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DESCRI PTI ON
AGENT FOR PROMOTI NG GENE TRANSFER AND METHOD OF GENE TRANSFER
USI NG THE SAME
Technical Field
[ 0001]

The present invention relates to a glycolipid and an
ethylene glycol lipid capable of prompting introduction of a
compound of interest such as a nucleic acid into cells, a
|ipofection carrier conprising the glycolipid or the ethylene
glycol Ilipid, and a nethod of introducing a conpound of

interest into cells using the carrier and the Iike.

Background Art
[ 0002]

In recent years, against the background of the advances
in life science research, proteins for biopharmaceuticals have
been growing remarkably as a solution to a lack of new drugs
devel oped by mmj or pharmaceutical conpanies in Japan, the EU
and the USA. The dramatic expansion of proteins for
bi ophar maceuticals is thanks to the rapid progress of the
establi shnent of groundbreaking therapies w th pharnmaceuticals
conprising a nonoclonal antibody, cytokine, functionally
nodi fied protein or the like. Many of these biopharmaceuticals
have been obtained by artificially mass-producing reconbinants
of bioactive proteins playing key roles in living organisns,
by using mammalian cells. However, there are sone technical
problens to be solved in developing and producing
bi ophar maceutical s
[ 0003]

While bioactive proteins that occur only in trace anounts
in living organisnms can be produced using a production system
based on genes that serve as blue prints and manmalian cells,
m croor gani sns, insect cells and the like, the inportance of
production systens based on mammalian cells is increasing due

to the growing needs for the production of proteins with

1



10

15

20

25

30

35

WO 2012/132022 PCT/JP2011/058663

i nproved sugar chain structures or functional regions, wth
advances in the recent years in biopharnaceuticals . However,
production systens based on manmalian cells, which are higher
organi snms, pose sone problens to be solved, including
difficulty wth establishing a |ong-spanning continuous
manufacturing process and relatively high manufacturing cost,
conpared with those based on microorganisns or insect cells.
[ 0004]

Because mamualian cells are nornmally wunable to stably
mai ntain the expression |level of any gene exogenously
introduced, a cell clone nmaintaining a preferred expression

|l evel cannot be acquired without performing selecti on culture

for a long tine. In many cases, selection culture for 3 to 6
nonths is needed until cells that stably produce a protein at
high levels are obtained. Therefore, to efficiently produce a
protein in a short tine using mammualian cells, it is inportant

to establish a technology for efficiently introducing a
particular gene into a large nunber of cells at one tine.
[ 0005]

A wide variety of techniques are available for
transferring a particular gene into mamualian cells (gene
transfer technology) . Known such nethods include the
|ipofection nethod, wherein a gene is allowed to be
incorporated in cells by phagocytosis or nenbrane fusion using
a lipid nolecule, the virus nethod, wherein cells are infected
using a retrovirus and the like, the electroporation nethod,
wherein a snall pore is electrically nade in the cell surface,
the mcroinjection nethod, wherein a gene is directly injected
using a glass capillary, the particle gun nethod, wherein a
gene is fired into cells using mcroparticles such as of gold,
and the ionic polyner association nethod, wherein a conplex
conprising a polyarginine, a polylysine, a virus-derived
peptide, a nuclear localization peptide or the like is allowed
to be incorporated by endocytosis. Cenerally, regarding gene

transfer technology for producing proteins for
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bi ophar maceuti cal s, the lipofection nmethod and the
el ectroporation nethod are chosen since the material used does
not exhibit infectivity or pathogenicity, and also since a
reasonabl e nunber of cells can be accommvpdat ed.
[ 0006]

The |ipofection nmethod poses the problens of |ow gene
transfer efficiency and high product prices. Many of the
exi sting reagents (gene transfer reagents) that have been
devel oped and brought into practical applications to date are
intended for cultivation on small scales of up to 10 mM, wth
little reagents intended for gene transfer into a |arge nunber
of cells on a liter scale. Furthernmore, as the situation
stands in the production of proteins for biopharmaceuticals,
because of the use of a totally synthesized nedium consisting
of a chemcally defined ingredient of non-animal origin that
does not exhibit infectivity or pathogenicity, the capacities
of lipofection reagents that have been developed for use in
basal nedia or serum nedia are insufficient to allow the use
of a totally synthesized nedium Although sone gene transfer
reagents intended for liter-scale production of
bi opharmaceutical proteins are available, their capacity of
introduction is about 50% and they are expensive. In
lipofection using a totally synthesized nedium alterations of
cell nenbrane surface structure and nedium components can
interfere with the I|ipofection.

[ 0007]

Al though the electroporation method is unlikely to
undergo the influences of nmedium conponents on the
introduction efficiency, it poses the problens of difficulty
with introducing a gene into a |large nunber of cells at one
time, and of inducing cell death due to alterations of the
structure of the cell nmenbrane by electric pulses.

El ectroporati on apparatuses that have been devel oped and
brought into practical applications are designed to treat up

to 5xI06 cells in one operation. Therefore, for treating |xlQ°
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cells (IxI0% cells/mM) to be used for gene transfer on the 1-
l[iter cultivation scale, several hundreds of times of transfer
operation are required, and this is unrealistic.

[ 0008]

The present inventors attenpted to create lipid compounds
that allow DNA or RNA to be introduced into a wide variety of
mammalian cells, and have reported on a cationic lipid
mol ecul e and plasmid DNA transfection using the sane [Non
Patent Literature 1], gene transfer to normal neural stem
cells by a filmlike self-organized |ipid nolecule [NonvPatent
Liter.ature 2], a cationic lipid nolecule and siRNA
transfection using the sane [Non Patent Literature 3], and a
protein production system based on transfection [Non Patent
Literature 4].

[ 0009]

Furthernore, the present inventors have searched their
own cationic lipid repertoire (Patent Literature 1) and
di scovered a conpound suitable for introduction of DNA (Patent
Literature 2), a conmpound suitable for introduction of siRNA
(Patent Literature 3), a glycolipid nolecule that inproves
|ipofection efficiency (Patent Literature 4), and a peptide
lipid that allows a conpound to be introduced wth high

efficiency (Patent Literature 5).

Ctation List
Patent Literature
[ 0010]
[PTL 1]JP1984767 B
[ PTL 2] WO2005/ 054486 Al
[ PTL 3]1JP2006- 158314 A
[ PTL 4]JP2006- 254877 A
[ PTL 5] WO2007/ 099650 Al
Non Patent Literature
[0011]
[NPL 1] K. Kusunmpbto, T. Akao, E. Mzuki, and 0. Nakanura.
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Cene Transfer Effects on Various Cationic Anphiphiles in CHO
Cells. Cytotechnology 51(2) , 57-66 (2006)

[NPL 2] K. Kusunpbto, S. Yanashita, T. Nagata, T. Ildo, 1.

Hamachi, and T. Akao. Thin-film Assenbly of Diethanol am ne-
based Lipidic Mterial as Potential Gene Carrier in Muse
Enbryonic Neural Stem Cells. Journal of Bionedical Materials
Research Part A 91(1), 1-10 (2009)

[NPL 3] K. Kusunpbto . Structural Features of d utanate-based

Lipidic Mterials for Small Interfering RNA Delivery System
Journal of Bionmedical Materials Research Part A 89(3), 739-750
(2009)

[NPL 4] K. Kusunpbto, T. Nagata, E. Kanazawa, T. Sakai, Y.

Yoshi kawa, T. Ogata, N. Nakatani, T. Ishikawa, S. Koga, A.

Shirasu, S. Mrishita, T. Enmura, and | . Hamachi. Transfection
system using a cocktail of totally designed lipidic nmaterials
in Chinese hanster ovary cells. Animal Cell Technology: Basic

& Applied Aspects 16, 444-450 (2010)

Summary of Invention
Techni cal Problem
[0012]

It is an object of the present invention to provide a
novel lipid compound carrier capable of pronoting introduction
of a compound such as a nucleic acid into cells conveniently
and safely w thout using special equipnent, and a nethod of

introducing a conpound into cells using the carrier.

Solution to Pr o‘bI em
[ 0013]

The present inventors conducted extensive investigations
to acconplish the above-described object, and discovered, in a
repertoire of independently designhed and synthesized
gl ycolipid conpounds and ethylene glycol lipid conpounds, a
conmpound that increases the transfection efficiency when m xed

in a conplex of a nucleic acid (plasmd DNA/siRNA) and a
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cationic lipid or peptide lipid. The present inventors
conducted further investigati ons based on these findings, and
have devel oped the present invention.

[ 0014]
Accordingly, the present invention relates to the
fol | owi ng:

(1) A compound represented by the formula (1) :

R! R? I
o (I

)n

R3
/
o o

wherein R! represents R°=N- (wherein R® represents a saccharide
residue) or

O

-

R*—N
O

(wherein R* represents a nobno- or polyethylene glycol residue) ;
each of RZ and R3, whether identical or not, represents a
hydrocarbon group having 1 to 30 carbon atons; and

nis 0or 1.

(2) The conpound according to (1), wherein Rl is R=N and R is
a nonosaccharide or disaccharide residue.

(3) The conpound according to (1), wherein R is,

O

H

N

R—N ~

o

and R* is a group represented by -CH,CH,(OCH,CH,)ni-ocH (wherein m

represents an integer of 0 to 20) .

6
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(4) The conpound according to (1), wherein each of RZ and R3 is
a Cg.20 linear alkyl group or Ilinear unsaturated hydrocarbon
group .
(5) The compound according to (1), wherein the conpound is
5 GLC-EC12, dc-EC6, Gc-EC8, dc-ECIO dc-EC14, &l-EC12, Man-
EC?, All-EC12, Fuc-EC12, Xyl-EC12, d cNAc-ECl12, 2EG EC10,
2EG ECl12, 4EG EC10, 4EG EC12, 2EG ECl14, or 4EG EC14.
(6) An agent for pronoting introduction of a compound of
interest into cells, conprising the conpound according to any
10 one of (1) to (5 .
(7) A conposition conprising the conpound according to any one
of (1) to (55 and a lipid having an activity to introduce a
compound of interest into cells.
(8) The composition according to (7), wherein the lipid is a
15 cationic lipid or a peptide Iipid. '
(9) The composition according to (7), wherein the lipid is a

compound represented by the fornmula (I1-A) :
0

I
CH, (CH,) ,,0C }N o ) q_‘_N+(0H3)3 (II-A)
CH, (CHy) ;. 06— (CH,) ; H
0
wherein p represents an integer of 12 to 16, and q represents
20 an integer of 2 to 11,

a conmpound represented by the formula (I1V-A) :

Il
CH3 (CHz) _ZCOCHchz\ 0 +
‘ N-L—(CH) . —N(CHy, (IV-A)
CH, (CHy) t_2§|>ocuzcﬂ/

0

wherein t represents an integer of 12 to 16, and u represents
an integer of 2 to 11; or
25 a compound represented by the fornula (I-B) :

O

H
1B —N
R o _R®B (I—B)

RZB
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wherein R represents an anino acid or peptide having 1 to 10
amno acid residues, R represents an optionally chosen am no
acid side chain, R®® represents a hydrocarbon group having 1 to
30 carbon atons, and with the provision that when R2?B has a
carboxyl group, the carboxyl group may be esterified with a
saturated or unsaturated alcohol having 1-30 carbon atons.

(10) The conposition according to (9), wherein the lipid is
TMVA- EC12, TMA- ECl14, TMA-DEAC12, TMA-DEACl14, R-EC12, R-ECl4, K-
EC12, or K-EC14.

(11) The conposition according to (7), wherein the conposition
is for introducing a conpound of interest into cells.

(12) The conposition according to (11) , wherein the conmpound
of interest is a nucleic acid.

(13) The conposition according to (12), wherein the nucleic
acid is a plasmd DNA cDNA or antisense DNA or an siRNA,

mi RNA, shRNA, nRNA, antisense RNA or RNA replicon.

(14) The conposition according to (7), wherein the conposition
further conprises the conmpound of interest.

(15) A nethod of introducing a compound of interest into cells,
conprising contacting the conposition according to (14) and
the cells.

(16) A nmethod of introducing a compound of interest into cells
in a human or non-human subject, conprising admnistering the
conposition according to (14) to the subject.

(17) A kit for introducing a compound of interest into cells,
conprising the conpound according to any one of (1) to (5),
and a lipid having an activity to introduce the conpound of
interest into cells.

(18) A conplex conprising the conpound according to any one of
(1) to (5), a lipid having an activity to introduce a conmpound

of interest into cells, and the conpound of interest.

Advant ageous Effects of Invention
[ 0015]

It is possible to increase the efficiency of introduction
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of a conpound into cells by a lipid using the conpound of the
present invention. Using the conpound of the present invention
al so makes it possible to introduce a compound of interest
into cells with high efficiency even under conditions of basal
medi um  serum nedium or totally synthesized nedium The
compounds of the present invention are superior in safety
because of the absence of infectious or pathogenic naterials
such as animal-derived ingredients and virus-derived

i ngredients .

Brief Description of Draw ngs

[ 0016]

Fig. 1 shows Mass Spectrum data of d c-ECl2.
[0017]

Fig. 2 shows Mass Spectrum data of Gal-ECl2.
[ 0018]

Fig. 3 shows Mass Spectrum data of Man-ECl12 .
[ 0019] '

Fig. 4 shows Mass Spectrum data of All-ECl12.
[ 0020]

Fig. 5 shows Mass Spectrum data of Fuc-EC12.
[ 0021]

Fig. 6 shows Mass Spectrum data of Xyl-EC12.
[ 0022]

Fig. 7 shows Mass Spectrum data of G cNAc-EC12.
[ 0023]

Fig. 8 shows Mass Spectrum data of d c-EC6.
[ 0024]

Fig. 9 shows Mass Spectrum data of G c-EC8 .
[ 0025]

Fig. 10 shows Mass Spectrum data of dc-EC O
[ 0026]

Fig. 11 shows Mass Spectrum data of d c-ECl4.
[ 0027]

Fig. 12 shows Mass Spectrum data of 2EG EC10.

9
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[ 0028]

Fig. 13 shows Mass Spectrum data of 4EG EC10.
[ 0029]

Fig. 14 shows Mass Spectrum data of 2EG ECl12.
[ 0030]

Fig. 15 shows Mass Spectrum data of 4EG ECl2 .
[ 0031]

Fig. 16 shows Mass Spectrum data of 2EG ECl4 .
[ 0032]

Fig. 17 shows Mass Spectrum data of 4EG ECl4.
[ 0033]

Fig. 18 shows results of an experinment of introduction of
plasmid DNA (pCWIE-G-P vector) into CHO cells using various
glycolipids and cationic lipids. The vertical axis indicates
the ratio (% of the nunber of transfected and GFP-expressing
cells to the total cell count.

