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NUCLEI C ACI D DELI VERY COVPOSI TION 5 TECHNI CAL FI ELD The present invention

rel ates teu@2dveb®uE aci d conpl ex that can persistently pesie@oddroguzcel |
and has low toxicity and high safety, and a conposition for nucleic acid

delivery. 10 BACKGROUND ART W.tth recent devel opnents in

bi ot echnol ogy, a variety of nucleic acids exhibiting physiologically active
functions in cells have been di scoverkRECRE@TI&Xanple, it is known that
SiRNA (small interfering RNA) causes the degradation of the nRNA of a 15
target gene in a cell, and interferes with the expression of the target
gene (RNA i mverfer encr) .cOMPeEK AN DINUDLETEURCT D OVEIIVERST QEMPQEIRIOBX pr essi on
due to such RNA interference is useful for the mtigation or treatnent of

di sease synptons caused by the abnornal expression of specific genes or
gene cl ust ergcupncht hergd® devel opnment of therapeutic agents using siRNA is
expected. However, since nucleic acids, are water-soluble nacronnleculgféx

having a negative chaf§g, PERRSNthAPEeRkiPRmaAHeSWtPnE ratdiatq 4F1genad™
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gene therapies including si RNA therapies. 25Use of a carrier (vector) has
been known hégbfsakelent [anddel FoBRogdied fRAFoNeeISic agdet 8251 Y1 ude viral
vectors and non-viral vectors. Viral vectors have high nucleic acid

i ntroduction efficiency; however, there are various unknown safety aspects
i ncl udi h¢ pBRABGRAITRERP tART i mmunogeni city and cytotoxicity. 30 Therefore, the
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(small interfering RNA) causes the degradation of the mRNA of a

15 target gene in a cell, and interferes with the expression of the
target gene (RNA interference). The inhibitory function on target
gene expression due to such RNA interference is useful for the
mitigation or treatment of disease symptoms caused by the
abnormal expression of specific genes or gene clusters, and the

20 development of therapeutic agents using siRNA is expected.
However, since nucleic acids are water-scluble macromolecules
having a negative charge, they have extremely low intracellular
gene delivery efficiencies, resulting in inefficient therapeutic
effects under gene therapies including siRNA therapies.

25 Use of a carrier (vector) has been known to efficilently
deliver genes into cells. Vectors include viral vectors and ncon-
viral vectors. Viral vectors have high nucleic acid introduction
efficiency; however, there are various unknown safety aspects
including pathogenicity, immuncgenicity and cytotoxicity.

30 Therefore, the use of non-viral vectors is desired for clinical
applications.

Examples of non-viral vectors include Lipofectamine
™2000, which is already commercially available. Further, a
cationic lipid with a specific structure (see, Patent Document 1},

35 and a composition (see, Patent Document 2) containing an



WO 2009/ 061003PCT/ 31) 20081070642 -2- anphi philic conmpound and a pol ycati on
have been reported. Intracellular nucleic acid delivery using a non-viral
vect or i s womdedeeahsby first mxing the nucleic acid to bpergdebdoveresd W th
the non-viral vector to forma conplex, and then bringing the conplex into
contact with the target cell. Wen a non-¥iral vector can forma |iposone,
the vector is incorporated into a cell with a nucleic acid enveloped in the
| i posone, t REPEBHLE FPRYNE i ce FodERT R | R ve BEPE BRPGEE&Sy. Nucl ei ¢

acids such ascshENS LNAWEYEN 1 BAYE 4 RR1IPEEY TS nk) of BBRUE S OTveRRBE is
stability and a strong electric charge. Therefore, the nucleic acid has

probl emat i carPgueeerldad frabi kixinau g &el o adi-ca taohe vie ki verect with

{ nhi DI 1iNg GARY LENOYSAUCkEL 6y 86 ded B LOBUREION 140 LAcfi B tingiARURe an
exanple in ich a nucleic acid is entrapped in a |iposone b rmng a
conpl ex of TEmMphex SiIRNAcantachewiddt itdwi tapotlymeallhasibeer kwownitzkee,

Non- pat ent ) P N P sa | ctl i i f. e

cyt ot oxi Ci t%gyg?ﬂéear%afﬁﬂgnﬁcfﬁ%%%%ﬂ Qllggr%ﬁ%%laelvée%ﬁﬁﬁg%g%%%ﬁlnégc%rrpl ex
can be fornmedllsviith & kmoweinoncid radvelepedrirarndthea lipokene, adietebihe

conmpl ex may have |ow i.ntracell|ul ar delivery 2 i,klity or may be rapidly
delivered i ﬁf’g&éc%ler}q .”#ﬁ'é‘?%%‘ﬁe&}r wgllre%ﬁo%ﬁ“go B\71"795¥‘vect ors cannot
persi stently maintai nNtheeiwciddide aatld ah SilROIAGehbwewdr ,Chafval tBet fpdaaic he

desired, effects obtained by the nucleic acid. In light of the prior art,
the devk op%@ﬁfu’(ﬁs FECHNP oy a@%f?c?‘é]ﬁ‘?r}%/ e&&%ﬁ%?iﬂba%g ucl ei ¢ aci d

(e.g., siRNAhei#tersd aell nabtef®radier shst ghdhlen@iidhalpi Agdhe) RYebei cr@ci d
with | ow tox'&cit ,and hi %h safety has been desired. Patent Docunent 1.,
Japanese Un¥&X&Mhi Pué taFﬂi‘b‘TlT‘@aquloH@RIE‘?r_Q 30'52-}35?92 gonysaceAticleic
Docunent 2: pdapanas@ddeexsni Neeb Ratent | Puitduest saﬁnemgnpl?é)%]; 288384

Non- pat ent Docunent 1: Kentaro Kogure et al., Devel opnent of a
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hydratipn mepbogipnk sEANERE! ¢aFRIERS G0l FRet 20037 1ndin 3830, WRon-
2009/ 061003PCT/ JP2008/ 070642
patent Document 1), it is not usable in practice in view of the

cytotoxicity of the cationic polymer. Further, even when a stable
compiex can be formed using a known non-viral vector and a
nucleic acid, the complex may have low intracellular delivery

20 ability or may be rapidly delivered into a cell. Therefore, such
known non-viral vectors cannot persistently maintain the nucleic
acid in the cell; which fails to keep the desired effects
obtained by the nucleic acid.

In light of the prior art, the development of

25 techniques for efficiently delivering a nucleic acid {(e.qg.,
siRNA) into a cell and for persistently maintaining the nucleic
acid with low toxicity and high safety has been desired.
Patent Document 1: Japanese Unexamined Patent Publication No,
2002-529439

30 Patent Document 2: Japanese Unexamined Patent Publication No.
2005~508394
Non-patent Document 1: Kentarg Kogure et al., Development of é
non~viral-multifunctional-envelope-type nano device by a novel
lipid film hydration method, J. Control. Release, 98 (2004) 317-

35 323



-3-- DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON An
obj ect of the present invention is to solve the 5 problens of the prior

art. Specifd Sabl¥efn Obj ect of the present invention ispépyRhRyidga
nucleic acid conpﬂex with low toxicity and high safety t%at can

persistently maintain a nucleic acid, sueh-as siRNA or the like, in a cell;
and a nucleic acid delivery conposition that can efficiently deliver the
nucleic acid conplex 10 into a cell. Another object of the present

invention i i i cal conposition conprising a nucleic
acid deIive$§é€%%%§§%ggoﬁ?ggﬂﬁgg%ﬁg@hod for delivering a nucleic acid into
a cell by brrORJEMF ZONBE| SOLVEICEY URE I MEBNTMNposi tion into contact with
the cell. 15 MEANS F OLVI NG .THE PROBLENS . : . The present

i nventors conduct ed'gt ?%Oﬁegg%r%%ed%ss&lr\ygnﬁ%nalbso;l}é’ Bgég?e{rhs? and
found that gréowichel erachd SOMY extw tdpdcawitaxiej tan abdebi gbf safetpreskat
can persistently maintain 20 g nucleic acid i,n a ceLI 3@3-bﬁ ob%aine by
formng a cOMATELsiAgte HFWIEPeRcNACHRE GHE CAPPOTNCEED P8 FREISEY ~ and

a highly branshedicyekbeydexdt iAn pEesDERSANly MAVABAOE S friiiber heiamd that
the safety, effectiveness of intracellular delivery, and intracellu|ar

per si st enceSéfh &5 FEREPCORCRE dakepeld (7 13 280AnRr NG R 5y agdfngel heeny
nucl ei ¢ aci d,@&ld;¥alK ERALE &N fe%ibﬂéﬁ@ﬂiUQiélg_xﬁeEetﬂécxh@rei%cbéiaoa&h@eﬂ nto
acell, a carrier conprising (A a diac hosphati dyl chol i ne,  (B)

chol estlér ol infil/2oced tderAngdhey eokbrgteotf, thgdprerenin dviephaeRct pridrary

Fesear ch baLs e FnBLE T B D P SuTais the
fol | owi ng idevenyt eompostinuc| end achetheohpiax dedhpeiHihg augdelei 2Ckii d
o 2 1SN SHS) BYSLE AR L lcioie acid debiucrt SPetpe bpnte
branched cyshitaaextithnths deltlo
15
MEANS FOR SQOLVING THE PROBLEMS
The present inventors conducted extensive research to
solve the above problems, and found that a nucleic acid complex
with low toxicity and high safety that can persistently maintain
20 a nucleic acid in a cell can be obtained by forming a complex
using the nucleic acid to be introduced into the cell and a
highly branched cyclic dextrin. The present inventors further
found that the safety, effectiveness of intracellular delivery,
and intracellular persistence of a nucleic acid can be further
25 improved by using, as a nucleic acid delivery carrier for
introducing the nucleic acid complex into a cell, a carrier
comprising (A} a diacylphosphatidylcholine, (B) cholesterol
and/or a derivative thereof, and (C) an aliphatic primary amine.
The present invention was accomplished by conducting further
30 research based on these findings.
The present invention provides the following items:
Ttem 1. A nucleic acid complex comprising a nucleic
acid and a highly branched cyclic dextrin,
Item 2. The nucleic acid complex according to Item 1,

35 wherein the amount of the highly branched cyclic dextrin is 1 to



WO 2009/ 061003PCT/ JP2008/ 070642 -4- 4000 parts by wei ght per part by wei ght
of the nucleic acid. Item 3. The nucl eic acid conpl ex according

to ltem 1 wo 28e9/06f@zei n the nucleic acid is si RNA. |tem gécrhbpscgiake ¢ acid
conpl ex according to any one 5 of Itens 1 to 3, wherein the highly branched
cyclic dextrin is a glucan with a degree—-é8f pol ynerization of 50 to 5000
havi ng an inner branched cyclic structure portion fornmed from a-1, 4-

gl ucosi de b4ABS Bavdhaby ¥asghbrRea PRS- BY UkdIde Bohbe BT SGter
branched structure pgki08, bﬂ&é‘%&c@g&élea&m‘%on@l_%ﬁcgééoé&r@/%' ¢rghrucdure

portion. Item5. The nucleic acid ex according to any one of Itens 1

to 4, whi ch2i swheraigytdgatecbhbtaiardd bg #1%¥Mhg a nucleic acid with a highly
branched cyclic dextrin i S i:(gpﬂF I i ckei,coacid
delivery conpositi onIlct%Irrrlp?i gﬁégq]t%%gg%ﬁc?%ﬁ ac &%o%r%?%%%@cggd%ng (t)o any
one of I%enmsfllitens land &, nwdwtin adiedhiehl ywdmanchedi eyclic dextrin igtam 7.

h e ; T o . " )
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di acyl phosphahéfyh:ehr@hiedecyB)c ait dheaste operitb&nraet eLid d-19M-

chol esterol and derivatives thereof, and (C), an aliphati rimary am ne.
‘tom 8. TheSNHEPRIde SOPASIaPs vilr ) s bes (F ok BEgraPage Dond.f otk & 7
wher ei n ConpatentbrzA)chiedl bbeudtitteeivoratod selrid/ery tB6 Caer érranghad

di acyl phosphatj dyl choline in which the acyl noiety has 4 to 23 carbon

at ons. ﬂfenf’@‘?iﬁ%eﬂrﬁh’ﬂt@ire By Pel i very conposition according to Item 7,
wherein Conponent (BftkR $herndicheileiachchideldnygey sacdiding sochayesier ol .

of ITtems 1 to 4, which is an aggregate obtained by mixing a
nucleic acid with a highly branched cyclic dextrin in an aqueous
solution.

15 Item 6. A nucleic acid delivery composition comprising
the nucleic acid complex according to any one of Items 1 to 5 and
a nucleic acid delivery carrier.

Item 7. The nucleic acid delivery composition according
to Item 6, wherein the nucleic acid delivery carrier is a

20 composition comprising (A) a diacylphosphatidylcholine, (B) at
least one member selected from cholesterol and derivatives
thereof, and (C) an aliphatic primary amine.

Ttem 8. The nucleic acid delivery composition according
to Item 7, wherein Component (A) in the nucleic acid delivery

25 carrier is a diacylphosphatidylcholine in which the acyl moiety
has 4 to 23 carbon atoms.

Item 9. The nucleic acid delivery composition according
to Item 7, wherein Component (B) in the nucleic acid delivery
carrier ls cholesterol.

30 Ttem 10. The nucleic acid delivery composition
according to Item 7, wherein Component (C) in the nucleic acid
delivery carrier is an alkylamine having 10 to 20 carbon atoms.

Item 11. The nucleic acid delivery composition
according to Item 7, wherein the molar ratio of Components

35 (A): (B):{(C) is 5-9:1-~5:1.



