WO 2010/ 037539PCVE P2009/ 0071132 1 5 Conposition conprising a conpl exed (n) RNA
and a naked nRNA for providing or enhanci ng an |nnunost|nulatong response in a
manmal and USBSYNEPELf 10 The present invention rel at e CTEPAH 107032

i mrunosti nul at ory conposition conprising a) an adjuvant conponent, conprising
or consisting of at |east one (mRNA conplexed with a cationic or

pol ycati oni ¢ conpound, and b) at | east one free nRNA, encoding at | east one
therapeutically active protein, antigen, allergen and/ or anti body, wherein the
15 i mmunosti nul atory conposition is capable to elicit or enhance an innate and
optionally an adaptive i mune response in a mammal. The inventive

i munostimul atory conposition may he a pharnmaceutical conposition or a
vaccine. The invention furthernore relates to a nethod of preparation of the

i nventive immunostinulatory conposition. The invention also relates to the use
of the inventive imunostinulatory conposition or its conponents (for 20 the
preparat?on of a pharmaceutical conposition or a vaccine) for the treatnent of
various diseases. Finally, the invention relates to kits containing the
inventive i munostimulatory conposition, its conponents and/or the

phar maceut i cal conp03|t|on or vacci ne. Inductlon and/ or enhanc_nent of i mmne
responses of tHe i cH-o plexad (p) 3 a;ngked/ARIN{ i 85 an
inportant role i rbn%ﬁi&lﬁgrﬁﬁhﬂmﬂbstﬁ«ﬂﬂ'atm%gg&ﬁsbﬂﬂa ﬁ.tamnummuss desenses. For such
a purpose, the inmmune systemis typically nodul ated by, e.g., admnistration
of an i nostimul atory agent or an adjuvant. However, the imune system of
vert ebr at esTisuphsas iNGTAOS rélSted/ @F yincmﬂmlrﬁmm&ndoffyi ttﬁ:l\gbsﬂhegldoﬁipﬁdng laj a@oONsi st's
of many typ cells, in an

f t
el aborat e a%ﬁ“%at i °re?:e” RATRISHE. or'ﬁ? S"?'r‘??nﬁ’ﬂét I§§S§t° Twwéi)rlnﬁllef) 3’&93 t hese
or gani sns f cavionicrdr @otycaivniai domploayd raed b(delf lems ese e mRNAeamodglgSipmastfqnel ty. One

| ayer of def h%Pﬁguu%S’lgPrLﬁﬁ? gm(eshcaalnné hagLeal 5 dg%r“a%{ iBod)/ 'le?""sth%” a
priori el i mnatron of a st sone ogesan ant| gens. F 't her | ayer of
def ensel¥ nclmndewstirheatorynarpositieh & lsepatiatptelivicor emanve asyma@mnd apgonally an

2010/ 037539 ah a e i nmune
systemis tﬁﬂéﬁ%ﬂﬁﬁ{&%@f’ %m%o mﬁrg‘sn{a " tr%’e’r’fgzém 'P ﬁ %E{'&g?rn aghﬁ%mg%éiogonpn ses
barri ers suhy 88 apharoraggutissldorResiianedr beeeiner She inventien Aetheranage relatestp ammat i on,
the conpl e”ﬁ]'aihoé)b%r%ﬁrﬁﬂ)q of Bleli Weﬁﬁvehﬁ:{n(dn'é{t%ulé%ﬁ cbrﬂP@s‘it%n' R PRetibRlRB) | S
typically based on a small nunber of receptors, ed pattern recognition 5
receptors. 'ﬂ'?é‘if@é%@%‘h‘i‘éh%@ﬁ%'é%é’a%?séwfa&w Fampesitios qrn%\tcompgmr\ﬁsg 'sh

forei gn2er gﬁ]@gwﬁsraubh KEa phdrhaesutic 26Bbdifon Srn@iccind)domBé asitnest dinvamaeel | s of
their hosts ch pa lt;ogen associ at ed | ecul ar tRatter ns include viral nucleic

u
aci ds, corrpS'ﬁ‘?ﬁ‘sz arallpaBe EMERonARgtes dhiik ORI e YGRIVedMTBINTEIYRY and nor e
10The fi r st cdragbsitivn,afs cpapbhB aheeodeipharfiacédicsRbMpssitdnudivectinen detail was the
Toll-like receptor (TLR) famliy. TLRs are transnmenbrane proteins which
recogni ze ligands of the extracellular mlieu or of the |lunen of endosones.
Fol | owi ng | ingadtiebnbdrachir m@har’mememtr@fnmdnm rtekm)nsdsgcriahe \'n'nratecyrtdzlqirl the ridaptadapt or

B; géﬁlc??o\r{:hlor?me!e sayst%@f_ glg}t/ r I?n Fel)rrglg(? Prole |n qge ][rre;ﬁmen J pre en IOE oan%meerr]c%l%l ) ng

anmmat 0 cheno
cyt oki nes, diseas@ntfovispe acptlpr$metb¢ Ietrmme(s@temelsgtypmw amqdufated by, €gchopp, et

al 2006 e I to t
resp(()nse ) %ﬂ%{gﬁ 7 éf @rﬂnﬂ%%@rﬁ?‘la{o 09%% g a Jaﬁﬁ/gﬂ H %r%rrm@rgsl g@}n‘?ol | -11 ke
receptors (R (ﬁ-@@?bfﬁeﬁlwcb@éhumé@n@ |V¢'|Ye€@"1phfx mdﬂlnelanggumed( TitRensists A3) i n

m ce. Thosenal kydkl k¢ r&&ﬁptc@né JEanBsand nssbégmm ehnmtéaste .I Laﬁle|5mo?§e (drgown
ligand: Tri acyl I i pop gpt known | i D acyl |ipopeptide),
TLR2 ( kAdwndyiageimaetvark. |Fh%pmine|b<gwt?ah}\/}>wbmroeq@ﬁ e| qrw fergmNyctior| R4
(known | i gapgh 1dyBed GbfeRepBt iis@sIMpahbddiyoforfeas es&aédsyeorh@%tegmﬁbcnorTL R5

(known ligand: b cterlal | agel lin(s)), TLR7/8 (knomn | i gands;

i ni dazoqui netsHed bagissnard AEOwhAD gigericrh ¢liBWRKRY of Pi ARRsy KRR NPEARIEd CpG DNA
of bacteri aanugemsusaefanmmbypr@td@aea@nﬁcladudm&ahmé andxh@ adiptivdieimaeisfstent.pr oduct  of
di gestion of haenopgl obin)) and TLR10. After recognition of mcrobial 25

pat hogens, these TLKs typically trigger intracellular signalling pathways that
result in induction of inflamatory cytokines (e.g. TNF-al pha, IL-6, IL-1-beta
and IL-12), type | interferon (IFN-beta and nultiple | FN-al pha) and chenoki nes
(Kawai, T. and S. Akira (2006). "TLR signaling," Cell Death Differ 13(5):
816-25). 30As part of the nore conplex i mune response of vertebrates, the

i mmune system adapts over tinme to recognize particul ar pathogens or antigens



25 nol ecule. In contrast, the B cell antigen-specific receptor is an antibody
nol ecul e on the B cel | surface, and recognizes pathogens as such when

anti bodi es ORI E 5 ace bind to a specific foreign antCER200Fp|7¢s2

anti gen/anti body conplex is taken up by the B cell and processed by
proteolysis into peptides. The B cell then displays these antigenic peptides
on its surface M-1C class Il nolecules.2 This conbination of M-1C and antigen
attracts a 30 matching helper T cell, which rel eases | ynphoki nes and
activates the |Bnéle||rhmu%5)tshel acCparvettael irfnosd iystﬁehhaﬁ tiﬁkegérﬁlﬁaritodémioﬂ(hosti ts

ff t f t hi
ant; gen. RS G TS e At QPR A B 5 E] ALy AR |
pat hogens onncludmg;re gelitfamenappestie ngriphenean bysgen aad delaarkbdriiam Trer innt®
2010/ 037539PcﬁT/ B Orr? ?cqa\ﬁzbélseg%ﬁtars%%&égmbg%lf e%rmorgnc%ﬂgd gcﬁt I{nvrgéégﬁﬁlogr for

nes se
upt ake and 'dest T SeTT on Frar ‘conponen e adaptive

i nune siystremm;yt dthay(recoghlmeddnser(e(dDSbl)?cuiawaaézrsothfabdlmngu'@T foreigrs prgasiems, Cyt ot oxi
T cells (

el - ant 1 gone WERR P EEAIAE SRERTHRER O PO R R IBAY SUBFbARGERSREEd, 1o
killing funr@plue@ﬂarbgattﬁ@b w@@gir@yomlmua@dpmmpmtﬂ ¢f hakigriglednd fB@galh Walsi ¢
mechani sme Qe iNBrddMURG Syt em i.e. the innate imune systemas well as the
adaptive i mn§ne system may thus formtargets for curative treatnents and
prevention of nunerous di seases. Appropriate nmethods, which are presently

known i 1y t heneaTrit.farfilf refatd@Ubddghizien aéﬂeb%%r%hﬂleUQnQileiamv&asQﬁb Tdmmeere&éﬂffﬂﬂne
response or utilize anti gens, pat hOgenS or | mmunogens der to evoke an

adapt i ve i niftidaPidkpldfsac t@Psme%f&r%otF@w t::ag%@gmﬁ%{'wndpaf the exirage!lwar an

adapti ve i nimliee of o6 HRIN&ReiTBY edtdsérhdsC F&IRAVikY ligddlBlonidsigahéyn@arsBeceaRé kignar t he
host organi sm

a Qem fic tf or ej %%1 ‘ﬁ? Ig?fp tas descri be}g agec?ve either in the form
of the pept\HEATEGIC BRI HOGRE M ? FiBegie e hP TS drfegtsd "By a
nucl ei ¢ aci éhtaikngproduct EINAf :mtmﬂcratﬁsls;epwa ;RNAfIarhmatoryd&urembhnal arﬂld/toarmeef ficient

adaptiv ne response n a ddi,tion eci f| ti he i nnate
mne. By st BV TRERRS S0 Bk AEME Rt BEBTPuR A Qhone I rebetiu e

paral | el t oretégpit@ntreqpetorssipales hast respgual Nafﬁkm4¢2a7()§>l8) _e'1l9-44hsTper.tate‘ aclesdt iTAul us
turns the immlpe §%1Sot|19me' Qéegto?sn(TFﬁtf-X@)thgge 5d %tiﬁentiﬂ@(?]ﬁﬁdrﬁg?\ra%}’ﬁ% #Rs 31dapt | ve 20
i Mune response. npounds tapabl e of 'providing suc unspecifi ¢ i nmu

response ar B)tiypicsalThpset Tllrtike recedfors/@iiss in humarmjnttietﬂe BfmCTdR%(ﬂm(Pd@ legant:
conpositio v n r anpl e
Freund's agﬁ haegn'ﬁ"’pf‘@sf&ggﬁ@g &ﬁ?ﬁm g%’a 4 Iré({égptme lrzjol;(%ngwa,qr% l(r?lao(r gani c
chel at 20 or Peptifiealycamer d3R3 V&ROWUS 'rsaﬂ‘éffij /‘\)keTb'M s, ka'i’t hé'gii'@ rdé¢bns,

al gi nat es, ﬁp@&uﬂ&hh%dée@&wég%e%e@%w@ns &ASGH [7 nga%@%ac?eﬁmvveagéu.ﬁ@? 25
conpounds isol ated from bl ood and/or blood clots, such for exanple, fibrin

deri vat i ves!LREf&c(know digangs m%ww%&&Pws'ﬁﬁynﬂesw@cps?w\bdh%? Haeven wit h
ot her conpougadss: @@bhﬁ\soﬁb&terﬁr Qlr@ef Snd maodﬁﬁanmfar.erp.%mh@e&hes or

ot her thera eutically activ nds, dependent on the result to
achi eved. 3 H&%t@@ REba n&‘i& gnfh%/k ntﬁﬂéblﬁ?‘é’gn't"&'bl\%smtﬁ"bh"jcl ei ¢
acids 26 gemﬂio’gbns whdse hTLRE Wty odlig deigger Sipesdefliler sighal e pahwaysy that hault in

therapeutlca . acti.v rotein, suitabl or,a specjfic therap |caIIy do
not show a &f %‘PPP&{H@”@P“&%?M& e?r‘r?rﬁn@“%’f"[?hf’a@%’r ﬁl MOSBe?rHEL 2 I\@%grt hel ess,
such i mmnomteﬁamha(lF(N yetqoraopenmlmls IAslyalgbe) adhicbem@dnds oKhaa, TWand S. Akira
21110103753 /. 3109101 | e, the cDNA or the nucleic

aci d, when @8%1 %ﬁgagna &e“% %h @eﬂ’ﬁ'\?‘%@@?ﬁ such as protamn or a nucleic
acid binding protein. In thls context t he mMRNA nol ecul e or the nucleic acid
may be r t ecul e or
the nucl ol ¢ et aoAg e CaaneF dERIR B B R B Tee. ey

5 be for medovsetinedn rt—‘mmﬁﬂwwpewh%em ox prsigenscinedecefigienty aflls taﬁ@té}j@ptl de or
protein. Paﬁrbt&ykr%sthy.nﬁﬁmng c(aﬁﬂbM&ﬁ&ta)nd%ﬂSWJ %ﬁ%&@@ﬁ&ﬁ&&ﬁmte‘é@&ﬂd&rﬂ@ nucl ei c
acid, which is usually negati vel ¥] charged at neutral pH, bound

cationic orfuﬁﬂﬂ eI EHi ‘(‘,"”béﬁ?ﬁ? dathegenpr '%PWCEW&t'VeMe%?QWSan@W or

nucl ei c acid nol ecul es in vaccination nmethods, translation 10 of the nRNA or
nucleic acid nolecule in vivo remains the nost inportant and essential factor
for inducing an adaptive inmune response or for expressing the encoded protein
in general, e.g. in case of a therapeutically active protein or peptide.
Accordingly, the conplexed nRNA or nucleic acid nolecules wll have to be

rel eased fromthe conplex with the (cationic) peptide or protein subsequent to



6 Anot her possibility to circunvent the above problem may be the excl uxive
adm ni stration of naked nmRNA, cDNA or nucleic acid. Such an a oach t hough
advant agous WY82"H¥5Hur pose of efficient translation of PCA&EP "2DNA or
nucleic acid in vivo, dispenses the advantageous activation of the i nnat e
i mmune systemelicited by an adjuvant as described 5above. Thus, none of these
approaches is in fact convincing and | eads to an innate i nmune response
paral |l el ed by a good translation of the adm ni stered nRNA, cDNA or nucleic
aci d. Accorfdimgthg, basigdsevdcsingtion btratdgfes nel@contiast e thar innhtorimpiuaw isgiterg 2an
efficient ipnmuposti,nul ato osition or ich,allows to elicit
an innate affic g’ﬁ? é(?ly‘ ﬁdaé’gé'f)t TEE e r‘segBtdﬁ?gépeQVAY%eraBﬁi nepyEs ¢ e
adm ni st r at ieosgnitenneft spenifiai fselfl by “aon- Beﬂféféntlgerentiurtrtgams;irMelsomaldH‘d bitggenRNA due
;[ (r)YTYIJ(I’)lz)g?;[ Irr:}PreOf ta?onpsggféeg%loé\enshrﬂ |ktehe|ls &gﬁﬁ mnf) ellrw Ql%(l; Sys elmdéN lcl(f1 recosgn{2ﬁean(g)bJ ect of
t he presentrespond it paﬂmgennnprgwerdBNa/, ﬂ@tddeptwammnane pysenm@sfernnhgtaging or

conposi tion i Gl r n and onal l'y an
adaptive i ,#,%%@ta, ?flur{‘%\tﬂgrt&qusho%nss'{e&?wgfllg\wb% {hbn}gﬁﬂ gr}g%%gsﬁr {&ns %g':gtef ficient
adj uvant (i pathagess mﬁhoaefbrniﬁ)ctepr ogllsr oy antigenanTiesf fabiitye e rt1¢ta1hsth%ﬂe| proefl t he nRNA
to be admn V. y, ne e present
i nvention, %?aeoﬁ geerggsbwgmtt)ﬁne? qg%%b%o'?tip;h &qe(?aT%s?&y%ﬁ [ ﬁ?luémraél llji/%tltgﬁio';)?esent
i nvention seAtkasgn ?hfer/'affé\/@ed’@}iéémor%%aarpﬁcmM#@sSPPﬁ{ﬂ BBy edhposiited g
conpri sifg &lickin eAdindiéaint THe THIRNRAL infhAHRN dy SR Gh QY alMSHop bl mngbfr iffmUngast one
(M RNA, conplexed with a cationic or pol ycatl oni c_conpound, and b) at | east
one free nRRLONENOWPhGS 4 ME4elogical m%pﬁbﬁf?'eﬂf{ey@éef‘w@e FretEFnaeant i gen,
al I 'ergen anglisapleaint jab&dys, spraicedifeatdde IERTUROSIsE a1l idfeltiohs CeaaPOBathd@n isS capabl e
to elicit 2bor egh‘aﬂ%e an innate and OFtI onal I%/f an ag tive inmune response in
a mammal . | ePHECE LSRG BE b KA EE2S R\t T SANCe FRBEUBENSE ect ed
from any nmhugem ebebakicygrifedrind ne@raiadd byské edipeadk iMheumek{seengr oup conpri si ng
Wi thout being limted thereto, e.g. goat, cattle, swi ne, dog cat, donkey,
nonkey, ape, a rodent such as a nouse, 30hanster, rabbit, and, in particular,
human. WO D@l 6Wpr 538pcidrEP20 G8Y @048iRe Tmhtuee tsysers| iat vestabrafes tme:loatmairmlast one
free nRNA, en [ t ..on r u e,.pr ot
| pai rod by PRCE Al ecHef A5 BN hIE, AR b Artbo, DHCHR] bR IelCL .
| east one (mmcm%ah calltdatqocmpcermer 0fpb¢ Watlvmlmrwrcomm matludE i eells gnd T
particul arl é/ellg% éhoarghn%rlf/&cfror]:l %&atc@gleﬂgkﬂé% Is qpmog(?r{%t mh vzoé %Eﬂ’s ¥ using a
cationic or polycationlic conpoun for conpl exati on, Ch 't pically | eads
to a st?ongneergsl éxthsebumeesnl EQH@“RNAWbﬁmPstBéekbaﬁfleo'ﬁv@v%lfpﬁlﬁn@?” t“ﬁé'?teéar ely
rel eases thgniRNArespbidd. WBIhACAI ah§Tngaw?éiept&crﬁgﬂégllaﬂh%rectogﬁzcgE iffRNA i s
no- nore di st urbed bly the cationic conpound, even though the adm n| stratl on of
the adj uvanP'ae6npefilmeostier 3 fontsel6 taigRINAICh 38 @ PREPBSNT ter.s@ StUEtHig! o'y afferal so

| eads to a aﬁit s leGaniay fiagmeayas atrpamséees«;twawb@é}dp@e@gs@@%h@rprés@nﬁéuva of the
free nRNA .The sol uti according to the éesent Bﬁentl on utilizes the

on
surprising & 3G ot th Re SPv EFERIPS CBteck R HPe SEIREOTPRIBADY GATPIERAMMdt h
propert2®s mblet:lhe Ih FORtAOS tHeﬂl&dBltﬁlflgerﬁipB@ﬁS tekbpdy, is bn entibaty eofdcGle@intthe B
|mTunost|rnuI at {“ﬁpert and an efficien tra slation, of
cha

th
achi eved i n"“Yn¥ % EeCQBTiEe RS HRRF 5t 35 HEM Meq R 8%%&1” Fu“'&ﬁa‘i?e‘?'”ié“
prepared i nspevitic Sepign ainegalt gps. anfigergargiobdit camples iewéen mlprby thGrB'ICBH:IaIflg as it

may be

allows mxin van free. hout | osi ng
free” mrun by Sesre PR SRS il b bindst S gt oA

conponent . Tﬂweurém MH@ntlenayl beleevlesn Eftl&)p@dblﬁ@tronaofcmm ded abﬂlgntattmtwt hout

Ieadlng o] i t h e free
R o R L S e T i e TR T R

corrponent \/\#ﬁt'&ﬁedr&yC(?'bmntl@?ga‘sHprdj}"dg it offspeeg pERrgteshiltions efacgpingi of denpound of

the 20ad] uvgitbodP e REREN 8 0hisOarftig E@lﬂ@%ambogf&”ﬁktﬁ% ihramd BRshemplex. As a
first Conponent the inventive |nnun05t|nU|at0r npOS|t|0n conprises a soO

cal | ed "adj UnRht bbdnigorshesens b ripheis el @?pr%mﬂ@ﬁ PR¢penfansh mlaé‘agle”bffé (M) RNA,
conpl exed with a cationic or polycationic conmpound. 25 The so call ed "adjuvant
conponent™ is prepared according to a first step by conplexing the at |east
one (M RNA of the adjuvant conponent with a cationic or polycationic conpound
in a specific ratioto forma stable conplex. In this context, it is
inportant, that no free cationic or polycationic conpound or only a

necl ectably snmall anmount rermains in the 30 adjuvant conponent after conpl exing



10 nnmol phosphat e resi dues, provided the RNA exhibits a statistical

di stribution of bases. Addl tionally, 1 pg peptide typical ITy cont ai ns about x
nmol ni t r ogeWOreW3iids, dependent on the nol ecul ar wei gHCTERAPRE Hunber of
basi ¢ am no acids. Wen exenplarily calculated for (Arg),, (nolecular weight
1424 g/nmol, 9 nitrogen atons), 1 pg (Arg)9 contains about 700 pnmol (Arg), and
thus 700 x 9=6300 pnol basic amino acids4= 6.3 nnol nitrogen atons. For 15 a
mass ratio of about 1:1 RNA/(Arg)c, an NNP ratio of about 2 can be cal cul at ed.
When exenpl aésitrhytucmabwtﬁrmlederftatumloh @nifdimp(akelaadlﬂearucmi ghphadooytes. 4250 g/ nol ,

21 nit f t f
2 09 BT R BLR SIS, RSB oAbl BaTRES G St
pg protam ne C’Bnnea]cmse atﬁwxbtoﬂeﬁ pailsl (P85 amn rlecogmlzeqmﬁsdeanfd)m hanglo@Bbux 21 =

4935 pnol basik ni tr 0 ss ratio
of about 2: D% %ﬁﬂ%”ﬁ%&%wﬁt’?w 1y8? 1?R‘b e Qg:%?la%e car(r:ya?%ﬁrl‘eg'? ed. For
a nmass rati blllofgflaimgln bBreleaRhg\Ip)rtdpamprmelmnWeFteHat| o of about 0.2 can be
calculated. In the context of the present invention, an NP-ratio is
preferably in the range of about 0.1-10, preferably in a range of about 0.3-4
and nost pr 8pérhabik ynechardgsnszph the igmuab exsten i.5-the fnalg immpne egemddsrveeltdséha at i o of
RNA: pepti de alyfhild R Sm, A tﬁmeBmp[a‘?%?%rf@pl:lyrat?\@thaFn%ts HOGeRhugbout
0.7-1.5. In the context 'of resent invention, a cationic or polycationic
conpound i s "BPEPEY dmffye%er\ererp%ﬁter PsthoghyWleigh iaEnpiesanty (KBPYE At ithind eﬁ%ﬁrpound

sui t abl gof oficRNR; lﬁ)&h@go aerme.t tahehely iskakt lrésgbRe & gt @hegedt i shthdpand beul arly
the at | east one . by associating the at 30 | east one E) RNA wth

t he cationi H“’BF“%SP%/‘E&’E#%FH %’OE‘b%ﬁ)‘éﬂi‘ﬁH"e ITYTURE EESBASE i 1B SOPe [T AESk Pof
compound per se does not need to exhibit any adjuvant properties, S|nce an

adj uvant pr ert particularly the capability of in ng an i nnate immune
Fesponse, '1 SuGrly RbpoArtye et SR ERt 254 KO MRy et e SE Ty IA i ¢ h

t he I(:atl oni Gﬁ@brga%%&b&:ﬁﬁ%&%&%ﬁ&édﬁ%%&ﬁﬁwme 9|tm=,®iryt®afc:rmmf chequapladiind. V\hgn
conpl exi ng the W g _cationic.or . cationi ¢ corrpoun
Che ad; doantr BinAREs 8 ol pak br atfEef ¥ o Bk 2l tdeT SRR

pol ycati oni meprepgerm dn guientteietisit as effimigpo AdaptiveEnmaye tmpeméem edi:htfcmam
ol ypept | deohPeS il RREL T ol FRELTTHOP s BRagoeld ¥ Bl phobighlif sl o
CPPs, such ae U‘ﬁsrmévpoﬂmﬂus paralP® pbeptaan speftife taignali n@h@@pltaildesnspacaftc H V-1
Tat (HI V) e l.1,.00 anq,gp atin
famly, uelﬂsgmrr%t ﬁﬁqﬁﬁdngﬁszg%ﬁ !ﬂg e?(lstii\%t § bat ?B%r‘fe:scul Pg‘;e][ro

Dr osoph|2pa anmémm@p}wm afompmdpcapgble of pevising saﬁin RirHesPeDfiainmeny '\fewn@PPs e.g.
LA, Porceg 9*53'%“‘”".%#2%;’1.“?“%&? ryRECy O Boer S, A Grh Ao El ch pept | des.
Cal ci tonl n- pEpPiededs, atieyants| wcther R 3t BoIRYANRIE Faqud’s %rvymArr@qtﬁ% eshi st ones,

VP22 deri ved g0fludNaiufthi B HydRRie), lindk wc MPe?aZes(dﬂesran@aweséonmaﬁws th-liALA or
protein trans ductlon donai ns (PTDs, £FO|II’I ric etld%s

ar gi ni ne-ri &f> PEPGIGELINS| 8 HEY muewdb idecpmpou ) Gt mﬁ?wwﬁ'{ de(s),

etc. Addsti esapdunds BoRfearfioftbl6ad hrﬁﬂkbr(bl(ﬂfd qw!. ya@t;ispm exJpipdé, 6ibNs derivapegf i des nay
be 15 selectefhfromfollovvl @g) eln tldeshh ving the fol |l ow ng total
formula: (A ET9Lfvais e B'Ga% W H)CO"i‘{A’/EFéP% ithjother gpmpuindy sychas g 15
and 1, m ne(grptOteIrﬁ[#mpﬂddelNMyookN,ea@ﬁbcﬂteherothﬁyhebepeaﬁyalllyuﬁmrcome%Bd from
o, 1, 2, 3, ng to the’re u’lttob (9’f|ev é 12, 13, 14 or 15, provided that the
overal | conf %pet SHORMY 1O PR YRE o n represents at | east 50% of all anino
acids of the oli gopeptl de and Xaa may be any amno 20 acid selected from
native Gp N I n g, Lys,

s or (. Moy YedSblehu PR ElnRAR, Rl ATNIR AR BGEERR I Yl VT
provi ded, t i Chtrirey em@deaa ﬂpe@fm@rétgten of anyather thempeidica bativel pEEi ysaifabl for ani no
aci ds of theg éake.gewgdysﬂ@yp.?ﬁy tdo%tasrhbw p&gﬁﬁem%roéuegw gﬁrﬂb&ﬁﬁmhlgtow

context are e. , YSSROSSY, (K

Y(KKI - 1) 2R, P&P@”'QFU%QYé'ﬁhegqﬁbf%'F'P em"waw'awﬂaéorbrprow'%dnwé@ iconfetred dorplesinds,

whi ch can be used for conplexing the at |east one (m RNA of the adjuvant
conponent above may include cationic pol ysaccharides, for exanple chitosan,

pol ybrene, cationic polyners, e.g. polyethyleneimne (PEl), cationic |ipids,
e.g. DOTMA; P - (2, 3-sioleyloxy)propyl WN, N, Nt ri met hyl ammoni um chl ori de,

DVRI E, di-Cl4-ami dine, DOTIM SAINT, DC-Chol, BGIC, CTAP, DOPC, DODAP, DOPE:

Di ol eyl 30 phosphati dyl et hanol - am ne, DOSPA, DODAB, DO C, DMEPC, DOGS:




(both of these partially double-stranded or partially single stranded RNA

nol ecul es are typically fornmed by a | onger and a shorter single-stranded RNA
mol ecul e or 9 2tWM8*’SPngl e stranded RNA-nol ecul es, whi chpgfr@"%mfmm:‘équal in

| engt h, wherein one single-stranded RNA nolecule is in part conplenentary to

t he ot her single-stranded RNA nol ecul e and 5 both thus form a doubl e-stranded
RNA nol ecule in this region, i.e. a partdally double-stranded or partially
single stranded RNA). Preferably, the at | east one (nm) RNA of the adjuvant
C]E)nrp(r)]nenéI  NRRNBEndlecild) e DA a:rtdedudm\w\acdlfumﬁehe:bmpreeed whiea @bptlcﬁ?ﬁbro&:’mﬁ ( n)l RNA
of the adjuvapt conponent circul ar I ne refera a linear
R Wore pHEPar BRI phan i A9 P THFR Y PRELIRIRTR Rt ey be
a (linear) se ngblmc al siby ddedhdRlNAl suthethat a lceaplex dnf@rraed BNA(eerf tHeheRralelj uvant

%&Xp?neRnr |tn) maélreagev' rh'e%%agﬁal %tﬁeﬁnﬁ)’ tide o? toéeﬁlrabvrherelﬁ%ﬁ&aﬁc 3 %IS grgelzfltenger

i nventi ch abd owsedbétweén tHees&NRNmsled:the bethpamltle@f acndlend adzj peptideé ocpmpdment " of
the inventi [ n t ext of

t he present y%n@eﬂysgéﬁéé Qﬂu@mgﬁ@e? |ca ur \Dhe%ﬁﬂgh (\% |\gm8'§)rt%§'5§agl of 15
several st rogrgaiively Cfetgedtetrnestralwfg is kmqn@bt B eﬁmn'®rpWF@tmgl rentideer pogeinr eam
positioned ribosomal binding site foll owed by a coding region, an optional
3'-UTR region, which may be followed by a poly-A tail (and/or a poly-Ctai I).
An nmRNA rrayH@‘de‘(ff' vehen asing MRNA ef nuclegsy aced mplepylest ip ¢peditagan erefaqds, tiandatiogn RNA

whi ch cggrigsht RRNOEI MI@@QH@%&@C(@J PP rdn¥ihsQhe m&temmogmuma QlenfPt i des.
Such codi ng sequences in di-, or even nulticistronic 20be separ at ed

by at | east @6iReOr [RDSCER g aARSIve dMGUNe ESRADES Aiar mEYessiAg “Iﬂr%‘lce‘%(eé’b?’?e'”t'ﬁe at

| east one (ge\]auA@g mh@sadjftavama eQTERMNaBtveOfrotelte of v,ﬂmfel V@\C(EMH%?SfHe”U' atory
conposition co |se /g | engt aboutI 5 t|o aboug 0I oog about

20, 000 nucl €A Pfﬁ PEPY F'§ 5 BptHles 8l hye d grelogse éf@"hibacemp ®des, nore
25 prefer ab\lvyh (313 ahmmtc) 5@;6hde00rqb&bltn sLBseQOéht te \transfetio®e op khef @fnqinéxymoj‘ thabout 500
t o abou ref out, .1 to 10,000 nucl eotides or
a | engt LS of & IBB 'e"t g’éxﬂﬁdhgﬁ{% ﬂ%&'@&'ﬁ'i’"ng's e Py %Wﬂgdl nent ,
the at | easd:asesnevkﬁrmtﬂmlIpfcotrip@xa@]tbmmﬁNAomslmﬂtemtthehud:lhe add withveecttiowie

i munosti mu Wele} i hqrt RNA

ol T gonuc] oot ek GRERARNA T PR BrdeBRL huTO Old AR ISR EObh o RIS,
as defined agmfmntlﬂeétﬁ@s thleltsanslative rathor t//vcmm tolthegonugbieding dethﬁayly@éloalcm ngl e-

or a doubl e 0 Y anded RNA
ol i gonucl eo%cl% g&ﬂ&é\?@n%ﬁgﬂfg M%%%Ologggsg% PZ%%B%O?%%f% gg ?Feai ably, the
short RRA of¢agestingly. dab diffeculidg oblaing quderamugpsmmueim pm@@dothﬁ\cehp@fdmcl eot i de.

Al 'so preferghh Vegartdhgtf%hﬁﬁerte Mﬁ&éygamm Rrﬁgﬁhés@%nﬁ&r%%ﬂd REERLR iFBYrafi@NPr i se a
| ength as defined above in ?enera nol ecul es, nore preferably a | ength

of 5 to 1002n gfficigntitgnsigion nf *dﬁmSNéfmgecu'ear?Ql‘e\/‘éfrf“ﬁﬁﬂ'feacp‘# grotacyis| iy eengrdngt h of
20 to 100, @herdBirptsacHBPiordililatdn. 20 of 60 nucl eotides. According to a second
enbodi ment, the at |east one (mM RNA of the adjuvant conponent of the inventive
i munostimul atory conposition may be an imrunostinulatory RNA, i.e. an RNA
derived2§r OOh@ﬁodsiWW@&?ricﬂfw/éﬂt ﬂfe}’aﬁﬁb@pro}ﬂhin(}ha)l 5 @g@ﬂrﬁlrﬁ[raﬁlmﬁ%&gﬁjvéﬂm (i nnate)
10 i nmune re Pref er e at. | east on RNA of .the adj uvant
conponent o?"c{)wgﬁ‘i;‘n\?esﬁf’?’ tggqﬁ%hﬂ%'é’gil Pal oty ed ﬁé)‘%%?hfoar‘ii% '388" e

si ngl e- st r amdedson®lidoed| k-isilsapaited thaa theardjuvant ymddbmbhtigesienamd%dnBNAparti ally
single-stra ref erabl S Ie stran r aC|rcuIar
or |inear R’f\lirqpr% Same re \[er a(‘b}\'eve A t'éna;"rI "E{,Qg onsf)r ef"et?eé‘ﬁ'f)gﬁ af’ 4" east one
(m RNA of tlb@eadjllly\ﬁanmortsdnmmdeqmnmﬁyn bdaptived imm@gwrespenseg|f é-induces st manded RNA.
Even no p e n t. MV nt may be
& (1 meny PGl lokpsd R kR, RN A ety B et PLLAT ORAPED) rn o

t he adj uvantRddnponent of the inventive i munostinulatory conposition may al so
occur as a short RNA oligonucl eotide as defined above. The at | east one (m RNA
of the adjuvant conponent of the inventive inmmunostimnmulatory conposition may
furthernore be selected 20 fromany class of RNA nol ecules, found in nature
or being prepared synthetically, and which can induce an innate inmune
response. In this context, it is preferable, that the adjuvant conponent of
the inventive immunostinulatory conposition typically elicits an innate inmune
response, whereas the free nRNA of the inventive i munostinulatory conposition
may elicit an adaptive i mune response, particularly if the free nRNA
25encodes an antigen or allergen as described herein or any further nol ecul e,



15G s guanosine, uracil or an anal ogue of guanosine or uracil; Xis guanosine,
uracil, adenosine, thym dine, cytosine or an anal ogue of the above- nment i oned
nucl eoti des: VP2V ANHHt eger from 1 to 40, wherein when | PETEPEOYAMRAn0sine or
an anal ogue thereof, 20when | > 1 at |east 50% of the nucleotides are

guanosi ne or an anal ogue thereof; is an integer and is at least 3; wherein
when rn = 3 X is uracil or an anal ogue téhereof, when m> 3 at |east 3
successive uracils or anal ogues of uracil occur; 25nis an integer from1l to
40, wher ei nAndilest passmulrty6duﬁurguamcbﬁeiabev@rotaemmlbegluteemmerveeﬂmmwhemmbb 1 at

| east 50% of ,t he des a uan ne or _an a er eof QSuch
i mmunost i mulAEHY Ji@gq% &% ay'c fg%g g@ﬁtbrap SBPLagh Qﬁc’?ﬁ% dé’f'c of ®f or nul a
(1D G XmCnpwpese e rfficiest tmptlamm@ theim®RNA, cDNAaor rmnblcomm/roiﬁw@yﬁspmsaether uracil;

VO 201010375&2 hieedot 2ot (o O .nnae%?nsuﬂ% 8 Dned B! baiu BHPROR Bt
t hyrni di ne, or an ana ogue above- huc es; is an

i nt eger 5ro¢hoyeto 40 wherei n when | = Cis cytosi ne or an anal ogue ther eof ,
S5when | > 1 at |east 50% of the nucl eotl des are cytosine or an anal ogue
thereof; is an integer and is at |least 3; wherein when m= 3 X is urac | or an
anal ogue t hBrusohonenplethesn sppBoaghes| saigtfag eonrioeisgiand lerdsctp| an wratarigmsgees of

uracil occufeg cﬂa%‘ba?al%féd'b?ta""g%é tr%si%’i\‘brjrotttﬂe é@nlnm%dﬂhmm/@ornu%leﬁ dSd.cytosine
or an anal o ereof, when n > 1 | east 50% of the nucl eotides are

cyt osi ne or’g%ﬁ?“h?%)f é@%wtﬁﬁ&r%weedlswﬁeam@c|pérrve,d'%gc%rdgff'@?ntf-@mmpsam(q3torosr (1),

whi ch mpy beonbisRitloh r h&tRodtwhiBRloR 8o ((MERNA Bhatk edasliienant ac amanent of the
i nventive imrunostinulatory conposition, are typically relatively short

nucl ei ¢ aci (PRBICSESRPRSS, WHRITIP Jhsi adRY Distratigy iscof é’l’&j’ffﬁd BY arawsﬁf eentHErPY ¥ om 5 to
100 (but magheahrRAbGue @NERatdhad 3 0dniphka! @ah i tHESofPlexSpe®bd i vehigiTeesterent s,

e.g. up to 200 nucl otldes 9 from5b t nuc oti des,
preferably R ?)tf"yﬁo‘gﬁf? m‘?rﬂ‘%n% ?’P ?fh?’@”?r S 0s %}?D(%é e'ﬁ%rpéeﬂ?'i} a length
of appr oxi mhtxeiuymf foomoaud‘eoa ai2thad dandmed emmnecﬁsehmhkcyy atohmpagﬂidm ahicapglooxi mat el y
from 15 qocmr?\u or r(a:\[an I g%m m?\l‘:itee a ¢ %f t?gna Xn a[pg]e tmmu t4rh IgtﬁStresp%gfeqLabl y from
30 to 60° nutlEEEiGET T Gerdioptiopaiiyag, & MUt 0h* Ras XI'nmum

| ength of ea gnanﬁﬁlﬂ tlna(eb)e@nsudeg an naffwdnk aﬁmparttain’nwudmtmﬁ&ary Phperty e an of

nucl eot i desef L oh A% BHS b Gordfd £ Riadlfifb® (1) is determned by I or n. |

and n,

This object is solved by the subject matter of the present invention, preferably by the
20  attached claims. Particularly, the present invention solves the above object by an
immunostimulatory composition comprising a) an adjuvant component comprising or
consisting of at least one (M)RNA, complexed with a cationic or polycationic compound,
and b) at least one free MRNA, encoding at least one therapeutically active protein, antigen,
allergen and/or antibody, wherein the immunostimulatory composition is capable to elicit

25  or enhance an innate and optionally an adaptive immune response in a mammal.

In the context of the present invention, a mammal may be selected from any mammal,
preferably from a mammal, selected from the group comprising, without being limited
thereto, e.g. goat, cattle, swine, dog, cat, donkey, monkey, ape, a rodent such as a mouse,

30  hamster, rabbit, and, in particular, human.

The main advantage of the inventive immunostimulatory composition is that an innate and

optionally an adaptive immune response may be efficiently elicited in a mammal, wherein



25 independently of one another, are each an integer from1l to 40, wherein
when | or n = 1 Gis guanosine or an anal ogue thereof, and when | or n > 1 at
| east 50% of WPRU'H#EH%ot i des are guanosi ne or an anal oglngfEiIi'éq[’%(%‘FO”For
exanple, without inplying any limtation, when | or n = 4 GL or C. can be, for
exanple, a GUAU, GAUU, UGUG UUGG GUUG GGCEU, GCAUG GUGGS UGGG or GGG etc.;
when | or n =5 d or G can be, for example, a 30 GEGUU, GCEUAJ, GUGCA, UGCCH,
UGGUG UGUGG UUGEG GQUAUG GEoEU, GEEUG GaUGEG GUGEG UGGEG or GGGEEG, etc.
etc. A nucl mettiadgatide]dcienit &t é’ne fréenmkrha énteh'agat &Gitd)néfthefra}femiﬂaay @ttveaccor di ng
to the inventjon.is pref er%bt% uraci | | nuno rtheoft

nucl eot i desP'®h 198 TRRAYEE LY e b”VS? PEPRLTY Ftaftlcf aé&é ercd’"}? exa\')%

2010/ 167539@%%5?@10&&9 v@@m?aﬁldaiﬁami:@rp@ly¢dnen|k:rwmp<burdn Tihg ndmmuhdrlyeﬂnebg'thle or n. |
and n, inde I [ an,.in mhereln
anen i or ria e dofleof REERTETornh B B Fdig SVl Sl "

| east 50% ofor th@phmﬁloeowhtstbsty[acaélydyadsstonvest@nganmahalbegmwnttherRe@«f and:t!me exarrpl e,

e, ' PHIR Sl TV PHAP IS B et B
etc.: when thegfreen mRNA (3 nermate distrbbe, byf dhe exteomys] €OMROMECIaVen CTYE
uccCy, UCCU mibistreion oWH@QquvQA% ofreGh tHeSrdednrN A gethe e £ MQ@,% or

CCCCC, etc.; etc. A nucleotide adjpacent toXthe nucleic acid of formula (I11)
accor di ng t#5q ﬁéd-‘qtﬂ@érsﬂ|f'6+‘ntlvsm950é¢<é%%ie9t'qmoqndafxerﬁ&cqnlm vispef BediseyRNbr f or nul a

(1), whem |7y scﬂutﬁ)nlacc%quLgaﬁ)gttheﬁg%kenI-QnJeQ%/@n B%aes KO QFprieWE MTinkH3%0fhet he
nucl eoti des, are gu g\ i ne or an anal ogue t hereof, as defined abt?fr@ﬂ The
e (6]

remai ni ng ntREEYE | dether BrerNboVSHER JiIAANRRT n'éfOE‘Eﬁ'l%st Pf Jbedmmuwest Y00% of

t he nucl eOttcduQﬁ))smbﬁl ifehen &ffiavitiimghub8GURINESS pkape@dEHddn &Hiciért rakklaidhlof e an

anal ogue th? E ra?s %ﬁfi ned herei abef ore. 8 Ig'mag)l | | and n,

i ndependent fAof2y ks 3REVRLM o8p @nd 4, sape f‘?ﬁ'ﬂ“é%& nf! Ba%‘ Pioice!s
preferably pmpdred @ged sépaeie éle;isOTl@ s@lugbryie bvenbii@e tonvricafgeds atblllpwamiimg gger from
2 to 15 . The | qwer nca ar i dlfne r i.s at | east
1, pref&t abﬁ%e a§{“VT CS?‘P%”‘*”LB”#‘E MKW oy Oéé‘tg fege "ZC??“?@%Y%°""?%"%'°”9 or 10.
This defi ni Mth)theappbmesoromundsqbdwchdnghry q)mpbmmulfbe {dlltion Acaydredkivag stb@da

ticularl
For ot (| BECLRS S SO Mo MUELTUBAPLAPESPS D hocdletly 20,
t he adj uvankRNg@ngdreine mRNAhdn pmewprdsethernnun@sltsmmlﬂam of hedompdsidiuvert, may be
sel ected Trofm S QAMGEE faf 01§t 'tﬂgd R% oPPMk?M% RO Yatftinid &%Jo%!i 3yMHag

sequences: ocuuuuuuuumuubuuoGG (S UUUUUUUGEOGG (S

ID NO 29 @B@@ammgngwwumwm@emmmmmwxsm | D NO 3):
GUGUGUGUGUGUUMJUDUUUUUUUU (SEQ ID NO 4); GAUUC
GUUGGUUUMUUJUULIL| UWUUUGGUUGGUUGEUY, (SEQ | D NO. 5):  COGGGGGEGUUUGEE000GG ( SEQ
ID NO 6); A SRS (MSREOR Y EOry GOmpPORI IR S UBRIGESEGEG ( SEQ

ID NO 8); ~ Shdek: T LKA G r (SRRt PN lead) 6 ne EFERFELAIAIALANFISFEG ( SEQ
ID NO 10); 5 BLJ UUUUUGGERE ( SEO | DPNO 11); 35- GGGG% JUUUL MUUUUGGGG
(SEQ I D NO Cai' ic 0 SIS (SEQ ID NO 13);: GGGGGUUUUUUTLI UULTUGGG
( SEQ | D24\O 14) GEERUUUUUUUTI UUUUGGG (SEQ | D NO. 15);  GEERUUUUUUI J UUUUUUUGG

(SEQNG. 16); 16 %&UUU UUUUUUULIVE GG i SEQ | UUUYUUUU UUUUUUUUG
(SEQ I D NO T (%%E;@rdll NqR@]f Qiétjep chomHexm
GEEEEEH JU&WP@SEthDdN@mZGmpO&m EECEEAEKHI (EAFHECCED

21); in W B%Wr‘&gg IHQhIS con?exl) it is important, that no free

cationic or polycationic compound or only a neclectably small amount remains in the

30 adjuvant component after complexing the (mMRNA. Accordingly, the ratio of the (mRNA
and the cationic or polycationic compound in the adjuvant component is typically selected
in a range that the (m)RNA is entirely complexed and no free cationic or polycationic

compound or only a neclectably small amount remains in the composition. Preferably the



GGGGEGGEEUUUUUUUUGGCOGCC (SEQ ID NO 23) ;. GGGEEEGEGE JUUUUUUTIUGGEGEGEG (SEQ | D NO:
24) :  GEEECCGUUUUUUUUUUCCCGC (SEQ | D NO 25); 10- GEEGEEGUUUUUUUUUUUCCCCC ( SEQ
ID NO 26); EEIIHUVLVLLILL( JUUGECG (SEQ | D NO 27);  PCT/EP2009/007032
GGGGGULJ UUUUUUUUL T UUGGGG (SEQ I1D NO 28);  GGGGGELI VUUUUUUUUUUUUGGC (SEQ | D NO
29): GGGLI LmuoulLi tiumi uutiuueGe (SEQ ID NO 30); 15- GGOULUUUULUUUUULUUUUGG
(SEQ ID NC): 31); GOGGEEGECCGCCUUUCCCCCCCBCC (SEQ | D NO 32)

UUUCCGCGECCGC (HQ L) NO 33); GGGEECECEEUUUUUUGGECEOGEGE (SEQ |1 D
NO 34); ratio of the &¥p(SARCESTRpIET) |LEJKEGHBEGAEGe (rHRQA tB Nk atidS} or ycatlonlc

GGGEEEEEEU
(SEQ | D NO A TR AL (' ORI, D) - w, mote o0

GGGEECAUUULskfekdbly UtsBisalsint 5SEQ/WDtd\&ouB0 )5;1 mmm&muauuuuumbm (SEQ ID

CoeoCCUERTBAP LD PEE B R 25y BNt st il ans (o

| D NO 43) ;ratio ofGEBEUIIL:T UWWIWIKWHRI AJUMIMEEC ( SEQ | D NO  44) ;

Gut i unuuuuuut muuununuuuuLni unG (SEQ I D NO 45); 30-

GGUUL TUUUUUUUUUUUUUUUUUUUUUUUUCUUGG (SEQ | D NO 46) ;

GeGuuuvum uurtheunare ubenitiouefothe 00BOAGEEG tHesEorp <NICP0|)42?9'0”'C compound in the
GO TUUL MU0 WAILIGES rSEQELR. Nk Ageriphosphate rato
GGGGGUULTUUUUUUUULTUUULJ UUUUUUUUUUUUUUCCGC 5
GGGCGGUUUUUNRIEURA RIS et rsURRILIOMDI9X| (heeam GSECEgI 'tb\'mp'caby congajns about 3

CEGEGEEEEJJUUNLM tUd Tl AU A A S GRS R it s SE Qati R ANCHis b dtion of bases.
GGOGGCEERUUUUUUUUUUTJ UUTJ UUUUUUU UUUUUUUL (SEQ | D NO 52)
GaGGEEEEUUMI e T HEaURSPR e v RICR YL AgDIas 3 B E?Sr\éfpesét)“t ON GEUUUGG

(SEQ ID NOthéﬁaolecumugu(sﬁd(t%@m&rmbaﬁé)m.néaei@uuwac‘exérﬁﬂa.w Iaalb@ateEG)
Geuuuuuuce A)S@lﬁ Bgé)e' %\J—J UHOB gen at ms 1 (Ar @contams abouf %)JHCC (SEQ
ID NO 59): S NS ug (Arg
pmol (Arg); and thus 700 x 9=6300 pmol basic amino acids = 6.3 nmol nitrogen atoms. For
15  a mass ratio of about 1:1 RNA/(Arg); an N/P ratio of about 2 can be calculated. When
exemplarily calculated for protamine (molecular weight about 4250 g/mol, 21 nitrogen
atoms, when protamine from salmon is used) with a mass ratio of about 2:1 with 2 pg RNA,
6 nmol phosphate are to be calulated for the RNA; 1 pg protamine contains about 235 pmol
protamine molecues and thus 235 x 21 = 4935 pmol basic nitrogen atoms = 4.9 nmol
20  nitrogen atoms. For a mass ratio of about 2:1 RNA/protamine an N/P ratio of about 0.81
can be calculated. For a mass ratio of about 8:1 RNA/protamine an N/P ratio of about 0.2
can be calculated. In the context of the present invention, an N/P-ratio is preferably in the
range of about 0.1-10, preferably in a range of about 0.3-4 and most preferably in a range of
about 0.5-2 or 0.7-2 regarding the ratio of RNA:peptide in the complex, and most preferably
25  in the range of about 0.7-1.5.

In the context of the present invention, a cationic or polycationic compound is preferably
selected from any cationic or polycationic compound, suitable for complexing and thereby
stabilizing a nucleic acid, particularly the at least one (m)RNA, e.g. by associating the at
30 least one (M)RNA with the cationic or polycationic compound. Such a cationic or
polycationic compound per se does not need to exhibit any adjuvant properties, since an
adjuvant property, particularly the capability of inducing an innate immune response, is

preferably created upon complexing the at least one (M)RNA with the cationic or



45- GC; UUUUUUUULUGG (SEQ ID NO 61); GGUUUUUUUULJUUGG (SEQ I D NO. 62);
GGUUUUUUUUUUUUGG (SEQ | D NO: 63);  GGEUUUUUUUUUUUUUGG (SES | D NO. 64);

GGUULJ UUUUL R ASEQ I D NO 65); 50ccuuuuunuunuuuudETEEEHPHIRO 66); WO
2010/ 037539PCT/ EP2009/ 007032 17 CGCLJULJOGG (SEQ ID NO 67); GGGULJUUGGG
(SEQ ID NO 68); GGGUUUULIGGG (SEQ ID NO 69); GGGULI WJUGGG (SEQ | D NO.

70); 5- GG I MUUTIJUGEG (SEQ I D NO 71); 9 ecc, rniuuliumecc (SEQ ID NGO 72);
GGGUI ERI OUVULJGGG (SEQ ID NO 73); CGCLJULJUUMM JUGGC (SEQ I D NO 74);

GGGUUL KJ LJ UbdW iSRG corBsankD WiEn diplextf thEGEdaATTAdRRBUAUGES tieSEQohid dNO.  76) ;

GGGUULI UUMVULUU SEQ 1,0, NO;. 77) : . . -
OO Ul RN UG iRk FRSEes o UBIVBE S GACEeES | D NO
78) : or pABRBIRJ Pehidel lod POUHUGGERER AIG U YIUiUUUBES of SEQENINO.  79) ;
15GGGE] L LD NO 80
RN S LD OcR e O O T oD OE D R R ST 1 D ki "
81) COCUTJ RNk GODEeoRREUCRTEEIh I S CURRICECHUSCEMIIGOCO! SIRG bEPNS, 82)

COCUUUTI UG on é)f;%gl% &gﬁ NG QL froma
sequence havlsuﬁ{H east % 70% W O/Q &aéé;eﬁ |%/o g%”'ﬂeesn{:“é*"‘. ent ity
25w t h any foth@ Ine@eéra%'eémehces Penetriting %\tﬁﬁﬂ@@d'a-ctenéect refmﬁffiesl Cﬂerm:wl@rw frpm t he

present appbm;a,;ﬂ,/gnamaﬁeacaba,s,\mep@ewen%%.@faﬁap@m& RPp @%edl@&rﬂnozﬁ to a
reference sequence and the percent aa che@entlt is determ ned

aring
them For eX3sipi-é4 PrBoryeB(y oP\fé& veh@epiicler e il gd AP déﬁ‘#f»t VrHe rg)
nucl ei c180 @aelikk- ﬁ@qqﬁaﬁ&s LLdIBomEIgU NGRS GidR I)éprna&s bema.tmn,%etdésel &, ve to one
anot her (al | gn n order to permt subsga)ued} ari son of the _sequences.
To this end:3® ”féw%pq-bvsmgab@!véé&w B NRFaNICederFRe Ortanalog eapidse e 1D t he
first nucl evmzameﬂp@eﬁupnaz)e N KACLQ\ Buq)#&abltdﬁsd&%h l@l@nﬁﬁﬁﬂﬁf[@sﬁ Rmtstn t he
correspondi ngrg tIOI’ldOf t he. sec IIEiicIe C. amﬁl seq lé Cg gn 'gosmion in
the first nRlgl FEPY S e IRRLE B?Rf bt ed*WFT'H" t A& it &8l99%%as in a
35 positi onpdpiidé( h;eetsemdlrt@nsld;qpmfmed chtheinc b lfcatorse pvesirces papteles daptbecal at
that pnf)é tig ectegh?rPrp\er or\)vtlr(;:l teprcl)tgigpt t agd}e%yhatvwém%esq&%@v@r(\s:geﬁ?t?F f?rmu"lmCtl on of

the nunber o i'cal rons di'v sequence exanple a
speci fi c sedugroe).i ldemﬁ)rm% (X&) xas@urmdl ftom a paiot + culkad-1huendi,cmawi o bn

conpari son Wgé néerﬁl?fo%féﬂﬁhé?% z] g%ﬂmbP%ﬁ&Qd%&%' f18d;! gnateh, fhen this
percentage 1dentity’'is in cated rel ative yin relati'od to t'hé fe‘ferénce
10, 11, 12, 13, 14 or 15, provided that the overall content of Arg, Lys, His and Orn
represents at least 50% of all amino acids of the oligopeptide; and Xaa may be any amino
20  acid selected from native (= naturally occurring) or non-native amino acids except of Arg,
Lys, His or Orn; and x may be any number selected from 0, 1, 2, 3, 4, 5, 6, 7, or 8
provided, that the overall content of Xaa does not exceed 50 % of all amino acids of the
oligopeptide. Particularly preferred oligoarginines in this context are e.g. Arg,, Args, Arg,,
Arg;, HiRy, RgHs3, H;3RgH;, YSSR,SSY, (RKH),, Y(RKH),R, etc. Further preferred cationic or
25  polycationic compounds, which can be used for complexing the at least one (m)RNA of the
adjuvant component above may include cationic polysaccharides, for example chitosan,
polybrene, cationic polymers, e.g. polyethyleneimine (PEl), cationic lipids, e.g. DOTMA: [1-
(2,3-sioleyloxy)propy)]-N,N,N-trimethylammonium chloride, DMRIE, di-C14-amidine,
DOTIM, SAINT, DC-Chol, BGTC, CTAP, DOPC, DODAP, DOPE: Dioleyl
30 phosphatidylethanol-amine, DOSPA, DODAB, DOIC, DMEPC, DOGS:
Dioctadecylamidoglicylspermin, DIMRI:  Dimyristo-oxypropyl dimethyl hydroxyethyl
ammonium bromide, DOTAP: dioleoyloxy-3-(trimethylammonio)propane, DC-6-14: O,0O-

ditetradecanoy!-N-(a-trimethylammonioacetyl)diethanolamine chloride, CLIP1: rac-[(2,3-



40nucl eic acid. Therefore, starting, for exanple, froma nucleic acid sequence
t hat has 500/ 0 sequence identity with a reference nucleic acid sequence having
a length of WBE"""W3¥1110/ 1137539PCT/ E112009/ 0071132 18 "HEE@"@B?’P‘H&'&, t hat
nucl ei ¢ acid sequence can represent a nucleic acid sequence having a | ength of
50 nucleotides that is wholly identical with a section of the reference
nucl ei ¢ acid sequence having a | ength ofio50 nucl eotides. 11 can, however, also
represent a nucleic acid sequence having a |l ength of 100 nucl eotides that has
50% i dent i tMoctﬁdﬂz@fIok@r&@l)@%did&yétmI)ﬁ—dﬁﬁeﬁl@lzﬁnrﬁ&%uhdembiiﬁe’;ﬂ cneel eicpaci-ds, with
the reference nucleic acid sequence over its entire length. Al ternatively,

t hat nucl ei ‘é‘h%pﬁygéwg%@xﬂa‘%hﬂ%xyéﬁﬂmﬂﬂ"é‘?tW'%fE'i”ﬂ"'g'@quenglép?iavi & %Ength of
200 nucl eot giggadtdyrix prbgsw%x,?s@eéihﬁ&mhyyhﬁmaugbﬁhfbn@m,d SRgYIENSRInRavVigg a _

| engt h of 100 nucleo¥|desh I's whol I'y identical with the reference nucleic acid
sequence ha%AliARC 0T RAXFEtONE PRtersu €l8e Fadiied. rolIBYNqagiEh esush ¢ iFdangiegasithces
natural |y fgdifrhérs bNRS& & pdiyaintiGeseatb@boified BolVERyI86%: £4udh RAPVP (BN IR I-

per cent age |dent|t¥ of two se%uences can be carrjed out by means of 'a

mat henat | caf-VaYEWIdviH  Bromidelar r €6 butoditss. | rRY RISy &%@hpre APMARYfhenat i cal
al gori t hm wpbgRiii&Ry | Bfind&R ﬁw&hylﬁ@gﬁ@m &6, hilif8 CARIAEARinksS such &s 3 ABM4N1t hm of
Karlin et at ZlQ%%%,-PNAS SA, %Oa 8%3-5877. Sucgfﬁg%al gritgg;hs i nt egrated
into the NBPRYPMIdEMipe), eley mgdified, Rol¥rrtaaginpssiete sPHIR) i H?f 2Ry S'dentity

W th the seguéinets 4blitahbdioltfiasgnt-coBvaiho-0petanol pelyhr@danétcf dedirinlers, arcller to

obtain gapped al i gnnent, as. descrii bov the " ped, BLAST" ogram can
bo. usedl? SoRlurrm BT do gieR i RAMAY ORI RIsE BEe PR e s Eh

25: 3389- 3402%!: pheethyisieirginBl pS¥(paupdle@aippey eBL ABTyapylogmansigart haeklebet dadet
parameters of the rticular progr . g.. NBLA n d. _The, sequences
can furt herE’)OI)QB'HBeslagt}l1 ia?jr(fé(aoctijeé(?'ﬁggaégén&g'gwg@ ‘Igl‘?xlrr@i@a?egl 0 Igﬁergfﬁdtr?%’ht% tC|Ejr ogr am
from ' Genet iilen Garkbate hagedapolypiers ,usstmes PMEOXAFTNS tofoBIn@BLINB2)Blodpolyxetval ues -4
to +11) wit .. 9ap 0 t - far .t i f n). .and a gap
ext ensi on pébr{‘glf% %ffa‘)?ﬁ}n?ﬁ %?)lne%fc(ﬁieacgéﬁ ?r%o(%g?ﬁlgﬁé%éigf%ég%g?(g Oﬁﬁa tg‘ﬂ‘g)"éap) .

After the abelynerenstmentipredrbere irdgéonaienmpre hydropbilit-carl hadeghehjc Blepksdssi ng t he
nunmber of C%Ii&%@&%ﬁ?&&é%té?&%o@ﬁ%ﬁ%F‘E@rgﬁeﬂﬁg {hB EndUHIIRIMRNE bOde et 25

cl ai med sequence. Thée described net hods for determ ning the percentage

i dentity of MMWNORiRY P semaesiivquutbestionn o $8lverticaisprParewds rrsefprdhli ngly to
am no aci d seGdeHRNaMSIrolRridd & RBRHRIA AdRoMeRAlsBIBRizing effect td\MdihirRRpadfl y, such

i munostimul atory sequences nmay al so conprise e.g. %rqggjejc ﬁCId 30(,nol ecul e)

of fornmul a @Fﬁd)qvarct'\ﬁ@pkneré’ by Somplexatian.oj the progsdure ilizing the modified
21110/ 1387 539RCA Eh 5eR00/deQ fibdBd EPA-1 683383 NS dios(i@UsA Nhi)is indérpbiated byur aci | )

or an anal ogue of .quaposi ne (.quani ne).or uridine (uracil,), preferabl

Guanos, o (GlFeeRafto AP BiroendsaT Fhist Baber i BB b et RRY. OFur  di ne
(uracil), apgnasonie coapamdsnele, conppondiselected irgmi the groupohdsting of pytapshee) , or an
anal ogue of .t fene. NUGL EOtLdeRy (D URLSOSIAES) RIS SLAPLYPHrAd e, (Wpact 1) or
an anal ogue ther esrPe U sSPA U &) i'd sequence having a Iéhg § of*about 4
to 50, prefamgall;R, 8fH,abgdyt,, &SERSE0 (R, & (RiftefReptabl y of about 4 to 30 or 4 to
20 nucl gt c acids, each N independently being sel ected from guanosi ne

(guani n%, uridine (uracil), adenosine (adenine), thyrnidine (thyrnine),
cytidi ne (clt thei paitexdrof athe apredenigireentfon; Hos @t repst @oe i (MRRNA O¢Inhe| @disiveds) ; ai s
an i nteger t - ; : t fRraa m1lto
10; is an i%lc{ng%ygrgmf. ?fotr%n?iﬁ@@ﬁ%gﬁﬂ&hgﬁ“@i’uﬁ%\/{%g%l'ﬁﬁ)dsgmg,rm%tie%r i lﬁq\é?ileyneer;t?)guani ne)
or an anal oyliout hesiegoflimited thereto, a short RNA oliggpugieotide, 2 cading oBN¥A. 509 of

these nucl epirh@HRstirkdIatehCRAAIGS)siINA SHaRABRERNA( BUABbMALhA! riBBzyatal gue
t her eof 30 aptamers. Furthermore, the at least one (M)RNA of the adjuvant component may be a
single- or a double-stranded RNA (which may also be regarded as an RNA (molecule) due
to non-covalent association of two single-stranded RNA (molecules)) or a partially double-

stranded or partially single stranded RNA, which are at least partially self complementary



is an integer and is at |least 3; wherein when m= 3, X is uridi ne (uracil) or
an anal ogue thereof arid when m > at | east

successi ve UVPANEYSPuracils) or anal ogues of uridine ZG’FUFQ’HO?’?W%CW is an
integer from1l to 40, wherein when n = 1, G is guanosine (guanine) or an

anal ogue thereof, when n > 1, at |east 50% of these nucl eotides (nucl eosides)
are guanosi ne (guani ne) or an anal ogue 2bthereof; may be independently from
each other an integer fromO to 50, preferably wherein when u = 0, v 1, or
when v = 0, (bdthlef mbner;ﬁirumnyhe)ublﬁnmmieatdrrmh&ﬂIgrsng&equemdemeoobld'tu@ ir@ formul a
(rrr) has t east 0 bly, of at. east 100
nucl eot i des, p'ﬁ%‘% ch1””?e<5:-jfbraof‘§er Si PR S{ng%%% i th/{ "aé 53‘1 eo\Y/g tWn%lg’e pref erably
of at | eaststraﬁdbdnxrdl\emlecdbs ahidh rmsbqu eﬁearlah)llgngdf vdterdiean¢ sidgle-snaraledot i des.
WO 2010( 037 P 2009/ 007 he, st rugt ur formul a
() accor%gg Cﬂ:cﬁr Q 9 grgég%%leﬁn\(%gn{y toSthé %ﬁ'\epmﬁ%l(e'\y?%dxd @RJX )nble%alg(,a,%&n as a
core strictbkate thqupmh aj @upbestremwl W&smdeﬁmlmedth&b@glen aenda paitialtyi dmddlld-y t he

bor deri ng ein%ﬁa;d?itér B%h stfl Nran\‘i@FWAr)‘ tﬁ?&fegﬂg' ﬁueeJt%HEPBné\‘HQRNAGof'\%e”BY occur

repeatedly, i. as determ ne he 1 nteger a.
sur pri si ngl 3di®anioiampoRgnt e hemﬁerrgd%ﬁf@ndﬁ%%%cm@emertm ntgeQSbom%(nﬁ%Né (rry
i.e. havi ngofttllT@acﬁG\faH@Jolrﬂp%néH}Jma@bga SRbulkr or 1RSard&IA, 'fbﬁgerﬁh ¥ Ginedr RRAS NiGtean

i ncreased innate i nmune response in a patient, arti cul arI i ndi cat ed
’Q

by an i ncr eR{gEragty. rhemﬂ%horree RN, Ofﬁk'\féhdl\é‘@ﬁbé?’@léprlebt Ridstinesp Hig ebf t he

core stroiCtdiaRddd RNA GTheast 18dCHne @ﬁukmheﬂm SdjudnTBbrRSIHeRt GTHE lasrlbag)rﬁzhe above
core structure G X, G' can bhe a(rrgmé)h in bacterial organis

signifi cant'F'§Ai@'\H%t"t gans{er KN (t |’Pe5r"°§‘gﬁro$'aéﬁ%‘8N6‘§/ QA ar@ﬁg?‘i% WENé‘? rement N,
and/ or N, asoegféfarally ian nfmmuna prdskht)invehtibrsal s &l bf hesherNANoibe ppabt theul ar |y

advant ageous when pre Lng a nol cuI e accordi tructure (NuG X:GN,,), of
For mil a (11 PAEN B PR T R Ry TR Foy e oy 4 P T e et FRe O ol B8s | hst ead
of solid phmmexsyshtrhqséﬁnmtzmms as nikNown typicillyearaRNA, whicbhis abepbdsegical |y

lim ted 0 avgrglest c#uralSI %r%er(&g QUC| el ((): t%%zlild Ufl? rT gn Ca(l)ry eu Feg%Ct gsrlt?on X, G of
forrrula%llﬁ de mor & cPodel PRt ol ToW t R&"'NUCH ei ¢ aci d
nmol ecul e of rltiqsorrmllt@nctrhg ditp f¢lomatd &l af(@ldrmglrglc(ri BN am[br@w) llJE? aglnucﬂvbgh nag or
deoxynucl eo e ( nycl eosi de)
e 20 guance) Blofis STRINATS Gudies BAPCARy, MIFURALLDBeies ERbRSTaL I 208
preferably ¢€a ﬁlqrﬁéroo'gd?é\lﬁ r€) amRNAnw bigh icaygjeethe rerdiap fsequences [9f Ong dwaexst i on,
guanosi ne (BH%’Hr&@%s&f eHMéJ' %‘ch(d&iﬁn 'sé«ieﬂé&@'w@&ﬁ Iof 8y dn AL SRR AGIRGRAlaguUes are
defined as non-nati vel y occurring nts of the naturally occurring

nucl eot #Uesbq searpied sy adyashonaiBEs wguwaeﬂﬁ Aeyef@ad hereindi ne (uracil).

Accordi ngly, guanosine (guanine) or uridine (uracil) analogues are typically
chem cally 25 derivatized nucl eotides (nuclegside) with ngg natively occurring
functi onal @U’gy dhe cBnfsethetites (MENA 19f alhe  3Hiweal éBF‘?O%Fd‘H ths, inYeRtivei ed or
del Iet ed L r Omrﬁd’t@_stﬁﬁllétblgd doyhpB&GaH édm.swr&a h 2 alh§lid 3Ntb ABYut Q0,000 &:m touraci |)
nucl eoti de qr substifute n occurri uncti onal groups or
Companent s diouh JhaPe PURRG st ey B it e %6 gt AL0dPocis i s oo 1)
nucl eot 25le. prAleebtydofnaoyt 5@@ed abaln CIto, (D0Akveyr @Ufe mbfembryp@fnamht 300 @ abde
naturally o rin i ne .(uracil ncet e may be
nodi fi ed orgggq’é?oég) gu Bé’farlen t#gfu%g t&%ﬁeﬁ%gé “deOt'g%seorrlta Ie'{gheqsu gr gri bose)

conmponent , @riy00@atudleatidey. occurri ng functional si de group and/ or the phosphate
conponent form ng the oligonucl eotide's backbone. The phosphate noieties may
be substituted by e.g. WD 2010(037539PCTI EP2009/ 007032 21 phosphor am dat es,
phosphor ot hiesatdag topdisitieadbodinehte Btei i éast ome NI Sttt eigrogtponent hbthever
nat ur al 4y OGGURVE NemPRRSRRGEHEI e os.géwmoa@ A B 9c|95tﬁtegﬁ&{1am the
context of the present i1nvent'ion. |t|ona the stigar (ribose) conponent
i s sel ect edolgenyfleptidessi e ¢anbaxpof tbapteiswnyemgpntrn@y FRTHINES @nYaRING ap defiiedRNA as

defi ned aboygye WpRli&Adly tth@sm@m%ﬁ g&@@@@&d&faapgél%rﬁngles o'sgla%%l%cltrﬁrro@m a
desoxyrl bose. Accordjn anal ogues of guanosi] ne uanl ne{ﬁl or _uridine

(uracil) i n%mﬁd’élgowcloﬁgﬁtm?’ﬁﬂ‘if‘?’ﬁﬂyén%’"&"? “fiapdRd %W‘ ﬂ?/““ﬁ!f? el F\edBErri ng or
non-natural ly occurring guanosi ne (guanine) or uridine (uracil) that has been
altered chemcally, for exanple by acetylation, nethylation, 10

hydr oxyl ation, etc., including, for exanple, 1-nethyl-guanosine (guanine),

2- met hyl guanosi ne (guani ne), 2, 2-di nmet hyl - guanosi ne (guani ne),

7- met hyl - guanosi ne (guani ne), di hydro-uridine (uracil), 4-thio-uridi ne
(uraci 1), 5-carboxynethylam nonethyl-2-thio-uridi ne (uracil),



20 4, 458, 066, US 4,500, 707, US 4,668,777, US 4,973,679, US 5,047,524, US
5,132,418, US 5, 153,319, US 5,262,530 and 5, 700, 642, the discl osures of which
are incor por¥PaO8375¥%f erence herein in their entirety. PCAEPHUINER of an

anal ogue as descri bed above, preference is given especially to those anal ogues
that increase the i munogenity of the nucleic acid nolecule of fornula (111)
(and of forrmula (1) and (11)) and/or dolhot interfere with a further 25

nodi fication that has been introduced. At |east one guanosi ne (guani ne) or
uridine (urlaeie}a})lyorthansrmﬂalmgumlgbmrcmfude:aﬁayocmzura ihneatrhengle#smrsibd uElNﬂre

el enents G and/ . S 00/ 20/;s 0% 9 1,,.00% 70%
50% 5096 or 2 HaAC T oR P Rkl Jte R BIAL leoBis fondfy 8 i reflninds Cu

and/ or G a¢cmnm|se1a1lqmgmlalsyieﬁmdmbovmlg ggnmaddmw (T@lmnllener)qre prefeathly @lehgthoccurri ng
uridine (ur L) /02 t rti-es of 30
an anal ogue gf%heﬂggﬁd}%st 8T§}n23641§r9§?ﬁ d ?ie p@%?/ ngl he c}gér)ftezog%)ﬁggt&tjrzg el enment
G and/ oY QGp &omdrAsf 6 nyadeptilesone anal ogue of a natur ally occurring guanosi ne
(guanine) and/or a naturally occurring uridine (uracil) at all. Most
preferably, all nucleotides (nucl eosi des) of these core structure elenents G
and/ or G afeokting loguesondgdmhodingny the stdeast gned N phthe agiavari\prppren0d 7539 PC

PEP20091007@3%v%gtudeqmun(%ﬁimﬁdi&ly%%&uf SN miyBe &R MEMbNREMOhRHRNROL. RS
(nucl eosi de guanosi ne (guani ne) nucl eotides are provided as

al |
1- et hyl - %@Véssdeﬁéed( gemmmEYTURsIPHaPNNBYAb &Y hiRNs BB of dncgeasett an A%t wo

differerg 9Mﬂﬁlﬂ}‘éh@5p@ﬁ@| Ogeesby U BStat 1ddbteonkh@)RNA Uf dk layju@ mttbﬁwger@uafm@m n
nucl eoti de). The nunber of nucl eot i des Enucl eosi de z’ uct ure

el ement G (Gve%ﬂr"apur@@ M AORECIRROFIEPTE MAY P2 HBBIEEIR fac? fa" fﬂ? (and of
formul a (I)pammlly(a&l)ble ﬁrad@édebmpaﬂdllbwdgleadndndw RNandndte prefdepgnaedidiey of one

anot her, each_an in er .from 0 , 1 to 90 to 80, tq,70, 1 to
0. pret er Y RARsOMIGEE SHGVE BF APGr STy ot Praigrao i TRGE RN dHPet or abil
| 10 to 30, prafeebli thet didedsDome (nh)RNNofohe hdi]emt rangeenmyy be al(Jméw)tsmgle-
alterna veI I 3.4 5 .6 , , 1 17, 18,
19, 20, %y sugnded ,gug JEn e "é*fe’ai’%y' ”é“sé‘ "é"é‘ °’?o""]’%”#’*é’€éh“ gt ‘ﬁ”"e"f"ergmy, f or
each int egerrnay bédefilinean dingle-stianded) mséngerfiidh bR (Fgaahlleﬁeyn@(:m BNA@hthkogue

t hereof , an e 290% 60%
700 0% - o0U o stufihaf oty innul ARl “'%gvﬁ P%@E*P@E%%a@% R8RS 2 et ure
el enent G 1shottENAmtisetuciesydeapse definad abpyre ThewartasepnaofmBNAgpiathe gdivertier eof .

