-1- DESCRI PTI ON PROVPT NUCLEI C ACI D DELI VERY CARRI ER COVPOSI TI ON TECHNI CAL
FIELD 5The present invention relates to a carrier conposition for nucleic
acid delivery which can efficiently deliver a nucleic acid into cells when
a nucleic acid is adnministrated to ani mal-derived cells or or gani snms, and

whi ch al so has |low toxicity and high QE%E%%' to a conposition for
nucl eic acid delivery. 10 BACKGROUND ?? s types of nucleic acids

whi ch exert physi ol 091'%@?]%1" éw%ifa&&emf: e Qe fﬁﬁ%ﬂ%ﬁél&:{oﬁg@?i’ﬁ&een

di scovered through rec evel opnment's 1n biotechn or “exanple, it is
known that small 15 interfering RNA (si RNA) induces degradation of nRNA of
a target gene existing within cells and inhibits expression of the target
gene (RNA interference). The inhibitory function against target gene

expr essi on dUETHY Phel interference is useful for nitigation or

treatment of disease s tons caused by irregul ar expression of
% The gggéent 1nventlon)§elate% to a cgirler composition for

nucleic acid delivery which can efficiently deliver a nucleic acid
into cells when anucleic acid is administrated to animal-derived cells
or organisms, and which also has low toxicity and high safety; and
to a composition for nucleic acid delivery.

10
BACKGROUND ART

Various types of nucleic acids which exert physiologically
active functions within cells have been discovered through recent
developments in biotechnology. For example, it is known that small

15 interfering RNA (siRNA) induces degradation of mRNA of a target gene
existing within cells and inhibits expression of the target gene (RNA
interference). The inhibitory function against target gene
expression due to the RNA interference is useful for mitigation or
treatment of disease symptoms caused by irregular expression of

20  particular genes or gene groups, and development of therapeutic agents
using siRNA 1is expected. To utilize nucleic acids including siRNA as

_therapeutic agents, it is important that siRNA functions in the target
cell, and therefore, it is essential to establish efficient techniques

to deliver the nucleic acids into target cells.



20 particul ar genes or gene groups, and devel opnent of therapeutic agents
using siRNA is expected. To utilize nucleic acids including siRRNA as

t herapeutic agents, it is inmportant that si RNA functions in the target

cell, and therefore, it is essential to establish efficient techni ques to
deliver the nucleic acids into target cells. -2- Use of a carrier
(vector) is known &seaoferhmirquert ovedeloiryel s exogenessa meslheiiquacia deliver
nol ecul es or genes into cells. Vectors include virus vectors and nonvirus
VeCtors. Virdgodbeh suliavie L dngfl&ldsa0stere8HhEGiRNAGY, RRAMRURE s nbREsE
are various unknown safetyaspects 5 including pathogenicity, 1Inmrnogenicity
and cytotoxic Th%refore, devel opnent of safer nonvirus vectars i s

ity.
awai t ed. Vlr&%¥¥e REAVATS S HIHEP VST A Sel VHEYS EatPrer PeFathishoAshes

delivery of a nucleic acid, such as siRNA, into cells, for exanple, a
cationic |i ptxbfter af Spaentye Istvevet uteehas rbeenr ivepontkedwinrsPat gptsp Ot s
Docunent 1. However, the cationic lipid reported in Patent Docunent 1 has a

di sadvantsage; ddalqiing ﬁé’\%’&ge&q@é&%@é} Xn&ﬁﬂﬁ&'%é}gi@i”ciysér?& @9t69o>&‘815c't:{{. efhtelebSe O

i ving organisns. Al'so, Patent cunent di scl'oses a conposi tion

cont ai ni ng an_anphi phili¢ compound and a pol ycation as a carrier
conpositign %&ﬁ Hmﬁgtc8§p%ﬁ 4 ?QPVlFBﬁ/Y%%HQﬁStﬁsaﬁﬂa%§ﬁ$L15 del i ver si RNA
into cells. However, the conposition reported in Patent Docunent 2 al so has
a safety probl em Fimee nohyicys otwXiedict gche cdaeisrexgncaeglegi e whemoees
sufficient anount of siRNAis introduced into cells. In light of the prior

art, devel opyEnlye@t, 8rCAMTIEE:EOMPRSI Liep 20 sf,li%zxr)%h@é Ccleq,fiis(? %!ie\&%%%eh .

which has Iow toxiCity and can efficiently deliver a nucleic acid, su

SiRNA, into cel|ls has bhe esired. . .
a cajclonlc fip‘EQ wc:iLt a specific structure has been reported in Patent

10  Document 1. However, the cationic lipid #eported in Patent Document
1 has a disadvantage that it shows toxicity when administered to
cultured cells or living organisms. Also, Patent Document 2 discloses
a composition containing an amphiphilic compound and a polycatibn as
a carrier composition which has comparatively low toxicity and can

15 deliver siRNA into cells. However, the composition reported in Patent
Document 2 also has a safety problem since its cytotoxicity becomes
non-negligible when a sufficient amount of siRNA is introduced into
cells.

In light of the prior art, development of a carrier composition

20 for nucleic acid delivery which has low toxicity and can efficiently

deliver a nucleic acid, such as siRNA, into cells has been desired.

[Patent Document 1] Japanese‘Unexamined Patent Publication No.
2002-529439

[Patent Document 2] Japanese Unexamined Patent Publication No.



[ Patent Docunent 1] Japanese Unexam ned Patent Publication No. 2002-529439
[ Pat ent Docunent 2] Japanese Unexam ned Patent Publication No. -3-

2005- 508394 DI SCLOSURE OF THE | NVENTI ON Techni cal Probl em 5Thus, an obj ect
of the present invention is to solve the above problens of the prior art.

Specifically j.egt of the present invention is to provide a carrier
conposition %ﬁgﬁﬁﬂ§3§§c acid delivery, which can efficiently deliver

nucleic acid into cells when a nucleic acid such as si RNA is adninistered
to animal -derived cells or animals, 10 and al so has |l ow toxicity and high

safety; and ﬁnﬁﬁﬁg EFbP”ﬂh?EN&#ﬁE?&S acid delivery containing the carrier
SO,

conposi tion and nucl ei ¢ aci d. an anot her object of the present

i nvention is tBepnuiiade Paobthod for introducing a nucleic acid into cells,
whi ch can efficiently deliver the nucleic acid into cells with high safty.
15 MeansSfor Sol vi figus henPelopd@nof the present invention is to solve the above

problems of the prior art. Specifically, an object of the present
invention is to provide a carrier composition for nucleic acid delivery,
which can efficiently deliver nucleic acid into cells when a nucleic
acid such as siRNA is administered to animal-derived cells or animals,

10 andalsohas low toxicity and high safety; and a composition for nucleic
acid delivery containing the carrier composition and nucleic acid.
Also, an another object of the present invention is to provide a method
for introducing a nucleic acid into cells, which can efficiently
deliver the nucleic acid into cells with high safty.

15
Means for Solving the Problem

The present inventors have intensively studied so as to achieve
the above object and found that a cpmposition containing (A) a
diacylphosphatidylcholine, (B) cholesterol and/or a derivative
20 thereof and (C) an aliphatic primary amine has low toxicity and high
safety, can efficiently deliver a nucleic acid into cells, and is
therefore useful as a carrier for nucleic acid delivery. They have
also found that it is possible to impart more excellent safety and

nucleic acid-introducing properties by using a composition containing



The present inventors have intensively studied so as to achi eve the above
obj ect and found that a conposition containing (A a

di acyl phosphati dyl choli ne, (B) chol esterol and/or a derivative 20 thereof
and (C) an aliphatic primary amine has |ow!toxicity and high safety, can
efficiently deliver a nucleic acid into cells, and is therefore useful as a
carrier for tuelenmpoaechdsd&) ver yC) EBiprhavenaigdnfouad tdwmiomall f&ermposshdl e
to inpart nore excellent safety and nucleic acid-introducing properties by

uSing a COMPORILIAN ;GOBRAI B Hhs pden! Sy BIRANED! R, ity EA-Lid: Alel EALAL NG
into a |iposomal form The present invention has been conpleted by making
further inprovenent based on these findings. Nanel y, the
present inverits ﬂﬁrGgFB%Sf%QQ%qgﬁrlomjng 5 enbodi nents. Item 1. A carrier
conposition for nucleic acid delivery, conprising (A a

di acyl phosphati dyl thoéine, tHeBprateheakivend onepbevideal etieedof Iomtdhe group
consi sting of cholesterol and derivatives thereof, and (C) an aliphatic
primry am nguollkiefs2. The carrier conposition for nucleic acid delivery
according to Item 1, wherein the conponent (A) is a

di acyl phosphati dyl chol i ne whose_acyl group noiety has 4 to 23 carbon atons.
Item 1. A carrier composition for nucleic acid delivery,

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

10 Item 2. The carrier composition for nucleic acid
delivery according to Item 1, wherein the component (A) is a
diacylphosphatidylcholine whose acyl group moiety has 4 to 23 carbon
atoms. )

Item 3. The carrier composition for nucleic acid

15 delivery according to Item 1 or 2, wherein the component (B) is
cholesterol.

Item 4. The carrier composition for nucleic acid
delivery according to Item 1, wherein the component (C) is an alkylamine
having 10 to 20 carbon atoms.

20 Item 5. The carrier composition for nucleic acid

delivery according to Item 1,



Item 3. The carrier conposition for nucleic acid 15 delivery according to
I[tem 1l or 2, wherein the conponent (B) is cholesterol. Item4.The carrier
conposition for nucleic acid delivery according to Item 1, wherein the
component (C) is an al kyl anmine having 10 t9 20 carbon atons. 20ltem 5. The
carrier conposition for nucleic acid delivery according to Item1, -5--
wher ei n t he wonpamenhe (A)npcheatt (Basits anelsmibhencsSetiedt g lbeoimd Heogr ok
consi sting of d nyristoyl phosphati dyl chol i ne,

conponent (B 10 ehbt ast erol S sk e T Pt car vl i me- 1 tem
6. The carrier, caonposition for nucleic acid , , ,
dipalmitoylphosphatidylcholine, and distearoylphosphatidylcholine;
the component (B) is cholesterol; and
5 the component (C) is stearylamine.
Item 6. The carrier composition for nucleic acid
delivery according to Item 1, wherein the molar ratio of component
(A) :component (B) :component (C) is 5-9:1-5:1.
Item 7. The carrier composition for nucleic acid
10 delivery according to Item 1, which is a carrier for delivery of siRNA.
Item 8. The carrier composition for nucleic acid
delivery according to Item 1, which is a liposome preparation in which
a liposomal membrane is formed of the components (A) to (C).
Item 9. . A composition for nucleic acid delivery,
.15 comprising a nucleic acid, and the carrier composition for nucleic
acid delivery of Item 1.
Item 10. The composition for nucleic acid delivery
according to Item 9, wherein the nucleic acid is siRNA.
ITtem 11. The composition for nucleic acid delivery
20 according to Item 9, which is a liposome preparation.

Item 12. A method for introducing a nucleic acid, which

comprises the step of introducing the nucleic acid into cells by



delivery according to Item 1, wherein the nolar ratio of conponent

(A) : component (B):conmponent (C) is 5-9:1-5:1. Item7.The carrier
conposition for nucleic acid 10 delivery according to Item1, which is a
carrier for delivery of siRNA | t€m 8. The carrier conposition for
nucleic acid delivery according to Item1, which is a |liposone preparation
in which a lihpesongl thendures iits ofi of s chiuefl et Bea€iaResy( A 1t ©) intbem
9. A conposition for nucleic acid delivery, 15 conprising a nucleic acid,

and the carrier |t L.nucleic acid delivery of Item1. Item
10. The conpégﬁgﬁ%gngg?ﬁh%%?é%%lgéid delivery according to Item9, wherein

the nucleic acid is siRNA. Item 11. The conposition for nucleic acid
del i very Ttem 13. Amethod for introducing a nucleic acid according

to Item 12, wherein the cells are cultured cells, cells separated from
5 living organisms, or cells existing in living organisms.

