,
including 2,5-oligoadenylate synthetase (2,5-OAS), interferon-stimulating gene-54K (ISG-
54K), MxA, MxB and guanylate-binding protein-1 (GBP-1). Thus, antiviral molecules and
molecules induced by IFN-y and/or IFN-a. can be used as markers of IMP activity.
Measurement of such interferon-induced molecule production and/or gene expression can be
by any method known in the art, including, but not limited to, by ELISA and quantitative PCR
to measure RNA production.

[00269] Preferably, a Thl-type response is stimulated, i.e., elicited and/or enhanced. With
reference to the invention, stimulating a Thi-type immune response can be determined in vitro
or ex vivo by measuring cytokine production from cells treated with IMP as compared to those
treated without IMP. Methods to determine the cytokine production of cells include those
methods described herein and any known in the art. The type of cytokines produced in
response to IMP treatment indicate 2 Thl-type or a Th2-type biased immune response by the
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cells. As used herein, the term “Thl-type biased” cytokine production refers to the measurable
increased production of cytokines associated with a Thl-type immune response in the presence
of a stimulator as compared to production of such cytokines in the absence of stimulation.
Examples of such Thl-type biased cytokines include, but are not limited to, IL-2, IL-12, TFN-y
and IFN-c.. In contrast, “Th2-type biased cytokines” refers to those associated with a Th2-type
immune response, and include, but are not limited to, IL-4, IL-5, and IL-13. Cells useful for
the determination of IMP activity include cells of the immune system, primary cells isolated
from a host and/or cell lines, preferably APCs and lymphocytes, even more preferably
macrophages and T cells.

[00270] Stimulating a Thl-type immune response can also be measured in a host treated
with an IMP can be determined by any method known in the art including, but not limited to:
(1) areduction in levels of IL-4 or IL-5 measured before and after antigen-challenge; or
detection of lower (or even absent) levels of IL-4 or IL-5 in an IMP treated host, optionally as
compared to an antigen-primed, or primed and challenged, control treated without IMP; (2) an
increase in levels of IL-12, IL-18 and/or IFN (o, B or y) before and after antigen challenge; or
detection of higher levels of IL-12, IL-18 and/or IFN (a, B or y) in an IMP treated host as
compared to an antigen-primed or, primed and challenged, control treated without IMP; (3)
“Thl-type biased” antibody production in an IMP treated host as compared to a control treated
without IMP; and/or (4) a reduction in levels of antigen-specific IgE as measured before and
after antigen challenge; or detection of lower (or even absent) levels of antigen-specific IgE in
an IMP treated host as compared to an antigen-primed, or primed and challenged, control
treated without IMP. A variety of these determinations can be made by measuring cytokines
made by APCs and/or lymphocytes, preferably macrophages and/or T cells, in vitro or ex vivo
using methods described herein or any known in the art. Some of these determinations can be
made by measuring the class and/or subclass of antigen-specific antibodies using methods
described herein or any known in the art.

[00271] The class and/or subclass of antigen-specific antibodies produced in response to
IMP treatment indicate a Thl-type or a Th2-type biased immune response by the cells. As
used herein, the term “Th1-type biased” antibody production refers to the measurable increased
production of antibodies associated with a Th1-type immune response (i.e., Thi-associated
antibodies). One or more Thl associated antibodies may be measured. Examples of such Thi-
type biased antibodies include, but are not limited to, human IgG1 and/or IgG3 (see, e.g.,
Widhe et al. (1998) Scand. J. Immunol. 47:575-581 and de Martino et al. (1999) Ann. dllergy
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Asthma Immunol. 83:160-164) and murine IgG2a. In contrast, “Th2-type biased antibodies”
refers to those associated with a Th2-type immune response, and include, but are not limited to,
human IgG2, IgG4 and/or IgE (see, e.g., Widhe et al. (1998) and de Martino et al. (1999)) and
murine IgG1 and/or IgE.

[00272] The Thl-type biased cytokine induction which occurs as a result of administration
of IMP produces enhanced cellular immune responses, such as those performed by NK cells,
cytotoxic killer cells, Thl helper and memory cells. These responses are particularly beneficial
for use in protective or therapeutic vaccination against viruses, fungi, protozoan parasites,
bacteria, allergic diseases and asthma, as well as tumors.

[00273] In some embodiments, a Th2 response is suppressed (reduced). Suppression of a
Th2 response may be determined by, for example, reduction in levels of Th2-associated
cytokines, such as IL-4 and IL-5, reduction in the levels of Th2-associated antibodies, as well

as IgE reduction and reduction in histamine release in response to allergen.

Kits of the invention

[00274] The invention provides kits. In certain embodiments, the kits of the invention
generally comprise one or more containers comprising any IMP as described herein. The kits
may further comprise a suitable set of instructions, generally written instructions, reiatiné to
the use of the IMP for any of the methods described herein (e.g., immunomodulation,
ameliorating one or more symptoms of an infectious disease, increasing IFN-y levels,
increasing IFN-o. levels, or ameliorating an IgE-related disorder).

[00275] The kits may comprise IMP packaged in any convenient, appropriate packaging.
For example, if the IMP is a dry formulation (e.g., freeze dried or a dry powder), a vial with a
resilient stopper is normally used, so that the IMP may be easily resuspended by injecting fluid
through the resilient stopper. Ampoules with non-resilient, removable closures (e.g., sealed
glass) or resilient stoppers are most conveniently used for liquid formulations of IMP. Also
contemplated are packages for use in combination with a speciﬁc device, such as an inhaler,
nasal administration device (e.g., an atomizer) or an infusion device such as a minipump.

[00276] The instructions relating to the use of IMP generally include information as to
dosage, dosing schedule, and route of administration for the intended method of use. The
containers of IMP may be unit doses, bulk packages (e.g., multi-dose packages) or sub-unit

doses. Instructions supplied in the kits of the invention are typically written instructions on a
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label or package insert (e.g., a paper sheet included in the kit), but machine-readable
instructions (e.g., instructions carried on a magnetic or optical storage disk) are also
acceptable.

[00277] In some embodiments, the kits further comprise an antigen (or one or more
antigens), which may or may not be packaged in the same container (formulation) as the
IMP(s). Antigen have beén described herein.

[00278] In certain embodiments, the kits of the invention comprise an IMP in the form of an
immunomodulatory polynucleotide/microcarrier complex (lﬁMP/MC) and may further-comprise
a set of instructions, generally writien instructions, relating to the use of the IMP/MC complex
for any of the methods described herein (e.g., immunomodulation, ameliorating one or more
symptoms of an infectious disease, increasing IFN-y levels, increasing ITFN-a levels, or
ameliorating an IgE-related disorder).

[00279] In some embodiments, kits of the invention comprise materials for production of
IMP/MC complex generally include separate containers of IMP and MC, although in certain
embodiments materials for producing the MC are supplied rather than preformed MC. The
IMP and MC are preferably supplied in a form which allows formation of IMP/MC complex
upon mixing of the supplied IMP and MC. This configuration is preferred when the IMP/MC
complex is linked by non-covalent bonding. This configuration is also preferred when the IMP
and MC are to be crosslinked via a heterobifunctional crosslinker; either IMP or the MC is
supplied in an “activated” form (e.g., linked to the heterobifunctional crosslinker such that a
moiety reactive with the IMP is available).

[00280] Kits for IMP/MC complexes comprising a liquid phase MC preferably comprise
one or more containers including materials for producing liquid phase MC. For example, an
IMP/MC kit for oil-in-water emulsion MC may comprise one or more containers containing an
oil phase and an aqueous phase. The contents of the container are emulsified to produce the
MC, which may be then mixed with the IMP, preferably an IMP which has been modified to
incorporate a hydrophobic moiety. Such materials include oil and water, for production of oil-
in-water emulsions, or containers of lyophilized liposome components (e.g., a mixture of
phospholipid, cholesterol and a surfactant) plus one or more containers of an aqueous phase
(e.g., a pharmaceutically-acceptable aqueous buffer).In certain embodiments, the kits of the
invention comprise an IMP in the form of a cationic condensing agent - IMP - stabilizing agent
(CIS) composition in one or more containers comprising any immunomodulatory CIS

particulate composition as described herein. Alternately, the kits may comprise one or more
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containers of the components of the CIS compositions of the invention. Configurations of this
embodiment include kits with a container of IMP/stabilizing agent mixture and a container of
cationic condensing agent and kits with a container of IMP, a container of stabilizing agent,
and a container of cationic condensing agent. The kits may further comprise a suitable set of
instructions, generally written instructions, relating to the use of the CIS particulate
composition for any of the methods described herein (e.g., immunomodulation, ameliorating
one or more symptoms of an infectious disease, increasing IFN-y levels, increasing IFN-a.
levels, or ameliorating an IgE-related disorder). The kit embodiments that comprise containers
of the components of the CIS compositions will generally include instructions for production
of the CIS compositions in accordance with the methods disclosed herein. In addition to the
CIS composition and/or components of the CIS composition of the invention, kit émbodiments
may also enclose instructions for production of the CIS compositions in accordance with the

methods disclosed herein and instructions for use of the immunomodulatory CIS compositions

for any of the methods described herein.

[00281] The following Examples are provided to illustrate, but not limit, the invention.

EXAMPLES

Example 1: Immunomodulation of human cells by immunomodulatory polynucleotides

[00282] Immunomodulatory polynucleotides (IMPs) or control samples, including
polynucleotides without an immunomodulatory sequence (5°-
TGACTGTGAACCTTAGAGATGA-3’ (SEQ ID NO: 2)), SAC and media alone, were tested

for immunomodulatory activity on human peripheral blood mononuclear cells (PBMCs). Also

tested was the standard immunomodulatory polynucleotide 5°-
TGACTGTGAACGTTCGAGATGA (SEQ ID NO:1). Unless noted otherwise, the
polynucleotides tested were fully modified phosphorothioate oligodeoxynucleotides.

[00283] Peripheral blood was collected from volunteers by venipuncture using heparinized
syringes. Blood was layered onto a FICOLL® (Amersham Pharmacia Biotech) cushion and
centrifuged. PBMCs, located at the FICOLL® interface, were collected, then washed twice
with cold phosphate buffered saline (PBS). The cells were resuspended and cultured in 48 or
96 well plates at 2 x 10° cells/mL in RPMI 1640 with 10% heat-inactivated human AB serum
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plus 50 units/mL penicillin, 50 pg/mL streptomyecin, 300 pg/mL glutamine, 1 mM sodium
pyruvate, and 1 x MEM non-essential amino acids (NEAA).

