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PEPTI DES FOR TRANSFECTI ON AND FOR 51 MVUNOSTI MULATI ON The present invention
relates to a conpl exed RNA, conprising at | east one RNA (nol ecul e) 10
conpl exed WP 2W98#0485r nore ol i gopeptides, wherein the BFFEBHEEYYE has a

| ength of 8 to 15 ami no acids and has the fornul a

(Arg), (Lys),(H s)n(Orn)o(Xaa)x. The invention further relates to a nethod
for transfecting a cell or an organism thereby applying the .inventive
conpl exed RNA. Additionally, pharmaceutical conpositions and kits
conprising the inventive conplexed RNA1 as well as the use of the inventive
conpl exed RNA for 15transfecting a cell, tissue or an organi smand/or for
nodul ating, preferably inducing or enhancing, an inmune response are

di scl osed herein. Transfection of nucleic acids into cells or tissues of
patients by nethods of gene transfer is a central nethod of nol ecul ar

nmedi ci ne andcQNRWFXES QFr RNA AANID GATIGNICPERTEHYEBHHORMBANBERE@HON dMDJTOR0 nuner ous
di seases. Met hods for transfectmmoNoSTMULATIEGN aci ds may | ead to i mmune
stinmulation of the tissue or organism Alternatively or additionally,
transfection of nucleic acids may be foll owed by processing of the

i nformati on coded by the nucleic acids introduced, i.e. translation of

desi red pol ypeptides or proteins. DNA or RNA as nucleic acids form
alternative approaches to gene therapy, Transfection of nucleic acids may
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2009/ 030481PCT/ EP2008/ 007244 2 metal particles, such as gold or silver
particles, and shooting these netal particles, conprising the adsorbed DNA,
into cell srabyfettntd naclgieReidgifo cERWR\SJues S patib@t be n@eides bf gne hiahsférad hods

have not yet bee hown to, work with RNA, prqobably duye to its fast
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t he spark crossin&@thq reagti n chanber. 15 Another alternative physical or
physi co- cRENF BaMeReEhB REPIHREs use of nanopl exes (nanoparti cul ar
systens), |ipoplexes (liposomal systens), or the use of polypl exes or
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Li popl exesissmes bi pisanedils.s pidilisticsgenectansfer ie tygpicaDOMaymieRE by Surle8SEBatinpOT AP,
DC- Chol, EDWPC, etc. Polyplexes (cationic polyners) typically forma
conpl ex with negatively charged nucleic acids |leading to a condensation of
nucl eic acids and protecting these nucleic acids agai nst degradation.
Transport into cells using pol ypl exes (cationic polyners) typically occurs
via receptor nedi ated endocytosis. Thereby, the DNA is coupled to a

di stinct nolecule, such as Transferrin, via e.g. the 30 pol ypl ex
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O her well known physical or physico-chem cal nmethods of gene transfer into
cells or organisns include nethods such as virus based transfection

nmet hods. As a particul ar exanple, DNA viruses nay be used as DNA vehi cl es.
Because ofWQ HWP/P30#§If ecti on properties, such viruses hab€T/BPeYYPTHiIgh
transfection rate. The viruses typically used are genetically 5 nodified in
a way, that no functional infectious particles are fornmed in the
transfected cell. In spite of this safgty precaution, however, a risk of
uncontrol | ed propagation of the therapeutically active genes introduced and
the viral n n b e e S : Lb npi nati on
cvent s, TOREY Bt antUshen €51eh 5t pifter ety " elnE 3RS MBal FERERL
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are consi ered ¥ ? es capable of e t B R ransport of
macr onol eﬂﬂgraeistldletmsbﬂrnm‘t Itlses(etrm@hrrsisatmmcmsyltqbﬂ&)ftoevmsr)@ applichtias, Hidtterat
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Mel i kov amdD@ﬁenﬁbnpmhpkﬂmﬁpgknﬂnengﬂehmmenmcmEMEirat|ng peptides: from
endosgpal uptake to nuclear delivery, Cell. MIl. Life Sci. 2005). Protein
trans tion domains (PTDs) are sonetines also termed "cell penetrating
pept i des"AamPs)lteshative physiedir orc apysisiordhienical nprtiest irdludes usheofcedriopteaesr ane
and t hus gﬁgﬁ CPPs
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consi sts with dkppglbeembraneh diipardgxepep lpd@maéawrﬁn&s-nﬁhUdnemoﬂqup@ﬁB’(Er atin,
hydr ob S 2 AN i£h
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bi nding to proteogrycanes of the cell, suc as the ansduct i on mai n
of the Hi pelgplpes &atnre; nPYREFleirPiRdls hagass ea gecepigr| Mmedinadr nfegytqsispt i des:
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2005). Particularly, arginine-rich CPPs are described as vehicles for

prot edths BelymRAPok-Lyysipg 444, avipstnbings do aj syrface: ecertor my Yiggergiendorvtositay al so
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conprises a length anmi no aci d: Fp i cul ar

ar gi ni nes{PENREipethylaminogthyingntharadye (P-YR GO aprl Yronideanae (FAAhus
represents a high nol ecul ar mass conmpound. Even though the cellul ar uptake
mechani smfor CPPs in general remains unclear, endocytosis is suggested as
an upt ake nechani sm for polyargi nine. Endocytosis is a cellular process by
whi ch macronol ecul es may enter a cell w thout passing through the cel
menbrane, wherein three different endocytotic 20 nechani sns have been
suggested (chl at hri n-dependent endocytosis, caveol i n-dependent endocytosis
and/ or F actin-dependent endocytosis, see e.g. review Melikov and
Chernonordi k, Arginine-rich cell penetrating peptides: from endosonal
uptake to nuclear deI|very, Cel I. Nbl Life Sci . 2005) VVthout belng bound
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Trans- nenbrane transport peptidés or peptidom netics by CPPs was al so shown
by Deshayes et al. (2005, supra). Deshayes et at (2005, supra) disclose the
use of oligopeptides Arg, and Arg9 for in vitro transfer of cargo peptides
and in vi WO22pl8F48Y of 25cargo proteins such as cycl oFEaEPR8HIRH: al ase.
For transfection of cells with macronol ecul es, such as DNA, peptides or
proteins, high nolecular weight polypeptides such as poly-L-arginines (e.g.
typically having a MVof about 5000 Da o 15 kDa) or poly-L-lysines (e.g.
typically having a MW of about 54 kDa) as 30 well as high nol ecul ar wei ght
PEI (paly I I y in f a k wer e
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pol y- arglnfp@m@kneaanemmmndmasDNA mol ecul e as a cargo. Thus, MKenzie et
al. (McKenzie et al. A potent new class of reductively activated peptide
gene delivery agents; The Journal of Biological Chemstry Vol. 274 No. 14,
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pept i des wieptides: fersh phrdasorpel Wﬂ@ﬁ@ Recless febvery, &9"2@% &vRiSa 3098t h of 12 or 24
am no acids, respectively, for the transport of plasm d DNA as cargo
moiety. As a result, it was found that |ong and/or ydrophoblc pepti des can

strongly reteinttensdystiodomaids @Tpébireﬁﬁfaﬁﬁp@raﬂsodﬁf cehhpenatrating peptdegover ,
Ni i dome et élbpsg%'uQCth}hém%E Atthting Qne/ &an Mbr&@%ﬂj ti3ed, GRPL tdes
having a WO 2009/ 030481PCT/ E 8/ 007244 7 length of 16 to 17 am no acids

were rst tensnagtaffmadrey WIOH?éuteﬁsmss@Jht C5Ps preasy! @epides apdiveicelly colritedsi ng

snal | peptH.éine%oﬁt%nQof HasidbHino 12ciddTaRe SGiiSh ReghPES 7 4 Q}'@Sfar%‘ﬁ‘?d QBids.
efficiency of DNAinto cells turned out to decrease significantly. 5In

order to dYiraprealedes whigh bavgnkeeacshpyn t@fbreuthnwddnwswdiﬁtv'aaE@Ii’SnméJde

mol ecul es,nepiidakds Il 3 DNEBIsRGPILHIRINS (&wa@ naPei, aclc?s> vian kRd EppuigRd
stearylated ol i gopeptides (Arg) having a'l ength of -16 am no acids. These
ol i gopepti des were used in transfection experlnents in conparison to
non-stearyl ated ol i gopeptides (Arg)" having a |l ength of 4-16 am no acids
and pol y-argini ne (MNV5000-15000) for in vitro transfer of plasm d DNA
coding for luciferase.



10 Accordingly, carrier peptides used for transfection were m xed with
plasmi d DNA and forned a carrier/cargo conplex. A translocation optinmm was
denonstrated for stearylated (Arg),, having a length of 8 arginines,

wher eas amvgp miopvem4diavi ng a | ength of 6-7 and 9-15 ar gi pcveBsdiomed a
significantly reduced cellular transport activity. Furthernore, transport
activity of non-stearylated argi ni nes and pol y-argi ni ne exhi bited poor

results, indicating | oss 15 of transpoat activity when using these carrier
pepti des. The observed difference of transfection efficiency shown by

Futaki et at (2001, supra) for stearyl ated and nonstearyl ated carrier
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2009/ 0304BRPEE/ EMD0YS/ B sHy BeErPRNesgpaX AP b used adhe raRspRg &f retcren . (RNA
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for cellul ar transfect, on ,of,doubl e stranded,short, si RNA sequences. .
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upt ake and_bi ol agi cal, effect. Nucleic Acids Research 2006). .
Papt | deou Sy ORT LT IGr CALEEMAPHRAL STRTY EPRRRHLD. (ppw: Melikov and
GAL FL AFL ASA¢rBbivGIE GBIk RIKI¢h Qe )peneéttatia @ o) deer feviP@atiqabmbAaptake to nuclear
andMPGal pha: m\L - Thesg .s it tides re additionall 15nodi fi ed
with an agafvﬂy' %@g’f‘&}' P%c%"a%)&%ewﬁbc@ggﬁlfﬁggm\édﬁ& &Y yeé){yeé’Hf'%g?ﬂﬂcgto?S at the
C- term nue CVekdhpleredimatonidOfs fiwertendsbtce theo nsdatively raiagkedr cabif surface
doubl gz str nded.siBNA hayvi a length of about, 18 tq,.40 nucl ides, into
cel | sﬁ%y ﬁ@‘f?f@mﬂ% v&f re@?e(?fg i olﬂ%laél'gﬁr rhfe%?'arbsepﬁsées. C}E%U;}H&r @lﬁ)ﬁ){j’uf‘ﬂe
above, usenaoforfoRiRsleorentiheatelichyr chkinthpepkepeent andbdyseel tavkalin-dapandgort of

endocytosis and/for F actin-dependent endocytosis, e.g. by folding of the membrane around

the CPP-bound macromolecule outside the cell. This results in the formation of a saclike

vesicle into which the CPP-bound macromolecule is incorporated. Trafficking of the CPP-

30  bound macromolecule through late endosomes and/or Golgi and/or endoplasmic reticulum
(ER) delivers the CPP-bound macromolecule into the cytoplasm, wherein this stage may
involve CPP-induced opening of the transient pores in the lipid bilayer. Alternatively, the

CPP-complexed macromolecule may be transported to other locations in the cell, e.g. into



macr onol ecul es was basically shown for peptides and for DNA nol ecul es. Few
very specific publications disclose cell penetrating properties of double
stranded si RNA. RNA transfer represents an inportant tool in nodern

nol ecul ar waioepivesland exhi bits 25 superior propertiesPOVEP20DMNTZE| |
transfection, since DNA nolecules may |ead to serious problens. E g.
application of DNA nol ecules bears the risk that the DNA integrates into
the host genome. Integration of foreigg DNA into the host genome can have
an influence on expression of the host "genes and possibly triggers
expressio 10N ene. gr ,destr hSHURREEssor . ge A gene
- and the&bfo re (ﬁgguﬂgtro uc POdeﬁ%aqH”tgqggﬁgn ngmgdmf(mgﬁggtnnay

al so be i mmple/eil’tl.éey oyd TER- age@ptqmamflotehe:l frothe|egtdom i Mg, trhnsfe&:t]dm ()

regi on of _t ene. Ther P tlcul e tegration he DNA
t akes pl a%ee in o'""é““"‘e’%“em” etog R'?pé' ‘?IF\‘\% 7 98”%6 flfgﬂ I% receP'iorS w§ In

t hi s caseselddned frmstugmeils lof TeRA -eMLRI3 (i TnItMJkearedqgenseTlaznemLRsl aLes, a'l'rltﬂ4] A, to

cancer_or_t tion

2006/ 004 BB Rp2b0e 05824450, PHAERALRE: St et i kmBosedt i ¢ the
DNA tr ansére:btedes md)(dbbminr@bm ttceosppcnﬂsemevacqum amnt thprlotmtc&on psitrede) as etghe

vi ral CM‘/nE) Unos |m bati n%e %\wp of such promoters into the genome of the
treated c&'T ¢ |" b Gndesi's 81 e changes in the regul ation of gene
expression in the ceII A further disadvantage is t hat the DNA nol ecul es
remain in-the c er as_an e qr. as
mentlonedC el ”egra ?éﬂe&'dtegﬁﬁphspﬁ fomegg‘bgvea h\iw%] hehbiensn® 5'3%5 ot’h to
produtd i odnsofssetdr adegever,cthpuet ef ttnesdnCEH’s (03 c:noers)l ||s restabldaheui faramn obnspertlaf mi t ed

|nt|rreandtodanero 0 talerapce |strn eni.c

pr ot ein. F?%Det'dﬁe\,perf) PITETT ﬁj%anst %&A antlrbogl(e S( ﬁedﬁ '5‘?)' et E% Pogfar@%i ?

| nvest 95molsdles Mez:o(/djergfr)lanrandlrt hmtrantduelﬂulmrtratutrspcaut)bkmnengiﬁéams can
furthernor O tr] et e | | risks listed are
associ at eaﬁ]\Xnt%ﬁ%”%n forlal ca |’§'§1{e€¥1 % gffér?%(} % (Ar Shérggﬁﬁot qocctr 5% RNa,
parti cul adbqblemded gRNsedquensesead of DNA. For exarrpl e, NMRNA does not

i nteg ate into the host genone, no viral sequences, such as pronoters etc.,
are required for effective transcription etc. A disadvantage resulting from
t he use oBy RN aeyarh@le diutaki @f #4 Fhe hatradiaf |th&omcsal Cbﬂrpatre,ovaldi’al\Mo 8, pp-

( RNA- degr S RNay i.b es n

parti cul asgéégg%ﬁ;éégﬁnﬂﬁ:zcggﬁ%e u% &l ceﬂr oceg(?ee s (%Fﬁgrdea?t%%ol I |n§lh ?{NAW
responsi bemirfcorcithdori rrstvitisi tram5§ero¢f RN;X) pebm,vwherenettlhmdsrrrborpesmcwm drEZ| ng

RNA have t

031 051401 o 0/ BURE B0\ BREPashE, “prRlobyisl e vt kB BE

6, 2142804 (A hhdusa leagth fﬁlﬁsme@mnehempﬂpedyf or protecting RNA agai nst
degradati on by 20 ribonucl eases, either using |liposones (Martinon et at,

Eur | Immund 23, 1719-1722 (1993)) or an intra-cytosolic in vivo

adni ni st r Atanemeptbrariee transpbiti peptidésd onipehtidonbaieti¢ss by cCCRRAsvivee a(sgeﬁwwgu oy

(Vvassi | I, .Vac 01 ) i Rgﬁ | a6 s such
provi de a 3%%/25gée'6uc§’ Eﬂdg’ﬁe%ﬁ?@g 0@%%9%%812}(1'@288555 a)2 g&v |c§ t he
obj ect of oligapeptidesetng, and&rgs ifemint atrp trendfeteof acatgoi peptities anld/refite trareﬂfﬁr adarrier
for t tr cordingly, the present invention
provi zgs a 8Bﬁ{t‘|§%&g§u\/c\ﬁ:é€ﬁycq% Por?'%'] I:?g transfect cells in an efficient
manner. This object of the present invention is achieved by the enbodinents
of the pr i i C rly,
the. above: apy et g EEPOLOMESARBRAELAE S POAS APy or B R

| east one WU{W%@L@I@)YPEW@QF@%W rety- hﬂlﬂmm%dﬁsl typed |Whtlwn9r$efvw crfror e

ol i gopepti , t f..8to
15 am no gg&g Sowg aﬂgﬁ(@?)n&tp @ﬁfsmgﬂ% goyﬁ RN(') ept | dgp%dgﬁtpg% tr%cs)gjlasArg
WO 2089/ owﬂtlamhtgh/rﬁtﬂzede/‘@egml it@'ﬂeéyie@aesn (mBLSYQ'Cﬁ 6 haMirgsa MYV 4f gbout

resi dues, ,q I@aﬁ‘mfeﬁus@k]edﬁc fitle Yo HtPurt B8 G BeRRARLd: A LudiBic g Atelencp L i n

the at |east one havi ng t ng enpirical fornmula:

(Arg) 1; (Ly9)-;20Hia)18: %@ﬂﬁ) (btq%tar) high onateduiar Meighipelydrysing and Rl appeasagl o x=
8-15, and bk inéRecfly ks, earh@.dﬁneee@tept lFMrtRJr el u%g%gm%}éeeaamé MBI
selected fromO 9, 117 12, 13, 1 5,

provi ded t hat t he overaII content of Arg, Lys H's and On represents at

| east 50% e.g. at |east 60% or 1070% of all am no acids of the

ol i gopeptide; and Xaa nmay be any am no acid selected fromnative (=
natural ly occurring) or non-native am no acids except of Arg, Lys, H's or
O n; and X may be any nunber selected fromO, 1, 2, 3, 4, 5, 6, 7 or
8, provided, that the overall content of Xaa does not exceed 50 % e.g. not
nore than 40% or 1530k, of ail am no acids of the oligopeptide.



In the context of the present invention, a conplexed RNAis to be
understood as an RNA (nol ecul e) as defined herein, preferably an nmRNA
which is conplexed to the one or nore oligopeptides according to enpirical
formul a (AVQROOL0BOHEY " - (His)fi; (0rn)0; (Xaa) by form ngPETED2HPLT3Hval ent
conpl ex between RNA and ol i gopeptide(s). Herein, "non-coval ent"” neans that
a reversible association of RNA and ol i gopeptide is forned by non-coval ent
interactions of these nolecules, whereign the nolecules are associ ated
together by any type of interaction of electrons, other than a coval ent
bond, €. garg el AR EoNBASIRONERC efech waeva@?%ve%' SREE RN hGinghdd @Ghd O
ari sing fr8m & non pecitic attractive force o he conpl exe ecul es.
Associ at i complemant fdlamandhug dffeds twesh andertalop dptdedelop Jownmelgailki breightn wi t h
dissociat o I LA e

t heory, %ﬂg%ﬁ? rFUﬁ?ﬁSgea%Q%to %&M%ﬁ@&ggpﬁg§£g5§egl@gggﬁgg@ hk&k and
ol i gopept metecsipr Wﬁ@t apoly-egiinesnigpishiiyg spwbit i ddowo fstabilty cBnthe eceerierRhyo-

accordi ng. I S | t 5 ci ds,
or of e‘rjéabl (Srﬂplfé:bq ptﬁ@%?ﬂ%lek @a’rfi-ﬁa g% e %o?r)Pgr%mn‘F‘ersg chrﬁ?.»F %ﬁd 1 BT%‘ mélfélélﬂQ aF‘

am no aci elsarganahwmfv@Kpm:eé etddWKanZleﬁga/h‘\ pétedt ey G_@ssgf tesluftivelyCactigated, 11
to 13, 12 I rpf

sel oot ed Pra deRlddtigh e edunel diuioBic AR It EERE Y 358 T,

11, 12, 1Biedid locre_a£ dahibty daieptide-DND- @@G@@_@SMBQP@F&IEFE@E@¢ (pepides vid The

ol i gopept g Fa]raﬂ eh&H@ & Rxeth @N@f Ré'g Rifits atsQe(B-RJ SED Sk @H%has
R CM e bl i)
each ot he% Hr%éuop%fg{yf@k]%eﬁroﬁeﬂ Ecetxﬁgm%% V%ra e, Fv ?rﬁer tﬁqéum@ent?hm 8, 9,

10, 11, 1 or any range t hese val ues,
provi ded pledten, Héci@melﬁaﬂfla/da?ﬂoeﬁwpré)fln(rﬂdt@e@at&ﬁt@ﬂamsrﬁueamt@ﬁ)e @EFgcarl;?fs Hi s

and/or O t thdn 4, 56,
andror Oghf@%}mlaal@gggn%ge&%y i Gl bd géﬁgﬁ% arﬁﬁ%Ni 6855%7 -
or 699%, kendestien, thewodisfige tmnds gisscleqved 7 2he 7dll duito e, remsmmondmnsor

79% , (at t

89% éf li}rggnt% th@? Q’gsugm |rlecg€a§édg%gpre§s§ign 82?!1129%%0%%5%5@9(9 31 g\%’r sQJE 9 %
or even 19®ﬁﬂmbmgalellalwrﬁtwe apd My cmsetfweoun@elp@pwdi&caérpni vfehe B, exed RNA
according to the present invention. The ami no acids Arg, Lys, His and On
(three letter codeéﬁgre to be understood as the am no aci ds arginine,

| ysine, hiutheanere, lemdmelesileniveight RES s dyrticatly having athiyvsof @baete2000 R and hi ne
is an am t §F na i thine
was 15 ar%ﬁﬁ%”ﬁﬁg%ﬁgié‘gg?éﬁﬁ“ég% {%nﬁgﬂ\?g%&g&lﬁagoes no?bgel ong
to tha0" nasddfer yanstestion pfrigeh mcm%uaélaéj@enwrteﬁébgmasléoww oyenihavghe i s
not an amaﬁ‘?m?ﬁa‘vgd ﬁgﬁs?&t.aﬁrw£>bb%d £ Gy AL By i e pgﬁorngaly'm e in
prlnary proteln synthesis. However, ornithine ISdPrOVI ymat i c
reaction &hesg tekmmqnésmenspra?sg:innwm noy getegtable| dugvie Oﬁmt'OPoOfb@tfa"}?h’r stalge t he
geneti C CodfpREGHHHesPPLYBERLIEARS ANIRIINAC AYBRERK FLLLafleirolcIRS shnder 0o
20 spontaneous l'actam zation. Onithine is to be regarded as a basic ami no
aci d si nc&of appear tgeahibft dissecigiop dher eimplered R¥td ogreshrtHaP fehirgnsiatian gi nase
on L-asgi aha@xpr@sg.%ﬁfomge%aped fa@.qr(%@gumgeraaaw&dfms 59.5@1 erred enbodi ment
the (single) amno acids of the oligopeptide of the conplexed RNA of the
present invention, having the enpirical forrmula 25 (Arg)1;(Lys)1;(H s);

(Or M; (Xaér)ans c(rf (SFLWNJ\ 'dPP@%va%hQ’(%r @W@by RﬁMorﬁS%HEl tﬁﬂeﬁ‘&)fnilrcﬁ%t@@&’al as
defi ned above or the enpirical formula, 1.e. each basic amno acid (as

wel | as X&&gmisty: Me'ca?h NG i, oS 308TEALY E993)-r Nddome o il @997t MPR)t he

above def ijpedsy #elUg O CPANGRRiIcUMPE TSR AsilY FHAGR!ERYD etaﬁdésomm h&seryby two
of the values as defined above. However, it is partlcu arly preferred, if

the caft edtsinine eamiens 96237 aRd Adengi of 12rqy 20 Rminractho (REPRSHR!Y.dPHe SBNSPBR Ul a

is at |eagt phAdd mF\easWa%oerh&@{yy A akQartit Zﬁfqou%uqmtna{gearw&f@e hybigt
| east 30% 4096or even even_nore referably at | east 60% 70% 80% 90%

or even 10OPYRF CA P‘&}Séfcl?'"%o fh?eD@ﬁtqnﬂeef%ﬁtﬁrarnﬁM off BNMINE, cellec MUFHE" t o
anot her palildofi! @14/ Y(BRIBhHRELE EHRMPadbarend, 1769739995&% ®ht paRidBARGN@RT NO
acid Lys in the above enpricial fornmula is at

2009/ 030481PCT/ EP2008/ 007244 12 | east 10% nore preferably at | east 20%
even nore preferably at |east 30% 40% or even 50% even nore preferably at
| east 60% 70% 80% 90% or even 100% w th respect to the entire enpirica
formula. According to a further particularly preferred enbodi nent the
content of the basic amno acid His in the above enpricial fornula is at

| east 10% nore 5 preferably at |east 20% even nore preferably at |east
30% 4096or even 5096 even nore preferably at | east 60% 7096 809690960r

o A NANA 7 b r I N v o



The ami no acids in the above formula (Arg),;(Lys),,,;(H s),,;(0rn)"; (Xaa),
i.e. Arg, Lys, Hs 20 and/or On may be furthernore be selected fromthe
native (= naturally occurring) amno acids Arg, Lys, Hs and On or from
non- nat i vev@ 200883048at ural | y occurring) am no aci ds der PUBEPINYHMEHese am no
acids. As a non-native (= not naturally occurring) amno acid derived from
the amno acids Arg, Lys, H' s and Orn, any known derivative of these am no
acids may be used, which has been chemni,cal ly nodified, provided these
derivatives are not 25 toxic for cells or organisnms, when provided with the
gf’?;’grg'n't %%gt%pc‘g' ]Ideggo ﬁ? ?Mng'%ud érgeriffs,? ﬁ%%??oratﬁ!e‘?!?anép o & ShihBUbRA. bY
http:// vwwwomegﬂaafhm uzﬂhg smsml) peptldeFuarg héraboutd,2 arhieo alcidglogse@tAsdramsfectidre

conpl exed yen Omaycont ai nanam no

aci dXaai n%“ﬁl\"é“ g)r'sej%pn}g? %@Et“f@?%‘ﬁ%?%m"}"eg 'Eh&}";“?Hi s): (Qrn),,;(Xaa)Xx,
which may be any am no acid selected fromnative (= WO

2 O e e 20T A, A Wiidoky OF G d B TR B AN o
hydro amno acrds, 1.e. amno aci (%, IC ave neu

hydr ophob(chomjtr@etec{ﬁa'rrnﬁoo‘su@h 1885-a0 6N iused (téar;ﬂ)atedmgomtu(iésa(mg) Ihaaautg ne
(Leu), isqleuc ﬁ% ol rQ i ne
(Phe) . or BB oot & il THER S epPbniob e AR Mo wartleBon BgHERs W ana

pol ar) arri:mpatsonim nan-geardated oligopept$des Wrigls ha 8 ng aVengtheeft4r H ar(uandlch@laad) SI de
chai ns, r. T, r | ne
(Tyr) cy§§'é gn.ﬁa{}’r&yﬂﬁo@ﬁa%gm RE" )(D,?m(u%ﬁ{fér oftpt‘a{s%?c!‘b%t%ff‘rgg)fm }f

nat ur &0 | y Acoudinglyngarder demndathmni foe i tohmsfedtion. wenei moceaovlt:hs plasiidc @N?Pa‘aed aC| di C

e ol 1 opiped A s e Ritilpe K lGitn Spurflt Y EnB Pt iteanliy PR
may cont alArglamaeng mademgth of Baaginines, tvdwaaémm@irﬁﬁesehﬁmrrg a:dﬂngftomfnﬁﬁ'aandﬁﬁ 4,
(Lys), i i, i c vi ng
o act di ¢ gaes sV 2 sphitealty redltef tel p RSP R THAo AL AEp R
(Ar tg)l ( Lystjvity o Hmsgt?a(rﬂateyi@rgr)(ata,)a,ndlpsﬂBagietrteeadhib'rteﬂrpmﬁresolta;i,mdjsatumg\bmsng a
neutr si, a
hydro?)l obi g;%raglg cﬁfe\{ftﬁ WEe(rj/or tﬁ%teaarggr %}fm(‘jjgp m’ 3\%& H‘%Iﬁree&t@%f (and
pol ar) si tfensfdvtiom, effiderdpfshoed bbdutki Addi.t 260 supra) afny steBrykaterlvanderdnvat i ve
of am no t | ifs i 9),;
E}%argﬁte%%gggf%@% squusm tbrt'h n&&e@?%éﬁlpq Chétﬁ:g \)vel'f %[e g%“ @%aéﬁj{zcal ly
m)dl f| ed CM@eﬂfmdtemmgrmMIew@ftthwégpsaﬁed rn‘dheSte@xp&Imﬁmts cells or organisns,
when pr ovi ded with the above oligopeptide. (Such derivatives of am no acids
are distributed by different conpanies, see e.g. Sigm Al drich (see
ht t p: 2D wwhcstrdimgab diimcdt. &£digm eKaa Basia gepitidalsysjenp fasetidientrdetiveey 20 fabign e
enti e ol BscpHiRicsdt pibeApes R Aoty B Sl Bhin AR AR peiacs e
exceed 30%chM&%Ag)s BOYYRITs radyl b%tmetddoac@rdslemtlonta@detﬁtlulaetrmtSfegb@ept DéeA,
sequence, r XEeep. €0si far. 100/ c,
and nost Sﬁée er% grmf/yrﬁ]g%re Yo OPR{attelﬁ am noﬁgcmgéﬁops E?e?genﬁ(lgr@@ :%(()A‘g%t’l de
sequence. optimsm sesults tteee alptsinade alithf (hrghel shqwing))incredsing) ;celMilan) traafertion ( Xaa) "
as 255gho n r 7 or
8, pr(')?\§/| dgﬂlcwgyﬁoﬁérgpg?t?g b b’r ?ké% ﬁ%)ggﬁc%%tthétx eg-'cﬁj W;Lﬁar%g%@ %O%F?tlgf f:ogt ed
val ue of B@ssEating kellssyith IZ!U%roew bm%wweawlth @ntifigh carfien pepticedghaséintriie far

ol i gopept i fqct

i s 0 Sa it o TR PRI o R e O APt 115 (o

t he presesclpsivebndeaymented orgNA meolegulsis ap eargo fr@rqtmb)aKl(wtga/ 12q@3y sypra): (Hi s) n;
(0rn)0; (Xaa)x as indicated above, may be positioned at any position of t he
ol i gopepti de sequence. Accordingly, enmpirical formula (1) does not

det er APne GeHy mapabspihiedrappigeted by uaing K&Paé eambipation; with EiNder Howievendety 8o
reflect gl WpRuel oRWIGAGNEEkAS IR deld'Elficd YR ROCRL QIRAELPETLERIRH 007244
14 frequency of occurrence in peptide, indicating that t peptid

chain connos@hablvadqwﬁwérfast)ﬂesradﬁvgnraeéul@we@bllm [ryeompleragudbus, rtraptfscuoasqfdues ,
oQnr es'l“{w@_ﬁsuﬁé‘@w‘s Qﬁ%an%'BiUr%&nct\% 15 Phtre SRBR! doUbNOs:ARYeL RIAE, Q,fchtalgese
residues within the peptide chain. 5SHowever, it is preferred, that th

above ol i gopeptide conprises am no acids at one or, preferably, both

term nal ends, which do not conprise an acidic si de chain. More preferably,
t he above ol i gopepti de sequence conprises neutral or basic am no acids at
one or, preferably, both term nal ends, even nore preferably basic am no
acids at one or both termnal ends. In a further preferred enbodi nent, the
ol i gopepti de according to the general 10 fornula gi ven above contains at
Ieast tmo nore preferably at | east three, at Ieast four or even at Ieast

o a - T Y o, e



present invention are typically separated from each other by at |east one
Arg, Lys, H's or On. Such a separation of Xaa residues preferably avoids
clusters of non-basic anmino acids in the oligopeptide, as such non-basic

cl usters nug2o0e8ed®l t he advant ageous properties of WOPCT/EP2008/007244
20091030481PCT1EP2008/ 007244 15 the oligopeptide as a carrier peptide for
the conpl éxed RNA according to the present invention. However, basic am no
acid residues of the oligopeptide of the conpl exed RNA according 5 to the
formul a gi ven above are selected fromArg, Lys, Hs or On as defined above

and typica occur in a cluster of a ref.er at, least 3, 4,
5, orygveﬂkgxm e Of)gé?rgp’g’nir W&o éf 3é ('%'\zg?e%%hé :ﬁé’sgi%'gg)yﬁ?écﬁeﬁfyi “?o a
parti cul asdty-appirefie (Argig f@nbeds mzmttransfec hf dduldd gtrasdechyhaat SRNadnr neseora) 7, 8,
9, 10, 11,.12, 13, 14 or,even 15 am no,acjds.. Suc | uster of  basi,c am no
aci ds. pr SPRPEIRY® é:eﬁf’u‘@eé?'"o?"eastteaﬁé%g? %a'%[?“'é‘,e @fg%%\goéﬂ's@ SPTRISF e Whsi
10 am no siRNds Bused enale yescltsealt Esiges biasi (2086)rdup thar stédrylciongponedti @rthavi t hi n

t he ol i gopeptide, which provides advant ous_pr rtie o the

ol | gopbet Bt od T B R LT atE I AR RO o a YRG5 o1 ¢ he
present i RManhsledtulesAccording to a further preferred enbodi nent the

ol i gopepti de of the conplexed RNA of the 15 present invention, having the
enpirical formula (Arg),;(Lys)",;(H s),;(On).;(Xaa)x (fornmula I) as shown
above, mayeldboernet AdROOD @isngpubbsiedithd egt dfhpedfioCPReinech@dcdvatznt tdreplex

VAR Sl L35 o B M g B3l e,

( SEQ I® Naslived- dfogmalHinsa¥fekihg BNAHbE lacnorHiavalenthHatdcBed Idels panettdtiag peplide; s,

SEQ ID NOs; .17-24);: Orn," 9, iC,. i | 17112, Qulyu, O 15,
(SEQ 1 D NRTHEYS IS i, i ot RN st o PR SR “LRE)
ol i gopept Pejgtides t heedconipl exeéedmddh of et hea/ 252p0@Ssentere nveriRGadpha hatAcrg t he

enpi ri cal ; sk H-S), 5 (0rn),0; ( Xa ormula 1) shown
above, naétggm\hgf‘%%?)@‘e\& %ﬁ%@éﬁ%@d thear")gt 0, s@%é@%ﬁ'"ﬁtﬁ f ol ¥&Wi ng
subgr oup. GRhFISAFS ABGL VMG IBXNBQPKSKRKVCybef | Tieesse sspedfif i peplides ewtrevadditionally

ol i gopegpti d whi,ch fall under iwical formula | as define ve,

oher ot AEATSE IOUN o iTag s Rlemifer ™ refRoE orsh 3dRG

speci fy amymams.no/efhiodn e ¢é (20060 twepe ebliertd shoedranefer ef dadde-stB0dedrpiRNAG al
fornmul ae .exclusive S [ Vi t he. (nunber of) am ng aci ds ,

conponent DafE arEL S 2eBR0E U0 hERBIABCTSE Fef by Bihg s gpr S nPhiqnae

Arga. , " Lysarriespeptittesnded to nmean t hat peptides falling under this formla
contain 7 to 14 Arg residues and 1 Lys residue of whatsoever order. If the
peptides contain 7 Arg residues and 1 Lys residue, all variants having 7
Arg r@ei ddesmarizing theysbavesisud GPe oenthenpassepkptideefor e cedlslad trenspait of

t herefore 9/03048 P2008 4 PAS|t | d _anywhere in the
o 8 anHe oAl S Cae M aR IR AR nd o BN {BISET ISy The
subgroup ppeifermbligaticongisilsesell Arnptrating propatidy of dpulilé p@rmied BRNAZ 14) Or n"
5Arg, 6_13,Lys2,is" Arg,643,On2,is2, Lysl6 1330rn2, His,6 13, On2,;

Argo 12,Lys3, Argo., 2,His3, Argo 12)On3, Lyso 12,H is3, Lyso.12,On3, H
is,5 12pr RBMW tradmsfpo_refdresepssdan Angérant xdaliis " madegd Indlé@dardmedigise amii shibitgs (411

Yo, Bopr Agerif Bopee U@ oA TS 43ys A0 85 AERRIEPRET 1eabifg derkils ™15
Lysa_9, H pébldnys (Ex. 8piicaton ¢f [3iEAImriesiles be@rathpoiskithas the DAY 0t&gridesinto the
Argo_9, Or iy éeXér%e: Imeﬁ;latiwﬁf Fd}t%ﬁ]BNA into the host genome can have an influence on
expression of the host genes and possibly triggers expression of an oncogene or destruction
of a tumor suppressor gene. A gene - and therefore the gene product - which is essential to
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which is involved in regulation of cell growth. In this case, the host cell may enter into a

degenerated state and lead to cancer or tumor formation. Such undesired integration into
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of interaction of electrons, other than a covalent bond, e.g. by van der Waals-bonds, i.e. a

weak electrostatic attraction arising from a nonspecific attractive force of the complexed

25 molecules. Association of an RNA and at least one oligopeptide is in equilibrium with
dissociation of that complex. Intracellularly, without being bound to theory, the

equilibrium appears to be shifted towards dissociated RNA and oligopeptide(s).

The at least one oligopeptide of the complexed RNA according to the present invention has
30 alength of 8 to 15 amino acids, preferably a length of 8 to 14, 8t0 13,8to 12, or 9to 12 or
9 to 11 amino acids, and more preferably a length of 8to 10,9t0 11, 10to 12, 11to 13, 12
to 14 or 13 to 15 amino acids, or even more preferably may be selected from a peptide of

the above formula having a length of 8, 9, 10, 11, 12, 13, 14 or 15 amino acids.
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or thao epspdrmmeamn lactagizatign. @¥rnitlyise ao be regarded as a basic amino acid since it is one

of the products of the reaction of the enzyme Arginase on L-arginine, creating urea.

According to a further preferred embodiment the (single) amino acids of the oligopeptide of
the complexed RNA of the present invention, having the empirical formula
25 (Arg);(Lys) . (His),:(Orn)y; (Xaa), (formula 1) as shown above, may occur in any frequency as
defined above for the empirical formula, i.e. each basic amino acid (as well as Xaa) may
occur in the above defined empirical formula within the above defined values or ranges,
wherein any range may be formed from by two of the values as defined above. However, it
is particularly preferred, if the content of the basic amino acid Arg in the above empricial
30 formula is at least 10%, more preferably at least 20%, even more preferably at least 30%,
40% or even 50%, even more preferably at least 60%, 70%, 80% 90% or even 100% with
respect to the entire empirical formula. According to another particularly preferred

embodiment the content of the basic amino acid Lys in the above empricial formula is at
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Particularly preferred are oligocarbamate peptide backbone structure of the
ol i gopepti de, 30 having the enpirical fornmula (Arg)1;(14s)1;(H s); (0rn)O0;
(Xaa) x, as defined herein. Thereby am de bond may be replaced by a

car banmat e W@ RPY30491he nononeric N-protected am no al kyPCEEPHI¥EA'ZE ar e
accessible via the corresponding am no acids or am no al cohols. They WO
2009/ 030481PCT/ EP2008/ 007244 22 are converted into active esters, e.qg.
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25Al ternatively, therapeutically active proteins as encoded by the at |east

one RNA (nol ecule) of the conpl exed RNA as defined herein nay al so be

sel ected from proteases etc. which allow to cure a specific disease due to

e.g. (ovemexpeexdslon of a dysfunctional or exogenous PBEOHERRNTEUSI Ng

di sorders or diseases. Accordingly, the invention may be used to
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34 be encoded by the conpl exed RNA of the present invention are sel ected
fromthe group consisting of, without being linmted thereto, cytokines

whi ch i nduce or enhance an innate inmune response, including IL-2, IL-12,

| L-15, |L-W6,200903@3CCL21, GW CSF and TNF-al pha; cyt oki rre3/ERas0sin0 e
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10from t he group conprising any of the follow ng sequences as referred to
their accession nunbers: organi sm speci es gene nane accession No 0 No
Agrobact eri um Agrobacterium tunefaciens FlaD (flaD) FIhB (f1hB) FIiG (fliQ
FIi N (ful \YOPIOP/ROA i M) Mot A (not A) FlgF (flgF) Fill (f PETEPIPYBTIR| gB) FlgC
(flgC FIiE (fITE) FIgG (flgG FlgA (flgA) Flgl (flgl) FlgH (flgH FlilL
(fliL) FliP (fliP) FlaA (flaA) FlaB (flaB) FlaC (flaC) WI95165 Qd: 14278870
Aqui fex Aqui fex pyrophilus Ul7575 Q:fP6244 Azospirillum Azospirillum
brasi/ense Lafl U26679 G :1173509 Bacillus Bacillus subtilis hag AB033501

(Arg); (Lys); (His),:(Orn),;(Xaa), as shown above, may be used. Common acid addition salts

are hydrohalic acid salts, i.e., HBr, Hi, or more preferably, HCI.

PEGylation of terminal or side chain carboxyl groups or the epsilon-amino group of lysine
5  occurring in the oligopeptide, having the empirical formula (Arg);{Lys);(His),;(Orn),;(Xaa),
as shown above, confers resistance to agglomeration and serum degradation and is also

within the scope of the present invention.

The at least one oligopeptide of the complexed RNA {molecule) of the present invention,
10 having the empirical formula (Argh;(Lys).;(His),:(Orn),(Xaa), as shown above, may
furthermore be modified to bind to or be coupled to at least one specific ligand, wherein the
at least one specific ligand may be bound to or coupled to one or both terminal ends of the
at least one oligopeptide. The at least one specific ligand bound to or coupled to one or
both terminal ends of the oligopeptide may be identical or different and may be selected
15 from any compound capable to bind to or interact with a receptor or a protein or a
protein/receptor complex, e.g. at the cell surface, e, e.g., without being limited thereto,

RGD-peptide, transferrin or mannose, etc.

Other preferred modifications resulting in derivatives of the oligopeptide, having the
20 empirical formula (Arg);(Lys),;(His),;(Orn),;(Xaa), as shown above, are based on
carbohydrates and/or lipids which may be covalently coupled to the oligopeptide. It is
preferred to couple carbohydrates and/or lipids to serine, threonine, asparagine, giutamine
or tyrosine or glutamate or aspartate via their reactive side chain moieties. Alternatively,
carbohydrates and/or lipids may also be linked to the terminal moieties of the oligopeptide
25  as defined herein. Furthermore, the oligopeptide may be coupled to a functionally different
peptide or protein moiety, which may also stabilize the oligopeptide and/or may serve to
improve the transport properties of oligopeptide in body fluids, in particular blood. Suitable
peptides or proteins may e.g. be selected from albumin, transferrin etc,, which may be
directly coupled to the oligopeptide, having the empirical formula
30 (Arg);(LyS)a(His),{(Orn),;(Xaa), as shown above, or via a peptide or organic linker sequence.

Preferably, these peptides or proteins are linked to one of the termini of the oligopeptide.



G : 14278870 Bacillus Bacillus thuringiensis flab X67138 0: 46019718
Bartonella Bartonella bacilliforms L20677 G :304184 Bordetella
Boro'etella flaA L13034 G :289453 37 bronchiseptica Bodelia Borrelia
bur gdoder iWOX0883381G : 39356 Bur khol cl eri'a Bur khol der i a PEEHERI0F007244
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In this context, it is to be noted that a modification of the oligopeptide with lipids, having
the empirical formula (Arg);(Lys).;(His),;(Orn),;(Xaa), as shown above, does typically not
include the use of (saturated or non-saturated) fatty acids, particularly not the use of long
chain (saturated or non-saturated) fatty acids {in particular with a chain length of > C,,, > C,,
5  or> C). Thus, in the context of the present invention, modification of the oligopeptide with
fatty acids, having the empirical formula (Arg);{Lys);(His),:(Orn),;(Xaa), as shown above,
does not form an integral part of the present invention. However, if faity acids are used at all
to modify the carrier peptide, thex may be selected, without being limited thereto, from the
group comprising e.g. butanoic fatty acid (butyric fatty acid), pentanoic fatty acid (valeric
10 fatty acid), hexanoic fatty acid (caproic fatty acid), octanoic fatty acid (caprylic fatty acid),
nonanoic fatty acid (pelargonic fatty acid), decanoic fatty acid (capric fatty acid),
dodecanoic fatty acid (lauric fatty acid), tetradecanoic fatty acid (myristic fatty acid),
hexadecanoic fatty acid (palmitic fatty acid), heptadecanoic fatty acid {margaric (daturic)
fatty acid), octadecanoic fatty acid (stearic fatty acid), eicosanoic fatty acid {arachidic fatty
15 acid), docosanoic fatty acid (behenic fatty acid), tetracosanoic fatty acid {lignoceric fatty
acid), hexacosanoic fatty acid (cerotic fatty acid), heptacosanoic fatty acid (carboceric fatty
acid), octacosanoic fatty acid (montanic fatty acid), triacontanoic fatty acid (melissic fatty
acid), dotriacontanoic fatty acid (lacceroic fatty acid), tritriacontanoic fatty acid
(ceromelissic (psyllic) fatty acid), tetratriacontanoic fatty acid (geddic fatty acid),
20  pentatriacontanoic fatty acid (ceroplastic fatty acid), etc., or their non-saturated analogs. As
a particular example, the present invention does typically not include the use of
octadecanoic fatty acid (stearic fatty acid) or its non-saturated analogs for modification of
the carrier peptides of formula |, i.e. typically no stearylated oligopeptides of formula | may
be used herein for complexation of the RNA component of the inventive complex.
25
In order to circumvent the problem of degradation of the oligopeptide, having the empirical
formula (Arg);(Lys),:{His),;(Orn);(Xaa), as shown above, according to another embodiment
of the present invention a retro-inverso isomer of the above oligopeptide composed of D
amino acids or at least partially composed of D amino acids may be used. The term "retro-
30  inverso isomer" refers to an isomer of a linear peptide in which the direction of the
sequence is reversed and the chirality of each amino acid residue is inverted (see, e.g.,
Jameson et af, Nature, 368, 744-746 (1994); Brady et a/, Nature, 368, 692-693 (1994)).

With respect to the parent peptide, the retro-inverso peptide is assembled in reverse order of



fli1C AF011370 d: 2935154 Canpyl obacter Canpyl obacter jejuni flaA flaB
JO05635 d: 144197 Caul obacter Caul obacter crescentus J01556 G :144239
Clostridiumdostridiumbotulinumstrain Bennett clone 1 Fl aA D@45000

A : 1140548682008/8Héi chi a Escherichia coil hag M4358 OPGHEB8/007244] 884569
(EMBL- SVA) Hel i cobact er ‘
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amino acids, typically with F-moc amino acid derivatives. Typically, the crude peptides

may be purified by reversed phase HPLC.

Other maodifications, which may be introduced into the oligopeptide, having the empirical

5 formula (Arg);(Lys).;(His),;(Orn),(Xaa), as shown above, relate to modifications of the
peptide backbone. Preferably, the modified oligopeptides are scaffold mimetics. Their
backbone is different from the natural occurring backbone, while their side-chain structures

are identical with the oligopeptides or their fragments, variants or derivatives. In general,
scaffold mimetics exhibit a modification of one or more of the backbone chain members

10  (NH, CH, CO), either as substitution (preferably) or as an insertion. Substituents are e.g. () -
O-, -S-, or -CH,- instead of -NH-; (I} -N-, C-Alkyl-, or —-BH- instead of -CHR- and (lll} -CS-,
-CH,-, -S0,-, -P=0O(0OH)-, or —-B(OH)- instead of -CO-. A peptide mimetic of an
oligopeptide, having the empirical formula (Arg);(Lys),;(His),;(Orn),;(Xaa),, as defined
herein, may be a combination of each of these modifications. In particular, modifications of

15  each the groups I, I and Ill may be combined. In a peptide mimetic each backbone chain
member may be modified or, alternatively, only a certain number of chain members may be
exchanged for a non-naturally occurring moiety. Preferably, all backbone chain members of

an oligopeptide, having the empirical formula (Arg);(Lys),;(His),;(Orn);(Xaa),, as defined
herein, of either -NH-, -CHR- or CO are exchanged for another non-naturally occurring

20 group. In case the amide bond (-NH-CO-) of the oligopeptide backbone is substituted (in
the entire molecule or at least in one single position), preferable substitution moieties are
bioisosteric, e.g. retro-inverse amide bonds (-CO-NH-), hydroxyl ethylene (-CH(OH)-CH,-),
alkene {CH,=CH-), carba (CH,-CH,-} and/or —-P=0O(OH)-CH,-). Alternatively, backbone
chain elongation by insertions may occur in a scaffold mimetic of the oligopeptide, having

25  the empirical formuta (Arg);{Lys).;(His};(Orn),(Xaa), as defined herein, e.g. by moieties
flanking the C-alpha atom. On either side of the C-alpha atom e.g. -O-, -5-, -CH-, -NH-

may be inserted.

Particularly preferred are oligocarbamate peptide backbone structure of the oligopeptide,
30 having the empirical formula (Arg);(Lys),;(His);(Orn),;(Xaa),, as defined herein. Thereby
amide bond may be replaced by a carbamate moiety. The monomeric N-protected amino

alkyl carbonates are accessible via the corresponding amino acids or amino alcohcls. They



Hel i cobacter pylori flaA X60746 d:43631 Lachnospi raceae Lachnospiraceae
bacterium DQ789131 d:113911615 Legionella Leg/one/la pneunophila flaA
X83232 G :602877 Listeria Listeria nonocytogenes flaA X65624 QG : 44097
Prot eus Prvwoeuws/osisiabilis FlaD (flaD) FlaA (flaA) Fl aBPCTIERBNS/HIRA (fliA)
Fliz (fliZ) AF221596 G :6959881 Pseudononas Pseudononas aerogui nosa flaA
Mb7501 QG : 151225 Pseucl onbnas
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are converted into active esters, e.g. p-nitro phenyl ester by using the F-moc moiety or a

photo sensitive nitroatryloxycarbonyl group by solid phase synthesis.

The complexed RNA of the present invention further comprises at least one RNA (molecule)

5 suitable for transfection purposes, wherein this at least one RNA {molecule) is complexed
with one or more oligopeptides, as disclosed above with empirical formula |
((Argi(Lys);(His),;(Orn),;(Xaa),).

The at least one RNA (molecule) of the complexed RNA of the present invention may have
10 any length (preferably dependent on the type of RNA to be applied as a complexed RNA
according to the present invention). Without being restricted thereto, the at least one RNA
(molecule) may have a length of 5 to 20000 nucleotides, more preferably a length of 5 to
10000 or of 300 to 10000 nuclectides, even more preferably a length of 5 to 5000
nucleotides, and most preferably a length of 20 to 5000, of 50 to 5000, of 100 to 5000 or of
15 300 to 10000 nucleotides depending on the type of RNA to be transfected (see disclosure

below).

The at least one RNA (molecule) of the complexed RNA of the present invention may be
any RNA, preferably, without being limited thereto, a short RNA oligonucleotide (preferable
20  length 5 to 80 or, more preferably 20 to 80 nucleotides), a coding RNA, an
immunostimulatory RNA, a siRNA, an antisense RNA, or riboswitches, ribozymes or
aptamers. Furthermore, the at least one RNA (molecule) of the complexed RNA of the
present invention 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
25  (molecules)) or a partially double-stranded RNA (which is typically formed by a longer and
a shorter single-stranded RNA molecule or by two single stranded RNA-molecules, which
are about equal in length, wherein one single-stranded RNA molecule is partially
complementary to the other single-stranded RNA molecule and both thus form a double-
stranded RNA molecule in this region). Preferably, the at least one RNA (molecule) of the
30 complexed RNA of the present invention may be a single-stranded RNA. The at least one
RNA (molecule) of the complexed RNA of the present invention may also be a circular or
tinear RNA, preferably a linear RNA. More preferably, the at least one RNA (molecule) of
the complexed RNA of the present invention may be a (linear) single-stranded RNA. The at
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least one RNA (molecule} of the complexed RNA of the present invention may be a
ribosomal RNA (rRNA), a transfer RNA (tRNA), a messenger RNA (mRNA), or a viral RNA
(VRNA), preferably a mRNA. The present invention allows all of these RNAs to be
transfected into the cell. In this context, an mRNA is typically an RNA, which is composed
5 of several structural elements, e.g. an optional 5’-UTR region, an upstream positioned
ribosomal binding site followed by a coding region, an optional 3'-UTR region, which may
be followed by a poly-A tail (and/or a poly-C-tail). An mRNA may occur as a mono-, di-, or
even multicistronic RNA, i.e. an RNA which carries the coding sequences of one, two or
more proteins. Such coding sequences in di-, or even multicistronic mMRNA may be

10  separated by at least one IRES sequence, e.g. as defined herein.

