WD 2012/ 019780PCT/ EP2011/ 004077 1 5Nucleic acid conprising or coding for a
hi st one stem | oop and a pol y(A) sequence or a pol yadenyl ati on signal for

i ncr easi ngotoe/@ypoessi on of an encoded protein The presentr2@ppbiocati on
describes a coding nucleic acid sequence, particularly a nmessenger 10 RNA
(mMRNA), conprising or coding for a histone steml|oop and a poly(A) sequence
or a pol yadenyl ation signal and the use thereof for increasing the
expression of an encoded protein. It also discloses its use for the
preparation of a pharmaceutical conposition, especially a vaccine, e.g. for
use in the treatment of tumours and cahcer di seases, cardi ovascul ar

di seases, infectious diseases, autoi mmune di seases or genetic di seases, or
in 15 gene therapy. The present invention further describes an in vitro
transcription nethod, in vitro nethods for increasing the expression of a
protein using the nucleic acid conprising or coding for a histone stem| oop
and a pol y(A) sequence or a polyadenylation signal and an ex vivo and in
vivo met hod. 20Apart from cardi ovascul ar di seases and infectious di seases,
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dependent, for exanple, on the type of tunmour that occurs, on the age, the
distribution of cancer cells in the patient 25 to be treated, etc. Cancer
therapy i s nowadays conventionally carried out by the use of radiation
therapy The frERAPAFMRICAIdN ddscABEL 4 Eqtind Audl Y A8IdVRqGERIeAbA@BSIarlyid\WasSdnges UCh
conventional therapies typically place extraordinary stress on the immune
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medi cal 4xnagsd drfekin Wivb Rathbdcul ar on the treatnent of di seases as

ment i oned above. Gene therapy is also used in further fields of nedicine,

e.g. in the case of genetic diseases, that is to-say (inherited) diseases,
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MRNA in a eukaryotic cell is characterized by a relative stability and
spedlfi of $hegmmenesyetemequi red to accel erate the decay of individual nRNAs.
The main reason for this finding appears to be that nRNA decay within cells
is catal yzed al nost exclusively by exonucl eases. However, the ends of 30
eukaryotic mMRNAs are protected agai nst these enzynes by specific term nal
structures and their associated proteins: a nm7vGppN CAP at the 5 end and
typically a poly(A) sequence at the 3' end. Renoval of these two term na
nodi fications is thus considered rate limting for nRNA decay. Although a
stabilizing el ement has been characterized in the 3" UTR of the WO

2012/ 019780PCT/ EP2011/ 004077 3 al pha-gl obin nRNA, RNA sequences affecting
turnover of eukaryotic nMRNAs typically act as a pronoter of decay usually
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at the 3' end is one of the nost recogni zabl e features of eukaryotic nRNAs.
After cleavage, 20 nost pre-nRNAs, with the exception of

repl i catiwo-2depapment hi stone transcripts, acquire a polpgadwayliavedrtail .
In this context, 3' end processing is a nuclear co-transcriptional process
that pronotes transport of nRNAs fromthe nucleus to the cytoplasm and
affects the stability and the translation of mRNAs. Formation of this 3
end occurs in a two step reaction diredted by the cl eavage/ pol yadenyl ati on
machi nery and depends on the presence of two 25 sequence el enents in nMRNA
precur sdmsretqneesmamse)ntara stratgBiley hevm beerv ed/ekt@amduiel reot¢ntdeakA/eaition to
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Gene 396(2) 73 90.). WD 2012/ 019780PCT/ EP2011/ 004077 4 end with a
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pol yri bosomes, and regul ation of nRNA stability. In the above context, a 32
kDa pr ottke tprefais) psessionicbghe desiretpplypeiislssi ated with the histone 20
stemloop at the 3" -end of the histone nessages in both the nucleus and the
cytoplasm The expression |level of this steml|oop binding protein (SLBP) is
cel | -cydn egenegluﬂramedpmndcnes, typipaly DN ris ngedSeptmatfwugh RiNAiis lsneneRNAIN evel s
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(Dom ns rmR . Marzluff (2007), CGene 396(2): 373-90).
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met azoa .and protozoa (Davila Lo M, & Sanuel sson (2008), RNA (
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transl ati on repressi on mechani smthat silences histone nRNA during
oogenesis and its renoval is part of the 10nechani smthat activates

transl ation of histone nRNAs (Sanchez, R and W F. Marzluff (2004), Mol
Cell Biol 24(6): 2513-25). Furthernore, the requirenents for regul ation of
replication dependent histones at the |evel of pre-nRNA processing and mRNA
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transferase (GPT) preceding a histone stem | oop signal followed by a

pol yadenyl ati on signal WO 2012/019780PCT/ EP2011/ 004077 6 ( Stauber, C

etal ., (M6EP12/HEHNMBO J, 5(12), 3297-3303). Exam ni ng hi SPOMEPRI1GANRINA
processi ng Wagner et al. identified factors required for cleavage of

hi stone pre-nRNAs using a reporter construct placing EGFP between a hi stone
5 stem | oop signal and a pol yadenyl ati on signal, such that EGFP was
expressed only in case histone pre-nRNA processing was disrupted (\Wagner,

E. J. et al, (2007). Mol Cell 28(4), 692-9). To be noted, translation of
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parti cul ar | |. . tyne In this context, there can be distingui shed between
MRNA sta@‘?q 'Caez‘%h?@ iﬁéiﬁehts and el ements 20whi ch increase translation
efficiency of the mRNA. nmRNAs which are optimzed in their coding sequence
and which are in general suitable for suc pose are described. in

appl i catihg®rkeymeserton o thsviyte é@rﬁ?‘b’ep '0855% (ient Wetans o As which
describes nmRNAs that are stabilised in general form and 25 optim sed for
translation in their coding regions. WD 02/098443 further discloses a

nmet hod for determ ning sequence nodifications. WO 02/ 098443 additionally
describes possibilities for substituting adenine and uracil nucleotides in
MRNA sequences in order to increase the guanine/cytosine (G C content of
the ‘sequences. Accor di ng to V\D 02/ 098443, such substl tut| ons and
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WO 2012/ 019780PCT/ EP2011/ 004077 8 either not at all or inadequately or with
faults. Alternatively, WD 02/098443 proposes nRNAs coding for antigens e
t umour anwDg@ere10T80Vi ral antigens as a base sequence forcsmpRo11/004077

nodi fications. 5In a further approach to increase the expression of an
encoded protein the application WD 2007/ 036366 descri bes the positive
effect of long poly(A) sequences (particularly longer than 120 bp) and the
conbi nation of at |east two 3' untransfated regions of the beta gl obin gene
on nRNA stability and transl ational activity. 10However, even though aI
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(GPT)) - nucleotidéd!32 of Yhd Rf,. %o@ {Iﬂﬁ&é}y enagPegt 201 j)@ Wdisdui g oadicED, of
the present I nvention the inventive 25nucl’eic aC| nprises no histone
downst r e@imogl.efrédk 17BDEY20 landtWilkamoenm ekt & Maizbufhal't Fc 1 285D, yNpelefcefeiddl t hat
the inve n e conprises or codes for in 5 - to 3" -direction:
a) a codﬁ%8¥?@‘£%ﬁ é%ﬁe egably encodi ng a peptide or protein; 30b) at |east
one histone stem|oop, optionally wi thout a histone downstream el enment 3
to the histone stemloop c) a poly(A) sequence or a pol yadenyl ati on signal.

Q@



WO 2012/ 019780PCT/ EP2011/ 004077 10 The term "hi st one downstream el enent
(HDE) refers to a purine-rich polynucleotide stretch of about 15 to 20
nucl eot i owe 2812/@p78pat ural |y occurring stem| oops, whi chPCEmPesiand®7T he
binding site for the U7 snRNA invol ved in processing of histone pre-nRNA
into mature histone nRNA. For exanple in sea urchins the HDE i s CAAGAAAGA
(Dom nski, Z. and W 5F. Marzluff (2007), Gene 396(2): 373-90). Furthernore
it is preferable that the inventive nudleic acid according to the first
enbodi nent of the present invention does not conprise an intron. 10In

anot her particular preferred enbodi ment, the inventive nucleic acid
sequenc C i of...t he t p

conpri SgEgg%ﬁw Cgh rplgst(%n% ée gs £|Je§%¥1er%nb8% Jrf&]t as %‘Ejhielh replrlc?ailoﬁ deth(%m ag{\]/rng
encodi ngisa t@wmdendmgpnmbsmne clenalogop) vl A)eplaeeruemtetepe”agdn@ riset tol masﬂA one
hi st one ;stem | co inventive nucleic i d se ording to the
st otBoReERET N AR dmsade BrEr e DBRRS <oRBHHGE B rabrionh e o

aci ds sabgrhad migA) of @ligamy I sthegbe hate @eéeddm.f.d@ublm r/@n;zdnede) cb¥dh,
preferably, wthout being |imted ther

si ngl e- SRPEhdeR anteddhe &lfect Ln@rtga'@t PeTRE eﬁs@nﬁbraﬁear@deeﬁ R e
sel ect ethiRork stedR-163PEN HINFHIRNAPRRINZRNBPEI Sigendstd dhin I@/@}rucms@e SRl eﬁé.ed

e.g. fromany (S|ngle stranded or double stranded R preferably
rressengé)rrotﬁmamm thag the phigoiAtathtip \a® Acliveepart &éuthe tEndation r?ﬂ955!59”50
compr | SGnétnthisfl NI KENtonEMRKA! dud fieobBhRnL LK BuehRLE RS spaence
may not be a viral or may not cont a viral RNA. More specifically,
t he 1P nvenﬁqhaelsmuéwaea@lvateﬁ drasglgiiem ot histopenoRNAe iSarichexi R-ainds VG Ure rderzluff
elenent§20§ QMth&Pém?§M€VB§F§§§§ or viral pronotors (e.g. no inactivated
vi ral pronn? ence elements, nore specifically not inactivated by
repl acement strategles) or ot her V|ral sequence el enents, or viral or
I R S T R e
retrovi roil prefmRINAaprocesingr and GhRNANYtabABE, hal/8 ebdenv arivieitigatedu abiag Cardifididl
sequence may or ot contain a.enhanc and/ or pronot equence,, which
Lfge FOBRIICEhHEBE them PrOTOlRiRy 2 A58 S0P D alebE VDTS HHBS BNARREHIS and
or Pr ONy&in FBNe BENtRINGMitrddY RE @ppbiidetotthe MttorEXRY KisohdlgBnesa &Y Bis hitpose
eucaryotes expressible or not expressible and/or in prokaryotes expressible
or not eRPstEE wee gepatedip wiyeh/toa olpbe rivhiEpoding/seguryre Wik fplowed py e

nucl ei ¢ )
i bozyne'ﬁ%“r"’en%%“‘q%?ﬁe%?ﬁ%%@“%%é‘-"“r e L MO Nl L AP F RE) a

5 I n parndeupelyadesplation sgﬁalt (MéhifelavetE. cabad/di1RBOE NofclaithAcidls ®eegarch, et on,
t he b”"%%bﬁ%ﬁu%ﬁpgy B¢ r\ﬂ N %Craﬁdégfeﬂﬂ%%r% %RHFEAM%%‘J éBlo

nuc e|c acid suita FOr T vIitro t ransc |cuIaH

appr opr i7at®, #h5X#55P; ParadegcN. [(B.J &n al dt2u). (\leclgrc Acrdls d@maﬂcloﬂaﬂ j Béér-
nucleic3 ?pd sequence conprising specific pronoters for in vitro
transcrla on such as 10T3, T7 or Sp6 pronoters). In further particular
preferred aspects of the first enbodi ment of the present invention, the

i nventive nucleic acid IS rised i.n a, nucl crd suj tabl e for

transcr i'Bta‘i”B&‘eéﬁBP’(S?Pdt LESCEPDET 8h Ihyestignien ﬂreeegl “B¥F %ggm%rtereémar'ﬂ" &ha
eXIOQSSSir@ébﬂ@ﬁi&%us@dneﬂh@?éﬂedtonﬁﬂr&d \Qéi‘e%@hé/rat%dlﬁmmh}éﬂzl €odifz GqubRét eri a
li ke E. col or eukaryoti manmal 1l an cells |ike CHO cells, yeast

cell's orqungcé'@t”eéeb}'sa dvstwror@”bio@anr'sﬂad pg wpa/ﬁfignmﬂoanr'&ar's)themss| on
system g@&s&ﬁ%%nﬂ(m&%ﬁhﬂ? s&PaPdtEd by g%%ﬁéto%n%yé&?dﬂ\%%%n&%&ééh@r @r e)"'h0| e

organi s is suitable for production of pepti proteins or
partlcuhdrUWSMRﬂmC Dot Thead; beielbAVE2(h3)cH28L4383)d sequence according to the
first enbodi nent of the present invention conprises or codes for at |east
one histone stemloop. In the context of the present invention, such a

hi s880ne Asidﬁmriabppsmubdryqbia¢ablémlfrédrthveninfmajrseqmmcerreqlgadew amfercattpryickes an

intranDIe |.ar base r t,wo y or rtiall jeverse
25 conpl' SIS 9nseq§ &f%m l%‘beys 0?%?156 a{“’g?q rgo‘bonsxggtf' rﬁrFo%/SS can
o?:cur kl I’toﬁ1p‘rl@|ng stodingleehuoée ¢, thmebcmﬁrrm?rdkef Xa:npwuulﬂl\g\xan‘meplsdspbcrﬁhﬂsel is |
al so known 2 in, or arr i a consji s a stem an

o CCer mumpeers s NP RarEring agurett demd o SEtRIRadlur epalveden Bihe et or med

by two nelghbored entirely or partlally reverse conpl enment ary sequences
separated by a short sequence as sort of spacer, which builds the



30 loop of the stemloop structure. The two nei ghbored entirely or
partially reverse conpl enentary sequences nmay be defined as e.g. stem| oop
el ement s woani2/mapost en?. The stem | oop is forned when PhesPamooser ghbor ed
entirely or partially reverse conpl enentary sequences, e.g. stem/| oop

el ements stenl and stenR, form base-pairs with WO

2012/ 019780PCT/ EP2011/ 004077 12 each other, leading to a double stranded
nucl ei ¢ aci d sequence conpri sing an unéalred |l oop at its term nal ending
formed by the short sequence | ocated between stem | oop elenments stenm and
st en? oriStatleercOnged L1986). ERGAENGE.2), T3297:83048).r ed | oop thereby typically
represents a region of the nucleic acid which is not capabl e of base
pairing with 5 either of these stem|oop elenments. The resulting

| ol |'i pofexsinapegl Hedtonec pra-@RNA prdceysihgliWalineg drl ac kd@fnﬁedlrfycta‘\slAreqacrechda:ry
structures. Th% f.ormati on f a steml oo structu e. |s(; g qgnt on the
stabi | i (5F3878% Rfchi?'88% PISRG éFéﬁ\"&r?dfeP%% CPé‘&i“tﬁ‘.? Ak Gt‘t fone

pr er gquistni-BodpSsignaPafdhl poljadenyla@seegeal Oduch thaRGRPORad @qires@@dwom«)hd cack on
itself to forma ﬁglred doubl e s&rand The stability of qfa reg stenlloop

el enent distanejereaPRNAeROB§ss i evasedigiupted 18Vagrer fukb@r /o f20H7anot &Y 28f4bul ges
it contggnsg)(a snall nunber of msmatches is typically tolerable,

especially in a long double strand), and the base conposition of the paired
region. In the context of the present invention, optimal loop length is
3-10 ba / v I ably
4 to 5 o REE PUBIROR R Bolahh e i ug il Reduufi 1 Fp AP SPLERE]

i nvéAt i do behbrdugbt oo spreximtityopf Q@qﬁeﬂé@. &bcsorSdnnagnated thoorghnpratei Gprotein cl ai m

1 may not, der.ived fro 1 st on rote eC| ical h

i ot on Sveicliy Bk ERINA Binch R0t P ek Meni TaTRE T EBRH G W o614,
Al so, t hespautc k@lrépl&ﬁtndndépéddem rhvs&mel afRMmsy dieiahflegowonteghimism mmassbeehi ston
stem | oop se nce,nor cont ) use ston qgene H2A614. Further, the
hvent | SRCRUCRG] B s Prie oAl fagl dat At GF TS0 SR B0p ibiuonili

si gnal , srmmae ﬁ:pacmf)wal de¥juerrceNTH Fgat it SErPAN YOG &S:HtIdBalS efidtincRthd ¥DE6-
speC|f|caI not contain nouse stem | oop processing signal H2kA614

Al sd? if epﬁrédqnh@am’v%f‘\%uw@ke&t%eﬁtﬁblﬁb|a@aﬁﬂl%ewel9veé&ﬂfran atign. |Tagy shqyyed
mammal i RathS hRdnd SRR-| W@Wouerﬁt%d%cés@ﬁ?&o %?ea@@fﬂ@ldn@l’&tl&h of QRpBREE NMBY
not be Seq. 1D No. 7 of 2501/ 12824. According to one preferred aspect of
t he fir geRNAve trehsfectedrbbiiesseamsteravanneatls vy musies positicner dit fegiidersenus
conpri s rably
cccor di i ofdsr 56 AfiEuof bpfiallf YHeig, ihORnE PEMAAER, ?%qﬁb‘??ﬁ'@**'*?éﬁ‘g?or mi a
(1) (st @mrdl obpheseqlmsmoe mlRNHQLprEBEm(b@Ed%emgll dbermamslslion MOvvo and is

201 EP2 11/0 4077 4(ULT

st eAPl odpiEmahErIRa Y 7 pfvpd NG e #We#fw

el ement Nucldid AGids N@seaei3 28(10), NO54{1dD0_41 [N3_5CNO_21 N1 6

stenl st emll oopst en2st en2 10bordering el enent bordering el enent wherein:
stenl or stenR bordering elenments N1 6 is a consecutive sequence of 1 to 6,

pr ef er abddditdnalip At ESul be BRG%n ﬂfaesmtammuaa t@tffeQ:yﬁnple@Mﬁ@hWn@ nRieA analy y of
3 to 5, nost preferabl of 4 to 5 or wherein each N is independently

f r om andedaredsfer éfétt@@slav@fm Byenbpesit ?'«-:Fe" é@?See@e@tqf?qsrﬁ'wcﬂuw'fh eltgnéhec, or
a nysl eQfohfien 4&?1.@9% ttﬂ%@%n oA ;%éné’)%m,ermteuﬁ&m{élret&try%%hﬁﬁed

conpl ement ary arti al reverse conplenmentary with el ement 'sten, and is
a consedv@tﬁmeSLélﬂqul@rﬁcféftb@ftmﬁub’ﬂ I@eta@tswﬂuelfé@tahd@Qowmc'etitﬂaarm histore a

CO”SGC“trthrQASa%ﬁ‘{ﬁlQ:&;gpﬂ] Jgateﬂt 1?ans[%"t‘8{1%rfﬂ¥% aﬁequRQAt am gg&ﬁromﬁﬁﬂr"i‘@'ﬂ}’e of 1

N, wherel n eac pendent rom anot her s a nucl eoti de
sel ect edrahsletiontof pglyalendateddnRINAs. a nucl eoti de anal ogue t hereof; wherein
N3.5 is a consecutive sequence of 3 to 5, preferably of 4 to 5, nore
preferably of 4 N,

30  As mentioned above, gene therapy approaches normally use DNA to transfer the coding

information into the cell which is then transcribed into mRNA, carrying the naturally
occurring elements of an mRNA, particularly the 5’-CAP structure and the 3’ poly(A)

sequence to ensure expression of the encoded therapeutic protein.



WO 2012/ 019780PCT/ EP2011/ 004077 14 wherein each N is independently from
anot her selected froma nucleotide selected fromA, U, T, Gand Cor a
nucl eot i dwoane/mgise t hereof, and wherein G i s guanosi nePoT/ERpoianadooyue
thereof, and may be optionally replaced by a cytidine or an anal ogue
thereof, provided that its conplenentary nucleotide cytidine in stenR is
repl aced by guanosine; is |ocated between elenents stenl and sten, and is
a consecutive sequence of 3 to 5 nucl edtides, nore preferably of 4

nucl eoti des; wherein each NO_4 is independent from another a consecutive
sequence of O to 4, preferably of 1 to 3, nore preferably of 1 to 2 N,
wherei n each N.is independently from another ,selected froma nucleot.ide
el ect ed TSR AY Mgy FERERSHE o @SRRI wE TafiEl ok OO TP b ERg Y
wher ei n ikdbfthe ppti@s'erels ar tiduaand die aisequeat bxpredsiom afi the desigedr gl geptides

conpl enent,ar, r partially reverse copple tary with el enent. stenl nd is
5 consecttryiprdi hetcaiat bk oy by e dpaisth fbgven (ip reduired, fevel of
2012501 4BRENIH Em&lar{a?QABWfoﬁanS@mei@memefarpQ,mrﬁesﬁé&ib@@tsitdewseeb@cmck brom A,
U T, Gand C or a nucleotide anal ogue thereof; wherein NO_ 2 is a

consecuﬂvW%wééaﬁence of O to5 2, preferably of 0 to 1, nore preferably of
1 N, wherein each N is independently from another selected froma

nucl eoti de selected fromA, U T, Gor Cor a nucleotide anal ogue thereof;
and 10 WndheiprioCafts diffprantiaiempts kavediitiesgheen Hazdeoto, ingrrasertle bieldpf ithmal |y

repl aceq, aésﬁorggﬁaf},oéidag%@ roféin 3 gﬂ%lﬁﬁtbgﬁléﬁ?f 'F@fr‘%"?ﬁg‘ggﬁngﬁ S)i/ské:ms both

conpl enentary nucl eoti uanosi rep y cytidine;

wherl@i n /gtvérd analfdt /8 vawPMetheds fqyaitdreasofg dxpmesipmdedcriedgereralych tie peior dror i ng

a reverse | enent ar nc rein h irin cur between

St ot SPRBORHUaled GIHEDLE: oM OP R0 PR Pl oo Bfifile PEICC" 1

or G angr&notersoayhd2€briespondhig aigulatibe kldpases. paithésagxpregsiomobhidn dvaassepad ri ng,

reverse Wat son: Cr.i ck ,base pajri ogst een base pairin revers

Hoogst odtt BREAIEUITEAdS Brrarar EapasIea o Metn S IO R T2t Stanisd

L or m ng fér P& inl aiffedent eylgrs;‘a@erﬁgmshelﬂ?ahpxga e&pwmm Qecth&hedti)rei:z_ﬁsétt'érs]idﬁ@@m ete
ase pairi may . occur tween stem and sten®, on the basis that one ore

mor é5baé’é§gg’nt’%m@c€elde'ﬁfcﬁg‘en%ﬁ? Is padetypicabrraiad it sepensesee o th%éoezétcevﬁlr se

conpl emapkatersS8RYBREGeRle it BReRbARGRLBIhosk MubRR: RAPMB]LANRE Gtfich fre\WBRDI €
base pairing is typically a non-Watson-Crick base pairing between two

nucl eot itelexpresstibe ocadeghpiroteins iyb  dargetsell by sy sems inhgeeng rethersellcindersndentani ch
may be iR E-WL 1 Gl . 4 NASi el di ilal i - adenosi ne,
Mosi  ne Eyem SR MERAS(y O aftrglhs Whickl HSIRETLTOE harGulal 2T yrlS: ROFAS
(A-C). cn@mex01thee1Sr8bPCIstERABhad beno®n mBNAaistabiligingeelgmentsbivick elsawants

021 S B EAE R R g fRSaRRE o1 oL op ot ucture according
conpl ementary sequence conprises maximally 2,
mRNAs which are optimized in their coding sequence and which are in general suitable for
such a purpose are described in application WO 02/098443 (CureVac GmbH). For
example, WO 02/098443 describes mRNAs that are stabilised in general form and
25  optimised for translation in their coding regions. WO 02/098443 further discloses a method
for determining sequence modifications. WO 02/098443 additionally describes possibilities
for substituting adenine and uracil nucleotides in mRNA sequences in order to increase the
guanine/cytosine (G/C) content of the sequences. According to WO 02/098443, such
substitutions and adaptations for increasing the G/C content can be used for gene
30 therapeutic applications but also genetic vaccines in the treatment of cancer or infectious
diseases. In this context, WO 02/098443 generally mentions sequences as a base sequence

for such modifications, in which the modified mRNA codes for at least one biologically

active peptide or polypeptide, which is translated in the patient to be treated, for example,



5 preferably only one msmatch in the stemstructure of the steml| oop
sequence forned by base pairing of stem and sten2. In other words, stem
and st entweneizpnefser abl y capabl e of (full) base pairi ngPairtEr2@aomost her

t hroughout the entire sequence of stem and sten2 (100% of possible correct
Wat son-Crick or non-Watson-Crick base pairings), thereby formng a reverse
conpl enentary sequence, wherein each base has its correct Watson- 10 Crick
or non-Watson-Crick base pendant as a 8onpl enentary bindi ng partner.
Alternatively, stenml and stenR are preferably capable of partial base

pai ri ng ejtheh neee\halbtdneinaddquetﬂeghoumitfhéumt Atenstegle® 02/098443 paspbset ent,
wherein ; 80% ..85% 90‘V 95% of , .t he 100% ssi bl e
correct r@@t\jégﬁgéﬁ gggp%'}t'gg'@ ° L?snr(')?l a?ntlﬁe'f)s‘a%rev'f)aal rf'%ed]ss aéraeb%sgc?ﬁ(ﬂuen eWI th the
correct sWéh swiaiflcatials. or non- V\atson Crick base 15pairings and at nobst about
30% 25% 20% 15% 10% or 5% of the remaining bases are unpaired.
According to a preferred aspect of the first inventive enbodi nent, the at

| east one alfusk@nppedaehd mpeaseweéa«peesé%tdﬂ ah teamdwr;detrelrnmeebpnmm)woj t he
inventive nucleic acid sequence 20 as flned hereln conprlse Iength of

about 13904/03636% descri ﬁﬂ%?%@ge e&%iﬂﬁ@kﬂ poly(A esgrencst (Rastutartyslangetpout
40 nucl epid desb Mrﬂméeehmuﬁub%%megit t@e@umn&wa@e&%%s %5tH%l&§ét£§%bdmeS

preferably a Ien th of about 15 to about nucl eoti des and even

pr ef er atgepe an| stabfitygnsirarslatippal Astvity- 30 and nost preferably a | ength of
about 24 to about 28 nucleotides. 25 According to a further preferred
aspect of the first inventive enbodi nent, the at | east one histone

st edd| od;bovsequem eiighelittheseelattbo pder iangiqe;hmmtstzdyeady tyht® provistet q-wib;

about 30 i S50 AnE gt BioneE R ROROATRE AR AN, e B5BY ar

nucl eot |tdeslathmadzfaem\atyl vhege bt@hgintairsf thatmotbleri:%ftmg@@radllydu@veﬂﬁam lityl s RN Aes,

prefera h of abo 14 t o abou ucl eotides and. even

D of or atiyeb abEigi oot ettt DR Bt et SRupenis P tisng h of
about 16\d&dﬁinﬁagwltﬁ|@’é stil \&RisB 0l Aé4HL 7 hE RATIoEi80Ha iPANNéd tdols A genditigapyo a
furt er prefeéred &s pect of the first |nvent ve enb |ment the inventive

hucll8i ¢ RPIGICABA AEENE ORETIREIQ OF 1S i FUPPICENGEY BRPYSOF [onpeTlioBAL

i nvent i QRaifehtE A MEUSRAUboGOVHiEIRRIGY fdrarebr &B@usu@h%tf QH&&H%&M@% pRAUENCE
according to at |east one of the fol | owi ng specific fornmul ae |(5(brrf) or (1la):
P5

5 for nuleB-May fyrthes impoyed g&ﬁ%ﬁ@b'lw andior trapslagppdragtivith grefera pene
[ No_1GN3 %Nl ~3(UrnNO_2] [N3_5CNO_11 .,c . 10st emll oopst en®
formul a i?éla (stem | oop sequence with stembordering el ements): N2_5
{NO_1GN3_51 [N1_3(UMNO_2] [N3_5CNO ii N L-Y----1 ----- The-

- t p S rde

el e%ent bord%brifcrltﬁt\}re eelﬁe]%tﬂ‘vmﬁfénﬁ%\f%ﬁﬁﬂi % i ref%% oA Vr'e as 'gg ignérk above
Accor di rajtetnatiee hmtlhddsrtormcmasgeaeipressioar d)fyarpeeétniedqnfoaasrpqnéfemibl)t hia furthet
enbodi ne nt| | ei c acid se ne C rise or, code for at
Const onBbHizelEn o b mANAGHELE, i it of dheRp R TRy eep Ao

fol | ow ngriI<peGitH neepe‘cafdwkaeuélbh)acﬁus Knbip) frorh qfenpricﬁt att¥bp the stem the@pesguence
wi t hout st gm bordering el ements 30?7 mi [NIGVM] [N2(ULT) N1]

[ NaCN1] 2@PUeATIoRs e BesrPe AR %{“%@SS'C VSnAPBop sequence with stem
borgering elenents): WD 2012/ 019780PCT/ EP2011/ 004077

This object is solved by the subject matter of the attached claims. Particularly, the object
underlying the present invention is solved according to a first embodiment by an inventive
nucleic acid sequence comprising or coding for
a) a coding region, preferably encoding a peptide or protein;
30 b) at least one histone stem-loop, and
c) optionally a poly(A) sequence or a polyadenylation signal,
preferably for increasing the expression level of an encoded protein, wherein the encoded

protein is preferably no histone protein, no reporter protein (e.g. Luciferase, GFP, EGFP, B-



18 Nd_5 [NIG\W] [N2(W T)N11 [ NdACN1] N4-5 ?-y--1 L , - Y )

I The I k y??, stenl stenl | oopstenksten bordering el enent bordering

el ement SwoherxiimsoN, C, G T and Uare as defined aboverciErAmiaoogrng to an
even nore preferred aspect of the first inventive enbodi nent, the inventive
nucl ei ¢ acid sequence according to the first enbodi nent of the present

I nvention may conprise or code for at | east one histone stem| oop sequence
according to at |east one of the follo%hing specific formulae (Ic) to (1h)
or (11c) to (11h), shown alternatively in its steml|oop 15structure and as
a | i neariGdedesidrce papcdsdnEGRE) hnd nonearkereor baepioneprateit ésg.aslphefdokined
accordi aformula (lc): (metazoan and t ozoan hi st one
stem| oort%l%:cg%@%gﬁbggéaﬁnenﬁ' ua\'/’\/interpgﬁ%phsc{"gﬁ?yg r?asg?r??leg(deﬁ’ ments): 20 NU N N
NN NN25NNNNGCNN (stem|oop structure) 30NGNNNNNNUNNNNNCN (i near

sequenc SEQ ID.NO. 1) fqrnula c).. (metazoan,and protozoan hi stone

o e O S e S bardlun kP e BN st peRes oo R HER v n
N-N SN- Nnidolfirfer ofF IReNDRBEAUNNMERROIN is( plodiitddo@p 1&dst Waktiallg)by DNA or RNA
10|\I*I\I*NNNNG\INNNNNUNNNP21\|;\\I‘%\INNI\I*I\I*N* (linear sequence) (SEQ ID

NO 2) PEMREIISOT(s 8y iSOl MsIRIC 46'@m bor dering el ements) NU 15N N N-N N-N N-N
N- N

The present invention is based on the surprising finding of the present inventors, that the
combination of a poly(A) sequence or polyadenylation signal and at least one histone stem-

10  loop, even though both representing alternative mechanisms in nature, acts synergistically
as this combination increases the protein expression manifold above the level observed with
either of the individual elements. The synergistic effect of the combination of poly(A) and at
least one histone stem-loop is seen irrespective of the order of poly(A) and histone stem-
loop and irrespective of the length of the poly(A) sequence.