[00284] The cells were cultured in the presence of test samples (IMPs or controls) at doses
ranging from 0.2 to 20 pg/mi for 24 hours, then cell-free medium was collected from each well
and assayed for IFN-y and/or IFN-o. céncentration. IFN~y and IFN-o were assayed using
CYTOSCREEN™ ELISA kits from BioSource International, Inc., according to the
manufacturer’s instructions. Generally, the test samples were tested with PBMCs from 4
human donors.

[00285] IMPs stimulated IFN-y and/or IFN-a secretion by human PBMCs. In the human
PBMC assay, background levels of IFN-y can vary, even significantly, with the donor. Other
cytokines such as IFN-a, however, demonstrate a generally stable pattern of activation and
routinely exhibit low background levels under unstimulated conditions. Examples of results
from such assays with PBMCs are sumumarized in Tables 2-7.

[00286] In a dose titration assay, PBMCs from 4 donors were stimulated with 0.2 to 20
pg/ml of SEQ ID NO:27 as described above. The amount of IFN-o and IFN-y produced was
assessed as described above and the results from the 4 donors were averaged and the mean
results are presented in Table 2.

Table 2. IMP titration - IFN (pg/ml)

SEQ ID NO:27 IFN-y IFN-g,
(ng/ml)

20 412 749
8 583 4036
3.2 203 4073
1.3 ‘ 39 887
0.5 15 108
0.2 11 50

[00287] As can be seen from the results presented in Table 2, the capability to induce IFN-c.
producﬁon mncreased as the IMP dose decréased and became optimal at approximately 3-8
pg/ml, after which the activity decreased with dose. Additional assays confirmed this result.

[00288] PBMCs from four donors were stimulated with 20 pg/ml of IMPs or controls and
the stimulation of IFN-a and IFN-y production was assessed as described above. Among the

86




ITN-7 (149/1111) Test (SEQ ID NO) or Control Dose (ug/m1) Rep. | Rep.
2 Ave. Rep. 1 Rep. 2 Ave. 1 (IMP std) 5.0 1915 1737 1826 1858
25892089 1.0 1419 1424 1422 1941 1954 1948

polynucleotides tested were: ‘
5’-TCGTCGAACGTTCGTTAACGTTCG (SEQ ID NO:5);
5’-TCGTCGAACGTTCGTT (SEQ ID NO:12);
5 ’—TCGTCGGAACGTTCGAGATG (SEQ ID NO:14);
5’-TCGTCGTGAACGTTCGAGATGA (SEQ ID NO:13);
S’-TCGTCGAACGTTCCTTAACGTTCC (SEQ ID NO:6);
S’-TCGTCGTAACGTTCGAGATG (SEQ ID NO:15);
5’-TCGTCGAACGTTTTAACGTT (SEQ ID NO:31);
5°-TCGTTCAACGTTCGTTAACGTTCG (SEQ ID NO:9);
5’-TCGTCGGACGTTCGAGATG (SEQ ID NO:16);
5’ TCGTCGTACGTTCGAGATG (SEQ ID NO:17);
5’-TCGTCGTTCGTTCGAGATG (SEQ ID NO:18);
5’-TCGTCGAACCTTCGTTAACCTTCG (SEQ ID NO:11);
5’-TGATCGTCGAACGTTCGAGATG (SEQ ID NO:24);
5’-TGATCGAACGTTCGTTAACGTTCG (SEQ ID NO:8);
5 ’-TGATTCAACGTTCGTTAACGTTCG (SEQID NO:10);
5’-TCAACGTTCGTTAACGTTCGTT (SEQ ID NO:4).
[060289] The results of cytokine production from the PBMCs from each donor was averaged
and the mean results are presented in Table 3.

Table 3. Human PBMC Assays - IFN (pg/ml)

test or control (SEQ ID NO.) IFN-y [FN-o
2 (non-IMP) 11 50
1 (IMP std) 205 141
27 335 842
5 297 517
35 308 686
12 153 157
14 340 576
13 297 142
7 510 594
554 103
15 204 194
31 169 178
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[00290] As demonstrated in Table 3, IMPs that stimulated production of more IFN-o. than
an IMP standard, SEQ ID NO: 1, include at least one TCG sequence at or near the 5° end of the
polynucleotide (a 5°-TCG sequence) and a palindromic sequence of at least 8 bases in length
either adjacent to or within 3 bases of the 5°-TCG sequence. In general, stimulation of IFN-y
production mirrored stimulation of IFN-o production, although the range of variation in the
IFN-y stimulation was less than for IFN-c.. In the polynucleotides in which the palindromic
sequence and the 5°-TCG were separated, it was generally preferable for the production of
IFN-c. that the separation be by or overlapping with a second TCG trinucleotide (see, for
example, SEQ ID NO:14). IMPs containing a 5°-TCG but no palindromic sequence as
described above induced very low levels of IFN-y and did not induce IFN-c production (see,
for example, SEQ ID NOs: 18 and 11). IMPs containing 6-8 base palindromes but no 5’-TCG
trinucleotide induced IFN-y but only low levels of IFN-a. (see, for example, SEQ ID NO: 1 and
4). Notably, IMPs containing a TCG up to three bases removed from the 5” end of the
polynucleotide and containing a palindromic sequence of at least 10 bases in length induced a
particularly high level of IFN-o compared to an IMP standard without 2 5°-TCG, SEQ ID NO:
1 (see, for example, SEQ ID NO: 24 and 8).

[00291] An assay was performed to test IMP dose dependence on stimulation of IFN-g,
production. IMPs tested in this assay varied in the position of the palindromic sequence in the
polynucleotide and/or the position of the at least one TCG sequence at the 5’ end. Among the
polynucleotides tested were some with CG dinucleotides and 5°-TCG sequences but without

palindromic sequences 8 bases or greater in length (for example, SEQ ID NO:11; SEQ ID
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NO:18; 5°>-TCGTCGTTTTGTCGTITTGTCGTT (SEQ ID NQO:3)). Also tested were
polynucleotides with CG dinucleotides and palindromic sequences 8 bases or greater in length
but no 5’-TCG trinucleotides (for example, SEQ ID NO:1; SEQ ID NO:4: 5-
ATCATCTCGAACGTTCGACGA (SEQ ID NO:29); 5'-
AACGTTCGAACGTTCGAACGTTT (SEQ ID NO:67); 5°-
TCAACGTTCGAACGTTCGAACGTT (SEQ ID NO:68); 5°-
GACGATCGTCGACGATCGTC (SEQ ID NO:85)). PBMCs from four donors were
stimulated with either 0.8, 4.0 or 20 ug/ml of IMPs or controls. The stimulation of IFN-o
production was assessed as described above and the results averaged from the 4 donors are
reported in Table 4.

Table 4. Human PBMC Assays - IFN-o (pg/ml)

test or control | 20 pg/ml 4.0 pg/ml 0.8 pg/ml
(SEQ ID NO.)
2 (non-IMP) 52 52 52
1 (IMP std) 52 108 52
27 8626 7908 715
152 2425 4249 1085
39 2388 9325 3590
38 1874 7744 4635
57 1991 4262 9780
58 ' 915 1654 | 5965
59 616 3221 1147
24 1848 2233 71
8 1023 544 52
29 1000 3325 05
35 3507 8734 63
60 1978 517 52
61 7256 13767 569
62 11157 16722 2054
63 17077 12510 360
64 569 2896 80
65 2007 1158 55
66 3926 718 64

89




2193 2146 18781 1811 1845 OA 651 649 650 271 157 214 20 5.0 1838
2023 1931 2822 3342 3082 1.0 2245 2315 2280

67 246 2399 52
68 520 1558 1254
85 52 411 52
4 158 | 124 52
18 473 618 52
11 52 261 756
3 138 289 53
medium 52 4

[00292] The results presented in Table 4 support the importance of a palindromic sequence
at least 8 bases in length and at least one TCG sequence at or near the 5’ end of the

polynucleotide for stimulation of IFN-a from human PBMCs.

[00293] Another assay was performed to test IMP dose dependence on stimulation of IFN-g,
production. IMPs tested in this assay varied in the presence of CG dinucleotides and 5’-TCG
sequences in the polynucleotide. Among;r the polynucleotides tested were some with
palindromic sequences but without CG dinucleotides (for example, SEQ ID NO:2; 5’-
TGCTTGCAAGCTTGCAAGCA (SEQ ID NO: 90), 5°-
TCAGTCAGTCAGCTGACTGACTGA (SEQ ID NO:96) and/or without a 5°~TCG sequence
(for example, SEQ ID NOs:1, 90, 96; 5~ ACCGATAACGTTGCCGGTGACGGCACCACG
(SEQID NO:92), 5°-AACAACAACGTTGTTGTT (SEQ ID NQ:95), 5°-
ACCGATAACGTTGCCGGTGACGGCACCACG (SEQ ID NQ:25), 5°-
AACAACAACGTTGTTGTT (SEQ ID NO:94)). Also tested in this assay was the
polynucleotide 5°-TCGTTGCAAGCTTGCAACGA (SEQ ID NO:91). Some of the IMPs
varied in phosphate backbone composition. PBMCs from three donors were stimulated with
either 0.8, 4.0 or 20 pg/ml of IMPs or controls. The stimulation of IFN-c. production was
assessed using PBMCs from 3 donors as described above and the averaged results for the 3
donors are reported in Table 5.

Table 5. Human PBMC Assays - IFN-a (pg/ml)

test or control 20 pg/ml 4.0 ug/ml 0.8 pg/ml
(SEQ ID NO.)

media 43 - -
2 (non-IMP) 43 43 43
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1 (IMP std) 43 371 43
27 823 4958 1893
53 1968 13779 13550
54 142 5090 2832
97 1244 12097 5173
42 1790 7923 4249
90 43 43 50

196 58 613 43
o1 ] 1177 1539 870
25 43 43 43
02 43 903 43
o4 233 56 43
05 216 84 43
26 25420 19903 4136
30 1125 7543 5955
32 1483 5088 2933
33 6031 24061 14111
34 15012 17241 6979
93 1355 6193 1762

[00294] As can be seen from the results presented in Table 5, inversion of the CG
dinucleotides in the highly active sequence SEQ ID NO:42 to GC dinucleotides abolishes the
ability of SEQ ID NO:90 to induce IFN-o.. Similarly SEQ ID NO:96, a palindromic
polynucleotide without CG dinucleotides is also inactive.