Short RNA oligonucleotides

In a first embodiment, the at least one RNA (molecule) of the complexed RNA of the present
invention may be a short RNA oligonucleotide. Short RNA oligonucleotides in the context
15  of the present invention may comprise any RNA as defined above. Preferably, the short
RNA oligonucleotide may be a single- or a double-stranded RNA oligonuclotide, more
preferably a single-stranded RNA oligonucleotide. Even more preferably, the short RNA

oligonucleotide may be a linear single-stranded RNA oligonucleotide.

20  Preferably, the short RNA oligonucleotides as used herein comprise a length as defined
above in general for RNA molecules, more preferably a length of 5 to 100, of 5 to 50, or of
5 of 30, or, alternatively, a length of 20 to 100, of 20 to 80, or, even more preferably, of 20
of 60 nucleotides. Short RNA oligonucleotides may be used for various purposes, e.g. for

{unspecific) immune stimulation, or reducing/suppressing transcription/translation of genes.
25

Coding RNA

In a second embodiment, the at least one RNA (molecule) of the complexed RNA of the

present invention may be a coding RNA. The coding RNA of the complexed RNA of the

present invention may be any RNA as defined above. Preferably, the coding RNA may be a
30  single- or a 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 (mRNA).
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The coding RNA may further encode a protein or a peptide, which may be selected, without
being restricted thereto, e.g. from therapeutically active proteins or peptides, tumor
antigens, antibodies, immunostimulating proteins or peptides, etc., or from any other
5  protein or peptide suitable for a specific (therapeutic) application, wherein the at least one
RNA (molecule) encoding the protein is to be transported into a cell, a tissue or an organism

and the protein is expressed subsequently in this cell, tissue or organism.

In this context, therapeutically active proteins may be selected from any recombinant or

10  isolated proteins known to a skilled person from the prior art. Without being restricted
thereto therapeutically active proteins as encoded by the at least one RNA (molecule) of the
complexed RNA as defined herein may be selected from apoptotic factors or apoptosis
related proteins including AIF, Apaf e.g. Apaf-1, Apaf-2, Apaf-3, oder APQO-2 (L), APO-3 (L),
Apopain, Bad, Bak, Bax, Bcl-2, Bcl-x,, Bcl-x;, bik, CAD, Calpain, Caspase e.g. Caspase-1,

15  Caspase-2, Caspase-3, Caspase-4, Caspase-5, Caspase-b, Caspase-7, Caspase-8, Caspase-9,
Caspase-10, Caspase-11, ced-3, ced-9, c-Jun, c-Myc, crm A, cytochrom C, CdR1, DcR1,
DD, DED, DISC, DNA-PKc, DR3, DR4, DR5, FADD/MORT-1, FAK, Fas (Fas-ligand
CD95/fas (receptor)), FLICE/MACH, FLIP, fodrin, fos, G-Actin, Gas-2, gelsolin, granzyme
A/B, ICAD, ICE, INK, lamin A/B, MAP, MCL-1, Mdm-2, MEKK-1, MORT-1, NEDD, NF-

20 B, NuMa, p53, PAK-2, PARP, perforin, PITSLRE, PKCdelta, pRb, presenilin, priCE,
RAIDD, Ras, RIP, sphingomyelinase, thymidinkinase from herpes simplex, TRADD, TRAF2,
TRAIL-R1, TRAIL-R2, TRAIL-R3, transglutaminase, etc.

Therapeutically active proteins as encoded by the at least one RNA (molecule) of the
25 complexed RNA as defined herein may also be selected from recombinant proteins,
including proteins selected from the group consisting of QATL3, OFC3, OPA3, 0PD2, 4-
1BBL, 5T4, 6Ckine, 707-AP, 9D7, A2M, AA, AAAS, AACT, AASS, ABAT, ABCA1, ABCA4,
ABCB1, ABCB11, ABCB2, ABCB4, ABCB7, ABCC2, ABCCh, ABCCS8, ABCD1, ABCD3,
ABCG5, ABCG8, ABL1, ABO, ABR ACAA1, ACACA, ACADL, ACADM, ACADS, ACADVL,
30 ACAT1, ACCPN, ACE, ACHE, ACHM3, ACHM1, ACLS, ACPl, ACTA1, ACTC, ACTNA4,
ACVRL1, AD2, ADA, ADAMTS13, ADAMTS2, ADFN, ADH1B, ADH1C, ADLDH3A2,
ADRB2, ADRB3, ADSL, AEZ, AFA, AFD1, AFP, AGA, AGL, AGMX2, AGPS, AGS1, AGT,
ACGTR1, AGXT, AH02, AHCY, AHDS5, AHHR, AHSG, AIC, AIED, AIH2, AIH3, AIM-2,



hag M27219 0: 152826 Shi,gella Singella boydii fliC SB 026165 G : 442485
Treponema Treponema phagedenis flaB2 M4015 A : 155060 Vibrio Vibrio

al gi nolyticus flaA EF125175 d:119434395 Vibrios Vibrio parahaenol yticus
AF069392 YO 7993023 Wl i nel | a Wl i nel | a succi nogenes f PE§ERBRY907243;: 155337
Yersinia Yersinia enterocolitica

25

AIPL1, AIRE, AK1, ALAD, ALAS2, ALB, HPG1, ALDH2, ALDH3A2, ALDH4A1, ALDHS5AT1,
ALDH1AT, ALDOA, ALDOB, ALMS1, ALPL, ALPP, ALS2, ALX4, AMACR, AMBP, AMCD,
AMCD1, AMCN, AMELX, AMELY, AMGL, AMH, AMHR2, AMPD3, AMPD1, AMT, ANC,
ANCR, ANK1, ANOP1, AOM, APOA4, APOC2, APOC3, AP3B1, APC, aPKC, APOA2,
5 APOA1, APOB, APOC3, APOC2, APOE, APOH, APP, APRT, APS1, AQP2, AR, ARAF1,
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, ATP7B,
ATP8B1, ATPSK2, ATRX, ATXN1, ATXN2, ATXN3, AUTS1, AVMD, AVP, AVPR2, AVSD1,
10 AXIN1, AXINZ, AZF2, B2M, B4GALT7, B7H4, BAGE, BAGE-1, BAX, BBS2, BBS3, BBS4,
BCA225, BCAA, BCH, BCHE, BCKDHA, BCKDHB, BCL10, BCL2, BCL3, BCLS5, BCLS6,
BCPM, BCR, BCR/ABL, BDC, BDE, BDMF, BDMR, BEST1, beta-Catenin/m, BF, BFHD,
BFIC, BFLS, BFSP2, BGLAP,BGN, BHD, BHR1, BING-4, BIRCS5, BJS, BLM, BLMH, BLNK,
BMPR2, BPGM, BRAF, BRCA1, BRCA1/m, BRCA2, BRCA2/m, BRCD2, BRCD1, BRDT,
15 BSCL, BSCL2, BTAA, BTD, BTK, BUB1, BWS, BZX, COL2A1, COL6A1, CINH, C1QA,
C1Q8B, C1QG, C1S, C2, C3, C4A, C4B, C5, Cb, C7, C7orf2, C8A, C8B, C9, CA125, CA15-
3/CA 27-29, CA195, CA19-9, CA72-4, CA2, CA242, CA50, CABYR, CACD, CACNA2DI1,
CACNAITA, CACNATF, CACNAITS, CACNB2, CACNB4, CAGE, CA1, CALB3, CALCA,
CALCR, CALM, CALR, CAMA43, CAMEL, CAP-1, CAPN3, CARD15, CASP-5/m, CASP-§,
20 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-25, CCL-27, CCL-3, CCL-4, CCL-5,
CCL-7, CCL-8, CCM1, CCNB1, CCND1, CCO, CCR2, CCR5, CCT, CCv, CCZS, CD1,
CD19, CD20, CD22, CD25, CD27, CD27L, cD3, CD30, CD30, CD30L, CD33, CD3s6,
25  CD3E, CD3G, CD3Z, CD4, CD40, CD40L, CD44, CD44v, 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,
30  CHRNE, CHS, CHS1, CHSTé, CHX10, CIAS1, CIDX, CKN1, CLA2, CLA3, CLA1, CLCA2,
CLCN1, CLCNS5, CLCNKB, CLDN16, CLP, CLN2, CLN3, CLN4, CLN5, CLN6, CLNS,
CiQA, C1QB, C1QG, CiIR, CLS, CMCWTD, CMD), CMD1A, CMD1B, CMH2, MH3,
CMH6, CMKBR2, CMKBR5, CML28, CML66, CMM, CMT2B, CMT2D, CMT4A, CMT1A,
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exenpl ary antigeni c (poly)peptides encode the at ‘| easf one

O e b e Aoy ST T R0 SRS e LA, T B FINTR A1,

anti gesi C oAl 'IQESICHf(PrICQB(a@PII euctsurmynwéntmgﬁmaDsett@UASpecmtam gxampl es of
t unour ant(égens are inter t unour -s ecific 10 surface anti ens gTSSAs)

for exanpl@ABh4gGERy Wa@%elcef@Rl Heldgl PR, 190¢%. K HCARSHQRTIGHMB
gg&gab&zgﬁ{ﬁgdhﬁ fﬂ@élt(gelﬂt |EA' @/5 IL]Q)A‘M_EIH |§t°2°|£LtzR§/|\SE1§ |Lh§k&2 Cn’z‘h%“!t“ffm ™,
CEA, CT, Gyp~r BUEDNMTE\E@FRI: EI‘HBHL TELHZMAPEM\PRI N24Efd€b?n ILER?VGLLAR@J. ”-36250

ow st SRR AL T8 et T 9 Wl il riete RRIEL. *°

LDLKR/ BOIT, IIND\EE{NWT-NF@EZ alNFA, IFMBRTE2 NSk | INSRICINKYS, t-a9) H2ZmIPRVUCT, IRESM 1,

e e T

TELJAM.1, |AGHbR&E, JBRIIBAST, TRIS; 1PDTRRLY, KARR- RAUINKRK2, EER, HEINATIKCI®E2,f r om
sequences o] a S r of
tunor anti 35%2 ?@Nggl %%'ﬁﬁe@h% %Jgurp 9 K&Qﬁe%pe eEFvaen%?%%A .

tumor antigens known to be involved in neovascularlzatlon i nfluenci ng the
extracellular matrix structure etc. Fragnments and analogues of the above
antigens are al so enconpassed. Exanples of tunor antigens which may be
encoded by the at | east one RNA (nol ecule) of 25 the conpl exed RNA of the
present invention are shown in Tables 1 and 2 bel ow. These tabl es
illustrate specific (protein) antigens (i.e. "tunor antigens") wi th respect
to the cancer disease they are a5500|ated mnth Accordlng to the




mel anoma WO 2009/ 030481PCT/ EP2008/ 007244 42 9D7 renal cell carcinoma FP
al pha-fetoprotein hepatocel |l ul arcarci noma, gal | bl adde cancer, testicul ar
cancer, ovarian cancer, bladder cancer |bZIP HPGL prostate cancer

al pha5bet X0 2003008Bi n  al phaSbet a6- Integrin col on cX&TEP2008/007244

al pha- net hyl acyl coenzynme A racemase prostate cancer RT-4
adenocar ci nomaant i gencancer, recognized by T cells 4

| ungcancer, headandneckcancer, | eukem asgsophageal cancer, gastric cervical
cancer, ovarian cancer, breast cancer, squanous cell carcinoma B7H4

KFM, KFS, KFSD, KHK, ki-67, KIAAQ020, 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, KRT2ZA, KRT3, KRT4, KRT5, KRTé A, KRT6B, KRT9, KRTHB1, KRTHB6&, KRT1, KSA,
5 KSS, KWE, KYNU, LOH19CR1, L1CAM, LAGE, LAGE-1, LALL, LAMAZ, LAMA3, LAMB3,
LAMBI1, LAMC2, LAMP2, LAP, LCAS5, LCAT, LCCS, LCCS 1, LCFS2, LCS1, LCT, LDHA,
LDHB, LDHC, LDLR, LDLR/FUT, LEP, LEWISY, LGCR, LGGF-PBP, LGN, LGMD2H,
LGMD1A, LGMD1B, LHB, LHCGR, LHON, LHRH, LHX3, LIF, LIG1, LIMM, LIMP2, LIPA,
LIPA, LIPB, LIPC, LIVIN, L1CAM, LMANT, LMNA, LMX1B, LOLR, LOR, LOX, LPA, LPL,
10 LPP, LQT4, LRP5, LRS 1, LSFC, LT-B , LTBP2, LTC4S, LYL1, XCL1, LYZ, M344, MASQ,
MAA, MADH4, MAFD2, MAFD1, MAGE, MAGE-A1, MAGE-A10, MAGE-A12, MAGE-AZ,
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MACEB1, 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,
15 MAGEL2, MGB1, MGB2, MAN2A1, MAN2B1, MANBA, MANBB, MAOA, MAOB,
MAPKSIP1, MAPT, MART-1, MART-2, MART2/m, MAT1A, MBL2, MBP, MBS1, MCIR,
MC2R, MC4R, MCC, MCCC2, MCCC1, MCDR1, MCF2, MCKD, MCL1, MC1R, MCOLNT1,
MCOP, MCOR, MCP-1, MCP-2, MCP-3, MCP-4, MCPH2, MCPH1, MCS, M-CSF, MDB,
MDCR, MDM2, MDRV, MDS 1, ME1, ME1/m, ME2, ME20, ME3, MEAX, MEB, MEC CCL-
20 28, MECP2, MEFV, MELANA, MELAS, MEN1 MSLN, MET, MF4, MG50, MG50/PXDN,
MCAT2, MCATS5, MGC1 MGCR, MGCT, MGI, MGP, MHC2TA, MHS2, MHS4, MIC2,
MIC5, MIDI, MIF, MIP, MIP-5/HCC-2, MITF, M]D, MKI67, MKKS, MKS1, MLH1, MLL,
MLLT2Z, MLLT3, MLLT7, MLLT1, MLS, MLYCD, MMA1a, MMP 11, MMVP1, MN/CA IX-
Antigen, MNG1, MN1, MOC31, MOCS2, MOCS1, MOG, MORC, MOS, MOV18, MPD1,
25 MPE, MPFD, MPI, MPIF-1, MPL, MPO, MPS53C, 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, MTC03, MTCO1, MTCYB,
MTHFR, MTM1, MTMR2, MTND2, MTND4, MTND5, MTND6, MTND1, MTP, MTR,
MTRNR2, MTRNR1, MTRRMTTE, MTTG, MTTI, MTTK, MTTL2, MTTL1, MTTN, MTTP,
30 MTTS1, MUCT,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, MYQ5A, MYB, MYBPC3,
MYC, MYCL2, MYH6, MYH7, MYL2, MYL3, MYMY, MYOI15A, MYO1G, MYQBSA,
MYO7A, MYOC, Myosin/m, MYP2, MYP1, NA88-A, N-acetylglucosaminyltransferase-V,



ovarian cancer BACE-1 B antigen bl adder cancer, head and neck cancer, |ung
cancer, nelanoma, squanobus cell carcinoma BCL-2 |eukema BING4 nelanoma
CA 15-3/CA 27-29 breast cancer, ovary cancer, |ung cancer, prostate cancer
CA 19-9 JgEeuiig3déincer, pancreatic cancer,|live cancer, POTERW8/8HAEer

gal | bl adder cancer, col on cancer, ovary cancer, |lung cancer CA 72-4
ovarian cancer CAl 25 ovarian cancer, colorectal cancer, gastric cancer,
l'iver cancer, pancreatic cancer, uteruggcancer, cervix carcinoma, colon
cancer, breast cancer, |lung cancer calreticulin bladder cancer CAMEL

CTL- r ecogQi,gd /N 9L ROMASTE RHTRIAT2, NAT, NBIAT, NBST, 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,
NMET, NMP22, NMTC, NODAL, NOG, NOS3, NOTCH3, NOTCH1, NP, NPC2, NPC1,

5 NPHL2, NPHP1, NPHS2, NPHS1, NPM/ALK, NPPA, NQO1, NR2E3, NR3C1, NR3C2,
NRAS, NRAS/m, NRL, NROB1, NRTN, NSE, NSX, NTRK1, NUMAT1, NXF2, NY-CO1, NY-
ESO1, NY-ESO-B, NY-LU-12, ALDOA, NYS2, NYS4, NY-SAR-35, NYS1, NYX, OA3, OA1,
OAP, OASD, OAT, OCA1, OCA2, OCD1, OCRL, OCRL1, OCT, ODDD, ODT1, OFC1,
OFD1, OGDH, OGT, OGT/m, OPA2, OPA1, OPD1, OPEM, OPG, OPN, OPN1LW,

10 OPN1MW, OPN1SW, OPPG, OPTB1, TTD, ORM1, ORP1, OS-9, OS-9/m, OSM LIF, OTC,
OTOF, OTSC1, OXCT1, OYTES1, 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, PAXS,
PAX9, PBCA, PBCRA1, PBT, PBX1, PBXP1, PC, PCBD, PCCA, PCCB, PCK2, PCK1, PCLD,

15  PCOS1, PCSK1, PDB1, PDCN, PDE6A, PDE6B, PDEF, PDGFB, PDGFR, PDGFRL, PDHAT,
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, PHYH, PI, PI3, PIGA,
PIM1-KINASE, PIN1, PIP5K1B, PITX2, PITX3, PKD2, PKD3, PKD1, PKDTS, PKHD1, PKLR,

20 PKP1, PKU1, PLA2G2A, PLA2G7, PLAT, PLECI, PLG, PLI, PLOD, PLP1, PMEL17, PML,
PML/RARe, PMM2, PMP22, PMS2, PMS1, PNKD, PNLIP, POF1, POLA, POLH, POMC,
PON2, PON1, PORC, POTE, POU1F1, POU3F4, POU4E3, POU1F1, PPAC, PPARG, PPCD,
PPGB, PPH1, PPKB, PPMX, PPOX, PPP1R3A, PPP2R2B, PPT1, PRAME, PRB, PRB3, PRCAT,
PRCC, PRD, PRDX5/m, PRF1, PRG4, PRKARTA, PRKCA, PRKDC, PRKWNK4, PRNP,
25 PROC, PRODH, PROM1, PROP1, PROS1, PRST, PRP8, PRPF31, PRPF8, PRPH2, PRPS2,
PRPS1, PRS, PRSS7, PRSS1, PRTN3, PRX, PSA, PSAP, PSCA, PSEN2, PSENT, PSG1, PSGR,
PSM, PSMA, PSORS1, PTC, PTCH, PTCH1, 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, RAD54L, RAG2, RAGE, RAGE-1, RAGT,
30 RAPI, RARA, RASA1, RBAF600/m, RB1, RBP4, RBP4, RBS, RCA1, RCAS1, RCCP2, RCD1,
RCV1, RDH5, RDPA, RDS, RECQL2, RECQL3, RECQL4, REG1A, REHOBE, REN, RENBP,
RENS1, RET, RFX5, RFEXANK, RFXAP, RGR, RHAG, RHAMM/CD168, RHD, RHO, Rip-1,
RLBP1, RLN2, RLN1, RLS, RMD1, RMRP, ROM1, ROR2, RP, RP1, RP14, RP17, RP2, RPé,
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RP9, RPD1, RPE65, RPGR, RPGRIP1, RP1, RP10, RPS19, RPS2, RPS4X, RPS4Y, RPS6KAS3,
RRAS2, RS1, RSN, RSS, RU1, RU2, RUNX2,RUNXI, RWS, RYR1, 5-100, SAAT1, SACS, SAG,
SAGE, SALL1, SARDH, SART1, SART2 , SART3, SAS, SAX1, SCA2, SCA4, SCAS5, SCA7,
SCA8, SCA1, SCC, SCCD, SCF, SCLC1, SCN1A, SCN1B, SCN4A, SCN5A, SCNN1A,
S SCNNI1B, SCNN1G, SCO2, SCP1, SCZD2, SCZD3, SCZD4, SCZD6, SCZD1, SDF-
1/B SDHA, SDHD, SDYS, SEDL, SERPENA7, SERPINA3, SERPINA6, SERPINAT,
SERPINC1, SERPIND1, SERPINE1, SERPINF2, SERPING1, SERPINI1, SFTPA1, SFTPB,
SFTPC, SFTPD, SGCA, SGCB, SGCD, SGCE, SGM1, SGSH, SGY-1, SH2D1A, SHBG,
SHFM2, SHFM3, SHFM1, SHH, SHOX, SI, SIAL, SIALYL LEWISX , SIASD, S11, SIM1,
10 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,
SLC5A5, SLC6A2, SLC6A3, SLC6A4, SLC7A7, SLC7A9, SLC11A1, SLOS, SMA, SMADI,
SMAL, SMARCB1, SMAX2, SMCR, SMCY, SM1, SMN2, SMN1, SMPD1, SNCA, SNRPN,
15 SOD2, SOD3, SOD1, SOS1, SOST, SOX9, SOX10, Sp17, SPANXC, SPG23, SPG3A, SPG4,
SPG5A, SPG5B, SPG6, SPG7, SPINKI1, SPINKS5, SPPK, SPPM, SPSMA, SPTA1, SPTB,
SPTLC1, SRC, SRD5A2, SRPX, SRS, SRY, BhCG, SSTR2, SSX1, SSX2 (HOM-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,
20 SYT-SSX-2, TA-90, TAAL6, TACSTD1, TACSTD2, TAG72, TAF7L, TAF1, TAGE, TAG-72,
TALI, TAM, TAP2, TAP1, TAPVR1, TARC, TARP, TAT, TAZ, TBP, TBX22, TBX3, TBXS5,
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, TGFB, TGFPI, TGFB1, TGFBR2, TGFBRE, TGFy, TGFBRII, TGIF,
25  TGM-4, TGM1, TH, THAS, THBD, THC, THC2, THM, THPO, THRA, THRB, TIMMB8A,
TIMP2, TIMP3, TIMP1, TITF1, TKCR, TKT, TLP, TLR1, TLR10, TLR2, TLR3, TLR4, TLR4,
TLR5, TLR6, TLR7, TLRS, TLRY, TLX1, TM4SF1, TM4SF2, TMC1, TMD, TMIP, TNDM, TNF,
TNFRSF11A, TNFRSF1A, TNFRSF6, TNFSF5, TNFSF6, TNFa, TNEB, TNNI3, TNNT2, TOC,
TOP2A, TOP1, TP53, TP63, TPA, TPBG, TPI, TPI/m, TPI1, TPM3, TPM1, TPMT, TPO, TPS,
30 TPTA, TRA, TRAG3, TRAPPC2, TRC8, TREH, TRG, TRH, TRIM32, TRIM37, TRP1, TRPZ,
TRP-2/6b, TRP-2/INT2, Trp-p8, TRPS1, 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, UBET, UCHL1, UFS, UGT1A, ULR, UMPK, UMPS,
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UOX, UPA, UQCRC1, UROS, UROD, UPK1B, UROS, USH2A, USH3A, USH1A, USHIC,
USP9Y, UV24, VBCH, VCF, VDI, VDR, VEGF, VEGFR-2, VEGFR-1, VEGFR-2/FLK-1, VHL,
VIM, VMD2, VMD1, VMGLOM, VNEZ, VNF, VP, VRNI, VWF, VWS, WAS, WBS2, WFS2,
WFS1, WHCR, WHN, WISP3, WMS, WRN, WS2A, WS2B, WSN, WSS, WT2, WT3, WT1,

5 WTS, WWS, XAGE, XDH, XIC, XIST, XK, XM, XPA, XPC, XRCCS, XS, ZAP70, ZFHX1B,
ZFX, ZFY, ZIC2, ZIC3, ZNF145, ZNF261, ZNF35, ZNF41, ZNF6, ZNF198, and ZWST.

Additionally, therapeutically active proteins as encoded by the at least one RNA {molecule)
of the complexed RNA as defined herein may also be selected from growth hormones or
10 growth factors, for example for promoting growth in a (transgenic) living being, such as, for
example, TGFa and the IGFs (insulin- like growth factors), proteins that influence the
metabolism and/or haematopoiesis, such as, for example, a-anti-trypsin, LDL receptor,
erythropoietin (EPO), insulin, GATA-1, etc., or proteins such as, for example, factors VI
and X1 of the blood coagulation system, etc. Such proteins further include enzymes, such as,
15 for example, P-galactosidase (lacZ), DNA restriction enzymes (e.g. EcoRI, Hindlll, etc.),
lysozymes, etc., or proteases, such as, for example, papain, bromelain, keratinases, trypsin,
chymotrypsin, pepsin, renin (chymosin), suizyme, nortase, etc. These proteins may be
encoded by the at least one RNA (molecule) of the complexed RNA as defined herein.
Accordingly, the invention provides a technology which allows to substitute proteins which
20  are defective in the organism to be treated (e.g. either due to mutations, due to defective or
missing expression) and thereby effective and increased expression of proteins, which are
not functional in the organism to be treated, as e.g. occurring in monogenetic disorders,

preferably without leading to an innate immune response.

25  Alternatively, therapeutically active proteins as encoded by the at least one RNA {molecule)
of the complexed RNA as defined herein may also be selected from proteases etc. which
allow to cure a specific disease due to e.g. (over)expression of a dysfunctional or exogenous
proteins causing disorders or diseases. Accordingly, the invention may be used to
therapeutically introduce the complexed RNA into the organism, which attacks a

30  pathogenic organism (virus, bacteria etc). E.g. RNA encoding therapeutic proteases may be
used to cleave viral proteins which are essential to the viral assembly or other essential steps

of virus production.



pancreatic cancer Collagen XXIIl prostate cancer COX-2 ovarian cancer,
breast cancer, colorectal cancer CT-9/BRD6 bronobdomai ntestis-specific
protein Cen C-termnal tensin-like protein prostate cancer cyclin Bl
cyclin DIWQARHPHMBIcancer cyp-B cyclophi lin B PCT/EP2008/007244

bl adder cancer, | ungcancer, T-cel |eukem a, squanous cell carci noma, CYPB1
cytochrom P450 1B1 | eukem a DAM 10/ MAGE- Bl differentiation antigen

mel anomanel anoma, 10 32

Therapeutically active proteins as encoded by the at least one RNA (molecule) of the

complexed RNA as defined herein may also be selected from proteins which modulate

various intracellular pathways by e.g. signal transmission modulation (inhibition or

stimulation) which may influence pivotal intracellular processes like apoptosis, cell growth

5 etc, in particular with respect to the organism’s immune system. Accordingly, immune

modulators, e.g. cytokines, lymphokines, monokines, interferones etc. may be expressed

efficiently by the complexed RNA as defined herein. Preferably, these proteins therefore

also include, for example, cytokines of class | of the cytokine family that contain 4 position-

specific conserved cysteine residues (CCCC) and a conserved sequence motif Trp-Ser-X-Trp-

10 Ser (WSXWS), wherein X represents an unconserved amino acid. Cytokines of class 1 of the

cytokine family include the GM-CSF sub-family, for example IL-3, IL-5, GM-CSF, the IL-6

sub-family, for example IL-6, IL-11, IL-12, or the IL-2 sub-family, for example IL-2, IL-4, IL-

7, IL-9, IL-15, etc., or the cytokines IL-1a, IL-1B, IL-10 etc. By analogy, such proteins can

also include cytokines of class Il of the cytokine family (interferon receptor family), which

15  likewise contain 4 position-specific conserved cysteine residues (CCCC) but no conserved

sequence motif Trp-Ser-X-Trp-Ser (WSXWS). Cytokines of class Il of the cytokine family

include, for example, IFN-a, IFN-B, IFN-y, etc. Proteins coded for by the at least one

modified (m)RNA (of the inventive immunosuppressive composition) used according to the

invention can further include also cytokines of the tumour necrosis family, for example

20 TNF-a, TNF-B, TNF-RI, TNF-RIl, CD40, Fas, etc., or cytokines of the chemokine family,

which contain 7 transmembrane helices and interact with G-protein, for example IL-8, MIP-

1, RANTES, CCR5, CXR4, etc. Such proteins can also be selected from apoptosis factors or

apoptosis-related or -linked proteins, including AlIF, Apaf, for example Apaf-1, Apaf-2,

Apaf-3, or APO-2 (L), APO-3 (L), apopain, Bad, Bak, Bax, Bcl-2, Bcl-x,, Bcl-xs, bik, CAD,

25 calpain, caspases, for example 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, cytochrome C, CdR1, DcR1, DD, DED, DISC, DNA-PK.;, DR3, DR4, DR5,

FADD/MORT-1, FAK, Fas (Fas ligand CD95/fas (receptor)), FLICE'MACH, FLIP, fodrin, fos,

G-actin, Gas-2, gelsolin, granzymes A/B, ICAD, ICE, JNK, lamin A/B, MAP, MCL-1, Mdm-2,

30  MEKK-1, MORT-1, NEDD, NF~B, NuMa, p53, PAK-2, PARP, perforin, PITSLRE, PKC3, pRb,

presenilin, prlCE, RAIDD, Ras, RIP, sphingomyelinase, thymidine kinase from Herpes
simplex, TRADD, TRAF2, TRAIL, TRAIL-R1, TRAIL-R2, TRAIL-R3, transglutaminase, etc.



skin tunors, ovarian cancer, |lung cancer DAM 6/ MAGE-B2 differentiation

anti gen nel anomanel anoma, 6 skin tunors, ovarian cancer, |ung cancer

ECER/ Her1 |ung cancer, ovarian cancer, head and neck cancer, col on cancer,
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cancer ErMionQﬁﬁQﬁéraﬁe"i‘:ﬂ%ﬁ a%f?v"ézproteins as encoded by the at least one RNA {molecule)

of the complexed RNA as defined herein may also code for antigen specific T cell receptors.
The T cell receptor or TCR is a molecule found on the susface of T lymphocytes (or T cells)
that is generally responsible for recognizing antigens bound to major histocompatibility
5 complex (MHC) molecules. It is a heterodimer consisting of an alpha and beta chain in 95%
of T cells, while 5% of T cells have TCRs consisting of gamma and delta chains.
Engagement of the TCR with antigen and MHC results in activation of its T lymphocyte
through a series of biochemical events mediated by associated enzymes, co-receptors and
specialized accessory molecules. Hence, these proteins allow to specifically target specific
10 antigen and may support the functionality of the immune system due to their targeting
properties. Accordingly, transfection of cells /n vivo by administering the at least one RNA
(molecule} of the complexed RNA as defined herein coding for these receptors or,
preferably, an ex wvivo cell transfection approach (e.g. by transfecting specifically certain
immune cells), may be pursued. The T cell receptor molecules introduced recognize
15  specific antigens on MHC molecule and may thereby support the immune system’s

awareness of antigens to be attacked.

The therapeutically active proteins, which may be encoded by the at least one RNA
(molecule) of the complexed RNA as defined herein, may furthermore comprise an adjuvant
20  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 an activation of a pattern recognition receptor, such as
e.g. a receptor selected from the Toll-like receptor (TLR) familiy, including e.g. a Toll like
receptor selected from human TLR1 to TLR10 or from murine Toll like receptors TLR1 to
25  TLR13. Preferably, an innate immune response is elicited in a mammal, more preferably in
a human. 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 effects may be used as well.

30 Human adjuvant proteins, which may be encoded by the at least one RNA (molecule) of the
complexed RNA as defined herein, typically comprise any human protein, which is capable
of eliciting an innate immune response (in a mammal), e.g. as a reaction of the binding of

an exogenous TLR ligand to a TLR. More preferably, human adjuvant proteins which may
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immune response, including IL-2, 1L-12, IL-15, IL-18, IL-21CCL21, GM-CSF and TNF-alpha;
cytokines which are released from macrophages, including IL-1, IL-6, IL-8, IL-12 and TNF-

5  alpha; from components of the complement system including C1q, MBL, C1r, C1s, C2b, Bb,
D, MASP-1, MASP-2, C4b, C3b, C5a, C3a, C4a, C5h, Cé, C7, C8, C9, CR1, CR2, CR3,

CR4, ClgR, Cl1iNH, C4bp, MCP, DAF, H, |, P and CD59; from proteins which are
components of the signalling networks of the pattern recognition receptors including TLR

and IL-1R1, whereas the components are ligands of the pattern recognition receptors

10 including IL-1alpha, IL-1 beta, Beta-defensin, heat shock proteins, such as HSP10, HSP60,
HSP65, HSP70, HSP75 and HSP90, gp96, Fibrinogen, Typlll repeat extra domain A of
fibronectin; the receptors, including IL-1Rl, TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLRZ,
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,

15 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

20 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 RNA (molecule) of
25 the complexed RNA as defined herein, 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 fungj, animals, etc., and even more preferably from pathogenic adjuvant proteins
selected from the group consisting of, without being limited thereto, bacterial proteins,
30 protozoan proteins (e.g. profilin — like protein of Toxoplasma gondi)), viral proteins, or

fungal proteins, animal proteins, etc.
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kDa el angig;s context, bacterial {adjuvant) proteins which may be encoded by the at least one RNA
(molecule) of the complexed RNA as defined herein, may comprise any bacterial protein,
which is capable of eliciting an innate immune response (preferably in a mammal). More
preferably, bacterial (adjuvant) proteins, which may be encoded by the complexed RNA,

5 may comprise bacterial adjuvant proteins selected from the group consisting of, without
being limited thereto, bacterial flagellins, including flagellins from organisms including
Agrobacterium, Aquifex, Azospiriflum, Bacillus, Bartonella, Bordetella, Borrelia,
Burkholderia, Campylobacter, Caulobacte, Clostridium, Escherichia, Helicobacter,
Lachnospiraceae, Legionella, Listeria, Proteus, Pseudomonas, Rhizobium, Rhodobacter,

10 Roseburia, Salmonella, Serpulina, Serratia, Shigella, Treponema, Vibrio, Wolinella, Yersinia,
more preferably flagellins from the species, without being limited thereto, Agrobacterium
tumefaciens, Aquifex pyrophilus, Azospiriflum brasilense, Bacillus subtilis, Bacillus
thuringiensis, Bartonella bacilliformis, Bordetella bronchiseptica, Borrelia burgdortfer,
Burkholderia cepacia, Campylobacter jejuni, Caulobacter crescentus, Clostridium

15 botulinum strain Bennett clone 1, Escherichia coli, Helicobacter pylori, Lachnospiraceae
bacterium, lLegionella pneumophila, Listeria ~monocytogenes, Proteus mirabilis,
Pseudomonas aeroguinosa, Pseudomonas syringae, Rhizobiurmn meliloti, Rhodobacter
sphaeroides, Roseburia cecicola, Roseburis hominis, Salmonella typhimurium, Salmonella
bongori, Salmonella typhi, Salmonella enteritidis, Serpulina hyodysenteriae, Serratia

20 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 RNA (molecule) of the
complexed RNA as defined herein, are particularly preferred and may be selected from any
25  bacterial flagellin showing adjuvant character, more preferably from bacterial flagellins
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
30  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 cofi heat-
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labile enterotoxin mutants with reduced toxicity, including LTK63, LTR72; phenol-soluble
modulin; neutrophil-activating protein (HP-NAP) from Helicobacter pylori Surfactant
protein D; Quter surface protein A lipoprotein from Borrelia burgdorferi, Ag38 (38 kDa
antigen) from Mycobacterium tuberculosis; proteins from bacterial fimbriae; Enterotoxin CT
of 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 flagellins, which may be encoded by the at least one RNA (molecule) of the
complexed RNA as defined herein, even more preferably comprise a sequence selected

from the group comprising any of the following sequences as referred to their accession

numbers:
organism species gene name | accession No | GI No
Agrobacterium Agrobacterium FlaD (flaD) | U95165 Gl:14278870
turnefaciens FIhB (fihB)
FIiG (fliG)
FIiN (fliN)
FIiM (fliM)
MotA (motA)
FigF (flgF)
Flil (fli1y
FlgB (figB)
FlgC (flgC)
FIiE (fliE)
FlgG (flgQ)
FlgA (flgA)
Flg! (flgl)
FigH (flgH)
FliL (fliL)
FliP (fliP)
FlaA {flaA)
FlaB (flaB)
FlaC {flaC)
Aquifex Aguifex U17575 Gl:596244
pyrophilus
Azospirillum Azospirillum Laf1 U26679 Gl:1173509
brasilense
Bacillus Bacillus subtilis | hag AB033501 Gl:14278870
Bacitlus Bacillus flab X67138 G1:46019718
thuringiensis
Bartonella Bartonella L20677 Gl:304184
bacilliforrnis
Bordetella Bordetella flaA L13034 Gl:289453
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bronchiseptica
Borrelia Borrelia X16833 (1:39356
burgdorferi
Burkholderia Burkholderia fliC AF011370 (l:2935154
cepacia
Campylobacter Campylobacter | flaA J05635 Gl1:144197
Jejuni flaB
Caulobacter Caulobacter J01556 Gl:144239
crescentus
Clostridium Clostridium FlaA DQ845000 Gl1:114054886
botulinum strain
Bennett clone 1
Escherichia Escherichia coli | hag M14358 Gl:146311
Al 884569
(EMBL-SVA)
Helicobacter Helicobacter flaA X60746 Gi:43631
pylori
Lachnospiraceae | Lachnospiraceae DQ789131 Gi:113911615
bacterium
Legionella Legionella flaA X83232 Gl1:602877
pneumophila
Listeria Listeria flaA X65624 Gl:44097
monocytogenes
Proteus Proteus mirabilis | FlaD (flaD) | AF221596 Gl:6959881
FlaA (flaA)
FlaB (flaB)
FIiA (fliA)
FIiZ {fliZ)
Pseudormonas FPseudomonas flaA M57501 Gl:151225
aeroguinosa
Pseudomonas Pseudomonas fliC EF544882 Gl:146335619
syringae
Rhizobium Rhizobium flaA M24526 (1:152220
meliloti flaB
Rhodobacter Rhodobacter fliC AF274346 GL10716972
sphaeroides
Roseburia Roseburia M20983 Gi:152535
cecicola
Roseburia Roseburis Fla2 DQ789141 Gl:113911632
hominis
Salmonella Salmonella D13689 Gl1:217062
typhimurium (NCBI ID)
Salmonella Salmonelfa fliC AY603412 Gl1:51342390
bongori
Salmonella Salmonella typhi | flag L21912 G1:397810
Salmonella Salmonelfa flic MB4980 Gl:154015
enteritidis
Serpulina Serpufina flaB2 X63513 Gl:450669
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hyodysenteriae
Serratia Serratia hag M27219 GI:152826
marcescens
Shigella Shigella boydii fiC-SB D26165 (Gl:442485
Treponema Treponema flaB2 M84015 GI:155060
phagedenis
Vibrio Vibrio flaA EF125175 G1:119434395
alginolyticus
Vibrio s Vibrio AF069392 Gl:7327274
parahaemolyticus
Wolinella Wolinefla flag M82917 G1:155337
succinogenes
Yersinia Yersinia L33467 Gl1:496295
enterocolitica

Protozoan proteins, which may be encoded by the at least one RNA (molecule) of the
complexed RNA as defined herein, may be selected from any protozoan protein showing
adjuvant character, more preferably, from the group consisting of, without being limited
5  thereto, Tc52 from Trypanosoma cruzi, PFTG from Trypanosoma gondii, Protozoan heat
shock proteins, LelF from Leishmania spp., profilin-like protein from Toxoplasma gondii,

etc.

Viral proteins, which may be encoded by the at least one RNA (molecule) of the complexed
10 RNA as defined herein, may be selected from any viral protein showing adjuvant character,
more preferably, from the group consisting of, without being limited thereto, Respiratory
Syncytial Virus fusion glycoprotein (F-protein), envelope protein from MMT virus, mouse

leukemia virus protein, Hemagglutinin protein of wild-type measles virus, etc.

15  Fungal proteins, which may be encoded by the at least one RNA (molecule) of the
complexed RNA as defined herein, may be selected from any fungal protein showing
adjuvant character, more preferably, from the group consisting of, without being limited

thereto, fungal immunomodulatory protein (FIP; LZ-8), etc.

20  Finally, pathogenic adjuvant proteins, which may be encoded by the at least one RNA
(molecule) of the complexed RNA as defined herein, may finally be selected from any
further pathogenic protein showing adjuvant character, more preferably, from the group

consisting of, without being limited thereto, Keyhole limpet hemocyanin (KLH), OspA, etc.
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5 classified according to their origin. Accordingly, there are two major classes of antigens:
exogenous and endogenous antigens. Exogenous antigens are antigens that enter the cell or
the body from outside (the cell or the body), for example by inhalation, ingestion or
injection, etc. These antigens are internalized by antigen-presenting cells (“APCs”, such as
dendritic cells or macrophages) and processed into fragments. APCs then present the
10 fragments to T helper cells (e.g. CD4") by the use of MHC Ii molecules on their surface.
Recognition of these antigen fragments by T cells leads to activation of the T cells and
secretion of cytokines. Cytokines are substances that can activate proliferation of immune
cells such as cytotoxic T cells, B cells or macrophages. In contrast, endogenous antigens are
antigens which have been generated within the cell, e.g. as a result of normal cell
15  metabolism. Fragments of these antigens are presented on MHC | molecules on the surface
of APCs. These antigens are recognized by activated antigen-specific cytotoxic CD8* T
cells. After recognition, those T cells react in secretion of different toxins that cause lysis or
apoptosis of the antigen-presenting cell. Endogenous antigens comprise antigens, e.g.
proteins or peptides encoded by a foreign nucleic acid inside the cell as well as proteins or
20 peptides encoded by the genetic information of the cell itself, or antigens from
intracellularly occurring viruses. One class of endogenous antigens is the class of tumor
antigens. Those antigens are presented by the MHC | molecules on the surface of tumor
cells. This class can be divided further in tumor-specific antigens (TSAs} and tumor-
associated-antigens (TAAs). TSAs can only be presented by tumor cells and never by normal
25  “healthy” cells. They typically result from a tumor specific mutation. TAAs, which are more
common, are usually presented by both tumor and healthy cells. These antigens are
recognized and the antigen-presenting cell can be destroyed by cytotoxic T cells.
Additionally, tumor antigens can also occur on the surface of the tumor in the form of e.g. a

mutated receptor. In this case, they can be recognized by antibodies.

30

Antigens, which may be encoded by the at least one RNA (molecule) of the complexed
RNA of the present invention, may include e.g. proteins, peptides or fragments thereof.

Preferably, antigens are proteins and peptides or fragments thereof, such as epitopes of
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those proteins or peptides. Epitopes (also called “antigen determinants”), typically, are
fragments located on the outer surface of such antigenic protein or peptide structures having
5 to 15, preferably 9 to 15, amino acids (B-cell epitopes and T-cell epitopes are typically
presented on MHC molecules, wherein e.g. MHC-I typically presents epitopes with a length
5 of about 9 aa and MHC-II typically presents epitopes with a length of about 12-15 aa).
Furthermore, antigens encoded by the at least one RNA (molecule) of the complex
according to the invention may also comprise any other biomolecule, e.g., lipids,
carbohydrates, etc., which may be covalently or non-covalently attached to the RNA
(molecule).
10
In accordance with the invention, antigens, which may be encoded by the at least one RNA
{molecule) of the complexed RNA of the present invention, may be exogenous or
endogenous antigens. Endogenous antigens comprise antigens generated in the cell,
especially in degenerate cells such as tumor cells. These antigens are referred to as “tumor
15  antigens”. Preferably, without being restricted thereto, they are |ocated on the surface of the
cell. Furthermore, “tumor antigens” means also antigens expressed in cells which are (were)
not by themselves {or originally not by themselves) degenerate but are associated with the
supposed tumor. Antigens which are connected with tumor-supplying vessels or
(reformation thereof, in particular those antigens which are associated with
20  neovascularization, e.g. growth factors, such as VEGF, bFCF etc., are also included herein.
| Antigens connected with a tumor furthermore include antigens from cells or tissues,
typically embedding the tumor. Further, some substances (usually proteins or peptides) are
expressed in patients suffering (knowingly or not-knowingly) from a cancer disease and they
occur in increased concentrations in the body fluids of said patients, e.g. proteins, which
25  are associated with tumor cell invasion and migration. These substances are also referred to
as “tumor antigens”, however they are not antigens in the stringent meaning of an immune
response inducing substance. Use thereof is also encompassed by the scope of the present

invention.

30  Antigens, which may be encoded by the at least one RNA {molecule) of the complexed
RNA of the present invention, may be exemplarily selected, without being restricted thereto,
e.g. from any antigen suitable for the specific purpose, e.g. from antigens, which are

relevant {or causal} for specific infection diseases, such as defined herein, from cancer
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antigens such as tumor specific surface antigens, from antigens expressed in cancer
diseases, from mutant antigens expressed in cancer diseases, or from protein antigens
involved in the etiology of further diseases, e.g. autoimmune diseases, allergies, etc. E.g.
these antigens may be used to desensitize a patient by administering an antigen causing the

5  patient’s allergic or autoimmune status.

Preferred exemplary antigenic (poly)peptides encoded by the at least one RNA (molecule) of
the complexed RNA as defined herein include all known antigenic peptides, for example
tumour antigens, etc. Specific examples of tumour antigens are /nter a/ia tumour-specific
10  surface antigens (TSSAs), for example 574, alphaSbetal-integrin, 707-AP, AFP, ART-4,
B7H4, BAGE, Bcr-abl, MN/C 1X antigen, CA125, CAMEL, CAP-1, CASP-8, beta-catenin/m,
CD4, CD19, CD20, CD22, CD25, CDC27/m, CD 30, CD33, CD52, CD56, CD80,
CDK4/m, CEA, CT, Cyp-B, DAM, EGFR, ErbB3, ELF2M, EMMPRIN, EpCam, ETV6-AMLT,
G250, GAGE, GnT-V, Gp100, HAGE, HER-2/new, HLA-A*0201-R170l, HPV-E7, HSP70-
15 2M, HAST-2, hTERT (or hTRT), iCE, IGF-1R, IL-2R, IL-5, KIAAQ205, LAGE, LDLR/FUT,
MAGE, MART-1/melan-A, MART-2/5ki, MC1R, myosin/m, MUCT, MUM-1, -2, -3, NA88-A,
PAP, proteinase-3, p190 minor bcr-abl, PmI/RARalpha, PRAME, PSA, PSM, PSMA, RACGE,
RU1 or RU2, SAGE, SART-1 or SART-3, survivin, TEL/AML1, TGFbeta, TPI/m, TRP-1, TRP-2,
TRP-2/INT2, VEGF and WT1, or from sequences such as, for example, NY-Eso-1 or NY-Eso-
20  B. Any class of tumor antigens is suitable for the purpose of the present invention, e.g.
tumor antigens known to be involved in neovascularization, influencing the extracellular

matrix structure etc. Fragments and analogues of the above antigens are also encompassed.

Examples of tumor antigens which may be encoded by the at least one RNA (molecule) of
25  the complexed RNA of the present invention are shown in Tables 1 and 2 below. These
tables illustrate specific (protein) antigens (i.e. “tumor antigens”} with respect to the cancer
disease, they are associated with. According to the invention, the terms “cancer diseases”

and “tumor diseases” are used synonymously herein.