30Item 10. The nucleic acid delivery conposition according to Item?7,
wher ei n Conponent (C) in the nucleic acid delivery carrier is an al kylam ne

havi ng 10\@(920709/08@5})% at ons. Item 11. The n%ﬁj@&nﬁdgﬁﬁgi' very

conposition according to Item7, wherein the nolar ratio o

35(A):(B):(C) is 5-9:1-5:1. WO 2009/ 061093PCT/ JP20081070642 -5- Item 12.
The nucleic acid delivery conposition according to Item 7, wherein the

nucl ei c acid deliverytgarri.emrhesnacléposeie peepesnt icompbritbbeh a |i posone

menbrane is fornmed from Conponents (A). to (C).. .51tem 13.,.A pharnaceuti.cal
conposi t i orAeHHHIS fhg t R ﬂch@PEe%iW%&%‘z}gﬁf %%’g%é%ltli‘%%ya%%ﬁlaelrnd‘st 0
any one of J}tefRLmkOptdparation in whidiem 14 pokbRe phaibrageut kCabrmed
conposition according to Item 13, wherein the nucleic acid is si RNA. 10ltem

15. Use of £#@n fgEwenentei dt)déri ¥ety conposition according to any one of
ltems 650 12 to progugg 165.pﬁagﬂgﬁﬁé@é&@sﬂcafloeoﬁlﬁbéy@dm@oﬁ\payﬂ@ craci d
into a cell. |tem 16. - The use according to Item 15, wherein the
nucl ei ¢ acimudleisi RNAD dSlivenyl ZompOosdt Hud acsOrdeny vied iany 8“%u€ﬁe¥¥?@5tﬁ%
into a cell, the method conprising the step of bringing the nucleic acid
del i very cofposition according to any one of Itens 6 to 12 into contact
with the cell. Ttem 14. The| peayis:ethicate chopoAddONdRPAGOTS1NY diff 17,

wherein t heItZe(%n rilili(il %hgrgfﬁ dchies nﬁlcﬁgjﬁ: acid is siRNA.

10 Ttem 15. Use of the nucleic acid delivery composition
according to any one of Items 6 to 12 to produce a pharmaceutical
for delivering a nucleic acid into a cell.

Ttem 16. The use according to Item 15, wherein the
nucleic acid is siRNA.

15 Ttem 17. A method for delivering a nucleic acid into a
cell, the method comprising the step of bringing the nucleic acid
delivery composition according to any one of Items 6 to 12 into
contact with the cell.

Ttem 18. The method according to Item 17, wherein the

20 nucleic acid is siRNA.

EFFECTS OF THE INVENTION
The nucleic acid complex of the present invention is
obtained by forming a nucleic acid into a complex using a highly
25 Dbranched cyclic dextrin, thereby making it possible for the
nucleic acid complex to be highly safe and to be able to stably
maintain the nucleic acid in a cell for a long period of time so
that useful effects based on the nucleic acid can be persistently
exhibited. Further, the nucleic acid complex of the present
30 invention can be readily formed into a complex with a nucleic
acid delivery carrier, and can be easily encapsulated even in a
nucleic acid delivery carrier in liposome form. The complex of
the present invention is therefore also excellent in ease of
formulation into a nucleic acid delivery composition. Furthermore,

35 the nucleic acid delivery composition of the present invention



EFFECTS OF THE | NVENTI ON The nucleic acid conplex of the present
invention is obtained by foLmng a nucleic acid into a conplex using a

hi ghl'y 25 bgapphgehosyclic dextrin, thereby nmaking it poslsth,Jpz(,{,,%-,ogﬁe
nucl eic acid conplex to be highly safe and to be able to stably maintain

the nucleic acid in a cell for a long perbed of tine so that useful effects
based on the nucleic acid can be persistently exhibited. Further, the
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into a cell. For eg&llverl n .the nucleic aci g of the resent
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di acyl phosphat i-&yd 1ghalirnge 1 {BrE il estenedl@ind/efdaceapiagt iang dahher eof
and (C) an aliphatic primary amne, as a carrier for intracellul ai‘}del ivery
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conpl ex, andetfpedyirther inprove the persistence and safety of such
i ntracel | ul ar deli'very. 10As described above, the nucleic acid conplex and

nucl ei clici d del i ver PScéegsasitacorberet HehrasdriCi AvEhtGwP Leznagdni bi t
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with high safety; therefore, the conplex and conposition are particularly
useful as pﬁ&hx@d@mﬁeéaﬂseffﬂd@@sﬁg eheflapyuciras, acke gif@crarelyi cal

composi L1 0N O s MRINAG 0f 281 MBI HIGrASRHEL ! & G EELD! Ok CRIo18ECORG1 MO tO
t he present |nvent|0n ¢ah Iver nucl elc aC| into" a cel
ef f ect i vel ycomESH. thMODEa FORCARRYIINGIQUTsdHE. [adVENEEDhCeuticals for gene
15 therapy. Thus, the pharmaceutical composition or method of
delivering a nucleic acid into a cell according to the present

invention can deliver a nucleic acid into a cell more effectively.

BEST MODE FOR CARRYING OUT THE INVENTION

20 The present invention is described below in detail.

{1) Nucleic Acid Complex

The nucleic acid complex of the present invention
comprises a nucleic acid and a highly branched cyclic dextrin.
The nucleic acild used for the nucleic acid complex of

25 the present invention is not limited by the type or structure, as
long as it needs to be delivered into the cell. Specific examples
of such nucleic acids include siRNZA, mRNA, tRNA, rRNA, cDNA,
miRNA (microRNA), ribozymes, antisense oligos, decoy
oligonucleotides, plasmid DNA, peptide nucleic acids, triplex-—

30 forming oligonucleotides (TFOs), aptamers, genes, etc., among
which siRNA is preferable. siRNA has the disadvantage of low
stability in the presence of heretofore known non-viral vectors,
but when siﬁNA is formed into the nucleic acid complex of the
present invention, it has the ability to be continuously

35 delivered into a cell as well as having excellent stability. The



20The present invention is described below in detail. (1) Nucleic Acid
Conpl ex The nucleic acid conplex of the present invention conprises a

nucl ei ¢ ag¢ @@g ighly branched cyclic dextrin. The npgl/e b&iused
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for the nucleic gcfg conpl ex of 25 the present invention |s/ no(t) ihm'zt ed by

the type or structure, as long as it needs-to be delivered into the cell.
Speci fic exanples of such nucleic acids include si RNA, nRNA, tRNA, 1 RNA
chNA, mi :?N%t_ﬁcéme(ircoalﬁ%&l,u%écb%ylﬁﬂé,nﬁdfllé'ﬁcemﬂdobbm}sex defcaipe present
ol i gonucl eoti des,, plasm d DNA, peptide nucleic_aci triplex-, 30 faormn
ol i gonucl eo’cri“ﬂ“éétlf’ﬁ’F@@,beaﬂe&Fré'gg, %ﬁ%rﬁ@maélf’c ?HHH%;% \ﬂ%aglﬁSSi PR e ’
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conti nugusl 35 4dal i ¥esed-d MR 3imetdd asy Weld nasebanvd Mgieaxpel. | emirther,
stability. The WD 2009/ 061003PCT/JP2008/ 070642 -7- nucleic_acid us%% in

':1 he nucl ei ciading psapeelk GIvankdopr eRerteihweREE oHOMEYL 95k WdEhR GREFT
umans, anima) pl ant acteria, WYi S, | # ke s nOFhdBYrdient
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nol ecul ar V\(/De#f g:mto. OEU&SP&“ in the present invention, nucleic acids nodified

with chem cal s,” ‘enzymes;” or peptides can be used. Furthernore, in the
presentl0i nventi on, nlied diighdgyi bsasamedewsddd dengtin orsechia ebabiwakdion of

two or more, 10The highly fBranched evglig,dext tnusatdd hna1986i %) &
branching enzyme to act on a saccharide having a-1,4-glycoside
bonds and at least one o-1,6~glycoside bond, such as amylopectin,
and is a glucan with a degree of polymerization of 50 to 5000
15 having an inner branched cyclic structure portion and an outer
branched structure portion. The inner branched cyclic structure
portion is a cyclic structure portion formed from a-1,4-glycoside
bonds and at least one a-1,6-glycoside bond; and the outer
branched structure portion is a non-cyclic structure portion
20  bound to the inner branched cyclic structure portion. The outer
branched structure portion is bound to the inner branched cyclic
structure porticon via at least one -1, 6-glycoside bond.
Preferable forms of the highly branched cyclic dextrin include
the above-mentioned glucan in which the inner branched cyclic
25 structure portion has a degree of polymerization of 10 to 100,
the above-mentioned glucan in which the outer branched structure
portion has a degree of polymerization of 40 or more, and the
above-mentioned glucan in which the unit chains of the outer
branched structure portion have an average degree of
30 polymerization.of 10 to 20. The highly branched cyclic dextrin
can be illustrated as in, for example, Fig. 1 in which the inner
branched cyclic structure portion is indicated by (i) and the
"outer branched structure portion is indicated by (ii).
The degree of polymerization can be determined by gel

35 filtration using a differential refractometer, from the elution
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l'i ght scattering photoneter Is 5 proportiona 0 the product of t egree
of pol yneri 1%1@'1361’63 andng oviee tigitliyobrafichemd cgdaleende%exrefm soldhendrigr ee of

pol yrerjezat ,gn .ol he.gh ucan san 08 det R DB Y IBasY g khe f al i, of

t he outputs ors, I'.e eren rard a
| ow- angl e |EE¢H | i ght scattering photoneter. 10 The specrfrc conditions are

described in 0862485§68t]he( Jn%% gggeagl e@ompw%x §%071§e58[)fesent invention,

the ratio of the highly branched cyclic dextrin to the nucleic
acid is not limited, but is usually 1 to 4000 parts by weight,

20 preferably 10 to 1000 parts by weight, and more preferably 100 to
400 parts by weight, of the highly branched cyclic dextrin per
part by weight of the nucleic acid. In terms of molar ratio, the
above ratio is, for example, 0.1 to 1000 mol, preferably 1 to 100
mol, and more preferably 10 to 20 mol, of the highly branched

25 c¢yclic dextrin per mol of the nucleic acid. 3atisfying such a
ratio makes it possible to render more remarkable the continuity
of intracellular delivery of nucleic acid by a nucleic acid
delivery carrier, aﬁd the safety therecof.

The average particle diameter of the nucleic acid

30 complex of the present invention is usually 6 to 60 nm,
preferably 8 to 30 nm, and more preferably 10 to 20 nm. The
average particle diameter of the nuclelc acid complex is measured
as a volume average particle diameter using a dynamic laser light
scattering method.

35 The nucleic acid complex of the present invention is a



The highly branched cyclic dextrin and the production process therefor are
descri bed in US6248566B1 (Japanese Patent No. 3107358), and the highly

branched | xtrin is sold under 15 the registered f
"Cl uster %@Féﬁﬁfrq%%g%/ Ezaki Gico Co., Ltd. In %é]@%@f)@zaci d

conplex of the present invention, the ratgo of the highly-branched cyclic
dextrin to the nucleic acid is not limted, but is usually 1 to 4000 parts
by wei ght, 28.esf goaRby B0 dortQa0ipards thy warlbic aidi mboeths efietayl y
100 to 400 parts by weight, of the highly_branched cyclic dgxtrl n per art
by wei ght JPrardieRuEVeltc AeFripn (HamBusteqs| arid Legnal AP TPEEMD | s,
for exanpl e;nRrkite 1000-dMlcedPbef RERADLY the Aub00is0iqiARGdTBEEh DY ef erably
10 to 20 nol, of the highly branched 25 cyclic dextrin per nol of the

nucl ei ¢ acilkkarsdheds Eyrhic rA0r 3R ® FRIREC Nt thak sl St lyeAlePe s e
remar kakl e N fo I | & f clgl | &Ryl
nucl ei c%aci%tbgéﬁ% v%?@ﬂ%%r)r@s?er ?E%élﬁﬁlﬁhgwgg%fgg ?yhg%g? .lo'ﬁ!'ﬁqﬂgé\l/%rcgégﬁe part?cl e
di amet er ofdidpensectbe cnecial BecidnpiéxhighlihbrppekedhtcyHienepshris usual |y
6 Lo 80 nm ORI BREYC B L8,cH0 A A0 PRI ELE! Al LArEO 2Guym The
aver age parJtl e draneter o he nuclelrc acid conplex is neasured as a

vol une averagegiar thel et thqmeicatsusinly as dyrhaieoeditawindtieghpasehi ¢ exdity

met hod. 35T cl.ei,c_acid. .compl.ex of 1. e t . ntion_i : ;

20091061003%#\3 Piﬁﬁs}:%%]g‘i‘f . 9£h oS Jélgogér 24 ’“&flé%g?ééaw%ln&o \Q{Qﬁg
nucl ei aoacighdanthet heghl ghbsarahadc hedl oy claxt rdextay noe Themdtkbeé| ciaciie
conpl ex of the present inventiagn is _produced by m xij nég t he nucl ei c ggdog and

hi ghl y br arfR¥E BeBEEeNIEFUE PR, af b & EH Sy haPORan" st 451 §OdrRPEY t he

two conpoungds. pPReErhbLy exRl esuaftsalnsutons fMatotatheshabliyidi spel saet he
nucl ei ¢ aci'd and hlghly branched cyclic dextrin include buffers such as

Tris and t Helqeck@itithabens flerd fayakewt a0 0c Yl afi PrefERedlyuehoys 10
et hyl enedi apj pef EBE@@Pféélgmg}ﬁiggt %g@g%%tﬁ{}ﬂ prAgchédeyding eradirthons: for

m xi ng the 'nucleic acid branched cyclic dextrin rrrﬁl%/ be

such t B&t, F9Pm KEMBEBYEIFRMAT0REEUEOL UES GO0l VB XBHPIES a8G: PESie MR Y

about 100 gl pr ef epalbyu@bQHnihughkt 0 1akouhud GhaMucels hhe1aus! £ acid are
m xed with about 1 gMto about 1000 gM and preferably about 10 gMto about

100 gM of admelsxghfytie arciredtc yoreetdaxtls preaenti s coispepeiar uie for
about 1 to ghout,; 100, M Nyi.esq; and-r&f €APLY mixed as it is, or after

dilution or concentration if necessary, with a nucleic acid

20 delivery carrier.