15
Therefore it is particularly preferred that the inventive nucleic acid molecule comprises or
codes for a) a coding region, preferably encoding a peptide or protein; b) at least one
histone stem-loop, and c) a poly(A) sequence or polyadenylation sequence; preferably for
increasing the expression level of an encoded protein, wherein the encoded protein is

20  preferably no histone protein, no reporter protein (e.g. Luciferase, GFP, EGFP, (-
Galactosidase, particularly EGFP) and/or no marker or selection protein (e.g. alpha-Globin,

Galactokinase and Xanthine:Guanine phosphoribosy! transferase (GPT)).

In a further alternative aspect of the first embodiment of the present invention the inventive

25  nucleic acid comprises no histone downstream element (HDE).

In this context it is particularly preferred that the inventive nucleic acid comprises or codes
for in 5’- to 3’-direction:
a) a coding region, preferably encoding a peptide or protein;
30 b) at least one histone stem-loop, optionally without a histone downstream element 3’
to the histone stem-loop

c) a poly(A) sequence or a polyadenylation signal.



20C-G N-N (stem | oop structure) NCNNNNNNUNNNNNGN (|inear sequence) (SEQ ID
NO 3) 25 formula (11d): (wth stem bordering elements) NU N N NN 30N-N
N-N N-N GvG 2801 ShINNN- NNNN* N* N* (st em | oop structure) PODEP2011/004077

2012/ 019780PCT/ EP2011/ 004077 20 formula (le): (protozoan histone steml oop
consensus sequence w thout stem bordering elenments) 5NU N N NN NN NN
10N-N G C D-H (stem | oop structure) DGNNNNNNUNNNNNCH 15(1 i near seguence)
(SEQ 1D NO 5) formula (1l1e): (protozd&n histone stem!|oop consensus
sequence with stem bordering elenents) NU 20N N NNN NN NN NN 25G C

N* N* NNND-hieling (& dtoneg down&tﬂeempﬁlsmemdtm&)efm &5 AUMEDGRINISIIISILYININGS RNt e N

(1 near SeRaNEel, 65RONBNG 35% 0N TLA-E en ABLAGRRA DHELENE e

stem | oop consensus “seque hou erin ‘ement s)

2012/ OI%Tr&DEE:TﬁERﬂQHJé/L(DDéﬁRNA mvolved in processing of hlstone pre-mRNA into mature
histone mRNA. For example in sea urchins the HDE is CAAGAAAGA (Dominski, Z. and W.

5 F. Marzluff (2007), Gene 396(2): 373-90).

Furthermore it is preferable that the inventive nucleic acid according to the first

embodiment of the present invention does not comprise an intron.

10 In another particular preferred embodiment, the inventive nucleic acid sequence according
to the first embodiment of the present invention comprises or codes for from 5’ to 3':
a) a coding region, preferably encoding a peptide or protein;
c) apoly(A) sequence; and
b) at least one histone stem-loop.
15
The inventive nucleic acid sequence according to the first embodiment of the present
invention comprise any suitable nucleic acid, selected e.g. from any (single-stranded or
double-stranded) DNA, preferably, without being limited thereto, e.g. genomic DNA,
single-stranded DNA molecules, double-stranded DNA molecules, or may be selected e.g.
20  from any PNA (peptide nucleic acid) or may be selected e.g. from any (single-stranded or
double-stranded) RNA, preferably a messenger RNA (mRNA); etc. The inventive nucleic
acid molecule may also comprise a viral RNA (VRNA). However, the inventive nucleic acid
sequence may not be a viral RNA or may not contain a viral RNA. More specifically, the
inventive nucleic acid sequence may not contain viral sequence elements, e.g. viral
25 enhancers or viral promotors (e.g. no inactivated viral promoter or sequence elements, more
specifically not inactivated by replacement strategies), or other viral sequence elements, or
viral or retroviral nucleic acid sequences. More specifically, the inventive nucleic acid

sequence may not be a retroviral or viral vector or a modified retroviral or viral vector.

30 Inany case, the inventive nucleic acid sequence may or may not contain a enhancer and/or
promoter sequence, which may be modified or not or which may be activated or not. The
enhancer and or promoter may be plant expressible or not expressible, and/or in eucaryotes

expressible or not expressible and/or in prokaryotes expressible or not expressible. The



21 NUNN Y-V Y-N5B-DNNGCNN (stem ]| oop structure) 10ONGNBYYNNUNVNDNCN
(l'i near sequence) (SEQ ID NO 7) formula (110: (metazoan hi stone stem| oop
consensusweeqanegmowi t h st em bordering el ements) 15NU NPRTNPRW1YAONOB? D 20N- N
G C N*N* NNNN- NNNNFNFN* - (stem | oop structure)

N* N* NNNNGNBYYNNUNVNDNCNNNNY N*N*f- 25( | 1 near sequence) (SEQ ID NO 8) fornula
(lg): (vertebrate histone stem| oop consensus sequence W thout stem
bordering el ements) NU 30D H Y-A Y-B YR H D 35G C N-N (stem | oop
structure) NGHYYYDNUHABRDCN (|inear sequence) (SEQ ID NO 9) WO

2012/ 019780PGT/ ERAI 14D 40Gec@e ey ntdrdai( 14 giequéncer eabrding i(stifesplicing)

it eRmHI_ gorfg)ogggg%pﬁ&s sequence with stem bordering elenents) NU 5D H Y-A Y-B

Preferably, the inventive nucleic acid molecule is an RNA.

In particular aspects of the first embodiment of the present invention, the inventive nucleic
acid is a nucleic acid sequence comprised in a nucleic acid suitable for in vitro
transcription, particularly in an appropriate in vitro transcription vector (e.g. a plasmid or a
linear nucleic acid sequence comprising specific promoters for in vitro transcription such as

10 T3, T7 or Sp6 promoters).

In further particular preferred aspects of the first embodiment of the present invention, the
inventive nucleic acid is comprised in a nucleic acid suitable for transcription and/or
translation in an expression system (e.g. in an expression vector or plasmid), particularly a
15  prokaryotic (e.g. bacteria like £. co/j) or eukaryotic (e.g. mammalian cells like CHO cells,

yeast cells or insect cells or whole organisms like plants or animals) expression system.

The term “expression system” means a system (cell culture or whole organisms) which is
suitable for production of peptides, proteins or RNA particularly mRNA.

20
The inventive nucleic acid sequence according to the first embodiment of the present
invention comprises or codes for at least one histone stem-loop. In the context of the
present invention, such a histone stem-loop is typically derived from histone genes and
comprises an intramolecular base pairing of two neighbored entirely or partially reverse

25  complementary sequences, thereby forming a stem-loop. A stem-loop can occur in single-
stranded DNA or, more commonly, in RNA. The structure is also known as a hairpin or
hairpin loop and usually consists of a stem and a (terminal) loop within a consecutive
sequence, wherein the stem is formed by two neighbored entirely or partially reverse
complementary sequences separated by a short sequence as sort of spacer, which builds the

30 loop of the stem-loop structure. The two neighbored entirely or partially reverse
complementary sequences may be defined as e.g. stem loop elements stem1 and stem2.
The stem loop is formed when these two neighbored entirely or partially reverse

complementary sequences, e.g. stem loop elements stem1 and stem2, form base-pairs with



10G C N*N* HNNN- NNNN* N H* (stem | oop structure)

N* N* HNNNGHYYYDNUHABRDCNNNN* N* H* - (| | near sequence) (SEQ ID NO 10) 15

formul a (Wb)o12(hhemsan hi stone stem | oop consensus sequeneeT(dHenm/088ap7 ens)

wi t hout stem bordering elenents) YUDH20LA CGS Y-RHR GC 25D C
(stem | oop structure) DGHYCUDYUHASRRCC (| inear sequence) (SEQ ID NO 11)
30formula (11h): (human hi stone stem | oop consensus sequence (Honb sapi ens)
with stem bordering el enents) 35 WO 2312/ 019780PCT/ EP2011/ 004077 23 Y U D
HUAGCSS5 Y-RHR GC NH AAHD CVHB*N*H* (stem | oop structure)

10N+ H* ARRDGIEYEUDEAHAS RRGCIGIBA &S trindeldi medeic seigueqoer)ce( SEaphiidhg\Nan ubRiiresher ei n
I n each of above formula c) t I r (1llc) to )i 15 N, A T
and 0 argomr A nta BP0t Elnd b Wl Borrbfidnekarobyti beoteedisietn uPn 1Y
conser vedenteray s@niln ahthestahZmore tlemeohs:citivandequenesy. Diee nuaphiaed dodyy thdreby

conmpl enent.ar,y nucl eoti de .base ,C or G provjded that i | enent ar.
Pool cot TG BRESSE: b srigs Oh et APV bR i pa o, HaSs Br B AT y
nucl got iefther ¢f theseatdneldopadtetherits. GheAesultingddollfpopBhapéad ductire 8, a My Blildhg V, D,

and N are nucl eotide bases as defined_in the follow ng Table: abbreyviation
Nucl eot itdeekpefamany BNy secendary structures.  The formation of a stem-loop structure is thus

dependent on the stability of the resulting stem and loop regions, wherein the first
prerequisite is typically the presence of a sequence that can fold back on itself to form a
paired double strand. The stability of paired stem loop elements is determined by the length,
10 the number of mismatches or bulges it contains (a small number of mismatches is typically
tolerable, especially in a long double strand), and the base composition of the paired
region. In the context of the present invention, optimal loop length is 3-10 bases, more
preferably 3 to 8, 3 to 7, 3 to 6 or even more preferably 4 to 5 bases, and most preferably 4
bases.
15
According to the present invention the histon stem loop sequence according to component
(b) of claim 1 may not derived from a mouse histon protein. More specifically, the histon
stem loop sequence may not be derived from mouse histon gene H2A614. Also, the nucleic
acid of the invention may neither contain a mouse histon stem loop sequence nor contain
20 mouse histon gene H2A614. Further, the inventive nucleic acid sequence may not contain a
stem-loop processing signal, more specifically, a mouse histon processing signal and, most
specifically, may not contain mouse stem loop processing signal H2kA614. Also, if the
inventive nuckeic acid molecule may contain at least one mammalian histon gene.
However, the at least one mammalian histon gene may not be Seq. ID No. 7 of WO
25 01/12824.

According to one preferred aspect of the first inventive embodiment, the inventive nucleic acid
sequence comprises or codes for at least one histone stem-loop sequence, preferably
according to at least one of the following formulae (1) or (l}):

30

formula (I) (stem-loop sequence without stem bordering elements):



G Guanine A A Adenine T T Thymne Uu Uacile CC Cytosine R G or A Purine
Y TTUor CPyrimdine |IAAor CAmno KGor T/UKeto S Gor C Strong (3H
bonds) Wwoan12lvitysveak (2H bonds) H A or C or T/ U Not GpBT/EP2011/004077

13

No.,GN N N
[No., 3-5]Lo-4(iﬂ JNo.a] [N3sCNo.]
stem1 loop stem2

5  formula (1) (stem-loop sequence with stem bordering elements):

N1 \[No-zv N; 5] £N0-4(L£f)No.5] [N3 sCNo.,] Ny

stem1 stem1 loop stem2 stem2
10 bordering element bordering element

wherein:

stem1 or stem2 bordering elements N1-6 is a consecutive sequence of 1 to 6, preferably of

15 2 to 6, more preferably of 2 to 5, even more
preferably of 3 to 5, most preferably of 4 to 5 or 5
N, wherein each N is independently from another
selected from a nucleotide selected from A, U, T,
G and C, or a nucleotide analogue thereof;

20
stem1 [NO-ZG N3_5] is reverse complementary or partially reverse

complementary with element stem2, and is a
consecutive sequence between of 5 to 7
nucleotides;
25

wherein N, is a consecutive sequence of 0 to
2, preferably of 0 to 1, more preferably of 1 N,
wherein each N is independently from another
selected from a nucleotide selected from A, U,

30 T, G and C or a nucleotide analogue thereof;

wherein N, is a consecutive sequence of 3 to

5, preferably of 4 to 5, more preferably of 4 N,



Gor T/Uor CNot AV GorCorA Not TTUD Gor Aor TTUNot CNGor Cor T/U
or A Any base WO 2012/019780PCT/ EP2011/004077 24 *Present or notBase may
be presemwoanizmp7shn this context it is particularly preCempeditohar7the

hi stone stem | oop sequence according to at | east one of the formulae (1) or
(la) to (Ih) or (Il) or (11a) to (11h) of the present invention is selected
froma naturally occurring histone stem| oop sequence, nore particularly
preferred 5 from protozoan or netazoar4hi stone stem| oop sequences, and
even nore particularly preferred fromvertebrate and nostly preferred from
manmal i an hi stone stem | oop sequences velsgeioieath YW fsrindependentlyHian enather
stem | oop sequences. According to a particuyl.arl refenre f,,t he
first enmbodi nent, the histone steml oosﬁFe EHSfreo(%én@g%gﬁcé%?eg?cﬁ%@ﬁ%%ag ‘IJ’east
one of the specific fornulae (1) or (|Ta)Gtaad(d by aotuc{ddtile @analpgda therenf( 11h)
of the present invention is a histone stem| oop sequence conprising at each
nucl eoti de position the nost frequent IaS?doccurri ng nucl eotide, or either the
nost 5frequently or the second-nost frequently occurring nucl eotide of
naturally occurring histone stem| oop sequences, in netazoa and praqtozoa
(Fig. 1), protozoa (Fig. 2), nnetazoa g &, isvEHRMEt & aRj gnalagueand 15
humans (Fig. 5) as shown in figure 1-3nherké, tahﬂf‘rné?)pﬁé%&ioﬁatlly'r%pﬂ@éd o arly
preferred that at |east 80% preferably at |east '‘85% or nost preferably at
| east 90% of all nucl eotides corresporfdtidigedianmpnaiogue dbgreeft Pyovisedithai ng
nucl eoti de of naturally occurring hist@n S urt her
particul ar aspect of the first enbodi r{gnfc?ﬁipﬁéﬁ%rﬁ%?oﬁ@g}sé?gﬁgl Sg‘pd?g%qﬁence
20 d8cording to at |east one of the sptam’ isceplacadbysguapadiner (la) to (1h)
of the present invention is selected fromfollow ng histone stem| oop
sequences (w thout stembordering elenents) representing histone steml oop

sequenc r d jng to I Y | D NO
13 accoﬁ(g?pﬁgeqtggn‘%omrée?ﬂ;[)d% SGY%%%&@%%%WA %%%)’r di ng
to formula (Ic)) SGYYCTTTTMAGRRCS ( SEQ_LiD. NO r di o] la (lc))
DGNNNBNNTHVNNNCH (SEQ | D NO. 16 accor |"ﬁg'5l\lg F‘é’?sr?u@?‘a (9%%”%@@%§RDNNCY
(SEQ ID NO 17 according to fornmula (lrelrleo8@esRENDBYiIdIEFHMRDBNCYU¢ISR@asD NO:
18 cording to fornula (le)) VGYYYTYHTHRVRRCB (SEQ ID NO 19 according to
formula (1f)) SGYYCTTYTMAGRRCS (SEQ I D NO 20 according to formula (I1f))

WO 2012/ 019780PCT/ EP2011/ 004077 25 SGYMKeFdim ENMAGRIRCS in&EsantdéntNkam 2dother
according to formula (10) GGYYCTTYTHAGRRCC (SEQ | D NO F% accor ing tfp
formula (1g)) GGCYCTTYTMAGRGCC (SEQ | B §a55eahive seqpearagt @ i #aisrably ply)) 5

GCCTCTTTTVAGRGCC (SEQ ID NGO 24 accor di g3t mofpradrabl( |d3)1) 1B GIRYEHASRRCC
(SEQ ID NO 25 according to formula (1h)) GGCYCTTTTHA (SEQ ID NO 26
according to formula (lh)) GGCYCTTTT s (iRgispendeniy froy anether @lasted o

forpyla (1h)) 10 Furthernmore in this GRM exhclkBlidOWIReEdshA®), St eMddeop
sequences (w th stem bordering el enents) as generated according fo Exanple

1 according to one of specific formul &eoq3 nycleptidelanalogue thetedf)angr e

particularly preferred: 15 I—P*I—P*HI—NVGYW N ( . 28
according to formula (11c)) M H*IVHVEG R%%W@e’ ?Egﬁltlpﬁyﬁo 29

according to forrmula (11c)) M M MWSGYWEHHEINEMAGRRCSACH MFH* (SEQ | D NO 30

according to_formua (11lc))
stem?2 [hf;-_:&j:ﬁo-zi is reverse complementary or partially reverse

25 complementary with element stem1, and is a
consecutive sequence between of 5 to 7

nucleotides;

wherein N, is a consecutive sequence of 3 to
30 5, preferably of 4 to 5, more preferably of 4 N,

wherein each N is independently from another



N* N NNNDGNNNBNNTHVNNNCHNHNY N NF - ( SEQ | D NO. 31 according to formula (I1e))
20 N* N* HHNRGNNNYHBTHRDNNCYDHH* N* N (SEQ | D NO 32 according to fornul a
(11e)) N WOHMRENEBYHYTHRDHNCYRHH* H* H* (SEQ | D NO 33 aecome2eg/ov®7f or mul a
(rre)) HH VHWGYYYTYHTHRVRRCBVMH*H*N* (SEQ I D NO 34 according to formula
(110) MM MWBSGYYCTTYTMAGRRCSMCH H*H* (SEQ | D NO 35 according to fornmula
(1120) 25 MM MWBGYYCTTTTMAGRRCSACH* M H* (SEQ I D NO. 36 according to
fornmula (110) H*H MAMGGYYCTTYTHAGRRCCMIEN*N*MF (SEQ I D NO 37 according to
formula (11g)) H*H AAMSGCYCTTYTMAGRGCCVCH H*MF (SEQ I D NO 38 according to
formula (11g)) M M AAMGGCTCTTTTMAGRGCGrEYteNidm @ BEClebiddeleded fomok,ding t o
formula (11g)) 30 N*H* AAHDGHYCTDYTHAS HB: N* H* | D NO. accordi ng
to formula (11h)) WWAANGGCYCTTTTHAGE;@;WB;@M“{‘%E%? ﬁ‘%”eﬁe’g%fgordi ng
to fornmula (11h)) H*M AAAGGCYCI TTTMAGRGCCRMY*H*M (SEQ | D NO. 42 according
to formula (11h)) WD 2012/ 019780PCT/ ER2011/ 004077 26 According tog

further preferred aspect of the first YHRISRNowdS 8 FRBHCHENR SCAURECS ?f\f&?[i ve
nucl gi ¢ aci d sequence conprises or co@g§n§@ﬁb@&ﬁbnggnQﬂ@phyéﬁpQQﬁann}loop
sequence showi ng at | east about 80% preferably at | east about 85% nore
preferably at |east about 90% or eveﬁ”m%@éE%C$P%%é?%%ﬁ?d%FWﬁEH%?"@B%Mt

95% sequence identity with the not tQqelLa¥oraNsfl¥REMICIEIEd 6% AU he

hi stone stem | oop sequences according to at | east one of specific formul ae
(1) or (la) to (lh) or (I1) or (1la) tle ¢1rHy asra wuelgotdnanalpgde Yheswdurri ng
hi stone stem | oop sequence. The inventjyve nucleic acid sequence according
to the first enbodi nent of the present 10 invention may optionally conprise
or dbde for a poly(A) sequence. Wen present, such a poly(A) sequence
conprises a sequence of about 25 to abagut .400.adenesine_nucleoti des
preferably a sequence of about 50 to é%éﬂ'nggﬁsgﬁgﬁgéPh%nﬁﬂéﬁﬁ%ﬁld%%#’nDre
preferably a sequence of about 50 to abdutm30Obadeptshally neplaeed i #¢s,a even
nore preferably a sequence of about 50 to about 250 apenoshne pucle E}des,
nmost preferably a sequence of 15about 88" CaBbA" 2888l 8L PRl Provide

nucl eotides. In this context the ter mhabeutompRhntary hueleddé Fubmasird  10%
of the value(s) it is attached to. PreferabLykﬁéhe nucl ei ¢ acid according

of tlAe present invention does not cont3sEMdrier acedby sytidine] east one or al
but one or alh&dint he conponents of the group consisting of: a sequence 20
encoding a ribozyne (preferably a self-splicing ribozyme), a viral nucleic
aci d sequencéterd pnd oA gteernablspobbasearaliingy withgereh, other umingcalrayerse

hi st on- St em |l BARIghGHES Aok EAUASN A8t \ETir! ARY BULSE bRhGLANHRACHY gene,
a Neo gene, an Inactivated prohoter sequence Znd an 1 nactivated enhancer
sequence. Evetemipeg. py &VasabCrick bise paurtigaif oudeotideadcardiUAigort @ anl€ onbyent i on
does,not cont ai riboz r.ef er abl el f-splicing rnihoz nd one

of 28" Che" gr B Waner ek B PR tbille B rellid FoRea BRG sk B2
sequence, an paitag Hoagsebrebdsa mminngs ecpeeseddoogitebn dlagn psitiagidr @ep cgpabtesfsi ng
signal, in particular a his%on-stgn1]oqf %%qﬁgssing Sﬁﬁﬁence derived from
nouse hi ston BYENG A cacb Fhei fRgn\e & REtiACTe¥PSe SOMWIGRRSRMY S§IY R er r ed
node neit her vandiaian idcépREYPBe Rimigemaployc@ tetlvéers fbinGi d1d dtérADZyiTthe NOr  a
Neo gene or, alternatively, neither a ribozyne preferﬁbly a selfisg#%cing
30 ribozyme, bAY thatpne ers Bprehaseyigrraesieny donet hrvea eoippleaentest basgiinthe on) .
In ap other Pé»%fr%rcroﬂqaléfﬁgﬁarytsg&éh‘é@|o?%h‘é AkdrGiefl. the invention may neither

contain a a ribozynme, preferably a self-splicing ribozyme nor a histon
stem | oop processing signal, in particular a histon-stem ]| oop processing

sequenc [ B Cri -

20121 019 S0P EssEID GOUTEYR TR ARAIRT MpaRNT o Mo Wtson-grick pasemairn

enbodi nibetwesh twoeenyiensiclas. Thevent imaim wohbklejbase pairy i thegirejent senfasnedich

opt i onal S L vadenv] ation si.gnal . whi ch i efi.ned herein as a
oFanal i RE TR oTE RSNty kSR SR, HBLE Al eIy SR, 72

pr o88i n (GadMplk-8/15 |{Aeargl. |-C)l ama \aalgrosimedcypidineddel)y | ati on specificity factor
(CPSF), cleavage stinulation factor (CstF), cleavage factors | and Il (CF |
and CF Il), poly(A) polynerase (PAP)). In this context a consensus

pol yademdcaitdirgly, Sh gieadonitét Bf e girésest i6Gliohsa M@bblathabbNidANase 0ORBieh Sotes a
sequence. .| n g partqugar referred aspect the _pol yadenyl ation sij %al
conpr i sChbiRbIE PR VIR fustlien asers descrined 3 mﬂﬁetﬁforaww?tsqwﬁ ase

i nventive nucleic acid sequence according to the first enbodi ment of the
present invention furthernore encode a protein or a peptide, which may be
sel ected, without being restricted thereto, e.g. fromtherapeutically
active proteins or peptides, including adjuvant proteins, fromantigens,
e.g. tumour antigens, pathogenic antigens (e.g. selected, from 15 ani na
antigens, fromviral antigens, from protozoal antigens, from bacteri al

oy = o



present invention may occur as a nono-, di-, or even nulticistronic nucleic
acid, i.e. a 25 nucleic acid which carries the coding sequences of one, two
or nore pwoheinmomn peptides. Such codi ng sequences i n GCT/EPI11BVMNT

mul ticistronic nucleic acids may be separated by at | east one internal

ri bosone entry site (I RES) sequence, e.g. as defined herein or by signal
pepti des which induce the cleavage of the resulting pol ypeptide which
conpri ses several proteins or peptided6 30 In particular preferred aspects
of the first enbodi nent of the present invention the encoded peptides or

pr ot ei nspaa'rng, sgl eoblld asomilioganay vcaulin theateraof die higoooe steoalooprsotietures or
pepti des % 2/ 0 197FOPCT/EP2011/004077 28 In the context of the present
|nvent|3ﬁampﬁgr3 EUF 3 VV T ve proteins, encoded by the inventive

nucl eic acid nol ecule nmay be selected, without being restricted thereto,
fromprqtei ns which have an effect on healln revent prophyl acti Iy or
treat e RRRECaMSH & Priply dawesse Faplamenial sEGR?a FRbPTRes i“%'m%'fy

pr ot 8i Npr&fbraBlyl 6itly dRe inmshndicHUAIthé StehstRRRfle Of theSiteh-1psPt&] u&ac@wnﬁa by

sel ecte fronlany naturally or synthetically designed occ rring onﬁlnant
or i sol APERIPHIBE Bf seRhavs stew2alns@hen werdpestadhang gaNE REe aﬁe b'éﬁepa Phout
bei ng regdly 'bﬁ&eeﬁaﬁh rvﬁﬂPe&&??B%?‘i!ﬁr‘oﬁgMd tRCehifR RIRERENS! TR 1C AP LicAD
proteins, capab stinmulating or biting the signal transduction in
the cel |(10®ogof potsie rerect YWiastmkEnds or ImmBhabrNMisisk Brsewpriringet dhreseby
recept Olismih A"Rleks AARANGIRLly TRLGHUCohelciRBSH bR AL RAChALE wakbn.

anti coagul an antit ins; antiallergic proteins; apoptotic factors or
apo;if)os@lqkeloat edn{Wasei-Aeck t baseapeodang ast aveommmarand)lmlyg ppatrsErn
connect W t.h ui as an r [ I S

T5pr of er st Ve e S fem?) 8 RefieGona Pl S RAREN b 5B nilugif oy ¢ he
i nventi \oﬁmubioa'gbomahd enﬁteesnajuence”rag/st&hﬂOad@bstamZammVemmtat peast about 70%t hi s

i ch i 952 B4 . & Bt ot R aBh% el edfuREESRL Gkt WhrBr o,

Pr ef er algdritk bave Paidingd meaiceupueawm, ﬁhes:p&eaa/va@amor.&%r achiwasomariek base
pattern recognition re receptor selected fromthe

Tol 15 o@ajrings apd @b g2 %@vw%f éﬁn/op ;20°/<1/ ﬂé?/udﬂr{g Of 5g{° ohthedpma|ningbases &t or

sel ect eqinbhipeg human TLR1 to TLR10 or frommurine Toll like receptors TLR1
to TLR13. More preferably, the adjuvant protein is selected from human

adj uvant proteins or from pathogenic adjuvant proteins, selected fromthe
group C%bﬁflﬁ?ﬂ) é)[)reféﬁehmggéct%'tﬁ@fds{ mv%%et&{ﬁ%(ﬁ)tngentba’g 1k ORE Higots:
protozoan proteins, viral proteins ungal proteins, aninmal proteins, in
parti culsmm-qumeQ@rbachéln st badanegelemeotseofitbe inventidklnudlein acidissgebrceaci ds
encggi n oI | YV. C

pat 0y n o ETBR RERYF BB SR g, B AUATlo BOBTI nbdeftitel, RRSTT A, o1

t he si grielgth bfalabcoindtﬁ umakpmt M@arylmledmdas)qneﬁepbi)om |éreptht of abmrt t&/tcnkbcmg)s may

be used as, we I nvent ucl eic acid ecul e . ternatlvely
encode é’i‘fcgﬂf’ﬁj?elﬁ)rg Elc)fr?jllﬁ@gtb ﬂéo%rfessé%tabf’%t\?ghtqu&#m'gﬁ% apd (g¥en Py en”
refers tppefarablybs lengeeofiiaii 20Stor #0gB0Zed rhyst idhefelabTuR derfgits bEBbaND 4 &
capabl e of tr| g?rlgg an antigen-specific inmune response, e.g. by

f or mat i GROBY2EMG IFes or antigen-specific T-cells as part of an adaptive
i mmgge response. WD 2012/ 019780PCT/ EP2011/ 004077 29 In this context an
antigenic epito fragment or peptide of a protein neans particularly B

cel | ~and\croging %e?)flt%éﬁfqmr@naﬁﬁﬁgﬁ ®fthe desh gnieptive ppbedigtent, dhe ahlgapioenees or
T cells Li-BENS,
o e e R Yo e g BRI 1 ML o B o
conpr i seequencarasi gefimed a‘rﬂf¢lge¢nrnpresp$ teo frogthant iabeuti t0 ftoa@thOonu‘dmtl@@,m c
pept ' de pré ?Jahl rﬁgleHgﬂi\ec;f ai)BGt ?(P%V%oq}?fzb%td des Fe?erer)l %ﬁﬁhyof Bbgﬁg e"ft and
pepti de "a & tunour 1 gens erg nic a S or a er gens,
aut 80i nrabnet 2@Inﬁelanmdagepefergidy m@egnhcofaahqugénso abbat za(huk:haopdest araiban

qencr ot AR BATar gy h b bR TE IRl TY 5o sl sty “Bnd 2 Bedia N

host or gadlestitldse. g. a human) |tself (i.e. non-self antigens) but rather
derived fromhost cells outside the host organism e.g. viral antigens,
bacterial antigens, fungal antigens, protozool ogical antigens, 15 ani nal
antigens, allergenic antigens, etc. Allergenic antigens (allergy antigens
or allergens) are typically antigens, which cause an allergy in a human and
may be derived fromeither a human or other sources. Additionally, antigens
as encoded by the inventive nucleic acid nolecule my be furthernore
antigens generated inside the cell, the tissue or the body. Such antigens
|nclude antlgens derlved fron1the host organlsn1(e g. a hunan) |tself e.g.

~rN 2 1 r o, oy o, .