30 Table 1: Antigens expressed in cancer diseases

[Tumnor antigen Name Expression site

colorectal cancer, gastric cancer, ovarian
5T4 cancer
707-AP 707 alanine proline melanoma
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l9D7 renal cell carcinoma
B hepatocellular carcinoma, gallbladder]
cancer, testicular cancer, ovarian cancer,
AFP alpha-fetoprotein bladder cancer
AIBZIP HPG1 prostate cancer
alphaShetal-
Integrin
alphaSbetab6-
Integrin colon cancer
alpha-methylacyl-
coenzyme Al
racemase prostate cancer
lung cancer, head and neck cancer,
leukemia, esophageal cancer, gastric
adenocarcinoma antigenjcancer, cervical cancer, ovarian cancer,
ART-4 recognized by T cells 4 breast cancer, squamous cell carcinoma
B7H4 ovarian cancer
bladder cancer, head and neck cancer,
fung cancer, melanoma, squamous cell
BAGE-1 B antigen carcinoma
BCL-2 leukemia
BING-4 melanoma

CA 15-3/CA 27-29

breast cancer, ovary cancer, iung cancer,
rostate cancer

gastric cancer, pancreatic cancer, liver
cancer, breast cancer, gallbladder cancer,

CA 19-9 colon cancer, ovary cancer, lung cancer

CA 72-4 ovarian cancer
ovarian cancer, colorectal cancer, gastric
cancer, liver cancer, pancreatic cancer,
uterus cancer, cervix carcinoma, colon

CA125 cancer, breast cancer, lung cancer

calreticulin bladder cancer

CTL-recognized  antigen  on

CAMEL melanoma melanoma

CASP-8 caspase-8 head and neck cancer

cathepsin B breast cancer

cathepsin L breast cancer

CD19 B-cell malignancies

CD20

CD22

CD25

CD30

CD33

CD4

CD52

CD55

CD56

MART - 1/Nb|an A nelanona

ovari an



M350/ PXDN breast cancer, glioblastoma, nelanonma MW 11 M phase
phosphoprotein 11 | eukema MV CA | X-antigen renal cell carcinoma MRP-3

mul ti drugresi -associ ated protein 3 |lung cancer cin 1 breast
cancer W@h@%’?’ﬂ'ﬁgl breast cancer, ovarian cancer, paw&}g]ﬁ%é}%ﬁgﬁ@er NA88- A
NA cDNA cl one of patient MB8 nel anonma Nacetyl gl ucosam ny |transferase-V
Neo- PAP Neo- pol y(A) pol ynerase NGEP
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CD80
gut carcinoma, colorectal cancer, colon
cancer, hepatocellular cancer, lung
cancer, breast cancer, thyroid cancer,
pancreatic cancer, liver cancer cervix
CEA carcinoembryonic antigen cancer, bladder cancer, melanoma
calcium-activated chloride
CLCA2 channel-2 lung cancer
CML28 leukemia
Coactosin-like
protein pancreatic cancer
Collagen XXl rostate cancer
ovarian cancer, breast cancer, colorectal
COX-2 cancer
bromodomain testis-specific|
CT-9/BRD6 protein
Cten C-terminal tensin-like protein prostate cancer
cyclin B1
cyclin D1 Qvarian cancer
bladder cancer, lung cancer, T-cell
cyp-B cyclophilin B leukemia, squamous cell carcinoma,
CYPB1 cytochrom P450 1B1 leukemia
DAM-10/MAGE- |differentiation antigen melanomalmelanoma, skin tumors, ovarian cancer,
B1 10 lung cancer
differentiation antigen melanomamelanoma, skin tumors, ovarian cancer,
DAM-6/MAGE-B2 |6 lung cancer
lung cancer, ovarian cancer, head and
neck cancer, colon cancer, pancreatic
EGFR/Her1 cancer, breast cancer
tumor cell-associatedlung cancer, breast cancer, bladder
extracellular matercancer, ovarian cancer, brain cancer,
EMMPRIN metalloproteinase inducer/ lymphoma
ovarian cancer, breast cancer, colon
EpCam epithelial cell adhesion molecule |cancer, lung cancer
EphA2 ephrin type-A receptor 2 glioma
EphA3 ephrin type-A receptor 2 melanoma, sarcoma, lung cancer
ErbB3 breast cancer
endometrium cancer, melanoma, prostate
EZH2 {enhancer of Zeste homolog 2)  |cancer, breast cancer
renal cell carcinoma, breast cancer,
FGF-5 fibroblast growth factor-5 prostate cancer
FN fibronectin melanoma
breast cancer, esophageal cancer, renal
Fra-1 Fos-related antigen-1 cell carcinoma, thyroid cancer
leukemia, renal cell carcinoma, head and
neck cancer, colon cancer, ovarian
G250/CAIX lycoprotein 250 cancer, cervical cancer
bladder cancer, lung cancer, sarcoma,
GAGE-1 G antigen 1 melanoma, head and neck cancer




prostate cancer NMP22 bl adder cancer NPM ALK nucl eophosmi n/ anapl asti c
| ymphoma ki nase fusion protein NSE neuron-specific enoI ase small cell
cancer of Iun{gb neur obl astoma, WIm tunor, nelanomg, ¥ oi d cancer,
ki dney cant®fi®P¥43, ¢l e cancer, pancreas cancer Ny- ESO?E @WUW?(‘”
esophageous 1 bl adder cancer, head and neck cancer,

nel anong, sar cona, B-1 ynphoma, hepat oma, pancreati ccancer, ovari an cancer,
breast cancer NY-ESO-B Al ocul ar al bjgnismtype 1 protein nelanom
OFA-i LRP oncofetal antigen-immature am nin receptorleukema WO

2009/ 030481PCT/ EP2008) 007244 47 OGT 0- i nkejdha&etagl UeAg aEhal, sarcoma,
GAGE-2 G antigen 2 melanoma, head and neck cancer
bladder cancer, jung cancer, sarcoma,
GAGE-3 G antigen 3 melanoma, head and neck cancer
bladder cancer, lung cancer, sarcoma,
GCAGE-4 G antigen 4 melanoma, head and neck cancer
bladder cancer, lung cancer, sarcoma,
GAGE-5 G antigen 5 melanoma, head and neck cancer
bladder cancer, lung cancer, sarcoma,
GAGE-6 G antigen 6 melanoma, head and neck cancer
bladder cancer, fung cancer, sarcoma,
GAGE-7b G antigen 7b melanoma, head and neck cancer
bladder cancer, lung cancer, sarcoma,
GAGE-8 G antigen 8 melanoma, head and neck cancer
gene differentially expressed in
GDEP prostate rostate cancer
N-acetylglucosaminyltransferase
GnT-V A slioma, melanoma
gp100 glycoprotein 100 kDa melanoma
GPC3 glypican 3 hepatocellular carcinoma, melanoma
HAGE helicase antigen bladder cancer
HAST-2 human signet ring tumor-2
hepsin prostate
breast cancer, bladder cancer,
human epidermal receptor'melanoma, ovarian cancer, pancreas
Her2/new/ErbB2  [2/neurological cancer, gastric cancer
HERV-K-MEL melanoma
HNE human neutrophil elastase leukemia
homeobox  NKX
3.1 prostate cancer
HOM-TES-
14/SCP-1 lovarian cancer
HOM-TES-85
HPV-E6 cervical cancer
HPV-E7 cervical cancer
HST-2 gastric cancer
breast cancer, melanoma, lung cancer,
hurnan telomerase reversepvarian cancer, sarcoma, Non-Hodgkin-
hTERT transcriptase lymphoma, acute leukemia
iCE intestinal carboxyl esterase renal cell carcinoma
IGF-1R colorectal cancer
interleukin 13 receptor alpha 2
IL-13Ra2 chain glioblastoma
IL-2R colorectal cancer
1L-5
immature laminin
receptor renal cell carcinoma
kallikrein 2 prostate cancer




transferase gene

cancer PAI'-

0S-9
cancer, breast cancer,

p190m'norQ,E;(gl?2(%9?./2;80%j

osteocal cin
ovari an cancer

prostate cancer osteopontin
pl5 protein 15 pl

5 nel anoma

prostate

p53 PAGE-4 prostate GAGE-Ii ke pr i 0= tate
nogen acitvator inhibitor 1 PefleBadta b2
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kallikrein 4 prostate cancer
prostate cancer, breast cancer, Non-
Ki67 Hodgkin-lymphoma, melanoma
KIAAD205 bladder cancer
Kita-kyushu lung cancer antigen
KK-LC-1 1 lung cancer
tongue cancer, hepatocellular
carcinomas, melanoma, gastric cancer,
esophageal, colon cancer, pancreatic
KM-HN-1 cancer
bladder cancer, head and neck cancer,
LAGE-1 l. antigen melanoma
livin bladder cancer, melanoma
bladder cancer, head and neck cancer,
melanoma, colon cancer, lung cancer,
MAGE-A1 melanoma antigen-A1l sarcoma, leukemia
bladder cancer, head and neck cancer,
melanoma, colon cancer, lung cancer,
MAGE-A10 melanoma antigen-A10 sarcoma, leukemia
bladder cancer, head and neck cancer,
melanoma, colon cancer, lung cancer,
sarcoma, leukemia, prostate cancer,
MAGE-A12 melanoma antigen-A12 myeloma, brain tumors
bladder cancer, head and neck cancer,
melanoma, colon cancer, lung cancer,
MAGE-A2 melanoma antigen-A2 sarcoma, leukemia
bladder cancer, head and neck cancer,
melanoma, colon cancer, lung cancer,
MAGE-A3 melanoma antigen-A3 sarcoma, leukemia
bladder cancer, head and neck cancer,
melanoma, colon cancer, lung cancer,
MAGE-A4 melanoma antigen-A4 sarcoma, leukemia
bladder cancer, head and neck cancer,
melanoma, colon cancer, lung cancer,
MAGE-Ab melanoma antigen-A6 sarcoma, leukemia
bladder cancer, head and neck cancer,
melanoma, colon cancer, lung cancer,
MAGE-A9 melanoma-antigen-A9 sarcoma, leukemia
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




br east cancer

PDEF

PAI - 2 pl asm nogen aci tvator
prostate aci c phosphatase prostate cancer
prostate cancer
prostate CHPSUPIBEHE
preferential | yexpressedanti genand of nel anoma nel anons,
| eukem a, head neck cancer,

prostate cancer

srostate cancer PRAMVE

i nhi bitor
PART-1 brostate cancer
Pi | - Ki nase

2 breast cancer PAP
PATE
Pi nl Progxl

PCT/EP2008/007244

| ung cancer,

renal cell carcinoma, sarcoma prostein
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MAGE-C3 melanoma-antigen-C3 melanoma
MAGE-D1 melanoma-antigen-D1 melanoma
MAGE-D2 melanoma-antigen-D2 melanoma
MAGE-D4 melanoma-antigen-D4 melanoma
MAGE-E1 melanoma-antigen-E1 bladder cancer, melanoma
MAGE-E2 melanoma-antigen-E2 melanoma
MAGE-F1 melanoma-antigen-F1 melanoma
MAGE-H1 melanoma-antigen-H1 melanoma
MAGEL2 MAGE-like 2 melanoma

mammaglobin A

breast cancer

MART-1/Melan-A

melanoma antigen recognized byj
T cells-1/melanoma antigen A

melanoma

melanoma antigen recognized byj]

MART-2 T cells-2 melanoma
matrix protein 22 bladder cancer
MCI1R melanocortin 1 receptor melanoma
macrophage colony-stimulating
M-CSF factor gene ovarian cancer
mesothelin ovarian cancer
MGS50/PXDN breast cancer, glioblastoma, melanoma
MMP 11 M-phase phosphoprotein 11 leukemia

MN/CA 1X-antigen

renal cell carcinoma

ltransferase-V

acetylglucosaminy

multidrug  resistance-associated
MRP-3 protein 3 lung cancer
MUCI mucin 1 breast cancer
breast cancer, ovarian cancer, pancreatic
MUC2 mucin 2 cancer
NABS-A NA cDNA clone of patient M88 |melanoma
N-

Neo-PAP Neo-poly(A) polymerase
NGEP prostate cancer
NMP22 bladder cancer
nucleophosmin/anaplastic
NPM/ALK lymphoma kinase fusion protein
small cell cancer of lung, neuroblastoma,
Wilm' tumor, melanoma, thyroid cancer,
kidney cancer, testicle cancer, pancreas|
NSE neuron-specific enolase cancer
bladder cancer, head and neck cancer,
melanoma,  sarcoma,  B-lymphoma,
hepatoma, pancreatic cancer, ovarian
NY-ESO-1 New York esophageous 1 cancer, breast cancer
NY-ESO-B
OA1 ocular albinism type 1 protein  |melanoma
oncofetal antigen-immature|
OFA-iLRP laminin receptor leukemia

i somer ase



prostate cancer proteinase-3
cancer PSCA prostate cancer

PSA prostate-specific antigen prostate
PSGR prostate cancer PSM

PSVA

prostat e-speci fi cnenbrane anti gen prostate cancer RACGE- % ntigen
bl adder cAPXEPPEAY cancer, sarcoma, colon cancer RHA EER R0k

receptorforhyal uroni cacid nediated notilityl eukem a RUL renal

OGT
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O-linked
transferase gene

N-acetylglucosamine

0S-9

osteocalcin

prostate cancer

osteopontin

prostate cancer, breast cancer, ovarian
cancer

p15

protein 15

pl5

melanoma

abl

p190 minor ber-

53

PAGE-4

prostate GAGE-like protein-4

prostate cancer

PAl-1

plasminogen acitvator inhibitor 1

breast cancer

PAl-2

plasminogen acitvator inhibitor 2

breast cancer

PAP

prostate acic phosphatase

prostate cancer

PART-1

prostate cancer

PATE

prostate cancer

PDEF

prostate cancer

Pim-1-Kinase

Fin1

Propyl isomerase

prostate cancer

POTE

prostate cancer

PRAME

of melanoma

melanoma, lung cancer, leukemia, head

preferentially expressed antigenfand neck cancer, renal cell carcinoma,

Sarcoma

prostein

prostate cancer

roteinase-3

PSA

prostate-specific antigen

prostate cancer

PSCA

prostate cancer

PSGR

prostate cancer

PSM

PSMA

prostate-specific
antigen

membrane!

prostate cancer

RAGE-1

renal antigen

bladder cancer, renal cancer, sarcoma,
colon cancer

RHAMM/CD168

mediated motility

receptor for hyaluronic acid

leukemia

RU1

renal ubiquitous 1

bladder cancer, melanoma, renal cancer

RU2

renal ubiquitous 1

bladder cancer, melanoma, sarcoma,
brain tumour, esophagel cancer, renal
cancer, colon cancer, breast cancer

5-100

melanoma

SAGE

sarcoma antigen

SART-1

1

squamous antigen rejecting tumoresophageal cancer,

head and neck
cancer, lung cancer, uterine cancer

SART-2

1

squamous antigen rejecting tumorhead and neck cancer, lung cancer, renal

cell carcinoma, melanoma, brain tumour

SART-3

1

squamous antigen rejecting tumorhead and neck cancer, lung cancer,

leukemia, melanoma, esophageal cancer

ubi quitous 1



bl adder cancer, nelanoma, renal cancer RU2 renal ubiquitous 1

bl adder cancer, nel anoma, sar cona, brai ntunour, esophagel cancer, renal cancer,
col on can t cancer S-100 nmel anonma SAGE sarco ' SARI - 1
guanous a&ﬁia@g%ﬁgéecting t unor esophageal 1 cancer,heaggH%E%@g@Q%%er, | ung
cancer, uterine cancer SART-2 quanous antigen rejecting tunorhead 1

and neck cancer, |lung cancer, renal cell carcinom, nelanoma, brain tunour
SART- 3 quanous antigen rejecting tunor4dgead 1 andneckcancer, | ungcancer,

| eukem a, nel anoma, esophageal cancer WD 2009/ 030481PCT/ EP2008/ 007244 48

SCC SCC squamous cell carcinoma antigen |lung cancer
Spl17 sperm protein 17 muttiple myeloma
hepatocellular cell carcinom, breast
SSX-1 synovial sarcoma X breakpoint 1 |cancer
$5X-2/HOM-MEL-
40 synovial sarcoma X breakpoint 2 |breast cancer
bladder cancer, hepatocellular cell
SSX-4 synovial sarcoma X breakpoint 4 |carcinoma, breast cancer
STAMP-1 prostate cancer
six  transmembrane  epithelial
STEAP antigen prostate prostate cancer
survivin hladder cancer
survivin-2B intron 2-retaining survivin bladder cancer
TA-90 melanoma
TAG-72 prostate carcinoma
[TARP prostate cancer
TGFb TGFbeta
TGFEbRI TGFbeta receptor |1
TGM-4 prostate-specific transglutaminase prostate cancer
taxol resistant associated proteinjbreast cancer, leukemia, and melanoma
TRAG-3 3
TRG testin-related gene
TRP-1 tyrosine related protein 1 melanoma
TRP-2/6b TRP-2/novel exon 6b melanoma, glioblastoma
[TRP-2/INT2 [TRP-2/intron 2 melanoma, glioblastoma
Trp-p8 prostate cancer
[Tyrosinase melanoma
urokinase-type plasminogen
UPA activator breast cancer
vascular  endothelial  growth
VEGF factor
vascular  endothelial  growth
VEGFR-2/FLK-1  |factor receptor-2
gastric cancer, colon cancer, lung cancer,
kNTT Wilm' tumor gene breast cancer, ovarian cancer, leukemia

Table 2: Mutant antigens expressed in cancer diseases

Mutant antigen Name Expression site
alpha-actinin-4/m lung carcinoma
ARTC1/m melanoma

breakpoint  cluster  region-
ber/abl Abelson fusion protein CML
beta-Catenin/m beta-Catenin melanoma
BRCA1/m breast cancer
BRCA2/m breast cancer

colorectal cancer, gastric  cancer,

CASP-5/m endometrial carcinoma




squanous cel
nmyel oma SSX-1 synovi al

carci noma antigen |ung cancer Sp

sarcoma X breakpoi nt

nom breast. cancer SSX-2/ HOM MEL40 synovial sarcoma X b i 2 breast
cancer SSYY9? §$ﬁ%ﬁ5ﬂ sarcoma X breakpoint 4 ¥S%£Bﬂmg&nzm

bl adder cancer, hepat ocel | ul ar cel
STEAP si xtransnmenbr aneepi t hel i al
survivin

carci nonm,

1 hepatocellul arcellcarc

br east cancer

bl adder cancer survivin-2B iqgron 2-retaining survivin bl adder
TA-90
head and neck cancer, squamous cell
CASP-8/m carcinoma
CDC27/m cell-division-cycle 27
CDK4/m cyclin-dependent kinase 4 melanoma
CDKN2A/m melanoma
CMLEG CML
COA-1/m colorectal cancer
DEK-CAN fusion protein AML
EFTUD2/m melanoma
ELF2/m Elongation factor 2 lung squamous cell carcinoma
Ets variant gene6/acute myeloid
ETV6-AML1 leukemia 1 gene fusion protein  |ALL
FN1/m fibronectin 1 melanoma
CGPNMB/m melanoma
arginine to isoleucine exchange
at residue 170 of the alpha-helix
HLA-A*0201- of the alpha2-domain in the
R170l HLA-A2 gene renal cell carcinoma
HLA-A11/m melanoma
HLA-A2/m renal cell carcinoma
repal  cell carcinoma, melanoma,
HSP70-2M heat shock protein 70-2 mutated |neuroblastoma
KIAA0205/m bladder tumor
pancreatic carcinoma, colorectal
K-Ras/m carcinoma
LDR-Fucosyltransferase  fusion
LDLR-FUT protein melanoma
MART2/m melanoma
ME1/m non-small cell lung carcinoma
MUM-1/m melanoma ubiquitous mutated 1 |melanoma
MUM-2/m melanoma ubiquitous mutated 2 |melanoma
MUM-3/m melanoma ubiquitous mutated 3 [melanoma
Myosin class I/m melanoma
neo-PAP/m melanoma
NFYC/m lung squamous cell carcinoma
N-Ras/m melanoma
OGT/m colorectal carcinoma
0S-9/m melanoma
p53/m
promyelocytic leukemia/retinoic
Pml/RARa acid receptor alpha APL, PML
PRDX5/m melanoma
receptor-type protein-tyrosine
PTPRK/m phosphatase kappa melanoma
RBAF600/m melanoma
SIRT2/m melanoma
SYT-S5X-1 synaptotagmin l/synoviallsarcoma

7 spermprotein 17 nmultiple

STAWP-1 prostate
antigen prostate prostate cancer




mel anoma TAG 72 prostate carcinoma TARP prostate cancer TGFb TGrbet a
TGFbRI1 TGFbeta receptor Il TGW4 prostate-specific transgl utam nase
prostate L. JRAG 3 taxol resistant associated protej 1 cancer,
| eukem a, q’gﬁg&#ﬁ@@om TRG testin-related gene TRP-1 %ﬂg&uﬁéﬁoﬁ/z *at ed
protein 1 nel anoma TRP-2/6b TRP-2/novel exon 6b nel anoma, gliobl astoma
TRP- 2/ 1 NT2
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sarcoma X fusion protein
synaptotagmin I/synovial
SYT-55X-2 sarcoma X fusion protein sarcoma
translocation Ets-family
leukemia/acute myeloid
TEL-AML1 teukemia 1 fusion protein AML
TGFbRII TCGFbeta receptor | colorectal carcinoma
TPYm triosephosphate isomerase melanoma

In a preferred embodiment according to the invention, examples of tumor antigens which

may be encoded by the at least one RNA (molecule) of the complexed RNA of the present
invention are selected from the group consisting of 5T4, 707-AP, 9D7, AFP, AIbZIP HPG1,

5 5 1-integrin, 5 6-integrin, -actinin-4/m, methylacyl-coenzyme A racemase, ART-4,
ARTC1/m, B7H4, BAGE-1, BCL-2, becr/abl, catenin/m, BING-4, BRCA1/m, BRCAZ/m, CA
15-3/CA 27-29, CA 19-9, CA72-4, CA125, calreticulin, CAMEL, CASP-8/m, cathepsin B,
cathepsin L, CD19, CD20, CD22, CD25, CDE30, CD33, CD4, CD52, CD55, CD56, CD80,
CDC27/m, CDK4/m, CDKN2A/m, CEA, CLCA2, CML28, CML66, COA-1/m, coactosin-like

10  protein, collage XX, COX-2, CT-9/BRD®6, Cten, cyclin B1, cyclin D1, cyp-B, CYPB1,
DAM-10, DAM-6, DEK-CAN, EFTUD2/m, EGFR, ELF2/m, EMMPRIN, EpCam, EphA2,
EphA3, ErbB3, ETV6-AML1, EZH2, FGF-5, FN, Frau-1, G250, GAGE-1, GAGE-2, GAGE-3,
GAGE-4, GAGE-5, GAGE-6, GAGE7b, GAGE-8, GDEP, GnT-V, gp100, GPC3, GPNMB/m,
HAGE, HAST-2, hepsin, Her2/neu, HERV-K-MEL, HLA-A*0201-R171, HLA-A11/m, HLA-

15  A2/m, HNE, homeobox NKX3.1, HOM-TES-14/SCP-1, HOM-TES-85, HPV-E6, HPV-E7,
HSP70-2M, HST-2, hTERT, iCE, IGF-1R, 1L-13Ra2, IL-2R, IL-5, immature laminin receptor,
kallikrein-2, kallikrein-4, Ki67, KIAAG205, KIAA0205/m, KK-LC-1, K-Ras/m, LAGE-AT,
LOLR-FUT, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-AS, MAGE-

A10, MAGE-A12, MAGE-B1, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6,

20  MACGE-B10, MAGE-B16, MAGE-B17, MAGE-C1, MAGE-C2, MAGE-C3, MAGE-D1, MAGE-
D2, MAGE-D4, MAGE-ET, MAGE-E2, MAGE-F1, MAGE-H1, MAGEL2, mammaglobin A,
MART-1/melan-A, MART-2, MART-2/m, matrix protein 22, MCI1R, M-CSF, ME1/m,
mesothelin, MG50/PXDN, MMP11, MN/CA [X-antigen, MRP-3, MUC-1, MUC-2, MUM-

1/m, MUM-2/m, MUM-3/m, myosin class 'm, NA88-A, N-acetylglucosaminyltransferase-V,

25  Neo-PAP, Neo-PAP/m, NFYC/m, NGEP, NMP22, NPM/ALK, N-Ras/m, NSE, NY-ESO-1, NY-
ESO-B, OA1, OFA-ILRP, OGT, OGT/m, OS§-9, OS5-9/m, osteocalcin, osteopontin, p15, p190
minor ber-abl, p53, p53/m, PAGE-4, PAI-1, PAI-2, PART-1, PATE, PDEF, Pim-1-Kinase, Pin-

1, Pmi/PARa, POTE, PRAME, PRDX5/m, prostein, proteinase-3, PSA, PSCA, PSGR, PSM,



TRP-2/intron 2 nel anoma, glioblastoma Trp-p8 prostate cancer Tyrosi nase
'mel anoma UPA ur oki nase-typepl asm nogen activator breast cancer VEG-
vascul arendot hel i al growt h factor VEG-R-2/FLK-1 vascul arendot hel i al growt h

fact or
cancer,

re

YrO9BAT1 W m tunor gene gastric cancer PCUBFUR WA er, | ung

breast cancer, ovarian cancer, |eukema Table 2: Mitant antigens

expressed in cancer diseases Miutant antigen Nane Expression site -
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20
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PSMA, PTPRK/m, RAGE-1, RBAF600/m, RHAMM/CD168, RU1, RU2, S-100, SAGE, SART-
1, SART-2, SART-3, SCC, SIRT2/m, 5p17, S5X-1, SSX-2/HOM-MEL-40, S5X-4, STAMP-1,
STEAP, survivin, survivin-2B, SYT-S5X-1, SYT-SSX-2, TA-90, TAG-72, TARP, TEL-AML1,
TGFB, TGFBRI), TGM-4, TPV/m, TRAG-3, TRG, TRP-1, TRP-2/6b, TRP/INT2, TRP-p8,
tyrosinase, UPA, VEGF, VEGFR-2/FLK-1, and WT1.

In a preferred embodiment according to the invention, examples of tumor antigens which
may be encoded by the at least one RNA (molecule) of the complexed RNA of the present
invention are selected from the group consisting of MAGE-A1 [accession number M77481],
MAGE-A6 [accession number NM_005363], melan-A [accession number NM_005511],
GP100 [accession number M77348], tyrosinase {accession number NM_000372], survivin
[accession number AF077350], CEA [accession number NM_004363], Her-2/neu
[accession number M11730], WT1 [accession number NM_000378], PRAME [accession
number NM_006115], EGFR! (epidermal growth factor receptor 1) [accession number
AF288738], mucin-1 [accession number NM_002456] and SEC61G [accession number
NM_014302].

As a further alternative, the at least one RNA (molecule) of the complexed RNA of the
present invention may encode an antibody. According to the present invention, such an
antibody may be selected from any antibody, e.g. any recombinantly produced or naturally
occurring antibodies, known in the art, in particular antibodies suitable for therapeutic,
diagnostic or scientific purposes, or antibodies which have been identified in relation to
specific cancer diseases. Herein, the term “antibody” is used in its broadest sense and
specifically covers monoclonal and polyclonal antibodies (including agonist, antagonist,
and blocking or neutralizing antibodies) and antibody species with polyepitopic specificity.
According to the invention, “antibody” typically comprises any antibody known in the art
(e.g. lgM, 1gD, 1gG, 1gA and IgE antibodies), such as naturally occurring antibodies,
antibodies generated by immunization in a host organism, antibodies which were isolated
and identified from naturally occurring antibodies or antibodies generated by immunization
in a host organism and recombinantly produced by biomolecular methods known in the art,
as well as chimeric antibodies, human antibodies, humanized antibodies, bispecific
antibodies, intrabodies, i.e. antibodies expressed in cells and optionally localized in specific

cell compartments, and fragments and variants of the aforementioned antibodies. In general,



al pha-actinin-4/m lung carcinoma  ARTCl/m nelanoma  bcr/abl
br eakpoi nt cl ust erregi on- Abel son fusion protein CM beta- Cateni n/ m

bet a- Cat eni n nel anoma BRCA1/ m breast cancer BRCA2/ m breast cancer
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an antibody consists of a light chain and a heavy chain both having variable and constant
domains. The light chain consists of an N-terminal variable domain, V|, and a C-terminal
constant domain, C.. In contrast, the heavy chain of the IgG antibody, for example, is
comprised of an N-terminal variable domain, V,, and three constant domains, Cy1, C,42
5 und G,;3. Single chain antibodies may be encoded by the at least one RNA (molecule) of the
complexed RNA as defined herein as well, preferably by a single-stranded RNA, mare

preferably by an mRNA.

According to a first alternative, the at least one RNA (molecule) of the complexed RNA of
10 the present invention may encode a polyclonal antibody. In this context, the term,
“polyclonal antibody” typically means mixtures of antibodies directed to specific antigens
or immunogens or epitopes of a protein which were generated by immunization of a host
organism, such as a mammal, e.g. including goat, cattle, swine, dog, cat, donkey, monkey,
ape, a rodent such as a mouse, hamster and rabbit. Polyclonal antibodies are generally not
15 identical, and thus usually recognize different epitopes or regions from the same antigen.
Thus, in such a case, typically a mixture (a composition) of different RNA molecules
complexed as claimed by the present invention will be applied, each encoding a specific
(monoclonal) antibody being directed to specific antigens or immunogens or epitopes of a
protein.
20
According to a further alternative, the at least one RNA (molecule) of the complexed RNA of
the present invention may encode a monoclonal antibody. The term “monoclonal antibody”
herein typically refers to an antibody obtained from a population of substantially
homogeneous antibodies, i.e., the individual antibodies comprising the population are
25  identical except for possible naturally-occumring mutations that may be present in minor
amounts. Monoclonal antibodies are highly specific, being directed to a single antigenic
site. Furthermore, in contrast to conventional (polyclonal) antibody preparations which
typically include different antibodies directed to different determinants (epitopes), each
monoclonal antibody is directed to a single determinant on the antigen. For example,
30  monoclonal antibodies as defined above may be made by the hybridoma method first
described by Kohler and Milstein, Nature, 256:495 {1975), or may be made by recombinant
DNA methods, e.g. as described in U.S. Pat. No. 4,816,567. “Monoclonal antibodies” may

also be isolated from phage libraries generated using the techniques described in
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McCafferty et al, Nature, 348:552-554 (1990}, for example. According to Kohler and
Milstein, an immunogen (antigen) of interest is injected into a host such as a mouse and B-
cell lymphocytes produced in response to the immunogen are harvested after a period of
time. The B-cells are combined with myeloma cells obtained from mouse and introduced
5 into a medium which permits the B-cells to fuse with the myeloma cells, producing
hybridomas. These fused cells (hybridomas) are then placed in separate wells in microtiter
plates and grown to produce monoclonal antibodies. The monoclonal antibodies are tested
to determine which of them are suitable for detecting the antigen of interest. After being
selected, the monoclonal antibodies can be grown in cell cultures or by injecting the
10 hybridomas into mice. However, for the purposes of the present invention, the peptide
sequences of these monoclonal antibodies have to be sequenced and RNA sequences

encoding these antibodies may be prepared according to procedures well known in the art.

For therapeutical purposes in humans, non-human monoclonal or polyclonal antibodies,
15  such as murine antibodies may also be encoded by the at least one RNA (molecule) of the
complexed RNA of the present invention. However, such antibodies are typically only of
limited use, since they generally induce an immune response by production of human
antibodies directed to the said non-human antibodies, in the human body. Therefore, a
particular non-human antibody can only be administered once to the human. To solve this
20 problem, chimeric, humanized non-human and human antibodies can be encoded by the at
least one RNA (molecule) of the complexed RNA of the present invention. “Chimeric”
antibodies, which may be encoded by the at least one RNA {molecule) of the complexed
RNA of the present invention, are preferably antibodies in which the constant domains of an
antibody described above are replaced by sequences of antibodies from other organisms,
25  preferably human sequences. ,Humanized” {(non-human) antibodies, which may be also
encoded by the at least one RNA (molecule) of the complexed RNA of the present
invention, are antibodies in which the constant and variable domains (except for the
hypervariable domains) described above of an antibody are replaced by human sequences.
According to another alternative, the at least one RNA (molecule} of the complexed RNA of
30  the present invention may encode human antibodies, i.e. antibodies having only human
sequences. Such human antibodies can be isolated from human tissues or from immunized

non-human host organisms which are transgene for the human tgG gene locus, sequenced
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RNA sequences may be prepared according to procedures well known in the art.

Additionally, human antibodies can be provided by the use of a phage display.

In addition, the at least one RNA (molecule) of the complexed RNA of the present invention
5 may encode bispecific antibodies. “Bispecific” antibodies in context of the invention are
preferably antibodies which act as an adaptor between an effector and a respective target,
e.g. for the purposes of recruiting effector molecules such as toxins, drugs, cytokines etc.,
targeting effector cells such as CTL, NK cells, makrophages, granulocytes, etc. (see for
review: Kontermann R.E., Acta Pharmacol. Sin, 2005, 26(1): 1-9). Bispecific antibodies as
10 described herein are, in general, configured to recognize, e.g. two different antigens,
immunogens, epitopes, drugs, cells (or receptors on cells), or other molecules (or structures)
as described above. Bispecificity means herewith that the antigen-binding regions of the
antibodies are specific for two different epitopes. Thus, different antigens, immunogens or
epitopes, etc. can be brought close together, what, optionally, allows a direct interaction of
15  the two components. For example, different cells such as effector cells and target cells can
be connected via a bispecific antibody. Encompassed, but not limited, by the present
invention are antibodies or fragments thereof which bind, on the one hand, a soluble
antigen as described herein, and, on the other hand, an antigen or receptor on the surface of
a tumor cell.
20
In summary, according to the invention, the at least one RNA {molecule) of the complexed
RNA of the present invention may also encode antibodies as defined above. Since these
antibodies are intracellularly expressed antibodies, i.e. antibodies which are encoded by
nucleic acids localized in specific compartments of the cell and also expressed there, such

25  antibodies may also be termed intrabodies.

Antibodies as encoded by the at least one RNA (molecule) of the complexed RNA of the
present invention may preferably comprise full-length antibodies, i.e. antibodies composed
of the full heavy and full light chains, as described above. However, derivatives of
30  antibodies such as antibody fragments, variants or adducts may be encoded by the above at

least one RNA of the complexed RNA in accordance with the present invention.
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The at least one RNA {molecule) of the complexed RNA of the present invention may also
encode antibody fragments selected from Fab, Fab’, F(ab’), fc, Fach, pfc’, Fd and Fv
fragments of the aforementioned antibodies. In general, antibody fragments are known in
the art. For example, a Fab (“fragment, antigen binding”) fragment is composed of one
5  constant and one variable domain of each of the heavy and the light chain. The two
variable domains bind the epitope on specific antigens. The two chains are connected via a
disulfide linkage. A scFv (“single chain variable fragment”) fragment, for example, typically
consists of the variable domains of the light and heavy chains. The domains are linked by
an artificial linkage, in general a polypeptide linkage such as a peptide composed of 15-25

10 glycine, proline and/or serine residues.

According to the invention, the at least one RNA (molecule) of the complexed RNA of the
present invention may encode fragments and/or variants of the aforementioned
therapeutically active proteins, antigens or antibodies, wherein the fragments and/or
15  variants may have a sequence identity to one of the aforementioned therapeutically active
proteins, antigens or antibodies of at least 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 or amino acid sequences encoding these therapeutically active
proteins, antigens or antibodies. Preferably, the fragments and/or variants have the same
20 biological function or specific activity compared to the full-length native therapeutically
active proteins, antigens or antibodies, e.g. specific binding capacity (e.g. of particular
antigens), catalytic activity (e.g. of therapeutically active proteins), etc. In this context,
“biological function” of antibodies described herein also comprises neutralization of
antigens, complement activation or opsonization. Thereby, antibodies typically recognize
25  either native epitopes on the cell surface or free antigens. Antibodies as defined above can
interact with the cell-presenting antigens and initiate different defense mechanisms. On the
one hand, the antibody can initiate signaling mechanisms in the targeted cell that leads to
the cell’s self-destruction (apoptosis). On the other hand, it can mark the cell in such a way
that other components or effector cells of the body’s immune system can recognize and
30  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 that engage the antibody-marked cells and

either through their direct action, or through the recruitment of other cell types, lead to the
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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 other immune cells to this location for effector cell
function. In the neutralization of an antigen, the antibody can bind an antigen and
5  neutralize the same. Such neutralization reaction, in turn, leads in general to blocking of the
antibody. Thus, the antibody can bind only one antigen, or, in case of a bispecific antibody,
two antigens. In particular, scFv antibody fragments are useful for neutralization reactions
because they don't contain the functionalities of the constant domain of an antibody. In the
complement activation, the complex system of complement proteins can be activated via
10 binding of an antibody which is independent of the Fc part of an antibody. End products of
the complement cascade result in lysis of the cell and generation of an inflammatory milieu.
In the opsonization, pathogens or other non-cellular particles are made accessible to
phagocytes via binding the constant domain of an antibody. Alternatively, cells recognized
as foreign can be lysed via antibody-dependent cell-mediated cytotoxicity (ADCC). In

15  particular, NK-cells can display lysis functions by activating Fc receptors.

[n order to determine the percentage to which two RNA sequences (nucleic or amino acid)
are identical, the sequences can be aligned in order to be subsequently compared to one
another. Therefore, e.g. gaps can be inserted into the sequence of the first sequence and the

20 component at the corresponding position of the second sequence can be compared. If a
position in the first sequence is occupied by the same component as is the case at a position
in the second sequence, the two sequences are identical at this position. The percentage to
which two sequences are identical is a function of the number of identical positions divided
by the total number of positions.

25
The percentage to which two sequences are identical can be determined using a
mathematical algorithm. A preferred, but not limiting, example of a mathematical algorithm
which can be used is the algorithm of Karlin et a/. (1993), PNAS USA, 90:5873-5877 or
Altschul ef a/ (1997), Nucleic Acids Res, 25:3389-3402. Such an algorithm is integrated in

30  the BLAST program. Sequences which are identical to the sequences of the RNA of the
complexed RNA of the present invention to a certain extent can be identified by thi:

program.
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Those at least one RNA molecules {of the complexed RNA of the present invention)
encoding amino acid sequences which have (a) conservative substitution(s) compared to the
physiological sequence in particular fall under the term variants. Substitutions in which
encoded amino acids which originate from the same class are exchanged for one another
5  are called conservative substitutions. In particular, these are encoded amino acids encoded
aliphatic side chains, positively or negatively charged side chains, aromatic groups in the
side chains or encoded amino acids, the side chains of which can enter into hydrogen
bridges, e.g. side chains which have a hydroxyl function. This means that e.g. an amino
acid having a polar side chain is replaced by another amino acid having a likewise polar
10 side chain, or, for example, an amino acid characterized by a hydrophobic side chain is
substituted by another amino acid having a likewise hydrophobic side chain (e.g. serine
(threonine) by threonine (serine) or leucine (isoleucine) by isoleucine {leucine)). Insertions
and substitutions are possible, in particular, at those sequence positions which cause no
modification to the three-dimensional structure or do not affect the binding region.
15 Moaodifications to a three-dimensional structure by insertion(s) or deletion(s) can easily be
determined e.g. using CD spectra (circular dichroism spectra) (Urry, 1985, Absorption,
Circular Dichroism and ORD of Polypeptides, in: Modern Physical Methods in

Biochemistry, Neuberger er a/. (ed.), Elsevier, Amsterdam).

20  Immunostimulatory RNA

According to a third embodiment, the at least one RNA (molecule) of the complexed RNA
of the present invention may be an immunostimulatory RNA. Thereby, the
immunostimulatory RNA may exhibit an immunostimulatory effect already prior to
complexation of the RNA with the inventive oligopeptide according to formula (1) as defined
25  above, or, more preferably, an immunostimulatory effect of the RNA as used herein can be
enhanced or even induced by complexation of the RNA with the inventive oligopeptide
according to formula (I} as defined above. The immunostimulatory RNA of the complexed
RNA of the present invention may be any RNA, e.g. a coding RNA, as defined above.
Preferably, the immunostimulatory RNA may be a single-stranded, a double-stranded or a
30  partially double-stranded RNA, more preferably a single-stranded RNA, and/or a circular or
linear RNA, more preferably a linear RNA. More preferably, the immunostimulatory RNA

may be a (linear) single-stranded RNA. Even more preferably, the immunostimulatory RNA
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human anti bodi es can be provided b{*=fe use of a phage display. In
addition, the at |east one RNA (nol ecule) of the conpl exed RNA of the
present invention 5 may encode bispecific antibodies. "Bispecific"

anti bodies in context of the invention are preferably antibodi es which act
as an adaptor between an effector and a respective target, e.g. for the
pur poses of recruiting effector nolecules such as toxins, drugs, cytokines
etc., targeting effector cells such as CTL, NK cells, makrophages,

granul ocytes, etc. (see for review. Kontermann R E., Acta Pharnacol. Sin,
2005, 26(1): 1-9). Bispecific antibodies as 10 described herein are, in
general, configured to recognize, e.g. two different antigens, imunogens,

-, e



| east one RNA of the conplexed RNA in accordance with the present
invention. WD 2009/ 030481PCT1EP2008/ 007244 55 The at | east one RNA

(rmol ecul e) of the conplexed RNA of the present invention nay al so encode
anti body fWQgeA3Idsse| ected from Fab, Fab', F(ab')2, FECTEREWSOGEY | Fd and
Fv fragnents of the aforenentioned antibodies. In general, antibody
fragnments are known in the art. For exanple, a Fab ("fragnment, antigen

bi ndi ng") fragnent is conposed of one constant and one vari abl e domai n of
each of the heavy and the light chain. The two variabl e donmains bind the
epi tope oprsheci fic antigens. The two chains are connected via a disulfide
| i nkage. A sckv ("single chain variable fragnent") fragnment, for exanple,

t ypi cal | yGeonsis guanaginet drecilerranzdok logdoofguasosofe arlweadli ght and heavy chai ns.
The domai gs ar I it cial.Jdin 2 ptide

| i nkage sgch a§ ggh'g%&q i gécg’gaﬁ.%gégé@é' g?%g{n%&?%g?ey%ﬁ{g?%gé%:ei cﬁéﬂ%h%r
serine resi duewentgmedndileglides t he i nvention, the at | east one RNA

(mol ecyl e) of fhei hexgd,BYA of the present invention may encode
fragments and/or variants of the aforenentioned ther apeutically active

prot ei ns, antigbersinovheardts bEds ggnosiheerinanalogué thegpebnt s and/ or 15 vari ants
may have a sequence j i L QF ically
active proteins, antvilr%gﬂrs> f)?t I%%% %ggf@g%g?egtﬁ&F g@%‘%@%d%é&)%égeggﬁ;
preferably at |east tB9e¢f; nore preferably at |east 95% and nost preferably
at |east 99% o%% ilhe, Whel6t lggt h of the coding nucleic acid or amno acid
sequences encodi ng tthese therapeltically active proteins, antigens or

anti bd@®i es. Prehereinbihen ro ke X isagpstimrananalogue therepfant s have the same 20

bi ol ogi cal function of. SNEC {ii|LasfELILbdNe GRTAAL Foguésh)q’ uf'aléhlo?:J:Lﬁpgj[ h native
t herapeutically active protelns, antigéens or anti Bodl es, e.g. specific

bi ndi ng capaci syn(mrgeggr frof wr40 cul ar anti gens), catalytic activity (e.g. of
t her apeuti cal | i ot &l : j xt, "biol ogical
function" of a%??r%@d'iylgegq{i_eggﬁrP%)églncﬁ&r%ghﬁlg@%@ggﬁr%gﬁées neutralization of
antigens, conpl ementwhestn ¥ atat teast@OYopsmmnyciadtides. ard gegnobipe onan aindetiues
typicatly recogni ze ga. & ther native epitopes on the cell surface or free
antigens. Antibodi es as defined above can interact with the cell-presenting
antigens and initiate different defense nechanisns. On the one hand, the
ant i body TR ' | ' I Ok I | eads
e e U e M sl T A e
the cel |l {imrumestineulotary) RhAt (mstlesate) ebthgonewmiexed RN ofche preserdlinentén trag
body' s i MyngSY e i { . . mechani sns are
referred to Egéa%tﬁ éggﬂéég‘g‘% g‘r?t&q %’?ﬁ%lagﬁe'\%\t%grr%g'i”g;gg%r@%gi?dgki city (CMVO)
and aR®i body- dependent cellular cytotoxicity (ADCC). ADCC invol ves a
recognition of the antibody by inngl&eccel | s that engage the anti body-marked
cells and either through their direcf action, or through the recruitnment of
other cell types, lead to the WD 2009/030481PCT/ EP2008/ 007244 56

t agged- cel)hemideath. CMC is a process where a cascade of different

conpl ement proteins becones activated, usually when several antibodies are
in close [roxi ifiavipsing waghoranaealoges eteviosinenbecihy in cel | Iysis or
attraggi ng ot hera s Eae | e&4I! SddnBsihll tyhRERL cABsihObr %Rfaﬁ{a‘lhgﬁe Gtk abUREt i on.
In the neutralization of an antigen, ¥he anti body can bind an antigen and 5
neutral i ze t hemeavrnedByelgotidest ral i zation reaction, in turn, leads in
general t¢ bl ogkingesd: ol @ud, body. Thus, the antibody can bind only one
antigen, or, in case of a bispecific antibody, two antigens. In particular,
scFv anti body mhagiewben lar & Cus extasing granfdatogeg theeof.on reacti ons because
they don't contain tpged unghi 195@5'0%!&%ﬁuc%ﬁd&%’?@&ﬁ&ﬁnéjé?%'aﬂal%uéin

anti body. In the conBI enent activation, the conplex system of conpl enent
proteBfis can be actithereeld via 10 binding of an antibody which is

i ndependen{ Of st a6 EEerRAG s Rieadty;anti body. End products of the conpl ement
cascade result in |ysis of the cell and generation of an inflammatory
mlieu. In the“wbgebhwhenr Mon3 XpaeReherad deloguaterasbn- cel | ul ar particles are
made accessible to phRIPSY £t 1¥i3 BiREING ukdtfls 6PARIGEs SQRiIbehr; an

anti body. Alternatively, cells recognized as foreign can be |lysed via

ant i body- dependent cel |l -nedi ated cytotoxicity (ADCC). In 15particul ar,
NK-cel I's can display lysis functions by activating Fc receptors. In order
to determine the percentage to which two RNA sequences (nucleic or am no
acid) are identical, the sequences can be aligned in order to be
subsequent|ly conpared to one another. Therefore, e.g. gaps can be inserted
into the sequence of the first sequence and the 20 conponent at the
correspondi ng position of the second sequence can be conpared. If a

e . o, o o o o - M



57 Those at | east one RNA nol ecul es (of the conpl exed RNA of the present

i nvention) encodi ng am no aci d sequences whi ch have (a) conservative
substitution(s) conpared to the physiological sequence in particular fal
under the W@EMPHHMBlant s. Substitutions in which encode8CEHFHES YIS whi ch
originate fromthe same class are exchanged for one another 5 are called
conservative substitutions. In particular, these are encoded am no aci ds
encoded al i phatic side chains, positivgly or negatively charged side
chains, aromatic groups in the side chains or encoded anino acids, the side
chai ns of _whi cj t4¢ hydrogen bridges, e.g. side chains which
have a hy&roxf? ﬁuné%?gﬁ%1fﬁﬂg nmeans that e.g. an am no acid having a pol ar
si de chain is whgrlavdenn= Aot hgpsiagdrrn ameloguhteiealy a | i kewi se polar 10
side chain, or, for APl ¢ %Qst%g‘orls?tﬁe%d%ie%haé aed @ﬁb&r‘?‘edor% a%allag&ief ophobi ¢
side chain is substituted by anot her am no aci d havi ng a

hydr ophobi ¢ si de chdhéeg¢fe. g. serine (threonine) by threonlne (serine) or

| euci ng (isoleucine) by isoleucine (leucine)). Insertions and substitutions
are possible, in particular, at those sequence posi ti ons which cause no
modi f i cat Pesferabdy, tthee inmyrasti et latans RbWamolegvlercasused beretioanibe abfepsicine (RA

bi nding r tr

nsert 1 ong o) e gh A FrpER BRA S ol oo e I A R ¢
(circul ar abnvehn geramn ! Spreiv A anolgautes yof t@mp'%@é@% ofche p@mrtsmvar'thnf EMrei sm
and ORD OErePeQ.Jak%fPQF?édéﬂﬁéf 3 1500 AP5 0 RYGH il BiRfRadi) P BGREIS g ot

Neuber ger " et | 'sevi ér, Anst erda | 'munost i nul atory RNA
Accor & ng att‘ts"%t"’?hl ofch @n‘tﬁ’@&l 00, b 25, of é&siOQa@éS RNEO priase pieteratdy, of he
conpl exed ;s RNAg Aficitfifielr €sent invention may be an i munostinul atory RNA.
Ther eby, the 1munostinmul atory RNA may exhi bit an i mmunostinmul atory effect
already prior to conplexation of the RNA with the inventive oligopeptide

according Theaﬁessﬁyh@m(rmno@éme?e olr,gﬁm?é eéa%?e.n Q¢ ahe@reestwn@frz%@mrecu@

i mmunost i nul atory effect NA as used herein can be enhanced or even

i nduced byf dememplered &Wopf th?ePfFNl\t nveiopHeay bey &pithiesreore Imasifjsslp prefirsably
accor g ngﬂérfénﬁ@aﬁ!%&hééd)' iRSrddf{d dpdn @AY ﬁan%t.Wﬁde@Hﬂe%P{aYd BNA of the

conpl exed RNA o he present invention na . a codi ng RNA,
as defi neahe%ve"chemeﬁbmd!fsﬁatiqrﬁemamﬁuhest g rﬁmﬁavmaﬁwww@t@v RNA

si ngl e- st nang&dy toathgﬂ%h@orﬁ.gmﬁeg re;ﬂac%%eﬂamsb@bm Mhﬁof%&ﬁﬂgﬁ%r

nor e preferably a singl e-stranded [or a circular or |inear RNA,
nore pref eV&H! HOFS|or AIBAYC BRBPS W@rqs#\erﬂemaww o¢quE el eReciepul at ory RNA
may be a (linear) single-stranded RNA. Even nore preferably, the

i mmunostinul atory RNA WO 2009/030481PCT/EP2008/007244 58 may be a
((1iné8r) Pfﬁf?’fgll"b- ther dherden) mediletge rof ARA RYRIGANPrises atniesh G| aloguerdf RNA
may al so Qg %%c@mﬁg%aeaf\u%sql | PRAUA&PLs! |F|Q1oa§a)ﬁj@$rﬂcn.%q'ea%\f@plesmhlch
|nnunost|nulat5 RNA"as used herein may furthernnre be sel ected from any
cl ass of HaRNe rﬁ%nt'eaefﬂ s nutlgefitle anﬁ'%mw'@dbﬁarbe? Hgdpcepdingde Siaipritiveal |y,

and whi ch aFe'iaEha!dggHsC& g@ﬂnésrﬂ@'n%cﬂ esRRALHSR:, H yrhidi R, Sy fRMkexte m@ﬂifuta{mHB%a%
response nmey occur in various maéhngﬁesubstantlal factor for a suitable

i mune r esp@eanqdificafiens<f the hage,it forgteprcier tre phosphata Bagbpe AEiedhs.

T- | ynphocyf &sis é‘érﬁeit)’ﬂa@%qleé’oﬂg&'dngﬁﬂe,'d?&@l L¥Eh3IE- BIRPEMadihOMeIudbh&itlodiel per
1 (Thl) cells and the ceIIs with which the i mmune system
i s capabl émalwmsoareregwtegﬂnn@nr martlaw PEAUATNE PhINPR-RAKral t PENEIBUBURNOTINS2)

pat hogens uLil9adeablihd aRghidinEhs ctyYMQthhaﬁ%'a;l. bePierdd QremicHIf,f RF ekdnplB®y
pattern of the effector proteins (cytok |ne5£m§&§duced by them Thus, Thl
cel | s assid§etylapen c@pthylabien.i hydire13e8p Stfee ! i V/H?tf’ﬂrﬁdéfosﬁ’&crbﬁ'ﬁ%bs and

cyt ot oXi ¢ ghakinks.1-rhbfy r:,ebd.ﬁe on- ctulaeths)lt%whowdz eRfigAmbsurinBe JuNmp&bL i mune
responﬁg 2% stlnulatlon of the B-cells Tor conversion into plasna cells and
tl

by for PY@flenganeh daf BN -deexyrytidigai nsfminer? weRgBUangseTH ¥ HPOCati o i s

t her ef or e debxyakigdk, RIPSIRG-BBRbELNEELASIIEL RIS PRI ibokide,COIAEEddN8ANAM t h
the present invention, the ThlfTh2 rag&g of the i ponse | s

pref er abl ¥ SRAVTERS | h-AREdRG Lovizsie-3 padenofBec a1 Mifer? - Wpogwe Fhi
response) Aanfb-2-dekygUbidsineMENEL,iH6S PO Puridind, harEhiyrohdchecing. Adtgréiong to
one exanple, the imune systemnay be activated by ligands of Toll-Iike
receptors (TLRs). TLRs are a famly of highly 20 conserved pattern
recognition receptor (PRR) pol ypeptides that recogni ze pat hogen-associ at ed
nol ecul ar patterns (PAVMPs) and play a critical role in innate imunity in
mammal s. Currently at least thirteen famly nenbers, designated TLR1 -
TLR13 (Toll-like receptors: TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLRS,
TLR9, TLR10, TLR11, TLR12 or TLR13), have been identified. Furthernore, a
nunber of speC|f|c TLR Ilgands have been 25 |dent|f|ed It was e.Jdg. found

T I T RN I A o o o o o " Y I P~ 7~ I~RK 1A\ o o



25i ncl ude ribosomal RNA (rRNA), transfer RNA (tRNA), nessenger RNA (nRNA),
and viral RNA (VRNA). Such further (classes of) RNA nol ecul es, which
may be used as the at | east one (imunostinulatory) RNA (nolecule) of the
conpl exed YFRABP3MEHe present invention, may 30conpri sePCHEPHBE07REI ng
limted thereto, e.g. an RNA nolecule of fornula (Ha): WO

2009/ 030481PCT/ EP2008/ 007244 60 wherein: is guanosine, uracil or an

anal ogue of guanosine or uracil; Xis gganosine, uracil, adenosine,
thym di ne, cytosine or an anal ogue of the above- nentioned nucleotides;

5lis an i Cm@ﬁr n Sisyh n
anal ogue ?%S@ (?Lamﬂg ng%gla ggtn%gxbg?mPﬁ%dggééggﬁlggszafggghgn05|ne
or an anaflesyyeriditeRebluorditky midinen?-athy!-adanosige, 2 medakguagosind AeethyIHhighen m =

3 X is uragi ue thar dn> 3 at
successi V(@%u'srCJ g %nﬁ&#e@@%g o ues ‘gf(sﬁxregz:w%aggg%ard\gﬁ%gj an int gggr ?ﬁﬂglrh 1to

40, \Aheredwnmdmonne: 2 @Mgt bardeokymtidine ar?' é)rtsnethghé‘ ddgwygeefipsine, 2'-O-
when n he of th guan anal_ggue
15t her bof Vo AR BN o 2 PP PR, O R B 2 ey
be used adethydpsatdougdise, Hikioytivinen dghipraytosiner 3rneRidacytesbies d ticety - oftosirtee

I d ted
conpl exed | _ U?E.nﬁﬁ'\& &'}tf‘o%@{i}}dr&g}lr%%h% Jméeclgﬁ%ﬂggﬁdméﬂﬂtﬂﬁw] aﬁﬁky’}%rl imte

thereto, e.g erel
cyt osi ne, Stﬁrrmoballyl deoxynyriding (ﬁg&r@rr@nrldryeo§rqaebcwmalntalemlﬂomeﬂﬁkﬁsthlguamls| ne,

uraci |, adenasl et NBhShARLEIGOST BEREA, ARBLAGUS Sh LIS RRRYe: 5.

ment i oned” raclabrH is an integer from , ‘whérein when [ =71 Cis
cyt osilte mdoandlaﬁal égwu@hcmearbwlmethyl -uridine,  5-methoxy-uridingh e prmetby!-2-thio- | east

509 of t g fiHE! RLESnEI ALY BRLNE lop? R RIALLANRIACL SN S8 iadcndilud, Nt eger

and is at |eas ; erein or an anal ogue fthef eof,
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-
15  mannosyl-queosine, Dihydro-uracil, Inosine, N1-Methyladenosine, N6-([6-
Aminchexyllcarbamoylmethyl}-adenocsine, Né-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
20  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 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 immunogenicity of the immunostimulatory RNA sequence as used herein as the at least
25  one RNA {molecule} of the complexed RNA of the present invention and/or do not interfere

with a further modification that has been introduced into said immunostimulatory RNA.