[60295] As can be seen in Table 5, two representative phosphodiester polynucleotides, SEQ
ID NO:25 and SEQ ID NO:94, and their fully modified phosphorothioate versions, SEQ ID
NO:92 and SEQ ID NO:95, respectively, were not active in inducing IFN-a from human
PBMCs. Although SEQ ID NOs:25 and 92 contain several CG dinucleotides, mcluding the
motif AACGTT, they do not include TCG or a palindromic sequence of at least 8 bases. SEQ
ID NOs:94 and 95 are 18 base palindromes and contain one CG dinucleotide, b1:1t no TCG
trinucleotide. Thus, these polynucleotides do not fit the motifs described herein.

[00296] SEQ ID NOs:26, 30, 32, and 33, containing all phosphorothioate linkages (SEQ ID
NOs:30 and 32) or chimeric phosphorothioate/phosphodiester linkages (SEQ ID NOs:26 and
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33), induced high amounts of IFN-c. from human PBMCs. Both SEQ ID NOs:34 (which
contains chimeric phosphorothioate/phosphodiester linkages) and 93 (all phosphorothioate
linkages) induced IFN-o from human PBMCs.

[00297] In an assay to test the effect of the length of a palindromic sequence on stimulation
of IFN-o., PBMCs from four donors were stimulated with either 2 pg/ml or 20 pg/ml of IMPs
or controls, the stimulation of IFN-o production was assessed as described above and the
averaged results are reported in Table 6. Among the polynmucleotides tested were 5°-
TTCGAACGTTCGTTAACGTTCG (SEQ ID NO:20) and 5’-
TCGTCGAACGTTCGAACGTTCG (SEQ ID NO:19).

Table 6. Human PBMC Assays - IFN-a. (pg/ml)

test or control 20 pg/ml © 2 pg/ml
(SEQ ID NO.)

2 (non-IMP) 26 26
1 (IMP std) 93 34
5 2146 4018
20 2350 312
19 9844 15989
38 : 1935 15217
39 3729 14127
40 4584 12550
43 4174 10362
27 2008 10062
41 543 12916
42 3935 14752
media 26 26

[00298] The results presented in Table 6 support the importance of a palindromic sequence
at least 8 bases in length and at least one TCG sequence at or near the 5° end of the
polynucleotide for stimulation of IFN-¢. from human PBMCs.

[00299] In an assay to test IFN-o. stimulatory activity of IMPs with a variety of 12 base
palindromes, PBMCs from four donors were stimulated with either 0.8, 4 or 20 pg/ml of IMPs

or controls, the stimulation of IFN-o production - was assessed as described above and the

92




01 1207 1430 1319 446 1364 905 39 5.0 2476 2344 2410 3578 3065
13322 1LO 2856 2504 2680 2415 3497 2956 OA

averaged results are reported in Table 7.
Table 7. Human PBMC Assays - IFN-a (pg/ml)

test or control 20 pg/ml 4 pg/ml 0.8 pg/ml
(SEQIDNO.) '

2 (non-IMP) 169 133 133
1 (IMP std) 190 238 143
27 : 3010 6473 2775
44 4951 10420 5468
45 3821 7221 2864
46 1403 5296 5169
47 2798 6731 3992
48 - 3082 9190 4113
51 2701 5699 1727
69 1886 8299 5195
70 7893 8429 5553
71 10647 10525 6173
72 9652 9101 5095
73 10419 9376 4896
74 9883 9085 5635
75 10269 8153 3888
76 10551 9773 5062
49 5424 7762 2788
50 6112 8517 3239
42 7634 8208 5472
43 6777 6768 4472
77 3694 4725 768
78 ' 2542 4257 4311
79 1201 5725 5757
39 7454 9965 0622
80 2938 4137 1412
81 5914 4918 865
82 3451 4249 4170
84 3454 5363 2255
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media 204 204 204

[00300] The results presented in Table 7 indicate that any of the IMPs tested with 12 base
palindromes were active in stimulating IFN-o from human PBMCs. These IMPs contain a 12
base palindrome with the sequence TCGX; X, CGX, Xy’ CGA (SEQ ID NO0:198) in which there
are no nucleotide limitations for X; and X5, despite the formation of runs of CGCG, CCGG
and GCGC, which have previously been described as immunoinhibitory sequences or immune
neutralizing sequences (Krieg et al. (1998) Proc. Natl. Acad. Sci. US4 95:12631-12636). For
example, SEQ ID NOs:49 and 50 are active in stimulating IFN-o and contain the sequence
CGCG. SEQ ID NO:49 exémpﬁﬁes an immunomodulatory polynucleotide containing SEQ ID
NO:161 described above. SEQ ID NO:50 exemplfies an immunomodulatory polynucieotide
containing SEQ ID NO:162 described above. ,

[00301] IMPs with longer palindromes induced higher levels of IFN-a from human
PBMCs, particularly at lower IMP doses. As can be seen in assay results shown in Fig. 1, the
amount of IFN-o produced from the‘cells in response to SEQ ID NO:172 was significantly
higher than SEQ ID NO:113, SEQ ID NO:27 and SEQ ID NO:1 at the 0.4 png/ml dose of IMP.
Also, the amount of IFN-a. produced in response to SEQ ID NO:172 was significantly higher
than SEQ ID NO:27 and SEQ ID NO:1 at the 0.8 pg/ml dose of IMP (p <0.001). The
palindrome length in the IMPs is: 28 bases in SEQ ID NO:172, 22 bases in SEQ ID NO:113,
12 bases in SEQ ID NO:27, and 8 bases in SEQ ID NO:1

[00302] In another assay, overall IMP length and IMP palindrome length were compared in
the induction of IFN-o production from human PBMCs. Among the polynucleotides tested
were: SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:12, SEQ ID NO:27, 5°-
TCGTCGAACGTTCGAGATG (SEQ ID NO:166); 5’-TCGTCGAACGTTCGAGAT (SEQID
NO:99); 5’-TCGTCGAACGTTCGAG (SEQ ID NO:100); 5’-TCGTCGAACGTTCGA (SEQ
ID NO:101); 5’-TCGAACGTTCGAG (SEQ ID NO:102); 5’-TCGAACGTTCGA (SEQ ID
NO:103); 5°-TCGAACGTTCG (SEQ ID NO:104); 5°-TCGACGTCGA (SEQ ID NO:105);
5’-TCCGTCGAACGTTCG (SEQ ID N0:167); 5°-TCGTCGAACGTT (SEQ ID NO:199); 5’
TCGTTCGAACGTTCGAA (SEQ ID NO:54); 5°-TTCGAACGTTCGAA (SEQ ID NO:98).
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257 54 54 54 43 5.0 940 720 830 54 54 54 LO 721 852 787 54 54 54 OA
3736 3754

PBMCs from four donors were stimulated with either 0.8, 4.0 or 20 ug/ml of IMPs or controls
and the resultant production of IFN-o. was assessed as described above. The averaged result
for the 4 donors at each IMP concentration are reported in Table 8.

Table 8. Human PBMC Assays - IFN-a, (pg/ml)

TFN-a VP
test (SEQ ID 20 pg/ml |4 pg/ml 0.8 pg/ml | Totallength | Palindrome
NO.) or control (bases) (bases)
1 (IMP std) 128 412 52 22 8
2 (non-IMP) 52 52 52 22 -
27 1181 5697 1264 21 12
166 1527 4827 2095 19 12
99 204 4254 2093 18 12
100 451 3835 2115 16 12
101 601 3065 547 15 12
102 1016 3529 533 13 12
103 484 1091 83 12 12
104 321 52 52 11 10
105 52 52 52 10 10
i2 224 1652 63 16 10
167 319 556 69 14 10
199 52 52 52 12 6
54 99 3143 1133 17 14
98 1027 2321 744 14 14
media : 82 82 82

- [00303] The results presented in Table 8 indicate that, for the polynucleotides tested, the
minimum total length of the polynucleotide to stimulate IFN-a. production in human PBMCs is
about 12 bases with a palindrome of about 10 bases in length. Accordingly, in some
embodiments in which production of higher levels of IFN-o, is desired, the IMP contains at
least one palindromic sequence of at least the following lengths (in bases): 10, 12, 14, 16, 18,

20, 22, 24, 26, 28 or 30, and, in some embodiments, the IMP contains at least one palindromic
sequence with a length longer than 30 bases.

95
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[00304] In another assay, PBMCSI from three donors were stimulated with either 0.8, 4.0 or
20 pg/ml of IMPs or controls. The stimulation of IFN-a, IFN-B and IFN-w production was
assessed as described above. IFN-® was assayed using an ELISA kit from PBL Biomedical
Laboratories and the lower and upper limit of detection of IFN-® was 48 pg/ml and 6000
pg/ml, respectively. IFN-P was assayed using an ELISA kit from BioSource and the lower and
upper limit of detection was 12 TU/ml and 3046 IU/ml, respectively. The averaged result for

the 3 donors at each IMP concentration are reported in Table 9.

Table 9. Human PBMC Assays - IFN-a. or IFN-® (pg/ml)

IFN-o. IFN-o

test (SEQ ID 20 4.0 0.8 20 4.0 0.8
NO.)orcontrol | pg/ml | pg/ml | pg/ml | pgml | pgml | pg/ml
media 16 - - 48 - -
2 (non-IMP) 14 16 14 438 48 48
1 (IMP std) 49 198 19 48 48 48
27 700 7394 2146 76 629 163
39 2716 | 6180| 59221 284 741 604
38 nd nd nd | 228 632 650

nd = not determined

[00305] As can been seen in Table 9, IMPs of the present invention stimulate production of
IFN-o from human PBMCs as well as production of IFN-a. In the assay described above,
IFN-P was not detected.