(2) Nucleic Acid Delivery Composition

The nucleic acid complex is incorporated into a nucleic
acid delivery carrier by being mixed with the nucleic acid
25 delivery carrier, and thereby the nucleic acid is enabled to be
delivered into a cell. That is, the present invention also
provides a nucleic acid delivery composition comprising the
nucleic acid complex and a nucleic acid delivery carrier.
The nucleic acid delivery carrier is a non-viral vector
30 used as a nucleic acid carrier to deliver (introduce) a nucleic
acid into a cell. The nucleic acid delivery composition is a
composition used for bringing the nucleic acid into contact with
the cell into which the nucleic acid is to be delivered, in order
to introduce the nucleic acid contained in the composition into

35 the cell.



about 5 to about 10 m nutes. The thus produced nucleic acid conplex of the
present invention is present as a dispersion in the solution. The

di spersi o ) ixed as it is, or after dilution or ¢ hon if
necessaryﬁvﬁﬁgﬁmguﬁtcleic acid 20 delivery carrier. (2) ﬁgﬁ g&@%kggg
Del i very Conposition The nucl-aige- acid conpl ex i s incorporated
into a nucleic acid delivery carrier by being mxed with the nucleic acid
25 delivery carrier, and thereby the nucleic acid is enabled to be
delivered ipnto a cell. at is, the pLe iEvention al so provides a
nucl ei ¢ aci 82HBHARP) Qb Fi%AEmiT s e he Reel eic acid conplex and a
nucl ei ¢ acid deliverynhsaiudleric Bhednael Bitaryachdr et iwverd/ icatheenugleiz
non-viral vector 3Q used as a .nhucl ei cid carrier_to deliver_ (pnfro )
nucl ei ¢ aciﬂc+?n4?%&V8€V|?OW@R§%E%9PePg ﬁhﬁ(??ﬁ?ﬁp ey TS5 i 8%£'£M%S¥§F
conposi tg onayseshd @k Bti Ngi dpdie BEchetsritiadingt @ nriaiet asithitte el |
into which the nucleic acid is to be deLivereg, in order to,introdqﬁgethe

nucl ei ¢ aci 8ekbnt BRHBRLGS AThaseBhp IRy iGT PALY FB LIRE Y ERFI 18D 10C
2009/ 061003 f (i %%_%2%930% 'a@LiEgEQHEM@M ofgouehal enéci gkdel i very

Carrier i elivery carrier used in the nucleic

e nucleic acid
aci d delivery conmposFrpmrihst wiewrpiasept GHeyERELBAL | BBFAvereRLt el B'%s | ong

as it is Cafﬁ%%é%éﬂiuggf?éé%gfgﬂéﬂﬁeaoﬁuﬁﬁ@iﬂhd%éﬁg bRl 9 @orp@linedExamphes of

usabl e nucleic acid ery carriers include known carriers such as
Li pof ectlani meTiniz0@0idndompkes i ked the furtherpighrenenshfewfoitheé of the

further inpLeyen of the, i 15 [ f tihe jnuclekg,acid
cont ai ned i%P%Hg%%%yné%éeg%ﬂ%%{gﬁgéhgkgééﬂgﬁgrfﬁgm$ﬁ$t bfnfﬁ%rgégﬁgﬁt of
t he effici encyusand fsaf exgmple, @t cacelitnl compgdlsivgr yA) ia is preferable to

use, 1O, AR AR ERE L BT SOTLS! 18) (Blop o Rabat kivictiolyge, (8)
(her ei naf t ethéwfcet,r edd15Ct cmras l'iCantierpiinary amine (hereinafter referred

15 to as “Carrier 17).

The diacylphosphatidylcholine (hereinafter sometimes
referred to as “Component {(A)”) used in Carrier 1 is not limited
as long as it is pharmacolegically acceptable, and may be, for
example, a diacylphosphatidylcholine in which the acyl moiety has

20 4 to 23 carbon atoms. The carbon numbers of the two acyl groups
constituting the diacylphosphatidylcholine may be the same or
different.

Specific examples of diacylphosphatidylcholines include
dilauroylphosphatidylcholine, dimyristoylphosphatidylcholine,

25 dipalmitoylphosphatidylcholine, distearoylphosphatidylcholine,
dioleoylphosphatidylcholine, dilinoleoylphosphatidylcholine,
myristoylpalmitoylphosphatidylcholine,
myristoylstearoylphosphatidylchecline,
palmitoylstearoylphosphatidylcholine,

30 dibutyloylphosphatidylcholine, dihexanoylphosphatidylcholine,
diheptanoylphosphatidylcholine, didecanoylphosphatidylcholine,
diphthanoylphosphatidylcholine, didodecylphosphatidylcholine,
dieicosanoylphosphatidylcholine,
dihenicosanoylphosphatidylcholine, dierucoylphosphatidylcholine,

35 diarachidonoyliphosphatidylcholine,



The di acyl phosphati dyl choline (hereinafter sonetines referred to as
"Conponent (A)") used in Carrier 1 is not limted as long as it is

phar macol ogi cal | y acceptable, and may be, for exanple,

di acyl pho 5%9?’8¢10%0I ine in which the acyl noiety has g%cﬂnizgosé%%éér bon
atonms. The carbon nunbers of the two acyl,;groups constituting the

di acyl phosphati dyl choline may be the sané or different. Specific exanples

of diacylp 1 | ' didaynay! ehesphabhdytichad i ne,
di nyri st oyf‘%ﬁﬁﬁ%gtg%é@?@%”?ﬁ‘gsﬁ%gﬂ‘?y e Dhosnhat dgl,chol i'ne, .

di st ear oyi phosishabildybsirmliase ingilstie oyt andPpraphall rgiicddnes in which

di I i nol eoyl phosphat | hal | rist | m | phosp iedyhsiwl 1 ne,

nyri st oyl st@éer %@h@g%ﬁg’f iql(flyﬁngﬁog%gnies,? %%%b%?’t g;t/:lggfgear oyl gﬁrgsphati dyl chol i ne,

30 di but yl oytapirdsphanctyde kbymé stdy hehaarbhptpHys phat in8y chol i ne,

di hept anoyl phosphati dyl chagl.i.n i oyl. J |+ ine,

di pht haroy| PHESEREDY 3%?%%?3?%t&§‘?1§.*‘§§%‘3%'y|d£>§§%E§??%’3‘?@ hel g teholine

di ei cosanoyhphiesplyaph iyl ohlpheephat idydibwddingesanoyl phosphat i dyl chol i ne,
di erucoyl phosphat i choline, 3 i ar achi-donoyl phosphati dyl chol i ne, WO
2009106100 S%@é’%%%%@&%%?@(’?}?%@@é%%&w ) phosphat i dyl chol i ne, etc.
Anpng t hesepa priafsiabker &xamsesat ey Uekeo dinagy kpHospkat i dyl chol i nes in
whi ch the acyl noiety has 12 tq,18 carbaqn at ; _nmore prefe | ese es
i ncl ude di rﬁ%ﬁ%ﬁwpﬁﬁe%%%\f'c&gﬂa&%?i h%”ﬁﬁl%] %ﬁ?m’”%{n‘& oeita’h%%?d%c ‘g{%e,
di st ean@y! phosRhiati-amk ¢ heddiien 181 i, sheyidalbliet exbpbbsphatdldylechol i ne,

nmyri stoyl st ear oyl phosphati dYl chol i ne, pal mitaqyl stearoyl phgsphat jdyl chol i ne,
and |ike di%%%ﬁé@b’ﬂaah%m%ﬂlﬁ@@l%gvﬁ% éoé{@@?gﬁiﬁ?é‘gﬁ?yﬂﬁbo{??b 17

10 carbon aémis@%kbf&%@éépm%@y%a@iﬁlee,-xaml sl Rbtidereferable
di myri st oyl phosphati dyl chol i ne, di pal mtayl phosphati dyl choljne, and

di st ear oy| prroanias dprtnde i Heteasayl peosriat isvarerable: eX3fPl es i ncl ude
di st ear oyl PM@%%%%EQ@Q#l?%oé?H%Q i foyd maahi;@%/I@ﬁoﬂﬂ RESORBYndEi dised

singly or ina-“ atro wo or nore. Chol ésterol and/or a
deri vatlitve ohemeofor( herei nafter sonetines referred to as "Conponent (B)")

used in Carrier 1 iScﬂgfe%ﬂeg?tlegné?&OQ%&%Jattiklé. Jgé%qlh%g%%ﬁgﬂ/er

acceptabl e. Derivatives 0 ol esterol are cationic lipids wt ‘
chol est er ol s@B:tsikelsetrofiereerd tspesi I'Compswzang! &B)i"nchade Bp-JavriRr, N 18

O S L AL SRRl 3! ik B GIeb gy crprabie
bi s(guani di pétindattives- ehotiesteartalrol BEFE) catdonic lipids with a cholesterol
20 skeleton, and specific examples include 3p-{N-(N’,N’-
dimethylaminoethane)-carbamoyl]cholesterol (DC-Chol), 3f-
[N’,N’,N’-trimethylaminoethane]cholesterol icdide {TC~-Chol},
bis (guanigdinium)-tren-cholesterol (BGTC), N-
cholesteryloxycarbonyl-3, 7-diazanonan-1, 9-diamine, pf-alanine-
25 diethanolamine-cholesterod, N4"spermine cholesteryl carbamate
(GL-67), N[Nq—3—aminopropylspermidine}cholesteryl carbamate (GL-
78), N4~spermine cholesteryl carboxamide (GL-90), N1,NB8-
bis(arginine carboxamide)—Nq—spermidine cholesteryl carbamate
{G1~95), and N—{Nl,Nq,Newtris(3—aminopropyl)Spermidine]cholesteryl
30 carbamate (GL-96). Preferable examples of Component (B} include
cholesterol. In Carrier 1, cholesterol and derivatives thereof
can be used singly or in a combination of two or more as
Component (B).
The aliphatic primary amine (hereinafter sometimes

35 referred to as “Component (C)”) used in Carrier 1 is not limited



chol est eryl oxycar bonyl- 3, 7- di azanonan- 1, 9-di am ne, P-al ani ne- 25
di et hanol am ne-chol esterol, N4-sperm ne chol esteryl carbamate (G.-67),

N[ N4- 3- am erm di ne] chol esteryl carbamate (G.-7 - i ne
chol est eryl oot R e (GL-90), N1, N8- bis(arginine Benabos BRI

car boxam de) - Nd- sperm di ne chol esteryl carbamate (GL-95), and

N-[ N1, N4, N8-tri s(3-am nopropyl)sperm di ne] chol esteryl 30 carbamate (G.-96).
Pref er abl e exabhphesaofitCiepphentadBloginal Uyesehrgitesiler obknd InayCawr, i €oxr 1,
chol esterol and derivativyes thereof can be us ingly ,or in onfj, nati on
of v of ERETBES CAHTLATEI Thamarn ot o AU RmHe ThePerhar t er
soneti nes 3zarBberdtethst.0 as "Conponent (O ") used in Carrier 1 is not
limted WD 2009/061003PCT/JP2008/ 070642 -12- as long as it, is |

phar nacol ogi cal |y acCEffabie, SxtlFgy e 1 ¥ té)‘éaﬁ‘ﬁng?%rﬁl%ilIWI ARFHES n
which the ahkytyrmiiels) BgeidOyianidd,canbait tbhe, SpeshtiTaeXayIpl es of
aliphatic prinmary am nes include 5 laurylamne, nyristylam ne,

pal nityl am R&SYSIBHIS| JRFAROY biianPRENavRC I ISanERE: BMORINBYESH ne,

etc. ATONG hhggtamidldey iamMASh | thavii1§h1 1 Rei &K Hagdmabety @scalibdnOatdnsar bon
atons are preferable; stearylam ne, oleylamrrie, and pal mtoylam ne are nore

pref er abl e; 2aAPEIEHPlan AEca By eEPac abl sy e, abne. PTHBSYIGTant pheg i c
primary am pese oy Q& ksed §h<§'9§1¥ea(}rfylé\giﬁe Cm&g%%igtﬂéq %Jgé(%r%rblgpr hese

Carrier 1 conprises a qon‘r')i nation o nponent s ( escri bed above.

I n orde¥0 t oatphaisc iprpmovy ahinesf fiayi bacysed dimolycer| uhar whabiivetjonf a

nucl ei ¢ aci f r reduce 15 the toxicity, the foll ow ng

conbi nat i ongfat?"éncgﬁ)rrg tgrggbl e: (A a diacyl phosphatidyl choline in which the

acyl noiety has 4 toC28riarbbrataises (8)catdnestienobf abwimmeatdelhyata ve
ref erabl

G myr st oyl pROSIHEET YL HBET D, L0 BERS 1y I oRGeRhat eyl st EnbEE 610 or
di st ear oyl phdsipttatdcdyliahalki del i By eliokesticralc aatid, ( &hdstiearhdrafedece
15 the toxicity, the following combinations are preferable:
(A} a diacylphosphatidylcholine in which the acyl moiety has 4 to
23 carbon atoms, (B} cholesterol and/or a derivative thereof, and
{C} a Cyp-2g alkylamine; and more preferably, (A)
dimyristoylphosphatidylcholine, dipalmitoylphosphatidylcholine,
20 and/or distearoylphosphatidylcholine, (B) cholesterol, and (C)
stearylamine.

In Carrier 1, the ratic of Components (A) to {C} is not
limited, and may be, for example, a Components {A):(B):(C) molar
ratio of 5-9:1-5:1, preferably 6-9:1-4:1, and more preferably

25 7-8:2-3:1. Satisfying such a ratio makes it possible to achieve
intracellular nucleic acid delivery with more improved efficiency
and lower toxicity.

