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CATIONIC LIPID As mentioned above , a nucleic acid delivery carrier using 
a cationic lipid requires improvement of pharmacokinetics 

CROSS - REFERENCE TO RELATED and intracellular dynamics . Since nucleic acid and cellular 
APPLICATIONS membrane are anionic , the cationic group of a cationic lipid , 

5 which electrostatically interacts with them , has been found 
This patent application is the U . S . national phase of to play an important role in solving these problems . There 

International Patent Application No . PCT / JP2016 / 052690 , fore , among cationic lipids , cationic groups , namely , amino 
filed on Jan . 29 , 2016 , which claims the benefit of Japanese groups , are being developed mainly . 
Patent Application No . 2015 - 016786 , filed Jan . 30 , 2015 , the For improvement of intracellular dynamics , a method 
disclosures of which are incorporated herein by reference in 10 using a cationic lipid having a quaternary amine is known . 
their entireties for all purposes . For example , known two - chain cationic lipid 1 , 2 - Dioleoyl 

3 - dimethylammonium propane ( hereinafter to be referred to TECHNICAL FIELD as “ DOTAP ” ) having a quaternary amine can form a posi 
tively - charged lipid membrane structure by an electrostatic The present invention relates to a cationic lipid having 15 

improved nucleic acid delivery efficiency , a lipid membrane interaction between an amino group of DOTAP and an 
structure containing same , and use thereof . anionic nucleic acid . The positively - charged lipid membrane 

structure interacts with an anionic cellular membrane to 
BACKGROUND ART increase uptake into the cell . However , since the electrostatic 

20 interaction between DOTAP having a quaternary amine and 
Nucleic acid treatment is a therapeutic method for sup - nucleic acid is too strong , release of the nucleic acid from the 

pressing expression of a pathogenic protein by delivering the carrier is problematically difficult ( non - patent document 2 ) . 
nucleic acid ( RNA ) into the cytoplasm , and gene therapy is On the other hand , various studies have also been made on 
a therapeutic method for promoting expression of a protein tertiary amine . As a known two - chain cationic lipid having 
useful for the treatment by delivering the nucleic acid 25 tertiary amine , 1 , 2 - Dioleoyl - 3 - dimethylamino propane 
( DNA ) into the nucleus . In these treatment methods , deliv - ( hereinafter to be referred to as “ DODAP ” ) can be men 
ery of the nucleic acid into cells is important . However , tioned . It is described that DODAP can form a lipid mem delivery of nucleic acid into cells is difficult , since nucleic brane structure by electrostatic interaction with nucleic acid , acid is rapidly degraded when used alone by enzymes in the and becomes a carrier capable of delivering nucleic acid to 
blood . Therefore , practicalization of these therapeutic drugs 30 the target cell ( non - patent document 2 ) . 
requires a carrier for delivery of the nucleic acid into the Non - patent document 3 describes pharmacokinetics . In 
cells . 

In view of the property of the carrier that delivers foreign this document , pKa of two - chain cationic lipid is adjusted to 
substances into cells , it is necessary to exhibit a large effect near neutral . It is shown that a lipid membrane structure 
with a small amount of use . That is , the nucleic acid delivery 35 using Po 35 using the cationic lipid is stable in blood for a long time after 
carrier is required to increase the delivery amount of the intravenous injection , and accumulated in the tumor site . 
nucleic acid per unit carrier incorporated into the cytoplasm . Non - patent document 4 describes intracellular dynamics . 
that is , to increase the nucleic acid delivery efficiency into This document describes as regards two - chain type cationic This document describes a 
the cytoplasm . lipids that pKa as a lipid membrane structure can be adjusted 

Virus vectors represented by retrovirus and adenovirus are 40 to a value advantageous for intracellular endosomes escape , 
carriers with high nucleic acid delivery efficiency . On the by changing the structure around the amino group . It is 
other hand , they are associated with problems such as stated that this promotes endosomal escape and clearly 
formation of tumor caused by insertion of the viral vector improves nucleic acid delivery efficiency . 
into the genome and nonspecific influence on cells other In addition , cationic lipids having hydrophobic group and 
than the target cells . In view of these , the development of 45 tertiary amino groups with different amino group number 
non - viral carriers is ongoing . Of those , a nucleic acid have also been developed . For example , patent documents 1 
delivery carrier using a cationic lipid ( lipid membrane and 3 describe cationic lipids having a structure in which 
structure ) is a non - viral carrier used most generally . compounds having one hydrophobic group and one hydro 

To increase nucleic acid delivery efficiency with a nucleic philic group are linked with each other by a biodegradable 
acid delivery carrier using cationic lipid , pharmacokinetics 50 disulfide bond . The documents show that the cationic lipid 
( e . g . , stability in blood , accumulation property in target cells can improve pharmacokinetics such as stability in blood , 
such as tumor and the like , and the like ) need to be tumor targeting property and the like . In addition , it has been 
improved . Furthermore , to increase delivery efficiency of clarified that the cationic lipid can improve intracellular 
nucleic acid into the cytoplasm , improvement of intracellu dynamics such as increase in the delivery efficiency of 
lar dynamics ( e . g . , uptake into cells , escape from endosome , 55 nucleic acid into the cytoplasm and the like , since it exhibits 
release of nucleic acid from carrier in the cytoplasm and the higher nucleic acid delivery efficiency as compared to 
like ) , besides the aforementioned pharmacokinetics , also known cationic lipids such as DOTAP and DODAP . 
becomes necessary ( non - patent document 1 ) . However , despite the technical progress in this field , the 

Cationic lipids are roughly composed of a hydrophobic nucleic acid delivery efficiency into the cytoplasm , which is 
moiety and a hydrophilic moiety . As its constitution , the 60 achieved by a lipid membrane structure using cationic lipid , 
hydrophobic moiety comprises a hydrophobic group such as is not fully satisfactory . 
fatty acid group , sterol group and the like , and the hydro As described in patent document 2 , it is useful to contain 
philic moiety comprises a cationic group such as amino many amino groups when intracellular deliverability is to be 
group , and the like . As the composition of the cationic lipid , improved . However , when many amino groups are con 
many structures comprising two hydrophobic groups per one 65 tained , release of nucleic acid from the carrier in the cell is 
hydrophilic group ( hereinafter to be referred to as “ two - suppressed . Therefore , improvement of nucleic acid delivery 
chain cationic lipid ” ) are known . efficiency cannot be expected . 
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DOCUMENT LIST R2a and R25 are each independently a sterol residue , a 
liposoluble vitamin residue , or an aliphatic hydrocarbon 

Patent Documents group having 13 - 23 carbon atoms . 
[ 2 ] The cationic lipid of [ 1 ] , wherein Rla and Rlb are each 

patent document 1 : WO 2013 / 073480 5 independently an alkylene group . 
patent document 2 : JP - A - 2011 - 121966 [ 3 ] The cationic lipid of [ 1 ] or [ 2 ] , wherein X™ and X are 
patent document 3 : US20140335157 ester bonds . 

[ 4 ] The cationic lipid of any of [ 1 ] - [ 3 ] , wherein R24 and R26 
Non - Patent Documents are each independently a liposoluble vitamin residue , or 

10 an aliphatic hydrocarbon group having 13 - 23 carbon 
non - patent document 1 : Molecular Therapy 13 ( 4 ) : 786 - 794 , atoms . 

2006 [ 5 ] The cationic lipid of any of [ 1 ] - [ 4 ] , wherein R2a and R25 
non - patent document 2 : Biomaterials 29 ( 24 - 25 ) : 3477 - 96 , are each independently a liposoluble vitamin residue . 

2008 [ 6 ] The cationic lipid of any of [ 11 - 14 ) , wherein R20 and R25 
non - patent document 3 : Journal of Controlled Release 107 : + are each independently an aliphatic hydrocarbon group 

276 - 287 , 2005 having 13 - 23 carbon atoms . 
non - patent document 4 : Nature Biotechnology 28 : 172 - 176 , [ 7 ] A lipid membrane structure comprising the cationic lipid 

of any of [ 1 ] to [ 6 ] as a membrane - constituting lipid . 2010 [ 8 ] A nucleic acid - introducing agent , which comprises the 
SUMMARY OF THE INVENTION cationic lipid of any of [ 1 ] to [ 6 ] or the lipid membrane 

structure of [ 7 ] . 
[ 9 ] A nucleic acid - introducing agent , which is the cationic Problems to be Solved by the Invention lipid of any of [ 1 ] - [ 6 ] , or the lipid membrane structure of 

[ 7 ] , encapsulating an anti - inflammatory agent . 
An object of the present invention is to provide a cationic 25 [ 101 A method of delivering a nucleic acid into a cell . 

lipid useable as a nucleic acid delivery carrier , a lipid comprising contacting the nucleic acid - introducing agent 
membrane structure using a cationic lipid , and a nucleic of [ 8 ] or [ 9 ] , which encapsulates the nucleic acid , with the acid - introducing agent using a cationic lipid . cell in vitro . 

In addition , the present invention aims to provide a [ 11 ] A method of introducing a nucleic acid into a cell , 
method of achieving nucleic acid introduction by using a 30 comprising administering the nucleic acid - introducing 
nucleic acid - introducing agent containing a cationic lipid . agent of [ 8 ] or [ 9 ] , which encapsulates the nucleic acid , to 

a living organism so that it will be delivered to the target 
Means of Solving the Problems cell . 

20 

To improve nucleic acid delivery efficiency into the 35 Effect of the Invention 
cytoplasm , it is necessary to increase the number of amino 
groups , improve intracellular deliverability , and efficiently The present invention relates to a cationic lipid . The 
release nucleic acid in the cytoplasm . cationic lipid can form a lipid membrane structure , and can 

The present inventor took note of this technical problem form a nucleic acid - introducing agent containing the cat 
and conducted intensive studies to find that a cationic lipid 40 ionic lipid . Since a lipid membrane structure containing the 
having a structure in which compounds composed of a cationic lipid can have pKa near neutral , it is stable in blood 
hydrophobic group and a hydrophilic group in which pip - and accumulates in tumor . In addition , the disulfide bond 
erazine is a tertiary amine are linked to each other by a contained in the cationic lipid of the present invention is 
disulfide bond ( structure having 2 hydrophobic groups and cleaved in the intracellular reductive environment , and 
4 hydrophilic groups , hereinafter to be also referred to as the 45 release of the encapsulated substance ( nucleic acid ) is pro 
cationic lipid of the present invention ) has high nucleic acid moted . Thus , a nucleic acid - introducing agent using the 
delivery efficiency , which resulted in the completion of the cationic lipid of the present invention can achieve high 
present invention . nucleic acid delivery efficiency of the nucleic acid to be 

Therefore , the present invention encompasses the follow - delivered into the cytoplasm . 
ing . 50 In addition , when a nucleic acid is introduced using the 
[ 1 ] A cationic lipid represented by the formula ( 1 ) cationic lipid or lipid membrane structure of the present 

invention , degradation of the nucleic acid by serum com 
ponents can be suppressed . Thus , it is advantageous for 

( 1 ) nucleic acid introduction in the presence of serum or nucleic 
55 acid introduction in vivo . R20 — Xa - Rla - N 

BRIEF DESCRIPTION OF THE DRAWINGS 

R26 - X6 - R1b N FIG . 1 shows gene expression activity of various MENDs 
60 ( multifunctional envelope - type nano device ) prepared from 

various cationic lipids ( Myr - C3M , TS - C3M , TS - PZ4C2 ) . 
FIG . 2 shows time - course changes in the gene expression 

in the formula ( 1 ) , Rla and Rib are each independently an activity of MEND prepared from TS - PZ4C2 having an 
alkylene group or oxydialkylene group having not more adjusted amount of encapsulated Dex - Pal . 
than 8 carbon atoms , 65 FIG . 3 shows gene expression activity in the liver after 

Xa and X are each independently an ester bond , an amide intravenous administration of pDNA , or a transgene agent 
bond , a carbamate bond , or an ether bond , and prepared from a commercially available transfection 
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reagent , which encapsulates pDNA , and MEND prepared group having 13 - 23 carbon atoms , preferably a liposoluble 
from TS - PZ4C2 , which encapsulates pDNA . vitamin residue or an aliphatic hydrocarbon group having 

FIG . 4 shows gene expression activity in the liver after 13 - 23 carbon atoms , most preferably an aliphatic hydrocar 
intravenous administration of MEND prepared from bon group . From the aspect of organ ( particularly liver ) 
TS - C3M or MEND prepared from TS - PZ4C2 , which encap - 5 specificity , Ra and R 9 are also preferably liposoluble vita 
sulates pDNA . min residues . 