For exanpl €qonidnBRWs tﬁ%bé’dtloglrﬂﬂﬁnésfﬂhkﬂ)ﬁ'}l BmpdMiBR nlwayofﬁnﬁlermoﬁé beQeIe@(eHd/ or G
can he, for exanple, GQuay, CCM UG(f GGCaU, GAUG UGGG or
GaaG et : fremeny (clasy OhRNAanolaul%&néMﬂ 'G"a%’éfhohée'"& @repesedrfmtbet'ca"mu GRUAY,
GUGGU,  UGGGihich/GabhdudSdeGnn b Gaaun se. GRS, coftfad ip is (Frddrible QHGGRe UGGEEG

or GGGGG etcﬁ. etc. A nucleotlde (nucl eosj de) of core StI’UCtl]II’e el enments G
and/or G diHeen W%‘Eﬂ"&%‘eﬁ’ft‘ ¢ grvgntive; Ipmupastmycqtery cogpPYtiomvatcae et @8r nul a
(I'11) (and whatk afmimdna rédp))n@ndvh(ewaa Xhd &e@ma‘u\e»r ablhe metntRB itmudbsendlassci |) or

an anal ogue therof . referably nucl eotides (nucl eosides) ,of cor
ottt ur o STHENIG? ADRITP GBI BTT e P § 78 H8E (TRNS: ¢ aci d
nol ecul 25 oferfcodéruiraalﬁtigeh)oraarllergaﬁ ak efesdribedh ée@irano0 ahy éurthor (@tlmnlen&\)hmhr isan

anal ogue there r ferably a stretch of 7, 8,
10071 "8 o B B SRR eyl L O paBleoliBG o sl ot Res

(guani nes) mpleamesamh-icmglae indvee eofnnatddaintune reapdnge, rvayrbﬁcde@otedcﬂrenoligaodfrd
structure e ts r I , N, (or
N or N Al Refpra @ T, e BEL ofe ALARERI B AT eI Y (and
of fornula (qn)poaﬁrd qf ithe) nvénsive freiencstiinglatent camrpagitipdinmiy thusr ceoipripe any BINA30

anal ogug t h&eﬁ%nce MRgen RS 64 ﬁﬁrﬁ@rﬁéémm[?l‘dfb'rﬁ%dl&%% W"tHSut%ﬁi qﬁr%)ed%er&?r RNt ructure
elements G and/or G directl )/ adj acent to a% N, (or N, or N2
as defined WEVS\FS feRresending gad/es encaéina "ﬂmdééu|TéRs@1prerffe5@b+w%{e<(tqd1f[9m(fwmad of

formul a (1) faangd Mekbk)s BRE -atLRh €38 uf RE fagHig MASHHRE muanrm)s .%re ef@,@slgogue
t hereof, nore preferabl a stretch of at least 2

2010/ 0375391 1A o] R¥7 Biszda for Taracaliplar recepipry foflﬁNAi%’d’fBR'qvm N®A-%9 or even
20 or nore guanosi nes (guani nes) or an anal ogue thereof. Likew se preferably,
for formula (111) (and of formula (1) and (I11)), when | or n > 1, at least 5
60% 700/, 80% 90% or even 100% of the nucl eotides (nucleosides) of the core
structure elenments A and/or G, are guanosine (guanine) or an anal ogue
thereof, as defined above. The remaining nucl eotides (nucleosides) to 100%in
the core structure eI enents € and/ or G (when guan03| ne (guanl ne) constl tutes

A PN N



30 formula (1) and (IE» is determned by m Rl is an integer and is typically
at least 3, 4 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 20
to 30, 30 to‘ﬁ@zQﬂ@’OVé”SO 50 to 60,60 to 70, 70 to 80, 80 FPCEEEHMERo 100, 100
to 150, 150 to 200, or even nore, wherein when m= 3, X is uridine (uracil) or
an anal ogue thereof, and when m> 3, at least 3 or nore directly WO
20101037539PC PEP20091007032 25 successiYe uridines (uracils) or an anal ogue

t hereof occur in the element X of formula (111) (and of formula (1) and (11))
above. Sucheta) seglagnseylah, E’:l,t Tdcbagd, 1.3(2006) rrmsllehldzi reeaptdryasmeuaslsdh\zseurﬂvdi nes
(uracils) is f nnec tion wt pl on ag a nDnotonlc
uridine (ur®¢&tI® ﬂ Vsaé’aﬂté)ng" e C{mra ot GRYP Er | | n k8 ??acglq(?%éeq%reﬁ@é Bi cal Iy
has a Iengtnknrmfnoatmdlma:stkr\mseqﬁer&e 5 6, 7, 8 9 or 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 20 to 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, 70 to 80, 80
to 90, 90 to 100, 100 to 150, 150 to 200 uridines (uracils) or optionally

anal ogues ofypisalidithe iftmpegstinylatosy @& wed aalpovat. leBlome anRbActiothe @diwvardi ne

uracil) s e I ty X of t he
et i ¢ act PHEAE X HE SniheleAhy RO} u'%tgwd%@?%??&?% e BN s
t herefore p@é'gectw@veﬂrbseres@éf@plliém 'rn@hecqes of thesRN4 of thequdBivayt cnmpenembnbthem c

uridine (ur@gdnhide ﬁrﬁﬂt‘:’rﬁ)@tﬁﬁlﬁa@@vdoﬂ%oﬁﬁon eﬂ%f‘éra%l (herﬂNA@mW hQJeQQéngQHJ!S%obS) or
analogues t hereof to occur, nonot oni ¢ ur| di ne gura0| sequences can be

i nterruped PRl 8689 b Wu@tifpéoe@ emohp o1 9RP, ato Pasito 4P B an a0, 98>
(guani ng) , RGPS NG J0adRRLEY, thym dine (thym ne), cytidine (cytosine) or an
anal ogue thereof, preferably 2, 3, 4, 5 or nore. For exanple, when m= 3, X
is a UUL.l. When m= 4, X, can be, for 15 exanple, w thout inplying any

| imtation,SwhihMdiestitdiidids seqdédcbCnaybahhpride e @d At addblUormali€(): When n = 10,
X, can be, for exanple, w thout inptgi g any limtation, a UULJAALJULAJC,

UL. RIUGUULJUA, i 1JUGULJUGULl, U ti&lﬂi WUULJUUMIUU, etc. The nucl eoti des
of X, adjacehdreiho G or G' of the nucIeic acid nolecule of formula (I11)
preferaply §onpr|s% urughgelgra rmh) e %g%xo ues t hereof . When m 20 > 3,
typically at | east B0 pr eiJ er a”b? &t P 9 ?6% 80% 90% or even 100%
of the nuclXoti deguanbsing, uaacd, aniendslme tb)umdme,l Qytmsrnean aanmlaogue of therabofe- as

defi ned above. ucleotides of X," to 100% (where there is |ess
t han 100@6ur|dllgﬁTéﬁgapp&gﬁﬁche sequence X') are then guanosi ne (guanine),
uridi ne (urlacil)is ardidtegerdione! catfeni ne), thyrnidine (thymne), cytidine
(cytosine) or an,anaj wgunlher.@guanoaﬁeg.eafm% @PAYRoRS The imunostimul atory
sequence accordi ng formnul above al so c%ntalns bordering el ement N. The
borderi#y el enent N i wheylt ¢atlpgst 80%@Etheingclgetidgs are guanesiae Rav1 Aglogue engt h of
about 4 to 50, preferapleyr,of about 4 to 40, nore preferably of about 4 to 30
nucl eoti des (nucl eosi des), even nore preferably of about 4 to 20 nucl eoti des
(nucl eosi de®), Wh¥tiglegerRe is BeaptGwer [imit of these ranges alternatively also

my be 5, 6, 7, vherdh whéh maQr3 KWy @aciRsr@hahabue thdrbs, nucl eoti des (nucl eosi des)
of each N are |ndepenggntly felect d from uan03|n ua |ne uridi ne

(uracil), adenosine (¥8%hi"Ted 2t 'BHyATURCTEVE W?Hﬁﬁé?ao deFﬁé‘fEVWOS|ne) and/ or
an anal Dguen t herieaf integér f@hEto 41 dS, borderlng eIenent N in the nucleic acid
WO 20101037539PC PEP20 9100%0 2 26 nol ecul e rnu#a (I'r1) according to the
present inventi oA Hay" se Gé‘féréos'"\ﬁ/r?'&% ggUﬁ “CSitposed of any (randomn)
sequence, avail able |wher‘ne>aralt JeagtdOPk i thendefretidontd guasalireatred ahalogneguanosi ne
(guani ne), uridine (u g% , adenosi ne (adenine), thym dine (thym ne),
cytidine (cytosine) and/or an anal ogue of these nucleotides, or froma

honopol ymer of 5 these nucl eotides (nucl eosides), in each case provided, that
such a qu 4 to 40,
rore pray orabiyarrenmft felnsPalel ad e R TeSiAGly Sl 0.
preferably of about 4 to 30 or 4 toC¥gCmucl eotides (nucl eosides)according to

t he above dgfdmhiion. 10According to a specific enbodiment, N may be a nucleic
acid sequence within the above definitions, wherein the sequence typically
conpri ses nbt nﬂ?@ﬁgﬁﬁnwﬁaiﬂeﬁVWEQBWHﬁGV@ﬂﬁ?ﬁesaThucleos|des) as defined above
in a directly neighboring position, i.e. the sequence typically conprises no
stretches of nore than two identical nucleotides (nucleosides) selected from
adenosi ne (adenine), cytidine (cytosine), uridine (uracil) and/or guanosi ne
(guani ne), and/or 15 an anal ogue thereof (i.e. a stretch of "aa", "cc", "uu",
"gg" and/or an anal ogue thereof), nore preferably no such stretch, i.e. no

i dentical nucl eotides (nucleosides) as defined above in a directly neighboring



20According to a particularly preferred enbodi nent, the inmmunostinul atory
sequence of fornmula (111) (N, QX",GN.,),, as defined above, conprises a core
structure GWO2BY03758 of erably sel ected fromat |east oRSTEF2ONENHB| | owi ng
sequences of SEQ ID NGs: 1-80 as defined above: 25Furt hernore,

i mrunosti nul at ory sequences as defined herein may al so conprise e.g. a nucleic
acid (nolecule) of fornmula (111a) 30whei«in: is cytidine (cytosine), uridine
(uracil) or an anal ogue of cytidine (cytosine) or uridine (uracil), preferably
cytidi ne (cyt osiinglanosin@nuratiabdegposing hiyneiding, cy¥Sin20kGn081amg¢aIThERBOIEL9/ 007032
28 Xi's guanosine (guanine) .U idine (wadi), adenosine (adenine), thymdine
(thym ne), cyti dife ?cyrf osine)’ or an anal ogue of the above-nentioned

nucl eot i desl ( nud$ sosteggsiom pteefler abl y uridine (uracil) or an anal ogue thereof;
is each a nucl ei ' u ' ' fromeach other a | ength of
5 about 4 to 50,”‘91‘6?‘% gp%ﬁ%/?gﬁggﬁ%m&gabggﬁwg@éﬁeoﬂpr eferably of about 4 to 30
or 4 to 20 nucl ei ¢ acwhen | rhehledt bfd opbndediedtidehaie syosed ectnemalogesm guanosi ne
(guanine), uridine (ufaghf), adenosine (adenine), thyrnidine (thyrnine),
cytidine (cytosine) or an anal ogue of these nucleotides (nucleosides); ais an
integer frow 1 tivariotegpradtésailgast ¥rom 1 to 15, nost preferably from1 to 10;

101is an i nt egernyfei@iivher f 49x 1SRN WAABg e terdor, C 15 cytidine (cytosine) or
an anal ogue thereof, when | > 1, at |east 0/ 0 of these nuc| eotides

(nucl eosi des) are cyt MAFh® X EPt'erst hewcogssivarragisAr darlesuch el edtocesni s an i nt eger
and is gt |east i3an wWhgédioh Wheqp,m = 3, X is uridine (uracil) or an anal ogue
thereof, when m> 3, ﬁt | east 3 successive uri (gi nes (uracils) or anal ogues of
uri di ne (uraci | )VsEUWhen & =[Sy Q88T OF AR PBYLPABO) 20wherein when n = 1, Cis
cytidine (cytosine) owhénnanattgusotdhe tigoiucleotdBnrdicyrosihe odhn hieskgiie 50% of t hese
nucl eoti des (nucl eosi tql?s% are cyudi ne (cytosine) or an anal ogue thereof. u,
vimay be i ndependently f % each other an integer fromO to 50, 25preferably
wherein when u = 0, val, or when v =0, u>1;, wherein the nucleic acid

nol ecul g of (formula (11 ength of at |geas nucl eot i referably
of at Igsastﬂffdbmréil{fc C(é%to ?‘%)ergl;mgﬁré(%éh)p‘fvg ermaalglbf? Uéff‘ﬁ% &Fgglg%sy?f%eo&%ﬂgég h|E)des, even
nmor e pr ef eraipvwniofcomponephsif ®OOinmerdive otrindmestamdatonys toppasftenalare tyfically | east

250 nucl eot F - J t finiti i above for
o omont s n Feneely Hibr i R hBIdcdics tY??*B@hﬁ P! SRR NS 200 1E e
def i ned aboi¢e 00dBut\pedy| alspsbe lopgeribangElOsnugleotidesfor specific ambodiments,rfi-8-awlt9 apply to

el ements of ydonmubdidbs 1Aah £Q5TREBPAGING! 16 sHRERbHYEl NplRFBH @ leAgday the WO
2010/ 037539PCT/ EP2009/ 0071132
20  approximately from 5 to 70, more preferably a length of approximately from 8 to 60 and,

more preferably a length of approximately from 15 to 60 nucleotides, more preferably from
20 to 60, most preferably from 30 to 60 nucleotides. If the nucleic acid of the invention has
a maximum length of e.g. 100 nucleotides, m will typically be <=98. The number of
nucleotides G in the nucleic acid of formula (l) is determined by | or n. | and n,
25  independently of one another, are each an integer from 1 to 40, wherein when lorn=1G
is guanosine or an analogue thereof, and when [ or n > 1 at least 50% of the nucleotides are
guanosine or an analogue thereof. For example, without implying any limitation, when | or
n =4 G or G, can be, for example, a GUGU, GGUU, UGUG, UUGG, GUUG, GGGU,
GGUG, GUGG, UGGG or GGGG, etc.; when lor n = 5 G, or G, can be, for example, a
30 GGGUU, GGUGU, GUGGU, UGGGU, UGGUG, UGUGG, UUGGG, GUGUG,
GGGGU, GGGUG, GGUGG, GUGGG, UGGGG, or GGGGQG, etc.; etc. A nucleotide
adjacent to X,, in the nucleic acid of formula (I) according to the invention is preferably not

a uracil. Similarly, the number of nucleotides C in the nucleic acid of formula (ll} according



29 core structure is defined by C XnC . The definition of bordering el enments
N1, arid N, is identical to the definitions given above for Nu and N' Mbre
particul ar | YWORMBEHe nucl eic acid nol ecul e of formul a FCTEPHYPEOE hyucl eot i de
or 5 deoxynucl eotide or conprises a nucl eosi de, wherein the nucl eotide

(nucl eoside) is typically cytidine (cytosine) or uridine (uracil) or an

anal ogue thereof. In this connection, cysidine (cytosine) or uridine (uracil)
nucl eoti de anal ogues are defined as non-natively occurring variants of

natural ly oeabé rrivaguoayi éidﬂérﬁﬁ\eGQ)ytIQShﬂea)ndOnr .rﬂéﬁdﬁhﬂ&ely(dﬂba@hdo)henwé eqthides.
Accordinglyi ej%tllﬁ S|ne% or ur|d| %uraC|I% anal ar chenlcally
derivatized™ d@’efﬁh r%bg?d%s) DANHE aT]y@I %ﬁ hat

functi onal gheupsr, nwh1 Gthleaslt 60 eftee abdlyotaddad cdywsioe odeh ehﬂdgdertbered;fhéornat urally
occurring cylidine t.o ne) in racil nuec eotlde nucl i de) or
whi ch subst%’/a pb tﬁ %é? éﬁﬁnygggﬁé?}H@eéﬂnctlé%gl d#éﬁﬁgeo a0y %lne
(cytosi n®) GUCUr CdUhJe UQUGadIUqC, tudl@diade qaic 1GesxT, d)CC dkdtﬁﬁ(ﬁlettglvyheneach
conponent o e fat yral c e 0 &uracil)
uc! cot 1 de roy - roCrsH Chdlh FPar ekt LA D2LOELTELEEL, Ueqtl) Lo hose)
conponent akEMEL, Uh§1§h6§§h&b§056hb§ﬁ§wp €6UﬁCn§U€ﬁ§ UCC@Gn@dR@BE?@E,s
backbone. The, Rhﬁlﬁﬂ%%@ 2 2RLEH 155 TRY R YRS LU ofrMa G JaccBRSPROUA! Ni dat es,
phosphor ot hi oat es, e nucl edti des, nethyl phosp onates etc., wherein the
natural | y owent&onmsgo @bbfﬁ@aa e brPrefereRlydariomaula fl), mhept efrer i et lexb0%,

Accor di ngl Y7080 Beesorcdves ¥ b0 ioRn the (refeBifled S g%nd;medir e@ aﬁyaguéltharedfnzgl ude,

w t hout i nplyi any limtation, any naturally oc non- naturally
occurring cgi%finag ﬁB°V€cy*feo%ePHé’}”80?“Ctﬁ°¥ idesrie 1007hen 8%\3@"%5%"55%%% &5 t“@t"ed

Chelm gal ly, ]gcﬁo% oeehampaeotmés a6 eHeyiladking Bequemich ), ahd/enc, éwdmmdr ah iafdlogwRt C.

i ncluding, for

eyt ool el elegt AedROR hEe PR éég%%%?iﬂtfgf @eaefaﬂei“”ﬁ Horeabibt we

4-1t hi o- uri dedvd a(rurrmge:l bromczaltd)eﬂymatdw-lemfﬁwyomtnhygbr Zrotrh2 o0 ﬁlmdﬁget(m&r&m 1),

5- (carb neth ne rac 5- quo ur i di
S bromorty s B EeRy o Ll St R RC kb ot R e iR L Feraik Ay
5- et hyl - 2- athiegst 0y pebfenably atr @adt 12) mdxe prelfqdabmeat( lera S|, 4) 5560%y&cebi ¢0.adihg net hyl

o< 1 net howyaut RSP BR O IPB PANL  1) s0

51-netlioxycarbonyl methyl -uridine (uracil), 5-metlioxy-uricline (wadi),

uri dine (ur Aeiddingto PUAREIG AGRATERMER! & pudifd diBC,LULARb) - greyacet i c

acid (v% pr epar ation of " such ana ues i s known led in
the art: 0foforr@st| | @& fl%m@svmd?,my@wsedjsr me@@ieame msm @wew@wvamys

4,458, 066, LSnbn5R0ei 0%, inkSitide 60BuAhmMRrd SABobTSh, b bYQeRALEIRRTZ39PC
PEP20091007032 30 5,047,524, US 5,132,418, US 5, 153,319, US 5,262,530 and US
5, 700, 642, PEGECRSE SENSFE 18 RICOBTPTIRAR aBY itle fPH%P%JEﬁ“&?'ECGS by reference herein in
their entirety. In the case of an nucl eotide (nucl eoside) anal ogue as

descri bed abowvepuypuedwoenvecds (FMON@spPeci al ly to those anal ogues t hat

i ncreas2st he iconeavogenvtyweetcd HEQNDAN®@iI ); aci d nol ecul e of fornula (111a)

and/ or do net ccEcdunt@vberwuwiuwhuavburuhervcnesi (SEQADING: Hhat has been

i nt roduced. - AlGUb@RISUGUoRUUEY T iU M@ uleyduogtusadu ¢iEQUID MON®; (uracil) or an

anal ogue t her sgfuasapcaygeUnuUI VUL hieugesuecstucaet (FEE I8l @emt s C1 and/ or C,
optional |l y at GeecESECANYGGGEO94G 36010409 6)50% 60% 70% 80% 90% or even 1000/ u
of the BAcl eotChEESCEYIIEFEESEee OFQIP NAe?)core structure el enents C, and/or Cn
are a naturalKﬁG@éﬁwWWPW@E§V¥iG¥ﬁEEK t@slne) a naturally occurring uridine
(uracil), and/C6FCERAVUVPOVEREFEYPEQIREN @G0 and/ or exhibit properties of an

anal ogue theré@ﬁ“§§U%@PP%§GGﬁbﬁ§ﬂHD’#Peﬂérably the core structure elenent C,
and/or C, contaFFSUEIUPEASECTBERHRINduE)of a naturally occurring cytidine
(cyt osi ) an&F%?GGéU%PWU&W%F EQUPYHG!' 2k i di ne (uracil) at all. Most

pref erabl y, aFF@ﬁWEWéHPWB@gGChG%PHEH$9e§2?of these core structure el ements C,
and/ or Cn’ ar e SSAICGHHEEVUURHFh ¢ preferably - be identical anal ogues
for the sane t g@”B DUUPRIYHEGGe (YD nU%IeOS|des) (e.g. all cytidine
(cytosine) nuSPeBtVHEOVATEUPToERIY M Wt hi ocyt i di ne (cyt03|ne)) or they may
be distinct (e.g. at least two different cytidine (cytosine) anal ogues
substitute the naturally occurring cytidine (cytosine) nucleotide). The nunber
of nucl eotides (nucl eosides) of core structure elenment C (C, and/or C0) in the
20 nucleic acid nolecule of fornula (111a) is determined by I and n. | and n,
i ndependently of one another, are each an integer from1l to 90, 1 to 80, 1 to



32 structure element X of the nucleic acid nolecule of formula (111a). It is
therefore possible, for exanple, for 1, 2, 3, 4, 5 or nore nonotonic uridine
(uraci|) seqU@AN8&YH¥ing at |east 3 or nore uridines (KBCAEPRWIONEP2anal ogues
t hereof to occur, which nonotonic uridine (uracil) sequences can be interruped
in the core structure el ement X by at | east one guanosine 5 (guanine),
adenosi ne (adenine), thymdine (thyrning, cytidine (cytosine) or an anal ogue
thereof, preferably 2, 3, 4, 5 or nore. For exanple, when m= 3, X" is a
UULJ. When m scébuuuvuucasvubeycef BEQeRaN(l1g); Wi t hout inplying any limtation, a
ULI UA, ULJUG cltddGyuddulubud puAldUSEQAEIO:0i8);CUUY, etc. When n = 10, X, can be,
for exanpl e; witdscedcouupdcgssrgcanyEQ iDNtatdpon, a UUUAAUUUUC, UUUUGUUUUA,
UUUGUUUGUU, - Udaiddetiauuyucct@sddEiL(SRAULD NOWUR20)et c. The nucl eoti des (nucl eosi des)
of X', &dj acentcdcoc@uuorucG;cant:c t(b HublCet); aci d nol ecul e of fornula (11la)
pref er abl y conpedcsecwrvdivaecdcae dsiiQ D BO: ddal ogues t hereof. When m > 3,
typically at keestcBO%WUYcedascalibh H NCedsk 60% 70% 80% 90% or even 100%
of the nucleoth@EsCEUNIUUEEESCEE ((BEQW NGxd®i | ) or an anal ogue t hereof, as

defi ned above SCTFECYWHMIUIIMEECAECPREDLD HEX 2Pnucl eosi des) of X, to 100%(where
t here i K0 | ess GEHEAUVUUIBUUDOUASGEF dPRERIQ NPad0k ) in the sequence X') may then be
guanosi ne (gu&RFIFEYILUUPTEPPIESCarE 10 NO: ddenosi ne (adeni ne), thymi di ne

(t hyni ne), cyﬁﬁ‘HiGH@UWéWW:‘;’Wfé}?Gdﬁ%PP ﬁh?@gue t hereof, as defined above.

Li kewi se, theCFFRTUAGYLVIHIDEINSES (6yRNE28Ecor ding fornul a (111a) above
contains_a 2056‘?@8??%@”@”@%‘3 NISE%'FQ NdParly No and/or N,, wherein the
borderi hy el eREHUURPUUHAIUDRLHUSE |(3F RNOaﬁB)I Qr N' as well as integers x and y
are as defi nedCEFEHECCHHIECeFSRETH (KL 'may occur as a repetitive el ement
accordi ng to CRECCHIATHOLICEHIACEST {PE gd‘ég Vof formula (111a) (NSIX'C N, )" as

def i ned aboveGGWf@?%UHU UWQGGG%G% cﬁ"o_r% etitions of this el ement according
to for a(l %%ﬁg d GG, G e iftéd by the integer a. Preferably, a
is an i egerG‘f(f‘ vy 1 to 20, nore preferably an

i nteger from § %FGﬂUUP%UUfgggggﬁg . i ;'an integer fromabout 1 to 10. In
t hi s context, gzg% %UUU " EG 1X%'C,N, may be equal or different
from each ot thG g U(E A (PR g 1 ’I y preferred enbodi nent, the

| munos44 mul alé&g gU - é‘glé ap(dla)l (N.C X ,C ,N )" as defined above,
conprisés a CQE&;GEEJLHJ Suloy ( q 48P}y sel ected fromat |east one of the
foll owi ng seque E % U | @;34 lef i ned above: WO 20101037539PC
PEP2009100703 &éEJtS"E 9 ence according to either fornula
(111) (or (1133 UUUMBBMHE%WUL%@?RU% rwécsud Reghbfive element N, G X G, N (or
NuCl X, . 3" N') ot EJG’QTUUU[H%MU uSt b RS bEarded D “‘QJ e-stranded or parti al y
doubl e- Strand%@@uu@&&ruuﬁ%u@@ﬁduﬂ@tﬂm Houb ! Ged i3 Mo i4my, general . 5 1f the

i munost i mul a%@édbu§&%U@Jl%@u@%@%%bﬁﬂlub%&bé QQ!"Q fD)Nﬂidhél) (rrr)y (or (Hira)) is a
si ngl e- st r andegsdeyG®bsuRGHEBlREWBuulhe:searenNeavbSidypi cal |y

single-str aﬂd@é’cd@;\é@tﬁuubé@u@ﬁﬁdub@UdU@lﬁlﬂbbUUUUUGd@GKQS\E?EﬂD NG: Sb)he i munosti nul atory
Sequences accokeidigciRueidoderuubeiutub@ubbldubudeebed ISELAD) NOSs®; 10doubl e- st randed
nucl ei ¢ aci d mBiRetdWuUEIIBUERGURII0BUUUSUdWDI RREEYcABEQIBNad rsanded over its
entire | engt hgeddectd@uituvunastisusub@ivotyvsefidenecacsmy b RY: 68); ei t her fornul a
(111) (or (411%é)uucs (se@ar Nicabky doubl e-stranded nucleic acid nolecule, the
nucl ei ¢ acid sequweocesEaf IDaNQuss)ei ¢ aci d nmol ecul e 15 of either formula (111)
(or (W30 maycbeuusuaglsEQeDrands; i n the region outside the core structure

G Xn., G, (orc&uauids, (SaQdDaumt7e- stranded in the region of said core
structure, thecooueustr(@eQup&NAES8);G, (or Cl X C'), preferably being selected
from at | east conwuofuutheSHbEYECQIEPE ned sequences of SEQ I D NOs: 1-83. Even
nor e pref erabkgyuoubhevges ¢SE§Y IUNOU®; A X, ,, G (or C X "Cn) of (either) fornula
(111) (& (41tayyuupeppubes 6IPENGtélanded in such a region of the core
structure, whéfeluquEUROEIGr @EQHDAIO2),di nes (uracils) occurs, nost preferably
over the enti ﬁ@UWIUPfdJUH@UL(GQr(éE,Q" NE b8k ch or at |east 60% 70% 80% 90% 95%
98% or 99% t hEFEHPVUUAPYERGL(PEL: N@‘ 64kidi tionally, if the i munostirnul atory
sequence acctofaVUWgUTUETHUHET 356} tUNQ: 63911) or (11la) is a partially

doubl e- 88 r and€EVHHEY WP BUREVEE MBREPUN@: 6@t her parts (than the core 25 structure
G X,G") of the inmunostinul atory sequence according to fornula (111) or (1l11la)
as defined above may he doubl e-stranded. E.g., the nucleic acid sequence of a
nucleic acid nolecule of either fornmula (111) or (111la) may be doubl e-stranded
in the region outside the core structure GX "G (or CX",c,), e.g. in the
bordering el ements Nu and/or N' and single-stranded in the region of said core



be selected froma mxture of a single-stranded nucl eic acid nol ecul e
according to either fornmula (111) or (11la) and a (partiall doubl e stranded
nucl ei ¢ aci VABYHEEIP¥ according to either 5fornula (111)”?@% JGakityy

preferably in a ratio of about 1:10 to 10:1, nore preferably in a ratro of 1:3
to 3:1. According to a very particularly preferred enbodi nent, the

i mmunosti nul at ory sequence according toifornmula (I1l) may be selected from
e.g. any of the follow ng sequences: 10 from SEQ I D NO 84: UAGCGAAGCU
CUUGGACCUA GGattdiuuktd dgeUDUIDAEY ), GGG UGCGUUCCUA GAAGUACACG or from SEQ I D NO
85: 15UAGCGAAGEASuCddGGABQWA NEb dd)JUUU UUUOU UUUUU GGG UGCGUUCCUA GAAGUACACG
AUCGCUUCGA GAAEIUGAId: GSEQFAALD: AOAAA AAAAA CCC ACGCCAAGGAU CUUCAUGUGC or from
SEQ I D NO 114c¢ub2826sc ((3Q )D NO: 70);
GGCGAGAAAGCCUCAAGTIUUGRAGEAABQOCOSCATAIUUGAGGAAACCGAGUUGCAUAUCUCAGAGUAUUG 20
GCCCCCAUCUAGGEHAUUCIUGHTAGAQABUBGAGTUUAUUCACUCCCAGGAUCCGAGUCGCAUACUAC
GGUACUGGUGACAGATTUAGBUICEECABIUCACT ABLICCGCCACUAGACCUGAGUCCGUCAAAGCAGUU
AGAUGUUACACUCERLIUABAUB @IGG f (BB SEQ:I7B); NO. 115 (R719: (N10035)

25 GGGAGAAAGCUGCAABIUIGTAGGAARECTICESACANUGAGGAAACCGAGUUGCAUAUCUCAGAGUAUUG
GCCCCCAIGUAGEHAUUCIUCATAGACABIEENSCUTAUUCACUCCCAGGAUCCGAGUCGCAUACUAC
GGUACUGGUGACAGACCUATCUCEUCEGUIERCCASICIIECCACUAGACGUGAGUCCGUCAAAGCAGUU
A@U@UA%%W&W@WWMM@A
CCGAGUGUGCCCARS

GGAA UEARAET R R REEE IR U EREA

e )
CUGUAUA! AR e A SN S AR E A e AR R ER ALK
UCAAUCUACUUCUGGCUAGUUAAGAAUAGGCUGCACCGACCUCUAUAAGUAGCOUGUCCUCUAG or  from SEQ
ID NO 116 {'R720: (NlOO) 10)
(A

GAGUAUUG
L1 ACUAC

GCGAAUCUGGEGAUGAAA k4 EIBAGUBEGUBGAYOACCOUCSEACHIUAASEUISAACGAGEEIBINIG
CUGUAU CUCGAGUAGACCAGCUCUCUUAGUCCGGACAAUGAUAGGAGGCGOGG
E% CINAGAA A GGECUGCACCGACCUCUAUAAGUAGCGUGUCCUCUAGAGCUA
C@ACHJUC@AAUMAA&@UGAUUAGJGJ@AUAGAA@GAC&&UAUUC&JJGAAAC@CAGAA
UGCUAAAU LG GOCC CL 45
CGCACAUGGAAiw coc ' & ce é@é@f\%ﬁﬁﬁ%
WWWWW@WMMWWW@G

UUAUUCU U W WQW
W%%M&GAUACUUMA&CU GGUACUCGACGUG

GGUACC@QJU@%G@@A%@E@%W@ : ‘
50CCAAUGUALKY WM@% ok df fo@@%aﬁﬁ@:' NGn 117
(R821- (N40U201' l540) 2) o 20 20101037539PCT/ £P2009/ 007032~ g%s )

35 GGGAGAAARSCDFRdeEY)
UUUUUUUUU@@M@NW : ek oIS oy e
ACUUGUGOGGUACGGUD OLUUEOOUOUUOUL 3 UDUAG Ueceugr gUGAA
A&GAUGAUG@S@@&&CW'? g %‘EG”?GD'SNEC“PL%_ witedhe sage Bucleqdp 3 L 0) 5)
¢ L4 ; pNCEsUne I detdiddAat that position. The
UUUUUUUULTGA ATJ G
WWWWWMW%B%%?W
Amumueqm@cmmmme@@meu@wwmw Esdubted)

C000GCUAUCR IO A DO OACTATE IR 20 Feorkt > el

AACCAGGUGGABSBUCASUET: PECeH aRUCIaNGA GBRBOURRAMVATACUSBUICRANGARIID:
UUUUUUULAJU vertfeeieelolcolol r from
SEQ I D %QE#%JW% (Na4/ 20H’§A) 10) - SERACEAEH ﬁa;%@
GGGAGAAAGCURARECE LA IOAAGASGRISEERIEN mme&iAmyA@ecwmermwueuug@
UUUUUT J UUGACCGUCUCAAGGUCCAAGUUAGUCUGCCUAUAAAGGUGCGGAUCCACAGCUGAUGAAAG
ACUUGUGCGGUACGGUUAAUCUCCCCAGUAAAUGCGUCUACUGAAUCC




20 AGCGAUGAUGCUGGCCCAGAUCUUCGACCACAAGUGCAUAUAGUAGUCAUCGAGGGUCGCCUUUUUUUU
UUUTJ Ul TUUUUUUUUGGCCCAGUUCUGAGACUUCGCUAGAGACUACAGUUACAGCUGCAGUAGUAACCA
CUGCGGCUAUUK A AHRARFRSCCAUUCAGG UUUCCGCUCACUAUGAUUAAG — PCT/EP2009/007032
AACCAGGUGGAGUGUCACUGCUCUCGAGGUCUCACGAGAGCGCUCGAUACAGUCCUUGGAAGAAUCUUU
UUUUUUUUUT J UUUUUUUUUGUGCGACGAUCACAGAGAACUUCUAUUCAUGCAGGUCUGCUCUAGAACGA 25
ACUGACCUGACGCCUGAACUUAUGAGCGUGCGUAUUUUM §TARMARARJ UUL MUUUUUCCUCCCAACAAA
UGUCGAUCAAUAGCUGGOC TGJUGGAGACGCGJCAGCAAAUGCCGJGGCUCCAUAGGACGJGJAGACUU
CUALTUULTUI puc it (P AGedietce having a
CCGUAUCA UUUUUUUUUUUUUUUUUUUUU
wUMW@@%MMM&MA ores

30 GUGUUCGUGISildddSLIGAROTIWAGACEEIBUCEATECUIAGIIUBHGALLIBBAWAG sent a nucleic acid

AUUCOCA GO A A PR A RS TR DR 1 23 R e 6758 ot e

very park i cifl“aideytiqat edddgi¢ addse wish thierrefetence e ldie amdlmtsenqemueratsenyre%géquence
according t WA | Jrowi ng
sequences: /Qltet |Uér|%30j(t nbibIb 2 se&%&é%%lua%ea%\ljfﬁ[ﬁ% &d %UCCéhQW %(:%%Jf
GAAGUACACG 200 nucleoggey thEb NO2 sg@ionddhe b un@eem@osqw@e@ewﬁt leEtughieo vUUUU
UUUL COC LGERLRCUR., AECHLIORA GAARCLIGRALGI3 MAA. AAGR/AAAAA GGG
ACGCAAGGAU CUUCAUGUGC é Q ID NO 87) According to ong preef erred enbodi nent,

t he i munostdOmyciseidey Qbgiistes agtsagnses 1282 lby il Beercieiaeayalya11a)) as
definediggbove nmay be nodified with a poly(X) sequence (nodifying el ement).

Such i mmung tlcgul atory sequences ma COTTEH se e.g. a nucleic acid nol ecule
according t FERRINALIGN Qhhe pajigsneg 1§73 PEROPET/ERE IR PEGITPY PEPYIBEARer ei n t he
nuc: eic gci of mae@utf aﬁlcﬂfalécﬁlltmiw A dréfdfred btﬂemlbrsmntﬁgg edarhglB g¥f ha ﬁi;atf@hwgtl@as; 50

nucl eoti des,, prefera east 100 nucl eotides, npre, prefera of at
loast 150 el e MR e et PETurr s Furtst Hbarostl UG adt Phes and
nost pref er@ddy, BNA&tUSAea%IStQBCBMELCBMt ardeigpnﬂimi s amegrmmumoshea MNBLASOr y
sequencg. accordin f rticularly, the
core st Pucttipey i fnichbefeds ndling B EERY S g B oBRE RISITE X, 10
I, m n, u avehtion aarebasieutéfe;inledbr@dnmebthmra dapperlialgn(nent 3s. desanibedhebayenthext of t he
present | nV'%%bb%LA@T”B’Q%rB%' PQbELE‘e’EiE%tdeQQI%étn\’/lltscf?t?rretz FHbé}‘ ! MUBQL?&%}/} a“d/ or

poly(IV)1 an 1 nmunos at or sequence accordp ng t

typi cal |y aResi 2§1388%84#@hdden aJSdtguBLeSTstaﬂén@@dJEér Bla*sﬁapt%ahty tikpofgfaglt st r anded
nucl ei ¢ aci &araﬁ#&&%%e §rt9u|§r Ale. (ASHUGRGE Le. q‘ﬁéf Le'?q@@lwc@@&\ﬁefuhttbr general .
Preferably, the nodif F emeht pofy(1V), particularly C\Pﬁﬂ , and/ or

pol y(1\30L, besa'mn%vﬂ%mryﬁ%ﬁufé AR Q?H' dENAGE] RiPgrame e, " @Ke@cﬂnw“ﬁﬁy be any

nucl eoti de @rougegas‘ g?tﬂ@'d@t@&lt BROBUMBRNRArS BalRs Ml A9shAfa §§p sighipass ove for X
of an i munost| nmul a sequence according to for rrul ia).

Il
Pref er abl y, X (oayh esé'lsbét’%d)f |an%Pé’béﬂﬂén$alpye"|‘°6'F'°éét?Ha pofhytt <tf)f eaﬁ%egirﬂ'eanaén y

poly(IV), asm;dée@;.vdomry(nt V)elgap)‘ r/giet ehertlighmoit] che péfcedﬁg)é(}ﬂ%bl@tl/eﬁt:éldﬂat@d bgonpri ses
a nucl eosi de, wher cI eotid Enuc eoside)is s lected from g anosi ne
(guani ne), TPIaiNe! ef)o CAFERIYICAES (B e REE)aee: ‘P‘fp RAWEIC 39 Be' cyti di ne

(cytosie), clhlﬁﬁé |séqiteﬁdfe dhe deszlibgli@ethbdd ﬂ@eﬂetemumhgdtd p‘hi&,ntage gdenfmymhtﬁo

si ngl e- strand etch of cy e uanosi ne
(guani ne)s po y i) entcl)ss)ﬁ’r?ept’l'eé’gcrﬂ(' 3'(’%'?5?3 ?'%)f L Sz%dref’ﬁesrlfg'sg(ur aci | s)
(poly(U)), théapmowiargwogrpos.y(111)), etc. or froma hom)pol yneric

doubl e-stranded stretch of inosines and cytidines (cytoines) (poly(lll:Q), of
adenosi ne (adenine) and uridines (uracils) (poly(AtU)), etc., wherein the
honopl yner i Addittapatbncech pamtlmcaurlnahatoyy projugriced Mag)alsenehraprisp elgy @Arucle)c agidy be
coupl edzg 0 ¢ m%cggwem|4 . GXG N'), of the nucleic acid 25 nolecule
according to fornu V|a any of its strands, e.g. either using the
poly-C, the poly-1, the pon A or the poI -U sequence. The length of nodifying
el ement pol y(1V), particularly pol y(N@X-GaW¥/ or pol y(IV)" of the

i nmunost i mul at ory sequence of formula (I\/) is determ ned by integers s and/or
|. wherein ¥"&®87 or 1. independent from each other, may be an integer from
about 5 to 100, preferably about 5 to 70, nore preferably about 5 to 50, even
nore preferably 30about 5 to 30 and nost preferably about 5 to 20. WO

2010/ 037539PCI | EP2009/ 007032 37 According to a particularly preferred

enbodi ment, a nucleic acid nolecule according to formula (I1V) as defined
above, may specifically conprise e.g. a nucleic acid nolecule according to
forrrul a (Iva), 5poly(X) (N, GIXG N'), , or a nucleic acid nolecule according to

\\\\\



(I'va) and/or (IVb) may be selected froma poly(lV) as defined above, nore
preferably from 20 J) :C) and/or from pol y(Adi). These nodi fé)l n}g el enent s
pol y(X), parVYPeUrairs’ poI y(1: O and/or poly(A U, may b&CLEEHUE S the
sequence according to fornula (1V), (lVa) and/or (l1Vb) via any of its strands,
e.g. either using the poly-C, the poly-G the poly-1, the poly-A or the
poly-L1 sequence. 25Simlarly as defined9above for formula (I11) or (111a),

t he i nrnunostimul atory sequence according to either forrmula (1V), (1Va) and/or
(1'Vb) may be a si lggireslsé N@naded), u&dldém@'bel-)&irraamﬂ!ekd)g@’ oagmbilheatgluynine) or

doubl e- stranded Due rac@ rdf rrgf as L tfo thercof: If the

i nmunost i mul at oryI 'snéegllﬂen PHEE ry(ﬁ“ﬁnos "8 §6° Pr‘ffloaar(‘ f‘% gu(ell{?ae)’ ‘and/or (l1Vb) is a
si ngl e- SOStXandedg-mmtuee (guacine, mdilee:wren;ll talden@etquedmmei ghyryigine athlyyine),

si ngl e- stranded | re | en Wi atory
sequence. acoor it RSt ' ol of R YEeoyldhs LReb RN At A

doubl e- stranded unldmeéulrecibord\ml%wﬂered he sequence is typically

doubl e- st r agded 5 1171132
361 the | mnost | eel e e b e A (1)
and/or (1Vb) is ‘4R parenreeia Iyaéamtem pRAUEY Mclﬁfca%l eRchd @é?ﬂeedeftthe nucl eic
aci d sequence Ofbeﬁﬁ n&é@ceeldCfr@fﬁlgLan@sl.r%ckguen.ﬁé ehaherurfaehwb@noe h&)(addninép) and/ or
(I'Vb) may be si ngﬁe} stranded ih the region outside the core structure A Xu, G"
and doubli e- st r ad@egiding thairdgicyiding (@gsdet 6f erseplesusr 8f thase rusleatigesst ruct ure
G XruGnjo pr ef er ahldeddigkdpg sel ect ed from at | east one of the above defined
sequences of SEQ I D NGs:, 1-80 or D NGs: 81 to FﬁI!:_??/en m)re referably,
the core st?uct i@ @eﬁﬁrfeﬁnmz%r’r fattbhsmoﬂ R %H’écfstrﬁfsfe drqmifg? <f?or (1114)
may be doubl e- stis aneegder fonsuedu@ region of the core structure, wherein a

stretch of wuridi ) .occurs st. prefera gver .the entire uridine
(uracil) stret ch%e'ﬂgﬂf"%f'eas? B ORI [EHYIrC SR aggﬁé{? thegefor 99% t her eof . 10
Al ternatively or addiwheanat lyat ledst 50% ofthaseostlestideatrociposdguangeamsoer di ng to
ei t her I rmula (1V), Iar\]/la oand/r(])arI IVb) is a partially doubl e-stranded nucl eic
aci d nolecul e, other (f‘?la ™he core structure G X', @Qu) of the

i mmunosti nul atory sethemfe according to either fornula (I\/) (I'va) and/or
(I'vb) as define | e-stranded. E.g., the nucleic acid 15
sequence of;na nﬂsc%te)?}céggc% '}r)faglée%gtu e of either for rrul a (1VvV), (1va) and/or (1Vb)
may be doubl e- stwherledhemmi-hd X iegiidine surdl elentahelogusrtbersefy ast ure C, Xu, G', e. g.

in the bordering el engn,s,Nus %@qje/aﬁlh Necand erduhél &rQéIsFTQrdérTan []&, &'ﬁ%@t

poly(X), e.g. poly(X), and or poly(X), (such as e.g. a poly C) or poly(A U
sequenc®), and e.g. &I#dl ecqfiranded in the region of said core structure, the
core structyre G ahihteger RInef &y &Py bei ng sel ect ed from at | east one of the
above defined 20 sequences of SEQ ID NGOs: 1-83 . at | east one of the

bor dering el emerteaRWARYP Grl- s Btdrpe @’t’a’l”eeég'ta’bﬂ‘é"oéf'ei R&°hodi f yi ng el enent s
pol y(1V), e.g. poly(IMen @nad,af lerlsptd o) thesamyiclogidde thkRosddspadedanssher eas t he
remai ning elements of either fornula (1V), (1va) and/or (1Vb), e.g. the core
structure G X G and/®FMBEIEA" BT EM St s, may remmin singl e- st randed.

25Al termativel y or addéereofonal | y a mxture of a si ngI e stranded nucl eic acid
nol ecul e acgor di n V) Va (1Vvb) and a (partially)
doubl e- st r afrded M ctiee'.”gepsféﬁ?ea“ “e‘c?ﬁ%‘e&é%'éé‘r'de%?é?%’o el tRer formula (1V), (1Va))
and/ (1Vb), prefesfabbly wheretn whdn ©=0fvabpot 1:10 to 10:1, nore preferably in a
ratio of 1:3 to 3:1. According to a particularly preferred enbodi nent, the
i nT nunost i nul at ory sé%ﬁ@ﬁce é('ccgr ding to either formula (1V), (IVa) and/or
(1'Vb) may behaehelod ethinosimaatgry seqyenoé atdoedifigiiol fomutg(lis dgiie negs of atBast

2010/ 113¢539PCT/,.E P2009/ 00/, 3 UU UUUUU
o5 (SE D RO B OB i O OO R st U000 BB OB (320 1 ) No
89) liii 11r1lx1ebt|d¢sl ¢veh Inidré pre@EOGCERCEEt CATOCIETAS BG ridupdfedbliUL adakiU GGO
(SEC? 10O AAAAA AAAAA  CCCCCCCCCC CcccececcC GG uuuuy uuuuy
UUUUU OGG '(\gé)d%%(?)()WQl) GEGGEEEEEEG GEEEEEE0GEG CC AAAAA AAAAA AAAAA CCC 15 -
CCCCCCCCCC CCCCCCCCCC UAGCGAAGCU CUUGGACCUA GG UUUUU Uuuuu UUUUU GGG
UGCGUUCCUA GAAGUACACG (SEQ I D NO 92) 20CCCCCCCCCC GGGEEGEEEEG UAGCGARGCU
AUCGCUUCGA 25 (CCCCCCCCCC 30UAGCCAAGCU




AUCGCUUCGA CCOCCCCCCC GEEEEEEEEG CUUGGACCUA GAACCUGGAU CCceeeceecC CUUGGACCUA
GAACCUGGAU GG UUUUU UUUUU UUUUU GGG UGCGUUCCUA GAAGUACACG CC RAAAA APAAA PAW
C. CC ACGCAAKRYIRIERUGUGC (SEQ I D NO 93) GG UUUUU UUUBGTESRY R ED UGCGUUCCUA
GAAGUACACG CC AAAAA AAAAA AAAAA CCC ACGCAAGGAU CUUCAUGUGC (SEQ ID NO 94)

An i mrunostinmul atory sequence according to formula (I11) (or (111la)) as
defined above may al so 35be nodified by20nserting a stemor a stem/|oop, e.g.

| eading to a nucleic acid nolecule according to formula (Va), (Nustemn

G Xr" Gnst enthe #doturd 0N G XRGN BidE faaiuth ()| ecerbidg ac tar plesegt troerdtdnmongpri¢edd) |

(N, stenll N1, sten? N2 wherein the nuclei,c.aci | ecul e o ither formula
(Ve and/ or "V HRSC Fefhnctt SLCHBASTUE (DG bt e bl Shdt r abl v

of at | east add®nallcthe bbiddesg elevems Npred/grief ehatelnthefvhate dlaasit N2OB,. Gl eot i des
and nost preferably of | t 2 u j Li,kew se, said formil as (Va)
W0 2030( 037 830BEH el obSalaARtant SR phvEHeRg 38 SulPLll: °% of mal a
(111b), 3% . efouby biyrtbe oactorsgp Meéecgleracgtdingctoupenut X)), Ch.e. Raimgi balsanétyre t he

i mrunost i nu r ej . - ): resent 5
variants. of MPorrur SRt T el afhertlde af Bemidd R raidiedespe i in SBBIERTS (o any
of formul aswpigh)is aaitdery Wscatedhey porinfesase @f diNaihat islepge, iwhen aampartote N

bordering tQgnifRifion df W Br€ st e X8, fLrLOeFuAMGIBRL § h¥c cér#p”r%tngone stem
or stemloop structure, preferably consisting of single stemloop el énents

stenl and stherpove sere fECfhdst G AMBtiedia bagrid reapiemt withg siea'is#ylyof

for nul ago ( ViBdtteAREIIOWh&VR)s LPdeRRS BynefbpaRY @lendeREN EARIBR N, Sis GefinedOn orRdd N,
partlcularI%Qt ecol'e structure d X, G' gndthe integers a, | , uand v
d

A ’ g < ’ n
are as def i fiéd TaisoVe B €5i8P e ePAUT YA Y n2@GaIRBSPUS WhenppiepaiRg |ay'r@eéh'a/or v may
be 21. Adgi tmgg!idystr@hmmmc?xnjwnwa agebrgqrhla_, (m)a@k{ aemat ib@ﬁ!b?LtRingQﬁ vfe,_bemdsnt S
stem and sten?, represent further bordering. el epents, ich are ned as
described alvEEP EURGeITIRE] 8l SHAR SR IHEATEPOR S PRAYT LIPS ATy “PISBr der i ng
el enent N i areggiflpalimited @s sgesferdiead natleovaciior N in formula (111) 15above, and
integerscw and w2 are independently selected fromeach other and are defi ned
as above in forrmula (I11) for integers u and/or v. In this context, a stemor
stem | oop sThamrasteciug GN.Cif famoladidiylsalefitraigeorpaioséng thérllowamg: occur in
si ngl e-stranded DNA or, nore commonly, in RNA. The structure is also known as

a 20 hairpin or hairpin loop. It occurs when two regions of the sane
nmol ecul e, eGgn thetraielcoiss! mbleadepfomuadlildan eftferrula GisndI(Nyis paluciedtidsrare

sequence el gIRALR dofdd1 ¢! &Jnﬁbri@é‘si d SEILBIAEL el ThdAREroBRe" ?i_nu‘é’iewdéf'iﬁh ot her,
| eading to (a double helix that ends in) an unpaired | oop. The unpaired | oop

t her eby2Q ypB&apsine eyt enrddige fuskfilbar of anaheguadiedrealcmare rieferiahly @842-%58\Ws no or

nearly no i @giihd) ¥r & aRWERL B@YeoMiA thid RANSREBHENGRosHe (?ia‘hh\@)’orﬁlr%fﬁe (@faci25 sten?
and is thus n?t capab base pairing with any of these steml oo | ement s.

. e of ! . . e
The resul ti AY'9990¢ (s Pgﬁ%i;f@a'ogﬁslfdme nquasan%gﬁt'rjeﬂw%ngns’awsw%fﬂp H&ny RNA
secondary shdialipioesurridh@utiestiat i(atlddkida) gtHBYiheqguasinelGhdr@idire tiatsl).dependent
on the stabili tY f the resgl tl.neg heljgx apd | 00 regl ons, ‘V\hlﬁre' n _tagle first
pr er equi si t 80Ty Ganerer e s et eitabPEal Frsictlick on
itself 2B fderivatizeganuckdtidsulielebstde) XyithT hen-sbtaelyl btaurafg micti@d! groups or
components, which are preferably added to, modified or deleted from the naturally
occurring guanosine (guanine) or uridine (uracil) nucleotide or which substitute the
naturally occurring functional groups or components of a naturally occurring guanosine
(guanine) or uridine (uracil) nucleotide. Accordingly, each functional group or component
30 of the naturally occurring guanosine (guanine) or uridine (uracil) nucleotide may be
modified or deleted therefrom, namely the base component, the sugar (ribose) component,
any naturally occurring functional side group and/or the phosphate component forming the

oligonucleotide’s backbone. The phosphate moieties may be substituted by e.g.



30 stem |l oop elenents is determ ned by the | ength, the nunber of m smatches or
bulges it contains (a small number of msmatches is typicall ¥ t ol er abl e,

especi al |y i"3"f8Hg*hel i x), and the base conposition of THEXIAIYEY regi on.
E.g., pairings between guanosi ne (guanine) and cytidine (cytosine) may be nore
preferred in such sequences, since they have three WO

21110/ 1137539PCT/ E112009/ 0071132 41 hydebgen bonds and are nore stable
conpared to adenosi ne (adenine)-uridine (uracil) pairings, which have only
two. In RNAphogpraimmHmes ('htﬂﬁfhd’nethrom‘ei; dipamd(euh@dédn)ieqoainbihmsosbaatawsi Bg. t Wo

hydr ogen bonds nmay

i nfl uences tchweVF or ﬁlﬁ{aﬂb CouTr nr{g}é\ RS ﬁ}eftS %acalfornﬁcft %e'ng ’I)_rsfgr“%‘J " tRe éorﬁ% t he

| oop not 5 ofcthatmmesantnigvestien.nAdditgady, ethentigar Stilsost) ambcm’emmﬁ)seltettad f@neal ess t han
t hree bases e refe I

formati ons 9&18)8'%8% iy 'SM(%&}H ﬁlé(!cs?(%?’c'g Se% FﬁRuagtdeHr)l\éﬁ\régal reg%ﬁtﬁegHgﬁbet ween
stem and sfrienR) eraypoaksds i@éCiedérbUtbe@SOHyanShe cont ext of the present invention,
optimal |oop length tends to be about 4-100 bases |long, nore preferably 4 to
50 or even 4 to 30 or even 4 to 20 bases 10 Hence, in the context of an

i munost i nufeostingls anrlesyee obgapesiierguanineaprurisinet (oragil | isgdudeva)thetidrplyingvb) , st em
| oop el enensrs ishiedlibn, 2 r%EﬁHf%/ SERig!dr Yioh SRURHG HeclRAfd §ua%sn%“%u§r¥:ﬁéﬁc9r stem

| oop structure, wherein the stemor stem|oop structuté may b€ formed by stem

| oop el enentriding @rci et @Péﬁ@ aligief ehemi&HY nfey SE Mo Pyragetiition, @é&ﬁm'ém whi ch

is located BalroxpRtigeeact hasieding errl 8QmpRl, enBRingl-gubR6sisd ¢laRine)St 2Bthyoop nay
have the formof a helix in thé base- pai red region. r?]h stem | oop. el enent

sternt and &8P {(@APPeF rafimety ﬁi‘fd]oéil‘% ‘&‘ﬂﬁ"d‘ebsméef BPNaHBY duantick
preferably @nyddlividiad dirdtis u-tpibefridmallinicid, Statgbgmsthy ARGREhJRNAL-tbeFigine any of

nucl eoti des, (nucl eosi des | 0gs. as ef| above for core ructure

el enent X n(ééfc e é@oéysgyéir% egrbvﬁslg‘ﬁ'é]é“e( "g g“H%rg)“”fjH‘F {é’iratCHérE bfo&?d and/ or
20 stent. nActﬁiﬁd i 0rraa:IIJ y5 ce&b@dwiewpnﬁicﬁmm usa.em (uraepy, eSentls/| atlpaluruddéom c
SequenCFS of St N ngng Srge t5 gxt en? ac1c} me e(ﬂuees{%(r:eg me% elatmhlegn?gt NS Qr gferably
capabl e “of (base pairing Wt H 2each fher and "t hus"t dge or m)ba3| for a
stern or st(eraCIl)odpnetﬁmarefrorre;hyEzﬂmmutldm@ teh@hreﬁtreethmb@ylrsetmndmy be
selected p | r tern | oop
SLenont s S?‘Ig,ﬁ%’s% rﬁét%rl?mx%’?)ﬁm@% a?.rlmu?réne ﬂﬁé&‘l §%%%%chceac19 nQeYHﬂ%% ‘ gg'gﬁsequence
i s equal tolutdsd)-oorregeticeoidpy) eﬁmrawaya)tlog@ﬁwh@ealﬁwd-sb@ewmdsermn ssHieds a

identiy or |h0m9|aQtQYOrt&ahtmesfrérﬁqy@@’gt%n@u 73 dﬁafé}s QQ% 79’@”@5 W@%%,@bby of at
| east 95% and nost preferab east 99%to the er sequence, when

read batkwat 638 0&uék ‘b%ﬂoﬂrﬁ’dr Hé“é’@é&ﬂéﬁ%é§7%§é?ﬂusa$1647s$7é‘rr@5n5a HE8f B¥med each

by a 30 nu;hgz; g;19acU5pIs 36858 6Rd BaNbRA2,athk efigiduref oﬁWNHh §e tiRcopSbrattdP b§
preferably a to 40 and nost th ef erabl y about nucl e| c acids,
n

sel ected fr% %% geinre theygatiietyen @ﬁ%?ﬁ@é%%"ad%‘éﬁ? ?Féyr' eéﬁ’PYﬁ REfEFE osi ne) |
uridine (uragivep esgeany e these( ila)ogLEEhat iBEreRD tmmrﬁgwgemtyaffw n@gei€leéitned

her ei n. 2010/ 037539P 0 00703 4 a y nces, for stem | oop
el ement s st’@ﬁjie“gﬁaﬁéﬂ"@? ﬁ%g ﬁfﬂ"ﬂ‘d'é‘ 2 3 Magn IH?CB Jo ‘F € With a Turter

UA Ahat S@deﬁ)nﬁtﬁdu@éﬂ) A5fe@$‘t o&é gﬂ%oyUAWUWA (SEQ ID
ﬁ&%ﬁ@t ’ nl t(@'ﬁ R owr |§ e co)rUC(t;rCU(A‘r ?r%nts G and/or@ opglfo(r?gllyse}ter n2:
GCCGCGGCCCAedsBEQL] DM 098 0% S0tk 68Ye it@%, BBECIE GEUSHEI(BEtHeDuNEntid8) d) for

stem : -
LM o st SRR SR | B SRt T P00
GCACCGUGCA 1a8Edly qgtcmng ugdine (uracil), and/or an analogue thereof and/or exhibit properties of

30  an analogue thereof as defined herein. Preferably, the core structure element G, and/or G,

contains at least one analogue of a naturally occurring guanosine (guanine) and/or a
naturally occurring uridine (uracil) at all. Most preferably, all nucleotides (nucleosides) of

these core structure elements G, and/or G, are analogues, which may - most preferably - be



I)for stem: GCACCGUGCA (SEQ I D NO 100) 30for stern2: GACACGCEUGC (SEQ I D NG
99) for sternl : ACCUAGEU (SEQ I D NO 101)r 35for stern2:
ACCUAGGU ( SE¥PPBURE539101) h)for stern 1 : (BESRVENZ(HQ | D NO
102) 40for stenR: uccAticcit, (SEQID NO 102) for stem1 :

CCUGC (SEQ I D NO. 103) 45for stern2: GCAGG (SEQ ID NO 104) for sternl: GCAGG
(SEQ ID NGO 105) WD 2010107539PCT/ EP20091007032 43 for stenP: ccucc (SEQ ID
NO 106) etc 5 According to one first alternative, the core structure G X', G
may be | ocaideticai bﬂiﬁldigubhéorsﬂlemahﬂoqypcstof et l6t@les i(meleckides) qopeald tgubiadsiiee G X', G'

may be | oca ed b t stem | 0o 5 _stem and. s t hereb referably
Forming & | GO SOMTCR RUAT i Bt o ReEeror e GROURDE RS oF A B vay

havi ng the (e(gnptokasn ihen d{fiere@Cgyagbs naniNdgues agbstiefe nhedmaﬂMIbmpeurrlvg]gmnwsnand/or vV =
0, and a = 1 le%{aﬂla (Va) may lead to a specific nucleic acid nolecule "stem

dX ,G ste e ich is also incorporated by the present invention. According
t o anot her alternatlve, the core structure A X "Gu may be | ocated outside the

SLem | 00D SHEIgHHP o MIRLED, (LMENBS PLEDLOARAATRILSPLETL GIfh Shen? may

be separate rom each ot her a sequence, rdering el enent

N, e.g. N' m@ﬂelq\ﬁrld mie@h'epﬁ&wn#ay"lf @rl%pfaforr@d@ 'éqnddti)ﬁ urrd@teup@ﬁd basendailri ng of

stem | oop eirﬁjfwnﬁo%péﬁo%ﬁﬁy é’f’lﬂe%k&h&%re%@é’d i W@:@ér'fbbm $th?’ﬂ’()d 9Qp 96! £l § 1 and/or
1, adjacent to the core structure G XG separated fromthe core

structure GPXPG!' By 6% Arefereblir tBAP At Mg @ne@r?évmﬁ HQy anq\evengporgiprefesgtlyd di ng t o

the present ol 30V @RbleMthe TMER liditHHtHetd Gn In@hylb% 1r gﬁteam@hﬁdvéwal&oﬁ nUlsas (&/b) ,
20having the co OSI tion_ (Nu 1\1, as defi ned

above. The {rfrdntst' ! md d¢oli é%qﬁf’eﬁz:ewat%cﬁod?h&zt%j §4t;f15e|26'fyr' ﬁﬁfl%f @Q/aB’ and/ or
(Vb) may beewh Wr@?ﬁdféréiﬂﬂ&d a0l infeget, akh Yardﬂth‘bd £1,9¢ rsgdedinelguahine) or an

i mmunosti nul at o e .ac rd|n r for is a
Simal oot 1 aHSE R BTl ehd YN gt Bctest e B@éq%?‘?coée saofy et ed el g

si ngl e- st r anaeB0Sy 0% drevent 10°% of nhlgtldﬂeotidies (tnbele<bsrmfumf)sbnewd1@MGre§enﬁ:erence
accordi ng t el t/her {or mul a S(IVa and/.o gn ) alo " th reo} I%r X mOIUbl : st.randed

nl. afe uano uamne
nucl ei ¢ aci o' fof'€cu t nuc & AbIfetud el't her n‘qua ?l{?a) and/ or

(Vb) pr ef er aiplyngrayy brentailongWéersﬂ Damd%d iCn abdier Gegarohe obr E*aewrm enGUSBp el enent s

stemt and sk, apd 6 e, CEAIQNSGRD, LR APGROUFR BYCRHAISIc IR GoT e

structure G y any’ ot enment El enent s
posi ti oned @ut si et dnd/ostlansandesp fel erenles aﬁ@WUaﬂ&%@@@%Wl HGEORA) r egi ons

Of the Ioopr:,@;rugad LRYU@Ct heuckie %‘Pf@ué”d}'@&ébe @b&@c olcRYGaNYCoHRS, €l ement,

) N, may th be, independent from each other, single or
doubl e- %Q r aH@&ﬂSG mrt%@ﬁﬁﬁ vistiyeterA adepetidsiandispsigelneiqarg airusture elemegis ist r anded

or partial | yagpub) gr&tly %Hﬁ@gwt NY N, inCtha GludieALE W fecBeCoT BHRda t@) @inkihgr forml a
(Va) or (Vb?orrr%]la (a a(n%a(ll)) |s|p|r(¥f()eragl()?urg)oltean uridine (uracil) or an analogue therof. More
preferably nucleotides (nucleosides) of core structure elements G, and/or G, directly
adjacent to X, in the nucleic acid molecule of formula (lll) are at least one guanosine
25  (guanine) or an analogue thereof, more preferably a stretch of at least 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or even 20 or more guanosines (guanines) or an
analogue thereof. Additionally, a nucleotide of core structure elements G; and/or G, directly
adjacent to N, e.g. N, and/or N, (or N, or N,,, as defined below) in the nucleic acid
molecule of formula (ll) (and of formula (I) and (11)) is preferably not an uridine (uracil) or an
30 analogue therof. More preferably, nucleotides (nucleosides) of core structure elements G,
and/or G, directly adjacent to N, e.g. N, and/or N, (or N, or N,,; as defined below) in the

nucleic acid molecule of formula (lll) (and of formula (I) and (1)) are at least one guanosine

(guanine) or an analogue thereof, more preferably a stretch of at least 2, 3, 4, 5, 6, 7, 8, 9,



WD 21110/ 1137539PCT/ E P2009/ 0071132 44 stranded nucleic acid nol ecul e
according to either formula (Vii) or (Vb), preferably in a ratio of about 1:10
to 10:1, mor¥O0pMPEr¥bly in a ratio of 1:3 to 3: 1. ACESTIRNY Y 2a very
particularly preferred enbodi nent, the inmunostimnmul atory sequence 5accordi ng
to either formula (Va) and/or (Vb), respectively, may be selected frome.g.
any of the follow ng sequences: - UAGCGEAGCU CUUGGAGCUA GG [ NUuM UUUUU UU131JU
GGG UAGGBUCCAAG AGCUUGECUA (SEQ I D NO 107) - UAGCGAAGCU CUUGGACCUA GG UMW =JUG
UUI JOU GG G aJGCAEUCOCUA4GARAGUACACE, CRCECHEEROG rUBHE duaktsh e CRNGUIAGACGan
an o ueHg%IA GAAGUACACG (SEQ I D NG 108) (stem and stenR are
under | i ned,*"f core structure A@XG1 is witten in bold); The
i munost i mul atory sequence of fornmula (1), (11), (II1), (111a), (1V), (lVa),
(1vb), (Va) n ' I n C whi ch
may be in t %@ﬁ%ﬁﬁ%%@& ?o$5ﬂ&fda (ﬁgéw%m{ M}%’C(g, \g\;’et%hlocgrﬁl §e1| ﬁg%?m ted
t her et 0,5 a @%. a0y 9D%rrearverDI\W°/9pf RNAUCIaOISIethUe oy dey) efchbrere strycisrded DNA or
RNA (whi ch 1By éoamrr@%é geﬂ, 88 Al &ranFiINAIo 4Rl Q0 dEel BBLe.

associ ation of tV\D Si ng r a part I al

|y
doubl e- st rameremmmgawclmweemc@ﬁs'ﬁ@ toybqodam shefcewewérelctbv eeneitigerandfil at | east

one short ergsiJhgh a$IB£|§éI 8%hi %r@ﬁtu@%‘&sﬂ@ub@%ﬂ%o%e&%u@koﬂncﬁe@%ckﬁ@des
si ngl e- st randed RNA- nol ecul es, Whl ch are about equal in | engt h,

wher ei n one’“@f‘hﬁ’bP"e“%‘I ?Fg@’@cg)tqréﬂdéﬂowh%‘?o RyAetrsddeanbelos e in part
conplengntary to one or nore other single-stranded DNA or RNA nol ecul es and

t hus form a, doubl e-stranded |nthsre on),, art 11y). .
singl e-str e%ﬁd’éa'cliﬂ&y %r' IRRIR NuielceRs C‘r‘ e§ 'J8HE”'6 'ﬁe{g’(dp%rél"&'llq {))a“d (H)) 1S
doubl e- st r anded daNAstﬁJ’cthN%Jen%‘nefaﬁd ab|aYnudId®€Idé1Id>€|cﬁb>6/naﬁb(ﬁildﬁ’wre€dmh;ﬁisébf aformul a

I 10, (11 . def d
Sbbve. mmy Ghiehiidh o Fabn, b Mol LrodiorBbrist BPl=Y sRaet okoa A SRR, hror
preferably (guamére, |Lauldlny! (dradib) mesbmmdedwur[ﬁNAhmudRNAthydntnei sytadiso(cpoaha@rared t hat

the i t f f wie L1021, (111 I

(I \e/al) , 13;;3nl g\u(abgyg da?;??)?%e/%?qy Uriding lip%ce{ ( %)\Z}réa(ll u)e thér c%f I)n thlg <on %)c%onﬁh XV)t ure of
a si ngl e- stmaledbde ringlaokide) anmal@gmablaee sieflemijed @Nmaovel)RMﬁcumm variants of
211101037539k B ah f th
oSt | il ary ceamn apigipe didded. PG {'039%11 ORI (1 Vi
(1Vb), (Va)desivaiized npopntidas nelelﬁ@&fr@el) wilfonen-patively j9aeuriieg uyctmﬂaltﬂreum whelled

nucl ei ¢ aci g PRIGHUN Sddedli tHCE d@l@féb ol m@rntalu?dllly%c&%hé ﬁuéécft.%@?rﬁﬂ)eoslde) or
i mmunost i nul at ory sequence according to forrmula (1), (11) 1), (1lia),

(1V),  (F%a)which vihstituevip atnlor 0‘(G\Vb')“8af§"9'°de|f AR abbvesleotidernpdegstdel el v

stimlate tk&oId’ﬁgﬁB} EabMPYRB oS RIPNKE nhilrafly Ri%.t:urﬂﬂé nuBleBiRiet MeRROmBYifieddr essi ng
t he PAI\/P-(pa g%rj associ at ed rrrgl ecul ar pattern) receptors for sjngle-stranded

RNA (TI_R 7 RRB§ QEPGRAN. 1RE tips (PANP-T ReERtEPLCT 6PMRRSSBY 20%eT RAded RNA
(Tt.R -3, Ri%sﬁha@éor‘\@‘t\eﬁ)fonﬁﬂgﬂﬁé er.gonhuE’otaie sTtLdakHorenth bRosphate endioweat ed i n

t he endosone and ar i vat m{ L taken up ¥ e endos $ I n. contrast,
RGI| and 10°VBA-% %II“I%G V4 oep$ PR Y YRR E D rRNORIG %'HO%IFS PERYTS, BY LB RnA

whi ch s dhétey:lphgsphcahesu etp., i wlkedeih haowyW@pltI&snmmraIMhDMrrh@s pb@hoduéslteeased from
t he endosones endos esca GO gl y, any
partial |y kfone J rtgl::]rag rrledrr?ﬁsfgragly atnla%ngsgolrjee rg%)aé:# easfi:Z(r)'l ) ore( 11),
(rrny, (111[a)zferably\,@t leas X@Dp,, mbile\fivpferaplyadt lemdm% r@kﬂt@) prafsradbfat Nexdlt W@\aedl s

capanl e Of ZELINGL MGG LETER 03,903l GESEAURA! b TUMIBE bIIHAL plnand thus
| eads to an i nna ne response or enhances such a Fe

si gni fi cantdnplogigi@b eletinesic heteimplifethal igynuspostisiul dery fegpfmerEapoma)ns gt le3st qoel 1),
(11la), 3d|\QnalogLe/%) an(IrAéb)anaI&gd%; s@&Wugﬁ%(av%)eaﬂé fielebitfd: I@van r{r?eyc&@ prepared
using any neth known in the art, incl g synt et|c t ods such as e.qg.

sol i d phasestgiifenedment a8 vempy alae jidenyicely e sreehoadidinge Keviasineh nyiclepiides

transcri pti@pclEQrfel)iRAFrindhah&EGBLYuct B elefeMl AXI OarkfEHH2A b Rsp&THid @ytllalﬁn%d for
preparation of the i munostimul atory sequences As surprisingly found by the

i nventors ofYPHR) gralsaitn eigngahipicyidine (fviosine). SE gy mve%f*e%n% ored tASE1Cf or mul a
(ry, (r1r), (N), (111a), (1v), (lva), (IVvb), (va) and/or (Vb) as defined above
show an even better stinulation of the innate i nmune system when prepared by
an in vitro transcription due to its 5' -phosphate, when conpared to 25 nucleic
acid nol ecul es of either formula (1), (11), (111), (111a), (IV), (lva), (I1Vb),
(va) and/or (Vb) prepared by synthetic nmethods. Such a stinulation of the
innate i Mmune systemis, w thout be| ng bound thereto contributed to the

—~ o~ oA



20 about unspecific effects, such as, for exanple, an interferon response
(Stark et at (1998) Annu. Rev. Biochem 67: 227-264; He and Katze (2002) Viral
| munol . 15:W9O3M948%53% Recently, dsRNA nmol ecul es have al S6THEEWYEER in vivo
(McCaffrey et al. (2002), Nature 418: 38-39; Xia et al (2002), Nature Biotech.
20: 1006- 1010; Brunmel kanmp et al (2002), Cancer Cell 2: 243-247). Thus, an

Si RNA used for the at | east one (M RNA &4 the adjuvant 25 conponent of the

i nventive inmmunostinulatory conposition nay be an i nmunostinmul atory RNA, and
typi cal |y canfeotisesnaldosidesyl eg. ar )leadomd edigincanrgtdine geyedserenlainylogues are

doubl e- strand h ut, 8 to 30 nucl eoti des, preferably 17 to
25 nucl eot i ¢ E’g”eg%'”n‘ﬁfgg&g?@ C\e%rg 'Ie%lgﬁrlgt’h 20 to 25 and nost preferably from 21
to 23 nucleotldes I n principle, aII the sections having a length of from 17
to 29, pref f S ef |y [LO ~ e pairs

t hat occur ﬂlat és c{f)d a;l’gsr”:iae |%Lémngp Lt"m%hA(g%aBer?g%%és rremrqtgr?"é%le %geg can
serve as ta(ﬂ‘gét'ne?yeqﬁ@n@e(cﬁ’@ﬁ'n?)utfwudﬁ SiithRpyA, 'nEtipu% lapy l&niRNDR emn nalusidy be

direct ed ag@dc[}ﬁnfn WCk&PBAtG’r@II?Qﬂ%HHgf%uQJosﬁnep(f 95:#:‘.5' uR&hL 1(GULRT l¥eRkinkegul at ory
proteins, which ne%atlve % regul ate induct |or§ (1 nnate or adaptive)
)

i mune resp(aﬁ#@@@ tthwpidie ( 'ﬁ“qei 8" P dinp\GVIBITG) 6@?5@@1@@7@@2? :Ehem/:@tﬁtvsz 47 the

codi ng regi Gam lenb,paEétwgwnarmétmw.—;t.laﬂ BydrB8Ma |69dbt@? |H<§Qc'h methmdal%nef or
exanple thereFore galnst non- cod |ng reglons 6]
i

aéj;aw ng (? uI atory
function. TALNNE Jepelupdernsioeszdeping), &imetdy/th 'ag‘éfa'sa%enf% ngsinedpdeging (rr)RNA of
the adj Lvantie&REPOARMLsIAS  {aBenihd)V exg- lsweritémumsbg.mwl(aa@rr)é)ccznms¢yﬁuuma, can
therefore I|e i.n the tr nsldated and/ or Vntranslated rﬁgldon of the nucleotlde
sequence of “¥BUNa> BIEBYEPHINE Qi e Ty PEYRBHTBY Tt s
control el emedhylsguaidsmet ag@ﬁ.ﬁnesewmemgl -@in@imes| BNAIGS, d:emdmﬁdh)algome)sman al so
lie in the overl ?ppy n%hrI |on of untra)nsl at ed alnd twlans at 69.h5§ uence; in
particul ar, BtHE Y ar'gs gé% WRES GRS ICE8 ot TERYT NSNS nlCrE8t 48  upst r eam
of the startracil) pd-dio-oidinchduraatl rsg:art@gyroethydﬁmtnbmefﬁm thHi®uddcor(dianid), t5e a fourth
enbodi e vant ...c n i nventive
I MunNos rrulcap 8xy% droﬁ@ﬁ&h pgfﬁé'mﬁlr\l@'l) grgﬁjgﬁ’tl?gde%s@%ﬁmgrgﬁcﬁnfﬁﬁd@%ﬁ%%ﬁ% of the
pr esent |nv53mrb@wmeﬁwlaanmqn$@méﬁﬂﬂm (rgcipr &freethdi2ythim-|(rislineg(ugacdl ridnddidy RNA

nol ecul e tr f g t te and of a
N tha@&;pre aegfc L&Eem%glyn esthrd @%etr\mﬂ.nm@th%gu it Equrathlf, and

entlre anti - sense sequence 1 s
wamn@n@éw

conpl enent amngthe é”('?rﬂ@é'éﬁé}é?gﬂ rethepry earrqng eieshy - N‘@“%t@”@é‘f ied herein
typically flﬂét%xyaurm @xchetungisd (he) %Qﬂ fceﬁ@gcué%étﬁ)ﬁrb%t%r RMdinaolgewles and is
t hus cagabl e to bl ock transcrﬁl\&zl on of e coding strand. An antisense RNA
used as2® hePypcatiestd WhQUEIHNRNRE RP- mﬁwoaﬂ]qu%me BRSBTS #1d RENG- bENt i ve

i nunost i wuﬁraﬁmtwnwmsanblog&sqawhm tdlarp@esbﬁdk.aaﬁinnsé a& her dxdmbRatdndES
sequences, Ceurr onmic seqﬁ@nce encod|ng a

y Q
protein or ‘bég’t%eusvﬂn‘f%ﬁ‘)ﬁavsb‘ ‘éé?%c‘t’%-%“?%ﬁ@ é#y“ 0OIe Dsd edti He sequence
sui tabl e fox 9Ij)wt9 pxsrao(wgzwuefsgsa}ahy,,uﬁ hes;a,ms» m%m amslads heo@b4n.as at

| east one (n) uvant , co n o] entive immunqgstimnul atory
Composi 11 oML BhsPes s h 2 AP SR HEA R0 50 P PRI BT ARSI bcul oo
nore przf erablogua dfemgtebtudmt (h@6Gides tHbX0QOsreat DD rHnogOOQ, of alie budi@c 5000, 250r

of 5 to 1000, of f t 30

nucl eot i des"' /S‘g‘i:'o%ﬁ rgu'tagm {%Pg ?Ror@%ggl aﬁ%#ﬁ,a dﬂoer Og’tnq?érgg ereo\rll"gL (anfé{%& of the
adj uvant compd)f\mmdfat bdsdbeemingndiced. | nmmunost i nul at ory conposition nay be a
codi ng RNA. Such a coding RNA may be any RNA as defined above. Preferably,
such a coding RNA may be a single- or a 30 doubl e-stranded RNA, nore

pr ef er abl y Ehegiumpeeoisoresgetdr nera X dn the nacleicrasidl meleae pfi famara 4N e

prefer aﬂi y @rdwdlglﬁfigndl:gh”\as @éﬁﬂuﬁ%fwﬂrﬁ@%ﬁﬂ%g}ér ald8 tﬁ%\l{ﬂgt IBNPB ”@35 997 a

(l'inear) smg}e st rand referab t he ‘codi hg
9

((1inear) s%rgl@-1Yitarddely) Tretsdngdy TRNR, G‘M‘a% 30’Fh‘é0 é‘Bdﬁ’ ﬁ% 5|QI%A6 s@doas the at

| east one (0, RblAy 86, dohe 90D %11%01&%5138Pﬁb/tg%él&%lmaq@el%eé& aklnthyant
conponent of the i ventl ve | munosti g}gl at oagwﬁrrpom ti may further encode a

protei n or alpeptirdie (WATRRT hgnalnsue Beret @ R Rout: aﬁg3 ¥&ee A2y t heret o,
e.g. fromtherapeutically active proteins or peptides, fromantigens, e.g.
tunmor antigens, pathogenic antigens (e.g. selected from pathogenic proteins as
defi ned above or fromaninmal antigens, 5 viral antigens, protozoal antigens,
bacterial antigens, allergic antigens), autoimmune antigens, or further
antigens, fromallergens, fromantibodies, fromimmunostirnulatory proteins or
peptides, from antigen-specific T-cell receptors, or fromany other protein or



proteins given in the follow ng: OATL3, OFC3, OPA3, OPD2, 4-1 BBL, 514,
6Ckine, 707- 5 AP, 9D7, A2M AA AAAS, AACT, AASS, ABAT. ABCAl, ABCA4. ABCBL,
ABCB11. ABCEYO 2NA®EA ABCB7, ABCC2, ABCCH, ABCCS, ABCDI PCAERMEY0HECs ABCGS.
ABL1, ABO, ABR ACAAl, ACACA, ACADL, ACADM ACADS, ACADVL, ACAT1, ACCPN, ACE,
ACHE. ACHMB, ACHML, ACLS, ACPI. ACTA], ACTC, ACTM4, ACVRL1, AD2, ADA,
ADAMIS13, ADAMIS2, ADFN, ADH1B, ADHIC, APDLDH3A2, ADRB2, 10 ADRB3, ADSL, AEZ,
AFA, AFD1, AFP, AGA, AGL, AGWX2, AGPS, AGSl1, AGT, AGTR1, AGXT, AH02, AHCY,
AHDS, AHHR, subtiShre didinesAlzB)s) At k2 analdgds thetddilo2qur A Hlele,lerﬁérRE of Alfhnul AIUAD, ALAS2,

ALPL, ALPP, O o R R AR i o s TR RIS SRS AL

AVH, AVHR2, urdiiD3yradlvPDleferiddlto |AN@1netﬁorAN(ﬂR1h|M§]J;atNNG?h "ma@MonidROIMhe APCIIZ

APOC3, AP3 P PKC, AP p APP,
APRT, APS1 B&‘Ké@igq%% & ’M@’ gﬁﬁﬁ&i‘,d%%éh&ﬁ%’{“e%‘fa'@% 'eﬂégazé‘%%ég{, ARSE,
ART- 4. ARTCL/Sr, ARTS0r NRVDL12, ARXI 4, AS, 16ASAH8, ABAD, 200830, 30 ASHO, 4A8NEY, SASMT,
ASNS, ASPA, , ASSe0 ASSP P , P2A2,
ATP2CL, ATPS B? 6%TP7A%O t§§§A&r)Pt§’g9%s§§}E8 Bl ]Oér\}:?D'KE’ &Tﬁﬁ’xﬁ’%f@}%ﬁ%x ATXNG,
AUTS1, Avwmpmwily we/losaes of\yghne (LwaqllmS dequd\Eoovmzh alamotom:c;mm U'BV'I'-M BAGE,
BAGE- 1, BAXe &B@g &RSS’{ |e§B§4ce .B%?c%ﬁa sul?a%f% elBhdht xBSetike ntﬁ@% nfeleB,  BCL1O,
BCL2, BCL3, CPM BDC, BDE, BDMF, BDVR BEST1,
bet aCat eni r?f/fwmumi“' mnﬂwf fomwk«; '>erL 'BFﬁPEefO'B@Bﬁ#‘"%@{I exspnzie fBHRE, 3BENG. 4,
BI RC5, 1®5 B&Sﬁnoﬁl-r%ncﬁhm—'umﬁ%,racﬁ’\%e E’a‘R&Est PBRGAdre JABGAL (Urdtils) BRCAZ,
BRCA2/ m BRCD2, BRCD1, BRDT, BSCL,  BSCL2, BT @?' D, BTK, BUBl, BWS, BZX,
COL2A1, COLBAITlegrenieredf BpocErQrhict) merotenis, ur fsaciloprauepses s becs 7,
8181’ f22 C?éq,ntegz\ﬁed ©%he G&de%ﬁuct@%k&en@én@& @7a1 2&st EAR1RRNoGRALQudhinel /AlEndhineCA2,

4 5 BY A
CACNB4, 300EEE Rbmcﬁ "éALhé@'"e u&\"e &%9&?@ %Aﬂr@f’q‘hm %hef&wzf?éftéiﬁg\? CAP- 1
CAPN3, CARD:, 15 or GRSP-FoF RexarGASPwBen GASP, &, aCASR, VEAH, mCvalx GAV%e, GBI . CBBM
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CCL- WO 20@0@@8@6%/&92%@@1@@71013% &0 BS, fOC&a—rTi’pﬂe \mILOU3 ,im@@lng4any CCL- 5,

Cooo, " cop, MEBEY g ORIOC R IR (TR pl o RO e "ot
CDh3Z, ChA4, @DW@JUW@XJ, e@cDAhe f@d@ﬂt\!ﬂes @If)MVEESi,IaC@I%@ Gam5S, OCMHUCGDSQC'dCDBO

/
CBenic gAY G SR (bt P i T,

CEACANG20 CEER, typicaifoat '@EPW% @qfrﬂrabkzm@astéﬁfﬁwo‘@eﬁq P99a0r e@th@@:’/o CH®1, CHEK?2,
CHM CHWM., gidR39Ges SHRNAG u%m&ﬁacwm:an%ﬁthe%: asCithed GHSVG  THeHX10,

Cl AS1, CIDX, CKNL, CLAD, CLCONKB, CLDN16, CLP,
10 CLN2, cLiRFaineenpclepiidgs of & tis 10Q% Keherthes is fsgihan Qj(a“”é'fe#é"a@i_@ thevowTD,
CVDJ, CNVD1Aseqldviad R,) 4edtitén EMnan e (VI8 ne) MR L ra VKBRS 051 hdMladéhindGNhafidineVM

CMI2B, CMI2 AA X3, C- MY CND, CNGA3, CNGAL,
CNGB3, CNSI\B‘y@\nq\g M}/W“ 2”"’ e thersal, as%@fﬂ%ﬁ%"‘@azm, COL11A2,
COL17A125 COL1AL, CC]_1A2 COL2A1, COL3Al, 15 COL4A3, co_4A4 co_4A5 COL4AG,

COL5A1, A2 CO_G COL6A2 CO_GA 1 8A2, 9A3,
L TIAL 3RO R e e A e R T TR
Cox-2, CU , e|@ﬁBﬁ N. CROporGRMUig, el €ORSE N ICF}-ﬁRI,a“)CPﬂ_UMQIC GPX sedURACE, haGRB 3, lerGRBI| CREBBP,

CRH, CRHBP.