10 antigens are recogni zed and the antigen-presenting cell can be destroyed
by cytotoxic T cells. Additionally, tunmour antigens can al so occur on the
surface ovothe/mgrsour in the formof, e.g., a nutated r @CePerL1/004071 hi S
case, they can be recogni zed by anti bodi es. According to anot her
alternative, one further class of antigens, which may be encoded by 15 the
i nventive nucleic acid nolecule, conprises allergenic antigens. Such

all ergenic antigens may be sel ected friom antigens derived fromdifferent
sources, e.g. fromanimals, plants, fungi, bacteria, etc. Allergens in this
cont ext Agvofdiogtaea tyrthgr prefesred agpsict ehibe fim indeptivir emgbodioenty theeinwergive nucleic
envi ron ] . i |ler i t i ]

G er onE suehbO R g o6ty hiE RO R of SR ek Rnbp T Bfbecr o
pr ot ei nscode fpept lede onanustdfe ste-loop rsaguepne siccardimgabyadrledsesne of the following

pol ysacchar.i.des u S, Lipids, phospholipids, etc. O particular interest
in the é@ﬁ?h%ﬁ“gwﬁFﬂ§58$@§Lnt i nvention are antigens, which nay be encoded
by tle inventive nucleic acid nolecule as defined herein, i.e. protein or
pepti de antigens and their fragnents or epjtopes, or nucleic acids and
their fﬁﬁﬁWﬂ%ﬁ%{“%ﬁ??PBﬁ@ﬁ@P?3HHEP@PEmAEP@%”%&thWBPF fragments, encodi ng
such protein or peptide antigens and their 25fragnents or epitopes.
According to a fuffNaerGaNg el nENL v UL FEN e Ny eCiNgl di ¢ acid ol ecul e may
encode an anti body or an antibody fragnent. According to the present

i nvention, such amamntybody—f Fromany anti body, e.g. any
recqopnbi nantly produgggh or natural | pegccurring 30gpsi bodies, known in the
art, in particular antibodies suitable for therapeutic, diagnostic or
scientific purposes, or antibodies which have been identified in relation

Lo SPecbnfulg Mg Rieri RFASRSen K] fom BRI BEMeniiDOdy” i s used in its

br oadest sense and sp Ircally covers nono and pol ycl onal anti bodi es

(i ncludi ng agqnj st nt agoni st nd,, bl in

2012/ 019780 PCINER2 NG 7j3ﬁl\ﬁelﬁlaéfr mmg] giN;.\pA&Nm)] Mas ant i body
speq%gsdmjth pe%yFFL%eﬁLe—saecificig%; choygrng—t@—thﬁ’iﬁveﬂtion, the term
"antibody" typic y Gonprises any ti body known in the art . (e.g. |1gM

I gD, 19G Igﬁggﬁg IgE&gﬁFibodies), @ Bh as naturéFF% occu%??%g ant i bodi es,
ant i bodi bsrdgemgelainedt by i mmuni zation in a host organi smordeningletshhesg Whi ch
were isolated and 5 identified fromnaturally occurring anti bodies or

anti bodi es generated by i muni zation in a host organi smand reconbinantly
pr oducedykateipt onnol ecul ar met hods known in the art, as well as chineric
anti_hodi es, human anti bodi es, hunmani zed anti bodi es, bispecific antibodies,

i nt bodi es, i.e. antibodies expressed in cells and optionally localized in

speci fi e It ts, and fragnments and variants of the
aforeneﬁ}ﬁdcgdégzﬁ?QSQEBQE I n 10gener &€ agdeiediabes consists of a |ight
chain and a heavy chain both having variable and constant domains. The

| i ght chain consists of an N-term nal variable domain, VL, and a Cterm nal
const antaQ@erfhdliio £furthBr GBRL pddulartyireRAAY ¥ssRBbMth fird BRbbERARthd Al¥ntieOr
exanple, is conprised of an N-terminal variable domain, V., and three

const antNuglsigiafig, seguanceymdy CABPIiSS Of [oge dorc ainleasttonss histeae sraasianp sequerts on,
ant ihHigodi i i e I i .ecule may preferably
con&?iséﬁ ﬂ?ﬁfﬁgﬁggﬁgéﬁ¥f%§§?22¥ﬁ?%5¥&%ﬂ?ﬁ%§39€gﬁéghggged of the full heavy
and full Iight chains, as described above. However, derivatives of

ant i bodi ant | fra t rian r adducts may al so be
encodedfgﬁnﬁﬁgg}g%ghﬁ%eggﬂﬁﬁfér%ﬂggxﬁ%?égﬁ% géé?g?nﬁﬁtibody fragnents are
preferably sel ected from Fah, FEap’', b'),.. Fc, Fach Fc', Ed and Fv
fragments of the aforenenti eﬁf&ﬂl Fﬁ;{k@[ﬁ)l\gdt ﬁbb&:hi}] I n general,
antigody fragments are knoWwr—w—t+he’ : mpte~—a—-+ab ("fragnent,

ant ’gen binding") fragnent is conposed of one constant and one vari abl e
domai n of each of the heavy antde®he Iighﬂoﬁﬁain. THe™¢wo vari abl e donai ns
bi nd the epitope on specific antigens. The two 25 chains are connected via
a disulfide linkage. A scFv ("single chain variable fragnent") fragnent,
for examplifula(kpikdhlidor RA3Tewwit sbh®okdiingbldmdaymi ns of the light and
heawg chains. The domains ‘are |inked by an artificral |inkage, in general a
pol ypeptide |inkage such as a peptide conposed of 15-25 glycine, proline
and/ or serine residues. 30ln the present context it is preferable that the
different chains of the antibody or antibody fragnent are encoded by a

mul ticistronic nucleic acid nolecule. Alternatively, the different strains
of the antibody or antibody fragnent are encoded by several nonocistronic
nucl eic acid(s) (sequences). WD 2012/019780PCT/ EP2011/004077 32 Accordi ng
to the first enbodi nent of the present invention, the inventive nucleic

o Y .




30 including H STIH2AA, HI ST1H2AB, HI ST1H2AC, HI ST1H2AD, HI ST1H2AE,

H STIH2AG HI ST1H2A1l, HI ST1H2AJ, H ST1H2AK, HI ST1H2AL, HI ST1H2AM and H2A2,
parti cul avbyoizmabrsdi ng H ST2H2AA3, H ST2H2AC, H2B, i ncl edirmp2¢42864077
particularly including H2BFM H2BFO, H2BFS, H2BFWT H2B1, particularly

i ncl udi ng H ST1H2BA, HI ST1H2BB, WD 2012/ 019780PCT/ EP2011/ 004077 33

HI STIH2BC, HI ST1H2BD, H ST1H2BE, H ST1H2BF, HI ST1H2BG HI ST1H2BH,

H ST1H2B1, H ST1H2BJ, H ST1H2BK, HI STUHE2BL, HI ST1H2BM HI ST1H2BN,

H ST1H2BO, and H2B2, particularly including H ST2H2BE; H3, i ncludi ng H3AL,
particul arly includi ngNH ST ~NHI1S , il IN3D, H ST1 H3E, 5
HI STIH3F, H ST1H3G HI, EAEF§$%Eﬁ%&g&;ﬁgwéxyﬁﬁjrﬁg%éﬁhg E§$ rticularly

i ncl udi ng H ST2H3C, and FBﬁBT_bartlcularlyVlncIuding‘*ﬂSﬁS ; H4, including
H41, particularly incl q%fﬁ HIST#H4A, HISF1H4B, HIST}n1C, H ST1HAD, HI ST1
HAE, HI STIHAF, HiST1H4 | sﬁ?’ﬂ , HI STIHAEP HI STIHAS ™ H STIRAK | HI ST1HAL,
and 44, particuléV 'Wﬁﬁﬁﬁﬁm ng H ST4H4, and H5. 10 Acco df 8n¥8epﬁ3 first
enboéinent of the present invention, the inventive nucleic acid seqguence
conprises a coding region, preferably encoding a peptide or protein.
Preferably, the encoded protein is no reporter protein (e.g. Luciferase,

G een F ®8cent Protein (GFP), Enhanced G een Fluorescent Protein (EGFP)
13- Gal act osi dase) and no marker or selection 15 protein (e.g. al pha-d obin,
Gal act oki nase and Xant hi ne: guani ne phosphori bosyl transferase (G°T)).

Pref er atN,;,Ct i'@,n'lﬁcaﬂ'ct Jci d sequence R ad 8FineluBHId on does not contain a
(bacterial) Reo gene sequence (Neonycin resistance gene). The inventive
nucliei c acid as defi ne above, conprises or codes for a) a coding region, 20
preferably encoding a peptide or protein; bé at | east one histone. )

st em | od}FCOKNRE 1) A BYSTLIMArS Preferisd) Appagt of dbr Bk thveptiysor)RelimeNhthe HveNteal
prefer amwélefi@racidngé(ﬁ@ﬁt@gp&hﬁir%xﬁf @%S iR dndRlim&dt 8n tl?é“%?éién‘ﬂt Hveh&dd may
wherein the encoded protein is preferably no histone protein, no report'er
pr ot ei n cRAhriee Oheodeaiok et least osie| idenasemrloerpefuence debrdingltapidpest otpef the

el ement ; : i N | i i it he jve
] of ¢ 2B Blci ORRICHENt 4 B GIcEH 1B A afShdivdh 1€ iR 1D
t he 16r detruatyre b)d ang bheaprsegyence)reprederitingf higomd 'stetrolo®p wtqnersies @ genetakasl
inventi%p &_qui% g%ip1sequence, wherein further elenents as described

her ei n, y 81853 “BE"R6nt ai ned, such as a 5' -CAP structure, a pol y(C
sequence, stabilization sequences, |RES sequences, etc. Each of the

elements a) tg c) of the inventive nucleic acid, particularly a) in di- or
i 1 i Sevis ot bnderatrasd RiERer B s eleriBop iR S8t niant Heffor o
preferabﬁyd@hgmmﬂﬁaﬁg;nay al so be repeated at | east once, preferably tw ce
or more in the inventive nucleic acid. As an exanple, the inventive nucleic
aciaonay show its sequence el enents a), b) and optionally ¢c) in e.g. the

following order: 5 - codinNrdgion - histone stemloop - 3'; or WO

2012/ 019780PCT/ EP2011/ 004Q77 3 " - coding region - coding region -

hi stone stemloop - 3'; of'5" -"‘coding region - IRES - coding region -

hi stone stemloop - 3'; or N:N coding region - histone stemloop - poly(A)
sequence - 3'; or 5 - codi\nonfegion - histone steml|oop - pol yadenyl ation
signal - 3'; or 55 - codiﬁg' gion - coding region - histone stem|oop -

pol padenyl ation signal - 3'N-B 5 - coding region - histone stem| oop -

hi stone stem|oop - 3'; Or£§IPJ codi ng region - histone steml|oop - histone
stem | oop - poly(A) sequence -¥3'; or 5 - coding region - histone
stem | oop - histone stem| dgp(C pol yadenyl ation signal- 3'; or 5 - coding
region - histone steml oop hi stone stemloop - 3'; or

- ly(A), sequence, -
105' - coding region- poIyJXJRgeéﬁ@%@@p-“W?gﬁbne stemloop - 3'; or 5 -
codi ng region - pql e n - histo teml|oop - histone stem| oop -
3:80c. In this cﬁﬂﬁ@l\ﬁ?ﬂ&&ﬁ%\lw&m@if erred that the inventive
nucl ei ¢ aci d nol eclimear sauence €SEQID NNfdtels for a) a coding region, preferably
encoding a peptide or protein; b) at |east one 15 histone stem| oop, and c)

a pol y( sequenc r_pol yadenyl ati on, sequencge; preferably for increasing
Fhe exprbmaiig e Gaftensh® hAaHEB BRITE S ioin Bfefid el 668 n 1 s
pr ef er aloyderimgleiententg: protein, no reporter protein (e.g. Luciferase, G-P,
EGFP,_ 13- (al act osi dase, particularly EG-P) and/or no marker or selection
prot’@in (e.g. al pha-d obin, Glactokinase and Xant hi ne: Guani ne

phosphori bosyl transferase (GPT)). 20 In a further preferred aspect of the
first enbodi nent the inventive nucleic acid nolecul e as defined herein may
al so occur in the formof a nodified nucleic acid. According to one aspect
of the first enbodinent, the inventive nucleic acid nolecule as 25 defined
herein may be provided as a "stabilized nucleic acid", preferably as a

o, 1" 1" 1 r=AIA Y T T o R IA 2 1 a2 . 1 - . v



30 nucl eoti de anal ogues/ nodi fications e.g. backbone nodifications, sugar
nodi fi cati ons or base nodifications. A backbone nodification in connection
wi th the woesenti9isavention is a nodification in which prosmraiiesonit he
backbone of the nucleotides contained in inventive nucleic acid nolecule as
defined herein are chemcally nodified. A sugar WO

2012/ 019780PCT/ EP2011/ 004077 35 nodification in connection with the present
invention is a chemical nodification of9the sugar of the nucleotides of the
i nventive nucleic acid nolecul e as defined herein. Furthernore, a base

nodi fication in connection w Nph(the present invention is a chem cal
nodi fi cation of the base nojety f the nucl eotides of the nucleic acid

nol ecul e of the 5 inventive'ucl acid nolecule. In this context

nucl eoti de anal ogues or nDdlchpjlons are preferably selected from

nucl eoti de anal ogues which ar, Sfpllcable for transcription and/or
translation. In a partlcularP§ erred aspect of the first enbodi nent of
the gresent invention the hepnNgLN 10 defined nucl eoti de

anal ogues/ nodi fi cations are Ie ted from base nodifications which
additionally increase the ex ion of the encoded protein and which are
preferably sel ected from 2-afg; DEFG chl oropuri neriboside-5"-triphosphate,

2-am noadenosi ate,. 2-thjocytidine-5-triphosphate,
2-thi ouri di ne-5'- eNS*ﬁ}Jo&W NN(N%&!’PN; Sistent-loop lhmegieel e,
5-am noal I yl cyti di ne-5"-tri phosphate, 5- anlnoaIIKJurldlne 5'-triphosphate,

5- 18bronmocytidi MPFN*NNNNGNNNNNNUNN NNCNNNN* *N*

Ltri phosphat e, 5- brngygaﬂkngﬁﬁgag[Dphpsghate 5-i odocyti di ne-5
tri phosphate, 5-iodouridi ne-51-triphosphate, 5-nethylcytidi

ne-5' -trfbmg§pﬁﬁlkﬁ,,th&nSt@ﬁ]tmaé}mgd&erﬂ@ﬁtél tri phosphate, 6-azacytidi ne-5

Ltri phosphate, 6-azaurid 5 tTi phosphat e,

6- chl or opuri neri bosi de- 5'-t osphate, 7-deazaadenosi ne-5 '-tri
phogghate, 7- deazaguanosrqne-ﬁd-triphosphate,

8- azaadenosi ne-5' -tri phosphat 8- azi doadenosi ne-5 '- 20tri phosphate,

benzi m dazol e-ri bosi de-5 ' “{'ri phosphat e,

N1- net hyl adenosi ne-5'-tri piNsphat e, Ni1-net hyl guanosi ne-5' -tri
phosphate,N6-nethy|adenosiqu Ltri phosphat e, 06- net hyl guanosi

ne-5'-tri phosphat e, pseudour 'di he-51-tri phosphat e, or puronyci n-5 '-

tri phosphat e, xanthosi ne-5NtN phosphate. Particular preference is given to
nuclgotides for base nDdifgf ions selected fromthe group of base-nodified
nuci®8ot i des consi sting of met hyl cytidi ne-5'-triphosphate,

7- deazaguanosi ne- 5'-tr|pho$ﬂhp¢e@K§TQb@@ggmhkylne 5'- triphosphate, and
pseudouri di ne- 5'-tr|phosphate Accordlng to further aspect, the inventive
nucleic acid noleqq ﬁpntaln a lipid nodification.
Such a | i pid-nodif %9 gucl ﬁ%g?ﬂ?é%gﬁﬁally conprises a 30 nucleic acid as
def i ﬁed her ei n. dd% RN NCE cleic acid mol ecul e of the

|nvg tive nucleic acid nolecule as defined herein typically further

conpri seermadla (IRRSWithr@n botdeningelementsf | y |inked with that nucleic acid

nol ecul e, and at |east one lipid covalently Iinked with the respective
linker. Alternatively, the |iNildnodified nucleic acid nol ecul e conpri ses
WD 2012/ 019780PCT/ EP2011/ 00 77 at | east one nucleic acid nol ecul e as
defined herein and at | east ﬁglfunctlonal) lipid covalently Iinked
(without a linker) with thatPﬁubJelc aci d nol ecule. According to a third
altgbnatlve the |ipid- nDdlegdhpuclelc acid nol ecul e conprises a nucleic
aci d 'nol ecul e as defined her at least one linker covalently linked with
t hat nucl ei c acid nol ecul e, ﬁﬂdﬁht 5 least one lipid covalently linked with
the respective |linker, and alhgonpt |east one (bifunctional) lipid
covalently |inked (mnthout a'linker) with that nucleic acid nmolecule. In
this context it is partlcula(I preferred that the lipid nodification is

present at the ter l f URERAR [ % ntive nucl eic acid seguence.
10Aggording to an hze B?@ﬂgﬁg Bﬂ\Q“2§ F% RPﬁé“FF?@?péﬁﬁﬁﬂﬁ nt of the

LQYSPLLFQrI;h?fIBr q%ﬂ¥§4Rﬂqgﬁtﬁﬁﬁﬁﬂghﬂggﬁiyhgh@N$ﬁEJgﬁ“iﬂﬁ%&flghdqagalnst

degradati on by RNdbrsarpgquehee) 43 1D HO:of) a so-called "5 CAP' structure.
15According to a further preferred aspect of the first enbodi ment of the
invention, the inventive nucleic acid nolecule as defined herein, can be
nodi fi ed by a sequence of at |east 10 cytidines, preferably at |east 20
cytidines, nore preferably at |east 30 cytidines (so-called "poly(C
sequence"). Particularly, the inventive nucleic acid nol ecule may contain
or code for a pon(C) sequence of typically about 10 to 200 cytldlne
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sequence has the general formula (C/ U) CCAN), CCC(U A) Py"UC(C/ U)CC (SEQ I D
NGO 55), which is contained in the 3'-UTRs of the very stable RNAs which
code for wel2ptea1dyghobi n, type(l)-coll agen, 15-1i poxygenase/Ereoifi@o40tyr osi ne
hydr oxyl ase (cf. Holcik et al., Proc. Natl. Acad. Sci. USA 1997, 94: 2410
to 2414). Such stabilizing sequences can of course be used 5 individually
or in conbination with one another and al so in conbination with other
stabilizi ng sequences known to a perscé® skilled in the art. In this context
it is particularly preferred that the 3 UTR sequence of the al pha gl obin
gene is located 3' of the coding sequence conprised in the inventive

nucl eic acid according to the first enbodi nent of the present invention. 10
Subst i t bineuls , (lexd@rdtonoas bistoak | semdddpo nensehsus aseserareewjtheditestern| hordering ed
out wit lelérhenté)nventi ve nucleic acid nolecul e as defined herein, using a DNA
natrgx for preparation of tNyef pucleic acid nol ecule by techni ques of the
wel | "known site directed nmutagenesis or with an oligonucleotide ligation
strategy (see e.qg. Mani at N et N, Ml ecul ar Cl oning: A Laboratory 15
Manual , Col d Spring Fhrboerapfratory Press, 3rd ed., Cold Spring Harbor,
NY, 2001). In such a process, tor preparation of the inventive nucleic acid
nol ecul e as defi ned hereiniﬂeﬁbecially if the nucleic acid is in the form
of an MRNA, a correspondinqq_ nol ecul e may be transcribed in vitro. This
DNA matri x preferably conprises a suitable pronoter, e.g. a T7 or SP6
profBter, for in vitro traﬁﬁe?iption, which is foll owed by the desired

nucl eoti de 20 sequence forcﬁhe:nucleic acid nolecule, e.g. nRNA, to be
prepared and a termination Signal for in vitro transcription. The DNA

nol ecul e, which forns the dBtH x(sem-ldop satctbehst one RNA of interest, may
be prepared by fernentative proliferation and subsequent isolation as part

of a plasm d whi chDEGINDENNDN NBINNNNIREefi a. Pl asni ds which may be

mentjsoned as suitqpﬁguggﬁghgg(gg ﬁgmk)hﬁvention are e.g. the plasmds pT7Ts
(CGenBank 25 accession nufber 'U26404; Lai et al., Devel opment 1995, 121:

2349 to , ri e ) i n d

X65300; ?@@ﬁr’@%&é@%‘%ﬁ hises ‘c’(t@r@?n osdii SadenBE OFR ig%ézbil‘;r?g{':?g. al so
Mezei and orts, Purificatiﬁg of PCR Products, in: Giffin and Giffin
(ed.), PCR Technol ogy: Curre nnovati on, CRC Press, Boca Raton, FL, 2001.
30 WO 2012/ 019780PCT/ EP2010 004pJ7 38 phase synthesis, as well as in vitro
nmet hods, such as in vitro transcription reactions or in vivo reactions,

such as in vivo propagation - pl asm ds in bacteria. Any of the above
nmodi fications nmay be appliedNOoN he inventive nucleic acid nolecule as 5
defined herein and further t nucl eic acid as used in the context of
the present invention and nayYbey if suitable or necessary, be conbi ned

with each other in any conmbi ptNpn, provided, these conbinations of
nodi fications do not interfekﬁ th each other in the respective nucleic
aci @5 A person skilled in thé&sdet will be able to take his choice

accordingly. 10 The*N¥aON NEOHFNGUN & 'ﬂ[\nﬁ)!@@mﬁ?@trﬁmeped herein as

wel | as proteins or peptides as encoded by this nucleic acid nol ecul e may

conpri se fragment ¥R f ﬂrgq& B
variants may typi g\lﬁw &m@gfy%ﬁgﬁi@;’ﬁﬁ@@%%gﬂg entriqty W th
one qof the above rePRE SPRENFRICIEREONI'R, or with one of the 15 proteins or
pep@ des or seguences, if encoded by the at |east one nucleic acid .

mol ecul domgfla {10: | (Eetazoan,histpng stepuioogoognsgsys ssOUENCEOYithoitesterp brderitg | east
70% rmrQéefb*Fféff)er ably at least 80% equally nore preferably at |east 85%
even nore preferably at |east 90% and nost preferably at |east 95% or even
97% 98%or 99% to the entire wild type sequence, either on nucleic acid

| evéP or on anmino acid level. 20 In a further preferred aspect of the first
enbodi nent of the present invention the inventive nucleic acid sequence is
associated with a vehicle, transfection or conpl exati on agent for

i ncreasing the transfection efficiency of the inventive nucleic acid
sequence. Particularly preferred agents in this context suitable for

i ncd@asi ng the transfection efficiency are cationic 25 or polycationic
conpounds, including protam ne, nucleoline, spermne or spermdine, or

ot her cationic peptides or proteins, such as poly-L-lysine (PLL),

pol y-argi nine, basic pol ypeptides, cell penetrating peptides (CPPs),

i ncl udi ng HI V-bi ndi ng peptides, H V-1 Tat (H V), Tat-derived peptides,
Penetratin, VP22 derived or anal og peptides, HSV VP22 (Herpes sinplex),
MAP, KALA or protein transduction domains (PTDs), PpT620, prolin-rich 30
pepti des, arginine-rich peptides, lysine-rich peptides, MG peptide(s),
Pep-1, L-oligoners, Calcitonin peptide(s), Antennapedi a-derived peptides
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30 PEl: poly(ethyleneimne), poly(propyleneimne), etc., polyallylamne,
sugar backbone based pol yners, such as cycl odextrin based polyners, dextran
based polwoeor/oietsnt osan, etc., silan backbone based polpgmmEP39119M0M7 as
PMOXA- PDMS copol ynmers, etc., bl ockpolyners consisting of a conbination of
one or nore cationic blocks (e.g. selected froma cationic WO

2012/ 019780PCT/ EP2011/ 004077 40 pol ynmer as nentioned above) and of one or
nmore hydrophilic or hydrophobic bl ock21l(e.g pol yet hyl enegl ycole); etc. It
is preferred that the nucleic acid sequence of the invention is provided in
either naked 5 formor compexed, e.g. by polycationic conpounds of

what ever chem cal structuge, pgeferably polycationic (poly)peptides or

synt heti c pol ycationic cohgounhi. Preferably, the nucleic acid sequence is
not provided together wth¥Ya\packaging cell. According to a further

enbodi nent, the present in‘gﬂgion al so provides a nethod for 10 increasing
the expression |level of an oded protein/peptide conprising the steps,
e.g.sa) providing the inveBiWe nucleic acid as defined herein, b) applying
or adm ni stering the inventive, nucleic acid encoding a protein or peptide
as defined herein to an ex%ﬂe ion system e.g. to a cell-free expression
system a cell (e.g. an exghegsion host cell or a somatic cell), a tissue
or an organi sm The method be applied for |aboratory, for research, for
15 di agnostic, for connercfgﬁKbr@@UtEpaﬁﬂwﬂuwéptides or proteins and/or for
t her apeuti c purposes.. | ' ont ext , ically after preparing the

i nvdfAtive nucl ei cﬁﬂﬁwéy\zgmémw%@ﬁ N is typically applied or

adm ni stered to a (kedak sdquencexE@HE3I N Bystem a cell (e.g. an expression
host cell or a somatic cell), a tissue or an organism preferably in naked
form or fasnda PNAT NMERESArC HistGRTRESH-1dIPN cOfiseMARC bdtfieAse AAHT Istdde tbdrdédign,

pref er akllgmadtg transfection 20 or by using any of the adm nistration nodes
as g scri bed herein. The netﬁgqgnay be carried out in vitro, in vivo or ex
vivor The nethod may furthernore be carried out in the context of the
treatnent of a specific di sBhse, Npreferably as defined herein. In this
context in vitro is defined QQR?in as transfection or transduction of the
inventive 25 nucleic acid into cells in culture outside of an organism in
vivo is defined herein as tr3hd¥ection or transduction of the inventive
nucleic acid into cells by angEyation of the inventive nucleic acid to the
whol e organi sm or individual antt" ex vivo is defined herein as transfection
or toansduction of the inveniNvM nucleic acid into cells outside of an
organi smor individual and skﬁggguent application of the transfected cells
to the organi smor individual= 380 Li kew se, according to another

enbodi ment, the pridSdE NN -DININH* PN dasettieop sucdiref he i nventive

nucleic acid as defined herein, preferably for diagnostic or therapeutic
pur poses, for i ncridaN AN NEHNBYNON NV N VoI DINEMDISEIN*N*N*

probei n/ peptide, Qhar %ue“@)@ﬁ%@kﬁ%@'aﬂ/ EP2011/ 004077 41 applying or
adm ni stering the 1nventive nuclelc acid encoding a protein or peptide as
def i ned (har é’h{g):e(v?rtel}r&e%i&%hé _sIern%ﬁ)q%x &%@ﬁéu?@eﬁé(e%tc@‘%vitﬂo&eétém(t?orgq:i@“
expresskaéw Q cell "or "a sonatic cel'l), "a tissue or an organism The use
may be applied for |aboratqry,, for research, for diagnostic for conmercial
production of peptides or %ﬂ eins and/or for therapeutic 5 purposes. In
thi ggcontext, typically afyjer pfeparing the inventive nucleic acid as
defined herein, it is typlﬁgl y applied or admnistered to a cell-free
expression system a cell (Ye/d4. an expression host cell or a somatic cell),
a tissue or an organism pnefgrably in naked formor conplexed form or as
a pharmaceutical conpositiQn or vaccine as described herein, preferably via
transfection or by using aSQJgf the adm ni strati on nodes as descri bed
herein. 10The use may be cgqrppd out in vitro, in vivo or ex vivo. The use
may furthernore be carried ué%in the context of the treatnent of a
spedPfic disease, preferabﬁg- defined herein. In yet another enbodi nent

t he present invention aIsorng@t@énﬁgoﬁgvbaggptive expressi on system
conprising an inventive nuclelic acid of expression vector or plasmd

according to 15t i i tp Bf present invention. In this
context the expregS£§h{g§2?gﬂgﬂg Eggg[ggﬂﬁ-free expressi on system (e.g. an
in vitro transcri pinesnsequened) REQH N3tBn), a cel lul ar expression system
(e.g. mammalian cells like CHO cells, insect cells, yeast cells, bacterial
cells like E. coli) or organisns used for expression of peptides or
proteins (e.g. plants or animals like cows). 20 Additionally, according to

anot her enbodi nent, the present invention also relates to the use of the
inventive nucleic acid as defined herein for the preparation of a

N o " N 1 o M - o - M o - ' Y o



As a second ingredient the inventive pharmaceutical conposition may
conprise at |least one 5 additional pharnmaceutically active conponent. A
phar macewocaidoyomot i ve conponent in this connection isparmpppon’t hat has
a therapeutic effect to heal, ameliorate or prevent a particular indication
or disease as nentioned herein, preferably cancer diseases, autoinmune

di sease, allergies or infectious diseases, cardiovascul ar di seases,

di seases of the respiratory system diZeases of the digestive system

di seases of the skin, nuscul oskeletal 10 di sorders, disorders of the
connective tissue, neoplasns, imune deficiencies, endocrine, nutritional
and net dbotdle (Ug)s desebratachistahe ditsedegs cosydsdi sepeese vatr stins dasdairgnd

her edi t alamalitdeases. Such conpounds include, w thout inplying any
limtation, peptides or proteyns, preferably as defined herein, nucleic
acids, preferably as defined herein, (therapeutically active) |ow nolecular
wei ght organi c or inorgani cLtonpounds (nol ecul ar 15 wei ght | ess than 5000,
preferably |ess than 1000), sugars, antigens or antibodies, preferably as
defined herein, therapeutic agents already known in the prior art,
antigenic cells, antigenic c HBul ar fragnents, cellular fractions; cel

wal | conponents (e.g. polysaqc rides) nodi fi ed, attenuated or
de-activated (e.qg. chenlcall¥ior by irradiation) pathogens (virus, bacteria
etc.), adjuvants, preferably <l defined herein, etc. 20 Furthermore, the

i nvegtive pharmaceuti cal congy qFtion may conprise a pharmaceutically
acceptabl e carrier and/or vehic In the context of the present invention,

a pharmaceuti cal | WﬁNEHWNCNNNNT%’THﬁi |(stemAobpistescturlle | i quid or

non-liquid basis of the inventive pharmaceutical conposition. If the

i nventive phar rraCENf"iNﬁHBWN@]HYWY@MUHA\BR@GNNMW*QNFHM the
carrier wll typ'QﬂkﬁY&QﬁeR&!@%ﬁ?ﬂi Wt er; isotonic saline or buffered
spha

(agqyeous) sol utions : C|trate etc. buffered sol utions. The
injecti nce to
LCh e} ?}'%%e‘%ﬁﬁ'&@ﬁ?ﬁﬁﬁw.% f cdREHEE B IO et LS SEATCe
or |ower sa gconten reference to the speC|f|c reference nedi um
wherein preferably such co ddntrations of the afore 30 nentioned salts nmay
be used, which do not Ie toannage of cells due to osnpbsis or other

concentration effects. %Pce media are e.g. liquids occurring in "in
vi vé® net hods, such as blddd | ynmph, cytosolic |liquids, or other body
liquids, or e.g. liquids, wb§ch may be used as reference nedia in "in
vitro" nmethods, such as c n buffers or liquids. Such WO

2012/ 019780PCT/ EP2011/ 0040¥7N\43 comon buffers or liquids are known to a
skilled person. R nger-LagiaRe solution is particularly preferred as a

| i quid basis. However, one_or_nore conpatible solid or liquid fillers or

di luents or encapsulating(§ gbnpounds may be used as well for the inventive

phahgaceutical conpositi o). @@i@@m@&fg§ugggp$e for adm nistration to a
t

patient to be treated. The term "conp as used here neans that these
constituents of t G YD YAH SRR(Ecal conposition are capabl e of
being m xed w e 1 nventi Xngg “§k§1q |d as defined herein in such a
manner that no |nt§F§5?FHﬁn% ch woul d substantially reduce the

pha ffectiv ness of the 10i nventive ceutica osition
undé Z@){?ﬁ? “Ji% ﬁ'iS‘iS’iqg R CEPIFRG LD 9 ei?(ygja 5 pE" ?) t"‘Hg‘nlptﬁWenti ve
phar mac ition may conprise an adjuvant. In this context, an
adj uvant may be understood as any conpound, which is suitable to initiate
or increase an i nmune response of the innate i nmune system i.e. a non- 15
specific i mmuune response. Wth other words, when adm ni stered, the

i nvéAti ve pharmaceutical conposition preferably elicits an innate i mune
response due to the adjuvant, optionally contained therein. Preferably,
such an adjuvant may be selected from an adjuvant known to a skilled person
and suitable for the present case, i.e. supporting the induction of an
innate i mune response in a mamal, e.g. an adjuvant protein as defined
20a¥bve or an adjuvant as defined in the following. Particularly preferred
as adjuvants suitable for depot and delivery are cationic or polycationic
conmpounds as defined above for the inventive nucleic acid sequence as
vehicle, transfection or conplexation agent. 25 The inventive
pharmaceutical conposition can additionally contain one or nore auxiliary
substances in order to increase its imunogenicity or imunostinul atory
capacity, if desired. A synergistic action of the inventive nucleic acid as
defined herein and of an auxiliary substance, which nmay be optionally
contained in the |nvent|ve pharnaceutical 30 conp05|t|on |s preferably
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reservoir. The term parenteral as used herein includes subcutaneous,

i ntravenous, 25 intramuscular, intra-articular, intra-synovial,

i ntrast erwal2p12’mprsat hecal , intrahepatic, intral esional, PCOtRPaCuLAMOAT
transdermal, intradermal, intrapulnonal, intraperitoneal, intracardial
intraarterial, and sublingual injection or infusion techniques. Preferably,
the i nventive pharmaceuti cal conposrtron may be adm ni stered by parentera
30 injection, nore preferably by subc@Baneous, intravenous, intranuscul ar,

intra-articular, intra-synovial, intrasternal, intrathecal, i ntrahepati c,
intral esional, intracranial)(uyansdernal, intradernal, i ntrapul nonal ,
intraperitoneal, intracardial, intraarterial, and sublingual injection or

via infusion techniques. P&rticllfarly preferred is intradermal and
intramuscular WO 2012/ 01974QP&T/ EP2011/ 004077 45 injection. Sterile
injectable forns of the invggt%ve pharmaceutical conpositions may be
aqueous or ol eagi nous suspenst These suspensions may be formul ated
accogding to techni ques knowiLRn the art using suitable dispersing or
wetting agents and suspendrq% %gents 5 The inventive pharmaceuti cal
conposition as defined herei y al so be adm nistered orally in any orally
accept abl e dosage forminclygi@y, but not limted to, capsules, tablets,