SIRNA

In a forth embodiment, the at least one RNA (molecule) of the complexed RNA of the
30  present invention may be in the form of siRNA. A 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,

a RNA-based defence mechanism has been discovered, which occurs both in the kingdom



when m> 3 at |east 3 successive uracils or anal ogues of uracil occur; WO
2009/ 030481PCT/ EP2008/ 007244 61 is an integer from1l to 40, wherein when n
= 1 Cis cytosine or an anal ogue thereof, when n > 1 at |east 50% of the
nucl eot i d&0 3¢080¥81osi ne or an anal ogue thereof. 5 PrefELHBRIYS/0GTp

i mmunost i nmul atory RNA nol ecul es as used herein as the at | east one RNA
(nol ecul e) of the conpl exed RNA of the present invention conprise a length
as defined above in general for RNA nojecul es of the conplexed RNA of the
present invention, nore preferably a Iength of 5 to 5000, of 500 to 5000
or, nore LYy 1 0 & f 0, 5
to 500, 55 @’E%’%{? afd "gf”teo'g%g i %Q'gg' m%d(?g“ aid %{]gé %ﬁle%“ 5 Syée'r" ép@o 30
nucl eot i dg@om‘ﬁheﬂm sylseatst«vaewelgtnﬁHmdmmemrrat/mqusleclaslrtqisefdtdheulseph ops t he
at | east the, { tion
may be furt eér?%?tfaﬂ?r&o %'Z%b&t)re 'P er gg@;ﬂb%‘sq%@gﬁ t@%l Fg&@fﬁe@?&?nk%%ﬁr der
t 0 enhancthet lpeodessauress being| aieotttyil prRoffemediated ofinssairebiskiite  Theplares, nPTGhemi cal
nodi fi gat t Vi rding to
the. i ronianfEARforkl Bhnd 2l ¥T3RP STTRAX, IRl Yo BikeAERS" 0L

i ndi vi duakcagrdisgly dpeed et @rcpnmorapl@nédurgr%ﬁps wionpaheduaiof RNAaintarietange
occurri nd (kY BRECLS, daRI lakabkua iR GReRLESh, W el Bn.alelde RNA
conprlses at eas one ana ogue of natur y occufring ntcleotides. In a

| i st whi ckpecHicisnppressisayof gemrcexpsdssien (Zaxmmp (2661 it cHrueh Bid)ed:rdhtA50nSthrf or
e et BP0 LiE0 BT BT HSGH ATEA 020 2o 101 R SANI ORI

anal ogues guanosl ne uracitl enosi ne Cy 0Ss
nmodi f 1@at memenakay el with tlengds®iNA, dhe Raivstiaf of mretebak@aset RandiRvesst briviget vy

and/ ot "eoRRIAANRAHE HREKDARE FOLPLmAD ANl CRUE AR QYRR

guanosi ne, urac 0Si ne I'ne 1 nclude any
limtati oﬂnn'arﬂp\'n@t)drem |6y: 2)2:7c2ﬁ4’|H1?qmdrKa|lmr(20@ﬂ Mrralllhynlm@bdﬁri??n@ﬂ@u’éhﬂ;sl ne,
uracil, adg %ﬁ.t.@%ﬁea{m aq}orb‘aed%he(hy&hgﬁép%rt&?ngiléaﬁsl 698kt €. edheaNam d&a' Ly,
for exanple y acetyl ation, nethylation ation, etc., inclu

1- met hyl - &d@ﬁoetplrfmmgwfétIhyteghhmgﬁws;nqufmfhytsatemsgtrmsered by siRNA that is

2, 2- diy get gmtnggth%n%' PqeiZh HLATRIPUELLRSY 1 240 AR REery BuieRtALERRS T N,

2' - Am no- eox t| I ne, m no- 2 eoxyguanosi ne,

deoxyur i dihae alsp nQECGUth'IV@tM‘Fﬁﬁfﬁffn’e@t&hd%QQié Naturarfil BoprB Pivéia ref Bo §1088),

2' - Ar aadenQg|D8iotech: 2“5 36Yb- Hgtd‘%m:%me}%rﬁfj t 24 (B02)2Care! €A1 2 74999%y dHgNosi ne,
2' - Azi do- 2' - deoxycyti di ne, 5éoxyguanos I ne,

2' - Azi do- 2' siRfddxasused feve thepcamnlerasia R casicarglingoto. Frieypresenpinvenyjigy typically
2009/ 0304%&.13%!&5’%9[9@ QQ%%@%Q@W&M%rasubuztfrﬂaéermzls&ﬁmf&md' ne,

2' - Fl uor o- deox nosi ne deoxyur 1 di ne

2' - FI 88r orhgutisdp r-’r@ nuglem;tehynrefa@ého? ta@5 mecleptidey] evgn e preerably from 20 to

2- et hyl - tZQ'aqyﬁnés?gw%]wfroﬁfﬂ@ﬂ% b@%ucl%o@ie%ﬁt%%c%‘l@%Intﬁélqgtﬁ'%ﬁé R&ving a
21-0- Met hy1-2' - de 0si ne - 0- -de di ne

2' - 0- Met hyength @fémghm\b%upfﬁéeratzlmmwm mogt prefie Fordi2hdo 23 base pairs
21-0- Met hyly écéfﬁﬁrh}fte%ljﬂg'?é‘%or?orac%%ts %de'n@é)a?s' rﬂ@ntuo%zl.vd QBO\MEE E%fﬁﬁﬁHﬁi@r’q‘Ar id
ne, 2-Th iocyti I i 0-cytosin si ne,

4- acet yl - 65RUSBFMEAN 2T pYFAcH FeRaen®: fOE A sIRhYY ﬁgmltvxy%rblﬁwpq a|sp dejdirected

5, 6- Dolydr, gﬂhétq{u'aﬁotxée ARLBRRL loy |acﬁ(ﬁér%]9e[]@aa|l§ OBV H93 bt Q@Q?fﬂgeHrdegérﬁa%d

5- Bronouri di ne, 5-carboxynehtyl am no hy1-2-t hi o-uraci |

5- carboxyﬁﬁ@ﬁﬁﬁ&ﬁbﬁ@ﬁﬁth%ﬂmuW3@Kpdm51@waﬂbP%W%ﬂ%y@B@ﬁh@0”50¢ﬂﬂﬁﬁﬁfuﬁld|ne,
5- 10 | Od% RIGA Y8y exandPRd BRXMGRT RAMH m&wkngqﬁglghsr@ﬁhesRmthQQ%g 2 YEuthitl§

5-met hy1- 2-t hi ouri di ne, ' 6- Azacyti di ne, 6-Azauti di ne,
6- Chl or o- w%a&aT@Mﬁﬁ@uense@tnhwﬂtM e jthrsgiotre lie 6o Nibe cmptlated LAAYI ne,

6- Met hyl - mfr%&t&p%ton%frthbckwdemdf& [Pedéaegdon GERY cAHANRIMRL. The target
Deazaadenosi ne, B@%c_ guanosi ne, 8- Azaadenosi ne, 8-Bronp-adenosi ne,

8- Br o%gué?ﬂ}@P%Of st %ﬁﬂt%ﬁcgb%tﬁbtf'fe r@erl@p@gdgg]gﬁggpﬁtéanslated and translated’
Benzi m da%@&t@hfé b@ﬁhrﬂ&ilalBﬂ{eata@et sequence can comprise at least one nucleotide upstream

15nmannosyl - queosi ne, Di hydr o- uraci |, | nosi ne, Met hyl adenosi ne, N6- ([ 6-
Ami nohexy[of ﬁB&ﬁBQFH@EW@?%L%béﬁeﬁPH@ERN®=|sopentenyl adenosi ne,
N6- met hyl adenosi ne, N7- Met hyl - xant hosi ne, N-uracil-5-oxyacetic acid nethyl

ester, Puronycin, Queosine, Uracil-5-oxyacetic acid, Uracil-5-oxyacetic
acid nethyl ester, Whbutoxosine, Xanthosine, and Xyl o-adenosi ne. The
preparation of such anal ogues is known to a person 20 skilled in the art,
for exanple fromUS Patents 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 5,047,524, US
5,132,418, US 5, 153, 319, US 5, 262,530 and 5, 700, 642. In the case of an
anal ogue as described above, particular preference is given according to
the |nvent|on to t hose analogues that |ncrease the |nnunogen|0|ty of the

o, . . gem f A o o o o " g, ~ - o R I A



-In a forth enbodi nent, the at | east one RNA (nolecule) of the conpl exed RNA
of the 30 present invention nmay be in the formof siRNA A siRNA is of
interest particularly in connection with the phenonmenon of RNA

i nterferef@200K030% | on was drawn to the phenonenon of PRNEP?MYUEr ence in
t he course of i mmunol ogical research. In recent years, a RNA-based defence
mechani sm has been di scovered, which occurs both in the kingdom WO
2009/030481PCT/EP2008/007244 63 of the6§ungi and in the plant and ani mal
kingdom and acts as an "imune system of the genome". The system was

originall ¥ desgiplggd in various species |ndependently of one another, first
in C eleéaﬁ§_§%efﬁre it was possible to identify the underlyin nechanlsns

of the précewdiag tas fiffepmbodicient thealt leafrigae pH maderuls) plibe complsrethBiAiaf
pl ants, Pﬁt%}rése(lm§érttlroﬁ grﬂepatr! Mn@énsgﬂ% $ {gug;&gbt@gt)nof thk ]Bje?em fveftitdh, RNA

|nterferenc I'n eukaryotes are accordi conmon procedure. The
in vitro eeshniecRidA éf prRfdsblne dyingle-strande )F&M@mtéewéeswsgmbedlcmbtte bssis afided
RNA nokec s e n of
gene expr Ha i Bt lscamblalRingcl B SRR i3RR B RERESERD 01
Genes Dev(messereg:) R%\ Aﬁaamtrmsg RD@3s usad beelmas themtleaap)we RNA {ridecule) of
transtect hancfifpid FURTehl St 4 00ANIRANY dDRBEMANho G L
protein kinase R ase rings about ec ects suc for
exanpl e, and |anmsem‘eelkfdh m@s@tb%s@d(ISttlwskca@@blalto bdmge)tslmmuof thevnRrﬂat\oéhem

67: 227-2 0 DRN/A
unspeC|f|Qﬁmfﬁggﬁgggggkgsg&ﬁp%?&hghkgﬁgbter i 5wi§§%§§T;%§%pb;QF§ﬁA

so- callfed thsi repsan{igperition icat be Hiseqterhagiva) tmavéewemleﬂme@an@éamnm@n of tbe
effects ar g |.bashir
et fect S‘gQWEquJEﬁcge G;'hféﬂ rpagfy a&@gﬁtﬂ%&m%@ git%tt%rofma .§9.g aveggap

been used deﬁrlbﬁd/befewb%ﬁ ifeberelpy anslatiomobthe et\miaqﬂ eragigis fS@%gﬁupﬁreﬁsei aI
(2002) , 0 0 t ( ) cer
Col | 2} 245 S4BV ‘“ﬁez*%fge?Qeat%’%stﬁieem@étmt*?é‘“ng@ B
t he presefcaiediiathe Banstaiesi andrdrwnireiftedsiegion of shengREIA, 84g) indba tstgiors o tiaded,
prefengbl y,@ Aoyl e%nﬁe%&d%j alf S RAHEBE Rolichin éQe%PUF the l#[\@A %g rtin

nucl eotii des, preferably 17 t8 25 nucl eoti des, re prefera ? §r0n120
to 25 andrfraybattorprﬁetcwabﬂy tpigeihieggence Oi’anmumeem RYason the tygertﬁ«tmﬂl\éﬂ may| the
sections hg glaagcoﬂstt&ttetsmcmhat T hi€erds® RAPA bR S HRIAMLNNAT cﬂvgnﬁé)w%ﬁ’ltsmSt
preferably from?21 base pairs that occur in the coding region of

RNA sequene@ease me@rowéts‘-habewa"secgnpiemeatnrtf(tﬁ)twmsmqta@dc@d tedrenslatede as
target SCRURNEE s gten@e rRNe- tagagttal RN :ﬁNﬁmaﬂa ehéoanhengu 8¢ 6y Be

agai nst nucl e sequences a (therapeutical [y rel evant) protein or
anti géfl déQ@Pleﬂt?dtaﬁeWe‘ihﬂB@!’B@ir'@RNﬁaﬂeqwCﬂé’ﬁf atileasy pne pecleabide ngstraagi efnthei n

parti cul arstahrtnt)taeoﬁthertea. gqel# iBY of 8% QReRl ﬁtﬁﬁARN%feerW tRX affReRse RIGRTLS Or e,
agai nst non-codi ng region t he RNA havi ng a regul atonﬁﬁéunctlon The

target segtRchbereyf as tt@ o I opa RN dnelesyle) of téﬂeuc‘rvrrtnh@etir 1o ttl’] PESENtOr

unt ransl at@gnfi&01c8m Fﬂes@@e@t‘ﬁa@"ﬁ%@’falw Nefihe raﬁ&}eoferiNA h@oeONES @f the

el enents. The tar& P sequence of a siRNA can also lie in the overl apping
regi on of camplexetd a'fefafta areseriayentied). Swicrdidhe aptseprarRNA @b aped heseintasr get
sequense GRNAABLEPbhS RNAL (mofRRale) enﬁaer&sﬁt Qb QRIAUGISHE BRI A TineRBos WAl be b i Pl et
of the codlng reglon of the RNA. WD 2009/ 030481PCT/ EP2008/ 007244 64

Ant i sense RBIENRCRLING Rigetes BRNAtIR BRFodPRénthe apfsense RRIAsmay favRpore

(mol ecul e)pré?érai%l??a lE@?WBﬁ&@to%OOBf 5dmetorsro@§emd hRYES:feRiblyTRY 1688 @000

anti sense RNA n the context of Eresent |nvent|on an anti sense RNA i s

pr ef er abl Pralegaytle- %ft5r Nt 5R‘RIA?0|% dedPe: oh 2t dPP EP BnoQ Recbade $00f 5

the codi nGucleaidief ort MARNtNEly! SIPLRR Bnors Fadishbiph 1ENN oS50 {0, bt 20 & 80,
conplenentarégio the sense nessenger) NA. An antlsense RNA as used herein

as t helat o 8548 ol usiRtidssol ecul e) of the conpl exed RNA of the present
invention typically fornms a dupl ex between the sense and anti sense RNA

nol ecul es anﬁ_is t hus cagable to block translation of the nRNA. An
anti sense fications.of ah in as the at |east one RNA (nol ecul e) of the

conpl exed ARM¥YdfHg to bRe ERBoBIHREE Me RNX QB ULRIMEAR abthedit IQGIRE RARIMSE(&RY be
conplenentary to) any portion of the nmRNA sequence, which may encode a

(therapeutically relevant) protein or antigen (e.g. as described

her ei nbefore), if thereby translation of the encoded protein is

reduced/ suppressed. Accordingly, the target sequence of the antisense RNA
on the targeted nRNA may be located in the translated and/ or untransl ated
region of the nRNA, e.g. in the region of the 15 nRNA control elenents, in
particular in the 5 non-coding region of the RNA exerting a regulatory
functlon The target ~sequence of an antisense RNA on t he targeted nRNA may

o o o 1 - T R I A I Y




10 be introduced in order to achieve specific or conplex effects which may
desired for the use of the subject-matter of the invention. Accordingly,
nodi fications may be designed to e.g. stabilize the RNA agai nst

degr adat i 8 2094%¥Hance their transfection efficacy, tECTHBHOYY s

transl ation efficacy, to increase their inmmunogenic potential and/or to
enhance their therapeutic potential (e.g. enhance their silencing or

anti sense properties). It is particul agdg y 15 preferred, if the nodified RNA
as conponent of the inventive conplexed RNA allows to conbine inprovenent
of at le [ R F eaﬂ% f ¥l fi S

e.g. to ??ftatBQ@ ggpgoe AT yegpln#gﬁtgygﬁ%g%é#w%éa'%e%% Os@g%r“p?%%u%%gﬂécgm c
pot enti al Potemﬁer@nglﬂy anﬂfpf is%tuanffﬁ)u Frmtrcydlaolbjthe:thorfoRtsMbgmmeotl#m th\POcirg used
herein aSthJRe tl'?et |rln|¢1§ éstlﬂﬂﬁt P’Q)Q QHH)E*RNA eth Oafntlﬁem@? %eﬁbém tc}(?é(s the
present invehtion, gws to extend their ‘e tinein viva

Pr ef er abl VbOZNWQS napptamefsemav rasoidechagrd dinddifeag RINA, Wh@rélﬂ a1y Wodigicatimmdin i ons
s exts‘endg aq%atﬁta%gnfdgcrott@d .waﬁ@fapt,mg RN e R atcegﬁ% 20mb i

pr ef er abl east 40, nore preferab east 50 eveH nor e

pr ef er abl g aitsumiaetp t'mRNewmoeeulesJ@@ deflrsati abpve2 SBYainTYRes of miodificatans oy,

achi eved Pé(wéJAP H@ﬁ’nbf-é &%bl@%ﬂ@é!ecﬁ?&t RQA tg&ﬁ (Q?' Frickd %lﬁtabl;e r%@&. tr!?@A

nodi fied nRNA b | east 5, 10, 15, 30 e prefera ast 60 mn
as conpar ehile etttenewdﬁwe@nrﬁure@v RAPPIREfor avm@Nﬁomgheule,nbedtﬁneﬁtne@ Heredt | east
one RNA (gol&6Wefi: 0k HERRA . REcot dReIP! RSERtatib R

pr ef er abl {ma&go ﬁ%r ru&é}?to%%@iﬂ i [%% {écos(?a |z§ ¥ Hé’@f”(}]!? Pﬁgm%yo t he
G C chht ebg ingpdeceq. Inpwerb:bm feye rsrefgife‘rpr@pmphé etwts Whﬁhamaaedeﬁ' paﬂtpyuse
preferr edoﬁﬂﬁ@%‘é Q&W&at@ﬁ of 1R We%ﬁ&mAécPPéﬁg d»] %d.fk?ﬁ ofd iy BN H&THne o bRRE

codi ng region of RNA (of the conple the present” i nvention) is
al tered, pabilizcthe &Nwagamt degsatation dapahange theirttrasigrtanedimentto dhprode itcodi ng
regi on Oftéﬁs% AT RPN Mok rdsd QHélyﬁﬁln‘B entcN‘RoteEhzﬁ antfdr to enhance their

2009/ 030481PCT EP2008/'007244 66 unnodi f RNA. The encoded am no acid
sequence BrrapReticnpaieriabe-grrphanse pheif ekaen&owttlsamsmf@w%) doprpartiedatly t he
am N0 8CT HreRFALCH G FRARIERNIY af RonGAhESPHETAMGIN LilnbikRE EWA-o)BT0LS
nodi ficatl on of the RNA as used herein as the at |east one RNA (nol ecul e)
of the cofphineimperagnt phat Ipase gemtmare pefrratdn of at lepskiag fyncttqriel prapertieshat t he
codi ng 5?@%%%%bﬂfze@ﬂ% dﬂ%aﬁcptobﬁt fhvensd tﬁén’é‘ﬂedté ok m?r%ﬁc?géhnc‘;}afenﬁﬁlf' ci ent
translation of that RNA. In parti cuI ar, sequences having an increased G
(guanosine)/C (cytosine) content are nore stable than sequences having an

i ncreased G%néréﬁ%ﬁFtQ%NRﬁMaH &Hj'éc@t‘d {dbiFRThE RNA ACSH (B aE ‘Pnet Ji?ea'strWr%ﬂiN/Q“ 10
t he codons are therefore altered conpared t

whi | €29 et fnelpede)ididhe F%melmde%lNérﬁfrtbe a@@%@@u@meﬂh@mé'ﬂp"ﬂ%@texﬂfﬁt@ Kenm ude
an i ncr eaggddiRMPUBL in0fiv & frefekiblyeQhd FRR-1ifd ﬂm@eéfps%oa.ﬁe& Rt aRdert Rativgever al
codons code for one and the sane am no acid (so-call ed degeneration of t he
geneti c céerditions fsexignged faavemawet%tbaanmﬂéﬁ Ri&) By atdeast 2§ reqr prsderably

det er m neg; fegQ 4@aJnlo%dpr@1ieFa% Fpﬁt:taees@@ﬂ@@vaﬁage) prefeRbljeRgasdi 1 g@ngbhﬂ)oam no
acid to be encoded as used herein as the 'at | east one

(ol ecul e) 56T 4~ cmﬁmt@t'e@t'mcmtveem the eedificationmpy pgend e dual- "éﬁ emvar i ous
possi byl i b 8 ttea.f.@@mrtw%pla@neaat 51 he, RNAEEAHRRL BrefrHIPAL RMst 60 hlis as

w | d-type sequence. In the case of anmino aci ds which are encoded by codons
whi ch contcamﬁaré‘itﬂ tl']éi“U'é'P?/'f'@ BNAC 20 nucl eotides, no nodification of the
codon is necessary. Thus, the codons for Pro (CCC or CCG, Arg (CCC or
CGG, Ala (GCC or GCG an or GG requ re no nodifjcation, since
no A or UAFEOFBV‘éé‘éHt‘e emboqi'ﬁteegtteraééqast XA tﬂﬁ'ﬁewe)cqfﬁt%ﬁ“u\emwﬁ%

nucl eot i dese &@d&nhﬂvéﬂﬂ@hfﬂr@‘@rabw Setasdg ENA leogt A0, YRS stabiIfken By Widahing 0de
for thﬁ e am no aci but contain no A and/or U. Exanples of these are:
on

the cd & §7C pROSIeR Pl be Bt LPEAB FTEBAN LT REiea 1P o7 @e'%tar'me erred  the
codons f oemBb@infeAnofBe prRA:tiR@ntid® hCIE ecsnt@%fﬂfe &%g&ég.&%f tr@ BECEr CCG
30 the codons ngr AIaAn%n be m)dlfledfromgo % GCG the
codons f of" YRGS dhs Prezent iyRIUSL'S Gitek e co"vwe to

2009/ 0304 &P Tl ERAMB/ S10the4doding hapidiv @F iROSSHRpshdirng deripas ’NAYei.A @wad U
content by using codons which cont ain a lower content of A and/or U

nucl eoti des. Exanples of these are: the codons for Phe can be nodified from

UUU to UWUC, 5 the codons for Leu can be nodified from UUA, UUG CUU or CUA
to CUC or CUG



the codons for Ser can be nodified from UCU or UCA or AGU to UCC, UCG or
AGC;, the codon for Tyr can be nodified fromUAU to UAC, the codon for Cys
can be nodified fromUGJ to UGC, the codon for His can be nodified from CAU
to CAC, 10VPREEYHBh for G n can be nodified from CAA FETEREBPHE440dons
for Ile can be nodified fromAUU or AUA to AUC, the codons for Thr can be
nodi fied from ACU or ACA to ACC or ACG the codon for Asn can be nodified
from AAU to AAC, the codon for Lys cangpe nodified from AAA to AAG 15 the
codons for Val can be nodified from GJUU or GUA to GUC or GUG the codon for
Asp can be.aBdiibd REAT T fadkkd Qm%qc.otéa umggnthte%oﬁéa U.Cﬁﬁef@am yiged from
GAA to GAG the stop codon UAA can fied the case
of the codlgisd poFompared Uty aghep ?ﬁslé seqs@@ye emd%éwter@rremdmgtwécwpps no
possi bi |'i Raof sequence nodification. The substitutions |isted above can be
used either |nd|V|duaIIy or in all possible conbinations to increase the
G C content of the RNA as used herein as the at | east one RNA 25 (nol ecul e)

of thes cowis%@arlf.a%] Q»f‘ tid'RNAT 85&BYH Hehbie 13t Immatqgsmrnsckm (rhzﬂ%cm@;r&fl el ar
w [ d-type RNA (i.e. the original sequence). Thus, for exa& codons

for Thr o@er@membRNﬁ of e iepet irygRticicly hesrskorcthn fass thap dier ¢ aiﬁqme(%r

ACG) . Prefgr allayio hOWRY:hed fsth%ﬁﬁ{m&eeﬁ@@lﬁWE{?@ta{l&p& Mt RRA. &PBY B cular,
substitution possibilities are used: 30substitution of all codons coding

for Thr i requsacesrhayingaan veepawsdce (evmoan@%écmw £ontptare groracpleatgn

substi tut 's%eﬁées%‘abm% 94l R Readd /Qta'a@ﬁds)hefg%ﬁg I)fc%teﬁﬁhcéd?du% helinvebordr ACO,
substitution of odons codi ng f in the original sequence to AUC

and \W 2@¢B0F Mﬁp@/Mmsﬁbwfzzma@%e%&@gmatedt@oweowﬂ%rmec@dﬁngv ile

ori gi nal | yetsaﬂ%nge frXislkdtSarhiPo AN @aderﬁabﬁﬁchttmtlt@} iRélu@d hn m@&eéd fhogenal Iy
codi ng foréﬁf/jé to UAC, substitution of codons coding for Val in the

ori gi nal megleptises o remecmc;yeéafat%ﬁ@teﬁi GOfle worle 49N onecshibe saNgi nal | y

codi ng foramﬁdlaé.@(s%@@meggﬁ&%d bfthé géheﬂf: cBld), hOARRBL 06 RBLAN fsogeng for
Ala to GCC (or stitution 6f all codons originally codi ng for

Arg to OGS 'é'FY‘@Gd?F deterfpined {sqrGalied %J’Fe”éﬁt'bfe ERARPNS38SHdi ng for Val in the
origingl sequence to GUC (or QUG and substitution of all codons originally
coding for Q& u to GAG and substitution of all codons originally coding for

A a to GoBepsrdiegey thernineatigde Pe apgasind by tha KNS gubirg heraigantreizy l@8dnRg f or
Ay to GORNAmEelleRe tBdRSHpletbd HNATofadhk SRLANSH RIS, Nihktey aROJhidis Or
Asn to AACp055|b|l|t|es for modification of the RNA sequence, compared to its wild-type sequence. In
the case of amino acids which are encoded by codons which contain exclusively G or C
20  nucleotides, no modification of the codon is necessary. Thus, the codons for Pro (CCC or
CCG), Arg (CGC or CGQ), Ala (GCC or GCG) and Gly (GGC or GGG) require no

maodification, since no A or U is present.

In contrast, codons which contain A and/or U nucleotides can be modified by substitution
25  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 modified from CCU or CCA to CCC or CCG;

the codons for Arg can be modified from CGU or CGA or AGA or AGG to CGC or CGG;
30  the codons for Ala can be modified from GCU or GCA to GCC or GCG;

the codons for Gly can be 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



substitution of all codons coding for Val in the original sequence to GUC
(or QUG and substitution of all codons originally coding for Phe to UUC
and substitution of all codons originally coding for Oés to and
15subst i t t? 807838 | codons originally coding for Leut&EEISNG#Hcuc) and
substitution of all codons originally coding for Gn to CAG and
substitution of all codons originally coding for Pro to CCC (or CCG; etc.
Preferably, the G C content of the codgng region of the RNA as used herein
as the at |east 20 one RNA (nol ecul e) of the conplexed RNA of the present

i nvent i ONhbSedePEELBREE da¥redde the ASind AYcomBhtOyRistlz&ioaBhywmi¥h @bnthidaslowkp %
particul arly preferabI‘;_/J by at | east ZOCV? conpared to the G C content of the

coded regf¥tieet ¢ RBdGI P duelepledanixatiples BT ewedef or a protein. According to a
specific enbodi nent at | east 60% nore preferably at |east 70 % even nore
pr ef erabI%/ at | east 80% gnd npst preferably at | east 90% 95% or even 100%
of the 25Mg§BeenstienRisIcan o mnddiied frophldUegi ‘coding for a protein or the

whol e sequrre8omffol (RE cdh bel nodiRd RYA SBAUBIRE CULEostDA kD EUad cUd)er eby
i ncreasi ng or even paxin zi ng the GC/content of said sequence. |In this

cont ext, fhe qodonsdpi et canulbg Pogified kpali) eoUf-AGr 85481 HeCHECobAERt of the

RNA as usgd BlodRF 8jtaAbeliiifid flhRERLOBLARNA (1ol ecul e) of the compl exed
RNA of the present | nvention fthe maxi mum (i.e. 100% of the substitutable

codons), s 5eden for Gyasan; rf"i‘f@}i‘%s@‘?rﬁhj%m W§Cfor a protein, conpared to the

Wi | d-t ypeeademnr His AR b33 BAT/ 5R2QV8/ 007244 69 According to the
i nvention, a further preferéq?_g drrgdifi cation of the RNA as used herein as
8§

the all| eHercodprior tangree P He oGt 'exed RNA of the present

i nvent i oNtHeSoBa&EEr IR cahR rhoditidTebrh RatU sfUA EaRetation efficiency is also
determ ned by a different freﬂ_ugncy in the occurrence of tRNAs in cells.
s

Thus, if Y5-edprsdar Thrsprbe gpdried frame Y @sehf 1 ACGIPT WA’ 5 sequence to an

i ncr eased dRxdodhh for ABE cHOBd BsPndirag AdidfAQd RNA sequence is translated to
a significantly E)gorer egre{g_gépan in the case where codons coding for
rel ativel @“‘E"CPF' hys:cap odified i 88At1° AE¢or ding to the invention, in the

RNA ag5 us e daab® fBr 98 chhl8e alodifRaSorPOBURNE (AR eoidl ®)GoE; 10 the conpl exed
RNA of the present invention egi on whi.ch codes for the proteinis
Icﬂbu

. th
modi fi ed S6HPEPREPTASP E?{bbec'BP?@%?)gﬂzri' 1egibn of the wild-type RNA such

m_at ha_t |ﬂﬁiﬂodeﬁ&irmﬂ@%@mbbiﬁed\frbﬁd/ym% Skquence }mi ch coges :‘Aﬁ_r a thA
1C |sreat|veyrare|ntv§,c | excnange or a coaon I cCh codes
edig ot of o

for a tRNESHIPCHPIPE UAL GNiedD e cell and carries the sane
amno acid as the relatively rare tRNA. By this nodification, the RNA 15

sequences are nodifi.ed such that codons for ich freqyently, occurring

¢ RAs 20 o i 3P t*ﬁrf@d%@r%ﬁ.(ﬁv% aPhdrp %@Gg ongibe Qe ﬁ?@X% Jheids no

i nvent i onpofbilithofseqbélickingfific@tioral | codons of the wild-type 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

i nI t he c?arrhe anilhstwlicoR Ii‘_itév’t\ih%@he C@se be Cadetli eﬁflmfr he.ds/&lml :clﬁnii)rnﬁh aTii Ghodsible he .
relatively 20rare tRNA i C RNAs occur_relativ .freguent in the ce
Lt bt oh CofRiratishs i reags oe 5/ EprenR fp BN a5 el Betint gt & e et
skill aed i r(rﬁblhﬁﬂ?rdf;th%om[ﬁe@d R‘hk/ﬁf Sﬁih;e’| pﬁ!éﬂit.in@ﬁuiti&i céapgtd td:lfs\épart?@ﬂkﬁh ,wiﬂdl\(l\lﬁ) : ]
660- 666. The ns i.ch use for e particylar, am no id the t RNA e
ocours 25008 KAR-S hEaliENE) Sauercs: The REr e gl RTTAT TRroecihgs TRRA whi ch
zccur 3 ot he\{imﬁe ie_rqeérttetrt;ah)bei qﬁ?eﬂi_hed (ch}el?_arw)rl AEF].,PrﬁérfblpﬁlchW@tuha?ﬂ yxl?p{pﬁa‘,er red.
ccording to e invention, it.is partjcular referable to lin e
sequent i a|C0EPtEaE%%tOXﬁF WY%W*’F‘&UE'?{&%E@@H?S a}rﬁxﬁgrti cul ar maxi m zed, in the
RNA as used herein as the at | east one 30 RNA (nol ecul e) of the conpl exed

RNA of,.t he present .ipvention,. with the "frequent" codpns, wt Lfying
the arPno uBHEER ]l E8%e BHiokiror R o AT et B, PRAL oRC e
RNA. Thi s (praf@randd enbodi nent al |l ows provision of a particularly

ef ficientl Jansl ated and stahilized dj fii RNA. of e conpl exed RNA
ccor i ng T B SPAESHER aGRh shARE s Bohd Cabrbr ) 55505, 007244 70 The
det er m natsulsstitutibn ohall €6donc osdiggfor ¢ ingthe Bn#seqieace toexld andis t he at | east
one RNA



(nol ecul e) of the conplexed RNA of the present invention (increased GC
content; exchange of tRNAs) can be carried out using the conputer program
expl ai ned i n WD 5 02/ 098443 - the disclosure content of which is included
inits fuO3WYP&" the present invention. Using thisESHHEN Brogram

t he nucl eoti de sequence of any desired RNA can be nodified with the aid of
the genetic code or the degenerative nature thereof such that a maxi num G C
content results, in conbination with téde use of codons which code for tRNAs
occurring as frequently as possible in the cell, the am no acid sequence

coded by {p&itddbrrNAI CBBGRDERhIPESRQS BRI tc'i‘ﬂIAGbeﬁlldng nodi fied conpared to

t he non-nodi fi ed seguence. ternativel {%‘ is also possible to nodify
only the tbetiteaat CB?O'Hrﬂ”ﬁ'“PH)eCQFB'Eﬂ)fﬁ' Q& conmpared to the original

sequence. subRfuRGA 686 doBinYisrual inBRS b ﬁalgemﬂy@tmtﬁr g sRnmrent

used: Mcrosoft Visual Studio Enterprise % wi.th Servicepack 3) is also
descri bedsybptityigorgy p ggdons. O”SS‘aUhc%fi”fﬂfPf ﬁé’rtotﬁ%@ @fded enbodi ment of the
presend i Qe of atiReddd MR todi Fohﬁlaeaud@(eneatzyetdthe ri bosome
binding site of the at |east. one R rm echﬁ of the conpl exed RNA of the
present |HtF’éth"i‘%‘rPfagCP%'F@&@E@”Y:%%&@HAES&O QUCESHt ent in the

envi r onmedbs@htid 6t allicBaSRER g R6H I irSthe 8n§lf1al'sfe®elﬁ@é {d GUERSr abiGHadd/pe RNA.
This nodification 20 (an increased NU content around the ribosone binding

site) i ncrbsiution¢fellcpdonsiasigipllyprodingfgs GibtofiMdRrAY to the nodified RNA. An

ef fecti vespsitdiidiOofQdl cbb@'lsrdr Gﬁﬂ»ﬂ@@d;ﬁ oH@ll% tbldw('éﬂ@c@) AR ng site (Kozak
sequence: GCCGCCACCAUGG (S AUG forns the start codon) in

turn Has typetitefieneefall spdaps Ce'ﬂf'taHY ewtm&fpaﬁ@ tat%ﬁ%(%fc%)ea%m fied RNA

25Accor di ahstQtich 5ft5|[|tcagén5emgqgu r hhetogsent invention the at |east
one RNA ( m%%ecule éﬁf the comp Iex of the present invention pay be

modi fi ed SPEHUGQISY tCOtﬂenwfﬂ@.stf?ra y"B%’t'&'B?IISF%eﬁ‘@e%ﬁugrﬁ%rec‘épeﬁ%ts

Par ti cul acdbytitutideofGAdoBEnd RgiraNy asdl dg)forpﬁ@toﬁjl@ﬂ(ﬂﬁ@r 3' untranslated region
of this RNA nay be rmdlfled conpared to the particular wild-type RNA such

that is cHElPeRN ofgllsedensnrieinghgodiegiteritiod!€qens, the coded amino acid
sequepse Q_fbst?tgtuémtiﬁdaﬁ%dérﬁﬁg whf);ocnﬁ{ifoet@btb%:w@tormmgnan?l fied conpared to
its particylar wi type t hat r exanple, in sequences
of eukaryﬁtlitswum@a&éé’tja'ﬂﬁqugﬂah Q g’ﬁ&“ @I%ﬁf‘i (DSE) occur, to which
si gnal pr qitRiit§orPdM c@ﬂgnﬁcﬁ@maﬂpeo&ﬂ%ﬁbﬁﬁidtﬁC@QEKB&Q@C&;@H:.Of RNA in vivo. For
further stabilization of the RNA (nolecule), optionally in the region which
WO 2009/ 030481PCT/ EP2008/ 007244 71 encodes for a protein, one or nore such
nodi fi cat peRsatQRaGAT ct)meﬁthﬁ tl@&dcﬁ@o@gi@hmﬁ (HeCRINAs Ofied R@eiWiak thd MAeaskNA can
re be carried out at no or_ substanti aII no des%é"‘?' | i 2| ng

th
seSL?A@e aneRf %‘Okiﬂé'e’c?fﬁt‘%? exaddiht of earea?'ﬁgmteat' This inoreased Pyat eesE

present inwu he)remteream,b af @dleé@gEW%an{t@ularlﬁbe@iblﬁb¥ b R)kst Qa%, @bSParee to
el i m nat eﬂtef t he at one Rl\iAg‘%ITD] cul e t}h c I exed RNA of
the prese ‘?ﬂt?'BrP ?fi FREAM P stype RV e p? %S hg Re§lences

are e.g. Akkdriia tcseq:séeneemt(oAHF&S)at leadh 6093, mewrefbrab@atlé’éﬂmenteteﬁsmﬁé

LTS e 0" S 5 TR b Bt i S50 S 1480 o

i nvenpfon smlﬁt;tﬁjﬁbre&fddbﬁs pr Bt esddn yo for Iaqﬂot@mnfﬂ&h@d.rhblb sieh@erwekiﬂtﬂey@ﬁd RNA
such t hat thw contains no sgc Es tabilizin uences @6:? al so
appl i s t BPEROLL-Cglere se SyrERRd. TRieBY, iresinG cb ey 8 A7 RIS [y eontent
endonucl eapasd sequéhcel he sequence GAACAAG which is contained in the 3'-UTR
segnent of the gene which codes for the transferrin receptor (Binder et al,
15 EMBO J. 1994, 13: 1969 to 1980). These sequence notifs are al so

pref er abl yn thenanestt, acie padicogrly Prefdrable Ry Bidtdagnthie IG/Ch@n@ht bfahs RNAE (ShiA

(ol ecgyle) of th | exe NA of th resent t.ion. According to
the pitlseheinisdi FOret srrat ageyOhuRiaRmmes BEE &y ohretenb Meghisnata. Rua
200f the ﬂfeeﬁﬂﬁhumnwennomfmmubamﬂataeEodarap:rs;barrmmﬂammhe&(@dsrptcgﬁngfor gap
structures(%hlch ﬁe useg ccordl to the invention are n7G 5') ppp,

(5' (A Q5% %ﬁ(‘@”)%eg 8”&(‘%“5%866@“? *Anot her nodi fication enhancing t he
stability of the at | east one RNA (nol ecule) of the conplexed RNA of the
present invention is based on 5 - or 3 elongations of the RNA 25

typi cal Iy hononucl eoti de el ongations of a length of 10 to 200 nucl eoti des.
These el ongations may contain, particularly if the RNA is provided as nmRNA,
a poly-Atail at the 3 termnus of typically about 10 to 200 adenosi ne
nucl eoti des, preferably about 10 to 100 adenosi ne nucl eoti des, nore
preferably about 20 to 70 adenosi ne nucl eotides or even nore preferably
about 20 to 60 adenosine nucleotides. Alternatively or additionally, the at
Ieast 30 one RNA (nDIecuIe) of t he conplexed RNA of the present |nvent|on

T ] - R IA " Y o,



Anot her nodification, which may occur in the at | east one RNA (nol ecul e) of
the 5 conpl exed RNA of the present invention, particularly if the RNAis
provided as nRNA, refers preferably to at | east one | RES and/or at | east
one 5' anaW%ﬂm%mﬂ%ﬁab|I|2|ng sequence. According to thBCTEUMAEREHY one or
nore so-called IRES (internal ribosomal entry site) may be inserted into
the RNA. An | RES can thus function as the sole ribosone binding site, but
it can also serve to provide a RNA whigth codes several proteins which are
to be translated by 10 the ribosones i ndependently of one anot her

(mul ti ci ShERRkifg BN inVeXBom ! Loirthdr dr BE&&%H#@&% Ythe R Red lt'.S_Peﬂm as
according to the invention are those f rontglcornaV|ruses (e.o.

pest i vi r utbest leatPyg RNAdMosgpleligidle cpopiex RS ppesertripyantign t?lbtaE%je%ﬂ
(ECW), fm@tf.namg thR W kr s RAES ‘éfﬁt{ieh %%Is()%}{@y&nneh%ggatéh#fér%nt@re;sl_éﬁb?% thd1CV) ,
cl assical swi ne“fever viruses , mouse | eukorma virus , Siman
i munodef PesuBERrSe off RiAssin(sllls,) *aﬂs r fctedled T5acangs sarf;/m;grésm(trr BIA
Accor & NGge Egeﬁcla@o b RALbQNextdr 8h&tortBBSHdi r%rtﬁom ﬁhﬂlseauélnea is@andIftd to

npl exed RNA of the present invention nmay exhibit at [east one 5 and/or
3' st abi | # BHfcady @@W@ed%ew;ew the saserwreraipedonyRediag & aglptvel rgauaniuences
in the 5 papdlff pdeentiNt ransl at ed regions have the effect 20 of increasing
the half-life of the RNA in the cytosol. These stabilizing sequences can
have 100% sequence homol ogy to naturally occurring sequences which occur in
viruses, h@&t&ﬁ%e RO thvBMIGA! mheﬁNAbAttus@cﬂﬁbraheeuheat tt%tttdnté RNA GRS BF Y
synthetlc The untransl at ed sequences (UTR) g obin gene, e.g. from
Homo Khipi BRscogiplexen ipifs of Hevpresaptjnvsatioie i Eﬂﬂét!l' ablc rrogeafppitee gfotein is
stabili zi H\gd‘r’?u@&llz'é‘rﬂﬁé?éd Yéﬂh@Qoﬁ@sﬂoﬂﬁné’%@%n'o@tﬁeﬁ#l@fyﬁé@% sbeh tHAY 8NEAsPBnd OF @
stabilized RNA. Anot her exanpl e of Stabilizing sequence has the general
formul a (edgnetre ektyor paapeseehich GE’E’G'!;EQ tﬁﬁw'ct’szp)relamlwe @ theaelhi ned
in the 3" WJR:RIngbtd or \seddlon tviatftie oA rvhi A QURS it @éla@egbﬂréaue.ttl ih-tkOkéipgen,
15- I|poxygenase or for tyrosine hgdrox ylase (cf. HolciK et at, Proc. Natl.
Acad. Sci andm'efgbqsan%am@@fe' % the tedytivelg s RNALBY 1y medifeaiiganibefNAn of
cour sgs besdigeihel NGk Vhabifdd YudY tHab GRBRY R WARhWrddueRE cd3QiraRPtRIGAs aid al so

i n conbination with other stab|I|2|ng sequences known to a person skilled
in the ar@vailyple agy inpestedt InppierRKAdE ASERENEY tht InvRRiaRe Btk Btpdiiatiost alt he

present i pYRAL bPie wﬁldtth&'seaeéreewr@ére&@elf& PIREPERNhicRSs rglaﬂbémratér R the cell
(untransl ated re |onsétftablllzed , in_ particular as

UTR- st abi F3"z BgearRjsase emgseh@aelqﬂewEﬁn@om%ﬁ@twml%eﬂﬁeﬂve't he at

|eaSt_Oneﬁﬁgén(mQh@@Hlﬁmiwhmhhﬁn&QHQE@%@QnBNAeQEmEGﬁumfQﬁ@ﬂ&ﬂkﬂﬂﬁﬂhﬂpn may
cont ai n backbone nodi ficati ons. A backbone nodification in connection wth

t he p?%seﬁ?eﬂ%V%ntlon is a nodification in which phosphates of the backbone
of the nucleotides 5 contained in the RNA are chemically nodified. Such
backbone nodifications typically include, without inplying any |jmtation,
modi f i cat YRS RNGOCHY r@%’l@wﬁv tesvsndy indge o6 et Wb'lcbh'ﬁscﬁﬁtﬁ‘f tqssur relatively

phosphor amraﬁtsq&o@ado Rhesph iédinaRd 88 of .8 AKSMH: l@rh@p'—}n -Gt Dev. 2001,
t hi ophosphat e) | east, one RNA nDIecuIe he conglexed RNA of

the preseht!f ﬁ%@ﬁfiﬁottertgtgoré igh Bsr?afP'iS'?%F‘”‘é‘l"?’e?’h‘&?@(i'é’lt R{NYWRISR 087 WS sugar

nodi f pgat t i‘@nﬁlostpfre'i]kl&ﬁry, ROdithd €AY icBBod, winie IE&t the NRWAL WhicheodelLR SR8 tmost
invention,is a cheFt?Sc}1 nodi fi cation f theeaugar of the nucl eoti des

present afBaYepily ©dhe (humag) crlfere RRItCHB YPF#E ing any limtation, sugar
nodi fications selected fromthe group consisting of
(22 fjt?IO)leI-’ 6\c<:2:]:r| EEEQC:Q%%?%{@EOEli's?%a?rtcl){}hgg/plg'fgf[e?ble to link the sequential G/C content

-f1 uor owdi chdﬁm(:ﬁléﬁéd}llld’lﬁarﬁculﬁrfmmmﬁéhaﬂhﬁhe RRIA-asdReK Yerdin dahéhilgast one
oligoggbo cl eoti de

O D05 RNE Filaciin e e STpR Rk B Bioséns Miepiam. sihdbt Vo, eisonde,

2' - deoxy- Qnth&t&hdfcyﬂyln@hlhegﬂflinb(hﬂl&‘deqmdcdef the protein encoded by the codmg reglon of

(22 C?almli;[/ }]‘Yeﬁ/g 1?1? GH'F% %eﬂﬁ%l%wg Bﬁ%ﬁ[lg;t n léalrjtréal(gt?éurllaﬁ'lySe:l:flctitarltltle tran th €),

(2' - ar acythdlitaghzed- (hbdﬂﬁbdbsmmbﬁthe 2ompl2al BRA beldordifg B thé plesent invention.

phosphat e), or azi dotri phosphat e(2' - azi do-2' - deoxycyti dine-5"- triphosphate,
2' -azido-2' -deoxyuridine-5 -tri phosphate). The at | east one RNA (nol ecul e)
of the conpl exed RNA of the present invention nmay additionally or
alternatively also contain at | east one base nodification, which is
preferably 25 suitable for increasing the expression of the protein coded
for by the at | east one RNA (nolecule) significantly as conpared with the
unaltered, i.e. natural (= native), RNA sequence. Significant in this case
means an |ncrease in the expre55|on of the proteln conpared mnth the

o Y b1 . o, NN 7 Y T T T .



thiouridine-5 -triphosphate, 4-thiouridine-5-triphosphate, 5-am noal |yl cytid
ine-5"- triphosphate, 5-am noallyluridine-5-triphosphate,
5-bronocyti di ne-5' -tri phosphate, 5-

br omour i di'h@2890¢81hhosphat e, 5-1 odocyt i di ne-5' -t ri phos BRAEE28PBEYur i di ne-5

tri phosphat e, 5-net hyl cyti di ne-5'-tri phosphat e, 5-net hyl uri di ne-5"-tri phospha
te,6- 5 azacytidine-5 -triphosphate, 6yazauridine-5"-triphosphate,

6- chl oropuri neri bosi de-5"- triphosphate, 7-deazaadenosine-5'-triphosphate,
7- deazaguanosi ne-5' -tri phosphate, 8- azaadenosine-5'-triphosphate,

8- azi doadeposi ne-5' -tri phosphate, benzi m dazole-riboside5 '-tri p hosphate,
N - met hy [TB@8psepingtionsof|the) GAC kgats AL A" RNARStUssd PefainaasiBe at kastpnet kA phosp
hate, N6- [RéByI@deNGR B8mpPlexdd IRMIOPNAE Gresent invention (increased G/C content;

06- net hyl guanosi ne-5' -tri phosphate, pseudouridine- 10 5 -triphosphate, or
pur omyci n€xchapge gh B sacan bearAirss PHeusng. the CImAMEN tresramag i deadaln WO

pref er ence2ios8 i3V e thet @sdIbsalEBbtélR Sof il asmcmed id aaklipasps eh @kd pRsditom t he
group of base-nodified nucl eotides consistin

" ! . g of )
5- et hyl cyRveatiofe Usingithis sABRPRAPOEEMY d%ﬂ%ﬁ%@é?%n@ of 3nyi dspierciip ean

5- br onbey b Gidired with thE RRPEAE BencBB GoMS SIUHE dEsheRByonatlifel tRE1ESHINAH hat 15The
at | east one. RNA (nol ecul e) ff t he %gnglexed NA of the present invention

may addi t MERENYY G canteat fepulty dnycombivatioB sl theavse efacdophvhiduredeciri on of
a n:Jcl e?sitm»\;ﬁiccﬁrrmg@k REYdeffly ASpdsableah BRtell Nthé Eﬁir@achf@%hgﬁ@%o% ybtlhe f

br evedbi nENeY e Bal SrofEaan T EIe Pedlisheahiies i anfe Sodhed SteeRctat | ent
in need thaE@AfivelySUCH sk pRable BNRodMtMlyY ot GeNcdrterRlorivalyadk odds alpet ed

from nucl eosi de nodj fications selechgd from a) a chenm cal nodification at

the 4-, 5<BFPyeRdeiths GrgiBr 1aguensFr iTAT apyee sade oIt Al Birifc PO CriRlerBent

gytl di {l_e @ﬁdﬁdﬁrnﬁﬂf ludéc_newciasoﬁ \ar.]gta{mhswio rli:hﬁgr;ﬁrisgaé.bou?itl@?em&pack 3P4s ajfo Of
-position oOr, e purine pase O € nucCl eosl des OT adenosi ne, 1 nN0SI ne

and/ or gudRwEbsLin ‘5909269982155') a chemical nodification at the 2'-position of

thg/sqgarigf thelnuclgosides of adenosigﬁA !nosine,lgyanosige,hcytigine g
anas or uri al ne. nthis context, an IS, a nuclel Cc acl chal.n 1orne
by a numbé? 2ol P T e Py meal pff(@%Péeé?@d'"w%mnr the A/U" content in the
adenosi neehvirdap e IR aibBsongdl BHaFigGtedof RNAPRAGPERL RNA Bfblecule) of the

i di ne- S ORBIRHhBSBLLE PR S RGTEBUTIEEs A b Ak BT QVLAomest Hethei a

t hei r noneptiasaRat 6f thdkibboaid lAGing sl 8 anidalacasiddge AL This modification

Cyor 2By D EhbkSiatl TR B iR PR e o
a purine r?ﬂ&&gaoBinle8ﬁ4&19@gﬁ1]§m@@81m72r4‘kﬁ3&ivé&dﬁdﬂggl%f](clhe glb?ﬁﬂnﬁ@)tobﬁlée, and
a sugar. Accordingly, a ification o ' t | east one RNA
(ol ecul e)”%B?O_"E%Ié'%ﬂ'_\éﬁﬁF‘_éﬂg’ ARRGAVS RCE @%Aﬁﬁbégﬁﬁéﬂ%g gﬁmﬁ&‘?s&ﬁﬁt ended

to nmean a fovadithd £at icdon) in thiehab bl cifociolen sffitieot ttanelatdn dfltBe megified RNWe

nucl eotide of said at | east one RNA (nolecule). 5 According to a first

nodi fication a), at |east one nucl eoside of the at | east one RNA (nol ecul e)
of thasconpkendrg blurtier elBodim@aeditthd fréeint inoghtioRtlye fr@ednsticl RIeA (Mbledulg

hem | i fi i t the 5- . 6- iti f th imdi b f th
chert oo TRk LE80 805l 0 SR b B SRR L
che_rri Cgl mﬁd?lfiii;ﬁﬁg isél:fi.ienai glbhfénfh.OPz_ﬁ*S;ulEr-ly, Qhe; Go@ﬁgirgg:i@ﬂ apd/ot Ee b‘aiﬁﬁi/or 3! f
rimdine o e, nucl epsi cytidi ne,and/ or ur;jdi,ne may, K be sel ec rom
P o oup eBsdalsd ReSn P T K Say ipel i Cofipared © S Sy R uSek SR ' LS
am noal | y:such/ lﬂiaﬂ‘Sil; daertsins ﬁc;_(ié_stdﬁ-iI)Léngﬁehw:’ceébégzenﬁ;tﬂyldﬁd;d z{hn’_li(lﬂiad:ﬂd )?qdéndfui &fr o- |
5- propynyl. - - (C=CCl- - - et - ...5- met -2-thio-, B-for -,
o Py aPERY s RO Tnhlecie crdbrabtye oy TR o2 bt s Saic s ST o
aci d-, 5- carAddoiy laysvrothytredr leydmpleSn sdduetcardd exkahyotic BxdAeiedtythi )i pyy seeuehdee

met hyl ester-, 5:-npthoxycar bonyl met hy] -, . 5-, net hoxycar bonyl net hy1- 2- t hi o,