Item 14. Use of a composition comprising (A) a
diacylphosphatidylcholine, (B) at least one member selected from the
group consisting of cholesterol and derivatives thereof, and (C) an
aliphatic primary amine, in the manufacture of a carrier for nucleic

10 acid delivery.
Item 15. Use according to Item 14, wherein the carrier is

used for delivery of siRNA.

EFFECTS OF THE INVENTION

15 The carrier composition for nucleic acid delivery and the
composition for nucleic acid delivery of the invention have an
advantage that they can effectively deliver a nucleic acid into cells
thereby exerting a useful function of the nucleic acid in cells, and
also has low toxicity and high safety. Therefore, the carrier

20 composition for nucleic acid delivery and the composition for nucleic
acid delivery are useful for treatment of various diseases by
introduction of a nucleic acid, particularly treatment of intractable

diseases which are difficult to be treated by a low molecular compound.



20 according to Item9, which is a |iposone preparation. Item 12. A net hod
for introducing a nucleic acid, which conprises the step of introducing the
nucleic acid into cells by -6- bringing the conposition for nucleic acid
delivery of Item9 into contact with the cétls. Item 13. Anet hod for
introducing a nucleic acid according to Item 12, wherein the cells are
cultured cells, celths separat edmbbom fod ifdmMeuel gadi &R dell i 66ty sareXicski ng

in living organlsns Item 14. Use of a conposition conprising (A a
dlacylphosp | [ t St e lemper sel ect e fron1the group
consi sting o ﬁgg?érg r£% 1’§F|3§ |¢¥%‘ ‘théred the 7%3léﬁna |phat|c

primary amne, in the manufacture of a carrier for nuclelc
partlcularly preferred to introduce siRNA into cells since induction

of interferon expression, which is an adverse reaction of siRNA, can

5 Dbe effectively suppressed.
Furthermore, the composition for nucleic acid delivery of the
invention also has an advantage that the composition can be stored

in a freeze-dried state since it can be subjected to a freeze-drying

treatment.
10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the results of Test Example 1, i.e., the results
of the evaluation of a composition for nucleic acid delivery on safety
for cells.
15 Fig. 2 shows the results of the evaluation of siRNA introduction

into cells mediated by each composition for nucleic acid delivery in
Test Example 2. The ordinate in Fig. 2 indicates the average
fluorescence intensity per one cell.
Fig. 3 shows the results of the evaluation of siRNA introduction
20 into cells when the concentration of the constituent lipids (DSPC,
cholesterol and stearylamine) of the carrier for nucleic acid delivery
is changed in a composition for nucleic acid delivery in Test Example

2.



10 acid delivery. Item 15. Use according to Item 14, wherein the carrier is
used for delivery of si RNA. EFFECTS OF THE | NVENTI ON 15The carri er
conposition for nucleic acid delivery and the conposition for nucleic acid
delivery of the invention have an advantage that they can effectively
deliver a nucleic acid into cells thereby exerting a useful function of the
nucleic acid in cekFlg., anhoaksenbasvd awttioni ety @ndhicgh saf8idtion of
Therefore, the carrier 20 conposition for nucleic acid delivery and the
conposi tion fﬁyéngggﬁifh&Hﬂ€1oge£iVgréﬁﬁﬁﬁg 8§§£P|ig(méo%rgg%@fg“ f%& X@rkgﬂ§
di seases by 1 ntroduction of & nuél @i’ a0|8, paﬁfléhlarpy Feat ment ' o
intractabl e di seases which are difficult to be treated by a | ow nol ecul ar
compound. -@gid deliveryHe dgski Brampkosition for nucleic acid delivery
and the conposition for nucleic acid delivery of the invention are
particularly preferred to introduce siRNA into cells since induction of
interferon expression, which is an adverse reaction of siRNA can 5 be
effectivel y EsgpMeBEEEOR CARRYING OUT THE INVENTION

The present invention will now be described in detail.

Carrier for Nucleic Acid Delivery

The carrier composition for nucleic acid delivery of the
invention comprises (A) a diacylphosphatidylcholine, (B) cholesterol
10 and/or a derivative thereof, and (C) an aliphatic primary amine.
The garrier composition for nucleic acid delivery of the
invention is used as a nucleic acid carrier for delivery (introduction)
of a nucleic acid into cells.
The type and structure of the nucleic acid to which the carrier
15 composition for nucleic acid delivery of the present invention is
applied is not limited as long as it is required to be delivered into
cells. Specific examples of such nucleic acids include siRNA, mRNA,
tRNA, rRNA, cDNA, miRNA (microRNA), ribozyme, antisense
oligodeoxynucleotide, decoy oligonucleotide, plasmid DNA, peptide
20 nucleic acid, triplex forming oligonucleotide (TFO), aptamer, and
genes. Particularly, the carrier composition for nucleic acid
delivery of the invention. has the useful feature of inhibiting

induction of interferon expression, which is an adverse reaction of



Furthernore, the conposition for nucleic acid delivery of the invention

al so has an advantage that the conposition can be stored in a freeze-dried
state since it can be subjected to a freeze drying treatnent. 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. PPshows the results of Test
Example 1, i.e., the results of the evaluation of a conposition for nucleic
aci d del i versirdid, safdetlyud ot iceldeful thFdeliv2 rshiRig ifte> c€51d t sNatldireacids
eval uation of siRNA introduction into cells mediated by each conposition

for nuc'e'Ct%?h@lgﬁltN@rééfﬂ1é¥e§Em£3§§gidi %orTHSbfgfg %%B% Hglf%é%y %ﬁothe

i ndi cates the average fluorescence intensity per one cel ws t he
results of the evaluation of siRNA introduction 20 into ceIIs when _t he
concent r at i oAVERTERR E%ﬁ%ﬁﬂﬂﬁ@nPaY|?ﬁcﬂ?%ﬁ@gﬁcfr@ﬁdF€§F@noPnéﬂ%ﬂS' plants,
stearylam ne) of the carrier for nucleic acid delivery is changed in a
conposi ti on Hagtenie laedcr iatise sdelnidwdrsy , i It regbe bxadpted by chemical synthesis.

5 In addition, thesenucleic acids canbe single, double or triple strand,
and the molecular weight thereof is not specifically limited. Also,
nucleic acids can be modified with chemical compounds, enzymes or
peptides. In the invention, these nucleic acids may be used alone,
or two or more kinds of them may be used in combination.

10 Diacylphosphatidylcholine (hereinafter, referred sometimes to
as “component (A)”) used in the carrier composition for nucleic acid
delivery of the invention is not specifically limited as long as it
is pharmacologically acceptable, and examples thereof include a
diacylphosphatidylcholine whose acyl group moiety has 4 to 23 carbon

15 atoms. The number of carbon atoms of two acyl groups constituting the
diacylphosphatidylcholine may be the same or different.

Specific examples of the diacylphosphatidylcholine used in the
present invention include dilauroylphosphatidylcholine,
dimyristoylphosphatidylcholine, dipalmitoylphosphatidylcholine,

20 distearoylphosphatidylcholine, dioleoylphosphatidylcholine,
dilinoleoylphosphatidylcholine,
myristoylpalmitoylphosphatidylcholine,

myristoylstearoylphosphatidylcholine,



- 8- Fig. 4 shows the evaluation results of the inhibition of
interferon induction by a si RNA-containing conposition for nucleic acid
delivery in Test Exanple 3. 5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
The present invention will now be describé@-in detail. Carrier for Nucleic
Acid Delivery The carrier conposition for nucleic acid delivery of

the inventi opeloitpyilsesatd)lpnddipaayl @hnghahiedyl chol ine, (B) chol esterol 10
and/or a derivative thereof, and (C) an aliphatic primry am ne.

The carrier N i i d i i.nv ion_is used
as a nucleic&%gEE 8g?§$%$§§%3r%ﬁg?béégﬁéKi4#5?%%ﬁé?%éﬁﬁééﬁzﬁigX§§$é$¥§eécid
into cells. The type and structure of the nucleic acid to which the carrier
15 conposi t i O SR RYEPRPhadiigYdenp iy ¢ deranpy Bawafrhiahvert Flomting ,
applied is not limted as long as it is required to be delivered into
cell's. Specidiphtexanplsisosfhasick1on6l i, agddaetNTbisersitRNAL ciidiNAe , t RNA,
rRNA, cDNA, mi RNA (m croRNA), ribozyne, antisense oligodeoxynucl eoti de,

decoy ol kgo ~ i id . ptide. nucl_ei j t.r. pl .
(oot 50ralsicR oy Pl A O, PRI 1080 DUSLBL ) BBl ) B e,
carrier conposition for nucleic acid delivery of the invention has the

usef ul feat FHETSEOY RRRDTRNATG dvAgGhet it sHarathiferon rhgsrassidnichlier,is

an adverse reaction of
and bis(tricosadinoyl)phosphatidylcholine. Of these

diacylphosphatidylcholines, a diacylphosphatidylcholine whose acyl
group moiety has 12 to 18 carbon atoms is preferable; a

10 diacylphosphatidylcholine whose acyl group moiety has 13 to 17 carbon
atoms, such as dimyristoylphosphatidylcholine,
dipalmitoylphosphatidylcholine, distearoylphosphatidylcholine,
myristoylpalmitoylphosphatidylcholine,
myristoylstearoylphosphatidylcholine, and

15 palmitoylstearoylphosphatidylcholine is more preferable;
dimyristoylphosphatidylcholine, dipalmitoylphosphatidylcholine,
and distearoylphosphatidylcholine are particularly preferable; and
distearoylphosphatidylcholine is most preferable. These
diacylphosphatidylcholines may be used alone, or two or more kinds

20 of them may be used in combination.

Cholesterol and/or a derivative thereof (hereinafter referred

sometimes to as “component (B)”) used in the carrier composition for

nucleic acid delivery of the present invention is not specifically



-9- siRNA, and thus it is useful to deliver siRNAinto cells. Nucleic acids
to which the carrier conposition for nucleic acid delivery of the invention
is applied may . be derived from humans, aninals, plants, bacteria and
viruses, and also, it may be produced by-éhenical synthesis. 5 In addition,
t hese nucleic acids can be single, double or triple strand, and the

mol ecul ar wel ghttether eofig ks ifols ppeaiddCaldiyal i fatedpt MO, DHE ek Cvaciws
can be nodified with chem cal conpounds, enzynes or peptides. In the

i nvention, t i i.d he, use : f r r inds_ o
them may be e oL h Sarti Rett oH YD, Aol DRGSORATt BT SHOIERe THerSENaT et
referred sonetines to as "conponent (A)") used in the carrier conposition
for nucl ei c SRSCdTdel pYEIRLSS thRESPhVEKTIUSE is not specifically linited as
long as it is pharmacol ogically acceptable, and exanpl es thereof include a
di acyl phospls- [ohy(Fholi A metia g earalyd e (g0 ~BBFeiNoJ1aehé 1 ket @Bo rcanborhds ,
atons. The nunber of carbon atons of two acyl groups constituting the

di acyl phgsphatidyl gholi ne. .oy ? +ﬁf Ehgiége t. o B ific
exanpl es” of thé dfac&lphoé%%ap'g§ c(%ﬁﬁﬁgegse |ﬁx%%g 693%%%t(?%§%ﬁ§?bn
i ncl ude dil aur oyl phosphati dyl chol i ne, dinyristoyl phosphati dyl chol i ne,
di pal i t oyl phSdpHabi MO héIrERechotesfisstcossr 6PFPhbsphat i dyl chol i ne,
di ol eoyl phosphati dyl chol i ne, dilinol eoyl phosphatidyl choli ne,
nyri st oyl palmchoyéphosphatyicdybeigl + 316l -diazanonan-1, 9-diamine,
nyri st oyl st ear oyl phosphati dyl chol i ne,
p~alanine-diethanolamine-cholesterol, N*-spermine cholesteryl
carbamate (GL-67), N[N4—3—aminopropylspermidine]cholesteryl
10 carbamate (GL-78), N°-spermine cholesteryl carboxamide (GL-90),
Nl,NB—bis(argininc:carboxamide)—N4—spermidine cholesteryl carbamate,
and N—[N%Dﬁ,NB—tris(3—aminopropyl)spermidine]cholesteryl carbamate
(GL-96) . In the invention, the component (B) is preferably
cholesterol. In the invention, as the component (B), cholesterol and
15 derivative thereofs may be used alone, or two or more kinds of them
may be used in combination.