Compos: ti on’ may VAT Mﬁiﬂa‘)@rﬁuﬁ Al e Gpoetav when the t ar get
f I I
appliDeation. e g. INAHIGE /ﬁélﬁrr@id?fl?&b?ﬂbﬂﬁﬁﬁﬁéﬁr/é@w%ﬁrCchessi bl e

epi t heli al trssue (lirar seajolerce) FEQHY Nibridul ati ons are readily prepared for
each of these areas or organs. For topical applications, the inventive
pharmaceutical conposition nmay be fornmulated in a 15suitabl e ointnent,
contarmwﬂ;mﬁmhemﬂﬂﬁbbueahuﬁhbedcﬂoum as(lidetoi (N her ei n suspended or
d|s§glved in one or nore carriers. The inventive pharmaceutical conposition
typircally conprises a "safe and effective anount” of the conponents of the
i nventi wg @@rAECadil ard asGliRE@s Abdven, particularly of the 20 inventive
nucl ei ¢ acid as defrned herein. As used herein, a "safe and effective
amount " cAgARSManbamplAsed 8Y Ti he i nventive nucleic acid as defined herein as
such t hahch %h.gmz icoh&Rledt € 8F @Niif itk@REdnY eré?ﬁ*érﬁseraamel ngebéﬂ?ebﬁdeeasr QR of
a di sease or order as defined herein. At the sane ti however "saf e
and ef f seiplesnentsymucleotde base Ceardughravisied\ibatdits epmplemestate netleetidesinathe t o
per gjt
ot 20 panFamngish e RrbfIpied iy REARREP AUFTERBHAE Sarper Tofor ¢ censibi e
medi cal judgnent. The inventive pharmaceutical conposition may be used for
human ard Al EadJf Gr Ryv¥L &% ikneh WnldiBc M, DhuamploNese nprlebtdabhses fagdefinethin the
nedrcalﬂagﬁp iﬁ# as a pharmaceutical composition in general or as a
vacci ne Aecd ﬁrng to another particularly preferred enbodi nent, the
i nventive pharmaceutical conposition (or the inventive nucleic aci d as
def i ned| bBbrelidliomMiNubRoidONAseEd [@emiiked as a vaccine. Typifally, such a
vacci ne[Ts a§ defiged above Tor [Rfanmeceutical conpositions. WO
2012/ 01p780PR T EPZRIT/ 004077 46 [Adihf.onal Ty, sucha vaccipe typically

cont ai ng 'L'neTi MVETyTve nucierc Ghmihe de! ! med—trererm,whith preferably
encodesat quugeu s—defined—= eOAS kﬁlLUlHatichy, anh &l vacci ne may

i nhst r,m 0 | VORI 1 9/ (o] A IR Pt
cont al nfFtre—fEhveniye—hucretc—ach as—def+ned—heretrn—and—-afddi ti onal an
anti gen—pre ereh"C as—a pretei.csm” epti-de—er—as—a—nueleiL acid encoding

an anti —L. g3 pbr mat as defi ned
herein br_alY an<:-ir4u 8 Conbi nat i IE¥EMHBe e0f _ The inventive vacci ne may al so
conprisp_a fHarmn¢diiCal |y accedy®BPe carrier, adjuvant, gand/or vehicle as
defi ned| _hereKn fonGard/Unvent i ve Kghar maceuti cal conpositiop. In the
speci fi g confext of are i nventi J/étroag Ghhbondshe choi ce of a| pharmaceutically
acceptapl e M carinhAerTd det er m [Weak @Hgsands) pl e by the naphner in which the
inventiye valdci ne | Asor@ed TIUSt er ddNotThe i nventive vacci ne can be

adm nisteredg for [ex@mpUer Systegm@al |y or TocallTy. Routes|for systemc
adm ni sfratien 1n GeiRT 8f Al NCT UdeNotfTA  exanpl e, Transdernal , oral,

parent efal” TQUT eS| G G000 SUNqyg:@ieous, Tntravenous, Tnjranuscul ar,

i ntraar erqu [y Gosd /Uq99§'9${q£§5'[0”6d' IH]ELLIUHb and/ or i ntranasal
adm ni stratTonm Toutes—Rotutestor 15 tocat—administrat+on— n gener al

i nclude, for exanple, topical adm nistration routes but also intradernmal,
transdernnal , subcutaneous, or intranmuscular injections or intral esional,
intracranial, intrapulnonal, intracardial, and sublingual injections. Mre
preferably, vaccines may be adm nistered by an intradermal, subcutaneous,

or intranmuscul ar route Inventrve vaccrnes are therefore preferably
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According to one specific enbodi ment, the present invention is directed to
the first medical use of the inventive nucleic acid as defined herein as a
medi canmernwo 2praafiersabl y as an i mmunosti nmul ati ng agent, a@CwERREI1100407ACCI Ne
or in the field of gene therapy. WD 2012/019780PCT/ EP2011/ 004077 47
Accordi ng to another enbodi nent, the present invention is directed to the
second nedi cal use of the nucleic acid as defined herein, for the treatnent
of diseases as defined herein, preferadddy to the use of inventive nucleic
acid as defined herein, of a pharmaceutical 5 conposition or vaccine

conpri s{ng sane or] Paketiadr sotonpr | Basagnaydesprésent drhet pr epar a i on of a

medi canent for the prophylaxis, treatnment and/or anelioration of various

di seases _as defined herein. Preferabl he pharnpceutical conpgsition or a
Taccr ne Ip B EGueRTE BUBEU Bk PrTC T Ber b bR e R ooP e ite SRETERE 1 8F ¢ hi <
pur pose.leakp Bhebe trbloymulde 8 @3 €19) &S (INEGH AIpBediahes @ik oftiR: Siebet timeéntio®m
cancer or tugnur di seases, infectious diseases, preferably (viral,

bact er i &F1e6ied oAt B P AFTNErTERNe BEE leprstegueRce, mare PafGHarYiPederst,

al | esgi §&n0Hr@bk&IIbE n%t%%ﬁ%;toﬁ@@%ﬁﬂy%b' §‘e_q9ér$c%§,s§r$d _eber?-m&r@eﬁa‘?ﬁ’édlﬁw )

di seases, or genetic diseases in general, diseases which have 'a genet’ic

i nher i t edefpaek rannvertehttoninch rapslyt pisferead| jromaumsaampljan hgone eteradonp

def ect re. | 1 i: E ' s..laws, cardi ovascul ar
disease2?&%%ﬁ§%%§Psé?%gggggﬁeﬁﬂggggigeﬁﬁogﬁggﬁé?%??atory system di seases
of the digestive system diseases of the skin, nuscul oskel etal disorders,

di sor d?rﬁcc8}°dar§4‘%[ O'L’rltfec%‘iér}(’fp.leke?r%%eas BEOR RS Thst niBBIEe AC HChEIRGE SFim-loo
endocr i n& CHUtE 11 dialand et apbol I°Bdi Seases, eye di Seases, ear di seases
and lany sdgqemas acedrdiog te anlebs onabf thenpedfidiorinbiae)) s dattoi(thy enth on(llagd (Tbncer
or tunour. diseases.as npent.ioned above preferably include e.g. colo :

oar of noihe HEFEAD ARenUPE 52 BalDe HrRIoo SRS comRtane  Hy 1 Boreeideen a
(AM), awuitien kiyapbeti febquentkasdbudrigiddeotidh) Sditherhe ntbsd frequEt o or ahd Svbhd-
chronic Iythocyt'c Ieukaeni? (%kL),dgashrointestinal tunmours, pul nonary
car ci nom&t EANINOCHRY B¢ etide photatyallmereiFips disfenentiamsoop seaeaees N

tunour s, m&AgRAL MR ProtdRIal @IS 1Y, préfooRdFiged), IHERILS (FRCY), ASrtebtfEs ﬁ%g%@';ﬁwd
papi | | oma virus-induced carci nonas gg.g. cervical carcinom),

adeddcareniomilis. Neaspbewdiip digurentrde buthisuerntes it ie pgrticlarlyi preferred yha b ast
EBV- i ndygegd Bx 1) t Abbio, B 20t -

car ci noresy’ FEREGLY ALERPBER, or AR fRbelhfy 1L EIBA IR HBCRH A o
neur omagheegst freopent]y ecuuingaiucBdtide nt satyrally ngcwrdng bistonp lsemy lngpabqueakeser |
anal carcinomas, glioblastomas, |ynphonmas, rectal carcinomas, astrocytonas,
brain tunours, stomach cancer, retinobl astomas, basalionmas, brain

nmet ast adesa famtetul paobldst aspext of athienfilst eathodmemater ditore sanclebp degaenceul ar

canger, nelanomas, thyroid car ci.nqmas, bl adder. cance Hodgkin's . .
syndDomaCCaraeng: et Onoyef B brE e TeRiaY oo 16 Aoy thesPestih dukargn s
di sease seleeedchibl fotiavehd) Migdne RIEALIBYS behubnddd Ulwithie G8dns-bbtdegiag deléments)
oesophageal cancE%gmbreas cancer, carcinoids, neurinomas, i nal i omas,

Bur ki t t TSP'ESFRHERS '

S
e sley lgRAPAeRTRR?S Beneiind acaaicing totgmBlfal, cor pus
carci nomas, bone cancer, non-Hodgkin's |ynphomas, urethral cancer, CUP
syndronme, head/ neck tunmours, 5 oligfdend(oglionas, vul val cancer,

i nt est i VEFYCAEATHRYYRER (T2 P Ml acsestngiaderamulz dEki nomas, wart .
'nVQBVGW\(’YT{I’?WWRﬁR@g ¢ Iﬁﬁg):l]zt' ﬁg%,\gﬁ@,fo%lﬂglhapharyngeomas, ovari an

carci nomas, soft tissue tuhou sarconms,” ovari an cancer, liver cancer,
pancr eatSCY YA ETMAGRRCSI8EQilR N O Hr a¢aonding to ferrdaméichi al car ci nomas, |iver
net ast ases, penile cancer, tongue cancer, gall bl adder cancer, |eukaem a,
pl asnocyt omas, uterine cancer, |id tunmour, 10prostate cancer, etc.

Addi t i o aGNNNENNTHENMDE (SEOh R NQ: Tierdoeotdirgus foinadades are preferably

sel ecte r ' I SARS |l ow fever . AlDS, Lyne
borreliggﬁ@@“%tﬁé%ﬁﬁﬂ%@Q??ﬁ*ih#ﬁ#&ﬁeaﬁgﬂ%ﬁﬁi?ﬁ%?“ﬁ?ps» i nfectious di seases
sucBo0as RENISBYKHRTHRDGTC A SET) IAND: 18alctondingas fermuld(idpengue fever, three-day
fever, Ebola virus, cold, early sunmmer meni ngoencephalitis (FSVE), flu,
shingles, hepatitis, herpes sinplex type |, herpes sinplex type Il, Herpes

zoster, VGW*WMMR\W@E@ @N@Ph@'ak&dr&bng'{@ﬁﬁﬁufa@\fﬁr, Mar bur g V! rus,
nmeasl| es, foot-and-nouth di sease, npbnonucl €osi s, nmunps, Norwal k virus

i nf ect i oY YETdY T MACRRGH @HAWPAYOT 20 a¢cordingitq feaxulagdl i o ( chi | dhood

| aneness), pseudo-croup, fifth disease, rabies, warts, Wst N le 20 fever,
chi ckenpox, cytonegalic virus (CW), from bacterial infectious diseases
such as m scarriage (prostate inflammuation), anthrax, appendicitis,
borreliosis, botulism Canphylobacter, Chlanydia trachomatis (inflamration
of the urethra, conjunctivitis), cholera, diphtheria, donavanosis,

. a0 o



20 nedicine, etc. Wth regard to the present invention, e.g. an inventive
nucl ei ¢ acid, pharnaceutical conposition or vaccine is provided, which
encodes owocormEaptss an allergen (e.g. froma cat all ergeai/ER2@usv40at | er gen,
a mte antigen, a plant antigen (e.g. a birch antigen) etc.) either as a
protein, a nucleic acid encoding that protein allergen in conbination with
a nucleic acid of the invention as defined above or as an inventive 25
nucl ei c acid. A pharmaceutical conposi3y on of the present invention may
shift the (exceeding) inmune response to a stronger THl response, thereby
suppr es SGXY @M TAMASGRRAS (BEQ 1 heNOn2iestédoeding gHorreshdiise. Additional |y,
aut oi mune di seases can be broadly divided into system ¢ and organ-specific
30 or localised autoi mune disorders, depending on the principal
gl i ngcg-(p@t(hg’rvgh THAGRRCOKSES) D:][i NERC2 aﬂceeﬁ@to férniuda (rg)mnle (cjii sease may be
ivided into the c ari of systemc nme |nc uding SLE, Sjogren's
syndronéschperﬁﬁﬁgﬁﬁg; éE@ﬂPd“ %@?ﬁ?¥$ §t%ﬁﬁm B¥yositis or loca
syndsomesGece ITMRAGRECEN QEI%VIIDWd)Qm sgc(owhgmnﬁylarc@;shl nto's WO
2012/ 019780PCT/ EP2011/ 004077 50 thyroiditis, Addison' s disease etc.),
dermat ol ogi ¢ (penphi gus vulgaris), haenatol ogic (autoi mune haenol ytic
anaem a)pcAGTBTHRSRRER éﬁeféw@%@cc@m.ﬁ%e @b iRy Vvi rtually any
ci rcumnscri mass of I Sssue he autol mune dlseases to be treated
may be é@ﬁ@&ﬁ@ﬂrm1®ﬁﬁﬁﬁ§(&ﬁbdbFﬂbﬁ#&gﬁbﬂb"@ﬁﬂbyp@amh&ut0|nnune di seases or
type I AR t di seases or type |V
aut0|nnd%gngseaseéék&%%ﬁ§§396#éo %ﬁgﬂ%v&ngugﬁhgnﬁqﬁ@clerosis (MB),
rhedfatoid arthritis, diabetes, type | diabetes (D abetes nellitus),

system us er.yt hemat S SLE r oni olyarthritis, .Basedow .

o sease PP Me o prded: ROl eSBarErPgo Bt TiiBraen Bdgig

al | ergy ec[brﬁeageﬁ gehyeed  dccatdigy gy Extingsl@gesccotdipetd bhe af bigacific fdnaahedn) ot ype
IV aller di seases, .fibro | gi,a, hair |oss, Bechterew s 10 di sease,
Crohn's (g%/@%éf arﬁ\%‘é‘f‘ﬂ%’h’ &}eléfrg% s, neurodernitis, Polynyal gia rheumatica,
progressive system c sclerosis (PSS) psori asi s, Reiter s syndrone
rheumatic arthritis, psoriasis, vasculitis, etc, or ty di abetes. Wil e

t he l8xadt*HiHaY¥S YY BY Y HRYY RGBMIHE NPt ERQiIRANQe28 a%quﬁefof’éa@t ligh
agai nst m%%nmmﬁammm@m@w %é@@b%bfﬁaccbrtﬁﬁ%etoafbﬁneew»w

findings with regard to the etiology. Accordingly, the autoreaction may be
15 due tN*M*NIMBASGY By DI MAGRRGIAFEI Mt (56 QPN O3 0 egedrdieg te fasmaitst (lght i on
of B-cells by T-cells before the forner can produce antibodies in |arge
gquantities. This requirenent of a T-cell can be by-passed in rare

i nst ancéﬁ*NMND@WNBENﬁNNNMCMMﬂNmm* (SEQdUbN@g3$lapmrdmgttd) tremsija (i) c

are | ' cells, or ey

T P iy iBEN b RE RN e R P af Rl Bl 0
non- s pefH ¢ HaRONOBY YT HRIIH NEY REXFH Ria t(S B | Dl Nt B33sacauidmgiaLfaenwh sles es
froma nolecular mmcry. An exogenous antigen may share structural
simlarities wwth certain host antigens; thus, any antibody produced

agai nst H*HWI&NNWYT(YNFFNVHRGBWHFHW’SGSEQ‘IMO@JQW%}:C&GMg% ﬁﬁmuld"(llf)heory,
bind to the host antygﬁns and anpli i mune respons The nost

stri ki ndiMIMMMSGHHY e MTMA@R%CW(}H*E' HBE‘S%IQ/@NQ'I 3@9@9%{%85@#%{%@% ytic
St r 68t 09QGQkMMMISE Y STATREAGRRESACIFNNSMSED) |@N®“3H¥@&§Hﬂ§lﬂmor%ﬂa {18)
responsi bl e for the cardiac manifestations of rheumatic fever. The present
invention allows therefore provision of a nucleic acid or pharmaceuti cal

conposi t,iQh. r an
autoantldgﬁA?as prote|Y%ﬁﬁgﬁ%d&vﬁ§§@encgﬁaﬁgpgggggfggﬁgl tg“ﬂﬁ%ﬁéﬁ'? whi ch
t ypi cal |l*HAAAMME CAYETTHTIMAES RGET @ tia* Nt (SEESIENSIC: B2 edcor@hgAc dmndilandigho an

medi cal M BRMHCE AR AEGEERE e B SRE g B i BRul e o iE fﬁ@g@d

tred0nment of diseases as defined herein by neans of gene therapy

nventi PR PGS AL ohaChYblb Ru 5ref  REE A Ay e 2 s ﬂaﬂﬁgu@ut. cal

conposi tHWANMeGmcmmmAGRUGGVMWNme GEQADF ROS a:s aacsoremglt@&dmher @hp. 5
The |nvent|vewgharnaceut|cal (%R?S ition or vacci rthernore be used

for the FPHMMGPCEETATUMAGREE %1*"5‘ M (lsé@r'Dd‘éodé? P?Fé’dd'ﬁért‘ef%mul&dﬂ@r) di ng
to a final enbodinent, the present invention also provides kits,
particularly kits 10 of parts. Such kits, particularly kits of parts,
typically conprise as conponents alone or in conbination with further
conponents as defined herein at | east one inventive nucleic acid as defined
herein, the inventive pharnmaceutical conposition or vaccine conprising the
|nvent|ve nuclelc aC|d The at Ieast one |nvent|ve nuclelc aC|d as deflned

o, R T . " o, o o N Y



10 Figure 1:shows the histone stem | oop consensus sequence generated from
nmet azoan and protozoan stem | oop sequences (as reported by Davila Lopez,
M, & Samwelseang7sd. (2008), RNA (New York, N.Y.), 14(1pcTEPi€1/004077

doi : 10. 1261/ rna. 782308). 4001 hi stone stem | oop sequences from netazoa 15
and protozoa were aligned and the quantity of the occurring nucleotides is
indicated for every position in the stem| oop sequence. The generated
consensus sequence representing all ndél eotides present in the sequences
anal yzed is given using the single-letter nucleotide code. In addition to

t he consensus sequence, sequences are shown representing at Ieast 99% 95%

20and 90% of ..t he nucl eot | Rresen ue zed.
2 shoes ARe R URbFHrE Sy HamsEaion brd IR RO Flen e 800 s
stem | oepidseq uefmee:srr(m@;esr@pmﬂéeﬁn byleba vk histaneatem-Mop sBqGareshewmg,at Teast25

hi st ot AP bopre RetlsAL EeHiapsif 17 5: BotmPsrab Pl éﬁ§¥b§ﬂ§9‘3 ReRURTOS of

the @ccpréferablydtaéRohbsled5Ps seqelineali@shtityowitR IR HotRBSIdoR® Bohservell uglefitidsO0p
sequence. The generat ed consensus sequence representlng all nucl eoti des

present ' #he higtose giganhloor saﬁ%ﬂrweacqogd B8 VAt lgast mge toh epegifiggiasmplee (B or (la) to
nucl eot i 03@) of @dfto (hn Al 4 Hgtu;an bb&rﬁﬂ%ﬁe{b?.esteﬁemégr;@&ue&equences are

shown representlng at least 99% oand 90% of the nucl eotides present in
t he sequences anal yzed. WO 2012/019780PCT/EP2011/004077 53 5 10 Figure 3:

shows t I n stem
oop seqsnnas e ML LA sGRRACE S SRR, MSLERBEAMent OFAE ALHR0 "

RNA 10 Newnvémtikp nidyYoptionaldy €pmpriselOr. catlpi fotLG pbAGAY srelqaeﬁc&zwl&)n pR&FD, fichtaone
stem| oqQ guences from netazoa wer n antlt f the

cccur 11 Ty REEHERE LOEPE § AR Bl o SRl 4R AP udkolds,
sequenceprefé'rlablygaemﬁﬁh&doﬁmtﬁmﬁﬁus abequwﬁ:eddrephemltebﬁq;sahiompcdfaabli,/d;es

present in the Sequenc i ven using.the single-let

Pt ot iR e odaal 1P ol ik Sedisins i SdideSreier Bt uftb&hly @ shown
r epr eserbhitghcalof bB@L&t5(9@)0/Qb0915(¥6@'&de19&%e0if1ucﬂétﬁ|deyGh@@tpré?f@r%blwa?&@fﬂknwbﬁ he
sequences anal yzed. Figure 4:shows the histone stem| oop consensus

sequénceabgene? é’éP‘ftrQéﬁl arleppsing Avgeatides, Inghis contpxk ectermaabewp aefersdo By

Davi | a lfapagon M + 189 8THEL SIROE) it -artbdMaGy, RNA (New York, N.Y.), 14(1),
1-10. doi:10.1261/rna. 782308). 1333 15 histone stem|oop sequences from

vertebrates were aligned and the quantity of the occurring nucleotides is

| ndi cat q(E b YRS NuchBS b ARcb i 13! BRI ARG BBGEor TR 8161

consensus sequénce representing eot| es present in the sequences
anal yze@riaslegistwen ansll byt omeorsilhofl the Icempemertmlth@gnomle coodsinglcn agduenen t o

t he ONSGRs 3§ %%nce re%gagﬁ"ng €11 8I% mShrOb me Vighl ean]JtC el & | eae%t 99%
5% nd “§69%" % th nucl%o o5 presperﬁ gh ?Zﬁe e Uences canal' y2en’ f—egure
5: shows Hidienensteimdaep stc&mshrcgoﬁgmarbnmemu&lsemhemestgeneompeﬁeigmgndmm ( Homo

saplens) stem | oop sequenc S, repor Davi opez, M, & 25
Sannucl KeDHEd Trom BaRE MERRATIAGLY P NEo\Edhe: T (THVAIE] gromotr sEience
doi : 10. Jaa@Hnﬁﬁ@ctn?/&%a%)\anc%ﬂséq;@h@"l%vé‘t isrd p@fbrﬂﬂﬂuﬁ@aeee‘tra@m Juearn were
aligned and the quantity of t

e occurrlng e %%ﬁes i§ indicated
every pdk§ t']"Sﬂt"?%d‘?fﬁé’%tC@H?I’b%ﬁ QB(fe ERIera eazfi '5t“§d Yioen O'seeﬂuence

repnesenfd rga)uéy J:odmﬁhgq)tfl Q%oog@ﬁee% Fnﬁcﬁﬁfédsﬁﬂﬁﬁi?&re&q%@ﬁéeyza‘ﬁdln'aétlv?a%(ﬁ' ven
usi ng the S|ng e-lettér nucleofideé code. In addition to the consensus

sequenc enharggn seruescara hisloviterpdepep@sesshg Bgnal, easqartge%r oBstoarHEN oot t he

nucl eot i
D012 0187 Ellsrts sbAfC RS RABIMSRGLL e, Accordingly the nuclec
transcriastd omy @ weprefaredt h@ddem@natqootmrand rlbhe'mqmrefwéalpfa nefsRicolg ai ned

l(oécl) n Vi, Qy%é s %Ig%ﬂe or, a tefrr?altll\/fg\ll\{/v,I itR0PS %b%ﬁé’ rb%efgra%lyu 3 ?gf-splpcl?n -

30 ribozyme, nor any resistance gene (e.g. usually applied for selection). In an other preferred
mode, the nucleic acid of the invention may neither contain a a ribozyme, preferably a self-
splicing ribozyme nor a histon stem-loop processing signal, in particular a histon-stem loop

processing sequence derived from mouse histon H2A614 gene



ag: A64: Al 20: histoneSL: aCPSL: PolioCL: G30: U30: SL: N32: GC-enriched
MRNA sequence codi ng for Photinus pyralis luciferase 3' untransl ated region
(UTR) of wbeoslmbmogl obi n gene pol y(A) - sequence with 64pad@ryéaoes7?

pol y(A) -sequence wit 120 adenyl ates hi stone stem | oop stem | oop which has
been selected froma library for its specific binding of the aCP-2KL
protein 5 clover leaf fromPolio virus genom c RNA poly(G sequence with
30 guanyl ates pol y(U sequence with 3@7uridyl ates unspecific/artificia
stem | oop unspecific sequence of 32 nucleotides Wthin the
sequences, the followi ng elements are highlighted: ppLuc(GC) 200RF (capital

letters), SL. (under |ned further dIS inc uences
tect od PieRfstS) Shconihg e 15 et BIETAMRS b el biebh RhatiioBE Ined FRAf

ppLuc( Caucleicg@quériiz@ptionN) catdpriseBy Jolyuelanytltedn @ghad)fwkﬁch‘elsafeﬂgedlhére\te;ﬁst Or at
t he restrlct'on. |te i me tely follo h | obj.n 3

RNA i s 0B W |%9@p<?>ﬁg°° Y%&Px} tgn @eﬁ@”@ﬁ%é% gmk@%»g SRERNIA RS (L P eé
ppLus(C@.g- cl@gvageﬁm p&IPERNY LK spé&)‘lat)BYac'tdrn@BF 7 &ldaQBge0btirh (Iati O lfﬂdt&a|
vect or at the restriction site i medi ate foll owm ng the A64

pol y( A) {S8huelsevage fagigrs | andHi(&F ﬁ@adéﬁdvn@olm HkameAm (DY dshis et ce.
Fi ?ure ORI #E%Iaﬂg%tﬁﬁxq‘% ae i9fp ,@mg(%gns. fhehwtsmﬁ& cohsgrsyd D NO

pol y sequence was r ed a histoneSL. The
h| st one ssquance5NgopRrteujercpreteried egpedh thehpolyadamplatien m@a naprisesl one efrthe

w0 2012/ 3T BR A FRRBUMPBRATHAUARR, Te  6: hows the mRNA sétuence of
ppLUB(GC) - ag - A64 - histoneSL (SEQ ID NO 46). The hlstoneSL was
sonencedy g BB A R Sl R T Bl
Al 20 polipeR}ios eathenaere encode a protein or a peptide, which may be selected, wuthout belng
restricted thereto, e.g. from therapeutically active proteins or peptides, including adjuvant
proteins, from antigens, e.g. tumour antigens, pathogenic antigens (e.g. selected, from
15 animal antigens, from viral antigens, from protozoal antigens, from bacterial antigens),
allergenic antigens, autoimmune antigens, or further antigens, from allergens, from
antibodies, from immunostimulatory proteins or peptides, from antigen-specific T-cell
receptors, or from any other protein or peptide suitable for a specific (therapeutic)
application, wherein the inventive nucleic acid may be transported into a cell (e.g. an
20 expression host cell or a somatic cell), a tissue or an organism and the protein may be

expressed subsequently in this cell, tissue or organism.

The coding region of the inventive nucleic acid according to the first embodiment of the
present invention may occur as a mono-, di-, or even multicistronic nucleic acid, i.e. a
25  nucleic acid which carries the coding sequences of one, two or more proteins or peptides.
Such coding sequences in di-, or even multicistronic nucleic acids may be separated by at
least one internal ribosome entry site (IRES) sequence, e.g. as defined herein or by signal
peptides which induce the cleavage of the resulting polypeptide which comprises several
proteins or peptides.
30
In particular preferred aspects of the first embodiment of the present invention the encoded
peptides or proteins are selected from human, viral, bacterial, protozoan proteins or

peptides.



Figure 11:shows the nRNA sequence of ppLuc(GC) - ag - A64 - ag (SEQ I D NO
48). A second al pha-globin 3'-UTR was appended 3' of A64 poly(A). 10 Figure
12: shows wbeonRgssequence of ppLuc(GC) - ag - A64 - aCPSBI/EPRGEQ40D7 NO
49). A stem | oop was appended 3' of A64 poly(A). The stem | oop has been
selected froma library for its specific binding of the aCP-2KL protein
(Thisted 15 et al, (2001), The Journal of Biological Chemstry, 276(20),
17484-17496). aCP-2KL is an isof orm of28aCP-2, the nost strongly expressed
aCP protein (al pha-gl obin nmRNA pol y(C) binding protein) (Mkeyev et al,
(2000), CGenomcs, 67(3), 301- 316) a group of RNA binding proteins, which
bind to t bin 3 ei dze,.et 1999 Wol ecuyl ar .,and
b0 & O D5 BPRS: O O B ST et ol 1880 MG g0
ppLuc( Gipventiag nuclddacid Padlealle. mdySbe) skloctyd) witBput being restricted thereto, fromThe 5
clover leaf frqgmPolio vifrus m c RNA was ,a 3' of A64 25pol y(A).
i oure PR oG eBERIL B P B SR T oo desat thetSpgu e | b

NO  51) divesid, prtbrablly ﬁQieﬂH@d]Hb@trﬁ%r%p%@é?ﬂﬁéﬁdhﬁh O indRAUADlsYihAeed .
Figure 15: shows t he mRNA sequence of pp Luc& ag - A64 - U30 (SEQ I

NO. 52) SHcBtrrelelys mey 15 srleed &iosy apusnayp hd%opysthe6$aIW6desgﬁﬁwe9(%curr"\so
2012/ O19ZBORGTARRRKLHODABYeln RodhW & siifled BErséh FbAITLL BAB: YRIVARBRIRY, 3 of
A64 poly(A). The upper part of the stemand the |oop were taken from

( Babendugsriged athere{ dbppeutinglly Nstiveropreteing. Way, compe FBEteings Tppabipeofst em

chovs. pLiRraeg or biRRaRe Ry NGl T A 858G ikl BT, LT

ori gDnalmarekires, gpwalrnfa@:tctrerrne&pt&re, figrsatl rtiaosduo;n'osinn(dsecuiﬂNAans;ripbormfamsw th

32 addi telicongr!t ggdlae Li d fﬁh ]:)Olbll oW 1 ﬁ) otelnsloellzI it a%tosrp%vr\sat ! otS|st he
conbi natd6n®'of p%ﬂ A) ANy RPEPorfdsE"s BESES prp el n expressi rom mRNA

in a synelﬁ@dqirotelmﬁmaapeutTdﬁect@éfemymesf arpd)hry;( Proted e gummeed Wltls'raﬁy]eﬁlqulreaind t he

conbi nat j.on of .hye@) éﬂ hi stoneSL on |uciferase expression from nRNA was

exam ne e???e?’@f"% Ere iRy P EA® nRNAs were el ectroporated into HelLa cells.