5 none TR BUERALCS FESIePR] oles bd RS e dfegradaicn

5- met hyl arRNrometiry [Fer fuheratdbilimaydmefithy RNA (ot leh xptieidily liathenegied jich, 5-
car boxynet hyl am nonet hyl-2-thi o-, 5-carboxynethyl-, 5-nethyldi hydro-,
5-taurinomet hyl -, 5-taurinonethyl-2-thiouridine, 5-isopentenylam nonethyl-,
5-i sopent enyl am nomet hyl-2- 20t hi o-, 5-am nopropyl- / (54C31-16N1-13)-),

5- met hoxy- et hoxy-net hyl - / (5-(CH2-0-C21-14-0- CH3)-), or 6-aza-. According
to second nodification b), at |east one nucl eoside of the at |east one RNA
(rmol ecul e) of the conpl exed RNA of the present invention, suitable for
suppressi ng and/ or



25 avoiding an (innate) immunostinulatory response in a manmal typically
exhi bi ted when adm ni stering the correspondi ng unnodified at | east one RNA
(nnleculekv ey be alternatively nodified with a chem cal nodification at
the 2- YO FU/BI%H. hosition of the purine base of the hUEFEEYPHEY
adenosine i nosi ne and/ or guanosine. Wthout being [imted thereto, such
chem cal nodifications at the 2-, 6-, 7- or 8-position of the purine base
of the 30nucl eosi des adenosi ne, inosing and/ or guanosi ne may be sel ected
fromthe group consisting of 2-Am no-, 7-Deaza-, 8-Aza-, or 8-Azido-. WO
2009/ 030483add %P%Op&M?&MomoAcmdma&f.&a%ﬁs EBM}SQ’eH’Q@'tFﬁé colrdsPOnding at

| east one nucl eosi de of the at ast one (rmol ecul e) of the caopplexed
RNA of th’@gtﬁ’r“e‘géﬁ? wildeg RYA, Ca§ erafore be (9?"'§G|5’¢'Fre9§s ﬁg"‘aﬁﬂf‘@r&ta&WR’g"‘%g an
(innate) HepaRIRglg sBdLeicer MehB%P QRS Rohlingd rmémahcédfmhgabltue gxltnbbi, edsmhen
adm nistering the corre di ng unnodi fi ed at t one. RNA (ol ecul e), may
be nodi fi BEH{ ﬁ'ﬁ L%i'fra'i‘siaé%‘fre@l%‘sé%eﬁ'i‘@éﬂ > Hﬁﬁ)f‘?ﬁé‘fspd?? elimipaied fomgheiat i on of
the sugar|egdt it RNACIBEISEAGSoRERNEShPIRxed RE BE thd PARORT MPenteMt bidisnen and/ or
uridi ne, whep incorporated in the RNA sequence. Wthout being limted
thereto, YQEWO%i cal nodifications at the 2'- position of the sugar of the
nucl eosi des adenosi ne, i nosine, guanosine cytidine and/ or uridine may be
sel ect ed fr n1the group consisting. o - -

2' - ami no- destabiizine sapEncH A% §-8: Aé’hﬂcr*n 586'1‘%5“395 %Ufi’fs rﬁ"ﬁh Qcgur ab%séi"f“ or

2' - 0- met hyéct.ongﬁ@fcmrndsr&g dr@taalepsams epar leb’a/pr‘i‘tfcerNa@ldA@é’@@él egA 1984, daeast
one nucl eosi de of the at @5% one nDIecuI he comp Iexed RNA of

the pféseft’q FR/éH‘Vth%%'Ab erﬁ?&?ﬁ"‘r"@&l %NA@F.@M 'Inséo the PBQS%THS'PY?FG'H"d? t he

base pyri tHetkfdre ppdferbfl@ rmivdiicR0SIntRasedCibtthelivmg- t,apwm sUEH thathe RMA abntdint he
2' -position of the ri bose sugar a]@cordl ng.to ifications a
th H’r%

defined aPBvEch AeiRiyligingsqayensrst hlus al5r 3APEeH SepP%%UéP?eeH‘oégfb‘ﬂgFPr@ﬁ% at

| east Oneré&blg?ﬂ@é@ﬁdy%sﬁlﬁlebh@orﬁklelaf@sé g Qﬁ@s émm@)wmth tsft@nﬁmluexed
RNA of the pres |nven i.on has fled at _the 2-

8- posi ti of®ot\f -"‘?ﬁﬂﬁ”h@ B’é’s&e"SfW'ik‘)ﬁ'é RS béhedgénsé?d@hb"éﬁeﬂ@’ Gipfeiod e

and/ o5 guamess nel 9@nd1at1_¢d@et021 9amsmels@raequen&eh&omsb@§Q1ssqgaféraa§c@rnwv@@ to
nodi fications ﬁg E rﬁ% as deflnﬁd above re @ref raOﬁ%)rl| eflneg above.
Accor di ng?t 8 RBH YBRLONJA S et PRP W@@?'P& ecr@z?oﬁ xed 5NA @48% one
nucl eosi dereeéntivent@n. | east one RNA (nol ecul e) of the conpl exed RNA of the
present invention has been 25nodified |leading to chemcally nodified

nucl eotides (of the (mMRNA) selected fromthe

12 ol | owi ngg&@uaméw thie @raiemtdhviitibn, theBriegsp BREPNA R oRc A1) dTaRIEdElexddIeA de- 5' -
nono

hos
S A Pl P ﬁhemsa"tnaveﬁm B 5ros RREEYCUART REAMM'SH 9 cPRIFtHetuses which can

( mono) phospbgddeaccordinBi®tieayfendomere I 7G(BOEED) BASBBBHIH5)A and G(59ppp(5)G.
5- Bronp- 2' - deoxycyti di ne-5' -
(rmono) phosphat e, 5- Bronouri di ne-5' - (nono) phosphat e, 5- Br onp- 2' - deoxyur i di

ne-5' -I 38mm@a ﬁhﬁﬁlﬁhtai:ﬁerﬁrahadgctb(é stablilitynér- the ' at (lemnoh@ mBBPLimolecule) of the
ate, 5-1 odo

o) phorREE LRGPt Brerdntcinvaignds BReE gts e 6.3 SlsEions b e AN ne- 5° -
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30 one RNA (molecule) of the complexed RNA of the present invention may contain,
particularly if the RNA is provided as mRNA, a poly-C tail at the 3' terminus of typically

about 10 to 200 cytosine nuclectides, preferably about 10 to 100 cytosine nucleotides,
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the RNA, a caqrr ondlng E@?'ﬂo Fule may be t scrl ed | V|ﬁro Thi s DNA
matrix had'etenst &b AR SSrmRs: o stehiligng seqdbnges whigh cag bt wsed T ihe Rresety o
transesi ptnventiondar aRtablizéd RNaWwad othyr &taenpliesi & ﬁﬁbunﬂﬁg eqjuedé Ba%qh@gé‘r&:raﬂ or the

ccor i ng T DAt oHUARERS Gt 388 10 Mo clor wich € et i 5
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et at Devel nent 1995, 121: 2 GEMD s ries )-1
T0 ( 2R BatRoRE R RomBERIoRA oine St FEGRT R e e frar Ty
accessi on imtheher TH6 5326 pne RNAghetecley 6 thapsmexed BNA Bfithef presehi i@renaion PCR
Products, .in: i ffi d giffin (ed. ). .,P

nnovat ;o Merorer et pifsast a5 g SEF U Gt ECR TR GHIER R ot ¢ he
conponent$amkuhhe;ENHnddﬁphﬁMhﬂﬂbﬁ%ding to the present 15 invention, which
nmeans the mass or nolar ratio of the RNA (be it single- or double-stranded)
to the one or nore oligopeptides typically is by no way restricted and is
chosen as suitable for the particular application. However, the mass or
nolar ratio of the one or nore oligopeptides and the RNA may be | ess than
1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10, 1:11, 1:12, 1:13, 1:14,
1:15, 1:16, 1:17, 1:18, or less than 1:20. Alternatively, the mass or 20
nolar ratio of the one or nore oligopeptides and the RNA nmay hi gher than
1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10 1 11 1, 12 1 13 1 14 1,
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251:5 to 20:1, nore preferably from1:3 to 15:1. According to a particular
preferred enbodi nent, the mass ratio of the conponents of the RNA conpl ex
according to the present invention, particularly the mass ratio of the at

| east one ERAP T ¥cul e) of the conpl exed RNA to the oh&TEPXUHEPE24

ol i gopeptides is preferably 30 in a range of about 1:100 to about 1:0,5,
nore preferably has a val ue of about 1:50 to about 1:1, or even nore

pref erably about 1:100, about 1:90, abpmt 1:80, about 1:70, about 1:60,
about 1:50, about 1: 45, about 1:40, about 1:35, about 1:30, about 1:25,
about 1:20, about 1:15, about 1:10, about 1:5, about 1:4, about 1:3, about
1:2, aboutcé;l or, even about 1:0,5 WD 2009/030481PCT/ EP2008/ 007244 79

r egar di ngftdeergdatheqt fastraes: Papimeaecyla of the cdmriped RNt at e Rrespgt IPYgen may be
for ][re.d B?/ n%?trﬁr?nmirﬂgaékbﬁ?@fmd%ﬁﬁ:taﬂ&%V% 5&%?54 Grﬁ:ldifb(:atiid(’}ﬂirlpaérﬁ*?ct)v@'l ]Wﬂfhthé/bs'[
preferably, e mass ratio of the at |east one ecu 0 he
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1:50 to abemthindd In the RNACHeSEhentidtly Mbdified. uch HLkHIAE REIRQMBRS Sypidally he RNA
conpl ex a§§$2glng to the presen% invention, particularly the nolar ratio of
the at | effudSnevikRul (MelyBg.Iw) ligttatione medfrtieat IR e, BIHvR GPREISHRS Rbr e

ol i gopept ing@syIdhsspHoRhtes, aphdspha@mdatisNand Opldspitrbthioledr (el efy&aines -O-(1-
enbodi ment ,. iAj ﬁgnge OF agout 1: 20000 9% g@%ﬁt 1:500(%r g@en 1:255, nor e
preferably“ﬂﬂmi Ay ange of about 1:10000 to about 1:1000, or even nore
preferably has a value of about 1:9500, about 1:9000, about 1:8500, about
1: 800Q, about 1:7500, about 1:Lg88, about 113500, F out 1:6000,  about
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ratio and the mass rati o are typica pendent, on each other erein
each of 't RUBERANC BRI -Ganathiid e Ro Pfi@feo?smgfa&lﬂf'éegeﬁmphawaewror
gept ihde Ilezngtahkyl F@‘gﬁﬂﬁtﬁnucfe@ﬁtljdf)ulﬁlﬂi)f‘tﬁﬁnéﬁ tigkeb &Fr (Ei'-ﬁﬁti/tfﬂilne-fo‘hﬁpmpﬁaté,sﬁi—O and
5t nmol ar rati y be cal cul ated for an average copplex size, wherein a
mass ﬁgti (?r%‘f'dﬁ‘ﬁ'()r?g‘f'ﬁ?@g'ateil: 1%BpprifdRhesRh e ¢ gg p"lfhci‘;gg4 tﬂ@%v%ﬁ"a?--“ ratio
of about kigHoeKAte, 21240 dedRy @K ariphaplitegul e of nolar and mass ratios
is given in the Exanples, which may be used for calculation additionally.
30Furthernore, the ratio of the RNA conpl ex conmponents according to the

present i mkendtilent oP@RNAC thaledule)t diethé abhplaxbd RMNA af tHeepBteno e may
(ol ecul e) nor e i | so

f ot | RNA to.th Ol i t.i des,
o cat cut Aetiobk STBREEN A it ot b R RS ST bR g NP PeienS) o
t he enfir euikife epnpdrexsingFbe expredre of thepgrofdiWicddadi oAbl the anteastnencaREut 3

WO 2009/ 030481PCT/ EP2008/ 007244 80 | .ph hat g . I i d th
RNA_exhi biLD EUIE) SENCETTE “HAFLTPH B (PO U5t UBAERE, TRl an ovek BEA
pepti de t ypiueakd. ySigofidant ms teibatate xeandlan nintreasgein thesdx@rRson @Epbagestinon t he

I I i ght d,.th mb f basi ' i d o laril
o ccul o veLOh, AIELLIe e, 5 U oA seids, TP LY |
(Arg)9 coriéat Bea806t 5070 @r BORBlord pretprdblyabyl at leass 7390 88%9 56B0H apamh 0trasi ¢

' ids .= 6,3 it o, F ti f t 1:1
R ( ADg) Sy PRt B0 (% Wi selpfBRa Lt St rifry
cal cul at edn¥enriopraofgivotide (ahgee bh@rmudiigiibn sheeferabBSdeleglentiom & gadudpr efgen

at ons, wh pr,ot ami fromsal.non is used) with a.mass ratiao of about 2:1
M eh o po R il fiblfed TSVERY Spat ) ) | P aPulF e b oFir neRe sy

pr ot am ne téphtsplats alieantin@8npdind-5 UtOphorspbagy ne-hindcetidiess anghdspbiste 2352-x 21 =
4935 pnol basic nitrogen atons = 4.9 nnol nitrogen atons. For a nmass ratio
of about 2:1 RNA/protamine an NP ratio of about 0.81 can be cal cul at ed.
For a mass ratio of about 8:1 RNA/protamine an NNP ratio of about 0.2 can
be calculated. In the context of the present invention, an NNP-ratio is
preferably in the range of about 0,2-50, preferably in a range of about
0.5-50 and nost preferably in a range 150f about 0.75-25 or 1-25 regarding
the ratio of RNA:peptide in the conplex, even nore preferably in the range
of about 10-50 and nost preferably in the range of about 25-50).



Anot her enbodi ment of the present invention relates to a conposition,
preferably a pharnaceutical conposi tion, conprising a conplexed RNA
accordi ng esent 20 invention and optionally a é ar ceutlcally)
sui tabl e 3@5? %ﬁ“ﬁ d/or further auxiliary substances ah R@ 40 WV%@ The
(pharmaceutical) conposition enployed according to the present invention
typically conprises a safe and effective anount of a conpl exed RNA
according to the present invention. Asjaused herein, a "safe and effective
anount” nmeans an anount of a conpl exed RNA according to the present

i nvent i onthfueibindS -triphpsphidicrle an-teiblitibe-85ribRospRite,S O 5-hinfBUBHCytIdinétsr 0 or
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di sease, wgh%tgen tic disease scri bed herejn, and/or to
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in the therapy of diseas S nen on rei is to_say,to, render
bossi bl & - PESORRIG L Py 5 daroo i L geP i N age Y eygeosine-s “hphosphate
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ore. . Suchodied apdees fOBR g ot aealiiod 3t R ewRER e SRS RE T 31 g t o
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treated and the age and the physical state of the patient to be treated,
the severity of the state, the duration of the treatnent, the nature of the
concots t anie hthE:ﬁﬁp}he RVAt (@ lgealel iof tHeatorhplbasdmRig & usfi tﬁéJdreS)antSMi/érﬂibhen@)ar rier

used and s ors thin the kno er|ence of th

reat ing SRy PR CHRMENASE PREIN s b e ST B R A Bk cun be
enpl oyed hadledtideascaisned nahd arleasedrer RMA o leade)Civhieh putk ras@Bosupressive,
(pharnaceutlcal& CgﬂpOSltHOB accord{&g to,the .invention described Fere can
optional | {*cBnB fLdy WiraPe PEREPTE O pIesfRranI3) AMPNAF GRS cAPTY)

sui t abl e gdminisefed Tthe ptaeérmuﬂx&eeauhérabl eSuzhrdtiledst ous etbdifagopiepefepdily

i ncl uges one or. nore liquid fillers, or diluents or
encapg(ﬁl ail %&Jfbcf%ﬂﬂﬂ%%;%%cﬁ 8"535’6%{:5&“8"1‘ or adninistration to a person.
The term "cahpat iabihemicabmodifidativera theans-drltatositioa of diespyirimtiding agef oftthe
conposition are ca abl. f L gﬁ qﬂg}xed together with the conpl exed RNA
according to the "'HYENT ShOGIH %% F'ary substance optional Iy contained
in the conpdsiti emhemﬂ:aSmcabuﬁamtbnvuttth bne , 20 oar&qiobmbn iohtre pueinadasesefahe t hat
no interaction mmlq g $ubs n ;% ed uce . gpharnaceutlcal)

ef f ecti veness of PESOS‘ﬁﬁ’g PoR> Wﬁé? gﬁﬁﬁ“ﬁ@ﬁd?t 1 of use occurs, such
as e. 3 wouldl r edudentide n@qliffaraﬁameuthecafp)osmomdlthey sugfar toheheenmbd:edfeprobt ei ns
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i nhibit the i munogeni ¢’ potentra e conﬁPexe NA. Suitable carrier
must of course have a suffrcrently hlgh purity and a 253ufficient|y | ow
toxicity rend 3 then1 tab e for ad i.stratian er on

troated Bt ErEos 8F MBt Rt Bkl DKM R sy B S QulheBr of Rlebelidt® e
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suitable carrier i bed.aboye | §r.m ne icul ar he node
in which {"r?s'"f%hg'r%ﬁ |a(t:%il ‘?Berréosr ﬁl on a(?(t:eo?rdﬁor uré(g%%g & nc’plhrcl’S n[r on is
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can be ad f t I 0

el ude. oNyrel 28 o L kBB Rate B3 SIRERL clp i) WG R P Rudeulices
subcut anewstypucml!)r fonmed blyag puglegbaseori.g @t p)amedmasfunanql @a:tcrymm) (broplpdahe and/ or
i ntranasal routes. The suitable amount of the WO

2009/ 030481PCT/ EP2008/ 007244 82 (pharmaceutical) conposition according to
the invention which is to be used can be determ ned by routine experinents
usi ng ani mal nodels. Such nodel s include, but wi thout being limted
thereto, nodels of the rabbit, sheep, nbuse, rat, dog and non-human prinate
nodels. 5 If admnistered in liquid form e.g. by injection, the carrier
may be sel ected from pyrogenfree water; isotonic saline solution and
buffered solutlons e.g. phosphate buffered solutlons Preferred unit dose
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contain an injection buffer as carrier for liquid preparation, which
preferably inproves 15 transfection and, if the RNA of the conpl exed RNA of
the present inventjon codes for a protein, also the tra shgtion of the
encoded pro? 81BN cell's, tissues or an organism TheP? RN cal)
conposition according to the invention can conprise, for exanple, an
aqueous injection buffer or water which contains, with respect to the total
(pharmaceutical) composition, if this 7% in liquid form a sodiumsalt,
preferably at |least 50 mM sodiumsalt, a 20 calciumsalt, preferably at
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| east 0. 03°iV 5MERVEi urfs8Rid/ or>-PREARYT unPeft or i a€PeYdioxymrEYEnj ecti on
buf f ens cagaRRxyHydtOme®H MHYRImiBBE N MERRT t O&ttes-, aNG-nhedIRQBdrBoriméyot ol C
injection byffers. G1connection wth %ﬂe present invention, in this

cont ext t REtoxyERqnyimethil £ehio; 3-apypRpstini o -amiagpeihyle-Bio-hyaBtimmethyli- each
case W t hsdl@sPestmdihylhmimoRtiyl-C W-@ibdnRiyRh&Rde SRalbbMmdthy@aminbfelhpi-eat i on
buf f er has gither $¥gi her, tgﬁ?sane or a Igmer sglt_c ntent conp r?d W th
the parti EYPIFYMeSVERRRCRC -~ >-FerbeuErtydn canttPUeingde- ortaynomethyl,
abovenment sqagmhof@tHyB2 Wbeitic) BolopkmasyliRindReBge, tDisbMMt@lahindadimagd- by

osnosis or, . other concentration effects preferably being enployed. Reference
medi a2her iy -AGPPIER gl €; Gtttk SRR BERE TRV (0 GreRots, such
as, for exanpl ere-btx0d, |ynph fluid, cytosol fluids or other fluids which
occur in the body, or liquids or buffers conventionally enployed in "in
vitrd' nmethods. Such liquids and buffers 15are known to a person skilled in
the art. ’A‘ba)rﬁm'getﬁ_tsb@dhdbuufoﬁmtgmt bipaglidayt swﬁa&la@ddei of EH&?at(IE%@l’dﬂi@ClB*ﬂAi cal)
conposition accarding to t nvention can al so contgi urther conponents,
For exanmiBoIRHIEA hecesoplexed; N Bf e B SR B R ey SUPHe S RETCY o
gl ucoge Oﬁvcﬂﬁimgliahqinnaﬂenirﬁrgp?(];ﬁ;fi&i’ufa&ﬂ)é efdpeﬂleiermrhlt mahmm;zﬁﬁcalljlly%&hime@h&g@hs are
present in the injection bu r used. Jt is also pr r e r the
injectionaﬂﬂFY%W"%r i SUFSPERFIG HAIodifisd flolfasth P égqgoﬁﬁﬂﬂﬁkﬁspﬁguéﬁ as,
for lexarrp_bmemau,_gbfr r&odiﬁétﬁv»iithj ;B?hdrﬁﬂalﬁﬂédiﬁcfatibym eal k—y_sqontc];ai Blﬁosﬂk?ﬂ (bfis@uuel y
nmetal cations, in rticular fromthe grou onsi sting t al kal.i ,or
Al kal i ne BATHP3EbiNE nuclReridesiadadsine infalpd puctipeiiaporinea tishayt Beide e
?bﬁve. Thﬂwemtb,t};hclﬁ blﬁenhiﬁ@leﬁddim;i?wa;:gﬁe ;l$e{j7-}nt:$-bp§;taﬁp@‘f ahe p@'irteftﬁfsé ettﬁlb 25
phar grceuti.ca C osition, If,.this 1s 1nlilqu rm,1s preferably
bt wedl 1 MUFECIes S0GSIoaE, AT 0e M GUBUANCS TE RtPYehe SFiEd SPEY r ABLY <BRTIEn 5. 5
and 7.5, oh2pafihe-coiDRazhet-weenos-Azidad 6.5. |If appropriate, the injection
buffer can also contain a buffer system which fixes the injection buffer at
a buffered pH This can be, for exanple, a phosphate buffer system HEPES
or Na2HPO4/ NaH2PO4. However, the injection buffer used very particularly
30preferably contains none of the abovenenti oned buffer systens or contains
no buffer systemat all. WD 2009/ 030481PCT/ EP2008/ 007244 84 The injection
buffer optionally contained in the (pharnmaceutical) conposition according
to the invention can contain, in addition to or as an alternative to the
nonoval ent and di val ent cations described, divalent cations, in particular
fromthe group consisting of alkaline earth nmetals, such as, for exanple,
magnesi um (Mg"), or also iron (Fe"), and nonovalent 5 cations, in
particular fromthe groups consisting of alkali metals, such as, for

o o o o o o o " Y T T - r



WO 2009/ 030481PCT/ EP2008/ 007244 85 Na' + as a nonoval ent cation, that is to
say, Wth respect to the total pharnmaceutical conposition, Ca2+ represents
100 % of t larity of divalent cations, just gsents 100
% of the Pgﬁé%shakggFty of nonoval ent cations. The aqu%§EE$€§F #6n of the
injection buffer can contain, with respect to the total pharnmaceuti cal
conposition, up to 5 30 nDI/0 of the salts contained in the solution,
preferably up to 25 nork, preferably upéto 20 nor/o, furthernore preferably
up to 15 nor/o, nore preferably up to 10 nor/o, even nore preferably up to
3) IrmlbI % hi(:&ﬂﬂingaf)rﬁ)tmdpﬁ'ﬁﬂﬁitﬂtdnyc)upt ﬂe?stzorﬁﬁl)htgeilaisrcienﬁﬁﬁ{h@bitele&l’t BRERNAQ! Yy
soluble salts. Salts [ r i n soluble in t context o

present i %'ﬁtli"’? fél?eecctrtlfﬁg’é@%o‘ﬁws/ﬁf@ﬁ p??%”t IBYSHPT Lfable &Y GHPPTRE NS afs}orSal ts
whi ch ar eav@adglayr (ﬁﬁrbt&birﬁmﬂrﬂosﬁﬁﬁla&dl@&&p@ﬁsewmaChtaHﬂeil $ﬂ:l|¢ahl| Iexhwrtaj odgst is >

10. Preferabl the injection buffe onal I n n

S maceu PRI e e 8 e Rafe e mav bt o s00
mM  pr ef emadpl at IéastﬂﬂreﬁE)hdﬁMlen&ﬂﬁl:aﬂ% afTﬂfeEQ plositied abtrré Juparaf the AMIEsIRS0 MV
parti cul arI referably 60 nMto i n sodium chl oride (,NaCl)

0.01 nM té % '”ﬁM“Ob'P‘éff%‘ra&BWef% "6 andiay Yridmeg REPBOH f'é'r‘é?ﬁl'y"t‘r om

éog mtosét?remmbiw.t&&rtmzr@mmedhh@émd@cbea&al rﬁ?difr@dﬂohs)?‘t&héy pfacrsetrtan?ofZm(\)/lot<r3ﬂvI
pre era om re rerer rom.
o Rt AP paRe A O BB RS i P dadp Hidhed ek B

ani ons i nséééed irom the gidup cdbastmgriit 1'aleed-) Hangac2CdeddyQresaminy, EXRBR-e
hal i d ulfate r carb nat ese there may be nentioned
succi ﬁgt e3 F%WO%I ﬁ‘r‘%{ a'B‘E'tEY]eZ %ﬁﬁ’f aPe?'ﬁﬁTeéléﬁ'e etc., which can al so be

present i n 20corrb| natl on. An i nj ection buffer optionally contai ned in the
(phar mace aln) 05||t rd| n to thle |nvent| onqp ferabl $/ cont ai ns
| act at e. BONE RPHCUIZFY BB EmBRTIEIS™ SUER BRE M RioRah et feagt o

parti cul amir\y\ prﬁ(ﬂécerneab;t yhecmnt;ﬂmes R biluthie \pedsynt iaedrdibe has bééiemedrgadmamhanl on.
Lactate | g ﬁnt %fth t he. |nvenH£|on can ‘5:9& aﬁé{' red, ta e, for
exanpl e L cCRE@OEHA" BL g F%\et%yr'”i_g{??ﬁ e Juflpgsidas;cvidige @ Or| W 'beh 3t on
with tibe plﬁe_eSem-tubmufeménbaean@rtaycmrdlag keymedi€l cationt alcindtceaadidihed aledleci um

| actate, especially if the injection buffer contains only Na+ as a

nonoval ent cation and Ca' as a divalent cation. An injection buffer

opti onal | Ycusrethgita ahbel pahadiumo,epﬁeienatl embodip@st, tat teastaweoniudidagidé @f tHeeat

i nvention and as ref ra 30 ontains,. Wwth respect to
he tot al HaPRRCR (ERRCdshabif PhfPRHRDRUSORARN 67508 NI R r B ppeher abl y
from 15 rrtbﬂrddifre?iOﬁ thdvi2-, ad 7euea -paEitien ohdie mrrmberaeé)bythfermmebaded\/ﬁdanoéhﬂ@ mv

| act a § MO, 2009//030481PCT/ EP 0338 H 07244, t86 in_non-liguid
form? g.7n9eHes 3PT/AT GHasife. g Srétpost 8 8 |5(':’§“1lr 88‘?%%%% on of
t he i nventnhabficaaynstie an@n)taardeﬂm@nboumdmm/preﬁdnatdaas dtémeéalaswesw table carriers
or constituents thereof, e.g. sugars, such as, for exanple, |actose,

gl ucose and sucrose; starches, such as, for exanple, corn starch or potato
st arch; e’lctuddogetoaamcbmeh sncﬁe mrculat}y ‘p&ﬁerreﬂlﬂtﬂtbcdﬂnerﬁmt |easarmd: euclemi:tiewﬁ

car boxyne h uI 0 I ose Epagelate: ized

t ragacant hé’%ﬁ“’ Ot ﬁﬁ{* (r'tml eFloo ecoo'qplea‘e? lREJ can?grese'ﬁcﬁv g%rbee%?arrpl e,
st ear i26 acmcdirfrenﬂa@mdaeg umncberaa:aht)t erodifed ciugreo desf @f ehe mh)anm\ ee|bcsted $mchthas, for
exanpl e, ut oil cotfonse d i Qi l, ive oil, .corn orl and
oil from gr?]?o '].C,j gro 6’r oI s 'Sucn” 9 (Wgé)ﬁg%wﬁnp e, f)?o nrQ'r'gf)%u"r'le_e"nbéjs'&lte?col

gl ycerol, (mondﬁphaxbhateranmohoadinhtyﬂsﬁlp&aﬁ'y(etohy)lpbo@hgteycol 3- Aatug:atiylondmed'
However, np p rovision.af I.iquid
CONposi ti (Snsn&gﬁ%épeﬁ%onpo%ﬁg’mosc Y%/{\ﬁ!tﬁég i OHOE’%&%h d§ E?ci"ﬁog éeﬁ"’F%@é’ﬁPr cal
conposi t i dmood)phdsehiateyv eri-Bamaaridine- SQ(mmnWmsrbha@ S, Sskromogls, defb)Q'nnéman'fbl e,
Tweengp) ; nts, f le, sedium,l fate

col our F)ng @gé@k |['1(%}:’&‘;‘q§fvour5| |§é&@é@%€ 55 %O%ﬁl ca%gﬂ%[t ‘car (rgﬁéé@ c?e‘ég?@&rﬁ% 1

agent s; stimbndlphespbate,ant i 6xedtmnitme- Wm@ﬂmwhﬁ&s Gh@dos’amde'abmgdmaﬁh er S
for inject hydr s R or d el ease,
pol y1 act i AmABRERHE 1 SraSeR 2 ML RS FAM oL ERRETGE Coca
here 20 i rtbb&uﬂleldtnhdé-enmwtosahae&sw t'&[ﬂreykmdlu@@ (menblphpiphate, cr edds.CGgel s
and the like. If the conpound is to be adm nistered perorally, tablets,
capsules and the like are the preferred unit dose form The suitable
carriers for the preparation of unit dose forns which can be used for oral
adm nistration are well-known in the prior art. Their choice wll depend on
secondary consi derations, such as flavour, cost and storage stability,
which are not critical 25for the purposes of the present invention and can
be inplenmented without difficulties by a person skilled in the art. The
present |nvent|on al SO provr des -an (| n vrtro or |n vr vo) transfectron
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30above. The inventive (in vitro or in vivo) transfection nethod preferably
conprises the follow ng steps: WD 2009/ 030481PCT/ EP2008/ 007244 87 a)

Opti onal | Ywéb %\{014419 and/ or providing a conpl exed RNA ?'é%% .u%inﬁﬂ t he
present invention, conprising at |east one RNA conpl exed "W tTh one or nore
ol i gopeptides having the enpirical forrmula (Arg)1; (Lys).;(frl is);(0rn),;
(Xaa); b) Transfecting a cell, a (living) tissue or an organism(in vitro
or in vivo) using the 5conpl exed RNA prepared and/ or provided according to
step a). Preparing and/or providing a conplexed RNA as defined above

accgr gi ?gditr@tl‘@'[c?@diﬁé—_SG(iﬂdnb?Jhbfpfﬁftt [ %Q])Hfbxyrin_éﬂhﬁlcﬂ:]dilhd’-ﬁ '\(hibﬁo)bhadpﬁﬁtG,C]E BOR

met hod for transfecting.cells, or tissue with the xe _of _,t he
present |¢?U‘é’ﬂ% '(éi?"e{l?ﬁcc%b@“% fWOé‘aﬁ’éaiP?‘BS?r any net hodgE%ﬁWEﬂ“Y Yt - art. A
conpl exedniiNB)phssphised hermetylebtidurgia®- A mbedshiospinge, RNAS -Godpkgxiithevd't h one
or nore o) igopeptides having the eppirical formula (Arg),; (Lys)r", (Hi s)n;
Loy S R BRET SRy it S g horb B ity ROAERREAT above
accor di ng(nidnophesphate, Mayidinbuss-c:omapdtics eadidie ntieparesti-Dmaneiphdsphiteyi Si on of

t he | east, one R

NA and [ | j ti havi th j.rical

formui o (o Rogymehfreie. S orahie” ) s e tea ity iRt on o
S _hgr It pEpﬁqbtﬂ@[ @eﬁ-ﬁemmt )Fsughmams S(M@xycirhy@)méirflbiiﬁﬂe{s O(nﬁtjrﬂgfir}]%ﬂﬁbaté,' SaL e
wi de nown in e ar d_ma .0 . Soli ase synthesis suych as
Poe ol | Bemrakate ety F 2 PR 6o CurtingbRetlale " cee 0 0. R NETLI D
Ed., Pr ot gietho idraglirethyMeitliodiddiadr 8 -Ricobphod eMe 5 hadsorh&th Wi -éiukridine-
| east “one ®) as co vent'P x as défined
above n’ayrrﬁmyhl‘ﬂiI&&nellﬁ}daztﬁioﬂgdme-SStmoﬁjho&)Haid; st sub- stragthalbininanaiiell--

i Si d/ ar. [ [ id tenpl i t ypi cal |
ot seosaeuttiaR s SR PlRtE Rt o Eavtne BELY IR et A Sor T he
nucl ei ¢ acirdarh@ipetayle2' 253 metfoyurlineadiymboeplessphatei d, e.g. a singl e- ob-

doubl e- st ded ,_.CDNA i, DNA f ts th f,. etc, ich
may code. FAPOR ERRPRIBTF DT NRor VR oBeRe R SR ERDTERI T BPORR T gene.
or anys ot laemethylotidina-56tm@efithosithads des Bicaibexknadionanindypihgbl thiourldfe-5'-

. Q. i d f. in |i i zed for -be.,
ol oyed IBTBOE LY padboprePUrABNe > Yrsdeb i taee BRI S o
t enpl at e (mgyndyshoghalee X pr 6sairomethytiridine-Tomendthospliad, er alBHyurdmomethyl-2-

(expressign)vect or, ,havi.ng an RNA_pol rase. bi ndi .gite,  An expressi on)
Vector s kB HEBEPPRRE 2 aoreRE ARy Dt SRRt on)
vect or s ( S€wromtnglhmircaretiyd)- 2edairidore-1'ineno)pieplerte,ed (expressi on) véetors
are, r exanpl e, those i.¢h. have, an. 5P6, or 17 ,or 13 binding. sit

st r & DRRRRE ST RGP PRET PSR R Sl rodpiBls oot o SN §-

2009/ 0304 8i&CIpHERAREE/ 00720da88demmyine-6hjprdneiphasphae) ei ¢ 7dtéadapaqouemnes -
encoding a therapgutically, active praotein .gn antibody or .an antiqgep, or
any ot her ?"6?% %hlog‘l)&c#e’pept isd’gzaaage'boesgjgﬁ E"é?jﬁo %63\3@1,att%i ch Eg)’éz' ?/apol%gg ”Igeygcl oned
into the (eupigssplan, veftarpurdige-5vitenalphudphatpl e c1'eming-2&déaxyoftidirnee

vect or used. Prijor tqg. transcri-ptien the ression) vector. s ically
ol saved wiborREn s | 3 FLARTRBIAL, S B AR rRhe K ST iR G o)
t he RBR i 2'-OeMbibylfioosink-5'tislong)phosphateabl e restriction enzyne, and the
fragnment is purified. This prevents the transcri bed RNA from contai ni ng

vect or sequences, and an RNA transcript of defined | ength may be obtai ned.
I n this cdfirdesixad, tHeCat perast ereaiA (molecdslt of it cavnplered\RiS ofithie pnesgetrieyventien

over hangi e (s . e, O I | | |.,.. BQA.. .5 t X,
3o | R by R Rgih S e "o inor b deie 8 of PR olides Uy SREBRferaly )
are used. irSlvdutedl ouahiave Sundtional caffectn.z Thees varéone ityee | of swicleetides edvdifichtions
over haRpai " f. g bl . i ' 4 DNA
pol ymarasdy e FRSURLE FIR RN TR R, SRy fnds W LOWERERSIEN, 17,
used for irtparatrirgisaned for pemvatonmny thd 8Nt of| thasbmplesedRRINA(anshbeling @) thef t he
conpl exed o} v I | oyi VIEer ase
chain reagﬁ%r{ 'E“ﬁ%ﬁ?n H}h%@%@lr}eesi %g?ﬁe'%ﬁp a?ge %?lr%‘?g?ab %}i&gﬁ% (E)&gée F the
primers uddahiatiye ef.oMelectlgn Clemingy Aclabprtars Mangals EglieSmingdflarher Riaratory

pol ynerase binding site. Furthernore, the 5 end of the prinmer used
preferably contains an 20extension of about 10 - 50 further nucleotides,
nore preferably of from 15 to 30 further nucl eotides and nost preferably of
about 20 nucl eoti des.



Prior toin vitro transcription, the nucleic acid, e.g. the DNA or cDNA
tenpl ate, used as transcription tenplate, is typically purified and free

from RNas to ensure a high 25 yield. In this

purifi cat S%Jﬁrl]%’%gﬁ@h tenplate can be carried out with Pﬁﬁ)ﬁgﬁ@&g}uany met hod
known in the prior art, for exanple using a caesiumchloride gradient, ion
exchange net hods or by purification via agarose gel el ectrophoresis.
Subsequent to preparing and/or providiTg the nucleic acid tenplate, an in
vitro transcription 30 reaction according to a second sub-step a2) nay be
carried Opfess GFd pd.cEald Siging hearbes N dobhe irmtudhea tocesaedeMeF(afm.bacmlteé of

t he corrplﬁé d RNA of the_inven lon using thebl%f'{;l ei.c arlcb £np Iatﬁsprepared
accor di ng P iCPeesPARAng P @Pﬁec‘ég "eRy Peniensliede” vip his DNA matrix ha

2009/ 03048&86@@&92&@.8/3@02 2A4r 8% Jiomoten, Mot I and r@REGHOR] Whidh rsefanéwmby
according,to a seco ub-step .a2 i call arried out invitro

transcri piedlssreddie e8H3e ?ﬁqg‘?ﬂ ‘B’I% :REM\/%;'EE’F(W?HB |aptﬁr6'ﬁatf%"dﬁ foﬁl”f ially
conpr i $es virberandteibeirc A€drding bl it v@nasn, HRSDNALRSle QoW Rich fdrns eheapvie obout

01 - 10 p f er abl bout nopr e referab nd nost

o ef er ab § KA IR etiE e b R 2l e eguds ofipp o

transcri pparosf mdgnummmi&memé;ﬂlceeawbaitérm BREpIds seschandyesidkmibnagant
erably abqut 1- 20 referably

e.g. DIT, nore pr n ., nore
Shout 5 pioBHE R B PrESHYE00T oiEs Bt GBI IR PO SR SEREan Y By  ses
nucl eot i deige4®; Gai & aUDERMpntkaL MDIG, mm 1338 16 2360)PpGEM® spriess et pGBME@at i on
10 i BFPsa o) aPlEe: Y5557 i oot Ry s 1
about 4 nmMimbertXd5307); Af. Slkotbles ahdd Storts) PhffRASET bPPCR PraddisUin: Iarkfevxhs@ao
corrprl ses e T7 ti
mMRNA Ki t, C‘HF‘?NA}I%%# U@iog"’(g’r i}‘)"oval@"l?ﬁé\gge %@F%E%to?r 5@1 typically
about 10 to 500 U, preferably about 25 to 250 U, nore preferably about 50
to 150 U, ﬁnd nost refe The in vitro

ra I about 100
P arsor ol BOfatoar e 00 87 e FRENISTE o6 sy VAP RS HLCITRE to e pieRete. | &
order1so &M@htﬂ)nd@@fdd&iebﬂﬁtl'(éf mbdieort mars oramcbed tiih RNat (He&&SIng@ﬂ&r Ri¥Bble-

I I f, the A t
L ansor i prOHE Al GATBAC B PEoBRRsnaPIS B TPorel B BT §805%h Roase
i nhi bi t or suithbl fotibk @acicalar shpliespinatewesy, the nidiear inblatikib @f therbrele mdie Vit r o

(ol ecul 67 BIPPRE. BTN TR ORS TR i bl a1 Bndcd Yor o

t her apeut i1gal IlyzaDnB VE1friotxitme, an 7antlishodigssothah:2anAltgestivelyptheanyss o her

prote eptl s descri ed above., Th atio i.cal ly
P bout 280 stS e 07 88 35 Mere PudiPeriss ana st E3RTon RehrtBe Tg2nbai’
pr ef er abl ¢: 1abdu6 190: mﬁnugﬂsIOThEI i ntubatsi pnatienpdr a6:0r ©51,aree] i, ealll. y

about 30- ferably 37- The 25 incupation te e depends on
the Rua porpEale fedeer oty ofa o o RY giss Hirsgide STETERA P B e
at | east badeﬁNAar( e edthl e}p@f td hiee comphteafethe RMR of nidne olhgmpeptndesn Mdt ai ned
by the tran t eera MRNA. The ield the in
W troctr anerrihh e & S A b AP RS ol figbkilihe R lsTETA L irdve.
typicabl y1|5rtot2be e pafeciblyafibon:330 15i1g of RNA per pg of tenplate DNA used.
In the context of the present invention, 30 the yields obtained in the in
vitro transcription can be increased by linear up scaling. For this, the
stated st attdrdiggawmunmumm&fmdi abmmbmamtetmrrejserrabi of ma@:Dmaemhtsacfctbedi ng
t580t hi %bgkagc o5 g:! rc%g%r@ t%éBe éﬁéeanrb\Iézhg %Z‘ lculgrl Cetr%ss Qitio cbf tl]ie at l%aét 100,
2009/ 03048&@@%&9@&@87@6%2440@@1eﬂéd BNAI tnchﬁk)ame orrmora qbigopeptidest is preferhbly he
transgpi bed. af u conpl h

i nven ?on?nc%m éé ?I onaf)r?omb% L@g 'lnie refeFapﬁbI]ang fig %gaiyé\ﬁ).‘ga*?%"é prior
art, e.g. 1dhDOﬂmnogmrappIrnferalpiurabblutdam(bnbmﬂl*&msbote 180, abdutrii 40y about 1:60,

chr omat og f , ry . 4i

ourificat %gcﬁmnso@ﬁgvg)o& h_t‘, ‘b?&tj IQEb %I)Sut 1X§§QI§QL§ J#}Z%I)M 1,75 siéjm{t Bl Q?out

can be reﬁﬂxﬁedbdut@riﬂtﬂmuthI/abmmIt% abm@ﬂﬁotab@mrmdb@lthd afeolae«aut TRMA can
be obtai ned. For exanple, after the transcription the reaction mxture with
the transcribed RNA can typically be digested with DNase in order to renove
the DNA tenplate still contained in the reaction mxture. The transcribed
at | east one RNA (nol ecule) 10 of the conpl exed RNA of the invention can be
subsequently or alternatively precipitated with Lid. Purification of the
transcri bed RNA can then take place via IP RP-HPLC. This renders in
particul ar effective separation of |onger and shorter fragnments from one
anot her p055| bI e. 15Preferably, |n th| s context pur| f| cat| on of the RNA may

a1 T r . o, Y R I A - o o o,



WD 2009/ 030481PCT/ EP2008/ 007244 91 transcri bed RNA. The material for the
reverse phase is preferably a polystyrenedivinyl benzene, and non-al kyl at ed
pol ystyre benzenes can be enployed in particu ionary
phases wt ()%h%yg%brene di vi nyl benzene are known per Sg@ﬁﬁgg%ﬁﬁgﬁﬂ
purification, the polystyrene-divinyl benzenes which are known per se and
already 5 enployed for HPLC nethods and are commerci ally obtai nabl e can be
used. A nonal kyl ated porous pol ystyren® di vi nyl benzene which in particul ar
has a particle size of 8.0 0.5 pmand a pore size of 250 - 300, 900 -
1,100 or & 5a&g1héra56Q>flR$Wparpydpaf themhfpnéxywmé&ireﬁr@b}ayi aiRd bfeCfbrrﬁéaleby
purlflcatlo The adv ﬁgps d%s plbed abov C |evE

parti cul a?qr&'f"a%&tﬁ friesciiGety ndifeed ya §?| PStfpé erplply, ¢ %V@Fssrét"bﬁfases
10 The HFilh@apwastfdr@aﬂmmmneiamlaeofcm eoraflegadt RNX té iR bridNomd@bie dligbpetidean i on
havi ng a posjtijve cha% B bej added %o t he nobi |l e phase as a counter-ion
to the neQaY %HVVmEﬁ%?g’B o ofolilpai r having a |ipophilic character,
which §s sl owed down by the non- pol ar stationary phase of the reverse phase

system is, formed in this nner ti t he reC| e15 condi ti ons
Tor the i BKRE s EPRb AT DEIRTRER it ACPTELRI qrars A3tk REsel {1 ¢

separ at i omvéritioh) gaRiculdry the Zribld?frat'[d'lﬁf th@biNb&E oh® RINAI (ribleeolar 6Mthé abinplex@nd t he

pH of the | utjon contrlbu t ds the result of the separation.
ot avoBRRHPChEAR OF Mo KRR aRlY. aiRoFIE T4 A Rt R RS
acet at e aggdbadimba} rnaaarlakgd Srapi UP0CDOp abAd s ; 508Ut vars1:2 &a, rnatbub;éfe'tm;am um

are agdded to th hi | ase Pre r abl moni um
acet aﬂg i & "A¥a g go ﬁ)éﬁgl-ﬁago%{dj ed" fY"E?"arBBrﬁtpr#rai?hehaéﬁyYa@Lée efr2898bi 1 e
phase depensso, abolithe:90ad, ibeuoi BS(bIE abhest 1.800G egbaual i7600, abdus 11reansabddoat t he

xample, PO o8 il Pbrd BPEC L bl A TroiiaspbChPlachpy’ TS oteut

separ at i on:3po@hibent w3060, dhequ ae0praspetood, saar e3S00, Tdrhe,ui daabo,edbsiut on

condi tion r the ile se u nus det rnlned for
each sepafépbdﬁ’ tﬁﬁgﬁng‘Qﬁﬂﬁn? f1§§@é§PH€ﬁ?gQ(Ka u%g)ﬁga Wgéﬂﬁeous
s;al ven a::hdoﬁiﬁ Rdmg:&pndze mdhaemhpleya,nr]ﬂngeneﬁpy egd mag bteh@rrriﬁdhjyl cemni*raf sgtvim[) I f
elution o HPL t ho text i avqur abl e i
o but for e RoRsoeet it hcardveve Mo dpdhbs B g il i E I %
e.g. 7.0, orheSRNAQ&O&SUI&H@I‘GE&ISO&prM@RNApdj dfeedir&bdrynorb hiﬁgciipkbfle&fs may be in a

t t hyl i t | 0.1 M.
tri ot ol aimEnPuAoYp T ShE e sbatr Firodh ot i dbelibubiPn b, Be Mgt s as
a count eref the cbﬁpbh@tRbWHeI’Rl‘tlzh@.omhaxpﬁtdirdmgttbOl'ie p?élgewtdumgaaﬁbm n&@lbeeamta

e Io d int e acetonitri ure of
tnese fwornee AroRar 11 e peo i Ao adar Bauetand prr.  HRE0 itiscft Exbbon o
the RNA using an HPLC nethod as described is carrled out in a particularly
WD 2009/ 0 81PCT/ 8/ 007244 92 f vour Wi t ese organic
sol vent s. ? ?gﬁa%rgsengmvg?t{ %rﬁ?et ﬁ'le mﬁssnﬁa{}? Gre Bt @yl M
tr|ethyladnnmduﬂbaeedabﬁerpﬁe@u1amdoameknmu¢qmiwbemmuaﬁsdbwﬁmgedmtbabe

|2I0k8WIV2|e ?gr t I?r? L g‘r | é’ptlf aoﬁ%\%@‘ﬁ oe\%(::;fer gcr)]rgn rr&?c%es of et rmlna onttf:jnle mass rtaﬁo and
remai Biler tHecmaIakeatmpneis,OBe valculdteHSot e aﬁer@puemumeﬁ mlze/enherelhta massviatiy of
particul ar| ourgbl e for the neihod accor o the i1 I an t he
nobi | e phasc}e{’tdgs\r?t aﬁ ﬁsapé’r(g(' tfen/%?rregjofg E’ V31° %%r O 8fr %téor'ﬁt(]:ﬁég a\-)/e(rzlt]d(i)ased on
t he nobi | en [eiers plaryasttieduire of el add masoratieks gienlio Ohe Blardpléss whivk aapbous

sol vent . Hglgﬁk%an nadRméumgn subsequently be carried out isocratically
or by means of & ad Separation. In the case of an isocratic
separation, eIutlon of the RNA is carried out with a single eluting 10agent
or a xt r ey.sr, | I it n i ng
posei i1 o FaiePhatolfidio &L KAR BRERohiloichd PRI, EUSH Ay i T

el uting agemcularAl theratmtaf vied at, Iea’smeeﬁNA @ardecuta) ef lﬁhler(nprteketleNe)to Ehemedr ng to
step a) o Y f r by
chorm cal "y RAPESy Ba RO, SlabiaTBh L baR BPthe Mitdeinibea ity

used. The(hRosthof tardndicet RNAephptxi Sousednpiost pgRYE typ:aadlyacqmmnmCadbOOM

chem cally synthesizing oligonucl eotides, e.g. RNA fragnments (Nucleic Acid
Research, 17:7059-7071, 1989). In general, this phosphoroam dite method
makes use of a condensation reaction between a nucl eosi de phosphoroanmidite
and a nucl eoside as a key reaction using tetrazole as an accel erator.
Because this reaction usually occurs 20 conpetitively on both the hydroxyl
group in a sugar noiety and the am no group in a nucl eosi de base nviety,
the selective reaction on only the hydroxyl group in a sugar noiety is
_“reqU|red to synthe5|ze a de5|red nucleotlde Accordlngly, the S|de reactlon

o . T 1 . o .

%to



Such a preparation step according to nmethod step a), however, is optional
and may not take 15 place if the conplexed RNA according to the present

i nvention £agy available. Accordingly, sub-steps d a3) as
defi ned al%@e g’?e al so optional and need not to be car F?Jg@motﬂ%%m?a? t he RNA
used for the conplexed RNA is already available. Simlarly, the one or nore
ol i gopepti des having the enpirical formula (Arg),;(Lys),-,,;(H s).;(0m.;
(Xaa) x nmay be used directly and need & to be prepared, if already
available, e.g. froma supplier. 20 According to step b) of the inventive
met hod f onmolr phsplets iresiduee | provided tthes Rilas exhibitsi & rsaatigtfcal d:stnbumoraof:ealatesor a
tissue may ha f ect usi. 0 repared
accor di ng qabt'o nﬁb’g pelpﬁlgﬁs’fp'cﬁygﬂn o) s{gﬁ “?é(éImoé nthdDgFl §E§U8§5 ﬁp?/n%fa?o or in
Vivo is |ﬂ1egm1®uaalrwmhtmdjtmutunmer afibisitgarhine aciasrphéhea dxetiplapilyoal dietiecand/ or
prepared ac rdin h roti efe abI t he
conpl exedfahm Lm%e%“??revr%g |t‘r31|!ta %g%e&cépﬁ?g%@atﬁgﬂ “@Z? g&lcé)" ah[EcaItf'gH e.g.
endocyi ospraol (Adgli @damsdfoow&—&s&mph@}klaakrd?&%nasasluem 3 ombhetrc@nl aBony. Fbl ssues

may occur_accordin ot tian thout dd| i on of
conmponent $ "8’ gl8 Cﬁ 258 trgﬁs NX/FA}%)haP Bt'8%t Phr Oufttz e %oﬁ%’f 8‘% é&ﬁe"
(nol ecul eéxeofplwuhecalandlfom profdnbiee riablecalby ywegtt abowand 260 g/ImeI dnrrpultreged RNA
i ded d/ d 30 di t
g(r;g\ljlr ien n ,?[)refrﬁrpef‘ %I[glenéi'dcr m 9‘ 1,51:18{1)#]5' ur},gd) wnthsa ref\'n s r?atbon%na{b tffgr\{wtz H\Iisue may
sol ution, 6pmef ghicapthaye arephibe nwioletseﬁlfmahe Elsln:pbggprommmae cdﬁiﬁlhﬂ&hibuabﬁﬁlpmo‘ll\:hl ch

may o i onal | cont ain ad np r .further enhan nt, of the

) R} PRt AL ALl oAsL SO RIenba L Bld HibhE! B SRR O

cel I s) i nnitrbgen @oms. eEOr 4 onasg rainsf ebdut @i aNAfmetammrewédraRMf @bown\d.ghed

and/ or pre reda ordin SLEP Iude ny. cel |

pr ef er abl yal?PbW (Eahcu?a(% d b%cl"gagm?sessr?t %tgbé er e pro ne an Iiﬁr@ﬁosoﬁali)?m@e%d

t ransf ect exh ﬂwcaduWatRNAlnrtbé egntkx of e pjesfennedemajbovm) NEP riayo us;irefgrablyenithn/ent ive

corrpl exed RNA, n w Xxpressi on of
2 brot ot nRe oA g 2oReP ity M RO S RELLE S R B Brelfon o R

i nvent% onofi abauhé. 76@I5I orot- ZEraygaadhhg)wIneRIalﬁo (& RijlA:spRHIA jn &mtaonm)sevﬁi\m@or@f t he

i nventive I t r t [ I ul ar

gene. ol PERI A€ ekt SHERLEIPS0 SHPROR RS BP9, L 2550 cel 1 <

(e.g. yeast cells, plant cells, anlnal cells and 10 human cells) or

pr okaryot i eII er r d sponse.