The aliphatic primary amine (hereinafter referred sometimes
to as “component (C)”) used in the carrier composition for nucleic
acid delivery of the invention is not specifically limited as long

20 as it 1s pharmacologically acceptable, and examples thereof include
an alkylamine whose alkyl group moiety has 10 to 20 carbon atoms.

Specific examples of the aliphatic primary amine used in the

present invention include laurylamine, myristylamine, palmitylamine,



-10- pal m toyl stearoyl phosphati dyl chol i ne, dibutyl oyl phosphati dyl choli ne,
di hexanoyl phosphati dyl chol i ne, di heptanoyl phosphati dyl chol i ne,

di decanoyl phosphati dyl chol i ne, di pht hanoyl phosphati dyl chol i ne,

di dodecyl phosphati dyl chol i ne, 5 diei cosendyl-phosphati dyl chol i ne,

di heni cosanoyl phosphati dyl chol i ne, di erucoyl phosphati dyl chol i ne,

di ar achi donoyt ¢hogphdhedybtholdniee, addcanoylamine, and phthanoylamine. Of
bi s(tricosadi noyl ) phosphati dyl choline. O these diacyl phosphati dyl chol i nes,

a di acyl phos i i g i et 1 rbon
atons is prefer aéb?}é%&g%fg% %%y p%rglg%éffét%rgé%ﬂg%@r% Vﬁhﬁ%sseeg%tfé% %g?gﬁﬁ‘gﬁ%’f%t y
has 13 to 17 carbon atons, such as dinyristoyl phosphatidyl choline,

di pal ni t oyl phospRatT dy| EHEIO Rt o éﬁ%@ﬁﬁﬁi@p%@ﬁéﬂ@wa,n@;eylamme and
nyri st oyl pal m t oyl phosphati dyl chol i ne,

myri st oyl st ezaloyilteasphasd izdyl wded bprefeddisl elSand stearylamine is particularly
pal m t oyl st ear oyl phosphati dyl choline is nore preferable;

i . | L vl e di nal . i
I myristay ﬁ%%%%%%%‘g?chO%s%”&laf&ﬂﬁ%tqk£§¥%@¥§§%&gb%g%%ﬁg%e;ﬁged%ﬂ%ne, or

di stearoyl p ine are parti era

di st ear oyl phosphatidyl choline is nost preferable. These

di acyl phospHatd &1 BREFI hEdsf BeelsBAY Porsedoint ¢Rimarsea - ki nds 20 of
t hem may be used in conbination. Chol esterol and/or a derivative

t hereof (hereinaft €he catet &edospo®tt st d0nasl e coapanest ivd)y o f usedrepehhe
carrier conposition for nucleic acid delivery of the present invention is

accept abi e, Th barivar) Feh BT LR AP oo ] BAN IR Bk g a1
chol esterol skeleton, and specific exanpl es thereof include
3p- [ N (N, NG irahf R ot Raneyo ifiaisyry doflesi el of peadrdr)acid into

10 cells and low toxicity by employing the following combinations, a
combination of (A) a diacylphosphatidylcholine whose acyl groupmoiety
have 4 to 23 carbon atoms, (B) cholesterol and/or a derivative thereof,
and (C) an alkylamine having 10 to 20 carbon atoms is preferable and
a combination of (A)dimyristoylphosphatidylcholine,

15 dipalmitoylphosphatidylcholine and/or
distearoylphosphatidylcholine, (B) cholestercl, and (C) stearylamine
is more preferable.

In the carrier composition for nucleic acid delivery of the
present invention, the ratio of the components (A) to (C) is not

20 specifically limited. For example, the molar ratio component

(A) :component (B):component (C) is 5-9:1-5:1, preferably 6-9:1-4:1,

and more preferably 7-8:2-3:1. Efficiency of delivery of a nucleic



5 3p-[N,N,N-trinmethyl am noet hane] chol esterol iodide (TC Chol),

bi s(guani di um -tren-chol esterose (BGIC),

N-chol est eryl oxycar bony1- 3, 7- di azanonan- 1, 9- di am ne,

p- al ani ne-di et hanol am ne- chol esterol, ‘ééer m ne chol esteryl carbanate
(A-67), N MN4-3-am nopropyl sperm di ne] chol esteryl 10 carbamate (G.-78),
'N4-sperm ne shdd eéstercgll learrhbxamicdei Gty 8@, be further enhanced by satisfying
N4, N8- bi s(ar gi ni nccar boxam de) - N4- sper mi di nechol est eryl carbamate, and

N-[ N1, N4, N8-fyd -am.nops opyl ) sperm di ne] chol esteryl carbamate (G.-96). In
t he |nvent| on, the conponent (B) is preferably cholesterol. In the

i nvention, as the corrponent chol esterol and 15 derivative thereofs my

be used al one, or t(8 t(?rtaﬁftﬁ“@uf@l fifs TBE CORBANARYS BB) (e Cl RagertsinnEtd batal

The aliphatic primary amne (hereinafter referred sonetines to as
"conponent (&@dYntusEdtha ddre-iear compoLiaeosfor onudieri nuehei deBciddydeki vies y
of the invention is not specifically l[imted as long 20 as it is

phar macolzogi S fqd - al ]
those al Byl oreuy rar et aphae G SEBMRI ST (LIS TR0 0PLYRBRCT Y EBROR,
exanpl es of the aliphatic primary amne used in the present invention

i ncl ude | aurlyi%ht A0 W PEtWAGREnAnDpBPRE PYRARTHRLY Trom-30 So dabypunrheht.

ol eyl am ne, decanoyl am ne, and pht hanoyl am ne. O these aliphatic prinmary
am nes, an al kyl anThe cahoser abigyds griaupt srned Me iesc ikPdé Di A ycof b pat &8st i S
preferable; stearylam ne, ol eylam ne and pal m toyl am ne are nor e

preferable; and %ESHrn}éya&rP@am, g‘d ?rg lﬁé &Oe?£§%1§5ﬁé}ltes ec%e&% ela s

di al i phatic primry am'nes be usl(ejl Ki'n

may be used in comnbinatjon. o o o
cationic lipids. Specific examples of the cationic lipid include

10 cationic lipids bonded with a steroid, such as squalamine,
3a,7a,12a-tris (3-aminopropoxy)-5p-cholan-24- (N, N-bis (3-aminopropy
1) amine,
3a,7a,12a-tris (3-aminopropoxy) -5f~cholan-24- (N- (N~ (3-aminopropyl)
) -3—aminopropyl) —amine),

15 3a,7a,12a-tris(3-azidopropoxy) -5f-cholan-24- (N, N-bis (2-cyanoethyl
yamine), and
3a,7a,12a-tris (3-azidopropoxy) -5f~cholan-24~ (N- (benzyloxycarbonyl
) -N- (3-hydroxypropyl)-amine) ); cationic lipids bonded with cholic
acid, such as umbrella-spermine conjugates; cationic lipids bonded

20  with sterolglycoside; cationic lipids bonded with steroidsaponin; and
quaternary ammonium salt-type cationic lipids such as
dimethyldioctadecylammonium bromide (DDAB),

1,2-dimyristoyl-3-trimethylammoniumpropane,



The carrier conposition for nucleic acid delivery of the present invention
may contain a conbination of the conponents (A to (C. In view of further
enhancing efficiency of delivery of nucleic acid into 10 cells and | ow
toxicity by enploying the follow ng conbiradti ons, a conbination of (A a
di acyl phosphati dyl chol i ne whose acyl group noiety have 4 to 23 carbon
atons, (B) chpt-esteeel/land! Nimethdebinaiiveropeneofpomrd ,(C) an al kyl am ne
having 10 to 20 carbon atons is preferable and a conbi nati on of

A) di I dyl hol d/
0 <t oar L'yféﬁ%s%ha%ﬁgg%h%l%C%E‘*e%?%} B Pb AN e Gl amine o

nore preferable. In the carrier caonposition for nucleic acid
delivery of tid BPESBAECY IATHILEAhy BRI VBPEPPERe conponents (A) to (O
is not 20 specifically limted. For exanple, the nolar ratio conponent
(A) : component, -B)iseeapoypeii-trEnek By bartick-immpropaet erably 6-9:1-4:1, and
nor e preferably 7-8.2-3:1. Efficiency of delivery of a nucleic -13- acid

o o R O o T e A A SR HASea om the

total anmount of the carrier conposition for nucleic acid delivery of the 5
present i nvdntdreghierider (RaMRple, from 1 to 100% by wei ght, preferably
from20 to 90% by weight, and nore preferably from30 to 70% by wei ght.
The carrier digyRastdy ek fopylaifethativdirdaleveyyamiording presedd (DMRER) | on
may contain, in addition to the conponents (A) to (C), other cationic
lipids. Specifihi& o 6XaPl &5 AlaiBEnG 2y &S tchBh S NG WS romide (DORTE),
dimethyldidodecylammonium bromide,
10 N-(a-trimethylammonioacetyl)~didodecyl-D~-glutamine hydrochloride,
N- (a-trimethylammoniocacetyl)-0,0’ -bis- (1H, 1H, 2H, 2ZH-perfluorodecyl
) -L-glutamine hydrochloride,
0,0’ —-didodecanoyl-N- (a-trimethylammoniocacetyl)diethanolamine
hydrochloride, methylallyldidodecylammonium bromide,
15 N-{p-{(w-trimethylammoniobutyloxy)-benzoyl}-didodecyl-L-glutamine
hydrochloride,
9- (w—trimethylammoniobutyl) -3, 6-bis (dodecanoyl)carbazole bromide,
dimethyldioctadecylammonium hydrochloride,
N-w-trimethylammoniodecanoyl-dihexadecyl-D-glutamine bromide,
20 N-{p-(w-trimethylammoniohexyloxy)-benzoyl}-ditetradecyl-L-glutami
ne bromide, p-(w-trimethylammoniodecyloxy)-p’-octyloxyazobenzene

bromide (MC-1-0810),

p-{w- (b-hydroxyethyl)dimethyl-ammonio-decyloxy}-p’ -octyloxyazoben



10 cationic |ipids bonded with a steroid, such as squal am ne,

3a, 7a, 12a-tri s(3-am nopr opoxy) - 5P- chol an- 24- (N, N- bi s( 3- am nopropy 1)am ne,
3a, 7a, 12a-tri s(3-am nopr opoxy) - 5p- chol an- 24 (N—(N—(S am nopropyl )

) - 3-am nopropyl)-amne), 15

3a, 7a, 12a-tri s(3- a2|dopropoxy)-SP-choIan-24-(N,N—bls(2-cyanoethyl ) am ne),
and 3a, 7a, 12zetq isBidzi (dapreP6RY) ; 53- chol an- 24- (N- (benzyl oxycar bonyl

