SI NGLE- CHAI N Cl RCULAR RNA AND METHOD OF PRODUCI NG THE SAME DESCRI PTI ON
Technical Field The present invention relates to a single-chain
circular RNA, a nethod of producing the RNA, and a pharmaceuti cal
conposition conprising the RNA. Background Art Conventi onal RNA
interference nmethods are generally classified into two groups: a nethod
using chem cal ly synthesized doubl e-stranded RNAs and a net hod using

pl asm d vectors. The RNA interference nethod using plasmd vectors is

wi del y uSBNGLB-GHaM CERGUQA b Rdte AN MENHOBe® I PRODAU GG ¢ HE SAbGY
experinments. However, when the RNA interference nethod is applied to
devel opi ng pharnmaceutical preparations, the nethod using plasm d vectors
has a problem of safety to a hugﬁgyﬁgﬁﬁg Epnce, it islikely to be nore
preferable to use the chem call PDed doubl e-stranded RNAs.
However, there is the problemthat chem cally synthesized doubl e-stranded
RNAs are unstable in vivo, nanely, susceptible to degradation wth enzynes
(nucl ¢asgsdal Frelgel | s. To solve this problem RNA strands with non-natural
nucl ei ¢ aci ds have been devel oped in order to enhance stability of

doubl e- st r AhalpdsdiitlAsentiorcreldiss, to howalechain hiecubarddi At smethot] € prasinoin éim t hat
its biological activity reduces while the stability is inproved.

Addi t Rd¥=lang a phasthadevtjcat eerepepitinn saomrisiiatha RNAucl ei ¢ acids is unknown.
Therefore, it remains difficult to achieve the application to

phar maceuti cal preparations. The fornms of a doubl e-stranded RNA

usabl éﬂp i'nterference nethod include a doubl e-stranded RNA
havin§a§§%% é%ggwbr protrudi ng ends, an RNA having a hairpin structure

with a | oogosfentibhNRNANGteRferdride abedsearst depndid cRVAfiCd FA0S0S2AA2A , a
circular nucleic acid which contains approximately 19 base pairs, two

| oopsmednd oging ehahlcylle vpmhesatddy donddé-firandep RAlYyhuehé et indthwod using plasmid
(JP2006-271387A), and the like. However, this circular nuc] ei %fhﬂ }s not
subj e¥e@erst o The &4 gntederemaqanpthed uswe ailesenid vegers is widely uped mle diekhot an

13720 0RFOO0EY D T BOREY A PERBES GO R BE RSP PETRRAE The
RNA PRfbidaNiChpdiag UHQJ%&J;H%S ?g%?gac%agg}?eﬁ%i@#,sthel Ransd Q%l&aﬁia%ﬁ’ me in

cells, and the resulting tion binds to a MRNATn cells to

i nhi bivkctbits-had Bhioblend 26 461,98 9)huetmiods e S Hefie, itds kY & be avrdprasstsses a
hi gh resi stance to nucleic acid degradi ng enzynes in cells and remains

st abl egsd the ckérhwalinsynthesizbd dodhleasanddddNAs. owning to its dunbbel | - shaped
structure. |t further djscloses that, be?ause a, singl e-ch P

ol i gonuc| eBPFaEere igreais ihe grobisan thit ickansallprinthssized dRuklss al‘ﬂéﬂ@éééﬁ3into

h | f | | | | | +.h | i
i th DR o flipy Fo fetnle oS RBY AR L R BT ED i bt Pord " "
bel i eygde s Bﬁ)b?éﬁfﬂ,%ﬁﬁ%trands witVRbE QY BFal BRI SR Nl BedPdeBped in order

synt hesi zing a circular nucleic acid having a dunbbell-shaped structure,
for exasillagee sthbilisy off suibsatniEbRNANBakllgl Hog@ned tend xists aasvthesyroblasi zed,

a stemregion and a hairpin loop region are forned to obtain a nick
dunbbéiak -ishbipbgicel agivityc fadotésdwhilatibe elahildnds dinproved. tAdditionajet teieitul ar
| oop. PR TOS-TRHSGUREICIa e R VKRG | Chrsigat Baowaoh GHIOHde ObEe
Eg?gg elaglgg%h%lﬁltg Eﬁ)h%%@guet\éclal-psrggaggtgon%! rcular nucleic acid (JP11-

The forms of a double-stranded RNA usable for the RNA interference method include a
double-stranded RNA having blunt ends or protruding ends, an RNA having a hairpin
structure with a loop at either end of the double-stranded RNA (JP2003-502012A), a circular
nucleic acid which contains approximately 19 base pairs, two loops, and optionally chemically
modified polynucleotides (JP2006-271387A), and the like. However, this circular nucleic

acid is not subjected to testing for RNA interference effect.
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It is an object of the present invention to provide a single-chain
circular RNA and a nethod of producing the sane. D sclosure of the

| nventi on The present inventors have now found that, surprisingly, a
single-chain circular RNA can be obtained with a high yield by separately
synt hesi zing a sense strand and an anti sense strand, both conprising a
nucl eoti de sequence w th unpaired nucl eotides at each end, and all ow ng

| igase to act on the nucl eotides at both ends sinultaneously, and that the
obt ai ned simgldtiat)an RNASBNAachimbAc duabbdl-shaped hatlaiedicil issliwivsed (Pdd+ ng
RNA interference effect. Based on these scientific findings, the present

i nvent!d7260d V9% c ohis edleid aciseis o semiseiin\Pwh iintsrfewpes RINAcRartign t he
present. jnventjon includes.the follow ng inventions. ( A .

si ngl &F ey hape Cifa GFifl g oI ATEH e BATRY dihorls g t% TRRyAling

| nt er LAEERSe (HACKLnof NARACYE"d ARANANI] Uahs L0GnbAGHe- SPALD Rlcha 53b) RNA
conpri s€s a’ sense" strand sequence, an anti sense strand sequence

conpl QIBRLE! that Pnbdl&ic %@1@%3%5@%?@%@3 16 d88bicGRld Qgriihd 818hHes im0

| oop sequences between the sense strand and the anti sense strand,
connectilngnd ainmisd sabldsin osfie ruitih ribbaudens é1 attsandnagdiot ite dambbadbstmpedt r and
are paired to forma stem (2) The single-chain circular RNA

accor ditpgurco {thButhgodisclosys thahebesanse: i sinlpelas jdigongcleptidgrepatairpg the 0. 4
or less .24 h s after introduction of the singlge-chain ci.rcular. RNA i nto
oukar ytscase DA pOsipsatche Fembh el e Gy B AoRbod R Gh CIaoE B | he
target I . . | : i J ok rdi ng
o tneoiBbytiedfRalpdyion it e sbBRTERT T It PEnER AR AERHE S
hour s peReRHIE Be SE{aHFRd. (4) A nethod of producing the single-chain
circular RNA according to any one of the above (1) to (3), conprising
synt hesi zi Mprevvegnsgardingatie arthcdnofinyntbesidee st ciandar batléic canp hagingga a
nucl eoti de sequence with unpaired nucleotides at the 5 end and 3" end,

and sidumbbelirakapsel ystiuchie.i fy evmmaciteist figelogad thae Isreap liggpudleptidey Areot i de
sequence, W.t h unpaired nucl-eqtides in the sense strand, . with.the

ool eorabiised BRI RSt S PR JoPE At o SCen R &S AP Bk SEpbel-
nucl eQf. i dqs k- nLi S . strand,..a {ce sa,; Ln i

wbor oSN RIS SRS IAN e e Bl nOurknagBet |
the sengemildodnd (B8 Epdifc BHE bk MEvSRAHRN IR pWedibn LS Rab&ed, ATihe st eales at
the 3' end of the antisense strand are bound to each other to font' a

| oop, it hgatndichitot ilgmses egpapar sicidulan dainbbell-shapkd eircdes natleichaidB' (JAhd of
the sense strand and the nucl eoti de sequence with unpaired nucl eoti des at
t he 5'13&Hf(H19%he antisense strand are bound to each other to forma | oop,

end Lhe Seuss SLABRTaFIS S BUBIR HORR SRS R R Bl o

phosp%%m%kﬁhhﬂ&mﬁﬁ@hhégmﬁ@d of the nucl eoti de sequence wi th unpaired

nucl eotides i'n the -sense strand and the nucl eoti de sequence with unpaired
nucl eotides in the antisense strand.

Disclosure of the Invention

The present inventors have now found that, surprisingly, a single-chain circular RNA
can be obtained with a high yield by separately synthesizing a sense strand and an antisense
strand, both comprising a nucleotide sequence with unpaired nucleotides at each end, and
allowing ligase to act on the nucleotides at both ends simultaneously, and that the obtained
single-chain circular RNA exeris a sustained or slow-releasing RNA interference effect
Based on these scientific findings, the present inventors have accomplished the present
invention.