[ 0034]

Fig. 19 shows results of an experinment of introduction of
plasmid DNA (pCwWIE-G-P vector) into CHO cells using various
glycolipids and cationic lipids. The vertical axis indicates
the ratio (» of the nunber of transfected and GFP-expressing
cells to the total cell count.

[ 0035]

Fig. 20 shows results of an experinment of introduction of
plasmid DNA (pCwWIE-G-P vector) into CHO cells using various
ethylene glycol Ilipids and cationic lipids. The vertical axis
indicates the ratio (% of the nunber of transfected and G-P-
expressing cells to the total cell count.

[ 0036]

Fig. 21 shows effects of various glycolipids and cationic
lipids on the introduction of siRNA into CHO EGFP cells,
wherein the bar graph shows the relative suppression rate (%
of the expression of EG-P.

[ 0037]

Fig. 22 shows results of an experinment of introduction of

10
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plasmd DNA (pCwIE-GFP vector) into CHO cells using various
glycolipids and cationic lipids. The vertical axis indicates
plasmid DNA introduction efficiency as values relative to the
introduction efficiency of 1 obtained by introducing each

5 cationic lipid alone. A
[ 0038]

Fig. 23 shows results of an experinment of introduction of
plasmd DNA (pCWIE-GFP vector) into A549 cells using dc-EC12
and TMA- EC12. The vertical axis indicates plasmd DNA

10 introduction efficiency as values relative to the i ntroduction

efficiency of 1 obtained by introducing TMA-EC12 al one.

Description of Enbodinments
[ 0039]
15 1. Conpound that promotes introduction of conpound into cells
by lipid
The present invention provides a conpound represented by

the formula (1) :

® ~F (0
[0

)n

R3
/
o o

20 wherein R! represents R5=N- (wherein R5 represents a saccharide

resi due) or

0

2

R*—N

o

(wherein R* represents a nono- or polyethylene glycol residue) ;

each of RZ and R3, whether identical or not, represents a

11
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hydrocarbon group having 1 to 30 carbon atons; and
n represents 0 or 1.
[ 0040]

In the conpounds of the present invention, a head noiety

containing a saccharide or ethylene glycol and a tail noiety

containing a hydrocarbon chain are joined via a connector
noi ety containing glutamic acid or aspartic acid. Hence, R4
and R5 correspond to the head mpiety, and R corresponds to the
tail noiety.
[0041]

The term "hydrocarbon group"” used herein includes
hydrocarbon groups having 1-30 carbon atoms, for exanple,
"al kyl group", "cycloalkyl group", "alkenyl group",
"cycl oal kenyl group", "alkynyl group", "aryl group", "aralkyl
group", "cycloal kylalkyl group” and the like. These
hydrocarbon groups nmay be substituted with one or nore
suitable substituents . Exanples of such substituents include,
but are not limted to, G ~C6 alkyl, C ~C6 alkenyl, G -Cg al kynyl,
Ce aryl, GC,-Cs heteroaryl, C;-C4 cycloalkyl, G -Ce alkoxy, CN, OH
oxo, halo, COOH NH,, NH(G-C4z alkyl), N(Ci-Cs alkyl) ,, NH(Cgq
éryl), N(cg aryl) ,, CHO, CO(C -Cq alkyl), CO(Cq aryl), COC -Ceg
al kyl), COQ(Cg aryl), and the Iike.
[ 0042]

Exampl es of "alkyl group"” include, but are not limted

to, "unbranched or branched c-;0 alkyl groups” such as nethyl,

ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,

hept adecyl, octadecyl, nonadecyl, icosanyl, henicosanyl,
docosanyl, tricosanyl, tetracosanyl, pentacosanyl, hexacosanyl
hept acosanyl, octacosanyl, nonacosanyl, triacontyl and the
like.

[ 0043]

Exampl es of "cycloal kyl group” include, but are not

limted to, "c3.g cycloal kyl groups"” such as cycl opropyl,

12
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cycl obutyl, cycl opentyl, cycl ohexyl , cycl ohept yl, cycl oocty

and the Iike.

[ 0044]

Exanmples of "al kenyl group” include, but are not
limted to, "unbranched or branched C,-30 alkenyl groups" such
as vinyl, allyl, isopropenyl, 1- but enyl, 2- but enyl, 3- but enyl,
pent enyl , hexenyl , hept enyl , oct enyl , nonenyl , decenyl ,
undecenyl , dodeéenyl, tri decenyl, t etradecenyl, pent adecenyl ,
hexadecenyl , hept adecenyl , oct adecenyl nonadecenyl , i cosenyl
heni cosenyl , docosenyl , tricosenyl, tetracosenyl, pent acosenyl
hexacosenyl , hept acosenyl , oct acosenyl nonacosenyl ,
triacont enyl and the Ilike.

[ 0045]

Exanmpl es of "cycl oal kenyl group" include, but are not
limted to, ™“Cjg cycloalkenyl groups" such as cycl opropenyl
cycl obut enyl cycl opent enyl , cycl ohexenyl , cycl ohept enyl
cycl ooct enyl and the Iike.

[ 0046]

Examples of "al kynyl group"” include, but are not
limted to, "unbranched or branched C,-30 alkynyl groups" such
as ethynyl, propynyl , 1- butynyl, 2-butynyl, 1- pentynyl, 2-
pent ynyl , 3- pentynyl, hexynyl , hept ynyl , octynyl, nonynyl ,
decynyl , undecynyl , dodecynyl , tridecynyl, tetradecynyl,
pent adecynyl , hexadecynyl , hept adecynyl , oct adecynyl ,
nonadecynyl , i cosynyl , heni cosynyl , docosynyl , tricosynyl
tetracosynyl, pent acosynyl , hexacosynyl , hept acosynyl
oct acosynyl, nonacosynyl , triacontynyl andA the 1ike.

[0047]

Exanples of "aryl group" include, but are not linmted
to, "Ce1 aryl groups" such as phenyl, 1- napht hyl , 2- napht hyl
phenant hryl , anthryl and the Iike.

[ 0048]
Exanmples of "aral kyl group"” include, but are not

limted to, ™“Cy-30 aralkyl group (i.e., Cg24 aryl-G_4 alky

group)" such as benzyl, phenethyl, 3- phenyl propyl, 4-
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phenyl but yl , (1-naphthyl) methyl, 2- (1-naphthyl) ethyl, 2- (2-
napht hyl )ethyl and the 1ike.

[ 0049]

Exanpl es of "cycl oal kyl al kyl group” include, but are
not limted to, -c-8 cycloalkyl -Ci -6 al kyl groups” such as
cycl opr opyl net hyl , cycl obutyl methyl, cycl opentyl net hyl
cycl ohexyl et hyl , cycl oheptyl net hyl , cycl ooctyl et hyl , 2-
cyblopropylethyl, 2-cycl obut yl et hyl , 2-cycl opentyl et hyl , 2-
cycl ohexyl et hyl,  2-cycl oheptyl et hyl 2-cycl ooct yl et hyl and the
like.
[ 0050]

R2 and R3 are preferably unbranched saturated

hydr ocar bon 'groups having 6-20 carbon atonms (i.e., n-hexyl, n-
heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-
tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-

hept adecyl, n-octadecyl, n-nonadecyl, n-eicosanyl, n-

heni cosanyl, n-docosanyl, n-tricosanyl, n-tetracosanyl, n-
pent acosanyl, n-hexacosanyl, n-heptacosanyl, n-octacosanyl, n-

nonacosanyl and n-triacontyl) or unbranched unsaturated

hydrocarbon groups (e.g., nono-unsaturated hydrocarbon groups

such as trans-2-buten-1|-yl, 'cis-9-tetradecen-l-yl, ci s-9-
hexadecen-| -yl , ci s-9-oct adecen-1| -yl , cis-11-octadecen-1-yl,

ci s-9-eicosaen-1-yl, ci s-13-docosaen-| -yl and cis-15-
tetracosaen-| -yl , di -unsaturated hydrocarbon groups such as
Cci s-9-cis-12-oct adecdi en-1 -yl , tri-unsaturated hydrocarbon
groups such as cis-9-cis-12-cis-15-octadectrien-| -yl and ci s-
9-cis-ll-cis-13-octadectrien-I-yl, tetra-unsaturated

hydrocarbon groups such as cis-4-cis-8-cis-12-cis-15-

oct adectetraen-1 -yl and cis-5-cis-8-cis-lIl-cis-14-
ei cosatetraen-1-yl, pent a-unsaturated hydrocarbon groups such
as cis-?-cis-lO-cis-13-cis-16-cis-19-docosapentaen-f-yl, hexa-

unsaturated hydrocarbon groups such as cis-4-cis-7-cis-10-cis-
13-ci s-16-ci s-19- docosahexaen-| -yl and the like) . More
preferably, R2 and R3 are unbranched alkyl having 6-14 carbon

atons (i.e., n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-
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undecyl, n-dodecyl, n-tridecyl, n-tetradecyl) or unbranched
unsaturated hydrocarbon (e.g., cis-9-tetradecen-I|-yl, cis-9-
hexadecen-1-yl, cis-9-octadecen-I|-yl, ci s-9-oct adecen-1 -yl ,
cis-11-octadecen-1-yl, ci s-9-ei cosaen-1-yl, ci s- 13-docosaen-| -
yl, cis-9-cis-12-octadecdien-I|-yl, ci s-9-cis-12-ci s-15-
octadectrien-1-yl, cis-9-cis-Il-cis-13-octadectrien-I|-yl, cis-
4-ci s-8-cis-12-ci s-15-octadectetraen-1-yl, cis-5-cis-8-cis-II-
ci s-14-ei cosatetraen-1-yl, cis-7-cis-10-ci s-13-ci s-16-ci s-19-
docosapent aen-1| -yl , Ccis-4-cis-7-cis-10-cis-13-cis-16-cis-19-

docosahexaen-1-yl and the like) groups having 6-14 carbon

atons .
[ 0051] A

Further preferably, RZ and R3 are unbranched alkyl having
6-14 carbon atonms (i.e., n-hexyl, n-heptyl, n-octyl, n-nonyl,
n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl)
[ 0052]

R2 is preferably a group identical to R3.
[ 0053]

The R4 nono- or polyethylene glycol residue is
exenplified by groups represented by -CH,CH,(OCH,CH,),OH
(wherein m represents an integer of 0 to 20, preferably an
integer of 0 to 15 nore preferably an integer of 0 to 10,
still nore preferably an integer of 0 to 7, yet still nore
preferably an integer of 1 to 5). Exanples of nobno- or
pol yet hyl ene glycols include ethylene glycol, diethylene
glycol, triethylene glycol, tetraethylene glycol
pent aet hyl ene glycol, hexaethylene glycol, heptaethylene
gl ycol, octaethylene glycol, nonaethylene glycol, decaethylene
gl ycol, undecaethylene glycol, dodecaethylene glycol,
tridecaethylene glycol, tetradecaethylene glycol
pent adecaet hyl ene glycol, hexadecaethylene glycol
hept adecaet hyl ene gl ycol, octadecaethylene glycol
nonadecaet hyl ene gl ycol, eicosaethylene glycol, polyethylene
glycol and the like.

[ 0054]
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The RS> saccharide residue is a group resulting from
elimnation of oxygen atons from the aldehyde group present in
the saccharide of the open-ring structure. This saccharide may
be any saccharide having an al dehyde group when assuming the
open-ring structure, and is exenplified by nopnosaccharides
(al doses) , saccharides conprising two or nore nonosacchari des
bound via glycosidic bond, such as disaccharides,
tri sacchari des, t etrasacchari des, ol i gosacchari des, and
pol ysacchari des. Monosaccharides (al doses) include glucose,
gal actose, nannose, allose, talose, gulose, altose, idose,
gl ycer al dehyde, erythrose, threose, ribose, |yxose, xylose,
ar abi nose, deoxyribose, fucose, rhamose, N-acetylglucosanmi ne,
N- acet yl gal act osami ne, N- acet yl mannosam ne, N-acet yl neuram ni c
acid, N-glycolylneuraminic acid and the like. Disaccharides
i ncl ude sucrose, |actose, maltose, trehal ose, turanose,
cellobiose and the like. Trisaccharides include raffinose,
nmel ezitose, maltotriose and the Iike. Tetrasaccharides include
acarbose, stachyose and the like. digosaccharides include
f ruct ool i gosacchari des, gal act ool i gosacchari des,
mannanool i gosacchari des and the like. The saccharide is
preferably a nonosaccharide (aldose) or a disaccharide.
Preferred nonosacchari des (al doses) include glucose, galactose,
mannose, allose, fucose, xylose, N-acetylglucosanine .and the
i ke. Preferred disaccharides include |actose, cellobiose and
the Iike.
[ 0055]

Exanpl es of suitable conpounds of the present invention

i nclude the conpounds shown bel ow
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Table 1
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14
I e P W e NP N /ﬂ\/\"/ j/ﬂ\ _~Cully (4EG-EC10)
GH,COOC, 1,
15
IV e I N T N N /ﬁ\/\"/ W/n\ CH.  (4EG-EC12)
CH,CO0C,,H,,
16
H
go/\/o\/\.;/ﬁ\/ﬁ‘/ \rﬂ\ Sty (2EG-EC14)
GHC00C, 4Hog
17
o/’\/o\/\o/\/ 0/014H '
(4EG-EC14)
CHLO0C, g
[ 0056]
Of the conpounds listed in the table above, -CgHij

contained in Gc-EC6;, -CgHi; contained in G c-EC8; -CoH,i
contained in Gc-ECIO 2EGECLO0 and 4EG EC10; -G ,H,5 contained
in dc-EC1l2, Gal-ECl2, WMan-EC12, All-EC12, Fuc- EC12, Xyl -EC12,
d cNAc- EC12, 2EG EC12 and 4EG ECl12; and -Gi4H,q contained in
A c-ECl4, 2EG EC14 and 4EG ECl14 are all linear alkyl groups.