) - N-(3- hydroxypropyl)-anine)); cationic |ipids bonded with cholic acid,

such as U”bU§Q#aCPP%EE&é@%éHHHyggﬁt é*t%? éﬂ%&hg?kﬁéﬁéﬁaé%aﬂg )2%%FM %ggrox

sterol gl ycosi'de;" cationic 11pI nde eroi dsa on| ernary
anmoni um sal t - t¥Pe cationi¢c lipids such as d|nethyldloctadecylannnnlum

br oni de ( DDABYE thy 1) 2@ pog gyl baont deetdni-armoni unpr opane, - 14-

1, 2-di ol eoyl- 3-tri net hyl ammoni unpr opane ( DOTAP),

1,2-diOIeoyIh&?hhﬂHﬁtyy+@hmnﬁbuBBéO@@h@ﬂEﬁhMthlﬂﬁéﬂEh
1, 2-di pal mtoyl-3-trinethyl amoni unpropane,

h—?ldzgt aﬁ?%%%%%@%%ﬂs%§2¢f?qg? kﬁn§{§§§¥¥%h0?ﬁ %ﬁﬁ%ﬁﬂ%ﬁn hydr ochl ori de

(DOTMWA) , dlnyrlsto xypropyld|nethylhydroxyethylannnnlun1bron1de (DVRI E) ,
di ol eoyl oxypr xﬁ%WﬂMh1 ParERYyet iyt dniehreRR o ide, ( DORI E) ,

d|nethyldldodecylannonlun1bronlde 10
N- (a- tri met lHyl2acieneoaeet-yl ) cdir-doslesyt yviphgkphashdaei iy, dr ochl ori de,
N-(a-trimet hyl ammoni oacetyl) -0, 0' - bi s-(1H, 1H, 2H, 2H perf | uor odecyl
)'L'glUta”iQg2hﬁ959§£§fuéf¥%ero—3—ethylphosphocholine, and
l-palmitoyl-2-oleoyl—-glycero-3-ethylphosphocholine.
10 In the invention, when cationic lipids other than the components
(A) to (C) are contained, the proportion of the cationic lipid is not
specifically limited as long as the effects of the invention are not
advsersely affected. The proportion of the cationic lipid is from 1
to 10 parts by weight, preferably from 2 to 8 parts by weight, and
15 more preferably from 4 to 6 parts by weight, per 100 parts by weight
of the total amount of the components (A) to (C).

Furthermore, the carrier composition for nucleic acid delivery
of the invention may contain an oily base, if necessary. By including
an oily base and using its characteristics, it becomes possible to

20  control the efficiency of the nucleic acid to be introduced by the
carrier composition for delivery. For example, adjustment of the

specific gravity of the carrier composition for nucleic acid delivery

by including the oily base controls contact between the nucleic acid



0, 0' - di dodecanoyl - N- (a-tri nmet hyl ammoni oacet yl ) di et hanol am ne hydrochl ori de,

net hyl al | yl di dodecyl anmoni um brom de, 15

N-{p- (wtrinethyl ammoni obut yl oxy) - benzoyII-dldodecyI L- gl utam ne

hydrochl ori de, 9-(wtrinmethyl anmoni obuty1}3, 6- bls(dodecanoyl)carbazole

brom de, di met hyl di oct adecyl anmoni um hydr ochl ori de,

N-w-t ri met hydradnibei odecanoydomgbhekade cidr- Buglat@amaiel bkatvdey 20 allows

N-{p- (wtrinethyl anmoni ohexyl oxy) - benzoyl}-ditetradecyl -L-glutam ne

?R/?; m1d8818) (MeddvaRLRY | SRR odeey| O YPrici BRLY! PXYAZARENZENe At P S oy
- -octyl b -15-

geil\el:v- g?oﬁygéeogaﬁahyl ) g%)r’{:etugllng%n’ggggo%n%eﬁl)ghog %empera(l)tcur% %)é%gf’(c)l\?enfunctlon

0,0',0"-tridodecanoyl -N- (wtrimethyl -amoni odecanoyl)-tris(hydrox

ymet hyl ) am reemehkaonel hrimwede (TCeludiZ)lon on a cell surface can be induced due

1, 2-di | auryl - gl ycer o- 3- et hyl phosphochol i ne, 5

i g g: gglélmsttg\{; ﬂ% égg%lgptgl&; ﬁflaoﬁ éﬂ% J[c? %grrler composition under a given

1, 2-di st ear oyl cero- 3- ethylphosphochollne

1, 2- d|oleoyle@PgE%F%D%C%¥%§?ﬁﬁbsEﬁﬁﬁﬁ%ﬂ%WH%OvﬁﬁﬁntOf1ﬁtrOdUCtlonefflClenCY
1- pal m toyl- 2-ol eoyl - gl ycer o- 3- et hyl phosphochol i ne. 10l n the invention,
when cati onicd hiplelsc atdier behamet pescidniponentrshermore, for example, by

including a compound with an external stimulation disruption property
as the oily base, fluctuation on the cell surface can be induced due

10 to core disruption of a nucleic acid carrier composition caused by
external stimulation, thereby improvement of introduction efficiency
of the nucleic acid become possible.

Examples of the oily base included in the carrier composition

for nucleic acid delivery 6f the present invention include

15 perfluorocarbon, perfluoropentane, perfluorooctyl bromide,
perflucrohexane, perfluorotributylamine, soybean oil, £efined
soybean oil, hardened soybean 0il, unsaponified soybean oil, squalene,
castor oil, clove o0il, sorbitan trioleate, turpentine oil, safflower
oil, safflower oil fatty acid, oleic acid, coconut oil, rapeseed oil,

20 fusel 0il, olive 0il, linseed 0il, sesame 0il, chlorophyll oil, croton
0il, bergamot oil, cedar oil, orange oil, fennel o0il, eucalyptus oil,
corn 0il, lavender oil, sweet majoram oil, lemon oil, cotton seed oil,

egg york oil, rose o0il, pine oil, almond oil, peanut oil, camellia



(A) to (C) are contained, the proportion of the cationic lipid is not
specifically limted as long as the effects of the invention are not
advsersely affected. The proportion of the cationic lipidis from1l to 10
parts by weight, preferably from2 to 8 parts by weight, and 15 nore
preferably from4 to 6 parts by weight, per 100 parts by weight of the
total anmountopf, heremRERERtS 1(Athifor(i@k 0il, cinnalbhtdier,npegpediatcadrier
conposition for nucleic acid delivery of the invention may contain an oily
base, if necessar.y.. By including _an oily hase and using_its .
characterist?%§?j¥ e?e%%ﬁ%é”gésgfg?% ?g”zgnégﬁ?%%ln%ﬁgggfpﬂ%iéﬂgyﬁbPl%he
nucleic acid to be introduced by the carrier conposition for delivery. For
exanpl e, adjspgamantceilly heusfdesieli ¢llgr eaGag/bettehewbart igermeunp osingt @nideor
nucl eic acid delivery by including the oily base controls contact between
the nucl ei ¢ @iqi,dharderfed @, h?@r@?érfait@a YRR O f 0Egitich ghtd @et&ffin,
delivery and allows inprovenent of introduction efficiency in vitro. In
addition. faor, ex le, by including a c und with a tenperature-sensitive
function5asqthl§rB§r%%§é? fRGétla i%ﬁlgﬁggyc%?+ds%?*%%@ggéﬁgbémFﬁﬁﬁézd due
5 to core disruption of a nucleic acid carrier conposition under a given

t enper at ur e wowdetiasd, ot hepebyoxygirwene masspriqitly ceRietd0etevi poe satgendd
nucl eic acid beconme possible. Furthernore, for exanple, by including a
conpound W tdysarexter, nabl w:dyvathat bA8 rdir8EHRl | QI tRIFOPET LY, asolRsyethyl dase,
fluctuation on the cell surface can be induced due 10 to core disruption of
a nucleic acgid carrier conmpasitiQn caused xternal . stimulation,..thereby
inprovenentggngHF?oﬁﬁ% QEN?#ifépgieQéﬁ 9§Ve?ﬁ§f%%%l%ﬁ%gﬁﬁﬁddcggc%%éhﬁoggfbIe.
Exanpl es of the oily base included in the carrier conmposition for nucleic
aci d del i vemplopxyaehpreasemardapedt ¢astdmertydel 1 5operdiMeshyeanddrrdened

per fl uoropent ane, perfluorooctyl brom de,

10 castor oil 5, polyoxyethylene hardened castor oil 50, polyoxyethylene
hardened castor oii 60, polyoxyl 35 castor oil, and process oil. Of
these oily bases, perfluoropentane has temperature sensitivity and
also has characteristics that it is volatilized at 29.5°C. Also,
perfluorochexane, perfluorooctyl bromide and perfluorotributylamine

15 have an external stimulation disruption property and have
characteristics that cavitation is generated on the core of the carrier
composition through external stimulation such as stimulation caused
by irradiation with ultrasound, thereby causing core disruption.

When the carrier composition for nucleic acid delivery contains

20 the oily base, the proportion of the oily base is not specifically
limited as long as the effects of the invention are not advsersely
affected. The proportion of the oily base is from 0.1 to 50 parts by

weight, preferably from 1 to 30 parts by weight, and more preferably



per fl uorohexane, perfluorotributylam ne, soybean oil, refined soybean oil,

har dened soybean oil, unsaponified soybean oil, squal ene, castor oil, clove
oil, sorbitantrioleate, turpentine oil, safflower oil, safflower oil fatty
acid, oleic acid, coconut oil, rapeseed o8- 20 fusel oil, olive oil,
linseed oil, sesame oil, chlorophyll oil, croton oil, berganot oil, cedar

oi |, orange 6irdny F eoned witts eycabygits peid 1000pdrtd by Wavendesr ehk, tsweet
majoramoil, lenon oil, cotton seed oil, egg york oil, rose oil, pine oil,
almond oil, pe C@jkhecégﬁﬁéﬂéﬁtslgA{Qk!%F ite canphor oil, chanomnile
oil, cinnamon ol l, peppermnt oil, esterified corn oil, bread oil, Anthems
nobilis oil, snake oil, spearmnt oil, sunflower oil, cacao butter, wheat

ge oi |, zinc oxi deFBFfhematgenetr 62T 191y aPBrndticn fegauabtie ofid dplghery
liquid paraffin, 5 liquid paraffin, mediumchain fatty acid triglyceride,
mnk oil, orahgkepe@eknoidn mpolotoxyeh yhanaLastrascgehic PobyOX el engid),
har dened castor oil , pol yoxyethyl ene hardened castor oil 10,

pol yoxyethyl d S id l,.yo e de : or
01720, B0l vy SRS ShE. haf den S BPor Vo 0L Y ey SPAUT Sr WA ABReR 10
castor oil 5, polyoxyethylene hardened castor _oil 50, polyoxyethyl ene

har dened castIrVEEY 8D, LhRINHSLPLCIBCEASIGC 6FILLS dpd THEE8ENG| $UCIOF t hese
oi ly bases, perfluoropentane has tenperature sensitivity and al so has

char act er i stea®rbhat fusogenivol apidli zedamb129.FCrhdrsmbrpaet Fuasqhaxanepid
perfl uorooctyl brom de and perfluorotributylam ne 15 have an external

stinmul ation .dj t] r ristics that cavitation is
gener at ed oﬁgkﬁgago?ggggﬁgﬁgm%ﬁpgﬁg?ycgﬁﬁ%%?%ﬁgﬁgthrough ext er nal
stinmulation such as stinulation caused by irradiation with ultrasound,

t hereby causiRdeeytBhetrRhaipvdfhoviledy the carrier conposition for nucleic
acid delivery contains 20 the oily base, the proportion of the oily base is
not spetdfi calahgphosphed B8 phosghasidyieteibhettsaind, t he invention are not
advsersely affected. The proportion of the oily base is fromO0.1 to 50

parts by weighly;pyeh of ARM L0 dof D) 30 RBREE R YELGH e, and nore
preferably

1,2-dielaidoylphosphoethanolamine,
1,2-dihexadecylphosphoethanolamine,
1, 2-dihexanoylphosphoethanolamine,
15 1,2-dilauroylphosphoethanolamine,
1,2-dilinoleoylphosphoethanolamine,
1,2-dimyristoylphosphoethanoclamine,
1,2-dioleoylphosphoethanolamine,
1, 2-dipalmitooleylphosphoethanolamine,
20 1,2~dipalmitoylphosphoethanolamine,
1,2-diphytanoylphosphoethanolamine,
1,2-distearoylphosphoethanolamine,

l-palmitoyl-2-oleoylphosphoethanolamine,



-18- from5 to 20 parts by weight, per 100 parts by wei ght of the total
anmount of the conponents (A to (O. Furthernore, the carrier
conposition for nucleic acid delivery of the invention may contain a

menbr ane-fusogenic lipid (helper lipid) 18- f necessary. It becones
possible to further enhance efficiency of delivery of the nucleic acid into
cell s by cont-gaimigogueh- (lenyliraneitosagenid ) pbhpsphodanllesiot, t he
menbr ane- f usogeni c |ipid include diol eoyl phosphati dyl et hanol am ne,

di ol eoyl phos i i nat. i dyl sphat i dyl et hanol am ne,
1 2- b1 5( 10, 1 1 ) CaSan Py B BRBEBROS hane) Snp ha PHRSRD