The total amount of Components (A) to (C) in the total
amount of Carrier 1 is, for example, 1 to 100 wt.%, preferably 20

30 to 90 wt.%, and more preferably 30 to 70 wt.%.

Carrier 1 may contain, in addition to Components (A) to
(C), other cationic lipids. Specific examples of usable cationic
lipids include squalamine, 3a,7a,l2a-tris{3-aminopropoxy)-5p-
cholan-24~(N,N-bis (3~-aminocpropyl)amine), 3a,7a,l12a-tris(3-

35 aminopropoxy) -5p-cholan-24- (N- (N-(3-aminopropyl))—3-



In Carrier 1, the ratio of Conponents (A) to (C) is not limted, and may
be, for exanple, a Conponents (A):(B):(C nolar ratio of 5-9:1-5:1,
preferably 6-9:1-4:1, and nore preferably 25 7-8:2-3:1. i i ,such a
rati o mak&P MPBYEY bl e to achieve intracellular nucl ei C@*@B%&Q%Ery with
more i nproved efficiency and | ower toxi cijtzy. The total anount
of Conponents (A) to (C in the total anmount of Carrier 1 is, for exanple,
1 to 100 W afondi@kst abhine0 330 76019011 943-aRdaBBF Spdiypf-spabhyl 80-240- 70

wt . % Carfier 1 may contain, in addition to rrp,onents}gAs) to
(O), other 3l-dnisd2rprerethsgesiing) bxatml’ss L6p~tshbl & agaiFonree Y pifds

i ncl ude Squah@iaﬂéa-%m?@eﬁ%a-&pragéoﬁ mmr(gpﬁ?aio%ro yl)amine), and

chol an-24- (N, N-bi s(3-am nopropyl')am ne), 3a, 7a,12a-tris(3- 35

am nopr opoxyi ks ratienan- Pipide R wBigh slopidgy1pye oungy umbrella-

2009/ 061003 P20 ahar 18FENORF QM) 31H8&s to which cholic acid

3a, 7a, 1%50 tgg%-%zggé%;%%é%y)a-513-cho| an- 24- " ° w lc_

(N, N- bi s( 2- ty aroechy Eyxahdmie) L ipdds7ac 19ialy is§e30h 78 HEpm DS - Bound:

chol an- 24-( rhony) N3 rsggf%plr pyL)@wie) . and like
cationic Ii%%ﬁom?%?%ﬁgs%e%!L ? gl(;gr%%(gn : un re%l a- 5 spermne

conj ugat es ainedhykeioatadariyd arimpindsmt brovwidsh sehdl (BDARY d 1,2 Weukaistationi c

aponi n §'s SO OV REERYT I OELSRERS  antior Gacblonr del Sl By Fn

1, 2-di mor i spoydane3-(DOTARY hyl,@vaioileny bt dpanaethylammonium propane

1, 2-di ol eoyl-3-trinqethyl nj,um,10. pr e. Al . -

2. di ol coyTEBUIHIEEhH amiBtl AP SRR Ao e vt oat fiium propane, 1,2

é_, 2- di pal rric%pytjga}oyﬁi-lgetfnyﬁea:rﬂm_ @hﬂl@hpmgﬁf@( anb§2§~— (1-(2, 3~

I stearoyl-3-tri net ammoni um propane, . N- ( 1- -, .

bi s ol eoyl dxy3 HGEYITEN Nm@rﬁwﬁyrsmﬁwfaﬁ@apm BY RN BETRR) |

di nyri st oyl %meybiﬂyﬂfé,ﬁwﬂ&@m&ﬁgl hyliReamRNhy a3y S 10fT denosdki ( DVRI E)

di ol eoyl oxypropyl di et hyl hydr oxyet hyl anmoni um_br om de (DORIE),

di met hyliSdi deratiea sibhi M ni ggoledyloxypropyl

N (atri met hyl h9aEekyddiy19asies Yl Db s gl ochl or i de.

N-(a-trinmethyl ammoni oacetyl)-0, Q' -bis-(18, 1H, 2H, 2H-perfl uor odecyl) -L- 20

gl ut am ne hyadveddhilgi figéecylammonium bromide, N-(a-

0, 0' - di dodecanayl - ' | A n etk ] chijoride,
f&%&%gﬁ ﬁi&%‘é&ﬂﬂ@{%gggﬁw 91t GR A Oh Gl A1 I d ke g Mk ord

met hyl al |y ylamoni um brom

N-{p- (Wt ri netindtayienrobinadayl) bén2oybisdi dbdée ¢H. REgper Bkaredecyl) -T.-

hydr ochl.or i - (W1Lri vl nNixoBut Y1) < - _Ris{dodecanoyl ) carbazol e
br oni d%,o di%@%%%léﬁoéyg%%%%org‘%npﬂ% h%é%%%ﬁggfﬁeﬁbfé 4o methylaiiyn
N-wt ri met hiyt araneyil ethecainmydetdill e adbepd idying dydnechiomid, methylally
N-{p-(wtrinpe O%@Emni ohe%g\él ommtéenﬁgr%} 5&_’[ et radecyl - L- gl ut am ne broni de,
p- (Wt mstcljfsﬁs i BHEH Ty} " p“octyt’oxyazobenzene bronide salt
EN5>1-083?)?gimdbmy%bTmBﬁ&obqtyﬁfxy)Fenzoyl?mdlﬁ?dﬁcyifLwi}utamlnﬁj . y
ydr oxyet hyl ) di hyl - ammpnj o- decyl oxy}-p' -, Yazpbenzene brom de sa
(MC- 3- 08 10)1}5’%‘,452%%8&?‘? %ﬁ@%‘&ﬁdﬁﬁ%ﬁ%ﬂ?ﬁ’ﬁ%{“}ﬁi’( 376

anmoni odec annyHodeth i b Py Eonamiky brami aoethaneybiootdedsalt ficnlum?)

1, 2-di l auryl - gl ycero- 3- et hyl phasphochol i ne,,@l, 2- . decyl-D-

di nyri st oylhiﬁ%ﬂ?@ll@!f ader NT'HHISPIRGEHORTHen Lodesageyd i pgyadecy

glutamine bromide, N-{p-{w-trimethylammonichexyloxy)-benzoyl}-

ditetradecyl-L-glutamine bromide, p-{w-trimethylammoniodecyloxy)-
p’ —octyloxyazobenzene bromide salt (MC-1-0810), p—{w-(b-

30 hydroxyethyi)dimethyl—ammonio-decyloxy}—p'~octyloxyazobenzene
bromide salt (MC-3-0810}, ©,0’,0"’-tridodecanoyl-N-{w-trimethyl-
ammoniodecanoyl) -tris (hydroxymethyl)aminomethane bromide salt
(TC-1-12), 1,2~dilauryl-glycero-3-ethylphosphocholine, 1,2-
dimyristoyl-glycero-3-ethylphosphocholine, 1,2-dipalmitoyl-

35 glycero-3-ethylphosphocholine, 1,2~distearoyl-glycero=-3-



35 gl ycero- 3-et hyl phosphochol i ne, 1, 2-di stearoyl-glycero-3- WO
2009/ 061003PCI AP208/ 070642 - 14- et hyl phosphocholi ne,

1, 2- di ol eqyb-8doVkffu9- 3- et hyl phosphochol i ne, .
1- pal m toyl- 2-oreoyl - gl ycer o- 3- et hyl phosphochol i ne, and FFEgP;"c‘]]Bg{tngﬁ%ary

ammoni um sal t-type cationic lipids; etc.-Mhen Carrier 1 contains a cationic
lipid other than 5 Conponents (A) to (C), the proportion of the cationic
lipidis noﬁthymm@bmhbbmﬁasl,t%@ieﬂéeyls;kﬁcame?vpeEJsmbderenhbbinéB,r e

not i npaired, and. _be wei ht, ferably
2 to gppartg 8%%. B br‘fiil(%fin)rge reger a%# %O%péof)%? rlEffy%\/\/lal éﬁ%g per 100
parts by weiqghten‘iar@ommnanm s(a@l)t—n:gp(aG):aﬂ.ﬁ)mn: tldpabs; Garad er 1 may further
contain an oily base ecessary Fe addi tion of a:P Ojiéch ase to use its
properties enabl es ch?Po ar{ﬁletrhéf 5P %Jrré%dayc LRGET et P46 P4 PRt F¥lct i on
by Ca][_rifer ﬂlor_nzf@tﬁerfemrmh ?tov‘qﬂﬂ &mleOpb:&p@ntatSﬁ?n %fadfi'édcé’?lhc&ﬁcgw&ﬁ.pi@?léﬁ )
specific grav . O, rrier act of_a cell wi rrier can be
controll ed, ™ gﬁﬁ g?rf’ﬂg hé en??%ﬁ%ﬁ iYn TOFF PERRTRY FWEPILEPD. are

Fur t her, thoexafmlaedmhgﬂdaﬁhplaey p8$ e ihril &3 tle'ﬁﬁel@tpﬁﬁ§%@'3w&ityﬂlt§y

functlon i s added, core of the nucleic acid carrier_can
di si nt egr at Bﬁe{dﬁ'ﬁé}li’p elet &rra%ied Provetaer Ang 8‘%8@?‘?*‘?%1&0 i RAuke

fluctuationgaifs tiie “@@;bhtS%élaqe),o E)H%E@bryy'tfglrg@l\t' BY EHfoMGIel qancid (c)
introduction efficiency. Furthernore, for exanple, when an oily base that

has an %bi | i#yt@t6lbe di srupted by an external stinulus is added, the core
of Carrier 1 can be disintegr %@dfgﬁgﬁ%ﬁ%@ﬂl aft &I Y e h@duce 25

fluctuations in the cell surface y 1 nproving the nucl'eic acid
i ntroduct i oreegdsagivencihe addition obanylidy baseity urssdsst haeperniase added

o, Carrier dphicldide pesl| 4OTaRALE0N.; GEL] | 410LAReRL BNg. AT UALIOELY 1y

brom de, uor ohexane, pertluorotri | am ne, soybean o I ne
Carrler 1. For example, when an oily base is added to adjust the

15 specific gravity of Carrier 1, the contact of a cell with Carrier
1 can be controlled, thereby improving the introduction
efficiency in vitro. Further, for example, when an oily base with
a temperature sensitivity function is added, the core of the
nucleic acid carrier can be disintegrated under predetermined

20 temperature conditions to induce fluctuations in the cell surface,
thereby improving the nucleic acid introduction efficiency.
Furthermore, for example, when an oily base that has an ability
to be disrupted by an external stimulus is added, the core of
Carrier 1 can be disintegrated by an external stimulus to induce

25 fluctuations in the cell surface, thereby improving the nucleic '
acid introduction efficiency.

Examples of oily bases that can be added to Carrier 1
include perfluorocarbon, perfluoropentane, perfluorcoctyl bromide,
perfluorchexane, perfluorotributylamine, soybean o0il, refined

30 soybean o0il, hydrogenated soybean oil, unsaponified soybean oil,
squalene, castor oil, clove oil, sorbitan trioleate, turpentine
oil, safflower oil, safflower oil fatty acid, oleic acid, palm
0il, rapeseed oil, fusel o0il, olive oil, linseed oil, sesame o0il,
chleorophyll oil, croton cil, bergamot oil, cedar oil, orange oil,

35 fennel oil, eucalyptus oil, corn oil, lavender oil, marjoram oil,



30 soybean oil, hydrogenated soybean oil, unsaponified soybean oil,
squal ene, castor oil, clove oil, sorbitan trioleate, turpentine oil,

safflomer‘ﬁékwwagﬁ$;ower oil fatty acid, oleic acid, palp%fﬁé W&@ﬁﬁé ed

oi |, fusel r've oil, linseed oil, sesame oil, chlorophy , croton
oil, berganot oil, cedar oil, orange o0il41535 fennel oil, eucal yptus oil,
corn oil, lavender oil, marjoramoil, W) 2009/ 061003PCT/ 3P2008/ 070642 - 15-
| enon oil, tehtédwmideedodtdn sm@ebrdfl,ocbgoregy ofdl, kegirl yollose 1gi rpseigiel 0i |,
al nrond oil, peanut oil, canel]ia oil, white canphor ai,l, chanmomle oil.,
ci nnanon oiP?h%éﬁHErﬁ#WPngi?} @éFEVFFiQaiCO?ﬂ“ 'Jﬁ'éF%gePﬁéf?,C o5 ©Ls
\(/:\Hamom' l e Obm?m@raqléeomn;acﬁmglarrdﬁh@tiéoibep;ﬁerfmnfclhemr @étterjfjfa@aiowmtgltcﬁrl, |
eat germoil, zinc oxide oil, hardened oils, rogenat ed vegetable oils,
light I'iqui 8- P arkiln, RPN aFrmaffi ﬂ}fwe'ﬂ]ajfr% Eﬁgr ng?%%wné:ch‘f'
triglyceyidgsnrifwdk eil, Biddemerangewigedts eehyexygpt hensicasbor, oil,
pol yoxyet hyl ene hydrogenated castor oil, polyoxyethyl ene hydrogenated .
castor oil ﬁﬁFQRREdp@PaéxyEYﬁ?@Qﬁﬂ?qﬁﬁdWS@@E%Eﬁ%iQ%%ﬁumllSPF puid paraffin,

pol yoxyet hyi ene; hydragenat etbfiast @hadh! £20y RRkYOXYeYyteneidy dhogenated
castor oil 40, pol'yoxyethyl ene hydrogenated castor oil 5, polyoxyethylene
hydr ogenat el ezast oravpe sbl, puilyexyethyl eife dapldpsgehit e Estysrhyi $ns0,

pol yoxyl 35%@513 Rkl cREQGESS 101 hﬁgyﬂ@é@%eé@vﬂgdwg&&éovclagﬁsfxoil_

per fl uorope I's tenperature sens d has the property of boiling
at 29. 50 antli herlgloyybbbphenr hydyaegensied mastogepi ubP Ohasaexyethylene

i srupted oy S SRbraar Rt ot 20 b b R BFe RAE SRt Dot e

di srupted by an ‘externa prope causi ng
cavitation oil 20,t pelgorgediyl@aer hgdrégamtati siastegratlng it when receiving

an external _stimul uch .as, ultrasonic_irradiati.gn. n Ly base is
cont ai ned, ??é?ﬁﬁ%&%%???%% Q¥ﬂﬁQ§§ aﬁgan%?SF?ﬁﬁQﬁgdSaé ?%H@”@%ﬂ¥§%eé?fectslof
t he presenthydwephaoadacestnt ditpao; efdol iy Ind% bestbdboroekanploeess. dilsy 50
parts 25 wei ght, preferabl to 30 ts b i ght,, and _nore preferabl
B 6 205part & by SRR 6 0B heTr P B e o SROREEA A o (O
in total. GCadddiefive, MBMdfndd hele %Qﬁbékﬂy&ﬂﬂ&%ﬁ&@ﬁgbéﬂspgﬂﬁtcahﬂF&ﬁbﬂéﬁ# per

lipid) if necessary. Wien containing a _nenbrane- fusogenic |ljpid, .
Carrier 1 HRRSIHNGhar Iffpr SVEEheht B orgpexane,” pertlubrooctyl bromide,

and perfluorotributylamine have an ability to be disrupted by an
external stimulus, and have the property of causing cavitation in

20 the core of Carrier 1 and disintegrating it when receiving an
external stimulus such as ultrasonic irradiation.