Luci ferase | evels were 15 neasured at 6, 24, and 48 hours after

transfection, Little luciferase is expre sed from havi ng neither

pol ¥PA) Pseferablve @ thrsapavtisa! brstiye prsiein ‘fih'ﬁ IgRyAe @@38 )éﬂt?r'”‘t’%“’ﬁlngt:'@ﬁeSL

i ncr easgcidmolditie ?ﬁa%/sﬁsé e¥eln a@h%rﬁ';ﬂgﬂe)’n hﬁVtﬁ‘éeJontetxh%rPQﬂhbmt;&reﬂ%urpfs

pol y(A) and hi st oneSL further strongl'y increases | uci fer ase |evel,

mani f ol drefeably tonke u@d@m@bgeaowrw'tnh v@vctfhérca@ﬁblpne eilglnaﬁdunvafaummune

el enent c s gi Y g

(relati \?%S F)lng tgu(?ﬁf{agd Bs{‘{?ghdalﬁéfb%%\)} asulcf)P% f@bﬁf r{n%ﬁﬁr}rgé;trgs%f) Egeﬁs ﬁ%’t is%ns

Speci f i @acRidtoard aspattenr rezeghltlcpn Fecapior,esuth ag e. gzlagacwtqr?oemtadsfrqrhahe Tok-

co nat i on of Vi toneSL eases e| n, 25exnress from
0] - 18Tl Ml ind iR Mo 1 FEERRGBL Sk B RRISA0 ¢

hi st oneSILR10 lve feombiurak Tl bite m@bytbﬁ) TI(Rﬂdtd’lTBRt&’le&brﬁ [ﬁeﬁérdblh,elthe Qdﬂﬁ/anton

| uci f erase exggs%fm on was exanm ned Ther%]: ore. different

were | i PEPEL fed i fr%EQ’%‘é%’\ adjuyqtipratenson form| Rathggepic %Yfﬂ‘écﬂ”%}?’"é 24,

and 48 RewtddtdrRthé peoupt absisthg 3, WithBst Béihg QitnitedOthBredd) B¥feriallpydtéins,
sequence or the histoneSL give ri se t nparabl e | uciferase | evel

| ner eas PO POIGHS: BA PRECIRD I (ARER RIGISHE e SRR GnAPHCHRr TaMAZ00

' ncagas%%ctfeh§lal JahepREEns. w%duﬂ&d%%te‘?d Ycidd EhceBMg RBlan BrBRiGARRIIVE inon  Of
pol y(A) and hi stone i ncreases the | uciferase
adjuvant effects (e.g. ligands of pattern recognition receptors, pattern recognition receptors,

proteins of the signal transduction pathways, transcription factors or cytokines) may be used

as well.

30  The inventive nucleic acid molecule may alternatively encode an antigen. According to the
present invention, the term “antigen” refers to a substance which is recognized by the
immune system and is capable of triggering an antigen-specific immune response, e.g. by

formation of antibodies or antigen-specific T-cells as part of an adaptive immune response.



WO 2012/ 019780PCT/ EP2011/ 004077 57 | evel nuch further than | engthening of

t he pol y(A) sequence. The conbination of poly(A) and hi stoneSL acts

syner gi stwoabiyoiamoit i ncreases the |uciferase | evel narcTapdoiaoeiner t he

| evel observed with either of the individual elenents. The synergistic
effect of the conbination of poly(A) and 5 histoneSL is seen irrespective
of the order of poly(A) and histoneSL and irrespective of the |ength of

pol y(A) with A64-histoneSL or histonel9-A250 nRNA. Data are graphed as nmean
RLU SD for triplicate transfections. Specific RLU are summari zed in

Exanpl e 14 thi8 codt®fri gruamigicsepitape, tfregmenher pestilei of aoprotedn meanppmishl@riy By the

conbi nat | AN 9f TPQ A) _and toneLlsseC|f| cl. f i ng
pol y(A) andz’"h(]:c sTto Iy%E g WFWS"AT% ¥ 8P ﬁ%\? t{yeBs(é%Eencego 6?1 P[JCl ?’Igrase
expr essiredpettiveiy. TRNA was exam ned. Therefore different mRNAs were

el ectroporated into HeLa cells. Luciferase |evels were 15 nmeasured at 6,

24, and 48 hours after transfection. Both a poly(A) sequence or the

hi st gnedh g ¥enteitsst the peodmanadition,| aHtighey adfch 81495 endged BRI aivieptiveOf
pol y(A) and_histoneSL strongl ){ i ncreases the Juciferase level, manifold
lly

above t Mecleis @cidsedlper WRE ki EPBPrisST apneantigen v PRUSANIG | SBHERE s anHESH
acting %gﬁ{egi St histfehit: pép'ﬂd@oﬁtlfn?%ndepﬂ@ikﬂiv@gieﬂmt%ﬁp‘)no% bhzfé?ﬁ!ylyq;roﬁeh\e

ot her 20 Sequences 1s without effect on the luciferase |evel cofipared to
MRNA corndipsPtige entigens sl Ymmur setgroncallergamis antigeas ebatieraens: eRtooMMmiaIey ( A)
and hi st t f YegNd synergistically. Data are graphed as
mean RL@QQEB&E&E %}&%gﬁ%zﬂnggérlrsaﬁgf ections. Specific RLU are summari zed in
Exardfl e 11. 4. 25 Fi gure 21: shows that the conbination of poI y(A) and

hi st one as eln ressi. nfr m . RNA i i ti aner in
Ui voo " THE PaRFLER 357 Ry ERoBERR M SHERE S RS bl B R

pol y(A) gandataadaitm‘mesbe@ﬂll J mofef gpiasky axtjgeas otodm‘fvecb fPoMRINA Host argardsmdsg.

d., 30 Ther ef di t 1 nj ect trad
P R e b e R b S TR e

at the idng aeﬁstnhw Slifaf anti@ing, m&&ut edu ehbl,CﬂJf\@’l&ﬁﬂgérfs Prcjis Rical BARHRNA
havi_.ng ei t her a | st@g or .a A%ﬂsequence I k| nrg however, the
conBP natdngRRlantigeqs 2 fE?'U‘iQ'?W@T?tEP‘? aqmaetvsﬁnséa Y, ATRIBERer 3]|eEgeae S

strongl yaed %f&ﬁ?%ﬁtuée‘ﬂ? vl/MGh E%s%%% Au%wg@hn R In0d rabpusd&h%dlf%ﬁ%.tmsaer ved
with either of the 1ndividual elenments, thus acting synergistically. Data

are graphemnaer @ﬁbgrnsqqms SM'PﬁéwataW&e“PlagWCmﬁdt By the mveative rudele asid

mean) 5 t hat
the. bont e fndfrbk Mrf BT AIEER: MR e eoll B E oF Ahe 105

expr essiSonh fantiganyRNAude laetlm aletiverdt frpml theAoss exgarinvelegna@ hurearpatsbif,nagi on of

pol ycA) .and hi toneS NY ESO. 1 I’eSSI
o R TR T e R R R e BT o e TS
| evel s \moe(nrmaelf)ra&nﬁgerts 2Addfmed headin ewhtchdmédlebn mmgmallylkman (dﬁh%d?frbm

NY- ESO- Xpres m MRNA havi ng, onl A enc |k| ngly
nowever novtseTs BTz des st Greepomy b At oht tedndled & dostsfty Thiide waboeY no
NY- ESO- llleQV&kellnéigllHﬂbd)t@b@\tﬁgialﬂﬁtlérﬁmtamsmfb!t@d with only a poly(A)
sequence. Data 15are graphed as counts against fluorescence intensity.

Medi an fl uorescence intensities (MFl) are sunmarized in Exanple 11.6.

Fi ggse 23:sRBRYS of BAf etnbewﬁ%bﬂnﬁﬁttieoéhc%ﬁe@q]lywﬁwé)m@éHiuvB'W@%hd‘ RolRares the
| evel of antibodies eI icited by vaccination with nRNA. 20The effect of

pol y(A) SoBWrissfclEMRYE awﬁsn&o%mﬁm ARigeBY’ 50 PYAEpbhirecaied pb AkesturgRe thhe

| nduct | QgnhurAell. NGl hndiins DRl CS1s6! b1 LaBBY  KBRCIRgtEIren \Wut:i? gRNA was
exam ne herefore Co/BL/ 6 re vacci nated i ntrader nal

differ emvewmssedonﬁwmedcwsmmnmam(hm a@oralecdlleveyrthef mpre, E&J@omr mblgemsf ic

ti bodig
eri ol diTrPHE SERREL AR TR R LB e 185008, HeRkeif A A ng
onl $0a plérydeNessdegenerated lﬁnar«asargdlgtedilMMbe sup;ismwmm«)matmogemfwlpdh y(eA) and
hi st SL st | t h o1 bl | ., {fold
abovet REMTUE] Ul SPORE PP BN s Ol YRt ot SR tBRed as
mean endpagés whitkelage advbatted VifDhédvatdul R1zation, &.& Uirowth faetrd, BudDEX®eEFe

11.7. , : , : .
bFGF etc., are also included herein. Antigens connected with a tumour furthermore include



WO 2012/ 019780PCT/ EP2011/ 004077 59 Exanpl es: The foll ow ng Exanpl es are
intended to illustrate the invention further and shall not be construed to
limt thewpresanbd7sonventi on thereto. 5 1. Generation of porsrenarsioem | oop
consensus sequences Prior to the experinents, histone stem| oop consensus
sequences were determ ned on the basis of nmetazoan and protozoan histone
stem | oop sequences. Sequences were taken fromthe suppl enent provided by
Lopez et al. (Davila Lopez, M, & 10 $#nuel sson, T. (2008), RNA (New York,
N.Y.), 14(1), 1-10. doi: 10. 1261/ na. 782308) , who identified a |ar ge number
of nat uraaltigdrriss‘tcnneteﬁ$ entiksviep twiqallé)neevbedxyngdm timawy. etteni sonsegulstoess and
express guence ta t, all se ence fro ot 9zoa
(4001 s 'ﬂ]suan%eo ?%'nosr Ogl P ls:g%f eaﬁ%eééx erS(S)em ao'fr(])té {H{@Qﬁé%gencgg) of %OQ

al t er natkneeingly) rfiem aetaazeradifea8y Gnd ﬂmyenmcers)n inareafegdoconbnivaicne alteeboc(y1333

sequenc or, fromhu uence rouped an ned. Then,
he GuantAds o oric e e Lt S TILFLOs i Ao i it o Bpery ditgvere
pOsi i OntheyBas et antigdne it &l s@ﬁngehumeabmglomaﬁl nmﬁ@ﬂﬁéQéb‘f)bﬁsesﬂquciﬂgeﬁbsftﬁcet he 5

di fferent groups of sequences were erated representing all nucl eotjdes
present |ﬁCﬂ%‘éoéféali’é’he&éseahQ?WQ%H'V'q%Hr}%@Eﬁ’t”PtBﬁ“m%r%ei;'éétaf‘i'%ﬁ“?\(/Tes”éb nsus

sequenCQ§mw.rfss@A.§ted%Qﬁ>§Hn§l< er&a%m@ba FIRPRES b7 A oGOAARAEhever
nucl eoti des 2. Preparation of | at'es K vect or for invitro

transcribpyt wma\kébeaitbm tCﬁUfctTémctms:eJimrqsglt arony aptpm@yt Epedifi MYIREPNDY Ads,
GC-enri Ghgdh SRANS P?g%rﬁ%%hngref Quaf) Fés éd B rb%ltH furh (g{ﬁ ;{nﬁrl?e%ﬁh;%eﬁp%ﬁ&( ),

the center part o untrans reg on al pha-gl obin (ag),
and 18 paingiges @eqwgoez_edm qbelap(lgen seqftlélmgece%/a@nl bardesitrayed @yfqyltot@o\ed by a

restri ctd | ﬁn A§dd tlon%ﬁgqgrfn? o’i)%ggsr éwgc gl F oh ri'l?e yu%’é: f#\%ft?rqw?%s tWe 4t

transcrlp ronin in an sequence.
MRNA obtddj exygda friutated hiceptoedi dris easeothdy nayl ye te;zogmzed by anttbodiescri ption is
designated as "ppLuc(GC) - ag - 30A64. WO 2012/019780PCT/ EP2011/ 004077 60
| acking A64. In addition, the original vector was nodified to include

al ter natAd(:@rcﬁﬁ%tdﬁMﬁer diterrauvEredng, fukther dles loduhiigensRMARhwREEbe khéddeedhyf r om
t hese vectors y In vitr tran Cri tl on (|rrRNA sequences aI’F glrven I n
Fi gdPes tBe tnyentive: nusigit %&fa aglecu %6(’5]9@5?5[9 'R@e"ﬁ?ﬁt'ﬁwué%fé@ ergenly antigeny SEQ

ID NO 44y B@lsén@&t@@)frcm aditig erhlc;étriqe@ma@ekéatl‘s@ncé@ [g)m&ﬁ(a@fr)mals pldnts, A64 -
hi stoneSL(SEQID 1 46) pp c(GC) - ag - Al 20( (SEQ 1 D'NO 47) 10ppLuc(GC) -
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particular interest in the context of the present invention are antigens, which may be
encoded by the inventive nucleic acid molecule as defined herein, i.e. protein or peptide
antigens and their fragments or epitopes, or nucleic acids and their fragments, particularly
nucleic acids and their fragments, encoding such protein or peptide antigens and their

25  fragments or epitopes.

According to a further alternative, the inventive nucleic acid molecule may encode an
antibody or an antibody fragment. According to the present invention, such an antibody
may be selected from any antibody, e.g. any recombinantly produced or naturally occurring
30  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



20 using T7-Pol ynerase. The DNA-tenpl ate was then digested by
DNase-treatnment. Al nRNA-transcripts contained a 5-CAP structure obtained
by addi ngvanoexems of N7- Met hyl - Guanosi ne-51- Tri phosplratr&P2011/@xINDSi ne t o
the transcription reaction. nRNA thus obtained was purified and resuspended
in water. 25 4.Enzymatic adenylation of nRNA Two nRNAs were enzymatically
adenyl at ed: ppLuc(GC) - ag - A64 and ppLuc(GC) - ag - histoneSL. To this
end, RNA was incubated with E. coil Pdly(A)-polynerase and ATP (Pol y(A)

Pol ynerase Tailing Kit, Epicentre, Madison, USA) follow ng the
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harvested and transferred into a 96 well V-bottomplate (2 wells per nRNA).
Cells were washed with phosphate buffered saline (PBS) and perneabilized
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washed twice with PermAash. Cells were resuspended in 200 pl of buffer
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63 well of biotinylated rat anti-nouse | g&a[b] detection anti body (BD

Bi osci ences) diluted 1:600 in blocking buffer was allowed to bind for 1
hour at rwormtxnpmoat ure. Pl ates were washed agai n thr eecriEres X407 wash
buffer, followed by incubation for 30 mnutes at roomtenperature with 100
pi per well of horseradi sh 5 peroxi dase-coupled streptavidin. After four
washes with wash buffer, 100 pi per well of 3,31,5,5 -tetranethyl benzi di ne
(Therno Scientific) was added. Upon th& resulting change in color 100 pi
per well of 20% sulfuric acid was added. Absorbance was neasured at 405 nm
1011. RESULTS 11.1 Hi stone stem| oop sequences: In order to characterize

hi stone stem.l o sequences, .. sequences from.met azoa,and pr.ot ozoa.(400
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nucl eoti des conpri s ase-palrs and one m snat Anot her human hi st one
st el ospample, ahctsheman eel bis aholuy 13 awe- gdPNS, bFRoveuntbor theShistanesrit hast one
stem | oops cont aj.n 6 cl eotide .l ong, st . hut, include one m snatch at
Shroe arppuf a0 iheie? ol HSORatA TGP B dRClHAE BRI AREGR o
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be stri AP WYERYARSUC 'é'StPB%Br $1NgS HPGEYICHRE AXS Y CPPEREPRTEE N n D.
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conserved nucl| eotides. In sumary, the fol vam' ng sequences were obtai ned:
(Corg) : adpFdsenteferally sslestesotrrie S1a5adlian histoney -more ppretesantlys friam |human g9goy

of all nugbeQtdrdsom gl%?er?rtls. A histdrRP R PRI HbteliRast tgrddiQforgddised into
nucl eoti des present 0% : represents at |east 90% of all nucleotides

present tPRSUpesilasses int:qhés earalhissanes gommrisingridstenesiid b a2 & dtprnstidd, ande
sumar i zig,(r%g; Msthh& E%br@é@ﬁé‘ﬁ’is{gﬁg as aﬁdtk%.f’ (see also Fig. 1 to 5): Table 1:

Met zoan protozoan histone stem | oop consensus sequence: (based on an
al i gnment of 4001 nmetazoan and protozoan histone stem| oop sequences) (see

al S9oF 9y tIJii)s context, linker: ﬁﬁ;t<o<n§es, preferably excluded from the scope of protection of the
pending invention, preferably mammalian linker histones, more preferably human linker
histones, are typically selected from H1, including H1F, particularly including H1FO,
H1FNT, H1FOO, HI1FX, and H1H1, particularly including HISTIH1A, HIST1H1B,
HIST1H1C, HISTIH1D, HISTIH1E, HISTIH1T; and
25
Furthermore, core histones, preferably excluded from the scope of protection of the pending
invention, preferably mammalian core histones, more preferably human core histones, are
typically selected from H2A, including H2AF, particularly including H2AFB1, H2AFB2,
H2AFB3, H2AF), H2AFV, H2AFX, H2AFY, H2AFY2, H2AFZ, and H2A1, particularly
30  including HISTTH2AA, HIST1H2AB, HIST1H2AC, HISTIH2AD, HISTTH2AE, HISTIH2AG,
HIST1IH2AI, HISTIH2AJ, HISTTH2AK, HISTTH2AL, HISTIH2AM, and H2A2, particularly
including HIST2H2AA3, HIST2H2AC; H2B, including H2BF, particularly including H2BFM,
H2BFO, H2BFS, H2BFWT H2B1, particularly including HIST1H2BA, HIST1H2BB,
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HISTIH2BC, HIST1H2BD, HIST1H2BE, HISTIH2BF, HIST1H2BG, HISTIH2BH,
HIST1IH2BI, HIST1H2B), HISTIH2BK, HIST1H2BL, HISTIH2BM, HISTTH2BN,
HISTIH2BO, and H2B2, particularly including HIST2H2BE; H3, including H3A1,
particularly including HIST1H3A, HIST1H3B, HISTIH3C, HIST1H3D, HISTIH3E,

5  HIST1H3F, HIST1H3G, HISTIH3H, HIST1H3I1, HISTTH3), and H3A2, particularly including
HIST2H3C, and H3A3, particularly including HIST3H3; H4, including H41, particularly
including HISTIH4A, HIST1H4B, HISTIH4C, HIST1H4D, HIST1H4E, HIST1HA4F,
HISTIH4G, HISTIH4H, HIST1H41, HIST1H4), HIST1H4K, HIST1H4L, and H44,
particularly including HIST4H4, and H5.

10
According to the first embodiment of the present invention, the inventive nucleic acid
sequence comprises a coding region, preferably encoding a peptide or protein. Preferably,
the encoded protein is no reporter protein (e.g. Luciferase, Green Fluorescent Protein (GFP),
Enhanced Green Fluorescent Protein (EGFP), B-Galactosidase) and no marker or selection

15  protein (e.g. alpha-Globin, Galactokinase and Xanthine:guanine phosphoribosy! transferase
(GPT)). Preferably, the nucleic acid sequence of the invention does not contain a (bacterial)

Neo gene sequence (Neomycin resistance gene).

The inventive nucleic acid as define above, comprises or codes for a) a coding region,

20  preferably encoding a peptide or protein; b) at least one histone stem-loop, and c)
optionally a poly(A) sequence or polyadenylation signal; preferably for increasing the
expression level of an encoded protein, wherein the encoded protein is preferably no
histone protein, no reporter protein and/or no marker or selection protein, as defined above.
The elements b) to c) of the inventive nucleic acid may occur in the inventive nucleic acid

25 in any order, i.e. the elements a), b) and ¢) may occur in the order a), b) and c) or a), ¢) and
b) from 5’ to 3’ direction in the inventive nucleic acid sequence, wherein further elements
as described herein, may also be contained, such as a 5’-CAP structure, a poly(C) sequence,
stabilization sequences, IRES sequences, etc. Each of the elements a) to c) of the inventive
nucleic acid, particularly a) in di- or multicistronic constructs and/or each of the elements b)

30  and c), more preferably element b) may also be repeated at least once, preferably twice or
more in the inventive nucleic acid. As an example, the inventive nucleic acid may show its
sequence elements a), b) and optionally c) in e.g. the following order:

5’ — coding region - histone stem-loop — 3’; or
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5’ — coding region — coding region - histone stem-loop - 3’; or

5’ — coding region — IRES - coding region - histone stem-loop - 3’; or

5’ — coding region — histone stem-loop — poly(A) sequence - 3’; or

5’ — coding region - histone stem-loop - polyadenylation signal - 3’; or

5’ — coding region — coding region - histone stem-loop — polyadenylation signal - 3’; or

5’ - coding region — histone stem-loop — histone stem-loop — 3’; or

5’ — coding region - histone stem-loop - histone stem-loop - poly(A) sequence — 3’; or

5’ — coding region — histone stem-loop — histone stem-loop — polyadenylation signal- 3’; or
5’ — coding region — histone stem-loop — poly(A) sequence — histone stem-loop - 3’; or

5’ — coding region- poly(A) sequence - histone stem-loop - 3; or

5’ — coding region — poly(A) sequence — histone stem-loop — histone stem-loop - 3’;etc.

In this context it is particularly preferred that the inventive nucleic acid molecule comprises
or codes for a) a coding region, preferably encoding a peptide or protein; b) at least one
histone stem-loop, and c) a poly(A) sequence or polyadenylation sequence; preferably for
increasing the expression level of an encoded protein, wherein the encoded protein is
preferably no histone protein, no reporter protein (e.g. Luciferase, GFP, EGFP, B-
Galactosidase, particularly EGFP) and/or no marker or selection protein (e.g. alpha-Globin,

Galactokinase and Xanthine:Guanine phosphoribosyl transferase (GPT)).

In a further preferred aspect of the first embodiment the inventive nucleic acid molecule as

defined herein may also occur in the form of a modified nucleic acid.

According to one aspect of the first embodiment, the inventive nucleic acid molecule as
defined herein may be provided as a “stabilized nucleic acid", preferably as a stabilized
RNA, more preferably as a RNA that is essentially resistant to /n vivo degradation (e.g. by an

exo- or endo-nuclease).

In this context, the inventive nucleic acid molecule as defined herein may contain
nucleotide analogues/modifications e.g. backbone modifications, sugar modifications or
base modifications. A backbone modification in connection with the present invention is a
modification in which phosphates of the backbone of the nucleotides contained in

inventive nucleic acid molecule as defined herein are chemically modified. A sugar
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modification in connection with the present invention is a chemical modification of the
sugar of the nucleotides of the inventive nucleic acid molecule as defined herein.
Furthermore, a base modification in connection with the present invention is a chemical
modification of the base moiety of the nucleotides of the nucleic acid molecule of the
inventive nucleic acid molecule. In this context nucleotide analogues or maodifications are
preferably selected from nucleotide analogues which are applicable for transcription and/or

translation.

In a particular preferred aspect of the first embodiment of the present invention the herein
defined nucleotide analogues/modifications are selected from base modifications which
additionally increase the expression of the encoded protein and which are preferably
selected from 2-amino-6-chloropurineriboside-5'-triphosphate,  2-aminoadenosine-5'-
triphosphate, 2-thiocytidine-5'-triphosphate, 2-thiouridine-5'-triphosphate, 4-thiouridine-5'-
triphosphate, 5-aminoallylcytidine-5'-triphosphate, 5-aminoallyluridine-5'-triphosphate, 5-
bromocytidine-5'-triphosphate, 5-bromouridine-5'-triphosphate, 5-iodocytidine-5'-
triphosphate,  5-iodouridine-5'-triphosphate, ~ 5-methylcytidine-5'-triphosphate, 5-
methyluridine-5'-triphosphate, 6-azacytidine-5'-triphosphate, 6-azauridine-5'-triphosphate,
6-chloropurineriboside-5'-triphosphate, 7-deazaadenosine-5'-triphosphate, 7-
deazaguanosine-5'-triphosphate,  8-azaadenosine-5'-triphosphate, ~ 8-azidoadenosine-5'-
triphosphate, benzimidazole-riboside-5'-triphosphate, N1-methyladenosine-5'-triphosphate,
N1-methylguanosine-5'-triphosphate, N6-methyladenosine-5'-triphosphate, O6-
methylguanosine-5'-triphosphate, ~ pseudouridine-5'-triphosphate, ~or  puromycin-5'-
triphosphate, xanthosine-5'-triphosphate. Particular preference is given to nucleotides for
base modifications selected from the group of base-modified nucleotides consisting of 5-
methylcytidine-5'-triphosphate,  7-deazaguanosine-5'-triphosphate,  5-bromocytidine-5'-
triphosphate, and pseudouridine-5'-triphosphate.

According to a further aspect, the inventive nucleic acid molecule as defined herein can
contain a lipid modification. Such a lipid-modified nucleic acid typically comprises a
nucleic acid as defined herein. Such a lipid-modified nucleic acid molecule of the inventive
nucleic acid molecule as defined herein typically further comprises at least one linker
covalently linked with that nucleic acid molecule, and at least one lipid covalently linked

with the respective linker. Alternatively, the lipid-modified nucleic acid molecule comprises
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at least one nucleic acid molecule as defined herein and at least one (bifunctional) lipid
covalently linked (without a linker) with that nucleic acid molecule. According to a third
alternative, the lipid-modified nucleic acid molecule comprises a nucleic acid molecule as
defined herein, at least one linker covalently linked with that nucleic acid molecule, and at
least one lipid covalently linked with the respective linker, and also at least one
(bifunctional) lipid covalently linked (without a linker) with that nucleic acid molecule. In
this context it is particularly preferred that the lipid modification is present at the terminal

ends of a linear inventive nucleic acid sequence.

According to another preferred aspect of the first embodiment of the invention, the
inventive nucleic acid molecule as defined herein, particularly if provided as an (m)RNA,
can therefore be stabilized against degradation by RNases by the addition of a so-called "5'

CAP" structure.

According to a further preferred aspect of the first embodiment of the invention, the
inventive nucleic acid molecule as defined herein, can be modified by a sequence of at
least 10 cytidines, preferably at least 20 cytidines, more preferably at least 30 cytidines (so-
called "poly(C) sequence”). Particularly, the inventive nucleic acid molecule may contain
or code for a poly(C) sequence of typically about 10 to 200 cytidine nucleotides, preferably
about 10 to 100 cytidine nucleotides, more preferably about 10 to 70 cytidine nucleotides
or even more preferably about 20 to 50 or even 20 to 30 cytidine nucleotides. This poly(C)
sequence is preferably located 3’ of the coding region comprised in the inventive nucleic

acid according to the first embodiment of the present invention.

According to another preferred aspect of the first embodiment of the invention, the
inventive nucleic acid molecule as defined herein, preferably has at least one 5' and/or 3'
stabilizing sequence. These stabilizing sequences in the 5’ and/or 3’ untranslated regions
have the effect of increasing the half-life of the nucleic acid in the cytosol. These stabilizing
sequences can have 100% sequence identity to naturally occurring sequences which occur
in viruses, bacteria and eukaryotes, but can also be partly or completely synthetic. The
untranslated sequences (UTR) of the (alpha-)globin gene, e.g. from Homo sapiens or
Xenopus laevis may be mentioned as an example of stabilizing sequences which can be

used in the present invention for a stabilized nucleic acid. Another example of a stabilizing
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sequence has the general formula (CZU)CCAN,CCC(U/A)Py, UC(C/U)CC (SEQ ID NO: 55),
which is contained in the 3’-UTRs of the very stable RNAs which code for (alpha-)globin,
type(l)-collagen, 15-lipoxygenase or for tyrosine hydroxylase (cf. Holcik et a/, Proc. Natl.
Acad. Sci. USA 1997, 94: 2410 to 2414). Such stabilizing sequences can of course be used
5 individually or in combination with one another and also in combination with other

stabilizing sequences known to a person skilled in the art. In this context it is particularly
preferred that the 3’ UTR sequence of the alpha globin gene is located 3’ of the coding
sequence comprised in the inventive nucleic acid according to the first embodiment of the
present invention.

10
Substitutions, additions or eliminations of bases are preferably carried out with the inventive
nucleic acid molecule as defined herein, using a DNA matrix for preparation of the nucleic
acid molecule by techniques of the well known site directed mutagenesis or with an
oligonucleotide ligation strategy (see e.g. Maniatis et a/, Molecular Cloning: A Laboratory

15  Manual, Cold Spring Harbor Laboratory Press, 3rd ed., Cold Spring Harbor, NY, 2001). In
such a process, for preparation of the inventive nucleic acid molecule as defined herein,
especially if the nucleic acid is in the form of an mRNA, a corresponding DNA molecule
may be transcribed /n vitro. This DNA matrix preferably comprises a suitable promoter, e.g.
a T7 or SP6 promoter, for in vitro transcription, which is followed by the desired nucleotide

20  sequence for the nucleic acid molecule, e.g. mRNA, to be prepared and a termination
signal for /n vitro transcription. The DNA molecule, which forms the matrix of the at least
one RNA of interest, may be prepared by fermentative proliferation and subsequent
isolation as part of a plasmid which can be replicated in bacteria. Plasmids which may be
mentioned as suitable for the present invention are e.g. the plasmids pT7Ts (GenBank

25  accession number U26404; Lai et a/, Development 1995, 121: 2349 to 2360), pGEM®
series, e.g. pGEM®-1 (GenBank accession number X65300; from Promega) and pSP64
(GenBank accession number X65327); cf. also Mezei and Storts, Purification of PCR
Products, in: Griffin and Griffin (ed.), PCR Technology: Current Innovation, CRC Press, Boca
Raton, FL, 2001.

30
Nucleic acid molecules used according to the present invention as defined herein may be

prepared using any method known in the art, including synthetic methods such as e.g. solid
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phase synthesis, as well as /n vitro methods, such as /n vitro transcription reactions or in

vivo reactions, such as /n vivo propagation of DNA plasmids in bacteria.

Any of the above modifications may be applied to the inventive nucleic acid molecule as
defined herein and further to any nucleic acid as used in the context of the present
invention and may be, if suitable or necessary, be combined with each other in any
combination, provided, these combinations of modifications do not interfere with each
other in the respective nucleic acid. A person skilled in the art will be able to take his

choice accordingly.

The inventive nucleic acid molecule as defined herein as well as proteins or peptides as
encoded by this nucleic acid molecule may comprise fragments or variants of those
sequences. Such fragments or variants may typically comprise a sequence having a
sequence identity with one of the above mentioned nucleic acids, or with one of the
proteins or peptides or sequences, if encoded by the at least one nucleic acid molecule, of
at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, preferably at least 70%, more preferably at
least 80%, equally more preferably at least 85%, even more preferably at least 90% and
most preferably at least 95% or even 97%, 98% or 99%, to the entire wild type sequence,

either on nucleic acid level or on amino acid level.