CoF Corth RS Y. e OB RN ort R SRl RSV o e
Cl AAL, (TAGIIQUC'@PS*CEN, eveT IHhorEtdidrakiyT oAb outGv| 200wkiNBldes QRIS Os i BTRAYhe@TISBE CTSC,
(TUSK S %3G GXS 0 CXCL13,
CXCL16, gcxc:f’évgr %l'(” of el ra%él?]ane& ]c'f’>'<sc°|_6 & ac%(qéxa‘@(%%%%%%@ CYBA,
CYBB, CYBI 3the hRAdezwwcle@qu}j ot\eem N @wmdeewﬂfmm seleyted 1f@Pn go¥mEEMe CYP17AL,
CYP19, A Luri P A Ao 1), QAR Ine GIERAN2ihy Githide! AymikfPiBIne (eYR4AS. CYP2C,
CYP2C19, CY 2C9, CYP2D, CYP2D6 CYP2D7P1, 'CYP3A4, CYP7Bl, CYPB1, CYP11131,
CYP1AL, CYPAB{or anvriosuptberep(Din ofamwarstvbesienpcelement Na BreMsteiACidpAX] |
DAZ, DBA, DBH, DBlI, DBT, DCC, DC-CKl1l, DCK, DCR, DCX, DDB 1, DDB2, DDI T3, DDU,
DECRl, DEK-CAN, DEM DES DF. DEN2, DFN4, DFN6, DENA4. DENA5, 30 DENB5, DGCR,
DHCR7, DHFR, DHOF, DHS, DI Al, DI APH2, DI APHl1, DIHl, DI 01, DI SCI, DKC1l, DLAT,
DLD, DLL3, DLX3, DWVBT1, DMVD, DML, DMPK, DMWD, DNAI |, DNASE1l, DNMTI3B, DPEP1,
DPYD, DPYS, DRD2, DRD4, DRPLA, DSCR1, DSGL, DSP, DSPP, DSS, DTDP2, DTR DURSI,
DWW, DYS, DYSF, DYT2 DYT3 DYT4, DYT2, DYT1, WD 2010/ 07539PCT/ EP2U0910U7032
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25 MADH4, MAFD2, MAFD1, MAGE, MAGE- Al, MAGE- A10, MAGE- Al 2, MAGE- A2, NAGE- A3,
MAGE- A4, MAGE- A6, MAGE- A9, MAGEBI, MAGE-B10, MAGE-B16, MAGE617, MAGE- B2,
MAGE- B3, MACEOBUOOKRAYE- 65, MAGE- B6, MAGE- Cl, MAGE- C2, NREGEFEYOIMYAE. D1

MAGE- D2, MAGE- D4, MAGE-El, MAGE-E2, MAGE- F1, MAGEH1, MAGEL2, MB1, M3B2,
MAN2AL, MAN2B1, MANBA, MANBB, MAOA, MAOB, 30 MAPKSI P1, MAPT, MART-1, MART-2,
MART2/ m MATIA, MBL2, MBP, MBS1, MCIR MM2R MAR MC, MCCC2, MCCCl, MCDRI,
MCF2, MCKD, MCL1, MCIR, MCOLNL, MCOP, MCOR, MCP-1, MCP-2, MCP-3, MCP-4, MCPH2,
MCPH1, MCS, mMeSHe oﬂ\%ulmcccwﬂmg to (VBRYEsedvDS edtionVizdy, bdVEEddgoencBE2hicVR2@, ME3,

VELAS, NENVBEREGEEE R SoR g sty B s\ e el et oy,

MO, MGP, NHERT AguaivbiB, (gJVHﬁde) Mid2e WWtaCH), addbmdisineMaBenind) PthyMidn&/(HOBHR), M TF,

waia, e YRR abeRl a0, rsonlor e ihaiagiil bt hddgadag fircy
MOG, MORC, e nuMeRtids (nvPieasidaybin cavPEmDe pyidedMpRsugh a MeuendeP@s a P8l MPZ,

MREL1A, 'VR%OUMRP& 50 “ﬁ?@rabNR!?%bo&{RﬁB 4mé’pré@@y oMRD 4 YRS u MY,  MRXA,
MRX1, MS, Mc4A2 MBH3, MSHo6, MSS, MSSE, MsX2, MSX1, MIATP6, MICGs,

MICo1, MrC\r(BucIMFHER arwinwen rvntmzorefwhmzof me tR/ITNDB)f MtMDéO numommm MTP,
M R, MrRNRz(ﬂuM(B[}yg;, 3R MITEEboMIGHinMEAK, MI1L2, MITL1, MITN, MITP, MITSI,
MUCL, MUC2, MUCA, AC, M1, MUM1/m MUIM2, MUIM2/m MJMF3, MUME3/m MUT,

mut ant p21 ras, MJTYH, MWK, MX2, MXI 1, MYO5A, MYB, MYBPC3, MYC, MYCL2, MYHG6,
MYH7, M2, Ad\%lcd?)n !MéM}SecuW @ME&lmWONQwaM@5AUCIWQZﬂ,se WWﬁShé\éb’BveWPZ
MYP1, NAS8S8- A, acekél | ucosam négt ransrerase-V, NA GLU, . NAVSD,
NAPB, NAT2, diA*FO“NM RPN tRpesfiuengeAXR CalesMPREEE 1Ot MR P, 'tﬁ@gg‘d‘c'emﬁi&ﬁw
NDUFS8, NDUEVdIeosNBUEVBeﬁ HNEBbO\MEFH dirbEtMineighBsringABsitibn, @.a- tRé\EquEndNEicﬁcaIIMEUROf)l

NF2, NF1, NEYQ | NKSL,  NKX VP22, NVTC AL, NOG,
NOS3, NOTCHE™ refﬁﬁes ‘NFSEE‘*%NECEYO 'ﬁﬂ-lfwuﬁgﬂﬂ%es (Ryts{585 des gRcted B Npvr ALK,
NPPA  NQD1L, adFeNER, (aNRB@)L CyINRBCRy toNRAS, i INRAS/n) aNBlor gINROBae (gNRIT), M NSX

NTRK1, MAL F2, .NY- 001 - ESO SESG: B, NY7 LW, 12, AL
Y- SAR 55, KREHCERR ARG, GATe D, Dness, ok, AT N8 O Bk OCRLL,
OCT, ODDD, QDEpref€pigt no @rDlsiretdGDld, nO@entic@GTUatoti GFRAR cl€opdbs) @PifinerVe OPG

OPN, GOPNIL a-di i i 05l . n T r e 0S-9/m
OSM LI E, o%: O%.w%%ﬁ%xé% q:ééﬁﬁs%@ ‘E]f“e%%& i"’%ﬁg%én Cg‘i? g&%Rle, P3,
P16, P40, P#RENCPWHD, theamve dsfjitignspeiereipARPIGuerRARAIEH COPRfSATA PINtePAGE- 4
PAGE- 5, PAH alaékosﬂne Ed%h%e) gﬂﬁ%na%ﬁe tHeRBP ArefePARKS: abB’ﬁFﬁfrolsoo/E%Ts% 459/(9082 PAX3,
PAX6, PAX7, , PBT, PBXI, PBXP1, PC, CCA, PCCB,
PCK2, P¥K1. 1@@&9%, wrm@fﬂab'mfsk&ut BB B5%PEER, mcpaeefﬁerahi’oe‘@ountﬁﬂép 30P‘DG:B

PDGFR, PDGH{Rd, mgﬂ'ﬁ%feraﬁp%f aBQX]-ZS%) mentpﬁﬂldmeﬁgﬂaal TP aﬁ@éﬂi@ thdP&aX12,
PEX1 F4, PFBI, PFKE% PFKM PGAMZ,

PEX13. PEX3, pgf )
PGD, PGK1, ® Of L?Ot%@z/m practs /PMAQWO m@fﬂ@@ er 35BKAL,
PHKB, PHK@evePHBre MO AL LDIHING P00 HROF6BRbHbf 25 o cea@m &l CA,

Pl ML- KI NASE, P Pl P5K1B, Pl TX2. Pl TX3, T PK Dl TS, PKHDI |
PKLR PKP1, éYIBRU'%“(éYﬁSE'RE)c%A‘” %Eﬂ%‘@?me’ﬁﬁﬁrefe@@ %?b%ﬁ@"’ éﬁ‘l(s; 3 |§9L o P 1811° pVEL17,

PM., PMS RAR®,, b Brefd?hBtR 2 alMB25 tdPdA8k, evENIﬁ[Qre BN[eWbI)P@-_abpqu_A 30P0land POMC,
POUF3, 5 PQUIF1 PPAC PPA PPCD,

ppCe, PPH | EERE TR 2BROZS P CHBEDR BRTL BANE " B (RS prRCAL,

PRCC, PRD, fﬁ@éﬂymf aBRRIED to PIREAS taRFIZARLE AQ t@mo@mb@m&ﬂw RSP, PROC,

bR, PRoST BRI RRREY HboundR Cpte Tcike BEEY BEaRr BEIoBsk psu
PSMA, PSORSlrefepm, NPm@Hbe PT@GIIEIC aqd PIOeRce PIMEN thePFiEse defiipnspTHREIN 1BELAH,
PTOS1, bePNJeauenPJPM.cagAcaI RS a IE%BWmea&T%enE%QDSEY#&) ngmsﬂne @Eéms PXE

PXMP3, PXR1
RAG , RAP], RARA, (OHESA] and?BMB@@#ﬁ@l” RBEbOLRE?ISﬂ’O FpPales RBs'cthncqteGL(S‘i RCCP2,

RODL, ROV | o RO o RPA, 2050 y 1, REREL A, REGL A EagREN,
RENBP, RENSI, RET R%E) 'REXE. ﬁzéé)%A K°° E% § AT & R%MVFCD 68 RUD, RHO
Rip- 1. RLBPIACBRIRD UChl RACUBRYSECARNAYE, CIRNIGSS. ?Qavl RCRZ RP, RP1, RPl4, RP17,
RP2, RP6, RN, RPDI. RPE65, RPGR, RPGRI P1, RP|, RP10, RPS19, RPS2, RPS4X,
RPSAY, RPSGKA3, RRAS2, RSL, RSN, RSS, RU, RU2, RUNX2, RUNXI. RWS RYR! . 5- 100,
SAAL, SACS, SAG SAGE SALL1, SARDH SARTI, SART2 SART3, SAS, SAXI, SCA2,
SCA4 SCA5. 20 SCA7, SCAB, SCAl, SCC, SCCD, SCE . SCLCI. SCNIA SCNLB, SCNAA
SCNSA, SCNNI A SCNNIB, SCNNIG, SOC2, SCPL, SCZD2. SCzZD3, SCZDA4. SCZD6. SCZDL.
SDF- 18, SDFI A SDFI D, SDYS, SEUL, SERPENA7, SERPINA3, SERPINA6, SERPI NAL,
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56 pRb, presenilin, prlCE, RAIDD, Ras, RIP, sphingonyelinase, thym dinkinase
from herpes sinplex, TRADD, TRAF2, TRAIL R1, TRAIL-R2, TRAIL-RS,
transgl ut amiHAUOOFEY, A therapeutical |y active protei nPCUEPERYMIP20e encoded
by the at |east one (mMRNA of 5 the adjuvant conponent of the inventive

i mmunost i nul atory conposition, can also be an adjuvant protein. In this
context, an adjuvant protein is preferabfy to be understood as any protein,
which is capable to elicit an innate i mmune response as defined herein.
Preferably, such an innate innune response conprises activation of a pattern
recognltlo recentor ch as rece sel e te front Tol I.-1i ke
receptor W%n% beO%TH% N m enu aﬁaﬁfnrfce fgégp orﬁse\%c *ed from
human TLR1 rtepethRI l@determlnedrbmmeges tT ehdi/orl v.Kihus, 8¢ épther mucTEidRicid onoldcRiE3f
Preferably, I S fined
above. Mor e pr e ngﬁlyd {h%%a(cf%gt\%ﬁf@or?%tn e‘rﬁe?r}eé?ge%rméc?ed’ ”ﬁ%’%&”ﬁ"uar?gﬁ’ lg.d] uvant
pr ot ei ns> orméy bemlrp’apﬂtdgetm fc)"adqqh\%htﬂtr aprlmtt?&ﬂrlfrgm 0 o1 1par 09.cudraprefaray iarot eri al
adj uvant pr@%rei {5350, L.‘\QanmeEte@é?ably”mo%?qqghaganlamp RfeRbF] fsn b3V 9k V\%?@' in

adj uvant 15effects’ " "Humen’ adj uvant proteins, may be

encoded by q&é)qﬂtpéaé@lwné5«w¥ﬁmmf6mttheﬂhdpuv ﬂ5é®ﬁpdﬁeﬁﬂ56¥2§ﬁeﬂ?nvent|ve

I munost i MlBLeqdrde@BINPAIdab! R (repMRIVEAhderif® BRRFkSEN W&Waypde%r&!eﬂt inwhi ch is

capabl e of eI|C|t|ng an |nnate | mrune response (in a . as a

reaction offofmdadiihdingitber arPrekdtfeRBuS MO Prefpibdy. th?t*a rmtt'v%*?fédpwéf erabl y,

human agj uvagherd¥ Qf Sdrs NS BRGAGEN PN eh Bor@preleRdBlin @ababeiidring@nd r n) RNA of the

i nventive |nnunost|nulatory conposition are selected fromthe group consisting

of, without being Iimted thereto, cytokines which induce or enhance an innate

i nune res p@dtﬁtﬁ)nailﬁQhéldbrlﬁglnhﬂLorQof tdee lQuctdlrb d@nenlsu%borﬂérrr%m&is toGWeCSI and

| NF- al pha; 25 c ine which are rel eased from i ncl |ng I L-1,

|L-6, IL-8, ‘*%?Te'}t/%‘Péﬁ‘d m%tl‘t?ﬁ%t’ BSIPRSHTED 'f‘*ﬂé%t% f”&tﬁﬂ“ B’H{ﬂ”%’&ﬂa%'%stem

i ncl udi ng OsequenBLof farmula (@),s (N.CGX,G,Bh, 49, ddASP- abpvdVABﬁbr&n G4bnurfizd, of Coa, C3a,

S4a CISDPSand Eﬁgghs (%@he conli,bértg:elgle’rl]esmen éccrc])r Cl?ormugn(g éd:% (éNH |s%1el?€pr . DAF,

net wpr ks of byt ntegpabt @nefqzrarbe(;@gmatnl (mtegere&eptahost i ncH@dJ hgo 31, ‘Ileé %mdrmbrle 1R1,

wher eas the r # tars

el udi ng 1B R o RN E, P4 AP RRNER/ b DGO AT S DB R as

HSP10, HSP6bis cpptpesthe FIPSHAG, elames R s Cat . '8RO eqyplos differant frmge¢h ottrgrpl |l

repeat extra domain A of fibronectin; the receptors, including IL-1 R, TLR1,

TLR2, TLR3, TLR4, TLR5, TLR6, WO 2010/ 037539PC | EP2009/ 007032 57 TLR7, TLR8,

TLRO, |2R10ACpdRIELto f Hrartispgrul preferaass Bmbedimentn dleummencebnyanentesueicet e

Smal | - GTPasggngh gnthcnn,gc NGB defRRE abBAC bomfriledZ &t @troctur@%@q,gﬂtf&aety the PIP
e

signal I'ing (PI 3K, Src- Kinases, etc. %, conponents of the pendent

si gnal | i ng elagtsddrom ajesst qnesishe llowng segusspeAt §E%1‘Dt’ﬁ‘85  Mbas defingependent
signal l'i ng adavé:TI CAML, TICAM2 etc.); activated transcription factors including
e.g. NF-KB, c-Fos, c-Jun, c-Mc; and induced target genes including e.g. IL-I
al pha, IL-1 beta, Beta-Defensin, IL-6, |FN gamm, |FN al pha and I FN beta; from
costinutﬁtomymmmkmsuhﬁﬁmohmmnudwngqﬁimasQid&EM@hbkgandyQnoRman&Ee%ebn

domai ns, i ncl d|n %QWP ef syr & Ge proteins; or human adjuvant proteins

i ncl udi ng CHSG OIS i W9y _3 | gand. thyropentin, Gp96 or

10fi bronectin, etc., or any speci es honol og of any of the above human adj uvant
pr ot ei ns. Pathogenic adj uvant prot ei(NGCXMANgh nmay be encoded by the at |east
one (m RNA of the adjuvant conponent of the inventive inmunostinulatory
conposi 30 onwhergipi cal | y conprise any pat hogenic (adjuvant) protein, which is
capabl e of glici r.e
preferably §e|e6%5 it ‘Qﬂ%ﬁ%”gﬁ??n 5&%ﬁ$§§%$%8§§£4.§£@ grlved%#ggﬁ%bacterla
pr ot 0zoa, V|ruseSMC@rW?@WgWCY&%P%@V@Mnéﬂéana@ﬁwweﬁewf ofore preferably from

pat hogeni ¢ adj uvant proteins selected fromthe group consisting of, w thout
being limted thereto, bacterial proteins, protozoan proteins (e.g. profilin -
| i ke protein of Toxoplasnma gondii), viral proteins, or fungal proteins, aninal
proteins, etc. 20 In this context, bacterial (adjuvant) proteins, which may be
encoded by the at | east one (m RNA of the adjuvant conponent of the inventive
i munostinmul atory conposition, nmay conprise any bacterial protein, which is
capable of eliciting an innate inmune response (preferably in a mamal) or
shows an adj uvant character. Mre preferably, 25 such bacterial (adjuvant)
protelns are selected frontthe group conS|st|ng of bacterlal heat shock
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10 selected from bacterial adjuvant proteins, even nore preferably selected
fromthe gr ougeconsi sting of, without being limted thereto, bacteri al

flagel lins, YRAMWERY f1agel lins from organi sns i ncl udi F§TAGPYBEEYEri um

Aqui fex, Azospinnum Bacillus, Bartonella, Bordetella, Sorrel/a, Burkhol deria,
Campyl obact er, Caul obacte, Escherichia, Helicobacter, Lachnospiraceae,
Legionella, Listeria, Proteus, Pseudonopg&s, Rhizobium 15 Rhodobacter,
Roseburia, Sal nonella, Serpulina, Serrano, Shigella, Treponetna, Vibrio,

Wl i nel |l a, ¥Xer siingaanosine guphieé)evadihy (frh@lg eldendisef (ademirteh) ahgpidtie ggymivel, hout

being limted thereto, roobact erium tunefaci ens, Aquife rophj |
Azospi ri 11 urn brads Mensa®BR oo uBlRTd oo ahe! R e ol B lselfes
Bati onel | a baci l(hudiesidpd) gprefBablg etidink airirilbocin elpuctherebfi orrel t a burgdorteri,
Bur khol deri g cepacgi a, I . ef uni I S S
Clostridi umﬁbot d?%\cﬁrﬁ S gggﬁgggs%hg{n{; ¢ %F%ﬁ%mfg&%ggwg?oﬁﬁtﬁ?% %é%, acgeﬁétl%c(gbact er
pyl on; Lachnospiabadehte 39aptetaribinef dbegi bteetld, smopmenaiemabhi ¢f abodti4stoedlica 4 to

nmonocyt ogenes, B Liahlld §in ; b n S
Syri ngas, A 2ol u el BRGUSHAGT oo Bars cdedes (ot -ie (AAREE:
Roseburis Sal noneiding (rpehi adenpimg elinmrieymidingdthygorme) cgidinmisetobiae)tayghi |

Sal monel | a ent erjhbiofid & the2onReddatld (R IEDLREySent eri ae, Serrano marcescens,
Si nge/la boydii, Tr e;mnema Pa%gder ns, Vibrio algi noll?éti cus, Vibrio cholerae,
q

Vi bri o par ahaer dotyinfegerdro Recfesaeiro ddnéy ransiPreradiynoam &t E¥ocol i ti ca.

Bacteri gl fi agelil imsiegWiioshn Y0, be encoded by the at |east one (nm) RNA of the
adj uvant 30 conponent of the inventive inmmunostinitilatory conposition, even
more pref er abl y YA5HT i"’g%” L= LfqlidnidingErteunaar a7 mlng%%FeG p conprising any of
the foll ow ng sequencesenalss> refaendaedsdeo df iedsé nacle@sst OfucosTB&S Sie cyd@ne

2010( 037539PCTI EP2009/ 007032 59 qr ani sm speci es gene nane accession No G No
Agrobact eri um Agr obalt&FIN IR Al Aei%ens FlaD (flaD) FIhB (f1hB) El R3 (fliQ

FIiN (fIliN FliM(flitMredbt A (nmotA) FlgF (flgF) Flil(flil) FIgB (flgB) FlgC

(f1gC0) FRiE(fliE) FLaG (fil FIgA (flgA) Figl (V FIgH (figH FliL (fa) FliP
(f1iP) HaA"(fladA "'ﬁ#"gﬁ f’|'%%eaﬁ‘|3gc (flaC) U95165 G : 14278870 Aquil ex
Azospi nl | um Aquivtexein pyeophi 3,Usis uAdios piradill dnamapplagid tbersef, Laf | U17575 U26679

G 596244 G : 1173509 \ﬁ?e%irl1l>u§, a@?e%gtu Hﬁce%Hpé Lr]iéir?eshgrgciﬁﬁgﬁ%sa%ues of uridine
(uracil) occur;
n is an integer from 1 to 40,
20 wherein when n = 1, C is cytidine (cytosine) or an analogue thereof,
when n > 1, at least 50% of these nucleotides (nucleosides) are cytidine
(cytosine) or an analogue
thereof.
u, v may be independently from each other an integer from 0 to 50,
25 preferably wherein whenu =0,v 21, or
whenv=0,uzx1;
wherein the nucleic acid molecule of formula (llla) has a length of at least 50 nucleotides,
preferably of at least 100 nucleotides, more preferably of at least 150 nucleotides, even
more preferably of at least 200 nucleotides and most preferably of at least 250 nucleotides.
30
For formula (Illa), any of the definitions given above for elements N (i.e. N, and N,) and X
(X.), particularly the core structure as defined above, as well as for integers a, |, m, n, u and

v, similarly apply to elements of formula (llla) correspondingly, wherein in formula (Illa) the
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core structure is defined by CX,C,. The definition of bordering elements N, and N, is

identical to the definitions given above for N, and N,.

More particularly, C in the nucleic acid molecule of formula (llla) is a nucleotide or
5  deoxynucleotide or comprises a nucleoside, wherein the nucleotide (nucleoside) is typically
cytidine (cytosine) or uridine (uracil) or an analogue thereof. In this connection, cytidine
(cytosine) or uridine (uracil) nucleotide analogues are defined as non-natively occurring
variants of naturally occurring cytidine (cytosine) or wuridine (uracil) nucleotides.
Accordingly, cytidine (cytosine) or uridine (uracil) analogues are chemically derivatized
10  nucleotides (nucleosides) with non-natively occurring functional groups, which are
preferably added to or deleted from the naturally occurring cytidine (cytosine) or uridine
(uracil) nucleotide (nucleoside) or which substitute the naturally occurring functional groups
of a cytidine (cytosine) or uridine (uracil) nucleotide (nucleoside). Accordingly, each
component of the naturally occurring cytidine (cytosine) or uridine (uracil) nucleotide may
15 be modified, namely the base component, the sugar (ribose) component and/or the
phosphate component forming the oligonucleotide’s backbone. The phosphate moieties
may be substituted by e.g. phosphoramidates, phosphorothioates, peptide nucleotides,
methylphosphonates etc., wherein the naturally occurring phosphodiester backbone is still
preferred.
20
Accordingly, analogues of cytidine (cytosine) or uridine (uracil) include, without implying
any limitation, any naturally occurring or non-naturally occurring cytidine (cytosine) or
uridine (uracil) that has been altered chemically, for example by acetylation, methylation,
hydroxylation, etc., including, for example, 2-thio-cytidine (cytosine), 3-methyl-cytidine
25  (cytosine), 4-acetyl-cytidine (cytosine), dihydro-uridine (uracil), 4-thio-uridine (uracil), 5-
carboxymethylaminomethyl-2-thio-uridine  (uracil),  5-(carboxy-hydroxylmethyl)-uridine
(uracil), 5-fluoro-uridine (uracil), 5-bromo-uridine (uracil), 5-carboxymethylaminomethyl-
uridine (uracil), 5-methyl-2-thio-uridine (uracil), N-uridine (uracil)-5-oxyacetic acid methyl
ester, 5-methylaminomethyl-uridine (uracil), 5-methoxyaminomethyl-2-thio-uridine (uracil),
30  5'-methoxycarbonylmethyl-uridine (uracil), 5-methoxy-uridine (uracil), uridine (uracil)-5-
oxyacetic acid methyl ester, uridine (uracil)-5-oxyacetic acid (v). The preparation of such
analogues is known to a person skilled in the art, for example from US 4,373,071, US
4,401,796, US 4,415,732, US 4,458,066, US 4,500,707, US 4,668,777, US 4,973,679, US
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5,047,524, US 5,132,418, US 5,153,319, US 5,262,530 and US 5,700,642, the disclosures
of which are incorporated by reference herein in their entirety. In the case of an nucleotide
(nucleoside) analogue as described above, preference is given especially to those analogues
that increase the immunogenity of the nucleic acid molecule of formula (llla) and/or do not
5 interfere with a further modification that has been introduced. At least one cytidine
(cytosine) or uridine (uracil) or an analogue thereof can occur in the core structure elements
C and/or C,, optionally at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% 90% or even
100% of the nucleotides (nucleosides) of the core structure elements C; and/or C, are a
naturally occurring cytidine (cytosine), a naturally occurring uridine (uracil), and/or an
10  analogue thereof and/or exhibit properties of an analogue thereof as defined herein.
Preferably, the core structure element C, and/or C, contains at least one analogue of a
naturally occurring cytidine (cytosine) and/or a naturally occurring uridine (uracil) at all.
Most preferably, all nucleotides (nucleosides) of these core structure elements C, and/or C,
are analogues, which may — most preferably - be identical analogues for the same type of
15  nucleotides (nucleosides) (e.g. all cytidine (cytosine) nucleotides are provided as 2-thio-
cytidine (cytosine)) or they may be distinct (e.g. at least two different cytidine (cytosine)

analogues substitute the naturally occurring cytidine (cytosine) nucleotide).

The number of nucleotides (nucleosides) of core structure element C (C, and/or C,) in the
20  nucleic acid molecule of formula (Il1a) is determined by | and n. | and n, independently of
one another, are each an integer from 1 to 90, 1 to 80, 1 to 70, 1 to 60, preferably 1 to 50,
yet more preferably 1 to 40, and even more preferably 1 to 30, wherein the lower limit of
these ranges may be 1, but alternatively also 2, 3,4, 5,6,7,8,9,10,11, 12,13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or even more. Preferably, for each
25  integer, when | and/or n = 1, C is cytidine (cytosine) or an analogue thereof, and when | or
n > 1, at least 50%, more preferably at least 50%, 60%, 70%, 80%, 90% or even 100% of
the nucleotides (nucleosides) of core structure element C (C, and/or C,) are cytidine
(cytosine) or an analogue thereof. For example, without implying any limitation, when | or n
= 4, C, and/or C, can be, for example, a CUCU, CCUU, UCUC, UUCC, CUUC, CCCU,
30 CCUC, CUCC, UCCC or CCCC, etc.; when l or n = 5, C, and/or C, can be, for example, a
CCCUU, CCucCuU, CucCcu, UCCCU, UCCUC, UCUCC, UUCCC, cucuc, ccccu,
CCCUC, CCUCC, CUCCC, UCCCC, or CCCCC, etc.; etc. A nucleotide (nucleoside) of core

structure elements C; and/or C, directly adjacent to X,, in the nucleic acid molecule of
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formula (llla) is preferably not an uridine (uracil) or an analogue therof. More preferably
nucleotides (nucleosides) of core structure elements C; and/or C, directly adjacent to X,, in

the nucleic acid molecule of formula (llla) are at least one cytidine (cytosine) or an analogue
thereof, more preferably a stretch of at least 2, 3, 4, 5, 6,7,8,9,10, 11, 12, 13, 14, 15, 16,

5 17,18, 19 or even 20 or more cytidines (cytosines) or an analogue thereof. Additionally, a
nucleotide (nucleoside) of core structure elements C; and/or C, directly adjacent to N, e.g.

N,. and/or N, (or N,,,; or N, as defined below) in the nucleic acid molecule of formula (llla)

is preferably not an uridine (uracil) or an analogue therof. More preferably, nucleotides
(nucleosides) of core structure elements C, and/or C, directly adjacent to N, e.g. N, and/or

10 N, {or N,,; or N, as defined below} in the nucleic acid molecule of formula (llfa) are at least
one cytidine (cytosine) or an analogue thereof, more preferably a stretch of at least 2, 3, 4,
56,7,89,10,11,12,13, 14,15, 16, 17, 18, 19 or even 20 or more cytidines (cytosines)

or an analogue thereof. Likewise preferably, for formula (Illa), when | or n > 1, at least 60%,

70%, 80%, 90% or even 100% of the nucleotides of the core structure elements C, and/or

15 C, are cytidine (cytosine) or an analogue thereof, as defined above. The remaining
nucleotides (nucleosides) to 100% in the core structure elements C, and/or C, (when
cytidine (cytosine) constitutes less than 100% of these nucleotides (nucleosides)) may then

be uridine (uracil) or an analogue thereof, as defined hereinbefore.

20 X, particularly X, as a further core structure element in the immunostimulatory sequence
according to formula (Illa), is preferably as defined above for formula (lll). The number of
core structure element X in the nucleic acid molecule of formula (ll1a) is determined by m.
m is an integer and is typically at least 3, 4, 5,6, 7, 8,9, 10, 11, 12,13, 14,15, 16, 17, 18,
19, 20, 20 to 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, 70 to 80, 80 to 90, 90 to 100, 100
25 to 150, 150 to 200, or even more, wherein when m = 3, X is uridine (uracil) or an analogue
thereof, and when m > 3, at least 3 or more directly successive uridines (uracils) or an
analogue thereof occur in the element X of formula (lIlla) above. Such a sequence of at least
3 or more directly successive uridines (uracils) is referred to in connection with this
application as a "monotonic uridine (uracil) sequence". A monotonic uridine (uracil)
30 sequence typically has a length of at least 3, 4, 5, 6, 7, 8, 90r 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 20 to 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, 70 to 80, 80 to 90, 90 to
100, 100 to 150, 150 to 200 uridines (uracils) or optionally analogues of uridine (uracil) as

defined above. Such a monotonic uridine (uracil) sequence occurs at least once in the core
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structure element X of the nucleic acid molecule of formula (Il1a). It is therefore possible, for
example, for 1, 2, 3, 4, 5 or more monotonic uridine (uracil) sequences having at least 3 or
more uridines (uracils) or analogues thereof to occur, which monotonic uridine (uracil)
sequences can be interruped in the core structure element X by at least one guanosine
5 (guanine), adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an analogue
thereof, preferably 2, 3, 4, 5 or more. For example, when m = 3, X, is a UUU. When m = 4,
X, can be, for example, without implying any limitation, a UUUA, UUUG, UUUC, UUUU,
AUUU, GUUU or CUUU, etc. When n =10, X, can be, for example, without implying any
limitation, a UUUAAUUUUC, UUUUGUUUUA, UUUGUUUGUU, UUGUUUUGUU,
10 UUUUUUUUUU, etc. The nucleotides (nucleosides) of X, adjacent to C, or C, of the
nucleic acid molecule of formula (llla) preferably comprise uridine (uracil) or analogues
thereof. When m > 3, typically at least 50%, preferably at least 60%, 70%, 80%, 90% or
even 100%, of the nucleotides of X, are uridine (uracil) or an analogue thereof, as defined
above. The remaining nucleotides (nucleosides) of X, to 100% (where there is less than
15  100% uridine (uracil) in the sequence X,,) may then be guanosine (guanine), uridine (uracil),
adenosine (adenine), thymidine (thymine), cytidine (cytosine) or an analogue thereof, as

defined above.

Likewise, the immunostimulatory sequence according formula (llla) above contains a
20  bordering element N, particularly N, and/or N,, wherein the bordering element N,

particularly N, and/or N,, as well as integers x and y are as defined above.

The element N,CX,C,N, may occur as a repetitive element according to the
immunostimulatory sequence of formula (illa) (N,.C/X,C,N,),, as defined above, wherein the
25 number of repetitions of this element according to formula (l1a) (N,C,X,C,N,), is determined
by the integer a. Preferably, a is an integer from about 1 to 100, 1 to 50, 1 to 20, more
preferably an integer from about 1 to 15, most preferably an integer from about 1 to 10. In

this context, the repetitive elements N,C X,,C,N, may be equal or different from each other.

30  According to a particularly preferred embodiment, the immunostimulatory sequence of
formula (Illa) (N,CX,,C.N,),, as defined above, comprises a core structure CX,,C,, preferably
selected from at least one of the following sequences of SEQ ID NOs: 81-83 as defined

above:
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The immunostimulatory sequence according to either formula (lIl) (or (llla)), particularly each
single repetitive element N, G X,,G,N, (or N,CX,C,N,) thereof, may be single-stranded, double-

stranded or partially double-stranded, etc. as defined for formula (Ill) in general.

If the immunostimulatory sequence according to either formula (lll) (or (Illa)) is a single-

stranded nucleic acid molecule, the sequence is typically single-stranded over its entire length.

Likewise, if the immunostimulatory sequence according to either formula (lll) (or (llla)) is a
10 double-stranded nucleic acid molecule, the sequence is typically double-stranded over its

entire length.

If the immunostimulatory sequence according to either formula (lll) (or (llla)) is a partially
double-stranded nucleic acid molecule, the nucleic acid sequence of a nucleic acid molecule
15  of either formula (Ill) (or (Illa)) may be single-stranded in the region outside the core structure
GX,G, (or CX,,C,), and double-stranded in the region of said core structure, the core structure
GX,,G, (or CX,,C,), preferably being selected from at least one of the above defined sequences
of SEQ ID NOs: 1-83. Even more preferably, the core structure G\X,,G, (or CX,C,) of (either)
formula (11) (or (Illa)) may be double-stranded in such a region of the core structure, wherein a
20  stretch of uridines (uracils) occurs, most preferably over the entire uridine (uracil) stretch or at

least 60%, 70%, 80%, 90%, 95%, 98% or 99% thereof.

Alternatively or additionally, if the immunostimulatory sequence according to either formula
(1) or (1Na) is a partially double-stranded nucleic acid molecule, other parts (than the core
25  structure GX,G,) of the immunostimulatory sequence according to formula (Ill) or (llla) as
defined above may be double-stranded. E.g., the nucleic acid sequence of a nucleic acid
molecule of either formula (1) or (llla) may be double-stranded in the region outside the core
structure GX,,G, (or CX,,C,), e.g. in the bordering elements N, and/or N,, and single-stranded
in the region of said core structure, the core structure G X,G, (or CX,,C,), preferably selected
30  from at least one of the above defined sequences of SEQ ID NOs: 1-83. E.g. at least one of the
bordering elements N, and/or N, may be double-stranded, whereas the remaining elements of
either formula (Ill) or (llla), e.g. the core structure GX,,G, and/or other elements, may remain

single-stranded.
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adj uvang conponent of t he i nv ntive i nost i mul at ory gﬁgﬁﬁlﬁl tion typically

conpri s& anfI4mCr gei" ”tgatPIf?‘Htj' AHiabmay hescaskod ogut ant p WEBSFYBrED| y
protein and 25 peptide antigens, e.g. tunor antigens, allergy antigens,

aut o- i MMUNeVASEFFACERIAUYETS CUH &F NBYER I WURNIVgEHs CCeUECCUVACHe ercdasese Wt h t he

i nvention, @HRIlGENS 885 encoded by the at | east one (m) RNA of the adjuvant
conmponent of the inventive inmmunostirnulatory conposition may be antigens
generat@h dUtside the cell, nDre typically antigens not derived fromthe host
organi sm (e. g, non- sel f antl but rather 30 derived
frémhost fé%’*itt@t é&;@%ﬁ SRR (T o S

anti gens, ? g , rotozoologlca ANt ¢ ens ani ma & gens
(prefer@ply selecte rontanlnals or organi sns as disclosed hereln) al l ergy
antigens, etc. Allergy antigens are typically antigens, which cause an allergy
in a human mr%tcb@n@mrefvw embedigepth dhe ammv\@)stlmulatory sequence according to
211101037533RGh4 ﬁlﬂ%ﬂ-@u%ﬁaud%m&ﬁame MVB& r%d.mtdheth 3 PUI,DESequRRLd GRS AS
encoded by the at | east one ( of the adjuvant conponent of the |nvent|ve
i mrunost i mut'ePEry SEhPEBRHTGsHRY rvBetuenﬁeeH@ym@faﬁtq@én§U%ﬁ@F'§t@a efyigi de the
cell, the tissudmgas forhelalesly, e.g. by secretion of proteins, their

degrada on, netabolism etc.. Such antigens include antigens derived fromthe
host orégnlsnt(e g. a human) |tself e.g. tunor antigens, self-antigens or

aut o- anti gens, such as autO-iﬁﬂﬂﬂﬁ@&ﬂl@%ﬂﬂlNgﬁﬁﬂﬂh@tC., but al so (non-self)
antigens as defined above, which have been originally been derived from host
cells outside the host organism but which are fragnmented or degraded inside
the body, tissue or cell, e.g. by (protease) degradation, netabolism etc.

Pat hogeni ¢ antigens particularly conprise e.g. antigens frominfluenza, 10

i ncl udi ng hemaggl utinin (HA), neuroam dase (NA), matrix protein 1 (M), ion
channel protein M2 (M), nucleoprotein (NP), etc; or e.g. antigens from
respiratory syncytial virus (RSV), including F-protein, Gprotein, etc.



Exanpl es of tunor antigens as encoded by the at |east one (n)RNA of the

adj uvant 25 con;Ponent of the inventive imunosti nul at or osition are shown
in Tabl es 1 YA4d"9"H&t%w. These tables illustrate speci f WMWY anti gens
(i.e. ""tunmor antigens') with respect to the cancer di sease, they are

associated wth. According to the invention, the terns "cancer diseases" and
"tunor di seases" are used synonynously Bgrein. 30Table 1: Antigens expressed
i n cancer diseases Tunmor antigen Nane of tunmor antigen col orectal cancer,
gastric cammreunahardualaiccadmeﬁolem 3&1&%&13\7)58%@ EasPQO@@ﬂO@VMIBeZast 66 907

renal cell ca noma hepat oc

gal | bl adder™¢ eﬁt%ers prfgest #ycdr)gr?’aé?ﬁégvc eoé'd%f' F%ﬁ %%%E:algry I ?%&" ncﬁéogdes

prost at e casvesrmordl pygleRbHPGI at |aspha®betkabtides |armtieglpstnprefeaalbphaStaetlaBt- 2bditegrin
col on cancer % Pde nmet hyl acyl - coenzyne A racemase ART-4 adenocarci nonma

anti gen recognl zed by T cells 4 prostate cancer |ung cancer, head and neck
cancer, 3 euken a, esophageal cancer, gastric cancer, cervical cancer, ovarian

cancer, bregst, ﬁr@rﬂ&r@fstim@gfd)méﬁ%e&%l Accgr%{n%i tlaof%ﬁmﬁZW), the elements G, X and N,

particularly, the core structure GX,,G,, and the elements N, and N,, as well as the integers a, |,
m, n, u and v are as defined above for formula (lll). In the context of the present invention, a
modifying element poly(IV), particularly poly(IV), and/or poly(IV), of an immunostimulatory
10 sequence according to formula (1V), is typically a single-stranded, a double-stranded or a
partially double-stranded nucleic acid sequence, e.g a DNA or RNA sequence as defined
above in general. Preferably, the modifying element poly(IV), particularly poly(IV), and/or
poly(IV), is a homopolymeric stretch of nucleic acids, wherein X may be any nucleotide or
deoxynucleotide or comprises a nucleoside as defined above for X of an immunostimulatory
15 sequence according to formula (lll) or (Illa). Preferably, X may selected independently for each
poly(lV), particularly poly(IV), and/or poly(lV), from a nucleotide or deoxynucleotide or
comprises a nucleoside, wherein the nucleotide (nucleoside)is selected from guanosine
(guanine), uridine (uracil), adenosine (adenine), thymidine (thymine), cytidine (cytosine),
inosine or an analogue of these nucleotides, e.g. from a single-stranded stretch of cytidines
20  (cytosines) (poly(C)), of guanosine (guanine)s (poly(G)), of adenosine (adenine)s (poly(A)), of
uridines (uracils) (poly(U)), of inosines (poly(lll)), etc. or from a homopolymeric double-
stranded stretch of inosines and cytidines (cytoines) (poly(lll:C)), of adenosine (adenine) and
uridines (uracils) (poly(A:U)), etc., wherein the homoplymeric sequence, particularly poly(lll:C)
and/or poly(A:U), may be coupled to the sequence (N, GX,G, N,), of the nucleic acid
25  molecule according to formula (V) via any of its strands, e.g. either using the poly-C, the poly-
, the poly-A or the poly-U sequence. The length of modifying element poly(IV), particularly
poly(IV), and/or poly(IV), of the immunostimulatory sequence of formula (1V) is determined by
integers s and/or t, wherein s and/or t, independent from each other, may be an integer from
about 5 to 100, preferably about 5 to 70, more preferably about 5 to 50, even more preferably
30 about 5 to 30 and most preferably about 5 to 20.



ovarian cancer RACE-1 B antigen bl adder cancer, head and neck cancer, |ung
cancer, nelanoma, squanous cell carcinoma BCL-2 |eukema BIN G4 nelanoma CA
15- 3/ CA 27- YWQ2IBP¥E¥ cancer, ovary cancer, |ung cancefCTHPHeY U S2cancer CA

19-9 gastric cancer, pancreatic cancer, |liver cancer, breast cancer,
gal | bl adder cancer, col on cancer, ovary cancer, lung cancer CA 72-4 ovarian
cancer CAl 25 ovarian cancer, col orectaB7cancer, gastric cancer, |iver cancer,

pancreatic cancer, uterus cancer, cervix carcinoma, colon cancer, breast
cancer, | ungccoatvgeto 6glarteulacyl preferrdsl asldedimestnaetsucEhiVitid rhblecide ageurdiegl tant i gen

on nel aponafopedlggR{)mas%fiﬁég a%g\%,)amsz?y_ :s)’per(]:ﬁéglIyaggmgr?s%ke.(g:.aerllCr?urcle?catzaggp%lc)%cﬁe
cat hepsin L~ Dbreast Gancer
according to formula (IVa),

5 pOIY(x) (Nu GIXmGn Nv)a ’
or a nucleic acid molecule according to formula (IVb),

poly(X) (N, GX,G, N,), poly(X)
10
wherein any of these nucleic acid molecules of formulas (I1Va) or (IVb) likewise has a length of

at least 50 nucleotides, preferably of at least 100 nucleotides, more preferably of at least 150
nucleotides, even more preferably of at least 200 nucleotides and most preferably of at least
250 nucleotides. Similarly, all other definitions apply as set forth for formula (V) or (lll) above.
15  Likewise, said formulas (IV), (IVa) and (IVb) may be defined on basis of a formula according to

formula (Illb), i.e. introducing the core structure CX,,C,.

More preferably, poly(X) in an immunostimulatory sequence according to either formula (IV),
(IVa) and/or (IVb) may be selected from a poly(lV) as defined above, more preferably from
20 poly(l:C) and/or from poly(A:U). These modifying elements poly(X), particularly poly(l:C)
and/or poly(A:U), may be coupled to the sequence according to formula (IV), (IVa) and/or (IVb)
via any of its strands, e.g. either using the poly-C, the poly-G, the poly-I, the poly-A or the

poly-U sequence.

25  Similarly as defined above for formula (111} or (llla), the immunostimulatory sequence according
to either formula (IV), (IVa) and/or (IVb) may be a single-stranded, a double-stranded or a

partially double-stranded nucleic acid molecule, as defined above.

If the immunostimulatory sequence according to formula (IV), (IVa) and/or (1Vb) is a single-

30  stranded nucleic acid molecule, the sequence is typically single-stranded over its entire length.

Likewise, if the immunostimulatory sequence according to either formula (1V), (IVa) and/or
(IVb) is a double-stranded nucleic acid molecule, the sequence is typically double-stranded

over its entire length.
35



breast cancer C019 B-cell nmalignancies CD20 CD22 CD2 CD 30 (CD33 CM
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If the immunostimulatory sequence according to either formula (IV), (IVa) and/or (IVb) is a
partially double-stranded nucleic acid molecule, the nucleic acid sequence of a nucleic acid
molecule of either formula (1V), (IVa) and/or (IVb) may be single-stranded in the region outside
the core structure GX,,G,, and double-stranded in the region of said core structure, the core
5  structure GX,G,, preferably being selected from at least one of the above defined sequences of
SEQ ID NOs: 1-80 or SEQ ID NOs: 81 to 83. Even more preferably, the core structure G X, G,
(or CX,C,) of either formula (1l) (or (Illa)) may be double-stranded in such a region of the core
structure, wherein a stretch of uridines (uracils) occurs, most preferably over the entire uridine
(uracil) stretch or at least 60%, 70%, 80%, 90%, 95%, 98 or 99% thereof.
10
Alternatively or additionally, if the immunostimulatory sequence according to either formula
(IV), (IVa) and/or (IVb) is a partially double-stranded nucleic acid molecule, other parts (than
the core structure G\X,,G,) of the immunostimulatory sequence according to either formula
(IV), (IVa) and/or (IVb) as defined above may be double-stranded. E.g., the nucleic acid
15  sequence of a nucleic acid molecule of either formula (IV), (IVa) and/or (IVb) may be double-
stranded in the region outside the core structure GX,,G,, e.g. in the bordering elements N,
and/or N,, and/or in the modifying element poly(X), e.g. poly(X), and or poly(X), (such as e.g. a
poly(i:C) or poly(A:U) sequence), and e.g. single-stranded in the region of said core structure,
the core structure GX,,G,, preferably being selected from at least one of the above defined
20  sequences of SEQ ID NOs: 1-83. E.g. at least one of the bordering elements N, and/or N,,
and/or at least one of the modifying elements poly(lV), e.g. poly(IV), and or poly(IV), may be
double-stranded, whereas the remaining elements of either formula (IV), (IVa) and/or (IVb), e.g.

the core structure GX,G, and/or other elements, may remain single-stranded.

25  Alternatively or additionally a mixture of a single-stranded nucleic acid molecule according to
either formula (IV), (IVa)) and/ (IVb) and a (partially) double-stranded nucleic acid molecule
according to either formula (IV), (IVa)) and/ (IVb), preferably in a ratio of about 1:10 to 10:1,

more preferably in a ratio of 1:3 to 3:1.

30  According to a particularly preferred embodiment, the immunostimulatory sequence according
to either formula (IV), (IVa) and/or (IVb) may be selected from e.g. any of the following

sequences:



car ci noenbryoni c anti gen gut carcinong,
hepat ocel | ul ar cancer,
li veVO2HEE™ %cer vi x cancer,
cal ciumactivated chloride channel-2 | ung cancer CM.28
Coactosin-like protein
ovari an cancer,

testis-specific protein

cancer,

COX- 2

cyclin Bl

| ung cancer,

col orect al
breast cancer,
bl adder cancer,

cancer, colon cancer,

thyroid cancer, pancreatic
el EEFR2EY/ A2

| eukem a

pancreatic cancer Collagen XXIlI|I prostate cancer

breast cancer, c#® orectal cancer CT-9/13RD6 bronodonain
Cten C-terminal tensin-like protein prostate cancer

- cycdecencdat cavatdican @ancen cyps BuoyelcophBt@ i BO:BBadder cancer,

T-cell | eukem a, squanous cell carcinoma, CYPBl cytochrom P450

| ung cancer,

181 | eukenia CCCCCCCCCC CCCCCCCCCC GG UUUUU UUUUU UUUUU GGG (SEQ TD NO: 89)

5

10

15

20
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30

35
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45

IIIIITITIII IIIYIIYIIIII

CCCCcccccee

Ccceeeccecce
GGGGGGGGGG

CCCccceeccece
UGCGUUCCUA

(SEQ ID NO:

cceeeceececce
GGGGGGGGGG

UAGCGAAGCU
AUCGCUUCGA

CCCCCcccce

CCccececececece

CCCCcCCCCC
GGGGGGGGGG

CCcceececececece
GAAGUACACG

92)

CCCccceecece
GGGGGGGGGG

CUUGGACCUA
GAACCUGGAU

CCcccceeccece

GG UUUUU UUUUU UUUUU GGG (SEQ ID NO: 90)
AAAAA AAAAA AAAAA

GG UUUUU UUUUU UUUUU GGG (SEQ ID NO: 91)
CC AAARA ARAAA AAAARA CCC

UAGCGARAGCU CUUGGACCUA GG UUUUU UUUUU UUUUU GGG

GG UUUUU U0UUU UU00UU GGG UGCGUUCCUA GAAGUACACG
CC AAARA ARAAA AAAAA CCC ACGCAAGGAU CUUCAUGUGC

(SEQ ID NO: 93)

GG UUUUU UUUUU UUUUU GGG UGCGUUCCUA GAAGUACACG

CC AAAAA AAAAA AAAAR CCC ACGCAAGGAU CUUCAUGUGC

UAGCGAAGCU CUUGGACCUA (SEQ ID NO: 94)
AUCGCUUCGA GAACCUGGAU

An immunostimulatory sequence according to formula (Il1) (or (Illa)) as defined above may also
be modified by inserting a stem or a stem loop, e.g. leading to a nucleic acid molecule

according to formula (Va),
(N, stem1 G X,G,stem2 N,).,
or to a nucleic acid molecule according to formula (Vb),
(N, G XnG, N, stem1 N, stem2 N, ,

wherein the nucleic acid molecule of either formula (Va) and/or (Vb) has a length of at least
100 nucleotides, more preferably of at least 150 nucleotides, even more preferably of at least

200 nucleotides and most preferably of at least 250 nucleotides. Likewise, said formulas (Va)



DAM 1/ MACE- 81 DAM 6/ MACE- B2 differentiation antigen nelanoma 10 _
differentiation antigen nelanoma 6 nel anoma, skin tunors, ovarian cancer, |ung
cancer nel aNBAHY'ERPn tunors, ovarian cancer, |uncancefCTEEHYNMEIR? | ung
cancer, ovarian cancer, head and neck cancer, colon cancer, pancreatic
cancer, breast cancer |ung cancer, breast cancer, bladder cancer, ovarian
cancer, brain cancer, |ynphoma EMVWPRI N gainor cel | -associ ated extracel | ul ar
matri x netal |l oproteinase i nducer/ EpCam epithelial cell adhesion nolecule
ovari an cang®f (vbpnege EiRe@Ion K0k W f6@ACLIIIb)) UATbyC Rireeici dgdhe2coep Biridiure ype- A
receptor Zggkkgna EphA3 ephrin type-A receptor 2 nel anoma, sarcoma, |ung
cancer ErbB3"tsreast cancer EZH2 (enhancer of Zeste honol og 2) endonetrium
cancer, nelanonm, prostate cancer, breast cancer FG--5 fibroblast growth

factor-5 r elga(?'llicu?aerlly,I thg(f%r%iunc())s imula Jr)?‘;ﬂesqtuer():c%g8P£ithep{09r%tglgt(\?a) %QQBP{Vbﬂ\épresent
5  variants of formula (lll) as defined above. In a nucleic acid according to any of formulas (Va)
and/or (Vb), the bordering elements N, i.e. N, and/or N,, bordering the core structure
GX.G,, are further augmented by at least one stem or stem loop structure, preferably
consisting of single stem loop elements stem1 and stem2. In the immunostimulatory
sequences according to any of formulas (Va) and/or (Vb) as defined above, the elements G,

10 X and N, particularly, the core structure G\X,,G,, and the integers a, |, m, n, u and v are as
defined above. More preferably integer a = 1. Optionally u and/or v may be 0. Additionally,
elements N, and N,,,, adjacent to stem loop elements stem1 and stem2, represent further
bordering elements, which are defined as described above for bordering elements N,, and/or

N,. Particularly, bordering element N in general is as described above for N in formula (Il)

15 above, and integers w1 and w2 are independently selected from each other and are defined

as above in formula (Il) for integers u and/or v.

In this context, a stem or stem loop structure is an intramolecular base pairing that can
occur in single-stranded DNA or, more commonly, in RNA. The structure is also known as a
20  hairpin or hairpin loop. It occurs when two regions of the same molecule, e.g. stem loop
elements stem1 and stem2, usually palindromic sequence elements in nucleic acid
sequences, form base-pairs with each other, leading to (a double helix that ends in) an
unpaired loop. The unpaired loop thereby typically represents a region of the nucleic acid,
which shows no or nearly no identity or homology with the sequence of either stem1 or
25 stem2 and is thus not capable of base pairing with any of these stem loop elements. The
resulting lollipop-shaped structure is a key building block of many RNA secondary
structures. The formation of a stem-loop structure is thus dependent on the stability of the
resulting helix and loop regions, wherein the first prerequisite is typically the presence of a
sequence that can fold back on itself to form a paired double helix. The stability of paired
30 stem loop elements is determined by the length, the number of mismatches or bulges it
contains (a small number of mismatches is typically tolerable, especially in a long helix),
and the base composition of the paired region. E.g., pairings between guanosine (guanine)

and cytidine (cytosine) may be more preferred in such sequences, since they have three



fibronectin nelanoma Era-1 Fos-rel ated antigen-1 breast cancer, esophageal
cancer, renal cell carcinoma, thyroid cancer G250/ CAlI X gl ycoprotei n 250

| eukeri a, reNAPEEP¥ar ci noma, head and neck cancer, c%F% PUYHEEPS? ovari an
cancer, cervical cancer GAGE-1 G antigen 1 bl adder cancer, |ung cancer,
sarcoma, nel anoma, head and neck cancer GAGE-2 G antigen 2 bl adder cancer,

| ung cancer, sarcoma, nelanoma, head andineck cancer WD 20101037539PC Tf EP
2009100 7032 68 GAGE-3 G antigen 3 bl adder cancer, |ung cancer, sarcona,

nmel anoma, hieakebganbondc knd:aﬂzCﬁforeGAmell:onﬁéc@E tb aﬁemiriegederﬂne)(}idjméi grecil G

antigen 6 bl adder canc ng canc sarconm, neck cancer
bl adger canF():t-':-rrIngs w‘ﬁ ﬂ ﬁaﬁ’gecr’nqy 9wo Pn %NAnEﬁuanosiﬂrﬁ gHan”&E) up%hﬁggrac'g ﬂ%:"ér bl adder

cancer, Iun@moam;emqdemgen@pnmehamdmu bhéa@n@hd'ﬁeckﬂanaénheA@E>@ko CAGE-7b
G antlgen 7. | adder cer, | r ILCQ JYRLa h d neck
cancer %ge% %ﬁgﬁ “gag&ﬁﬁ8&é§$gm§ﬁ§§$5"raa' H%? gy e Qﬂﬁaum fed I%ﬂona head
and neck5camn@w“GDEQﬂdeﬂee@hﬁﬁ@ﬁéﬂﬂlaklyae%phésseésﬁﬁwpﬂbgﬁéPEB|0ngam

sterically less preferable. However, stems, i.e. formations which show no (defined) loop but
just an unpaired region between stem1 and stem2 may also be included. In the context of
the present invention, optimal loop length tends to be about 4-100 bases long, more
preferably 4 to 50 or even 4 to 30 or even 4 to 20 bases.

10
Hence, in the context of an immunostimulatory sequence according to any of formulas (Va)
and/or (Vb), stem loop elements stem1 and stem2 typically represent parts of one stem or
stem loop structure, wherein the stem or stem loop structure may be formed by stem loop
elements stem1 and stem2, and a loop may be formed by a sequence, which is located

15  between these stem loop elements. The stem or stem loop may have the form of a helix in
the base-paired region. Each stem loop element stem1 and stem2, is preferably a nucleic
acid as defined above, more preferably an RNA, and most preferably a single-stranded
RNA, wherein any of nucleotides (nucleosides) or analogs as defined above for core
structure element X may be used as a nucleotides (nucleosides) for either stem1 and/or

20  stem2. Additionally, stem loop element stem1 represents a palindromic sequence of stem
loop element stem2. Both sequences are therefore preferably capable of base pairing with

each other and thus together form basis for a stem or stem loop.

Therefore, stem loop elements stem1 or stem2 may be selected pairwise from any nucleic
25 acid sequence, provided that stem loop elements stem1 or stem2 are palindromic to each
other, i.e. that one sequence is equal to the other (complementary) sequence read
backwards or shows a identiy or homology to this sequence of at least 90%, more
preferably of at least 95%, and most preferably of at least 99% to the other sequence, when
read backwards. Such palindromic sequences stem1 and stem2 may be formed each by a
30  nucleic acid sequence having a length of about 5 to 50, more preferably about 5 to 40 and
most preferably about 5 to 30 nucleic acids, selected from adenosine (adenine), guanosine
(guanine), cytidine (cytosine), uridine (uracil), thymidine (thymine), or an anologue thereof

as defined herein.



prostate cancer GhT-V N-acetyl gl ucosam nyltransferase V glycoprotein 100 kDa
glioma, nelanoma nel anoma gpl 00 GPC3 gl ypican 3 hepatocel | ul ar carcinom,
mel anoma HAGEOREM'¥a¥e antigen bl adder cancer HAST-2 hu&HESRYNSYORi ng t unor - 2
prostate hepsin Her 2/ neu/ Er bE32 human epi dermal receptor- 2/ neurol ogical
breast cancer, bl adder cancer, nelanoma, ovarian cancer, pancreas cancer,
gastric cancer HERV-K-MEL nel anoma HNE4human neutrophil el astase | eukem a
honeobox NKX 3.1 prostate cancer HOW TES14/SC P-1 ovarian cancer HOW TES- 85

Exemplary sequences for stem loop elements stem1 and stem2 may include e.g.:

a) for stem1:
UAGCGAAGCUCUUGGACCUA (SEQ ID NO: 95)

5 for stem?2:
UAGGUCCAAGAGCUUCGCUA (SEQ ID NO: 96)

b) for stem1:
UAGGUCCAAGAGCUUCGCUA (SEQ ID NO: 96)

10 for stem?2:
UAGCGAAGCUCUUGGACCUA (SEQ ID NO: 95)

c) for stem1:
GCCGCGGGCCG (SEQ ID NO: 97)

15 for stem?2:
CGGCCcceeaee (SEQ ID NO: 98)

d) for stem1:
CGGCCCGCGGC (SEQ ID NO: 98)

20 for stem2:
GCCGCGGGCCG (SEQ ID NO: 97)

e) for stem1:
GACACGGUGC (SEQ ID NO: 99)
25 for stem?2:
GCACCGUGCA (SEQ ID NO: 100)

f) for stem1:
GCACCGUGCA (SEQ ID NO: 100)
30 for stem?2:
GACACGGUGC (SEQ ID NO: 99)

g for stem1:
BCCUAGGU (SEQ ID NO: 101)

35 for stem2:
ACCUAGGU (SEQ ID NO: 101)

h) for stem1:
ucGaucca (SEQ ID NO: 102)

40 for stem2:
uceaucca (SEQ ID NO: 102)

1) for stem1:
ccuce (SEQ ID NO: 103)

45 for stem?2:
GCAGG (SEQ ID NO: 104)

) for stem1:
GCAGG (SEQ ID NO: 105)



HPV-E6 cervical cancer HPV-E7 cervical cancer HST-2 gastric cancer hTERT
human tel onerase reverse transcriptase breast cancer, nelanoma, | ung cancer,
ovari an canckf 2'1¢4+6¥ma, Non- Hodgki n- | ynphoma, acute | eFkEFPHOYEERNt est i nal

carboxyl esterase renal cell carcinoma |G- | R colorectal cancer |L-13Ra2
interleukin 13 receptor alpha 2 chain glioblastoma IL-2K colorectal cancer
IL-5 immature lamnin receptor renal4kell carcinoma kallikrein 2 prostate
cancer

for stem2:

ccuce (SEQ ID NO: 106)

etc.

According to one first alternative, the core structure GX,,G, may be located within the stem
loop structure, i.e. the core structure G\X,G, may be located between stem loop elements
stem1 and stem2, thereby preferably forming a loop. Such a nucleic acid molecule is
resembled by formula (Va), having the composition (N, stem1 GX,,G,stem2 N,),, as defined
10 above. When u and/or v = 0, and a = 1 formula (Va) may lead to a specific nucleic acid

molecule “stem1 G\X,,G, stem2“, which is also incorporated by the present invention.

According to another alternative, the core structure G X,,G, may be located outside the steml
loop structure, wherein likewise stem loop elements stem1 and stem2 may be separated
15  from each other by a sequence, preferably a bordering element N, e.g. N,,; or N,,,, which
then may form a loop structure upon base pairing of stem loop elements stem1 and stem?2.
Additionally, stem loop elements 1 and/or 1, adjacent to the core structure GX,,G, may be
separated from the core structure G\X,,G, by a further bordering element, e.g. N,,; or N,,.
According to the present invention, such a nucleic acid is resembled by formula (Vb),

20  having the composition (N, G X,,G, N,), stem1 N,,, stem2 N,,, as defined above.

The immunostimulatory sequence according to either formula (Va) and/or (Vb) may be
single-stranded, or partially double-stranded. If the immunostimulatory sequence according
to either formula (Va) and/or (Vb) is a single-stranded nucleic acid molecule, the sequence
25 is typically single-stranded over its entire length. If the immunostimulatory sequence
according to either formula (Va) and/or (Vb) is a partially double-stranded nucleic acid
molecule, the nucleic acid molecule of either formula (Va) and/or (Vb) preferably may be
single-stranded in the region of the stem loop elements stem1 and stem2 and in the regions
of the loop formed by either the core structure GX,G, or by any other element, e.g. N,,, or
30 N,,. Elements positioned outside the stem loop elements stem1 and stem2 and in the
regions of the loop formed by either the core structure GX,,G, or by any other element, e.g.
N, or N,, may then be, independent from each other, single or double-stranded.
Alternatively or additionally a mixture of a single-stranded or partially double-stranded

nucleic acid molecule according to either formula (Va) or (Vb) and a (partially) double-



WO 211101037539PCT/ E, P21109/ 01174132 69 kal li krein 4 prostate cancer
prostate cancer, breast cancer, NonHodgki n-|ynphonma, nel anoma Kl AA0205

Ki 67

bl adder canc¥f 2KRYE1 Kit a- kyushu 1ung cancer antigen FPCTHRYUUREEr KM HNI - 1
t ongue cancer, hepatocellul ar carci nomas, nelanoma, gastric cancer,
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according to either formula (Va) and/or (Vb), respectively, may be selected from e.g. any of

the following sequences:

UAGCGAAGCU CUUGGACCUA GG UUUUU UUUUU UUUUU GGG UAGGUCCAAG AGCUUCGCUA
(SEQ ID NO: 107)

- UAGCGAAGCU CUUGGACCUA GG UUUUU UUUUU UUUUU GGG UGCGUUCCUA GAAGUACACG
GCCGCGGGCCG UGCGUUCCUA GAAGUACACG CGGCCCGCGGC UGCGUUCCUA GAAGUACACG
(SEQ ID NO: 108)

(stem1 and stem2 are underlined, the core structure GX,,G, is written in bold);

The immunostimulatory sequence of formula (1), (I1), (1), (Il1a), (IV), (IVa), (IVb), (Va) and/or
(Vb) as defined above, is typically a nucleic acid, which may be in the form of any DNA or
RNA, preferably, without being limited thereto, a circular or linear DNA or RNA, a single-
or a double-stranded DNA or RNA (which may also be regarded as an DNA or RNA due to
non-covalent association of two single-stranded DNAs or RNAs) or a partially double-
stranded DNA or RNA (which is typically formed by a longer and at least one shorter single-
stranded DNA or RNA molecule or by at least two single-stranded DNA or RNA-molecules,
which are about equal in length, wherein one or more single-stranded DNA or RNA
molecules are in part complementary to one or more other single-stranded DNA or RNA
molecules and thus form a double-stranded RNA in this region), e.g. a (partially) single-
stranded DNA or RNA, mixed with regions of a (partially) double-stranded DNA or RNA.
Preferably, the nucleic acid molecule of formula (1), (II), (1), (lla), (IV), (IVa), (IVb), (Va)
and/or (Vb) as defined above may be in the form of a single- or a double-stranded DNA or
RNA, more preferably a partially double-stranded DNA or RNA. It is also preferred that the
immunostimulatory sequence of formula (1), (I1), (1), (I1a), (IV), (IVa), (IVb), (Va) and/or (Vb)
as defined above is in the form of a mixture of a single-stranded nucleic and double

stranded DNA or RNA.
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defined above), can positively stimulate the innate immune response in a patient to be
treated by addressing the PAMP-(pathogen associated molecular pattern) receptors for
single-stranded RNA (TLR-7 and TLR-8) as well as the PAMP-receptors for double-stranded
RNA (TLR-3, RIG-I and MDA-5). Receptors TLR-3, TLR-7 and TLR-8 are located in the
endosome and are activated by RNA taken up by the endosome. In contrast, RIG-I and
MDA-5 are cytoplasmic receptors, which are activated by RNA, which was directly taken
up into the cytoplasm or which has been released from the endosomes (endosomal release
or endosomal escape). Accordingly, any partially double-stranded immunostimulatory
sequence of formula (1), (I1), (1), (Nla), (IV), (IVa), (IVb), (Va) and/or (Vb) as defined above is
capable of activating different signal cascades of immunostimulation and thus leads to an

innate immune response or enhances such a response significantly.

Nucleic acid molecules of either formula (1), (1), (D), (I11a), (1V), (IVa), (IVb), (Va) and/or (Vb)
as defined above, may be prepared using any method known in the art, including synthetic
methods such as e.g. solid phase synthesis, as well as in vitro methods such as /n vitro
transcription reactions. Preferably, an /n vitro transcription is used for preparation of the
immunostimulatory sequences. As surprisingly found by the inventors of the present
invention, nucleic acid molecules of either formula (I), (I1), (1), (1a), (IV), (IVa), (IVb), (Va)
and/or (Vb) as defined above show an even better stimulation of the innate immune system,
when prepared by an in vitro transcription due to its 5’-phosphate, when compared to
nucleic acid molecules of either formula (1), (11), (Itl), (Illa), (IV), (iVa), (IVb), (Va) and/or (Vb)
prepared by synthetic methods. Such a stimulation of the innate immune system is, without
being bound thereto, contributed to the activation of the receptor RIG-1. Accordingly,
nucleic acid molecules of either formula (1), (Il), (i), (Illa), (IV), (IVa), (IVb), (Va) and/or (Vb)
as defined above are particularly preferred, when prepared by an /n vitro transcription

reaction.

Furthermore, (classes of) RNA molecules, which may be used for the at least one (m)RNA of

the adjuvant component of the inventive immunostimulatory composition, may include any
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other RNA capable of eliciting an immune response. Without being limited thereto, such
an immunostimulatory RNA may include ribosomal RNA (rRNA), transfer RNA (tRNA),
messenger RNA (mRNA), and viral RNA (VRNA).

5  According to a third embodiment, the at least one (m)RNA of the adjuvant component of
the inventive immunostimulatory composition may be an siRNA. An siRNA is of interest
particularly in connection with the phenomenon of RNA interference. Attention was drawn
to the phenomenon of RNA interference in the course of immunological research. In recent
years, an RNA-based defence mechanism has been discovered, which occurs both in the

10  kingdom of the fungi and in the plant and animal kingdom and acts as an "immune system
of the genome". The system was originally described in various species independently of
one another, first in C. elegans, before it was possible to identify the underlying mechanisms
of the processes as being identical: RNA-mediated virus resistance in plants, PTGS
(posttranscriptional gene silencing) in plants, and RNA interference in eukaryotes are

15  accordingly based on a common procedure. The /n vitro technique of RNA interference
(RNAI) is based on double-stranded RNA molecules (dsRNA), which trigger the sequence-
specific suppression of gene expression (Zamore (2001) Nat. Struct. Biol. 9: 746-750; Sharp
(2001) Genes Dev. 5:485-490: Hannon (2002) Nature 41: 244-251). In the transfection of
mammalian cells with long dsRNA, the activation of protein kinase R and Rnasel brings

20  about unspecific effects, such as, for example, an interferon response (Stark et a/. (1998)
Annu. Rev. Biochem. 67: 227-264; He and Katze (2002) Viral Immunol. 15: 95-119).
Recently, dsRNA molecules have also been used /n vivo (McCaffrey et al. (2002), Nature
418: 38-39; Xia et a/ (2002), Nature Biotech. 20: 1006-1010; Brummelkamp et a/. (2002),
Cancer Cell 2: 243-247). Thus, an siRNA used for the at least one (m)RNA of the adjuvant

25  component of the inventive immunostimulatory composition may be an immunostimulatory
RNA, and typically comprises a (single- or) double stranded, preferably a double-stranded,
RNA sequence with about 8 to 30 nucleotides, preferably 17 to 25 nucleotides, even more
preferably from 20 to 25 and most preferably from 21 to 23 nucleotides. In principle, all
the sections having a length of from 17 to 29, preferably from 19 to 25, most preferably

30 from 21 to 23 base pairs that occur in the coding region of an RNA sequence as mentioned
above can serve as target sequence for such an siRNA. Equally, siRNAs can also be directed
against nucleotide sequences of a protein, particularly of regulatory proteins, which

negatively regulate induction of an (innate or adaptive) immune response, that do not lie in
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therefore, against non-coding regions of an RNA having a regulatory function. The target
sequence of the siRNA, used as the at least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition, can therefore lie in the translated and/or
5  untranslated region of the nucleotide sequence of such a protein as defined above and/or in
the region of its control elements. The target sequence of an siRNA as defined above can
also lie in the overlapping region of untranslated and translated sequence; in particular, the
target sequence can comprise at least one nucleotide upstream of the start triplet of the
coding region of the RNA.
10
According to a fourth embodiment, the at least one (m)RNA of the adjuvant component of
the inventive immunostimulatory composition may be an antisense RNA. In the context of
the present invention, an antisense RNA is preferably a (single-stranded) RNA molecule
transcribed off the coding, rather than the template, strand of a DNA, so that (preferably) the
15 (entire) anti-sense mMRNA sequence is complementary to the sense (messenger) RNA. An
antisense RNA as defined herein typically forms a duplex between the sense and antisense
RNA molecules and is thus capable to block transcription of the coding strand. An
antisense RNA used as the at least one (m)RNA of the adjuvant component of the inventive
immunostimulatory composition can be directed against the nucleotide sequences, e.g. a
20 (naturally occurring) mRNA or genomic sequence encoding a protein or peptide, which
may be selected from any protein or peptide sequence suitable for that purpose. Preferably,
the antisense RNA used herein as at least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition comprises a length as defined above in general
for RNA molecules, more preferably a length of 1000 to 5000, of 500 to 5000, of 5 to 5000,
25 orof 5to 1000, 5 to 500, 5 to 250, of 5 to 100, of 5 to 50 or of 5 to 30 nucleotides.

According to a fifth embodiment, the at least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition may be a coding RNA. Such a coding RNA may
be any RNA as defined above. Preferably, such a coding RNA may be a single- or a
30  double-stranded RNA, more preferably a single-stranded RNA, and/or a circular or linear
RNA, more preferably a linear RNA. Even more preferably, the coding RNA may be a
(linear) single-stranded RNA. Most preferably, the coding RNA may be a ((linear) single-
stranded) messenger RNA (mMRNA). The coding RNA used as the at least one (m)RNA of the
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therapeutically active proteins or peptides, from antigens, e.g. tumor antigens, pathogenic
antigens (e.g. selected from pathogenic proteins as defined above or from animal antigens,
5 viral antigens, protozoal antigens, bacterial antigens, allergic antigens), autoimmune
antigens, or further antigens, from allergens, from antibodies, from immunostimulatory
proteins or peptides, from antigen-specific T-cell receptors, or from any other protein or
peptide suitable for a specific (therapeutic) application, wherein the coding RNA used as the
at least one (MRNA of the adjuvant component of the inventive immunostimulatory
10 composition may be transported into a cell, a tissue or an organism and the protein may be

expressed subsequently in this cell, tissue or organism.

a) Therapeutically active proteins

In this context, therapeutically active proteins encoded by the at least one (m)RNA of the
15 adjuvant component of the immunostimulatory composition may be selected from any
naturally occurring recombinant or isolated proteins known to a skilled person from the
prior art. Without being restricted thereto therapeutically active proteins may comprise
proteins, capable of stimulating or inhibiting the signal transduction in the cell, e.g.
cytokines, antibodies, etc. Therapeutically active proteins may thus comprise cytokines of
20 class | of the family of cytokines, having 4 positionally conserved cysteine residues
(CCCC) and comprising a conserved sequence motif Trp-Ser-X-Trp-Ser (WSXWS),
wherein X is a non-conserved amino acid. Cytokines of class | of the family of cytokines
comprise the GM-CSF subfamily, e.g. IL-3, IL-5, GM-CSF, the IL-6-subfamily, e.g. IL-6, IL-
11, IL-12, or the IL-2-subfamily, e.g. IL-2, IL-4, IL-7, IL-9, IL-15, etc., or the cytokines IL-
25 lalpha, IL-1beta, IL-10 etc. Therapeutically active proteins may also comprise cytokines
of class Il of the family of cytokines, which also comprise 4 positionally conserved
cystein residues (CCCC), but no conserved sequence motif Trp-Ser-X-Trp-Ser (WSXWS).
Cytokines of class Il of the family of cytokines comprise e.g. IFN-alpha, IFN-beta, IFN-
gamma, etc. Therapeutically active proteins may additionally comprise cytokines of the
30 family of tumor necrose factors, e.g. TNF-alpha, TNF-beta, etc., or cytokines of the family
of chemokines, which comprise 7 transmembrane helices and interact with G-protein,
e.g. IL-8, MIP-1, RANTES, CCRS5, CXR4, etc., or cytokine specific receptors, such as TNF-
RI, TNF-RIl, CD40, OX40 (CD134), Fas,.
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Therapeutically active proteins encoded by the at least one (m)RNA of the adjuvant
component of the immunostimulatory composition may also be selected from any of the
proteins given in the following: OATL3, OFC3, OPA3, OPD2, 4-1BBL, 5T4, 6Ckine, 707-
5 AP, 9D7, A2M, AA, AAAS, AACT, AASS, ABAT, ABCA1, ABCA4, ABCB1, ABCBI11,
ABCB2, ABCB4, ABCB7, ABCC2, ABCC6, ABCC8, ABCD1, ABCD3, ABCG5, ABCGS,
ABL1, ABO, ABR ACAA1, ACACA, ACADL, ACADM, ACADS, ACADVL, ACATI,
ACCPN, ACE, ACHE, ACHM3, ACHMT1, ACLS, ACPI, ACTA1, ACTC, ACTN4, ACVRLI,
AD2, ADA, ADAMTS13, ADAMTS2, ADFN, ADH1B, ADH1C, ADLDH3A2, ADRB2,
10 ADRB3, ADSL, AEZ, AFA, AFD1, AFP, AGA, AGL, AGMX2, AGPS, AGS1, AGT, AGTR1,
AGXT, AH02, AHCY, AHDS, AHHR, AHSG, AIC, AIED, AlH2, AIH3, AIM-2, AIPL1,
AIRE, AK1, ALAD, ALAS2, ALB, HPG1, ALDH2, ALDH3A2, ALDH4A1, ALDH5AT1,
ALDH1A1, ALDOA, ALDOB, ALMS1, ALPL, ALPP, ALS2, ALX4, AMACR, AMBP, AMCD,
AMCD1, AMCN, AMELX, AMELY, AMGL, AMH, AMHR2, AMPD3, AMPD1, AMT, ANC,
15 ANCR, ANK1, ANOP1, AOM, APOA4, APOC2, APOC3, AP3B1, APC, aPKC, APOA2,
APOA1, APOB, APOC3, APOC2, APOE, APOH, APP, APRT, APS1, AQP2, AR, ARAFT,
ARG1, ARHGEF12, ARMET, ARSA, ARSB, ARSC2, ARSE, ART-4, ARTC1/m, ARTS,
ARVD1, ARX, AS, ASAH, ASAT, ASD1, ASL, ASMD, ASMT, ASNS, ASPA, ASS, ASSP2,
ASSP5, ASSP6, AT3, ATD, ATHS, ATM, ATP2A1, ATP2A2, ATP2C1, ATP6B1, ATP7A,
20 ATP7B, ATP8B1, ATPSK2, ATRX, ATXN1, ATXN2, ATXN3, AUTS1, AVMD, AVP,
AVPR2, AVSD1, AXIN1, AXIN2, AZF2, B2M, B4GALT7, B7H4, BAGE, BAGE-1, BAX,
BBS2, BBS3, BBS4, BCA225, BCAA, BCH, BCHE, BCKDHA, BCKDHB, BCL10, BCL2,
BCL3, BCL5, BCL6, BCPM, BCR, BCR/ABL, BDC, BDE, BDMF, BDMR, BEST1, beta-
Catenin/m, BF, BFHD, BFIC, BFLS, BFSP2, BGLAP,BGN, BHD, BHR1, BING-4, BIRCS,
25 BJS, BLM, BLMH, BLNK, BMPR2, BPGM, BRAF, BRCA1, BRCA1/m, BRCA2, BRCA2/m,
BRCD2, BRCD1, BRDT, BSCL, BSCL2, BTAA, BTD, BTK, BUB1, BWS, BZX, COL2AT,
COL6A1, CINH, C1QA, C1QB, C1QG, C1S, C2, C3, C4A, C4B, C5, C6, C7, C7orf2,
C8A, C8B, C9, CA125, CA15-3/CA 27-29, CA195, CA19-9, CA72-4, CA2, CA242, CA5Q,
CABYR, CACD, CACNA2D1, CACNATA, CACNA1TF, CACNA1S, CACNB2, CACNB4,
30 CAGE, CA1, CALB3, CALCA, CALCR, CALM, CALR, CAM43, CAMEL, CAP-1, CAPN3,
CARD15, CASP-5/m, CASP-8, CASP-8/m, CASR, CAT, CATM, CAV3, CB1, CBBM, CBS,
CCA1, CCAL2, CCAL1, CCAT, CCL-1, CCL-11, CCL-12, CCL-13, CCL-14, CCL-15, CCL-
16, CCL-17, CCL-18, CCL-19, CCL-2, CCL-20, CCL-21, CCL-22, CCL-23, CCL-24, CCL-
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25, CCL-27, CCL-3, CCL-4, CCL-5, CCL-7, CCL-8, CCM1, CCNB1, CCND1, CCO, CCR2,
CCRS, CCT, CCV, CCZS, CD1, CD19, CD20, CD22, CD25, CD27, CD27L, c¢D3, CD30,
CD30, CD30L, CD33, CD36, CD3E, CD3G, CD3Z, CD4, CD40, CD40L, CD44, CDA44v,
CD44v6, CD52, CD55, CD56, CD59, CD80, CD86, CDAN1, CDAN2, CDAN3, CDC27,
CDC27/m, CDC2L1, CDH1, CDK4, CDK4/m, CDKN1C, CDKN2A, CDKN2A/m,
CDKN1A, CDKN1C, CDL1, CDPD1, CDR1, CEA, CEACAM1, CEACAMS, CECR, CECR9,
CEPA, CETP, CFNS, CFTR, CGF1, CHAC, CHED2, CHED1, CHEK2, CHM, CHML,
CHR39C, CHRNA4, CHRNA1, CHRNB1, CHRNE, CHS, CHS1, CHST6, CHX10, CIAST,
CIDX, CKN1, CLA2, CLA3, CLA1, CLCA2, CLCN1, CLCN5, CLCNKB, CLDN16, CLP,
CLN2, CLN3, CLN4, CLN5, CLN6, CLN8, C1QA, C1QB, C1QG, C1R, CLS, CMCWTD,
CMDJ, CMD1A, CMD1B, CMH2, MH3, CMH6, CMKBR2, CMKBR5, CML28, CML66,
CMM, CMT2B, CMT2D, CMT4A, CMTIA, CMTX2, CMTX3, C-MYC, CNA1, CND,
CNGA3, CNGA1, CNGB3, CNSN, CNTF, COA-1/m, COCH, COD2, COD1, COH1,
COL10A, COL2A2, COL11A2, COL17A1, COL1A1, COL1A2, COL2A1, COL3AT1,
COL4A3, COL4A4, COL4A5, COL4A6, COL5A1, COL5A2, COL6A1, COL6A2,
COL6A3, COL7A1, COL8A2, COL9A2, COL9A3, COLT1A1, COL1A2, COL23AT1,
COL1A1, COLQ, COMP, COMT, CORDS, CORD1, COX10, COX-2, CP, CPB2, CPO,
CPP, CPS1, CPT2, CPT1A, CPX, CRAT, CRB1, CRBM, CREBBP, CRH, CRHBP, CRS, CRV,
CRX, CRYAB, CRYBA1, CRYBB2, CRYGA, CRYGC, CRYGD, CSA, CSE, CSF1R, CSF2RA,
CSF2RB, CSF3R, CSFIR, CST3, CSTB, CT, CT7, CT-9/BRD6, CTAA1, CTACK, CTEN,
CTH, CTHM, CTLA4, CTM, CTNNB1, CTNS, CTPA, CTSB, CTSC, CTSK, CTSL, CTS1,
CUBN, CVD1, CX3CL1, CXCL1, CXCL10, CXCL11, CXCL12, CXCL13, CXCL16, CXCL2,
CXCL3, CXCL4, CXCL5, CXCL6, CXCL7, CXCL8, CXCL9, CYBS, CYBA, CYBB, CYBBS, ,
CYFRA 21-1, CYLD, CYLD1, CYMD, CYP11B1, CYP11B2, CYP17, CYP17A1, CYP19,
CYP19A1, CYP1A2, CYP1B1, CYP21A2, CYP27A1, CYP27B1, CYP2A6, CYP2C,
CYP2C19, CYP2C9, CYP2D, CYP2D6, CYP2D7P1, CYP3A4, CYP7B1, CYPB1, CYP11B1,
CYP1A1, CYP1B1, CYRAA, D40,DADI, DAM, DAM-10/MAGE-B1, DAM-6/MAGE-B2,
DAX1, DAZ, DBA, DBH, DBI, DBT, DCC, DC-CK1, DCK, DCR, DCX, DDB 1, DDB2,
DDIT3, DDU, DECR1, DEK-CAN, DEM, DES, DF,DFN2, DFN4, DFN6, DFNA4, DFNA5,
DFNBS5, DGCR, DHCR7, DHFR, DHOF, DHS, DIA1, DIAPH2, DIAPH1, DiIH1, DIOT,
DISCI, DKC1, DLAT, DLD, DLL3, DLX3, DMBT1, DMD, DM1, DMPK, DMWD, DNAI1,
DNASE1, DNMT3B, DPEP1, DPYD, DPYS, DRD2, DRD4, DRPLA, DSCR1, DSG1, DSP,
DSPP, DSS, DTDP2, DTR, DURS1, DWS, DYS, DYSF, DYT2, DYT3, DYT4, DYT2, DYTI,
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EDA, EDAR, ECA1, EDN3, EDNRB, EEC1, EEF1AIL14, EEGV1, EFEMP1, EFTUD2/m,
EGFR, EGFR/Her1, EGI, EGR2, EIF2AK3, elF4G, EKV, EI 1S, ELA2, ELF2, ELF2M, ELKI,
ELN, ELONG, EMD, EML1, EMMPRIN, EMX2, ENA-78, ENAM, END3, ENG, ENOI,
ENPP1, ENUR2, ENUR1, EOS, EP300, EPB41, EPB42, EPCAM, EPD, EphA1, EphA2,
EphA3, EphrinA2, EphrinA3, EPHX1, EPM2A, EPO,EPOR, EPX, ERBB2, ERCC2
ERCC3,ERCC4, ERCCS5, ERCC6, ERVR, ESR1, ETFA, ETFB, ETFDH, ETM1, ETV6-AMLI,
ETV1, EVC, EVR2, EVR1, EWSR1, EXT2, EXT3, EXT1, EYA1, EYCL2, EYCL3, EYCLI,
EZH2, F10, F11, F12, F13A1, F13B, F2, F5, F5F8D, F7, F8, F8C, F9, FABP2, FACL6, FAH,
FANCA, FANCB, FANCC, FANCD2, FANCF, FasL,FBN2, FBN1, FBPI,
FCG3RA,FCGR2A, FCGR2B, FCGR3A, FCHL, FCMD, FCP1, FDPSL5, FECH, FEO,
FEOM1, FES, FGA, FGB, FGD1, FGF2, FGF23, FGF5, FGFR2, FGFR3, FGFR1, FGG,
FGS1, FH, FIC1, FIH, F2, FKBP6, FLNA, FLT4, FMO3,FMO4, FMR2, FMR1, FN, FN1/m,
FOXC1, FOXE1, FOXL2, FOXO1A, FPDMM, FPF, Fra-1, FRAXF, FRDA, FSHB,
FSHMD1A, FSHR, FTH1, FTHL17, FTL, FTZF1, FUCA1, FUT2, FUT6, FUT1, FY, G250,
G250/CAIX, G6PC, G6PD, G6PT1, G6PT2, GAA, GABRA3, GAGE-1, GAGE-2, GAGE-3,
GAGE-4, GAGE-5, GAGE-6, GAGE-7b, GAGE-8, GALC, GALE, GALK1, GALNS, GALT,
GAMT, GAN, GAST, GASTRIN17, GATA3, GATA, GBA, GBE, GC, GCDH, GCGR,
GCH1, GCK, GCP-2, GCS1, G-CSF, GCSH, GCSL, GCY, GDEP,GDF5, GDI1, GDNF,
GDXY, GFAP, GFND, GGCX, GGT1, GH2, GH1, GHR, GHRHR, GHS, GIF, GINGF,
GIP, GJA3, GJA8, GJB2, GJB3, GJB6, GJB1, GK, GLA, GLB, GLB1, GLC3B, GLC18,
GLCI1C, GLDC, GLI3, GLP1, GLRA1, GLUD1, GM1 (fuc-GM1), GM2A, GM-CSF, GMPR,
GNAI2, GNAS, GNAT1, GNB3, GNE, GNPTA, GNRH, GNRH1, GNRHR, GNS, GnT-V,
gp100, GP1BA, GP1BB, GP9, GPC3, GPD2, GPDS1, GPl, GP1BA, GPNILW,
GPNMB/m, GPSC, GPX1, GRHPR, GRK1, GROa, GROB, GROy, GRPR, GSE, GSMT1,
GSN, GSR, GSS, GTD, GTS, GUCA1A, GUCY2D, GULOP, GUSB, GUSM, GUST,
GYPA, GYPC, GYS1, GYS2, HOKPP2, HOMG2, HADHA, HADHB, HAGE, HAGH, HAL,
HAST-2, HB 1, HBA2, HBA1, HBB, HBBP1, HBD, HBE1, HBG2, HBG1, HBHR, HBP1,
HBQ1, HBZ, HBZP, HCA, HCC-1, HCC-4, HCF2, HCG, HCL2, HCL1, HCR, HCVS, HD,
HPN, HER2, HER2/NEU, HER3, HERV-K-MEL, HESX1, HEXA, HEXB, HF1, HFE, HF1,
HGD, HHC2, HHC3, HHG, HK1 HLA-A, HLA-A*0201-R170l, HLA-A11/m, HLA-A2/m,
HLA-DPB1 HLA-DRA, HLCS, HLXB9, HMBS, HMGA2, HMGCL, HMI, HMN2, HMOX1,
HMST HMW-MAA, HND, HNE, HNF4A, HOAC, HOMEOBOX NKX 3.1, HOM-TES-

ubi qui tous 1 bl adder
ubi quitous 1 bl adder cancer,

cancer,



mel anoma SACE sarconma antigen SART-1 SART-2 squanous antigen rejecting

tunor 1 squanous antigen rejecting tunor 1 esophageal cancer, head and neck
cancer, | unO2U4H¥%¥ uterine cancer head and neck cad&&EP2|0¢P'%ancer,
renal cell carcinoma, nelanoma, brain tunmor SART-3 squanopus antigen rejecting

tunor 1 head and neck cancer, lung cancer, |eukem a, nel anoma, esophageal
cancer SCC squanous cell carcinoma anti §&2n |ung cancer Spl 7 spermoprotein 17
mul ti pl e nyel oma SSX-1 synovial sarcona X breakpoint 1 hepatocellular cell
carci nom br aasCrPaant@m-15S65 2 HEMMEILHCEND 8y rtdRy | 1IdPC s alieD, il PR2, bHBEkK poPitt, 2 br east