FIG . 5 , the upper panel , provides photographs showing As the “ sterol residue ” , sterol excluding a reactive func 
accumulation after intravenous administration of various tional group ( e . g . , hydroxyl group ) involved in the binding 
MENDs prepared from various cationic lipids ( Myr - C3M , with Xa or X ” , or a residue derived from a sterol derivative 
TS - PZ4C2 , L - PZ4C2 , O - PZ4C2 ) , which carry liposoluble 10 can be mentioned , and preferred is a residue derived from a 
fluorescence dye , in each organ and tumor . The middle panel sterol derivative . The sterol derivative is , for example , a 
shows the amount of accumulation in the liver 24 hr after the sterol hemiester obtained by reacting a hydroxyl group of 
administration . The lower panel shows the amount of accu sterol with one of the carboxylic acids of dicarboxylic acid 
mulation in tumor 24 hr after the administration . ( in this case , the other carboxylic acid becomes a reactive 

FIG . 6 shows gene expression activity in tumor 48 hr after 15 functional group ) . Examples of the sterol include choles 
intravenous administration of various MENDs prepared terol , cholestanol , stigmasterol , B - sitosterol , lanosterol , 
from various cationic lipids ( Myr - C3M , L - PZ4C2 , ergosterol and the like , with preference given to cholesterol 
O - PZ4C2 ) encapsulating pDNA . and cholestanol . Examples of the dicarboxylic acid include 

FIG . 7 shows an antitumor effect after intravenous admin malonic acid , succinic acid , glutaric acid , adipic acid and the 
istration of various MENDs prepared from L - PZ4C2 encap - like , with preference given to succinic acid or glutaric acid . 
sulating a gene . Specific examples of the sterol derivative include cholesterol 

hemisuccinic acid ester , cholesterol hemiglutaric acid ester 
DESCRIPTION OF EMBODIMENTS and the like . 

As the “ liposoluble vitamin residue ” , a liposoluble vita 
While the embodiments of the present invention are min excluding a reactive functional group ( e . g . , hydroxyl 

explained in the following , the present invention is not 25 group ) involved in the binding with Xa or X ” , or a residue 
limited thereto . derived from a liposoluble vitamin derivative can be men 

The present invention provides a compound represented tioned , and preferred is a residue derived from a liposoluble 
by the formula ( 1 ) ( hereinafter to be also referred to as the vitamin derivative . The liposoluble vitamin derivative is , for 
compound of the present invention , or the cationic lipid of example , a liposoluble vitamin hemiester obtained by react 
the present invention ) . 30 ing a hydroxyl group of liposoluble vitamin with one of the 

Rla and Rlb are each independently an alkylene group or carboxylic acids of dicarboxylic acid ( in this case , the other 
oxydialkylene group having not more than 8 carbon atoms , carboxylic acid becomes a reactive functional group ) . 
preferably an alkylene group having not more than 8 carbon Examples of the liposoluble vitamin include retinoic acid , 
atoms . retinol , retinal , ergosterol , 7 - dehydrocholesterol , calciferol , 

The alkylene group having not more than 8 carbon atoms 36 cholecalciferol , dihydroergocalciferol , dihydrotachysterol , 
may be linear or branched , preferably linear . The number of tocopherol , tocotrienol and the like . Preferable examples 
carbons contained in the alkylene group is preferably not thereof are retinoic acid and tocopherol , which is most 
more than 6 , most preferably not more than 4 . Specific preferably tocopherol . Examples of the dicarboxylic acid 
examples of the alkylene group having not more than 8 include malonic acid , succinic acid , glutaric acid , adipic acid 
carbon atoms include methylene group , ethylene group , and the like , with preference given to succinic acid and 
propylene group , isopropylene group , tetramethylene group , 40 glutaric acid . Specific examples of the liposoluble vitamin 
isobutylene group , pentamethylene group , hexamethylene derivative include tocopherol hemisuccinic acid ester , 
group , heptamethylene group , octamethylene group and the tocopherol hemiglutaric acid ester and the like . 
like , preferably methylene group , ethylene group , propylene The aliphatic hydrocarbon group having 13 - 23 carbon 
group and tetramethylene group , most preferably ethylene atoms may be linear or branched , preferably linear . The 
group . 45 aliphatic hydrocarbon group may be saturated or unsatu 

The oxydialkylene group having not more than 8 carbon rated . In the case of an unsaturated hydrocarbon group , the 
atoms is an alkylene group via an ether bond ( alkylene - O - aliphatic hydrocarbon group contains 1 - 6 , preferably 1 - 3 , 
alkylene ) , and the total of the carbon number of the two most preferably 1 - 2 unsaturated bonds . While the unsatu 
alkylene groups is not more than 8 . Here , the two alkylenes rated bond includes a carbon - carbon double bond and a 
may be the same or different , preferably the same . Specific 50 carbon - carbon triple bond , it is preferably a carbon 
examples of the oxydialkylene group having not more than carbon double bond . The aliphatic hydrocarbon group has a 
8 carbon atoms include oxydimethylene group , oxydiethyl - carbon number of preferably 13 - 21 , most preferably 13 - 17 , 
ene group , oxydipropylene group , oxydibutylene group and when it is a straight chain . Examples of the aliphatic 
the like . Preferred are oxydimethylene group , oxydiethylene hydrocarbon group having 13 - 23 carbon atoms include 
group , and oxydipropylene group , and most preferred is 55 tridecyl group , tetradecyl group , pentadecyl group , hexade 
oxydiethylene group . cyl group , heptadecyl group , octadecyl group , nonadecyl 

Ria may be the same as or different from Rlb , and Rla is group , icosyl group , henicosyl group , docosyl group , trico 
preferably the same group as R1b . syl group , tridecenyl group , tetradecenyl group , pentadece 
Xa and X ” are each independently an ester bond , an amide nyl group , hexadecenyl group , heptadecenyl group , octade 

bond , a carbamate bond , or an ether bond , preferably an cenyl group , nonadecenyl group , icosenyl group , 
ester bond or an amide bond , most preferably an ester bond . 60 henicosenyl group , docosenyl group , tricosenyl group , tri 
While the binding direction of Xa and X is not limited , decadienyl group , tetradecadienyl group , pentadecadienyl 
when Xa and Xb are ester bonds , a structure having R2a — group , hexadecadienyl group , heptadecadienyl group , octa 
COO - Rla — or R25 _ CO0 R16 — is preferable . decadienyl group , nonadecadienyl group , icosadienyl group , 
Xa may be the same as or different from X ' , and Xa is henicosadienyl group , docosadienyl group , octadecatrienyl 

preferably the same group as X ” . 65 group , icosatrienyl group , icosatetraenyl group , icosapen 
R2a and R25 are each independently a sterol residue , a taenyl group , docosahexaenyl group , methyldodecyl group , 

liposoluble vitamin residue or an aliphatic hydrocarbon methyltridecyl group , methyltetradecyl group , methylpenta 
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decyl group , methylheptadecyl group , methyloctadecyl R24 and R25 are each independently an aliphatic hydrocarbon 
group , methylnonadecyl group , methylicosyl group , meth group having 13 - 23 carbon atoms ( e . g . , heptadecadienyl 
ylhenicosyl group , methyldocosyl group , ethylundecyl group , heptadecenyl group ) . 
group , ethyldodecyl group , ethyltridecyl group , ethyltetra In one embodiment , 
decyl group , ethylpentadecyl group , ethylheptadecyl group , 5 R " " and R " are each independently an alkylene group 
ethyloctadecyl group , ethylnonadecyl group , ethylicosyl onadecyl group ethylicosví having not more than 8 carbon atoms ( 1 - 8 carbon atoms ) , 
group , ethylhenicosyl group , hexylheptyl group , hexylnonyl Xa and X are each an ester bond , 
group , heptyloctyl group , heptyldecyl group , octylnonyl R2a and R25 are each a liposoluble vitamin residue ( e . g . , a 

group derived from tocopherol hemisuccinic acid ester ) , group , octylundecyl group , nonyldecyl group , decylundecyl Rla is the same as R1b , and group , undecyldodecyl group , hexamethylundecyl group 10 10 R20 is the same as R26 . and the like . As the straight chain , preferred are tridecyl In one embodiment , group , pentadecyl group , heptadecyl group , nonadecyl Rla and R16 are each independently an alkylene group group , henicosyl group , heptadecenyl group , heptadecadi having not more than 8 carbon atoms ( 1 - 8 carbon atoms ) , enyl group , particularly preferably , tridecyl group , heptade - xa and Xb are each an ester bond . 
cyl group , heptadecenyl group , and heptadecadienyl group . 15 R20 and R25 are each an aliphatic hydrocarbon group having 
As the branched one , preferred are methylpentadecyl group , 13 - 23 carbon atoms ( e . g . , heptadecadienyl group , hepta 
hexylnonyl group , heptyldecyl group , octylundecyl group , decenyl group ) , 
and hexamethylundecyl group , and particularly preferred are Rla is the same as Rlb and 
methylpentadecyl group , hexylnonyl group , and heptyldecyl R2a is the same as R26 . 
group . 20 In one embodiment , 

In one embodiment , an aliphatic hydrocarbon group hav - Rla and Rib are each an ethylene group , 
ing 13 - 23 carbon atoms , which is derived from fatty acid , Xa and X are each — C0 — 0 , and 
aliphatic alcohol , or aliphatic amine , is used . When R24 is R2a and R26 are each independently a liposoluble vitamin 
derived from fatty acid , Xa is an ester bond or an amide residue ( e . g . , a group derived from tocopherol hemisuc 
bond , and aliphatic series - derived carbonyl carbon is 25 25 cinic acid ester ) . 