[ 0057]

The conmpound of the present invention can be produced
using a conbination of a publicly known nmethod of peptide
synthesis and esterification. The compound of the present
invention can be produced by condensing the acidic amno acid
and the remmining noiety, and, if the product has a protecting
group, renoving the protecting group. For exanple, the a-
carboxyl group and Bcarboxyl group of the acidic amno acid
(aspartic acid or glutamic acid) at the connector npiety is
condensed with a desired alcohol (R2-OH and R3-OH) to yield an
amno acid ester, after which a saccharide corresponding to the
R> saccharide residue is bound to the amino group in the amino

acid ester to give the conmpound of the present invention wherein
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Rl is RR=N- (wherein R5 represents a saccharide residue) .
Alternatively a saccharide corresponding to the R® saccharide
residue is bound to the amino group in the amino acid (aspartic
acid or glutamic acid) , then the obtained product is further
condensed with an al cohol.
[ 0058]

Al ternatively, t he above-described anmno acid ester is

m xed with succinic anhydride and N,N-diisopropylethylanm ne in
an appropriate inert organic solvent (e.g. chloroform to give
a condensed product. The condensed product is reacted with N-
hydr oxysuccininmide and |-ethyl-3- (3- |
di met hyl am nopropyl) carbodiimde hydrochloride in an
appropriate inert organic solvent (e. g.» di met hyi f or mam de)
Then, nonoethylene glycol -nonoam ne or polyethylene glycol-
nonoanine is added to the obtained reaction mixture to give
the conpound of the present invention, wherein R! is the group

represented by the following formula:

o
H
N
R—N ™~

[ 0059]

Condensation and renpval of-the protecting group can be
achi eved by nethods known per se, for exanple, the nethods
described in (i) and (ii) below
(i) M. Bodanszky and M.A. Oidetti: Peptide Synthesis,

I nterscience Publishers, New York (1966)
(ii) Schroeder and Luebke: The Peptide, Academic Press, New
York (1965)
[ 0060]
Specifically, for exanple, the compound can be
synt hesized according to the nethod disclosed in Kanegae and

Akao ("Design and Synthesis of the Artificial Pepti de- Li pi ds
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Havi ng Adanmant ane G oup", in The Research Reports of Fukuoka
Industrial Technology Center in 1998, pp. 113-116)

[ 0061]

2. Agent for prompoting the introduction of a conpound of

interest into cells by alipid

The conpound of the present invention has an effect to
promote the introduction of a conpound of interest into cells
by a lipid. Accordingly, the present invention provides an
agent for pronoting the introduction of a conpound of interest
into cells by a lipid, conprising the aforenentioned conpound
of the present invention (the agent of the present invention)

[ 0062]

The conpound of interest can be any conpound that can be
introduced into cells by a lipid; exanples include nucleic
acids, peptides, lipids, peptide |ipids, sugars, bioactive
substances, drugs [doxorubicin (antitunor drug) , daunorubicin

(antitunmor drug) , vincristine (antitunor drug) , vinblastine

(antitunor drug) , idarubicin (antitunor drug) , dibucaine

(l ocal anesthetic) , propranol ol (B bl ocker) , quinidine
(antiarrhythm c therapeutic), dopanine (cardiotonic
hypertensive), impranine (antidepressant), diphenhydranm ne
(antihistamine) , quinine (antimalarial) , chloroquine

(antimalarial) , diclofenac (anti-inflammtory drug) and the
like] , noisturizers for cosnetics and the like (mannitol and
the like), other synthetic or natural conpounds and the Iike.
[ 0063]

Preferably, the conpound of interest is a nucleic acid.
Any nucleic acid can be used, whether it is a DNA, an RNA, a
DNA-RNA chineric nucleic acid, a DNA/RNA hybrid or the Iike.
Wiile the nucleic acid may be single-stranded to triple-
stranded, it is preferably single-stranded or double-stranded.
The nucleic acid nmay be another type of nucleotide that is an
N-gl ycoside of the purine or pyrimdine base, or another
oligoner having a non-nucleotide skeleton (e.g., conmercially

avail able peptide nucleic acid (PNA) and the like) or another
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ol i gomer containing a special bond (however, the oligoner
contains a nucleotide having an arrangenent that allows base
pairing or base attachment as found in DNA and RNA) and the
like. Furthernmore, the nucleic acid may also be one having a
known nodification added thereto, for exanple, one with a
mar ker known in the art, one with a cap, one nethylated, one
having one or nmore naturally occurring nucleotides substituted
by anal ogues, one nmodified with an intranolecular nucleotide,
for exanple, one having a non-charge bond (e.g.,
met hyl phosphonat e, phosphotri ester, phosphoram date, carbamate
and the like) , one having a charged bond or a sulfur-
containing bond (e.g., phosphorothioate, phosphorodithioate
and the like) , for exanple, one having a side chain group of a
protein (nuclease, nuclease inhibitor, toxin, antibody, signal
peptide, poly-L-lysine and the like), a sugar (e.g.,
nonosaccharide and the like) and the like, one having an
intercalating conpound (e.g., acridine, psoralen and the Iike),
one containing a chelate conpound (e.g., netals, radioactive
metals, boron, oxidizing netals and the like), one containing
an al kylating agent, or one having a nodified bond (e.g., a
anoner type nucleic acid and the like) .
[ 0064]

Any kind of DNA can be chosen as appropriate according
to the purpose of use; exanples include plasnmd DNA CcDNA,
anti sense DNA, chronpsome DNA, PAC, BAC and the like, wth
preference given to plasmd DNA cDNA and antisense DNA nore
preferably plasmid DNA. A circular DNA such as plasnmid DNA can
al so be used as a linear DNA after being digested as
appropriate with a restriction endonuclease and the like. Also,
any kind of RNA can be chosen as appropriate according to the
purpose of use; exanples include siRNA, m RNA shRNA,
anti sense RNA, nessenger RNA, single strand RNA genone, double
strand RNA genone, RNA replicon, transfer RNA ribosomal RNA
and the like, with preference given to siRNA nmi RNA, shRNA
nMRNA, antisense RNA and RNA replicon.
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[ 0065]

The size of the nucleic acid is not subject to
limtation; while a broad range of nucleic acids, from giant
nucleic acid nolecules (e.g., about 107 kbp in size) such as
chronmosones (artificial chromosonme and the like) to |ow
nmol ecul ar nucleic acids (e.‘g., about 5 bp in size), can be
i ntroduced, the size is preferably not nore than 15 kbp in
consideration of the efficiency of nucleic acid introduction
into cells. For exanple, the size of a high-nolecular nucleic
acid like plasmd DNA is, for exanple, 2 to 15 kbp, preferably
2 to 10 kbp. The size of a lownolecular nucleic acid like
SiRNA is, for exanple, 5 to 1000 bp, preferably 5 to 500 bp,
and nore preferably 5 to 200 bp.

[ 0066]

The nucleic acid nay be a naturally-occurring one or a
synthetic one; when the size is not nore than about 100 bp,
the nucleic acid can be synthesized by the phosphotriethyl
nmet hod, the phosphodiester nethod and the like using a
commonly used automated nucleic acid synthesizer.

[ 0067]

While the nucleic acid used in the present invention is

not subject to limtation, it is preferably purified by a

met hod commonly used by those skilled in the art.

[ 0068]

The lipid having an activity to introduce a conpound of
interest into cells is suitably a cationic lipid or a peptide
lipid. A cationic lipid refers to a lipid containing in its

nol ecul ar structure a noiety having a cationic charge in a
polar solvent. The cationic lipid nay be a nolecule
constituted by one or nore, typically tw or nore, fatty acid
chains or hydrocarbon chains, and a group having a cationic
charge. Goups having a cationic charge include quaternary
ammoni um groups, choline groups and the like. A peptide lipid
refers to a lipid containing a peptide residue in its

nmol ecul ar structure.
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[ 0069]
In an enbodinment, preferred cationic lipids include, for
exanpl e, a conpound selected from the group consisting of a

compound represented by the formula (1-A) :

0
11
C 0
CH3 ( HZ) m—10c > NJ_Q_O—— (CHZ) n-N+(CH3) 3 (I-A)

CHy (CHy) 010G —(CHy) H

0
wherein m represents an integer of 12 to 16, and n represents
an integer of 2 to 11;

a conmpound represented by the fornula (11-A) :

0
I
0
CHa (CHa) .00 DN (cHy) . ~NCHy), (II-A)
CH3 (CHQ) p_~|0ﬁ_(CHz) 2 H .

0
10 wherein p represents an integer of 12 to 16, and q represents
an integer of 2 to 11;

a conpound represented by the formula (III-A) :

0
I
Oty (CHy) 00 }NJ(J)— ) —NEH),  (III-A)
CHy (CHy) 0C—CH,  H
0
wherein r represents an integer of 12 to 16, and s represents
15 an integer of 2 to 11;

a conpound represented by the fornmula (I1V-A) :

]
CH3 (CHz) _QCOCHchz\ 0 +
i NIt Ny, (IV-A)
CHy (CHy) 1 5COCH,CH,

0

wherein t represents an integer of 12 to 16, and u represents
an integer of 2 to 11; and

20 a compound represented by the formula (V-A) :

CH3 (CHZ) v-1 \+ / CH3

N V-A
M, (V-A)

CH, (CHy) 4
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wherein v represents an integer of 12 to 16.

[ 0070]

In the formula (1-A), mis preferably 12 to 14, nore
preferably 12 or 14; and n is preferably 2 to 8, nore
preferably an integer selected from the group consisting of 2,
4, 6 and 8.

[0071]

In the formula (11-A), p is preferably 12 to 14, nore
preferably 12 or 14; and q is preferably 2 to 6, nore
preferably an integer selected from the group consisting of 2,
4 and 6.

[ 0072] _ ‘ _

In the formula (I11-A), s preferably 12 to 14, nore
preferably 12 or 14; and s is preferably 2 to 6, nore
preferably an integer selected from the group consisting of 2,
4 and 6, still nore preferably 2.

[ 0073]

In the formula (IV-A), t is preferably 12 to 14, nore
preferably 12 or 14, still nore preferably 14; and u is
preferably 2 to e, nore preferably an integer selected from
the group consisting of 2, 4 and 6, still nore preferably 2.
[ 0074]

In the formula (VvV-A) , v is preferably an integer selected
from the group consisting of 12, 14 and 16.

[ 0075]

The conpounds represented by the aforenentioned formulas

(1-A) to (vV-A) may have fornmed a salt with an appropriate

nonoval ent ani on. Anions include halogen ions (F, CI™, Br~ or

.17) and the like.

[ 0076]
For use in the present invention, out of the conmpounds

represented by the fornmulas (1-A) to (V-A) , those represented

by the formula (I11-A) or (IV-A are nore preferable.

[0077]

Exanpl es of suitable conmpounds represented by the fornula
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(I1-A) include TMA-ECl12 and TMA-EC14 bel ow.

0
~ HNoi, .~ CHas
~ ! o

o

TMA-~EC12
~ Cpotlys
o
o
HNe., _~CisHy
::%¢/A\1T/ o
o TMA—-EC14
~ Cigtly
| o o

[ 0078]

Exanpl es of suitable conpounds represented by the formula

(IV-A) include TMA-DEAC12 and TMA- DEAC14 bel ow.

O
(\O)l\cquz
>‘I"/YNW\ j\ TMA—DEAC12

>WNW\ o) TMA-DEAC14
|

[ 0079]

The conmpounds represented by the fornulas (1-A) to (V-A

can be produced with reference to, for exanple, the

10 description in WOR2005/054486 and the Iike.

[ 0080]

In an enbodi ment, exanples of preferable peptide |ipids

include a conpound represented by the following fornula (1-B) :
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O

H
R®—N o _-R3B (I—B)

R 2B
[ 0081]
wherein R¥ is an amino acid or peptide having 1-10 anmino acid
residues, R?® is a side chain of any amno acid, provided that
R?® has a carboxyl group, the carboxyl group may be esterified
wWith a saturated or unsaturated alcohol having 1-30 carbon

atoms, and R3® is a hydrocarbon group having 1-30 carbon atons.

[ 0082]

Preferably, R¥ is an amino acid or peptide having 1-5
am no acid residues. The amino acid constituting R™ may be 20
natural | y-occurring amino acids (dy, Ara, Leu, lie, Val, Arg,

Lys, du, Gn, Asp, Asn, Cys, Mt, H's, Pro, Phe, Tyr, Thr,
Ser, Trp) , or nodified or nonnative amno acids (e.g., 2-
am noadi pic acid, 3-aminoadipic acid, [-alanine, 2-aminobutyric
acid, 4-amnobutyric acid, 6-amnocaproic acid, 2-
am noheptanoic acid, 2,3-diamnopropionic acid, N-
et hyl gl yci ne, N-ethyl asparagi ne, hydr oxyl ysi ne, norval i ne,
norleucine, ornithine and the like) . Wen the anino acid has a
carboxyl group (or carboxylate) at a position other than the
C-ternminus, the carboxyl group may be anmidated or esterified.
As exanples of the ester used in this case, Ci-g alkyl groups,
for example, nethyl, ethyl, n-propyl, isopropyl, n-butyl and
the like; c3B cycloalkyl groups, for exanple, cyclopentyl,
cyclohexyl and the like; o©s-12 aryl groups, for exanple, phenyl,
a-naphthyl and the like; phenyl-G _, alkyl groups, for exanple,
benzyl, phenethyl and the like; GC;.ig aral kyl groups, for
exanpl e, a-naphthyl-G -,-alkyl groups such as a-naphthylnethyl ;
pi val oyl oxynet hyl groups; and the like can be nentioned.
[ 0083]

Furthernore, the amno group of the Nterminal amno
acid or any constituting amno acid of R!® nay be protected

with a protecting group (for exanple, Ci-s acyl groups such as

27



10

15

20

25

30

35

WO 2012/132022 PCT/JP2011/058663

c-6 al kanoyls such as formyl group and acetyl group) ; and a
substi tuent (for exanple, -OH, -SH, amino group, imdazole
group, indole group, guanidino group and the like) on the side

chain of the amino acid in a nolecule may be protected wth an
appropriate protecting group (for exanple, G _6 acyl groups such
as c-6 al kanoyl groups such as fornyl group and acetyl group,
and the Iike)

[ 0084]

R™ may be an unbranched or branched (dendriner type)
pepti de. For example, when R! conprises an anmino acid having
an amno group on its side chain such as Arg and Lys, a
branched chain can be formed by binding the amno group with a
carboxyl group of other amno acid or peptide. Since a
dendrimer type peptide can have two or nore Arg/Lys at the N-
t erm nus, it can be nore positively charged and advantageous
when, for exanple, the peptide directly binds to a nucleic
acid or protein having a negative charge. Al'so, when R
conprises an amino acid having a carboxyl group on its side
chain such as Gu and Asp, a branched chain can be formed by
binding the carboxyl group with an amno group of other am no
acid or peptide. Fur t her nor e, when R! conprises Cys, a
branched chain can be fornmed via a disulfide bond between the
Cys and other Cys or a peptide conprising the sane.

[ 0085]

In a preferable enbodinent, R can conprise a
positively charged amno acid (e.g., Arg and Lys), in view
that it can directly bind to a nucleic acid or protein having
a negative charge.