Caneer S PRSI B LB, Al Shns S e hoFE |l
HRX, HSD11B2, HSD17B3, HSD17B4, HSD3B2, HSD3B3, HSN1, HSP70-2M, HSPG2,
HST-2, HTC2, HTC1, hTERT, HTN3, HTR2C, HVBS6, HVBS1, HVEC, HV1S, HYALIT,
5 HYR, 1-309, 1AB, IBGC1, IBM2, ICAM1, ICAM3, iCE, ICHQ, ICRS5, ICR1, ICS 1, IDDMZ,
IDDM1, IDS, IDUA, IF, IFNa/b, IFNGR1, IGAD1, IGER, IGF-1R, IGF2R, IGF1, IGH,
IGHC, IGHG2, IGHG1, IGHM, IGHR, IGKC, IHG1, IHH, IKBKG, IL1, IL-1 RA, IL10, IL-
11, 1L12, IL12RB1, IL13, IL-13Ra2, IL-15, IL-16, IL-17, IL18, IL-1a, IL-1a, IL-1b, IL-1B,
IL1RAPL1, IL2, IL24, IL-2R, IL2RA, IL2RG, IL3, IL3RA,IL4, IL4R,IL4R, IL-5, IL6, IL-7, IL7R,
10 IL-8, IL-9, Immature laminin receptor, IMMP2L, INDX, INFGR1, INFGR2, INFa, IFN,
INFy, INS, INSR, INVS, IP-10, IP2, IPF1, IP1, IRF6, IRS1, ISCW, ITGA2, ITGA2B, ITGA®,
ITGA?7, ITGB2, ITGB3, ITGB4, ITIH1, ITM2B, IV, IVD, JAG1, JAK3, ]BS, JBTS1, JMS, JPD,
KALT, KAL2, KALI, KLK2, KLK4, KCNA1, KCNE2, KCNE1, KCNH2, KCNJ1, KCNJ2,
KCNJ1, KCNQ2, KCNQ3, KCNQ4, KCNQ1, KCS, KERA, KFM, KFS, KFSD, KHK, ki-67,
15 KIAA0020, KIAA0205, KIAA0205/m, KIF1B, KIT, KK-LC-1, KLK3, KLKB1, KM-HN-1,
KMS, KNG, KNO, K-RAS/m, KRAS2, KREV1, KRT1, KRT10, KRT12, KRT13, KRT14,
KRT14L1, KRT14L2, KRT14L3,KRT16, KRT16L1, KRT16L2, KRT17, KRT18, KRT2A,
KRT3, KRT4, KRT5, KRT6 A, KRT6B, KRT9, KRTHB1, KRTHB6, KRT1, KSA, KSS, KWE,
KYNU, LOH19CR1, L1CAM, LAGE, LAGE-1, LALL, LAMA2, LAMA3, LAMB3, LAMBI1,
20 LAMC2, LAMP2, LAP, LCAS5, LCAT, LCCS, LCCS 1, LCFS2, LCS1, LCT, LDHA, LDHB,
LDHC, LDLR, LDLR/FUT, LEP, LEWISY, LGCR, LGGF-PBP, LGI1, LGMD2H, LGMD1A,
LGMD1B, LHB, LHCGR, LHON, LHRH, LHX3, LIF, LIG1, LIMM, LIMP2, LIPA, LIPA,
LIPB, LIPC, LIVIN, L1CAM, LMANT1, LMNA, LMX1B, LOLR, LOR, LOX, LPA, LPL, LPP,
LQT4, LRPS5, LRS 1, LSFC, LT- B, LTBP2, LTC4S, LYL1, XCL1, LYZ, M344, MA50, MAA,
25 MADH4, MAFD2, MAFD1, MAGE, MAGE-A1, MAGE-A10, MAGE-A12, MAGE-A2,
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGEB1, MAGE-B10, MAGE-B16, MAGE-
B17, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6, MAGE-C1, MAGE-C2,
MAGE-C3, MAGE-D1, MAGE-D2, MAGE-D4, MAGE-E1, MAGE-E2, MAGE-F1,MAGE-
H1, MAGEL2, MGB1, MGB2, MAN2A1, MAN2B1, MANBA, MANBB, MAOA, MAOB,
30 MAPKS8IP1, MAPT, MART-1, MART-2, MART2/m, MAT1A, MBL2, MBP, MBS1, MCIR,
MC2R, MC4R, MCC, MCCC2, MCCC1, MCDR1, MCF2, MCKD, MCL1, MCIR,
MCOLN1, MCOP, MCOR, MCP-1, MCP-2, MCP-3, MCP-4, MCPH2, MCPH1, MCS, M-
CSF, MDB, MDCR, MDM2, MDRYV, MDS 1, ME1, ME1/m, ME2, ME20, ME3, MEAX,
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MEB, MEC CCL-28, MECP2, MEFV, MELANA, MELAS, MENT MSLN, MET, MF4, MG50,
MGS50/PXDN, MGAT2, MGATS5, MGC1 MGCR, MGCT, MGI, MGP, MHC2TA, MHS2,
MHS4, MIC2, MIC5, MIDI, MIF, MIP, MIP-5/HCC-2, MITF, M]D, MKI167, MKKS, MKS1,
MLH1, MLL, MLLT2, MLLT3, MLLT7, MLLT1, MLS, MLYCD, MMA1a, MMP 11, MMVP1,
MN/CA IX-Antigen, MNG1, MN1, MOC31, MOCS2, MOCS1, MOG, MORC, MOS,
MOV18, MPD1, MPE, MPFD, MPI, MPIF-1, MPL, MPO, MPS3C, MPZ, MRE11A, MROS,
MRP1, MRP2, MRP3, MRSD, MRX14, MRX2, MRX20, MRX3, MRX40, MRXA, MRX1,
MS, MS4A2, MSD, MSH2, MSH3, MSH6, MSS, MSSE, MSX2, MSX1, MTATP6, MTCO3,
MTCO1, MTCYB, MTHFR, MTM1, MTMR2, MTND2, MTND4, MTND5, MTNDS6,
MTND1, MTP, MTR, MTRNR2, MTRNR1, MTRR,MTTE, MTTG, MTTI, MTTK, MTTL2,
MTTL1, MTTN, MTTP, MTTS1, MUC1,MUC2, MUC4, MUC5AC, MUM-1, MUM-1/m,
MUM-2, MUM-2/m, MUM-3, MUM-3/m, MUT, mutant p21 ras, MUTYH, MVK, MX2,
MXI1, MYO5A, MYB, MYBPC3, MYC, MYCL2, MYH6, MYH7, MYL2, MYL3, MYMY,
MYO15A, MYO1G, MYO5A, MYO7A, MYOC, Myosin/m, MYP2, MYP1, NA88-A, N-
acetylglucosaminyltransferase-V, NAGA, NAGLU, NAMSD, NAPB, NAT2, NAT, NBIAT,
NBS1, NCAM, NCF2, NCF1, NDN , NDP, NDUFS4, NDUFS7, NDUFS8, NDUFV1,
NDUFV2, NEB, NEFH, NEM1, Neo-PAP, neo-PAP/m, NEU1, NEUROD1, NF2, NF1,
NFYC/m, NGEP, NHS, NKS1, NKX2E, NM, NME1, NMP22, NMTC, NODAL, NOG,
NOS3, NOTCH3, NOTCH1, NP, NPC2, NPC1, NPHL2, NPHP1, NPHS2, NPHST1,
NPM/ALK, NPPA, NQO1, NR2E3, NR3C1, NR3C2, NRAS, NRAS/m, NRL, NROBI,
NRTN, NSE, NSX, NTRK1, NUMAT, NXF2, NY-CO1, NY-ESO1, NY-ESO-B, NY-LU-12,
ALDOA, NYS2, NYS4, NY-SAR-35, NYS1, NYX, OA3, OA1, OAP, OASD, OAT, OCAT1,
OCA2, OCD1, OCRL, OCRL1, OCT, ODDD, ODT1, OFC1, OFD1, OGDH, OGT,
OGT/m, OPA2, OPA1, OPD1, OPEM, OPG, OPN, OPNTLW, OPNTMW, OPN1SW,
OPPG, OPTB1, TTD, ORM1, ORP1, OS-9, OS-9/m, OSM LIF, OTC, OTOF, OTSC1,
OXCT1, OYTEST, P15, P190 MINOR BCR-ABL, P2RY12, P3, P16, P40, P4HB, P-501,
P53, P53/m, P97, PABPN1, PAFAH1B1, PAFAH1P1, PAGE-4, PAGE-5, PAH, PAI-1, PAI-
2, PAK3, PAP, PAPPA, PARK2, PART-1, PATE, PAX2, PAX3, PAX6, PAX7, PAX8, PAX9,
PBCA, PBCRA1, PBT, PBX1, PBXP1, PC, PCBD, PCCA, PCCB, PCK2, PCK1, PCLD,
PCOS1, PCSK1, PDB1, PDCN, PDE6A, PDE6B, PDEF, PDGFB, PDGFR, PDGEFRL,
PDHAT1, PDR, PDX1, PECAM1, PEE1, PEO1, PEPD, PEX10, PEX12, PEX13, PEX3, PEXS,
PEX6, PEX7, PEX1, PF4, PFBI, PFC, PFKFB1, PFKM, PGAM2, PGD, PGK1, PGK1P1,
PGL2, PGR, PGS, PHA2A, PHB, PHEX, PHGDH, PHKA2, PHKA1, PHKB, PHKG2, PHP,

Tabet a
TRAG 3

| eukem a, and nel anoma



TRP-1 tyrosine related protein 1 nelanoma TRP-2/6b TRP-2/ novel exon 6b

nmel anoma, glioblastoma TRP-2/ 1 NT2 TRP-2/intron 2 nel anoma, glioblastonma Trp-p8
prostate cantBP'MY+8¥ nase nel anoma UPA uroki nase-type PﬁF@%?ﬂ“‘H?ﬁj@ﬁ acti vat or
breast cancer VECF vascul ar endothelial growh factor VECFR-2/FLK-1 vascul ar
endothelial growmh factor receptor-2 WI WIm tunorene gastric cancer, colon
cancer, lung cancer, breast cancer, ovaf4an cancer, |eukema Table 2: Mitant
antigens ex ressed in cancer diseases Miutant antigen Name of nutant antigen
Cancers or c®het, PliPse®8es Rl &iNASE Rivie PRSI B, phia2a eI FkDY, RKD3, PKD1,

PKDTS, PKHD1, PKLR, PKP1, PKU1, PLA2G2A, PLA2G7, PLAT, PLEC1, PLG, PLI, PLOD,
PLP1, PMEL17, PML, PML/RARa, PMM2, PMP22, PMS2, PMST, ‘PNKD, PNLIP, POF1,
POLA, POLH, POMC, PON2, PON1, PORC, POTE, POU1F1, POU3F4, POUA4F3,
5 POU1F1, PPAC, PPARG, PPCD, PPGB, PPH1, PPKB, PPMX, PPOX, PPP1R3A, PPP2R2B,
PPT1, PRAME, PRB, PRB3, PRCA1, PRCC, PRD, PRDX5/m, PRF1, PRG4, PRKARTA,
PRKCA, PRKDC, PRKWNK4, PRNP, PROC, PRODH, PROM1, PROP1, PROS1, PRST,
PRP8, PRPF31, PRPF8, PRPH2, PRPS2, PRPS1, PRS, PRSS7, PRSS1, PRTN3, PRX, PSA,
PSAP, PSCA, PSEN2, PSEN1, PSG1, PSGR, PSM, PSMA, PSORS1, PTC, PTCH, PTCH1,
10 PTCH2, PTEN, PTGS1, PTH, PTHR1, PTLAH, PTOS1, PTPN12, PTPNI |, PTPRK,
PTPRK/m, PTS, PUJO, PVR, PVRL1, PWCR, PXE, PXMP3, PXR1, PYGL, PYGM, QDPR,
RAB27A, RAD54B, RADS54L, RAG2, RAGE, RAGE-1, RAG1, RAP1, RARA, RASAT,
RBAF600/m, RB1, RBP4, RBP4, RBS, RCA1, RCAS1, RCCP2, RCD1, RCV1, RDHS5,
RDPA, RDS, RECQL2, RECQL3, RECQL4, REG1A, REHOBE, REN, RENBP, RENS1, RET,
15 RFX5, RFXANK, RFXAP, RGR, RHAG, RHAMM/CD168, RHD, RHO, Rip-1, RLBP1,
RLN2, RLN1, RLS, RMD1, RMRP, ROMT1, ROR2, RP, RP1, RP14, RP17, RP2, RP6, RP9,
RPD1, RPE65, RPGR, RPGRIP1, RP1, RP10, RPS19, RPS2, RPS4X, RPS4Y, RPS6KA3,
RRAS2, RS1, RSN, RSS, RU1, RU2, RUNX2,RUNXI, RWS, RYR1, S-100, SAA1, SACS,
SAG, SAGE, SALL1, SARDH, SART1, SART2 , SART3, SAS, SAX1, SCA2, SCA4, SCA5,
20 SCA7, SCA8, SCA1, SCC, SCCD, SCF, SCLC1, SCNTA, SCN1B, SCN4A, SCNS5A,
SCNNTA, SCNN1B, SCNN1G, SCO2, SCP1, SCZD2, SCZD3, SCZD4, SCZD6, SCZD1,
SDF-1a/B, SDHA, SDHD, SDYS, SEDL, SERPENA7, SERPINA3, SERPINA6, SERPINAT,
SERPINC1, SERPIND1, SERPINE1, SERPINF2, SERPING1, SERPINI1, SFTPAT1, SFTPB,
SFTPC, SFTPD, SGCA, SGCB, SGCD, SGCE, SGMT1, SGSH, SGY-1, SH2D1A, SHBG,
25 SHFM2, SHFM3, SHFM1, SHH, SHOX, SI, SIAL, SIALYL LEWISX , SIASD, S11, SiM1,
SIRT2/m, SIX3, SJS1, SKP2, SLC10A2, SLC12A1, SLC12A3, SLC17A5, SLC19A2,
SLC22A1L, SLC22A5, SLC25A13, SLC25A15, SLC25A20, SLC25A4, SLC25A5, SLC25A6,
SLC26A2, SLC26A3, SLC26A4, SLC2A1, SLC2A2, SLC2A4, SLC3A1, SLC4A1, SLC4A4,
SLC5A1, SLCS5AS5, SLC6A2, SLC6A3, SLC6A4, SLC7A7, SLC7A9, SLC11A1, SLOS, SMA,
30 SMAD1, SMAL, SMARCB1, SMAX2, SMCR, SMCY, SM1, SMN2, SMN1, SMPD1, SNCA,
SNRPN, SOD2, SOD3, SOD1, SOS1, SOST, SOX9, SOX10, Sp17, SPANXC, SPG23,
SPG3A, SPG4, SPG5A, SPG5B, SPG6, SPG7, SPINK1, SPINKS5, SPPK, SPPM, SPSMA,
SPTA1, SPTB, SPTLC1, SRC, SRD5A2, SRPX, SRS, SRY, RhCG, SSTR2, SSX1, SSX2 (HOM-



I ung carci noma ARTC1l/m nel anoma bcr/abl breakpoint cluster region-Abel son
fusion protein CM. beta- Cat eni n/ m beta-Catenin nel anona BRCAL / m breast

cancer BRCAVH?'IBP¥a¥t cancer CASP-5/m colorectal cancéCEgHSYPYS2cancer,
endonetrial carci noma CASP-8/ m head and neck cancer, squanous cell carcinoma
CDC27/ m cel | -di vi si on-cycle 27 CDK4/ mcyc lin- dependent k nase 4 nel anoma
CDKN2A/ m CML66 nel anona CML COA-1/m cé6borectal cancer DEK- CAN
MEL-40/55X2), SSX4, ST8, STAMP-1, STAR, STARP1, STATH, STEAP, STK2, STK11, STn/
KLH, STO, STOM, STS, SUOX, SURF1, SURVIVIN-2B, SYCP1, SYM1, SYN1, SYNST,
SYP, SYT/SSX, SYT-SSX-1, SYT-SSX-2, TA-90, TAAL6, TACSTD1, TACSTD2, TAG72,
TAF7L, TAF1, TAGE, TAG-72, TALI, TAM, TAP2, TAP1, TAPVR1, TARC, TARP, TAT,
5 TAZ, TBP, TBX22, TBX3, TBX5, TBXA2R, TBXAS1, TCAP, TCF2, TCF1, TCIRG1, TCL2,
TCL4, TCL1A, TCN2, TCOF1, TCR, TCRA, TDD, TDFA, TDRD1, TECK, TECTA, TEK,
TEL/AML1, TELAB1, TEX15, TF, TFAP2B, TFE3, TFR2, TG, TGFA, TGF-B, TGFBI, TGFB1,
TGFBR2, TGFBRE, TGFB, TGFBRII, TGIF, TGM-4, TGM1, TH, THAS, THBD, THC, THC2,
THM, THPO, THRA, THRB, TIMMB8A, TIMP2, TIMP3, TIMP1, TITF1, TKCR, TKT, TLP,
10 TLR1, TLR10, TLR2, TLR3, TLR4, TLR4, TLR5, TLR6, TLR7, TLRS8, TLR9Y, TLX1, TM4SF1,
TM4SF2, TMC1, TMD, TMIP, TNDM, TNF, TNFRSF11A, TNFRSF1A, TNFRSF6, TNFSF5,
TNFSF6, TNFa, TNFB, TNNI3, TNNT2, TOC, TOP2A, TOP1, TP53, TP63, TPA, TPBG,
TPI, TPi/m, TPI1, TPM3, TPM1, TPMT, TPO, TPS, TPTA, TRA, TRAG3, TRAPPC2, TRCS,
TREH, TRG, TRH, TRIM32, TRIM37, TRP1, TRP2, TRP-2/6b, TRP-2/INT2, Trp-p8, TRPS1,
15 TS, TSC2, TSC3, TSC1, TSG101, TSHB, TSHR, TSP-180, TST, TTGA2B, TTN, TTPA, TTR,
TU M2-PK, TULP1, TWIST, TYH, TYR, TYROBP, TYROBP, TYRP1, TYS, UBE2A, UBE3A,
UBE1, UCHL1, UFS, UGT1A, ULR, UMPK, UMPS, UOX, UPA, UQCRC1, UROS5,
UROD, UPK1B, UROS, USH2A, USH3A, USH1A, USHI1C, USP9Y, UV24, VBCH, VCEF,
VDI, VDR, VEGF, VEGFR-2, VEGFR-1, VEGFR-2/FLK-1, VHL, VIM, VMD2, VMD1,
20 VMGLOM, VNEZ, VNF, VP, VRNI, VWF, VWS, WAS, WBS2, WFS2, WFS1, WHCR,
WHN, WISP3, WMS, WRN, WS2A, WS2B, WSN, WSS, WT2, WT3, WT1, WTS, WWS,
XAGE, XDH, XIC, XIST, XK, XM, XPA, XPC, XRCC9, XS, ZAP70, ZFHX1B, ZFX, ZFY,
ZIC2, Z1C3, ZNF145, ZNF261, ZNF35, ZNF41, ZNF6, ZNF198, ZWS1.

25 Therapeutically active proteins may further be selected from apoptotic factors or
apoptosis related proteins including AIF, Apaf e.g. Apaf-1, Apaf-2, Apaf-3, oder APO-2
(L), APO-3 (L), Apopain, Bad, Bak, Bax, Bcl-2, Bcl-x,, Bcl-xs, bik, CAD, Calpain, Caspase
e.g. Caspase-1, Caspase-2, Caspase-3, Caspase-4, Caspase-5, Caspase-6, Caspase-7,
Caspase-8, Caspase-9, Caspase-10, Caspase-11, ced-3, ced-9, c-Jun, c-Myc, crm A,
30 cytochrom C, CdR1, DcR1, DD, DED, DISC, DNA-PK, DR3, DR4, DR5, FADD/MORT-
1, FAK, Fas (Fas-ligand CD95/as (receptor)), FLICE/MACH, FLIP, fodrin, fos, G-Actin,
Gas-2, gelsolin, granzyme A/B, ICAD, ICE, JNK, lamin A/B, MAP, MCL-1, Mdm-2, MEKK-
1, MORT-1, NEDD, NF-,,,.B, NuMa, p53, PAK-2, PARP, perforin, PITSLRE, PKCdelta,
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neur obl ast onpRb) @ddeiint prl@h, RKIRA,SRa3) RIP, sphingomyelinase, thymidinkinase from herpes

simplex, TRADD, TRAF2, TRAIL-R1, TRAIL-R2, TRAIL-R3, transglutaminase, etc.

A therapeutically active protein, which may be encoded by the at least one (m)RNA of
5 the adjuvant component of the inventive immunostimulatory composition, can also be an
adjuvant protein. In this context, an adjuvant protein is preferably to be understood as
any protein, which is capable to elicit an innate immune response as defined herein.
Preferably, such an innate immune response comprises activation of a pattern recognition
receptor, such as e.g. a receptor selected from the Toll-like receptor (TLR) familiy,
10 including e.g. a Toll like receptor selected from human TLR1 to TLR10 or from murine
Toll like receptors TLR1 to TLR13. Preferably, an innate immune response is elicited in a
mammal as defined above. More preferably, the adjuvant protein is selected from human
adjuvant proteins or from pathogenic adjuvant proteins, in particular from bacterial
adjuvant proteins. In addition, mRNA encoding human proteins involved in adjuvant

15 effects may be used as well.

Human adjuvant proteins, which may be encoded by the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory composition, typically comprise
any human protein, which is capable of eliciting an innate immune response (in a
20 mammal), e.g. as a reaction of the binding of an exogenous TLR ligand to a TLR. More
preferably, human adjuvant proteins encoded by the at least one modified (m)RNA of the
inventive immunostimulatory composition are selected from the group consisting of,
without being limited thereto, cytokines which induce or enhance an innate immune
response, including IL-2, IL-12, IL-15, IL-18, IL-21CCL21, GM-CSF and TNF-alpha;
25 cytokines which are released from macrophages, including IL-1, IL-6, IL-8, IL-12 and
TNF-alpha; from components of the complement system including C1q, MBL, C1r, C1s,
C2b, Bb, D, MASP-1, MASP-2, C4b, C3b, C5a, C3a, C4a, C5b, C6, C7, C8, C9, CR1,
CR2, CR3, CR4, C1gR, C1INH, C4bp, MCP, DAF, H, |, P and CD59; from proteins which
are components of the signalling networks of the pattern recognition receptors including
30 TLR and IL-1R1, whereas the components are ligands of the pattern recognition receptors
including IL-1alpha, IL-1 beta, Beta-defensin, heat shock proteins, such as HSP10Q,
HSP60, HSP65, HSP70, HSP75 and HSP90, gp96, Fibrinogen, Typlll repeat extra domain
A of fibronectin; the receptors, including IL-1RI, TLR1, TLR2, TLR3, TLR4, TLR5, TLR6,



pancreatic carcinoma, colorectal carcinoma LDLR-FUT LDR- Fucosyl transferase

fusion protein nelanoma MART2/ m nel anoma MEL/ m non-smal |

cell lung carcinona

MUM 1/ m el SM8AYUHFHui t ous mutated 1 mel anoma MUM 2/ m PETEARGHYGBH2qui t ous
nmut ated 2 el anona MUM 3/ m nel anonma ubi qui t ous nutated 3 nel anoma Myosin cl ass
I /m nel anoma neo- PAP/rn el anoma NEVC m | ung squanous cell carcinom

mel anoma N- Ras/ m OGI/ m colorectal casfti noma OS-9/ m

10

15

20

25

30

TLR7, TLR8, TLR9, TLR10, TLR11; the signal transducers including components of the
Small-GTPases signalling (RhoA, Ras, Racl, Cdc42 etc.), components of the PIP
signalling (PI3K, Src-Kinases, etc.), components of the MyD88-dependent signalling
(MyD88, IRAK1, IRAK2, etc.), components of the MyD88-independent signalling
(TICAM1, TICAM2 etc.); activated transcription factors including e.g. NF-kB, c-Fos, c-Jun,
c-Myc; and induced target genes including e.g. IL-1 alpha, IL-1 beta, Beta-Defensin, IL-6,
IFN gamma, IFN alpha and IFN beta; from costimulatory molecules, including CD28 or
CD40-ligand or PD1; protein domains, including LAMP; cell surface proteins; or human
adjuvant proteins including CD80, CD81, CD86, trif, flt-3 ligand, thymopentin, Gp96 or

fibronectin, etc., or any species homolog of any of the above human adjuvant proteins.

Pathogenic adjuvant proteins, which may be encoded by the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory composition, typically comprise
any pathogenic (adjuvant) protein, which is capable of eliciting an innate immune
response (in a mammal), more preferably selected from pathogenic (adjuvant) proteins
derived from bacteria, protozoa, viruses, or fungi, animals, etc., and even more
preferably from pathogenic adjuvant proteins selected from the group consisting of,
without being limited thereto, bacterial proteins, protozoan proteins (e.g. profilin — like

protein of Toxoplasma gondii), viral proteins, or fungal proteins, animal proteins, etc.

In this context, bacterial (adjuvant) proteins, which may be encoded by the at least one
(m)RNA of the adjuvant component of the inventive immunostimulatory composition,
may comprise any bacterial protein, which is capable of eliciting an innate immune
response (preferably in a mammal) or shows an adjuvant character. More preferably,
such bacterial (adjuvant) proteins are selected from the group consisting of bacterial heat
shock proteins or chaperons, including Hsp60, Hsp70, Hsp90, Hsp100; OmpA (Outer
membrane protein) from gram-negative bacteria; bacterial porins, including OmpF;
bacterial toxins, including pertussis toxin (PT) from Bordetella pertussis, pertussis
adenylate cyclase toxin CyaA and CyaC from Bordetella pertussis, PT-9K/129G mutant
from pertussis toxin, pertussis adenylate cyclase toxin CyaA and CyaC from Bordetella
pertussis, tetanus toxin, cholera toxin (CT), cholera toxin B-subunit, CTK63 mutant from
cholera toxin, CTE112K mutant from CT, £scherichia coli heat-labile enterotoxin (LT), B

subunit from heat-labile enterotoxin (LTB) £scherichia coli heat-labile enterotoxin
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5 Vibrio cholerae, Pilin from pili from gram negative bacteria, and Surfactant protein A;

etc., or any species homolog of any of the above bacterial (adjuvant) proteins.

Bacterial (adjuvant) proteins, which may be encoded by the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory composition, may also be
10 selected from bacterial adjuvant proteins, even more preferably selected from the group
consisting of, without being limited thereto, bacterial flagellins, including flagellins from
organisms including Agrobacterium, Aquifex, Azospirillum, Bacillus, Bartonella,
Bordetella, Borrelia, Burkholderia, Campylobacter, Caulobacte, Clostridium, Escherichia,
Helicobacter, Lachnospiraceae, Legionella, Listeria, Proteus, Pseudomonas, Rhizobium,
15 Rhodobacter, Roseburia, Salmonella, Serpulina, Serratia, Shigella, Treponema, Vibrio,
Wolinella, Yersinia, more preferably flagellins from the species, without being limited
thereto, Agrobacterium tumefaciens, Aquifex pyrophilus, Azospirillum brasilense,
Bacillus  subtilis,  Bacillus  thuringiensis,  Bartonella  bacilliformis,  Bordetella
bronchiseptica, Borrelia burgdorferi, Burkholderia cepacia, Campylobacter jejuni,
20 Caulobacter crescentus, Clostridium botulinum strain Bennett clone 1, Escherichia col,
Helicobacter pylori, Lachnospiraceae bacterium, Legionella pneumophila, Listeria
monocytogenes, FProteus mirabilis, Pseudomonas aeroguinosa, Pseudomonas syringae,
Rhizobium melilot; Rhodobacter sphaeroides, Roseburia cecicola, Roseburis hominis,
Salmonella typhimurium, Salmonella bongori, Salmonella typhi, Salmonella enteritidys,
25 Serpulina hyodysenteriae, Serratia marcescens, Shigella boydii, Treponema phagedenis,
Vibrio alginolyticus, Vibrio cholerae, Vibrio parahaemolyticus, Wolinella succinogenes

and Yersinia enterocolitica.

Bacterial flagellins, which may be encoded by the at least one (m)RNA of the adjuvant
30 component of the inventive immunostimulatory composition, even more preferably
comprise a sequence selected from the group comprising any of the following sequences

as referred to their accession numbers:
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Protozoan proteins, which may also be encoded by the at least one (m)RNA of the

adjuvant component of the inventive immunostimulatory composition, may be selected



NY- ESO-1, GA, Survivin, 25 MAGE-C1l, and/or

MAGE-C2. In the above enbodi nents, each of the above defined proteins, e.g.

t her apeut i calVPy"'4¢tt¥e proteins, antibodies, antigens, JFE@Tﬂggmﬁg?ined her ei n
may be encoded by one 30 (nonocistronic) RNA preferably one (nonocistronic)
MRNA. I n other words, the at |east one (n) RNA of the adjuvant conponent of the
i nventive imunostinulatory conpositionéhay conprise at |east two

(rnonoci stronic) RNAs, preferably nmRNAs, wherein each of these at |east two

(nmonoci st r onifioin dMAsotogae hedtelbkyowiitNAguvanaghaekegdegre ereferaljly Siorrothe gfopp ef er abl y

different) protein : ant j. gen refer selected from f the above
S5ment  oned” SatrEh of e LR Py 34 Shtn SR e 0T B 76 1 2aet)
\m_e ﬁi - Or  eVieppahtwohiaigohdl, Pt zoarhNt sﬂcefﬁn@hﬂ gglﬁﬁbbﬁ,Lei'shmani(a qlbpf.,hﬂ?ﬂiltn)— o?et RNA
ich carries, e.g. two . Or even nore 0 e codi ng sequences of at |eas WO
(preferably if?P@ﬁ%ﬁ@?“d%g?%vﬁ?§”@¢b?mantigens, preferably sel ected from one
of the &bove nentioned antigen conbinati ons. Such codi ng sequences, e.g. of
the at | east r.ef er.abl di f fer ent r.otei.n t.p gens f the (at
| east) one bﬂﬁmop&gwgh“ﬁﬂﬁk¥@ ser%ﬁPéxE§%}W£§t%%h§%ﬁéﬁgﬁgﬁqgfh%€awgggt one
| RES (i nt er nabmporizns ofinthe irerbtive igintupstisedpiay cempesstiade friandd selettedvfromhng, t he
term "encodin f y -di LNS,. . , W t hout
R e S L L B R e S S
RNA, pr ef er abtifroarbeirRNitnitedderetpncRrdeiratory Syreytial ddrss fusign ghichpretein Faueteinki ve, si x,
seven, g ght enveldpe PrétEin fBIMME! GHEMMBUise INREMB VIHUs W&n,(l-wn%fgglbﬁr!ﬂh)br&éim erent)
proteins, e.g. antigens of the above nentioned group(s) of "antigens, or their
fragments or ofwi-amesneatlepefipetai cal |y active proteins, antibodies, adjuvant
proteins, etc. Mdire preferably, without being limted thereto, the (at | east)
one (hi- or even multicistronic) RNA preferably nRNA nay encode e.g. at
| east two, tKHes! PrQSIPs, whichemay bsjspceded g‘e(abr'?é‘ﬁ'eP%Poi’VRB'i"‘f‘Pfetg%ﬁgf)”"ﬁ&ot ei ns,
e.g. 15 anticg@psnedf of the irbaie ifBitinbainkthtsamposion) mal bartlegehomaiyt hei r
fragments or var{ants Eﬁthin t he aﬁove deflnigloqs. In,this context, a
so-cal | & | RESERE RIPEINTAP™ B BYL YA FMER§ ymaiemsyerally R Do 40 RSP TR e Rbr i n can
function as avitholthelnghiosedenebitadingg! isinidombdiilatoty eateindFIBOLA® ste. t 0 provi de a
hi- or even nulticistronic RNA as defined herein which codes for several
proteins, which are to be translated by the ribosonmes independently of one 20
anot her. Exarfplabg pethogdRiESadjequignatess wihidhmeyabe &reodsbloy the e0leakt onp ORNAe
| nvention arg t;{lb%%ﬁwir{t%hg{)&e‘a[ QPMH%rﬁﬁeﬁrﬁmgnosﬁ%/?&ﬁéds}ﬁoﬁ% fidatty ~V)
pol i oviruses { , encep onyocard}tls viruses , toot and mouth di sease
vi r uses2qQ FVDW, selesiedt franh sang fuithan sgashogenie @ugteincihawdnige adjuant rbarpeloermerer uses
(CSFV), nouse,digil ,F?Por?{kﬁeu%o&dvké@sisti ) w&hbmﬂén@%w ROEY, ¥yHARERmbed! V) OF
cricket paralysis Viruses {CrPV). 25 According to a further particularly
preferred enbearexani (KkbeOspA leksast one (n) RNA of the adjuvant conponent of the
i nventive inmmunostinulatory conposition nmay conprise a m xture of at |east one
rnonoci stronic RNA, preferably nRNA, as defined herein, and at |east one hi-
or even nu“@ﬁ@ﬁgﬂﬁonip RNA, preferably nRNA, as defined herein. The at 30
| east ope nDNAEI &t le@di GneRNARAND/PIthd hetjudtintl eaBior@RE ofithe AfnRViBAInMtdA Ci St T oni C
RNA preferably encode different proteins, e.g., . antjgens, or their fragnents or
vari ants,  t hEVEROT BB Iare By P RE ) DUE: ACFORd BhiPoe PR HEveRko o
nmenti oned gr ckperoramigbgrefdpso afsulbtincgemih iscegnitedfibgradinymine 9itemahdt he above
ment i oned conbi na onf . However, h%p . 21110/ 1137539PCT/ 1%200./00?1132 79
at |east one'l AORBE &t FEEFIERAIA QMR ERE it "IERYG "SRASHi SBoPY dUEIRION ©
mul ti ci st r oniaotitiRidfes rmaypaprof fae radhptive dingoine mespa®e (or rnfigentspedifle ficelsal Inphist ei ns  as
defi nedyherein .. canti sel ect. r . t.he ment i.oned groups
o subgibups PSSR ReF 57T AR Mt s REnBHE e s BRI B
conbi nat i ons spgsifavi dells bhantigenepresentingasd!s.oftes PAJURNR e lymphoid tisljes\aadt

conponent of i : i (AT | & .provides
at | east twoozr ﬁ%# er%ﬁf‘){/h\{ |’T) er egﬂs aﬁ%‘%’ﬁ%ﬁ‘l’yr’%ggg qglh:tﬁlrggﬁgftyg?wgge{fcﬁﬂed
herei n. Such seie enbeiigenpreseniag cls e vandrisigesls nacypphagss, adsh sgllseFad, ofe. g. time
dependent, adm nistration of one or several of the at |east one (nm)RNA of the
adj uvant conponent of the inventive inmrnunostinulatory conposition, e.g. as a
phar maceuti cal conposition, to 10 a patient in need thereof. The conponents
of such a pharnaceutical conposition of the present invention, particularly
the different conpl exed RNAs encoding the at |east two (preferably different)

proteins, may be e.g. contained in (different parts of) a kit of parts



80 cockroache, tick, noth (e.g. silk noth), m dge, bug, flea, wasp,
caterpillar, fruit fl9y m gratory | ocust, grasshopper, ant aphide, from
crust aceans, WQAUN¥$¥%hr i nps, crab, krill, lobster, prakb/EREUHPIER  scanpi,
from birds, such as duck, goose, seagull, turkey, ostrlch chi cken, from
fishes, such as eel, herri ng, carp, seabream codfish, haI i but, catfish, 5
bel uga, sal non, flounder, mackerel, cut62efish, perch, formnolluscs, such as
scal | op, octopus, abalone, snail, whelk, squid, clam nussel, from spiders,
from mamal s theselcéilsasas aodistincafobetan ishdiejing limoone 'yeagcuaes Tlsafepdiemdritia‘ adlls pi g,
ggfer g‘![ o, Sg?gz’gﬂkle%]rp:,a%rtrgem%%ﬁrp%p%o&%s@g %agfogmgceyt&w an% ar? \s/tlertflgtgii1 bca%féCtI%RusrerB
such as nematodegatefto gim tocalclinpedidtasuepeberesheyodifferentiattmotarmature deriddiginphi bi ans,
;Egheﬁgogggg%eutmaf& Wf‘ gg{@e‘wk{uﬁ.% akm:fntlé&ts 990% &ééﬂﬁXEqng a?é”.rPcJu%&; %{/h""h' ch
i nventive i rrmjmgm Faghiatoexprese Mils thadgsdimoleeies H(T,el %ml@eabllltsgefr%ceibm bied from
wi thout = bei ngnd idrhfde LOEBIELRteih hHiideRs vis ekt r@Septthiinay Bl RGABASGo inkRice T
jackfruit, papEY ' em%n 2 e '%3 %l\r”?n neé'TSeg " sharon frwttmstF%wberry,
| ychee, appl & %ﬁépre;erﬁ'asé{aﬁ ﬁegarpem MHGrmelpsulep lesds teractivatiop of Flcghs whishi cot |
nectarine, pwucespaeﬁlm.f&raw and ARRREHBYon H@REmed LABHEBRLADIBS, mskCh as
garlic, onion, |eek, soya bean, celery, cauliflower, turni EQS Ftl ka

q

chi ckpea, f o ATRAAnG (yRgin i elecionfisels & ther e of, ffctedeshs by, %< Tt omat o,
potat o, 1d ent icklis At thucaenvaawaaﬂdﬁacrmagésew Trhorcswsr alich hogeetitr hd@Y@ cdP beet,

punkin, spinac fromspice suc 0 and saf fron, pepper,
ani seed, fr omeg imayelty. 253 e awwawa?é *bva?crteﬁ‘* ApddH1 sl prodiiese.
r apeseed S esidfErnt fcla@m ruft Shtibsdic thass dﬂﬁﬁé’lew huabfutimmabé trespbide, Pi sdlRchi o,

al nond, hazel nut ean t eca estnut, from such as
al der, hor nbé%ﬁ?ﬁ',' 'gf)'? F)éﬁe"hacfﬂféce'gt éﬂ"d’ (2 S nOTCPgPize 8 ig'”gfjgﬁg”t ree,
cypress, pal rd]recftlyomuf Ilmdswcsgmie seort agweiedfragnmntsaé gorof phatogsrtshipagteid 5
SunfL OV o) YRLAR: SIATRILAG | MACmoRBgE! Bt LoveL abpgmarasses, such as

quack grass, rass er mu grass West ver nal grass, rye
grass, or fron1other pl ant s, such as oplun1poppy pellltory ri bwort, tobacco,
aspar agus, 3 V& h i ¥ i e encoded
Byt he at 1 cagtTh il GRS b AR R B el e e
i munost i mul ateotisti ngemlwdshytthwprmyn Piribe gelbsusfacd preteds &4 andd“&- dhesevive hout

being |im te%&’eb%f s Fitd-in Mt @ERIR MHRE moftSRerted:! tilnéfreédgmze BRRAWEEIRoSP-
Candi da_sp aosg\orlums , Endothia s Curcul aria sp., Enbellisia WO

2111010%97539:!!@15@5#2 H§oneleqrie- 114biCelass hand @bﬁ%@e&dw@&h d'ffmgmeuﬁr%ure
Xﬁl assezi 3 SRnd e?&@ssﬁbnlbﬁaﬁt@?ns&r t.ssE’ése&IStB@fb@dy'S mD%I $3&-ﬂhﬁ{nﬁ%€t?‘§ lM*HJC :[cla@st fi. (1) RNA
ntigens deriv rom bacterj a, re encode e at | east one
of the 5 adj™ L&H[‘* cellsoie tP%E“HCnaéﬁﬁt' e‘i“fﬁ'fﬁ’ﬂ%%ﬁ"ﬁdlaé‘f’d‘f‘ Ccamlsition,
may include aaid gamst aiahbmeds hrhomg cas tHaowﬂe@mmﬁérbmeﬂe@dortfbmtehpof tRe U.
Bacillus tet anll St aphyl ococcus elus [ﬁ‘@ ces g iqsezs, etﬁ. . C)
Antibodies fBRcPay Eﬁcﬂ%' =gt u F‘%n’b@ﬂ fit Prep9hE PERUGCR AOM BHECEEHY RNA of
t he adj2svant commpaelyevitusaf tot OB8 iThve 3t we:hldﬁfmm&tel imtd ajtotoyic CoOngEBsthhti ap nmay
encode an anti bo the pr.g |nven an_ant i,hody may
o sel et ed rPom e CHIP MR &8 ) SaRy ATt D e T 1
occurring antciaba)ldmelsculd:snekthoughn tPteHeveduot consmtumretxpesdumva@m frbodineseld tipeabl e f or
therapeutic, tggu%gu’é%% tno? nﬁ;fp'af%% did ep?HéﬂPo%#%rm A ard és?rﬂgﬁ!e M‘M“d @Ess|15 have
been identifiedin re ecl |c cancer |sea
"ant i body" i snaksalesi eﬂsq ieéf abhmdéb«t tusens entigets ypeciseitediby ;hemave\m glanadcl onal
and pol ¥e! onghoiaaids il ?@ptuﬁé n&émq;r&aneggguo% in a4 e,qewu Shd t3RdoRbPRKInAg OF
neutralizing anti bodies d antib species wth yepi topic specificity.
Accor di ng t o epeerlaspicereticdwn. T*Hfr"ﬂhYHﬁH(j clasy pmelgcylgs @'@)?hSrSPéif@ Aregllsaintectsddy known
in the art (&i@ vililMor bBE cpk&AGic pArbgaR igﬁkﬁr RBLidR oROAEsg phthogdiC Rhasppat ural |y

occurring antibodies, antlbo i es enerate i muni zatjon in host organi sm
ant i bodi es wHi £aNs ket deGogpipe MIAC él'?dshpﬁémel %*Xffsr 8% SRetieltzad 119 kdhérﬂ’r fsllag

anti bodi es or antibodi es generated by imruni zation in a host organi sm and
reconbi nantly produced by hionol ecul ar met hods known in the art, as well as
chinmeric anti bodi es, human anti bodi es, humani zed anti bodi es, bispecific 25
anti bodi es, intrabodies, i.e. antibodies expressed in cells and optionally

| ocalized in specific cell conpartnents, and fragnments and variants of the
aforenentioned anti bodies. In general, an antibody consists of a light chain



20 that may be present in mnor ampounts. Mnocl onal antibodies are highly
specific, bei ng directed to a single antigenic site. Furthernore, in contrast
to conventi oNQP"P8¥Pcl onal ) anti body preparations whi cBEFEBFEAPNY2 nel ude
different anti bodies directed to different determ nants (epitopes), each
nonocl onal antibody is directed to a single determ nant on the antigen. For
exanpl e, nonocl onal anti bodi es as definéedl above may be nmade by the 25

hybri doma method first described by Kohler and MIstein, Nature, 256:495
(1975), or nmakphegingdsieighypeptaizoabd sant thMNFodysaif kellksinfeeted .withSvialescandugigkri N U. S.
Pat. No. 4,816, 567. "Monoclonal antibodies" al s i solated fr phage
libraries ger‘féﬁpé(?'édpw%‘?gﬁas' tﬁ'& té¢h P&W@soﬁggg??lb%gs RﬁBﬁlt T el <5l tt%?l ,

Nat ure, 348: 5&2gh2dMHIOA®) || ricdecudes dsnp laetivarkaior difeutpricel ko esmnaund systdnst ei n, an
| mTunogen (a%bﬁﬁ\ cqgss IIInr;[m {eceu%.[ .'a!resnor?’ngallI P(Juﬁgtoﬁ% I m%goca epoéetndrsltlucccr}ell Spg Mouse
and B-cell |ynphocytées produced I n response to t He |m¥turfogen are Harvested
after a Yeri othcofphtgesecellThat Bartielphts imiremomanisEsprrdeswbutinanoeel ana tesiel @llobt ai ned

from nouse a i uced j I i 1| s - fuse with
t he nyel ona @&Ct({sb?jg%g’o?uc?iﬁg%%ygarrﬁg%%g@eQﬁgmetcﬁ%sqe({aﬁsrB‘zahy lre'i%dr(t)%és) are
WD 2010/ 03753%9t0T, ERPBE9IIC0 Ped2te §Bmuihrgtobylinscagdinbtriersiss epecates. MEIC) daspfl
mcrotiter plahgsiLad &é@%dtﬂ%n{’éi%#, &B{?&&'iPﬂ%'ené&Hlésﬁf?@!e%éulurIQﬁd gRIocl onal
anti bodies are tested to determ ne which of themare suitable for detecting
the antigen MMHE sty balecples Bindipeplides Semeveieins Wi aipderrdsdn eadrsPBeti es can
be growp in agby) c&HigiRSeBlidddYrdnip8thbiedd thdthaly BhieRaBS veditPardy@iem & However,
for the purposes of the present invention, the peptide sequences of these
monocl onal afMACEPAREES RAVEPT ornbigese HURSA #8d ahid 'Pﬁ@twe@e%cfeﬁe%% %n8di ng

t hese anti bodinesnEAebule rétep@rsast B defls. Fathb@as thad BE-ubTt) NG 18ge hiMb@sljrdidant
conponent of the |

nvent,ive, i nmupostinmul atory ¢ sitjon, whi an, be
prepared acc8PERYEAIrd5eLYinrasy varit'es tﬁﬂ%wm?af?‘g‘eéiff{ﬂfe”fﬂﬁf'qﬂdg hrf"‘rclecre(L;ﬁneuti cal
pur poses in heras extraaelidiiimatigane ol toRamulate the pyauaionl ofam2i &dieli B$], cdlsch as

nmuri ne anti badie y_al so. encoded, by the at |east one (/m.RNA of the

el wvant> compohan PRI eI Ry ERPETE: o MRBCtEnarSrai oralBur P Sonever
such anti bodiaesbcalies that precedry pffamivg obbpsbnising estragslylarspatiegerishfe ingestien &ly| y i nduce
an i mmune 15 S Y. 0r i f.. hu i i i.rect. . he said
non- human an %g%gﬁe&s?e”ip’nwfeﬁ%gm%ﬂ%g" 3'7@ EF’E@P @‘? ](;)arl ge,%géén%%ggtaftg\épggn%genghurran
anti body can celffl tp sberetadgininsitindesg tompredudion leé wealhanpsofising gintileodehbuschms obl em
chimeric, hupgsi zedRenRynRN. ANECHUIBRENHLAL KSvdl & 184 504 RB\hsagedqencoded
by the at Ie<[31€¢t1II oneg?n$RM g? t%’e aﬁjg[}%/an{h coﬁri)ponent o?Athe%l Xventi ve

i mrunos#9 mul &ueeY- conposition, "Chineric" 20 antibodi es, which may be encoded
by the at | east one (m RNA of the adjuvant conponent of the inventive

i munostimul atory conposition, are preferably antibodies in which the constant

domai ns of an" HRIPHEHP! HeDEseN deyeatsy antigers IsEprosied &y B & kegelone E9RB Ant i bodi es

from other orgaRd@i@:t oY thBURGENtSE AMETIGEEimuldibHIBRINGREI ok RESEIEN)

anti bodi es, which rr%% be al Ea,enco eo&ﬁ?%he at. | east oneg RNA of the 25

adj uvant com58MBAte ¥ agen AJLea PR i B Sefinitiena e PE iPFqteR,andr e

ﬁnti bodi$sb: rpeWﬂeC_bnttgbﬁsaC@g]Sﬁ_ larﬂii'b y amgemara}lam Qndgqa%i gsm(nameptseff@migegg ]
ypervari abl e _domai ns escribed above an anti bo are re e uman
e o nbalPE eSS o R Fer oyt vE R o NesBlE dor e tgetor e
adj uvant conpenstente df)RNYe of nive ntdjuventi compoositi ofuthat orentiee nposinbstionulavay encode
human ant | bodies, ko€ ABLT DR £S,NAY0%, B0 AL Yol UTBR. SEAUENGES ., SHGh human
anti bodi es can be 1solafted Trom Hinan (iji SSUES or 1J’r omi nI'zed eron- Ahuman host

or gani sms whidetivegr feort tenbese negafhiom (elgea human) itsgls (g moniself astigeasi buRNthaequences

may be epar i £ 1 0, LN . jitionally,
A éﬂ%"‘ﬁ%“%ﬁ?f%%@é%%@%h3@%?5%}%‘ et
20101037539PCMeEP201819 0708 20@eBdah aatighns.i anmak petigges (efsrabyneelqcigdRimof t he
adj uvant conmapen pPBrgSrh&né BV E&RLILNE HeF’QW,”Qﬁe}gy”}Hti%ErQ,r )étcs:omgg Sﬁt%@nsn?% encode

bi specific antibodies.” "Bi specific" antibodies in context of the invention are
preferably afRiGHyRrBEgIhvETCha@usean dlraydagtheman ng saydeledyeddfaeeithsy aand a
respective target by two different FA-dommins, e.g. for the purposes of
recruiting effector nol ecules such as toxins, drugs, cytokines etc., targeting
effector cells such as CIL, NK cells, nakrophages, granulocytes, etc. (see for
review Kontermann R E., Ada Pharnmacol. Sin, 2005, 26(1): 1-9). Bispecific
anti bodi es as described herein are, in general, configured to recognize by two
different Fa, b-domains, 10 e.g. two different antigens, innunogens, epitopes,



10 polypeptide Iinkage such as a peptide conposed of 15-25 glycine, proline
and/ or serine residues. As a second conponent, the inventive inmunostimnulatory
conposi tion ¥BAPIIEEY at least 15 one free nRNA, encodiPhd &t MEEEE one
therapeutically active protein or peptide as defined herein, at |east one
antigen as defined herein, e.g tunor antigens, pathogenic anti gens (e.g.

sel ected from pat hogeni c proteins as deb4 ned above or from ani mal antigens,
viral antigens, protozoal antigens, bacterial antigens, allergic antigens),

aut oi nmune ammhgeasotharsoﬁmei haemgaﬂtais gmed By thbealsehstene(naRNarogem adpivaief i ned
herein, at |east on qngh 2 1 qere St east rﬂm ore

antlgen speci P8t el Mfel edfg? gg"%%?“ﬂéﬂ°ﬁef %)'gr giyleas One’'st her
protein or peptigete gsrwrettexblnendé the @lls ﬂemsiueoor(thé]bma/pelgt by re@g@iphi «f praoteins, as

defi ned hereln hi.s..secon 0 e ccordin ng step of
prepar at i on Offuel %éralﬁ%t\l/ozmhﬁe@téglis%tg rgtucll\ §nt§[gg gclg& n?ggr}s ognye% f%nfﬁm(éﬂ g

pr epar ed " adjorgrantn (egrpireay itseffoe. g.dr"rmplt Mgemx/eﬁtaanens maLieshtigend, atabrag

conposi tion. .pri e PGB etd "ueBied @»@ﬁ%@g&%&@% Hhed Soke. whRh

conpl exed ano“li referably 0 an or significant

conpl exati on hﬁé@bﬁqnmﬁ-guplbhb@qweiead@ﬁ tf¢ror|i10&ifcetlh@madﬁ th@ah%t ‘U@T’an’ﬁt whithi s is due
to the Stron%rebf'relgq{eﬂﬁd%fv déé&é‘de@%stdéﬂh&b&fy, ﬁ’s@ué’&%‘ell%é %ﬂ&%@é&péeg%aa{.&e above
descri bed at | east one ad|'uvant conponent her words, when
the at |east "sRbofigaeet og@ﬂfcefdisﬁr@ Ftamsu{aﬁércafﬁemeu%lanygea&ffpvenf;!ﬂea??eu n, is

added t @ t he inAeHing AsHhagg REBIANBIAS, neuRhRiREQNA), RatkIR&eR 1 3@1), fohbataandi ally no
free cationic or pol catlo i C con&Pund is present, which may forma conpl ex

with the at IPEJEP Mh %‘)'r’é’é CRRIQE!" chﬁ“dPhE;Sya”“&‘ﬁ’sé’Pf‘] r@?pé'ﬁf"% YARLRAY YN of the
at | east one (R$\gan&itAg Phrdtdie G-pioint, iewe conposition is possible in vivo. WO
2010107539PC PEP20091007032 86 The at |east one free nmRNA, which is the second
conponent of the inventive i nmunostinulatory conposition, is a nessenger RNA
encodi ng at |P®a§énsm§eenthﬂﬂ’dakﬂeﬂiei eualb;isy oaé:t(rh)%lﬁpbbtl'ei ;mjlo,ranpeqnmbdixentasf thef i ned
herein, hﬁa t | eu?vse%tn%np aur?mtolstgn th QG p]on cgn rbg hSrmort,g com rll’ggrfragrrr]lgr%t p stich

pathoge I c antigens t H‘ Fom pa nic pro erns I'ned 5 above
or from ani msuhtums lagenst,loned manieurarmantlgldmiy ofmrottemzwrajepadﬁ Aggers, Fmgmeatslail
antigens, all t. t ﬁggp

| east one al |5§‘§'85e"§'g§'§ lc]igrfél cﬁf)é]t X rtg% a?'nlggrga{’sotq rlgﬁ(r%&ntsaﬂ?&%ﬁgﬁgd her ei n,
at | east one having gelangtip et plpout 6Ttocakloht 2@ oeprey marse :derhp reiflsheg.cragments aat | east
one ot her @deELe&’End’ §e'n@8 b§H'Uu1'|@P||a€s lfn%e&léqﬁéfbrfab@ hédi F??S ?eﬂgﬂthf GBouRBP! 1 Ccation
as deflned h rein. hi's cont ext genera ned as above for
10 the 2 uvé%?b%ﬂr%éméﬁtact% exfh BRARY 1%pt¢ven§1wdﬁ@§w ¥idsy oy Bagmrenstasuct ur al

el ements, e. groRRedRAd gr@?énte'é by WIRCIcR8d ﬁ’Fhol&[]leklWéfér@@?h&@ﬁ%ﬁllé}hgﬁ%f hb&gsonal
bi nding site follomed a codin ion, an optiona regi on, which my

be fol lowed Hy % "5t WﬂotaéidF e(gaﬂg/bﬁr & b€bl1§ @'ﬂ& 19 or epg mere ?'E%%? agfle free
MRNA may OCCbWheﬁﬁn theb®RBgmen® may BE seEBd Mdint Arfyi Sdrf 6Mihe aRWb adid Geq@RcdNA Wwhi ch
carries the qg ng sequences f one, twp1or|nvre PtEIn Such. 15 codlng
sequences i n AP TR a1 RiFALlY ECeRTiRY Y B CERAPECRY G Ohthel east one
| RES semencep,epteieg‘ragaﬁntchai‘dlame‘dHt[eﬁ@lecmle Thethatragre@sd aremgidalle@onidiiégnizetiovi ded as
a second conpo&g the i nventive immnostinul atory conposition, may encode
at | east one't ngﬁwe("?ally active protein. In 20 the context of the present

i nvention, such a therapeutically active protein preferably may be any protein
or peptide, St e f r fer

el boted 17 ony an 2t szl by SURRF kiR, Ra) RS BormBRl ol e afERPPer son
fromthe pri (f-p't@nes (maée@'hnmﬂnedemrehemtabw tyragallp éragreerée boeated po theawer

t her apeyg i cal i t onent of
the. | hvant i ve e B B B 2 PP act  ve
protei ns as defiineddsameteerefrablydavingp thbliamineiapigs (aven mets nrﬁeruab'tyd]av'eg@
proteins, capablagilfackls WhkRa)8e RlcoddMdltly lahihdidds ¢S inahal ndiva@aduct ion in the
cell, e.g. cytokines, antibodies, et¢., apoptotic factors or apoptosis rel ated
proteins, adjuvant proteins, e.qg. sel ected from human adj uvant proteins or
from pat hogeni ¢ adjuvant proteins, in particular frombacterial adjuvant
proteins, etc. 30 The at |east one free nRNA, provided as a second conponent
of the inventive inmmunostinulatory conposition, may furthernore encode at

| east one anti body or antibody fragnent. In this context, the at |east one
free nRNA, provided as a second conponent of WD 2010/ 037539PCl | EP2009/ 007032
87 the inventive imunostinulatory conposition, may encode any anti body or



30 i mmunostinul atory conposition according to the specific requirenents of a
particul ar therap . a cancer therapy, etc. Typicall the ratio of

adj uvant cor‘?ﬁ%ﬁ%‘ﬁ%”&ﬁd the at |east one free nRNA (adj uFEREPEBMYBIRNt : free
MRNA) of the inventive imunostinulatory conposition is selected such that a
significant stinulation of the innate WD 2010/107539PCT/ E112009/0071132 88

i mmune systemis elicited due to the adpfivant conponent. In parallel, the
ratio is selected such that a significant amount of the at | east one free nmRNA
can be provi dae dlas uf atmgéreaadieng)dbd)barheaftidaqioeetmmlsﬂtbé iad)m/aancbnqmneﬂnt ration
of the expr es??h Dy Ortltﬁllenl Irrll’]un\(/)lstlmul teydcon ostart1 masstes (Sof nnt 200 y’”T antigen

and/ or ther apeutl caF activ ro? n ¢ SRR ORSOGRF I Red™s" AHVE €1 Er abl y the

rati o of adij uqu"mpmfﬁeattly locﬁteee»nrtﬁéxlmriane bfntbel tnmer)tqueTumtmwmognB malyat or y
conposition i 0 a (wWw,
nore prefer ab?SS %?r%%hggrf%hn EPO?‘? b W?Ch ?\l?é()“\!_;'\,;pré b .(,V}’(.,\A’Z,r %eq'i%g%?\/\f e t(,}ge ven nore
preferably f rnom!ai CﬁlhnﬁetheﬁncabGWO@nlgé(nmm lrthJdab‘m!IIgerﬁ %pr(ewwv) cedls Wb B (wWw,
and nost pre in..the

vent ve | minaat el aee o bonaay:  aRERRS tegepe i€ Bull Betob ol out
1:1 (W w. Adﬂihtth‘bﬁmppsf?dél#m% t\emat Mpishpre eomeedtest With martiepriying Yesebrgsonent

(Le. the adj YAt BONPRRRBE GOTRIHQIAT ke CORBLSL IMICIT 2@t alBaigted ORRh( M RNA
conpl exed with a cationic or polycationic conpound) and the second conponent
(i.e. the at "Pestlifaliey e rﬂQN)ﬁ!}/‘ fAelgrsp e atsc VGl éthf5eten afthalspdrgludedt ¢ he

ni t rogend phosighai. ew.gtdsocdnhléd?ed atthoa thort fRhePMblel RcIBNA af t%m toistdre cont ext
of the present inventio ratio is preferably int &an ge. of about

0.1-10, pref &F4BH Wﬁ"?ﬁ”é{ ‘?"étf?ag'“éfth%t%’ﬂﬁ' burdien soRY swBYRnst spes bP§E™ A range of
about 0. ? 2 g)le ptitled)-ate BQUBE .ﬁ@fat.érgs Stk (RfoviINAY pep%t«alewmgly}) lhemCaomat@x and
nost preferably in t range. of aboyt 0.7-1.5. 2 jtjonally or

al ternativel f,'sgtsﬁeanpgﬁ?yoo%g' P CEeR RS R BRI R (' ?Ie%qdytflﬁ'é&a?fj %\?a‘?ﬁ'e%rrponent
conpri si ng orThewensbsincagarehlsatrefbreaist aer'tem(m)rﬂlyénscdmmeeetehlewmé Inoearmgérisoni c or
POVt Lo ¢ SRIRaNAg) AAMLNF o5 RANE: FOMBENalla bl « Bl Ne TRl heastpne Tree
t he basis of at\h@nﬂoérabe digidedfugherBtolyarnor-sRbikc artblge&dfﬁﬁcstmtympr-essomdﬂed (m RNA of
t he adj uvant ng, .C l,ex i.th i r iC
conpound) and %9213% )eagst%o%e] ?,ﬂg b%n%q A e? bﬁe%c%ﬁégggn%eggeﬁfq‘%#ﬁ% cal ly,
the nolar r at”h@“bf’” cetle. They Riicadly renvdt fed aviamer engrifiomeuiationo TAhe veltich agst one
free mRNA of rﬁ&?@c&ﬁﬁgﬁ'%r&mwtﬁ‘r@kn%%y@@thﬁ@rlnggn@qwélﬂﬁrbellg 'Tﬂésetanﬁ’geﬁ%r%r ratio
suffices the aboveofQ and/'or N P-definitions. preferably, the nolar
rati o of¥ t he "8OsiR§RRAd ghe aRESA]rerTaltNE e%hﬁﬁheﬁtdqstﬁoneﬁebmcwp@tho%Sfree mRNA
of the seconhdariBrA efttmdmuugfas &l SI% eetueog thd mat@ofrmt @Jmctrah itje efm@bout
0.001:1, 0.01l:1, O. é 0.3: 1, 0.5;1, 0.7:1, 0.8:1,
0.9:1, 1:1, P& agnutgledragepter. i tt"SCiseothev Cant?rscogfllsdhv afit'be 85 1: 0. 2, 1 0.1,
1:0.01, 1:0.001, etc. or fromany range formed by any two of the above val ues,

e. a WO 2010/ Q37539PCT/ EP2009/ 007 89 range sel bout 0.001:1
togl 0. 001, %h%ﬂ‘ & ﬂfB‘“a’Of &n “Bf‘“’saeBS?H%gczPYo%ef" sty ong g@kﬁg\o 5“’1”0 001,

0.221tw1:0 cﬁ&ﬂ)ondﬁt 8f the hﬂerﬁlvglrﬁlﬂﬂtnosﬁmétafbr)t (Dnipo@ltlelﬁ)ir,e sBoven th '[a¢b|e11 @n801, 0.6:1

to 1: 0. 001, o1l 00 to 1: 001.,. 1: to
Fo01 01 o ilbis Tl iies sy RisVinbcli® Pt apvigths (& it gy bah

.001, 1:0. r&pt‘@ td tHe. @Qder dise@ses tHep afe dss@kid@ilyvith.: AcBrdirg td:the O0&ntiob; the2 t o

0, o, 1 1978 i g g ol ekt SRt Rind BRGNS0 O 10 01
'1t01:0.01, 0.6:1 to 1:0.01, 0,7:1 to 1:0.01, 0.8'1 to 1:0.01, 0.9:1 to

0T 361 1tk 10 Rpendefrdiity LirkellseadssO: 8 10 1:0. 01, 1:0.7 to 1:0.01,
.6 1 To o1 o4to L Utanctrs%reantéedrteavesvetatedl 0.2 to
.01, 1 0 1 t@nokaflighl, 1NQm93ft@rpo,3ntge,01 or 10 I ncl udi R@rex r ange of | about
.001 1to 1{/0.01, 0.0011T to 1I:0.1, . 0017 T t]0 cbiokbcidl caRcel)@dstrik chiter]: O] 3,
.001:1 to 17057, 0.001:1 to 1:0.5, 0.001. 1 to lov@a6car@e001:1 to 1:0.7,
.001:1 to 1.07@:AR. 001: 1 7@ danGeProlie 001: 1 t o IMdano®2001 to 0.9:1, 0,001 to
.8:1, 0.001 to 0.7:1, 0.001 15 0.001 to 0,4:1,0.001 to 0.3:1, 0.001 to O.2:1,
.001 to 0.1:1, etc. Even nore preferably, the nolar ratio of the (n) RNA of
the adj uvant corrponent to the at 20 | east one free nNnRNA of the second
conponent may be selected e.g. froma range of about 0.01:1 to 1:0.01. Most
preferably, the nolar ratio of the (n)RNA of the adjuvant conponent to the at
| east one free NRNA of the second conponent nmay be selected e.g. froma nol ar

OCooOouUIooCOoOOo

coocoorRrROoRRRR



encodi ng nRNA or (n)RNA sequence),

(M RNA of 10 the aJ
conposi ti on ¥ M e
ant i body and/or antigen,
active protein, adjuvant

mut ati on(s), |semh as one

acids of the at
i mrunosti nul at ory conposition,

wher ei n nuc

etc., are exchanged.
protein,

or nore substituted,

anti gém or antibody is generated,
am no acid sequence which differs fromthe origina

leic acids of the at le

uvant conponent of the inventive inmunostimnmulatory
| east one free nBANESR"YHE'Rnhventive
encoding e.g. a therapeutically active protein,

Ther eby, a therapeutica
h
sequence in one o

i near tefidarainchior del et ed

ast one

1y

avi ng an
r nore 15
am no

acid(s). Pref
function or
e.g. therapel

erably, the

q

it PEP

specific acti
allv act]

fragnents and/or vari
Vity conpared to the

| AlBglP kPG

function" in¢ t

7
re—sphecific bindina—ca
~J A A | T 1 O LA ] TIOT

artegatéralider thengane bi ol
f Lﬂal'wqdéﬁgmﬁrnmtwg PRGBY:
ar er "

of

antigens), cg

1t%§¥??%ﬁactf

\/- rl Ilv A%
vity of these proteln

pdgeiaie cancery
S, €.g. of therapeutlca

Dakt i fa3|
rl

ogi cal

ei ns,

i ol ogi cal
| ar

|1y

active 20 pro

X ‘ hi3bet
anti bodi es as Dsnfﬁ

1T tlll S L.UIIL UKL, LIIU
nerein al so conprises

term " UI UI Uyl L,d.l | LIIIL,LI

newiohaldcgati on of antig

on" of

ens,

P IMtegrn e
conpl ement acThigti on or
ei ther nati vq

> ephilapes o
def i ned aboveée c@&nzymather a
di fferent de

eRseEMd¥®chani

opsoni zati on. Ther eby
n the cell surface or

ct with the cell-presg
sns. On the one hand,

, antibodies typically
free antigens. Anti bodi
nting antigens and init
tAfestagrepdody can initi

recogni ze
es as

i ate

at e

signaling 25
sel f-destruct
a way that ot
recogni ze an(

her conpone

mechani sns |
i on (apopt o4

1 agt.ack. The

n the targeted cell t
51 s). On the other hand

nt §dEef§aEn}£%% cell s

haif"glcé’&ﬁ‘sh ag) 'eddé*%@mer

mlééeﬁopl %aétrlf
Can er, cervic cancer ovanan
ofcahdle plg qf’ Yapcer s ERHAES co¥
re R ns.ths ed

in such
st em can

ant i body- depe¢

nga conpl ¢

erent - nedl at ed cyt ot OX

I CvEnan CLAVE:) and

ant i body- dependent cellTu
of the anti b

either throu

pdy by 1 mmung
hBAGel r dir ¢

ar cytotoxicity (ADCd
cells 30 that engage

pcBartgen on, or t hrough

n)

g

0B¢he ta ed:

cell's death. CMC is

) . blddb¥cCaricBry RaY &% r@cH €CO
tdagceahing bxodky -mamked ce
tshemoecelicareieama of ot h

a lpkeipiass where a casc

gni tion
Il s and
er cell
de of

types, |ead

di fferent coppf®¥eht

hl’ﬂ

eins bhecomes activate

d mql?@ﬂ@i’l y when sever al

anti bodi es ali

\AD)-—_ D

C@ A28 |

broxi mty to each ot her

N1 0L N27C20PCTI EFP2000/

0043@#rawﬂme@n

DU CISE”, PRSP n

cel |
IIs to

lysis or attr
this location for effect
t he anti body|can bind an
reaction, in|tgame-gl eads

attHhg—Oo—=px

U\ VUoTrgoIgreoririiroouugr

or cell function. Int
antigen and neutraliz
in general to blockin

3slric cancef, panc eat'lc' 'c'a'rlf'c'férC €
he DeUl LAl LAALLQR O
e gl ad@@r@@ncers&&& c@ﬁ‘dét r
g ry Eahﬁeralﬂr'ﬁg daedy . Thu

n anti gen,

| i zati on
3, t he

anti body can

bcad2-enl y onhe anti gen,

or, in cas

e ovfriaa chicepeci fi c_anti bjody,

t wo

antigens. Inj|particular,
neutralizati ¢n reactions

constant domai n of an anti body.

syst em of conpkg

scFy 5 antibody frag
because they don't co

In the conpl enerf@ERf't PREG
nt protelns can be actlvated

mevargn aareeru_s:d;fresctal fapger,
nteastir qapeer fivaneancenal i ti
TUSICRECTe o
P CeRCe N |

cancer

@fp%;’itﬁ'a’ﬁﬁ‘”ﬁb

which is i nd‘,paﬁ‘dﬁédhn of

IIC I_L, }Jal L UI arll ClIILI

PG der tilie

es of the
pl ex

body

he

conpl enent casctade resut
i nfl anmat ory | nchisgu.

In {1

EfL- r’eé’o%hu?ed‘éhuéeh”én celtt
hgel@RS@NI zat i on, path

dlty QEIIEIa'[1 OT1 UI arll
0gfdomkO or ot her non-

cel | ul ar

D

"

particles aré

RSP accessl bdsgsd-® phagocytes Vi

a HahdwhdMeckicheecONSt ant

donmi n of

an anti body.

Abdtepsias | vel

Y,

cells recogni zed ds

treasteargey can be [ ysed

Vi a

ant i body- depéndehpsiciel | - medi ated cytotoxicity

( ABGxanckm parti cul ar,

NK-cel | s

can display ILySP# functi

ns by activating Fc r

edeqstl orakignaddssn order to

QP?Q‘Pnt age

D

determne th

to which two sequence

s are identical partic

ﬂ'q

the at | east
i nmunost i mul 4

ularly

,
1X1ﬂ

inventive i mm

COTT oo

|u jl murn Al

to be SUbSGC]ucb hy bUIlpd.

e

gaps _can be imggeped imt

y—the bequenbe of —the

£ - + laVWal £
frrst—20 sequence (€. g

or nRNA) and

ThBs£onMponet

U at the correspondin

g position of the secon

in order
e.g.

(M RNA
d

sequence (e.( RNA or

¢. cHbY

MRNA) can be conpar ed.

[T a position I1n the

RNA or

sequence (e. . CD&

NMRNA) sequence IS 0cCC

first
nent as

upl ed by the sane conpo

is the case at a position in the second sequence (e.g.
two sequences are identical
MRNA) sequences are
positions divided by the total

(M RNA (or
i denti cal

at this position.
25 identi cal
numbe

The percentage to which

r of positions.

(M RNA or nRNA),

t he
t wo

is a function of the nunber of
The sane,

of

course al so applies accordingly to DNA sequences or the encoded am no acid

seqguences.

The percentage to which two sequences,

_such as the_at | eas

t one



5 of these proteins may be selected fromthe sane or a (preferably) different

protein as defined above. b

corr espondi NYOLYUHEat | east one (m RNA of the adjuvant’@ E@Wﬁﬁ
i nventive imunostinulatory conposition and/or the at
the inventive i mmunostinul atory conposition,

According to

| east one fré
conponent at
above. Each ¢
sequences as
(internal ril

I n any cas

anot her

re MRNA or as
| east one bi
codi ng sequet
defi ned abo

pogpyrel gntry

5 the the at

e, each pr

i
| east one

or even nulticistro
nce in these bi-
e may be separated by| a

el denBGIHENGEen | N

or ev

otei n encoded
HEHE320f

| east one free

may be sel ected i ndependently.
particularly prefebied enbodi nent,
i mmunosti nmul at ory conposition of the present

the inventive
nvention, may conprise
(aw) RMtnook, doheecatijavaeant
ni eloRK0csTe bppetnestulersantef
(ian(ieb ggrtcreath(:eca

H 1 ed
cancer C fVlX ancer

hH% &P efattoma §§ %ts se

e UHALfRRGeE Pepst e1FSE thseikRN

an RNA sequence

t he
mMRNA of
10

as the at

ned
A
| RES
guence

can function
a hi- or evel
several protg

dS> d SUrc 11

N AudAl Ci Str

PNiiankiNA Seq

DORQIR 2OV IEH dRthriad T €

uence as d

UUL cdarll d.l soservet

eﬁhgggmgbove whi ch enco

provi de
des

T amLYgl ch af

e to he transliated by

liBgkehiaDOSONMES | ndepend

ently of

one anot her.

invention are¢

ExadtjobieSikeOf
ploe®e from

RES sequen
pi cornaviru

ces which
ses (e.q.

can be 20 used accordin
FNMreatipesicervi r uses ( CF

g to the
FV) ,

pol i ovi ruses

Pyagengf¥de pl

al onyocarditis viruse

s gres@ieepncef oot and nout

di sease

vi ruses (FMY),

(CSFV), nousg
cricket paral
enbodi nent,

5 C viruses
us (M \)

hepatiti s

b \VAN| S

cl &

(HQV),

Lm

D

Y21 5mbs USeS

d gfnw)"‘amz%s“ac\%?egfw ing

s sdvargn CS'Wanbfe«‘fS_E‘VE@"vi ru

to a particularly pref

acaont (WP_N- 2

~f
I

5esS

ly) or
erred

LIl (J.L UI

S taMergns

teh | "”t

o
UTl1

al so conpri s¢

£ cdadsl UTIT

aRIh B

oy

I IIVCIILI U

%ig.btélg | E(ré;ié?e RGP emt

may
d/ or the

at | east one

s xture of

EREn B

different

RV G eI TCES, wherern

t he

m xture conp
30 defined al

I SES €.g. af I east one
DOvyp:B and/ or | atydophisi Bon

MONOCI Str o
e bi- or e

N 72 daE A BT kAL EIAGEr, -4eN O
Vemkﬁwialdq(wnﬁijf N icarcidRNA

ein as

encodi ng t he

samesior di f f ergethroprRIEE

iBis as def

i Nedeabove, e.g. a

t her apeuti cal
anti body as (

| PANEROIMAGED I otiEerantiatam aatien valktonpr
eBl ned_above. 19WD 21110/ 1137539PC

otrmlmomank-amogsewaaamd/ o]
T/camgmgﬁmemnz 94 Ac

I an

ordi ng

to anot her sj
conmponent of

i n\lnnf FERY n mnaoct i

)ePr"‘M‘fthé%odl Hﬁﬁ?”"af%‘é‘"%&e” Mglaagmaginem

k (o] n
‘Eﬁ‘r i i3 fUNoFfeCvatPuv a

lqangqul or—t hn a

nt
| east

II’YTY'I
I.Ilb T T orTootT

Ml ot orvV—c¢
LA L% 1A Al y

one free mRNA of the inventive i munostinul ato

as a "stabili

Z eEr AN

preferably a stabilized

ng cancer ovyarian. canCﬁrE he%i

Idn

i ari
ry g t
atik é%t:er, t§ea§tQ:ar§:@ry a

provi ded
5 an RNA

that i s esser

tirarTy resistant

(e.g. by an exo- or endoqnueloeasieysocidtéd dxSadsiNOn

and (fast) dé

b EdEi8RINON  Of

mRNAmetallapfotdRidee inducer!

o I 5 Vivo degragdegdafddr, Biasy@ntd adadP

N daRcet, lB&ariaf I:anf:é’ﬁ&fralri nst a
v ocapger, dyepborad  nay repre

oaches
bility
sent a

serious prob
of RNA is tyj

i ERdamy due o€

wher ei n cont ¢

N EMl on Wwith®

emin the appllcatlon of RNA base

hﬂﬂWP% W%ﬁﬂﬂleases_

RNA i n soluti

3ItmnMWgA1ﬁ£mgﬂ“ra

d wenrmposicen bnfs;t caiidef, solpm

ance

coml et el

stability
eases),
y degrade

o _
5¥Qﬂ@mﬁéwtqﬁa

el
IRE ‘cq £t h

O
\=4
o~
\Y3

T
1

ad

cytopl asm of
generally reno

o
\'AA Y3 1 I IICI y

I Ugun al. Cu al

ncr

danoma,

0 aaés%te@;nc%aaﬂ?fa& RSN

may be
ons, i n

particular w
nat ural degr 3

thraret Hyl

£5h by speu@elnhatnw%is@t@twp&%%s t

yrocar gomat e (DE
idatE-on are Knambblishgrbdkh facepnnect |

A PO AT R ca i oIk GHeagtEantd,
OMorostutdAfcepr i Or art,

f
ch may

be utilized 4§

ASEmel T E g, fibbectirer m

nal struct

Ureelardmbypl cally of cri

tical

i nportance f(
occurring nRj

or an nMRNA |1
NAbratthere i s

1 viva As an

15 exanpl

uSesatlhted aptigan=1cal | ed "

e, brabt chifver, Bsopl@pehl aihcanat
ca@a:th“uerlcmpreé' thyepidap okief

urally
ed

guanosi ne nug¢
adenosi ne nug

1d at the 3

1e so-call
glycaprotein 2 %ﬂ

| eoti de), af

ST (L

end is ty
poly-Ata

Re / M DI\I/\
I AUL ‘20 Y

pi 'e%rfm rgnad Eﬁt!ilserﬁ@@maaheasi

|Ij‘ ot W%mﬁr
ar.m CangEn SRR cmceécm

p to 200
ticularly
nent of

preferred ent

the inventive
of the invent

guTr Tre 1T, LILAY”

I YRGEAMUNOST |

2 i rmunosti mil atory conp05|t|on and
| Eh@geRfY conposition

bI d cander unhg canger,
Qcolithe {% ; NSt
,(g@k ticu provi

ree mMRNA
ded as an

MRNA, can t he
addi tion of 4
this connecti

a so-call ed

srefore be St
15" cap"

ORAGHE2an ni/(

abi 1T zed agai nst_degr
structure.

Pa

aCtﬂéddéHla&)ér RNESRger 0y TN

3 Slapgep2(5' (A, G 5popp

I t sa@othg meah@hL£ he@d aed nesk
(Sppceor G(5' ) ppp(5' )G a

e
given in
5 the 5

cap”
nodi fi cati on,
at the 5'
t he nodi ficat

| east one (M) RNA and/or rri RNA as defined above.

particularly

structure.

end of the at

However,

particularly as defined herein,

i on does not

preferred enbodi nent, t

| east one (m RNA and/ or

he at

such a nodification 25 is introduced only if a

has not al ready been introduced

MRNA as defined above,
interfere with the inmunogenic properties of the at
30Accordi ng to anot her

| east one (M) RNA of the adjuvant

or if



nodi fying the G C content of the coding region of the RNA sequences nentioned

herein, e.g.

i nTnunosti mul at ory conposition.

pr esent

i nvention,

an RNA sequence corresponding to the at éy}
adj uvant con¥BRYMBBand/ or to the at |east one free nRUATGF2PHY?