[00306] In another assay, duplex forms of polynucleotides were compared to non-duplex
forms in the induction of IFN-o. production from human PBMCs. Among the polynucleotides
tested were: SEQ ID NO:1, SEQ ID NO:90, SEQ ID NO:27, and 5’-
TCGTCGAACGTTCGAGATGAT / 5°-ATCATCTCGAACGTTCGACGA (SEQ ID NO:182
- duplex of SEQ ID NO:27 and SEQ ID NO:29). PBMCs from three donors were stimulated
with either 0.4, 0.8, 4.0 or 20 ug/ml of IMPs or controls and the resultant production of IFN-a
was assessed as described above. The duplexes were compared to the single sequences using
the same total dose of polynucleotide (e.g., 4 ng/ml of SEQ ID NO:27 was compared to 4
| ng/ml of double strand SEQ ID NO:182 which contained 2 pg/m! SEQ ID NO:27 and 2 pg/ml
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SEQ ID NO:29). The averaged result for the 3 donors at each IMP concentration are reported
in Table 10.

Table 10. Human PBMC Assays - IFN-o (pg/ml)

IFN-o

test (SEQ ID NO.) |20 ug/ml |4 pg/ml 0.8 pg/ml }0.4 ng/mi
or control

27 592 3719 254 57
182 (27/29 dpx) 386 2612 4725 1027
1 124 312 52 52
90 52 nd nd nd
medium 52 52 52 52

nd = not determined

[00307] As can been seen in Table 10, SEQ ID NO:182, the duplex form of SEQ ID NO:27
1s more active than SEQ ID NO:27 in stimulating IFN-a production at lower IMP doses. At
higher doses (4 and 20 pg/ml), SEQ ID NO:27 was somewhat more stimulatory.

[00308] In another assay, a polynucleotide containing modified bases and polynucleotides
without modified bases were compared in the induction of IFN-o. production from human

PBMCs. Among the polynucleotides tested were: SEQ ID NO:1, SEQ ID NO:2, 5’-
TCGTCGAACGTTCGAGATGAT (SEQ ID NO:27), and 5°-

TCXTCXAACXTTCXAGATGAT (X = 7-deaza-dG, SEQ ID NO:193). SEQ ID NO:27 and
SEQ ID NO:193 have the same nucleotide sequence except for the deaza~-dG substitutions for
four dGs in SEQ ID NO:27. PBMCs from four donors were stimulated with either 0.8, 4.0 or
20 pg/ml of IIMPs or controls and the resultant production of IFN-o. was assessed as described

above. The averaged result for the 4 donors at each IMP concentration are reported in Table
11.

Table 11. Human PBMC Assays - IFN-a. (pg/ml)

IFN-a
test (SEQ ID 20 pg/ml |4 pg/ml 0.8 pg/ml
NO.) or control
1 (IMP std) 129 118 80
2 (non-IMP) 102 102 102
27 10248 13871 3798
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669 669 669 192 206 199 44 5.0 -1870 1805 .1838

1193 10754 12262 193

medium 102

[00309] As can been seen in Table 11, SEQ ID NO:193 has IFN-o stimulatory activity
comparable to SEQ ID NO:27 except at the 0.8 pg/ml dose.

[00310] Single and double strand forms of polynucleotides containing modified bases were
assayed for activity in the induction of IFN—OL production from human PBMCs. Among the
polynucleotides tested were: single and double strand SEQ ID NO:1, single strand SEQ ID
NO:2, single strand SEQ ID NO:29, single strand and double strand SEQ ID NO:27, single and
double strand SEQ ID NO:187, single and double strand SEQ ID NQ:188, single and double
strand SEQ ID NQO:189, single and double strand SEQ ID NO:190, single strand SEQ ID
NO:194, and single strand SEQ ID NO:197. SEQ ID NOs: 187, 188, 189, 190, 194 and 197
have the same nucleotide sequence as SEQ ID NO:27 except for the noted substitutions:
5’-TCGTCGAA*CGT*TCGAGATGAT (A* = 2-amino-dA; T* = 2-thio-dT) (SEQ ID
NO:189);
5’-TCGTCGA*A*CGT*T*CGAGATGAT (A* = 2-amino-dA; T* = 2-thio-dT) (SEQ ID
NO:190);
5'-TCG*TCG*AACG*TTCG*AG*ATG*AT (G* = 7-deaza-8-aza-d@) (SEQ ID NO:187);
5°-TCG*AACG*TTCG*AACG*TTCG*AACG*TT (G* = 7-deaza-8-aza-dG) (SEQ ID
NO:194);
5’-TCGTCGA*A*CGTTCGA*GA*TGA*T  (A* = 2-amino-dA) (SEQ ID NO:188);
5’-TCGA*A*CGTTCGA*A*CGTTCGA*A*CGTT (A* = 2-amino-dA) (SEQ ID NO:197).

[00311] PBMCs from eight donors were variously stimulated with either 0.2, 0.4, 0.8, 1.6,
4.0 or § ug/ml of IMPs or controls and the resultant production of IFN-¢ was assessed as
described above. The duplexes were compared to the single sequences using the same total
dose of polynucleotide (e.g., 4 ug/ml of SEQ ID NO:27 was compared to 4 ug/ml of double
strand SEQ ID NO:182 which contained 2 pg/ml SEQ ID NQ:27 and 2 pg/ml SEQ ID NO:29).
The averaged result for the & donors at each IMP concentration are reported in Table 12.

Table 12. Human PBMC Assays - IFN-a. (pg/ml)

IFN-a. (pg/ml)

test (SEQ ID 8 pg/ml |4 pg/ml |1.6 pg/m! 0.8 pg/ml 0.4 pg/ml 0.2 pg/ml
NQO.) or control
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54 54 54 455.0 1716 15971657 2153 1776 1965

2 (non-IMP) nd 87 nd| nd nd nd

90 nd 77 nd nd nd nd

1 (IMP std) nd 288 nd 77 77 nd

1 duplex 81 126 1988 1740 258 77

27 nd 8850 nd 955 77 nd

29 nd 6040 nd 85 77 nd

182 (27/29 747 2162 6462 7280 1862 89
duplex)

187 nd 1050 nd 139 77 nd

183 (187/29 91 117 311 1081 411 119
duplex)

188 nd 644 nd 3360 147 nd

184 (188/29 225 978 5483 10057 5022 527
duplex)

189 nd 845 nd 302 79 nd

185 (189/29 257 638 7345 7973 2711 314
duplex)

190 nd 3064 nd 150 77 nd

186 (190/29 491 2673 6085 6603 1703 194
duplex)

194 nd 164 nd 645 77 nd

197 nd 4333 nd 5742 1224 nd

SAC (1:5000) 96
media 77

nd = not determined

[00312] As can been seen in Table 12, the use of ce;rtain modified bases in the IMP can
result in polynucleotides which have IFN-o stimulatory activity. With the exception of 183,
these results also show that formation of a duplex polynucleotide with the complement
sequence leads to a highly active IMP for stimulation of IFN-o, production, particularly at
lower doses. Polynucleotides which could not form duplexes on their own, e.g., SEQ ID
NO:189 and SEQ ID NO:190, induced little IFN-c. while longer sequences (e.g., SEQ ID
NO:172, a 30-mer with a 28 base palindrome) and the duplex SEQ ID NO:182 induced more
IFN-c. at low doses (e.g., 0.4 and 0.8 pg/ml) than SEQ ID NO:27 and other IMPs with
palindromes less than 28 bases in length (as shown in Table 12 and Fig. 1). As discussed
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herein, certain modified bases can increase the stability of duplexes formed.

Example 2: Activation of human B cells by immunomodulatory polynucleotides

[00313] The ability of IMPs to activate human B cells was determined by measuring B cell
proliferation and IL~6 production in response to incubation with IMPs. Human PBMCs were
incubated with CD19 MACS beads (Miltenyi Biotec) and passed through a magnet, separating
the CD19" B cells through positive selection (>98% CD19" as determined by FACS). For the
proliferation assay, B cells were cultured at 1 x 10°/well (5 x 10°/ml) in 96 well round-
bottomed plates. Cells were incubated in triplicate with 2 pg/ml IMP or control for 72 hours.
At the end of the culture period, the plates were pulsed with *H-thymidine (1 pCi/well,
Amersham) and incubated for an additional 8 hours. The plates were then harvested and
radioactive incorporation determined using standard liquid scintillation techniques, and the
data was collected in counts per minute (cpm). For IL-6 secretion, B cells were cultured at 0.5-
1 x 10%well in 48-well plates with 5 ng/ml IMP or control for 48 hours, then culture
supernatants were harvested and assayed for IL-6 using ELISA with CytoSet antibody pairs
according to manufacturer’s instructions (BioSource). Limits of maximal/minimal detection
were 4000/2 pg/ml.

[00314] The results of the B cell proliferation assay presented in Table 13 are the mean of
the triplicate cell proliferation cpm values for cells from each donor and the mean of the cpm
values for both donors. The results of the B cell IL-6 assay presented in Table 13 are the

amount of IL-6 produced from cells of each donor and the mean value from both donors.
Table 13. Human B Cell Assays

Proliferation assay (cpm) IL-6 assay (pg/ml)
test (SEQ ID Donor1 | Donor2 | Mean | Donorl | Donor2 | Mean

NO.) or control
medium 415 575 495 26 28 27
1 (IMP std) 27,731 43,403 35,567 1222 531 377
2 (non-IMP) 6748 7704 7226 52 126 89
43 22,695 26,456 | 24,576 | 187 935 561
38 45,364 27,327 | 36,346 | 248 984 616
40 60,250 52,916 | 56,583 172 336 254
19 22,683 29,569 26,126 | 173 257 215
LPS 1647 544 1096 34 21 28
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[00315] From the results presented in Table 13, the compounds containing CG dinucleotides
induced B cell proliferation and IL~6 production. As can been seen from the results presented
in Table 9, although good B cell stimulatory activity in immunostimulatory polynucleotides is
dependent on the presence of a CG dinucleotide, it does not appear to require the more
specialized motifs described herein for hi gh IFN-a induction.