Cell's of h\ﬁj T %P&‘qurgmo??glﬁﬁ Irrf%e@r enlvgnt %eraao to Hogéem O%thggre?(rarglﬂgl Egtl onal

nmodi f i cat plmnmaceeltlgal girymsvphatcompnshg taheoreplem:ﬂeﬂhwr etairdipg atoethﬁepresesnary (N

cuicar ot 1 SUBRIRAn haSRM Fbnd BBt RERY Ul Faleer R A" Shar

synt hesi zedasqamwtmkieaddi‘th'es p’é‘r&stphamcmllte:dl) |can1phetl<aT temlphxye@ agcdrdingdo rthevber  of

such 15 h c -3 I_( i dney

cell i nek'%nﬁeL Fﬁérﬁ%‘i&ll \%P)l?%(r:'g({sc% %lc];érrgh{j:gﬁﬁcs%vg a%—%%?giafil% r%‘?ﬁgﬁN%

ovari es o#ccohtingloi the peesénd intestion. dadisécdiharéior a telelandieffectiveianolundimegns ac h

cells and I ' r d

cxarpl o Fgut o LERpERYEL IR e kRGP BHIAETES s B BBE i M

f ur t he¥ noimecellp ot tirdeescel Wi @rinaéld egi mdsdughisighifiganslyi ampaipressiorbi/n dlt@euses or
i nfection r I t y_of the
typos of SxAEn SEORRE NS delro ARG EH s Fh SRR T L RetoB aR
and/ or cehitibody 0[ he antiganreosyyt @theroprotefn orh@ep@éﬁtas descnmwmm/esysméme( NS) .
Sui tabl e v, oM LUMRLY, c n , such
as yeast, ng AV% igﬁ\%%ggq%et?%%ds(?’ggk )Sml nc rrtgsme O'nan 6'%%’5 %?‘eégz 2: 39,
(1997)), Emmuzot@e%ﬁhar cayeedipasher cadindpgslar Mlsc-'hsea anarmébtflolISad'eqrﬂsgusnf ungi
of thgo 0GbRfihe HRELD hbhge R dilchd e'sLlﬂg& o scribll  ABh? aﬁﬁ])rjt? ihduCe W se

i ncl ude prokaryotic ce SGCh as @ acteria ce rom

Escher i cheshaoes pn dpmpe Wb@ﬁ@t &t the semettmse Genwerenl a Batsi ﬂﬂdlﬁifecﬂ_v&oﬁtmmédéls
Lact obaci Idw%noE@eW%Qﬂa&no% "SRR ORKEE artEhlA! RS HRrap: Pt @fpmgééassoggus
preferably E. co . Human cell's or "ani maal animals as
ment i onedmeatieried heraim thatrs tocsay & tepdesmessitle deasgnablecetiy of Pfdyaa@m gnd rik,
Furthernore, antigen presenting cells (APCs) nay 30 be used for we vivo
transfection of the conplexed RNA according to the present invention.
Particularly preferred are dendritic cells, which nmay be used for we vivo
transfection of the conplexed RNA according to the present invention. WO
2009/ 030481PCT1EP20081007244 95 According to a particularly preferred
enbodi ment, bl ood cells and/or haenopoietic cells, or partial populations
thereof, i.e. any type of cells, which may be isolated from (whol e) blood
and/ or V\:hl ch may be deri ved from cuI t| vat ed cell lines derived fromthose
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96 germ or agent Transfection of a conplexed RNA as defined herein into
bl ood cells or cells derived therefrom (either isolated therefromor from
respective cultivated cell lines) is not limted to antigens and, of
course, refAtWYPPlany RNA as defined herein used for 5C%5W9¥%§H4RI\IA, e.g.
any further immnostinulating RNA as defined herein, any codi ng 5SRNA, etc.
Wiile there is the need to transfec-t cultivated cells in vitro (e.g. human
or animal cells) or to transfect explagted cells (e.g. human or ani nal
cells) invitro (before retransplantation into the host organisnm, direct
adni ni st r peteAmingfont B te@EPIiAKE dyfRbMly Ofiest DRhinNVRNTARE b0 rdaddriadld neliftaf Or in
vivo transfection_is envisaged,as well. Accordingly, transfectiaqon of the
conpl exed YEBE G OV ?ﬂ’é‘&e'&ﬁﬂgﬁ f g}ee‘fﬂi'?@%f‘egw areding te thepnysntiopdl) suehs o
occur in (ph¥ienaee@iRalli doghpositisihe pard therbfoR. vARRY fdpCex@fiple) i witiRJUE thelr@ limnitédg
tissues apd/or qrganisps. Therefore, the CO%| exed RNA provide aqc?rdi ng
to step ay'eBio tABM HYie R0 P oNL £8cQ i 8 thrd{ORE dNer OhRyeR A Wk Rett 0 a
I(: Vi n_gsd§ | &kl eff@dtive nBugensfs m @ntplk@JedaﬁNAua?d&ofaﬁngetcg-thea§n\_@ﬁﬁm0@@mtvaa,f i 15

i qui conpositign, in particular an aqueous conposition, e.(g.
phar mceuf?’@&?‘%o‘ﬁ‘ﬁbgﬁtﬂaﬂﬁfué’é s@isr o Rsdred \/"’é'(()i tﬁ‘?\ aﬁ%?@s@ﬁrﬂ’gw‘fﬁéﬁt%‘% ghi sm
(or a bei pgient toebled, the sR@ritfRiTHR Sate, 3604 QGhsh dfthRMredtnbMOWE nBRFE the

restricted thereto, the group conprising humgps, .and animals, including
e.g. pig, “Ysamtartberrry, Ogmﬁém&ggﬁpﬁﬁmgcwga&fu'r?gfwayf;eraﬁ%d 8pd F'gHaht s,
i ncl udi ngfa%tlﬁ@ithihalﬁ@kl&fwlaﬁ%é drabdipkrierte Idf Qs fidtiRg dotier. Mhet (pB&HASeASal)
nentiﬂged 20 above a%e r ef er gbl qeri%gd fromthese, organi sns. . .

Adni 1 &t r STRETGN derraloed Bptecsr P P IoY e RbLUMAT odhgise L BEamaH dpesticine

or gani snepi@yse9Cccur via any suitable adm nistration route, e.g.
systenica?ly, and include e.g. intra- or transdernal, oral, parenteral,
i ncl udi ng subcut aneous, intramuscular or intravenous injections, topical
and/ or i nTrapaselacénithesompositein dteekdaigay the iRGenkibi dedteibed héte cambpixthaflpr

transfection, .whi ch,%}gg be. usedfi vitro or ex.cl\%hvo, . rm al so t}g wel |
suited fofOREe| & YRRIC @Er REeferabin  PERrPaceRlicHinUBdlG 7 2its 188 d8%8es as
nent i phedshrdtté Rarribin Red hefeeprefslalilp ol @fes dngRirh@greoforhpatiblenaitt GCkquidli ng t 0
t he invenﬁ'@on aéjrf_lurther steﬁgma be i ncl udﬁ.d whi ¢h ng% C%I ain,

adni ni st r AU§7yPT SV PR EPCARHAR B ATIRONALS Yhish 288 puteble.far adiBEYSHALR %2 g, an
3”t i lbOdyapﬁEbrafThé eemn "(:d%rﬁpaﬂ?ﬂé"h@ ubeal hede ﬁﬁbr:cmgartiw@ cOristituehtd f@fhe&iﬁ:ﬁ—ﬂ[@ﬁﬂor&lﬁ

i scl ose er ei the adm nistratiqn o t t one,cytokine. Both may
b adm i abaegebt ebheind B e toBemer et Bib et AN A AR S kA iegiThy | o
e.g. the ayd theiangilioy subaratopgemmligrcohfamed Yt eel dvenpositiamtasgech avmywhie one

adm nistered as, such. The rrﬁ:t Hod WO 2009/ 0%@ 81PCT. EP2008/®072d44 96 of

t reat Aient 2MEETa"s® BRMST i WEN tthY RIATISTRSPO RN g SubFEAN{'R 0 &% Usgj 0% ant
(as di scl ghaandredntiah kffectiverndds ofttie Eormpdsaionastlemaliel doRditionatitse cRy s eich
According to a fuyrther odi nent .of the present inyenti.on, the conpl exed
A ns 0or Sedvalty GEe BRIRt et St Be Bh etk B e TR S o
mor e ol i gepepiairdapressidresfaha codedl poteme pepigl @euidhembit thel imnginbgadfic Botedtial 5

am no aci ds,and has eppj_tjcal . formul Arg)l; (Lys).: (Hi.s)n; 0; ( Xaa) x,
e s BLtP opmPRRes AT Sihleirist Gl hob® Bt ety bl b

ment i dfhedsdfficieitly. low teatityea reraibdther spitaidipl adhisisahtisyealderson b beasasd. i S
typically dependent on selection of a suitable protein encoded by the RNA
of the conpl exed RNA of 10 the present invention. Treatment in this context
may occur Ceiriehedre loliosad depergleat om thet @y ofocarphisixteadioRNBe étda ok agliguid fdren.
present invention (encoding,th rotein) .as.such or b dmnistering the
( phar rraceaffcf:rg‘ln?ytg}}?p&cf'ﬁ %ﬁ aa@i'%'?’&ﬁcﬁgt'ctaﬁy)twga%;ecsaérhelr %n@eéﬁrft?egna%osv €d2fi ned
above. 15Wteimainéd ingianfrular by tiedmbdeinetitch diedplasmacatical adngsositioo lavckeding t hi s
context, for, exanple, .cancer. or tunour, di seases chosen. from nel anonms,

ol oot DS AR 1 ABRRaPE SR P RERE D, COREMNr ST A e TR

ki dney cafroventomasin bgastniristered ot eahmple)sptenscallgl Admairafiorostas ecdludemy:. s,

bl adder capeery: {Sehaal UIRH' Sire b aIBR M 6RRCE b Q5 0R AICRL GRICTE: o
pancreati c Cancer, Tiver cancer, narmary carcinonas = breast cancery,

ut eri ne caneeenoudnjeetioniscadpicanaelor auanasahyelted. dThee ylitebihd amodM.)of theut e

| ynphoi d | eukaem a (ALL), chronic nyeloid | eukaema (CM.), chronic

| ynphocytic | eukaem a (CLL), hepatonas, diverse virus-induced tunours, such
as e.g. papilloma virus-induced carci nomas (e.g. cervix carcinom =-
cervical cancer), adenocarcinomas, herpes virus-induced tumours (e.qg.
Burkitt's | ynphoma, EBV-induced B cell |ynphona), hepatitis B-induced
tumours (hepatocell carcinomas), 25 FITLV-1- and HTLV-2-i nduced | ynphonas,
acusticus neurinoma, |ung carcinomas (= lung cancer = bronchial carcinom),
smal | cell lung carcinomas, throat cancer, anal carcinoma, glioblastoma,

. .y o - ey S



10 shingles, hepatitis, herpes sinplex type 1, herpes sinplex type Il
herpes zoster, influenza, Japanese encephalitis, Lassa fever, Marburg

Vi rus, measl es. foot and mouth di sease, nononucl eosi s Nor wal k vi rus
i nfection,VPRUPPIE s gl andul ar fever, small pox, poIioPFEPFF@WQEPHtls)
pseuodcroup, i nfectious erythens, rables, warts, West N le fever,

chi ckenpox, cytonegal ovirus (CW), bacterial infectious diseases, such as
abortion (prostate 15 inflammtion), agdhrax, appendicitis (inflammtion of
t he caecum, borreliosis, botulism Canmpylobacter, Chlanydia trachomatis

(i nfl ammafpheinmRbuticas debhﬁfo?ih@n #BGHIMBCH! ) inv&iReh 8liich di RhtHRelided, can be
donavonosis, epiglottitis, | ouse-borne typhuys, typhoid feve gas gangr ene,
gonor r hoedeterip roytire experimertp 4eing AnipiEl Brefels. gvg m%’s'scfeﬁf&[? by withaut ¢
bubo, ost BARY Ginitbd fheretd GhaUaRAf HIRSrabBik %ﬁ@e?:emoh@rréisd’o driadStdRtHUASdnSprimate
pneunoni a, nenlngltls bacterial 20 nmeningitis, anthrax i nfl ammati on of

t he nlddIQOQaP Mycopl asma hom ni' s, neonatal sepsis (chorloannlonltls)
nong, paratyph0|d fever, plague, Reiter's syndronme, Rocky Mountain spotted

fever, Salnonella g ﬁ phoi d fever, Sal npnella typhoid fev? , scarl et
fever, sypBrAmMEstere %d JBhE e Hbé%leat%ui’“%@ﬁ'ﬁhgﬁbf beselerted fiomepe8dsi s,

typhus, vagd Whieh Ssoldh@d fAliké Solutichtind Huaea selufiid, &. gn;;% Jﬂﬁtéammfefeea,@esoﬁsaused

by parasites, protozoa or fungi, such as anoe yse
bi | har zi o&felerregapgese f aif%Sefasegecrz%mE%é@u@SOEJf'sW qf qﬁﬁ’ Y%fﬂah%f’%x. sm

(ci guat er glutidroos muamwmofnygqahgermsaht%omea THRREVORsith SAMn@Shsuld be
ptyrl asi S, the it SC& | es na SIS, cutaneous | ei shmani asi S,
d

| anbl 1&n agisged o O?tgf fdp akewy. 6 Ipfeépé HaPA74- i croscopy, onchocercosis
(river bllndness) fungal diseases, beef tapeworm schistosom asis,

sl eepi ng si k Y pork tapeworm toxop IasnDS|s{ trlchonDnla g

30t rypano$§ e EéP'@é’BP?FQ’“&?'I:I?ﬂ'@E%S)'t‘O'\/F%‘E%PSaF o et fongieed Rijpyn

dermatiti sva@. AuehitiveRPend (FRarm MBSO LSBRARLRGICERRGOR/ 7 24 ntR9, Fafeases
in the context of the p tﬁ%ent |nven |on | | kewi se include, wthout being

linmted t RRMEINAD (VSHIRR OUBES TS GRTiGS cu. gk Bepprafians o bigh \Argf eee'g iERERER from
Wit hous behmgecdibiah@df tHERRA DS thit YomplekdtPRAX of ahd }eaedﬂ.msmorotb&@ﬁ@xa

al astrimvirus, E rapox OVi s |rus (éluscun1con iosumvirus, h pes
si npl ex vPREN12BG e Jedsation, phihe ncads profed} pR &el FFIUES OF 92078281 zoster
vi rus, psquﬁﬂﬁalauwnvwmpsmhﬂrﬁ&.?oramgqaagahmewﬁdmsan ehﬁfrpsQSm lel WB

human herpes virus 7 st ei n- Barr, ,virus, n S a |t|s B
virus, chPRYFRYRIHYREHON PE@ef MRS NN Y R N m} feSPaﬁ.tg%gta ﬁgfﬁﬁw@ ﬁt
Vi rus, GBcMﬂnbtiﬁtl(ﬁ if s ts iNilihgidVbrm) 3, sodiaROs4R, p/ref@msly A €dabtoBl rhRVRIdiuvh §aﬂ|t$a

viru nceph S Virus apan B enc haI

| oupi il us e i
vi r s 20 poalstighsalk Pﬁﬁerabﬁsﬂ}éew PR m %Ai‘-%sé%[%{}ﬂ/f’éf"éa”%b’f‘bﬁé\‘ nd BRtiona(la
corona vi lpu&ssa?l&&EsalthpréfaﬂBl@ SON&A8A 3V iniNd Sp&iesdidm THIE OME¢diding htunanpr“éfeeueal

I hotro r t h na T cel otro r type |1, hunman
ottt Riatlats it the Bidrh sl CRGaT Ao OB P BiE 9 PPiRrall] Betassiut aaon

virus, |yrgikaytained ¢harchaimeinjed@hit biffey areUs thelidaaiof baﬁldé!s I’eUg,G chidvdlésn iodideds,
e VIr ra vir

Machupo vir or na di ea Bunya
o aohor 1ol Srmiags "Srefiy Fevrm oy Tl dP e caaii Peaary & (et s cana
vVirus2sCr |Enaapsle£:whgm i tlaaleefmernhagadc hérevae, f6k s sodiamagak MaChiNalKkasan

i Pro t Hill
Cor S oA s SR s e RBR St i o aRATRED o, KR burg
Vi rus, Zana;(eoﬁhoﬁcao;;larnu&; K38 andbiol @hev caldiam ;lmtmdsrymsg)&srUrrEkxbﬂ dadli,r 08,,

|nfluenza viru ViEYS Vi ru fl.uenza
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Trifunctional protein deficiency (type | or type Il); Trypsinogen 10
deficiency; Tuberous sclerosis-1; TubeBbus sclerosis-2; Turcot syndrone;
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Ny han syncﬂ’remfreng and/en praviding sheoatlbastions RMAtMolesulel ascebnaioseatsafdhe inventivas, f or
exanpl & REEPHL AL AROIRNE WelfFeonlfit ABARRATONED NS HLLUBLENTEI ORhfely! YPC |
progeri a, eogenesi s | nper i ppe renaurnay syndr o

St ur ge- vewv'ssvn@ndfnepr%a@pen qunajaiudﬂﬁn@ﬁ'@rfemahttf twineh dml@"stcﬁFCéWS!#Ssa 10The
present @:\!@% mﬁﬂoﬁésﬁgnc%ré Qi"@etJe?"i'éJrﬁer Phe S’éq%gﬁ‘éeeéﬁ th\é’fHuEftl. N3N ifplataeen

i nherited summar i zed under above categories. Such
di ese@des mayybd any| wbeweacgd ahe dngatordaublestryes éh‘tftr, i gnamis PHAmsed of
a speci fi Qragﬁmgﬁ@t%réo@%@rwhu%h %ha %39?&' fthé} dﬁé&ﬁ&ﬂﬂﬁ&&.b&&r‘o eln, %ﬁtdnYSch'r&t ein
as nentioned above TIS my €. (g. i ncl ude SI'S atients e. g. atients
whi ch undengetigener @quily gther arokginl pepepside la%ﬁ%F”bﬁdaHb?Lﬁ §yplsm|ty Whi‘etearensebe in
need 15of [ al [ e.qg.
eyt hr opoi et i R g RE b ol Mt Rl Rad) B o IClE, P fne PolRee

i nvent i on Feefpigblysids 5@%"9%@ e nuRleicacid emplatomey bemplespssiRNAesiBdPeieng t o
the pr@senterbANENH @XbréS; Shild HORRAGR) h Al aRghRct i on
of the cerHrEE I?rae g)rqurlesﬁ:bg)tr}’téﬁg&s/ﬁpr egf erab Aqﬂbenégétsfff{?'edd? %ﬁt&l urg} é&rpt he ?Oabove
(invitro vef:torsdmowvo-) (PEi9s PR 8- FRMMA Hally 4varlait|¢ EviBeasian) Necters (( qeg appvey
tissue W thntHag 6P 1R adeBNY RikplelforhVE&6MR ard, @efre&tawarb %€ WHHHEhvE Qpnone

further enbodi ment, the present |nvent|on conprises the use of _at |east one
conpl exed SBR&T A di 3rh;n<t'ag t“FﬁeUFﬁFr@@Eﬁt‘d/Prn@%ftSFrGﬁ“@f the o APAYSET of an
agent) for 25 the treatnent of any of the above nentioned di seases,

di sorders, conditions or pathological states. An agent in this context nmay
be e.g. a pharnmaceutical conposition as defined above or an injection
buffer as defined herein, additionally containing the inventive conpl exed
RNA, a vaccine, etc. If nore than one conpl exed RNA nol ecul e type is used,
the conpl exed RNAs nay be different by their RNA (nol ecul es) thereby
formng a mxture of at 30 | east two distinct conplexed RNA (nol ecul e)
types If nore than one conplexed RNA |s used (for the preparatlon of an
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Accordi ng to anot her enbodi nent of the present invention, it may be
preferred to (additionally) elicit, e.g. induce or enhance, an inmnmune
response @ hddgodoli@r apy. In this context, an inmmune repppRpRofiRY2QCCUr in
vari ous ways. A substantial factor for a suitable 15 i mune response is the
stinmulation of different T-cell sub-populations. T-Iynphocytes are
typically divided into two sub-popul ations, the T-helper 1 (Thl) cells and
the T-hel per 2 (Th2) cells, with whicH& he i mmune systemis capabl e of
destroying intracellul ar (Thl and extracel lular (Th2) pathogens (e.g.

ant i gens)mayTteempriee Thnusddi¢ agishedauenanenatidingea therapduticpht aeive proteimean
sifector pigha}Re agcyr&.g& NS00 PLREUE RS 06r (B TWBscabll aB6ld, SyRSRlSt the
20 cel lular i ne response J acti atlon nacro ages an éytotox e
T-cel | s. Tpialtyetlpred iote thedexpréssionheasthr, pgomtaemulluelemjmnabltq ofnthaeectesponse
by stinul atjjon of the B-cells for conversion into plasma cells and by
formati on of anti bodies (e.g. against antigens). The Thl/Th2 ratio is

t hereflore of mmjor inportance for the i mune response. For various di seases
to be tre n -

response ;ﬁi&g%ﬁp?stép tﬁéwh e%ﬂé’rﬁ Vlg%tgr?' &Hﬁllggle{ag%g%érs 's?g{"hgﬁ%rd P]IF
response th¥hite ﬁbwah§b9 flalmrd 3 epd|df theaRNAristmbe famgonsieg a suitdbde @lyldltmjuced.
ACCOr Ul Okt I SEAmeh ! H M) THRYpBISR 2 HAEHLE ROV L ol
response s ere e present 1nvention enconpasses

of at Ieamctcmn@qwomlmde@Mmtranscopmfrdgflmﬂd letgsh prag be wbtainedelimtthis soKitexty the

pr epa t| e oned
dlseaggs éﬁnog ﬂ%énéﬂgﬂﬁé;ngﬁ%%ﬂEﬁ%c%%ﬂ%Pé gg“%&% apquygegggable to
elicit, eAgﬂ Bﬂﬁué@ﬁdﬁpﬁﬁﬁaﬁd@,Qﬁhﬁﬂﬁhﬂﬁwve@@mMﬁWMﬁhkﬁwjs@deSGN &,
organism i "

phar mceudy Vel e ts@b @il SO By At zRhed bbbkt BELEH tRe R, *

defi ned hére@dmref nE'GW’E’(Ychﬁ!tfd'ﬁdyp»tm& vithidenaw er EoRDADRlINGRMA, etc. | f nore
than one WO 2009/ 030481PCT/ EP2008/ 007244 114 conpl exed RNA type is used in
this context (for the preparation of an agent) for the treatnment of any of
t he abbveAnwant iltaveadiveli tg cthe exbove, hibecoumidie el RNPIaty pessd rfay Prapadng faedent wi t h
respect t r I

ypos. 5 Piome e TR R AR e co Ptttk B b B | cast
one of thE@EaFG‘d)rh)’l erelay RIS phlohgees Cbamernwawee@cﬁheThemmfﬂmc raeisipempdatelur i ng
ther apy, Mrelrﬁ,l,pmeanecamfﬁmg s RYB( e BROGpRAy LhliRME Seclen & BIARGENA NE

i mrune response or use pr event BN nune response. th

cont ext an@}lymﬁraﬁm@ndlbwée r’feﬁhﬁermeqzi th:Nd\ el Ereuprimer q&@sifpnséer%iéaedorm@n$am t he

| nvendh veoGaRlre3 ek -SolunfersilidosBiAnihd RAHAIPSE iy 191 98 iitheRNA. - an

i munostimul atory RNA, a si RNA, ‘an ant I sense bosw t ches,

r i bozynmesneHedtisesanst most preferatip phahoubl@pugitajidess codi ng RNA (nol ecul e), even
nore preferably a linear coding RNA (nol ecul e), and nost preferably an nmRNA
may be used for the conplexed RNA |f the RNA CU|thIS a codi ng RNA
(ol ecul efriomigrie viretramsatptipnatie nuskic egdi ag the EFQN?\ tempate, aysad gbr e
pref er abl y, qgiRRWA embtatet yp@g@hwpmmedﬁ.a fReRFM RNAsOn HAEL AR sSHidt @bhe for
t he therapy of speci f di sease, e.g. an antibody, which is cababl e of
bi ndi Ay t weld. érpﬁttﬁ ¢qn¢e><éan%'éﬁat@ﬁtqué¢h teyiipdate £3ehe F?fgeé opsyibithe &yl & aprer
etc. If MpfethddnRibWNe) GTRLBX &, %\%*aﬁwpﬁ@%ﬁgn@(&aé{hrﬁ ha &R fradidht figh ent
conbi nations of proteins or peptides may be Sel ected., Such conbi nati ons of
sui tabl e RrgRapsronebedscas by PaAUCAtPR Vi agagbhes! Rlearerhomgisused, of encoded
proteins or peptides) are knomn to a skilled person fron1the art or may be
conmbi ned from RNAs encodi ng therapeutlcally effectlve proteins, etc., as
def i ned i AURSAEUEAT WoIrenRsing apdlor previding dhspucidis e featplate. e tiksHrappeription

enhangemejdac@n 5&&6@”@1&!'3%&&@&99@@,) QONRLY bERridPodthé réR@hEa dedifedthe
specific di sease usi rmaceuti cal conposition or agent as deflned

above mayablgashape F%’d‘ﬂﬁ@%@@&%ﬁf—'&@@@@éeq RNG £ the igyratign y5ng ippcid
25enhancegndit PRphRE REEREinS PR LB-stePa 1] LseRliNBINboE. a specific disease as
menti oned above. Klternatlvely, treatnment of the di sease and induction or
enhancenment of the inmmune response may be carried out by using different
phar maceuti cal conpositions or agents as 30 defined above in a tine
staggered nmanner. E.g. one nmay induce or enhance the inmune response by

adm ni stering a pharmaceutical conposition or an agent as defined herein,
containing an inventive conpl exed (inmunostimnmulatory) RNA, prior to (or
concurrent to) adm ni stering another pharnmaceutical conposition or an agent
as defined herein which WD 2009/ 030481PCT/ EP2008/ 007244 115 may contai n an
inventive conplexed RNA, e.g. a short RNA oligonucleotide, a coding RNA an
|nnunost|nulatory RNA a SIRNA ~an antlsense RNA or rlbosmntches
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obj ects. A conplexed RNA as such or as a conponent of an inventive
conposition may by itself inprove the transfection properties of the RNA as
conmponent 0§ 2hidRsdaByent i ve conpl ex. This underlying prqpefdp¥tboiie
inventive conplexed RNA is beneficial to a wide variety of applications.
Whenever it is intended to introduce an RNA into a cell, inproved 25
transfection efficacy is ensured by the present |nvent|on This property as
such may allow the present invention t8be used for the treatment of a huge
vari ety of diseases, e.g. the treatnment of nobnogenetic or genetic diseases
as defi ne&iheboveotrwcemmntremﬁlontaﬁ@r@ﬂemwcpm itwwweallvs@mmmever_
treat ment ;pf,i pyng tﬂsnﬁarpﬂsa; Feachn©ASsui@ble/VAS PinsthiBh MG CnRfaR7 oS

envi saged. Nbr eover resent I nvention may activate the patients’s

i Mmune sy SoERtidey thenbreghei¢ ﬁgtdl tﬁ@Plﬂ%?ﬁed@su‘:ﬁlfaedoabospef@r ﬁxatnnl(rrﬁhwe G-bspgénieg.
According ly gllig f2|5c &

appropria é#a%% gﬁ%ﬁ a yééﬁggﬁﬂﬁﬁgﬂ§ ﬁ%ver ﬂ u|r§ﬂ§§boMﬁ§&Fg%Pg?? a
speciffc nnﬁg-ﬁeacrcbfpwgbleas »ycmhansmt@omcbeozfmmpemeaalbomws_e.sle (e.qg.
by encodi pga aeg o, iR B 28 o AT BRI ex) or
by a conbpﬁgtpg '? %e |nveﬁiﬁy§ conp e 2 %&A m angﬁngﬁde E%QQRP

t he same eb@f{&d‘sﬂltﬁOOﬂM NRedbe dr vifredansaigtion ﬁeduunwmcakhecmpesemm may be
prefer abl %20 ARLLARR Al 3 ABLLBOYY hOTxdB AMVBRIonPESh ek M

defi ned a%§€e capabl e ot @ JLPa |ﬁ fhe ﬁnnu%gopes oﬁseg (pre eragﬁy of

i nduci ng oncleptivisn of thsﬁn?elbﬁYPItiaHY@h@le QaF-1QMAS pgi wleﬂt'damf@fﬁﬁhhrw th teases
by deqsnsmmae%a gdé)%tréf‘?r%lé%bblmﬂ-’rﬂ& IXSLERSLRNAL 5o RREEHHSR Aldighoen or

aut oant i gen In or .g. I nduce or enh ance, an | nmune
response ilikewsise |cg@9eseeranawermme§mq BE- drfpY A polynrRrgse iy eempleri MOptier ed

to thi's U hSaue hl CqEORleihae IShiaRd RORIR jiiiatels USRS 180Nt

as defined above. The ni stration nodes use

t he sane é@5ﬂ%ébﬂﬁﬁ@@bhbﬂvetﬂéﬁo65@ﬂhﬂﬁ@ﬁﬂﬂ@hﬁbbdﬁﬁbéﬁﬁﬁ@ﬂéo Ukﬁﬁdﬂmgﬂratlon
of the aggmferaﬁy SN 0BT LOYof e@@%nyrﬁasseanﬁle i SRS BIHERDtdP RedifiRr APY Of
di seases or states as nentioned herein, e.g. by admnistration of the agent
pri or 15cofethernere peateially kenttfiee fomriNase imordhtoagidslegradatipnmf thestranseribed of a
ther apeut iyg, aﬁﬁ%&?&teem{l/@rm&llagﬁg) HREaFRNR RNAbERe ihndGE A Midie 0 VA

al ternative enbodi nent present invention also enconpasses the use of
the pepti denycrpign medium thesaforeoptignaliy additirally ¢rstrstsen ) RMase indiibitasd her ei n or
the peptide (Arg), alone (for the preparation of an agent) for nodul ating,
preferably to elicit P to i nduce or enhance, an inmune response,

pr ef er abl yhanudaispstd emelatammanbe ﬁ@@p@ﬁ&@teﬁynéhqyn it Fransgeptionrmedivwa and
produgpi ons RfnseidkbRfS at fekkt Bnd RAGUE AMcuR) oPEkQadUnﬁJHxéé el bhgd %‘HM& and
preferably to support a disease or state as nentioned herein. VM|

det er m ni MJrigheay grepss forfa theappidisallyactiye mrefein; A aritioge of ap gnligene 9r anyhe

present i RueRbLR&n BAYEHRIE P UESHDE YodveUTHE hAMatiéd\iSbs aﬂe%ﬁﬁ@a‘ﬂ?gbgutt% to
significantly induce or enhance an inmmune response in , even it no

t r ansf ect i24A Teinus drefe@blycabgyt 49 e (2@ miaytes ammoptprefepbhMviout BB nipeser ved.
An RNA 25 1aolegstis) t@fﬂye@er@nme%‘@cém &l £9-485cd réfE'r%QI hes gh C. The
preferably, wi thout being limted thereto, a short RNA ol |gonucleot|de a
codi n@3RNADCURAIRIRERIUdrdenendt gn HIRARN/A Pl mRrese wsedan i feb s BNANIRIyesrase

r'bOSWﬁtCh@@ab&kﬁﬁbtnﬁﬁaQﬂeﬁ@bﬂ?ﬁN&(nﬁmﬁhQ)oﬁ%e%@ﬁﬁkx&ﬂRNh&ﬁtﬁ@ﬁ&&%bn”ﬂy be
e.g. a pharnaceutlcal conposition as defined above, or an injection buffer

as def i ne®Prétes; by, tharragrcripgian s rekarab)y eaﬁ@%rﬂfhswemée'ewewtne@endw EXEd  RNA,

etc. Merteh&rtbnoﬁgetﬁetne%vﬁéa stxr%ngemahe;emp&l@d hfoveN§pRIBNIN tAS réiedd @fed
hereln has been replaced t he tide in a conplex wth an

(ol ecul e)2bagt kg HetNA BeERTOGEmPR B@&ws&éqmegsonte&r ghige prepgnt iMvenon
2009/ B304 80P HEIERBRAMRIARA (R Lk tARGPPEbMBar Be ARA%DRS byalidaF DaistMmg. For

enbodi nent EE present invention also enconpasses the us t he pepti de
(Arg), in @Ségﬁﬁt@@sé stRIENg amPURKeTBYsSAboNs argreferp lydpcrRrse |aﬁcq5?msrtré%\§epti de
(Arg), al giadskquirddhegmsyepaiudipliefionffadér A8ENS,)s0f 00,tsbe, 1,066 s, 19bogny of
t he above nenti oned diseases or states. 5 Accordlng to a final enbodinent,

t he preseﬁPQQQﬂQRQQQP%ISO provi des kits containing a conpl exed RNA
according to the invention and/or a pharnaceutical conposition according to
the invention as well as, optionally, technical instructions with
information on the adm nistration and dosage of the conpl exed RNA accordi ng
to the invention and/or the 10 pharmaceutical conposition according to the
invention. The kit nay separately further conprise one or nore of the
foll owi ng group of conponents: at |east one antigen or at |east one

anti body or a conposition containing an antigen or an antibody, an

addi ti onal adjuvant or a conp05|t|on contalnlng at Ieast one adjuvant
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WO 2009/ 030481PCT/ EP2008/ 007244 118 Figures The follow ng Figures are
intended to illustrate the invention further. They are not intended to

limt thevwsyhjoesioagatter of the invention thereto. 5F guigprhogi@piats the
sequence of a stabilized |uciferase nRNA sequence, wherein the native

| uci ferase encoding nRNA is nodified with a poly-A/poly-Ctag (A70- C30).
This first construct (construct CAP- PpI uc(w ) - nuag- A70- C30, SEQ I D NO 35)
cont ai ned fol | owi ng sequence el ements:%&tabilizing sequences fromthe

al pha- d obin gene, 1070 x Adenosin at the 3 -termnal end (poly-A-tail), 30
X Cytosin at the 3'- termnal end (poly-Ctail); represented by follow ng

synbol s: M&Mttﬁlﬂhéﬁqé‘?ﬁ?lﬁca‘noﬁ ofJhR tgnsérrb%dazltﬂggst anQbRr@Aq%fecgé of the

poly-A-tail = 25 30 Figure 2: shows the sequence of
st abi | i ze@mmgeﬂe%\é‘s@f hRipyesdeuericentiontby ekenpleere A@Mﬁsreabimme@@édsnwrmgw to SEQ

| D NO  35p(Spf0r Ehgy%echwma TﬁnfaHﬁlEE)%Fnﬁégﬂghan&%dé"ég @‘Ya%mmogsghéeg‘avence

for a better codon construct
CAP- Ppl ucfileaion, atg- ARm- gsxmsegb,é@ Fhy- NSt tf%purdmat-@nf nfé,QI' NePrpeAtedg i Sequente
el ement s: , (sdpBbd JHdZtEHRE.%ﬁE\Q%nfb@frerﬁo&%tho% tHeOH U IAPREG éﬁbﬁllﬂ‘\eldhﬁr'l 0%y

sequences fromthe al G obin gene 70 x Adenosin at th -termnal end
(pol y- A- t aFleyn R Cﬁn@?@éﬁ'ﬂ?dafmteﬁém@e aftep theitrrabcriptian thegpaction mixtuie; with

represent gd okl %NA‘Gar?WH)&hf be dngia@QH %tﬁ@%?@ﬁ?ordeﬂﬁﬂeﬁﬂcﬁrg te DNIR Of

t he al pha gl obin gene = oly-Ctail
2009/ 0304 IPEY Eqﬂg@@g/r@ngzm: rgqggon m:xture The transcribed at least one RNA (molecule)

10 of the complexed RNA of the invention can be subsequently or alternatively precipitated
with LiCl. Purification of the transcribed RNA can then take place via IP RP-HPLC. This
renders in particular effective separation of longer and shorter fragments from one another

possible.

15  Preferably, in this context purification of the RNA may take place via a method for
purification of RNA on a preparative scale, which is distinguished in that the RNA is
purified by means of HPLC using a porous reverse phase as the stationary phase (PURE
Messenger). For example, for the purification a reverse phase can be employed as the
stationary phase for the HPLC purification. For the chromatography with reverse phases, a

20  non-polar compound typically serves as stationary phases, and a polar solvent, such as
mixtures of water, which is usually employed 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

25  particularly favourable manner with a porous reverse phase having this particle size,
optionally in the form of beads, particularly good 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 is possible, if at all, only

30 with great difficulty. The reverse phase preferably has a pore size of from 200 to 5,000 , in
particular a pore size of from 300 to 4,000. Particularly preferred pore sizes for the reverse
phases are 200 - 400 , 800 - 1,200 and 3,500 - 4,500. With a reverse phase having these

pore sizes, particularly good results are achieved in respect of the purification of the



Figure 3:shows the coding sequence of the sequence according to SEQ I D NO
35 (SEQ ID NO 37) (see Figure 1). shows the GC-optim zed codi ng sequence
of the sequshmeoassording to SEQID NO 36 (SEQ | D NO pd8kpicsg®7Hsqure 2).
The GC-optim zed codons are underlined. shows the i mmunostinmulatory effect
of RNA conpl exed with nona-arginine ((Arg)9) in hPBMC cells by measuring

| L-6 production. As can be seen, hPBMC cells show a significant IL-6
production, i.e. a significant imunosilimulatory effect of RNA conpl exed

wi th nona-arginine ((Arg)9). shows the inmunosti nul ator{ effect of RNA
conpl exedransmbedoﬁbﬂr\ar&enmﬁéer(ad Heg) 1oy  feversPBIviESec 64 | prefigrablye as welysiyreTRiF- al pha
producti o b . of i h
producti o(El‘vm?‘.% %ﬁesﬁgﬁﬁﬁcﬁﬁﬁ%’gﬁ er%qugvP @P%dzgﬁ% Qﬁtgﬂ; ¢ RNE@Jgﬁpﬁqexed
with nonapastigiias Matigrany ghops withonalystyienendivioyibenzane e émmlp@r sehdoe dhifpar i son
of | MMUNOS it o %xgg&fs@ﬁgﬁe BlinFRen£AEPLANER A UhoRInt REF <BOBRY aan@aw ne

((Arg)9) pm%- Lar resp vely, 1In . A vant agousl
si gni f3 ca‘ﬁﬂp lpyadu fes sl Pldu Inegtiendy  afck atet C@E‘F‘fe'@@“bbﬂ?éﬁ"v@die fcan benysedr & |n9§ I ower

than 1:5 ;.ME@E%U%%@@#& dl(ll:l'l FIDQHZGJ‘IE%VhI&’I 1ﬁ1paf]trcgbar hasla paticié mzb‘%]"@\'ﬁe_tr when

using nmass Tratl nona- a ginine (5:1) 'no significant TNFa

product i oR5atm apd agpesized! 2pRe %%é’oappl i”é%ot 8.56Pi-mubeR iSM%R%ﬂi'ﬁ@ht s,

usi ng NongALAILY fed $6A59Nk89uﬁé%oﬁﬂmé A Htges é@&h&é@@@wehn ik JeRBaPRey ved,

t hat conpl exati‘on o ly-L-ardinine l'eads to significantly |ower
i nduct i onpasticutagy- fa\rqyrﬁlqumtwﬂmhlﬁ matesiapiar the aevetse Phéﬁﬁ’&- arginine ((Arg)9).
Appar gntly, higher concentrations of poly-L-arginine appear to be toxic for
cells transfected therewith, particularly when using a nass ratio of 1:2
30RNA: pol The HBkGpwifiratimmnpanobe errdereut byi the iontpeir methpd andipe hpyisgd positye
200010304 RCTAFR20ARIQ 24 hobfe Macd Bs BLTHANIGH (3t hGiGel] ChaBlIRKR 11

120 ratio of"less than 2:1 ona- argi ni ne) appears vant ageous.

| n cont r ad® jongwirdiaxiog @il peph 't:ﬁhf(rmtghw ectpwied dryes by einenipoky giatenisy does
not |ead bius@ o‘?'tgé“ré\}e%%”ﬁhalsé“%?sftéﬁ ageroffidd Y ks midwsr. 1k r]:lrgéiuclim I-Qcﬁf%%e mass)
pol y-Lar gi ni ne does not appea be suitable for transfection o

depi ci% i Ferdlitonmder Hei ipe alamsthod mesy be iwaskesseuterppisisallyofer Lgash specific
transfect éé#ara%n Cp%mérﬁ‘xq’ﬁe Qfze R&%h\é" dnlReRina @QQJ'nBéH”t':%tu&r( %rng)thé ;Jl-'i‘ o'ﬁ%é‘
cells. derived fromFigure 9, transfection of conplexes of RNA
with hept aﬂt&rcg\. sntrdbutq eeatly Joversdssthegesulterldthe seraratiogn i acfa‘rﬁurable manner,

luci feras?lkﬂﬁf%hﬁ\éhfu)‘n s3IRUSsuch eqy %u@ﬁlﬁérﬁhﬂﬁu&( Arddte) rﬂﬂ&stét‘njﬁm BRhoRRREAr to
be suitable for transfection of shows the i munosti nul atory ef fect of

RNA conpl EXBePURds: sueesttetrdullammenip @Aarg)adsiedtﬁthﬁ:mbl%sé}ap% Prsferalys@ iMhg | L- 6

produsg i OpierHpfanfrAShilkA 28888 is JH%E’B’Qn@ﬁJe'p?—[ ﬁ,l}Q}Nsl@d & amut '}'Cﬁ‘l&tchbke@)f %BFI'éJCt Ion,
i.e. a significant imunostinulatory effect RNA conmpl exed

hept a- ar gP'PﬂSﬂédeW’NP §p, the natyesRf tbﬁées'wﬁﬂﬁ%w%ﬂa'ﬁ Greane g ghe -apb'h\wase

conpl exedfihil HohgRb &R GipRiaflsn, (uh @) .canibe IMBRMC GedxampRY HERASE A art,
TNF- al pha production. As can be seen, hPBMC cef | s show a significant

TNF- al phaCHinetibettragsfered eeadily 4 gRPhRE separatiafpTeem itith pdpqratsr pespechiof RNA

conpl exedsictd. hﬁ@t.aeaaregutmnn@or(&rﬁfrg) in -particl@H1tRe IRotiROMSask NRe&f fRGE bOf RNA
conpl exed with peptide on the expression of [uciferase in HelLa cells. 25

Fi gur & 13¢ %tﬁwgect fﬁée@fsewatﬁm rRpleRdysmpiid! HrPeAmROE puptiedt 2B AaYgoNs

expr essi oty |nt b hif 61zaGE sblOeHﬂ%hﬁb@@JnFByechs&Hé fobfle phRWForteRioRTdr BfetrMd RNA
conpl exed with 1-13 eptide on the expression 300of |uciferase in HelLa

cells. WY my‘[&@ggfﬁdwtﬁpztggtgm@ﬁ?ﬁagourable 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 aqueous solvent; preferably, the
buffer triethylammonium acetate is used, particularly preferably a 0.1 M triethylammonium
30 acetate buffer which, as described above, also acts as a counter-ion to the RNA 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 using an HPLC method as described is carried out in a particularly



121 Figure 16:shows the effect of RNA conpl exed with H3ROSSY peptide on the
expression of luciferase in HeLa cells. 5Figure 17:shows the effect of RNA

conpl exed vwis bddo/0fdlidd) 4 peptide on the expression of | ucpépiepsesboizdiela
cells. Figure 18:shows the effect of RNA conplexed with Y(RKH) 2R pepti de on

t he expression of luciferase in HeLa cells. 10 Figure 19:shows the effect
of Histidinin termnal positions on the transfection efficiacy. Figure

20: shows the effect of neutral amino a¥ds in ternminal positions on the
transfection efficiacy. 15 Figure 21:shows the imunostinulatory effect of
RNA conpl fexaable manmerhsithiveseerganic eolvasts. TRiFaigpHe phasetippaticulani pigfesabh2: shows

the i mmu I r e n of
R A D e e DR S B S L

exanpl es bkewiserpagtifadallyt favourable ifrthe enaltile haseeparitains 5@qu4|€/9 to A8yvahie ohot
i nt ended 6@&%& EEI‘Lentt h)edsénucpd RE ndBRE ﬁﬁse,oijnotthgrén%\(l‘?d& {cpi?gll fdPvol 2% BHREPI € 1

- Preparation of luciferase nRNA constructs r% experinents a
st abi 13 ze#nueges Jolveaks 'W%réqwgrh)c@vvmbipfc&rﬂw @gthad@cqps@dg fothetinvgntdect i on

exper i men %he Wfb%ﬂ@g;ﬂaéeh&rﬁb%s' yS \ldi'ﬁ/& ftc?ﬁ@%ev&%%@' gﬁpm%ev\?‘%ag'&ﬂbﬁ éﬁé’ wi th

a poly-A/poly-Ctag (A70-C30) and was GC-optim ze a better on- usage
and 10f ur mRkite phaghiandAbe) remminder & rr@lsmgpﬂgewol(%owteramous solvent. Elution of

CAP- Ppl UC&‘@"RNM%uB?eQ;uSﬁ&be%géd'%uNroé@all{/% bpmeg& éf%oél‘é‘d?&ﬁ sEpSPITRAL S

stabi | i zi ng sequences f the al @ obi n” gene Aden03|n at the
3' - t er ni nklthepseHap isgyratie papagetion, rfél_lt[g;n_oftt@r Mag caer#gi out with a single eluting

10  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.

Alternatively, the at least one RNA (molecule) according to step a} of the inventive method
of transfection may well be prepared by chemical synthesis. Hereby, various methods
15  known in the art may be used. The phosphoroamidite method is used most widely as a
method of chemically synthesizing oligonucleotides, e.g. RNA fragments (Nucleic Acid
Research, 17:7059-7071, 1989). In general, this phosphoroamidite method makes use of a
condensation reaction between a nucleoside phosphoroamidite and a nucleoside as a key
reaction using tetrazole as an accelerator. Because this reaction usually occurs
20 competitively on both the hydroxyl group in a sugar moiety and the amino group in a
nucleoside base moiety, the selective reaction on only the hydroxyl group in a sugar moiety
is required to synthesize a desired nucleotide. Accordingly, the side reaction on the amino
group is usually prevented by protecting the amino group. The protective group is removed
when synthesis is finished. More secific information about how to synthesize RNA
25  molecules may be retrieved from Arnold et al/, "Chloridite and Amidite Automated
Synthesis of Oligodeoxyribonucleotides Using Amidine Protected Nucleosides," reported in
"7th Symposium Chem. Nucleic Acid Components," Nucleic Acids Symposium Series, 18,
181-184 (Aug. 30, 1987); Chemical Abstracts, 108{19), p. 692, Abstr. No. 167875z (May 9,
1988); Hayakawa et a/, "Benzimidazolium Triflate as an Efficient Promoter for Nucleotide
30 Synthesis via the Phosphoramidite Method," J. Organic Chemistry, 61(23), 7996-7997 (Nov.
15, 1996); Pirrung et al, "Proofing of Photolithographic DNA Synthesis with 3,5'-
Dimethoxybenzoinyloxycarbonyl-Protected ~ Deoxynucleoside  Phosphoramidites," |

Organic  Chemistry, 63(2), 241-246 (lan. 23, 1998); Effenberger e al,



contained The final construct (construct CAP-Ppluc(GC)-nuag-A70-C30, SEQ
ID NO 36), as used herein for the foll ow ng experinents, contained

f ol | owi ng veeaeenmesiel ements: GC-optim zed sequence for pargeichgioreqQdon usage
stabilizing sequences fromthe al pha-d obin gene 70 ( Adenosin at the
3'-termnal end 30 ( Cytosin at the 3'- term nal end These sequences are

al so shown in Figures 1 and 2 (SEQ ID NOs: 35 and 36). The respective

codi ng sequences are shown in Figures P and 4 (SEQ I D NGCs: 35 and 36)

Example 2 - In vi ttotranscrl ption of stabilized | UCI ferase nRNA _30The
st abi | i zelrifugserpashanseu lforigalmideaslidery Gopvesignt | Rsaggnt faringedadng thee Tiflaiet i ve)

was t ranSGFdLBeQ‘eﬂerheMioWLféttH@' MaT (45504 sureisag sépl 9@af, ial BRMRAKIidcorfeisiByac,
Ti Thi ngen, Deutschland) follow ng the manufactures instructions. WO

2009/ 0304@%F’0‘P/YEFf2'(908‘? 007244 123 All nRNA-transkripts contained a 70 bases
poly-A-tail and a 5 -Cap-structure. The 5' -Capstructure was obtai ned by
addi ng an_excess of N7-Met hyl - Guanosi n-5'-Tri phosphat -5' - Guanosi n.

SExanpt e Breparptipmphife £oppisPE RN aqryding forsteporaRl dRe prepens ipvention typically

Ar: pol y- Logadugl RicBRIifY td bt ngiNAﬂew he@Ag laa@@ekf.@@mﬁrunzof Errﬂesm@&slt\b%m% PY

RNA stabilized |uciferase accordi n SEQ | 6 (Luc-RNActi ve)
were ni xetdnQlecuR) ftp g ehecifigernaounite die apg ﬁr moas@em% f(aArr@gjwe(ﬁmpmca

pol y-L- arQJthBQAn(g§KLQE§HTI4i|Sﬂ((Dmﬂ,;(XPf}G(ﬁﬁere ) Q12 o9 Rlks OYaiiBd z)snn(g E'ﬁé@ﬁlyovfe%rfm ng a

conpl ex. | owm Ng mass rati os were use "10as shown exenpl ari

((Arg)9). tfpoatyeaasr@pgupr%émaﬁgula)s@aﬂ they orgo HPO&%PU&DF@RB\%I'?S’WEO‘%FM%Q t he

Sima g@lst %fﬁlteRg?Hw%mcaRMnﬁﬁr(ﬁ)gﬂ (I(yea"mﬁl)i%)nﬂ@frﬁl) RadNbe (Iﬁsﬁébllg eﬁ@g%eg:o@&ﬁﬂlfeﬁ ation
(Arg) formatlonI t?fp:g:allygc))ccurs upon mixing both components. Therby, the peptidic component

is typically added o the RNA component, in some cases, however, vice versa.