When an oily base is contained, the proportion thereof
is not limited as long as the effects of the present invention
are not impaired, and may be, for example, 0.1 to 50 parts by

25 weight, preferably 1 to 30 parts by weight, and more preferably b
to 20 parts by weight, per 100 parts by weight of Components (A)
to (C) in total.

Carrier 1 may further contain a membrane-fusogenic
lipid (helpexr lipid) 'if necessary. When containing a membrane-

30 fusogenic lipid, Carrier 1 has further improved intracellular
nucleic acid delivery efficiency. Examples of such membrane-
fusible lipids include dioleoylphosphatidylethanolamine,
dioleoylphosphatidylcholine,
transphosphatidylphosphatidylethanolamine, 1,2-bis-(10,12-

35 tricosadinoyl)-phosphoethanclamine, 1,2~



nucleic acid delivery efficiency. Exanples of such nenbrane-fusible |ipids
i ncl ude di ol eoyl phosphati dyl et hanol am ne, di ol eoyl phosphati dyl chol i ne,

t ransphospbgbi@ykoosphati dyl et hanol am ne, 1, 2-bi s- (10, 18c13B008/070642
tricosadi noyl) - phosphoet hanol am ne, 1,2- W?2009/061003PCT/ 3P2008/ 070642

-16- di el ai doyl phosphoet hanol am ne, 1, 2-dithexadecyl phosphoet hanol am ne,
1, 2- d|hexanoylfhosphoethanolanlne 1, 2 dllauroylphosphoethanolanlne

1, 2-di | i nol 851t RpbeshbprircRanine 2- di AyPibetsdshoabrseberHmnsaRéne,
1,2- 5 diol eOY. h.%m gg{;ﬁ&%@t@%nohﬁmg Qalzm t ol eoyl phosphoet hanol am ne,
oS

1,2- dipalmt oy m ne, 1,2- 'di phytanoyl phosphoet hanol ami ne,
1, 2-di stear@ylmm@meﬁhhmtmﬂﬁ@mlmepalM1W@21©Dfébgmcﬁﬁm@§ﬁbéﬂﬁhﬁ@mﬁﬂ ne,

1-pal mtoyly _(leWoFé%l%M ading ﬁxﬁ’ﬂ{)ép;l,?t hanol am ne, 1, 2-

di ol eoyl phosb apr oy am ne
di pal m tooyl @r@lsq:ﬁ}dsﬂlbapbbammmapr om%cm ne, 1, 2-

di ol eoyl phogphoet.ha oI a -
di pal m t byl PHEHOS RRTbP %ﬁ%ﬁngli?rﬁ&‘% 1'f, 2- 15
di pal m t oyl @tmlmhme@hphob@mmdﬁodadenanoy,lz 1, 2-
i ol sy bhoLPHOGARAROP AT RECTe FOULCRAGE aniing disgearoylphosphoethanol amine,
g| pial m ItoKI pr;ﬁ;ﬂmh(%@ym;’alﬂebmyl@ﬂilﬁs@ﬁdéﬁwmgv 1-Ralmitoyl-2-(10,12-
1 0 eoy osphoet hanol am ne- ut ar
di pal m Ogylblﬁ’rﬁciﬂi"@épﬁé{ bPCRRhoA Paffaimer 11%
di ol eoyl phogieelNprekpRbaendNdiaat 8sen-daproylamine, 1,2~

di ol eoyl phosphoet hanol am ne- N-[ 4( p- mal ei m derret hyl ) cycl ohexanecar boxyl at e]
dipalmitoylphosphoethanolamine-N-caproylaminé, 1,2-

& pal toy! @hospRehBapRbami et A6PIAL 2 taga hy| 2eycl ohexane- car boxy at
e 1, 2-
d} pal ni toyIWﬁﬁ@@ﬂaﬁh@@%ﬁ%ﬁmﬁd{ﬂbﬂ@rﬂéﬁﬁlﬁ@ﬁh%yl btrt yl ani del ,

1,2-di %g%ﬁ%gﬁﬁgﬁ%ﬁé@&%nﬁlBﬁiﬁe{f@l&‘dd@c@%?@,”yi)il“tyrat el,

1, 2-di o eoy osphoet am ne- N-
di pal m t oyl phosslydehhapbdetiarelmeehytdodgcanoyl, 1,2-

L F Y

1, 2- d|OIeOyighﬂsphogﬂhhmm@hwaﬂhanN@smEnﬁfNHQodecanylamine, 2=

L 20 pal o BSERAGEL ANl AL G REASMER I g ghe; ATog suol 11l ds,

35V\henyZ$)5cm:goamﬁhb@mﬁhésﬁngﬁjmmonamdMngmﬂaagmedl %/he '

N102009/061'ngggwﬁzggggﬁ&&%hanolamlne N-lactose, 1,2-
dioleoylphosphoethanolamine-N-{4 (p-maleimidemethyl}cyclohexane—
carboxylate] (, dipalmitoylphosphoethanolamine-N-[4 (p-
maleimidemethyl)cyclohexane-carboxylatel, 1,2-

25 dipalmitoylphosphoethanolamine-N-[4 (p-maleimidephenyl)butylamide],

1, 2~-diocleoylphosphoethanolamine-N-(4 {p-maleimidephenyl)butyrate],
1,2~dicleoylphosphoethanclamine~-N-methyl, '
dipalmitoylphosphoethanolamine-N-methyl, 1,2-
dioleoylphosphoethanolamine-N-[3~(2-pyridyldithio)propiocnate],

.30 1,2-dipalmitoylphosphoethanolamine-N-[3-{2-
pyridyldithic)propionate], 1,2~dioleoylphoséhoethanolamine—N—
(succinyl), 1,2-dipalmitoylphosphoethanclamine~N-(succinyl), etc.
Among such lipids, dicoleoylphosphatidylethanolamine can be
advantageously used in Carrxier 1.

35 When such a membrane-fusogenic lipid is contained, the



-17- proportion thereof is not limted as long as the effects of the
present invention are not inpaired, and nay be, for exanple, 1 to 500 parts
by wei ght f y 10 to 250 parts by weight, and nor ? ly 25 to
100 parts%@E@éﬁé FJ per 100 parts by 5 wei ght of Corrponlgcnf)“i‘e2 %(QFAJ}{(C) in
total. Carrier 1 may contain various addijfti-ves such as isotonizing agents,
exci pients, diluents, thickeners, stabilizers, buffers, preservatives,
etc.; and/ oprasmedis tebredbfsisuch adsmpred fasedongt es, tlagefiestsughrthe
solutions, buffer solutions, 10 physiolpgical_ salin aqueou r
sol Ut i one, BB AgutRbERs 2 B SbBef i vE FRY ber i SeRBlnel to
anount s of 5@!@{};5&&@ blyvesigng, agedeusbYehi®lwes 260 persdsded wednhbe suitably
i

sel ected according to t?&} oLm of use of the nugl eic aCL del i vekr)é carrier.
c

15 Form of Reet EIRERRIDt? Vst v OBaPRTEF Bh &SPy oP ot he’ thidrdr &P c™Rci d

del i verys cagsi@it icy Gohpbhdnt£d 23S tbong) amn tdeganucl eic acid to be delivered
into a cell can be encapsul ated, but is preferably in the formof a

| i posone. For exanpl E2riken ICARY 6PNEATS YT IOHE FQFH%‘fe% FiPoSdne, 20
Conponents (M4 A6 28BHcOPtLanalilontysed 0bdis | it idkenbos M sedninasens,
menbrane. When the nucléic acid delivery carrier is in the formof a

| i posone, ibuffsrshe prespurdtiied anErl ar AN BEUESHY) VelitkasgSughi #anel | ar
vesicle (L . O i Ig[gyé |.C I, Barfbe aanddiehs, di ameter

of the nucl |rc1%303w§g%h/er cdéjr%: is\ggﬁga%l&bde&gﬁ?st a%léy gelée&(’;)iteﬂc:iL according to
t he typd of phyeideidicaht sahbieh adveongcbel yreri spiurigalsi vBNege Hiae nafcbe,
for exanple bout A Wi ab : m
for LUV, an%tcgb'ou c@gaag%agﬁﬁqé%ggg%%ﬁ%ﬁs I\/Rllg eu%%?toggfggg%d%c%g%egf
the 30 |i poswtedueonmeasahedlasitngbe dyidedi carl dsesulitghty staltetcdeidng net hod.
Met hods known in..the _art, cap be ed to.p u e ] . j t he
particle di %?T%‘frec}m@f tf'?h%h?i %%r?euf.s 5 oéfxéﬁ% rgl,?c’ié]nlct r%‘e‘ﬂéﬁzggﬁé &&?ér%%?tef a
| i posone can be fornmed by a

15 Form of Nucleic Acid Delivery Carrier

The form of the nucleic acid delivery carrier is not
limited as long as the nucleic acid to be delivered into a cell
can be encapsulated, but is preferably in the form of a liposome.
For example, when Carrier 1 is in the form of a liposome,

20 Components (A) to (C), and optionally used other lipids, form a
liposome membrane.

When the nucleic acid delivery carrier is in the form
of a liposome, it may be a small unilamellar vesicle (SUV), a
large unilamellar vesicle (LUV), or a multilamellar vesicle (MLV).

25 The particle diameter of the nucleic acid delivery carrier can be
suitably selected according to the type of the cell into which
the nucleic acid is delivered, and may be, for example, about 20
to about 100 nm for SUV, about 200 to about 1000 nm for LUV, and
aboﬁt 400 to about 3500 nm for MLV. The particle diameter of the

30 liposome is measured using a dynamic laser light scattering
method.

Methods known in the art can be used to produce the
liposome and adjust the particle diameter of the liposome. For
example, in the case of Carrier 1, a liposome can be formed by a

35 thin film method, a reversed phase evaporation method, an ether



35 thin filmnethod, a reversed phase evaporation nethod, an ether

W20( 0061003PCT/ JP2008/ 070642 -18- injection nethod, a surfactant nethod,
and a heaty§goddpkhgs, or the like, using an oil phase cop¢giphdofpapronents
(A) to (€ and an aqueous phase (aqueous vehicle). The particle dianeter
can be adjusted by an extrusion nethod, -d8&rench press nethod, a 5

honogeni zati on nethod, or the like. Form Formulation, and Method of Use

of the Nucl éntecian pethodr ya IBFPESREE dretiinsh eRd Aukeas %Erghadi ivery

carrier is [n.t or.m: ol e, j i.d. C X ¢d

nucl ei c acign%epﬁﬁéryggé %éi?%%EP%§8F§%H%¥§E£%fb?ﬁ%%ﬁ%?%%(%ggkge(%féggﬁt
in a state encapsuivat phanit iquadve vakberhal - afbeopsr pitdse dofmetrr Idapo e,

or in a statg. ﬁggp o.the i r...0 r i POSOo menbr ane
by an ionicgg}lLlP y rgﬁhgbigxgon anhggﬂ%ﬁbEigﬁ%%%ﬁe?%e%%?%hggﬁfvgfy carrier
is in ajormodderidiapnantétiposome, thhelikel eic acid conplex in the nucleic
acid delivery conposition of the present invention fornms a conplex with
conmponents of the nucleic acid delivery carrier through an ionic or

hydr ophobi cFoand. Fatiiihet hoe) eirel detcdodedt Uerey cfompesite s cofAct HeDpl Esent

i nvention i rodyced by m xing the nucleic acid conplex with the nucleic
aci d deIivéiﬂﬁﬁﬁﬂiﬂéﬂ and fomulating the mxture into a desired form or by

m xi ng the conponent gheh tie ridtketCadld HoldrekeXcantidha snial ehe Bsind
delivery carrier_conposition in_an 25 arbitrary order and farmul ating the

m xt ur &4 nt O & deSOseret oFpf Nuclelc acidePiEXnde| Bl G IFIGePFigry

conposi ti ongdf i ¢y ROABEHILidY & kBB, prdgadatingeat i bhand\ Ueeipteachtl HOMI ex
to the nucleic acid de |ver% carrier depends on the type of the nucleic
aci d conpl extathencgpeuditehevithdrette abitteal fargoearrhase can8behe 30

type of they geldordaNt @xWojch 48 NUBliRH Ct AGIHE 118inde! by esedr &g radbesfatio
may be, for exanple, 1 to 100 parts by weight, preferably 10 to 100 parts

by wei ght, &l lisosoprenerapine 20 88 100l pan HyByorepight baskd.t HEnauding ¢
ac!d c @Ple%ﬁé%%iclggiﬁaaéfi$ﬁ%ﬁm%bggﬁe9fi§tk%1é°%%&m38@%%§ ﬂﬂéntgel@HGééﬁéﬁ
acid delivery carrier.

the nuclieic acid complex in the nucleic acid delivery composition

of the present invention forms a complex with components of the
nucleic acid delivery carrier through an ionic or hydrophobic
bond.