More specifically, the present invention includes the following inventions.
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(6) The nethod according to the above (4) or (5), wherein the | oop

sequences are identical to or different fromeach other. (7) The
nmet hod according to any one of the above (4) to (6), wherein the |oop
length is 2 to 20 nucl eoti des. (8) The nethod according to any one

of the above (4) to (7), wherein the stemlength is 19 to 31 nucl eoti des.
(9) A nmethod of suppressing expression of a gene encoding a protein in
vitro, conprising introducing the single-chain circular RNA according to
any one of (1t Resiagievchaip Kirctiar RB)A havihg aaustalaed vredow-etlbasmgaRN Al imesferanng a
target RNA by the single-chain circular RNA to inhibit translation of the
t ar geeffpptachamceerizig ipthst diersingle-ghajn sirailae BNAnperaprises a sense(sirghd gqgyeRdgod of
suppressi ng expression of a gene encoding, a protein, conprisi.ng ..

| nt F odB ISR et IREuRiea] FITERFREMER BUANS SEBRdrF: SFHRYCordettieal RE
above | fal S, .Of . f :

par A1tk i ibab SeQRBR RRAR! ER) Snf ARl B Bl b R, i

t r anshaihl @an®f whbirt Me g6itse BAnd Mt ARHRHSE fiald aft iU AirMecktdANNer .
(11) A pharmaceutical conposition conprising the single-chain circular RNA

accor di ng €9 Thesimgecldin theulabBWe\ adoprding (Blheaonn (e whuein the regpiieesion
As used herein, the term"single-chain circular RNA" may be referred to as
dunbbef # tasget FoNA RNAA onless At therrs-adisa pawdraiion ¢ffthe singls-chai; cirgplar BRGS o

[ I RNA, [ t d ant i t 4
corp! GRS )/ arRir s Pl sISrERT Tabmsonre o e Bk MR el ol of
‘he st b : . . _ . .
entire shagd TP EHECLhAE AR, e R e T £ (R TS

Accor digttefeot ReeRigeiier 8 R¥ERtA Bimad Rguslunbbel | - shaped synthetic RNA,
which is excellent in stability, sustainability and sl owrel easing

property, GARA bhetlekfifgirediding theathgledbain circulal RNpaadcbsiimgto, anyhee of the
dunbbel | - shaped RNA for  use in the RNA interference nethod can be produced
by cy&bevi g towbdIReamprisiagdsyntissiziigs @ a6t sEaud 2ad care palieasy firapd,

shape, it _.has no end and is.therefore not.like Lo _serve,,as .a
Subst FAPRTGE gREmde Seiate Mgk BBy ol b o Snd G Syiopnd
speci { i RS R de! &t 1RES Shd Libotide hERIpalte tO
Shect ISR D g PSR ! oy U il epacntaite,
cel I . nAdedtides st kite, sehbektearids with the GRSRbEJe LI0thdSe eRQRT MRt Hilickdotidy GbQichcaci ds
to enhance stability. Moreover, the dunbbell-shaped RNA is
speci hittbainpyredonmipoiidesindhe antisensectiand, amd yiceueksaguesiiy ¢ Bgasen cells, and the
| oop regions at both sides are cleaved to forma naturally %gurri ng type
doubl e- st r §heret RRAUCIPEdR eeqppnceayith unpyitd nudotidghahhig e geel iob g sense
equl stallra%%t and the nucleotide sequence with unpaired nucleotides at the 3” end of the antisense
strand are bound to each other to form a loop, the nucleotide sequence with unpaired
nucleotides at the 3 end of the sense strand and the nucleotide sequence with unpaired
nucleotides at the 5° end of the antisense strand are bound to each other to form a loop, and the
sense strand and the antisense strand are paired to form a stem.
(5) The method according to the above (4), further comprising phosphorylating each 5’
end of the nucleotide sequence with unpaired nucleotides in the sense strand and the
nucleotide sequence with unpaired nucleotides in the antisense strand.
(6) The method according to the above (4) or (5), wherein the loop sequences are
identical to or different from each other.

(7) The method according to any one of the above (4) to (6), wherein the loop length is

2 to 20 nucleotides.



to that of a doubl e-stranded RNA, and exerts a nore sustainable or
slowreleasing effect than RNA interference effect by conventi onal

doubl e- sti anded RNAs. The dunbbel | - shaped RNA of the present
invention is also nore stable than conventional doubl e-stranded RNAs in
human serum Brief Description of the Drawings Figure 1 is a schematic
vi ew of the dunbbell-shaped RNA of the present invention. Figure 2 shows
the structure of RNAs and an el ectrophoresis i mage of each RNA. Figure 3

shows the @)rietitBodiccdidiAiornas cidroshied Abostepad (RNAGerein the stefr BHE® ié
shows el ectrophoresis i mages of dunbbell-shaped RNAs and |i ner

doubl 940 BhnuddotRas cl eaved by Dicer. Figure 5 shows an

interferen effect of each dunbbell-shaped RNA 24 hgurs after
transfecti bh. AFmsthod 8f SHERGESSING GIPEFTHADIE RYENG FREQFIRE én PEOIRRT IBCYilgE t he

ook LA LB A Ll i PO g,
2] ook ool N ST OSSO 51 o
t her eafhibiatramsMticaeiisie: (aigeaRN /S BEbIthapeotelniis B sigaiaedPlagf@nt ary to the sense
strand sequence and is capable of pairing wwth it, and | oop sequences
whi ch canndi0) fAommtped of seprvetswgeekpréssiontafangene encoding a protein, comprising
intreducing the single-chain circular RNA according to any one of the above (1) to (3) to non-
human animals, plants or cells thereof, and impairing a target RNA by the single-chain circular
RNA to inhibit translation of the target RNA into the protein in a sustained manner.
(11) A pharmaceutical composition comprising the single-chain circular RNA
according to any one of the above (1) to (3) as an active ingredient.
As used herein, the term “single-chain circular RNA” may be referred to as dumbbell-
shaped RNA. A dumbbell-shaped RNA refers to a single-chain circular RNA, wherein a
sense strand and an antisense strand are complementarily paired to form a stem, loops are
formed at both sides of the stem by a nucleotide sequence with unpaired nucleotides, and the
entire shape of the single-chain circular RNA is in a dumbbell.
According to the present invention, the dumbbell-shaped synthetic RNA, which is
excellent in stability, sustainability and slow-releasing property, can be efficiently produced.
In particular, the dumbbell-shaped RNA for use in the RNA interference method can be
produced by cyclizing two RNA strands. Because both ends are closed in a loop shape, it has
no RNA end and is therefore not likely to serve as a substrate for enzymes, exonuclease
(RNase) and the like, except for specific enzymes such as Dicer in cells. Thus, it is less
susceptible to enzymatic degradation and has significantly increased stability in the cell. As
a result, there is no necessity to use non-natural nucleic acids to enhance stability.
Moreover, the dumbbell-shaped RNA is specifically recognized by in vivo enzymes

such as Dicer in cells, and the loop regions at both sides are cleaved to form a naturally

occurring type double-stranded RNA (Figure 1). As a result, it can have activity equivalent



The sense strand and the antisense strand are paired to forma stem The

| ength of the stem not specifically limted, can be determ ned dependi ng
on the type, structure or the like of a target RNA. For exanple, the stem
is conposed of 19 to 31 base pairs, preferably 21 to 25 base pairs, nore
preferably 22 to 24 base pairs, and even nore preferably 23 base pairs.
The nucl eoti de sequences wi th unpaired nucl eotides are present at the 5
end and 3' end of both the sense strand and the antisense strand. The

nucl ead thdeofid dotitde-Strameied ROTA | hrel exeeth aahord susaiqaide oe st felaasipgieffed than

nucl eotides in the sense strand and the nucl eotide at the 3' end of the

nucl eBNA &tedeeraectiens hyrcopnpationebidenibis-gemdetBNAS. t he anti sense strand are
| i gated tgogether .t or o] The nucleotide at the 3' en f the
nucleotide%g%dg@ﬂgﬁﬁﬁ¥ﬂﬁghﬁgégrgﬁ‘h%dﬁ@ﬁ?fd@?m%ﬂntﬁe BnQEm%ﬁgﬁﬁﬁi%ﬂh t he
nucl eqf | . t:he o' IHH§|6 | de sequence with unpaired
nucIegé#gﬁgg%%d?ﬁgégﬁﬁggggéégg ran é%ghﬁigated together to forma | oop.
The loop length is preferably 2 to 20 bases, nore preferably 6 to 12
bases. Therefore, the entire single-chain circular RNA is preferably

conpoeif Desctidtivn oL 02 hrasags Where t he nucl eoti de sequence with
unpai red nucl eotides at the 5 end of the sense strand is represented as

A, the nucFigotd Yis assheraaftcevigivioh thagambhel-sharad SONA @ Shepregenbingentiolg of t he
ti I i { B, .th I tid i,t h
npar od B0l s GEERETS ST R Gt S RRER T TR SR Went ed as

C, and the i g@&p i N §p$j1 s at the 5 end of
t he antiseﬁ@%&gfggkgqpigggﬁggggn edkggpﬁ#ﬁﬁg?ﬂgégnp egsif the loop length
is 20 basepjguteh®héwh %1eletrbﬁholr8sim’ﬁ@%esid1‘ dueiideshibedSREA st-@d Uieasiesblen
length, Cis 19 to 1 bases in length, and Dis 1 to 19 bases in | ength.
Ther ekoaeied MeANcedvedbydiicat the 5° end of A and the nucleotide at the 3
end of B are Iigated together to forma 20-base | oop, .and the nucl eoti de
at the 3' Eistreob shownantpierisisare stipeleofagach tumbbelisbansd N4 & hoys
together to.forma 20-base | oop. It is preferable that the sequences,
whi ch "@8HR°™ or m pairing with each other, vary in length between A and B

and bet weep; f Eﬁil@ : 3 ,
alternativgﬁgﬁﬁ?ﬂétSfﬁggggégenceéjg¥g%§?a?ﬁ§m§%ﬁ%§?Eﬁg?ﬂ?ﬂgﬁgge%ofe, for
exanpl e, WARGLR: 1 BRvseebilitgrgtie dinthehasgsed RINAIS hineh esrall e that Ais 3 to
5 bases in length, Bis 5to 3 bases inlength, Cis 5 to 3 bases in

length, and Dis 3 to 5 bases in |length. Were the loop length is 9 bases,
it is preferable that Ais 3 to. 6 bases in length, Bis 6 to 3 bases in

| engt Bestdpde frgm3ingdedhe [pveatieh h, and Dis 3 to 6 bases in length.

