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COMPOSITION OF CATIONIC PHOSPHOLIPID NANOPARTICLES FOR
EFFECTIVE DELIVERY OF NUCLEIC ACIDS

TECHNICAL FIELD

The present - invention relates to a cationic phospholipid lipesome composition
comprising 1,2-di01eoyl-sn—glycero-3-ethylphosphecholine (EDOPC), - 3B-[N-(N',N'-
dimethylaminoethane)—earbamoyl]cholesterol (DC-cholesterol) ‘and 1,2-diphytanoyl-sn-
glycero-3-phosphoethanolamine (DPhPE), a liposome-nucleic acid complex which is capable

of forming a complex therewith, and a pharmaceutical composition comprising the same.

BACKGROUND ART

Methods of introducing nucleic acids into animal or human subjects are known for a
variety of beneﬁcial applications in the gene delivery field. Since some techniques were
proposed in the mid 1960°s for the treatment of genetically linked diseases via the intracellular
insertioh of normal gene sequences into genetic disease patients harboring incomplete or
defective gene sequences, many attempts have been made to treat a variety of genetic diseases
and disorders yia the gene treatment. Further, gene therapy has been recently proposed for the
treatment of cancer. » '
‘ Diverse techniques and delivery systems, particularly vector systems have been
suggested for intracellular dehvery of genes of interest to many kinds of target cells.

Technlques adopted for delivery or expression of nucleic acids may be broadly divided into -

“viral vector systems and non-viral vector systems. In particular, cationic hposomes or cationic

 polymers among the non-viral vector systems have been studied as promising gene delivery

systems, because they are positively charged due to structural characteristics and then bind to
negatively charged genes to thereby form a complex. When eompared with viral gene delivery
systems using a viral vector such as Lentivirus, Adenovirus, or the like, gene delivery

approaches based on such synthetic delivery vector systems provide various advantages such

- as easy and convenient preparation' of delivery systems, non-limited size of genes to be

| dehvered low 1mmunologlca1 side effects even after repeated administration by viral cap51d

proteins, no potential r1sk associated with in vivo safety of v1ral genes per se, and
commer01a11y advantageous low production costs and time. :

Wlth regard to cat1on1c polymer dellvery systems out of the gene dehvery methods using
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cationic materials, a great deal of research has focuséd on DEAE dextran, polylysine
consisting of a repeated structure of lysine as an amino acid unit, polyethyleneimine consisting
of a fepeated structure of ethyleneimine, and polyamidoamine (US Patent No. 6,020,457) as

the gene delivery system. However, such cationic polymer-based gene delivery systems were

reported to suffer from low efficiency of in vivo intracellular delivei‘y, as compared to viral

vector delivery systems where gene transfer is effectively made through cell surface receptors.
On the other hand, cationic phospholiﬁid-based gene delivery syétems have employed a
method of mixing a phospholipid composition with positiveiy charged lipid in a certain ratio
to prepare nano-sized particles such as cationic liposomes, mixing the resulting nanoparticles
with ggneé of interest to prepare a positively charged phospholipid-gene complex and then
treating cell lines with the complex to thereby enhance the expression of the desired gene (Us
Patent No. 5,858,784). |

Approaches to increase the gene transfer efficiency using cationic phospholipid
liposorﬁés have been reportedly made with a variety of cell lines in the art. For example, it is

known that a cationic phospholipid liposome composed of cationic phospholipid 3b-[N-(N '"N'-

| dimethylaminoethane)-carbamoyl]cholesterol (hereinafter, referred to as “DC-cholesterol”)

and céll-fuéogenic phosphc)lipid dioleoyl phosphatidylethanolaminé (hereinafter, referred to as

““DOPE”) may be used as a delivery system for a variety of genes (Aberle AM. et al.,
'Blochemlstry 37, 6533-6540 (1998); Colosimo, A., et al., Biochim. Blophys Acta 1419, 186,
- (1999); and Vlllaret D. et al., Head & Neck 24 661-669 (2002)) In addition, L1p0fectam1ne ™

2()00 (Invitrogen, USA) containing cationic lipid is commercially available for an
investigational purpose and has been widely used as a transfection agent in the art. However,

these gene transfer systems unfortunately have various shortcomings associated with potential

© cytotoxicity, signiﬁcant fluctuations in the gene transfer efficiency depending upon kinds of

;‘25

cell lines and therefore consequent difficulty in versatile applications of the Systems to various
cells, and poor gene transfer efficiency. Thereforc, there is an urgent need in the art for
development of a technique that is capable of achieving efficient intracellular delivery of

nucleic acids (such as plasmid genes, small interfering RNAs (siRNAs), and the like) with low:

cytotoxicity, via use of a non-viral delivery system.

DISCLOSURE OF THE INVENTION
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TECHNICAL PROBLEM
Therefore, the present invention has been made in View_ of the above problems, and it |
is an object of the present invention to provide a cationic phospholipid liposome composition

which is capable of achieving attenuated cytotoxicity and enhancing intracellular delivery of

~ desired materials, for example nucleic acids.

It is another object of the present invention to provide a liposome-nucleic acid complex
wherein the aforesaid cationic phospholipid liposome is bound to a nucleic acid.

It is a further object of the present inventiori to provide a pharmaceutical composition
for the treatment of diseases via'intrecellular “delivery of nucleic acids, a use of the same
pharmaceutical composition, and a method for the treatment of diseases using the same
pharmaceutical composition. ’

It is a still further object of the present invention to provide a use of a pharmaceutical
composition for the preparation of a therapeutic agent to treat tumors or genetic diseases.

It is yet another object of the present invention to provide a method for delivery of

nucleic acids to animal cells.

TECHNICAL SOLUTION
In accordance with an aspect of the present invention, the above and other objects can
be accomplished by the. proviSion .of a cationic phospholipid liposome composition

comprising ‘1,2-dioleoyl-sn—glycero-3-ethylphosphocholine (EDOPC), . 3B-[N-(N'N'-

'dimethylaminoethane)-carbémoyl]cholesterol (DC-cholesterol) and 1,2-diph9tanoy1—sn—

glycero -3-phosphoethanolamine (DPhPE)

As used herein, the term "hposome" refers to a closed multllayered structure formed by
an outer lipid bilayer enclosmg an aqueous inner compartment. In partlcular the liposome of
the present invention is present in the form of a multilamellar vesicle (MLV) having multiple:
stacks of lipid bllayers Further the hposome of the present invention is composed of a
multilayered structure of cationic phosphohplds DC-cholesterol -and DPhPE, and cell-

fusogenic phospholipid EDOPC. In other words the hposome of the present invention is a

. form of nanopartlcles havmg cationic properties.

- The liposome ‘may be prepared by a conventional method well-known in the art.
Typically, the multilamellar vesicles of the present 1nvent10n may be prepared by a lipid-film

hydration technique.' Speciﬁcally, the aforementioned phospholipid components EDOPC, DC-



10

15

20

25

30

WO 2008/120914 PCT/KR2008/001753

cholesterol and DPhPE are each dissolved i ina suitable organic solvent, for example methanol,
ethanol, d1methylsulfox1de chloroform or a mixture thereof and the orgamc solvent is then
removed to form a thin ﬁlm There is no particular limit to the method of removing the solvent. -
Therefore removal of the solvent may be carried out by any conventlonal method known in
the art, moluding rotary evaporatlon and nitrogen purging. »

Next an aqueous medium is added to hydrate the resulting thin film to thereby prepare a

liposome of the present invention. '

Based on the total weight of liposomal lipids, each content of EDOPC, DC-cholesterol,
and DPhPE, which are incorporated into the liposome composition of the present invention,
is 3 to 45% by weight, preferably 6 to 35% by weight for EDOPC, 3 to 45% by weight,
preferably 6 to 35% by weight for DC-cholesterol, and 10 to 94% by weight, preferably 30 .
to 88% by weight for DPhPE. The objects of the present invention can be most effectively

~ achieved at the above-specified ranges of EDOPC, DC-cholesterol ond DPhPE.
As will be illustrated hereinafter, there is no particular limit to a particlediarneter of the

liposome as long as liposome-mediated‘ delivery of a desired material to animal cells is not

1nterfered with. According to the present invention, the 11posomes may be sized to have

substantially homogeneous sizes in a given particle diameter range, typically between about 10

- nm to 500 nm, preferably 30 nm to 450 nm. One effective sizing method for the liposomes

involves extruding an aqueous suspension of the liposome through a series of polycarbonate
membranes havmg a given uniform membrane pore size in the range of 30 nm to 200 nm,
typlcally 50 nm, 100 nm, or 200 nm. The pore size of the membrane corresponds_»

approximately to an average size of the liposome produced by extrusion through that

membrane. Particularly, in order to achieve a homogeneous size of the prepared liposome, the '

extrusion is carried out many times, for example more than three times, through a membrane

filter having the sarne membrane pore size. Homogenization methods are also useful for

» doWn-sizing liposornes to sizes of preferably 300 nm or lesss(Martin,' F.J., in SPECIALIZED

DRUG DELIVERY  SYSTEMS-MANUFACTURING = AND PRODUCTION
TECHNOLOGY, (P. Tyle, Ed)Marcel Dekker, New York, pp. 267-316 (1990)). .
The llposome of the present 1nvention as constructed above and having a nano- 51zed
particle dlameter may be used for another object of the- present 1nventlon ie., effectwe
delivery of a desired materlal, preferably nucleic acid, to a Variety ‘of an1ma1 cells. Due to

having reduced cytotoxicity, the liposome of the present invention may also be effectively
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used in gene therapy which involves intracellular delivery of a desired material, preferably

nuclelc acid.

In ‘accordance w1th another aspect of the present invention, there is provided a

_ liposome-nuclelc acid complex wherein the aforesaid liposome composition is bound. to a

- nucleic acid of'i 1nterest

As used herein, “nucleic acid™ is 1ntended to encompass DNAs, RNAs oligonucleotides,
aptamers, double stranded RNAs (ds -RNAs), plasmld DNAs, and small interfering RNAs

(siRNAs). Also included in this term are derivatives of these molecules which are substltuted

" by oxygen atoms present in phosphate and ester moieties of the nucleic acid structure, other

atoms such as sulfur and fluorine atoms, or alkyl groups such as methyl. Preferred are plasmid

DNAs and siRNAs.