Such a preparation step according to method step a), however, is optional and may not take
15 place if the complexed RNA according to the present invention is aiready available.
Accordingly, sub-steps a1), a2) and a3) as defined above are also optional and need not to
be carried out, if the RNA used for the complexed RNA is already available. Similarly, the
one or more oligopeptides having the empirical formula {(Arg);{Lys),.;(His),;(Orn),;(Xaa), may
be used directly and need not to be prepared, if already available, e.g. from a supplier.
20
According to step b} of the inventive method for transfecting cells or tissues in vitro or in
vivo a cell or a tissue may be transfected using the complexed RNA provided and/or
prepared according to step a). Transfection of the cells or tissues /n vitro or in vivo is in
general carried out by adding the complexed RNA provided and/or prepared according to
25  step a) to the cells or tissue. Preferably, the complexed RNA then enters into the cells by
using cellular mechanisms, e.g. endocytosis. Addition of the complexed RNA as such to the
cells or tissues may occur according to the invention without addition of any further
components due to the transfectional potential of the complexed RNA {molecule) of the
invention. Alternatively, addition of the complexed RNA provided and/or prepared
30  according to step a) to the cells or tissue may occur in the form of a composition, e.g. as
component of an agqueous solution, preferably a pharmaceutical composition as defined
above, which may optionally contain additional components for further enhancement of the

transfection activity.
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Cells (or host cells) in this context for transfection of the complexed RNA (provided and/or
prepared according to step a)) /n vitro includes any cell, and preferably, with out being
restricted thereto, cells, which shall be transfected by any RNA molecule (as defined above)

5 by using the inventive complexed RNA. In particular, RNA transfection may allow for
expression of a protein encoded by the RNA of the complexed RNA according to the
invention in the cell or may allow RNA (e.g. siRNA, anti-sense RNA) of the inventive
complex to attenuate or suppress the expression of a cellular gene. Cells in this context
preferably include cultured eukaryotic cells (e.g. yeast cells, plant cells, animal cells and

10  human cells} or prokaryotic cells (e.g. bacteria cells etc.) or induce an immune response.
Cells of multicellular organisms are preferably chosen if posttranslational modifications, e.g.
glycosylation of the encoded protein, are necessary (N- and/or O-coupled). In contrast to
prokaryotic cells, such (higher) eukaryotic cells render posttranslational modifications of the
protein synthesized possible. The person skilled in the art knows a large number of such

15  higher eukaryotic cells or cell lines, e.g. 293T (embryonal kidney cell line), Hela (human
cervix carcinoma cells), CHO (cells from the ovaries of the Chinese hamster) and further

cell lines, including such cells and cell lines developed for laboratory purposes, such as, for
example, hTERT-MSC, HEK293, 5f3 or COS cells. Suitable eukaryotic cells furthermore
include cells or cell lines which are impaired by diseases or infections, e.g. cancer cells, in

20 particular cancer cells of any of the types of cancer mentioned here in the description, cells
impaired by HIV, and/or cells of the immune system or of the central nervous system (CNS).
Suitable cells can likewise be derived from eukaryotic microorganisms, such as yeast, e.g.
Saccharomyces  cerevisiae  (Stinchcomb et a/, Nature, 282:39, (1997)),
Schizosaccharomyces pombe, Candida, Pichia, and filamentous fungi of the genera

25  Aspergillus, Penicillium, etc. Suitable cells likewise include prokaryotic cells, such as e.g.
bacteria cells, e.g. from Escherichia coli or from bacteria of the general Bacillus,
Lactococcus, Lactobacillus, Pseudomonas, Streptomyces, Streptococcus, Staphylococcus,
preferably E. coli, etc. Human cells or animal cells, e.g. of animals as mentioned herein, are
particularly preferred as eukaryotic cells. Furthermore, antigen presenting cells (APCs) may

30  be used for ex vivo transfection of the complexed RNA according to the present invention.
Particularly preferred are dendritic cells, which may be used for ex vivo transfection of the

complexed RNA according to the present invention.
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According to a particularly preferred embodiment, blood cells and/or haemopoietic cells, or
partial populations thereof, i.e. any type of cells, which may be isolated from (whole) blood
and/or which may be derived from cultivated cell lines derived from those cells, may be
transfected with a complexed RNA as defined herein using the above method of

5  transfection, e.g. red blood cells (erythrocytes), granulocytes, mononuclear cells (peripheral
blood mononuclear cells, PBMCs) and/or blood platelets (thrombocytes), APSs, DCs, etc,
Preferably, blood cells are used, especially partial populations thereof, which are
characterized in particular in that they contain a small proportion of well-differentiated
professional APCs, such as DCs. The transfected cells may contain preferably less than 5%,

10 particularly preferably no more than 2%, of DCs when used for transfection. In the context
of the present invention “blood cells” are preferably understood as 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 proportion of professional APCs being present. The

IS blood cells as used according to the present invention are preferably fresh blood cells, i.e.
the period between collection of the blood cells (especially blood withdrawal) and
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. Furthermore, the
blood cells to be transfected using the above method for transfecting the complexed RNA

20  according to the present invention preferably originate from the actual patient who will be
treated with the pharmaceutical composition of the present invention. The use of blood

cells, haematopoietic cells or partial populations thereof as defined above is based on the
surprising discovery that for vaccination of a patient to be treated against certain antigens
encoded by an mRNA as defined herein, it is not necessary to differentiate blood cells, e.g.

25  PBMCs, obtained e.g. from the blood of an individual, especially the actual patient to be
treated, by means of laborious, lengthy and expensive cell culture techniques, into a
population of cells with a high proportion of professional antigen presenting cells (APCs),
especially dendritic cells (DCs), but that it is sufficient, for a successful immune stimulation,

to transfect blood cells directly with the mRNA coding for one or more antigens in order to

30  obtain a pharmaceutical composition which effects a suitable immune stimulation e.g. in
the actual patient from whom the blood cells, especially the abovementioned partial
populations thereof, have been obtained, said immune stimulation preferably being directed

against one or more antigens from a tumour or one or more antigens from a pathogenic
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germ or agent. Transfection of a complexed RNA as defined herein into blood cells or cells

derived therefrom (either isolated therefrom or from respective cultivated cell lines) is not

limited to antigens and, of course, relates to any RNA as defined herein used for a

complexed RNA, e.g. any further immunostimulating RNA as defined herein, any coding
5 RNA, etc.

While there is the need to transfect cultivated cells /n vitro (e.g. human or animal cells) or to
transfect explanted cells {e.g. human or animal cells) /n vitro (before retransplantation into
the host organism), direct administration of the complexed RNA of the invention to patients
10 for /n vivo transfection is envisaged as well. Accordingly, transfection of the complexed
RNA {(provided and/or prepared according to step a)) may also occur /n vive according to
step b), i.e. may be administered to living tissues andfor organisms. Therefore, the
complexed RNA provided according to step a) of the inventive transfection method may be
administered to a living tissue or an organism either as such or e.g. as component of a
I5  (liquid) composition, in particular an aqueous composition, e.g. a pharmaceutical
composition as defined above. In this context, an organism {or a being) typically means
mammals, selected from, without being restricted thereto, the 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
20  above, are preferably derived from these organisms. Administration of the complexed RNA
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, parenteral, including
subcutaneous, intramuscular or intravenous injections, topical and/or intranasal routes as
defined above.
25
Moreover, the method for transfection, which may be used in vitro or ex vivo, may also be
well suited for use in vivo, e.g. as method of treatment of various diseases as mentioned
herein. in a preferred form of a method of treatment according to the invention a further
step may be included, which may contain administration of another pharmaceutically
30 effective substance, e.g. an antibody, an antigen (in particular a pathogenic or a tumor
antigen as disclosed herein) or the administration of at least one cytokine. Both may be
administered separately from the complexed RNA as DNA or RNA coding for e.g. the

cytokine or the antigen or the cytokine or antigen may be administered as such. The method
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of treatment may also comprise the administration of an additional adjuvant (as disclosed

herein), which may further activate the immune system.

According to a further embodiment of the present invention, the complexed RNA as defined
5 above, comprising at least one RNA complexed with one or more oligopeptides, wherein
the oligopeptide shows a length of 8 to 15 amino acids and has the empirical formula
(Argh; (Lys);{His),;{Orn),;(Xaa),, may be used for treatment and/or prophylaxis of specific
diseases as mentioned herein. Treatment and/or prophylaxis of specific diseases is typically
dependent on selection of a suitable protein encoded by the RNA of the complexed RNA of
10  the present invention. Treatment in this context may occur either by administering the
complexed RNA according to the present invention (encoding this protein) as such or by
administering the (pharmaceutical) composition according to the present invention as

defined above.

15  Without being limited thereto, diseases or states include in this context, for example, cancer
or tumour diseases chosen from melanomas, malignant melanomas, colon carcinomas,
lymphomas, sarcomas, blastomas, kidney carcinomas, gastrointestinal tumours, gliomas,
prostate tumours, bladder cancer, rectal tumours, stomach cancer, oesophageal cancer,
pancreatic cancer, liver cancer, mammary carcinomas (= breast cancer), uterine cancer,

20 cervical cancer, acute myeloid leukaemia (AML), acute lymphoid leukaemia (ALL), chronic
myeloid leukaemia (CML), chronic lymphocytic leukaemia (CLL), hepatomas, diverse virus-
induced tumours, such as e.g. papilloma virus-induced carcinomas (e.g. cervix carcinoma =
cervical cancer), adenocarcinomas, herpes virus-induced tumours {e.g. Burkitt's lymphoma,
EBV-induced B cell lymphoma), hepatitis B-induced tumours {hepatocell carcinomas),

25  HTLV-1- and HTLV-2-induced lymphomas, acusticus neurinoma, lung carcinomas (= lung
cancer = bronchial carcinoma), small cell lung carcinomas, throat cancer, anal carcinoma,
glioblastoma, rectum carcinoma, astrocytoma, brain tumours, retinoblastoma, basalioma,
brain metastases, medulloblastomas, vaginal cancer, testicular cancer, thyroid carcinoma,
Hodgkin's syndrome, meningeomas, Schneeberger's disease, pituitary tumour, mycosis

30 fungoides, carcinoids, neurinoma, spinalioma, Burkitt's lymphoma, laryngeal cancer,
kidney cancer, thymoma, corpus carcinoma, bone cancer, non-Hodgkin's lymphomas,
urethral cancer, CUP syndrome, head/neck tumours, oligodendroglioma, vulval cancer,

intestinal cancer, colon carcinoma, cesophageal carcinoma (= oesophageal cancer), wart
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Mbl ar r at vieal infectious diseases chosen from, wuthout being limited thereto, SARS, yellow fever,
Lyme, anthrax, AIDS, condyloma acuminata, molluscum contagiosum, dengue fever, three-
day fever, Ebola virus, colds, early summer meningoencephalitis (ESME), influenza,

10  shingles, hepatitis, herpes simplex type I, herpes simplex type ll, herpes zoster, influenza,
Japanese encephalitis, Lassa fever, Marburg virus, measles, foot and mouth disease,
mononucieosis, mumps, Norwalk virus infection, Pfeiffer's glandular fever, smallpox, polio
(poliomyelitis), pseuodcroup, infectious erythema, rabies, warts, West Nile fever, chicken-
pox, cytomegalovirus (CMV), bacterial infectious diseases, such as abortion (prostate

15  inflammation), anthrax, appendicitis (inflammation of the caecum), borreliosis, botulism,
Campylobacter, Chlamydia trachomatis (inflammation of the urethra, conjunctiva), cholera,
diphtheria, donavonosis, epiglottitis, louse-borne typhus, typhoid fever, gas gangrene,
gonorrhoea, hare plague, Helicobacter pylori, whooping-cough, climatic bubo,
osteomyelitis, legionnaires' disease, leprosy, listeriosis, pneumonia, meningitis, bacterial

20 meningitis, anthrax, inflammation of the middle ear, Mycoplasma hominis, neonatal sepsis
(choricamnionitis), noma, paratyphoid fever, plague, Reiter's syndrome, Rocky Mountain
spotted fever, Salmonella paratyphoid fever, Salmonella typhoid fever, scarlet fever,
syphilis, tetanus, gonorrhoea, tsutsugamushi fever, tuberculosis, typhus, vaginitis (colpitis),
soft chancre and infectious diseases caused by parasites, protozoa or fungi, such as amoebic

25  dysentery, bilharziosis, Chagas' disease, Echinococcus, fish tapeworm, ichthyotoxism
{ciguatera), fox tapeworm, mycosis pedis, dog tapeworm, candiosis, ptyriasis, the itch
(scabies), leishmaniasis, cutaneous leishmaniasis, lamblian dysentery (giadiasis), lice,
malaria, microscopy, onchocercosis (river blindness), fungal diseases, beef tapeworm,
schistosomiasis, sleeping sickness, pork tapeworm, toxoplasmosis, trichomoniasis,

30 trypanosomiasis (sleeping sickness), visceral leishmaniasis, nappy dermatitis or dwarf

tapeworm.
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Diseases in the context of the present invention likewise include, without being limited
thereto, (infectious) virus diseases caused by viruses chosen from, without being limited
thereto, HIV, arthopox variola virus, orthopox alastrim virus, parapox ovis virus, molluscum
contagiosum virus, herpes simplex virus 1, herpes simplex virus 2, herpes B virus, varicella

5  zoster virus, pseudorabies virus, human cytomegaly virus, human herpes virus 6, human
herpes virus 7, Epstein-Barr virus, human herpes virus 8, hepatitis B virus, chikungunya
virus, O'nyong'nyong virus, rubivirus, hepatitis C virus, GB virus C, West Nile virus, dengue
virus, yellow fever virus, louping ill virus, 5t. Louis encephalitis virus, Japan B encephalitis

virus, Powassan virus, FSME virus, SARS-associated corona virus, human corona virus 229E,

16 human corona virus Oc43, Torovirus, human T cell lymphotropic virus type |, human T cell
lymphotropic  virus type 1, human immunodeficiency virus type 1, human
immunodeficiency virus type 2, Lassa virus, lymphocytic choriomeningitis virus, Tacaribe
virus, Junin virus, Machupo virus, Borna disease virus, Bunyamwera virus, California
encephalitis virus, Rift Valley fever virus, sand fly fever virus, Toscana virus, Crimean-Congo

15  haemorrhagic fever virus, Hazara virus, Khasan virus, Hantaan virus, Seoul virus, Prospect
Hill virus, Puumala virus, Dobrava Belgrade virus, Tula virus, sin nombre virus, Lake
Victoria Marburg virus, Zaire Ebola virus, Sudan Ebola virus, lvory Coast Ebola virus,
influenza virus A, influenza virus B, influenza viruses C, parainfluenza virus, measles virus,
mumps virus, respiratory syncytial virus, human metapneumovirus, vesicular stomatitis

20  Indiana virus, rabies virus, Mokola virus, Duvenhage virus, European bat lyssavirus 1 + 2,
Australian bat lyssavirus, adenoviruses A-F, human papilloma viruses, condyloma virus 6,
condyloma virus 11, polyoma viruses, adeno-associated virus 2, rotaviruses, or orbiviruses

etc. These diseases may e.g. be treated by a vaccine according to the invention.

25  Additionally, diseases or states may include cardiovascular diseases chosen from, without
being limited thereto, coronary heart disease, arteriosclerosis, apoplexy and hypertension,
and neuronal diseases chosen from Alzheimer's disease, amyotrophic lateral scierosis,

dystonia, epilepsy, multiple sclerosis and Parkinson's disease etc.

30  Diseases or states may also include in this context an allergic disorder or disease. Allergy is
a condition that typically involves an abnormal, acquired immunological hypersensitivity to
certain foreign antigens or allergens. Allergies normally result in a local or systemic

inflammatory response to these antigens or allergens and leading to an immunity in the
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body against these allergens. Allergens in this context include e.g. grasses, pollens, molds,
drugs, or numerous environmental triggers, etc. Without being bound to any 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
S  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 1gE, 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
10 nasal mucosa), allergic conjunctivitis {leading to redness and itching of the conjunctiva),
allergic rhinitis ("hay fever"), anaphylaxis, angiodemna, 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, e.g. a
15  pharmaceutical composition is provided, which contains e.g. an RNA coding for an allergen
{e.g. from a cat allergen, a dust allergen, a mite antigen, a plant antigen {e.g. a birch
antigen) etc.) as a complex of the invention. Hereby, the encoded allergen may desensitize
the patient’ immune response. Alternatively, the pharmaceutical compositions of the
present invention may shift the (exceeding) immune response to a stronger TH1 response,

20 thereby suppressing or attenuating the undesired IgE response from the the patient suffers.

Furthermore, diseases or states as defined herin may include 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
25  disease. Autoimmune disease may be divided into the categories of systemic syndromes,
including SLE, Sjorgen’s syndrome, Scleroderma, rheumatoid arthritis and polyomyositis or
local syndromes which may be endocrinologic (DM Type 1, Hashimoto's thyroiditis,
Addison’s disease, etc.), dermatologic (pemphigus vuigaris), haematologic (autoimmune
haemolytic anaemia), neural (multiple sclerosis) or can involve virtually any circumscribed
30 mass of body tissue. The autoimmune diseases to be treated may be selected from the group
consisting of type 1 autoimmune diseases or type Il autoimmune diseases or type lil
autoimmune diseases or type IV autoimmune diseases, such as, for example, multiple

sclerosis (MS), rheumatoid arthritis, diabetes, type | diabetes {Diabetes mellitus), systemic
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lupus erythematosus (SLE), chronic polyarthritis, Basedow's disease, autoimmune forms of
chronic hepatitis, colitis ulcerosa, allergy type | diseases, allergy type Il diseases, allergy
type Il diseases, allergy type IV diseases, fibromyalgia, hair loss, Bechterew's disease,
Crohn's disease, Myasthenia gravis, neurodermitis, Polymyalgia rheumatica, progressive
5 systemic sclerosis (P5S5), psoriasis, Reiter's syndrome, rheumatic arthritis, psoriasis,

vasculitis, etc, or type |l 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
10  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 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 -subunit of T-cell
15 receptors in a non-specific fashion. Another explanation deduces autoimmune diseases
from a molecular mimicry. An exogenous 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-
20  haemolytic streptococci, which shares antigens with human myocardium, and is
responsible for the cardiac manifestations of rheumatic fever. The present invention allows
therefore to provide an RNA coding for an autoantigen as component of the complexed
RNA of the invention {or a (liquid) composition containing such a complexed RNA of the
invention) or to provide a pharmaceutical composition containing an autoantigen (as
25  protein, mRNA or DNA encoding for a autoantigen protein) and a complexed RNA of the

invention all of which typically allow the immune system to be desensitized.

Finally, diseases to be treated in the context of the present invention likewise include
monogenetic diseases, i.e. (hereditary) diseases, or genetic diseases in general. Such
30  genetic diseases are typically caused by genetic defects, e.g. due to gene mutations resulting
in loss of protein activity or regulatory mutations which do not allow transcription or
translation of the protein. Frequently, these diseases lead to metabolic disorders or other

symptoms, e.g. muscle dystrophy. Accordingly, the present invention allows to treat these
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diseases by providing the complexed RNA as defined herein. Insofar, the following diseases
may be treated: 3-beta-hydroxysteroid dehydrogenase deficiency {type II); 3-ketothiolase
deficiency; 6-mercaptopurine sensitivity; Aarskog-Scott syndrome; Abetalipoproteinemia;
Acatalasemia; Achondrogenesis; Achondrogenesis-hypochondrogenesis; Achondroplasia;
5  Achromatopsia; Acromesomelic dysplasia (Hunter-Thompson type); ACTH deficiency; Acyl-
CoA dehydrogenase deficiency (short-chain, medium chain, long chain); Adenomatous
polyposis  coli;  Adenosin-deaminase  deficiency;  Adenylosuccinase  deficiency;
Adhalinopathy; Adrenal hyperplasia, congenital (due to 11-beta-hydroxylase deficiency;
due to 17-alpha-hydroxylase deficiency; due to 21-hydroxylase deficiency); Adrenal
10 hypoplasia, congenital, with hypogonadotropic hypogonadism; Adrenogenital syndrom;
Adrenoleukodystrophy; Adrenomyeloneuropathy; Afibrinogenemia; Agammaglobulinemia;
Alagille syndrome; Albinism {brown, ocular, oculocutaneous, rufous); Alcohol intolerance,
acute; Aldolase A deficiency; Aldosteronism, glucocorticoid-remediable; Alexander disease;
Alkaptonuria; Alopecia universalis; Alpha-1-antichymotrypsin  deficiency;  Alpha-
15  methylacyl-CoA racemase deficiency; Alpha-thalassemia’mental retardation syndrome;
Alport syndrome; Alzheimer disease-1 (APP-related); Alzheimer disease-3; Alzheimer
disease-4; Amelogenesis imperfecta; Amyloid neuropathy (familial, several allelic types);
Amyloidosis (Dutch type; Finnish type; hereditary renal; renal; senile systemic); Amytrophic
lateral sclerosis; Analbuminemia; Androgen insensitivity; Anemia (Diamond-Blackfan);
20 Anemia (hemolytic, due to PK deficiency); Anemia (hemolytic, Rh-null, suppressor type);
Anemia (neonatal hemolytic, fatal and nearfatal); Anemia (sideroblastic, with ataxia);
Anemia (sideroblastic’hypochromic); Anemia due to G6PD deficiency; Aneurysm (familial
arterial); Angelman syndrome; Angioedema; Aniridia; Anterior segment anomalies and
cataract; Anterior segment mesenchymal dysgenesis; Anterior segment mesenchymal
25  dysgenesis and cataract; Antithrombin Ill deficiency; Anxiety-related personality traits; Apert
syndrome; Apnea (postanesthetic); ApoA-l1 and apoC-lll deficiency (combined);
Apolipoprotein  A-Il  deficiency; Apolipoprotein  B-100 (ligand-defective); Apparent
mineralocorticoid excess (hypertension due to); Argininemia; Argininosuccinicaciduria;
Arthropathy (progressive pseudorheumatoid, of childhood); Aspartylglucosaminuria; Ataxia
30 (episodic); Ataxia with isolated vitamin E deficiency; Ataxia-telangiectasia; Atelosteogenesis
Il; ATP-dependent DNA ligase 1 deficiency; Atrial septal defect with atrioventricular
conduction defects; Atrichia with papular lesions; Autism (succinylpurinemic); Autoimmune

polyglandular disease, type |; Autonomic nervous system dysfunction; Axenfeld anomaly;
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Azoospermia; Bamforth-Lazarus syndrome; Bannayan-Zonana syndrome; Barthsyndrome;
Bartter syndrome (type 2 or type 3); Basal cell carcinoma ; Basal cell nevus syndrome; BCG
infection; Beare-Stevenson cutis gyrata syndrome; Becker muscular dystrophy; Beckwith-
Wiedemann syndrome; Bernard-Soulier syndrome (type B; type C); Bethlem myopathy; Bile
5 acid malabsorption, primary ; Biotinidase deficiency; Bladder cancer; Bleeding disorder due
to defective thromboxane A2 receptor; Bloom syndrome; Brachydactyly (type B1 or type C);
Branchiootic syndrome; Branchiootorenal syndrome; Breast cancer (invasive intraductal;
lobular; male, with Reifenstein syndrome; sporadic); Breast cancer-1 (early onset); Breast
cancer-2 (early onset}; Brody myopathy; Brugada syndrome; Brunner syndrome; Burkitt
10 lymphoma; Butterfly dystrophy (retinal); C1q deficiency (type A; type B; type C); C1r/Cls
deficiency; Cls deficiency, isolated; C2 deficiency ; C3 deficiency; C3b inactivator
deficiency; C4 deficiency; C8 deficiency, type Il; C9 deficiency; Campomelic dysplasia with
autosomal sex reversal; Camptodactyly-arthropathy-coxa varapericarditis syndrome;
Canavan disease; Carbamoylphosphate synthetase | deficiency; Carbohydrate-deficient
15 glycoprotein syndrome {type |I; type Ib; type Il); Carcinoid tumor of lung;
Cardioencephalomyopathy (fatal infantile, due to cytochrome c oxidase deficiency);
Cardiomyopathy (dilated; X-linked dilated; familial hypertrophic; hypertrophic); Carnitine
deficiency (systemic primary); Carnitine-acylcarnitine translocase deficiency; Carpal tunne!
syndrome (familial); Cataract (cerulean; congenital; crystalline aculeiform; juvenile-onset;
20  polymorphic and lamellar; punctate; zonular pulverulent); Cataract, Coppock-like; CD59
deficiency; Central core disease; Cerebellar ataxia; Cerebral amyloid angiopathy; Cerebral
arteriopathy with subcortical infarcts and leukoencephalopathy; Cerebral cavernous
malformations-1; Cerebrooculofacioskeletal syndrome; Cerebrotendinous xanthomatosis;
Cerebrovascular disease; Ceroid lipofuscinosis {neuronal, variant juvenile type, with
25  granular osmiophilic deposits); Ceroid lipofuscinosis (neuronal-1, infantile); Ceroid-
lipofuscinosis (neuronal-3, juvenile); Char syndrome; Charcot-Marie-Tooth disease;
Charcot-Marie-Tooth neuropathy; Charlevoix;Saguenay type; Chediak-Higashi syndrome;
Chloride diarrhea (Finnish type); Cholestasis (benign recurrent intrahepatic); Cholestasis
{familial intrahepatic); Cholestasis (progressive familial intrahepatic); Cholesteryl ester
30 storage disease; Chondrodysplasia punctata (brachytelephalangic; rhizomelic;  X-linked
dominant; X-linked recessive; Grebe type); Chondrosarcoma; Choroideremia; Chronic
granulomatous disease (autosomal, due to deficiency of CYBA); Chronic granulomatous

disease (X-linked); Chronic granulomatous disease due to deficiency of NCF-1; Chronic
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granulomatous disease due to deficiency of NCF-2; Chylomicronemia syndrome, familial;
Citrullinemia; classical Cockayne syndrome-i; Cleft lip, cleft jaw, cleft palate; Cleft
lip/palate ectodermal dysplasia syndrome; Cleidocranial dysplasia; CMO 1l deficiency;
Coats disease; Cockayne syndrome-2, type B; Coffin-Lowry syndrome; Colchicine
5 resistance; Colon adenocarcinoma; Colon cancer; Colorblindness (deutan; protan; tritan);
Colorectal cancer; Combined factor V and VIII deficiency; Combined hyperlipemia
(familial); Combined immunodeficiency (X-linked, moderate); Complex | deficiency;
Complex neurologic disorder; Cone dystrophy-3; Cone-rod dystrophy 3; Cone-rod
dystrophy 6; Cone-rod retinal dystrophy-2; Congenital bilateral absence of vas deferens;
10 Conjunctivitis, ligneous; Contractural arachnodactyly; Coproporphyria; Cornea plana
congenita; Corneal clouding; Corneal dystrophy (Avellino type; gelatinous drop-like;
Groenouw type |; lattice type I; Reis-Bucklers type); Cortisol resistance; Coumarin
resistance; Cowden disease; CPT deficiency, hepatic (type 1; type Il); Cramps (familial,
potassium-aggravated); Craniofacial-deafness-hand syndrome; Craniosynostosis (type 2);
15  Cretinism; Creutzfeldt-Jakob disease ; Crigler-Najjar syndrome; Crouzon syndrome;
Currarino syndrome; Cutis laxa; Cyclic hematopoiesis; Cyclic ichthyosis; Cylindromatosis;
Cystic fibrosis; Cystinosis (nephropathic); Cystinuria {type Il; type lll}; Daltonism; Darier
disease; D-bifunctional protein deficiency; Deafness, autosomal dominant 1; Deafness,
autosomal dominant 11; Deafness, autosomal dominant 12; Deafness, autosomal dominant
20  15; Deafness, autosomal dominant 2; Deafness, autosomal dominant 3; Deafness,
autosomal dominant 5; Deafness, autosomal dominant 8; Deafness, autosomal dominant 9;
Deafness, autoscmal recessive 1; Deafness, autosomal recessive 2; Deafness, autosomal
recessive 21; Deafness, autosomal recessive 3; Deafness, autosomal recessive 4; Deafness,
autosomal recessive 9; Deafness, nonsyndromic sensorineural 13; Deafness, X-linked 1;
25  Deafness, X-linked 3; Debrisoquine sensitivity; Dejerine-Sottas disease; Dementia {familial
Danish), Dementia (frontotemporal, with parkinsonism); Dent disease; Dental anomalies;
Dentatorubro-pallidoluysian  atrophy; Denys-Drash  syndrome; Dermatofibrosarcoma
protuberans; Desmoid disease; Diabetes insipidus (nephrogenic ); Diabetes insipidus
(neurohypophyseal); Diabetes mellitus (insulin-resistant); Diabetes mellitus (rare form),
30 Diabetes mellitus (type ll}; Diastrophic dysplasia; Dihydropyrimidinuria; Dosage-sensitive
sex reversal; Doyne honeycomb degeneration of retina; Dubin-Johnson syndrome;
Duchenne muscular dystrophy; Dyserythropoietic anemia with thrombocytopenia;

Dysfibrinogenemia (alpha type; beta type; gamma type); Dyskeratosis congenita-i;
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Dysprothrombinemia; Dystonia (DOPAresponsive); Dystonia (myoclonic); Dystonia-1
(torsion); Ectodermal dysplasia; Ectopia lentis; Ectopia pupillae; Ectrodactyly (ectodermal
dysplasia, and cleft lip/palate syndrome 3); Ehlers-Danlos syndrome (progeroid form);
Ehlers-Danlos syndrome {type I; type II; type 1ll; type 1V; type VI; type VII); Elastin

5  Supravalvar aortic stenosis; Elliptocytosis-1; Elliptocytosis-2; Elliptocytosis-3; Ellis-van
Creveld syndrome; Emery-Dreifuss muscular dystrophy; Emphysema; Encephalopathy;
Endocardial fibroelastosis-2; Endometrial carcinoma; Endplate acetylcholinesterase
deficiency; Enhanced S-cone syndrome; Enlarged vestibular aqueduct; Epidermolysis
bullosa; Epidermolysis bullosa dystrophica {dominant or recessive); Epidermolysis bullosa

10 simplex; Epidermolytic hyperkeratosis; Epidermolytic palmoplantar keratoderma; Epilepsy
(generalize; juvenile; myoclonic; nocturnal frontal lobe; progressive myoclonic); Epilepsy,
benign, neonatal (typel or type2); Epiphyseal dysplasia (multiple); Episodic ataxia (type 2);
Episodic ataxia’myokymia syndrome; Erythremias (alpha-; dysplasia); Erythrocytosis;
Erythrokeratoderma; Estrogen resistance; Exertional myoglobinuria due to deficiency of

15 LDH-A; Exostoses, multiple (type 1; type 2); Exudative vitreoretinopathy, X-linked; Fabry
disease; Factor H deficiency; Factor VIl deficiency; Factor X deficiency; Factor XI
deficiency; Factor Xl deficiency; Factor XIl1A deficiency; Factor XIlIB deficiency; Familial
Mediterranean fever; Fanconi anemia; Fanconi-Bickel syndrome; Farber lipogranulomatosis;

Fatty liver (acute); Favism; Fish-eye disease; Foveal hypoplasia; Fragile X syndrome; Frasier

20  syndrome; Friedreich ataxia; fructose-bisphosphatase Fructose intolerance; Fucosidosis;
Fumarase deficiency; Fundus albipunctatus; Fundus flavimaculatus; G6PD deficiency;
GABA-transaminase deficiency; Galactokinase deficiency with cataracts; Galactose
epimerase deficiency; Galactosemia; Galactosialidosis; GAMT deficiency; Gardner
syndrome; Gastric cancer; Gaucher disease; Generalized epilepsy with febrile seizures plus;

25  Germ cell tumors; Gerstmann-Straussler disease; Giant cell hepatitis (neonatal); Giant
platelet disorder; Giant-cell fibroblastoma; Gitelman syndrome; Glanzmann thrombasthenia

(type A; type B), Glaucoma 1A; Glaucoma 3A; Glioblastoma multiforme;

* Glomerulosclerosis (focal segmental); Glucose transport defect (blood-brain barrier);
Glucose/galactose malabsorption; Glucosidase | deficiency; Glutaricaciduria (type I; type

30 UB; type NIC); Gluthation synthetase deficiency; Glycerol kinase deficiency; Glycine
receptor (alpha-1 polypeptide); Glycogen storage disease |; Glycogen storage disease I);
Glycogen storage disease Ill; Glycogen storage disease |V; Glycogen storage disease VI;

Glycogen storage disease VI, Glycogenosis (hepatic, autosomal); Glycogenosis (X-linked
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hepatic); GM1-gangliosidosis; GM2-gangliosidosis; Goiter (adolescent multinodular); Goiter
(congenital); Goiter (nonendemic, simple); Gonadal dysgenesis (XY type); Granulomatosis,
septic; Graves disease; Greig cephalopolysyndactyly syndrome; Griscelli syndrome; Growth
hormone deficient dwarfism; Growth retardation with deafrness and mental retardation;
Gynecomastia (familial, due to increased aromatase activity); Gyrate atrophy of choroid and
retina with ornithinemia (B6 responsive or unresponsive); Hailey-Hailey disease; Haim-
Munk syndrome; Hand-foot-uterus syndrome; Harderoporphyrinuria; HDL deficiency
(familial); Heart block (nonprogressive or progressive); Heinz body anemia; HELLP
syndrome; Hematuria (familial benign); Heme oxygenase-1 deficiency; Hemiplegic
migraine; Hemochromotosis; Hemoglobin H disease; Hemolytic anemia due to ADA
excess; Hemolytic anemia due to adenylate kinase deficiency; Hemolytic anemia due to
band 3 defect; Hemolytic anemia due to glucosephosphate isomerase deficiency;
Hemolytic anemia due to glutathione synthetase deficiency; Hemolytic anemia due to
hexokinase deficiency; Hemolytic anemia due to PGK deficiency; Hemolytic-uremic
syndrome; Hemophagocytic lymphohistiocytosis; Hemophilia A; Hemophilia B;
Hemorrhagic diathesis due to factor V deficiency; Hemosiderosis (systemic, due to
aceruloplasminemia); Hepatic lipase deficiency; Hepatoblastoma; Hepatocellular
carcinoma; Hereditary hemorrhagic telangiectasia-1; Hereditary hemorrhagic telangiectasia-
2; Hermansky-Pudlak syndrome; Heterotaxy (X-linked visceral); Heterotopia
(periventricular); Hippel-Lindau syndrom; Hirschsprung disease; Histidine-rich glycoprotein
Thrombophilia due to HRG deficiency; HMG-CoA lyase deficiency; Holoprosencephaly-2;
Holoprosencephaly-3; Holoprosencephaly-4; Holoprosencephaly-5; Holt-Oram syndrome;
Homocystinuria; Hoyeraal-Hreidarsson; HPFH (deletion type or nondeletion type); HPRT-
related gout; Huntington disease; Hydrocephalus due to aqueductal stenosis; Hydrops
fetalis; Hyperbetalipoproteinemia; Hypercholesterolemia, familial; Hyperferritinemia-
cataract syndrome; Hyperglycerolemia; Hyperglycinemia; Hyperimmunoglobulinemia D
and periodic fever syndrome; Hyperinsulinism; Hyperinsulinism-hyperammonemia
syndrome; Hyperkalemic periodic paralysis; Hyperlipoproteinemia; Hyperlysinemia;
Hypermethioninemia  {persistent,  autosomal, dominant, due to methionine,
adenosyltransferase 111 deficiency); Hyperornithinemia-
hyperammonemiahomocitrullinemia syndrome; Hyperoxaluria; Hyperparathyroidism;
Hyperphenylalaninemia due to pterin-4acarbinolamine dehydratase deficiency;

Hyperproinsulinemia; Hyperprolinemia; Hypertension; Hyperthroidism {congenital);
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Hypertriglyceridemia; Hypoalphalipoproteinemia; Hypobetalipoproteinemia;
Hypocalcemia; Hypochondroplasia; Hypochromic microcytic anemia; Hypodontia;
Hypofibrinogenemia; Hypoglobulinemia and absent B cells; Hypogonadism
{(hypergonadotropic); Hypogonadotropic (hypogonadism); Hypokalemic periodic paralysis;
5  Hypomagnesemia; Hypomyelination (congenital); Hypoparathyroidism; Hypophosphatasia
(adult; childhood; infantile; hereditary); Hypoprothrombinemia; Hypothyroidism
(congenital; hereditary congenital; nongoitrous); Ichthyosiform erythroderma ; Ichthyosis ;
Ichthyosis bullosa of Siemens ; 1gG2 deficiency; Immotile cilia syndrome-1;
Immunodeficiency (T-cell receptor/CD3 complex); Immunodeficiency (X-linked, with
10  hyper-lgM); Immunodeficiency due to defect in CD3-gamma; Immunodeficiency-
centromeric instabilityfacial anomalies syndrome; Incontinentia pigmenti; Insensitivity to
pain (congenital, with anhidrosis); Insomnia (fatal familial}; Interleukin-2 receptor deficiency
(alpha chain); Intervertebral disc disease; Iridogoniodysgenesis; Isolated growth hormone
deficiency (lllig type with absent GH and Kowarski type with bioinactive GH);
15 Isovalericacidemia ; Jackson-Weiss sydnrome; Jensen syndrome; Jervell and Lange-Nielsen
syndrome; Joubert syndrom; Juberg-Marsidi syndrome; Kallmann syndrome; Kanzaki
disease; Keratitis; Keratoderma (palmoplantar); Keratosis palmoplantaris striata |; Keratosis
palmoplantaris striata lI; Ketoacidosis due to SCOT deficiency; Keutel syndrome; Klippel-
Trenaurnay syndrom; Kniest dysplasia; Kostmann neutropenia; Krabbe disease; Kurzripp-
20  Polydaktylie syndrom; Lacticacidemia due to PDX1 deficiency; Langer mesomelic
dysplasia; Laron dwarfism; Laurence-Moon-Biedl-Bardet syndrom; LCHAD deficiency;
Leber congenital amaurosis; Left-right axis malformation; Leigh syndrome; Leiomyomatosis
(diffuse, with Alport syndrome); Leprechaunism; Leri- Weill dyschondrosteosis; Lesch-
Nyhan syndrome; Leukemia (acute myeloid; acute promyelocytic; acute T-cell
25  lymphoblastic; chronic myeloid; juvenile myelomonocytic; Leukemia-1 (T-cell acute
lymphocytic); Leukocyte adhesion deficiency; Leydig cell adenoma; Lhermitte-Duclos
syndrome; Liddle syndrome; Li-Fraumeni syndrome; Lipoamide dehydrogenase deficiency;
Lipodystrophy; Lipoid adrenal hyperplasia; Lipoprotein lipase deficiency; Lissencephaly (X-
linked); Lissencephaly-1; liver Glycogen storage disease (type 0); Long QT syndrome-i;
30 Long QT syndrome-2; Long QT syndrome-3; Long QT syndrome-5; Long QT syndrome-6;
Lowe syndrome; Lung cancer; Lung cancer (nonsmall cell); Lung cancer (small cell);
Lymphedema; Lymphoma (B-cell non-Hodgkin); Lymphoma (diffuse large cell); Lymphoma
(follicular); Lymphoma (MALT); Lymphoma (mantel cell); Lymphoproliferative syndrome (X-
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linked); Lysinuric protein intolerance; Machado-Joseph disease; Macrocytic anemia
refractory (of 5q syndrome); Macular dystrophy; Malignant mesothelioma; Malonyl-CoA
decarboxylase deficiency ; Mannosidosis, {alpha- or beta- ); Maple syrup urine disease (type
la; type Ib; type 1I); Marfan syndrome; Maroteaux-Lamy syndrome; Marshall syndrome;
5  MASA syndrome; Mast cell leukernia; Mastocytosis with associated hematologic disorder;
McArdle disease; McCune-Albright polyostotic fibrous dysplasia; McKusick-Kaufman
syndrome; Mcleod phenotype ; Medullary thyroid carcinoma; Medulloblastoma;
Meesmann corneal dystrophy; Megaloblastic anemia-1; Melanoma; Membroproliferative
glomerulonephritis ; Meniere disease; Meningioma (NF2-related; SlS-related); Menkes
10 disease; Mental retardation (X-linked); Mephenytoin poor metabolizer; Mesothelioma;
Metachromatic leukodystrophy; Metaphyseal chondrodysplasia {Murk Jansen type; Schmid
type); Methemoglobinemia; Methionine adenosyltransferase deficiency (autosomal
recessive); Methylcobalamin deficiency (cbl G type); Methylmalonicaciduria (mutase
deficiency type); Mevalonicaciduria; MHC class Il deficiency; Microphthalmia (cataracts,
15 and iris abnormalities}, Miyoshi myopathy; MODY; Mohr-Tranebjaerg syndrome;
Molybdenum cofactor deficiency (type A or type B); Monilethrix; Morbus Fabry; Morbus
Gaucher; Mucopolysaccharidosis; Mucoviscidosis; Muencke syndrome; Muir-Torre
syndrome; Mulibrey nanism; Multiple carboxylase deficiency (biotinresponsive); Multiple
endocrine  neoplasia; Muscle glycogenosis;  Muscular  dystrophy  (congenital
20  merosindeficient); Muscular dystrophy (Fukuyama congenital); Muscular dystrophy (limb-
girdle); Muscular dystrophy) Duchenne-like); Muscular dystrophy with epidermolysis
bullosa simplex; Myasthenic syndrome (slow-channel congenital); Mycobacterial infection
(atypical, familial disseminated); Myelodysplastic syndrome; Myelogenous leukemia;
Myeloid malignancy; Myeloperoxidase deficiency; Myoadenylate deaminase deficiency;
25 Myoglobinuria’hemolysis due to  PGK  deficiency;  Myoneurogastrointestinal
encephalomyopathy syndrome; Myopathy (actin; congenital; desmin-related; cardioskeletal;
distal; nemaline); Myopathy due to CPT 1l deficiency; Myopathy due to phosphoglycerate
mutase deficiency; Myotonia congenita; Myotonia levior; Myotonic dystrophy; Myxoid
liposarcoma; NAGA deficiency; Nailpatella syndrome; Nemaline myopathy 1 (autosomal
30 dominant); Nemaline myopathy 2 (autosomal recessive); Neonatal hyperparathyroidism;
Nephrolithiasis; Nephronophthisis (juvenile); Nephropathy (chronic hypocomplementemic);
Nephrosis-1; Nephrotic syndrome; Netherton syndrome; Neuroblastoma; Neurofibromatosis

(type 1 or type 2); Neurolemmomatosis; neuronal-5 Ceroid-lipofuscinosis; Neuropathy;
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Neutropenia (alloimmune neonatal); Niemann-Pick disease (type A; type B; type C1; type
D); Night blindness (congenital stationary); Nijmegen breakage syndrome; Noncompaction
of left ventricular myocardium; Nonepidermolytic palmoplantar keratoderma; Norrie
disease; Norum disease; Nucleoside phosphorylase deficiency; Obesity; Occipital
5  hornsyndrome; Ocular albinism (Nettleship-Falls type); Oculopharyngeal muscular
dystorphy; Oguchi disease; Oligodontia; Omenn syndrome; Opitz G syndrome; Optic nerve
coloboma with renal disease; Ornithine transcarbamylase deficiency; Oroticaciduria;
Orthostatic intolerance; OSMED syndrome; Ossification of posterior longitudinal ligament
of spine; Osteoarthrosis; Osteogenesis imperfecta; Osteolysis; Osteopetrosis (recessive or
10  idiopathic); Osteosarcoma; Ovarian carcinoma; Ovarian dysgenesis; Pachyonychia
congenita (Jackson-Lawler type or Jadassohn-Lewandowsky type); Paget disease of bone;
Pallister-Hall syndrome; Pancreatic agenesis; Pancreatic cancer; Pancreatitis; Papillon-
Lefevre syndrome; Paragangliomas ; Paramyotonia congenita; Parietal foramina; Parkinson
disease (familial or juvenile); Paroxysmal nocturnal hemoglobinuria; Pelizaeus-Merzbacher
15 disease; Pendred syndrome; Perineal hypospadias; Periodic fever; Peroxisomal biogenesis
disorder; Persistent hyperinsulinemic hypoglycemia of infancy; Persistent Mullerian duct
syndrome (type II); Peters anomaly; Peutz-Jeghers syndrome ; Pfeiffer syndrome;
Phenylketonuria; Phosphoribosyl pyrophosphate synthetaserelated gout; Phosphorylase
kinase deficiency of liver and muscle; Piebaldism; Pilomatricoma; Pinealoma with bilateral
20 retinoblastoma; Pituitary ACTH secreting adenoma; Pituitary hormone deficiency; Pituitary
tumor; Placental steroid sulfatase deficiency; Plasmin inhibitor deficiency; Plasminogen
deficiency (types | and Il); Plasminogen Tochigi disease; Platelet disorder; Platelet
glycoprotein IV deficiency; Platelet-activating factor acetylhydrolase deficiency; Polycystic
kidney disease; Polycystic lipomembranous osteodysplasia  with  sclerosing
25  leukenencephalophathy; Polydactyly, postaxial; Polyposis; Popliteal pterygium syndrome;
Porphyria (acute hepatic or acute intermittent or congenital erythropoietic); Porphyria
cutanea tarda; Porphyria hepatoerythropoietic ; Porphyria variegata; Prader-Willi syndrome;
Precocious puberty; Premature ovarian failure; Progeria Typ |; Progeria Typ ll; Progressive
external ophthalmoplegia; Progressive intrahepatic  cholestasis-2;  Prolactinoma
30 (hyperparathyroidism, carcinoid syndrome); Prolidase deficiency; Propionicacidemia;
Prostate cancer; Protein 5 deficiency; Proteinuria; Protoporphyria (erythropoietic);
Pseudoachondroplasia; Pseudohermaphroditism; Pseudohypoaldosteronism;

Pseudohypoparathyroidism; Pseudovaginal perineoscrotal hypospadias; Pseudovitamin D
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deficiency rickets; Pseudoxanthoma elasticum (autosomal dominant; autosomal recessive);
Pulmonary alveolar proteinosis; Pulmonary hypertension; Purpura fulminans;
Pycnodysostosis;  Pyropoikilocytosis;  Pyruvate  carboxylase  deficiency;  Pyruvate
dehydrogenase deficiency; Rabson-Mendenhall syndrome; Refsum disease; Renal cell
5 carcinoma; Renal tubular acidosis; Renal tubular acidosis with deafness; Renal tubular
acidosis-osteopetrosis syndrome; Reticulosis (familial histiocytic); Retinal degeneration;
Retinal dystrophy; Retinitis pigmentosa; Retinitis punctata albescens; Retinoblastoma;
Retinol binding protein deficiency; Retinoschisis; Rett syndrome; Rh{mod) syndrome;
Rhabdoid  predisposition  syndrome; Rhabdoid tumors ; Rhabdomyosarcoma;
10 Rhabdomyosarcoma (alveolar); Rhizomelic chondrodysplasia punctata; Ribbing-Syndrom;
Rickets (vitamin D-resistant); Rieger anomaly; Robinow syndrome; Rothmund-Thomson
syndrome; Rubenstein-Taybi syndrome; Saccharopinuria; Saethre-Chotzen syndrome; Salla
disease; Sandhoff disease (infantile, juvenile, and adult forms); Sanfilippo syndrome (type A
or type B); Schindler disease; Schizencephaly; Schizophrenia (chronic); Schwannoma
15 (sporadic); SCID (autosomal recessive, T-negative/Bpositive type); Secretory pathway
w/TMD; SED congenita; Segawa syndrome; Selective T-cell defect; SEMD (Pakistani type);
SEMD (Strudwick type); Septooptic dysplasia; Severe combined immunodeficiency (B
cellnegative); Severe combined immunodeficiency (T-cell negative, B-cell/natural killer cell-
positive type); Severe combined immunodeficiency (Xlinked); Severe combined
20  immunodeficiency due to ADA deficiency; Sex reversal (XY, with adrenal failure); Sezary
syndrome; Shah-Waardenburg syndrome; Short stature; Shprintzen-Goldberg syndrome;
Sialic acid storage disorder; Sialidosis (type | or type ll); Sialuria; Sickle cell anemia;
Simpson-Golabi-Behmel syndrome; Situs ambiguus; Sjogren-Larsson syndrome; Smith-
Fineman-Myers syndrome; Smith-Lemli-Opitz  syndrome f{type | or type Il
25  Somatotrophinoma; Sorsby fundus dystrophy; Spastic paraplegia; Spherocytosis;
Spherocytosis-1; Spherocytosis-2; Spinal and bulbar muscular atrophy of Kennedy; Spinal
muscular atrophy; Spinocerebellar ataxia; Spondylocostal dysostosis; Spondyloepiphyseal
dysplasia tarda; Spondylometaphyseal dyspliasia (Japanese type); Stargardt disease-1;
Steatocystoma multiplex; Stickler syndrome; Sturge-Weber syndrom; Subcortical laminal
30  heteropia; Subcortical laminar heterotopia; Succinic semialdehyde dehydrogenase
deficiency; Sucrose intolerance; Sutherland-Haan syndrome; Sweat chloride elevation
without CF; Symphalangism; Synostoses syndrome; Synpolydactyly; Tangier disease; Tay-

Sachs disease; T-cell acute lymphoblastic leukemia; T-cell immunodeficiency; T-cell
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prolymphocytic leukemia; Thalassemia (alpha- or delta-); Thalassemia due to Hb Lepore;
Thanatophoric dysplasia {types | or Il); Thiamine-responsive megaloblastic anemia
syndrome; Thrombocythemia; Thrombophilia (dysplasminogenemic); Thrombophilia due to
heparin cofactor Il deficiency; Thrombophilia due to protein C deficiency; Thrombophilia
5  due to thrombomodulin defect; Thyroid adenoma; Thyroid hormone resistance; Thyroid
iodine peroxidase deficiency; Tietz syndrome; Tolbutamide poor metabolizer; Townes-
Brocks syndrome; Transcobalamin 1! deficiency; Treacher Collins mandibulofacial
dysostosis;  Trichodontoosseous ~ syndrome;  Trichorhinophalangeal ~ syndrome;
Trichothiodystrophy; Trifunctional protein deficiency (type | or type II); Trypsinogen
10  deficiency; Tuberous sclerosis-1; Tuberous sclerosis-2; Turcot syndrome; Tyrosine
phosphatase; Tyrosinemia; Ulnar-mammary syndrome; Urolithiasis (2,8-dihydroxyadenine);
Usher syndrome {type 1B or type 2A); Venous malformations; Ventricular tachycardia;
Virilization; Vitamin K-dependent coagulation defect; VLCAD deficiency; Vohwinkel
syndrome; von Hippel-Lindau syndrome; von Willebrand disease; Waardenburg syndrome;
15  Woaardenburg syndrome/ocular albinism; Waardenburg-Shah neurologic  variant;
Waardenburg-Shah syndrome; Wagner syndrome; Warfarin sensitivity; Watson syndrome;
Weissenbacher-Zweymuller syndrome; Werner syndrome; Weyers acrodental dysostosis;
White sponge nevus; Williams-Beuren syndrome; Wilms tumor (typel); Wilson disease;
Wiskott-Aldrich syndrome; Wolcott-Rallison syndrome; Wolfram syndrome; Wolman
20 disease; Xanthinuria {type l); Xeroderma pigmentosum; X-SCID; Yemenite deaf-blind
hypopigmentation syndrome; ypocalciuric hypercalcemia (type 1); Zellweger syndrome;

Zlotogora-Ogur syndrome.

Preferred diseases to be treated which have a genetic inherited background and which are
25  typically caused by a single gene defect and are inherited according to Mendel's laws are
preferably selected from the group consisting of autosomal-recessive inherited diseases,
such as, for example, adenosine deaminase deficiency, familial hypercholesterolaemia,
Canavan's syndrome, Gaucher's disease, Fanconi anaemia, neuronal ceroid lipofuscinoses,
mucoviscidosis (cystic fibrosis), sickle cell anaemia, phenylketonuria, alcaptonuria,
30 albinism, hypothyreosis, galactosaemia, alpha-1-anti-trypsin deficiency, Xeroderma
pigmentosum, Ribbing's syndrome, mucopolysaccharidoses, cleft lip, jaw, palate, Laurence
Moon Biedl Bardet sydrome, short rib polydactylia syndrome, cretinism, Joubert's

syndrome, type || progeria, brachydactylia, adrenogenital syndrome, and X-chromosome
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organism. Transfection of the cell or the organism may preferably be carried out using the
20 above (in vitro or in vivo) transfection method for transfecting cells or a tissue with the

complexed RNA of the present invention.

