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CELLS ~ The present invention relates to nethods for, ”
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The present invention vrelates to methods for
facilitating the transfer of nucleic acids into cells and
to a novel cationic amphiphile useful for this purposa.

Some but not all cationic amphiphiles are known
to facilitate the transfer of DNA inte cells, i.e.,
transfection. Although the mechanism of this activity is
not yet clear, it probably involves the binding of the
DNA/lipid complex with the cell surface via the excess
positive charges on the complex. Czll surface bound
complex is probably internalized and the DNA is released
into the cytoplasm of the cell from an endocytic
compartment. How the released DNA movezs into the nucleus
is not known.

A cationic amphiphile contains the following four

important structural clements:

lipophilic - Linker - Spacer - Amino
group bond arm group

The amino group is positively charged at neutral
pﬁ. It may be a primary, secondary, tertiary or quaternary
ammonium group. The spacer arm is usually a hydrophilic,
2 to 15-atom moiety which connects the amino group to the
lipophilic group via the linker bond. The linker bond is
either an ether, ester, amide or other hydrolyzable bond.

The lipophilic group is a hydrophobic moiety
which allows the insertion of the cationic amphiphile into

the membranes of the cell or liposome. It serves as an
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conpl ex i*s probably internalized and the DNA is rel easéd! into the
cytogl asm of the cell froman endocytic conpartnent. How the rel eased DNA

noves into the nucleus is not known. A cationi c anphiphile
contains the followi ng four inportant structural el enents: | i pophilic
- Li nker - Spacer - Amno grou bond

arm

neutr al It nay%‘éh%rpﬁpﬁa;ge ?&gﬁngO%B‘FQPﬂ%gfngS}\iegﬁﬁf g%%gl To the
anmoni um group The§§9€%e aﬁ# Eol gr sg&j g;ipgghxgrophl lic, 2 to 15-atom

noi ety whi ch connec up 't I pophilic group via the

L ker Dond. ahe 1 nker bond y-5r1-%d, 32418 e8P Fhxy P popyd TSNS lifeny1
amnonium chloride (DOTMA) is the first cationic amphiphile

5 exhibiting the activity of transfection. Its lipophilic
group is a double-chain, ¢€18:1 aliphatic group. It
contains a guaternary ammonium group connected to the
lipophilic group via a 3~carbon spacer arm with two ether
linker bonds. Although the molecule is effective in

10 transfection, it is not biodegradable and is rather toxic
to cells.

Another series of cationic amphiphiles used in
transfection is the quaternary ammonium detergents. Either
single chain (such as cetyltrimethylammonium bromide) or

18 double chain (such as dimethyldioctadecylammonium bromida)
detergents exhibit activity to transfect animal c¢ells. The
amino group in these amphiphiles is quatermary and is
cox.mected to the lipophilic group without the spacer arm or
linker  bonds. ~ Another  gingle~chain  detergent,

20 stearylamine, contains a primary amino group connected to
a single €18:0 chain without a spacer arm or linker bond.
This group of amphiphiles.is also toxic to the cells.

Two other groups of cationic amphiphiles for
transfection have been reported. The first group contains

25 two C18:1 chains as the lipophilic dgroup. Both groups

contain a quaternary ammonium group, but the spacer arm

ool - ae

structure varies. In one case, the trimethylammonium group
is directly connected to the two C18:1 chains via a 3-

carbon spacer arm and ester bond. The amphiphile, 1,2-

T
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The lipephilic group is a hydrophobic moiety which all®ws the insertion of

the cationic anphiphile into the nenbranes of the cell or |iposome. It
serves as an anchor for the cationic anmonium group to attach
to the surface of a cell or |iposone. N-[I- (2, 3-diol eoxyl oxy)

propy]-N, N,N-trirethyl ammonium chloride ( MA) is the first cationic
anphi phile exhibiting the activity of transfecCtion. Its lipophilic group

i's a double-chain, gigibonLﬁp?efiﬁééﬂﬁ¥ﬂﬁmonibspropane, (DOTAP) is a close
analog of DOTMA. In other cases, such as 1,2-diocleoyl-3-
(4'=trimethylammonio) hbutanoyl-sn-glycercl, DOBT, or
cholesteryl (4'-trimethylammonio) butanoate, ChOTB, the

5 trimethylammoniur group iz connected via a butanoyl spacer
arm to either the double-~chain (for DOTB) or cholesteryl
(for ChOTB) group. Other amphiphiles, i.e., 1,2-dioleoyl-
3-succinyl-sn-glycerol choline ester (DOSC) and cholesteryl
hemisuccinate choline ester, ChOSC, contain a c¢holine

10 moiety as the guaternary ammonium group which is connected
to the double-chain (for DOSC) or cholesteryl (for chosc)
group via a succinyl spacer arm. The transfection
activities of these amphiphiles are generally weak.

Yet another c¢lass of amphiphiles, called

15 vlipopolyamine® has also been reported. The ammonium group
is I-S-carboxyspermine which contains 2 primary and 2
secondary ammonium groups. Two examples of this
lipopolyamine are dioctadecylamidologlycylspermine, DOGS,
and dipalmitoyl phosphatidylethanoclamidospermine, DPPES.

20 ° The cationic group is connected to two different double-~
chain, C16:0 lipophilic group via an amidoglycyl (for DOGS)
or phosphorylethanolamine (for DPPES) spacer arm. These
compounds are especially efficient in transfecting the
primary endocrine cells without cellular toxicity.

25 A lipopolylysine reagent for transfection has
also been reported. The reagent ‘gontains a polylysine
moiety as the ammonium group which is connected to a
phospholipid (N-glutarylphosphatidylethanolamine).

Therefore, the spacer arm is the side chain of lysine and

THIS SHEET HAS BEEN
REPLACED




contains a quaternary amoni um group connected to theﬁlpophl l'ic group

via a 3-carbon spacer armw th two ether [|inker bonds. Al t hough the
nodecule is effective in transfection, it is not biodegradable and is
rather toxic to cells. Anot her series of cationic anphiphiles

used in transfection is the quaternary ammoni @m detergents. Either single
chain (such as cetyltrinethylamoni um brom de) or double chain (such as

di met hyl di oct adecyl'%l‘lmd?ﬁaﬂnmm @) theepbogbhodipidi bi Thectinephilis group
transfect animal ce]ls. The_ amino grotup in these anphiphiles is
quaternary and is %ﬁngepﬁélarﬁh@#@r IQ%&hBFPEPg‘i’QRRF%itﬂ%@P the spaeey aymm

or |inker bonds. , Ano_gher si ngl.e-chain det er gent

stearylanin
contains a prinary ‘&l FHoyPEERT RARRR e&ltt'9°“§hs%lr@a@fﬂté é:ﬁa?ﬁfiﬁjc%tirh

spacer armor [i nk%r srpection and non~toxic to cells, the activity requires
5 scraping the treated cells. This is c¢learly not a
convenient step and cannot be done for in vive experiments.
An ideal transfection reagent should exhibit a
high level of transfection activity without scraping or any
other mechanical or physical manipulations of the cells or
10 tissues. The reagent should be non-toxic or minimally
toxic at the effective doses. It should also be
biodegradable to avoid any long-term adverse side-effects
on the treated cells.

Many reagents which fulfill <these criteria
15 contain a linker bond that is hydrolyzable in the cell.
For ewample, DOBT and DOSC, bath contain ester linker
bonds, can be metabolized and catakolized into other lipid
species in the treated cells. However, cationic
amphiphiles containing ester linker honds are not stable
20 when stored in an agqueous soclution. This is probably due
to a base-catalyzed hydrolysis reaction mediated by the

amino group of the amphiphile.
Another key factor on ths cellular toxwicity of
the cationic amphiphiles is their inhibitory effects on the
25 activity of protein kinase C (PRC). PRC is a key enzyme
which plays a crucial role in cellular signal transduction.
Cationic amphiphiles inhibkit PRC activity by mimicking the
endogenous inhibkitor, sphingosine. PKC activity is also

important for the cellular endocytosis pathway which is
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This group of anphiphiles is also toxic to the cells. N Two ot her
groups of cationic anphiphiles for transfection have been reported. The

figst group contains

two C18:1 chains as the lipophilic group. Both

groups contain a quaternary amoni um group, but the spacer arm structure

varies. In one case,

the trinmethylamoniumgroup is directly connected to

the two C18:1 chains via a 3- carbon spacer armand ester bond. The

anphi phile, 1, 2-

likely tojj Breoliywddved i imt heanashicn pofpakbe (EXHAR)ic

is a close anal og of MA, . In other cases, such as 1, 2-diol eoyl - 3-
9 amggqéhiles go fac&litate the entry of DMAyinto cells.
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Recently it has been reported that a PRC activator,
phorbolmyristateacetate, can stimulate the transfection
efficiency of DNA mediated by the calcium phosphate
precipitates.

The present inventors have therefore synthesized
2 series of novel cationic amphiphiles apd screened their
activities to inhibit PKC. Several amphiphiles which
exhibit weak inhibitory activities +towards PRC are
particularly suitable for transfections. In addition,
there has been prepared cationic reagents with a carbamoyl
linker bond in order to overcome the problem of instability
in solution. The stability of the bond in aqueocus sclution
is much greater than that of the ester bond, yet it is
hydrolyzable in the cell.

In brief, the present invention provides a method
for facilitating the transfer of nucleic acids into cells.
The method comprises preparing a mived 1ipid dQispersion of
a cationic lipid with a co-lipid in a suitable carrier
solvent, such as disgtilled water or normal saline solution.
The cationic 1lipid has a structure which includes a
lipophili¢c group derived from cholesterol, a linker bond,
a spacer arm including £from about 1 to about 20 carbon
atoms in a branched or unbranched linear alkyl chain, and
a cationic amino group. The amino group is selected from
the group consisting of primary, secondary, tertiary and

quaternary anmino groups. The method further comprises

THIS SHEET HAS BEEN
REPLACED




(4'-tr|nethylannDn|o) but anoyl -sn-gl ycerol, DOBT, or cholesteryl (4
-trlnethylaznnnlo) but anoate, ChOIB, the trinmethylamoniumgroup is
cornected via a butanoyl spacer armto either the doubl e-chain (for DOTB)
or cholesteryl (for ChoTB) group. O her anphl hiles, i.e., 1,2-dioleoyl-

3- i nyl I hol.i t h
chol  ne ester. B e A R SR L L R
' ' I I
0P e 1 CorneghETex’ Oph eSOl e e L0k QS e il ek
activities of these anphiphilgg @r§$ SENY S oppnidient of the inv@htismOothid
I pop

class of anphiphiles, cal l ed ol yam ne" has al so been reported
The amoni um group ghgpbrsisAboX Fiiivlee withhas tiVadiaye diphetdtyofndbdat

secondary anmoni um groups. Two exanples of this

5 150ma. The cationic lipid is preferentially selected from
the group consisting of cholesteryl-3§=-carboxyl-
amidoethylenetrimethylammonium iodide, 1-dimethylamino-3-
trimethylammonio-DL-Z-propyl-cholesteryl carboxylate
iodide, cholesteryl-3g-carboxyanmidoethyleneamine,

" 10 cholesteryl=38-oxysuccinanidoethylenetrimethylammonium
iodide, 1-dimethylamino-3-trimethylammonio-DIL-2-propyl-
cholesteryl-3p-oxysuccinate icdide, 2=-[(2-
trimethlyammonio)-ethylmethylamino} ethyl-cholesteryl-36-
oxysuccinate iodide, 38[N-(N', N'-dimethylaminoethane)-

15 carbamoyl Jcholesterol, and 3f-[N=(polyethyleneinine) -
carbamoyl jcholesterol. In a preferre§ embodiment, the co-

lipid is a neutral or acidic phospholipid which may be

preferentially selected from the group consisting of

phosphatidyl choline and phosphatidyl ethanolamine.

20 In addition, the present invention alsec provides
a substantially non-toxic,substantially non-hydrolyzable
cationic 1lipid for facilitating the transfer of nucleic
acids into cells. The lipid comprises a lipophilic group
derived from cholestercl, a 1linker bond, a spacer arm

25 including from about 1 to about 20 carbon atoms in a
branched or unbranched linear alkyl chain, and a cationic
amino group. The amino group is selected from the group

comprising primary, secondary, tertiary or quaternary amino

groups.

THIS SHEET HAS BEEN
REPLACED




| i popol yami ne are di octadecyl ani dol ogl ycyl sperni ne, EKI%% and, dipal mtoyl
phosphati dyl et hanol am dospermi ne, DPPES. The cationic group is connected
to 4w different double- <chaih, C16:0 |ipophilic group via an am dogl ycyl
(for DOGS) or phosphoryl et hanol am ne (for DPPES) spacer arm Theso
conmpounds are especially efficient in transfecting the prinmary endocrine
cells without cellular toxicity. A | i popol yl ysi ne reagent for

transfecti on has

al so been r@nert:aﬂmniahMpRagmt preférabily asgbégtedi from

noi ety as the ammoni um group which is connected to a phospholipid
(N-gl ut aryl phosphat itidyéet haymbami ne) consiheténg e, vife spaborl agsherylhss-
side chain of |ysine and
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carboxyamidoethylenetrimethylammonium iodide, i-
dimethylamino-3-trimethylammonio-DL~-2-propyl-cholesteryl
carboxylate icdide, ¢cholesteryl-38-
carboxyamidoethyleneamine, cholesteryl-38~
oxysuccinamidoethylenetrimethylammanium iodide, 1-
dimethylamino=3-trimethylammonio-DL-2-prepyl-cholesteryl-
3p-oxysuccinate iodide, 2 - { (2-trimethyl -
ammonio)ethylmethylamino)ethyl-cholesteryl-38-
oxysuccinateiodide, 38 [N-(N' ,N'dimethylaminoethane) -
carbamoyl ]-cholesterol, and 3B[N- (polyethyleneimine)-
carbkamoyl jcholesterol.

The present invention may be better understood by
reference to the following Ewamples when considering in
conjunction with the drawings in which:

FIGURE 1 is the synthetic scheme for cholesteryl
carboxylate analogues;

FIGURE 2 is the synthetic scheme for cholesteryl
henmisuccinate analogues;

FIGURE 3 is the synthetic scheme for cholesteryl

formate analogues;

FIGURE 4 is a graph of the effect of different
co-lipids on the transfection activity of a cationic 1ipid
dispersion in L929 cells:

FIGURE 5 is a graph of the effect of the ratio of
co-lipid to a cationic lipid of the present invention on

the transfection activity in 1929 cells:;
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4 the .head group of the phospholipid. The lipophilic g‘r.Bup s a

doubl e*chain, C18:1 group connecting to the spacer arm via two ester
bopds. Although the reagents is efficient in transfection and non-toxic
to cells, the activity requires scraping the treated cells. This is
clearly not a convenient step and cannot be ddhe for in vivo experiments.

2ctivity U?Eiﬂ?cié‘r’Qp?ﬁggﬁP‘ SR & Lok im0 b SeBar o TAFEA ' Ehec

maﬂ: Pr;: ?;I Otngximcc tgte t e q%eéﬁf\%geféoses lnt??ﬁni'%oul#ﬁ%lsonon toxic or

bi odegradabl e to avoi d any | ongraerm -ad,\_@rasgrgbﬂeogfﬁfg:tegfeg@ beepfii e Ss on

cells. the transfection activity of the lipid dispersion in L9z29
5 cells;

FIGURE 8 is a representation of a gel showing
complex formation of DNa with the cationic 1lipia
dispersion; and

FIGORE 9 is a graph of the <transfection

10 efficiency and toxicity of a cationic lipid of the present
invention.

In order to facilitate a further understanding of
the present invention, the following Examples are given
primarily for the purposea of illustrating certain more

15 specific details thereof.,
Materials:

Cholestercl (99 + &  grade), cholesterol
hemisuccinate, 1,1'~carbonyldiimidazole, were purchased
from Sigma Chemical Co., St. Louis, MO. Magnesium powder-

20 50 mesh (99 + %), thionyl bromide (97%), 1I,3-propane
sulfone (99%), iodomethane (99%), trans-1,2-
dichloroethylene (98%), M,M-dimethylaniline (99%), N,N~-
dimethylethylenediamine ({95%), 1,3-bis~-dimethylamino-2-
Propamnol { 8 7 % ) , 2 - ([ 2 -

25 (dimethylamino) ethyl Jmethylamino)}ethaneol (98%), were.
cbtained from Aldrich Chemical Co., Milwaukee, WI.
Cholesteryl chloroformate (95%), and polyethyleneimine were

obtained from Fluka. Methanol, dichloromethane, and
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Many__reagents _which fulfill these criteria contain a linker bondt

I's hydrolyzable in the cell. _For exanpl & DOBT and G, DOL N contaln
ester |inker bonds, can be netiabol i zed and catabolized #nto ot her lipid
species in the treated cells. However, cationic anphiphiles
containing ester, |inker bonds are not stable when stored in an aqueous
solution. This is probably due to a base-catalyzed hydrolysis reaction
medi ated by the amino group of the anphiphile.d Anot her key
factor on the cellular toxicity of the cationic_a philes is their

inhibitory effects &Fﬁwlt&'étl?v‘l’?’iﬁ GG gFads Salvg ESC @Pecpthepighqnicals

key enzynme which p |l e in cellular nal transd ction.

|
Cat i oni ¢ anphiphiIeéﬁ*ﬁﬁgﬁg%%%§C:Eﬂféﬁﬁt§PQ5}fﬁFﬁ1¥%fﬁl 898Nt AEBY8nous
i nhibitor, sphingosine. PKC 3C%&%Eh¥tié gcﬁ@me fo: cholestervl carboxylate

analogues is shown in FIGURE 1.
5 EXAMPLE 1
Cholaste de :
Cholesterol, (25 g, 64.6 mmeol) was dissolved in
10 nL of dimethylaniline (78.9 mmol) and 5 nL of
chloroform. While stirring on ice; small cuantities of
10 thionyl bromide (6 mL, 77.6 mmol) dissolved in 20 =D of
cold chloroform wag added slowly over a peried of 156
minutes. After the addition of thionly bfomide was
complete, the mixture was stirred for an additional 2
hours at room temperature. The resulting solution was
i5 poured inteo 200 nL of ice cold 95% ethanol and left on ice
for 2 hour until crystallization was complete. The product
was filtered and washed with 25 nL of ice cold 95% ethanol.
A small amount of product was recovered from the filtrate
with the addition of 75 wuI. distilled water followed by
20 refrigeration. Finally, the product was recrystallized
from 120 nL of acetone giving 21.8 g of cholestery) bromide
(vield, 75%) with a melting point of 93-95%C (lit 97-98°C).
The identity of the product was confirmed with mass
spectrometry (EI) which showed an intensge peak with an m/2

25 of 448, corresponding to the molecular ion (M*') of
chelesteryl bromide. Also, the bromide molecular weight

pattern characteristic of the two different isotopes of

bromine (79Br:81Br,1:1) was observedf
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i nportant for the cellular endocytosis pathway which is 7

i nvolved in the action of the cationic anphiphiles to
facilitate the entry of DNA into calls. Recently it has been reported that

phor bol nyri st at eacetate, can stinmulate the transfection

DNA nedi ated by the calcium ggosphate precipitates.
I nventors have therefore synthesized

EXAMPIE T3
Cholest-S5-ene-ig=-carboxvlic acid (IT):

The synthesis of cholesteryl-3g-carboxylate was
performed using a Grignard reaction. All glassware was
oven dried at 110°C overnight., In-a 500 mI. three-neck
flask set up for reflux, a solution of methyl magnesium
iodide was freshly prepared by treating 9 g of oven dried
(110°C) magnesium powder in 100 nmlL anhydrous diethyl ether
with 10 nl of methyl iodide. After the vigorous reaction
subsided, cholesteryl bromide (25 g, 56 mmol) dissolved in
100 mL of anhydrous diethyl ether was slowly added to the
methyl magnesium iodide soluticn over a three hour period.
The solution was refluxed for 36 hours with enough heat
reguired to bring the diethyl ether to a boil. Subseguent
to cooling, the Grignard reagent vas added to finely ground
solid carbon dioxide, and after 1 hour, the complex was
hydrolyzed by treatment with ice cold 1 M sulfuric acid.
After the stercid was extracted with diethyl.ether (3 x 250
nL), the ethereal layer was washed with 10 nM sodium
thiosulfate (3 x 50 mL) to remove a persistent orange
golor. After removing the water layer, the ether layer was
washed with distilled water and filtered to remove an
ingoluble residue. The ether layer was subsequently dried
over anhydrous sodium sulfate and rotary evaporated to give
a white~yellow oily suspension. Tituration with pentane
yvielded 8.6 g of cholesteryl-3f-carboxylate (yield, 37%) as
a fine powder with a melting point of 212-215°C (1it 218-
220°C). Mass spectrometry (EI) showed an m/z of 414 of the

molecular ion (M+°). The product was characterized by
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a series of novel cationic anphiphiles and screened théﬂf activities to
I nhi bit PKC Several anphi philes which exhibit weak "inhibitory

activities towards PKC are I particularly suitable for
transfections. In addition, there has been prepared cationic reagents
wi th a carbanmoyl |inker bond in order to over@gone the probl em of

instability in solution. The stability of the bond in agueous solution is
much greater than tgwdtad NMR: eTher pboduict wes ilyophilbgedobyerdiight ntd heive
cell. In brief, the present invention provides a method }
for facilitating thme tanhyphreusostanting cnaterial fior ecylstiomhyeacthons.
conprises preparing a mxed lipid dispersion of a cationic lipid with a
co-lipidin a suitable carrier solvent, EBSAMPLE EXEti||ed water or nor mal

sal i ne sol ution. T{?het,lce;':;;[ti‘!!!onilc_3 I__i pi gohagmfdgetru%.t %te%imi Chlai :?%L“?%f: ?

The acylation of cholesteryl carboxylate was
carried out under a dry argon or nitrogen atmosphere in
oven dried glassware. Cholesterol carboxylate (2 g, 4.8
mmol) was sugpended in 5 ml. of dichlorumethane (HPLC grade
under 4 A molecule sieves)., A 1.5 molar excess of 1,1°'-
carbonyldiimidazole (CDI, 1.2 g) dissolved in 15 mL
dichloromethane was added to the cholesteryl carboxylate
suspension is small volumes with intermittent shaking.
When the reaction subsided, the solutien was stirred
overnight. N,N-dimethylethylenediamine (5 mL, 43.2 mmol)
was subsequently added and the resulting solution was
stirred for 36 hours at room temperature. Dichloromethane
was removed by rotary evaporation, after which the reaction
was quenched with a small vqlume of distilled water. The
acylated steroid was extracted with diethylether (4 x 50
ml). Subsequently, the pooled ether fractions were back
extracted with distilled water (3 x 50 ml), dried over
anhydrous sodium sulfate, and rotary evaporated under
reduced pressure. The residue was then triturated with
pentane and the product collected on a sintered glass
funnel. A voluminous powder (1.7 ¢, 73% yield) was:
obtained and found to be pure by TLC (R£=0.72) using
chloroform:methanol:water (65:25:4,v/v/v) as the developing
solvent. The product gave a melting point of 167-169°C.

Mass spectrometry (FAB+) showed an intense peak at an m/z
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| i pophilic group derived fromchol esterol, a |inker boM, a spacer arm

I ncl uding fromabout 1 to about 20 carbon atons in a branched or
uribranched |inear al kyl chain, and I a cationic am no group. The
am no group is selected from the group consisting of primary, secondary,
tertiary and quaternary amno groups. The ngghod further conprises

6 adding the nucleic acids to the dispersion to forma conplex. The cells

are then treated wyghggBe whdeh @6rresponds to thHedpPbtbrated asPecuI®nt ioh
the dispersion has particles with an average di aneter of

t he i nvention,

about
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(M+H)*". The product was characterized by proton NMR.