In the context of the present invention, the term “binds to” or “bound to” as here used in
connection with the liposome-nucleic acid complex refers to the state where one or more '
polycations and negatively charged nucleic acid molecules are connected to each other via the

charge-charge interaction. Nucleic acid strands may form a more compact structure via the

formation of a complex with the liposome.

The liposome composition of the present invention has cationic properties, whereas the

nucleic acid has anionic properties. Therefore, due to the presence of positive charges of the

~ cationic phospholipid liposome and negative charges of the nucleic acid, the liposome and the

nucleic acid may form a liposome-nucleic acid complex via electrostatic bonding, even when

*they are simply mlxed

A nuclelc acid- in the llposome-nuclelc acid complex blnds to the liposome at a_

' concentratlon of at least 0.5 ug/umol of llposomal lipid. The nuclelc acid may b1nd to the

v ‘vhposome at a concentratlon of preferably 0.1 to 100 /j,g/umol of 11posomal lipid, and more

25

.30

: preferably about 0. 5 to about 50 xg/ umol of hposomal lipid. In one embodlment of the present
“invention, about. 2 to 20 ug of siRNA or plasmid gene/pmol of liposomal lipid forms a
' complex w1th the liposome. A content of:nuclei-c aeid in the complex may Vary depending
‘upon- how long'a sblution containing the lipOSOmebof the present invention and a solution “

: contammg the nucleic ac1d are mlxed and left. Preferably, the amount of nuclelc acid may be

determmed by allowing the mixture to stand at room temperature for about 10 min to 1 hour,
more preferably 15 min to 30 min. '

The thus-prepared llposome-_nncleic acid complex can effectively deliver a desired
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‘material, e. g nucleic acid to the target site, e.g. animal cells in need of introduction of the

nucleic acid. Therefore, the liposome-nucleic acid complex of the present invention can

“provide effective deliV‘ery of nucleie acid to the human cervical epithelial carcinoma cell lines

SiHa and/or HeLa, the VK2 cell line, the murine hepatoma cell line Hepal-6 and/or the human
hepatoma cell hnes Hep3B and/or Huh7. Spe01ﬁcally, the liposome-nucleic ac1d complex
increases the 1ntracellula_r delivery efficiency of ds-siRNAs and plasmid DNAs by about 15%

or higher, as compared to conventional liposomal formulations (see Tables 1 and 2, and Figs.

1 and 7).

Further, the hposome-nuclelc acrd complex of the present invention can be safely used
due to a significant decrease in cytotoxicity that may occur upon delivery of a desired material,
i.e. nucleic acid, to animal target cells, as compared to cationic phospholipid liposomes which
are commercially available in the market or are disclosed in the literature (Aberle AM. et al.,
Biochemistry 37, 6533- 6540 (1998))

The lrposome of the present 1nvent10n that forms a complex with nucleic acid exh1b1ted a"
ubiqultous increase of the gene transfer efficiency in remarkably diverse cell lines, as
compared to conventional nucleic acid delivery systems. Therefore, the liposome composition.
of the present invention not only _increaSes intracellular nucleic acid delivery, but also exhibits
significantly decreased eytotoxicity thereof for a broader spectrum of cells, when compared

with cationic phospholrprd l1posomes composed of DC-cholesterol and DOPE which have

-been conventronally used to enhance intracellular delivery of nucleic acrds Therefore the

liposome composmon of the present mvent10n may be effectively used for gene_ therapy using

nucleic acids, preferably s1RNAs or plasmid genes.
In order to augment in vivo targetability of a hposome-nuclelc acid complex 1nto target
cells, the liposome-nucleic acid complex composrt1on of the present mventlon ‘as will be

illustrated heremafter may further comprise one or - more lipid der1vat1ves (such as

vgalactohplds,_ mannosylated hprds, folate-lipid con_]ugates, PEG-lipid conjugates, and

biotinylated lipid‘s) A content of the lipid derivative may be in a range of about 0 to 20% by -

- weight, preferably 1 to 15% by weight, and more preferably 2 to 10% by weight, based on the

total we1ght of hposomal lipids. -

Examples of the galactohprd may include cerebr031des cerebrosrde sulfates, and

cerebroside sulfat1des Examples of the folate-hprd conJugate may 1nclude 1,2- dlstearoyl -sn- -

glycero—3-phosphoethanolamme-N-[folate(polyethylene glycol)-2000], .- 1,2~ d1palm1toyl sn- -



10

15

20

95 -

30

WO 2008/120914 PCT/KR2008/001753

: glycero 3-phosphoethanolamine-N [folate(polyethylene glycol)-2000], and 1 2 dioleoylb sn-
_glycero- 3-phosphoethanolam1ne-N-[folate(polyethylene glycol)-2000]; Examples of the PEG-

lipid conjugate may; include 1 ,2-diacyl-sn-glycero- 3-phosphoethanolam1ne-N-

[methoxy(polyethylene - glycol)-1000],  1,2- diacyl- sn—glycero 3-phosphoethanolamine-N-

| [methoxy(polycthylene glycol)-2000], and 1,2-diacyl-sn-glycero-3-phosphoethanolamine-N-

[methoxy(polyethylerre glycol)-5000]; and Examples of the biotinylated lipid may include 1,2-
distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000], 1,2- |
dipalmitoyl-sri-glyCero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000], and

1,2-dioleoy1-sn-g1ycero-3-phosphoethanolamine-N- [methoxy(polyethylene glycol)-2000].

In accordance with yet another aspect of the present invention, there is provided a
pharmaceutical composition comprising the aforesaid liposome-nucleic acid complex. The
pharmaceuti_cal composition may further comprise one or more pharmaceutically acceptable
carriers. k | ' ‘ B | |

B As_ased herein, the term “pharmaceutically acceptable carrier” refers to a medium that is
generally acceptable for use in connection with the administration of liposomal bioactive
agents and liposomal formulations into animals including humans. Pharmaceutically
acceptable carriers are general_ly\fonnulated according to a number of factors well within the
purview of an ordinarily skiiled artisan to determine and account for, including without
limitation: the particular liposomal bioactive agent to be used, and its concentration, stability
and intended Bioavailability; ‘the disease, disorder or condition being treated with the
Iiposome-nucleic acid complex; 'rhe subject, and its age, size and general condition; and the

composition's intended route of administration, e.g., nasal, oral, ophthalmic, topical,

“transdermal, or intramuscular. Typical pharmaceutically acceptable carriers used in parenteral

- bioactive agent administration include, for example, D5W, an aqueous solution containing 5% -

by volume of dextrose and physiological saline. Further, the pharmaceu‘ucally acceptable

cartier may further include addltronal ingredients which can enhance the stability of active -

1ngred1ents such as preservatlves antioxidants, and the hke Furthermore the composition:
and hposome nuclelc acid complex of the present mventron may be preferably formulated into |
a desired dosage form dependmg upon d1seases to be treated and 1ngred1ents usmg any
approprrate method known i in the art, as dlsclosed in “Remrngton ] Pharmaceutlcal Sc1ences
(latest edrtlon), Mack Pubhshmg Co,, Easton PA.

The pharmaceutlcal composmon of the present 1nvent10n may be admlmstered by any
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conventional route known in the art. The composition is administered in a therapeutically - |

 effective ‘amount, depending upon intended. therapeutic applications. The therapeutically

effective amount of the active drug that is required to treat a certain medical disease or inhibit

a further progress thereof may be easily determined by those skilled in the art durmg pre-

: chmcal and clinical trials. For adults the composmon may be adm1n1stered ata smgle dose of

0.000001 mg/kg/day to 100 mg/kg/day As used herein, the term “therapeutically effective

' amount” refers to an amount of an active ingredient that will elicit the biological or medical

response of a t1ssue a system, an animal or a human that is being sought by a cl1mc1an ora
researcher. . |
Further, the present invention provides a method for the treatment of tumors ‘or genetic
diseases, comprising administering the aforesaid pharmaceutical composition to an animal. |
Further, the present invention provides a use of the aforesaid pharmaceutical
composition for the treatment of tumors or genetic diseases. | |
Further, the present invention provides a use of the aforesaid pharmaceutical "
composition for the preparation of a therapeutic agent to treat tumors or genetic diseases.
Further, the present invention provides a method for delivery of nucleic acids to animal -
cells, comprising (1) preparing a cationic phosphOlipid liposome of the present invention° 2
bmdmg the resulting cationic phosphol1p1d hposome with a nucleic acid to form a hposome-
nucleic ac1d complex and 3) contactmg anlmal cells with the resulting hposome nucleic acid _
complex ; . :
Steps (1) and (2) are as 1llustrated herembefore Contacting of Step 3 includes add1t1on
ofa hposome-nucle1c acid complex compos1t1on to a culture medium surrounding cells in Vitro
or in vivo, or admmlstratlon ofa pharmaceut1cal compos1t1on compr1sed of a liposome- -nucleic
acid complex and a pharmaceut1cally acceptable carrier into an anlmal or animal cells in vitro
or in vivo. As used herein, the term “animal” is mtended to encompass any mammal 1nc1ud1ng
humans. - | '

- Invitro or in vivo introduction of exogenous nucleic acids using a delivery system may

‘remedy a diversity of cellular defects arxsmg from underexpressmn or overexpression of genes,

or otherwrse may modlfy cell protems and expression thereof Intracellular del1very of nucleic

acids by the medlum of the 11posome of the present 1nvent10n which. forms a complex with

" nucleic acids of mterest may be therapeutlcally effective for the treatment of ammals suffermg_

- from d1sorders or. dlseases caused by abnormal or substant1ally no - detectable protem
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_expression le\}els, or inordinately low or high protein expression levels. Examples of disorders

and diseases that can be treated by the present invention may include, but are not limited to, a
variety of cancers and tumors asthma arthrltrs 1mmunologlca1 drseases and gene -defect
dlseases '

Further details concernrng genetrc englneermg technolog1es in the context of the present _

invention can be found in the literature: Sambrook, et al. Molecular Clomng, A Laboratory

' Manual Cold- Spring Harbor Laboratory Press, Cold Sprlng Harbor, N. Y. (2001); and -
- Frederick M Ausubel et al., Current Protocols in Molecular Biology, volume 1, 2 3 John

Wiley & Sons, Inc. (1994).