In one embodiment , included in X " . When R25 is derived from fatty acid , X is Rla and Rlb are each an ethylene group , an ester bond or an amide bond , and aliphatic series - derived Xa and Xb are eachC0 - , and carbonyl carbon is included in X ” . Specific examples of the R2a and R25 are each independently an aliphatic hydrocarbon 
aliphatic hydrocarbon group include heptadecadienyl group group having 13 - 23 carbon atoms ( e . g . , heptadecadienyl 
when linoleic acid is used as fatty acid , and heptadecenyl group , heptadecenyl group ) . 
group when oleic acid is used as fatty acid . In one embodiment , 
R20 may be the same as or different from R2b , and R2a is Rla and R ' ' are each an ethylene group , 

preferably the same group as R25 . Xa and X ” are each — COO — , 
In one embodiment , Rla is the same as R1b , Xº is the same Rza and R26 are each a liposoluble vitamin residue ( e . g . , a 

as Xb , and R24 is the same as R26 . group derived from tocopherol hemisuccinic acid ester ) , 
and 

In one embodiment , R2a is the same as R2b . Rla and R ! " are each independently an alkylene group In one embodiment , 
having not more than 8 carbon atoms ( 1 - 8 carbon atoms ) , Rla and Rlb are each an ethylene group , 

X " and X are each an ester bond , and 40 Xa and X " are each – CO - 04 , 
R2a and R25 are each independently a liposoluble vitamin R24 and R2b are each an aliphatic hydrocarbon group having 

residue ( e . g . , group derived from tocopherol hemisuccinic 13 - 23 carbon atoms ( e . g . , heptadecadienyl group , hepta 
acid ester ) . decenyl group ) , and 
In one embodiment , R2a is the same as R26 . 

Rla and R16 are each independently an alkylene group 45 Specific examples of the cationic lipid of the present 
having not more than 8 carbon atoms ( 1 - 8 carbon atoms ) , invention include the following TS - PZ4C2 , L - PZ4C2 , and 

Xa and X are each an ester bond , and O - PZ4C2 . 

TABLE 1 

name of 
cationic 

lipid structure 

TS - PZ4C2 

OE 
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TABLE 1 - continued 
name of 
cationic 

lipid structure 

L - PZ4C2 mm 
OE 

w w 
O - PZ4C2 M 

= O 

O = 

The production method of the compound of the present 25 The amount of catalyst is 0 . 1 - 100 molar equivalents , 
invention is explained now . preferably , 0 . 1 - 20 molar equivalents , more preferably 0 . 1 - 5 

The compound of the present invention has an — S - S — molar equivalents , relative to compound ( I ) . The amount of 
( disulfide ) bond . Therefore , the production method includes , compound ( II ) to be charged is 1 - 50 molar equivalents , for example , a method including producing SH ( thiol ) preferably 1 - 10 molar equivalents , relative to compound ( I ) . compound having Ra — Xa _ Ria — and SH ( thiol ) com 
pound having R25 — X - R15 — , and subjecting them to 30 The solvent to be used for the reaction of compound ( I ) 
oxidation ( coupling ) to give the compound of the present and compound ( II ) is not particularly limited as long as it is 
invention containing S - S — bond , a method including a solvent or aqueous solution that does not inhibit the 
sequentially synthesizing necessary parts to a compound reaction . For example , ethyl acetate , dichloromethane , chlo 
containing an — S S — bond to finally obtain the com roform , acetonitrile , toluene and the like can be mentioned . 
pound of the present invention and the like . Preferred is the 35 Among these , toluene , chloroform and acetonitrile are pref 
latter method . erable . 

While a specific example of the latter method is shown The reaction temperature is - 20 to 150° C . , preferably 0 
below , production methods are not limited to these . to 80° C . , more preferably 20 to 50° C . , and the reaction time Examples of the starting compound include two terminal is 1 - 48 hr , preferably 2 - 24 hr . carboxylic acid , two terminal amine , two terminal isocya - 40 When the reaction product of compound ( I ) and com nate , two terminal alcohol , two terminal alcohol having a pound ( II ) ( hereinafter to be referred to as reaction product leaving group such as methanesulfonyl group and the like , 
a two terminal carbonate having a leaving group such as ( I ) ) is reacted with compound ( III ) , an alkali catalyst such as 
p - nitrophenylcarbonate group and the like , and the like , potassium carbonate , sodium carbonate , potassium hydrox 
which contain — S S — bond . 45 ide and the like , or an acid catalyst such as p - toluenesulfonic 

For example , when a compound wherein Rla and Rlb are acid , methanesulfonic acid and the like may be used , like the 
each an ethylene group , Xa and Xb are the same and X ( ester catalyst used for the reaction of compound ( I ) and com 
bond , amide bond , carbamate bond , or ether bond ) , and R20 pound ( II ) , or the reaction may be performed without a 
and R26 are the same and R ? ( sterol residue , liposoluble catalyst . 
vitamin residue , or aliphatic hydrocarbon group having 50 Reaction product ( I ) and compound ( III ) may be directly 
13 - 23 carbon atoms ) is produced , both terminal functional reacted using condensing agents such as dicyclohexylcar 
groups of compound ( 1 ) containing an - S _ S — bond are bodiimide ( hereinafter to be referred to as “ DCC " ) , diiso 
reacted with a secondary amino group at the 1 - position of a propylcarbodiimide ( hereinafter to be referred to as “ DIC ” ) , 
piperazine derivative having a functional group at the 4 - po 1 - ethyl - 3 - ( 3 - dimethylaminopropyl ) carbodiimide hydro 
sition via an ethylene group ( hereinafter to be referred to as 55 chloride ( hereinafter to be referred to as “ EDC ” ) and the 
" compound ( II ) " ) , and the functional group in the derivative like , or compound ( III ) may be converted to anhydride and 
( II ) is reacted with a functional group in compound ( III ) the like by using a condensing agent and then reacted with 
containing R2 - X , whereby the compound of the present the reaction product ( I ) . 
invention containing an — S S — bond , two piperazine The amount of compound ( III ) to be charged is 1 - 50 molar 
skeletons , Rla and Rib , xla and X1h , and R2a and R25 can be 60 equivalents , preferably 1 - 10 molar equivalents , relative to 
obtained . the reaction product ( I ) . 

In the reaction of compound ( I ) and compound ( II ) , a base The catalyst to be used for reacting reaction product ( I ) 
catalyst such as potassium carbonate , sodium carbonate , with compound ( III ) is appropriately selected according to 
potassium hydroxide and the like may be used as a catalyst , the functional groups to be reacted . 
or the reaction may be performed without a catalyst . Pref - 65 The amount of catalyst is 0 . 05 - 100 molar equivalents , 
erably , potassium carbonate or sodium carbonate is used as preferably 0 . 1 - 20 molar equivalents , more preferably 0 . 2 - 5 
a catalyst . molar equivalent , relative to the reaction product ( I ) . 
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The solvent to be used for the reaction of the reaction cationic lipid of the present invention in an amount sufficient 
product ( I ) and compound ( III ) is not particularly limited as for introducing the nucleic acid . For example , it is generally 
long as it is a solvent or aqueous solution that does not 5 - 100 mol % , preferably 10 - 90 mol % , more preferably 
inhibit the reaction . For example , ethyl acetate , dichlo 30 - 70 mol % , of the total lipid amount . 
romethane , chloroform , acetonitrile , toluene and the like can 5 The lipid membrane structure of the present invention can 
be mentioned . Among these , chloroform and toluene are be prepared by dispersing the cationic lipid of the present preferable . invention and other constituent components ( lipid etc . ) in a The reaction temperature is 0 to 150° C . , preferably 0 to suitable solvent or dispersing medium , for example , aqueous 80° C . , more preferably 20 to 50° C . , and the reaction time solvent and alcoholic solvent , and performing an operation is 1 - 48 hr , preferably 2 - 24 hr . to induce organization as necessary . 

The reactant obtained by the above - mentioned reaction Examples of the " operation to induce organization ” can be appropriately purified by a general purification include , but are not limited to , methods known per se such method , for example , extraction purification , recrystalliza as an ethanol dilution method , a simple hydration method , tion , adsorption purification , reprecipitation , column chro 
matography , ion exchange chromatography and the like . 15 sonication , heating , Vortex , an ether injecting method , a 

As specific examples , Examples using a compound hav French press method , a cholic acid method , a Ca2 + fusion 
ing an S - S — bond and leaving groups such as mesylate method , a freeze - thaw method , a reversed - phase evapora 
group ( MSO ) and the like at both terminals as a starting tion method and the like . 
material , and involving binding 1 - piperazineethanol , and A nucleic acid can be introduced into a cell in vivo and / or 
binding liposoluble vitamin or fatty acid are described below 20 in vitro by encapsulating the nucleic acid in the lipid 
( Examples 1 - 3 ) . Those of ordinary skill in the art can membrane structure containing cationic lipid of the present 
produce the compound of the present invention by appro invention and contacting the lipid membrane structure with 
priately selecting the starting material and performing the the cell . Therefore , the present invention provides a nucleic 
reactions according to the method of the Examples in the acid - introducing agent , containing the above - mentioned cat 
present specification . 25 ionic lipid or lipid membrane structure of the present inven 

The lipid membrane structure of the present invention is tion . 
now explained . The lipid membrane structure of the present The nucleic acid - introducing agent of the present inven 
invention contains a compound represented by the above - tion can introduce any nucleic acid into a cell . Examples of 
mentioned formula ( 1 ) as a membrane - constituting lipid . the kind of nucleic acid include , but are not limited to , DNA , 
Here , the “ lipid membrane structure ” in the present inven - 30 RNA , chimera nucleic acid of RNA , DNA / RNA hybrid and 
tion means a particle having membrane structure wherein the like . While any nucleic acid having 1 to 3 chains can be 
the hydrophilic groups of amphipathic lipid are arranged in used , it is preferably a single strand or double strand . The 
the interface , facing the aqueous phase side . The “ amphi - nucleic acid may be other type of nucleotide such as 
philic lipid ” means a lipid having both a hydrophilic group N - glycoside of purine or pyrimidine base or other oligomer 
showing hydrophilicity and a hydrophobic group showing 35 having a non - nucleotide backbone ( e . g . , commercially avail 
hydrophobicity . Examples of the amphiphilic lipid include able peptide nucleic acid ( PNA ) etc . ) , other oligomer con 
cationic lipid , phospholipid and the like . taining a special bond said oligomer comprising base 

While the form of the lipid membrane structure of the pairing or a nucleotide having a configuration permitting 
present invention is not particularly limited , for example , attachment of base , which are found in DNA and RNA ) and 
liposome ( e . g . , unilamellar liposome , multilayer liposome 40 the like . Furthermore , for example , it may be a nucleic acid 
etc . ) , O / W emulsion , W / O / W emulsion , spherical micelle , added with known modification , nucleic acid with a label 
worm - like micelle , or unspecified layer structure and the like known in the field , nucleic acid with a cap , methylated 
can be mentioned as a form of dispersion of the cationic lipid nucleic acid , nucleic acid wherein one or more natural 
of the present invention in an aqueous solvent . The form of nucleotides are substituted by an analog , nucleic acid with 
the lipid membrane structure of the present invention is 45 intramolecular nucleotidyl modification , nucleic acid with 
preferably a liposome . non - charge bond ( e . g . , methylphosphonate , phosphotriester , 