EXAMPLE IV
gholgggg:gl-gQ-Carboxyamidoetnzlenetrigggnz1gmmonium

Iodide (IV):

The guaternization of Compound III was performed
using methyl iodide and potassium bicarbonate. Briefly, 1
g (2.1 mmol) of compound III was digsolved in 40 mL of
methanol in the presence of 2 g (20 mmol) of potassium
bicarbonate and 2 mL (32.1 mmol) of methyl iedide. The
reaction was stirred for 24 hours at room temperature. The
solvent was subseguently removed under vacuum and the
remaining bicarbonate was neutralized with 1 M HC1l until
the solution gave a pH reading of 7. Water was removed by
lyophilization and the product was extracted from inorganic
salt impurities using a small volume of ice cold methancl.
After evaporating the solvent, the product was

recrystallized from absolute ethanol and was further

‘purified on a Treverse phase column using an

acetonitrile/0.1% trifluorcacetic acid gradient (100% to
85% acestonitrile in 60 minutes). The powder was showm to
be pure with TLC (Rf=0.10) using chlorsform:methancl:water
(65:25:4 v/v/v) as the developing solvent., It was shown to
melt with decomposition at about 190°C, and had a molecular
ion with én m/z of 500 (M") according to mass spectrometry

(FAB+). The product was characterized by proton NMR.
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150nm .The cationic lipid is preferentlally selected fFQnr he gr oup
consi sting of chol esteryl -3[err]-carboxyl -

am doet hyl enetri net hyl anmoni um i odi de, 1-di met hyl am no- 3- I
trimet hyl anoni o- DL- 2- pr opyl - chol est eryl car boxyl ate i odide,

chol esteryl -3[ err]-carboxyam doet hyl eneam ne, 13

chol esteryl -3[err]-oxysucci nam doet hyl enet ri net hyl ammoni um -

i odi de, 1- di met hyl am no- 3-tri net hyl ammoniBXaBPILR- Br opy! -

chol esteryl -3[err] - oxysuccrnate |od|de 2-[(2- trlnethlyannnnlo)

- et hyl met hyl am no] e i £13min0e2 7 hethod esis BaCadrboxylate
3[err][N(N, N - dlnethylanrnoethane) carbannyl]cholesterol and

3[err]- [N—(polyethyiﬁhblnlne] carbannyl]cholesterol In a preferred
enbodi nent, the co- I|p|d |s %rral or acrdlc phos hal i pi d_whi ch may be
preferentially sel ected lation oWps JRpRS gﬁﬁngphsgﬁhaﬁFH§Yat9d

chol i ne and phosphatﬁ fésegéyyuﬁﬁicargoxylate analogous toe the nethod
degcriked for compound III, except that 2,6 3=bis-
dimethylamino-2-propanocl (8 mL, 47.6 mmol} was the
nucleophile. After the addition of the nucleophile, the
reaction wvas stirred at room temperature for 72 hours. The
dichloromethane was removed and the remaining oily residue
was dissolved in chloroform. Impurities precipitated with
a large volume of petroleum ether (bp, 35-60°C). The
filtrate was rotary evaporated to dryness, re-~dissolved in
pentane, and filtered once again. After drving, the
pentane soluble material was dried and re-dissolved in a
small volume of diethyl ether and added to a large volume
of hot diethyl ether:acetonitrile (30:70, v/v). The
product orystallized at =-20°C after allowing some of the
ether to evaporate, Mass spectroscopy (FAB+) gave an mw/2
of 543 for the protonated molecular ion (M+H)+*. The

product was characterized by proton NMR.

EXAMPLIE VI
1-Di hylaming=3«- thylammnm o-DL-2«Propyl Cholest 1
Carboxylate Todide Salt (VI):

The methoidide of compound V¥V was prepared by
gently refluxing coumpound ¥ (0.5 g, 0.9 mmol) and methyl
jodide (2 mL, 32.1 mmol) in 20 mL of ethanol for one hour.

After cooling, the precipitate (0.5 g, yield 79%) was

recrystallized twice from absolute methanol. The product
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In addition, the present invention also provides a subSkantially

non-toxi csubstantially non-hydrol yzable catidnic lipid for facilitating
the transfer of nucleic acids into cells. The lipid conprises a

| i pophilic group derived fromcholesterol, a |inker bond, a spacer arm
including fromabout 1 to about 20 carbon atonggin a branched or
unbranched |inear al kyl chain, and a cationic amno group. The am no
group is selected fpattéde wlrBURedifdditiida Y Nabdut S280ndardhd t eahi AsY a
or quaternary am no groups.
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single spot on a TLC plate (Rf=0.22) using
chloroform:methanol :water (65:25:4, v/v/v) as the
developing solvent. The product had a molecular ion with
an m/z of 557 (M") with FAB+ mass spectroscopy, consistent
with the alkylation of one gf the possibla two tertiary

amine sites. The product was .characterized by proton NMR.

EXAMPLE VII
ole 1~38-Carb doethvlen ine H

To a solution of ethylenediamine (5.11 g, 85
mmol) in 20 mL dichloromethane, a sclution of CDI activated
cholesteryl carboxylate (0.7 g, 1.7 mmol) in 5 mwL of
dichloromethane was added dropwise over a 1.5 hour period.
When the addition of the activated sterol was complete, the
reaction was stirred for 48 hours under nitrogen. AaAfter
removing the solvent under reduced pressure, the residue
was dissolved in chloroform:methanel (2:1, v/v} and
extracted against water (3 % 50 mL). The chloroform phase
was subsequently ‘dried with anhydrous sodium sulfate, the
solvent removed and the residue purified by preparative TLC
using chloroform:mathanol:water (65:25:4, v/v/v) as the
developing solvent, The band at about Rf = 0.3 was
collected, extracted with chloroform:methanol (1l:1, v/V)
and dried under reduced pressure. The product (0.65 g,
yvield, 81%) ran as a single spot (Rf = 0.33) and melted
with decomposition at about 194°C. Masgs spectrometry
(FAB+) gave an m/z of 457 for the protonated molecular ion

(M+H)+. The product was characterized by proton NMR.

THIS SHEET HAS BEEN
REPLACED




~7 The cationic Iipia Is preferably selected fr‘c?m t he gr oup

consi sting of chol esteryl-3[err]-

car boxyam doet hyl enet ri net hyl ammoni um i odi de, 1-

dlnethylan1no 3-trinmet hyl anmoni o- DL- 2- propyl -chol esteryl carboxyl ate

I odi de, chol esteryl-3[err]- carboxyan1doethy|é§ean1ne

chol esteryl-3[err]- oxySUCC|§an1d et hyl enetr t hyl anmoni u I odi de,

1- di nmet hyl ani no- 3-tri met hyl 6"‘BL eﬁ?ﬁﬁ%h&h&taﬁn ous steps for
3[ err]-oxysuccinate | odi . .
annDnio)ethyInethyl&ﬁ?ﬁ%?gb%prg%sgggfg}yP?%%%ﬁ?ﬁéﬁaggkf@ﬁé?%ﬁﬁ?eF&dF&?}Cteg
[N-(N , N di et hyl aign eh.- carbanoyl] -cholesterol, and 3[err] (N
(pol yet hyl enei m ne) - carbanoyl ]chol esterol. The present

i nvention may be better understood by EXAMPIE VIII
5 Chole -3f-Oxysuccinamidoethylenedimethylamine VIIY:
The synthesis of compound VIIT first required the
acyl imidazolide - of cholesteryl hemisuccinate which was
prepared by reacting cholestercl hemisuccinate with N,N~
carbonyldiimidazole (CDI) as described for the synthesis of
10 compound III. Briefly, to cholesterol hemisuccinate (2 g,
4.1 mmol) suspended in 5 nL of dichloromethane was added
1.5 egquivalents of CDI (1 ¢g) dissolved in 15 nlL of
dichloromethane, The solution was stirred overnight after
which N,N-dimethylethylenediamine (5 mL, 43.2 mmol) was
15 added. Dichloromethane was subsequently removed by rotary
evaporation, distilled water was added and the acylated
sterol was extracted with diethyl ether (4 x 50 nl).
Subseqguently, the ether fractions were washed with
distilled water (3 x 50 mL) and dried over anhydrous gsodium
20 sulfate. The ether was removed by rotary evaporation. The
product was washed with 200 uL of pentane, and minor
impuritie= were removed using preparative silica gel TLC.
After developing with chloroform:methanol:water (65:25:4),
v/v/v) the band present at about an Rf = 0,80 was collected
28 and extracted with chloroform/methanol (2:1 v/v). The
residue was purified further using chloroform:ethyl acetate
(1:1, v/v) as the second developing selvent. The band at
about Rf = 0.2 was extracted with chloroform/methanol (2:1

v/v)}. The lyophilized product ran as a single spot on TLC
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referegnce to the foll ow ng Exanples when con5|der|ng i = conj unction wth

the drawi ngs in which: FIGURE 1 is the synthetic schene for

chol esteryl carboxyl ate anal ogues; FIGURE 2 is the synthetic
schene for chol esteryl hem succinate anal ogues; FIGURE 3 is the
synthetic schene for cholesteryl formate analggues; FIGURE 4 is

a graph of the effect of different co-lipids on the transfection activity
of a cationic |ipiqigi SR SIRP 1oeL98H5el hsing chlorofcﬂng{@@rﬁﬂo‘i'%ater

graph of the effect of the ratio of co-lipid to a cationic lipid of the
present invention qes:i25e4,ransvent i a8 agid Vidkyel6pifgd stavent and had a
wmelting point of 119-111°C. Mass spectrometry (FAB+)
showed an m/z of 557 which would correspond to the
8 protonated wmeolecular don (MHH)™. The product was
characterized by proton NMR.
EXAMPT.E TX

Cholesteryl-3f-0Oxvauccinanidoethylenetrimethylammoniun

Todide (IX):

10 The quaternization of compound VIII was carried
out with methyl iodide in absclute ethanol as described
earlier for the synthesis of compound VI. Allowing the
solution to cool to room temperature afforded 0.5 g (803
yield) of the cuaternary ammonium salt. Subseguently, the

15 product was recrystallized from absclute ethanol giving a
fine white powder which melted with decomposition at about
196°C. The product ran as a single spot on a TLC plate (R
= 0.43) using chloroform:methanol:water (65:25:4) as the
developing zolvent. Mass spectrometry fFA+) indicated a

20 molecular ion with an m/z of 572 (M"). The product was
characterized by proton NM.

EXAMPLE X
3-Bi-Dimethvlamino-2-Propvyl-Cholesteryl-38-Oxysuccinate
X):

25 Acylation was performed using CDI activated
cholesteryl hemisuccinate according to the procedure
desgcribed earlier for compound V. After the addition of
1,3-bi-dimethylanino-2-propancl (7 mL, 41.6 mmol), the

mixture was stirred for 72 hours, after which the solvent
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8 i FIGURE 6 is a graph of the effect of lipid dpse on the
transfection activity in L929 cells; FIGURE 7 is a graph of the
effect of DNA dose on the transfection activity of the lipid dispersion in

L929 cells;

FIGURE 8 is a representation of a gel show ng

complex formation of DNA with the cationic |i @z dispersion; and

FIGURE 9 is

a graph of the transfection efficiency and toxicity of

a cationic |ipid owashaepovednunder vacuum. The product, extracted from the

10

15

20

25

residue with diethyl ether (3 x 75 mL), gave an oil
following removal of the ether. The addition of pentane
precipitated additional ™ impurities; after rotary
evaporation, the resulting oil could not be successfully
crystallized using a variety of solvents or by
lyophilization. Mass spectrometry (FA+) indicated &
protonated molecular ion with an m/z of 616 (M+H)*", the
product was characterized by proton NM.
EXAMPLE XI

1=Dimethylamino-3-Trimethylawmonio-DI—2-Propyl-Cholesteryl-
38-Oxysuccinate Iodide Salt (XI:

Methylation of compound X was performed using the
method described previously (Example VI). After 1 hour,
the solution was cooled and the methicdide recrystallized
twice from absolute methanol to give needle shaped crystals
which melted with decomposition at about 222°C. The
product ran as a single spot on a TIC plate (R = 0.17)
using chloroform:methanol:water (65:25:4, v/v/v) as the
developing sclvent. Mass spectrometry (FA+) indicated a
molecular ion with an m/z of 629 (M*') consistent with the
methylation of 1 of a possible 2 tertiary amine sites. The
preoduct was characterized by proton NM.

EXAMPLE XIT

2-{[2~(dimethylamino) ethy]l inethviaminolethvl-cholesteryl—
3R-Oxysuccinate (XIT):

The synthesis of compound XII was analogous to

the method described for the acylation of compound VIIY
except that 2-{[2-dimethylamino)ethyl]-methylamino)ethanol
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I nven 4/12/96 16:03 2150?” e?sgt‘lo facili twg%sgna further understanding or the
present | nvent ion, the follow ng Exanples are given ptinmarily for the
pur poses of illustrating certain nore specific details thereof.
Mat eri al s: chol esterol (99 + % grade), chol est er ol

hem succi nate, 1,1'-carbonyldiim dazole, were purchased from Sigma

Chem cal Co. St. Louis, MO Magnesiun powder- 50 nmesh (99 + %, thionyl
brom de (97%, 1, 3-propane sulfone (99% A8 i odonet hane (99%
trans-1,2- dichloroethylene (98%, Mvdinethylaniline (99%, N, N

di met hyl et hyl enedi{@mi Wer (@5% mmall. E’la§ d‘F‘?ﬁst ﬁW&ﬁl fkonholy psgdy) ag nthe

\(Ne?e7 %)z - o [nucleogaglﬁt. hy! % tg?:) e rac ryl amo)cfiter&yciether, (;: e

product was lyophiliged dry and further purified by
preparative TIC using chloroform:methanol:water (65:25:4,
5 v/v/v). After the band present at R = 0.80 was collected
and extracted with chloroformimethanol, (2:1, wv/v), the
residue was purified further using chloroform:ethyl acetate
(3:1; v/v) as the second TLC developing solvent. The band
vhich was present at about R = 0.2 was collected and the
10 silica was extracted with chloroform:methanol (2:1, v/v).
The product, which ran as & single spot on a TLC plate (R
= 0.72) using chloroform:methanol:water (65:25:4 v/v/v) as
the developing solvent gave a melting point of 50-52°cC.
Mass spectrometry (FA+) showed a protonated molecular ion
15 with an w/z of 615 (M+H)*'. The product was characterized

by proton NMR.
EXAMPLE XJIIT

2-{[2-Trimethylammoniclethylmethvlamino}ethvl-Cholesteryl-
38-0Oxysuccinate Todine Salt (XIYI):

20 The acylation of compound XIT (0.5 g, 0.8 mmol)
was carried out under reflux conditions with methyl iodide
in absolute ethanol as described in Example VI. The
precipitate was recyystallized twice from absolute methanol
and stained as a =ingle spot on a TLC plate (R = 0.22)

25 using chloroform:methanol:water (65:25:4; v/v/v) as the
develeoping solvent. The crystals melted with decomposition
at about 172°C. Mass spectrometry (FA+) gave an m/z of 629

for the molecular ion (M'") conaistent with the methylation
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obtained from Al drich Chem cal Co-, M| waukee, W. Chol esteryl
chloroformate (95%, and polyethyl eneim ne were obtairmed from Fluka.

Met hanol , dichl oronet hane, and 9
acetonitrile were HPLC grade solvents. Al other chemcals and solvents,
unl ess specified were reagent grade. A synthetic scheme for

chol esteryl

car boxyl ate anal ogues is shown iqgFl GURE 1.

EXAMPLE | Chol esteryl Bromde (1)

of only one the possible two tertiary amine sites. The
product was characterized by proton NM.
The scheme for the synthesis of cholesteryl
formate analogues is shown in FIGURE 3.
EXAMPLE XTV

3B[N=-(N’ N’-dimethylaminocethane)~carbamovlicholesterol
XIV):

Compound XIV was synthesized by mixing a solution
of cholesteryl chloroformate (0.5 mmol) in chloroform with
a solution of N,N-dimethylethylenediamine (9.1 mmol) in
chloroform in a dry ice-ethanol bath. The solvent and the
unreacted amine were removed in vacuoe. Compound XIV was
purified by two successive recrystallizations in ethanol.
{Yield, 65%) TLC (chloroform:methanol=65:35) chowed a
single spot (R = 0.37) when developed with iodine. The
product was characterized by proton NM.

EXAMPLE XV
3Q[N-(pclgethg;gggimine)-gg;pamog;]cnolestergl Xvy:

Synthesis of compound XV was similar to that of
compound XIV. Cholesterol chloroformate (0.1 mmol) and
polyethyleneimine 600 (6 g} were mixed in chloroform in a
dry ice-ethanol bath. After the volatile material of the
reaction mixture was removed in vacuo, the solid crude
product was dialyzed against 4L distilled water for 3 days
{during which the water was changed several times).
Finally, the product was lyophilized to dryness, giving an
estimated yield of 81%; Compound XIV ran as a single spot

on TLC (chloroformimethanol=65:35).

REPLACED
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Chol esterol, (25 g, 64.6 mmol) was dissolved in 10 nL of dinethylaniline
(78.9 mmol) and 5 nL of chloroform Wiile stirring on ice; snal
gquantities of thionyl bromde (6 nL, 77.6 mmol) dissolved in 20 nlL of
cold chl orof ormwas added slowy over a period of 15 m nutes. After the
addition of thionly brom de was conplete, the m xture was stirred for an
additional 2 hours at roomtenperature. Thegesulting solution was
poured into 200 nL of ice cold 95% et hanol and left on ice for 2 hour
until crystallization was conplete. The EXAMBLE XW¥hs filtered and washed
with 25 nL of ice cold 95% ethanol. A small anobunt of product was
recovered fromt heZEepara aft icationy pidh difspersdbngitstil | ed water
followed by refrigeration. Finally, the product was recrystallized fraom
120 nL of acetone giving 21.¢rtjapic rhelastasal gegivatives were mixed with

a phospholipid in chloroform solution at different molar

ratios. The solvent was removed by evaporation under a
stream of N, gas and desiccated jin vacuo for at least 30
minutes. The dry lipid film was hydrated in 20 mM Hepes
buffer, Ph 7.8, overnight. The suspension was sonicated in
a bath-type sonicator (Laboratory Supplies, Hicksville, NY)
to generate small particle dispersions (average diameter =
150 nm).
EXAMPLE XVIT

Transfection of cells:

Plasmid pUCSV2CAT (approximately 5kb in size)
containing the structural gene of E. coli chloramphenicol
acetyl transferase (CAT) driven by the SV40 virus early
promoter was used as a model for the polyanions to be
delivered by the cationie 1ipid dispersions. DNA was mixed
with cationic lipid dispersions in 1 ml serum-free M199
medium or McCoy's medium to form DNA/lipid complex.
Cultured mammalian cells of about 80-100% confluency in a
6-well plate were washed once with serum-free medium. The
DNA/lipid complex was added to the washed cells which were
incubated at 37°C for 5 hour=. The cells were washed again
and the serum-containing wmedium was added. Cells were
harvested 30-72 hours later and extracted for cellular
proteins. The CAT éctivity in the extracted protein was
measured by using either ['“C] chloramphenicol or [*H] acetyl

CoA as a radiolabeled substrate. One activity unit of CAT
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(yield,~ 75%9 with a nelting point of 93-95%C (lit 97-98[err]C). The
i dentity of the product was conf irmed with nass spectronetry (ElI) which
showed an intense peak with an m2 of 448, corresponding to the
nol ecular ion (Merr]) of cholesteryl bromde. Also, the bromde
nmol ecul ar weight pattern characteristic of the two different isotopes of
brom ne (79Br:81Br, 1: 1) was observed. 21 10
Chol est-5-ene-3[err]-Carboxylic Acid (I1): The synt hesi s of
chol esteryl - 3[ err | iz addfinddatas wasle of radiolabeled substrate converted to
‘the radiolabeled product in one minute. Protein content in
the cell extracte was measured by the Rradford (BIORAD)
assay.
XVIYY

Isolation of protein kinase C:
As rapidly as possible, brains for 26 Sprague-

Dawley rats (150-200 g) were removed, washed with 100 mL of
20 mM TRIS, 1 nM EDTA, 1mM EGTA, Ph 7.5, and homogenized in
150 mL of ice c¢old 20 mM TRIS, 10 M EGTA, 2 mM EDTA, 10 mM
DTT, 0.25 M sucrose, 2 mM PMSF and 100 pg/nl. leupeptin, pH
7.5. The homogenate was jmmediately centrifuged at 100,000
g for 40 minutes at 4° C in a Bsckman Ti 50.2 rotor. The
supernatant was applied to a 2.5 X 20 cm column of DEAE
Sepharose (fast flow) containing 60 =mL of resin
equilibrated with 20 mM TRIS, 1 mM EDTA, 1 mM DIT, pH 7.5
(buffer A). The column was washed with 300 mL of buffer A
and an additional 200 mL of buffer A containing 0.03 M KClL.
Protein kinase € was e¢luted with a 500 mL continuous RCl
gradient (0.02 ~ 0.3 M KCl). PFractions of 5 nL volumes
were collected. Fractions showing calcium and phospholipid
dependence were pooled; the salt concentration was adjusted
to 1.5 RC1 with the appropriate quantity of solid RCl. The
crude sample containing 1.5 M RCl was stirred for 15
minutes and subsequently loaded onto a 1 X 10 cm column
containing 9 mL Phenyl separose equilibrated with 1.5 M KCl1
in 20 mM TRIS, 0.5 mM EGTA, 1 mM DIT, pH 7.5 (buffer B).
The column was washed with 90 mlL of buffer B containing 1.5

M ECl. PKC was eluted with a 100 mL continuous RCl
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performed using a Gignard reaction. All glassware was oven dried at
110[err] C overnight, In a 500 nL three-neck flask sét up for reflux, a
sol ution of nethyl magnesium iodide was freshly prepared by treating 9 g
of oven dried (110[err]C) magnesi um powder in 100 nL anhydrous di et hyl
ether wth 10 nL of nmethyl iodide. After the_vigorous reaction subsided,
chol esteryl bromde (25 g, 56 mml) dissol ved 22 100 nL of anhydrous

over hél L b ?grhgﬁf S sent fias S el rERLe R e 96 o ypd itk Uere
enou eat requi
9 qu ceog.lr QR4 ngﬂgea%ﬁpw-ase{igg 5&%&9% S(ﬂ%‘i Car ‘i”%o h?

cooling, the Gignar eagent was to fine groun

di oxi de, and after Je QlFged i€, CORPAEXaP@Ene K ¥ZgdtPyityealieal wu
ice cold 1 Msulfuric aci o? After theostergl dﬂ\%\/ggl exterggt e%l wi th di etﬁeln
ether (3 x 250 this stage.. Fractions showing calcium and phospholipid

dependence were pocled and concentrated to 4 mlL using an
Amicon ultrafiltration cell fitted with a ¥YM-10 filter.
The concentrated sample was loaded onto a 2.5 X 100 cm
column containing 400 ml of Sephacryl S§-200 HR beads
equilibrated with buffer B containing 10% glycerod (buffer
C). Fractions of 3 mL volumes were collected. About 150 mL
of buffer was run through; PRC eluted very ¢lose to the
column void volume. The fractions showing calcium and
phospholipid dependence were pooled and loaded onto a 0.5
¥ 5 om column containing 2.5 nl, polylysine agarose
equilibrated with buffer €. PKC was eluted with a 40 mL
continuous KC1 gradient (0-0.8 M KCl). Fractions of 1 mL
volumas were collected. The first few active fractions
were contaminated. The uncontaminated fractions were
pooled, concentrated, and diluted with buffer C to remove
the high salt content. After reconcentrating, the sample
was divided into working portions, frozen in liquid
nitrogen and stored at -80°C. Full activity was regained
after rapid thawing. Trace impurities (116 k, &6 k, and 50
XK Mr) could still be detected when the gel was silver
stained heavily. The enzyme gave a specific activity of
200 nmoles phosphate incorporated per minute per milligram
of protein when assayed for histone phosphorylation using
the 'I'rif.:on mixed micelle assay with 6.5 mole %

phosphatidylserine, 2.5 mole % DAG and 100 uM calcium
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m.), the ethereal |ayer was;Wwashed with 10 mX sodium thiosulfate (3 x 50
m.) to renove a persistent orange color. After renoving the water |ayer,
the ether layer was washed with distilled water and filtered to renbve an
i nsol ubl e residue. The ether |ayer was subsequently dried over anhydrous
sodi um sul fate and rotary evaporated to give ;4 white-yellow oily
suspension. Tituration with pentane vyielded % 6 g of
chol esteryl -3[err] aeY | adviadHi@! dot B T
mel ting point of 212-21 5[e¢r]é%(llt gl%?;4?g%§g?§?ihgqﬁhss spgg??gﬁg?%glmg
(El') showed an nl z tef 6404 nabléBfmin/i Gaviedbdedn cbibyved THEr pPRAUGEIHGSthe
characteri zed by

Triton mixed micelle assay under the same conditions.