In a further preferred aspect of the first embodiment of the present invention the inventive
nucleic acid sequence is associated with a vehicle, transfection or complexation agent for
increasing the transfection efficiency of the inventive nucleic acid sequence. Particularly
preferred agents in this context suitable for increasing the transfection efficiency are cationic
or polycationic compounds, including protamine, nucleoline, spermine or spermidine, or
other cationic peptides or proteins, such as poly-L-lysine (PLL), poly-arginine, basic
polypeptides, cell penetrating peptides (CPPs), including HIV-binding peptides, HIV-1 Tat
(HIV), Tat-derived peptides, Penetratin, VP22 derived or analog peptides, HSV VP22
(Herpes simplex), MAP, KALA or protein transduction domains (PTDs), PpT620, prolin-rich
peptides, arginine-rich peptides, lysine-rich peptides, MPG-peptide(s), Pep-1, L-oligomers,
Calcitonin peptide(s), Antennapedia-derived peptides (particularly from Drosophila
antennapedja), pAntp, plsl, FGF, Lactoferrin, Transportan, Buforin-2, Bac715-24, SynB,
SynB(1), pVEC, hCT-derived peptides, SAP, or histones. Additionally, preferred cationic or
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polycationic proteins or peptides may be selected from the following proteins or peptides
having the following total formula: (Arg);;(Lys),;(His),;(Orn),;(Xaa),, wherein | + m + n +o0 +

x = 8-15, and |, m, n or o independently of each other may be any number selected from 0,
1,2,3,4,56,7,8,9,10,11, 12, 13, 14 or 15, provided that the overall content of Arg,

5 Lys, His and Orn represents at least 50% of all amino acids of the oligopeptide; and Xaa
may be any amino acid selected from native (= naturally occurring) or non-native amino

acids except of Arg, Lys, His or Orn; and x may be any number selected from 0, 1, 2, 3 or 4,
provided, that the overall content of Xaa does not exceed 50 % of all amino acids of the
oligopeptide. Particularly preferred cationic peptides in this context are e.g. Arg,, Arg,,

10 Arg,, H3R,, RgH;, H;3RgH;, YSSR,SSY, (RKH),, Y(RKH),R, etc. Further preferred cationic or
polycationic compounds, which can be used as transfection agent may include cationic
polysaccharides, for example chitosan, polybrene, cationic polymers, e.g.
polyethyleneimine (PEI), cationic lipids, e.g. DOTMA: [1-(2,3-sioleyloxy)propyl)]-N,N,N-
trimethylammonium chloride, DMRIE, di-C14-amidine, DOTIM, SAINT, DC-Chol, BGTC,

15 CTAP, DOPC, DODAP, DOPE: Dioleyl phosphatidylethanol-amine, DOSPA, DODAB,
DOIC, DMEPC, DOGS: Dioctadecylamidoglicylspermin, DIMRI: Dimyristo-oxypropyl
dimethyl hydroxyethy| ammonium bromide, DOTAP: dioleoyloxy-3-
(trimethylammonio)propane, DC-6-14: O,O-ditetradecanoyl-N-(a-
trimethylammonioacetyl)diethanolamine chloride, CLIP1: rac-[(2,3-

20  dioctadecyloxypropyl)(2-hydroxyethyl)]-dimethylammonium chloride, CLIP6: rac-[2(2,3-
dihexadecyloxypropyl-oxymethyloxy)ethyl]Jtrimethylammonium, CLIPO: rac-[2(2,3-
dihexadecyloxypropyl-oxysuccinyloxy)ethyl}-trimethylammonium,  oligofectamine,  or
cationic or polycationic polymers, e.g. modified polyaminoacids, such as B-aminoacid-
polymers or reversed polyamides, etc., modified polyethylenes, such as PVP (poly(N-ethyl-

25  4-vinylpyridinium bromide)), etc., modified acrylates, such as pDMAEMA
(poly(dimethylaminoethyl methylacrylate)), etc., modified Amidoamines such as pAMAM
(poly(amidoamine)), etc., modified polybetaaminoester (PBAE), such as diamine end
modified 1,4 butanediol diacrylate-co-5-amino-1-pentanol polymers, etc., dendrimers, such

as polypropylamine dendrimers or pAMAM based dendrimers, etc., polyimine(s), such as

30  PEl: poly(ethyleneimine), poly(propyleneimine), etc., polyallylamine, sugar backbone based
polymers, such as cyclodextrin based polymers, dextran based polymers, chitosan, etc.,

silan backbone based polymers, such as PMOXA-PDMS copolymers, etc., blockpolymers

consisting of a combination of one or more cationic blocks (e.g. selected from a cationic
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polymer as mentioned above) and of one or more hydrophilic or hydrophobic blocks (e.g

polyethyleneglycole); etc.

It is preferred that the nucleic acid sequence of the invention is provided in either naked
5 form or complexed, e.g. by polycationic compounds of whatever chemical structure,
preferably polycationic (poly)peptides or synthetic polycationic compounds. Preferably, the

nucleic acid sequence is not provided together with a packaging cell.

According to a further embodiment, the present invention also provides a method for
10 increasing the expression level of an encoded protein/peptide comprising the steps, e.g. a)
providing the inventive nucleic acid as defined herein, b) applying or administering the
inventive nucleic acid encoding a protein or peptide as defined herein to an expression
system, e.g. to a cell-free expression system, a cell (e.g. an expression host cell or a somatic
cell), a tissue or an organism. The method may be applied for laboratory, for research, for
15  diagnostic, for commercial production of peptides or proteins and/or for therapeutic
purposes. In this context, typically after preparing the inventive nucleic acid as defined
herein, it is typically applied or administered to a cell-free expression system, a cell (e.g. an
expression host cell or a somatic cell), a tissue or an organism, preferably in naked form or
as a pharmaceutical composition or vaccine as described herein, preferably via transfection
20  or by using any of the administration modes as described herein. The method may be
carried out /n vitro, in vivo or ex vivo. The method may furthermore be carried out in the

context of the treatment of a specific disease, preferably as defined herein.

In this context /in vitro is defined herein as transfection or transduction of the inventive
25 nucleic acid into cells in culture outside of an organism; in vivo is defined herein as
transfection or transduction of the inventive nucleic acid into cells by application of the
inventive nucleic acid to the whole organism or individual and ex vivo is defined herein as
transfection or transduction of the inventive nucleic acid into cells outside of an organism or
individual and subsequent application of the transfected cells to the organism or individual.
30
Likewise, according to another embodiment, the present invention also provides the use of
the inventive nucleic acid as defined herein, preferably for diagnostic or therapeutic

purposes, for increasing the expression level of an encoded protein/peptide, e.g. by
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applying or administering the inventive nucleic acid encoding a protein or peptide as
defined herein, e.g. to a cell-free expression system, a cell (e.g. an expression host cell or a
somatic cell), a tissue or an organism. The use may be applied for laboratory, for research,

for diagnostic for commercial production of peptides or proteins and/or for therapeutic

5  purposes. In this context, typically after preparing the inventive nucleic acid as defined
herein, it is typically applied or administered to a cell-free expression system, a cell (e.g. an
expression host cell or a somatic cell), a tissue or an organism, preferably in naked form or
complexed form, or as a pharmaceutical composition or vaccine as described herein,
preferably via transfection or by using any of the administration modes as described herein.

10 The use may be carried out /in vitro, in vivo or ex vivo. The use may furthermore be carried

out in the context of the treatment of a specific disease, preferably as defined herein.

In yet another embodiment the present invention also relates to an inventive expreséion
system comprising an inventive nucleic acid or expression vector or plasmid according to

15 the first embodiment of the present invention. In this context the expression system may be
a cell-free expression system (e.g. an /n vitro transcription/translation system), a cellular
expression system (e.g. mammalian cells like CHO cells, insect cells, yeast cells, bacterial
cells like £. coli) or organisms used for expression of peptides or proteins (e.g. plants or
animals like cows).

20
Additionally, according to another embodiment, the present invention also relates to the use
of the inventive nucleic acid as defined herein for the preparation of a pharmaceutical
composition for increasing the expression level of an encoded protein/peptide, e.g. for
treating a disease as defined herein, e.g. applying or administering the inventive nucleic

25  acid as defined herein to a cell (e.g. an expression host cell or a somatic cell), a tissue or an
organism, preferably in naked form or complexed form or as a pharmaceutical composition
or vaccine as described herein, more preferably using any of the administration modes as

described herein.

30  Accordingly, in a particular preferred embodiment, the present invention also provides a
pharmaceutical composition, comprising the inventive nucleic acid as defined herein and

optionally a pharmaceutically acceptable carrier and/or vehicle.
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As a first ingredient, the inventive pharmaceutical composition comprises the inventive

nucleic acid as defined herein.

As a second ingredient the inventive pharmaceutical composition may comprise at least one
5 additional pharmaceutically active component. A pharmaceutically active component in
this connection is a compound that has a therapeutic effect to heal, ameliorate or prevent a
particular indication or disease as mentioned herein, preferably cancer diseases,
autoimmune disease, allergies or infectious diseases, cardiovascular diseases, diseases of
the respiratory system, diseases of the digestive system, diseases of the skin, musculoskeletal
10  disorders, disorders of the connective tissue, neoplasms, immune deficiencies, endocrine,
nutritional and metabolic diseases, neural diseases, eye diseases, ear diseases and
hereditary diseases. Such compounds include, without implying any limitation, peptides or
proteins, preferably as defined herein, nucleic acids, preferably as defined herein,
(therapeutically active) low molecular weight organic or inorganic compounds (molecular
15  weight less than 5000, preferably less than 1000), sugars, antigens or antibodies, preferably
as defined herein, therapeutic agents already known in the prior art, antigenic cells,
antigenic cellular fragments, cellular fractions; cell wall components (e.g. polysaccharides),
modified, attenuated or de-activated (e.g. chemically or by irradiation) pathogens (virus,
bacteria etc.), adjuvants, preferably as defined herein, etc.
20
Furthermore, the inventive pharmaceutical composition may comprise a pharmaceutically
acceptable carrier and/or vehicle. In the context of the present invention, a
pharmaceutically acceptable carrier typically includes the liquid or non-liquid basis of the
inventive pharmaceutical composition. If the inventive pharmaceutical composition is
25  provided in liquid form, the carrier will typically be pyrogen-free water; isotonic saline or
buffered (aqueous) solutions, e.g phosphate, citrate etc. buffered solutions. The injection
buffer may be hypertonic, isotonic or hypotonic with reference to the specific reference
medium, i.e. the buffer may have a higher, identical or lower salt content with reference to
the specific reference medium, wherein preferably such concentrations of the afore
30  mentioned salts may be used, which do not lead to damage of cells due to osmosis or other
concentration effects. Reference media are e.g. liquids occurring in “in vivo’ methods,
such as blood, lymph, cytosolic liquids, or other body liquids, or e.g. liquids, which may be

used as reference media in “/n vitrd’ methods, such as common buffers or liquids. Such
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common buffers or liquids are known to a skilled person. Ringer-Lactate solution is

particularly preferred as a liquid basis.

However, one or more compatible solid or liquid fillers or diluents or encapsulating
compounds may be used as well for the inventive pharmaceutical composition, which are
suitable for administration to a patient to be treated. The term "compatible" as used here
means that these constituents of the inventive pharmaceutical composition are capable of
being mixed with the inventive nucleic acid as defined herein in such a manner that no
interaction occurs which would substantially reduce the pharmaceutical effectiveness of the

inventive pharmaceutical composition under typical use conditions.

According to a specific aspect, the inventive pharmaceutical composition may comprise an
adjuvant. In this context, an adjuvant may be understood as any compound, which is
suitable to initiate or increase an immune response of the innate immune system, i.e. a non-
specific immune response. With other words, when administered, the inventive
pharmaceutical composition preferably elicits an innate immune response due to the
adjuvant, optionally contained therein. Preferably, such an adjuvant may be selected from
an adjuvant known to a skilled person and suitable for the present case, i.e. supporting the
induction of an innate immune response in a mammal, e.g. an adjuvant protein as defined

above or an adjuvant as defined in the following.

Particularly preferred as adjuvants suitable for depot and delivery are cationic or
polycationic compounds as defined above for the inventive nucleic acid sequence as

vehicle, transfection or complexation agent.

The inventive pharmaceutical composition can additionally contain one or more auxiliary
substances in order to increase its immunogenicity or immunostimulatory capacity, if
desired. A synergistic action of the inventive nucleic acid as defined herein and of an
auxiliary substance, which may be optionally contained in the inventive pharmaceutical
composition, is preferably achieved thereby. Depending on the various types of auxiliary
substances, various mechanisms can come into consideration in this respect. For example,
compounds that permit the maturation of dendritic cells (DCs), for example

lipopolysaccharides, TNF-alpha or CD40 ligand, form a first class of suitable auxiliary
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substances. In general, it is possible to use as auxiliary substance any agent that influences
the immune system in the manner of a "danger signal" (LPS, GP96, etc.) or cytokines, such
as GM-CFS, which allow an immune response to be enhanced and/or influenced in a
targeted manner. Particularly preferred auxiliary substances are cytokines, such as

5 monokines, lymphokines, interleukins or chemokines, that further promote the innate
immune response, such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 1L-12, IL-13,
IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-20, IL-21, 1L-22, IL-23, IL-24, IL-25, IL-26, IL-27,
IL-28, 1L-29, IL-30, IL-31, IL-32, IL-33, IFN-alpha, IFN-beta, IFN-gamma, GM-CSF, G-CSF,
M-CSF, LT-beta or TNF-alpha, growth factors, such as hGH.

10
Further additives which may be included in the inventive pharmaceutical composition are
emulsifiers, such as, for example, Tween®; wetting agents, such as, for example, sodium
lauryl sulfate; colouring agents; taste-imparting agents, pharmaceutical carriers; tablet-
forming agents; stabilizers; antioxidants; preservatives.

15

The inventive pharmaceutical composition can also additionally contain any further

compound, which is known to be immunostimulating due to its binding affinity (as ligands)

to human Toll-like receptors TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9,

TLR10, or due to its binding affinity (as ligands) to murine Toll-like receptors TLR1, TLR2,
20 TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLRY, TLR10, TLR11, TLR12 or TLR13.

The inventive pharmaceutical composition may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted
reservoir. The term parenteral as used herein includes subcutaneous, intravenous,
25  intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic,
intralesional, intracranial, transdermal, intradermal, intrapulmonal, intraperitoneal,

intracardial, intraarterial, and sublingual injection or infusion techniques.

Preferably, the inventive pharmaceutical composition may be administered by parenteral
30 injection, more preferably by subcutaneous, intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional, intracranial, transdermal,
intradermal, intrapulmonal, intraperitoneal, intracardial, intraarterial, and sublingual

injection or via infusion techniques. Particularly preferred is intradermal and intramuscular
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injection. Sterile injectable forms of the inventive pharmaceutical compositions may be
aqueous or oleaginous suspension. These suspensions may be formulated according to
techniques known in the art using suitable dispersing or wetting agents and suspending

agents.

The inventive pharmaceutical composition as defined herein may also be administered
orally in any orally acceptable dosage form including, but not limited to, capsules, tablets,

aqueous suspensions or solutions.

The inventive pharmaceutical composition may also be administered topically, especially
when the target of treatment includes areas or organs readily accessible by topical
application, e.g. including diseases of the skin or of any other accessible epithelial tissue.
Suitable topical formulations are readily prepared for each of these areas or organs. For
topical applications, the inventive pharmaceutical composition may be formulated in a
suitable ointment, containing the inventive nucleic acid as defined herein suspended or

dissolved in one or more carriers.

The inventive pharmaceutical composition typically comprises a “safe and effective
amount” of the components of the inventive pharmaceutical composition, particularly of the
inventive nucleic acid as defined herein. As used herein, a "safe and effective amount"
means an amount of the inventive nucleic acid as defined herein as such that is sufficient to
significantly induce a positive modification of a disease or disorder as defined herein. At the
same time, however, a "safe and effective amount" is small enough to avoid serious side-
effects and to permit a sensible relationship between advantage and risk. The determination

of these limits typically lies within the scope of sensible medical judgment.

The inventive pharmaceutical composition may be used for human and also for veterinary
medical purposes, preferably for human medical purposes, as a pharmaceutical

composition in general or as a vaccine.

According to another particularly preferred embodiment, the inventive pharmaceutical
composition (or the inventive nucleic acid as defined herein) may be provided or used as a

vaccine. Typically, such a vaccine is as defined above for pharmaceutical compositions.
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Additionally, such a vaccine typically contains the inventive nucleic acid as defined herein,
which preferably encodes an antigen as defined above. Alternatively, such a vaccine may
contain the inventive nucleic acid as defined herein and additional an antigen, preferably as
a protein or peptide or as a nucleic acid encoding an antigen, e.g. as defined herein, or as

5 any antigenic format as defined herein or all possible combinations thereof.

The inventive vaccine may also comprise a pharmaceutically acceptable carrier, adjuvant,
and/or vehicle as defined herein for the inventive pharmaceutical composition. In the
specific context of the inventive vaccine, the choice of a pharmaceutically acceptable

10  carrier is determined in principle by the manner in which the inventive vaccine is
administered. The inventive vaccine can be administered, for example, systemically or
locally. Routes for systemic administration in general include, for example, transdermal,
oral, parenteral routes, including subcutaneous, intravenous, intramuscular, intraarterial,
intradermal and intraperitoneal injections and/or intranasal administration routes. Routes for

15  local administration in general include, for example, topical administration routes but also
intradermal, transdermal, subcutaneous, or intramuscular injections or intralesional,
intracranial, intrapulmonal, intracardial, and sublingual injections. More preferably,
vaccines may be administered by an intradermal, subcutaneous, or intramuscular route.
Inventive vaccines are therefore preferably formulated in liquid (or sometimes in solid) form.

20
The inventive vaccine can additionally contain one or more auxiliary substances in order to
increase its immunogenicity or immunostimulatory capacity, if desired. Particularly
preferred are adjuvants as auxiliary substances or additives as defined for the
pharmaceutical composition.

25
The present invention furthermore provides several applications and uses of the inventive
nucleic acid as defined herein, the inventive pharmaceutical composition, the inventive
vaccine, both comprising the inventive nucleic acid as defined herein or of kits comprising
same.

30
According to one specific embodiment, the present invention is directed to the first medical
use of the inventive nucleic acid as defined herein as a medicament, preferably as an

immunostimulating agent, adjuvant or vaccine or in the field of gene therapy.
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According to another embodiment, the present invention is directed to the second medical
use of the nucleic acid as defined herein, for the treatment of diseases as defined herein,
preferably to the use of inventive nucleic acid as defined herein, of a pharmaceutical
5  composition or vaccine comprising same or of kits comprising same for the preparation of a
medicament for the prophylaxis, treatment and/or amelioration of various diseases as
defined herein. Preferably, the pharmaceutical composition or a vaccine is used or to be

administered to a patient in need thereof for this purpose.

10  Preferably, diseases as mentioned herein are selected from cancer or tumour diseases,
infectious diseases, preferably (viral, bacterial or protozoological) infectious diseases,
autoimmune diseases, allergies or allergic diseases, monogenetic diseases, i.e. (hereditary)
diseases, or genetic diseases in general, diseases which have a genetic inherited background
and which are typically caused by a defined gene defect and are inherited according to

15 Mendel's laws, cardiovascular diseases, neuronal diseases, diseases of the respiratory
system, diseases of the digestive system, diseases of the skin, musculoskeletal disorders,
disorders of the connective tissue, neoplasms, immune deficiencies, endocrine, nutritional
and metabolic diseases, eye diseases, ear diseases and any disease which can be influenced
by the present invention.

20
Cancer or tumour diseases as mentioned above preferably include e.g. colon carcinomas,
melanomas, renal carcinomas, lymphomas, acute myeloid leukaemia (AML), acute
lymphoid leukaemia (ALL), chronic myeloid leukaemia (CML), chronic lymphocytic
leukaemia (CLL), gastrointestinal tumours, pulmonary carcinomas, gliomas, thyroid

25 tumours, mammary carcinomas, prostate tumours, hepatomas, various virus-induced
tumours such as, for example, papilloma virus-induced carcinomas (e.g. cervical
carcinoma), adenocarcinomas, herpes virus-induced tumours (e.g. Burkitt's lymphoma,
EBV-induced B-cell lymphoma), heptatitis B-induced tumours (hepatocell carcinoma),
HTLV-1- and HTLV-2-induced lymphomas, acoustic neuromas/neurinomas, cervical

30  cancer, lung cancer, pharyngeal cancer, anal carcinomas, glioblastomas, lymphomas, rectal
carcinomas, astrocytomas, brain tumours, stomach cancer, retinoblastomas, basaliomas,
brain metastases, medulloblastomas, vaginal cancer, pancreatic cancer, testicular cancer,

melanomas, thyroidal carcinomas, bladder cancer, Hodgkin's syndrome, meningiomas,
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Schneeberger disease, bronchial carcinomas, hypophysis tumour, Mycosis fungoides,
oesophageal cancer, breast cancer, carcinoids, neurinomas, spinaliomas, Burkitt's
lymphomas, laryngeal cancer, renal cancer, thymomas, corpus carcinomas, bone cancer,
non-Hodgkin's lymphomas, urethral cancer, CUP syndrome, head/neck tumours,
5 oligodendrogliomas, vulval cancer, intestinal cancer, colon carcinomas, oesophageal
carcinomas, wart involvement, tumours of the small intestine, craniopharyngeomas, ovarian
carcinomas, soft tissue tumours/sarcomas, ovarian cancer, liver cancer, pancreatic
carcinomas, cervical carcinomas, endometrial carcinomas, liver metastases, penile cancer,
tongue cancer, gall bladder cancer, leukaemia, plasmocytomas, uterine cancer, lid tumour,

10  prostate cancer, etc.

Additionally, in the above context, infectious diseases are preferably selected from
influenza, malaria, SARS, yellow fever, AIDS, Lyme borreliosis, Leishmaniasis, anthrax,
meningitis, viral infectious diseases such as AIDS, Condyloma acuminata, hollow warts,
15  Dengue fever, three-day fever, Ebola virus, cold, early summer meningoencephalitis (FSME),
flu, shingles, hepatitis, herpes simplex type I, herpes simplex type |l, Herpes zoster,
influenza, Japanese encephalitis, Lassa fever, Marburg virus, measles, foot-and-mouth
disease, mononucleosis, mumps, Norwalk virus infection, Pfeiffer's glandular fever,
smallpox, polio (childhood lameness), pseudo-croup, fifth disease, rabies, warts, West Nile
20 fever, chickenpox, cytomegalic virus (CMV), from bacterial infectious diseases such as
miscarriage (prostate inflammation), anthrax, appendicitis, borreliosis, botulism,
Camphylobacter, Chlamydia trachomatis (inflammation of the urethra, conjunctivitis),
cholera, diphtheria, donavanosis, epiglottitis, typhus fever, gas gangrene, gonorrhoea, rabbit
fever, Heliobacter pylori, whooping cough, climatic bubo, osteomyelitis, Legionnaire's
25 disease, leprosy, listeriosis, pneumonia, meningitis, bacterial meningitis, anthrax, otitis
media, Mycoplasma hominis, neonatal sepsis (Chorioamnionitis), noma, paratyphus,
plague, Reiter's syndrome, Rocky Mountain spotted fever, Salmonella paratyphus,
Salmonella typhus, scarlet fever, syphilis, tetanus, tripper, tsutsugamushi disease,
tuberculosis, typhus, vaginitis (colpitis), soft chancre, and from infectious diseases caused by
30  parasites, protozoa or fungi, such as amoebiasis, bilharziosis, Chagas disease, athlete's foot,
yeast fungus spots, scabies, malaria, onchocercosis (river blindness), or fungal diseases,
toxoplasmosis, trichomoniasis, trypanosomiasis (sleeping sickness), visceral Leishmaniosis,

nappy/diaper dermatitis, schistosomiasis, fish poisoning (Ciguatera), candidosis, cutaneous
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Leishmaniosis, lambliasis (giardiasis), or sleeping sickness, or from infectious diseases
caused by Echinococcus, fish tapeworm, fox tapeworm, canine tapeworm, lice, bovine

tapeworm, porcine tapeworm, miniature tapeworm.

5  Furthermore, in the above context, allergies normally result in a local or systemic
inflammatory response to these antigens or allergens and leading to immunity in the body
against these allergens. Allergens in this context include e.g. grasses, pollens, molds, drugs,
or numerous environmental triggers, etc. Without being bound to theory, several different
disease mechanisms are supposed to be involved in the development of allergies. According

10  to a classification scheme by P. Gell and R. Coombs the word "allergy" was restricted to
type | hypersensitivities, which are caused by the classical IgE mechanism. Type |
hypersensitivity is characterised by excessive activation of mast cells and basophils by IgE,
resulting in a systemic inflammatory response that can result in symptoms as benign as a
runny nose, to life-threatening anaphylactic shock and death. Well known types of allergies

15  include, without being limited thereto, allergic asthma (leading to swelling of the nasal
mucosa), allergic conjunctivitis (leading to redness and itching of the conjunctiva), allergic
rhinitis ("hay fever"), anaphylaxis, angiodema, atopic dermatitis (eczema), urticaria (hives),
eosinophilia, allergies to insect stings, skin allergies (leading to and including various
rashes, such as eczema, hives (urticaria) and (contact) dermatitis), food allergies, allergies to

20 medicine, etc. With regard to the present invention, e.g. an inventive nucleic acid,
pharmaceutical composition or vaccine is provided, which encodes or contains an allergen
(e.g. from a cat allergen, a dust allergen, a mite antigen, a plant antigen (e.g. a birch
antigen) etc.) either as a protein, a nucleic acid encoding that protein allergen in
combination with a nucleic acid of the invention as defined above or as an inventive

25  nucleic acid. A pharmaceutical composition of the present invention may shift the
(exceeding) immune response to a stronger TH1 response, thereby suppressing or

attenuating the undesired IgE response.

Additionally, autoimmune diseases can be broadly divided into systemic and organ-specific
30  or localised autoimmune disorders, depending on the principal clinico-pathologic features
of each disease. Autoimmune disease may be divided into the categories of systemic
syndromes, including SLE, Sj6gren's syndrome, Scleroderma, Rheumatoid Arthritis and

polymyositis or local syndromes which may be endocrinologic (DM Type 1, Hashimoto's
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thyroiditis, Addison's disease etc.), dermatologic (pemphigus vulgaris), haematologic
(autoimmune haemolytic anaemia), neural (multiple sclerosis) or can involve virtually any
circumscribed mass of body tissue. The autoimmune diseases to be treated may be selected
from the group consisting of type | autoimmune diseases or type Il autoimmune diseases or
type Il autoimmune diseases or type IV autoimmune diseases, such as, for example,
multiple sclerosis (MS), rheumatoid arthritis, diabetes, type 1 diabetes (Diabetes mellitus),
systemic lupus erythematosus (SLE), chronic polyarthritis, Basedow's disease, autoimmune
forms of chronic hepatitis, colitis ulcerosa, type | allergy diseases, type Il allergy diseases,
type 1l allergy diseases, type 1V allergy diseases, fibromyalgia, hair loss, Bechterew's
disease, Crohn's disease, Myasthenia gravis, neurodermitis, Polymyalgia rheumatica,
progressive systemic sclerosis (PSS), psoriasis, Reiter's syndrome, rheumatic arthritis,
psoriasis, vasculitis, etc, or type Il diabetes. While the exact mode as to why the immune
system induces an immune reaction against autoantigens has not been elucidated so far,
there are several findings with regard to the etiology. Accordingly, the autoreaction may be
due to a T-Cell Bypass. A normal immune system requires the activation of B-cells by T-
cells 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 one subunit of T-cell 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-haemolytic streptococci, which shares
antigens with human myocardium, and is responsible for the cardiac manifestations of
rheumatic fever. The present invention allows therefore provision of a nucleic acid or
pharmaceutical composition or vaccine as defined herein encoding or containing e.g. an
autoantigen (as protein, mRNA or DNA encoding an autoantigen protein) which typically

allows the immune system to be desensitized.

According to an additional embodiment, the present invention is directed to the second
medical use of the inventive nucleic acid as defined herein, for the treatment of diseases as

defined herein by means of gene therapy.
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In a further preferred embodiment, the inventive nucleic acid may be used for the
preparation of a pharmaceutical composition or a vaccine, particularly for purposes as

defined herein.

The inventive pharmaceutical composition or vaccine may furthermore be used for the

treatment of a disease or a disorder as defined herein.

According to a final embodiment, the present invention also provides kits, particularly kits
10  of parts. Such kits, particularly kits of parts, typically comprise as components alone or in
combination with further components as defined herein at least one inventive nucleic acid
as defined herein, the inventive pharmaceutical composition or vaccine comprising the
inventive nucleic acid. The at least one inventive nucleic acid as defined herein, optionally
in combination with further components as defined herein, the inventive pharmaceutical
15  composition and/or the inventive vaccine may occur in one or different parts of the kit. As
an example, e.g. at least one part of the kit may comprise at least one inventive nucleic acid
as defined herein, and at least one further part of the kit at least one other component as
defined herein, e.g. at least one other part of the kit may comprise at least one
pharmaceutical composition or vaccine or a part thereof, e.g. at least one part of the kit may
20  comprise the inventive nucleic acid as defined herein, at least one further part of the kit at
least one other component as defined herein, at least one further part of the kit at least one
component of the inventive pharmaceutical composition or vaccine or the inventive
pharmaceutical composition or vaccine as a whole, and at least one further part of the kit
e.g. at least one antigen, at least one pharmaceutical carrier or vehicle, etc. The kit or kit of
25  parts may furthermore contain technical instructions with information on the administration
and dosage of the inventive nucleic acid, the inventive pharmaceutical composition or the
inventive vaccine or of any of its components or parts, e.g. if the kit is prepared as a kit of

parts.

30 In the present invention, if not otherwise indicated, different features of alternatives and
embodiments may be combined with each other. Furthermore, the term “comprising” shall

not be construed as meaning “consisting of”, if not specifically mentioned. However, in the



0 1199 21 0 1 1126 26 81 380 960 #T 63 121 2 2 6 2 0 39 1217 2

1331132912071333

10

15

20

25

30

300101021 22091 91

WO 2012/019780 PCT/EP2011/004077

52

context of the present invention, term “comprising” may be substituted with the term

“consisting of”, where applicable.

Figures:

The following Figures are intended to illustrate the invention further and shall not be

construed to limit the present invention thereto.

Figure 1: shows the histone stem-loop consensus sequence generated from

Figure 2:

metazoan and protozoan stem loop sequences (as reported by Davila Lépez,
M., & Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1), 1-10.
doi:10.1261/ra.782308). 4001 histone stem-loop sequences from metazoa
and protozoa were aligned and the quantity of the occurring nucleotides is
indicated for every position in the stem-loop sequence. The generated
consensus sequence representing all nucleotides present in the sequences
analyzed is given using the single-letter nucleotide code. In addition to the
consensus sequence, sequences are shown representing at least 99%, 95%

and 90% of the nucleotides present in the sequences analyzed.

shows the histone stem-loop consensus sequence generated from protozoan
stem loop sequences (as reported by Davila Lépez, M., & Samuelsson, T.
(2008), RNA (New York, N.Y.), 14(1), 1-10. doi:10.1261/rna.782308). 131
histone stem-loop sequences from protozoa were aligned and the quantity of
the occurring nucleotides is indicated for every position in the stem-loop
sequence. The generated consensus sequence representing all nucleotides
present in the sequences analyzed is given using the single-letter nucleotide
code. In addition to the consensus sequence, sequences are shown
representing at least 99%, 95% and 90% of the nucleotides present in the

sequences analyzed.
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Figure 3: shows the histone stem-loop consensus sequence generated from metazoan
stem loop sequences (as reported by Davila Lépez, M., & Samuelsson, T.

(2008), RNA (New York, N.Y.), 14(1), 1-10. doi:10.1261/rna.782308). 3870

histone stem-loop sequences from metazoa were aligned and the quantity of

5 the occurring nucleotides is indicated for every position in the stem-loop
sequence. The generated consensus sequence representing all nucleotides

present in the sequences analyzed is given using the single-letter nucleotide

code. In addition to the consensus sequence, sequences are shown

representing at least 99%, 95% and 90% of the nucleotides present in the

10 sequences analyzed.

Figure 4: shows the histone stem-loop consensus sequence generated from vertebrate

stem loop sequences (as reported by Davila Lépez, M., & Samuelsson, T.

(2008), RNA (New York, N.Y.), 14(1), 1-10. doi:10.1261/rna.782308). 1333

15 histone stem-loop sequences from vertebrates were aligned and the quantity
of the occurring nucleotides is indicated for every position in the stem-loop

sequence. The generated consensus sequence representing all nucleotides

present in the sequences analyzed is given using the single-letter nucleotide

code. In addition to the consensus sequence, sequences are shown

20 representing at least 99%, 95% and 90% of the nucleotides present in the

sequences analyzed.

Figure 5: shows the histone stem-loop consensus sequence generated from human
(Homo sapiens) stem loop sequences (as reported by Davila Lépez, M., &

25 Samuelsson, T. (2008), RNA (New York, N.Y), 14(1), 1-10.
doi:10.1261/rna.782308). 84 histone stem-loop sequences from humans

were aligned and the quantity of the occurring nucleotides is indicated for

every position in the stem-loop sequence. The generated consensus

sequence representing all nucleotides present in the sequences analyzed is

30 given using the single-letter nucleotide code. In addition to the consensus
sequence, sequences are shown representing at least 99%, 95% and 90% of

the nucleotides present in the sequences analyzed.
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Figures 6 to 17: show mRNAs from /n vitro transcription.