In a particularly preferred enbodi ment of the
the G C content of the coding region of the at

(mM RNA of the adjuvant conponent and/or68 he at
i nventive imunostinmulatory conposition is altered, preferably 30 increased,

conpared to |
non- nodi fi ed
am no acid s

he G C cont
RNA (in the
pqiithed of t

bnt of the coding regi
follow ng "native RNA
ni € a@lger Bncr eased RNA

| east

one

Hve

RNA of the

ntive

| east one

| east one free nmRNA of the

. )sarc¢mp,

orvladfler tdreerciong @s@ondi ng
trhlesoneolEae xitd nethie encoded
seaMence carrespanding to the at

| east one (n

the i nventive

RNA of the
EHHPHOStIm

'ﬂ ar ahl

adjuvant conmponent or
1] at WO 2010 13753

t taddgr C"I”@%fs't‘”?o‘?‘?écef ree NMRNA of
9eefﬁsmﬁewﬂem"f§§cb

6

conposition
RNA. Such al{
GC-stabi |l i zat
adj uvant com
t he at | east
based on the
i nportant fo
nucl eot i des

S PI C1T CTT aul

eration of1
i @Ace-ghis G

I + Aarpod A~y
IIUL artcr Tu vunpai C

he GC-sequence nmay be
Cocsh@leh bi zation of th

Lb'i’ad éf an‘té’r
melGn

LILLL® L

gnffé&fé""fmw

e(ﬁafJeast one

pati ve

:FD

t he

pONENt oOf th
one free nR
f @8€E-phat t

f 5 | nventi ve | nmunos
NA of the inventive in
heGaetiggepce of any RNA

{ Ibmadte ey, mﬁgmaa‘e\rt | on
mMssrosbd, melhainey yead enfesi
rcetgeon to be transl ate

and/or of
tionis
dis

efficient {

t ant
SealPaL; o0,

ransl ati on of that RN
[N ar;icular, seque

| LR A

C‘Qﬂl Ql’\f‘ﬂf‘

A blafifii sancerhlengseagesence o
NCYE A TRARPEne R aMds e

(guanosine)/ €
i ncreased A
t he codons t

yl.\Jdl LILA Y2

10 (aden05|
necate.keast

r-grap o _nmmrao bfa
COUTTC UTITU Uur o nmur o L

ne)/ U (uracil) content|.
DNE HhfPRBA of the adj U

"bgdder ca cer Aa nf

vqg&mponponent 0

by §ndhraxke

f vari ous
d G

IIM‘VI ng an

ntion,
nventive

i rnmunosti mu
i nventive im
nati ve RNA sq
that they in
15 fact that
degenerati on

can be determ

atory comnpo
Tugosit i nul at

ST EdnOBiff@Ent@fly &Presséifin | ©
DI pro@1POSi tion are th

ast one Tree

MRNA OoT Th

erpafsafe@ancar i ed conpar ed

e
toits

pgaenee, whi

eNaedtagl dorghityh@nder a0

| atiech, aglamn@naaci d sequen

ce, such

Cl g0 an i nct

eglgedroemi@pkDof G C n

ucteobinges. |

n _respect

to the

several cod
[a)

bns code for one and t
i ymwné\ t he most f

henepatarellubarcaonae d (so-
APB2 codons f or

the

cal | ed
stability

thca,.ﬁgarglg%f Lve codot

vay
geJ

Fancﬂhnnn.d! ng

oh—t

he am no

acid to be ene

J.umaln,ﬁ'gw rlugntgmorA RNA

.'P
+hn

I/

g

nt 20
zZJ

aal
N

T
-
C

mac

(J

II, AUL ‘28 Y

n

"C

LITC (1
~prostate,

fa¥al
alrTt

anc

conponent of

the i nventi ve

IIUIIUDLI I

of the inventive i nmunost

possibilities

sequence. In
excl usi vely
Thus,
and Ay (GEC
In contrast,

{160 /n &/ bBYO

JI ClL Ot _y bUIIIJUDI LI Ul I

| ROhA PN mGIQEde gr'
i p/h&adibgal of t

OQ)

“'bv as lcsh%er%adds&shce? et
bi6a, 0 £ial Bk
RNA S%h@ngﬁmc@mare

ncreas
to 1

ree mMRNA

ts native

t Rer\vcaseL of

am no aci ds mhlch ar €

entadagd by codons whic

h contain

5 BNEC nucl e

Dt huhes ne@pkd dbstaredi f 1 C

atleudemiof t he

codon is n

ecessary.

t he codohsmebioax NRXo

08 1CER) req

(CCC or CCQ, Arg 25(
lire no GCmdificati

CCC or CGQ),
arprosafergancen g

Ala (GCC o
Aor Uis

‘r GCo

cBENNESwhi ¢
/$CFP 1nf hnr

h contain A and/or

hnrlnne WhH nh co
A A AY A 4

ucl eot i des can be G/C—

by substituti
contain no A
G Cnodi fied

I

G
h

QMIES' Sau.
PV-EG

8
Pa
oyl
£

I

® q

WIEW ot

£

97 the codons
or CC C the
t he codons f

D

9f, Arg ca

r be &G Cnodi fied from

kg%rs"thc%‘anc\e}*-"""\ ol

AGAOT

007032
GG to CGC

codons for

or Gy can be

Na can be G C-nodi fig
G Cnodified from CQ

d brdaQ Ak UmBEnceuf D
U caficekkArilirOcatdée, s@tontd3G. | 5 I n

&C or

GCG

ot her cases, |al t hough A or hlthanuddrendse dessecanngt Nee-Heldgkn- Iqabl&mhafarcom t he codons,
it is however puG8%§ible to twetriprse the A and U deweeiat by using codons which
contain a | oueEcant ent bf instipaladeexvi psierped eot i [daenal il sarpineme of t hese are: 10
t he codons for'SPHE can bhe G Cnodified frnm uJuy Cpbqrempl(sanqehp codons faor Leu can
be G C nodified tjﬁ m UUA @C‘f“kCUU’%?FPt@BJ@ 6 quC CUG: the codons flor Ser

- ﬂ d¢ ¢, Ny 1 IrA A~ A1 ¢ EJ*&)IaS‘ ACC: o o
can be G C npd 60— 1ot OF—oCA—O0t—F—0o—t @ ee—the—<€ don for

r\L 2R 'y 1A + 1 Wregt Cau'cer o] 1 1
Tyr can be bn_IBUUI fed—tromUAdto UYAC —the codon tort Lys—tan be—G&€ nodified
fromU& to 'm@,qm pdon for—Hs cam te GG nodr fred fronmmCAUtoCAC, the
codon for G n gaspde G G nodified from CAA to |CA&al cell carcinoma

kalllkrem 2 prostate cancer




t he codons for

He can be G Cnodified from AUU or AUA to AUC
Thr can be GCnodified from ACU or ACA to ACC or ACC

the cod

ons for

codon for Asn

can be G C nm¥A21"E#5¥r om AAU to AAC, 20 the codon for Lng@g?Po?f@”@QC- nodi fi ed

from AAA to AAG the codons for Val
or QUG the codon for Asp can be G Cnodified from GAU to CAC,

can be GCnodified from GUU or

the co

G u can be GCnodified from CAA to GAG9the stop codon UAA can be

GUA to GUC

don for

G Cnodified to UAG or UGA. 25 In the case of the codons for Met (AUG and Trp
(UGC), on the wilhkesinhand] there is no possi bil]i tpyosefe csgguence nodi ficati on.
The substitutions |isted|above can be used ei t|harosiardianded bradst sangr, Non- al |
possi bl e 30 cok®fnations|to increase the G C clorfaesglin-tyfrphdwa, melafomast one
(m RNA of the BapreAPAnt conponent of the inventl VRdienspnssist i mul at or y
conposi ti on anffke! { KWMM&%W
. . ) [
i munosti nul at ory conposition conmpared to its pékg%gﬁ,%@:séielﬁ%at“ic\)é‘sﬁm Le. the
non- nodi fi ed sequence). Thus, for exanple, all ccg,(igpgso &rer’fg,o{f{pgggﬁrrl ng in WO
2010/ 037539PCTGR2QP9/ 007032 98 the nati ve seque;gg&eag@ n&e ¢ nodified to ACC
(or ACG. Preferably, however, f1or exanple, CcOmMyiJaadiconts:, fdad hatEhe@DOVE
substitution| posssbilitieslaitgeused: subsit i daitet, @felabdmaal | codons codi ng
for Thr in thelivion- nodi fied sequence (native RNAjadtlg ACE, bélaromACE and
substitution|of all codons originally coding florbla8der cergelJ@@d ¢inetlCG of AGO,
substitution|of all codons coding for Ile in thecamet mehafrmas jeEr AUC and
substi tuti on oMAGEA! mglATIRpaYReYAL o di ancer sapeRmadeikeBidnst i t ut i on
of all codons originally|coding for Tyr to UAG gce‘ijtﬁé grﬁgmafiqwggcea || codons
coding for Val \i\pgelhg ori gipalomegrenag to GJG (Ql, gm LRSTitutl on of
all codons origrmatfty cotiing for G u to GAGamnd %Qgﬂcb,{cg{ K0 a8 nedl T Tlodons
originally coding for Ala to GCC (or GCO and [sulsdet, télahéhih, lordahceg0dons
originally coding for Arg to CGC (or CGG); ISrlgttSrtdelt, tHrdoo, lafkeraibl clodons
coding for Val in the original sequence to GJ (mta@d@)ceandelqrﬁsbrbmtl tution of
al |l codons ori fneEAIY caodli mglafanta adiggn-Ah? GAG a odons
originally coding for Ala to GCC (or GCO and SLPr%*E’?'tC F'O'P?aé)?"daﬂef" codpons
originally COdLAR&E-fAQr el 'r[nel (or %36) and LfB%Ctef fSPr B gro chafce&odons
. 2. 2 anoma ahtigen- . _cangcgr, sargoma, le

ori gl nal | Yy C(7d1_ﬁ'g —of—ivn AT, sthstit or g ncgr' hea I Ng for
Val in the original sequence to GUC (or QUG 4&n cf Bhdntal E&(Q,rka er, @l | codons
originally codmagefa@r Phe teladda andnagibsti t ut|i qahgeﬁnce.l LareRE0BRedE | Qi nal 1y
coding for Cys to UGC and substitution of allT [catkass coiceghdaabddheciodl Ng for Leu
to CUG (or CUC) and substitution of all codons arigt nelahgmacodénigndeor A n to
CAG and substi MAGEanA of al mclersdmrstigsn-Adi nal | v |cdeligregndensar@me, leuker@i@C (jor CCG) ;
etc. 25 Preferably, the (..:/ C content of the codi rf@adiegﬁfgﬁf brfad an ’RNBAr selquence
SR 1 N RN T s i
¢ ladde rca ead and neck
increased by|at least 7% nore prefer abl y by at ? ﬁf Al arlly
preferably by gphck@ast 20%..cmangd.he the G|C WQ&&@& a@rgom'é Sukemia

MAGE-B1 melanoma-antigen-B1 melanoma

MAGE-B10 melanoma-antigen-B10 melanoma

MAGE-B16 melanoma-antigen-B16 melanoma

MAGE-B17 melanoma-antigen-B17 melanoma

MAGE-B2 melanoma-antigen-B2 melanoma

MAGE-B3 melanoma-antigen-B3 melanoma

MAGE-B4 melanoma-antigen-B4 melanoma

MAGE-B5 melanoma-antigen-B5 melanoma

MAGE-B6 melanoma-antigen-B6 melanoma

MAGE-C1 melanoma-antigen-C1 bladder cancer, melanoma

MAGE-C2 melanoma-antigen-C2 melanoma

MAGE-C3 melanoma-antigen-C3 melanoma

MAGE-D1 melanoma-antigen-D1 melanoma

MAGE-D2 melanoma-antigen-D2 melanoma

MAGE-D4 melanoma-antigen-D4 melanoma
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15 and/or the at | east one free nRNA of the inventive inmunostinulatory
conposition, can also be introduced into the RNA by neans of further nethods
known to a p‘@Pé?)'H’”?R?‘ﬂ led in the art. Suitable methods &FEEPRBIEE AN e,

synt hesi s net hods using (automatic or sem automatic) oligonucleotide synthesis
devi ces, biochem cal nethods, such as, for exanple, in vitro transcription
met hods, etc. In this connection there gan preferably be used in the 20 case
of (relatively short) sequences, whose |ength generally does not exceed from
50 to 100 numl/rﬁatlprdeﬁeth)slww hmizﬁmémtrh@dﬁsd,l&ing ARTC DABBY A4, BAGERNIBGLLE, omat | C)
ol i gonucl eot i ynthe is de V|tr n p t hods.
In the case %bﬁ TVery }'jq \oﬁr@ e {:r@s nﬁﬁ %/Cz\ zfé% éq%ad\nang a

| engt h of nDrCe\712HaﬁA52)S tcalretl(O@hrnmN\/tEtbt¢Aﬁi’s&/mbcamhﬁpelm8caithemmhodﬁ1a,r@Dm ef erably
suitable, su Sc I AR Vi S d wever,
even | onger Cbéaﬂt)szg rm CBEW@I&M lctgss‘ﬂhgb@ 865? eS| ze s;;zrﬁt ﬁeﬁh_&il |y by
coupl i ng var |Qﬂj<$42§yrm ﬁé@l 420 V. rfaglr?@nl(?:ML@@,v@Oéfit/my coaﬂ:@sm!e‘fhermde@bm@,get he

i nventive i ”%tﬂp%;‘dx*%’ @1‘%&06%@9%%\0@1 s émrrbﬁ%ﬁp 3) cﬁ%\aﬁ‘ﬂjA‘fW%tDﬁM -¢onponent

and b) at | east one free NA. anot her enbodi nent ,” the 'nventive
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adj uvant whi QIMLHS EE}@?"F@]F@@N‘ Iﬂrahhec'zﬁ'(yet'ﬂ&d:é/? GK@PQOGI\CF@' aheEY, ea@Rosi tion
additional to the ca@*uvant co onent defi ned above. this context, an

adj uvant may Hhah @V@oéﬁ% WO £15 Vo 8T 980 6EE? . Eﬁ"i"i’l‘é@'ld’lﬁ@@f@”éﬁ?w any

conmpoungh Whingsid, SHEMIrea P IHERVXK-MERPSILA- AP0 1NR A, BiLAOM 1ARd HORLA0RAIHNE, del i very
of the inventive i mmunosti nul at or¥4/ rrﬁom tion according to the | nventi on.
t

Furt hernore, QG‘EPP%nN%} InvBRM-HEY 436G hdtPMaBSry BB tifer®t 415 Hi2M at e or
i ncrease an iHETUW)@TERTS PCHISGF-Of, IL-herd2nnatre - mn@my&h&m réceptor, kalli@Rirs peci fi c

:ngs[ iersrglo Sgéli}krﬁ'{ﬂr?’pgéqr}e[(wgg%'%&F&?Wé"|'§ﬂd{8$ ?ﬁ%’ﬁg{’éé?%h%irngééponse due
to the adj uvamiGEANPAAGEA2, MGI@EFASMP@QDA4 OOAGE-2b) MgGGfA% NMAGEATGRAMAGEHNEe (M) RNA
Such anti nnar 2l MRHe T danGh el WL QAR A B B H C R AT B e
adj uvant, as NkGE-Bea M?P\CiEh%Wf oMI‘\@\En(Hg MS@E%@arM&G&CBt dﬂ&GE-@jj, UMARGIE- Dﬁhy be
o e e oM dEDA AL AR GKAIRA. 1 MALLEH, RAEAD, el e for 1 he

present case, i.e portin e inducti6on of an’innaté’innune respdnse in a
manmmal | excem/’\lﬂi‘VmbmﬁﬂMABT 2p AR /Mo ninatric gripleindd A 18efM-68d &&W® i n or der

to prevent C%Bg&ﬂélﬁi 'Mt'f‘scﬂﬁxdrm%@bﬂ BARJCrORGNfi é&er\/{WMlﬁ)ﬂqu RALRRY YmuM?e

adj uvant may be sel ected fromthe dgroup consi ng of, without being linted

t her et 020 i ncll(ai MEMcHIM: S8 AY-3/momyosvsass Harr MAS-AdNmegly lsisosaplintmsiesse-al um 15

sol ution, al uum%mnahw@& pxplqe,NFAMﬁﬁcénowmmommﬁm@w Rasfh, NIBENiNyoRspROs phat e
gel; glucans from al al um ni_um Q%dr oxi de gel (aI um); highly

pr ot ei n- adsor’bMNgS&- gn‘?ﬁ? %%Po%e%t’m Pod PPUBsPLSPCAciinPREPRTIY dr oxi de
gel; AF or Skhs, F(l@UHrhuEerﬁr-@EBl 558 pb ane PAGYY, PAVE ®A1-BOPART- L WATE RinBFOAhe L121
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(1-al pha, 25- y \V ta I ( cium
phosphat e nar?op? ?X@f Sﬁlr E}\FTe g’?@cgtﬁiﬁﬁwgﬁbl 8? S%)?'l ﬁsgﬁﬂ% rﬁﬁ

- pr ot ei n- A- D4Dr sk T AMIPST, GEAR, clieivim, semlyind2f, tSYBSGX 11 B¥ET-89%a2, €Aa9Q, AAA; CRL
1005 (bl ock p R t i i OJTES,

(di et hy! di ol %%@'ﬁ%%ﬁ?ﬁ%% “?§*5>e‘?a'%ﬁ2§ %e@ R T ST S pwee 25
(di nyri st oyl gfds PRI(N Ty TRShpd, ityreyinasONF#a, (\/@GFVWECBCRWHLﬂihbSphMMyI gl ycer ol);

DOC/ al u£p conpl ex (deoxycholic acid sodiumsalt); Freund' s conplete adjuvant;
Freund's inconplete adjuvant; gamma inulin; Gerbu adjuvant (m xture of: i)
N-acet yl gl ucd@aﬁarﬁw'ar(mefaored\m@dyhm&rtbwmarwgamﬂs epcqsledox thers l@etiovrP) , i)

di et hyl d' OCR.%Q@W&& Lvam &dph nb:qeof Q@Dmentlbé |'n)mtﬁ+o§}ﬁnthatgfycﬂohﬁ>%5|§&4 freconpl ex

(ZnPr o- 8) ﬁﬁ# N-acet | gl ucosam n

(b1-4)- N- acet59'F E{ﬂ'guthigfavaﬁwmﬂns SoGefa %é) Mﬁqﬁ HupFRSE faLto accession
-(2-net hypropyl) - 1H m dazol 4, 5- cl qui nol i ne- 4-am ne); | nmTher”

(N-acetyl gl ucosam nyl - N-acet yI mur ar nyl - LAl a- D-i sod u-L- Al a- gl ycerol

dipalmtate); DRVs (imrunoliposones prepared from dehydration-rehydration

vesicles); interferon-gamma; interleukinsl beta; interleukin-2; WD

2010/ 037539PCDEP2009/ 007 32 110 interleukin-7; interleukin-12; |SCOVE";

| SCOPREP 7.0.3. TM |iposones; LOXORI BI NE" (7-allyl-8-oxoguanosine); LT oral



20 Furthernore, the inventive pharmaceutical conposition nay conprise a
phar maceuti cal | accept able carrier and/or vehicle. In the context of the
present i nve‘ﬁ?r%‘ﬁ M7a¥phar maceutical Iy acceptabl e carri e TP nel udes
the liquid or non-Ii qur d basis of the inventive inventive pharnmaceuti cal
conposition. If the inventive pharmaceutical 25 conposition is provided in
liquid form the carrier will typically7be pyrogen-free water; isotonic saline
or buffered (aqueous) solutions, e.g phosphate, citrate etc, buffered
sol utions. Pawutibeul\a7481)f (VAGBjARCIMAGEAB, tMRGE-AGE ktd. VRAGEVEN tatateding to
phar maceut i caI OSi ti f uff &% referably an
aqueous buff &r ess'g'P"meb G&Mdowg%% a"%r?%iﬁ ﬁA@% Cén{"glg eﬁr e?lérr’g\b CcOrdlrngl east 50
nmM of a sodi me&ksﬁqn raundtzr NNMUPOS 3 lt),,Glth@f egaﬁPwOeAccbrelatgtto (accﬁkislcmm@ﬁb@f a
cal ciumsalt, I [ | t fera (N nmM of a
pot assi um sall\f‘% 4 grrjagna%t%gat% Egr% rﬁ% tg QCC%fS'On ﬁ r¥b%}dr %@6@3617%& i um and,
optionaldy, p@rlvezsrsr(wn savivig mrdwg:m arcceStihre rfugtber ANFOTTHSOL, G dgeniClas, e.g.
chl orides, iqgdi I it r [ OXi bonat es,
hydr ogen car %g%%?gé % C&E&cfn gﬁ%er @Mc@ﬁ?heﬁ'ﬁpﬁ/&?%f r%‘%/% Zg%éldm%%
2010/ 037539 P@FEHIDOBMIBTOBY 17130, |WH t (k- t WG etascordingmsl exscasior oaimbrsal t s
include e.g. N\N2@00378 PRANAIe,g. PRRGERC cd}lﬁhE?Q%cc&\J@or?%%berq%ré\nfﬁd@%)oﬁcme
optional potassiumsalts |ncl ude g‘:j KBr, K2CGC3, K2SO™4, and
exanpl es of c¢enidarmh gavths fartﬁbrqra@% e &:éérFE' (eeairerma' GEBYt face%rc@ept@aem
Ca( OH) 210 Fur tabesrémg & aREeGRRA uner an%sais)t kercaf aruerBneigoRRdinCladdconingBY be
contained in 5 the buffer. Accordi g@_@ 8 rrgﬁq gr ef erred enbodi ment t he
buf fer sui t aBFEEsTR NYRPE VM2 Ao pefddd Coe 8y PEYHNE, o RESPSEIhP YT sal t s

sel ected fr (r)”mr\amjusrmmclhfrmmd@ (Na@?) AcE@idH WidimbBl (Nm_dgsﬁm%ﬁé arggdscrptr onﬁl |y
pot assi um chl_or erein rt n S ent itional to
the chlori desaccct'§@,$ W& caz‘i%rés%rP%d’uB’e’e? e\gﬁ‘-é)@géfogyhg#é‘i"ﬂg?gsgﬁéf’f KREKENE Dy pical |y,
the salts in atdflissrd)mjnembemNl\rb_()f)fﬂ’?),a'ﬂﬁ’ -pr(egeMkP-2 nacaodigcenadcatsiconnahbat | east
50 10 sodi | east 3 mM potassium chloride (KCI) and at
| east 0,01 @E?%&ﬂﬁf\%%&%@%atsme injection buffer may be
hypertonic, i sot onic or hypotonic with reference to the specific reference
medium i.e. the buffer may have a higher, identical or |ower salt content

with reference to the specific reference nmedi um wherein preferably such
concent r at i orfscertling iea Afrberepartiqyarky meeierses] anbogtimyenb ¢hautgedr aniigeesesgocotst | ead to
damage 15 of \gells fugalo o‘F\é”@ﬁiRﬂAorofOItrﬁ'@rao‘ftﬂzgﬁte%ﬁ%Bh&P 6f fREt fvelfRber ence
nedia are e.g. liquids occurring in "in vivit nmetho such as bl ood, |ynph,
cyt osol #& | i ammysostiBulain eompedion i 19En o Foktd. of pRjigeRrs e Bnc RE(ebe used

as reference .mrestrrﬁmatb.@) wh;s&rtron”&rrrhoralrs of werrmsreﬁpmrhbwréa‘cﬁra%ngén lsi qui ds.
Such conmon buffer qui d illed person. R nger or

Ri nger - Lact atceneerf@m erhe re* ?fatﬁ? ?@uP’&F‘%’%P'Yp{OéFlé‘f”r”tchrh@d%P“P’? qwnsé%spensezo
However, Onef@rthﬁm’éﬁn@ﬁmaérbiﬁt@ cafder wb(m) ;irefaubr;i cfflrrebﬁr,@vaar art/bruiinsndr
encapsul ati ng ounds nma dfscﬁ V\ﬁ‘ | %e L nvept i ve phar r’rﬁ,ceutr cal
conposi ti on, RIPdate ot Cﬁfﬂ@ Srea%?ar‘?{ f’%rfierréﬁ thgrete: OJ T'aRYPPYE BE treated.
The term' comp)ea.itrlbﬁseOneam RIS&df heradjumrmnﬁ)beént bhigs envestgtimiruenitenudtodyhe

i nventive phar maceutica fLd QN ed with an RNA
sequence as (&FPREEHe 'e‘%feﬁg"r’g F&t SbF %\' h etprfgra%[y a%EreaSt(?{'} R‘RIKM\ \r% adj uvant
conponent of rmdyeenccvdceamleraste)ne,mnfa@bbfltwulthteepyeveorfqmwr’eﬁecablyatnﬁfmére))@dgwsth a
cationic or %?lh\é?c? OL%O(S‘FBR phgle. and the at |east one free nRNA of the

i nventive inmunos ry con%osr tion, in such a manner that no interaction
occurs which woul d substantr ally reduce the pharmaceutical effectiveness of
the invgntive phar,gr@&e(ysr ec$9A919 i &ange'r typr cal use conditions.

Phar maceuti cal l'?/ g ,5\ r eacrf[ ﬁ&k t%ﬁ) and élr | uents nust, of course,
have suffi cient Satetm eAnl % Iowtoxrcrtyto rrakethem

sui table for adn1 ated onme exanpl es of
conpounds whi ch’ c§h§ eﬁé&@“ﬁ?"%ﬁ&?ﬁﬁ%ﬁﬁ%%@%ﬁ" f 85% gﬁle carriers, fillers
or constituents thereof WD 2010/1137539PC17ELl’ 2009/0071132 113 are sugars,
such as, for exanple, |actose, glucose and sucrose; starches, such as, for
exanpl e, corn starch or potato starch; cellulose and its derivatives, such as,
for exanpl e, sodium carboxynethyl cel | ul ose, ethylcellul ose, cellul ose acetate;
powdered tragacanth; malt; gelatin; tallow, solid glidants, such as, for
exanpl e, stearic acid, nmagnesium stearate; 5 calciumsulfate; vegetable oils,
such as, for exanple, groundnut oil, cottonseed oil, sesane oil, olive oil,



orally in any oraIIy accept abl e dosage formincluding, but not limted to,
capsul es, tablets ueous suspensions or solutions. In the case of tablets
for oral usé 08%9@?@ #’s commonly used 10 incl ude | act ose PAREPEBYY "¢ ar ch.
Lubricating agents, such as magnesi um stearate, are also typically added. For
oral admnistration in a capsule form useful diluents include | actose and
dried cornstarch. When aqueous suspensi s are required for oral use, the
active ingredient, i.e. the at | east one (m RNA of the adjuvant conponent of
the inventi veéctotingos tinather phoicyladp peesied emhodimdhipthetth@oadntigeast eonelefir ee MRANA
of the inventive 15 | nNost. i 07 QnpQ 1hg h

i nventive ph%yngbeu iceEa é%%p§§$$Eoﬁ¥agw LNE@ gﬁoveﬁL?soﬁﬁh%iﬁ&%&W?th

enul si fying andmewmpehdkngoagenmgwnhvfdeswrawkwdewtaNQeSMgﬂiémkmgadeavoring
or coloring C i conposi tion
may al so be 3&%??@ ggl'lyfgoﬁgoéﬁgq%q SJPS{ gﬁéq%l@\é% ,BJQi%Faﬁg %agb aﬁﬁé of Qt r eat ment
i ncl udes® ar e&gnt@med)rrgfarrespaﬁeddh¢ kit) aere(@wlmﬂoeelwt izlez0) (ééaptla@pmn@a@ m;nonse g.

i ncl udi ng d'%EQﬁéﬁeﬂﬁmﬁhﬁu%%kﬁmﬂQe@ﬁn%ﬂ%n&&b@ﬁyﬁﬁf%ﬁé%@tgs@@b%@%%h@%et'Ssue
Sui tabl e topical fornulations are rea repared for e of these areas or
organs. For thps @ain subpiPRTEIRBAS, ce!'Hr@guqqm?mavéde@ﬁféafﬁa@emmtlawge@e'hb@s| tion may

be formul at edaichomassi &fahlfded RIARINthere©0 PsrahiBiplEhotd)@hd MVIBRE bNE(M)RNA of
i mrunost i nul at or conp05|t|on partlcularl its 25 conponents as defi ned

above, suspe Jypntoswenseal ihe 'Wﬁ@'vsr'mwaﬁ%st'eyht?%Fgmp@am'%ﬁ”g fera8ly & opi cal
adm ni st at i Gdasd Hel HRIGA, WHich &6 dMRbdd htTedsednd, @;eféfhlﬁl?rbﬂb tiek, folt, G, Chix,

petrolatum white etrol atu ne ol t hyl

ol yoxypr opy FeiiE BB ORde" SlaP oF JreTt (st iRl S hEra o s (HPying  he
inventive ph@kmp@emﬂgeai conposition can be fornulated in a suitable |otion or
cream In the conhﬁﬁb_of the present invention, suitable carriers 30incl ude,
but are not lint m neral oil, sorbitan nonostearate, polysorbate 60,
cetyl esters wa, v@atearyl al cohol, 2-octyl dodecanol, benzyl al cohol and

wat er. WD 201010478EoET/ EP20009, 11071132 115 The inventive pharnaceuti cal
conposition typl calty conprises a "safe and effective amount™ of the
conponent s of the“@“ﬁ%ﬁ%lve phar maceuti cal conposition, particularly of the at
| east one (m) RMA 8fUGhe adj uvant conponent of the inventive inmunostinul atory
conposi tion conpl Ekednew.t h a cationic or polycationic conpound, and/or of the
at |l easi0 5 one €r &&-65RNA of the inventive inmmunostinul atory conposition. As
used herein, a ¢s&f& and effective anount” nmeans an anount of the at |east one
(m RNA of the adj 6Gwaivin, conponent of the inventive inmunostirnul atory

conposi tion compl eeeit-@i, tahd/ar cati oni ¢ or pol ycati oni ¢ conpound, and/or of the
at | east one freemMi¥/ACHf the inventive inmmunostinulatory conposition, that is
sufficiznt to significantly induce a positive 10 nodification of a disease or
di sorder as ddereireghyembinationfdf thése astigars s posibldhowever, a 'safe and effective
anount.' is small enough to avoid serious side-effects, that is to say to
permt a sensible relationship between advantage and risk. The determ nation
of these |i mAcsortiippitcafurhe] pagtecularly Iprefertedembodiprent thestemsi ditigersedieceddefl udgnent .
A "safe and factiye f hec n %

pharnaceut|c§$ ?ghpgskgﬁggmgparﬁrghﬁgrgﬁpq@ﬁnhé g%mkggg¥ éﬁghﬁ h mﬂwe NA of the
adj uvani0 conpomenestiohlatdne dompesiign, gay rfﬁwmosqqktrﬁjl eft entgger@omashtainoﬁctw@rrpl exed
with a Cat'Oﬂh%uQBﬁPRhMSQFt&ﬂ#ﬁn%ﬁﬁFQﬁﬂgof /Q$e£ﬂ1ﬁ@@nﬁhf&ﬁﬁ%%ugﬁasffee MRNA
of the inventive inmunostinmulatory conposition, herein will furthernore vary
in connect i ofOWRINRA {henepeat pfch ki), ersieerbly fohelicingean: (dapting) '@ﬁwnar@eow:th t he

age and physifgahe &eftfehi §MmodfsniahePadrigedincdrd NosLCY, gaétedblytsBRB thsmWBE ght
general health, sex, diet, time of 20 adm nistration, rate of excretion, drug

conbi nati on, HREMARSHRIPGS SaPAY Cl dBrREcNARPRAEENSFTHRRIA: 3% e iR lRer ei n
enpl oyesk theaﬁﬁl\b&faj biyof@fisotdes rertedithdr@d, For fit@s plurpade] ta tiod attlbat brliee(&{)RNNt, t he

t f th th f th t ticall
Acceptabl e cal P aP aBACTRRETCT Y YTt PP IR s AR RE kY

experience of the acconmpanying doctor. The inventive pharmaceuti cal
conposition may be used for human 25and al so for veterinary nmedi cal purposes,
preferably for human nedi cal purposes, as a pharmaceutical conposition in
general or as a vaccine. According to a specific enbodinent, the inventive
pharmaceutical conposition nay be provided as a vaccine. Such an inventive
vaccine is typically conposed |like the inventive 30 pharmaceutical conposition
and preferably supports at |east an innate i Mmune response of the inmune



WO 2010/ 037539Per EP2009/ 007032 117 The inventive vaccine can additionally
contain one or nore auxiliary substances in order to further increase its

i munogeni ci¥92V'K8yer gi stic action of the at |east ond“THfRKIE2t he

adj uvant conponent of the inventive inmunostinulatory conposition conpl exed
with a cationic or polycationic conmpound, and/or of the at |east one free nMRNA
of the inventive 5 imunostinmul atory cofposition, as defined above, and of an
auxi liary substance, which nay be optionally contained in the inventive

vacci ne as destnstlhad RNFOnegre ipsefgildy er idt pnaotfiNgy echichhen g bycodPapénastitwg on t he
vari ous type X V. tances, various mechani sns can cone into

consi derati ozprgffﬁragﬁ/d%erem) anﬁ%Jel?EFor exanpl e, conpounds that permt the

mat ur ati on ofa) denaeintat tseasiellnb,spréfmbyy atfleast teathydeefoli, fiopot yeacohaf thdesat

TNF- al pha 10 or &Pﬁ%%ug@}ﬂ% aie%e”elc?egff}o'}r?t class of suitable auxiliary
substances. In genera ossible to use as aUX|I|ary substance any agent
t hat infyuences*th&4i mune systemin the manner of a “danger signal" (19S,
GP96, etc.) or cytNKiSees, such as G CFS, which allow an inmune response
produced by thesi MAGEASLI mul ati ng adj uvant according to the invention to be
enhanced and/ ore i MAGEAZ,ed'in a targeted manner. Particularly preferred
auxiliary 15 subsivGresS],anéocyt oki nes, such as nonoki nes, | ynphoki nes,

interl euki ns ore ChWKCHQEd that further pronote the innate inmmune response,
such as IL-1, IL-2, IL 3, IL 4 IL 5 IL-6, IL-7, IL-8, IL-9, IL 10, IL-12,
IL-13, IL- 14, IL-15 | L-21 2, |L-23,
L2211 25™) 1 Ph@h e Tuser 4Tagfe) i frejgbiensd g gt pesghong paggh o plrisy

| NF- al pha, | FN-leedia, prdszEblgamm of @\ Kiséin néen@Sfed dvmBBhatiodsTglbapsaoraubgidlipsal pha,
growm h factors, of%HtCQné"Se h&Hf eraFrWterh}? Qre seﬁecYe%Sfro‘r’%h'eCh may be included in the
i nventive vaccine fiergTe or ex ar‘rp , Tween(r); wetting
agent s, 15uch ass hDErRTexarrpI e, sodiumlauryl sulfate; colouring agents;
taste-inpartinge agemnts, pharmaceutical carriers; tablet-form ng agents;
stabilizers; andi mackand,s; preservatives. 25 The inventive vaccine can al so
addi tionally contarg any further conpound, which is known to be

i mune-sti nul atd nguadtreas o its binding affinity (as ligands) to human Toll-1ike
receptoge TLR1,. TMR1, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR1O, or due
to its binding af Hepg,tnyu (as ligands) to rnurine ToI | -1 ke receptors TLR1,

| LR2, TLR3, TLR4, NILd3e). 1 ‘'TLR6, 30TLR7, TLR8, TLR9, TLR10, TLR11, |LR12 or
TLR13. WO 2010/ 0%@539PCUEP2009/ 007032 118 DNA can be a single-stranded

CpG DNA (ss CpG ~vird doubl e-stranded CpG DNA (dsDNA), a single-stranded
CpG RNA{ss OpG R GEOé % g/gpbl e-stranded CpC-RNA (ds CpC-RNA). The CpG
nucl ei c aci d is.p (E}szl\m n the formof CpG RNA nore preferably in the form
of single-strande (ss CoGRNA). The CpG nucleic acid preferably 5
contains at | east one or nore (mtogenic) cytosine/ guanine dinucleotide
sequence(s) (CHeahotei eh(@)i)menAcc@hdnif Hg aboveadefipgdsproteine feeg. rﬂeadambti@ﬂlna@ivee at

| east one Cp f i n n thesecs t y

(cytosine) a chTBhé %&?gﬂggmﬁq &ﬁ 5 &QMQ@ ,?e'? srn%%]rrﬂp?t ﬁhfbgt%gdb); %% further
cytosi n¥s or (garasisHeyCIdPEA a ﬂaplymﬁt(rapmatrpmdtrh%"é/é 'Qé%fl?eM@é@ thant lsestei t her
et hyl at ed ol b RNV @feSfl; uv@ﬁ%ﬁﬁgbﬁ%t Bpthélrivgﬁtpvg%mgﬁ&t ﬁlwaﬂgy @J)r%ﬁfsﬁl%h' ve,
however, 10the C (cytosine) and G (guani ne) @ notif can al so be
present in netaYyGORPEEE Rlolepst t%%é'a%ﬁcrfgow %Mmpfqﬂ@?b'pmé? 5 ddhesh) &ch df t he

present lnvermés@lan lehdt@wd W@r‘HclsM@mb)nWKbO%FéféﬂﬂlyaWMAsCQHP@ﬁéJdle0@g ,pgtea‘nerabl y the
conponent s of nyentive 15 i mmunosti rnu osition, e. the at

| east one (ni faB@v ¢ fﬁée%?favw -B¢ BRpBYRSAt Pfo‘fr apestleRFRIOm 21 3R Ul at ory
conposi 35 on ceympbededtiydntddmbina@bnsoni ¢ or pol ycationi ¢ conpound, together with
the at | east one free nRNA of the inventive irnmunostinulatory conposition,
may be used for the preparation of a pharmaceutical conposition or a vaccine,
pref erabl y alAccadinged iammbbrhﬁnehlmly f)@ferrtehen'qbbdlpi@ytl el 8 leabt @@t (MERNA ahtheor

ar‘rel I or at I on ?QJ(\?;M aCQ nenE otethe mSv% ?Veesi al nOSc!IlmSU ato rc%magsngoenfmneconqerll’se aq
Accordi ngly, el venttve i nminGst il ™ atory conpositrom" TRecS WER(e
phar maceuti cal conposition or the inventive vaccine, or the at Ieast one

(m RNA of the adjuvant conponent of the inventive inmunostinulatory
conposition conplexed with a cationic or 25 polycationic conpound, together
with the at | east one free nRNA of the inventive inmunostinul atory
conposition, may be used for (the preparation of a medicanent for) the
prophyl axis, treatnent and/or anelioration of e.g. cancer or tunor diseases,



Furthernore, the inventive immunostinulatory conposition, the inventive

phar maceuti cal osition or the inventive vaccine, or the at |east one

(M RNA of th%oé?:l']“n%é?‘?t 20 conponent of the inventive i MAASEYYHIPREL ory
conposition conplexed with a cationic or polycationic conpound, together with
the at | east one free nRNA of the inventive imunostinulatory conposition, may
be used for (the preparation of a nedicaent for) the prophylaxis, treatnent,
and/ or anelioration of e.g. infectious diseases, preferably (viral, bacteri al
or protozool egstbahe) bii orfevet maliisisdorse aASBSpreBubly hRN&Cte @ukad) eedseswhiphef er abl y

to 25 (viral bacterlal r ot 0z00|,0gi cal) |nfect| us,di.seas
typically sel %CF &8 7 n?\feﬁerr?%? o acroldé ¥4 Ces (é)\llv FleVer &’r%‘ %gy Lyne

borreliosis, dlﬁeresuhrmcrtelasusg aangehms apreferablyi se@cteds‘;onvrmabf thafabotd mestichedeases
such as Al DS, nd t r guye, fever, - day
fever, Ebol a0 ﬂsé/ col 339§§UPR C%dhge qug}gr?}é\%g% nceplél %{I Itelgsg ‘Wﬁsﬁ%’%’g‘??’u,

shi ngl es’, hepferen}) protéiey, p@sarylgmpﬂ ektheyasdeast) ohrebip esevenmpllésistiopiseRNA maper pes
zoster, infl Yenza . dfBRACHE: Gt RESRRRAL kbSiombkASRA fiE) HouedlBr BRI T U,
neasl es, foot-and-nouth di sease, nononucl eosi s, , k virus

i nfection, Pbeion éhUSSthgnarﬁdmna@dlmgaeteleast swmqprqﬁmblw rept) (PEdigingd Hodmeareness) |
pseudo- cr OUpwniubutttne ﬁrﬁi@&ﬁtheu”eﬁp'tﬁcﬁ thMVBE Iist) YES toiNod &veh &M@FicistkdAl & IRRADOX,
cytonmegalic virus ( bacterial infectious diseases such as m scarriage
(prostate Woreberabn 203785y Py emoda 9816t ie7st 139, threg, {our. | fpment isBYR, eRt hr ax,

appendi gj ti snilkOtchCkle@$i & tWRReWrimdre (SrakRBY/ &H&Gﬁt?Fmte@@ aly ditiehd SChemat i s

(i nflammati on of the ur(?thra ﬁn junctivi chol era, diphtheri a,

donavanosi s, 2BpegMettiored grouplhR( ehfes)eor ¢ bﬂg f’@%m%ﬂ‘-‘eﬁé Va’gad‘ﬁor”Per’i%PéHt'car”ébblt
fever, Heli olaawe@rrotayi Qﬁhlbde@ClaQIJdl’i@nth?blglhs, etd. MBé prefebbo withsit ey itrided s,
Leglonnalre i.S i sterjosis, ningitis

bact ol al | e RS SRR StavEt vt R BTy BN ey st a
sepsi s (Chor ieganmileasti twas)thre(ﬂofb’ﬂr fp‘raraitwpbumorml(mguebly%ﬁéremtl prasgimgiregre, Rocky
Mount ai 1”5 spot F\te%nf ea/t‘?le above me %lnle sl:l)ar U ﬁpofuan’tl esn% (I;ertrP\gllr Ifr{ezllg é/ shgrsv ”.%gtgrl et
fever, syphll '€t Bt a trip , s Ri " dr'seaser ot ubelcii"ésT s,
typhus vagi muhrsth(eabb‘m defls;)tlonsdlh tthlchem@rt,ea s@adleqd nkféc(nntcma;l rmosreasgsltmaused by
parasites, p; f ?er- i_asi lhar agas

di sease, Ech| ﬁ%gg(g%n&rasf#gﬁé%%egée{\ﬁg?ﬁ]ﬁm 'S pgsf’é%'ﬁ'.”ﬁg dn‘ Sme ﬁcaﬁ:h
tapewor m at hlsesevstofpsetide & hhionevenapetieistionicoiv podadings h«;felas'thwhmgigsf%pot s,
scabi es, CUt @él%%‘l’?r&@h? homak ARl & ble %Mu@@w t(m&'n%éyn%'ﬁae ellade?\go of&hari a,

m Cr osco Y, onchocercosi s river [in ness) fun di sea Vi ne tapewor m
schi st o&brmi agnatherpbragipirs of V%G‘HWCGESOX*Hﬁl ERETRSS156C amr@ns)mhp dfyfegtion are

t rypanosomi a$Ho'§e (ﬁ&rﬁeléicﬁgwawr&@e@%) FMD$Feb@s|tlw'ﬂﬁbsS W@N)O%&low&ﬁ@@ﬁpw di aper
dermatitis or m n| ature tapeworm Likewi se, the inventive inmmunostimnmulatory

conposi ti on, °P¥& ?ﬁ%?f@r% Yisgs Bl Q04 PG BYRHBTisePtsnYitypest YDV h\epatitiy e
vacci ne, or thgrugds (HERStlagnal wWindRder@frudel @-sad), oo leGQFRANBOIMION, strhigni nvent i ve

i mrunost i nul at or sition | exed with a catiopnic or 20 polycationic
conpound, toé’B'ﬁ’Hé? eaan’nyt"Héseé S?‘T()))gg&'c hiarglysisevin &'g’pgt he inventive
i munos2s nul atory corrp05|t| on, may be used for (the preparatl on of a

nmedi cament fqr) the ro axis, tre nd | iorati

aut oi nune d?‘s ding | & ‘th¥rn9?ﬁt'cgladly§ée sgegjepé’ﬁg gt%ea Ak "\?l(mg%/gﬁitg syst eni ¢
and or gan- spedwﬁmmcompbmmabi$ednamn01mmumew@n@@mdemxnmﬂ$pemdwn@nmnuihe
principal cli c f I esp i di seases
ay b di vi AP 3 (12 35k bRk EERE), FRELY ERR S cefin M Eh TG Ol o ¢

| upus er yt henestomngsbif RE?venS}p@clsmnsc B@‘ﬁdp@f@blﬁmﬁé@‘\odedﬁfﬁledFkh?wnaﬂmad
Arthritie angeRo J)rxer%e@ dideBniQT R RG0S WRCAIBRS o1l Mor By BRI RAGRLT QA 001 C
(type | diabetes et es tus Type 1), Hashinoto's yr Oi |t|s

Addi son' s di @éfé@@blmeecgde diterenit PSP ce B pRIUBYI QUheuirRgatents)or Yesiemtat BB ogi ¢

(aut oi mune Bﬁ@%@ﬂl Yelefab s@becte@%ﬁwaéneWetabm&nerﬁgn%érgﬁ&%&ﬁbg%upgan

i nvol ve virtual C|rcunscr|bed mass of body tjssue. The aut ol nmune

di seases to wéa'tt&g%%ﬁ wfmyfe@é'yger)ee%'beﬁP%W%O@%{?ﬁ“ bérpkenss Homgvast theype |
aut oi mune di seases or type Il autoi mune di seases or type ||| autoi mune

di seases or type |V autoi nmune di seases, such as, for exanple, multiple
sclerosis (MS), rheumatoid arthritis, WO 2010 )37539PCT/E, P21109101170. 32 121
di abetes, type | diabetes (D abetes nellitus Type 1), chronic polyarthritis,
Basedow s di sease, autoinmune forns of chronic hepatitis, colitis ulcerosa,
type | allergy diseases, type Il allergy diseases, type Ill allergy diseases,



15 vaccine, or the at |least one (mRNA of the adjuvant conponent of the
inventive imunostimulatory conposition conplexed with a cationic or

pol ycat i oni VRAWPEIRY, together with the at |east one fPEEFHRIGRG!2t he

i nventive imunostinulatory conposition, may be used for the treatnment of such
allergic disorders or diseases, preferably by desensitizing the i mune
reaction which triggers a specific i mufi@ response. Such a 20 desensitizing
may be carried out by adm nistering an effective amount of the allergen or

al | ergi ¢ ant iagenstene adadcifisona RN aod trteheleian‘oeabi-\oeei/ermmmostt'rdmd R A IMay
conposition, ef ra e ndu t 1 mune
reaction. Th a% Po n(ioﬁe ( tpfiré)r Q%,&].c% ?Psearsg({g?'\é@n ere'n e gt'gteﬁs Se‘eﬁggr ai sed
step by step fiom @Lﬁb@‘eqwebﬁveMlnne;tgralmsmnsmympb of hmnglemmuw@raiy)stremneotif t he
patent 1o Dnd LESCHh Rl Ui AuSRC Hdidea AT RhotleClORRACL k! 701 ©
antigen. In the context o ove e I nvention urt ernore relates al so
to the use ofadiubent| eprerpninteo #rmmysntnvueruirrat"uwmmtpwsp@mmf'tlomhes anwéplei ve

phar maceut | o kRaRORL: haflpRlierhlf dRIAN bhGins/ BEChitensOks ddifedherkifaichone

(M RNA of the adjuvant conponent of the i nventi've 30 | nmunosti nul at ory
conposi tion éonpheodigetti MRy dec adyapiBeousre-poloy catsiasgred, cosrpBMaddereedfdt her with

the at |east J@pehidifaBén afI%INéo@Eevmeoﬂtﬂé/@tnéasv&eummpatﬂhsrubat/myorﬁwnaﬂtsaftI on, for
the prophylaxis, treatment, and/or aneljoration of diseases or disorders as

ment i oned her@§ Rventive APwungsipp 3Hss cOPGSAIPD 8iI28 2 RMENASEWIcaE cQPROSHIRR tPrvent i ve

I mrunosta mul atgakiynt iNFeatilthd@ofl 1S ASHEoheRP30QZh AbhdAdetedtZ3] €MLY bPthe t he
i nventive phar maceutl cal co Wal tion.or the } e@ﬂ“ ve vacci ne, j)r the at | east

one (m RNA ofP"TRY 'BtftiamAcBitgs Mt Tgpnt e Ay ENFIMBNB St oAt ™4Por y
conposi tion Qprﬁfpl'ae)yaﬂffdkbrithprateoﬁl mylbe ecgr cmiuy@aw (dlffbtkncpm‘ﬁ()j@nﬂkn bogetsher with
the at | east one f.tr % in ostl nmul at oriy ?,&ECTEOSIU on for
i nocul ati on SPMPR2C"™ AUsEMof %t ﬁ@sea 81(') %rﬁensfe%a%g Yaf® iRBPATANT © AL i ng to
one parti cul ghhynapewicelrqoeghosiidadicaerdihg afthé presapt msaenioni nvent i on, such a net hod
for propyiyl axis, treatment, and/or anelioration of the above- ment i oned

di seases or disorders, or an inoculation nethod for preventing the

above- nment i orfé witberadass of eptigenahd ynadepby desatddrst nhe (reIRNAgof the adpsanti bed
phar maceut i ca%mggm%f ﬁqb%emeq bﬁmulﬂt%ragr%gostitmﬁrc%m r. fager wt,ff. hi.ng from
any of the ove di seases or oW n & par |cuI ar to a
humman bei ng, Speleplargyngigens raay tyaﬁeéf%ddroef #r@e@ﬂs\ﬂ@r'mﬁimm o et $reshe Hf t he
above formul @FohPS}ﬁméﬁ ﬂ@ﬁ?rfhrkg?doa%%i{eeti OAIIekgéH@th)éecoHQél( meEas kg C%Jasses

conposi tions. The ad m nj stration node al so may be as descri bed aBove for

i nventi %& phacHeseneids srugscmpygietaus Arvirgpmenialdiigess, ete.sAlfergy pitigewsryPiralivent i on

relates al so bTeQ)nglrio IdrrfeVdnt rcﬁsJeE @n%sﬁwp&md@nsualetamdcrtei@racﬁdaearﬂrmaarf.agm&ns of the at

| east one (M RNA, be comp Wth a ionic or polycationic conmpound, or
Lhe at | east PEHET PORSIRA Higggend tgglbfreﬁm% §ar%§wé@a<?snao lgaCehatides. sears. ipids,
t her apeut i calphysphekpiye epf omlgamcalat lir3€rBst am AeO Eoradkt iob @sky prebdt nvastichehened

above, conprisjn ol | OWI a ration/ provjsion o

(desoxyy 1 borttisdr Mgt esdtodefaifesier g IraRRATLET VoG Ferilr®erd (i mua
to be campl exedinveritive anmamasomutataw c@ﬁﬂ)c;smahncmpmt@mnppemde aotigenhendithelreast one
free nRNA, i vel enco at t erapeut j ca protein,
ant i gen and/ QePaet BEmiorofbsRR Rlos bRE T RRET ARG Bl A8
(desoxy) ri borhgid éragmtam centodigg sueh pidtein drr papsde |aptlgeos1 alméduhalmfragﬁlelu@rmrl sing a
RNA pol yner asg; offs. suitable buffer, a nucleotide m x, the nucleotide mx
optionally coﬁprl Sing one or nore nucleotides with chem cally nodified

nucl eosi des selected fromthe chem cally nodified nucl eosi des as defined above
as repl menerﬂan(cpan; b.aekérrx.d Ofnti ameﬁl;e%l fiom bQmaRN&hRk ar@é&oeéd be raateugta' ly
occurring nucl eosi des A, C, and opti onal one or nore 30
natural |y ocaﬁﬁrm5Nrﬁ\uc,qf e8§| @éva @mnprzsnu/qﬁr the |”P"eﬁéYe dMmuapstinhdatenit ur al | y
OCCUr ring NUGLRRSIHEENS iy iK3ludd AR defvedl fort, Q/wb\%uf@é?llmgaﬁrﬂded dedippist@pal 1y an
RNase inhibitor; WD 2111 / 1137539PCT/ E112009/ 007113 2 ncubatl on of the
(desoxy) ri borttidl 8 &iEced: NRUEhAUSE Ailepl mpsaYian SEF (8 ?Peb‘rélfle g ¥ vitro
transcription of the (desoxy)ribonucleic acid; and d)opti onal I y puri fication
and renoval of the unincorporated nucleotides fromthe in vitro transcription
medium 5 A (desoxy)ribonucleic acid as described in step a) of the inventive
invitro transcription nethod can be any nucleic acid as described above that
may be used as a tenplate for the preparation of the at |east one (MRNA, to
be conplexed with a cationic or polycationic conpound, and/or the at |east one



30 tenplate by polynerase chain reaction (PCR). To this end, one of the
primers used for PCR typically contains the sequence of a rrer ase

bi ndi ng siteYORM3F¥rt her preferred for the 5 end of t"ﬁamﬁ?ﬂ"?fw ¥0 have a

| ength of approximately 10 to 50 further nucleotides, WO

20101037539PCT/ EP2009/ 007032 125 nore preferably 15 to 30 further nucl eoti des
and nost preferably of approximately 208hucl eotides. Prior to the in vitro
transcription reaction, the (desoxy)ribonucleic acid, e.g., the specific 5 DNA
or RNA tenpl abekroachettycm (madtih ye gxu:nikf mett)), anidgd, rleg, déa, Rbdasecatérpdhade‘runtt fly,ensure a
hi gh yield. Puri nown he art,

for exanpl e Wl'%rﬁI ocuss,laJ oh)Per rg h%gdfpentc#?%t'g&?i}é?ﬁ ﬁsﬁn s crab Qr IE

Accor di ng t o lohsteh pdavet, ewibi3h, e¢armm,efrqnmbled$t sugh as ducki gqose tsezankk,dunkgt, |051ndmet hod,

the 10 (deSO)anLéanp)Wlﬁ?r\eg ?ucchdasl gelaﬂ t&r;?nse'alm'eyrht E(S)dfltsl'( %IBIHI Q} medi um
A suitable in vitro transcription r'st” contains a’'(desok onucl ei c
aci d as Prepaeloga, usatiean, élperpiea) madkerel, e@vﬁf?bﬂe pPasHr éuinnmplédsgs, fS!d‘dnﬁfaEF@U@P,O 1to
about 10 pi g, P@J ShABhe/ sﬁaﬁnpmvk &, BEIafn{ qmseebqwm Silidhs, %ﬂvﬁqaéngnsgsucnvre
preferably abou most ~ préferably approxi mately about 1 gig, of
such a nucl eidé cagi @bb'ASg‘EﬁPth , @AgUAr, J§apRrs, taﬁ méwffeimm Iasigi hamsfanrguinee 15

optional Iy Comf 8diRe Gedr ERBI 6k RARHL, 0cBlof- serDIl fro@irﬂmrdﬂfo@f SSAblsyspRRRrHxi mat el y
from about 1 to about 20 [LI of about 50 nM D et nore preferably

appr oxi mat el yiNeHisht fram yorgs sePiaiinesgtodfa fiem, t"q*H@e' ﬁP%'%SrWrPPWWr BePon medi um
furtherigont ah@a.bmglsegusd@gs (OAVBm sedMRwi M. and/or CWP), for exanple a

nucl eotide mx. In the case of the present invention the nucl eotides
preferably conprise chem cally nodified nucl eosi des as defi ned above. Such 20
(chemcally lmd'géniseﬂ)wéwed)reqil;ird@s/v}frayaeeémedemsb)r €l @acesvedhe frARNANSf e nore of

t he naturally occurrin e nd optionally
one or more. RAEETYIyHRRT ro G RO P BURHS BomORR A ap B e T ot
al | of the nabiugeab |dgriaccfoom,i wghou begt lirdies! Wwidelo, BV, sUbP aakdWippineifiplare to be
repl ace n | de r LY (Rhesent in

t he nuc&eotl gae kﬁn&kggp 4 %rgﬁ'&eﬁ??\gl onl\c/ggﬁI ?{R))r/]bl car 'ﬁlyf%ap)é{r?%@% te ;bg ‘rom 0. 1
to 10 nmM per applel sbariydearagiseepplabmangae, opasdorl fiug, plumM Jreicothunekteone, desar,
preferably a el f tides as
descri bed ab \gges%afggﬁ o%? b E%é r\fﬁotfsl\)/lt/ etab(eg]ﬁ%g%)??géryz pr e@erk%ae 9&33’%?’& mat el y
4 mMin totalcy efYaﬁé"'t“?WP’@éFP'? pRRuka Ghickper: Hermal, arehit Mamb@rhéarrmt yape

nucl eoti de | $efERbAGHC, Q&Hﬁb gio@Jth 181, tl&ﬁ;cé rEQQ&afdbe;Sja)rsléVJ%r?&Eduﬁ%ﬁ}um%?ﬁDf' sing a
chemically nodified nucleoside as defi ned above. owever, " al so

possi bl ¥ t o Bee PRtitrseagt frgmespises. ﬁm*basm&faw é@r'ms’@fféefffpra@gp% Wiseehed above

and one or Muobfh aap, usruaoh by oRCBULIWhBEE, BaHel eadd ddgatl RSl8adp&bed sPARe] frbhar
nucl eoti de, that nore chem cal ly nodified nucl eot| des as

descri bed abdVe wﬁ a4 E3S ?W'a‘ﬁ;n&”t WBies rRstACchIop pIming, Razelagth geasvut Rzl it ur al 1 y
occurring \WReddh] Qhédstndiy TP eddsFs RRAQM AR 7Thatdbekdd codie| igah| Hesl, Avech, GMP,  UMVP

and/ or CWP, and .o nally additio I I ne or Jore nat ur.ring
cl ot | des AP R, P U BT EE] £ mgtoa
nat ur al2y ocacurflfoweg |apice, ebbindede ANA?; pGMBp fldvier, efreaid grasselyRueli es tanchegrasepl aced.

By selective addi tlben f nJ% erass er%% b%SseS\;[vgetthr%al nras\éI troratssr an r(c:>;nI (;?Fllron
medi um the conten %ha(f BT g e *oceurT e and Sarodnt | The
desi red nucl @dnnISdeJCthorblumamen pelﬂltqr)helbwpa,nglmacc@@dparargwennug\wrtacreiseast one
(MRNA, to be cornplexed with a cationic or polycationic conmpound, or the at

| east one free nRNA, encoding at | east one therapeutically active Pr ot ei n,

anti gen and/ cﬁﬂ“%ﬁﬂﬂd@ddﬁ;ﬂ fremrfungiewbichrase lsacadsr thyothk exd.leaat gug (ralBN& pinthgj t r o
transcrigt i OQdﬁ?Q'ltUJUrA‘}JoKSW SORE QLA OS ATV LoD, nay T TR

pol ynmerase (e.g NA Kit, CureVac, TObi ngen, rra

pol ymer ase orngegs d?@f\ffficfm yNHW% bsensraﬁ@tp@ therqien et ff'tsrrfsaep UASR% ‘ér%i’bl y

appr oxi mat el \gehivam 29, Cand@Pdsg), Clmés%oﬁ&rﬁfsﬁr ahdothiaRp! @urdidral 9p., fenas@ to 150
U, and nost pref erably approxi mately 100 of RNA pol ynerase. The in vitro
transcription mediumis further preferably kept free of RNase in order to

avoi d degradation of the transcribed (nMRNA. A suitable in vitro transcription
15medi um therefore optionally contains in addition an RNase inhibitor. In a
step ¢c) of the inventive in vitro transcription nmethod, the
(desoxy)ribonucleic acid of step b) is incubated and transcribed in the in
vitro transcription nmedium typically for approximately 30 to 120 m nutes,
preferably for approximately 40 to 90 m nutes and nost 20 preferably for



15 is purified by means of HPLC using a porous reverse phase as the stationary
phase (PURE Messen er9) For exanple, for the purification in step d) of the

i nventive i nYO2{P8F¥anscri ption nethod, a reverse phas®@CEERMBE"ENS] oyed as
the stationary phase for the HPLC puri fication. For the chromat ography with
reverse phases, a non-polar conpound typically serves as stationary phase, and
a pol ar solvent, such as m xtures of wa8kr, which is usually enployed 20 in
the formof buffers, with acetonitrile and/or methanol, serves as the nobile
phase for thep.elfpidoorum Rpef Busardiny , spt, hMafeseoissp. e Pernisiduphgs e Pleaspaa particl e
size of 8.0 . &hQ"LBE’&% ere%bly 1 pm nore preferably +/- 0.5 pm The reverse
phase materi aF can i'n“the formof beads. The purification can be carried
out in a particularly favourable manner with a porous reverse phase having
this particl %ﬁé d R\Fbtd'chIP#'bLé{er‘i \J%J QM d¥ed ‘%EQH'éat B@Jttdn&?%hﬁ&/sy oofRgd 25
separation resu Selng obtain e reverse phase enployed Is preferably
porous i nce avhuvemtsqoatnoo*narcgf tlhevev%\évqama@egosmu Prarcempetitignorroays inckideh as are
descri bed, agtlgenpgerﬁéél?ram W&homﬁ-'ﬁgm FEd thlére't'(‘) e. B@éﬁ&%rt@ém\’\@t‘a |Gk 00 hi gh
are built up, t hat preparative purlflcatlon of the RNA as defined herein,
particul arl yat’WES  atreNt@AYIes §1F8UL BICRNA, to be conplexed with a cationic or

pol ycati oni ¢ conpound, or the at | east one free nRNA, 30 encoding at | east
one ther apeutl cal |y active protein, antigen and/or antibody, respectively, is
possi bl e, i9ARbodi¢s only with great difficulty. The reverse phase preferably
has a pmye siageor@ing ftd ©fari@PerAbddimént 00O atieast Bn@ﬁrﬁ)RNQLﬂf&fe@iMﬁt&oﬁipbﬁeer from
300 A to 4,00 hA Partlcu arl%lugreferred or e S|ze for %@@Preverf 8hases are
200 A - 400 A'MSHtyeRlive PRSI SOBBRHIRN Y 'Y %ﬁ’b@‘?‘ B8389/ 007102
128 - 4(500 #fbe phetent envemivey slﬁ:hpdiﬁseubbay/nng bbh;e&etepcﬁroa\ smyzasu,bopgrdg cmlbarly good
results are artccrcl)m Yn%dt [ n res ect of ” pur t catio | qh as.. d fined
herein in pro%ess S eYP85’” © it %ﬁu rf"é Ei’sevé’?"’semf) s e ']%a aI"erabl y a
pol ystyrene- dn&quuiyelslsetaberfer thanadeumond|agrioyti<mredlep1dlc>mirgdsesneF ahtibbdigd hbmhenes can
be enpl @/ed 'theDt?ereh K?elﬁ ﬁzgdm%zl dnotla F)XlePJ"(‘?a%Qésr e%@s.SHggw%&%ﬁrﬂeﬁqbgAyﬂyl benzene
are known per se urrficatton in method step , the

pol yst yr ene- d \Wﬁqqiyl"beﬁzbfnwswrﬁh andesdenifeailypeevesse mandclanal ezndy pelygbmled f or
HPLC et hods ,aid,qak SinEQERE bmtl Xnt%ﬂh%glb%&ﬂ@ é}eneﬂﬁﬁﬁmg%mea@é) kylat ed
porous pol ystyrene-diviny nzene In particul ar has"a particle size of
8.0 0.5 pm antﬂooa!yamceesgw'ﬂep@vepztsmcxapec'fm AcchmgAOthmzem'OA mﬂt'BO%o A -
4,500 A is vecal@lchimpHicdTdny ahbdtyekRkuabinythdSed(efLOrig thoptlngl ghdddopei n et hod
step d). The ‘advant ages descri bed above can be achieved in a particularly
favour affl e manvRadiesk t Righhias Patugllyalocpyring hantibedier s @npbedisss gefméteﬁpw

purificationisminBgidhainrd Rkt Orfanidyy, hibodRE wihadh waitibdisted aRd lidentiflaNirdty a
positive cha[?ge&ilel ng added bo the nohil e phasefés a counter-ion t?] t he

negatively ¢ rring antiBpdissa oF QERACIRS SENETAdpRY 1TMEUeKRAYAL (2R Pafli ch i s

sl owed down b,ygahhle. mnea@htaﬁarﬁlt/aimdmed By bonpiasitir odetlidde khewerrsamepira&e system
is formed int @B i ces, Fe .%r C|secnd|b nsfor he ion

pai r met hod mfé a% \K}Eﬁ”l?ean 9F BT A )OS é’éﬂ?ﬂ'zs Y iRpdess e on

probl en5 The asiilzeliesf intralbodieyine eantibodies exrsessahoentlisatridooptenal lyt lvealplddaf t he
?gi/gh:_ g.gl go% ec %tc%llgérgﬁgv{n){engso% Qa%ﬁe & ang %Tl‘:r!a%ts%ff tﬁegf%grﬁgrﬁlﬁﬁ‘%d zgn%bgcélg% at e

and/ or tetradb gmeaaﬂrrmmrmmcarocooestpomwt CBiuchnqhs heetyr@blmtlwﬂahmmg wnpblar e added
to the nobil r ded and
the prt s ad o aaers e ™ dapyChely Brkih 8L AR UM BRIIRLE, 05 SR e
nature of the @@smmebccs@p@zrcatmayn C.Thi eontrgshiriBe bévary chia ofrdisi IBE aokibed, fasund for a
speci fig Sep%&ﬁﬁﬁl@”vs WIS@& dtafh %ehﬂﬁ%vana@l@ GRIR! €, BAPTEO&REIAQr art,
cannot be transferred readily to another separation probl em w th adequate
prospect of 28mMaiededsCnlryngd g@eélnglélctwnaﬁt'tzsﬁwamawﬁ@cqc#ed@arﬂtq %fﬂmafthﬁhe nobi | e
phase used, mb%ﬁf.eaqmﬂmfebmmadvefn%n QAGRII SERRFBl IBNa BinglRlsedeY W hdeal

experi nents. re of an aqueous sol vent and an organi c sol vent can be
enpl oyed as thFée'ﬁ%bFYé" PRYSe for elution of the RNA as defined herein,
particularly the at |east one (n)RNA, conplexed with a cationic or

pol ycationi c conpound, or the at |east one free nRNA, encoding at |east one 30
therapeutically active protein, antigen and/or antibody, respectively, by the
HPLC nethod. In this context, it is favourable if a buffer which has, in
particular, a pH of about 7, for exanple 6.5 - 7.5, e.g. 7.0, is used as the
aqueous sol vent; preferably, the buffer triethyl anmonium acetate is used,




5 proportion of professional APCs being present. Preferably, blood cells in
the present invention are typically characterized in that they contain a snall
proportion oVOREM37SH| fferentiated professional antigen PEF@%’@%WW&”%I | s
(APCs), especially dendritic cells (DCs). The bl ood cells as used according to
the present invention may be preferably fresh blood cells, i.e. the period

bet ween col l ection of the blood cells (8pecially blood wi thdrawal) and 10
transfection being only short, e.g. less than 12 h, preferably |l ess than 6 h,
particul arl y preferabl y less than 2 h and very parti cularly preferably Iess
than 1 h. I ro [ Lhvention
may al so be \gﬁ% rgmée(f ?f"lg! qgg}agg% ﬂﬁepagzea\%{m t%gﬂﬁ&% hpcgopﬁ)gﬁgr?%? tr?eed e.g.
an oper at i on imentivet impedneetinoulatsrydedmpreition enayi ¢nc0dmd mlucwnahambgtibrledhls
subsequent |y il | or
human pati entCHﬁt}%Ithtthg?I ar ééongt gﬂaﬁ % tgaxa %&QL hﬁ,ﬁ&ﬁ:g{%}? %}%d@'cwgﬁaeaa ly be
obt ai ned® by ptmchmqarmgg@sswmmyh%eoe@sen>lt0p$e@fu¢rpr0$ﬂ@mh&ihn@ere|gqntkrﬁf@dmbwranner by
coagul ating tuhﬁmuﬁ%ddi‘. S04 &g—cﬂﬁstrﬁ LyaNLSa nPﬁFﬁé'l s, Wuobﬁg é@ﬂtda@@egwﬁé an

exanpl e of an enriched partial population of bl'ood cel These are 20

convent i onal 1998iSbdanked BYksy rApeHb@deRtsegh %ééﬁ?%éﬁnﬁvr BWGH? t Ralyelpeal 204,

793- 794, _1964mt|b%ﬁiﬂa@ are) gerlefily ridt MenlidY,&d- thaaURRhlly Réo nlz%Ga)fereﬂimpﬁoﬁé @eneral |y
done by withdraw bI 6od from the individual and it e. to a solution

of density 1. Pfﬂt Ema“%‘é’hvgmﬂ Briafh ?Cﬁfﬁer%lF%Yr?ng‘P{f%fal CoRRgsiiAi um
diatrizpate, of emeudanlsmAnglrmSemas gRenk rdaitt@aummm EMthé Bgjueaat edritbonent of
centrifugation at roomtenper atL1 t he PBA4ACs Cﬁﬂkﬁf at %he Fi col Ifl bl ood 25
interface whéied8YHYE r @EHIHHElY LORREH e 25 MEVRRTPe Bl G Cel I's are
sedi nent ed. Thenddunal) hatt®dwbtiig idivect&BidSpedific irﬂ@@\&ﬁj’reﬂnﬁlﬁﬁgeﬁﬁ)ﬁwqﬁbp&ﬁﬂl |y
washed with a su.{ltable buffer, e.g. sterile PBS. The PBMCs are preferably
subjected to P"ER6rt isotonic treatment with an aqueous solution of e.qg.
anmoni um chl oride. Finally, the PBMCs are washed a further one or nore tines
with a puffer h || Qoptional ly
e ot or 5 unds 8 fEp el SichhliEine & et uapt B e bRfRRR | 10"
use. WD 211t@ IDW@S@P@#@Q@Q@WO@M@O&@I@Y(@M a\bhe}clwab@rdlb«v%dt Hdeawal ) in
step (a) and e i , . 2 h,
preferably | et%E‘ trhé;%ﬁ;nﬁpgﬁtart?g %r 6;9'|Szra@f %rrfegﬁ d lgl)1easn§b S‘%‘%ﬁé 51 \%ery
particul arly Pepéftéanapf yUbs@@QaltYhaﬁmqgeﬁemal ?ﬂt'tbhé'e%o'rﬁfeﬂte U‘fd'\’ﬂdVé' @ﬂ@%@rﬂs
i nvention, dep@blidihethe BhpitatldnGe .deﬁt&aué@@ b aotg@o@haa\éeaupc%eéurmgerquﬂawﬁntl ve
nmet hod of transftection and opti onal P/ ad m nistration, are typically potent
ant i gen?$r esditt MY beaqugnt('mpms()f AMpypts t*gﬁanq,céﬂnﬁyarblég@éweﬂ"rs@'vasm'fwf yetng
stinul ate naigwectdd &£l kivigle BRGIENEONIR! Furednchd) Sh @BmtREt toflbkOGYibRS (WhlEednal)
distributed in al] tissues, ﬁ ecially in tggse tha% grow de an ‘ﬁ VI ronnent al
¥ 68 g i

interface. DESURAGY PEeparatinas HRIEAlY 'H%{%‘i’ﬁ) prapt antippdiey diselrd 0 diferenit subset s
from di ffer erfetetrhiasme@pihapés), raMEGoNal taotilRas sedireateditd ﬁahgeubta}m.nmphol ogy,
phenot ype and functi Qn The, abi I|t nmul at.e. nave T cel feration
Ppear o to- bave ey *BLeul tinseeboll Al ehat el bo F5 e Padl B ested

t hat t h25 so- dgbdidethampethod (ﬁrsaldelschyerpblethdemtd/Mﬂstsmbsuettse of5612@5 (pEnSH, aarm

speci fic sti pulabor . dref OLErBeRl SNANEHLR LeIPSRLdVEL Yy (65 paf Gudleri ved
from bone narTow ¢ prog en| ors an ¢i el are P CDlooc\ as”i mat Ut e
precursors pr4L&i|6 563. ‘thiqoaloharantiphdiesp aray phebaisotatesls‘mphdgtﬂlhnanescgehéretednt

ti ssues, f t processi ng
of anti gens, u‘é',,% tﬁ%%‘?“ g%%che@%ggtﬁqRﬁ%(%ﬁ{;ﬂ&y?%%ﬁéﬁﬁﬁﬁe%ée sur?gg%) F?aned to
maj or hi st oc@mpapzle bAEGarging wc’gohlﬁola@éuwgemumnmawppwr {aatigens tof rioteegsti sn, DCs
under gozd urt hﬁéct@%&f@ﬁ&?%cﬁﬁga%&E@Srﬁi 8- Qelﬁl?ﬁﬁm{ey pr4IBRGH G br%%lt@?he""her e

t hey present antigens to T 20 I'I's and i nduce an imune response. DCs are
recei vi ng i néMBEPgeH asrhasyesied P&erairm"eqi PitireaThe Rrcalisase cerpkingdwithatvelogay rol e in

anti-cancer hemd oBtEaRPRSAESHERE aP&irﬁr’&Hb&H iR & rﬁ@dubrhq,lxlqgh F@«Jmu@dﬂuém-%@“sstol n tunour
vaccines, as well as thejr involvenent in the i b|o of tol erance and

aut oi mmuni t y.fusperitythe mye QPV§'iBC§¥Cm56WEV§W“5 ‘h” @H PPt HE cont ext
of the present invention, if no or a |lower imune response is required or
envi saged. 25Such dendritic cells (DCs), as defined above, may be isol ated
fromdifferent tissues as nentioned above or from blood, particularly from

bl ood sanpl es as descri bed above. Preferably, the blood cells, professional
antigen presenting cells (AliCs), especially dendritic cells (DCs), used for
the inventive nmethod of transfection and optionally adm nistration 30



WO 201011137539PCT/ EP20119/ 007032 133 Accordi ng to anot her enbodi nent, the
present invention also provides a method for the preparation of the |nvent| ve
| Mmunost i nul‘é??‘b‘@”@é??pom tion, conprising followng stefSTEEFEIEREring an

"adj uvant conponent” conprising or consisting of at |east one (n) RNA as
defined above, conplexed with a cationic or polycationic 5 conpound, as
defined above, preferably by m xing the8at | east one (n)RNA as defined above
in a specific ratio with the cationic or polycationic conpound, as defined
above; and b)hdprga@diing ste;lsneate rwedlin fof mcrotmémnasi animgratmnrty peaiupe sidnbdandy addi ng
|naspe0|f|c ratlo ned ab ethea t has defined
above 10 to Ph E@%rﬁonggonal a(i%(’d'es %‘frée e(g?éodrege"r?bnet“/ﬁ'c 53 Wherein the
at | east one stutabte deNikte&;sngwie amlgeabnfvmter@noﬁtjaesbeatg bedamted, olmmdneclaprdutl cally
actlve pr ot ei i r. ef i oN.&.. :

"adj uvant Coaﬂmbo%%ts C%ﬁrb g‘g%grlgg&ac%g}gy ol tg/o{”éégg&eggag%é'f’ g’?%eﬁ?%\ﬁuh ve 15
met hod of pr é‘ba\ream (ﬁn tb? P@'(m’pﬂse@(fl thg Ftrﬂientamwtréias,t thenpep(idg Rdendes tdighesdj uvant
component wi bl Bcibafi Afbi é@rhap(?lt(yﬁé‘é&%@ EeqCHRPALRUAPIRL IO LY colhgngieCt f 1 C
ratio to forma stable co above, |t|S|rrpranfg hat no
free cationi @n@bod;yélcyw@n@m és &@rﬁéd‘éﬁﬁﬂom (naRM o theeadjs@nhspypanenl pf @%qunt
remai ns in tRQeRfleUYamlin&ERRRRANT corfdoSifior O WAl BX LAY Beh%répﬁ')eBNétcoﬁﬁﬁg)rtQ' ngly,
the ratio of the (M RNA and the cationic or polycationic 20 conpound in the
adj uvant compiseditres welt knowadn the aglel ect ed such that the (MRNA is entirely
conpl exggd and no free cationic or polycationic conpound or only a neclectably
smal | am)unt renal ns |r| t he caonposition. Preferably Lhe ra i o, of the adjuvant
conponent , i F&r herRBeYiSR!iRyTRIPES R AVPAYRRR- hengh@oreRBhpPabe w8l yrigesishi c
conr]pounglI [ sf S@&heé‘iﬁdnh@aﬁ‘tlb’oafégen@falﬁbﬁblten&)dbd(b‘y/ e aItOeagtbGMi (MRRA: df w]: w , bInror e
preferably frqom abo Seven nore erably
D “about 4: 120040} Papaisbh bl ey PGt Srpotliy e ekEoRER L. 1
(ww), and nastibgaiesfaee @b)lidﬁll)aohmd)follmiftecb.bmutslnae meslvgw&raupuraiuoutaanhL(nw/W)

Ad.dl tiopally rgsRonsFtbe:gpo%}ulctYo% é’f humgg a}‘lt%[od es %lrect?tho thr g’ld ﬁc())n gﬁentqﬂ&g\d @ the
adj uvant” conpone S1'ng or “cEnsSi st ?n? cOrrpI exed

with a catiom dhe)rhtpnﬂny(bady oﬂiher:ef@@, a:anp@uhd)ncmFidmtaheastéxodVldcamormptynbat (i.

the at | east g@N@) |EB|¥ I d he, hasi s -

ni trogen/ phosgﬁ'g‘tsfégrgflol 0 N? gsaﬁo%o%weﬁ%%e%rtg ?Ire 'Tg gmﬁ?egg’rr{])%%ﬁ'%%nn?rﬁe cont ext
of the presemumamgehhirom ansihodigsare atsp envisagen efcoderbbythe at kehg opeitigB8NAfof about

0. 1- 10, " pr ef & ARl Fns BR800 SRHf vy dhoB il BBSL AMELEbRICNh @ T ange. of
about 0.5-2 0/ 037539PCT/ n' 2009/ 007032 1 regarding the ratio

of RNA: #ept i @etibadieshahihnprexbe grepdaddly fieettefeat| 9na AMIRHE Pérﬁ'@% agpvaiout
0.7-1.5. Addichingdiant ¥f tﬁ’ém@érﬁi@é nﬁ%brY&llMulanWacd’n%dsﬂoﬁfaré ﬂ@fefa'bfysintlgmqnent (i.e

t he adj uvant conponent i sing or consisting of | east one (m RNA
conpl exed wi D téaf:?f&fﬁ"&dwa'bb?ffeaw'e?dvcd%ﬁﬂaﬁe@ha\)e %{ﬁaepda&éd LY EFMENEd ponent
(i.e. the at of aAsdodRE ol 6@ eM&HRUYisnER \preléraisly bﬁnﬁﬁ's@éﬁleﬂé’esl MHEMhizday @Rdr-ve

i mmunost i rmul tor (o]0] tion on the basis of ar ratio_of bo RNAs to
eath ot her | Pughd, R TR PPkl SanEot S an feret e S ES AP YEd wt £ o
cationizs or pdjuymtcbmpor@ncdmb@uwdant-vanﬁlmmhesna{uIdt@asbmpmld‘nr ee antdiliafint he

second 10 co nent t he,nol.ar ,rati o of f the adjuvant
component to VHE T FerkbPt Rt Viriah g 8y fie delsnts PEetrEEie: Somy e
sel ected suchlpschbectattoheoﬁmwlaambmca/tare)reputéd melwmahseqmmme (Agtavding nalArarther
NI/ P-definitigng,, v%’b'ihe { ‘Fea‘f”lr ﬁﬁ?é Rtr\D\e ,\é AachBg &M RN%VQrfnthe
adj uvant corrponen{ east’ one MRE®'Seond conponent may
be sel ect ed erng!uncbsnmmammobraposrt@ml mawénmde bemalmedtlkaidcwele @ngpodéesrteliamg rati o of
about 0.QQ Q- Bdieh W2 0.7:1,
0.8 1, 0 9- 1Q> %h’]uma gau ces 8&(: andm y&lbi@%s?’%alx beOBélI%t%d:[rg@ QlL;lrnaf tésgue]s o:[ 0.2
1:0.1, 1:0. 0fromimmupized nen bum@n hast erganisnys whishyarefiignsgere foythahymendgCogenehe above
\]/-ai)ugg L eogl I@cug aa"r\g@l\ﬁﬂ@eﬁﬁérﬁgs ranPBé ﬁ#@ﬁ%d Qcc%%lr (ﬁ}tot&oéedgreg%ll kQO\Q%On}-—th%Ot

; ; . 0. o
1:0.1, 0. 001am Mﬁ'tpnf“%@um" 1"ttb8d'fseaftbf PrevuiedlbYttBe qsef 1Ph§seﬂ'5P€vC 20 Even
nore preferably, the nolar ratio of the (m RNA of the adjuvant conponent to
the at | east one free nRNA of the second conponent may be selected e.g. froma
range of about 0.01:1 to 1:0.01. Most preferably, the nolar ratio of the
(mM RNA of the adjuvant conponent to the at |east one free nRNA of the second
conponent may be selected e.g. froma nolar 25ratio of about 1:1. In this
particul ar enbodi ment, any of the above definitions with regard to (ww



135 properties to the (mMRNA and confers a stabilizing effect to the (m RNA of
t he adjuvant conponent by conpl exation. The procedure for stabilizing the

nmodi fi ed (MYRAEHBY general described in EP- A- 1083232 PCTEB2WY AP Bsur e of
which is incorporated by reference into the present invention inits entirety,
but also nmay be carried out by any suitable 5procedure known in the art.
According to step b) of the inventive nB4hod of preparation as described
above, the inventive i munostinulatory conposition is obtained by adding in a
specific ratio an at |east one free nMRNA as defined above to the adjuvant
conponent prepar cgardi to p erein the ast free

ni RNA as defﬁﬁeggggﬁvgge% 5 éé”gt Eggtdgﬁg %ﬂé?g et T Al ylaéﬁrvgmﬁFoteln
antigen and/mnnunmmbde¥yasmdwknnedn&bovmcmﬁBlﬁumuheramésdwsbéﬂwahMVé t he
ratio of the agfiyant ﬁrﬁéﬁ?%?‘ﬁ\%tm&e%g& ?e{?%alﬁ ah% es%?ch(m% yexed wth
a cationic or (1ycat|on|c conpoun econ onen at “Peast one
free nRNB) | rbetmen ianaffactpy and Arfespestve ﬁ%rgeithyrlvad)ﬁgemudwnway ¢ ferethect ed 15
according t 0 RgsSRRGdifing aﬁu{oﬁ IR s %ch%snailﬂé Gl ércy{omﬁ{eégeé tfiglingd Cancer
or anti-tunof therapy, a dene thera an anti-al ﬁ her apy

(desensi ti zi €f§ctorpredphydhasst CEL WK Fﬁ'gr aﬁe@phetges/a&fmumw@rﬁtc eeeqe. forygyiewal |y, t he

rati o of the i@gieHVARt REONNANGHarRREI LHE SEBONGB(IGOTRYNBRpechic hitBobirRyent i ve
|nnunost|nulatoré conp05|t|on is selected such that a S|gn|f|cant stinulation

of the innat deicHRerhBereipsire i isgnet!i e9nfigered (R recesnizreLyatijudiHerentdempdndAY. 1n 20

paral l elo theg atd @.ffbrentsaﬁnlug@r{semnﬁu@geﬁsh@nopessuggs fcenABE reasmson @Elig, e at | east
one free NnRNA c VI, VO eff|C|Ent trggslatlon of

ded in | eadi
the expr esse(?”]ﬁf BPE%CH'ef for Srurdirespan peseiase %PYf‘e stafﬁ'ﬂc'%fme&af et B8hii6nent
free nRNA in ahr@mbwmgt iegidns nfrthaaﬁut.bdsﬂjésaatr@rsyecﬁmmposm iditereins esitlpes téds, f rom a
range as defi nor e
refer ant y 1 elffeat Amihs Grthupient 3F hdhietg s G h e ko o el dliehor e o5
preferably f ropm)rally aflges @ﬂurainameraé}lom of thewyo tampdreuts. For Exa(nvpllw)duf@renlcélls( w W) ,

and Mos{s pre crhaQ% Yid rt1oer Ee‘ﬂg a?ld tar gtdjcé”é ant, ’E{Qr?ne%{éa \fl g%pe%ﬁl\lAantlbf)&
i nventive i miunos on 1s Sse t Sm’aPTati 8 of ‘about 1:1
(W w) . Eﬁmmmmtil but h@rhm@d cbanlberpeerstem iagentief i ane dntiloles arefjegbenadded to

the inventiv i d nal
Sreps vo 2130 STYRIRA TS A ERTRAT L Bgeh B R NG AGLA MRS ot

the present iofeeharidopn aitigen pri6aptEONRhe yirfageeaf piteadregelly kits of parts,
conprising as conponents alone or in conbination, the inventive

i mmunost i mul atroy conposition or its conponents, i.e. the at |east one () RNA
conpl ex®Y wi t/’ﬁC%rdeattwrﬁ iBvestiopothe @hlers one (BRM0eiEe adimuet semaenaneaktheone free

MRNA, encodi n@eﬁtﬁv&ninﬁﬂ»%&tmﬁlﬂﬁoiy@nﬁﬁﬁu&d il |a}éo%Ed>déem9£tQJdQ!s NwheérBihi tg@a and/ or
anti body, resggﬁtlvel and/ or.an |%vent|ve harqgceutlc conp05|}|on or

vacci ne, and "SFPPYRIPY bt arbRAies s I410eq BRAVPORLCHINERE FHIPBHIRRATE GHEGH Wate

admi ni strat Ib Qﬂprazﬂléﬂ dﬁl&ﬁ@d Rs,Ofe. }ah&l&ﬁiuﬁoﬂ?ﬂﬂﬁr@t@go@dcl@ kidigic aﬁﬁ?ﬂ&?ﬁ&&ﬂn kits of
parts, may be applie or of t above nentioned applications or
Uses. | WO 201650 57858mes RHssiodIbE RSP E5H Hictfurish TRECHUT I B HG PIGHr os ar e

i nt endezs t o iinttabsdiesat e t he i nvention further. They are not |ntended to limt
the subject mailer of the invention thereto. 5 Figure 1:depicts the results of
t he expression of luciferase after intradermal injection of m ZNA encodi ng

| uci f erase i Mntibadigs asheceded by tergd dest brm(noﬁn#mdfshmgdjavanammneof ofilepg free
MRNA codi ng fWen \}éc'.fn%ﬁ%ﬁ rr(lﬁﬁonucc)):gwglog m‘.@@ ?%%i’ab\(lf\gn?&n&;sbor?uly\/’e‘u LacZ- mRNA

(wt Lacz) corrpl exed W t rotam’ne ar ed i njected
i nt rader mal | yniibpdéesi ire aetahodms gAPosAd of te ftldeh@emnd f_télclzhhﬂnmsmsofﬂ@mm

conpl exgs, WhbGl, MRy Be Gkl AR B ddfbs Sk Rls Cartbody Fraherts, LuaribiSRECt T vel Y.,
had no negatlve I nfluence on the expression of u0|?eras . €. free

pr ot ani ne wasdgicssaat alphbe preoded by therit &ﬂaSt@ﬁPy“)zENfe?fyh%ﬁ%Wa”hﬁ%mﬂ"em\ml ch had
nor negatve hm;huﬁﬂ@gnqm"hgenm§ogn§n$baﬁhpn Accordingly, no conplex formation
bet ween protam ne and ppLuc nRNA 'was possi ble, which indicates the stability
of the already formed LacZ- nRNA: pr ot am ne conpl exes. 20 25 30 Figure 2: shows
the results of a vaccination reaction in the F.G7- OVA-nodel for therapeutic
pur poses. For the experinment, 300,000 E. G7/-OVA tunor cells were inplanted in
C57 BL/6 mce and the mce were vaccinated 8 tines within 2 weeks with the

i nventive imunostinmulatory conposition conprising 20 pg GC-enriched nRNA
coding for Gal/us gal/us Ovalbumn. In a first exerinent, either an RNA was
used, which was entirely conplexed with protamne in a ratio of 3:1 or an RNA



10 Figure 3: describes the results of a vaccination reaction in the
E. G/'4DVA- nodel for therapeutic purposes simlar to the Ex&ggl ment in Figure 2.
For this sectAd"&AYeH nent either an RNA was used, whi cKRORES2@HPG7PR| v
conplexed with protamine in aratio of 3:1 or an RNA according to an inproved
protocol, wherein the conplexed RNA was mxed with free RNAin a ratio of
RNA: protamne 3:1 + free RNA (1:1)). As8tan be seen in Figure 3, the
conbi nati on of conplexed RNA and free RNA, particular in the described ratios,
| eads to an irrhfpraoleml ohunmRNdeffemsaaiJuvaEti (gjmpenéhtS)htIMBn\IehéveShm’idnSitinmﬂdtory
(mat hemat i cal SisS Q x i.n [e ure 4
particul arly c2SJH'8 "hm?y ta{‘cio ar eér?’gh%ge e%t% Eﬁteg frrogju asbggr% g bgl fcant. The
statistical (Fasl, Ipécmalfd MIF)/fragraél}tsofshMQremnmored (fol!H!engiht #ntlfobéeGiragﬂmI@adj Prism
Sof t war e and r ter [ e ney,. st. The
anal ysi s undqu eﬁge%}glkt%ogﬁ 'g\/\tniue :LEPIEBF eQﬂn@Q ?—nl%@rm?%%t %Xt'éeﬂ
resul ts f trbenctm )efcatgmnt l@tommd@é@mmnammra;mdmngpmatbuee@r@mmotmh9( th¢u| ation
of hPBMC wi th d PR 4t Othe B AL G3fhains Tihd W SpifgpRSd GRRlic2 X 10
hPBMCs wer e sge ed in 20@9 med |?Jm era we |nInS ﬁ)&% | at egﬁégnd 50 pl of
the inventi v@n&moﬁietqverpha@@ﬁffr¢®P¢@edmapagd prtfigs I@&asmg\nfsst Gainglashgal / us
oval bum n wengriafdeshntédrs ¥ FgHa@rﬁltf%r SN, rl'ﬁ)l(faﬂ %@%t@&fﬂﬁe D4riiBle @madcCor The
secretion of cytoki nes ( TNFal pha and I'L6) PBMCs th conpositions
conpri si ng cdifpligkeard B?ﬁifYFF%S ﬁmdo@%&é@ '@kgﬁ Bham Pﬁ'élﬁ'ta' linkageatn &nerah2an [ LI SA
detecti pn i NQHoRPEHIAY IR s2EH JTRIP&SIHE bk pésed Wi P3- @pFryt.h@sprolaQ dnld @ 6 &ine:
describes the results of the induction of a hunoral inmune response in vivo,
wherein C57 BEYB'fri ce were vacinated 8-times with each 16 pg GCenrichen mRNA
( CAP- GgOva( &C) - muag- A70- C30) coding for Gallus &alias Oval burnine or an
"irrelevant” control RNA (pB-Luc RNA). As can be seen in Figure 6, the
conbi nation of a conplexed RNA with a free RNA particularly in a ratio of
(1: 1) | eadsAt o sawoné lcemporedt, hhinbradtive m‘mneoﬂ-esta&mseommsp-aneﬂmpo% haeleagtcci nat i on
with an,entir Iex R 9PC T/ EP20 5 10
Figure 7 s%neeflréé'ﬁ 881” tlj@ﬁ%sév%g’g?a% ﬁ %'I‘:‘ T\I%Q 'g %fs edexh| bits
a length of he1665atr|mstlcmmadwnandefvmsl hEerrmecg tummmmp@til)gemagnge?@(e £30". The
TRNA sequengfean 7 oty i gyip
el enent s: 8%?. rr?ﬁg&é% qugrpggggﬁ‘%rogég%%bt%ergﬁﬂé onm&gaérgxég%dv'saﬁgg@#ﬁzatl on
muag (rmut atRratozpy atigansbhastegal- amrigynsy allexgia @aiigsas nauteimniune atiganer o fugherend
(poly- A-taijnk er%oat)qeegyér%seil@%eﬁ-tas HQ@\eé hererneEtrrbﬁbn@é}qlb()&%syde@nécﬁheré}1 atThe ORE
|S|nd|cated|n|ta|c letters, ? (rmutated alp g|0|n UTR I's i ndi cated
with a bt tleept Ppeantigeprerastlicyl- %J'traqqp qr @s deftnes IhP'ﬁ’é‘d OWPtt BRshorg ot PeiReCrand t he
poly-Ctail épﬁd&@&i&He‘ Red aye&.hc &helapduhi®) hpphieationFisgdkiiBed @M. Clris tsB@n@RNA
sequence accordin ?%8 121, which exhi ‘?_I ts a 15| en th of 1816
nucl eot i des&MP" s'sté d(aCqordias pig Ac $SRONAASP. O HESRAGHPRA sgl‘iué‘WE'é“"FCDS) of
the entire |WHRMo§t&ﬁlHﬁ6QEtohﬁ>o$|f6H wtr@dabbﬂe prb@drdzcc"ddﬁtvbmrc%mpbh@t'pmlfymArhbai | is
underlined with %) / pg) P (} tati Ist i cal 3@%%@ s of the
expr essi on @YY %i"f"@? §%mi‘ ﬁtOB’aTOST sifipRe "Cide]'ﬁ‘é ii9m fReytilgas ong fsp Ras
carri ed2%ut naticoimpleked LidapiiRaelebly ot Gadergraang detedtableeor pighiditare sompleratidat er m ned
using the VWi £ n esu | S t hat .t
complexed actaied k" i 1REb LB hERA Sombstls e A B B AERY  he same
expr essi on mhemtmmmarqtﬁtatl@mawepbtﬁmo mmdqmﬂm at deastoonel (enRNA imthehe rati o
of 4:1 wit hao%ﬁ%@%rﬁ%neﬁt.s In other words, when the at least one free mRNA, encoding the

therapeutically active protein, is added to the “adjuvant component”, preferably no free or

30 substantially no free cationic or polycationic compound is present, which may form a
complex with the at least one free mRNA. Accordingly, an efficient translation of the at

least one free mMRNA of the inventive composition is possible /n vivo.