EXAMPLE XIX
5 Mixed micelle assay of protein kinase C:

Phosphatidylserine and 1,2-dioclein with and
without additive were dissolved in a solution of
chloroform/methanol (2:1, v/v). Solvent was evaporated
with a stream of nitrogen and last traces removed using a

10 vacuum desiccator at 40°C. The lipid films were then
solubilized by the addition of 3% Triton X-100, vortexed
vigorously for 30 seconds and then incubated at 30°C for 10
minutes to allow for equilibration. At 25 gL, an aliquot
of this solution was used in a final assay volume of 250

18 pL, containing 20 mM TRIS-HC1, pH 7.5, 10 mM MgCL,, 200
#g/mL histone III-S, 100 uM CaCl,, 10 uM[y-*?P] adenosine 5'
triphosphate, 2.75 mM Triton X-100, with 300 uM (6.5 mole
percent) phosphatidylserine and 107 gM (2.5 mole percent
1,2-dioclein. For controls, 25 uL of 20 mM EGTA replaced

20 the CaCl,. To initiate the reaction, 150 ng of protein was
added. After briefly mixing, the tubes were incubated for
10 nminutes at 30°¢C. The reaction was terminated by adding
1 n, of cold 0.5 mg/ml. BSA and 1 mL of cold 25%
trichloroacetic acid. This mixture was passed through a

25 GF/C Whatman filter and washed five times with 2 mL of 25%
trichloroacetic acid. After drying, the filters were

counted with 6 nL, ACS scintillation fluid.

REPLACED
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11 proton NVR The product was |yophilized overnight to give an anhydrous
starting material for acylation reactions. £ EXAVPLE
11" Cholesteryl-3[err]- carboxyan1|doethvlened|nethylan1ne (rrry:
The acylation of chol osteryl carboxylate was carried out under a dry
argon or nitrogen atnosphere in oven dried glassware. Chol esterol
carboxylate (2 g, 4.8 mmwl) was suspended inyg nL of dichloronethane (HPLC
grade wunder 4 A nolecule sieves). A 1.5 nolar excess of 1,1'-
carbonyl dii m dazole (CDI, 1.2 g) dissolpxasprrnxx15 nL dichl or onet hane
was added to the cholesteryl carboxylate suspen5|on is small vol unes mnth
Intermttent shaki Egprmatie of piicm v dispexdix il pati
stirred overnight. N, N—d|nethylethylenedlanlne (5 nL 43 2 nnDI)

cholestero) derivatives

None of the cationic cholesterol derivatives by

5 thenselves form stable homogenous dispersion by sonication
in a low ionic strength buffer. It was necessary to add a
phosipholipid, acidic or neutral, to form mixed 1lipid
dispersion. For example, compound VIII reguires a minimal
of 1 part of PC or FC and 9 parts of compound VIII to form

10 a uniform dispersion. In the case of compound XIV, a
minimal ration of phosphatidyl choline (PC) or phosphatidyl
ethanolamine (PE) to XIV = 4:6 is required. Such non-
cationic 1lipid used in the dispersion is called co-lipid.

EXAMPLE XXI

15 eli of DNA _into alian cells cationic lipid
dispersions

Plasmid DNA, pUCSVZCAT, was used as a model

compound for polyanions because it contains a structural

gene for CAT. The efficiency of intracellular delivery can

20 be readily assayed by the expression of CAT activity in the

extracted proteins of the treated cells. Table 1 lists the

CaT activity of mouse 1929 cells which have been

transfected with this plasmid DNA as mediated by various

cationic lipid dispersions. In addition, we have also

25 measured the inhibitory activity of the pure cationic

cholesterol derivatives on diolein, phosphatidyl serine

(PS), and Ca® stimulated protein kinase C¢. This activity

wvas expressed as an IC,, which iz the concentration at

which 50% of PRC activity was inhibited. As can be seen
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was subsequently added and the resulting solution was stirred for 36
hours at room tenperature. Di'chl oronethane was renoveg-by rotary
evaporation, after which the reaction was quenched with a small vol une of

distill ed water.

The acylated steroid was extracted with diethylether (4

x 50 M.). Subsequently, the pooled ether fractions were back extracted
wth distilled water (3 x 50 nL), dried over nhydrous sodi um sulfate,
and rotary evaporated wunder reduced pressuré. The residue was then

triturated with pegyan the : I o] it as
funnel. A vol um nous g%%er ?‘_L. ?ﬁgg*,’l& g,%% y?gf’gﬁqv\gg% gfbdtj’%tieﬁggug%lﬂ ?'6356
to be pure by TLC Roz@ 7@Rreisd NORCCHIBH Q6L EhfedR0l hd8! & good delivery

(65:25:4,v/v/v) as the devel oping solvent. The. product gave a nelting
poi nt of 167-169[ enmeh@cleMfor IpBCt r ot rexgupid,) odmpwrrhdan IVt eXBe YEakndt

an m z

XIIY, all having a IC, value less than 20 gM, produced
minimal CAT activities in.the treated cells. Among the
ones which gave rise to high CAT activities, derivatives
with a single tertiary amino group (compounds VIII, VI and
III) were more effective in delivering DNA than similar
analogs containing a single gquaternary amino group
(compounds IX and IV}. Furthermore, among the derivatives
with the same amino head group, those containing a longer
spacer arm (compounds VIII and IX) delivered a greater
quantity of DNA than those containing a shorter spacer arm
(compoundeg X, XI, V, VI and XV) were dgenerally less
effective dalivery vehicles.

Compound VII deserves some special attention. It
contains only a single primary amine group with a short

spacer arm, yvet the transfection activity was relatively

high.
TABLE [
PKC Inhibition Relative CAT
Compound Icsufgm Activity
III 258 18
IV 12 0.7
v 643 2
Vi 11 1
VII 246 68
VIII 191 100
IX 59 50
X 408 0.5
XTI 15 11
XII 164 19
XITY 20 14
X1V - 75
xv — 11
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12 of 485[er]rresponds to the protonated nolecular ion of 485 [err]luct

[ err] Car boxyani doet hyl enet ri nmet hyl anmroni um
of Conpound 111

bi car bonat e.

was eharacterized by proton NVR  ( MtH) EXAMPLE 1V
The quaterni zation
was performnmed [err] lodide and potassium
Briefly, 1 g (2.1 mmol ) of?z%orrpound 11 was dissolved in
nmet honal in the presence of 2 g ( nmol ) of potassium

40 m.,

of

f or

bi carbonate and 2 niL (32.1 mmol) of matwl The reaction used
sufrred 24 hours at roomtenperature.

10

15

20

25

The_jmportance of the co~1lipid

The experiments described in Example XXI wers
done with a 1lipid dispersion containing a cationic
cholesterol derivative and a co-1ipid dieoleoyl
phosphatidylethanolamine (DOPE). We have studied the role
of co-lipid in the delivery efficiency. FIGURE 4 shows the
data of an experiment in which compound VIII was mixed with
a variety of different co~lipid, neutral and acidiec, at a
molar ratio of 1:1., The DNA delivery activity of these
mixed dispersions were then studied. As can be seen, only
DOPE supported the delivery activity of compound VIII.
Other neutral lipids such as dioleoyl phesphatidylcholine
(DOPC), N-methyl-DOPE, N,N-dimethyl DOPE had little or no
activity. Noné of the acidic¢ lipids, such as PS and
phosphatidylglycerol (PG) showed any activity.

The molar ratic of DOPE and compound VIII in the
dispersion also played an important role. FIGURE 5 shows
that maximal DNA delivery activity of the dispersion
occurred when the dispersion contained 20-50% compound
VIII. Too much or too little of compound VIII in the mixed
dispersion did not yield good delivery activity.

| EXAMPLE XXIYT
timgization digpersion-to- ratio for delive

A 1:1 miwture of compound VIII and DOPE were used
to study the optimal ratio of dispersion~to-DNA for
delivery. FIéURE 6 shows the data of an experiment in
which various amounts of dispersion were added to a fixed

amount of DNA (5 ug) for transfection. Maximal activities
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solvent was subsequently renbved under vacuum and the~ renmai ning

bi carbonate was neutralized with 1 M HCL until the solution gave a pH
readi ng of 7. Water was renoved by | yophi l'i zati on and the product was
extracted frominorganic salt inplulaton using a snall volune of ice

col d .net hanol

After [err] the solvent, the product was

recrysallion from absolute ethanol and was further purified on a

reverse phase

c locurreds iatg 69-80 nmpllesf bfddispersion. acReothéni ugedr fo

trifluoroacetic acid gradient (100%to be pure with [err] in.60
mnutes). The powddolgss dispersion and varied the RmoUEt-0of10PNasi figr
chlorofornlnethanol w ater be pure with [err] t he

devel opi ng sol vent ¥
about 190[err]C, a
(Merr] ) accordin
characterlze% by pr%to

10

15

20

25

rensfestigpuwiFie 7). The t(eaa-gbanepeewrve in thei Eignreat
ad. _a npl ecul ar th [err] 500

3:\63%9? BhEE L4 dhrétg PR gave the maxinal sctiydYmnsThIS

opt mal ragfﬁ o% 'dispersion-to-DNA was 70 mmole lipid
for 5 ig DNA.
EXAMPIE XXTV

c ex formation o ith cationie i ispersions

It wvas expected that polyanions complex with the
cationic lipid dispersion via electrostatic interactions.
Again, a 1:1 mixture of compound VIII and DOPE was used for
the study. We have characterized the dispersion/DNA
complexes by agarose gel electrophoresis. As shown in
FIGURE 8, 1 ug plasmid DNA electrophoresed as two closely
located bands in the gel (lane 1)}, which c¢ould be
completely digested if DNAse was included in the incubation
buffer (lane 7). Incubation mixtures containing increasing
amounts of dispersion showed decreasing intensities of DNA
bands (lanes 2, 3, 4, 5 and 6). Furthermore, all of the
uncomplexed, free DNA could be digested by DNA se, but only
a portion of the complexed DNA was digested (lanes 8, 9,
10, 11 and 12). These results clearly showad that the
lipid dispersion form complexes with DNA which are either
larger in size and/or less negatively charged such that the
complex does not enter the gel during electrophoresis.
Furthermore, the complex is partially resistant to DNAse,
vhereas the free, uncomplexed DNA is not. It should be
noted that at the optimal dispersion/DNA ration nearly all

DNA ware complexed with liposomes (not shown in FIGURE 8).
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13 ' .. EXAMPLE V 1, 3-Bi s Di net hyl am no- 2

- Propyl -chol esterl -3[err]-Carboxyl ate Acyl ution was

performed wusing CD activated chol esteryl -3[err]-carboxyl ate

anal ogous to the met hod described for conpound I, except that

2, 3-bis- di met hyl am no- 2-propanol (8 nlL, 47.6 mmol) was the

nucl eophile. After the addition of the nucled®ile, the reacti on was

stirred at roomtenperature for 72 hours. The di chl oronrt hane eas
EXAMPLE XXV

renoved and the remaining oily residue

lationghi ween delivery activitv and cvtotoxicity o

the cationic lipid complex
This was studied by using a dispersion composed
5 of compound XIV and DOPE (3:2, melar ratio). 2431 human
epidermoid carcinoma cells were used for the transfection
experiments. A fixed amount of DNA (4 pg) was mixed with
an increasing amount: of cationic lipid dispersion or a
commercially available transfection reagent, Lipofectin,
10 and added to the A431 cells for transfection (FIGURE 9).
The toxicity of the treatment to the cells was measured as
the total amount of cellular protein extractable at the
time of CAT activity assay. As can be seen from the
FPigure, Lipofectin treated cells showed a greatly reduced
15 protein content with 50% inhibition eccurring at about 7 kg
lipid/ml. Cells treated with the dispersion containing
compound XIV and DOPE showed 1less toxicity: the IC,
ogcurred at about és pg lipid/ml. The novel cationic
cholesterol dispersion had also produced higher CAT
20 activities than Lipofectin. It is important to note that
maximal CAT activity of cells treated with Lipofectin
occurred at the Lipofectin concentration of 15 ug/ml. At
this concentration only about 12% of thes total cellular
proteins could be recovered from the culture. On the other
25 hand, maximal CAT activity of cells treated with the
cationic cholesterol dispersion ocourred at 20 pg/ml; about
80% of the total cellular protein still remained in the

culture at this concentration. Thus, the novel cationic
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was di ssol ved I's choroform Inpurities precipitated.-amth a large

vol yme of petroleum ether ‘(bp, 35-60 [err]C). The " filtrate was [err]
evaporated to dryness, re-dissolved in pent ane, and filterred

once once again. After drying, the pent ane sol ubl e mat eri al
was dried and re-dissolved in a smal |l volu of nethyl ether and added
to a large volunme of hot diethyl ether:atetonitrile (30:70, v/v).

The product cryst ft Wi e (o]
evaporate. Mass spg&{r%%chg%h e&:]rsgogt a%'r nﬁu:g f&%f%% f(l)l(rH-'ttﬁJl’eL pr%?gﬁéfgd

I I (% h
E?(Aﬁ/IgEEa{/I on  (MedieAkl and F% rﬁs@‘i@ss""%ﬁxﬁ%e\g%tn% %Léﬁzﬁar %15.

Chol esteryl The intermdiate oim%y was prepared by
rently reflexing conpound v (0.5 g, 0.9 nmmol) and nethyl lodide (2 nL
321 mol) in 20 abi§i 1dtirand| ther mieucholestereol dexivatives
5 Lipid dispersions were prepared with various
cationic cholesterol derivatives and DOFE (about 1:1 molar
ratic). The transfection activities of the dispersions
were tested at different times after the dispersions were
stored at 4°C in PBS, pH 7.5. Of the derivatives listed in
1o Table I, only the dispersion=s containing compounds XIV and
XV were stable after storage; their transfection activities
did not c¢hange for at least 2 months. On the other hand,
the dispersions composed of other derivatives lose activity
after 2-3 days in storage. Compounds XIV and XV contain a
15 carbamoyl linker bond whereas other compounds contain
either an ester bond or an amide bond. It is known that
ester and amide bonds are more sensitive than the carbamoyl
bond to hydrolysis particularly in the presence of bases.
The cationic derivatives may catalyze the hydrolysis of
20 each other's ester bonds, leading to the inactivation of
the delivery activity. Compounds containing carbamoyl
linker bonds are less sensitive to the base-catalyzed
hydrolysis, yet they can still be hydrolysed by cellular
enzynes, i.e., they are biodegradable. This is in contrast
25 to the non-degradable ether bond in DOTMA which is the
active ingredient of Lipofectin. Thus, a carbamoyl bond
seems to be the best choice for the linker bond of the

cationic lipids as a delivery vehicle for polyanions.
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After eooling, the precipitate (0.5 g, yield 79%, was recrystallized
[err] from absol ute nethanol . The product :

14 " melted with deconposition at about 232[err]C and ran as a single

Spot on a TLC plate (Rf=0. 22) using chloroform nethanol : water
(65:25:4, v/v/v) as the devel oping solvent. The product had a

nol ecular ton wwth an mz of 557 (Merr]) wilth FAB+ nmass spectroscopy,
consistent wth the alcylation of one of the possible two tertigr %m' ne
sites. The product was char Mawicusedfoythe featugpg of the inventioh whic

are believed to be new are set forth in the appended

claims.

REPLACED
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EXAMPLE VI  Chol esteryl -3[err]-Carboxyani doet hyl eneani-ne (VII):

To a solution of ethylenediamne (5.11 g, 85 mml) in 20 nL

di chl oronet hane, a solution of CD activated cholesteryl carboxylate (0.7
g, 1.7 mol) in 5 nL of dichloronethane was added dropw se over a 1.5
hour period. Wen the addition of the activated sterol was conplete, the
reaction was stirred for 48 hours under nitroé n. After renoving the

sol vent under redug&&%;iéiggée, the residue. was dissolved in
chl or of or m et hanol /v) and extracted against water (3 x 50 ni).
The chl orof orm phase was supsequgnpb¥ngdi ﬁgr""lfhéli‘ﬂ‘ﬁ'é{ﬂ:[ﬂjlstﬁedl:k‘HhﬁEbi-abQ
the solvent renpved and the residue purified by preparative TLC

-using. chl or of or m fRiclaAel aBRAST 1KES wdnh] Jehv be) 15 AStld e thtty CoRprising:
sol vent. The band at about Rf 0.3 was

preparing a mixed lipid dispersion of a cationic
_1lipid with a co-lipid in a carrier solvent, the cationic

5 l1ipid having a structure including a 1lipophilic group
derived from cholesterol, a linker bond, selected from the
group éonsisting of carboxy amides and carbamoyls, a spacer
arm including from 1 to 20 carbon atoms in a linear
branched or unbranched alkyl chain, and a cationic amino

10 group selected from the group consisting of primary,
secondary, tertiary and quaternary amino groups, wherein
the ocatiocnic 1lipid is a weak protein kinase C (PKRC)
inhibitor and wherein the colipid ls selected from the
group consisting of phosphatidyl choline (PC), phosphatidyl

15 ethanolamine (PE), and dioleoyl phosphatidyl ethanclamine
(DOPE) :

adding the mueleic acids to said dispersion to
form a complex; and

treating the cell with the complex.

2. The nmethod of Claim 1 wherein said
dispersion of the cationic lipid has particles with an
average diameter of about 150 rm.

3. The wethod of Claim 1 wherein the carrier
solvent is selected from the group consisting of distilled
water, normal saline, and buffered saline.

4. The method of Claim 1 wherein the cationic
lipid is selected from the group consisting of cholesteryl-~

38-carboxyamidoethylenetrimethylammonium iodide,

T e —
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col l ected, extracted with chloroform nmethanol (1:1, v/v) and dried under
reduced pressure. The product (0.65 g, vyield, 81% rian as a single spot
(Rf = 0.33) and nelted wth deconposition at about 194[err]C. Mass

spectronmetry (FAB+) gave an niz of 457 for the protonated nol ecular ion

(MtH) +.  The product was characterized by proton NVR
15 A scheme describing the various3#@teps for producing

chol ester ol her sucglDAtG A4 9843 S fiSh] g iy 1lehebnSHEE Znolestery1-as-

5 oxysuccinamidoethylenetrimethylammonium iodide, 38({N-

(N',N'-dimethylaminoethane)carbamoyl)cholesterol, and 38-

(N=(polyethyleneimine) ~carbamoyl)cholesterol.

5. A substantially non-toxic cationic lipid for

facilitating the transfer of nucleic acids into cells, the
cationic lipid comprising:;
a lipophille group derived from cholesterol;

a linker bond;

S a spacer arm including from about 1 to about 20

carbon atoms in a linear branched or unbranched alkyl

chain; and

a cationic amino group selected from the group

compriging primary, secondary, tertiary and quaternary

1o amino groups.

6. The caticnic lipid of Claim 3 selected from

the group consisting of cholesteryl-3B-carboxyamido-

ethylenetriniethylammonium iodide, cholesteryl-38-
carboxyamidoethyleneanine, cholesteryl-38-
5 oxysuccinamidoéthylenetrimethylammonium iodide, 38[N-

(N',N'-dimethylaminoethane) carbamoyl]-cholesterol, and 38-

{N-(polyethyleneimine) -~carbamoyl }cholesterol.

