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| i pi d-encapsul ated therapeutic agent particles has not been acﬁi eved where
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method may be passive, i.e., the lipid particles are assembled in the presence of the

therapeutic agent, some of which happens to get trapped; or active, i.e, the therapeutic agent
15 is drawn or forced into the interior of a lipid particle as a result of an induced gradient of
some type. Notwithstanding the many efforts to utilize lipid particles as carriers, there remain
problems which may limit actual applications of lipid-entrapped therapeutic agents. These
include low levels of therapeutic agent incorporation on a drug/lipid basis, low efficiency’s of
capture of the therapeutic agent, and lack of a suitable procedure for larger scale
20 manufacturing of the lipid-encapsulated therapeutic agent particles.

Large scale manufacturing of fully lipid-encapsulated therapeutic agent
particles has not been achieved where there is a significant electrostatic interaction between
the lipid and the therapeutic agent. A basic problem is aggregation. Aggregation normally
results when charged lipid is mixed with oppositely charged therapeutic agent, resulting in a

25 solution containing a milky flocculent mass which is not useable for further processing, let
alone for therapeutic use. The aggregation problem has prevented the development of
therapeutic compositions which could be of great utility.

Bench scale formulations using charged lipid and oppositely charged

therapeutic agent have been successfully achieved using cationic lipids and anionic nucleic
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resulting from this hydration step are typically 400 nm diameter and greater, which is too
20 large for general use as a therapeutic. Because of this, extensive post-formulation processing
such as high temperature extrusion (at 65°C) and optionally freeze-thawing (from liquid
nitrogen to 65°C waterbath) is required to obtain suitably-sized lipid particles. The efficiency
of encapsulation using this is fairly high (60-90%) in terms of recovered final drug:lipid ratio,
but the absolute efficiency of incorporation of starting polynucleotide into the final particle
25 formulation is sub-optimal (25-45%).
Commercial large scale manufacturing of these particles is not efficiently
achieved using traditional methods employed in the liposome field. These problems exist
notwithstanding the great deal of art on the manufacturing of liposome/drug formulations that
has emerged since the first description of liposome preparation by Bangham, AD. et al.

30 (1965) “The action of steroids and streptolysin S on the permeability of phospholipid
structures to cations”, J. Mol. Biol. 13, 138-147.
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manufacturing techniques set out in Bally et al., supra, and Semple et al., supra were
developed only for 1 - 100 ml preparations, and are cumbersome and lead to unsustainable
inefficiencies in large scale manufacturing (i.e. at the scale of 20-200 litres).

20 The instant invention provides, for the first time, methods for the large-scale
preparation of fully encapsulated lipid-therapeutic agent particles where the lipid and
therapeutic agent are oppositely charged. These particles are useful as therapeutic
compositions and for experimentation and otherwise. It is an object of this invention to
provide such methods.

25

Summary of the Invention
In accordance with the present invention, fully lipid-encapsulated therapeutic

agent particles of a charged therapeutic agent are prepared by combining a lipid composition

comprising preformed lipid vesicles, a charged therapeutic agent, and a destabilizing agent to
30 form a mixture of preformed vesicles and therapeutic agent in a destabilizing solvent. The

destabilizing solvent is effective to destabilize the membrane of the preformed lipid vesicles

without disrupting the vesicles. The resulting mixture is incubated for a period of time
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PEG-CEY;BﬁggDagﬁpq895§ﬁgI%Qthglease of cal cein entrapped at self-quenching
15 Fig. 1 shows a possible model of the mechanistic steps of the method of the
invention;

Fig. 2 depicts encapsulation efficiencies as a function of ethanol concentration
for liposomes containing 10 mol% PEG-Cer;
Fig. 3A depicts the release of calcein entrapped at self-quenching
20 concentrations in DSPC/Chol/PEG-CerC,,/DODAP liposomes as a function of ethanol
concentration (closed circles) together with the encapsulation efficiencies obtained using
liposomes of the same lipid composition (open circles);
Fig. 3B illustrates rapid exchange of lipids during the formation of lipid
entrapped nucleic acids using the method of the invention;
25 Fig 4 shows entrapment efficiencies and calcein leakage data plotted as a
function of temperature;
Figs. 5A, B and C show NMR spectra of lipid-associated oligonucleotides;
Fig. 6 shows a graph of entrapment efficiency plotted as a function of the
initial oligonucleotide-to-lipid ratio; and
30 Fig. 7 shows encapsulation efficiency for several species of antisense

oligodeoxynucleotides and for plasmid DNA (pDNA).
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exchange rapidly with other lipid particles. Destabilization of a lipid membrane is observed
15 in the invention, for example, at ethanol concentrations of 25-40%. Solvents which achieve
destabilization but not disruption of lipid vesicles are referred to herein as destabilizing
solvents.
disruption refers to modification of the properties of a lipid membrane such
that the fundamental morphology of the original membrane is lost. Disruption of a lipid
20 membrane is observed, for example, at ethanol concentrations of >60%.
fully encapsulated refers to lipid particles in which the therapeutic agent is
contained in the lumen of a lipid vesicle such as a liposome, or embedded within a bilayer of
a lipid particle such that no part of the therapeutic agent is directly accessible to the external
medium surrounding the lipid particle. Lipid particles in which the therapeutic agent is fully
25 encapsulated are distinct from particles in which a therapeutic agent is complexed (for
example by ionic interaction) with the exterior of the particle, or from particles in which the
therapeutic agent is partially embedded in the lipid and partially exposed to the exterior
medium. The degree of encapsulation can be determined using methods which degrade
available therapeutic agent. In the case of a polynucleotide, these methods include S1
30 Nuclease Digestion, Serum Nuclease, and Micrococcal Nuclease analysis. Alternatively, an
OliGreen™ assay can be employed. In a quantitative sense, a “fully encapsulated”

therapeutic agent is one where less than 10% of the therapeutic agent, and preferably less than
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generally spherical or oval shape formed from one or more lipid layers and having an interior
lumen containing a part of the solvent. The vesicles may be unilamellar, oligolamellar or
20 multilamellar structures.

The invention disclosed herein relates to a novel method for making lipid-
encapsulated therapeutic agent particles which is particularly applicable to the large-scale
manufacture of such particles when the lipid and therapeutic agent are oppositely charged,
such as found in formulations of cationic lipid and anionic polynucleotides. This invention

25 relies upon the surprising and unexpected observation that combining preformed lipid
vesicles with a solution of therapeutic agent can result spontaneously in the formation of
particles of fully lipid-encapsulated therapeutic agent of a therapeutically useful size. Thus,
fully lipid-encapsulated therapeutic agent particles are formed in accordance with the
invention by a method comprising the step of combining a lipid component comprising

30 preformed lipid vesicles and a solution of the therapeutic agent and incubating the resulting

mixture for a period of time to result in the encapsulation of the therapeutic agent in the lipid
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20 Charged Lipids
A wide variety of charged lipids and oppositely charged therapeutic agents

may be used with the invention. Examples of such compounds are available and known to
persons skilled in the art. The following lists are intended to provide illustrative, non-limiting
examples.

25 Cationic charged lipids at physiological pH include, but are not limited to,
N,N-dioleyl-N,N-dimethylammonium chloride (“DODAC”); N-(2,3-dioleyloxy)propyl)-
N,N,N-trimethylammonium chloride (“DOTMA”); N,N-distearyl-N,N-dimethylammonium
bromide (“DDAB”); N-(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium chloride
(“DOTAP”); 3B-(N-(N’,N’-dimethylaminoethane)-carbamoyl)cholesterol (“DC-Chol”) and

30 N-(1,2-dimyristyloxyprop-3-y1)-N,N-dimethyl-N-hydroxyethyl ammonium bromide
(“DMRIE”). Additionally, a number of commercial preparations of cationic lipids are

available which can be used in the present invention. These include, for example,
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dimyristoylphosphatidyl glycerol, dioleoylphosphatidyl glycerol, dilauryloylphosphatidyl

glycerol, dipalmitoylphosphatidyl glycerol, distearyloylphosphatidyl glycerol, dimyristoyl
phosphatic acid, dipalmitoyl phosphatic acid, dimyristoyl phosphatidy] serine, dipalmitoyl
20 phosphatidyl serine, brain phosphatidyl serine, and the like.
Some anionic charged lipids may be titrateable, that is to say they would have
a pKa at or near physiological pH, with the significant consequence for this invention that
they are strongly anionic in mild base conditions and weakly (or not) anionic at physiological
pH. Such anionic charged lipids can be identified by one skilled in the art based on the

25 principles disclosed herein.