ADVANTA"GEOUS EFFECTS

As will be specifically demonstrated hereinafter, a cationic phosphohpld liposome of the
present invention, which will form a complex with a nucleic acid of interest and has a novel
composition, can provrde superior delivery of desired materials, e.g. nucleic acrds, to various
types of animal cells, as cornpared to conventional cationic phospholipid liposomes. Further,
duetoa s_igniﬁcant decrease in cytotoxicity, this liposome-nucleic acid complex can be useful
for effective intraceilular deliveryof desired nucleic acids to a subject which is in need of gene

therapy or any treatment regimen.

DESCRIPTION OF THE DRAWINGS
Fig. 1 shows phase contrast ‘micrographs- (A,B) and ﬂuorescence mlcrographs (C, D)
illustratlng 1ntrace11u1ar delivery of siRNA in SiHa cell hnes conducted us1ng fluorescent
marker-labeled srRNA for cationic phosphohprd liposome of Comparatwe Example 1 (A0
and catlomc phosphohpld llposome of Example 1 (B,D); '
: F1g 2 shows phase-contrast mrcrographs (A,B) and ﬂuorescence mlcrographs (C.D) .

illustratlng 1ntrace11ular dehvery of siRNA in HeLa cell lines, conducted usmg ﬂuorescent

-marker—labeled 51RNA for cationic phosphohpld liposome of Comparatlve Example 1 (AC)

and cationic phosphohpld hposome of Example 3 (B,D);

Flg 3 shows phase- -contrast mlcrographs (A,B) and fluorescence mrcrographs (C D)

llllustratmg 1ntracellular dehvery of siRNA i in Hepal-6 cell lines, conducted using ﬂuorescent

marker-labeled s1RNA for catlonlc phospholipid liposome of Comparatrve Example 1 (A ) "
and catlomc phosphohpld hposome of Example 2 (B, D)
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. Fig. 4 shows 'phase-.contrast micrographs (A,B) and fluorescence micrographs (C,D).
illustratlngintracellular delivery of siRNA in Hep3B cell lines, conducted-using ﬂuorescent
marker-labeled SiRNA for cationic phospholipid liposome of Comparative Example 1 (A,C)
and catlomc phosphol1p1d liposome of Example 4 (B,D); ' |

Fig. 5 shows phase-contrast micrographs (A,B) and fluorescence m1crographs (C.D)

illustratrng intracellular dehvery of siRNA in Huh7 cell lines, conducted using fluorescent

marker-labeled siRNA for cationic phOSphOllpld 11posome of Comparatlve Example 1 (A,C)

“and cationic phosphollpld lrposome of Example 5 (B.D);

Flg. 6 shows a phase-contrast mrcrograph (A) illustrating cell morphology of a group

with no treatment of a deliVery system, and phase-contrast micrographs (B,C) and

conducted for cationic phospholrprd liposome of Comparatlve Example 2 B, D) and cationic
phOSphOllpld liposome of Example 6 (C,E); |
Fig. 7 shows phase-contrast micrographs (A,B,C) and ﬂuorescence mrcrographs (D,E,F)

illustrating the expression of a green ﬂuorescent protein (GFP) after 1ntracellular del1very of a

= lrposome-nuclelc acid complex to HeLa cell lines, conducted using pEGFP-N2 plasmid DNA

harborlng genetic information of GFP for cationic phospholrprd 11posome of Comparative

| Example 1 (A, D) cationic phospholipid liposorne of Cornparative Exaniple 2 (B,E), and
- cationic phosphollp1d hposome of Example 7(C, F); ‘ '

F1g 8 shows phase-contrast micrographs (AB C) and ﬂuorescence mlcrographs (D E,F)

' _ 1llustrat1ng expressmn of a green fluorescent protern (GFP) after intracellular dehvery ofa
: hposome-nuclelc acid complex to Hepal-6 cell lines, conducted using pEGFP-N2 plasmid

_DNA harborrng genet1c 1nformat1on of GFP for cationic phosphohpld hposome of

Comparatlve Example 1 (AD), catlonrc phosphollpld liposome of Comparatlve Example 2
B, E) and cat1omc phosphollpld liposome of Example 11 (C, F)
F1g 9 shows a bar graph illustrating the results of cytotoxrcrty testing in the VK2 cell

line, conducted in order to ascertain the fact that cationic phospholipid lrposome compositions

of Examples 2, 5 and 9 have lower cytotox1c1ty, as compared to compos1t1ons of Comparative

~Examples 1 and 2

F1g 10 shows graphs. 1llustrat1ng the results of ﬂuorescence-actlvated cell sorter (FACS)

ana1y51s for 1ntracellular delivery efﬁc1cncy of siRNA in HeLa cell lines, conducted for a

,‘control group with no treatment of ﬂuorescent marker-labeled s1RNA (A) a group with
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treatment of lﬂuorescent marker-labeled SiRNA using no delivery sYstem(B), and each group
with treatment 'of fluorescent marker-labeled siRNA using a composition of Comparative
Example 1 (),a composmon of Example 1 (D) a compos1t10n of Example 3 (E), and a
compos1t10n of Example 8 (F), respectively; E

- Fig. 11 shows graphs illustrating the results of FACS analysis for intracellular delivery
of siRNA in SiHa cell lines, conducted for a control group with no treatment of fluorescent
marker-labeled siRNA (A), a group with treatment of fluorescent marker-labeled siRNA using
no delivery system (B), and each group with treatment of fluorescent marker-labeled siRNA -
using a composition of Comparative 'Example 1 (C), a composition of Example 4 (D), a
composition of Example 7 (E), and a composmon of Example 11 (F) respectively;

~ Fig. 12 shows m1crographs comparing 1nh1b1t10n of transcr1pt expression of a target gene

survivin for evaluation of intracellular dehvery efficiency of siRNA to SiHa cells through |
reverse transcriptase-polymerase chain reaction (RT-PCR), conducted for a non-siRNA treated
control group (A), a group treated with siRNA capable of speciﬁcally interfering and»:
inhibiting the expression of a target gene survivin using no delivery system (B), a groupb with

delivery of siRNA via formation of a complex with a composition"of Comparative Example 1

(C), a group with delivery of SiRNA via formation of a complex with ‘a composition of

: Comparative Example 2 (D) and each group with delivery of siRNA via formation of a

complex with a composition of Example 2(E), a composmon of Example 7 (F), and a -
compos1t1on of Example 10 (G), respectlvely,
F1g 13 shows mlcrographs comparing 1nh1b1t10n of transcript expression of a target

gene survivin for evaluatlon of intracellular dellvery efficiency of s1RNA to HeLa cells

.through RT-PCR conducted for a non-51RNA treated control group (A), a group treated with

siRNA capable of specrﬁcally 1nterfermg and 1nh1b1tmg the expression of a target gene

survivin using no del1very system (B), a group with delivery of' srRNA v1a formation of a

v complex with a composrtlon of Comparatlve Example 1(C),a group with dehvery of siRNA -

via formation of a complex w1th a composmon of Comparatwe Example 2 (D), and each

group with delivery of s1RNA V1a formatron of a complex with a composition of Example 3

| (E),a compos1t1on of Example 5 (F), and a compos1t10n of Example 12 (G), respectrvely, v

F1g 14 shows mrcrographs comparing inhibition of transcript expression of a target gene

survivin f_or evaluatlon‘ of mtracellular delivery efficiency of siRNA to Hepal -6 cells through

- RT-PCR, conducted for a non-siRNA treated control group (A), a group treated with siRNA"
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capable of speciﬁcally interfering and inhibiting the expression of a target gene survivin using
no delivery system (B), a group wlth delivery of siRNA via formation of a complex with a -
composition of Co_mparative Example 1 (C), a group with delivery of siRNA via formation of
a complex with a composition of Comparative Example 2 (D), and each group with delivery of -
siRNA via formation 'o_f a complex with a composition of Example6 (E), a composition of
Example 9 (F ),and a composition of Example 11 (G), respectively; and v

Fig 15 shows the analysis results of protein expression obtained after a complex of
siGL2 (scrambled srRNA) with a composition of Example 3 and a complex of siRFP with a,
compos1tron of Example 3 were administered to right and left tumor tissues of mice, |
respectively.- A. Expression levels of RF,P proteins in mouse tumor tissues, as measured for
whole body of mice. B: Expression levels of RFP proteins upon adrninistration of the complex

of siGL2 (scrambled siRNA) with a composmon of Example 3, as measured for left tumor

tissues obta1ned after dissection of mice. C: Expression levels of RFP proteins upon

admrmstratlon of the complex of siRFP (RFP-specific siRNA) with a composition of Example'

3, as measured for right tumor tissues obtained after dissection of mice. D: Quantitative -

analysis results for mean red fluorescence intensity of RFP in the excised tumor tissues.

MODE FOR INVENTION

Now, the: present invention will be described in more deta1l w1th reference to the

followmg Examples. These examples are prov1ded only for 1llustrat1ng the present invention

‘and should not be construed as limiting the scope and spirit of the present invention.

Comparatlve Example 1: Preparatlon of conventional catlomc lmosome
Cat1on1c phosphohpld DC- cholesterol (Avantl Polar L1p1ds Inc., USA) and_ cell-
fusogemc phosphohprd DOPE (Avant1 Polar Lipids Inc., USA) were each d1ssolved in 1 mL

- of chloroform Then each of the resultlng solutions was taken in a molar ratro of 1 1, mixed in

al0 mL glass septum v1a1 (Pyrex, USA) and then rotary-evaporated at a low speed under a -
nitrogen atmosphere unt1l chloroform was completely evaporated, thereby preparing a lipid

thin film' For preparation'of multilamellar vesicles (MLVs), 1 mL of a phosphate -buffered
solut1on (PBS) was added to the above-prepared thin film, and the vial was then sealed,
followed by vortexmg for 3 min. To obtam a uniform partlcle s1ze the ﬁlm solutlon was

passed three t1mes through a 0.2 um polycarbonate membrane us1ng an extruder (Northern»
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| Lipids Ine;, Canada). The resnlting cationic phospholipid liposome was stored at 4 C until use.