) U RO
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Cholestéryl-1-3[err]-CkysuccTnanidoethylenedinethylamrne VIITI:

The .synthesis of conmpound VIII first required the acyl imdazolide of
chol esteryl hem succi nate which was prepared by reacting chol esterol
hem succinate with NN carbonyl diim dazole (CD) as described for the

synthesis of conpound 'ﬁ%at_ﬁﬁiﬁﬂ %Eﬂmﬁﬁgéﬁ@c % u%ﬁipaaégzgé g,
4.1 mmol ) suspended in 0 I chl'Orozet hane was adde .5 equrval ents
of CDI (1 g) dissolved in 15 nL of dichloromethane. The sol ution was
stirred overnight after which N, N-di net hyhpgimdgnedi amne (5 nl, 43.2
mmol ) was added. Dichl oronet hane was subsequently renoved by rotary
evaporation, distilled water mas added and the acylated sterol was

e I B R
anhydrous sodium acjgs into cells comprising preparing a mixed lipid
digpersion of a caticnic 1lipid with a co-lipid in a
suitable carrier solvent., The lipid has a structure which
includes a lipophilic group derived from cholesterol, a
linker bond, a spacer arm including from about 1 to about
20 carbon atoms in a branched or unbranched linear alkyl
chain, and a cationic amino group selected from the group
consisting of primary, secondary, tertiary and quaternary
amino groups. The method further comprises adding the
nucleic acids to the dispersion to form a complex. The
calls are then treated with the complex. There is also

disclosed a novel cationic awmphiphile useful for this

purpose.
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sul f at e.

washed with 200 nmL of pertane, and mi nor
TLC.

preparative silica gel
chl or of or m et hanol : wat er

Rf = 0.80 was collected and extractég dwi t h' chl or of or m net hanol
resi due was purified further
v/v) as the second devel opi ng sol vent.
extracted with chl orof orm net hano

The

as a single spot on TLC
chl or of or m net hanol : wat er

11
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The band at

et hyl
about Rf

acetate

The ether was renmpved by rotary evaporation. The product was
I mpurities were renoved using

v/v/v) the band present at about an

(2:1 viv).
(1:1,
= 0.2 was
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(65:25:4, v/iv/iv) as the devel oping solvent and had a ,melting point of

119-111Jerr] C
woul d correspond to the
product was

Mass spectronetry
protonated nol ecul ar

characterized-by proton NVR

( FAB+)

i on

showed an m z
(MtH)[err] The

of 557 which

EXAMPLE | X Cholesteryl-3[err]-CXysuch¢4hidoethylenstrinethylannonium

| odide (IX):

nmet hyl iodide in absol ute ethanol
Al'l owi ng the

of conpound VI.
afforded 0.5 g (80%

the product was recrystallized from absolute ethanol giving a
powder which nmelted with deconposition at about
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196[err] C. The product ran as a single spot on a TLC plate (R = 0.43)

usi ng chl orof ore: met hanol : wat er (65:25:4) as the devel oping sol vent. Mass
spéctronetry (PA+) indicated a nolecular ion with an mlz of 572 (Merr]).
The product was characterized by proton. NM

EXAMPLE X 1 3-Bi-Di nethyl am no-2-Pr Qﬁ,\/l‘?— Chol esteryl -3[err]-Oxysucci nate
(X Acyl ation was perforned using CDI activated cholesteryl
hem succi nate according to the procedure described earlier for conpound V.
After the addition of 1, 3-bi-dinethylam no-2-propanol (7 nm., 41.6 mol),
the mxture was stirred for 72 hours, after which the sol vent

x 0
Criy J,NH + i
DNCH,CH,NH; al

dimethylenthylencdiamine cholesreryl chloroformale

|

+ 9
CH3 s NcH,CHNEE
CHs

3B[N-(N',N'-dimcmylam.inocthanc)-carbnmoyl] cholesterol (OC-chol)

F16.3
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17 was renoved under vacuum ~The product, residue w tfh diethyl ether (3 x
75 mL), gave an oil followi ng renoval of the ether. The addition of

pent ane precipitated additional inpurities; after rotary
evaporation, the resulting oil could notﬁlf)/e successfully «crystallized
using a variety of solvents or by )%phi lization. Mass
spectronetry (FA+) indicated a protonated nolecular ion wwth an mz of
616 (MtH)[err]. the product was characterized by proton NM

EXAMPLE XI  1-Di net hyl am no-3 -Trinet hl ammoni o- DL- 2- Pr opyl - Chol est eryl -

—
h% 4

-
o

actlvity (mUWmg proteln)

AT

Cc
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Met hyl ation of conmpound X was performed using the method described
previously (Exanple VI). After 1 hour, the sol uti o was cool ed and the
met hi odi de recrystallized tw.ce from absolute nethanol to give needle
shaped crystals which nelted w t.h deconposition at about 222[err]C. The
product ran as a single’spot on a TLC Jgge (R =0.17) wusing

chl or of orm net hanol : water (65:25:4, v/v/v) as the devel oping sol vent.
Mass spectronetry (FA+) indicated a nolecular ion with an nfz of 629
(Merr]) consistent with the nethylation of 1 of a possible 2 tertiary
amne sites. The product was characterized by proton NM 2-f 2-

(di met hyl am no) ethyl] nethyl am no) ‘et hyl - Chol esteryl- 3[err]-Oxysucci nate
(XI1): The synthesis of conpound Xl | was anal ogous to the

met hod described for the acylation of conpound VIII

c
- 1
° 80
= ]l ——o— DOPECAT
AT
g 4 = DOPC.C
3
E
40 =
>
=
T 20-
3 0o 20 40 50 80

o Co-lipld In lipid dispersion

——— —

Fi16.5
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except that 2- ([ 2-dinethylam no) ethyl] -nethylam.po) ethanol

(7 mL, 42.0 nmmol) was the anino al cohol used as the nucl eophile. Af ter
extraction with diethylether, the product was |yophilized dry and
further purified by preparative TLC uzr chl or of or m et hanol : wat er (65:
25:4, vlvlv). After the band present % = 0.80 was collected and
extracted with chloroformnethanol, (2:1, v/v); the residue was purified

further using chloroform ethyl acetate (1:1; v/v) as the second TLC
devel opi ng sol vent. The band

200

100

actlvity {mUimg prolein}

0- . :rql‘rﬁil‘

T
75 100 125 150

CAT
~
i
v
o

nmol Liplds

FIG. b
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whi ch, was present at about-R = 0.2 was col |l ected and_the silica was
extracted with chl orof orm nethanol (2:1, v/v). The product, which ran as a
si*ngl e spot on a TLC plate (R = 0.72) using chl orof orm net hanol : wat er
(65:25:4 v/v/v) as the devel opi ng solvent gave a nelting point of
50-52[err]C. Mass spectronetry (FA+) “Eh@ved a protonated nol ecul ar ion
wth an miz of 615 (MtH)[err]. The product was characterized by proton
NVR. EXAMPLE XI'II  2-

([ 2- Tri met hyl anmoni o] et hyl et hyl am no) et hyl - Chol esteryl -
3[err]-Oxysuccinate lodine Salt(XlI1): The acyl ati on of conpound
Xl (0.5 g, 0.8 mol) -was carried out under reflux conditions wth nethyl
iodide in absolute ethanol as described in Exanple VI. The precipitate
was recrystallized twi ce from absol ute net hanol

100

actlvity (mWmg proteln)

CAY
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and stained as a single spot on a TLC plate (R = 0.22) using

chl.or of or m net hanol : wat er * (65: 25: 4; v/v/v) as the '-devel opi ng sol vent. The
criystals nmelted with deconposition at about 172[err]C. Mass spectronetry
(FA+) gave an mlz of 629 for the nolecular ion (Merr]) consistent with

t he met hyl ati on éﬂ 19 of only one the
possible two tertiary am ne sites. g' product was characterized by
prot on NM The schene for the synthesis of cholesteryl formate

anal ogues is shown in FI GURE 3.

W
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EXAVPEE XIV 3[err][N (N S N - di net hyl am noet hane).,rfér bamoyl ] chol esterol
(XIV) : Compound XI'V was synthesized by mxing a solution of
chol esteryl chloroformate (0.5 mml) in chloroformwith a solution of

NN- di net hyl et hyl enediamine (9.1 mol) in,_chloroformin a dry ice-ethanol
bath. The solvent and the unreacted am'%é?were renoved in vacuo. Conpound

XIV was purified by two successive recrystallizations in ethanol. (Yield,
6599 TLC (chl orof orm net hanol =65: 35) showed a single spot (R = 0.37)
when devel oped with iodine. The product was characterized by proton NM
EXAMPLE XV 3[err][ N (pol yethyl enei m ne)-carbanoyl ] chol esterol XV):

Synt hesi s of conpound XV was sinilar to that of
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conpound Xl V.

600_(6 g) were nmixed in chloroformin a dry ice-ethanol |bgth—"After—h
ial of the reaction mixture was renoved in ya : I
was di al yzed against 4L distilled water fqr Bﬁyﬁg8ﬁi n

vol atil'e mater
crude product

Chol esterol chl orofor.mate (0.1 nmml) and MAchEEWGSﬂEEIP

which the water was changed several tinmes). Finally, (the product
| yophilized to dryness, giving an estinmated yield of 81% Conpound XV
as -a single spot on TLC (chl orof orm net hanhol - 65: 35). -
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HOD FC G_NUCLEXC ACIDS INTO € i

The present invention relates to methods for
facilitating the transfer of nucleic acids into cells and
to a novel cationic amphiphile nseful for this purpose.

Some but not all catj:ohic amphiphiles are known

to facilitate the transfer of DNA into cells, i.e.,

transfection. Although the mechanism of this activity is

not yet clear, it probably involves the binding of the

DNA/lipid complex with the cell surface via the excess
positive charges on the complex. Cell surface bound
complex is probably internalized and the DNA is released
into the cytoplasm of the cell from an endocytic
com_partment. How the releasgd DNA moves intoc the nucleus
is not known.

A cationic amphiphile contains the folldwing four

129

important structural elements: . ;
A

lipophilic = Linker . - Spacer - Amino
.+ group bong: : arm group

The amino group is positively charged at neutral

' pI:I. ‘It may be a primary, secondary, tertiary or quaternary

ammonium group. The spacer arm is usually a hydrophilic,
2 tc 15-atom moiety which connects the amino group to the
lipophilic group via the linker bond. The linker bond is
either an ether, ester, amide or other hydrolyzable bond.

The 1lipophilic grou;ﬁ is a hydrophobic moiety
which allows the insertion of the cationic amphiphile into

the membranes of the cell or liposeome. It serves as an

P



Preparation of cationic |ipid dispersions: Ca

derivatives were mxed with a phospholipid in chlorofor Tﬁggd-@%g‘jﬁbgﬁéﬁ

di fferent nol ar ratios. The solvent was renoved by eyaporation under

streamof N err] gas and desiccated in vacuo for at |east{3p an
overnigr

The dry lipid filmwas hydrated in 20 nM Hepes buffer, pPh}7
The suspension was sonicated in a bat h-type soni cator (jLaboratory

Suppl i es,
di anet er
cells:

the structural gene of E. coli chloranphenicol acatyl transferase (CAT)

Hi cksvil | & NY) to generate @mal | particle dippersions (averag§

t.

i

150 nm. EXAMPLE XVII Transfection of

anchorP| Emrri theUcskionic( appeoimmagerppsike iattsche)to ctheai ni ng

driven by thsus\face iafie &ally or liposone.

N-{1-(2,3 -d:l.oleoxyloxy) propyl} :-l_t N, N-trimethyl
ammoniwn chloride (DOTMA) is the first cationic amphiphile
exhibiting the activity of transt'ection Its lipophilic
group is a double—chain, C€18:1 aliphatic group. It
contains a quatemarjr ammonium group comnected to the
lipophilic group via a 3-carbon spacer arm with two ether
linker bonds. Although the molecule is effective in
transfection, it is not biodegradable and is rather tox_ic
to cells. ‘

Another series of cationic amphiphiles used in
transfectioﬁ is the quaternary ammonium detergents. Either

single chain (such as cetyltrimethylammonium bromide) or

double chain {such as dimethyldioctadecylammonium bromide)

detergents exhibit activity to transfect animal cells. The
amino group in these amphiphiles is gquatermary and is
connected to the llpophillc group without the spacer arm or
l:.n}g,er bonds. - Another single-chain detergent,

stearylamine, contains a primary amino group connected to

" a single C13:0 chain without a spacer arm or linker bond.

This group of amphiphiles'is also toxic to the cells.

Two other groups of cationic amphiphiles for

transfection have been reported. The first group contains

two C18:1 chains as the lipophilic group. Both groups
contain a2 quaternary ammonium group, but the spacer arm
structure varies. 1In one case, the trimethylammonium group
is directly connected to the two C18:1 chains via a 3-

carbon spacer arm and ester bond. The anmphiphile, 1,2-

Cs
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pronoter was used as a nodel for the polyanions to be del& PMGEMENTtSHEET
cationic lipid dispersrions. DNA was nmxed with cationi ¢ |fi pid di sperstpnis
in1mM serumfree M99 nedium or MCoy's nedium to fo r‘rﬂﬂﬁghﬁgj\}e

complex. Cultured mammalian cells of about 80-100% conflluency in a I
pl ate were washed once with serumfree nedium The DNA{I| Iprad—corprexas
added to the washed cells which were incdbated at 37[ert]C for 5 hours
The cells were washed again and the serum cont ai ni ng nedi um was added:
Cells were hatiakaaxy-35-(trimethylagmenighprepancact HIOTRR) cdbl B aclose
proteins. The CAT activity in the extracted protein was neasured by using
either [[err] @nﬂﬂ%r%ﬂ%‘?ﬂ% B ¢thaxy [qaFege cPYFR #5ALa3-dirdarYLaBel ed

substrate. One( P MRS Sns®)T  butanoyl-sn-glycerol, ©DoBT, or

cholesteryl (4 '-trimethylamﬂonio') butanoate, ChoTB, the
trimethylammonium group is comaégéxf';bia a butanoyl spacer
arm to either the double-chain (for DOTB) or cholesteryl
(for ChOTB) group. Other amphiphiles, i.e., 1,2-dicleocyl-
3=succinyl-sn-glycerocl choline ester (DOSC) and cholesteryl
hemisuccinate choline ester, ChOSC, contain a choline
moiety as the quaternary ammonium group which is connected
to the double-chain (for DOSC) or cholesteryl (for ChOSC)
group via a éuccinyl spacer arm. The transfection
activities of these amphiphiles are generally weak.

Yet another class of amphiphiles, called
nlipopolyamine" has also been reported. The ammonium group
is L-5-carboxyspermine which contains 2 primary and 2
secondary ammonium groups. = Two exaﬁples cf this
lipoﬁolyamine are aicct§decy1amidolcglycylspermine, DOGS,
and, dipalmitoyl phospha;éidfl_ethano'lamidosperinine, DPPES.
The cationic group is connected to two different double-
chaifi, C16:0 lipophili; group via an amidoeglycyl (for DOGS)
or phosphorylethanolamine (for DPPES) spacer arm. These
compounds are especially efficient in transfecting the
primary endocrine cells without cellular toxicity.

A lipopolylysine reagent for transfection has
also been reported. The reagent -contains a polylysine
moiety as the ammonium group which is connec’cea to a
phospholipid (N-glutarylp_hosphati_dylethanolamine) .

Therefore, the spacer arm is the side cﬁain of lysine and

adeuk dunh Phemand A5 on e E ooty

seren e



21 is defined as nnol e of radiol abel ed substrate conv LAQQ"‘LW h%'EEET

radi ol abel ed product in one mnute. Protein content in the cell extr
was neasured by the Bradford (Bl ORAD) assay. 07 "Mf 1897
EXAMPLE XVII1 1solation of protein kinase C 4\5 rapidly as

possi bl e, brains for 25 Sprague- Dawl ey rats (150-200 ¢) wer
washed with 100 nL of 20 "M TRI'S, 1 nM EBTA, | nM EGTA, [Ph._7. 5. _and

b9, LS i i T B S ™

is a double-chain, C18:1 group connecting to the spacer arm .

via two ester bonds. Although the reagents is efficient in
transfection and non-toxic to cells, the activity requires
scraping the treated cells. ~This is clearly not a
convenient step and cannot be done f“or in vivo experiments.

An ideal transfection reagent should exhibiﬁ a
high level of transfection activity without scraping or any
other mechanical or physical manii:ulations of the cells or
tissues. The reagent should be non-toxic or minimally
toxic at the effective doses. It should also be
biodegradable to avoid any long-term adverse side-effects
on the treated cells.

Many reagents which £ulfill <these criteria
contain a linker bond that .is hydrolyzable in the cell.

. For examplé, DOBT -and DOSC, baqth contain ester linker
bonds, can be metabolized and catabolized into other lipid
species in the treated cells. However, cationic
amphiphiles containing dster. linker bonds are not staﬁle
wher;'stéred in an aqueous solution. This is probably due

to a ._base-‘catalyze_gi hydrolysis reaction mediated by the
amino group of the amphiphile.

Another Kkey factor on the cellular toxicity of
the cationic amphiphiles is their inhibitory effects on the
activity of protein kinase C (PKC). PRC is a key enzyme
which plays a cruci.a}. role in cellular signal transduction.
Cationic amphiphiles inhibit Pﬁc activity by mimicking the
endogencus inhibitor, sphingosine. PRC activity is also

imporxtant for the cellular endocytosis pathway which is

o e bt by



7.5.. The honogenate was i medi ately centrifuged at 100.QQ0_ g for 40

mnutes at 4[err]Cin a Beckman Ti 50.2 rotor. The su G"W-i\ﬁ gﬁg
to a 2.5 X 20 cmcolum of DEAE Sepharose (fast flo Ly

m. of resin equilibrated with 20 MM TRI'S, 1 nM EDT|
(buffer A).

addi ti onal

The col umm was washed with 300 mL of buffdr anAHﬁS

200 nL of buffer A containing 0.03 MKC . Pr el n ki nase

eluted with a 500 m" continuous KO gradient (0.03 -JO 3 X KA).

Fractions of 5 nmL vol unes
phosphol i pid dependence were pool ed;

n1\/IDTT Hj 7

were coll ecteds Fractions 9 m-an
the salt concentration was adjusted

5

NS

to 1.5 KO wiipkéle appr der i Ahwoljwedt idry thesaldtddfCl ofThehe creakeicraip! e
cont ai ni ng 1.5 MKO was stirred for 15- mnutes and subsequently | oaded

onto a 1
1.5 M KA

Recently it has been reported that a PKC activater,
phorbolmyristateacetate, can stimulate the transfection
efficiency of DNA mediated by .t-;he calcium phasphate
precipitates.

The present inventors have therefore synthesized
a series of novel caticnic aiphiphiles and screened their
activities to inhibit PKC. Several amphiphiles which
exhibit weak 4inhibitory activities towards PRC are
particularly suitable for transfectionms. In addition,
there has been prepared cationic reagents with ;'=1. carbamoyl
linker bond in order to overcome the problem of instability
in solution. The stability of the bond in agqueous solution
is much greatef than that of the ester bond, yet it is
hydrolyzable in the cell.

In brief, the present invention provides a method
for facilitating the transfer of nucleic acids into cells.
Thé method comprises preparing a mixed 1ipid dispefsion of
a catz.onic lipid with.a co-lipid in a suitable carrier
solvent such as dlstilled water or normal saline solution.
The cationic 1lipid has a structure which includes =z
lipophilic group derived from cholesterol, a linker bond,
a spécer arm including from about 1 to about 20 carbon
atoms in a branched or unbranched linear alkyl chain, and
a cationic amino group. The amino group is selected from
the group consisting of primary, secondary, tertiary and

quaternary amino groups. The method further comprises

10amphtphuhas tont faei bitakar tihcagtry e pdr BNA edukbi [Faklsk with

|edq.

pot 8 winuy Ie bodopibon b baadd &2 Ipep)
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in 20 MTRIS, 0. 5 nMEGIA, 1 mMDTT, pH 7.5 (buffer B)
washed with 90 nL of buffer B containing 1.5 M KCL. PH
a 100 nlL continuous KCl

(1.5 - 0 MKA). Fractions of 3 nL volunes were collectsg
washed with an additional 50 nL of buffeg B. Mdst of th

REPLACEMENT SHEE

(Ciwas el uted w

29 PAMAEIML

dl The col um

t h

¢ enzyne activi

eluted during this stage. Fractions show ng cal ci um ang

| phosphol |p| d

dependence Weé&dDﬂ?' ‘atheanfluedasentgeicd t6 4nel A gir<ion ATHC oform a
ce

ultrafiltration
was | oaded ontompléx> ThdOfells are then treated with the

complex.

In a preferred embodiment of the invention, the
dispersien has particles with an average diameter of about
150nm. The cationic lipid is preferentially selected from
the group consisting of . cholesteryl-tm-carboxyl-
amidoethylenetrimethylammonium iocdide, 1-dimethylamino-3-
trimetfxylammanio-ﬁn-z-propyl-cholesteryl carboxylate
iedide, cholestery1-3ﬁ-Cérboxyamidoethyleneamine,
cholesteryl=-38-oxysuccinamidoethylenetrinethylanmoniun
iodide, 1-dimethylamino-3-trimethylammonio-DL-2-propyl-
cholesteryl-~3f-oxysuccinate iodide, 2-[(2-
trimethlyanimonio) ~ethylmethylamino] ethyl-cholésteryl-aﬁ-
oxysuccinate iodide, 3B8[N-(N', N'-dimethylaminoethane)-
carbamoyl]lcholesterol, and 3f~[N~-(polyethyleneinine) -
~ carbamoyl)cholesterol. In a preferred embodiment, the co-
lipid is a neutral or acidic phospholipid which may be
preferentially selected from the group consisting of
phosphatidyl choline andl.phosphatidyl ethanolamine.

. In additioen, tﬁé p}.:esent invention also provides
a substantially non-toxic,substantially non-hydrolyzable
cationic lipid for fa;:ilitating the transfer of nucleic
acids into cells. The lipid comprises a lipophilic group
derived from cholesterol, a linker bond, é spacer arm
including from about 1 to about 20 carxrbon atoms in a
branched or unbranched linear alkyl cha.in, and a cationic
amine group. The amino group is selectsd from the group
comprising primary, secondary, tertiary or gquaternary amino

groups.

Wa
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fitted with a YM10 filter.- The concentrated sanple
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col um contai ning 400 m of Sephacryl S-200 HR beads EQLEEEM N IWMSHEET
buffer B containing 10% gl ycerod (buffer C). Fractions 3 nL_voruam
were collected. About 150 mL of buffer was run through; ﬁf?ehﬁg ﬁmye y
close to the colum void volunme. The fractions showi ngf calciu

phosphol i pi d dependence were pool ed and | oaded onto a 0.{5
containing 2.5 nmL polylysine agarose %QU|I|brated wifth buffer C  PKC
was eluted with a 40 nL continuous KO gradient (O- 0 8 NIKUIT’ Fractrrons

gggia?nagggujsT\r’l\g ﬁnggﬁiﬁﬁg{‘%ﬁﬂ] gééf;fgﬁé e&%&% (ra%g ‘fg ﬁsgn\ﬁﬁgf“ed
anddi |.ut ed wi tfy buf f ef #g renpye < P sgft co tneﬁ ﬁs _3Pr-ozen

reconcentrati ng, I nto I ng por

in liquid “'éé?ﬂ%&y@iﬂ&éé’ﬁﬁ?l@he’t&%ﬁ‘éﬁﬂﬁamﬁahku%ct | VEbY1¥RS, regained

dimethylamino—s-trimethylammonib-DL-z-propyl-cholesteryl

(@]

K
<

carboxylate iedide,;ﬁ&ﬁolesteryl-Sﬂ-
carboxyamidocethyleneamine, cholesteryl-38-
oxysuccinamidoethylenetrimethylamﬁcnium ledide, 1-
dimethylamino-3-trimethylammonio-DL-2-propyl-cholesteryl—-
38-oxysuccinate iodide, 2 - ( (2-trimethyl-~
anmonio)ethylmethylaminolethyl-cholesteryl-38-
oxysuccinateiodide, 38[N-(N' ,N'dimethylamincethane)-
carbamoyl]-cholesterol, and 38[N- (polyethyieneimine)é
carbamoyl]cholaesterol. '

The present invention may be better understood by
reference to the following Examples when considering in
conjunction with the drawings in which:

| FIGURE 1 is the synthefic scheme for cholesteryl
carboxylate analogues; |
) FIGURE 2 is thg synthetic scheme for cholesteryl
hemisuccinate analegues:

FIGURE 3 is the synthetic scheme for cholesteryl
formate analogues;

FIGURE 4 is a graph of the effect of different
co-lipids on the transfection activity of a cationic lipid
dispersion in L929 cells;

FIGURE 5 is a graph of the effect of the ratio of
co-lipid to a cationic lipid of the present invention on

the transfection activity in LS29 cells:

h et et




after rapid thawing. Trace inpurities (116 k, 66 k, and:5f
still be detected when the gel was silver stal ned hea\ﬂlrF*xL‘-!\UtMg'\gn QEEJE

gave a specific activity of 200 nnol es phosphate |ncor‘pcrat ed per m njt g
per mlligram of protein when assayed for histone pho prorﬂ/yaggﬂgg?p g
yl'se

the Triton mxed mcelle assay with 6.5 nmole %] phosphati i e,
2.5 nole % DAG and 200 [err] M cal ci um
23 © present.Specific activities rangi nggfrom 30 nnol gs/ m n/ ny t o- 60

nmol es/ m n/ ng have been observed for PKC using the
FIGURE 6 is a graph of the effect of lipid dose

on the transfection activity in 1929 cells;

FIGURE 7 'is a graph of the effect of DNA dose on
the transfection activity of the"_‘l__l,igid dispersion in L1929
cells; DT

FIGORE 8 is a representation of a gel showing
complex formation of DNA with the cationic 1lipia
dispersion; and .

FIGURE 9 1is 'a graph o¢f the transfection
‘efficiency and toxicity of a cationic lipid of the present
invention.

In order to facilitate a further understanding of
the present invention, the following Examples are given
primarily for the purpocses of illustrating certain more’
specific detzils thereof.