[ 0086]

In another preferable enbodinment, R® can conprise an

amno acid having a thiol group in the side chain (e.g., Cys),

in view that it can bind to a thiolated nucleic acid or

protein via a disulfide bond. The disulfide bond is reduced
within a cell, and a conmpound of interest, nucleic acid or
protein can be easily released. In addition, the behavior of
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the carrier itself in a tissue or cell and the structural
change of the carrier when binding to a conpound of interest
such as nucleic acid can be observed by nodifying the thiol
group of Cys and the like with a fluorescent (e.g., FITC
rhodam ne, Cy3, etc.).

[ 0087]

In another preferable enbodinment, R can conprise an
am no acid having an high affinity for a netal (e.g., Mt and
His) , in view that it can bind to a nucleic acid and the |ike
nodified with a nmetal (e.g., chelation).

[ 0088]

In another preferable enbodinment, R can conprise an
am no acid having a hydroxyl group in the side chain (e.g.,
Thy, Thr and Ser) , in view that it can bind to a functional
group in the side chain of a conmpound of interest, nucleic
acid or protein via a hydrogen bond and the Iike.

[ 0089]

In another preferable enbodinment, R!2® can conprise a
negatively charged amno acid (e.g., GQu and Asp), in view
that it can bind to a nucleic acid nodified with a nucleic
acid-binding protein and the like such as histone, which has a
net positive charge due to the binding protein.

[ 0090]

It is also preferable to use an amino acid other than
t hose nentioned above as appropriate. For exanple, a signal
peptide for cell recognition, a neurotransmtter y-am nobutyric
acid (GABA) or the like can be utilized to inprove the
interaction between the carrier and a target cell.

[ 0091]

Preferably, R' conprises one or nore residues of at
| east one anmino acid selected from the group consisting of Arg,
Lys, Cys, Met, H's, Tyr, GQu and Asp. Wile these anmino acids
can be placed at any positions in R as long as they can
interact with a conmpound of interest, nucleic acid or protein,

or a target cell, it is desirable that at |east one of them is
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pl aced at N-term nus. Ther ef or e, the N-term nal am no acid of
RIB js preferably either Arg, Lys, Cys, Mt, Hs, Tyr, du or
Asp, nmore preferably Arg or Lys.
[ 0092]

Exanples of R?® include the side chains of the naturally
occurring anmno acids or the nodified or nonnative amino acids
mentioned above for R¥, preferably, am no acids having a

carboxyl group on the side chain, for exanple, du and Asp.

More preferably, the peptide lipid of the present invention is
a conpound in which the carboxyl group on the side chain of
the connector is esterified with a saturated or unsaturated

al cohol having 1-30 carbon atonmns. Nanely, it is preferable
that R?® be -CH,000R*® or -C,H,COOR®, wherein R'® is a

hydrocarbon group having 1-30 carbon atonmns.

[ 0093]

The term "hydrocarbon group"” includes hydrocarbon
groups having 1-30 carbon atoms, for exanple, "alkyl group",
"cycl oal kyl group", "alkenyl group”, "cycloalkenyl group",
"al kynyl group", "aryl group", "aralkyl group",

"cycl oal kyl al kyl group” and the Iike. These hydrocarbon groups
may be substituted wth one or nore suitable substituents.
Exanpl es of such substituents include, but are not limted to,
C-Cgalkyl, G-Cg alkenyl, Ga-Cg alkynyl, GCg aryl, GC,-Cq

het er oaryl , c3-06 cycl oal kyl , G-Cg alkoxy, CN, OH oxo, halo,
COOH, NH,, NH(C-Cg4 alkyl), NG-Cq4 alkyl) ,, NH(Cgq aryl), NCgq
aryl) ., CHO, CQd-C 4 alkyl), CQ(Cg aryl), €COQd-C 4 alkyl),
COQ(Cg4 aryl), and the Ilike.

[ 0094]

Exanpl es of "alkyl group” include, but are not limted
to, "unbranched or branched o 30 alkyl groups" such as nethyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-

butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,

dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl ,
hept adecyl, octadecyl, nonadecyl, icosanyl, henicosanyl,
docosanyl , tricosanyl, tetracosanyl, pent acosanyl , hexacosanyl ,
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hept acosanyl, octacosanyl, nonacosanyl, triacontyl and the
like.
[ 0095]

Exanpl es of "cycloal kyl group” include, but are not

limted to, "c3-8 cycloal kyl groups" such as cyclopropyl,
cycl obutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl
and the |ike.
[ 0096]
Exanmpl es of "al kenyl group"” include, but are not

l[imted to, "unbranched or branched C,-30 alkenyl groups” such

as vinyl, allyl, isopropenyl, 1- but enyl, Z-butenyl, 3- but enyl
pentenyl, hexenyl, heptenyl, bctenyl, nonenyl, decenyl,
undecenyl, dodecenyl, tridecenyl, tetradecenyl, pent adecenyl ,
hexadecenyl, heptadecenyl, oct adecenyl, nonadecenyl, i cosenyl,
heni cosenyl , docosenyl, tricosenyl, t etracosenyl , pent acosenyl ,
hexacosenyl, heptacosenyl, octacosenyl, nonacosenyl,

triacontenyl and the IliKke.
[ 0097]

Exanpl es of "cycl oal kenyl group"” include, but are not
limted to, "Cgg cycloal kenyl groups” such as cycl opropenyl
cycl obutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl
cyclooctenyl and the Iike.

[ 0098]

Exanmpl es of "al kynyl group" include, but are not
l[imted to, "unbranched or branched C,-30 alkynyl groups” such
as ethynyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-
pentynyl, 3-pentynyl, hexynyl, heptynyl, octynyl, nonynyl,
decynyl, undecynyl, dodecynyl, tridecynyl, tetradecynyl,

pent adecynyl, hexadecynyl, heptadecynyl, octadecynyl,
nonadecynyl, icosynyl, henicosynyl, docosynyl, tricosynyl,
tetracosynyl, pentacosynyl, hexacosynyl, heptacosynyl,
octacosynyl, nonacosynyl, triacontynyl and the 1ike.
[ 0099]

Exanpl es of "aryl group"” include, but are not limted

to, “Cgisa aryl groups" such as phenyl, 1-naphthyl, 2-naphthyl,
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phenanthryl, anthryl and the Iike.
[ 0100]

Exanpl es of "aral kyl group” include, but are not
limted to, “C,-;0 aralkyl group (i.e., Cg24 aryl -Ci -6 al kyl
group)"” such as benzyl, phenethyl, 3-phenyl propyl, 4;
phenyl but yl , (1-naphthyl) nethyl, 2- (1-naphthyl) ethyl, 2-(2-
napht hyl) ethyl and the Iike

[0101]
Exanpl es of "cycloal kyl al kyl group"” include, but are

not limted to, -c3-B cycloalkyl- Ci_g alkyl groups” such as

cycl opropyl net hyl, cycl obutyl nethyl, .cycl opentyl net hyl,

cycl ohexyl met hyl, cycl oheptyl methyl , cycl ooctyl nethyl, 2-

cycl opropyl ethyl, 2-cyclobutylethyl, 2-cyclopentylethyl, 2-
cycl ohexyl ethyl, 2-cycl oheptylethyl, 2-cyclooctylethyl and the
l'i ke.

[0102]

R® and R* are preferably unbranched saturated
hydrocarbon groups having 10-20 carbon atonms (i.e., n-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-
undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-
hexadecyl, n-heptadecyl, n-octadecyl, n-nonadecyl, n-eicosanyl,
n- heni cosanyl , n-docosanyl, n-tricosanyl, n-tetracosanyl, n-
pent acosanyl, n-hexacosanyl, n-heptacosanyl, n-octacosanyl, n-
nonacosanyl and n-triacontyl) or unbranched unsaturated

hydrocarbon groups (e.g., nono-unsaturated hydrocarbon groups

such as trans-2-buten-I-yl, ci s-9-tetradecen-|-yl, ci s-9-
hexadecen-| -yl , ci s-9-oct adecen-1 -yl , cis-11-octadecen-|-yl,

ci s-9-ei cosaen-|-yl, ci s- 13- docosaen- 1 -yl and cis-15-
tetracosaen-1-yl, di-unsaturated hydrocarbon groups such as
ci s-9-cis-12-oct adecdi en-1 -yl , tri-unsaturated hydrocarbon
groups such as cis-9-cis-12-cis-15-octadectrien-1-yl and cis-
9-cis-1l-cis-13-octadectrien-|-yl, t etra-unsat ur at ed

hydr ocarbon groups such as cis-4-cis-8-cis-12-cis-15-
oct adect etraen-| -yl and cis-5-cis-8-cis-IlIl-cis-14-

ei cosatetraen-1-yl, penta-unsaturated hydrocarbon groups such
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as cis-7-cis-10-cis-13-cis-16-cis-19-docosapentaen-|-yl, hexa-
unsaturated hydrocarbon groups such as cis-4-cis-7-cis-10-cis-
13-ci s-16-ci s- 19- docosahexaen-| -yl and the like) . More
preferably, R3® and R*® are unbranched alkyl having 12-16 carbon
atons (i.e., n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl

and n- hexadecyl) or unbranched unsaturated hydrocarbon (e.g.,

ci s-9-tetradecen-|-yl, ci s- 9- hexadecen-1 -yl , ci s-9-oct adecen-

1-yl, cis-9-octadecen-I-yl, cis-11-octadecen-I-yl, ci s-9-

ei cosaen-1-yl, ci s-13-docosaen-1-yl, ci s-9-cis-12-oct adecdi en-
1-yl, cis-9-cis-12-cis-15-octadectrien-|-yl, cis-9-cis-Il-cis-
13- oct adectrien-1-yl, cis-4-cis-8-cis-12-cis-15-

oct adectetraen-| -yl , Ccis-5-cis-8-cis-l1-cis-14-eicosatetraen-

1-yl, cis-7-cis-10-cis-13-cis-16-cis-19-docosapentaen-I1-yl,
Cis-4-cis-7-cis-10-cis-13-cis-16-ci s-19-docosahexaen-| -yl and
the like) groups having 10-20 carbon atons. R38 and R* can be
the same group.
[0103]

Exanpl es of suitable conpounds represented by the fornula

(1-B) include the conmpounds shown bel ow

H ©
Arg—N _-(CH,),,CH,
0
(R-EC12)
P o~ CHIuCH;
y 9
Arg-Gly—N o (CH,),,CH,
(RG-EC12)
0P~ (CHInCH,
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(R-EC14)
_ (CH,),,CH,
LYS—-—-N /(CH2)13CH3
(K-EC14)
o~ (CH2)1CH, |
Arg-GIy— o~ (CH,),;,CH,
(RG-DC12)
(CH2)11CH3
AI’g—N /(CH2)1SCH3
(R-EC16)
o~ (CH21sCH;
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H 0]
—N
(o) N
(KE-oleyl)
o o”“”“”xf\”ﬁﬁﬁw\

A
rg\ e

Lys

Lys—N CH
/( 2)11CH3
Arg / o)
(R,K-EC12)
oo (CH,),,CH,
Arg-Gly
AN H ©
LYS—N /(CH2)11CH3
Arg-Gly” o)
(RG),K-EC12)
P o (CH,),,CH,
H 9
Lys—N - (CH,),,CH,
o)
(K-EC12)
o (CH,),,CH,

35



10

15

20

25

WO 2012/132022 PCT/JP2011/058663

H
Lys-Gly —N o (CHIuCH;
(KG-EC12)
0P~ (CHICH;
Lys—N i
yS—N /(CH2)17CH3
o)
(K-EC18)
0P~ o~ (CHICH;

- [0104]

The conmpound represented by the formula (I-B) is nore
preferably R-EC12, R—A EC14, K-ECl2 or K-EC14.
[ 0105]

The compound represented by the formula (1-B) can be
produced by a nethod described in W0O2007/099650
[ 0106]

QG her lipids having an activity to introduce a compound
of interest into cells include, but are not limted to, NJI-
(2, 3-dioleoyloxy) -propyl] -N,N, N-trinethylamonium chloride
(DOTMA) , 1,2-bis (ol eoyloxy) -3-3- (trinmethylanmoni un) propane
(DOTAP) , 1, 2-dinmyristyl oxypropyl -3-di net hyl -
hydr oxyet hyl amoni um bronide (DWRE) ,

di et hyl di oct adecyl anmoni um  broni de (DDAB) ,

di oct adecyl di anmoni um  broni de (DODAB) , dioctadecyl di ammoni um
chloride (DODAC) , 1-[2- (oleoyloxy) -ethyl] -2-ol eoyl -3- (2-
hydroxyethyl) imdazolinium chloride (DACQC ,

di ol eoyl phosphati dyl chol i ne (DOPC) , N- (2-hydroxyethyl) -N, N-

di met hyl -2, 3-bis (dodecyl oxy) -1-propanammoni um bronide (DLRIE) ,
| i posperm ne, 2, 3-dioleoyloxy-N [spern necarboxyam doethyl] -

N, N- di net hyl - | - propanal nmi num trif luoroacetate (DOSPA) , 1, 3-

di ol eoyl oxy-2- (6-carboxyspernyl) -propylam de (DOSPER), di- and
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tetra-al kyl -tetra-net hyl sperm nes [e.g. ,

tetramet hyl t et rapal m t oyl sperm ne (TMIPS) ,

t et ramet hyl t et raol eoyl sperm ne (TMros) ,

tetranet hyl t et ral auryl sperm ne (TMILS) ,
tetramethyltetranyristyl sperm ne (TMIMS) ,

t et ramet hyl di ol eyl spermi ne (TMDOS) ] and the like.
[0107]

VWiile the kind of the above-described "cells" is not
subject to limtation, whether they are derived from a
prokaryote or a eukaryote, a eukaryote is preferred. The kind
of eukaryote is also not subject to limtation, and is
exemplified by vertebrates such as manmals, including humans
(humans, nonkeys, mce, rats, hansters, cattle and the like),
birds (chickens, ostriches and the like) , anphibians (frogs
and the like), and fishes (zebrafish, killifish and the like),
i nvertebrates such as insects (silkworns, noths, drosophilas
and the like) , plants, mcroorganisnms such as yeast, and the
like. Mdre preferably, the subject cells in the present
invention are animal or plant cells, nore preferably manmalian
cells.

[ 0108]

The cells may be cells of a cultured cell 1line,
including cancer cells, cells isolated from an individual or a
tissue, or cells of a tissue or a tissue fraction. The cells
may al so be adherent cells or non-adherent cells.