1, 2-di el ai doyl phgsphoet hanol am ne, 1, 2-di hexadecyl phosphoet hanol am ne,

1, 2- di hexan I4%9%?6ﬁ@é??%$999§ﬁpﬁ§?hﬁﬁp%ﬁ@?ﬂ?rwaﬁ?ﬁﬁ@Xﬂﬂﬂﬁ&ﬁoethanolanine,

, 2-di l'i nol eoyl phosphoet hanol am ne, 1, 2-di nyri stoyl phosphoet hanol ani ne,

, 2- di ol eoyl plesipbhdednhsiad samorehatho Pardi rpadNyiNt-doheythyphosphoet hanol am ne, 20
, 2-di pal m t oyl phosphoet hanol am ne, 1, 2-di phyt anoyl phosphoet hanol am ne,

1

1

1

1, 2-di st gar oylphg i - A, Loy l52 phosphoet hanol am ne,
-19- 1-pgln?¥oyl-§??%g%§g¥§ﬂ% ?3@%8?%%y I%%%%%hgé?ﬁgno éﬁine,

1, 2- di ol eoyl phosphoet hanol am ne- N- capr oyl am ne,

1, 2- di pal nmi tloyi FRBE ROV HARGISRAPRED AP ekt isprHnfipdecanoyl,
1, 2- di ol eoyl phosphoet hanol am ne- N, N- di net hyl ,

1, 2- di pal m tlgyl-phospbpEthtantloanhare Nubdrii-etibyécanoyl,

1 -

1 -

1 -

1 -

di pal m t oyl phosphoet hanol am ne- N- dodecanoyl ,
di ol eoylphogphe ; Y Lo
dioIeoyIéhospEogéﬁgﬂg%gﬁkﬁg@%bggﬁggga3¥gﬁgﬁgény amine,

dipalnito%Iphosghpethanolanine-N—dodecan%Ianine, ,
1,2-dipalmitoylphosphoethanolamine-N-dodecanylamine,

2
2
2
, 2
2
2
2
2

10 1,2-dioleoylphosphoethanolamine-N-glutaryl,
1,2-dipalmitoylphosphoethanolamine-N-glutaryl,
1,2-dioleoylphosphoethanolamine-N-lactose,
1,2-dioleoylphosphoethanolamine-N-[4 (p-maleimidemethyl)cyclohexan
e-carboxylate],

15 dipalmitolylphosphoethanolamine-N-[4 (p-maleimidemethyl)cyclohexan
e-carboxylate],
1,2-dipalmitoylphosphoethanolamine-N-[4 (p-maleimidephenyl)butyram
ide},
1,2~-dioleoylphosphoethanolamine-N-[4 (p-maleimidephenyl)butyrate],

20 1, 2~dioleoylphosphoethanolamine-N-methyl,
dipalmitoylphosphoethanolamine-N-methyl,
1,2-dioleoylphosphoethanclamine-N~[3~ (2-pyridyldithio)propionatel],

1,2-dipalmitoylphosphoethanolamine-N-{3-(2-pyridyldithio)propiona



10 1, 2-di ol eoyl phosphoet hanol am ne- N- glut aryl ,

1, 2-di pal m t oyl phosphoet hanol am ne- N-gl utaryl,

1, 2- di ol eoyl phosphoet hanol am ne- N-1 act ose,

1, 2- di ol eoyl phosphoet hanol ami ne- N-[ 4( p- mal8ini demet hyl ) cycl ohexan
e-carboxyl ate], 15

di pal mtolyl toda]o,snh@eﬁhaDMﬂmmSpNo{amﬁemdmh&anermtdmﬂydycI ehéxan
e- car boxyl ate],

1,2-dipalmt Qﬂ% ][agggl ey yl) byt |de]

1, 2-di oleoyl%%iosp %2?% msﬁ%gﬁ %!zp ma el {rqn déeﬁﬁgqi}ﬂ;’but%atﬁ ¢

1, 2-di ol eoyl phosphoet hanol am ne- N- net
dlpa|n]toy|6ﬁ3§ﬁﬁ@§fﬁaﬁ%g§ﬂﬁchélﬂ;ﬁgtr@ﬂoleoylphosphat1dylethanolam1ne is

1, 2- di ol eoyl phosphoet hanolam ne- N-[ 3- (2- pyri dyl di t hi o) pr opi onat e],

1, 2- di pal m tmwd flelredphoetdvanol @ nerNed B cO@ppyit idyl dot hixﬂjl@ri@péaccﬁnﬂdel%ry
te], 1,2-diol eoyl phosphoet hanol am ne-N-(succinyl), and

1, 2-di pakm toyl.phos pgﬁzﬁdﬂgpol am ne-N-(succinyl). O these

menbr ane- fusogenl C | pi di ol eoyl phosphati dyl et hanol am ne is preferably

used in the carrler con‘gosmlon for nucleic acid delivery 5_of the
i nventi on. NreRRE K8 TEARF iCOFPEdHp Y ?%ﬁu%?l%aertéld@lazfﬁaya@mcwwy

contains the merrbrane fusogenic lipid, the proportion of the
menbr ane-fusﬂ@embmbkhmédfds&g@@ﬁcspﬁpid,i adlel propoutiech af lkkheg as the effects
of the invention are not advsersely affected. The proportion 10 of the

menbr ane- f ugpgan %ﬁel £pS énS_Lc g?ﬁ%& i's né 0 1tf§]g n%’z“*fsﬂ{ﬁte]c_ipégf artsg% ffom

10 to 250 parts by weig

wei ght, based on 100 Earts by wei ght of the total anount of the corrponents
(A to (C). effects of the invention are not advsersely affected. The proportion

10 of the membrane-fusogenic lipid is from 1 to 500 parts by weight,
preferably from 10 to 250 parts by weight, and more preferably from
25 to 100 parts by weight, based on 100 parts by weight of the total
amount of the components (A} to (C).
The carrier composition for nucleic acid delivery of the
15 invention can contain various additives such as isotonizing agents,
excipients, diluents, thickeners, stabilizers, buffers, and
preservatives; and aqueous vehicles such as purified water, an agqueous
saccharide solution, a buffer solution, a physiological saline, an
aqueous polymer solution, and RNase free water, according to its form.
20  The amounts of the additives and aqueous vehicles can be appropriately
set according to the form of the carrier for nucleic acid delivery.
The form of carrier composition for nucleic acid delivery of

the invention is not specifically limited as long as it can include



The carrier conposition for nucleic acid delivery of the 15 invention can
contain various additives such as isotonizing agents, excipients, diluents,
t hi ckeners, stabilizers, buffers, and preservatives; and aqueous vehicles
such as purified water, an aqueous sacchafide solution, a buffer solution,
a physiol ogi cal saline, an aqueous polyner solution, and RNase free water,

accor di ng t acHd safqytt huclZ] cThei asouatEelafvet-be iaddidd1Ves andthguentSsition
vehi cl es can be appropriately set according to the formof the carrier for

nucleic acidd ?%¥§%M?H§é¥ﬁ'the }ggmfé¥|Q.9§P§g&£'er conmposition for nucleic

acid delivery ion is not specifically limted as long as it
can include -21- the target nucleic acid to be delivered into cells, and
the conposition i sWpiefepalAsricy eperdoritarsfier Nupdsba@cid delivengheh Hive
carrier conposition for nucleic acid delivery of the invention is |iposom
form the canpenenss icA)pbechs) fand, ehbejombbpésiss (B) whi @) @&icoepd:i disildsy,
added, forma |iposomal nenbrane. Wien the |iposone is fatLed, it may be

orm a_ al 1T posore i |
| sl | Ao e T delerorthe P ard Ekfefls ot e

appropriately set according to the kind of cells to be delivered, for
exanmpl e, théipapeielie Bt eit 1Y ke 20etéd wgdaamlter w.cleeo(SWy) 1, Bowenm
for LUV, and 400 to 3,500 nut for MV. The particle dianmeter is determ ned
usi ng a dynamiCahéghir seatiteesngruet hed multilamellar vesicles (MLV).

Moreover, the particle diameter can be appropriately set according
to the kind of cells tobe delivered, for example, the particle diameter
10 is 20 to 100 nm for SUV, 200 to 1,000 nm for LUV, and 400 to 3,500
nm for MLV. The particle diameter is determined using a dynamic light
scattering method.
Production of the liposome and adjustment of its particle
diameter are implemented according to methods which are common
15 knowledge of one skilled in the art. More specifically, the liposome
can be formed using an oil phase containing the components (A) to (C)
and a water phase (aqueous vehicle) by a thin film method, a
reverse-phase evaporation method, an ether infusion method, a
surfactant method, and a heating method. Furthermore, the particle
20 diameter can be adjusted by an extrusion method, a French press method,
and a homogenization method.
The carrier composition for nucleic acid delivery of the

invention is prepared by mixing the components (A) and (B) and, if



Production of the |iposone and adjustment of its particle dianmeter are

i npl emented according to nethods which are common 15 know edge of one
skilled in the art. More specifically, the |iposone can be fontted using an
oi | phase containing the conponents (A) t@2(C) and a water phase (aqueous
vehicle) by a thin filmnethod, a reverse-phase evaporation nethod, an

et her i nf usimscamidhed, cehstrdoagbash t sptdred apghdpai eati BeriBhidathe mixture
Furt hernore, the particle 20 dianeter can be adjusted by an extrusion

nmet hod, a Frgnch | pﬁggga Qi ac% oqp e%&%%t'fn met hod. The
carrier conpositio r nucleic aC| %éflvery 0 &' nvention is pr epar ed
by m xi ng the conponents (A) and (B) and, if -22- necessary, other
conponents, and appropriately formng the mxture into a preparation
according to desired form Conposition for Nucleic Acid Delivery 5The
conposi ti on d@ipoyiclenhctacinhadelicveeyd dfeltiR@eriynvention contains the carrier
conposi tion for nuclelc aci d deltvery and nucleic acid. Thus, the

conposi tkon for i ivery. i used f i-ntroduciing th Ielc
acid contalned |n % %éﬁﬁﬁﬁgngén¥gntQ¥€?%lFsaCl |(ﬁ%ﬁ¥%§§ﬁ8% %% cﬁﬂven
target.

contains the carrier composition for nucleic acid delivery and nucleic
acid. Thus, the composition for nucleic acid delivery is used for
introducing the nucleic acid contained in the composition into cells,
which become the delivery target.