Figure 6:

Figure 7:

Figure 8:

Given are the designation and the sequence of mRNAs obtained by /n vitro

transcription. The following abbreviations are used:

ppLuc (GC):  GC-enriched mRNA sequence coding for Photinus pyralis

luciferase

ag: 3’ untranslated region (UTR) of the alpha globin gene

A64: poly(A)-sequence with 64 adenylates

A120: poly(A)-sequence wit 120 adenylates

histoneSL: histone stem-loop

aCPSL: stem loop which has been selected from a library for its
specific binding of the aCP-2KL protein

PolioCL: 5’ clover leaf from Polio virus genomic RNA

G30: poly(G) sequence with 30 guanylates

U30: poly(U) sequence with 30 uridylates

SL: unspecific/artificial stem-loop

N32: unspecific sequence of 32 nucleotides

Within the sequences, the following elements are highlighted: ppLuc(GC)
ORF (capital letters), ag (bold), histoneSL (underlined), further distinct

sequences tested (italic).

shows the mRNA sequence of ppLuc(GC) — ag (SEQ ID NO: 43).

By linearization of the original vector at the restriction site immediately

following the alpha-globin 3’-UTR (ag), mRNA is obtained lacking a poly(A)

sequence.

shows the mRNA sequence of ppLuc(GC) — ag — A64 (SEQ ID NO: 44).

By linearization of the original vector at the restriction site immediately

following the A64 poly(A)-sequence, mRNA is obtained ending with an A64
poly(A) sequence.

shows the mRNA sequence of ppLuc(GC) — ag — histoneSL (SEQ ID NO: 45).

The A64 poly(A) sequence was replaced by a histoneSL. The histone stem-
loop sequence used in the examples was obtained from Cakmakci et al.

(2008). Molecular and Cellular Biology, 28(3), 1182-1194.

1!

1!
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Figure 10:

Figure 11:

Figure 12:

Figure 13:

Figure 14:

Figure 15:

Figure 16:
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shows the mRNA sequence of ppLuc(GC) — ag — A64 — histoneSL (SEQ ID
NO: 46).
The histoneSL was appended 3’ of A64 poly(A).

shows the mRNA sequence of ppLuc(GC) — ag — A120 (SEQ ID NO: 47).

The A64 poly(A) sequence was replaced by an A120 poly(A) sequence.

shows the mRNA sequence of ppluc(GC) — ag — A64 — ag (SEQ ID NO: 48).
A second alpha-globin 3’-UTR was appended 3’ of A64 poly(A).

shows the mRNA sequence of ppLuc(GC) — ag — A64 — aCPSL (SEQ ID NO:
49),

A stem loop was appended 3’ of A64 poly(A). The stem loop has been
selected from a library for its specific binding of the aCP-2KL protein (Thisted
et al, (2001), The Journal of Biological Chemistry, 276(20), 17484-17496).
aCP-2KL is an isoform of aCP-2, the most strongly expressed aCP protein
(alpha-globin mRNA poly(C) binding protein) (Makeyev et al, (2000),
Genomics, 67(3), 301-316), a group of RNA binding proteins, which bind to
the alpha-globin 3’-UTR (Chkheidze et al, (1999), Molecular and Cellular
Biology, 19(7), 4572-4581).

shows the mRNA sequence of ppLuc(GC) — ag — A64 — PolioCL (SEQ ID NO:
50).

The 5’ clover leaf from Polio virus genomic RNA was appended 3’ of A64

poly(A).

shows the mRNA sequence of ppLuc(GC) — ag — A64 — G30 (SEQ ID NO: 51)
A stretch of 30 guanylates was appended 3’ of A64 poly(A).

shows the mRNA sequence of ppLuc(GC) — ag — A64 — U30 (SEQ ID NO: 52)
A stretch of 30 uridylates was appended 3’ of A64 poly(A).

shows the mRNA sequence of ppLuc(GC) — ag — A64 — SL (SEQ ID NO: 53)
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A stem loop was appended 3’ of A64 poly(A). The upper part of the stem and
the loop were taken from (Babendure et al, (2006), RNA (New York, N.Y.),
12(5), 851-861). The stem loop consists of a 17 base pair long, CG-rich stem

and a 6 base long loop.

shows ppLuc(GC) — ag ~ A64 — N32 (SEQ ID NO: 54)

By linearization of the original vector at an alternative restriction site, mRNA

is obtained with 32 additional nucleotides following poly(A).

shows that the combination of poly(A) and histoneSL increases protein
expression from mRNA in a synergistic manner.

The effect of poly(A) sequence, histoneSL, and the combination of poly(A)
and histoneSL on luciferase expression from mRNA was examined. Therefore
different mRNAs were electroporated into Hela cells. Luciferase levels were
measured at 6, 24, and 48 hours after transfection. Little luciferase is
expressed from mRNA having neither poly(A) sequence nor histoneSL. Both
a poly(A) sequence or the histoneSL increase the luciferase level. Strikingly
however, the combination of poly(A) and histoneSL further strongly increases
the luciferase level, manifold above the level observed with either of the
individual elements, thus acting synergistically. Data are graphed as mean
RLU = SD (relative light units + standard deviation) for triplicate

transfections. Specific RLU are summarized in Example 11.2.

shows that the combination of poly(A) and histoneSL increases protein
expression from mRNA irrespective of their order.

The effect of poly(A) sequence, histoneSL, the combination of poly(A) and
histoneSL, and their order on luciferase expression from mMRNA was
examined. Therefore different mRNAs were lipofected into Hela cells.
Luciferase levels were measured at 6, 24, and 48 hours after the start of
transfection. Both an A64 poly(A) sequence or the histoneSL give rise to
comparable luciferase levels. Increasing the length of the poly(A) sequence
from A64 to A120 or to A300 increases the luciferase level moderately. In

contrast, the combination of poly(A) and histoneSL increases the luciferase
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level much further than lengthening of the poly(A) sequence. The
combination of poly(A) and histoneSL acts synergistically as it increases the
luciferase level manifold above the level observed with either of the
individual elements. The synergistic effect of the combination of poly(A) and
histoneSL is seen irrespective of the order of poly(A) and histoneSL and
irrespective of the length of poly(A) with A64-histoneSL or histoneSL-A250
mRNA. Data are graphed as mean RLU + SD for triplicate transfections.

Specific RLU are summarized in Example 11.3.

shows that the rise in protein expression by the combination of poly(A) and
histoneSL is specific.

The effect of combining poly(A) and histoneSL or poly(A) and alternative
sequences on luciferase expression from mRNA was examined. Therefore
different mRNAs were electroporated into Hela cells. Luciferase levels were
measured at 6, 24, and 48 hours after transfection. Both a poly(A) sequence
or the histoneSL give rise to comparable luciferase levels. The combination
of poly(A) and histoneSL strongly increases the luciferase level, manifold
above the level observed with either of the individual elements, thus acting
synergistically. In contrast, combining poly(A) with any of the other
sequences is without effect on the luciferase level compared to mRNA
containing only a poly(A) sequence. Thus, the combination of poly(A) and
histoneSL acts specifically and synergistically. Data are graphed as mean
RLU + SD for triplicate transfections. Specific RLU are summarized in

Example 11.4.

shows that the combination of poly(A) and histoneSL increases protein
expression from mRNA in a synergistic manner in vivo.

The effect of poly(A) sequence, histoneSL, and the combination of poly(A)
and histoneSL on luciferase expression from mRNA in vivo was examined.
Therefore different mRNAs were injected intradermally into mice. Mice were
sacrificed 16 hours after injection and Luciferase levels at the injection sites
were measured. Luciferase is expressed from mRNA having either a

histoneSL or a poly(A) sequence. Strikingly however, the combination of

(based on an

<
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poly(A) and histoneSL strongly increases the luciferase level, manifold above
the level observed with either of the individual elements, thus acting
synergistically. Data are graphed as mean RLU + SEM (relative light units +

standard error of mean). Specific RLU are summarized in Example 11.5.

Figure 22: shows that the combination of poly(A) and histoneSL increases NY-ESO-1
protein expression from mRNA.

The effect of poly(A) sequence and the combination of poly(A) and histoneSL

on NY-ESO-1 expression from mRNA was examined. Therefore different

10 mRNAs were electroporated into Hela cells. NY-ESO-1 levels were

measured at 24 hours after transfection by flow cytometry. NY-ESO-1 is

expressed from mRNA having only a poly(A) sequence. Strikingly however,

the combination of poly(A) and histoneSL strongly increases the NY-ESO-1

level, manifold above the level observed with only a poly(A) sequence. Data

15 are graphed as counts against fluorescence intensity. Median fluorescence

intensities (MFI) are summarized in Example 11.6.

Figure 23: shows that the combination of poly(A) and histoneSL increases the level of
antibodies elicited by vaccination with mRNA.

20 The effect of poly(A) sequence and the combination of poly(A) and histoneSL
on the induction of anti NY-ESO-1 antibodies elicited by vaccination with
mRNA was examined. Therefore C57BL/6 mice were vaccinated
intradermally with different mMRNAs complexed with protamine. The level of
NY-ESO-1-specific antibodies in vaccinated and control mice was analyzed

25 by ELISA with serial dilutions of sera. Anti NY-ESO-1 IgG2alb] is induced by
mRNA having only a poly(A) sequence. Strikingly however, the combination
of poly(A) and histoneSL strongly increases the anti NY-ESO-1 1gG2al[b]
level, manifold above the level observed with only a poly(A) sequence. Data
are graphed as mean endpoint titers. Mean endpoint titers are summarized in

30 Example 11.7.
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Examples:

The following Examples are intended to illustrate the invention further and shall not be

construed to limit the present invention thereto.

1. Generation of histone-stem-loop consensus sequences

Prior to the experiments, histone stem-loop consensus sequences were determined
on the basis of metazoan and protozoan histone stem-loop sequences. Sequences
were taken from the supplement provided by Lopez et al. (Ddvila Lépez, M., &

10 Samuelsson, T. (2008), RNA (New York, N.Y), 14(1), 1-10.
doi:10.1261/rna.782308), who identified a large number of natural histone stem- |
loop sequences by searching genomic sequences and expressed sequence tags. First,
all sequences from metazoa and protozoa (4001 sequences), or all sequences from
protozoa (131 sequences) or alternatively from metazoa (3870 sequences), or from

15 vertebrates (1333 sequences) or from humans (84 sequences) were grouped and
aligned. Then, the quantity of the occurring nucleotides was determined for every
position. Based on the tables thus obtained, consensus sequences for the 5 different
groups of sequences were generated representing all nucleotides present in the
sequences analyzed. In addition, more restrictive consensus sequences were also

20 obtained, increasingly emphasizing conserved nucleotides

2. Preparation of DNA-templates

A vector for /n vitro transcription was constructed containing a T7 promoter
followed by a GC-enriched sequence coding for Photinus pyralis luciferase

25 (ppLuc(GC)), the center part of the 3’ untranslated region (UTR) of alpha-globin (ag),
and a poly(A) sequence. The poly(A) sequence was immediately followed by a
restriction site used for linearization of the vector before /n vitro transcription in
order to obtain mRNA ending in an A64 poly(A) sequence. mRNA obtained from
this vector accordingly by in vitro transcription is designated as ,ppLuc(GC) - ag —

30 A64”.

Linearization of this vector at alternative restriction sites before in vitro transcription

allowed to obtain mRNA either extended by additional nucleotides 3’ of A64 or
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lacking A64. In addition, the original vector was modified to include alternative
sequences. In summary, the following mRNAs were obtained from these vectors by
in vitro transcription (mRNA sequences are given in Figures 6 to 17):
5 ppLuc(GC) - ag (SEQ ID NO: 43)

ppLuc(GC) — ag — A64 (SEQ ID NO: 44)
ppLuc(GC) — ag — histoneSL (SEQ ID NO: 45)
ppLuc(GC) — ag — A64 — histoneSL (SEQ ID NO: 46)
ppLuc(GC) — ag - A120 (SEQ ID NO: 47)

10 ppLuc(GC) - ag — A64 - ag (SEQ ID NO: 48)
ppLuc(GC) — ag — A64 — aCPSL (SEQ ID NO: 49)
ppLuc(GC) - ag — A64 - PolioCL (SEQ ID NO: 50)
ppLuc(GC) - ag — A64 — G30 (SEQ ID NO: 51)
ppLuc(GC) - ag - A64 — U30 (SEQ ID NO: 52)

15 ppLuc(GC) — ag — A64 - SL (SEQ ID NO: 53)
ppLuc(GC) - ag - A64 — N32 (SEQ ID NO: 54)

3. In vitro transcription

The DNA-template according to Example 2 was linearized and transcribed /n vitro

20 using T7-Polymerase. The DNA-template was then digested by DNase-treatment. All
mRNA-transcripts contained a 5'-CAP structure obtained by adding an excess of N7-
Methyl-Guanosine-5'-Triphosphate-5'-Guanosine to the transcription reaction.
mRNA thus obtained was purified and resuspended in water.

25 4. Enzymatic adenylation of mRNA
Two mRNAs were enzymatically adenylated:
ppLuc(GC) — ag — A64 and ppluc(GC) — ag — histoneSL.
To this end, RNA was incubated with £ co/i Poly(A)-polymerase and ATP (Poly(A)
Polymerase Tailing Kit, Epicentre, Madison, USA) following the manufacturer’s

30 instructions. mMRNA with extended poly(A) sequence was purified and resuspended

35

in water. The length of the poly(A) sequence was determined via agarose gel
electrophoresis. Starting mMRNAs were extended by approximately 250 adenylates,
the mRNAs obtained are designated as

ppLuc(GC) - ag - A300 and ppLuc(GC) — ag - histoneSL — A250, respectively.
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Luciferase expression by mRNA electroporation

Hela cells were trypsinized and washed in opti-MEM. 1x10° cells in 200 pl of opti-
MEM each were electroporated with 0.5 pg of ppLuc-encoding mRNA. As a control,
mRNA not coding for ppluc was electroporated separately. Electroporated cells
were seeded in 24-well plates in 1 ml of RPMI 1640 medium. 6, 24, or 48 hours
after transfection, medium was aspirated and cells were lysed in 200 pl of lysis
buffer (25 mM Tris, pH 7.5 (HCl), 2 mM EDTA, 10% glycerol, 1% Triton X-100, 2
mM DTT, T mM PMSF). Lysates were stored at -20°C until ppLuc activity was

measured.

Luciferase expression by mRNA lipofection

Hela cells were seeded in 96 well plates at a density of 2x10* cells per well. The
following day, cells were washed in opti-MEM and then transfected with 0.25 pg of
Lipofectin-complexed ppLuc-encoding mRNA in 150 pl of opti-MEM. As a control,
mRNA not coding for ppLuc was lipofected separately. In some wells, opti-MEM
was aspirated and cells were lysed in 200 pl of lysis buffer 6 hours after the start of
transfection. In the remaining wells, opti-MEM was exchanged for RPMI 1640
medium at that time. In these wells, medium was aspirated and cells were lysed in
200 pl of lysis buffer 24 or 48 hours after the start of transfection. Lysates were

stored at -20°C until ppLuc activity was measured.

Luciferase measurement

ppLuc activity was measured as relative light units (RLU) in a BioTek SynergyHT
plate reader at 5 seconds measuring time using 50 pl of lysate and 200 pl of luciferin
buffer (25 mM Glycylglycin, pH 7.8 (NaOH), 15 mM MgSO,, 2 mM ATP, 75 pM
luciferin). Specific RLU were calculated by subtracting RLU of the control RNA from
total RLU.

Luciferase expression by intradermal mRNA injection (Luciferase expression /n vivo)
Mice were anaesthetized with a mixture of Rompun and Ketavet. Each ppLuc-
encoding mRNA was injected intradermally (0.5 pg of mRNA in 50 pl per injection).
As a control, mRNA not coding for ppLuc was injected separately. 16 hours after

injection, mice were sacrificed and tissue collected. Tissue samples were flash

THA
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frozen in liquid nitrogen and lysed in a tissue lyser (Qiagen) in 800 pl of lysis buffer
(25 mM Tris, pH 7.5 (HCl), 2 mM EDTA, 10% glycerol, 1% Triton X-100, 2 mM
DTT, 1 mM PMSF). Subsequently samples were centrifuged at 13500 rpm at 4°C for
10 minutes. Lysates were stored at -80°C until ppLuc activity was measured (see 7.

luciferase measurement).

NY-ESO-1 expression by mRNA electroporation

Hela cells were trypsinized and washed in opti-MEM. 2x10° cells in 200 pl of opti-
MEM were electroporated with 10 pg of NY-ESO-1-encoding mRNA. Cells from
three electroporations were combined and seeded in a 6-well plate in 2 ml of RPMI
1640 medium. 24 hours after transfection, cells were harvested and transferred into
a 96 well V-bottom plate (2 wells per mRNA). Cells were washed with phosphate
buffered saline (PBS) and permeabilized with 200 pl per well of Cytofix/Cytoperm
(Becton Dickinson (BD)). After 15 minutes, cells were washed with PermWash (BD).
Then, cells were incubated for 1 hour at room temperature with either mouse anti-
NY-ESO-1 1gG1 or an isotype control (20 pg/ml). Cells were washed twice with
PermWash again. Next, cells were incubated for 1 hour at 4°C with a 1:500 dilution
of Alexa-647 coupled goat-anti-mouse 1gG. Finally, cells were washed twice with
PermWash. Cells were resuspended in 200 pl of buffer (PBS, 2% FCS, 2 mM EDTA,
0.01% sodium azide). NY-ESO-1 expression was quantified by flow cytometry as

median fluorescence intensity (MFI).

Induction of anti NY-ESO-1 antibodies by vaccination with mRNA

C57BL/6 mice were vaccinated intradermally with NY-ESO-1-encoding mRNA
complexed with protamine (5 times in 14 days). Control mice were treated with
buffer. The level of NY-ESO-1-specific antibodies in vaccinated and control mice
was analyzed 8 days after the last vaccination by ELISA: 96 well ELISA plates (Nunc)
were coated with 100 pl per well of 10 pg/ml recombinant NY-ESO-1 protein for 16
hours at 4°C. Plates were washed two times with wash buffer (PBS, 0.05% Tween-
20). To block unspecific binding, plates were then incubated for 2 hours at 37°C
with blocking buffer (PBS, 0.05% Tween-20, 1% BSA). After blocking, 100 pl per
well of serially diluted mouse sera were added and incubated for 4 hours at room

temperature. Plates were then washed three times with wash buffer. Next, 100 ul per
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well of biotinylated rat anti-mouse 1gG2alb] detection antibody (BD Biosciences)
diluted 1:600 in blocking buffer was allowed to bind for 1 hour at room
temperature. Plates were washed again three times with wash buffer, followed by
incubation for 30 minutes at room temperature with 100 pl per well of horseradish
5 peroxidase-coupled streptavidin. After four washes with wash buffer, 100 pl per well
of 3,3',5,5"-tetramethylbenzidine (Thermo Scientific) was added. Upon the resulting
change in color 100 pl per well of 20% sulfuric acid was added. Absorbance was

measured at 405 nm.

10 11. RESULTS
11.1  Histone stem-loop sequences:

In order to characterize histone stem-loop sequences, sequences from metazoa and
protozoa (4001 sequences), or from protozoa (131 sequences) or alternatively from
metazoa (3870 sequences), or from vertebrates (1333 sequences) or from humans

15 (84 sequences) were grouped and aligned. Then, the quantity of the occurring
nucleotides was determined for every position. Based on the tables thus obtained,
consensus sequences for the 5 different groups of sequences were generated
representing all nucleotides present in the sequences analyzed. Within the
consensus sequence of metazoa and protozoa combined, 3 nucleotides are

20 conserved, a T/U in the loop and a G and a C in the stem, forming a base pair.
Structurally, typically a 6 base-pair stem and a loop of 4 nucleotides is formed.
However, deviating structures are common: Of 84 human histone stem-loops, two
contain a stem of only 5 nucleotides comprising 4 base-pairs and one mismatch.
Another human histone stem-loop contains a stem of only 5 base-pairs. Four more

25 human histone stem-loops contain a 6 nucleotide long stem, but include one
mismatch at three different positions, respectively. Furthermore, four human histone
stem-loops contain one wobble base-pair at two different positions, respectively.
Concerning the loop, a length of 4 nucleotides seems not to be strictly required, as a
loop of 5 nucleotides has been identified in D. discoideum.

30
In addition to the consensus sequences representing all nucleotides present in the

sequences analyzed, more restrictive consensus sequences were also obtained,



Cytosine RGor A Purine Y T/TUor CPyrimdine MA or CAmno KGor T/U
Keto S Gor C Strong (3H bonds) WA or T/U Wak (2H bonds) HA or Cor T/U
Not G B @Gvonoi/ddemn C Not AV Gor Cor A Not T/U D G orcavEroiT/obkoot C N *
Gor Cor T/Uor A present or not Any base Base may be present or not
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increasingly emphasizing conserved nucleotides. In summary, the following
sequences were obtained:

(Cons): represents all nucleotides present

(99%): represents at least 99% of all nucleotides present
5 (95%): represents at least 95% of all nucleotides present

(90%): represents at least 90% of all nucleotides present

The results of the analysis of histone stem-loop sequences are summarized in the
following Tables 1 to 5 (see also Fig. 1 to 5):

10
Table 1: Metzoan and protozoan histone stem-loop consensus sequence: (based on
an alignment of 4001 metazoan and protozoan histone stem-loop sequences) (see
also Fig. 1)

< < < < < A L4 . . > > > > > >
# AP224)158630751287211284| 184 13(12] 9 1 |47 59| 0 |675[3818/19511596/523| 0 | 14 3727] 61 |771 20122499,
#T(172]|188] 47 [205| 19 6 569 (16204199 3947[38303704400111821 1 |21 |15 11| O [179]| 8 | 64 |557|201|690

# C[1557)22111875]|918 2675|270 | O [339423423783{ 51 |119|227| 0 140 7 | 50 | 31 | 16 [40013543| 154 387002636/1744]674

OSIOIA

#G(25]16| 4 | 6 |23 psatfoor| 25 [27[10] 2 | 5 [11 ]| o | 4 [175B735p359B451[ 0 |265({112] 4 |37 | 43 [138
Cond N* [N* [N N[N|N]JG|N|N[N[N[N[N[TIN[N{N[N[N[C]N]N|N[N]N[N
99%| H* [H*[H|H |V Vv G|Y]Y|[Y|[Y|[H|H]|T|H|[R]V]|V]R]|C V[ H | H[Ne]Ne
95% M [H  [M|H[M[STG|Y|Y [y ]|T|[T|]Y|[T|[M|[A|[R|[R|R]|]C|[S|[M|C]|H[H]H*
90%| MM M {M|M[s|[cY]|Y|c|T|[T|[T]T|mM[A]G|R[R]|C Al C|H M ]He
Table 2: Protozoan histone stem-loop consensus sequence: (based on an alignment
15 of 131 protozoan histone stem-loop sequences) (see also Fig. 2)
< < < < < < . . A . > > > > > >

#A|s52(32(71|82|76 130 (12|12 9|1 |a6|[3 |0 ]|75|82]53]79]20[0 ][4 |9a][17]35]74]56
#T|20(32|37[21{ 8|3 |0 |21]85(58|86[70]|65[131]28] 1 [17[13]10] 0 [15] 7 [31]32]20]28
#C|a5|59[20]25]|38[ 0|0 |86] 8 |54|42|13|58]0 27|26 [31|10[131]112] 5 [82]58(30]a0
#Glia| 8|3 ]3]9|ns{31{12]26f[10|2]|2]5]0o|1]ae|s5]8]an]o]o|as[1|[6]|7]7
Consf N* [N* N[N [N|D|G|IN[N[N[N[N|[N]TIN[N|[N[N][N]C[H]N]N]N]N]N
99%| N* [N* [ N[N N|D|[G[N|N[N[B|N|IN|[T{H]V[N]|N]|[N][C[H]|N][H]|N[N]N
95%|N*[N*[H{H|N|R|G[N|N[N[Y[H|B|[T|{H]|R[D|N|N|C]Y]|D[H]|H[N]N*
90%|N*[H*[H|H|VIR|[G|[N]|D|[B|Y|[H|[Y|[T|H|[R[D|H|[N[C]Y|[R]|H|H][H]H=

Table 3: Metazoan histone stem-loop consensus sequence: (based on an alignment
of 3870 (including 1333 vertebrate sequences) metazoan histone stem-loop
sequences) (see also Fig. 3)

< < < < 4 hd 4 4 > > > > > >
# A [2172[1554300412790(1208/ 171 1tofjofo]|1]|56] 0 [600B736/142[1517/503] 0 | 10 3633] 44 736 19382443
#T[152[156] 10 [184] 11 548 [1535( 141 B861376036393870(154| 0 [ 4 | 2 | 1 [ o [164| 1 |33 [525[181]662
# C[1512152/855 893 2637270 0 [30823343729) 9 [106|169| 0 113 5 |44 | 0 | 6 [38703431[149B78802578/1714] 634

OO A

#Gl11 ] 8 |1 3 | 14 B4263870( 13 | 1 0O|lO0|[3]6] 0] 3 (129368023513360( O (26587 | 3 |31 ] 36 |131
Cons) N* I N* I NI NININJG|N[B|Y|[Y|[N|N]JT[N[V[IN[D|[N]|]C|IN]|N]|N]|N|N|[N*
VW% H* H*I M|HIM|IVIG|IY|[Y]Y|[T|]Y|H[T| H|R]J]V|R|[R|C{B|V|[M]|H*[H*|N*
%M (M IMIMIMIS|IG|Y|Y|C|TI|TIY|T|IMIA|G|R|R|C]|S|M|C|[H*|H*|H*
W%(M* M IMIMIM|SIGIY|Y|C|TI|T|IT|IT|IM]JA|G|RIR|[C]S|A|C/|H*[mMm|H*
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Table 5: Homo sapiens histone stem-loop consensus sequence: (based on an

ali

nment of 84 human histone stem-loop sequences) (see also Fig. 5)
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Wherein the used abbreviations were defined as followed:

present or not

abbreviation | Nucleotide bases remark
G G Guanine
A A Adenine
T T Thymine
U U Uracile
C C Cytosine
R GorA Purine
Y T/U or C Pyrimidine
M AorC Amino
K GorT/U Keto
S GorC Strong (3H bonds)
W AorT/U Weak (2H bonds)
H AorCorT/U Not G
B GorT/UorC Not A
\% GorCorA Not T/U
D GorAorT/U Not C
N GorCorT/UorA |Any base
*

Base may be present or not




denonstrates that they are acting synergistically. The synergy

bet ween pol y(A) and histoneSL was quantified by dividing the signal from
pol y(A) - Wwetora@h7snRNA (+/ +) by the sum of the signals fcomphiigenesS. MRNA
25(4+) plus poly(A) nRNA (+/-) (see followng Table 7). WO

2012/ 019780PCT/ EP2011/ 004077 67 Table 7: A64 histoneSL RLU at 6 hours RLU
at 24 hours RLU at 48 hours + + 466553 375169 70735 - + 50947 3022 84 +
- 10471 19529 4364 Synergy 66

11.2  The combination of poly(A) and histoneSL increases protein expression from mRNA

in a synergistic manner.

To investigate the effect of the combination of poly(A) and histoneSL on protein

expression from mRNA, mRNAs with different sequences 3’ of the alpha-globin 3’-

5 UTR were synthesized: mRNAs either ended just 3’ of the 3’-UTR, thus lacking both
poly(A) sequence and histoneSL, or contained either an A64 poly(A) sequence or a
histoneSL instead, or both A64 poly(A) and histoneSL 3’ of the 3’-UTR. Luciferase-
encoding mRNAs or control mRNA were electroporated into Hela cells. Luciferase

levels were measured at 6, 24, and 48 hours after transfection (see following Table 6

10 and Figure 18).
Table 6:

RLU at RLU at RLU at
mRNA 6 hours 24 hours 48 hours
ppLuc(GC)-ag-A64-histoneSL 466553 375169 70735
ppLuc(GC)-ag-histoneSL 50947 3022 84
ppLuc(GC)-ag-A64 10471 19529 4364
ppLuc(GC)-ag 997 217 42

15

20

25

30

Little luciferase was expressed from mRNA having neither poly(A) sequence nor
histoneSL. Both a poly(A) sequence or the histoneSL increased the luciferase level to
a similar extent. Either mRNA gave rise to a luciferase level much higher than did
mRNA lacking both poly(A) and histoneSL. Strikingly however, the combination of
poly(A) and histoneSL further strongly increased the luciferase level, manifold above
the level observed with either of the individual elements. The magnitude of the rise
in luciferase level due to combining poly(A) and histoneSL in the same mRNA

demonstrates that they are acting synergistically.

The synergy between poly(A) and histoneSL was quantified by dividing the signal
from poly(A)-histoneSL mRNA (+/+) by the sum of the signals from histoneSL mRNA
(-/+) plus poly(A) mRNA (+/-) (see following Table 7).
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Figure 19). Table 8. nRNA RLU at 6 hours RLU at 24 hours RLU at 48 hours

ppLuc(&C) - ag- fHeSFaE{b‘?Shuﬁ%QQuI%?e‘éi??pe@i‘é??r%wlmf’c%f?h %Héﬂl&{e%.fé\eséﬁébeh'ﬁ%wne&
123674 317343 89579 ppLuc(CC)-ag-hi stoneSL 7291 4565 916 ppLuc(CC) - ag- A300

4357 mRNA combining poly(A) and histoneSL is than would be expected if the effects of

5 poly(A) and histoneSL were purely additive. The luciferase level from mRNA
combining poly(A) and histoneSL was up to 16.6 times higher than if their effects
were purely additive. This result confirms that the combination of poly(A) and

histoneSL effects a markedly synergistic increase in protein expression.

10 11.3 The combination of poly(A) and histoneSL increases protein expression from mRNA
irrespective of their order.
The effect of the combination of poly(A) and histoneSL might depend on the length
of the poly(A) sequence and the order of poly(A) and histoneSL. Thus, mRNAs with
increasing poly(A) sequence length and mRNA with poly(A) and histoneSL in

15 reversed order were synthesized: Two mRNAs contained 3’ of the 3’-UTR either an
A120 or an A300 poly(A) sequence. One further mRNA contained 3’ of the 3’-UTR
first a histoneSL followed by an A250 poly(A) sequence. Luciferase-encoding
mRNAs or control mRNA were lipofected into Hela cells. Luciferase levels were
measured at 6, 24, and 48 hours after the start of transfection (see following Table 8

20 and Figure 19).

Table 8:

mRNA chows | 2ahows | 48 hours

ppLuc(GC)-ag-histoneSL-A250 98472 734222 146479
ppLuc(GC)-ag-A64-histoneSL 123674 317343 89579
ppLuc(GC)-ag-histoneSL 7291 4565 916
ppLuc(GC)-ag-A300 4357 38560 11829
ppLuc(GC)-ag-A120 4371 45929 10142
ppLuc(GC)-ag-A64 1928 26781 537




38560 11829 pplLuc(GC)-ag-Al 20 4371 45929 10142 ppLuc(CC)-ag-A64 1928 26781
537 WO 2012/ 019780PCT/ EP2011/ 004077 68 Both an A64 pol y(A) sequence or the
hi st oneSlwQave/rpme t o conparabl e |uci ferase | evel s. | npagrePeomoo40#i t h t he
previ ous experinment did the conbination of A64 and hi stoneSL strongly

i ncrease the luciferase level, manifold above the | evel observed 5 with
either of the individual elenents. The magnitude of the rise in |uciferase
| evel due to conbining poly(A) and hi $8oneSL in the sane nRNA denonstrates
that they are acting synergistically. The synergy between A64 and hi stoneSL
was quantified as before based on t he Iuciferase | evel s of A64 hi st oneSL,
A64, and hi st | ow The | el from
nMRNA conbi ni ng? 82 and’ ﬁg(%? uen WQ% OP% LG%V?rsfriégg ﬁe{ g%ra%ef t he
effects of pdévwfsAln agrdeﬂnesﬁ\omleﬂie piemeupux;ﬁdr‘yneaddidih\t@:om‘lfﬂrhﬂt@n&if A646ahd

hi st oneSL RLLH"Smne(thour RLU at E4 hour s U at %kjiours 23674 d317343

89579 strong y increase the luciferase level, mani above the Iel_ve?' o%serve
5 with either of the individual elements. The magnitude of the rise in luciferase level
due to combining poly(A) and histoneSL in the same mRNA demonstrates that they
are acting synergistically. The synergy between A64 and histoneSL was quantified as
before based on the luciferase levels of A64-histoneSL, A64, and histoneSL mRNA
(see following Table 9). The luciferase level from mRNA combining A64 and

10 histoneSL was up to 61.7 times higher than if the effects of poly(A) and histoneSL

were purely additive.