The lipid membrane structure of the present invention phosphoramidate , carbamate and the like ) , nucleic acid with 
may further contain , in addition to the cationic lipid of the a charged bond or sulfur - containing bond ( e . g . , phosphoro 
present invention , other constituent components other than thioate , phosphorodithioate and the like ) , nucleic acid with 
the cationic lipid . Examples of such other constituent com - 50 a side chain group such as protein ( e . g . , nuclease , nuclease 
ponent include lipid ( phospholipid ( phosphatidylinositol , inhibitor , toxin , antibody , signal peptide , poly - L - lysine and 
phosphatidylethanolamine , phosphatidylserine , phospha - the like ) , sugar ( e . g . , monosaccharide and the like ) and the 
tidic acid , phosphatidylglycerol , phosphatidylcholine etc . ) , like , nucleic acid with an intercalating compound ( e . g . , 
glycolipid , peptide lipid , cholesterol , cationic lipid other acridine , psoralen and the like ) , nucleic acid with a chelate 
than the cationic lipid of the present invention , PEG lipid 55 compound ( e . g . , metal , radioactive metal , boron , oxidative 
etc . ) , surfactant ( e . g . , 3 - [ ( 3 - cholamidopropyl ) dimethylam - metal and the like ) , nucleic acid containing an alkylating 
monio ] propanesulfonate , sodium cholate salt , octylglyco - agent , or nucleic acid with a modified bond ( e . g . , a anomer 
side , N - D - gluco - N - methylalkanamides etc . ) , polyethylene type nucleic acid and the like ) . 
glycol , protein and the like can be mentioned . The content The kind of DNA that can be used in the present invention 
of other constituent component in the lipid membrane struc - 60 is not particularly limited , and can be selected as appropriate 
ture of the present invention is generally 5 - 100 mol % , according to the object of use . For example , plasmid DNA , 
preferably 10 - 90 mol % , more preferably 30 - 70 mol % . cDNA , antisense DNA , chromosomal DNA , PAC , BAC and 

While the content of the cationic lipid of the present the like can be mentioned . Preferred are plasmid DNA , 
invention to be contained in the lipid membrane structure of cDNA and antisense DNA , and more preferred is plasmid 
the present invention is not particularly limited , for example , 65 DNA . A circular DNA such as plasmid DNA and the like can 
when the lipid membrane structure is used for the below be digested as appropriate with a restriction enzyme and the 
mentioned nucleic acid - introducing agent , it contains the like , and also used as a linear DNA . 



US 10 , 385 , 030 B2 
13 14 

The kind of RNA that can be used in the present invention The nucleic acid - introducing agent encapsulating a 
is not particularly limited , and can be selected as appropriate nucleic acid of the present invention can be administered 
according to the object of use . For example , siRNA into the body ( in vivo ) for the purpose of , for example , 
miRNA , shRNA , antisense RNA , messenger RNA ( mRNA ) , prophylaxis and / or treatment of a disease . Therefore , the 
single strand RNA genome , double strand RNA genome , 5 nucleic acid to be used in the present invention preferably 
RNA replicon , transfer RNA , ribosomal RNA and the like has a prophylactic and / or therapeutic activity , for a given 
can be mentioned , with preference given to siRNA , miRNA , disease ( nucleic acid for prophylaxis or treatment ) . 
shRNA , mRNA , antisense RNA , and RNA replicon . Examples of such nucleic acid include nucleic acid and the 

The nucleic acid used in the present invention is prefer - like used for , so - called gene therapy . 
ably purified by a method generally used by those of 10 To introduce a nucleic acid into cells by the use of the 
ordinary skill in the art . nucleic acid - introducing agent of the present invention , the 

In one embodiment , the nucleic acid used in the present lipid structure of the present invention encapsulating the 
invention has a low and suppressed CpG sequence fre nucleic acid is formed by the co - presence of the object 
quency , and preferably does not contain a CpG sequence . nucleic acid when forming the lipid membrane structure of 
Using a nucleic acid with a low CpG sequence frequency , 15 the present invention . For example , when a liposome is 
the nucleic acid introduced into the cell stays in the cell for formed by an ethanol dilution method , an aqueous nucleic 
a long period , and maintains the physiological effect thereof acid solution and a solution of the constituent components 
for a long period . For example , when a plasmid DNA ( lipid etc . ) of the lipid membrane structure of the present 
( expression vector ) free of a CPG sequence is used as a invention in an ethanol are vigorously stirred in a vortex and 
nucleic acid to be used in the present invention , the object 20 the like , and the mixture is diluted with an appropriate 
gene can be expressed in a sustained manner for a longer buffer . When a liposome is formed by a simple hydration 
period . In the present specification , the CPG sequence is a 2 method , the constituent components ( lipid etc . ) of the lipid 
base sequence of a type having guanine appearing after membrane structure of the present invention are dissolved in 
cytosine from 5 ' to 3 ' . For example , the frequency of the an appropriate organic solvent , and the solution is placed in 
CPG sequence in the nucleic acid used in the present 25 a glass container and dried under reduced pressure to 
invention is not more than one per 50 bases , preferably not evaporate the solvent , whereby a lipid thin film is obtained . 
more than one per 100 bases , more preferably not more than Thereto is added an aqueous nucleic acid solution and , after 
one per 1000 bases , most preferably none . hydration , the mixture is sonicated by a sonicator . The 

In addition , a CpG sequence induces an innate immune present invention also provides such above - mentioned lipid 
response , and therefore , the development of side effects such 30 membrane structure encapsulating a nucleic acid . 
as inflammation and the like caused by the innate immune As one form of liposome encapsulating a nucleic acid , a 
response can be avoided by using a nucleic acid having low multifunctional envelope - type nano device ( MEND ; here 
and suppressed CPG sequence frequency ( preferably , inafter to be referred to as “ MEND ” ) prepared by encapsu 
nucleic acid free of CpG sequence ) in the present invention . lating an electrostatic complex of a nucleic acid and a 
Particularly , since the compound and the lipid membrane 35 polycation ( e . g . , protamine ) in a liposome can be mentioned 
structure of the present invention themselves are less stimu - ( Kogure K et al . , Multifunctional envelope - type nano device 
latory , and they scarcely induce production of inflammatory ( MEND ) as a non - viral gene delivery system . Adv . Drug 
cytokine when administered to the body . Thus , the risk of Deliv . Rev . 2008 ) . This structure ( MEND ) can be used as a 
developing side effects such as inflammation and the like drug delivery system for selectively delivering a nucleic acid 
caused by innate immune response can be suppressed to the 40 and the like into a particular cell , and useful for , for example , 
minimum by using the lipid membrane structure of the a DNA vaccine , gene therapy of tumor and the like , by 
present invention and a nucleic acid having low and sup - introducing antigen gene into dendritic cells . 
pressed CPG sequence frequency ( preferably , nucleic acid The particle size of the lipid membrane structure of the 
free of CpG sequence ) in combination . present invention encapsulating a nucleic acid is preferably 

The nucleic acid - introducing agent of the present inven - 45 10 nm - 300 nm , more preferably 100 nm - 200 nm . The 
tion may be used in combination with an anti - inflammatory particle size can be measured using Zetasizer Nano 
agent , or an anti - inflammatory agent may be encapsulated in ( Malvern Instruments Ltd . ) . The particle size of the lipid 
a lipid membrane structure . The combined use with an membrane structure can be appropriately adjusted according 
anti - inflammatory agent is a preferable embodiment since it to the preparation method of the lipid membrane structure . 
can minimize the risk of developing side effects associated 50 The surface charge ( zeta potential ) of the lipid membrane 
with the introduction of a nucleic acid , as well as further structure of the present invention encapsulating a nucleic 
enhance the gene expression efficiency as is also clear from acid is preferably - 15 to + 10 mV , more preferably - 15 to + 5 
the below - mentioned Examples . Examples of the anti - in - mV . In conventional transgene , particles electrically charged 
flammatory agent include non - steroidal anti - inflammatory to have a plus surface potential have been mainly used . This 
agents ( e . g . , ibuprofen , ketoprofen , naproxen , indomethacin , 55 is useful as a method for promoting electrostatic interactions 
aspirin , diclofenac , piroxicam , acetaminophen , celecoxib , with heparin sulfate on the negatively - charged cell surface 
rofecoxib and the like ) , and steroidal anti - inflammatory to enhance uptake into cells . However , positive surface 
agents ( e . g . , hydrocortisone , predonisolone , dexamethasone , charge may suppress release of nucleic acid from the carrier 
betamethasone and the like ) , with preference given to ste - in the cell due to an interaction with the delivered nucleic 
roidal anti - inflammatory agents . These inflammatory agents 60 acid , or suppress synthesis of protein by an interaction of 
may also be used after derivatizing according to the admin - mRNA and delivered nucleic acid . This problem can be 
istration form . For example , dexamethasone is preferably solved by adjusting the surface charge to fall within the 
fatty acid esterified , particularly preferably used as dexam above - mentioned range . The surface charge can be mea 
ethasone palmitate . An anti - inflammatory agent can be sured using Zetasizer Nano . The surface charge of the lipid 
encapsulated in a lipid membrane structure in the same 65 membrane structure can be adjusted by the composition of 
manner as in the below - mentioned method of encapsulating the constituent component of the lipid membrane structure 
a nucleic acid in a lipid membrane structure . containing the cationic lipid of the present invention . 
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The lipid membrane structure of the present invention a fresh medium to the medium . When the cell is a mammal 
encapsulating the nucleic acid is brought into contact with derived cell , the fresh medium preferably contains a serum 
cells to introduce the encapsulated nucleic acid into the cells . or nutrition factor . 
The kind of the cell is not particularly limited , a prokaryotic As mentioned above , a nucleic acid can be introduced into 
or eucaryotic cell can be used , with preference given to 5 cells not only outside the body ( in vitro ) but also in the body 
eucaryote . The kind of the eukaryotic cell is not particularly ( in vivo ) by using the lipid membrane structure of the 
limited and , for example , vertebrates such as mammals present invention . That is , by administration of the lipid 
including human ( e . g . , human , monkey , mouse , rat , hamster , membrane structure of the present invention encapsulating 
bovine etc . ) , birds ( e . g . , chicken , ostrich etc . ) , amphibia the nucleic acid to a subject , the lipid membrane structure 
( e . g . , frog etc . ) , fishes ( e . g . , zebrafish , rice - fish etc . ) and the 10 reaches and contacts with the target cells , and the nucleic 
like , invertebrates such as insects ( e . g . , silk moth , moth , acid encapsulated in the lipid membrane structure is intro 
Drosophila etc . ) and the like , plants , microorganisms ( e . g . , duced into the cells in vivo . The subject to which the lipid 
yeasts etc . ) , and the like can be mentioned . More preferably , membrane structure can be administered is not particularly 
the target cell in the present invention is an animal or plant limited and , for example , vertebrates such as mammals 
cell , more preferably a mammalian cell . The cell may be a 15 including human ( human , monkey , mouse , rat , hamster , 
culture cell line including a cancer cell , or a cell isolated bovine etc . ) , birds ( chicken , ostrich etc . ) , amphibia ( frog 
from an individual or tissue , or a cell of a tissue or tissue etc . ) , fishes ( zebrafish , rice - fish etc . ) and the like , inverte 
piece . The cell may be an adherent cell or a non - adherent brates such as insects ( silk moth , moth , Drosophila etc . ) and 

the like , plants and the like can be mentioned . The subject 
The step of contacting the lipid membrane structure of the 20 of administration of the lipid membrane structure of the 

present invention encapsulating the nucleic acid with the cell present invention is preferably human or other mammal . 
in vitro is specifically explained below . The kind of the target cell is not particularly limited , and 