Neutral Lipids and sterols

The term “neutral lipid” refers to any of a number of lipid species which exist either in
an uncharged or neutral zwitterionic form a physiological pH. Such lipids include, for
30 example, diacylphosphatidylcholine, diacylphosphatidylethanolamine, ceramide,

sphingomyelin, cephalin, cholesterol, cerebrosides and diacylglycerols.
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moieties may be linked to the outer bilayer of the lipid particle during formulation or post-
formulation. These methods are well known in the art. In addition, some lipid particle
formulations may employ fusogenic polymers such as PEAA, hemagluttinin, other lipo-
peptides (see US Patent applications SN 08/835,281, and 60/083,294, all incorporated herein
20 by reference) and other features useful for in vivo and/or intracellular delivery.
The preformed lipid vesicles may be prepared in a solution of ethanol or other
organic solvent using a simple lipid hydration step. The percentage of ethanol or other
organic solvent must be selected such that the lipid particles do not disassemble or redissolve
into the solvent (generally at >60% ethanol) but provide conditions which permit the
25 spontaneous encapsulation process of the invention (approx. 5%-50% ethanol, more
preferably 25-40% ethanol). Alternatively, additional components such as detergents may be
included in the lipid vesicle solution which contribute to the destabilization of the membrane.
For purpose of this specification, “organic solvent” means either a completely organic solvent
(i.e. 100% ethanol) or a partially organic solvent (such as ethanol in water, ie. 20% ethanol,
30 40% ethanol, etc.). A wide variety of water miscible organic solvents may be used including

ethanol or other alcohols, acetonitrile, dimethylformamide, DMSO, acetone, other ketones,

and the like. Solvents with greater or lesser polarity may be useful in some cases. Detergent
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Cationic therapeutic agents include any therapeutic agent with a net positive

charge, or having a positively charged group that is able to interact with a negative lipid

20 without being blocked by other negative charge groups of the therapeutic agent. Such
therapeutic agents include any known or potential therapeutic agent, including all drugs and
compounds such as, but not limited to modified nucleic acids linked to cationic charges,
proteins and peptides with positive charge groups, conventional drugs such as plant alkaloids
and analogues having positive charge groups, and the like. Therapeutic agents which are not

25 inherently cationic may be derivatized with cationic groups to facilitate their use in the
invention.

Typically, charged therapeutic agents are initially provided in buffered
aqueous solution, generally containing some amount of ethanol or other organic solvent. Salt
concentration can strongly effect the self assembly process (see US Patent application SN

30 09/169573 incorporated herein by reference) employed in the invention, so the buffered salts

employed need to be carefully selected. Further, all buffers must be pharmaceutically

acceptable, as traces may remain in the final formulation. A suitable buffer is 300 mM
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particles and therapeutic agent. In general, the therapeutic agent solution will have a
20 concentration of 1 to 1000 mg/ml, preferably 10-50 mg/ml of the therapeutic agent, to yield a
final concentration (after mixing with the preformed lipid vesicles) in the range of 0.2 — 10
mg/ml, preferably about 1-2 mg/ml. Preformed lipid vesicles are combined with the
therapeutic agent solution such that the resulting lipid concentration (after mixing with
therapeutic agent solution) is about 1.5 — 30 mg/ml (about 2-40 mM), preferably 10 mg/ml.
25 A preferred composition for preformed vesicles for use with polynucleotide therapeutic agent
is made at the standard lipid ratios (PEG-cerC14: DODAP: DSPC:Chol (molar ratios
5:25:25:45). This solution, in 100% ethanol, is diluted to 5-50% ethanol, preferably 40%
ethanol by mixing with aqueous buffer, for example 300 mM citrate, pH 4.0.
Encapsulation results upon stirring the lipid solution and the oligonucleotide
30 solution together until well mixed, and then incubating with no mixing or gentle mixing for a
period of from about 1 to 2 hours. The resulting solution is then dialyzed to remove ethanol

or other material which destabilizes the lipid particle membrane. pH adjustments may be
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Liposome Technology (G. Gregoriadis, Ed.) Vol. 1. p 123 (1993). The method consists of

extruding liposomes through a small-pore polycarbonate membrane or an asymmetric

20 ceramic membrane to reduce liposome sizes to a relatively well-defined size distribution.
Typically, the suspension is cycled through the membrane one or more times until the desired
liposome size distribution is achieved. The liposomes may be extruded through successively
smaller pore membranes to achieve gradual reduction in liposome size.

A variety of alternative methods known in the art are available for reducing

25 the size of a population of liposomes (*“‘sizing liposomes”). One sizing method is described in
U.S. Patent No. 4,737,323, incorporated herein by reference. Sonicating a liposome
suspension either by bath or probe sonication produces a progressive size reduction down to
small unilamellar vesicles less than about 0.05 microns in diameter. Homogenization is
another method; it relies on shearing energy to fragment large liposomes into smaller ones.

30 In a typical homogenization procedure, multilamellar vesicles are recirculated through a
standard emulsion homogenizer until selected liposome sizes, typically between about 0.1

and 0.5 microns, are observed. The size of the liposomal vesicles may be determined by
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preferably 40% ethanol by m xing wth aqueous buffer, for exanple 300 nmM
citrate, pH 4.0. Encapsulation results upon stirring the lipid solution and
the ol i ggry'el et de 30 solution together until well m xepgr@neososen

i ncubating W th no mxing or gentle m Xi ng for a period of fromabout 1 to
2 hours. The resulting solution is t herd3di al yzed to renove et hanol or
other material which destabilizes the lipid particle nmenbrane.
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bound by an ionic/electrostatic mechamsm to the oppositely charged lipids on the surface of
the LUV.
20 The next step in the process appears to be an aggregation step, in which

aggregates 13 of the LUV/therapeutic agent complexes are formed. This aggregation step is
very complex and is apparently dependent on the amount of destabilizing agent (for example
ethanol) and the amount of modified lipid in the preformed vesicles, as well as being
mediated by the charged therapeutic agent. Some limited knowledge is provided in the art
25 about these processes, but they neither predict nor explain the phenomenon which is the basis
of the present invention. It is known that cationic liposome/DNA complexes exhibit a large
variety of different structures including clusters of aggregated liposomes with flat double-
bilayer diaphragms in the areas of contact, liposomes coated with DNA and (aggregated)
multilamellar structures, where DNA is sandwiched between lipid bilayers (Gustafsson et al.,
30 1995; Lasic, 1997; Lasic et al., 1997; Huebner et al., 1999; Xu et al., 1999). The latter
structures can be flat stacks of bilayers or liposomes, which frequently exhibit open bilayer

segments on their outer surface. Similar structures have been observed following binding of



smal | er pore nenbranes to achieve gradual reduction in |liposone size. A
variety of alternative nethods known in the art are avail able for reducing
25 the size of a population of |iposonmes ("sizing |iposomes”). One sizing
met hod i yglgsgssidoed in U S, Patent No. 4,737,323, incorppeaicaodusiei n by
reference. Sonicating a |iposone susp«?nm on elther by bath or probe

soni cation produces a progressive size #éduction down to small unilanellar

| I th bout 05 di . E izat j
ot her Gt Ry rareed inpeamesiarghasmary o 1 15: Mo aA R Bt e
into smaller;RReg. 130l 1. dobMPITHALRATRORRNFR QB SURGRAL R thdibibisidmyrel | ar

bt

vesi cl es” ar’e ‘reci rch%?at ed %rougﬁl standard enul si on honogeni zer unti |
sel ect edwvdrt pasioured si mslonyxpndnméd mob&mnh abbildyeOrupturaadd GussomiRandrs, are
observed. The size of the Iiﬁosorral

be d d
o0 o555 P sokoerabal [o865ager satle o e HIbk fip oo Er o Crab el
desgri b gt e@@rwﬂ 1%9 Qdmgeythe%b&aayﬁ ade@b&%rme lipdQriR ks 4RY (=1981) ,

i ncor por erein eren Ayerage i posome di anmeter may be reduced
by soni cahineteaoh ofher.rids pllapcfsstberbﬁayet nihder mcr¢ased tessmnc é&thg tﬁn@lpcl(@@eﬁlay be

alternated with LS assessnent. to gquid fficient esi s

Pr ef er r @€Yy BigHFIqys o@‘ﬁﬁggssr‘rﬁ‘agsagf ﬁ‘éﬁWélrrP%‘H afl?f) HESY%% g“ﬁbfhods
wi |l Alrd QB1ERE 1088). ModtHl bbAgAIRe | S

bei ng naqﬁ%?nhﬂm%%@fl% In %Iﬁg?%lra??lgtpeﬂl\l/u\nﬁt hi (r)l%t he rdgg?ge gf 2§£’tro 50 nm
Speci fi lewnah@hﬁ:s mmc&asetddjyl abogi Yo Enars asdtParscgltanJ WSBheUEmhﬁill)@s rupsirew. | n
studyi ng the I| arti.cles made in accaqrdanc t he, i |on it was

Ol%urpr‘i%iclf?@W '?H§9 tening agansi saIhsr 19 %WEH%\IPC Stackss ?IE " were
convert ecgsfaﬂﬂ&l 'H#Sﬁﬂts 'O&g%s' e%ﬁan\S?éAnCrhSéfumetﬂ'fe ShlchaRResridiermaprskiEriagent .