[00316] In another assay, duplex forms of polynucleotides were compared to non-duplex
forms in the activation of B cells. Among the polynucleotides tested were: SEQ ID NO:1,
SEQ ID NO:90, SEQ ID NO:27, and SEQ ID NO:182 - duplex of SEQ ID NO:27 and SEQID
NO:29. B cells from three cionors were stimulated with either 1.0 or 5.0 pg/ml of IMP or
control and the resultant cell proliferation and IL-6 production was assessed as described

above. The averaged result for the 3 donors at each IMP concentration is reported in Table 14,
Table 14. Human B Cell Assays

Proliferation assay (cpm) IL-6 assay (pg/ml)
test (SEQ ID NO.) 5 pg/ml 1 pg/ml 5 pg/ml 1 pg/ml
or control
1 57921 11307 554 73
27 66735 24529 723 322
182 (27/29 dpx) 78047 25344 809 281
90 3333 2181 5 4
medium 2104 2104 4 4

[00317] From the results presented in Table 14, SEQ ID N0:182, the duplex form of SEQ

ID NO:27 is approximately equivalent to SEQ ID NO:27 in activating B cells as measured by
stimulating IL-6 production and cell proliferation.

Example 3: Immunomodulation of murine cells by mmmunomodulatory polynucleotides

{00318] Immunomodulatory polynucleotides or control polynucleotides were assayed for
immunomodulatory activity on mouse splenocytes. The polynucleotides tested were fully
modified phosphorothioate oligodeoxynucleotides. Among the polynucleotides tested were
SEQ ID NO:1 (positive control) and SEQ ID NO:2 (negative control).

[00319] Fragments of BALB/c mouse spleen were digested with collagenase/dispase (0.1
U/mL/0.8U/mL) dissolved in phosphate buffered saline (PBS) for 45 minutes at 37° C, then
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mechanically dispersed by forcing the digested fragments through metal screens. The
dispersed splenocytes were pelleted by centrifugation, then resuspended in fresh medinm
(RPMI 1640 with 10% fetal calf serum, plus 50 units/mL penicillin, 50 pg/ml streptomyein, 2
mM glutamine, and 0.05 mM B-mercaptoethanol).

[00320] Mouse splenocytes were dispensed into wells of 96 well plates (7 x 107 cells/ml)
and incubated for one hour at 37°C. 100 pL of 2x concentration test sample or control was
added and the cells were incubated a further 24 hours. Each test sample or control was tested
in duplicate. Medium was harvested from each well and frozen at -80°C before testing.
Harvested medium was thawed and tested for cytokine concentrations by ELISA.
Polynucleotides were tested at various concentrations including 5.0, 1.0 and 0.1 pg/ml.
Among the polynucleotides tested were 5°-TGACTGTGAACGTTCGAAATGA (SEQ ID
NO:36) and 5’-TGACTGTGAACGTTCGAAGTGA. (SEQ ID NO:37). Control samples
included media alone and PANSORBIN® heat-killed, formalin-fixed Staphylococcus aureus
(SAC) (CalBiochem).

[00321] IL-6, IL-12 and IFN-y was assayed using a sandwich-format ELISA. Medium from
the mouse splenocyte assay was incubated in microtiter plates coated with anti-IL-6, anti-IL~12
p40/p70 or anti-IFN-y monoclonal antibody (Nunc). Bound eytokine (IL~6, IL-12 or IFN-y)
was detected using a biotinylated anti-cytokine antibody (anti-IL-6, anti-IL-12 p40/p70 or anti-
IFN-y) and streptavidin-borseradish peroxidase conjugated secondary antibody, developed with
the chromogenic peroxidase substrate 3,3°,5,5 -tetramethylbenzidine (TMB) in the presence of
peroxidase, and quantitated by measuring absorbance at 450 nm using a Emax precision
moicroplate reader (Molecular Devices). Values of IL-6 less than 45 pg/ml were assigned a
value of 45 pg/ml (i.e., 45 = <45). Values of IL-12 p40/p70 less than 36 pg/ml were assigned a
value 0of 36 pg/ml (i.e., 36 = <36). Values of IFN-y less than 54 pg/ml were assigned a value of
54 pg/ml (i.e., 54 = <54),

[00322] Tables 15 and 16 summarize assay results for cytokine production in response to
IMPs. Immunomodulatory polynucleotides containing a CG dinucleotide generally stimulated
IL-6, IL~12 and IFN-y secretion by murine splenocytes irrespective of the presence of the more
specialized motifs described herein for high IFN-c. induction.

Table 15. Murine Splenocyte Assay - IL-6 (pg/ml)

Test (SEQ ID NO.) or Control|Dose (ug/ml)| Rep. 1 Rep. 2 Ave,
1 (IMP std) 5.0 4623 4655 4639
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54 49 5.0 10951288 1192 376 778 577 1.0 151011551 1531 54 54 54
0.1 791111 ? 9554 54 54 50 5.0

1.0 999 961 980
0.1 . 47 45 46
2 (non-IMP) 5.0 45 45 45
1.0 45 45 45
SAC 308 296 302
Media — - 45
5 5.0 4755 4653 4704
1.0 1055 985 1020
0.1 45 46 46
20 5.0 4953 5464 5209
1.0 1318 1413 1366
0.1 90 124 107
19 5.0 4421 4726 4574
1.0 645 740 693
0.1 45 45 45
38 5.0 4267 4350 4309
1.0 613 673 643
0.1 89 160 125
39 5.0 4775 4819 4797
1.0 802 731 767
0.1 213 147 180
40 5.0 2644 2217 2431
1.0 341 251 296
0.1 45 45 45
43 5.0 101 105 103
1.0 45 45 45
0.1 45 45 45
27 5.0 4809 5245 5027
: 1.0 2182 2693 2438
0.1 216 242 229
41 5.0 4781 5504 5143
1.0 1979 2285 2132
0.1 316 372 344
42 ' 5.0 2706 3242 2074
1.0 460 577 519
0.1 66 70 68
44 5.0 2458 2585 2522
1.0 358 321 340
0.1 45 45 45
45 5.0 3920 3667 3794
1.0 1177 1117 1147
0.1 45 45 45
46 5.0 45 45 45
1.01 45 45 45
0.1 45 45 45
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586 424 505 54 54 54 1.0 206 178 192 54 54 54 0.1 39 44 42 54 54 54
515.013411117 1229

47 5.0 163 = 213 188
1.0 45 45 45
0.1 45 45 45
48 5.0 182 216 199
1.0 45 45 45
0.1 45 45 45
49 5.0 690 765 728
1.0 66 73 70
0.1 45 45 45
50 5.0 45 45 45
1.0 45 45 45
0.1 45 45 45
51 5.0 1942 1868 1905
1.0 224 197 211
0.1 45 45 45
52 5.0 1421 1234 1328
1.0 456 488 472
0.1 45 45 45
36 5.0 3656 3834 3745
1.0 858 991 925
0.1. 45 45 45
36 5.0 3716 3750 3733
1.0 897 934 016
0.1 45 45 45
37 5.0 4253 4643 4448
: 1.0 1256 1218 1237
0.1 157 190 174
37 5.0 4457 4323 4390
1.0 1099 941 1020
0.1 88 109 99

Table 16. Murine Splenocyte Assay - IL-12 & IFN-y

IL-12 (pg/ml) IFN-y (pg/ml)

Test (SEQ ID Dose | Rep.1 | Rep.2 Ave. [ Rep.1  Rep.2 | Ave
NO) or Control | (ug/ml)

1 (IMP std) 5.0 1915 | 1737 1826 1858 2589 2089
1.0 1419 1424 1422 1941 1954 1948
0.1 573 603 588 179 3935 287

2 (non-IMP) 5.0 38 36 37 54 54 54
1.0 36 43 40 54 54 54

SAC 609 620 615 | 11889 | 13338 | 12614

media - - 44 - — 54

5 5.0 1773 1679 1726 | 1331 1463 1397
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955 1023 989 1.0 14121257 1335 426 845 636 _ 0.1 92 '75 84 54 54 54
5.0 1855 1557 1706 2408 2107 2258

105

1.0 2099 2193 2146 1878 1811 1845
0.1 651 649 650 271 157 214
20 5.0 1838 2023 1931 2822 3342 3082
1.0 2245 2315 2280 2662 3402 3032
0.1 1016 1077 1047 513 1392 953
19 5.0 1364 1458 1411 1997 2686 2343
1.0 1513 1702 1608 1427 2375 1901
0.1 648 597 623 58 54 56
38 5.0 1822 1870 1846 3168 3851 3510
1.0 1963 2239 2101 3440 3721 3581
0.1 1207 1430 1319 446 1364 905
39 5.0 2476 2344 2410 3578 3065 3322
1.0 2856 2504 2680 2415 3497 2956
0.1 2101 2085 2093 1403 1217 1310
40 5.0 902 797 850 605 502 554
1.0 1244 1216 1230 1116 318 717
0.1 304 210 257 54 54 54
43 5.0 940 720 830 54 54 54
1.0 721 852 787 54 54 54
0.1 37 36 37 54 54 54
27 5.0 1978 2205 2137 3603 4546 4075
1.0 1833 2373 2103 3634 4735 4185
0.1 1761 1945 1853 2401 2313 2357
41 5.0 1590 1898 1744 3328 4447 3888
1.0 1611 1910 1761 4197 3402 3800
0.1 1738 1853 1796 3030 3016 3023
42 5.0 1507 1887 1697 2747 3203 2975
1.0 2185 2269 2227 2609 4162 3386
0.1 669 669 669 192 206 199
44 5.0 1870 1805 1838 2593 2802 2698
1.0 2058 1854 1956 1464 1747 1606
0.1 235 214 225 54 54 54
45 5.0 1716 1597 1657 2153 1776 1965
1.0 1341 1175 1258 1567 1368 1468
0.1 646 446 546 54 34 54
46 5.0 525 392 459 54 54 54
' 1.0 234 132 183 54 54 54
0.1 36 36 36 54 54 54
47 5.0 746 738 742 54 54 54
1.0 757 752 755 54 54 54
0.1 59 64 62 54 54 54
48 5.0 578 676 627 54 34 54
1.0 697 786 742 54 34 54
0.1 41 51 46 54 54 54




1.0 2961 2821 198 4421 5632 5027 0.1 205 245 225 54 934 494 36 5.0
1717 1656 1687 3390 3338 3364 1.0