- Comparative Example 2: Conventional commercially available cationic liposome
.» LipofectamineTM 2000 (Invitrogen, »USA), which is a conventional cationic liposome
formulation commercially available for nucleic acid delivery experiments, was purchased and

used aocording to the manufacturer's instructions.

Example 1: Preparatlon of cationic phospholipid lmosome
Catlomc phospholipids EDOPC (Avanti Polar L1p1ds Inc., USA) and DC-cholesterol

'(Avantr Polar Lipids Inc., USA) and cell-fusogenic phosphohpld DPhPE (Avanti Polar Lipids
“Inc., USA) were each dissolved i in 1 mL of chloroform. Then, each of the resulting solutions
was taken in amounts of 10% by weight, 10% by weight and 80% by weight, respectively,

based on the total weight of EDOPC, DC-cholesterol, and dDPhPE, mixed in a 10 mL glass

_septu'm vial (Pyrex,_ USA), and then rotary-exraporated at a low speed under a nitrogen :
atmosphere until chloroform was completely evaporated, thereby preparing a lipid thin film.
- For prepara_tion of multilamellar vesicles (MLVs), 1 mL of PBS was added to the above-
' prepared thin film, and the vial was sealed, followed by vortexing for 3 min. To obtain a

' ,un1form partlcle size, the film solution was passed three times through a 0.2 (m polycarbonate :

membrane us1ng‘,’ an extruder (Northern L1p1ds Inc., Canada) The - resultlng cationic

phospholipid liposome was stored at 4°C until use. =

Example 2: Preparatlon of cationic phosphollpld liposome S
Based on the total weight of EDOPC, DC-cholesterol and DPhPE, 15% by Welght of

' EDOPC 15% by werght of DC- cholesterol and 70% by welght of DPhPE were mixed in a :

Pyrex glass vial. A catromc phosphohpld hposome was then prepared i 1n the same manner as .

- inExample 1.

- Example 3: Preparation of }c‘at»ioni}c nhv()spholipid liposome v» _
" Based on the total weight of EDOPC, DC cholesterol, and DPhPE 20% by weight of

3 EDOPC, 30% by weight of DC-cholesterol and 50% by weight of DPhPE were mixed ina

-+ Pyrex glass v1a1 A catlomc phosphol1p1d 11posome was then prepared in the same manner as

L Y1rv_1 Example 1.
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Example 4: Preparatlon of catlomc phospholipid llgosom

Analogously to Example 1, a catlomc phosphohpld liposome was prepared using 10%- _v
by'welght of EDOPC, 30% by welght of DC-cholesterol and 60% by welght of DPhPE, based
on the total weight of EDOPC, DC-cholesterol, and DPhPE.

Example 5: Preparatmn of catlomc phospholipid llposome

Analogously to Example 1, a cationic phospholipid liposome was prepared using 30%

by weight of EDOPC, 35% by weight of DC- cholesterol and 35% by weight of DPhPE, based
- on the total weight of EDOPC, DC- cholesterol and DPhPE.

Example 6: Preparatlon of cationic phospholipid llposome

Analogously to Example 1, a cationic phospholipid 11posome was prepared usmg 35%

by weight of EDOPC, 15% by wel_ght of DC~cholesterol and 50% by welght of DPhPE, based
. on the total weight of EDOPC, DC-choIesterol, and DPhPE. _

Example 7: Preparatlon of cationic phosphollmd llposome (contalnmg galactollpld)

- Based on the total weight of EDOPC DC-cholesterol, DphPE, and galactohpld 15% by

- weight of EDOPC, 10% by weight of DC-cholesterol and 70% by welght of DPhPE, and 5%

by weight of galactohpld (cerebros1de Avanti Polar Lipids Inc., USA) were mlxed ina 10 mL

: glass septurn v1a1 (Pyrex, USA) A catlonlc phosphohpld liposome was then prepared in the

same marnner as in Example 1.

Exam le 8: Preg .aration of 'ca.tionic" hospl
Based on the total welght of EDOPC DC-cholesterol, DphPE, and galactohpld 18% by
welght of EDOPC 7% by Welght of DC cholesterol and 65% by welght of DPhPE, and 10%:

by weight of galactohpld (cerebr051de Avanti Polar Lipids Inc., USA) were mixedina 10 mL
“glass septum’ V1a1 (Pyrex, USA). A cationic phosphohpld llposome was then prepared in the

same manner as in Example 1.

~Example 9:' Prepafatidn of cationie phoSbholipid liposome (containing folate-lipid

- conjugate)
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Based on the total welght of EDOPC, DC-cholesterol, DphPE and folate-hpld conjucate

_ 10% by welght of EDOPC 22% by weight of DC-cholesterol and 60% by weight of DPhPE,

and 8% by weight of a folate-lipid conJugate (1,2- d;stearoyl -sn-glycero-3-

' phosphoethanolamine-N [felate(polyethylene glycol) 2000] Avanti Polar Lipids Inc., USA) -

were mlxed in a 10 mL glass septum vial (Pyrex, USA). A catlomc phosphohpld 11posome was

then prepared in the same manner as in Example 1

Example 10: Preparation of cationic nhospholinid liposome (containing PEG-lipid

conjugate)
Based on the total weight of EDOPC DC-cholesterol, DphPE and PEG-llpld conjugate,

- 30% by welght of EDOPC, 20% by weight of DC-cholesterol and 45% by weight of DPhPE,

and 5% by weight of a PEG-lipid conjugate (1,2- diacyl- sn-glycero 3-phosph0ethanolamine-N?
[methoxy(polyethylene glycol)-1000], Avanti Polar L1p1ds Inc., USA) were mixed in a 10 mL

' glass septum V1a1 (Pyrex, USA). A cationic phospholipid llposome was then prepared in the

same manner as in Example 1.

Example 11: Preparation of cationic phosbholipid liposbme (containing PEG-lipid‘
conjugate) | B |
Based on the total welght of EDOPC, DC-cholesterol, DphPE, and PEG-lipid conjugate,
27% by weight of EDOPC, 35% by Welght of DC- cholesterol and 35% by welght of DPhPE,

and 3% by weight of a PEG-lipid chJngate (1,2-d1acyl-sn-glycer_o 3-phosph0ethanolam1ne-N-'.
[methoxy(polyethylene glycol) 1000], Avanti Polar Lipids Inc' USA) were mixed in a 10 mL -

glass septum V1a1 (Pyrex, USA). A ca‘nomc phosphohpld 11posome was then prepared in the

-same manner asin Example 1.

‘Example 12 Preparation _of _cationic. ‘phospholipid' liposome (containing

blotmylated llpld[

: Based on the total welght of EDOPC, DC- cholesterol DphPE and blotmylated lipid,
28% by weight of_ EDOPC, 30% by weight of DC-cholesterol and 40% by welght of DPhPE,
and 2% by weight of biotinylated lipid (bl ,2-distearoyi-sn—glyc‘ero-3-phesphoethanolamine-N-
[methoxy(polyethylene glycol)-2000] (Ammonium Salt)], Avanti Polar Lipids Inc., USA)

were niixed ina 10 mL glass septum vial (Pyrex, USA). A cationic phospholipid liposome was
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then prepared in the same manner as in Example 1.

Materials and methods for Examples 13 through 25 and Experimental Example 1
-SiHa, HeLa Hepal-6, VK2 Hep3B and Huh7 cell lines were purchased from American

. Type Culture Collection (ATCC, USA). The SrHa Hepal -6, Hep3B and Huh7 cell lines were
 cultured in Dulbecco s Modified Eagle’s Medium (DMEM, Gibco, USA) contarmng 10% wiv
' fetal bovine serum (FBS HyClone Laboratories Inc USA) and 100 umt/mL of penicillin or
- 100 ug/mL of streptomycm The HeLa cell line was cultured in RPMI 1640 (Gibco, USA)

: supplemented with 10% FBS, pemcrlhn and streptomycm The VK2 cell line was cultured in

Keratinocyte-SFM (Gibco, USA) supplemented wrth 0.1 'ng/mL of a recombinant human

epidermal growth faCtor(rhEGF , Gibco, USA), 0.05 mg/mL of bovine pituitary extract (BPE, i
~ Gibco, USA) and 100 unit/mL of penicillin or 100 zg/mL streptomycin. |

Example 13: Dellvegz of siRNA into SiHa cell line
On the day prror to the experiment, SiHa cells were seeded on 24- well plates at a densrty'

of 8x10* cells/well When cells of each plate were grown to 60% to 70% conﬂuence ‘culture

“media of the plates ‘were replaced with 500 M/well of fresh media. 50 Wl of serum-free

TTM Fluorescent Ohgo (20 |

- pmol, Invitrogen, USA) as fluorescent marker—la_beled siRNA, and 10 w0 of cationic

: phospholipidliposom'es'prepared in fcompar'ative Exarnple 1 and Example 1 were then added.

These materials were slowly pipetted, mixed and allowed to stand at room temperature for 20 -

 min, thus resulting in formation of a complex The thus-preparedcomplex’ was added to the_

~well plate followed by cell culture ina COz incubator at 37°C for 24 hours. The SiHa cell- k |
: , -cultured medrum was replaced with 500 //,Q/well of a fresh med1um and the gene transfer :

efﬁcrency was exammed under a ﬂuorescence microscope.