The cells are suspended in a suitable medium several days a nucleic acid can be introduced into cells in various tissues 
before contact with the lipid membrane structure , and cul - ( e . g . , liver , kidney , pancreas , lung , spleen , heart , blood , 
tured under appropriate conditions . At the time of contact 25 muscle , bone , brain , stomach , small intestine , large intestine , 
with the lipid membrane structure , the cells may or may not skin , adipose tissue etc . , preferably liver , kidney , pancreas ) 
be in a proliferative phase . by using the lipid membrane structure of the present inven 

The culture medium on contact may be a serum - contain - tion . 
ing medium or a serum - free medium , wherein the serum The cationic lipid and a lipid membrane structure con 
concentration of the medium is preferably not more than 30 30 taining same of the present invention show tumor accumu 
wt % , more preferably not more than 20 wt % , since when lation property and therefore , useful for the treatment of 
the medium contains excess protein such as serum and the tumor , particularly malignant tumor . Examples of such 
like , the contact between the lipid membrane structure and malignant tumor include , but are not limited to , fibrosar 
the cell may be inhibited . coma , squamous cell carcinoma , neuroblastoma , breast can 

The cell density on contact is not particularly limited , and 35 cer , gastric cancer , hepatoma , urinary bladder cancer , thy 
can be appropriately determined in consideration of the kind roid gland tumor , urinary epithelial cancer , glia blastoma , 
of the cell and the like . It is generally within the range of acute myeloid leukemia , pancreatic duct cancer , prostate 
1x104 - 1x10 ' cells / mL . cancer and the like . 

For example , a suspension of the aforementioned lipid The lipid membrane structure of the present invention 
membrane structure of the present invention encapsulating 40 may be introduced with a compound ( e . g . , anti - cancer agent 
nucleic acid is added to the thus - prepared cells . The amount and the like ) other than a nucleic acid , in addition to the 
of the suspension to be added is not particularly limited , and nucleic acid or singly . The method of administering a lipid 
can be appropriately determined in consideration of the cell membrane structure introduced with a compound other than 
number and the like . The concentration of the lipid mem - a nucleic acid to a subject ( e . g . , vertebrate , invertebrate , etc . ) 
brane structure to be contacted with the cells is not particu - 45 is not particularly limited as long as the lipid membrane 
larly limited as long as the desired introduction of the structure reaches and contacts with the target cells , and the 
nucleic acid into the cells can be achieved . The lipid compound to be introduced , which is contained in the lipid 
concentration is generally 1 - 10 nmol / ml , preferably 10 - 50 membrane structure , can be introduced into the cells , and an 
nmol / ml , and the concentration of the nucleic acid is gen administration method known per se ( oral administration , 
erally 0 . 01 - 100 ug / ml , preferably 0 . 1 - 10 ug / ml . 50 parenteral administration ( intravenous administration , intra 

After addition of the aforementioned suspension to the muscular administration , topical administration , transdermal 
cells , the cells are cultivated . The temperature , humidity , administration , subcutaneous administration , intraperitoneal 
CO , concentration and the like during the culture are appro - administration , spray etc . ) etc . ) can be appropriately selected 
priately determined in consideration of the kind of the cell . in consideration of the kind of the compound to be intro 
When the cell is derived from a mammal , temperature about 55 duced , the kind and the site of the target cell and the like . The 
37° C . , humidity about 95 % and CO , concentration about dose of the lipid membrane structure is not particularly 
5 % are generally employed . While the culture period can limited as long as the introduction of the compound into the 
also be appropriately determined in consideration of the cells can be achieved , and can be appropriately selected in 
conditions such as the kind of the cell and the like , it is consideration of the kind of the subject of administration , 
generally 0 . 1 - 24 hr , preferably 0 . 2 - 4 hr , more preferably 60 administration method , the kind of the compound to be 
0 . 5 - 2 hr . When the above - mentioned culture time is too introduced , the kind and the site of the target cell and the 
short , the nucleic acid is not sufficiently introduced into the like . 
cells , and when the culture time is too long , the cells may When the cationic lipid or lipid membrane structure of the 
become weak . present invention is used as a nucleic acid - introducing agent , 
By the above - mentioned culture , the nucleic acid is intro - 65 they can be formulated according to a conventional method . 

duced into cells . The culture is further continued preferably When the nucleic acid - introducing agent is provide as a 
by exchanging the medium with a fresh medium , or adding reagent for studies , the nucleic acid - introducing agent of the 
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present invention can be provide using the lipid membrane invention in this embodiment , an electrostatic complex of 
structure of the present invention as it is or a sterile solution nucleic acid and polycation ( e . g . , protamine ) can be easily 
or suspension with , for example , water or other physiologi - encapsulated in the lipid membrane structure of the present 
cally acceptable solution ( e . g . , aqueous solvent ( e . g . , malic invention to constitute MEND , which can be subjected to the 
acid buffer etc . ) , organic solvent ( e . g . , ethanol , methanol , 5 mtr 5 intracellular introduction of a nucleic acid . 
DMSO and the like ) or a mixture of aqueous solvent and EXAMPLES organic solvent etc . ) . The nucleic acid - introducing agent of 
the present invention can appropriately contain physiologi The Examples of the present invention are explained in 
cally acceptable additive known per se ( e . g . , excipient , more detail in the following . However , the present invention 
vehicle , preservative , stabilizer , binder and the like ) . is not limited in any manner by the Examples . 

When the nucleic acid - introducing agent is provided as a The abbreviations used for the explanation of Examples 
medicament , the nucleic acid - introducing agent of the pres - each mean as described below . 
ent invention can be provided as an oral preparation ( e . g . , pDNA : plasmid DNA 
tablet , capsule etc . ) or parenteral agent ( e . g . , injection , spray 16 Chol : cholesterol 
etc . ) , preferably parenteral agent ( more preferably , injec PEG2000 - DMG : 1 , 2 - dimyristoyl - sn - glycerol , methoxy 
tion ) , by using the lipid membrane structure of the present polyethylene glycol ( PEG MW 2000 ) 
invention as it is or by blending the lipid membrane structure PEG2000 - DSG : 1 , 2 - distearoyl - sn - glycerol , methoxypoly 
with a pharmaceutically acceptable known additives such as ethylene glycol ( PEG MW 2000 ) 
carrier , flavor , excipient , vehicle , preservative , stabilizer , 20 PEG 5000 - DSG : 1 , 2 - distearoyl - sn - glycerol , methoxypoly 
binder and the like in a unit dosage form required for ethylene glycol ( PEG MW 5000 ) 
practicing conventionally admitted preparation formulation . DOPE : 1 , 2 - dioleoyl - sn - glycerol - 3 - phosphoethanolamine 

The nucleic acid - introducing agent of the present inven SOPC : 1 - stearoyl - 2 - oleoyl - sn - glycerol - 3 - phosphocholine 
tion can also be formulated as a preparation for children as Dex - Pal : dexamethasonepalmitate 
well as for adults . 25 DiR : 1 , 1 ' - dioctadecyl - 3 , 3 , 3 ' , 3 ' - tetramethylindocarbocya 

The nucleic acid - introducing agent of the present inven - nine iodide 
tion can also be provided in the form of a kit . The kit can PBS : phosphate buffered saline 
contain , in addition to the cationic lipid or lipid membrane 15PGDH : 15 - hydroxyprostaglandindehydrogenase 
structure of the present invention , a reagent used for the Table 2 shows the name and structure of the cationic lipids 
introduction of a nucleic acid . In one embodiment , the 20 produced in the following Examples and Comparative 
nucleic acid - introducing agent ( or kit ) of the present inven - Examples . Comparative Examples 1 and 2 were produced 
tion further contains a polycation ( e . g . , protamine ) . Using according to Example 1 and Example 5 , respectively , of 
the nucleic acid - introducing agent ( or kit ) of the present patent document 1 . 

TABLE 2 

name 

of 
cationic 

lipid structure 

Exam - 
ple 1 

TS 
PZ4C2 grantima numpanion 

Exam - 
ple 2 

L 
PZ4C2 
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TABLE 2 - continued 
name 
of 

cationic 
lipid structure 

Exam - 
ple 3 Mm O 

PZ4C2 

mwami 
mm 

Myr 
C3M 

Com - 
parative 
Exam 
ple 1 

TS 
??? 

Com - 
parative 
Exam 
ple 2 * yny 

S 

Whihto 
[ Example 1 ] Synthesis of TS - PZ4C2 * < H - NMR Spectrum ( 600 MHz , CDC13 ) > 

The analysis results of ' H - NMR spectrum of the obtained 
< Mesylation > compound , di - MS form , are shown in the following 

Acetonitrile ( 143 ml ) was added to bis ( 2 - hydroxyethyl ) 82 . 95 - 3 . 20 ppm ( m , CHz - S02 - 0 - CH2 - CH - S - , 
disulfide ( 15 g , manufactured by Tokyo Chemical Industry 45 10H ) , 84 . 45 - 4 . 50 ppm ( t , CHz - S02 – 0 C 
Co . , Ltd . ) ( 97 mmol ) , and the mixture was dissolved at H - CH - S — , 4H ) 
20 - 25° C . Triethylamine ( 33 . 3 g , manufactured by KANTO < Tertiary Amination > 
CHEMICAL CO . , INC . ) ( 328 mmol ) was added , and the Acetonitrile ( 31 mL ) was added to di - MS form ( 1 . 2 g , 4 
mixture was cooled to 10° C . with stirring . Methanesulfony1 mmol ) , and the mixture was dissolved at 20 - 25° C . Potas 
chloride ( 34 . 5 g , manufactured by KANTO CHEMICAL 50 sium carbonate ( 1 . 3 g , manufactured by KANTO CHEMI 
CO . , INC . ) ( 300 mmol ) was added dropwise over 1 hr to set CAL CO . , INC . ) ( 10 mmol ) was added and the mixture was 
the temperature to 20° C . or below . After the completion of stirred for 5 min . Thereafter , 4 - piperazineethanol ( 5 . 0 g , 
the dropwise addition , the mixture was reacted at 20 - 25° C . manufactured by Tokyo Chemical Industry Co . , Ltd . ) ( 39 
for 3 hr . The disappearance of the spot of bis ( 2 - hydroxy - mmol ) was added and the mixture was reacted at 25 - 35° C . 
ethyl ) disulfide was confirmed by TLC analysis ( eluent : 55 for 13 hr . The disappearance of the spot of di - MS form was 
chloroform , iodine color development ) , and the reaction was confirmed by TLC analysis ( eluent : chloroform / methanol / 
completed . Ethanol ( 29 mL ) was added to the reaction 28 % aqueous ammonia = 80 / 20 / 2 ( v / v / v ) , iodine color devel 
solution to discontinue the reaction , and insoluble materials opment ) , and the reaction was completed . Insoluble mate 
were removed by filtration . 10 % Sodium bicarbonate water rials were removed by filtration , and the solvent in the 
( 150 g ) was added to the filtrate , and the mixture was stirred 60 filtrate was distilled off by an evaporator . The obtained 
for 5 min and stood for 10 min . The aqueous layer was brown liquid was dissolved in chloroform ( 25 mL ) , distilled 
removed , and the residue was purified by extracting 4 times water ( 25 mL ) was added and the mixture was stirred for 5 
with sodium bicarbonate water . The obtained organic layer min . After stirring , the mixture was stood for 10 min and the 
was dehydrated with magnesium sulfate ( 4 . 5 g ) . Insoluble aqueous layer was removed . Thereafter , the residue was 
materials were removed by filtration , and the solvent in the 65 purified by extracting 2 times with distilled water . The 
filtrate was distilled off by an evaporator to give a brown obtained organic layer was dehydrated with magnesium 
solid ( hereinafter to be referred to as “ di - MS form ” ) ( 29 . 4 g ) . sulfate ( 0 . 6 g ) . Insoluble materials were removed by filtra 
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tion , and the solvent in the filtrate was distilled off by an < + H - NMR Spectrum ( 600 MHz , CDC13 ) > 
evaporator to give a pale - yellow liquid ( hereinafter to be The analysis results of H - NMR spectrum of the obtained 
referred to as “ di - PZ4C2 form ” ) ( 1 . 0 g ) . compound , L - PZ4C2 , are shown in the following . 
< H - NMR Spectrum ( 600 MHz , CDC13 ) 80 . 87 - 0 . 91 ppm ( t , CHz ( CH2 ) 3CH2 , 6H ) , 81 . 25 