Materials:

Cholestarol (99 + % grade), cholesterol
hemisuccinate, 1,1'—car.hiony1diimidazole ; Wwere purchased
from Sigma Chemical Co., ';st.i\Louis, MO. Magnesium powder-
80 mesh (99 + %), thionyl bromide (97%), 1,3-propane
sulft‘:ne " (99%), - :I:;:domethane (99%), trans-1,2~
dichloroethylene (98%), M,M-dimethylaniline (9.9%'), N,N-
dimethylethylenediamine (95%), 1,3-bis-dimethylamino-2-
propanol ( 97 %) , 2 - { [ 2 -
(dimethylamrino)ethyl Jmethylamino}ethanol (98%), were
obtained from Aldrich Chemical Co., Milwaukee, WI.
Cholesteryl chloroformate (95%), and polyethyleneimine were

obtained frem Fluka. Methanol, dichloromethane, and

e an ana = L P L TR LI SRR S Y



Triton m xed mcelle assay under the sane conditions. : "'.ﬁ,.

EXAMPLE XI X M.xed mcelle assay of protein kinase C | REPLAGEMENT SHEET
Phosphati dyl serine and 1,2-diolein wth and W t hout additive werle
dissolved in a solution of _chl or of or nf met hanol  (2: L, | V@) JANSIg9yent
was evapor at ed with a streamof nitrogen and | ast tracpgs] renoved using a
desiccator at 40[err].C. The lipid filnms were then sol pbritirzed—by—th
addition of 3% Triton X-100, vortexed v?gorousl y for 3p_seconds and then
i ncubated at 30[err]C for 10 mnutes to allow for equilibration. At” 25

[err]L, an aliGu@itonitxdlle WegeSHPLE ig¥adeasolidfts." B11iddlepenakikahume of
250 Jerr]L containing 20 MM TRIS-HO, pH 7.5, 10 mM MgCL[err], 200

[err]g/ L histeam Iddiv@nts0 undeskMspacif ud WwerdOrbagehd|deddd. - [err] Pl
adenosi ne 5' tri phosphate 2. 75 nM Triton X-100, wth 300 [err]M (6.5 nole
A synthetic scheme for cholasteryl carboxylate

analogues is shown in FIGURE 1.

.
bt
o

EXAMPIE T ©

Choleste :

Cholesterol, (25 'g, 64.6 mmol) was dissolved in
10 wL of dimethylaniline ~ (78.9 mmol) and 5 nL of
chloroform. While stirring on ice; small quantities of
thionyl bromide (6 mL, 77.6 mmol) dissolved in 20 mh of
cold chloroform was added slowly over a period of 15
minutes. After the addition of thionly bfamide was
complete, the mixture was stirred for an additional 2
hours at room temperature . The resulting solution was
poured into 200 mL of ice cold 95% ethanol and left on ice
for 2 hour until crystallization was complete. The product
was filtered and washed with 25 nL of ice cold 85% ethanol.
A small amount of produ:::t was recovered from the filtrate
with the addition of 75 ut distilled water followed by
refrigeration. Finally, the product was recrystallized
from 120 nL of acetoneﬁgivinq 21.8 g of cholesteryl bromide
(vield, 75%) with a melting point of 93-95%C (lit 97-98°C).
The identity of the product was confirmed with mass
spectrometry (EX) which showed an intense peak with an m/2
of 448, corresponding to the molecular ion (M) of
cholesteryl bromide. Also, the bromide molecular weight
pattern characteristic of the two different isotopes of

bromine (79Br:81Br,1:1) was observed.



percent) phosphatidyl serine and 107 [err]M (2.5 nol e pergent

2,2-diolein. For controls, 25 [err]L of 20 nmM EGTA repl ERgp
CaCl[err]. To initiate the reaction, 150 ng of protein ¥ da Y

briefly mxing, the tubes were incubated_for 20 m nutes| a 30 err] C._Tlhe
reaction was terminated by adding 2, mL%f cold 0.5 /m_UESMNa?%?

of cold 25% trichloroacetic acid. @gﬁ%ure was pg
[err]/c Whatman filter and washed fi ith 2 nL o

1!71_
|

trichl oroacet ) il S were counted wit
6 m. ACS soi - ciﬁ Py s )

The synthesis of cholesteryl-38-carboxylate was

performed using a Grignard reaction. All glassware was
oven dried at 110°C overnight. ..n 2 500 ml. three-neck
flask set up for reflux, a solution of methyl magnesium
iodide was freshly prepared by treating 9 g of oven dried
(110°C) magnesium powder in 100 mI anhydrous diethyl ether
with 10 mL of methyl iodide. . After the vigorous reaction
subsided, cholesteryl bromide (25 g, 56 mmol) dissolved in
100 nL of a.ﬁhydrous diethyl ether was slowly added to the
methyl magnesium iodide solution over a three hour peried.
The solution was refluxed for 36 hours with enough heat
required to bring the diethyl ether to a boil., Subsequent
to cooling, the Grignard reagent was added to finely ground
solid carbon dioxide, and after 1 hour, the complex was
hydrolyzed by treatment with ice cold 1 M sulfuric acid.
After the steroid was extracted with diethyl ether (3 x 250
mt), the ethereal layer was washed with 10 mM sodium
thiésulfate (3 x 50 mL) to remove a persistent orange
color. After removing the water layer, the ether layer was
washed m.th dlstllled water and filtered to remove an
insoluble residue. The ether layer was subsequently dried
over anhydrous sodium sﬁlfate and rotary evaporated to give
a white-yellow oily suspension. Tituration with pentane
yielded 8.6 g of cholesteryl-3f-carboxylate (yield, 37%) as
a fine powder with a melting point of 212-21sS°C (lit 218-
220°C). Mass spectrometry (EI) showed an m/z cof 414 of the

molecular ion (M+'). The product was characterized by
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REPLACEMENT SHEET

EXAMPLE XX Formation of honpgenous dispersion. wth [Caot
chol esterol derivatives None of the cationic cholfe terol
derivatives by thenselves form stabl e honbgenous di sper$i ¢n bl/ Hhit®as i jon
inalowionic strength buffer. It was necessary to add phosphol i pi d,
acidic or neutral, to formmxed lipid digspersion. For e¢xanple, corrpound
VIIl requires a mnimal of 1 part of PC or PC and 9 par g

to form a Unbf@tﬂhdimer@M-préméb&m&yopﬁirmm%ﬁﬁ'\?hﬁ taridlivial
ration of phosphatidyl choline (PC) or phosphatidyl ethanolamne (PE) to
XIV = 4:6 i s aggahhgdrous Sstarting matariali foki poyllationi readtidnsper si on

Is called co-lipid. EXMPLE XXI Delivery of DNA into

mamal i an cells by catlonlcllpld EXAMPTE

Cholestervl-38=- idoe lénedimeth amine I):
The acylation of cho}esggr'yl carboxylate was
carried out under a dry argon or r;itrogen atmosphere in
oven dried glassware. Cholesterol carboxylate (2 g, 4.8
mmol) was suspended in 5 mlL oi dichloromethane (HPLC grade
under 4 A molecule sieves). A 1.5 molar excess of 1,1'-—
carbaonyldiinidazole (CDI, 1.2 g) dissolved in 15 mnL
dichloromethane was added to the cholesteryl carboxylate
suspension is swmall volumes with intermittent shaking.
When the reaction subsided, the sclution was stirred
overnight. N,N-dimethylethylenediamine (5 mL, 43.2 mmol)
was subsequently added and the resulting solution was
stirred for 36 hours at room temperature. Dichloromethane
was removed by rotary evaporation, after which the reaction
was quenched with a small volume of distilled water. The
acylated steroid was extracted with diethylether (4 x 50
mL) J Subsequently, the pooled ether fractioné were back
_ extracted with distilled water (3 % 50 mlL), dried over
anhydrous sodium ..s.ulfate , and rotary evaporated under
reduced pressure. The residue was then triturated with
pentane and the product collected on a sintered glass
funnel. A voluminous powder (1.7 g, 73% yield) was
o.btained and found to be pure by TLC (R£=0.72) using
chloroform:mathanol:water (65:25:4,v/v/v) as the developing
solvent. The product gave a melting point of 167-169°C.

Mass spectrometry (FAB+) showed an intense peak at an m/z
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di sper si ons Plasmid DNA, pUCSV2CAT, was used | REPLACEMERT 38 (%
conpound for pol yanions because it contains a structural } Th
efficiency of intracellular delivery can be readily asgs y@& b}@q@? 3
expression of CAT activity in the extracted proteins ¢f |t t t celd s}
Table 1 lists the CAT activity of nouse L929 celljsiwhich  have ueer
transfected with this plasmd DNA as mdd ated by variowus cationic IJpldg
di spersions. In addition, we have also neasured the 'ﬂﬁq-b-br-{-e-ﬁy-ae-’e-kw{-*y
of the pure cationic h@m%ﬁmndferﬁq/aﬁhﬂléérﬁpfbﬁ@@Wlm%%aipayl
serine (P),u@drﬁéf‘é‘? stlrrulated rote|n£< C This activity . was
expressed as an IC[erg mﬂ@ﬁ‘ |§’th eﬁr"m SR™00% of PKC

activity vasu)hi bi P As can bemﬁ_m

%} Jﬁ carb ugmidoethxlenetrigg:hglgmm g;gg
Cholestaf##”

Iodide (F¥#7 N ) i

. w Wternlzatlon of Compound IIT was performed

inirtef oy
{2 ae *‘.m

/. s4ide and potassium bicarbonate. Briefly, 1

r s }
using M/ Py compound IIT was dissolved in 40 nl; of :
g (2.1 Mi

j@ presence of 2 g (20 mmol} of potassium
Lo
methanol %7

!14 2 mL (32.1 mmol) of methyl iocdide. The

v 7
bicarbon# glifrred for 24 hours at room temperature. The

reaction Vfﬁ

re s i e lg
PRSI PR FL

guhsequently removed under vacuwum and the

' 77 . .
solvent ﬂg?ﬂ?""ata was neutralized with 1 M HC1 until
4R R

#
remaining e a pH reading of 7. Water was removed by

the solutid¥

w,lyﬂ
lyaphilizﬁ ﬁﬁ gsing a small volume of ice cold methanol.

gnd the product was extracted from inorganic

PR TL RS B VW e COmiA S M SN E ) BT U

) » ,;—g.gt.nq the solvent, the product was
from absolute ethanocl and was further

a reverse phase column using ah
purlfzed

acetonitrl f y/ i
Y

353 acstof b (R£=0.10) using chlorcform:methanocl:water
1rﬁ '

L Ao iba e @ badn & 30 aydy

1% trifluoroacetic acid gradient (200% to

|8 in.60 niinutes). The powder was shown to

se pure ¥

(65:2524 v/

da/iﬁﬂ
) / of 500 (M) according to mass spectrometry

/ /) as the developing solvent. It was shown to

,,gmsition at about 130°C, and had a molecular i
nelt with )

ion with ati #

quuct was characterized by proton NMR.
ST

(FAB+) .

Cordpe summrantere e phA e e el T L 0

g b
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guaternary am no group (conpounds |IX and V). Furthernore, anong tie

fromTable |, derivatives giving low I (err] val ues
strong PKC inhibitors, were not a good delivery vehicl 8 d CEM&NTFSHEET

exanpl e,
than 20 [err]M produced mninmal CAT activities in.thg
Among the ones which gave rise to hi gh{AT activities
single tertiary am no group (conmpounds VIIIl, XV and 2
efféective in delivering DNA than si g TRawal ogs cont fi ning a si ngl e.

conmpounds IV, XI, VI and XiIl, all having a |

erlv

deri vati vewm amino-~2-Propyl-Cholestervl~38-Carboxylate

Vi .
Acylstion was performed using CDI activated
:holestgzﬂ-sﬂ‘aﬁrboxylate analogous £o the method
iescribeds for compound II1I, faxcep{: that 2,3=-bis-

limethylamino-Z-propancl (8 mL, 47.6 mmol) was the

wcleophile. sfter the addition of the nucleophile, the

ceaction w22 sﬁiﬂeﬁ at room tenibera.ture for 72 hours. foe
lichloromethane #22 removed and the remaining oily residue

1as dissclved 1% c=Jloroform. Impurities precipitated with

1 large volume ©F Ppetroleun ecther (bp, 35-60°C). The

liltrate w2sS reu®Z¥ evaporated to dryness, re-dissolved in

sentane, znd f£ii%ered once again. After drying, the
sentane goluble TeteTial was dried and re-dissolved in a
mall volgme of #£2ethyl ether and added to a large volume
£ hot digthy% ethariacetonitrile (30:70, vwv/v). The

ywoduct mﬁmif Zga3 ‘at -20°C after allowing some of the

ither to evaporF=+-
the g::tcnated molecular ion (M+H)+*'. The

¥ass spectroscopy (FAB+) gave an m/2

£ 543 for
roduct was char@Fr———2i rized by proton mm
EXAMPLE VI
ammonio-DL—-2- 1 cholesteryl
rboxylats Xod e S=1t (VI):

ne mersierdide of compound ¥ was prepared by

lently refluxing ===mpound ¥ (6.5 g, 0.9 mmcl) and methyl
===1) in 20 nL of ethanol for one hour.

-

_odide (2 mL, 32.—

After cooliznz, = srecipitate (0.5 g, yield 79%) was

recrystallizesd twi=—— Zfrxrom absolute methanol. The product

133 0mimiada dob

(Areagon s o
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with the sane ami no head group, those containing a |onger
(conpounds VIIIl and | X) delivered a greater quantity of
containing a shorter spacer arm (conpounds X, X, V, VI
generally less effective delivery vehicles.

deserves sone special attention. It contains only a singlfe

group with a short spacer arm yet the ggansfection actiyity was

relatively high. TABLE | -
PKC | nhibiti aielted with REcunposi®AbnCompoabdut 232°C and k&herdd (herr] M
Activity [11 258 18 IV 1
12 gingle spot 0.8n ayv TIC plate (R£=0422) using

2 Vi 11 1 Vi

246 chloroform: metd@anol\smater (65:25:4, v/viel as the

100

developing solvent. The product had a molecular ion with
an m/z of 557 (M) with FAB+ mass‘spectroscopy, consistent
with the alkylation of one of the possible two tertiary
amine sites., The ‘product was .characterized by proton NMR.
EXAMPLE VII
Choleste ~38— midoethvleneamine H

To a solution of ethylenediamine (5.11 ¢, 85

mmol) in 20 nL dichloromethane, a selution of CDI activated
cholesteryl carboxylate (0.7 ¢, 1.7 mmol} in 5 umL of
dichloromethane was added dropwise cver a 1.5 hour period.
ﬁhen the addition of thé activated stexrol was complete, the
reaction was stirred for 48 hours under nitrogen. After
'reﬁcving the solvent under reduced pressure, the residue
was dissolved in chloroform:methanol (2:1, v/v) and
extracted against water (3 x 50 mL). The chloroform phase
was §ubsequently'dried with anhydrous sodium sulfate, the
solvent removed and the residue purified by preparative TLC
~uéing:-chloroform:methaﬁbl:water' (65:25:4, v/v/v) as the.
developing solvent, The band at about Rf = 0.3 was
collected, extracted with chloroform:methanol (1:1, v/v)
and dried under reduced pressure. The product (0.65 g,
yield, €1%) ran as a single spot (Rf = 0.33) and melted
with decomposition at about 194°cC. Mass spectrometry
(FAB+) gave an m/2z of 457 for the protonated molecular ion

(M+H)+. The product was characterized by proton NMR.

end e gt ysaciriiciiy
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26 The i nportance of the co-lipid 15 The experifnments described ijn :
Exarmpl e XXI were done wth a |lipid dispersion contarmng—a—cat+onrc :

cholesterol derivativeA schemen desdripidg thel eogkious steps for
phosphati dyl et hanol anm ne (DOPE). V& have studied the role of co-lipid in
the delivery c¥edneiny . chlagsierplshenisuceinabe aandlaguespisi deptiictedwhi ch

conpound VII1 was m xed with
in FIGURE 2.

EXAMPLE VIIT

g!__mglegj;g:xl—g§~Ozy_succinamidoeth¥ ;ex_:fadimethzl amine VIIX:

The synthesis of compoﬁhd X‘IIII first required the
acyl imidazolide. of cholesteryl hemisuccinate which was
prepared by reacting cholesterol hemisuccinate with N,N-
carbonyldiimidazole (CDI) as described for the synthesis of
compound IIXI. Briefly, to cholestercl hemisuccinate (2 g,
4.1 mmol) suspended in 5 mL of dichloromethane was added
1.5 egquivalents of CDI (1 g) dissolved in 15 mL of
dichloromethane. The solution was stirred overnight after
which N,N-dimethylethylenediamine (5 mL, 43.2 mmol) was
added. Dichloromethane was subsequently removed by rotary
evaporation, distilled water was added and the acylated
sterol was extracted witﬁ diethyl "ether (4 x 50 mL).
Subsequently, the ether fractions were washed with
distilled water (3 x 50 mL) and dried over anhydrous sodium
sulfate. The ether was removed by rotary evaporation. The
product was washed with 200 mL of pentane, and minor
impur‘ities'were rafﬁaved using preparative silica gel TLC.
After developing with chloroform:methanol:water (65:25:4),
v/v/v) the band present at about an Rf = 0,80 wés collected
and extracted with chloroform/methanol (2:1 wv/v). The
residue was purified further using chlorcforh:ethyl acetate
(1:1, v/v}) as the second developing solvent. The band at
about Rf = 0.2 was extracted with chloroform/methanol (2:1

v/v). The lyophilized product ran as a single spot on TLC



ChA
a variety of different co-lipid, neutral and acidic, at aR ALEMEENI %ﬂ
1:1. The DNA delivery activity of these m xed dispersions re then
studied. As can be seen, only DOPE supported the deliverly jad) Pvijai 1887

compound VI11. Oher neutral lipids such as diol eoyl phdsghatidylcholing
(DOPC), N-nethyl-DOPE, N, N-di methyl DOPEjhad little or ng ‘actrvity  None|.
of the acidic I i pi ds, such as PS and phosphatidyl gl ycer (PG showed any
acti vity. afher#! &g r a5 ofudidleF mo&@m%e\éﬂ d1 s

di spersion al so I ayed an inportant role. - FIGURE 5 shows at nmaxi mal DNA
delivery, act 5515334 t Rgvgvgpeasi dhe ogeveEYdsinthegolhentt Saﬁasuﬁa a

cont ai ned 20-50% corrpound VIIl.. Too nmuch or too little of conmpound VIII in

the m xed disereingnpaiatnobfyilkiad-13a0d.del Massy spectrdnetry (FAB+)

EXAMPLE XXl Il optim zation of dispersion-to-DNA ratio for delivery
showed an m/z of 557 which would coxrespond to the
protonated molecular ion (Mﬂj.!___),-*-'_.; . The product was
characterized -by proton NMR.

EXAMPLE IX
Cholesterxrvl~3B8-Oxyvsuceinamidoethylenetrimethylammonium
-Todide {IX):

The quaternization of compound VIII was carried
out with methyl iodide in absolute ethanol as described
earlier for the synthesis of compound VI. Allowing the
solution to cool to room temperature afforded 0.5 g (80%
yié.ld) of the quaternary ammonium salt. Subsequently, the
product was recrystallized from absolute ethanol giving a
fine white powder which melted with decomposition at about
186*C. The product ran as a single spot on a TLC plate (R
= 0.43) using chloroform:methanol:water (65:25:4) as the
developing solvent. Mass spectrometry (.FA+) indicated a
molécular ion with an m/z of 572 (M”). The product was

characterized by proton.NM.

EXAMPLE X

1, 3—Bi—Dimethglamino_—2—P;ogzl—Choleste'gl—3—B—Ov_cxsuccinate
X): '

Acylation was performed using CDI activated
cholesteryl hemisuccinate according to the procedure
described earlier for compound V. After the addition of
1,3-bi-dimethylamino-2-propancl (7 ml, 41.6 mmol), the

mixture was stirred for 72 hours, after which the solvent



A 1;1 mxture of conpound VIII and DOPE were used to st
rati o of dispersion-to-DNA for delivery. FIGJRE 6 sho
in which various amounts of dispersion were
amount of DNA (5 [err]g) for transfection. Maxinal act|V|twk$ JAW 1897
27 occurred at 69-80 nnoles of dispersion. W then usgd {70 nnoles
and varied the anount of DNA& for transfgcti
bel'l -shaped curve in the figure indicates that a 5 pg

experi ment

di spersi on

activity. Thufas removed under vacuum. The product, extracted from the

residue with diethyl ether (3 x 75 mnl), gave an oil

following removal of the ether. - The addition of pentane
precipitated additional- impﬁrities: after rotary
evaporation, the resulting oil_gpq}d not be successfully
crystallized using a variety ..of solvents or by
lyophilization. Mass spectrometry (FA+) indicated a
protonated molecular ion w1th an m/z of 616 (M+H)*. the
product was characterized by proton NM.
EXAMPLE XTI
1-Dimeth ino~3-Trimethylammonio-DI—2-Propyl—-Choleste

38-0 uccinate Iodide Salt

Methylation of compound X was performed using the

method described previously (Example VI). After 1 hour,

the solution was cocled and the methiodide recrystallized

" twice from absolute methanol to give needle shaped crystals

which melted with decomposition at about 222°C. The
product ran as a single spot on a TLC plate (R = 0.17)
using chloroform:methanol:water (65:25:4, v/v/v) as the

devéloping sclvent. ' Mass spectrometry (FA+) indicated a

molecular ion with an m/z of 629 (M) consistent with the

methylatlon of 1 of a posslble 2 tertiary amine sites. The
product was characterized by proton NM.
EXAMPLE XIT

2-{[2-(dimethylamino)ethylimethyvlaminolethvl-Cholesteryl—
38-Oxysuccinate (XTIY):

The synthesis of compound XII was analogous to
the method described for the acylation of compound VIXIY

except that 2-{[2-dimethylamino)ethyl]-methylamino)ethanol



the optimal ratio of dispersion-to-DNA was 70 nnole |i pig‘dJeERMCEMENﬂ’r SHg

3
DNA. : EXAMPLE XXI'V Conpl ex for matfi : '1'T
cationic lipid dispersions It was expected t/hat go‘?l mlw
conplex with the cationic lipid dispersion via electrogtativc’i r i pns.
Again, a 1:1 mxture of conpound VIII and DOPE was used }f the studyj ;
W have characterized the dispersion/DNjg conpl exes by jagarose gel J
el ectrophoresi s. As shown in FIGURE 8, 1 [err]g plasnd—DBiNA

el ectrophoresqg agy! W LlgSghi1) | Q%R e@helalitind NalédRolClusdd 288 nd.,
which could ‘be cbnpletely digested if DNAse was included in the

i ncubation buifaedphine.7) . Aftahaekbpastitnr adttonddeshPlUctReEFASLRE
anounts of di spersion showed decreasing intensities of bands (| anes 2,

3, 4, 5.and 6pro@ucithewasr elyephibizédie dmyncamd efedthérecpifiedl dope
di gested by DNA se, but only
preparative TIC using chloroform:methanol:water (65:25:4,
v/v/v). After the band present at R = 0.80 was collected
and extracted with chloroform:methanol, (2:1, wv/v), the
residue was purified further using chloroform:ethyl acetate
(1:1; v/v) as the second TIC developing solvent. The band
which was present at about R = 0.2 was collected and the
silica was extracted with chloz_'ofom:methancl (2:1, v/v).
The product, which ran as a single spot on a TLC plate (R
= 0.72) using chloroform:methanol :water (65:25:4 v/v/v) as
the developing solvent ga\)'e a melting point of 50-52°C.
Mass spectrometry (FA+) showed a protonated molecular ion
with an m/z of 615 (M+H)*. The product was characterized
by proton NMR. |
w
2—{ [2-Trimethylemmoniolethylmethvlamino)ethvl-Cholesteryl-
3§—Ox_z" succinate Yodine Sa‘i‘t (XTIT) :

The acylation of compound XII (0.5 g, 0.8 mmol)

.was carried out under reflux conditiens with methyl icdide
in absolute ethanol as described in Example VI. The
pracipitate was recrystallized twice from absolute methanol
and stained as a single spot on a TLC plate (R = 0.22)
using chloroform:methancl:water (65:25:4; v/v/v) as the
developing solvent. The crystals melted with decomposition
at about 172°C. Mass spectrometry (FA+) gave an m/z of 629

for the molecular ion (M"*) consistent with the methylation



a portion of the-conptexed—DNAwas-di gested (lanes 8, 9, 'QEPLAQEW WETJ]
phexes—wm t

379

These results cl egf: the |ipid dispersion fiorm
DNA which are ei tﬁ{“%yhe L & %eidze and/ or | ess negati vel

that the conplex amu ﬂmﬂmu rt he gel during el ectrophorfe
Furthernore, the c ally resistant to DNAse,; W
free, unconplexed DNA is not. It shoul dig%e noted that

di spersion/DNA ration nearly all DNA ware conpl exed wt
shown in Fl GJgE @t)ly one the possible two tertiary amine 28ites. The

product was characterized by proton NM.
The scheme for the synthesis of cholesteryl

formate analogques is shown in FIGURE 3.

| ExaMprE xiv &
3BIN-(N’ N’~-dimethylamingethane)~carbamoyvllcholesterol

Compound XIV was synthesized by mixing a solution
cf cholesteryl chloroformate (0.5 mmol) 1In chloroform with
a solution of N,N-dimethylethylenediamine (9.1 mmol) in
chloroform in a dry ice-ethanol bath. The solvent and the
unreacted anmine were removed in vacuo. Compound XIV was
purified by two successive recrystallizations in ethanol..
(Yield, 65%) TLC (chloroform:;methanol=65:35) showed a
single spot (R = 0.37) when developed with iodine. The

" product was characterized by proton NM.
EXAMPLE XV
3§ [N- (golzetl_’;zl.gnei mine) -~carbamoyllcholesterol XV):

Synthesis of cc;ﬁpodhd XV was similar to that of
compound XIV. Cholestercl chlorcformate (0.1 mmol) and
“polyethyleneimine 600 (g g) were mixed in chloroform in a
dry ice-ethanol bath. After the volatile material of the
reaction mixture was removed in_vacuo, the solid crude
product was dialyzed against 4L distilled water for 3 days
(during which the water was changed several times).
Finally, the product was lyophilized to dryness, giving an
estimated yield of 81%; Compound XIV ran as a single spot

on TILC {(chloroform:methanol=65:35).