VWhile not inten bound by any particular nechanism it is
bel i evedlﬁohaﬁteltabeorpobWS’mcvMposdsmesswmh@NA pnghgcsluabosdﬂsm in Fig. 1, where

a cationic charged |jpid. a n anionic th d. Th
process starts \?\n t ¢ Iégﬁ‘t‘?mogr?éahea‘?mWé‘%}WF@‘%W%“% g@n@é@[ﬁqeq%fsupﬁe ©
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and outsi'de surfaces of the bilayer wal dition ani oni ¢ _t herapeutic
agent , suediatad pmcbsssfenﬁmrdbngmbaoﬁumleedm pzteseszi differs il sosnd way frem ther mat i on

of an internedi at lex 12 in which the_ther agent nol cul es 11
are boUAdANXeAN iffRFIE JesmenA'soBER aee%é@ﬁamem‘m?% % ‘ﬁig%és “t"EF%P Char ged
i pids 0611a§/9195h§H£. &% Qhanol or a comparable destabilizing agent is required for the latter
structures to form it is not clear how it affects these structural rearrangements. These
rearrangements correlate with the loss of the membrane permeability barrier fr smaller
20 moeclues and rapid lipid exchange, as well as lipid flip-flop (which correlates with alcohol
concentration). In addition, the exchange out of the modified lipid from the LUV may be a
significant factor in to reorganization of the lipid vesicles. In any event, by some mechanism,
the aggregates 13 rearrange to form multilamellar vesicles 14 with the therapeutic agent
entrapped between the lamellae and on the inside of the vesicle. This rearrangement is
25 dependent not only on the nature of the aggregates formed, but also on the temperature at
which the aggregates are incubated. Some of the therapeutic agent may also remain
associated with charges on the exterior of the multilamellar vesicle, and, these may be
removed by charge neutralization (for example with acid or base in the case of a titratable
charged lipid), or by ion exchange.
30 Several characteristics of the lipid vesicles and the destabilizing solvent were

found experimentally to be of importance to the characteristics of the final products, and the
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uni I amel Jyatic¥ 6534488 whithti GeRFiBSERAGE AbwSNB@Ed 2LI0pRALAGH, EfitRA adhesi on-
“Methods and Apparatus for Preparation of Lipid Vesicles”, Serial No. Not yet assigned, filed
14 July 2000, (Attorney Docket No. 80472-6) which is incorporated herein by reference.

20 The method of the invention will now be further described with reference to

the following, non-limiting examples.

Examples

Materials used in the following examples are supplied as follows:
25 The phosphorothioate antisense oligodeoxynucleotides and plasmid DNA used in this study

were provided by Inex Pharmaceuticals (Burnaby, BC, Canada). The mRNA targets and
sequences of the oligonucleotides are as follows:
human c-myc, 5-TAACGTTGAGGGGCAT-3' (Seq ID No. 1);
human ICAM-1, 5°-GCCCAAGCTGGCATCCGTCA-3’ (SEQ ID No. 2); and
30 FITC-labeled human EGFR, 5’-CCGTGGTCATGCTCC-3’ (SEQ ID No. 3).
1,2-Distearoyl-sn-glycero-3-phosphocholine (DSPC) was purchased from
Northern Lipids (Vancouver, BC, Canada) and 1,2-dioleoyl-3-dimethylammoniumpropane
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purchased from Electron Microscopy Sciences (Fort Washington, PA) and low melting point
(L.M.P.) agarose from Life Technologies (Burlington, Ontario). Cholesterol (CHOL) was
purchased from Sigma Chemical Company (St. Louis, Missouri, USA). PEG-ceramides were
synthesized by Dr. Zhao Wang at Inex Pharmaceuticals Corp. using procedures described in

20 PCT WO 96/40964, incorporated herein by reference. [*H] or ['“C]-CHE was purchased from

NEN (Boston, Massachusetts, USA). All lipids were > 99% pure. Ethanol (95%), methanol,
chloroform, citric acid, HEPES and NaCl were all purchased from commercial suppliers.

Analytical Methods: Assays employed to determine if a lipid-therapeutic agent is

“encapsulated” such as being “fully encapsulated” are set out in WO 98/51278, and
25 incorporated herein by reference. Such methods include S1 Nuclease Digestion, Serum
Nuclease, and Micrococcal Nuclease analysis.

The Oligreen Assay was used to quantify the amount of oligonucleotide loaded
into the vesicles. A fluorescent dye binding assay for quantifying single stranded
oligonucleotide in aqueous solutions was established using a Biolumin™ 960 fluorescent

30 plate reader (Molecular Dynamics, Sunnyvale, California, USA). Briefly, aliquots of
encapsulated oligonucleotide were diluted in HEPES buffered saline (HBS; 20mM HEPES,
145mM NaCl, pH 7.5). A 10 uL aliquot of the diluted sample was added to 100 uL of a
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I abel ed [3H - PEG Lipid flip-flop. Lipid flip-flop was determined by chemical reduction of the
fluorescent lipid, NBD-PS, to a nonfluorescent compound with sodium dithionite (McIntyre
and Sleight, 1991, Lentz et al., 1997). Liposomes were prepared at 20 mM lipid by extrusion

20 in the presence of 1 mol% NBD-PS. Only NBD-PS located in the outer monolayer is
accessible to the reducing agent, dithionite, added to the external medium. Its redistribution
from the inner monolayer to the outer can be followed after reduction of NBD-PS in the outer
membrane leaflet. A 1 M sodium dithionite solution was freshly prepared in 1 M TRIS.
NBD-PS in the outer monolayer was reduced by addition of a 100-fold molar excess of

25 sodium dithionite relative to NBD and incubation for 10 min. The completion of the reaction
was checked by measuring the dithionite fluorescence at 520 nm before and after reduction
exciting at 465 nm. Excess dithionite was subsequently removed by size exclusion
chromatography on a Sephadex G50 column. The liposomes were incubated in the presence
of 40% ethanol and aliquots corresponding to a final lipid concentration of 150 pM removed

30 for measurement at different time points.

Leakage experiments. Ethanol-induced permeabilization of LUVs was measured

at different temperatures and as a function of the size (MW) of the entrapped solute. Calcein was
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respectiygly. Surface
FITC-dextran (MW 19500) was entrapped in DSPC/Chol/PEG-CerC, /DODAP
liposomes incorporating 0.5 mol% LRh-PE at a final concentration of 45 mg/ml. Entrapment was
20 performed by addition of the lipids dissolved in ethanol to the FITC-dextran solution in HBS
followed by extrusion (2 stacked 100 nm filters, 2 passes) and subsequent removal of ethanol by
dialysis. Unentrapped FITC-dextran was removed by size exclusion chromatography on a
Sepharose CL4B column (1.5x15 cm). The loss of FITC-dextran from liposomes exposed to 40%
ethanol was determined after removal of released FITC-dextran by size exclusion chromatography
25 on a Sepharose CL4B column (1.5x15 cm). The FITC/LRh-PE ratio was measured before and
after addition of ethanol. FITC and LRh-PE fluorescence were measured at 515 nm and 590 nm
with the excitation wavelength set to 485 nm and 560 nm, respectively.
Lipid mixing. Ethanol-induced lipid mixing/exchange was followed by the loss of
resonance energy transfer, occuring between a donor, NBD-PE, and an acceptor, LRh-PE, which
30 are in close proximity, upon dilution of the probes into an unlabeled target membrane (Struck et
al., 1981). LUVs contained 0.75 mol% of both NBD-PE and LRh-PE. Labeled and unlabeled
liposomes were prepared in HBS pH 7.5 by extrusion at lipid concentrations of 20 mM. Ethanol