Where the Lgon Lonail 40 RSRE o ol AR el s s
is 4 i : ! t Ot} S o of
the | %ﬁ@%ﬁg@%@%@;%% pucleofidt ?’%giﬁh‘%égr% ﬁéld&g%&éﬁj;%dblfi)qﬁgyﬁgt%?dgﬁt i cal

or di th@dcsd strand sequbhee whitllliecahplemetiatyCiol ths sdrbsteindtsbguepte amhis chpabdnt i on
can be used for the RNA i nterference nethod. RNA interference is

al so lkfipsiring svitRNiiapd kg seguencgthehicheamoet foxmakiining betwe the Bxmdso| ecul e
havi ng a sequence conplenentary to a target RNA binds to e targ%l RNA,
thereby dedP@adingsitand ang theantraRpsecTrags gl ylorme 15mns FA¢ JoRthd the

target, RNA, .~ The.antisense .strand,qf the du |l - . a

sequenEE- aarecieniaigd MBS BLhARRA b hg U Thy Be, ARSI RESL . oo
RNA t f Mo =Y} ey f tides
el Ul BN A B e S D B ey TR Y

A i gonks i) es preRRiblyM to 2M3basp pairsl afdd even more preferably 23 base pairs.

The nucleotide sequences with unpaired nucleotides are present at the 5° end and 3” end

of both the sense sirand and the antisense strand. The nucleotide at the 5° end of the
nucleotide sequence with unpaired nucleotides in the sense strand and the nucleotide at the 3’

end of the nucleotide Sequence with unpaired nucleotides in the antisense strand are ligated
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Furthernore, the loop in the dunbbell-shaped RNA may be chemically

nodi fi ed. For exanple, in vivo stability of the dunbbell-shaped RNA can be
enhanced by nodi fying with polyethylene glycol whose nol ecul ar weight is
approxi mately 2000 to 5000. The | oop of the dunbbell-shaped RNA is cl eaved
by an enzyne like Dicer in cells to be renoved. Therefore, it is believed
t hat pol yethylene glycol has little effect when the stemexerts its RNA
interference effect as an si RNA or m RNA. Wth the dunbbel | - shaped
RNA ofodetteer o efoant a ilonpe ntlihemuddutidexartbs s’ omdodf thet mucipstidRNeqRence evitls, i n
whi ch the dunbbel | -shaped RNA has been introduced, is preferably 0.4 or

| ess Zupaitagreucigotides imiheownee peandoand: the wighwbes pL theap ecndrpfathie usieofide
cells, conpared to .control .cell wi t hout  t he dynbbel | - shaped RNA, bei ng
Dt 1 oRAEENE Wb s e n i fadd ShsRpl o AR pETBRS fo A1

Accor ¢ r J i r ti ,

or of erdB g R ROEFRRbly 2GR0 Bk, e GRLALE € EREBUST (napS e oy
RNA cafiReaiganthdifetody RITANs prspble colpasaf @uaimgoTrists with a reporter
gene (e.g., luciferase, p-gal actosidase, |Il-glucuronidase, or green

f | uor escenWhmrothsi mud<@ER} sggurays vathdumedrsd munigotides at sho i agd of the sense
fluorescence of the reporter gene-derived protejin_to_exam ne t&zell&/\égl of

i nhi bistrishisgeprasaniadgast A.rke neddsetidessegrensy Wileunateh Brqleatiilsh ahth rein

f d as.th . RNA. . : ,
The oot uerrh R RS ehes By HedmeRPAbE bl Sl Rhheired apeSRURSYEL
70% Oy, 79 &4 YEh€ %ns@rsﬁaﬂcfﬁ%ﬁ%gen L4 ot s ReinP dudesiRdequdict hitBulpaues 1 n

human serum For exanpl e is can be confirned by i1 ncubating the
dunbbebtlcsiidred (RNK dnd dTulBansehsistand is fERssehicd @s 1) donalagld, df thedogiht by
using el ectrophoresis or the like to test whether it is degraded over

ti me. length isT}ebaves, tlouh Afis prodddasey in hengthyibisdl9l to I Hapesdind prgih.eC ehid v 1
circular RNA of the_present invention ingludes synthesizing a_sense strand
S aibesenon naite 25 PR 10 DBIHSGMMATER no TSI LerrHeo A IHGS SR A
unpaired nucl eot.ides at .the.5..end and 3' e - SILMH |y l4.gating
o o8 R SNSRULAH R MRy RS I PRl o TR AR el

nucl eqhidetad & S SRV BAd ARthucitblill e BUELLAD AR MladdBedhedomt the
nucl eot1 de sequence wth unpaired nucleotides in the antisense strand, and
Vi ce weskase Usophg a | i gase. The sense strand and the antisense strand

can be designed to suppress the function of a target gene, based on the
nucl eot i deltsie goferablechattthe sequeness, ghivh. camhe fows pginisg vath eashodhri varsde by

producing rmultiple sense and antj sense _strand nd.testing for, each

D pr S RERREE (8 Ko A Rt i PSS D3 GRS oS KGRSO e

si RNA design.or.the |ike n I f er : e al .,
LR bl B o G R LR SpRRRe A Bl o

Bi ol . 14dPR%9th288 ball kit R4Mreralt9NadeH DRI PBased in IbietRIEE (ST RY Bustditleddie
strands 'do not suppress the expression of genes other than a target gene,
t he gehis ta/bargs Belghehcar! Bind k@b bagestihéeripdr géVhae e 1pwhlanigth s Ybasem as
the off target effect). The lengths of the sense and the antisense strands

are prieiserefbiapledbeti 4iedl td f bases in dangeh, &F is ¢ tor3 egsanyl lensth.oC o6 313 hasesdn
preferably 21 to 25 bases, nore preferab 2 to. bases,. an ven nore
pr ef elengtl, and ThisSdlg 6 bases m‘fﬁrégﬂf"arg’g‘fﬂegtgﬁ quﬁ‘&‘?gﬁ}ﬂgélb R8s HdE Prsisr lgghag o,

abl / bcy . e for | 1. age: 7 r ration,
and HOSERE P SR i B oRGRE, LAERTES R REG TERHAE plPRIsEIS,

| oop, dfipkeEnasmiue the above sequence UUCAAGAGA, is divided into two
fragments at an arbitrary position to forma nucl eotide sequence with
unpai r ed niigladditivtlethe (nbkoain sthensagefethedoos f@nirdses A amt Buimehthdi leppled

into two fragnments, as described above, the difference in length is
pr ef efaimigd bynC ahé Drmpgbe ientical or diffssaes) . A sequence is designed, so that

f is ligated.to the 3' epd of the anti t
other 191 yaisiaely Bitih stiog AN ol e Bewal RERNY opye: WETSahdb T Hbd

anot h i.§ designed so that one fragnent is ligatecl to the 3
end o?ﬁtteﬁg&ggér}lglgmg rand, the other is ligated to the 5 end of the
anti sense strand. Single-chain nucleic acids having these two

6



desi gned sequences are separately synthesized. In doing this, it is
preferable to performthe 5 end phosphorylation by using a chem cal
phosphoryl ati on reagent. Mreover, it is preferable to design a sequence
to forma | oop, whose length is, for exanple, 2 to 20 bases, and
preferably 6 to 12 bases. There are various nethods for synthesizing
nucl ei ¢ acids such as in vitro transcription synthesis nethod, nethods
using plasmds or virual vectors, and nethods using PCR cassettes.