10 When the carrier composition for nucleic acid delivery is
liposomal. form, in the composition for nucleic acid delivery, the
nucleic acid may exist in a state included in the agueous phase of
the liposome, or a state bound to the inside or outside of a liposomal
membrane through an ionic or hydrophobic bond. In addition, if the

15 carrier composition for nucleic acid delivery is not liposomal form,
in the composition for nucleic acid delivery, it is only necessary
to form a complex of the nucleic acid with components of the carrier
composition for nucleic acid delivery through an ionic or hydrophobic
bond.

20 The composition for nucleic acid delivery of the invention is
prepared by mixing the carrier composition for nucleic acid delivery

and nucleic acid, and forming the mixture into a desired form, or



10When the carrier conposition for nucleic acid delivery is |iposomal form
in the conposition for nucleic acid delivery, the nucleic acid may exist in
a state included in the aqueous phase of the |iposone, or a state bound to
the inside or outside of a |iposomal nenbEane through an ionic or

hydr ophobi ¢ bond. In addition, if the 15 carrier conposition for nucleic

acid delivergrdascaat by invosedathéonme1é it bhedcompasintdopant or onugleicerace €
delivery, it is only necessary to forma conplex of the nucleic acid with
conmponents of the. arri%; sitionkipeinucleic acid delivery through an

cO
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i T on For-huctePE“aci d delivery of
the invention is prepared by m xing the carrier conposition for nucleic

acid delivery and hucihsi ecnepditierd Fauor riAagetheafidxtat every ofa thesprespnt
form or -23-- produced by m xing the nucleic acid and conponents of the

carrier congeskhi08s, fle AUGhghCraci §l deliheenycidr Ary-iar 888. the carriekn the
conposition for nucleic acid delivery of the present invention, the m xing
ratio of .the nuclejc acid and.the carriger.5 conpasitiqgn for. nuclei cid
del i ver y>varCAEOHERERAI 11 BRCLReC KGR GF et 01 LA6Pd P R UM frer e Kard
conposition for nucleic acid delivery used, and the kind of cells of the
del i very t accdenucigic maggler thencafrimucicenpoattiibn $okr busleir acig- et bvery)
parts by weight, preferably from1.0 x 10-4 to 1.0 x 10-1 parts by weight,
and nore prefsenabhyd fuhemcifa lo ce11Q- 3 tithel dB1xvdBy ZpEks, MES pefopaidrs

by wei ght of the total amount of the conmponents (A) to (C) contained in the
carrier Conegskééﬂgh;géig%%!%E%mafi&>p§ka€£%;O parts by weight, preferably
from 1.0 x 10 to 1.0 x 107 parts by weight, and more preferably from
10 1.0 x 107 to 1.0 x 1072 parts, per 100 parts by weight of the total
amount of the components (A) to (C) contained in the carrier composition
for nucleic acid delivery.

Also, the total amount of the components (A) to (C) contained
in the composition for nucleic aciddelivery is from 10 to 90% by weight,

15 preferably from 30 to 80% by weight, and more preferably from 40 to
60% by weight, based on the total amount of the composition.

The carrier composition for nucleic acid delivery of the
invention can contain various additives such as isotonizing agents,
excipients, diluents, thickeners, stabilizers, buffering agent, and

20 preservatives; and aqueous vehicles such as purified water, an agqueous

saccharide solution, a buffer, a physiological saline, according to

its form. The amounts of the additives and agueous vehicles can be



Al so, the total anount of the conponents (A) to (C) contained in the
conposition for nucleic acid delivery is from10 to 90% by wei ght, 15
preferably from 30 to 80% by wei ght, and nore preferably from40 to 60% by
wei ght, based on the total anmount of the-@drposition. The carrier
conposition for nucleic acid delivery of the invention can contain various

addi tives sugh,as,igeEePi LG RPeAL Ry €XUHRI eBhR, ofithiderhsridhiLkentESeic
stabilizers, buffering agent, and 20 preservatives; and aqueous vehicles

such as purlfkgg Mﬁter an aqueous saccharide solution, a buffer, a
physi ol ogi catc¥hI%He"5¢cording to its form The amobunts of the additives
and aqueous vehicles can be -24- appropriately set according to the form
of the carrier forInutieilavectdodeldsmpyes of the céhls He Whiehtflgnpucleic
exanples of the cells to which the nucleic acid is delivered include

cul tured celdsiqg ledeil%@pé& %%quaé%nﬂt@fba&e‘h@r gani 1S Be b Ol E A 1iving
established cell |ines), | s existing in flVlng organi snms such as

human. The form ({he [o30) nucleic_a |d ellverg
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conposition for nucleic acid delivery is applied so as to be br ought
living organisms such as human.

The form of the composition for nucleic acid delivery of the
invention is not specifically limited as long as a proper amount of
the composition for nucleic aciddelivery is applied so as to be brought

10 intocontactwith target cells intowhich the nucleic acidis introduced.
When the nucleic acid is delivered into cells existing in living
organisms such as human, examples of the application include direct
infusion into tissue; intravenous, subcutaneous, intramuscular,
intraperitoneal, intraocular, digestive organic, and endodontic

15 injections; inhalation administration to the nasal cavity, mouth
cavity and lungs; oral administration; percutaneous administration
through the skin; and mucosal administration through the oral mucous
membrane, vaginal mucous membrane, ocular mucous membrane, rectal
mucous membrane, and uterine mucous membrane. Alternatively, when the

20 nucleic acid is delivered into cells separated from living organisms
and cultured cells, a method of culturing cells in the presence of

an appropriate amount of the composition for nucleic acid delivery

added in advance of incubation is exemplified. In addition, when the



10 into contact with target cells into which the nucleic acid is

i ntroduced. When the nucleic acid is delivered into cells existing in
living organi sms such as human, exanples of the application include direct
infusion into tissue; intravenous, subcut@deous, intranuscular,
intraperitoneal, intraocular, digestive organic, and endodontic 15

i nj ections; nudlaliat hond adniial Stgradl Om:d eecllhe sw\salateaviton 10®Uid cegyhi ymand
| ungs; oral adm nistration; percutaneous adm nistration through the skin;
and nucosal adm Ri-§tEatdgn b hE@e“%HcEQf‘c Ay PUGQUS MENDLANG, Yaglnal (DpLous
menbr ane, ocul ar nucous nenbrane, rectal micous WeRbr ane, and uterine
mucous nenbrane. Alternatively, when the 20 nucleic acid is delivered into
cel | s separ &Ed fifofBi BTERFEGIEgaAI SHEWHNd cultured cells, a nmethod of
culturing cells in the presence of an appropriate anount of the conposition
for nucleic acid dehbwet oaddedcompoasitaree fot hneldhial izeAdi Geexedm) offi ele | n
addition, when the -25 - nucleic acid is delivered into cells separated

fromliving . I racyl.t | C.aci . :
e ver oD A P S B0y LD UL 16 R5l 530 38cBRaing
conposition for nucleic acid delivery of the 5 invention applied to the

delivery tartgethedring p§ rystleifiarsd Heedr dinggkind OheCca]He rofomrRY idilenaton
used, the kind of carrier conposition for nucleic acid delivery used, and

the kind of ranget 2eld delikeiryexastp! £nd vhekihie fded gy yellad . getonkRamgl d s
in human, therapeutically effective anmount of the conposition for nucleic

acid deliver f i | 0_j LNI.S to I f e
therapeutic“égﬁﬁj%g88%%%%&%%gﬁ§ééﬁ%§ﬁ%g?égpﬂgﬁ%ﬁg H%%%%%%&égg%}gﬁfﬁgggkéb
The invention will now be described in detail based on Exanpl es

‘ amount of the composition for nucleic acid delivery of the invention

10 is administer to the patient of whom the therapeutic gain is expected

by administering the nucleic acid.

EXAMPLES
The invention will now be described in detail based on Examples
15 and the like, but the invention is not limited thereto. In the
following Examples, distearoylphosphatidylcholine is abbreviated to
“DSPC”, dipalmitoylphosphatidylcholine is abbreviated to “DPPC”, and
dimyristoylphosphatidylcholine is abbreviated to “DMPC”. 1In the
following Test Examples 1 and 2, GL3-siRNA (siRNA to firefly
20 luciferase; Dharmacon Co., Boulder, CO, USA; sense:
5’ ~CUUACGCUGAGUACUUCGAJTAT, antisense: 5’ -UCGAAGUACUCAGCGUAAGATAT)

was used as siRNA. In Test Example 3, Human MMP-9-siRNA (Samchully



15 and the like, but the invention is not limted thereto. In the follow ng
Exanpl es, di stearoyl phosphatidylcholine is abbreviated to "DSPC',

di pal m t oyl phosphati dyl choline is abbreviated to "BFPO', and

di nyri st oyl phosphati dyl choline is abbreviated to "DVMPC'. In the follow ng
Test Exanples 1 and 2, G3-5iRNA ( siRNA to firefly 20 luciferase;

Dhar macon CophadfBouloder,, L€4) HdDAa;sess5es ¥ -CCCNUALIEASAGIACERYESAITdT , ant
i s en se : 5 -UCGAAGUACUCAGCGUAATAT) was used as siRNA. In Test Exanple
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mas used as si RNA. Exanple 1 5 Preparation of DSPC-containing Carrier
Conposition for Nucleic Acid Delivery DSPC, chol esterol and _
stearylam ne were weighed in a nolar ratio of 7:3:1 and then dissolved in
chl or of or m ustaagpla necovery flask. The solution was dried under reduced
pressure using a rotary evaporator
5 Preparation of DSPC-containing Carrier Composition for Nucleic Acid
Delivery
DSPC, cholesterol and stearylamine were weighed in amolar ratio
of 7:3:1 and then dissolved in chloroform using a recovery flask. The
solution was dried under reduced pressure using a rotary evaporator
10 toforma lipidthin-membrane. After DEPC-treatedwater (manufactured
by Ambion Co.; Rnase free water) was added to the solution in such
a manner that its DSPC concentration became 30 mg/mlL, the particle
diameter of the resulting solution was adjusted by passing through
amembrane having a pore diameter of 100 nmusing an extruder to prepare

15 acarrier composition for nucleic aciddelivery ina cationic liposomal

form.

Example 2
Preparation of DPPC-Containing Carrier Composition for Delivery of
20  Nucleic Acid
In the same manner as in Example 1, except that DPPC was used
in place of DSPC, a carrier composition for nucleic acid delivery in

a cationic liposomal form was prepared.



10 to forma lipid thin-nmenbrane. After DEPC-treated water (manufactured by
Ambi on Co.; Rnase free water) was added to the solution in such a manner
that its DSPC concentration becane 30 ng/nmh, the particle dianeter of the
resulting solution was adjusted by passing’through a nenbrane having a pore
di aneter of 100 nmusing an extruder to prepare 15 a carrier conposition
for nucleic acid delivery in-a cationic |liposomal form Exanple 2
Preparati on of DPPC-Containing Carrier Conposition for Delivery of 20

Nucl ei ¢ Aci d: 1 In the same manner as in Exanple 1, except that DPPC
was used in-ﬁ?ggégog DSPC, a carrier conposition for nucleic acid delivery

in a cationic |iposomal form was g%fpared. -27- Exanple 3 Preparation of
DVPC- Cont ai MXT@2CaFEPRr OCIMSosConbnitigly Barryer \CaoRicienciaeilglsVAry het
same manner as in Exanple 1, except that DMPC was used in place of DSPC, a
carrier compasilleienatog nucleic acid delivery in a cationic |iposomal form
was prepared.
5 In the same manner as in Example 1, except that DMPC was used
in place of DSPC, a carrier composition for nucleic acid delivery in

a cationic liposomal form was prepared.