5 associ ated anti sense was determ ned by conparing the fluorescence
nmeasurenents in the absence and presence of detergent. Dynam c |ight
scattering. Sizes were determ ned by dynam c |ight scattering using a

N COVMP 3 @ﬁ&%h@le sizer (Niconp Particle Sizing Inc., Spotesbasdsss a,
California). Throughout the application, nunber-averaged sizes are
presented, which were obtained by a 10 ldamul ant fit fromthe experi nment al
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Excess dlthlonl%e was subsequently renoved by size exclusi

i on
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measured at different tenperatures and as a function of the size (MY
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liposomes entrapping oligonucleotide was compared to empty control liposomes before and after

depletion of the transmembrane pH gradient. Increasing the internal pH to 7.5 results in the release
of membrane-bound oligonucleotides. Liposomes incorporating pyrene-HPC at a concentration of

20 7 mol% were prepared by addition of lipids dissolved in ethanol to pH 4 citrate buffer. An aliquot
was removed and oligonucleotide entrapped as described above. The remaining initial liposomes
were treated the same way in all the subsequent steps (see under entrapment). The pH gradient
was dissipated with ammonium acetate adjusted to pH 7.5. Liposomes were diluted into the
appropriate buffer, HBS pH 7.5 or 150 mM ammonium acetate pH 7.5, to a final lipid

25 concentration of 2 pM. Pyrene-HPC emission spectra were recorded in the wavelength region
from 365-550 nm with excitation at 345 nm and an emission cut-off filter at 350 nm. The intensity
ratio of monomer fluorescence at 397 nm to dimer fluorescence at 478 nm was plotted for the
initial liposomes as well as for the oligonucleotide containing liposomes before and after depletion
of the pH gradient.

30 3Ip NMR Spectroscopy. *'P NMR spectra were obtained with a Bruker
MSL200 spectrometer operating at 81 MHz. Free induction decays (FIDs) corresponding to
800 or 2400 scans were collected by using a 2.8 ps 50° pulse with a 3 sec interpulse delay



used as a | ow nol ecul ar wei ght marker for |eakage and FI TC-dextran (MNV
19500) as a high nolecul ar weight marker. Leakage of cal cein entrapped at
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menbrane (Struck et
the carbon film. The grid was rapidly frozen in liquid ethane, resulting in vesicles embedded
20 in a thin film of amorphous ice. Images of the vesicles in ice were obtained under cryogenic
conditions at a magnification of 66000 and a defocus of —1.5 micron using a Gatan cryo-
holder in a Philips CM200 FEG electron microscope.
Freeze-Fracture Electron Microscopy. Samples were cryofixed in the presence
of 25% glycerol by plunging them into liquid Freon 22 cooled by liquid N,. The fractured
25 surface was shadowed unidirectionally with platinum (45°) and coated with carbon (90°%)
employing a Balzers Freeze-Etching system BAF 400D (Balzers, Liechtenstein). Replicas
were analyzed using a JEOL Model JEM 1200 EX electron microscope (Soquelec, Montreal,
QC, Canada).
Transmission Electron Microscopy (TEM). Vesicles were fixed by the addition
30 of 1 volume of 2% osmium tetroxide to 0.5 volumes of vesicles in HBS followed by

centrifugation at 17000 x g and 4°C for 45 min. The resulting pellet was mixed with an equal

volume of 3% agarose/PBS, pipetted onto a microscope slide and allowed to cool to 4°C. The



al ., 1981). LUVs contained 0.75 nol % of both NBD-PE and LRh-PE. Label ed and
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| i posones ~ were treated the sane y In al1 the subsequent steps (see under
ent § apmattujralizehtae pepriadnegutivewahagied glapatethced t h armoni um acet at e adj ust ed
to pH 7.5. Liposones were diluted into the appropriate buffer, HBS pH 7.5

or 150 mM anmoni um acetate pH 7.5, to a final lipid 25 concentration of 2

M Pyrene-HPC enm ssion spectra were ggapfided in the wavel ength region from
365-550 nmwith excitation at 345 nmand an em ssion cut-off filter at 350

nm The intensity Empty preformed vesicles were prepared from a lipid mixture containing

PEG-CerC14, DODAP, DPSC and CHOL in a molar ratio of 5:25:25:45. The four lipids

20 were dissolved in a 100% ethanol to a total lipid concentration of 25 mg/ml (33 mM). The
ethanolic lipid was then introduced through an injection port with an orifice diameter of 0.25
mm into a reservoir containing 300 mM citrate buffer, pH 4.0. The reservoir and all solutions
were at room temperature. The total volume of ethanolic lipid was 6 liters, and the flow rate
for lipid introduction was 200-300 ml/min. The total volume of citrate buffer was 9 liters.

25 The resulting 15 liter mixture had an ethanol concentration of 40% and 180 mM citrate .
Vesicles of 170 + 20 nm median diameter were generated. The empty preformed vesicles
were sized to 90-120 nm median diameter by 1-3 passes through the extrusion circuit (65°C)
at low pressure (100 p.s.i., reduced from classical 500-1000 p.s.i.) using two stacked 80 nm
membranes. The empty preformed vesicles were then pooled in a reservoir 20 and

30 maintained at 40°C until addition of therapeutic agent solution.

Example 2



rati o of nonomer fluorescence at 397 nmto dinmer fluorescence at 478 nm was
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NVR Specty9greays 31P NVR spectra were obtained with a Brgkeicaod/isido
spectronmeter operating at 81 MHz. Free jnduction decays (FlDs)
corresponding to 800 or 2400 scans wer® collected by using a 2.8 s 50

ulse with a 3 sec_interpul se del a 1/ 05374 PCT/ 0843 -2 nd a
I[s)pectra! wi dt h of giﬁg‘@‘@’eﬁz"eé‘ﬁleéo _e%ar%%?eg%? Esqﬁﬁoglafg%ﬁﬁ BP‘ paca Pab ot on
decoupl i pa. Was; é&g%hp%zﬁ'gclesbﬁ'siﬁ%W@Ele@iid@ﬁ@(—'@% @?éd.ﬁﬂﬁﬁﬂ@s%ﬁ@%rﬁ&uﬁ@ 25

r oadeni [1&d I

Hz of |ine g was ap to the FIDs prior to Fourier
t r ansf or sgint. o0ligdheleohide X 629hiid tistied watef saeddetdd by thexadditnal 0f8%5%%

hoshori id (H3P04), Th in-]latti | ti ti T,.) of f
nG oncapbiclie orm 4 visioue Feut it D 2hro A RE MR PO w th
T, feee=l 7. 38C Th@'aﬁlla;[?l%g%%uéie&ﬁfé-wégrh%dgd '@k YeeToMiddS N &3 h edeRBird0 at

i nversion-recovery pul se sequence. The interpulse delay of 3 sec for 50
pul ses al) Wwith@entomptieg.eThebmmattiaod vofunad ¢f eslrnobe nBgonuckestidawess.

U tracentrifugation.. Lipos S Wi.th an it h ent rapped ol.igonucl eoti des
10 ver o SRR iRy T FRGANYS Fga bie Bre b Stistbod herustar dar B
consi stipg, of d1%°402 C3¥h gé&f’é)aﬁageﬁ&%e Gk SUEROSE Affer HRSbREDL 1R Wildttbona
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El ectron croscopy (cryo-TEM. A drop of sanple was applied to a standard
el ect r onprodactoscopy grid with a perforated carbon film Excess liquid was
renoved by blotting with filter paper leaving a thin |ayer of water
covering the holes of the carbon film The grid was rapidly frozen in

i quid ethane, resulting in vesicl esgeifhgdded 20 in a thin fil m of

anor phous ice. Inmages of the vesicles Tnice were obtained under cryogenic
conditions at a maghe piocedironf BkarBple A0~ aaTdpertaiiewbic okanges tolvasions paremetesy ng a

Gatan cr %O&eter}gllir?ee\fvhljcﬂ rl%gﬁ)tkgel (‘!rﬁlscal%gg pr'éggateléne 8} Iru?l?/ 1@&&?&89&%@ therapeutic
agent particles in accordance with the invention. In these experiments, the total
oligonucleotide recovery (yield), the total lipid recovery (yield) and the encapsulation
efficiency were considered as indications of the quality of the product and the process.