Al t hough aRhet oetfapéncs ynalbebiowmas RN eind iagiphiendrseneotin syheaki & smaall RINA
limted, a chem cal synthesis nmethod is preferred in ternms of high purity,
abi | i mplecylehaying e sqayencgcgapimeniary ite 8 largelr RN biggds g dke tapgel RO tﬂ%ﬁ‘%’ ty of
chem cal nodificati and the.like. anppl es, of chemi cal synthesis method
i ncl ugggfﬁ@,lgg hoirget gﬁAe‘Ef ?JBPreﬁ%@ﬁ?ﬁ&% ?ﬁpﬁ%ﬂgeﬁﬂq‘%hosphor oanidite

met hod. Foiy,d Qﬁt?segéérﬁ%ﬁﬁ of ‘&{%'Hlﬁ{tf}kﬁlshé{ ARihabk § flRRELApRARhAHF (AET d
synt hesi zers nmay be used. he eﬁ%s of the nucl eotide sequences with
unpai eget/RICA@S d@mphi, it @S peicutshe RSN grral). ando@oks! tie makidotdnse
strand are ligated with a ligase (for exanple, T4 RNA |ligase or T4 DNA

| i gas egquencedsomntht wopdiedpsudedtides aineluds,| put Tioe limidet iton AGAIRS end| ude,
for exanmple, incubating . in a buffer containin | yet hy) ene gl ycol (PEG,
BSA. aMECHEUGURE (VoMiygEiR ot 8- dehsenp Pt Gl SOt PRL- Syt heai sed

dunbbel | - d_si nal e-chai n_Gireular, R ified b
o ainary nheRETers Badn i e iyl AR a8 S ht AR aRRA rhted B
PAGE o Lol eRRDRLD, K RNAoREYinkawi

cheni %%F@%&.”F? sbily ﬁ%’?[%@%‘?ﬁ% yc%ﬁ&dglP%Ge)éﬂig{rl&:dhe | iog?,fm\l%he‘grﬂéi n

the cheetslend@lichi Ghbicanolcsulprwéightiblappoeivhasiyado@to 5008. | dbp lesggefithe For
bi ndi ng, both ends of PEG are nodified to introduce a functional group
r eact idumbbéli-shaphe R molgvod by an anhansekke Bigehingsllstof herneppovert oubhessiorn

Nhydr oxysucci ni_m de ester group. . The RNA [nteyference net.ho si ng

the difnbb&Eheverathay pﬁeﬁ‘mﬁﬁykéle u@éﬁplbba% Hgieaﬁf}g% Fhabe (sl dxers B@dﬂNuA

her ei naf ter. AcCOF-6H ton present invention, the single-chain
B eieesioeh e e,

ci rculs ntion can be introduced in cells and

i mpai 1 a t gfigfhe RN BIRILARAI RNANBE Eﬁ@ﬁ%h@iﬁii%nﬁltm,tdﬁ@ expREE68 oRWAaiddt 0 a

protein in a sustal ned manner, wherein human cells or non-human ani nmal or

pl ant ROEA lis celdw) ib evhidethe alimttbell GRiged. RNA has bahe inttddecéd\ds prefaableriehoe
method is perfornmed in vitro, the dunbbell-shaped RNA is introduced into

cel | s 143y, 24f beureedinp imrodetéwt pb s dembbelhshaned RN dnioi thicerells.opompared do

|'i pof ecti on pethod, or cal ci ho te.transfectlion. Wien the RNA
1 er penEndelmbriti s s mBBPER) Avering FRgicedy e prersBdoieAT

cont aini n |l e | ubjected to dialysis, pH adjustnent or the like to
aIIomﬁ?%mﬁ%fgﬁghﬁsFﬁmz'living organi sm Met hods of introducing the

dunbbel | - sRaRgdinBND thBtReRA FRENRIN, RhAREIPALI RikalyBhié Wels, PeferabBl ahildyl t ed

to, local admnisStration, intravenous adm nistration, and a nethod using a
gene gelis andfpdamtapid.i ed to humans, it is not preferable to use
m croorgani snms and the like in ternms of safety. )
The expression of a target RNA can be confirmed by, for example, transforming cells
with a reporter gene (e.g., luciferase, B-galactosidase, P-glucuronidase, or green fluorescent
protein (GFP) gene), and measuring the coloring or fluorescence of the reporter gene-derived
protein to examine the level of inhibition of a target RNA expression by the dumbbell-shaped
RNA, wherein mRNA of the reporter gene may be used as the target RNA.
Moreover, the dumbbell-shaped RNA of the present invention is characterized in that

70% or more thereof are retained without being degraded after 8 hours in human serum. For

example, this can be confirmed by incubating the dumbbell-shaped RNA in human serum and



The dunbbel | -shaped RNA introduced into cells is cleaved by Dicer in the
cells to generate a doubl e-stranded RNA (si RNA) which has an RNA
interference effect (Figure 1). The ends of the si RNA can be either blunt
ends or protruding ends. The siRNA turns into a single chain to form an
RNA- nucl ease conpl ex (RNA induced silencing conplex (RISC)), which

recogni zes a target nMRNA having a sequence conplenentary to the si RNA, and
degrades the target nmRNA, thereby suppressing the expression of the

cor r espandingthcamgrtulge deight by usil@elsinghaedihar nhe tike ub aest Ribetdr it e
present invention can be used in any of plants, animals (for exanple,
humangdegmpdedsoventimeanl s i ncl udi ng donestic animals), and cells thereof. Wde
applications in the fields.of di cine and agr.iculture wll expect ed.
For exanpl @,s‘e tlﬂ@}’%f(fr?éllérg AR rdlé‘H?bSEPHﬁE@Peafﬂf‘ &°pfEse E’Fn@gﬁt iog €an be
used for var] es | iding, e i i f the { t] of

speci P egelglgte r’%%a"%ﬁﬁ“gﬁ%@gﬁ%ﬁ i p%%%bg %rgeg‘%% %gr%}é@ r%\cl)l(ra 3{1 %Tng%%o%@%ﬁf n%ﬁ%

cel | ulghpli§ikgla nitYed#dk REqicAke SXNARASiKAARIRII1RHNAES end and I rerAfidhd i on,
the present Tnvention inCludes a pharnmaceutical conposition conprising the
si ngl emallaneowiy Bedtap tRNAudsotaie achd Yeeridngf thdinecitotide sequenthevithmpairedf t he
single-chain circular RNA foul ulated in the pharmaceutical conposition
may bauelgptides éul thensense siratsl eathihe ucigetife auths 7 opdrop dkenesleatide sequence
conposi.tion.. For exanpl e, the. amount of the RNA includes, but not limted
to, 1"\’Mt"0)an 15t DClastiipnn e Ansene i VIS i USIRE GABASCR0 we % 60 it %
70 Wt % 80 9 %, OF - 0t 9 t .

conpositi op.% ngg@?ﬁ%@e‘%&g&sﬁf)% a?ﬁah%gﬁ??%% %gég%@%??ir{g%ﬁ%fcﬁ{nﬁgpg

pr esepdrgdtN¥aR! iased B! tHélGnkcicdtiidl sBqRPSE ajfl PBSafost!GnddS BR! 8édi@R, can be
suspension, enulsion), solid preparations (such as freeze-dried

pr epakcatfimreddapabtiecind mipig s¢erse and tintischedstrafioamd testi)g for icpdsoppression
(preferably, cationic |iposone)-encapsul ated preparations. |In_addition,

pr ef eeflicdenstini Apseamnle lepigning ysingaarpalgerithar ir Ardesiep-arithe likggae ke

i ncl udes, far .exanple, local mnistratign appl yi he, or. r.at .0

i ccrpiios CEATERFECE Au 184 o i Momars “hORr AR De A 0B T 2gadEogal

adm ni ' S - ya .15t i Ofs -

adm i EEaY ¥ NP oo TR NITID). el i lhd Y BRUSrmble the the

I NVentirSWs RY nbt&ippBRtSs m&&gr@gam &S @drich Rthes ttRdn 4 itZeet Makethe FHnbBYRIvViSg
solution and the I1ke), buffering agents, tonicity agents, stabili zing
agent sequanckstsireildn thehe degee genengvioch fsdmominetsitoneff dargeiodizge. f dhertengths of

Mor eover, the dosage of the pharmaceutical conposition of the present

i Rvepﬁh@oﬁ?ﬂﬁﬁf@ﬂdx@ﬁ JIEEBEhETARgS aﬁ: Eféfﬁ}'a‘%hé dggned4p éhe magepl. 47 exappli dide or
t i , i t. T i iti f
| ventt SRS REBRTIE 201425 Bascp RO o7 WS TheRee ond gy eLhoRtpiliiy oo

canceh§ pyh&sd. . suppression of functions of genes or proteins which are
specifically expressed in cancer cells). The present invention wll
her ei naf t e%@%g’&?@ﬁé brethdtyrbubast 1pRed td, aBl/by gbive fngedkemiQWHGE guaior es.
However, it should be understood that the scope of the present invention
i s notgd-rahatcéchatdat deespeton,iand EaYrgbmssior hepatitis.

A sequence which subsequently forms a loop, for example the above sequence
UUCAAGAGA, is divided into two fragments at an arbitrary position to form a nucleotide
sequence with unpaired nucleotides (wherein the sequence is 9 bases, and when divided into
two fragments, as described above, the difference in length is preferably in the range of 1 to 3
bases). A sequence is designed, so that one fragment is ligated to the 3” end of the antisensc
strand, and the other is ligated to the 5° end of the sense strand. By the same method, another
sequence is designed so that one fragment is ligated to the 3 end of the sense strand, the other

is ligated to the 5° end of the antisense strand.  Single-chain nucleic acids having these two