Example 4
10 Preparation of DSPC-containing Carrier Composition for Delivery of
Nucleic Acid
A solution containing siRNA in a 2 UM concentration (siRNA
solution) was prepared using a solution prepared by diluting 20 x
Tris-EDTA (TE) buffer (manufactured by Invitrogen Co.) 20 times with
15 DEPC-treated water (manufactured by Ambion Co., Rnasefree water).
Then, an equal amount of the carrier composition for nucleic acid
delivery of Example 1 and the siRNA solution were mixed to form a
lipoplex (complex), thus obtaining a composition for nucleic acid
delivery.
20
Example 5
Preparation of DPPC-containing Carrier Composition for Delivery of

Nucleic Acid



Exanple 4 10 Preparati on of DSPC-containing Carrier Conposition for
Delivery of Nucleic Acid A solution containing siRNAin a 2 uM
concentration (siRNA solution) was prepared using a solution prepared by
diluting 20 x Tris-EDTA (TE) buffer (manuf&ctured by Invitrogen Co.) 20
times with 15 DEPC-treated water (manufactured by Anmbion Co., Rnasefree
wat er). Then, an eguadlatimmitcoptathendariRNer i608PDSIM iconckot raticdrei (@ iaghd
delivery of Exanple 1 and the si RNA solution were mxed to forma |ipopl ex

I t f
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of Nucleic Acid - | ution containin S|RNA in a2 uM

concentratldﬁﬂﬁéﬁﬁmﬁ §H$uPP5§§rWH§anéﬁ%¥@%jG§|ﬁ@f oer Tt Gon BPéﬂ&ﬁ@dWﬁV1
diluting 20 x Tris-EDTA (TE) buffer (manufactured by Invitrogen Co.) 20

times with DERPCttreated waitesr (maBOBiaCityEedybpmAdh aTb.CoRnaReases neger) .
water). 5 Then an equal amount of the carrier conposition for nucleic acid

del i verygof %t K @QP %%n%i 8%1/*@@' fﬁ%ﬂ@p Jé@f&do ge}f%ﬂ&feﬂé RARLEX

(conplex) t |ng conmposition fTor nuc ac

delivery of Example 2 and the siRNA solution were mixed to form a
lipoplex (complex), thus obtaining a composition for nucleic acid

delivery.

10 Example 6
Preparation of DMPC-Containing Carrier Composition for Delivery of
Nucleic acid
A solution containing siRNA in a 2 pM concentration (siRNA
solution) was prepared using a solution prepared by diluting 20 x
15 Tris-EDTA (TE) buffer (manufactured by Invitrogen Co.) 20 times with
DEPC-treated water (manufactured by Ambion Co., Rnasefree water).
Then, an equal amount of the carrier composition for nucleic acid
delivery of Example 3 and the siRNA solution were mixed to form a
lipoplex (complex), thus obtaining a composition for nucleic acid

20 delivery.

Test Example 1 Test for Evaluation of Safety for Cells




10 Exanple 6 Preparati on of DMPC- Containing Carrier Conposition for
Delivery of Nucleic acid A solution containing siRNAin a 2 uM
concentration (siRNA solution) was prepared using a solution prepared by
diluting 20 x 15 Tris-EDTA (TE) buffer (madufactured by Invitrogen Co.) 20
times with DEPC-treated water (nmanufactured by Anmbion Co., Rnasefree
water). Then, an equal ceaDutiocdf whHeadohel €OMPs Tk JRk . nucleicTacktd
delivery of Exanple 3 and the si RNA solution were mxed to forma |ipopl ex

(conplex), t tainin NpPOSi-t i faor, hucleic acid 20 deliver Test
Eampl o 1 Teat HEFEraPha Forar taar f y 1o (Gerr g o B AAaERLGHEIN o
eval uation was performed using a MIS assay. A Cell Titer 96 Aqueous One
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the MS assay. Specifically, A594 cells (ATCC, USA) were inocul ated at 3.16

x 104cel | s/ vedd) wet® i200ulbt&d 2B heceqo$ 21 MagivéirahteroofpEagimiiseiedt ym
(DMEM containing 10 vol % fetal bovine serum (PBS) in a 96-well plate, and

i ncubat ed at,, 37.C.f . After. rinsj w th_Hank's . Buffere [t .
ol ut on el P88 I HaTta i "BHE, s e Y e SRt vas
20 pl of each of the conpositions for nucleic acid delivery of Exanples 4
to 6 were adRREAMGEBS) el Wervekhd lateubane d rebared umd e’ ° 5% QOL 4 spugs.

hours. Next, the culture supernatant in the wells was changed to OVEN with

10 vol % of PBSeandihscudbatied @inid eCruntered%uC2sdnridd NPy againds,20ns!
of a MIS (Met hanet hi osul fonate) reagent and 100 pl of a DVEM nediumw th 10

vol % PBS were addedt geaghvel| . i RaHRAY 899" 25R0UL 8, FA) Q98T cach of the

compositions for nucleic acid delivery of Examples 4 to 6 were added

10 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 and incubated at 37°C under 5% CO, for 20 hours again. 20 pl
of a MTS (Methanethiosulfonate) reagent and 100 pl of a DMEM medium
with 10 vol% FBS were added to eachwell, incubated for 2 hours, followed

15 by determination of absorbance at 492 nm and further calculation of
cell viability. The cell viability was calculated by setting the
absorbance at 492 nm determined without adding the composition for
nucleic acid delivery which was incubated under the above conditions
as 100%.

20 The results are shown in Fig. 1. As shown in Fig. 1, it became
apparent that all compositions for nucleic acid delivery of Examples
4 to 6 have low cytotoxicity and high safety. Particularly, it was

confirmed that safety was significantly high in the compositions for



15 by deteim nation of absorbance at 492 nm and further cal cul ati on of cel
viability. The cell viability was cal cul ated by setting the absorbance at
492 nm determ ned wi thout addi ng the conposition for nucleic acid delivery
whi ch was incubated under the above condrBifons as 100% 20The results are
shown in Fig. 1. As shown in Fig. 1, it became apparent that al

conposi ti onsnddreinuekedcdariwkrdehsves ypsHc bxampbesad dre 6 have | ow
cytotoxicity and high safety. Particularly, it mas confirned that safety

was significaf nucleic acid delivery
usi ng DSPC orqiiﬁggﬂbggh%£aéggiggﬁgﬁ Q%kgﬁgy hoflne (Exanmple 4 or 5). Test
Exanpl e 2 Test for Eval uation of Si RNA Delivery Efficiency into 5 Cells
Intracel lul ar introduction of siRNA was eval uated by neasuring fluorescence
intensity of FITC |abeled siRNA using flow cytonmetry. In this test, a
conposi ti on Tt Puahgl« 2aciabtdebt veayupt epaoeds MNZNDEL ke 1pf Effﬁbieérﬁgr into

si RNAwas used. Specifically, A594 cells (ATCC, USA)

5 Cells

Intrac;ellular introduction of siRNA was evaluated by measuring
fluorescence intensity of FITC-labeled siRNA using flow cytometry.
In this test, a composition for nucleic acid delivery prepared with
FITC pre-labeled siRNA was used. Specifically, A594 cells (ATCC, USR)
10 were inoculated at 5 x 10° cells/well into 500 pl of DMEM with 10 vol%
FBS in a 24-well plate, and incubated at 37°C under 5% CO, for 24 hours.
After rinsing three times with HBSS, the medium was changed to DMEM
containing no FBS, and then 0.05 ml of each of the compositions for
nucleic acid delivery of Examples 4 to 6 were added to each well and

15 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 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 (Gene Therapy Systems,
Inc.) was added, followed by incubation at 37°C under 5% CO, for 15
20  minutes. Again, the wells were rinsed with HBSS 2 times and cells
attached on the well bottom were detached using trypsin and collected
by centrifugation, and then the resulting cells were suspended in HBSS.

The suspension was filtered through a membrane having a pore diameter



10 were inoculated at 5 x 105cells/well into 500 pl of DVEMw th 10 vol %
PBS in a 24-well plate, and incubated at 37C under 5% COQ2f or 24 hours.
After rinsing three tinmes with HBSS, the nedium was changed to DVEM
containing no FBS, and then 0.05 ml of eachi-of the conpositions for nucleic
acid delivery of Exanples 4 to 6 were added to each well and 15 incubated
at 37C undero5%ICHa.f arlubreuesce Nextendifg 68l tal e superBakandd ivsihberwel |l s
was changed to DVMEM with 10 vol % of PBS and i ncubated at 37C under 5%

C2for 20 hog ' I j i HESS. d.0. 2 nl.of
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i ncubation at 37C under 5% CO2 for 15 20 m nutes. Again, the wells were
rinsed with 1BS8USleirercighdeeéVesy at Pachewprdaothef etnesssncem Wenesity of
detached using trypsin and collected by centrifugation, and then the
resulting ce lonene sospidddn AoHBSTLeithacsds@ensicay wBsaindd eyeflixing
t hrough a nenbrane having a pore dianeter -31- of 41 um Fluorescence

i ntensity of I WAS, Fea I c et r ours._and_24
hour s af tger atﬁsg)lléll é%gltﬁi%n o%%%%%%ﬁ%s%%s&%ﬁﬁ%ﬁg cgg%?r%i ucféaﬁ g%r?/. As
a control, fluorescence intensity of a control conposition for nucleic acid
del i very obtSIHEdChHLHY x@ g 1B bd esoeng iveatef diilpspdctidh Aet B adia to 0.1
(I'nvitrogen) often used as a conmerci al |l y-avail abl e gene vector diluted

wi th Opti MEMgredi antios{RNA /i i 3ndd 51 RNA s0kHt Tomuifadt ed Wi édhcBntbut{er
at a concentration of 2 uMin a volune ratio of 1:1 was al so neasured in

the sane ma .de i ve. A0OT. re r o in Fig. 2. From
t hese resul?gfbi@@dgégggﬁgﬁgnggg% éF.gfg&Rsigy%%ﬁggﬁgfg égth?dﬁ%%ipsn??F
any case of conpositions for nucleic acid delivery of Exanples 4 to 6.
Parti cul ar| S PRSERECLOMRSIi ons for nucleic acid delivery using DSPC or
DVMPC as the di acyl phosphati dyl choline (Exanples 4 and 6), it becane 15

appar entOt hat i nt rOgeicidson tef asé Ritdbwh Raursg afd.er radldidHeeRe waSults, it was
significantly high as conpared with Lipofectam nem 2000 often used as a

i al |y avail apl .Qr ; h i bl
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nucl ei c acid delivery having a_DSPC .
compositidns for nucleic acid delivery of Examples 4 to 6.