20 The nucleic acid delivery composition of the present
invention is produced by mixing the nucleic acid complex with the
nucleic acid delivery carrier and formulating the mixture into a
desired form, or by mixing the components of the nucleic acid
complex and the nucleic acid:delivery carrier composition in an

25 arbitrary order and formulating the mixture into a desired form.

In the nucleic acid delivery composition of the present
invention, the ratio of the nucleic acid complex to the nucleic
acid delivery carrier depends on the type of the nucleic acid
complex, the type of the nucleic acid delivery carrier, and the

30 type of the cell into which the nucleic acid is delivered, etc.
The ratio may be, for example, 1 to 100 parts by weight,
preferably 10 to 100 parts by weight, and more preferably 20 to
100 parts by weight, of the nucleic acid complex per 100 parts by
welght of the total amount of the nuclelc acid delivery carrier.

35 More specifically, when Carrier 1 is used as the nucleic acid



35 More specifically, when Carrier 1 is used as the nucleic acid WO
2009/ 061003PCTMP208/ 070642 -19- delivery carrier, the ratio may be, for

exanpl e, év(é?()e@&gwegrts by wei ght, preferably 10 to 100 P /5@0We7§f?igght’

and nore y" 20 to 100 parts by weight, of the nucleic aci onpl ex
per 100 parts by weight of the total amaynt- of Conponents (A) to 5(C
contained in Carrier 1. Further, when Carrier 1 is used as the

nucl ei ¢ aci delRldryeeyrenst) ethe traeibohay mnoudtr ekaG@ohporents10R)pamn C)
contained in Carrier 1 nmay he, for ex le, 10, to 90 .% preferably 30 to
80 wt.% andY ntiehbr ePE?g%JF%’%O ]ﬁotgoﬁw.%rtfobyﬂﬁi‘?% Bt R ot al ~ amount
of the nuclgi&raGidydebi veryo® Yapesi by Ofeight, of the Mheldiuckelid amimlex

delivery conposition of the present inventiqn ms% con%ai n vari gusﬁdq‘i{%i ves
such as i soP®niAhgaEEenPE, veb@itpPénte diltate ATSUNE NPE KERBICOSNEF alitl i For s,

buf fers,s 15 @y esphuahbMesn @ Grierand/ or aqueous vehicles such as purified
wat er, aqueous gl ucose sol utions, buffer solutions, physiological saline,

etc.; according to tHRertlsin ofeisEarmHer dndgntig§edf 28U AYG I G e’ Hhd
aqueous vehig} 4%..0AR,be; syl 1Al Yoreh CahathiacROCEkBEnER:4 heal Rbmiof use of

t he nucl ei c aci i'very conposition. 20The nucl eic_acid delivery
conposi t i oncoitaimedpieseatriaw dnragnoeantde axeaglpy 19 se? fPlayta®,
phar maceut | 6ol J,0f1§eae LOS@RE o+ na M HAILIAEY G als GoMRESL] i on.
When the n gi ¢ acrd delTvery Corfposition the present invention is used
as a pHal naceldticel tootpestetialn areuntichtittheaciudldéri seiy dedriviesy, base, 25
vehicle, etc. toha .are pharnmacol ogi cal ly acceptable are sel ected. The
phar maceut | CAPCoMEBET ti on of the present invention nay be formulated into
vari ous phar maceut i cahe frokdie: i Exatiyl ésl dfetyheofppmivfor ef rher paesent cal
conposition, of the present invention i nc(ill de _|iquid preparation uch as
sol utions (THEFUdPRg™EYr o3BG did tHe ¢ CE]E Ivesr gesT fh Jesiﬁq_’logﬁsz,'sm tc.; and
sol i d prepaigdritd)s exepiascd akliatentpj | tisicipowder s stgvinides, bapsetss
(i ncluding soft capsules), etc. en the phar Celitl cal cgagosml on.of the
pr esent!d nVSTRIGITACSVEST | Gff of SFaffERPUS (VERATI6E PrER _ &frwl??eezi ng
or by |yophjdizat hgledist fRudddee sbout eomy e piatRer. s3dutyepd) Ighgedological
preparations, dry syrups, etc. may be re-dissal ved at
saline, etc.; according to the form of use. The amounts of such
additives and aqueous vehicles can be suitably selected according
to the form of use of the nucleic acid delivery composition.

20 The nucleic acid delivery composition of the present
invention can be used by itself as a pharmaceutical for gene
therapy, i.e., as a pharmaceutical composition. When the nucleic
acid delivery composition of the present invention is used as a
pharmaceutical composition, a nucleic acid delivery carrier, base,

25 vehicle, etc. that are pharmacologically acceptable are selected.
The pharmaceutical composition of the present invention may be
formulated into various pharmaceutical forms. Examples of the
form of the pharmaceutical composition of the present invention
include liquid preparations such as solutions (including syrups

30 and the like), drops, injections, etc.; and solid preparations
such as tablets, pills, powders, granules, capsules (including
soft capsules), etc. When the pharmaceutical composition of the
present invention is a liquid preparation, it can be preserved by
freezing or by lyophilization or the like to remove water.

35 Lyophilized preparations, dry syrups, etc. may be re-dissolved at



WO 2009/ 061003PCTA3P2008A70642 -20- the tinme of use in distilled water for
injection, sterilized water, etc. Wen the pharmaceutical conposition of

the presenyolayaididodn is a solid preparation, it nay be @STQb%Q/bM@Q at the
time of use in distilled water for injection, sterilized water, 5 etc. In

t he present invention, the cell into whi€l0a nucleic acid is deliver ed,
i.e., the cell to which the pharmaceutical conposition of the present
i nvention i $happinedd! usendn disHilded aatenaloberaectionr etrgdilized cel |

isolated fr o) i t ahl i I in
vivo, etc. nglng’rrta@(yt(‘]cg @H{%lvef %bg%ﬁg&aﬁ%%ﬁo;%g@ggﬁ#nngg“gﬁén%fegﬁé

phar maceut i ¢alerbhposist irorodid tiheepareséat, i fivewy de maydbesalpeld ed eheher
invitro or v inveption | ej d can_be 15
delivered i n#ﬁeaé%é’fsle tlhrggaﬁ ﬁe é”’tagsro?é T elcljl:&% Sg Fiar r%az(':eéjut“’i‘-’lg

conposi thonebE.the present invention into cont act W|th the cell. The nethod

for bringing the pha utical conposition into contact with a cell.is not
linited, as |ong as ﬁﬁ?a‘%’feeseéﬁbgﬁt’e%l?qfe tﬁl?mc&ﬁ@ He5 by & jucleic
CONMposi ti onatsd20s biemig’l@'ﬁ:e&rlti) €eqntcaet cull htd hehiesl khienpita miticntt bel nucl eic

acid is to be introduce For exanpl e, the, net hod e the sane as
hitherto knGRAPREYHGER © % ﬁeptei%‘&p)}nv‘aﬂ)ﬂl‘?%el% nﬁs& i 3 N tl%‘l’éﬁ%unt

to be broughhdimdp mont agt tutde d@mtihod aath argnitcar ersMi dralinyasekact ed.
Thus, application of the ghar maceut i cal 25 conposition of the present

inventidh t élaCkEinGerEbRrREIEIRY Gertr ALREFLA & esht HBr yivs. £tucl 8NE BaY d,
and mai ntaips 4w vlel invered MuEeie 8ChonStably ANdaber il BAbb¥alduing,

cell. For exanple, to bring the pharmaceutical conposition of
t he present CPAR@FIGIOR Oft BN grrtesen twil RHERE b I14yh bei ﬁPB}l‘tChéﬂ&élIGIr 30 can be

cul tured ingthe, presen Evgf a suitabl e amount of the pharnaceuti cal
conposi tion. To bring the pharmaceutical conposition of the present
i nvention into contadn thewitgsenli thvaniidnureeducékicorci c@lnl besol at ed

‘;;?Tma ;g&%‘%@&@reté‘%%”&a&éllcac@mlaﬁgﬁ%ﬁéeéice%”toé Bt g R §3eNce of Dbl ood
pharmaceutical composition of the present invention inte contact
with the cell. The method for bringing the pharmaceutical
composition into contact with a cell is not limited, as long as a
suitable amount of the nucleic acid delivery composition is

20 brought into contact with the cell into which the nucleic acid is
to be introduced. For example, the method may be the same as a
hitherto known method in gene therapy, and the same applies to
the amount to be brought into contact: the method and amount are
suitably selected. Thus, application of the pharmaceutical

25 composition of the present invention to a cell enables easy
intracellular delivery of a nucleic acid, and maintains the
delivered nucleic acid stably and persistently in the cell.

For example, to bring the pharmaceutical composition of
the present invention into contact with a cell in vitro, the cell

30 can be cultured in the presence of a suitable amount of the
pharmaceutical composition. To bring the pharmaceutical
composition of the present invention into contact in vitro with a
cultured cell or a cell isolated from an organism, the contact
can be carried out in the presence of blood serum. When the

35 pharmaceutical composition of the present invention is brought



35 pharmaceutical conposition of the present invention is brought WO
2009/ 061003PCT/ JP2008/ 070642 -21- into contact with a cell in vivo, the

phar maceutj sition of the present invention nmay i,nt o
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contact w by, for exanple, direct injection 1n a tissue;

i ntravenous, subcutaneous, intranuscul arzii-nterperitoneal, or intraocular 5
injection, or injection into the digestive tract, a tooth, or the I|ike;

i nhal ati on aghe ndsitaati anth ca tdwd Indsabivavithe pbeahacaviiogl komgssitororn he

l'i ke; oral adm nistration; transdermal, adm nistratjon; transmucos

admi ni st r at PontRA PTERESr h?VM‘af‘laVaﬁ‘? o@%o%ﬁl,coo%%rftaarcr%nﬁ%gga@l? ect al

nmucosa, or H&erime mesosaample prdimet! ik§ection into alhesphar nbcetivietals,

conposition of the present Invention maX further cogpri se, .if negessary, a
h

phar macol ogPRFYEAEOuspt ABFEATHSRUARE o MRS T 1THRESGhi ¥F & HFd°EHST ar e not
limted@as | Q@S herelfieetsif ihhe Bhe EfesitAvent &BL Al thoth| Npai tried,
15 and are suitably sel ected according to the formof use. Exanples jnclude

, a
t hose nenti bhlesy 4 atigntafeindgssatior I 56 PP6As oFvithe ﬁﬁgﬁnﬁ%‘é’tﬁy'cal

conposi tiony,yehi ¢f e pangd; Pase,ane -ah$ei Htatid;t edadsadana as the effects
of the present i nvention are not inpaired, and are suitably selected

accor di ng tadnive stermion; useanOIaesapprgiy Ste tAREr bR cthtd AP LcBREREI1 i on
of the presx%‘%- dVEELED, 0, £l GELLYE, AU thietea! &8 @inednubdea

exanpl e, the al maceu conposition is applied i1n such an anount t hat
t he nuclCei coaciid dakpl.ex contai ned therein is applied in an anmount of 0.001

to 10 pM preferabl yTQéOé))}g:'%%T%CJeuQ%a??%On%)wrhignBB?f %@%ﬁés@n@iiﬁ@eﬁ%i]orpwl

per cell. The pha/ naceut comnmposi n resent ‘i nvention
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as long as the effects of the present invention are not impaired,

15 and are suitably selected according to the form of use. Examples
include those mentioned above. In this case, the proportions of
the pharmaceutical composition, vehicle, and base are also not
limited as long as the effects of the present invention are not
impaired, and are suitably selected according to the form of use.

20 In applying the pharmaceutical composition of the
present invention, an effective amount thereof is applied. For
example, the pharmaceutical composition is applied in such an
amount that the nucleic acid complex contained therein is applied
in an amount of 0.001 to 10 pM, preferably 0.001 to 1 pM, and

25 more preferably 0.01 to 0.1 pM, per cell.

The pharmaceutical composition of the present invention
is capable of delivering a specific nucleic acid into a cell.
That is, the pharmaceutical composition of the present invention
is effective in delivering into a cell a specific nucleic acid

30 that is present in the pharmaceutical composition and that forms
the nucleic acid complex, by bringing the pharmaceutical
composition into contact with the cell.