Fig. 1 ‘shows phase- contrast and " fluorescence mrcroscop1c observations - 1llustrat1ng'

“siRNA dehvery efﬁc1ency of cationic ‘phospholipid hposomes prepared in Comparative -
:Example 1 (A, C) and Example 1 (B D) A: Phase contrast mrcroscop1c 1mage when treated
| w1th the lrposome compos1t10n of Comparatrve 'Example 1 B: Phase—contrast microscopic

'1mage when treated w1th the. hposome composmon of Example 1. C: Fluorescence
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when treated with a complex of nucleic acid and liposome composition of Comparative

" Example 1. D: Fluorescence microscopic image illustrating intracellular delivery of

fluorescent marker labeled SIRNA When treated with a complex of nucleic acid and liposome

compos1t1on of Example 1. From the results of Fig. 1, it can be seen that the cationic
phospholipid liposome' of Example 1 exhibits increased siRNA delivery efficiency into SlHa |

cells, as compared to the 1‘1posome of Comparatrve Example 1 with a known composition.

Example 14:.Deliverv of siRNA into HeLa cell line |

On the'day prior to the experiment» HeLa cells were seeded on 24-well plates at a

‘ den51ty of 8x10* cells/well. When cells of each plate were grown to 60% to 70% conﬂuence '

culture media of the plates were replaced with 500 pl/well of fresh media. Analogously to

Example 13 a complex was prepared in-which each liposome of Comparative Example 1 and ‘
iT™
siRNA. The thus-prep__ared complex was added to the well plate, followed by cell culture ina
CO; incubator at 37°C for 24 hours. The HeLa cell-cultured medium was replaced with 500 |
;LQ/well of a fresh medium, and the gene transfer 'efﬁciency was ex’amlnéd 'under a'

fluorescence microscope. :
Flg 2 shows phase contrast and fluorescence m1croscoplc observations 1llustrat1ng,
siRNA- delivery efﬁc1ency of cationic phospholipid hposomes prepared in Comparative

Example 1 (A,C) and Example 3 (B,D). A: Phase-contrast microscopic image when treated

~with the liposome composition of Comparative Example 1. B: Phase-contrast microscopic

. , image when treated with the liposome composition of Example- 3. C: Fluorescence

25

30

| microScopic image illustrating intracellu1ar delivery' of ﬂuorescent marker-labeledv'siRNAi '

‘when treated with the'liposome COmposition of Comparative Example 1. D: Fluorescence

microscopic image 1llustrat1ng infracellular delivery of fluorescent marker-labeled 51RNA'

- ~when treated with the hposome compos1t10n of Example 3. From the results of F1g 2, 1t can be

seen that the cat1omc phosphohp1d liposome of Example 3 eXhlbltS 1ncreased siRNA dellvery

- efficiency 1nto HeLa cells as compared to the hposome of Comparatlve Example 1 wrth a

known compos1t1on

_I_E_gamble 15: De’llverv of siRNA into Hepal-6 cell line

| VO‘n the day p_rior to the experiment, Hepal-6 cells were seeded on‘ 24-well plates at a

Fluorescent Oligo as fluorescent marker-labeled '
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density’ of 8x10* : cells/well. When cells of each plate were grown to 60% to 70% confluence,
culture rne‘dia of the plates were replaced with 500 ub/well of fresh media. Analogously to

Example 13; each COmplex of liposomes of Cornparative Example 1 and Example 2 with

‘Block-iT™ Fluorescent Oligo was prepared. The thus-prepared complex was added to the well

plate, follow_e‘d by.cell culture in a CO, incubator at 37°C for 24 hours. The Hepal-6 cell-
cultured mediurn was replaced with 500 ub/well of a fresh rn'edium, and the‘RNA delivery
efficiency was eiamined under a fluorescence microscope. o
F1g 3 shows phase-contrast and fluorescence microscopic observatlons 1llustrat1ng RNA
dehvery efficiency of cationic phospholipid liposomes prepared in Comparatlve Example 1
(A,C) and Example 2 (B,D). A: Phase-contrast microscopic image when treated ‘with the
hposome composition of Comparative Example 1. B: Phase- contrast mlcroscoplc image when
treated with the hposome composrtron of Example 2. C: Fluorescence mrcroscoplc image

illustrating 1ntracellular delivery of fluorescent marker-labeled siRNA when treated with the

~ liposome composition of Comparative Example 1. D: Fluorescence microscopic- image

illustrating intracellular delivery of fluorescent marker-labeled siRNA when treated with the

liposome composition of EXample 2. From the results of Fig. 3, it can be seen that the cationic

’ phospholrpld liposome of Example 2 exhibits increased siRNA dehvery efﬁc1ency 1nto Hepal-

6 cells as compared to the llposome of Comparative Example 1.

. Example 16: Dellverv of siRNA mto Hen3B cell line

On the day prior to the experiment, Hep3B cells were seeded ‘on 24-well plates at.a

. den51ty of 8><104 cells/well When cells of each plate were grown to 60% to 70% conﬂuence

culture medla of the plates were replaced with 500 w@/well of fresh medla Analogously to-

f‘ Example 13 each complex of hposomes of Comparatrve Example 1 and Example 4 with

Block- 1TTM Fluorescent Ohgo was prepared The thus-prepared complex was added to the well

plate, followed by cell culture in a CO; 1ncubator at 37C for 24 hours. The Hep3B cell- .

cultured medlum was replaced with 500 ul/well of a fresh medlum and the gene. transfer

) effi01ency was examlned under a ﬂuorescence mrcroscope

‘Fig. 4 shows phase -contrast and fluorescence mlcroscoplc observatrons 111ustrat1ng gene

transfer efﬁclency of cationic phospholipid l1posomes prepared in Comparatrve Example 1
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liposome composition of Comparative Example 1. B:. Phase-contrast microscopic image when

treated with the hposome composmon of Example 4. C: Fluorescence microscopic image

illustrating intracellular dellvery of fluorescent marker-labeled s1RNA when treated with the

11posorne composition of Comparatwe Example 1. ‘D: Fluorescence microscopic image

111ustrat1ng intracellular delivery of fluorescent marker-labeled siRNA when treated with the

- liposome composition of Example 4. From the results of Fig. 4, it can be seen that the cationic

phospholipid liposome of Example 4 exhibits increased siRNA delivery efficiency into Hep3B

cells, as compared to the liposome of Comparative Example 1.

Example 17: Delivery of sSiRNA into Huh7 cell line

On the day prior to the experiment, Huh7 cells were seeded on 24-well plates at‘_a

density of 8x10* cells/well. When cells of each plate were grown to v60%, to 70% confluence,

culture media of the plates were replaced with 500 zd/well of fresh media. Analogously to “

Example 13, each complex of liposome compositions of Comparative Example 1 and Example

5 with fluorescence-labeled ds-siRNA was prepared. The thus-prepared complex was added to

the well plate followed by cell culture in a CO3 incubator at 37°C for 24 hours. The Huh7

cell- cultured medlum was replaced with 500 wliwell of a fresh medium, and the gene transfer
efficiency was exammed under a ﬂuorescence microscope.

F1g 5 shows phase contrast and fluorescence m1croscop1c observatlons 111ustrat1ng
siRNA delivery efficiency of cationic phospholipid liposomes prepared in Comparatlveﬁ
Examplel (A,C) and 'Example 5 (B,D). A: Phase-contrast microscopic image when treated
with the liposome composition of ‘Comparative_ Example 1. B: Phase-contrast m_icrosc0pic |
image ~when' treated with the liposome conipdsition of Exarnple 5. C: Fluorescence
mlcroscoplc 1mage 1llustrat1ng 1ntracellular dellvery of fluorescent marker- labeled s1RNA

when treated with the 11posome composmon of Comparat1ve Example 1. D: Fluorescence

microscopic .image 1llustrat1ng 1ntracellular delivery. of ﬂuorescent marker-labeled 51RNA -

when treated with the hposome composxtlon of Example 5. From the results of Fig. 5, it can be

seen that the cationic phosphohpld 11posome of Example 5 exhibits 1ncreased s1RNA de11very

' efﬁc1ency into Huh7 cells, as compared to the llposome of Comparatlve Example 1.

Example 18: Dellverv of siRNA into VK2 cell lme ' v
On the day prlor to the expenment VK2 cells were seeded on 24-well plates ata dens1ty
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of 8x10* cells/well. When cells of each plate were grown to 60% to 70% confluence culture

media of the plates were replaced with 500 wbiwell of fresh media. Analogously to Example

13, each complex of lrposome composrtrons of Comparative Example 2 and Example 6 with

| fluorescence-labeled ds-siRNA was prepared. The thus-prepared complex was added to the

well plate, followed by cell culture ina CO, incubator at 37C for 24 hours. The VK2 cell-

cultured medium was replaced w1th 500 M/well of a fresh medrum and the s1RNA dehvery ,

: ,efﬁcrency was exammed under a ﬂU.OI'CSCCI’lCG micr OSCOpC

F1g 6 shows phase contrast m1crograph (A) illustrating cell morphology of a group w1th
no treatment of a dehvery system, and phase-contrast and fluorescence microscopic
observations illustrating siRNA delivery. efﬁciency of comrnercially‘kavailable" cationic

phospholipid lip'osome of ' Comparative Exaniple 2 (B,D) and cationic phospholipid liposome

~of EXample 6 (C.E). From the results of Fig. 6, it can be seen that the cationic phospholipid

liposome of’ E;(ample. 6"exhibits _‘increased’ siRNA delivery efficiency into VK2 cells, as
compared to the liposome of Comparative Example 2. Further, as shown in Fig. 6B in terms of

cell morphology observed under a phase-contrast microscope, most of cells exhibited cell

'shrlnkage when treated ‘with commercrally available L1pofectam1neTM 2000 (Comparatlve

Example 2), thus representrng poor health state of the cells. On the other hand, when the cells

© were treated with the llposome composition of Example 6, the cells, as shown in Fig. 6C,

exhibited morphology 51m1lar to that of a non-treated control group, thus representmg a

s1gn1ﬁcant decrease in cytotoxrcrty

Examplel9: Delivery of plasmid DNA into HeLa cell line

- On the day prior to the experiment, HeLa cells were seeded on 24-well ‘plates at a

density of 8x104 cells/well When cells of each plate were grown to 60% to 70% conﬂuence

culture medla of the plates were replaced with 500 ,w(’,/well of fresh media. 50 ul of serum-

- free medium was added to Eppendorf tubes to which 0.8 zg of the plasmld pEGFP-NZ

(Clontech) capable of expressing a green ﬂuorescent protein (GFP) (1 35 ug/ub)y and 10 L
of catlomc phospholipid lrposomes prepared in Comparatrve Examples 1 and 2 and Example 7
were then added These materrals were slowly pipetted, mixed and allowed to stand at room
temperature for 20 mm, thu_s resultrng in formation of a complex. The.thus-prepared_ complex

was added to the wel_l plate, folloWed by bcel_l culture for 36 hours. The HeLa cell-cultured_
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- medrum was replaced with 500 w&/well of a fresh medlum and the plasmld gene transfer .

efﬁc1ency was examlned under a ﬂuorescence mlcroscope
‘Fig. 7 shows phase-contrast and ﬂuorescence mlcroscoplc observatlons 1llustrat1ng the
plasmid gene transfer efﬁc1ency of cationic phosphollpld 11posomes prepared in Comparative

Example- 1 (A D), Comparat1ve Example 2 (B,E), and Example 7 (C F). A: Phase-~ contrast

'mlcroscoplc image when treated w1th the liposome composrtlon of Comparative Example 1.