THIS SHEET HAS BEEN
REPLACED




Rel ati onshi p between delivery activity and cytotoxicity of the cationic
i pid conpl ex This was studied by using a di spel’ﬁg
[

conpound XIV and DOPE (3:2, nolar ratio). A431 human epi
cells were used for the transfection experinents. A fixe noun

[err]g) was mixed with an increasing anount of cationic fi gﬂa@?i@go
or a comercially available transfecti or20reagent, Lipof eLt n

to the A431 cells for transfection (FIGURE 9). The toxic|ty—efethe -
treatnment to the cells was rreasured al armount pf cellul ar
protein extra tabl e 3 | Vi gssay. As canmte-s

fromthe Fig6fER2 eat |y reduced

protein content wit h 50(&&:%{19&"&9&@&&{%& a%r%aéE%& Lel8' m}.ged with

a phospholipid in chloroform solution at’ different nolar

ratios. The solvent was removed by evaporation under a
stream of N, gas and desiccated .. in vacuo for at least 30
minutes. The dry lipid film was hydrated in 20 mM Hepes
buffer, Ph 7.8, overnight. The suspension was sonicated in
a bath-type sonicator (Laboratory Supplies, Hicksville, NY)
to generate small particle dispersions (average diameter =
150 mm).
EXAMPIE XVIY

Transfection of cells:

Plasmid pUCSV2CAT (approximately Skb in size)
containing the structural gene of E. coli chloramphenicol
acetyl transferase (CAT) driven by the SV40 virus early
promoter was used as a model for the polyanions to be
delivered by the cationic 1ipid dispersions. DNA was mixed
with cationic lipid dispersions in 1 ml serum-free M1S9
medi:.:un or McCoy's medium to form DNA/lipid complex.

. Cultured mgmmalian'.cell's of about 80-100% confluency in a
6-well plate were washed once with serum-free medium. The
DNA/lipid complex was added to the washed cells which were
incubated at 37°C for 5 hours. The cells were washed again
and the serum-centaining medium was added. Cells were
harvested 30-72 hours later and extracted for cellular
proteins. The CAT activity in the extracted protein was
measured by using either [C] chloramphenicol or [?H] acetyl

CoA as a radiolabeled substrate. One activity unit of CAT



lipid/mM. Cells treated with the dispersion containing c —
DOPE showed | ess toxicity: the ICJerr] occurred at about EET
lipid/m. The novel cationic cholesterol dispersion had | also producgd
hi gher CAT activities than Lipofectin. It is inportant tp noje tjapt 1397
maxi mal CAT activity of cells treated with Lipofectin occuryped at the .
Li pof ectin concentration of 15 [err]g/m . At this concentfartonontyabout !
12% of the total celbular proteins coul @lbe recovered fr the culture. onj
t he ot her haid, maxi mal CAT activity of cells treated with the cationic
chol esterol dt€pEREIRAS RS ARk AL Xadislabgled  suhstrateosonvertes ttos al
cellular protgin still,remuined in th cultyre at this concentration.

Thus, th epn OV§1e C:é?c?%?]}%be ed' pro_dquct in Sne ute. Protein content in

the cell extracts was measured by the Bradford (BIORAD)

o0 e v ————

)

assay.
EXBMPLE XVETT.:..
Isolation of gfote;g kinase C:
| As rapidly as possible, brains for 25 Sprague-
Dawley rats (150-200 g) were removed, washed with 100 mL of
20 mM TRIS, 1 mM EDTA, 1mM EGTA, Ph 7.5, and homogenized in !
150 mL of ice cold 20 mM TRIS, 10 mM EGTA, 2 mM EDTA, 10 mM
DIT, 0.25 M sucrose, 2 mM PMSF and 100 pg/ml. leupeptin, pH
7.5. The homogenate vas immediately centrifuged at 100,000
g for 40 minutes at 4° C in a Beckman Ti 50.2 rotor. The
-supernatant was applied to a 2.5 X 20 cm column of DEAE
~ Sepharose (fast flow) containing 60 nL of resin
equilibrated with 20 mM TRIS, 1 mM EDTA, 1 mM DTT, pH 7.5
{(buffer A). The column was washed with 300 nmL of buffer A
and an additional 200 mL of buffer A containing 0.03 M KCl.
Protein kinase C was elti‘i:ed ‘with a 500 mI continuous RCl
gradient (0.03 -~ 0.3 M KCl). PFractions of 5 mlL volumes
.. were collected. Fractions showing calcium and phospholiéid
dependence were pooled; the salt concentration was adjusted
to 1.5 KC1l with the appropriate quantity of solid KCl. The
crude sample containing 1.5 M K0l was stirred for 15
minutes and subsequently loaded onto a 1 X 10 cm column
containing 9 mL Phenyl separose equilibrated with 1.5 M RC1
in 20 mM TRIS, 0.5 mM EGTA, 1 mM DTT, pH 7.5 (buffer B).
The column was washed with 90 mL of buffer B containing 1.5

M RcCl. PKC was eluted with a 100 mlL continuous KC1



29 cholesterol dispersion is nore potent int he delivery ac R@_%@Q@WT%{-{ET
nfT

also less toxic to the treated cells. Stability of the catip .
chol esterol derivatives Li pid di spersions were prepa e@ lehtlll 1897
various cationic cholesterol derivatives and DOPE (about 1:1 1.1

ratio). The transfection activities of the dispersions were tiasted at
different times after the dispersions wet® stored at 4[err]q in PBS, pH
[

; i vat i v ' ' ble |, only the di :
Conpounds X SRR ERy ChePo™s Batd Bt rer Frnistiged phcn, mil andndem gare
activities i 0k o8129fe" 861 8hn ' 28 wdetBY Wikn ¥R LRI 1RHa1" ¥,

of buffer B. Most of the enzyme activity eluted during

this stage. Fractions showing calcium and phospholipid

>

dependence were poocled and concentrated to 4 mL using an
Amicon ultrariltration cell fittéd w1th a YM-10 filter.
The concentrated sample was locaded onto a 2.5 X 100 cm
column containing 400 ml of Sephacryl S-200 HR beads
equilibrated with buffer B conﬁéining 10% glycerod (buffer -
C). Fractions of 3 mL volumes were collected. About 150 mL

of buffer was run through; PKC eluted very close to the

column void volume. The fractions showing calcium and

phospholipid dependence were pocled and loaded onto a 0.5

s e b b oo pritgent

¥ 5 om column containing 2.5 ml polylysine agarose

Weimeyea

equilibrated with buffer €. PRC was eluted with a 40 mlL

Al et dmeditynd
% daftcSoy by

-continuous KCi gradient (040.8 M RCl). Fractions of 1 mL
volumes were collected. The first few active fractions
were contaminated. The uncontaminated fractions were
pooled, conceﬁtrated, and .,f_iilgted with buffer ¢ to remove

the high salt content. After reconcentrating, the sample H

was divided into working portions, frozen in 1liquid i
.-nitrogén and: stored at -80°C. Full activity was regained
after rapid thawing. Trace impurities (116 k, 66 k, and SO
kK Mr) could still be detected when the gel was silver
stained heavily. The enzyme gave a specific activity of
200 nmoles phosphate incorporated per minute per milligram
of protein when assayed for hisfone phosphorylation using
the Tri£on mixed micelle assay with 6.5 mole $

phosphatidylserine, 2.5 mole % DAG and 100 M calcium




t he di spersions conposed of other derivatives |ose activi
I n storage, Conpounds XIV and XV contain a carbanoyl |in
ot her conpounds contain either an ester bond or an am de
known that ester and am de bonds are nore sensitive than
bond to hydrolysis particularly in the presence of bases.
derivatives nmay catalyze the hydrolysis of each other's
| eading to the inactivation of the del iygry activity.
contai ni ng carbanoyl |inker bonds are |ess sensitive to

REPOACEH W e

bpnd. TTU1s
€ r ks
hg?g% fAte
S A—

Conmpounds

H

I

Mt Taratyred

hydrol ysis, yet ggﬁg,ces’pﬁﬂﬁﬂc Rethvitoby RMgINgCLELH! 7§ é\ﬂ%ﬁﬂ/% .
egra e‘ethe

able. This is in contrast to the non-

they are bi odegP

bond in DOTW 6 haoclbs/minyiyechavgrisskrenibselvelip #beC bike usiRYS tha

car banoyl bo

seens to be the best choice for the |inker bond o6f the

mriton mixed micelle assay under the same conditions.

Phosphatidylserine and 1,2-diolein with and

,«iﬁhﬁuﬁ additive were dissolved in a

solutien of

ﬁﬂaraggrm/methancl (2:1, 'v/v) . Solvent was evaporated

with 8 stream of nitrogen and last traces removed using a

T desiccator at 40°C, The 1lipid films were then

golupilized by the addition of 3% Triton X-100, vortexed

.yg,gqrouﬁly for 30 seconds and then incubated at 30°C for 10

gimutes to allow for equilibration. At 25 uL, an aliquot

of ¢his solution was used in a final assay volume of 250

o, containing 20 mM TRIS-HCl, pH 7.5, 10 mM MgCL,, 200

ug/mL hidtone ITI-S, 100 ui CaCl,, 10 pM[y-"2P]
£riphosphate, 2.75 mM Triton X-100, with 300

?gtcﬂnt) phosphatidylserine and 107 pM (2.5

adenosine 5°¢
uM (6.5 mole

mole percent

j"2_,,‘,1‘@\1,:;11:1. For controls, 25 pL of 20 mM EGTA replaced

cre CaClye TO initiate the reaction, 150 ng of protein was

ﬁmdil After briefly mixing, the tubes were incubated for

=9 minutes at 30°C. The reaction was terminated by adding

-5
Pl

zric

pf, of cold 0.5 mg/ml BSA and 1 nL of cold 25%

nloroacetic acid. This mixture was passed through a

27/C whatman filter and washed five times with 2 mL of 25%

‘e‘;ziamo'roacetic acid. After drying, the filters were

_puntad With € mL ACS scintillation fluid.



cationic lipids as a delivery vehicle for polyanions. ,
Various of the features of the invention which are-bel)RERIADEMENT SHERTare
Z !

set forth in the appended cl ai ns. ;
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Formation of homogenous dispersion with cationic

cholegterol derivatives

None of the cationic cholesterol derivatives by
thenselves form stakle homogenousf'-’d;jspersion by sonication
in a low ionic strength buffer. .- It was necessary to adg a
phospholipid, acidic or neutral, toc form mixed iipid
dispersion. For example, compound VIII requires a minimal
of 1 part of PC or PC and 9 parts of compound VIII to form
a uniform dispersion. 1In the case of compound XIV, a
minimal ration of phosphatidyl choline (PC) or phosphatidyl
ethanolamine (PE) to XIV = 4:6 is required. Such non-

cationic 1ipid used in the dispersion is called co-lipid.

EXAMPLE XXIT
Deliverv of DNA into mammalian cells by cationic lipid

dispersions

Plasmid DNA, pUCSV2CAT, was used as ‘a model
compound for polyanions because it contains a structural
gene for CAT. The effici"éncy of intracellular delivery can
be readily assayed by the expression of CAT activity in the
extracted proteins of the treated cells. Table 1 lists the
CAT activity of mouse L3929 cells which have been
transfected with this plasmid DNA as mediated by various
cationic 1lipid dispersions. In addition, we have also
measured the inhibitory activity of the pure cationic
cholesterol derivatives on dioclein, phosphatidﬁrl serine
(PS), and ca® stimulated protéin kinase €. This activity
was expressed as an ICy,, which is the concentration at

which 50% of PRC activity was inhibited. As can be seen




THE CLAING. _ 1, A Substantial | t bi odegr adabl SHEE 3
_ ially non-toxic biodegra a) Q%IPLAQEM@ NTi SHEEV

of chol es ?etlﬁa\Bbdﬂgeﬁacg(hol esteryl group, a -NH(CO

l'i nker is [Bﬂmm side marked by the asterisk to:t e & f@w of .
the chol g nd by the other side via the nift 09 pakey,
t he spacer having carbon atons in a branched o '
hydr ocarbon, - which js linked on its otd®r side to ate tlary amno group.

2. A derivative of cholesterol of claim1l wherein the
- 3. A catfimni cTabbe dYof Qewivadriivest | givisig chowediCey ovalues, i.e.,-

those strong PKC inhibitors, were not a good delivery

vehicle for DNA. For example, compounds IV, XI, VI amd'
XIIX, all having a IC;; value less than 20 M, produced
minimal CAT activities in .the t;:gat_ggl cells. Among the
ones which gave rise to high CA'fﬂ acfivities, derivatives
with a single tertiary amino group (compounds VIII, VI and
III) were more effective in delivering DNA than similar
analogs containing a single quaternary a.ﬁino group
(compounds IX and IV). Furthermore, among the derivatives
with the same amino head group, those containing a longer
spacer arm (compounds VIIXI and IX]) delivered- a greater
quantity of DNA than those containing a shorter spacer arm
(compounde X, XI, V, VI and XV) were generally less
effective delivery vehicles.

compound VII deserves some special attention. It
contains only a single primary amine greoup with a short

spacer arm, vet the transfection activity was relatively

high.
" TABLE I
PXC.-Inhibition Relat::.ve caT
" Compound - IC,, (uM) Activity
IlI 258 18
IV 12 - 0.7
v €43 2
vI 11 1
VII 24é 68
VIII 191 100
IX 59 50
X 408 0.5
XX 15 11
XIX 164 , 1s
XIII 20 14
X1V . - 75
Xv - 11
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of claim 1. 4. A dry lipid filmof the derivative of chgleasterol of

claim 3. 5. Ahydrated lipid filmof the derivative o R

claim 4. 6. A substantially non-toxic biodegradable a
of cholesterol which is 3[err][N(N,N -

di et hyl am noet hane) - car banoyl ] chol est eroéé

32 . ..
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EXAMPLE XXII {

EPLRCEREQT SHEET

07 JAN 197

e importance of the co-lipi

The experiments described in Example XXI wers

done with a 1lipid dispersion containing a cationic

cholesterol  derivative and _a . co-lipid

>
B

dioleoyi

phosphatidylethanolamine (DOPE}. “We have studied the role

of co-lipid in the delivery efficiency. FIGURE 4 shows the

data of an experiment in which compound VIII was mixed with

a variety of different co-lipid, neutral and acidic, at a

molar ratio of 1:1. The DNA delivery activity of these

mixaed dispersions were then studied. As can ke seen, only

DOPE supported the delivery activity of compound VIII.

Other neutral 1lipids such as diolecyl phosphatidylcholine

(DOPC), N-nethyl-DOPE, N,N-dimethyl DOPE had little or no

activity. None of the acidic lipids, such as PS and .

phosphatidy].élycerol (PG) showed any activity.

The molar ratio of DOPE and compound VIII in the

dispersion also played an important role. FIGURE 5 shows

that maximal DNA delivery  activity of the dispersion '

occurred when the dispersion contained 20-50% compound

VIII. Too much or too little of compound VIII in the mixed

dispersion did not yield good delivery activity.

EXAMPLE XXIIX

optimization of dispersion-to-DNA ratic for deliverv

A 1:1 nixture of compound VIIX and DOPE were used

to study the optimal ratioc of dispersion-to-DNA for

delivery. FIGURE 6 shows the data of an experiment in

which various amounts of dispersion were added to a fixed

amount of DNA (5 pg) for transfection. Maximal activities

'§. o 3
‘. T



7. Acationic lipid of the derivative of cholesterol of fo Epam EAT sﬁr&

A crystalline product of the derivative of cholegterol of MY
Adry lipid filmof the derivative of cholesterol of claimp. 10. A
hydrated lipid filmof the derivative of cholesterol of c|aj )% JAN 145%.
substantially non-toxic biodegradable ,
27 l

occurred at 69-80 mmoles of dispersion. We tlhen used 70
nmoles dispersion and varied the ameunt of DNA for -
transfection (Fig. 7). The bell-shaped curve in the figure
indicates that a 5 pg DNA gave the maximal activity. Thus
the optimal ratio of dispersion-to-DNA was 70 nmole lipid

-

for 5 pg DNA,
EXAMPLE XXTV
Complex formation with cationic 1ipid dispersions
It was expected that polyanions complex with the
cationic 1lipid dispersion via electrostatic interactions.
Again, a 1:1 mixtufe of compound VIII and DOPE was used for
the study. We have characterized the dispersion/DNa
complexes by agarose gel electrophoresis. As shown in
FIGURE 8, 1 ug plasmid DNA electrophoresed as two closely
located bands in the gel (lane 1), which could be
conpletely digested if DNAse was included in the incubation
buffer (lane 7). Incubation mixtures containing increasing
amounts of dispersibn showed decreasing intensities of DNA
bands (lanes 2, 3, 4, 5'and.6). Furthermore, all of the
uncc;mplexed, free DNA could be digested by DNA se, but only
. @ portion of the complexed DNA was digested (lanes 8, 9,
10, 11 and 12). These resulﬁs clearly showed that the
lipid dispersion forr complexes with DNA which are either
larger in size and/or less negatively charged such that the
complex does not enter the gel during electrophoresis.
Furthermore, the complex is partially resistant to DNAse,
whereas the free, uncomplexed DNA is not. It should be
noted that at- the optimal dispersion/DNA ration nearly all

DNA ware compleked with liposomes (not shown in FIGURE 8).



derivative of cholesterol which is 3[err][N

(pol yet hyl enei m ne) - car.banoyl ] chol est erol . 12. . A cati ONj-e=birpid—0i_t he :
derivative of cholesterol of claim11. 13. A i yophi | at $REPLAGEMENT SHEETI
derivative of cholesterol of claima?9. 33

14. A substantially non-toxic biodegradable am ne derivatfve

chol esterol having a chol esteryl group, 28 5f7 JAN 1937

EXAMELE XXV
Relationship between delivery activity and cytotoxicity of
the cationic lipid complex

This was studied by using a dispersion composed

of compound XIV and DOPE (3:2, uolar ratio). 2431 human
epidermoid carcinoma cells were used for the transfection
experiments. A firxed amount of DNA (4 pxg) was mixed with
an increasing amount- of cationic lipid dispersion or a
commercially available transfection reagent, Lipofectin,
and added to the A431 cells for transfection (FIGURE 9).
The toxicity of the treatment to the cells was measured as
the total amount of cellular protein extractaﬁie at the
time of CAT activity assay. As can be seen from the
Figure, Lipofectin treated cells showed a greatly reduced
~ protein content with 503 inhibitien occurring at about 7 pg
lipid/ml. Cells tréated with the dispersion containing
compound XIV and DOPE showed less toxicity:; the ICg,
occurred at about 2-5 pg lipid/ml. The novel cationic
cholesterol dispersion “had also produced higher Ca?
activities than Lipofectin. It is important to note that
" maximal CAT activity "of cells treated with Lipofectin
occurred at the Lipofectin concentration of 15 pg/ml. At
this concenﬁration only ahout 12% of the total cellular
proteins could be recovered from the culture. On the other
hand, maximal CAT activity .of cells treated with the
cationic cholesterol dispersion occurred at 20 pg/ml; about
80% of the total cellular .protein still remained in the

culture at this concentration. Thus, the novel cationic




a linker selected fromthe group consisting of .a -NH (CO M

-0 (CO-* (reverse ester) linker, which linker is |Iinked =1 @EMENJ SHEET
mar ked by the asterisk to the 3 position of the chol esteryl group and

the other side via the nitrogen or the oxygen, respectivef mg

or |inear hydrocarbon spacer having 1 to 15 carbon atons, |ch |s I

on its other side to-.-an am no group selected fromthe -group COMSTsStr1g-of

a primary, tertiary or quaternary group2? 15. A derivative of .

chol esterol of claim 14, wherein, 6 the spacer is of 2 to 3 carbon atons.
cholestercl dispersion is more potent int he delivery

activity and is alsc_: less toxic to the treated cells.
EXAMPIE XXVI
Stability of the ionic cholesterol derivatives
Lipid dispersions wer{: §§épared with various
cationic cholesterol derivatives and DOPE (about 1:1 niol.ar
ratic). The transfection activities of the dispersions
were tested at different times after the dispersions were
stored at 4°C in PBS, pH 7.5. Of the derivatives listed in
Table I, only the dispersions containing compounds XIV and
XV were stable after storage; their transfection activities
did not change for at least 2 months. On the other hand,
the dispersions composed of other derivatives lose activity
after 2-3 days in storage, Compounds XIV and XV contain a
. carbamoyl linker bond whereas other compounds contain
either an ester bond or an amide band. It is known that
ester and amide bonds are more sensitive than the carbamayl
bond to hydrolysis particularly in the presence of bases.
The.-cationic derivatives”ma} catalyze the hydrolysis of
each otherfs ester bonc%s, leading to the inactivation of
" the i:ielivéi:y activity. Compounds containing carbanmoyl
linker bonds are less sensitive to the base-catalyzed
hydrolysis, yet they can still be hydrolysed by cellular
enzymes, i.e., they are biodegradable. This is in contrast
tc the non-degradable ether bond in DOTMA which is the
active ingredient of Lipofectin. Thus, a carbamoyl bond
seems to be the best choice for the linker bend of the

cationic lipids as a delivery vehicle for polyanions.