According to one further embodiment, the present invention comprises the use of at least
one complexed RNA according to the present invention (for the preparation of an agent) for
25  the treatment of any of the above mentioned diseases, disorders, conditions or pathological
states. An agent in this context may be e.g. a pharmaceutical composition as defined above
or an injection buffer as defined herein, additionally containing the inventive complexed
RNA, a vaccine, etc. If more than one complexed RNA molecule type is used, the
complexed RNAs may be different by their RNA (molecules) thereby forming a mixture of at
30 least two distinct complexed RNA (molecule) types. If more than one complexed RNA is
used (for the preparation of an agent) for the treatment of any of the above mentioned
diseases the same or (at least two} different RNA (molecule) types may be contained in these

complexed RNA mixtures. In this context, any of the above mentioned RNA (molecules)
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o NS Blhsda def a Lnar gr.llnpbcgl es Rheal, 1t g a g for
cell's trafnSf et Eu"ther tch part ¢t }P RRsEHOS=N G B, 2RA ALe o ®1:2
RNA: pol yLTar/ghhirae 6 tHethﬁB ofsinajoe mpenmeblfer her enmymambspﬁasamﬁbuevfnous
Luci feras [ i.on. upon, transfection of es nona-
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conpl exes cgliulﬁNAmvl\ﬂn%hres%gﬂsaé IQE}%réByqﬁduced Accordingly, the present invention may also

be used to revert this immune response shift. Therefore, the present invention encompasses
also the use of at least one complexed RNA according to the present invention (for the
preparation of an agent) for the treatment of any of the above mentioned diseases, wherein
30 the agent (and/or the complexed RNA) may be capable to elicit, e.g. induce or enhance, an
immune response in a tissue or an organism as defined above. Again, an agent in this
context may be e.g. a pharmaceutical composition as defined above, or an injection buffer

as defined herein, which contains the inventive complexed RNA, etc. If more than one



((Arg)9) in HeLa cells. HeLa-Cells were transfected with RNActive encodi ng
30 luciferase, which has been conplexed with different ratios of

nona- ar gi %8‘3?{8%3@9{ yL- Argi ni ne, respectively. 24h |at %%T/EPZOO?/O({HM
| uci ferase-acCtivity was neasured. Apparently, a mass ration o ess than

2:1 (RNA: nona-arginine) appears to be advantageous (see Figure 8). WO
2009/ 030481PCT/ EP2008/ 007244 129 b) I n conparison, conplexation with (high
nol ecul ar mass) pol y-L-argi ni ne does rid#d i ncrease |luciferase-activity at a
significant |evel. Thus, (high nolecular mass) polyL-arginine does not
appear tochaplexdd allAetyperis tusah&f @dd icomeaf (forRNA [{re@fatioingslt n 8gentbfdoxaepl e 7
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with different ratios of hepta-arginine ((Arg)7). 24h later

| uci ferasBP8ttivity was neasured. Apparently, conplexation with
hepta-&rginine ((Arg)7) does not increase |uciferase-activity at a

significant |evel. Thus, hepta-argini.ne %Ar )_.does not ear to he
St anl o Forersra e st SRoRiRce Sob pry(ridhis: eheEatiosh G5B Bhvleiate
sti nmul at i aNAYpeducks ansfiaaedsi B8 iBMuae Mabexsesduwihg itkapy, tWwhileepha-corlpldxede
((AS) (Co rativ anp| e a), Transfection experinents
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HPEVCT Lol 18 TRl b ENARRR B oot SRR PH e Bt Sursie BAZ A"
((Arg),) femudstimuiazordi BeA03edRisapwR, artb@rsei RNANer mibsSvitchks, OritfzymbA o Ar g) ,
was 1:1. Then, IL-6, production was,nme red in the cell superpatapts using
ELISA s “BEPESUPE, MIBBRITRRIT s CileR A SO csl Mo e HFaHUC 87T 1. o
a signifi cadihg iRiKAUMIsEduia)] aidmpsteprbfeciblyoin RIRAA Pl exertd vibit the hepipdexad gi ni ne
((Arg),) e Flgur 0),. .11) HPB el | re furthermpre.incubated with
kA bl S Gah ENR el i3 pueRa g AP B ot B EFRLE 1 0008 e
wher eilfi t RelAv@ssedudd),i andahorddeferably)an mRBIAL itltypiddiBrencddiis-apiohen pr peptielei on
was neasured,in the cell 2009/ 030481 PCT/ EP2008/ 00.7244 super.nat ant s
usi ng ELI %.abks°bthFé'§ﬁﬁ?ﬂy,°f¥\9ﬁPBﬁE}Ef'g‘é PE*%1%% aEﬁB@% Yawg'icéhsi ?ﬁ@@ﬁf’%ﬂﬁ“él pha
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Wi t epta-argin (Ar .see Fi qur : anpl e 9- term nation o
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popt | als Wpeeh Ol RAAFERBIR PR i 4 N PEBh oy By MY g
| uci f er as eomBiMAd deto RYiAa entodi BEQdrdpeM@allg @ffective proteins, etc., as defined in the
disclosure of the present invention. Induction or enhancement of the immune response
concurrent to the treatment of a specific disease using one pharmaceutical composition or
agent as defined above may be particularly advantageous in cases where an induced or
25 enhanced immune response supports the treatment of a specific disease as mentioned

above.

Alternatively, treatment of the disease and induction or enhancement of the immune
response may be carried out by using different pharmaceutical compositions or agents as
30  defined above in a time staggered manner. E.g. one may induce or enhance the immune
response by administering a pharmaceutical composition or an agent as defined herein,
containing an inventive complexed (immunostimulatory) RNA, prior to (or concurrent to)

administering ancther pharmaceutical composition or an agent as defined herein which



10 (Luc-RNActive) were mxed in nolar ratios with the respectively peptide
(according to forrmula I), particularly RO, ROH3 or H3ROH3, thereby form ng
a conpl ex. ds the resulting solution was adjus i er to a
final vol tﬁr@g@%%glpl und incubated for 30 m nutes at trl’gg/r% Oté]%%deb/?%tur e. The
used ratios are in each experinent 1:10000, 1:5000 and 1:1000. HelLa-cells
(150x103/wel 1) were then seeded 1 day prior to transfection on 24-well 15
mcrotiter plates leading to a 70% corifibuence when transfection was carried
out. For transfection 50 pl of the RNA/ (peptide)-solution were m xed with
250 pl semuyncbheid aediventi enchraglebed RNAL Bg. 6ashbs RNA phgoriidldotdn ceaddiag i on:
13 pg/m)_ Prior to additjon_pf th ransfectio ol ution.the HeLa-cells
wer 6 washRHAGER TR IR BRA » 3NA S Anf e lRR R e ey Bon) per
wel | . Thedsr, aptditerd, eal) Séled is emitabd fot thethedr3O O e spedifisdibéase.was added 20 to the
cells and the cells were incubated for 4 h at 37C. Subsequently 300 pl

RPM nmedi um ( Canprex) containing 10% FCS was added per well and the cells
wer e incuhedoeding ar ol einboditmaht, 2@ presnt BiwEhtiohhfartheéraioss emhprizes el uskiobat was
sucked off 24 h after transfection and the cells were |ysed in.300 pl lysis
but fer ( 2825 semaised KA PESRATE 10d5e Pesal divented 467 ISoseeiPn o f ofT)
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Fi gures 2fo euvela 2easasAnhnvhesese esquired St may ¢lictarspecifimimogne esponse amsuahs
exhibited at a ratio of 1:5000 RNA: ROH3. 132 Clains 1.1 nmunostimnmulatory
conpl exed singl e-stranded RNA, conprising at | east one RNA (nol ecul e)

conpl exed with one or nore oligopeptides, which are not covalently bound to
5 the RNA, wherein its nitrogen/ phosphate ratio (NNP-ratio) is in a range
of 0.5-50, and the oligopeptide has a length of S to 15 am no acids and has
the followi ng enpirical formula: (Arg)ELys),,,;(1-1is)n;(0rn)";
(Xaa)x(forrmula 1) wherein 10 1 + m+ n +0 + x = 8-15, and 1, m n or o

i ndependently of each other may be any nunber selected fromO, 1, 2, 3, 4,

A~ a A A~ N g, .



X may be any nunber selected fromO, 1, 2, 3, 4, 5, 6, 7, or 8, provided,
that the overall content of Xaa does not exceed 50% of all am no acids of
the oligo g %or t herapeutic use in the treatnent éy hylaxis
of a d|se§§§5@’ﬁ“% led froma tunmour or cancer di sease, ng PﬁHW@&gscular

di sease, an infectious disease, an (infectious) virus disease, an
20aut oi nmune di sease, a (nono-) genetic disease and/or an allergy.

9. Conpl exed RNA for use according to dlléim1, wherein the at | east one RNA

(rmol ecul e) is an nMRNA. 253. Conpl exed RNA for use according to any of clains
1 or 2, weet &y entdtkngOdri gmge:pbi/dlee hraaaacbmpghdmt@f the |hG)aniJ4e c&nplexléc}by&to 19,

or 9 to 19 ar. %.toé]th am no. .acid CF) or use ac ordin
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, (Lys)sm (Hndolmr(g(lhu)mmuﬁé(aabmse $prsfe+aen,t sfdnduconp @fﬂﬂh@ncﬂﬁ:g sheneha@y imepsa oheut r al
SI de chai nI i ncl udi ng am no,.aci d’;\ a neutral dro hobj ¢ side,chain
ond amt aoRleaL ool 2idtied by et M M bt g SRleg) BIr A

for use agreifid Ianggéroo;anyoanhg@i) anridet té modulawhegeindutder evhagepepinsiene

ool ot ety B b ot O Plie it Lo e RreA midleladhlinierebid s iee <o

an aci di cos bfanigaad defCeriphtee OeifRhA af QUCIU&E acemragerngast defiiayd afovel ahéns 1 to
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TP or Acesie By AR Rboodingd JRgresshidh Binvigh A8 e dhtrares Bt o o
non- cat i othegpeptitl Argiciirda mbmbEeRahtfyadDRNWQ(nﬁcﬁécateo asl défiren Herei Iodth‘eepepﬁdérm exed
RNA for u tg an alm; to 9, where the l.east .one RNA
(ol ecul o 78 (e oo BreBeaeihef of BREnRIG e aE FeRe hRIAIGE Y 161 a
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in a rangeﬁkrg}; iskaphilfe tccmg’kuf@:aﬁﬂy oduteas enhyalewe imfnube BBpodse In ﬁPBMCs’L@QeniI 90,

1.80, 1:7Q, .1: 4 3 1.2 1.1
190 170 ek Pyt e A P b By B4R, o
claingsi (roolédule)vmyrm amytHNa‘\ hmtleauler)as defirefl hetedn, a:teféreblsl,twmfmtmﬁg(mmbécul e)

T: 20000 ¢ BEISGoHER R DalsBRudafdR REE: RUA9P bR ml BB SRR

val ue of an @benselRB0D, ribbs 8BOR@s, rhaBPDes orlapfLds. AgaifD@0 agdnt 6% s ccint@(DOO

1: 5500, 1: 1 )
1 1500, 1"RqY °F S ieaal paRiic dEatnet gt or 4 JeBeol S g o
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30 the inventive complexed RNA in the agent as defined herein has been replaced by the

peptide (Arg); in a complex with an RNA (molecule) as defined herein or the peptide (Arg),

alone.



5ni t rogen/ phosphate ratio (NNP-ratio) is in a range of range of 0.75-25.

15. Conpl exed RNA for use according to any of clains 1 to 14, wherein the
ol i gopeptide is selected fromthe group consisting of: 10Arg9Hi s3
Hissﬂwgskﬂ@Q?NQQw¥%ﬁSbrﬂngSerSerTyr, HissA«gQSerSerTyFFTT$ﬁ6f9§%Fs).1

Tyr (ArgLysH s)Arg ; or from 15Args, Args, Argw, Argil, Argis,

Argis, ArgubArgis (SEO I D NOs: 1-8); Lyss, Lys%Lysio, Lys'', Lysl2, Lysls,
Lysii. Lys i5 (SEQ ID NOs :3-16); Hisgq,07H ss, Hisio, His'', Hs12, (SEOID
NGs :17-24.) ; and Ons, On9, On Onii, Onul, Onms, On, b Onl5 (SEQID

NGs : 25- 3R}cordiRg iPanddeiniitexesheRWMbddihettSBe pRGERIAhN LA aBBY¥NnBdmpdsdsihe | tO
15, wherein thﬁ conpl exed RNA is formyl ated as ? p
e

| armaceutj cal
conposi t i 4i§. of the peptide (Afgly B0z 5o@R'es ot FERNANCE tqughaméegq%ger@arwa% GrbH

<120> Tr apsdige (A awnequmﬁgar% ot a3 0ape Uil RO #MAhetl51 Aty of the above
PCT/ EP2007/ 007702 <151> 2007-09-04 <160> 44 <170> Patentin version 3.5

<210> 1 <pgnongd diseases prgfates 13> Artificial <220> <223> |nventive
ol i gopgptide having the general formula: (Arg)1(Lys(m (H s)n(orn)o(xaa)x
2 " pacplingets 2 tinal embodiment, the prestint Indention al5c” provibes ks Cotaming & 2
<211> 9 <Agepsdipgyto a final embo t, the p tion provides ki g a
complexed RNA according to the invention and/or a pharmaceutical composition according
to the invention as well as, optionally, technical instructions with information on the
administration and dosage of the complexed RNA according to the invention and/or the
10 pharmaceutical composition according to the invention. The kit may separately further
comprise one or more of the following group of components: at least one antigen or at least
one antibody or a composition containing an antigen or an antibody, an additional adjuvant
or a composition containing at least one adjuvant and/or at least one cytokine or a
composition containing at least one cytokine. The antigen, antibody and/or the cytokine
15 may be provided as such (proteins) or may be provided as DNA or RNA coding for the

antigen, antibody or cytokine.

The present invention also provides kits containing the peptide (Arg), in a complex with an
RNA (molecule) as defined herein or the peptide (Arg), alone as well as, optionally,
20  technical instructions with information on the administration and dosage of the the peptide
(Arg);. Such kits may applied e.g. for any of the above mentioned applications or uses,
preferably for the use of at least one complexed RNA according to the present invention {(for
the preparation of an agent) for the treatment of any of the above mentioned diseases. The
kits may also be applied for the use of at least one complexed RNA according to the present
25  invention (for the preparation of an agent) for the treatment of any of the above mentioned
diseases, wherein the agent (and/or the complexed RNA) may be capable to induce or
enhance an immune response in a tissue or an organism as defined above. Such kits may
further be applied for the use of at least one complexed RNA according to the present
invention (for the preparation of an agent) for modulating, preferably to elicit, e.g. to induce
30 or enhance, an immune response in a tissue or an organism as defined above, and

preferably to support a disease or state as mentioned herein.



<213> Artificial <220> <223> Inventive ol igopeptide having the general
formula: (Arg)l(Lys(m)(H s)n(Orn)o(xaa)x according to forrmula I; <400> 2

Arg Arg A Arg Arg Arg Arg 15 <210> 3 <211> 1 <213>
Artifici alﬂg%@%%3> I nventive ol i gopeptide having t%g%é%%@?@ﬁ;‘%or mul a:

(Arg)1(Lys(m (H s)n(Orn)o(Xaa)x according to formula I; <400> 3 Arg Arg Arg
Arg Arg Arg Arg Arg Arg Arg 1510 <210> 4 <211> 11 <212> PRT <213>
Artificial <220> <223> Inventive oligod@ptide having the general formula:
(Arg)1(Lys(m (H s)n(orn)o(xaa)x according to formula I; Seite 1
CuO1POS2wWhigurey 25 <400> 4 Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg 1510
<210> 5 <%&e1f>ollgi\%iné%g%?es%%rinfgn]dég téa\ {lltugtf'a{té: 'Ich%|invention further. They are not intended

to limit the subject matter of the invention thereto.

5  Figure 1: depicts the sequence of a stabilized luciferase mRNA sequence, wherein the
native luciferase encoding mRNA is modified with a poly-A/poly-C-tag (A70-
C30). This first construct (construct CAP-Ppluc(wt)-muag-A70-C30, SEQ ID
NO: 35) contained following sequence elements:
stabilizing sequences from the alpha-Globin gene,
10 70 x Adenosin at the 3’-terminal end (poly-A-tail),
30 x Cytosin at the 3’- terminal end (poly-C-tail);
represented by following symbols:
= coding sequence
_____=3"-UTR of the alpha globin gene
15 = poly-A-tail
______ = poly-C-tail
Figure 2: shows the sequence of a stabilized luciferase mRNA sequence, wherein the
construct according to SEQ 1D NO: 35 (see Figure 1) is further modified with
20 a GC-optimized sequence for a better codon usage. The final construct
{(construct  CAP-Ppluc{GC)-muag-A70-C30, SEQ ID NO: 36) contained
following sequence elements:
GC-optimized sequence for a better codon usage
stabilizing sequences from the alpha-Globin gene
25 70 x Adenosin at the 3'-terminal end (poly-A-tail),
30 x Cytosin at the 3'- terminal end {poly-C-tail);
represented by following symbols:
= coding sequence
_____ = modified 3-UTR of the alpha globin gene
30 = poly-A-tail

= poly-C-tail



<220> <223> I nventive oligopeptide having the general fornula:
(Arg)1(Lys(m (H s)n(Orn)o(xaa)x according to formula |; <400> 5 Arg Arg Arg
Arg Arg Ar rg Arg Arg Arg Arg 1510 <210> 6 <211> <213>
Artifici alvgoA@%Oﬁé%Zb I nventive ol i gopeptide having tﬁégggﬁué?%%qrfﬁgrr mul a:
(Arg)1(Lys(m (H s)n(0rn)o(Xaa)x according to fornmula 1; <400> 6 Arg Arg Arg
Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg 1510 <210> 7 <211> 14 <212> PRT
<213> Artificial <220> <223> Inventivdisligopeptide having the general
formula: (Arg)1l(Lys(m (H s)n(Orn)o(xaa)x according to forrmula |; <400> 7
Arg Arg Arigurdisg Ar gh&wgtrﬁr@dﬂcrggseat@oércg tHY EgPeteMc@oring thoSEY) M2 ND: & <211>
15 <212> PRT <213> %&[} % 228 3> I nventive oligopeptide having the
general formul a: A b@ Iﬁ £ SFHEO n) o( Xaa) x according to fornula I;
<400> 8

Figure 4: shows the GC-optimized coding sequence of the sequence according to SEQ

5 ID NO: 36 (SEQ 1D NQ: 38) (see Figure 2). The GC-optimized codons are
underlined.

Figure 5: shows the immunostimulatory effect of RNA complexed with nona-arginine

((Arg)g) in hPBMC cells by measuring IL-6 production. As can be seen,
10 hPBMC cells show a significant IL-6 production, i.e. a significant

immunostimulatory effect of RNA complexed with nona-arginine ({Arg)s).

Figure 6: shows the immunostimulatory effect of RNA complexed with nona-arginine
((Arg)g) in hPBMC cells by measuring TNF-alpha production. As can be
15 seen, hPBMC cells show a significant TNF-alpha production, i.e. a significant

immunostimulatory effect of RNA complexed with nona-arginine ((Arg),).

Figure 7: shows in an comparative example the comparison of immunostimulatory
effects of RNA complexed with either nona-arginine ((Arg)s) or poly-L-

20 arginine, respectively, in hPBMCs. Advantagously, a significant
immunostimulatory effect can be observed for mass ratios lower than 1:5
(RNA:nona-arginine) (1:10; 1:8; 1:5; 1:2; 1:1; 2:1). However, when using

mass ratios of RNA:nona-arginine {5:1) no significant TNFalpha production

can be observed. The same applies to stimulation experiments, using nona-

25 arginine ((Arg);) or mRNA alone. Additionally, it was observed, that
complexation of mRNA with poly-L-arginine leads to significantly lower

induction of TNF-alpha production in comparison to nona-arginine {{Argls).

Apparently, higher concentrations of poly-L-arginine appear to be toxic for

cells transfected therewith, particularly when using a mass ratio of 1:2

30 RNA:poly-L-arginine:RNA or higher, since the cells were lysed.

Figure 8: shows luciferase expression upon transfection of complexes of RNA with

nona-arginine ((Arg),) in Hela cells. As may be derived from Figure 8 a mass
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<220> <223> | nventive

cUOLPO52wW0l _ST25 <211> 8 <212> PRT <213> Artificial
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<211> 9 <212> PRT <213> Artificial <220> <223> Inventive oligopeptide
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Figure 11:

Figure 12:

Figure 13:

Figure 14:

Figure 15:

po|<ngO> 12

y-L-arginine does not
lead to a significant luciferase-activity. Thus, (high molecular mass) poly-L-

arginine does not appear to be suitable for transfection of mMRNA.

depicts in a comparative example the luciferase expression upon transfection
of complexes of RNA with hepta-arginine ((Arg);) in Hela cells. As may be
derived from Figure 9, transfection of complexes of RNA with hepta-arginine
((Arg);) does not lead to a significant luciferase-activity. Thus, hepta-arginine

((Arg),) does also not appear to be suitable for transfection of mRNA.

shows the immunostimulatory effect of RNA complexed with hepta-arginine
{(Arg);) in hPBMC cells by measuring IL-6 production. As can be seen,
hPBMC cells show a significant IL-6 production, i.e. a significant

immunostimulatory effect of RNA complexed with hepta-arginine ((Arg),).

shows the immunostimulatory effect of RNA complexed with hepta-arginine
{(Arg);) in hPBMC cells by measuring TNF-alpha production. As can be
seen, hPBMC cells show a significant TNF-alpha production, ie. a
significant immunostimulatory effect of RNA complexed with hepta-arginine
({(Arghy).

shows the effect of RNA complexed with R9 peptide on the expression of

luciferase in Hela cells.

shows the effect of RNA complexed with R9H3 peptide on the expression of

luciferase in Hela cells.

shows the effect of RNA complexed with H3R9H3 peptide on the expression

of luciferase in Hela cells.

shows the effect of RNA complexed with YYYR9SSY peptide on the

expression of luciferase in Hela cells.



<223> I nventive oligopeptide having the general fornula:
(Arg)1(Lys(m (H s)n(Orn)o(xaa)x according to formula |I; <400> 12 Lys Lys
Lys Lys L Lys Lys Lys Lys 1510 <210> 13 <211% RT <213>
A«t|f|C|a¥§ %g%mkﬁ 53> | nventive ol i gopeptide having the%§g§§%§7lfornul
(Arg)1(Lys(m (H s)n(orn)o(xaa)x according to fornmula I; CDOlPOSZWG__STZS
<400> 13 Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys 1510 <210> 14
<211> 13 <212> PRT <213> Artificial <220> <223> Inventive ol igopeptide
having the general fornula: (Arg)1l(Lys(m (H s)n(On)o(Xaa)x according to
formula 1, <400> 14 Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys Lys

1510 <210 211> < > | f J 223> 1 nve
ollgopeptﬁég%H§V|n5héﬁ ﬁ%gngﬁﬁr¢¥o§ﬁg|5a*é' gﬁﬁ§5ﬂ5§rﬁ &3a)x
according to fornukapmgmnﬂﬂﬂmu&ﬁmtysHﬂy&rUys Lys Lys Lys Lys Lys Lys Lys
Lys Lys Lys Lys 1510 <210> 16 <211> 15 <212> PRT <213> Artificial <220>
<223> I nventive oligopeptide having the general formula:

(Ar g) 1% LyEBigae(1F s) nh@vs jhe(fzeal) of Rtk oomdpleged oith (R peplide<d® Ore dfpressien Lys
Lys Lys Lys Lys Lyskaﬁéhgemhmiacgm;Lys Lys Lys Lys 151015

Figure 18: shows the effect of RNA complexed with Y(RKH)2R peptide on the

expression of luciferase in Hela cells.

10
Figure 19: shows the effect of Histidin in terminal positions on the transfection efficiacy.
Figure 20:  shows the effect of neutral amino acids in terminal positions on the
transfection efficiacy.
15

Figure 21: shows the immunostimulatory effect of RNA complexed with R9H3 on
secretion of TNFalpha in hPBMCs.

Figure 22: shows the immunostimulatory effect of RNA complexed with R9H3 on
20 secretion of IL-6 in hPBMCs.



<210> 17 <211> 8 <212> PRT <213> Artificial <220> <223> Inventive

ol i gopepti de having the general formula: (Arg)1l(Lys(m (H s)n(On)o(Xaa)x
according to fo ; <400> 17 His Hs Hs Hs H's H| Hi s H|s%é5 <210>
18 <2115 30 Mg 6%42WJ1 5T25 <2125 PRT <213> Artifici aPCREBHesA]

| nventive ol igopeptide having the general fornul a:
(Arg)1(Lys(m (H s)n(Orn)o(Xaa)x according to formula |; <400> 18 Hi's H's
Hs Hs Hs Hs Hs H s H s 15 <210> 192<211> 10 <212> PRT <213> Artifici al
<220> <223> Inventive oligopeptide having the general fornula:

(Arg) 1(Lysaip(esi s) n(Orn) o(Xaa)x according to fornula I; <400> 19 Hs H's
Hs Hs Hs Hs Hs Hs Hs Hs 1510 <210> 20 <211> 11 <212> PRT <213>
Artificial <220> <223> Inventive oligopeptide having the general formula:

(Arg) 1( Lystenjdiidiveen eanipie &@abn&erﬂ@@qa diligrateOtHeOmiettdn| furtkdD e Qurddingt Hi S
Hs Hs H|In§engtle tol_llln'?It tlﬂessullj_jilact matter ol_}ltﬁe invention thereto.
5

Example 1 - Preparation of luciferase mRNA constructs

In the following experiments a stabilized luciferase mRNA sequence was prepared and used

for transfection experiments, wherein the native luciferase encoding mRNA was modified

with a poly-A/poly-C-tag (A70-C30) and was GC-optimized for a better codon-usage and

10 further stabilized.

A first construct (construct CAP-Ppluc{wt)-muag-A70-C30, SEQ ID NO: 35) contained
following sequence elements:
stabilizing sequences from the alpha-Globin gene
15 70 ( Adenosin at the 3'-terminal end

30 ( Cytosin at the 3'- terminal end

The final construct (construct CAP-Ppluc(GC)-muag-A70-C30, SEQ 1D NO: 36), as used

herein for the following experiments, contained following sequence elements:

20
GC-optimized sequence for a better codon usage
stabilizing sequences from the alpha-Globin gene
70 ( Adenosin at the 3'-terminal end
30 ( Cytosin at the 3'- terminal end

25

These sequences are also shown in Figures 1 and 2 (SEQ ID NOs: 35 and 36). The
respective coding sequences are shown in Figures 3 and 4 (SEQ ID NOs: 35 and 36)

Example 2 - /n vitrotranscription of stabilized luciferase mRNA
30  The stabilized luciferase mRNA according to SEQ ID NO: 35 or 36 (Luc-RNActive) was

transcribed /7 witro using T7-Polymerase (T7-Opti mRNA Kit, CureVac, Tiibingen,

Deutschland) following the manufactures instructions.



1510 <210> 21 <211> 12 <212> PRT <213> Artificial <220> <223> |nventive
ol i gopepti de having the general fornmula: (Arg)l(Lys(m (H s)n(On)o(Xaa)x

accordi ng <400> 21 His His His His H s Hs His
Hs Hs 1 ‘82‘{2%@2‘1122 <211> 13 <212> PRT <213> Artlflslfgpg@ﬁg@%é‘ﬂ23>

I nventive ol igopeptide having the general fornula:
(Arg)1(Lys(m (H s)n(Orn)o(Xaa)x according to formula |I; <400> 22
cU01P052W1 ST25 His Hs H's H's His HR3 Hs Hs Hs His His His H's 1510
<210> 23 <211> 14 <212> PRT <213> Artificial <220> <223> Inventive

ol i gopept Al enRnNaciragkiipte cgamieedih 7Ddragas| puly-AAdiDird & B5Cap-bthiicajra (TBerD) aapaa) X
according. to for 0>,23 Hs H s Hi s
e s PRy W ey 7ot L xS ot 5-Helby bttt 17 bppats ot
<223> | nveniriog@. ol i gopepti de having the general fornula:
(Arg)1(Lys(m (H s)n(Orn)o(Xaa)x according to forrmula |I; <400> 24 Hs H's
Hs Hs Hs Hs Hs Hs Hs Hs Hs Hs Hs Hs Hs 151015 <210> 25 <211> 8
<212> PRTExample 3 - Forming a complex of RNA with nona-arginine ((Arg),). poly-L-arginine or

further peptides based on (Arg),, respectively
15 pg RNA stabilized luciferase mRNA according to SEQ ID NO: 36 (Luc-RNActive) were

mixed in different mass ratios with nona-arginine (Arg,) or poly-L-arginine (Sigma-Aldrich;
P4663; 5000-15000 g/mol), thereby forming a complex. Following mass ratios were used
10  as shown exemplarily for ((Arg)s). Poly-L-arginine was used for comparative examples

following the same instructions.

Concentration | Ratio
RNA |(Arg), | (Arg)y |(Argly | RNA | (Argls |H,0  |(Arg) IpMI | (Arg)y/RNA
pg HE P pl_ |l

1 Mack 70,0 0

2 | {Arg), alone 150 3 67,0 151,32

3] RNA alone 15 3,8 66,3 0,00

4 1 10 15| 150,0| 3,8 3,0 63,3 151,32 10:1

5 1 8 15| 120,0| 3,8 2,4 63,9 121,06 8:1

o 1 5 15 75,01 3,8 1,5 64,8 75,66 5:1

7 1 2 15 30,0 3,8 0,6 65,7 30,26 2:1

38 1 1 15 15,0 3,8 15,0 51,3 15,13 1:1

9 2 1 15 75 3.8 7,5 58,8 7,57 1:2
10 5 1 15 3,0 3,8 3,0 63,3 3,03 1:5
11 8 1 15 1,9| 3,8 1,9 64,4 1,89 1:8
12 10 1 15 1,51 3.8 1,5 64,8 1,51 1:10

Additionally, further complexed RNAs based on (Arg), were prepared above using the

15 following peptides for complexation:

R9: Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg

R9H3: Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-His-His-His

H3R9H3: His-His-His-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-His-His-His
20 YSSROSSY:  Tyr-Ser-Ser-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Ser-Ser-Tyr

H3R9S5Y: His-His-His-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Ser-Ser-Tyr

(RKH)4: Arg-Lys-His-Arg-Lys-His-Arg-Lys-His-Arg-Lys-His

Y(RKH}2R:  Tyr-Arg-Lys-His-Arg-Lys-His-Arg



<213> Artificial <220> <223> Inventive ol igopeptide having the general
formula: (Arg)1l(Lys(m)(H s)n(Orn)o(xaa)x according to fornula I; <220>

<221> nis§§é2&éé&ﬁm§223> xaa = Ornithine <220> <221> g¥§§F%§ﬂ§@82M<222>

(1)-(8) < a can be any naturally occurring amn 25 Xaa
Xxaa xaa Xaa Xaa xaa Xaa Xaa 5 <210> 26 <211> 9 <212> PRT <213> Artifici al
<220> <223> I nventive oligopeptide having the general formnula:

(Arg) 1(Lys(m (H s)n(Orn)o(Xaa)x accordi2dg to forrmula |I; Seite 6

CUOLPO52W)1 ST25 <220> <221> misc_feature <223> xaa - ornithine <220> <221>
m sc_feature <222> (1)..(9) <223> Xaa can be any naturally occurring am no

acid <400l—>0r2c60n2|(pqg>‘(aei<g‘r% %% Sél%l izégafué%?ésg?'n Nxﬁ%céoafginéﬁoi%ejob %JO: 36 (Luc-
RNActive) were mixed in molar ratios with the respectively peptide {according to formula ),

thereby forming a complex. Afterwards the resulting solution was adjusted with water to a

5 final volume of 50 yl und incubated for 30 minutes at room temperature. The used ratios

are indicated in the tables given below. Hela-cells (150x10°/well) were then seeded 1 day

prior to transfection on 24-well microtiter plates leading to a 70% confluence when

transfection was carried out,

10 R9:
Formulation -> N/P | R9 |
Molar ratio Mass ratio N/P
RNA R9 RNA pgi  Peptid pg
1,00 10000,00 1,00 23,72 50,00
1,00 5000,00 1,00 11,86 25,00
1,00 2500,00 1,00 5,93 12,50
1,00 1000,00 1,00 2,37 5,00
1,00 500,00 1,00 1,19 2,50
1,00 100,00 1,00 0,24 0,50
1,00 10,00 1,00 0,02 0,05
RIH3:
Formulation -> N/P | R9H3 |
Molar ratio Mass ratio N/P
RNA R9H3 RNA pg| Peptid pg
1,00 10000,00 1,00 30,58 50,00
1,00 5000,00 1,00 15,29 25,00
1,00 2500,00 1,00 7,65 12,50
1,00 1000,00 1,00 3,06 5,00
1,00 500,00 1,00 1,53 2,50
1,00 100,00 1,00 0,31 0,50
1,00 10,00 1,00 0,03 0,05
H3R9H3:
Formulation -> N/P H3R9H3 |
Molar ratio Mass ratio N/P
RNA H3R9H3 RNA pg|  Peptid pg
1,00 10000,00 1,00 37,43 50,00
1,00 5000,00 1,00 18,72 25,00
1,00 2500,00 1,00 9,36 12,50
1,00 1000,00 1,00 3,74 5,00
1,00 500,00 1,00 1,87 2,50
1,00 100,00 1,00 0,37 0,50




<211> 10 <212> PRT <213> Artificial <220> <223> Inventive oligopeptide
havi ng the general formula: (Arg)l(Lys(m (Ri s)n(orn)o(Xaa)x according to
formula 1;,% 21> m sc_feature <223> xaa = ornithi <221>
nisc_featJ?%gégéﬂggkl)..(10) <223> Xaa can be any natu?gﬁﬁégéggg%%ing am no
acid <400> 27 Xaa Xaa xaa Xaa xaa Xaa Xaa xaa xaa Xaa 1510 <210> 28 <211>
11 <212> PRT <213> Artificial <220> <223> Inventive oligopeptide having the
general formula: (Arg)1(Lys(m (H s)n(adr29) o(xaa)x according to fornula 1,
<220> <221> m sc feature <223> xaa - ornithine <220> <221> m sc_feature
<222> (1) . (1Jdg| <223> Xapoajan He any afur al T'y,eudcur rimgsdm no acid <400>
28 Xaa Xaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1510 <210> 29
CUCLPO52\VW4sptgp <211> 12

Formulation -> N/P | YSSR9SSY |
Molar ratio Mass ratio N/P
RNA YSSRISSY RNA pg|  Peptid pg
1,00 10000,00 1,00 34,95 50,00
1,00 5000,00 1,00 17,48 25,00
1,00 2500,00 1,00 8,74 12,50
1,00 1000,00 1,00 3,50 5,00
1,00 500,00 1,00 1,75 2,50
1,00 100,00 1,00 0,35 0,50
1,00 10,00 1,00 0,03 0,05
H3R35S5Y:
Formulation -> N/P | H3R9SSY |
Molar ratio Mass ratio N/P
RNA H3R9SSY RNA pg|  Peptid ug
1,00 10000,00 1,00 36,18 50,00
1,00 5000,00 1,00 18,09 25,00
1,00 2500,00 1,00 9,05 12,50
1,80 1000,00 1,00 3,62 5,00
1,00 500,00 1,00 1,81 2,50
1,00 100,00 1,00 0,36 0,50
1,00 10,00 1,00 0,04 0,05
(RKH)4:
Formulation -> N/P | (RKH)4 |
Molar ratio Mass ratio N/P
RNA (RKH)4 RNA pg| Peptid ug
1,00 10000,00 1,00 28,38 44 44
1,00 5000,00 1,00 14,19 22,22
1,00 2500,00 1,00 7,10 11,11
1,00 1000,00 1,00 2,84 4,44
1,00 500,00 1,00 1,42 2,22
1,00 100,00 1,00 0,28 0,44
1,00 10,00 1,00 0,03 0,04
Y(RKH)2R:
Formulation -> N/P | Y(RKH)2R |
Molar ratio Mass ratio N/P
RNA Y(RKH)2R RNA pg|  Peptid pg
1,00 10000,00 1,00 19,67 27,78
1,00 5000,00 1,00 9,83 13,89
1,00 2500,00 1,00 4,92 6,94
1,00 1000,00 1,00 1,97 2,78
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Example 4 - Nona-arginine({Arg).)-mediated transfection and expression of stahilized

luciferase mRNA according to SEQ ID NO: 35 or 36 (Luc-RNActive) in Hela-

cells

Hela-cells (150x10°/well) were seeded 1 day prior to transfection on 24-well microtiter
plates leading to a 70% confluence when transfection was carried out. For transfection (40
ul) 50 yl of the RNA/(peptide)-solution as disclosed in Example 3 were mixed with 250 pl
serum free medium and added to the cells (final RNA concentration: 13 pg/ml). Prior to
addition of the transfection solution the Hela-cells were washed gently and carefully 2
times with 1 ml Optimen (Invitrogen) per well. Then, the transfection solution (300 pl per
well) was added to the cells and the cells were incubated for 4 h at 37°C. Subsequently 300
pl RPMI-medium (Camprex) containing 10% FCS was added per well and the cells were
incubated for additional 20 h at 37°C. The transfection solution was sucked off 24 h after
transfection and the cells were lysed in 300 pl lysis buffer 25 mM Tris-PO,, 2 mM EDTA,
10% glycerol, 1% Triton-X 100, 2 mM DTT). The supernatants were then mixed with
luciferin buffer (25 mM Glycylglycin, 15 mM MgSO,, 5 mM ATP, 62,5 pM luciferin) and
luminiscence was detected using a luminometer (Lumat LB 9507 (Berthold Technologies,
Bad Wildbad, Germany)). The results of these experiments are shown in Figures 8 and 12 to
18.

Example 5 - Immune stimulation upon transfection of complexes of RNA with_nona-

arginine {(Arg),) or poly-L-arginine (Comparative Example)

a) Transfection experiments

HPBMC cells from peripheral blood of heaithy donors were isolated using a Ficoll
gradient and washed subsequently with 1xPBS (phophate-buffered saline). The cells
were then seeded on 96-well microtiter plates (200x103/well). The hPBMC cells
were incubated for 24 h, as described under Example 4, supra, with 10 pl of the
RNA/peptide complex (RNA final concentration: 6 pg/ml; the same amounts of RNA

were used) in X-VIVO 15 Medium (BioWhittaker) {final RNA Concentration: 10



<222> (1)..(14) <223> Xaa can be any naturally occurring am no acid <400>
31 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1510 seite 8

CUOLPO52Vigq ShgRy710> 32 <211> 15 <212> PRT <213> At bbb Rbe A2 <223>

| nventiv I gopepti de having the general fornula

(Arg) 1(Lys(m (Ni s)n(Orn)o(xaa)x according to formul a | ; <220> <221>

m sc_feature <223> xaa = Ornithine <220> <221> m sc feature <222> (1)..(15)
<223> Xaa can be any natural ly occurrildg anmino acid <400> 32 xaa xaa xaa
Xxaa xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa xaa Xaa xaa 151015 <210> 33 <211> 13
<212> RNA <213g/mAl).t THe ohmbnesg@0tatorp 28ectBammhthei REMC dells segueersured by

Roszak- Sequen 0> 34
<211> 15 <212ide&%& gg%s‘g&%rt gltcr%\c’%i%%fgg% Zbg gg@ rel%%ﬁ%%&r?’alge uenz:
generi sche sedihereforei FA @:mca@nten Wates (Mgssdepien? ware iBabathd gvd:rung‘\t@/nBZ)
<220> <221> mgGg. LEATY Suffer (0,02% NaN3, 15 mM Na2CO3, 15 mM NaHCO3, pH 9,7),

5 additionally containing a specific cytokine antibody. Cells were then blocked with
1xPBS, containing 1% BSA (bovine serum albumin). The cell supernatant was added
and incubated for 4 h at 37°C. Subsequently, the microtiter plate was washed with
1xPBS, 0,05% Tween-20 and then incubated with a Biotin-labelled secondary
antibody (BD  Pharmingen, Heidelberg, Germany). Streptavidin-coupled

10 horseraddish peroxidase was added to the plate. Then, the plate was again washed
with 1xPBS, containing 0,05% Tween-20, and ABTS (2,2'-azino-bis(3-ethyl-
benzthiazoline-6-sulfonic acid} was added as a substrate. The amount of cytokine

- was determined by measuring the absorption at 405 nm (OD405) using a standard
curve with recombinant Cytokines (BD Pharmingen, Heidelberg, Germany) with the

15 Sunrise ELISA-Reader from Tecan (Crailsheim, Germany).

b) Results
i) Immunostimulatory effect of RNA complexed with nona-arginine ((Arg)}

20 i1) HPBMC cells were incubated with RNA complexed with nona-
arginine ({Arg),) for 24 h as disclosed above, wherein the mass ratio
of RNA:(Arg); was 1:1. Then, IL-6 production was measured in the
cell supernatants using ELISA. As a result, HPBMC cells showed a
significant IL-6 production, i.e. a significant immunostimulatory effect

25 of RNA complexed with nona-arginine ((Arg),) (see Figure 5).

i2) HPBMC cells were incubated with RNA complexed with nona-

arginine ((Arg)y) for 24 h as disclosed above, wherein the mass ratio

of RNA:(Arg); was 1:1. Then, THF-alpha production was measured

30 in the cell supernatants using ELISA. As a result, HPBMC cells
showed a significant TNF-alpha production, i.e. a significant

immunostimulatory effect of RNA complexed with nona-arginine

((Arg)o) {see Figure 6).
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ii) Comparison of immunostimulatory effect of RNA complexed with either

nona-arginine ((Arg)s) or poly-L-arginine, respectively {Comparative Example)

hPBMCs were incubated in different mass ratios (RNA:nona-arginine 1:10;
1:8; 1:5; 1:2; 1:1; 2:1, 5:1; 8:1 and 10:1) with a complex of RNA and nona-
arginine ((Arg)y) or poly-L-arginine, etc., respectively, for 24 h. Subsequently
TNF-alpha production was measured using ELISA.

Advantagously, a significant immunostimulatory effect can be observed for
mass ratios lower than 5:1 (RNA:nona-arginine) (1:10; 1:8; 1:5; 1:2; 1:1; 2:1)
(see Figure 7). When using mass ratios of RNA:nona-arginine (5:1) no
significant TNFalpha production can be observed. The same applies to
stimulation experiments, using nona-arginine {(Arg)s) or MRNA alone (see
Figure 7, left).

Furthermore, complexation of mMRNA with poly-L-arginine leads to
significantly lower induction of TNF-alpha production in comparison to
nona-arginine ((Arg)s) (see Figure 7, right). Additionally, it was observed that
higher concentrations of poly-L-arginine appear to be toxic for cells
transfected therewith, particularly when using a mass ratio of 1:2 RNA:poly-

L-arginine or lower, since the cells were lysed.

Example 6 - Luciferase expression upon transfection of complexes of RNA with nona-

a)

arginine ({Arg)y) or Poly-L-Arginine, respectively, in Hela cells (Comparative

Example}

Luciferase expression upon transfection of complexes of RNA with nona-arginine
((Arg)y) in Hela cells. HeLa-Cells were transfected with RNActive encoding
luciferase, which has been complexed with different ratios of nona-arginine or Poly-
L-Arginine, respectively. 24h later luciferase-activity was measured. Apparently, a
mass ration of less than 2:1 (RNA:nona-arginine) appears to be advantageous (see

Figure 8).
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CCCCCCCCRGs FSCaRERIES ;}48&{5%%9%9 measured in the cell supernatants using
ELISA. As a result, HPBMC cells showed a significant IL-6 production, i.e. a

significant immunostimulatory effect of RNA complexed with hepta-arginine

((Arg),) (see Figure 10).

HPBMC cells were furthermore incubated with RNA complexed with hepta-
arginine {(Arg);) for 24 h as disclosed above, wherein the mass ratio of

RNA:(Arg), was 1:1. Then, THF-alpha production was measured in the cell

_ST25 ccagguauca ggcaaggaua ugggcucacu

gcéucgug ccgacccugu acaaguacga ccugucgaac
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minutes at room temperature. The used ratios are in each experiment 1:10000, 1:5000 and
1:1000. Hela-cells (150x10%*well) were then seeded 1 day prior to transfection on 24-well
15

microtiter plates leading to a 70% confluence when transfection was carried out. For

transfection 50 pl of the RNA/(peptide)-solution were mixed with 250 pl serum free medium

13 pg/ml).
transfection solution the Hela-cells were washed gently and carefully 2 times with 1 ml

and added to the cells {final RNA concentration: Prior to addition of the

Optimen (Invitrogen) per well. Then, the transfection solution (300 pl per well) was added
20  to the cells and the cells were incubated for 4 h at 37°C. Subsequently 300 pl RPMI-
medium (Camprex) containing 10% FCS was added per well and the cells were incubated
for additional 20 h at 37°C. The transfection solution was sucked off 24 h after transfection
and the cells were lysed in 300 pl lysis buffer (25 mM Tris-PO,, 2 mM EDTA, 10% glycerol,
1% Triton-X 100, 2 mM DTT). The supernatants were then mixed with luciferin buffer (25
mM Glycylglycin, 15 mM MgSO,, 5 mM ATP, 62,5 pM luciferin} and luminiscence was

detected using a luminometer (Lumat LB 9507 (Berthold Technologies, Bad Wildbad,

25

Germany)).

The results are shown in Figure 19. As can be seen, a stetch of 3 histidines at one teminal
30  end already increases the transfection efficiacy of the complexed RNA, wherein a stetch of
3 histidines at both teminal ends significantly increases the transfection efficiacy of the

complexed RNA.
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The effect of R9H3 on immunostimulation was tested in hPBMCs. Therefore, a complex of

rlm nt are

R9H3 and RNA as shown above in Example 3 was prepared. Furthermore, HPBMC cells
from peripheral blood of healthy donors were isolated using a Ficoll gradient and washed
subsequently with 1xPBS (phophate-buffered saline). The cells were then seeded on 96-
15 well microtiter plates (200x10%well). The hPBMC cells were incubated for 24 h, as
described under Example 4, supra, with 10 pl of the RNA/peptide complex (RNA final
concentration: 6 pg/ml; the same amounts of RNA were used) in X-VIVO 15 Medium
(BioWhittaker). The immunostimulatory effect upon the hPBMC cells was measured by
detecting the cytokine production (Interleukin-6 und Tumor necrose factor alpha).
20  Therefore, ELISA microtiter plates (Nunc Maxisorb) were incubated over night (o/n) with
binding buffer (0,02% NaN3, 15 mM Na2CO3, 15 mM NaHCO3, pH 9,7), additionally
containing a specific cytokine antibody. Cells were then blocked with 1xPBS, containing
1% BSA (bovine serum albumin). The cell supernatant was added and incubated for 4 h at
37°C. Subsequently, the microtiter plate was washed with 1xPBS, 0,05% Tween-20 and
25  then incubated with a Biotin-labelled secondary antibody (BD Pharmingen, Heidelberg,
Germany). Streptavidin-coupled horseraddish peroxidase was added to the plate. Then, the
plate was again washed with 1xPBS, containing 0,05% Tween-20, and ABTS (2,2'-azino-
bis(3-ethyl-benzthiazoline-6-sulfonic acid) was added as a substrate. The amount of
cytokine was determined by measuring the absorption at 405 nm (OD405) using a standard
30 curve with recombinant Cytokines (BD Pharmingen, Heidelberg, Germany) with the Sunrise
ELISA-Reader from Tecan (Crailsheim, Germany). The results are seen in Figures 21 and 22.
As can be seen, a significant immunostimulation was exhibited at a ratio of 1:5000

RNA:R9H3.
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5 the RNA, wherein its nitrogen/phosphate ratio (N/P-ratio) is in a range of 0.5-50, and

the oligopeptide has a length of 8 to 15 amino acids and has the following empirical

formula:
(Arg)i;(Lys)m(His)u(Orn)o(Xaa)x (formula I)
wherein
10 » l+m+n+o+x=8-15, and

1, m, n or o independently of each other may be any number selected from 0, 1, 2, 8, 4,
5,6,7,8,9, 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 or non-native amino acids except of
15 Arg, Lys, His or Orn; and
® x may be any number selected from O, 1, ¢, 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,
for therapeutic use in the treatment and/or prophylaxis of a disease selected from a tumour or
cancer disease, a cardiovascular disease, an infectious disease, an (infectious) virus disease, an

20 autoimmune disease, a (mono-) genetic disease and/or an allergy.

2. Complexed RNA for use according to claim 1, wherein the at least one RNA (molecule) is
an mRNA.
25 s Complexed RNA for use according to any of claims 1 or 2, wherein the oligopeptide has a

length of 8 to 14, 8to 13, 8 to 12, 0or 9 to 12 or 9 to 11 amino acids.

4. Complexed RNA for use according to any of claims 1 to 3, wherein the overall content of
Arg, Lys, His and Orn represents at least 60%, 70%, 80%, 90%, or 95% of all amino acids
30 of the oligopeptide of the complexed RNA.

[

Complexed RNA for use according to any of claims 1 to 4, wherein Xaa in empirical
formula (Arg);(Lys)m(His)(Orn)e(Xaa)s is selected from amino acids having a neutral
side chain including amino acids having a neutral hydrophobic side chain and amino acids

35 having a neutral polar side chain.
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Complexed RNA for use according to any of claims 1 to 5, wherein the oligopeptide
according to empirical formula (Arg);(Lys)m(His),(Orn)e;(Xaa)s does not comprise

amino acids at one or both terminal ends, which comprise an acidic side chain.

Complexed RNA for use according to any of claims 1 to 6, wherein the oligopeptide
according to empirical formula (Arg);{Lys)mi(His)(Orn)e{Xaa)x comprises neutral or
basic amino acids at one or both terminal ends, or basic amino acids at one or both
terminal ends or at least one, preferably at least two, more preferably at least three, basic

amino acids at both terminal ends.

Complexed RNA for use according to any of claims 1 to 7, wherein the oligopeptide
according to empirical formula (Arg);(Lys)m;{His)s;(Orn)e(Xaa), comprises a stretch of at

least 8 contiguous basic amino acids within its sequence.

Complexed RNA for use according to any of claims 1 to 8, wherein the oligopeptide
according to empirical formula (Arg)i(Lys)m(His)s;(Orn)e;(Xaa) comprises at least 1, 2,
or 3 non-cationic amino acid(s) at one or both terminal ends, the non-cationic amino acid

preferably being selected from histidine.

Complexed RNA for use according to any of claims 1 to 9, wherem the at least one RNA
(molecule) of the complexed RNA is an mRNA, wherein the mRNA codes for a
therapeutically active protein or peptide, an immunostimulating protein or peptide, a

tumor antigen or an antibody.

Complexed RNA for use according to any of claims 1 to 10, wherein the RNA is a
modified RNA, in particular a stabilized RNA, as compared to the wild-type RNA.

Complexed RNA for use according to any of claims 1 to 11, wherein the mass ratio of the
at least one RNA (molecule) of the complexed RNA to the one or more oligopeptides is
in a range of 1:100 to 1:0.5, or has a value of 1:50 to 1:1, 1:100, 1:90, 1:80, 1:70, 1:60, 1:50,
1: 45, 1:40, 1:35, 1:30, 1:25, 1:20, 1:13, 1:10, 1:5, 1:4, 1:3, 1:2, 1:1 or 1:0.5.

Complexed RNA for use according to any of claims 1 to 11, wherein the molar ratio of
the at least one RNA {inolecule) of the complexed RNA to the one or more oligopeptides
is in a range of 1:20000 to 1:500 or 1:250, or in a range of 1:10000 to 1:1000, or has a
value of 1:9500, 1:9000, 1:8500, 1:8000, 1:7500, 1:7000, 1:6500, 1:6000, 1:5500, 1:5000,
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1:4500, 1:4000, 1:3500, 1:3000, 1:2500, 1:2000, 1:1500, 1:1000, 1:500, 1:450, 1; 400, 1:350,
1:300, or 1:250.

Complexed RNA for use according to any of claims 1 to 11, wherein the

nitrogen/phosphate ratio (N/P-ratio) is in a range of range of 0.75-25.

Complexed RNA for use according to any of claims 1 to 14, wherein the oligopeptide is

selected from the group consisting of :

ArgyHiss, HissArgeHiss, TyrSerSerArgeSerSerTyr, HissArgeSerSerTyr, (ArgLysHis),,
Tyr(ArgLysHis):Arg;

or from

Args, Argo, Argio, Argn, Arghe, Argrs, Argu,Argis (SEQ 1D NOs: 1-8);
Lyss, Lyso, Lysi, Lysii, Lysio, Lysis, Lysiy, Lysis (SEQ 1D NOs :9-16);
Hiss, Hiss, Hisyo, His\y, Hise, Hisys, Hisyy, Hiss (SEQ ID NOs :17-24) ; and
Orns, Orng, Ornye, Ornyy, Ornge, Ornys, Oy, Ornys (SEQ ID NOs :25-32);

Complexed RNA for use according to any of claims 1 to 15, wherein the complexed RNA

is formulated as a pharmaceutical composition.