49 5.0 1095 1288 1192 376 778 577
1.0 1510 1551 1531 54 54 54
0.1 79 111 95 54 54 54
50 5.0 586 424 505 54 54 54
1.0 206 178 192 54 54 54
0.1 39 44 42 54 54 54
51 5.0 1341 1117 1229 955 1023 989
1.0 1412 1257 1335 426 845 636
0.1 92 75 84 54 54 54
52 5.0 1855 1557 1706 2408 2107 2258

1.0 2061 2821 198 4421 5632 5027
0.1 205 245 225 54 934 494

36 5.0 1717 1656 1687 3390 3338 3364
1.0 1480 1510 1495 2547 2832 2690
0.1 700 571 636 384 264 324
36 5.0 1478 1565 1522 2281 2200 2241

1.0 | 1293 [ 1235 | 1264 | 2073 | 3112 | 2593
0.1 666 | 590 628 54 448 | 251
37 50 | 1679 | 1918 | 1799 | 3240 | 3748 | 3494

| 1.0 | 1603 | 1561 | 1582 | 3950 | 4437 | 4194
0.1 | 1232 | 1235 | 1234 | 1548 | 2044 | 179
37 50 | 2064 | 3202 | 2633 | 2419 | 2631 | 2525
1.0 | 1895 | 2417 | 2156 | 1894 | 3332 | 2613
0.1 831 | 1430 | 1131 | 293 530 | 412

[00323] From the results presented in Tables 15 and 16, all compounds containing CpG
motifs induced IL~12 production from murine splenocytes and most, but not all, compounds
containing CpG motifs induced IL-6 and IFN-y production from murine splenocytes. As can
been seen from the results presented in Tables 15 and 16, although IL-6, IL-12 and IFN-y
stimulatory activity of immunostimulatory polynucleotides on murine splenocytes is generally
dependent on the presence of a CG dinucleotide, it does not appear to require the more

specialized motifs described herein for high IFN-o, induction.

Example 4: Stimulation of interferon-inducible gene expression by immunomodulatory
polynucleotides

[00324] As demonstrated herein, immunomodulatory polynucleotides can induce production

of IFN-y and/or IFN-o from PBMCs. IMPs were assayed for activity on human PBMCs for
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1480 1510 1495 2547 2832 2690 0.1 700 571 636 384 264 324 36 5.0
1478 1565 1522 2281 2200 2241 1.0 1293 1235

inducing mRNA expression of additional cytokine genes, chemokine genes and other genes
using a quantitative PCR technique, the TagMan technique. The polynucleotides tested were
fully modified phosphorothioate oligodeoxynucleotides. Among the polynucleotides tested
were SEQ ID NO:1 (positive control) and SEQ ID NO:2 (negative control).

[00325] Human PMBCs were prepared as described in Example 1. The cells were cultured
in the presence of test samples (IMPs or controls) at 5 pg/ml pg/ml for 24 hours. Total RNA
was extracted using the Qiagen RNeasy Mini Protocol (Qiagen) and converted to cDNA using
oligo dT (Promega), random hexamers (Promega), and SuperScript RT II (InVitrogen). ¢cDNA
was diluted 1:10 and PCR conducted using either QuantiTect SYBR green PCR master mix
(Qiagen) and naked primers (synthesized by Operon) or QuantiTect probe PCR master mix
(Qiagen) and PDAR primers with labeled probe (Applied BioSystems). Reactions were
conducted using the GeneAmp 5700 Sequence Detector (PE BioSystems).

[00326] Examples of the sequences for synthesized primers are as follows (listed 5' to 3'):
Ubiquitin (F: CACTTGGTCCTGCGCTTGA (SEQ ID NO:200), R:
CAATTGGGAATGCAACAACTTTAT (SEQ ID NO:201));
2,5-0OAS (F: AGGGAGCATGAAAACACATTTCA (SEQ ID NO:202),

R: TTGCTGGTAGTTTATGACTAATTCCAAG (SEQ ID NO:203));
GBP-1 (F: TGGAACGTGTGAAAGCTGAGTCT (SEQ ID NO:204), R:
CATCTGCTCATTCTTTCTTTGCA (SEQ ID NO:205));
IFN-c. (F: CCCAGGAGGAGTTTGGCAA (SEQ ID NO:206), R:
TGCTGGATCATCTCATGGAGG (SEQ ID NO:207));
ISG-54K (F: CTGGACTGGCAATAGCAAGCT (SEQ ID NQ:208), R:
AGAGGGTCAATGGCGTTCTG (SEQ ID NO:209));
MCP-2 (F: CTGCTCATGGCAGCCACTTT (SEQ ID NO:210), R:
AGCAGGTGATTGGAATGGAAA (SEQ IDNO:211));
MIG (F: CATCTTGCTGGTTCTGATTGGA. (SEQ ID NQ:212), R:
TGGTGCTGATGCAGGAACAG (SEQ ID NO:213));
TNF-0. (F: CTTCTGCCTGCTGCACTTTG (SEQ ID NO:214), R:
CTGGGCCAGAGGGCTGAT (SEQ ID NO:215)).

{60327} IFN-y, [L~1«, IL-6, IP-10, MCP-3, and MIP-38, were measured using PDARs
supplied by PE BioSystems. Threshold cycle (Cr) values for each gene were normalized to
ubiquitin usiﬁg the formula 1,8(UBQ'GENE)(100,OOO), where UBQ is the mean Cr of triplicate

ubiquitin runs, GENE is the mean Cr of duplicate runs of the gene of interest, and 100,000 is
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arbitrarily chosen as a factor to bring all values above 0. The negative control for each
experiment, stimulation with medium alone, is assigned a value of 1 and all data is expressed
as fold induction over the negative control.

[00328] Table 17 summarizes assay results for cytokine, chemokine and inflammatory
protein gene expression from PBMCs in response to the IMP SEQ ID NO:27. Also tested was
polynucleotide 5-GGTGCATCGATGCAGGGGGG (SEQ ID NO:154). Data is presented as
the mean of fold induction over medium control (given the value of 1.0) with SEM.

Table 17. Profile of gene expression modulated by IMP

Test or II-le IP-10 MCP-2 MCP-3 MIG
Control

(SEQ ID
INO) mean SEM |mean SEM [mean SEM |{mean SEM [mean SEM
medivm 1.0 00 1.0 00 1.0 00 1.0 00 1.0 0.0
2 20 07 06 03 02 01 09 01 06 0.1
1 1.7 04 27 0.6 283 2120 30 1.0 3.0 09
27 04 02 940 27.5 1988 596 80 22 88 20
1540 02 0.1 1454 65.1) 284.8 1087 85 14 145 7.0
MIP-38 2,5-0A8 GBP-1 ISG-54K
mean SEM |mean SEM |mean SEM |mean SEM
medium{ 1.0 000 1.0 00 1.0 00 1.0 00
212 03 07 02 10 01 07 o1
29 09 7.6 33 25 06 49 21
2769 1.8 165 23 59 04 271 2.6
154 105 2.1 187 1.3 57 1.1 319 2.1

[00329] As shown in Table 17, SEQ ID NO:27 strongly increased expression of the
chemokines IP-10, MCP-2, MCP-3, MIG, and MIP-3f. The expression of IL~1a decreased in
the presence of SEQ ID NO:27. In addition, SEQ ID NO:27 markedly increased expression of
the I[FN-o-inducible genes 2,5-oligoadenylate synthetase (2,5-0AS), interferon-stimulating
gene-54K (ISG-54K), and guanylate-binding protein-1 (GBP-1).

[00330] In these assays, the IMP SEQ ID NO:27 had no significant effect on the expressed
mRNA levels of the cytokines G-CSF, IL-1B, IL-6, IL-12 p40, IL-23, TNF-q, or of the
chemokines BCA-1, IL-8, LPTN, MCP-1, MDC, MIP-12, MIP-1b, MIP-3a, RANTES, and
TARC.
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Example 5: Stimulation of NK cell Iytic activity by immunomodulatory polynucleotides

[00331] IMPs of the present invention stimulate improved natural killer (NK) cell Iytic
activity as compared to an IMP standard. NK cell lytic activity was assayed through lysis of
K562 target cells. In brief, PBMCs were stimulated with 10 mg/ml IMP (previously obtained
optimal dose) or negative control polynucleotide for 48 hours in culture. The treated PBMCs
were then co-cultured with  Cr-loaded K562 tumor target cells at a range of effector:target
ratios for 4 hours. *'Cr released upon cell lysis was measured by a TopCount NXT
scintillation counter (Packard) and reported as counts per minute (cpm).

[00332] Results of NK cell stimulation from two different PBMC donors is shown in Fig, 2.
The IMPs used in the assays were SEQ ID NO:1, SEQ ID N0:90, SEQ ID NO0:27, SEQ ID
NO:172 and SEQ ID NO:113. The palindrome length in the IMPs is: 28 bases in SEQ ID
NO:172, 22 bases in SEQ ID NO:113, 12 bases in SEQ ID NO:27, and 8 bases in SEQ ID
NO:1. SEQ ID NO:90, a non-IMP control, has a palindrome length of 20 bases but does not

~contain a 5°-C, G-3” sequence. In this experiment, IMPs with palindromes of 12 bases in
length or longer sﬁmﬁlated an increased amount NK cell Iytic activity as compared to the IMP
standard SEQ ID NO:1 with a palindrome length of 8 bases.