8



Exanpl es Exanple 1: Preparation of a dunbbell-shaped RNA

- phosphoryl ated RNAs serving as raw materials for dunbbell-shaped RNAs
were all synthesized on DNA synt hesizer (GeneWrld H3-SE) in accordance
wi th the phosphoroam dite nethod. Protected TBDMS (Proligo Corp.) was used
for RNA am dites, and Chem cal Phosphoryl ati on Reagent (G en Research
Corp.) was used for 5 - phosphoryl ation. Deprotection was perfornmed by
the ordinary nethod, followed by PAGE-purification. The sequences of the
synt hasdiged RYereeagheparaicly SohdsReNO Inlddise s it Bipréfebled peefolm BEQ | D
NGO 2 (antisense strand, 28 nmer), SEQID NGO 3 (56 ner), and in Figure 2.
Mor eo¥erendi phashkorRAos dopu eximgs a sthewncal npheisphorgladion trbagenn d vibiaoset, sedsiences
are sequences which formthe | oop region of a dunbbell-shaped RNA.
Subs earfgﬁﬁbly to giesighdtseguensa de oy adeomerhoss iwgth is: f%éXﬁmnleUQéo 3b baseim RNA
doubl ”?i‘fp?b) %)tg 1% its/gl T4 RNA |igase, 0.006% BSA, 25% PEGS000, 50 mM
Tris- I(e 6’ I\/gCIZ 10 MM DTT and 1 mM ATP in a total vol une
of 25 gl. There ardPhfous REGhSdsCBE bynthdsidi nuéelc ﬁ@ﬁ§@ﬁ@{:¥sl A8 transcri tlon
doubl e-stranded RNA was dissolved to 1 of a buftfer (2 x buffer)
cont akyritheislethod) mhéthsdsising pilbndidd br Vil %&toﬂbéﬂ(ﬂtﬂetﬂﬁdﬁ%@WCR&BﬁeﬂesnM
ATP, at a concentration of 4 gM The solution was heated at 65C for 5
m nut édthoagld at mesthod| @ﬁ/vls);mh@éﬁi@m nuolero ooids dsrpot @p@niﬁcéﬁwblém&mféna | ghemBSA
sol ution, PEG68\?8' t| on.and T4 RNA |igase FTakara Bio Inc.) were added
to foﬁsmﬂfwf%és B0 18 SRTBRTL bR TSl PO, GoitiBite Prefiecediy lafaeocwawa%e% hen

i ncub f. r et p | Ll tion
and andry-ah s, i a%ﬁﬁg%&gﬁ% Ep R R I
foll Ogﬁﬁathés?snﬁleﬂkmdnfh&h&'é SR fnot Menid- @a%lﬁﬁ%a&t fn@ﬁﬁgd ahd ﬁhﬁﬁ‘ph%?oeﬁﬁ&ﬁe
antisense strand (markér) Lane 2: 57:base mar ker) Lane 3:
dunbbeiethgihaped (IRNpufposeROnTnI@tatli avﬁ&rkﬂxaslﬁomaﬁs audtic &mﬂ @mmetsizersaiaﬁ ase
anti sense strand Lane 4: dunbbel |l -shaped RNA fornmed from 56 bases

( si ngheussiiai n)

The ends of the nucleotide sequences with unpaired nucleotides at both ends of the
sense strand and the antisense strand are ligated with a ligase (for example, T4 RNA ligase or
T4 DNA ligase) to form two loops simultaneously. The reaction conditions include, for
example, incubating in a buffer containing polyethylene glycol (PEG), BSA and the like for 20
hours at a low temperature.  The synthesized dumbbell-shaped single-chain circular RNA can
be collected and purified by ordinary methods (for example, high-performance liquid
chromatography and PAGE method).

Moreover, the single-chain circular RNA may be chemically modified with
polyethylene glycol (PEG) or the like, wherein the chemical modification is preferably
performed at the loop region. For binding, both ends of PEG are modified to introduce a
functional group reactive with the amino groups in bases, such as a formy!l group or an N-
hydroxysuccinimide ester group.

The RNA. interference method using the dumbbell-shaped RNA produced by the above
method is described hereinafter.

According to the present invention, the single-chain circular RNA of the present

invention can be introduced in cells and impair a target RNA to inhibit the translation of the



Lane 5: 28-base sense strand treated with RNA |igase (reference) Lane 6:
28-base antisense strand treated with RNA |igase (reference) The
dunbbel | -shaped RNA at Lane 4 was produced by synthesizing a single chain
havi ng 56 bases (SEQ ID NO 3), formng a stemregion and hairpin | oop
region, and ligating the first nucleotide and | ast nucleotide with T4

| i gase. The band surrounded by a circle on Lane 3 represents the
dunbbel | - shaped RNA produced by the nethod of the present invention, and

t he yizegel RA imtpprosteivanel spsi8%4l nemecr whitsén husdmgndld oRNAN-BEmaR Aeigl fad a -
yield of approximately 5% or |ess. Exanple 2: Exam nation of the stem

| engt Rlagt calls sag beBesd) 4 RNAs represented by SEQ | D NOS: 4

d RNA
th h 13 thesi zed by the .ab t ' . . 4
and 5 or mLH SRR RPN RGBT e ar e 14 b L AR SRR S
17D . gy hagpsed t [ b
(Db 18 s e S e A oo e on h

i s 23lipagesod B8thdd) or cBkcRinh PhddpBate 1@nabetichl f orm a dunbbel | - shaped RNA
whose stemlength is 27 bases (Db-27), and SEQ ID NOS: 12 and 13 forma

durbbel | - s dhRRNAvmbe Eratceméthodisiperforaed hawes frehdempbalihgnedREYA

AP A RN g T e S T
Tris-HCL (pH 7.5), 2.1 J . '

vol umd PG oM, 05t gayctR T SR RAChpRYINIE P, kPGl bl

>' - phegMae 'ir?élgt%e?q)ug b hBniddr RNdschi RMAiNESatHnS $Rka8Rbds adnibidrhdn, (sddXa

buf fer, hal the amount of final reaction solution) containing 100 niv

Tri s- HEhddpHsihgblh, g@ik EvnMyCVRen 28ppiivt DIoT lamdin? aMiATHRt picfaatdonense at i on
of 4 JIM The solution was heated at 65C for 5 minutes and then slowy
cool ethitroorgaoisniseng thedikerio ter@sipd @efgbnt | y, BSA sol ution, PEGS000 sol ution

d T4 RNA |i k i0 | ded f .h b
composi 11 ofe AET BRI oY SriBtodkedSo.Fa e WesvhER DAG Barea<ls Y1
ot o g Tl Ehded RIVETHRREDG R 5 AR T BAEGLRAC SRS (AR Donce

Bands 1geRhai i g sIHICA Lah B8 leHh¥erIBniVérdy Bk bAsteidli dnds UrhesHRBoWuings iR H0d,
cut out, crushed into small pieces, and extracted 3 tines with 4 m of an

el uti eimghuiagt td Gorth M RADLnudleadyl daiiplex (RN, ByijicedTdileneixg ramplenaRIB€Pal t ed
with a Sep-Pak cartridge (eluted with 6 m of 50%acetonitrile in water),
condemdéch wicopnizes entardet ugRNAchaying & srquensrd complemsnias| k) dog sRYS. andohol
precipitation in the sence of anmoni ym acetate. The targets.were

Quant AFeiatesDie fateeh P AR cTPRIe IS hergepre sl he Ssmaarpintgrtiek
(Takargn io Inc.) was added to 2 jig of each of the above dunbbel | - shaped
RNAs £R™4 buffer contai ni ng 20 MM Tris-HC1L (pH 8.5), 150 mMM NaCl and 2 5

™ MG 2 (fR@GHbROCHAR LiREiard@NAl of the Hesehink @it daRtheSetitih @Ry WA Plantien
i ncubated at 37C. After 1, 6 and 18 hours, 3 pl of the reaction solution
was cahingdd @ar exmangpls dnplags, fiEes mapangk énohabingriloreestisiantmas)p indécllsABeradf. EDTA
solution to term nate the . . .
Wide applications in the fields of medicine and agriculture will be expected. For example,
the single-chain circular RNA of the present invention can be used for various purposes
including elucidation of the function of a specific gene or protein in plants or animals, or at
plant or animal cellular level, by using for example knockout methods.
In addition, the present invention includes a pharmaceutical composition comprising
the single-chain circular RNA as an active ingredient.
The amount of the single-chain circular RNA formulated in the pharmaceutical

composition may be adjusted in accordance with the kind and purpose of the composition.

For example, the amount of the RNA includes, but not limited to, 1 wt%, 3 wt%, 5 wt%, 10
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enzymatic reaction. These were then anal yzed by native PAGE (10% PAGE, 1 Xx
TBE) (after being stained with 1 x SYBR G een |, the sanples were inmaged
and quantified on a BioRad Ml ecul ar | nager FX). Figure 4 shows PAGE
of each dunbbell-shaped RNA. As a control, a cleavage reaction using the
doubl e-stranded RNA prior to a dunbbelling reaction as a substrate was
exam ned by the sane nethod. As a result, the cleavage reaction of Db-19
proceeded approxi mately 5% after 1 hour, and the production of

doubl ewt$4, r2dnded, RNAGYQ 028t a5 svilan 60 ends, 7T0nvaslor 8 fvittayed. wither dDeawage
fragments of Db-19 in the range of 20 bases muintained al nost the sane

| evel relptiniedbatotaleimenntéiithe c@nperdfia8 hours. In contrast, al nbst 100% of

the control, i nc]Judi.ng 19-base pajr linear chain (Liner) was.cleaved after
1 hour, anﬁx B%F of dffe gﬁ c S?mmfﬂsa?seﬁt erpr?‘%ﬁ% ewé%lr@b@srl ]

Subse 3 l.e-St. g%wg N r

di sap gﬁjr%%%gggsﬁw?gn%&h{}@p%ﬁ%g {3, ’ eg'tbupl%g%’ ﬁn@?(gﬁ I%h g%(&rgs@@@eaﬁegz‘%aﬁ %c} 1
hour, RARArARUDLGsble dBdBAn RN tinAl hRRRE hd%g,' EpSdmpRfREdUeshnid t was
confirmed that as the stemlength increases, the cleavage speed after 1
hour ilipos@asencipulh@dh poacha2ivms.n Db- 2ited plefdikd néspeatativel youteAfis ex 18
hours, approximately 75% of Dbl9 renmins intact whereas Db-31 conpletely

di sappetnial wngiistheen whish| insludes, fapsxpapleallec] adexnistrsiogusnpheng -Bhaped
RNAs with shorter. stemlength.are nore stabl.e against an enzyne, Exanple