25 can be seen, differences between the relevant groups are not significant
(ns). Thus, an inmune stinulation can be efficiently provided with the

i nventive coMBRUVANSENA wherein expression |evel is nai RCAFEREYIMEMBar ed t o
naked RNA and RNA which is conplexed in the ratio of 4:1 with protam ne (see
als Figure 10). 30 Figure 10:depicts the statistical analysis of induction of
1-12 in Balb/c mce. The statistical aB@alysis was carried out with the

Grapti Pad Prism Software and the p val ues were determ ned using the Mann

Wi t ney t esthe Ihde:rsesnmlet gess hoRINA WV 0 QRS 38RECTH/ EERPARHOMIOBE Identivhat t he
S:’]:)Lgr Leln(]:_e( betwe |mula S Icrc}\rﬁegsgl |c¥1e|sfaﬁm ssen%%a‘h@ﬁén%odl %ﬁﬁo/?ong ther%[{e(JFOOK%) and the
signifi cantactiil’mps),telarmr |pﬁmdeeassdqflned htien at Eastbmeasftigoi ezntiéfywe@rf@rﬂlrda;g Wi t h the

i nventive c 3 i I i i i. red to
ked RA TCRRITEAT URHBEE ol B LE8 Pttt dadoRl Mued, Batea’ od (00
al so Fi dur eabgye ofFi feam @nmalsqu isali anfigensi protofoal gadgenanbactswidi estiggghi nst t he
| nfl uenza i 2 tines
Wb 50 g e TRl Blcerkbls, or HAHCF bl R0 BhE AR a0 AL,

f or mul at ed hygirei By %ﬂ@ftmﬂ@t'mdxrae@hﬂ'wm@”( Rt lgast ovapwt'gsn sprcHicansahereeaptgshat e
(Prot. Leo)asaRfihddHerh, @ at 185t 6 btR&G pP&ER of Bedl—'Hgkmﬁbl%:k@r ats@@cuﬁ@mrzﬂfétjﬁ@n of a

compl exed RNA with free RNA | eads to an el evated hunoral inmmune response
conpar ed t c*APHERtPR@E Aefder GRrell tA thif ceneitra YRS pinaseasraiieinedmibave Pt o 15

naked RNA, m@mhwdorﬁmeheedm RN, Ri g cbrgﬁaad anst.ewaeldsyfuttmaeélsmeﬂa d.ddi cat or
of the Thl driven response npl exat i on of rl&%ot am@ﬁ hé/cgli;ochl oride
(Prol am ne VaPRgARN> K wesiop, th@ﬁ“e@f*fpé’é'f'%%n?%m g JIF ' DPoRani ne

sul phat e. 26¥dirguegion] 2nioplidiat 3alBSregide, Wiidu Gy ba foibwkdB2apsipectafl (amdanti bodi es
agai nst the |n tigen 0 15 weeks after jimunization. Therefore
mce wer o RRECHATare A rhEE feeETR v @R AR » e ik Soa Ty R
henmaggl ut i nlkmlA(uHA)m Ralk\edhldlf cooesphe xedingdghergeodfamensva dorPpadteind. niucR: 1 + free
RNA (1: 19 &a.ant i bodi e measured, at di dtime 25
poi nt s. Ser X\Yé\?')rg Seq er edr'lt’ e mgﬁ'ﬁi,\ﬁom? {'er Wﬁ{lbe Saéarﬁeég ragﬁtﬁ‘r%la ysed by
ELI SA. Henul§g$ tﬂqumcnrcsg)eedéfmdammbody titers of the 1g&a subtype are plotted
for the groups treated with buffer (80% Ri La), naked or conpl exed HA nmRNA

30Figure 13:depicts the the induction of antibodies against the influenza
anti gen HA Dy PlAlleasis 9a9 . freph @R or promided agep esegerrk icaapeden? afj thes inkgatiye20 pg

GC-enri Ched'ﬂ%tﬁﬂﬂét@@ cfthr W% Whédde At leifbnd'@kR &u"calfﬂcﬂ‘vﬂ gth Whth
protam ne WD 2010/ 037 39P E P2009/ 007032 141 (RNA: Prol am ne 2 1 + free RNA

(1:1) (0 w)fjwéwue&tﬁ&thﬂmesetémn%@sStﬁéraftb?rmt@ﬂ'y@ﬁeeum%ee@f%aif'vﬁ@y,b@. nts.

Figure 14:s otbiR®r BEPIIe SRANE € 28RGHSHUNG pliBBsePAbRATERIaBIyaRd)y &%@Ie@@ﬂa lutinin
5(HA) from 2;’h(r.)i):‘,'\lsliuenza Vi rus. é\g 010/ 03753 Prgl' P2009/ 0076 142 gpl es: The
T

fol | owi ng eXARPMEEcaPRInaM9sig ofe|n kpownde @ s {< 8 P?f%hft’?"ﬁﬁhefﬁ’ﬂo{ﬁéra” hey are

not i ntendegleh ondré metferithye nﬁvllje&@tecﬂ’édtﬁbﬁf arf)f theaeutiBMBNdti 0 ptoar s eefuléuarrpl el -
Preparati on  of nstruct enco

the fol | owi e EBaIs THAEE S BRRTS Sh e R raw Ry B Pacereraed? (Bbt1 nus.
pyral i s35 anuﬂerepsrutueslpmadwg}gotbms hhédefined plas/e iincdudeRMéh @i beidg hgn&pthbmm feeg. ase
Sequences agrotlé?n%dcapable of stimulating or inhibiting the signal transduction in the cell, e.g.
cytokines, antibodies, etc., apoptotic factors or apoptosis related proteins, adjuvant proteins,
e.g. selected from human adjuvant proteins or from pathogenic adjuvant proteins, in
particular from bacterial adjuvant proteins, etc.
30
The at least one free mRNA, provided as a second component of the inventive
immunostimulatory composition, may furthermore encode at least one antibody or antibody

fragment. In this context, the at least one free mRNA, provided as a second component of



10 herein , was prepared and used for subsequent transfection and vaccination
experiments. Thereby, the DNA sequence corresponding to the native Pp

Luci f er ase e‘ﬁ%&‘ﬂf’/ﬁﬁg??RNA was nodified with a poly-A--tad“TAHPE%i ng to SEQ
ID NO 121 (see Figure 8). The final construct had a length of 1816

nucl eoti des and was ternmed "T7TS-Ppluc(w)-A70". 15Exam |le 2 - Preiaration of
MRNA construct encoding Gallus gall usOv&8fbum n For the follow ng experinents a
further DNA sequence; encoding Callus gallus Oval bumin and corresponding to

t he respectthydanvirblde seguentmslatonasoppeyidane th@ndnasge chnfy cantibodys e uetitbody
transfecti on _and vacei nati on erg ts. Ther -t he. DNA n 20

cor r espondi 5ED! REMEEHHsEL (G SRR SeBeh Bl i S B AR

GC- opt i m zedbnfpositian.bet t er codon-usage and stabilization. Then, the DNA
sequence corresponding to the coding Gallus gallus Oval bum n MRNA sequence was
transferred into an RNActiye construct, which has been nodified with a

pol y- A- tSag Erdlyatheoitylexst pag) freATRINGS Mroviddteas p sedond sestponertt dhdlee énveetivgt h of
1365 nucl ot {lesoalid s brpBRthy (AP IONREE INa% orRBATAdeRlls atble cANt al ned
foll ow ng sequence el erents: GC-optim zed sequence for a better codon usage
and st abi | i PBRICPHAXtNEYNhantigereer ialgptesal dheotsinh “aptigayt ¥ defipediasganisd pkovat t he

3" -term nal fopihd a0RQAM cOmbdhdnl of B inveRWedmMBodinuldsy BompdstioN halty sy

(pol y- C—tallé}. 30 The correspondi ng nRNA sequence is shown in Figure 7 (see
SEQ | D NO '"tigh)to a syipstanea whish P9 sonseize thy 8isdmpwre Ystenuandik capgble oStrigeqring

Vi tT 0- t [ANSHT drférRdpebiki® BhDRIVeSpohkt elgEBPAhaMALLf Phidlled a bk ¥¥ash ddbptear i zed and
subsequently in vitro transcribed usi ng he T/ RNA pol ynerase. The DNA

tenpl at e miﬂ'?%rre%aﬁeadé&%@nmeqfefaﬁ ﬁ’igrp?%meﬂrh@esqizﬂﬁeswge (e VBVed by Lid
| preci pgw?rbmaecﬁﬂdafswdnbefon@bﬂamwtrkbyin:vﬁki(ze mhnz&timh;d&ﬁaﬁb@a&aﬂ%&' ,

Cur eVac H,_Tubi ngen, Gernppy), Exanple 4 - Making of the Inventive

conposi ti onS" TYTREY RN ”ug%g’%{']'@dt AROVE X érth?reaﬁiugarﬁe‘fogw%%t eoms EVEY VR t h

pr ot am ne biynnachdbtinhOatoryfcopipotiton. neccoaliige anfiMén more prefetrad] erobdditlentatucos

(1:1-1: (ww) . After incubation for. 10 m,n, e free RNA added.. Exam |l e
SEx 1 et ot BN gl Reg ceL b onaPligd? abiing! Ak ki ot MhkRCesES

151 uci f er as@ the invientdvel immunpsinasgieny i apepositidre ei.gftlroerspeciid antgapodisas) and

conpri si ng { g3l Y i REERALEGL g%ép& Ladigecop! exes and/or free nRNA on the
transl ati on was 1 nvesti g§t eci. erefore, a conposition conprising an anount of
10 pg free nRNA coding for luciferase 20(Pp Luc) with or w thout conbination

wi th LacZ- rfRNAqeIPbex e WRRA WhRhAETHRSided:ad 22028orki ddmpMRER ATEPALESveNd

b

injected intradermally into the ear pinna. The nRNA encoding Pp Luciferase was
pr epar et asMIREEH BEHORISOTE0s e MEB BP HENticab AT diblerrt tatgiahleat ope MBI i ned
either no fue taB&OarﬁQ%b_@%&u@_oRM,inL@ﬁZe PG Q1AL BB BorhpbsRioR D d&RRg@R hat i on  of
2:1 or |acZ- .protamne in a concentration of 1:1. As a control, a
conposi ti onthGaRecineRyiemspisPf dhampXi VRl MRse RIER Db dBrirhigasbene fes MmN e
(Photi nus Whi@l{\ is%}ovicﬁﬁQE@@@%bﬁd‘d@rﬁpé&ﬁ%f&ﬁe ia},emm fnﬂhunolsﬂﬂn@ﬁtdﬂ/rcofr@oﬂﬁ&ﬂafe t hese
conposi tiong,. | acZnRNA was, fornul at i st step wit rotamne in
i T Ferent - aRuEREETasateatt e (e uR AL feyadiBps s otstbal 4& Drripe:
conponers . ikamostfniid@ofyzobipositidiNA was added 10 minutes 30l ater to the
conposi tion.

The ratio of the first component (i.e. the adjuvant component comprising or consisting of at

least one (MRNA complexed with a cationic or polycationic compound) and the second

component (i.e. the at least one free mMRNA) may be selected in the inventive

30  immunostimulatory composition according to the specific requirements of a particular
therapy, e.g. a cancer therapy, etc. Typically, the ratio of adjuvant component and the at
least one free mMRNA (adjuvant component : free mRNA) of the inventive

immunostimulatory composition is selected such that a significant stimulation of the innate



WO 20101037539PCT/ E, P2009/ 007032 144 mM Tris-HC pH (7.5 - 7.8); 2 nM EDTA;
10% (w'v) dycerol: 1% (wv) Triton-X-100; 2 nM OTT; 1 nM PVMSF) is added and
sanpl es are P&?:'@’&I”éﬁ’al nin the TissueLyser for 6 nmin af 3PNV 8Inp| es are
centrifuged for 10 mn at 13500 rpm and 4C. The supernatant is renoved and
stored at -80C until luciferase neasurenent. Supernatants were mxed with 5
Luciferin Buffer (25 mM @ ycylglycin, 18 nmM MWgSO4, 5 nM ATP, 62.5 pM
Luciferin) and the | um nescence was neasured with a | um noneter (Lumat LB
9507; Bert hiaintlinéagdume isagjicies], dudad théi’ddtplbaﬁi compbni@iy Jn paslled themtd is seeeted Fi gur e
1), Lacz- MRNA: pr tamn have beep, §or at ed in.a ratio of
1:1 or 2: 1,Sufegibagcat ?'%nélca togrggun)r%]o()?r%lée 5{ %aSt e IR euerﬂgrékonm{’n P“’V'S‘F‘gém on of

| uci f er ase, leadigg tonan éfﬁeentptaotlamnme\dvmscqmremand)f the ekfvessgbprateiorm ovo.erd.y a very
smal | amouny e ' | r | at.i ordlngly,
ho conpl ex Ormaa& o&bgmi%Bd ;91%}%% §nd/6‘ thgr Becu‘?.EQP %ﬁl\ﬁtprcﬁaﬁ S’tE S’{;fiefé‘éS

i ndi cat 65 tdbovet Bisferdbly tof rath:e Oélmdyt t@nanacﬁe&rRPW/’priot élm twem'(yﬁrpl exes

15 Exanpl e . 5 ses

Gener al %de\é%&%m%%&%G?Bﬁl%e?%#Dgrtece@r ﬁéf gf%Bo‘}t;sﬁ{e ?Jltfld %509“‘832 mce. In
the foll OW| M3 mygse eeeferably fremnd cangovef @bauice] e do 8beytied (WD heven 3ngieeks wit h
the inventi ;‘/r@feF%BWpP&hta' @Hg&@ﬁ%du?'mg(vg{@ RO afFer @ (veAg &r TENAV/GQ i Hagmb@r Gal | us
gal | us Oval bum ne. tunor size was neasured 18 days after the | npl ant ati on
of the turmi?ref@@Mvéhe mjlqrpfraéijuve%pf@mpw hee3pRiB0 N the@periyg IMOBPsiERIA Y wer e

i npl ant g8l i @nfpoShdn Blséibcted S a Witlohdf Bbddie:1f@dowi ng two weeks the mice were
vacci nated 8-tinmes wth each 20 pg GC-enri ched MRNA encoding Gallus gallu.s
Oval burnin. For this experinent, either an RNA was used, which was entirely
conpl exed V\A%dﬂtud?ﬁﬁ)t ?rrrilf&euaiuwlﬁ thékatio dehea%rélt campaﬁbriRM tHéhﬁl Le/hrm dohporentpl exed
RNA was m xed wi t n.a rati 1:1, 1:4

2010/ 03753 BEIEEIB G0F TBTIH! Phis i RBe RN BRI PR %3 e prfdisbions on).

Sur pri si ngImmmunaeodmmgewhdvuohipoaermu@t thei an ag onP frex et NRINAvaly Ibeaaltdbﬂed of 3:1
( RNA: pr ot am n si.gn ces .t r_gro d an

enhanceis%the F'}Ebas'g M’ ons e%\)/hé’ﬁp urtahok%v(ff%g é)mheaenf}ae?é%k o?m'r)’rﬁx rntﬁen 1:8
(conpl exed &RN&xt bf e pIF&sIé()t imeengon, lan M/Pgnticeisgmeftrably iBhbes rangenf prav@i-t® be

particul arl 0 0 t cells
here i mpl arked Rt b 2B HY pRlEBISN R TRy AP bt RS P O e
wer e vacci nggadingthd ratig ohiRiNA:eptide HO”}QQCOGDJGXZLeméqutCPreg rabfyNA tbacogery Gal | us
gal /us Oval i dy-1For this experinment, either an RNA was used, which was
entirele%oconpl exed with protamine in aratio of 3:1 or an RNA according to an
i mprov protocol, wherein the conplexed RNA was nmixed with free RNAin a

ratio of RNRgdtiHamTbiNal@rrhtide!f, tRE ratdIdS thk: fldt)compardhe (ifee el ddfuvait doRipenéntper i ment

are depicted in Figure 3. As can be seen in Figure 3, the conbination of
conpl exed RIS OF 6ensIRpg, Of FAreett COr JPRNA ‘f‘%‘fé"‘a‘ééc‘f‘f‘ﬁh@e@“P%{EPbEOY?"‘é%g to an

i nproved t ugpoded)edtsiethe second com nentTh@ e at ilaki 6@ frééTB{RfNWT&MyCaILd banal ysi s

was carried ut with the Ga hPa Pri sm 20Sof.t war e, al s
det er mi ned ACKY 1t I8 RERHS/RTRIE R ULy SBESHHLIL ) AR e S et on

of i MBSt btk IR&LA@ny e@cﬂopteért i. eSthe ahmr\sﬂt bk abl]uwntojonipBBé‘vE buntghcdnﬂ%ed 25For
this eXpe“wu h'ac anI}/cCor % ca |c§nc|) aé[)e oun {acnecptth tlngr?r mg: Ao th czogdm n at
2000 rpn) af %uﬁsequen‘f?’ﬁ/ Sh&dPNet ed i n § hEBIVE Vere 't RER

r esuspendedcanmpoRrEsH, Tyﬁ)eaﬂlyDth(chaar raticlefntbe tny)Rblﬂ & the ddpA/ani condpomentad thgpLedt s wer e
frozen and < by
resuspendi n%ss?nﬁgg%f Mg g’%%ofvt\ger éeg{)m{ 90"%%3 ethTlﬁr';le ngﬁ% e\/\'/’é%’%fsl Q
suspended i yuffixed/thecabBe (v ghd(paﬁfﬂﬂ@eflnﬂ%\PeMOB‘t pesferaltly, ghel emedar trgtico pf lbex 106 /
m. Af t% S@rﬁﬁ'ﬂq%f %E@%arf’%org %enlﬂo tREdt lé’é@tlclne'ﬁge %W&flth@%e%rﬁﬁconﬁgth of the

i nventive conposition,” conpri SI g g /us oval bum n
were added May be salastestes. érymmﬁ@r raéP@ ahoupQEP1:hi AL 1R 1:37¢G2:1p@3:1, 0.4:1,

2010/ 037539¢€F/ E'B%U%%LQW%ZO @)461FPGFOG§ args, NYFRM0RBIYIESs W6 8, 1 a@ub@tzed for 20

hours with RNA encod |n8
1:0.1, 1:0.01, 1:0.001, etc or from any range formed by any two of the above values, e.g. a



Oval bum n (OVA), conplexed with protamne (3:1) plus 50% free RNA (formul ated
as follows: RNA:protamne 3:1 + free RNA (1:1) (ww)). The secretion of

cyt oki nes (Wéf"ﬁﬁ%f‘@and | L6) was nmeasured and detect ed PCH/FPHEY&IBEr nat ant

usi ng Standard ELI SA. For the TNFal pha and IL6 quantification (ELISA) Maxisorb
pl ates were coated over night (4C) with capture antibody (1 pg/nm) and
subsequent |y bl ocked with 1% BSA for 1 Bour at roomtenperature (RT). After

t hree washes with 0.05% Tween, 50 pl (TNFu) or 50 pl (IL-6) 10 hPBMC

super nat ant rangéljeligteddron ddoubd.ocki rg1:000f,ancldding Hrah@ofbouteoe adredot,o t he

washed and 200 B TePpLotyi b BB aEd 48 R ORr o Bl Rdded.
After i ncubat6nouo 11"(D®0130 7mi mntegoamda W&ShOJ@g1 D.¢ol@ i 0r08t 1 1:t te LIOION at:0.9( TVB,

Perbi o SCi e{‘cf?) oS @g‘i‘c?‘? o&%t / Baz't dE08AL 152 1 Y"e{lgoﬂ?aﬁé'%‘?o 180t P.gMMeusi ng 2

Tecan ELI SApl'ate 'rea i néuBationg wer e erformed at room terrper ature
and wash$ ng19t08ps! :PAcd AP0t 110atot1:BOGH, ds! 0si: (ihQOPBSI TWweeh001,®r@59%0ge/ v) . 100

D el ! Obe ol Kb 5,00 3 5SRO 1 bicerlo b1 100N, Dbt @ e

detection anti bo were ad | ncubation or one hour ‘at’ Rl was
fol | oned by0t5lrir@e1 090 Q\,éslhtes‘ Q\Pt H- 0108 % 0TNe &rB:1 ¢ h&1Qly 0.9100 pO.0N, Wl o of

Anpl ex Red g1 Sylst {,24.6.0f SPo BN 1: 0004495 293, (Weﬁ%ea@dﬁéogi 4B BSCEHLe vas

measured in a Spectramax Gem ni platé reader (Ex 90 nm cutoff 590

nm . The! Pé‘sl&’l 1:8-0dr &:0shiswnh; Or(H RiGtite 19.01ad @ hrio Hed- %‘eeho Ph t%‘g‘h% %, the

conposi f ONfck@IMRTI r§rhgf'é€bf zmwowqg 187.01d 0fob €8 {5IND. 12001t a3, BBMIashi mul at ory
property, which is re i cant secretion of TNFaIé%Ea and I L-6

PP P, "B @15 T 0Pl e CorAE R T RO s ohed. 36883 B 16 m ve
wer e vaci nat e, 8:0bi:mes 1014 b.oeasho 16, P.90 e EM | @bEitiomFNA ocmrlitag #orn.0eaM sgal | us

Oval bum ne or_an "irrele RN%) Th he RNA was
either for n’tﬂ%?édoéﬁ foroe$/Efl (é\ﬁ)(p &'%?’aqmol((fr” hLOr@&‘ g Ok 1 §0r1 Py, 1h{§ Yatio was
accordi ng t eng@rof ampnmem mcr o'ocmob ORMAG FProot, @rd1m 2:110.2, 6.0l €0 RNA, 011 )to(W W) )) .
2 weeks. after t |.a 7 0 7 cGipation
bl ood sa?rpl gé’ 4\/\/re(‘5$0(=‘,1 10& g §§S| o8 ! E‘fgcﬁf %qs(;% éll ?cqa i bodi es
was det er m A8d.1 t¢ar, 01061 dﬂ&@edt oom @f 0.&mnt 0.9@nto2t, G.0Q tart 6 bdm(lésiowbm Sor b

pl at es ( Nal S%B?tol\@ﬁ“f &%1%@)@8??(:@%})&”\1\?ﬁ%ﬁ%g@q:qo%t h Antigen (Oval bum ne,

reconbi nant protein)” ter 5% Tween und 1% BSA t he
pl ates were incubated wth sera of the mce for 4 hours at roomtenperature.

Subsequent | Vo1 Bl 6QHPh R SEOTAAL i AN AW RS oAfth @ yashi ng

the plate was incu hor ser adi er oxi di se and he enzyne activity
was det 89 ni I¢ad opg frae BEOKA ¢fdha Wé%cbmmogp'anmdfbetﬂq@ctgélsgt ffam@ rapge2of ahoytno- bi s( 3-

10et hyl - bengllhiiag 9lol e mdsiSHE@pIS AHE Bloldr %o@g‘ner@mRNmth&%]u@‘%f‘éin‘iﬁo‘%@ntmr e

nmeasured at 450 nmusing a Tecan ELI SA pl ate reader. The results are shown
in Figure 6% theatlsst pee EesgRRINA ofthsueeond, comen%mavﬁaﬁ'eﬂe%f SR APIBHed RNA

with a freernibldf bieads: it anpof BkavalLabfifiBRY &lth kdEBdNE (VA5 RAASENTORREMRY 15t 0 the
vacci nation IW|th an entirely conplexed RNA. Exanple 9 - tatistical anal sk of
the ex ressPONRYY-| uciferase in Ball* mce.

25

According to the present invention, the at least one (m)RNA of the adjuvant component
and/or the at least one free mRNA of the inventive immunostimulatory composition as
defined above, encoding a protein, e.g. a therapeutically active protein, antibody and/or
antigen, may also encode fragments and/or variants of the aforementioned proteins, wherein
30 the fragments and/or variants may have a sequence identity to one of the aforementioned
proteins of at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or 85%, preferably at
least 90%, more preferably at least 95% and most preferably at least 99% over the whole

length of the (coding) nucleic acid sequences encoding these proteins. In the context of the



In this experinment the influence of different fornulation strategies with
protam ne on the 20translation of |uciferase was investigated. Per group 2

m ces were iYPEL&¥H%n 4 different sites intradernall yP%inqgm@?L@M%f’zconposi tion
conpri sing 50% protam ne-conpl exed (2:1) Luc-RNA in conbination with 50% free
RNA, (2) a conposition conprising Luc-RNA conplexed with prolamne in the
ration 4:1, 25(3)100% free Luc-RNA, or 9@)Ri nger-Lactate buffer as control.
Each sanpl e conprised 10 pg nRNA coding for luciferase (Luc-RNA i.e. the
above descrprbedt moegibh uctaghBriTG-<sBph a pratkih-iATOBe andeestabidng o wurlSEEd Ipbtéir  121) in
50 pl Ringeg- ctate buffer..The first and th econd group. conprised al so
Che same anBEST: ofe aOprt i T ER Tt FeyMRar & AR, SR e e

i Munost i minadsequentiaiypogichtied mompargd del the( dnpinpvasidpreguence af decarigifiah¢pative)t he

i nvention. 2 [QO7032 148 . . in Figure
9. Figure P r}s{@gwgs%tje ﬁgmg’? rgg%r{tﬁégﬁgﬁﬁgﬁfgﬁé n%ﬁt‘%&%&%ﬁ%&?b% g’fss%b&g}%’er ase in
Bal b/ ¢ rfi cefragTieats sndepitoppscae prefesdbsissperiiicallindefined abave fetiantiganhe Gr aphPad Pri sm
Software and the p values were determ ned using the Mann Wiitney test. The
results in Figure 9 show that the RNA conpl exed according to the invention
(2:1 (50% A “Yariaet” (r5hegrontexs ofthe Bres¢nt jvertionirefets &0 ¢ n@t%'ra#e?eé;m B9¥e Sr8- dhen

conpar ed t ohBak&fc c@&%r%, LiGdht prote TR % @F ahdboli §s Adink®attfve forkisWi t h
protam ne (gr ogﬁgpman R&?)WAS cgn be se%ﬁ, di ffe?ences bet V\Bg?’l t he

rel evant gréwpdng r (@RI} feaeeice) pheein PRgleic acids of gk a8 oPe{MBNAR can be

ef ficierg | yhpagyldedompdent ieche vRtive V@muABIERR%drTIEbAb&SionCH HReRIctdcd Wher ei n
expression |level is malntained coppared to naked and RNA which js

10conpl exed”ihe etigast 80§ @eeo'i"Rh‘f‘lOfvff? [PVBIYE dRMHBOSIBWELY §8MPOsYioP e OI"8 Exam | e
10- Stati sté.galthangdutisdlly aofivel pastuief araibodyf adior hdtiden, &8a) vk exdhafged. Therelpy, this

experinent 4 coding for_ luciferase (Luc- .. €. the ahove descri bed
Tabonst r uct PoReliply £ Pt acitnipRl omeies TRy Biashst e BBt o1 owi n
conposi tionst afnljo Acid {eb@érce +whicle diffsO¥onc dpotiged ZQuegelinceomNAr coorpl exed
with prod anmine, (2.1 nd 20 Fig fr - [ i nyventi

i rmunosfgl w%%&g%éngs)’c%ur%\gés%ﬁng,m?rf) g‘%?‘f“tg‘(foh’g)ég‘ egg%’poﬁrsg%et% ""BEXCLE%'-" EﬁIA

conpl exed wPreferaplyo ltenfragnients1andfay/ wyiant2 he®) 4@ papef biekgicalc fuRtiN ¢ypetdicET

pr ot am ne, | ey - i ; i o Ri -Lactate
buffer to a@?'ﬁé?‘gr{}%ﬂq%dngl g{‘gl %gd&%lml ?ﬁﬂgpdvrver'gwie%’i 'r‘gé’éﬁ%ﬁ'\é?& %&n"vglg?(gﬁrf?'nto t he
tail vein ofntiBefisior entiviodies-(Schi‘bielogisnl fgratiop] incladle es. e smwibigibinding @peritas t aken
by punct ur geaf of R@idufE E\ﬁhg%@'éa?a'lyti%%kﬁ\ﬁty@f‘ﬂwe?@ﬁrﬁf&ﬁé{aég.tb?%r:{/déﬁti&w qkivee (1L-12)
ELI SA. The [LiSA was carried out as descri bed for Exanple 7. The results are
shown i # FiRjates1etc: I Bifr eonioxt diépiterts “kinlesistlaupgione of aankadiesi 3 ¢pcribgduct i on of
IL-12 in Bahdpéif alsbCRnipfiscdiLingizhGonEyadABbehs 1 €ompiBReritativadibh Grlopsndlayed.s was
carried out_with 30_t%§ G aphPad Pr.i sm Software and th@ﬁlp \ﬁalkjes wer e

det er ni ned USTeRY tHEONEHAPIRAIY FREpBTES EitherARIESRIIPRS UMb EhatTaRer dieff er ence
bet ween t heantigyBNt Anti@odiBITeNdsinkbdrdbaleQday ic@RPOSIth iteNce(lFrdse(thig%ntigersrad (50%) )

and the group. 4: e&l 09 whi ch co ises the nme nt_ _of. RNA and
or ot am ne. PUalSAEE cErt P EARET FLGS oah P MR LPHAARCTGHe SATEE WO
21110 135530EHRERA 09 COgaIP celUBatabids ad @ret dell’spelbdestrectiont (hfoptdsa). iGnwent | ve
i mmunost i nmuj ry,c 0sit ,.an erejin. expt ion |level | i Nt ai conpar ed
to maked RIAETA AR ERHE heeMAEEh 3 B S iyl o RN P o e
(see al so Fhalyfsém@lune system can recognize and attack. The attack mechanisms are referred to as

antibody-dependent complement-mediated cytotoxicity (CMC) and antibody-dependent

cellular cytotoxicity (ADCC). ADCC involves a recognition of the antibody by immune cells

30 that engage the antibody-marked cells and either through their direct action, or through the
recruitment of other cell types, lead to the tagged-cell’s death. CMC is a process where a

cascade of different complement proteins becomes activated, usually when several

antibodies are in close proximity to each other, either resulting in cell lysis or attracting



SExanpl e 11 - Induction of a hunoral inmmne response agai nst a viral antigen
Vaccination: BALB/c mice were vaccinated twice with GC-enri ched nmRNA
codi ng for NEREYH¥E¥nin (HA) of Influenza A/ Puerto Ri cé’Fg@Hm(]W?”or
injection buffer (80% Ringer 10 Lactate). Thereby, the RNA was either

fornmul ated entirely with protamine in a ratio of 2:1 or the ratio was
according to the invention RNA:Protam n9R:1 + free RNA (1:1) (ww). For

formul ations, two different protam nes were tested, protam ne hydrochl oride
(Protanm n \Matheantmunansllprothanionsios Ubpfaicer it dtratiom 1bB@ net@hetiestof an of
specific an f i S n bl ood
sanpl es wer;emgor] Itﬁésfmté)% %§5££§{d§£nsfrgtﬁe fagﬁ ugal'?%t“?e:n rﬁs%&%@ﬁ?‘égg%{“%lﬁodl es was
det er m ned feyction) iBAurhFlegdsrie géderartd biRking of thermgfgidutThwa,ttMnntlhtvIdv bant biod assay
(HAI') (Figu f i f L For the
det ecti on o(?rﬁa%ﬁ% %Eg%gﬁé |Cgﬂea(gft| %EB?%@”%M)F@ §lN8 ﬁggérgogtﬁﬁ‘ a:jtjtleiersL ﬁ\lal gene
Nunc | nt%er nmt'bmha grrw&tsear%Gmﬂédommwamlp'gmcwnat@muﬁatﬂm 4DR8)C0"9Afnt e bl ocki ng
Wi th 1XPE3S,nQicRa¥ed WEGHR dadarkdinth bhen Q%t%@? Mﬁﬁ@cbrﬂﬁl@ﬁ@ﬁt%n%%h §,gra of the
mce for 4 hours at roomterrper ature. Subsequently the biotin-coupled

secondary affMRIGYsE S srmRlementrdeinognestsiviied viabigriag of dmantivagwhicBd wi t h

hor ser adi shjs pRieperidentic? thedaPadkt BLarLIVEBE®R). BEd prvlidcts Sk GaipRinEnnedci réRRSUr i Ng
t he conver sj gn of the substrate

(2, 2' - azi no'PBYsiEthet %Y PR RICHI92 6f A ialgaiop R - & thgePEFes PAtPEe eyt i cal
densiti BB Wei@hdimaseiRdargfarttly afdindgd ﬁlgzeﬁleee@tha%idy@Avm Bibding @RdABhstanthe
results of al% i S of scﬁr? obt ai ed Itwo g&ﬁg | | ation are shown in
Fioure 11, Jaal Penghed’ ARTRaNecel' FeCoRoed gD FEIPORo Yo BAY exed RNA
with free Ripehdsadsel- ﬁledllatedl (B/ﬁﬁb)&dtthn‘.(l’(al In patiodard egpods ecaaodipadsyetlsiso t he
vacci nat i onfu\r/]\nutop] an, enti S rrpl exed RNA. Conpared to naked RNA, conpl exed
RNA | eads toO ?1e¥' y iﬁ% nef B8 cfy titers, an indicator of the Thl driven
response. WD 21110/ 1137539PCT/ E112009/ 0071132 150 Conpl exation of RNA with

pr ol am h L n

ol exit i of S Gokind L BLAMGE, WS fANb el 30 QAR BUESIALOE i me
poi nts aft eat 'iewnﬂmﬁz(at)lim elethe admhvseunmelﬁmfsme IHMQQIIWUHP%WMH c

anti body tif@iseabn afae/o af2a s&ta@ ¥R ﬂ%[eemﬁlLJRtéfeﬁl\ef Rlerki bf iR RABSi nﬁna&érgat ed with
buffer (80% Ri'La), naked or conpl exed NA. The conpl exati on was done with
Protam n Vaq:@wwt'%lth%@ﬁqwgnqehﬁ?rbb%ahgﬁeét"be&er Pa\b:e PberayAitly PmpatedftoBe RNA (1: 1)
(Ww. Detegloken krefd,i298R eﬁﬂﬁ‘&lbfég %IAJ pd EOsl BserRY ikthkhed8@dhce ol healr@ Of

i muni zed m ce were al so anal é % assa | n an HAl ‘assa antl bodi es
that neffl r atsAYRACE s VIR By Nébm he CABPPRPEAtARS FFsRANdiNBPOSTIPR P the

hemaggl ut i NéeBorN bqlubi®-eS(es l ioB)RAN @r @rrRMA)ecaho&t c@rab;irecane adgdseioheid. thoaira wer e

i nactivated at 56 Cfo gto destrq g) t and HAI |nh|b|thors Sera
wer e furt heta eSS é’(’S‘ ”t AT RADYY frarghees O?ﬁuﬁ eﬁ o Pt EREAMWLER S ¢hi"ken red
bl ood cel | scat®af ;Dpos&Qi?ﬂlﬁ tﬁd)setﬁﬂi)séauéﬂﬁé peegl(iﬁwnm/i acinRNg), ttheatwd srefqbemacae hena

| utination.,. Pre es \wer.e ded U-bot t om pl ate
in serial ddfUeR! ﬁqgﬁgosdh(bq E%P%@ ntage g Which v nR'%{QA%'he'ﬁ%m@gﬁeﬂt’?’ﬁsﬁ ig units
of i nact’ vankiemiucElIRB ai fandaBG ofitret rbdnbel obitdeftichl Sositionc Kigiled &d ti ©Gd nombérsofwer e t hen

added and i r I rs mere
et ned as PRLoRsars hd, B ETRE SEHESo kiRl (i RARBRETDr Belentdaed )

i nhi bited hmgg@quwame@n of the red blood cells. Titers of sera from
different tine points after inmunization are plotted for the groups treated
with buffer (80% Ri La), naked or cornplexed HA nRNA. The conpl exati on was done
with Prot anThe resgestage awhich o iservensescsugh 8t teat 'Wnpﬁmwmnﬁthg agdjuyarftr ee RNA

(1:1) (wy/ \Aéomp%n&mtdf%@fnvé%vbsmmm|4t%8mﬁA t&csdov& th@apﬁe%§ ot fleBf | uenza
infection. Mce i munized with conpl exed show 25an enduring HAI titer

of more t haMRie, Ofmﬁér'ﬁ‘éf‘é‘"YFaNB'B“'P%“WW &ampesitiant & heimencpded gRinbagf t han t he

protective Jeqa@fcegfaréﬂenuciﬁaande&érai.mea tﬁﬁfgld"\lnagieinbﬁtal argsnwnor/x ;ﬁéf@rr@cﬁ fol | ows
1. An i mmunosti nul at Ol’g q PS on CO S n an, adj nt
iR edst D

conponent , RBAPYTEIAG e Ry f't%%r%féabmeﬁ e 2PBAM or

pol ycationi c conpound, and 5b) at |east one free nRNA, encoding at | east one
therapeutically active protein, antigen and/or antibody, wherein the

i munostimul atory conposition is capable to elicit or enhance an innate and

optionally an adaptive i mune response in a mammual, and



wherein the nolar ratio of the (m RNA of the adjuvant conponent to the at

| east 10one free nmRNA of the second conponent b) is about 0.001 :1 to about
1:0001. 2. WRARYWHAHost i mul at ory conposition accordi ng PCOERRUMMH32 wher ei n
the at | east one (m RNA of the adjuvant conponent, is selected froma short
RNA ol i gonucl eotide, a coding RNA, including an nRNA, an inmmunosti nul atory
RNA, an si RNA, an antisense 15RNA, or rpbosw tches, ribozynmes or aptaners. 3.
The i munostimul atory conposition according to claim1 or 2, wherein the at

| east one (KIriRiNAr 0f(1993¢, RAHSUVERIOCBAPSARNGT Alsclan errﬁNtk9920MuaThe Acids Res,

I rmunost i nu 0|t ordln n ! to 3 wherein
t he at leas%?%lﬁ{é) 3f4Bng g'légrf(iﬁ o 11 ra?da rYtQP( %L%&IA ILJP’EAS]T 8r0l§vdm
conponent a$®1uerduenWhtchlaret lderﬁaelhooheheequences 5‘ the. htdeasnmm(oﬁwmf mecaldwvarunposi tion
accordi ng t r fLee MRNA
and the at terggog ?é 'gﬁi"m“‘]*h n%sﬁnﬂé\‘/\g gd"gbogg?ﬁe%t? og&}éé gta?%%%ggtfefr om each
other. %. fﬁﬂé’/\lqfrthsnm@ml‘mjhmmpylrmd#p@@tnpmma’dgtipdhm@dmg regignsdhrreddftoc| ai ns 1
to 5, wherel i Fﬁ%% he cationic or pol ycatl oni c
conpound inét r{eahﬁecﬁ%\%%?&e 'g%rg&%%ﬁg%@s nr;"?;e range of about 0.1-10, about
0.3-4, of about 0.5-2, of about 0.7-2 or of about 0.7-1.5. 7The

| munost i ”Ukr%%dﬁeﬁ&mé 6%3&6@@;&1“&& dn@ (AR A8 8h L djBlait dBBnpbndf of theWher ei n
t he nol ar ratl o of the of the adjuvant conponent to the at |east one

tree mRNA oft lest fre %%‘C'B%HA&Sﬁ'i!foﬁ’é?ﬂ“"%)‘mi"ﬁ"%%‘ﬂ{atoﬂ gompepiion egcodipgeamino

| MUNOS10 MG Merk@EIRAEEH have (BCGAicdiange wbstam)bn@meorﬁ,ﬁar@d @l th® FEL ystdloglcal, wher ei n
the at | east onefrefarlRNA /or t he at t he adj uvant
i

| ea
conponent ar®e BEveragi nerumgdified. wauenge in 1' %ﬂl‘é’f )I?i‘\lAd?fﬁbsYatriaBH ‘accor di ng
to cl ai m 8, suMaudng it hehic @n&ﬁi&ﬂeihﬁnn@facidh&vfﬁadbﬂgnitegidﬁrﬂ ttaf sdnfee ciks- sfeabi |1 zed

RNA is increased npar th C con ent of the regi on_of the
it ve. A SEREEED GBeETe ARl h A s R ere Hhanedney Bop ot MS PEed () Rra
not bei ng at¢rcedetaionpaidetknusded afipkatiestiedbaingmosiovey bdnegdtetiuencgedaidet he
native gpdi fHa?d %%Lgl}'cA s Lhﬁ}el f ””“rﬁ‘aﬁ’r%tér”gn'c%‘& J %(m%rg%od%' e Os’.‘d a&%% défng to any
one of ¢laims I efe he“catd onice or catronic co na

sel ect ed frwehichret antenato hydrdgeolliridges, sigeside nlnalrcsrwtslplehmeda h;sdrommct_orb yS| ne
(PLL), basi e LY. i | t (CPPs)
Chi et i o CPpy PR e Sy o BBl e Ao Rl P e P PR A s

Tat, H V-1 %ad havi2\A llkewaie Redar iside ¢hpieperi @esxanmw,goaﬂgnma%gharmm by of the

penet ratin iﬁy’%ﬁ?&dhﬁbuc sn’@l@ |cHé1h %Q;uﬁ’ﬁﬂﬁ‘écfwéﬂ&theﬁ%ﬁu@'&%ﬁ@ghﬂggﬁkw’@éﬂ bdges (from
Drosophj | a ant ennapedi a antimcrobial -derived s 1 ncludi ng

Buf ori n?®, 8dedes 04, sespﬁsﬁregywa(bz)thr serrr@rordevq'@Pew@éﬁﬂ?)dyssolegﬁ\me I\/AP
KALA, PpTGZ@eucBepllhdaﬁrom £t LBstRaRhE S8 posshsie, H pmr Sat trﬂaaséauaﬁzebbgmr{aept i des,

Cal ci toni n-pepti des, FG-,  Lactaof err| n, polyL si ne, hi st ones,
VP25 der i velngk caifang g ifiseined the-tape-dipers '°(‘F|e‘¥’b%‘§’eé1’HBI“@&?‘["C‘{\}&PB'“RREA or
protein trargducsd @ QBRI HomaR. udbmgcdiﬂ;ﬁb of Rd GRGe-dphedbibnal I itfidtupe byl des,

arglnlnerlch e .l ysine-r. tj des, Pep- and | ci toni n,

Dent §da(s) | PSPTS Al Gt ans s R RSBt B PO b Ht BEAPSPor mul a
25( Ar g) 25 ( Lypeitra) (Wing )1 987, Oip @ pliofe &) reylambieh@ism dndHORD of Polyeptides, m: Btollern and |,

m n O a ipgde t f each ofher urrbrslectedfromOlZ
3, 4, 5, 6,%,5'93?9‘8?0%%, B'fihem'n ,’ijgber%ﬁ\é{a%icgmﬁs?vﬁi 85" )[ t he overall
content of Arg, Lys, His and On represents at |east 50%of all am no acids of
t he ol i gope r

nat ur al [y oy FASRLsAeR SRkebRuANG (AT L EG AL 0AR AFET. o,
On and x nefythgénvgpivenomepstisrilaeny empestierogr t, the at ast4>ne5ree6nRWA Obthe8

provi degy tm@éntlt/gﬁmgyﬁd’s%hlaféwg osﬂt)n %@ﬂctﬂ&%dé‘%un‘éé%ﬁg &QCéAs‘ asgfeflrﬂ.]dl am no
acids of the ol igopeptide, m ol i goargi nines inclu Args, Argy,
Arg7, H3R9, alRypENa}-BRIHSS 2 mss%éswr RKPAICistrpRRBNAR e on R /6rw*ufét¢a@rr'ﬁ5c

pol ysacchar j,degdin @&JEdéﬁ'ée@%f 6Rd, RS A mAPO LI RNR, defiRdd SBUVE, PP MBS etically

pol yet hyl enei mi ne ( . cationic lipids, DOTMA: [1 2,'3-

35si ol eyl ox39i¢ BRI aN“N“NPWQ”P?efHﬁ?‘P'@hﬁ'ﬁWFWrﬁ'&'?F B?q"?:?eas defradeaboys-- £2A- ani di ne,
DOTI M SAI NT, DC-Chol, BGIC, CTAP, DOPC, DODAP, DOPE. (Dioleyl

phosphat i dyl et hanol am' ne), DOSPA, DODAB, DA C, DMEPC, DOGS

(Di octadecyl arridoglicylspermn), DI MI: Dinyristo-oxypropyl dinethyl

hydr oxyet hyl amoni um brom de, DOTAP: di ol eoyl oxy-3-(tri methyl ammoni o) pr opane,
DC-6-14: 0,0-ditetradecanoyl-N(a- 153 trimethyl ammoni oacetyl ) di et hanol am ne
chloride, CLIPI : rac-[(2,3-

B T~



15consi sting of a conbination of one or nore cationic bl ocks (selected of a
cationic poL%ner as defined above) and of one or nore hydr %hI|IC-

hydr ophobi ¢ ¥P3ERE3E#ncl udi ng pol yet hyl enegl ycol e). 11. TﬁgmiHWﬂﬂﬁg?nulatory
conposition according to any one of clainms 1 to 10, wherein the at |east one
free nRNA encodes an antigen, selected fromtunor antigens, 20including 574,
707- AP, 907, AFP, Al bzl P HPGl, al phaSbeoal -Integrin, al phaSbeta6- Integrin,

al pha- net hyl acyl - coenzyne A racenase, ART-4, B7H4, BAGE-1l, BCL-2, BIN&, CA
15- 3/ CA 27-R9A séghed@-Brredpbndidg th, thEA 1251 or&ﬂhi)m,i\ otihe adjuGhvEbmpdedbPard/orcat hepsi n

B, h 19 5 C@G
ooes . o e ARt e P RN B e, R Rive SoOR PP e mpoRu R

CT- 9/ BRDG, 26 definitoycéricndBht leagypot proteDh as deypeceabo@m&l ummmbm&%a

&0 )l Y EO G G B 0 £

GAGE- 7b,5 GAEEheBe piaRER mauF-sklecteh 100, thaGRER, or kiy@EerablirdTerent phapisian defined
Her 2/ neu/ Er ,
HOM TES- 85, %Pv- E6 HPVM% R lgggzgggﬁgg N%%Eéq”f (g% %&%ﬁ.ﬂé?ﬁﬁ ejatl L- 2R,

|L-5, immatlese anan{mRNAr ef:é'm adjuvkall ForRpasient 2f theylinyetivd immunggtigmlatery AAO205,
KK-LC- 1, Wnlﬂb%.&on a'n@)@E‘tﬂe al—lléélstnoné\ﬂ%ﬁ rﬁﬂNA'\@Gﬁe%OenuMAGﬁnéhgsn vAZ,

MAGE- A3, NAGE- A4 0, MAGE-B16, MAGE-B17,
MAGE- B2, I\M(GE“PBSUO’NN@ bsée'eq\mtaedebendW@E- 86 I\/AGE— 01 MAGE- C2, MAGE- C3,

MAGE- DL;o MAGE- D2, MAGE- D4, MAGE- 35 El, MAGE-E2, MAGE--F1 , MACE-I-11, MAGEL2,
mammgloblnA RT- 1/ Mel a trlx protein 22, MGR, M CSF,

Mesot hel i n,A eﬁszmothw“ff'ar%eﬂw ﬂwe@“vewmunowtowws A,

N- acet yl gl Lkﬁﬂ'fpoaﬂbmyﬂ thé plasdneinaskio, mﬁ{eaﬁvﬁﬂse &mgat IMBR& frddvR XA 16 adNBE,

NY- ESO- 1, NY-E steocal cin, osteopontin, pl5,
D15, p130 G B PISEPRNEEA ARt CEenTTt 35S ome R e DR oM BATE,
PDEF, Pi m |RNA menceasmbflnedl%ﬁiﬁﬁ H%BAbEjlng)feqeér&bm tmﬁeotblebMﬁEmu:&;asE’SA;: PSCA,
PSGR, P RHA CD16 RU1 R 4 SART- 1
SART- 2, SAR;‘FII)‘%/‘A é"é&?fes & d"lf'f’,ed EMYSEE B LFeﬂijS °"%é3<c ed é’ﬁéﬁiﬂtei"a'STEAP
survi vin, srilogongalrengia; SItJAewnce‘l'A@r A, comaRP an TRIFbseql«BED Rhm fun'EﬂiM 45 a TG 3, TRG
TRP- 1 TRP- 24000 TRR:7! 200 T BiPllso IHOR) 18580 2R Aor MEFrn WEGER AR 1, WL
is selected TFom mitant an I gens exp ressed Th cancer diseases, incl udi ng
aI pha- 5actsenienced asrdeliRT @hove which /eamdes brveral m@teem wili ﬁl? aRROAR/trans| BREAZ/ m
CASP-5/'m  GASRHo&hs uQcQg cfemly Qp!%g Mottt @9!% BoqfdPeslwhith RFiKe CAN,
EFTUD2/ m ELF2/ m ETV6 , /' m  GPNVB m HOA- A 0281 R1701, HLA-A1 1/ m.
HLA- A2/ I-lSP‘f@C?fIW'"KIt%M'('JS‘?WP" rer%t@ﬁfrrfrornmmrmvusqsmxz?wvwmeﬁtm'rUMSJM 1/ m
MUM 2/ m M BAr g@de@s%t P\ @f%%k(l‘dﬂmy’&@r‘dﬁ’@ﬁ%rmes N MfodN- R Shduih dfdeaker N,
0S-9/m p53/m 1 PTPRK/ m F600.1m SIRT2/m SYT- SSX- 1 :
SYT- SSX- 2, “fisespMPY) T@F’BP&'SI C Viqusep C}Vr>n . 152'6#he~'nﬁ1fﬁ¥ﬁhd§~ﬁehﬁ%%/brryoeSnpos| tion
accor di ng’ tieuamms AnE (OILVS sahias irhmiiBodelicieMdyeViis®t (51 cRtcribeaphrager videe MRNA
encodes: v a) at |east one, two, three or four (different) antigens
of the follqhﬁﬁg group of 15antigens: PSA (Prostate-Specific Antigen) = KLK3
(Kal l'i k2%2in-3), PSMA (Prostate- SpeC|fic Menbrane Antigen), PSCA (Prostate
Stem Cel | Si ransme Epi t helial -Antigen
of the Pr o?}to“f”%fg) Yoparticularly prefgrreg eTeoé"(s 1 nge TR ! H‘Fe"g VESOPOSONA, s x,
seven, ei ghhe pnésad, invatioa|reasenlsorcotyedeves (hati itf leastriing (anRWA e shefadjuhantf ol | owi ng

group of an%)'g%%@?rﬁ§6@;§rz'% at M&’on%%r%ﬁ‘,za m&lﬁé of Mﬁ%ﬁhf‘ﬁm Melhces,

Her - 2/ neu,

wherein the mixture comprises e.g. at least one monocistronic mRNA encoding a protein as
30  defined above, and/or at least one bi- or even multicistronic mRNA, encoding the same or
different proteins as defined above, e.g. a therapeutically active protein, an adjuvant

protein, an antigen and/or an antibody as defined above.



CEA, Sur vi vi n, MACE- C1 , and/or

MACE- 02, 35wherein an conbl nati on of these antigens is possible. 155 13.The
phar maceut i CXP 2U8MY8¥1 ti on, conprising an irnmunosti mul ACEFEF2EYHIBEI ti on
according to any one of clainms 1 to 12 and optionally a pharmaceutically
acceptabl e carrier, adjuvant, and/or vehicle. 5 14The pharnaceuti cal
conposition according to claim 13, where4n the pharmaceutical conposition is a
vaccine. 15. A method for preparing an inmunostimnul atory conposition

accordi ng t@ccawng)me anbthiOepeaifivs ehbodimed, tbomprlest ngef OHRSN ofg thet edisvara)

Pr eparl ng an rﬁaoln nt orftthg r’x’(}%ﬂﬂ% mr%grc[\}}%{l Sfa{zx%' a&ml)gsﬂ%h %Qﬁor(m%aspg lfrg%(ed Wi th
a cationic of catlonlc conpoun in a specitic ratio he at

| east one (mjiRNAofahejlra/ecta@ lamwosxnntrmblyfcmp@ml@n,omypb@pdbvedsddaefa freadbilzed or di ng
to any one I@rtJA'C&J tstgbdﬁllged rﬁﬁgAlélQl)ls Ry &9%§ 'anﬁ Afkiﬁat' |p¥s§g'r]itfa”fr snstant to /n
|rmunost|rrulatoyco 0sitio In“a specific ratio one free
mRNA as def wh@dlegaasi@mrdbm@np@s fmwoa@hé (93 bMaawm ar endo-nacleasek Higis &e@vm/aﬁbe
conponent psr@trnétr.ﬁﬂmqg%didfaag d&g}a&tuepop%RNWBﬁmAw@v@ﬁ deR@StmBNBpreldpta MRNA,
encodes at | east one therapeuttcal active protein, antigen and/ or ant i body
as defi ned ®EewrRIPHgMtio thmpraiwet'%f ogﬁ%mrbsa@ Qnppsitionsg  Thig Insigbilitypf RHA is

I mrunost i My gk QRYdUeQBTRAGA-HdgPidi @C&QFﬂbﬁgRrﬁﬂas@d"XancI@zfseQ| whérBinkoh@mimatioRr an
adj uvant conponent, conprising at [ east ﬁa&e[\)ﬁg corrpl exed with a cationic

or pol ycat i B 2B ShPYIFIFAces Ay Saretrascemp NA in spledRn h"@c%f"”ﬂ'éfafg? one

t her apewd i Cadtdryl aé‘gH(MﬁorprREﬂAnl,n ﬂx@tdygjplhsﬁntﬁf/ &l amérpanhyl,y .@gul@lecﬂ lanedzr«aa@@or di ng
to any one of clainms 1t % {)qari n Ip armaceut.1 cal fOS'él on for
pr ophyl axi sconfat"%!%&l“ﬁﬁﬁtmayahalﬁ?f‘e@ I &¥ C'&nye?)tfnef“hé’”a' é%a‘ésgs arftd

di sorders s&inqmtsuedwsf rmmmaﬂmamﬂx d'léthtyl,lpyjbcadicﬁleﬁS(BSPC)aﬂtrﬁlnfhé‘tlb@mdtlﬁaﬂ&ﬁ’ﬁ&;,f

| nfecti ous dl 1G5 Cdegradation. r Incl;l\gn in [hIS tonne |Ioerl $h pr, Sior ROl of ay a\lzed r:—])]; ectious
di seases or all'f’er or a Fer O e e eE RS 3d1 A e Corrprl g FhE

i rnmunost i nueélat Fog ythe@smposl ituuomreaswqéilylgf drivicanypoteacefor ah aiRiA m we. A2 an and/ or

a phar eu&.a QEEPQ%'nE M 5&{1”91 tngkr\ﬁ:/’ls%ég %s@all %%0 cgiﬂeq & &f?}le"
cof ° Haliple, Ry Y R

t echni i NS ions Wt mat| of on the adm ni Stration osage of
t he i mmunostei medifdogupnesinrrposgilaotide. amdiAbthetNenghatyrietbur iseadencorbosite 26,

SEQUENCE LI QEhNG e ot,(ﬁ%?tpgso%lgy Gy @, Conposi tion conprising a conpl exed

(m RNA and a nake or providing or enhancing an i munosti nul atory
response in a manmal and uses thereof <130> CUOLP0774401 <150>

PCT/ EP2008/ Q&%?b@ﬁjg to a particularly preferred embodiment, the at least one (m)RNA of the adjuvant
20 component of the inventive immunostimulatory composition and/or the at least one free

mRNA of the inventive immunostimulatory composition, particularly if provided as an

mRNA, can therefore be stabilized against degradation by RNases by the addition of a so-

called "5' cap" structure. Particular preference is given in this connection to an m7G(5')ppp
(5'(A,G(5")ppp(5")A or G(5)ppp(5G as the 5' cap” structure. However, such a modification

25 s introduced only if a modification, particularly as defined herein, has not already been
introduced at the 5' end of the at least one (m)RNA and/or mRNA as defined above, or if the

modification does not interfere with the immunogenic properties of the at least one (m)RNA

and/or mRNA as defined above.

30  According to another particularly preferred embodiment, the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory composition and/or the at least
one free mMRNA of the inventive immunostimulatory composition, may contain, especially if

the RNA is in the form of an mRNA, a poly-A tail at its 3' terminus of typically about 10 to
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200 adenosine nucleotides, preferably about 10 to 100 adenosine nucleotides, more
preferably about 20 to 100 adenosine nucleotides or even more preferably about 40 to 80

adenosine nucleotides.

According to a further particularly preferred embodiment, the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory composition and/or the at least
one free mMRNA of the inventive immunostimulatory composition, may contain, especially if
the RNA is in the form of an mMRNA, a poly-C tail at its 3' terminus of typically about 10 to
200 cytosine nucleotides, preferably about 10 to 100 cytosine nucleotides, more preferably
about 20 to 70 cytosine nucleotides or even more preferably about 20 to 60 or even 10 to

40 cytosine nucleotides.

According to another embodiment, the at least one (m)RNA of the adjuvant component of
the inventive immunostimulatory composition and/or the at least one free mRNA of the
inventive immunostimulatory composition may furthermore be GC-modified or modified in
another form. Some modifications of the RNA may be, dependent on the type of RNA,
more suitable for an RNA in general, or, e.g. in the case of GC-modified (m)RNA or mRNA
sequences, be more suitable for a coding RNA, preferably an (m)RNA and/or mRNA as
defined above. Such further modifications as defined herein preferably lead to a stabilized

(m)RNA and/or mRNA as defined above.

According to one specific embodiment, such a stabilized RNA may be prepared by
modifying the G/C content of the coding region of the RNA sequences mentioned herein,
e.g. an RNA sequence corresponding to the at least one (m)RNA of the adjuvant component

and/or to the at least one free mRNA of the inventive immunostimulatory composition.

In a particularly preferred embodiment of the present invention, the G/C content of the
coding region of the at least one (m)RNA of the adjuvant component and/or the at least one
free mRNA of the inventive immunostimulatory composition is altered, preferably
increased, compared to the G/C content of the coding region of the corresponding non-
modified RNA (in the following “native RNA”). In this context, the encoded amino acid
sequence of this G/C-increased RNA sequence corresponding to the at least one (m)RNA of

the adjuvant component or the at least one free mRNA of the inventive immunostimulatory

<211> 20
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composition is preferably not altered compared to the corresponding native RNA. Such

alteration of the GC-sequence may be termed in the following GC-stabilization.

This G/C-stabilization of the at least one (m)RNA of the adjuvant component of the
inventive immunostimulatory composition and/or of the at least one free mRNA of the
inventive immunostimulatory composition is based on the fact that the sequence of any
RNA region to be translated is important for efficient translation of that RNA. Thus, the
sequence of various nucleotides is important. In particular, sequences having an increased
G (guanosine)/C (cytosine) content are more stable than sequences having an increased A
(adenosine)/U (uracil) content. According to the invention, the codons the at least one
(m)RNA of the adjuvant component of the inventive immunostimulatory composition or of
the at least one free mMRNA of the inventive immunostimulatory composition are therefore
varied compared to its native RNA sequence, while retaining the translated amino acid
sequence, such that they include an increased amount of G/C nucleotides. In respect to the
fact that several codons code for one and the same amino acid (so-called degeneration of
the genetic code), the most favorable codons for the stability can be determined (so-called

alternative codon usage).

Depending on the amino acid to be encoded by the at least one (m)RNA of the adjuvant
component of the inventive immunostimulatory composition and/or the at least one free
mRNA of the inventive immunostimulatory composition, there are various possibilities for
G/C-modification of the RNA sequence, compared to its native sequence. In the case of
amino acids which are encoded by codons which contain exclusively G or C nucleotides,
no G/C-modification of the codon is necessary. Thus, the codons for Pro (CCC or CCQ), Arg
(CGC or CGQ), Ala (GCC or GCQG) and Gly (GGC or GGG) require no G/C-modification,

since no A or U is present.
In contrast, codons which contain A and/or U nucleotides can be G/C-modified by
substitution of other codons which code for the same amino acids but contain no A and/or

U. Examples of these are:

the codons for Pro can be G/C-modified from CCU or CCA to CCC or CCG;

<400>
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the codons for Arg can be G/C-modified from CGU or CGA or AGA or AGG to CGC or
CGG;

the codons for Ala can be G/C-modified from GCU or GCA to GCC or GCG;

the codons for Gly can be G/C-modified from GGU or GGA to GGC or GGG.

In other cases, although A or U nucleotides cannot be eliminated from the codons, it is
however possible to decrease the A and U content by using codons which contain a lower

content of A and/or U nucleotides. Examples of these are:

the codons for Phe can be G/C-modified from UUU to UUC;

the codons for Leu can be G/C-modified from UUA, UUG, CUU or CUA to CUC or CUG;
the codons for Ser can be G/C-modified from UCU or UCA or AGU to UCC, UCG or AGC;
the codon for Tyr can be G/C-modified from UAU to UAC;

the codon for Cys can be G/C-modified from UGU to UGC;

the codon for His can be G/C-modified from CAU to CAC;

the codon for GlIn can be G/C-modified from CAA to CAG;

the codons for lle can be G/C-modified from AUU or AUA to AUC;

the codons for Thr can be G/C-modified from ACU or ACA to ACC or ACG;

the codon for Asn can be G/C-modified from AAU to AAC;

the codon for Lys can be G/C-modified from AAA to AAG;

the codons for Val can be G/C-modified from GUU or GUA to GUC or GUG;

the codon for Asp can be G/C-modified from GAU to GAC;

the codon for Glu can be G/C-modified from GAA to GAG;

the stop codon UAA can be G/C-modified to UAG or UGA.

In the case of the codons for Met (AUG) and Trp (UGG), on the other hand, there is no

possibility of sequence modification.

The substitutions listed above can be used either individually or in all possible
combinations to increase the G/C content of the at least one (m)RNA of the adjuvant
component of the inventive immunostimulatory composition and/or the at least one free
mRNA of the inventive immunostimulatory composition compared to its particular native

RNA (i.e. the non-modified sequence). Thus, for example, all codons for Thr occurring in

<400>
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the native sequence can be G/C-modified to ACC (or ACG). Preferably, however, for

example, combinations of the above substitution possibilities are used:

substitution of all codons coding for Thr in the non-modified sequence (native RNA) to ACC
(or ACG) and

substitution of all codons originally coding for Ser to UCC (or UCG or AGC);
substitution of all codons coding for lle in the original sequence to AUC and
substitution of all codons originally coding for Lys to AAG and

substitution of all codons originally coding for Tyr to UAC;

substitution of all codons coding for Val in the original sequence to GUC (or GUG) and
substitution of all codons originally coding for Glu to GAG and

substitution of all codons originally coding for Ala to GCC (or GCG) and

substitution of all codons originally coding for Arg to CGC (or CGG);

substitution of all codons coding for Val in the original sequence to GUC (or GUG) and
substitution of all codons originally coding for Glu to GAG and

substitution of all codons originally coding for Ala to GCC (or GCG) and

substitution of all codons originally coding for Gly to GGC (or GGG) and

substitution of all codons originally coding for Asn to AAC;

substitution of all codons coding for Val in the original sequence to GUC (or GUG) and
substitution of all codons originally coding for Phe to UUC and

substitution of all codons originally coding for Cys to UGC and

substitution of all codons originally coding for Leu to CUG (or CUC) and

substitution of all codons originally coding for GIn to CAG and

substitution of all codons originally coding for Pro to CCC (or CCQ); etc.

Preferably, the G/C content of the coding region of an RNA sequence corresponding to the
at least one (m)RNA of the adjuvant component and/or the at least one free mRNA of the
inventive immunostimulatory composition is increased by at least 7%, more preferably by at
least 15%, particularly preferably by at least 20%, compared to the G/C content of the
coding region of the native RNA which codes for a protein. According to a specific
embodiment at least 60%, more preferably at least 70 %, even more preferably at least 80%
and most preferably at least 90%, 95% or even 100% of the substitutable codons in the

region coding for a protein or the whole sequence of the native RNA sequence are

<400>
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substituted, thereby increasing the GC/content of said sequence.

In this context, it is particularly preferable to increase the G/C content of the native RNA of
the at least one (m)RNA of the adjuvant component of the inventive immunostimulatory
5  composition and/or the at least one free mRNA of the inventive immunostimulatory
composition, to the maximum (i.e. 100% of the substitutable codons of the native RNA), in

particular in the region coding for a protein.

According to the invention, a further preferred modification of the at least one (m)RNA of
10  the adjuvant component of the inventive immunostimulatory composition and/or the at least
one free mRNA of the inventive immunostimulatory composition is based on the finding
that the translation efficiency is also determined by a different frequency in the occurrence
of tRNAs in cells. Thus, if so-called “rare codons” are present in a native RNA sequence to
an increased extent, the corresponding G/C-stabilized or native RNA sequence may be
15 translated to a significantly poorer degree than in the case, where codons coding for

relatively “frequent” tRNAs are present.

According to the invention, the region in the at least one (mRNA of the adjuvant
component of the inventive immunostimulatory composition and/or the at least one free
20 mRNA of the inventive immunostimulatory composition, which code for a protein, is
preferably GC-stabilized compared to the corresponding region of the respective native
RNA such that at least one codon of the native sequence which codes for a tRNA which is
relatively rare in the cell is exchanged for a codon which codes for a tRNA which is
relatively frequent in the cell and carries the same amino acid as the relatively rare tRNA.
25 By this modification, the native RNA sequences are GC-stabilized such that codons for
which frequently occurring tRNAs are available are inserted. In other words, according to
the invention, by this modification all codons of the native sequence which code for a tRNA
which is relatively rare in the cell can in each case be exchanged for a codon which codes
for a tRNA which is relatively frequent in the cell and which, in each case, carries the same

30 amino acid as the relatively rare tRNA.

Which tRNAs occur relatively frequently in the cell and which, in contrast, occur relatively

rarely is known to a person skilled in the art; cf. e.g. Akashi, Curr. Opin. Genet. Dev. 2001,
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11(6): 660-666. The codons which use for the particular amino acid the tRNA which occurs
the most frequently, e.g. the Gly codon, which uses the tRNA which occurs the most

frequently in the (human) cell, are particularly preferred.

5 According to the invention, it is particularly preferable to link the sequential G/C content
which is increased, in particular maximized, in the GC-stabilized RNA sequence of the at
least one (MRNA of the adjuvant component and/or the at least one free mMRNA of the
inventive immunostimulatory composition, with the “frequent” codons without modifying
the amino acid sequence of the protein encoded by the coding region of the native RNA.

10 This preferred embodiment allows provision of a particularly efficiently translated and GC-
stabilized RNA sequence of the at least one (m)RNA of the inventive immunostimulatory
composition of the adjuvant component and/or the at least one free mRNA of the inventive

immunostimulatory composition.

15  The determination of the necessary (and/or possible) GC modification of the at least one
(m)RNA of the adjuvant component of the inventive immunostimulatory composition and/or
the at least one free mRNA of the inventive immunostimulatory composition, as described
above (increased G/C content; exchange of tRNAs), can be carried out using the computer
program as explained in WO 02/098443 - the disclosure content of which is included in its

20  full scope in the present invention. Using this computer program, the nucleotide sequence
of any desired coding RNA as defined above can be GC-stabilized with the aid of the
genetic code or the degenerative nature thereof such that a maximum G/C content results.
In combination with the use of codons which code for tRNAs occurring as frequently as
possible in the cell, the amino acid sequence coded by the GC-stabilized RNA sequence of

25  the at least one (m)RNA of the adjuvant component and/or the at least one free mRNA of
the inventive immunostimulatory composition is preferably not further modified compared
to their native RNA sequence. Alternatively, it is also possible to modify only the G/C
content or only the codon usage compared to the original sequence. The source code in
Visual Basic 6.0 (development environment used: Microsoft Visual Studio Enterprise 6.0

30  with Servicepack 3) is also described in WO 02/098443.

According to another specific embodiment, the at least one (m)RNA of the adjuvant

component of the inventive immunostimulatory composition and/or the at least one free
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mRNA of the inventive immunostimulatory composition, may be provided as a stabilized
RNA, that is essentially resistant to /n vivo degradation (e.g. by an exo- or endo-nuclease),
by modifying the phosphate backbone of this (these) RNA sequence(s) as defined herein.
Nucleotides that may be preferably used in this connection contain a phosphorothioate-
5 modified phosphate backbone, preferably at least one of the phosphate oxygens contained
in the phosphate backbone being replaced by a sulfur atom. A stabilized RNA sequence as
defined herein, may further include, for example: non-ionic phosphate analogues, such as,
for example, alkyl and aryl phosphonates, in which the charged phosphonate oxygen is
replaced by an alkyl or aryl group, or phosphodiesters and alkylphosphotriesters, in which
10 the charged oxygen residue is present in alkylated form. In more detail, the phosphate
moieties may preferably be substituted by, e.g., phosphoramidates, phosphorothioates,

peptide nucleotides, methylphosphonates etc.

According to another embodiment, an RNA sequence as defined herein, preferably the at least
15 one (MRNA of the adjuvant component of the inventive immunostimulatory composition
and/or the at least one free mRNA of the inventive immunostimulatory composition, can
likewise be modified (and preferably stabilized) by introducing modified nucleotides
containing modifications of their ribose or base moieties into the RNA sequence. Generally,
an RNA sequence as defined herein, preferably the at least one (m)RNA of the adjuvant
20 component of the inventive immunostimulatory composition and/or the at least one free
mRNA of the inventive immunostimulatory composition, may contain any native (= naturally
occurring) nucleotide, e.g. guanosine, uracil, adenosine, thymidine and/or cytosine or an
analogue thereof. In this connection, nucleotide analogues are defined as non-natively
occurring variants of naturally occurring nucleotides. Accordingly, analogues are chemically
25  derivatized nucleotides with non-natively occurring functional groups, which are preferably
added to or deleted from the naturally occurring nucleotide or which substitute the naturally
occurring functional groups of a nucleotide. Accordingly, each component of the naturally
occurring nucleotide may be modified, namely the base component, the sugar (ribose)
component and/or the phosphate component forming the backbone of the RNA sequence to
30 be modified. Analogues of guanosine, uracil, adenosine, and cytosine include, without
implying any limitation, any naturally occurring or non-naturally occurring guanosine, uracil,
adenosine, thymidine or cytosine that has been altered chemically, for example by acetylation,

methylation, hydroxylation, etc., including 1-methyl-adenosine, 1-methyl-guanosine, 1-
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methyl-inosine, 2,2-dimethyl-guanosine, 2,6-diaminopurine, 2'-Amino-2'-deoxyadenosine, 2'-
Amino-2'-deoxycytidine, 2'-Amino-2'-deoxyguanosine, 2'-Amino-2'-deoxyuridine, 2-Amino-6-
chloropurineriboside, 2-Aminopurine-riboside, 2'-Araadenosine, 2'-Aracytidine, 2'-Arauridine,
2'-Azido-2'-deoxyadenosine, 2'-Azido-2'-deoxycytidine, 2'-Azido-2'-deoxyguanosine, 2'-

5  Azido-2'-deoxyuridine, 2-Chloroadenosine, 2'-Fluoro-2'-deoxyadenosine, ~ 2'-Fluoro-2'-
deoxycytidine, 2'-Fluoro-2'-deoxyguanosine, 2'-Fluoro-2'-deoxyuridine, 2'-Fluorothymidine,
2-methyl-adenosine, 2-methyl-guanosine, 2-methyl-thio-N6-isopenenyl-adenosine, 2'-O-
Methyl-2-aminoadenosine, 2'-O-Methyl-2'-deoxyadenosine, 2'-O-Methyl-2'-deoxycytidine, 2'-
O-Methyl-2'-deoxyguanosine, 2'-O-Methyl-2'-deoxyuridine, 2'-O-Methyl-5-methyluridine, 2'-

10 O-Methylinosine, 2'-O-Methylpseudouridine, 2-Thiocytidine, 2-thio-cytosine, 3-methyl-
cytosine,  4-acetyl-cytosine,  4-Thiouridine,  5-(carboxyhydroxymethyl)-uracil,  5,6-
Dihydrouridine, 5-Aminoallylcytidine, 5-Aminoallyl-deoxy-uridine, 5-Bromouridine, 5-
carboxymehtylaminomethyl-2-thio-uracil, 5-carboxymethylamonomethyl-uracil, 5-Chloro-Ara-
cytosine, 5-Fluoro-uridine, 5-lodouridine, 5-methoxycarbonylmethyl-uridine, 5-methoxy-

15 uridine, 5-methyl-2-thio-uridine, 6-Azacytidine, 6-Azauridine, 6-Chloro-7-deaza-guanosine, 6-
Chloropurineriboside, 6-Mercapto-guanosine, 6-Methyl-mercaptopurine-riboside, 7-Deaza-2'-
deoxy-guanosine, 7-Deazaadenosine, 7-methyl-guanosine, 8-Azaadenosine, 8-Bromo-
adenosine, 8-Bromo-guanosine, 8-Mercapto-guanosine, 8-Oxoguanosine, Benzimidazole-
riboside, Beta-D-mannosyl-queosine, Dihydro-uracil, Inosine, N1-Methyladenosine, N6-([6-

20 Aminohexyl]carbamoylmethyl)-adenosine, Né6-isopentenyl-adenosine, N6-methyl-adenosine,
N7-Methyl-xanthosine, N-uracil-5-oxyacetic acid methyl ester, Puromycin, Queosine, Uracil-
5-oxyacetic acid, Uracil-5-oxyacetic acid methyl ester, Wybutoxosine, Xanthosine, and Xylo-
adenosine. The preparation of such analogues is known to a person skilled in the art, for
example from US Patents 4,373,071, US 4,401,796, US 4,415,732, US 4,458,066, US

25 4,500,707, US 4,668,777, US 4,973,679, US 5,047,524, US 5,132,418, US 5,153,319, US
5,262,530 and 5,700,642. In the case of an analogue as described above, particular
preference is given according to the invention to those analogues that increase the
immunogenity of an RNA sequence as defined herein, preferably the at least one (m)RNA of

the adjuvant component of the inventive immunostimulatory composition and/or the at least

30 one free mRNA of the inventive immunostimulatory composition, and/or do not interfere with

a further modification of the RNA that has been introduced.
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An RNA sequence of the inventive immunostimulatory composition as defined herein,
preferably the at least one (m)RNA of the adjuvant component and/or the at least one free
mRNA of the inventive immunostimulatory composition, may contain backbone
modifications. A backbone modification in connection with the present invention is a
5  modification in which phosphates of the backbone of the nucleotides contained in the RNA
are chemically modified. Such backbone modifications typically include, without implying
any limitation, modifications from the group consisting of methylphosphonates,

phosphoramidates and phosphorothioates (e.g. cytidine-5'-O-(1-thiophosphate)).

10  The RNA sequence of the inventive immunostimulatory composition as defined herein,
preferably the at least one (m)RNA of the adjuvant component and/or the at least one free
mRNA of the inventive immunostimulatory composition, may additionally or alternatively
also contain sugar modifications. A sugar modification in connection with the present
invention is a chemical modification of the sugar of the nucleotides present and typically

1S includes, without implying any limitation, sugar modifications selected from the group
consisting  of  2'-deoxy-2'-fluoro-oligoribonucleotide  (2'-fluoro-2'-deoxycytidine-5'-
triphosphate, 2'-fluoro-2'-deoxyuridine-5'-triphosphate), 2'-deoxy-2'-deamine
oligoribonucleotide (2'-amino-2'-deoxycytidine-5'-triphosphate, 2'-amino-2'-deoxyuridine-
5'-triphosphate), 2'-O-alkyl oligoribonucleotide, 2'-deoxy-2'-C-alkyl oligoribonucleotide

20  (2'-O-methylcytidine-5'-triphosphate, 2'-methyluridine-5'-triphosphate), 2'-C-alkyl
oligoribonucleotide, and isomers thereof (2'-aracytidine-5'-triphosphate, 2'-arauridine-5'-
triphosphate), or azidotriphosphate (2'-azido-2'-deoxycytidine-5'-triphosphate, 2'-azido-2'-
deoxyuridine-5'-triphosphate).

25  The RNA sequence of the inventive immunostimulatory composition as defined herein,
preferably the at least one (m)RNA of the adjuvant component and/or the at least one free
mRNA of the inventive immunostimulatory composition, may additionally or alternatively
also contain at least one base modification, which is preferably suitable for increasing the
expression of the protein coded for by the RNA sequence, preferably the at least one

30 (m)RNA of the adjuvant component, significantly as compared with the unaltered, i.e.
natural (= native), RNA sequence. Significant in this case means an increase in the
expression of the protein compared with the expression of the native RNA sequence by at

least 20%, preferably at least 30%, 40%, 50% or 60%, more preferably by at least 70%,
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80%, 90% or even 100% and most preferably by at least 150%, 200% or even 300%. In
connection with the present invention, a nucleotide having a base modification is preferably
selected from the group of the base-modified nucleotides consisting of 2-amino-6-
chloropurineriboside-5'-triphosphate, 2-aminoadenosine-5'-triphosphate, 2-thiocytidine-5'-
triphosphate, 2-thiouridine-5'-triphosphate, 4-thiouridine-5'-triphosphate, 5-
aminoallylcytidine-5'-triphosphate, 5-aminoallyluridine-5'-triphosphate, 5-bromocytidine-
5'-triphosphate,  5-bromouridine-5'-triphosphate,  5-iodocytidine-5'-triphosphate, ~ 5-
iodouridine-5'-triphosphate, 5-methylcytidine-5'-triphosphate, 5-methyluridine-5'-
triphosphate, 6-azacytidine-5'-triphosphate, 6-azauridine-5'-triphosphate, 6-
chloropurineriboside-5'-triphosphate, 7-deazaadenosine-5'-triphosphate, 7-
deazaguanosine-5'-triphosphate, ~ 8-azaadenosine-5'-triphosphate, 8-azidoadenosine-5'-
triphosphate, benzimidazole-riboside-5'-triphosphate, N1-methyladenosine-5'-triphosphate,
N1-methylguanosine-5'-triphosphate, N6-methyladenosine-5'-triphosphate, O6-
methylguanosine-5'-triphosphate,  pseudouridine-5'-triphosphate, or  puromycin-5'-
triphosphate, xanthosine-5'-triphosphate. Particular preference is given to nucleotides for
base modifications selected from the group of base-modified nucleotides consisting of 5-
methylcytidine-5'-triphosphate,  7-deazaguanosine-5'-triphosphate,  5-bromocytidine-5'-
triphosphate, and pseudouridine-5'-triphosphate.

According to a particularly specific embodiment, an RNA sequence as defined herein,
preferably the at least one (m)RNA of the adjuvant component of the inventive
immunostimulatory composition and/or the at least one free mRNA of the inventive
immunostimulatory composition comprises between 0.1% and 100% (modified) nucleotides
selected from (modified) nucleotides as defined above with respect to the non-modified, i.e.
native RNA sequence, wherein preferably between 0.1% and 100% of each natively occurring
non-modified ATP, GTP, CTP, UTP (and/or TTP) nucleotide of an RNA sequence as defined
herein, preferably of the at least one (m)RNA of the adjuvant component of the inventive
immunostimulatory composition and/or of the at least one free mRNA of the inventive
immunostimulatory composition, or of its corresponding DNA-template, may be modified
using a corresponding modified nucleotide as defined above, more preferably between 0,1%
and 20%, between 10% and 30%, between 20% and 40%, between 30% and 50%, between
40% and 60%, between 50% and 70%, between 60% and 80%, between 70% and 90%, or
between 80% and 100% or at least 10%, more preferably at least 30%, more preferably af
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least 40%, more preferably at least 60%, more preferably at least 70%, more preferably at least

80% and more preferably at least 90% and most preferably 100% of each natively occurring

non-modified ATP, GTP CTP, UTP (and/or TTP) nucleotide of the non-modified RNA.

In a further preferred embodiment of the present invention, the A/U content in the
environment of the ribosome binding site of an (optionally already GC-stabilized) RNA
sequence as defined herein, preferably the at least one (m)RNA of the adjuvant component
of the inventive immunostimulatory composition and/or the at least one free mRNA of the
inventive immunostimulatory composition, is increased compared to the A/U content in the
environment of the ribosome binding site of its particular native RNA sequence. This
modification (an increased A/U content around the ribosome binding site) increases the
efficiency of ribosome binding to the RNA sequence. An effective binding of the ribosomes
to the ribosome binding site (Kozak sequence: GCCGCCACCAUGG (SEQ ID NO: 122), the
AUG forms the start codon) in turn has the effect of an efficient translation of the RNA

sequence as defined herein.

According to a further embodiment of the present invention an RNA sequence as defined
herein, preferably the at least one (m)RNA of the adjuvant component of the inventive
immunostimulatory composition and/or the at least one free mRNA of the inventive
immunostimulatory composition, may be further modified with respect to potentially
destabilizing sequence elements. Particularly, the coding region and/or the 5' and/or 3'
untranslated region of the RNA sequence as defined herein may be further modified
compared to the particular native RNA sequence such that is contains no destabilizing
sequence elements, the coded amino acid sequence of the RNA sequence as defined herein
preferably not being modified compared to its particular native RNA. It is known that, for
example, in sequences of eukaryotic RNAs destabilizing sequence elements (DSE) occur, to
which signal proteins bind and regulate enzymatic degradation of RNA in vivo. For further
stabilization of the RNA sequence as defined herein, optionally in the region which encodes
for a protein, one or more such further modifications compared to the corresponding region
of the native RNA can therefore be carried out, so that no or substantially no destabilizing
sequence elements are contained therein. According to the invention, DSEs present in the
untranslated regions (3'- and/or 5'-UTR) can also be eliminated from an RNA sequence as

defined herein, preferably from the at least one (m)RNA of the adjuvant component of the

<213>
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inventive immunostimulatory composition and/or from the at least one free mRNA of the

inventive immunostimulatory composition, by such further modifications.