20 Total oligonucleotide recovery was calculated using the formula :

final oligo concentration (mg/ ml) X final volume (ml) X 100%

initial oligo concentration (mg/ ml) X initial volume (ml)

Total lipid recovery was calculated using the formula :

final lipid concentration (mg/ ml) X final volume (ml)
initial lipid concentration (mg/ ml) X initial volume (ml)

X 100%

Encapsulation Efficiency (E.E.) was calculated using the formula:
initial oligo (mg/ ml)/ initial lipid (mg/ ml)

, - X 100%
final oligo (mg/ ml)/ final lipid (mg/ ml)

25



Freeze-Fracture El ectron Mcroscopy. Sanples were cryofixed in the presence
of 25% gl ycerol by plunging theminto liquid Freon 22 cooled by liquid N2.
The fractured 25 surface was shadowed unidirectionally with platinum (45)
and coat @& ydsgrcarbon (90) enploying a Bal zers Freeze- Epelvicago/eugss em BAF
400D (Bal zers, Liechtenstein). Repli ca? wer e anal yzed using a JEOL Model
JEM 1200 EX el ectron nicroscope (Soque éé, Montreal, QC, Canada).
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of 155 : 25:0%%(-111{': ed quor];x éjnrnpérlatglre%sand at two elevated temperatures for 1 hour. The results are

- =

summarized in Table 2. As shown, the higher temperature of 60°C begins to impair the
efficiency of the process, and to lead to an increase in particle size. Thus, lower temperatures

are preferred.

20 Table 2
Incubation Temp (°C) | Oligo Yield % Encaps Oligo % Vesicle Size (nm)
RT (20-22) 73 90 114
40 84 91 109
60 52 83 140
25

To asséss the significance of incubation time, the experiment was conducted at
three incubation times and an incubation temperature of 40 °C. The results are summarized
in Table 3. As shown, the yield improves between 0.5 hours and 1 hour, but increased
incubation time beyond an hour does not result in a substantial improvement. Thus, the most

30 efficient process in the apparatus used will employ an incubation time of about 1 hour.
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Thﬁonixture was then incubated at 40C with gentle and periodic mxing for
1 hour. After incubation, the solution was processed by diafiltration
strip frlee or excess associ ated oIiQOfﬁﬁlgotide, remove 10 et hanol and
exchangg_the buffer systemto phosphate Blffered saline (PBS), pH 7 4
Concent f%ikrg£,3ﬁ§@&€ fliditdoaticRiv,and prekagisidtea Wt BvidisleBiaRRRA i
a comeri{ci a product. Exarnple 3 15 The|procedure of Exjpnple 2 was rep¢g
with chgngad)to various|paraneters to (& erm ne which pmght be criticg
t he pregaratTom of Ul ry 11 pid-encapsul ated ther apeuti c| _agent particlg
accordarid® with the invedPPon. In these|&perinents, thedqotal
15 100 88 90 90
200 89 91 93
300 80-90 92 106
To assess the significance of the initial ethanol concentration during the
20 mixing step, the experiment was conducted with 3 different initial ethanol concentrations at
each of two initial drug to lipid ratios. The results are summarized in Table 5. There appears
to be an optimum ethanol concentration which is different for each starting oligo/lipid ratio.
In an addition experiment not reported in the Table, an initial ethanol concentration of 50 %
was used with an oligo/lipid ratio of 0.1. Significant problems of unknown cause were
25 encountered in this experiment and no yield of product was obtained.



ol i gonucl eoti de recovery (yield), the total lipid recovery (yield) and the
encapsul ation efficiency were considered as indications of the quality of
t he product and the process. 20 Total oligonucleotide recovery was

cal cul ated uig%g the formula : final oligo concentration &@{#Qmﬁ)sn X final
i |
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To assess the significance of initial oligonucleotide concentration (and thus of
the volume of therapeutic agent solution to obtain the same initial drug to lipid ratio), stock
solutions at four different concentrations of oligonucleotide were used. The results are

summarized in Table 6. As shown, this parameter does not appear to be critical to the results

15 obtained using the method of the invention.
Table 6
Oligo Stock Initial Oligo Yield % | Encaps Oligo % | Vesicle Size
mg/ml Drug/Lipid (nm)
20 10 0.1 85 90 106
20 0.1 80 88 112
30 0.1 87 90 110
40-50 0.1 20-90 88-94 106
25 Example 4

To demonstrate the applicability of the invention to larger therapeutic agents,
plasmid pINEX L1018, a 5.5 kb plasmid encoding the luciferase gene linked to a CMV
promoter, and also carrying SV40 enhancer elements and an AmpL gene was loaded into
preformed lipid vesicles.

30 Preformed lipid vesicles were prepared by slowly adding 10 mg of lipids
(DSPC/Chol/.DODAP/PEG-CerC14 in a 20/45/25/10 mol % ratio) dissolved in 100% ethanol



efficiency of the process, and to |lead to an increase in particle size.
Thus, |lower tenperatures are preferred. 20 Table 2 I ncubation Tenp (C
Aigo Yield % Encaps Adigo % Vesicle Size (nn) RT (20-22) 73 90 114 40 84
91 109 Q@ A4s$3 140 25 To assess the significance of ingehehboesis ne, the
experinment was conducted at three inc mi on tinmes and an incubation
tenperature of 40 C. The results are sz marized in Table 3. As shown, the

yield i nproves bet 0, but i
beyond dhohIt cHELE ORBE (ZaSte A s PEurh b e: MEFUTERETE 4 P A e oot
30 effi %y%%%ld% Oﬁgﬁxsso'lﬁhdng‘%ve@%ﬁvﬁﬁﬂéd {8508 (W ckdre BRI Ringy 188 firAcsiatdion ti e

of abou VWO 01/ 05374 [ CACQ 00843 - 24- e 3 Incubation tine
(hr) Q icgnceMirefich #aEAC’ssiy).aTbdetbhngio dispetidn AiHe veﬂclaﬂwgﬂeﬁr@leéeﬂﬁ To

ol ut oo SR B ARG EBRIE FLE A R R SO A CORBLALFRH] ons. of
curmar | 704 Fﬁﬁ%%b A e R e s T R T
Encapsulhatresic@batiga o\%ﬁm &ahmlcﬂttzl@ CnnFhe it pasmiiligidGatdtwa90.085.100 88 90 90
200 89 9S%ibsge:z’;uently, the sample was dialyzed against 2L of 25 mM saline, pH 7.5 (20 mM HEPES,
150 mM NaCl) for a total of 18-20 hours.
Trapping efficiency was determined after removing remaining external plasmid DNA
10 by anion exchange chromatography on a DEAE Sepharose CL6B column. Plasmid DNA was
quantified using the DNA Binding System PicoGreen lipid by inorganic phosphate assay
according to Fiske and Subbarrow after separation from the plasmid by a Bligh Dyer
extraction. In addition, the final lipid concentration was determined by incorporating 0.25
mol% of the fluorescently-labeled lipid Lissamine rhodamine-PE in the lipid vesicles.
15 The final plasmid lipid ratio was 0.022, which corresponds to 88%

entrapment. The resulting lipid-encapsulated therapeutic agent particles had an average size

of 100 nm and a very small size distribution.