- B: Phase-contrast microscopic 1mage when treated with the liposome comp051t1on of

Comparatlve Example 2.C: Phase-contrast mlcroscop1c 1mage when treated with the liposome

, :composrtlon of Example 7. D: Fluorescence microscopic image 1llustrat1ng the expression of a

~green fluorescent protein (GFP) after intracellular delivery of a plasmid having genetic

information of GFP to HeLa cells, when treated with the liposome  composition  of

Comparative Example 1. E: Fluorescence microscopic image when treated with the liposome

'composmon of Comparative Example 2. F: Fluorescence mlcroscoplc image when treated
with the llposome composition of Comparative Example 7. From the results of Fig. 7, it can be

: ‘seen that the cationic phospholipid liposome of Example 7 exhibits increased plasmid gene -

transfer efﬁ01ency_1nto HeLa cells, as compared to the liposomes of Comparatlve Examples 1

~and 2.

Example 20: Dehverv of plasmid DNA into Hepal 6 cell line

On the day prior to the experlment Hepal-6 cells were seeded on 24-well plates at a

: den51ty of 8><104 cells/well When cells of each plate were grown to 60% to 70% conﬂuence :

: culture media of the plates were replaced with 500 M/well of fresh medla Each of the pEGF- -

N2/catlon1c lrposome complexes which were prepared analogously to Example 19 from

catlomc phosphollpld llposomes of Comparatrve Examples l and 2 and Example 11, was

. added to well plates, followed by cell culture for 36 hours. The ‘Hepal-6 cell-cultured medrum

was replaced w1th 500 whiwell of a fresh medium, and the plasmld gene transfer efﬁcwncy 7

-was exammed under a ﬂuorescence microscope.

F1g 8 shows phase contrast and fluorescence mlcroscoplc observatrons illustrating the

| plasmld gene transfer efﬁmcncy of cationic phosphohprd liposomes prepared in Comparatlve

Example l (A D), Comparatlve Example 2 (B, E) and Example 11 (CF). A: Phase-contrast

" microscopic 1mage when treated with the 11posome composrtlon of Comparatrve Example 1.

B Phase- contrast mlcroscoprc 1mage ‘when treated with  the 11posome composition of -
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Comparative Example 2. C: Phase—contrast’microscopic image when treated with the liposome

composmon of Example 11. D: Fluorescence microscopic image illustrating the express1on of

a green fluorescent proteln (GFP) after 1ntracellular dellvery of a plasmid having genetic -

,1nformat10n of GFP to Hepal-6 cells, when treated W1th the 11posome compos1t10n of

- Comparative Example 1. E: Fluorescence mlcroscoplc image when treated with the liposome

composition of Comparative Example 2. F: Fluorescence microscopic image when treated

u/ith the liposome composition of Comparatlve Example 11. From the results of Fig. 8,itcan -
be seen that the cationic phospholipid liposome of Example 11 exhibits increased plasmid .
gene transfer efficiency into Hepal-6 cells, as compared to the liposomes of Comparative :

Examples 1 and 2. -

Experimental Example 1: Cytotoxicity test of liposome-nucleic acid complexes in
VK2 cell line | B | |
The cytotoxicity of a complex compo_Sed of a cationic phospholipid liposome used to

improve intracellular delivery efficiency of siRNA or plasmid was assayed according to the -

: follOwing experiment. VK2 - cell's were treated with each complex of siRNA with cationic a

phosphohpld llposomes of Comparatlve Examples 1 and 2 and Examples 2, 5 and 9 and with |
the siRNA gene per se, and the cytotoxrcrty was evaluated for individual cell groups The
toxicity assay was carrled out using the MTT (3-(4,5-d1methylth1azol-2-yl)-2,5-d1phenyl

_tetrazOlium bromide) colorimetric assay. 1x10* cells/well of VK2 cells were seeded onto a 96- »
~well plate and cultured for 12 hours. Theteafter, the cells were treated with a complex[
- composition compOSed of 10 pmol of siRNA and 1 14 of the cationic phospholipid liposome.

of Comparatiye Example 2, complex compoSitions composed of 40 pmol of siRNA and 4 uh

of cationic phospholipid liposomes‘ 'of-Comparati've Example 1 and Exammes 2,5and 9, and :

40 pmol of the siRNA gene per se. 24 hours’ after treatment of the cells with' indlvidual test

‘ complexes an MTT solution was added to make 10% of the medium, followed by cell culture

30

for another 4 hours. The supernatant ‘was dlscarded and a 0.04 N 1sopropanol hydrochlorlde

solutlon was added to the medlum Then absorbance values were measured at 570 nm usmg o

an ELISA reader (Tecan Sw1tzerland) Cells: with no treatment of a catlomc phosphohpld

llposome/gene complex were used as a control group. .

- Fig. 9 shows the. results of cytotox1c1ty test in the VK2 cell line, conducted for :

| complexes of siRNA ‘with .4 u of ’catl_omc phosphohpld liposome composmons of
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Comparative Exvamples} 1 and 2 ’and Examples 2,5and 9, and a complexvc")f siRNA with 1 4
of the cationic phospholipid liposome composition of Comparative Example 2. Aslcan\be seen
from Fig.‘ 9, the complexes of siRNA with cationic pho's.pholipid liposomes of Comparative
Examples 1 and 2 exhibited signiﬁcantly higher cytofoxieity, as co}mkpared to the control group. '
On the other hand, the complexes of siRNA with4 ul of cationic liposomes of Examples 2, 5
and 9 exhibited relatively low cytotoxicity. Therefore, it can be seen that the cationic
phospholipid liposomes of Examples 2, 5and 9 provide reduced cytotoxicity in the VK2 cell

line, as compared to the liposomes of Comparative Examples 1 and 2.

Example 21: Dellverv of SiRNA into HeLa cell line - Fluorescence Activated Cell

Sorting (FACS) analvsns

On the day prior to the expenment HeLa cells were seeded on 6-well plates at a density

of 3x10°cells/well. When cells of each plate were grown to 60% to 70% confluence, culture

media.of the plates were replaced with '800 whiwell of fresh media. 100 w4 of serum-free

| medium was added to Eppendorf tubes to which 2 10 of Block-iT™ Fluorescent Oligo (20
~ pmol, Invitrogen', USA) as fluorescence-labeled siRNA, and 10 wh of cationic phospholipid
| liposomes prepared in Comparative Examplel ar1d Examples 1, 3 and 8 were then added.

These materials were slowly pipetted mixed and allowed to stand at room temperature for 20

min, thus resultlng in format1on of a complex The thus-prepared complex was added to the
well plate followed by cell culture in a CO; incubator at 37T for 24 hours. The cultured |

cells were collected and washed two ‘_am_es with PBS. The cells with . incorporation of :

_ﬂuorescence-labeled siRNA' were analyzed for intracellular'delivery efﬁeiency of siRNA by

means of shift of fluorescence intensity peaks using a BD FACS Ca_liburﬂ_ow cytometry
systerrl (BD Biosciences, USA). The results ob_tained are shown in Fig. 10. Further, the FACS
analysis results for ihtraCellular delivery efficiency of siRNA by individual experimental
groups are quantltatwely given in Table 1 below. The control group (A) was the non-siRNA-
treated group, whereas the s1RNA—alone treated group (B) was the 51RNA-treated group
without use of a dehvery system. The control group (A) and the s1RNA-alone treated group ,
B) exhlblted substantlally no peak shift due to no intracellular del1very of siRNA, whereas the
group (C) treated with the l1posome of Comparauve Example 1 having a knowrl composition

exhibited 7‘,1'."_1% delivery of siRNA: On the other hand, the groups treated with the liposomes -

- of Exalrnple 1-(D), Example 3 (E)_, and Example 8 F(F) of the ‘present‘invention exhibited:
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89, 31%, 88, 90%, and 87.15%, respectlvely, thus representmg increased 1ntracellular delivery
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S siRNA-alone treated group (B) was the s1RNA-treated group w1thout use ofa dehvery system |

efficiency, as compared to the group (C) treated with the hposome of Comparatrve Example 1.

'From these results it can be seen that the cationic phosphohprd liposomes prepared in
: Examples of the present invention have increased dellvery efficiency of siRNA in HeLa cells

- as compared to the hposome prepared in Comparatwe Example L.