~ S NS
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16. A derivative of cholesterol of claim15 wherein the spaces—ds-

-(CHerr])[err]-. 17. A substantially non-toxic biodeg
derivative of cholesterol of claim14 wherein the" |inker
| inker, and the am no group is prinmary.

18. A derivative of cholesterol of claim17 which is
chol esteryl -3[err] -carboxyam doet hyl am ne.
30
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Various of the féatur:es of the invention which

are believed to be. new are set forth in the appended

claims.
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19. A substantially non-toxic bi odegradabl e am ne - deri vait

of clai m’ILBSherbPB?ChEE’iﬁ linker is & -NH (CO héﬁlﬁéﬁMEN-ﬁrﬁ‘!&ﬁe

am no group are sel ecn !lﬂ“l

chol est er ol

one quaternary amno g
t he derlvatlveo chol esterol ig;selected fromt
consi sting of cholesteryl-3[err]-car boxyam do- ethylened

chol esteryl - m%@r boxyam doet hyl enet ri net hyl anmoni um i odi de. -
A powder or a lyophilTate of a derivative of cholesterol o crarmm20:

wher ei n

roup consisting of on
A derivative of choleg

1. . A method for facilitating the transfer of
nucleic acids into mammalian cells, the method comprising:

preparing a mixed lipid dispersion of a cationic
_lipid with a co-lipid in a carrier SOJ.vent " the cationic
lipid having a structure includlng a lipophilic group
der:.ved from cholesterocl, a linker bond, selected from the
group ccnsisting of carboxy amides and carbamoyls, a spacer
arm including from 1 to 20 carbon atoms in a 1linear
branched or unbranched alkyl chain, and a cationic amino
group selected from the group consisting of primary,
secondary, tertiary and quaternary amino groups, wherein
the cationic 1lipid is a weak protein kinase C (PXC)
inhibitor and wherein the colipid is selected from the
group consisting of phosphatidyl cheline (PC), phosphatidyl
- ethanolamine (PE), and dioleoyl phosphatidyl ethanoclamine
(DOPE) ; |

adding the nucleic acids to said dispersion to
form a complex:; and

treating the cell with the complex..

2. The method of Claim 1 wherein said
dispers:.on of the catian.c llpid has partlcles with an
average diameter of about 150 nm.

3. The method of Claim 1 wherein the carrier
solvent is selected from the group consisting of distilled
water, normal saline, and buffered saline.

4. The method of Claim 1 wherein the cationic

lipid is selected from the group consisting of cholesteryl-~ )

3B-carboxyamidoethylenetrimethylammonium iodide,

A

REPLACED

THIS SHEET HAS BEEN

r bdrdh




chol esteryl

of chol esterol of claim20 which is _
-3[ err] - carboxyani doet hyl enetri net hyI ammoni um ijodi @7 JAN 1397
24. A substantially non-toxic biodegradabl e am ne of
of chol esterol of cl-aim 14 wherein the

chol esteryl

22. A derivative of cholesterol of claim?20 which is ggp ET
-3[ err] - carboxyan doet hyl enedi et hyl| am ne. 7 M

he derivati vei

32 -

cholesteryl-38-carboxyamnidoethyleneamine, cholesteryl-38-
oxysuccinamidoethylénetrimethylammohium ' jodide, 38(N- '
(N ,N'—dimethylaminoethane)carbamoyl]cholesterol, and 38~
{N=~(polyethyleneimine) ~carbamoyl ) cholesterol .

5. A substantially non—toxlc cationic lipid for
facilitating the transfer of nucleic acids into cells, the
cationic lipid comprising:

a lipophilic group derived from cholesterol;

a linker bond:

a spacer arm including from about 1 tc about 20
carbon atoms in a linear branched or unbranched alkyl
chain; and

a cationic amino groeup selected from the group
comprising primary, secondary, tertiary and guaternary
amino groups. |

6. The caticnic lipid of Claim 5 selected from
the group consisting of cholesterjl-35-cafboxyamido-
ethylenatrimethylammoni,pm iodide, cholesteryl-38-
car,boxyamidoethylenﬂeax‘x‘xine, cholesteryl-~-38-
oxysuccinanidoethyl enet;:ime_thylammonium iodide, 38[N-~
- (N',Ni-dimethylaminoethane) carbamoyl]-cholesterol, and 38-

{N-(polyethyleneimine) ~carbamoyl)cholesterol.

Sheet Has Been Replaced
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i nker is -O(CO-*
consisting of one tertiary and one,
derivative of cholesterol of claim 24 wherein
chol esterol is selected fromthe
1, 3- bi s-di et hyl am no- 2- propyl -

1-di met hyl am no- 3- _ trlnethyl
i odi de. 26. ATHEEP Y ot PR-ie
1, 3- bi s-di nmet hyl am no- 2- propyl

., and the anmino group is selected from th8EBLAGEMENT SH T

quat.ernary ami no group. 25 A

the derivative )fﬂ7 ‘JAN 1897

aaad

o CArror

group consi sting of
chol esteryl -

carboxylat

chrboxyl at e
s =

carboxylate

3[err]-
hol est eryl

3[erri

cholesteryl
ABSTRACT

- A method for facilitating the transfer of nucleic
acids into cells comprising preparlng a mixed 1lipid é
dispersion of a cationic 1lipid 'with a co-lipid in a :
suitable carrier sclvent., The lipid has a structure which
includes a lipophilic group derived from cholesterol, a
linker bond, a spacer arm including from about 1 to about
20 carbon atoms in a branched or unbranched linear alkyl
chain, and a cationic amino group selected from the group
consisting of primary, secondary, tertiary and quaternary
amino groups. <The method further comprises adding the
nucleic acids to the dispersion to form a complex. The 3

cells are then treated with the complex. There is also

disclosed a novel cationic amphiphile useful for this

purpose.
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27. A substantially non;toxic bi odegradabl e am ne | deri vaf
chol esterol having a cholesteryl group, a-(CO-O* ester
linker is linked by the side marked by an asterisk to thg
the cholesteryl group and by the other side via the carl
carbon atons branched or |inear hetZﬁoaton1spacer conpri 9
to 7 36 hydr ocar bons, at

sel ected fromthe

h
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31. A stable aqueous dispersion which conprises.in a mxt eutral . _
phosphol i pi d which contains an wunsaturated acyl group and RERL(AﬁmtrM \@h{Eﬂi
is a substantially non-t oxi c, at ef fective doses, UIchgl adabi-e
am ne derivative of cholesterol having a cholesteryl gr
-NH-(CO-0*, which linker is |inked by the side marked joy t%g éé@e@&gk
to the 3 position of.the chol ester)@i/ oup and by the

37 other side via the nitrogen to spacer, the spacer
carbon atons in a branched or linear

o)

having 1 to 15

+
gﬁ)na{,aﬁmz +

dimethylenthyiencdiaming chalesteryl chlorofonmate

l

.
g‘;)NCH,CHINH

IB[N- (N, N"-dimcthylaminoethane)-carbamoyl] cholcsterol (DC-chol)

Flo. 3
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hydr ocarbon, and being linked on its other side to a ter
32. The stabl e aqueous di spersion of claim31 wherein i n|R

spacer is 2 to 15 carbon atons. ° 33. The di spersioen of
in the conmpound, the spacer is.-(CHerr])[err]-. 34.
claim 33 which has a pH of at | east 4%/? 35. - The dis
34 wherein the conpound

E&AQEMENTngHﬁg

1h

par

grarnmT3z—whereln

JEIBEWLL

“actlvity (mU/mg protein)

CAT




is 3[err][N-(N

, N -di net hyl am noet hane) - carbanoyl ]- chol e
The di spersion of claim 35 wherein the phospholipidis se

group consi sting of
et hanol am ne (PE).

of claim36 wherein the phosphdlipid ig,.PE.
| : 519

activity (mU/mg proteln)

CAT

phosphati dyl choline (PC) and phosphati
; 38 37
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387 The dispersion of claim37 wherein the PE is
di ¢l eoyl phosphati dyl et hanol am ne (DCPE)
wherein the conpound is 3[err][N (N, N -di nethylam noet han
chol esterol and the phospholipid is DCPE 40. The di sper
wherein the conpound is present in the dispersion in a nol

to 50% 41. The di spersion of cl ai 0 wherein the nol a
conpound in the dispersion is 50% 42% The di spersion of

P

39. The disperd

EPLAEMERT SHEET

sifon of claim 3

ail el cJAN 1887 2

percent of the

isin distilled
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wat er, normal saline or buffered saline. 43. The dispersign of claim39

wherein said 3[err][N-(N, N -dinet hyl ani noet hane) - car baroylg Emrgm‘t SHE]E

and said DOPE constitute particles which have an.average (i
150nm " 39 44. The di spergi of claim 39

n
whi ch further conprises a riucleic acid. 45. The disperdi ¢nth? AKIBSZ4
wherein the nucleic acid is conplexed with said dispersionf ¢f the m xture
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of the phospholipid and the conpound.
wherein the nucleic acid is DNA 47. The di spersion of
phospholipid to DNA is from about 69.to 80 n

48. .The di spersion of claim46 whereinothe ratio o
lipid for 5 [err]g of U7 JAN 19892

the rati o of

for 5 [err]g of DNA
phospholipid to DNAis 70 nnol e of
di spersion of claim46 which furt heg/?,corrpri ses mamal i an dellls
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50..°A st abl e aqueous di spersion which conprises in a mxture a neutral

phOSphO|IpId whi ch contalns an unsaturated acyl group ang O WIEEP
is a 40 substanti-al l'y ﬁ Mﬁm Sﬂ-

effective doses, bi odegr adabl e am ne derl vative of- chol edtdrol having a
chol esteryl group, a linker, -NH(CO-*, which linker isfjlijnillcfi IAN 1887

side marked by the asterisk to the 3 pgsition of the choljegteryl group
by the other side via the nitrogen to?Zfspacer, the spacgr
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having 1 to 15 carbon atonms in a branched or |inear hydr MPMGEMENW SHEFTD
Linked-on its other side to a primry am no group. 5%. 1 e
of claim50 wherein in the: conpound, the spacer is -(CH ¢r
52. The dispersion of claimb51 which has a pH of at |eas
di spersion of claim52 wherein the conpound,,

chol esteryl -3[err]-carboxyam doet hyl eneam n€.

OD_FOR DEY, IN IC S -

ABSTRACT

A methed for facilitating the transfer of nucleic
acids into cells comprising preparing a mixed 1lipid
dispersion of a cationie 1lipid with a co-lipid in a
suitable carrier solvent., The lipid has a structure which
includes a lipophilic group derived from cholesterol, a
linker bond, a spacer arm including from about 1 to about

20 carbon atoms in a branched or unbranched linear alkyl

*

chain, and a cationic amino group selected from the ‘group
consisting of primary, secondary, tertiary and quaternary
amino groups. The method further comprises adding the
nucleic acids to the dispersion to form a complex. The
cells are then treated with the complex. There is also

disclosed a novel cationic amphiphile useful for this

purpose.

This Sheet Has Been Replaced
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54. The di spersten—ef—etat-m-52 wherein the phospholipid ig.select M‘FS?-{EET
t e group osphatldylchollne (PC) and phos i EN
ecnanol o AV AL I 01" PR
di spersion of ¢l akm®%4 swherein the phospholipidis PE b6 Tgﬁ&
di spersion of claim55 wherein the PE is diol eoyl phosphatjd 18th fiﬁﬁgne
(DOPE) . THE CLAIM

p—

1. A substantially non-toxic biodegradable amine

derivative of cholesterol having a cholesteryl group,
a -NH-(CO)-0-*%* linker, which linker is linked by the
side marked by the asterisk to the 3 position of the
cholesteryl group and by the other side wvia the
nitrogen to a spacer, the spacer having 1 to 15
carbon atoms in a branched or linear hydrocarbon,

which is linked on its other side to a tertiary amino

group.

2. A derivative of cholesterol of claim 1 wherein

the spacer is - {(CH,),-

3. A cationic lipid of the derivative of cholesterol

of claim 1.

4. A dry lipid film of the derivative of cholesterol

of claim 3.

5. A hydrated lipid film of the derivative of

cholesterol of claim 4.

6. A substantially non-toxic biodegradable amine
derivative of cholesterol which is 3B([N-(N’',N’-

dimethylaminoethane) -carbamoyl] cholesterol.

Yo 290 ~1-
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57. The dispersion of claimb52 wherein the conpound is

chol esteryl -3[ err]-carboxyam doet hyl enegm ne and the phosph@l i plagk | PH.
58. The dispersion of claim57 wherein ?%?e conpound is pr sgnt “Wlt t1$§D(

di spersion in a nolar percent of 20 to 50% 59. The|di '
claim58 wherein the nolar percent of the conpound in the dispersion is

50% 6‘91 Ti}g 95%8%&&5{8”1%1‘%1 a(ijn ?Ee\MHeC iJfgtii[}ediosf 'Lh8d esterol -

of claim 6.

8. A crystalline product of the derivative of

cholesterol of claim 6.

9. A dry lipid film of the derivative of cholesterol

of claim 6.

10. A hydrated lipid film of the derivative of

cholesterol of claim 9.

11. A substantially non-toxic biodegradable
derivative of cholesterol which is 3B [N-

(polyethyleneimine) -carbamoyllcholesterol.

12. A cationic lipid of the derivative of cholesterol

of claim 11.

13. A lyophilate of the derivative of cholesterol of

claim 9.

[T
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wat er . normal saline or buffered saline. 61. The dispgr nun of—ttarmnms
wherei'n said cholesterol and said DCPE3§onst|tute particlles @ﬁﬁf an
aver age di aneter of about 150 nm ﬁ@k g2.
The di spersion of claim57 which further conprises a nucl e#-e—am d

The di spersion of claim57 wherein said nucleic acid is ¢onplexed wt h
sai d dispeE%ionAof t.he

ubstgkéggfﬁy non-toxic biodegradable amine
derivative of cholesterol having a cholesteryl group,
a linker selected from the group consisting of a
-NH- (CO)-* and a -0-(CO)-* (reverse ester) linker,
which linker is linked by the side marked by the
asterisk to the 3 position of the cholesteryl group
and by the other side via the nitrogen or the oxygen,
respectively, to a branched or linear hydrocarbon
spacer having 1 to 15 carbon atoms, which is linked
on its other side to an amino group selected from the
group consisting of a primary, tertiary or quaternary

groups.

15. A derivative of cholesterol of claim 14, wherein

the spacer is of 2 to 3 carbon atoms.

16. A derivative of cholesterol of claim 15 wherein

the spacer is - (CH,),-

17. A substantially non-toxic biodegradable amine
derivative of cholesterol of claim 14 wherein the
linker is a -NH-(CO)-* linker, and the amino group is

primary.

AR R
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of the phospholipid and the conpound. 64. The di spersijop of claim 62
wherein the nucleic acid is DNA 635, The dispersion ¢f fcfaf njif4 1933

wherein the ratio of phospholipid to is fromabout 6 o 80 nnol e of
lipid for 5 [err]g of DNA 66. The di spersion of clai |

conprises manmal i an cells. 67. A stable aqueous dispergion which

COmprises Lt @ p gerivative of cholesterol of claim 17 which is

cholesteryl-3f-carboxyamidoethylamine.

19. A substantially non-toxic biodegradable amine
derivative of cholestercl of claim 16, wherein the
linker is a —NH-(CO)-* linker and the amino group are
selected from the group consisting of one tertiary

and one quaternary amino group.

20. A derivative of cholesterol of claim 19 wherein

the derivative of cholesterol is selected from the
group consisting of cholesteryl-3Bf-carboxyamido-
ethylenedimethylamine and cholesteryl-3f3-

carboxyamidoethylenetrimethylammonium iodide.

21. A powder or a lyophilate of a derivative of

cholesterol of claim 20.

22. A derivative of cholesterol of claim 20 which is

cholesteryl-3f-carboxyamidoethylenedimethylamine.

23. A derivative of cholesterol of claim 20 which is
cholesteryl-3B-carboxyamidoethylenetrimethylammonium

icdide.

TR O R A
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m xture a neutral phospholipid which contains an unsat urjatea—aeyr—grod
and a conpound which is substantially non-toxic, at eff ctigg dj Es
bi odegr adabl e am ne derivative of chol est2r ol having a ghdl fle @ u

3 =N (CO) -*

=)

a carboxyam do |i nker,
which linker is linked by the side marked by the asteri

k to the 3
iti f_th hol est , d by th t ' i '
Do h | opace? thavkng b 1 ehbt i adioh adBre ki catepskad 4o

Bi A BOn®i
other side to an am no group consisting .
the derivative of cholesterol of claim 14 wherein the

ts

linker is -0-(CO)-*, and the amino group is selected
from the group consisting of one tertiary and one

guaternary amino group.

25. A derivative of cholesterol of claim 24 wherein
the derivative of cholestercl is selected from the
group consisting of 1,3-bis-dimethylamino-2-precpyl-
cholesteryl-3f-carboxylate and l1-dimethylamino-3-
trimethylamino-DL-~2-propyl cholesteryl carboxylate

iodide.

26. A derivative of cholesterol of claim 25, which is

1,3-bis-dimethylamino-2-propyl-cholesteryl-3§-

Ll

carboxylate.

27. A substantially non-toxic biodegradable amine
derivative of cholesterocl having a cholesteryl group,
a- (CO)-0-* ester linker which linker is linked by the
side marked by an asterisk to the 3 position of the
cholesteryl group and by the other side via the
carbon to a 5 to 8 carbon atoms branched or linear

hetercatom spacer comprising in addition to

) O




of one tertiary 3¢, 006, BlARGHEATY am no group.

REPLAGEMENT onet|

68. The {di spersion of

claim 67 whereinj nd, the spacer is -(CH err]} [lerg k- . 9
Hﬂmﬂgwmh has a pH of at |east abdut 7@@4&&. ﬂgg%
[ ein the conpound is selecte

The di spersion of

The di spersion of (

consisting of cholesteryl- 3[err]-carboxyani doethyl enedi ry

chol est e1 Yl iy a bl SAL DA JOEENURNCL E LIPLIMI ALRA! YPJPRAE 7T
The di spersion of claim 70 erern the conpoun

group consisting of oxygen and nitrogen,

t hyl am ne and

which spacer
is linked on its other side to an amino group
consisting of one or two tertiary amino groups or one
or two amino quaternary groups.

28. A derivative of cholesterol of claim 27 wherein
the spacer has a nitrogen and an oxygen atom.

29. A derivative of cholesterol of claim 27 which is
cholesteryl-3f-oxysuccinamidoethylenedimethylamine.

30. A derivative of cholesterol of claim 28 which is

cholesteryl-3f-oxysuccinamidoethylenetrimethyl-
ammonium iodide.
31. A stable aqueous dispersion which comprises in a
mixture a neutral phospholipid which contains an
unsaturated acyl group and a compound which is a
substantially non-toxic, at effective doses,
biodegradable amine derivative of cholesterol having
a cholesteryl group, a linker, -NH-(CO)-0-*, which
linker is linked by the side marked by the asterisk
to the 3 position of the cholesteryl group and by the
O O RO ,
AR 0 O L ;

THIS SHEET HAS BEEN |
REPLACED |
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Is chol esteryl-3[err]-carboxyam doet hyl ene- di nmet hyl am ne

di.spersion of claim71 wherein the phospholipid is selectied from bEe oyup
consi sting of phosphat i dyl chol’i ne (PC) and phosphatﬂ (ﬁylj 18
et hanol am ne (PE). 73. The dispersion of claim72 wherfeijn_the

other side via the nitrogen to a spacer, the spacer
having 1 to 15 carbon atoms in a branched or linear
hydrocarbon, and being linked on its other side to a

tertiary amino group.

32. The stable aqueous dispersion of claim 31 wherein

in the compound the spacer is 2 to 15 carbon atoms.

33. The dispersion of claim 32 wherein in the

compound, the spacer is - (CH;),-.

34. The dispersion of claim 33 which has a pH of at

least 7.0.

35. The dispersion of claim 34 wherein the compound
is 3B[N-(N’,N’'-dimethylaminoethane) -carbamoyl] -

cholesterol.

36. The dispersion of claim 35 wherein the
phospholipid is selected from the group consisting of
phosphatidyl choline (PC) and phosphatidyl-

ethanolamine (PE).

[
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phosphol i pid is PE. 74. The dispersion of claim73 mheweLn the PE is

di-ol eoyl phosphati dyl et hanol am ne. (DCPE) 75. The dispen§ :
wherein the conpound is EPEAGEMEN? Sﬁﬁg
chol esteryl -3[err]- carboxyanldoethylenedlnethylanine and {hg¢ ﬁhoifhollp
I s DOPE. 76. The dispersion of claim75 wherein the cofrppu 4 1393

A £ A e

phospholipid is PE.

38. The dispersion of claim 37 wherein the PE is

dioleoylphosphatidylethanolamine (DOPE).

39. The dispersion of claim 34 wherein the compound
ig 3P[N-(N’,N’-dimethylaminoethane) -carbamoyl] -

cholesterol and the phospholipid is DOPE.

40. The dispersion of claim 39 wherein the compound
is present in the dispersion in a molar percent of 20

to 50%.

41. The dispersion of claim 40 wherein the molar

percent of the compound in the dispersion is 50%.

42. The dispersion of claim 39 which is in distilled

water, normal saline or buffered saline.

43. The dispersion of claim 39 wherein said
BB[N-(N’,N'—dimethylaminoethane)—éarbamoyl]-
cholesterol and said DOPE constitute particles which

have an average diameter of about 150nm.

L




77. The dispersion of claim76 wherein the nolar percent of conpound .

in the dispersion is 50% 78. The digpersion of claim75 RE“?EACEMEN?F SHEETi
distilled water, normal saline or buffered saline. '
45 79. The dispersion of claim75 wherein said chol estergl jagd, sgi,d

DOPE constitute particles which have an average di aneter of [abo t?1 @%9

44. The dispersion of claim 39 which further

comprises a nucleic acid.

45, The dispersion of claim 44 wherein the nucleic
acid is complexed with said dispersion of the mixture

of the phospholipid and the compound.

46. The dispersion of claim 44 wherein the nucleic

acid is DNA.

47. The dispersion of claim 46 wherein the ratio of
phospholipid to DNA is from about 69 to 80 nmole of

lipid for 5 pg of DNA.

48. The dispersion of claim 46 wherein the ratio of

phospholipid to DNA is 70 nmole of lipid for 5 pg of

DNA.

49. The dispersion of claim 46 which further

comprises mammalian cells.

50. A stable aqueous dispersion which comprises in a
mixture a neutral phospholipid which contains an

unsaturated acyl group and a compound which is a

T




80. The dispersion of claim75 which further conprises a nufh
81. The dispersion of claim80 wherein the nucleic acid is
sai d dispersion of the mixture of the #lospholipid and the kanp
82. The dispersion of claim80 wherein the nucleic acid is [DNA

EET|

The di spersion of claim82 wherein the ratio of, dispersiog tio. DNA is fro

about 69 to 80 nnole of. lipid for 5 [err]g of DNA . B
substantially non-toxic, at effective doses,

i

L e s nne

biodegradable amine derivative of cholesterol having
a cholesteryl group, a linker, -NH-(CO)-*, which
linker is linked by the side marked by the asterisk
to the 3 position of the cholesteryl group and by the
other side via the nitrogen to a spacer, the spacer
having 1 to 15 carbon atoms in a branched or linear
hydrocarbon, and being linked on its other side to a

primary amino group.

51. The dispersion of claim 50 wherein in the

compound, the spacer is - (CH,),-.

52. The dispersion of claim 51 which has a pH of at

least 7.0.

53. The dispersion of claim 52 wherein the compound

is cholesteryl-3f-carboxyamidoethyleneamine.