3t RNATTHER S BC gl O A BONH S OU g (RgAm Jcosal adgiRistration
interf ffect. - the a P ed RNAs (Db-19, Db-23, Db-27
and Dgﬁgﬁ%%svi/aag ateh\?lgllrulsg ueotdn’ y&gﬁé{}%ﬁ%#g?&?@ﬁ%ﬁﬁgri nment of the expression of
firefly | uthé eimasBadeR@ t @mERRRNP Fhe presentNnFestich %?' Mchide keRik&l

Bank) were cultured in DVEM (A BCO nedi um containing 10% FCS at 37C in 5%
C2, dsuline d6flizpd whicqguRingefs tdleticulahd rtke Wks), i tudetihgtagdntt otomivity auwehts, of a
96-wel | plate at a concentration of 1.6 x 104 cells/well. The sanple was

f ur t hélabdignaagents sand3hdiky dspsrdom ¢rotorrgulatiens o dosagsifownappr oxi mat el y 70%

fl Th I h t fected with Ki nds of pl id
vect or s ( pHCEEEH b Aoat o R ARAC RSO EBrRaN bt Bh e aysent Pimlon gidba
Cor p. : ' : Lk j t GeneSil
(Goni 3aBTEPERERS 64 36, Bl She AOHRR, SRBOPSHLE A RERAE D o o

transf ect i Ohe peagRbuticAN@ERRARALITAkd Hlos@® MlichiGNE a@gﬁ&a!b;ee fol f® eRhmple
transfection are as follows. 0.2 pg p&.3-Control/ 0.02 jig pRL-TK/ 25 nM

RNA ( Eeaaientof disesdsOiickphy cddens $e.2e magrdssiph dbDEvtimedoilgr@ss @ prefeRAvideh ut ed

solution2.5 .il| )
are specifically expressed in cancer cells).

The present invention will hereinafter be described further specifically by the following
examples. However, it should be understood that the scope of the present invention is not

limited to the specific examples.

Examples
Example 1: Preparation of a dumbbell-shaped RNA

5’-phosphorylated RNAs serving as raw materials for dumbbell-shaped RNAs were all
synthesized on DNA synthesizer (GeneWorld H8-SE) in accordance with the
phosphoroamidite method. Protected TBDMS (Proligo Corp.) was used for RNA amidites,
and Chemical Phosphorylation Reagent (Glen Research Corp.) was used for 5°-
phosphorylation. Deprotection was performed by the ordinary method, followed by PAGE-
pﬁriﬁcation. The sequences of the synthesized RNA are shown in SEQ ID NO: 1 (sense
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DMVEM nedi unml5 RNA (5 pnmol /g1) 0.5 pl pA3-Control (1 jig/pd)0.2 pRL-TK (0.1

ug/ pl)0.2 pl 44.4 pl After transfection, the culture was incubated
at 37Cin 5% CQ2 for 4 hours. One hundred pl of DMEM medi um cont ai ni ng 20%
serum was then added to each well. After further incubation at 37C for 20

hours, the cells were solubilized to quantify the expression |evel of

| uci ferase using Dual -luciferase Reporter Assay System (Pronmega Corp.) in
accordance with the protocol attached (Conditions: the anount of reagent
30 pl ,strded, BB inkNpSRQIECHONS, (ahtishsd grdnde8 hikry SHMAD NHQUB FFE Micr), Al liac
ARVO SX 1420 Multil abel Counter). For conparison, a control (buffer
onl y) Igire @vaMereedr.by thehBNSasagupmaeh sehwiTineFighug e, dlscenisdined seqmintss aé

firefly lucifer. was corrected_far fluorescence intensity of renilla
luci f & %%C%%W*&%ﬁfw&?ﬁgqopgﬁ%}ﬁaafaﬁmﬂﬁgﬁk@@m ENdr-e shown in Figure 5.
After 24 h n he..dumbbel | - sha Dh-23 s e ;hi.ghest
activity, §ﬁé§e8§%}'%& e gﬁlgir%cf& Pt“lia(%)r? eﬁ?&%‘%\{ﬁi&e Péﬁmﬁesoﬁfwké&bﬁ??tﬂ%se

r esul tsgrand, e) TRIEYLIPTLRRIA RghsE00 bb@®% T Akl eRBhoNY ki TH;9~}I?@_(PESP§);
Exanpl e 4 Sustainability of RNA interference efféct Sustainabifity 6f RNA
I nt er fl@rmekicMgeL{ & MM DTbakB]l Al ASIPRNA-tdtalvas usepas adl. Nl -1 3T3 cells

were cultured in Dulbeco's Mdified Eagles Medium %@I?IJVEM G bco)
suppl ement &provspasifiaily ffansh > phpsrhestaied dmds:-stranded ROTAGwWas dissolneditoshd. s

cont | 4at » bhffn @ XBRE-Leadtpininer Dy gpairo-HET (] 755, Bt Meeh o i
and 2 mM ATP, at a concentration of 4 uM. The solution was heated at 65°C for 5 minutes,
and then slowly cooled to room temperature. Subsequently, BSA solution, PEG6000
solution and T4 RNA ligase (Takara Bio Inc.) were added to form the above composition and
reaction volume. The solution was then cubated at 11°C for 20 hours. RNA was
collected by ethanol precipitation and analyzed by PAGE.

The samples at each lane of PAGE in Figure 2 are as follows.

Lane 1: mixture of the 28-base sense strand and the 28-base antisense strand (marker)

Lane 2: 57-base RNA (marker)

Lane 3: dumbbeli-shaped RNA formed from the 28-base sense strand and the 28-base
antisense strand

Lane 4: dumbbell-shaped RNA formed from 56 bases (single-chain)

Lane 5: 28-base sense straﬁd treated with RNA ligase (reference)

Lane 6: 28-base antisense strand treated with RNA ligase (reference)

The dumbbell-shaped RNA at Lane 4 was produced by synthesizing a single chain
having 56 bases (SEQ ID NO: 3), forming a stem region and hairpin loop region, and ligating
the first nucleotide and last nucleotide with T4 ligase.

The band surrounded by a circle on Lane 3 represents the dumbbell-shaped RNA
produced by the method of the present invention, and the yield was approximately 80%. The

dumbbell-shaped RNA at Lane 4 had a yield of approximately 5% or less.

Example 2: Examination of the stem length of the dumbbell-shaped RNA
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plates at a density of 1.6 x 104 cells per well (100 pi). Co-transfection
of reporter plasmds and RNA was carried out wwth GeneSil encer (Gene
Therapy systens, Inc.) as described by the manufacturer for adherent cell
lines. Per well, 16 ng/pl or 1.6 ng4pl pG.3-Control (Pronega Corp.), 1.6
ng/ pl pRL-TK (Promega Corp.) and 25 nM RNA fornulated with the
transfection reagent were applied (100 pp. After 4 h incubation, 100 pl of
20% FCS in DVEM was added. For a prol onged incubation |onger than 3 days,
t he medi UNRWES repRbaGRicbyeSEQERACOS: Liabhgh i ecaxghttssizvanbds avond DdiAed
after 24 hours, 72 hours, and 120 hours w th Dual Luciferase Reporter Assay
Syst emyiftResinvegaSERP. YOS cé endSrigrm @ ddublersm@ndachNén\ethh dvimtiel® base pairs ac

PRI ST o Kol

al St & gldﬁhbw;ﬁ(% a'i% 9%0 aCEi th)eﬁl ltia% d%&%ﬁr@e stEVE é{%cst% t er

120 h&HT er gene expression suppression e From

theseb&&%‘dbbﬁm byt I]F)h@0§J P(Y‘*aﬁc?'l?@éﬂnﬁ‘g dafdbeet-sipdd h@mw}%@@bﬁﬁﬂbﬂgﬂl@n
effect of the durrb el I -shaped RNA were shown. Exanple 5: Stability of the

dunbbeal7l basdsaie2 BNand lEQuﬂhN(ﬁrmﬁ bifdrint ¥ dafnbbd-Zapad RI$A RNAvse Bteuman
serum was conpar ed. 4 of pre-anneal ed dsRNA (si RNA-1, 20 pM or
dunbbédrigttRNA 1 (bBkes ZBb- 320)(31%1&36 anneal i ng buffer (100 m\, 4 potassi um

t at 30 mM HEPES- KOH ( pH7 d th
ggep? of pggen@frﬁ?tlwawﬁ%s nqa?ﬁﬁweég% Ceﬁgﬁﬁélgg% fﬁﬁé?ﬁa\ﬁ% F‘éﬁiﬁ’ W'
b {5 d
20 hodrCer i T tidlodeas s 33 rhEHER, 3 vl dhiecl ot 73y 1 ?ﬁ/f §$BR
G een Mg@wo%mw?aﬁsl 14hiha P |n?§ yéa@ﬁbmaﬁlel%aﬁgﬁxﬁ’g pRad {apbpsatiori es,
Inc.). aresult, up to 50% of si RNA was degraded after 3 hours

wher eas 80Mod¢ spm[ﬁa:aﬁjf th}ﬂﬁplsdzylatedrqumhnééd BNA3whas uissplvaddn dMffor nore
even after 8 hours. Therefore, high stabili of Db-23 in vivo could be