[Table 1]

siRNA delivery efﬁaency of catromc phosphollprd hposomes in HelLa cells
A | B | C D E F
vControl siRNA-alone treated Comp. Ex. 1 Ex.1 " |  Ex.3 ‘Ex. 8
: gowp | | e
0.07% | 2.54% T 71.10% 89.31% - 88.90% 87.15%

Example 22: Dellverv of siRNA into SiHa cell lme FACS analysis

On the day pnor to the experiment, SiHa cells were seeded on 6-well plates ata dens1ty

of 3x10° cells/well. When cells of each plate were grown to 60% to 70% confluence, culture ~ -

" media of the plates were replaced with 800 ul/well of fresh media. 100 uf of ».serum-kfree
" ,me'dium was added to Eppendorf tubes towhich'. 2 1l of Block-iT™ Fluorescent Oligo (20
| pmol, Invitrogen . USA) and 10 ul of cationic | phospholipid liposomes ‘prepared in

Comparatlve Example 1 and Examples 4,7 and 11 were then added. These materials were

slowly p1petted mixed and allowed to stand at room temperature for 20 min, , thus resultlng in -

| - format1on ofa complex The thus-prepared complex was added to the well plate, followed by

cell culture in a COz mcubatorat 37C for 24 hours. The cultured cells were: collected and

washed two times with PBS. The Block-iTéincorporated cells were analyzed for intracellular = -

E‘delrvery efﬁcwncy of s1RNA by means of shift of ﬂuorescence intensity peaks using a BD
'» ‘FACS Calibur flow cytometry system. ' |

The results obtained are shown in Flg 11 Further the FACS analys1s results for'

1ntracellular dehvery efﬁc1ency of srRNA by 1nd1v1dual experrmental groups are quantrtatlvely

given in Table 2 below. The control group (A) was the non-31RNA-treated group, whereas the

" The control group (A) and the siRNA- alone treated group (B) exhlbrted substantially no peak
'shlft due fo no intracellular dellvery of srRNA whereas the group (C) treated wrth the
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liposome of Comparative Example 1 having a kiown composition exhibited 53.85% delivery

of siRNA. On the other hand the groups treated with the liposomes of Example 4 (D)‘

Example 7 (E), and Example 11 (F) of the present invention all exhlblted more than 70%

delivery of s1RNA thus representmg 1ncreased 1ntracellular delivery efﬁclency of srRNA as .

- compared to the group (C) treated with the hposome of Comparative Example 1. From these -
results, it can be seen that the cationic phosphollpld liposomes prepared in Examples of the =

'present invention have increased delivery efficiency of siRNA in SlHa cells as compared to '

the 11posome prepared in Comparative Example 1.

[Table 2] v ,
- siRNA delivery efﬁciency of cationic phospholipid liposomes in SiHa cells
A B I ¢ [ D E T F
Control siRNA-alone Comp., Ex.1] < Ex.4 Ex.7 Ex. 11

treated group

0.35% - 0.17% - 53.85% 86.37% 'v71.22% 85.06%

' Example 23' Delivery of siRNA into SiHa cell line ~ reverse transcriptase-

) ‘polvmerase chain reaction (RT PCR) analvsns

On the day prlor to the experrment SiHa cells were seeded on 24-Well plates at a density

of 8><104 cells/well When cells of each plate were grown to 60% to 70% confluence, culture

media of the plates were replacedw1th 250 /L(l/well of fresh medla 25 /1,@ of serum-free

- medium was added to Eppendorf tubes to wh1ch 30 pmol of siRNA and 10 x{ of cationic

phospholipid liposomes prepared in Comparatlve Examples 1 and 2, and Examples 2, 7 and 10
were then added siRNA to induce the inhibition of expression of the survivin gene (GenBank

: accesslon ,number. NM_OOI 1,68) ‘was constructed  using 51GENOME SMARTpool |
(Dharmacon, Lafayette, CO, USA). A final concentration of siRNA in the media was adjusted

to IOO nM. : These materials' were slowly pipetted, mixed and .all0wed to stand at room o
temperature for 20 min, thus result1ng in formation of a complex The thus-prepared complex

was added to. the well plate, followed by cell culture ina COz incubator at 37 T for 24 hours.

Carlsbad CA, USA) and then reverse-transcribed into. cDNA ‘using AccuPower RT PreMix
(Broneer Daejeon Korea). The surv1v1n-spe01ﬁc prrrner had a sequence of 5'-GGACCACCG"
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CATCTCTACAT73' (forward) and 5'-CTTTCTCCGCAGTTTCCTCA-3' (reverse)a_ and the -
size of the polymerase chainreaction (PCR) product was 347 bp in length. Expression of the

survivin gene was assayed by determining quantative changes of the gene expression through

normalization of a band dens1ty of the survivin-specific PCR product agalnst a band dens1ty

appeared by ampllﬁcatlon of the GAPDH (glyceraldehyde 3-phosphate dehydrogenase) gene.
Fig. 12 shows rnlcrographs comparing transcrlpt express1on ofa target gene survivin in -

S1Ha cells, when cells were treated with individual composmons A: Control group, B:

siRNA- alone treated group, C: Group treated w1th the composition of Comparatlve Example 1,

D: Group treated w_1th the composition of Comparative Example 2, E: Group treated with the :

composition of Example 2, F: Group treated with the composition of Example 7, and G: Group

treated with the’ composition of Example 10. The control group"(A) and the siRNA-alone -
treated group (B) exhibited no changes in_expression of the survivin gene due to no
intracellular deliyery- of survivin-specific siRNA, whereas the group (C) treated with the
liposome ’of Cornparatlve "Example 1 exhibited a slight decrease in the expreSSion of the
survitrin gene, as compared to the groups treated with the liposomes of Examples 2,7 and lO."‘
The liposomes -of Examples 2, 7 and 10 exhibited efficient attenuation of survivin gene
expression even while having lower cytotox101ty as compared to the commerc1ally available
llposome product of Comparative Example 2. From these results, it can. be seen that the
cationic phosphohprd liposomes . prepared in- Examples 2, 7. and 10 can provide selective

suppress1on of target gene express1on via the intracellular dehvery of siRNA into SiHa cells

Example 24; Dehverv of s1RNA into HeLa cell lme RT- PCR analvsns

On the day prlor -to the expenment HeLa cells were seeded on 24-well plates at a

kdens1ty of 8><104 cells/well When cells of each plate were grown to 60% to 70% conﬂuence

culture medra of the plates were replaced W1th 250 M/well of fresh: media. Under the same

method and condmons as in Example 23 the subsequent experrment was carried out usmg the

liposomes prepared in Comparative Examples 1 and 2, and Examples 3, 5 and 12.
F1g 13 shows m1crographs comparmg transcript express1on of a target gene survivin in
HeLa cells ‘when cells were treated with 1nd1v1dual composmons A: Control group, B:

51RNA-alone treated group, C: Group treated with the composrt1on of Comparatlve Example 1,

: D Group treated w1th the composrtlon of Comparatlve Example 2, E Group treated with the

compos1t10n of Example 3,F: Group treated w1th the compos1t1on of Example 5, and G: Group
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treated with the composition of Example 12. The control group (A) and the siRNA-alone

treated group (B) exhibited no changes in expression of the survivin gene due to no

intracellular delivery of siRNA’ whereas  the group (C) treated with -the liposome of
Comparative Example 1 exhibited a shght decrease in the express1on of the survivin gene, as -
compared to the groups treated with the liposomes of Examples 3, 5 and 12. The liposomes of

Examples 3, 5 and 12 exhibited efﬁclent attenuation of survivin gene expression even while

having lower cytotoxicity as compared to the commercially available l1posome product of
 Comparative Example 2. From these results it can be seen that the catlomc phosphol1p1d

N hposomes prepared in Examples 3; 5 and 12 can provide selective suppression of target gene

expression via the intracellular delivery of siRNA into HeLa cells.

: Example 25: Delivery of siRNA into Hepa1-6' cell line - RT-PCR analysis

On the day prior to the experiment, Hepal-6 (mouse hepatoma cell line) cells were

- seeded on 24-well plates at a density of 8x10* cells/well. When cells of each plate were grown

to 60% to 70% conﬂuence, culture media of the plates were replaced with 250 ub/well of
fresh media. 25 ©f of serum-free medium was ‘added to Eppendorf tubes to which 30 pmol of

siRNA and 10 14 of cationic phospholipid liposomes prepared in Comparative Examples 1

~and 2 and EXamples 6, 9 and 11 were then added: The siRNA sequence to. induce the

mhlbltlon of express1on of the survivin gene (GenBank accession number NM_009689) was

| 'custom made by Sa.mchully Pharm. Co., Ltd. (Seoul Korea). A ﬁnal concentratlon of siRNA
~in the med1a was adjusted to 100 nM These materials were slowly p1petted mixed and
_ allowed to stand at room temperature for 20 min, thus resultmg in format1on ofa complex The ‘

: thus-prepared complex was added to cells wh1ch were then cultured in a CO; 1ncubator at

37 C for 24 hours After 24 hours, total RNA was isolated from cultured cells using Trizol

reagent (Invrtrogen Carlsbad CA USA) and then reverse-transcrlbed 1nto cDNA using

AccuPower RT PreMlx (Bioneer, Daejeon Korea). The: surv1v1n-spe01ﬁc prlmer had a
sequence . of 5'-ATCCACTGCCCTACCGAGAA-3' - (forward) and S
CTTGGCTCTCTGTCTGTCCAGTT 3 (reverse), and the size of the polymerase chain

: reaction (PCR) prOduCt was 200 bp in,length; Expression of the survivin gene was assayed by
‘determining quantative changes of the gene expression through normalization of a band -
‘ dens1ty of the surv1v1n-spe01ﬁc PCR product agamst a band density appeared by amphﬁcat1on n

of the GAPDH (glyceraldehyde 3-phosphate dehydrogenase) gene.
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F1g 14 shows micrographs comparing transcript expression of a target gene survivin in

Hepal-6 cells, when cells were treated with individual compositions. A: Control group, B:

| 'siRNAfalone treated group, C: Group treated with the composition of Comparative Example 1,

D: Group treated with the composition of Comparative Example 2, E: Group treated with the

~ composition of Example 6, F: Group tr_eate_d With_ the composition of Example 9, and G: Group

treated with the compbsition of Example 11. The control group (A) and the siRNA-alone

treated group (B) exhibited no changes in expressmn of the survivin gene due to no
1ntracellular dehvery of siRNA, Whereas the group (C) treated with the liposome of |
Comparative Example 1 exhibited a slight decrease in the expression of the survivin gene, as -
compared to the groups treated with the liposomes of EXamples 6,9 and 11. The liposomes of

Examples 6, 9 and 11 exhibited efﬁcient' attenuation of survivin gene expression even while .

| having lower cytotoxicity as _co‘mpared to the commercially available liposome product' of

Comparative Exarnple2. From tllese results, it can be seen that the cationic phospholipid - -
liposomes prepared in Examples 6, 9 and 11 can provide selective suppression oftarget gene‘
expression via the intracellular delivery of siRNA to Hepal-6 cells.