Table 9:

Ab4

histoneSL

RLU at
6 hours

RLU at
24 hours

RLU at
48 hours

123674

317343

89579

7291

4565

916

1928

26781

537

Synergy

13.4

10.1

61.7

15 In contrast, increasing the length of the poly(A) sequence from A64 to A120 or to
A300 increased the luciferase level only moderately (see Table 8 and Figure 19).
mRNA with the longest poly(A) sequence, A300, was also compared to mRNA in
which a poly(A) sequence of similar length was combined with the histoneSL,
histoneSL-A250. In addition to having a long poly(A) sequence, the order of

20 histoneSL and poly(A) is reversed in this mRNA relative to A64-histoneSL mRNA.
The combination of A250 and histoneSL strongly increased the luciferase level,
manifold above the level observed with either histoneSL or A300. Again, the synergy
between A250 and histoneSL was quantified as before comparing RLU from
histoneSL-A250 mRNA to RLU from A300 mRNA plus histoneSL mRNA (see

25 following Table 10). The luciferase level from mRNA combining A250 and
histoneSL was up to 17.0 times higher than if the effects of poly(A) and histoneSL

were purely additive.
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In summary, a highly synergistic effect of the combination of histoneSL and poly(A)
on protein expression from mRNA has been demonstrated for substantially different

5 lengths of poly(A) and irrespective of the order of poly(A) and histoneSL.

11.4 The rise in protein expression by the combination of poly(A) and histoneSL is
specific

To investigate whether the effect of the combination of poly(A) and histoneSL on

10 protein expression from mRNA is specific, mRNAs with alternative sequences in

combination with poly(A) were synthesized: These mRNAs contained 3’ of A64 one

of seven distinct sequences, respectively. Luciferase-encoding mRNAs or control

mRNA were electroporated into Hela cells. Luciferase levels were measured at 6,

24, and 48 hours after transfection (see following Table 11 and Figure 20).

15
Table 11:

mRNA Ghows | 2ahours | a8 hous
ppLuc(GC)-ag-A64-N32 33501 38979 2641

pplLuc(GC)-ag-A64-SL 28176 20364 874

ppLuc(GC)-ag-A64-U30 41632 54676 3408

ppLuc(GC)-ag-A64-G30 46763 49210 3382

ppLuc(GC)-ag-A64-PolioCL 46428 26090 1655

ppLuc(GC)-ag-A64-aCPSL 34176 53090 3338
ppLuc(GC)-ag-A64-ag 18534 18194 989

ppLuc(GC)-ag-A64-histoneSL 282677 437543 69292

ppLuc(GC)-ag-histoneSL 27597 3171 0

ppLuc(GC)-ag-A64 14339 48414 9357




+ + 98472 734222 146479 + - 7291 4565 916 - + 4357 38560 11829 Synergy

8.5 17.0 11.5 In summary, a highly synergistic effect of the

conbi nat iwo 20f2/hpmboneSL and pol y(A) on protein expressipam/Ere@miopddNA has

been denonstrated for substantially different 5l engths of poly(A) and
I rrespective of the order of poly(A) and histoneSL. 11.4 The rise in
protein expression by the conbination of poly(A) and histoneSL is specific
To investigate whether the effect of t#e conbination of poly(A and
hi stoneSL on 10 protein expression fromnRNA is specific, mMRNAs with

alternative sﬁmlmermnéﬁA) seqoemdei arra’né bistadeSh gpad ys(eét)a Gm‘f[:ﬂrszmtdtﬁedaze&tévelfhese
MRNAs cont ai n of Ab4 ences spectively.
Luci f er ase- e 'na? ng ?ﬁ?ﬂlh'sé\%’?g B}%eraé?iﬁmiﬁ 'ferﬁseel_a
cells. Lucifdeas, enhrﬁftfbdl Sb(WértBe l‘@abcbhssed/edtwnﬂl, el%r oﬁﬁhd ||4@3V|H0Mréterﬁéﬁterthus

transfection

at 6 hours RIAGURS SEOETBISHLR

5

10

15

20

25

30

see foll.ow Bg Table 11 an 20)...15 Ta

Rl_rlJC(érftraSt com |n|n poefy

sequences was without effect on the luciferase level compared to mRNA containing
only a poly(A) sequence. Thus, the combination of poly(A) and histoneSL increases

protein expression from mRNA in a synergistic manner, and this effect is specific.

The combination of poly(A) and histoneSL increases protein expression from mRNA
in a synergistic manner in vivo.

To investigate the effect of the combination of poly(A) and histoneSL on protein
expression from mRNA in vivo, Luciferase-encoding mRNAs with different
sequences 3’ of the alpha-globin 3’-UTR or control mRNA were injected
intradermally into mice: mRNAs contained either an A64 poly(A) sequence or a
histoneSL instead, or both A64 poly(A) and histoneSL 3’ of the 3’-UTR. Luciferase
levels were measured at 16 hours after injection (see following Table 12 and Figure
21).

Table 12:

RLU at
mRNA 16 hours
ppLuc(GC)-ag-A64-histoneSL 38081
ppLuc(GC)-ag-histoneSL 137
ppLuc(GC)-ag-A64 4607

Luciferase was expressed from mRNA having either a histoneSL or a poly(A)
sequence. Strikingly however, the combination of poly(A) and histoneSL further
strongly increased the luciferase level, manifold above the level observed with either
of the individual elements. The magnitude of the rise in luciferase level due to
combining poly(A) and histoneSL in the same mRNA demonstrates that they are

acting synergistically.

The synergy between poly(A) and histoneSL was quantified by dividing the signal
from poly(A)-histoneSL mRNA (+/+) by the sum of the signals from histoneSL mRNA
(-/+) plus poly(A) mRNA (+/-) (see following Table 13).

with any o t}?e ]éﬂférnative

RLU



48 hours ppLuc(GC)-ag- A64-N32 33501 38979 2641 ppLuc(CC)-ag- A64-SL 281 76
20364 874 pplLuc(CC) - ag- A64- U30 41632 54676 3408 pplLuc(CC) - ag- A64- G30 46763
49210 33820pplundBL) - ag- A64- Pol i oCL 46428 26090 1655 pplat(MBS)HAagAB4- aCPSL
341 76 53090 3338 ppLuc(CC)-ag- A64-ag 18534 18194 989

ppLuc( GC) - ag- A64- hi stoneSL 282677 437543 69292 ppLuc(CC) - ag- hi stoneSL 27597
31 71

71
Table 13:
. RLU at

A64 | histoneSL 16 hours
+ + 38081
— + 137
+ — 4607
Synergy 8.0

The factor thus calculated specifies how much higher the luciferase level from
5 mRNA combining poly(A) and histoneSL is than would be expected if the effects of
poly(A) and histoneSL were purely additive. The luciferase level from mRNA
combining poly(A) and histoneSL was 8 times higher than if their effects were purely
additive. This result confirms that the combination of poly(A) and histoneSL effects a
markedly synergistic increase in protein expression in vivo.
10
11.6 The combination of poly(A) and histoneSL increases NY-ESO-1 protein expression
from mRNA.
To investigate the effect of the combination of poly(A) and histoneSL on protein
expression from mRNA, NY-ESO-1-encoding mRNAs with different sequences 3’ of
15 the alpha-globin 3’-UTR were synthesized: mRNAs contained either an A64 poly(A)
sequence or both A64 poly(A) and histoneSL 3’ of the 3’-UTR. NY-ESO-1-encoding
mRNAs were electroporated into Hela cells. NY-ESO-1 levels were measured at 24

hours after transfection by flow cytometry (see following Table 14 and Figure 22).

20 Table 14:

MFI at 24 hours

mRNA anti-NY-ESO-1 isotype control

NY-ESO-1(GC)-ag-A64-histoneSL 15600 1831
NY-ESO-1(GC)-ag-A64 1294 849

NY-ESO-1 was expressed from mRNA having only a poly(A) sequence. Strikingly
however, the combination of poly(A) and histoneSL strongly increased the NY-ESO-
1 level, manifold above the level observed with only a poly(A) sequence.

25



0 ppLuc(GC)-ag- A64 14339 48414 9357 WD 2012/ 019780PCT/ EP2011/ 004077 70
Both a pol y(A) sequence or the histoneSL gave rise to conparable |uciferase
| evel s. Agei2o12/dibmoconbi nati on of pol y(A) and hi st oneSL pstrmpp@hpodontr eased
the luciferase |evel, manifold above the | evel observed with either of the
i ndi vi dual el enents, thus acting synergistically. In contrast, conbining
poly(A) with any of the alternative 5 sequences was w thout effect on the

| uci ferase | evel conpared to nRNA cont®& ning only a pol y(A) sequence. Thus,
t he conbi nation of poly(A) and histoneSL increases protein expression from
MRNA i n .3y rhegicmtbicatiomnofgroly(Andnd hiseone$t ecteases thpdeiel bf antibodies elititéd The
conbi nation qf poly(A) a |,StoneSL i ncreases protein expression from nRNA
10 in a syne&@'i‘gaff%g@hwgﬁ "ﬁﬁ’gi vo. To investigate the effect of the

conbi nat i O][l ofo [Drﬁ]e}(t(g%}je and effeat ohese cgﬁlfb]?faﬂbﬂicﬁf Q(le(fﬁeszsicblhlsid@m rﬂ?i\léhé n
vivo, Luci era e-encaodi n i fferent sequence

al pha- gl obi n '?, uqGPR era’lf%ﬁgﬁeélei'ﬁ@%‘@éc'inﬁﬁ'% mﬁf"r‘*ac@?r%?ﬁ V"?%f"’(?’?n ce:
MRNAg cont ai n@dc.ﬁht@bahtr@d@mﬁ@ Ry A}ans.ﬁ ﬁhgﬁex@a RYIB O shes@st mpgagad,
or both A64 poly l?) and hi stoneSL UTR Luciferase Ievels were
measured at Ms't*hé ﬁ@“&f"t%’ﬁ"?%ﬁeé{fﬂvha'Pb%é'Obm3d\}\I hgnRNHE contingdeitbpigan e
21). Table 1caiRABhed by BN 18aRRNS(EI1i80 g% By Heonasie 3A0%e
ppLuc( GC) - ag- hi st ohe 37 ppLuc &C) - ad- A64 4607 20 Luciferase was
expressed fr orh WREEOHaspesticeirtibedies imivecaindSl and caniell m{cR) wae anadyrss. by
Strikingly h further
strongly |nc$§gs\s'/°\e 'th%ué}ﬁll E?engg)tsfé& fglf&%vyéﬁ tﬁgqgghgtg@ﬁ%?)evel observed
wi t HOei t her of the individual elenents. The magnitude of the rise in

| uci ferase | ehable thie t o 25conbi ni ng pol y(A) and hi stoneSL in the same nMRNA

denonstrat es tnlgnmAt hey are acting synerg,lngg,ﬁ %gjﬂa}b] endpomtt'ﬁgﬁ syner gy

bet ween pol y(7& 1 ton "uan —+et—by U|V|U|||g the—signal from
pol y(A) - hi st ﬁ‘@é § ,(QE Kﬁ“ﬁ\ﬁt‘i"}% of the signals fr stoneSL nRNA
30(-1+) plus |pov-gE@I( @BMg(f\M ) (see fol | owi ng Table 13). 200
2012/ 019780PCT/EPZ0TI/ 004077 71 Table I37 A4 histonesC

Anti NY-ESO-1 IgG2alb] was induced by mRNA having only a poly(A) sequence.
Strikingly however, the combination of poly(A) and histoneSL strongly increased the
15 anti NY-ESO-1 IgG2a[b] level, manifold above the level observed with only a

poly(A) sequence.



RLU at 16 hours + + 38081 + 137 + 4607 Synergy 8.0 The factor thus
cal cul at ed specifies how nmuch higher the luciferase level from5 nRNA
conbi ni ngwvpabiody7sand hi stoneSL is than woul d be expect edTigP2dith@oeff ect s of
pol y(A) and histoneSL were purely additive. The luciferase |evel from nRNA
conbi ning pol y(A) and histoneSL was 8 tinmes higher than if their effects
were purely additive. This result confirnms that the conbination of poly(A)
and histoneSL effects a nmarkedly synerffi stic increase in protein expression
in vivo. 10 11.6 The conbi nati on of poly(A) and hi stoneSL increases
NY- ESO- 1 protein expression from nRN&laithe i nvestigate the effect of the
conbi nation of poly(A) and histoneSL on protein expression from nRNA,
NY- ESO- 1- encodi ng nRNAs with different sequences 3' of 15 the al pha-gl obin
3'-UTR were suﬂﬁlhie&hmeyéquéﬁﬂ%n@ﬁﬁmgioﬁeddiagfdier an A64 pol y(A) sequence or
bot h A64 pol y(A) ang, hi stoneSL ,3' 0 tﬂgg 3" - UTR., NY- ESO- l-encgd' g}gjl n}PRNAs
wer e el ect r optr af &@9ingt 6818 RreIplY encRdipg@. ReRtid I PrQisie RiRY ot Ut 3 24
hourg after trangbdirgiresloMYiobi ABL CYIOFRT Kidtohs PRothinl,| RPbAG Jralli® ddecidtd
Figure 22). 20Table 14: M-I at 24 hours nmRNA anti - NY-ESO- 1 |sotyJoe control
e

NY- ESO- 1( GC) - ag- ea kOER gigstucisese apgamagker mmoselqctioy -Rigtei4selectéd from
alpha-Globin, Galactokinase and Xanthine:guanine phosphoribosyl transferase
(GPT),
b) at least one histone stem-loop, and

10 c) a poly(A) sequence or a polyadenylation signal.

2. Nucleic acid according to claim 1, wherein the nucleic acid does not contain one or

two or at least one or all but one or all of the components of the group consisting of:

a sequence encoding a ribozyme (preferably a self-splicing ribozyme), a viral

15 nucleic acid sequence, a histon stem-loop processing signal, in particular a histon-
stem loop processing sequence derived from mouse histon H2A614 gene, a Neo

gene, an inactivated promoter sequence and an inactivated enhancer sequence.

3. Nucleic acid according to claim 1 or 2, wherein the nucleic acid does not contain a

20 ribozyme, preferably a self-splicing ribozyme, and one of the group consisting of: a
Neo gene, an inactivated promotor sequence, an inactivated enhancer sequence, a

histon stem-loop processing signal, in particular a histon-stem loop processing

sequence derived from mouse histon H2A614 gene.

25 4, Nucleic acid according to claim 1 to 3, wherein the nucleic acid is an RNA,

preferably an mRNA.

5. Nucleic acid according to any of claims 1 to 4, wherein the at least one histone
stem-loop is selected from following formulae (1) or (11):

30

formula (I) (stem-loop sequence without stem bordering elements):



1294 849 NY-ESO 1 was expressed from nRNA having only a poly(A) sequence.
Strikingly however, the conbination of poly(A) and histoneSL strongly

i ncreasedwohe12dY9yBBOL | evel , mani fol d above the | evel olpsEmred 1ind40h7 only a
pol y(A) sequence. WO 2012/019780PCT/ EP2011/ 004077 72 11.7 The conbi nati on
of poly(A) and histoneSL increases the |evel of antibodies elicited by
vaccination with nRNA. To investigate the effect of the conbination of

pol y(A) and hi stoneSL on the inductioW4of antibodies elicited by

vacci nation with nRNA, C57BL/6 mice were 5 vaccinated intradernmally with

pr ot am ne- conpl exed, - -€ in 1 tiNdi ent sequences 3' of
t he al pha-gl obin 3'- [ .‘5%&5 nt%ﬂ“ﬁe‘d gl tPréf an3RA @?L(A) sequence or
both A64 poly(A) and histdneSL 3' 0 -UTR  The 'l evel of

NY- ESO- 1- speci fic anti bo iesI i n vaccinated and conttr ol, m ce was anal yzed by
ELISA with serial dilutidh8 lof sera ($2%fol |l owingfii e 15 and Figure 23).

10 Table 15: fgimAa 1B &fterh3éatPdeliddn RNHIBOIEH bokd@ing elements): _
NY- ESO- 1( GC) - ag- A64- hi st oneSL 763 NY-ESO- 1( GC) - ag- A64 20 Anti NY-ESO 1
IgGZé[ b] was induced by nRNA having only a poly(A) sequence. Strikingly

Ioant | Nv-£50 1 1 doeq oo oGBS shtNosdO4IaRs 4 hd Mot NisE Ned wi t h onl y
a poly(A sequenc\e.—y—‘&\b—ZGﬁfOTQ"/S 4b-7—7—7\’3*—e|—a¥ ~“Nucl ei c

aci d sequence conprising or coding for a) a coding region, preferably
encodi ng a pepti destam]protéém] provi ded lodpat the 5 cedimy r egtesm? does not
code for hi stonﬁgpr otFi ns, reporter proteins selected fr%g] EC%P ar]d

Luci ferase amPTABIR&FICH el ection proteins sel ected fronPQIGHREE SBERL

Gal ggt oki nase and Xant hi ne: guani ne phosphori bosyl transferase (G PT), b) at
| east one histone stem|oop, and 10c)a pol y(A) sequence or a

pol yadenyl at i"tﬁh"?f%'f‘gnal . 2.Nucleic acid according to claim1l1, wherein the

nucl eic acid does not contain one or two or at | east one or all but one or
all of the conponents of the group consisting of: a sequence encoding a

ri bozyme (pr %té:r‘ﬁﬁgtl Nerfi2 BSdeefiﬁé’leieﬁieﬂg N1?602>1£“%) ’co‘?\sé@uﬁ% sequence of 1 to 6,

preferably of 2 to 6, more preferably of 2
15 to 5, even more preferably of 3 to 5, most
preferably of 4 to 5 or 5 N, wherein each
N is independently from another selected
from a nucleotide selected from A, U, T,

G and C, or a nucleotide analogue
20 thereof;

stem1 [No_zGN3_5] is reverse complementary or partially reverse

complementary with element stem2, and is a consecutive

sequence between of 5 to 7 nucleotides;

25 wherein Ng, is a consecutive sequence of 0 to 2,
preferably of 0 to 1, more preferably of 1 N, wherein each
N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleotide

analogue thereof;
30



15 nucleic acid sequence, a histon stem|oop processing signal, in
particul ar a histonstem | oop processing sequence derived from nouse histon
H2A614 gewe,2om/dYeogene, an inactivated pronoter sequen®eTAPAIAN04077

i nacti vated enhancer sequence. 3.Nucleic acid according to claim1 or 2,
wherein the nucleic acid does not contain a 20 ribozyne, preferably a
self-splicing ribozyne, and one of the group consisting of: a Neo gene, an
i nactivated pronnotor sequence, an inattivated enhancer sequence, a histon
stem | oop processing signal, in particular a histon-stem ]| oop processing
sequence derived from nouse hi sthereiti2RG;14s gerensetadviNuseheerceaof B aocsy di ng

toclaim1l to 3, wherein the nucl.ei
5. Nucl ei ¢ acid according to any reé?ragllyéﬁlf}gof W8re4§’gl(%ﬁ%tﬁ\éf){f?[\ﬁ§v%fe"l‘83?} one
hi stone stem |l oop is sel ected fNom fm:lép@mljdmyf toru | athdr) sé]éctédil )romB(h
formula (1) (steml| oop sequence % ste borderln el ement s Wf
2012/ 019780PCT/ EP2011/ 004077 74Yf RB“ %NE@‘%P’ Ngdgﬁ\‘b 21
5 Yy Thr ) sten1bgg§§@§ﬂ@m%pﬁﬁyla (II) (sten}loop seqguence
wi th stem bordering el ements) [ NO_2GN3 51 [NO_4(ULfl NO-41
[ N3-5CNO- 2] N1-6 N G ___) km st emlst enl | oopst enst en?
bor deri ng_el ement bor dering_ el empe..l% faRbdine SE&NBhal0ucThEHEBY, DAL dRL) NG
elenents N1 6 is a consecutive seguence 6, preferably of 2 6,
nmore preferably of 2 15 to 5, éee@ptrmwaéymeeberfchlbﬂyyaoctyt@rteoos anrrasillogue
preferably of 4 to 5 or 5 N, wher d )t her
sel ected froma nucl eoti de selecf%g ﬂgg&aﬂy %ﬁt 8 2§ﬁﬁﬁ§€%ﬁo a nuc eotlde
anall@gue 20t hereof ; stenl [ NO_2@EidiBe 5 stersZnsevphased lygqeneseat ary or
partially reverse conplenmentary with el enent sten2, and is a consecutive
sequence between of 5 to 7 nucleotides; 25wherein NO_2 is a consecutive

sequence of Qo0 2ueBlelRATNY/PIND B focaBISRAsH § 5%3#3%%%“ Lf, oy

fromA, U T, Gand C or a nucleotide anal ogqu ther
2012/ 019780PCT/ EP2011/ 004077 75 wher ei nIzlj % EO"SQC““"Q &% ‘{ence Led

consecutive sequ%nce of 3
to 5, preferably of 4 to 5, nore pref enaldoyides n%ré\brefdmflgbﬁ4eaclboﬂ}diess
indgsendently from anot her selected froma nucl eotide selected fromA, U,

and C or a nucl eotide 5anal ogue thereof, and wherein G is guanosi ne or
an anal ogue thereof, and may wherein each Ng, is independent from another

a consecutive sequence of 0 to 4, preferably of
1 to 3, more preferably of 1 to 2 N, wherein
each N is independently from another selected
20 from a nucleotide selected from A, U, T, G and

C or a nucleotide analogue thereof; and

wherein U/T represents uridine, or optionally

thymidine;
25 stem?2 [N3_5CN0_2] is reverse complementary or partially reverse

complementary with element stem1, and is a consecutive

sequence between of 5 to 7 nucleotides;

wherein N;; is a consecutive sequence of 3 to 5,
30 preferably of 4 to 5, more preferably of 4 N, wherein each

N is independently from another selected from a



be optionally replaced by a cytidine or an anal ogue thereof, provided that
its conplenentary nucl eotide 10cytidine in sten2 is replaced by guanosi ne;

| oop sequwoce1iR78d(UrnNO_4] is | ocated between el enent $CIiEPiI1ANMITEL en?,
and is a consecutive sequence of 3 to 5 nucleotides, nore preferably of 4
nucl eoti des; 15 wherein each NO_4 is independent from another a consecutive
sequence of O to 4, preferably of 1 to 3, nore preferably of 1 to 2 N,
wherein each N is independently from aifot her sel ected 20from a nucl eoti de
selected fromA, U T, Gand C or a nucleotide anal ogue thereof; and
wherein Un- represents uri di nepnudeotiqs setraédd fyord Wy td, di Qegnd2Est @mldcleotide
[N3_5CNO_2]is reverse conplenentqrg of paétially reverse conplenentary with
el enent stem1, and is a conselli? %3§8§8 nce between of 5 to 7

nucl eoti des; WD 2012/ 019780PCT/ EP2011/ 004077 76 nucl eoti de sel ected from

A U T, Gand Cor a nucleotide anal ggue thereof; wherein NO IS a
consecutive sequence of 0 to 2WS™N eNer dh13 ENSEFUPYE 1seauyIce Bt &t dPabl y of
1 N swherein each Nis i ndepenggsérablyfof 0 ANRbREFreffE bEH N, Wit each

nucl eoti de selected fromA, U, T, G and C or a nucl eotide anal ogue thereof;
and 10wherein Cis cytidine or Manisaiilesgudentinefreny  angiier pesleged offemorfal | y
repl aced by a guanosine or an ﬂU@IEQt%éeseieQ?erdqR;mp\':Q)l,“Tg@dantdr@BréBg,cleotide

conpl ementary nucl eoti de guanosine in stenl 1s replaced by cytidine;
wherein 15stenl and sten? are eapapiecthereohase pairing with each other
formng a reverse conpl enentary sequence, wherein base pairing may occur
bet ween stenl and stenR, or formng a partially reverse conplenentary
sequd@nce, wherein an i nconpl et eheese Cpaicytidige magn acalogueltbenset and eyl beand
sten2. 20 6.Nucleic acid accordiggﬁho Q!%l%h5 m@ereinitgelat Ieaqt one

hi stone stem | oop is selected PPoMaY et ORE ofg¥@PT8mﬂ%gaPo?ﬂ$?%5’(la)
or (Ha): 11INO_1 G N3_5] [ N11_3¢Hdrdof NpraidddNIh&CNE_thbmpementary, nucleotide

: Y. ? m., stem | oopsten? fornula Ia% stem | oop sequence
Wi t hout stem bordering elenent§¥£KEfB'TN8Ehdkﬁi ce ﬁ&fﬁ?@ﬁ%)hD_Z]
[ N3_5CNO_1] Neheeir y , t_r, sternlstemll oopstenRsten? WO

2012/.019780PCT/ EP2011/ 004077 . .
15 stem1 and stem2 are capable of base pairing with each other

forming a reverse complementary sequence, wherein base pairing may occur
between stem1 and stem2, or
forming a partially reverse complementary sequence, wherein an incomplete base

pairing may occur between stem1 and stem2.

20
6. Nucleic acid according to claim 5, wherein the at least one histone stem-loop is
selected from at least one of following formulae (la) or (lla):
[No.1GN;s1 [N;3(U/T)Ng T [N sCNg ]
25 —_—
stem1 loop stem?2
formula (la) (stem-loop sequence without stem bordering elements)
N2.5 [No.1GN; 5] [Ny 3(U/T)Ng,l IN3 5CNg il Ny
Y e —— ) H———/ ——
30 v
stem1 stem1 loop stem?2 stem2
bordering element bordering element

formula (l1a) (stem-loop sequence with stem bordering elements)



77 7. Nucleic acid according to any of clains 1 to 6, wherein the poly(A)
sequence conpri ses a sequence of about 25 to about 400 adenosi ne

nucl eot i owe,20rEdmwpabl y a sequence of about 50 to about PCOEP2@ENOBTHE

nucl eoti des, nore preferably a 5 sequence of about 50 to about 300
adenosi ne nucl eotides, even nore preferably a sequence of about 50 to about
250 adenosi ne nucl eoti des, nost preferably a sequence of about 60 to about
250 adenosi ne nucl eotides. 8. Nucleic Acid according to any of clainms 1 to
6, wherein the polyadenyl ation signal 10conprises the consensus sequence
NNUANA, preferably AAUAAA or AUUAAA. 9. Nucleic acid according to any of

cl ai s to 8, whereipn the nucleic acid.encodes a,therapeutically active

b ot 61 n “or paMH. it SR BHoPLER T Sabr G 105 RO~ G o
pat hogeni ¢ graohgﬁeqaesl afequehcebf dhout lglEltb alsout i4D@ladewtsirgetuclevtides tpeeferablylb
antigen, a bacterial antigen, an allergenjc antigep, .an autoi ne .antigen,
an al |l ergen, Sﬁﬂ”%ﬁ?igo%ﬁugaﬁp itrARRYS A0 ‘J§P8§‘S}e FS\%GEQP esorm?f@pgpi?%‘é?eblbra an
ant i gen- specisbhgente @ laboditeReRt fout 380 abibEdshieCnirlddli dag; @Rbslinitde pRefé@llyqf
claime 1 to 9, wherein the nucleic acid is a 20nonocistronic, bicistronic
or even nul t iseAusncEnefcabrit] 2 do aatioyt 259 adgsesipe nucliptides cmadti erefesallefa ned
according to @apYerRk of AEbUTE0 0 hBokD shUeh iSRRI dbNe expressi on | evel of
an encoded peptide or protein. 2512. Nucleic acid as defined according to
any of clains 1 to 10 for use as a nedi canent. 13. Pharnaceuti cal

conposi td on Y J i i q.. fin ] : | ai s
110 10 Snd ontenaredomiiy oA daftf, 18, W ARTAL bBRICHIARY shaF
20120019780 PChhipaéslthe 00ARATUs A8qUdnce WNIJANA, pefaralsly Ad\UAAA baAIUBAA . wher ei n
the antigen is selected fromtunour antigens, allergenic antigens,

aut o-i mmune sel f-anti gens, pathogenic antigens, viral antigens, bacterial
anti gensy. fungadleiankidigasrdify @t D808 dging al to @nirihgesins theamidi@it aaidtdéngeds,a or

al l ergenic anhigens, ﬁ 16, Use of a nucleic acid, as defined.according to
any of cl ai men4rpgHtEgly artiverRIPELy PhBRRINE WXk pIILAN RFOtEYN. AN BPURSSY A thgoUr
treatment of HHBERT a PatkdgBRK! attigeRASRSanimBl BRlideAlS dirsicast@n, Ar glotsabl y
(viral, bacterial or protozool ogical) infectious diseases, autolnmune

di sddses, al |tigesa dtacteripk ppiigeny e alsBeni GraAbBERn &t aUIginaWyaR @ntigen, am g
(hereditary) gieRRASEH: arftibodENS! ifinfinS&RARASoh pRRART & peflidiedsan Wigeh. have
a genetic inherited background and which are Pyplcally caused by a defined
gene def ect apdcific d-deHhegaptasd accordi ng to Mendel 's | aws, cardi ovascul ar

di seases, neuronal diseases, diseases of the respiratory system diseases
of the digestive system diseases of the skin, nuscul oskel etal disorders,
di sor der®. of Nideicoamedeccodingi ®samy; ohephadnt®, 9,1 Biherimaéhel eluckeiceaddeis ,a
endg&rine, nutritL?nal gnd met abol i ¢ d%sggse%w]exﬁhdh eases or ear

di séases. 17 TPWSANE C'%')?"\?i?/roevﬁ%frw})ff' "BP'GWErEass g the expression of a

protein conprising the steps: 20a)providing the nucleic acid as defined
according to any of clains. 1 tq 10,, b)applying or, adm nistering the nucleic
26 d Lo B ool P otaunislir acid ah e er SR Sy & ¢ I e LS BTORGE col |
or a somatic th€kkpressontlbv bEa®encited pepideSon pratein.

25 12.  Nucleic acid as defined according to any of claims 1 to 10 for use as a medicament.

13.  Pharmaceutical composition comprising a nucleic acid as defined according to any

of claims 1 to 10 and optionally a pharmaceutically acceptable carrier.

30 14.  Vaccine comprising a nucleic acid according to any of claims 1-10 coding for an

antigen or comprising an antigen.
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17.
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Vaccine according to claim 14, wherein the antigen is selected from tumour
antigens, allergenic antigens, auto-immune self-antigens, pathogenic antigens, viral
antigens, bacterial antigens, fungal antigens, protozoological antigens, animal

antigens, or allergenic antigens.

Use of a nucleic acid as defined according to any of claims 1 to 10 for increasing
the expression of a protein in treatment of cancer or tumour diseases, infectious
diseases, preferably (viral, bacterial or protozoological) infectious diseases,
autoimmune diseases, allergies or allergic diseases, monogenetic diseases, i.e.
(hereditary) diseases, or genetic diseases in general, diseases which have a genetic
inherited background and which are typically caused by a defined gene defect and
are inherited according to Mendel's laws, cardiovascular diseases, neuronal
diseases, diseases of the respiratory system, diseases of the digestive system, diseases
of the skin, musculoskeletal disorders, disorders of the connective tissue, neoplasms,
immune deficiencies, endocrine, nutritional and metabolic diseases, eye diseases or

ear diseases.

In vitro or ex vivo method for increasing the expression of a protein comprising the

steps:
a) providing the nucleic acid as defined according to any of claims 1 to 10,
b) applying or administering the nucleic acid to a cell-free expression system, a

cell (e.g. an expression host cell or a somatic cell), a tissue or an organism.