The analysis results of ' H - NMR spectrum of the obtained 5 1 . 38 ppm ( m , CH2 - ( CH3 ) 3 — CH , — , ( C 
compound , di - PZ4C2 form , are shown in the following . Ha - CH2 - CH - C ( 0 ) — , 28H ) , 81 . 58 - 1 . 63 ppm ( m , 

82 . 40 - 2 . 66 ppm ( m , HO — CH , CH - N - CH2 - C ( CH ) . CH , CH - C ( O ) - , 4H ) , 82 . 00 - 2 . 07 ppm ( m , 
H — N — , 20H ) , 82 . 67 - 2 . 72 ppm ( m , - N - CH2 - C - CH2 - CH = CH - CH2 - CH = CH - CH2 - , 8H ) , 82 . 30 
H - S — , 4H ) , 2 . 74 - 2 . 85 ppm ( m , HO - CH2 - , - N - C 2 . 32 ppm ( t , ( CH2 ) 4 - CH2 - CH - C ( O ) - , 4H ) , 82 . 50 
H2 - CH2 S — , 6H ) , 3 . 60 - 3 . 65 ppm ( t , HO C 10 2 . 70 ppm ( m , — N — CH , CH - N — , — N — CH , C 
H - CH2 - , 4H ) H - S — , 0 CH CH - N , 24H ) , 82 . 75 - 2 . 84 ppm 
< Acylation > ( m , - CH = CH - CH2 - CH = CH - , - N - C 

di - PZ4C2 form ( 3 . 0 g , 8 mmol ) and D - a - tocopherol H , CH - S — , 8H ) , 84 . 18 - 4 . 21 ppm ( t , o C 
succinate ( 8 . 4 g , manufactured by SIGMA - ALDRICH ) ( 16 H , CH , — N — , 4H ) , 85 . 30 - 5 . 41 ppm ( m , - CH2 - CH = C 
mmol ) were dissolved in chloroform ( 45 mL ) at 20 - 25° C . 15 H - CH2CH = CH - CH2 - , 8H ) 
Thereafter , 4 - dimethylaminopyridine ( 0 . 4 g , manufactured 
by KOEI CHEMICAL CO . , LTD . ) ( 3 mmol ) and EDC ( 4 . 6 [ Example 3 ] Synthesis of O - PZ4C2 
g , manufactured by Tokyo Chemical Industry Co . , Ltd . ) ( 24 
mmol ) were added and the mixture was reacted at 30° C . for d i - PZ4C2 form ( 0 . 8 g , 2 mmol ) and oleic acid ( 1 . 2 g , 
4 hr . The disappearance of the spot of D - a - tocopherol 20 manufactured by NOF CORPORATION ) ( 4 mmol ) were 
succinate was confirmed by TLC analysis ( eluent : chloro dissolved in chloroform ( 8 mL ) at 20 - 25° C . Thereafter , 
form / methanol = 9 / 1 ( v / v ) , phosphoric acid copper sulfate 4 - dimethylaminopyridine ( 0 . 1 g , 1 mmol ) and EDC ( 1 . 2 g , 
color development ) , and the reaction was completed . The 6 mmol ) were added and the mixture was reacted at 30° C . 
reaction solvent was distilled off by an evaporator , and for 3 hr . The disappearance of the spot of oleic acid was 
hexane ( 200 mL ) was added . Thereafter , acetonitrile ( 100 25 confirmed by TLC analysis ( eluent : chloroform / metha 
mL ) was added , and the mixture was stirred for 5 min . After nol = 9 / 1 ( v / v ) , phosphoric acid copper sulfate color devel 
standing for 10 min , the hexane layer was recovered , and the opment ) , and the reaction was completed . The reaction 
solvent was distilled off by an evaporator to give a pale solvent was distilled off by an evaporator , and hexane ( 12 
yellow liquid ( 10 . 7 g ) . The liquid ( 9 . 0 g ) was purified by mL ) was added . Thereafter , acetonitrile ( 5 mL ) was added , 
silica gel column chromatography ( eluent : chloroform / 30 and the mixture was stirred for 5 min . After standing for 10 
methanol = 99 / 1 - 98 / 2 ( v / v ) ) to give the object product min , the hexane layer was recovered , and the solvent was 
TS - PZ4C2 ( 5 . 7 g ) . distilled off by an evaporator to give a pale - yellow liquid 
< H - NMR Spectrum ( 600 MHz , CDC13 ) > ( 1 . 8 g ) . The liquid ( 1 . 7 g ) was purified by silica gel column 

The analysis results of ' H - NMR spectrum of the obtained chromatography ( eluent : chloroform / methanol = 99 / 1 - 97 / 3 
compound , TS - PZ4C2 , are shown in the following . 35 ( v / v ) ) to give the object product , O - PZ4C2 ( 1 . 1 g ) . 

80 . 83 - 0 . 88 ppm ( m , ( CH3 ) 2CH ( CH2 ) 3 — ( C < H - NMR Spectrum ( 600 MHz , CDC13 ) 
Hz ) CH - ( CH2 ) 3 — ( CH3 ) CH — , 24H ) , 01 . 03 - 1 . 82 ppm ( m , The analysis results of ' H - NMR spectrum of the obtained 
( CH3 ) 2CH — ( CH2 ) 3 — ( CH3 ) CH — ( CH ) 3 ( CH3 ) CH — ( C compound , O - PZ4C2 , are shown in the following . 
H2 ) 2 ( CH3 ) C — , — C — CH , CH2 = C — C — 0 , 52H ) , 80 . 86 - 0 . 90 ppm ( t , CH2 - ( CH2 ) 6 – CH2 — , 6H ) , 81 . 25 
81 . 95 - 2 . 09 ppm ( m , Ar - CH3 , 18H ) , 82 . 40 - 2 . 60 ppm ( m , 40 1 . 34 ppm ( m , CHz - ( CH2 ) 6 CH , — , CH2 - C 
— N — CH , CH - N - , C CH2 - CH - C — C — 0 , H2 ) 4 - CH2 - CH - C ( O ) - , 40H ) , 81 . 58 - 1 . 64 ppm ( m , 
20H ) , 82 . 61 - 2 . 68 ppm ( m , 0 CH2 - CH2 - N , CH2 ( CH2 ) 4 – CH2CH2 - C ( O ) - , 4H ) , 81 . 99 - 2 . 03 
- N - CH2 - CH - S — , 8H ) , 82 . 75 - 2 . 84 ppm ( m , Ar - ppm ( m , CH2CH = CH - CH2 - , 8H ) , 82 . 28 - 2 . 32 ppm 
0 - C ( O ) - CH2 - , - N - CH2 - CH2 - 5 % , 8H ) , 82 . 91 - ( m , - CH2 - ( CH2 ) 4 - CH2 - CH - C ( O ) - , 4H ) , 82 . 45 
2 . 95 ppm ( m , Ar - 0 _ C ( 0 ) CH CH , — , 4H ) , 84 . 21 - 45 2 . 70 ppm ( m , — N — CH , CH - N - , - O CH2C 
4 . 25 ppm ( t , C ( O ) CH - CH2 - N — , 4H ) H - N , - N - CH2CH2 - S — , 24H ) , 82 . 80 - 2 . 85 ppm 

( m , — N — CH , CH - 5 - , 4H ) , 84 . 18 - 4 . 21 ppm ( t , 
[ Example 2 ] Synthesis of L - PZ4C2 O CH2 - CH2 — N — , 4H ) , 85 . 13 - 5 . 38 ppm ( m , C 

H2CH = CH - CH2 - , 4H ) < Acylation > 
di - PZ4C2 form ( 2 . 5 g , 7 mmol ) and linoleic acid ( 3 . 7 g , Experimental Example 1 

manufactured by NOF CORPORATION ) ( 13 mmol ) were 
dissolved in chloroform ( 25 mL ) at 20 - 25° C . Thereafter , 1 . Preparation of Various MENDs 
4 - dimethylaminopyridine ( 0 . 3 g , 3 mmol ) and EDC ( 3 . 8 g , Preparation of MEND using Myr - C3M 
20 mmol ) were added and the mixture was reacted at 30° C . 55 ( 1 ) Formation of Nucleic Acid Electrostatic Complex Com 
for 4 hr . The disappearance of the spot of linoleic acid was posed of Plasmid DNA ( PDNA ) and Protamine 
confirmed by TLC analysis ( eluent : chloroform / metha A solution of pDNA encoding luciferase gene and a 
nol = 9 / 1 ( v / v ) , phosphoric acid copper sulfate color devel - protamine ( manufactured by CALBIOCHEM ) solution were 
opment ) , and the reaction was completed . The reaction diluted with 10 mM HEPES buffer to 0 . 15 mg / mL and 96 . 3 
solvent was distilled off by an evaporator , and hexane ( 57 60 ug / mL , respectively . While stirring 0 . 15 mg / mL pDNA 
mL ) was added . Thereafter , acetonitrile ( 24 mL ) was added , solution ( 100 uL ) , 96 . 3 ug / mL protamine ( 100 uL ) was 
and the mixture was stirred for 5 min . After standing for 10 added dropwise in small portions to prepare an electrostatic 
min , the hexane layer was recovered , and the solvent was complex of protamine and pDNA ( N / P ratio = 1 . 0 ) as a core 
distilled off by an evaporator to give a pale - yellow liquid of the vector . 
( 4 . 9 g ) . The liquid ( 4 . 9 g ) was purified by silica gel column 65 ( 2 ) Preparation of MEND by Ethanol Dilution Method 
chromatography ( eluent : chloroform / methanol = 99 / 1 - 97 / 3 A lipid solution in ethanol was prepared by mixing 5 mM 
( v / v ) ) to give the object product L - PZ4C2 ( 3 . 1 g ) . cationic lipid ( Myr - C3M ) , 5 mM phospholipid ( SOPC ) and 