expeci(@d. buffeelf pfathe Apjstunt ab finglk spaction solutis cpptaisens: 10GpohErsHiChPtbe
used 5% 3 Mgk £l a0, TPhESULS AR LGaPLe, Lol Lving Srgay ST, 2dssan
was heated at 65°C for 5 minutes and then slowly cooled to room temperature.  Subsequently,
BSA solution, PEG6000 solution and T4 RNA ligase (Takara Bio Inc.) were added to form the
above composition and reaction volume. The solution was then incubated at 11°C for 20
hours.
RNA was collected by alcohol precipitation from the reaction solution, and the cyclized
products were isolated by using PAGE. Bands containing the targets were visualized by the
UV shadowing method, cut out, crushed into small pieces, and extracted 3 times with 4 mi of
an elution buffer (0.2 M NaCl, 1 mM EDTA (pH 8.0)). The extract was desalted with a Sep-
Pak cartridge (cluted with 6 ml of 50% acetonitrile in water), condensed with a centrifugal
evaporator, and further subjected to alcohol precipitation in the presence of ammonium acetate.
The targets were quantified by measuring UV specira.
Two units of ColdShock-DICER (Takara Bio Inc.) was added to 2 pg of each of the
above dumbbell-shaped RNAs in a buffer containing 20 mM Tns-HCI (pH 8.5), 150 mM
NaCl and 2.5 mM MgCl, (reaction volume: 20 pl), and the resulting solution was then
incubated at 37°C. After 1, 6 and 18 hours, 3 pl of the reaction solution was collected as a

sample. Each sample was mixed with 2 pl of 120 mM EDTA solution to terminate the
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1. A single-chain circular RNA having a sustained or slowreleasing RNA
interference effect, characterized in that the single-chain circular RNA
conprises a sense strand sequence, an anti sense strand sequence
conplenmentary to the sense strand sequence, identical or different two

| oop sequences between the sense strand and the anti sense strand,
connecting both strands, wherein the sense strand and the antisense strand
are paired to forma stem 2. The single-chain circular RNA according to
cl ai medzymhierreactiohheThosprvess iten aahlyacd by geive RMGE 61000 BAGE, [lesTBEA(affiour s
after introduction of the single-chain circular RNA into _eukaryotic cells,
conpabeiggstrinssnvitbll xx8VBR Giesad, thepreatpigsonerr apagedond uantibedyen appRed set
to 1. ﬁ. !h%ﬁéin -chain circular RNA according to claim1l or 2, wherein
70% oM tHéeedt*f s retained after 8 hours in human serum 4. A nethod
of produci h i ngl aj ' R ing,.t ope ai s
1to 3, co19 rf%?ﬁ%bggn‘%ggigﬁﬁ%&gagéﬁégﬁgéwgﬁgag%d gﬁzgn |§gh§€ﬂ§%?'%d,

bot h ¢QRREA BkiRg tRe QUEHIERr AR TONUERNES 1 4 BuMPRAiKEL babita] 80k isdBdradd whbe 5’
end and 3' end, and simultaneously ligating the nucleotide at the 5 end
of thexamimkédtyi te seoguendedi tAs aneailt, etie nlicdvegt irehetion of tIPle-18 epreeceded and,
with the nucleotide at the 3' end of the nucl eotide sequence w th unpaired
nucl eepprasinately e afier 1 Senk and tthapwduglinn of deublesteanded KA of 34 hasse In

the. Slell ST SRR ¢ R TIEEREL B g e R rTapal Ebos EPRuePels ar
the 3'a%§5§gpggsghlgqe@é?toﬁ&%§g§wﬂ%r (rf&;db&%%g 0 Iﬁ%{'}ﬂrﬂ%gﬁgp&qot)%r@t??]l oop,

the nu equence w unpaired nucl eotides at t end o e

sense cgitfAngcianiet EbRUCHBOLhEe R aNeer) WrishclnRai Afed INHGkeahd dRsbRt t he
5' end of the antisense strand are bound to each other to forma | oop, and

t he semariedtRMAS ofRl bakes iadtigk veee sbseavid. aSebggierely, toultflosmicd tRivis 5.

The nethod according to claim4, further conprisin hosphoryl ating each
5'  endf dtc predusiuversslegrded agd chwersiareh OMﬁpTaqnﬁ-edWﬁ@cgngaﬁi aagoximaigle Sdense
t d th l.eotid ' Lred nucleotides in t

ant | sSe EreatEattEt g RETHO S TG 28 ParshieaED e Praeiel'n 1 ne

| . LS. t her..
nagregﬁggggﬁ&%@gﬂﬁﬁ ngist? lenbfh DEredids ﬁl%%avgé]egéﬁggtﬁgﬁeﬂ N8 increases t

e od according to any o ains 4 to 7/, erein
the ste drRATYLHid BbLF dnd H-3nUCkRRtiVEleS . Affr 1P hoEE hPBroximSLRTES 8 DY-

expression of a gene encoding a protein in vitro, conprising introducing
t he silfgimaichmitart siherat Bb-RNanadetolydlisappeacdnyiromehesk requits. i was teyeded o
human- deri ved cells, and inpairin% a target RNA by the sLn%Ie-chain

ci r culhst thendambbellshansdRN Ag wathshpder tpm dength e gure grple asiBteREB Bt ei n i n

a sust ai ned manner.

Example 3: RNA interference effect of the dumbbeli-shaped RNA

RNA interference effect of the above dumbbell-shaped RNAs (Db-19, Db-23, Db-27
and Db-31) was evaluated by an inhibition experiment of the expression of firefly luciferase
reporter gene pGL3.

NIH 3T3 cells (Riken Cell Bank) were cultured in DMEM (GIBCO) medium
containing 10% FCS at 37°C in 5% CO,, and a 100 pl aliquot of the culture was mnoculated to
each well of a 96-well plate at a concentration of 1.6 x 10* cellsiwell. The sample was
further cultured at 37°C in 5% CQO, for 39 hours to give approximately 70% confluence. The
cells were then cotransfected with 2 kinds of plasmid vectors (pGL3-Control and pRI-TK (for

internal standard), from Promega Corp.) and each kind of RNAs, using the transfection
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10. A method of suppressing expression of a gene encoding a protein,

conprising introducing the single-chain circular

of clainms 1 to 3 to non-human animals, plants or cells thereof, and
inmpairing a target RNA by the single-chain circular RNA to inhibit

translation of the target RNA into the protein in a sustained manner. 11.
A pharmaceutical conposition conprising the single-chain circular RNA
according to any one of clainms 1 to 3 as an active ingredient. SEQUENCE

LI STI Mageiitl GenéSikdnber ChanliaisPar mac eittordahceCorith  ted protisyph siiacikals ¢ thie. |

Ltd. <120> A single-chain circular RNA and nmet hod of producing the sane
<130>tppsfggipppeagent 5 Obhe JPnogiyatian souilticas 50 thezgasro coigs ad Hllowpo>
Patentln vsrsion 3 % .
2" ng pGL3-Control/ 0.02 ug pRIL-TK/ 25 nM RNA (Final volume 100 pl)

GeneSilencer 1l

DMEM medium 25 ul

siRNA diluted solution 2.5l

DMEM medium 15 pl

RNA (5 pmol/ul) 0.5 ul

pGL3-Control (1 pg/pl) 0.2 pl

pRL-TK (0.1 pug/ul} 02 ul

44.4

After transfection, the culture was incubated at 37°C in 5% CO; for 4 hours. One
hundred pl of DMEM medium containing 20% serum was then added to each well.  After
further incubation at 37°C for 20 hours, the cells were solubilized to quantify the expression
level of luciferase using Dual-luciferase Reporter Assay System (Promega Corp.) in
accordance with the protocol attached (Conditions: the amount of reagent 30 pl, delay time 2
seconds, reading time 10 seconds. Equipment: Wallac ARVO SX 1420 Multilabel Counter).

For comparison, a control (buffer only) was evaluated by the same method. The
fluorescence intensity of firefly luciferase was corrected for the fluorescence intensity of
renilla luciferase as an internal standard. The results are shown in Figure 5.  Afier 24 hours,
among the dumbbell-shaped RNAs, Db-23 showed the highest activity, and exhibited an
inhibition effect as low as 0.24. I'rom these results, the most preferred double-strand length

was set to 23 bases.

Example 4: Sustainability of RNA interference effect

Sustainability of RNA interference effect of Db-23 and siRNA-1 was compared.

NIH 3T3 cells were cultured in Dulbeco’s Modified Eagles Medium (DMEM, Gibco)
supplemented with 10% fetal calf serum (FCS, Invitro/Gibco) in a 5% CO,-humidified

chamber. 40 hours before transfectibn at about 70% confluent, cells were seeded in 96-well

15
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<210> 1 <211> 28 <212> RNA <213> Artificial <220> <223> Synthetic <400> 1
gagacuuacg cugaguacuu cgauucaa28 <210> 2 <211> 28 <212> RNA

plates at a density of 1.6 x 10* cells per well (100 ul). Co-transfection of reporter plasmids
and RNA was carried out with GeneSilencer (Gene Therapy systems, Inc.) as described by the
manufacturer for adherent cell lines. Per well, 16 ng/pl or 1.6 ng/ul pGL3-Control (Promega
Corp.), 1.6 ng/ul pRL-TK (Promega Corp.) and 25 nM RNA formulated with the transfection
reagent were applied (100 pl). After 4 h incubation, 100 pl of 20% FCS in DMEM was
added. For a prolonged incubation longer than 3 days, the medium was replaced as needed.
Luciferase expression was monitored afier 24 hours, 72 hours, and 120 hours with Dual-
Luciferase Reporter Assay System (Promega Corp.) according to the instructions provided on
Wallac ARVO SX 1420 Multilabel Couriter (Perkin-Elmer, Inc.) (Fig. 6). A sample without
RNA was used as a control.