[ 0109]

The agent of the present invention conprises the
af orenmentioned conpound of the present invention as an active
ingredient, and may be the conmpound of the present invention
as it is alone or a conposition thereof as blended wth
another additive as appropriate, as far as the effect to
pronote the introduction of the conmpound of interest into
cells by the lipid is not interfered wth. Exanpl es of the
conposition include a dispersion (solution or suspension) of

the aforenentioned conpound of the present invention in an
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appropriate dispersant. The dispersant is preferably an
anphoteric solvent, an aqueous solvent or a nixture thereof.
Amphoteric solvents include |ower alcohols such as nethanol
et hanol, propanol, isopropanol, and butanol; ketones such as
acetone, nethyl ethyl ketone, and nethyl isobutyl Kketone;
ethers such as dinethyl ether, ethylnethyl ether, and diethyl
ether; polyhydric alcohols such as propylene glycol, ethylene
glycol, 1,3-butylene glycol, dipropylene glycol, and glycerol
di net hyl sul f oxi de (DVBO) ; N-nethyl -2-pyrrolidone (NMP) ; NN
di rethyl formam de (DWF) and the 1ike. In particular, from the
viewpoint of low cytotoxicity, ethanol, isopropanol, DWVMSO and

NMP are preferred.

distilled water, phy

buf f er

sol uti on,

sol uti on

Agueous solvents

si ol ogi cal sal i ne,

(phosphate buffer sol

culture nedia and the |ike.

[0110]

O her

phosphol i pi ds

additi ves

phosphati dyl et hanol am ne, phosphati dyl

surfactants

gl uco- N- net hyl al kanani de and the like) ,

gl ycol i pi ds,

[0111]

(e.g., CHAPS,

peptides, proteins or th

The content of

cont ai ned

the compound of

in the agent of the present

the range of 0.001 to 100% by wei ght

by wei ght.

[0112]

i ncl ude biologica

sodi um chol at e,

i ncl ude

purified water,

gl ucose solution

uti on,

such as phosphati dylinositol

chol i ne

e |like.

carbonate buffer

Tris-buffer solution, acetate buffer solution) , cel

nol ecules (e.g.,

phosphati dyl seri ne,
and the like) ,

octyl gl ucosi de, N D
pol yet hyl ene gl ycol

the present invention

i nventi

on is normally in

preferably 0.01 to 100%

The conposition (A or (B of the present invention

descri bed i

pr esent

into cells using

pronot e

cells,

i nventi on,
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n detail
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i ntroduce
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hi gh efficiency.
[0113]

3. Conposition conprising the conpound of the present

invention and a lipid having an activity to introduce a

conmpound of interest into cells

The present invention provides a conposition conprising
the aforenentioned conpound of the present invention and a
lipid having an activity to introduce a conmpound of interest
into cells (the composition (A of the present invention) . The
composition (A of the present invention preferably possesses
an activity to introduce the conpound of interest into cells.
The conposition (A of the present invention can be one for
i ntroducing the conmpound of interest into cells (i.e., a
carrier for introducing the conpound of interest into cells) .
[ 0114]

The conposition (A of the present invention conprises
any one of the aforenentioned conpounds of the present
i nventi on. Al ternatively, two or nore of the aforenentioned
compounds of the present invention may be contained in
conbi nati on.

[0115]

The conpound of the present invention contained in the
composition (A of the present invention is preferably dc-
EC12, GILC-EC6, Gc-EC8, dc-ECO dc-EC14, Gal-EC12, WMan-EC12,
All1-EC12, FUC- ECl2, Xyl-ECl2, dcNAc-ECl2, 2EG EC10, 2EG EC12,
2EG ECl14, 4EG EC10, 4EG ECl12, or 4EG ECl4.

[0116]

Qut of the conpounds of the present invention, those
offering high transfer efficiency can be chosen as appropriate
according to the choice of the conpound of interest to be
i ntroduced. For exanple, when a nucleic acid such as plasmd
DNA or siRNA is to be introduced, suitable conpounds i nclude,
but are not limted to, dc-ECl2, dc-EC6, dc-EC8, dc-ECQ
GLC EC14, @al-EC12, WMan-EC12, Al11-ECl2, Fuc-EC12, Xyl-EC12,

G cNAc- EC12, 2EG EC10, 2EG EC12, 2EG ECl14, A4EG ECl10, 4EG EC12,
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4EG EC14 and the IiKke.
[0117]

The definition and nodes of the lipid having an activity
to introduce a conpound of interest into cells, contained in
the conposition (A of the present invention, are the sane as
those described in the term "2. Agent for pronoting the
i ntroduction of a conpound of interest into cells by Iipid"
above .

[0118]

The lipid having an activity to introduce a conmpound of
interest into cells, contained in the conposition (A of the
present invention, is preferably a conpound represented by the
af orementioned fornmula (1-A) to (V-A) or (1-B) .V
[0119]

The lipid having an activity to introduce a conpound of
interest into cells, contained in the conposition (A of the
present invention, is nore preferably a conpound represented
by the aforementioned forrmula (I1-A) , (I1V-A , or (I-B).

[ 0120]

The lipid having an activity to introduce a conmpound of
interest into cells, contained in the conposition (A of the
present invention, is nore preferably TMA-ECl12, TMA-EC14, TMA-
DEAC12, TNA-DEAC14, R-EC12, RG ECl2, R-ECl4, K-ECl4, RG DCl12,
R-EC16, KE-oleyl, R,K-ECl12, (RG ,K-EC12, K-ECl2, KG EC12, or K-
EC18.

[0121]

The lipid having an activity to introduce a conmpound of
interest into cells, contained in the conposition (A of the
present invention, is still nore preferably TMA-ECL2, TMA-
EC14, TMA- DEACL2, TMA- DEAC14, R-EC12, R-ECl1l4, K-ECl12 or K-EC14.
[0122]

The lipid having an activity to introduce a conmpound of
interest into cells, contained in the conposition (A of the
present invention, is nmost preferably TMA-EC12 .

[0123]
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Exanpl es of suitable conbinations of conpounds of the

pr esent

i ntroduce a conpound of

conposi tion

fol |l ow ng:

(A of the present

i nt erest

i nventi on,

Table 2

into cells,

invention and the lipid having an activity to

i nclude the

cont ai ned

in the

Compound of the present

Lipid having an activity to
introduce a compound of

invention interest into cells
Glc-EC12 TMA-EC12
Gal-EC12 TMA-EC12
Man-EC12 TMA-EC12
Al1-EC12 TMA-EC12
Fuc-EC12 TMA-EC12
Xyl-EC12 TMA-EC12
GlcNAc-EC12 TMA-EC12
Glc-ECé6 TMA-EC12
Glc-EC8 TMA-EC12
Glc-EC10 TMA-EC12
Glc-EC14 TMA-EC12
2EG-EC10 TMA-EC12
4EG-EC10 TMA-EC12
2EG-EC12 TMRA-EC12
4EG-EC12 TMA-EC12
2EG-EC14 TMA-EC12
4EG-EC14 TMA-EC12
Glc-EC12 TMA-EC14
Glc-EC1i2 TMA-DEAC12
Glc-EC12 TMA-DEAC14
Glc-EC12 R-EC12
Glc-EC12 R-EC14
Glc-EC12 K-EC12
Glc-EC12 K-EC14
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[ 0124]

The conposition (A of the preseﬁt i nvention nay consist
of the foregoing conpound of the present invention and the
lipid having an activity to introduce a conmpound of interest
into cells, and may conprise, in addition to the conpound of
the present invention and the lipid having an activity to
i ntroduce the conpound of interest into cells, another
additive, as far as the activity of introducing the conpound
of interest into cells is not interfered wth. The additive 1is
preferably a pharnaceutically accept abl e one.

[ 0125]

For exanple, the conposition (A of the present invention
may conprise a dispersant for dispersing (dissolving or
suspending) the aforenmentioned conpound of the present
invention and the lipid having an activity to introduce a
compound of interest into cells. The dispersant is preferably
an anphoteric solvent, an aqueous solvent or a nixture thereof.
Amphoteric solvents include |ower alcohols such as nethanol,
et hanol, propanol, isopropanol, and butanol; ketones such as
acetone, nethyl ethyl ketone, and nethyl isobutyl Kketone;
ethers such as dinethyl ether, ethylnethyl ether, and diethyl
ether; polyhydric alcohols such as propylene glycol, ethylene
glycol, 1,3-butylene glycol, dipropylene glycol, and glycerol;
di nret hyl sul foxi de (DMSO); N nethyl-2-pyrrolidone (NVP) ; N-N-

di et hyl f or mam de (DMF) and the like. In particular, from the
vi ewpoint of low cytotoxicity, ethanol, isopropanol, DVSO and
NMP are preferred. Agueous solvents include purified water,

distilled water, physiological saline, glucose solution,
buffer solution (phosphate buffer solution, carbonate buffer
solution, Tris-buf fer solution, acetate buffer solution) , cell
culture nedia and the Iike.
[ 0126]

The conposition (A of the present invention nmay
further conprise a nolecule other than the above-nentioned

peptide Ilipid nolecule, for exanple, biological nolecule (e.g.,
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phosphol i pids such as phosphatidylinositol, phosphati dyl seri ne,
phosphati dyl et hanol am ne, phosphati dyl chol i ne, etc.),
surfactant (e.g., CHAPS, sodium cholate, octylglucoside, N- D-
gl uco- N- net hyl al kanam de, etc.), polyethylene glycol,
glycolipid, peptide, protein or the Iike.

[0127]

The blending ratio of the conmpound of the present
invention and the lipid having an activity to introduce a
compound of interest into cells, contained in the conposition
(A of the present invention, is preferably a blending ratio
that allows the conpound of the present invention to pronote
the introduction of the conmpound of interest into cells by the
l'ipid. For exanple, the conpound of the present invention is
blended in a ratio of 0.01 to 10 nole, preferably 0.1 to 5.0
nmol e, per one nole of the lipid having an activity to
i ntroduce a conmpound of interest into cells.

[ 0128]

The total content of the compound of the present
invention and the lipid having an activity to introduce a
compound of interest into cells, contained in the conposition
(A of the present invention, is not particularly Ilimted, as
far as the conposition (A of the present invention possesses
an activity to introduce a conpound of interest into cells,
and the total content is normally in the range of 0.001 to
100% by weight, preferably 0.01 to 100% by wei ght.

[ 0129]

The conposition (A of the present invention is provided
as an assenbly in which the above-nentioned conmpound of the
present invention and the lipid having an activity to
i ntroduce a conmpound of interest into cells are organized,
while the assenbly is in a state dispersed in the above-
descri bed dispersant (solution or suspension) , or in a state
in which the compound of the present invention and the lipid
having an activity to introduce a conpound of interest into

cells are conpletely dispersed in the above-described
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di spersant (i.e., solution or suspension). "Organi zati on"
means that the conponent nolecules of the conposition (A of
the present invention, which conprises the conpound of the
present invention and the lipid having an activity to
introducé a compound of interest into cells, assenble via a
non-coval ent bond such as a hydrophobic bond. Exanples of
organi zed assenblies include bilayer nenbranes, |iposones,

mul tilayer vesicles, ribbon-shaped assenblies, disc-shaped
assenblies, lanellar assenblies, rod-shaped assenblies and the
like formed by hydrophobic bonding between the hydrophobic
parts of the conponent nolecules of the conposition (A of the
present invention, and mixtures thereof. ‘

[ 0130]

The conposition (A of the present invention can be
prepared in a state of an assenbly of nolecules by dispersing
the conmpound of the present invention and the lipid having an
activity to introduce a conmpound of interest into cells (and
anot her conponent nolecule as required) in one of the above-
descri bed dispersants, for exanple, an aqueous solvent, and,
if required, performing an operation to induce organization.
Exanpl es of the "operation to induce organization" include,
but are not linmted to, various methods known per se, such as
soni cation, heating, vortexing, the ether injection nethod,
the French press nmethod, the cholic acid nethod, the Ca?+
fusion nethod, the freeze-thawing nethod, and the reversed
phase evaporation method [details of these nethods are given
in, for exanple, Chapter 2: Preparation of Liposones (witten
by Sunampbto and Iwanpoto) in "Liposonmes", Nojima, Sunanoto, and
| noue, eds. (Nankodo, published in 1988), and el sewhere].
Under particular conditions, it is also possible to allow the
conponent nol ecules of the conposition (A of the present
i nvention, which conprises the conpound of the present
invention and the lipid having an activity to introduce a
compound of interest into cells, to autononously assenble in

an agqueous solvent to form an assenbly (self-organization)
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wi thout performng the operation to artificially induce

organi zation described above. Although the assenbly obtained
by self-organization 1is normally a mxture of the various
fornms described above, it is also posSi ble to form an assenbly
in the form of a single substance by performing the operation
to induce organization described above under particular
conditions .

[0131]

Alternatively, the conposition (A of the present
invention can be prepared in a conpletely dispersed nolecular
state by dissolving the conpound of the present invention and
the lipid having an activity to introduce a conpound of
interest into cells in one of the above-nentioned dispersants,
for exanple, an anphiphilic solvent.

[0132]

In a preferred node of enbodinent, the conmpound of the
present invention and the lipid having an activity to
introduce a conpound of interest into cells, used to prepare
the composition (A of the present invention, are solid, gel,
liquid and the like, which, however, are not to be construed
as limting the invention. Exanpl es of the dispersant for
di spersing these conmpounds include, but are not limted to,
aqueous solvents such as water (deionized water and the like) ,
physi ol ogi cal saline, phosphate-buffered saline (PBS) , and
nmedia used by those skilled in the art for ordinary cell
culture (e.g., RPM 1640, DMEM, HAM F-12, Eagle's nedium and
the like), anphiphilic solvents such as ethanol, nethanol, and
DMSO, mixed solvents of an aqueous solvent and an anphiphilic
solvent, and the like. Although the aqueous solvent is
preferably free from protein conponents such as serum it is
al so possible to prevent the inhibition of the organization of
the conmponent nolecules of the conposition (A of the present
i nvention, which conprises the conmpound of the present
invention and a lipid having an activity to introduce a

compound of interest into cells, or the subsequent conplex
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formati on between the conpound of interest introduced into
cells and the organized assenbly, by previously renoving
protein conmponents by polylysine treatnent and the Iike. Wen
t he conpound of interest to be introduced into cells is a
nucleic acid such as an RNA or a DNA, or a peptidyl conmpound
such as an oligopeptide or a protein, the stability of the
conpound of interest decreases due to the m nglenent of a
nucl ease such as RNése or DNase or a protein- (peptide) -
deconposi ng enzyne such as a peptidase or a protease;
therefore, the aqueous solvent preferably undergoes heat
treatment to inactivate these enzynes before the conpound of
the present invention and the lipid having an activity to

i ntroduce a conpound of interest into cells are dispersed.
Exanpl es of the heat treatnment include, but are not limted to,
a treatnment at about 50 to about 100°C for about 5 minutes to
about 3 hours. Accordingly, the aqueous solvent is preferably
one that permits the heat treatnent.