[00333] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity and understanding, it will be apparent to those
skilled in the art that certain changes and modifications may be practiced. Therefore,
descriptions and examples should not be construed as limiting the scope of the invention.
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0.1 8311430 1131 293530412 [00323] From the results presented in
Tables 15 and 16; all compounds containing CpG motifs induced IL-12
production from murine splenocytes and most; but not all, compounds
containing CpG motifs induced IL-6 and 1FN-y production from mutine MCSLLP
splenocytes. As can been seen from the results presented in Tables 15
and 16, although 1L-6, IL-12 and EPN-y stimulatory activity of
iromunostimulatory polynucleotides @ pjdne splenocytes is generally
dependent on the presence of a CG dinucieotide, it does not appear to
requirewhet maeieisfeddialized motifs described herein for high EFN-cc
induction. Example 4: Stimulation of interferon-inducible acne expression
by immunomodulatory nolvnucleotides [00324J As deinonsnated herein,

rrununpmoduiator ucleaticies can induce production of EFN-y
L\'nd/or/%}ff&?ul}%rﬁ% SP(I%?\){ %ﬁv%%gl%scgén r %8‘%'activity on human
PBMCg)for induging-miiiAcgupressianefaddiianal eytolcneigsnesiides,
chemokine genes and other genes using a quantitative PCR technique,

e FagikedrGecmmitpoeidEherp obpatrttabbivl 6s tedté dAvers Yasiys matlifiectein the
hosphorothioate oligodeoxynueleotides. Among the polynucleotides

p
PabnsHaREtes SRRy a5 P RSt dasshifbls il 82 1D NO:2 (negative

control), [003 PMBC Rrepared, as.described. ample
o The Dol Lo TS s Bt R s A R B
sestistel at 5, ugims tgkiky feng hbousdlgtal NAWeR sx@siadsiRechthe

Qiagen RNeasy Mini Protocol (Qiagen) and converted to cDNA using
Oligo ) Ts (Rremtsgdyoranibiofi hiekahtbes @Brdnsyaxeandnsepe B dript R PakEs.
(InVitrogen). cDNA was diluted 1:10 and PCR conducted using either
QuantiTect SYBR green PCR master mix (Qiagen) and naked primers
ssynthasigad B ORIAM AR MAMTRG RIODE BER @5}%&@'%&%&6@)@
and PDAR primers with labéled probe (Applied BioSystems). Reactions
wasirel cendueted using thesseneAmpiisN0Secueanss detadiar ARFand T°s.
BioSystems). 100326] Examples of the sequences for synthesized
prinatas are as follows (listed 5' to 31): Ubiquitin (F:

ACTTIGGTCCTGCGCTTGA (SEQ D N0:200), It: . .
gAAT}gt‘&‘KlR*‘%‘&?&? %i%@é%‘?k{ e@%&%%fb‘?%éﬁ)ﬁl,%lo%“?ﬁsmgi
AGGGAGCAIC T ; | 0-

o BoT A T R R R I3,
TGGANGGACN GRAAGCTGAGTET-§SEQ NQ:R04)2R:1, 0, 1 or 2, p=0or 1,q=
CATCTGCTCATTCTTTCITIGCA (SEQ ID 140:205)); IFN-a (F:
GtonsareGASIT e XA wedirrmiipeaiag nucleosides, X; and X, are

TGCTGGATCATCTCATGGAG EQ ID 140:207)); 1SG- F: .
R kA A T (RO RO TN sequence is 0
DGAGGETCAATAGERIpLERG (SERRN0:209)); MCP-2 (F:
CTGCTCATGGCAGCCACTTT (SEQ ID N0:210), R:
AGCABGTGAPIGGAATGSALR L SEH DS 14682 Inl NI & l{frein the
CATCTTGCTGGTTCTGATTGGA (SEQ ID 140:212), It. o
RedEstrestis EsAtRaeneBpResabs (SEANBRNGZeaYy, mihe @RXCOX XV (CO)p),
S%I'I"g'l; CCTGCTGCACMG (SEQ ID 140:214), R:

¥ CCAGAGOGCTGAT (SEQ ID N0:215)). [003271 IFN-y, IL-la,
IL-6, IP-10, MCP-3, and IvIIP-33, were measured using PDARs supplied
by PE BioSysteins. Threshold cycle (CT) values for each gene were
formalized ronuicpuititnlaging toéyfowtrolade  8(u8dnE ENE) (10D WG Rinvthere

UBQ is the mean CT of triplicate ubiquitin runs, GENE is the mean CT of
RRIBIEAmIAIIE it e GRASBriRtERBLE el Y038 oy third A’s and T,
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arbitrarily chosen as a factor to bring all values above 0. The negative
control for each experiment, stimulation with medium alone, is assigned a
value of 1 and all data is expressed as fold induction over the negative
control. [00328] Table 17 summarizes assay results for cytokine, MOSLLP
chemokine and inflammatory protein gene expression from PBMCs in
response to the IMP SEQ ID NO:27. Also tested was polpucleotide
P-COTRAM AR AHAGRAMNORERIR NOsIadk Biails BrereiadRsvp
the mean of fold induction éver medium control (given the value of 1.0)
wittp5éedld sdplelecd delecafi drofigtreexpression madiB&QJAIDWME3, SEQ ID
00329] As shown in Table 17, SEQ ID NO:27 strongly increased
QotesdidrosRAP Membidnes T-10, MCP-2, MCP-3, MIG, and MIT-3I3.
The expression of IL-la decreased in the presence of SEQ ID NO:27. In
addition, SEQ ID NO:27 markedly increased expression of the
6 N-a-inge GiieuaeReshd odligRadRIRYIBIRIS YBbRIAsEH 6% RiBAB)somprising:
interferon-slimulating gene-54K (180-54K), and guanYlate-binding
proteim)l (GBF-Nx(TIOOSS)iNthEseass8ys; the viFISEQ)HD: NB:Q7Ra¥0:159)
no significant effect on the express ngj A levels of the cytokines 3
G-CSF/ efé}ﬂﬁféeﬁﬁtﬂ‘i‘i_s-@%?’ﬁ\l‘ﬁ‘ 8 of e thern.c dﬁeg% AT fogl.a=
ERTNoMEP; L MRCMIBdag MIE-10y M3 st RAN TheieBRALARAnd X, are
Example 5: Stimulation of NK cell 1 ic activity b Mutn

wemeduaiducteatidenisos[0E3XL] IMPS, Dithe: [iresenlimeatiipmstloagldee and
improved natural killer (NK) cell lytic activity as compared to an IMP
wherkiaide @ eébigiid e wagusssayel-thbasrsrigsidhss iCosbabiset

cells. In brief, PI3MCs were stimulated with 10 mg/ml IMP (previously
1 ¥§l?\°i%08§ﬁh?5 dose) or negative control polynucleotide for 48 hours in
culture,yThe eaiechRRMGS yerether £oeHiad With ait Gihlgasiadel (562
tumor target cells at a range of effector:target ratios for 4 hours. siCr
peliedsedivpeqeaticlysia prassieautaX P5 AAOPCOUGHNXT sdithidlation
counter %Paclfcagg% and reported as counts per minute (cpm). [00332]

(COSIPEF I 25’?%@5{?@}1 $FIRTRRG different PBMC donors is shown in

Fig. 2. The IMPs used in the assays were SEQ ID NO: 1, SEQ ID NO:90,

SEQ ID NO:27, SEQ NO:172 and SEQ ID NO:113. The palindrome length

n the Wi §ig:2%8 RaaemitrP BRMRIMNQILE% 22 -IRses NSEQ WAND 1S,

12 bases in SEQ ID NO:27, and 8 bases in SEQ ID NO:l. SEQ ID NO:90,

e hodrdMIT sonteotelas a patindroms ilenyth vbR0thasesditidbassmot T's.
contain a 5'-C, G-3' sequence. In this experiment, IMPs with palindromes

of 12 bases in length or longer stimulated an increased amount MC cell

ytic activit thel r 0 | 1 Wi
T A T AR e

has begn desgriked TROME, MetailbxwaKot tiustration andexamply 8EQ ID
purposes of clarity and understanding, it will be apparent to those skilled
IMHé@rt that certain changes and modifications may be practiced.

Therefore, descriptions and exam_pbe should not be cqnstrued as ylmitin

the ScOLE B AL ISR 49008 T DP GLAIVS WAk S et 6.2 g 00 1.4
IrgmmomagALoR RONNYEIP Rz SOMPnenia ) ABAIALING and X, are
sequence comprising at least two CO dinuc eotides, wherein the C
difwoeplidesare sepamaiaeksbi Oarld X; 3k ocld-baspEmadamhateindiides, X4 and
palindromic sequence is at least 8 bases in length; and b)a (TCG)}/, .
Whereirelf ieomplimentaetaipciiessicr, gfthad ¥ ayeiscHoumepiancotary nerlgsides,
bases from the 5' end of the polynucleotide and wherein the 10(TCO)y is
separated from the 5' end of the palindromic sequence by 0, 1, or 2 bases.
2.The immunomodulatory poly:nucleotide according to claim 1 wherein the
palindromie sequence has a base composition of more than one-third A's

and r s. 153.The immunomodulatoryipolynucleotide according to claim 1,
comprising:
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a) 5'-Nx(TCGG\TO)yNalX2CGX2Ar (CG)p), (SEQ. ID NO:156)

wherein N are nucleosides, x =0-3,y=1-4,w=-2,-1,0,210r2,p=0o0r 1,
q=0,1o0r2,and z = 1-20, X, and X1' are self-complimentary nucleosides,
X2 and X2'are self-complimentary nucleosides, and wherein the 5T of thesLL]
(TCG(tici))y sequence is 0-3 20bases From the 5' end of the

poly,:nueleotide; and b) a palindromic sequence at least 8 bases in
B sl m!mg{( Sgeneeeon RIsERNEHSE the 5° end of the
(XIX2COX2TX:") of the (XIX2 'X1'(CG)p)z sequences. 254.The
poipuseotatiylaidry polynucleotide according to claim 3 wherein the
palindromic sequence has a base composition of more than one-third A's

and T'8) 5. Tﬁé’ﬁ%ﬁﬁ%ﬁ@?ﬁéﬁﬂﬂ‘ﬁf&@%&ﬂ?ﬁd&&?ﬁ%%&%%ﬁm’&%%ﬁ 3
he IMP f
A S e S S B R e B S Rk ot

@mmmmg@@lggy)p jypp@@gt@@gg@gqmg@splalm 1, comprising:
a) 5-N,(TCG(Nci))yN"(XIX2CGX3X3'COX2'Xi'(C"C.)p), (SEO ID NO: 159)
wherein N are nucleosides, x=0-3,y=1-4,w--2,-1,0, 1 or 2 p=0or1,
g0,10r2, and z = 1-20, Xlé}% res If-com Ilment ryn S|de
%> ant PaR eI eBRAY SHEY, § erein the
SAlERMRIRENIAR: flicleaslees,ap &&%wfmﬁmﬁaﬁ In%fm?d@%%w@f»y
sequence is ases from the 5 end of the polynucleotide; and
palindromic sequence at least 10 bases in length wherein the pallndromlc
sequence comprises the first (XIX2C-CiX3X3'COX2'Xi') of the
[XIX2BXBXBOERMN (EE) Pp seelesitdsaconrding e GAuhGIBEtRSFy

polynu leotid guence has

a basé' omp§ %6@?!% Ecﬁﬁr@éﬁ\e, %ﬁ (ﬁ&%ﬁd ‘?E{?gﬂ w%
ImmunomedyIRIgry palykuiciestide aor gxdlmmt%ﬂa@ d, cemprisingor 1, q=0, 1
20a)5'-isix(TCO(Ng DyNW(XIXéX2X4X CGX5'X4'X3'X2" Xr(CG p)z (SEQ
SDNDALHE) 1-20 whiersiim N aradnXcleesidds;onplirznyary hvkleosidd, ad wherein
-1,0,1or2,p=00r1,q=0,1o0r2, and z = 1-20, X1 and X1' are
té@ﬁcgmﬁmﬁéﬁfé%@aé@gme 36 P znerser (e b TorRp R distaAy nucleotide;

nucleosides, X3 and X3' are self-complimentary nucleosides, X4 and
4' are self-complimentary nucleosides, X5 and X5' are

self-coppplimenianmeaigosidasncand whessnshiamlch ahthadta@M9)),,

sequence is 0-3 bases from the 5' end of the polynucleotide; and b)a
palinttromic segquencempteasti fhasdsGX IEghftionwbietteif@e X, X" CG (CG)y),
palindromic sequence comprises the first (XIX2X3X4X5CGX5'NeVX2'X()
VIHHEBEKIX2X3X4X5CG X5 X4'X3'X2'XI'(CG)p),, sequences.