The present invention also provides a method for
delivering a nucleic acid into a cell. The method for delivering

35 a nucleic acid into a cell according to the present invention



30 that is present in the pharmaceutical conposition and that fotns the
nucl ei ¢ acid conpl ex, by bringing the pharnaceutical conposition into

contact Wiwh hRseRs! - The present inventiop-alisRe0ERYides a
method for delivering a nucleic acid into a cell. The netﬁoé:%or’@é1ivering

35 a nucleic acid into a cell according t2the present invention WO

2009/ 061003PCT/ JP2008/ 070642 -22- conprises the step of bringing the
nucl ei ¢ aci d¢oopnpbex e ptepedt ladingidel Frerydahposictdoromslser obed above
Into cont a?%;ugﬁi%ﬁcti‘c%c%'ehivér &S to%%'gﬁt sreé}itb'é% gﬂﬁ%&!ﬁq C'c%n@%ﬁ?' ex or
nucl ei ¢ aci elivery conposition and the celT 1's not TImted, as ong as
a suitabl e anbhnthefcealie Miled eiontact doeGearexther nnotd et @cd doxpl eéx erry
conposition_is,brought,into contact w.th the L1 1n whi ¢ .nucleic_acid
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nucl ei ¢ aci dndel ivRity aConposidtianid A0 igendb@sdedM t Fod @enplien the ahtvet
manner, the nucleic acid can be stably and ersistentI% mai ntai ned in the

15 cel | . Fof2¥oRe f&ar-twcChotheltdihe SeRE Rattel @%@ GLEBRPHXIN! BELLCRd by
itself or iAncoad nadrapyWM i aneehizgleappl has & Asndesabhbedt ARV 8roddst
nucl ei c_acid delivery conposition may al so be used by itself or in

conbi natd oni®fFe hoentAsHi ctae dramngse a8 gaSeRt R UBSIEr #6f Hot@bdtfi ci ent
intracel | ul agy gic acid 20 delivery, it is preferable to bring the
nucleic acid delivery conposition into contact with the cell. ‘ In
the present inventioBy Bslngind dhednabbers adid complenter whiddieia aotdeic

acid is del | L m be; a, cul t ured . c , I
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The abope- ”Egiif’”%g C8£‘r§t?efét R@Eh?’gh&aéé £d.9ut nh@%é’ié &1y LREYLY GhaF Ye
exanmpl €,” t o "br1hg Re“Ruct ei ¢ adi Conpl’€x Or nucrerc acid 8eP|very
conposi ti onused dcdrtsatt ortin acwdlinaicno80wititt reo,vehlieleedt e be cul t ured

in the presence of ui tabl e amount . of t.h cleic acid ¢ | ex_or_nucleic
aci d del | verSS CHISLPRPR: THbPIRECE R HURIBr e VEEY o ABRAEER OBr TRUCT T
acid deliveby ep@si titealf nbo igpricablination twichmat rehicle tay éthseebk or a

cell isolated frgm an, organism the contact can _be carrjed 35 out in, the
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20 delivery, it is preferable to bring the nucleic acid delivery
composition into contact with the cell.
In the present invention, as mentioned above, the cell
into which a nucleic acid is delivered is not limited, and may be
a cultured cell, a cell isolated from an organism {including
25 established cell lines), a cell in vivo, or the like, and may be
derived from a human or a non-human animal. The above-mentioned
contact may be carried out in vitro or in vivo.
For example, to bring the nucleic acid complex or
nucleic acid delivery composition into contact with a cell in
30 wvitro, the cell can be cultured in the presence of a suitable
amount of the nucleic acid complex or nucleic acid delivery
composition. To bring the nucleic acid complex or nucleic acid
delivery compesition intc contact in vitro with a cultured cell
or a cell isolated from an organism, the contact can be carried

35 out in the presence of blood serum. When the nucleic acid complex



WO 2009/ 061003PCTMP2008M70642 -23- or nucleic acid delivery conposition is
brought into contact with a cell in vivo, the nucleic acid conplex or

nucl ei ¢ a%g ﬂg ok d)sgy conposi tion nmay be brought into copéﬁglgmgl(%dzhe cel |

by, for exa ITect injection into a tissue; intravenous

subcut aneous, | nt ramuscul ar, interperitozerl, or intraocular injection, or

i njection into the di gestive tract, a tooth, or the like; inhalation
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adm ni stration;,transderm); adm | strati t rransnucosal _.ad RS Vi a
the oral muecSE! 28 VagP ﬁaJFh 3lco%ﬁjr<§rdorﬁ?clc? a’r ec a?lacm?goga&ég{r&%
uterine mucesmpodirtildrembivkise Hrvughe MRt oshriterctnutkki thaciad ldeli veey into a
cell according to the present |nvent|on n. ef fective anount of the nucleic

aci d conpl eSXFP e FECETY Y& i¥e Pt ‘80‘?Tp F%6n 1PET 35 B Sught i nto

contact su t Busceldedu@, i Dht eguigR-ullBe, nust &hferbiciohenl} oot higtaabbul&or
exanpl e, the anount of the nucleic¢c acid conplex or nucleic aC| dellv&é/

conposi ti ontREHeAdnPEi $RePEd-s l§EPeE}E%de§‘PStt’r’ré(F Brep o MM

preferably 9; Q01 M2l BMonaiteh i@ rRt 8681 @bl thed dkat ochv il spMorall Eheity,
nucleic acid corrpl ex is 20 adm nistered per cell. The net hod of

del i vering hunafd eirc thei dikat eralcepninteeratiing it STeRedpmadent i nventi on
may be perf @%&&a*&&bﬂgl @%ﬁé?ﬁceagi ”E&ﬁiﬁié?@at%ﬂp%étﬂr%‘ Jrat OmGensACt

with the ce en using the pharmaceutical conposition, the nethod of the
presentl®25 vayiewtl owcean, becwkay mugodat Fectadle MEEO6aMEPh et ard NgeBHEP BRI
above. I\%’{. Tt]_q_lgenventl on will now be described in detail based on 30
Exanpl es and't e I but the invention is not limted thereto. In the

fol | owi ng Exarrpl es afd Testmébhadples, n@Bi51 RNAG( deRhNero iffitpet| gell

0L o35, LI PR ke ok BOU s S0 R B ome,
used as si RNfelGlausican deprén c35hhzaklc Gaid ded.ivelkydcymmwest tusedias the
hi ghl'y ggangqgﬂﬂﬁyghk% contact with a cell to introduce the nucleic acid
into the cell. For example, the amount of the nucleic acid
complex or nucleic acid delivery composition to be administered
is selected so that 0.001 to 10 pM, preferably 0.001 to 1 pM, and
more preferably 0.01 to 0.1 pM, of the nucleic acid complex is
20 administered per cell.

The method of delivering a nucleic acid into a cell
according to the present invention may be performed by bringing
the pharmaceutical composition into contact with the cell. When
using the pharmaceutical composition, the method of the present

25 invention can be carried out in the same manner as described

above.

EXAMPLES
The invention will now be described in detail based on
30 Examples and the like, but the invention is not limited thereto.
In the following Examples and Test Examples, GL3-siRNA (siRNA to
firefly luciferase; Dharmacon Research, Inc., (Boulder, CO), USA;
sense: 5'-CUUACGCUGAGUACUUCGAJTAT, antisense: 5'-
UCGAAGUACUCAGCGUAAGATAT) was used as siRNA. Cluster dextrin
35 (Ezaki Glico Co., Ltd.) was used as the highly branched cyclic



WO 2009/ 061003PCT/ JP2008/ 070642 -24- dextrin. Exanple 1 Preparati on of
Conpl ex contai ning si RNA and Hi ghly-Branched 5 Cyclic Dextrin A solution

cont ai ni ngygi,RNAckddza 2 gM concentration (si RNA solutiokaM@ﬁﬂgﬁﬁgﬁged
using a Tris-EDTA (TE) buffer solution (produced by Fluka Co., Ltd.

Further, a solution containing highly-bramhed cyclic dextrin in a 25 gM 10
concentration (highly-branched cyclic dextrin solution) was prepared using

a Tris- EDTAJEXEYinuffer solution (produced by Fluka). Ni equal anount of

t hese solutions were mxed for one mnute to forma si RNA conplex. Table 1

shows properties of the si RNA conplex obtained. 15 Table 1 Particle

D anete 31. ExZepbe Potential (nV) Conplex -42.9

Preparation of Complex containing siRNA and Highly~Branched
5 Cyclic Dextrin
A solution containing siRNA in a 2 puM concentration

(siRNA solution) was prepared using a Tris-EDTA (TE) buffer
solution (produced by Fluka Co., Ltd. Further, a solution
containing highly-branched cyclic dextrin in a 25 pM

10 concentration (highly-branched cyclic dextrin solution) was
prepared using a Tris—-EDTA (TE) buffer solution (produced by
Fluka). An equal amount of these solutions were mixed for one
minute to form a siRNA complex. Table 1 shows properties of the

siRNA complex obtained.

15
Table 1
Particle Diameter {(nm) Zeta Potential {mV)
Conplex 31.1 ~-42.9
# The particle diameter shown is a mean particle
diameter {nm) measured using a ZETASIZER 3000HSA {(MALVERN
INSTRUMENT) {(the volume mean particle diameter was measured using
20 a laser diffraction method). Zeta potential was measured using a

ZETASIZER 3000HSA (MALVERN INSTRUMENT) .

Example 2
Preparation of siRNA Complex-containing Nucleic Acid Delivery
25 Composition
Distearoylphosphatidylcholine (DSPC}, cholesterol, and
stearylamine were welghed out in a molar ratio of 7: 3: 1, and
dissolved in chloroform using an eggplant-~type flask (recovery
flask). The solution was dried under reduced pressure using a
30 rotary evaporator to form a lipid thin membrane layer. The
solution containing 0.028 mg/ml of a siRNA complex obtained in
Example 1 was added to the resulting lipid thin membrane layer so
that the solution had a DSPC concentration of 30 mg/mL, and then



# The particle dianmeter shown is a nean particle dianmeter (nm neasured
using a ZETASI ZER 3000HSA ( MALVERN | NSTRUVENT) (the vol unme nean Particle

di anet er d using 20 a laser diffraction methog). tenti al
was masu&@gzﬁﬁg@ﬁféﬁg ZETASI ZER 3000HSA ( MALVERN | NSTRU ”@tgﬂrﬂrigﬁté 2
Preparati on of si RNA Conpl ex-contai ni ng -Gl eic Acid Delivery 25

Conposi tion Di stearoyl phosphati dyl choline (DSPC), chol esterol, and
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chl orof ormusing an,e | ant -type flask (recovery.fl . tipn was
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obtained in Exanpciegﬁl was . added t,0 the,resulti %% | i pi.d thin nrtl)rane | ayer
so that theSSVuAIAVREY & Do TEOREENHHRITBHR dP %0 nt o 8nd then WO
2]909{] 06159?38@15@53%&%&3 ;%96&&2{@%92@(31%;&@?. hér:m%r Q%frﬂ‘.&bletdhﬁmmﬁf' eri olfeadbatet er
of the solution was adjusted by passing_through nmepbranes having pore

di anet ers of @0 ANENHAS 0D rin WdEPFGENL @5 rJdHé“P,lcggE}ﬁ? e‘ffd?r{éc&egoﬁ%%s?ti on
for si RNA dghia&hy datdctat s 0/ .C ThPQsifsienbh HAe 4 esthl pogeht LONMESI ti on
for si RNA delivery had a particle_dianeter of about 200 nm and was in a

| i posome f o#beuth Skhhivh tHie partielesdetarushesr M Hat ticghePeFrECleme
composi ti onghad @ zeta, Pateatial ¥hngbQuirBls TR SneoRsk t ieliyrdiamet er
shown is a nean particle dianmeter (nm neasured using a ZETASI ZER 3000HSA

( MALVERN 10INSTSRURBMENT ) the heolpieumeanenar pertd diangtaneias Measuredsus bl

using a lasgr,diffr [ ~adet t LAl 1 ¥AS, JEASULE A4Sk
erad Ser oM Fﬁ?&%@%ﬁﬁ{%@%ﬁﬁﬂﬁ‘r) %E(x‘)"a%%}tg L i A e S oA
Conpl ex- contBIAR IYFRNGONEHEA ACIAI VEEN ¥SYR@HHNIOsI ti on A nucleic
acid delivery conposition in a cationic |iposone formwas prepared in the

sane manner as in Exanple 2, except that the ratio of DSPC, cholesterol,
and stearylmwangelends 20 7: 3: 2. As in Exanple 2, the resulting conposition

| posony 1 oF AT AGEENOf S CHh (1P CE R G LH RO RCRart I AT ChpaterRe”

conposi ti onchgsbAtaeha potential of about 50 nV. 25 Test Exanple 1

Eval uati on of Inclusion Effici encg C&)f Si RNA . . o
A nucleic aci elivery composition in a cationic

liposome form was prepared in the same manner as in Example 2,
except that the ratio of DSPC, cholesterol, and stearylamine was
20 7: 3: 2. As in Example 2, the resulting composition for siRNA
delivery had a particle diameter of about 200 nm, and was in a-
liposome form in which the particles had a uniform particle size.

The composition had a zeta potential of about 50 mV.

25 Test Example 1

Evaluation of Inclusion Efficiency of siRNA
A FITC-labeled siRNA complex was prepared in the same
manner as in Example 1 above, using FITC pre-labeled siRNA.
Using the FITC-labeled siRNA complex, a nucleic acid delivery
30 composition in a cationic liposome form was prepared under the
same conditions as in Examples 2 and 3. The siRNA delivery
composition immediately after preparation was precipitated by
centrifugation (at 75,000 rpm for 1 hour), and the fluorescence
intensity of FITC-labeled siRNA present in its supernatant was

35 measured to calculate the siRNA inclusion efficiency (a rate (%)



A FITC | abel ed si RNA conpl ex was prepared in the same manner as in Exanple
1 above, using FITC pre-label ed si RNA. Using the FITC | abel ed si RNA

conpl ex, awouehRicgoaci d delivery 30 conposition in a catipgijgdobpRese®e form
was prepared under the sane conditions as in Exanples 2 and 3. The si RNA

delivery conposition imedi ately after pr&paration was precipitated by
centrifugation (at 75,000 rpmfor 1 hour), and the fluorescence intensity

of FITCI abéﬂfealBWM\WV@rlé’é’@ﬁt ipnthe dipgperpatarithadsotad sEEBired to

calculate the siRNA ifp Si@@xﬁif%ﬁbeﬂﬁdldéidha%§fﬁé§enc of siRNA
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the total siiRNAyated high levelasofy $7egf| vhen nerﬁmﬁﬂe@ismdelefﬁhemsamey of

Si RNA i ndi ¢ v NgPrapg|
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produced, by Pronmega Cor.poratjon used for the MIS assay. Specifically,
Rooa coft ) FRTOLCL (GERP 1R W PRgekMBred at 3. 16 x 104

Test Example 2

Evaluation Test of Cellular Safety
An evaluation was conducted using an MTS assay. A
15 CellTiter 96 Agueous One Solution Cell Proliferation Assay
produced by Promega Corporation was used for the MTS assay.
Specifically, A594 cells (ATCC, USA) were inoculated at 3.16 x 10°
cells/well into 200 pl of Dulbecco's Modification of Eagle's
Medium (DMEM) containing 10 vol$% of fetal bovine serum (FBS) in a
20  96-well plate, and incubated at 37°C for 24 hours. After rinsing
with Hank's Balanced Salt Solution (HBSS) three times, the medium
was changed to DMEM without FBS. Each of the nucleic acid
delivery compositions was added in an amount of 20 pl per well
and incubated at 37°C under 5% CO, for 4 hours. Next, the culture
25 supernatant in the wells was changed to DMEM with 10 vol% of FBS
and incubated at 37°C‘under 5% CO; for 20 hours again. Twenty pl
of an MTS (tetrazolium salt) reagent and 100 pl of a DMEM medium
with 10 vol% of FBS were added to each well, and incubated for
two hours. The absorbance at 492 nm was then determined, and cell
30  wviability was calculated. The cell viability was calculated by
setting the absorbance at 492 nm determined without adding the
nucleic acid delivery composition, which was incubated under the
above conditions, as 100%.
Fig. 2 shows the results. As shown in Fig. 2, it

35 became apparent that all nucleic acid delivery compositions of



cells/well into 200 gl of Dul becco's Modification of Eagle's Medium (DVEM
containing 10 vol % of fetal bovine serum (FBS) in a 20 96-well plate, and

i ncubat edvﬁ%mé%&ﬂfo@; 24 hours. After rinsing wth Hank' spBalpisadeeal t
Solution (HBSS) three times, the mediumwas changed to DVEM wi t hout FBS.