[ 0133]

Al t hough the pH of the aqueous solvent is not subject to
[imtation, it is preferably in the range of pH 4 to 10, nore
preferably in the range of pH 6 to 8.

[ 0134]

In preferred nodes of enbodinent, a lipid conplexed
i posome is prepared by (1) sonication or (2 heat treatnent
as described in detail below
[ 0135]

(1) Sonication nethod

First, the compound of the present invention and the
lipid having an activity to introduce a conpound of interest
into cells are dissolved in an organic solvent (e.g.,
chloroform and the like) , and the resulting solution is placed
in a container such as an eggpl ant-shaped flask; the solvent
is evaporated off under reduced pressure using a rotary
evaporator and the like to form a thin nmenbrane of lipid on

the container wall surface. An aqueous solvent [e.g.,
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phosphate buffer solution (pH 7.0) and the like] is added to
the nenbrane, followed by shaking to swell the nenbrane, which
is then detached using, for exanple, a vortex m xer and the
like, to yield a suspension of nultilayer |iposone. To renove
the deconposed Ilipids and the like, gel filtration nay be
perfornmed using a Sephadex 2B, 4B or G50 colum and the Ilike.
[0136]

By sonicating the resulting suspension of nmultilayer
i posone at a high output (e.g., about 100 to about 200 W) on
an ice bath or water bath using a sonicator (probe type,
bathtub type and the like) for about 1 to about 2 m nutes
(e.g., a cycle of 1l-minute sonication and 30-second interval
repeated about two to four tirfes and the like) , a nearly
uni form nonol ayer |iposome can be prepared.
[0137]

A conpl exed |iposone containing the conpound of the
present invention and the lipid having an activity to
i ntroduce a conpound of interest into cells can also be
prepared solely by transferring an appropriate anmount of a
powder of the conmpound of the present invention and the lipid
having an activity to introduce the compound of interest into
cells to a tube, adding MI1iQ water and the like (to obtain a
final concentration of about 20 mM), and performng the sane
sonication as described above.
[0138]
(2) Heat treatnent nethod

A compl exed |iposone containing the conpound of the
present invention and the lipid having an activity to
i ntroduce a conpound of interest into cells can be prepared by
transferring an appropriate amount of a powder of the conpound
of the present invention and the lipid having an activity to
i ntroduce the conpound of interest into cells to a tube,
adding MI1iQ water and the like (to obtain a final

concentration of about 20 mM , and heating the mxture at

about 90°C for about 15 m nutes.
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[ 0139]

The conbi ned concentration of the conmpound of the present
invention and the lipid having an activity to introduce the
compound of interest into cells in the conplexed 1iposone
suspension can be set as appropriate in consideration of the
choi ce of compounds wused and the like, and is normally in the
range of 0.01 to 200 mM preferably 0.05 to 100 mM, and nore
preferably 0.1 to 50 nM

[ 0140]
If the concentration is too low, no sufficient anmount of
l'i pi d-conpl exed |iposome is fornmed; if the concentration is
too high, lipid nolecules can precipitate.
[0141]
The composition (A of the present invention, which can
be obtained as described above, is useful as an agent for

efficiently introducing a conpound into cells with |ow
toxicity. Any conpound of interest can be introduced into
cells using the conposition (A of the present invention; for
exanple, nucleic acids, peptides, |ipids, peptide |Iipids,
sugars, bioactive substances, drugs (doxorubicin (antitunor
drug) , daunorubicin (antitunor drug) , vincristine (antitunor
drug) , vinblastine (antitunor drug) , idarubicin (antitunor
drug) , dibucaine (local anesthetic) , propranol ol (B bl ocker) ,
gui nidine (antiarrhythmc therapeutic) , dopam ne (cardiotonic
hypertensive) , impranmne (antidepressant) , di phenhydrani ne
(anti histamne), quinine (antimalarial), chloroquine
(antimalarial) , diclofenac (anti-inflammatory drug) and the
like) , noisturizers for cosnmetics and the like (mannitol and
the like) , other synthetic or natural conpounds and the Ilike
can be nentioned.
[0142]

A particularly preferable conpound that can be
introduced into cells using the conposition (A of the present
invention is a nucleic acid. Any nucleic acid can be used,

whether it is a DNA, an RNA, a DNA-RNA chineric nucleic acid,
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a DNA/RNA hybrid or the like. Wile the nucleic acid my be
single-stranded to triple-stranded, it is preferably single-
stranded or doubl e-stranded. The nucleic acid may be another
type of nucleotide that is an N-glycoside of the purine or
pyrim di ne base, or another oligoner having a non-nucleotide
skeleton (e.g., commercially available peptide nucleic acid
(PNA) and the like) or another oligonmer containing a special
bond (however, the oligoner contains a nucleotide having an
arrangenent that allows base pairing or base attachnent as
found in DNA and RNA) and the IiKke. Furthernore, the nucleic
acid may also be one having a known nodification added thereto,
for exanple, one with a narker known in the art, one with a
cap, one nethylated, one having one or nore naturally
occurring nucleotides substituted by anal ogues, one nodified
with an intranol ecular nucleotide, for exanple, one having a
non-charge bond (e.g., nethyl phosphonate, phosphotri ester,
phosphor ami date, carbamate and the like) , one having a charged
bond or a sulfur-containing bond (e.g., phosphorothioate,
phosphorodithioate and the like) , for exanple, one having a
side chain group of a protein (e.g., nuclease, nuclease
inhibitor, toxin, antibody, signal peptide, poly-L-lysine and
the like), a sugar (e.g., nonosaccharide and the like) and the
like, one having an intercalating conpound (e.g., acridine,
psoralen and the like) , one containing a chelate conpound
(e.g., metals, radioactive netals, boron, oxidizing netals and
the like), one containing an alkylating agent, or one having a
nodi fied bond (e.g., a anomer type nucleic acid and the like).
[0143]

For exanple, any kind of DNA can be chosen as
appropriate according to the purpose of use; exanples include
plasnmid DNA, cDNA, antisense DNA, chronosonme DNA, PAC, BAC and
the like, with preference given to plasmd DNA c¢DNA and
antisense DNA, nore preferably plasmid DNA A circular DNA
such as plasnmid DNA can also be used as a linear DNA after

being digested as appropriate with a restriction endonuclease
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and the like. Also, any kind of RNA can be chosen as
appropriate according to the purpose of use; exanples include
si RNA, m RNA, shRNA, antisense RNA, nessenger RNA, single
strand RNA genone, double strand RNA genone, RNA replicon,
transfer RNA, ribosomal RNA and the like, with preference
given to siRNA, m RNA, shRNA, nRNA, antisense RNA and RNA
replicon.
[ 0144]

The size of the nucleic acid is not subject to
limtation; while a broad range of nucleic acids, from giant
nucleic acid nolecules (e.g., about 107 kbp in size) such as
chronmosones (artificial chronosone and the like) to |ow
nol ecul ar nucleic acids (e.g., about 5 bp in size), can be
i ntroduced, the size is preferably not nore than 15 kbp in
consideration of the efficiency of nucleic acid introduction
into cells. For exanple, the size of a high-nolecular nucleic
acid like plasmid DNA is 2 to 15 kbp, preferably 2 to 10 kbp.
For exanple, the size of a lownolecular nucleic acid |ike
SiRNA is 5 to 1000 bp, preferably 5 to 500 bp, and nore
preferably 5 to 200 bp.

[ 0145] |

The nucleic acid may be a naturally-occurring one or a
synthetic one; when the size is not nore than about 100 bp,
the nucleic acid can be synthesized by the phosphotriethyl
met hod, the phosphodiester nethod and the like using a
comonly used automated nucleic acid synfhesizer.

[0146]

Al'though the nucleic acid used in the present invention
is not subject to limtation, it is preferably purified by a
nmet hod commonly used by those skilled in the art.

[0147]

Exanmpl es of nobdes of enbodi nent wherein the conposition
(A of the present invention is used to introduce a
prophyl actic and/or therapeutic (hereinafter abbreviated as

"prophyl actic/therapeutic") compound into cells of a living
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body i nclude the use of a conpound for the prevention and/or
treatment, including what is called gene therapy, in
admnistration in vivo, intended to- prevent and/or treat a
di sease. Accordingly, in a preferred enbodinent of the present
i nvention, the conpound introduced into cells using the
conmposition (A of the invention possesses
prophyl actic/therapeutic activity for a particular disease.
Exanpl es of such conpound include nucleic acids, peptides,
lipids, sugars, bioactive substances, drugs, and other natural
or synthetic conpounds.

[ 0148] '

Gene therapies can be roughly divided into those
intended to supplenment |acking genetic information and those
intended to control the expression of the causal gene (target
gene) for a disease.

[ 0149]

For exanple, when the conpound capable of controlling
the expression of the target gene is a |ownolecular nucleic
acid, the lownolecular nucleic acid is exenplified by siRNA,
m RNA, shRNA, an antisense oligonucleotide, ri bozyme, a decoy
ol i gonucl eotide (e.g., an oligonucleotide conprising a base
sequence that can be recognized and bound by a transcription
factor or a transcription suppression factor) and the Iike.

[ 0150]

When the conmpound capable of controlling the expression
of the target gene is a peptide or a protein, the
peptide/protein is exenplified by a peptide/protein that binds
to the target gene to control the transcription of the gene,
or that binds to the mRNA or initial transcription product of
the target gene to control the translation thereof into a
protein, or a peptidyl Iligand capable of enhancing a signal
from a receptor that controls the expression of the target
gene, or an antagonist-like peptide/protein capable of
bl ocking the signal, and the Iike.

[ 0151]
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Alternatively, the conmpound having
prophyl actic/therapeutic activity for a disease may be one
capable of controlling the activity of the causal protein for
t he di sease. Exanpl es of such conpound includes, but are not
limted to, peptides/proteins that are ligands for the target
receptor protein, non-peptidyl conpounds (e.g., fatty acids,
steroid hornobnes and the like) , various natural or synthetic
conmpounds havi ng agonist or antagonist activity, peptides that
mmc a partial amno acid sequence of the phosphorylation
site of kinase and the like. '
[ 0152] | '

To introduce a conmpound of i nterest into cells using the
conposition (A of the present invention, .a conposi tion
conprising the conmpound of the present invention, a lipid
having an activity to introduce a conmpound of interest into
the cells, and a conpound of interest (the conposition (B of
the present invention) is prepared by adding the conpound of
interest to the conposition (A . By contacting the conposition
() of the present invention with cells, the conpound of
interest contained in the conposition (B of the present
invention is introduced into the cells.

[ 0153]

In an enbodiment, the conposition (B of the present
invention conprises a conplex conprising the conpound of the
present invention, a lipid having an activity to introduce a
compound of interest into cells, and the conpound of interest
(the conplex of the present invention) . The conplex can be a
conplex formed as a result of conplex fornmation of the
compound of interest with an organized assenbly conprising the
above-descri bed conpound of the present invention and the
lipid having an activity to introduce a conpound of interest
into cells. For exanple, the assenbly is capable of formng a
conplex with a conmpound of interest by adsorption or
encapsul ati on. The conplex may be fornmed by any interaction,

as far as the conplex can be stably present, and as far as the
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deconposition of the compound of interest (nucleic acid,
peptide and the like) by, for exanple, nuclease, peptidase and
the like, can be suppressed. For exanple, when the conpound of
interest is a negatively charged conpound such as a nucleic
acid or a peptide, the conmpound of interest can form a conpl ex
with an assenbly containing a positively charged lipid via a
non-coval ent bond based on an electrostatic interaction. When
the conmpound of interest is positively charged or non-charged,
the compound of interest can form a conplex with an assenbly
containing a negatively charged lipid via a non-coval ent bond
based on an el ectrostatic i nteraction. Al ternatively, t he
compound of interest can be allowed to form a conplex with an
assenbly by interlaying another interaction (e.g., hydrophobic
bond, hydrogen bond and the like) , or by being bound to a
negatively charged compound in advance.

[ 0154]

When the assenbly is a |iposone, the compound of interest
may be in a form adsorbed to the |iposone via an interaction
such as an electrostatic interaction, hydrophobic bond, or
hydrogen bond, or in a form incorporated in the |iposone.
Preferably, the conmpound of interest is in a form incorporated
in the |iposone.

[ 0155]

A conplex of the above-described assenbly and a conpound
of interest can be obtained by mxing the conposition (A of
the present invention, which conprises the assenbly, and the
compound of interest, and incubating the mxture (i.e., the
conmposition (B of the present invention) for a time
sufficient to form the conpl ex. Preferably, the conposition
(A of the present invention, which conprises the assenbly,
and an aqueous solution of the conpound of interest in an
aqueous solvent are mxed. Exanples of the aqueous solvent
i nclude those nentioned above as dispersants that can be
contained in the conposition (A of the present invention.

[ 0156]
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Incubation tinme after mixing the conposition (A of the
present invention and the conpound of interest can be set as
appropriate in consideration of the kind of reagent used and
other conditions, and is normally in the range of 0.5 to 500
m nutes, preferably 0.5 to 180 minutes, nore preferably 0.5 to
120 minutes, still nore preferably 1 to 60 mnutes, and npst
preferably 5 to 30 mnutes.

[ 0157]

VWhen the incubation tinme is too short, conplex
formati on between the conpound of interest and the carrier is
insuf.ficient; when the incubation tine is too long, the
conpl ex formed becones unstable in sone cases; in both cases,
introduction efficiency of the conpound of interest my
decr ease.

[ 0158]

The content of the conpound of the present invention
contained in the mxture (i.e., the conposition (B of the
present invention) is not particularly limted, as far as the
conposition (B of the present invention possesses an activity
to introduce the conpound of interest contained in the
conposition into cells, and as far as the compound of the
present invention exhibits an activity to pronote the
i ntroduction of the conpound of interest into cells by a lipid
having an activity to introduce the conpound of interest into
cells; the content is normally in the range of 0.001 to 1000
mM preferably 0.01 to 200 MM nore preferably 0.05 to 100 mM
[ 0159]

The content of the lipid having an activity to introduce
a conmpound of interest into cells, contained in the
conmposition (B) of the present invention is not particularly
limted, as far as the conposition (B of the present
i nventi on possesses an activity to introduce the conpound of
interest contained in the conposition into cells, and as far
as the conmpound of the present invention exhibits an activity

to pronote the introduction of the conmpound of interest into
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cells by the lipid having an activity to introduce the .
compound of interest into cells; the content is normally in
the range of 0.001 to 1000 nM preferably 0.01 to 200 mM, nore
preferably 0.05 to 100 nM
[ 0160]

- The blending ratio of the conmpound of the present
invention and the Ilipid having an activity to introduce a
compound of interest into cells, contained in the conposition
(B) of the present invention, 1is preferably a blending ratio
that allows the conmpound of the present invention to pronote
the introduction of the conpound of interest into cells by the
l'ipid. For exanple, the conmpound of the present invention is
blended in a ratio of 0.01 to 10 nole, preferably 0.1 to 5.0
nole, per one nole of the lipid having an activity to
i ntroduce a conpound of interest into cells.