11.  The immunomodulatory polynucleotide according to claim 10 wherein the

palindromic sequence has a base composition of more than one-third A’s and Ts.

12.  The immunomodulatory polynucleotide according to claim 1, comprising:

a) 57-N{(TCGN)yNwW(XCGCGX;’(CG)p), (SEQ ID NO: 162)
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9.The immunomodulatory polynucleotide according to claim 8 wherein the
palindromic sequence has a base composition of more than one-third A's
and T's. 1010.The immunomodulatory polynucleotide according to claim 10 P
comprising: a) 5' -N"(TCG(Ny))),N4CIGNIX, CG(CG)p), (SEQ ID NO! oSLL
161) wherein N are nucleosides, x=0-3,y=1-4,w=-2,0,10r2,p =
Oorl,g=0,10r2,and z = 1-20, wherein X1 and XI' are

self-complim r leos] and wherejn,the 5' T of the.(TCQNQ))Y . =
s.equer\:)\rlc.lfge ﬁ%lgg%ésggﬁ gcgsr?ﬁig;% gn‘{;\/d*%i t%%%%yrn&?’&%e%%a?dgg Va=0.1
&2 palindromiz, sgauence atleast8hasesimiengitiavkideeintheherein the 5° T
palindromic sequence comprises the first (COXIXI'CIG) of the (CU
XIECECO)p), weyarercss)-30RseT ke hoPROG R BY N ertisistiged

according to claim 10 wherein the palindromic sequence has a base
compg%ﬁltion &Qﬁrg?ér%ﬁ S%Geq?ﬂfr%ailiseaﬁﬁ & %%?gﬁl Wiefei (e
FARYRAModUIaLary EQJMX?H%%@E rdHe EXGIiM the GRMRHBOS:*(CG),),
a)5'4NX(TCG(NQ))yN,(XICGCGX1'(CG)1,)7 (SEQ ID NO: 162)
wheseiad\ are nucleosides, x - 0-3,y=1-4,w=-1,0,10r2,p=0o0r1,q
=0,1o0r2,and z = 1-20, Xl and X1' are self-complimentary nucleosides
and wherein the 5' T of the (TCGIN(1))y sequence is 0-3 bases from the 5'
d o fl.the polynucleoride; and,b)a palindromic e at| S
R L A
&@ﬁ%iE)s@ﬁﬁ@ﬁc@ﬂ%@%ﬁ%&)ﬁ&?@lﬂm@%& bRedhRd A’s and T’s.
immunomodulatory polynucleotide according to claim 12 wherein the
palindromic sequence has a base composition of more than one-third A's
and T's. 10 14. The immunomodulatory polynucleotide according to .

Laim 1L RGN EE NS OB EEE B840 KB S TSR ff

NO: 163) whxér%&qoxt\i-zélg u ﬁ@ﬁggyz%@@&%% ?ac‘bl)vyjsﬁq-kPNbQﬁ@s)

p=0oril,q 1 and Xi' are self:complimentary

nucleosigesint® arth¥decaseldbsel-comphmentary micleasides,2apd=0or 1, q =
wherein the 5' T of the (TCG(NQ))y sequence is 0- 3 bases from the 5' end
of tre potpductebtids Xarfand e pakindlorsie Bbagaisee BakastdehasegthX,’ are

length wherein the palindromic sequence comprises,the fitst (X1IX2CGCG .
K1y B R S ] Sdbnes) Mg (o), Sedterce is 0
nymunemadylatery. polyHStidR RGaaiding to claim 14 wherein the
palindromic sequence has a base composition of more than one-third A's

and T's) 16.aThéindraroraqpauleanylpelyibaleotidemehortlingitalalaim 1,
comprising: 25a)5'-N,(1OG(NquNw(XIX2X3CGCGX3' X2'X1'(CIG;(O),
sEgnmeeaspe comprises the first (X X,CGCG Xy’X) of the (X, X,CGCG

X" X1’ (CG)p), sequences.

15. The immunomodulatory polynucleotide according to claim 14 wherein the

palindromic sequence has a base composition of more than one-third A’s and T’s.

16.  The immunomodulatory polynucleotide according to claim 1, comprising:

Ca) S N(TCOMN)NW(XXoXsCGCGXs” Xy X, (CG)y), (SEQ ID NO: 164)
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MOSLIT7  wherein N are nucleosides, x =0-3,y = 1-4, w = -3, -2, -1,
0,1or2,p=0o0rl1,q=0,10r2, and z =1-20, X1 and X1' are

self-complimentary nucleosides, X2 and X2' are self-complimentary

nucleosides, X3 and X3' are sell-complimentary nucleosides, and wherein ¢ SLLY
the 5' T of the (ICG(Ng))y sequence is 0-3 bases from the 5' end of the
5polynucleotide; and h)a palindromic sequence at least 10 bases in length

wherein,the.pali ' e gomprise  firgt X1X2 X3
e ot U e P
immuaomeslatoryzpolynusterticle-actoedingl in alaim decwhetrin theand X, are
palindromic sequence has a base composition of more than one-third A's

whdcPrapligarierinmniersidetiutatany Jolyracrdbramplsriny MWLrardes. and
ising; a8).5'=N"(T. IAN,(CGIKIX2X2'XI'CG(C C SEQ ID,NO:
e e AN S S

AT DtiOr grgand z = 1-20, Xl and Xi' are self-complimentary
nucleosides, X2 and X2' are self-complimentary nucleosides, and wherein
the 5' B)of then (eGGNg))yssgoeerce 1sa6t3 bbses froengile herdnchehe
polynucleotide; and b) a palindromie sequence at least 8 bases in length

ARSI OISR ARSRAILSSE GRfeES ConipiideS tHe TrstiCE XN
égu%)lrc)essequences. 19.The

. (X1 .
@%%gn%%%&o%ﬁy %@é%t? according to claim 18 wherein the

palindromic sequence has a base composition of more than one-third A's
and I's. 25 20. An immunomodulatory composition comprising the
IMmunBhedduatory pdiyrasiautigevatsiding dordiagntol claim Usevbénie the

immunomodulatory polynucleotide according to any one of claims 1, 53
P S AR R GRS CABRCRE R R DA S et s

response in an individual. 22. Use of the immunomodulatory
polynueleotide according to any one of claims 1, 3 and 5 in the

manufgeisie efuadmedigamsnbsoyinwieasae Ticdbrying andhadivitluainpdising:

a) 5> -Ny(TCG(N))yNw(CGX X, Xy Xy CG(CG)y), (SEQ ID NO: 165)

wherein N are nucleosides, x =0-3,y=1-4,w=-2,0,10r2,p=0o0r1,q=0, 1
or 2, and z = 1-20, X; and X’ are self-complimentary nucleosides, X, and X;’ are self-
complimentary nucleosides, and wherein the 5° T of the (TCG(N,))y sequence is 0-3
bases from the 5° end of the polynucleotide; and

b) a palindromic sequence at least 8 bases in length wherein the
palindromic sequence comprises the first (CGX XXy X"CG) of the
(CGX; XXy X’ CG(CG)p), sequences.

19. The immunomodulatory polynucleotide according to claim 18 wherein the

palindromic sequence has a base composition of more than one-third A’s and T’s.
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23. Use of the immunomodulatory polynucleotide according to claim 1 or 5

in the manufacture of a medicament to increase LEN- a in an individual.

24. Use of the immunomodulatory polynucleotide according to claim 3 in

the 15manufacture of a medicament to increase TEN- a in an individual.  MCS
25. Use of the immunomodulatory polynucleotide according to any one of
claims 1, 3 and 5 in the manufacture of a medicament to ameliorate a

fymptam gl AnesHaLs Aseann ian Rdipaual 4R idfn RG-S ory

immunomodulatory polynucleotide according to any one of claims I, 3 and
Dipihe svadifactudéngfta chedidament to ameliorate a symptom of an
12,E-related disorder in an individual.

21.  Use of the immunomodulatory polynucleotide according to any one of claims 1,

3 and 5 in the manufacture of a medicament to modulate an immune response in an

individual.

22, Use of the immunomodulatory polynucleotide according to any one of claims 1,

3 and 5 in the manufacture of a medicament to increase IFN-y in an individual.

23.  Use of the immunomodulatory polynucleotide according to claim 1 or 5 in the

manufacture of a medicament to increase IFN- ¢ in an individual.

24.  Use of the immunomodulatory polynucleotide according to claim 3 in the

manufacture of a medicament to increase IFN- ¢ in an individual.

25.  Use of the immunomodulatory polynucleotide according to any one of claims 1,
3 and S in the manufacture of a medicament to ameliorate a symptom of an infectious

disease in an individual.
26.  Use of the immunomodulatory polynucleotide according to any one of claims 1,

3 and 5 in the manufacture of a medicament to ameliorate a symptom of an IgE-related

disorder in an individual.
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