Particularly, in the compositions for nucleic acid delivery using DSPC
or DMPC as the diacylphosphatidylcholine (Examples 4 and 6), it became
15 apparent that introduction of siRNA 2 hours after addition was
significantly high as compared with Lipofectamine™ 2000 often used
as a commercially-available gene vector and that the compositions have
favorable characteristics in excellent fast-acting.
Furthermore, a carrier for nucleic acid delivery having a DSPC
20  concentration of 7.5 to 30 mg/mlL was produced according to the same
manner as in Example 1, using DSPC, cholesterol, and stearylamine
(DSPC:cholesterol:stearylamine = 7:3:1 in a molar ratio, hereinafter,

collectively referred to as a “constituent lipid of the carrier for



20 concentration of 7.5 to 30 ng/ nmL was produced according to the sane
manner as in Exanple 1, using DSPC, chol esterol, and stearyl am ne

(DSPC:. chol esterol : stearylamne= 7:3:1 in a nolar ratio, hereinafter
collectively referred to as a "constituent32-i pid of the carrier for -32-
nucleic acid delivery") . Alipoplex (conplex) was fornmed by m xing an

equal anmount ngk1 dihj §c@@rdélﬂrvefr?]}"”) nuel e gogtd:d @ehpyery \@nd rhBubufdehixing

cont ai ning 200 nM si RNA, and the conposition for nucleic acid delivery were

d. Usij h it f l.ei id del.i . 5 '
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manner as described above. The results are shown in Fig. 3. Fromthese
resul ts, whesPitednéogcditt ritsiiBNAefanchieh & oorgposivern fophndcbéic heiddeliivery or
nucl eic acid delivery was changed, the anount of nucleic acid introduced

into cells nepdiatedphyet he ue9RROSHE | @ban £ 16n net elz13¢bdaded iaean YeWas
changed accordingly. Also, it was found that the constituent |lipid of the
carrier for nucleic acjid delivery.sho | ow val in the. introduced si RNA
aount a2 PGSOy b SO b AL AP Bk R 0 PEL 1aF SHaUrETEh
at any concentration, and that di sappearance of siRNA started at 24 hours
af ter addi t iighthTheamsf ppenen 5ist feseridgd sbevso Theeaised tshate ishois ipoEsg bl e
to deliver siRNAinto cells within a short tinme of 2 hours after addition

by using thes combbmantsa rebubPSECyheRehesiiceht ranthsbeankl @Mshetasnt Nepid
carrier for nucleic acid delivery, and that the conpositions have favorable

charactgristHQ% i.n expggl n& fast-acting. , 20 Testhxaqeg§e T?ﬁée%%ﬁnt o
Eval uati on St° AR %‘?Hjbrf% I%‘E%Jlt'efje(? S‘ﬁlgn Vico WS changed, £
nucleic acid introduced into cells mediated by the composition for
10 nucleic aciddelivery was changed accordingly. Also, it was found that
the constituent lipid of the carrier for nucleic acid delivery shows
a low value in the introduced siRNA amount at 24 hours after addition
as compared with 2 hours after addition at any concentration, and that
disappearancecﬁfsiRNAstartedeﬁ:24hoursafteraddition. Therefore,
15 the results also revealed that it is possible to deliver siRNA into
cells within a short time of 2 hours after addition by using the
combination of DSPC, cholesterol, and stearylamine as the carrier for
nucleic acid delivery, and that the compositions have favorable
characteristics in excellent fast-acting.

20

Test Example 3 Test for Evaluation of Inhibition of Interferon

Induction



- 33- A594 cells (ATCC, USA) were inoculated at 5 x 105 cel |l s/ well
into 500 p|] of DMEMwith 10 vol % PBS in a 24-wel|l plate, and incubated at
37C under 5% CQ2for 24 hours. After rinsing three times with HBSS, a 450 pl
of DVMEM nedi um cont ai ni ng no PBS was added3irnto each well, 5 noreover, 50
pl of the conmposition for nucleic acid delivery of Exanple 4 was added into
each well and i ncuhadedeatl s37LramMdersry% 062 frfcudabedrs: sNexio® theispbdiur e
supernatant in the wells was changed to DVEMwi th 10 vol % of FBS and

i ncubat ed at. 37 r 59 f.or Qu again,, After .rinsing,three tipes
wth pess, e P e e e 18 ForEe Do e e St Ao U G e ySe
and col l ected by centrifugation. RNA was extracted fromthe resulting cells
usi ng Rneasy»PP UL NNART PO EyiPr, 2hhaut fien AEDRA iias ositairaed ipps with ABSS,
transcription using Qutanti Tect Reverse Transcriptipn (Q agen). Using the
resul ting cBNA5S0QuL asrt iDFemtf¥di®l cAssayn Ky agerps i au@¥el Bitd Qach well,
(Rio-RAID), nRNA of 15 IFIT-1, which is an interferon-inducing gene, was
quantified w | <t rol., mMRNA of 1FI.T-1 was quantifi.ed
in a contgr omog%r?%%gf £5 :-004? ?ggﬁﬁuc éoggg%?ﬁ f&élr}uvcelre fico lélji C%leeldl vl%}: yﬁ?é?}ﬁ%mpale
solution of Lipofectam ne 2000TN (I nvitrogen) often used as a

comer ci al | Y- ¥¢8i #ee igérecade sl ldpndt decuiatiedopt i WEM radea Pd @21£@0 4
ng/ mL and the si RNA solution diluted with TE buffer at concentration of 2

pMin a vol meersat iNexef, dhelcultife ssp8EndEein asicd@SiCld Ped chbayed tASDMEM
housekeepi ng gene to correct the quantification, 18rRNA was used. Also, as

a bl ank, nRNA.af ;b Fl Jol fied with.the.above -34- _canditjons

wi t hout the é&gi ’tldl)o‘%lOlo(’f O?ﬁgB%t)é%m{g%sllk szﬁ%%ratnggl gi c"adi (53°d8P? vgrry%b ours
The results are shown in Fig. 4. The conposition for nucleic acid delivery
of Exanpl e 4983Nng ABSPC Gingiledttddesi Gias ¢hin HS$ orebls ndtaches opfthe well
interferon as conpared with the control conposition for nucleic acid

del i veryo usibpgtbinpafrectit arieed e 1200y e éaa%dlslerc&\éaaﬂ;pctetﬂmﬁfh?atﬁon.
possible to inhibit induction of interferon, which is an adverse effect of

;s'nsgﬁ‘il g?}' n%hhﬁagoém%icttiegnfjr&ﬁ %%Clr%is%l%ghg gg’ilisv rs)_{ngf Rlllehaesyrﬁ%%nl\ﬁini
(Qiagen), and then cDNA was obtained by transcription using
QutantiTect Reverse Transcription (Qiagen). Using the resulting cDNA,
QutantiTectPrimer Assay (Qiagen), and iCycler iQ (Bio-RAD), mRNA of

15 IFIT-1, which is an interferon—inducing gene, was quantified with
real-time PCR. Asacontrol, mRNA of IFIT-1 was quantified in a control
composition for nucleic acid delivery obtained by mixing a solution
of Lipofectamine 2000™ (Invitrogen) often used as a
commercially-available gene vector diluted with OptiMEM media to 0.1

20 mg/mL and the siRNA solution diluted with TE buffer at concentration
of 2 yM in a volume ratio of 1:1 in the same manner as desctibed above.

As a housekeeping gene to correct the quantification, 18rRNA was used.

Also, as a blank, mRNA of IFIT-1 was quantified with the above



-35- CLAI M5 1. Acarrier conmposition for nucleic acid delivery,
conprising (A) a diacyl phosphatidylcholine, (B) at |east one nenber
selected fromthe group consisting of chol esterol and derivatives 5
thereof, and (C) an aliphatic prinmary ams- 2. The carrier
conposition for nucleic acid delivery according to Claim1, wherein the
conponent (Atonditaions witdhasyltpBosqdiaticgybehtld rempboste: @acYbrofi@tie kel y
has 4 to 23 carbon 10 atons. 3. The carrier conposition for nucleic

acid delivery %ﬁ;e%hgi ng to daiml or 2, wherein the conponent (B) is
chol esterol . 154, THe carri er conposition for nucleic acid delivery

The results are shown in Fig. 4. The composition for nucleic

acid delivery of Example 4 using DSPC indicated significantly low

5 induction of interferon as compared with the control composition for
nucleic acid delivéry using Lipofect™ amine 2000. The results

revealed that it is possible to inhibit induction of interferon, which

is an adverse effect of siRNA, using the composition for nucleic acid

delivery of the present invention.



according to Caim1, wherein the conponent (C) is an al kyl am ne having 10
to 20 carbon atons. 5.The carrier conposition for nucleic acid delivery 20
according to Claim1l, wherein the conponent (A) is at |east one nenber

sel ecting fromthe group consisting of dirmpri stoyl phosphati dyl chol i ne,

di pal m t oyl p{:}?s t&ati dyl chol i ne, and di stearoyl phosphati dyl chol i ne; -36-

t he conponen 13(1%3 is cholesterol; and the conponent (C) is stearyl am ne.

6. The carrier compositian for nucleic acid delivery 5 accordi to Caim
1 wherein the mol &t rati’ GF ‘¢BRPOMBHE CAPDCoNpIMSHC (RS CCOMTNIREY ) | 5
5-9:1-5:1. 7. The carrier conposition for nucleic acid delivery
accordi ng t cc@riiming Whi chdiscal @arapher ifipt cluelinesr YBpfatsilRAMAL IG member
8. The carrier conposition for nucleic acid delivery according to Caiml1,

which is a |§é¥§ﬂ%@@,@E@ﬁafﬁgid%&ub”c@@éfgkf%d loBOSARBL s B ane s fwiited sof
t he conponents (A) to (O.

5 thereof, and (C) an aliphatic primary amine.

2. The carrier composition for nucleic acid delivery
‘according to Claim 1, wherein the component (A) is a
diacylphosphatidylcholine whose acyl group moiety has 4 to 23 carbon

10 atoms.

3. The carrier composition for nucleic acid delivery

according to Claim 1 or 2, wherein the component (B) is cholesterol.

15 4. The carrier composition for nucleic acid delivery
according to Claim 1, wherein the component (C) is an alkylamine having

10 to 20 carbon atoms.

5. The carrier composition for nucleic acid delivery
20 according to Claim 1,
wherein the component (A) is at least one member selecting from the
group consisting of dimyristoylphosphatidylcholine,

dipalmitoylphosphatidylcholine, and distearoylphosphatidylcholine;



159. A conmposition for nucleic acid delivery, conprising a nucleic acid, and
the carrier conposition for nucleic acid delivery of Caiml.

10. The conposition for nucleic acid delivery according to 20 daim9,
wherein the nucleic acid is si RNA ~3611. The conposition for nucleic
acid delivery according to Caim9, which is a |liposone preparation. -37-
12. A net hod tfier donpooeuici (B) dsnubbBisteaoild, ambi ch conprises the step of
introducing the nucleic acid into cells by bringing the conposition for

nucl ei ¢ aci I r fact with 5 the cells. 13.
de el 4oy o}éeﬂfc g ekt 1%&’?1

A met hod for |ntro ucl ng nuc eic a according to Claim 12, wherein the
cells are cultured cells, cells separated fromliving organisns, or cells

existing in living organisns.

6. The carrier composition for nucleic acid delivery
- 5 according to Claim 1, wherein the molar ratio of component

(A) :component (B) :component (C) is 5-9:1-5:1.

7. The carrier composition for nucleic acid delivery

according to Claim 1, which is a carrier for delivery of siRNA.

10
8. The carrier composition for nucleic acid delivery
according to Claim 1, which is a liposome preparation in which a
liposomal membrane is formed of the components (A) to (C).
15 9. A composition for nucleic acid delivery, comprising a

nucleic acid, and the carrier composition for nucleic acid delivery

of Claim 1.

10. The composition for nucleic acid delivery according to

20 Claim 9, wherein the nucleic acid is siRNA.

11. The composition for nucleic acid delivery according to

Claim 9, which is a liposome preparation.



10

14. Use of a conposition conprising (A a

di acyl phosphati dyl choline, (B) at |east one nmember selected fromthe group
consi sting of cholesterol and derivatives thereof, and (C) an aliphatic
primary anmine, in the manufacture of a cafrier for nucleic 15 acid

delivery.

15. Use according to Caim14, wherein the carrier is

used for delivery of siRNA

10

15

12. Amethod for introducing a nucleic acid, which comprises
the step of introducing the nucleic acid into cells by bringing the
composition for nucleic acid delivery of Claim 9 into contact with

the cells.

13. A method for introducing a nucleic acid according to
Claim 12, wherein the cells are cultured cells, cells separated from

living organisms, or cells existing in living organisms.

14. Use of a composition comprising (A) a
diacylphosphatidylcholine, (B) at least one member selected from the
group consisting of cholesterol and derivatives thereof, and (C) an
aliphatic primary amine, in the manufacture of a carrier for nucleic

acid delivery.

15. Use according to Claim 14, wherein the carrier is used

for delivery of siRNA.