Example 26: Dellverv of siRNA into mouse tumor model

A local tumor model was estabhshed by subcutaneous injection of 1x10° of the mouse

mal1gnant melanoma cell line B16F10 (Bl6FlO RFP) constructed to express a red ﬂuorescent

‘ protem (RFP) into rrght and left parts of mice. Experlmental animals were 5-week old female "

nu/_nufbalb/c mice. siRNA that s‘electlvely inhibits the expression of RFP was custom-made by

- Samchully Pharm. Co.,'Ltd.,(Seoul, Korea). 1 nmol of siRFP, which is siRNA' for inhibition of

25

30

~RFP expression, and 100 4l of a delivery system prepared. in Example 3 were mixed to -

prepare a complex. As a kn_eg'ative control ‘gr(')up, siGL2 (scrambled siRNA) and 100 #f of a ’. v

f delivery system of Example 3 were mixed to prepare a complex. When a diameter of tumor

ti'ssues induced in mice reached to a size of 6 to 7 mm, the complex of scrambled siRNA.
(erLZ) with'the dehvery system of Example 3 was directly administered via 1ntratumoral

injection to left tumor lesions once a day for 3 days, whereas the complex of RFP- specrﬁc,

_:'51RNA (s1RFP) with the delivery system of Example 3 was adm1n1stered to nght tumor lesions.

On Day 4 from after the first admmlstratlon of siRNA, the expressron of RFP was

confirmed by an in vzvo molecular 1mag1ng technlque Both right and left tumor tissues were

exc1sed and the RFP express1on was then assayed Molecular imaging of tumor lesmns in .o
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ammals was carrled out using ‘an Image station 4000MM (KODAK USA) Quantitatwe
counting of ﬂuorescence in the tissues was made using Kodak molecular imaging software

ver.4.0. Fig. 15 shows the analysrs results of protein expressron obtamed after a complex of

verL2 wnh the composition of Example 3 and a complex of siRFP w1th the composition of

Example 3 were administered to r1ght and left tumor tissues of mice respectively. A:
Expression level of RFP protein in mouse tumor tissues, as measured for whole body of mice.

B: Expressmn level of RFP protem upon administration of the complex of siGL2 (scrambled

- srRNA) with the composrtion of Example 3, as measured for left tumor tissues obtained after

dissection of mice. C: Express1on level of RFP protein upon admimstration of the complex of

siRFP (RFP speclﬁc s1RNA) w1th the composition of Example 3,as measured for right tumor

tissues obtained after. dlssectron of mice. D: Quantitative analysis results for mean red

fluorescence 1nten51ty of RFP in the excised tumor tissues. As shown in Fig. 15A, the right

 tumor tisSues with administration of the siRFP/Example 3 complex exhibited a significant

decrease in the expressron of RFP, as compared to the left tumor lesions w1th administration of

the erLZ/Example 3 complex Further the expression level of RFP 1n the exmsed tumor

vtrssues.of Figs. 15B and 15C was significantly decreased in tumor_les1ons w1th administration
of siRFP and delivery system of Example 3 (Fig. 15C), as compared to tumor lesions with'

_administration of siGL2 and delivery system of Example 3 (Fig. ISB) Upon quantitative

| comparlson of mean red ﬂuorescence intensity between two groups in Fig. 15D, a 2.5-fold :

20
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'decrease in the _expression of RFP was observed in tumor lesrons treated wrth the

srRFP/Example 3 complex, as compared to tumor lesions treated with the siGL2/Example 3

complex From these results, it can be seen that the cationic phospholipid liposome prepared in '

Example 3. can prov1de selectlve suppressron of target gene expressmn via the effectlve'

dellvery of 51RNA mto tumor cells of the ‘animal model.

v INDUSTRIALAPPLICABILITY
As apparent from the above description, the present. 1nvent10n prov1des a catlomc
phosphohpld hposome " composition  comprising - 1,2-dioleoyl- sn—glycero-3-

ethylphosphocholine (EDOPC) 3B [N (N N'- d1methylam1noethane) carbamoyl]cholesterol

v (DC cholesterol) and 1 2= diphytanoyl -sn-glycero- 3-phosphoethanolam1ne (DPhPE) a
A liposome-nucleic ac1d complex which is capable. of formmg a complex therew1th and a-

- pharmaceutical composrtron comprismg the same. The catiomc phosphohpid hposome of the
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* present invention is'hig.hly effective for intracellular delivery of nucleic acids and reduction of
“cytotoxicity, as compared to conventional liposome products. Therefore, the present invention

can be useful for gene therapy via intracellular delivery of a desired material to target cells.
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WHAT IS CLAIMED IS:

1. A cationic phospholipid liposome composition comprising I2-dioleoyl-sn-glycero-3-

ethylphosphochohne (EDOPC), = 3B-[N-(N',N'- d1methylam1noethane) carbamoyl]cholesterol
(DC cholesterol) and 1,2- d1phytanoyl-sn-glycero -3-phosphoethanolamine (DPhPE). '

2. The composition of claim 1, wherein the liposome comp'osition comprises 3 to 45% by
weight of EDOPC, 3 to 45% by weight of DC-cholesterol and 10 to 94% by weight of DPhPE,
based on the total weight of liposomal lipids. ;

- 3. The composition of claim 1, wherein the cationic phospholipid liposome has a particle

 diameter of 30 nm to 450 nm.

4. A l1posorne-nucle1c acid complex wherein a cationic phosphol1p1d l1posome composmon of '

’ any one of claims 1 to 3'is bound to a nucleic ac1d

5. The complex of claim 4, wherein the nucleic acid is at least one selected from the group

; consisting of DNA, RNA, oligo_nucleotide, aptamer, ds-RNA, plasmid DNA, and siRNA. |

6. The complex of ‘claim 4, wherein the complex further comprises at least one lipid derivative

selected from the group cons1st1ng of galactolipid, mannosylated lipid, folate-11p1d conjugate

PEG- l1p1d conjugate and biotinylated lipid.

7. The complex of claim 6, wherem a content of the l1p1d derlvatlve isin the range of 1 to 15%

by we1ght based on the total weight of l1posomal l1p1ds

8. A pharmaceutical composi‘tion_ corriprlsing a liposome-nucleic acid complex of cletim 4, for

the treatment of tumors or genetic diseases via the intracellular delivery of nucleic acids.

9. The composition of claim 8, wherein the nucleic acid is at least one selected from the group |

" consisting of DNA, RNA, oligonuCIeotlde, aptamer; ds-RNA, 'plasmid DNA, an'd_'siRNA'.‘ "
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10. A method for the treatment of tumors or genetic diseases, comprising administering a

pharméceutical composition of claim 8 or 9 to an animal.

11. Awuse of a pharmaceutlcal composmon of claim 8 or 9 for the treatment of tumors or

genetlc dlseases

12. A use of a pharmaceutical composition of claim 8 or 9 for the preparation ofa 'therapéutic

agent to treat tumors or genetic diseases.

13. A method for dolii}ery of nucleic acids to animal cells, comprising:
- 1) preparing a cationic phospholipid liposome composition of claims 1 to 3; -
2) bmdmg the cationic phosphohpld liposome compos1t10n with a nuclelc acid to form a
hposome-nuclelc acid complex and ‘ |

3) contactmg ammal cells w1th the hposome-nuclelc ac:1d complex

14, The method of claim 13, wherein the nucleic acid in Step 2' is at'least one selected from the

“group cons1st1ng of DNA RNA, ollgonucleotlde aptamer, ds-RNA plasmld DNA, and

siRNA.:
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A.

CLASSIFICATION OF SUBJECT MATTER
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According to International Patent Classification (IPC) or to both national classification and IPC
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Minimum documentation searched (classification system followed by classification symbols)
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Curr Drug Deliv. 2005 Jan; 2(1):93-96.
See abstract

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US20020102297A1 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA) 1 August 2002 1-9, 11,12
See abstract, claims 1 & 33
A JP03236325A2 (SUMITOMO CHEM CO LTD) 22 October 1991 1-9, 11,12
See abstract, claims 1 & 5
A JP08301782A2 (RIYUUKAKUSAN: KK) 19 November 1996 1-9, 11, 12
See abstract, claims 1 & 2
A Garcia RA et al., Cholesterol stabilizes hemifused phospholipid bilayer vesicles. 1-9, 11,12
Biochim Biophys Acta. 2001 Apr 2; 1511(2):264-270.
See abstract, materials & methods
A Wang L., Effect of vinblastine on transfection: influence of cell types, cationic lipids and 1-9, 11,12
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later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Biophys J. 2000 Mar; 78(3):1620-1633.
See abstract

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A Pantazatos SP et al., Real-time observation of lipoplex formation and interaction with anionic 1-9, 11, 12
bilayer vesicles. ] Membr Biol. 2003 Jan 15; 191(2):99-112.
See abstract
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 10
because they relate to subject matter not required to be searched by this Authority, namely:

Claim 10 pertains to methods for treatment of the human or animal body by therapy, and thus relate to a subject matter which
this International Searching Authority is not required, under Article 17(2)(a)(i) of the PCT and Rule 39.1(iv) of the
Regulations under the PCT, to search.

2. Claims Nos.: 14

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningtul international search can be carried out, specifically:

Claim 14 is referring to claim 13, which is not drafted in accordance with the second sentence of Rule 6.4(a).

3. & Claims Nos.: 13

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

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

2. |:| As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

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.:

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.
|:| No protest accompanied the payment of additional search fees.
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W09B824936A1 11.06. 1998
JPO3236325A2 22.10. 1991 CA2031973AA 12.06. 1991

EPO432693A1 19.06. 1991

JPO4018029A2 22.01.1992
JPO8301782A2 19.11.1996 None

Form PCT/ISA/210 (patent family annex) (April 2007)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report
	Page 52 - wo-search-report