EXAMPLE 5

20 Liposome preparation: Large unilamellar liposomes in ethanol/buffer
solutions were either prepared by addition of ethanol to extruded liposomes or by addition of
lipids dissolved in ethanol to an aqueous buffer solution and subsequent extrusion. Both
methods give the same entrapment results and will be described in greater detail in the
following:

25 1. After hydration of a lipid film in pH 4 citrate buffer and 5 freeze/thaw cycles
LUVs were generated by extrusion through 2 stacked 100 nm filters (10 passes). In the case
of DODAP/DSPC/Chol/PEG-CerC14 liposomes the extrusion was performed at 60°C.
Ethanol was subsequently slowly added under rapid mixing. Typical liposome sizes
determined after removal of ethanol by dynamic light scattering were 90 + 20 nm for the

30 DODAP/DSPC/Chol/PEG-CerC,, system. Slow addition of ethanol and rapid mixing are
important as liposomes become unstable and coalesce into large lipid structures as soon as the

ethanol concentration exceeds a certain upper limit. The latter depends on the lipid



300 80-90 92 106 To assess the significance of the initial ethanol
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20 10 0.1 85 90 10Bnt2épnient pidedBe AR oligonucleotide solution was slowly added under
10 vortexing to the ethanolic liposome dispersion, which was subsequently incubated at the
appropriate temperature for 1 hr, dialyzed for 2 hrs against citrate buffer to remove most of
the ethanol and twice against HBS (20 mM HEPES/145 mM NaCl, pH 7.5). AtpH 7.5
DODAP becomes charge-neutral and oligonucleotides bound to the external membrane
surface are released from their association with the cationic lipid. Unencapsulated
15 oligonucleotides were subsequently removed by anion exchange chromatography on DEAE-
sepharose CL-6B columns equilibrated in HBS pH 7.5. When octylglucoside was used in
place of ethanol the detergent was added to liposomes (1:1 v/v) to final concentrations
ranging from 30-40 mM. All the subsequent steps were performed as described above except
for the initial dialysis step against pH 4 citrate buffer, which was extended to 5 hrs. In the
20 following examples, if not otherwise mentioned, DSPC/Chol/PEG-CerC,/DODAP
liposomes (20:45:10:25 mol%), c-myc (Seq. ID No. 1), 40% (v/v) ethanol, 300 mM citrate
buffer and incubation at 40°C were used.
Determination of trapping efficiencies: Trapping efficiencies were determined
after removal of external oligonucleotides by anion exchange chromatography.
25 Oligonucleotide concentrations were determined by UV-spectroscopy on a Shimadzu
UV 160U spectrophotometer. The absorbance at 260 nm was measured after solubilization of
the samples in chloroform/methanol at a volume ratio of 1:2.1:1 chloroform/methanol/
aqueous phase (sample/HBS). If the solution was not completely clear after mixing an
additional 50-100 pl of methanol was added. Alternatively, absorbance was read after
30 solubilization of the samples in 100 mM octylglucoside. The antisense concentrations were
calculated according to: ¢ [ug/pl]=A,,*1 OD,, unit [g/mi]*dilution factor [ml/ul], where

the dilution factor is given by the total assay volume [ml] divided by the sample volume [pl].
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15 EXAMPLE 6
Following the procedures of Example 5, increasing amounts of ethanol were

added to 100 nm DSPC/Chol/DODAP liposomes (no modified lipid component) prepared by
extrusion. All samples became milky white immediately upon oligonucleotide addition,
indicating oligonucleotide-induced aggregation. Following incubation with antisense

20 oligonucleotides at a molar ODN/lipid ratio of 0.035 at pH 4, ethanol and unentrapped
oligonucleotides were removed. Table 7 lists encapsulation efficiencies as determined by
dynamic light scattering, together with the final sizes of the resulting multilamellar vesicles.
Increasingly more antisense oligonucleotide becomes entrapped as the ethanol concentration
is increased. The concomitant increase in size and polydispersity reflects a progressive

25 reorganization of the LUV into larger lipid structures, which appear to be predominantly
large multilamellar liposomes. It should be noted that due to the size of these systems some of
the lipid is lost on the anion exchange column used to remove external unentrapped
oligonucleotides. The eluted fraction corresponds to roughly 50-60% of total lipid. At ethanol
concentrations of 40% and higher the initial liposomes become unstable and fuse to form a

30 milky white dispersion.
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7.5). At pH 7.5 DODAP becones charge-neutral and oligonucl eotides bound to
t he ext dengadibvesepiralied. surface are released fromtheir association with the
cationic lipid. Unencapsul ated 15 oligonucl eoti des were subsequently
renmoved by ani on exchange chromat ography on DEAE- sepharose CL-6B col ums

equilibrated in HBS pH 7.5. Wen o@YAMRPIdOEi de was used in
Liposomes were made containing 2.5 to 10 mol% of modified lipid (PEG-Cer)

15 and tested using the protocols of Examples 5 and 6 . In each case, the decrease in PEG-Cer
concentration was made up with an increase in DPSC levels. It was found that the
incorporation of the modified lipid into the liposomes allows the final size of the antisense-
containing liposomes to be regulated. Liposomes were stable at higher ethanol
concentrations in the presence of PEG-Cer than in its absence. The dispersions remained
20 optically translucent in 40% ethanol, although a slight increase in turbidity was noted for the
sample containing 2.5 mol% PEG-Cer. The increased stability is also reflected in the higher
amounts of ethanol required for entrapment to occur (Table 8, Fig. 2). Fig. 2 depicts
encapsulation efficiencies as a function of ethanol concentration for liposomes containing 10
mol% PEG-Cer. Maximum entrapment was reached at 40 % ethanol and ethanol

25 concentrations in excess of 25% (v/v) (>4.3 M) were required for entrapment to occur. No
entrapment was found in the absence of ethanol. Table 8 lists trapping efficiencies and sizes
determined by dynamic light scattering as a function of PEG-Cer content (2.5-10 mol%) at

the minimum and maximum ethanol concentrations determined from Fig. 2. The sizes of the
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40% ethanol

2.5 45.7 131440 (108£26)
5 50.9 126236 (107+22)
10 56.5 10026 (93£18)

20
EXAMPLE 8
The perturbing effect of ethanol on lipid membranes has been mainly studied
at low ethanol concentrations (<15% v/v) in relation to changes in lipid hydration, acyl chain
order, membrane permeability to small ions and induction of chain interdigitation in DPPC
25 systems (Slater and Huang, 1988; Barchfeld and Deamer, 1988; Schwichtenhovel et al. 1992;
Slater et al., 1993; Barry and Gawrisch, 1994; Vierl et al., 1994; Lobbecke and Cevc, 1995;
Komatsu and Okada, 1996; Holte and Gawrisch, 1997). It was logical to ask whether

liposomes are still intact at the high ethanol concentrations required for entrapment. Fig. 3A
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the presence of 40% ethanol. Phase contrast microscopy of giant liposomes in 40% ethanol
also revealed intact liposomal structures.
Lipids are also able to exchange rapidly between liposomes and between the
15 inner and outer monolayers of the lipid bilayers comprising the liposomes. As shown in Fig.
3B, lipid mixing as detected by the NBD-PE/LRh-PE FRET assay is effectively immediate in
40% ethanol. No increase in vesicle size was observed indicating the lipid mixing is arising
from rapid lipid exchange between liposomes rather than liposome fusion. The results shown
in Fig.3B also demonstrate that lipids are able to rapidly migrate (flip-flop) from one side of
20 the liposomal lipid bilayer to the other, as shown by the of loss in fluorescence of NBD-PS

located in the outer lipid monolayer upon chemical reduction with sodium dithionite.

EXAMPLE 9
The increase in turbidity upon encapsulation indicates that entrapment is
25 preceded by an initial aggregation step (formation of microaggregates). The aggregation step
and the entrapment can be decoupled at low temperatures. Samples become turbid upon or
shortly after addition of oligonucleotide and the turbidity increases over time. In the absence
of ethanol there is only a slight increase in turbidity following which light transmission
remains constant. In contrast to samples prepared at 40°C, samples incubated at 4°C become
30 translucent again when ethanol is removed and liposomes do not entrap oligonucleotide.
Entrapment efficiencies are plotted as a function of temperature in Fig. 4 together with

calcein leakage data. Leakage data are presented as the ethanol concentrations required to



Li posonmes were nmade containing 2.5 to 10 nol % of nodified lipid (PEG Cer)
15 and tested using the protocols of Exanples 5 and 6 . In each case, the
decrease in PEG Cer concentration was made up with an increase in DPSC

| evel s. Mo ¥@gsfound that the incorporation of the nodifpetdab®omdsd nto the
| i posonmes allows the final size of the3znti sense- containing |iposonmes to
be regul at ed Li posones were stable af “higher ethanol concentrations in

t he prese G.Cer thap i.n_ its absence. The dispers i ned 20
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i ncreas stability is also reflected in the higher anounts of ethanol
required for entrapment to occur (Table 8, Fig. 2). Fig. 2 depicts

encapsul ation efficiencies as a f“%g@iﬁgﬂggﬁt hanol concentration for
| i posones contai ning 10 nol % PEG f=frum ent r apnent was reached at 40

% ef hanol and et hanaNMR 5PBE 8l 8 hiAY or dligdHeassidfend i/ Figs (54 aki M
were required for entrapnent to occur. No “entrapnent was found in the

absence 58 shetTah dIMR Fpdite & chingt & tohatjopi (Fitg. 6A) iand emftippsd and si zes