Such destabilizing sequences are e.g. AU-rich sequences (AURES), which occur in 3'-UTR
sections of numerous unstable RNAs (Caput ef a/, Proc. Natl. Acad. Sci. USA 1986, 83:
1670 to 1674). An RNA sequence as defined herein, preferably the at least one (m)RNA of
the adjuvant component of the inventive immunostimulatory composition and/or the at least
one free mMRNA of the inventive immunostimulatory composition, is therefore preferably
(further) modified compared to the native RNA such that the modified RNA contains no
such destabilizing sequences. This also applies to those sequence motifs which are
recognized by possible endonucleases, e.g. the sequence GAACAAG, which is contained in
the 3'-UTR segment of the gene which codes for the transferrin receptor (Binder et al/.,
EMBO ). 1994, 13: 1969 to 1980). These sequence motifs are also preferably removed
according to the invention in the RNA sequence as defined herein, preferably the at least
one (M)RNA of the adjuvant component of the inventive immunostimulatory composition

and/or the at least one free mMRNA of the inventive immunostimulatory composition.

Also preferably according to the invention, an RNA sequence as defined herein, preferably
the at least one (m)RNA of the adjuvant component of the inventive immunostimulatory
composition and/or the at least one free mRNA of the inventive immunostimulatory
composition, has, in a further modified form at least one IRES as defined above and/or at
least one 5' and/or 3' stabilizing sequence, e.g. to enhance ribosome binding or to allow
expression of different encoded proteins, e.g., antibodies, therapeutically active proteins or
antigens, as defined above, located on an at least one (bi- or even multicistronic) RNA as

defined above.

According to the invention, an RNA sequence as defined herein, preferably the at least one
(m)RNA of the adjuvant component of the inventive immunostimulatory composition and/or
the at least one free mRNA of the inventive immunostimulatory composition, furthermore
preferably may have at least one 5' and/or 3' stabilizing sequence. These stabilizing
sequences in the 5" and/or 3’ untranslated regions have the effect of increasing the half-life
of the RNA as defined herein in the cytosol. These stabilizing sequences can have 100%

sequence homology to naturally occurring sequences which occur in viruses, bacteria and
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eukaryotes, but can also be partly or completely synthetic. The untranslated sequences
(UTR) of the globin gene, e.g. from Homo sapiens or Xenopus laevis may be mentioned as
an example of stabilizing sequences which can be used in the present invention for a further
stabilized RNA sequence as defined herein, preferably a further stabilized at least one
(m)RNA of the adjuvant component of the inventive immunostimulatory composition and/or
a further stabilized at least one free mRNA of the inventive immunostimulatory
composition. Another example of a stabilizing sequence has the general formula
(C/U)CCAN,CCC(U/APy, UC(C/U)CC (SEQ ID NO: 123), which is contained in the 3’UTR
of the very stable RNA which codes for globin, (I)-collagen, 15-lipoxygenase or for tyrosine
hydroxylase (cf. Holcik et a/, Proc. Natl. Acad. Sci. USA 1997, 94: 2410 to 2414). Such
stabilizing sequences can of course be used individually or in combination with one
another and also in combination with other stabilizing sequences known to a person skilled
in the art. An RNA sequence as defined herein, preferably the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory composition and/or the at least
one free mRNA of the inventive immunostimulatory composition, is therefore preferably

present as globin UTR (untranslated regions)-stabilized RNA.

Any of the above modifications may be applied to an RNA sequence as defined herein,
preferably the at least one (m)RNA of the adjuvant component of the inventive
immunostimulatory composition and/or the at least one free mRNA of the inventive
immunostimulatory composition, and further to any RNA as used in the context of the
present invention and may be, if suitable or necessary, be combined with each other in any
combination, provided, these combinations of modifications do not interfere with each
other in the respective modified RNA. A person skilled in the art will be able to take his

choice accordingly.

According to the invention, an RNA sequence as defined herein, preferably the at least one
(m)RNA of the adjuvant component of the inventive immunostimulatory composition and/or
the at least one free mRNA of the inventive immunostimulatory composition, may be
prepared using any naturally or synthetic DNA or RNA sequence available in the art as a
template, i.e. any suitable (desoxy)ribonucleic acid. Such naturally or synthetic DNA or
RNA sequences may be obtained from any synthetic or naturally occurring source, which is

available to a skilled person, e.g. may be derived from a protein or peptide library or may

<213>
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be transcribed from a nucleic acid library, such as a cDNA library, or may be obtained from
any living or dead tissue, from a sample obtained from e.g. a human, animal or bacterial
source. Alternatively, an RNA sequence as defined herein, preferably the at least one
(m)RNA of the adjuvant component of the inventive immunostimulatory composition and/or
5 the at least one free mRNA of the inventive immunostimulatory composition, may be
prepared synthetically by methods known to a person skilled in the art, e.g., by solid phase
synthesis or any other suitable method for preparing nucleic acid sequences, particularly
RNA sequences. Furthermore, substitutions, additions or eliminations of nucleotides or
bases in these sequences are preferably carried out using a DNA matrix for preparation of
10  the RNA as defined herein or by techniques of the well known site directed mutagenesis or
with an oligonucleotide ligation strategy (see e.g. Maniatis et a/, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, 3rd ed., Cold Spring Harbor, NY,
2001). The modification(s) of an RNA sequence as defined herein, preferably the at least
one (MRNA of the adjuvant component of the inventive immunostimulatory composition
15  and/or the at least one free mRNA of the inventive immunostimulatory composition, can
also be introduced into the RNA by means of further methods known to a person skilled in
the art. Suitable methods are, for example, synthesis methods using (automatic or semi-
automatic) oligonucleotide synthesis devices, biochemical methods, such as, for example,
in vitro transcription methods, etc. In this connection there can preferably be used in the
20  case of (relatively short) sequences, whose length generally does not exceed from 50 to 100
nucleotides, synthesis methods using (automatic or semi-automatic) oligonucleotide
synthesis devices as well as /n vitro transcription methods. In the case of (relatively long)
sequences, for example sequences having a length of more than 50 to 100 nucleotides,
biochemical methods are preferably suitable, such as, for example, in vitro transcription
25 methods. However, even longer base-modified RNA molecules may be synthesized

synthetically by coupling various synthesized fragments covalently.

As defined above, the inventive immunostimulatory composition comprises a) an adjuvant
30 component and b) at least one free mRNA. According to another embodiment, the
inventive immunostimulatory composition may comprise an additional adjuvant, i.e. an
adjuvant which is contained in the inventive immunostimulatory composition additional to

the adjuvant component defined above. In this context, an adjuvant may be understood as
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any compound, which is suitable to support administration and optionally delivery of the
inventive immunostimulatory composition according to the invention. Furthermore, such
an adjuvant may, without being bound thereto, initiate or increase an immune response of
the innate immune system, i.e. a non-specific immune response. With other words, when
administered, the inventive immunostimulatory composition typically elicits an innate
immune response due to the adjuvant component, comprising or consisting of the at least
one (MRNA complexed with a cationic or polycationic compound as defined above.
However, such an innate immune response may be enhanced by adding an additional
adjuvant, as defined in the following. Such an additional adjuvant may be selected from
any adjuvant known to a skilled person and suitable for the present case, i.e. supporting the
induction of an innate immune response in a mammal, except of cationic or polycationic
compounds as defined above in order to prevent complexation of the at least one free
mRNA. Preferably, the adjuvant may be selected from the group consisting of, without
being limited thereto, including chitosan, TDM, MDP, muramy| dipeptide, pluronics, alum
solution, aluminium hydroxide, ADJUMER™ (polyphosphazene); aluminium phosphate gel;
glucans from algae; algammulin; aluminium hydroxide gel (alum); highly protein-adsorbing
aluminium hydroxide gel; low viscosity aluminium hydroxide gel; AF or SPT (emulsion of
squalane (5%), Tween 80 (0.2%), Pluronic L121 (1.25%), phosphate-buffered saline, pH
7.4); AVRIDINE™ (propanediamine); BAY R1005™ ((N-(2-deoxy-2-L-leucylamino-b-D-
glucopyranosyl)-N-octadecyl-dodecanoyl-amide hydroacetate); CALCITRIOL™ (1-alpha,25-
dihydroxy-vitamin D3); calcium phosphate gel; CAPTM (calcium phosphate nanoparticles);
cholera holotoxin, cholera-toxin-A1-protein-A-D-fragment fusion protein, sub-unit B of the
cholera toxin; CRL 1005 (block copolymer P1205); cytokine-containing liposomes; DDA
(dimethyldioctadecylammonium bromide); DHEA (dehydroepiandrosterone); DMPC
(dimyristoylphosphatidylcholine); DMPG (dimyristoylphosphatidylglycerol); DOC/alum
complex (deoxycholic acid sodium salt); Freund's complete adjuvant; Freund's incomplete
adjuvant; gamma inulin; Gerbu adjuvant (mixture of: i) N-acetylglucosaminyl-(P1-4)-N-
acetylmuramyl-L-alanyl-D-glutamine (GMDP), ii) dimethyldioctadecylammonium chloride
(DDA, iii) zinc-L-proline salt complex (ZnPro-8); GM-CSF); GMDP (N-acetylglucosaminyl-
(b1-4)-N-acetylmuramyl-L-alanyl-D-isoglutamine);  imiquimod  (1-(2-methypropyl)-1H-
imidazo[4,5-c|quinoline-4-amine); ImmTher™ (N-acetylglucosaminyl-N-acetylmuramyl-L-
Ala-D-isoGlu-L-Ala-glycerol dipalmitate); DRVs (immunoliposomes prepared from

dehydration-rehydration vesicles); interferon-gamma; interleukin-1beta; interleukin-2;

20
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interleukin-7; interleukin-12; ISCOMS™; ISCOPREP 7.0.3. ™; liposomes; LOXORIBINE™
(7-allyl-8-oxoguanosine); LT oral adjuvant (£.coli labile enterotoxin-protoxin); microspheres
and microparticles of any composition; MF59™; (squalene-water emulsion); MONTANIDE
ISA 51™ (purified incomplete Freund's adjuvant) MONTANIDE ISA 720™ (metabolisable
oil adjuvant); MPL™ (3-Q-desacyl-4'-monophosphoryl lipid A); MTP-PE and MTP-PE
liposomes  ((N-acetyl-L-alanyl-D-isoglutaminyl-L-alanine-2~(1,2-dipalmitoyl-sn-glycero-3-
(hydroxyphosphoryloxy))-ethylamide, monosodium salt); MURAMETIDE™ (Nac-Mur-L-Ala-
D-GIn-OCH,); MURAPALMITINE™ and D-MURAPALMITINE™ (Nac-Mur-L-Thr-D-isoGIn-
sn-glyceroldipalmitoyl), NAGO (neuraminidase-galactose oxidase); nanospheres or
nanoparticles of any composition; NISVs (non-ionic surfactant vesicles); PLEURAN™ (B-
glucan); PLGA, PGA and PLA (homo- and co-polymers of lactic acid and glycolic acid;
microspheres/nanospheres); PLURONIC L121™; PMMA (polymethyl methacrylate);
PODDS™ (proteinoid microspheres); polyethylene carbamate derivatives; poly-rA: poly-rU
(polyadenylic acid-polyuridylic acid complex); polysorbate 80 (Tween 80); protein
cochleates (Avanti Polar Lipids, Inc., Alabaster, AL); STTIMULON™ (QS-21); Quil-A (Quil-A
saponin); 5-28463 (4-amino-otec-dimethyl-2-ethoxymethyl-1H-imidazo[4,5-clquinoline-1-
ethanol); SAF-1™ (“Syntex adjuvant formulation"); Sendai proteoliposomes and Sendai-
containing lipid matrices; Span-85 (sorbitan trioleate); Specol (emulsion of Marcol 52, Span
85 and Tween 85); squalene or Robane® (2,6,10,15,19,23-hexamethyltetracosan and
2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-tetracosahexane); stearyltyrosine
(octadecyltyrosine hydrochloride); Theramid® (N-acetylglucosaminyl-N-acetylmuramyl-L-
Ala-D-isoGlu-L-Ala-dipalmitoxypropylamide); Theronyl-MDP (Termurtide™ or [thr 1]-MDP;
N-acetylmuramyl-L-threonyl-D-isoglutamine); Ty particles (Ty-VLPs or virus-like particles);
Walter-Reed liposomes (liposomes containing lipid A adsorbed on aluminium hydroxide),
and lipopeptides, including Pam3Cys, in particular aluminium salts, such as Adju-phos,
Alhydrogel, Rehydragel; emulsions, including CFA, SAF, IFA, MF59, Provax, TiterMax,
Montanide, Vaxfectin; copolymers, including Optivax (CRL1005), L121, Poloaxmer4010),
etc.; liposomes, including Stealth, cochleates, including BIORAL; plant derived adjuvants,
including QS21, Quil A, Iscomatrix, ISCOM; adjuvants suitable for costimulation including
Tomatine, biopolymers, including PLG, PMM, Inulin,; microbe derived adjuvants, including
Romurtide, DETOX, MPL, CWS, Mannose, CpG nucleic acid sequences, CpG7909, ligands
of human TLR 1-10, ligands of murine TLR 1-13, 1SS-1018, 1C31, Imidazoquinolines,
Ampligen, Ribi529, IMOxine, IRIVs, VLPs, cholera toxin, heat-labile toxin, Pam3Cys,

20
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Flagellin, GPI anchor, LNFPIll/Lewis X, antimicrobial peptides, UC-1V150, RSV fusion
protein, cdiGMP; and adjuvants suitable as antagonists including CGRP neuropeptide.
Suitable adjuvants may furthermore be selected from lipid modified nucleic acids or from
any of the immunostimulatory sequences of formula (1), (11), (Il1), (llla), (IV), (IVa), (IVb), (Va)
and/or (Vb) as defined above.

According to a further embodiment, the present invention also provides a pharmaceutical
composition, comprising the inventive immunostimulatory composition as defined above

and optionally a pharmaceutically acceptable carrier and/or vehicle.

As a first ingredient, the inventive pharmaceutical composition comprises the inventive
immunostimulatory composition as defined above, i.e. an a) adjuvant component,
comprising or consisting of at least one (m)RNA, complexed with a cationic or polycationic
compound, and b) at least one free mRNA, encoding at least one therapeutically active
protein, antigen and/or antibody, wherein the immunostimulatory composition is capable to
elicit or enhance an innate and optionally an adaptive immune response in a mammal.
Accordingly, the inventive pharmaceutical composition typically supports an innate
immune response and optionally an adaptive immune response of the immune system of a

patient to be treated.

Furthermore, the inventive pharmaceutical composition may comprise a pharmaceutically
acceptable carrier and/or vehicle. In the context of the present invention, a
pharmaceutically acceptable carrier typically includes the liquid or non-liquid basis of the
inventive inventive pharmaceutical composition. If the inventive pharmaceutical
composition is provided in liquid form, the carrier will typically be pyrogen-free water;
isotonic saline or buffered (aqueous) solutions, e.g phosphate, citrate etc. buffered solutions.
Particularly for injection of the inventive inventive pharmaceutical composition, water or
preferably a buffer, more preferably an aqueous buffer, may be used, containing a sodium
salt, preferably at least 50 mM of a sodium salt, a calcium salt, preferably at least 0,01 mM
of a calcium salt, and optionally a potassium salt, preferably at least 3 mM of a potassium
salt. According to a preferred embodiment, the sodium, calcium and, optionally, potassium
salts may occur in the form of their halogenides, e.g. chlorides, iodides, or bromides, in the

form of their hydroxides, carbonates, hydrogen carbonates, or sulfates, etc. Without being

20
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limited thereto, examples of sodium salts include e.g. NaCl, Nal, NaBr, Na,CO,, NaHCO,,
Na,SO,, examples of the optional potassium salts include e.g. KCI, KI, KBr, K,CO,;, KHCO;,
K,SO,, and examples of calcium salts include e.g. CaCl, Cal, CaBr, CaCO,, CaSO,,
Ca(OH),. Furthermore, organic anions of the aforementioned cations may be contained in
S  the buffer. According to a more preferred embodiment, the buffer suitable for injection
purposes as defined above, may contain salts selected from sodium chloride (NaCl),
calcium chloride (CaCl,) and optionally potassium chloride (KCl), wherein further anions
may be present additional to the chlorides. CaCl, can also be replaced by another salt like
KCI. Typically, the salts in the injection buffer are present in a concentration of at least 50
10 mM sodium chloride (NaCl), at least 3 mM potassium chloride (KCl) and at least 0,01 mM
calcium chloride (CaCl,). The injection buffer may be hypertonic, isotonic or hypotonic
with reference to the specific reference medium, i.e. the buffer may have a higher, identical
or lower salt content with reference to the specific reference medium, wherein preferably
such concentrations of the afore mentioned salts may be used, which do not lead to damage
15 of cells due to osmosis or other concentration effects. Reference media are e.g. liquids
occurring in "in vivo” methods, such as blood, lymph, cytosolic liquids, or other body
liquids, or e.g. liquids, which may be used as reference media in ”/n vitro’ methods, such as
common buffers or liquids. Such common buffers or liquids are known to a skilled person.
Ringer or Ringer-Lactate solution is particularly preferred as a liquid basis.
20
However, one or more compatible solid or liquid fillers or diluents or encapsulating
compounds may be used as well for the inventive pharmaceutical composition, which are
suitable for administration to a patient to be treated. The term "compatible" as used here
means that these constituents of the inventive pharmaceutical composition are capable of
25  being mixed with an RNA sequence as defined herein, preferably the at least one (m)RNA of
the adjuvant component of the inventive immunostimulatory composition complexed with
a cationic or polycationic compound, and the at least one free mRNA of the inventive
immunostimulatory composition, in such a manner that no interaction occurs which would
substantially reduce the pharmaceutical effectiveness of the inventive pharmaceutical
30 composition under typical use conditions. Pharmaceutically acceptable carriers, fillers and
diluents must, of course, have sufficiently high purity and sufficiently low toxicity to make
them suitable for administration to a person to be treated. Some examples of compounds

which can be used as pharmaceutically acceptable carriers, fillers or constituents thereof
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are sugars, such as, for example, lactose, glucose and sucrose; starches, such as, for
example, corn starch or potato starch; cellulose and its derivatives, such as, for example,
sodium carboxymethylcellulose, ethylcellulose, cellulose acetate; powdered tragacanth;
malt; gelatin; tallow; solid glidants, such as, for example, stearic acid, magnesium stearate;
5 calcium sulfate; vegetable oils, such as, for example, groundnut oil, cottonseed oil, sesame
oil, olive oil, corn oil and oil from theobroma; polyols, such as, for example, polypropylene

glycol, glycerol, sorbitol, mannitol and polyethylene glycol; alginic acid.

The inventive pharmaceutical composition may be administered orally, parenterally, by
10  inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted
reservoir. The term parenteral as used herein includes subcutaneous, intravenous,
intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic,
intralesional, intracranial, transdermal, intradermal, intrapulmonal, intraperitoneal,
intracardial, intraarterial, and sublingual injection or infusion techniques.
15
Preferably, the inventive pharmaceutical composition may be administered by parenteral
injection, more preferably by subcutaneous, intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional, intracranial, transdermal,
intradermal, intrapulmonal, intraperitoneal, intracardial, intraarterial, and sublingual
20  injection or via infusion techniques. Sterile injectable forms of the inventive pharmaceutical
compositions may be aqueous or oleaginous suspension. These suspensions may be
formulated according to techniques known in the art using suitable dispersing or wetting
agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution or suspension in a non-toxic parenterally-acceptable diluent or solvent,
25  for example as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents
that may be employed are water, Ringer's solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium.
For this purpose, any bland fixed oil may be employed including synthetic mono- or di-
glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the
30  preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive oil
or castor oil, especially in their polyoxyethylated versions. These oil solutions or
suspensions may also contain a long-chain alcohol diluent or dispersant, such as

carboxymethyl cellulose or similar dispersing agents that are commonly used in the
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formulation of pharmaceutically acceptable dosage forms including emulsions and
suspensions. Other commonly used surfactants, such as Tweens, Spans and other
emulsifying agents or bioavailability enhancers which are commonly used in the
manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms may also

be used for the purposes of formulation of the inventive pharmaceutical composition.

The inventive pharmaceutical composition as defined above may also be administered
orally in any orally acceptable dosage form including, but not limited to, capsules, tablets,
aqueous suspensions or solutions. In the case of tablets for oral use, carriers commonly used
include lactose and corn starch. Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule form, useful diluents include lactose
and dried cornstarch. When aqueous suspensions are required for oral use, the active
ingredient, i.e. the at least one (M)RNA of the adjuvant component of the inventive
immunostimulatory composition and/or the at least one free mRANA of the inventive
immunostimulatory composition forming part of the inventive pharmaceutical composition
as defined above, is combined with emulsifying and suspending agents. If desired, certain

sweetening, flavoring or coloring agents may also be added.

The inventive pharmaceutical composition may also be administered topically, especially
when the target of treatment includes areas or organs readily accessible by topical
application, e.g. including diseases of the skin or of any other accessible epithelial tissue.
Suitable topical formulations are readily prepared for each of these areas or organs. For
topical applications, the inventive pharmaceutical composition may be formulated in a
suitable ointment, containing the inventive immunostimulatory composition, particularly its
components as defined above, suspended or dissolved in one or more carriers. Carriers for
topical administration include, but are not limited to, mineral oil, liquid petrolatum, white
petrolatum, propylene glycol, polyoxyethylene, polyoxypropylene compound, emulsifying
wax and water. Alternatively, the inventive pharmaceutical composition can be formulated
in a suitable lotion or cream. In the context of the present invention, suitable carriers
include, but are not limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl

esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.
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The inventive pharmaceutical composition typically comprises a “safe and effective
amount” of the components of the inventive pharmaceutical composition, particularly of the
at least one (mRNA of the adjuvant component of the inventive immunostimulatory
composition complexed with a cationic or polycationic compound, and/or of the at least
one free mRNA of the inventive immunostimulatory composition. As used herein, a "safe
and effective amount" means an amount of the at least one (mRNA of the adjuvant
component of the inventive immunostimulatory composition complexed with a cationic or
polycationic compound, and/or of the at least one free mRNA of the inventive
immunostimulatory composition, that is sufficient to significantly induce a positive
modification of a disease or disorder as defined herein. At the same time, however, a "safe
and effective amount" is small enough to avoid serious side-effects, that is to say to permit a
sensible relationship between advantage and risk. The determination of these limits typically
lies within the scope of sensible medical judgment. A "safe and effective amount" of the
components of the inventive pharmaceutical composition, particularly of the at least one
(mRNA of the adjuvant component of the inventive immunostimulatory composition
complexed with a cationic or polycationic compound, and/or of the at least one free mRNA
of the inventive immunostimulatory composition, herein will furthermore vary in
connection with the particular condition to be treated and also with the age and physical
condition of the patient to be treated, the body weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, the activity of the specific (m)RNA or
mRNA as defined herein employed, the severity of the condition, the duration of the
treatment, the nature of the accompanying therapy, of the particular pharmaceutically
acceptable carrier used, and similar factors, within the knowledge and experience of the
accompanying doctor. The inventive pharmaceutical composition may be used for human
and also for veterinary medical purposes, preferably for human medical purposes, as a

pharmaceutical composition in general or as a vaccine.

According to a specific embodiment, the inventive pharmaceutical composition may be
provided as a vaccine. Such an inventive vaccine is typically composed like the inventive
pharmaceutical composition and preferably supports at least an innate immune response of
the immune system of a patient to be treated. Additionally, the inventive vaccine
furthermore may also elicit an adaptive immune response, preferably, if the (at least one

(mRNA of the adjuvant component of the inventive immunostimulatory composition
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complexed with a cationic or polycationic compound, and/or preferably the) at least one
free mRNA of the inventive immunostimulatory composition encodes any of the above

mentioned antigens (or antibodies), which elicit an adaptive immune response.

The inventive vaccine may also comprise a pharmaceutically acceptable carrier, adjuvant,
and/or vehicle as defined above for the inventive pharmaceutical composition. In the
specific context of the inventive vaccine, the choice of a pharmaceutically acceptable
carrier is determined in principle by the manner in which the inventive vaccine is
administered. The inventive vaccine can be administered, for example, systemically or
locally. Routes for systemic administration in general include, for example, transdermal,
oral, parenteral routes, including subcutaneous, intravenous, intramuscular, intraarterial,
intradermal and intraperitoneal injections and/or intranasal administration routes. Routes for
local administration in general include, for example, topical administration routes but also
intradermal, transdermal, subcutaneous, or intramuscular injections or intralesional,
intracranial, intrapulmonal, intracardial, and sublingual injections. More preferably,
vaccines may be administered by an intradermal, subcutaneous, or intramuscular route.
Inventive vaccines are therefore preferably formulated in liquid (or sometimes in solid) form.
The suitable amount of the inventive vaccine to be administered can be determined by
routine experiments with animal models. Such models include, without implying any
limitation, rabbit, sheep, mouse, rat, dog and non-human primate models. Preferred unit
dose forms for injection include sterile solutions of water, physiological saline or mixtures
thereof. The pH of such solutions should be adjusted to about 7.4. Suitable carriers for
injection include hydrogels, devices for controlled or delayed release, polylactic acid and
collagen matrices. Suitable pharmaceutically acceptable carriers for topical application
include those which are suitable for use in lotions, creams, gels and the like. If the inventive
vaccine is to be administered orally, tablets, capsules and the like are the preferred unit
dose form. The pharmaceutically acceptable carriers for the preparation of unit dose forms
which can be used for oral administration are well known in the prior art. The choice
thereof will depend on secondary considerations such as taste, costs and storability, which
are not critical for the purposes of the present invention, and can be made without difficulty

by a person skilled in the art.
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The inventive vaccine can additionally contain one or more auxiliary substances in order to
further increase its immunogenicity. A synergistic action of the at least one (m)RNA of the
adjuvant component of the inventive immunostimulatory composition complexed with a
cationic or polycationic compound, and/or of the at least one free mRNA of the inventive
immunostimulatory composition, as defined above, and of an auxiliary substance, which
may be optionally contained in the inventive vaccine as described above, is preferably
achieved thereby. Depending on the various types of auxiliary substances, various
mechanisms can come into consideration in this respect. For example, compounds that
permit the maturation of dendritic cells (DCs), for example lipopolysaccharides, TNF-alpha
or CD40 ligand, form a first class of suitable auxiliary substances. In general, it is possible to
use as auxiliary substance any agent that influences the immune system in the manner of a
"danger signal" (LPS, GP96, etc.) or cytokines, such as GM-CFS, which allow an immune
response produced by the immune-stimulating adjuvant according to the invention to be
enhanced and/or influenced in a targeted manner. Particularly preferred auxiliary
substances are cytokines, such as monokines, lymphokines, interleukins or chemokines, that
further promote the innate immune response, such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-9, IL-10, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, IL-21, IL-22, IL-
23, IL-24, IL-25, IL-26, IL-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL-33, INF-alpha, IFN-beta,
INF-gamma, GM-CSF, G-CSF, M-CSF, LT-beta or TNF-alpha, growth factors, such as hGH.

Further additives which may be included in the inventive vaccine are emulsifiers, such as,
for example, Tween®; wetting agents, such as, for example, sodium lauryl sulfate; colouring
agents; taste-imparting agents, pharmaceutical carriers; tablet-forming agents; stabilizers;

antioxidants; preservatives.

The inventive vaccine can also additionally contain any further compound, which is known
to be immune-stimulating due to its binding affinity (as ligands) to human Toll-like receptors
TLR1, TLR2, TLR3, TLR4, TLRS5, TLR6, TLR7, TLR8, TLR9, TLR10, or due to its binding
affinity (as ligands) to murine Toll-like receptors TLR1, TLR2, TLR3, TLR4, TLR5, TLR6,
TLR7, TLRS, TLRY, TLR10, TLR11, TLR12 or TLR13.

Another class of compounds, which may be added to an inventive vaccine in this context,

may be CpG nucleic acids, in particular CpG-RNA or CpG-DNA. A CpG-RNA or CpG-
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DNA can be a single-stranded CpG-DNA (ss CpG-DNA), a double-stranded CpG-DNA
(dsDNA), a single-stranded CpG-RNA (ss CpG-RNA) or a double-stranded CpG-RNA (ds
CpG-RNA). The CpG nucleic acid is preferably in the form of CpG-RNA, more preferably in
the form of single-stranded CpG-RNA (ss CpG-RNA). The CpG nucleic acid preferably
5 contains at least one or more (mitogenic) cytosine/guanine dinucleotide sequence(s) (CpG
motif(s)). According to a first preferred alternative, at least one CpG motif contained in
these sequences, that is to say the C (cytosine) and the G (guanine) of the CpG motif, is
unmethylated. All further cytosines or guanines optionally contained in these sequences can
be either methylated or unmethylated. According to a further preferred alternative, however,
10 the C (cytosine) and the G (guanine) of the CpG motif can also be present in methylated

form.

According to a further preferred object of the present invention, the inventive
immunostimulatory  composition, preferably the components of the inventive
15  immunostimulatory composition, i.e. the at least one (m)RNA of the adjuvant component of
the inventive immunostimulatory composition complexed with a cationic or polycationic
compound, together with the at least one free mRNA of the inventive immunostimulatory
composition, may be used for the preparation of a pharmaceutical composition or a
vaccine, preferably all as defined herein, for the prophylaxis, treatment and/or amelioration

20  of any of the diseases and disorders as defined herein.

Accordingly, the inventive immunostimulatory composition, the inventive pharmaceutical
composition or the inventive vaccine, or the at least one (mRNA of the adjuvant
component of the inventive immunostimulatory composition complexed with a cationic or
25 polycationic compound, together with the at least one free mRNA of the inventive
immunostimulatory composition, may be used for (the preparation of a medicament for) the
prophylaxis, treatment and/or amelioration of e.g. cancer or tumor diseases, preferably
selected from melanomas, malignant melanomas, colon carcinomas, lymphomas, sarcomas,
blastomas, renal carcinomas, gastrointestinal tumors, gliomas, prostate tumors, bladder
30  cancer, rectal tumors, stomach cancer, oesophageal cancer, pancreatic cancer, liver cancer,
mammary carcinomas (= breast cancer), uterine cancer, cervical cancer, acute myeloid
leukaemia (AML), acute lymphoid leukaemia (ALL), chronic myeloid leukaemia (CML),

chronic lymphocytic leukaemia (CLL), hepatomas, various virus-induced tumors such as, for
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example, papilloma virus-induced carcinomas (e.g. cervical carcinoma = cervical cancer),
adenocarcinomas, herpes virus-induced tumors (e.g. Burkitt's lymphoma, EBV-induced B-
cell lymphoma), heptatitis B-induced tumors (hepatocell carcinomas), HTLV-1- and HTLV-
2-induced lymphomas, acoustic neuroma, lung carcinomas (= lung cancer = bronchial
5  carcinoma), small-cell lung carcinomas, pharyngeal cancer, anal carcinoma, glioblastoma,
rectal carcinoma, astrocytoma, brain tumors, retinoblastoma, basalioma, brain metastases,
medulloblastomas, vaginal cancer, pancreatic cancer, testicular cancer, Hodgkin's
syndrome, meningiomas, Schneeberger disease, hypophysis tumor, Mycosis fungoides,
carcinoids, neurinoma, spinalioma, Burkitt's lymphoma, laryngeal cancer, renal cancer,
10 thymoma, corpus carcinoma, bone cancer, non-Hodgkin's lymphomas, urethral cancer,
CUP syndrome, head/neck tumors, oligodendroglioma, vulval cancer, intestinal cancer,
colon carcinoma, oesophageal carcinoma (= oesophageal cancer), wart involvement,
tumors of the small intestine, craniopharyngeomas, ovarian carcinoma, genital tumors,
ovarian cancer (= ovarian carcinoma), pancreatic carcinoma (= pancreatic cancer),
15  endometrial carcinoma, liver metastases, penile cancer, tongue cancer, gall bladder cancer,

leukaemia, plasmocytoma, lid tumor, prostate cancer (= prostate tumors), etc..

Furthermore, the inventive immunostimulatory composition, the inventive pharmaceutical
composition or the inventive vaccine, or the at least one (mM)RNA of the adjuvant
20  component of the inventive immunostimulatory composition complexed with a cationic or
polycationic compound, together with the at least one free mRNA of the inventive
immunostimulatory composition, may be used for (the preparation of a medicament for) the
prophylaxis, treatment, and/or amelioration of e.g. infectious diseases, preferably (viral,
bacterial or protozoological) infectious diseases. Such infectious diseases, preferably to
25  (viral, bacterial or protozoological) infectious diseases, are typically selected from influenza,
malaria, SARS, yellow fever, AIDS, Lyme borreliosis, Leishmaniasis, anthrax, meningitis,
viral infectious diseases such as AIDS, Condyloma acuminata, hollow warts, Dengue fever,
three-day fever, Ebola virus, cold, early summer meningoencephalitis (FSME), flu, shingles,
hepatitis, herpes simplex type |, herpes simplex type Il, Herpes zoster, influenza, Japanese
30 encephalitis, Lassa fever, Marburg virus, measles, foot-and-mouth disease, mononucleosis,
mumps, Norwalk virus infection, Pfeiffer's glandular fever, smallpox, polio (childhood
lameness), pseudo-croup, fifth disease, rabies, warts, West Nile fever, chickenpox,

cytomegalic virus (CMV), bacterial infectious diseases such as miscarriage (prostate
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inflammation), anthrax, appendicitis, borreliosis, botulism, Camphylobacter, Chlamydia
trachomatis (inflammation of the urethra, conjunctivitis), cholera, diphtheria, donavanosis,
epiglottitis, typhus fever, gas gangrene, gonorrhoea, rabbit fever, Heliobacter pylori,
whooping cough, climatic bubo, osteomyelitis, Legionnaire's disease, leprosy, listeriosis,
5 pneumonia, meningitis, bacterial meningitis, anthrax, otitis media, Mycoplasma hominis,
neonatal sepsis (Chorioamnionitis), noma, paratyphus, plague, Reiter's syndrome, Rocky
Mountain spotted fever, Saimonella paratyphus, Salmonella typhus, scarlet fever, syphilis,
tetanus, tripper, tsutsugamushi disease, tuberculosis, typhus, vaginitis (colpitis), soft chancre,
and infectious diseases caused by parasites, protozoa or fungi, such as amoebiasis,
10 bilharziosis, Chagas disease, Echinococcus, fish tapeworm, fish poisoning (Ciguatera), fox
tapeworm, athlete's foot, canine tapeworm, candidosis, yeast fungus spots, scabies,
cutaneous Leishmaniosis, lambliasis (giardiasis), lice, malaria, microscopy, onchocercosis
(river blindness), fungal diseases, bovine tapeworm, schistosomiasis, porcine tapeworm,
toxoplasmosis, trichomoniasis, trypanosomiasis (sleeping sickness), visceral Leishmaniosis,

15  nappy/diaper dermatitis or miniature tapeworm.

Likewise, the inventive immunostimulatory composition, the inventive pharmaceutical
composition or the inventive vaccine, or the at least one (mRNA of the adjuvant
component of the inventive immunostimulatory composition complexed with a cationic or
20  polycationic compound, together with the at least one free mRNA of the inventive
immunostimulatory composition, may be used for (the preparation of a medicament for) the
prophylaxis, treatment, and/or amelioration of e.g. autoimmune diseases. Autoimmune
diseases can be broadly divided into systemic and organ-specific or localised autoimmune
disorders, depending on the principal clinico-pathologic features of each disease.
25  Autoimmune diseases may be divided into the categories of systemic syndromes, including
systemic lupus erythematosus (SLE), Sjogren's syndrome, Scleroderma, Rheumatoid Arthritis
and polymyositis or local syndromes which may be endocrinologic (type 1 diabetes
(Diabetes mellitus Type 1), Hashimoto's thyroiditis, Addison's disease etc.), dermatologic
(pemphigus vulgaris), haematologic (autoimmune haemolytic anaemia), neural (multiple
30 sclerosis) or can involve virtually any circumscribed mass of body tissue. The autoimmune
diseases to be treated may be selected from the group consisting of type | autoimmune
diseases or type Il autoimmune diseases or type Ill autoimmune diseases or type IV

autoimmune diseases, such as, for example, multiple sclerosis (MS), rheumatoid arthritis,
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diabetes, type | diabetes (Diabetes mellitus Type 1), chronic polyarthritis, Basedow's
disease, autoimmune forms of chronic hepatitis, colitis ulcerosa, type | allergy diseases, type
Il allergy diseases, type Ill allergy diseases, type 1V allergy diseases, fibromyalgia, hair loss,
Bechterew's disease, Crohn's disease, Myasthenia gravis, neurodermitis, Polymyalgia
5  rheumatica, progressive systemic sclerosis (PSS), Reiter's syndrome, rheumatic arthritis,
psoriasis, vasculitis, etc, or type Il diabetes. While the exact mode as to why the immune
system induces a immune reaction against autoantigens has not been elucidated so far,
there are several findings with regard to the etiology. Accordingly, the autoreaction may be
due to a T-Cell bypass. A normal immune system requires the activation of B-cells by T-cells
10  before the former can produce antibodies in large quantities. This requirement of a T-cell
can be by-passed in rare instances, such as infection by organisms producing super-
antigens, which are capable of initiating polyclonal activation of B-cells, or even of T-cells,
by directly binding to the B-subunit of T-cell receptors in a non-specific fashion. Another
explanation deduces autoimmune diseases from a Molecular Mimicry. An exogenous
15 antigen may share structural similarities with certain host antigens; thus, any antibody
produced against this antigen (which mimics the self-antigens) can also, in theory, bind to
the host antigens and amplify the immune response. The most striking form of molecular
mimicry is observed in Group A beta-haemolytic streptococci, which shares antigens with
human myocardium, and is responsible for the cardiac manifestations of rheumatic fever.
20
Additionally, the inventive immunostimulatory composition, the inventive pharmaceutical
composition or the inventive vaccine, or the at least one (mRNA of the adjuvant
component of the inventive immunostimulatory composition complexed with a cationic or
polycationic compound, together with the at least one free mRNA of the inventive
25  immunostimulatory composition, may be used for (the preparation of a medicament for) the
prophylaxis, treatment, and/or amelioration of allergies or allergic diseases, i.e. diseases
related to allergies. Allergy is a condition that typically involves an abnormal, acquired
immunological hypersensitivity to certain foreign antigens or allergens, such as the allergy
antigens as defined above. Such allergy antigens or allergens may be selected from allergy
30 antigens as defined above antigens derived from different sources, e.g. from animals, plants,
fungi, bacteria, etc. Allergens in this context include e.g. grasses, pollens, molds, drugs, or
numerous environmental triggers, etc. Allergies normally result in a local or systemic

inflammatory response to these antigens or allergens and lead to an immunity in the body
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against these allergens. Without being bound to theory, several different disease
mechanisms are supposed to be involved in the development of allergies. According to a
classification scheme by P. Gell and R. Coombs the word "allergy" was restricted to type |
hypersensitivities, which are caused by the classical IgE mechanism. Type | hypersensitivity
is characterised by excessive activation of mast cells and basophils by IgE, resulting in a
systemic inflammatory response that can result in symptoms as benign as a runny nose, to
life-threatening anaphylactic shock and death. Well known types of allergies include,
without being limited thereto, allergic asthma (leading to swelling of the nasal mucosa),
allergic conjunctivitis (leading to redness and itching of the conjunctiva), allergic rhinitis
("hay fever"), anaphylaxis, angiodema, atopic dermatitis (eczema), urticaria (hives),
eosinophilia, respiratory, allergies to insect stings, skin allergies (leading to and including
various rashes, such as eczema, hives (urticaria) and (contact) dermatitis), food allergies,
allergies to medicine, etc. With regard to the present invention, the inventive
immunostimulatory composition, the inventive pharmaceutical composition or the inventive
vaccine, or the at least one (m)RNA of the adjuvant component of the inventive
immunostimulatory composition complexed with a cationic or polycationic compound,
together with the at least one free mRNA of the inventive immunostimulatory composition,
may be used for the treatment of such allergic disorders or diseases, preferably by
desensitizing the immune reaction which triggers a specific immune response. Such a
desensitizing may be carried out by administering an effective amount of the allergen or
allergic antigen encoded by a RNA of the inventive immunostimulatory composition,
preferably the at least one free mRNA, to induce a slight immune reaction. The amount of
the allergen or allergic antigen may then be raised step by step in subsequent
administrations until the immune system of the patient to be treated tolerates a specific

amount of allergen or allergic antigen.

In the context of the above, the invention furthermore relates also to the use of the inventive
immunostimulatory composition, the inventive pharmaceutical composition or the inventive
vaccine, or the at least one (mRNA of the adjuvant component of the inventive
immunostimulatory composition complexed with a cationic or polycationic compound,
together with the at least one free mRNA of the inventive immunostimulatory composition,
for the prophylaxis, treatment, and/or amelioration of diseases or disorders as mentioned

herein. It also includes in particular the use of the the inventive immunostimulatory
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composition, the inventive pharmaceutical composition or the inventive vaccine, or the at
least one (m)RNA of the adjuvant component of the inventive immunostimulatory
composition complexed with a cationic or polycationic compound, together with the at
least one free mRNA of the inventive immunostimulatory composition for inoculation or the
use of these components as an inoculant. According to one particularly preferred
embodiment of the present invention, such a method for prophylaxis, treatment, and/or
amelioration of the above-mentioned diseases or disorders, or an inoculation method for
preventing the above-mentioned diseases, typically comprises administering the described
pharmaceutical composition to a patient in need thereof (e.g. suffering from any of the
above diseases or showing symptoms thereof), in particular to a human being, preferably in
a “safe and effective amount” and in one of the above formulations as described above for
inventive pharmaceutical compositions. The administration mode also may be as described

above for inventive pharmaceutical compositions or vaccines.

The present invention relates also to an /n vitro transcription method for the preparation of
the at least one (M)RNA, to be complexed with a cationic or polycationic compound, or the
at least one free mRNA, respectively, encoding at least one therapeutically active protein,
antigen and/or antibody, both as defined above, comprising the following steps:

a) preparation/provision of a (desoxy)ribonucleic acid as a template for the
inventive at least one (mRNA, to be complexed with a cationic or polycationic
compound, or the at least one free mRNA, respectively, encoding at least one
therapeutically active protein, antigen and/or antibody, both as described above;

b) addition of the (desoxy)ribonucleic acid to an in wvitro transcription medium
comprising a RNA polymerase, a suitable buffer, a nucleotide mix, the
nucleotide mix optionally comprising one or more nucleotides with chemically
modified nucleosides selected from the chemically modified nucleosides as
defined above as replacement (partially or completely) for one or more of the
naturally occurring nucleosides A, G, U and/or C, and optionally one or more
naturally occurring nucleosides A, G, U and/or C if not all of the naturally
occurring nucleosides A, G, U and/or C are to be replaced, and optionally an

RNase inhibitor;
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and /n vitro transcription of the (desoxy)ribonucleic acid; and
d) optionally purification and removal of the unincorporated nucleotides from the

/n vitro transcription medium.

A (desoxy)ribonucleic acid as described in step a) of the inventive /n vitro transcription
method can be any nucleic acid as described above that may be used as a template for the
preparation of the at least one (m)RNA, to be complexed with a cationic or polycationic
compound, and/or the at least one free mRNA, respectively, encoding at least one
therapeutically active protein, antigen and/or antibody. For this purpose typically DNA
sequences are used, for example genomic DNA or fragments thereof, or plasmids, or RNA
sequences (corresponding thereto), for example mRNA sequences, preferably in linearized
form. The /n vitro transcription reaction can usually be carried out using a vector having a
RNA polymerase binding site. To this end there can be used any vectors known in the art,
for example commercially available vectors (see above). Preference is given, for example, to
those vectors that have a SP6 or a T7 or T3 binding site upstream and/or downstream of the
cloning site. Accordingly, the (desoxy)ribonucleic acid sequences used can be transcribed
later, as desired, depending on the chosen RNA polymerase. A (desoxy)ribonucleic acid
sequence used for /n vitro transcription and coding for a protein as defined above, e.g. a
therapeutically active protein, an antigen or an antibody, is typically cloned into a vector,
for example via a multiple cloning site of the vector used. Prior to transcription, the plasmid
is typically cleaved with restriction enzymes at the site at which the future 3' end of the at
least one (MRNA of the adjuvant component as defined above or the at least one free
mRNA as defined above is to be located, using a suitable restriction enzyme, and the
fragment is purified. This prevents the future at least one (m)RNA of the adjuvant
component as defined above or the at least one free mMRNA as defined above, from

containing vector sequences, and a defined length may be obtained.

Alternatively, it is also possible to prepare the (desoxy)ribonucleic acid as transcription
template by polymerase chain reaction (PCR). To this end, one of the primers used for PCR
typically contains the sequence of a RNA polymerase binding site. It is further preferred for

the 5' end of the primer to have a length of approximately 10 to 50 further nucleotides,
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more preferably 15 to 30 further nucleotides and most preferably of approximately 20

nucleotides.

Prior to the /n vitro transcription reaction, the (desoxy)ribonucleic acid, e.g., the specific
DNA or RNA template, is typically purified and free of RNase in order to ensure a high
yield. Purification can be carried out by any process known in the art, for example with a

caesium chloride gradient or ion-exchange process.

According to method step b) of the inventive /in vitro transcription method, the
(desoxy)ribonucleic acid is added to an /n vitro transcription medium. A suitable /n vitro
transcription medium first contains a (desoxy)ribonucleic acid as prepared under step a), for
example approximately from about 0.1 to about 10 pg, preferably approximately from
about 1 to about 5 ug, more preferably about 2.5 pg and most preferably approximately
about 1 pg, of such a nucleic acid. A suitable /n vitro transcription medium further
optionally contains a reducing agent, e.g. DTT, more preferably approximately from about 1
to about 20 pl of about 50 mM DTT, yet more preferably approximately about 5 ul of about
50 mM DTT. The in vitro transcription medium further contains nucleotides (AMP, GMP,
UMP and/or CMP), for example a nucleotide mix. In the case of the present invention the
nucleotides preferably comprise chemically modified nucleosides as defined above. Such
(chemically modified) nucleotides may serve as replacement for one or more of the
naturally occurring nucleotides AMP, GMP, UMP and/or CMP, and optionally one or more
naturally occurring nucleotides AMP, GMP, UMP and/or CMP, if not all of the naturally
occurring nucleotides AMP, GMP, UMP and/or CMP are to be replaced. The nucleotides
AMP, GMP, UMP and/or CMP are typically present in the nucleotide mix in a concentration
of typically approximately from 0.1 to 10 mM per nucleotide, preferably from 0.1 to T mM
per nucleotide, preferably approximately 4 mM in total. (Chemically) modified nucleotides
as described above (approximately 1 mM per nucleotide, preferably approximately 4 mM in
total), are typically added in such an amount that the native nucleotide is replaced
completely by the (modified) nucleotide(s) comprising a chemically modified nucleoside as
defined above. It is, however, also possible to use mixtures of one or more modified
nucleotides as defined above and one or more naturally occurring nucleotides instead of a
particular nucleotide, that is to say one or more chemically modified nucleotides as

described above can occur as a replacement for one or more of the naturally occurring
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nucleotides AMP, GMP, UMP and/or CMP, and optionally additionally one or more
naturally occurring nucleotides AMP, GMP, UMP and/or CMP may be contained, if not all
the naturally occurring nucleotides AMP, GMP, UMP and/or CMP are to be replaced. By
selective addition of the desired base to the /in vitro transcription medium, the content, that
is to say the occurrence and amount, of the desired nucleotide modification in the
transcribed inventive at least one (M)RNA, to be complexed with a cationic or polycationic
compound, or the at least one free mRNA, encoding at least one therapeutically active
protein, antigen and/or antibody, can therefore be controlled. A suitable Jin vitro
transcription medium likewise contains a RNA polymerase, e.g. T7-RNA polymerase (e.g.
T7-Opti mRNA Kit, CureVac, Tibingen, Germany), T3-RNA polymerase or SP6, typically
approximately from 10 to 500 U, preferably approximately from 25 to 250 U, more
preferably approximately from 50 to 150 U, and most preferably approximately 100 U of
RNA polymerase. The /n vitro transcription medium is further preferably kept free of RNase
in order to avoid degradation of the transcribed (m)RNA. A suitable /n vitro transcription

medium therefore optionally contains in addition an RNase inhibitor.

In a step c) of the inventive /in vitro transcription method, the (desoxy)ribonucleic acid of
step b) is incubated and transcribed in the /n vitro transcription medium, typically for
approximately 30 to 120 minutes, preferably for approximately 40 to 90 minutes and most
preferably for approximately 60 minutes, at approximately 30 to 45°C, preferably at 37 to
42°C. The incubation temperature is governed by the RNA polymerase that is used, for
example in the case of T7 RNA polymerase it is approximately 37°C. The nucleic acid
obtained by the transcription is preferably the at least one (m)RNA, to be complexed with a
cationic or polycationic compound, or the at least one free mRNA, encoding at least one

therapeutically active protein, antigen and/or antibody, respectively, both as defined herein.

Subsequent to incubation according to method step c) above, purification of the reaction
can optionally take place in step d) of the /in vitro transcription method according to the
invention. To this end, any suitable process known in the art can be used, for example
chromatographic purification processes, e.g. affinity chromatography, gel filtration, etc. By
means of the purification, non-incorporated, i.e. excess, nucleotides can be removed from
the /n vitro transcription medium. Any suitable method known in the prior art, e.g.

chromatographic purification methods, e.g. affinity chromatography, gel filtration etc., can

<400>



24 <211>24 <212>RNA <213>Artificial <220> <223>Descri ption of

artificial sequence:. Exenplary core structure "d xnm&n" <400>36
WO 2010/037539 PCT/EP2009/007032

127

be used for this. By such a purification, a clean transcribed RNA of an RNA sequence as
defined herein, e.g. of an at least one (m)RNA, to be complexed with a cationic or
polycationic compound, or of the at least one free mRNA, encoding at least one
therapeutically active protein, antigen and/or antibody, respectively, can be obtained. For

5 example, after the transcription the reaction mixture containing the transcribed RNA can
typically be digested with DNase in order to remove the DNA template still contained in the
reaction mixture. The transcribed RNA can be subsequently or alternatively precipitated

with LiCl. Purification of the transcribed RNA can then take place via ion-pair reversed
phase (IP RP)-HPLC. This renders it possible in particular to separate longer and shorter

10 fragments from one another effectively. Preferably, in this context the purification takes
place via a method for purification of the RNA on a preparative scale, which is
distinguished in that the RNA as defined herein, particularly the at least one (m)RNA, to be
complexed with a cationic or polycationic compound, or the at least one free mRNA,
encoding at least one therapeutically active protein, antigen and/or antibody, respectively,

15 is purified by means of HPLC using a porous reverse phase as the stationary phase (PURE
Messenger). For example, for the purification in step d) of the inventive /n vitro transcription
method, a reverse phase can be employed as the stationary phase for the HPLC purification.

For the chromatography with reverse phases, a non-polar compound typically serves as
stationary phase, and a polar solvent, such as mixtures of water, which is usually employed

20  in the form of buffers, with acetonitrile and/or methanol, serves as the mobile phase for the
elution. Preferably, the porous reverse phase has a particle size of 8.0 + 2 pm, preferably

+1 pm, more preferably +/- 0.5 pm. The reverse phase material can be in the form of beads.

The purification can be carried out in a particularly favourable manner with a porous
reverse phase having this particle size, optionally in the form of beads, particularly good

25  separation results being obtained. The reverse phase employed is preferably porous since
with stationary reverse phases which are not porous, such as are described, e.g., by Azarani

A. and Hecker K.H., pressures which are too high are built up, so that preparative
purification of the RNA as defined herein, particularly the at least one (m)RNA, to be
complexed with a cationic or polycationic compound, or the at least one free mRNA,

30 encoding at least one therapeutically active protein, antigen and/or antibody, respectively,
is possible, if at all, only with great difficulty. The reverse phase preferably has a pore size

of from 200 A to 5,000 A, in particular a pore size of from 300 A to 4,000 A. Particularly
preferred pore sizes for the reverse phases are 200 A - 400 A, 800 A - 1,200 A and 3,500 A
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- 4,500 A. With a reverse phase having these pore sizes, particularly good results are
achieved in respect of the purification of the RNA as defined herein in process step d). The
material for the reverse phase is preferably a polystyrene-divinylbenzene, and non-alkylated
polystyrene-divinylbenzenes can be employed in particular. Stationary phases with

5  polystyrene-divinylbenzene are known per se. For the purification in method step d), the
polystyrene-divinylbenzenes which are known per se and already employed for HPLC
methods and are commercially obtainable can be used. A non-alkylated porous
polystyrene-divinylbenzene which in particular has a particle size of 8.0 + 0.5 um and a

pore size of 250 A - 300 A, 900 A - 1,100 A or 3,500 A - 4,500 A is very particularly

10  preferably used for the purification in method step d). The advantages described above can
be achieved in a particularly favourable manner with this material for the reverse phases.

The HPLC purification can be carried out by the ion pair method, an ion having a positive
charge being added to the mobile phase as a counter-ion to the negatively charged RNA.

An ion pair having a lipophilic character, which is slowed down by the non-polar stationary

15 phase of the reverse phase system, is formed in this manner. In practices, the precise
conditions for the ion pair method must be worked out empirically for each concrete
separation problem. The size of the counter-ion, its concentration and the pH of the
solution contribute greatly towards the result of the separation. In a favourable manner,
alkylammonium salts, such as triethylammonium acetate and/or tetraalkylammonium

20 compounds, such as tetrabutylammonium, are added to the mobile phase. Preferably, 0.1 M
triethylammonium acetate is added and the pH is adjusted to about 7. The choice of mobile
phase depends on the nature of the desired separation. This means that the mobile phase
found for a specific separation, such as can be known, for example, from the prior art,
cannot be transferred readily to another separation problem with adequate prospect of

25  success. The ideal elution conditions, in particular the mobile phase used, must be
determined for each separation problem by empirical experiments. A mixture of an
aqueous solvent and an organic solvent can be employed as the mobile phase for elution of

the RNA as defined herein, particularly the at least one (m)RNA, complexed with a cationic

or polycationic compound, or the at least one free mRNA, encoding at least one

30 therapeutically active protein, antigen and/or antibody, respectively, by the HPLC method.
In this context, it is favourable if a buffer which has, in particular, a pH of about 7, for
example 6.5 - 7.5, e.g. 7.0, is used as the aqueous solvent; preferably, the buffer

triethylammonium acetate is used, particularly preferably a 0.1 M triethylammonium
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acetate buffer which, as described above, also acts as a counter-ion to RNA as defined
herein in the ion pair method. The organic solvent employed in the mobile phase can be
acetonitrile, methanol or a mixture of these two, very particularly preferably acetonitrile.

The purification of the RNA as defined herein in method step d) using an HPLC method as

5 described, particularly purification of the at least one (m)RNA, to be complexed with a
cationic or polycationic compound, or of the at least one free mMRNA, encoding at least one
therapeutically active protein, antigen and/or antibody, respectively, is carried out in a
particularly favourable manner with these organic solvents. The mobile phase is particularly
preferably a mixture of 0.1 M triethylammonium acetate, pH 7, and acetonitrile. It has

10 emerged to be likewise particularly favourable if the mobile phase contains 5.0 vol.% to
20.0 vol.% of organic solvent, based on the mobile phase, and the remainder to make up

100 vol.% is the aqueous solvent. It is very particularly favourable for the method according

to the invention if the mobile phase contains 9.5 vol.% to 14.5 vol.% of organic solvent,
based on the mobile phase, and the remainder to make up 100 vol.% is the aqueous

15 solvent. Elution of the RNA as defined herein, particularly the at least one (m)RNA, to be
complexed with a cationic or polycationic compound, or the at least one free mRNA,
encoding at least one therapeutically active protein, antigen and/or antibody, respectively,

can subsequently be carried out isocratically or by means of a gradient separation. In the

case of an isocratic separation, elution of the RNA as defined herein is carried out with a

20  single eluting agent or a mixture of several eluting agents which remains constant, it being

possible for the solvents described above in detail to be employed as the eluting agent.

The present patent application also provides a method of transfecting and optionally
administering the inventive immunostimulatory composition or its components as defined
25 above, the inventive pharmaceutical composition or the inventive vaccine, as defined
above, comprising the following steps:
(a) collection of blood cells, professional antigen presenting cells (APCs), especially
dendritic cells (DCs), and
(b) transfection of the blood cells, professional antigen presenting cells (APCs),
30 especially dendritic cells (DCs), /n vitro with the inventive immunostimulatory
composition or its components, the inventive pharmaceutical composition or the

inventive vaccine.
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In the context of the present invention, “blood cells” are preferably understood according to
the invention as meaning a mixture or an enriched to substantially pure population of red
blood cells, granulocytes, mononuclear cells (PBMCs) and/or blood platelets from whole
blood, blood serum or another source, e.g. from the spleen or lymph nodes, only a small
5 proportion of professional APCs being present. Preferably, blood cells in the present
invention are typically characterized in that they contain a small proportion of well-
differentiated professional antigen presenting cells (APCs), especially dendritic cells (DCs).
The blood cells as used according to the present invention may be preferably fresh blood
cells, i.e. the period between collection of the blood cells (especially blood withdrawal) and
10  transfection being only short, e.g. less than 12 h, preferably less than 6 h, particularly
preferably less than 2 h and very particularly preferably less than 1 h. However, the blood
cells as used according to the present invention may also be blood cells obtained upon
withdrawal of blood prior to need, e.g. an operation or a treatment as defined herein, and
which are stored subsequently until use.
15
Blood cells may be collected from an animal or human patient by standard methods, for
example. Thus whole blood can easily be obtained by puncturing a suitable vessel. Serum
is obtained in known manner by coagulating the solid blood constituents. PBMCs may be
mentioned as an example of an enriched partial population of blood cells. These are
20  conventionally isolated by a method first described by Bayum (Nature 204, 793-794, 1964;
Scan. J. Lab. Clin. Invest. Suppl. 97, 1967). This is generally done by withdrawing blood
from the individual and adding it eg. to a solution of density 1.077 g/ml (25°C),
conventionally containing Ficoll and sodium diatrizoate, for density gradient centrifugation.
During careful centrifugation at room temperature, the PBMCs collect at the Ficoll/blood
25  interface whereas the red blood cells and the remaining white blood cells are sedimented.
The interface with the PBMCs is recovered and conventionally washed with a suitable
buffer, e.g. sterile PBS. The PBMCs are preferably subjected to a short isotonic treatment
with an aqueous solution of e.g. ammonium chloride. Finally, the PBMCs are washed a
further one or more times with a buffer such as PBS (sterile). The cells obtained can then

30 optionally be stored under suitable conditions, conventionally at -70°C, until further use.

According to one preferred embodiment, the blood cells immediately prior to transfection

are fresh blood cells, i.e. there is only a short period between the collection of blood cells
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(especially blood withdrawal) in step (a) and the transfection according to step (b), e.g. less
than 12 h, preferably less than 6 h, particularly preferably less than 2 h and very particularly
preferably less than 1 h.

5 In the context of the present invention, dendritic cells (DCs), as used in the above
mentioned inventive method of transfection and optionally administration, are typically
potent antigen presenting cells (APCs) that typically possess the ability to stimulate naive T
cells. They comprise a system of leukocytes widely distributed in all tissues, especially in
those that provide an environmental interface. DCs posses a heterogeneous haemopoietic

10 lineage, in that subsets from different tissues have been shown to posses a differential
morphology, phenotype and function. The ability to stimulate naive T cell proliferation
appears to be shared between these various DC subsets. It has been suggested that the so-
called myeloid and lymphoid-derived subsets of DCs perform specific stimulatory or
tolerogenic function, respectively. DCs are derived from bone marrow progenitors and

15 circulate in the blood as immature precursors prior to migration into peripheral tissues.
Within different tissues, DCs differentiate and become active in the taking up and
processing of antigens, and their subsequent presentation on the cell surface linked to major
histocompatibility (MHC) molecules. Upon appropriate stimulation, DCs undergo further
maturation and migrate to secondary lymphoid tissues where they present antigens to T

20  cells and induce an immune response. DCs are receiving increasing scientific and clinical
interest due to their key role in anti-cancer host responses and potential use as biological
adjuvants in tumour vaccines, as well as their involvement in the immunobiology of
tolerance and autoimmunity. Dendritic cells (DCs), however, may also be used in the
context of the present invention, if no or a lower immune response is required or envisaged.

25  Such dendritic cells (DCs), as defined above, may be isolated from different tissues as

mentioned above or from blood, particularly from blood samples as described above.

Preferably, the blood cells, professional antigen presenting cells (APCs), especially dendritic
cells (DCs), used for the inventive method of transfection and optionally administration
30 pharmaceutical composition or the vaccine according to the invention originate from the
actual patient who will be treated with the pharmaceutical composition of the present

invention (autologous cells). The pharmaceutical composition or the vaccine according to
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the invention therefore preferably contain autologous blood cells, professional antigen

presenting cells (APCs), especially dendritic cells (DCs).

The transfection of the blood cells, professional antigen presenting cells (APCs), especially
5  dendritic cells (DCs), is likewise carried out by common methods, e.g. by means of
electroporation or chemical methods, especially lipofection, preferably only by

administration of the inventive composition without further transfection reagents.

The RNA as defined herein, particularly the at least one (m)RNA, complexed with a cationic
10  or polycationic compound, and the at least one free mRNA, encoding at least one
therapeutically active protein, antigen and/or antibody, respectively, used for the in vitro
transfection according to step (b) is prepared by methods known to those skilled in the art,
especially by chemical synthesis or particularly preferably by means of molecular biological
methods which have already been mentioned above.
15
As defined above, there may be the need to transfect the blood cells, professional antigen
presenting cells (APCs), especially dendritic cells (DCs), used for the inventive method of
transfection and optionally administration, with an RNA as defined herein, particularly the
inventive immunostimulatory composition or its components, or the inventive
20  pharmaceutical composition or vaccine. Furthermore, administration of such transfected
cells to a patient, to living tissues and/or organisms /n vivo, particularly retransplantation
into the host organism in the case of autologous cells, may be envisaged as well and carried
out as an optional step c) of the above mentioned method. In this context, an organism (or
a being) typically means mammals, selected from, without being restricted thereto, the
25  group comprising humans, and animals, including e.g. pig, goat, cattle, swine, dog, cat,
donkey, monkey, ape or rodents, including mouse, hamster and rabbit. Furthermore, living
tissues as mentioned above, are preferably derived from these organisms. Administration of
the transfected cells to those living tissues and/or organisms may occur via any suitable
administration route, e.g. systemically, and include e.g. intra- or transdermal, oral,
30 parenteral, including subcutaneous, intramuscular or intravenous injections, topical and/or

intranasal routes as defined above.
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According to another embodiment, the present invention also provides a method for the
preparation of the inventive immunostimulatroy composition, comprising following steps:

a) preparing an “adjuvant component” comprising or consisting of at least one
(mRNA as defined above, complexed with a cationic or polycationic
compound, as defined above, preferably by mixing the at least one (m)RNA
as defined above in a specific ratio with the cationic or polycationic
compound, as defined above; and

b) preparing the inventive immunostimulatory composition by adding in a
specific ratio as defined above the at least one free mRNA as defined above
to the adjuvant component prepared according to step a), wherein the at
least one free MRNA as defined above, encodes at least one therapeutically

active protein, antigen and/or antibody as defined above.

The so called “adjuvant component” is prepared according to a step a) of the inventive
method of preparation by complexing the at least one (m)RNA of the adjuvant component
with a cationic or polycationic compound preferably in a specific ratio to form a stable
complex. As defined above, it is important, that no free cationic or polycationic compound
or only a neclectably small amount remains in the adjuvant component after- complexing
the (mRNA. Accordingly, the ratio of the (m)RNA and the cationic or polycationic
compound in the adjuvant component is typically selected such that the (m)RNA is entirely
complexed and no free cationic or polycationic compound or only a neclectably small
amount remains in the composition. Preferably the ratio of the adjuvant component, i.e. the
ratio of the (m)RNA to the cationic or polycationic compound is selected in a range of about
6:1 (w/w) to about 0,25:1 (w/w), more preferably from about 5:1 (w/w) to about 0,5:1 (w/w),
even more preferably of about 4:1 (w/w) to about 1:1 (w/w) or of about 3:1 (w/w) to about

1:1 (w/w), and most preferably a ratio of about 3:1 (w/w) to about 2:1 (w/w).

Additionally or alternatively, the ratio of the first component (i.e. the adjuvant component
comprising or consisting of at least one (mMRNA complexed with a cationic or polycationic
compound) and the second component (i.e. the at least one free mMRNA) may be calculated
on the basis of the nitrogen/phosphate ratio (N/P-ratio) of the entire RNA complex. In the
context of the present invention, an N/P-ratio is preferably in the range of about 0.1-10,

preferably in a range of about 0.3-4 and most preferably in a range of about 0.5-2 or 0.7-2

<212>
Exenpl ary
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regarding the ratio of RNA:peptide in the complex, and most preferably in the range of

about 0.7-1.5.

Additionally or alternatively, the ratio of the first component (i.e. the adjuvant component
5  comprising or consisting of at least one (m)RNA complexed with a cationic or polycationic
compound) and the second component (i.e. the at least one free mRNA) may also be
selected in the inventive immunostimulatory composition on the basis of the molar ratio of
both RNAs to each other, i.e. the (m)RNA of the adjuvant component, being complexed
with a cationic or polycationic compound) and the at least one free mRNA of the second
10 component. Typically, the molar ratio of the (m)RNA of the adjuvant component to the at
least one free mMRNA of the second component may be selected such, that the molar ratio
suffices the above (w/w) and/or N/P-definitions. More preferably, the molar ratio of the
(m)RNA of the adjuvant component to the at least one free mRNA of the second component
may be selected e.g. from a molar ratio of as defined above, e.g. a molar ratio of about
15 0.001:1, 0.01:1, 0.1:1, 0.2:1, 0.3:1, 0.4:1, 0.5:1, 0.6:1, 0.7:1, 0.8:1, 0.9:1, 1:1, 1:0.9, 1:0.8,
1:0.7, 1:0.6, 1:0.5, 1:0.4, 1:0.3, 1:0.2, 1:0.1, 1:0.01, 1:0.001, etc. or from any range formed
by any two of the above values, e.g. a range selected from about 0.001:1 to 1:0.001, 0.01:1
to 1:0.001, 0.1:1 to 1:0.001, 1:1 to 1:0.001, 0.001:1 to 1:0.01, 0.001:1 to 1:0.1, 0.001:1 to
1:1, 0.01:1 t0 1:0.01, 0.1:1 to 1:0.1, 1:1, etc.
20
Even more preferably, the molar ratio of the (m)RNA of the adjuvant component to the at
least one free mRNA of the second component may be selected e.g. from a range of about
0.01:1 to 1:0.01. Most preferably, the molar ratio of the (m)RNA of the adjuvant component
to the at least one free mRNA of the second component may be selected e.g. from a molar
25  ratio of about 1:1. In this particular embodiment, any of the above definitions with regard to

(w/w) and/or N/P ratio may also apply.

In the context of the present inventive method, the cationic or polycationic compound is
preferably selected from a cationic or polycationic compound as defined above, suitable for
30 complexing and thereby stabilizing a nucleic acid, particularly an (m)RNA, e.g. by
associating the nucleic acid with the cationic or polycationic compound. Association or
complexing the modified (m)RNA of the inventive immunostimulatory composition with

cationic or polycationic compounds as defined above preferably provides adjuvant
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properties to the (m)RNA and confers a stabilizing effect to the (m)RNA of the adjuvant
component by complexation. The procedure for stabilizing the modified (m)RNA is in
general described in EP-A-1083232, the disclosure of which is incorporated by reference
into the present invention in its entirety, but also may be carried out by any suitable

5  procedure known in the art.

According to step b) of the inventive method of preparation as described above, the
inventive immunostimulatory composition is obtained by adding in a specific ratio an at
least one free MRNA as defined above to the adjuvant component prepared according to
10  step a), wherein the at least one free mRNA as defined above encodes at least one
therapeutically active protein, antigen and/or antibody, as defined above. As further
described above, the ratio of the adjuvant component (comprising at least one (m)RNA
complexed with a cationic or polycationic compound) and the second component (at least
one free mMRNA) in the inventive immunostimulatory composition may be selected
15  according to the specific requirements of a particular therapy, e.g. a cancer or anti-tumor
therapy, a gene therapy, an anti-allergy therapy (desensitizing), prophylactic or therapeutic
vaccination, etc. Typically, the ratio of the adjuvant component and the second component
of the inventive immunostimulatory composition is selected such that a significant
stimulation of the innate immune system is elicited due to the adjuvant component. In
20  parallel, the ratio is selected such that a significant amount of the at least one free mRNA
can be provided /n vivo leading to an efficient translation of the expressed protein /n vivo.
Preferably the ratio of adjuvant component : free mRNA in the inventive immunostimulatory
composition is selected from a range as defined above, e.g. of about 5:1 (w/w) to about 1:10
(w/w), more preferably from a range of about 4:1 (w/w) to about 1:8 (w/w), even more
25  preferably from a range of about 3:1 (w/w) to about 1:5 (w/w) or 1:3 (w/w), and most
preferably the ratio of adjuvant component : free mRNA in the inventive immunostimulatory

composition is selected from a ratio of about 1:1 (w/w).

Optionally, further components as defined above may be added to the inventive

30  immunostimulatory composition, in one or more additional steps.
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According to a final embodiment, the present invention also provides kits, particularly kits
of parts, comprising as components alone or in combination, the inventive
immunostimulatroy composition or its components, i.e. the at least one (m)RNA, complexed
with a cationic or polycationic compound, and the at least one free mRNA, encoding at
least one therapeutically active protein, antigen and/or antibody, respectively, and/or an
inventive pharmaceutical composition or vaccine, and optionally technical instructions with
information on the administration and dosage of these components. Such kits, preferably

kits of parts, may be applied, e.g., for any of the above mentioned applications or uses.

<223> Description of artificial sequence: Exenplary core structure

<211>
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The following Figures are intended to illustrate the invention further. They are not intended

to limit the subject matter of the invention thereto.

Figure 1:

Figure 2:

depicts the results of the expression of luciferase after intradermal injection
of mRNA encoding luciferase /n vivo, wherein a composition comprising an
amount of 10 pg free mRNA coding for luciferase (Pp Luc) with or without
combination with LacZ-mRNA (wt LacZ) complexed with protamine (2:1
and 1:1) were prepared and injected intradermally into the ear pinna. As can
be seen, LacZ-mRNA:protamine complexes, which have been formulated in
a ratio of 1:1 or 2:1, respectively, had no negative influence on the
expression of luciferase, i.e. no free protamine was present in the solution or
only a very small amount, which had nor negatve influence on the
translation. Accordingly, no complex formation between protamine and
ppLuc mRNA was possible, which indicates the stability of the already

formed LacZ-mRNA:protamine complexes.

shows the results of a vaccination reaction in the E.G7-OVA-model for
therapeutic purposes. For the experiment, 300,000 E.G7-OVA tumor cells
were implanted in C57 BL/6 mice and the mice were vaccinated 8 times
within 2 weeks with the inventive immunostimulatory composition
comprising 20 pg GC-enriched mRNA coding for Gallus gallus Ovalbumin.
In a first exeriment, either an RNA was used, which was entirely complexed
with protamine in a ratio of 3:1 or an RNA, wherein the complexed RNA
was mixed with free RNA in a ratio of 1:1, 1:4 and 1:8 (w/w). As can be
seen in Figure 2, free RNA as well as protamine alone do not exhibit any
effect on tumor growth in comparison to the buffer control (Ringer-lactate
solution). Surprisingly, a vaccination with a protamine complexed RNA in a
ratio of 3:1 (RNA:protamine) significantly reduces tumor growth. Addition of
free RNA enhances the tumor response even further, wherein a ratio of more
than 1:8 (complexed RNA: free RNA), e.g. 1: 4 or even 1:1, has been proven

to be particularly advantageous.
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Figure 3:

Figure 4:

Figure 5:

Figure 6:
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describes the results of a vaccination reaction in the E.G7-OVA-model for
therapeutic purposes similar to the Experiment in Figure 2. For this second
experiment either an RNA was used, which was entirely complexed with
protamine in a ratio of 3:1 or an RNA according to an improved protocol,
wherein the complexed RNA was mixed with free RNA in a ratio of
RNA:protamine 3:1 + free RNA (1:1)). As can be seen in Figure 3, the
combination of complexed RNA and free RNA, particular in the described

ratios, leads to an improved tumor defense.

shows the statistical (mathematical) analysis of the experiment according to
Figure 3. Figure 4 particularly shows that the difference between the groups
are significant. The statistical (mathematical) analysis was carried out with
the GraphPad Prism Software and the p values were determined using the

Mann Whitney test. The analysis underlines the results shown in Figure 3.

depicts the results of the detection of immunostimulatory properties and the
stimulation of hPBMC with mRNA (CAP-GgOva(GC)-muag-A70-C30). For
this experiment 2 x 10> hPBMCs were seeded in 200 pl medium per well in
96 well plates and 50 pl of the inventive composition, comprising 10 pg
mRNA coding for Gallus gallus ovalbumin were added to stimulate cytokine
release over night at 37°C. The secretion of cytokines (TNFalpha and IL6) in
hPBMCs with compositions comprising complexed and free RNA, showed a
significant  elevation in an ELISA detection indicating good

immunostimulatory properties.

describes the results of the induction of a humoral immune response in vivo,
wherein C57 BL/6 mice were vacinated 8-times with each 16 pg GC-
enrichen mRNA (CAP-GgOva(GC)-muag-A70-C30) coding for Gallus gallus
Ovalbumine or an “irrelevant” control RNA (pB-Luc RNA). As can be seen in
Figure 6, the combination of a complexed RNA with a free RNA, particularly
in a ratio of (1:1) leads to an elevated humoral immune response compared

to the vaccination with an entirely complexed RNA.
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Figure 7:

Figure 8:

Figure 9:

Figure 10:
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shows the mRNA sequence according to SEQ ID NO: 120, which exhibits a
length of 1365 nuclotides and was termed “CAP-GgOva(GC)-muag-A70-
C30”. The mRNA sequence CAP-GgOva(GC)-muag-A70-C30 contained
following sequence elements:

GC-optimized sequence for a better codon usage and stabilization

muag (mutated alpha-globin-3’-UTR)

70 x adenosine at the 3’-terminal end (poly-A-tail),

30 x cytosine at the 3’- terminal end (poly-C-tail).
The OREF is indicated in italic letters, muag (mutated alpha-globin-3’-UTR is
indicated with a dotted line, the poly-A-tail is underlined with a single line

and the poly-C-tail is underlined with a double line.

depicts the mRNA sequence according to SEQ ID NO: 121, which exhibits a
length of 1816 nucleotides and was termed “T7TS-Ppluc(wt)-A70”. The
coding sequence (CDS) of the entire mMRNA sequence is indicated in italic

letters, the poly-A-tail is underlined with a single line.

shows the statistical analysis of the expression of luciferase in Balb/c mice.
The statistical analysis was carried out with the GraphPad Prism Software
and the p values were determined using the Mann Whitney test. The results
in Figure 9 show that the RNA complexed according to the invention (2:1
(50%) + free (50%) exhibits the same expression when compared to naked
RNA and RNA which is complexed in the ratio of 4:1 with protamine. As
can be seen, differences between the relevant groups are not significant (ns).
Thus, an immune stimulation can be efficiently provided with the inventive
complexed RNA wherein expression level is maintained compared to naked
RNA and RNA which is complexed in the ratio of 4:1 with protamine (see als

Figure 10).

depicts the statistical analysis of induction of IL-12 in Balb/c mice. The
statistical analysis was carried out with the GraphPad Prism Software and the

p values were determined using the Mann Whitney test. The results show
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that the difference between the inventive complexed RNA (2:1 (50% + free
(50%)) and the group 4:1 (100%) which comprises the same amount of RNA
and protamine is significant. Thus, an immune stimulation can be efficiently
provided with the inventive complexed RNA wherein expression level is
5 maintained compared to naked RNA and RNA which is complexed in the

ratio of 4:1 with protamine (see also Figure 9).

Figure 11: shows the induction of IgG2a antibodies against the Influenza antigen
hemagglutinin (HA). Therefore mice were vaccinated 2 times with 20 ug GC-

10 enriched mRNA coding for hemagglutinin (HA) naked or formulated with
protamine hydrochloride (Prot. Val) or protamine sulphate (Prot. Leo) as

indicated. As can be seen in Figure 11, the combination of a complexed

RNA with free RNA leads to an elevated humoral immune response

compared to the vaccination with an entirely complexed RNA. Compared to

15 naked RNA, complexed RNA leads to higher 1gG2a antibody titers, an
indicator of the Th1 driven response. Complexation of RNA with protamine

hydrochloride (Protamine Valeant) has a stronger effect than complexation

with protamine sulphate.

20  Figure 12: illustrates the induction of IgG2a-specific antibodies against the Influenza
antigen HA over 15 weeks after immunization. Therefore mice were
vaccinated 2 times with 20 pg GC-enriched mRNA coding for hemagglutinin
(HA) naked or complexed with protamine (RNA:Protamine 2:1 + free RNA
(1:1) (w/w)) and 1gG2a antibodies were measured at the indicated time

25 points. Sera from different time points after immunization were analysed by
ELISA. Hemagglutinin-specific antibody titers of the IgG2a subtype are
plotted for the groups treated with buffer (80% Rila), naked or complexed
HA mRNA.

30  Figure 13: depicts the the induction of antibodies against the influenza antigen HA by
HAI assay. Therefore mice were vaccinated 2 times with 20 pg GC-enriched

mRNA coding for hemagglutinin (HA) naked or formulated with protamine
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(RNA:Protamine 2:1 + free RNA (1:1) (w/w)) and the HAI assay was

performed at the indicated time points.

Figure 14: shows the mRNA sequence encoding the pathogenic antigen hemagglutinin

5 (HA) from influenza virus.



<223> Description of artificial sequence: Exenplary core structure "d xnm&n"

<400> 52

<210> 53 <211> 47 <212> RNA <213> Artificial <220> <223>

Descri ption WP 24M37%1%i al sequence: Exenplary core strudCHEE200%PRPMZ" <400> 53
00gggggggu uuuuuuuUUU UuUUUUUUUU uuuuuuuUUUg ggggggg47 <210> 54 <211> 7 <212>
RNA <213> Artificial <220> <223> Description of artificial sequence:
core structure "d xnGn" <400>54 gguuuggl427 <210> 55

10

15

20

25

30

Examples:

The following examples are intended to illustrate the invention further. They are not

intended to limit the subject matter of the invention thereto.

Example 1 - Preparation of mRNA construct encoding Pp luciferase (Photinus pyralis)

For the following experiments a DNA sequence, encoding Pp luciferase (Photinus pyralis)
and corresponding to the respective mRNA encoding Pp luciferase sequences as used
herein , was prepared and used for subsequent transfection and vaccination experiments.
Thereby, the DNA sequence corresponding to the native Pp Luciferase encoding mRNA was
modified with a poly-A-tag (A70) leading to SEQ ID NO: 121 (see Figure 8). The final
construct had a length of 1816 nucleotides and was termed “T7TS-Ppluc(wt)-A70".

Example 2 - Preparation of mRNA construct encoding Gallus ga/lus Ovalbumin

For the following experiments a further DNA sequence, encoding Gallus gallus Ovalbumin
and corresponding to the respective mRNA sequences, was prepared and used for
subsequent transfection and vaccination experiments. Thereby, the DNA sequence
corresponding to the native Gallus gallus Ovalbumin encoding mRNA was GC-optimized
for a better codon-usage and stabilization. Then, the DNA sequence corresponding to the
coding Gallus gallus Ovalbumin mRNA sequence was transferred into an RNActive
construct, which has been modified with a poly-A-tag and a poly-C-tag (A70-C30). The
final construct had a length of 1365 nuclotides and was termed “CAP-GgOva(GC)-muag-
A70-C30”. It contained following sequence elements:

GC-optimized sequence for a better codon usage and stabilization

muag (mutated alpha-globin-3'-UTR)

70 x adenosine at the 3’-terminal end (poly-A-tail),

30 x cytosine at the 3'- terminal end (poly-C-tail).

The corresponding mRNA sequence is shown in Figure 7 (see SEQ ID NO: 120).

Exenpl ary
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Example 3 — /n vitro-transcription experiments

The recombinant plasmid DNA was linearized and subsequently in vitro transcribed using
the T7 RNA polymerase. The DNA template was then degraded by DNAsel digestion. The
RNA was recovered by LiCl precipitation and further cleaned by HPLC extraction
(PUREMessenger®, CureVac GmbH, Tibingen, Germany).

Example 4 - Making of the inventive composition:

The mRNA used in the experiments below was complexed with protamine by addition of
protamine to the mRNA in the indicated ratios (1:1-1:4) (w/w). After incubation for 10 min,
the free RNA was added.

Example 5 — Expression of luciferase after intradermal injection of mRNA encoding

luciferase in vivo

In this experiment the influence of compositions comprising readily prepared
mRNA:protamine complexes and/or free mRNA on the translation was investigated.
Therefore, a composition comprising an amount of 10 pg free mRNA coding for luciferase
(Pp Luc) with or without combination with LacZ-mRNA complexed with protamine (2:1 and

1:1) were prepared and injected intradermally into the ear pinna.

The mRNA encoding Pp Luciferase was prepared as described above. The composition to
be administered contained either no further complexed RNA, lacZ-mRNA:protamine in a
concentration of 2:1 or lacZ-mRNA:protamine in a concentration of 1:1. As a control, a
composition was administered containing no mRNA encoding Pp Luciferase (Photinus
pyralis). Protamine was used as a control. In order to prepare these compositions, lacZ-
mRNA was formulated in a first step with protamine in different amounts and ratios (2:1 und
1:1 (w/w)) and added as a first component. Then, free Pp Luc mRNA was added 10 minutes

later to the composition.

After 24 h the ear pinna were removed and frozen in liquid nitrogen. For homogenization,

the samples were placed in a TissueLyser for 3 min at 30 s'. Then 800 pl lysis-buffer (25

f
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mM Tris-HCI pH (7.5 - 7.8); 2 mM EDTA; 10% (w/v) Glycerol; 1% (w/v) Triton-X-100; 2
mM DTT; 1 mM PMSF) is added and samples are placed again in the TissueLyser for 6 min
at 30 s'. Samples are centrifuged for 10 min at 13500 rpm and 4°C. The supernatant is
removed and stored at -80°C until luciferase measurement. Supernatants were mixed with
Luciferin Buffer (25 mM Glycylglycin, 15 mM MgSO,, 5 mM ATP, 62.5 pM Luciferin) and
the luminescence was measured with a luminometer (Lumat LB 9507; Berthold

Technologies, Bad Wildbad, Germany).

As a result (see Figure 1), LacZ-mRNA:protamine complexes, which have been formulated
in a ratio of 1:1 or 2:1, respectively, had no negative influence on the expression of
luciferase, i.e. no free protamine was present in the solution or only a very small amount,
which had no negative influence on the translation. Accordingly, no complex formation
between protamine and ppLuc mRNA was possible, which indicates the stability of the

already formed LacZ-mRNA:protamine complexes.

Example 6 - Vaccination in the E.G7-OVA-model for therapeutic purposes

General method:

300000 E.G7-OVA tumor cells were implanted in C57 BL/6 mice. In the following 3 weeks
the mice were vaccinated 8 times within 3 weeks with the inventive composition
comprising 20 ug GC-enriched mRNA coding for Gallus gallus Ovalbumine. The tumor size

was measured 18 days after the implantation of the tumor cells.