54. The dispersion of claim 52 wherein the
phospholipid is selected from the group consisting of
phosphatidylcholine (PC) and phosphatidyl

ethanolamine (PE).

UL



84. The dispersion of claim83 wherein the ratio of dispersz LﬁeﬂﬁEﬁI{SEEET'

70 nnole of lipid for 5 [err]g of DNA 85. The di spersi

whi ch further conprises mamralian cel | §1

46  86. The dispersion of claim70 wherein the conpound i 09 Jul 1998

chol esteryl -3[err]-carboxyan doet hyl enetrinethyl- ammoni um

pdi de and t he

di spersion_al so conprlses
55. The dispersion of claim 54 wherein the

phospholipid is PE.

56. The dispersion of claim 55 wherein the PE is

dioleoylphosphatidylethanolamine (DOPE).

57. The dispersion of claim 52 wherein the compound

is cholesteryl-3B-carboxyamidoethyleneamine and the

phospholipid is DOPE.

58. The dispersicn of claim 57 wherein the compound
is present in the diépersion in a molar percent of 20

to 50%.

59. The dispersion of claim 58 wherein the molar

percent of the compound in the dispersion is 50%.

60. The dispersion of claim 57 which is in distilled

water, normal saline or buffered saline.

61. The dispersion of claim 57 wherein said
cholesterol and said DOPE constitute particles which

have an average diameter of about 150 nm.

[



a.nuclei c acid. 88. A stable aqueous dispersion which c rises 1n a
m xture a neutral phospholipid which com2ai ns an unsat urat gd am 90PURA9
oses

and a conpound which is substantially non-toxic, at effectilv
bi odegr adabl e am ne derivative of chol esterol having a cholje
alinker, -G (CO-*, which |I|inker is |linked by the side mar&ﬁed by the

s T
2

DOPE. 87. The dispersion of claim86 wherein the disper iREPLAgEMENTSSHE.-a i

bt et s 12 50

asteri sk t&2 t h& pdippieais bPnt R chod bwt &fyIwhiroupfamd Hyr T he ot her 51 ae
via the carbon to a branched or |inear
comprises a nucleic acid.

63. The dispersion of claim 57 wherein said nucleic
acid is complexed with said dispersion of the mixture

of the phospholipid and the compound.

64. The dispersion of claim 62 wherein the nucleic

acid is DNA.

65. The dispersion of claim 64 wherein the ratio of
phospholipid to DNA is from about 69 to 80 nmole of

lipid for 5 pg of DNA.

66. The dispersion of c¢laim 64 which further .

comprises mammalian cells.

6€7. A stable aqueous dispersion which comprises in a
mixture a neutral phospholipid which contains an
unsaturated acyl group and a compound which is
substantially non-toxic, at effective doses,
biodegradable amine derivative of cholesterol having

a cholesteryl group, a carboxyamido linker,

S
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hydr ocar bon spacer, the spacer having 3 to 5 carbon atons,
| inked on its other side to an am no group consisting of ﬁfﬁﬁjﬁ
[

ne
tertiary and one quaternary am no group3 89. The di sper ﬁa 8
whi ch has a pH of at |east about 7.0. 47
90. The dispersion of claim89 wherein in the conpound, t spacer has 3

carbon atons.
-NH- (CO) -*, which linker is linked by the side marked

by the asterisk to the 3 position of the cholesteryl
group and by the other side via the nitrogen to a
spacer having 3 to 5 carbon atoms, which spacer is
linked on its other side to an amino group consisting

of one tertiary and one gquaternary amino group.

68. The dispersion of claim 67 wherein in the

compound, the spacer is - (CH,),-.

69. The dispersion of claim 68 which has a pH of at

least about 7.0.

70. The dispersion of claim 69 wherein the compound
is selected from the group consisting of cholestery]l-
3B-carboxyamidoethylenedimethylamine and cholesteryl-

3B-carboxyamidoethylenetrimethylammonium iodide.

71. The dispersion of claim 70 wherein the compound
is cholesteryl-3B-carboxyamidoethylene-

dimethylamine.

72. The dispersion of claim 71 wherein the

phospholipid is selected from the group consisting of

-

NI



91. The dispersion of claim90 wherein the compound is se
group consisting of 1, 3-bis-

di et hyl am no- 2- pr opyl - chol est eryl - 3[ ef] - car boxyl at e and
1- di et hyl am no- 3-tri net hyl am no- DL- 2- propyl chol esteryl

I odi de. 92. The dispersion of claim91 wherein the

ohosphat | BOSRARENGVARASLAPE) (7S s5d RHPGPEsEEIEH of Gl

the PE is dloleoylphosphatldylethanolan1ne ( DOPE) .
ethanolamine (PE).

73. The dispersion of claim 72 wherein the

phospholipid is PE.

baf baxmwl,ems

phpspholipid is
C) and

claim92

74. The dispersion of claim 73 wherein the PE is

dioleoylphosphatidylethanolamine (DOPE).

75. The dispersion of claim 69 wherein the compound

is cholesteryl-3f-carboxyamidoethylenedimethylamine

and the phospholipid is DOPE.

76. The dispersion of claim 75 wherein the compound

is present in the dispersion in a molar percent of 20

to 50%.

77. The dispersion of claim 76 wherein the molar

percent of the compound in the dispersion is 50%.

78. The dispersion of claim 75 which is in distilled

water, normal saline or buffered saline.

‘R O O
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94. The dispersion of claim91 wherein the compound is -

1, 3-bi's-di net hyl am no-2- propyl-chol esteryl-3[err]- carboxy QLPLAC SHEET
phosphol i pid i s DOPE. 95. The di spe¥si on of claim 94 whefe|n_the

conpound is present in the dispersion in a nolar percent of] 2p 8tlo J¥404999

48 96. The dispersion of claim94 which further conprisepb lnpucleic acid.

79. The dispersion of claim 75 wherein said

cholesterol and said DOPE constitute particles which

have an average diameter of about 150 nm.

80. The dispersion of claim 75 which further

comprises a nucleic acid.

81l. The dispersion of claim 80 wherein the nucleic
acid is complexed with said dispersion of the mixture

of the phospholipid and the compound.

82. The dispersion of claim 80 wherein the nucleic

acid is DNA.

83. The dispersion of claim 82 wherein the ratio of,
dispersion to DNA is from about 69 to 80 nmole of

lipid for 5 pg of DNA.

84. The dispersion of claim 83 wherein the ratio of

dispersion to DNA is 70 nmole of lipid for 5 pg of

DNA.

85. The dispersion of claim 82 which further

comprises mammalian cells.

VR O 0
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97. The dispersion of claim96 wherein the nucleic acid Jﬁi&é&EMtN° §thT

EE

The dispersion of claim97 wherein the ratio of dispersijonto DNA is fr
about 69 to 80 nnole of lipid for 5 [et¥]g of DNA. 90.] Thg JUEpBesi
of claim97 which further conprises manmalian cells. 100 A stab

aqueous di spersion which conprises in a mxture a neutr phosphol 1 pi d

i ch contalins an , . . .
wh 56. f%e dispersion of claim 70 wherein the Tompound

is cholesteryl-3fB-carboxyamidoethylenetrimethyl-
ammonium iodide and the dispersion also comprises

DOPE.

87. The dispersion of claim 86 wherein the dispersion

comprises a nucleic acid.

88. A stable aqueous dispersion which comprises in a
mixture a neutral phospholipid which contains an
unsaturated acyl group and a compound which is
substantially non-toxic, at effective doses,
biodegradable amine derivative of cholesterol having
a cholesteryl group, a linker, -0-(CO)-*, which
linker is linked by the side marked by the asterisk,
to the 3 position of the cholesteryl group and by the
other side via the carbon to a branched or linear
hydrocarbon spacer, the spacer having 3 to 5 carbon
atoms, which spacer is linked on its other side to an
amino group consisting of at least one tertiary and

one quaternary amino group.

89. The dispersion of claim 88 which has a pH of at

least about 7.0.

U



unsat-urated acyl group and a conpound which is substantiall y.nopn-{oxic at

effective doses, a biodegradable ami ne_derivative of chol es{REp

chol esteryl group, a linker, -(CO-0*2"which linker is linke
mar ked by an asterisk to the 3 position of the chol esteryl gr
the other side via the carbon, to a 5-8 carbon atom branchgd

LACEMERT, SFEET

bup and b
ob 1iMla

east one

1999

het er oat om _spacer compri Si in _addition to drocar bons, a
atonlselegpeg T%e éngersq n of claim 89 wgéqﬁ}n f?o

gr oup

consi sting of oxygen and nitrogen,
compound, the spacer has 3 carbon atoms.

91. The dispersion of claim 90 wherein the compound
is selected from the group consisting of 1,3-bis-
dimethylamino-2-propyl-cholesteryl-3pf-carboxylate and
l-dimethylamino-3-trimethylamino-DL-2-propyl

cholesteryl carboxylate iodide.

92. The dispersion of claim 91 wherein the
phospholipid is selected from the group consisting of
phosphatidylcholine (PC) and phosphatidyl

ethanoclamine (PE).

93. The dispersion of claim 92 wherein the PE is

dioleoylphosphatidylethanolamine (DOPE).

94. The dispersion of claim 91 wherein the compound
is 1,3-bis-dimethylamino-2- propyl-cholesteryl-3B-

carboxylate and the phospholipid is DOPE.

95. The dispersion of claim 94 wherein the compound
is present in the dispersion in a molar percent of 20

to 50%.

AR




whi ch spacer is linked on its other side to an am no grou 0
one or two tertiary groups or one or two quaternary g?oupg Q§£§E§§E§35L§B_?T
hem succi nate choline ester being excl uded. 101. The dnsper5|on of

cl ai m 100 which has a pH of at |east about 7.0. 102. 0 i $PEB8Dn
of claim 100 wherein the conpound has one or two tertiar qroups or

one or two quaternary groups. 103. The S erS|on gf claim 102
wherein thes.cdipouddspersiapl et laim §[4er"f}}l%£y Sueditafidoet hyl enee

di met hyl am ne.
comprises nucleic acid.

97. The dispersion of claim 96 wherein the nucleic

acid is DNA.

98. The dispersion of claim 97 wherein the ratio of

dispersion to DNA is from about 69 to 80 nmole of

lipid for 5 pg of DNA.

99. The dispersion of claim 97 which further

comprises mammalian cells.

100. A stable agueous dispersion which comprises
in a mixture a neutral phospholipid which contains an
unsaturated acyl group and a compound which is
substantially non-toxic at effective doses, a
biodegradable amine derivative of cholesterol having
a cholesteryl group, a linker, -(CO)-0-*, which
linker is linked by the side marked by an asterisk to
the 3 position of the cholesteryl group and by the
other side via the carbon, to a 5-8 carbon atom
branched or linear heteroatom spacer comprising in

addition to hydrocarbons, at least one atom selected

AN )
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104.-., The di spe{ﬁgﬁ&tHQfBeﬁpﬂe@h&a 102 wherein the conpoprd—1=s

chol esteryl-3[err] t hyl ene- trinethyl anmonium b gﬂﬁ'

105. The di spergm uﬂllllﬂg lEn 103%*° wherein the phogpho 4999
selected fromthe g of phosphati dyl chol i ne Q) and
phosphatidyl - ethanol am ne (PE). 50 106.

The dlsperflon of claim 105 wherein the EE
rom the group con51st1ng of oxygen and nitrogen,

which spacer is linked on its other side to an amino
group consisting of one or two tertiary groups or one

or two guaternary groups.

101. The dispersion of claim 100 which has a pH of

at least about 7.0.

102. The dispersion of claim 100 wherein the
compound has one or two tertiary groups cor one or two

gquaternary groups.

103. The dispersion of claim 102 wherein the

compound is cholesteryl -3B-oxysuccinamidoethylene-

dimethylamine.

104. The dispersion of claim 102 wherein the

compound is cholesteryl-3B-oxysuccinamidoethylene-

trimethylammonium iodide.

105. The dispersion of claim 103 wherein the
phospholipid is selected from the group consisting of
phosphatidylcholine (PC) and phosphatidyl-

ethanolamine (PE) .

H“\‘WM THIS SHEET HAS BEEN

REPLACED




| nene IT
?w
di ol egyl phosphati dyl et hanol am ne ( DOPE). 107. The cﬁ%ﬁﬁ&ﬁ&ﬁ&ﬁi§;§ﬁgﬁT
ctaim 106 wherein the conpound is § 1
chol esteryl -3[ err]-oxysucci nam doet hyl eRé- dinethylanineraddilﬁeJUL 1899

phosphol i pid i s DOPE. 108. The di spersion of cIainﬂlQ? wherein the

compound is present in the dispersion in a nolar percent jof 20 to 50% _
: : . : th .i Lol ,
;2?& Th%&%§per5|8géﬁdfg€égg¥§%V@£CQ1;%% f%s gg@?éin the PE 1is

dioleoylphosphatidylethanolamine (DOPE) .

107. The dispersion of claim 106 wherein the
compound is cholesteryl-3B-oxysuccinamidoethylene-

dimethylamine and the phospholipid is DOPE.

108. The dispersion of
compound is present in the
percent of 20 to 50%.

1089. The dispersion of
comprises a nucleic acid.

110. The dispersion of
nucleic acid is DNA.

111. The dispersion of

claim 107 wherein the

dispersion in a molar

claim 108 which further

claim 109 wherein the

claim 109 wherein the ratio

of dispersion to DNA is from about 69 to 80 nmole of

lipid for 5 ug of DNA.

112. The dispersion of

claim 110 which is mixed

with mammalian cells for transfection.

N0
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: : : k :
ﬂ(i . The di spersion of claim 109 wherein the nucleic egw
:11. ° The dispersion of claim 109 wherein the ratio of {di|spetsi oy
is fromabout 69 to 80 nnole off lipid for 5 [err]g of DN/ %%ﬂgfié&'rhe
di spersion of claim 110 which is mxed wth manmalian celfl 3_f.ar
transfection. 51 113. A stable
aqueous di spersi whi '
a 1?3. on A'g@;ﬁi réag%ous dispersion which comprises

>

in a mixture, DOPE,. 3B[N-(N’,N’-dimethylaminocethane) -

carbamoyl]cholesterol and DNA.

114. The stable aqueous dispersion of claim 113

which is mixed with mammalian cells for transfection.

115. A method for facilitating the transfer of
nucleic acid into mammalian cells with a stable
aqueous dispersion of mixed lipids which dispersion
comprises:

in a mixture a neutral phospholipid which
contains an unsaturated acyl group and a
substantially non-toxic, at effective doses,

biodegradable amine derivative of cholesterol, a
linker selected from the group consisting of NH- (CO-
0)-0-*, NH-(CO)-*, -0-(CO)-* and -(CO)-0O-*, a spacer
arm having from 1 to 20 carbon atoms in a linear
branched or unbranched hydrocarbon chain, which may
contain one or more oxygen and nitrogen groups and a
cationic amino group selected from the group
consisting of primary, secondary, tertiary and
quaternary amino groups, which method comprises

mixing said aqueous dispersion of cholesterol
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cells with a stable aqueous dispersion of m xed |ipids i ch di spersion
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bi odegr adabl e am ne derivative of cholesterol, a

thereby forming a dispersion/nucleic acid complex,

e o e g

and incubating the cells to be transfected with the
complex, thereby facilitating the transfer of the

nucleic acids into the cells.

116. The method of claim 115 wherein the

cholesterol derivative is cationic.

117. The method of claim 115 wherein the spacer is

a hydrocarbon spacer.

118. The method of claim 117 wherein the amino

group 1is tertiary.

119. The method of claim 116 wherein the spacer is
"(CHz)z".
120. The method of claim 119 wherein the cationic

lipid is 3B [N-(N’',N’'-dimethylaminoethane) -carbamoyl] -

cholesterol.
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dispersion contains from 20 to 50% of the cationic

lipid.

122. The method of claim 120 wherein the
dispersion of the cationic lipid contains particles

of an average diameter of about 150nm.

123. The method of claim 120 wherein the aqueous
dispersion is a dispersion in distilled water, normal

saline, oxr buffered saline.

124. The method of claim 115 wherein the cationic
lipid is selected from the group consisting of
cholesteryl-3B—carboxyamidoethylenetrimethylammoniuT
iodide, cholesteryl-3f-carboxyamidoethyleneamine,
cholesteryl-3p-oxysuccinamidoethylenetrimethyl-
ammonium iodide, 3B[N-(N’,N’-dimethylaminoethane) -
carbamoyl] cholesterol, and 3B[N-{(polyethyleneimine)

carbamoyl]lcholesterol.
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deri vative and phospholipid with the nucleic acid, thereby flormng a .
di spersion/nucleic acid conplex, and incubating the cellsitq Igeq ji 08
transfected with the conplex, thereby facilitating the trdngfer of the

nucl ei c aci ds into the cells, chol esteryl hemjsucTiare e
choline ester and chol esteryl (4'- trsmmthylannnnlo) butaroate bei ng o
excl uded. 116. The nethod of _claim n ;Ee s
chol esterol derivati véEIHOD DELIVERING, NU et 115
wherein the spacer is a hydrocarbon spacer. 118. The met hod of cl aim

117 wherein the am no

BSTRACT

A method for facilitating the transfer of nucleic
acids into cells comprising preparing a mixed lipid
dispersion of a cationic lipid with a co-lipid in a
suitable carrier solvent, The 1lipid has a structure which
includes a lipophilic group derived from cholesterol, a
linker bond, a spacer arm including from about 1 to about
20 carbon atoms in a br?nched or unbranched linear alkyl
chain, and a cationic amine group selected from the group
consisting of primary, secondary, tertiary and quaternary
amino groups. The method further comprises adding the
nucleic acids to the dispersion to form a complex. The
calls are then treated with the complex. There is also

disclosed a novel cationic amphiphile useful for this

purpose.
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of only one the possible two tertiary amine sites. The
product was characterized by proton NM.
The scheme for the synthesis of cholesteryl

formate analoques is shown in FIGURE 3.

E T.E XIV
3BIN-(N’ . N’~dimethylaminoethane) ~carbamovllcholestere}

XIV):

Compound XIV was synthesized by mixing a solution
of cholesteryl chlorocformate (0.5 mmol) in chloreform with
a solution of N,N-dimethylethylenediamine (9.1 mmol) in
chloreform in a dry ice-ethanol bath. The solvent and the
unreacted amine were removed in vacuo. Compound XIV was
purified by two successive recrystallizations in ethanol.
(Yield, 65%) TILC (chloroform:methancl=65:35) showed a
single spot (R = 0,37) when developed with iodine. The
product was characterized by proton NM.

EXAMPLE XV
38[N-(polyethyleneimine)~carbamoyljcholesterol XV):

Synthesis of compound XV was similar to that of
compound XIV. Cholestercl chloroformate (0.1 mmol) and
polyethyleneimine 600 (6 g) were mixed in chloroform in a
dry ice-ethanol bath. After the volatile material of the
reaction mixture was removed in_ vacuo, the solid crude
product was dialyzed against 4L distilled water for 3 days
(during which the water was changed several times).
Finally, the product was lyophilized to dryness, giving an
estimated yield of 81%; Compound XV ran as a single spot

cn TLC (chloroform:methanol=65:35).



172, The method of claim 120 wherein the dispersion of ENTI
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lipid contains particles of an average ‘di anmeter of about (18 ET
The met hod of claim 120 wherein the aqueous dispersion if{ di spersion 1h
distilled water, normal saline, or buffered saline. 1241 4 6TDEC gedrod
of claim 115 wherein the cationic lipid is selected fromjthe group

consisting of cholesteryl-3[err]-carboxyam doet hyl enetrirfe
i odi de, chol esteryl-3[err]-carboxyan do@®hyl eneani ne,
chol esteryl -3[ err] -oxysucci nam doet hyl enetr,i neth

3[err][N-(N,

onyi BakIR | Zmi rq}ggtiwgﬁéy_es giving 1o¥l| _Icssmwlgg{lg;n,l %.d' de'
those strong PRC inhibitors, were not a good delivery
vehicle for DNA. For example, compeunds IV, XI, VI and
XIII, 211 having a IC, value less than 20 uM, produced
minimal CAT activities in .the treated cells. Awmong the
ones which gave rise to high CAT activities, derivatives
with a single tertiary amino group (compounds VIII, XIVand
III) were more effective in delivering DNA than similar
analogs containing 2a single quaternary amino group
(compounds IX and IV). Furthermore, among the derivatives
with the same amino head group, thoze containing a longer
spacer arm (compounds VIII and IX) delivered a greater
quantity of DNA than those containing a shorter spacer arm
(compounds X, XI, V, VI and XV} were generally less
effective delivery vehicles.

compound VII deserves some special attention. Tt
contains only a single primary amino group with a short

spacer arm, yet the transfection activity was relatively

high.
TABIE I
PKC Inhibition Relat@vg CaAT
Compound Icsu (uM) Activity
III 258 18
IV 12 0.7
v 643 2
Vi 11 1
VII 24¢é 68
vilt 191 100
IX 59 50
X 408 0.5
XI 18 11
XII 164 19
XITY 20 14
XIV - 75

Xv - 11
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hydrocarbons, at least one atom selected from the
group consisting of oxygen and nitrogen, which spacer
is linked on its other side to an amino group
consisting of one or two tertiary amino groups or one
or two amino guaternary groups, cholesteryl

hemisuccinate choline ester being excluded.

28. A derivative of cholesterol of claim 27 wherein

the spacer has a nitrogen and an oxygen atom.

29. A derivative of cholesterol of claim 27 which is

cholesteryl-3B oxysuccinamidoethylene dimethyl-amine.

30. A derivative of cholesterol of claim 28 which is

cholesteryl-3pB-oxysuccinamidoethylenetrimethyl-

ammonium iodide.

- 31. A stable aqueous dispersion which comprises in a

mixture a neutral phospholipid which contains an
unsaturated acyl group and a compound which is a
substantially non-toxic, at effective doses,
biodegradable amine derivative of cholesterol having
a cholesteryl group, a linker, -NH-(CO)-0-*, which
linker is linked by the side marked by the asterisk

to the 3 position of the cholesteryl group and by the
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from the group c¢onsisting of oxygen and nitrogen,
which spacer is linked on its other side to an amino
group consisting of one or two tertiary groups or one
or two quaternary groups, cholesteryl hemisuccinate

choline ester being excluded.

101. The dispersion of claim 100 which has a pH of

at least about 7.0.

102. The dispersion of <claim 100 wherein the
compound has one or two tertiary groups or one or two

guaternary groups.

103. The dispersion of claim 102 wherein the

compound is cholesteryl -3B-oxysuccinamidoethylene-

dimethylamine.

104. The dispersion of «claim 102 wherein the

compound is cholesteryl-3B-oxysuccinamidoethylene-

trimethylammonium iodide.

105. The dispersion of <claim 103 wherein the
phospholipid is selected from the group consisting of
phosphatidylcholine (PC) and phosphatidyl-

ethanolamine (PE).
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derivative and phospholipid with th¢ nucleic acid’
thereby forming a dispersion/nucleic acid complex,
and incubating the cells to be transfected with the
complex, thereby facilitating the transfer of the
nucleic acids into the cells, cholesteryl
hemisuccinate choline ester and cholesteryl (4°-

trimethylammonio) butanocate being excluded.

116. The method of claim 115 wherein the

cholesterol derivative is cationic.

117. The method of claim 115 wherein the spacer is

a hydrocarbon spacer.

118. The method of claim 117 wherein the amino

group is tertiary.

119. The method of claim 116 wherein the spacer is
'(CHz)z".
120. The method of claim 1192 wherein the cationic

lipid is 3B[N-(N’,N’-dimethylaminocethane) -carbamoyl] -

cholesterol.
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