[0161]

The concentration of the conpound of interest contained
in the mxture (i.e., the conposition (B of the present
invention) can be set as appropriate, taking into account the
choice, size (molecular weight) and the like of the conpound
of interest; when the conpound is a nucleic acid, the
concentration is normally in the range of about 0.001 to 2000
ng/ uL, preferably about 0.002 to 500 ng/”. Too low a
concentration prevents the nucleic acid (DNA, RNA and the
like) introduced to the cells from exhibiting its function as
expected; too high a concentration reduces the nucleic acid
i ntroduction efficiency.

[0162]

In a preferred enbodinent, the blending ratio of the
compound of interest, <contained in the conposition (B) of the
present invention, and the lipid having an activity to
introduce a conpound of interest into cells can be set as
appropri ate, taking into account the choice, size (nolecular
weight) and the like of the conmpound of interest; when the

compound is a nucleic acid, for exanple, the conpound of
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interest is blended in a ratio of 0.002 to 20 pg, preferably
0.02 to 2.0 1ig, per one nanonoble of the lipid having an
activity to introduce the conpound of interest into cells.
[0163]

Furthernmore, by contacting the conposition (B of the
present invention thus obtained with cells, the conpound of
interest contained in the conposition (B of the present
invention can be introduced into the cells. Wen the
conmposition (B) of the present invention is contacted with
cells, the above-described conplex contained in the
conmposition (B of the present invention cones into contact
with the cells, resulting in the introduction of t he compound
of interest contained in the conplex into the cells. |
[ 0164]

Wiile the kind of the above-described "cells" is not
subject to limtation, whether they are derived from a
prokaryote or a eukaryote, a eukaryote is preferred. The ki nd
of eukaryote is also not subject to limtation, and is
exenplified by vertebrates such as mammals, including hunmans
(humans, nonkeys, mce, rats, hansters, cattle and the Ilike) ,
birds (chickens, ostriches and the like) , anphibians (frogs
and the like), and fishes (zebrafish, killifish and the like),
invertebrates such as insects (silkwrns, noths, drosohilas
and the like), plants, mcroorganisnms such as yeast, and the
like. Mre preferably, the subject cells in the present
invention are animal or plant cells, nore preferably mammalian
cells.

[0165]

The cells may be cells of a cultured cell Iine,
including cancer cells, cells isolated from an individual or a
tissue, or cells of a tissue or a tissue fraction. The cells
may also be adherent cells or non-adherent cells.

[0166]
The step for bringing the composition (B of the’

present invention and the cells into contact with each other
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can be described in nore detail below
[0167]

The cells are suspended in an appropriate medium
several days before contact with the conposition (B of the
present invention, and cultured under appropriate conditions.
At the tinme of contact with the conposition (B of the present
invention, the cells may or may not be in the logarithmc
phase.

[0168]

VWhile the culture broth used at the tinme of contact may
be a serumcontaining nedium or a serumfree nmedium it is
preferable that the serum concentration in the nedium be not
nmore than 30% preferably not nore than 20% This is because
the presence of a protein such as serum in excess in the
medium may inhibit the contact of the conplex in the
conmposition (B of the present invention described above and
the cells.

[0169]

Cell density at the tinme of the contact is not subject
to limtation, and can be set as appropriate in consideration
of the kind of cells and the like, and is normally in the
range of 0.01x10S to 100x10s cells/nL, preferably 0.05xI0° to
50xI1 0> cells/m., nore preferably 0.1x10S to 10x10s cells/m.,
still nmore preferably 0.5xI0°to 7.5xI10°% cells/m., and nost
preferably |xIO° to 5xlI0° cells/niL.

[0170] '

The conposition -(B) of the present invention described
above is added to the cell-containing nedium thus prepared.
The amount of the conposition (B) of the present invention
added is not subject to limtations, as far as the conmpound of
interest contained in the conposition (B of the present
i nvention can be introduced into cells; the amount can be set
as appropriate in consideration of cell count and the Iike,
and is normally in the range of 0.1 to 200 pL, preferably 0.2
to 150 uL, nore preferably 0.5 to 100 pL., still nore preferably
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0.75 to 50 pL, and nost preferably 1 to 25 pL, per milliliter
of the nedium
[0171]

After the conposition (B) of the present invention is
added to the medium the cells are cul tured. Tenper at ur e,
hum dity, CO, concentration and the like during the cultivation
are set as appropriate in consideration of the kind of cells.
In the case of mammalian cells, nornal conditions are about
37°C tenperature, about 95% hum dity, and about 5% CO,
concentration.

[0172]

Cultivation tinme can also be set as appropriate in
consideration of the kind of cells used and other conditions,
and is normally in the range of 0.1 to 72 hours, preferably
0.2 to 54 hours, nore preferably 0.5 to 48 hours, still nore
preferably 1 to 24 hours, and nost preferably 2 to 12 hours.
[0173]

The conpound of interest is introduced into the cells
by the above-described cultivation; the cultivation can be
continued with the nmedium replaced with a fresh nmedium or
wi thout replacing the medium Wien the cells are of manmalian
origin, the fresh nmedium preferably contains serum or a
nutritive factor.

[0174]

Time for the further cultivation can be set as
appropriate in consideration of the expected function of the
compound of interest introduced and the I|ike; when the
compound is a plasmd DNA such as an expression vector, the
time is normally in the range of 1 to 720 hours, preferably 2
to 600 hours, nore preferably 4 to 480 hours, still nore
preferably 8 to 360 hours, and nost preferably 12 to 240 hours.
VWhen the conpound is a |lownolecular nucleic acid capable of
controlling the expression of a target gene such as siRNA, the
time is normally in the range of 1 to 168 hours, preferably 2

to 144 hours, nore preferably 4 to 120 hours, still nore
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preferably 6 to 72 hours, and nost preferably 8 to 48 hours.
[0175]

As described above, by using the conposition (B of the
present invention, the conpound of interest can be introduced
into cells not only in vitro, but also in vivo. Hence, by
admi nistering the conposition (B of the present invention to
a recipient, the above-nentioned conplex reaches and cones in
contact with target cells, thus resulting in the in vivo
i ntroduction of the conmpound of interest contained in the
conplex into the cells.

[0176]

The recipient of the conposition (B of the present
invention is not subject to limtation, and is exenplified by
vertebrates such as mammals, including humans (humans, nonkeys,
mce, rats, hansters, cattle and the like) , birds (chickens,
ostriches and the like) , anphibians (frogs and the Ilike) , and
fishes (zebrafish, killifish and the like) , invertebrates such
as insects (silkwrns, noths, drosophilas and the I|ike) ,
plants and the like. Preferably, the recipient of the
conposition (B of the present invention is a hunan or another
manmal
[0177]

The nmethod of administering the conposition (B of the
present invention is not subject to limtation, as long as the
above-nmenti oned conplex reaches and cones in contact wth
target cells to allow the conpound of interest contained in
the conplex to be introduced into the cells; a nethod of
admi nistration known per se (oral adm nistration, parenteral
administration (intravenous admnistration, i nt ranmuscul ar
admi nistration, topical admnistration, percutaneous
adm ni stration, subcutaneous adm nistration, i ntraperitoneal
administration, spraying and the like) and the like) can be
chosen as appropriate in consideration of the kind of the
compound of interest, the kind and site of target cells, and

the Iike.
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[0178]

The dosage of the conposition (B of the present
invention is not subject to limtation, as long as
i ntroduction of the conpound of interest into the cells is
acconplishable, and can be chosen as appropriate in
consideration of the kind of recipient, the nethod of
admi nistration, the kind of conpound of interest, the kind and
site of target cells, and the Iike. In the case of oral

adm nistration, the usual dosage per adninistration for a

human (weighing 60 kg), for exanple, is about 0.001 mg to
10000 ng, based on the above-described conpl ex. In the case of
parenteral adninistration (e.g., intravenous adm nistration

and the like) , the usual dosage per admnistration for a human
(weighing 60 kg), for exanple, is about 0.0001 mg to 3000 ng,

based on the conpl ex. In the case of another animal, a dosage
converted per 60-kg body weight can be adnmi nistered.

[0179]

4. Kit

The present invention also provides a kit for introducing
a conmpound of interest into cells, conprising the above-
descri bed conpound of the present invention and a l|ipid having
an activity to introduce the above-described cofrpound of
interest into cells.

[ 0180]

The kit of the present invention can further conprise the
above-descri bed conpound of interest. The conpound of interest
is preferably a nucleic acid.

[0181]

The definitions and nodes of "the conpound of the present
invention", "a lipid having an activity to introduce a
compound of interest into cells", "a conpound of interest",
"cells", and "a nucleic acid" are as described in the terns 1
to 3 above .

[ 0182]

Exanpl es of suitable conbinations of the conpound of the
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present invention and the lipid having an activity to

i ntroduce a conpound of interest into cells, contained in the
kit of the present invention, are the same as the conbinations
contained in the above-described conposition (A of the
present invention.

[ 0183]

The kit of the present invention can further conprise a
reagent for use in introducing a conpound of interest into
cells using the above-described conposition (A or composition
() of the present invention (e.g., cell culture nedium cell
culture vessel) , an instruction nanual bearing a description
of the protocol, and the like. The individual .conponent s
contained in the kit of the present invention are separately
(or, if possible, in the form of a mxture of some or all of
the conponents) placed in an appropriate container; all are
packaged in a single or a plurality of packages.

[ 0184]

The conpound of the present invention and the lipid
having an activity to introduce a conmpound of interest into
cells may be contained as the above-described conposition (A
of the present invention in the kit of the present invention.
[ 0185]

Te conpound of the present invention, the lipid having an
activity to introduce a conpound of interest into cells, and
the compound of interest may be contained as the above-
descri bed conposition (B of the present invention in the kit
of the present invention.

[ 0186]

By using the kit of the present invention, it is possible
to easily introduce a compound of interest into cells
according to the above-described nethod.

[0187]

Al reference docunents nentioned herein, including

publications, patent docunents and the like, are cited herein

by reference to the extent that they are individually cited as
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specific references, and that all of them have been given

expressly.

Exanpl es
[ 0188]

The present invention is hereinafter described in nore
detail by nmeans of the following Exanples, to which, however,
the present invention is not limted in any way.

[ 0189] '
[ Exanple 1]

Synthesis of I|ipids

(1) Synthesis of dc-EQ2

An amno acid (L-glutamic acid; E), a fatty al cohol
(dodecyl al cohol ; Cl12-OH) , and p-toluenesulfonic acid were
mxed in a toluene solvent. This mxture was thermally
refluxed in a reactor equipped with Dean-Stark trap, and
allowed to form an ester bond by dehydration-condensation. The
para-tol uenesul fonate salt of EC12 was crystallized by cooling
(4°C) ; the resulting crystal was separated by filtration and
washed with cold toluene to yield a white crystal. Next, EC12
and glucose (D-glucose; dc) were condensed in a nethanol
solvent in the presence of TEA. Subsequently, the synthesized
product (dc-EC12) was purified by silica gel chromatography.
The identification was achieved by NVR or TO--MASS (Fig. 1).

O her glycolipids (dc-EC6, dc-EC8, dc-EC O dc-ECl4, @l-

EC12, Man-ECl2, Al1l-ECl12, Fuc-ECl12, Xyl-ECl2 and G cNAc-EC12)

were synthesized from corresponding raw materials (amno acid,
lipid alcohol and saccharide) according to the sane nethod as
for GLC-ECl2. The identification was achieved by NWR or TOF-
MASS (Figs. 2-11) .

[ 0190]

(2) Synthesis of 4EG ECI10

An amino acid (L-glutamic acid; E), a fatty alcohol
(decanol; COOH) , and p-toluenesulfonic acid were nixed in a

toluene solvent. This nmxture was thermally refluxed in a
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reactor equipped with Dean-Stark trap, and allowed to form an
ester bond by dehydrati on-condensati on. The para-
tol uenesul fonate salt of ECIO was crystallized by cooling
(4°c) ; the resulting crystal was separated by filtration and
washed with cold toluene to yield a white crystal. ECQ
succi nic anhydride and N,N-diisopropylethylamne were mxed
and stirred in a chloroform solvent to obtain a reaction
pr oduct . The feacti on product was reacted with N-
hydr oxysucci nimide and |-ethyl-3- (3-dimnmethylam nopropyl)
carbodiinide hydrochloride in a dinethylf ormam de solvent.
Tetraet hyl ene gl ycol -nobnoanine was added to the reaction
m xture and stirred to obtain crude product of 4EG EC10. Then,
the product was applied on a silica gel chromatography to give
purified 4EG EC10. The identification was achieved by TOF- MASS
(Fig. 13). Oher ethylene glycol 1lipids (2EG EC10, 2EG EC12,
4EG EC12, 2EG ECl4 and 4EG ECl14) were synthesized from
corresponding raw materials (amno acid, lipid alcohol and
pol yet hyl ene gl ycol -nonoamni ne) according to the same nethod as
for 4EG EC10. The identification was achieved by NVR or TOF-
MASS (Figs. 12 and 14-17).
[0191]
[ Experimental Exanple 1]
Introduction of plasmd DNA using various glycolipids and
cationic |ipids
(Preparation of lipid mxture solutions)

The cationic lipid TMA-EC12 (final concentration 1 mV
and each glycolipid (dc-ECl2, Gal-ECl2, Man-ECl2, All-EC12,
Fuc- EC12, Xyl-ECl12 or G cNAc-EC12) (final concentration 1 nM

were dissolved in nmethanol to yield a lipid mxture solution.

/T'/\‘r
o
0]

O -

O
i VI N N N
O
TMA-EC1 2
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[0192]
(I'ntroduction of plasmid DNA)

CHO cells (2x10° cells/well) were pre-cultured in
Freestyle CHO nedium (obtained from Invitrogen) on a 24-well
plate for 2 hours, after which plasmd DNA was introduced. 1
pg per well of plasmd DNA (pCWIE-GFP vector; obtained from
Ni ppon Gene Co., Ltd.) was dissolved in 50 Ui of Opti-MEM
medi um (obtained from Invitrogen) ; 5 Ui of each of the above-
described lipid mxture solutions was added to the resulting
plasnmid DNA solution, and this was followed by incubation for
20 mnutes, whereby a DNA-lipid conplex was obtained. Thi s
compl ex was added to the above-described CHO cells, and the
cells were cultured in a 5% CO, incubator at 37°C for 24 hours.
Also, the commercially available gene transfer reagent
MaxReagent (obtained from Invitrogen) was tested as directed
in the instruction manual. The following day, the cells were
exam ned under a fluorescence mcroscope, and the cells
exhibiting fluorescence were counted using a flow cytoneter.
[0193]

As shown in Fig. 18, the transfection efficiency rose
when each glycolipid (dc-ECl2, Gl-ECl2, WMan-EC12, All-EC12,
Fuc- EC12, Xyl-ECl2 or dcNAc-ECl2) was added to the cationic
lipid TMA-ECL2 . These glycolipids were nore effective than
commercially available gene transfer reagents.