Db-23 and siRNA-1 both showed almost equal level of luciferase activity after 24
hours. However, after 120 hours, Db-23 showed a higher gene expression suppression effect.
From these results, both the slow-releasing effect and long-term activation effect of the

dumbbell-shaped RNA were shown.

Example 5: Stability of the dumbbeli-shaped RNA in human serum

Stability of Db-23 and siRNA in human serum was compared.

4 pl of pre-annealed dsRNA (siRNA-1, 20 uM) or dumbbell RNA (Db-23, 20 uM) in
annealing buffer (100 mM potassium acetate, 30 mM HEPES-KOH (pH7.4), 2 mM
magnesium acetate) was mixed with 32 ul of PBS, 4 pl of Normal Human Serum (Chemicon
International, Inc.), incubated at 37 °C.  Aliquot (5 pl) was taken after 0.5, 1, 1.5, 3, 8 and 20
hours. The reaction was analyzed by 15% native PAGE, stained with SYBR Green I and
visualized with Molecularlmager FX (BioRad Laboratories, Inc.).

As a result, up to 50% of siRNA was degraded after 3 hours, whereas 80% or more of
Db-23 still remained after 3 hours, and 70% or more even afier 8 hours. Therefore, high

stability of Db-23 in vivo could be expected.

Industrial Applicability
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<213> Artificial <220> <223> Synthetic <400> 2 gagaucgaag uacucagcgu
aaguucaa28 <210> 3 <211> 56 <212> RNA <213> Artificial <220>

The present invention can be used as a nucleic acid molecule applicable o living

organisms and can produce the molecule with a high yield.
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<223> Synt hetic <400> 3 gagacuuacg cugaguacuu cgauucaaga gaucgaagua
cucagcguaa guucaab6 <210> 4 <211> 21 <212> RNA <213> Artificial <220>
<223> Synt hetic <400> 4 gugcgcugcu ggugccaacu u2l

CLAIMS

1. A single-chain circular RNA having a sustained or slow-releasing RNA interference
effect, characterized in that the single-chain circular RNA comprises a sense sirand sequence,
an antisense strand sequénce- complementary to the sense strand sequence, identical or
different two loop sequences between the sense strand and the antisense strand, connecting
both strands, wherein the sense strand and the antisense strand are paired to form a stem.
2. The single-chain circular RNA according to claim 1, wherein the expression of a target
RNA is 0.4 or less 24 hours after introduction of the single-chain circular RNA into eukaryotic
cells, compared to control cells whose expression level of the target RNA is set to 1.
3. The single-chain circular RNA according to claim 1 or 2, wherein 70% or more thereof
is retained after 8 hours in human serum.
4. A method of producing the single-chain circular RNA according to any one of claims 1
to 3, comprising synthesizing a sense strand and an antisense strand, both comprising a
nucleotide sequence with unpaired nucleotides at the 5° end and 3° end, and simultaneousty
ligating the nucleotide at the 5> end of the nucleotide sequence with unpaired nucleotides in
the sense strand, with the nucleotide at the 3” end of the nucleotide sequence with unpaired
nucleotides in the antisense strand, and vice versa, using a ligase,

wherein the nucleotide sequence with unpaired nucleotides at the 5” end of the sense
strand and the nucleotide sequence with unpaired nucleotides at the 3° end of the antisense
strand are bound to each other to form a loop, the nucleotide sequence with unpaired
nucleotides at the 3> end of the sense strand and the nucleotide sequence with unpaired
nucleotides at the 5° end of the antisense strand are bound to each other to form a loop, and the
sense strand and the antisense strand are paired to form a stem.
5. The method according to claim 4, further comprising phosphorylating each 5° end of
the nucleotide sequence with unpaired nucleotides in the sense strand and the nucleotide
sequence with unpaired nucleotides in the antisense strand.
6. The method according to claim 4 or 5, wherein the loop sequences are identical to or

different from each other.
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<210> 5 <211> 21 <212> RNA <213> Artificial <220> <223> Synthetic <400> 5
guuggcacca gcagcgcacu u2l <210> 6 <211> 28 <212> RNA

7. The method according to any one of claims 4 to 6, wherein the loop length is 2 to 20
nucleotides.

8. The method according to any one of claims 4 to 7, wherein the stem length is 19 to 31
nucleotides. |

9. A method of suppressing expression of a gene encoding a protein in vitro, comprising
introducing the single-chain circular RNA according to any one of claims 1 to 3 to human-
derived cells, and impairing a target RNA by the single-chain circular RNA to inhibit
translation of the target RNA into the protein in a sustained manner.

10. A method of suppressing expression of a gene encoding a protein, comprising
introducing the single-chain circular RNA according to any one of claims 1 to 3 to non-human
animals, plants or cells thereof, and impairing a target RNA by the single-chain circular RNA
to inhibit translation of the target RNA into the protein in a sustained manner.

11. A pharmaceutical composition comprising the single-chain circular RNA according to

any one of claims 1 to 3 as an active ingredient.

16



<213> Artificial <220> <223> Synthetic <400> 6 gagagugcgc ugcuggugcc
~aacuucaa28 <210> 7 <211> 28 <212> RNA <213> Artificial <220>

SEQUENCE LISTING
<110> RIKEN
Otsuka Pharmaceutical Co., Lid.
Hayashi Kasei Co., Ltd.
<120> A single—chain circular RNA and method of producing the same

<{130> PH-3542PCT

<150> JP 2007-125045
<160> 2007-05-09

160> 13

{170> Patentln version 3.4
210> 1

211> 28

<212> RNA

{213> Artificial

{2200
(223> Synthetic

400> 1

gagacuuacg cugaguacuu cgauucaa 28

210> 2

211> 28

<212> RNA

<213> Artificial

Q2200
{223> Synthetic

400> 2
gagallcgaag uacucagcgu aaguucaa 28
210> 3
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<223> Synt hetic <400> 7 gagaguuggc accagcagcg cacuucaa28 <210> 8 <211> 32
<212> RNA <213> Artificial <220> <223> Syntheti c <400> 8 gagaagugcg
cugcuggugc caacccuuuc aa32

211> 56

<{212> RNA

<213> Artificial

220> -
(223> Synthetic

<400> 3

gagacuuacg cugaguacuu cgauucaaga gaucgaagua cucagcguaa guucaa h6

210> 4

211> 21

<212> RNA

213> Artificial

{2200
223> Synthetic

400> 4
gugcgeugeu ggugeeaacu u 21

210> 5

211> 21

<212> RNA

<213> Artificial

<{220>
(223> Synthetic

<400> 5
guuggcaccea geagegeacu u 21

<210> 6

<211> 28

(212> RNA

<213> Artificial

{2205
<223> Synthetic
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<210> 9 <211> 32 <212> RNA <213> Artificial <220> <223> Synthetic <400> 9
gagaagggug ggcaccagca gcgcacuuuc aa32 <210> 10 <211> 36

<400> 6 ‘
gagagugege Ugcuggugee aacuucaa 28

210> 7

211> 28

<212> RNA

<213> Artificial

<2207
<223> Synthetic

400> 7
gagaguugge accagcageg cacuucaa 28

210> 8

<211> 32

<212> RNA

<213> Artificial

<220>
<223> Synthetic

<400> 8

gagaagugcg cugcugguge caaccculuc aa 32

210> 9

<211> 32

<212> RNA

213> Artificial

220>
<223> Synthetic

<400> 9
gagaagggug ggeaccagea gegeacuuuc aa 32
<210> 10

3/5



<212> RNA <213> Artificial <220> <223> Synthetic <400> 10 gagaaaagug
cgcugcuggu gccaacccua uuucaa36 <210> 11 <211> 36 <212> RNA <213>
Artificial <220> <223> Synthetic <400> 11 gagaauaggg uuggcaccag cagcgcacuu

uuucaasg o a4

<212> RNA
<213> Artificial

<2200
<223> Synthetic

<400> 10
gagaaaagug cgelugouggll gecaacccua uuucaa 36

<210> 11

211> 36

<212> RNA

<213> Artificial

<2205
<223> Synthetic

<400> 11
gagaauaggg uuggcaccag cagegeacull uuucas 36

210> 12

211> 40

<212> RNA

<213> Artificial

220>
<223> Synthetic

400> 12
gagaucaaag ugcgcugcug gugecaacee uaulcuucaa 40

210> 13

211> 40

<212> RNA

213> Artificial

220>
<223> Synthetic
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<210> 12 <211> 40 <212> RNA <213> Artificial <220> <223> Synthetic <400>
12 gagaucaaag ugcgcugcug gugccaaccc uauucuucaad40 <210> 13 <211> 40 <212>

RNA <213> Artificial <220> <223> Synthetic <400> 13 gagagaauag gguuggcacc
agcagcgcac uuugauucaa40

<400> 13

gagagaauag gguuggeacc agcagcgeac Uuugauucaa ' : 40
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