H4 , CHEH ) . CH CH CHL80 ) , 9 , 41 ) , 82 , 450 

50 
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5 mM cholesterol ( Chol ) at desired ratios to achieve 330 TABLE 4 
nmol total lipid in an Eppendorf tube , further adding 
PEG2000 - DSG ( 1 mM ethanol solution ) in an amount cor name of cationic lipid lipid composition 

TS - C3M cationic lipid : Chol = 7 : 3 responding to 3 mol % of the total lipid , and adding ethanol particle size ( nm ) PdI z eta potential ( mV ) 
to achieve a total volume of 200 uL . While stirring the lipid 5 141 . 3 0 . 08 - 5 . 4 

solution in a vortex mixer , 200 uL of the nucleic acid 
electrostatic complex ( 10 mM HEPES ; pH 5 . 3 ) prepared in 
[ Experimental Example 1 ] ( 1 ) was quickly added , and TABLE 5 
thereafter 10 mM HEPES buffer ( 1 . 6 mL , adjusted to pH 
5 . 3 ) was added . Furthermore , 10 mM HEPES buffer ( 2 mL ) 10 name of cationic lipid lipid composition 

Myr - C3M cationic lipid : SOPC : Chol = 3 : 4 : 3 adjusted to pH 5 . 3 was added to dilute the mixture to an particle size ( nm ) PdI zeta potential ( mV ) 
ethanol concentration of 5 % . The mixture was concentrated 128 . 3 0 . 188 
to about 50 uL by ultrafiltration using Amicon Ultra 4 
( Millipore ) under centrifugation conditions ( room tempera - 15 . 3 . Results 
ture , 1000 g , 15 min ) . Thereafter , it was diluted to 4 mL with In any cationic lipid , the electric charge at physiological 
100 mM HEPES buffer ( adjusted to pH 7 . 4 ) , and again pH was in a preferable form . - 15 - + 10 mV . 
concentrated by centrifugation ( 1000 g , 15 min ) under room 
temperature conditions . Thereafter , it was diluted to 4 mL [ Experimental Example 2 ] Gene Expression 
with 10 mM HEPES buffer ( pH 7 . 4 ) , and again concentrated 20 Activity - 1 ( Gene Expression Activity In Vivo : 
by centrifugation ( 1000 g , 15 min ) under room temperature Gene Delivery to Liver ) 
conditions . Finally , it was diluted with 10 mM HEPES buffer 
( pH 7 . 4 ) to a desired lipid concentration . 1 . Preparation of Various MENDs 
Preparation of MEND using TS - PZ4C2 or TS - C3M Various MENDs were prepared by the method described 
ODNA solution ( 1 mg / mL ) , 100 mM malic acid buffer ( pH 25 in [ Experimental Example 1 ] . 

4 . 0 ) , 5 M aqueous sodium chloride solution and sterilized 2 . Gene Expression Activity Evaluation 
water were mixed , and a solution having final concentrations The prepared MEND solutions were each administered to 
of 0 . 1 mg / mL , 20 mM , 40 mM , respectively , was prepared 4 - week - old male ICR mice from the tail vein in an amount 
and used as a DNA solution . corresponding to 20 ug DNA . The mice were euthanized by 

A lipid solution in ethanol was prepared by mixing 5 mM > a cervical spine destaining method 24 , 48 hr later , and the 
cationic lipid ( TS - PZ4C2 or TS - C3M ) , and 10 mM choles - liver was isolated and frozen with liquid nitrogen . They were 
terol ( Chol ) at desired ratios to achieve 600 nmol total lipid lysed in a Lysis buffer to prepare homogenates . They were 
in a 5 mL tube , further adding PEG2000 - DMG ( 5 mM centrifuged at 13 , 000 rpm , 10 min , 4° C . , and the superna 
ethanol solution ) in an amount corresponding to 3 mol % of 26 tant was collected and used as a measurement sample . The 
the total lipid , and adding ethanol to achieve a total volume sample solution ( 20 uL ) was mixed with a luciferase sub 
of 200 uL . While stirring the lipid solution in a vortex mixer , strate ( 50 UL ) , and the luciferase activity was measured 
the above - mentioned DNA solution ( 300 uL ) was quickly using Luminescenser - PSN ( AB2200 ATTO ) . In addition , the 
added , after which 20 mM malic acid buffer ( pH 4 . 0 , concentration of the protein in the sample was quantified 
containing 100 mM sodium chloride ) ( 500 uL ) was added , 40 using a BCA protein assay kit , and the gene expression 
and phosphate buffered saline was added to dilute the 
mixture to the ethanol concentration of 10 % . Similar opera - 3 . Results 
tion was repeated three times and phosphate buffered saline The results are shown in FIG . 1 . A higher value , namely , 
was added to an ethanol concentration of 5 % . Thereafter , the a higher luciferase activity , means a higher gene expression 
mixture was concentrated to about 200 uL by ultrafiltration 45 activity . The lipid membrane structure using the cationic 
using Amicon Ultra 15 ( Millipore , under centrifugation lipid of the present invention showed a higher gene expres 
conditions ( room temperature , 2267 rpm , 20 min ) . There sion activity than the lipid membrane structures using the 
after , it was diluted to 15 ml with phosphate buffered saline , cationic lipids of Comparative Example 1 ( patent document 
and again concentrated by centrifugation ( 2267 rpm , 20 1 , Example 1 ) and Comparative Example 2 ( patent docu 
min ) under conditions of room temperature . Finally , it was 50 ment 1 , Example 5 ) . It is known that the cationic lipids diluted with phosphate buffered saline to a desired lipid described in patent document 1 such as TS - C3M , Myr - C3M 
concentration . and the like show high nucleic acid delivery efficiency as 2 . Measurement of Particle Size , and Surface Potential of compared to cationic lipids such as DOTAP , DODAP and Various MENDS the like ( patent document 1 ) . Therefore , it is clear that the The particle size and the surface potential were measured 55 cationic lipid of the present invention has gene transfer by the dynamic light scattering method ( Zetasizer Nano ; 
Malvern Instruments Ltd . ) . The particle size and the surface activity in vivo which is superior to that of DOTAP and 
potential of the various MENDs prepared in the above DODAP , which are conventional cationic lipids , in addition 
mentioned 1 . are shown in Tables 3 - 5 . to TS - C3M and Myr - C3M . 

IS med 

60 
TABLE 3 [ Experimental Example 3 ] Gene Expression 

Activity and Activity Duration In Vivo ( Effect of 
Combined Use with Anti - Inflammatory Agent ) name of cationic lipid 

TS - PZ4C2 
particle size ( nm ) 

126 . 8 
PdI 

0 . 041 

lipid composition 
cationic lipid : Chol = 7 : 3 

z eta potential ( mV ) 
- 7 . 38 65 1 . Preparation of MEND 

MEND encapsulating dexamethasone palmitate was pre 
pared by adding , during preparation of the MEND described 
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in [ Experimental Example 1 ] , an ethanol solution of dex DOPE as a phospholipid and PEG2000 - DMG as a PEG lipid . 
amethasone palmitate to a lipid solution at a final concen MEND having a composition of ( cationic lipid : Chol ) = ( 7 : 3 ) 
tration of 0 . 5 mM . was prepared by the method described in [ Experimental 
2 . Gene Expression Activity Evaluation Example 1 ] . 

The MEND solutions prepared by the method shown in 5 2 . Gene Expression Activity Evaluation 
[ Experimental Example 3 ] 1 . were each administered to TS - PZ4C2 _ MEND solution prepared by the method 
4 - week - old male ICR mice from the tail vein in an amount shown in [ Experimental Example 5 ] 1 . and 
corresponding to 20 ug DNA . At 1 , 3 , 7 , 10 days from the TS - C3M MEND solution each in an amount corresponding 
administration , luciferin ( in vivo grade , Promega ) corre - to 1 . 2 ug DNA were subcutaneously administered to the 
sponding to 3 mg was intraperitoneally administered to the 10 back of the neck of 6 - week - old female BALB / c mouse , and 
mice , and imaging was performed using IVIS Luminall evaluated by a method similar to that in [ Experimental 
( Caliper Life Sciences ) . An average value of the luminance Example 4 ] , 2 . 
in the mouse abdomen was calculated as photons / sec / cm - / sr 3 . Results from the obtained images , and used as an index of gene The results are shown in FIG . 4 . It is clear that the present expression activity in the liver . 15 

invention having two lipid components and four amino 3 . Results 
The results are shown in FIG . 2 . The gene expression groups shows higher gene transfer efficiency than Compara 

activity was improved when an anti - inflammatory agent , tive Example 2 composed of two lipid components and two 
dexamethasone palmitate , was encapsulated in a lipid mem amino groups . 
brane structure using the cationic lipid of the present inven - 20 
tion . Furthermore , the gene expression was achieved for 10 Experimental Example 6 
days in vivo . 1 . Preparation of Various MENDs 

[ Experimental Example 4 ] Gene Expression Preparation of MEND using TS - PZ4C2 or Myr - C3M 
Activity - 2 ( Gene Expression Activity In Vivo : 25 Various MENDs were prepared by the ethanol dilution 

Comparison with Commercially Available Nucleic method in [ Experimental Example 1 ] ( 2 ) , and DOPC was 
Acid - Introducing Agent ) used as a phospholipid . PEG 5000 - DSG was used as a PEG 

lipid , and an amount corresponding to 5 mol % of the total 
1 . Preparation of Nucleic Acid - Introducing Agent lipid was added in Myr - C3M MEND , and an amount 
Naked - pDNA was diluted with HEPES buffer to 2 . 4 30 corresponding to 10 mol % was added in TS - PZ4C2 MEND . 

ug / 150 ul . Lipofectamine 2000 ( Invitrogen ) + pDNA was Preparation of MEND using L - PZ4C2 or O - PZ4C2 
produced by adding Lipofectamine 2000 to HEPES buffer at pDNA solution ( 1 mg / mL ) , 100 mM malic acid buffer ( pH 
9 . 6 uL / 75 uL , incubating the solution for 5 min at room 4 . 0 ) , 5 M aqueous sodium chloride solution and sterilized temperature , mixing same with an equal amount of a solu water were mixed , and a solution having a final concentra 
tion of pDNA in HEPES buffer at 2 . 4 ug / 75 uL , and 35 tion of 0 . 1 mg / mL , 20 mm , 40 mm , respectively , was incubating the mixture for 20 min at room temperature . prepared and used as a DNA solution . TS - PZ4C2 _ MEND was produced by the ethanol dilution A lipid solution in ethanol was prepared by mixing 5 mM method of [ Experimental Example 1 ] ( 2 ) and using cationic lipid ( L - PZ4C2 , O - PZ4C2 ) , 10 mM cholesterol PEG 2000 - DMG as PEG lipid . w ( Chol ) , and 10 mM DOPC at desired ratios to achieve 840 2 . Gene Expression Activity Evaluation 
Naked - pDNA and Lipofectamine 2000 + pDNA prepared nmol total lipid in a 5 mL tube , further adding PEG 5000 - DSG 

by the method shown in [ Experimental Example 4 ] 1 . , each ( 1 mM ethanol solution ) in an amount corresponding to 5 
in an amount corresponding to 2 . 4 ug DNA . and mol % of the total lipid , and adding ethanol to achieve a total 
TS - PZ4C2 _ MEND solution in an amount corresponding to amount of 200 uL ( 80 % ethanol solution ) and 20 mM malic amount of 200 ML ( 00 % ethanol solution ) an 
1 . 2 ug DNA were subcutaneously administered to the back 45 acid buffer ( pH 4 . 0 ) . While stirring the lipid solution in a 
of the neck of 6 - week - old female BALB / c mouse . After 24 vortex mixer , the above - mentioned DNA solution ( 200 uL ) 
hr , luciferin ( in vivo grade , Promega ) corresponding to 3 mg was quickly added , after which 20 mM malic acid buffer ( pH 
was intraperitoneally administered to the mice , and imaging 4 . 0 ) ( 1600 uL ) was added , phosphate buffered saline was 
was performed using IVIS Luminall ( Caliper Life Sci - added , and the mixture was diluted to an ethanol concen 
ences ) . The luminance in the neck of the mouse was 50 tration of 8 % . Similar operation was repeated three times 
calculated as photon / sec from the obtained images , and used and phosphate buffered saline was added to an ethanol 
as an index of gene expression activity . concentration of 4 % . Thereafter , using Amicon Ultra 15 
3 . Results ( Millipore ) , the mixture was concentrated to about 200 uL 