[ 0194]

[ Experimental Exanple 2]

Introduction of plasmd DNA using various glycolipids and
cationic |ipids

(Preparation of lipid mxture solutions)

The cationic lipid TMA-EC12 (final concentration 1 nM
and each glycolipid (dc-EC6, dc-EC8, dc-ECIO or dc-ECl4)
(final concentration 1 mM were dissolved in nmethanol to yield
a lipid mxture solution.
[0195]

(I'ntroduction of plasmd DNA)
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Plasmd DNA (1 pg/well, pCWIE-GFP vector) was introduced
into CHO cells (2*10° cells/well) in a 24-well plate using each
of the above-described lipid mxture solutions (5 Mi/well) , by
the sane procedures as Experimental Exanple 1. After being
cultured in a 5% CO, incubator at 37°C for 24 hours, the cells
were exam ned under a fluorescence microscope, and the cells
exhibiting fluorescence were counted using a flow cytoneter.
[0196]

As shown in Fig. 19, irrespective of the length of the
side chain of the glycolipid (C6 to Cl4) , the transfection
efficiency rose when each glycolipid (dc-EC6, Gc-EC8, dec-
EC10, dc-ECl14) was added to the cationic lipid TMA-EC12, and
GFP encoded in the plasnmid DNA was expressed at high
efficiency. This result suggests that the conpounds of the
present invention, irrespective of the length of the side
chai n hydrocarbon group, possess an activity to increase the
transfection efficiency.

[0197]

[ Experimental Exanple 3]

Introduction of plasmd DNA using various ethylene glycol
lipids and cationic |ipids

(Preparation of lipid mxture solutions)

[ 0198]

The cationic lipid TMA-EC12 (final concentration 1 nM)
and each ethylene glycol lipid (2EG ECl10, 4EG EC10, 2EG EC12,
4EG EC12, 2EG ECl14, 4EG EC14) (final concentration 1 nM were
dissolved in nethanol to yield a lipid mxture solution.

[0199]
(I'ntroduction of plasm d DNA)

Plasmd DNA (1 pg/well, pCWIE-GFP vector) was introduced
into CHO cells (2*10° cells/well) in a 24-well plate using the
above-described lipid mxture solution (5 Wi/well) by the sane
procedures as Experinmental Exanple 1. After being cultured for
24 hours, the cells were exam ned under a fluorescence

m croscope, and the cells exhibiting fluorescence were counted
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using a flow cytoneter.

[ 0200]

As shown in Fig. 20, irrespective of the length of the
side chain of the ethylene glycol Ilipid (COto Cl4) or the
length of the ethylene glycol group (2EG to 4EG , the
transfection efficiency rose when each ethylene glycol lipid

(2EG EC10, 4EG EC10, 2EG ECl12, 4EG EC12, 2EG ECl4, A4EG ECl14)
was added to the cationic lipid TMA-EC12, and GFP encoded in
the plasnmid DNA was expressed at high efficiency. This result
suggests that the conpounds of the present invention,
irrespective of the length of the ethylene glycol group or
side chain hydrocarbon group, possess an activity to increase
the transfection efficiency.

[ 0201]

[ Experimental Exanple 4]

Introduction of siRNA using various glycolipids and cationic
l'ipids

(Preparation of lipid mixture solutions)

The cationic lipid TMA-EC12 (final concentration 1 n\
and each glycolipid (dc-ECL2, Gal-EC12, WMn-EC12, All-EC12,
Fuc- EC12, Xyl-EC12 or dc-ECl14) (final concentration 1 nM
were dissolved in nethanol to yield a lipid mxture solution.

[ 0202]
(Study of introduction of siRNA)

CHO EGFP cells (CHO cells that permanently express EGFP,
prepared by a conventional nethod) at IxIO> cells/well were
pre-cultured in a 24-well plate for 24 hours (DMEM nmedium
suppl enented with 10% FBS) , after which, and just before
i ntroduction, the nmedium was replaced with 0.5 m of a fresh
supply of the sane 10% FBS nedi um 10 pmol per well of anti-
EG-P-si RNA (obtained from Ni ppon Gene Co., Ltd.) was dissolved
in 50 pi of Opti-MEM nedium 5 pi of the above-described lipid
m xture solution was added to the resulting siRNA solution,
followed by incubation for 20 minutes, whereby an RNA-lipid

conmpl ex was obt ai ned. This conplex was added to the above-
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described CHO EGFP cells, and the cells were cultured in a 5%
CO, incubator at 37°C for 24 hours. Also, the comercially

avai l able gene transfer reagent WMaxReagent (obtained from
Invitrogen) was tested as directed in the instruction manual.
The following day, the cells were exam ned under a
fluorescence mcroscope, and the cells exhibiting fluorescence
were counted using a flow cytoneter.

[ 0203]

As shown in Fig. 21, the siRNA transfection efficiency
rose when each glycolipid (dc-EC12, Gal-ECl2, Man-EC12, All-
EC12, Fuc -ECl12, Xyl-ECl12 or dc-ECl4) was added to the
cationic lipid TMA-EC12, and highly efficient gene suppression
was observed. ‘ |
[ 0204]

[ Experinmental Exanple 5]

Introduction of plasmd DNA using various glycolipids and
cationic lipids or peptide |Iipids

(Preparation of lipid mxture solutions)

Each cationic lipid or peptide Ilipid (TMA-ECL2, TMA-EC14,
TMA- DEAC12, R-EC12, R-ECl14, K-ECl12 or K-EC14) (final
concentration 1 nM and the dc-EC12 glycolipid (final
concentration 1 nM were dissolved in nethanol to yield a

lipid mxture solution.

[ 0205]
(I'ntroduction of plasmd DNA)

Plasmd DNA (1 pg/well, pCWIE-G-P vector) was introduced
into CHO ceIIsA(2*105 cells/well) in a 24-well plate using the
above-described lipid mxture solution (5 Ui/well) by the sane

procedures as in Experinental Exanple 1. The follow ng day,
the cells were exam ned under a fluorescence microscope, and
the cells exhibiting fluorescence were counted using a flow
cytoneter.
[ 0206]

As shown in Fig. 22, the transfection efficiency rose

when the glycolipid dc-ECl2 was added to each cationic lipid
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or peptide lipid (TMA-EC12, TMA-ECl4, TMA-DEACL2, R-EC12, R-
ECl4, K-ECl1l2 or K-ECl14) . This result suggests that the
compounds of the present invention, irrespective of the choice
of lipid, possess an activity to increase the efficiency of
introduction of a conmpound of interest into cells by the Ilipid.
[ 0207]

[ Experi nental Exanple 6]

Increase in transfection efficiency by glycolipids added at
different mixing ratios

(Preparation of lipid nmixture solutions)

The cationic lipid TMA-ECL2 (1 mM) and the G c-EC12
glycolipid (final concentration 0.1 mM 1.0 nM 5.0 nM were
dissolved in nethanol 'to yield a.Iipid mxture sol ution.

[ 0208]
(Introduction of plasnm d DNA)

Human |ung cancer cells, specifically A549 cells (IxlIO®°
cells/well) were pre-cultured in a 24-well plate for 24 hours
(DVEM nmedi um supplemented with 10% FBS) , after which, and just
before introduction, the nmedium was replaced with 0.5 m of a
fresh supply of the sane 10% FBS medi um 1 pg per well of
plasmd DNA (pCwIE-G-P vector) was dissolved in 50 Ui of Opti-
MEM medium 5 Ui of the lipid-nixed solution was added to the
resulting DNA solution, and this was followed by incubation
for 20 mnutes, whereby a DNA-lipid conplex was prepared. Thi s
compl ex was added to the A549 cells, and the cells were
cultured in a 5% CO, incubator at 37°C. The follow ng day, the
cells were examned under a fluorescence nmnicroscope, and the
cells exhibiting fluorescence were counted using a flow
cytonet er
[ 0209]

As shown in Fig. 23, the transfection efficiency rose
when the glycolipid dc-ECl2 was added to a cationic lipid
(TMA-EC12) . In the range of 0.1 to 5.0 nM based on the anount
of dc-EC12 added per 1 mM of TMA-ECl2, a rise of the

transfection efficiency with dc-ECL2 was observed. Thi s
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result suggests that the conpounds of the present invention
possess an activity to increase the transfection efficiency
with a cationic lipid when added in a broad range of anounts

added.

I ndustrial Applicability
[ 0210]

It is possible to increase the efficiency of introduction
of a conpound into cells by a lipid using the conmpound of the
present invention. Usi ng the conmpound of the present invention
al so nakes it possible to introduce a conpound of interest
into cells with high efficiency even under conditions of basal
medi um serum nedium or totally synthesized nedium The
compounds of the present invention are highly safe because of
the absence of infectious or pathogenic materials such as

ani mal -derived ingredients and virus-derived ingredients.
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CLAI M5

1. A conpound represented by the formula (1) :

R & (D)

o

)n

R3
/
] O

5 wherein Rl represents R5=N- (wherein R5 represents a saccharide

resi due) or

O

Z:

O

(wherein R* represents a nono- or polyethylene glycol residue) ;
each of R2 and R3, whether identical or not, represents a
10 hydrocarbon group having 1 to 30 carbon atons; and

nis 0 or 1.

2. The conpound according to claim 1, wherein R' is R’=N-

and R5 i s a nonosaccharide or disaccharide residue.

15
3. The compound according to claim 1, wherein Rl is,
0]
H
N
R*—N ™~

o

and R* is a group represented by -CH2CH2 (OCH2CH,)m OH (wherein m
represents an integer of O to 20) .
20

4. The compound according to claim 1, wherein each of R2 and
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R3is a Cg.20 linear alkyl group or linear unsaturated

hydr ocarbon group.

5. The conpound according to claim 1, wherein the conpound
is GICEC12, GICEC6, Gc-EC8, dc-ECQOQ Gc-ECl4, @Gl-EC12,
Man- EC12, Al11-ECl12, Fuc-EC12, Xyl-ECl12, d cNAc-ECl2, 2EG EC10,
2EG ECl12, 4EG EC10, 4EG EC12, 2EG ECl14, or A4EG EC14.

6. An agent for pronoting introduction of a conpound of
interest into cells, conprising the conmpound according to any

one of claine 1 to 5.

7. A conposition conprising the conpound according to any
one of clainme 1 to 5 and a lipid having an activity to

introduce a conpound of interest into cells.

8. The conposition according to claim 7, wherein the lipid
is a cationic lipid or a peptide 1ipid.
9. The conposition according to claim 7, wherein the lipid

is a conpound represented by the formula (I1-A) :

I
0
CH, (CH,) ,,0C }N 3y q_,—ﬁ(cns)g (11-A)
CHy (CHy) - 06— (CHy); H
0

wherein p represents an integer of 12 to 16, and q represents
an integer of 2 to 11;

a conmpound represented by the formula (IV-A) :

Il
CH, (CHy) ,_,COCH,CH,~_ O
L Gy NG, (IV-A)
CHy (CH,) t_2<">ocrlzc+|/

0

wherein t represents an integer of 12 to 16, and u represents
an integer of 2 to 11; or

a conmpound represented by the formula (1-B) :
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o)

H
B —N
R o~ (I-B)

R2B
wherein R represents an anmino acid or peptide having 1 to 10
amino acid residues, R represents an optionally chosen anino
acid side chain, R®B represents a hydrocarbon group having 1 to
30 carbon atoms, and with the provision that R2® has a carboxyl
group, the carboxyl group may be esterified with a saturated

or unsaturated alcohol having 1-30 carbon atons.

10. The composition according to claim 9, wherein the lipid
is TMA-ECl2, TMA-ECl4, TMA-DEACl12, TMA-DEACl4, R-ECl2, R-EC14,
K- EC12, or K-ECl14.

11. The composition according to claim 7, wherein the
conposition is for introducing a conmpound of interest into

cells.

12. The composition according to claim 11, wherein the

conpound of interest is a nucleic acid.

13. The composition according to claim 12, wherein the
nucleic acid is a plasmd DNA cDNA or antisense DNA, or an

si RNA, mi RNA, shRNA, nRNA, antisense RNA or RNA replicon.

14. The composition according to claim 7, wherein the

conposition further conprises the compound of interest.

15. A nethod of introducing a conpound of interest into cells,
Corrpri sing contacting the conposition according to claim 14

and the cells.

16. A method of introducing a conpound of interest into cells

in a human or non-human subject, conprising admnistering the
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conposition according to claim 14 to the subject.

17. A kit for introducing a conpound of interest into cells
conprising the conmpound according to any one of clains 1 to 5,
and a lipid having an activity to introduce the conpound of

interest into cells.
18. A conpl ex conprising the conpound according to any one of

claims 1 to s, alipid having an activity to introduce a

10 conmpound of interest into cells, and the conmpound of interest.
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This International Searching Authority found multiple inventions in this international application, as follows:

1.

see additional sheet

|:| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. | | As only some of the required additional search fees were timely paid by the applicant, this international search report covers

'—" only those claims for which fees were paid, specifically claims Nos. :

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
2(compl etely) ; 1, 4-18(parti ally)
Remark on Protest | |The additional search fees were accompanied by the applicant's protest and, where applicable, the

'—' payment of a protest fee.

| |The additional search fees were accompanied by the applicant's protest but the applicable protest
'—'fee was not paid within the time limit specified in the invitation.

_I _INo protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori ty found multiple (groups of)
inventi ons in thi s internati onal appl icati on, as fol |ows:

1. claims: 2(completely) ; 1, 4-18(parti ally)

a compound accordi ng to formul a (1) wherei n R represents
R5=N, R5 bei ng a sacchari de resi due, compositions compri sing
thi s compound and the use thereof

2. claims: 3(completely) ; 1, 4-18(parti ally)

a compound accordi ng to formul a (1) wherei n R represents
R4NHC(0) -CH2-CH2-C(0) NH-, R4 bei ng a mono- or polyethyl ene
glycol resi due, compositions compri sing thi s compound and
the use thereof
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