A) First experiment
300000 E.G7-OVA tumor cells were implanted into C57 BL/6-mice. Within the
following two weeks the mice were vaccinated 8-times with each 20 pg GC-
enriched mRNA encoding Gallus gallus Ovalbumin. For this experiment, either an
RNA was used, which was entirely complexed with protamine in a ratio of 3:1 or an
RNA, wherein the complexed RNA was mixed with free RNA in a ratio of 1:1, 1:4
and 1:8 (w/w).

The results are shown in Figure 2. As can be seen in Figure 2, free RNA as well as

protamine alone does not exhibit any little effect on tumor growth in comparison to

f
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the buffer control (Ringer-lactate solution). Surprisingly, a vaccination with a
protamine complexed RNA in a ratio of 3:1 (RNA:protamine) significantly reduces
tumor growth. Addition of free RNA enhances the tumor response even further,
wherein a ratio of more than 1:8 (complexed RNA: free RNA), e.g. 1: 4 or even 1:1,

has been proven to be particularly advantageous.

B) Second Experiment
300000 E.G7-OVA tumor cells were implanted into C57 BL/6-mice. Within the
following three weeks the mice were vaccinated 8-times with each 20 pg GC-
enriched mRNA encoding Ga/lus gallus Ovalbumin. For this experiment, either an
RNA was used, which was entirely complexed with protamine in a ratio of 3:1 or an
RNA according to an improved protocol, wherein the complexed RNA was mixed
with free RNA in a ratio of RNA:Protamin 3:1 + free RNA (1:1)).

The results of this experiment are depicted in Figure 3. As can be seen in Figure 3,
the combination of complexed RNA and free RNA, particular in the described ratios,

leads to an improved tumor defense.

The statistical (mathematical) analysis was carried out with the GraphPad Prism

Software. The p values were determined using the Mann Whitney test (see Figure 4).

Example 7 - Detection of immunostimulatory properties, and stimulation of hPBMC with
mRNA

For this experiment hPBMC were isolated by centrifugation on Ficoll (20 min at 2000 rpm)
and subsequently washed two times in PBS. hPBMC were then resuspended in FCS, 10%
DMSO at a density of 5 x 107/ml. 1 ml aliquots were frozen and stored at -80°C.

Prior to the experiment, hPBMc were thawed by resuspending in PBS, followed by two
washes in PBS. hPBMC were then suspended in X-Vivo 15, 1% glutamine, 1% Pen/Strep at
a density of 1 x 10°/ ml. After seeding hPBMCs at 2 x 10° per well in 96 well plates, 50 pl
of the inventive composition, comprising 8 ug mRNA coding for Ga/lus gallus ovalbumin

were added to stimulate cytokine release over night at 37°C.
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Therefore, human PBMCs were incubated for 20 hours with RNA, encoding Ga/lus gallus
Ovalbumin (OVA), complexed with protamine (3:1) plus 50% free RNA (formulated as
follows: RNA:protamine 3:1 + free RNA (1:1) (w/w)). The secretion of cytokines (TNFalpha

5 and IL6) was measured and detected in the supernatant using Standard ELISA.

For the TNFalpha and IL6 quantification (ELISA) Maxisorb plates were coated over night
(4°C) with capture antibody (1 pg/ml) and subsequently blocked with 1% BSA for 1 hour at
room temperature (RT). After three washes with 0.05% Tween, 50 pl (TNFa) or 50 pl (IL-6)

10  hPBMC supernatant, adjusted with blocking buffer 15 to 100 pl, were added to the wells.
Binding was allowed to proceed for two hours (RT). The plate was then washed and 100 pl
streptavidin-conjugated horseradish peroxidise was added. After incubation for 30 minutes
and washing a colorimetric substrate (TMB, Perbio Science) was added. Optical densities
were measured at 450 nm using a Tecan ELISA plate reader. All incubations were

15 performed at room temperature and washing steps include at least 3 steps using
PBS/Tween20 (0.05% v/v).

100 pl / well of a mixture of Strept-HRP (diluted 1/1000) and biotinylated detection
antibody (0,5 pg/ml) were added. Incubation for one hour at RT was followed by three
20 washes with 0.05% Tween. Finally, 100 pl / well of Amplex Red HRP substrate (50 pM),
0.014% H,O, were added. Fluorescence was measured in a Spectramax Gemini plate

reader (Ex 540 nm, Em 590 nm, cutoff 590 nm).
The results are shown in Figure 5. As can be seen in Figure 5, the compositions comprising
25  complexed and free RNA exhibit an immunostimulatory property, which is reflected by a

significant secretion of TNFalpha and IL-6 in hPBMCs.

Example 8 - Induction of a humoral immune response

30 C57 BL/6 mice were vacinated 8-times with each 16 pg GC-enriched mRNA coding for
Gallus gallus Ovalbumine or an “irrelevant” control RNA (pB-Luc RNA). Thereby, the RNA
was either formulated entirely with protamine in a ratio of 2:1 or the ratio was according to

an improved protocol RNA:Protamin 2:1 + freie RNA (1:1) (w/w))). 2 weeks after the last
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vaccination blood samples were collected and expression of Ovalbumin-specific antibodies

was determined.

For the detection of antigen-specific antibodies MaxiSorb plates (Nalgene Nunc
International) were coated with Antigen (Ovalbumine, recombinant protein). After blocking
with 1xPBS, 0,05% Tween und 1% BSA the plates were incubated with sera of the mice for
4 hours at room temperature. Subsequently the biotin-coupled secondary antibody was
added. After washing the plate was incubated with horseradish peroxidise and the enzyme
activity was determined by measuring the conversion of the substrate (2,2’-azino-bis(3-
ethyl-benzthiazoline-6-sulfonsdure) (OD 450 nm). Optical densities were measured at 450

nm using a Tecan ELISA plate reader.
The results are shown in Figure 6. As can be seen in Figure 6, the combination of a
complexed RNA with a free RNA leads to an elevated humoral immune response compared

to the vaccination with an entirely complexed RNA.

Example 9 - Statistical analysis of the expression of luciferase in Balb/c mice.

In this experiment the influence of different formulation strategies with protamine on the

translation of luciferase was investigated. Per group 2 mices were injeceted on 4 different

sites intradermally with

(1) a composition comprising 50% protamine-complexed (2:1) Luc-RNA in
combination with 50% free RNA,

(2) a composition comprising Luc-RNA complexed with protamine in the ration 4:1,

3) 100% free Luc-RNA, or

(4) Ringer-Lactate buffer as control.

Each sample comprised 10 pg mRNA coding for luciferase (Luc-RNA, i.e. the above

described construct “T7TS-Ppluc(wt)-A70” according to SEQ ID NO: 121) in 50 pl Ringer-

Lactate buffer. The first and the second group comprised also the same amount of

protamine, but they were different formulated. The immunostimulatory composition of

group (1) was prepared according to the invention.

<220>
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The results are shown in Figure 9. Figure 9 shows the statistical analysis of the expression of
luciferase in Balb/c mice. The statistical analysis was carried out with the GraphPad Prism
Software and the p values were determined using the Mann Whitney test. The results in
Figure 9 show that the RNA complexed according to the invention (2:1 (50%) + free (50%),
group (1)) exhibits the same expression when compared to naked RNA and RNA which is
complexed in the ratio of 4:1 with protamine (groups (2) and (3)). As can be seen,
differences between the relevant groups are not significant (ns). Thus, an immune
stimulation can be efficiently provided with the inventive immunostimulatory composition
wherein expression level is maintained compared to naked RNA and RNA which is

complexed in the ratio of 4:1 with protamine (see also Figure 10).

Example 10 - Statistical analysis of induction of IL-12 in Balb/c mice:

For this experiment 40 pg mRNA coding for Luciferase (Luc-RNA, i.e. the above described

construct  “T7TS-Ppluc(wt)-A70” according to SEQ ID NO: 121) in the following

compositions:

(1) 2:1 (50%) + free (50%) comprised 20 pg Luc-RNA complexed with protamine (2:1)
(w/w) and 20 pg free Luc-RNA (i.e. an inventive immunostimulatory composition),

(2) 4:1 (100%) comprised 40 pg Luc-RNA complexed with protamin (4:1) (w/w),

(3) 40 pg free Luc-RNA,

(4) 10 pg protamine, and

(5) 800 pl RiLa (all samples were dissolved in Ringer-Lactate buffer to a final volume of
800 pl)

were intravenously injected into the tail vein of Balb/c mice (4 mice per group). After 4

hours, blood was taken by puncture of the retro-orbital veins and serum was used for

cytokine (IL-12) ELISA. The ELISA was carried out as described for Example 7.

The results are shown in Figure 10. Figure 10 depicts the statistical analysis of induction of
IL-12 in Balb/c mice according to Example 10. The statistical analysis was carried out with
the GraphPad Prism Software and the p values were determined using the Mann Whitney
test. The results show that the difference between the inventive immunostimulatory
composition (2:1 (50%) + free (50%)) and the group 4:1 (100%), which comprises the same

amount of RNA and protamine, is in fact significant. Thus, an immune stimulation can be

<220>
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efficiently provided with the inventive immunostimulatory composition wherein expression
level is maintained compared to naked RNA and RNA, which is complexed in the ratio of

4:1 with protamine (see also Figure 9).

Example 11 - Induction of a humoral immune response against a viral antigen

Vaccination:

BALB/c mice were vaccinated twice with 20 pg GC-enriched mRNA coding for
hemagglutinin (HA) of /nfluenza A/Puerto Rico/8/34 (PR8) or injection buffer (80% Ringer
Lactate). Thereby, the RNA was either formulated entirely with protamine in a ratio of 2:1 or
the ratio was according to the invention RNA:Protamin 2:1 + free RNA (1:1) (w/w). For
formulations, two different protamines were tested, protamine hydrochloride (Protamin

Valeant) and protamine sulphate (Protamin LEO).

Detection of specific antibodies:

At different time points after last vaccination blood samples were collected and expression
of hemagglutinin-specific antibodies was determined by ELISA (Figure 11 and 12) or
hemagglutination inhibition assay (HAI) (Figure 13).

Detection of antigen-specific antibodies by ELISA:

For the detection of antigen-specific antibodies by ELISA, MaxiSorb plates (Nalgene Nunc
International) were coated with antigen (inactivated PR8). After blocking with 1xPBS, 0,05%
Tween und 1% BSA the plates were incubated with sera of the mice for 4 hours at room
temperature. Subsequently the biotin-coupled secondary antibody was added. After
washing the plate was incubated with horseradish peroxidise and the enzyme activity was
determined by measuring the conversion of the substrate (2,2’-azino-bis(3-ethyl-
benzthiazoline-6-sulfonic acid) (OD 405 nm). Optical densities were measured at 405 nm
using a Tecan ELISA plate reader. The results of analysis of sera obtained two weeks after
immunization are shown in Figure 11. As can be seen in Figure 11, the combination of a
complexed RNA with free RNA leads to an elevated humoral immune response compared
to the vaccination with an entirely complexed RNA. Compared to naked RNA, complexed

RNA leads to higher IgG2a antibody titers, an indicator of the Th1 driven response.

<220>
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Complexation of RNA with protamine hydrochloride (Protamine Valeant) has a stronger
effect than complexation with protamine sulphate.

In Figure 12, sera from different time points after immunization were analysed by ELISA.
Hemagglutinin-specific antibody titers of the 1gG2a subtype are plotted for the groups
treated with buffer (80% RilLa), naked or complexed HA mRNA. The complexation was
done with Protamin Valeant following improved protocol RNA:Protamin 2:1 + free RNA

(1:1) (w/w).

Detection of antigen-specific antibodies by HAI assay:

Sera of immunized mice were also analysed by HAI assay. In an HAI assay, antibodies that
neutralize the virus by blocking the interaction of the viral hemagglutinin and the sialic acid
on the host cell are detected.

Sera were inactivated at 56 °C for 10 min to destroy complement and HAI inhibitors. Sera
were further incubated with kaolin for 20 min and preadsorbed to chicken red blood cells
for 30min to remove unspecific factors that influence hemagglutination. Pre-treated serum
samples were added to a 96 well, U-bottom plate in serial dilution and duplicates. 25 pl
containing 4 hemagglutinating units of inactivated PR8 in PBS and 50 pl of 0.5 % chicken
red blood cells were then added and incubated at room temperature for 45 min. Endpoint
HAI titers were defined as the reciprocal of the highest serum dilution that completely
inhibited hemagglutination of the red blood cells. Titers of sera from different time points
after immunization are plotted for the groups treated with buffer (80% Rila), naked or
complexed HA mRNA. The complexation was done with Protamin Valeant and the
improved protocol RNA:Protamin 2:1 + free RNA (1:1) (w/w). A titre of 40 is assumed to be
protective in case of influenza infection. Mice immunized with complexed HA RNA show
an enduring HAI titer of more than 40, whereas naked HA mRNA led to titers in average

lower than the protective titer of 40.
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The claims defining the invention are as follows
1. An immunostimulatory composition comprising

. a) an adjuvant component, comprising at least one (m)RNA, complexed with a
cationic or polycationic compound, and '

5 b) at least one free MRNA, encoding at least one therapeutically active protein,
antigen and/or antibody,

wherein the immunostimulatory composition is capable to elicit or enhance an
innate and optionally an adaptive immune response in a mammal, and

wherein the molar ratio of the (m)RNA of the adjuvant component to the at least
10 one free mRNA of the second component b) is about 0.001 :1 to about 1 :0.001.

2. The immunostimulatory composition according to claim 1, wherein the at least one
(m)RNA of the adjuvant component, is selected from a short RNA oligonucleotide, a
coding RNA, including an mRNA, an immunostimutatory RNA, an siRNA, an antisense

15 RNA, or riboswitches, ribozymes or aptamers.

3. The immunostimulatory composition according to claim 1 or 2, wherein the at ieast
one (M)RNA of the adjuvant component is an mRNA.

20 4. The immunostimulatory composition according to any one of claims 1 to 3, wherein
the at least one free mMRNA and the at least one (m)RNA of the adjuvant component are
identical to each other.

5. The immunostimulatory composition according to any one of claims 1 to 3, wherein
25 the at least one free mMRNA and the at least one (m)RNA of the adjuvant component are
different from each other. '

|
6. The immunostimulatory composition according to any one of claims 1 to 5, wherein |
the N/P ratio of the (m)RNA to the cationic or polycationic compound in the adjuvant
30 ° component is in the range of about 0.1-10, about 0.3-4, of about 0.5-2, of about 0.7-2 or of |
about 0.7-1.5.

7. The immunostimulatory composition according to any one of claims 1 to 7, wherein
the molar ratio of the (m)RNA of the adjuvant component to the at least one free mRNA of
35 the second component b) is about 1 :1.
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8. The immunostimulatory composition according to any one of claims 1 to 7, wherein
the at least one free mRNA and/or the at least one (m)RNA of the adjuvant component
are GC-stabilized.

9. The immunostimulatory composition according to claim 8, wherein the G/C content
of the coding region of the GC-stabilized RNA is increased compared with the G/C content
of the coding region of the native RNA, the coded amino acid sequence of the GC-
stabilized modified (m)RNA not being altered compared with the encoded amino acid
sequence of the native modified (m)RNA.

10. The immunostimulatory composition according to any one of claims 1 to 9, wherein
the cationic or polycationic compound is selected from protamine, nucleoline, spermine or
spermidine, poly-L-lysine (PLL), basic polypeptides, poly-arginine, cell penetrating
peptides (CPPs), chimeric CPPs, including Transportan, or MPG peptides, HIV-binding
peptides, Tat, HIV-1 Tat (HIV), Tat-derived peptides, oligoarginines, members of the
penetratin family, including Penetratin, Antennapedia-derived peptides (from Drosophila
antennapedia), pAntp, plsl, antimicrobial-derived CPPs including Buforin-2, Bac715-24,
SynB, SynB(1), pVEC, hCT-derived peptides, SAP, MAP, KALA, PpTG20, Proline-rich
peptides, L- oligomers, Arginine-rich peptides, Calcitonin-peptides, FGF, Lactoferrin, poly-
L-Lysine, poly-Arginine, histones, VP22 derived or analog peptides, HSV, VP22 {Herpes
simplex), MAP, KALA or protein transduction domains inciuding PTDs, PpT620, prolin-rich
peptides, arginine-rich peptides, lysine-rich peptides, Pep-1, and Calcitonin peptide(s), or
from proteins or peptides having the following total formula:
(Arg)i(Lys)m(His)a:(Om)q;(Xaa),, wherein 1+ m+ n+o+x=8-15,andl, m,noro
independently of each other may be any number selected from 0, 1, 2, 3,4,56,7.8,9,
10, 11,12, 13, 14 or 15, provided that the overall content of Arg, Lys, His and Orn
represents at least 50% of all amino acids of the oligopeptide; and Xaa may be any amino
acid selected from native (= naturally occurring) or non-native amino acids except of Arg,
Lys, His or Om; and x may be any number selected from 0, 1,2, 3,4,5,6,7, 0r 8
provided, that the overall content of Xaa does not exceed 50 % of all amino acids of the
oligopeptide, or from oligoarginines including Argz, Args, Args, Argy, HaRg, RgHj, HaRgH3,
YSSRySSY, (RKH)4, Y(RKH),R, or from cationic polysaccharides, including chitosan,
polybrene, cationic polymers, polyethyleneimine (PEIl), cationic lipids, DOTMA: [1 -(2,3-
sioleyloxy)propyl)]-N,N,N-trimethylammonium chloride, DMRIE, di-C14-amidine, DOTIM,
SAINT, DC-Chol, BGTC, CTAP, DOPC, DODAP, DOPE (Dioleyl phosphatidylethanol-
amine), DOSPA, DODAB, DOIC, DMEPC, DOGS (Dioctadecylamidoglicylspermin),
DIMRI: Dimyristo-oxypropyl dimethyl hydroxyethyl ammonium bromide, DOTAP:
dioleoyloxy-3-(trimethylammonio)propane, DC-6-14: O,O-ditetradecanoyl-N-(a-
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trimethylammonioacetyl)diethanolamine chloride, CLIPI : rac-[(2,3-
dioctadecyloxypropyl)(2-hydroxyethyl)]-dimethylammonium chloride, CLIPS: rac-[2(2,3-
dihexadecyloxypropyl-oxymethyloxy)ethylJtrimethylammonium, CLIP9: rac-{2(2,3-
dihexadecyloxypropyl-oxysuccinyloxy)ethyl}-trimethylammonium, oligofectamine, or from
cationic or polycationic polymers, including modified polyaminoacids, including as B-
aminoacid-polymers or reversed polyamides, modified polyethylenes, including PVP
(poly(N-ethyl-4-vinylpyridinium bromide)), modified acrylates, including pPDMAEMA
(poly(dimethylaminoethyl methylacrylate)), modified Amidoamines including pAMAM
(poly(amidoamine)), modified polybetaaminoester (PBAE), including diamine end modified
1,4 butanedio! diacrylate-co-5-amino-1 -pentanol polymers, dendrimers, including
polypropylamine dendrimers or pAMAM based dendrimers, polyimine(s), including PE}:
poly(ethyleneimine), poly(propyleneimine), polyallylamine, sugar backbone based
polymers, including cyclodextrin based polymers, dextran based polymers, Chitasan, silan
backbone based polymers, including PMOXA-PDMS copolymers, blockpolymers
consisting of a combination of one or mare cationic blocks (selected of a cationic polymer
as defined above) and of one or more hydrophilic- or hydrophobic blocks (including
polyethyleneglycole).

11.  The immunostimulatory composition according to any one of claims 1 to 10,
wherein the at least one free MRNA encodes an antigen, selected from tumor antigens,
including 5T4, 707-AP, 9D7, AFP, AlIbZIP HPG1, alphabbela1 -Integrin, alphabbetat-
Integrin, alpha-methylacyl-coenzyme A racemase, ART-4, B7H4, BAGE-1, BCL-2, BING-
4, CA 15-3/CA 27-29, CA 19-9, CA 72-4, CA125, calreticulin, CAMEL, CASP-8, cathepsin
B, cathepsin L, CD19, CD20, CD22, CD25, CD30, CD33, CD4, CD52, CDS55, CD56,
CD80, CEA, CLCA2, CML28, Coactosin-like protein, Collagén XX, COX-2, CT-9/BRDS,
Cten, cyclin B1, cyclin D1, cyp-B, CYPB1, DAM-10/MAGE-B1, DAM-6/MAGE-B2,
EGFR/Her1, EMMPRIN, EpCam, EphA2, EphA3, ErbB3, EZH2, FGF-5, FN, Fra-1,
G250/CAIX, GAGE-1 , GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE-7b,
GAGE-8, GDEP, GnT-V, gp100, GPC3, HAGE, HAST-2, hepsin, Her2/neu/ErbB2, HERV-
K-MEL, HNE, homeobox NKX 3.1, HOM-TES-14/SCP-1 , HOM-TES-85, HPV-E6, HPV-
E7, HST-2, hTERT, iCE, IGF-1 R, IL-13Ra2, IL-2R, IL-5, immature laminin receptor,
kallikrein 2, kallikrein 4, Ki67, KIAA0205, KK-LC-1 , KM-HN-1 , LAGE-1, Livin, MAGE-A1,
MAGE-A10, MAGE-A12, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-
B1, MAGE-B10, MAGE-B16, MAGE-B17, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5,
MAGE-B6, MAGE-C1, MAGE-C2, MAGE-C3, MAGE-D1, MAGE-D2, MAGE-D4, MAGE-

- E1, MAGE-E2, MAGE-F1, MAGE-H1, MAGEL2, mammaglobin A, MART-1/Melan-A,

MART-2, matrix protein 22, MC1R, M-CSF, Mesothelin, MG50/PXDN, MMP 11, MN/CA
IX-antigen, MRP-3, MUC1, MUC2, NA88-A, N-acetylglucos-aminyltransferase-V, Neo-
PAP, NGEP, NMP22, NPM/ALK, NSE, NY-ESO-1, NY-ESO-B, OA1, OFA-LRP, OGT,
0S-9, osteocalcin, asteapontin, p15, p15, p190 minor ber-abl, p53, PAGE-4, PAI-1, PAI-2,
PAP, PART-1, PATE, PDEF, Pim-1-Kinase, Pin1, POTE, PRAME, prostein, proteinase-
3, PSA, PSCA, PSGR, PSM, PSMA, RAGE-1, RHAMM/CD168, RU1, RU2, S-100, SAGE,

<212> RNA
: |
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SART-1, SART-2, SART-3, SCC, Sp 17, 8SX-1, SSX-2/HOM-MEL-40, SSX-4, STAMP-1,
STEAP, survivin, survivin-2B, TA-90, TAG-72, TARP, TGFb, TGFbRII, TGM-4, TRAG-3,
TRG, TRP-1, TRP-2/6b, TRP-2/INT2, Trp-p8, Tyrosinase, UPA, VEGF, VEGFR-2/FLK-1,
WT1,; oris selected from mutant antigens expressed in cancer diseases, including alpha-
actinin-4/m, ARTC1/m, bcr/abl, beta-Catenin/m, BRCA1/m, BRCA2/m, CASP-5/m, CASP-
8/m, CDC27/m, CDK4/m, CDKN2A/m, CML66, COA-1 /m, DEK-CAN, EFTUD2/m,
ELF2/m, ETV6-AML1, FN1/m, GPNMB/m, HLA-A*0201 -R170I, HLA-A1 1/m, HLA-A2/m,
HSP70-2M, KIAAD205/m, K-Ras/m, LDLR-FUT, MART2/m, ME1/m, MUM-1/m, MUM-2/m,
MUM-3/m, Myosin class I/m, neo-PAP/m, NFYC/m, N-Ras/m, OGT/m, OS-9/m, p53/m,
PmI/RARa, PRDX5/m, PTPRK/m, RBAF600/m, SIRT2/m, SYT-SSX-1, SYT-SSX-2, TEL-
AML1, TGFbRII, or TPI/m.

12. The immunostimulatory composition according to any one of claims 1 to 11,
wherein the at least one free MRNA encodes:

a) at least one, two, three or four (different) antigens of the foliowing group of
antigens:

» PSA {Prostate-Specific Antigen) = KLK3 (Kallikrein-3),

» PSMA (Prostate-Specific Membrane Antigen),

+ PSCA (Prostate Stem Cell Antigen),

* STEAP (Six Transmembrane Epithelial Antigen of the Prostate),
or

b) at least one, two, three, four, five, six, seven, eight, nine, ten eleven or twelve
(different) antigens of the following group of antigens:

« hTERT,

< WT1,

* MAGE-A2,
* 5T4,

* MAGE-A3,
« MUC1,

* Her-2/neu,
* NY-ESO-1,
» CEA,

* Survivin,

* MAGE-C1 , and/or
* MAGE-C2,

wherein any combination of these antigens is possible.

<213>
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13.  The pharmaceutical composition, comprising an immunostimulatory composition
according to any one of claims 1 to 12 and optionally a pharmaceutically acceptable
carrier, adjuvant, and/or vehicle.

14.  The pharmaceutical composition according to claim 13, wherein the
pharmaceutical composition is a vaccine.

15. A method for preparing an immunostimulatory composition according to any one of
10 claims 1 to 12, comprising following steps:

a) preparing an adjuvant component comprising at least one (m)RNA, complexed
with a cationic or polycationic compound, by mixing in a specific ratio the at least one
{(m)RNA and a cationic or polycationic compound as defined according to any one of
claims 1to 12; and

15 b) preparing the inventive immunostimulatory composition by adding in a specific
ratio at least one free mRNA as defined according to any one of claims 1 to 12 to the
adjuvant component prepared according to step a), wherein the at least one free mRNA,
encodes at least one therapeutically active protein, antigen and/or antibody as defined
according to any one of claims 1 to 12.

20

16.  Use of an immunostimulatory composition according to any one of claims 1 to 15,
or an adjuvant component, comprising at least one (m)RNA, complexed with a cationic or
polycationic compound, and at least one free mRNA, encoding at least one therapeutically
active protein, antigen and/or antibody, as defined according to any one of claims 1 to 12,

25  for preparing a pharmaceutical composition for prophylaxis, treatment, and/or amelioration
of any of the diseases and disorders selected from cancers or tumor diseases,
autoimmune diseases, infectious diseases, including viral, bacterial or protozoo logical
infectious diseases or allergy or allergic diseases.

30 17.  Akit comprising the immunostimulatory composition according to any one of
claims 1 to 12, and/or a pharmaceutical composition according to claim 13 0r 14, and
optionally technical instructions with information on the administration and dosage of the
immunostimulatery composition and/or the pharmaceutical composition.
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"G1XmGn"

49

ggggguuuuu uuuuuuuuuu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

50

41

RNA
Artificial

Description of
"G1XmGn"

50

gggggguuuu uuuuuuuuuu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

51

43

RNA
Artificial

Description of
"G1XmGn"

51

ggggggguuu uuuuuuuuuu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

52

45

RNA
Artificial

Description of
"G1XmGn"

52

<223> Description of artificial
"d xmGn"

artificial

uuuuuuuuuu

artificial

uuuuuuuuuu

artificial

uuuuuuuuuu

artificial

uuuuuuuuuu

artificial

uuuuuuuuuu

artificial

<400> 80 ggguuugggu uuggguuugg
<211> 57 <212> RNA
sequence: Exemplary core structure
uuuggg 36
sequence: Exemplary core structure
uuuuggg 37
sequence: Exemplary core structure
uuuuugggg 39
sequence: Exemplary core structure
uuuuuugggg g 41
sequence: Exemplary core structure
uuuuuuuggg ggg 43

sequence:

Seite 10

sequence:

Exemplary core structure

<213>



Artificial <220> <223> Description of artificial sequence: Exenplary
core structure "d xnCn" <400> 81 cccuuuuuuu uuuuuuuucc cuuuuuuuuu
uuuuuucccu uuuuuuuuuu uuuuccch7 <210> 82 <211> 51 <212> RNA <213>
Artificial

gggggggguu uuuuuuuuuu uuuuuuuuuu yuuuuuuugg ggggg 45

<210> 53

<211> 47

<212> RNA

<213> Artificial

<220>
<223> De%cription of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 53
gggggggggu uuuuUUUUUU UUUUUUUUUU uuuuuuuuug 9gggggg 47

<210> 54
<211> 7

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 54
gguuugg 7

<210> 55

<211> 8

<212> RNA

<213> Artificial

<220>
<223> De?crippion of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 55
gguuuugg 8

<210> 56

<211> 9

<212> RNA

<213> Artificial

<220>
<223> Description of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 56
gguuuuugg 9

<210> 57

<211> 10

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 57
gguuuuuugg 10

<210> 58
Seite 11



<220> <223> Description of artificial

"C xmCn" <400> 82
c51 <210> 83

<211>
<212>
<213>

<220>
<223>

<400>

sequence: Exenplary core structure

cccuuucccu uucccuuucc cuuucccuuu cccuuucccu uucccuuucc

<211> 42 <212> RNA <213> Artificial <220>

11
RNA
Artificial

pescription of artificial sequence:

"G1XmGn"
58

gguuuuuuug g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

59

12

RNA
Artificial

Description of artificial sequence:

"G1xXmGn"
59

gguuuuuuuu gg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

60

13

RNA
Artificial

Description of artificial sequence:

"G1XmGn"
60

gguuuuuuuu ugg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

61

14

RNA
Artificial

Description of artificial sequence:

"GI1XmGn"
61

gguuuuuuuu uugg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

62

15

RNA
Artificial

Description of artificial sequence:

"G1XxmGn"
62

gguuuuuuuu uuugg

<210>
<211>
<212>
<213>

63

16

RNA
Artificial

Exemplary core structure

11
Exemplary core structure

12
Exemplary core structure

13
Exemplary core structure

14
Exemplary core structure

15
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<223> Description of artificial sequence: Exenplary core structure "clxncn"
<400> 83 CCcuuuuuuu uuuuuuuucc ccccuuuuuu uuuuuuuuuc cc42 <210> 84 <211> 60
<212> RNA <213> Artificial <220> <223> Description of sequence: Exenplary
sequence according to fornmula (1) <400> 84 uagcgaagcu cuuggaccua gguuuuuuuu
uuuuuuuggg ugcguuccua gaaguacacg60 <210> 85 <211> 60 <212> RNA <213>
ArtificigR0x220> §223>é%nsct' tion of sequence; Exenplarg sequence according
to formife43Y | RESEEIRIOL 9314t E‘ ifé&ﬂ‘tﬁ"ée'dﬁ’fﬂ‘plaf)". QB0 "L9D4S sequence s
doubl e- stranded RNA <400> 85 uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg
ugcguuccﬁaoglaé uacacg60 <210> 86 <211> 60 <212> RNA <213> Artifigial <220>
<223> Dé?g?lﬁf on-or sequence: Exenplary sequence according to fornmula (1a)
<400> 86

<210> 64

211> 17

<212> RNA
<213> Artificial

<220>
<223> Qe?cription of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 64
gguuuuuuuu uuuuugg 17

<210> 65

<211> 18

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 65
gguuuuuuuu uuuuuugg 18

<210> 66

<211> 19

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"G1xmGn"

<400> 66
gguuuuuuuu uuuuuuugg 19

<210> 67

<211> 9

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"G1xXmGn"

<400> 67
ggguuuggg 9

<210> 68

<211> 10

<212> RNA

<213> Artificial

<220>

<223> De?cription of artificial sequence: Exemplary core structure
"G1XmGn"
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uagcgaagcu cuuggaccua ccuuuuuuuu uuuuuuuccc ugcguuccua gaaguacacg60 <210> 87
<211> 60 <212> RNA <213> Artificial <220> <223> Description of sequence:
Exenpl ary sequence according to fornula (la) <220> <221> mi sc_feature <222>
(1)..(60) <223> sequence is doubl e-stranded RNA <400> 87 uagcgaagcu
cuuggaccua ccuuuuuuuu uuuuuuuccc ugcguuccua gaaguacacg60 <210> 88 <211> 40
<212> RNAO®21688 Artificial <220> <223> Description of sequence: Frenpl ary
sequenc@IXLEE?W ng to general formula (11) <400> 88 cccccceccce CECcccccce
gguuuuuuuu uuuuuuuggg40 <210> 89 <211> 40 <212> RNA 213> Artificial <220>
<223> D%é%’ipf on of sequence: Exenplary sequence according to general

formul a 5 rRN0> <221> misc_feature 222> (1)..(20) <223> sequence is ds
RNA (pol<«l3> Opti&0@> 89 cccccccccc cccccccccc gguuuuuuuu uuuuuuuggg40 <210>
90 <211>,4Q <212> RNA 213> Artificial <220> <223> Description of sequence:
Exenpl ary2Bseqoeicetprace of dirgfitcdalyeaqreate :f oex@pTary|dore <<220ctuc®21> m sc_feature
<222> (23)-(37191XegY3> sequence is double stranded ((A: U <400> 90

<400> 69
ggguuuuugg g 11

<210> 70

<211> 12

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"GT1XmGn"

<400> 70
ggguuuuuug gg 12

<210> 71

<211> 13

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 71
ggguuuuuuu ggg 13

<210> 72

<211> 14

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"G1xXmGn"

<400> 72
ggguuuuuuu uggg 14

<210> 73

<211> 15

<212> RNA

<213> Artificial

<220>
<223> De%cription of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 73
ggguuuuuuu uuggg 15
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ccccceceecee ccceccecccc gguuuuuuuu uuuuuuuggg40 <210> 91 <211> 40 <212> RNA
ial <220> <223> Description of sequence: Exenplary sequence
general formula (lI1) <220> <221> misc_feature 222> (1)..(40)
<223> sequence i s doubl e-stranded RNA <400> 91 ccccccceccc cccececccece
gguuuuuuuu uuuuuuuggg40 <210> 92 <211> 80 <212> RNA <213> Artificial <220>
on of sequence: Exenplary sequence according to general
00> 92 cccccecececececc cccececcecccc uagcgaagcu cuuggaccua gguuuuuuuu
uuuuuuuggeb0 Aaridi{sia®3 <211> 80 <212> RNA <213> Artificial <220> <223>
Descripti )of sequence: Exenplary sequence according to general formula (I1)
<220> <2§5§g§> NMb&erfAabMbe 722214 )kequedPd: <Bédp1aF9UMRBCR rusudOUDI e- st randed
RNA <400> 93 t¢@xw&t'cccc cccccccccC gguuuuuuuu uuuuuuuggg ugcguuccua
gaaguacaggf0 sagcgaagcu cuuggaccuad80 <210> 94 <211> 80 <212> RNA <213>

E usigdd> Description of sequence: Exenplary sequenpge according
to general formula (I1) <220> <221> misc_feature <222> (21)..(80) <223>
sequence,ig deybl e stranded RNA <400> 94 cccccccccc cCcccccecccc gguuuuuuuu

<213> Artific
according to

<223> &0 p
formul a &

Artificigabuma

uuuuuuug%?yug
< >
<213>

<220>
<223>

<400>
ggguuuu

<210>
<211>
<212>
<213>

<220>
<223>

<400>
ggguuuu

<210>
<211>
<212>
<213>

<220>
<223>

<400>
ggguuuu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

tgyuuccua gaaguacacg60
RNA

Artificial

Description of artificial sequence:

"G1XmGn"

75
uuu uuuuggg

76

18

RNA
Artificial

Description of artificial sequence:

"G1XmGn"

76
uuu uuuuuggg

77

19

RNA
Artificial

Description of artificial sequence:

"G1XmGn"

77
uuu uuuuuuggg

78

57

RNA
Artificial

Description of artificial sequence:

"G1XmGn"
78

Exemplary core structure

17

Exemplary core structure

18

Exemp1 ary core structure

19

Exemplary core structure

ggguuuuuuu UuUUUUUUgg guUUUUUUUUU UuuUuugggu uuuUUUUUUU uuuuggg 57

<210>
<211>
<212>
<213>

79

42

RNA
Artificial
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uagcgaagcu cuuggaccua80 <210> 95 <211> 20 <212> RNA <213> Artificial <220>
<223> Description of sequence: exenplary sequence of stem 1l (sequence is
palindromic to SEQ ID NO 96) <400> 95 uagcgaagcu cuuggaccua <210> 96 <211>
20 <212> RNA <213> Artificial <220> <223> Description of sequence: exenplary
sequence of stem 2 (sequence is palindromc to SEQ ID NO 95) <400> 96
uaggucca g -agcuucgeua <210> 97 <211> 11 <212> RNA <213> Artificial <220>

<223> De PR 10|$%Q|U§Q¢§1c1§?(%m@5¥ SEUMIBTES QreSi®lRdirbSequence is
pallndronlc t 01 98) <400> 97 gccgcgggecc gll <210> 98 <211> 11 <212>

RNA <213> ﬁr C|al <220> <223> Description of sequence: exenplary sequence
woad

of stem;go DGRiuLSughAdohsliani Gubkuuair 4P NO 97) <400> 98 cggeeecgegg cll
<210> 99 <211> 10 <212> RNA <213> Artificial <220> <223> Description of
sequence;,,gxegpl ary sequence of stem 1 (sequence is palindromc to SEQ ID NO
100) <4 }L995gacacggugclo <210> 100 <211> 10 <212> RNA <213> Artificial

< > <212>
220 <213> Art1f1c1a1

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"G1XmGn"

<400> 80
ggguuugggu uuggguuugg guuuggguuu ggguuugggu uuggguuugg g 51

<210> 81

<211> 57

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"c1XmCn"

<400> 81
CCCUUUUUUU UUUUUUUUCC CUUUUUUUUU UUUUUUCCCU uuuuuuuuuUU uuuuccc 57

<210> 82

<211> 51

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"C1XmCn"

<400> 82
CCCUUUCCCU UUCCCUUUCC CUUUCCCUUU CCCUUUCCCU uucccuuucc ¢ 51

<210> 83

<211> 42

<212> RNA

<213> Artificial

<220>
<223> De?cription of artificial sequence: Exemplary core structure
"C1xmcn"

<400> 83
CcCuuuuuUU uuuUUUUUCC CcCCCuuUuuuU uuuuuuuuucC cc 42

<210> 84

<211> 60

<212> RNA

<213> Artificial

<220>
<223> %e§cription of sequence: Exemplary sequence according to formula
I
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<223> Description of sequence: exenplary sequence of stem 2 (sequence is
palindromc to SEQ ID NO 99) <400> 100 gcaccgugcall <210> 101 <211> 8 <212>
RNA <213> Artificial <220> <223> Description of sequence: exenplary sequence
of either stem 1/sten? (sequence is intrinsic palindromc) <400> 101
accuaggu8 <210> 102 <211> 8 <212> RNA <213> Artificial <220> <223>

Descri ptjiigf> oé@sequence: exenpl ary sequence of either stem 1/sten (sequence
isintri ' ug) C w2zl Q> c 1> 5 12> RNA
<213> Arti fglcagl al k@gggugzggg%g%?%t{&?g%éogﬁgequencgea:;agaxg(?r%l ary 6s/()gquence of
stem1 (gequepce is palindromc to SEQ ID NO 104) <400> 103 ccugc5 <210> 104
<211> 5<§§%2> <213> Artificial <220> <223> Description of sequence:

1 : : .
228313 i{f lgeq% 1_eci(é)lg stem 2 (sequence is palindromic to SEQ ID NGO 103)

<220>

<223> %e§cription of sequence: Exemplary sequence according to formula
I

<220>

<221> misc_feature
<222> (1)..(60)
<223> sequence is double-stranded RNA

<400> 85
uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg ugcguuccua gaaguacacg 60

<210> 86
<211> 60
<212> RNA
<213> Artificial

<220>
<223> %esgription of sequence: Exemplary sequence according to formula
Ia

<400> 86
uagcgaagcu cuuggaccua CCUUUUUUUU UUUUUUUCCC ugcguuccua gaaguacacg 60

<210> 87

<211> 60

<212> RNA

<213> Artificial

<220>
<223> %esgription of sequence: Exemplary sequence according to formula
Ia

<220>

<221> misc_feature

<222> (1)..(60)

<223> sequence is double-stranded RNA

<400> 87
uagcgaagcu cuuggaccua CCuuuuuuUU UUUUUUUCCC ugcguuccua gaaguacacg 60

<210> 88

<211> 40

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general
formula (II)

<400> 88
CCCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg 40
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gcagg5 <210> 105 <211> 5 <212> RNA <213> Artificial <220> <223> Descri ption of
sequence: exenplary sequence of stem 1l (sequence is palindromc to SEQ ID NO
106) <400> 105 gcaggb <210> 106 <211> 5 <212> RNA <213> Artificial <220> <223>
Description of sequence: exenplary sequence of stem 2 (sequence is palindromc
to SEQ I D NO 105) <400> 106 ccugc5 <210> 107 <211> 60 <212> RNA <213>
ArtificiQlo<22D> <400> 107 uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg
uagguccaBgagifiucgcuab0 <210> 108 <211> 122 <212> RNA <213> Artificial <220>
<223> Destsd patrtamicihlei ther fornmul a sequence: inventive nucleic acid according
to (IIi?ﬁégr (I'1'11o) <400> 108 uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg

3

UgCguUUCCYP30AZAUAGAGHR W FICLAGREYC G XIS AN YEGMN ADFBHBSAL 1Y GINGSFICY geugeguuce
uagaaguacalZOfmgﬁ%giialog&%OQ <211§g¥g gglggugRT <2132%ﬁﬁk%own <220> <223>

Description of sequence: sequence of protam n P1 <400> 109

<220>

<221> misc_feature

<222> (1D..20)

<223> sequence is ds RNA (poly(I:C))

<400> 89
CCCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg 40

<210> 90

<211> 40

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general
formula (II)

<220>

<221> misc_feature

<222> (23)..37)

<223> sequence 1is double stranded ((A:U)

<400> 90 i
CCCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg 40

<210> 91

<211> 40

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general
formula (II)

<220>

<221> misc_feature

<222> (1)..(40)

<223> sequence is double-stranded RNA

<400> 91
€CCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg 40

<210> 92

<211> 80

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general
formula (II1)

<400> 92
CCCCCCCCCC CCCCCCCCCC uagcgaagcu cuuggaccua gguuuuuuuu uuuuuuuggg 60
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Ser Arg Ser Arg Tyr Tyr Arg An Arg Gn Arg Ser Arg Arg Arg Arg 151015 Arg
Arg <210> 110 <211> 21 <212> PRT <213> Unknown <220> <223> Description of
sequence: sequence of protam n P2 <400> 110 Arg Arg Arg Leu H's Arg Ile His
Arg Arg A n His Arg Ser CyS Arg 151015 Arg Arg Lys Arg Arg 20 <210> 111 <211>
13 <212> RNA <213> Unknown <220> <223> Description of sequence: Kozak
sequence9eghEsual 93guGRLY> 112 <211> 15 <212> RNA <213> Artifici a$0 <220> <223>
Description of sequence: generic stabilizing sequence of the fornmula

(c/ u) ccARxecc9u/ A) pyxuc(c/u)cc <220> <221> variation <222> (1)..(1) <223>

I repl aceZ Jlgytg ine (cytosine)" /replace="uridine (uracile)" <220> <221>

m sc feaﬁtzmge 2rcibl) . . (1) <223> nucleic acid = cytidine (cytosi ne) or

uridi ne éuraci | e) <220> <221> misc_feature <222> (5)..(5) <223> N\x = a, g, C

or u or B8% obleh: G SCsedfie <220anp 231 ZedlRhiALLARAFR2ES gbRrat (5)

formula (II)

<220>

<221> misc_feature

<222> (1)..(80)

<223> sequence is double-stranded RNA

<400> 93
CCCCCCCCCC CCCCCCCCCC gguuuuuuuu uuuuuuuggg ugcguuccua gaaguacacg 60

uagcgaagcu cuuggaccua 80

<210> 94
<211> 80
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: Exemplary sequence according to general
formula (II)

<220>

<221> misc_feature

<222> (21)..(80)

<223> sequence is double stranded RNA

<400> 94
CCCCCCCCCC cceceecececcecce gguuuuuuuy uuuuuuuggg ugcguuccua gaaguacacg 60

uagcgaagcu cuuggaccua 80

<210> 95

<211> 20

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence
is palindromic to SEQ ID NO: 96)

<400> 95
uagcgaagcu cuuggaccua 20

<210> 96
<211> 20
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence
is palindromic to SEQ ID NO: 95)

<400> 96
uagguccaag agcuucgcua 20
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<223> /replace="cytidine (cytosine)" /replace="uridine (uracile)"

/ repl ace="guanosi ne" /repl ace="adenosi ne", or any othe nucleic acid <220>
<221> repeat _unit <222> (5)..(5) <223> x = any nunber <220> <221>

m sc_feature <222> (9)..(9) <223> nucleic acid = uridine (uracile) or
adenosi ne <220> <221> variation <222> (9)..(9) <223> /repl ace="uridine
(uracile)" /replace="adonosi ne" <220> <221> m sc_feature <222> (10)-(10)
<223> Py_,To.PY§7 M di ne <220> <221> repeat_unit <222> (10)..(10) <223> x - any
nunber <220> 1x221> variation <222> (10)-(10) <223> /replacvarinidine" <220>
<221> nr%iﬁje??Q;e i$222> (13)..(13) <223> nucleic acid = cytidine (cytosine)
uri dif (uraC|]ef <220>

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence
is palindromic to SEQ ID NO: 98)

<400> 97
gccgegggec g 11

<210> 98
<211> 11
<212> RNA
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence
is palindromic to SEQ ID NO: 97)

<400> 98
cggceccecgegg C 11

<210> 99

<211> 10

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence
is palindromic to SEQ ID NO: 100)

<400> 99
gacacggugc 10

<210> 100

<211> 10

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence
is palindromic to SEQ ID NO: 99)

<400> 100
gcaccgugca 10

<210> 101

<211> 8

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: gxemp1ar¥_sequence of either stem
1/stem2 (sequence is intrinsic palindromic)

<400> 101
accuaggu 8

<210>
<211>

102
8
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<221> variation <222> (13)..(13) <223> /replace="cytidine (cytosine)"
/replace="uridine (uracile)" <400> 112 nccancccnn ucnccl5 <210> 113 <211> 20
<212> RNA <213> Artificial <220> <223> Description of sequence:
i mrune-stinmulating oligo RNAAO <400> 113 gcccgucugu ugugugacuc20 <210> 114
<211> 229 <212> RNA <213> Artificial Sequence <220> <223> Description of
sequence21Bxermd ary sequence according to fornula (1) <400> 114 gggagaaagc
ucaagcuuﬁbkagﬁﬂaﬁy%éé agaguauugg cccccgugua gguuauucuu auccgagucg cauacuacgg
uacugguggg?acuagapgqg a%uccgucaa aQCﬁguuaga gcg&auy ag gaaaccgagu ugcauaucuc
gacagac 39 | an ®acifed Kea'en guenge cageItge” é€elyuccgec uguuacacuc
uauuagauc <%¥%§%§?5“WETT51gggggfgﬂﬁp P85 Artificial sequence <220>
<223> De®o00i ptéon of sequence: (1) Exenplary sequence according to fornula
<400> 1M998f§Agaaagc ucaagcuugg agcaaugccc gcacauugag gaaaccgagu figcauaucuc60
agaguauugg cccccgugua gguuauucuu gacagacagu ggagcuuauu cacucccaggl20
auccgagugoxcal@cuacgg uacuggugac agaccuaggu cgucaguuga ccaguccgccl80
acuagac 3bgg gCcgucaa agcaguuaga uguuacacuc uauuagaucu cggauuacag240 Seite 24
<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence
is palindromic to SEQ ID NO: 104

<400> 103
ccugc 5

<210> 104

<211> 5

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence
is palindromic to SEQ ID NO: 103)

<400> 104
gcagg 5

<210> 105

<211> 5

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 1 (sequence
is palindromic to SEQ ID NO: 106)

<400> 105
gcagg 5

<210> 106

<211> 5

<212> RNA

<213> Artificial

<220>
<223> Description of sequence: exemplary sequence of stem 2 (sequence
is palindromic to SEQ ID NO: 105)

<400> 106
ccugc 5

<210> 107

<211> 60

<212> RNA

<213> Artificial

<220>
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cuggaaggag gcuuauuaac aauuacugac aggugaccaa cggucaaucu ccucuag caggaguagu
gaacggcucc ugccuggauu cgcccacucg acuucuggcu guucuugcuc uccucuuaga acccucggac
aguagaccag aguuaagaau uaaguaccga cugcagcgua auauaaccuu cucucuuagu aggcugcacc
gugugcccaa uacccgauca agugcggaau cuggggauca guagcacgcu guugcuguau ccggacaaug
auaggaggcg gaccucuaua aguagcguguIje <210> 116 <211> 1qg; <212> RNA <213>
Artifici<dR3ssepgsenietien 20>seq@a@e: Dogentiipe inoaledf asadwenedting Itp Exenpl ary
sequence accogﬁﬁﬁ@fPﬁmﬁﬁrﬂﬁF? or 5 116 gggagaaagc agaguauugg auccgagucg
acuagacgugoscugiraaggag gcuuauuaac aauuacugac aggugaccaa cggucaaucu ccucuagagc
uuauucgyagcgastyaEeHogecYa IpyEaNE YHEUEeIagarragecreaa AgaLr 9efaugecct gacgugggua
ccgaccuaaa auu ucaagcuugg cccccgugua cauacuacgg aguccgucaa caggaguagu
gaacggcu@tosugtduggauu cgcccacucg acuucuggcu uacgcagguu aaacgccaga gcuuaucuug
ggggagcugdiackHcccgge ucauggugua ggcuugugcc ccgauucgug cugguccaau  agcaaugecce
gguuauucdizlagmggigat agcaguuaga guucuugcuc uccucuuaga acccucggac aguagaccag
aguuaagaau cgcaauaaaa augcuaaauu uguacguucu guagcagcga auccguugua gucgacaaua
UCUC3994§§£3C§£%Pﬁﬁ¥&1Q¥QHQGQ&@PinggﬂﬁﬁyHgéﬁiQQ&@gé&G&%iQQQGCuaggu uguuacacuc
uaaguaccga cughgeFoemabauaaL)Cutl (@Ur)cuuagu aggcugcacc gcguugauua ccaauaacuc
cgcacaugga aapagggccc gcgaucccgu acagcgucuu acagcgauac agauuauucc ucgcugageg
gaaaccygadycdAdgdr bildhlc il UWgd GO YalllatqdClygaiéds adsua@8idCggaagh guagcacgceu
ccggacaaug gaccucuaua gugugcauag uucccaaaac agaaucagcg cugcgcacgu uaucaguguu
ggcagaudﬁﬁmﬂeﬁﬁagﬁ5€w“éﬁu@@@%@éﬁzQgﬂﬁggﬁgdﬁmgﬂgwé&é@&ﬁ@“@ﬁbucccgﬁb ccaguccgcc
cggauuaggg uacccgauca cuggggauca guugcuguau auaggaggcg aguagcgugip aacagaccuc
gcguacggcc ggcauggugg agcuucgcug auucuugugc ggucacgugc caagguacuc ccccgcaccg
aaaagcuugay, <go0> 117 <211> 229 <212> RNA <213> Artificial sequence <220>

18

<211>
<212> PRT
<213> Uunknown

<220>
<223> Description of sequence: sequence of protamin Pl

<400> 109
Ser Arg Ser Arg Tyr Tyr Arg GIln Arg GIn Arg Ser Arg Arg Arg Arg
1 5 10 15

Arg Arg

<210> 110
<211> 21
<212> PRT
<213> Unknown

<220>
<223> Description of sequence: sequence of protamin P2

<400> 110

Arg Arg Arg Leu His Arg Ile His Arg Arg GIn His Arg Ser Cys Arg
1 5 10 15
Arg Arg Lys Arg Arg

20

<210> 111
<211> 13
<212> RNA
<213> Unknown

<220> o
<223> Description of sequence: Kozak sequence

<400> 111
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223> Description of sequence: Exenplary sequence according to fornmula seite
25 (1) <400> 117 gggagaaagCc ucaagcuuau ccaaguaggCc uuuuuuuuuu uuuuuuuuga
ccgucucaag auccacagcu gaugaaagac uugugcggua uuuuuaguaa augcgucuac ugaauccagc
<210> 118 <211> 546 <212> RNA <213> Artificial sequence uggucaccug
uacaacguag ccgguauuuu guccaaguua gucugccuau aaaggugcgg cgguuaaucu ccccuuuuuu
uuuuuuuLAgaIFACEPaMg Ug gcccagauc <220> <223> Description of sequkhce:

Exenpl ary sequence according to formula (1) uuuuuuuuuu auccacagcu
uuuuuaguaaogu uauag cugagacuuc gaaaucccgu guggaguguc uuuuuuuuuu gcucua
uuuuuuquéggagggaagac augcgucuac uagucaucga gcuagagacu ucagguuuuu acugcucucg
UUUUUUUUZE3S CRdYeH&Gafg uugugcggua ugaauccagc gggucgccuu acaguuacag uuuuuuuuuu
aggucucacg uugugcgacg guccaaguua cgguuaaucu gaugaugcug uuuuuuuuuu cugcaguagu

UUUUUUCCEOSRIBACHENG T, RUCAGAORYR o AMGUIGEHR SEL CHUIMHLY (BCREATJAUCU UuUUUUUUUY
aaccacugcg ucastha aw@uemmomgwwdﬂuuc adaggugcgg uuuuuuuuuu ucgaccacaa

uggcccaguu gcuauugcag uaagaaccag uggaagaauc augcaggucu <210> 119 <211> 1083
<212> RNA,5213> Artificial sequence <220> <223> Description of sequence:
Exenpl arqg2sequariacioaccording to formula (1)

<222> (1)..(D

<223> /replace="cytidine (cytosine)"

/replace="uridine (uracile)"

<220>

<221> misc_feature

<222> (D..(D ‘
<223> nucleic acid = cytidine (cytosine) or uridine (uracile)

<220>

<221> misc_feature

<222> (5)..(5)

<223> Nx = a, g, € or u or any other nucleic acid

<220>

<221> variation

<222> (5)..(5)

<223> /replace="cytidine (cytosine)"

/replace="uridine (uracile)"
/replace="guanosine"
/replace="adenosine", or any othe nucleic acid

<220>

<221> repeat_unit
<222> (5)..(5)

<223> x = any number

<220>

<221> misc_feature

<222> (9)..(9

<223> nucleic acid = uridine (uracile) or adenosine

<220>

<221> variation

<222> (9)..(9

<223> /replace="uridine (uracile)"”

/replace="adonosine"

<220>

<221> misc_feature
<222> (10)..(Q10)
<223> Py = pyrimidine

<220>

<221> repeat_unit
<222> (10)..Q10)
<223> x = any number

<220>
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uuuuuuuuuu
uuuuuuuuga
ccgucucaag
uggucaccug
gcccagaucu
agagcgc @bau
uggcccagihissgc e

10

e

auccacagcu
gaugaaagac
uugugcggua
uacaacguag
uuuuuuuuuu

ol

uuuuuaguaa
augcgucuac
ugaauccagc
guccaaguua
uuuuuuuuuu
seite 26

wamigidaecag

augccguggc accacaaaua uacauguugc

auu uuul

gugcauauag
uagucaucga
gggucgccuu
gucugccuau
cugcaguagu
ccgguauuuu
uggaagaauc
ucaaaagacg

gcagacguQsuugiayuLuey ccggcucaga uucauauucc

cugagacuuc
gcuagagacu
acaguuacag
cgguuaaucu
aaccacugcg uuuuuuccgc ucacuaugau
aaaggugcgg uuuuuuuuuu ucgaccacaa

uuuuuuuuuu gcucuagaac uuuuuuuuuc
uucguguuuu ucauagggua uuuuuuuuuu

gaaaucccgu
ucagguuuuu
uuuuuuuuuu
ccccuuuuuu

guggaguguc
acugcucucg
aggucucacg
gaugaugcug

UUH&CQQEEMQQCCU CuCcCCaaCaa uccCcauaggac auauucuugcC acaggcuccu

uugugcgacg gacgccugaa augucgauca

guguagacy¥g3uutrpl ety gei uauiytiding (ytegaehac aridingu(yagileuuaugeccuu caugcuaagce
aucacagaggjp,cuuaugagcg auagcugggc cuauuuuuuu gcaagggccc uuuuuuuuuu cggucuaaag
accuaca bgg asi@aC aagggaugcc acuucuauuc ugcguauuuu uguuggagac uuuuuuuuuu
cguauca yggé qﬁagchg céiRgpgcacugu ugcccagcau gcgagucaug augcaggucu
uuuuuuuuuu gcgugagcaa uuuucc agg calaaacggg uauuccgguc aucugccgug aguucgcaau
acuuuuuuvrerlagedgeidiga (uelife)"120 <211> 1365 <212> RNA <213> Artificia
Sequence 58207, ,<223> Description of sequence: NRNA sequence according to SEQ
| D NO 1mcmhtéh|&&htblts a exhibits a |l ength of 1365 nucl oti des snd was terned
" CAP- GgOva( &C) - muag- A70- 00", uucaaggagc augagcgcgc aagguggucc accagcguga
gacgucuaggg.ccegaguacc cagacggcgg ggcaucaucc gucaacgcca gccaugcccu gggcucuucce
gccucgggealcug@yagucga gagcgcaaga ucgguccuga aucagcucgg aacgaggccg ugaaggucca
ucgccaugghl cﬁﬁg cga acgugcacag gcuucagccu ugcagugcgu ccgaccaggc gcaacguccu
ucguguucaa ‘'uccgggugac ggguggcgag cgaugagcau ucaucaacuu ucaaggugua uggcgauggg

CCgagagCg%'g;gCCg%91 pgcqon of sequence:

<400> 113
gcccgucugu ugugugacuc

immune-stimulating oligo RNA40Q
20

<210>
<211>
<212>
<213>

<220>
<223>

114
229
RNA
Artificial Sequence

Description of sequence:

€9)

<400> 114
gggagaaagc

agaguauugg

Exemplary sequence according to formula

60
120
180
229

ucaagcuugg agcaaugccc gcacauugag gaaaccgagu ugcauaucuc

cccccgugua gguuauucuu gacagacagu ggagcuuauu cacucccagg

auccgagucg cauacuacgg uacuggugac agaccuaggu cgucaguuga ccaguccgcc

acuagacgug aguccgucaa agcaguuaga uguuacacuc uauuagauc

<210>
<211>
<212>
<213>

<220>
<223>

115
547
RNA
Artificial Sequence

Description of sequence:

€9

<400> 115
gggagaaagc

agaguauugg

Exemplary sequence according to formula

60
120
180
240

ucaagcuugg agcaaugccc gcacauugag gaaaccgagu ugcauaucuc

cccccgugua gguuauucuu gacagacagu ggagcuuauu cacucccagg

auccgagucg cauacuacgg uacuggugac agaccuaggu cgucaguuga ccaguccgcc

acuagacgug aguccgucaa agcaguuaga uguuacacuc uauuagaucu cggauuacag
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ccacgccaac guaccugggc gcugcccggc cucgcuccgg ggccucgcgg gaaggagcuc ccgggagcug
ccagccgucg gggccugugg cgagcaggag cauggccagc gcucgugcug cgagaagcug ccucccgcgg
gaucaccgac gaagaucagc cguggggucg gagaacaucu ucuacugccc gccaaggaca gcacccggac
uucggggacu cgaucgaggc gacauccuga accagaucac cucuacgccg aggagcgcua uaccggggcg
ggcuggagcc aucaacagcu ggguggagag agcguggaca gccagaccgc gagaagacgu ucaaggacga
ucgaagc Y9688y SAFAUAFH JHH GEHIGEC agmewgw@ag@eeg@égcgag@cagcg@ accgagugga
CCagCagRauayddagaitggcid ddddldea GUSAHERACAgudEdadld Cugdogad&0CJgugsp acgccgecca
gccgaggcgg gcguggacgc Seite 27 gaucgccauc gcagaucaac gcagugcggc caagccgaac
cccgauc AYUFHIRQETHBILE AFEELRGRC Qaﬂ@&%ug‘agg%féét&c%'a%‘”gﬂ%"ccaga 0 gcugccguuc
CCUCgagGagudad i dgkdafcucg dphubightc gy COecalididecggdcldadabggaggé L agcgugo agcgaggagu
uccgcgcg a ccacccguuc cuguucugca ucaagcacau cgccaccaacl140 gccgugcucu

LCUUCqo DB GalCY BTYEHOEH AR RAR ARSI Sasr S ltHke FRHRIEIEY CcgatBhocc
ucccaacg@gcumgCuccuccC cuccuugcac cgagauuaau aaaaaaaaaal260 aaaaseraaaa
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaauauuccl320 cccccccccc
CCCCCCCCBgpLCERLCCCUC uagacaauug gaauul365 <210> 121 <211> 1816 <212> RNA
<213> ArilBi cl@B3 Sequence <220> <223> Description of sequence: nRNA seguence

accor di r@éi %gfiﬁlall\lq ﬂ%"c ich exhibits a |l ength of 1816 nucl eotides and
uct

was terne auaaagaaag cauaaggcua aucgaggugg augaaacgau

caauucu 0>gacauuuaua uycguuucca caaaaaauua uucgucac U gau ca ggugucgcuc
IO 7 otinty aga%aa‘agag ERERI8 e AR A AL AL G B BE%8a. ucageuauUC
ccauuuuuu agaggcgaac gcgaccaacg gacgaagacg gcccggcgcc ugaagagaua acaucacuua
augggcug? a2 gg UUlFU aaC U a ag%%gg uqmygggcau gmmugﬁgucuacg agacaauugc
ugccucaldg 5. aa catiide"dda agagé%gu% gcéhguu Ut ‘acgaaauugt gguuccaucu
ugauuac&@amaagngaaggunugugmgugag:ceuugaumgamaaaaowu@uuxcauucuaumﬂg cgccecugguu

cgcugaguae gk g&%g@&lﬁéﬁacggauac ggaua agg %lﬁ%gé‘ac%%g;dd flaaaagd, ucccgguuuu

acugaucaug a ccugc gaggag ucuucgcc uucugguggc
gccaggumeamqgagg%awqagmawaga HEYICREURUCARYG A FggRIVesAIC guugatd cuggaagaug

gaac CcgCuygqdagbio eatfg@guddt Wudbilidete YHSHEAEHATGLusEtds Akt @BaAUCgUgsh uaugcaguga
uuuaucggag uugcaguugc aguaugggca uuucgcagcc uugaacgugc aaaaaaagcu gauuaccagg
gauuucadifbudH i a SO UL HFGHEHYAS? SHEREEWRLRPUISIRRAY CUBPIGYFagauud®P cgcaugecag

AUUUU2AGHJudEIGA GERUHoAL AGUGGRAC UUARIBAOLLAGUAGRE GRS BEARJAULSR aaaagcacuc
ugauugacaa gcuccccucu cuaaggaa caaggau augggcucac auaaacc gcgcggucgg
gauaccgﬁ&“éﬁé@g&%@@c”&ﬂﬂgg%g ﬂ%ﬁab«’?@a&w@g‘g’gﬂ&@aa@ Q@Qagacg cgccugaagu
cucugaumguéehiﬁaa&cuggaga@aamu@ agadigcaeagacggiagaagtagcga@cucuchap gcccgcgaac
uaccgugqug_cccaaucauc uacac%lggﬂguccuuc ucg%ccuaaa aggg;ﬁﬂgﬁﬁ)ccaucacggu

cuuaauguat“Gatfo YA Al aTGatHia Jaagcy UG a fACHR2 cguuaaucaa
ggguc;ggaamagguﬁamuggagaan@maggm:cuageagguggcgﬁagguggmggguggﬁgﬁaﬁg a;:gc;gcgﬁ
L

aaaaguugc daaadaaa cgaau aucc cgacgaugac
gacggaadaadasgaig gedypaocuag apancager gadrgac@acl Jaactsge kgasucgcug 780
uucgucugaa acaacccggc auccguugua gcgaucccgu uaucaguguu auucuugugc 840
gcacuaagau ucauggugua gucgacaaua acagcgucuu ggcagauucu ggucacgugc 900
ccuaugcccg ggcuugugcc ucucaggugc acagcgauac uuaaagccuu caagguacuc 960
gacgugggua ccgauucgug acacuuccua agauuauucc acuguguuag ccccgcaccg 1020
ccgaccuaaa cugguccaau guauacgcau ucgcugagcg gaucgauaau aaaagcuuga 1080
auu 1083
<210> 117
<211> 229
<212> RNA
<213> Artificial Sequence
<220>

<223> Description of sequence: Exemplary sequence according to formula
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aucuugcucc gccggugaac gagaucgugg guguuugugg gagauccuca aaaaaaaaaa aacugcaggu
aacaccccaa uucccgccgc auuacgucgc acgaaguacc uaaaggccaa aaaaaaaaaa cgacucuaga
caucuucgac cguuguuguu cagucaagua gaaaggucuu gaagggcgga aaaaaaaaaa ggauccccgg
<210> 122 <211> 13 <212> RNA <213> Artificial <220> <223> Description of
sequence: Kozak-sequence <400> 122 gccgccacca ugg <210> 123 <211> 15 <212>
RNA <213> Art£¥X cial <220> <223> Description of sequence: generic sequence of
a stabil jsgpha18equence of the general fornmula: (C u) CCANKCCC(u/ A) RyxuC(C/ u) CC

<220> <29’2_;i_l;agaaagd ata'agnuuQBZQ:}xaﬁLﬂa)gg( L)ggu@?&rg Licptgaag<cgydansune” 60
/replace— uraci | 221> vy atlon = <223>
/¢ ol acam Pl Buwsiads, Goatiald du P8l hiGacta) delasie” 10

/ repl aceaﬂtamagosgwaaagmc @ygaghe cgowlagua achduu@Q(lwumwmuu repea8ounit <222>

(5)-(5) FoaREuda TP BRLUE60Taidtbeug’ BEdaE4RN

229
<210> 118
<211> 546
<212> RNA
<213> Artificial Sequence
<220>
<223> %e§cription of sequence: Exemplary sequence according to formula

I
<400> 118
gggagaaagc ucaagcuuau ccaaguaggc uggucaccug uacaacguag ccgguauuuu 60
UuUUUUUUUU Uuuuuuuuga ccgucucaag guccaaguua gucugccuau aaaggugcgg 120
auccacagcu gaugaaagac uugugcggua cgguuaaucu CCCCUuuuuu uuuuuuuuuu 180
uuuuuaguaa augcgucuac ugaauccagC gaugaugcug gcccagaucu ucgaccacaa 240
gugcauauag uagucaucga gggucgccCuu Uuuuuuuuuu uUuuuUUUUUU uggcccaguu 300
cugagacuuc gcuagagacu acaguuacag cugcaguagu aaccacugcg gcuauugcag 360
gaaaucccgu ucagguuuuu uUuuuUUUUUU UuuuuuCCcgC ucacuaugau uaagaaccag 420
guggaguguc acugcucucg aggucucacg agagcgcucg auacaguccu uggaagaauc 480
uuUUUUUUUU UuuuUUUuUU uugugcgacg aucacagaga acuucuauuc augcaggucu 540
gcucua 546
<210> 119
<211> 1083
<212> RNA
<213> Artificial Sequence
<220>
<223> ?eicription of sequence: Exemplary sequence according to formula
I

<400> 119
gggagaaagc ucaagcuuau ccaaguaggc uggucaccug uacaacguag ccgguauuuu 60
uuUUUUUUUU uuuuuuuuga ccgucucaag guccaaguua gucugccuau aaaggugcgg 120
auccacagcu gaugaaagac uugugcggua cgguuaaucu CCCCUuluuuu uuuuuuuuuu 180
uuuuuaguaa augcgucuac ugaauccagc gaugaugcug gcccagaucu ucgaccacaa 240
gugcauauag uagucaucga gggucgcCuu UuuuuuuuUUU Uuuuuuuuuu uggcccaguu 300
cugagacuuc gcuagagacu acaguuacag cugcaguagu aaccacugcg gcuauugcag 360
gaaaucccgu ucagguuuuu UUUUUUUUUU uuuuuuccgc ucacuaugau uaagaaccag 420
guggaguguc acugcucucg aggucucacg agagcgcucg auacaguccu uggaagaauc 480

Seite 26



<222> (9)-(9) <223> /replace="uracile" /replace="adonosine" <220> <221>
variation <222> (10)..(10) <223> /repl ace="pyrim di ne" <220> <221>

repeat _unit <222> (10)..(10) <223> x = any nunber <220> <221> variation <222>
(13)..(13) <223> /replace="cytosine" /replace="uracile" <400> 123 nccancccnn
ucncc <210> 124 <211> 1902 <212> RNA <213> Influenza virus <220> <221>

M sC_f eaulyiuERD SuUUDBIIE | YOHgR9aed a4EetfdesaseacuyRNAUS eyaeisdectencodPty t he

pat hogenjcgcAghi 96 DgsRA Wb Edgh CilugbsQMiRtileNZAuNIKILIG  J8e@ccaca
gugcuggaga gggaagcugu ggcuggcugc aucgucgaga gaggagcucc aaggagagcu ggcaagucca
aagcugaatfHutEEa ¥ GRIAG RYTHEAMY SR JURTYBHECEIUHaSAE T8 g6 uucggf® cagacccccce

CCaUCUQGRH RUFRC JHASo (e CAGeMHER™A LoATHAARC G LOGRRGAAGUG @FERICaJeh CCuggcccaa
gcuucuacc acagcuacgu cCccCaacucCccaa cguccaacua aggccggccg@g&ggcaacgg%gcggcaucau

ugggcge Caha2 @Y e AT IE RIS IGRAA EEY 2B FegY IEY gaac gagcuccgug

ccacaacarea@Rads dgidcuzaatasgiag Ygagaaglagudgaafgdaagdecgaugaacuae gaaccugauc
cacguccaac caacuccag

ucaaaagacg gcag gguca gucgacaaca cggucuaaag cagugcuaca aucugccgug 900
uucguguuuu uuUUUUUUUUU uuuuuuguga accuacacgg cgugcacugu aguucgcaau 960
ucauagggua ccggcucaga guuaugccuu gguugaaaac ugcccagcau acuuuuuuuu 1020
uuuuUUUUUU uucauauucc caugcuaagc aagggaugcc gcgagucaug uuaagcuuga 1080
auu 1083
<210> 120
<211> 1365
<212> RNA
<213> Artificial Sequence
:%%g; Description of sequence: mRNA sequence according to SEQ ID NO: 1,
which exhibits a exhibits a length of 1365 nuclotides and was
termed "CAP-GgOva(GC)-muag-A70-C30".
<400> 120
gggagaaagc uuaccauggg cagcaucggg gccgcgucga uggaguucug cuucgacgug 60
uucaaggagc ugaaggucca ccacgccaac gagaacaucu ucuacugccc gaucgccauc 120
augagcgcgc ucgccauggu guaccugggc gccaaggaca gcacccggac gcagaucaac 180
aagguggucc gcuucgacaa gcugcccgge uucggggacu cgaucgaggc gcagugcgge 240
accagcguga acgugcacag cucgcuccgg gacauccuga accagaucac caagccgaac 300
gacgucuaca gcuucagccu ggccucgcgg cucuacgccg aggagcgcua cccgauccug 360
cccgaguacc ugcagugcgu gaaggagcuc uaccggggcg ggcuggagcc gaucaacuuc 420
cagacggcgg ccgaccaggc ccgggagcug aucaacagcu ggguggagag ccagaccaac 480
ggcaucaucc gcaacguccu ccagccgucg agcguggaca gccagaccgc gauggugcug 540
gucaacgcca ucguguucaa gggccugugg gagaagacgu ucaaggacga ggacacccag 600
gccaugcccu uccgggugac cgagcaggag ucgaagccgg uccagaugau guaccagauc 660
gggcucuucc ggguggcgag cauggccagc gagaagauga agauccugga gcugccguuc 720
gccucgggca cgaugagcau gcucgugcug cugcccgacg aggucagcgg ccucgagcag 780
cuggagucga ucaucaacuu cgagaagcug accgagugga ccagcagcaa cgugauggag 840
gagcgcaaga ucaaggugua ccucccgcgg augaagaugg aggagaagua caaccugacg 900
ucgguccuga uggcgauggg gaucaccgac guguucagca gcucggccaa ccucageggce 960
aucagcucgg ccgagagccu gaagaucagc caggcggugc acgccgccca cgcggagauc 1020
aacgaggccg gccgggaggu cguggggucg gccgaggcgg gcguggacgc cgccageguc 1080
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gccaacaaca
ccgugcgcuc
uggcugaccg
agaucgccga
cugcccuacc agaacaucca

gcaccgacac
aucugcuacc
agaaggaggg
uacuggaccc

uccgugaacc
cgggcgacuu
ggcaaggagg
uccugaagcc
seite 30

ugcucgagga
agcuccuucg
ugcucgugcu

ccccuccagce
agcgcuucga
aaccuguacc

uggggaagug
aacgggguga
agaacgagaa
gccccgaugu acgcguucgc gccagcaugc acgagugcaa
cgcggccgecc ggucgacacc cagccacaac caacaucgcc
cuggagcuac caucgacuac_ gaucuuccec ccacgag guccuacccc. guggggg cgcguacguc
gcgeeccFG9WIaCH AR “PRUTAGEEY ¢ 65@‘&“&5 % g %@E"’Qf@ﬁg‘%ﬁa&ﬁ%ggggg@% gccccaagua
CgugCgc urcgyrcangcuntogqrgaguyggergacy gggngaugamgaﬂ@ﬁﬁhaagcza:agme@c gcaueemguc
€€99999ClL 968534 §9&%9&%‘&‘c oty &9&989}&%30 a4 4998558, 99aygggicga

cggcugguag %% uaccacc cagaacga gcagggcagc dggguacgccg ccgaccagaa

ccccugcugce
ccgccgecug
uucacccccg

guccacCGagaarasyC 631522300 (FRARARARA RaaTaagpugd20draaacregpygec ucgagahgau
gaaCaUCQﬁQcH%E&P%&ﬁQQaHEQQEQQQQ&:%H&ﬁ% g%%go
ggacaucug

ccugaacaag aagguggacg acggguuccu
cgagc ggacccugga
ccagc ucaagaacaa
Gaazaagmgcgaca acgagugcau

ggugcug
cgagaag
guucuac
ccccaag

gjgglﬂag

ugé3uc

Hagiagh yeeseugaa

guccauggggo-Aucuaccaga uccucgccau

gcuggug
caucugc

auc. o0TEA e Dt aguE

cuuccacgacl1380
cgccaaggagl440
ggagagcguc1500
ccgggagaagl560
cuacagcaccl620

cucgagaagc
accuacaacg
agcaacguca
aucggcaacg
cgcaacggca

guggacgggg
gucgccucca

€ J880rdiax

SEaTAeD A0

Joeeees

gcayggagaa
ccgagcuccu

agaaccugua
ggugcuucga
cguacgacua
ugaagcugga
gccuggugcu
Ngradgugccg
caacgggccc

uccuccccuc cuugcaccga gauuaauaaa aaaaaaaaaal800 aaaaaaaaaa aaaaaaaaaa

aaaaaaaadf0aad

auaaagaaag
cauaaggcua
aucgaggugg
augaaacgau
caauucuuua
gacauuuaua
uucguuucca
caaaaaauua
uucgucacau
gauagggaca
ggugucgcuc
uuuggcaauc
uuuggaaugu
agauuugaag
cuggugccaa
ucuaauuuac
guugccaaga
ucagcuauuc
ccauuuuuug
agaggcgaac
gcgaccaacg

gacgaagacg

Hdaaaaaa aaaaaaaaaa %gauugcccc1860 %cc%cccccc cccccgcccc

cccccuc MG HEAFL GYFAS G 1992 v

gcccggegec
ugaagagaua
acaucacuua
augggcugaa
ugccgguguu
augaacguga
aaaagggguu
uuaucaugga
cucaucuacc
agacaauugc
ugccucauag
aaaucauucc
uuacuacacu
aagagcuguu
cccuauucuc
acgaaauugc
gguuccaucu
ugauuacacc
aagcgaaggu
ugugugugag
ccuugauuga

aacacuucuu

auucuauccg
cgcccugguu
cgcugaguac
uacaaaucac
gggcgcguua
auugcucaac
gcaaaaaauu
uucuaaaacg
ucccgguuuu
acugaucaug
aacugccugc
ggauacugcg
cggauauuug
ucugaggagc
cuucuucgcc
uucugguggc
gccagguauc
cgagggggau
uguggaucug
agguccuaug
caaggaugga

caucguugac

cuggaagaug
ccuggaacaa
uucgaaaugu
agaaucgucg
uuuaucggag
aguaugggca
uugaacgugc
gauuaccagg
aaugaauacg
aacuccucug
gugagauucu
auuuuaagug
auauguggau
cuucaggauu
aaaagcacuc
gcuccccucu
aggcaaggau
gauaaaccgg
gauaccggga
auuauguccg
uggcuacauu

cgccugaagu

gaaccgcugg
uugcuuuuac
ccguucgguu
uaugcaguga
uugcaguugc
uuucgcagcc
aaaaaaagcu
gauuucaguc
auuuugugcc
gaucuacugg
cgcaugccag
uuguuccauu
uucgagucgu
acaagauuca
ugauugacaa
cuaaggaagu
augggcucac
gcgcggucgg
aaacgcuggg
guuauguaaa
cuggagacau

cucugauuaa
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aaaac
agagcaacug 120
agaugcacau 180
ggcagaagcu 240
aaacucucuu 300
gcccgcgaac 360
uaccguggug 420
cccaaucauc 480
gauguacacg 540
agaguccuuc 600
ucugccuaaa 660
agauccuauu 720
ccaucacggu 780
cuuaauguau 840
aagugcgcug 900
auacgauuua 960
cggggaagcg 1020
ugagacuaca 1080
uaaaguuguu 1140
cguuaaucaa 1200
caauccggaa 1260
agcuuacugg 1320
guacaaaggc 1380



uaucaggugg cucccgcuga
gcaggugucg caggucuucc
uuggagcacg gaaagacgau
acaaccgcga aaaaguugcg
accggaaaac ucgacgcaag
aagaucgccg uguaauucua
aaaaaaaaaa aaaaaaaaaa
guaccgagcu cgaauu
<210> 122

<211> 13

<212> RNA

<213> Artificial
<220>

<223> Description of
<400> 122

gccgecacca ugg

<210> 123

<211> 15

<212> RNA

<213> Artificial
<220>

<223>

auuggaaucc
cgacgaugac
gacggaaaaa
cggaggaguu
aaaaaucaga
guaaaaaaaa

daaaaaaaaa

aucuugcucc
gccggugaac
gagaucgugg
guguuugugg
gagauccuca
aaaaaaaaaa

aacugcaggu

aacaccccaa
uucccgecgce
auuacgucgc
acgaaguacc
uaaaggccaa
aaaaaaaaaa

cgacucuaga

sequence: Kozak—sequence

<220>

<221> variation

<222> (Q)..(D

<223> /replace="cytosine"

/replace="uracile"

<220>

<221> variation

<222> (5)..(5)

<223> /replace="cytosine"

/replace="uracile"

/replace="guanosine"

/replace="adenosine"”, or any othe nucleic acid

<220>

<221> repeat_unit

<222> (5)..(5

<223> x = any number
<220>

<221> variation

<222> (9)..(09)

<223> /replace="uracile"
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caucuucgac
cguuguuguu
cagucaagua
gaaaggucuu
gaagggcgga
aaaaaaaaaa

ggauccccgg

Description of sequence: generic sequence of a stabilizing
sequence of the general formula: (C/U)CCANXCCC(U/A)PyxucC(C/U)CC

1440
1500
1560
1620
1680
1740
1800
1816

13



/replace="adonosine"

<220>

<221> variation

<222> (10)..(10) Lo
<223> /replace="pyrimidine"
<220>

<221> repeat_unit

<222> (10)..(10)

<223> x = any number
<220>

<221> wvariation

<222> (13)..(13)

<223> /replace="cytosine"

/replace="uracile"

<400> 123
nccancccnn
<210> 124
<211> 1902
<212> RNA
<213>
<220>
<221>

<223>

ucncc

Influenza virus

misc_feature .
Description of_ sequence: mRNA sequence encoding

antigen hemagglutinin (HA) from influenza virus

<400> 124
gggagaaagc

gacgccgaca
gugcuggaga
gggaagcugu
ggcuggcugc
aucgucgaga
gaggagcucc
aaggagagcu
ggcaagucca
aagcugaaga
caccacccgc
agcgugguga
guccgggacc
aucaucuucg
ggcuucggga

cagaccccce

uuaccaugaa
ccaucugcau
agaacgugac
gccggcugaa
ucgggaaccc
cgcccaacuc
gggagcagcu
ccuggcccaa
gcuucuaccg
acagcuacgu
ccaacuccaa
cguccaacua
aggccggecg
aggccaacgg
gcggcaucau

ugggcgccau

ggccaaccug
cggcuaccac
cgucacccac
gggcaucgceg
ggagugcgac
cgagaacggc
gagcuccgug
ccacaacacc
gaaccugcuc
caacaagaag
ggagcagcag
caaccgccgg
caugaacuac
gaaccugauc
cacguccaac

caacuccagc

cucgugcugc
gccaacaaca
uccgugaacc
ccccuccagce
ccccugecugce
aucugcuacc
agcuccuucg
aacgggguga
uggcugaccg
ggcaaggagg
aaccuguacc
uucacccccg
uacuggaccc
gccccgaugu
gccagcaugc

cugcccuacc

ugugcgcccu
gcaccgacac
ugcucgagga
uggggaagug
ccgugcgeuc
cgggcgacuu
agcgcuucga
ccgccgecug
agaaggaggg
ugcucgugcu
agaacgagaa
agaucgccga
uccugaagcc
acgcguucgc
acgagugcaa

agaacaucca
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the pathogenic

cgcggccgcec
ggucgacacc
cagccacaac
caacaucgcc
cuggagcuac
caucgacuac
gaucuucccc
cagccacgag
guccuacccc
gugggggauc
cgcguacguc
gcgccccaag
gggcgacacc
ccucagccgg
caccaagugc

cccggugacc

15

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



aucggggagu
aacaacccca
ggcuggaccg
ggguacgccg
aacacgguga
cucgagaagc
accuacaacg
agcaacguca
aucggcaacg
cgcaacggca
guggacgggg
gucgccucca
aacggguccc
augggccucc
aaaaaaaaaa

cccccececceccc

gccccaagua
gcauccaguc
ggaugaucga
ccgaccagaa
ucgagaagau
gcauggagaa
ccgagcuccu
agaaccugua
ggugcuucga
cguacgacua
ugaagcugga
gccuggugcu
ugcagugccg
caacgggccc
aaaaaaaaaa

ccccececcecceccc

cgugcgcucc
ccgggggcug
cggcugguac
guccacccag
gaacauccag
ccugaacaag
ggugcugcuc
cgagaaggug
guucuaccac
ccccaaguac
guccaugggc
gcuggugucc
caucugcauc
uccuccccuc

ddaaadaadaa

ccccecucuag

gccaagcucc
uucggcgcga
ggguaccacc
aacgccauca
uucaccgcgg
aagguggacg
gagaacgagc
aagucccagc
aagugcgaca
uccgaggaga
aucuaccaga
cucggcgcga
ugaccacuag
cuugcaccga
aaaaaaaaaa

acaauuggaa

ggauggucac
ucgccggguu
accagaacga
acggcaucac
ucggcaagga
acggguuccu
ggacccugga
ucaagaacaa
acgagugcau
gcaagcugaa
uccucgccau
ucagcuucug
uuauaagacu
gauuaauaaa
aaaaaaaaaa

uu
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gggccugegce
caucgagggc
gcagggcagc
caacaaggug
guucaacaag
ggacaucugg
cuuccacgac
cgccaaggag
ggagagcguc
ccgggagaag
cuacagcacc
gaugugcagc
gacuagcccg
aaaaaaaaaa

auauuccccc

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1902