The results are shown in FIG . 3 . The activity was higher by ultrafiltration under centrifugation condition ( room tem when a lipid membrane structure using the cationic lipid of 55 perature , 2267 rpm , 30 min ) . Thereafter , the mixture was the present invention as a nucleic acid - introducing agent diluted with phosphate buffered saline to 15 mL , and con than when pDNA only or Lipofectamine 2000 , which is a centrated again by centrifugation ( 2267 rpm , for 30 min ) commercially available nucleic acid - introducing agent , was under room temperature conditions . Finally , it was diluted to used . so a desired lipid concentration with phosphate buffered saline . 
[ Experimental Example 5 ] Gene Expression 2 . Measurement of Particle Size and Surface Potential of 

Activity - 3 Various MENDs 
The particle size and the surface potential were measured 

1 . Preparation of Various MENDs by the dynamic light scattering method ( Zetasizer Nano ) . 
MENDs having a composition of ( cationic lipid : DOPE : 65 The particle size and the surface potential of the various 

Chol ) = ( 5 : 2 : 3 ) , ( 4 : 3 : 3 ) , ( 3 : 4 : 3 ) were produced by the ethanol MENDs prepared by in the above - mentioned 1 . are shown 
dilution method of [ Experimental Example 1 ] ( 2 ) and using in Tables 6 - 9 . 
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TABLE 6 structure using the cationic lipid of Comparative Example 1 
( patent document 1 , Example 1 ) . lipid composition 

cationic lipid : DOPC : Chol = 3 : 4 : 3 
PdI z eta potential ( mV ) [ Experimental Example 8 ] Gene Expression 

0 . 134 - 0 . 135 Activity ( Gene Deliver into Tumor ) In Vivo 

name of cationic lipid 
Myr - C3M 

particle size ( nm ) 
113 . 9 

PdI zeta pole 
0 . 121 

15 

0 . 094 

1 . Preparation of Various MENDS 
TABLE 7 . Various MENDs were prepared according to the method 

described in [ Experimental Example 6 ] . 
name of cationic lipid lipid composition 10 2 . Gene Expression Activity Evaluation 

TS - PZ4C2 cationic lipid : Chol = 7 : 3 
particle size ( nm ) zeta potential ( mV ) Cancer - carrying mice were produced by subcutaneous 

104 . 8 - 0 . 897 administration of a suspension of mouse breast cancer 
derived cancer cell line 4T1 cells ( 1x100 cells / mouse ) to 
6 - week - old female BALB / c mice . At 7 days after the sub 

TABLE 8 cutaneous transplantation of the cancer cells , the prepared 
MEND solutions were administered each in an amount 

name of cationic lipid lipid composition corresponding to 25 mg DNA from the tail vein . The mice 
L - PZ4C2 cationic lipid : DOPC : Chol = 6 : 1 : 3 

particle size ( nm ) PdI z eta potential ( mV ) were euthanized by a cervical spine destaining method at 48 
108 . 7 0 . 144 20 hr after the administration , the tumor was isolated and frozen 

with liquid nitrogen . The tumor was lysed in a Lysis buffer 
to prepare homogenate . The homogenate was centrifuged at 

TABLE 9 13 , 000 rpm , 10 min , 4° C . , and the supernatant was collected 
and used as a measurement sample . The sample solution ( 20 

name of cationic lipid lipid composition UL ) was mixed with a luciferase substrate ( 50 UL ) , and the 
O - PZ4C2 cationic lipid : DOPC : Chol = 6 : 1 : 3 luciferase activity was measured using Luminescenser - PSN particle size ( nm ) PdI zeta potential ( mV ) 
115 . 2 0 . 083 - 0 . 294 ( AB2200 ATTO ) . In addition , the concentration of the 

protein in the sample was quantified using a BCA protein 
assay kit , and the gene expression activity was measured as 3 . Results 30 RLU / mg protein . In any cationic lipid , the electric charge at physiological 3 . Results pH was in a preferable form , - 15 - + 10 mV . The results are shown in FIG . 6 . A higher value , namely , 
a higher luciferase activity , means a higher gene expression [ Experimental Example 7 ] Evaluation of Organ activity . The lipid membrane structure using the cationic 

Accumulation Property In Vivo 35 lipid ( L - PZ4C2 or O - PZ4C2 ) of the present invention 
showed a higher gene delivery expression activity to tumor 

1 . Preparation of Various MENDs than the lipid membrane structures using the cationic lipids 
Fluorescence - labeled MEND was prepared by adding , of Comparative Example 1 ( patent document 1 , Example 1 ) . 

during preparation of the MEND described in [ Experimental It is known that Myr - C3M shows higher nucleic acid deliv 
Example 6 ] , an ethanol solution of DiR to a lipid solution at 40 ery efficiency as compared to conventional cationic lipids 
a final concentration of 3 . 6 uM . such as DOTAP , DODAP and the like . Therefore , it is 
2 . Evaluation of Accumulation Property in Each Organ suggested that L - PZ4C2 and O - PZ4C2 of the present inven 

Cancer carrying mice were produced by subcutaneously tion has genet transfer activity into tumor which is superior 
administering a suspension of mouse breast cancer - derived to that of conventional cationic lipids , in addition to Myr 
cancer cell line 4T1 cells ( 1x10 cells / mouse ) to 6 - week - old 45 C3M . 
female BALB / c mice . After 7 days from the subcutaneous [ Experimental Example 9 ] Antitumor Effect in transplantation of the cancer cells , the prepared MEND Gene Delivery Using MEND solutions were each administered from the tail vein in an 
amount corresponding to DiR 1 nmol . The mice were 50 1 . Preparation of Plasmid DNA ( PDNA ) Solution euthanized by a cervical spine destaining method 24 hr later , As the DNA to be carried , pDNA encoding luciferase and each organ was isolated , and imaging was performed gene or 15PGDH gene was used . 
using IVIS Luminall ( Caliper Life Sciences ) ( excitation 2 . Preparation of MEND 
wavelength : 710 nm , detection : ICG filter ) . The luminance MEND was produced by the method of [ Experimental 
of each of the organ , liver and tumor was calculated as 55 Example 67 and using L - PZ4C2 as the cationic lipid . 
[ photons / sec ] / [ uW / cm² ] from the obtained images , and used 3 . Evaluation of Antitumor Effect 
as an index of organ accumulation property , liver accumu Cancer carrying mice were produced by subcutaneously 
lation property , and tumor accumulation property . administering a suspension of mouse breast cancer - derived 
3 . Results cancer cell line 4T1 cells ( 1x10 cells / mouse ) to 6 - week - old 

The results are shown in FIG . 5 . The lipid membrane 60 female BALB / c mice . From 7 days after the subcutaneous 
structure using the cationic lipid TS - PZ4C2 of the present transplantation of the cancer cells , the MEND solution 
invention showed a higher accumulation in the liver than the prepared in the above - mentioned 2 . was administered each 
lipid membrane structure using the cationic lipid of Com in an amount corresponding to 30 mg DNA from the tail vein 
parative Example 1 ( patent document 1 , Example 1 ) . In once every 3 days , 3 times in total . The minor axis and the 
addition , the lipid membrane structure using the cationic 65 major axis of the tumor were measured over time , and the 
lipid L - PZ4C2 or O - PZ4C2 of the present invention showed volume was calculated as volume ( mm ) = minor axis 
a higher accumulation in the tumor than the lipid membrane ( mm ) xmajor axis ( mm ) x0 . 52 . 
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4 . Results R2a and R25 are each independently a sterol residue , a 
The results are shown in FIG . 7 . A lower value means that liposoluble vitamin residue , or an aliphatic hydrocar 

enlargement of tumor is suppressed and the antitumor effect bon group having 13 - 23 carbon atoms . 
is high . It was found that MEND using the cationic lipid of 2 . The cationic lipid according to claim 1 , wherein Rla 
the present invention encapsulating a gene significantly 5 and R ! " are each independently an alkylene group . 
suppresses enlargement of tumor . 3 . The cationic lipid according to claim 1 , wherein Xa and 

X are ester bonds . 
INDUSTRIAL APPLICABILITY 4 . The cationic lipid according to claim 1 , wherein R2a 

and R25 are each independently a liposoluble vitamin resi 
According to the present invention , since nucleic acid can 10 due , or an aliphatic hydrocarbon group having 13 - 23 carbon 

be intracellularly introduced with high efficiency , it is useful atoms . 
for gene therapy and biochemical experiments . 5 . The cationic lipid according to claim 1 , wherein R20 

This application is based on a patent application No . and R26 are each independently a liposoluble vitamin resi 
2015 - 16786 filed in Japan ( filing date : Jan . 30 , 2015 ) , the due . 
contents of which are incorporated in full herein . 15 6 . The cationic lipid according to claim 1 , wherein R2a 

and R26 are each independently an aliphatic hydrocarbon The invention claimed is : group having 13 - 23 carbon atoms . 1 . A cationic lipid represented by the formula ( 1 ) 7 . A lipid membrane structure comprising the cationic 
lipid according to claim 1 as a membrane - constituting lipid . 

( 1 ) 20 8 . A nucleic acid - introducing agent , which comprises the 
lipid membrane structure according to claim 7 . 

R20 — Xa — Rla - N 9 . The nucleic acid - introducing agent according to claim 
8 , wherein an anti - inflammatory agent is encapsulated in the 
lipid membrane structure . 

25 10 . A method of delivering a nucleic acid into a cell , 
R26 — Xb - Ro - N comprising contacting the nucleic acid - introducing agent 

according to claim 8 , which encapsulates the nucleic acid , 
with the cell in vitro . 

in the formula ( 1 ) , Rla and Rlb are each independently an 11 . A method of introducing a nucleic acid into a cell , 
alkylene group or oxydialkylene group having not more 30 e 30 comprising administering the nucleic acid - introducing agent 
than 8 carbon atoms , according to claim 8 , which encapsulates the nucleic acid , to 

X and X ” are each independently an ester bond , an amide an amide a living organism so that it will be delivered to the target cell . 
bond , a carbamate bond , or an ether bond , and 