Each of the nucleic acid delivery conposiiti-ons was added in an anount of 20
gl per well and incubated at 37C under 5% CO2 for 4 hours. Next, the
culture 25 Bxarenkest Zneniln3 thrvendioWs Cybet eHangedand DVENH WY #85%0l % of FBS

and i ncubat { nd % - -9, A0 Ak e 4 ; n MIS
(tetrazoli u?ngrsa ct"ﬁig?égge% vgan%g%‘gagﬁle%?tﬁﬁuﬁéﬁ Hrrgg?%lmgﬁtﬁyfg%g%%o of PBS
were added tonmachineb| of aixhnipiesbat aod f brshowechaus sanifhiecaats bigankeredt 492
nm was thenofleéa eq_j ned, and cell 30 viability was cal cul ated. The cell
viability was ca cdl at ed by setting the absorbance at 492 nm det er m ned

wi t hout Saddi ng the nucleic acid delivery conposition, which was incubated

under the ove ond&ti ns, as 100% Fig. 2 shows the results. As shown in
Fig. 2, it gﬁb@éﬁ%@arent that all nucleic acid delivery conpositions
of WO 2009%ehA3BaTIVER008f GARIR2 De2¥veix dfiflieseBcanthtd Havd sl ow
cytotoxicity and are highly saf Parti cul ar it s confirne hat _t he
nucl ei ¢ acid deli verqu??o §FF?§}1‘§1%‘? l@%ﬁﬁl}lgé!“y‘a %1538%9(&% asébl‘b{é}‘nfdfalscant
hi gh | evel &fasaftellybySndesirixampkerBucfyaidni antdesttwiofsiFRNA-Debé Mt y
Efficiency into Cells e intracellul ar introdquction c@‘ﬂ‘,i ci ency

Th
of si RNR waB3lRNAIUFAPEdThv BHCHIStsY - t HE Hddr B&Eence TURLERS B§EQrdelivery

FI TG | abel egdorhSitRNA Psipardd QWiey Fot@tgde-llabel BUSsiRHM  wad Migeliei ¢ acid
delivery conposition prepared with FITC pre-|abel ed si RNA was used.

Speci fi cal | §oestsadal sATNrael lesARTGer &9 oderst epoaiiaked f655c51 137 wel |
into 500 gl ofy DVEYHW L1 1hy Qh%.8f ofille 1P 1943Wek ! of FBS in a 24-well

plate, and incubated at 37°C under 5% CO; for 24 hours. After

15 rinsing three times with HBSS, 0.95 ml of DMEM containing no FBS
was added. 0.05 ml of each of the nucleic acid delivery
compositions of Examples 1 and 2 were further added to each well,
and incubated at 37°C under 5% CO; for 4 hours. Next, the culture
~supernatant in the wells was changed to DMEM with 10 vol% of FBS

20 and incubated at 37°C under 5% CO, for 20 hours again. Each well
was rinsed with HBSS once, and 0.2 ml of CellScrubBuffer
(produced by Gene Therapy Systems, Inc.) was added. Incubation
was conducted at 37°C under 5% CQO; for 15 minutes. Again, the
wells were rinsed with HBSS twice, and cells attached to the well

25 bottom were detached using trypsin and collected by
centrifugation. The resulting cells were suspended in HBSS. The
suspension was filtered through a membrane having a pore diameter
of 41 pm. The fluorescence intensity of the cells was measured
using flow cytometry at 2 hours, 12 hours and 24 hours after the

30 addition of the nucleic acid delivery compositions. As a control,
the fluorescence intensity of the cells was measured in the same
manner as described above, using a control nucleic acid delivery
composition obtained by mixing a solution of Lipofectamine 2000™
(produced by Invitrogen Corporation}, often used as a

35 commercially-available gene vector, diluted with OptiMEM media to



pl ate, and incubated at 37C under 5% CO2 for 24 hours. After 15 rinsing
three tines with HBSS, 0.95 m of DMEM containing no FBS was added. 0.05 ma
of each ofwiohosmsgdgi ¢ acid delivery conpositions of Exampheschsaidi2 were
further added to each well, and incubated at 37C under 5% COQ2 for 4 hours.
Next, the culture supernatant in the welts8was changed to OMEN with 10 vol %
of FBS 20 and_incybated at 37C under 5% CO2 for 20 hours again. Each well
was rinsed W-th™ ok 2 SAEND. OWtiop &8l ViskehrHiRPeWap pbbifEsd "BYhGene
Therapy Syst@ng,rfof-Jt %%Oﬂggﬁgr?‘%i%y%@ boiﬁ‘ﬁ\’\ﬁ? ac%qﬂﬁ%ega@:{o 3FCynder 5%
t nsed with S

CO2 for 15 mnutes. Again, the wells were r tw ce, and cells

attached to the well 28GpodtdmAvietdedseacHet ust idpe rogdiigmaddfean Ithet ed by
centrifugati@a,ifhe. A4S WithAd,c8! bSr Wakensy Hﬁéﬁ-‘?&' HBRS 1, The suspensi on
was filtered tﬁr ough a mslrrbr avﬁre h%vi ng anpoge |amsltn%fj'o %ﬁ g‘% The

f | uor escencE&onferpBItiprofkepiecerftantnas thascebls Ugi gyl bbwtly taewetsr foat 2
hours, 12 h S 24 r t : Lt f nycl ej ¢, acid
delivery co%%s?‘tg?g%gs? %ﬁaagg%%g%}f ,&ﬁﬁég%ﬁg%éées%r%gm%ggangi n?/i (‘)sz' t he

cell s was neastradiliyn tihe sanerobmmerleas desdrddiedreatyocemnposingns cbowed|
nucl ei ¢ aci eliver Lti t.al.n 1 Xi .a solution of

L pof ect am 485200071 C Padieb iy ke rog i By soafedh) SHhfefons it a
35 commer ci allky-avwiedalse danenvestadrinldil st oA witth Stk VEM sEdiiagt On

WD2009/ D610Q3P 2008/ 070642 -28- -, 1. m_, d a,si solutiaon_in
SRR el A A s i UL LI L RIS B S R AL I
vol ume rati hoofs laflter addition. FIG 3 shows the results. It was confirned

fromthe results that si RNA was persistently maintained, with its 5
concentration kept constant in the cells in any of the cases for the

nucl ei ¢ aci drgef | EIORICATPESOE | BNS pehwkxaegpl es 1 and 2. Contrarily, the
control nucleic acid delivery conpositions showed not only low initial

si RNA intracel | ul ar dEFvel yFhemei eretedplsucialss bigeky dsechpd cyclic

intraceld ul age;aiRNA With tinme, resulting in 10 insufficient amounts of
SiRNA in the cells at 12 hours, and 24 hours after addition. BRI EF
DESCRI PTI ON OF THE DRARW NGS $iqys thehewarlds exafpbe BfamHe Bi ght§- bridiched

cyclic 15dext&hfts of the evaluation of the nucleic acid delivery
compositions for cellular safety.
Fig. 3 shows the results of the evaluation of siRNA
20 introduction into cells mediated by each nucleic acid delivery
composition in Test Example 3. The ordinate in Fig. 3 indicates

the average fluorescence intensity per one cell.



Fig. 2 shows the results of Test Exanple 2, i.e., the results of the

eval uation of the nucleic acid delivery conpositions for cellular safety.
Fig. 3 shows the results of the eval ua¥on of si RNA 20 introduction into
cells nmediated by each nucleic acid delivery conposition in Test Exanple 3.
The ordinate in Fig. 3 indicates the average fluorescence intensity per one
cell. -29- CLAIMS 1. A nucleic acidsggmptex conprising a nucleic acid and
a highly branched cyclic dextrin, wherein the highly branched cyclic
dextrin is a glugapiydhaa;deqiegiek RQmpIRELZat ion,of1 50 1 9-5P0Qhavi ng an
i nner brafifiad e¥ehdieSIyUEE M o0 it ORnE pE IR A Her 8MyRLy 45 9 11GRSH decbonds
and at | easl:qneia- 1, Sr@iucosidesbangreandt 33194 1z DrRRched sst LUCLHEE®
portion baunegt ant hNenkANBFakRRChRE16¥Cli eustMCtAl 1RAr ttb@Rea 2ror N@-

nucl ei ¢ acjd ¢aoept X asRidbAg bo ctadimche Wher elgl dhes iR whaof ahlieahi ghly
branched @@l Coeendnelin $srukt@e4088-faamnt Soddhdetghtrmeer ipast Byawehght of
t he nucl eiy-1a¢i grrudsurkhgobticdel ¢ acid conpl ex according to claim1l or 2,
wherein the nucleic acid is siRNA. 4. The nucleic acid conpl ex according

to any one of clains 1 to 3, which is an aggregate obtained by m xing a
nucl ei ¢ aci d wieh rchiegbl ¥cbs anehere:cyaddoradayt ton claian laqudeusisotu i on.
5. A nuclsicainactd e indghyyCorfosidd efcCoapid:&img ibelnuel 80w acirds ciowpl ex
accor di ngvtighanye onexaf bel aégnhtl dfo theandelrziruakedc acid delivery carrier.
6. The nucleic acid delivery conposition according to clainms 5, wherein the
nucleic acid delivery carrier is a conposition conprising (A a

di acyl phasphatitdy nchokineacidB)catp lleeastcongi mepnierciseledt ed fr,omherein
chol est ertdle andleat isandcibi pirdawi th a chol esterol skeleton, and (C) an

al i phatic primry am ne.

4, The nucleic acid complex according to any one of claims 1 to
3, which is an aggregate obtained by mixing a nucleic acid with =z
highly branched cyclic dextrin in an aqueous solution.

5. A nucleic acid delivery composition comprising the nucleic
acid complex according to any one of claims 1 to 4 and a nucleic
acid delivery carrier.

6. The nucleic acid delivery composition according to claims 5,
wherein the nucleic acid delivery «carrier 1is a composition
comprising (A) a diacylphosphatidylcholine, (B) at least one
member selected from cholesterol and cationic lipids with a
cholesterol skeletcon, and (L) an aliphatic primary amine.

7. The nucleic acid delivery composition according to claim 6,
wherein Component (A} in the nucleic acid delivery carrier is a
diacylphosphatidylcholine in which the acyl moiety has 4 to 23
carbon atoms.

8. The nucleic acid delivery composition according to clain &,
wherein Component {(B) in the nucleic acid delivery carrier is
cholesterol.

9. The nucleic acid delivery composition acceording to claim 6,
wherein Component (C) in the nucleic acid delivery carrier is an
alkylamine having 10 to 20 carbon atoms.



7. The nucleic acid delivery conposition according to claim®6, wherein
Conmponent (A) in the nucleic acid delivery carrier is a

di acyl phosphati dyl choline in which the38cyl noiety has 4 to 23 carbon
atons. 8. The nucleic acid delivery conposition according to claim®6,
wherein Conponent (B) in the nucleic acid delivery carrier is cholesterol.
9. The nucleic acid delivery conposition according to claim®6, wherein
Conponent14C) +ie g 1RUE! elgqaghdi el VRIGGRELLSN 2L So Al Rl kY @G Baving
10 to 20 GRdan atRMeno) ar3Qatidl.orThEPUGERES &) d(8lel iyersy; compasist hon
according to claim6, wherein the nolar ratio of Conponents (A):(B):(C is
5-9:1-5:1. 11. The nucleic acid delivery conposition according to claim®é6
wherein the nuelei guadi¢ delildVeiey 1685y T BhmhSs B ilonPRRRIR RhE§PaRALL 8N B
which a liposamre meebr ane1kscforped froM onatiS ek its0 (C) - 1ipbdomdhe
nucl ei ¢ asidbadeklY€r yn GARGSat i OPc AGLOMENBYahO ANYELRR A0k rhatdMpeh@s1l
for deliver)ing achucleic acid into a cell. 13. A pharnmaceuti cal
conposition conprising the nucleic acid delivery conposition according to
any one of clains 5 to 11. 14. Use of the nucleic acid delivery

conposi timn acnoy ding <ie &y cone 16t e abdBp&s 113 ohl dc@cpledYCeodany one
phar maceutf calafer slekbvari nghra @l ®irGngCiyd hidXeidx C&tdd into a cell.

13. A pharmaceutical composition comprising the nucleic acid
delivery composition according to any one of claims 5 to 11,

14, Use of the nucleic acid delivery composition according to
any one of claims 5 to 11 to produce & pharmaceutical for
delivering a nucleic acid into a cell.