(5 5" 10 HopdP a¥Pe Hnon b nsrt vt e SphdRbrl ne ino PR SHuBM & i nea
from Fi grangnedBfand bBESa@bnd RBeNhOHQrA H Pq%ﬁﬁ‘eﬁ@éﬂ@ﬁéﬁpm@ Uﬂ?l'ef fhade
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the initial signal. The signal attenuation is not due to NMR resonance saturation. It may be

attributed to two possibilities: either the amount of encapsulated antisense exceeds its
solubility so that a portion of it precipitates, or the mobility of the antisense molecules is
spatially constrained e.g. by immobilization between two closely apposing bilayers (see Fig.
3A). To confirm that the oligonucleotides were encapsulated and localized in the aqueous

20 interior of the liposomes, 5 mM MnSO, was added to the external solution (Fig. 5D). Mn*" is
a membrane impermeable paramagnetic line broadening agent and will quench the signals of
all accessible phosphate groups, phospholipids as well as oligonucleotides. However, the
oligonucleotide signal remained unaffected and disappeared only upon solubilization of the
liposomes with OGP (Fig. 5E). The whole oligonucleotide signal is recovered when the initial

25 liposomes (Fig. 5B) are solubilized with OGP in the absence of Mn?* (Fig. 5F). These data
clearly demonstrate that the oligonucleotide is entrapped in the liposomes and not simply
associated with the external membrane. It should also be noted that entrapped
oligonucleotides were not accessible to the oligonucleotide-binding dye OliGreen.

The NMR studies describe the interaction between oligonucleotides and

30 liposomes as seen from the perspective of the oligonucleotides. Changes in lipid dynamics

and membrane organization can be probed with pyrene-labeled lipids (Duportail and Lianos,

1996). Pyrene-labeled lipids form excited state dimers at high concentrations, which fluoresce at a



2.5 14.1 12535(10826) 15 10 5 9218(9318) 40% ethanol 2.5 45.7
13140(10826) 5 50.9 12636(10722) 10 56.5 10026(9318) 20 EXAMPLE 8 The
perturbing effect of ethanol on |ipid nenbranes has been mainly studied at
| ow et haR@h ogasentrations (<15%v/v) in relation to changes/dadobdsws d
hydration, acyl chain order, nenbrane perneability to small ions and

i nduction of chain interdigitation in égpc 25 systens (Sl ater and Huang,
1988; Barchfeld a ane 1988; hwi cht enhovel . 199 Sl at er
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to ask wh I posones are I ntact at the high ethanol
concent r@kulria ardemnatroaddﬁ@mnerftlnealptmitmouﬂltg of 3 p{d §pbERS B34t RAT/cOMBL 00843

-31 depl cts the release of calcein ent ed at _self, hi n
concentrﬁiqsﬁ‘ﬁ%&lwl eHfonIapEpiisqnyrieql B Wﬁ%ﬁ%g %Tfya ‘F’%HE?SF%n of
et hanol BROEARL AR thd Hsesed d@éré&le%)sxélﬁﬁgﬁflﬂ@rEsceMet & ﬁgl?@neeﬂp@p?h@ ation

ef ficiencies obtalned using |iposones of the sane |ipid conposition (open
ci r cl es)depBoioh of e temmsmpsibkaripbhgmdienetebulgsin h endremk af eexpendr fantescense e
per f or med at 5 40C. h@ak e.of calcein, a small nolecule with a MV of 623,
starts at® Jeﬁe'f%‘@’ﬂﬂg h Y eaches a maxi num around 40% et hanol . The

ol i gonucl eoti de entrapnment shows a simlar ethanol dependence indicating
that the entrapnent is highly correlated with the destabilization of the
| i posomal nenbrane perneability babBXAMPLEnIcontrast to cal cei n t he

(elgase, of FLTC deylyan (UAACRI0) ves L ess, Ahan, A0 L bt ook T
5 SR oAy o o s
et hanol . caﬁtbasagﬁ@cmiyr mmpm(batdsgio@ylsmsegoan%udotazgg%@tragm%qe;fggg%ygp al Oso
reveal edpl!)trtlé gsta %ungt?osno nﬁlle 1n1trlzﬂcot11gonucleot1de to-lipid ratio. The binding level at
maximum entrapment is 0.16 mg oligonucleotide per mg of lipid (0.024 mol/mol). This
15 corresponds to approximately 2250 oligonucleotide molecules per 100 nm liposome and
demonstrates the high efficiency of this entrapment procedure. Entrapment efficiencies are
about 3 orders of magnitude higher than obtained by passive encapsulation.
Upon increasing the oligonucleotide-to-lipid ratio, the size as well as the
polydispersity of the samples increase slightly from 70+10 nm for liposomes alone to 110£30
20 for an initial ODN-to-lipid weight ratio of 0.2. Freeze-fracture electron microscopy showed
an increase in the number of larger liposomes with increasing initial oligonucleotide-to-lipid

ratios. As an aside it should be noted that the initially translucent liposome dispersion

becomes increasingly turbid as the antisense-to-lipid ratio is increased.

25 EXAMPLE 12
It would be expected that the PEG coating would inhibit formation of the
closely opposed membranes observed for the multilamellar structures by TEM. The fate of
PEG-Cer was therefore examined by using radioactively-labeled PEG-CerC,,. Antisense
oligonucleotides were encapsulated in liposomes containing trace amounts of [’H]-PEG-
30 CerC,, in addition to 10 mol% unlabeled PEG-CerC,, and ["“C]-cholesterol hexadecylether
(CHE) as a cholesterol marker at a [’H}/['*C] ratio of 5.9. This ratio represents an apparent
PEG-Cer/chol ratio and will be used in place of the molar PEG-Cer/chol ratio. The initial



Lipids are also able to exchange rapidly between |iposones and between the
15 inner and outer nonol ayers of the lipid bilayers conprising the

| i posonmes. As shown in Fig. 3B, lipid mxing as detected by the
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containing liposomes show large differences in their antisense content and size (Table 9). The
oligonucleotide-to-lipid ratios as well as the average size increase from top to bottom. Three
main populations can be identified as distinct bands (Table 10). Their relative proportions
20 depended on the initial oligonucleotide-to-lipid ratio (Table 10). First, liposomes entrapping
antisense at low ODN/lipid ratio (0.03-0.05). Secondly, liposomes with an ODN/lipid ratio of
0.14-0.15 and finally, liposomes with very high ODN/lipid ratios (0.29 mg/mg). The latter
population decreases in favor of the first two with decreasing initial ODN/1 ratio. It is
optically turbid whereas the other two are translucent. It was attempted to correlate the
25 observed differences in entrapment and size to the morphological heterogeneity seen by cryo-
TEM. Antisense was entrapped at high initial oligonucleotide-to-lipid ratio (0.28 mg/mg) and
the two main fractions corresponding to fractions 15 and 17 in Table 10 viewed by cryo-TEM
after removal of sucrose by dialysis. The upper fraction consists exclusively of bilamellar

liposomes, many of which exhibit bulbs, whereas the bottom fraction contained a mixture of

30 bi- and multilamellar liposomes.
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The addition of oligonucleotides to cationic liposomes in the presence of

ethanol can give rise to domain formation. The formation of the multilamellar liposomes seen

must be preceded by liposome adhesion. However, 10 mol% PEG-Cer completely inhibits

adhesion in the absence of ethanol. In the presence of ethanol, two effects could contribute to

liposome adhesion: first, the increase in the amount of non membrane-incorporated PEG-Cer

through rapid lipid exchange and second, formation of small domains depleted in PEG-Cer

20

and enriched in antisense oligonucleotides. The latter possibility was investigated. The effect

of oligonucleotide binding was visualized by phase contrast and fluorescence microscopy

using giant DSPC/Chol/DODAP/PEG-CerC,, liposomes in conjunction with FITC-labeled

oligonucleotides. Most of the liposomes observed were multilamellar and displayed internal

structure. In the absence of ethanol, the giant liposomes disintegrated into irregularly-shaped

25

aggregates and smaller liposomes on addition of antisense. The green FITC fluorescence

revealed the location of the oligonucleotides. A completely different picture is presented in

the presence of 40% ethanol. The initially round liposomes adopt a pear-shaped form 5-10
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antisense oligonucleotides phosphodiester-based molecules cannot be encapsulated high ionic
strengths buffers such as 300 mM citrate buffer. This probably reflects differences in binding
affinities (Semple et al., 2000). In contrast to the efficient encapsulation of large molecules,

20 less than 10% of ATP could be entrapped in DSPC/Chol/DODAP/PEG-CerC,, liposomes at
an initial ATP-to-lipid ratio of 0.2 mg/mg. The ATP entrapment was performed in 50 mM
citrate buffer. Table 5 demonstrates that the entrapment procedure can be extended to other
lipid compositions including DOPE systems. Preliminary results with negatively charged
liposomes and positively charged polyelectrolytes including polylysines show that

25 entrapment is a general feature of the interaction of polyelectrolytes with oppositely charged

liposomes in ethanol.

EXAMPLE 15

Octylglucoside (OGP) was used in place of ethanol. The detergent was added
30 to liposomes (1:1 v/v) to final concentrations ranging from 30-40 mM. All the subsequent
steps were performed as described as in Example 5 except for the initial dialysis step against

pH 4 citrate buffer, which was extended to 5 hrs. The oligonucleotide was shown to be
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35 57 100£22
10 40 55 145+38

Using this invention, and the teachings of this specification, those skilled in
the art will be able to identify other methods and means for generating fully encapsulated
lipid-therapeutic agent particles, all of which are encompassed by the claims set out below.

15
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Szoka. 1999. Physicochem cal. characterization and _ .purificati.on of. cationic
P DaordReraisu A 754 R HARE 897 o Wi A P08 Sost B EARERBUR At 0
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corbi ning a |i pi dicowpusg theomixawenforiagienigd pf emersoididnt po ellove siec| es, a
charged 4 therapeutic agent, and a_ destabili zi .agent. to forma m xture
of %or ef GRFAPIVIGEYY 8&%‘5 thergpeytic A Sathn @egﬁﬂmqﬂgﬂggggi’]ﬁ%ﬂnpzi ng sol vent,
whey ei n sai d dest abhhiigl Mgk §RlabAYind aQ%egg‘ fective to 6 destabilize the
menbrane of the prefornBd lipid vesicles wthout disrupting the vesicles,

10 wherein the preformed lipid vesicles comprise a charged lipid which has a charge which is
11 opposite to the charge of the charged therapeutic agent and a modified lipid having a steric
12 barrier moiety for control of aggregation, and wherein the modified lipid is present in the
13 preformed vesicles in an amount effective to retard, but not prevent, aggregation of the
14 preformed vesicles.
1 2. The method of claim 1, wherein the charged lipid in the preformed
2 lipid vesicles comprises a cationic lipid and the therapeutic agent is an anionic therapeutic
3 agent.
1 3. The method of claim 2, wherein the therapeutic agent is a

2 polynucleotide.

1 4. The method of claim 2 or 3, wherein the cationic lipid 1s selected from
the group consisting of
dioleyl-N,N-dimethylammonium chloride (“DODAC”);
N-(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium chloride (“DOTMA”);
N,N-distearyl-N,N-dimethylammonium bromide (“DDAB”); N-(2,3-
dioleyloxy)propyl)-N,N,N-trimethylammonium chloride (“DOTAP”);

~l] O W k=W N

3B-(N-(N’,N’-dimethylaminoethane)-carbamoyl)cholesterol (“DC-Chol”);



7 incubating the mxture for a period of tinme sufficient to allowthe 8
encapsul ati on of the therapeutic agent within the preforned lipid vesicles,
and 9 renoving the destabilizing agent, 10 wherein the prefornmed lipid
vesi cl es ' a charged lipid which has a charge which_ | posite
to the cﬁ§638£%$§the charged therapeutic agent and a nDdi?FggyV%éwgghaving
a steric 12 barrier noiety for contreklbéoef aggregation, and wherein the
nodified lipidis present in the 13 preformed vesicles in an anount

ef f&ctive to Nt ardmybstylaxgproprleybiN,N-diggtledd-hpdronyetbyleninomnef toomade
vesicles, 1 gi”The met hod of claim 1, wherein the charged lipid in the
pré%ornédD :biq vesicles conprises a cationic lipid and the therapeutic
aggpt 1s an %ﬁ@ﬁih%p%&%&%ﬁiﬁr&ng@)@gm ancﬂ-l,§Ldia_1|3_§yl[§?1tﬁﬁﬂos$ilo&hﬁidﬁrgme
wherein the therapeutic agent 1s™a 2 polynucleotide. 1 4. The nethod of
clBi m 2 (BlDOBE”wWherein the cationic lipidis selected from 2 the group
consisting of 3 diqleyl-N N-dinethyl njum.chloride (" AC'); 4

N TS, 3 df o1 eyBRys HPERTS R RREY HE o RO RROR DO G (" DOTVA); 5

N, & di st lrelbio SR Y ATROG di e Ry RH G fh@@ﬁ_@(&rbhcé&[t)éo%ﬁo@w and

di ol eyl o propyl)-N, N, N-tr1 met hyl anfroni um chl ori de (" AP");

3(B+ (N- (POPK - di net hyl am noet hane) - car banoyl ) chol esterol ("DC Chol "); WO
01/ 05374 PCT/ CAOQ 00843 -46. 8 . . Y o~ -

NCL. 2- di myr IGOGTBPRSBm B g e Hemigelievh b BRTRERY e SRRFS Urfbr oni de
9 {¢ DMRIg 2ho1:10 cationic |iposonmes conprising DOTMVA and

1, 2- di ol eoyl - sn- 3- phosphoet hanol anine 11 ("DOPE"): 12 cationic |iposones

colpri si ng N-N-12,82liGeylion) pydpyXyiN p¥-djpydthyiamanign chloride (“DODMA”) and
P S Dh RNALT  2 , o
car boxysperm ne ("DOGS") in

1 5. The method of any of claims 1-4, wherein the lipid composition

2 comprises 10 to 40 mol % of the charged lipid, 25 to 40 mol % of a neutral lipid; 35 to 55

3 mol % of a sterol, and 2.5 to 10 mol % of the modified lipid.

1 6. The method of any of claims 1-5, wherein the destabilizing agent is

2 ethanol.

1 7. The method of claim 6, wherein the ethanol 1s present in the

2 destabilizing solvent at a concentration of 25-40 %.

1 8. The method of any of claims 1-5, wherein the destabilizing agent is a

2 detergent.

1 9. The method of any of claims 1 to 8, wherein the destabilizing solvent

2 further comprises 25 - 300 mM citrate buffer.

1 10. The method of any of claims 1 to 9, wherein the mixture is incubated at

2 a temperature of about 40°C.



16 ethanol; 17 N-(2, 3-diol eyl oxy) propyl)-N, N-di nmet hyl ammoni um chl ori de
("DCDMVA") and 18 1, 2-Di ol eoyl - 3-di net hyl ammoni um pr opane (" DODAP'). 1 5.
The nethod of any of clains 1-4, wherein the lipid conposition 2 conprises
10 to 40 WwBlo1/48394 the charged lipid, 25 to 40 nmol % of a nedicaloobési d; 35
to 55 3 mol %of a sterol, and 2.5 to4é|170 mol % of the nodified lipid. 1 6.
The nmet hod of any of clains 1-5, wheréi'n"the destabilizing agent is 2
ethanol. 1 7. The nethod of claim6, erein the ethanol i, resent _in the
2 dest abi | i zi ng sohkfentTls&mstheéﬁéérw%@% 100, Feheippm e o el MBS PESH of
any, of céegbms 1-5, wherein the destabilizing agent is a 2 detergent. 1 9.
The met hod 8f any of clains 1 to 8, wherein the destabilizing solvent 2
further conprises 25 - 300 mMcitrate buffer. 1 10. The nethod of any of
claims 1 to 9, wherein the m xture is_incubated at . a %fgrrper?ture of
abolut 40C. WD 01/ 05374 Peerpetheshobanuaf claigs 1111 Whergip thegrpioamsd gy of
claynms 1: whergid the nodified lipid is PEG 2 CerCl4. 1 12. The nethod
of aiany (])erglgfegi msbfi-l'l, wherein the preformed lipid 2 vesicles conprise: 3
a cationic |ipid, daionedtpiél |ipid selected fromthe group consisting of
DOD4E and DSPC 5 atrtle%trg})ﬁifl)iiilsgl%ctleh E‘Irlo(rjri th%rg];(rjou% c%rr]lgilst?ggt gfr BbPE and DSPC;

5 the modified lipid, and

6 cholesterol.



